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NCR Microelectronics 

NCR, a multi-billion-dollar manufac- Colorado Springs, Colorado 
turer of computer systems, terminal 
products, and semiconductors, es­
tablished its first microelectronics labo­
ratory in 1963 to stay abreast of the 
emerging semiconductor technology. 
The laboratory was expanded in 1966 
to provide limited quantities of proto­
type microcircuits designed for use in 
a number of new products. By 1968 
the first MOS circuits were produced, 
and by 1970 a complete family of cir­
cuits had been designed, produced in 
prototype quantities, and incorporated 
into new NCR products. Based upon 
knowledge gained in this research 
and confidence in the ultimate advan­
tages of MOS, the decision was made 
to expand the internal production ca­
pability. In 1971, the Miamisburg, 
Ohio plant was completed. 

To meet internal demand, NCR ex­
panded its microelectronics operation 
in 1975 with the addition of a second 
production facility in Colorado 
Springs, Colorado, and in 1979 
added a third facility in Ft. Collins, Col­
orado. The Colorado Springs facility 
was replaced in 1982 by a new plant 
occupying 100,000 square feet. This 
new plant is one of the most modern, 
best-equipped facilities of its kind any­
where. 

NCR Microelectronics manufactures 
state-of-the-art NMOS, CMOS, and 
non-volatile SNOS components which 
provide a competitive advantage to its 
computer systems and terminal prod­
uct lines. 

In mid-1981 NCR announced its entry 
into the merchant semiconductor mar­
ket. The strength and discipline 
gained in 10 years of internal supply 
is now being made available to our 
customers. This experience, together 
with a family of innovative products 
and services, establishes NCR as a 
leading supplier of semiconductor 
devices and services. 



NCR's Commitment to Quality 

As a pioneer in microelectronic tech­
nology, NCR has been manufacturing 
components for its own product line 
since 1971. This experience has pro­
vided opportunities to learn about 
user application problems, the impor­
tance of component quality and re­
liability, and their effects on total 
system reliability. The net result of 
such experience is a dedication to 
manufacturing superior components 
based on a firm commitment to quality 
and reliability. 
NCR Quality Assurance completes a 
rigorous evaluation of each product to 
ensure conformance of the product to 
its specification. Once a component is 
approved for production, stringent 
process and assembly controls along 
with detailed inspections are used to 
build in reliability. Comprehensive 
electrical testing is performed to 
guarantee the performance of each 
component; finished products are in­
spected before shipment to assure the 
conformance to specification of each 
lot of devices, and sampling plans are 
constantly revised and updated to im­
prove quality. 
Essential to any reliability program is 
feedback from the system user­
communication that is vital for reliabil­
ity growth. NCR strives to "close the 
loop" by communicating with users to 
evaluate problems and respond with 
corrective action. The closed-loop 
concept results in better understand­
ing of user needs while improving re­
liability. 
The NCR commitment to quality and 
reliability is an integral part of cor­
porate philosophy originating from 
and emphasized by the highest levels 
of NCR management. This manage­
ment direction, combined with NCR's 
manufacturing and user application 
experience, provides a solid frame­
work for continued improvement in 
quality and reliability. 

3 



NCR Microelectronics Sales Representatives 

ALABAMA GEORGIA NEW YORK UTAH 
Rep. Inc. Rep,lnc .. Tri-Tek Associates Electrodyne, Inc. 
P.O. Box 4889 1944 Cooledge Rd. 3375 Park Ave. Suite 109 
11547 S. Memorial Pkwy. Tucker, GA 30084 Wantagh, NY 11793 2480 South Main SI. 
Huntsville, AL 35802 (404) 938-4358 (516) 221-7600 Salt Lake City, UT 84115 
(205) 881-9270 ILLINOIS NORTH CAROLINA (801) 486-3801 

ARIZONA Sieger Associates Rep,lnc. WASHINGTON 
BH & B Sales, Inc. 1805 Hicks Road Suite 204 Electronic Component Sales 
7353 6th Avenue Rolling Meadows, 7330 Chapel Hill Rd. 9311 SE 36th SI. 
Scottsdale, AZ 85251 IL 60008 Raleigh, NC 27607 Mercer Island, WA 98040 
(602) 994-4454 (312) 991-6161 (919) 851-3007 (206) 232-9301 
BH & B Sales, Inc. INDIANA OHIO CANADA 
1041 W. Comobabi Technology Marketing Bear Marketing, Inc. Cantec Representatives, Inc. 
Tuscon, AZ 85704 Corporation 3623 Brecksville Rd. 8 Strathearn Ave.-Unit #18 
(602) 299-1508 599 Industrial Dr. P.O. Box 177 Brampton, Ontario, 
CALIFORNIA Carmel, IN 46032 Richfield, OH 44286 Canada L6T 4L8 
Custom Technology Sales (317) 844-8462 (216) 659-3131 (416) 791-5922 
21040 Homestead Rd. Technology Marketing Bear Marketing, Inc. Cantec Representatives, Inc. 
Cupertino, CA 95014 Corporation 1563 E. Dorothy Lane 1573 Laperrier Ave. 
(408) 749-8555 3428 W. Taylor SI. Dayton, OH 45429 Ottawa, Ontario, 
Earle Associates, Inc. Fort Wayne, IN 46804 (513) 299-2059 Canada K1Z 7T3 
Suite 200 (219) 432-5553 

OREGON 
(613) 725-3704 

7585 Ronson Rd. IOWA Electronic Component Cantec Representatives, Inc. 
San Diego, CA92111 REP Associates Corp. Sales Suite 116 
(619) 278-5441 980 Arica Ave. 9755 SW Pen brook 3639 Sources Rd. 
Orion Sales, Inc. Marion, IA 52302 Tigard, OR 97223 Dollard des Ormeaux, 
Suite F (319) 373;0152 (503) 245-2342 Quebec, Canada H9B 2K4 
828 E. Colorado Blvd. KENTUCKY PENNSYLVANIA 

(514) 683-6131 
Glendale, CA 91205 Technology Marketing TCA Associates FAR EAST 
(213) 240-3151 Corporation 801 Media Line Rd. PCI, Hong Kong, LTD. 
Orion Sales, Inc. 8819 Roman CI. Broomall, PA 19008 1145 Sonora CI. 
285 E. Main SI. P.O. Box 91147 (215) 353-2022 Sunnyvale, CA 94086 
Tustin, CA 92680 Louisville, KY 40291 (408) 733-4603 
(714) 832-9687 (502) 499-7808 TENNESSEE 

UNITED KINGDOM 
COLORADO MARYLAND 

Rep,lnc. 
Manhattan House P.O. Box 728 

Electrodyne, Inc. Marktron, Inc. 113 S. Branner Ave. Bridge Road 
Suite 110 1688 East Gude Dr. Jefferson City, TN 37760 Maidenhead 
2620 Parker Rd. Rockville, MD 20850 (615) 475-4105 Berkshire SL6 8DB 
Aurora, CO 80014 (301) 251-8990 England 
(303) 695-8903 TEXAS Maidenhead (0628) 75851 

MICHIGAN Oeler & Menelaides, Inc. 
CONNECTICUT Westbay & Associates Suite 208 Data Mark, Inc. 27476 5-Mile Rd. 7113 Burnet Rd. 47 Clapboard Hill Rd .. Livonia, MI48154 Austin, TX 78757 
Guilford, CI. 06437 (313) 421-7460 (512) 453-0275 
(203) 453-0575 

MINNESOTA Oeler & Menelaides, Inc. 
FLORIDA Aldridge Associates, Inc. Suite 224 
Universal Marketing & 7138 Shadyoak Rd. 8340 Meadow Rd. 

Sales,lnc. Eden Prarie, MN 55344 Dallas, TX 75231 
413 Marlin Rd. (612) 944-8433 (214) 361-8876 
North Palm Beach, 

NEW MEXICO Oeler & Menelaides, Inc. 
FL33408 

Nelco Electronix Suite 201 (305) 842-1440 
4801 General Bradley, NE 9119 S. Gessner 
Albuquerque, NM 87111 Houston, TX 77074 
(505) 293-1399 (713) 772-0730 
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NCR Microelectronics Distributors 

PIONEER·STANDARD ELECTRONICS, INC. 

ALABAMA 
1207 Putman Drive N.W. 
Huntsville, AL 35805 
(205) 837-9300 

CONNECTICUT 
112 Main Street 
Norwalk, CT 06851 
(203) 853-1515 

FLORIDA 
221 N. Lake Blvd. 
Altamonte Springs, FL 32701 
(305) 834-9090 
1500 Northwest 62nd Street 
Ft. Lauderdale, FL 33309 
(305) 771-7520 

GEORGIA 
5835 B Peachtree Corners East 
Norcross, GA 30092 
(404) 448-1711 

ILLINOIS 
1551 Carmen Drive 
Elk Grove Village, IL 60007 
(312) 437-9680 

INDIANA 
6408 Castieplace Drive 
Indianapolis, IN 48250 
(317) 849-7300 

MASSACHUSETTS 
44 Hartwell Avenue 
Lexington, MA 02173 
(617) 861-9200 

MARYLAND 
9100 Gaither Road 
Gaithersburg, MD 20760 
(301) 921-0660 

MICHIGAN 
13485 Stamford 
Livonia, MI 48150 
(313) 525-1800 

MINNESOTA 
10203 Bren Road East 
Minnetonka, MN 55343 
(612) 935-5444 

NEW JERSEY 
45 Rt. 46 
Pine Brook, NJ 07058 
(201) 227-1262 

NEW YORK 
1806 Vestal Parkway 
Vestal, NY 13902 
(607) 748-8211 
840 Fairport Park 
Fairport, NY 14450 
(716) 381-7070 
40 Oser Avenue 
Hauppage, NY 11787 
(516) 231-9200 
60 Crossways Park West 
Woodbury, NY 11797 
(516) 921-8700 

NORTH CAROLINA 
9801 A Southern Pine Blvd. 
Charlotte, NC 28210 
(704) 527-8188 

OHIO 
4800 East 131 st Street 
Cleveland, OH 44105 
(216) 587-3600 

4433 Interpoint Blvd. 
Dayton, OH 45424 
(513) 236-9900 

PENNSYLVANIA 
261 Gibraltar Road 
Horsham, PA 19044 
(215) 674-4000 
259 Kappa Drive 
Pittsburgh, PA 15238 
(412) 782-2300 

TEXAS 
9901 Burnet Road 
Austin, TX 78758 
(512) 835-4000 
13710 Omega Road 
Dallas, TX 75240 
(214) 386-7300 
5853 Point West Drive 
Houston, TX 77036 
(713) 988-5555 

WYLE LABORATORIES 

ARIZONA 
8155 North 24th Street 
Phoenix, AZ 85021 
(602) 249-2232 

CALIFORNIA 
124 Maryland 8t. 
EI Segundo, CA 90245 
(213) 322-81 00 
17872 Cowan Ave. 
Irvine, CA 92714 
(714) 863-9953 
9525 Chesapeake Dr. 
San Diego, CA 92123 
(619) 565-9171 
3000 Bowers Ave. 
Santa Clara, CA 95051 
(408) 727-2500 

11151 Sun Center Dr. 
Rancho Cordova, CA 95670 
(916) 638-5282 

COLORADO 
451 East 124th Ave. 
Thornton, CO 80241 
(303) 457-9953 

OREGON 
5289 N.E. Elam Young Pkwy., Bldg. 100 
Hillsboro, OR 97123 
(503) 640-6000 

TEXAS 
1810 Greenville Dr. 
Richardson, TX 75081 
(214) 235-9953 

2120 Braker Lane Suite F 
Austin, TX 78758 
(512) 834-9957 

UTAH 
1959 S. 4130 West 
Salt Lake City, UT 84104 
(801) 974-9953 

WASHINGTON 
1750 132nd Ave., N.E. 
Bellevue, WA 98005 
(206) 453-8300 

MANHATTAN SKYLINE 

UNITED KINGDOM 
Manhattan House 
Bridge Road 
Maidenhead 
Berkshire SL6 8DB 
England 
Maidenhead (0628) 75851 
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Read Only Memories 

NCR offers a full line of Read Only 
Memories (ROM) with a variety of pin­
outs and access times. The NCR 
NMOS and CMOS processes and ex­
perience in the ROM market allow 
NCR to provide fast turnaround of 
prototype and production quantities 
plus provide the customer service and 

PRODUCT SELECTION GUIDE 

FUNCTION PART NUMBER 

16K ROM NCR 2316 
32K ROM NCR 2332 

NCR 2333 
64K ROM NCR 2364 

NCR 23C64 
NCR 2364A 
NCR 2365 
NCR 23C65 

128K ROM NCR 23128 
NCR 23128A 

256K ROM NCR 23256 
NCR 23C256 
NCR 23257 

support required of a major supplier 
of ROMs in today's market. Look to 
NCR for your ROM requirements to in­
sure that your products reach the 
market place in time for maximum 
market penetration. 

ORGANIZATION PAGE 

2Kx8 09 
4Kx8 13 
4Kx8 17 
8Kx8 21 
8Kx8 25 
Two 4K x 8 banks 29 
8Kx8 33 
8Kx8 37 
16Kx8 41 
Four 4K x 8 banks 45 
32Kx8 49 
32Kx8 53 
32Kx8 57 

Note: Commercial operating temperature (0°C-70°C) is standard for all NCR ROM's. 
Industrial operating temperature (-40°C-85°C) is also available. 
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2316 
16K (2K X 8) ROM 

• Fully Static Operation 
• Programmable Chip Selects 
• Maximum Access Time 

2316-30 . . . . . . . . . . • . . . • • . • • • . . • . .• 300ns 
2316-45 .•. . • . . . . • • • . . . . . . . • . . • . .• 450ns 

• O°C -70°C Operating Range. 

• 3-State Outputs 
• Fully TTL Compatible 
• Single ±10% 5 Volt Supply 
• Pin Compatible with 2716 and 2516 EPROM's 

and 2316 Type ROM's. 

The NCR2316 is a mask programmable read-only-memory with a 2K word by 8-bit organization. Designed for 
ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynch­
ronous) operation requires no clock. The active level of the three-chip select inputs are programmable and are de­
fined by the user. These ROMs are available in a 24 pin package and are pin compatible with industry standard 
EPROMs and ROMs. 

PIN 
CONFIGURATION 

A7 Vee 
AS AS 

AS A9 

A4 CS3* 

A3 CS1* 

A2 Al0 

Al CS2* 

AO 07 

QO 06 

01 05 

02 04 

GND 03 

* Active Level (Hi. Low and Oon'l Care) 
of chip selects are defined by user. 

PIN NAMES 

AO - A10 Address Inputs 

QO- Q7 Data Outputs 

CS1 - CS3 Programmable 
Chip Selects 

Vee 5V ± 10% 
Supply Voltage 

FUNCTIONAL 
BLOCK DIAGRAM 

*CSl 
*CS2 
*CS3 

Al0 

A9 

AS 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

VCC---l·~ 
GND---l ... 

CHIP 
SELECT 

> 
0 
0 
:0 
m en en 
OJ c 
on on 
m 
:0 en 

* MASK PROGRAMMABLE 

:0 

~ 
0 
m 
(') 
0 
0 
m 

Copyright © 1-9S2 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

00 01 02 03 Q4 05 06 07 

COLUMN DECODE 

MEMORY 
ARRAY 
2KXS 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to ground -.5 to +7V 
Storage temperature. . . . . . . . . . .. -65°C to 150°C 

Stresses above "absolute maximum ratings" may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 
Symbol Parameter Min. Typ. Max. Units 

Vee Supply voltage'" 4.5 5.0 5.5 Volts 

VIH Input high level voltage 2.0 Vee Volts 

VIL Input low level voltage -0.5 0.8 Volts 

TA Operating ambient temperature 0 70 °e 

* Vee must be applied at least lOOILS before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS 
OVER RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Condition Min. Typ. Max. Units 

liN Input leakage current VIN = OV to Vee max 10 !LA 
10 Output leakage current Vo = 0.2 to Vee max, ±10 !LA 

ehip Deselected 

VOH Output high voltage 10H=-160!LA 2.4 Volts 

VOL Output low voltage IOL=1.6mA 0.4 Volts 

Icc Supply current Outputs Open 80 rnA 

CAPACITANCE, TA = 25°C, f=1 MHZ 

Symbol Parameter Condition Min. Typ. Max. Units 

elN Input capacitance Ali pins except pin under 7 pF 

eo Output capacitance test are tied to ground 12.5 pF 



2316 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

2316-30 2316-45 
Symbol Parameter Min. Typ. Max. Min. Typ. Max. Units 

tCY Cycle time 300 450 ns 

tA Address access time 300 450 ns 

tco Chip select access time 150 200 ns 

tOFF Chip select to data off (Hi Z) 150 200 ns 

tCSH Chip select to data hold 0 0 ns 

tAH Address to data hold 0 0 ns 

AC WAVEFORMS 

~:~~-------------tCY------------~~~: 
I I 

ADDRESS ______ ~~'---------------V.-~-L-ID---------------~~---------------
~: tAH l-+--

CS1, I I 

g~~, ---------;.-------------.~ I h,..~---t-O-FF-~-----
~. _________ _J. I I 

~tco~1 I I I 
... 1I(t-----tA I ~ I ---..:tcSHl-+--: 

DATA --------...,H,."i-::-Z:---~ /lJX VALID ~ 

The chip select lines are assumed to be active low. 

AC TEST LOAD CIRCUIT 

OUTPUT 
UNDER 
TEST 

,. Inetudes jig capacitance. 
Ail diodes 1 N3064 or equivalent. 

+5V 

A.C. CONDITION OF TESTS 
Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 

2.5kll 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 

11 
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2316 

MECHANICAL DATA 24 PIN 

CERAMIC DEVICES 

.008-.015 --t= ~ 
ThiCk~::~ ~ 

Lead -' 
SplaYI 

.580-.695 

PLASTIC DEVICES 

._015-! , 
Lead 

Thickness 1 ~ Lead _I 

,SplaYI 
.580- .695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1.170-1.230 1= Length 01 Package 
Pin 1 

eT 
.560-.620 
Width 01 Package 

~~-~~~ 
.075-.175 

Top of Package 
.015-.075 to Standoff .120-.160 
Bottom 01 Package ~ Length 01 Lead +1m ww=;i~-

",,0._ II .1 L II ~ 
.090-.110 -4 r- l~~~~~~~~r-.~if;_.025 

Width . 

1.230-1 .270 1= Length 01 Package 

All dimensions are inches. 

Pin 1 

eT 
.520-.560 
Width 01 Package 

LrrrT11"1"n---~"""""'~ 
.150-.250 

Top 01 Package 
.015-.075 to Standoff .120-.160 
Bottom 01 Package ~ Length 01 Lead rWw ww~'romStandOff 

T~~L ~~ Lead Centers Lead 

.090-.11 0 i.~~~j,~~~er ~i~~_.025 
Width 

All dimensions are inches. 

513/866-7217 Ohio or International 



2332 
32K (4K X 8) ROM 

• Fully Static Operation 
• Programmable Chip Selects 

• Maximum Access Time 
2332-30 .•.•....•......•••••.••. " 300ns 
2332-45 • . . . . . . . . . . . • . . . . . . • . • . • .. 450ns 

• O°C -70°C Operating Range. 

• 3-State Outputs 
• Fully TTL Compatible 
• Single ±10% 5 Volt Supply 
• Pin Compatible with 2532 EPROM's and 2332 

Type ROM's. 

The NCR2332 is a mask programmable read-only-memory with a 4K word by a-bit organization. Designed for 
ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynch­
ronous) operation requires no clock. The active level of the two chip select inputs are programmable and are de­
fined by the user. These ROMs are available in a 24 pin package and are pin compatible with 2532 EPROMs and 
2332 Type ROMs. 

PIN 
CONFIGURATION 

A7 VCC 
AS AS 

AS A9 

A4 CS2.y. 

A3 CS1.y. 

A2 Al0 

Al All 

AO 07 

00 06 

01 05 

02 Q4 

GND 03 

* Active Level (Hi, Low and Don" Care) 
of chip selects are defined by user. 

PIN NAMES 

AO - A11 Address Inputs 

00-07 Data Outputs 

CS1 - CS2 Programmable 
Chip Selects 

Vcc 5V ± 10% 
Supply Voltage 

FUNCTIONAL 
BLOCK DIAGRAM 

*CSl 

*CS2 

All 

Al0 

A9 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

VCC---i·~ 
GND __ -! ... 

CHIP 
SELECT 

• 

»-c c 
JI 
m 
(Jl 
(Jl 

III c 
'T1 
'T1 
m 
JI 
(Jl 

*MASK PROGRAMMABLE 

JI 

~ 
C 
m 
() 
0 c 
m 

Copyright © 1982 by NCR Corporation, Daylon, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to ground -.5 to +7V 
Storage temperature. . . . . . . . . . .. -65°C to 150°C 

Stresses above "absolute maximum ratings" may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is· not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min. Typ. Max. Units 

VCC Supply voltage. 4.5 5.0 5.5 Volts 

VIH Input high level voltage 2.0 VCC Volts 

VIL Input low level voltage -0.5 O.S Volts 

TA Operating ambient temperature 0 70 ·C 

• VCC must be applied at least 1001's before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS 
OVER RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Condition Min. Typ. Max. Units 

liN Input leakage current VIN=OV to VCC max 10 !LA 
10 Output leakage current VO=0.2to VCC max, ±10 !LA 

Chip Deselected 

VOH Output high voltage IOH=-16OI'A 2.4 Votts 

VOL Output low voltage 10L =1.6mA 0.4 Volts 

Icc Supply current Outputs Open SO mA 

CAPACITANCE, TA = 25°C, f=1 MHZ 

Symbol Parameter Condition Min. Typ. Max. Units 

CIN Input capacitance All pins except pin under 7 pF 

Co Output capacitance test are tied to ground . 12.5 pF 



2332 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
2332-30 2332-45 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Units 

tCY Cycle time 300 450 ns 

tA Address access time 300 450 ns 

tco Chip select access time 150 200 ns 

tOFF Chip select to data ott (Hi Z) 150 200 ns 

tCSH Chip select to data hold 0 0 ns 

tAH Address to data hold 0 0 ns 

AC WAVEFORMS 

I 
tCY ~I I~ I 

I I 

X VALID X ADDRESS I :--~I tAH I I 
CS1, I 

CS2 ~ 1/:.......-tOFF~ 
~tco_1 I I 

___ ltCSHI..-- I 
II( tA 

I I I I I 
~I 

~ DATA ~ VALID 
Hi-Z 

The chip select lines are assumed to be active low. 

AC TEST LOAD CIRCUIT 

OUTPUT 
UNDER 
TEST 

* Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

A.C. CONDITION OF TESTS 

+5V Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 

2.5kll 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 

15 
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2332 

MECHANICAL DATA 24 PIN 
CERAMIC DEVICES 

.008-.015 r ~ 
Lead-D- ~ 

Thickness ~~~~~-l 

.580-.695 

PLASTIC DEVICES 

.008-.015 . r ~ 
Lead-D- ~ 

Thickness ~~~~~-l 

.580- .695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1.170-1.230 1= Length 01 Package 
Pin 1 

Width of Package 

'nTT1'T'Tr-----nTn-rrr'~ 
.075-.175 

Top 01 Package 
.015-.075 to Standoff .120-.160 
Bottom 01 Package .-l Length 01 Lead 

.090-.110 . .030-.070 Width 
lead Shoulder .012-.025 
Width 

1.230-1.270 1= Length 01 Package 

All dimensions are inches. 

Pin 1 

.520-.560 
Width 01 Package 

'nTT11'T'TT"""---rTTTTT'TT"~ 
.150-.250 

Top 01 Package· 
.015-.075 to Standoff .120-.160 
Bottom 01 Package .-l Length 01 Lead rvrn. WW;fi,romStandOff 

T~~l· ~~ Lead Centers Lead 

.090-.110 i.~~~h~~~er ~i~~_.025 
Width 

All dimensions are inches. 

513/866-7217 Ohio or International 



2333 
32K (4K X 8) ROM 

• Fully Static Operation • 3-State Outputs 
• Programmable Chip Selects • Fully TTL Compatible 
• Maximum Access Time • Single ±100/0 5 Volt Supply 

2333-30 • . . • . . • . • • • • • . • • • . • • • . .. •• 300ns • Pin Compatible with 2732 EPROM's 
2333-45 .......................... 450ns 

• O°C -70°C Operating Range. 

The NCR2333 is a mask programmable read-only-memory with a 4K word by 8-bit organization. Designed for 
ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynch­
ronous) operation requires no clock. The active level of the two chip select inputs are programmable and are de­
fined by the user, These ROMs are available in a 24 pin package and are pin compatible with 2732 EPROMs, 

PIN 
CONFIGURATION 

A7 vcc 
AS AS 
A5 A9 
A4 All 
A3 CS1~ 

A2. Al0 
Al CS2* 

AO 07 
00 06 
01 05 
02 Q4 

GND 03 

* Active Level (Hi, Low and Don'! Care) 
of chip selects are defined by user. 

PIN NAMES 

AO - A11 Address Inputs 

00 - 07 Data Outputs 

CS1 - CS2 Programmable 
Chip Selects 

Vce 5V ± 10% 
Supply Voltage 

FUNCTIONAL 
BLOCK DIAGRAM 

*CSl 

*CS2 

All 

Al0 

A9 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

VCC---l~~ 
GND---l"~ 

CHIP 
SELECT 

~ 

> 
0 
0 
:II m rn rn 
OJ 
C 
"T1 
"T1 m 
:II rn 

* MASK PROGRAMMABLE 

:II 
0 
:E 
0 
m 
(') 
0 
0 m 

Copyright ©1982 by NCR Corporation, Daylon, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to ground -.5 to + 7V 
Storage temperature ............ -65°C to 150°C 

Stresses above "absolute maximum ratings" may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min. Typ. Max. Units 

VCC Supply voltage ". 4.5 5.0 5.5 Volts 

VIH Input high level voltage 2.0 VCC Volts 

VIL Input low level voltage -0.5 0.8 Volts 

TA Operating ambient temperature 0 70 'c 

*VCC must be applied at least 1001'S before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS 
OVER RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Condition Min. Typ. Max. Units 

liN Input leakage current VIN=OV to VCC max 10 pA 

10 Output leakage current VO =0.2to VCC max, ±10 pA 

Chip Deselected 

VOH Output high voltage IOH=-160pA 2.4 Volts 

VOL Output low voltage IOL=1.6mA 0.4 Volts 

Icc Supply current Outputs Open 80 mA 

CAPACITANCE, TA = 25°C, f=1 MHZ 

Symbol Parameter Condition Min. Typ. Max. Units 

CIN Input capacitance All pins except pin under 7 pF 

Co Output capacitance test are tied to ground 12.5 pF 



2333 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

2333-30 2333-45 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Units 

tcv Cycle time 300 450 ns 

tA Address access time 300 450 ns 

tco Chip select access time 150 200 ns 

tOFF Chip select to data off (Hi Z) 150 200 ns 

tCSH Chip select to data hold 0 0 ns 

tAH Address to data hold 0 0 ns 

AC WAVEFORMS 

, 
lev ~I ,"", I , 

I , 
X -VALID X ADDRESS , 

~ --..' tAH , , 
CS1. 

, 
CS2 ~ '/: __ tOFF~ 

~tCO~: 
, I 

~tCSH:~ , 
OIl tA 

I I I , I 

DATA <ZZZX VALID ~ Hi-Z 

The chip select lines are assumedto be active low. 

AC TEST LOAD CIRCUIT A.C. CONDITION OF TESTS 

+5V 
Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 

OUTPUT 
UNDER 
TEST 

of< includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

2.5kll 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 

19 
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2333 

MECHANICAL DATA 24 PIN 
CERAMIC DEVICES 

.008-.015 --t= ~ 
ThiCk~::~ ~ 

Lead J 
Splayl 

.580-.695 

PLASTIC DEVICES 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1.170-1.230 1= Length of Package 
Pin 1 

.075-.175 
Top 01 Package 

.015-.075 to Standoff .120-.160 
Bottom of Package . ~ Length of Lead 

+lM ww=;i-
LeadCenlers I / U I L II ~ 
.090-.110 -j ~ l~~~~~~~e~j-.~i~~_.025 

Width 
All dimensions are inches. 

Pin 1 

-T 
.520-.560 
Width 01 Package 

TrrnrT'TT"""-~TT'T'T-rI-.l 
.150-.250 

Top of Package 
.015-.075 to Siandoff .120-.160 
Bottom of Package ~ Length of Lead 

+lM m;g-
L.O~~~1t10~ ~ L.030-.070 -11-= 

Lead Shoulder .012-.025 
Width 

All dimensions are inches. 

513/866-7217 Ohio or International 



2364 
64K (8K X 8) ROM 

• Fully Static Operation 
• Programmable Chip Selects • 3-State Outputs 

• Maximum Access Time • Fully TTL Compatible 

2364-25 ..•••..••...•••..••....•..• 250ns 
2364-30 ..•.......•.•........•..•.• 300ns 
2364-45 •••.••••......•••.•..•.•.. 450ns 

• Single ±10% 5 Volt Supply 
• Pin Compatible with 2564 EPROM's 

• O°C -70°C Operating Range. 

The NCR2364 is a mask programmable read-only-memory with an 8K word by 8-bit organization. Designed for 
ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynch­
ronous) operation requires no clock. The active level of the chip select input is programmable and is defined by 
the user. These ROMs are available in a 24 pin package and are pin compatible with 2564 EPROMs. 

PIN 
CONFIGURATION 

A7 vcc 
A6 AS 

AS A9 

A4 AI2 

A3 CSI· 

A2 AIO 

AI All 

AO 07 

00 06 

01 as 
02 Q4 

GND 03 

* Active Level (Hi, Low and Don't Care) 
of chip select is defined by user. 

PIN NAMES 

AO - A12 Address Inputs 

00-07 Data Outputs 

CS1 Programmable 
Chip Select 

Vcc 5V ± 10% 
Supply Voltage 

FUNCTIONAL 
BLOCK DIAGRAM 

*CSI 

A12 

All 

Al0 

A9 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

VCC---l .. .. 
GND---l .. .. 

CHIP 
SELECT 

• .. 
> 
0 
0 
:II 
m en en 
tIl c 
." 
." 
m 
:II en 

*MASK PROGRAMMABLE 

:II 

~ 
0 
m 
() 
0 
0 
m 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect 
to ground ...................... -0.5 to + 7V 
Storage temperature ............ -65°C to 150°C 

Stresses above "absolute maximum ratings" may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 
Symbol Parameter Min. Typ. Max. Units 

Vee Supply voltage If. 4.5 5.0 5.5 Volts 

VIH Input high level voltage 2.0 Vee Volts 

VIL Input low level voltage -0.5 0.8 Volts 

TA Operating ambient temperature 0 70 ·e 

* Vee must be applied at least 100j.tS before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS 
OVER RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Condition Min. Typ. Max. Units 

liN Input leakage current VIN= OV to Vce max 10 pA 

10 Output leakage current VO=0.2to Vee max, ±10 pA 

Chip Deselected 

VOH Output high voltage IOH=-160/LA 2.4 Volts 

VOL Output low voltage 'OL=1.6mA 0.4 VoRs 

Icc Supply current Outputs Open 85 mA 

CAPACITANCE, TA = 25°C, f=1 MHZ 

Symbol Parameter Condition Min. Typ. Max. Units 

CIN Input capacitance All pins except pin under 7 pF 

eo Output capacitance test are tied to ground 12.5 pF 



2364 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
2364·25 2364·30 2364·45 

Symbol Parameter 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

tCY Cycle time 250 300 450 ns 
tA Address access time 250 300 450 ns 
tco Chip select access time 120 150 200 ns 
tOFF Chip select to data off (Hi Z) 120 150 200 ns 
tCSH Chip select to data hold 0 0 0 ns 
tAH Address to data hold 0 0 0 ns 

AC WAVEFORMS 

1 
tCY ~I I"" J 

1 
• X VALID X ADDRESS 
1 :-....--_I tAH 1 I 

CS1 1 

~ 1/:~tOFF~ 
:-tco_1 

1 I • tCSH~ 1-- 1 .. tA 
I I 

• 1 1 •• 
~ DATA 

Hi·Z 0ZX VALID 

The chip select line is assumed to be active low. 

AC TEST LOAD CIRCUIT A.C. CONDITION OF TESTS 

+5V 
Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 

OUTPUT 
UNDER 
TEST 

* Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

2.Skll 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 

23 
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2364 
MECHANICAL DATA 24 Pin 

CERAMIC DEVICES 

.008-.015 ~ ~ 
Lead-H- ~ 

Thickness I-~~~-I 

.580-.695 

PLASTIC DEVICES 

.008-.015 ~ ~ .. 
Lead-H- ~ 

Thickness I-~~~~-I 

.580- .695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1.170-1.230 C Length of Package 
Pin 1 

-T 
.560-.620 
Width of Package 

'rn-rT-~-"T'T'TTTrTT' ~ 
.075-.175 

.015-.075 Top ~~ ~~~~~~~ .120-.160 
BoHom of Package ~ Length of Lead ffm ww ::-~C~~ 

'""c. ... II .IL 1\ ~ 
.090-.110 -j r- ~i:~.~~~e~-11--.~~~-.025 

1.230-1.270 C Length of Package 

All dimensions are inches. 

Pin 1 

Width of Package 

'rrTn-rrr----rrTrTTTr'~ 
.150-.250 

015- 075 Top of Package 120 160 . . to Standoff . -. 
BoHom of Package I Length of Lead 
to Standoff ~ from Standoff 

+WYM mE ~~o-j 1-.1 Lc'!""~~---II--~-025 
Width 

All dimensions are inches. 

513/866-7217 Ohio or International 



23C64 
64K BIT CMOS MASK ROM 

GENERAL DESCRIPTION 
The NCR23C64 is an S,192 words x S bits asynchronous, static, mask programmable ROM on a monolithic CMOS chip, 
and is characterized by fast access time and very low power dissipation. The static nature of the memory requires no ex· 
ternal clock. Both the inputs and outputs are TTL compatible, and the three·state output allows easy system design and easy 
expansion of memory capacity. These features make the NCR23C64 usable in a wide-range of applications, especially 
when low power dissipation is required in microprocessor systems. 

FEATURES 
• Access time ...................•......... 250 ns max. 

• Low power supply current 
Standby .............................. 10 I-'A max. 
Operation ............................ 25 mA max. 

• Standby power not affected by address transitions 

• Completely static 

• Single power supply ........................ +5.0V± 10% 

• All inputs and outputs are TTL compatible 

• Three-state output for direct bus compatibility 

• Pin compatible with EPROMs 
• All inputs protected against static charge of 1000 V Nominal 

• CE/CE active level is mask programmable 

• Compatible with 2 MHz NCR65C02 Microprocessor 

PIN FUNCTION 
AO-A12 

CE/CE 

00-07 
VDD 

VSS 

Address input 

Chip enable 

Data output 

Power supply (+5.0V) 

Power supply (GND) 

*Specifications are subject to change 
without notice. 

PIN CONFIGURATION BLOCK DIAGRAM 

A7 VDD 

A6 AB 

A5 AS 

A4 A12 

A3 CE/CE 

A2 A10 

Al All 

AO 07 

00 06 

01 05 

02 04 

VSS 03 

(Top View) 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

00 01 02 03 04 05 06 07 

AO 
>-

Al 

A2 

A3 32 x 8 

A4 

A5 

A6 
a: 
w 

A7 Cl 256 ROM ARRAY 
Cl 

AB ~ B192 X B Cl 

A9 x 

A10 

All 

A12 

25 
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ABSOLUTE MAXIMUM RATINGS * (Voo = 5.0V ± 10%, VSS = O.OV, TA = 00 to + 70"C) 

RATING SYMBOL VALUE UNIT 

VOLTAGE ON ANY TERMINAL RELATIVE VIN -1.0 to + 7.0 V 
TO VSS 

OPERATING TEMPERATURE (AMBIENT) TA Oto 70 DC 

STORAGE TEMPERATURE (CERAMIC) TSTG - 65 to + 150 "C 

STORAGE TEMPERATURE (PLASTIC) TSTG - 55 to + 125 DC 

POWER DISSIPATION - 1 W 

'NOTE: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operating sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS 

PARAMETER SYM MIN TYP MAX UNITS 

POWER SUPPLY VOLTAGE Voo 4.5 5.0 5.5 V 

INPUT LOW VOL TAGE VIL -0.5 - 0.8 V 

INPUT HIGH VOLTAGE VIH 2.0 - Voo V 

DC CHARACTERISTICS (Voo = 5V ± 10%, TA = 00 to + 70"C) 

PARAMETER SYM 

Voo POWER SUPPLY CURRENT (ACTIVE) 100 

Voo POWER SUPPLY CURRENT (STANDBY) 19B 

INPUT LEAKAGE CURRENT IUL) 

OUTPUT LEAKAGE CURRENT IO(L) 

OUTPUT LOW VOLTAGE @ lOUT = 1.6 rnA VOL 

OUTPUT HIGH VOLTAGE@ lOUT =-100 p.A VOH 

PARAMETER 

INPUT CAPACITANCE 

OUTPUT CAPACITANCE 

***NOTES: 
1. Current is proportional to cycle rate. 100 is measured at the 

specified minimum cycle time. Data Outputs open .. 
(V1L=vSS ,V1H=V OO,) 

2. CE ., Voo - 0.3V or CE 6 Vss + 0.3V. 
3. V1N = 0.0 V to 5.5 V (Voo = 5.0 V). 
4. Device deselected. (VOUT = 0.0 V to 5.5 V). 
5. Capitance measured with Boonton Meter or effective capaci· 

tance calculated from the equation: 60 
6v with 6v = 3.0V 

MIN TYP MAX UNITS NOTES ...... 

- - 25 rnA 1 

- - 10 p.A 2 

-10 - 10 p.A 3 

-10 - 10 p.A 4 

- - 0.4 V 

2.4 - - V 

SYM TYP MAX UNITS NOTES ...... 

CI 5 8 pF 5,6 

Co 7 15 pF 5,6 

6. This parameter is periodically sampled and not 100% tested. 
7. Measured with 1 TTL load and 100 pF, transition times620ns. 

Timing measurement reference levels: 
inputs O.B V and 2.0 V; outputs O.B V and 2.0 v. 

B. CE shown, similar timing is achieved for CEo 



TIMING DIAGRAM 

OIl tc 

ADDRESS VALID 

CE 
~tAC_ 

OIl tA • 
DATA 

Hi·Z 

AC CHARACTERISTICS (See Notes 7 and 8, page 2) 

(VDD = 5.0V ± 10%, TA = 0° to + 70"C) 

PARAMETER 

CYCLE TIME 

ADDRESS ACCESS TIME 

CE/CE ACCESS TIME 

OUTPUT TURN OFF DELAY 

DATA HOLD FROM CHIP SELECT 

DATA HOLD FROM ADDRESS 

23C64 

- tAH -
VALID 

SYM MIN MAX UNITS 

tc 250 - ns 

tA - 250 ns 

tAC - 250 ns 

tOFF - 50 ns 

tCSH 10 50 ns 

tAH 10 - ns 

27 
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23C64 

PACKAGE DESCRIPTIONS (All dimensions shown in inches) 

.110-1 

~===+==c;--_~II Side-Braze Ceramic (P) 
24-Pin 

.590 r .30 

NO.1 LEAD 
IDENTIFIER 1----1.200 ±.030----

I' 1.200±.060 'I~ C·595 ±.015=1 rnmt Pmw .095 MAX. + j l I -t~IN 
; U II U .120MIN-:-r 

-lk- -=J I.-=- t 
.018 ± .003 .050 ± .015 

.050 ± .005 l" <0"" ~~""" ~ 
f 1 I. .665 ~r ± .002 

.590 

.12 

-----±.. 

II ~.060. R 
. NOM. 

,",,~E-----1.27 MAX. ----• ., 

~~ t t 
.045 NOM. 

.018 ± .003 'L 
.050 TYP. ~ 

L NOM. 

11 EOUAL SPACES @ .100 

.120 MIN 

Plastic Dual-In-Line (N) 
24.pin 

i~: ::~ toro, 
--~ 

L.650 ± 0.040---l 

NOTE: Overall length includes .005 flash on either end of package. 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 



2364A 
64K BANK SELECTABLE ROM t 

• 64K Mask Programmable ROM • JEDEC Standard Pin-Out 
• Organized as two-4Kx8 Banks • Fully TTL Compatible 
• Fully Static 5 Volt Operation • Pin Compatible with 2332 Type ROMs 
• Maximum Access Time ... 450 ns • Programmable Chip Selects 

The 2364A is a mask programmable 64K Bank Selectable ROM. A key feature of this device enables the user to 
access 8K bytes of ROM with only 4K bytes of system address available. This is accomplished by the inclusion of 
an on-board data latch. This latch essentially is the 13th address bit and is used internally to select one of the 
4Kx8 ROM banks. Bank selection is accomplished by accessing address locations FF8 or FF9. Accessing FF8 
will select the lower 4K bytes (Bank 0) of the 2364A, and accessing FF9 will select the upper 4K bytes (Bank 1 ). 
Except for the bank selection operation, the 2364A functions as a standard 32K ROM, but with twice the memory. 
This ROM requires only 5 Volts, is fully TTL compatible and is pin compatible with 2332 type ROMs and 2532 
type EPROM's. Like the NCR 2332, the two chip select inputs of the 2364A are programmable and are defined 
by the user. 

PIN 
CONFIGURATION 

A7 vcc 
A6 AS 

A5 A9 

A4 CS2¥ 

A3 CS1¥ 

A2 A10 

A1 A11 

AO Q7 

QO Q6 

01 05 

02 04 

GND 03 

• Active Level (Hi. Low and Don't Care) 
of chip selects are defined by user. 

PIN NAMES 

AO-A11 Address Inputs 

QO-Q? Data Outputs 

CS1-CS2 Programmable 
Chip Selects 

Vcc 5V ± 10% 
Supply Voltage 

*CSl 

*CS2 

All 

Al0 

A9 

AS 

A7 

A6 

A5 

A4 

A3 

A2 
Al 

AO 

FUNCTIONAL 
BLOCK DIAGRAM 

VCC ------; .. ~ 

GND----.. ~ 

» 
0 
0 
:IJ 
m en 
en 
OJ 
C 
'T1 
'T1 
m 
:IJ en 

*MASK PROGRAMMABLE 

:IJ 

~ 
0 
m 
() 
a 
0 
m 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

QO Ql 02 Q3 Q4 05 06 Q7 

COLUMN DECODE 

BANK 1 
4Kx8 

BANKO 
4Kx8 

MEMORY ARRAY 

t Licensed Under U.S. Patent #4368515 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to ground -.5 to + 7V 
Storage temperature. . . . . . . . . . .. -65·C to 150·C 

Stress above "absolute maximum ratings" may result 
in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min. Typ. Max. 

Vee Supply voltage" 4.5 5.0 5.5 

VIH Input high level voltage 2.0 Vee 
VIL Input low level voltage -0.5 0.8 

TA Operating ambient temperature 0 70 

*Vee must be applied at least 100 p's before proper device operation is achieved. 

STAnc ELECTRICAL CHARACTERISTICS OVER RECOMMENDED 
OPERAnNG CONDITIONS 

Symbol Parameter Condition Min. Typ. Max. 

liN Input leakage current VIN=OV to Vcc max. 10 

10 Output leakage current Vo = 0.2V to Vee max, ±10 
ehip Deselected 

VOH Output high voltage IOW-160p.A 2.4 

VOL Output low voltage IOL=1.6mA 0.4 

lee Supply current Outputs Open 85 

CAPACITANCE, TA = 25°C, f=1 MHZ 

Symbol Parameter Condition Min. Typ. Max. 

elN Input capacitance All pins except pin 7.0 

Co Output capacitance under test are 12.5 

tied to ground 

Units 

VoRs 

Volts 

Volts 

"C 

Units 

p.A 

p.A 

VoRs 

Volts 

mA 

Units 

pF 

pF 



2364A 

AC CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS 

Symbol Parameter Min. Typ. Max. Units 

tCY Cycle Time 450 ns 

tA Address Access Time 450 ns 

tco Chip Select Access Time 200 ns 

tOFF Chip Select to Data Off (Hi Z) 200 ns 

tCSH Chip Select to Data Hold 0 ns 

tAH Address to Data Hold 0 ns 

1 1 
I". tCY .1 
I 1 
1 I 

ADDRESS X VALID X 
I 1 I • :-1 ~ tAH 

CS1, 
I • • · • 

CS2 I ~ • /:-tOFF-l 
• 1 
• I I 1 I 
1 t.-tco-l 

tCSH-: ~- : • tA I 1 .- ~I • I • .1 «//M Y//h DATA VALID 
Hi-Z 

NOTE 1 The chip select lines are assumed to be active low. 
NOTE 2 Data will be invalid during bank select operation (accessing FF8 or FF9). 

AC TEST LOAD CIRCUIT 

OUTPUT 
UNDER 
TEST 

* Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

A.C. CONDITION OF TESTS 

+5V Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 

2.5kll 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 
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2364A 

MECHANICAL DATA 24 PIN 
CERAMIC DEVICES 

.008-.015 ~ ~ 
Lead+ U 

Thickness ~ ~~~~-1 

.580-.695 

PLASTIC DEVICES 

.008-.015 -t= \ 
_':: I~ ..... -1 

ISPlay 
.580- .695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1.170-1.230 1= Length of Package 

.075-.175 
Top of Package 

Pin 1 

.015-.075 10SIandoll .120-.160 
Bottom of Package ~ Length of Lead +lM vyw:-I~­

Lead centers,.j ~ L ~~TI 
.090-.110 l~~~~~~er .~i~~_.025 

Width 

1.230-1 .270 1= Lenglh of Package 

All dimensions are inches. 

Pin 1 

-T 
.520-.560 
Width of Package 

'nTn-n-r---"TTTTT'rTT"' --L 
.150-.250 

Top of Package 
.015-.075 toStandoll .120-.160 
Bottom of Package ~ Length of Lead 

llM vvw:-I­
Leadce~ I ~L II ~ .090-.110 -j r- .030-.070 --II-width 

Lead Shoulder .012-.025 
Widlh 

All dimensions are inches. 

513/866-7217 Ohio or International 



2365 
64K(8K X 8) ROM 

• Fully Static Operation • 3-State Outputs 
• Programmable Chip Selects • Fully TTL Compatible 
• Maximum Access Time • Single ±10"lo 5 Volt Supply 

2365-25 •••••••..•.••••..••. . . . • • .• 250ns • Pin Compatible with 2764 EPROM's 
2365-30 .................... .. .. ... 300ns • OOto 70°C Operating Range 
2365-45 •....•..••••••••.•..••••.•• 450ns 

The NCR2365 is a mask programmable read-only-memory with an 8K word by 8-bit organization. Designed for 
ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynch­
ronous) operation requires no clock. The active levels of two chip select inputs are programmable and are de­
fined by the user. These ROMs are available in a 28 pin package and are pin compatible with 2764 EPROMs. 

PIN 
CONFIGURATION 

NC Vee 
AI2 CS2"' 

A'7 CS3"' 

FUNCTIONAL 
BLOCK DIAGRAM 

VCC--"""· 
GND __ ~ ... 

ao 01 02 03 Q4 05 as 07 

AS AS 
AS A9 

CS2"; CS3* 

CS1 

OE 

CONTROL 1-----1 

A4 All 
A3 OE 
A2 AIO 

AI ~ 
M Q7 

00 Q6 

QI 05 
Q2 Q4 

Vss Q3 

.. Active Level (Hi, Low and Don't Care) 
01 chip selects are defined by user. 

PIN NAMES 
AO - A12 Address Inputs 

00 - 07 Data Outputs 

CS1, CS2, Chip Selects 
CS3 

VCC 5V ± 10% 

LOGIC 

A12 

A11 ., 
A10 

A9 > 
A8 0 

0 
JJ 

A7 m en 
A6 

en 
ID 

AS 
c 
." 
'T1 

A4 m 
JJ en 

A3 

A2 

A1 

AO 

Supply Voltage 
*MASKPROGRAMMABLE 

OE Output Enable 

Copyright © 1982 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights ReselVed. Printed in U.S.A. 

~ 
0 
m 
() 
0 
0 
m 

COLUMN DECODE 

MEMORY 
ARRAY 
8KX8 
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ABSOLUTE MAXIMUM RATINGS 

\bItage on any pin with respect to ground -.5 to + 7V 
Storage temperature. . . . . . . . . . .. -65"C to 150·C 

Stresses above "absolute maximum ratings· may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the· recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min. Typ. Max. Units 

Vee Supply voltage* 4.5 5.0 5.5 Volts 
VIH Input high level voltage 2.0 Vee Volls 
VIL Input'low level voltage -0.5 0.8 Volls 
TA Operating ambient temperatura 0 70 "C 

* Vee must be applied at least 1ool&S before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS 
OVER RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Condition Min. Typ. Max. Units 

liN Input leakage current VIN = OV to VCC max 10 pA 

10 Output leakage current Vo = 0.2 to VCC max, ±10 pA 
Chip Deselected 

VOH Output high voltage current IOH =-160pA 2.4 Volls 

VOL Output low voltage IOL=1.6rnA 0.4 Volls 
Icc Supply current Outputs Open 85 rnA 

CAPACITANCE, TA = 25°C, f = 1 MHZ 
Symbol Parameter Condition Min. Typ. Max. Units 

CIN Input capacitance All pins except pin ui1der 7 pF 

Co Output capacitance test are tied 10 grOund 12.5 pF 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

2365-25 2365-30 2365-45 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 

tCY Cycle time 250 300 450 ns 

tA Address acceSs time 250 300 450 ns 

tcs Chip select access time 120 150 200 ns 

tOE Output enable to data valid 120 150 200 ns 

tOH Data hold time 0 0 0 ns 

tOFF Chip select or output 

enable to data Hi-Z 120 150 200 ns 



AC WAVEFORMS 

ADDRESS ~~I::~~~~~~~~~~~~_t_C_Y~~~~~~~~~~~~~~'~~ __________ __ 
I 

1"'1 .. ----- tcs ~: : 
CHIP SELECT ------;-----. 1 

~--------~: ~t! I 

DATA 

1 I" taz ~I 
~taE --.l 1 I 

~ ! y ! 
i I.. tOFF-' 
I I I I 
II tDH i i 

~-Hi-Z-~-~Z 
I 
1 

~"--------~-----~~~I 

Programmable Chip Selects are assumed to be aclive low. 

AC TEST LOAD CIRCUIT A.C. CONDITION OF TESTS 

2365 

+5V 
Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 

OUTPUT 
UNDER 
TEST 

» Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

Inputs Rise & Fall Times .................. 10 ns 

2.5kO 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 
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MECHANICAL DATA 28 Pin 

CERAMIC DEVICES I- 1.370-1.430 
Inn n Length of Package Pin 1 

-T 
.550-.620 
Width of Package 

Ln-rrT~-"TT'1"TT'~ ~ 
.075-.175 

Top of Package 
.015-.075 to Standoff. .120-.160 
Bottom of Package ~ Length of Lead 

2365 

.008-.015 ~ ~ 
Lead 

Thickness r- -1 
Lead 
Splay 

.580-.695 

fww vvw~-
~;;o-l ~ Il.030-.070 --II-~~~h ~ Lead Shoulder .012-.025 

Width 

PLASTIC DEVICES 

.008-.015 --t= ~ 

I- 1.430-1.480 
Inn n Length of Package 

All dimensions are inches. 

Pin 1 

-T 
.520-.560 
Width of Package 

'rnTT-rn---rrrrTTTT' ~ 
.150-.250 

Top of Package 
.015-.075 10 Standoff .120-.160 

ThiCk';!~~ 1 . Lead .1 
ISPlay\ 

.580-.695 
L.;g,~1t10-l1- .030-.070 --II-~i~ 

~i: Shoulder .012-.025 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

All dimensions are Inches. 



23C65 
64K BIT CMOS MASK ROM 

• Access time ••••••..•••..•••. 250 ns max. 

• Low power supply current 
Standby ...••..•.•..•••... 10 fJ.A max. 
Operation .••...•.•.•..••• 25 rnA max. 

• Standby power not affected by address transitions 

• Completely static 

• Single power supply ••...••..... +5.0V± 10% 

• All inputs and outputs are TTL compatible 

• Three·state output for direct bus compatibility 

• Pin compatible with EPROMs 

• All inputs protected against static charge 

of 1000 V Nominal 

• CS2 & CS3 active level is mask programmable 

• Compatible with 2 MHz NCR65C02 Microprocessor 

The NCR23C65 is an 8,192 words x 8 bits asynchyronous, static, mask programmable ROM on a monolithic CMOS chip, 
and is characterized by fast access time and very low power dissipation. The static nature of the memory requires no ex­
ternal clock. Both the inputs and outputs are TTL compatible, and the three-state output allows easy system design and 
easy expansion of memory capacity. These features make the NCR23C65 usable in a wide-range of applications, espe­
cially when lower power dissipation is required in microprocessor systems. 

PIN 
CONFIGURATION 

NC Vee 
A12 CS2* 

A7 CS3* 

AS AS 
AS A9 

A4 A11 
A3 5E 
A2 Al0 

Al CE 
AO 07 

ao as 
01 Q5 

Q2 Q4 

Vss Q3 

* Active Level (Hi, Low and Don't Care) 
of chip selects are defined by user. 

PIN NAMES 
AO - A12 Address Inputs 

00 - 07 Data Outputs 

CS3, CS2 Chip Selects 

CE Chip Enable 

VCC 5V ± 10% 
Supply Voltage 

OE Output Enable 

FUNCTIONAL 
BLOCK DIAGRAM 

VCC----· GND ____ • 
co 01 02 03 Q4 as as 07 

CONTROL 1----1 
LOGIC '--____ --. ____ ---' 

AI2 

All .. 
AID 

A9 > 
A8 c c 

:II 
A7 m en 
AS 

en 
IJI 

AS c:: 
=II 

A4 m 
:II en 

A3 

A2 

AI 

AD 

*MASK PROGRAMMABLE 

:II 

~ 
C 
m 
(') 
0 c m 

COLUMN DECODE 

MEMORY 
ARRAY 
8KX8 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

This is advance information and NCR reserves the 
right to change the specifications without notice. 37 
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ABSOLUTE MAXIMUM RATINGS* (Vcc = 5.0V ± 10%, VSS = O.OV, TA = 0" to + 7O"C) 

RATING SYMBOL VALUE UNIT 

VOL TAGE ON ANY TERMINAL RELATIVE VIN -1.0to + 7.0 V 
TOVsS 

OPERATING TEMPERATURE (AMBIENT) TA o to 70 ·C 

STORAGE TEMPERATURE (CERAMIC) TSTG -65 to + 150 OC 

STORAGE TEMPERATURE (PLASTIC) TSTG -55to+125 ·C 

POWER DISSIPATION - 1 W 

* NOTE: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operating sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS 

PARAMETER SYM MIN TYP MAX UNITS 

POWER SUPPLY VOLTAGE Vcc 4.5 5.0 5.5 V 

INPUT LOW VOLTAGE VIL -0.5 - 0.8 V 

INPUT HIGH VOLTAGE VIH 2.0 - Vcc V 

DC CHARACTERISTICS (Vcc = 5V ± 10%, TA = O·to + 70OC) 

PARAMETER SYM 

Vcc POWER SUPPLY CURRENT (ACTIVE) IcC 

Vce POWER SUPPLY CURRENT (STANDBY) ISB 

INPUT LEAKAGE CURRENT lULl 

OUTPUT LEAKAGE CURRENT IO(LI 

OUTPUT LOW VOLTAGE @ lOUT = 1.6 rnA VOL 

OUTPUT HIGH VOLTAGE @ lOUT = - 100 p.A VOH 

CAPACITANCE (T A = O· to + 7O"C) 

PARAMETER 

INPUT CAPACITANCE 

OUTPUT CAPACITANCE 

* **NOTES: 
1. Current is proportional to cycle rate. ICC is measured at the 

specified minimum cycle time. Data Outputs open. 
(VIL=VSS ,vIH=VCC ') 

2. CE ~ V CC - 0.3V or CE ,"Vss + 0.3V. 
3. VIN = 0.0 V to 5.5 V (VCC = 5.0 VI. 
4. Device deselected. (VOUT = 0.0 V to 5.5 VI. 
5. Capitance measured with Boonton Meter or effective capaci· 

tance calculated from the equation: 00 
/',.V with /',.V = 3.0V 

MIN TYP MAX UNITS NOTES*** 

- - 25 mA 1 

- - 10 p.A 2 

-10 - 10 p.A 3 

-10 - 10 p.A 4 

- - 0.4 V 

2.4 - - V 

SYM TYP MAX UNITS NOTES*** 

CI 5 8 pF 5,6 

Co 7 15 pF 5,6 

6. This parameter is periodically sampled and not 100% tested. 
7. Measured with 1 TTL load and 100 pF, transition times ,"20 ns. 

Timing measurement reference levels: 
inputs 0.8 V and 2.0 V; output. 0.8 V and 2.0 v. 

B. CE shown, similar timing is achieved for CEo 



23C65 

AC WAVEFORMS 

~1 • .--------------tRC---------------.~1 

ADDRESS =>¢---X--
1 

I.. tCE .1 II 

I 1 
CHIP ENABLE ----:--------~-------__:_: _~¥ 1 

I ~tOHZ _I 
I--tOCE--i: I 

OE/CS2/CS3 -----.;.---------"l ! y : 
I I I 
I 1 I : 
I -I tOH ~ I 

-------~----Hi-Z--------_~ ______ I _____ ~, DATA 

1 
I 

~ .. .----------tAcc----------~-~1 

Programmable Chip Selects are assumed to be active low. 

AC CHARACTERISTICS (See Notes 7 and 8, page 2) 

(Vee; 5.0V ± 10%, TA ; 00 to + 70"C) 

Parameter Sym 

Cycle Time tRC 
Address Access Time tACC 
CE Access Time tCE 
OE/CS Access Time tOCE 
Control to Output High Impedance tOHZ 
Data Hold From CEo OE, or Address tOH 

Min Max Units 

250 - ns 

- 250 ns 

- 250 ns 

- 150 ns 

- 50 ns 

10 - ns 
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MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 -t= ~ 
ThiCk':..~~ ~ -1 

Lead 
Splay 

.580-.695 

PLASTIC DEVICES 

.008-.015 -t= ~ 
ThiCk':..: 1_ Lead _I 

ISplaYI 
.580-.695 

28 Pin 

I---- 1.370-1.430 
Inn n Length 01 Package Pin 1 

eT 
.550-.620 
Width 01 Package 

'rrrrTnr--TTT1TIrTT~ 
.075-.175 

Top of Package 
.015-.075 toStandoll .120-.160 
Bottom of Package ~ Length 01 Lead 

+ww vwr=;i-
Lead Centers 1 / II L II ~ 
.090-.110 -j ~ ~~;;,'!~~~-II-Zf;-.025 

Width 
All dimensions are inches. 

PIn 1 

eT 
.520-.560 
Width of Package 

'rrrrTn-r--'TTTTTnT' ~ 
.150-.250 

Top 01 Package 
.015-.075 to Standoff .120-.160 
Bottom of Package ~ Length 01 Lead 

+1m VYWE-

23C65 

~~~~t;o-l ~ L.030-.070 ~~~~ 
Lead Shoulder .012-.025.. 
Width All dimensIOns are Inches. 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

5131866-7217 Ohio or International 



23128 
128K (16K X 8) ROM 

• 23128 •.• Non-Power Down 
• 231285 ... Automatic Power Down 
• Fully Static Operation 
• Silicon Gate NMOS Technology 

• Maximum Access Times 
23128/231285-25 . .. 250ns 
23128/231285-30 . .. 300ns 
23128/231285-45 . .. 450ns 

• Fully TTL Compatible 
• 5 Volt Only Operation 
• Byte-Wide Industry Standard 

JEDEC Pin-Out 
• DoC to 70°C Operating Range 

The NCR 23128 is a mask programmable read-only-memory with a 16K word by 8 bit organization. Designed 
for ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asy­
nchronous) operation, requires no clock. This memory device is available in two versions. The NCR 23128 is a 
non-power down version where the active level of chip selects C82 and C83 is programmable and is defined by 
the user to facilitate system memory expansion. The NCR 231288 offers an automatic power down feature 
(standby) controlled by the chip enable CE input. When CE goes high, the device automatically powers down 
and remains in a low power standby mode as long as CE remains high. Also, on the 231288, the active level of 
chip select C8 and output enable OE is programmable, thus eliminating bus contention in multiplexed bus mi­
croprocessor systems. The NCR 23128 is packaged in a 28 pin DIP with an industry standard byte-wide JEDEC 
pin-out. 

PIN 
CONFIGURATION 

NCR 23128 NCR 231285 

NC Vcc NC Vee 
A12 CS3* A12 cs· 

A7 A13 A13 

A6 A8 A8 

AS A9 A9 

A4 A11 A11 

A3 CS2* DE' 

A2 A1D A1D 

A1 CS1 A1 BE 
AD 07 07 

00 06 06 

01 05 01 05 

02 04 04 

Vss 03 03 

* Programmable Active High or Low 

NOTE: 
23128 Only: Chip Selects CS1. CS2 
and CS3 are normally AND·d. ie. 
(CS1.CS2·CS3). At the option of 
the user. CS1 and CS2 may be in· 
ternally OR'd and then AND'd with 
CS3 ie, [(CS1 + CS2).CS3] 

PIN NAMES 
Ao -A13 

0 0 -07 

CS1, CS2, CS3, CS 

NC 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

AO·A13 

14 

CSllCE 

II: 
W o 
§ 
o 
en en 
w 
II: o o « 

CS2·'OE· --------1~ 

CS3',CS* 

Address Inputs CE 

Data Outputs OE 

Chip Selects 
VCC 

No Connection 

16K x 8 
MEMORY 

ARRAY 

00-07 

Chip Enable 

Output Enable 

5 Vo~ ± 10% 
Power Supply 

41 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to 
ground. . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 to + 7V 
Storage temperature ............. -65°C to 150°C 

Stresses above "absolute maximum ratings" may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Typ Max 

Vee Supply voltage"" 4.5 5.0 5.5 

VIH Input high level voltage 2.0 Vee 

VIL Input low level voltage -0.5 0.8 

TA Operating ambient temperature 0 70 

""Vee must be applied at least 100!Ls before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED) 

Symbol Parameter Condition Min typ Max 

liN Input leakage current VIN = OV to Vee max 10 

10 Output leakage current Vo = 0.2 to VCC max, ±10 
Chip Deselected 

VOH Output high voltage 10H = -200!-tA 2.4 

VOL Output low voltage 10L = 3.2mA 0.4 

ICC Supply current - Active Outputs Open 75 

ISB"" Supply current - Standby ehip Deselected 10 

"" Applies to 23128S Power Down Version only. 

CAPACITANCE, TA = 25°C, f = 1 MHZ 

Symbol Parameter Condition Min Typ Max 

CIN Input capacitance All pins except pin under test 7.0 

Co Output capacitance are tied to ground 12.5 

Units 

Volts 

Volts 

Volts 

'e 

Units 

!LA 

!LA 

Volts 

Volts 

rnA 

rnA 

Units 

pF 

pF 



23128 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

23128·25 23128·30 23128·45 
23128S·25 23128S·30 23128S·45 

Symbol Parameter Min Typ Max Min Typ Max Min Typ 

tA Address Access Time 250 300 

tCE Chip Enable Access Time 250 300 

tcs Chip Select Access Time 120 150 

tOE Output Enable Access Time 120 150 

tDH Data Hold Time 0 0 0 

tOFF CS Active to Data High 120 150 
Impedance 

AC WAVEFORMS 

AODA"S ~f4-:~~~==-tA-_V_A __ L_I_D _____ -.~-1 __ ~ 
CSlICE ~ -l tDH I 
CS2*IOE* ------......... 
CS3*/CS* 

DATA 
Hi·Z 

VALID 

Max 

450 

450 

200 

200 

200 

*Programmable Chip Selects CS, CS2 and CS3 and Output Enable OE are assumed to be active low for this example, 

A. C. CONDITIONS OF TESTS 
Input Pulse Levels, , , , , , , , , ,0,8 Volts to 2,0 Volts 
Input Rise and Fall Times, , , , , ........... 10 ns 
Output Timing Levels ....... 0.8 Volts to 2.0 Volts 

AC TEST LOAD CIRCUIT 

OUTPUT 
UNDER 
TEST 

.. Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

+5V 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

1.2kn 
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23128 

MECHANICAL DATA 28 PIN 

CERAMIC DEVICES 1 .370-1 .430 C Length of Package 

.550-.620 

..... TTT'T'l...----...,.,,.,.,-rr,.,.J I of Package 

.075-.175 
.015-.075 Top of Package .120-.160 

.008-.015 If-- ~ 

Bottom of Package to Standoff Length of Lead 
to Standoff ~ from Standoff 

Lead-+- ~ 
Thickness f--~~~~ --1 +ww ww~ ~o~;'1o~ ~ II .<=070 ~I-.~! ~ I-- Lead Shoulder .012-.025 .580-.695 

PLASTIC DEVICES 

.008-.015 If-- ~ 

Width 

1 .430-1 .480 C Length of Package 

TnnTnT------TrnTnT 

All dimensions are inches. 

Pin 1 

Width of Package 

l 
.150-.250 

.015-.075 Top of Package .120-.160 
Bottom of Package to Standoff Length of Lead 
to Standoff ~ from Standoff 

Lead-+- ~ 
Thickness f--~~~~ --1 

.580-.695 

+WVM ww~ ~o;g.~~;o ~ ~ l ~~0;,~:~.~1-~~.025 
Width 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

All dimensions are inches. 



23128A 
128K BANK SELECTABLE ROMt 

• 128K Mask Programmable ROM • JEDEC Standard Pin-Out 

• Organized as 4-4K x 8 Banks • Fully TTL Compatible 

• Fully Static 5 Volt Operation • Pin Compatible with 2332 Type ROMs 

• Maximum Access Time ......••..•. 450 ns • Programmable Chip Selects 

The 23128A is a mask programmable 128K Bank Selectable ROM. A key feature of this device enables the 
user to access 16K bytes of ROM with only 4K bytes of system address available. This is accomplished by the 
inclusion of on-board data latches. These latches serve as the 13th and 14th address bits, and are used in· 
ternally to select one of the 4K x 8 ROM banks. Bank selection is accomplished by accessing address locations 
FF6, FF7, FF8 and FF9. An access of FF6 selects the lowest 4K bytes (Bank 0), FF7 selects the lower middle 
4K bytes (Bank 1), FF8 selects the upper middle 4K bytes (Bank 2), and FF9 selects the highest 4K bytes (Bank 
3). Except for the bank selection operation, the 23128A functions as a standard 32K ROM, but with four times 
the memory. This ROM requires only 5 volts, is fully TTL compatible, and is pin-compatible with 2332 type 
ROMs and 2532 type EPROMs. Like the NCR 2332 and 2364A, the two chip select inputs of the 23128A are 
programmable and are defined by the user. 

PIN 
CONFIGURAll0N 

A7 vcc 
AS AS 
AS A9 

A4 CS2* 
A:3 CS1* 
A2 A10 

A1 AH 
AO Q7 
ao as 
01 05 
02 Q4 

GND 03 

.. Active Level (Hi, Low and Don't Care) 
of chip selects are defined by user. 

PIN NAMES 

AO-A11 Address Inputs 

00-07 Data Outputs 

CS1-CS2 Programmable 
Chip Selects 

Vee 5V ± 10% 
Supply Voltage 

FUNCll0NAL 
BLOCK DIAGRAM 
VCC---_ ... 

GND----... 

A11---~ 

A10---~ 

A9---.i 
A8-----l~ 

A7----I~ 

A6----I~ 

AS--....-I 
A4----I~ 

A3----I~ 

A2--.-I 
A1----I~ 

AO----I~ 

*MASK PROGRAMMABLE 

Copyright © 1984 by NCR Corporation, Daylon, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

00 01 02 03 Q4 05 06 07 

COLUMN DECODE 

BankO 
4Kx8 

Bank 2 
4Kx8 

Bank 1 
4Kx8 

Bank 3 
4Kx8 

MEMORY ARRAY 

t Ucensed Under U.S. Patent #4368515 45 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to ground-.5 to + 7V 
Storage temperature ........•... -65·C to 150·C 

Stress above "absolute maximum ratings· may result 
in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min. Typ. Max. 

Vee Supply voltage'" 4.5 5.0 5.5 

VIH Input high level voltage 2.0 Vee 
VIL Input low level voltage -0.5 0.8 

TA Operating ambient temperature 0 70 

'" Vee must be applied at least 100 JLS before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS 

Symbol Parameter Condition Min. Typ. Max. 

liN Input leakage current VIN=OV to Vee max. 10 

10 Output leakage current Vo a 0.2 to Vee max, ±10 

ehip Deselected 

VOH Output high voltage 10H=-160pA 2.4 

VOL Output low voltage IOL=1.6mA 0.4 

lee SUpply current Outputs Open 110 

CAPACITANCE, TA = 25°C, f=1 MHZ 
Symbol Parameter Condition Min. Typ. Max. 

elN Input capacitance All pins except pin 7.0 

Co Output capacitance under test are 12.5 

tied to ground 

Units 

Volts 

Volts 

Volts 
·e 

Units 

pA 

pA 

Volts 

Volts 

mA 

Units 

pF 

pF 



AC CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS 

Symbol Parameter :1 Min. 

tA Address· Access Time 

tco Chip Select Access Time 

tOFF Chip Select to Data Off (Hi Z) 

tCSH Chip Select to Data Hold 

I 
0 

tAH Address to Data Hold 0 

AC WAVE FORMS 

23128A 

Typ. Max. Units 

450 ns 
200 ns 

200 ns 
ns 

ns 

ADDRESS ____ ~~~ _______________ V._A_L_ID ______________ __J~~ __ ~-----------
I I 

-: tAH 1-
CS1. --------~----------~ : r-~I------~---
CS2 \~--------------------I..J/:-tOFF-l 

~tCO-11 I I I 
I tCSH-l :_ : 

"'1 ---------- tA • II I I I 

---------I------------H-i_Z-V&X VALID ~ DATA 

NOTE 1 The chip select lines are assumed to be active low. 
NOTE 2 Data will be invalid during bank select operation (accessing FF6. FF7, FFB or FF9) 

AC TEST LOAD CIRCUIT 

OUTPUT 
UNDER 
TEST 

* Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

A.C. CONDITION OF TESTS 

+5V Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 

2.5KO 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 

47 



48 

23128A 
MECHANICAL DATA 24 PIN 

CERAMIC DEVICES 

PLASTIC DEVICES 

.008-.015 -t= " -= L '"'" J 
ISplaYI 

.580- .695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

I-- 1.170-1.230 
Inn n Length 01 Package Pin 1 

-T 
.560-.620 
Width 01 Package 

'rn-rI"'I"I-r---"""'TTT"rTTTI""~ 
.075-.175 

Top 01 Package 
.015-.075 10SIandoll .120-.160 
Bottom 01 Package ~ Length 01 Lead l1m vvw=;i-

~J.-1 ~ L _.070 ---.j~TI 
lead Shoulder .012-.025 
Width 

I-- 1.230-1.270 
Inn n Length 01 Package 

All dimensions are inches. 

Pin 1 

-T 
.520-.560 
Width 01 Package 

'nTrrnr--"T'TT1T'rn" ~ 
.150-.250 

Top 01 Package 
.015-.075 to Standoff .120-.160 
Bottom 01 Package ~ Length 01 Lead lww vvw=;i­

~J.-1 ~ I L._.07O ---.j~TI ~ Lead Shoulder .012-.025 
Width 

All dimensions are inches. 

513/866-7217 Ohio or International 



23256 
256K (32K X 8) ROM 

• 23256 ••• Non-Power Down 
• 23256 5 •.• Automatic Power Down 
• Fully Static Operation 
• 5i11con Gate NMOS Technology 
• Maximum Access Times 

23256/232565-20 .. 200ns 
23256/232565-25 .. 250ns 
23256/232565-30 .. 300ns 
23256/232565-45 .. 450ns 

• Fully TTL Compatible 
• 5 Volt Only Operation 
• Byte-Wide Industry Standard 

JEDEC Pin-Out 
• 0 0 to 70 0 Operating Range 

The NCR 23256 is a mask programmable read-only·memory with a 32K word by 8 bit organization. Designed for 
ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static (asynchronous) 
operation, requires no clock. This memory device is available in two versions. The NCR 23256 is a non-power down 
version where the active level of chip select C52 is programmable and is defined by the user to facilitate system mem­
ory expansion. The NCR 232565 offers an automatic power down feature (standby) controlled by the chip enable CE 
input. When CE goes high, the device automatically powers down and remains in a low power standby mode as long 
as CE remains high. Also,on the 232565, the active level of output enable OE is programmable, thus eliminating bus 
contention in multiplexed bus microprocessor systems. The NCR 23256 is packaged in a 28 pili DIP with an industry 
standard byte-wide JEDEC pin-out. 

This 256K ROM is also available with an alternate pin-out where pin 1 = A 14 and pin 27 = NC. The alternate pin­
out part is identified as the NCR 23257 and is described in a separate data sheet. 

PIN 
CONFIGURATION 

NCR 23256 

NC Vcc 
A12 A14 

A7 A13 

A6 AB 

AS A9 

A4 A11 

A3 CS2* 

A2 A1D 

A1 CSf 
AD 07 

00 06 

01 05 

02 Q4 

Vss 03 

NCR 23256S 

NC 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AD 

00 

01 

02 

Vss 

Vcc 
A14 

A13 

AB 

A9 

A11 

OE~ 

A1D 

CE 
07 

06 

05 

04 

03 

FUNCTIONAL 
BLOCK DIAGRAM 

AO-A14 
15 

CSllCE 

CS2*'OE* -----I~ 

32K x 8 
MEMORY 

ARRAY 

* Programmable Active High or Low 00.07 

~~!~:only: Chip Selects Cs1 and PIN NAMES 
CS2 are normally AND'd, but may 
be internally OR'd at the option of 
the user. 

AO - A14 

0 0 .07 

CS1, CS2 

NC 

Address Inputs 

Data Outputs 

Chip Selects 

No Connection 

OE Output Enable 

CE Chip Enable 

VCC 5 Volt ± 10% 
Power Supply 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 49 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to 
ground ......................... - 0.5 to + 7V 
Storage temperature ........... -65°Cto 150°C 

Stresses above "absolute maximum ratings" may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Typ Max 

VCC Supply voltage" 4.5 5.0 5.5 

VIH Input high level voltage 2.0 VCC 
VIL Input low level voltage -0.5 0.8 

TA Operating ambient temperature 0 70 

"Vee must be applied at least 100 p.s before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED) 

Symbol Parameter Condition Min Typ Max 

liN Input leakage current VIN = OV to VCC max, 10 

10 Output leakage current Vo = 0.2 to VCC max, ±10 
Chip Deselected 

VOH Output high voltage 10H = -200 p.A 2.4 

VOL Output low voltage 10L = 3.2mA 0.4 

ICC Supply current - Active Outputs Open 95 

ISS" Supply current - Standby Chip Deselected 10 

"Applies to 23256S Power Down Version Only 

CAPACITANCE, TA = 25°C, f =1 MHZ 

Symbol Parameter Condition Min Typ Max 

CIN Input capacitance All pins except pin under test 7.0 

Co Output capacitance are tied to ground 12.5 

Units 

Volts 

Volts 

Volts 

°c 

Units 

tJ.A 

tJ.A 

Vo~s 

Volts 

rnA 
rnA 

Units 

pF 
pF 



23256 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

23256-20 23256-25 23256-30 
23256S-20 23256S-25 23256S-30 

Symbol Parameter Min Max Min Max Min Max 

tA Address Access Time 200 250 300 

tCE Chip Enable Access Time 200 250 300 

tcs Chip Select Access Time 100 120 150 

tOE Output Enable Access Time 100 120 150 

tDH Data Hold Time 0 0 0 

tOFF CS Active to Data High 100 120 150 
Impedance 

AC WAVEFORMS 

~DRE$ ~""-.t--~~~~-tA--_VA=L=ID===:.I __ ~ 
CS1/CE 
CS2*IOE· 

DATA 
Hi-Z 

VALID 

• Programmable Chip Select CS2 and Output Enable OE are assumed to be active low for this example. 

23256-45 
23256S-45 

Min Max 

450 

450 

200 

200 

0 

200 

AC CONDITION OF TESTS AC TEST LOAD CIRCUIT 
Input Pulse Levels .......... 0.8 Volts to 2.0 Volts 
Input Rise and Fall Times ................ 10 ns 
Output Timing Levels ....... 0.8 Volts to 2.0 Volts 

OUTPUT 
UNDER 
TEST 

• Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

+5V 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

1.2k n 
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23256 

MECHANICAL DATA 28 PIN 

CERAMIC DEVICES 

.008-.015 .-t=. ~ 
ThiCk~::~ I . Lead _I 

ISplaYI 
.580-.695 

PLASTIC DEVICES 

.008-.015 .-t=. ~ 
ThiCk~::~ I. Lead .1 

ISplaYI 
.580-.695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

. 1.370-1.430 1= Length of Package 
Pin 1 

.550-.620 
Width of Package 

'nTrr~-~rTTTT"'~ 
.075-.175 

.015-.075 Top ~~ ~~~~~~~ .120-.160 
Bottom of Package ~ Length of Lead 

+WvM ww=;i-" 
Lead Centers I I ~ I L II ~ 
.090-.110 -j ~ i.~~~~~~~e~-1I-.~if~~.025 

Width 

1.430-1 .480 1= Length of Package 

All dimensions are inches. 

eT 
.520-.560 
Width of Package 

'nn-1"T"T"r----oTTTTTTr"~ 
.150-.250 

.015-.075 Top of Package .120-.160 
B tt f P k to Standoff o om 0 ac age ~ Length of Lead 

+WvM ww=;i--
Lead Centers I I ~ I L II ~ 
.090-.110 -j ~ i.~~dO~·~~~e~j- ~i~~_.025 

Width 
All dimensions are inches. 

513/866-7217 Ohio or International 



23C256 jj;~= jj;j; m:: jL jj jj===jj jj jHj ~H~ jj;j; =1H1= 
256K (32K x 8) CMOS ROM 

• Fully Static Operation • Fully TTL Compatible 
• Silicon Gate CMOS Technology • 5 Volt Only Operation 
• Maximum Access Time ..•..... 250 ns • Byte-Wide Industry Standard 

JEDEC Pin-Out 

The NCR 23C256 is a mask programmable read-only-memory with a 32K word by 8 bit organization. Designed 
for ease of use, this device requires only a 5 volt power supply, is TIL compatible, and because of its totally 
static (asynchronous) operation, requires no clock. This CMOS ROM offers very low power dissipation in the 
operational mode and has an automatic power down feature that significantly reduces power consumption in 
the standby mode. The active level of output enable OE is programmable, thus eliminating bus contention in 
multiplexed bus microprocessor systems. The NCR 23C256 is packaged in a 28 pin DIP with an industry stand­
ard byte-wide JEDEC pin-out. 

PIN 
CONFIGURATION 

NC Vcc 
A12 A14 

A7 A13 

AS AS 

A5 A9 

A4 All 

A3 01:* 

A2 Al0 

Al CE 

AO 07 

00 OS 

01 05 

02 04 

VSS 03 

* Programmable Chip Select 

FUNCTIONAL 
BLOCK DIAGRAM 

VCC .. 

GND ~ 

AO-A13 -+-.-j 
14 

II: 
W 
o o 
@ 
o 
III 
III 
W 
II: o 
o « 

CE,OE·--------T---~ 

3 

32 Kx8 
MEMORY 
ARRAY 

00-07 

Copyright © 1984 by NCR Corporation, Daylon, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect 
to ground ....................... -0.5 to + 7V 
Storage temperature ........... -65°C to 150°C 

Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the "absolute maximum ratings" or 
above the recommended operating conditions stipu­
lated elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Typ Max 

Vee Supply voltage" 4.5 5.0 5.5 

VIH Input high level voltage 2.0 Vee 

VIL Input low level voltage -0.3 O.B 

TA Operating ambient temperature 0 70 

·Vee must be applied at least 100 "s before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED) 

Symbol Parameter Condition Min Typ Max 

IN Input leakage current VIN = OV to Vee max 10 

10 Output leakage current Vo = 0.2 to Vee max ±10 
ehip Deselected 

VOH Output high voltage 10H = -200"A 2.4 

VOL Output low voltage 10L - 3.2rnA 0.4 

lee Supply current-active Outputs Open 40 

ISB Supply current-standby ehip Deselected 100 

CAPACITANCE, TA = 25°C, f = 1 MHZ 

Symbol Parameter Condition Min Typ Max 

elN Input capacitance All pins except pin under test 10.0 

eO Output capacitance are tied to ground 12.5 

Units 

Volts 

Volts 

Volts 

°e 

Units 

,..A 

,..A 

Volts 

Volts 

rnA 

"A 

Units 

pF 

pF 



23C256 

AC CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS 

Symbol Parameter Min Typ Max Units 

tA Address Access Time 250 ns 

tCE Chip Enable Access Time 250 ns 

tOE Output Enable Access Time 120 ns 

tDH Data Hold Time 0 

tOFF CS Active to Data High Impedance 120 ns 

AC WAVEFORMS 

ADDRESS ~I--' ~t-A _VA_LlD--=-. I -~~ 

DATA 
Hi-Z 

tOE 
tCE-

~NOTE: Programmable Output Enable OE is assumed to be active low for this example. 

AC TEST LOAD CIRCUIT 

OUTPUT 
UNDER 
TEST 

~ Includes jig capacitance. 
All diodes 1 N3064or equivalent. 

AC CONDITIONS OF TEST 

+5V 
Input Pulse Levels ......... 0.8 volts to 2.0 volts 
Input Rise & Fall Times ................. 10 ns 
Output Timing Levels ....... 0.8 volts to 2.0 volts 

1.2kll 
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23C256 

MECHANICAL DATA 28 Pin 

CERAMIC DEVICES 

.008-.015 -t= ~ 
Lead 

Thickness ~. 

PLASTIC DEVICES 

Lead _I 
sPlaYI 

.580-.695 

.008-.015 --t= ~ 
ThiCk~:~: 1_ Lead _I 

ISplaYI 
.580-.695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg. Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

I-- 1.370-1.430 

Inn n Length of Package Pin 1 

eT 
.550-.620 
Width of Package 

'n-rrT~-"TTTTTrT"r"' ~ 
.075-.175 

Top of Package 
.015-.075 to Standoff .120-.160 
Bottom of Package ~ Length of Lead 

+1m~L V\W::;i-~ 
Lead Centers 1 I II ~ 
.090-.110 -j I- i.~~~~~~~e~-H-.~~~-.025 

Width 
All dimensions are inches. 

Pin 1 

Width of Package 

'TrrTT~-"TTTTT1rrr' ~ 
.150-.250 

.015-.075 Top ~~ ~~~~~~~ .120-.160 
Bottom of Package I Length of Lead l1m WWE~ from Standoff 

T~~L lead Centers II Lead 

.090-.11 0 i.~~~~~e~-H-~if~_.025 
Width 

All dimensions are inches. 



23257 
256K (32K X 8) ROM 

• 23257 ... Non-Power Down 
• 23257 S ... Automatic Power Down 
• Fully Static Operation 
• Silicon Gate NMOS Technology 
• Maximum Access Times 

23257/23257S-20 .. 200ns 
23257/23257S-25 .. 250ns 
23257/23257S-30 .. 300ns 
23257/23257S-45 .. 450ns 

• Fully TTL Compatible 
• 5 Volt Only Operation 
• Byte-Wide Industry Standard 

JEDEC Pin-Out 
• 0 0 to 70 0 Operating Range 

The NCR 23257 is a mask programmable read-only-memory with a 32K word by 8 bit organization. Designed 
for ease of use, this device requires only a 5 volt supply, is TTL compatible, and because of its totally static 
(asynchronous) operation, requires no clock. This memory device is available in two versions. The NCR 23257 
is a non-power down version where the active level of chip select C82 is programmable and is defined by the 
user to facilitate system memory expansion. The NCR 232578 offers' an automatic power down feature 
(standby) controlled by the chip enable CE input. When CE goes high, the device automatically powers down 
and remains in a low power standby mode as long as CE remains high. Also, on the 232578, the active level of 
output enable OE is programmable, thus eliminating bus contention in multiplexed bus microprocessor sys­
tems. The NCR 23257 is packaged in a 28 pin DIP with byte-wide alternate pin-out. 

This 256K ROM is also available with a byte wide industry standard JEDEC pin-out where pin 1 = NC 
and pin 27 = A14. The JEDEC pin-out part is identified as the NCR 23256 and is described in a separate data 
sheet. 

PIN 
CONFIGURATION 

NCR 23257 NCR 23257S 

A14 Vcc A14 

A12 NC A12 

A7 A13 A7 

A6 AS A6 

A5 A9 A5 

A4 All A4 

A3 CS2· A3 

A2 Ala A2 

Al CSi Al 

AO 07 AO 

00 06 00 

01 05 01 

02 04 02 

Vss 03 Vss 

«Programmable Active High or Low 

NOTE: 
23257 Only: Chip Selects Csi and 
CS2 are normally AND'd. but may 
be internally OR'd at the option of 
the user. 

Vcc 
NC 

A13 

AS 

A9 

All 

OE· 

Ala 

CE 
07 

06 

05 

04 

03 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

AO·A14 
15 

CSllCE 

CS2"10E·· -----I~ 

PIN NAMES 
AO' A14 Address Inputs OE 

00' 07 Data Outputs CE 

CS1, CS2 Chip Selects Vce 
NC No Connection 

32K x 8 
MEMORY 
ARRAY 

00·07 

Output Enable 

Chip Enable 

5 Volt ± 10% 
Power Supply 
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ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin with respect to 
ground .......................... - 0.5 to + 7V 
Storage temperature ........... -65°C. to 150°C 

Stresses above "absolute maximum ratings" may re­
sult in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operating conditions stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min Typ Max 

VCC Supply voltage· 4.5 5.0 5.5 

VIH Input high level voltage· 2.0 VCC 

Vil Input low level voltage -0.5 0.8 

TA Operating ambient temperature 0 70 

". V cc must be applied at least 100 /LS before proper device operation is achieved. 

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED 
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED) 

Symbol Parameter Condition Min Typ Max 

liN Input leakage current VIN = OV to VCC max, 10 

10 Output leakage current Vo = 0.2 to VCC max, ±10 
Chip Deselected 

VOH Output high voltage 10H = -200 /LA 2.4 

VOL Output low voltage 10l = 3.2rnA 0.4 

ICC Supply current - Active Outputs Open 95 

158" Supply current - Standby Chip Deselected 10 

• Applies to 23257S Power Down Version Only 

CAPACITANCE, TA = 25°C, f = 1 MHZ 

Symbol Parameter Condition Min Typ Max 

CIN Input capacitance All pins except pin under test 7.0 

Co Output capacitance are tied to ground 12.5 

Units 

Volts 

Volts 

VoRs 

°c 

Units 

p.A 

/-LA 

Volts 

VoHs 

rnA 
rnA 

Units 

pF 

pF 



23257 

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

23257-20 23257-25 23257-30 
23257S-20 23257S-25 23257S-30 

Symbol Parameter Min Max Min Max Min Max 

tA Address Access Time 200 250 300 

tCE Chip Enable Access Time 200 250 300 

tcs Chip Select Access Time 100 120 150 

tOE Output Enable Access Time 100 120 150 

tDH Data Hold Time 0 0 0 

tOFF CS Active to Data High 100 120 150 
Impedance 

AC WAVEFORMS 

~D~ ~ ... -~~~~~=-tA-_\l_A __ l_I_D _____ -.:I--~ 
CS1/CE 
CS2'/OE' 

DATA 
Hi-Z 

VALID 

* Programmable Chip Select CS2 and Output Enable OE are assumed to be active low for this example. 

23257-45 
23257S-45 

Min Max 

450 

450 

200 

200 

0 

200 

AC CONDITION OF TESTS AC TEST LOAD CIRCUIT 
Input Pulse Levels .......... 0.8 Volts to 2.0 Volts 
Input Rise and Fall Times ................ 10 ns 
Output Timing Levels ....... 0.8 Volts to 2.0 Volts 

OUTPUT 
UNDER 
TEST 

• Includes jig capacitance. 
All diodes 1 N3064 or equivalent. 

+5V 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

1.2k n 
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23257 

MECHANICAL DATA 28 PIN 

CERAMIC DEVICES 

.008-.015 ~ \\ 

ThiCk~::~ 1_ Lead '1 

ISPlaYI 
.580-.695 

PLASTIC DEVICES 

.008-.015 h ~ 
Lead-H- ~ 

Thickness ~ ~~~~-1 

.580-.695 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1.370-1.430 1= Length of Package 
Pin 1 

.550-.620 
Width of Package 

'TTTnTTT""""---,"'TTT"TTTT"'~ 
.075-.175 

.015-.075 Top ~~ ~~~~~~~ .120-.160 
Bottom of Package ~ Length of Lead 

+fm WWE~-
~O~ ~ I L.030-.070 --ll-~~~h !:j Lead Shoulder .012-.025 

Width 

I-- 1.430-1.480 
Inn n Length of Package 

All dimensions are inches. 

-T 
.520-.560 
Width of Package 

'n-rr1~---rrr"TTTTT"'~ 
.150-.250 

.015-.075 Top of Package .120-.160 
Bott f P k to Standoff om 0 ac age ~ Length of Lead 

+"Wru ww=;l--
Lead Centers 1 I ~ I L .--lI-=t:T 

.090-.~10 -j!:j . i.~;~~·~~~er ~i~~_.025 
Width 

All dimensions are inches. 

513/866-7217 Ohio or International 



Chlp-On-Board 

The NCR Chip-an-Board package is a 
low cost, versatile packaging system 
eliminating the need for a dual in-line 
package in game cartridges and 
many other applications. With the 
Chip-On Board (COB) concept, the in­
tegrated circuit is bonded directly to a 
specially designed printed circuit 
board (PCB). Wire bonding is accom-

plished by direct connection to the 
PCB conductors using standard inte­
grated circuit assembly equipment. 
For protection, the chip and wires are 
encapsulated with a thoroughly cured 
electronic grade epoxy coating. 
Optionally, protection can be provided 
by a Ryton cap. 

PRODUCT SELECTION GUIDE 

ADDRESS CHIP SELECT 
NCR ROM ACCESS ACCESS 

BOARD TYPE PART NO. TIME (ns) TIME (ns) 

ATARI® 2600 VCSTM 2332-45 450 200 
Registered Trademark of Atari, Inc. 2364A-45* 450 200 

23128A-45* 450 200 

ATARI® 5200™ 2332-30 300 150 
Registered Trademark of Atari, Inc. 2364-30 300 150 

23128-30 300 150 

COLECOVISION® ADAMTM 2332-45 450 200 
Registered Trademark of 2364-45 450 200 
Coleco Industries, Inc. 23128-45 450 200 

COMMODORE 64™ 2332-30 300 150 
Registered Trademark of 2364-30 300 150 
Commodore Electronics, Inc. 23128-30 300 150 

IBM PC JR.TM 2332-25 250 120 
Registered Trademark of 2364-25 250 120 
International Business Machines Corp. 23128-25 250 120 

23256-25 250 120 

*Licensed under U.S. Patent #4368515 

PAGE 
NUMBER 
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- Cost Effective 

Chip-On-Board 
ATARI® 2600 VCSTM 

- CEM-3 Printed Circuit Board 
-Gold Edge Connector Plating 
- Encapsulation With Conformal Epoxy 

Coating Or Optional Protective Cap 
- Multiple ROM Densities Available 

The NCR Chip-On-Board package is a low cost, versatile packaging system which eliminates the need for a 
dual in"line package in many integrated circuit applications. With the Chip-On-Board (COB) concept, the inte­
grated circuit is bonded directly to a specially designed printed circuit board (PCB). Wire bonding is accom­
plished by direct connection to the PCB conductors using standard integrated circuit assembly equipment. For 
protection, the chip and wires are encapsulated with a thoroughly cured electronic grade epoxy coating. Op­
tionally, protection can be provided by a Ryton cap. 

NCR uses standard commercial grade printed circuit board material (CEM-3) for the chip-on-board package. 
Wafers are manufactured at anyone of the three NCR microelectronics facilities, with chip to board assembly 
coordinated by the Miamisburg, Ohio plant. Final quality assurance testing of the finished COB is controlled by 
the Miamisburg facility. . 

ROM PRODUCTS FOR ATARI® 2600 VCSTM 

NCR PIN Address Access Time (ns) 

2332-45 450 
2364A-45" 450 

23128A-45* 450 

Copyright © 1984 by NCR Corporation. Dayton, Ohio, U.SA 
All Rights Reserved. Printed in U.S.A. 

• Licensed under U.S. Patent Number 4368515 

ATARI~ 2600 VCSTU is a Registered Trademark of Atari, Inc. 

Chip Select Access (ns) 

200 
200 
200 
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MAXIMUM 
DIMENSIONS OF 
ENCAPSULATION 

.170 (TYP) MAX -4---I.---'I~ 
BREAKAWAY 

t 

1'6j~"i'C ____ + 
.840t --
H'r I t::::::::=l:;:t 

.100(TYP) MAX 

ATARI® 2600 VCSTM 

1 
1.285 

-j~~ j 
r--.t::jJ====t~ 1-.1-e-a.-sPAcED 

.040 (MIN) 
I 

.070 (TYP) t .-.840t: 
BREAKAWAY 

.. 1.370 ----t.~1 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 

1 ...... 0-----1.840 ------i.~1 

Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1-513-866-7217 Ohio or International 



• Cost Effective 

Chip-On-Board 
ATARI® 5200™ 

• CEM-3 Printed Circuit Board 
• Gold Edge Connector Plating 
• Encapsulation With Conformal Epoxy 

Coating Or Optional Protective Cap 
• Multiple ROM Densities Available 

The NCR Chip-On-Board package is a low cost, versatile packaging system which eliminates the need for a 
dual in-line package in many integrated circuit applications. With the Chip-On-Board (GOB) concept, the inte­
grated circuit is bonded directly to a specially designed printed circuit board (PCB). Wire bonding is accom­
plished by direct connection to the PCB conductors using standard integrated circuit assembly equipment. For 
protection, the chip and wires are encapsulated with a thoroughly cured electronic grade epoxy coating. Op­
tionally, protection can be provided by a Ryton cap. 

NCR uses standard commercial grade printed circuit board material (CEM-3) for the chip-on-board package. 
Wafers are manufactured at anyone of the three NCR microelectronics facilities, with chip to board assembly 
coordinated by the Miamisburg, Ohio plant. Final quality assurance testing of the finished COB is controlled by 
the Miamisburg facility. 

ROM PRODUCTS FOR ATARI® 5200™ 

NCR PIN Address Access Time (ns) 

2332-30 300 
2364-30 300 

23128-30 300 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

ATARI" 5200™ is a Registered Trademark of Atari, Inc. 

Chip Select Access (ns) 

150 
150 
150 
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MAXIMUM 
DIMENSIONS 

OF 
ENCAPSULATION 

1 .... 0-----1.718·---1 

1-.---1.636,---

ATARI® 5200™ 

-.149 

+.000 
-.005 
.110 DIA(2) 

11-.062 .125(TYP)MAX 
I - .150 MAX 1.oJI-----L. BREAKAWAY 

TT~~~~~~~~~~~ 

.020 x 45· 
CHAM 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543·5618 outside Ohio 

.030 

1·513·866·7217 Ohio or International 

~070 
.100 

(17) EO SPACED 
• ·---1.890 



Chip-On-Board 
ColecoVision® (ADAMTM) 

• Cost Effective 
• CEM-3 Printed Circuit Board 
• Gold Edge Connector Plating 
• Encapsulation With Conformal Epoxy 

Coating Or Optional Protective Cap 
• Multiple ROM Densities Available 

The NCR Chip-On-Board package is a low cost, versatile packaging system which eliminates the need for a 
dual in-line package in many integrated circuit applications. With the Chip-On-Board (COB) concept, the inte­
grated circuit is bonded directly to a specially designed printed circuit board (PCB). Wire bonding is accom­
plished by direct connection to the PCB conductors using standard integrated circuit assembly equipment. For 
protection, the chip and wires are encapsulated with a thoroughly cured electronic grade epoxy coating. Op­
tionally, protection can be provided by a Ryton cap. 

NCR uses standard commercial grade printed circuit board material (CEM-3) for the chip-on-board package. 
Wafers are manufactured at anyone of the three NCR microelectronics facilities, with chip to board assembly 
coordinated by the Miamisburg, Ohio plant. Final quality assurance testing of the finished COB is controlled by 
the Miamisburg facility. 

ROM PRODUCTS FOR COLECOVISION® (ADAMTM) 

NCR PIN Address Access Time (ns) 

2332-45 450 
2364-45 450 

23128-45 450 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

Chip Select Access (ns) 

200 
200 
200 

ColecoVlsion"' (AdamTM) is a Registered Trademark of Coleco Industries, Inc. 67 
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ColecoVision® (ADAMTM) 

MAXIMUM 
1 .... ---1.586----+i 

DIMENSIONS OF • 1.506 ---+I 
ENCAPSULATION _1.206_ 

.150TYP -

1 
i + 

.564 L====~ ~ 

r~~ 
1.354 

-t 
.015 

(BOTH SIDES) 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 

I 

Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1-513-866-7217 Ohio or International 

.093 

.100- -

.094 (TYP) MAX 
BREAKWAY 

(14)EQSPACES _1.310 __ .098 



• Cost Effective 

Chip-On-Board 
COMMODORE 64™ 

• CEM-3 Printed Circuit Board 
• Gold Edge Connector Plating 
• Encapsulation With Conformal Epoxy 

Coating Or Optional Protective Cap 
• Multiple ROM Densities Available 

The NCR Chip-On-Board package is a low cost, versatile packaging system which eliminates the need for a 
dual in-line package in many integrated circuit applications. With the Chip-On-Board (COB) concept, the inte­
grated circuit is bonded directly to a specially designed printed circuit board (PCB). Wire bonding is accom­
plished by direct connection to the PCB conductors using standard integrated circuit assembly equipment. For 
protection, the chip and wires are encapsulated with a thoroughly cured electronic grade epoxy coating. Op-
tionally, protection can be provided by a Ryton cap. __ _ __ 

The standard chip-on-board package is normally supplied with GAME and EXROM pins tied to logic "0" (0 
volts). However, these pins can be individually programmed to either logic "1" or "0" by simple circuit changes 
on the PCB. 

NCR uses standard commercial grade printed circuit board material (CEM-3) for the chip-on-board package. 
Wafers are manufactured at anyone of the three NCR microelectronics facilities, with chip to board assembly 
coordinated by the Miamisburg, Ohio plant. Final quality assurance testing of the finished COB is controlled by 
the Miamisburg facility. 

ROM PRODUCTS FOR COMMODORE 64™ 

NCR PIN Address Access Time (ns) Chip Select Access (ns) 
2332-30 300 
2364-30 300 

23128-30 300 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Righls Reserved. Printed in U.S.A. 

Commodore 641M is a Registered Trademark of Commodore Electronics, Inc. 

150 
150 
150 
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COMMODORE 64™ 

1--------2.270 ----------f 

/----1.135 ---I 

.-t-f~,,j------

1.900 

.020 
(TYP.) 

-1 
~50(TYP') 
~ ~:062 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 

1.713 

Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

i-$--0 ----1 +_ 

I I 
I I i- + -t-----
I I 
I , I 

--f~--~~~ 
1-.740 saUARE-j 

.100 (TYP. OF 21 SPACES) 

1-513-866-7217 Ohio or International 

.125 DIA. (TYP.) 

MAXIMUM DIMENSIONS 
OF ENCAPSULATION 



• Cost Effective 

Chip-On-Board 
IBM PC JRTM 

• CEM-3 Printed Circuit Board 
• Gold Edge Connector Plating 
• Encapsulation With Conformal Epoxy 

Coating Or Optional Protective Cap 
• Multiple ROM Densities Available 

The NCR Chip-On-Board package is a low cost, versatile packaging system which eliminates the need for a 
dual in-line package in many integrated circuit applications. With the Chip-On-Board (COB) concept, the inte­
grated circuit is bonded directly to a specially designed printed circuit board (PCB). Wire bonding is accom­
plished by direct connection to the PCB conductors using standard integrated circuit assembly equipment. For 
protection, the chip and wires are encapsulated with a thoroughly cured electronic grade epoxy coating. Op­
tionally, protection can be provided by a Ryton cap. 

NCR uses standard commercial grade printed circuit board material (CEM-3) for the chip-on-board package. 
Wafers are manufactured at anyone of the three NCR microelectronics facilities, with chip to board assembly 
coordinated by the Miamisburg, Ohio plant. Final quality assurance testing of the finished COB is controlled by 
the Miamisburg facility. 

ROM PRODUCTS FOR IBM PC JRTM 

NCR PIN Address Access Time (ns) 

2332-25 250 
2364-25 250 

23128-25 250 
23256-25 250 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

Chip Select Access (ns) 

120 
120 
120 
120 

IBM-PC JrlM is a Registered Trademark of the International Business Machine Corp. 71 
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1 
1.000 

.031 
TYP. 

1-'-"------- 1.875 -----,------1 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1-513-866-7217 Ohio or International 

2.480 

IBM PC JRTM 

.062--j r 

.006 x 45· 
CHAM 

(BOTH SIDES) 



Non-Volatile RAM 

Non-volatile RAM (NVRAM) circuits 
combine high performance static 
RAM with electrically erasable PROM 
on a single integrated circuit. The pri­
mary advantage NVRAMs offer the 
system designer is its ease of interfac­
ing with a microprocessor without af­
fecting system performance. This is 
possible because an NVRAM looks 

PRODUCT SELECTION GUIDE 

and performs like a static RAM during 
normal operation. During a system 
power failure the entire contents of the 
static RAM are stored in the EEPROM 
array and are available for recall when 
system power returns to normal 
levels. NCR NVRAMs are offered in 
commercial, industrial, and military 
temperature ranges. 

PAGE 
FUNCTION PART NUMBER ORGANIZATION NUMBER 

256 Bit NVRAM NCR 52210 64x4 75 
512 Bit NVRAM NCR 52211 128x4 83 

1K NVRAM NCR 52212 256x4 91 
1K NVRAM NCR 52001 128x8 99 
2KNVRAM NCR 52002 256x8 107 
4KNVRAM NCR 52004 512x8 115 

CROSS REFERENCE LISTING 

NCR 
PART NUMBER EQUIVALENT 

NCR 52210 XICOR X2210 

NCR 52211 XICOR X2211 

NCR 52212 XICOR X2212 

NCR 52001 XICOR X2001 

NCR 52002 XICOR X2002 

NCR 52004-28 XICOR X2004 
INTEL 2004 
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52210 
256 BIT (64 x 4) NVRAM 

• 256 BIT Static RAM backed by 
256 BIT Electrically Erasable PROM 

• Fully 5V Only Operation 
• Directly TTL Compatible 
• In Circuit E2PROM Changes 

• Power-Failure Protection 
• Unlimited Recall Cycles 
• Memory Margining Capability 
• Operating Ranges 

52210 0 ° C to + 70 ° C 
• SRAM Cycle Time less than 300 ns 5221.0 I - 40 ° C to + 85 ° C 

52210HR -55°Cto +125°C 

The NCR 52210 non-volatile RAM combines 256 (64x4) bits of conventional static RAM (SRAM) with an identical 
size array of Electrically Erasable PROM (E2PROM). Non-volatile data can be stored in the E2PROM while inde­
pendent data is accessed simultaneously in the SRAM. Data can be transferred back and forth between the 
SRAM and E2pROM by simple Store and Recall operations. A Store signal transfers data from the SRAM to the 
non-volatile E2PROM where it is safely stored even when power is removed. The data stored in the non-volatile 
E2PROM can be recalled an unlimited number of times. The 52210 requires only a single 5 volt power supply for 
all modes of operation. The device is completely TTL compatible with fully static timing and three-state outputs. 
The NCR 52210 is available in an 18 pin package in commercial, industrial, and high reliability versions. 

PIN 
CONFIGURATION 

NC Vcc 
A4 NC 

A3 A5 

A2 03 

AI 02 

AO 01 

Cs 00 

GNO WE 

SffiiiE i'iEciii:L 

PIN NAMES 

AO-A5 Address Inputs 

00-03 Data I/O 

CS Chip Select 

WE Write Enable 

STORE Store Operation 

RECALL Array Recall Operation 

VCC 5V ± 10% Supply Voltage 

Copyright © 1983 by NCR Corpora1ion, Dayton, Ohio, U.S.A. 
All Rinhl" RF!"F!rvF!d. Printed in U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

AO-A2 

STORE 

RECALL 

WE 

CS 

64x4 
STATIC RAM 

MEMORY 
ARRAY 

A3-A5 
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DEVICE OPERATION 

SRAM REAOIWRITE 
The NCR 52210 can be read like a conventional static RAM. With CS low and WE high, valid data will be pre­
sented to the output pins. With CS low and WE low, the SRAM can be written to like a conventional static RAM. 

STORE"" 
Transferring data from the SRAM to the non-volatile E2PROM is controlled by the Store operation. When STORE 
is brought low, the entire contents of the SRAM array are copied into the non-volatile E2PROM array. The data in 
the SRAM array is unaffected by a Store operation. The RECALL line is inhibited by a Store operation, and CS 
can either be high or low. 

The I/O terminals are in the high impedance state during a Store operation. The contents of the E2PROM 
remain valid with or without power being supplied. The data retention time of the E2PROM can be measured by 
memory margining. 

During power up or power down, precaution must be taken to prevent an unintentional Store cycle. Holding 
STORE high or RECALL low will inhibit the initiation of a Store cycle. 

RECALL"" 
The data stored in the non-volatile E2PROM array is transferred back into SRAM by the Recall operation. When 
RECALL is brought low, the entire contents ofthe E2PROM are copied back into the SRAM array (overwriting any 
data already existing in the SRAM). The data in the E2PROM is unaffected by a Recall operation. The I/O ter­
minals are in a high impedance state during a Recall operation. The STORE line is inhibited by a Recall operation 
and CS can either be high or low. To ensure a Recall cycle is initiated on power up, a RECALL signal should be 
applied until VCC reaches specification limits. 

MEMORY MARGINING 
The NCR 52210 supports margining of the memory transistors. Memory margining allows device retention time 
to be projected for the purpose of device evaluation. An application note describing the memory margining al­
gorithm is available. 

MODE SELECTION 

INPUTS 
MODE 

CS WE STORE RECALL 

READ L H H H 

WRITE L L H H 

STORE X X L H 

RECALL X X H L 

* To ensure a valid Store or Recall cycle, do not apply STORE and RECALL at the same time. 



ABSOLUTE MAXIMUM RATINGS 

All inputs or outputs relative 
to ground ........................ - 0.5 to + 7V 

Storage temperature without 
data retention ................ - 65°C to + 150°C 

52210 

Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the "absolute maximum ratings" or 
above the recommended operational limits stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

52210 522101 52210HR"" 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max 

VCC Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 

VIH Input high level voltage 2.0 Vec 2.0 VCC 2.0 VCC 

VIL Input low level voltage -0.3 0.8 -0.3 0.8 -0.3 0.8 

TA Ambient Temperature 0 70 -40 85 -55 125 

All voltages are with respect to ground 

STATIC ELECTRICAL CHARACTERISTICS, OVER RECOMMENDED 
OPERATION CONDITIONS (UNLESS OTHERWISE NOTED) 

52210 522101 52210HR" 

Symbol Parameter Condition Min Typ' Max Min Typ' Max Min Typ· Max 

liN Input leakage VIN = OV to + 5.5V 0.1 10 0.1 10 0.1 10 
current 

10 1/0 leakage current Vo = O.4V to 5.5V 0.1 10 0.1 10 0.1 10 
Chip Deselected 

ICC Supply Current Outputs Open 30 50 30 50 30 60 

VOH Output high voltage 10H = -400pA 2.4 2.4 2.4 

VOL Output low voltage IOL=2.1 rnA 0.4 0.4 0.4 

TS Non-Volatile 1.0 

storage time 

~ Typical values are at 25°C and nominal supply voltages. 

CAPACITANCE TA = 25 DC, f = 1.0MHz, Vee = 5V 

52210 522101 52210HRn 

Symbol Parameter Condition Min Typ Max Min Typ Max Min Typ Max 

C Capacitance of In- All pins at 10 10 10 
put & Data 110 pins VSS (ground) 

~'~The 52210 HR data is preliminary and is subject to change. 

Unit 

V 

V 

V 

°c 

Unit 

pA 

pA 

rnA 

V 

V 

yr 

Unit 

pF 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 

READ CYCLE 

52210 522101 52~10HR" 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRC Read Cycle Time 300 300 450 ns 

tACC Address Access TIme 300 300 450 ns 

tA Chip Select To Data Active 0 0 0 ns 

tcs Chip Select Access Time 100 120 120 ns 

tOH Output Hold Time 10 10 10 ns 

toz Chip Select Output High 90 90 90 ns 
Impedance Time 

WRITE CYCLE 

52210 522101 52210HR'" 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

twc Write Cycle Time 300 300 450 ns 

lew Chip Select to End of Write 150 150 300 ns 

twp Wrije Pulse Width 150 150 300 ns 

tWR Write Release Time 25 25 25 ns 

tOTW Output High Impedence 100 100 100 ns 

From Write Enable 

tow Data to Write Time Overlap 150 150 200 ns 

tow Output Active from End of Write 10 10 10 ns 

tOH Data Hold From Write Time 20 20 20 ns 

lAs Address Setup 50 50 50 ns 

STORE CYCLE 

52210 522101 52210HR"'* 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tSTC Store Cycle Time 10 10 10 ms 

tSTP Store Pulse Width 100 100 100 ns 

tsiZ Store to Output Hi-Z 100 100 100 ns 

NSC Number of Store Cycles 10' 10' 10' 

RECALL CYCLE 
52210 522101 52210HRu 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRCC Array Recall Cycle Time 30 70 260 360 p.S 

tRCP Recall Pulse Width 200 200 450 ns 

tRCZ Recall to Output Hi-Z 100 100 100 ns 

HThe 52210 HR data is preliminary and is subject to change. 



READ CYCLE 

~------------------tRe------------------~ 

DATA 
OUT 

~-----------~ee------------~ 

,....--- tes ----.J 

Hi-Z 

NOTE: During a read operation WE should be held at VIH 

WRITE CYCLE 

DATA VALID 

~---------------~e-------------~~ 

DATA 
IN 

... -----------tew-----_~ 

tAS ----..,_-----twP----.1 

52210 

tOH 

------=±: t- tow t= 
gt~ ~--..;.H.;;.i-~Z----... ~--------

NOTE: WE may be asserted prior to es. tAS applies to CS or WE which ever occurs last. 
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STORE CYCLE 

tSTP 

"-

DATA OUT 
- tSTZ r Hi-Z 

RECALL CYCLE 

tRCP 

'\ ... 

DATA OUT 
- iRcz I Hi-Z 

A. C. CONDITION OF TESTS 

Input Pulse Levels .......... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 

80 

tSTC 

V 

tRCC 

V 

TEST LOAD CIRCUIT 

Output 
Under 
Test 

L'PF> 

* Includes Jig Capacitance 
All Diodes IN3064 Or Equivalent 

VCC(5V) 



MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 ~ ~ 
Lead-H- U 

Thickness ~~~~~-i 

.290-.395 

PLASTIC DEVICES 

.008-.015 ~ ~ 
Lead-D- U 

Thickness ~~~~~-i 

.290-.395 

52210 

18 PIN 

I--- .870-.910 
Inn n Length of Package Pin 1 

.075-.175 

.015-.075 Top ~~ ~~;~:~~ .120-.160 
Bottom of Package . ...L Length of Lead 

+Vm WWif-~~-1 ~I L._.070 --1~~" !:/ Lead Shoulder .012-.025 
Width 

All dimensions are inches. 

I--- .890-.920 
Inn n Length of Package Pin 1 

-T 
.245-.255 
Width of Package 

~~--rTTTTTTI""-.l. 
.150-.250 

.015-.075 Top of Package .120-.160 
Bo f P to Standoff 

Itom 0 ackage .-L Length of Lead 

+1m mtif'-~~-1 ~ I L.030-.070 --ll-~~~h !:/ Lead Shoulder .012-.025 
Width . 

All dimensions are inches. 

81 



82 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1·800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

52210 



52211 
512 BIT (128 x 4) NVRAM 

• 512 BIT Static RAM backed by 
512 BIT Electrically Erasable PROM 

• Fully 5V Only Operation 
• Directly TTL Compatible 
• In Circuit E2PROM Changes 
• SRAM Cycle Time less than 300 ns 

• Power-Failure Protection 
• Unlimited Recall Cycles 
• Memory Margining Capability 
• Operating Ranges 

52211 
52211 I 
52211 HR 

O°Cto +70°C 
-40° Cto +85° C 

_55° Cto + 125° C 

The NCR 52211 non-volatile RAM combines 512 (128x4) bits of conventional static RAM (SRAM) with an identical 
size array of Electrically Erasable PROM (E2PROM). Non-volatile data can be stored in the E2PROM while inde­
pendent data is accessed simultaneously in the SRAM. Data can be transferred back and forth between the 
SRAM and E2PROM by Simple Store and Recall operations. A Store signal transfers data from the SRAM to the 
non-volatile E2PROM where it is safely stored even when power is removed. The data stored in the non-volatile 
E2PROM can be recalled an unlimited number of times. The 52211 requires only a single 5 volt power supply for 
all modes of operation. The device is completely TTL compatible with fully static timing and three-state outputs. 
The NCR 52211 is available in an 18 pin package in commercial, industrial, and high reliability versions. 

PIN 
CONFIGURATION 

NC Vcc 
A4 A6 

A3 A5 

A2 D3 

Al D2 

AO Dl 

Cs DO 

GND WE 

Si'5RE RECALL 

PIN NAMES 

AO-A6 Address Inputs 

00-03 Data 1/0 

CS Chip Select 

WE Write Enable 

STORE Store Operation 

RECALL Array Recall Operation 

VCC 5V ± 10% Supply Voltage 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

AO-A2 

STORE 

RECALL 

WE 

CS 

128x4 
STATIC RAM 

MEMORY 
ARRAY 

A3-AS 
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DEVICE OPERATION 

SRAM READ/WRITE 
The NCR 52211 can be read like a conventional static RAM. With CS low and WE high, valid data will be pre­
sented to the output pins. With CS low and WE low, the SRAM can be written to like a conventional static RAM. 

STORE* 
Transferring data from the SRAM to the non-volatile E2PROM is controlled by the Store operation. When STORE 
is brought low, the entire contents of the SRAM array are copied into the non-volatile E2PROM array. The data in 
the SRAM array is unaffected by a Store operation. The RECALL line is inhibited by a Store operation, and CS 
can either be high or low. 

The 1/0 terminals are in the high impedance state during a Store operation. The contents of the E2PROM 
remain valid with or without power being supplied. The data retention time of the E2PROM can be measured by 
memory margining. 

During power up or power down, precaution must be taken to prevent an unintentional Store cycle. Holding 
STORE high or RECALL low will inhibit the initiation of a Store cycle. 

RECALL" 
The data stored in the non-volatile E2PROM array is transferred back into SRAM by the Recall operation. When 
RECALL is brought low, the entire contents ofthe E2PROM are copied back into the SRAM array (overwriting any 
data already existing in the SRAM). The data in the E2PROM is unaffected by a Recall operation. The 1/0 ter­
minals are in a high impedance state during a Recall operation. The STORE line is inhibited by a Recall operation 
and CS can either be high or low. To ensure a Recall cycle is initiated on power up, a RECALL signal should be 
applied until VCC reaches specification limits. 

MEMORY MARGINING 
The NCR 52211 supports margining of the memory transistors. Memory margining allows device retention time 
to be projected for the purpose of device evaluation. An application note describing the memory margining al­
gorithm is available. 

MODE SELECTION 

INPUTS 
MODE 

CS WE STORE RECALL 

READ L H H H 

WRITE L L H H 

STORE X X L H 

RECALL X X H L 

* To ensure a valid Store or Recall cycle, do not apply STORE and RECALL at the same time. 



ABSOLUTE MAXIMUM RATINGS 

All inputs or outputs relative 
to ground ........................ - 0.5 to + 7V 

Storage temperature without 
data retention ................ - 65°C to + 150°C 

52211 

Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the" absolute maximum ratings" or 
above the recommended operational limits stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

52211 522111 52211HRH 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max 

VCC Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 

VIH Input high level voltage 2.0 VCC 2.0 VCC 2.0 VCC 
Vil Input low level voltage -0.3 0.8 -0.3 0.8 -0.3 0.8 

TA Ambient Temperature 0 70 -40 85 -55 125 

All voltages are with respect to ground 

STATIC ELECTRICAL CHARACTERISTICS, OVER RECOMMENDED 
OPERATION CONDITIONS (UNLESS OTHERWISE NOTED) 

52211 522111 52211HRH 

Symbol Parameter Condition Min Typ· Max Min Typ· Max Min Typ· Max 

liN I nput leakage VIN = OV to + 5.5V ·0.1 10 0.1 10 0.1 10 
current 

10 1/0 leakage current Vo = O.4V to 5.5V 0.1 10 0.1 10 0.1 10 
Chip Deselected 

ICC Supply Current Outputs Open 30 50 30 50 30 60 

VOH Output high voltage 10H = -400jJA 2.4 2.4 2.4 

VOL Output low voltage IOl=2.1 rnA 0.4 0.4 0.4 

TS Non-Volatile 1.0 

storage time 

~Typical values are at 25DC and nominal supply voltages. 

CAPACITANCE TA = 25°e, f = 1.0MHz, Vee = 5V 

52211 522111 52211HRH 

Symbol Parameter Condition Min Typ Max Min Typ Max Min Typ Max 

C Capacitance of In- All pins at 10 10 10 
put & Data 1/0 pins VSS (ground) 

Unit 

V 

V 

V 
DC 

Unit 

jJA 

jJA 

mA 
V 

V 

yr 

Unit 

pF 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 

READ CYCLE 

52211 522111 52211HRn 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRC Read Cycle Time 300 300 450 ns 

tACC Address Access Time 300 300 450 ns 

tA Chip Select To Data Active 0 0 0 ns 

tcs Chip Select Access Time 100 120 120 ns 

tOH Output Hold Time 10 10 10 ns 

toz Chip Select Output High 100 90 90 ns 
Impedance Time 

WRITE CYCLE 

52211 522111 52211HR** 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

twc Write Cycle Time 300 300 450 ns 

lew Chip Select to End of Write 150 150 300 ns 

\WP Write Pulse Width 150 150 300 ns 

tWR Write Release Time 25 25 25 ns 

tOTW Output High Impedence 100 100 100 ns 
From Write Enable 

tow Data to Write Time Overlap 150 150 200 ns 

toN Output Active from End of Write 10 10 10 ns 

tOH Data Hold From Write Time 20 20 20 ns 

lAs Address Setup 50 50 50 ns 

STORE CYCLE 

52211 522111 52211HR** 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tSTC Store Cycle Time 10 10 10 ms 

tSTP Store Pulse Width 100 100 100 ns 

tsTZ Store to Output Hi-Z 100 100 100 ns 

NSC Number of Store Cycles 10' 10' 10' 

RECALL CYCLE 
52211 522111 52211HRn 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRCC Array Recall Cycle Time 30 70 260 360 !IS 

tRCP Recall Pulse Width 200 200 450 ns 

tRCZ Recall to Output Hi-Z 100 100 100 ns 

" "The 52211 HR data is preliminary and is subject to change. 



READ CYCLE 

~------------------IRe------------------~ 

DATA 
OUT 

~----------~ee----------~ 

~------Ies------~ 

Hi-Z 

NOTE: During a read operalion WE should be held al VIH 

WRITE CYCLE 

DATA VALID 

~----------------Iwe----------------~ 

DATA 
IN 

t.--------Iew---------_ .. 

IAS--.... _---

52211 

IOH 

~r- lowe 
g~T¢ =1------H-i--Z-------«~-----------

NOTE: WE may be asserted prior 10 es. lAS applies 10 CS or WE which ever occurs last. 
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STORE CYCLE 

tSTP 

'\ 

DATA OUT 
- tSTZ r Hi·Z 

RECALL CYCLE 

tRCP 

'" ... 
DATA OUT 

- IRcz I Hi·Z 

A. C. CONDITION OF TESTS 
Input Pulse Levels .......... 0.8 Volts to 2.0 Volts 
Inputs Rise & Fall Times .................. 10 ns 
Output Timing Levels ........ 0.8 Volts to 2.0 Volts 

88 

tSTC 

/ 

tRCC 

V 

TEST LOAD CIRCUIT 

Output 
Under 
Test 

6KO 

~ Includes Jig Capacitance 
All Diodes IN3064 Or Equivalent 

VCC(5V) 



MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 tr ~ 
Lead-H- ~ 

Th~kness 1-~~~~-1 

.290-.395 

PLASTIC DEVICES 

.008-.015 tr ~ 
Lead-H- ~ 

Th~kness 1-~~~~-1 
.290-.395 

52211 

18PIN 

I-- .870-.910 

Inn n Length of Package Pin 1 

-T 
.280-.305 
Width of Package 

Lrn-n~-~rTTTT"'~ 
.075-.175 

.015-.075 Top ~~ ~~~~~~~ .120-.160 
Bottom of Package ~ Length of Lead 

+Ww ww=;i·_" 
Lead Centers I I ~I L " ~ 
.090-.110 -j ~ i.~~~~.~~~e~r-.~~~_.025 

Width 
All dimensions are inches. 

I-- .890-.920 

Inn n Length of Package 

-T 
.245-.255 
Width of Package 

Lrn-n~----rn"TTTTT"'~ 
.150-.250 

.015-.075 Top of Package .120-.160 
B f P k to Standoff 

ottom 0 ac age --L Length of Lead 

+Ww vyw=;i.~'" 
lead Centers I / ~ I L " ~ 
.090-.110 -j ~ i.~~~~;'~~~e~r- ~i~~_.025 

Width 
All dimensions are inches. 
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NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

52211 



52212 
1 K BIT (256 x 4) NVRAM 

• 1 K Bit Static RAM backed by • Power-Failure Protection 
1 K Bit Electrically Erasable PROM 

• Fully 5V Only Operation 
• Directly TTL Compatible 
• In Circuit E2PROM Changes 

• Unlimited Recall Cycles 
• Memory Margining Capability 
• Operating Ranges 

52212 DoC to + 70°C 
• SRAM Cycle Time less than 300 ns 522121 -40°C to +85°C 

52212 HR -55°C to + 125°C 

The NCR 52212 non-volatile RAM combines 1 K(256x4) bits of conventional static RAM (SRAM) with an identical 
size array of Electrically Erasable PROM (E2PROM). Non-volatile data can be stored in the E2 PROM while inde­
pendent data is accessed simultaneously in the SRAM. Data can be transferred back and forth between the 
SRAM and E2pROM by simple Store and Recall operations. A Store signal transfers data from the SRAM to the 
non-volatile E2PROM where it is safely stored even when power is removed. The data stored in the non-volatile 
E2PROM can be recalled an unlimited number of times. The 52212 requires only a single 5 volt power supply for 
all modes of operation. The device is completely TTL compatible with fully static timing and three-state outputs. 
The NCR 52212 is available in an 18 pin package in commercial, industrial, and high reliability versions. 

PIN 
CONFIGURATION 

A7 Vcc 
A4 A6 

A3 A5 

A2 03 

A1 02 

AO 01 

cs DO 

GNO WE 
STORE RECALL 

PIN NAMES 

AO-A7 Address Inputs 

00-03 Data I/O 

CS Chip Select 

WE Write Enable 

STORE Store Operation 

RECALL Array Recall Operation 

VCC 5V ± 10% Supply Voltage 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

AO-A3 

STORE 

RECALL 

WE 
CS 

256x4 
STATIC RAM 

MEMORY 
ARRAY 

A4-A7 
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DEVICE OPERATION 

SRAM READ/WRITE 
The NCR 52212 can be read like a conventional static RAM. With CS low and WE high, valid data will be pre­
sented to the output pins. With CS low and WE low, the SRAM can be written to like a conventional static RAM. 

STOREit 

Transferring data from the SRAM to the non-volatile E2PROM is controlled by the Store operation. When STORE 
is brought low, the entire contents ofthe SRAM array are copied into the non-volatile E2PROM array. The data in 
the SRAM array is unaffected by a Store operation. The RECALL line is inhibited by a Store operation, and CS 
can either be high or low. 

The 1/0 terminals are in the high impedance state during a Store operation. The contents of the E2PROM 
remain valid with or without power being supplied. The data retention time of the E2PROM can be measured by 
memory margining. 

During powe~ower down, precaution must be taken to prevent an unintentional Store cycle. Holding 
STORE high or RECALL low will inhibit the initiation of a Store cycle. 

RECALL* 
The data stored in the non-volatile E2PROM array is transferred back into SRAM by the Recall operation. When 
RECALL is brought low, the entire contents ofthe E2pROM are copied back into the SRAM array (overwriting any 
data already existing in the SRAM). The data in the E2PROM is unaffected by a Recall operation. The 110 ter­
minals are in a high impedance state during a Recall operation. The STORE line is inhibited by a Recall operation 
and CS can either be high or low. To ensure a Recall cycle is initiated on power up, a RECALL signal should be 
applied until VCC reaches specification limits. 

MEMORY MARGINING 
The NCR 52212 supports margining of the memory transistors. Memory margining allows device retention time 
to be projected for the purpose of device evaluation. An application note describing the memory margining al­
gorithm is available. 

MODE SELECTION 

INPUTS 
MODE 

CS WE STORE RECALL 

READ L H H H 

WRITE L L H H 

STORE X X L H 

RECALL X X H L 

it To ensure a valid Store or Recall cycle, do not apply STORE and RECALL at the same time. 



ABSOLUTE MAXIMUM RATINGS 

All inputs or outputs relative 
to ground ........................ - 0.5 to + 7V 

Storage temperature without 
data retention ................ - 65 DC to + 150 DC 

52212 

Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the "absolute maximum ratings" or 
above the recommended operational limits stipulated 
elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 
52212 522121 52212HRu 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max 

Vee Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 

VIH Input high level voltage 2.0 Vee 2.0 VCC 2.0 Vec 

VIL Input low level voltage -0.3 0.8 -0.3 0.8 -0.3 0.8 

TA Ambient Temperature 0 70 -40 85 -55 125 

All voltages are with respect to ground 

STATIC ELECTRICAL CHARACTERISTICS, OVER RECOMMENDED 
OPERATION CONDITIONS (UNLESS OTHERWISE NOTED) 

52212 522121 52212HRu 

Symbol Parameter Condition Min Typ· Max Min Typ· Max Min Typ· Max 

liN Input leakage VIN = OV to + 5.5V 0.1 10 0.1 10 0.1 10 
current 

10 I/O leakage current Vo = O.4V to 5.5V 0.1 10 0.1 10 0.1 10 
Chip Deselected 

ICC Supply Current Outputs Open 30 50 30 50 30 60 

VOH Output high voltage 10H = -400,..A 2.4 2.4 2.4 

VOL Output low voltage IOL=2.1 rnA 0.4 0.4 0.4 

TS Non-Volatile 1.0 

storage time 

~ Typical values are at 25°C and nominal supply voltages. 

CAPACITANCE TA = 2s oe, f = 1.0MHz, Vee = sv 

52212 522121 52212HR~~ 

Symbol Parameter Condition Min Typ Max Min Typ Max Min Typ Max 

C Capacitance of In- All pins at 10 10 10 
put & Data I/O pins VSS (ground) 

• "The 52212 HR data is preliminary and is subject to change. 

Unit 

V 

v 
V 

°e 

Unit 

pA 

pA 

rnA 
V 

V 

yr 

Unit 

pF 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 

READ CYCLE 

52212 522121 52212HR*'¥ 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRC Read Cycle Time 300 300 450 ns 

tACC Address Access Time 300 300 450 ns, 

tA Chip Select To Data Active 0 0 0 ns 

tcs Chip Select Access Time 100 120 120 ns 

tOH Output Hold Time 10 10 10 ns 

toz Chip Select Output High 90 90 90 ns 
Impedance Time 

WRITE CYCLE 

52212 522121 52212HRn 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

twc Write Cycle Time 300 300 450 ns 

lew Chip Select to End of Write 150 150 300 ns 

\WP Write Pulse Width 150 150 300 ns 

tWR Write Release Time 25 25 25 ns 

tDTW Output High Impedence 100 100 100 ns 

From Write Enable 

tDW Data to Write Time Overlap 150 150 200 ns 

tow Output Active from End of Write 10 10 10 ns 

tDH Data Hold From Write Time 20 20 20 ns 

tAS Address Setup 50 50 50 ns 

STORE CYCLE 

52212 522121 52212HR¥'¥ 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tSTC Store Cycle Time 10 10 10 ms 

tSTP Store Pulse Width 100 100 100 ns 

tsTZ Store to Output Hi-Z 100 100 100 ns 

NSC Number of Store Cycles 10' 10' 104 

RECALL CYCLE 
52212 522121 52212HR~¥ 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRCC Array Recall Cycle Time 30 70 260 360 /LS 
tRCP Recall Pulse Width 200 200 450 ns 

tRCZ Recall to Output Hi-Z 100 100 100 ns 

* ·The 52212 HR data is preliminary and is subject to change. 



READ CYCLE 

~------------------tRe------------------~ 

~-----------tAee----------~~ 

DATA 
OUT 

Hi-Z 

t.----tes ----~ 

NOTE: During a read operation WE should be held at VIH 

WRITE CYCLE 

twe 

---... 
.~ ( ADDRE 

tew 

DATA VALID 

) 

52212 

tOH 

'" , 

"- , ~ V// V////// 

DATA 
IN 

_tAS 

"'''' r'\. 

twp .. 

I-tDW-

)K DATA VALID 

tWR -
V 

tDH f--

"K 
tDTW ~ tow ~ ~ __ H_i __ z_----«f------

NOTE: WE may be asserted priorto es. tAS applies to CS or WE which ever occurs last. 
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STORE CYCLE 

tSTP 

'" 
DATA OUT 

- tSTZ r Hi-Z 

RECALL CYCLE 

tRCP 

'\ 1<:-. 

DATA OUT 

- tRCZ r- Hi-Z 

A. C. CONDITION OF TESTS 

Input Pulse Levels .......... 0.8 Volts to 2.0 Volts 

Inputs Rise & Fall Times .................. 10 ns 

Output Timing Levels ........ O.S Volts to 2.0 Volts 
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tSTC 

/ 

tRCC 

'/ 

TEST LOAD CIRCUIT 

Output 
Under 
Test 

6Kl1 

* Includes Jig Capacitance 
All Diodes IN3064 Or Equivalent 

VCC(5V) 



MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 ~ ~ 
Lead-D- U 

Thickness I-~~~~ ---1 
.290-.395 

18PIN 

I- .870-.91 0 

Inn n Length of Package Pin 1 

Width of Package 

'-rrTn~---n-rrrrrrl~ 
.075-.175 

.015-.075 Top ~~ ~~~~~~~ .120-.160 
Bottom of Package ~ Length of Lead 

+Ww ww=;lOM" 
Lead Centers I ~ ~ I L II ~ 
.090-.110 -j ~ L~~~~'~~~e~r-.~if~_.025 

Width 

52212 

All dimensions are inches. 

PLASTIC DEVICES 

I- .890-.920 

Inn n Length of Package Pm 1 

-T 
.245-.255 
Width of Package 

I.rn-n-~-"TTTTTTTT' ~ 
.150-.250 

.015-.075 Top of Package .120-.160 
Bottom of Package to Standoff Length of Lead 
to Standoff ~ from Standoff 

':~~~ ~ +WW~ L WW~ I-Lead _I Lead Centers I I 11- ~~,~?" r 
SplaYI .090-.110 -j I- .030-.070 ---j Width 

.290-.395 Lead Shoulder .012-.025 
Width 

All dimensions are inches. 

97 



98 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

52212 



52001 
1 K BIT (128 x 8)NVRAM 

• 1 K Bit Static RAM backed by • Unlimited Recall Cycles 
1 K Bit Electrically Erasable PROM • Memory Margining Capability 

• Fully 5V Only Operation • Operating ranges 
• Directly TTL Compatible 52001 .............•........ O°C to +70°C 
• In Circuit EEPROM Changes 

• SRAM Cycle Time less than 300 ns 

520011 .................... -40°C to + 85°C 
52001HR ................. -55°C to + 125°C 

• Power-Failure Protection 

The NCR 52001 non-volatile RAM combines 1 K (128 x 8) bits of conventional static RAM (SRAM) with an iden­
tical size array of Electrically Erasable PROM (EEPROM). Non-volatile data can be stored in the EEPROM 
while independent data is accessed simultaneously in the SRAM. Data can be transferred back and forth be­
tween the SRAM and the EEPROM by simple Store and Recall operations. A non-volatile Store signal transfers 
data from the SRAM to the non-volatile EEPROM where it is safely stored even when power is removed. When 
power is restored, the data in the EEPROM is automatically recalled into the SRAM. Data stored in the non­
volatile EEPROM can be recalled an unlimited number of times. The NCR 52001 requires only a single 5 volt 
power supply for all modes of operation, and is completely TTL compatible with fully static timing and three 
state outputs. The NCR 52001 is available in a 24 pin package in commercial, industrial and high reliability·ver­
sions. 

PIN 
CONFIGURATION 

NC Vee 

A6 NC 

A5 NC 

A4 WE 

A3 5E 

A2 NY 
A1 CS 

AD 07 

DO 06 

01 05 

02 04 

GNO 03 

PIN NAMES 

AO-AS Address Inputs 

00-07 Data I/O 

CS Chip Select 

NV Non-Volatile Enable 

WE 

OE 

NC 

VCC 

FUNCTIONAL 
BLOCK DIAGRAM 

A3-A6 

NY 
Cs 
WE 
DE 

Write Enable 

Output Enable 

No Connection 

+5 Volts ± 10% 

128 x 8 
STATIC RAM 

MEMORY- ARRAY 

AO-A2 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

128 x 8 
EEPROM 
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DEVICE OPERATION 

SRAM READ/WRITE 

The NCR 52001 can be read like a conventional static RAM. With CS and OE low and WE high, valid data 
will be presented to output pins. With CS and WE low, and OE high, the SRAM can be written to like a 
conventional static RAM. 

STORE 
Transferring data from the SRAM to the non-volatile EEPROM is controlled by the Store operation. The 
NV input signal controls the non-volatile operations (Le., Store and Recall), except for automatic data re­
call upon power up. When NV and WE are brought low, the entire contents of the SRAM array are copied 
into the non-volatile EEPROM array. The data in the SRAM is unaffected by a Store operation. The Recall 
cycle is inhibited by a Store operation, and CS can either be high or low. 

The 1/0 terminals are in the high impedance state during a Store operation. The contents of the EE­
PROM remain valid with or without power being supplied. The data retention time of the EEPROM can be 
measured by memory margining. 

During power up or power down, precaution must be taken to prevent an unintentional Store cycle. 
Holding NV high will inhibit the initiation of a Store cycle. Additionally, a Store operation should not be ini­
tiated until the supply voltage (VCC) is at specification limits. 

RECALL 
The data stored in the non-volatile EEPROM array is transferred back into the SRAM by the Recall opera­
tion. When NV and OE are brought low, the entire contents of the EEPROM are copied back into the 
SRAM (overwriting any data already existing in the SRAM). An Array Recall cycle can take place when CS 
is either high or low. An array Recall operation will automatically be performed upon power up. The data in 
the EEPROM is unaffected by a Recall operation. 

The Data 110 terminals are in a high impedance state during a non-volatile operation (Le., Store or Re­
call). When a non-volatile cycle is initiated, all other operations are inhibited until the first operation is 
complete. 

MEMORY MARGINING 
The NCR 52001 supports margining of the memory transistors. Memory margining allows device reten­
tion time to be projected for the purpose of device evaluation. An application note describing the memory 
margining algorithm is available. 

MODE SELECTION 

INPUTS 

MODE CS NV WE OE 

READ L H H L 

WRITE L H L H 

STORE X L L H 

RECALL X L H L 



ABSOLUTE MAXIMUM RATINGS 

All inputs or outputs relative to Vss ...... - 0.5 to + 7V 
Storage temperature without 
data retention ................... -65°C to + 150°C 

52001 

Stress above "absolute maximum ratings" may result in 
damage to the device. Functional operation of devices at 
the "absolute maximum ratings" or above the recom· 
mended operational limits stipulated elsewhere in this 
specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

52001 520011 52001HR~'· 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max 

VCC Supply voltage 4.5 5.0 5.5 4.5 5.0 5.5 4.5 5.0 5.5 

VIH Input high level voltage 2.0 VCC 2.0 VCC 2.0 VCC 

VIL Input low level voltage -0.3 O.B -0.3 O.B -0.3 O.B 

TA Ambient Temperature 0 70 -40 B5 -55 125 

All voltages are with respect to GND. 

STATIC ELECTRICAL CHARACTERISTICS, OVER RECOMMENDED 
OPERATION CONDITIONS (UNLESS OTHERWISE NOTED) 

52001 520011 52001HR~'~ 

Symbol Parameter Condition Min Typ Max Min Typ Max Min Typ Max 

liN Input leakage current VIN = OV TO 5.5V 0.1 10 0.1 10 0.1 10 

10 10 leakage current Vo = O.4V TO 5.5V 0.1 10 0.1 10 0.1 10 
Chip 
Deselected 

ICC Supply Current Outputs Open 35 70 45 BO BO 

VOH Output High Voltage 10H = -400~A 2.4 2.4 2.4 

VOL Output Low Voltage IOL=2.1mA 0.4 0.4 0.4 

TS Non-Volatile storage time 1.0 

* Typical values are at 25·C and typical supply voltages. 

CAPACITANCE TA=25°C, f=1.0 MHz, VCC=5V 

52001 520011 52001HR~~ 

Symbol Parameter Condition Min Typ Max Min Typ· Max Min Typ Max 

Capacitance of Input All pins at 10 10 10 
C 

& Data 110 pins VSS (ground) 

~ ~ The 52001 HR Data is preliminary and is subject to change. 

Unit 

V 

V 

V 

·C 

Unit 

,..A 
,..A 

V 

V 

yr 

Unit 

pF 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 

READ CYCLE 

52001 520011 52001HR~~ 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRC Read Cycle Time 300 300 450 ns 

tACC Address Access Time 300 300 450 ns 

tA Chip Select or Output Enable to Data Active 0 0 0 ns 

tOE Output Enable Time 100 120 120 ns 

tcs Chip Select Access Time 100 120 120 ns 

toH Output Hold Time 10 10 10 ns 

toz Chip Select Or Output Enable To Output 90 90 ' 90 ns 
High Impedance Time 

WRITE CYCLE 

52001 520011 52001HR"" 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

twc Write Cycle Time 300 300 450 ns 

tw Write Pulse Width 150 150 300 ns 

tWR Write Release Time 25 25 25 ns 

tow Data to Write Time Overlap 150 150 200 ns 

tOH Data Hold From Write Time 20 20 20 ns 

tAS Address Setup Time 50 50 50 ns 

STORE CYCLE 

52001 520011 52001HR¥¥ 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tSTC Store Cycle Time 10 10 10 ms 

tNW NV to Write Overlap 100 100 100 ns 

tNS NV Setup Time 0 0 0 ns 

tSTZ Store to Output Hi-Z 100 100 100 ns 

tsc Number of Store Cycles 10' 10' 104 cycle 

RECALL CYCLE 

52001 520011 52001HRH 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRCC Array Recall Cycle Time 70 260 360 ".. 
tNO NV to Output Overlap 200 450 450 ns 

tNS NV Setup time 0 0 0 ns 

tRCZ Recall to Output Hi-Z 100 100 100 ns 

¥ *The 52001 HR Data is preliminary and is subject to change, 



52001 

READ CYCLE 

tRC 

ADDRESS 

tACC 

'\ 
tcs 

~ 
toz 

tOE 

'\ /fi 

- 'A ---!:xxxxx !-tOH-+ 

Hi-Z 
:XXA VALID DATA r--DATA 

NOTE: During a read operation WE should be held at VIH. 

WRITE CYCLE 

twc 

ADDRESS v----
1'-----

'\ II" 
I- tAS-+ -tWR-

tw 
~k- It" 

tOW .... /-tDH 

DATA 
~ t j ---------------;cK !ALlD DATA )1,...------

NOTE: WE may be asserted prior to CS. tAS applies to CS or WE whichever occurs last. 
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STORE CYCLE 

tSTC 

A 

"' J/ 
-tNS--tNW-=! 

A 

"' 
~ 

04--tSTZ 

"'.I Hi-Z 

/I 
DATA 

RECALL CYCLE 

1----- tRCC -----<~ 

Hi-Z 
DATA 

NOTE: After a STORE or RECALL operation any other operation can take place. 

A. C. CONDITIONS OF TESTS 
Input Pulse Levels .............. 0.8 Volts to 2.0 Volts 
Input Rise & Fall Times .................... 10 nsec 
Output Timing Levels ............ 0.8 Volts to 2.0 Volts 

TEST LOAD CIRCUIT 

Output 
Under 
Test 

6KIl 

~ Includes Jig Capacitance 
All Diodes IN3064 Or Equivalent 

+5V 

I.BKIl 



MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 -t= ~ 
"'''= 1 ....1 

,sPlaYI 
.580-.695 

PLASTIC DEVICES 

._.015-1= ~ 
Lead 

Thickness 1 _ Lead _I 

,sPlaYI 
.580- .695 

24 PIN 

1.170-1.230 1= Length of Package 
Pin 1 

Width 01 Package 

~~--rTT~~ 
.075-.175 

Top of Package 

52001 

.. 015-.075 to Standoff .120-.160 
Bottom 01 Package ~ Length 01 Lead 

fWw ww~-
Lead Centers 1 r ~I L II ~ 
.090-.110 -j ~ L~~~;.~~~e~r-.~if~_.025 

Width 

1.230-1 .270 1= Length 01 Package 

All dimensions are inches. 

Pin 1 

eT 
.520-.560 

'nTTTTrr----'TTTTTTT'" I 01 Package 

.150-.250 
Top of Package 

.015-.075 to Standoff .120-.160 
Bottom 01 Package ~ Length 01 Lead 

fWw ww~--' 
.... -. II .IL II~ 
.090-.110 -j r- L~~~;·~~~e~r- ~i~~_.025 

Width 
All dimensions are inches. 
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NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

52001 



52002 
2K BIT (256 x 8)NVRAM 

• 2K Bit Static RAM backed by 
2K Bit Electrically Erasable PROM 

• Fully 5V Only Operation 

• Directly TTL Compatible 

• In Circuit EEPROM Changes 

• SRAM Cycle Time less than 300 ns 

• Power-Failure Protection 

• Unlimited Recall Cycles 

• Memory Margining Capability 

• Operating ranges 
52002 ...................... O°C to + 70°C 
520021. . . . . . . . . . . . . . . . . . .. -40°C to + 85°C 
52002HR. . . . . . . . . . . . . . . .. -55°C to + 125 °C 

The NCR 52002 non-volatile RAM combines 2K (256 x 8) bits of conventional static RAM (SRAM) with an iden­
tical size array of Electrically Erasable PROM (EEPROM). Non-volatile data can be stored in the EEPROM 
while independent data is accessed simultaneously in the SRAM. Data can be transferred back and forth be­
tween the SRAM and the EEPROM by simple Store and Recall operations. A non-volatile Store signal transfers 
data from the SRAM to the non-volatile EEPROM where it is safely stored even when power is removed. When 
power is restored, the data in the EEPROM is automatically recalled into the SRAM. Data stored in the non­
volatile EEPROM can be recalled an unlimited number of times. The NCR 52002 requires only a single 5 volt 
power supply for all modes of operation, and is completely TTL compatible with fully static timing and three 
state outputs. The NCR 52002 is available in a 24 pin package in commercial, industrial and high reliability ver­
sions. 

PIN 
CONFIGURATION 

A7 Vee 

A6 NC 

A5 NC 

A4 WE 

A3 OE 

A2 iW 

A1 CS 

AO 07 

00 06 

01 05 

02 04 

GNO 03 

PIN NAMES 

AO·A7 Address Inputs 

DO·D7 Data 1/0 

CS Chip Select 

NV Non·Volatile Enable 

WE 

OE 

NC 

VCC 

FUNCTIONAL 
BLOCK DIAGRAM 

A3·A7 

Nv 
Cs 
WE 
OE 

Write Enable 

Output Enable 

No Connection 

+5 Volts ± 10% 

256 x B 

STATIC RAM 
MEMORY ARRAY 

AO·A2 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

256 x B 

EEPROM 
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DEVICE OPERATION 

SRAM READIWRITE 

The NCR 52002 can be read like a conventional static RAM. With CS and OE low and WE high, valid data 
will be presented to output pins. With CS and WE low, and OE high, the SRAM can be written to like a 
conventional static RAM. 

STORE 
Transferring data from the SRAM to the non-volatile EEPROM is controlled by the Store operation. The 
NV input signal controls the non-volatile operations (i.e., Store and Recall), except for automatic data re­
call upon power up. When NV and WE are brought low, the entire contents of the SRAM array are copied 
into the non-volatile EEPROM array. The data in the SRAM is unaffected by a Store operation. The Recall 
cycle is inhibited by a Store operation, and CS can either be high or low. 

The 1/0 terminals are in the high impedance state during a Store operation. The contents of the EE­
PROM remain valid with or without power being supplied. The data retention time of the EEPROM can be 
measured by memory margining. 

During power up or power down, precaution must be taken to prevent an unintentional Store cycle. 
Holding NV high will inhibit the initiation of a Store cycle. Additionally, a Store operation should not be ini­
tiated until the supply voltage (VCC) is at specification limits. 

RECALL 
The data stored in the non-volatile EEPROM array is transferred back into the SRAM by the Recall opera­
tion. When NV and OE are brought low, the entire contents of the EEPROM are copied back into the 
SRAM (overwriting any data already existing in the SRAM). An Array Recall cycle can take place when CS 
is either high or low. An array Recall operation will automatically be performed upon power up. The data in 
the EEPROM is unaffected by a Recall operation. 

The Data 1/0 terminals are in a high impedance state during a non-volatile operation (i.e., Store or Re­
call). When a non-volatile cycle is initiated, all other operations are inhibited until the first operation is 
complete. 

MEMORY MARGINING 
The NCR 52002 siJpports margining of the memory transistors. Memory margining allows device reten­
tion time to be projected for the purpose of device evaluation. An application note describing the memory 
margining algorithm is available. 

MODE SELECTION. 

INPUTS 

MODE CS NV WE OE 

READ L H H L 

WRITE L H L H 

STORE X L L H 

RECALL X L H L 



ABSOLUTE MAXIMUM RATINGS 

All inputs or outputs relative to Vss ...... - 0.5 to + 7V 
Storage temperature without 
data retention ................... -65°C to + 150°C 

52002 

I 

Stress above "absolute maximum ratings" may result in 
damage to the device. Functional operation of devices at 
the "absolute maximum ratings" or above the recom­
mended operational limits stipulated elsewhere in this 
specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

52002 520021 52002HR*· 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max 

VCC Supply voltage 4.5 5.0 5.5 4.5 5.0 5.5 4.5 5.0 5.5 

VIH Input high level voltage 2.0 VCC 2.0 VCC 2.0 VCC 

VIL Input low level voltage -0.3 0.8 -0.3 0.8 -0.3 0.8 

TA Ambient Temperature 0 70 -40 85 -55 125 

All voltages are with respect to GND. 

STATIC ELECTRICAL CHARACTERISTICS, OVER RECOMMENDED 
OPERATION CONDITIONS (UNLESS OTHERWISE NOTED) 

52002 520021 52002HR·· 

Symbol Parameter Condition Min Typ Max Min Typ Max Min Typ Max 

liN Input leakage current VIN = OV TO 5.5V 0.1 10 0.1 10 0.1 10 

10 10 leakage current Vo = O.4V TO 5.5V 0.1 10 0.1 10 0.1 10 
Chip 
Deselected 

ICC Supply Current Outputs Open 35 70 45 80 45 80 

VOH Output High Voltage 10H = -400,..A 2.4 2.4 2.4 

VOL Output Low Voltage IOL=2.1mA 0.4 0.4 0.4 

TS Non-Volatile storage time 1.0 

kTypical values are at 25°C and typical supply voltages .. 

CAPACITANCE TA = 25°e, f = 1.0 MHz, Vee = 5V 

52002 520021 52002HRn 

Symbol Parameter Condition Min Typ Max Min Typ· Max Min Typ Max 

C 
Capacitance of Input All pins at 10 10 10 

& Data 110 pins VSS (ground) 

"The 52002HR Data is preliminary and is subject to change. 

Unit 

V 

V 

V 

°C 

Unit 

,..A 

,..A 

mA 

V 

V 

yr 

Unit 

pF 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 

READ CYCLE 

52002 520021 52002HR'"* 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRC Read Cycle Time 300 300 450 ns 

tACC Address Access Time 300 300 450 ns 

tA Chip Select or Output Enable to Data Active 0 0 0 ns 

toE Output Enable Time 100 120 120 ns 

les Chip Select Access Time 100 120 120 ns 

toH Output Hold Time 10 10 10 ns 

toz Chip Select Or Output Enable To Output 90 90 90 ns 
High Impedance Time 

WRITE CYCLE 

52002 520021 52002HRu 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

twc Write Cycle Time 300 300 450 ns 

tw Write Pulse Width 150 150 300 ns 

twR Write Release TIme 25 25 25 ns 

tow Data to Write Time Overlap 150 150 200 ns 

tOH Data Hold From Write TIme 20 20 20 ns 

tAS Address Setup Time 50 50 50 ns 

STORE CYCLE 

52002 520021 52oo2HR** 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tSTC Store Cycle Time 10 10 10 ms 

tNW NV to Write Overlap 100 100 100 ns 

tNS NV Setup Time 0 0 0 ns 

tSTZ Store to Output Hi·Z 100 100 100 ns 

tsc Number of Store Cycles 104 104 104 cycle 

RECALL CYCLE 

52002 520021 52002HR** 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRCC Array Recail Cycle Time 70 260 360 ~s 

INO NV to Output Overlap 200 450 450 ns 

tNS NV Setup lime 0 0 0 ns 

tRCZ Recailto Output Hi·Z 100 100 100 ns 

**The 52002HR Data is preliminary and is subject to change. 



52002 

READ CYCLE 

IRC 

ADDRESS 

IACC 

'\ 
ICS 

/§'f 
I---IOZ 

tOE 

'\ /.0 
I-IOH .... 

__ IA 

DATA 
Hi-Z 

~ VALID DATA ..xxx r-

NOTE: During a read operalion WE should be held al VIH. 

WRITE CYCLE 

'WC 

ADDRESS V--
1'-----

"l V 
~IAS""" _IWR-

IW 
...... It' 

IDW .... f-- IDH 

DATA 
Hi-Z r- j ----....;..;;...;.....-----------iCk: VALID DATA j;t-------

NOTE: WE may be asserted prior 10 CS. lAS applies 10 CS or WE whichever occurs last. 
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STORE CYCLE 

14------tSTC --------.j 

Hi-Z 
DATA 

RECALL CYCLE 

tRCC 
A 

'\ V 

-tNS--tNO_ 
A 

'\","-
_tRCZ ~ 

Hi-Z 

'I 
DATA 

NOTE: After a STORE or RECALL operation any other operation can take place. 

A. C. CONDITIONS OF TESTS 
Input Pulse Levels .............. 0.8 Volts to 2.0 Volts 
Input Rise & Fall Times .................... 10 nsec 
Output Timing Levels ............ 0.8 Volts to 2.0 Volts 

TEST LOAD CIRCUIT 

Output 
Under 
Test 

6KIl 

• Includes Jig Capacitance 
All Diodes IN3064 Or Equivalent 

+5V 

1.BKIl 



MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 --t= , 
","::: I """ I 

ISPlaYI 

.580-.695 

PLASTIC DEVICES 

.008-.015 ~ ~ 
Lead-D- ~ 

Thickness ~~~:-1 

.580- .695 

24 PIN 

1.170-1.230 1= Lenglh of Package 
Pin 1 

eT 
.560-.620 
Width of Package 

Lrrrr!M"T"-r---~~~ 
.075-.175 

Top of Package 

52002 

.015-.075 to Standoff .120-.160 
Bottom of Package ~ Length of Lead 

+1m m1E-~~o~ ~ I L.030-.070 --II-~id~h ~ Lead Shoulder .012-.025 
Width 

All dimensions are inches. 

Pin 1 

eT 
.520-.560 
Width of Package 

Lrrrr!M"T"-r-------,-n-rrTTT'~ 
.150-.250 

Top of Package 
.015-.075 to Standoff .120-.160 
Bottom of Package ~ Length of Lead 

J:Vm WWE-~ 
~~~~ ~ L.030-.070 --II-~d~h 

Lead Shoulder .012-.025 
Width • 

All dimensions are inches. 
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NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

52002 



52004 
4K BIT (512 x 8)NVRAM 

• 4K Bit Static RAM backed by 
4K Bit Electrically Erasable PROM 

• Fully 5V Only Operation 

• Directly TTL Compatible 

• In Circuit EEPROM Changes 

• SRAM Cycle Time less than 300 ns 

• Power-Failure Protection 

• Unlimited Recall Cycles 

• Memory Margining Capability 

• Operating ranges 
52004 ..........••......•... ODC to + 70 DC 
520041. • . . . • • • • . . • . . . . . • •. -40 DC to + 85 DC 
52004HR. . . . . • • • . . . • • • . .• -55 DC to + 125 DC 

The NCR 52004 non-volatile RAM combines 4K (512 x 8) bits of conventional static RAM (SRAM) with an iden­
tical size array of Electrically Erasable PROM (EEPROM). Non-volatile data can be stored in the EEPROM 
while independent data is accessed simultaneously in the SRAM. Data can be transferred back and forth be­
tween the SRAM and the EEPROM by simple Store and Recall operations. A non-volatile Store signal transfers 
data from the SRAM to the non-volatile EEPROM where it is safely stored even when power is removed. When 
power is restored, the data in the EEPROM is automatically recalled into the SRAM. Data stored in the non­
volatile EEPROM can be recalled an unlimited number of times. The NCR 52004 requires only a single 5 volt 
power supply for all modes of operation, and is completely TIL compatible with fully static timing and three 
state outputs. The NCR 52004 is available in a 24 pin package and an optional 28 pin package, in commercial, 
industrial and high reliability versions. 

PIN 
CONFIGURATION 

52004 52004-28 

A7 vee .NV VCC 

A6 AB NC WE 

AS NC A7 NC 

A4 WE A6 AB 

A3 5E AS NC 

A2 Nii M NC 

A1 CS A3 5E 
AO D7 A2 NC 

DO D6 A1 CS 
D1 D5 AO D7 

D2 D4 DO D6 

GND D3 D1 D5 

D2 D4 

GND D3 

PIN NAMES 

AO-A8 Address Inputs WE Write Enable 

DO-D7 Data 1/0 OE Output Enable 

CS Chip Select NC No Connection 

NV Non-Volatile Enable VCC +5 Volts ± 10% 

Copyright © 1984 by NCR Corporation, Daylon, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

M-A8 

Nii 
Cs 
WE 
OE 

512 x B 
STATIC RAM 

MEMORY ARRAY 

AO-A3 

512 x B 
EEPROM 

This is advance information and NCR reserves the 
right to change the specifications without notice. 115 
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DEVICE OPERATION 

SRAM READ/WRITE 

The NCR 52004 can be read like a conventional static RAM. With CS and OE low and WE high, valid data 
will be presented to output pins. With CS and WE low, and OE high, the SRAM can be written to like a 
conventional static RAM. 

STORE 
Transferring data from the SRAM to the non-volatile EEPROM is controlled by the Store operation. The 
NV input signal controls the non-volatile operations (Le., Store and Recall), except for automatic data re­
call upon power up. When NV and WE are brought low, the entire contents of the SRAM array are copied 
into the non-volatile EEPROM array. The data in the SRAM is unaffected by a Store operation. The Recall 
cycle is inhibited by a Store operation, and CS can either be high or low. 

The I/O terminals are in the high impedance state during a Store operation. The contents of the EE­
PROM remain valid with or without power being supplied. The data retention time of the EEPROM can be 
measured by memory margining. 

During power up or power down, precaution must be taken to prevent an unintentional Store cycle. 
Holding NV high will inhibit the initiation of a Store cycle. Additionally, a Store operation should not be ini­
tiated until the supply voltage (VCC) is at specification limits. 

RECALL 
The data stored in the non-volatile EEPROM array is transferred back into the SRAM by the Recall opera­
tion. When NV and OE are brought low, thEi entire contents of the EEPROM are copied back into the 
SRAM (overwriting any data already existing in theSRAM); An Array Recall cycle can take place when CS 
is either high or low. An array Recall operation will automatically be performed upon power up. The data in 
the EEPROM is unaffected by a Recall operation. 

The Data I/O terminals are in a high impedance state during a non-volatile operation (Le., Store or Re­
call). When a non-volatile cycle is initiated, all other operations are inhibited until the first operation is 
complete. 

MEMORY MARGINING 
The NCR 52004 supports margining of the memory transistors. Memory margining allows device reten­
tion time to be projected for the purpose of device evaluation. An application note describing the memory 
margining algorithm is available. 

MODE SELECTION 

INPUTS 

MODE CS NV WE OE 

READ L H H L 

WRITE L H L H 

SlORE X L L H 

RECALL X L H L 



ABSOLUTE MAXIMUM RATINGS 

All inputs or outputs relative to Vss ...... - 0.5 to + 7V 
Storage temperature without 
data retention ................... -65°C to + 150°C 

52004 

Stress above "absolute maximum ratings" may result in 
damage to the device. Functional operation of devices at 
the "absolute maximum ratings" or above the recom­
mended operational limits stipulated elsewhere in this 
specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

52004 520041 52004HR" 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max 

VCC Supply voltage 4.5 5.0 5.5 4.5 5.0 5.5 4.5 5.0 5.5 

VIH Input high level voltage 2.0 VCC 2.0 VCC 2.0 VCC 

Vil Input low level voltage -0.3 0.8 -0.3 0.81-0.3 0.8 

TA Ambient Temperature 0 70 -40 85 -55 125 

All voltages are with respect to GND. 

STATIC ELECTRICAL CHARACTERISTICS, OVER RECOMMENDED 
OPERATION CONDITIONS (UNLESS OTHERWISE NOTED) 

52004 520041 52004HR" 

Symbol Parameter Condition Min Typ Max Min Typ Max Min Typ Max 

liN Input leakage current VIN = OV TO 5.5V 0.1 10 0.1 10 0.1 10 

10 10 leakage current Va = 0.4V TO 5.5V 0.1 10 0.1 10 0.1 10 
Chip 
Deselected 

ICC Supply Current Outputs Open 35 70 45 80 45 80 

VOH Output High Voltage IOH = -400~A 2.4 2.4 2.4 

Val Output low Voltage 10l =2.1mA 0.4 0.4 0.4 

TS Non-Volatile storage time TBD 

*Typical values are at 25°C and typical supply voltages. 

CAPACITANCE TA=25°C, f=1.0 MHz, VCC=5V 

52004 520041 52004HR" 

Symbol Parameter Condition Min Typ Max Min Typ' Max Min Typ Max 

Capacitance of Input All pins at 10 10 10 
C 

& Data 110 pins VSS (ground) 

• 'The 52004HR Data is preliminary and is subject to change. 

Unit 

V 

V 

v 
°c 

Unit 

~A 

~ 

mA 

V 

V 

yr 

Unit 

pF 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 
(UNLESS OTHERWISE NOTED) 

READ CYCLE 

52004 520041 52004HR" 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRC Read Cycle Time 300 300 450 ns 

tACC Address Access Time 300 300 450 ns 

tA Chip Select or Output Enable to Data Active 0 0 0 ns 

tOE Output Enable Time 100 120 120 ns 

tcs Chip Select Access Time 100 120 120 ns 

tOH Output Hold Time 10 10 10 ns 

toz Chip Select Or Output Enable To Output 90 90 90 ns 
High Impedance Time 

WRITE CYCLE 

52004 520041 52004HR*> 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

twc Write Cycle Time 300 300 450 ns 

tw Write Pulse Width 150 150 300 ns 

tWR Write Release Time 25 25 25 ns 

tow Data to Write Time Overlap 150 150 200 ns 

tDH Data Hold From Write Time 20 20 20 ns 

tAS Address Setup Time 50 50 50 ns 

STORE CYCLE 

52004 520041 52004HR" 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tSTC Store Cycle Time 10 10 10 ms 

tNW NV to Write Overlap 100 100 100 ns 

tNS NV Setup Time 0 0 0 ns 

tSTZ Store to Output Hi-Z 100 100 100 ns 

tsc Number of Store Cycles 104 104 104 cycle 

RECALL CYCLE 

52004 520041 52004HR*> 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tRCC Array Recall Cycle Time 20 ~s 

tNO NV to Output Overlap 200 450 450 ns 

tNS NV Setup time 0 0 0 ns 

tRCZ Recall to Output Hi-Z 100 100 100 ns 

»The 52004HR Data is preliminary and is subject to change. 



52004 

READ CYCLE 

IRC 

ADDRESS /1'\. It'" 

IACC 

~ 
les 

/~ 
IOZ 

IOE 

'\ ~ 

_IA-J 
I+-IOH .... 

Hi-Z 
~ r:.xxJOO( VALID DATA r---DATA 

NOTE: During a read operalion WE should be held al VIH. 

WRITE CYCLE 

IWC 

ADDRESS V--
I'--

~ V 
I--IAS .... I-IWR---

tw 
~k- 1£ 

IDW-I--IDH 

DATA 
~ t j ----...;.;.;.;;;;......---------Ick -"AUD DATA )111-------

NOTE: WE may be asserted prior 10 CS. lAS applies 10 CS or WE whichever occurs lasl. 
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STORE CYCLE 

1+------tsTC -----+1 

DATA 
Hi-Z 

RECALL CYCLE 

1---- tRCC -----.,001 

Hi-Z 
DATA 

NOTE: After a SIORE or RECALL operation any other operation can take place. 

A. C. CONDITIONS OF TESTS 
Input Pulse Levels .............. 0.8 Volts to 2,0 Volts 
Input Rise & Fall Times .................... 10 nsec 
Output Timing Levels ............ 0.8 Volts to ,2.0 Volts 

TEST LOAD CIRCUIT 

Output 
Under 
Test 

6KIl 

• Includes Jig Capacitance 
All Diodes IN3064 Or Equivalent 

+5V 

1.8KIl 



MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 -t= \ 
"".::: I ~ -Co" ~ I 

ISPlaYI 

.580-.695 

PLASTIC DEVICES 

.008-.015 "- ~ 
lead-D- ~ 

Thickness ~~~~~ ~ 

.580- .695 

24 PIN 

1.170-1.230 1= length of Package 
Pin 1 

eT 
.560-.620 
Width of Package 

1,-n-r,~---rTTTTTTT"'~ 
.075-.175 

Top of Package 

52004 

.015-.075 . to Standoff .120-.160 
Bottom of Package ~ length of lead 

+1m WWE'-
~,;;",,,"~-I ~ I L.030-.070 --ll--~~~h ~ lead Shoulder .012-.025 

Width 

1.230-1 .270 1= length of Package 

All dimensions are inches. 

Pin 1 

eT 
.520-.560 
Width of Package 

~~--rn~~ 
.150-.250 

Top of Package 
.015-.075 to Standoff .120-.160 
Bottom of Package ~ length of lead 

fWw WWE-'~ 
~~o-l ~ I L.030-.070 --ll--~~~h !:j lead Shoulder .012-.025 

Width 

All dimensions are inches. 
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MECHANICAL DATA 

CERAMIC DEVICES 

.008-.015 -.t= ~ 
ThiCk~:~~ ~ '-1 

Lead 
Splay 

.580- .695 

52004 

28 Pin 

I- 1.370-1.430 
Inn n Length of Package Pin 1 

-T 
.550-.620 
Width of Package 

'rnTTrTT'"""'""-"TTTTTrrr' ~ 
.075-.175 

.015-.075 TOP'::,~~~:~; .120-.160 
Bottom of Package ~ Length of Lead 

+1m WW~Er~~ 
~11o-l ~I L.030-.070 --ll-~i~h' !:.I Lead Shoulder .012-.025 

, Width 

All dimensions are inches. 

PLASTIC DEVICES 1 .430-1 .480 t: Length of Package 
Pin 1 

-T 
.520-.560 
Width of Package 

'rTn-T~-TT'TTT'11T1'"" ~ 
.150-.250 

Top of Package 
.015-.075 to Standoff .120-.160 
Bottom of Package ~ Length of Lead 

.008-.015 -.t= ~ 
ThiCk~::~ ~ . 

Lead J 
Splay """"I 

.580- .695 

+1m VYWE-~g().<>;w-l ~ I L.030-.070 --ll-~~~h !:.I Lead Shoulder .012-.025 
Width 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

All dimensions are inches. 



Electrically Erasable PROM 

The NCR family of EEPROMs includes 
small organization serial devices for 
applications requiring a limited 
amount of storage capability. The 
NCR family also includes high density 
by eight devices for applications re­
quiring maximum data storage. All 
members of the NCR EEPROM family 

are 5 volt only devices with all high 
erase/write voltages being generated 
on chip. This combination of high 
density and 5 volt only operation 
places NCR in the leadership position 
in EEPROMs. NCR EEPROMs are of­
fered in commercial, industrial, and 
military temperature ranges. 

PRODUCT SELECTION GUIDE 

FUNCTION· PART NUMBER ORGANIZATION PAGE NUMBER 

256 BIT EEPROM NCR 52801 16x 16 127 
256 BIT EEPROM NCR 59306 16x 16 135 
1K EEPROM NCR 59308 64x 16 143 
32K EEPROM NCR 52832 4Kx8 149 
64K EEPROM NCR 52864 8Kx8 157 

CROSS REFERENCE LISTING 

NCR 
PART NUMBER EQUIVALENT 

NCR 52801 MOTOROLA MCM 2801 
NCR 59306 NATIONAL NMC 9306 

GI ER 59256 
NCR 59308 NATIONAL NMC 9346 

123 





52801 
256-BIT (16 X 16) EEPROM 

• Electrically Erasable PROM • Fully TTL Compatible 

• Adva'!ced SNOS N-Channel Technology • Serial I/O 
• 5 Volt Only Operation • Unlimited Read Accesses 
• In-System Reprogrammability . • 125 kHz Maximum Clock Rate 

• Memory Margining Capability 

The NCR 52801 is a 256 bit Electrically Erasable PROM utilizing the Silicon-Nitride-Oxide-Silicon (SNOS) proc­
ess developed by NCR. Designed for ease of use, the 52801 requires only a 5 volt source for all modes of opera­
tion. All voltages required for programming are generated internally by an on-chip bias generator, thus eliminating 
the need for external high voltage supplies. The timing of the 52801 is controlled totally by external TTL logic 
level signals. Address and data flow are in serial format through a common TTL compatible I/O port at a max­
imum clock rate of 125 kHz. Reprogramming the 52801 is basically a two step process, first erasing either a word 
or the entire block, and then writing a new word. The 52801 is available in a 14 pin package, in both commercial 
and industrial versions. 

PIN 
CONFIGURATION 

NC 14 

~VM 2 13 

NC 3 12 

BE 4 11 

*WGND 5 10 

CE 6 9 

vss 7 8 

~Tie to VSS for normal operation. 

vcc 

CTR1 

CTR2 

CTR3 

NC 

ClK 

1/0 

FUNCTIONAL 
BLOCK DIAGRAM 
BE----------------------, 

Vcc 

VSS 

ClK 

BE 

CTR1 

CTR2 

CTA3 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

256-BIT 
MEMORY 
ARRAY 
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DEVICE OPERATION 
Data is stored in SNOS memory transistors by applying positive writing pulses that selectively tunnel 
charge into the nitride at the gate of the transistor. When the writing voltage is removed, the charge trapped 
in the nitride results in a positive shift in the threshold of the selected SNOS transistor. A negative bias 
across SNOS transistors reverses this process resulting in a negative shift in threshold for data erasure. 

The memory stores sixteen words of sixteen bits each. All functions except the block erase are se­
lected by a 3-bit parallel control code. The clock line is used to strobe these codes and to serially shift data 
and addresses. 

READ CYCLE 

Read-out is done in three steps. First, the 4-bit serial address is shifted in on the I/O Pin and into the ad­
dress register while the Serial Address In code is applied to the three control pins. Next, the Read instruc­
tion is strobed in using one clock pulse. This will read the word from the location in the address register and 
place it into the data register. Finally, while applying the Serial Data Out code, data is shifted out with 16 
clock pulses. 

WRITE CYCLE 

To write new data in, first the address must be changed if the location is different than that in the address 
register. Then, while applying the Serial Data In code, data is shifted into the data register with 16 clock cy­
cles (unless data to be written is already in the register). Next, the Word Erase code is applied and, after 
erase time tE min., the Write code is applied and held for at least tw min. 

When a Read mode immediately follows a Word Erase or Write mode (for the same memory location), 
one of two options must be used in order to ensure a valid Read operation: 

Option 1: Maintain a Read mode (CTR3 = 0, CTR2 = 1, CTR1 = 1) for at least two clock cycles before 
implementing the Serial Data Out mode (1,1,0). 

Option 2: Place the device in a Standby mode (0,0,0 or 1 ,1,1) for at least one clock cycle before imple­
menting the Read mode (0,1,1). 

BLOCK ERASE 

The entire memory is erased when BE is held high for tE min. To ensure a proper Block Erase, the clock 
should he held low for the entire erase cycle, and the mode of operation prior to the Block Erase should be 
either Standby (0,0,0 or 1 ,1,1), Read (0,1 ,1 ), Serial Data In (1 ,0,1) or Serial Address In (0,0,1 ). A tWAIT time 
(defined as the negative edge of BE to the positive edge of the clock) of 8 JLS must be observed if a Read 
mode is to immediately follow a Block Erase. 

STANDBY 

Both Standby codes produce the same results. The memory is placed in an inactive state, the I/O is in a 
high-impedance state and the clock will have no effect on the device. 

PIN DESCRIPTION 

ClK - The clock signal is active high, and used for shifting addresses and data into their respective registers 
and latching control signals. 
I/O - The I/O pin is used for inputting data and addresses, and outputting data. 
CE - Chip enable is active low, and when high will block the clock signal and put the I/O pin into a high­
impedance state. It should be noted that when CE is high, the device is not automatically placed into a 
standby mode. 
BE - Block erase is active high and used to clear the entire memory. To accomplish block erase, the BE Pin 
must be held high for tEo This pin can be tied to Vss during normal operation. 



52801 

MEMORY MARGINING 
The NCR 52801 supports margining of the memory transistors. Memory margining allows device retention time 
to be projected for the purpose of device evaluation. An application note describing the memory margining al­
gorithm is available. 

COMMENTS 

• The device should not be in the programming mode (Le. Erase or Write) during power-up or power-down. 
• Erased state results in logical zero at I/O during data output. 
• In order to protect data during power-up or power-down, one of the following conditions must exist: 

- CS held high - Control Lines held low 
- ClK held low - Control Lines held high 

MODE SELECTION 
Mode CTR3 CTR2 CTR1 

Standby 1 1 1 

Word Erase 1 0 0 

Write 0 1 0 

Serial Data Out 1 1 0 

Serial Address In 0 0 1 

Serial Data In 1 0 1 

Read 0 1 1 

Standby 0 0 0 

ABSOLUTE MAXIMUM RATINGS 
Voltage on Any Pin 
Relative to Vss . ................... +8 to -0.5V 
Storage Temperature (Without 
Data Retention) ................. -65 to +150°C 

Stress above "absolute maximum ratings" may result 
in damage to the device. Functional operation of 
devices at the "absolute maximum ratings" or above 
the recommended operational limits stipulated else­
where in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 
52801 

Symbol Parameter Min Typ. 

VCC Supply Voltage. (See NOTE 1) 4.5 5.0 

VIH Input High Voltage 2.0 

VIL Input Low Voltage -0.1 

TA Ambient Temperature 0 

NOTE 1. VCC must be applied at least 100J.LS before proper operation IS achieved. 

STATIC ELECTRICAL CHARACTERISTICS OVER 
RECOMMENDED OPERATING CONDITIONS 

Max. 

5.5 

VCC + 1 
0.8 

70 

52801 

Symbol Parameter Condition Min Typ. Max. 

liN Input Current Vin - OTO Vec 10 

ICC VCC Supply Current VCC = 5.5V 15 

VOL Output Low Voltage IOL = 1.6 mA 0.4 

VOH Output High Voltage IOH = -0.1 mA 2.4 

TS Non-Volatile Data Following Min. Erase 10 
Storage Time and Write TImings, 

NEW" 104 Cycles 

528011 
Units 

Min. Typ. Max. 

4.5 5.0 5.5 V 

2.0 Vce + 1 V 

-0.1 0.8 V 

-40 85 °c 

528011 
Units 

Min. Typ. Max. 

10 J1.A 

20 rnA 

0.4 V 

2.4 V 

10 Yr. 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

Symbol Parameter Min. 

IE Erase Time 100 

IW Write Time 10 

tCHCL Clock High Level Hold Time 4 

tCLCH Clock Low Level Hold Time 4 

tR Clock Rise Time 5 

tF Clock Fall Time 5 

tSLCH Chip Select Setup 1 

tCLSH Chip Select Hold 1 

tCHQV Data Out Delay 

tAVCL Address In Setup 1 

tDVCL Data In Setup 1 

tCLDX Data In Hold 200 

tCTRVCH Control Setup 1 

tCTRX Control Hold 50 

tCHQZ Data Off Time From Clock 

tSLQX Chip Select Low to Output Active 

tSHQZ Chip Select High to Output Inactive 

NE/W Number of Erase/Write Cycles (See NOTE 2) 

NOTE 2. The specified maximum of 104 cycles will ensure a TS min. of 10 years, 
increasing NE/W beyond 104 cycles will degrade TS rogarithmically. 

Typ. 

A.C. TEST CONDITIONS TEST LOAD CIRCUIT 

Input Timing Levels: 0.8 Volts and 2.0 Volts 
Output Timing Levels: 0.8 Volts and 2.0 Volts 
Input Rise and Fall Times (except Clock): 20 ns 
Input Pulse Levels: 0.45 Volts and 2.4 Volts 

OUTPUT UNDER 
TEST 

*100pF 

" Includes Jig Capacitance. 
AU diodes IN 3064 or equivalent. 

Max. Unit 
ms 

50 ms 

10 p.s 
p.s 

1000 ns 

1000 ns 
p.s 
p.s 

1 p.s 

!J.S 
p.s 
ns 

p's 
ns 

3 p's 
2 p.s 
2 p's 

1()4 cycles 

Vee 

2kO 



WAVEFORMS 

CLOCK CYCLE DETAIL 

CE~~, __________________ ~¥f 
I , I I '. ° I I ICLSH ~ ~SLCH I II 'I , 
I I I- CHCL -I j.-- I CLCH-----l i l1f 'N. : jt---VIH 

I :::;J i-- IR ' IF --l ~ I :::;J I-IR 
I I I. ° , ICHOV I I 'I I I ISHOZ 

ISLQX ---! I--!.- I I I --, I • 

I/O I thNVfLJo/)( DATA OUT VALID i i -t 
HI-Z I~ J ' lit HI-Z 

IDVCL i_ .1 I--- ICLDX----1 
I I I ~17 

I/O mzzOllOOVZIIX DATA IN STABLE ill! ////i 
, I 

CLK 

I 

SERIAL ADDRESS IN 

CLK 

CTR1, 
CTR2, 
CTR3 

I/O 

• I I 
tCTRVCH --1 :-- i I 

I ! IIV ______ ~~ ____ _4I-----S-E-RI-AL-A-D-D-R-ES-S-I-N-(4-C-L-OC-K-S_) ______ ~.~ 

______ ---J 

I ICTRX-j f-
rlAVCL 

ADDRESS 
BIT 3 

READ AND SERIAL DATA OUT 

ClK 

I 
tCTRVCH-;">----:ol , 

CTR1, 
CTR2, 
CTR3 

1"-----'11 
II 
II 

l----+io,H-1 - tCTRVCH 

II 
SERIAL DATA OUT (16 CLOCKS) 

52801 

r--tCHOV 
I 

I I 
tCHOZ---+j I-­

II 
I I 

, 

I/O --------Hi-z--------1 DATA BIT 0 X DATABITI ~ DATABIT15 ~--
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SERIAL DATA IN 

ClK 
I 
I 
I 

CTRl ~tCTRVCH 
g~=~: =>¢--S-E-RI-A+-~ -D"-J"A-IN-(-16-C-l-OC-K-=S--') ~ X'-___ _ 

i-J,-toVCl 

I/O >¢ DATA BIT 0 X DATA BIT 1 ~ DATA BIT 15 X 
I ~ '---

ERASE WRITE SEQUENCE 

ClK 

CTR 1 
CTR2 
CTR 3 

BLOCK ERASE 

1------tE-----o-+-----tw------..I 

/~-"\I 

~tCTRVCH : I 

I"-__ W_O_R_D ~R~~ =tX+!---WR~E __ -i-ik= 
tCTRX --l I+i I ~ I-- t;;TRX 

~ j4- tCTRVCH 

I !-o .-------" tE------1 
I' I 

BE~ ,'-----

ClK __ ~O._8V ____________________ __ 
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MECHANICAL DATA 14 Pin 

CERAMIC DEVICES 

.008-.015 -t= ~ 
ThiCk~~~~ ~ -1 

Lead 
Splay 

.290-.395 

PLASTIC DEVICES 

.008-.015 ~ ~ 
Lead-D- ~ 

Th~kness ~~~=-1 
.290-.395 

I- .660-.760 

Inn n Length of Package Pin 1 

-T 
.272-.298 
Width of Package 

Lrrrrr~-""TTTTT"""" J... 
.075-.175 

Top of Package 
.015-.075 to Standoff .120-.160 
Bottom of Package .-l Length of Lead 

+1m ww=:=-I-
Lead Centers I I HI L " ~ 
.090-.110 -j ~ ~i~~~~~~e~-H-.~ir~_.025 

All dimensions are inches. 

Pin 1 

-T 
.245-.255 

'nTTTT1IT""----nrnTTrr' IOf 
Package 

.150-.250 
Top of Package 

.015-.075 to Standoff .120-.160 
BaHam of Package I Length of Lead r ndoff .-L from Standoff 

~~~-J~L.~.!V!r~~ !:.I Lead Shoulder .012-.025 
Width 

All dimensions are Inches. 
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NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

52801 



59306 
256 Bit (16 x 16) EEPROM 

• Electrically Erasable PROM • Serial I/O and Control 
• Non-Volatile Erase and Write • Advanced SNOS N-Channel Technology 
• Self Timed Erase and Write • Compatible with COP 400 processors 
• In-System Reprogrammability • Fully TTL Compatible 
• 5 Volt Only Operation (± .10%) • Low Power Standby Mode 

The NCR 59306 is a 256 bit (16 x 16) serial access Electrically Erasable PROM (EEPROM) fabricated in the 
Silicon-Nitride-Oxide-Silicon (SNOS) process developed by NCR. The 59306 requires only a 5 volt source for all 
modes of operation. Anon-chip voltage generator produces all voltages required for programming. The Erase 
and Write operations are self-timed and after the command is initiated, the system controller is free to perform 
other functions. Additionally the ready/busy status of the erase/write operations may be polled on the serial 
data out pin (DO). Control, address, and data are input in a serial format through the serial data input pin. The 
read data is output in serial format through the serial data output pin. The NCR 59306 is available in an 8 pin 
dual-in-line package. 

01 

FUNCTIONAL 
BLOCK DIAGRAM 
vcc 

vpp 
GEN. 

vpp 256 BIT 
MEMORY ARRAY 

(16x16) 

CONTROL DECODE 
AND 

TIMING GENERATION 

t 
SK CS 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

DO 

PIN 
CONFIGURATION 

CS 

SK 2 

01 

DO 

3 

4 

vcc 
NC 

NC 

GNO 

PIN NAMES 

CS CHIP SELECT 

SK SERIAL DATA CLOCK 

01 SERIAL DATA. INPUT 
DO SERIAL DATA OUTPUT 
GND GROUND 

VCC POWER SUPPLY 

NC NO CONNECTION 

This is advance information and NCR reserves the 
right to change the specifications without notice. 
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FUNCTIONAL DESCRIPTION 
The NCR 59306 is organized as 16 words of 16 bits each. Control, address, and data are input serially through 
the serial data input pin (DI) and are latched on the rising edge of the clock (SK). Read data is output serially 
through serial data output pin (DO) propagating from the rising edge of the clock. The NCR 59306 supports four 
instructions-READ, WRITE, ERASE, and ERAL. Each instruction consists of nine (9) bits-a start bit, followed 
by four(4) operation code bits, followed by four (4) address bits. The nine bits are clocked serially into the in­
struction shift register (ISR). When the start bit reaches the end of the ISR, further shifting of data into the ISR is 
inhibited. The write and erase instructions are initiated by the falling edge of the chip select. The NCR 59306 
automatically times out the erase and write instructions during which any shifting of the ISR and Data Shift 
Register (DSR) is inhibited. The status of the time-out may be polled on the serial data out pin (DO). The ISR is 
cleared on the completion of an erase or write time-out or on the falling edge of CS after a read cycle. Both the 
ISR and DSR are cleared on power up. DO is only in the high impedance state when the chip is deselected. In 
all cycles, except when reading data, DO is driven high when the device is ready to accept another command 
or low when executing an EIW time-out. DO outputs read data after a read cycle is decoded .. Prior tp 'executing 
any of the four commands. the CS must cycle to the low state before the new instruction and address are 
loaded. 

READ 
When the start bit reaches the end of the ISR and a Read command is decoded, a read pulse is generated 
which loads 16 data bits from the selected row of the memory into the DSR in parallel. During this read pulse 
the output is driven low generating a Dummy Read Bit (ORB). On the following clock cycle, read data is serially 
shifted out propagating from the rising edge of the clock. The ISR is cleared after a read when the chip select is 
low thus preparing the chip to accept another command. 

ERASE 
A word must be erased (set to all ones) before data can be written into the memory. When an Erase command is 
clocked into the ISR, the erase is not initiated until the chip select goes low. From the falling edge of the chip 
select the 59306 times out the Erase command freeing all control of the device. However, statu!) of the device 
may be polled through the DO pin. During the erase time out, shifting of data into the device is inhibited. For an 
Erase, only the selected word is erased and all other words are left undisturbed. 

ERAL 
I 

ERAL operates in the same manner as an Erase except all words are erased {set to all ones). 

WRITE 
After a Write command is shifted into the ISR, 16 data bits must be shifted into the DSR. The Write command is 
initiated on the failing edge of the chip select and is automatically timed out on chip. The status of the write may 
be polled on the DO pin by selecting the chip. 



59306 

INSTRUCTION SET 

INSTRUCTION SB OPCODE ADDRESS DATA IN ORB DATA OUT 

ERAL 1 0010 XXXX'" 
ERASE 1 1100 A3-AO 

WRITE 1 0100 A3-AO 
READ 1 1000 A3-AO 

leX = Don't Care 

ABSOLUTE MAXIMUM RATINGS 

Voltage Relative to Ground ......... + 6V to -0.3V 
Storage Temperature 
(without data retention) .......... -65°C to 150°C 
Lead Temperature (Soldering, 10 sec.) ...... 300 oC 

TIMING DETAIL 

NA NA 1 
NA NA 1 

015-00 NA 1 

NA 0 015-00 

Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the "absolute maximum ratings" or 
above the recommended operating conditions stipu­
lated elsewhere in this specification is not implied. 

1+----- FSK ------II~ 

SK 

cs 

DI 

DO-----I 
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ELECTRICAL CHARACTERSTICS 
(O°C to 70°C, VCC = 5V ± 10%, unless otherwise specified) 

Symbol Parameter Condition Min. Typ. Max. Units 

VCC Supply Voltage 4.5 5.0 5.5 V 

ICCI Operating Current CS = 1 10 mA 
VCC = 5.5V 

ICC2 Standby Current CS = 0 5 mA 
VCC = 5.5V 

ICC3 EIW Operating Current VCC = 5.5V 12 mA 

VIL Input Low Level -0.1 O.B V 

VIH Input High Level 2.0 VCC+l V 

VOL Output Low Voltage IOL = 2.1mA 0.4 V 

VOH Output High Voltage IOH = -O.4mA 2.4 V 

liN Input Leakage Current VIN = 5.5V 10 "A 
lOUT Output Leakage Current CS = 0 10 "A 

VOUT = 5.5V 

FSK SK Frequency 0.0 250 kHz 

DSK SK Duty Cycle 25 75 % 

TCSS Select Set-up Time 0.2 ,,5 
TCSH Select Hold Time 1.0 !'8 
TDiS Data Set-up Time 0.4 ,,5 
TDIH Data Hold Time 0.4 ,,5 
TPDO Output Low Delay from Clock CL = 100pF 2.0 ,,5 

VOL = O.BV, VOH = 2.0V 

TPDl Output High Delay from Clock CL=100pF 2.0 ,,5 
VOL = O.BV, VOH = 2.0V 

TEIW EraselWrite Time 20 ms 

CAPACITANCE 
(f=1.0MHz, TA=25°C, VCC= 5.0V, VIN=OV) 

59306 593061 

Symbol Parameter Condition Min. Typ. Max. Min. Typ. Max. Unit 

CIN Input Capacitance VIN = OV 10 10 pF 

Co Output Capacitance OE = CE = VIH 12 12 pF 
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TEST LOAD CIRCUIT 

Output 

100pF'" 

6KO 

*Including Scope and Jig Capacitance 
All diodes IN914 or equivalent 

59306 

A.C. CONDITION OF TESTS 
Input Pulse Levels .......... 0.8 Volts to 2.0 Volts 

+5V Inputs Rise & Fall Times ................. 10 ns 
Output Timing Levels ....... 0.4 Volts to 2.4 Volts 

-
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TIMING DIAGRAMS 

READ 

ClK 

CS 

01 
__ .....1/ 1 

00 ---1 

WRITE 

ClK 

CS 

\'----
1 \,-_o_o __ o_~ ~r-----~­

ORB~ 
\·o~----

01 
____ ~~o __ ~ 

00 ---1 

ERASE 

ClK 

CS -.I 
01~1 
OO~ 

ERAL 

ClK 

CS J ~~. ====:C=1=~ 
01 ~-,o=-----"o--,(1\ 0 ~~ _______ ~ ____ +-_ 

00 



MECHANICAL DATA 

CERAMIC DEVICES 

.050 

PLASTIC DEVICES 

Notes: Unless otherwise specified, tolerance = .005. 
All dimensions are inches. 

8 PIN 

PIN 1 INDICAlOR 

.200 
MA'~ 

A 11.D10 
.300 ~ 

'==;T 
L.095 

--II-- .010± .0003 

PIN I 

(NOM.) 
.050R 

t ! .200 lMAX} 

.125 (MIN) 

II t (TYP) ---j - .018 ± .003 
L±·040--! 

.350 

l(NOM) 
.030 

59306 
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NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 

59306 
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59308 
1024 Bit (64x16) EEPROM 

• Electrically Erasable PROM • Fully TTL Compatible 

• Advanced SNOS N-Channel Technology • Serial I/O and Control 

• 5 Volt Only Operation • Self Timed Erase and Write 

• In-System Reprogrammability • 500 kHz Clock Rate 

• Ready/Busy Indication thru DO • low Power Standby Mode 

The NCR 59308 is a 1024 bit (64x16) serial access Electrically Erasable PROM (EEPROM) fabricated in the 
Silicon-Nitride-Oxide Silicon (SNOS) process developed by NCR. The 59308 requires only a 5 volt source for all 
modes of operation. An on-chip voltage generator produces all voltages required for programming. The Erase 
and Write operations are self-timed and after the command is initiated, the system controller is free to perform 
other functions. Additionally, the ready/busy status of the erase/write operations may be polled on the serial data 
out pin (DO). Control, address, and data are input in a serial format through the serial data input pin. The read 
data is output in a serial format through the serial data output pin. The NCR 59308 is available in an 8 pin dual­
in-line package in commercial and industrial versions. 

PIN 
CONFIGURATION 

CS 8 vce 

CLK 2 7 VM EN 

01 3 6 VM 

DO 4 5 GNO 

PIN NAMES 

CS CHIP SELECT 
ClK SERIAL DATA CLOCK 

01 SERIAL DATA INPUT 
DO SERIAL DATA OUTPUT 
GND GROUND 
VM MARGINING VOLTAGE 
VMEN MARGINING ENABLE 

VCC POWER SUPPLY 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

01 

FUNCTIONAL 
BLOCK DIAGRAM 
Vcc 

VPP 
GEN. 

1024 BIT 
MEMORY ARRAY 

(64x16) 

CONTROL DECODE 

'-----I TIMING ~~~ERATION 
~----------------~ 

t 
ClK cs 

DO 
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FUNCTIONAL DESCRIPTION 
The NCR 59308 is organized as 64 words of 16 bits each. Control, address, and data are input serially 
through the serial data input pin (01) on the rising edge of the clock (ClK). Read data is output serially 
through serial data outut pin (DO) on the rising edge of the clock. The NCR 59308 supports four instruc­
tions - Read, Write, Word Erase, and Chip Erase. Each instruction COrisists of nine (9) bits - a start bit, 
followed by two (2) operation code bits, followed by six (6) address bits. The nine bitli1 are clocked serially 
into the instruction shift register (ISA). When the start bit reaches the end of the ISR, further shifting of 
data into the ISR is inhibited, The Write and Erase instructions are initiated by the falling edge of the chip 
select. The NCR 59308 automatically times out the Erase and Write instructions during which any shifting 
of the ISR and Data Shift Register (DSR) is inhibited. The status of the time out may be polled on the serial 
data out pin (DO). When the chip select is brought high, a low state on the DO pin indicates that the chip is 
busy performing the erase or write, a high state indicates the chip is not busy and is ready to receive 
another instruction.The output is in a high impedance state only when the chip is deselected. Prior to ex­
ecuting any of the four commands,the CS must cycle to the low state before the new instruction and ad-
dress are loaded. . 

READ 
When the start bit reaches the end of the ISA and a Read command is decoded, a read pulse is generated 
which loads 16 data bits from the selected row of the memory into the DSR in parallel. During this read 
pulse the output is driven low generating a Dummy Aead Bit(DRB).On the following clock cycle, read data 
is serially shifted out propagating from the rising edge of the clock.The ISR is cleared after a read when the 
chip select is low thus preparing the chip to accept another command. 

WRITE 
After a Write command is shifted into the ISR, 16 data bits must be shifted into the DSR. The Write com­
mand is initiated on the falling edge of the chip select and is automatically timed out on chip. The status of 
the write may be polled on the DO pin by selecting the chip - a low indicates the device is busy, a high 
indicates the device is ready to accept another command. 

WORD ERASE 
A word must be erased (set to all ones) before data can be written into the memory. When a Word Erase 
command is clocked into the ISR, the erase is not initiated until the chip select goes low. From the falling 
edge of the chip select the 59308 times out the Erase command freeing all control of the device. During 
the erase time out, shifting of data into the device is inhibited. However, status of the device may be polled 
through the DO pin. When the chip select is high, a low signal on the DO pin indicates the device is 
"busy", a high signal indicates the device is "not busy" and is ready to receive another command. For a 
Word Erase, only the selected word is erased and all other words are left undisturbed. . 

CHIP ERASE 
A Chip Erase operates in the same manner as a Word Erase except all words are erased (set to all ones). 

MEMORY MARGINING 
The NCR 59308 supports margining of the memory transistors. Memory margining allows device reten­
tion time to be projected for the purpose of device evaluation. An application note describing the memory 
margining procedure is available. 
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INSTRUCTION SET 

INSTRUCTION SB OP CODE ADDRESS DATA IN DRB DATA OUT 

Chip Erase 1 00 10XXXX-l< NA NA 1 
Word Erase 1 11 A5-AO NA NA 1 
Write 1 01 A5-AO 015-00 NA 1 
Read 1 10 A5-AO NA 0 015-00 

-l<X = Don't Care 

ABSOLUTE MAXIMUM RATINGS 

Voltage Relative to Ground ......... + 6V to -0.3V Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the "absolute maximum ratings" or 
above the recommended operating conditions stipu­
lated elsewhere in this specification is not implied. 

Storage Temperature 
(without data retention) ............ -65°C to 150° 
Lead Temperature (Soldering, 10 sec.) ...... 300°C 

RECOMMENDED OPERATING CONDITIONS 
(Over full operating voltage and temperature range unless specified otherwise.) 

59308 593081 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Unit 

Vee Supply Voltage 4.5 5.0 5.5 4.5 5.0 5.5 V 

VIL Input Low Level -0.1 0.8 -0.1 0.8 V 

VIH Input High Level 2.0 Vee+ 1 2.0 Vee+ 1 V 

TA Ambient Temperature 0 70 -40 85 °e 
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OPERATING DC CHARACTERISTICS 
OVER RECOMMENDED OPERATING CONDITIONS 
(Unless otherwise noted) 

59308 

Symbol Parameter Condition Min. Typ. Max. 

liN Input Leakage 
Current 

OsVIN<VCC 10 

lOUT Output Leakage CS = 0 10 
Current OSVOUTsVCC 

ICC1 Operating CS = 1 12 
Current VCC - 5.5V 

ICC2 Standby CS = 0 5 
Current VCC = 5.5V 

ICC3 EIW Operating VCC = 5.5V 15 
Current 

VOL Output Low IOL = 2.1mA 0.4 
Voltage 

VOH Output High IOH = -O.4mA 2.4 
.. 

Voltage 

CAPACITANCE 
(f=1.0MHz, TA=25°e, Vee = 5.0V, VIN=OV) 

59308 

Symbol Parameter Condition Min. Typ. Max. 

CIN Input Capacitance All Pins At 10 

Co Output Capacitance VSS (Ground) 12 

AC CHARACTERISTICS 
(Over recommended operating conditions) 

59308 

Symbol Parameter Min. Typ. Max. 

tcHCL Clock High Time 1.0 
tCLCH Clock Low Time 1.0 
tSHCH Select Set·up Time 0.2 
tCHSL Select Hold Time 1.0 
tSLSH Select Low Time 0.5 
tDVCH Data Set·Up Time 0.4 
tCHDX Data Hold Time 0.4 
tSHOV Output Delay from Select 1.0 
tCHOV Output Delay from Clock 1.0 
tSLOZ Output Inactive from Select 1.0 
tR Clock Rise nme 0.5 
tF Clock Fall Time 0.5 
tE Erase Time 20 
tw Write Time 20 
ts Non-Volatile Data Storage 10 

NEW Number of Erase/Write Cycles 104 

593081 

Min. Typ. Max. Unit 

10 pA 

10 pA 

15 mA 

5 mA 

20 mA 

0.4 V 

2.4 V 

593081 

Min. Typ. Max. Unit 

10 pF 

12 pF 

593081 

Min. Typ. Max. Units 

1.0 p.sec. 
1.0 p.sec. 
0.2 p.sec. 
1.0 p.sec. 
0.5 p. sec. 
0.4 p. sec. 
0.4 p.sec. 

1.0 p.sec. 
1.0 p.sec. 
1.0 p.sec. 
0.5 p.sec. 
0.5 p.sec. 

20 ms 
20 ms 

10 years 
104 cycles 



TEST LOAD CIRCUIT 

Output 

100pF' 

SKU 

'Including Scope and Jig Capacitance 
All diodes IN914 or equivalent 

TIMING DETAIL 

CLK 

CS 

01 

00 --+-'1 

59308 

A.C. CONDITION OF TESTS 
Input Pulse Levels .......... 0.8 Volts to 2.0 Volts 

+5V Inputs Rise & Fall Times ................. 10 ns 
Output Timing Levels ....... 0.4 Volts to 2.4 Volts 
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TIMING DIAGRAMS 

READ 

CLK 

CS 

DI 

DO ---f 

WRITE 

CLK 

\'-----

\ 0 ~ '\Jr-------­
DRB~ 
\O~----

CSJ sw 
DI ~1 ~ 
DO ---f 

WORD ERASE 

CLK 

CS J 
01 ----! 1 

DO~ 

CHIP ERASE 

CLK 

C; J ... \. ~]':::. ==::::::::'~51=~ ~ 
DI ~....:O,--....:O:....Jf'\ 0 ~ _____ ~--' ~ 
DO 



MECHANICAL DATA 8 PIN 

CERAMIC DEVICES 

1.520 

TT 
.310 

ll~~ 

.050 

PLASTIC DEVICES L·380
-

I 
·r 'r-r-.-,,-.-rr' 

PIN 1 INDICATOR 

.200 
MAX 

PIN I 

(NOM.) 
.050 R 

A 11·010 
.300-~ 

'=;T 
L.095 

---II-- .010± .0003 

59308 

.1301-T-1 ,~~300_ j 

--I~--~+-=-------~+ ~~==~~==~ ! 1 .200 ~MAX) L (NOM) 
-'--__ .1....-_ .030 

Note: Unless otherwise specified tolerance is ± .005 
All dimensions are inches. 

.125 (MIN) 

L±·040-! 
.350 
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NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 
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52832 
32K (4Kx8) EEPROM 

• Electrically Erasable PROM 
• Advanced SNOS N-Channel Technology 

• 300 ns Access Times 
• Low Power Dissipation 
• Memory Margining 

• 5 Volt Only Operation 
• In-System Reprogrammability 

• 3-State Outputs 
• Latched Address & Data Bus 
• 28 Pin DIP With Industry 

Standard Byte-Wide Pinout 

• Optional 32 Pin LCC Available 

• Page Alterable 

The NCR 52832 is a 32K bit (4Kx8) Electrically Erasable PROM utilizing the Silicon-Nitride-Oxide-Silicon 
(SNOS) process developed by NCR. Designed for ease-of-use, the 52832 requires only a 5 volt source for all 
modes of operation. All voltages required for programming are generated internally by an on-Chip voltage 
generator, thus eliminating the need for any external high voltage supplies. The 52832 also provides on-board 
latching of addresses and data lines during non-volatile operations. The 52832 allows memory margining in or­
der to predict the data retention time. All control line inputs, as well as the address inputs and data 110's, are 
TTL compatible. This feature, combined with access times of 300 ns and a byte-wide industry standard pinout 
makes the 52832 highly compatible with existing microprocessors. Erasing the 52832 is accomplished in either 
a chip or page fashion. Writing the device can be performed either word by word or, in applications requiring 
fast system reprogramming, by a contiguous page of 16 words. The NCR 52832 is available in a 28 pin DIP in 
commercial, industrial and high reliability versions. Optionally, the NCR 52832 can be packaged in a 32 pin 
leadless chip carrier (LCC). 

PIN CONFIGURATION 
28 PIN DIP 

CNTLl VCC 

NC WE 
A7 CNTL2 

A6 A8 
5 A6 

AS A9 6 AS 

A4 A11 7 A4 

CE 
8 A3 

A3 9 A2 

A2 A10 10 A1 

cs 11 AD 
A1 12 NC 

AD D7 13 DO 

DO D6 

D1 D5 

D2 D4 

GND D3 

PIN NAMES 
AO-A11 Address Inputs WE 

00-07 Data 1/0 OE 

CNTL 1 & Control Lines NC 

~~ 
:1 
;i 
~~ 
I~ 

CNTL2 
VCC 

CS Chip Select 

32 PIN LCC 

~!:Ll,-J: :! .. J!.J! .... I 
(2j 29 A8 
!: 28 A9 
L: 27 All 

~ 26 ~ 
i_ 25 DE 
C 24 A10 
C 23 CS 
C 2207 

':-:-::::-==~~[: 21 D6 A4-All 
, .... il .. i:-,: .. ~: .. I: .. ~:~ 
................................. 1'\) 
.to.tncn....,CXlIDO 

oCJ(i)zooo 
.... I\lZOW"""U1 

o 

(Top View) 

Write Enable 

Output Enable 

No Connection 

+5 Volt ± 10% 
Supply Voltage 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

FUNCTIONAL. 
BLOCK DIAGRAM 

CNTLl CNTL2 

MEMORY 
ARRAY 
(4Kx8) 

00-07 

AQ-A3 
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DEVICE OPERATION 

READ MODE 
The 52832 is read like a conventional static RAM. Valid data is available on the output pins when a valid 
address is provided and CS and OE are brought low. If the address lines change while CS and OE are 
maintained low, valid data will be available after a delay of tACC. 

CHIP ERASE MODE 
Chip erase is accomplished by holding CNTL 1 high and CNTL2 low followed by bringing CS and OE low. 
During chip erase all data and address lines are "don't care". An erased state corresponds to a logical 
"0", 

PAGE ERASE MODE 
Page (16 bytes) erase is accomplished in a manner similar to chip erase except that OE is held high and 
WE is brought low, and a page address (A4-A11) must be provided. As in chip erase, the data lines are 
"don't care" and the erased state corresponds to a logical "0". 

LOAD DATA MODE 
During the load data mode, data is loaded into 16, 8 bit internal latches. In this mode, data is loaded much. 
the same way as. it is for a SRAM. Both CNTL lines are held low while "clocking" CS and WE. Addresses 
and data must be valid while CS and WEare low. The load data mode must be followed by a write mode to 
prevent losing the data that has been loaded in. Data may.be loaded and then written 1 to 16 bytes at a 
time. 

WRITE MODE 
Data can be written into non-volatile cells by holding CNTL2 high and maintaining CNTL 1 low while CS 
and WE are brought low. Data and address lines are "don't care" during a write cycle. A written state cor­
responds to a logical "1". 

MEMORY MARGINING 
The NCR 52832 supports margining of the memory transistors. Memory margining allows device retention 
time to be projected for the purpose of device evaluation. An application note describing the memory 
margining algorithm is available. 

MODE SELECTION 

MODE OE WE CNTL1 CNTL2 CS 

Standby X X H H H 

Read L H H H L 

Chip Erase L H H L L 

Page Erase H L H L L 

Load Data H L L L L 

Write H L L H L 



ABSOLUTE MAXIMUM RATINGS 
Voltage On Any Pin With 
Respect to GND .................. -0.5 to + 7V 
Voltage on CNTL 1 and CNTL2 
(During Memory Margining Only) ..... -6V to + 22V 
Storage Temperature ............ -65°C to 150°C 

52832 

Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the "absolute maximum ratings" or 
above the recommended operational limits stipu­
lated elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

52832 528321 52832HR 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

VCC Supply Voltage 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 V 

VIH Input High-Level Voltage 2 VCC+ 1 2 VCC+ 1 2 VCC+ 1 V 

VIL Input Low-Level Voltage -0.3 0.8 -0.3 0.8 -0.3 0.8 V 

TA Ambient Temperature 0 70 -40 85 -55 125 ·C 

STATIC ELECTRICAL CHARACTERISTICS OVER 
RECOMMENDED OPERATING CONDITIONS (Unless Otherwise Noted) 

52832 528321 52832HR 

Symbol Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Unit 

liN Input Leakage VIN = OV to 5.5V 10 10 10 ~ 
Current 

10 1/0 Leakage CS = VIH 10 10 10 ~ 
Current Vo = OV to 5.5V 

ICC Supply Current Outputs Open, 
CS = VIL 60 60 60 mA 
CS = VIH 30 30 ·30 rnA 

VOH Output High-Level 10H = -400~ 2.4 2.4 2.4 V 
Voltage 

VOL Output Low-Level 10L = 2.1mA 0.4 0.4 0.4 V 
Voltage 

TS Non-Volatile Data Following Minimum 10 10 10 Yr 
Storage EraselWrite Condo 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

READ CYCLE 

52832 528321 52832HR 

Symbol Paramater Min Typ Max Min Typ Max Min Typ Max Unit 

tACC Address Access Time 300 .450 450 ns 

tcs Chip Select Access Time 300 450 450 ns 

tOE Output Enable Access Time 150 150 150 ns 

toz Output Enable Or Chip Select 90 115 115 ns 
to Output High Impedance 

tsc Control Setup Time 
• After Erase or Write 50 50 50 p,S 
• After load or Read 500 500 500 ns 

tCH Control Hold Time 0 0 0 ns 

ERASE/LOAD/WRITE CYCLE 

52832 528321 52832HR 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

tE Erase Time 100 200 100 200 100 200 ms 

tw Writenme 10 20 10 20 10 20 ms 

tsc Control Setup Time 
• After Erase or Write 50 50 50 p's 

• After load or Read 500 500 500 ns 

tcss Chip Select Setup Time 0 0 0 ns 

tCSH Chip Select Hold Time - 0 0 0 ns 

tAS Address or Data Setup Time 0 0 0 ns 

tAH Address or Data Hold Time 0 0 0 ns 

tOEl Output Enable Pulse Width 200 200 200 ns 

tWEl Write Enable Pulse Width 200 200 200 ns 

tWEH Write Enable Recovery Time 100 100 100 ns 

tow Data to Write Time Overlap 200 200 200 ns 

tDH Data Hold Time 0 0 0 ns 

NEIW Number of EraselWrite Cycles 104 104 104 Cycles 

A. C. CONDITIONS OF TESTS TEST LOAD CIRCUIT 
Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Input Rise & Fall Times ................... 10 ns +5V 
Input & Output Timing Levels .. 0.8 Volts to 2.0 Volts 

I.BKO 

Includes Jig Capacitance 
All Diodes IN3064 or Equivalent 



READ MODE 

- r--ICH 

CNTL1 0 
'\. '" '" '" '" '" '" 

CNTL2 0 
IACC "'" '" '" '" '" '" ADDRESS 

- ~ x xxxxx -
-'sci-

~ / 

{-IOE-
/ -- IOZ --

Hi-Z Hi-Z 
DATA VALID 

ICS 

CHIP ERASE MODE 

~------------IE--------------~ 

CNTL1 

CNTL2 

ICSH 

52832 
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PAGE ERASE MODE 

CNTL1 

CNTL2 

ADDRESS 

LOAD DATA MODE 

CNTL1 

CNTl2 

ADDRESS' 

DATA 

~--------------tE----------------~ 

DON'T CARE 

'cSH 

• NOTE: Provide 1 to 16 valid addresses, the last address sets the page boundary. 



52832 

WRITE MODE 

CNTL1 

CNTL2 
I------tw ------I 

ADDRESS DON'T CARE 

1--t--tCSH ____ --'-_~ foo----- tWEL --+I j",--______ _ 

DATA <XXXXX 

32 PIN LEAD LESS CHIP CARRIER 
TOP VIEW 

~EDGcE METALLIZED .450 :::j 
VIEW"N~"A" +.010 

'" -.005 

DON'T CARE XXXXX> 

BOTTOM VIEW 

.075 ± .OOB 
.035 ± .005 TYp. 

.050 ± .005 TYP 

PIN NO.1" 
INDEX '" 

~~~~~~~rm~ 
.075 ± .OOB 

.550 I I 

+ .010 ---J1--1-----+----+-tlf------,-+-E3------I:::::::I----+-·---I=:j--
-.006 I I 

lJ~ 
.009R 
TYP 

155 



156 

MECHANICAL DATA 28 PIN 

CERAMIC DEVICES 

.008-.015 ~. \ 
Lead 

Thickness ~ --1 
Lead 
Splay 

.580-.695 

PLASTIC DEVICES 

.008-.015 --t= ~ 
ThiCk~::~ ~ 

Lead _I 
SplaYI 

.580-.695 

1.370-1.430 C Length of Package 
Pin 1 

-T 
.550-.620 
Width of Package 

1rnTT~-"'TTTTT~ ~ 
.075-.175 

.015-.075 Top of Package .120-.160 
Bottom of Package to Standoff Length of Lead 
to Standoff ~ from Standoff 

+WW WW5 ~~-I ~ Le~ -11-:025 
Width 

1.-- 1.430-1.480 . 
Inn n Length of Package 

All dimensions are inches. 

Pin 1· 

-T 
.520- .560 
Width of Package 

"rTrrT~-"TTTTTTTT' ~ 
.150-.250 

.015-.075 Top of Package .120-.160 
Bottom of Package to Standoff Length of Lead 
to Standoff ~ from Standoff 

+ww ... ww~ 
Lead Centers I.~ L II ~ 
.090-.110 ~ ,I- i.~~~~i,~~~e~r- ~i~~_.025 

Width 

52832 

All dimensions are inches. 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 
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64K (8Kx8) EEPROM 

• Electrically Erasable PROM 
• Advanced SNOS N-Channel Technology 
• 300 ns Access Times 

• Low Power Dissipation 
• Memory Margining 

• 5 Volt Only Operation 
• In-System Reprogrammability 

• 3-State Outputs 
• Latched Address & Data Bus 

• 28 Pin DIP With Industry 
Standard Byte-Wide Pinout 

• Optional 32 Pin LCC Available 

• Page Alterable 

The NCR 52864 is a 64K bit (8Kx8) Electrically Erasable PROM utilizing the Silicon-Nitride-Oxide-Silicon 
(SNOS) process developed by NCR. Designed for ease-of-use, the 52864 requires only a 5 volt source for all 
modes of operation. All voltages required for programming are generated internally by an on-chip voltage 
generator, thus eliminating the need for any external high voltage supplies. The 52864 also provides on-board 
latching of addresses and data lines during non-volatile operations. The 52864 allows memory margining in or­
der to predict the data retention time. All control line inputs, as well as the address inputs and data 110's, are 
TTL compatible. This feature, combined with access times of 300 ns and a byte-wide industry standard pinout 
makes the 52864 highly compatible with existing microprocessors. Erasing the 52864 is accomplished in either 
a chip or page fashion. Writing the device can be performed either word by word or, in applications requiring 
fast system reprogramming, by a contiguous page of 16 words. The NCR 52864 is available in a 28 pin DIP in 
commercial, industrial and high reliability versions. Optionally, the NCR 52864 can be packaged in a 32 pin 
lead less chip carrier (LCC). 

PIN CONFIGURATION 
28 PIN DIP 

CNTl1 VCC 

A12 WE 
A7 CNTL2 

AB A8 
S AB 

AS A9 BAS 

A4 All 7 A4 

DE 
8 A3 

A3 9 A2 

A2 Al0 10 Al 

Cs 
11 AO 

Al 12 NC 

AO D7 13 DO 

DO DB 

Dl DS 

D2 D4 

GND D3 

PIN NAMES 
AO-A12 Address Inputs WE 

00-07 Data 1/0 OE 

CNTL 1 & Control Lines NC 

~:{ 

~ 
,:i 
f~ 

CNTL2 
VCC 

CS Chip Select 

32 PIN LCC 

"''':-::':'-::':=-1=nC-::-:-:::-''''~:2~-~ 
........................ f\l 
l>o.U1Ol-...jc»tcO 

ooQzooo 
..... I\JZOc.Jl>o.U1 

Cl 

(Top View) 

(2j 29 AS 
:- 28 A9 

(: 27 All 
r: 26 NC 
::': 25 DE 
r. 24 Al0 
::: 23 Cs 
~:-__ : 22 07 

21 DB M-A12 

Write Enable 

Output Enable 

No Connection 

+5 Volt ± 10% 
Supply Voltage 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

w 
c 
8 
w c 

~ a:: 

CNTLl CNTL2 

MEMORY 
ARRAY 
(BKxB) 

00-07 

AD-M 

This is advance information and NCR reserves the 
right to change the specifications without notice. 
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DEVICE OPERATION 

READ MODE 
The 52864 is read like a conventional static RAM. Valid data is available on the output pins when a valid 
address is provided and CS and 'OE are brought low. If the address lines change while CS and OE are 
maintained low, valid data will be available after a delay of tACC' 

CHIP ERASE MODE 
Chip erase is accomplished by holding CNTL 1 high and CNTL2 low followed by bringing CS and OE low. 
During chip erase all data and address lines are "don't care". An erased state corresponds to a logical 

PAGE ERASE MODE 
Page (16 bytes) erase is accomplished in a manner similar to chip erase except that OE is held high and 
WE is brought low, and a page address (A4-A12) must be provided.As in chip erase, the data lines are 
"don't care" and the erased state corresponds to a logical "'0". 

LOAD DATA MODE 
During the load data mode, data is loaded into 16, 8 bit internal latches. In this mode, data is loaded much 
the same way as it is for a SRAM. Both CNTL lines are held low while "clocking" CS and WE. Addresses 
and data must be valid while CS and WE are low. The load data mode must be followed by a write mode to 
prevent losing the data that has been loaded in. Data may be loaded and then written 1 to 16 bytes at a 
time. 

WRITE MODE 
Data can be written into non-volatile cells by holding CNTL2 high and maintaining CNTL 1 low while CS 
and WE are brought low. Data and address lines are "don't care" during a write cycle. A written state cor-
respqnds to a logical "1". . 

MEMORY MARGINING 
The NCR 52864 supports margining of the memory transistors. Memory margining allows device retention 
time to be projected for the purpose of device evaluation. An application note describing the memory 
margining algorithm is available. 

MODE SELECTION 

MODE OE WE CNTL1 CNTL2 CS 

Standby X X H H H 

Read L H H H L 

Chip Erase L H H L L 

Page Erase H L H L L 

Load Data H L L L L 

Write H L L H L 



ABSOLUTE MAXIMUM RATINGS 
Voltage On Any Pin With 
Respect to GND .................. -0.5 to + 7V 
Voltage on CNTL 1 and CNTL2 
(During Memory Margining Only) ..... -6V to + 22V 
Storage Temperature ............ -65°C to 150°C 

52864 

Stresses above "absolute maximum ratings" may 
result in damage to the device. Functional operation 
of devices at the "absolute maximum ratings" or 
above the recommended operational limits stipu­
lated elsewhere in this specification is not implied. 

RECOMMENDED OPERATING CONDITIONS 

52864 528641 52864HR 

Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit 

VCC Supply Voltage 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 V 

VIH Input High-Level Voltage 2 VCC+l 2 VCC+ 1 2 VCC+ 1 V 

VIL Input Low-Level Voltage -0.3 0.8 -0.3 0.8 -0.3 0.8 V 

TA Ambient Temperature 0 70 -40 85 -55 125 °c 

STATIC ELECTRICAL CHARACTERISTICS OVER 
RECOMMENDED OPERATING CONDITIONS (Unless Otherwise Noted) 

52864 528641 52864HR 

Symbol Parameter Conditions Min Typ Max Min Typ Max Min Typ Max Unit 

liN I nput Leakage VIN = OV to 5.5V 10 10 10- ,.A 
Current 

10 1/0 Leakage CS = VIH 10 10 10 ,.A 
Current Vo = OV to 5.5V 

ICC Supply Current Outputs Open, 
CS = VIL 60 60 60 mA 
CS = VIH 30 30 30 mA 

VOH Output High-Level 10H = -400"A 2.4 2.4 2.4 V 
Voltage 

VOL Output Low-Level 10L = 2.1mA 0.4 0.4 0.4 V 
Voltage 

TS Non-Volatile Data Following Minimum 10 10 10 Yr 
Storage EraselWrite Condo 
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

READ CYCLE 

52864 

Symbol Parameter Min Typ 

tACC Address Access Time 

tcs Chip Select Access Time 

tOE Output Enable Access Time 

toz Output Enable Or Chip Select 
to Output High Impedance 

tsc Control Setup Time 
• After Erase or Write 50 
• After Load or Read 500 

tCH Control Hold Time 0 

ERASE/LOADIWRITE CYCLE 

52864 

Symbol Parameter Min Typ 

tE Erase Time 100 

tw Write Time 10 

tsc Control Setup Time 
• .After Erase or Write 50 
• After Load or Read 500 

tcss Chip Select Setup Time 0 

tCSH Chip Select Hold Time 0 

tAS Address or Data Setup Time 0 

tAH Address or Data Hold Time 0 

tOEL Output Enable Pulse Width 200 

tWEL Write Enable Pulse Width 200 

tWEH Write Enable Recovery Time 100 

tow Data to Write Time Overlap 200 

tDH Data Hold Time 0 

NEIW Number of EraselWrite Cycles 104 

A. C. CONDITIONS OF TESTS 
Input Pulse Levels ........... 0.8 Volts to 2.0 Volts 
Input Rise & Fall Times ................•.. 10 ns 
Input & Output Timing Levels .. 0.8 Volts to 2.0 Volts 

Max 

300 

300 

150 

90 

Max 

200 

20 

528641 52864HR 

Min Typ Max Min Typ Max 

450 450 

450 450 

150 150 

115 115 

50 50 
500 500 

0 0 

528641 52864HR 

Min Typ Max Min Typ Max 

100 200 100 200 

10 20 10 20 

50 50 
500 500 

0 0 

0 0 

0 0 

0 0 

200 200 

200 200 

100 100 

200 200 

0 0 

104 104 

TEST LOAD CIRCUIT 

Output 
Under 
Test 

SKO 

"'Includes Jig Capacitance 
All Diodes IN3064 or Equivalent 

+5V 

I.SKO 

Unit 

ns 

ns 

ns 

ns 

p's 

ns 

ns 

Unit 

ms 

ms 

I's 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Cycles 



READ MODE 

CNTL1 

CNTL2 

ADDRESS 

CS 

OE 

DATA 

CHIP ERASE MODE 

CNTL1 

CNTL2 

52864 

IACC 

IOE 

Hi-Z Hi-Z 
VALID 

ICS 

~--------------IE----------------~ 

ICSH 

IOEL 
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PAGE ERASE MODE 

CNTL1 

CNTL2 

ADDRESS 

LOAD DATA MODE 

CNTL1 

CNTL2 

ADDRESS'" 

DATA 

~--------------IE--------------~~ 

DON'T CARE 

tcSH 

tc NOTE: Provide 1 10 16 valid addresses, the last address sets the page boundary. 



WRITE MODE 

CNTLl 

CNTL2 

ADDRESS 

DATA 

i-------tw ------I 

DON'T CARE 

1--r-tCSH 
------1 r-o---- tWEL--+I ..10=----------

<XXXXX DON'T CARE XXXXX> 

32 PIN LEAD LESS CHIP CARRIER 
TOP VIEW BOTTOM VIEW 

~EDG:= A50~ .035 ± .005 TYp. 

PIN NO.1 

52864 

.075 ± .008 

VIEW"A'~l_ +-:g6~ ~I INDEX 
.-J~~~~~~m-~ 

.075 ± .008 

~ +' , + .010 -11--1----- ----t--It-----t-EI-----t::::T---+-----t=t-
-.006 , 
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MECHANICAL DATA 28 PIN 

CERAMIC DEVICES 

.008-.015 --t= ~ 
Lead 

Thickness ~ -1 
Lead 
Splay 

.580-.695 

PLASTIC DEVICES 

.008-.015 --t= ~ 
Lead 

Thickness ~ 
Lead J 
splaYI 

.580-.695 

I- 1.370-1.430 
Inn n Length of Package Pin' 

Width of Package 

'rrrrr~-TTTTnrn-'~ 
.075-.175 

.015-.075 Top of Package .120-.160 
Bottom of Package to Standoff Length of Lead 
to Standoff ~ from Standoff 

+vm mE L~g:1~ro-l~ I-l.030-.070 ~I-~:, 
Lead Shoulder .012-.025 
Width 

I- 1.430-1.480 
Inn n Length of Package 

All dimensions are inches. 

Pin 1 

eT 
.520-.560 
Width of Package 

'nTn-rn----"..,.-rrnT' ~ 
.150-.250 

.015-.075 Top of Package .120-.160 
Bottom of Package 10 Standoff Lenglh of Lead 
10 Siandoff .-l... from Standoff 

+vm mE ~~-I ~ l=-.!?!. -I1-~025 

52864 

All dimensions are inches. 

NCR Microelectronics Division 
8181 Byers Road 
Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

513/866-7217 Ohio or International 
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SNOS Non-Volatile Memory Reliability 

NCR Microelectronics 
NCR established its first microelectronics laboratory 
in 1963 to stay abreast of the emerging semiconduc­
tor technology. In 1971, the first microelectronics facil­
ity was established in Miamisburg, Ohio to 
manufacture P-channel MOS integrated circuits. In 
1973, NCR produced the world's first 4K bit 
Electrically-Alterable Read Only Memory (EAROM), a 
non-volatile component using P-channel, Metal­
Nitride-Oxide-Semiconductor (MNOS) technology. 
Further development efforts resulted in several 1 K to 
16K bit EAROM, Word-Alterable Read Only Memory 
(WAROM), and Non-Volatile Random Access Memory 
(NVRAM) components. These components provided a 
competitive advantage to our computer systems and 
terminal product lines. 

To meet internal demand, the microelectronics 
operation was expanded with the addition of a second 
facility in Colorado Springs, Colorado in 1975 and a 
third facility in Fort Collins, Colorado in 1979. 

Recognizing the need for high-performance non­
volatile memory arrays, NCR developed the Silicon 
Nitride Oxide Silicon (SNOS) process which utilizes 
the N-channel, silicon gate, double level polysilicon 
technology. The development of this process led to 
the introduction of the NCR 4485 4K NVRAM in early 
1981. 

Backed with the strength and discipline gained in 
over 10 years of intern,al supply, NCR entered the 
merchant semiconductor market in mid-1981, and has 
established itself as a leading supplier of semiconduc­
tor devices, especially non-volatile products. 

NCR now offers a family of 5-Volt only, SNOS proc­
essed Electrically Erasable Programmable Read Only 
Memory (EEPROM) and NVRAM components. Our fu­
ture strategy is to maintain and strengthen our leader­
ship position in non-volatile memories by providing 
new and innovative products of the highest quality to 
the market place while providing superior customer 
services. 

NCR Quality and Reliability 
Assurance Program 
The NCR commitment to quality, reliability, and cus­
tomer support is an integral part of corporate philoso­
phy and policy, originating from, and emphasized by, 
the highest levels of NCR management. 

The NCR Corporate Quality policy states the follow-
ing: 

The NCR Corporation is dedicated to providing 
products and services which are of superior qual­
ity and reliability. 
Implicit in the NCR Quality Policy is the identifica­
tion and establishment of realistic and appropriate 
product specifications consistent with the in­
tended use of the product, and a commitment to 
meet them. 
In order to enhance its quality leadership position 
NCR fosters the habit of continuous quality im­
provement. 

Consistent and diligent implementation of these 
doctrines ensures that our products and services 
offer value which is superior to that of our competi­
tion. 



The NCR commitment is embodied in a compre­
hensive quality program which emphasizes superior 
product quality and reliability and excellent customer 
support. 

The NCR Quality and Reliability program includes: 
• A Quality Program Structured According to 

MIL-Q-9858A 
The NCR Quality program is a very comprehen­
sive and extensively documented program that is 
structured to meet the intent of military quality re­
quirements standard MIL-Q-9858A. This pro­
gram assures quality throughout the production 

MULTIPLE LOT 
SAMPLE SELECTION 

I I I 
I 

I 
CHARAC· PRESSURE THERMAL THERMAL 

phases; for example, design, development, proc­
essing, assembly, inspection, test, maintenance, 
packaging, shipping, and storage. It provides for 
the prevention and ready detection of discrepan­
cies and for timely and positive corrective action. 

• A Comprehensive Design Acceptance 
Evaluation 
Prior to the release of a new component, NCR 
Quality Assurance completes a comprehensive 
design acceptance evaluation to ensure con­
formance of the component to its specification, 
and to the quality and reliability goals. 

I I I I 
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I 
MARKING 

DURABILITY 

LEAD 
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\ 
ENDURANCE ENDURANCE 
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• Stringent Process/Assembly Controls 
Process and assembly controls are used exten­
sively to bUild-in quality and reliability of the 
finished products. These stringent controls are 
evident in the SNOS wafer processing and pack­
age assembly flows. To name a few examples of 
these controls: 

RAW 
WAFER 

WAFER-LOT 
INSPECTION 

FIRST OXIDE 
AND NITRIDE 

PROCESS AOI CONTROL 
INSPECTION AEI 

ISOLATION BURIED CONTAC 
DEFINITION DEFINITION 

(MASK & ETCH) (MASK & ETCH) 

ADI 
AEI ADI 

ISOLATION 
AEI 

DEPOSITION POLY I 
AND DRIVE·IN DEPOSITION 

PROCESS 
AND 

CONTROL 
IMPLANT 

INSPECTION PROCESS 

ACTIVE CONTROL 
POLY I INSPECTION 

DEFINITION ADI DEFINITION 
(MASK & ETCH AEI (MASK & 

DEFECT ETCH) ADI 
DENSITY AEI 

FIELD 
INSPECTION DEFECT 

IMPLANT DENSITY 
INSPECTION 

LINE WIDTH 

FIELD 
MEASUREMENT 
INSPECTION PROCESS 

OXIDATION CONTROL 
AND INSPECTION 
NITRIDE 
ETCH 

PROCESS 
CONTROL 

ADI INSPECTION 
AEI 

GATE LINE WIDTH 

POLY II 
DEFINITION 

Line width measurement and defect inspection 
are performed before and after etching (ADI and 
AEI) for critical mask definition steps to ensure 
that the device geometry is within the design and 
process requirements. Phosphorous concentra­
tion measurement and pin-hole count are per­
formed to ensure the silox integrity for enhanced 
moisture performance of plastic packaged 
devices. 
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PROCESS 
CONTROL 
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(MASK & ETCH) DEFINITION ADI 
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(MASK & ETCH) 
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SILOX 
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(MASK & ETCH) 

100% 
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PROFILE 

PROBE 

DEFECT 
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SNOS WAFER PROCESSING FLOW CHART 
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• Statistical In-Process Quality Control 
Statistical quality control methods are employed 
to monitor the manufacturing process through 
the use of X and R (average and range) control 
charts. 

• On-going Quality Audits 
On-going quality audits are performed through­
out the manufacturing plant, at our suppliers' 
plants, and at assembly, burn-in, and testing si­
tes. 

• Thorough Electrical Testing 
To ensure that the finished products meet our 
customers' requirements, thorough electrical 
testing is performed. In processing, capacitance­
voltage measurements are made to test for ionic 
contamination. 100% parametric profile 
measurements are made to ensure all process 
parameters such as the non-volatile characteris­
tics, thresholds, and transconductance are within 
the process acceptance limits. Testing of pack­
aged devices is accomplished in accordance 
with the standard test flow as illustrated. 100% 
Final electrical testing is performed at room tem­
perature and at high and/or low temperatures as 
required by the specification. 100% retentivity 
testing utilizing the direct memory margining 
technique and sample endurance testing are per­
formed to guarantee the non-volatile perform­
ance. 

SNOS TEST FLOW 

PACKAGED DEVICES 

FINAL ELECTRICAL 

RETENTIVITY 

OC ENDURANCE 

OC FINAL ACCEPTANCE 
(ELECTRICAL AND VISUAL) 

PACK AND SHIP 

• Aggressive Quality Control Sampling Plans, 
Zero Defects Ultimate Quality Goal 
Quality Control acceptance sampling is per­
formed on each lot to assure conformance of the 
final product to our customers' requirements. 
Very stringent sampling plans are employed at 
final acceptance. The ultimate quality goal and 
challenge is to ship defect free products to our 
customers. 

• Quality Circles and Training Programs 
Quality Circles and training programs are essen­
tial to the NCR Quality program. In addition to im­
proving the technical skills of all NCR people, 
these programs stimulate the awareness of 
"quality" and encourage the attitude that "all er­
rors and defects are preventable." 

• On-going Reliability Monitoring Program 
The objectives of an on-going Reliability Moni­
toring program are: 
-To evaluate the reliability of as-shipped prod­

ucts 
-To build a statistically large reliability data base 

for reliability prediction 
-To detect changes in product performance so 

that timely and positive corrective action can 
be taken. 

On-going Reliability Monitoring is initiated for 
each product family after the completion of the 
design acceptance process. Each week, sam­
ples are pulled from production lines for reliability 
evaluation. The evaluation includes operating 
life, package integrity, and non-volatile perform­
ance testing. When failures are generated, in­
depth failure analysiS is performed to identify the 
failure mechanisms. Results are fed back to 
Engineering and Manufacturing for positive cor­
rection action. 

• Dedicated Customer Support 
Closed Loop Communication and 
Corrective Action 
With over 10 years of experience in internal sup­
ply, NCR Microelectronics understands cus­
tomers' needs and is dedicated to providing 
customers with high quality products and serv­
ices. To achieve this, NCR Microelectronics 
works closely with customers to ensure that the 
applications are consistent with the intended use 



of the products. When encountering application 
or test correlation difficulties, NCR performs 
analysis, and recommends system modifica­
tions, or implements screening procedures or 
other corrective action to ensure "Fitness For 
Use." NCR firmly believes that such closed-loop 
communication and corrective action result in a 
better understanding of user needs and im­
proved quality and reliability. 

Electrically Erasable Programmable Read 
Only Memory (EEPROM) 
A SNOS EEPROM cell consists of two Poly I enhance­
ment transistors in series with a Poly II-Si3N4-Si02 
nonvolatile memory transistor. The illustration depicts 
both the schematic and cross-sectional view of a 
SNOS EEPROM cell. 

------
BIT LINE CONTACT EPI >cl-

ROWJ 
POLY II 

MEMORY GATE t 
POLY II -, 
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POLY I I 
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SCHEMATIC OF A SNOS EEPROM CELL 
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NOTE: NOT DRAWN TO SCALE 
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Memory operations in EEPROMs are Erase, Write 
"one", Write "zero", and Read. In the Erase and 
Write operations, data is transferred from the data 
registers to the non-volatile memory. In the Read 
operation, data is transferred from the non~volatile 

memory back to the data registers. 
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• Erase 
During an Erase operation, the MEMORY GATE 
is held at ground while the epi well is charged to 
+ 20 Volts. This produces a 20 volt differential 
across the gate dielectric of the memory transis­
tor, causing a net positive charge to be stored in 
the memory nitride, thereby making the memory 
a depletion transistor (with a negative threshold). 

• Write "One" 
To write a "one" into memory, the BIT LINE is 
forced to ground by the data register. The MEM­
ORY GATE is pulsed from ground to + 20 Volts, 
while the epiis regulated at -2.5 Volts. With the 
ROW line selected (at + 5 Volts), the surface po­
tential of the memory transistor is held to zero by 
the BIT LINE. The resulting 20 Volt differential 
between the memory gate and the silicon surface 
below it will be dropped across the memory gate 

, dielectric. This differential causes negative 
charges to replace the positive charges that were 
stored in the memory nitride, thereby making the 
memory an enhancement transistor (with a posi­
tive threshold). 

• Write "Zero" 
To write a "zero" into memory, the BIT LINE is 
held high by the data register. With both the BIT 
LINE and the ROW LINE being at +5 Volts, the 
ROW transistor turns off as the memory gate is 
pushed above + 5 Volts. The surface potential of 
the memory is now free to follow the memory 
gate voltage, resulting in the formation of a de­
pletion region in the silicon below the memory 
gate. Since the capacitance of the depletion re­
gion is much smaller than that of the memory 
dielectric, the majority of the potential (a total of 
22.5 Volts between the memory gate and the epi) 
is dropped across the depletion region instead of 
the memory dielectric. As a result, the memory 
remains in the erased state. This process in 
Which memory transistors remain erased during 
a Write operation is called "channel shielding." 

• Read Data 
During a Read operation, the MEMORY GATE is 
held at ground. If the row is selected and the 
memory transistor is erased (depletion mode), 
the memory cell will conduct and pull the BIT 
LINE low. If the memory cell is written (enhance­
ment mode), no current will conduct and the BIT 
LINE will be pulled high. 

Non-Volatile Random Access Memory 
(NVRAM) 
The schematic and cross-section of a SNOS NVRAM 
cell show that it consists of a six-element static RAM 
cell and two three-element non-volatile memory 
devices. The RAM cell consists of four poly I enhance­
ment transistors and two polysilicon load resistors. 
Each of the two nonvolatile devices consists of a non­
volatile Poly "capacitor C1, a Poly II depletion transis­
tor M1, and a Poly I depletion transistor M2. C1 a!,d 
M1 share a common Poly" gate. 

Memory operations in NVRAMs are Store and Re­
call; In tne Store operation, data is transferred from 
the static RAM cells to the non-volatile memory. In the 
Recall operation, data is transferred from the non­
volatile memory back to the static RAM cells. 

B 
VEiS 

li 

Vee 

ROW 

SCHEMATIC OF SNOS NVRAM CELL 



Store 
During a Store operation, the following sequence of 
events occurs. 

-Erase 
First, a self-timed Erase of the non-volatile capaci­
tors is performed. VE/S node is pulsed to -22 Volts 
and the substrate bias is regulated at -2.5 Volts. A 
net potential of 19.5 Volts appears across the 
memory dielectric of C1 capacitors, causing a net 
positive charge to be stored in the memory nitride, 
thereby shifting the threshold of the two C1 capa­
citor to about -6 Volts. 

-Write 
Next, VE/S node is pulsed to + 22 volts for a self­
timed Write operation. Suppose the RAM flip-flop 
was previously set such that node A is high and 
node A is low (at 0 volt). With node A set high, the 
M2 transistor on the side of node A will be off. The 
surface potential of C1 on the A side is then free to 
follow VE/S very closely. As a result, this C1 capa­
citor becomes channel shielded, and its threshold 
remains unaltered. The C1 capacitor on the node 
A side, however, will have all of the VE/S potential 
dropped across its memory dielectric, since its 
surface potential is held to zero by node A through 
the conducting M2 transistor on the A side. Conse­
quently, the threshold of the C1 capacitor on the A 
Side is shifted from the -6 Volts erased level to a 
+ 6 Volts written level. 

FIELD 
OXIDE 

MEMORY 
OXIDE 

MEMORY 
NITRIDE 

Suppose a "one" input corresponds to an 
erased C1 on the A side and a written C1 on the A 
side, then a "zero" input corresponds to the oppo­
site configuration of a written C1 on the A side and 
an erased C1 on the A side. 

Recall 
During a Recall operation, VE/S is held at 0 Volt. C1 
on the A side (with + 6 Volts threshold) is turned off, 
while C1 on the A side (with -6 Volts threshold) is 
turned on. The capacitive load provided by the nonvo­
latile memory element on the A side of the cell is 
therefore lighter than the capacitive load on the A 
side. When both nodes A and A are simultaneously 
grounded and then released, node A will charge 
faster than node A. When node A charges to the 
threshold of the grounding transistor of node A, node 
A is pulled to ground, and node A continues to charge 
to VCC. This process, grounding both sides of the cell 
and then releasing them, is how data is recalled from 
the nonvolatile memory elements and placed back 
into the RAM cell. 

Note that the data in the cell after the Recall is op­
posite to the data which was in the cell during the 
Store. Data correction circuitry in the periphery com­
pensates for this inversion, therefore, the internal data 
inversion is transparent. 
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Margining Capability 
A Means For 100% Testing Of Retentivity 
The NCR SNOS non-volatile components differ from 
other non-volatile products in the· industry in that they 
have a direct memory margining capability. This capa­
bility allows prediction of data retentivity and provides 
the means for 100% testing of SNOS components in 
manufacturing to guarantee the required retentivity. 

Margining is the process of measuring the non­
volatile memory thresholds to predict retentivity. In 
the margining mode, the memory gate is directly ac­
cessible through an external pin. This allows the 
memory gate voltage to be varied (positively for writ­
ten state and negatively for erased state) to determine 
the memory margin. 
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The charge stored in the nitride has been found to 
decay logarithmically with time. Therefore, margins 
measured at various times (after 24 hours) can be 
used to project retentivity. The fail point occurs when 
either the written state margin or the erased state 
margin becomes zero. (An application note describing 
the memory margining technique in detail is availa­
ble.) 

MEMORY MARGIN 

MARGIN FOR A WRITTEN BIT 

ov I----i~-------------""';::O ...... _::;::::oo----.... LOG TIME 

MARGIN FOR AN ERASED BIT 

MEMORY MARGINING CONCEPT 



SNOS Reliability 
The reliability of the NCR SNOS non-volatile compo­
nents is effectively evaluated through the use of the 
following tests: High Temperature Operating Life 
(HTOL), Retentivity, Endurance, Temperature Humid­
ity Bias (85°C/85%RH), Pressure Cooker, Tempera­
ture Cycle, and Thermal Shock. Retentivity and 
endurance tests are unique to non-volatile compo­
nents and must be done to ensure reliability. All others 
are standard tests for most types of integrated circuits 
and are designed to place components under severe 
conditions that accelerate die related and package re­
lated types of failures. 

Current data from both Qualification and Reliability 
Monitor evaluation are presented in the following 
paragraphs. Reliability data gathered during on-going 
Reliability Monitoring is reported quarterly and is 
available upon request. 
High Temperature Operating Life (HTOL) 
HTOL is a dynamic stress at 125°C. A maximum VCC 
voltage of + 5.5 Volts is applied to the components un­
der stress. This test is performed to accelerate fail­
ures resulting from thermally activated defects. 
Failure mechanisms include die related defects which 
can occur during wafer processing and both die and 
package related defects which can occur during as­
sembly. 

HTOL Test Results 

70'C Fail Rate 

Part 12S'C 70'C (FITs) 

Type Device Test Hrs Equivalent 60% Confidence 

Hrs. Level 

NCR 52212 6.4BE5 6.B7E7 105 

NCR 52210 7.07E4 7.49E6 120 

NCR 52801 7.S5E5 B.llE7 155 

Combined l.4BES 1.57E8 120 

Since temperature is the primary stress mechanism 
for this test, the Arrhenius Equation which relates 
reaction rate to temperature is used to model the ac­
celeration between temperatures of interest. For this 
analysis, 1.0eV is used for the activation energy 
value. Based upon these assumptions and Chi­
squared statistics, the 70°C combined failure rate at a 
60% confidence level demonstrated for SNOS proc­
essed devices is 120 Fits. (1 Fit is equivalent to 1 fail­
ure per 10· device hours.) 

Of the few failures observed during life testing, the 
predominant failure mode was nitride breakdown due 
to random nitride defects. Analysis showed that these 
life test failures were of the same type as the endur­
ance (erase/write cycling) failures. Their failing symp­
toms indicated that they resulted from the erase/write 
stress which occurred during functional verification (at 
periodic intervals during life testing) rather than the 
life test stress itself. When these failures were de­
tected, processing and screening enhancements 
were employed. The effectiveness of these enhance­
ments has been supported by recent life test data 
which shows a significant reduction of these kinds of 
defects. 

(A discussion of nitride failures is included in the 
section under Endurance.) 
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Retentivity 
The retentivity of a device is the length of time data 
can be retained in its memory before reprogramming 
is required. 

The direct memory margining capability of all NCR 
SNOS non-volatile components allows accurate pre­
diction of retentivity. It provides the means for 100% 
testing of NCR SNOS non-volatile components to 
guarantee their retentivity performance: 

Test conditions used in the retentivity evaluation are 
at or exceed worst case specification conditions: max­
imum endurance stress of the entire memory, and 
maximum temperature biased or unbiased storage. 

Retentivity Test Results: 

Number Test 

Tested Condition 

Typical NVRAM 98 70·C unbiased bake 

2E4 EIW 

102 70·C unbiased bake 

1E4 EIW 

44 Biased at 70·C 

1E4 EIW 

Typical EEPROM 20 125·C unbiased bake 

1E4 EIW 
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The non-volatile memory is margined at regular inter­
vals for projection of data retention time. 

Data summarized below, and expressed in histo­
gramsin the following pages, shows the retentivity 
performance of the samples randomly pulled for the 
on-going Reliability Monitor. This data is typical of 
NVRAMs and EEPROMs. As shown by the data,. all 
components tested exceed the retentivity requirement 
of their specification . 
. The specified maximum 10' erase/write cycles will 

conservatively ensure a minimum data retentivity of 1 
year for NVRAMs and 10 years for EEPROMs. If the 
number of erase/write cycles exceeds 10', some deg­
radation in retentivity can be expected. 

Retentivity: 

Worst Case Median Spec. Requirements 

7yrs. 500 yrs. 

15 yrs. 500 yrs~ 1 yr. at 70·C 

1E4 EIW 

?2 yrs. 500 yrs. 

500 yrs. 1500yrs. 10 yrs. at 70·C for 

commercial product. 10 yrs. 

at 105·C for automotive. 

1E4 EIW for all. 
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180. 

NO. DEVICES NO. DEVICES VS. RETENTIVITY IN YEARS 
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Endurance 
Endurance (erase/write cycling) capability is the 
measurement of the maximum number of erase/write 
cycles or programming operations that may be per-
formed before component failure occurs. . 

In the evaluation, the entire memory is erase/write 
cycled with VCC at its maximum voltage of + 5.5 
volts. 

In the accompanying illustration, the typical endur­
ance performance of SNOS non-volatile components 
is presented with the instantaneous % fail/1000 cy­
cles plotted against the total number of erase/write cy­
cles. Data shows that the instantaneous failure rate 
decreases at increased numbers of erase/write cycles 
over the specified range of 10". As mentioned pre­
viously, the major cause of failure has been found to 
be nitride breakdown due to random defects. Failures 
caused by nitride breakdown are catastrophic as ex­
hibited by the inability to change data. 

Endurance failure is the most common failure mode 
for all non-volatile components in the industry. How­
ever, with processing and screening enhancements in 
place, the endurance failure rate of NCR SNOS non­
volatile components has been reduced to the low 
levels shown in the endurance performance plot be­
low. As we continue to refine our processing tech­
niques, it is anticipated that the failure rate can be 
reduced to even lower levels. 

INSTANTANEOUS % FAIL VS. NO EIW CYCLES 

INSTAN % FAIUl K CYCLES 
2.S 

NO. DE~ICES TEJTED: 710 I 
STRESS VOLTAGE: VCC = +S.SV 
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1.0 
~ , 

' ... f'... 
............ 
~ 

O.S 

lK 2K 3K 4K SK 6K 7K 8K 9K 10K 
SPEC. 

NO. EIW CYCLES REQUIREMENT 

NCR 52212 ERASElWRITE CYCLING PERFORMANCE 
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Temperature Humidity Bias . 
This test evaulates the moisture performance of plas­
tic components by accelerating the moisture induced 
corrosion of metallization. Test samples are biased at 
+ 5.0Volts in the static HTRB configuration in a 85°CI 
85°% relative humidity chamber. 

The test results summarized below show that the 
controls employed in manufacturing for glassivation 
integrity (phosphorous concentration and pin-hole 
monitors) and plastic packaging are very effective. 
85°C/85%RH Test Results: 

Part Package 
Type Type 

NCR 52212110 18 Pin Plastic 

NCR 52801 14 Pin Plastic 

Combined 
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Pressure Cooker 
This test evaluates the moisture performance of plas­
tic components by using a combination of tempera­
ture, humidity, and pressure to accelerate moisture 
ingress along the lead-frame-molding-compound-in­
terface path. Test samples are "tored without bias at 
121°C and 1 atmospheric (gauge) pressure. 

As in the case of Temperature Humidity Bias, the 
Pressure Cooker test results indicate good moisture 
performance of the. NCR plastic components. 
Pressure Cooker 'ntst Results: 

Part 

Type 

NCR 52801 

NCR 52212 

Combined 

Package 

Type 

14 Pin Plastic 

18 Pin Plastic 

Number 

1iIsted 

239 

136 

375 

24Hrs 

0/104 

0/29 

0/48 

0/110 

0/45 

0/336 

Results: No. Failed 

24Hrs 120 Hrs 336 Hrs 1000 Hrs 

0 0 0 0 

0 0 0 0 

0 0 0 0 

Results: No. Failed/No. 1I!sted 

48Hrs 96Hrs 144 Hrs 192 Hrs 

0/104 0/104 0/104 01104 
0/29 0/29 0/29 

0/48 1/48 

0/45 0/45 1/45 

0/226 1/226 1/178 0/104 



Temperature Cycle 
This test is performed to accelerate the effects of ther­
mal expansion mismatch among the different compo­
nents within a specific packaging system. Test 
samples are temperature cycled from -65°C to 
+ 150°C, air to air, using MIL STD 883C, Method 
1010.5, Condition C. 
Temperature Cycle Test Results: 

Part Results: No. Failed/No. Tested 

Type 10 Cycles 100 Cycles 1000 Cycles 

NCR 52212 0/312 0/77 

NCR 52210 0/81 

NCR 52801 0/184 0/107 0/77 

Thermal Shock 
The objective of Thermal Shock is the same as that for 
Temperature Cycle. The differences between the two 
tests are that the temperature change is more sudden 
and that the thermal conductivity of the media used is 

. higher in Thermal Shock. Test samples are trans­
ferred from one liquid medium at -65°C to another liq­
uid medium at + 150°C, using MIL-STD-883C, 
Method 1011.4, Condition C. 

Thermal Shock Test Results: 

Part Results: No. Falled/No. Tested 
Type 20 Cycles 100 Cycles 

NCR 52212 
NCR 52210 
NCR 52801 

0/234 
0/81 
0/77 0/77 

Summary 
NCR Microelectronics manufactures high quality and 
reliable non-volatile components. Stringent processl 
assembly controls and thorough testing are employed 
to assure quality and to build-in reliability. Attention to 
detail is emphasized throughout the manufacturing 
process, from the inspection of incoming materials to 
the thorough testing of final products. Most important 
of all, NCR works closely with users to ensure fitness 
for use through closed-loop corrective action. Total 
commitment to quality, reliability, and customer sup­
port is the philosophy of all NCR people. 
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Microprocessor Interface to the NCR Bytewide EEPROMS 

INTRODUCTION 
The NCR 52832 and 52864 five volt only, Electrically 
Erasable PROMS (EEPROMS) are used in applica­
tions where occasional in-system programmability 
and long term data retention without power (non­
volatility) are required. Some of these applications in­
clude storage of programmable character fonts in 
intelligent terminals, storage of data or firmware in re­
mote systems that require periodic updating, user 
programmable video games, and RAM backup. 

SEMICONDUCTOR TECHNOLOGY 
NCR's Silicon-Nitride-Oxide-Silicon (SNOS) process 
allows for an infinite number of reads while achieving 
access times of less than 300ns. Also, the 528NN 
family boasts 10 year data retention and 10' erase! 
write cycles. Finally, the N channel process supports 
5V only operation and is directly compatible with 
NMOS and TTL signal levels. 

The SNOS memory cell stores data by trapping 
charge in the oxide-nitride gate dielectric. On-chip 
charge pumps generate the high voltage write and 
erase signals that rapidly inject and remove the 
charge necessary for long term data storage. 

DEVICE DESCRIPTION 
Mechanical 
The 528NN family is compatible with the 28 pin 
JEDEC standard for bytewide memory products. 
Therefore, a 28 pin socket could easily be configured 
to accept the 52832, 52864 or any of the many other 
ROMs and RAMs conforming to the industry stand­
ard. Along with the commercial version, the 52832 
and 52864 are available in industrial and military ver­
sions with no degradation in data retention. 

Operation 
The five functional modes of the 528NN family are 
described below. Table 1 summarizes the role of each 
control signal for each mode. 

Table 1 

Mode 

STANDBY 

READ 

CHIP ERASE 

PAGE ERASE 

LOAD DATA 

WRITE 

'x = don't care 
L = vlL 
H = VIH 

Read Mode 
The 52832 is read like a conventional static RAM. Va­
lid data is available on the outp~ins when a valid 
address is provided and CS and OE are brou9!!!.low. 
If the address lines change while CS and OE are 
maintained low, valid data will be available after a de­
lay of tACC. 

Chip Erase Mode 
Chip erase is accomplished by holdl!![ CNTL 1 high 
and CNTL2 low followed by bringing CS and OE low. 
During chip erase all data and address lines are 
"don't care". An erased state corresponds to a logical 
"0". 

P~ge Erase Mode 
Page (16 bytes) erase is accomplished in a manner 
similar to chip erase except that OE is held high and 
WE is brought low, and a page address (A4-A12) must 
be provided. As in chip erase, the data lines are 
"don't care" and the erased state corresponds to a 
logical "0". 

Load Data Mode 
During the load data mode, data is loaded into 16, 8-
bit internal latches. In this mode, data is loaded much 
the same way as it is for a SRAM. Both CNTL lines are 
held low while "clocking" CS and WE. Addresses and 
data must be valid while CS and WE are low. The load 
data mode must be followed by a write mode to pre­
vent losing the data that has been loaded in. Data 
may be loaded and then written 1 to 16 bytes at a 
time. The A4-A12 address bits of the last byte loaded 
is the address the EEPROM latches as the page ad­
dress. It is not necessary that the data bytes within a 
page be loaded in order of their addresses (e.g., AO­
A3 are valid for each byte). 

Write Mode 
Data can be written into non-volatile cells by hold!!!.9. 
CNTL2 high and maintaining CNTL 1 low while CS 
and WE are brought low. Data and address lines are 
"don't care" during a write cycle. 

OE WE CNTL1 CNTL2 CS 

X' X H H H 

L H H H L 

L H H L L 

H L H L L 

H L L L L 

H L L H L 



APPLICATION 
Figures 1 and 2 illustrate typical microprocessor inter­
faces to the 528NN family. The straightforward inter­
face to the 8085 seen in Figure 1 is generally 
applicable to the Z80, NSC800, 8088, and 8086 family 
of microprocessors. Similarly, figure 2 shows a stand­
ard interface to the 6502 which is also useful in inter­
facing the 528NN family to the 6500, 6802, and 6809 
processors. 

In many systems, it is essential that the critical in­
puts to non-volatile memories be held inactive during 
power supply ramp-up and ramp-down to avoid inad­
vertent writes and erases to the memory cells. Figures 
1, 2 and 3 incorporate effective and inexpensive cir­
cuits assuring that the CNTL lines of the 528NN family 
are held high during power supply transition. In fig­
ures 1 and 2, the 74HCT374 octal flip-flop has the 

I--
Al3-A15 

101M 

. fA 12 FOR 52864) 

A8·All 

ALE 

8085AH-2¥ 

AOo-A07 

RD 
WE 

-

useful qualities of having TTL compatible inputs along 
with outputs that will remain tri-stated down to 
VCC = 2V. Since most non-volatile memories cannot 
erase or write data at VCC < 2.5V, the active low in­
puts critical to the data storage functions are pulled 
high when the power supply is between apJ:lroximately 
4.4V and 2.5V. The circuit controlling the OE input to 
the 74HCT374 assures that its outputs are tri-stated 
when 2.0V < VCC < 4.4V by turning the transistor off 
during this time and allowing OE to follow VCC. In this 
situation, the CNTL inputs of EEPROM will be logic 
high via the 1 K pull-up resistors. Of course,. when 
VCC > 4.4V the zener diode conducts and forward 
biases the transistor which pulls OE low and in turn 
enables the outputs of the 74HCT374 to follow its in­
puts. 

.. r---

y 8205 

E 9:1 
~ cs 

A12 

A8-All 
y 

'STB .. ... 

r~ 
AO-A7 Ao-A7 

52832 
OR 

52884 
AOo-A07 00-07 

V(iE 

WE 

CNTLl 

All-All 

AO-A7 

-
CS 

i~12 
---, 

IA8-
y 

All 

I .. 
lAO-A7 

THER 
28NNs 

v I 0 

... I 5 

00-07 >l00-

v OE 

07 

IWE 
I ~~~K~~. 

-E I --,.I 00-07 CNTL2 

~8205~ TLl 
IfN 

~ CK CN 

v 00 74liCl ---=- ." +5 374 -

3.6V~OE -
2N3904 -

470 ~f--

T~-.J 

¥ CLK = 5MHz for Commercial 528NN ~ 

= 4MHz for Industrial and Military Versions 

Figure 1. 8085 Interface to the 528NN 
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If only one 52BNN is used in a system, an even less 
expensive circuit can be utilized in avoiding inadvertent 
memory writes and erases as illustrated in figure 3. At 
VCC = 5V, the power sense circuitry is isolated from the 
CNTL inputs of the 52BNN by D1 and D2. In this mode, 
the 10KO resistors are essentially in series with the 
high impedance MOS inputs and add a maximum of 
100ns to the CNTL line set-up time. When the power 
supply is in transition between 4.4 and 2.5 volts, the 
transitor is turned off and the 4700 pull-up resistor 
guarantees that a valid logic high is on the inputs of the 
52BNN regardless of the states of the MODE inputs 
from the microprocessor. 

Basically, the usual mode of operation in both de­
signs is the Read Mode. In this mode, control lines 
CNTL 1 and CNTL2 are latched in the high state by the 

AD-All 
52864 

74HCT374 and memory reads are conducted accord­
ing to the standard timing constraints of the BOB5 
and the 6502 respectively. To perform a Read on the 
52BNN, simply select the part bY...Qecoding the appro­
priate address bits and pul~ CS low, and read any 
address location by pulling OE low with the RD line. To 
avoid possible bus contention with faster memories in 
the 6502 system, RIW should be gated with the tP2 
clock (E on the 6B02 family) to generate a RD signal, 
as seen in figure 2. With access times of 300ns, the 
52BNN family can be operated without wait states at 
up to 5MHz by the BOB5AH and up to 1.B MHz by the 
6502-C. It is suggested that the CNTL lines be held 
high between Read cycles to avoid inadvertently be­
ginning an Erase or Write cycle during address transi­
tions, and to avoid having to wait the required 500ns 
CNTL line set-up time before beginning the next read 
cycle. 

AD-All 

A12 

AI3-A15 ON 
ON~----------------~--~ 

cs 
C§ 

I 
52832 OTHER I OR 

I 
528NNs 

52864 
I 

8205 1-------, 
ON 

6502-C" 

0D-07 00-07 00·07 

I 
I 

OE 5E 
I 

WE IWE 
<1>2 

I 
CNTLI I 
CNTL2 I 

CNTLl 
CNTL2 

00·07 
""-----

4HC 
374 

+5o-r--"1' 
3.6V 

Q7 

.", = 1.8 MHz for Commercial 528NN 
= 1.25 MHz for Industrial and Military Versions 

Figure 2. 6502 Interface to the 528NN 



In addition to the standard Read function, data 
storage is accomplished by the following steps: first, 
erasing a page (16 bytes) or the whole chip by per­
forming a Page Erase or Chip Erase function; second, 
loading a new page of data into the internal latches by 
performing a Load Data function; third, writing the 
new page of data into EEPROM by performing a Write 
function; and fourth, repeating steps two and three for 
each page erased. 

Outlined below are a few system timing require­
ments involved in erasing and programming the 
528NN family: 

1. After a Chip or Page Erase has begun, the CNTL 
lines must remain stable in the Chip or Page. 
Erase mode for at least 100 ms but not more 
than 200 ms. This allows adequate time for cycle 
completion. 

MODE INPUTS 
FROM"P 

3.6V 

2. After an Erase or a Write, it is necessary to wait 
at least 50/-ls after the CNTL lines change before 
beginning the next cycle. This permits time for 
the high voltages to bleed off. 

3. After a 1 to 16 byte Load Data cycle is executed, 
the CNTL lines must go directly into the Write 
Mode to avoid clearing the data buffers. 

4. If or when the control lines change states after a 
Load Data or Read cycle, it is essential to wait at 
least 500ns before initiating the next cycle, even 
if it is a Read cycle. 

5. A Write function dictates that the control lines re­
main in the write mode for at least 10ms but no 
more than 20ms after its initiation. 

Shorter erase times and write times are useful for 
storing data in applications where limited erase/write 
time is available such as in power fail situations. 
Longer erase and write times will result in longer data 
retention. 

10KIl 

52832 
or 

52864 

.r-~~ :)j---4I----t--.....,CNTL1 

~----... -----ICNTL2 

Figure 3. Low Cost power Up/Power Down Protection for One EEPROM 
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The flow chart in Figure 4 illustrates how system 
firmware can be structured according to thetiming re­
quirements for programming the 528NN family. 

Finally, Figure 5 illustrates an 8080/8085/Z801 
NSC800 program that erases a 4K block of 52832 EE­
PROM and then transfers data from a block of RAM 
into the block of EEPROM. This routine assumes the 
following: 

1. An 8085 is running at 5MHz 
2. Addresses 0 - IFFF are ROM 
3. Addresses COOO - CFFF are RAM 
4. Addresses 2000 - 2FFF are a 52832 EEPROM 

CHART COMMENTS 

o OUTPUT 10 110 
PORT CNTL 1 = H 
CNTL2=L 

o CNTL LINE 
SET-UPTIME 

o AD FOR CHIP 
ERASE. WR AND 
ADDRESS FOR PAGE 
ERASE 

o ERASE TIME 

YES 

o OUTPUT 10 110 
PORT CNTL 1 = L. 
CNTl2=L 

o CNTL LINE SET·UP 
TIME AFTER AN 
ERASE OR A WRITE 

o LOAD 1-16 BYTES 
OF VALID DATA AT 
DESIRED ADDRESSES 
WITHIN A PAGE. 

Figure 4. Flow Chart-Programming the 528NN Family 

CHART COMMENTS 

o OUTPUT 10 110 PORT 
CNTL1 =L 
CNTl2=H 

o CNTL SET-UP 
TIME 

oCSANDWR 
BEGINS CYCLE 

o WRITE CYCLE 
TIME 

o RETURN CHIP 10 THE 
READ OPERATING MODE. 
CNTL1 =H 
CNTl2=H 

o CNTL LINE 
SET·UP TIME AFTER 
AN ERASE OR A WRITE 



LOC OOJ 

1000 
1000 2100CO 
1003 110020 
1006 3EfD 
1008 D300 
100A 00 
100B 3A0020 
100E CD4CI0 
1011 OEOO 
1013 3EFC 
1015 D300 
1017 CD3BIO 

lOlA 0610 
101C 7E 

101D 12 

101E 23 

101F 13 

1020 05 
1021 C21C10 

1024 3EFE 

1026 D300 
1028 00 

1029 320020 
102C CD4210 
102F OD 
1030 C21310 

1033 3EFF 

1035 D300 
1037 CD3B10 

103A C9 

SEQ 

1 
2 BLXFER: 
3 
4 
5 
6 
7 
8 
9 

10 LDPG: 
II 
12 
13 

SOURCE STATEMENT 

ORG 1000H 
LXI H,OCOOOH 
LXI D,2000H 
MYI A,OFDH 
OUT OOH 
NOP 
LOA 2000H 
CALL ERATIM 
MYI C,OOH 
MYI A,OFCH 
OUT ~OH 
CALL SUTiM 

14 MYI B,IOH 
15 LDBYTE: /'IN A,M 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

STAX D 

I~ H 

I~ D 

DCRB 
JNZ LDBYTE 

26 ""'TPG: MYI A,OFEH 
27 
28 
29 
30 
31 
32 
33 
34 
35 

OUT OOH 
NOP 

STA 2000H 
CALL WRTlM 
DCRC 
JNZ LDPG 

36 ROM): MYI A,OFFH 
37 
38 
39 
40 
41 
42 
43 ; 

OUT OOH 
CALL SUTiM 

RET 

;LCWl RAM STARTING ADDRESS 
;LCWl EEPROM STARTI~ ADDRESS 
; SELECT S CH I P ERASE I>'ODE 

; WAI T 500NS FOR CNTL LINE SETUP 
;DllMMY READ TO START CHIP ERASE 
;WAIT lOOMS FOR ERASE COMPLETION 
;PAGE COUNT=256 PAGES 
; SELECT LQ\D DATA I>'ODE 

;WAIT 50.S CNTL LINE SETUP 
;AFTER AN ERASE OR ""'ITE 
;BYTE COUNT FOR I PAGE OF DATA 
; READ DATA FROM RAM LOCATION 
;SPECIFIED BY H-L 
;""'ITE DATA TO EEPROM LOCATION 
;SPECIFIED BY D-E 
; I NCREMENT RAM ADDRESS FOR NEXT 
; TRANSFER 
; INCREI'ENT EEPROM ADDR FOR 
;NEXT TRANSFER 
;DECREMENT BYTE COUNT 
; IF COMPLETE PAGE 15 NOT YET 
; LCWlED, GET NEXT BYTE 
; COMPLETE PAGE IS LQ\DED, 
; SELECT ""'ITE I>'ODE 

;500NS CNTL LINE SETUP 
;AFTER A LCWl CYCLE 
;DlJIoIMY WRITE TO START WRITE CYCLE 
;WAIT 10MS FOR WRITE COMPLETION 
; DECREMENT PAGE COUNT 
;LCWl NEXT PAGE UNTIL ALL 
;PAGES LQ\DED AND WRITTEN 
; SELECT READ I>'ODE AFTER CH I P 
; (ALL PAGES) I S WRITTEN 

; 50.S CNTL LINE SETUP TIME 
;AFTER A ""'ITE CYCLE 
; RETURN FROM EEPROM PROGRAM 
; ROUTINE 

44 • 
45 ;THE FOLLC1tI1~ ROUTINES ARE THE SOFTWARE TIMERS FOR 
46 ;A 511iZ 8085 

103B 3EI6 

103D 3D 
103E C23D10 
1041 C9 
1042 06BA 
1044 CD3B10 
1047 05 
1048 C24410 
104B C9 
104C OEOA 
104E CD4210 
1051 OD 
1052 C24EI0 
1055 C9 
1000 

ASSEMBLY C<»tPLETE, 

47 ; 
48 ; 
49 SUTlM: MYI A,22D 
50 
51 
52 TlMRA: 
53 
54 
55 WRTlM: 
56 TlMRB: 
57 
58 
59 
60 ERATlM: 
61 TlMRC: 
62 
63 
64 
65 

DCRA 
JNZ TlMRA 
RET 
MYI B,1860 
CALL SUTiM 
DCRB 
JNZ TlMRB 
RET 
MYI C,10D 
CALL WRTlM 
DCRC 
JNZ TlMRC 
RET 
END 1000H 

NO ERRORS 

Figure 5. 52832 Programming Routine 

;=>51.8.S TIMER FOR CNTL 
; Ll NE SETUP TlI-E AFTER AN ERASE 
lOR A ""'ITE 

; 186"54.S=>10MS ""'lTE CYCLE TIMER 
;=>52.5 DELAY 

; 10"IOMS=>100MS ERASE CYCLE TIMER 
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Non-Volatile Applications - Memory Margining 
Nibble Wide NVRAMs - 52210,52211,52212 

Introduction 
Among the many features offered by NCR in their nib­
ble wide family of NVRAM's is memory margining. 
The memory margining feature allows the user to deter­
mine the length of time that an NVRAM will retain infor­
mation stored in the EEPROM portion of the memory 
(An NVRAM is a combination of an SRAM and an 
EEPROM). The length of time that the EEPROM re­
tains information (without being rewritten) is known as· 
retention time. 

This application note presents all the necessary in­
formation needed to margin and predict retention 
times for NCR'S family of nibble wide NVRAM'S. 

Predicting Retention Time 
Retention time for an NVRAM is determined by plot­
ting the voltage measured during memory margining 
(VM) versus the time (T) when the device was 
margined. As shown in the example retention plot, at 
least two points (two each for both 1 's and O's) must 
be plotted to predict retention time. Since the relation­
ship between VM and T is generally logarithmic, the 
data should be plotted on semi-log paper. Plot VM on 
the y-axis and T on the x-axis (this is the log axis). The 
following steps outline the procedure used to collect 
the data needed to predict both 1 's and O's retention 
times. 

1. Write a known pattern into the static RAM 
(SRAM). A checkerboard (CB) pattern is gener­
ally preferred because it allows the user to 
margin both 1 's and O's with the same pattern. A 
description of how a checkerboard pattern is gen­
erated for each of the nibble wide NVRAM's has 
been included in this application note. 

NOTE: Although the same pattern may be used, 1 's 
and O's must be margined separately. That is, 
all steps required to generate both data points 
for the 1 's margin must be completed and the 
CB pattern must be stored again in the 
EEPROM before margining of the O's can be­
gin. The reason for this is that the margining 
of one state disturbs the margin of the other 
state. 

2. Store the checkerboard pattern (CB) into the 
EEPROM. 

3. Recall the CB pattern to the SRAM. 

4. Read the CB pattern from the SRAM. (Steps 3 
and 4 need to be done to ensure that the CB pat­
tern has been stored correctly.) 

5. Bake the device under test (DUT) for 96 hours at 
70°C. (The device should be baked at the upper 
temperature limit of the device's specification. 
This is the worst case temperature for retention 
characteristics. For a commercial device 70°C is 
<;hosen.) The bake should be an unbiased bake 
with the device placed in antistatic foam or other 
conductive material. 

6. Margin 1 'so (The Memory Margining section out­
lines the technique employed to margin both 1 's 
and O's.) Record VM, the voltage determined 
during margining, and the exact number of hours 
(to the nearest hour) since the pattern was stored 
in the EEPROM. The data col.lected at this 
point should be recorded as VM1(one's) and 
T1(one's). 



7. Bake the device for an additional 408 hours at 
70°C. (The total bake is 504 hours with data col­
lection at 96 and at 504 hours.) 

8. Margin 1 'so Record VM2(one's) and T 2(one's). 

9. Plot T 1 (one's), T2(one's), VM1 (one's), VM2(one's) 
to determine the 1 's retention characteristics of 
the OUT. This is illustrated in the example reten­
tion plot. 

10. Repeat steps 1 thru 5. (1 's margining was com­
pleted in step 9. Steps 10 thru 14 address O's 
margining.) 

11. Margin O's. Record VM1(zero's) and T1(zero's). 

12. Bake the OUT for an additional 408 hours at 
70°C. (Same as step 7). 

13. Margin O's. Record VM2(zero's) and T2(zero's)-

14. Plot T 1 (zero's) , T 2{zero's), VM1 (zero's), and 
VM2{zero's). 

NOTE: The following conditions are recommended 
for writing, storing, reading, and recalling the 
OUT. 

Vee = 5.0V 
VIH 2: 2.0V 

VIL :s O.BV 
TA = Room Temperature 

In addition to plotting the data to determine retention 
time, the following equation can be used to predict VM 
at 1 year. That is, the equation will predict the remain­
ing 1 's or O's margin after one year of storage. 

NOTE: The times (T) must be in hours. 

The device will recall correctly at one year if the fol­
lowing inequalities are met. 

VM{one's) @ 1 yr. > OV 

VM{zero's) @ 1 yr < OV 

STORE and WE 
During memory margining a voltage must be applied 
to each of the memory capacitors in the OUT. To 
achieve this, STORE (pin 9) and WE (pin 11) are uti­
lized. STORE takes on the additional function of 
Margin Enable (ME) and WE takes on the additional 
function of Margining Voltage (MV). Timings and 
voltage limits for these pins may be found in the AC 
Char'acteristics section. In the interest of clarity, these 
pins will be denoted as STORE (ME) and WE (MV) in 
this application note. 

Memory Margining 
Information is retained in the EEPROM portion of the 
NVRAM by storing a charge in each of the memory 
capacitors. This storage of charge is reflected in a 
change of the threshold voltage (VTH) of the memory 
capacitor. The rate at which VTH decays is directly re­
lated to the retention time of an NVRAM. Unfortu­
nately, VTH cannot be measured directly. However, 
the voltage VM, that is applied to the WE (MV) pin is 
used to determine the magnitude of VTH. It is in this 
manner that VTH is evaluated. The following steps 
outline the technique that is used to evaluate VTH (us­
ing VM) correctly. 

NOTE: The following is the margining technique that 
is referred to in steps 6, 8, 11, and 13 in the 
Predicting Retention Time section. (This en­
tire section must be performed in order to ex­
ecute each of the steps listed above.) 

1. Write an inverted checkerboard pattern (ICB) into 
the SRAM. (An ICB pattern is written into the 
SRAM at this point to ensure that each memory 
location will be forced to change state when the 
CB pattern is recalled from the EEPROM.) 

2. Set up the STORE (ME) and WE (MV) pins for 
margining. See AC Characteristics for correct tim­
ings. 

3. Apply the correct VM to the WE (MV) pin. The 
next section, Performing a Binary Search, ex­
plains the method that must be used to generate 
the correct VM. (Once the initial limits have been 
chosen for VM, this step may be directly replaced 
by the second step in the Performing a Binary 
Search section.) 

4. Recall the CB pattern to the SRAM. (This is the 
CB pattern that was stored in the EEPROM in 
step one of the Predicting Retention Time sec­
tion.) 

5. Set up the STORE{ME) and WE(MV) pins so the 
SRAM can be read. 
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6. Read the SRAM. If the SRAM verifies correctly, 
this iteration is considered a "pass"; if the SRAM 
does not verify correctly, this iteration is consid­
ered a "fail". A new VM is generated based on 
whether the SRAM verified correctly or not, as 
shown in step 3 of the next section. (Once the 
binary search technique is understood this step 
may be replaced by the third step in the Perform­
ing a Binary Search section.) 

NOTE: A device whose pattern does not verify cor­
rectly ("fails") does not mean that the device 
is no longer functioning correctly. When a 
device recalls incorrectly it means that the 
value of VM has exceeded the value of VTH, 
which is part of the margining technique. 

7. Repeat steps 1 thru 6 eight additional times. (A to­
tal of nine iterations are needed to ensure the res­
olution of VM') 

8. After the ninth iteration is complete, add the last 
pass limit and fail limit (as determined in step 6) 
together and divide by two. This is the VM that 
should be recorded for plotting. 

Performing a Binary Search 
The binary search method must be used during mem­
ory margining to generate the. margining voltage (VM) 
for both 1 's and O's. This method is used because it is 
the most efficient way to accurately generate the 
margining voltage with the fewest number of itera­
tions. (Applying VM to the memory degrades the 
margin slightly, therefore as few iterations as possible 
are desired.) 

The 1 's margin search window is 0 to 6 volts; the O's 
margin search window is 0 to -6 volts. In each case, 
nine margining iterations are used to determine the 
correct VM within the appropriate window. A descrip­
tion of the binary search technique for determining the 
1 's margin voltage VM(one's) follows. (Determining 
VM(zero's) is the same except that the initial window 
is 0 to -6 volts.) 

1. Begin with a "fail limit" of 6 volts and a: "pass 
limit" of 0 volts. (The window between the pass 
and fail limits is the search window.) 

2. Add the pass and fail limits together and divide by 
two. (The first VM will be 3 volts). This is the man­
ner in which the margin voltage is determined for 
each iteration. 

3. If the device passes (that is, if the pattern recalls 
correctly as determined by steps 4, 5, and 6 of the 
preceding section) at the VM determined in step 2 
of this section, set the new pass limit equal to that 
VM and keep the previous fail limit. If the device 
fails (does not recall correctly) at the VM deter­
mined in step 2, set the new fail limit equal to that 
VM and keep the previous pass limit. 

4. Repeat step 2 to determine the new VM' 

To determine the O's margin voltage, repeat the 
above procedure except begin with a fail limit of -6 
volts and a pass limit of 0 volts. 

The resolution of the margin voltage determined by 
the binary search method can be determined by the 
following equation. 

VM (RESOLUTION) = ± ---

where 
LF = fail limit 
Lp = pass limit 
i = number of iterations 

For a 6 volt window and a total of 9 iterations, the 
resolution of the resultant VM will be approximately 
±6mV. 

Pitfalls 
- The resolution of VM, the voltage that is applied to 

the WE(MV) pin, is very important. To ensure ac­
curate results the resolution of the VM power sup­
ply should be no worse than ±0.010mV. 

- Nine binary search iterations must be performed to 
ensure the resolution of the VM that is plotted. With 
nine iterations and a VM power supply resolution of 
±0.010mV the overall resolution of VM will be 
within ±0.016mV. 

- VME. the voltage applied to the STORE(ME) pin 
during margining should be 24 ±0.5V. 



- 1's and O's must be margined separately. That is, 
all steps required to generate both 1'5 margin data 
points must be completed and the CB pattern must 
be stored again in the EEPROM before margining 
of the O's can begin. 

- Write, store, read, and recall operations must meet 
the specification for the particular device being 
margined. 

- Margining must be performed in accordance with 
the timings and voltages presented in the AC 
Characteristics section of this application note. 

- The retention bake temperature should be chosen 
to match the upper temperature limit of the specifi­
cation of the device being evaluated. 

- The OUT should be margined within several (up to 
4) hours after being removed from the retention 
bake. 

- For the purpose of predicting retention times, the 
OUT should not be margined prior to 24 hours after 
a pattern has been stored in the EEPROM. The re­
lationship between VTH and T during the first 24 
hours is generally log-log. Retention time predic­
tions with one of the data points collected prior to 
24 hours will be incorrect. 

- For the purpose of this application note, a "1" may 
be considered to be a "written" state and a "0" to 
be an "erased" state. A discussion of the relation­
ship between written and erased states and logical 
1's and O's may be found in the SNOS NON­
VOLATILE MEMORY RELIABILITY REPORT. 

Predicting Retention - An Example 
The following example is based on data collected 
from a sample of NCR 52212's. It is representative of 
the retention characteristics generated by anyone of 
the products in NCR's family of nibble wide NVRAM's. 

The 1's were margined at 94 and 506 hours, and the 
O's were margined at 101 and 499 hours with the fol­
lowing results. 

1's Margin 
O's Margin 

T1 T2 
1.140 V 0.980 V 

-1.820 V -1.580 V 

The following plot was generated from the data. It 
shows approximately 0.7V of 1's margin and -1 V of O's 
margin at one year. 

3~------------------r-------------------'-------------------~ 

1's Margin 2 

VM (Volts) 

-1 

O's Margin -2 

-3~------------------~------------------~------------------~ 

EXAMPLE RETENTION PLOT 
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in addition to plotting the data, the 1 's and O's 
margin (at 1 year) have been calculated below. 

VM (one's) J(IOg 0.9::6 ~ 11~140 94)(3.94 -109l0 940 +1.140 
@ 1 yr. L~ 10 g10 ~ 

( -0.160) 
= 0.731 (1.967) + 1.140 

= -0.431 + 1.140 

= 0.709 Volts (l's margin) 

M (zero's) = (3.94 -109l0 101) +(-1.820) V ~( -1.580-(-1.820) ) ~ 
@ 1 yr. 10910 499 -109l0 101 

( 0.240) 
= 0.694 (1.936) + (-1.820) 

= 0.669 + (-1.820) 
= -1.150 Volts (O's margin) 

In both of the above examples, the inequalities 
VM(one's) @ 1 yr> OV and VM(zero's) @ 1yr < OV 
were met. This predicts that the OUT will recall both 
1 's and O's correctly after one year of storage. 

Writing a Checkerboard Pattern 

NCR 52210 
The memory array of NCR's 52210 64 x 4 bit nibble 
wide NVRAM consists of four data banks (one each 
for DO thru 03). Each bank contains an 8 column by 8 
row matrix (see memory map). Inputs AO-A2 are the 
row addresses and A3-A5 are the column addresses. 
Address 0 references the bit position in the upper 

A5 0 0 0 0 1 1 0 0 0 0 
A4 0 0 0 0 1 0 0 0 0 1 
A3 0 0 0 0 0 0 0 0 

AAA 
2 1 0 8 eOlS. 8 eOlS. 

000 0 1 
00 1 0 
o 1 0 8 

011 R 
1 0 O. 0 

101 
W 
S 

1 1 0 
1 1 

COL. 0 1 2 3 4 567 012 3 4 567 

00 01 

lefthand corner of each data bank. Since the row ad­
dresses are less significant than the column ad­
dresses, address 1 is the bit position in row 1, column 
o (directly below address 0). 

A checkerboard pattern resides in the SRAM array 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 1010 (DO' is 
the least significant bit). 

2. Increment the address and complement the data. 
(Address 1 data would be 0101.) 

NOTE: Address 0 (data 1010) is shown in the upper 
left-hand corner of each data bank. Address 1 
(data 0101)is shown just below address O. 

3. Write the complemented data. 

4. Repeat steps 2 and 3 six additional times (until the 
last row is written). 

5. Begin the next column by incrementing the ad­
dress without complementing the data. Write the 
uncomplemented data. 

6. Repeat steps 2, 3, and 4 until the column is com­
pleted. 

7. Repeat steps 5 and 6 six additional times to com­
plete the array. 

An inverted checkerboard pattern may be gener­
ated by following the above procedure except that all 
the data must be complemented. (Address 0 for an in­
verted checkerboard would be 0101.) 

0 0 0 0 0 0 0 0 1 1 
0 0 0 0 1 0 0 1 0 0 1 
0 0 0 0 0 0 0 0 

R 
0 

8 eOlS. 8 eOlS. w 
0 1 0 

0 
2 
3 
4 
5 
6 
7 

012 3 4 567 012 3 4 567 

02 03 



NCR 52211 
The memory array of NCR's 52211 128 x 4 bit nibble 
wide NVRAM consists of four data banks (one each 
for DO thru 03). Each bank contains a 16 column by 8 
row matrix (see memory map). Inputs AO-A2 are the 
row addresses and A3-A6 are the column addresses. 
Address 0 references the bit position in the upper left­
hand corner of each data bank. Since the row ad­
dresses are less significant than the column 
addresses, address 1 is the bit position in row 1, col­
umn 0 (directly below address 0). 

A checkerboard pattern resides in the SRAM array 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 1010 (DO is 
the least significant bit). 

2. Increment the address and complement the data. 
(Address 1 data would be 0101.) 

AAA 
2 1 0 

000 

A6 
A5 
A4 
A3 

o 0 1 
010 8 
o 1 1 R 
1 00 0 
1 01 W 
1 lOS 
1 1 1 

0000000011111111 
0000111100001111 
0011001100110011 
0101010101010101 

16 eOlS. 

0 
1 

0000000011111111 
0000111100001111 
0011001100110011 
0101010101010101 

16 eOlS. 

1 
0 

NOTE: Address 0 (data 1010) is shown in the upper 
left-hand corner of each data bank. Address 1 
(data 0101) is shown just below address O. 

3. Write the complemented data. 

4. Repeat steps 2 and 3 six additional times (until the 
last row is written). 

5. Begin the next column by incrementing the ad­
dress without complementing the data. Write the 
uncomplemented data. 

7. Repeat steps 5 and 6 fourteen additional times to 
complete the array. 

An inverted checkerboard pattern may be gener­
ated by following the above procedure except that all 
the data must be complemented. (Address 0 for an in­
verted checkerboard would be 0101.) 

0000000011111111 
0000111100001111 
0011001100110011 
0101010101010101 

16 eOlS. 

0 
1 

0000000011111111 
0000111100001111 
0011001100110011 
0101010101010101 

16 eOlS. 

1 
0 

R 
o 
w 
o 
1 
2 
3 
4 
5 
6 
7 

111111 111111 111111 111111 
COL. 0123456789012345 0123456789012345 0123456789012345 0123456789012345 

DO 01 02 03 
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NCR 52212 
The memory array of NCR's 52212 256 x 4 bit nibble 
wide NVRAM consists of four data banks (one each 
for DO thru 03). Each bank contains a 16 column by 
16 row matrix (see memory map). Inputs AO-A3 are 
the row addresses and A4-A7 are the column ad­
dresses. Address 0 references the bit position in the 
upper left-hand corner of each data bank. Since the 
row addresses are less significant that the column ad­
dresses, address 1 is the bit position in row 1, column 
o (directly below address 0). 

A checkerboard pattern resides in the SRAM array 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 1010 (DO is 
the least significant bit). 

2. Increment the address and complement the data. 
(Address 1 data would be 0101). 

A7 0000000011111111 0000000011111111 
A6 0000111100001111 0000111100001111 
A5 0011001100110011 0011001100110011 
A4 0101010101010101 0101010101010101 

AAAA 
16 COlS. 16COlS. 32 1 0 

0000 0 1 
0001 1 0 
0010 
00 1 1 
o 1 00 
o 1 01 1 
o 1 1 0 6 
o 1 1 1 R 
1 000 0 
1 00 1 W 
1 0 1 0 S 
1 0 1 1 
1 1 00 
1 101 
1 1 1 0 
1 1 1 1 

COL. 111111 111111 
0123456789012345 0123456789012345 

00 01 

NOTE: Address 0 (data 1010) is shown in the upper 
left-hand corner of each data bank. Address 1 
(data 0101) is shown just below addressO. 

3. Write the complemented data. 

4. Repeat steps 2 and 3 fourteen additional times (un­
til the last row is written). 

5. Begin the next column by incrementing the ad­
dress without complementing the data; Write the 
complemented data. 

6. Repeat steps 2, 3, and 4 until the column is com­
pleted. 

7. Repeat steps 5 and 6 fourteen additional times to 
complete the array. 

An inverted checkerboard pattern may be gener­
ated by following the above procedure except that all 
the data must be complemented. (Address 0 for an in­
verted checkerboard would be 0101.) 

0000000011111111 0000000011111111 
0000111100001111 0000111100001111 
0011001100110011 0011001100110011 
0101010101010101 0101010101010101 

R 

16COlS. 16COlS. 
0 
W 

0 1 00 
1 0 01 

02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 

111111 111111 
0123456789012345 0123456789012345 

02 03 



STEP 1* STEP 2 STEP 3 

WRITEICB SET UP VM, VME APPLY 
(ENABLE MARGINING) VM 

A DDR X 7.7.70.7.7. X - -IWR 

DATA = 
VIH 

CS~ - ~IDH OV (NOI VIIJ 

VIH \ I 
(MV)~ 

I-IWEH-

AE(ME) 
VIH 

IWES IMES 
VIH 

CALL 

I 

* THESE ARE THE STEPS DESCRIBED 
IN THE MEMORY MARGINING SECTION 

SYMBOL PARAMETER 

VM MARGIN VOLTAGE 

VME MARGIN ENABLE 

tDH DATA HOLD FROM WRITE TIME 

tWEH WRITE ENABLE HOLD 
FROM CHIP SELECT 

tWES WRITE ENABLE SET-UP 
TO MARGIN ENABLE 

tMES 
MARGIN ENABLE SET-UP 

TO MARGIN VOLTAGE 

tVMS 
MARGIN ENABLE SET-UP 
TO ARRAY RECALL 

tRCP RECALL PULSE WIDTH 

IACC ARRAY RECALL CYCLE TIME 

tVMH MARGIN VOLTAGE HOLD 
FROM RECALL CYCLE 

tCSH CHIP SELECT HOLD 
FROM END OF MARGIN 
VOLTAGE 

tWR WRITE RELEASE TIME 

AC CHARACTERISTICS 

STEP 7 (A TOTAL OF 9 ITERATIONS) 

STEP 4 STEP 5 STEPS 

RECALL DISABLE READ CB 
MARGINING 

X7.7o.7.7.7o.7o. XXXXXX XXX ADDRO 7. ADDR 1 

-\-

-' ;1 VMS 

DATA VALID 

VIL 

VIH 

CORRECTVM 'I ICSH 

24 ± .5V IVMHI VIH 

VIL + 
J 

IRCP 1 I RCC 

NOTE: IVMS + IRCP + IRCC SHOULD BE AS 
SHORT AS POSSIBLE 

CONDITIONS MIN. TYP. MAX. UNIT 

VCC = + 5.0V -S.O * S.O V 

VCC = + 5.0V 23.5 24.5 V 

SEE APPROPRIATE SPECIFICATION 

100 ns 

0 ns 

50 1'5 

250 1'5 

SEE APPROPRIATE SPECIFICATION 

I I I 
SEE APPROPRIATE SPECIFICATION 

0 ns 

100 ns 

SEE APPROPRIATE SPECIFICATION 

I I I 
*See Binary Search section for correct VM. 

201 



msrn 
. NCR Microelectronics Division 
8181 Byers Road 

202 

Miamisburg, Ohio 45342 
Telex: 241669 NCR NVMEM MSBG 
Phone: 1-800-543-5618 outside Ohio 

1-513-866-7217 Ohio or International 



Non-Volatile Applications -
Memory Margining 
Byte Wide NVRAMs -
52001,52002,52004 

APPLICATION NOTE 

203 



204 
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Introduction 
Among the many features offered by NCR in their byte 
wide family of NVRAMs is memory margining. The 
memory margining feature allows the user to deter­
mine the length of time an NVRAM will retain informa­
tion stored in the EEPROM portion of the memory (An 
NVRAM is a combination of an SRAM and an 
EEPROM). The length of time that the EEPROM re­
tains information (without being rewritten) is known as 
retention time. 

This application note presents all the necessary in­
formation needed to margin and predict retention 
times for NCR'S family of byte wide NVRAM'S. 

Predicting Retention Time 
Retention time for an NVRAM is determined by plot­
ting the voltage measured during memory margining 
(VM) versus the time (T) when the device was 
margined. As shown in the example retention plot, at 
least two points (two each for both 1 's and 0'5) must 
be plotted to predict retention time. Since the relation­
ship between VM and T is generally logarithmic, the 
data should be plotted on semi-log paper. Plot VM on 
the y-axis and T on the x-axis (this is the log axis). The 
following steps outline the procedure used to collect 
the data needed to predict both 1 's and O's retention 
time. 

1. Write a known pattern into the static RAM 
(SRAM). A checkerboard (CS) pattern is gener­
ally preferred because it allows the user to 
margin both 1 's and O's with the same pattern. A 
description of how a checkerboard pattern is gen­
erated for each of the nibble wide NVRAM's has 
been included in this application note. 

NOTE: Although the same pattern may be used, 1 's 
and O's must be margined separately. That is, 
all steps required to generate both data points 
for the 1 's margin must be completed and the 
CB pattern must be stored again in the 
EEPROM before margining of the O's can be­
gin. The reason for this is that the margining 
of one state disturbs the margin of the other 
state. 

2. Store the checkerboard pattern (CB) into the 
EEPROM. 

3. Recall the CB pattern to the SRAM. 

4. Read the CB pattern from the SRAM. (Steps 3 
and 4 need to be done to ensure that the CB pat­
tern has been stored correctly.) 

5. Bake the device under test (DUT) for 96 hours at 
70 DC. (The device should be baked at the upper 
temperature limit of the device's specification. 
This is the worst case temperature for retention 
characteristics. For a commercial device 70 DC is 
chosen.) The bake should be an unbiased bake 
with the device placed in antistatic foam or other 
conductive material. 

6. Margin 1 'so (The Memory Margining section out­
lines the technique employed to margin both 1 '5 

and 0'5.) Record VM, the voltage determined 
during margining, and the exact number of hours 
(to the nearest hour) since the pattern was stored 
in the. EEPROM. The data collected at this 
point should be recorded as VM1 (one's) and 
T1(one's). . 



7. Bake the device for an additional 408 hours at 
70°C. (The total bake is 504 hours with data col­
lection at 96 and at 504 hours.) 

8. Margin 1 'So Record VM2(one's) and T 2(one's). 

9. PlotT1(one's), T2(one's), VM1(one's), VM2(one's) 
to determine the 1 's retention characteristics of 
the OUT. This is illustrated in the example reten­
tion plot. 

10. Repeat steps 1 thru 5. (1 's margining was com­
pleted in step 9. Steps 10 thru 14 address O's 
margining.) 

11. Margin O's. Record VM1(zero's) and T 1(zero's). 

12. Bake the OUT for an additional 408 hours at 
70°C. (Same as step 7). 

13. Margin O's. Record VM2(zero's) and T 2 (zero's) . 

14. Plot T1(zero's)' T2(zero's)' VM1(zero's), and 
VM2(zero's) . 

NOTE: The following conditions are recommended 
for writing, storing, reading, and recalling the 
OUT. 

Vee = 5.0V 
VIH'" 2.0V 

VIL :s O.8V 
TA = Room Temperature 

In addition to plotting the data to determine retention 
time, the following equation can be used to predict VM 
at 1 year. That is, the equation will predict the remain­
ing 1 's or O's margin after one year of storage. 

NOTE: The times (T) must be in hours. 

The device will recall correctly at one year if the fol­
lowing inequalities are met. 

VM (one's) @ 1 yr. > OV 

VM (zero's) @ 1 yr < OV 

NVand WE 
During memory margining a voltage must be applied 
to each of the memory capacitors in the OUT. To 
achieve this, NV (pin 19) and WE (pin 21) are utilized. 
NV takes on the additional function of Margin Enable 
(ME) and WE takes on the additional function of 
Margining Voltage (MV). Timings and voltage limits for 
these pins may be found in the AC Characteristics 
section. In the interest of clarity, these pins will be de­
noted as NV (ME) and WE (MV) in this application 
note, 

NOTE: For the 52004-28, NV is pin 1 and WE is pin 27. 

Memory Margining 
Information is retained in the EEPROM section of the 
NVRAM by storing a charge in each of the memory 
capacitors. This storage of charge is reflected in a 
change of the threshold voltage (VTH) of the memory 
capacitor. The rate at which VTH decays is directly re­
lated to the retention time of an NVRAM. Unfortu­
nately, VTH cannot be rneasured directly. However, 
the voltage VM, that is applied to the WE (MV) pin is 
used to determine the magnitude of VTH. It is in this 
manner that VTH is evaluated. The following steps 
outline the technique that is used to evaluate VTH (us­
ing VM) correctly. 

NOTE: The following is the margining technique that 
is referred to in steps 6, 8, 11, and 13 in the 
Predicting Retention Time section. (This en­
tire section must be performed in order to ex­
ecute each of the steps listed above.) 

1. Write an inverted checkerboard pattern (lCB) into 
the SRAM. (An ICB pattern is written into the 
SRAM at this point to ensure that each memory 
location will be forced to change state when the 
CB pattern is recalled from the EEPROM.) 

2. Set up the NV (ME) and WE (MV) pins for margin­
ing. See AC Characteristics for correct timings. 

3. Apply the correct VM to the WE (MV) pin. The 
next section, Performing a Binary Search, ex­
plains the method that must be used to generate 
the correct VM' (Once the initial' limits have been 
chosen for VM, this step may be directly replaced 
by the second step in the Performing a Binary 
Search section.) 

4. Recall the CB pattern to the SRAM. (This is the 
CB pattern that was stored in the EEPROM in 
step one of the Predicting Retention Time sec­
tion.) 
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5. Set up the NV (ME) and WE (MY) pins so the 
SRAM can be read. 

6. Read the SRAM. If the SRAM verifies correctly, 
this iteration is considered a "pass"; if the SRAM 
does not verify correctly, this iteration is consid­
ered a "fail". A new VM is generated based on 
whether the SRAM verified correctly or not, as 
shown in step 3 of the next section. (Once the 
binary search technique is understood this step 
may be replaced by the third step found in the 
Performing a Binary Search section.) 

NOTE: A device whose pattern does not verify cor­
rectly ("fails") does not mean that the device 
is no longer functioning correctly. When a 
device recalls incorrectly it means that the 
value of VM has exceeded the value of VTH, 
which is part of the margining technique. 

7. Repeat steps 1 thru 6 eight additional times. (A to­
tal of nine iterations are needed to ensure the res­
olution of VM.) 

8. After the ninth iteration is complete, add the last 
pass limit and fail limit (as determined in step 6) 
together and divide by two. This is the VM that 
should be recorded for plotting. 

Performing a Binary Search 
The binary search method must be used during mem­
ory margining to generate the margining voltage (VM) 
for both 1 's and O's. This method is used because it is 
the most efficient way to accurately generate the 
margining voltage with the fewest number of itera­
tions. (Applying VM to the memory-degrades the 
margin slightly, therefore as few iterations as possible 
are desired.) 

The 1 's margin search window is 0 to 6 volts; the O's 
margin search window is 0 to -6 volts. In each case, 
nine margining iterations are used to determine the 
correct VM within the appropriate window. A descrip­
tion of the binary search technique for determining the 
1is margin voltage VM(one's) follows. (Determining 
VM(zero's) is the same except that the initial window 
is 0 to -6 volts.) 

1. Begin with a "fail limit" of 6 volts and a "pass 
limit" of 0 volts. (The window between the pass 
and fail limits is the search window.) 

2. Add the pass and fail limits together and divide by 
two. (The first VM will be 3 volts). This is the man­
ner in which the margin voltage is determined for 
each iteration. 

3. If the device passes (that is, if the pattern recalls 
correctly as determined by steps 4, 5, and 6 of the 
preceding section) at the VM determined in step 2 
(of this section), set the new pass limit equal to 
that VM and keep the previous fail limit. If the 
device fails (does not recall correctly) at the VM 
determined in step 2, set the new fail limit equal to 
that VM and keep the previous pass limit. 

4. Repeat step 2 to determine the new VM. 

To determine the O's margin voltage, repeat the 
above procedure except begin with a fail limit of -6 
volts and a pass limit of 0 volts. 

The resolution of the margin voltage determined by 
the binary search method- can be determined by the 
following equation. 

where 
LF = fall limit 
Lp = pass limit 
i = number of iterations 

For a 6 volt window and a total of 9 iterations, the 
resolution of the resultant VM will be approximately 
±6mV. 

Pitfalls 
- The resolution of VM, the voltage that is applied to 

the WE(MV) pin, is very important. To ensure ac­
curate results the resolution of the VM power sup­
ply should be no worse than :l:0.010mV. 

- Nine binary search iterations must be performed to 
ensure the resolution of the VM that is plotted. With 
nine iterations and a VM power supply reSOlution of 
:l:0.010mV the overall resolution of VM will be 
within :l:0.016mV. 

- VME, the voltage applied to the NV (ME) pin during 
margining should be 24 :l:0.5V. 

- 1's and O'smust be margined separately. That is, 
all steps required to generate both 1 's margin data 
points must be completed and the CB pattern must 
be stored again in the EEPROM before margining 
of the O's can begin. 

- Write, store, read, and recall operations must meet 
the specification for the particular device being 
margined. 



- Margining must be performed in accordance with 
the timings and voltages presented in the AC 
Characteristics section of this application note. 

- The retention bake temperature should be chosen 
to match the upper temperature limit of the specifi­
cation of the device being evaluated. 

- The DUT should be margined within several (up to 
4) hours after being removed from the retention 
bake. 

- For the purpose of predicting retention times, the 
DUT should not be margined prior to 24 hours after 
a pattern has been stored in the EEPROM. The re­
lationship between VTH and T during the first 24 
hours is generally log-log. Retention time predic­
tions with one of the data points collected prior to 
24 hours will be incorrect. 

- For the purpose of this application note, a "1" may 
be considered to be a "written" state and a "0" to 

3 

l's Margin 
2 

VM1 , Tl 

+ 

VM (Volts) o 
lEl I lE2 

-1 

VM1' Tl + -O's Margin 
-2 

-3 

EXAMPLE RETENTION PLOT 

be an "erased" state. A discussion of the relation­
ship between written and erased states and logical 
1 's and O's may be found in the SNOS NON­
VOLATILE MEMORY RELIABILITY REPORT. 

Predicting Retention - An Example 
The following example is based on data collected 
from .a sample of NCR 52001 'so It is representative of 
the retention characteristics generated by anyone of 
the products in NCR's family of byte wide NVRAM's. 

The 1 's were margined at 97 and 498 hours, and the 
O's were margined at 102 and 510 hours with the fol­
lowing results. 

1's Margin 
O's Margin 

T1 T2 
1.125V 0.960V 

-1.805V -1.560V 

The following plot was generated from the data. It 
shows approximately 0.7Vof 1 's margin and -1Vof O's 
margin at one year. 

VM2' T2 ~--- . J +-- ---
lE3 

~"::-1 -+-- ---
VM2, T2 

1 YR 

JE4 
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In addition to plotting the data, the 1 's and O's 
margin (at 1 year) have been calculated below. 

~( 0.960 - 1.125 ) ~ Vivl (one's) = (3.94 -1091O 97) + 1.125 
10910 498 -109l0 97 

@lyr. 

= (-0.165) 
0.710 (1.953) + 1.125 

= -0.454 + 1.125 

= 0.671 Volls (l's margin) 

VM(zero's) J( -1.560 - (-1.805) )(3.94 -109l0 102)l+(-1.805) 
L\.109l0 510 -109l0 102 J 

@lyr. 

( 0.245) 
= 0.699 (1.931) + (-1.805) 

= 0.677 + (-1.805) 

= -1.128Volls (O's margin) 

In both of the above examples, the inequalities 
VM(one's) @1 yr > OV and VM(zero's) @ 1yr < OV were 
met. This predicts that the OUT will recall both 1 's and 
O's correctly after one year of storage. 

Writing a Checkerboard Pattern 
NCR 52001 
The memory array of NCR's 52001 128 x 8 bit byte 
wide NVRAM consists of eight data banks (one each 
for DO thru 07). Each bank contains an 8 column by 
16 row matrix (see memory map). Inputs AO-A2 are 
the column addresses and A3-A6 are the row ad­
dresses. Address 0 references the bit position in the 

A200001111 00001111 00001111 00001111 
A100110011 00110011 00110011 00110011 
AO 01010101 01010101 01010101 01010101 

AAAA 
6 5 4 3 8 COlS. 8 COlS. 8 COlS. 8 COLS. 

000 0 01 10 01 10 
o 0 0 1 
o 0 1 0 
o 0 1 1 
o 1 o 0 
o 1 0 1 1 

6 o 1 1 0 
R o 1 1 1 a 

1 0 0 0 W 
1 0 0 1 S 

1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 

11 0 
11 1 

COL, 0 1 2345 6 7 01234567 01234567 01234567 

DO 01 02 03 

upper lefthand corner of each data bank. Since the 
column addresses are less significant than the row 
addresses, address 1 is the bit position in row 0, col­
umn 1 (to the right of address 0). 

A checkerboard pattern resides in the SRAM array 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 10101010 
(DO is the least significant bit). 

2. Increment the address and complement the data. 
(Address 1 would be 01010101.) 

NOTE: Address 0 (data 10101010) is shown in the 
upper left-hand corner of each data bank. Ad­
dress 1 (data 01010101) is shown just to the 
right of address O. 

3. Write the complemented data. 

4. Repeat steps 2 and 3 six additional times (until the 
last column is written). 

5. Begin the next row by incrementing the address 
without complementing the data. Write the uncom­
plemented data. 

6. Repeat steps 2, 3, and 4 until the row is completed. 

7. Repeat steps 5 and 6 fourteen additional times to 
complete the array. 

An inverted checkerboard pattern may be gener­
ated by following the above procedure except that all 
the data must be complemented. (Address 0 for an in­
verted checkerboard would be 01010101.) 

00001111 00001111 00001111 00001111 
00110011 00110011 00110011 00110011 
01010101 01010101 01010101 01010101 

R 
0 

S COlS. 8COlS. S COlS. BCOlS. W 

01 10 01 10 00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 

01234567 01234567 01234567 01234567 

04 05 06 07 



NCR 52002 
The memory array of NCR's 52002 256 x 8 bit byte 
wide NVRAM consists of eight data banks (one each 
for DO - 07). Each bank contains an 8 column by 32 
row matrix (see memory map). Inputs AO-A2 are the 
column addresses and A3-A7 are the row addresses. 
Address 0 references the bit position in the upper left­
hand corner of each data bank. Since the column ad­
dresses are less significant than the row addresses, 
address 1 is the bit position in row 0, column 1 (to the 
right of address 0). 

A checkerboard pattern resides in the SRAM array 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 10101010 
(DO is the least significant bit). 

2. Increment the address and complement the data. 
(Address 1 would be 01010101.) 

NOTE: Address 0 (data 10101010) is shown in the 
upper left-hand corner of each data bank. Ad­
dress 1 (data 01010101) is shown just to the 
right of address O. 

3. Write the complemented data. 

4. Repeat steps 2 and 3 six additional times (until the 
last column is written). 

5. Begin the next row by incrementing the address 
without complementing the data. Write the uncom­
plemented data. 

6. Repeat steps 2, 3, and 4 until the row is completed. 

7. Repeat steps 5 and 6 thirty additional times to 
complete the array. 

An inverted checkerboard pattern may be gener­
ated by following the above procedure except that all 
the data must be complemented. (Address 0 for an in­
verted checkerboard would be 01010101 .) 

A200001111 00001111 00001111 00001111 00001111 00001111 00001111 00001111 
A100110011 00110011 00110011 00110011 00110011 00110011 00110011 00110011 
AO 01010101 01010101 01010101 01010101 01010101 01010101 01010101 01010101 A 

AAAAA 
76 5 4 3 

00 0 0 0 
00 0 0 1 
00 0 1 0 
000 1 1 
00 1 0 0 
00 1 0 1 
00 1 1 0 
00 1 1 1 
o 1 0 0 0 
o 1 0 0 1 
01 0 1 0 
01 01 1 
o 1 1 0 0 3 
o 1 1 0 1 2 

01 1 lOR 
0111 1 ~ 
10000 S 
1 0 0 0 1 
1 0 0 1 0 
1 0 0 1 1 
1 0 1 0 0 
10 1 0 1 
1 0 1 1 0 
1 0 1·1 1 
1 1 0 0 0 
1 1 0 0 1 
1 1 0 1 0 
1 1 0 1 1 
1 1 1 0 0 
1 1 1 0 1 
1 1 1 1 0 
11111 

8 eOlS. 8 eOlS. 8 eOlS. 

01 10 01 

8eOlS. 8 eOlS. 8 eOlS. 8 eOlS. 8 eOls. 

10 01 10 01 10 

eoL. 01 234567 01 234567 01 234567 01 234567 01 234567 0 1 234567 01 234567 01 234567 

DO D1 D2 D3 D4 D5 D6 D7 

o 
w 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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NCR 52004 
The memory array of NCR's 52004 512 x B bit byte 
wide NVRAM consists of eight data banks (one each 
for DO - 07). Each bank contains a 16 column by 32 
row matrix (see memory map). Inputs AO-A3 are the 
column addresses and A4-AB are the row addresses. 
Address 0 references the bit position in the upper left­
hand corner of each data bank. Since the column ad­
dresses are less significant that the row addresses, 
address 1 is the bit position in row 0, column 1 (to the 
right of address 0). 

A checkerboard pattern resides in the SRAM array 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 10101010 
(DO is the least significant bit). 

2. Increment the address and complement the data. 
(Address 1 would be 01010101). 

NOTE: Address 0 (data 10101010) is shown in the 
upper left-hand corner of each data bank. Ad­
dress 1 (data 01010101) is shown just to the 
right of address o. 

3. Write the complemented data. 

4. Repeat steps 2 and 3 fourteen additional times (un­
til the last column is written). 

5. Begin the next row by incrementing the addre,ss 
without complementing the data. Write the uncom­
plemented data. 

6. Repeat steps 2, 3, and 4 until the column is com­
pleted. 

7. Repeat steps 5 and 6 thirty additional times to 
complete the array. 

An inverted checkerboard pattern may be gener­
ated by following the above procedure except that all 
the data must be complemented. (Address 0 for an in­
verted checkerboard would be 01010101.) 

A3 000000001111,',' 0000000011111111 0000000011111111 000000001""',' 00000000",11111 0000000011111111 0000000011111111 00000000111111" 
A2 00001",00001111 0000111100001111 0000111100001111 000011110000',11 0000111100001111 0000111100001111 0000",,00001111 0000111100001111 
At 0011001100110011 0011001100110011 0011001100,,0011 0011001100110011 0011001100110011 00"001100110011 001'001100110011 0011001100110011 
AD 0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 R 

AAAAA a 
87654 lSCOlS 16COlS 16COlS l6COlS 16COlS 16eoLS lSCOLS 16COlS W 

00000 
00001 
00010 
0001 1 
00100 
00101 
001 10 
001 1 1 
01000 
01001 
01010 
0101 1 
01 100 3 
01 101 2 

~~~!~ a 
10000 w 
10001 S 
10010 
1001 1 
10100 
10101 
101 1 0 
101 1 1 
1 1000 
11001 
1101 0 
1101 1 
1 1 100 
1 1101 
1 1 1 1 0 
11111 

COL. 

01 10 01 10 01 10 01 10 

111111 111111 111111 111111 111111 111111 ,",11 111111 
0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345 

00 01 02 03 0' 05 06 07 

00 
01 
02 
03 
0' 
05 
06 
07 
08 O. 
10 
11 
12 
13 
14 
15 
16 
17 
1B 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
2. 
30 
31 



STEP 7 (A TOTAL OF 9 ITERATIONS) 
STEP 1* STEP 2 STEP 3 STEP 4 STEPS STEP 6 

WRITE ICB SET UP VM. VME APPLY RECALL DISABLE READCB 
(ENABLE MARGINING) VM MARGINING 

ADDR 
~ 

~XXXXXXXXXX XXX X XJ( X X X X X XXXX D< X XX AD DR 0 x"Ai5i5R -= IWR 
DATA= 

VIH 

CS ----' - _IDH 
OV (NoIVIL) 

'\ 
E (MV)---" 

VIH 

_IWEH-

V (ME) 
VIH 

VIH 
IWES 

OE 

NOTE: IVMS + INO + IRCC SHOULD 
BE AS SHORT AS POSSIBLE 

SYMBOL PARAMETER 

VM MARGIN VOLTAGE 

VME MARGIN ENABLE 

IDH DATA HOLD FROM 
WRITE TIME 

IWEH WRITE ENABLE HOLD 
FROM CHIP SELECT 

IWES WRITE ENABLE SET-UP 
TO MARGIN ENABLE 

IMES MARGIN ENABLE SET-UP 
TO MARGIN VOLTAGE 

IVMS MARGIN VOLTAGE SET-UP 
TO -ARRAY RECALL 

INO NV TO OUTPUT OVERLAP 

IRCC ARRAY RECALL CYCLE TIME 

IVMH MARGIN VOLTAGE HOLD 
FROM RECALL CYCLE 

ICSH CHIP SELECT HOLD FROM 
END OF MARGIN VOLTAGE 

IWR WRITE RELEASE TIME 

AC CHARACTERISTICS 

I 
1-
'1 

IMES 
.1 
-+ 
I 

II, VMS I 

CONDITIONS 

VCC = +5.0V 
VCC = +5.0V 

DATA VALID ) 

-' VIL 

VIH 

CORRECTJ!M 

IVMH ICSH 

24 ± .5V VIH 

VIL -f-

I 
I NO I I RCC 

* THESE ARE THE STEPS DESCRIBED 
IN THE MEMORY MARGINING SECTION 

MIN. TYP. MAX. UNIT 

-6.0 * 6.0 V 
23.5 24.0 24.5 V 

SEE APPROPRIATE SPECIFICATION 

100 ns 

0 ns 

50 "s 

250 "s 

SEE APPROPRIATE SPECIFICATION 

SEE APPROPRIATE SPECIFICATION 
0 ns 

100 ns 

SEE APPtOPRIATE SPE11FICATION 

* See Binary Search section for correcl V M' 
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Introduction 
Among the many features offered by NCR in their 
family of serial I/O Electrically Erasable PROM'S 
(EEPROM) is memory margining. Memory margining 
allows the user to determine the length of time that an 
EEPROM will retain the information written into it. The 
length of time that the EEPROM retains information 
(without being rewritten) is known as retention time. 

This application note presents all the necessary in­
formation needed to margin and predict retention 
times for NCR'S family of serial 110 EEPROM's. 

Predicting Retention Time 
Retention time for an EEPROM is determined by plot­
ting the voltage measured during memory margining 
(VM) versus the time (T) when the device was 
margined. As shown in the example retention plot, at 
least two points (two each for both 1 's and D's margin) 
must be plotted to predict retention time. Since the re­
lationship between VM and T is generally logarithmic, 
the data should be plotted on semi-log paper. Plot VM 
on the y-axis and T on the x-axis (this is the log axis). 
The following steps outline the procedure used to col­
lect the data needed to predict both 1 's and D's reten­
tion times. 

1. Block erase the EEPROM. 

2. Write a known pattern into the EEPROM. A 
checkerboard (CB) pattern is generally preferred 
because it allows the user to margin both 1 's and 
D's with the same pattern. A description of how a 
checkerboard pattern is generated for the NCR 
52801 has been included in this application note. 

NOTE: Although the same pattern may be used, 1 's 
and D's must be margined separately. That is, 
all steps required to generate both data points 
for the 1 's margin must be completed and the 
CB pattern must be rewritten to the EEPROM 
before margining of the D's can begin. The 
reason for this is that the margining of one 
state disturbs the margin of the other state. 

3. Read the CB pattern from the EEPROM. (This 
step needs to be done to ensure that the CB pat­
tern has been written correctly.) 

4. Bake the device under test (DUT) for 96 hours at 
70 DC. (The DUT should be baked at the upper 
temperature limit of the device's specification. 
This is the worst case temperature for margining. 
For a commercial device 70 D C is chosen.) The 
bake should be an unbiased bake with the device 
placed in antistatic foam or other conductive ma­
terial. 

5. Margin 1 'so (The Memory Margining section out­
lines the technique employed to margin both 1 's 
and D's.) Record VM, the voltage determined 
during margining, and the exact number of hours 
(to the nearest hour) since the pattern was written 
to the EEPROM. The data collected at this 
point should be recorded as VM1 (one's) and 
T,1 (one's)· 



6. Bake the DUT for an additional 408 hours at 
70°C. (The total bake is 504 hours with data col­
lection at 96 and at 504 hours.) 

7. Margin 1 'so Record VM2(one's) and T 2(one's). 

8. Plot T 1 (one's), T2(one's), VM1 (one's), VM2(one's) 
to determine the 1 's retention characteristics of 
the DUT. This is illustrated in the example reten­
tion plot. 

9. Repeat steps 1 thru 4. (1 's margining was com­
pleted in step 8. Steps 9 thru 13 address O's 
margining.) 

10. Margin O's. Record VM1(zero's) and T 1(zero's)' 

11. Bake the DUT for an additional 408 hours at 
70°C. (Same as step 7). 

12. Margin O's. Record VM2(zero's) and T2(zero's)' 

13. Plot T1(zero's), T2(zero's), VM1(zero's) , and 
VM2(zero's) to determine the O's retention 
characteristics of the DUT. 

NOTE: 
The following conditions are recommended for 
reading, writing, and erasing the EEPROM. 

Vee = 5.0V 
VIH 2:: 2.0V 

V1L s O.BV 
TA = Room Temperature 

In addition to plotting the data to determine retention 
time, the following equation can be used to predict VM 
at 10 years. That is, the equation will predict the re­
maining 1 's or O's margin after ten years of storage. 

NOTE: The times (T) must be in hours. 

The device will read correctly at ten years if the follow­
ing inequalities are met. 

VM (one's) @ 10 yrs. > OV 

VM (zero's) @ 10 yrs. < OV 

WGNDandVM 
During memory margining a voltage must be applied 
to each of the memory transistors in the DUT. To 
achieve this, WGND (pin 5) and VM (pin 2) are uti­
lized. When WGND is active, it allows the margin 
voltage (VM) to be applied to the memory transistors. 
When margining 1 's, the active state for WGND is a 
positive voltage and when margining O's, the active 
state is a negative voltage. The margin voltage VM 
is applied to the VM pin. Timings and voltage limits for 
these pins may be found in the AC Characteristics 
section. 

Memory Margining 
Information is retained in the EEPROM by storing a 
charge in each of the memory transistors. This 
storage of charge is reflected as a change in the 
threshold voltage (VTH) of the memory transistor. The 
rate at which VTH decays is directly related to the re­
tention time of an EEPROM. Unfortunately, VTH can­
not be measured directly. However, the voltage VM, 
that is applied to the VM pin is used to determine the 
magnitude of VTH' It is in this manner that VTH is 
evaluated. The following steps outline the technique 
that is used to evaluate VTH (using VM) correctly. 

NOTE: The following is the margining technique that 
is referred to in steps 5, 7, 10 and 12 in the 
Predicting Retention Time section. (This en­
tire section must be performed in order to ex­
ecute each of the steps listed above.) 

1. Set up the WGND and VM pins for margining. 
See AC Characteristics for correct timings. (The 
WGND voltage is VME') 

2. Apply the correct VM to the VM pin. The next sec­
tion, Performing a Binary Search, explains the 
method that must be used to generate the correct 
VM' (Once the initial limits have been chosen for 
VM, this step may be directly replaced by the sec­
ond step in the Performing a Binary Search sec­
tion.) 

3. Read the CB pattern from the EEPROM. (This is 
the pattern that was written into the EEPROM in 
step 2 of the Predicting Retention Time section.) If 
the pattern reads correctly, this iteration is consid­
ered a "pass"; if the pattern does not read cor­
rectly, this iteration is considered a "fail". A new 
VM is generated based on whether the pattern 
read correctly or not, as shown in step 3 of the 
next section. (Once the binary search technique 
is understood, this step may be replaced by the 
third step in the Performing a Binary Search sec­
tion.) 
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NOTE: A pattern that does not verify correctly ("fails") 
does not mean that the OUT is no longer func­
tioning correctly. When a pattern reads incor­
rectly it means that the value of VM has 
exceeded the value of VTH, which is part of 
the margining technique. 

4. Repeat steps 2 and 3 eight additional times. (A to­
tal of nine iterations are needed to ensure the res­
olution of VM') 

5. After the ninth iteration is complete, add the last 
pass limit and fail limit (as determined in step 3) 
together and divide by two. This is the VM that 
should be recorded for plotting. 

Performing a Binary Search 
The binary search method must be used during mem­
ory margining to generate the margining voltage (VM) 
for both 1's and O's. This method is used because it is 
the most efficient way to accurately generate the 
margining voltage with the fewest number of itera­
tions. (Applying VM to the memory degrades the 
margin slightly, therefore as few iterations as possible 
are desired.) 

The 1's margin search window is 0 to + 5 volts; the 
O's margin search window is 0 to -5 volts. In each 
case, nine margining iterations are used to determine 
the correct VM within the appropriate window. A 
description of the binary search technique for deter­
mining the 1's margin voltage follows. (The tech­
nique for O's is the same except that the initial window 
is 0 to -5 VOlts.) 

1. Begin with a "fail limit" of + 5 volts and a "pass 
limit" of 0 volts. (The window between the pass 
and fail limits is the search window.) 

2. Add the pass and fail limits together and divide by 
two. (The first VM will be +2 .. 5 volts). This is the 
manner in which the margining voltage is deter­
mined for each iteration. 

3. If the device passes (that is, if the pattern reads 
correctly as determined in step 3 of the preceding 
section) at the VM determined in step 2 of this 
section, set the new pass limit equal to that VM 
and keep the previous fail limit. If the device fails 
(does not read correctly) at the VM determined in 
step 2, set the new fail limit equal to that VM and 
keep the previous pass limit. 
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4. Repeat step 2 to determine the new VM' 

To determine the O's margin voltage, repeat the 
above procedure except begin with a fail limit of -5 
volts and a pass limit of 0 volts. 

The resolution of the margin voltage determined by 
the binary search method can be determined by the 
following equation. 

where 
LF = fail limit 
Lp = pass limit 
i = number of iterations 

For a 5 volt window and a total of 9 iterations, the 
resolution of the resultant VM will be approximately 
±5mV. 

Pitfalls 
- The resolution of VM, the voltage that is applied to 

the VM pin, is very important. To ensure accurate 
results the resolution of the VM power supply 
should be no worse than ± 0.01 OV. 

- Nine binary search iterations must be performed to 
ensure the resolution of the VM that is plotted. With 
nine iterations and a VM power supply resolution of 
± 0.01 OV the overall resolution of VM will be within 
±0.015V. 

- VME, the margin enable voltage applied to the 
WGNO pin during margining, should be + 9.0 
±0.5V for 1's margining and -7.0 ±0.5V for O's 
margining. 

- 1's and O's must be margined separately. That is, 
all steps required to generate both 1's margin data 
points must be completed and the CB pattern must 
be rewritten into the EEPROM before margining of 
the O's can begin. 

- Write, read, and erase operations must meet the 
specification for the particular device being 
margined. 

- Margining must be performed in accordance with 
the timings and voltages presented in the AC 
Characteristics section of this application note. 

- The retention bake temperature should be chosen 
to match the upper temperature limit of the specifi­
cation of the device being evaluated. 

- The OUT should be margined within several (up to 
4) hours after being removed from the retention 
bake. 



- For the purpose of predicting retention times, an 
EEPROM should not be margined prior to 24 hours 
after a pattern has been written into it. The relation­
ship between VTH and T during the first 24 hours 
is generally log-log. Retention time predictions 
with one of the data pOints collected prior to 24 
hours will be incorrect. 

- For the purpose of this application note, a "1" may 
be considered to be a "written" state and a "0" to 
be an "erased" state. A discussion of the relation­
ship between written and erased states and logical 
1 's and O's may be found in the SNOS NON­
VOLATILE MEMORY RELIABILITY REPORT. 

3 

2 -

Predicting Retention - An Example 
The following example is based on data collected 
from a sample of NCR 52801 'so It is representative of 
the retention characteristics generated by anyone of 
the products in NCR's family of serial 1/0 EEPROM's. 

The 1 's were margined at 94 and 503 hours, and the 
O's were margined at 93 and 502 hours with the follow­
ing results. 

1's Margin 
O's Margin 

T1 
1.320 V 

-1.660 V 

T2 
1.120 V 

-1.510 V 

The following plot was generated from the data. It 
shows approximately 0.5V of 1 's margin and -1 V of O's 
margin at ten years. 

VM2, T2 VM1 , Tl-1 - -t--- --- --- J l's Margin 

VM (Volts) 0 lEl lE2 

-1 -
I 

- VM1 , T1' 
O's Margin 

-2 

-3 

EXAMPLE RETENTION PLOT 

In addition to plotting the data, the 1 's and O's 
margin (at 10 years) have been calculated below. 

VM (one's)=~ 1.120 -1.320 )(4.94 .loglO 94~+ 1.320 

@ 10 yrs. ~1091O 503 -loglO 94 J 
= (-0.200) (2.967) + 1.320 

0.726 

= -0.615 + 1.320 

= 0.505 Volts (1 's margin) 

-- --
I I I I I I IlL 

I II I lE3 I lE4 T (HOURS) 'I' 

------
+-- --- - -

VM2, T2 

10 
VRS 

In both of the above examples, the inequalities 
VM(one's)@10 yrs>OV and VM(zero's)@ 10 yrs<OV 
were met. This predicts that the OUT will recall both 
1 's and O's correctly after ten years of storage. 

VM (zero's) =rt( -1.510 -(-1.660) )(4.94 -log10 93~ +(-1.660) 

@ 10 yrs. ~ 10910 50? - 10910 93 J 
= ( 0.150) (2.971) + (-1.660) 

0.732 

= 0.609 + (-1.660) 

= -1.051 Volts (O's margin) 
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Writing a Checkerboard Pattern 

52801 

The memory array of NCR's 52801 256-bit EEPROM 
is configured in 16 words, with each word containing 
16 bits (DO thru 015). 

A checkerboard pattern exists in the EEPROM 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 
1111111100000000. 

2. Increment the address and complement the data. 
(Address 1 would be 0000000011111111.) 

3. Repeat step 2 fourteen additional times (a total of 
16 addresses should be written). 

An inverted checkerboard pattern may be gener­
ated by following the same procedure except that all 
the data must be complemented. (The data for ad­
dress 0 would be 0000000011111111.) 

The bit map for a checkerboard pattern is illustrated 
below. 

ClK 

STEP 1'* 

SETUP 
WGND&VM 

BIT 
1 1 1 1 1 1 

ADDRESS o 1 2 3 4 5 678 9 0 1 2 3 4 5 

AO 1 1 1 1 1 1 1 1 o 0 0 0 0 000 
Ai 0 o 0 o 0 0 0 0 1 1 1 1 1 1 1 1 
A2 1 ·1 1 1 1 1 1 1 o 0 0 0 0 0 o 0 
A3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
A4 1 1 1 1 1 1 1 1 0 0 0 o 0 0 0 0 
A5 0 0 0 o 0 0 0 0 1 1 1 1 1 1 1 1 
A6 1 1 1 1 1 1 1 1 0 0 0 0 o 0 0 0 
A7 o 0 0 0 o 0 0 0 1 1 1 1 1 1 1 1 
A8 1 1 1 1 1 1 1 1 0 0 0 000 0 0 
A9 0 0 o 0 0 0 0 0 1 1 1 1 1 1 1 1 
Ai0 1 1 1 1 1 1 1 1 o 0 o 0 0 o 0 0 
Ai1 o 0 o 0 0 0 0 0 1 1 1 1 1 1 1 1 
Ai2 1 1 1 1 1 1 1 1 0 000 000 0 
Ai3 0 o 0 000 0 0 1 1 1 1 1 1 1 1 
Ai4 1 1 1 1 1 1 1 1 0 o 0 0 000 0 
A15 o 0 0 o 0 o 0 0 1 1 1 1 1 1 1 1 

Although the above pattern is not a checkerboard 
when it is external to the 52801, the internal pattern, 
due to the decoding circuitry, will be a checkerboard. 

STEP 3 

READ THE EEPROM 1sflTERATION 

CTR1 ,----''"'rrrTntTm7'rrm'Jt1\..-------...... r-..... r-------, 
CTR2, 
CTR3---~~~~~~~~-~---~r\--- ~ _____ -J 

CE ___ ~ 

1'5 MARGINING VOLTAGE 
VM---~,-~~~~r_---------------------------

Vil 
WGND---~--~I 

.* THESE ARE THE STEPS FOUND IN 
THE MEMORY MARGINING SECTION 

0'5 MARGINING VOLTAGE 

*SAI: SERIAL ADDRESS IN 
SDO: SERIAL ADDRESS OUT 

+ 9.0 ± 0.5V for 1'5 Margining. 

+ 7.0±0.5V for 0'5 Margining 



SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
SEE BINARY 

VM MARGINING VOLTAGE VCC= S.OV -S.O SEARCH +5.0 V 
SECTION 

WGND(I's) MARGINING ENABLE VCC=S.OV 8.S 9.0 9.S V 
1'5 

WGND(O's) MARGINING ENABLE VCC=S.OV -7.5 -7.0 -6.5 V 
0'5 

tCES CE HIGH 10 
MARGINING ENABLE 

- 0 - - nS 

MARGINING ENABLE 
tMES SET UP 10 VCC=5.0V 

MARGINING VOLTAGE 
SO - - "S 

tVMS MARGINING VOLTAGE - 100 - - "S 
SETUP 10 CE LOW 

tCCES CTR 1, 2, 310 - 1 - - "S 
CELOW 

tVMO VM HOLD AFTER - 0 - - nS 
CEHIGH 

tMDP NEWVMAFTER - 0 - - nS 
OLPVM 

tVMH CE HIGH 10 - 0 - - nS 
VMOFF 

tMEH VMOFF1O - 0 - - nS 
WGNDOFF 

tCEH MARGINING ENABLE - 100 - - "S 
OFF1OCELOW 

NCR S2801 AC CHARACTERISTICS 

-I READ THE EEPROM 2nd THRU 9th ITERATIONS + 

-t-. -
tVMO -I r--

--n~ X h I U~X n ~ r--'I ~ ---
I--tVMS-

tMDP-- I--
'" 

tVMH 

(1st ITERATION) (2nd ITERATION) ,,'f (9th ITERATION) 

1\" - 4-

(1st ITERATION) (2nd ITERATION) 

" 
(9th ITERATION) 

tCEH 

" __ tMEH --\ 
~ 
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Non-Volatile Applications - Memory Margining 
Serial 110 EEPROMs-59308 

Introduction 
Among the many features offered by NCR in their 
family of serial I/O Electrically Erasable PROM'S 
(EEPROM) is memory margining. Memory margining 
allows the user to determine the length of time that an 
EEPROM will retain the information written into it. The 
length of time that the EEPROM retains information 
(without being rewritten) is known as retention time. 

This application note presents all the necessary in­
formation needed to margin and predict retention 
times for NCR'S family of serial I/O EEPROM's. 

Predicting Retention Time 
Retention time for an EEPROM is determined by plot­
ting the voltage measured during memory margining 
(VM) versus the time (T) when the device was 
margined. As shown in the example retention plot, at 
least two points (two each for both 1 's and O's margin) 
must be plotted to predict retention time. Since the re­
lationship between VM and T is generally logarithmic, 
the data should be plotted on semi-log paper. Plot VM 
on the y-axiS and T on the x-axis (this is the log axis). 
The following steps outline the procedure used to col­
lect the data needed to predict both 1 's and O's reten­
tion times. 

1. Block erase the EEPROM. 

2. Write a known pattern into the EEPROM. A 
checkerboard (CB) pattern is generally preferred 
because it allows the user to margin both 1 's and 
O's with the same pattern. A description of how a 
checkerboard pattern is generated for the NCR 
59308 has been included as a reference. 

NOTE: Although the same pattern may be used, 1 's 
and O's must be margined separately. That is, 
all steps required to generate both data pOints 
for the 1 's margin must be completed and the 
CB pattern must be rewritten to the EEPROM 
before margining of the O's can begin. The 
reason for this is that the margining of one 
state disturbs the margin of the other state. 

3. Read the CB pattern from the EEPROM. (This 
step needs to be done to ensure that the CB pat­
tern has been written correctly.) 

4. Bake the device under test (OUT) for 96 hours at 
70°C. (The OUT should be baked at the upper 
temperature limit of the device's specification. 
This is the worst case temperature for margining. 
For a commercial device 70°C is chosen.) The 
bake should be an unbiased bake with the device 
placed in antistatic foam or other conductive ma­
terial. 

5. Margin 1 'so (The Memory Margining section out­
lines the technique employed to margin both 1 's 
and O's.) Record VM, the voltage determined 
during margining, and the exact number of hours 
(to the nearest hour) since the pattern was written 
to the EEPROM. The data collected at this 
point should be recorded as VM1(one's) and 
T1(one's). 

6. Bake the OUT for an additional 408 hours at 
70°C. (The total bake is 504 hours with data col­
lection at 96 and at 504 hours.) 



7. Margin 1 'so Record VM2(one's) and T 2(one's)' 

8. PlotT1(one's), T2(one's), VM1(one's), VM2(one's) 
to determine the 1 's retention characteristics of 
the OUT. This is illustrated in the example reten­
tion plot. 

9. Repeat steps 1 thru 4. (1 's margining was com­
pleted in step 8. Steps 9 thru 13 address D's 
margining.) 

10. Margin D's. Record VM1(zero's) and T 1(zero's)' 

11. Bake the OUT for an additional 408 hours at 
70°C. (Same as step 7). 

12. Margin D's. Record VM2(zero's) and T 2(zero's)' 

13. Plot T 1(zero's), T 2(zero'~)' VM1'(z~ro's)' an? 
VM2(zero's) to determine the 0 s retention 
characteristics of the OUT. 

NOTE: The following conditions are recommended 
for reading, writing, and erasing the 
EEPROM. 

Vee = 5.0V 
VIH ~ 2.0V 

VIL s O.BV 
TA = Room Temperature 

In addition to plotting the data to determine retention 
time, the following equation can be used to predict VM 
at 10 years. That is, the equation will predict the re­
maining 1 's or D's margin after ten years of storage. 

NOTE: The times (T) must be in hours. 

The device will read correctly at ten years if the follow­
ing inequalities are met. 

VM (one's) @ 10 yrs. > OV 

VM (zero's) @ 10 yrs. < OV 

VM EN and VM 
During memory margining a voltage must be applied 
to each of the memory transistors in the OUT. To 
achieve this, VM EN (pin 7) and VM (pin 6) are utilized. 
When VM EN is active, it allows the margining voltage 
(VM) to be applied to the memory transistors. When 
margining 1 's, the active state for VM EN is a positive 
voltage, and when margining D's, the active state is a 
negative voltage. Timings and voltage limits for these 
pins may be found in the AC Characteristics section. 

Memory Margining 
Information is retained in the EEPROM by storing a 
charge in each of the memory transistors. This 
storage of charge is reflected as a change in the 
threshold voltage (VTH) of the memory transistor. The 
rate at which VTH decays is directly related to the re­
tention time of an EEPROM. Unfortunately, VTH can­
not be measured directly. However, the voltage VM, 
that is applied to the VM pin is used to determine the 
magnitude of VTH' It is in this manner that VTH is 
evaluated. The following steps outline the technique 
that is .used to evaluate VTH (using VM) correctly. 

NOTE: The following is the margining technique that 
is referred to in steps 5, 7, 10 and 12 in the 
Predicting Retention Time section. (This en­
tire section must be performed in order to ex­
ecute each of the steps listed above.) 

1. Set up the VM EN and VM pins for margining. See 
AC Characteristics for correct timings. (The VM 
EN voltage is VME') 

2. Apply the correct VM to the VM pin. The next sec­
tion, Performing a Binary Search, explains the 
method that must be used to generate the correct 
VM' (Once the initial limits have been chosen for 
VM, this step may be directly replaced by the sec­
ond step in the Performing a Binary Search sec­
tion.) 

3. Read the CB pattern from the EEPROM. (This is 
the pattern that was written into the EEPROM in 
step 2 of the Predicting Retention Time section.) If 
the pattern reads correctly, this iteration is consid­
ered a "pass"; if the pattern does not read cor­
rectly, this iteration is considered a "fail". A new 
VM is generated based on whether the pattern 
read correctly or not, as shown in step 3 of the 
next section. (Once the binary search technique 
is understood, this step may be replaced by the 
third step in the Performing a Binary Search sec­
tion.) 

NOTE: A pattern that does not verify correctly ("fails") 
does not mean that the OUT is no longer func­
tioning correctly. When a pattern reads incor­
rectly it means that the value of VM has 
exceeded the value of VTH, which is part of 
the margining technique. 

4. Repeat steps 2 and 3 eight additional times. (A to­
tal of nine iterations are needed to ensure the res­
olution of VM') 

5. After the ninth iteration is complete, add the last 
pass limit and fail limit (as determined in step 3) 
together and divide by two. This is the VM that 
should be recorded for plotting. 
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Performing a Binary Search 
The binary search method must be used during mem­
ory margining to generate the margining voltage (VM) 
for both 1's and O's. This method is used because it is 
the most efficient way to accurately generate the 
margining voltage with the fewest number of itera­
tions. (Applying VM to the memory degrades the 
margin slightly, therefore as few iterations as possible 
are desired.) 

The 1's margin search window is 0 to + 5 volts; the 
O's margin search window is 0 to -5 volts. In each 
case, nine margining iterations are used to determine 
the correct VM within the appropriate window. A 
description of the binary search technique for deter­
mining the 1's margin voltage follows. (The technique 
for O's is the same except that the initial window is 0 to 
-5 volts.) 

1. Begin with a "fail limit" of + 5 volts and a "pass 
limit" of 0 volts. (The window between the pass 
and fail limits is the search window.) 

2. Add the pass and fail limits together and divide by 
two. (The first VM will be + 2.5 volts). This is the 
manner in which the margining voltage is deter­
mined for each iteration. 

3. If the device passes (that is, if the pattern reads 
correctly as determined in step 3 of the preceding 
section) at the VM determined in step 2 of this 
section, set the new pass limit equal to that VM 
and keep the previous fail limit. If the device fails 
(does not read correctly) at the VM determined in 
step 2, set the new fail limit equal to that VM and 
keep the previous pass limit. 

4. Repeat step 2 to determine the new VM. 

To determine the O's margin voltage, repeat the 
above procedure except begin with a fail limit of -5 
volts and a pass limit of 0 volts. 

The resolution of the margin voltage determined by 
the binary search method can be determined by the 
following equation. 

where 
LF = fail limit 
Lp = pass limit 
i = number of iterations 

For a 5 volt window and a total of 9 iterations, the 
resolution of the resultant VM will be approximately 
:!:5mV. 

Pitfalls 
- The resolution of VM, the voltage that is applied to 

the VM pin, is very important. To ensure accurate 
results the resolution of the VM power supply 
should be no worse than :!: 0.01 OV. 

- Nine binary search iterations must be performed to 
ensure the resolution of the VM that is plotted. With 
nine iterations and a VM power supply resolution of 
:!:0.010V the overall resolution of VM will be within 
:!:0.015V. 

- VME, the margin enable voltage applied to the VM 
EN pin during margining, should be +9.0 :!:0.5V 
for 1's margining and -7.0 :!:0.5V for O's margin­
ing. 

- 1's and O's must be margined separately. That is, 
all steps required to generate both 1's margin data 
points must be completed and the CB pattern must 
be rewritten into the EEPROM before margining of 
the O's can begin. 

- Write, read, and erase operations must meet the 
specification for the particular device being 
margined. 

- Margining must be performed in accordance with 
the timings and voltages presented in the AC 
Characteristics section of this application note. 

- The retention bake temperature should be chosen 
to match the upper temperature limit of the specifi­
cation of the device being evaluated. 

- The OUT should be margined within several (up to 
4) hours after being removed from the retention 
bake. 

- For the purpose of predicting retention times, an 
EEPROM should not be margined prior to 24 hours 
after a pattern has been written into it. The relation­
ship between VTH and T during the first 24 hours 
is generally log-log. Retention time predictions 
with one of the data points collected prior to 24 
hours will be incorrect. 

- For the purpose of this application note, a "1" may 
be considered to bea "written" state and a "0" to 
be an "erased" state. A discussion of the relation­
ship between written and erased states and logical 
1 's and O's may be found in the SNOS NON­
VOLATILE MEMORY RELIABILITY REPORT. 



Predicting Retention - An Example 
The following example is based on data collected 
from a sample of NCR 59308's. It is representative of 
the retention characteristics generated by anyone of 
the products in NCR's family of serial 1/0 EEPROM's. 

The 1 's were margined at 90 an.d 500 hours, and the 
O's were margined at 98 and 499 hours with the follow­
ing results. 

T1 T2 
1's Margin 1.330 V 1.130 V 
O'sMargin -1.670 V -1.510 V 

The following plot was generated from the data. It 
shows approximately 0.5V of 1 's margin and -1 V of O's 
margin at ten years. 

In addition to plotting the data, the 1 's and O's 
margin (at 10 years) have been calculated below. 

VM (one's) = I( 1.130-1.330 )(4.94'1091090~+ 1.330 

@ 10 yrs. ~1091O 500 -loglO 90 J. 
= (-0.200) (2.986) + 1.330 

0.745 

= -0.802 + 1.330 

= 0.528 Volts (1 's margin) 

VM (zero's) = ~( -1.510 -(-1.670) ) (4.94 ·log10 98~ +(-1.670) 

@ 10 yrs. ~ 1091O 499 - 1091O 98 J 
= ( ~: ;~~) (2.949) + (-1.670) 

= 0.667 + (-1.670) 

= -1.003 Volts (O's margin) 

3 

2 

In both of the above examples, the inequalities 
VMlone's) @ 10 yrs > OV and VII!i(zero'sl @ 10 yrs < OV 
were met. This predicts that the OUT will recall both 
1 's and O's correctly after ten years of storage. 

Writing a Checkerboard Pattern 

59308 
The memory array of NCR's 59308 1024-bit Serial 1/0 
EEPROM is configured in 64 words, with each word 
containing 16 bits (DO thru 015). 

A checkerboard pattern exists in the EEPROM 
when adjacent memory cells contain complementary 
data. The procedure used to generate such a pattern 
is described below: 

1. Begin at address 0 by writing the data 
1010101010101010. 

2. Increment the address and complement the data. 
(Address 1 would be 0101010101010101.) 

3. Repeat step 2 sixty-two additional times (a total of 
64 addresses should be written). 

An inverted checkerboard pattern may be gener­
ated by following the same procedure except that all 
the data must be complemented. (The data for ad­
dress 0 would be 0101010101010101.) 

The bit map for a checkerboard pattern is illustrated 
on the following page. 

1's Margin VM1 , T1 VM2' T2 

--
VM (Volts) 0 

1E1 

-1 ---
O's Margin -+-

-2 VM1 , T1 VM2, T2 

10YRS 

-3 

EXAMPLE RETENTION PLOT 
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ADDRESSES BIT (A5=0) BIT(A5=1) 

A 
4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D D 
A A A A 1 1 1 1 1 1 1 1 1 1 1 , 
3 2 1 0 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 

0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
0 1 0 0 1 0 1 0 1 0 1 0 1 0 1 0 .1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 1 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 6 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 1 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 1 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
0 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
0 1 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
0 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
0 1 1 1 0 1 0 .1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 0 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 0 1 1 0 1 0 1 0 1 0 1 0 1 O. 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 1 0 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 
1 1 1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

STEP 1· 1 STEP 21 
• II .,. 

STEP 3 

READ THE EEPROM 151 ITERATION 

CLK------------------~ 

CS 
I--WOROO-j j+-WOR01--1 r-WOR063+j 

o A5 A4 ~r-------------..Jf11io~~ r--151 ITERATION -I !---151 ITERATION--.J 
Ol-----+------------~ 

~r.:~--------~--~------~----------__, 015 014 ~ L-

VM------~--~~~r_------------------------~1~~~M~A~R~G~IN~IN~G~VO~~~~~G~E~ ________ ~(1~&~IT~E~R~~~IO~N~) __________ _ 

O'S MARGINING VOLTAGE 151 ITERATION 

VIL 
VM EN -----------( 

of. 9.0 .. 0.5V for 1 '5 Margining 

-7.0 .. 0.5V for 0'5 Margining 

NCR 59308 AC CHARACTERISTICS • 



SYMBOL PARAMETER 

VM MARGINING VOLTAGE 

VM EN (1'5) MARGINING ENABLE 
1'5 

VM EN (0'5) MARGINING ENABLE 
0'5 

tCES CS LOW TO 
MARGINING ENABLE 

MARGINING ENABLE 
tMES SET UP TO 

MARGINING VOLTAGE 

tVMS MARGINING VOLTAGE 
SETUP TO CS HIGH 

tSHCH SELECT SET-UP TIME 

tCHSL SELECT HOLD TIME 

tVMO VM HOLD AFTER 
CS,OFF 

tMDP NEWVMAFTER 
OLDVM 

tVMH CS LOW TO 
VMOFF 

tMEH VM OFF TO 
VM EN OFF 

tCEH MARGINING ENABLE 
OFF TO CS HIGH 

-THESE ARE THE STEPS FOUND IN 
THE MEMORY MARGINING SECTION 

CONDITIONS MIN TYP 
SEE BINARY 

VCC=5.0V -5.0 SEARCH 
SECTION 

VCC=5.0V 8.5 9.0 

VCC=5.0V -7.5 -7.0 

- 0 -

- 50 -

- 100 -

- 200 -

- 1 -
- 0 -

- 0 -

- 0 -

- 0 -

- 100 -

STEP 4 

READ THE EEPROM 2nd THRU 9th ITERATIONS 

(2nd ITERATION) (9th ITERATION) 

(2nd ITERA I (9th ITERATI N) 

MAX UNITS 

+5.0 V 

9.5 V 

-6.5 V 

- nS 

- I'S 

- I'S 

- ns 

- I'S 

- nS 

- nS 

- nS 

- nS 

- I'S 
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Non-Volatile Applications - Memory Margining 
Byte Wide EEPROMs - 52832, 52864 

Introduction 
Among the many features offered by NCR in 
their family of byte wide Electrically Erasable 
PROM'S (EEPROM) is memory margining. Memory 
margining allows the user to determine the length of 
time that an EEPROM will retain the information writ­
ten into it. The length of time that the EEPROM re­
tains information (without being rewritten) is known as 
retention time. 

This application note presents all the necessary in­
formation needed to margin and predict retention 
times for NCR'S family of byte wide EEPROM's. 

Predicting Retention Time 
Retention time for an EEPROM is determined by plot­
ting the voltage measured during memory margining 
(VM) versus the time (T) when the device was 
margined. As shown in the example retention plot, at 
least two points (two each for both 1 's and D's margin) 
must be plotted to predict retention time. Since the re­
lationship between VM and T is generally logarithmic, 
the data should be plotted on semi-log paper. Plot VM 
on the y-axis and T on the x-axis (this is the log axis). 
The following steps outline the procedure used to col­
lect the data needed to predict both 1 's and D's reten­
tion times. 

1. Block erase the EEPROM. 

2. Write a known pattern into the EEPROM utilizing 
the Load and Write modes. A checkerboard (CB) 
pattern is generally preferred because it allows 
the user to margin both 1 's and D's with the same 
pattern. A description of how a checkerboard pat­
tern is generated for the NCR 52832 and 52864 
has been included in this application note. 

NOTE: Although the same pattern may be used, 1 's 
and D's must be margined separately. That is, 
all steps required to generate both data points 
for the 1 's margin must be completed and the 
CB pattern must be rewritten to the EEPROM 
before margining of the D's can begin. The 
reason for this is that the margining of one 
state disturbs the margin of the other state. 

3. Read the CB pattern from the EEPROM. (This 
step needs to be done to ensure that the CB pat­
tern has been written correctly.) 

4. Bake the device under test (OUT) for 96 hours at 
70°C. (The OUT should be baked at the upper 
temperature limit of the device's specification. 
This is the worst case temperature for margining. 
For a commercial device 70°C is chosen.) The 
bake should be an unbiased bake with the device 
placed in antistatic foam or other conductive ma­
terial. 

5. Margin 1 'so (The Memory Margining section out­
lines the technique employed to margin both 1 's 
and D's.) Record VM, the voltage determined 
during margining, and the exact number of hours 
(to the nearest hour) since the pattern was written 
to the EEPROM. The data collected at this 
point should be recorded as VM1(one's) and 
T1(one's). 



6. Bake the OUT for an additional 408 hours at 
70°C. (The total bake is 504 hours with data col­
lection at 96 and at 504 hours.) 

7. Margin 1's. Record VM2(one's) and T 2(one's). 

8. PlotT 1 (one's), T2(one's), VM1 (one's), VM2(one's) 
to determine the 1's retention characteristics of 
the OUT. This is illustrated in the example reten­
tion plot. 

9. Repeat steps 1 thru 4. (1's margining was com­
pleted in step 8. Steps 9 thru 13 address O's 
margining.) 

10. Margin O's. Record VM1(zero's) and T 1 (zero's)· 

11. Bake the OUT for an additional 408 hours at 
70°C. (Same as step 7). 

12. Margin O's. Record VM2(zero's) and T 2(zero's)' 

13. Plot T1(zero's), T2(zero 's), VM1(zero's), and 
VM2(zero's) to determine the O's retention 
characteristics of the OUT. 

NOTE: The following conditions are recommended 
for reading, writing, loading and erasing the 
EEPROM. 

Vee = S.OV V1L :s O.SV 
VIH 2: 2.0V TA = Room Temperature 

In addition to plotting the data to determine retention 
time, the following equation can be used to predict VM 
at 10 years. That is, the equation will predict the re­
maining 1's or O's margin after ten years of sforage. 

VM (10 yrS)=G(I" V~2-~M1 T) (4.94-1091OT) +VM1 
~ 0910 2- 0910 1 J 

NOTE: The times (T) must be in hours. 

The device will read correctly at ten years if the follow­
ing inequalities are met. 

v M (one's) @ 10 yrs. > OV 

VM (zero's) @ 10 yrs. < OV 

CNTL 1 and CNTL2 
Ouring memory margining a voltage must be applied 
to each of the memory transistors in the OUT. To 
achieve this, CNTL 1 (pin 1) and CNTL2 (pin 26) are 
utilized. CNTL 1 takes on the additional function of 
Margin Enable (ME) and CNTL2 takes on the addi­
tional function of Margin Voltage (MV). Timings 
and voltage limits for these pins may be found in the 
AC Characteristics section. In the interest of clarity, 
these pins will be denoted as CNTL 1 (ME) and CNTL2 
(MV) in this application note. 

Memory Margining 
Information is retained in the EEPROM by storing a 
charge in each of the memory transistors. This 
storage of charge is reflected as a change in the 
threshold voltage (VTH) of the memory transistor. The 
rate at which VTH decays is directly related to the re­
tention time of an EEPROM. Unfortunately, VTH can­
not be measured directly. However, the voltage VM, 
that is applied to the CNTL2 (MV) pin is used to deter­
mine the magnitude of VTH' It is in this manner that 
VTH is evaluated. The following steps outline the 
technique that is used to evaluate VTH (using VM) 
correctly. 

NOTE: The following is the margining technique that 
is referred to in steps 5, 7, 10 and 12 in the 
Predicting Retention Time section. (This en­
tire section must be performed in order to ex­
ecute each of the steps listed above.) 

1. Set up the CNTL 1 (ME) & CNTL2 (MV) pins for 
margining. See AC Characteristics for correct tim­
ings. (The CNTL 1 voltage is VME.) 

2. Apply the correct VM to the CNTL2 pin. The next 
section, Performing a Binary Search, explains the 
method that must be used to generate the correct 
VM' (Once the initial limits have been chosen for 
VM, this step may be directly replaced by the sec­
ond step in the Performing a Binary Search sec­
tion.) 

3. Read the CB pattern from the EEPROM. (This is 
the pattern that was written into the EEPROM in 
step 2 of the Predicting Retention Time section.) If 
the pattern reads correctly, this iteration is consid­
ered a "pass"; if the pattern does not read cor­
rectly, this iteration is considered a "fail". A new 
VM is generated 'based on whether the pattern 
read correctly or not, as shown in step 3 of the 
next section. (Once the binary search technique 
is understood, this step may be replaced by the 
third step in the Per10rming a Binary Search sec­
tion.) 

NOTE: A pattern that does not verify correctly ("fails") 
does not mean that the OUT is no longer func­
tioning correctly. When a pattern reads incor­
rectly it means that the value of VM has 
exceeded the value of VTH, which is part of 
the margining technique. 

4. Repeat steps 2 and 3 eight additional times. (A to­
tal of nine iterations are needed to ensure the res­
olution of VM') 

5. After the ninth iteration is complete, add the last 
pass limit and last fail limit (as determined in step 
3) together and divide by two. This is the VM that 
should be recorded for plotting. 
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Performing a Binary Search 
The binary search method must be used during mem­
ory margining to generate the margining voltage (VM) 
for both 1's and O's. This method is used because it is ' 
the most efficient way to accurately generate the 
margining voltage with the fewest number. of itera­
tions. (Applying VM to the memory degrades the 
margin slightly, therefore as few iterations as possible 
are desired.) 

The 1's margin search window is 0 to + 5 volts; the 
O's margin search window is 0 to -5 volts. In each 
case, nine margining iterations are used to determine 
the correct VM within the appropriate window. A 
description of the binary search technique for deter­
mining the 1's margin voltage follows. (The tech­
nique for O's is the same except that the initial window 
is 0 to -5 volts.) 

1. Begin with a "fail limit" of + 5 volts and a "pass 
limit" of 0 volts. (The window between the pass 
and fail limits is the search window.) 

2. Add the pass and fail limits together and divide by 
two. (The first VM will be + 2.5 volts). This is the 
manner in which the margining voltage is deter­
mined for each iteration. 

3. If the device passes (that is, if the pattern reads 
correctly as determined in step 3 of the preceding 
section) at the VM determined in step 2 of this 
section, set the new pass limit equal to that VM 
and keep the previous fail limit. If the device fails 
(does not read correctly) at the VM determined in 
step 2, set the new fail limit equal to that VM and 
keep the previous pass limit. 

4. Repeat step 2 to determine the new VM' 

To determine the O's margin voltage, repeat the 
above procedure except begin with a fail limit of -5 
veilts and a pass limit of 0 volts. 

The resolution of the margin voltage determined by 
the binary search method can be determined by the 
following equation. 

where 
LF = fail limit 
Lp = pass limit 
i = number of iterations 

For a 5 volt window and a total of 9 iterations, the 
resolution of the resultant VM will be approximately 
±5mV. 

Pitfalls 
- The resolution of VM, the voltage that is applied to 

the CNTL2 pin, is very important. To ensure ac­
curate results the resolution of the VM power sup­
ply should be no worse than ±0.010V. 

- Nine binary search iterations must be performed to 
ensure the resolution of the VM that is plotted. With 
nine iterations and a VM power supply resolution of 
±0.010V the overall resolution of VM will be within 
±0.015V. 

- VME, the margin enable voltage applied to the 
CNTL 1 pin during margining, should be + 22.0 
±0.5V for 1's margining and -6.0 ±0.5V for O's 
margining. 

- 1's and O's must be margined separately. That is, 
all steps required to generate both 1's margin data 
points must be completed and the CB pattern must 
be rewritten into the EEPROM before margining of 
the O's can begin. 

- Write, read, load, and erase operations must meet 
the specification for the particular device being 
margined. 

- Margining must be performed in accordance with 
the timings and voltages presented in the AC 
Characteristics section of this application note. 

- The retention bake temperature should be chosen 
to match the upper temperature limit of the 
specific device being evaluated. 

- The OUT should be margined within several (up to 
4) hours after being removed from the retention 
bake. 

- For the purpose of predicting retention times, an 
EEPROM should not be margined prior to 24 hours 
after a pattern has been written into it. The relation­
ship between VTH and T during the first 24 hours 
is generally 10g~log. Retention time predictions 
with one of the data points collected prior to 24 
hours will be incorrect. 

- For the purpose of this application note, a "1" may 
be considered to be a "written" state and a "0" to 
be an "erased" state. A discussion of the relation­
ship between written and erased states and logical 
1 's and O's may be found in the SNOS NON­
VOLATILE MEMORY RELIABILITY REPORT. 



Predicting Retention· An Example 
The following example is based on data collected 
from a sample of NCR 52832's. It is representative of 
the retention characteristics generated by anyone 
of the products in NCR's family of byte wide 
EEPROM's. 

The 1's were margined at 97 and 505 hours, and 
the O's were margined at 93 and 501 hours with the 
following results. 

T1 T2 
1's Margin 1.360 V 1.200 V 
O's Margin -1.250 V -1.090 V 

The following plot was generated from the data. It 
shows approximately 0.7V of 1's margin and -0.6V of 
O's margin at ten years. 

3 

2 I-
1's Margin vM2' T2 

In addition to plotting the data, the 1's and O's 
margin (at 10 years) have been calculated below. 

VM (one's) =1( 1.200 -1.360 )(4.94 -log lO 97~+ 1.360 

@ 10 yrs. ~ log 10 505 - 1091O 97 J 
= (-0.160) (2.953) + 1.360 

0.716 

= -0.660 + 1.360 

= 0.700 Volts (1's margin) 

VMcZerO's)=rt( -1.090-(-1.250) )(4.94-10910 93;t 
@ 10 yrs. ~ 1091O 501 - 1091O 93 J 

- ( 0.160) (2971) +(-1 250) 
- 0.731' . 

= 0.650 + (-1.250) 

= -0.600 Volts (O's margin) 

In both of the above examples, the inequalities 
VM(one's) @10 yrs > OV and VM(zero's) @ 10 yrs < 
OV were met. This predicts that the OUT will recall 
both 1's and O's correctly after ten years of storage. 

----J VM1' T1.J 
I - +-I- -- ---

J 
1E1 1E2 . 1E3 1E4 

T (HO'U~S) "I 
VM (Volts) o 

------ --1 l-
I +- ...---

VM1' T1' 
-

VM2' T2 

I-

-1 

O's Margin 

-2 
10 

YRS 

-3 

EXAMPLE RETENTION PLOT 
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Writing a Checkerboard Pattern 

52832 

The memory array of NCR's 52832 4K x 8 bit 
EEPROM consists of two data banks. Each bank con­
tains a 16 column by 128 row matrix with each column 
consisting of 8 data bits (see memory map). Inputs A4-
A 10 are the row addresses and AO-A3 are the column 
addresses. Address 0 references the bit position in 
the upper left-hand corner of each bank. The left bank 
is selected by A 11 = 0, and the right bank by A 11 = 1. 
Since the column addresses are less significant than 
the row addresses, address 1 is the bit position in row 
o column 1 (directly to the right of address 0). 

A checkerboard pattern resides in the array when ad­
jacent memory cells contain complementary data. 
The procedure used to generate such a pattern is 
described below: 

1. Begin at address 0 by loading the data 01010101 
(bit DO-D7 with A 11 = 0). 

2. Increment the address and load the same data. (In 
row 1 the data is 01010101). 

3. Repeat step 2 fourteen additional times until all six­
teen columns are loaded. 

4. Write the data. 
5. Begin the next row by complementing the data and 

incrementing the address (data for the second row 
is 10101010). 

6. Repeat steps 2, 3, 4, and 5 to complete the left 
bank (a total of 128 times). 

7. Set A 11 = 1 and repeat steps 1, 2, 3, 4, 5 and 6 to 
complete the matrix. 

An inverted checkerboard pattern may be generated 
by following the same procedure except that all the 
data must be complemented. (The data for address 0 
would be 10101010.) 



A3 0 0 1 0 1 

A2 0 0 1 0 1 
Al 0 0 1 0 1 
AO 0 1 1 0 1 

16 COlS. 16COlS. 

AAAAAAA 

8~ \ DDD 1 DDDDDDDD DDDDDDDD DDD DDDDDDDD DDDDDDDD DO DDDDDDDD 
0987654 01234567 01234567 567 01234567 01234567 01 567 01234567 

0000000 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

0000001 10101010 10101010 10 010 10101010 10101010 10 01 0 10101010 

0000010 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

0000011 10101010 10101010 q 010 10101010 10101010 10 010 10101010 

0000100 01010101 01010101 0 101 01010101 01010101 01 101 01010101 

0000101 10101010 10101010 1d 010 10101010 10101010 1 ~ 010 10101010 

0000110 01 0101 01 01010101 01 101 01010101 01010101 01 101 01010101 

0000111 10101010 10101010 
10\ \01 0 10101010 10101010 10\ ~10101010 

1 
2 - L------"-

8 r--
r;;;;-1 0 1 0 1 0 1 0 11 1 1000 R 10101010 10101010 10 fl,"o 10101010 10101010 10 

1111001 a 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

11 11010 W 10101010 10101010 1 0 010 10101010 10101010 10 010 10101010 

111101 1 S 01010101 01010101 01 101 ·01010101 01010101 01 101 01010101 

11 11100 10101010 10101010 10 010 10101010 10101010 10 010 10101010 

1 1 11101 01010101 01 01 0 1 0 1 01 101 01010101 01010101 01 101 01010101 

1111110 10101010 10101010 10 Pl0 10101010 10101010 10 010 10101010 

1111111 01010101 01010101 01 ~ 0 1 01010101 01010101 01 101 01010101 

COLO Call COLl5 COLO COl15 

All = 0 All = 1 

32K EEPROM BIT MAP 
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52864 

The memory array of NCR's 52864 8K x 8 bit 
EEPROM consists of four data banks. Each bank con­
tains a 16 column by 128 row matrix with each column 
consisting of 8 data bits (see memory map). Inputs A4-
A10 are the row addresses and AO-A3 are the column 
addresses. Address 0 references the bit position in 
the upper left-hand corner of each bank. The left bank 
is selected by A 11 = 0, and the right bank by A 11 = 1. 
The upper two banks are selected by A12 = 0, and the 
lower banks by A 12 = 1. Since the column addresses 
are less significant than the row addresses, address 1 
is the bit position in row 0 column 1 (directly to the 
right of address 0). • 

A checkerboard pattern resides in the array when ad­
jacent memory cells contain complementary data. 
The procedure used to generate such a pattern is 
described below: 

1. Begin at address 0 by loading the data 01010101 
(bit 00-07 with A11 =0 and A12=0). 

2. Increment the address and load the same data. (In 
row 1 the data is 01010101). 

3. Repeat step 2 fourteen additional times until all six­
teen columns are loaded. 

4. Write the data. 
5. Begin the next row by complementing the data and 

incrementing the address (data for the second row 
is 10101010). 

6. Repeat steps 2, 3, 4 and 5 to complete the left up­
per bank (a total of 128 times). 

7. Set A11 = 1, A12 = 0, and repeat steps 1,2,3,4, 5 
and 6 to complete the upper matrix. 

8. Set A11 =0, A12= 1, and repeat steps 1, 2, 3, 4, 5 
and 6 to complete the left half of the lower matrix. 

9. Set A11 = 1, A12 = 1, and repeatsteps 1,2,3,4,5 
and 6 to complete the array. 

An inverted checkerboard pattern may be generated 
by following the same procedure except that all the 
data must be complemented. (The data for address 0 
would be 10101010.) 



A3 0 0 1 0 1 
A2 0 0 1 0 1 
Al 0 0 1 0 1 
AO 0 1 1 0 1 

16 COlS. 16COLS. 

AAAAAAA 
g~ 

\ 
1 00000000 00000000 DOD 00000000 00000000 DD DDD DDDDDDDD 
09B7654 01234567 01234567 567 01234567 01234567 01 567 01234567 

0000000 01010101 01010101 01 101 01010101 01010101 01 101 01010101 
0000001 10101010 10101010 10 010 10101010 10101010 10 010 10101010 

0000010 01010101 01010101 01 101 01010101 01010101 01 101 010·10101 
0000011 10101010 10101010 1( 010 10101010 10101010 10 010 10101010 

0000100 01010101 01010101 0 101 01010101 01010101 01 101 01010101 

0000101 10101010 10101010 1( 010 10101010 10101010 1 0 010 10101010 
0000110 01010101 01010101 01 101 01010101 01010101 01 101 01010101 
00001 11 10101010 10101010 10 010 10101010 10101010 10 ~10101010 

1 \ \ -2 
B - 101 

r---
11 1 1000 R 10101010 1010 i 010 101 P 10 10101010 10101010 010 10101010 
11 1 1001 0 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

1 111010 W 10101010 10101010 10 010 10101010 10101010 10 010 10101010 
1 11 1011 S 01010101 01010101 01 101 01010101 01010101 01 101 01010101 
11 1 1100 10101010 10101010 1 d 010 10101010 10101010 10 010 10101010 
111 1 101 01010101 01010101 01 101 01010101 01010101 01 101 01010101 
111 1110 10101010 10101010 10 P 1 0 10101010 10101010 10 010 10101010 

1111111 01010101 01010101 01 ~ 0 1 01010101 01010101 01 101 01010101 

I A12=0 I 
COLO COll COLl5 COLO COl15 

All = 0 All = 1 

A3 0 0 1 0 1 

A2 0 0 1 0 1 

Al 0 0 1 0 1 
AO 0 1 1 0 1 

16 COlS. 16COlS. 

AAAAAAA 
g~ \ DDD 1 DDDDDDDD DDDDDDDD DOD DDDDDDDD DDDDDDDD DD DDDDDDDD 

09B7654 01234567 01234567 567 01234567 01234567 01 567 01234567 

0000000 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

0000001 10101010 10101010 10 010 10101010 10101010 10 010 10101010 

0000010 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

0000011 10101010 10101010 1 q 010 10101010 10101010 10 010 10101010 

0000100 01010101 01010101 0 101 01010101 01010101 01 101 01010101 

0000101 10101010 10101010 1 q 010 10101010 10101010 10 010 10101010 

0000110 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

0000111 10101010 10101010 10 010 10101010 10101010 10 ~10101010 
1 L L---
2 
B .--

101 r---
1111000 R 10101010 10101010 101 p,0 10101010 10101010 010 10101010 

1 111001 0 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

11 11010 W 10101010 10101010 10 010 10101010 10101010 10 010 10101010 

1111011 S 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

1111100 10101010 10101010 10 010 10101010 10101010 10 010 10101010 

11 1 1101 01010101 01010101 01 101 01010101 01010101 01 101 01010101 

1111110 10101010 10101010 10 P 1 0 10101010 10101010 10 010 10101010 

1111111 01010101 01010101 01 ~ 01 01010101 01010101 01 101 01010101 

B COLO COll COl15 COLO COL 15 

All = 0 All = 1 

64K EEPROM BIT MAP 
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ADDR. ____ oJ 

STEP 3 

ADDR 1 

DATA ----,)----------------1-------' '--___ oJ "'-,1'----

tcs 

+ 22.0±0.SV for 1'5 Margining 

CNTLl 
(ME) ......... ~-'--'-JI -6.0±0.SV for 0'5 Margining 

CNTL2 
(MV) ..t..-..'-L.....L-LJ 

1'5 MARGINING VOLTAGE, VM=O-+SV (1st ITERATION) 

0'5 MARGINING VOLTAGE, VM=O-+ -SV (1st ITERATION) 

MARGINING WAVEFORMS 32K and 64K EEPROMS 

* THIS IS THE LAST ADDRESS FOR THE 32K EEPROM ,THE LAST ADDRESS FOR THE 64K EEPROM IS 8191. 
* .• THESE ARE THE STEPS FOUND IN THE MEMORY MARGINING SECTION 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
SEE BINARY 

CNTL2(MV) MARGINING VOLTAGE VCC = S.OV -S.O SEARCH +S.O V 
SECTION 

CNTLl (ME) MARGINING ENABLE VCC=S.OV 21.S 22.0 22.S V 
1'5 1'5 

CNTLl (ME) MARGINING ENABLE VCC=S.OV -6.5 -6.0 -5.5 V 
0'5 0'5 

tMS MARGINING SET-UP - SO - - I'S 

tME MARGINING ENABLE - 20 - - I'S 

tMVD MARGINING VOLTAGE - 20 - - I'S 
DELAY 

TIMINGS 



STEP 4 
READ THE EEPROM (ITERATIONS 2 THRU 9) 

~---'" 
ADDR 4095' 

=x ____ J)----~(~ __ ~X~ ___ ~~~x~--~X~--~)r-----

'MSC 

(2nd Interatian) (9th Interatian) 

(2nd Interatian) (9th Interatian) 

\~----------~~~--------~/ 

----------------------~~~-------------------

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

'MSC MARGINING VOLTAGE - 50 I - I - I'S 
SET-UP BEFORE CS 

'ACC ADDRESS - SEE APPROPRIATE SPECIFICATION nS 
ACCESS TIME 

tcs CHIP SELECT - SEE APPROPRIATE SPECIFICATION nS 
ACCESS TIME 

tMCD MARGINING VOLTAGE - 0 - - nS 
TOCS DELAY 

tMD MARGINING DISABLE - 50 - - I'S 

tMDH MARGINING DISABLE - 20 - - I'S 
TO CNTL2 (MV) HIGH 
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a-Bit General Purpose Analog To Digital Converter .............................................. 325 
General Purpose OP AMP ............................................................. ' .... 331 
High-Speed Low-Power Comparator (COMP05, COMP5P) ....................................... 337 
General Purpose Comparator .............................................................. 339 
Analog Switch (ANSW) .................................................................... 341 
Current Bias Generators ................................................................... 345 

NCR Gate Array Library .................................................................... 347 



NCR SEMICUSTOM DESIGN 

• Performance-propagation delays less than 
LSTTL and HCMOS technologies. 

• Advanced process technology-low power 
CMOS. 

• Directly TTL and HCMOS Compatible-no 
interface or pull ups required. 

• Sophisticated CAD System-minimizes risk 
while easing and speeding design providing 
a first pass working part. 

e Optional ROM, Static RAM, PLA and 
DSP-Customer definable in size and 
organization, with the option of analog and a 
core microprocessor on the same chip. 

• Silicon Efficient-no fixed-routing channels 
or cell locations. NCR Semicustom Design 
allows close packing of high-level functions 
for minimum die size and lowest overall cost 
of any semicustom solution. 

• Many 7400/5400 equivalent functions. 

• Versatile in-house assembly capability for 
plastic and ceramic dual-in-line and chip 
carrier package types. 

NCR Semicustom Design offers you the same high performance, design flexibility and breadth of functions as 
a fully-customized integrated circuit, while simultaneously minimizing development time and cost. Key ele­
ments of the NCR system include computer-aided design (CAD) tools, advanced process technologies, total 
technical support and a wide selection of cell functions in a 3-micron CMOS standard cell library. 

You can take the lead in design and development with NCR technical expertise and foundry facilities to 
aid you in finding and implementing the optimal solution to your needs. Every phase of the design and develop­
ment process is followed up with the NCR state-of-the-art support system, permitting more freedom and secu­
rity to explore alternatives at minimal cost. 

Specifications subject to change without notice. 

Copyright © 1984 by NCR Corporation, Day1on, Ohio, U.S.A. 
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NCR Semicustom Design 

COST 
Compared to discrete logic, the use of an NCR cell li­
brary device to integrate system logic greatly reduces 
system power requirements, board space, component 
cost, manufacturing cost, weight, and overhead costs 
such as rework, inventory and purchasing. Reliability 
and performance will also be improved. All these fac­
tors directly impact unit pricing, particularly in volume 
production, making a cell'library device a mandatory 
design choice. 

DESIGN AND APPLICATIONS ASSISTANCE 
You have the option of using one of the Semicustom 
Design Centers where fully-supported Daisy and Men­
tor Graphics workstations are available for your use, 
or you may prefer to purchase a workstation and de­
sign your device in your facility. In either case, NCR 
will provide full engineering support, 

Options include: 
• completing design verification in your facility. 
• deSigning the device at the NCR facility or an 

NCR Design Center, 
• permitting NCR or an NCR Design Center to per­

form design verification and provide a device 
which meets your logic specifications. 

CADTOOLS 
Semicustom design and development are done with 
the most sophisticated tools available. NCR is com­
mitted to being the industry leader in technology, ap­
plications support and service. To meet this 
commitment, NCR has acquired and developed the 
best CAD tools that the industry can offer. 

When using cell library technology, you have a 
choice of the Apollo-based Mentor Graphics worksta­
tion or the Daisy workstation, both of which have the 
extensive NCR CMOS cell library and user-friendly 
software. When using gate array technology, the Men­
tor Graphics workstation is supported, NCR design 
and applications engineers are available full-time to 
assist you in every phase of design and development, 
including hands-on training on a workstation, NCR is 
actively involved in the movement of CAD tools to 
engineering workstations, the development of new 
tools and the evaluation of those being developed and 
offered by other companies. We continue to have new 
NCR CAD programs in development. 

NCR has developed proprietary software programs 
including timing analysis and test program generation 
to insure design accuracy and first pass success. For 
timing analysis, NCR has developed the VITATM (VLSI 
Timing and Interconnect Analysis) package of pro­
grams. Release 3 of NODE DELAY and PATH DELAY 

Tegas ™ is a registered trademark of General ElectriC-CALMA Co. 

VITATM is a registered trademark of NCR Corporation. 

CAL-MPTM is a registered trademark of SILVAR-LiSCO. 

DaisyTM is a registered trademark of Daisy Systems, Inc. 

features user prompts and keeps track of signal 
names for ease of use. PLUG DELAY provides feed­
back to logic simulators for realtime simulations. 
These programs can be run both before layout, using 
estimated interconnect capacitances, and after lay­
out, using extracted capacitance values. 

Layout, using NCR's CPR, a modification of an in­
dustry standard auto-place-and-route (APR) program, 
has become a streamlined activity producing excel­
lent results. Designers have the option of having NCR 
perform the layout from a provided nellist and specifi­
cations, or by obtaining an industry standard APR for 
in-house use. NCR is also cooperating with industry 
efforts to develop APR capability on the Mentor 
Graphics and Daisy workstations. 

For analog simulations, NCR will provide SPICE 
models for the celis, and full characterization data 
sheets. 

The CAD Software Tools include the following: 
• Schematic entry 
• Nellist extraction 
• Logic simulation-Tegas™ V and workstation 

based Simulation, to guarantee functionality and 
eliminate design errors. 

• Timing Analysis-VITATM (VLSI Interconnect and 
Timing Analysis) uses both estimated intercon­
nect capacitance and extracted interconnect ca­
pacitance to eliminate timing problems .. 

• Automatic place and route-CPR3, CAL-MpTM­
optimizes placement of cells and automatically 
routes the entire circuit, taking into account any 
specified critical paths for standard cells. 

• Layout verification includes-Electrical Rule 
Checks (ERC), and Design Rule Checks (DRC), 
comparison of layout to the logical circuit 
description to verify place and route accuracy 
and search for "transistor-level" errors to ensure 
operation. Mentor CADISYS is the program used 
for checking ERC's and DRC's for gate arrays. 

• Fault grading-Verifies test pattern quality. 
• Test pattern generation-Automatically creates 

test vectors from logic simulation patterns. 

Mentor Graphics™ is a registered trademark of Mentor Graphics Corporation. 



NCR SEMICUSTOM PROCESS TECHNOLOGY 
The NCR 3-micron drawn channel length CMOS proc­
ess provides excellent performance. This process 
uses p-well silicon gate technology, positive photo­
resist, and projection alignment on 4-inch wafers. 

NCR's CMOS is immume to most latch-up situa­
tions with latch-up protection of 90 rnA at 12V. Worst 
case ESD (electro-static discharge) is rated at 2.SkV. 

NCR's 3-micron CMOS technology has proven to 
be a very reliable high volume process which provides 
circuit densities and performances which are ex­
tremely competitive in today's market. 

Manufacturing 
Whether your semicustom design is performed by 
NCR, a design house, or yourself, NCR offers com­
plete foundry services to meet your production re­
quirements. Both 3-micron CMOS and NMOS foundry 
services are available. 

Packaging 
NCR's fast-turn assembly facility permits short devel­
opment cycles and rapid ramp-up for initial produc­
tion. In-house packaging includes plastic and ceramic 
DIPs and chip carriers. Off-shore packaging capabili­
ties offer low cost volume on all packaging alterna­
tives. 

GATE ARRAY TECHNOLOGY 
Gate arrays are a viable option if you have a low vol­
ume design or one requiring fewer functions and 
therefore fewer gates. Design and development cy­
cles are customarily shorter and less costly for gate 
arrays. The trade-off is in design flexibility and pro­
duction costs, since a cell library device is smaller and 
less costly in larger production quantities. 

NCR design engineers will assist you in making the 
most cost-effective decision to meet your needs, 
whether is is a cell library device or a gate array. 

CMOS II DIGITAL CELL LIBRARY 
SSI Functions: 
• Buffers/inverters 

high drive 
low drive 
tri-state 
schmitt trigger 

• NAND/NOR 
available with 2, 3, 4 inputs 

• AND/OR 
available with 8 inputs 

• Combinational logic 
AND-OR INVERTS and OR-AND INVERT 

• Other 
EXOR 

Flip-Flops/Latches: 
• Cross coupled latches 

both NOR and NAND 
• Level sensitive transparent latches 

with Reset 
without Reset 
with clock driver 

• Edge triggered D Flip-flops 
with Reset 
with Set and Reset 
without Set and Reset 
with clock driver, Set and Reset 

• Edge triggered JK flip-flops 
with Set and Reset 
with Set, Reset and clock driver 

• External 2-phase clock driver 

MSI Functions: 
• Two-to-one cascadeable multiplexer 
• Single-bit cascadeable loaded shift register with 

serial or parallel in, and serial out, with or without 
clock driver 

• Single-bit cascadeable, loadable, up-down counter 
with Reset and Enable, carry in and carry out 

Input Pads and Buffers 
For pad-limited designs and non-pad-limited designs: 
• Standard 
• Schmitt trigger 

Output Pads and Buffers 
For pad-limited designs and non-pad-limited designs: 
• Standard drive = ± 3mA with TTL switch points 
• High drive = ± 1 OmA with TTL switch points 
• Open drain with or without pullup 
• Tri-state 
• TTL switch points at 1.4V or 1.9V 

110 Pads and Buffers 
For pad-limited designs and non-pad-limited designs 
• Standard drive 
• High drive 
• Open drain 
• Tri-state 
The variety of cells offered allows for optimization of 
silicon area. A smaller die size means better 
performance and lower costs. 
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NCR Semicustom Design 

CMOS II ANALOG CELL LIBRARY 
• Op Amp 
• Comparators 
• Analog Switch 
• Bandgap Voltage References 
• Expandable Oscillators 
• 8-bit D/A, 4-bit D/A, 6-bit D/A 
• 8-bit AID 
• Sound Generator D/A 
• Negative Supply generation, -5V 
• Bias generators 
• Logic Level Shifter 
• Power-On-Reset 

NCR QUALITY ASSURANCE 
The NCR Microelectronics goal in all design projects 
is to meet or exceed the customer's quality and re­
liability requirements by building quality in. Each of 
NCR's processes and products has been extensively 
characterized and qualified. Design Assurance Engi­
neers have worked closely with Standard Cell De­
signers and Computer-Aided-Design Software 
Engineers to help assure first pass design success for 
all customers using Standard Cells. Each cell has 
been fully characterized and subjected to the same 
rigorous reliability testing used to qualify the process 
itself. In addition to the initial qualification, the Quality 
Assurance Department samples parts from each 
product and performs ongoing reliability testing to 
maintain a high level of confidence in fabrication and 
assembly operations. Each part receives full func­
tional testing and visual inspection prior to shipment. 

As a result of exceedingly high standards and a de­
sire to be a leader, NCR Microelectronics has one of 
the lowest part reject records in the industry. 

NCR SEMICUSTOM DESIGN CENTER LOCATIONS 

Custom Silicon, Inc. 
600 Suffolk Street 
Lowell, MA 01854 
(617) 454-4600 
Contact: David Guinther 

Integrated Circuit Systems, Inc. 
1012 W. Ninth Avenue 
King of Prussia, PA 19406 
(215) 265-8690 
Contact: Ed Arnold 

DNA, Inc. 
9207 McAfee 
Houston, TX 77031 
(713) 778-9270 
Contact: Steve Davis 

. Ontario Centre for Microelectronics 
1150 Morrison Drive 
Suite 400 
Ottawa, Canada K2H9B8 
Contact: Dr. Karl Siemens 

Array Technology 
992 S. Saratoga-Sunnyvale Road 
San Jose, CA 95129 
(408) 252-9900 
Contact: Bill O'Neill 

Manhattan-Skyline, Limited 
Manhattan House 
Bridge Road 
Maidenhead 
Berkshire SL6 8DB 
ENGLAND 
Maidenhead (0628) 75851 
Contact: Stu Kitchener 

Aptek Micro Systems, Inc. 
700 N.w. 12th Avenue 
Deerfield Beach, FL 33441 
(305) 421-8450 
Contact: Triygve (Trig) Ivesdal 
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NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 



NCR CMOS II 
DIGITAL STANDARD CELL LIBRARY 

CROSS REFERENCE LISTING (Alphabetic by Cell) 

CELL NAME PAGE CELL NAME PAGE 
2PCL 2-phase clock 268 LS76 TTL 74LS76 equivalent 276 
AND8 8-input AND gate 281 (JK flip-flop) 
A01211 2-1-1 and-or-invert 258 MBUF Medium drive buffer 264 
A0122 2-2 and-or-invert 259 NAN2 2-input NAND gate 251 
A0131 3-1 and-or-invert 260 NAN3 3-input NAND gate 252 
CCND Cross coupled NAND latch 278 NAN4 4-input NAND gate 253 
CCNR Cross coupled NOR latch 279 NOR2 2-input NOR gate 254 
OFF o flip-flop 272 NOR3 3-input NOR gate 255 
DFFR o flip-flop with reset 273 NOR4 4-input NOR gate 256 
DFFRS o flip-flop with set and reset 275 OA131 3-1 or-and-invert 261: 
DS1218 Schmitt trigger OBPD Output pad with buffer 289 

(switch points 1.2V and 1.8V) 267 ODPD Open drain output pad 293 
OS1238 Schmitt trigger OOPON Open drain output pad 295 

(switch points 1.2V and 3.8V) 267 with no pullup 
OS2232 Schmitt trigger OPD Output pad 290 

(Switch points 2.2V and 3.2V) 267 OPDH High drive output pad 291 
EXOR Exclusive or gate 257 OR8 8-input OR gate 280 
HBUF High drive buffer 262 OSCP General purpose oscillator 301 
INBPD Input pad with buffer 286 OSCPAO Oscillator 32KHz 300 
INBUF Input buffer 288 OUTINV Output buffer 263 
INPO Input pad 287 POR Power on reset 299 
INV Inverter 250 SRBN Shift Register 282 
INV3 High drive inverter 263 T2LAT Transparent latch 
INVT Inverting tri-state driver 265 with clock driver 270 
10BPO I/O pad with buffer 294 T2SR1N Shift register 
10BUF I/O buffer 296 with clock driver 283 
100POH High drive open drain I/O pad 297 T2SR1P Shift register 
10PO I/O pad 296 with clock driver 283 
JKFF JK flip-flop with set and reset 277 TBUF Tri-state buffer 266 
LAT Transparent latch 269 TOBPO Tri-state output pad with buffer 292 
LATR Transparent latch with reset 271 UOC Up/down counter 284 
LS74 TTL 74LS74 equivalent 274 VCM Voltage reference 298 

(0 flip-flop) 

Specifications subject to change without notice. 
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INPUT: A 
OUTPUT: X 

CELL GEOMETRY 

23· 

INPUT CAP. 0.11 pF 

INVERTER 
INV 

LOGIC SYMBOL 

~ 
A~X 

PROPAGATION CHART 

TYPICAL 

DELAY ~=a*nfEW~=enfEru=a=Em (ns) 41 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 



2-INPUT NAND GATE 
NAN2 

NCR CMOS II 

CELL GEOMETRY LOGIC SYMBOL 

INPUT CAP. 

INPUTS: A, B 
OUTPUT: X 

A X 

B 

234 

O.14pF 

6 

TYPICAL 
DELAY 4 

Ins) 

2 

PROPAGATION CHART 

0.5 1.0 1.5 

CAP.lpF) 

2.0 2.5 
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3-INPUT NAND GATE 
NAN3 

CELL GEOMETRY LOGIC SYMBOL _li_ 

2345 

INPUT CAP. O.16pF 

INPUTS: A. B. C 
OUTPUT: X 

PROPAGATION CHART 

TYPICAL lna=~ttn~$*a=~ttnm DELAY 4 
(ns) H-If-+-t+++:PoFH-++++HHf-+-t++~HH-++-l 

2++'~HH44++~HH++++HH~++~H 

0.5 1.0 1.5 2.0 2.5 3.0 

CAP.(pF) 



4-INPUT NAND GAT.E 
NAN4 

NCR CMOS II 

CELL GEOMETRY LOGIC SYMBOL _6_ 
NAN4 

INPUT CAP. O.15pF 

INPUTS: A, B, C, D 
OUTPUT: X 

TYPICAL 
DELAY 

(ns) 

PROPAGATION CHART 

10 

8 

6 

4 

2 

0.5 1.0 1.5 2.0 2.5 3.0 

CAP.(pF) 
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INPUTS: A. B 
OUTPUT: X 

2-INPUT NOR GATE 
NOR2 

CELL GEOMETRY LOGIC SYMBOL 

NOR2 

:=[)-x 

1 34 

INPUT CAP. O.15pF 

PROPAGATION CHART 

TYPICAL 6JlnttEE~=antttE~ltnttm 
DELAY 

(ns) 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 



3-INPUT NOR GATE 
NOR3 

NCR CMOS II 

CELL GEOMETRY LOGIC SYMBOL 

""-7--

NOR3 

x :=tJ-' 
INPUT CAP. O.23pF 

INPUTS: A, B, C 
OUTPUT: X 

TYPICAL 
DELAY 

(ns) 

10 

B 

6 

4 

2 

PROPAGATION CHART 

0.5 1.0 1.5 2.0 

CAP.(pF) 

2.5 3.0 
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4-INPUT NOR GATE 
NOR4 

CELL GEOMETRY LOGIC SYMBOL --7-

INPUT CAP. 

INPUTS: A, B, C, 0 
OUTPUT: X 

TYPICAL 
DELAY 

(ns) 

NOR4 

i~' 

O.18pF 

PROPAGATION CHART 

18 

16 

14 

12 

10 

B 

6 

4 

2 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 



EXCLUSIVE OR GATE 
EXOR 

NCR CMOS II 

CELL GEOMETRY LOGIC SYMBOL -6-
x 

EXOR 

:=JD-x 
~ 
A 

45 

INPUT CAP. O.12pF 

INPUTS: A, B 
OUTPUT: X 

TYPICAL 
DELAY 

(ns) 

PROPAGATION CHART 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0.5 1.0 1.5 2.0 2.5 3.0 

CAP.(pF) 
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CELL GEOMETRY 

.. lI-

t ! 
x 

0 A 

34 67 10 

INPUT CAP. 

INPUTS: A, B, C, D 
OUTPUT: X 

O.30pF 

Minimum pulse width: 12ns 

TYPICAL 
DELAY 

Ins) 

2-1-1 AND-OR-INVERT 
AOl211 

10 

B 

6 

4 

2 

LOGIC SYMBOL 

A 

B 

AOl211 

C------f 
0------7 

X 

PROPAGATION CHART 

0.5 1.0 1.5 2.0 

CAP.lpF) 

TRUTH TABLE 

A B C 0 X 

1 1 X X 0 
X X 1 X 0 
X X X 1 0 
X 0 0 0 
0 X 0 0 

X = AB + C + 0 

2.5 3.0 



CELL GEOMETRY _6_ 

1 3456 

INPUT CAP. 

INPUTS: A, B, C, D 
OUTPUT: X 

O.23pF 

A 

B 

C 

o 

2-2 AND-OR-INVERT 
AOl22 

LOGIC SYMBOL 

AOl22 

x 

PROPAGATION CHART 

NCR CMOS II 

TRUTH TABLE 

A B C 0 X 

1 1 X X 0 
X X 1 1 0 
X 0 X 0 
X 0 0 X 
0 X X 0 
0 X 0 X 

X = AB + CD 

TYPICAL ~:EEtift$iffi~Jli!Etiftm DELAY 4 
(nsl 

0.5 1.0 1.5 2.0 2.5 3.0 

CAP.(pFI 
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CELL GEOMETRY 

INPUT CAP. 

INPUTS: A. B. C. D 
OUTPUT: X 

O.25pF 

TYPICAL 
DELAY 

Ins) 

3-1 AND-OR-INVERT 
AOl31 

14 

12 

10 

8 

6 

4 

2 

LOGIC SYMBOL 

AOl31 

i==f?r>-, 

PROPAGATION CHART 

0.5 1.0 1.5 

CAP.lpF) 

2.0 

TRUTH TABLE 

A B C D X 

X X X 1 0 
1 1 1 X 0 
0 X X 0 
X 0 X 0 
X X 0 0 

X = ABC + D 

2.5 3.0 



CELL GEOMETRY 

INPUT CAP. O.29pF 

INPUTS: A, B, C, D 
OUTPUT: X 

TYPICAL 

3-1 OR-AND-INVERT 
OAI31 

NCR CMOS II 

LOGIC SYMBOL TRUTH TABLE 

A B C D X 

X X X 0 
OAI31 0 0 0 X 1 

X X 0 

X X 0 

X X 0 

X = (A + B + C)·D 

PROPAGATION CHART 

6~++++++rrrrHHHH,,~++++++rrH 

DELAY 41nfif!fEmffiiilnnftfIiiE§ (ns) 

2~~++++rrrrHHHH,,~++++++rrH 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 
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HIGH DRIVE BUFFER 
HBUF 

CELL GEOMETRY LOGIC SYMBOL -6_ 

INPUT CAP. O.18pF 

---~ 
A~X 

This is a high drive non-inverting buffer. The HBUF can be used to generate inverted output signals when it 
drives an inverting output pad. 

INPUT: A 
OUTPUT: X 

PROPAGATION CHART 

TYPICAL ~ji~jiiBfiHngBII~ DELAY 2 
(ns) 

0.5 1.0 1.5 2.0 2.5 3.0 
CAP.(pF) 



NCR CMOS II 

HIGH DRIVE INVERTER/OUTPUT BUFFER 
INV3 AND OUTINV 

CELL GEOMETRY 

A X 

4 

INPUT CAP. O.31pF 

LOGIC SYMBOL 

A~--X 
~TINV 

Both INV3 and OUTINV are high drive inverters. OUTINV is used as a buffer for output pads. 

INPUT: A 
OUTPUT: X 

PROPAGATION CHART 

TYPICAL 
DELAY 

(ns) 21191111. 
0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 
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MEDIUM DRIVE BUFFER 
MBUF 

CELL GEOMETRY LOGIC SYMBOL _4_ 

~ A--y--X 

12 

INPUT CAP. 0.11 pF 

RMBUF is a medium drive non-inverting buffer. 

INPUT: A 
OUTPUT: X 

PROPAGATION CHART 

TYPICAL 4 -++++-+++++++-t-t-t--H-l'-H--t::±;PoIo""l""f'++++t-I 
DELAY 

(ns) 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 



NCR CMOS II 

INVERTING TRI-ST ATE DRIVER 
INVT 

CELL GEOMETRY LOGIC SYMBOL 

~-
D ~ D 

EN 

INPUT CAP. O.20pF 
OUTPUT CAP. O.2SpF 

This driver inverts the signal when EN is low. When EN is high. the output is hi-Z. 

INPUTS: D. EN 
OUTPUT: 0 

TYPICAL 
DELAY 

(nsl 

14 

12 

10 

8 

.6 

4 

2 

PROPAGATION CHART 

0.5 1.0 1.5 2.0 2.5 3.0 

CAP.(pFI 
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NON-INVERTING TRI-ST ATE BUFFER 
TBUF 

CELL GEOMETRY _8_ 
~ 
A 

EN 

X 

! 
3 56 

INPUT CAP. A, EN 0.' 9pF 
OUTPUT CAP. X O.37pF 

EN is 'active low. When EN is high, the output is hi-Z. 

INPUTS: A, EN 
OUTPUT: X 

LOGIC SYMBOL 

~ 
A Li' X 

EN 

PROPAGATION CHART 

12 

10 

TYPICAL 8 
DELAY 

(ns) 6 

4 

2 

(2 

0.5 

(l)A -X 
(2) EN-X 

1.0 

(1) 

1.5 

CAP.(pF) 

2.0 2.5 3.0 



NCR CMOS II 

SCHMITT TRIGGERS 
051218,051238,052232 

CELL GEOMETRY LOGIC 5YMBOL 

A X 

2 4 

INPUT CAP. O.12pF 

The Schmitt trigger can be used in place of INBUF. 

RDS1218 RDS1238 RDS2232 
VTH HIGH = 1.8V VTH HIGH = 3.8V VTH.HIGH = 3.2V 
VTH LOW = 1.2V VTH LOW = 1.2V VTH LOW = 2.2V 

INPUT: A 
OUTPUT: X 

TYPICAL 
DELAY 

(ns) 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

PROPAGATION CHART 

(1) 

(2) 

0.5 1.0 1.5 2.0 

CAP.(pF) 
(1) RDS1238 
(2) RDS1218, RDS2232 

_~~8 
A~X 

~ A---VX 
~2 AtV-X 

2.5 3.0 
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TWO-PHASE CLOCK 
2PCL 

CELL GEOMETRY LOGIC SYMBOL 

...... 1-----13--....., .. ~ 

2PCL 
Pl 

Pl IN P2 IN 

P2 

5 13 

INPUT CAP. O.18pF 

2PCL is for use with clocked cells. A positive edge triggered cell is created by connecting P1 to CK 
and P2 to CK. A negative edge triggered cell is created by connecting P 1 to CK and P2 to CK. 

INPUT: IN 
OUTPUTS:P1. P2 

PROPAGATION CHART 

TYPICAL 41s=s=s=a=aa:nUaunEBftft~ DELAY 
(ns) 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 



CELL GEOMETRY 

INPUT CAP. 
o 
G&G 

O.38pF 
O.10pF 

TRANSPARENT LATCH 
LAT 

LOGIC SYMBOL 

0 Q 

G a 

LAT 

NCR CMOS II 

TRUTH TABLE 

0 G Q Q 

0 1 0 1 
1 1 1 0 
X 0 0... a. 

0... = the level of 
Q before these 

input conditions 

were established. 

This level sensitive latch holds data when G is low, and is transparent when G is high. G and G are complimen­
tary signals. This cell is buffered internally. 

INPUTS: 0, G, G 
OUTPUTS:Q,Q 

DATA SETUP TIME: 10ns 
DATA HOLD TIME: 5ns 

PROPAGATION CHART 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 
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TRANSPARENT LATCH WITH CLOCK DRIVER 
T2LAT 

CELL GEOMETRY 

.. 

0 

2 

INPUT CAP. 
D 
G 

13 

Q Q 

6 8 

.. 

G 

13 

O.38pF 
O.15pF 

LOGIC SYMBOL 

T2LAT 

-Fl-.O Q 

--lJ--

TRUTH TABLE 

o G Q 

010 
1 1 1 
X 0 Qo 

0. = the level of 
Q before these 
input conditions 
were established. 

This level sensitive latch holds data when G is low, and is transparent when G is high. This cell is notbuffered 
internally. 

INPUTS: D, G 
OUTPUTS: Q, Q 

SETUP TIME: 10ns 
HOLD TIME: 5ns 

15 

TYPICAL 10 
DELAY 

(ns) 

5 

PROPAGATION CHART 

0.5 

(l)G-Q 
(2)0-Q 

(1) 

(2) 

1.0 1.5 2.0 

CAP.(pF) 

2.5 3.0 



NCR CMOS II 

TRANSPARENT LATCH WITH RESET 
LATR 

CELL GEOMETRY 

_9 __ 

234 

INPUT CAP. 
D 
G&G 
R 

O.45pF 
O.10pF 
O.16pF 

LOGIC DIAGRAM 

LATR 

D a 
G 

G Q 

R 

TRUTH TABLE 

R D G a 
0 x x 0 
1 0 1 0 
1 1 1 
1 X 0 aD 

no = the level 
of a before 
these input 
conditions were 
established. 

This latch holds data when G is low, and is transparent when G is high. R is asynchronous and active low. G 
and G are complimentary signals. This cell is buffered internally. 

INPUTS: R, D, G, G 
OUTPUTS:Q,a 
DATA SETUP TIME: 10ns 
DATA HOLD TIME: 5ns 

. 15 

TYPICAL 
DELAY 10 

(ns) 

5 

PROPAGATION CHART 

0.5 

(1}G-a 
(2}R- a 

(1) 

(2) 

1.0 1.5 2.0 

CAP.(pF} 

2.5 3.0 
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CELL GEOMETRY 

..... ~·--11_ 

2 4 78 10 

INPUT CAP. 
o O.22pF 

CK & OK O.12pF 

o FLIP-FLOP 
OFF 

LOGIC SYMBOL 

OFF 
o Q 

TRUTH TABLE 

o CK 

o t 
Q 

o 
1 

OFF is a fully static D-type edge triggered flip-flop. Complimentary clock signals (CK and CK) are required. It is 
negative edge triggered with respect to CK. This cell is not buffered internally. 

INPUTS: 0, CK, CK 
OUTPUTS:Q 

DATA SETUP TIME: 10ns 
DATA HOLD TIME: 5ns 

PROPAGATION CHART 

TYPICAL 
OELA Y 8 -t-I-H-H-H-H-H-H-H-H++:::I;;;oI-"'I9-++++++-t 

(ns) 

0.5 1.0 1.5 

CAP.(pF) 

2.0 2.5 3.0 



o FLIP-FLOP WITH RESET 
DFFR 

CELL GEOMETRY LOGIC SYMBOL 

OIl 22 .. 
----r-

DFFR 

D 
0 

R a D CK CK 0 CK 

CK 
Q 

R 

---_ ....... 
2 4 7 9 11 20 

INPUT CAP. 
o O.22pF 
R O.16pF 
CK & CK 0.1 9pF 

NCR CMOS II 

TRUTH TABLE 

D CK R 0 0: 
0 t 1 0 1 
1 1 1 0 
X X 0 0 1 

DFFR is a fully static D-type edge-triggered flip-flop. R is asynchronous and low active. Complimentary clock 
signals (CK and CK) are required. It is negative edge triggered with respect to CK. 

INPUTS: R, 0, CK, CK 
OUTPUTS:Q,Q 

DATA SETUP TIME: 10ns 
DATA HOLD TIME: 5ns 

TYPICAL 
DELAY 

(ns) 

15 

10 

5 

PROPAGATION CHART 

0.5 

(1) R to 0& a 
(2) CK to 0 & Q 

1.0 

(1) 

1.5 

CAP.(pF) 

(2) 

2.0 2.5 3.0 
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D FLIP FLOP WITH SET & RESET 
LS74 

CELL GEOMETRY LOGIC SYMBOL TRUTH TABLE 

.. 30 ~ -
~ 
S 

Q D Q CK 
R 

f 
34 6 9 22 30 

INPUT CAP. 
D 
R&S 
CK 

O.22pF 
O.19pF 
O.15pF 

S 
D 

CK 
R 

s R CK D Q 
LS74 1 1 t 0 0 1 1 t 1 1 0 0 X X 0 
Q 0 1 X X 1 0 X X 0 
Q 

LS74 is a fully static D-type positive edge triggered Flip Flop. Sand R are asynchronous and are active 
low. This cell is functionally compatible with a TTL 74LS74. 

INPUTS: D, CK, S, R 
OUTPUTS:Q,Q 

DATA SETUP TIME: 10ns 
DATA HOLD TIME: 5ns 

TYPICAL 

PROPAGATION CHART 

(ns) 

DELAY 101~~~ii~glunnnHH~ 
511~~~~~++++++++++++++++~ 

0.5 1.0 1.5 2.0 2.5 3.0 

CK- Qor R- Q 

Q 1 0 0 0 1 



NCR CMOS II 

D FLIP FLOP WITH SET & RESET 

CELL GEOMETRY 

...... f------25----•• 

! 
Q D CK CK Q 

R 

34 6 9 11 13 22 

INPUT CAP. 
D 
R & S 
CK& CK 

0.22pF 
0.19pF 
0.16pF 

DFFRS 

LOGIC SYMBOL 

DFFRS 

D 
S 

Q 

CK 

CK 5 
R 

TRUTH TABLE 

S R CK D Q 

~ a a 
1 ~ 1 1 

a x x a 
a x x 
a a x x a 

DFFRS is a fully static D-type edge triggered flip-flop. Sand R are asynchronous and are active low. 
Complimentary clock signals (CK & CK) are required. It is negative edge triggered with respect to CK. 

INPUTS:R,S,D,CK,CK 
OUTPUTS:Q,Q 
DATA SETUP TIME: 10 ns 
DATA HOLD TIME: 5 ns 

TYPICAL 
DELAY 

Insl 

20 

15 

10 

5 

PROPAGATION CHART 

0.5. 

111 R,S-Q 
121 CK - Q 

1.0 

111 

121 

1.5 

CAP.lpFI 

2.0 2.5 3.0 

Q 

1 
a 

a 
a 
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CELL GEOMETRY 

.. 39 

T"" 
J K R S Ci Q 

1_ 
2 6 10 12 22 34 

INPUT CAP. 
J & K O.13pF 
R&S O.23pF 
CK O.15pF 

J-K FLIP-FLOP 
LS76 

LOGIC SYMBOL 

.. 
LS76 CK 

• J S Q • • CK • CK X 

K X 
X 

39 

S 
1 
1 
1 
1 
0 
1 
0 

TRUTH TABLE 

R J K Q 
1 1 1 TOGGLE 
1 1 0 1 
1 0 1 0 
1 0 0 Qo 
1 X X 1 
0 X X 0 
0 X X 0 

JKFF is a fully static JK-type negative edge triggered flip-flop. Sand R are asynchronous and are active 
low. This cell is functionally compatible with a TTL 74LS76. 

INPUTS:J, K, R, S, CK 
OUTPUTS: Q, 0: 
MIN. CLOCK WIDTH: 11 ns 
MIN. R & S WIDTH: 15ns 
J SETUP TIME: 13ns 
K SETUP TIME: 10ns 
HOLD TIME: 5 ns 

TYPICAL 
DELAY 

20 

15 

(ns) 10 

5 

PROPAGATION CHART 

0.5 1.0 

(1)R&S-Q&O 
(2) CK-Q 

(1) 

(2) 

1.5 

CAP.(pF) 

2.0 2.5 3.0 

0 
TOGGLE 

0 
1 

0.0 

0 
1 
0 



NCR CMOS II 

CELL GEOMETRY 

of 34 

J K R S 

J J 

2 6 10 12 

INPUT CAP. 
J&K 
R&S 
CK & CK 

~ 

---rr--
CK 

CK_ Q 
Q 

JL_ 
15 2122 34 

O.13pF 
O.23pF 
O.24pF 

J-K FLIP-FLOP 
JKFF 

LOGIC SYMBOL 

JKFF CK 

~ 
~ S 

t J Q 

X 
X 

K 
R 

Q X 

TRUTH TABLE 

S R J K Q 
1 1 1 TOGGLE 

.1 1 0 1 
1 0 1 0 
1 0 0 a., 
0 1 X X 1 
1 0 X X 0 
0 0 X X 0 

JKFF is a fully static JK-type edge tr~ered flip-flop. Sand R are asynchronous and are active low. 
Complimentary clock signals (CK and CK) are required. It is negative edge triggered with respect to CK. 

INPUTS: J, K, R, S, CK, CK 
OUTPUTS: Q, IT 

MIN. CLOCK WIDTH: 11 ns 
MIN. R & S WIDTH: 15 ns 
J & K SETUP TIME: 18 ns 
HOLD TIME: 5 ns 

PROPAGATION CHART 

20 __ 

0.5 1.0 1.5 2.0 

11)R&S_Q&Q 
12) CK-Q & Q 

CAP.lpF) 
2.5 3.0 

0 
TOGGLE 

0 
1 

00 

0 
1 
0 
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CROSS-COUPLED NAND LATCH 
CCND 

CELL GEOMETRY LOGIC SYMBOL TRUTH TABLE 

s R 
0 0 
1 0 
0 

S a 
CCND 

R 0: 

INPUT CAP. 0.12pF 

CCND is very susceptible to negative going glitches on S or R. This cell is not buffered internally. 

INPUTS: S, R 
QUTPUTS:Q,Q 

Minimum pulse width: 10 ns 

TYPICAL 
DELAY 

PROPAGATION CHART 

Ins) 10 -i--++++++++++++-+-I---b.I4-+++++++++++H 

0.5 1.0 1.5 2.0 2.5 3.0 

CAP.lpF) 

a 
1 
0 

0 0 

Q 
1 
1 
0 
00 



NCR CMOS II 

CROSS-COUPLED NOR LATCH 
CCNR 

CELL GEOMETRY LOGIC SYMBOL TRUTH TABLE 

-8- s R 

I 0 0 
0 1 

G 
0 

S 
G CCNR 

S R 
IT R Q 

4 5 8 

INPUT CAP. O.15pF 

CCNR is very susceptible to positive going glitches on S or R. This cell is not buffered internally. 

INPUTS: S. R 
OUTPUTS: Q. Q 

Minimum pulse width: 10ns 

DELAY 
Ins) 

PROPAGATION CHART 

0.5 1.0 1.5 

CAP.ipF) 

2.0 2.5 3.0 

G 

Go 
0 

0 

Q 

Go 
1 
0 
0 
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a-INPUT OR GATE 
OR8 

CELL GEOMETRY LOGIC SYMBOL 

INPUT CAP. 

INPUT: A, B, C, 0, E, F, G, H 
OUTPUT: X 

O.18pF 

A 

B 

C 
o 
E 
F 

G 
H 

x 



a-INPUT AND GATE 
AND8 

NCR CMOS II 

CELL GEOMETRY LOGIC SYMBOL 

1 23 5 1012141516 

INPUT CAP. O.28pF 

INPUTS: A, B, C, 0, E, F, G, H 
OUTPUT: X 

AN DB 
A 

B 

C--I---. 
o 
E 
F--I---
G 

H 

x 
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CELL GEOMETRY 

.. 16 ~ 

! 
SH SI CK CK SO 

LD 

i 1 3 56 9 12 15 
INPUT CAP. 

5H & LD 
CK & CK 
PI & 51 

O.08pF 
O.13pF 
O.57pF 

SHIFT REGISTER 
SRBN 

LOGIC SYMBOL 

SRBN 
SERIAL IN SI 

SERIAL 
PARALLEL IN PI SO 

OUT 
CLOCK CK 

CLOCK CK 
SH LD 

SHIFT LOAD 

TRUTH TABLE 

SH SI LD PI CK so 0 1 X ~ 0 1 1 X ~ 1 0 X 0 0 t 0 0 X 0 1 1 . X O' X ~ 
O' X 1 . X ~ 

• = ILLEGAL INPUT 
COMBINATION 

SRBN is a 1-bit edge triggered shift register. It is negative edge triggered with respect to CK. Serial input is 
clocked in when SH is high. Parallel input is clocked in when LD is low. SH and LD can be tied together during 
normal operation. This cell is not buffered internally. 

INPUTS: SI, SH, PI, LD, CK, CK 
OUTPUT: SO 

SETUP TIME: SH, SI, PI, LD 10ns 
HOLD TIME: 5ns 

PROPAGATION CHART 

TYPICAL 10~!~gHHEB~!~gHfiE~~ 
DELAY 

(ns) 

0.5 1.0 1.5 2.0 2.5 3.0 

CAP.(pF) 



CELL GEOMETRY 

;.":=::;::::;::;:::: 21 .:;:=::::10 

SH SI PI so 
LD 

t 
1 3 56 15 

INPUT CAP. 
SH, LD 
CL 
PI, SI 

CK 

21 

O.08pF. 
O.15pF 
O.57pF 

SHIFT REGISTER 
T2SR 1 Nand T2SR 1 P 

LOGIC SYMBOL 

T2SR1P/T2SR1N 

SERIAL IN SI 

PARALLEL IN 

CLOCK 

PI SO 

SHIFT LOAD 

SERIAL 
OUT 

SH 

1 
1 
0 
0 
0 
1 

NCR CMOS II 

TRUTH TABLE 

Sf LD PI CK SO 

0 X ~ 0 
1 1 X ~ 1 
X 0 0 ~ 0 
x 0 1 ~ 1 
X 1 X X SOo 
X 0 X X 

• = ILLEGAL INPUT 
COMBINATION 

T2SR1 Nand T2SR1 P are single-bit edge triggered shift registers. Serial input is clocked in when SH is high. 
Parallel input is clocked in when LD is low. SH and LD can be tied together during normal operation. T2SR1 N is 
negative edge triggered and T2SR1 P is positive edge triggered. This cell is not buffered internally. 

INPUTS: SI, SH, PI, LD, CK 
OUTPUT: SO 

SETUP TIME: SH, SI, PI, LD 10ns 
HOLD TIME: 5ns 

TYPICAL 
DELAY 

Ins) 

10 

5 

PROPAGATION CHART 

0.5 1.0 1.5 

CAP.lpF) 

2.0 2.5 3.0 
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OIl 

UP/DOWN COUNTER 
UDC 

CELL GEOMETRY 

53 

___ ~~ .. ~J' 
LD D Q EN AN_1 DID 

AN li ' Q .. .1_ " ___ L_ 
2 5 10 11 14 18 27 3637 47 53 

INPUT CAP. 
U/D, CK, CK O.32pF 
LD, EN O.13pF 
AN-1, R O.22pF 

° O.64pF 

TRUTH TABLE 

R D LD EN AN_t OlD CK 
----~-----

0 X X X 0 X X 
0 X X X X 0 X 
0 X X X 1 1 X 
X X X X 0 X X 
1 D 0 X 0 X t 1 D 0 X 1 0 

D 0 X 1 1 

I X 0 X X 
X 1 0 X 
X 0 
X 

LOGIC SYMBOL 

DID 

D 
o 

UDC 

0 AN 
0 0 
0 0 
0 1 

0 
D 0 
D D 
D 5 
0 0 

0 0 

Toggle 00 

Toggle 0 0 

UDC is a l-bit, cascadeable Up-Down Counter. The EN input enables counting when high. Loading and 
counting functions operate on the negative edge of CK. Reset is asynchronous and complimentary clocks 
(CK and CK) are required. AN is the ripple carry output and AN-1 is a carry from the previous cell. 

INPUTS: R, 0, LD, EN, AN-l, UID, CK, CK 
OUTPUTS:AN,Q,Q 

DATA SETUP TIME: 10ns 
DATA HOLD TIME: 5ns 



NCR CMOS II 

FUNCTIONAL BLOCK DIAGRAM 

UtD >------------------, 

AN_1 

EN 

Q 

DATA 

CK CK 

CK CK Q 
AN 

R 

R>-----------~ ~---------------.Q 

LOAD >; --[)o-----. LOAD 

25 

20 

TYPICAL 15 

DELAY 
(ns) 

10 

5 

PROPAGATION CHART 

(2) 

(1) 

0.5 

(1)CK TO Q & Q 
(2) R TO Q & Q 

1.0 1.5 2.0 

CAP.(pF) 

2.5 3.0 
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INPUT PAD WITH BUFFER 
INBPD 

CELL GEOMETRY LOGIC SYMBOL 

0( 30 )0 r----- INBPD 

~ PAD 
D [5 

24 27 

INPUT CAP. 3.5pF 

D 

5 

For use in designs that are not pad-limited. D and 5 are not designed for minimum skew when both 
are loaded. 

INPUT: PAD 
OUTPUTS:D,5 

PROPAGATION CHART* 

TYPICAL 6 ;-t-++-++-++++++++-+-H--M-Hr+-t-+-+-++-+t-H 
DELAY 

(nsl 

0.5 1.0 1.5 2.0 2.5 

CAP. (pFI 

'From Switch Point (l.4vl to Output (2.5vl. 



CELL GEOMETRY 

~4~-----20-------'. 

IN 

3 

INPUT CAP. 2.5pF 

INPUT PAD 
INPD 

For use with INBUF, OS1238, OS1218 or OS2232. 

INPUT: PAD 
OUTPUT: IN 

TYPICAL 
DELAY 

(ns) 

0.5 1.0 1.5 

CAP.(pF) 

NCR CMOS II 

LOGIC SYMBOL 

8--" INPD 

2.0 2.5 3.0 
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INPUT BUFFER 
INBUF 

CELL GEOMETRY LOGIC SYMBOL -6_ 
A x 

2 6 

~-­
A~X 

INPUT CAP. O.38pF 

INBUF is used with INPD. 

INPUT: A 
OUTPUT: X 

VIL = O.SV max IlL = + 10fLA 

VIH = 2.0V min IIH = ± 10fLA 

LIMITS 

VIL = VSS -O.3V min 

VIH = Vee +O.3V max 

PROPAGATION CHART* 

TYPICAL 6 -t--1f-+1f-+1f-+1-+-+-+-t-+-+-+-t-+-t-+-t-+-t+++++++H 
DELAY 

Ins) 

2~-+-+-+-+-+-+++-+-t-+-t++++++++++++++~ 

0.5 1.0 1.5 2.0 2.5 

CAP.lpF) 

"This Delay includes INPD delay. 



NCR CMOS II 

OUTPUT PAD WITH BUFFER 
OBPD 

CELL GEOMETRY LOGIC SYMBOL 

~~~--------25----------•• 

PADOUT 
, 

23 

INPUT CAP. O.36pF 

For use in designs that are NOT pad-limited. 

INPUT: PADOUT 
OUTPUT: PAD 

OBPD 

>AOO"T-{>-B 

PROPAGATION CHART 

TYPICAL 
DELAY 

15 

(ns) 10 

5 . 

10 20 30 40 50 60 

CAP.(pF) 

70 
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OUTPUT PAD 
OPO 

CELL GEOMETRY LOGIC SYMBOL 

OUTINV OPD 

eAoou'{>B 
..... f-----20----.~ 

PADOUT 
HBUF OPD 

17 

.. oou,-{>-B 
INPUT CAP. 1.91 pF 

This is an inverting pad and requires either HBUF, OUTINV or TBUF for PADOUT input. 

INPUT: PADOUT 
OUTPUT: PAD 

VOL = O.4V max 
VOH = 4.0V min 

TYPICAL 
DELAY 

IOL = 4.0 rnA 
IOH =2.0 rnA 

PROPAGATION CHART' 

(ns) 10 -H-+-I-+-IH-H-H-H-H-t-l--!::.I-'''FI-++++-I+-I+++++++-f 

10 20 30 

CAP.(pF) 

40 

*This delay includes OUTINV Delay. 

50 60 70 

non­

inverting 

inverting 



HIGH DRIVE OUTPUT PAD 
OPDH 

NCR CMOS II 

CELL GEOMETRY LOGIC SYMBOL 

~ .. ~====-= 2~O .======~~ 

PADOUT PADOUT 

OPDH 

17 

INPUT CAP. 3.6pF 

This is an inverting pad and requires either HBUF or OUTINV for PADOUT input. 

INPUT: PADOUT 
OUTPUT: PAD 

VOL = OAV max 
VOH = 4.0V min 

TYPICAL 
DELAY 

IOL = 8.0 rnA 
IOH = 2.0 rnA 

PROPAGATION CHART 

(ns) 4 -I-H-t-H-+++++++++++-+-f-H....j,..!4++++++++++-M 

10 20 30 40 50 60 70 

CAP.(pF) 

PAD 
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TRI-STATE OUTPUT PAD WITH BUFFER 
TOBPD 

CELL GEOMETRY 

..... ;..--- 28--........ 

INPUT CAP. 
D 
EN 

D EN 

23 26 

O.28pF 
0.45pF 

LOGIC SYMBOL 

T08PD 

DATA PAD 

EN is active low. When EN is high, the output is hi-Z. Non-inverting output. 

INPUTS: EN , D 
OUTPUT: PAD 

TYPICAL 
DELAY 

(ns) 

PROPAGATION CHART 

10 20 30 

CAP.(pF) 

40 50 60 



NCR CMOS II 

OPEN-DRAIN OUTPUT PAD 
ODPD 

CELL GEOMETRY LOGIC SYMBOL 
ODPD .. 20 • 

VREF ....q 
OUT PAD 

VREF 
OUT-1 

t 
1718 

INPUT CAP. 1.2pF 

This is an inverting pad and requires either HBUF or OUTINV for OUT input. Also, if VCM is connected to 
VREF, then the internal pullup resistor is enabled. If VREF is connected to VDD then the internal pullup is dis­
abled. 

INPUTS: V, OUT 
OUTPUT: PAD 

VOL = O.4V max 
VOH = 4.0V min 

TYPICAL 
DELAY 

(ns) 

IOL = 4.0 mA 
IOH = 400JtA 

PROPAGATION CHART 

10 20 30 40 
CAP.(pF) 

PULL DOWN 

50 60 
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CELL GEOMETRY 

~4~------36--------.~ 

IN iiii o EN 

24 27 . 31 34 

INPUT CAP. 
D O.22pF 
EN O.45pF 
PAD 2.4pF 

1/0 PAD WITH BUFFER 
IOBPD 

LOGIC SYMBOL 

IOBPD 
IN----. 

iiii----' 

DATA 

EN 

~ is low active. If EN is high. the output is hi-Z. For use in designs that are NOT pad-limited. -IN and 
IN are NOT designed for minimum skew. D is non-inverting at pad output. 

INPUTS: EN. D. PAD 
OUTPUTS: IN. iN. PAD 

D. EN - OUTPUT 

PAD - IN & iN 

TYPICAL 
DELAY 

(ns) 

TYPICAL 

12 

10 

8 

8 

DELAY 6 
(ns) 4 

2 

PROPAGATION CHARTS 

10 

0.5 

20 30 

CAP.(pF) 

40 

1.0 1.5 2.0 
CAP.(pF) 

50 60 

2.5 3.0 



NCR CMOS II 

OPEN-DRAIN OUTPUT PAD WITH NO PULL-UP 
ODPDN 

CELL GEOMETRY LOGIC SYMBOL 

1111 20 

INPUT CAP. 

.. 

PADOUT 

17 

1.02pF 

ODPDN 

PAD 

This is an inverting pad and requires either HBUF or OUTINV to drive PADOUT: 

INPUT: PADOUT 
OUTPUT: PAD 

VOL = O.4V IOL = 4.0 rnA 
ILeakage = ± 10/LA. 

TYPICAL 
DELAY 

(ns) 

B.O 

6.0 

4.0 

2.0 

PROPAGATION CHART 

10 

PULL DOWN 

20 

CAP.(pF) 

30 40 50 
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I/O PAD AND BUFFER 
IOPD AND IOBUF 

CELL GEOMETRY LOGIC SYMBOL 
IOBUF IOPO _7_ 

~ 1 
o EN 

NCH PCH 

12 4 6 

INPUT CAP. 
EN, D 
PAD 

"""iIf4l(--20 ----l.~ 

NCH 

DATA I 

3 

O.22pF 
2.52pF 

PCH 

1718 

IOBUF IOPO 

DATAl 

IOPD and IOBUF must be used together. This combination is non-inverting. DATA I must drive INBUF. 

VOL = O.4V max IOL = 4.0 rnA IlL = ±10/LA 
VOH = 4.0V min IOH = 2.0 rnA IIH = ±10/LA 

IOPD 

INPUTS: NCH, PCH, PAD 
OUTPUTS: DATAl. PAD 

D, EN - OUTPUT 

PROPAGATION CHARTS 

10 20 30 
CAP.(pF) 

40 50 60 



HIGH DRIVE OPEN-DRAIN I/O PAD 

IODPDH 

NCR CMOS II 

CELL GEOMETRY LOGIC SYMBOL 

....... ~-23~=:::: .. ~ 

PADIN NCH 
NCH-1 

PADIN 
3 20 

INPUT CAP. 
NCH 2.00pF 
PAD 1.81pF 

IODPDH and OUTINV must be used together. This combination is used for pad-limited designs and is 
non-inverting. It must be pulled high externally. 

INPUTS: NCH, PAD 
OUTPUTS: PADIN, PAD 

VOL = 0.4V IOL = 8.0 rnA 
Ileakage = :I: 10llA 

NCH - PAD 

TYPICAL 

PROPAGATION CHART 

DELAY 20~~=E=Et1t1t1=a=a=a=a=annnm (nsl 1 

10 

PULL DOWN 
20 30 

CAP.(pFI 
40 50 60 
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. VOLTAGE ·REFERENCE 
VCM 

CELL GEOMETRY LOGIC SYMBOL 

~,,- VCM 

'---..... -- VREF 
VREF 

VCM supplies 2.6V for ODPD. 

OUTPUT: VREF 



LOGIC SYMBOL 
voo 

RESET 

FEATURES 

POWER ON RESET 
paR 

NCR CMOS II 

TRUTH TABLE 

Voo RESET SYSRES 
t 0 -' 
X 1 0 
1 ~ ....r 

• Guaranteed logic operation while reset is valid 
• No external components required 
• Retriggerable reset under digital control 
• Built in schmitt trigger prevents multiple reset pulses 

POR is a digital cell which generates a pulse during power up for the purpose of reset­
ting logic elements to known states. Upon application of the positive supply voltage 
to the device, POR generates a negative pulse which remains valid approximately 1 p.s 
after the positive supply has exceeded the sum of an n channel and a p channel FET 
threshold. This insures that all digital circuits are operational during the period when 
the output pulse is low. An additional input is supplied to the cell which allows the 
output to be retriggered under external control. . 

Electrical Specification 
Min 

Supply Current 
Reset Trigger Voltage VTP + VTN + 0.1 v 

(VTH )1 
Minimum Output pulse 200ns 

Duration (td)1 

Output Pulse Rise Time 
Input Loading 

v 

~ 
1 POR Output wrt Voo and time 

Nom 

1 p's 

20ns 

O.2pF 

Max 
1p.A 

Condition 
Voo= 5v 

C1 =0.5pF 
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FEATURES: 

32KHz OSCILLATOR 
OSCPAD 

• Suitable for battery operation 
• Voltage regulated for low drift over supply voltage 
• Low power dissipation 

OSCPAD is a precision crystal oscillator ct;lll suitable for use with crystals having a reso­
nant frequency less than 75KHz. The cell contains a built-in voltage regulator to allow 
operation over a wide range of supply voltages with minimal frequency drift. Frequen­
cy tuning and start-up components must be supplied off-chip. 

Electrical Specification 

Min Nom Max Conditions 
Frequency range 32KHz 75KHz 

Frequency stability 
+3ppm/v +5ppm/v T=25°C over supply voltage 

Frequency stability +3, -12ppm + 5, - 20ppm T= 10°-40°C 
over temperature * +3, -78ppm +5, -120ppm T=oo-70oC 

Operating voltage 2.5V 5.5V fo=32KHz 
Supply current 8p.A 12p.A Voo =3.5V, T=25°C 

fo=32768Hz 
On chip drive 2pF 

* Measured using a crystal having frequency drift < - O.04ppm/oC2 

RECOMMENDED CIRCUIT CONFIGURATION 

47KO 

t----tDt----t 

6·32pF 



NCR CMOS II 

GENERAL PURPOSE OSCILLATOR 
OSCP 

FEATURES 
• 1 to 20 MHz operation 
• On-chip tuning capacitors (5pF/pad) 
• On-chip start up resistor (1 MOl 
• 40% to 60% output duty cycle 
• Buffered on-chip output 

OSCP is a general purpose crystal oscillator cell designed for use with 1 MHz to 20MHz 
parallel resonant crystals. Tuning capacitors and a start up resistor are supplied inter­
nally to the cell, allowing oscillator operation without the requirement of additional off­
chip components. The buffered on-chip output is suitable for driving 5pF loads at 20 
MHz. 

Electrical Specification 

Min Nom Max Condition 

Supply Voltage 4.5V 5.5V fo =20MHz 

Supply Current 500p.A/MHz Voo=5V 

Tuning Capacitance 5pF/pad 

Start Up Resistance 250KO 1MO 

Operating Frequency 1MHz 20MHz Voo=4.5 to 5.5V 

Frequency Error 0.1% 0.3% T=25°C, Voo=5V 

Output Duty Cycle 40% 50% 60% 

Load Output 5pF fo =20MHz, 
Voo=5V 
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NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

NCR CMOS II 



ROM SUPERCELL 

• Modular ROM allows flexible organization 
• Clocked operation suited to 

Microcomputer Applications 
• Access Time: Less than 200 ns 

• Active Power Dissipation: 6 mW/MHz 
• Standby Power Dissipation: 100",W 

The modular ROM supercell uses clocked operation to reduce complexity and operating power. The enable in­
put (ROMENB) must be taken high between each access. The memory array is organized as "m" words, where 
each word has "n" bits. urn" can be any multiple of 512, while un" can be any integer. Both tri-stateable and 
always-driving outputs are provided. 

FUNCTIONAL 
BLOCK DIAGRAM 
(m X n Array) 

ROMENB 

AS-AK 
K-4 

K 2: 8) 

AO-A4 , 
S 

-'"---

2K-4 

~ 

COLUMN PRECHARGERS 

{32n 

m x n READ-ONLY 
ARRAY 

f32n 

J COLUMN DECODERS 
I 

tn 1n 

I TRISTATE I I OUTPUT DRIVERS 
I OUTPUT DRIVERS 

t n 

DOTO-DOT(n-l ) 

Specifications subject to change without notice. 

Copyright © 1984 by NCR Corporation. Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

t n 

DOO-DO(n-l) 
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DYNAMIC ELECTRICAL CHARACTERISTICS OVER 
RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

tASU Address Set-Up Time Before ROMENB 

tAH Address Hold Time After ROMENB 

tEN ROMENB High Pulse Width 

tACC ROMENB to DO Outputs Valid 

tDH DO Outputs Hold Time 

tACCT ROMENB to DOT Outputs Valid 

tDHT· DO Outputs Hold Time 

DYNAMIC WAVEFORMS 

ADDRESS INPUTS 

ROMENI 

DATA (DO) 

DATA (DOT) 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 

TRISTATE 

Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

MIN MAX 

40 -
- 0 
150 -
- 200 
40 120 

- 200 
10 50 

VALID ADDRESS 

VALID DATA 

ROM SUPERCELL 

UNITS 

ns 

ns 

ns 

-
ns 

-
ns 



RAM SUPERCELL 

• Modular RAM allows flexible organization • Active Power Dissipation: 6 mW/MHz 
• Clocked operation suited to 

Microcomputer Applications 
• Standby Power Dissipation: 100llW 

• Access Time: Less than 200 ns 

The modular RAM supercell uses clocked operation to reduce complexity and operating power. The enable in­
put (RAMEN) must be taken low between each read access. The memory array is organized as "m" words, 
where each word has "n" bits. "m" can be any multiple of 16, while "n" can be any integer. Both tri-stateable 
and always-driving outputs are provided. By externally tying a tri-stateable output (DOTn) to a data input 
(DINn), a bi-directional 1/0 line is possible. The DO outputs will output data being written in a write cycle. 

FUNCTIONAL 
BLOCK DIAGRAM 
(m X n Array) 

RAMEN 

A3-Ak 
(2K+1 = 

AO-A2 

K-2 
, 

m) 

r-'--

a: 
w 
0 
0 
u 
w 
0 

~ a: 

'---

COLUMN PRECHARGERS 

t 8n 

2k-2 m x n 
I RAM I 

ARRAY 

i 8n 

COLUMN DECODERS 

in 
OUTPUT DRIVERS I I 

• I 
1'n 

WEI 

TRISTATE 
CONTROL 

1n 

DOTO-DOT(N-1 ) 

Specifications subject to change without notice. 

Copyright © 1984 by NCR Corporation. Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

• 
n 

DOO-DO(n-1) 

fn 

INPUT DRIVERS 

n 

DINO-DIN(n-1 ) 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
OVER RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN MAX 

tASU Address Set-Up Time Before RAMEN (Read) 40 -
tAH Address Hold Time After RAMEN - -
tEN RAMEN Low Pulse Width 150 -
tACC RAMEN to DO Outputs Valid (Read) 200 
tDH DO Outputs Hold Time (Read, Write) 40 120 

tACCT RAMEN to DOT Outputs Valid (Read) 200 

tDHT DOT Outputs Hold Time 10 50 

tDSU Write Data Set-Up Time Before RAMEN 50 

tWDH Write Data Hold Time After RAMEN 10 -

DYNAMIC WAVEFORMS 

ADDRESS INPUTS, WEI VALID ADDRESS 

RAMEN 

READ DATA (DO) 
VALID DATA 

READ DATA (DOT) 
TRISTATE 

WRITE DATA (DIN) 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

RAM SUPERCELL 

UNITS 

ns 

ns 

ns 

ns 

ns 

nS 

TRISTATE 



TIMER I SUPERCELL 

• 16-Bit Counter • Timing Compatible with 65CX02 Supercell 
• One-Shot or Continuous Operation • Single Pulse and Toggle Outputs Available 

The Timer 1 supercell consists of two a-bit latches and a 16-bit counter. The latches store data which is to be 
loaded into the counter. Once the counter is loaded it decrements at the input clock rate. Once the counter 
reaches 0, it generates a negative pulse on SFLAGB for setting an interrupt flag. The counter is automatically 
reloaded from the latches and continues to decrement. Further interrupts mayor may not be generated de­
pending on whether the timer is set for one-shot or continuous mode operation. 

In one-shot mode operation, an interrupt is generated after the counter decrements the first time. Subse­
quent interrupts are blocked until the high counter is written. 

In continuous mode, the counter is reloaded and an interrupt is generated each time the counter decre­
ments to O. 

Another timer output is provided that is initially low and toggles each time the counter decrements to 0 in the 
continuous mode. 

LOGIC SYMBOL 

Specifications subject to change without notice. 

Copyright © 1984 by NCR Corporation, Dayton. Ohio. U.S.A. 
All Rights Reserved. Printed in U.S.A. 

307 



308 

BLOCK DIAGRAM 

LOW LATCH LOW COUNTER 

HIGH LATCH 

CINB 

INTERRUPT 
LOGIC 

SFLAGB 

TOUT 

~----------------------~--~------------~RFLAGB 

CLOCK~------------------------------~~--~ 

PORT FUNCTIONS: 

Port Function INPUT PORT CAPACITANCES 
AO, A1 Address Inputs A1, A2 0.12 pF 
CLOCK Clock Input CLOCK 0.20 pF 
DBO-DB7 Bidirectional Databus DBO-DB7 0.46 pF 
WEB Write Enable Input WEB 0.47 pF 
TADD Timer Address Enable Input TADD 0.58 pF 
RESETB Reset Input RESETB 0.29 pF 
SFLAGB Set Interrupt Flag Output MODE 0.11 pF 
RFLAGB Reset Interrupt Flag Output CINB 0.30 pF 
MODE One Shot/Continuous Mode Select Input 
TOUT Timer Output 
CINB Count Enable Input 



TIMER I SUPERCELL 

SIGNAL DESCRIPTION 
AO, A1: Together with the Write Enable signal, the two address bits control the selection of the high -and low­
byte latches and counters for reading and writing operations. See Table 1 for address decoding. 

WEB: This selects either a read operation (WEB = 1) or a write operation (WEB = 0). 

TABLE 1 
TIMER 1 LOW-ORDER LATCHES TIMER 1 HIGH-ORDER LATCHES 

WRITE - B·bits loaded into T1 low·order latches. WRITE - a·bits loaded into T1 high·order latches. RFLAGB 
goes low. 

READ - B·bits from T1 low·order latches transferred to MPU. 
READ - a·bits from T1 high·order latches transferred to MPU. 

TIMER 1 LOW-ORDER COUNTER 
TIMER 1 HIGH-ORDER COUNTER 

WRITE - B·bits loaded into T1 low·order latches. Latch 
contents are transferred into low·order counter at the WRITE - B·bits loaded into T1 high·order latches. Also, at this 
time the high·order counter is loaded. time both high·and low-order latches transferred into 

T1 counter, and initiates countdown. 
READ - B·bits from T1 low-order counter transferred to MPU. RFLAGB goes low. 

RFLAGB goes low. 
READ - B·bits from T1 high·order counter transferred to MPU. 

WEB A1 AO DESCRIPTION 

1 0 0 Read Low Counter 
1 0 1 Read High Counter 
1 1 0 Read Low Latch 
1 1 1 Read High Latch 
0 X 0 Write To Low Latch 
0 0 1 Write To High Latch and Load 

Both Latches To Counters 
0 1 1 Write To High Latch 
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SIGNAL DESCRIPTION 
TAOO: This functions as a "cell select". When TADO is low, the timer super-cell is deselected. The outputs are 
tristated and the two a-bit latches cannot be written. TADD is high for normal operation. 
RESETB: This input resets all the flip-flops in the timer. The counters are not reset. In particular, it blocks any 
interrupts the timer may generate, providing no attempt is made to load the counters. SFLAGB is set high and 
TOUT is set low. Writing to the counters enables the interrupt outputs, SFLAGB, and roUT. 
TOUT: Resetting the timer sets TOUT high. Whenever the counter reaches 0, the latches automatically load the 
counter and the state of TOUT is inverted if the timer is operating in the continuous mode. If the timer is operat­
ing in the one-shot mode, TOUT inverts only after the first interrupt is generated. If the high byte counter is writ­
ten, TOUT is reset low. 
MODE: This input selects one-shot or continuous mode for the timer and interrupts outputs. In the continuous 
mode, an interrupt is generated from SFLAGB each time the counter reaches 0 and the timer output roUT 
changes state. . 
In the one-shot mode, TOUT and SLFAGB change state only the first time the counter reaches O. No further 
interruptions are generated until the high byte counter is written. MODE is low for one-shot operation. 
RLFAGB: This output generates a low signal one-half clock cycle long for resetting an interrupt flag bit. This 
signal is generated whenever the low byte counter is read or the high byte latch is written or the high byte 
counter is written. 
CLOCK: Clock cycles begin on the falling edge. 
OBO-OB7: These ports comprise an a-bit bidirectional databus. The buffers driving this bus are tristated except 
when reading latch or counter contents. 
CINB: This is the counter enable input. The LSB toggles on clock low whenever CINB is low. 
SFLAGB: Resetting the timer sets this output high, and blocks any further state changes until the high byte 
counter is written. When the counter subsequently reaches 0, this output goes low for one clock cycle. 

AC CHARACTERISTICS 
DESCRIPTION SYMBOL MIN MAX UNITS 

READ TIMER SELECT, ADDRESS, WEB SETUP tACR 45 - ns 
READ TIMER SELECT, ADDRESS, WEB HOLD tCAR 0 - ns 

READ DATA DELAY'" tCDR - 30 ns 
READ DATA HOLD tHR 10 - ns 

WRITE TIMER SELECT, ADDRESS, WEB SETUP tAcw 45 - ns 
WRITE TIMER SELECT, ADDRESS, WEB HOLD tCAw 0 - ns 

WRITE DATA SETUP* tDCW 45 - ns 
WRITE DATA HOLD tHw 10 - ns 

TIMER OUTPUT DELAY** too - 35 ns 
COUNTER INPUT SETUP tCIS 80 - ns 
COUNTER INPUT HOLD tCIH 5 - ns 
RESET INTERRUPT FLAG DELAY - 25 ns 

(WRITE DELAY) tRWD - 25 ns 
(READ DELAY) tRRD - 25 ns 

*5pF assumed for databus capacitance . 
... *2pF assumed for load capacitance at port. 



TIMING DIAGRAMS 

CLOCK 

AO,A1 
TADD, MODE 

WEB 

DATA 
BUS 

READ TIMING FIG. 1 

CLOCK 

AO,A1 
TADD, MODE 

WEB 

DATA 
BUS 

WRITE TIMING FIG. 2 

CLOCK 

CINB 

COUNTER ENABLE TIMING FIG. 3 

J 
~ 

IACR 
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TIMING DIAGRAMS 

ICYC 

LAST COUNTER BIT 
DECREMENTS 

CLOCK----- COUNTER = 
OOOOH 

TOUT 

SFLAGB 

INTERRUPT OUTPUT TIMING FIG. 4 

CLOCK 

ADDRES 

RFLAGB 
(WRITEC 

S 

YCLE RESEn 

(READ CY 
RFLAGB 

CLE RESET) 

RESET FLAG OUTPUT TIMING FIG. 5 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

COUNTER = COUNTER 
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.~ 
RELOADED 

10D----
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- IRWD 
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65CX02 
CMOS II 
STANDARD CELL LIBRARY 
65CX02 SUPERCELL 

• Enhanced software performance including 59 addi­
tional OP codes encompassing fourteen new instruc­
tions and two additional addressing modes_ 

• 70 microprocessor instructions_ 

• 15 addressing modes. 

• 210 operational codes. 

• Up to 3MHz operation. 

• Operates at frequencies as low as 200 Hz for even 
lower power consumption (pseudostatic: stop during 
F2M high). 

• Compatible with NMOS 6500 series microprocessors. 

• 64 K-byte addressable memory. 

The 65CX02 supercell is an 8-bit microprocessor which 
is software compatible with the NMOS 6502. Enhance­
ments include fourteen additional instructions (four 
more than the NCR65C02 microprocessor), expanded 

PORT FUNCTIONS 

PORT FUNCTION 

AO-A15 Address Bus Outputs 
A10-A115 Address Bus from External Source (for DMA) 
AINT I nternal Address Selector 
DO-D7 Bidirectional Data Bus 
F2D Phase 2 Clock for Interrupts 
F2M Phase 2 Clock 
F4M Phase 4 Clock 
IROB I nterrupt Request (Maskable) 
MLB Memory Lock 
NMIINB Non-Maskable Interrupt 
RESETB Reset Output 
RESINB Reset Input 
SOB Set Overflow 
SYNC Synchronize 
WEB Write Enable Output 
WEIB Write Enable from External Source (for DMA) 

~ Specifications are subject to change without notice. 

Copyright ©1984 by NCR Corporation, Dayton, Ohio, USA 

• Interrupt capabil ity. 

• Lower power consumption. 
4mA@lMHz. 

• 8-bit bidirectional data bus. 

• Bus Compatible with M6800. 

• Non-maskable interrupt. 

• 8-bit parallel processing. 

• Decimal and binary arithmetic. 

• Pipeline architecture. 

• Programmable stack pointer. 

• Variable length stack. 

operational codes and two new addressing modes. Bit 
manipulation instructions have been added to facilitate 
software control of memory-mapped I/O and control 
registers. 

LOGIC SYMBOL 

F2M 

F20 

F4M 

SOB MLB 

NMIINB RESETB 

IROB SYNC 

RESINB 

WEB 

WEIB AD-A15 

A10-A115q 

00-07 
AI NT 
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rn81l1 
• NCR65CX02 SUPERCELL BLOCK DIAGRAM 

AIO-AI7 

AQ-A7 

ABL 

ABH 

AB-A15 

AIB-AI15 

I 
o 
<I: 

AINT 

SOB 00-07 

,------------ IRQB 

,--------- NM IINB 

INSTRUCTION 
DECODE 

INSTRUCTION 
REGISTER 

RESINB 

RESETB 

SYNC 

MLB 

F4M 

F2D 

F2M 

WEB 

WEIB 



65CX02 
• MICROPROCESSOR OPERATIONAL ENHANCEMENTS 

Function NMOS 6502 Microprocessor NCR65CX02 Supercell 

I ndexed addressing across page Extra read of invalid address. Extra read of last instruc· 
boundary. tion byte. 

Execution of invalid op codes. Some terminate only by reset. Results All are NOPs (reserved for 
are undefined. future use). 

Op Code Bytes Cycles 
X2 2 2 
X3, XB 1 1 
44 2 3 
54,D4,F4 2 4 
5C 3 8 
DC, FC 3 4 

Jump indirect, operand=XXFF. Page address does not increment. Page address increments and 
adds one additional cycle. 

Read/modify/write instructions at One read and two write cycles. Two read and one write 
effective addresses. cycle. 

Decimal flag. I ndeterm inate after reset. Initialized to binary mode 
(D = 0) after reset and 
interrupts. 

Flags after decimal operation. Invalid N, V and Z flags. Valid flag adds one addi· 
tional cycle. 

I nterrupt after fetch of B R K instruc· Interrupt vector is loaded, BRK BRK is executed, then inter· 
tion. vector is ignored. rupt is executed. 

• NEW INSTRUCTION MNEMONICS 

HEX 

OF·7F 
8F·FF 
80 
3A 
1A 
DA 
5A 
FA 
7A 
07·77 
87·F7 
9C 
9E 
64 
74 
1C 

14 

OC 

04 

MNEMONIC 

BBRn 
BBSn 
BRA 
DEA 
INA 
PHX 
PHY 
PLX 
PLY 
RMBn 
5MBn 
STZ 
STZ 
STZ 
STZ 
TRB 

TRB 

TSB 

TSB 

DESCRIPTION 

Branch on bit "n" reset [Zero page] 
Branch on bit "n" set [Zero page] 
Branch relative always [Relative] 
Decrement accumulator [Accum] 
Increment accumulator [Accum] 
Push X on stack [Implied] 
Push Y on stack [Implied] 
Pull X from stack [Implied] 
Pull Y from stack [Implied] 
Reset memory bit un" [Zero page] 
Set memory bit "n" [Zero page] 
Store zero [Absolute] 
Store zero [ABS, X] 
Store zero [Zero page] 
Store zero [ZPG, X] 
Test and reset memory bits with accumulator 
[Absolute] 
Test and reset memory bits with accumulator 
[Zero page] 
Test and set memory bits with accumulator 
[Absolute] 
Test and set memory bits with accumulator 
[Zero page] 
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rn[3m 
• INPUT PORT CAPACITANCES 

Port Input Capacitance (pF) Port Input Capacitance (pF) 

AIO 
AI1 
AI2 
AI3 
AI4 
AI5 
AI6 
AI7 
AI8 
AI9 
AI10 
AI11 
AI12 

.48 

.46 

.43 

.41 

.38 

.36 

.34 

.33 

.63 

.61 

.57 

.54 

.50 

• AC CHARACTERISTICS 

Parameter 

Cycle Time* 
Clock Pulse Width Low 
Clock Pulse Width High 
Fall Time, Rise Time 

Phase 2 to Phase 4 Delay 
F2M to F2D Delay 
Address Input to Output (AINT low) 
Address Setup Time (AINT high) 
Read Access Time 
Read Data Setup Time 
Read Data Hold Time 
Write Data Delay Time 
Write Data Hold Time 
SYNC Delay Time 
Memory Lock Delay Time 
Processor Control Setup Time** 
SO Setup Time 

AI13 
AI14 
AI15 
AINT 
00-07 
F2D 
F2M 
F4M 
IROB 
NMIINB 
RESINB 
SOB 
WEIB 

VOO = 5V ± 10%, TA = O'C to 7r1'C, Load = 5pF 

Symbol Min. Max. 

tcvc 0.333 5000 
tpL 160 
tpH 160 
tF, tR 20 
t024 'htpl - 10 'htpl+ 10 
tOMO -20 20 
tAIO 20 40 
tAOS 10 60 
tACC 130 
tosu 30 
tOHR 10 
!Mos 30 
tOHw 10 
tgYNC 50 
tML 50 
!PCS 40 
tso 50 

*The processor can be stopped with F2M,and F4M held low. 
Ofo'*This parameter must only be met to guarantee that the signal will be recognized at the current clock cycle. 

.47 

.42 

.40 
3.10 
1.06 
.46 

3.24 
1.74 
.11 
.15 
.15 
.11 
.18 

Units 

uS 
nS 
nS 

nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 
nS 



• TIMING DIAGRAM 

F4M 

F2M 

F2D 

AIO-AI15, 
WEIB 

AO-A15,WEB 

READ DATA 

WRITE DATA 

SYNC 

MLB 

I ROB,RESINB, 
NMIINB 

SOB 

-l 
I' 

..... 

-

...... 

..... 

...... 

.... 

65CX02 

tCYC .. 

~r -.J tF 

~ t024 ~t024 

+--- tF 
tpL-

tpH 

~ ~_tR 
tOMO --j. JC- tOMO 

~' f-tF ~ _ tR 

...... ~ tAID 

tAOS - ~tACC- tosu f-

'I///////~ ~~::' 1///// ....... 
...- tMOS ...... 

,,1-tOHW 

I' /1 
~ tSYNC 

1\ 

I-- tML 

_tpcs ...... _ Iso 

• ADDITIONAL INSTRUCTION ADDRESSING MODES 
HEX MNEMONIC DESCRIPTION 

72 ADC Add memory to accumulator with carry 
[(ZPG)] 

32 AND "AND" memory with accumulator[(ZPG)] 
3C BIT Test memory bits with accumulator 

[ABS,X] 
34 BIT Test memory bits with accumulator [ZPG, 

X] 
D2 CMP Compare memory and accumulator [(ZPG)] 
52 EOR "Exclusive Or" memory with accumulator. 

[(ZPG)] 
7C JMP Jump (New addressing mode) [ABS(lND, X)] 
B2 LDA Load accumulator with memory [(ZPG)] 
12 ORA "OR" memory with accumulator [(ZPG)] 
F2 SBC Subtract memory from accumulator with 

borrow [(ZPG)] 
92 STA Store accumulator in memory [(ZPG)] 
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mt3fi) 
• MICROPROCESSOR PROGRAMMING MODEL 

7 0 
PROCESSOR STATUS 7 0 N 
REG "P" 

I A I ACCUMULATOR A 
7 0 
I Y IINDEX REGISTER Y 

CARRY 1 = TRUE 7 0 
ZERO 1 = RESULT ZERO 

I X IINDEX REGISTER X IROB DISABLE 1 = DISABLE 15 0 DECIMAL MODE 1 = TRUE 
I PCH PCL I PROGRAM COUNTER PC 

BRK COMMAND 1 = BRK 
8 7 0 
111 S I STACK POINTER S 

• FUNCTIONAL DESCRIPTION 

Timing Control 
The timing control unit keeps track of the instruction 
cycle being monitored. The unit is set to zero each time 
an instruction fetch is executed and is advanced at the 
beginning of each phase two clock pulse for as many 
cycles as is required to complete the instruction. Each 
data transfer which takes place between the registers 
depends upon decoding the contents of both the instruc­
tion register and the timing control unit. 

Program Counter 
The 16-bit program counter provides the addresses 
which step the microprocessor through sequential in­
structions in a program. 

Each time the microprocessor fetches an instruction 
from program memory, the lower byte of the program 
counter (PCl) is placed on the low-order 8-bits of the 
address bus and the higher byte of the program counter 
(PCH) is placed on the high-order 8 bits. The counter is 
incremented each time an instruction or data is fetched 
from program memory. 

Instruction Register and Decode 
I nstructions fetched from memory are gated onto the 
internal data bus. These instructions are latched into the 
instruction register, then decoded, along with timing and 
interrupt signals, to generate control signals for the 
various registers. 

Arithmetic and logic Unit (AlU) 
All arithmetic and logic operations take place in the 
AlU including incrementing and decrementing internal 
registers (except the program counter). The AlU has no 
internal memory and is used only to perform logical 
and transient numerical operations. 

Accumulator 
The accumulator is a general purpose 8-bit register that 

OVERFLOW 1 = TRUE 
NEGATIVE 1 = NEG. 

stores the results of most arithmetic and logic opera­
tions, and in addition, the accumulator usually contains 
one of the two data words used in these operations. 

I ndex Registers 
There are two 8-bit index registers (X and V), which may 
be used to count program steps or to provide an index 
value to be used in generating an effective address. 

When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the base 
address, and modifies the address by adding the index 
register to it prior to perform ing the desired operation. 
Pre- or post-indexing of indirect addresses is possible 
(see addressing modes). 

Stack Pointer 
The stack pointer is an 8·bit register used to control the 
addressing of the variable-length stack on page one. The 
stack pointer is automatically incremented and decre­
mented under control of the microprocessor to perform 
stack manipulations under direction of either the 
program or interrupts (NMIINB and IROB). The stack 
allows simple implementation of nested sub·routines and 
multiple level interrupts. The stack pointer should be 
initialized before any interrupts or stack operations 
occur. 

Processor Status Register 
The 8·bit processor status register contains seven status 
flags. Some of the flags are controlled by the program, 
others may be controlled both by the program and the 
CPU. The' 6500 instruction set contains a number of 
conditional branch instructions which are designed to 
allow testing of these flags (see microprocessor pro­
gramming model). 



• ADDRESSING MODES 
Fifteen addressing modes are available to the user of the 
NCR65CX02 microprocessor. The addressing modes are 
described in the following paragraphs: 

Implied Addressing [Implied] 
In the implied addressing mode, the address containing 
the operand is implicitly stated in the operation code of 
the instruction. 

Accumulator Addressing [Accum] 
This form of addressing is represented with a one byte 
instruction and implies an operation on the accumu­
lator. 

Immediate Addressing [Immediate] 
With immediate addressing, the operand is contained in 
the second byte of the instruction; no further memory 
addressing is required. 

Absolute Addressing [Absolute] 
For absolute addressing, the second byte of the instruc­
tion specifies the eight low-order bits of the effective 
address, while the third byte specifies the eight high-order 
bits. Therefore, this addressing mode allows access to the 
total 64K bytes of addressable memory. 

Zero Page Addressing [Zero Page] 
Zero page addressing allows shorter code and execution 
times by only fetching the second byte of the instruction 
and assuming a zero high address byte. The careful use 
of zero page addressing can result in significant increase 
in code efficiency. 

Absolute Indexed Addressing [ABS, X or ABS, Y] 
Absolute indexed addressing is used in conjunction with 
X or Y index register and is referred to as "Absolute, X," 
and "Absolute, Y." The effective address is formed by 
adding the contents of X or Y to the address contained 
in the second and third bytes of the instruction. This 
mode allows the index register to contain the index or 
count. value and the instruction to contain the base 
address. This type of indexing allows any location refer­
encing and the index to modify multiple fields, reSUlting 
in reduced coding and execution time. 

Zero Page Indexed Addressing [ZPG, X or ZPG, Y] 
Zero page absolute addressing is used in conjunction 
with the index register and is referred to as "Zero Page, 
X" or "Zero Page, Y." The effective address is calculated 
by adding the second byte to the contents of the index 
register. Since th is is a form of "Zero Page" addressing, 
the content of the second byte references a location in 
page zero. Additionally, due to the "Zero Page" address­
ing nature of this mode, no carry is added to the high­
order eight bits of memory, and crossing of page boun­
daries does not occur. 

Relative Addressing [Relative] 
Relative addressing is used only with branch instructions; 
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it establishes a destination for the conditional branch. 
The second byte of the instruction becomes the operand 
which is an "Offset" added to the contents of the pro­
gram counter when the counter is set at the next in­
struction. The range of the offset is -128 to +127 
bytes from the next instruction. 
Zero Page Indexed Indirect Addressing [(lND, X)] 
With zero page indexed indirect addressing (usually re­
ferred to as indirect X) the second byte of the instruction 
is added to the contents of the X index register; the 
carry is discarded. The result of this addition points to a 
memory location on page zero whose contents is the low­
order eight bits of the effective address. The next mem­
ory location in page zero contains the high-order eight 
bits of the effective address. Both memory locations 
specifying the high- and low-order bytes of the effective 
address must be in page zero. 

* Absolute Indexed Indirect Addressing [ABS(lND, X)] 
(Jump Instruction Only) 
With absolute indexed indirect addressing the contents of 
the second and third instruction bytes are added to the 
X register. The result of this addition, points to a memory 
location containing the lower-order eight bits of the 
effective address. The naxt memory location contains 
the higher-order eight bits of the effective address. 

Indirect Indexed Addressing [(lND), Y] 
This form of addressing is usually referred to as Indirect, 
Y. The second byte of the instruction points to a mem­
ory location in page zero. The contents of this memory 
location are added to the contents of the Y index regis­
ter, the result being the low-order eight bits of the effec­
tive address. The carry from this addition is added to the 
contents of the next page zero memory location, the 
result being the high-order eight bits of the effective 
address. 

*Zero Page Indirect Addressing [(ZPG)] 
In the zero page indirect addressing mode, the second 
byte of the instruction points to a memory location on 
page zero containing the low-order byte of the effective 
address. The next location on page zero contains the 
high-order byte of the effective address. 

Absolute Indirect Addressing [(ABS)] 
(Jump Instruction Only) 
The second byte of the instruction contains the low-order 
eight bits of a memory location. The high-order eight 
bits of that memory location is contained in the third 
byte of the instruction. The contents of the fully speci­
fied memory location is the low-order byte of the effec­
tive address. The next memory location contains the 
high-order byte of the effective address which is loaded 
into the 16 bit program counter. 

NOTE: * = New Address Modes 
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• SIGNAL DESCRIPTION 
Address Bus Outputs (AO-A15) 
AO-A 15 form a l6-bit address bus for memory and I/O 
exchanges on the data bus. These outputs will reflect 
the state of the CPU's internal address if AINT is input 
high, otherwise the external address (AIO-AI 1 5) is out­
put. The address bus outputs are buffered sufficiently to 
drive large on-chip busses. 

External Address Bus Inputs (AI0-AI15) 
An external controller can take over control of the 
address bus by pulling AINT low asynchronously. Im­
mediately, the address bus outputs (AO-A1S) and WEB 
will reflect the inputs at A10-A115 and WEIB. 

Address Bus Selector (AINT) 
Selects whether the CPU's internal address and write 
enable, or the external address bus and WEIB will appear 
at the AO-A 15 outputs and WEB. This input is immedi­
ate: the outputs will update tAlC after AINT changes. 

Data Bus (00-07) 
The data lines (00-D7) constitute an B-bit bidirectional 
data bus used for data exchanges to and from the CPU 
sLipercell and other elements of a microcomputer system 
(on-chip or off-chip)' The outputs are buffered suff­
ficiently to drive large on-chip busses. 

Interrupt Clock (F2D) 
In normal operation, F2D is exactly in phase with the 
main CPU clock, F2M. F2D is used to latch in the signals 
RESINB, NMIINB, and I ROB. Separating F2D and F2M 
allows a low power "sleep mode," where the main CPU 
can be shut down by stopping F2M and F4M low. A 
reset or interrupt can then "wake up" the CPU if F2D is 
still running. The power dissipation necessary to keep 
F2D running is considerably less than for F2M. 

Phase 2 Clock (F2M) 
This is the main time base for the CPU. Each cycle be­
gins on a falling edge of F2M. Data bus transfers occur 
when F2M is high (see Timing Diagram). When the CPU 
is put in sleep mode or when DMA operations are in­
voked by pulling AI NT low, F2M must stop after a 
falling edge, so that all data on the data bus will have 
been latched into its proper destination. If in DMA 
mode, the data bus will then be available to the external 
bus master. 

Phase 4 Clock (F4M) 
F4M is used for additional internal timing in the CPU, 
and should lead F2M by a quarter cycle (see timing Dia­
gram). In sleep mode or DMA modes, F4M should be 
stopped low. 

Interrupt Request (I ROB) 
This input requests that an interrupt sequence begin 
within the microprocessor. The IROB is sampled during 
F2 operation; if the interrupt flag in the processor 
status register is zero, the current instruction is com­
pleted and the interrupt sequence begins during the 
next cycle. The program counter and processor status 
register are stored in the stack. The microprocessor 
will then set the interrupt mask flag high so that no 
further IROBs may occur. At the end of this cycle, 
the program counter low will be loaded from address 

FFFE, and program counter high from location FFFF, 
transferring program control to the memory vector 
located at these addresses. 

Memory Lock (MLB) 
In a multiprocessor system, the MLB output indicates 
the need to defer the rearbitration of the next bus cycle 
to ensure the integrity of read-modify-write instructions. 
MLB goes low during ASL, BBRn, BBSn, DEC, INC, 
LSR, RMBn, ROL, ROR, 5MBn, TRB, TSB memory 
referencing instructions. This signal is low for the 
modify and write cycles. 

Non-Maskable Interrupt (NMIINB) 
A negative'going edge on this input requests that a 
non-maskable interrupt sequence be generated within 
the microprocessor. The NMIINB is sampled during 
F2; the current instruction is completed and the inter­
rupt sequence begins during the next cycle. The program 
counter is loaded with the interrupt vector from loca­
tions FFFA (low byte) and FFFB (high byte), thereby 
transferring program control to the non-maskable inter· 
rupt routine. 

Note: Since this interrupt is non-maskable, another 
NMIIB can occur before the first is finished. Care should 
be taken when using NMIINB to avoid this. 

Reset (RESETB) 
This output is a buffered version of the CPU's internal. 
reset signal, for use by other circuits on chip that need 
to be initialized. 

Reset Input (RESIN B) 
This input is used to reset the microprocessor. Reset 
must be held low for at least two clock cycles after V DD 
reaches operating voltage from a power down. A positive 
transition on this pin will then cause an initialization 
sequence to begin. Likewise, after the system has been 
operating, a low on this line of at least two cycles will 
cease microprocessing activity, followed by initiali­
zation after the positive edge on RESINB. 

When a positive edge is detected, there is an initialization 
sequence lasting six clock cycles. Then the interrupt 
mask flag is set, the decimal mode is cleared, and the 
program counter is loaded with the restart vector from 
locations FFFC (low byte) and FFFD (high byte). 
This is the start location for program control. This input 
should be high in normal operation. A latched version 
of RESINB will appear at the RESETB output after 
one falling F2 edge. 

Set Overflow (SOB) 
A negative transition on this line sets the overflow bit 
in the status code register. The signal is sampled half­
way through each cycle (see Timing Diagram). 

Synchronize (SYNC) 
This output line is provided to identify those cycles 
during which the microprocessor is doing an OP CODE 
fetch. The SYNC line goes high at the beginning of an 
OP CODE fetch and stays high for the remainder of that 
cycle. If OP CODEs of X3 or XB (X ; don't care) are 



• SIGNAL DESCRIPTION (CONTINUED) 

fetched, another OP COOE will be fetched in the next 
cycle, and SYNC will remain high for the two fetch 
cycles. 

Write Enable (WEB) 
This signal is normally in the high state, indicating that 
the CPU is reading data from memory. If AINT is high, 
the CPU's internal write signal will appear on the WEB 
output. When AINT is low, the WEIB input is gated to 
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the WEB output. A low on WEB indicates that what· 
ever device has control of the busses has data to be 
written to the addressed memory location. 

External Write Enable Input (WEIB) 
This input is used in conjunction with the AIO·AI15 
inputs when AINT is pulled low, to indicate whether 
the addressed memory location is to be read from or 
written to. 

• INSTRUCTION SET - ALPHABETICAL SEQUENCE 

ADC 
AND 
ASL 

*BBRn 
*BBSn 

BCC 
BCS 
BEQ 
BIT 
BMI 
BNE 
BPL 

*BRA 
BRK 
BVC 
BVS 
CLC 
CLD 
CLI 
CLV 
CMP 
CPX 
CPY 

*DEA 
DEC 
DEX 
DEY 
EOR 

~INA 
INC 
INX 
INY 
JMP 
JSR 
LDA 

Add Memory to Accumulator with Carry 
"AND" Memory with Accumulator 
Shift One Bit Left 
Branch on Bit "n" Reset 
Branch on Bit "n" Set 
Branch on Carry Clear 
Branch on Carry Set 
Branch on Result Zero 
Test Memory Bits with Accumulator 
Branch on Result Minus 
Branch on Result not Zero 
Branch on Result Plus 
Branch Always 
Force Break 
Branch on Overflow Clear 
Branch on Overflow Set 
Clear Carry Flag 
Clear Decimal Mode 
Clear Interrupt Disable Bit 
Clear Overflow Flag 
Compare Memory and Accumulator 
Compare Memory and I ndex X 
Compare Memory and Index Y 
Decrement Accumulator 
Decrement by One 
Decrement I ndex X by One 
Decrement Index Y by One 
"Exclusive· or" Memory with Accumulator 
I ncrement Accumulator 
Increment by One 
I ncrement I ndex X by 0 ne 
I ncrement Index Y by One 
Jump to New Location 
Jump to New Location Saving Return Address 
Load Accumulator with Memory 

Note: iC = New Instruction 

LDX Load I ndex X with Memory 
LDY Load Index Y with Memory 
LSR Shift One Bit Right 
NOP No Operation 
ORA "OR" Memory with Accumulator 
PHA Push Accumulator on Stack 
PHP Push Processor Status on Stack 

.. PH X Push I ndex X on Stack 
* PHY Push Index Y on Stack 

PLA Pull Accumulator from Stack 
PLP Pull Processor Status from Stack 

* PLX Pull Index X from Stack 
* PLY Pull Index Y from Stack 
~ RMBn Reset Memory Bit "n" 

ROL Rotate One Bit Left 
ROR Rotate One Bit Right 
RTI Return from Interrupt 
RTS Return from Subroutine 
SBe Subtract Memory from Accumulator with Borrow 
SEC Set Carry Flag 
SED Set Decimal Mode 
SEI Set I nterrupt Disable Bit 

*SMBn Set Memory Bit "n" 
STA Store Accumulator in Memory 
STX Store I ndex X in Memory 
STY Store Index Y in Memory 

* STZ Store Zero in Memory 
TAX Transfer Accumulator to Index X 
TAY Transfer Accumulator to Index V 

If. TRB Test and Reset Memory Bits with Accumulator 
* TSB Test and Set Memory Bits with Accumulator 

TSX Transfer Stack Pointer to Index X 
TXA Transfer I ndex X to Accumulator 
TXS Transfer Index X to Stack Pointer 
TVA Transfer I ndex V to Accumulator 
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• OPERATIONAL CODES, EXECUTION TIME, AND MEMORY 

REQUIREMENTS 
IMM E- ABSO- ZERO 1M· ONO I. IINDI. RELA- (I~g.Sxll (ZPG) 

PROCESSOR 
DIATE LUTE PAG E ACCU M PLIED X Y ZPG. X ZPG, Y ASS, X ABS, Y TIVE IABSI STATUS CODES 

76543210 
MNE OPERATION OP n OP n II QP n "OP n II OP n II OP n /I OP n /I OP n fI OP n N OP n If OP n II OP n HOP n "QP n II QP n #NV.BDtZc MNE 

ADe A+M+C+A ".31 69 2 260 4 365 32 6' 6 271 5 2 75 4 2 704 3 794 3 72 5 2NV. z e ADe 
AND Af\ M"A 111 29 2 220 4 325 32 2' 6 231 5 2 35 4 2 3D 4 3 394 3 32 5 2 N . Z . AND 
ASL ~r:Ch if Mn:~ 111 DE 6 306 5 2 OA 2 1 1662 lE 6 3 N Z e ASL 

BBRn 121 OF- 5 3 · BBRn 
7F 

BBSn Branch if Mn '" 1 121 SF- 5 3 
FF 

_ BaSn 

Bee Branch if C"'Q 121 9022 Bee 
Bes Branch if C"'l 121 BO 2 2 BeS 
BEQ Branch if Z-1 121 FQ 22 BEQ 
BIT AIIM 14.51 a9 2 22C 4 32432 3442 3C 4 3 '\oI7'MS", .z BIT 
BMI Branch if N=l 121 30 22 aMI 
BNE Branch if 2=0 121 0022 BNE 
BPL Branch if N=O 121 10 22 BPL 
BAA Branch Always 121 80 22 BAA 
BAK Break 00 7 1 , , BAK 
BVe Branch if V=O 121 50 22 ave 
BVS Branch if V"'l 121 70 22 BVS 
CLe o+e 182 1 o CLC 
eLD 0+0 DB 2 1 o . eLD 
eLi 0+ I 58 2 1 0 · ell CLV O+V BS 2 1 0 eLV 
eMP A·M 111 e9 2 2 CD 4 3 C5 32 C, 6 2 D1 5 2054 2 DO 4 3 0943 02 5 2 N Z e eMP 
epx X·M EO 2 2 EC 4 3 E4 32 N. Z e epx 
epv V·M CO 2 2 CC 4 3 C4 32 N. Z e CPY 
DEA A· '+A 3A 2 1 N Z DEA 
DEe M· '+M 111 eE 6 3 C6 52 066 2 DE 6 3 N Z DEC 
DEX X· ,+X CA 21 N Z DEX 
DEV V· , +V 88 2 1 N Z DEY 
EOA A V. M+A 49 2 240 4 345 32 4' 6 251 525542 504 3 594 3 52 5 2 N Z EOA 
INA A + 1-+A lA 2 1 N. Z INA 
INC M+ 1"M 111 EE 6 3 E6 5 2 F6 62 FE 6 3 N. Z INC 
INX X + l"X E82 1 N Z INX 
INV Y+1"Y C82 1 N Z INY 
JMP Jump to new loc 4C 3 3 6C 6 3 7C 6 3 JMP 
JSR Jump Subroutine 20 6 3 JSA 
LOA M+A 111 A92 2 AD 4 3 A5 3 2 A' 6 281 5 285 4 2 BO 4 3 B9 4 3 B2 5 2 N Z LOA 
LOX M+X 111 A22 2 AE 4 3 A6 3 2 B6 4 2 BE 4 3 N Z LOX 
LOY M+V 111 AO 2 2 AC 4 3 A4 3 2 B4 4 2 BC 4 3 N Z LOY 
LSA o-~[£J 111 4E 6 3 46 5 2 4A 2 1 56 6 2 5E 6 3 0 Z C L8R 
NOP PC+ 1 +PC EA 2 1 NOP 
OAA AV M+I\, 111 09 2 200 4 305 32 0' 6 2 11 5 2 154 2 104 3 19 4 3 '2 5 2 N Z. ORA 
PHA A+Ms 8·1+8 48 3 1 PI-jA 
PHP P+Ms 8 ,.S 08 3 1 PHP 
PHX X+Ms S·1+S DA 31 PHX 
PHY Y+Ms S· 1 +S 5A 3 1 PHV 
PLA S+1+SMs+A 68 4 1 N Z PLA 
PLP S+1+S Ms+P 28 4 1 N V . 101 Z C PLP 
PLX 8+1·S Ms·X FA 4 1 N Z . f'LX 
PLV S+1+SMs·Y 7A 4 1 N. i PLV 
~MBn o +Mn 07· 52 · AMBn 

77 
ROL qr----:-ij-@:J 111 2E 6 3265 2 2A 2 1 366 2 3E 6 3 N 

~ ~ ~g~ ADA L:ID-~ 111 6E 6 366 5 26A 2 1 766 2 7E 6 3 N. 
ATI Return from Inter. 406 1 N V . 1 0 I Z ( ATI 
ATS Return from Subr. 606 1 RTS 
SBe A·M ·C+A (1,3) E92 2 ED 4 3 E5 32 E, 6 2 F', 5 2 F5 4 2 FD 4 3 F9 4 3 F2 5 2 N V . Z C SSC 
SEC ,.e 38 2 1 1 SEC 
SED '+0 F8 2 1 1 SED 
SEI ,. : 78 2 1 , . SEI 
MBn 1 ·Mn 87· 5 2 · 5MBn 

F7 
STA A+M aD 4 3 85 3 2 a, 6291 6 2 95 4 2 90 5 3 99 5 3 92 5 2 STA 
STX X+M aE 4 386 3 2 9642 STX STV V+M ae 4 384 32 94 42 · 8TY STZ OO+M ge 4 3 64 3 2 74 42 9E 5 3 STZ TAX A+X AA 2 1 N Z. TAX TAY A+Y A82 1 N Z. TAV 
TRB AA M+M 141 1e 6 3 14 5 2 Z TAB TSB AV M +M 141 oe 630452 z. TSB TSX S+X SA 2 1 N. Z. TSX TXA X+A SA 2 1 N z. TXA TXS X +S 9A 2 1 TXS 
TVA Y+A 982 1 N. Z TVA 

Notes: 
1. Add 1 to "n" if page boundary is crossed. 
2. Add 1 to "n" if branch occurs to same page. 

Add 2 to "n" if branch occurs to different page. 
3. Add 1 to "n" if decimal mode. 
4. V bit equals memory bit 6 prior to execution. 

N bit equals memory bit 7 prior to execution. 

X I ndex X + Add n No. Cycles 
y Index Y Subtract # No. Bytes 
A Accumulator 1\ And M6 Memory bit 6 
M Memory per effective address V Or M7 Memory bit 7 

M, Memory per stack pointer ¥ Exclusive or Mn Memory bit n 

*5. The immediate addressing mode of the BIT instruction leaves bits 6 & 7 
322 (V & NI in the Processor Status Code Register unchanged. 



• MICROPROCESSOR OP CODE TABLE 

5 
0 a , 2 3 

a BRK ORA 
ind, X , BPL ORA ORA.t 

rei ind, Y Izpgl 

2 JSR AND 
abs ind, X 

3 BMI AND AND*t 
rei ind, Y Izpgl 

4 RTI EOR 
ind, X 

5 BVC EOR EOR*t 
rei ind, Y Izpgl 

6 RTS ADC 
ind, X 

7 BVS ADC ADC*t 
rei ind, Y Izpgl 

8 BRA* STA 
rei ind, X 

9 BCC STA STA*t 
rei ind, Y Izpgl 

A LOY LOA LDX 
Imm ind, X imm 

B BCS LDA LDA*t 
rei ind, Y Izpgl 

C CPY CMP 
imm ind, X 

0 BNE CMP CMP*t 
rei ind, Y Izpgl 

E CPX SBC 
imm ind, X 

F BEQ SBC SBC*t 
rei indo Y Izpgl 

0 , 2 3 

Note: * ~ New OP Codes 
Note: t ~ New Address Modes 

4 

TSB' 
zpg 

TRB* 
zpg 

BIT 
zpg 

BIT' 
zpg, X 

STZ* 
zpg 

STZ* 
zpg, X 

STY 
zpg 

STY 
zpg, X 

LDY 
zpg 

LDY 
zpg, X 

CPY 
zpg 

CPX 
zpg 

4 

5 6 7 8 

ORA ASL RMBO*: PHP 
zpg zpg zpg 

ORA ASL RMB1* CLC 
zpg, X zpg, X zpg 

AND ROL RMB2* PLP 
zpg zpg zpg 

AND ROL RMB3 SEC 
zpg, X zpg, X zpg 

EOR LSR RMB4 PHA 
zpg zpg zpg 

EOR LSR RMBS' CLI 
zpg, X zpg, X zpg 

ADC RDR RMB6* PLA 
zpg zpg zP!1 

ADC RDR RMB7* SEI 
zpg, X zpg, X zp~ 

STA STX 5MBO* DEY 
zpg zpg zpg 

STA STX sMB1* TYA 
zpg, X zpg, Y zpg 

LOA LDX sMB2* TAY 
zpg zpg zP9 

LDA LOX sMB3 CLV 
zpg, X zpg, Y zpg 

CMP DEC 5MB4* INY 
zpg zpg zP9 

CMP DEC sMBS* CLD 
zpg, X zpg, X zpg 

SBC INC 5MB6* INX 
zpg zpg zpg 

SBC INC 5MB7 SeD 
zpg, X zpg, X zpg 

S 6 7 8 
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9 A B C 0 E F 

ORA ASL TSB¥ ORA ASL BBRO* 0 
imm A abs abs abs zpg 

ORA INA* TRB* ORA ASL BBR1* 1 
abs, Y A abs abs, X abs, X zpg 

AND ROL BIT AND ROL BBR2* 2 
imm A abs abs abs zpg 

AND DEA* BIT*t AND ROL BBR3* 3 
abs, Y A abs, X abs, X abs, X zpg 

EOR LSR JMP EDR LSR BBR4' 4 
imm A abs abs abs zpg 

EDR PHY EDR LSR BBRS' 5 
abs, Y abs, X abs, X zpg 

ADC ROR JMP ADC RDR BBR6* 6 
imm A labsl abs abs 

B;~~ ADC PLY' JMP*t ADC RDR f----r-
abs, Y abs lind,XI abs, X abs, X zpg 

BIT* TXA STY STA STX BBSO'· 8 
imm abs abs abs zpg 

STA TXS STZ* STA STZ* BBS1* 9 
abs, Y abs abs, X abs, X zpg 

LDA TAX LDY LDA LDX BBS2* A 
imm abs abs abs zpg 

LDA TSX LDY LDA LDX BBS3" B 
abs, Y abs, X abs, X abs, Y zpg 

CMP DEX CPY CMP DEC BBS4* C 
imm abs abs abs zpg 

CMP PHX* CMP DEC BBsS* D 
abs, Y abs, X abs, X zpg 

sBC NOP CPX SBC INC BBS6* E 
imm abs abs abs zpg 

SBC PLX*I SBC INC BBS7 F 
abs, Y abs, X abs, X zpg 

9 A B C D E F 
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a-BIT GENERAL PURPOSE 
ANALOG TO 
DIGITAL CONVERTER 

• Single or dual supply operation • Low Power Consumption 
• 2V to 5V full scale range • 30 Ils Conversion Cycle 
• 8-Bit Linearity • CMOS Compatible 

NCR's a-bit A to D supercell is a successive approximation converter utilizing CMOS technology in a switched 
capacitor charge redistribution architecture. The A to D performs an a-bit unipolar conversion (a-bit magnitude) 
at rates ranging from 20lls to 100llS, under control of a 100 KHz to SOO KHz master clock. The full scale analog 
range of the converter is 2.0V to S.OV. 

ELECTRICAL SPECIFICATION 
ROOM TEMPERATURE 

Min Typ 

VDD Supply Current (rnA) 1.1 

VSS Supply Current (rnA) 0.17 

0.34 

Offset Voltage (mV) -22 -10 
-10 +2 
-S +7 
-3S -8 

Gain Error (%FS) 0.3 
0.1 
0.1 
O.OS 

Integral 
Non·Linearity (LSB) 1.0 

0.6 
0.6 
0.6 

Differential 0.4 
Non-Linearity (LSB) 0.3 

A.C. Supply Rejection (dB) 30 
Positive Supply @ 10KHZ 

A.C. Supply Rejection (dB) 26 
Negative supply @ 10KHZ 29 

Minimum 
Conversion Time U.s) 20 

Maximum 
Conversion Time U.s) 

Input capacitance (pQ 

VREF Input SO 
VIN Input SO 
BIAS IN Input 2 

Max Comments 

1.2S FCONV=SOKHZ 
VDD=SV 

0.2 VSS=-SV 
VREF'=2.SV 

0.4 VSS=-SV 
VREF'=5.0V 

+2 VSS:"O 
+14 VSS=-2V VREF'=2.SV 
+19 VSS=-SV VREF'=2.SV 
+19 VSS=-5V VREF'=S.OV 

1.0 VSS=O VREF'=2.SV 
0.4 V SS = -2V VREF' = 2.SV 
0.4 VSS=-SV VREF'=2.SV 
0.2 VSS=-SV VREF'=S.OV 

2.0 VSS=O VREF'=2.SV 
0.8 V SS = -2V VREF' = 2.SV 
0.8 V SS = -SV VREF' = 2.SV 
0.8 VSS=-SV VREF'=S.OV 

0.7 VREF'=2.SV 
0.6 VREF'=S.OV 

VSS=O 
VSS=-SV 

30 VSS=-SV 

100 

60 
60 
4 

Specifications subject to change without notice. 
Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

110 CONNECTION LIST 

Name TVDe Function 
MCLK Digital Input Master Clock Controling 

Successive Approximation 
Cycle 

RST Digital Input Reset SAR after power up. 
Reset EOC Low. 

SAMPLE Digital Input Initiate Conversion Cycle 
EOC Digital Output Indicates Completion of 

Conversion Cycle 
07 Digital Output BITB(MSB) 
D6 Digital Output BIT7 
DS Digital Output BIT6 
D4 Digital Output BIT S 
03 Digital Output BIT4 
D2 Digital Output BIT3 
Dl Digital Output BIT2 
DO Digital Output BIT 1 (LSB) 
VIN Analog Input Input Signal Voltage 
VREF Analog Input Reference Voltage 
BIASVREF Analog Input Voltage For Connection 

To Negative Follower 
Input For Supply 
Independent Biasing 

BIAS IN Analog Input Voltage From Follower 
Output For Supply 
Independent Biasing 

VDD Supply Input Positive Supply 
ANGND Supply Input Analog Ground 
DIG GND Supply Input Digital Ground 
VSS Supply Input Negative Supply 

(Analog Only) 
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Digital Considerations 
Before the successive approximation register (SAR) 
can begin cycling, the logic must be reset to an initial 
state after power is applied. A reset input (RST) is in­
cluded in the SAR circuit for this purpose. Reset will 
occur when RST is brought high and the master clock 
input (MCLK) is low. The minimum duration of a true 
RST-MCLK to insure reset is 20 ns. The RST input 
may be supplied from off-chip or internally by using a 
standard cell, POR, from the NCR library. 

The complete conversion cycle requires a minimum 
at 1 0 master clock cycles to perform the functions of 
capacitor array reset, signal sampling and a-bits of 
successive approximation. Two modes of signal sam­
pling are available; external control or free-running 
operation. External sampling control is enabled one 

MCLK 

full MCLK cycle after the previous conversion has 
been completed. As shown in Figure 1, a high sample 
input (SAMPLE) following a high to low MCLK transi­
tion after a high to low end of conversion (EOC) transi­
tion will initiate signal sampling and a subsequent 
conversion cycle. The minimum duration for a valid 
SAMPLE input is 10 ns. The analog sample is ac­
quired with the next positive MCLK edge following a 
high SAMPLE input. A low to high EOC transition indi­
cates the signal has been sampled and a conversion 
.initiated. Free-running operation may be selected by 
connecting SAMPLE to the positive supply. As shown 
in Figure 2, free-running operation results in a sample 
acquisition once every 10 MCLK cycles. Signal sam­
pling again occurs on a positive MCLK edge. 

SAMPLE . ·n~·_· _______ . ____________________ ~.~.~. 
EOC --:11-___ -' I . 

07 

06 

05 

04 

03 

02 

01 

DO 

. . ... 
! . ! . . . . . 

--.~.~.~.~~~.~.~.--.~.~!::l.~--.-------------.--:--:--:--:--:--:--

. . . . . . . . 
~.-.-.-.---~----~~~--------

CONVERT TO t 1 
01010101 I 

ENOOF 
CONVERSION 

t ..... _---------CONVERT TO __________ ...... "1t ~ SAMPLING t 01010101 1 ENABLED 
ACQUIRE END OF 
SAMPLE CONVERSION 

SAMPLING 
ENABLED 

Figure 1. A TO 0 CONVERSION CYCLE WITH EXTERNAL SAMPLING CONTROL 



Data becomes valid at the SAR outputs (00-07) 
during the conversion, starting with the MSB (07) and 
ending with the LSB (DO). The high to low transition of 
EOC indicates the conversion is complete. Data will 
remain latched in the SAR until the next sample is ac­
quired as indicated by a low to high transition of EOC. 
If subsequent latching of the SAR outputs is required, 
the falling edge of EOC may be used for latch control 
synchronization. It is important to note that the skew 
between the EOC falling edge and the final transition 
of DO to the steady state LSB value is dependent on 
the loading of these two outputs. For subsequent 
latching of the output data, it is recommended that a 
delayed version of EOC; i.e., EOC latched with a posi­
tive MCLK edge, be used as a latching control signal. 

MCLK 

~',----' 

8-BIT GENERAL PURPOSE ANALOG TO 
DIGITAL CONVERTER 

Data is output in positive true binary format. All digi­
tal outputs (00-07 and EOC) are unbuffered, however 
buffers may be selected from the NCR library of 
standard cells if required. When bringing output 
signals off-chip, keep in mind that the majority of NCR 
library output pad cells are inverting. Therefore, the 
data format will be changed to negative true binary 
unless an additional inversion is added to the output 
signal path. 

All logic inputs are CMOS compatible. If TTL com­
patibility is required, TTL to CMOS input pad cells 
from the NCR standard cell library must be used for 
logic inputs. 

D7 I L 
D6 ~~j. t 
D5 

------------.--.--.--.~~~-.--.--.--.------.--.--.--.--.--.---------
D4 . . . . .~~~~~~~.~.~.~.~.~.-;. 

~------~I ~I __ 
D3 

------------------~~~-----------------
D2 

D1 ....... ~~-------.--.--.--.-.--. . . . . . . . . . . . . . . . . . 
DO ..•. ~I ________ ~I.----· -. -. -'-:"'1 . ___ 

CONVERT TO l ·"" .. t----------CONVERT TO ----------..... ~1 
01010101 ACJUIRE 01010101 

SAMPLE 

t--- CONVERT 

ACQUIRE 
SAMPLE 

ENDOF 
CONVERSION 

Figure 2. A TO D CONVERSION CYCLE WITH FREE-RUNNING OPERATION 

ENDOF 
CONVERSION 
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Analog Considerations 

Power Supplies 

Two separate ground connections; one for analog cir­
cuitry and one for digital circuitry, are required for A to 
o operation. These may be connected together at the 
supercell boundary, at the ground bonding pad, or off­
chip. Noise considerations dictate that analog and di­
gital grounds be connected at only a single point: If 
the connection is made on-chip, the analog grounding 
path should not share any high current digital ground­
ing connections. An off-chip connection should be 
made as close to the package as possible, or al­
ternatively at the common grounding point between 
separate analog and digital system supplies, if appli­
cable. 

The positive supply for the A to D is common be­
tween analog and digital circuitry within the supercel!, 
and has a nominal value of S.O± O.Sv. If other addi­
tional logic is contained on chip, the connection be­
tween A to 0 and chip supplies should not include any 
high current digital paths. Alternatively, connection 
can be made at the positive supply bonding pad. 

The A to D also requires a supply VSS) that is nega­
tive with respect to ground in certain cases. For 
operation, the difference between VOO and VSS must 
be greater than or equal to twice the full scale signal 
swing as set by the voltage reference. In other words, 
applications having full scale swings gr~ater than 
2.SV require a separate VSS supply. VSS, If required, 
may range anywhere from the minumurn set by the 
full scale swing to -S.Ov. A negative supply generator 
from the NCR cell library (available October '84) may 
be used to generate VSS' If VSS is not required, the 
VSS supercell connection must be tied on-chip to ana­
log ground. 

BIAS VREF 

BIAS IN 

VREF 

Figure 3. FOLLOWER CONNECTION FOR SUPPLY 
INDEPENDENT BIAS CIRCUIT 

Biasing 
Biasing for the A to 0 comparator is supplied 

through a supply voltage independent bias circuit 
which derives a constant current from the reference 
voltage. A non-precision Op Amp must be connected 
to the A to 0 supercell as shown in Figure 3 for bias 
network operation. This Op Amp may be placed on­
chip using OPAMPL, OPAMPM or PPAMP (available 
August '84) from the NCR library. Alternatively, an off­
chip Op Amp, such as the 741, may be used. The 
nominal value of the Op Amp output voltage will be 
approximately VOO-VREF'-1.8V, where VREF' is the 
full scale swing of the converter, and VOO is nominally 
SV. The main requirement for the Op Amp is to insure 
adequate output voltage swing given the power sup­
plies available. 

Reference Voltage 
Internally, the A to 0 supercell is a positive supply 

reference system. Referencing to the positive supply 
is desirable from the standpoint of supply rejection to 
the positive rail, which is common for analog and digi­
tal portions of the circuit. The positive supply refer­
ence system is diagramed in Figure 4. In this diagram, 
VREF' is the full scale swing of the signal and VREF is 
the absolute reference voltage with respect to ground; 
i.e., VREF' = VOO-VREF. VREF is the voltage used 
for comparison with the signal level. The signal 
voltage may range between VREF and VOD. The 
magnitude of VREF with respect to ground tracks 
VOO variations, as does the signal voltage with re­
spect to the ground. 

VDD--------rj-

VREF' 

VREF---L---l -

ANGND----------------------------

Figure 4. POSITIVE SUPPLY REFERENCING 



The reference voltage may be supplied from 011-
chip using a standard reference and an Op Amp to 
subtract the reference voltage from VDD' Al­
ternatively, an on-chip amp such as OPAMPM or 
PPAMP from the NCR library may be used to subtract 
the reference voltage from VDD' Another option is us­
ing the externally trimmed on-chip reference, 
VRFVDD (available in October '84) from the NCR li­
brary, which produces a voltage referenced to VDD' 

Any ground referenced signal requires level 
translation to fit the positive supply referenced 
scheme. This is accomplished by summing VREF to 
the signal; either off-chip or on-chip using PPAMP 
from the NCR cell library. Figures 5 and 6 show possi­
ble summing configurations, with accommodations 
made for gain and offset tweeking. A floating refer­
ence signal may be interfaced directly to the A to D by 
using VREF as the signal common. 

10K 

Figure 6. CONFIGURATION FOR SUMMING SIGNAL VOLTAGE TO 
VREF WITH ADJUSTABLE GAIN AND OFFSET 

a-BIT GENERAL PURPOSE ANALOG TO 
DIGITAL CONVERTER 

10K 

'>--'--0 VIN 

INPUT 

10K 
VREF 

Figure 5. CONFIGURATION FOR SUMMING SIGNAL 
VOLTAGE TO VREF 

10K 

>-+--oVIN 
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NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

8-BIT GENERAL PURPOSE ANALOG TO 
DIGITAL CONVERTER 



GENERAL PURPOSE OP AMP 

• Low Leakage CMOS Inputs • Low Input Offset Voltage 
• 3 Bias Current Options Available • Low Input Referred Noise 
• Class A Output Stage • Internal or Pad Row Placement 
• Internally Compensated 

The NCR cell library General Purpose Op Amp is a two-stage differential input, single-ended output, high-gain 
amplifier. Compensation for unity gain operation is provided internally utilizing a poly/thin oxide/diffusion capa­
citor. A class A output stage provides drive capability for capacitive loads of up to 20pF and resistive loads of 
greater than 10K. CMOS inputs reduce leakage currents to less than 1 DOpA in applications where connection 
to a bonding pad is not required. 

Six versions of the Op Amp are available, all of which use the same Op Amp core circuit. Three different 
current bias options are offered to allow the optimization of power consumption, output drive, open loop gain 
and bandwidth for any specific application. (Low, medium, and high bias options are referenced with an "L," 
"M," or "H" in the cell name.) Two cell geometry options are also offered with each bias option. The standard 
cell geometry allows the circuit to be placed internally on the chip in a row of analog cells. The pad cell geometry 
option allows the circuit to be placed in a row of bonding pads. This is useful for non-pad limited chips where 
normally unused area is available in the periphery. (The pad cell geometry option is referenced by a "P" at end 
of the cell name.) 

CELL GEOMETRY 
,..�-1----- 56 GRIDS ------,~~I 

T ! 
IN+ 

40 

1 IN-
OUT 

19 21 45 

STANDARD 

,- 56 GRIDS ~, 

I 
48 

IN+ 

IN- OUT 

24 43 

PAD 

Specifications subject to change without notice. 

Copyright © 1984 by NCR Corporation, Dayton. Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

LOGIC SYMBOL 

IN-

>---OUT 

IN+ 

x = L. M. H (LOW, MEDIUM, HIGH BIAS) 
Y = P FOR PAD GEOMETRY 

331 



332 

ELECTRICAL SPECIFICATIONS 
MEDIUM BIAS OPTION 

(All Measurements Made at Room Temperature) 

Min Typ 

Supply Current (mA) I 0.45 

0.65 

Open Loop Gain (V/mV) 
(Note 6) 35 40 

4.1 4.7 

25 30 

3.B 4.3 

Input Offset Voltage 1.5 
(mV) 

Input Common Mode VSS +1.4to 
Range (V) VDD -1.4 

VSS +1.2to VSS +0.9 to 
VDD-1.2 VDD -0.9 

VSS +2.Bto 
VDD-2.B 

VSS +1.2to VSS + 1.0 to 
VDD-1.2 VDD -1.0 

Common Mode Rejection 100 
Ratio (dB) 

72 

High Level Output 
VDD-0.5 VoltageM 

(Note 6) 

VDD-0.5· 

VDD -1.3 

VDD-1.5 

Low Level Output 
Voltage (V) 
(Note 6) 

Max Conditions 

0.55 VDD - VSS = 5V, 
RL = 100K 

0.75 VDD - VSS = 10V, 
RL = 100K 

VDD - VSS = 5V, 
RL = 500K 

RL = 20K 

VDD - VSS = 10V, 
RL = 500K 

RL = 20K 

5.00 

VDD - VSS = 5V, 
CMRR > 94dB 

VDD - VSS = 5V, 
CMRR > BOdB 

VDD-VSS = 10V, 
CMRR > 70dB 

VDD-VSS = 10V, 
CMRR > 60dB 

VDD - VSS = 5V,. 
VSS + 1.B < VCM 
<VDD -1.8 

VDD - VSS = 10V, 
VSS +3.5 < VCM 
< VDD-3.5 

VDD - VSS = 5V, 
Av> 10V/mV, 
RL = 500K 

Av> 1 V/mV, 
RL = 20K 
VDD - VSS = 10V, 
Av > 10VlmV, 
RL = 500K 
Av> 1 V/mV, 
RL = 20K 

VDD - VSS = 5V, 
VSS +0.75 Av> 10V/mV, 

RL = 500K 

VSS +0.75 Av> 1 V/mV, 
RL = 20K 

VDD - VSS = 10V, 
VSS +1.00 Av> 10V/mV, 

RL = 500K 

VSS +3.00 Av> 1 V/mV, 
RL = 20K 



ELECTRICAL SPECIFICATIONS 
MEDIUM BIAS OPTION 

(All Measurements Made at Room Temperature) 

Min Typ 

Unity Gain Bandwith MHz 1.2 1.6 
(Note 1) 

1.4 1.8 

1 % Settling Time (I's) 3.0 
(Note 2) 

3.0 

Overshoot % 29 
(Note 2) 

34 

Positive Slew Rate (VII's) 2.0 3.S 
(Note 3) 

2.S 4.0 

Negative Slew Rate (VII's) I.S 3.0 
(Note 3) 

2.0 3.S 

DC Power Supply 60 6a 
Rejection Ratio, 
Positive Supply (dB) 62 72 

DC Power Supply 
Rejection Ratio, 
Negative Supply (dB) 

AC Power Supply 60 66 
Rejection Ratio, 
Positive Supply (dB) 2S 28 
(Note 4) 

AC Power Supply 
Rejection Ratio, 
Negative Supply (dB) 
(Note 4) 

Input Relered Noise 
(nVRMS/../Hz) 80 
(Note S) 40 

40 

GENERAL PURPOSE OP AMP 

Max Conditions 

VDD-VSS = SV, 
RL = 10K, CL = ISpF 

VDD-VSS = 10V, 
RL = 10K, CL = ISpF 

4.S VDD-VSS = SV, 
RL = 10K, CL = ISpF 

4.S VDD-VSS = 10V, 
RL = 10K, CL = ISpF 

34 VDD-VSS = SV 
RL = 10K, CL = ISpF 

38 VOD - VSS = 10V, 
RL = 10K, CL = ISpF 

VDO-VSS = SV, 
RL = 100K, CL = ISpF 

VDD-VSS = 10V, 
RL = 100K, CL = ISpF 

VDD-VSS = SV, 
RL = lOOK, CL = ISpF 

VDD-VSS = tOV, 
RL = lOOK, CL = ISpF 

VDD - VSS = SV, 
RL = lOOK 

VDD - VSS = 10V, 
RL = lOOK 

VDD - VSS = SV, 
RL = lOOK 

VDD - VSS = 10V, 
RL = lOOK 

f = 1 KHz, 
RL = lOOK 

f = 100 KHz, 
RL = lOOK 

1= 1 KHz, 
RL = tOOK 

1= 100 KHz, 
RL = tOOK 

VDD - VSS = SV, 
f = 100 Hz 
1= 1 KHz 
I = 100KHz 
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ELECTRICAL SPECIFICATIONS 
MEDIUM BIAS OPTION 

(All Measurements Made at Room Temperature) 

Min Typ 

1/f Noise Corner (Hz) 400 
(Note 5) 

Input Referred Broadband 50 
Noise VNRMS) 
(Note 5) 

Input Current ("A) 0.2 
(Bonded Inputs) 

Input Current Offset (,..A) 0.05 
(Bonded Inputs) 

Input Capacitance (pF) 5 

Input Capacitance (pF) 6 
(Bonded Inputs) 

10K 

NOTE 1. Closed Loop Frequency 
Response Measurement Configuration 

Max Conditions 

VOO-VSS~5V 

VOO - VSS ~ 5V, 
f ~ 10Hz to 1.4 MHz 

1.0 Oue to protection 
diodes 
VOO-VSS=5V 

VIN + = VIN-



NOTE 2. Settling Time Measurement Configuration 

Peak Amplitude = 
Supply Voltage 

NOTE 3. Slew Rate Measurement Configuration 

lOOK 

10K 

lOOK 

15PF~ 

NOTE 4. AC Power Supply Rejection Configuration 

GENERAL PURPOSE OP AMP 

J 15pF 

200 
mV 

RMS 
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NOTE 5. Noise Measurement Configuration 

NOTE 6. Open Loop Measurement Configuration 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

10K 

SERVO 
LOOP 



HIGH-SPEED LOW-POWER COMPARATOR 
COMPOS COMPSP 

• Fast Response Time • Low Leakage CMOS Inputs 
• Low Power • Rail to Rail Output Swing 
• High Gain • Internal or Pad Row Placement 

COMPOS is a two-stage differential input, single-ended output voltage comparator. The second stage uses pos­
itive feedback to provide fast response time while minimizing quiescent bias current. Rail-to-rail output swing is 
obtained by a circuit configuration resembling a CMOS logic gate. The comparator output is therefore compati­
ble with all CMOS logic gates and buffers in the NCR standard cell library. CMOS inputs reduce leakage cur­
rents to less than 100pA in applications whe~e connection to a bonding pad is not required. 

Two cell geometry options are available for the comparator. The standard geometry (COMPOS) allows the cir­
cuit to be placed next to other analog cells in an internal cell row. The pad cell geometry (COMP5P) allows the 
circuit to be placed in a bonding pad row. This is useful for non-pad-limited designs, where unused area is 
available in the chip periphery. 

CELL GEOMETRY 

1---21-1 

1--21~ 

T JI 
41° 'Ni IN-

OUT 

i 
48 IN+ j I~ OUT 

34 19 23 18 

STANDARD. PAD 

Specifications subject to change without notice. 
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LOGIC SYMBOL 

IN-

>--- OUT 

IN+ 

337 



338 

(Room Temperature) 

Supply Current (p.A) 

Supply Voltage (V) 

Open Loop Gain (V/mV) 

Input Common Mode 
Range (V) 

Low Level Output 
Voltage (V) 

High Level Output 
Voltage (V) 

Low to High Response 
Time (ns) 

High to Low Response 
Time (ns) 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 

Min 

4.5 

1000 

VDD -0.1 

Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

High-Speed Low-Power Comparator 

Typ Max Conditions 

90 120 VDD = 5V 

2 Vpp 10KHz Input 

5.0 5.5 

1.8 to 3.4 VDD = 5V 

VSS +0.1 RL> 1M Ohm 

RL> 1M Ohm 

CL = 1 pF 
130 200 10mV Overdrive 

60 80 100mV Overdrive 

40 60 1 V Overdrive 

CL = 1 pF 
350 520 10mV Overdrive 

90 120 100mV Overdrive 

40 60 1V Overdrive 



GENERAL PURPOSE COMPARATOR 

• Low Leakage CMOS Inputs • Low Offset Voltage 
• Bias Current Options Available • Internal or Pad Row Placement 

The General Purpose Comparator is a two-stage voltage comparator with cascoded class A output. Bias op­
tions, as supplied by the Bias Generator Cell, allow the user to trade off response time and power dissipation. 

HIGH BIAS 
(ROOM TEMPERATURE) 

Min Typ 

Supply Current (rnA) 1.4 

2.2 

Input Offset Voltage (mV) 2.5 

Open Loop Gain (V/mV) 20 

Input Common Mode 
Range (V) 

Low Level Output 0.3 
Voltage (V) 

High Level Output 4.4 
Voltage (V) 

Low to High· Response 
Time (!'s) 

2.00 

0.55 
0.18 

3.60 

0.70 

0.20 

High to Low Response 
Time (!'s) 

1.70 

0.65 
0.15 

1.60 

0.40 

0.15 

Specifications subject to change without notice. 

Copyright © 1984 by NCR Corporation. Oayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

Max 

1.7 

3.0 

8.0 

3.50 

0.75 
0.23 

5.50 

0.90 

0.30 

2.50 

0.75 

0.20 

2.50 

0.55 

0.20 

Conditions 

VOO-VSS = 5V 
2 Vpp, 10KHz Input 

VOO - VSS = 10V 
2 Vpp, 10 KHz Input 

VOO-VSS = 5V 

VOO = 5V, VSS = OV 
RL = 500K 

VOO = 5V. VSS = OV 
RL = 500K 

VOO-VSS = 5V 
CL = 1 pF 

10 mV overdrive 

100 mV overdrive 
1 V overdrive 

VOO - VSS = 10V 
CL = 1 pF 

10 mV overdrive 

100 mV overdrive 

1 V overdrive 

VOO-VSS = 5V 
CL = 1 pF 

10 mV overdrive 

100 mV overdrive 

1 V overdrive 

VOO - VSS = 10V 
CL = 1 pF 

10 mV overdrive 

100 mVoverdrive 

IV overdrive 
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MEDIUM BIAS 
(ROOM TEMPERATURE) 

Supply Current (mA) 

Input Offset Voltage (mV) 

Open Loop Gain (V/mV) 

Input Common Mode 
Range (V) 

Low Level Output 
Voltage (V) 

High Level Output 
Voltage (V) 

Low to High Response 
Time (}<s) 

High to Low Response 
Time (}<s) 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 

Min 

50 

Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

Typ 

0.60 

0.90 

1.50 

4.50 

1.0 

0.35 

8.0 
2.0 

0.50 

2.50 

0.90 

0.25 

2.50 

1.60 

0.30 

GENERAL PURPOSE COMPARATOR 

Max Conditions 

0.75 VDD - VSS ~ 5V 
2 Vpp, 10 KHz Input 

1.10 VDD - VSS ~ 10V 
2 Vpp, 10 KHz Input 

5.0 

VDD - VSS ~ 5V 
RL> 100K 

0.50 VDD ~ 5V, VSS ~ OV 
RL ~ 500K 

4.50 VDD ~ 5V, VSS ~ OV 
RL ~ 500K 

VDD - VSS ~ 5V 
CL ~ 1 pF 

7.0 10 mVoverdrive 

1.25 100 mV overdrive 

0.45 1Voverdrive 

VDD - VSS ~ 10V 
CL ~ 1 pF 

11.5 10 mV overdrive 
2.50 100 mV overdrive 

0.75 1 V overdrive 

VDD - VSS ~ 5V 
CL ~ 1 pF 

4.50 10 mVoverdrive 
1.10 100 mV overdrive 

0.35 1 V overdrive 

VDD - VSS ~ 10V 
CL ~ 1 pF 

4.50 10 mVoverdrive 

2.0 100 mV overdrive 

0.50 1 V overdrive 



ANALOG SWITCH 
ANSW 

• Rail-to-Rail Analog Signal Range • Parallel Hookup for Lower Resistance 
• Low Leakage • Digital Cell Geometry 
• CMOS Compatible 

ANSW is a CMOS switch designed for multiplexer and sample and hold applications. The control gates for the 
n-channel and p-channel switching devices, A and A. respectively, are the digital inputs to the cell. Usually, A 
and A will be complementary control signals. The switch is turned on by bringing A high and A low. Logic levels 
should equal the positive and negative supply voltages, with the difference between logic "high" and "low" 
ranging from 3V to 10V. Rail-to-rail analog signals can be switched using complementary control signals. 

In specific applications with low analog signal levels, complementary switching control may not be nec­
essary. For analog signals that range only within 2V of either rail, one of the control inputs may be tied to a sup­
ply voltage with only a small increase in "on" resistance. For example, in a circuit running off 5V and ground, 
tying A. low will still allow switching of3-5V signals, or tying A high will allow 0-2V switching. 

Interface from 0-5V CMOS logic to -5 to 5V switching control levels can be accomplished using a stand­
ard cell from the NCR library, LLS. Standard cells are also available for interfacing off-chip TTL to 0-5V CMOS. 

In applications where lower "on" resistance than that of a single switch is required, switch cells may be 
connected in parallel. When a parallel combination of cells is used, the effective resistance of the switch is low­
ered, but charge injection and leakage will increase. "Off" isolation will also degrade, but this parameter is load 
dependent and the amount of signal feedthrough in the "off" state will vary with the specific application. 

CELL GEOMETRY 

~1~~-----6------~.~1 

I IN OUT 

14 

A Po 

4 5 6 

Specifications subject to change without notice. 
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LOGIC SYMBOL 

__ ---+-0 OUT 

ANSW 

A A 
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ELECTRICAL SPECIFICATION 
ROOM TEMPERATURE 

Min Typ 

"On" Resistance 2.5 
(k-ohm) 

1.8 

A. C. Isolation (dB) 60 66 
(Note 1) 

46 50 

Turn on Time (ns) 
(Note 2) 

70 

160 

50 

120 

Charge Injection (IC) 200 
(Note 3) 

270 

Junction Leakage (pA) 0.2 

ANSW 

Max Comments 

2.8 5V Control 

2.3 10V Control 

f = 1 KHz 

1= 20 KHz 

5V Control 

100 RON = 5K, RL = 5K 
200 RON = 3K, RL = 5K 

10VControi 

80 RON = 5K, RL = 5K 
200 RON = 2K, RL = 5K 

400 5V Control 

600 10V Control 

IN OUT t--~---., 

-5V +5V lMeg 

Note 1. A.C. Isolation Measurement Configuration 



ANALOG SWITCH 

ANSW 

+5V IN OUT 

A A 

NOTE 2. Turn On Time Measurement Configuration 

ANSW 

IN OUT 1-----..... ---1 

A A 

NOTE 3. Charge Injection Measurement Configuration 
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NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

ANALOG SWITCH 



CURRENT BIAS GENERATORS 

• Operation with 5V to 10V supply current 
• 3 current options available 

The current Bias Generator cell is a supply-independent current source, useful for circuit biasing and constant 
current pull-up application. 

BIAS GENERATORS 
(ROOM TEMPERATURE) 

Supply Current (pAl 

LOW BIAS 

MEDIUM BIAS 

HIGH BIAS 

LOW BIAS 

MEDIUM BIAS 

HIGH BIAS 

Output Current (pA) 
LOW BIAS 

MEDIUM BIAS 

HIGH BIAS 

LOW BIAS 

MEDIUM BIAS 

HIGH BIAS 

Output Supply Sensitivity (%/V) 
LOW BIAS 

MEDIUM BIAS 

HIGH BIAS 

Output Supply Sensitivity (%/V) 
to Output Voltage 

LOW BIAS 

MEDIUM BIAS 

HIGH BIAS 

Min 

115 

425 

130 

550 

Specifications subject to change without notice. 

Typ 

300 

670 

430 

900 

132 

500 

153 

637 

3.3 

5.8 

1.7 

5.2 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.SA 
All Rights Reserved. Printed in U.S.A. 

Max Conditions 

VDD-VSS = 5V Output connected to VSS 

340 

760 

VDD - VSS = 10V Output connected to VSS 

490 

1040 

VDD-VSS = 5V Output connected to VSS 

150 

575 

VDD-VSS = 10V OutputconnectedtoVsS 

175 

725 

Output connected to VSS 

5.0 

7.0 

VDD-VSS = 5V 

VOUT < VDD -1.5V 
VOUT < VDD -1.5V 

VOUT < VDD -1.5V 
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GATE ARRAY LIBRARY 

The NCR DHS (Digital High Speed) family of gate arrays includes arrays from 150 up to 1800 gates. They are 
manufactured using a 3p. silicon-gate CMOS process, and were designed for a linear shrink of the core to 
2.25p.. They currently utilize a single metallization layer with programmable contacts. 

Each of the basic cells in the core of the gate array consists of three pairs of N-channel and P-channel 
transistors with a single polysilicon underpass. These cells are butted directly together without the poly routing 
area typically found in CMOS gate arrays. A tremendous space saving results from the ability to actual-route 
the interconnect over the active areas, and the speed is greatly improved through the ability to place contacts 
directly on the diffusions. Most of the connections on a DHS gate array can be made directly from the output 
diffusion to the gate of the next macro. 

Clock speeds of up to 30 MHz are achievable with the DHS family of gate arrays, making them suitable 
for more demanding microprocessor systems and peripheral applications. 

Total Equiv. 110 
Array Cells Gates Buffers 

DHS-150 100 150 28 
DHS-300 200 300 38 
DHS-450 300 450 48 
DHS-675 450 675 58 
DHS-900 600 900 68 
DHS-1200 800 1200 78 
DHS-1500 1000 1500 90 
DHS-1800 1200 1800 100 

Specifications subject to change without notice. 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

Total 
Pads 

34 
44 
56 
66 
76 
86 
98 

108 
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Total Unused 
Cells Gates Description 

2 2 And-or-invert 
2 0 And-or-invert 
2 0 And-or-invert 
2 0 And-or-invert 
3 1 And-or-invert 
1 0 And-or-invert 
2 2 And-or-invert 
2 2. And-or-invert 
2 1 And-or-invert 
2 0 And-or-invert 
2 2 And-or-invert 

4 0 D Flip-Flop 
4 0 D Flip-Flop with active-high reset 
4 0 D Flip-Flopwith active-low reset 
4 0 D Flip-Flop. with active-high set 
4 0 D Flip-Flop with active-low set 
5 0 D Flip-Flop with active-high reset arid set 
5 0 D Flip-Flop with active-low reset and set 
5 2 DF with active-low reset/active-high set 

MACROS 
Total Unused 
Cells Gates Description 

2 2 Or-and-invert 
2 2 Or-and-invert 
2 1 Or-and-invert 
2 0 Or-and-invert 

- - Standard output driver 

- - Double output driver 

1 0 Partial Schmitt Trigger 
1 0 TransmisSion switch 
1 0 Tristate driver 
1 0 TTL compatible input cell 
1 0 Small, high speed exclusive-nor cell 
1 0 Small, high speed exclusive-or cell 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500,303/223-5100 

GATE ARRAY LIBRARY 

Total Unused 
Cells Gates Description 

2 0 D Latch 
2 0 D Latch with active-high reset 
2 0 D Latch with active-low reset 
2 0 D Latch with active-high set 
2 0 D Latch with active-low set 
3 1 D Latch with active-high reset and set 
3 1 D Latch with active-low reset and set 

1 2 Single inverter 
1 1 Dual inverter 
1 0 Triple inverter 
- - Standard input protection 

1 1 2-lnput nand gate 
1 0 3-lnput nand gate 
2 2 4-lnput nand gate 
2 1 5-lnput nand gate 
1 1 2-lnput nor gate 
1 0 .3-lnput nor gate 

2 2 Or-and-invert 
2 0 Or-and-invert 
1 0 Or-and-invert 

SUPERMACROS 
7400 Series 
Equivalent Description 

74109 JK Flip-Flop 
74109 JK Flip-Flop with active-low reset and set 
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NCR/32 Processor Family 

Features 
• 32-bit system architecture 
• 13.3 Megahertz frequency 
• Effective emulation of mid-range 

mainframes 
• Externally microprogrammable 
• Real and virtual memory operation 
• Large direct memory addressing 
• Interface provided to slower periph­

erals 
• On-Chip error check and correction 

Functional Description 

rhe NCR/32 VLSI Processor family 
;ombines the latest advances in semi­
;onductor technology with experience 
~ained in three generations of com­
)uter mainframe design to provide a 
;omprehensive microprogrammable 
32-bit system architecture. Because 
he chipset is externally micropro­
Jrammable it can be used to capture 
~xisting software bases. 

rhe NCR/32 VLSI Processor family 
:onsists of the Central Processor Chip 
CPC), the Address Translation Chip 
ATC), and the System Interface Con­
roller (SIC). Additional members of 
he family include the Extended 
~rithmetic Chip (EAC), the System In­
erface Transmitter (SIT) and Receiver 
SIR) chips, and the Bus Assist Chip 
BAC). 

-he CPC performs the basic micro­
)rocessing function using four 32-bit 
lternal data paths, complemented by 
NO independent external data paths: 
le 32-bit Processor Memory (PM) 
lus and the 16-bit Instruction Storage 
Jnit (ISU) Bus. An integral part of the 
;PC is the Arithmetic Logic Unit 
I\LU) which is used for performing 
lecimal and binary arithmetic func­
ons and logical operations. There are 
NO sets of registers in the CPC. The 
legister Storage Unit consists of 16, 
2-bit registers used for storage and 
lanipulation of data; the additional 22 
3gisters of the Internal Register Unit 
re used as jump address registers 
nd operand pointer registers. A 
lree-stage pipeline insures that one 
licroinstruction is being fetched, 
nother read, and a third executed in 
le same time frame. 

The system clock is a two-phase, 
non-overlapping clock operating at 
13.3MHz. This yields a 150 nanose­
cond clock cycle with 90% of the mi­
croinstructions executing in one cycle. 

The ATC provides memory manage­
ment functions using either virtual or 
real memory addressing. To support 
virtual memory operations in the NCR/ 
32 chipset, an extra PM bus cycle 
precedes the standard memory ac­
cess. Two 32-bit registers, the TOO 
Register/Counter and the Interval Ti­
mer Monitor Register, are used for 
time interval monitoring. An NCR­
patented "scrubbing" technique 
checks, and corrects if necessary, a 
64K word block of memory every 
1.048 seconds. The ATC has three 
virtual address page sizes: 1 K, 2K, 
and 4K bytes. 

The EAC is a performance booster 
used during arithmetic operations. 
Fixed point, decimal, and hexadeci­
mal floating point formats are all 
handled by the EAC. (Hexadecimal 
floating point format is compatible with 
the IBM/370.) Results are in either 
single (one word) or double (two 
words) precision. Conversion opera­
tions between formats are also 
handled. 

The SIC performs communication 
management between the NCR/32 
chipset and the I/O devices. Used 
with the SIT and SIR (which perform 
data format conversions) the SIC 
sends and receives messages at up 
to 24 megabits per second per chan­
nel. The SIC/SIT/SIR communications 
subsystem operates in either Data 
Link Control mode or Local Area 
Network mode. In the Data Link Con­
trol mode, the SIC has access to eight 
transmission channels through a poll­
ing scheme. This mode is designed to 
control multiple peripheral devices on 
a system. The Local Area Network 
mode is designed for high-speed 
transmissions in a network environ­
ment, using two different channels of 
access. 

A full range of design support tools is 
planned to aid in developing NCR/32-
based systems. In addition, expe­
rienced NCR applications engineers 
can assist in determining the suitability 
of the NCR/32 family for solving appli­
cations problems. These engineers 
can provide extensive training on the 
NCR/32 systems architecture, individ­
ual chips, and the use of design sup­
port tools. 

NCR/32 
FAMILY ARCHITECTURE 

MEMORY 
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NCR/32-000 
CENTRAL PROCESSOR CHIP (CPC) 

• True 32-bit internal/external architecture 
• Externally microprogrammal)le 
• Two independent external data paths 

- 32-bit Processor-Memory Bus (PM Bus) 
- 16-bit Instruction Storage Unit Bus 

(Microinstruction ISU Bus) 
• Sixteen 32-bit true general purpose registers 

(RSU) 
• 32-bit ALU 

- Nibble (digit), byte, halfword, word, and field 
(string) data types 

- Decimal, binary, and boolean operations 
o 3-stage microinstruction pipeline 

• 179 microinstructions and variants with register 
to register format 

• 95% of instructions execute in one clock cycle 
• 8 addressable 16-bit microinstruction 

jump registers 
• Addressing Range 

- 4 Gigabytes of direct virtual memory 
- 16 Megabytes of direct real memory 
- 128 Kilobytes of direct microinstruction 

memory 
o 3 main memory scratch pad pointers 
o Special logic for opcode cracking in virtual 

machine applications 
• NMOS silicon gate technology 

The NCR/32-000 CPC mainframe-type architecture and high operating speed have been possible only with the 
use of an efficient chip design and state-of-the-art technology. 

The ALU has been located in the center of the chip in order to efficiently interface to three internal 32-bit 
busses. The Control ROM (CROM) containing the internal CPC microcode has been partitioned to place the 
Control ROM output lines as close as possible to their associated control logic. All other functional areas of the 
chip have been similarly placed to minimize chip area and bus lengths, thereby reducing die cost and increas­
ing device performance. 

The CPC incorporates high-density silicon gate NMOS and Silicide technologies to further decrease die 
area and significantly increase performance. 

The NCR 32-000 Central Processor Chip (CPC) combines the latest advances in semiconductor techno­
logy with experience gained during three generations of computer mainframe design to provide a comprehen­
sive, microprogram mable, true 32-bit microprocessor. With external microprogram capability, an extremely 
flexible microinstruction set, and a powerful set of internal registers, the NCR/32-000 offers flexibility and high 
performance advantages not available with other microprocessors. 

Along with an existing set of VLSI family support devices, the NCR/32-000 CPC offers effective emula­
tion of register, stack and descriptor-based system architectures, as well as execution of high-level languages 
directly from microcode. The NCR/32-000 is well suited for applications requiring direct addressing of a large 
memory space, high numeric precision, and very-high-speed execution such as bit-mapped graphics and rela­
tional data bases. 

Copyright © 1984 by NCR Corporation, Daylon, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 
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PIN CONFIGURATION 

Vun 

PIN PIN TERM 

il~ .... " /' 
~;\~ ~i/ /! 
20 1 /'67 
21 17 68 66 
22 18 n 65 

CLOCKO (XO) 

V" 
CLOCK1 (Xl) 
PMWTO 
PMWTl 
PMViiT2 
PMWT3 
PVT 

TRAP 
iNT 
BAV 

23 
24 

25\ 

:: 7 26 

28 
29 
30 
31 

CPC 

u 

64 
63 
62 

DiE 

/61 
60 - 60 

MAE 

EREP 
PMRST 
EACI 
VIm 

52 

\59 
58 
57 
56 

ISU16 
ISU15 
ISU14 
ISU13 
ISU12 
ISUll 
ISU1Q 

ISU09 

ISUOS 
ISU07 

49 ISUOS 
48 ISUOS 
47 ISU04 
46 ISU03 
45 ISU02 
44 ISU01 

NCR/32-000 CHIP DESIGN 

FUNCTIONAL BLOCK DIAGRAM 

Internal 
Register 

Unit 

To Microinstruction 
Program Storage 

CENTRAL 
PROCESSOR 

cHIP 

Register 
Storage 

Unit 

16x 32 

To Main Memory, liD Ports. 
and Other System Support Devices 



32-000 

MAXIMUM RATINGS THERMAL CHARACTERISTICS 
Rating Symbol 

Supply Voltage Vu[) 
Input Voltage VIN 

Input Voltage Clock VENt" 
Substrate Bias Voltage VliH 
Operating Temperature Range T A 

Storage Temperature TST(; 

Valuo 

·0.3107.0 
·1.0107.0 
-1.0107.0 
-7.0 to 0.5 

01070 
-55 to 155 

Unit 

v 
V 
V 
V 
°C 
°C 

ELECTRICAL CHARACTERISTICS 
(VIlI) = 5.0Vdc ± 5%. V';;lS = av. Villi = -2.5Vdc ± 10%. TA = ODe to 70°C) 

Characteristic Symbol Min Max 

Input High Voltage VIII 2.0 VDD 
Input Low Voltage VII. ·0.3 0.8 
Input High Voltage Clock VU\(' .9VDD 6.0 
Input Low Voltage Clock Vnx -1.0 0.4 
Oulpul High Voltage @ 400 pA (ISU Bus) VOH 2.4 
Output Low Voltage @ 8 rnA 
Leakage Current {Vss to VIlU} Non-Clock Pins 

VOi. 0.5 

Three-State (Offstate) Current (V!;." to V[J1l1 I", ·10 10 
ISU16·01 

Supply Current hm 400 
Substrate Bias Current hm 1.0 
Power Dissipation @ 6.67 MHz p" 3.0 
Capacitance (non-clock pins) C 20 

Leakage Current (VSS to Voe) clock pins iLC -100 100 
Capacitance, Clock 0 CO 200 
Capacitance, Clock 1 Cl 200 

CPC TIMING PARAMETERS 
NUM 
BER Parameter Symbol 

1 Clock Width High leH 
2 Clock Rise Time le. 
3 Clock Fall Time IcF 
4 Clock Separation Ics 
5 PM Bus Input Data Setup Time lIDs 
6 PM Bus Input Data Hold Time hOH 
7 ISU Bus Data Setup Time 105 
8 ISU Bus Data Hold Time IDH 
9 Bus Available Setup Time tBAVS 

10 Bus Available Hold Time IBAVH 
11 Data Input Enable Setup Time tDlES 
12 Data Input Enable Hold Time tDiEH 
13 EAC Setup Time tEACS 
14 EAC Hold Time tEACH 
15 VPBSY Setup Time tBSVS 
16 VPBSY Hold Time tBSVH 
17 Interrupt/Trap Setup Time I,,,,,, 
18 Interrupt/Trap Hold Time tlNTH 
19 PM Bus Reset Setup Time I""" 
20 PM Bus Reset Hold Time IRSTH 
21 PM Bus Address Delay tPMAD 
22 PM Bus Address Hold Time tpMAH 
23 PM Bus Output Data Delay tooo 
24 PM Bus Output Data Hold Time tODH 
25 ISU Bus Address Delay lAO 
26 ISU Bus Address Hold Time IAH 
27 Byte Write Tags Delay 1WTD 
28 Byte Write Tags Hold Time IWTH 
29 Processor Virtual Transfer Delay tpVTD 
30 Processor Virtual Transfer Hold Time IPVTH 
31 Mem Address Enable, Ext Register Enable/Permit Delay tMAEO 
32 Mem Address Enable. Ext Register Enable/Permit Hold Time tMAEH 
33 BKPTWE. BKPTE. BCT Delay Time '''''0 
34 BKPTWE. BKPTE. BCT Hold Time tReTH 
35 Clock Period Icvc 

Characteristic 

Thermal Resistance 
(Ceramic Flat-Pack) 

Unit 

V 
V 
V 
V 
V 
V 

"A 

mA 
rnA 
W 
pF 
,A 
pF 
pF 

150 ~Sec 
Min I Max 

40 500 
10 
10 

15 100 
20 

0 
15 
5 

15 
5 

15 
5 

25 
10 
15 

5 
15 

5 
25 
10 

25 
5 20 

25 
5 20 

15 
5 20 

15 
5 20 

15 
5 20 

15 
5 20 

15 
5 20 

150 

(VDD = 5.0 Vdc + 5%, VSS = 0 Vdc, VSS = -2.5 Vdc ± 10%, TA = DoC to 70·C) 
NOTE: THE TEST LOAD IS A 6aOO PULL UP RESISTOR AND 50pF CAPACITANCE 
This is advance information and NCR reserves the right 
to change the specifications without notice. 

Symbol Value Unit 

8,. 15 °C/W 

Unit 

"5 
"5 
"S 
"S 
"5 
"5 
"5 
"S 
"S 
"S 
"S 
"5 
"S 
"S 
"5 
"S 
"S 
"5 
"5 
"S 
"S 
"S 
"5 
"S 
"5 
"S 
"S 
"S 
"S 
"S 
"5 
"S 
"S 
"S 
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CPC INPUT TIMING DIAGRAM 

@ 

XO 

Xl 

PMBUS 1-32 

ISUBUS 1 -16 

BAV 

DIE 

EACI 

PMWT2 

im & Trap 

PMRST 
® 

n 

® 
NOTE" Timing Pcuamelers are referenced to 4 5 Vdc (V'H) and 

8 Vdc tV,L.! yoltage levels 

NOTE !II: VPBSY asserted on PMWT2 during Xl when used. 

CPC OUTPUT TIMING DIAGRAM 

XO 

Xl ----r-----------~---J 

PMBUS 1 -32 ----r---'=--, 

ISUBUS 1-16 ----r---~""'-I 

PMWT 0-3 ---r----'''-, 

PVT --+--.--...:®:::'-----, 

MAE & EREP -----------, 
NOTE: Timing Parameters are referenced to 4 5 .Vdc (VIII Vnll) 

and 8 Vdc IVII. VO!.! voltage levels 

NOTE~: BKPTWE. BKPTE. and BCT asserted on PMWTO. PMWn. and PMWT3 bus lines during Xl when used. 



32-000 

SIGNAL DESCRIPTION 
The CPC input and output signals can be organized into groups as shown below. A description of each CPC 
signal or signal group and a summary of the signals are contained in the following tables. 

INPUT AND OUTPUT SIGNALS 

To 
Microcode 
Storage 

VDD (2) 

GND (2) 

VBB 

CLK(2) 

PMRST 

ISU 16·01 
..... r... 

Add/Data ~ CPC 

PMBUS32·01 

~/Data/Control 
" v 

To Main Memory 
and Peripheral,· Svstem 
Devices 

EACI 

BAV 

INT 

TRAP 

PVT 

i5TE 

MAE 

EREP 

PMWT3 

PMWT2 

PMWTl 

PMWTO 

} 

Extend ed ArithmetIc 
antral Chip C 

SusAr bit ration 

Inter rupt Control 

} '" Cant 
Bus 
rol 

Indicat 
and sp 
output 

Store. Partial Store 
ors (Virtual Transfers) 
edal controls In 

mode. roo" 
Virtual Processor status 

ut mode. In inp 
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SIGNAL DESCRIPTION 

Pin 

2-5 

6 
a 

7 

9,43 

10-25 
27-42 

44-59 

26,60 

61 

62 

63 

Signal 

PVT 

X1 
XO 

vaB 

VSS 

PMBUS32-
PMBUS01 

ISU01-
ISU16 

VDD 

EACl 

PMRST 

ERE'P 

Description 

Processor Virtual Transfer - This active low signal is asserted by the processor dur­
ing the initial XO clock phase of all virtual memory operations. 

This signal is also asserted by the processor during the X1 clock phase of all 
processor-generated memory operations; that is, for all processor generated PM bus 
operations with the exception of ERU transfers. 

Processor to Memory Write Tags 0-3 - These active low signals are asserted during 
the XO interval that PVT is asserted by the processor. They indicate which bytes are to 
be written into memory during a virtual transfer. P1iiiiiii'T3 corresponds to memory byte 
3, etc. All Write Tags inactive implies a Fetch operation. During the X1 clock phase, 
these signals have other definitions as follows: 

BCT (Between Commands Testing) - This processor output is asserted on the 
PMWT3 pin during every X1 clock phase. It is enabled by the BCT bit of Control 
Array #1 in the processor. If the BCT bit is set to a 1, then PMWT3 will be low 
during each X1. 

VPBSY (Virtual Processor BusYI - The input VPBSY is monitored on the i'riiiWf2 
pin during the X1 clock phase when the JRPX and JRMX instructions are in the 
interpret stage of the CPC pipeline. 

BKP'i'E (Breakpoint Enablel - During the X1 clock phase, this signal is asserted 
on Pfii1iiiiTi. It is intended to be used to represent the data bit (breakpoint 
set/resetl to be loaded into an optional off-chip breakpoint RAM if the Signal 
BKPTWE enables modification of the addressed breakpoint. This signal is enabled 
by the DJOR and RTI instructions. 

Ei"i<"PTiiiiE (Breakpoint Write Enablel- This signal is asserted during the X1 clock 
phase on the PMiiii'i'O pin. It is intended to be used as the write enable control for 
an optional off-chip breakpoint RAM. When this signal is active, it permits the 
breakpoint RAM to be modified as directed by the BKPTE signal. This signal is 
enabled with the DJOR and RTI instructions. 

CLOCK1 (X11 phase input. 
CLOCKO (XO) phase input. 
The processor uses two externally-supplied, 2-phase, non-overlapping clocks to con­
trol all internal operations. These free-running clocks are XO, the first phase clock, 
and X1, the second phase clock. 

Negative voltage supply 

Ground. 

Processor Memory Bus - This active low, open drain, time-shared bus is the con­
necting data/address path between the processor and the other NCR/32-000 family 
chips and main memory. 

ERU addresses are transferred from the processor over the PM bus during XO. 
Memory addresses are transferred from the processor during XO. ERU and memory 
data is transferred to/from the processor during X1. 

Instruction Storage Unit Bus - This is an active high, tri-state bus which links the 
processor to its ISU memory. During the XO phase of each clock cycle, the processor 
outputs an address onto this bus. At the end of the X1 clock phase of the same clock 
cycle, the processor latches the contents of this bus into its Instruction Register. This 
is the microcode instruction or literal stored at the addressed ISU location. 

Positive voltage supply 

Extended Arithmetic Chip Information - This is a status input to the CPC from the 
EAC. Assertion of this signal clears the EAC Busy bit in the Indicator Array to indicate 
that the EAC has completed an operation. 

PM Bus Reset - This asynchronous active low reset signal is asserted by the system 
external reset logic. PMRST is used within the CPC to initialize the processor control 
logic. 

External Register Enable/Permit - This active low processor output is asserted by 
the processor during XO to initiate an ERU transfer. 

·NOTE: Signals with bars are active-low-true signals. 



32-000 

SIGNAL DESCRIPTION (Cont.) 

Pin Signal Description 

64 MAE Memory Address Enable - This active low signal is asserted by the processor during 
the initial XO clock interval of real memory address transfers initiated by the processor 
via the PM bus. 

65 DIE Data Input Enable - This active low signal is monitored by the processor at the end 
of all Xl times following the initiation of a memory fetch sequence to synchronize the 
processor pipeline to the availability of memory data on the PM bus. If DIE is asserted 
during Xl and meets the required setup and hold times, the processor unlocks the 
pipeline and latches the data that is asserted on the PM bus the following Xl clock. 

66 BAV Bus Available - This is an input to the processor and its assertion indicates that the 
PM bus will be free for the processor to use during the next clock cycle. For processor 
instructions which do not require the PM bus, this signal is ignored. For instructions 
which require the use or availability of the PM bus, the processor will halt until it is 
informed by BAV that it may use the bus in the next cycle. 

67 INT Interrupt - The processor monitors the INT signal at the end of all XO intervals to 
determine whether an interrupt is being sourced to the processor. 

68 TRAP Trap - The processor monitors the TRAP signal at the end of all XO intervals to 
determine whether a trap is being sourced to the processor. 

NOTE: Signals with bars are active-low-true signals. 

SIGNAL SUMMARY 

Active 
Signal Name Pin # Symbol Input/Output State Drive 

Processor Virtual Transfer 1 PVT Output Low Open Drain 

Processor-Memory Write Tag 2,3,4,5 PMWT3-0 Input/Output Low Open Drain 

Clock 1 6 Xl Input High Input 

Power Input (Negative Voltage) 7 VBB Input - -

Clock 0 8 XO Input High Input 

Ground 9,43 VSS Input - -

Processor-Memory Bus 10-25, 
27-42 PMBUS32-01 Input/Output Low Open Drain 

Instruction Storage Unit Bus 44-59 ISUOl-16 Input/Output High 3-State 

Power Input (Positive Voltage) 26, 60 VDD Input - -

Extended Arithmetic Chip Information 61 EACI Input Low Input 

Processor-Memory Reset 62 PMRST Input Low Input 

External Register Enable/Permit 63 EREP Output Low Open Drain 

Memory Address Enable 64 MAE Output Low Open Drain 

Data Input Enable 65 DIE Input Low Input 

Bus Available 66 BAV Input High Input 

Interrupt 67 INT Input Low Input 

Trap 68 TRAP Input Low Input 
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MEMORY 
The NCR/32-000 CPC accesses two separate memory arrays. One is the Instruction Storage Unit (ISU) and the 
other is Main Memory. 

ISU MEMORY 
The CPC accesses ISU memory through a 16-bit multiplexed ISU bus. The ISU memory contains the external 
CPC microinstruction programs. 

MAIN MEMORY 
The CPC accesses main memory through a 32-bit multiplexed PM bus. During read operations (Fetch-Receive 
instruction sequence), an entire 32-bit word is read from memory and written into a designated RSU location. 
During store operations, an entire word or part of a word (individual bits) is written into a Main Memory location 
or into an external register. 

The upper 128 words of Main Memory is designated Scratch Pad memory. Special instructions allow the 
NCR/32-000 CPC fast access to this area of Main Memory, significantly increasing CPC throughput. Scratch 
Pad access is real rather than virtual and is identified on the PM bus by an asserted PMBUS32. 

MAIN MEMORY ORGANIZATION 

FFFFFC 

f 
SCRATCH PAD 128 Words 

FFFEOO + 
;:::. --

PROGRAM/DATA 
STORAGE 

000000 
32 1 
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PM BUS 
The CPC transfers data to/from main memory and offboard external registers (ERUs) via the PM Bus. The PM 
Bus consists of 32 active-low, multiplexed address/data lines and associated control lines. 

The CPC transfers data over the PM Bus using three types of memory/register accesses: Real, Virtual, 
and ERU. Real accesses are direct accesses in which no address translation takes place. Virtual accesses are 
indirect accesses requiring an extra bus cycle during which a memory management device, such as the NCR/ 
32-010 Address Translation Chip (ATC) , translates the CPC virtual address into a new real address. ERU ac­
cesses are a form of Real access used by the CPC to access external registers. The CPC initiates a 
memory/register access by asserting a message containing an address and either (1) byte write and scratch 
pad access information, (2) memory access protection check codes, or (3) a direction of data transfer bit, during 
XO. Both message format and PM Bus definition differ for each type of message. 

REAL MEMORY DATA TRANSFERS 
There are three types of CPC Real Memory Data transfers: Real Fetch, Real Full Store, and Real Partial Store. 
The CPC reads an entire data word during a Real Fetch operation; writes an entire word into memory during a 
Full Store operation; and writes one, two, or three bytes into a memory word location during a Real Partial Store 
operation. 

The real address is presented to the memory interface without translation. The Byte Write Enables iden­
tify to the system the type of real memory message initiated (Fetch, Full Store, or Partial Store), where an as­
serted Byte Write Enable (low on bus) indicates a write to the appropriate byte in the addressed word, and no 
asserted Byte Write Enable indicates a fetch. Bit 32 is asserted only when special CPC scratch pad access 
commands are executed. 

REAL MESSAGE FORMAT 

Message 
Bits 

I 

Byte 0 Byte 1 Byte 2 

, 
29:28 

i 

Bit 25 = Byte 3 Write Enable 

III ll_'" Momo, W""' ""',," 

Bit 26 = Byte 2 Write Enable 

'------- Bit 27 = Byte' Write Enable 

'------- Bit 28 = Byte 0 Write Enable 

'--------- Negated, High on PM Bus 

Scratch Pad Access Bit 
'----------- Normally Negated, High on PM Bus 

Byte 3 

+ ,1 

Don't 
Care 
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VIRTUAL MEMORY DATA TRANSFERS 
Virtual Memory Data transfers are essentially Real Memory Data transfers (as seen by the memory interface) 
preceded by an extra bus cycle during which a virtual address from the CPC is translated into a real address by 
the ATC. There are, therefore, three types of Virtual Memory Data transfers, analogous to the Real Memory 
Data transfers: Virtual Fetch, Virtual Full Store, and Virtual Partial Store. 

The Virtual Message format is shown below. The message consists of a 30-bit virtual address, and a 2-
bit field containing a memory access Protection Check Code which identifies for the ATC the type of memory 
operation being executed. 

Byte read/write information is asserted by the CPC on the PMWTO-3 bus lines during the first XO clock of 
Virtual Message transfers. During virtual transfers, these lines serve the same function as the Byte Write En­
able bits contained in real messages. 

VIRTUAL MEMORY MESSAGE FORMAT 

Message 
Bits 

Byte 0 Byte 1 Byte 2 Byte 3 

32 

'-----------30·Bit Virtual Address IL,.J 

00 = Virtual FetC1} I 
01 = Virtual Store ~ 

10 = Virtual Fetch for Linkage 
11 = Virtual Fetch for Execution 

NOTE: The states of PM Bus bits 1 and 2 are identified by logic level; where a '1' is seen as a low 
voltage level on the PM Bus, and a '0' is seen as a high voltage level. 

EXTERNAL REGISTER DATA TRANSFERS 
The CPC can address and transfer data to/from as many as 96 external registers using the TIE (Transfer In Ex­
ternal) and TOE (Transfer Out External) instructions. Some of these registers are internal to the ATC, and some 
are pseudo registers used to access scratch pad memory. Register addresses not accessing ATC registers or 
scratch pad access pseudo registers are either not used or are reserved for future NCR/32 Family devices. The 
system designer is free to implement these "unused" addresses in custom designs. 

The ERU message format is illustrated below, ERU message bits 9-32 are not used, bit 8 determines the 
direction of data transfer (read or write), and bits 1-7 are the ERU address. 

EXTERNAL REGISTER MESSAGE FORMAT 

Byte 0 Byte 1 Byte 2 Byte 3 

~~:sage I 32 25124 1 711 6 91s ! 7 1 

'--------Negated, High on PM Bus -------'1 I L ERU Address-' 

Direction of Transfer-----', 
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THREE-STAGE PIPELINE 
The NCR/32-000 executes microinstructions utilizing a three-stage pipeline consisting of a fetch stage, an in­
terpret stage, and an execute stage. 

In the fetch stage a microinstruction in the ISU memory is addressed by the CPC Control Register (CR), 
a program counter, then read from ISU memory and written into the CPC Instruction Register (IR). The CR and 
IR are not directly accessible by the user. 

In the interpret stage the microinstruction currently in the Instruction Register is decoded to set up the 
controls used during the instruction execution and to read out the operands from the Register Storage Unit 
(RSU) which will be used during the instruction execution. 

In the execute stage the operands are processed according to the instruction. Information is routed in­
ternally throughout the CPC and externally over the PM Bus. Results are written back into an RSU as required. 

ARITHMETIC LOGIC UNIT (AlU) 
The NCR/32-000 ALU performs binary operations on words and bytes, decimal arithmetic operations on bytes, 
logical functions on words, bytes, and nibbles, and shift operations on words. 

Binary arithmetic operations include Add, Subtract, and Compare. Decimal operations include Add and 
Subtract. Logical operations include AND, OR, Exclusive OR, and Invert. Shift operations include single-bit 
Shift Right and Shift Left. 

INTERNAL REGISTERS 
The NCR/32-000 has two sets of registers available to the user: the Register Storage Unit (RSU) and the In­
ternal Register Unit (lRU). The Register Storage Unit consists of sixteen 32-bit registers that are used for data 
and address storage and manipulation. The Internal Register Unit consists of twenty-two special registers used 
for status information, jump addresses, field byte count information (Tally Register), and special set-up for vir­
tual machine emulation. 
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INTERNAL REGISTIER UNIT (IRU) 
The IRU consists of twenty-two internal CPC registers which are accessed by the Transfer Out Internal (TOI) 
and Transfer In Internal (Til) instructions at address locations 00-1 F (hexadecimal). 

INTERNAL REGISTER (IRU) ADDRESS ASSIGNMENTS 
7-Bit Address 

Hexa- Transfer 
Decimal decimal Function Instruction 

00-07 00-07 i"m, '0""0" 08 08 Restore FIFO 
09 09 State Register 
10 OA 1 Setup Register #3 
11 08 Setup Register #4 
12 OC Tally Register 
13-15 ~O-OF Not used 
16 10 Indicator Array 
17 11 Virtual Indicator Array Til 
18 12 Setup Register #5 and 
19 13 Setup Register #1 TOI 
20 14 Setup Register #2 
21-23 15-17 G)- Nat used 
24 18 Operand Pointers #1 & #2 
25 19 Not used 
26 1A Stack Pointer 
27 1B Control Array #1 
28 1C MARS6 Write Tags 
29-31 1D-1F ~ot used 

NOTES CD 16-bit right-Justified registers A Til (Tr<lnsfer In Internal) instruction does not affect the left half of the destmatlOn ASU . 

. CD 16-brt left~justlfl8d registers A Til from one of these registers does not affect the right half of the destinatIOn RSU 

EXTERNAL REGISTERS 
The CPC can access up to 96 external registers called ERUs. 

ERUs 32-38 are pseudo registers which are used to access the scratch pad area of main memory. ERUs 
40-55 are registers internal to the ATC. ERUs 56-63 are reserved for future NCR/32 Family peripheral devices. 
ERUs 64-127 are reserved for user 1/0 applications. ERU 39 is not used. 

Scratch pad accesses using pseudo registers 32-38 are real memory transfers. All other ERU accesses 
are fast, single-cycle data transfers identified on the PM Bus by the assertion of EREP. 

EXTERNAL REGISTER (ERU) ADDRESS ASSIGNMENTS 

7-Bit Address 
Hexa- Transfer 

Decimal decimal Function Instruction 

32 20 Operand Data 1 

} 33 21 Operand Data 1 Inc. 
34 22 Operand Data 1 Dec. Indirect 
35 23 Operand Data 2 Scratch Pad 
36 24 Operand Data 2 Inc. Reference 
37 25 Operand Data 2 Dec. 
38 26 Stack Data 
39 27 Not used TIE 
40 28 Control Array #2 

} 
and 

41 29 Interrupt/Trap Array TOE 
42 2A Interrupt Mask ATC 
43 2B Interval Monitor Registers 
44 2C Time of Day 
45 2D Address Monitor 
46 2E BIN Register 

47-55 2F-37 Associative Memory Functions 
56·63 38-3F Reserved for Future Use 

64-127 40-7F User I/O TIP & TOP 
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SCRATCH PAD ACCESS 
Various sections of scratch pad can be accessed using the Operand Pointers, the Stack Pointer, and the FL 
and SL instructions. 

The Operand Pointers and Stack Pointer scratch pad accesses are through ERU pseudo registers 32-38. 
Scratch pad accesses via these pseudo registers are real memory transfers on the PM Bus. As such, the 

transfers are formatted as Real Memory data transfers and not ERU transfers. EREP is not asserted (low) as 
with transfers to/from other ERU locations. 

A TIE from scratch pad triggers a real memory read operation. Because of this, the RCV instruction must 
be used to receive the data. 

INTERRUPTS AND TRAPS 
The normal program flow of instructions within the processor may be exited when program traps or program 
interrupts occur. Traps are normally considered conditions that, upon detection, must be serviced immediately. 
Interrupts are normally considered conditions that, upon detection, may be serviced immediately, may be serv­
iced at a later time, or may be masked out altogether. 

INTERRUPT/TRAP RECOGNITION 
The trap line (TRAP) and the interrupt line (INT) are external inputs to the processor. When TRAP is asserted 
(low) and the Trap Indicator bit (bit 11) in Control Array #1 (CA1) is clear (a trap is not currently being proc­
essed), the microinstruction Control Register is written with the trap address 0000. An immediate jump to the 
trap routine occurs. The Trap Indicator bit is set, but the Normal Interrupt Enable bit (CA 1, bit 10) is not affected. 
The instruction in the Execute stage of the pipeline is executed, but the instructions in the Fetch and Interpret 
stages of the pipeline are not executed. The pipeline is advanced one cycle and halted. 

When the interrupt line is asserted (low) and the Trap Indicator bit in Control Array #1 is clear and the 
Normal Interupt Enable bit is set (an interrupt is not currently being processed), the microinstruction Control 
Register is written with the interrupt address 0002 if the instruction being interpreted is not non-interruptible. An 
immediate jump to the interrupt routine occurs, and the Normal Interrupt Enable bit is cleared. If both an inter­
rupt and trap occur simultaneously, the trap is serviced first. 

INTERRUPT/TRAP SERVICING 
Servicing of traps and interrupts is a function of both CPC logic and firmware. 

CPC logic forces the program jump to the trap or interrupt address, clears Normal Interrupt Enable or 
sets the Trap Indicator, and disables the clocking of the Restore FIFO. 

Firmware must transfer in external interrupt status and test each condition to determine which caused 
the interrupt or trap in systems allowing multiple traps and interrupts. Firmware must also determine the priori­
ties of the interrupt and trap conditions in the event that multiple interrupts have occurred. 
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SAVING THE MACHINE STATE 
At times it may become necessary to save the state of the processor when a trap or interrupt occurs that pre­
vents a timely completion of a software routine, typically in a time-share application. State saving requires that 
internal and external registers pertinent to a recovery of the current task be saved in the scratch pad or some 
other reserved section of main memory. The restore FIFO must be read (three successive Transfers In from 
IRUOS) and saved, thereby saving the ISU addresses of the three instructions in the pipeline at the time the in­
terrupt or trap was taken. Control Array #1 and other essential status states must also be read and saved. 

RESTORING FROM INTERRUPTS/TRAPS 
The Restore from Traps and Interrupts (RTI) instruction is used to control the restore sequence. RTI injects an 
instruction address saved in the restore FIFO into the internal microinstruction Control Register. By executing 
three consecutive RTI instructions, the pipeline is restored to the pre-interrupt/trap state. 

If an interrupt or trap is pending at the time the third RTI is executed, the Restore FIFO is not restarted. 
The Trap Indicator is cleared by the RTI, but then immediately set if a trap is pending; Normal Interrupt Enable 
is set by the RTI, but then immediately cleared if an interrupt is pending. 

SETUP ASSIST 
The NCR/32-000 features special logic associated with Setup Registers 1-5 designed to support virtual ma­
chine applications. This logic allows execution of special setup instructions and map indicator instructions 
used in the emulation of the IBM 370 and NCR-VRXlNVM virtual machines. While specifically designed for 
these virtual machines, the CPC setup features (setup registers and instructions) may be used in the emulation 
of other machines. 

These setup features assist in cracking virtual op codes, loading virtual pOinters into the Operand 
Pointers or the Stack Pointer, isolating literal fields in virtual instructions, and creating jump vectors for entering 
additional firmware setup routines and command execution routines. 

The map indicator instructions map various indicators in the processor Indicator Array into the corre­
sponding bits of the Virtual Indicators Array according to the virtual machine being emulated. 
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INSTRUCTION SET 
The instruction set executed by the CPC utilizes and provides the following important features: 
• Sixteen 32-bit General Purpose Registers in the Register Storage Unit (RSU) 
• 32-bit (fullword) and 16-bit (halfword) instructions 
• Digit, byte, halfword, and fullword instructions 
• Digit, byte, and word arithmetic functions 
• Field instructions employing MARS (Memory Assist Register Sets) units 
• Eight instruction-addressable subroutine jump registers 
• Special setup instructions to assist in the emulation of existing NCR mainframe l nd IBM/370 instruction sets 
• 4 gigabyte external virtual address capability, 16 megabyte physical (real) meml ry addressing 

INSTRUCTION AND OPERAND FORMATS 
Bit Bit Bit Bit Bit Bit Bit Bit 
16 1312 9 8 5 4 1 

16 

Bit 
32 

G I H J K 

L Literal 

G Part or all of the operation code 
H Part of the operation code or a literal 
I Part.of the operation code or a literal or 

part of the address field for ERU and 
scratch pad memory. 

J RSU/MARS, Jump Register addressing 
or a literal 

K RSU/MARS addressing or a literal 
L Jump literal address or an RSU load 

literal 

Primitive Instruction Format 

Bit Bit 
25 24 

Bit Bit 
17 16 

Bit Bit 
9 8 

Byte 0 
MSB 

Byte 1 Byte 2 Byte3 
LSB 

NCR Microelectronics Division 
1635 Aeroplaza Drive 
COlorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 

Left Half Right Half 

Operand Format 

Bit 
1 



NCR/32-010 
ADDRESS TRANSLATION CHIP (ATC) 

• NCR/32-000 compatibility 

• Memory management with dual four-level 
memory access protection 

• Three types of memory operations 
Virtual 
Real 
Refresh (main memory) 

• Error check and correction, and syndrome bit 
generation 

• Time-ot-day counter, and time interval 
monitoring 

• Virtual address monitoring for breakpoint and 
trace functions 

• 1 K, 2K, and 4K byte page options 

The NCR/32-01 0 ATC incorporates state-of the. art VLSI technology coupled with an efficient chip design to pro­
vide a powerful set of features in a high-speed chip not possible until now. 

The ATC incorporates high-density silicon gate NMOS and Silicide technologies for reduced die size and 
high-speed operation. Functional areas of the chip have been located to minimize internal chip bus lengths and 
interface logic. 

These technologies and design efforts have resulted in the powerful performance necessary for a 32 bit 
NCR/32 Family device. 

The NCR/32-010 Address Translation Chip (ATC) is an NMOS, 32-bit memory management unit that fea­
tures system memory management, data error detection and correction, memory refresh, and supervisor/user 
isolation with four-level access protection. In addition, the ATC provides virtual address translation for memory 
fetches, full stores, and partial stores, allowing direct processor access to a 4-Gigabyte address space. 

The ATC can be interfaced to the NCR/32-000 Central Processor Chip to form a general-purpose control­
ler and virtual machine emulator. Other NCR/32 Family devices are available which, when interfaced to the ATC 
and CPC, form a powerful yet flexible processor system that is well-suited for a wide variety of applications con­
sidered beyond the capability of microprocessor systems until now. 

PIN CONFIGURATION 
PIN TERM 

TERM PIN 
8 CLOCKO (XO) 

7 Vee 

CLOCK1 (Xl) 
PMCHK7 
PMCHK6 
PMCHK5 

PMBUS26 16 9 PMCHK4 
PMCHK3 

PMCHK2 

~~~~~!i j!~SS(GND) 
PMBUS25 17~ I 
PMBUS24 18 

PMBUS23 19\ 
PMBUS22 20 ~~--~~--~, 

~~~~~~'O~ 
/': /" 1 66 

PMCHKl 
MDEE 

_I 
PMBUS16 27 
PMBUS15 28 
PMBUS14 29 
PMBUS13 30 
PMBUS12 31 34 43 

:~:~~~~ ;;~5 I 
:::~::: ::/-43 
=~:~~~~ ;~ VSS(GND) 

PMBUS05 38 
PMBUS04 39 
PMBUS03 40 
PMBUS02 41 
Pt.t8USOl 42 

68 65 
64 
63 
62 

.-/ 
61 

60 - 60 

\ 
59 

" 57 

50 

49 
48 
47 
46 
45 
44 

DiE 
MAE 
EREP 
PMRST 
SPINT 

Voo 

REao 
REOS 
MEMERR 

lODOSC 
iNH 

i'N'f 
fRAP-

fiAIV 
CLOCK' (Xl) 

CLOCKO (XO) 
PVf 
PMWT3 
PMWT2 
PMWT1 
PMWTO 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

X1 
PMRST 
SPINT 

r:-

II ;:; 
0 
if .:;: 

ECC 
GENERATION 

CONTROL 
TOOOSC 
TRAP 
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NCR/32-010 CHIP DESIGN 

MAXIMUM RATINGS 
Rating Symbol Value Unit 

Supply Voltage VDD -0_3 to 7_0 V THERMAL CHARACTERISTICS 
Input Voltage VIN -1_0 to 7_0 V 
Input Voltage Clock VINe -1.0 to 7.0 V Characteristic Symbol Value Unit 

Substrate Bias Voltage VBB -7.0 to 0.5 V 
Operating Temperature Range TA o to 70 'C Thermal Resistance eJA 15 'C/W 

Storage Temperature TSTG -55 to 155 'C (Ceramic Flat-Pack) 

ELECTRICAL CHARACTERISTICS 
(Voo = 5.0 Vdc ± 5%, Vss = OV, Vee = -2.5Vdc± 10%, TA = OOC to 70°C) 

Characteristic Symbol 

Input High Voltage VIH 
Input Low Voltage VIL 
Input High Voltage Clock VIHC 
Input Low Voltage Clock VILC 
Output High Voltage @ 200 ~A (SP REQ) VOH 
Output Low Voltage @ 8 mA~ VOL 
Leakage Current (Vss toVoo), Non-Clock Pins IL 
Leakage Current (Vss to Voo), Clock Pins ILC 
Supply Current IDD 
Substrate Bias Current lee 
Power Dissipation @ 6.67 MHz Po 
Capacitance, Non-Clock Pins C 
Capacitance, Clock Pins Cc 

~@ 2mA FOR SPECIAL REQUEST 

This is advance information and NCR reserves the right 
to change the specifications without notice. 

Min. Max. Unit 

2.3 5.25 V 
-0.1 0.8 V 
4.2 5.25 V 

-0.1 0.4 V 
2.4 V 

0.5 V 
-100 100 ~A 
-500 100 ~A 

550 rnA 
1.0 rnA 
3.0 W 
20 pF 
100 pF 



ATC INPUT TIMING PARAMETERS 
NUM 
BER Parameter Symbol 

1. Clock Width High tell 
2. Clock Rise Time tell 
3. Clock Fall Time ICF 
4. Clock Separation tcs 
5. PM Bus Input Message Setup Time tpMIMS 

6. PM Bus Input Message Hold Time tPMIMH 

7. PM Bus XI Input Data Setup Time tXIDS 

8. PM Bus XI Input Data Hold Time txlOU 
9. PM Bus XO Input Data Setup Time txons 

10. PM Bus XO Input Data Hold Time txoDn 
11. Byte Write Tags Setup Time tWTS 

12. Byte Write Tags Hold Time tWTII 

13. PM Bus Check Input Setup Time teHKIS 

14. PM Bus Check Input Hold Time tCIiKIN 

15. Processor Virtual Transfer XO Setup Time tPVTSO 

16. Processor Virtual Transfer XO Hold Time tpVTHO 

17. Processor Virtual Transfer X1 Setup Time tPVTSI 

18. Processor Virtual Transfer X1 Hold Time tpVTHI 

19. Special tnterrupt Setup Time tSINTS 
20. Special Interrupt Hold Time tSINTH 

21. Inhibit Setup Time tINIIS 

22. Inhibit Hold Time tINHII 

23. Privilege XO Setup Time tPRVSO 

24. Privilege XO Hold Time tPRVHO 

25. Privilege XI Setup Time tPRVSI 

26. Privilege XI Hold Time tPRVHl 
27. External Register Enable/Permit Setup Time tEllS 

28. External Register Enable/Permit Hold Time tERH 

29. Memory Address Enable Setup Time tMAES 

30. Memory Address Enable Hold Time tMAEH 

31. Data Input Enable Setup Time tDiES 
32. Data Input Enable Hold Time tOlE" 

33. Tme of Day Oscillator Setup Time tTODS 

34. Time of Day Oscillator Hold Time haDH 
35. Clock Period tCTL 

(I) NCR/32-010'5 (2) NCR/32-010'8 
(Voo = 5.0 Vdc ±5%. Vss = OV. VBB = -2.5 Vac ± 10%. TA = OOC to 70°C) 
Test load is a 680 n pull-up resistor and 50 pF capacitance 

ATC OUTPUT TIMING PARAMETERS 
NUM 
BER Parameter Symbol 

36. PMS Bus XO Output Delay Time tpMXOD 

37. PM Bux XO Output Hold Time tPMXOH 

38. PM Bus XI Output Delay Time tpMXID 

39. PM Bus XI Output Hold Time tpMXIH 

40. Memory Data Delay Time tMOD 

41. Memory Data Hold Time tMOH 

42. Memory Address Enable Delay Time tMAED 

43. Memory Address Enable Hold Time tMAEIl 

44. External Register Enable/Permit Delay Time tERPD 

45. External Register Enable/Permit Hold Time tERPIl 

46. Memory Data Enable/Error Delay Time tMDED 

47. Memory Data Enable/Error Hold Time tMDEIl 

48. Memory Error Delay Time tMED 

49. Memory Error Hold Time tMEII 

50. Interrupt Delay Time trNTD 

51. Interrupt Hold Time tINTH 

52. Trap Delay Time tTRPD 

53. Trap Hold Time tTRPH 

54. PM Bus Request 0 Delay Time tRQOD 

55. PM Bus Request 0 Hold Time tRQOH 

56. PM Bus Special Request Delay Time (ATC Command) tARQD 

57. PM Bus Special Request Hold Time (ATC Command) tARQH 

58. PM Bus Special Delay Time (Mem Error) tMRQD 

59. PM Bus Special Request Hold Time (Mem Error) tMItQH 

60. PM Bus Check Bit Delay Time tCHKD 

61. PM Bus Check Bit Hold Time tCIIKH 

(I) NCR/32-010'5 (2) NCR/32-010'8 

(Voo = 5.0 Vdc ±5%. Vss = OV. VBB = -2.5 Vdc ± 10%. TA = OOC to 70°C) 
Test load is a 680 n pull-up resistor and 50 pF capacitance 

This is advance information and NCR reserves the right 
to change the specifications without notice. 

32-010 

150nS(1) 180nS(2) 
Min Max Min Max Unit 

50 60 nS 
10 10 nS 
10 10 nS 

15 100 10 100 nS 
18 18 nS 
3 3 nS 

18 25 nS 
3 3 nS 

25 32 nS 
3 3 nS 

22 25 nS 
3 3 nS 

25 25 nS 
3 3 nS 

22 22 nS 
3 3 nS 

15 15 nS 
0 0 nS 

20 20 nS 
3 3 nS 

15 15 nS 
3 3 nS 

15 15 nS 
3 3 nS 

15 15 nS 
3 3 nS 

18 18 nS 
3 3 nS 

22 24 nS 
3 3 nS 

20 20 nS 
3 3 nS 

20 20 nS 
3 3 ·nS. 

150 180 nS 

150nS(I) 180nS(2) 
Min Max Min Max Unit 

25 25 nS 
5 15 5 15 nS 

25 25 nS 
5 15 5 15 nS 

38 43 nS 
5 15 5 15 nS 

15 15 nS 
5 20 5 20 nS 

20 20 nS 
5 20 5 20 nS 

30 30 nS 
5 20 5 20 nS 

30 30 nS 
5 20 5 20 nS 

30 30 nS 
5 20 5 20 nS 

30 30 nS 
5 20 5 20 nS 

25 25 nS 
5 20 5 20 nS 

49 54 nS 
5 20 5 20 nS 

56 61 nS 
5 20 5 20 nS 

49 49 nS 
5 38 5 38 nS 

371 



ATe INPUT TIMING DIAGRAM 

XO 

X1 

PMBUS32-01 

PMBUS1·32 

PMWTO·3 

PMCHK1·7 

PVT 

SPINT 

INH 

PRIV 

EREP 

MAE 

DIE 

TODOSC 

NOTE: All parameters referenced to C.BV or 4.5V unless otherwise indicated 
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ATC OUTPUT TIMING-DIAGRAM 

XO 

XI 

PMBUS32·01 
(ADDRESS) 

PMBUS32·01 
(DATA TO CPG) 

PMBUS32·01 
(DATA TO MEM) 

REao 

REas 
(ATC COMMAND) 

REas 
(MEM ERROR) 

32-010 

PMCHK1·7 .~ 
NOTE: All parameters referenced to 4.5 Vdc IVIH, VOH) or .8 Vdc IVIL, VOL) unless otherwise indicated. 

NOTES: 1 A write to memory may require several bus cycles, pending assertion of DIE. 
2 REQO is asserted in response to MAE or PVT assertion during XO when required by an ATC operation. 

REQO may be asserted several cycles by the ATC depending on the operation, 
3 REQS is asserted during CPC execution of several commands in response to EREP and PMBUSOB·01 asser· 

tion during XO. Assertion of REQS is referenced to last signal, EREP or PMBUS08·01, which is asserted, 
4 REQS Is asserted in response to PMCHK1·7 and PMBUS32·01 data assertion during XO when an uncorrect· 

able memory error is detected by the ATC. Assertion of REQS is referenced to last signal, PMCHK1·7 or 
PM BUS32·01, which is asserted. 

5 While the ECC function is enabled, the ATC generates syndrome bits at all times, The ECC treats all asser· 
tion on the PM Bus as data requiring syndrome bit generation, 
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SIGNAL DESCRIPTION 
The ATC input and output signals can be organized into groups as shown below. A description of each ATC 
signal or signal group and a summary of the signals are contained in the following tables. 

INPUT AND OUTPUT SIGNALS 

PIN # 

10·25 

27·42 

8,49 

6, 50 

62 

61 

To data 
error 
detect 
logic 

To/from 
memory 
interface 

Symbol 

PMBUS32·01 

XO 

X1 

PMRST 

--

SPINT 

Continued on next page. 

VDD (2) 

GND(2) 

V 
PMBUS32·01 

-" 

To Main Memory 
and Peripheral/ 
System Devices 

VBB Add/Data/Control 

CLK(4) ~ ... 
PMRST REOO To Bus Arbi· 
SPINT REOS } tration Logic 
INH INT 
PRIV } To Interrupt/ 

TRAP Trap Logic 
TODOSC ATC PVT 

{ 
MDEE DIE I To/from 

MEMERR MAE 
PM Bus 
Control 

PMCHK7 EREP 
PMCHK6 PMWT3 
PMCHK5 PMWT2 I 

Fetch, Store, 

PMCHK4 
Partial Store 

PMWT1 Indicators 
PMCHK3 PMWTO 
PMCHK2 

PMCHK1 

Description 

Processor Memory Bus These multiplexed bus lines are used to transfer informa· 

tion between devices. In general, address information is transferred to a destination 
device during XO, and data is transferred to/from a destination device during X1. 
However, all address and data transfers between the ATC and memory occur during XO. 

Phase 0 input clock 

Phase 1 input clock I 
PM Bus Reset - This input, when asserted, holds the ATC in a reset state. 

Special Interrupt - This input is sampled by the ATC during X1. The ATC responds to 
~ asserted SPINT by setting bit 12 (Special Interrupt) of the I/T Array and asserting 
INT if the interrupt is not masked in the Interrupt Mask Register. SPINT is normally 
tied to the system low-voltage/power·fail detection circuit. 



PIN # 

63 

64 

48 

44-47 

67,68 
1-5 

65 

66 

57 

59 

Symbol 

PVT 

PMCHK7-1 

DIE 

MDEE 

REOO 

Continued on next page. 

Description 

External Register Enable/Permit - When this input is asserted during XO, the ATC 
decodes the External Register Unit number from the address lines to determine if one 
of the ATC External Register Units (registers) is being addressed. 

Memory Address Enable - This input, when asserted, indicates that a device has 
initiated a real memory operation. If the operation is a fetch, the ATC reads and checks 
the data for errors during the XO that DIE is asserted following the assertion of MAE, 
and asserts the checked data on the PM Bus the following X1 for reading by the re­
questing device. 

The ATC is forced to execute multiple fetches/corrections by the assertion of MAE and 
DrE during XO clocks, and remains in the fetch/correct state until MAE is no longer 
asserted with DIE during XO_ 

The ATC asserts MAE when it asserts a real address on the PM Bus after address 
translation in response to a virtual memory message; that is, the ATC asserts MAE and 
a real address on the PM Bus during XO if PVT was asserted the previous XO, indicating 
a virtual memory operation. 

Processor Virtual Transfer - The ATC initiates a virtual memory operation when this 
input signal is asserted low during XO. If Control Array bit 9 (Virtual Equals Real) is 
clear, the ATC translates the message virtual address. If Control Array bit 9 is set, the 
ATC asserts the untranslated message address on the PM Bus the following XO. 

Processor Memory Write Tags 0-3 - The ATC monitors these inputs during virtual 
memory operations to determine which bytes in the addressed word are to be written. 
These signals are equivalent to the Byte Write Enable signals in real memory 
messages. If all of the write tags are negated, a fetch is indicated. If one or more are 
asserted, a corresponding byte(s) is written. PMWTO corresponds to byte 0, PMWT3 
corresponds to byte 3, etc. 

PM Check 7-1 - These bidirectional lines are used for syndrome bit (ECG) transfer 
between the ATC and memory. These signals are asserted by the ATC during store 
operations, and by the memory during fetch operations_ 

Data Input Enable - This signal is asserted by the system Memory Interface during XO 
and X1 to indicate that memory data is to be asserted on the PM Bus as part of a fetch, 
partial store, or refresh operation: or that the Memory Interface is ready to accept data. 

Memory Data/Enable Error - The ATC asserts this signal during the X1 clock that it 
detects an uncorrectable (multiple bit) memory error during a fetch or partial store 
operation. 

Memory Error - The ATC asserts this signal during X1 in response to a correctable 
(single bit) or non-correctable (multiple bit) error detected during a partial store, fetch, 
or refresh operation_ 

Request 0 - The ATC asserts REOO to gain access to the PM Bus the following PM 
Bus cycle. REOO is the highest priority system request. When the ATC asserts REOO, 
it takes control of the PM Bus the following cycle without further handshaking. The 
system bus arbitration logic must force other devices off the PM Bus at this time. The 
ATC may continue asserting REOO for several consecutive cycles to complete an 
operation. 

32-010 
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PIN # Symbol Description 

58 REOS Special Request - The ATC asserts this line high to give the CPC immediate access to 
the PM Bus. While REOS remains asserted, the system bus arbitration logic must 
ignore all other bus requests, and de-select all other devices. 

Uncorrectable memory errors require immediate CPC intervention before other data 
transfers occur. When the ATC detects an uncorrectable data error, it asserts REOS 
until the CPC has serviced the error condition, indicated by CPC clearing of the trap bit 
in the ATC liT Array. 

Three ATC associative commands force the ATC to assert REOS: the Purge Selective 
(PS) command, the Purge Selective With Mask (PSM) command, and the Translate Vir-
tual Address (TVA) command. The ATC asserts REOS for one cycle in response to 
these commands. 

ATC memory refresh operation is inhibited while REOS is asserted. 

53 INT Interrupt - The ATC asserts INT when any bit in the liT Array other than a trap bit is 
set. The ATC negates INT when the bit forcing the interrupt is cleared, if no other 
interrupts are pending. INT assertion is inhibited during X1. 

52 TRAP Trap - The ATC asserts TRAP when any trap bit in the liT Array is set. The ATC 
negates TRAP when the bit forcing Ihe trap is cleared, if no other traps are pending. 
Traps cannot be masked. TRAP assertion is inhibited during X1. 

56 TODOSC Time of Day Oscillator - This input is driven by a free-running 250 KHz external 
oscillator, and is used to drive the TOD (Time Of Day) Counter/Register in the ATC. The 
frequency of this input affects the memory refresh rate. 

55 TNH Inhibit - This input, when asserted low, inhibits ATC refresh operation to allow system 
expansion. 

51 PRIV Privilege Mode - PRIV is an input used to set/reset the Privilege Flag, bit 1, in the 
Control Array. PRIV must first be asserted during XO. If PRIV is asserted the following 
X1, the Privilege Flag is set; if PRIV is negated the following X1, the Privilege Flag 
is cleared. 

7 VBB Negative voltage supply 

9, 43 VSS Ground 

26, 60 VDD Positive Voltage Supply 

54 NC No Connection (not used) 

Barred terms are active low. 
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SIGNAL SUMMARY 

Active 
Signal Name Pin # Symbol Input/Output State Drive 

Processor-Memory Bus 10-25 PMBUS32-01 Input/Output Low Open.Drain 
27-42 

Clock 0 8,49 XO Input High Input 

Clock 1 6,50 X1 Input High Input 

PM Bus Reset 62 PMRST Input Low Input 

Special Interrupt 61 SPINT Input Low Input 

External Reg. Enable/Permit 63 EREP Input/Output Low Open Drain 

Memory Address Enable 64 MAE Input/Output Low Open Drain 

Processor Virtual Transler 48 PVT Input Low Input 

Processor Write Tags 44-47 PMWTO-3 Input Low Input 

Processor Memory Check Bits 5-1 PMCHK7·1 Input/Output Low Open Drain 
68,67 

Data Input Enable 65 DIE Input Low Input 

Memory Data Enable/Error 66 MDEE Input/Output Low Open Drain 

Memory Error 57 MEMERR Output Low Open Drain 

PM Bus Request "0" 59 REQO Output Low Open Drain 

Special Request 58 REQS Output High Push-Pull 

Interrupt 53 INT Output Low Open Drain 

Trap 52 TRAP Output Low Open Drain 

Time-ol·Day Osc. 56 TODOSC Input High Input 

Inhibit 55 TNH Input Low Input 

Privilege Mode 51 PRIV Input Low Input 

Power Supply (Pas) 26,60 VDD Input - -
Power Supply (Neg) 7 VBB Input - -

Ground 9,43 VSS Input - -
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PM BUS AND PM CHECK BUS 
The PM Bus is a 32 bit, open drain, multiplexed (address and data) bus which interfaces the ATC to other bus 
masters and to memory in a system. The ATC receives three types of messages via the PM Bus: control mes­
sages called External Register Unit (ERU) messages, real messages which the ATC "passes" unaltered, and 
virtual messages which the ATC, when so programmed, translates into real messages. Messages are address 
and control information asserted by a bus master during the XO clock interval. Operations initiated by these 
messages are called External Register Data Transfers, Real Memory Data Transfers, and Virtual Memory Data 
Transfers. 

The PM Check Bus (PMCHK1-7) is an open drain bus tied to the system memory or memory interface 
that is used by the ATC to assert and read seven syndrome bits associated with each work in memory. These 
syndrome bits are generated by the ATC Error Correction Code (ECC) logic and stored with each word in mem­
ory to maintain memory data integrity. The ATC "intercepts" all data to be stored into memory by a bus master, 
steals a system cycle during which it generates syndrome bits for the data, then stores the data word and the 
associated syndrome bits into memory when the memory is ready for the data - indicated by the assertion of 
DIE. When a bus master fetches data from memory, the ATC "intercepts" the data and its associated syndrome 
bits, generates new syndrome bits of the data word, and compares the new syndrome bits with the syndrome 
bits that were stored with the data word. Using this comparison the ATC detects and corrects single bit errors, 
and detects all double bit errors. 

The ATC is designed to interface directly with the NCR/32-000 Central Processor Chip. Although the 
ATC can be designed into systems utilizing other processors, system timing in systems utilizing the ATC must 
be identical to CPC-ATC system timing. 

REAL MEMORY DATA TRANSFERS 
There are three types of CPC Real Memory Data Transfers: Real Fetch, Real Full Store, and Real Partial Store. 
The CPC reads an entire data word during a Real Fetch operation; writes an entire word into memory during a 
Full Store operation; and writes one, two, or three bytes into a memory word location during a Real Partial Store 
operation. 

The real address is presented to the memory interface by the ATC without translation. The Byte Write 
Enables identify to the ATC the type of real memory message initiated (Fetch, Full Store, or Partial Store), 
where an asserted Byte Write Enable (low on bus) indicates a write to the appropriate byte in the addressed 
word, and no asserted Byte Write Enable indicates a fetch. Bit 32 is asserted only when CPC scratch pad ac­
cesses are executed. 
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VIRTUAL MEMORY DATA TRANSFERS 
Virtual memory data transfers are essentially real memory data transfers (as seen by the memory interface) 
preceeded by an extra bus cycle during which a virtual address from the CPC is translated into a real address 
by the ATC. There are, therefore, three types of virtual memory data transfers, analogous to the real memory 
data transfers: Virtual Fetch, Virtual Full Store, and Virtual Partial Store. 

Byte read/write information is asserted by the CPC on the PMWTO-3 bus lines during the first XO clock of 
Virtual Message transfers. During virtual transfers, these lines serve the same function as the Byte Write En­
able bits contained in real messages. 

The ATC can operate on either 24 bit or 32 bit virtual addresses, determined by the state of bit 5 in the 
Control Array (CA5). The ATC determines that a virtual operation is being initiated when the PVT (Processor Vir­
tual Transfer) line is asserted during XO, at which time a virtual address is asserted by the CPC onto the PM 
Bus. The ATC strobes the address into its Virtual Address Register Buffer and starts the translation process. If 
the translation is not successful, the ATC asserts DAT (Dynamic Address Translation) No Match Interrupt. If the 
translation is successful and protection check is enabled by a clear bit 6 in the Control array, the ATC protection 
bits associated with the virtual address are checked according to the operation indicated by the states of bits 2 
and 1 of the virtual message as follows: 

BIT# 21 
o 0 Virtual Fetch 
o 1 Virtual Store 
1 0 Virtual Fetch for Linkage 
1 1 Virtual Fetch for Execution 

If there is an access violation, the ATC asserts a DAT Access Violation interrupt. Otherwise the ATC 
latches the translated real address into the Real Address register and continues with the operation. 

EXTERNAL REGISTER DATA TRANSFERS 
The CPC can address and transfer data to/from the ATC internal registers using External Register Unit (ERU) 
messages addressed to the ATC. The ERU message format is shown below. ERU message bits 9-32 are not 
used, bit 8 determines the direction of data transfer (read or write), and bits 1-7 are the ERU address. 

EXTERNAL REGISTER UNIT MESSAGE FORMAT 

Byte 0 Byte 1 Byte2 Byte 3 

~i~:sage ... 1_32 _____ 2_5-1.1_24 _____ 1_7 --I-_1_6 _____ 9~1_8 .!..l 7 _____ ---:-'1 I 

I Negated, High on PM Bus ----.J I L ERU Address ..J 
Direction of Transfer--1 
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MEMORY REFRESH 
The ATC can be programmed to periodically refresh system main memory (memory accessed via the PM Bus) 
automatically. An internal 32-bit counter, the Time Of Day (TOO) Register/Counter, is used by the ATC to deter­
mine the memory refresh interval and period, and to store the incrementing refresh address. 

The TOO counter is externally clocked via the TODOSC pin. If a 250KHz (4us) clock is used to drive the 
TOO, the ATC will refresh a row of memory approximately every 16 microseconds. Thus the entire memory (256 
rows) is refreshed approximately every 1.048 seconds. 

The memory refresh message format is shown below. Refresh operations are essentially real memory 
operations identified by the assertion of PMBUS29 on the PM Bus during message transfer. The refresh ad­
dress, bits 3-24 of the message, is the value of the TOO bits 3-24 at the time of the refresh. The memory inter­
face must identify the operation as a memory refresh by the assertion of PMBUS29, must use the lower 8 bits of 
the refresh address PMBUS3-10 as the RAS term, and the upper 14 bits (PMBUS11-24) as the CAS term. 
PMBUS25-28, the Byte Write Enable signals, are asserted during the message transfer. 

During each refresh operation the ATC reads one addressed memory and its associated syndrome bits 
and checks the word for errors. The ATC then writes the work and its syndrome bits back into memory unal­
tered if it detected no error, writes the corrected word and new syndrome bits back into memory if it detected a 
single bit error, and aborts the operation if it detected an uncorrectable error. In this way each word in memory 
is "scrubbed" of errors periodically. 

REFRESH MESSAGE FORMAT 

Byte 0 Byte 1 Byte 2 Byte 3 

Bit 32 29 25 17 16 9 8 3 2 1 

3 111 4 8 8 6 I 2 l1bL + 22·Bit Memory Word Address +J 
Ones (Low on Bus) Zeros 

(High on Bus) 
Refresh (Low on Bus) 

Zeros (High on Bus) 

ERROR CHECK CORRECTION AND SYNDROME BIT GENERATION (ECC) 
Associated with each word in memory are seven syndrome bits used by the ATC to verify the integrity of the 
data word. The syndrome bits are generated by the ATC Error Check and Correction logic (ECC) during each 
memory store operation, are asserted on the PMCHK1-7 bus lines, and are stored into memory along with the 
data word. During subsequent ATC memory fetch operations, the seven syndrome bits associated with the 
fetched data are read and used by the ATC to detect and correct single-bit errors in the fetched data or its asso­
ciated syndrome bits, and to detect some multiple-bit errors. 

The ECC circuit consists of random logic which operates on the PM Bus at all times. ECC operation is 
disabled by setting bit 7 in the ATC Control Array (CA 7 = 1); ECC syndrome bit generation is inhibited by use of 
the ATC Syndrome Register, accessed only during ATC diagnostic operations. 
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DYNAMIC ADDRESS TRANSLATION UNIT 
The Dynamic Address Translation Unit (DAT) consists of 16 sets of registers which are used to translate virtual 
addresses into real addresses and to control DAT operation. Each entry consists of two parts: the Associative 
Memory (AM) entry, and the corresponding Page Descriptor entry. 

The AM entries are a set of 22-bit Virtual Page Numbers (VPNs) which constitute a virtual address 
lookup table. The Page Descriptors are 25-bit registers consisting of eight Protection Check bits, a 14-bit Page 
Frame Number (PFN), two AM entry control bits (Changed Page and Register Referenced bits), an Invalid Reg­
ister bit, and two sets of 4-bit memory access protection mask bits. The Associative Memory array and the 
Page Descriptor array are accessed with several ATC commands. 

Two types of address messages can be asserted for the ATC by the system processor (CPC): real and 
virtual. When a real message is asserted, the ATC performs no address translation on the address; that is, the 
ATC accesses memory using the address contained in the real message. When a virtual message is asserted, 
the ATC uses the entries in the DAT unit to translate the virtual message into a real address which is then used 
to access memory. 

DAT MODEL 

Virtual Address Register 

20·22 bit Virtual Page Number J 12·10 bit Page Displacement l-
t 

1 

2 ---
3 . Assoc. . . Page . Memory . . Descriptor 

15 

16 
+ Match 

Control 

24 t 1 

Real Addr. Reg. Page Frame Number I Displacement I 
1_14.12 bits _1_10.12 bitS-j 
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VIRTUAL ADDRESS TRANSLATION 
All virtual messages asserted by the CPC are composed of a Virtual Page Number (VPN) and a Page Displace­
ment with the .following format. 

When a virtual message is asserted by the processor, the ATC latches the message into its Virtual Ad­
dress Register and compares the VPN content of the message with the VPN content of the Associative Memory 
array. If there is no match, the AlC asserts a DAT No Match interrupt (see InterruptlTrap Array). If there is a 
match, the ATC concatenates the Page Frame Number in the Page Descriptor associated with the matching 
AM entry with the Page Displacement in the Virtual Address Register, stores the resulting real address into the 
ATC Real Address Register, and asserts the real address onto the PM Bus. 

VIRTUAL MESSAGE FORMAT 

32 24 16 13 12 11 10 9 8 

I I I I I I I r-- Optional ---1 ] L Page .~ 
VPN Displacement 

Variable 
Page Size-

MEMORY ACCESS PROTECTION 
Each Page Descriptor entry in the DAT contains two sets of memory access protection mask bits. One set is 
used for operation in the privileged state, the other set is used for operation in the non-privileged state. Each 
set consists of a PCR, a PCW, a PCE, and a PCl bit which control the types of accesses into the associated 
virtual page that are permitted: fetch (read), store (write), fetch for execute, and fetch for linkage. Which set of 
access protection bits is used is determined by the state of the Privilege Flag, bit 1, in the Control Array. If CA 1 
is set, the privileged set is used; if CA1 is cleared, the non-privileged set is used. 

The least significant two bits of a virtual message are memory access code bits which identify the type of 
memory access being executed. During each virtual memory operation, these bits are decoded and compared 
with the appropriate protection check bits associated with the virtual page being accessed. An attempt to ac­
cess memory for an operation violating the selected protection results in an access violation. If an access viola­
tion occurs, the memory operation is aborted and the DAT Access Violation interrupt bit is set in the 
InterruptlTrap Array. 

MEMORY ACCESS PROTECTION 

Protection Bit Function Prevented/Permitted 
Mask Bit State in related page In Memory 

0 Prevents a Read 
PCR (read) 

1 Permits a Read 

0 Prevents a Write 
PCW(wrlte) 

1 Permits a Write 

0 Prevents an Execute 
PCE (execute) 

1 Permits an Execute 

0 Prevents Linkage 
PCl (linkage) 

1 Permits Linkage 
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OAT CONTROL BITS 
The OAT Page Descriptors include three bits which provide protection against use of invalid OAT entries for the 
firmware, flag the processor whenever a virtual page is initially written into, and allow easy control of OAT entry 
changes. These bits, the Invalid Register (IR) bit, the Changed Page (CP) bit, and the Register Referenced 
(RR) bit, are controlled by several ATC commands. 

ATC REGISTERS 
The ATC has several registers external to the OAT which can be classified into two groups: special purpose reg­
isters, and virtual operation registers. 

Most registers can be accessed by the system processor. The NCR/32-000 CPC, when used as the sys­
tem processor, accesses the ATC using External Register Unit (ERU) transfer operations. The ATC is mapped 
in the CPC External Register Unit map. When accessing an ATC register, the CPC indicates to the ATC that the 
operation is an ERU access by asserting the EREP signal on the system bus, addresses the ATC register using 
bits 1-7 of the ERU message, and identifies the operation as a read or a write using bit 8 of the message. 

ATe REGISTER ERU ASSIGNMENTS 

ERU Address Transfer Out Transfer In 
Dec. Hex. Operation (Bit 8 = 1) Operation (Bit 8 = 0) 

40 28 Control Array #2 Control Array #2 
41 29 liT Array liT Array 
42 2A Interrupt Mask Reg Interrupt Mask Reg 
43 2B Intvl. TimerlMonitor Reg Intvl. TlmerlMonitor Reg 
44 2C Tlme·Qf·Day ReglCounter Time·OI·Day ReglCounter 
45 20 Address Monitor Reg Address Monitor Reg 
46 2E Bus Interrupt Reg Bus Interrupt Reg 
47 2F Write Page Size (WPS) Read Page Size (RPS) 
48 30 Invldt Assoc Mem (lAM) Enabl & Set Pg Frrn (ESPF) 
49 31 Write Syndrome Bits Read Syndrome Bits 
50 32 Write Vitural Page (WVP) Read Page Frame (RPF) 
51 33 Write & Set Pg Frm (WSPF) Clear Assoc Mem (CAM) 
52 34 Purge Selective (PS) Reserved for future use 
53 35 Write Purge Mask (WPM) Read Purge Mask (RPM) 
54 36 Purge Set W Mask (PSM) Read Virtual Address (RVA) 
55 37 Trans Vlrt Addr (TVA) Read Real Address (RRA) 
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TRAP AND INTERRUPT OPERATION AND SERVICING 
Interrupts are asserted in response to conditions that may be serviced immediately, may be serviced after a 
time delay, or may be masked and not recognized at all according to system requirements. Traps are asserted 
in response to conditions that are considered to require immediate firmware servicing in all applications and 
cannot therefore be ignored. 

OPERATION 
Each time an interrupt bit sets in the InterruptfTrap Array, the ATC asserts the INT output signal to interrupt the 
processor. Each time a trap bit sets in the InterruptlTrap Array, the ATC asserts the Trap output signal to trap the 
processor. The setting of these bits forces INTITRAP assertion. 

SERVICING 
Most interrupts and all traps can be cleared by writing the appropriate bit clear in the InterruptlTrap Array. Nor­
mally the processor reads the InterruptlTrap Array with a TIE operation in response to the assertion of INT or 
TRAp, then clears the set interrupt/trap bit with a TOE operation to the InterruptfTrap Array. The InterruptlTrap 
Array is first read to identify the set bit forcing the interrupt/trap, then the set bit is cleared by the processor and 
written to the InterruptlTrap Array with all other bits in the state in which they were read. If more than one bit is 
set, the interrupt/trap with the highest priority is serviced first. 

NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 



NCR/32-020 
EXTENDED ARITHMETIC CHIP (EAC) 

• NCR/32·000 compatibility 
• Variety of operations 

- Hexadecimal Floating Point 
- Binary Coded Decimal Floating Point 
- Fixed Point Binary Multiplication and Division 
- Conversion 
-Shift 

• 8 Externally accessible registers 
• 50 Function Codes specifying the 

various operations 
• Up to 3 word (96 bit) operand width 

The NCR/32·020 is built on a very high density NMOS VLSllogic chip with about 45,000 transitors. As part of 
the NCR/32 family, the EAC will enhance system performance by assisting the CPC chip with various 
arithmetic operations. 

The EAC is made up of eight major functional blocks. These are the master control sections, output reg­
isters, result registers, arithmetic unit, shift units, digit transfers, exponent section, control and miscellaneous 
logic. 

The NCR/32-020 Extended Arithmetic Chip is an NMOS, 32-bit math coprocessor which performs hex­
adecimal floating pOint, binary coded decimal floating pOint, fixed point binary multiplication and division, con­
version, and shift operations. It features six 32-bit wide operand registers, which facilitate triple precision math. 
The chip is commanded with a set of 50 different function codes. 

The EAC can be interfaced to the NCR/32-000 Central Processor Chip over the PM-Bus to enhance the 
performance of a CPC application. The CPC and EAC, in conjunction with other NCR/32 family devices, com­
prise a powerful VLSI based processor system well suited for a wide variety of applications. 

Copyright © 1984 by NCR Corporation, Dayton, Ohio. U.S.A. 
All Rights Reserved. Printed in U.S.A. 

TERM PIN PIN TERM 
PMBUS32 10 8 CLOCKO(XO) 
PMBUS31 11 7 VBB 
--- 12 6 CLOCK1 (X1) 

13 5 
14 4 
15 3 

PMBUS24 ::~ 9, f;~ 
PMBUS23 19 66 
PMBUS22 20 65 
~21 64 
~22 ri7 9 168 63 

PMBUS19 23 1 G 62 
~24 61 
PMBUS17 25........... /" 

~ 26 / 26 EAC 60 """ 60 Voo 

PMBUS16 27 59 
PMB 15 28 58 

14 29 52 57 

PMBUS1HL1 51 ~ !! 
PMBUS09 34/ ~ 52 

PMBOSo8 35 51 
PMliUsli7 36 50 
PMBUS06 37 49 

5~ G 
439 47 __ 
3 40 46 PMRST 

02 41 45 EREP 
S01 42 44 EACI 
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SIGNAL DESCRIPTION 
The EAC input and output signals can be organized into groups as shown below. A description of each EAC 
signal or signal group and a summary of the signals is contained in the following tables. 

PIN# SYMBOL DESCRIPTION 

10-25 PMBUS32-01 Processor Memory Bus - These multiplexed bus lines are used 10 transfer informa-
27-42 tion between devices. In general, address information is transferred to a destination 

device during XO, and data is transferred to/from a destination device during X1. 

8 XO Phase 0 clock input 

6 X1 Phase 1 clock input 

44 EACI Extended Arithmetic Chip Information - After the EAC receives a function command, 
this line is set high to indicate that the EAC is busy. When the function is complete the 
EAC sets this line low to indicate to the CPC that this information or status is available. 

45 EREP External Register Enable/Permit - This line, when pulsed low by the selected subsys-
tem, indicates that the information on the PM Bus during XO is the destination tag 
(direction of transfer and external register unit number) for a data transfer. The EAC 
monitors EREP to detect possible ERU transfers using its registers. 

46 PMRST PM Bus Reset - This input, when asserted, holds the EAC in a reset state. 

26,60 VDD Positive voltage supply. 

9,43 VSS Ground 

7 VBB Negative voltage supply 

1-5 - No connection (not used). 

47-59 -
61-68 -

INPUT AND OUTPUT SIGNALS 

VDD(2) 

GND(2) 

VBB 

CLK(2) 

PMRST EAC 

PMBUS32-01 
.A 

~DD/DATA/CONTROL 
..... 

EREP 

J PM BUS 
EACI CONTRO L 

TO MAIN MEMORY 
AND PERIPHERAL/SYSTEM 
DEVICES 
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DESCRIPTION AND OPERATION 
When extended arithmetic operations are required, the CPC chip will execute a group of Transfer Out External 
(TOE) instructions to the EAC. The information transferred includes the function code and the operands to be 
executed. The EAC will then perform the requested function using the operands supplied. When the operation 
is complete, the EAC issues the EACI signal (active low) to inform the CPC that the data result is ready. Then, 
by executing a group of Transfer In External (TIE) instructions, the CPC recovers the contents of the EAC Sta­
tus register and also the data results. All transfers between the CPC and EAC are done via the 32-bit 
Processor-Memory (P-M) bus. 

EAC FUNCTION CODES 
The CPC microinstruction EAF (Extended Arithmetic Function) causes the EAC function code to be sent to the 
EAC with a register to register transfer. The eight bit literal part of the EAF instruction forms the actual function 
code that is sent to the EAC. The 50 function codes are listed here, along with the mnemonics and descriptions. 

MNEM. CODE FUNCTION BIT FLOW 

BMSS 11 Binary Multiply Signed Single Precision 32x32->32 
BMSD 15 Binary Multiply Signed Double Precision Result 32x32->64 
BOSS 19 Binary Divide and Modulo 32/32->32 

Signed Single Precision 32MOD32->32 

BDSD 1E Binary Divide and Modulo 64/32->64 
Signed Double by Single 64MOD32- > 32 

FPAS 21 Floating Point Add Single Precision 32+32->32 

FPSS 25 Floating Point Subtract Single Precision 32-32->32 

FPASU 29 Floating Point Add Single Precision Unnormalized 32+32->32 

FPSSU 20 Floating Point Subtract Single Precision Unnormalized 32-32->32 

FPAD 22 Floating Point Add Double PreCision 64+64->64 

FPSD 26 Floating Point Subtract Double Precision 64-64->64 

FPADU 2A Floating Poin.t Add Double Precision Unnormalized 64+64->64 

FPSDU 2E Floating Point Subtract Double Precision Unnormalized 64-64->64 

FPMS 41 Floating Point Multiply Single Precision 32 x 32->32 

FPDS 31 Floating Point Divide Single Precision 32/32->32 

FPIS 35 Floating Point Integer Divide Single Precision 32/32->32 

FPMD 42 Floating Point Multiply Double Precision 64x64->64 

FPDD 32 Floating Point Divide Double Precision 64/64->64 

FPID 36 Floating Point Integer Divide Double Precision 64/64->64 

FPSH 3D Floating Point Half Single Precision 32x(1/2)->32 

FPDH 3E Floating Point Half Double Precision 64x(1/2)->64 

FPMOS 39 Floating Point Modulo Single Precision 32MOD32->32 

FPMOD 3A Floating Point Modulo Double Precision 64MOD64->64 

FPMSE 45 Floating Point Multiply 32x32->64 

Continued on next page. 
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MNEM. CODE FUNCTION BIT FLOW 

DFA E3 Decimal Floating Point Add 21+21->211< 

DFS E7 Decimal Floating Point Subract 21-21->211< 

DFM FF Decimal Floating Point Multiply 21x21->21'" 

DFD F3 Decimal Floating Point Divide 21/21->211< 

DFID F7 Decimal Floating Point Integer Divide 21121->21" 

DFMOD FB Decimal Floating Point Modulo 21MOD21->211< 

DFN EB Decimal Floating Point Normalization Operation 21->21'" 

DFAE EF Decimal Floating Point Align to Exponent 21->21'" 

CVBSDF 4A Signed Binary(32) to Floating Point (64) 32->64 

CVDFBS 40 Floating Point (64) to Signed Binary (32) 64->32 

CVBS10 01 Signed Binary (32) to Decimal Floating Point 32->21'" 

CV10BS 05 Decimal Floating Point to Signed Binary (32) 21->32 

CVDF10 DA Floating Point (64) to 64->21 
Decimal Floating Point 22 x 21 ->21" 

CV10DF 5E Decimal Floating Point to 21->64 
Floating Point (64) 64x64->64 

CVBD10 02 Signed Binary (64) to Decimal Floating Point 64->211< 

CV10BD 06 Decimal Floating Point to Signed Binary (64) 21->64 

CVSF10 09 Floating Point (32) to 32->21 
Decimal Floating Point 22x21->211< 

CV10SF 50 Decimal Floating Point to 21->32 
Floating Point (32) 32x32->32 

CVBSSF 49 Signed Binary (32) to Floating Point (32) 32->32 
RSTOR 00 Set the Restore Status 

CV10TF 5F Decimal Floating Point to 21->96 
Floating Point (96) 96x96->96 

SHRSS 05 Shift Right (32) Sign Fill 32->32 

SHRSZ 09 Shift Right (32) Zero Fill 32->32 

SHLSZ 00 Shift Left (32) Zero Fill 32->32 

SHRDS 06 Shift Right (64) Sign Fill 64->64 

SHRDZ OA Shift Right (64) Zero Fill 64->64 

SHLDZ OE Shift Left (64) Zero Fill 64->64 

.. The fraction of decimal floating point number is ranged from 18 to 21 digits (hardwired option). 

NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 
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NCR/32-500 
SYSTEM INTERFACE CONTROLLER (SIC) 

The NCR/32-500 System Interface Controller (SIC) is a serial communication channel controller utilizing a 
32-bit architecture. The 32-bit architecture allows the SIC to control transmission of large blocks of data at high 
transmission rates. It also provides the SIC with a large addressing range for message retrieval and storage. 

The NCR/32-500 System Interface Controller (SIC), the NCR/32-580System Interface Transmitter (SIT), 
and the NCR/32-590 System Interface Receiver (SIR) combine to form a complete communications subsystem. 
This subsystem is capable of operating as an eight channel Digital Link Controller or as a high speed, dual 
channel, bus oriented Local Area Network node using either CSMAlCD or Token Passing network access arbi­
tration. 

PIN 
CONFIGURATION 

TERM PIN PIN TERM 

PMBUS32 
f'fVlffiJS31 
f'fVlBlJS3O 
PMBUS29 
PMBOS28 
PfVfE!OS27 
PMBOS26 
l'fVf8DS25 

PMBUS24 
PMBUS23 
PMBOS22 
"f'tVIBDS2f 
PMBOS20 
PMBUS19 
PMB1JST8 
l'MB1JS17 

voo 
PMBOS16 
PMBUS15 
l'MIlOS14 
l'JiJf3OS13 
PMBOS12 
PMBUS11 
J5!iifBOS1O 
PMBOS09 

I'MBlJS08 
PIVf8DS07 
PMBOS06 
l'MBlJS05 
l'IVlIlOS04 
PMBOS03 
l'MBUS02 
~ 

10 8 

j! ~SS(GN~I ! 
17 9 ~ 

i~~ I -1~~ 
21 17 9 1 65 
22 18 68 64 
~ a 
~ ~ 
25 61 

26 - 26 SIC 60 _ 60 

VBB 
CLOCK 0 (XO) 
~1(X1) 

ERE!' 
MAE 
IVlDEE 
Sill( 

I'lEl)j( 
ROATf 
RDAT2 
RDAT3 
ROAT4 
FfI5AT5 
lIDAT6 
F!lJAT7 

VOD 

IlDAT8 
FiSTffE! 
RFm 
RrnR 
RIOLE 
XLlI'JSl1T 
XDAT1 
l<lJAT2 

XOA'r3 
XDAT4 
l<DAT5 
XDAT6 
XDAT7 
XDAT8 
TSTRB 
l'ORTX 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

FUNCTIONAL 
BLOCK DIAGRAM 

ADDRESSABLE 
REGISTERS 

(8 x 32) 

CONTROL LOGIC PLA, 

WORD 
BUFFER 

(FIFO) 

RECEIVE 
BYTE 
BUS 

INTER­
FACE 

TRANSMIT 
BYTE 
BUS 

INTER­
FACE 
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MAXIMUM RATINGS THERMAL CHARACTERISTICS 
Rating Symbol Value Unit 

Supply Voltage Voo -0.3 to 7.0 V 
Input Voltage VIN -1.0 to 7.0 V 
Input Voltage Clock VINe -0.3 to 6.0 V 
Substrate Bias Voltage Vee -7.0 to 0.5 V 
Op.erating Temperature Range TA a to 70 'c 
Storage Temperature TSTG -40 to 125 'c 

ELECTRICAL CHARACTERISTICS 
(VOO = 5 0 Vdc + 5% Vss = OV Vee = 2 5 Vdc • 10% TA - O'C to 70'C) - -

Charaoteristic Symbol Min Max Unit 

Input High Voltage V,H 2.0 5.25 V 
Input Low Voltage V'L -0.3 O.B V 
Input High Voltage Clock VIHC 4.0 5.5 V 
Input Low Voltage Clock VILe -0.5 0.4 V 
Output High Voltage @ 400 mA VOH 2.4 V 
Output Low Voltage @ B mA VOL 0.5 V 
Leakage CUrrent (Vss to Voo). Non-clock pins IL -100 100 uA 
Leakage Current (Vss to Voo). Clock pins ILe -200 200 uA 
Supply Current 100 400 mA 
Substrate Bias Current lee -1.0 0.01 mA 
Power Dissipation @ 6.67 MHz Po 2.1 W 
Capacitance (each Pin. Ceramic Flat-Pack) C 15 pF 

TIMING PARAMETERS 

NUM 
BER Parameter Symbol 

1 Clock Width High teH 
2 Clock Rise Ti me teR 
3 Clock Fall Time teF 
4 Clock Separation tes 
5 PM Bus Input Data Setup Time tos 
6 PM Bus Input Data Hold Time tlOH 

7 SELX Setup Time tSELS 

B SELX Hold Time tSELH 

9 MDEE Setup Time tMDES 

10 MDEE Hold Time tMOEH 

11 EREP Setup Time tERES 

12 EREP Hold Time tEREH 

13 TSTRB (Synchronous) Setup Time tTSTS 

14 TSTRB (Synchronous) Hold Time tTSTH 

15 RDAT1-B. RERR. RFLG. RIDLE. RSTRB Setup Time tRBSS 

16 RDAT1-B. REAR. RFLG. RIOLE. RSTRB Hold Time tRBSH 

17 XSTRB Setup Time tXSTS 

lB XSTRB Hold Time tXSTH 

19 PM Bus Reset Setup Time tRSTS 

20 PM Bus Reset Hold Ti me tRSTH 

21 PM Bus Address Delay tPMAD 

22 PM Bus Address Hold Time tPMAH 

23 PM Bus Output Data Delay toDD 
24 PM Bus Output Data Hold Time tODH 

25 qEOX Delay tREOD 

26 REQX Hold Time· tAEOH 
27 MAE Delay tMAED 
2B MAE Hold Time tMAEH 
29 rnEP Delay tERPD 

30 EFjEP Hold Time tERPH 
31 XDAT1-B. XZINSRT Delay tXBSO 
32 XDAT1-B. XZINSRT HoldTime tXSSH 
33 Clock Period teYL 

(1) NCR/32-000'5 (2) NCR/32-000'S 
(VDD = 5.0 Vdc ± 5%, VSS = OVdc, VBB = 2.5 Vdc ± 10%. TA = DoC to 70°C) 
NOTE: THE TEST LOAD IS A 6BQnJ'ULL UP RESISTOR AND 50 PI CAPACITANCIe' 

Characteristic Symbol Value Unit 

Thermal Resistance 8JA 25 'C/W 
(Ceramic Flat-Pack) 

·150 nSec (1) lBO nSec (2), 
Min Max Min Max Unit 

50 500 60 500 nS 
10 10 nS 
10 10 nS 

15 100 20 100 nS 
20 25 nS 
0 0 nS 

22 nS 
5 nS 

20 nS 
5 nS 

15 nS 
5 nS 

15 nS· 
5 nS 

22 nS 
5 nS 

30 nS 
5 nS 

25 nS 
5 nS 

30 nS 
5 25 nS 

30 nS 
5 25 nS 

60 nS 
5 60 nS 

30 nS 
5 30 nS 

30 nS 
5 30 nS 

34 nS 
5 40 nS 

150 lBO nS 

This is advance information and NCR reserves the right 
to change the specifications without notice. 



INPUT TIMING DIAGRAM 

( 

Xo-------...::r 

Xl-----------~------------~~~r 

PMBUSI-32------------4-------------+-~----------~ 

~------------+------------+~----------~ 

MDEE------------~-------~ 

EREP------------4---------_. 

TSTRB-----------4-------------~~----------~ 

~,RERR, 
Rr[[, ~, RIDLE 

XSTRB------------4-------------~~----------~ 

H 
~--------.... ® 

32-500 

Note. Timing Parameters are referenced to 4.5 Vdc (VIH) 
and .8 Vdc (VIL) voltage levels. ~ asserted on ~ 
dUring X1. 

OUTPUT TIMING DIAGRAM 

xo 1 \ I 

Xl I \ 

PMBUS 1-32 -<-®~ ttl ("-®~ ~~I 
I T 

REQX J~®~ ® 

MAE ~~I 
)d. r®f 

~ 
~®-;.t 6J 

®J 

~ @' ~ ~®~ 
XDAT 1-8, XZINSRT 

Note: X!5ATT-l!, and zxmmrr carry the control signals XABORTB, XASORTA, XENBLE, XSEL 1, Em, xsm, Xl5I"C, 
~, and XSTRB during the Xl clock phase. 
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SIGNAL DESCRIPTION 
The SIC input and output signals can be organized into groups as shown below. A description of each SIC 
signal or signal group and a summary of the signals are contained in the following tables. 

INPUT AND OUTPUT SIGNALS 

Transmitter[ 
Byte 
Bus 

Receiver [ 
Byte Bl,ls 

Data 

VDD(2) 
~ 

GND(2) 
~ 

VBB • 
CLK(2) 

~ 
~ • 

DAT 1-8 

/Control 

III XZINSRT • 

RDAT 1-8 

~ 

III 

III 

SIC 

III 

4 

III 

4 

4 

PMBUS32 -01 
.A To Main Memory 
dd/Data/C ontro and Peripheral System 
... 

PlJm'X 
TSTRB 

R"EQX 

~ 

MAE 
EREP 

REJ"ff'l 

m=m 
RIDLE 

RSTRB 

• 
• 
• 

Devices 

Port Address Select 

Timer Strobe 

1 PM Bus 
Control 

] 
Receiver 
Byte Bus 
Control 



SIGNAL DESCRIPTION 

Pin Signal Description 

1 SELX Chip Select. A true (low) signal on this input pin during the XI clock phase will grant 
PM Bus access to the SIC during the next clock cycle. This signal is asserted by the 
PM Bus arbitration logic. 

2 MDEE Memory Data Enable/Error. When this input signal becomes active (low) during the XO 
clock phase on fetch operations, it indicates that the valid data will be available on the 
PM Bus during the corresponding X1 clock phase. When MDEE isactiveduringtheX1 
clock phase, it indicates to the SIC that the data received is either erroneous or invalid. 
This signal is asserted by the SIC-Memory interface. 

3 
MAE Memory Address Enable. This signal is generated by the SIC during theXO clock phase 

to enable a real memory transfer on the PM Bus. This signal is asserted only after the 
SIC has been granted access to the PM Bus during the previous clock cycle via REOX 
and SELX. 

4 EREP External Register Enable/Permit. This bidirectional signal is output from the SIC 
during the XO clock phase and input to the SIC during either clock phase. The selected 
SIC (granted PM Bus access during the previous cycle via REOX and SELX) asserts this 
signal during the XO clock phase to enable the transfer of a Register Transfer Message 
on the PM Bus. A low input signal on EREP during the X1 clock phase inhibits SIC 
output register transfers over the PM Bus during the next clock cycle. 

5 PMRST PM Bus Reset. When active (low), this signal forces all internal logic into a defined 
state. It is an asynchronous signal. 

6 X1 CLOCK1 (X1) phase input. 

7 XO CLOCKO (XO) phase input. The SIC uses an externally supplied, dual phase, non-
overlapping clock to control all internal operations. The two clock phases are de-
noted as XO and X1. 

8 VBB Negative voltage supply. 

9, 43 VSS Ground. 

10-25 PMBUS32 - Processor Memory Bus. This active-low, open drain, time-shared bus is the connect-
27-42 PMBUS01 ing data/address path between the SIC, memory, and processing devices. The PM Bus 

carries address information during the XO clock phase and data during the X1 clock phase. 

26,60 VDD Positive voltage supply. 

44 PORTX Port Address Select. This signal is used to determine the addresses of the SIC internal 
registers. It may be tied to VSS, XO, or X1 as shown in Figures 36 and 59. The use of 
PORn: allows the inclusion of up to four SICs within a single system. 

45 TSTRB Timer Strobe. This input carries the clock signal for a message retry in Network Mode 
operation. In DLC Mode, TSTRB carries the clock signal for the response timer. 

46-54 Transmitter Byte Bus. The Transmitter Byte Bus is the data and control link between 
the SIC and the transmitting unit. These signals are multiplexed, carrying primarily 
data during the XO clock phase and carrying control information during the X1 clock 
phase. 

46-53 XDAT8 - Transmitter Byte Bus Data. These active low outputs carry parallel data to the trans-
XDAT1 mitting device, one byte at a time. 

54 XZINSRT Zero Insertion Enable. This control signal is sent with the data byte to define whether 
or not the byte is to be zero inserted. Activation of this signal causes the corresponding 
data byte to have a zero inserted following any sequence containing five consecutive ones. 

The Transmitter Byte Bus (pins 46-54) carries the following signals during the X1 
clock phase: 

ThiS IS advance Information and NCR reserves the right 
to change the specifications without notice. 

32-500 
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SIGNAL DESCRIPTION CONT. 

Pin 

46 

47 

48-50 

51 

52-53 

54 

55 

56 

57 

58 

59 
61-67 

68 

Signal 

RIDLE 

RERR 

RUNQ 

RSTRB 

RDAT8-
RDAT1 

REQX 

Description 

XDIAG (Diagnostic Mode Enable)-This output is used for interfacing with the 
NCR/32-580 System Interface Transmitter (SIT). A low signal causes the SIT to 
operate in diagnostic mode. 

XDLC (Transmission Mode Select)-Also used for interfacing with the SIT. 
Activation of this signal causes the SIT to operate in DLC mode. 

XSEL3-XSEL 1 (Transmission Channel Selects)-The binary combination of 
these three signals is used by a SIT operating in DLC mode to determine on which 
channel the data is to be transmitted. 

XENBLE (Transmission Enable)-This output signal qualifies the Byte Bus 
data as valid for transmission. 

XABORTA, XABORTB (Transmission Aborts)-These signals are used only when 
the SIC is operating in Network Mode. Activation of an XABORT signal causes a 
DC high (Le .. jamming) on nelwork bus channel A or B, as specified. 

XSTRB (Transmission Strobe)-Activation of this input signal indicates that the 
transmitter has latched the data byte on the Transmitter Byte Bus. 

Received Idle. This signal is received from the NCR/32-590 SIR when an input channel 
error (DC low for greater than three bit times) is detected. 

Received Error. This signal is received from the SIR when an input channel error (DC 
high for greater than two bit times) is detected. 

Received Unique Character. This signal, also sourced from the SIR, indicates that a 
unique character (a byte containing six or more consecutive ones) has been received. 

Receiver Strobe. This signal is activated by the receiver when it has a valid byte of 
data to transfer to the SIC. 

Receiver Byte Bus Data. These pins contain the data byte, in parallel, being transferred 
to the SIC by the receiver. 

PM Bus Request. This output is asserted when the SIC requires access to the PM Bus. 
It is asserted during the XO clock phase, and is stable for the remainder of the clock cycle. 

This IS advance Information and NCR reserves the right 
to change the specifications without notice. 



SIGNAL SUMMARY 

Signal Name Pin # Symbol 

Chip Select 1 SELX 

Memory Data Enable/Error 2 MDEE 

Memory Address Enable 3 MAE 

External Register Enable/Permil 4 EREP 

PM Bus Reset 5 PMRST 

Clock 1 6 X1 

Clock 0 7 XO 

Power Input (Negative Voltage) 8 VBB 

Ground 9, 43 VSS 

Processor - Memory Bus 10-25, 
27-42 PM Bus 32-01 

Power Input (Positive Voltage) 26, 60 VDD 

Port Address Select 44 PORTX 

Timer Strobe 45 TSTRB 

Transmit Byte Bus 46-53 XDAT 8-1 

54 XZINSRT 
RDAT 8-1 

Receiver Byte Bus 55-59 RDAT 8-2, RERR, 
61-67 RFLG, RIDLE, RSTRB 

PM Bus Request 68 REQX 

This is advance information and NCR reserves the right 
to change the specifications without notice. 

32-500 

Active 
Input/Output State Drive 

Inpul Low Inpul 

Input/Output Low Open Drain 

Output Low Open Drain 

Input/Output Low Open Drain 

Input Low Input 

Input High Input 

Input High Input 

Input - -

Input - -

Input/Output Low Open Drain 

Input - -

Input Low Input 

Input Low Input 

Input Low Open Drain 

Input/Output 

Input Low Input 

Output Low Open Drain 
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NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 

32-500 



NCR/32-580 
SYSTEM INTERFACE TRANSMITTER (SIT) 

The NCR/32-580 System Interface Transmitter (SIT) is a flexible and powerful transmitting device. Three 
operating modes enable the use of a variety of system configurations, making the SIT an ideal transmitter for 
peripheral control as well as for Local Area Network applications. 

The SIT, the NCR/32-500 System Interface Controller, and the NCR/32-590 System Interface Receiver 
form a complete communications subsystem. This system can be used as an eight channel data link controller 
or as a high speed, data-link level, Local Area Network node using CSMAlCD network access arbitration. 

PIN 
CONFIGURATION 

Vss 
BSC7 
BSC6 
BSC5 
BSC4 
BSC3 
BSC2 
BSC1 
BSCO 

DIAGDAT 
XF 

GND 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

FUNCTIONAL 
BLOCK DIAGRAM 

XMIT 
Byte 
Bus 
Inter­
face 

Data 
Latch 

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

Parallel 
To 

Serial 

Bit 
Serial 

Channel 
Inter­
face 
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MAXIMUM RATING THERMAL CHARACTERISTICS 
Rating Symbol Value Unit Characteristic 

Supply Voltage Voo -0.3 to 7.0 V Thermal Resistance 
Input Voltage VIN -1.0 to 7.0 V (Ceramic Flat-Pack) 
Input Voltage Clock VINe -0.5 to 7.0 V 
Substrate Bias Voltage VBB -0.5 to 7.0 V 
Operating Temperature Range TA o to 70 ·C 
Storage Temperature TSTG -65 to 150 ·C 

ELECTRICAL CHARACTERISTICS 
(VOD ,- 5.0Vdc ± 5%, Vss =OV. VeB:: -2.5Vdc.t 10%, TA = aoe to 70 0 e) 

Characteristic Symbol Min Max Unit 

Input High Voltage VIH 2.0 5.25 V 
I nput Low Voltage VIL -0.1 0.8 V 
Input High Voltage Clock VIHC 4.0 5.5 V 
Input Low Voltage Clock VILe -1.0 0.0 V 
Output High Voltage VOH 2.4 V 
Output Low Voltage VOL 0.5 V 
Leakage Current (Vss to Voo) XZINSRT pin IL -10 50 uA 
leakage Current (Vss to VDD), all other pins IL -10 2 uA 
Supply Cu rrent 100 250 mA 
Substrate Bias Current IBB -1.0 0 mA 
Power Dissipation @ 6.67 MHz Po 1.8 W 
Capacitance C 10 pF 

ELECTRICAL CHARACTERISTICS 
NUM 150 nSec (1) 
BER Parameter Symbol Min Max 

1 Clock Width High tCH 50 500 
2 Clock Rise Time tCA 10 
3 Clock Full Time tCF 10 
4 Clock Separation tcs 15 100 
5 Byte Bus Data Setup Time tSDS 25 
6 Byte Bus Data Hold Time teoH 5 
7 Byte Bus Controls Setup Time tees 25 
8 Byte Bus Controls Hold Time tecH 25 
9 Bit Serial Channel Data Propagation Delay laseD 16 27 

10 XSTRB Delay tXSTD 5 25 
11 XSTRB Hold Time tXSTH 5 25 
12 XF Rise Time txFR 10 
13 XF Fall Time tXFF 10 
14' 

~~o~~~~~~m~me tFCVC 

151 tCYC 150 

(Voo = 5.0 Vdc±5%, Vss = OVdc, VBB = -2.5 Vdc ± 10%, TA = O·C to 70·C) 
Note: THE TEST LOAD IS A 680tLPULL UP RESISTOR AND 50 pF CAPACITANCE, 

This is advance information and NCR reserves the right 
to change the specifications without notice, 

Symbol Value Unit 

9JA 25 ·C/W 

1180 nSeo(2) 
Min Max Unit 

60 500 nS 
10 nS 
10 nS 

20 100 nS 
nS 
nS 
nS 
nS 

180 nS 
nS 
nS 

10 nS 
10 nS 

nS 
180 



32-580 

SIGNAL DESCRIPTION 
The SIT input and output signals can be organized into groups as shown below. A description of each SIT signal 
or signal group and a summary of the signals are contained in the following tables. 

INPUT AND OUTPUT SIGNALS 

Transmittel 
Byte 
Bus 

VDD 
~ 

GND 
~ 

VBB • CLK(3) 
~ 

ill XZINSRT ~ 

SSC 0-7 

SIT 

DIAGDAT 

Serial 
Data 

Outputs 
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SIGNAL DESCRIPTION 

Pin Signal Description 

1 VBB Negative Voltage Supply. 

2-7 BSC7 - Bit serial Channel Output, Channels 7 to 2. 
BSC2 

B,9 BSC1, Bit Serial Channel Output, Channels 1 and O.ln Network Mode, BSCOand BSC1 are 
BSCO the serial outputs for network bus channels A and B, respectively. 

10 DIAGDAT Diagnostic Data Output. Data is output on this port when the SIT is operating in 
diagnostic mode. 

11 XF Transmit Clock. This clock determines the rate of operation of the SIT. One byte 
time (eight pulses) of XF must be greater than two system clock periods by at least 
20 nS. 

12 VSS Ground. 

13-21 These pins are known collectively as the Transmitter Byte Bus. The Byte Bus 
consists of nine multiplexed data/control lines. Data is active during the XO clock 
phase and controls are active during the. X1 clock phase. 

13 XZINSRT Zero Insertion Enable. This control line travels with the data byte to define whether 
or not the data byte is to be zero inserted. 

14-21 mrn- Transmitter Byte Bus Data. These inputs receive the parallel data which is to 
lrnAT!I be serialized and transmitted. 

During the X1 clock phase the Byte Bus signals have the following definitions: 

13 XSTRB (Transmitter Strobel-When asserted, this output signal indicates that 
the SIT has accepted the data byte being presented on the Byte Bus. 

14,15 XABORTA, XABORTB (Transmission Aborts)-The assertion of these signals, 
valid only in Network Mode, causes the transmission of a DC high for one to two 
byte times on network bus channel A or B, as indicated. 

16 XENBLE (Transmission Enable)-This signal qualifies the Byte Bus data as valid 
to transmit. Activation of XENBLE enables encoding and propagation of the 
input data by the selected channel. 

17-19 XSEL 1-XSEL3 (Transmission Channel Selects)-The binary combination of 
these three signals determines on which Bit Serial Channel data is to be transmitted. 

20 XDLC (Transmission Mode Select)-This signal determines the mode of opera-
tion of the SIT. Assertion of this signal enables DLC Mode operation. 

21 XDIAG (Diagnostic Mode Enable)-This signal is used to select diagnostic 
operation. Assertion of XDIAG disables serial data output on BSD 0-7, enabling 
data output on DIAGDAT (pin 10). 

22 }\lJ CLOCKO Phase Input. 

23 XI CLOCKI Phase Input. The SIT uses an externally supplied, dual phase. non-
overlaping clock to control all internal operations. The two clock phases are 
denoted as XO and XI. 

24 VDD Positive Voltage Supply. 

This is advance information and NCR reserves the right 
to change the specifications without notice. 
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SIGNAL SUMMARY 
Active 

Signal Name Pin # Symbol Input/Output State Drive 

Power Input (Negative Voltage) 1 VBB Input - -
Bit Serial Channels 2-9 BSC 0-7 Output - Totem Pole 
Diagnostic Output 10 DIAGDAT Output - Totem Pole 
Transmit Clock 11 XF Input High Input 
Ground 12 VSS Input - -
Zero Insertion Enable 13 XZlNSRT Input/Output Low Input/Open Drain 
Transmit Byte Bus Data 14-21 XLJAT1-li Input Low Input 
ClockO 22 XO Input High Input 
Clock1 23 X1 Input High Input 
Power Input (Positive Voltage) 24 VDD Input - -

INPUT TIMING DIAGRAM 

~(---------------@----------------~)I 

XO ______ -

X1------------------------r-----~ 

____________________ ~0~ ~04 ____ ' _______ _ 
~. XZINSRT (1] \L Y 

XF 
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OUTPUT TIMING DIAGRAM 

xo-_~I \~----------------~;--

XXS~T~RS:~[:)~------------------------------------------------------~~~-:.\L ~1=b~-----

[1) The XSTRB output is carried on the XZiiifSFrr Port during the X1 clock phase. 

NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 

32-580 



NCR/32-590 
SYSTEM INTERFACE RECEIVER (SIR) 

The NCR/32-590 System Interface Receiver (SIR) is a serial bit channel receiving device useful in a wide vari­
ety of communications applications. It is capable of operating at very low speeds as well as bit rates as high as 
24 Mbitlsecond, making it useful for peripheral interfacing as well as for Local Area Network accessing. 

The SIR, the NCR/32-500 System Interface Controller, and the NCR/32-580 System Interface Transmit­
ter form a complete communications subsystem. This system can be used as an eight channel SOLC compati­
ble peripheral interface or as a high speed, data-link-level, Local Area Network node using CSMAICO network 
access arbitration. 

PIN 
CONFIGURATION 

VBB 1 
RIDLE 2 
RERR 3 
RFLG 4 

RESET 5 
N.C. 6 

TOBT 7 
OBT 8 
BSO 9 
N.C. 10 

XF 11 
GNO 12 

24 VDD 
23 X1 
22 XO 
21 RSTRB 
20 ROAT8 
19 ROATl 
18 ROAT6 
17 ROAT5 
16 ROAT4 
15 ROAT3 
14 ROAT2 
13 ROAT1 

Copyright © 1984 by NCR Corporation, Dayton, Ohio. U.S.A. 
All Rights Reserved. Printed in U.S.A. 
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MAXIMUM RATINGS THERMAL CHARACTERISTICS 
Rating Symbol Value Unit Characteristic Symbol Value Unit 

Supply Voltage Voo -0.3 to 7.0 V Thermal Resistance 8JA 25 'C/W 
Input Voltage VIN -1.0 to 7.0 V (Ceramic D.I.P.) 
Input Voltage Clock VINC -0.5 to 7.0 V 
Substrate Bias Voltage VBB -5.0 to 0.0 V 
Operating Temperature Range TA o to 70 'C 
Storage Temperature TSTG -65 to 150 'C 

ELECTRICAL CHARACTERISTICS 
(VDD = 5.0 Vdc ± 5%, VSS = OV, VBB = 2.5 Vdc ± 10%, TA = O'C to 70'C) 

Characteristic Symbol Min Max Unit 

Input High Voltage VIH . 2.0 5.25 V 
Input Low Voltage V,L • -0.3 0.8 V 
Input High Voltage Clock VIHC 4.0 5.5 V 
Input Low Voltage Clock VILC -0.5 0.4 V 
Output High Voltage @ 400 uA VOH 2.4 V 
Output Low Voltage @ 8 mA VOL 0.5 V 
Leakage Current (V .. to VOo). clock pins ILC -10 20 uA 
Leakage Current (Vss to VOo). non-clock pins IL -10 2 uA 
Supply Current 100 250 mA 
Substrate Bias Current IBB -1.0 0 mA 
Power Dissipation @ 6.67 MHz Po 1.8 W 
Capacitance C 10 pF 

TIMING PARAMETERS 
NUM 150 n Sec (1) 180 n Sec (2) 
BER Parameter Symbol Min Max Min Max Unit 

1 Clock Width High 
2 Clock Rise Time 
3 Clock Fall Time 
4 Clock Separation 
5 Rl5AT1-li. m'rn. JfElfIi. RIDLE. ~ Propagation Delay 
6 ~ .. i'il'rn" R"ER"R". R/DLE. RSTRB Hold Time 
7 BilSerial Data Input Rise Time 
8 Bit Serial Data Input Fall Time 
9 Clock Cycle Time 

(VDD = 5.0 Vdc ± 5%, VSS = Vdc. VBB = -2.5 Vdc ± 10%, TA = O'C to 70'C) 
Note: THE TEST LOAD IS A 68011 PULL UP RESISTOR AND 50 pF CAPACITANCE 

This is advance information and NCR reserves the right 
to change the specifications without notice. 

tCH 
tCA 
tCF 
tcs 
tABOO 
tRBOH 
tBSOA 
tBSOF 
tcvc 

50 500 60 500 nS 
10 10 nS 
10 10 nS 

15 100 20 100 nS 
25 nS 
45 nS 
10 nS 
10 nS 

150 180 nS 



32-590 

SIGNAL DESCRIPTION 
The SIR input and output signals can be organized into groups as shown below. A description of each SIR 
signal or signal group and a summary of the signals are contained in the following tables. 

INPUT AND OUTPUT SIGNALS 

Serial 
Data 
Inputs 

VDD 

GND 

VBB 

elK (3) 

RESET 

BSD 

OBT 

TOBT 

• 
• 
• 

• 
~ 

~ 

RDAT1·8 

SIR 

RFlG 

RERR 

RIDlE 

RSTRB 

~ 

• 
~ 

~ 

Receiver 
Byte 
Bus 
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SIGNAL DESCRIPTION 

Pin Signal Description 

1 VBB Negative Voltage Supply. 

2 RTi5IE" Receiver Idle. This signal is asserted (low) during the XO clock phase when an idle 
input channel (BSD low for greater than three consecutive bit times) is detected. 

3 RERR Receiver Error. This signal is asserted during the XO clock phase when an input 
error is detected. An input error consists of a DC high for two to four bit times. 

4 RUNQ Receiver Unique Character. This signal is asserteddurin~61eri0 clock phase if a 
byte containing six or more consecutive ones is received. is used along with 
this signal to determine whether a Flag (bit pattern 01111110) or non-Flag character 
has been received. 

5 ~ Chip Reset. Activation of the ~ signal forces all internal logic into a defined state. 

6 NC Not Connected. 

7 TOBT Three Ouarter Bit Time Delay Data. This signal consists of the Bit Serial Data input. 
delayed externally by a constant equalling three quarters of the bit clock period. 

S OBT Quarter Bit Time Delay Data. This signal consists of the Bit Serial Data input, 
delayed externally by a constant equalling one quarter of the bit clock period. 

9 BSD Bit Serial Data. This signal consists of the received diphase encoeed data from the 
transmission channel. 

10 NC Not Connected. 

11 XF Bit Clock. This clock must be set to the same rate as that of the incoming data. One 
byte time (eight pulses) of XF must be greater than two system clock periods by at 
least 20 n~ 

12 VSS Ground. 

13-20 RDAT1 Receiver Data, 1-B. These pins carry the parallel output data of the SIR. They are 
RDATB active during the XO clock phase. These outputs are ope'n-drain, and thus require a 

pullup resistor to VDD. 

21 RSTRB Receiver Strobe. This signal qualifies the eight data outputs as valid. An active 
RSTRB indicates that the parallel data must be latched immediately. This signal 
may be used in conjunction with the falling edge of XO to latch the received data 
being presented on ROAn-B. 

22 XO CLOCKO phase input. 

23 X1 CLOCK1 phase input. 
The SIR uses an externally supplied, non-overlapping, two phase clock to control 
all internal operations. The two clock phases are denoted as XO and X1. 

24 VDD Positive Voltage Supply. 
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SIGNAL SUMMARY 

Active 
Signal Name Pin # Symbol Input/Output State Drive 

Power Input (Negative Voltage) 1 VBB Input - -

Receiver Idle 2 RIDLE Output Low Open Drain 

Receiver Error 3 RERR Output Low Open Drain 

Received Flag 4 RFLG Output Low Open Drain 

Chip Reset 5 RESET Input Low Input 

Three Quarter Bft Time Delayed Data 7 TQBT Input - Input 

Quarter Bit Time Delayed Data 8 QBT Input - Input 

Bit Serial Data 9 BSD Input - Input 

Bit Clock 11 XF Input High Input 

Ground 12 VSS Input - -

Receiver Data, 1-8 13-20 RDAT1-8 Output Low Open Drain 

Receiver Strobe 21 RSTRB Output Low Open Drain 

Clock 0 22 XO Input High Input 

Clock 1 23 X1 Input High Input 

Power Input (Positive Voltage) 24 VDD Input - -

TIMING DIAGRAM 

1~-------------------0~----------------. 

XO ----:::r'j 

TOBT, QBT, BSC 

XF 
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NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 

32-590 



NCR Microcomputers/Microprocessors 

PRODUCT SELECTION GUIDE PAGE 
NCR 6500/1 

NCR 6500/11 

NCR 65C02 

NCR 65C21 

NCR 65C22 

NCR 6518 

8-Bit Microcomputer with 2048 x 8 ROM, 64 x 8 RAM, 32 Bi-directional I/O 
lines, 16-bit programmable counter/latch, 1 or 2 MHz internal frequency, +5V 
supply in a 40 Pin DIP ......................................................... 411 
8-bit Microcomputer with 3072 x 8 ROM, 192 x 8 RAM, 32 bi-directional 1/0 
lines, 2 16-bit programmable counter/latches, full duplex UART, 10 interrupts, 1 
or 2 M Hz internal frequency, + 5V supply in a 40 Pin DIP ............................. 417 
8-bit Microprocessor, software compatible with the NMOS 6502. 2, 3 or 4 MHz 
operation, 64K-byte addressable memory, low power consumption 4mA @ 
1MHz ....................................................................... 425 
Peripheral Interface Adapter, with two 8-bit bidirectional I/O ports, and four 
peripheral control/interrupt input lines ............................................. 435 
Versatile interface adapter with internal timer/counters. Compatible with NMOS 
6522. Two powerful 16-bit programmable internal timer/counters. Latched input! 
output registers on both I/O ports ................................................. 445 
........................................................................... 465 
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6500/1 and 6500/1 E 
SINGLE-CHIP MICROCOMPUTER 

• 6502CPU 

8-bit parallel processing 
Software upward 1 downward compatibility 
13 addressing modes 
Decimal or binary arithmetic 
True indexing capability 
Memory addressable 1/0 
Pipeline architecture 

• 2048 x 8 mask-programmable ROM 
• 64 x 8 static RAM 
• Power down mode 
• 32 bidirectional TTL c.ompatible 1/0 

lines (1 positive and 1 negative edge 
sensitive) 

• 1 bidirectional TTL compatible counter 
1/0 line 

• 16-bit programmable counter 1 latch 
Interval timer 
Pulse generator 
Event counter 
Pulse width measurement 

• Five interrupts: 4 external and 1 
counter overflow 

• 4 MHz max crystal or external clock 
frequency 

• 1 or 2 MHz internal clock 
• 70% of instructions have execution times 

less than 2 p.s at 2 MHz 
• NMOS silicon gate, depletion load 

technology 
• Single + 5V power supply 
• Emulator device available (NCR 6500/1 E) 

The NCR 6500/1 is a complete, high-performance 8-bit microcomputer on a single chip. It is 
software compatible with all members of the 6502 and 6500 families. The NCR 6500/1 consists of 
a 6502 CPU, an internal clock oscillator, 2048 bytes of ROM, 64 bytes of RAM and versatile interface 
circuitry. The interface circuitry includes a 16-bit programmable counter 1 latch, 32 bidirectional 110 
lines (including 2 edge-sensitive lines), 5 interrupts and 1 counter 110 line. 

To aid in designing NCR 6500/1 microcomputer systems, NCR offers a ROM-less PROM-compatible 
emulator device, the NCR 6500/1 E. The architecture of the emulator device is the same as that of the 
NCR 6500/1, except that the NCR 6500/1 E provides 24 additional signals to route the address bus 
(12 lines), the data bus (8 lines), and control signals (4 lines) off the chip for connection to 
memory. 

PIN 
CONFIGURATION 

NMT 
P07 RES 
P06 PAD 
PO!? PAl 
P04 PA2 
P03 PA3 
P02 PA4 
POI PAS 
POD PA6 

XTLI PA7 
VCC 

VSS PBD 
PC7 PBI 
PC6 PB2 
PCS PB3 
PC4 PB4 
PC3 PBS 
PC2 PB6 
PCI PB7 
pco CNTR 

,. 
YSS 

SYNC 

VAA 

A4 

A. 
A6 

A7 ---.... __ . 

XTLO 

XTLI 
ANi 

PC. 
pc, 
PCO 
PC7 

DO 

D' 
D6 
D7 
PD7 
PDO 

PD' 

PD' 

AID 

AO 

NCR6500/1 NCR6500/1E 

Copyright © 1982 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 
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PIN DESCRIPTIONS 

Pin 
Name 

VCC 

VRR 

VSS 

XTLI 

XTLO 

RES 

PAO-PAl 
PBO-PB7 
PCO-PC7 
PDO-PD7 

CNTR 

Pin 
Number 

30 

12 

10 

11 

39 

40 

38-31 
29-22 
20-13 

9-2 

21 

Description 

Main power supply + 5V 

Separate power pin for RAM_ In 
the event that VCC power is lost, 
this power retains RAM data. 

Signal ground 

Crystal, clock or RC network 
input for internal clock oscillator. 

Crystal or RC network ouput 
from internal clock oscillator. 

The Reset input is used to initial­
ize the NCR6500/1. This signal 
must not transition from low to 
high for at least eight cycles after 
VCC reaches operating range and 
the internal oscillator has 
stabilized. 

A negative going edge on the 
Non-Maskable Interrupt Signal 
requests that a non-maskable 
interrupt be generated within 
the CPU. 

Four 8-bit ports used for either 
input/output. Each line consists 
of an active transistor to VSS and 
a passive pull-up to '+ 5V. The 
two lower bits of the PA port(PAO 
and PA 1) also serve as edge de­
tect inputs with maskable in­
terrupts. 

This line is used as a Counter 
input/output line. CNTR is an 
input in the Event Counter and 
Pulse Width Measurement modes 
and is an output in the Interval 
Timer and Pulse Generator 
modes. 

NOTE: All NCR 6500/1 interface signals are 
provided in the NCR 6500/1 E. While the interface 
electrical characteristics are identical, the NCR 
6500/1 E pin assignments are different from the 
NCR 6500/1 in order to accomodate the 64-pin 
emulator package_ 

Pin 
Name 
RDY 

SYNC 

AO-All 

DO-D7 

R/W 

ADDITIONAL NCR 6500/1 E 
PIN DESCRIPTIONS 

Pin 
Number 

3 

6 

25-32 
34-37 

53-46 

62 

Description 
Ready. The Ready input delays execution of 
any cycle during which the RDY line is low. 
This allows the user to halt or single step the 
CPU on any cycle except a write cycle. A nega­
tive transition to the low state during the 
¢2 clock low pulse will halt the CPU with the 
address lines containing the current address 
being fetched. If RDY is low during a write 
cycle, it is ignored until the following read 
operation. This condition will remain through a 
subsequent ¢2 clock pulse in which the RDY 
line is low. 

Sync. The Sync Signal is provided to identify 
those cycles in which the CPU is performing 
an OP CODE fetch. SYNC goes high during 
¢2 clock-low pulse during an OP CODE fetch 
and stays high for the remainder of that cycle. 
If the RDY line is pulled low during the ¢2 
clock low pulse in which SYNC went high, the 
CPU will halt in its current state and will 
remain in that state until the RDY line goes 
high. Using this technique, the SYNC signal 
can be used to control RDY to cause single 
instruction execution. 

Phase 2· (¢2) clock pulse. Data transfer can 
take place only during ¢2 clock pulse. 

Address Bus Lines. The address bus buffers 
on the NCR6500/1 E are push/pull type drivers 
capable of driving at least 130 pf and one 
standard TTL load. The address bus always 
contains known data. The addressing tech­
nique involves putting an address on the 
address bus which is known to be either in 
program sequence, on the same page in pro­
gram memory, or at a known point in memory. 
The I/O addresses are also placed on these 
lines. 

Data Bus Lines. All transfers of instructions 
and data between the CPU and external mem­
ory take place on the data bus lines. The buf­
fers driving the data bus lines have full three­
state capability. Each data bus pin is con­
nected to an input and an output buffer, with 
the output buffer remaining in the floating 
condition. 

Read/Write. The Read/Write output controls 
the direction of data transfer between the 
NCR6500/1 E Emulator CPU and external mem­
ory. This line is high when reading data from 
memory and low when writing data to memory. 



NCR 6500/1 and 6500/1 E 

DEVICE OPERATION 

CENTRAL PROCESSING UNIT (CPU) 
The CPU in the NCR 6500/1 and NCR 6500/1 E is a standard 6500 configuration with the standard 6500 
instructions. All instructions are executed in 2 to 7 clock cycles. The automatic increment/decrement 
feature of the stack pointer facilitates rapid and flexible subroutine execution and interrupt servicing, 
including context switching. Two 8-bit index registers permit pre- and post-indexing of indirect addresses. 
(For details on the CPU operation, see NCR 6500/1 and NCR 6500/1 E Data Sheet, Publication Number 
MC-700). 

READ ONLY MEMORY (ROM) 
The ROM for the NCR 6500/1 consists of 2048 by 8 bits of mask-programmable memory with an address 
space from 800 to FFF. The NCR 6500/1 E has no ROM. 

RANDOM ACCESS MEMORY (RAM) 
The RAM for the NCR 6500/1 and NCR 6500/1 E consists of 64 by 8 bits of read/write memory. In order 
to take advantage of efficient zero page addressing capabilities, the RAM is assigned addresses 0 to 
03F. A standby power pin, VRR allows RAM memory to be maintained at less than 10% of the operating 
power in the event that VCC power is lost. 

CLOCK OSCILLATOR 
The clock oscillator provides the basic timing signals used by the CPU. The reference frequency is 
provided by an external source, and can be from a crystal, clock or RC network input. The RC network 
mode is a mask option. (The external frequency reference of the NCR 6500/1 E may be a crystal or a clock; 
the RC option is not available on this emulator device.) The external frequency can vary from 200 KHz 
to 4 MHz. The internal Phase 2 (~2) frequency is one-half the external reference frequency. A 4.7K ohm 
resistor will provide nominal 2 MHz oscillation and 1 MHz internal operation in the RC mask option ± 35%). 

BIDIRECTIONAL 1/0 PORTS 
The NCR 6500/1 and NCR 6500/1 E provide four 8-bit I/O ports (PA, PB, PC, and PO). Associated with 
the I/O ports are four 8-bit registers located on page zero. (See System Memory Maps for specific 
addresses.) Each I/O line is individually selectable as an input or an output. 

COUNTER I LATCH 
The Counter / Latch consists of a 16-bit decrementing counter and a 16-bit latch. The counter and the 
latch are each comprised of two 8-bit registers. The counter operates in any of four modes: Interval 
Timer, Pulse Generator, Event Counter, or Pulse Width Measurement. 
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DETAILED MEMORY MAPS 
HEX 

IRQ Vector High FFF 

IRQ Vector Low FFE 

RES Vector High FFD 

RES Vector Low FFC 

NMI Vector High FFB ADM 
NMI Vector Low FFA 

FF9 
User Program 

800 

Unassigned 

Control Register 08F 

08E 

OS8 
Clear PAl Neg Edge Detected 111 08A 
Clear PAD Pm Edge Detecied 111 089 
Upper l.alch and Transfer Latch to Counter 121 OBB 
Lower Count 121 OB7 InputfOulPLI! 

Upper Count OB6 
Lower Latch OB5 
Upper Lalch OS4 
POAT 0 OS3 
PORTe OB2 
PORTB OBI 
PORT A OBO 

Unassigned 

User RAM RAM OJF I 
L-________________________ ~OOO 

Notes; 

tll 'fO command only; i.e., no Slored data. 

121 Clears Counter Overflow - 81t 7 in Control Register. 

NCR 6500/1 

IRQ Vector High 
IRQ Vector Low 
RES Vector H" .. 
RES Vector LoVII 
NMI Vector High 
NMI Vector Low 

NCR6500/1 User Program 

NCR6500/1E Extended Program Area (1) 

~ 
Unassigned 

Control Register 

:> Unassigned 

Clear PAl Neg Ed e Detected 
Clear PAa Pes Edge etected 
Upper latch ,nd Transfer Latch to ounter 
lower ount 
Upper Count 
lower latch 
Upper latch 
PORT 0 
PORT C 
PORT B 
PORT A 

:- Unassigned 

User RAM 

NOTES 

21 
121 

I 

HEX 

F 
F 
F 
F 
F 

F 
F 

FB 

FA 
F9 

~~ }AOM 

BOO 
FF 
00 

7 

• 
08F 
08E 
08B 
08A 
089 
088 

o~ Input/Output 
086 
085 
080 
083 
082 
081 
080 

::} RAM(4) 

(1) Additional 1024 bytes are decoded tor external memory addressing by 
the NCR6500/1E Emulator Device. This area can be used during debug, 
but cannot be used in a masked ROM NCR6500/1. 

(2) 110 command only; I.e., no stored data. 
(3) Clears Counter Overflow· Bit 7 in Control Register. 
(4) CAUTION: The NCR6500/1 E allows RAM mapping into 040'()7F, 
100·13F, 140-17F, 200·23F, 240·27F, 300·33F, and 340-37F; as well as 
000-03F. The production NCR6500/1, however allows RAM mapping only 
at OOO·03F. 

NCR 6500/1E 

KEY REGISTER SUMMARY 

)CTROIAOEDIAIEDI CIE I "MIE lAUE I CMCtICMCO) 

LL COUNTER MODE CONTHOL fCMC' • CMCOI 

00 Im-..ITiln_ 
o 1 Put. Gen ... ator 
1 0 .. Eftnt Cou",..-
1 I • Put. Width M-.ur..-n.nt 

PAt INTERRUPT ENABLE fAUEI 

1· Ellllbl. PAt Inllr"-l," 
O· Diubf. PAt Inllrrupt 

PAD INTERRUPT ENABLE lADlE) 

1. Ellllbil PAO Inllrrupt 
o • Disabl. PAO hnlFnlpt 

COUNTER INTERRUPT ENABLE (CIEI 

1 .. Enllbl. Coum.r Int",upt 
o • DiMbI. Count" Inllffupt 

PAl NEGATIVE EDGE DETECTED (AtEDI 

t .. PAt N",lln Edge Detectld 
o .. PAl N""ln Edg. Not Detected 

PAO POSITIVE EDGE DETECTED (AGEDI 

1 • PAG Po,itin EdtI Detected 
o • PAO PoIitin Edge Not Detected 

COUNTER OVERFLOW ICTRO) 

1 • Coum ... Onrflow OccuRId 
o - No Coum ... Owrflow 

Control Register 

CARRY IClllI 

, - c..n-y Set 
o • ea,f"YC' .... 

L-______ ZERO IZ) (11 

, • Z.roR ... h 
o .. Non·Z ... o R ... lt 

'--____ INTERRUPT DISABLE 111121 

1 • IRQ Int ... ,upt Diabled 
o .. IRQ Inlu'upt Enabled 

L--------------DECIMAL MODE 101111 

, • o.c:lmal Mod. 
o • Billlllry Mod. 

L-_________________ BREAK COMMAND 1Bl111 

1 .. Break Comm.nd 
o • Nol B, .. k ComrrUlnd 

L-________________________ OVERFLOW 101111 

1 • OnrflowSIi 
o • Onrllow CI .. , 

L-___________________________ NEGATIVE INII1I 

NOTES 
111 NOlinitiolliredbyW 
121 Set to logic: 1 by m 

1 Nt\lollinVoI'uol 
o • Positi.,.VoIlu. 

Processor Status Register 



ELECTRICAL SPECIFICATIONS 
NCR 6500/1 and 6500/1 E 

Maximum Ratings 

Rating Symbol Value Unit 

Supply Voltage VCC -0.3to +7.0 Vdc 

Input Voltage V. -0.3 to +7.0 Vdc 
In 

°c Operating Temperature Range TA 
Commercial o to + 70 

Industrial -40to +85 
Storage Temperature Range Tstg -55 to + 150 °c 

This device contains circuitry to protect the inputs against damage due to high static voltages, however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this circuit. 

D.C. CHARACTERISTICS (T A = 0' to 70'C, VCC = 5V ± 5%, VSS = OV) 

Characteristic Symbol Min Typ Max Unit 

Power Dissipation (Outputs High) PD mW 
O'C to + 70'C (NCR 6500/1) - 500 -

- 40'C to + 85'C (N CR 6500/1) - 550 -
O'C to + 70'C (N CR 6500/1 E) - 750 1200 

RAM Standby Voltage (Retention Mode) VRR 3.5 - VCC Vdc 
RAM Siandby Current (Retention Mode) IRR mAdc 

O'Cto +70'C - 10 -
-40'C to + 85'C - 12 -

Input High Voltage (PA, PB, PC, CNTR, m, 1iIMT) VIH +.2.0 - VCC Vdc 
Input Low Voltage (PA, PB, PC, CNTR, RES, I\IMI) VIL -0.3 - +0.8 Vdc 
Input Leakage Current liN /lAde 

Vi'L:.. 0 to 5.0 Vdc ±10 
RES, NMI 

Input High Voltage (XTLI) VIHXT +4.0 - VCC Vdc 
Input Low Voltage (XTLI) VILXT -0.3 - +0.8 Vdc 
Input Low Current IlL 

(VIL = 0.4 Vdc) - -1.0 -1.6 mAdc 
Output High Voltage VOH 

(VCC = min, ILoad = -100 uAdc) -2.4 - - Vdc 
Output High Voltage 

(VCC = min) 
VCMOS VCC-30% - - Vdc 

Output Low Voltage VOL 
(VCC = min, ILoad = 1.6 mAdc) - - +0.4 Vdc 

Output High Current (Sourcing) 10H 
(VOH = 2.4 Vdc) -100 - lkAdc 

Output Low Current (Sinking) 10L 
(VOL = 0.4 Vdc) 1.6 - - mAdc 

Input Capacitance Cin pF 
(Vin·O,TA = 25'C,f = 1.0MHz) 
PA, PB, PC, PD CNTR - - 10 
XTLI,XTLO - - 50 

Output Capacitance Cout 
(Vin ·0, TA = 25'C, f = 1.0 MHz) - - 10 pF 

1/0 Port Pull·up Resistance (Optional) RL 3.0 6.0 11.5 K!l 
PAO·PA7, PBO·PB7, PCO-PC7, 
PDO-PD7, CNTR 

NOTE: Negative sign indicates outward current flow, positfve indicates inward flow. Unless otherwise indicated, characteristic 
refers to PA, PB, PC, PD and CNTR signals. 

A.C. CHARACTERISTICS (T A = O'C to 70'C, VCC = 5V ± 5%, VSS = OV) 

1 MHz 2MHz 

Parameter Symbol Min Max Min Max Unit 

XTLI Input Clock Cycle Time T 0.500 5.0 0.250 5.0 I.l sec eye 
Internal Write to Peripheral Data Valid (TTLl TpDW 1.0 0.5 1.£ sec 
Internal Write to Peripheral Data Valid (CMOS) TCMOS 2.0 1.0 IJ.sec 
Peripheral Data Setup Time TpDSU 400 200 nsec 
Count and Edge Detect Pulse Width TpW 1.0 0.5 IJ sec 
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lIIt3rn 
NCR 650011 E ELECTRICAL SPECIFICATIONS 
D.C. CHARACTERISTICS (T A = o'e to 7o'e, Vee = 5V ± 

Characteristic 

Input High Threshold Voltage 

00-07, ROY, 

Input Low Threshold Voltage 

00-07, ROY, 

Three-5tate (Off Statel I nput Current 

(V = 0.' to 2.'V, VCC = 5.25VI 

00-07 

Output High Voltage 

II LOAD = lOOp. Adc. Vee'" 4.75V) 

00-07,SYNC, AO-A11 , R/iii, n 

Output Low Voltage 

(I LOAD '" 1.6 mAde, Vee'" 4.75VI 

00-07, SYNC, AO-All, RiW, ~2 

Capacitance 

IV in = 0, T A '" 25°C. f =- 1 MHz) 

ROY 

00-07 

AO-A 11, R/iii, SYNC 

~2 

lIIt3rn 
NCR MicroelectronicsDivision 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Phone: 303/596-5795 
Telex: 45 2457 NCR MICRO CSP 

Svmbol 

V'HT 

V'LT 

'TSI 

V OH 

VOL 

C 

Cin 

Cout 

C~2 

5%, Vss = OV) 

Min 

VSS + 2.4 

Vss + 2.4 

NCR 650011 and 650011 E 

TV. Max Unit 

Vdc 

VSS·+O.8 Vdc 

_A 

10 

Vdc 

Vss + 0.6 Vdc 

pF 

10 
15 

12 

50 80 



6500/11, 6500/12, 
6500/13 and 6500/11 E 
SINGLE·CHIP MICROCOMPUTER 

• Enhanced 6502 CPU 
- 8-bit pipelined architecture 
- 4 new bit manipulation instructions 

(set memory bit, reset memory bit, 
branch on bit set, branch on bit reset) 

- 13 addressing modes 
- Decimal and binary arithmetic 
- True indexing capability 

• Up to 3K bytes mask·programmable ROM 
• 192·byte static RAM (12 mW standby power 

for 32 bytes) 
• Up to 56 bidirectional, TIL . compatible 110 

lines 
• 2 16·bit programmable counter I timers 

with latches, each with 4 independent 
operating modes 

• Up to four external bus modes for expansion 

• Serial port 
- Full duplex, buffered UART 
- Receiver wake·up and transmitter end 

of transmission features 
- Synchronous shift register alternate 

mode (250 KHz @ 2MHz) 

• 10 interrupts, 4 internal and 6 external 

• 68% of instructions have execution times 
less than 2)Js @ 2 MHz 

• 3)Jm. NMOS silicon gate, depletion load 
technology 

• Single + 5V power supply 

• Emulator device available (NCR 6500111 E) 

The NCR 6500/11, NCR 6500/12, NCR 6500/13 and NCR 6500/11E are each complete, high-performance 
S-bit microcomputers on a single chip. All four models contain an enhanced 6502 CPU, an internal 
clock oscillator, 192 bytes of RAM, and versatile interface circuitry. The interface circuitry includes two 
16·bit programmable timer/counters; at least 32 bidirectional I/O lines (including four edge·sensitive 
lines and input latching on one S-bit port); a full-duplex serial I/O channel; 10 interrupts; and bus 
expandability. 

The NCR 6500/11 has 3072 bytes of ROM and four S-bit I/O ports. The NCR 6500/12 also has 3072 bytes 
of ROM, plus three additional S-bit ports. The NCR 6500/13 contains 256 bytes of ROM, four S-bit I/O ports, 
plus a full 16-bit address bus and S-bit data bus to access 64K bytes of external memory. The NCR 6500/13 
may be used in multichip systems as a CPU-RAM-I/O counter device that includes 256 bytes of boot­
strap ROM. The NCR 6500/11 E has all the features of the NCR 6500/13 except that it has no ROM and can 
thus be used as an emulator device for the NCR 6500/11 family of microcomputers. 

FAMILY DIFFERENCES 

MODEL ON·CHIPROM EXPANSION BUS 

NCR 6500/11 3K bytes Access to 16K bytes via multiplexed I/O ports 

NCR 6500/12 3K bytes Access to 16K bytes via multiplexed I/O ports 

NCR 6500/13 256 bytes 
Access to additional 64K bytes via address 
bus and data bus 

NCR 6500/11 E None 
Access to additional 64K bytes via address 
bus and data bus 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All rights Reserved. Printed in U.S.A. 

110 LINES 

32 

56 

32 

32 
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FUNCTIONAL BLOCK DIAGRAMS 

XTU 

II£S 

NMI 

v" 

~2 

PGO-PG7 °1 PORT G II PORTE r 
i IpORlF I r 
L _____________ ~C_~~O!.l!J 
• MULTIPLEXED, FUNCTION PINS 

NCR 6500/11 & NCR 6500/12 

PIN CONFIGURATION 
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PAO-PA7 (PAD, PAl, 
POS!TIVE PA2, PAl 
NEGATIVE EDGE DETECTS) 

PBO-PB7 (LATCHED INPUTS) 

DS(PAOt(INPUT DATA STROBE) 

PCO-PC7/(Ao-A3. A12, 
AIW. A13, EMS) 

PDO-PD7! 
(DATA BUS 00-07 and 
ADDABUSA4·Al1) 

so (PAS)' 
51 CPA7)-

PE~-~E7 

PFO-PF7 

IITLO 

ITU .. 
PC. 

PC' 

PC, 

PC3 

PC' 

PC. 

PCO 

PC1 

PD1 

PDO 

PD3 

PD. 

PD' 

PDO 

"" 

XTLO 

XT~1 

V •• 

RES 

NMI 

V" 

V" 

d2 

SYNC 

RIW 

• MULTIPLEXED FUNCTIONS PINS (Sohware Selectable) 

NCR 6500/13 & NCR 6500/11E 

Vss 
VRR 

PB • 

PB' 

PB. 

PB3 

PB' 

PB. 

PB. 

PB1 

-"" ___ ...r-

PA. 

PA, 

PA. 

PA3 

PA. 

PA. 

PA, 

PA1 

.ilii 

Vee 

NCR6500/11 Pin Out 

PAO-PA7 IPAO, PA" 
PA2, PA3: 
EDGE DETECTS) 

D5(PAO) 
DATA STROBE)' 

PCO-PC7/IA,3, A" 
(Full address m~)· 

PDO-PD71 
(DATA BUS 00-07 and 
ADORBUSA4-A1'1 

so (PAS)' 
SIIPA7)' 



PIN DESCRIPTIONS NCR 6500/11,/12,/13,/11 E 

PIN DESCRIPTION 
VCC Main Power Supply + 5V. 

VRR Separate power pin for RAM. In the event that VCC power is lost, this power retains the lowest 32 
bytes of RAM data. 

VSS Signal and power ground (OV). 

XTU Crystal or clock input for internal clock oscillator. Also allows input of X1 clock signal if XTLO is 
connected to VSS, or X2, or X4 clock if XTLO is floated. 

XTLO Crystal output from internal clock oscillator. 

RES The Reset input is used to initialize the microcomputer. This signal must not transition from low to high 
for at least eight cycles after VCC reaches operating range and the internal oscillator has stabilized. 

~2 Clock signal output at internal frequency. 

NMI A negative going edge on the Non-Maskable Interrupt signal requests that a non-maskable interrupt 
be generated within the CPU. 

PAO-PA7 Four B-bit ports used for either input or outputs. Each line of Ports A, B, and C consist of an active 
PBO-PB7 transistor to VSS and an optional pullup to VCC. In the abbreviated or multiplexed modes of operation, 
PCO-PC7 Port C has active pull-up transistors. Port 0 functions as either an B-bit input or B-bit output port 
POO-P07 It has active pull-up and pull-down transistors. 

SYNC A positive going signal for the full clock cycle whenever the CPU is performing an op code fetch. 
Available on the NCR 6500/13 and NCR 6500/11 E only. 

R/Vii Dedicated read/write output line for NCR 6500/13 and NCR 6500/11E. Controls the direction of data 
transfer between the CPU and the external 64K address space. R/W is available on NCR 6500/11 and 
NCR 6500/12 via Port C operating in abbreviated or multiplexed mode. 

AO-A 12, Fourteen dedicated address bus lines for NCR 6500/13 and NCR 6500/11 E are used to address external 
A15 memory. Note that A13 and A14 are sourced through PC6 and PC7, respectively. when in full address 

mode. (Some of these lines are available on the NCR 6500/11 and NCR 6500/12 via Port C operations in 
abbreviated mode and Port C and Port 0 operating in multiplexed mode.) 

OBO-OB7 Eight dedicated data bus lines for NCR 6500/13 and NCR 6500/11 E used to transmit data to and from 
external memory. These lines are also available on NCR 6500/11 and NCR 6500/12 via Port 0 operating 
in abbreviated or multiplexed mode. 

PEO-PE7 
PFO-PF7 
PGO-PG7 

Additional ports available on NCR 6500/12. Port E may be used as an output port only. Ports 
and G can be configured to be inputs or outputs in any combination. 

DEVICE OPERATION 

CENTRAL PROCESSING UNIT (CPU) 
The 6502 CPU in each of these four microcomputers executes instructions in 2 to 7 clock cycles. The 
automatic increment/decrement feature of the stack pointer facilitates rapid and flexible subroutines 
and interrupts, including context switching. Two B-bit index registers permit pre- and post indexing of 
indirect addresses. (For details on the CPU operation, see NCR 6500/11 -13 Data Sheet, Publication No. 
MC - 701.) The standard 6502 instruction set is available in each model; additionally, four new bit man­
ipulation instructions have been added to improve memory utilization efficiency and performance. 
These bit manipulation instructions include: 
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• Set Memory Bit (SMB)· This instruction sets to "1" one bit of the 8·bit data field specified by 
the zero page address (memory or 1/0 port.) The first byte of the instruction specifies 
the 5MB operation and which one of 8 bits is to be set. The second byte of the instruction 
designates the address (0·255) of the byte to be operated upon. 

• Reset Memory Bit (RMB) • The RMB instruction is the same operation and in the same format 
as the 5MB instruction, except a reset to "0" of the bit results. 

• Branch on Bit Set Relative (BBS)· This instruction tests one of 8·bits designated by a 3·bit 
Immediate field within the first byte of the instruction. The second byte is used to 
designate the location of the byte to be tested within the zero page address range 
(memory of 1/0 ports). The third byte of the instruction is used to specify the 8·bit relative 
address to which the instruction branches if the bit tested is a "1". If the bit tested is not 
set, the next sequential instruction is executed. 

• Branch on Bit Reset Relative (BBR)· This instruction is the same operation and in the same 
format as the BBS instruction except that a branch takes place if the bit tested is a "0". 

READ ONLY MEMORY (ROM) 
The ROM for the NCR 6500/11 and NCR 6500/12 consists of 3072 by 8·bits (3K) of mask· 
programmable memory with an address space from F400 to FFFF. ROM locations FFFA through FFFF 
are assigned to interrupt and reset vectors. The ROM for the NCR 6500/13 consists of 256 by 8 bits of 
mask·progammable memory with an address space from 7FOO to 7FFF. Address locations FFFA, FFFB, 
FFFE and FFFF are assigned to interrupt vectors. The reset vector is assigned to memory locations 
FFFC and FFFO. For the NCR 6500/13, the reset vector can be optionally assigned to these locations, but 
is normally at memory locations 7FFE and 7FFF. The NCR 6500/11 E has no ROM. 

RANDOM ACCESS MEMORY (RAM) 
The RAM consists of 192 by 8 bits of readlwrite memory with an assigned page zero address of 0040 
through OOFF. A separate power pin (VRR) may be used for standby power. In the event of the.loss of 
VCC power, the lowest 32 bytes of RAM data will be retained if standby power is supplied to the VRR pin. 

CLOCK OSCILLATOR 
The clock oscillator provides the basic timing signals. The reference frequency can be generated with the 
on board oscillator (with external crystal) or an external source can be driven into the XTU.pin. If the XTLO 
pin is left floating, the reference frequency is internally divided by two (divide by four is a mask option) 
to obtain the internal clock .. The internal clock is then available as an output at the 02 pin. The XTU pin 
may be used as an undivided clock input by connecting XTLO to VSS, in which case the internal division 
circuitry is bypassed and the device operates at the reference frequency. 

MODE CONTROL REGISTER (MCR) 
The Mode Control Register contains control bits for the multifunction 1/0 ports and mode select bits 
for Counter A and Counter B. 

PARALLEL INPUT/OUTPUT PORTS 
The NCR 6500/11, NCR 6500/13 and NCR 6500/11E have 32 1/0 lines grouped into four 8·bit ports (PA, PB, 
PC and PO). The NCR 6500/12 has 56110 lines grouped into seven 8·bit ports (PA, PB, PC, PO, PE, PF and 
PG). 

• Port A (PA) • Port A can be programmed via the Mode Control and the Serial Communications 
Control Register as a standard parallel 8·bit, bit·independent 1/0 port or as serial channel 
1/0 lines, counter 1/0 lines, or an input data strobe for the Port B input latch option. 
In addition to their normal 1/0 functions, PAO and PA 1 can detect positive going edges, 
and PA2 and PA3 can detect negative going edges. 



NCR 6500/11, /12, /13, /11E 

• Port B (PB) • Port B can be programmed as an 8·bit, bit·independent 1/0 port. It has a latched 
input capability which may be enabled or disabled via the Mode Control Register. 

• Port C and Port D (PC and PD)· Port C can be programmed in one of three modes. The first 
mode is as an 8·bit, bit·independent 1/0 port. A second mode uses Port 0 in conjunction 
with the Mode Control Register as an abbreviated bus to address an additional 64K 
bytes of nonmultiplexed address and data space. In a third mode Port C uses Port 0 to 
effect a multiplexed bus which addresses an additional 16K bytes of multiplexed 
address and data space. 

Port 0 can be programmed as an 1/0 port, an 8·bit tri·state data bus, or as a mult· 
plexed bus. Mode selection for Port 0 is made by the Mode Control Register. 

In addition to the 1/0 modes of the NCR 6500/11 and NCR 6500/12, the NCR 6500/13 and 
NCR 6500/11E have an additional full address mode which allows emulation of the NCR 
6500/11 or addressing of up to 64K bytes of memory. 

o Ports E,F,G (PE, PF, PG)· Port E may be used for output only. PF and PG can be configured 
to be inputs or outputs in any combination. 

SERIAL I/O CHANNEL- UART 
Each microcomputer model provides a full·duplex asynchronous serial 1/0 channel with programmable 
baud rates covering all standard baud rates from 50 to 125K bitslsec, including the SMPTE 422 Standard 
at 38.4K bits/sec. Character lengths of 5 to 8 bits, with or without parity, are programmable. A full 
complement of flags provides for Receiver Wake·Up; Receiver Buffer Full; Receiver Error Conditions 
detecting Framing, Parity and Overrun errors; Transmitter End of Transmission and Transmitter Buffer 
Empty. In addition, a synchronous shift register mode to 250 KHz @ 2 MHz is available. 

WAKE-UP FEATURE 
In a multidistributed microcomputer application, a destination address is usually included at the be· 
ginning of the message. The wake·up feature allows non·selected CPU's to ignore the remainder of the 
message until the beginning of the next message by setting the wake·up bit. 

COUNTER/LATCH LOGIC 
Each microcomputer model contains two 16·bit counters and three 16·bit latches associated with the 
counters. Counter A has one 16·bit latch and Counter B has two 16·bit latches. Each counter can be in· 
depently programmed to operate in one of four modes: 

Counter A 
Pulse Width Measurement 
Pulse Generation 
Interval Timer 
Event Counter 

Counter B 
Retriggerable Interval Counter 
Asymetrical Pulse Generation 
Interval Timer 

- Event Counter 

INTERRUPT FLAG REGISTER (IFR)AND INTERRUPT ENABLE 
REGISTER (IER) 
Each microcomputer model includes an IFR and IER which flags and controls 1/0 and counter status. 
Each model has ten interrupts: four edge·sensitive lines, two counter underflows, a serial data received, 
a serial data transmitted, a non·maskable interrupt, and a reset interrupt. 
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For additional details on the NCR 6500/13 
and 111 E, see Pub. No. MC·701. 

110 AND INTERNAL REGISTERS 

READ WRITE ADDRESS 

001F 
Lower Counter B Upper Latch 8" (I 001E 
Upper Counler 8 Upper lalch 8 0010 
lower Counler 8 (I Lower latch 8 00le 

001. 
lower Counter A Upper latch A" II 001A 
Upper Counter A Upper latch A 001. 
lower Counter A II Lower latch A 0018 

Ser Rae Data Reg. Ser Trans Dala Reg. 0011 
Senal Slatus Reg. SerIal Status Reg. II) 0016 
Sanal Control Reg. Senal Control Reg. 0015 
Mode Control Reg. Mode Conlrol Reg 0014 

0013 
Interrupt Enable Reg. tnterrupt Enable Reg. 0012 
Interrupl Flag Reg 0011 
Read FF Clr Interrupt Flag (2) 0010 

oooF 

USER AVAlLA8lE 

0001 

Reserved for 110 ports E,F,G, in 
0006 

NCR65OO112 or when emulating the 
NCR65OOJ12. 0004 

0003 

110 PORT 0 
110 PORTe 
110 PORT 8 
110 PORT A 

0000 

---- - - --------------.. ~LOAD & START COUNTER (I) BITS 4 & 5 ONLY 

NCR 6500/13 NCR 6500/11E fI CLEAR FLAG (2) BITS 0-3 ONLY 



KEY REGISTER SUMMARY 
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NCR 6500/11,/12,/13,/11 E 

CARRY Ie) G) 

t=CarrySal 
O=C.rryCtll' 

'----_ ZERO (ZI (!) 

I = Zero A"ull 
0= Non·Z,ro R •• ult 

1------ INTERRUPT DISABLE III CD 
1 - H Interrupt Dlubled 
o ": To Interrupt Enebled 

L _______ DECIMAL MODE (DI CD 

1 :-::: Declmet Mode 
0-; Bine,y MOde 

'---------- BREAK COMMAND (BI CD 
, == B,uk Commend 
0== Non Break Command 

'-------------- OVERFLOW 101 CD 
1 "= Ollerflow Set 
0== Ollerflow Ctear 

1-_______________ NEGATIVE (HI CD 
~OTES 

CD Not InItialized by RES 
<D Set to LogIC 1 by 1m!; 

t == Negatille Vatue 
0== Postllle Value 

IFR 

IE" 

BCBA 

Processor Status Register 

RCVR 
Flog 

Add, 0011 

Addt 0012 

Edg. Delecl 
PAl PoeWv. 
Edg. Delecl 

PA2 N.g.tlv. 
Edg' D.lect . 

PA3 Neg.tlv. 
Edg' Delect 

Counter A 
Underflow Fllg 

Counter a 
Undlrftow Fllg 

Intlrrupt Enlbll Ind Fllg Reglltlrl 

Parlly Error 

Fram. Error 

End of Trlnlmlilion 

XMTA D.tl Aeg Emply 

XMTA Under-Run 

Sarlll Communlcatlonl Stitul Reglltlr 

423 



424 

ELECTRICAL SPECIFICATIONS 

Maximum Ratings 

RATING SYMBOL VALUE UNIT 

Suppl~' Voltage Vee & Villi -0.310 + 7.0 Vde 

Input Voltage V," -0.310 +7.0 Vdc 

Operating Temperature Range, CommercIal T o to +:?O 'C 

Storage Temperature Range Ts,g -5510+150 'C 

ThIS device contains CircUitry to prolecllhe Inputs agamst damage due 10 high sialic voltages, how-
ever, it is advised that normal precautions be taken to avoid application 01 any voltage higher than 
maximum rated voltages to this Clrcuil. 

D.C. Characteristics (Vee ~ 5V :!:5% Vss .., 0) 

CHARACTERISTIC SYMBOL MIN TYP MAX 

Power Dissipation (Outputs High) 
Commercial @ 25°C P, 1200 

RAM Standby Voltage (Relentlon Mode) V" 3.0 V" 

RAM Standby Current (Retention Mode) 
--c--- I" 

Commercial @ 25°C 

----
~ Inpul High Voltage Except XTU V,. V" 

Input High Voltage (XTUJ V,. ·4.0 V" --
Input lQw Voltage V" ·0.3 +0.8 

Input leakage Current (RES, NMI) I" =10 
V,"" 0105.0Vde 

Input low Current PA, PB, .PC, PF, and PG I" -1.0 -1.6 
IVll "" 0.4 Vdc) 

Output HIgh Vottage Except XTLO V,. +2.4 V" 
Ill ...... ." - 1 00 #LAde) 

OUlput Low Voltage V" +0.4 
(II.O~" - 1.6 mAde) 

Darlington Current Drive: PE I,. 1.0 
(V. " 1.5 Vde) 

Output Low Voltage, PE V" +0.4 
(I ...... " ' 1.6 mAdc sink) 

Input Capacitance C," 
IV,n -0. T ... '" 25"C, f '= 1.0 MHz) 
PA., PB, PC. PO, PF. and PG 10 
XTLI,XTLO 50 

1/0 Port pun-up Resistance 
PAO-PA7, PBO-PB7. PCo--PC7, PFO-PF7 R, 3.0 6.0 11.5 
& PGO-PG7 

NOTE: Negative Sign indicates outward current flow, positive indicates Inward lIow. 

ACCHARACTERISTICS(VCC = 5V ± 5% VSS = 0) 

1 MHz 

PARAMETER SYMBOL 

XTU Input CloeR Cycle Time T", 
Internal Write to Peripheral Data Valid T.~ 

(TTL) 

Peripheral Data Setup Time Tpllsu 

Count and Edge Detect Pulse Width T~ 

NCR Microelectronics Division 
1635 Aeroplaza Drive 

MIN 

1.0 

1.0 

500 

1.0 

Colorado Springs, Colorado 80916 
Phone: 303/596·5795 
Telex: 45 2457 NCR MICRO CSP 

MAX 

10.0 

2 MHz 

MIN MAX 

0.500 10.0 

0.5 

500 

0.5 

UNIT 

mW 

Vde 

mAde 

Vde 

Vde 

Vde 

p.Adc 

mAde 

Vdc 

Vde 

mAde 

Vde 

pF 

r--
KII 

UNIT 

~sec 

~sec 

nsec 

~ sec 

NCR 6500/11,/12,/13,/11 E 



65C02 

• Enhanced software performance including 27 additional OP codes 
encompassing ten new instructions and two additional 
addressing modes. 

• 66 microprocessor instructions. 

• 15 addressing modes. 

• 178 operational codes. 

• 1 MHz, 2M Hz operation. 

• Operates at frequencies as low 
as 200 Hz for even lower power 
consumption (pseudo-static: stop during (/)2 high). 

• Compatible with NMOS 6500 series 
microprocessors. 

o 64 K-byte addressable memory. 

The NCR CMOS 6502 is an 8-bit microprocessor which is soft­
ware compatible with the NMOS 6502. The NCR65C02 hardware 
interfaces with all 6500 peripherals. The enhancements include 

ten additional instructions, expanded operational codes and two 
new addressing modes. This microprocessor has all of the advan­
tages of CMOS technology: low power consumption, increased 
noise immunity and higher reliability. The CMOS 6502 is a low 
power high performance microprocessor with applications in the 
consumer, business, automotive and communications market. 

PIN 
CONFIGURATION 

vss AES 

FUNCTIONAL 
BLOCK DIAGRAM 

• Interrupt capability. 

• Lower power consumption. 
4mA@ 1MHz. 

• +5 volt power supply. 

• 8-bit bidirectional data bus. 

• Bus Compatible with M6800. 

• Non-maskable interrupt. 

• 40 pin dual-in-line packaging. 

• a-bit parallel processing 

• Decimal and binary arithmetic. 

• Pipeline architecture. 

• Programmable stack pointer. 

• Variable length stack. 

• Option'!!.l!:!.ternal.£!!!!ups f~ 
(ROY, IRQ, SO, NMI and RES) 

~ REGISTER SECTION CONTROL SECTION ~ 

RES i1fQ NMi 
AOY (JJ2 (OUTI 

(])1 (OUT) so 
iRQ 00 liN) 

ML NC 

NMI NC 

SYNC R/W 

VOO DO 

AO 01 

Al 02 

A2 03 

A3 04 

A4 05 

AS 06 

A6 07 

A7 A1S 

AS A14 

A9 A13 

Al0 A12 

A11 VSS 

* Specifications are subject to 
change without notice. 

AO 

., 
A3 

A4 

A' 

A6 

A7 

ADDRESS ,U, 
A' 

A' 

A10 

A12 

A13 

A14 

A15 

ABL 

LEGEND 

l'I-asITLINE 

I _1 BIT LINE 

Copyright ©1982 by NCR Corporation, Dayton, Ohio, USA 

rL-'---'--J-____ ROY 

SYNC 

,,1 

0, (OUT) 

02 (OUT) 

,-------"---1 ~====::;:: ~w 
INSTRUCTION 

REGISTER 

[[l[l~~~~~~~~~~~~~DO 
01 
02 
OJ DATA 
04 BUS 
0' 
06 
D7 
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• ABSOLUTE MAXIMUM RATINGS: (VDD = 5.0 V ± 5%, VSS = 0 V, TA = 0° to + 700C) 

RATING SYMBOL VALUE UNIT 

SUPPLY VOLTAGE VDD -0.3 to +7.0 V 

INPUT VOLTAGE VIN -0.3 to +7.0 V 

OPERATING TEMP. TA o to + 70 °C 

STORAGE TEMP. TSTG -55 to + 150 °C 

• PIN FUNCTION 
PIN FUNCTION 

AO-A15 Address Bus 
DO· D7 Data Bus 
IRQ * I nterrupt Request 
RDY* Ready 
ML Memory Lock 
NMI* Non·Maskable Interrupt 
SYNC Synchronize 
RES* Reset 
SO* Set Overflow 
NC No Connection 
R/W Read/Write 
VDD Power Supply (+5V) 
VSS Internal Logic Ground 
00 Clock Input 
01,02 Clock Output 

. . 
*Thls pm has an optional Internal pullup for a No Connect condition . 

Ii DC CHARACTERISTICS 
SYMBOL MIN. TYP. MAX UNIT 

Input High Voltage 

00 (IN) VIH VSS + 2.4 - VDD V 

I nput High Voltage 

RES, NMI, RDY, IRQ, Data, S.O. Vss + 2.0 - - V 
Input Low Voltage 

00 (IN) VIL Vss -0.3 - Vss+ 0.4 V 

RES, NMI, RDY, IRQ, Data, S.O. - - Vss+ 0.8 V 

I nput Leakage Cu rrent 

(VIN = 0 to 5.25V, VDD = 5.25V) liN 
With pullups -30 - +30 /-LA 
Without pullups - - +1.0 /-LA 

Three State (Off State) Input Current 

(VIN =0.4to2.4V, Vee =5.25V) 
Data Lines ITSI - - 10 /-LA 

Output High Voltage 

(IOH = -100 /-LAdc, VDD =4.75V 
SYNC, Data, AO-A 15, RIW) VOH Vss + 2.4 - - V 

Out Low Voltage 

( IOL = 1.6mAdc, "DD = 4.75V 
SYNC, Data, AO-A15, R/W). VOL - - Vss + 0.4 V 

Supply Current f = 1 MHz IDD - - 4 mA 
Supply Current f = 2MHz IDD - - 8 mA 
Capacitance C pF 

(VIN = 0, TA = 25°C, f = 1 MHz) 
Logic CIN - - 5 
Data - - 10 
AO·A15, R/W, SYNC Gout - - 10 
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• AC CHARACTERISTICS VDD = 5.0V:!: 5%, TA = O°C to 70°C, Load = 1 TTL + 130 pF 

lMHZ 2M HZ 3MHZ 

Parameter Symbol Min Max Min Max Min Max Unit 

Delay Time, 00 (IN) to 02 (OUT) tOLY - 60 - 60 20 60 nS 

Delay Time, 01 (OUT) to 02 (OUT) tOLY1 -20 20 -20 20 -20 20 nS 

Cycle Time tCYC 1.0 5000 w 0.50 5000 0.33 5000W P.S 
Clock Pulse Width Low tpL 460 - 220 - 160 - nS 

Clock Pulse Width High tpH 460 - 220 - 160 - nS 

Fall Time, Rise Time tF, tR - 25 - 25 - 25 nS 

Address Hold Time tAH 20 - 20 - 0 - nS 

Address Setup Time tAOS - 225 - 140 - 110 nS 

Access Time tACC 650 - 310 - 170 - nS 

Read Data Hold Time tOHR 10 - 10 - 10 - nS 

Read Data Setup Time tosu 100 - 60 - 60 - nS 
Write Data Delay Time tMOS - 30 - 30 - 30 nS 

Write Data Hold Time tOHW 20 - 20 - 15 - nS 

SO Setup Time tso 100 - 100 - 100 - nS 

Processor Control Setup Time** tpcs 200 - 150 - 150 - nS 

SYNC Setup Time tsYNC - 225 - 140 - 100 nS 
ML Setup Time tML - 225 - 140 - 100 nS 

Input Clock Rise/Fall Time tFClo,tRClo - 25 - 25 - 25 nS 

*NCR65C02 can be held static with 02 high. 

**This parameter must only be met to guarantee that the signal will be recognized at the current clock cycle . 

• MICROPROCESSOR OPERATIONAL ENHANCEMENTS 

Function NMOS 6502 Microprocessor NCR65C02 Microprocessor 
Indexed addressing across page boundary. Extra read of invalid address. Extra read of last instruction byte. 

Execution of invalid op codes. Some terminate only by reset. Results All are NOPs (reserved for future use). 
are undefined. Op Code Bytes Cycles 

X2 2 2 
X3, X7, XB, XF 1 1 
44 2 3 
54, D4, F4 2 4 
5C 3 8 
DC, FC 3 4 

Jump indirect, operand = XXFF. Page address does not increment. Page address increments and adds one 
additional cycle. 

Read/modify/write instructions at One read and two write cycles. Two read and one write cycle. 
effective address. 
Decimal flag. I ndetermi nate after reset. Initialized to binary mode (D=O) after 

reset and interrupts. 
Flags after decimal operation. Invalid N, V and Z flags. Valid flag adds one additional cycle. 
Interrupt after fetch of BRK instruc· Interrupt vector is loaded, BRK vector BRK is executed, then interrupt is 
tion. is ignored. executed. 

• MICROPROCESSOR HARDWARE ENHANCEMENTS 
Function NMOS 6502 NCR65C02 

Assertion of Ready RDY during Ignored. Stops processor during 02. 
write operations. 
Unused input·only pins (IRQ, NMI, Must be connected to low impedance Connected internally by a high-
RDY, RES, SO). signal to avoid noise problems. resistance to Voo (approximately 250 

K ohm.l 
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• TIMING DIAGRAM 

00 ~ _______________ ~~ _t_R~00~ ____________ ~_t_F0_0_· ________ __ 

ADDR, R!W 

READ DATA 

WRITE DATA 

SYNC 

RDY, IRQ 
NMI, RES 

SO 

Note: All timing is referenced from a high voltage of 2.0 volts and a low voltage of 0.8 volts. 

• NEW INSTRUCTION MNEMONICS 
HEX 
80 
3A 
1A 
DA 
5A 
FA 
7A 
9C 
9E 
64 
74 
1C 
14 
OC 
04 

MNEMONIC 
BRA 
DEA 
INA 
PHX 
PHY 
PLX 
PLY 
STZ 
STZ 
STZ 
STZ 
TRB 
TRB 
TSB 
TSB 

DESCRIPTION 
Branch relative always [Relative] 
Decrement accumulator [Accum] 
Increment accumulator [Accum] 
Push X on stack [Implied] 
Push Y on stack [Implied] 
Pull X from stack [Implied] 
Pull Y from stack [Implied] 
Store zero [Absolute] 
Store zero [ABS, X] 
Store zero [Zero page] 
Store zero [ZPG,X] 
Test and reset memory bits with accumulator [Absolute] 
Test and reset memory bits with accumulator [Zero page] 
Test and set memory bits with accumulator [Absolute] 
Test and set memory bits with accumulator [Zero page] 

• ADDITIONAL INSTRUCTION ADDRESSING MODES 
HEX 
72 
32 
3C 
34 
02 
52 
7C 
B2 
12 
F2 
92 

MNEMONIC 
ADC 
AND 
BIT 
BIT 
CMP 
EOR 
JMP 
LOA 
ORA 
SBC 
STA 

DESCRIPTION 
Add memory to accumulator with carry [(ZPG)] 
"AND" memory with accumulator [(ZPG)] 
Test memory bits with accumulator [ABS, X] 
Test memory bits with accumulator [ZPG, X] 
Compare memory and accumulator [(ZPG)] 
"Exclusive Or" memory with accumulator [(ZPG)] 
Jump (New addressing mode) [ABS(lND,X)] 
Load accumulator with memory [(ZPG)] 
"OR" memory with accumulator [(ZPG) 1 
Subtract memory from accumulator with borrow [(ZPG)] 
Store accumulator in memory [(ZPG)] 
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II MICROPROCESSOR PROGRAMMING MODEL 

0 
A 1 ACCUMULATOR A 

0 
Y IINDEX REGISTER Y 

0 
X 1 INDEX REGISTER X 

15 0 

7 o 
N V ..... ="..~""'"" ..... .,..,,, PROCESSOR STATUS 

'-T-'-i-.L...:..LT'-'--T'-'-i---'--ir-'-'i-' REG "P" 

CARRY 1 = TRUE 
ZERO 1 = RESULT ZERO 

L----IRQ DISABLE 1 = DISABLE 

1 PCH PCl 1 PROGRAM COUNTER PC 
L-____ DECIMAL MODE 1 = TRUE 

L-_____ BRK COMMAND 1 = BRK 
8 7 0 
111 S 1 STACK POI NTER S 

• FUNCTIONAL DESCRIPTION 

Timing Control 
The timing control unit keeps track of the instruction 
cycle being monitored. The unit is set to zero each time 
an instruction fetch is executed, and is advanced at the 
beginning of each phase one clock pulse for as many 
cycles as is required to complete the instruction. Each 
data transfer which takes place between the registers de­
pends upon decoding the contents of both the instruc­
tion register and the timing control unit. 

Program Counter 
The 16-bit program counter provides the addresses which 
step the microprocessor through sequential instructions 
ina program. 

Each time the microprocessor fetches an instruction 
from program memory, the lower byte of the program 
counter (PCl) is placed on the low-order bits of the 
address bus and the higher byte of the program counter 
(PCH) is placed on the high-order a bits. The counter is 
incremented each time an instruction or data is fetched 
from program memory. 

Instruction Register and Decode 
I nstructions fetched from memory are gated onto the 
internal data bus. These instructions are latched into the 
instruction register, then decoded, along with timing and 
interrupt signals, to generate control signals for the var­
ious registers. 

Arithmetic and logic Unit (AlU) 
All arithmetic and logic operations take place in the 
AlU including incrementing and decrementing internal 
registers (except the program counter). The AlU has no 
internal memory and is used only to perform logical and 
transient numerical operations. 

L--------OVERFlOW 1 =TRUE 
L----------NEGATIVE 1 = NEG. 

Accumulator 
The accumulator is a general purpose a-bit register that 
stores the results of most arithmetic and logic operations, 
and in addition, the accumulator usually contains one of 
the two data words used in these operations. 

I ndex Registers 
There are two a-bit index registers (X and Y), which 
may be used to count program steps or to provide an 
index value to be used in generating an effective address. 

When executing an instruction which specifies indexed 
addressing, the CPU fetches the op code and the base 
address, and modifies the address by adding the index 
register to it prior to performing the desired operation. 
Pre- or post-indexing of indirect addresses is possible (see 
addressing modes). 

Stack Pointer 
The stack pointer is an a-bit register used to control the 
addressing of the variable-length stack on page one. The 
stack pointer is automatically incremented and decre­
mented under control of the microprocessor to perform 
stack manipulations under direction of either the program 
or interrupts (NMI and I RQJ. The stack allows simple 
implementation of nested subroutines and multiple level 
interrupts. The stack pointer should be initialized before 
any interrupts or stack operations occur. 

Processor Status Register 
The a-bit processor status register contains seven status 
flags. Some of the flags are controlled by the program, 
others may be controlled both by the program and the 
CPU. The 6500 instruction set contains a number of 
conditional branch instructions which are designed to 
allow testing of these flags (see microprocessor program­
ming model). 

429 



430 

m~rn 
• ADDRESSING MODES 
Fifteen addressing modes are available to the user of the 
NCR65C02 microprocessor. The addressing modes are 
described in the following paragraphs: 

Implied Addressing [Implied] 
In the implied addressing mode, the address containing 
the operand is implicitly stated in the operation code of 
the instruction. 

Accumulator Addressing [Accum] 
This form of addressing is represented with a one byte 
instruction and implies an operation on the accumu­
lator. 

Immediate Addressing [Immediate] 
With immediate addressing, the operand is contained in 
the second byte of the instruction; no further memory 
addressing is required. 

Absolute Addressing [Absolute] 
For absolute addressing, the second byte of the instruc­
tion specifies the eight low-order bits of the effective 
address, while the third byte specifies the eight high-order 
bits. Therefore, this addressing mode allows access to the 
total 64K bytes of addressable memory. 

Zero Page Addressing [Zero Page] 
Zero page addressing allows shorter code and execution 
times by only fetching the second byte of the instruction 
and assuming a zero high address byte. The careful use 
of zero page addressing can result in significant increase 
in code efficiency. 

Absolute Indexed Addressing [ABS, X or ABS, Y] 
Absolute indexed addressing is used in conjunction with 
X or Y index register and is referred to as "Absolute, X,". 
and "Absolute, Y." The effective address .is formed by 
adding the contents of X or Y to the address contained 
in the second and third bytes of the instruction. This 
mode allows the index register to contain the index or 
count value and the instruction to contain the base 
address. This type of indexing allows any location refer­
encing and the index to modify multiple fields, resulting 
in reduced coding and execution time .. 

Zero Page Indexed Addressing [ZPG, X or ZPG, Y] 
Zero page absolute addressing is used in conjunction 
with the index register and is referred to as "Zero Page, 
X" or "Zero Page, Y." The effective address is calculated 
by adding the second byte to the contents of the index 
register. Since this is a form of "Zero Page" addressing, 
the content of the second byte references a location in 
page zero. Additionally, due to the "Zero Page" address­
ing nature of this mode, no carry is added to the high­
order eight bits of memory, and crossing of page boun­
daries does not occur. 

Relative Addressing [Relative] 
Relative addressing is used only with branch instructions; 

it establishes a destination for the conditional branch. 
The second byte of the instruction becomes the operand 
which is an "Offset" added to the contents of the pro­
gram counter when the counter is set at the next in­
struction. The range of the offset is -128 to +127 
bytes from the next instruction. 
Zero Page Indexed Indirect Addressing [(IND, X)] 
With zero page indexed indirect addressing (usually re­
ferred to as indirect X) the second !lyte of the instruction 
is added to the contents of the X index register; the 
carry is discarded. The result of this addition points to a 
memory location on page zero whose contents is the low­
order eight bits of the effective address. The next mem­
ory location in p·age zero contains the high-order eight 
bits of the effective address. Both memory locations 
specifying the high- and low-order bytes of the effective 
address must be in page zero. 

*Absolute Indexed Indirect Addressing [ABS(lND, X)] 
(Jump Instruction Only) 
With absolute indexed indirect addressing the contents of 
the second and third instruction bytes are added to the 
X register. The result of this addition, points to a memory 
location containing the lower-order eight bits of the 
effective address. The next memory location contains 
the higher-order eight bits of the effective address. 

Indirect Indexed Addressing [(IND), Y] 
This form of addressing is usually referred to as Indirect, 
Y. The second byte of the instruction points to a memo 
ory location in page zero. The contents of this memory 
location are added to the contents of the Y index regis­
ter, the result being the low-order eight bits of the effec­
tive address. The carry from this addition is added to the 
contents of the next page zero memory location, the 
result being the high-order eight bits of the effective 
address. 

*Zero Page Indirect Addressing [(ZPG)] 
In the zero page indirect addressing mode,· the second 
byte of the instruction points to a memory location on 
page zero containing the low-order byte of the effective 
address. The next location on page zero contains the 
high-order byte ofthe effective address. 

Absolute Indirect Addressing [(ABS)] 
(Jump Instruction Only) 
The second byte of the instruction contains the low-order 
eight bits of a memory location. The high-order eight 
bits of that memory location is contained in the third 
byte of the instruction. The contents of the fully speci­
fied memory location is the low-order byte of the effec­
tive address. The next memory location contains the 
high-order byte of the effective address which is loaded 
into the 16 bit program counter. 

NOTE: * = New Address Modes 



• SIGNAL DESCRIPTION 
Address Bus (AO-A15) 
AO-A 15 forms a 16-bit address bus for memory and I/O 
exchanges on the data bus. The output of each address 
line is TTL compatible, capable of driving one standard 
TTL load and 130pF. 

Clocks (GO, Gl, and (2) 
00 is a TTL level input that is used to generate the inter­
nal clocks in the 6502. Two full level output clocks are 
generated by the 6502. The 02 clock output is in phase 
with 00. The 01 output pin is 1800 out of phase with 00. 
(See timing diagram.) 

Data Bus (00-07) 
The data lines (00-07) constitute an 8-bit bidirectional 
data bus used for data exchanges to and from the device 
and peripherals. The outputs are three-state buffers 
capable of driving one TTL load and 130 pF. 

Interrupt Request (J RO) 
This TTL compatible input requests that an interrupt 
sequence begin within the microprocessor. The I RQ is 
sampled during 02 operation; if the interrupt flag in the 
processor status register is zero, the current instruction 
is completed and the interrupt sequence begins during 
01. The program counter and processor status register 
are stored in the stack. The microprocessor will then set 
the interrupt mask flag high so that no further I ROs 
may occur. At the end of this cycle, the program counter 
low will be loaded from address FFFE, and program 
counter high from location F F F F, transferring program 
control to the memory vector located at these addresses. 
The ROY signal must be in the high state for any inter­
rupt to be recognized. A 3K ohm external resistor should 
be used for proper wire OR operation. 

Memory Lock (ML) 
I n a multiprocessor system, the M L output indicates the 
need to defer the rearbitration of the next bus cycle to 
ensure the integrity of read-modify-write instructions. 
ML goes low during ASL, DEC, INC, LSR, ROL, ROR, 
TR B, TSB memory referencing instructions. This signal 
is low for the modify and write cycles. 

Non-Maskable Interrupt (NMJ) 
A negative-going edge on this input requests that a non­
maskable interrupt sequence be generated within the 
microprocessor_ The NM I is sampled during 02; the cur­
rent instruction is completed and the interrupt sequence 
begins during 01. The program counter is loaded with 
the interrupt vector from locations FFFA (low byte) 
and FFFB (high byte), thereby transferring program con­
trol to the non-maskable interrupt routine. 

Note: Since this interrupt is non-maskable, another NMI 
can occur before the first is finished. Care should be taken 
when using NM I to avoid this. 

65C02 

Ready (ROY) 
This input allows the user to single-cycle the micropro­
cessor on all cycles including write cycles. A negative 
transition to the low state, during or coincident with 
phase one (01), will halt the microprocessor with the out­
put address lines reflecting the current address being 
fetched. This condition will remain through a subsequent 
phase two (02) in which the ready signal is low. This fea­
ture allows microprocessor interfacing with low-speed 
memory as well as direct memory access (DMA). 

Reset (RES) 
This input is used to reset the microprocessor. Reset 
must be held low for at least two clock cycles after 
Voo reaches operating voltage from a power down. A 
positive transistion on this pin will then cause an initiali­
zation sequence to begin. Likewise, after the system has 
been operating, a low on this line of at least two cycles 
will cease microprocessing activi~followed by initial­
ization after the positive edge on RES. 

When a positive edge is detected, there is an initialization 
sequence lasting six clock cycles. Then the interrupt 
mask flag is set, the decimal mode is cleared, and the pro­
gram counter is loaded with the restart vector from loca­
tions FFFC (low byte) and FFFD (high byte). This is 
the start location for program control. This input should 
be high in normal operation. 

ReadIWrite (R!W) 
This signal is normally in the high state indicating that 
the microprocessor is reading data from memory or I/O 
bus. In the low state the data bus has valid data from the 
microprocessor to be stored at the addressed memory 
location. 

Set Overflow (SO) 
A negative transition on this line sets the overflow bit in 
the status code register. The signal is sampled on the trail­
ing edge of 01. 

Synchronize (SYNC) 
This output line is provided to identify those cycles dur­
ing which the microprocessor is doing an OP CODE 
fetch. The SYNC line goes high during 01 of an OP CODE 
fetch and stays high for the remainder of that cycle. If 
the RDY line is pulled low during the 01 clock pulse in 
which SYNC went high, the processor will stop in its 
current state and will remain in the state until the RDY 
line goes high. In this manner, the SYNC signal can be 
used to control RDY to cause single instruction execu­
tion. 
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• INSTRUCTION SET - ALPHABETICAL SEQUENCE 

ADC 
AND 
ASL 
BCC 
BCS 
BEQ 
BIT 
BMI 
BNE 
BPL 

~BRA 

BRK 
BVC 
BVS 
CLC 
CLD 
CLI 
CLV 
CMP 
CPX 
CPY 

·OEA 
DEC 
OEX 
DEY 
EOR 

·INA 
INC 
INX 
INY 
JMP 
JSR 
LOA 

Add Memory to Accumulator with Carry 
"AND" Memory with Accumulator 
Shift One Bit Left 
Branch on Carry Clear 
Branch on Carry Set 
Branch on Result Zero 
Test Memory Bits with Accumulator 
Branch on Result Minus 
Branch on Result not Zero 
Branch on Result Plus 
Branch Always 
Force Break 
Branch on Overflow Clear 
Branch on Overflow Set 
Clear Carry Flag 
Clear Decimal Mode 
Clear I nterrupt Disable Bit 
Clear Overflow Flag 
Compare Memory and Accumulator 
Compare Memory and I ndex X 
Compare Memory and I ndex V 
Decrement Accumulator 
Decrement by One 
Decrement I ndex X by One 
Decrement Index Y by One 
"Exclusive- or" Memory with Accumulator 
I ncrement Accumulator 
I ncrement by One 
I ncrement I ndex X by One 
I ncrement Index Y by One 
Jump to New Location 
Jump to New Location Saving Return Address 
Load Accumulator with Memory 

Note: • = New Instruction 

• MICROPROCESSOR OP CODE TABLE 

5 
0 0 1 2 3 

0 BRK ORA 
ind, X 

1 BPL ORA ORA-t 
rei ind, Y (zpg) 

2 JSR AND 
abs ind, X 

3 BMI AND ANO't 
rei ind, V (zpg) 

4 RTI EOR 
ind, X 

5 BVC EOR EOR-t 
rei ind, Y (zpg) 

6 RTS ADC 
ind, X 

7 BVS AOC AOC~t 
rei ind, Y (zpg) 

8 BRA' STA 
rei ind, X 

9 BCC STA STA·t 
rei ind, Y (zpg) 

A LOY LOA LOX 
imm ind, X imm 

B BCS LOA LOA-t 
rei ind, Y (zpg) 

C CPY CMP 
imm ind, X 

0 BNE CMP CMP-t 
rei ind, Y (zpg) 

E CPX SBC 
imm ind, X 

F BEQ SBC SBC~t 
rei ind, Y (zpg) 

0 1 2 

Note: • = New OP Codes 
Note: t = New Address Modes 

3 

4 5 6 7 8 

TSB' ORA .ASL PHP 
zpg zpg zpg 

TRB- ORA ASL CLC 
zpg ·zpg, X zpg, X 

BIT AND ROL PLP 
zpg zpg zpg 

BIT- AND ROL SEC 
zpg, X zpg, X zpg, X 

EOR LSR PHA 
zpg zpg 

EOR LSR CLI 
zpg, X zpg, X 

STZ- AOC ROR PLA 
zpg zpg zpg 

STZ~ AOC ROR SEI 
zpg, X zpg, X zpg, X 

STY STA STX DEY 
zpg zpg zpg 

STY STA STX TYA 
zpg, X zpg, X zpg, Y 

LOY LOA LOX TAY 
zpg zpg zpg 

LOY LOA LOX CLV 
zpg, X zpg, X zpg, Y 

CPY CMP DEC INY 
zpg zpg zpg 

CMP DEC CLD 
zpg, X zpg, X 

CPX SBC INC INX 
zpg zpg zpg 

SBC INC SED 
zpg, X zpg, X 

4 5 6 7 8 

LOX 
LOY 
LSR 
NOP 
ORA 
PHA 
PHP 

* PHX 
• PHY 

PLA 
PLP 

~PLX 

*PLY 
ROL 
ROR 
RT! 
RTS 
SBC 
SEC 
SED 
SEI 
STA 
STX 
STY 

·STZ 
TAX 
TAY 

~TRB 
-TSB 

TSX 
TXA 
TXS 
TYA 

9 

ORA 
imm 

ORA 
abs, Y 

AND 
imm 

AND 
abs, Y 

EOR 
imm 

EOR 
abs, Y 

AOC 
imm 

AOC 
abs, Y 

BIT" 
imm 

STA 
abs, Y 

LOA 
imm 

LOA 
abs, Y 

CMP 
imm 

CMP 
abs, Y 

SBC 
imm 

SBC 
abs, Y 

9 

Load I ndex X with Memory 
Load Index Y with Memory 
Shift One Bit Right 
No Operation 
"ORII Memory with Accumulator 
Push Accumulator on Stack 
Push Processor Status on Stack 
Push I ndex X on Stack 
Push Index Y on Stack 
Pull Accumulator from Stack 
Pull Processor Status from Stack 
Pull Index X from Stack 
Pull Index Y from Stack 
Rotate One B it Left 
Rotate One Bit Right 
Return from Interrupt 
Return from Subroutine 
Subtract Memory from Accumulator with Borrow 
Set Carry Flag 
Set Decimal Mode 
Set I nterrupt Disable Bit 
Store Accumulator in Memory 
Store I ndex X in Memory 
Store Index V in Memory 
Store Zero in Memory 
Transfer Accumu lator to I ndex X­
Transfer Accumulator to I ndex V 
Test and Reset Memory Bits with Accumulator 
Test and Set Memory Bits with Accumulator 
Transfer Stack Pointer to Index X 
Transfer Index X to Accumulator 
Transfer Index X to Stack Pointer 
Transfer I ndex V to Accumulator 

A B C 0 E 

ASL TSB· ORA ASL 
A abs abs abs 

INA- TRB· ORA ASL 
A abs abs, X abs, X 

ROL BIT AND ROL 
A abs abs abs 

OEA- BIT't AND ROL 
A abs, X abs, X abs, X 

LSR JMP EOR LSR 
A abs abs abs 

PHY- EOR, LSR 
abs, X abs, X 

ROR JMP AOC ROR 
A (abs) abs abs 

PLY· JMP-t AOC ROR 
abs lind,XI abs, X abs, X 

TXA STY STA STX 
abs abs abs 

TXS STZ' STA STZ' 
abs abs, X abs, X 

TAX LOY LOA LOX 
abs abs abs 

TSX LOY LOA LOX 
abs, X abs, X abs, Y 

DEX CPY CMP DEC 
abs abs abs 

PHX- CMP DEC 
abs, X abs, X 

NOP CPX SBC INC 
abs abs abs 

PLX' SBC INC 
abs, X abs, X 

A B C 0 E 

F 

F 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9, 

A 

B 

C 

0 

E 

F 



• OPERATIONAL CODES, EXECUTION TIME, AND MEMORY 
REQUIREMENTS 

IMM E· ABSO- ZERO 1M· OND, (lND). RELA- ASS 
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PROCESSOR 
CIATE LUTE PAG E ACCU M PUED X) Y ZPG, X ZPG, Y ABS, X ASS, Y TIVE (ABSl (lND, Xl (ZPG\ STATUS CODES 

MNE OPERATION DP " DP " # DP n II OP n II OP n II OP n # OP n # OP n # OP n II OP n II OP n # OP n HOP n # OP n 1/ OP n 

ADC A+M+C"'A (1.31 69 2 260 4 365 32 
AND A/\ M"'A (1) 29 2 2204 325 32 
ASL ~~_o (1) DE 6 3 06 5 2 OA 2 1 
BCC Branch if G=Q (2) 
BCS Branch if C"l (2) 

BEQ Bnmch if Z~l (2) 
BIT AI\M (4.5) 89 2 22C 4 32432 
BMI Branch if N"'l (2) 
BNE Branch if 2=0 (2) 
BPL Branch if N=Q (2) 

BRA Branch Always (2) 
BRK Break 00 7 1 
BVC Branch if V=Q (2) 
BVS Branch if V=l (2) 
CLC O+C 182 1 
CLD O+D 082 1 
CLI 0+1 582 1 
CLV O+V B82 1 
CMP A·M (1) C9 2 2 CD 4 3 C5 32 
CPX X·M EO 2 2 EC 4 3 E4 32 

CPY Y·M CO 2 2 CC 4 3 C4 32 
DEA A· l+A 3A 2 1 
DEC M· l+M (1) CE 6 3 C6 52 
DEX X· l+X CA 21 
DEY y. l+Y 882 1 
EDR A IJ. M+A 49 2 240 4 345 32 
INA A+ 1"A 1A 21 
INC M+ 1"M (1) EE 6 3 E6 5 2 

'''X X+ l"X ES 2 1 
INY Y + 1"Y CS 2 1 

JMP Jump to new lac 4C 3 3 
JSR Jump Subroutine 20 6 3 
LDA M+A (1) A92 2 AD 4 3 A5 32 
LDX M+X (1) A22 2 AE 4 3 A6 32 
LDY M+Y (1) AD 2 2 AC 4 3 A4 32 

LSR o .... ~1]J (1) 4E 6 346 5 2 4A 2 1 
NDP PC+l+PC EA 2 1 
ORA AV M"A (1) 09 2 2 004 3 05 32 
PHA A"Ms S - 1 +S 48 3 1 
PHP P"Ms S·1"S 08 3 1 
PHX X+M s S-1"S OA 31 
PHY Y"Ms S -1"S 5A 3 1 
PLA S+1"S Ms"A 68 4 1 
PLP S+l"SMs "P 28 4 1 
PLX S+l+SMs "X FA 4 1 

PLY S+1+S Ms"Y 7A 4 1 
RDL qr ol-@]:J (1) 2E 6 326 5 2 2A 2 1 
ROR c:~ (1) 6E 6 366 5 2 6A 2 1 
RTI Return from Inter. 406 1 
RTS Return from Subr. 606 1 

SBC A·M -C"A (1,3) E92 2 ED 4 3 E5 32 
SEC l+C 38 2 1 
5ED '+D F8 2 1 
5EI 1 +1 78 2 1 
STA A+M 8D 4 385 3 2 

STX X+M BE 4 386 3 2 
STY Y+M BC 4 384 3 2 
STZ OO"M 9C 4 364 3 2 
TAX A+X A 2 1 
TAY A+Y A821 

TR8 A/\ M"M (4) lC 6 314 5 2 
TSB AV M+M (4) OC 6 3045 2 
TSX S+X BA 2 1 
TXA X+A 8A 2 1 
TXS X +S 9A 2 1 
TYA Y+A 982 1 

Notes: 
1. Add 1 to "n" if page boundary is crossed. 
2. Add 1 to "n" if branch occurs to same page. 

Add 2 to "n" if branch Dccurs to different page. 
3. Add 1 to "n" if decimal mode. 
4. V bit equals memory bit 6 prior to execution. 

N bit equals memory bit 7 prior to execution. 

61 6 271 5 2 75 4 2 
21 6 231 523542 

1662 

34 4 2 

Cl 6 2 01 5 2 0542 

066 2 

41 6 251 525542 

F6 62 

A16 2 B1 5 2 85 4 2 

B4 4 2 

56 6 2 

01 6 2 11 5 2 15 4 2 

36 6 2 
7662 

El 6 2 Fl 5 2 F5 4 2 

81 6291 6 2 95 4 2 

94 42 
74 42 

X Index X 
Y Index Y 

B6 4 2 

9642 

A Accumulator 

7D 4 3 794 3 
3D 4 3 39 4 3 
lE 6 3 

3C 4 3 

DD 4 3 094 3 

DE 6 3 

5D 4 3 59 4 3 

FE 6 3 

BD 4 3 89 4 3 
BE 4 3 

BC 4 3 

5E 6 3 

104 3 194 3 

3E 63 
7E 6 3 

FD 4 3 F94 3 

9D 5 3 99 5 3 

9E 53 

M Memory per effective address 
Ms Memory per stack pointer 

'5. The immediate addressing mode of the BIT instruction leaves bits 6 & 7 
(V & N) in the ProcessDr Status Code Register unchanged. 

90 22 
BO 22 

FO 22 

3022 
DO 2 2 
10 22 

80 22 

50 22 
70 22 

6C 6 3 7C 6 3 

+ Add 
Subtract 

A And 
V Or 
¥ Exclusive'or 

72 5 
32 5 

D2 5 

52 5 

B2 5 

125 

F2 5 

92 5 

76543210 
#NV.BDIZC MNE 

2NV. Z C ADC 
2 N Z AND 

N Z C ASL 
BCC 
BCS 

BEQ 
M1'M6'· Z BIT 

BMI 
BNE 
BPL 

BRA 
1 1 BRK 

BVC 
BVS 

a CLC 

0 _ CLD 

0 CLI 
0 · CLV 

2 N . Z C CMP 
N. Z C CPX 

N . Z C CPY 
N. Z DEA 
N Z DEC 
N Z DEX 
N. Z DEY 

2 N Z EOR 
N .Z INA 
N . Z INC 
N. Z INX 
N. Z INY 

· JMP 
JSR 

2 N . Z. LDA 
N Z LDX 
N Z LDY 

0 Z C LSR 
NDP 

2N. Z. ORA 
PHA 
PHP 

PHX 
PHY 

N. Z. PL.A 
NV. 1 D I Z C PL.P 
N. Z . PLX 

N. Z . PLY 
N. Z ROL 
N. Z ROR 
NV. 1 D IZ RTI 

RTS 

2NV. Z C SBC 
1 SEC 

1. · SED 
1. · SEI 

2 . · STA 

· STX 
· STY 
· STZ 

N. Z. TAX 
N. Z. TAY 

Z. TRB 
Z. TSB 

N. Z. TSX 
N. Z. TXA 

TXS 

N. Z. TYA 

n No. Cycles 
# No. Bytes 
MS Memory bit S 
M7 Memory bit 7 
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65C21 
PERIPHERAL INTERFACE ADAPTER 

• CMOS process technology for low power consump­
tion_ 

• Microprocessor/peripheral "handshake" interrupt fea-

• Direct replacement for NMOS 6521 and 6821 devices 
manufactured by others_ 

• Low power consumption (2 mA at 1 MHz) allows 
battery operation_ 

• Two programmable 8-bit bidirectional I/O Ports for 
peripheral device interfacing_ 

• I ndividual Data Direction Registers for each I/O Port_ 

The NCR65C21 is a flexible Peripheral Interface 
Adapter for use with NCR and other 8-bit microprocessor 
families_ The NCR65C21 provides programmed micro­
processor control of up to two peripheral devices (Port 
A and Port B). Peripheral device control is accomplished 
through two 8-bit bidirectional I/O Ports, with individ­
ually assigned Data Direction Registers. The Data Direc­
tion Registers allow selection of data flow direction (in­
put or output) at each respective I/O Port. Data flow 

ture for enhanced data transfer control. 

• Programmable interrupt capability. 

• Four operating frequencies - 1, 2, 3, and 4 MHz. 

• Automatic power-up initialization. 

• Single +5 volt power supply. 

• Available in 40 pin dual-in-line package. 

direction may be selected on a line-by-line basis with 
intermixed input and output lines within the same port. 
The "handshake" interrupt control feature is provided 
by four peripheral control lines. This capability provides 
enhanced control over data transfer functions between 
the microprocessor and peripheral devices, as well as 
bidirectional data transfer between NCR65C21 Periph­
eral Interface Adapters in multiprocessor systems. 

PIN 
CONFIGURATION 

FUNCTIONAL 
BLOCK DIAGRAM 

CAl 

CA2 

IROA 

IROB 

RSO DO 
01 
02 

CAl 

CA2 
VSS 

PAO 

PAl 
PA2 

PA3 

PA4 
PAS 

PAS 

PAl 

PBO 

PBl 

PB2 

PB3 
PB4 

PBS 

PBS 

PBl 

CBl 

CB2 
Voo 

RSl 

RES 
03 
DO r-----------.. --·~O 

DO 

01 
02 

OS 
06 
07 

CSO 

~ 
RSO 
RSI 
RtIJ'I 

ENABLE 
RES 

PAl 
PA2 
PA3 
PAO 
PA5 
PA6 

L-__________ J4--+- PA7 

,-----------"14 __ .. PBO 
PBI 
PB2 
PB3 
PBO 
PBS 
PB6 '-___________ --~PB7 

Imm.-------------------~--------------L-~~~ __ ~ 
CBI 

CB2 

Specifications are subject 
to change without notice. 

PIN NAMES 
PIN DESCRIPTION 

DO-D7 Data Bus 

PAD-PA7 Peripheral I/O Port A 

PBO-PB7 Peripheral I/O Port B 

02 Phase 2 I nternal Clock 

RES Reset 

RIW ReadlWrite 

IROA Interrupt Request (Port A) 

Copyright©1983 by NCR Corporation, Dayton, Ohio, USA 

PIN DESCRIPTION 

IROB Interrupt Request (Port B) 

CSO, CS1, Chip Select Inputs 

CS2 

RSO RSl Register Selects 

CAl CA2 Peripheral A Control Lines 

CB1, CB2 Peripheral B Control Lines 

Voo Positive Power Supply (+5V) 

Vss I nternal Logic Ground 
435 



436 

C][3m 
• ABSOLUTE MAXIMUM RATINGS: (Note 1) 

Rating Symbol 

Supply Voltage VDD 
Input Voltage VIN 
Operating Temperature TA 
Storage Temperature Ts 

Value 

-o.3V to +7.0V 

-0.3V to +7.0V 

IrC to +70°C 

-55"C to +150·C 

This device contains input protection against damage 
due to high static voltages or electric fields; however, 
precautions should be taken to avoid application of 
voltages higher than the maximum rating. 

Note: 
1. Exceeding these ratings may cause permanent damage, 

functional operation under these conditions is not 
implied. 

• DC CHARACTERISTICS: Voo = 5.0V ± 5%, Vss = 0V, TA = ~C to + 7lrC 

Parameter Symbol Min. Typ. Max. Unit 

Input High Voltage VIH 2.0 - Voo + 0.3 V 

Input Low Voltage VIL -0.3 - O.B V 

Input Leakage Current, liN - - ±2.5 /lA 
VIN = 0 to 5V, Input Only Pins 

Three-State (Off State), Leakage Current, ITSI - - ±10.0 /lA 
VIN = 004 to 2AV 
Input High Current, IIH -200 - - /lA 
VIH = 2AV, Peripheral Inputs with Pullups 

Input Low Current, IlL - - 204 mA 
VIL = 0.4V, Peripheral Inputs with Pullups 

Output Low Voltage, IOL = 3.2.mA VOL - - 004 V 

Output High Voltage, IOH = -200/lA VOH 2.4 - - V 

Output Low Current (Sinking). VOL = OAV IOL 3.2 - - mA 

Output High Current (Sourcing). 

VOH, = 2AV IOH, -0.2 - - mA 

VOH2 - 1.5V, Direct Transistor Drive IOH2 -3.0 - -10.0 mA 

Supply Current f - 1 MHz 100 - - 2.0 mA 

(No Load) f= 2 MHz 100 - - 4.0 mA 

f = 3 MHz 100 - - 6.0 mA 

f = 4 MHz 100 - - B.O mA 

Power Dissipation, VOD - 5.5V, f = 1 MHz Po - - 11.0 mW 

Standby Power Dissipation PSBY - - 11.0 /lW 

I nput Capacitance, f = 1 MHz CIN - - 10.0 pF 

Output Capacitance, f - 1 MHz COUT - - 5.0 pF 

• AC CHARACTERISTICS - PROCESSOR INTERFACE TIMING: 
V 5 OV + 5% V 00 = - , SS = , A= to 

1MHz 2MHz 3MHz 4MHz 

Parameter Symbol Min Max Min Max Min Max Min Max Unit 

Cycle Time tCYC 1000 - 500 - 330 - 250 - nS 

Phase 2 Pulse Width High tpWH 470 - 240 - 160 - 120 - nS 

Phase 2 Pulse Width Low tPWL 470 - 240 - 160 - 120 - nS 

Phase 2 Transition tR,F - 30 - 30 - 30 - 30 nS 

Read Timing (Figure 1) 

Select, R/W Setup tACR 160 - 90 - 65 - 45 - nS 

Select, R/W Hold tCAR 0 - 0 - 0 - 0 - nS 

Data Bus Delay tcOR - 320 - 190 - 130 - 90 nS 

Data Bus Hold tHR 10 - 10 - 10 - 10 - nS 

Peripheral Data Setup tpCR 300 - 150 - 110 - 75 - nS 



III AC CHARACTERISTICS (Continued): 

Parameter 

Write Timing (Figure 2) 

Select R/W Setup tACW 160 - 90 - 65 -
Select, R/W Hold trAw 0 - 0 - 0 -
Data Bus Setup tocw 195 - 90 - 65 -
Data Bus Hold tHW 10 - 10 - 10 -
Peripheral Data Delay tcpw - 1000 - 500 - 330 

Note: Measurement points 0.8V and 2.0V unless otherwise specified. 

• AC CHARACTERISTICS - PERIPHERAL INTERFACE TIMING: 
Voo = 5.0V ± 5%, 1TTL load, Vss = 0V, TA = O°C to + 7~C 

1 MHz 2MHz 3 MHz 

Parameter Symbol Min Max Min Max Min Max 

CA2 Delay Time, High·to-Low tCA2 - 1.0 - 0.5 - 0.33 

CA2 Delay Time, Low-to-High tRS1 - 1.0 - 0.5 - 0.33 

CA2 Delay Time, Handshake Mode tRS2 - 2.0 - 1.0 - 0.67 

CB2 Delay Time, High-to·Low tCB2 - 1.0 - 0.5 - 0.33 

CB2 Delay Time, Low-to-High tRS1 - 1.0 - 0.5 - 0.33 

CB2 Delay Time, Handshake Mode tRS2 - 2.0 - 1.0 - 0.67 

CB2 Delay Time from Data Valid tDr. 20 - 20 - 20 -
Interrupt Input Pulse Width PWI 500 - 500 - 330 -
Interrupt Response Time tRS3 - 1.0 - 1.0 - 0.67 

Interrupt Clear Delay tlR - 1.6 - 0.85 - 0.67 

Rise and Fall Times-
CAl, CA2, CB1, CB2 tR,tF - 1.0 - 1.0 - 0.67 

II TIMING DIAGRAMS Measurement points of 0.8 V and 2.0 unless otherwise specified. 

02-----.../ 

ADDRESS 
CS, RS, ETC __ ~ 

R/W 

PERIPHERAL 
DATA, 
CA2, CB2 
INPUTS 

DATA BUS 

Figure 1. Read Timing 

65C21 

45 - nS 

0 - nS 

45 - nS 

10 - nS 

- 250 nS 

4 MHz 

Min Max Unit 

- 0.25 JJS 
- 0.25 JJS 
- 0.50 JJS 
- 0.25 JJS 
- 0.25 JJS 
- 0.50 JJS 
20 - nS 

250 - nS 

- 0.33 JJS 
- 0.33 JJS 

- 0.33 JJS 
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• TIMING DIAGRAMS (Continued): Measurement points of D.BV and 2.DV unless otherwise specified. 

1~~~-----------tCYC----------~~ 

02 ------------/ 

ADDRESS 
CS, RS, ETC ____ ---f 

R/W---------.. 

PERIPHERAL 
DATA, ---------------------------b7777r,n~ 
CA2, CB2 
OUTPUTS 

DATA ______________ ~~~ 
BUS 

I+tDCW 

Figure 2. Write Timing 

02 ------------' 

PAD-PA7 """;;o<v<;""'-
PBD·PB7 >OC""'-'U<.J 1'-__ +-________________ _ 

Figure 3. Peripheral Data Setup Time 

02 

CA2---------------+--~ 
(HIGH·TO·LOW) 

CA2--------------------
(LOW·TO·HIGH) 

Figure 4. CA2 Timing 

CAt ~_tR~_;-­
CA2----------------~~ 

Figure 5. CA 1/CA2 Timing 

02 ------' 

CB2------------~ 
(LOW·TO-HIGH) 

Figure 6. CB2 Timing 
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• TIMING DIAGRAMS (Continued): Measurement points of O.BV and 2.0V unless otherwise specified. 

CBT~t-L __ 
CB2 ________________ ~ 

02 

CB2----------------~~_r~ 

Figure 7. CB1/CB2 Handshake Timing 

Figure 9. PB Port Delay Time 

1/ 
PAO;::----------------~------ CA1, CA2 ~~~~ 

CB1, CB2 ~ 1'-______ --' 

IROA,IROB------~~------------~ 

Figure 8. PA Port Delay Time 1 .. 0II(E------tRS3------~ 

Figure 10. Interrupt Timing 

Figure 11. Interrupt Clear Timing 

7 6 5 4 3 2 1 0 

CRA IRQA1 
--

CA2 Control DDRA CA1 Control IROA2 

7 6 5 4 3 2 1 0 

CRB IROB1 IROB2 CB2 Control DDRB CB1 Control 

Figure 12. Control Registers 

REGISTER DATA DIRECTION 
SELECT REGISTER ACCESS 

PIN CONTROL BIT 

RS1 RSO CRA·2 CRB-2 REGISTER SELECTED 

0 0 1 - Peripheral I nterface A 

0 0 0 - Data Direction Register A 

0 1 - - Control Register A 

1 0 - 1 Peripheral Interface B 

1 0 - 0 Data Direction Register B 

1 1 - - Control Register B 

Figure 13. Register Addressing 
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m8n1 
• SIGNAL DESCRIPTION 
Data Bus (00-07) 
The eight bidirectional data bus lines are used to transfer 
data between the NCR65C21 and the microprocessor. 

During a Read operation, the contents of the NCR65C21 
internal Data Bus Buffer (DBB) are transferred to the 
microprocessor via the Data Bus lines. During a Write 
operation, the Data Bus lines represent high impedance 
inputs over. which data is transferred from the micro­
processor to the Data Input Register (DIR). The Data 
Bus lines are in the high impedance state when the 
NCR65C21 is unselected. 

Chip Select (CSO, CS1, CS2) 
Normally, the three Chip Select lines are connected to 
the microprocessor address lines. This connection may 
be either direct or through an external decoder. To ac­
cess the NCR65C21, CSO and CSl must be high (Logic 1) 
and CS2 must be low (Logic 0). 

Register Select (RSO, RS1) 
The Register Select inputs allow the microprocessor to 
select NCR65C21 internal registers as presented in Fig­
ure 13. 

Read/Write (RtW) 
The Read/Write signal is generated by the microprocessor 
and is used to control the transfer of data between the 
NCR65C21 and the microprocessor. When R/W is in the 
high state (Logicl) and the chip is selected, data is trans­
ferred from the NCR65C21 to the microprocessor (Read 
operation). Conversely, when R/W is in the low state 
(Logic 0), data is transferred from the processor to the 
selected NCR65C21 internal register (Write operation). 
ReadlWrite must always be preceded by Chip Select 
(CSO, CSl and CS2). 

Input Clock (02) 
The system 02 Input Clock synchronizes all data trims­
fers between the NCR65C21 and the microprocessor. 

Interrupt Request UROA, IROB) 
The Interrupt Request (lRQA for Port.A, and IROB for 
Port B) output signals become true (Logic 0) whenever 
an internal interrupt condition is determined by Inter­
rupt Status Control Registers A and B. These two signals 
are active low and have open-drain outputs. The open­
drain configuration allows the Interrupt Request signals 
to be wire-ORed to a common microprocessor IRO 
input line. 

Reset (RES) 
A low signal (Logic 0) on the Reset line serves to initialize 
the NCR65C21, clearing all internal registers and placing 
all peripheral interface lines (PA and PB) in the input 
state. 

Peripheral Data Port A (PAO - PA7) 
Peripheral Data Port A is an B-line, bidirectional bus used 
for the transfer of data, control and status information 
between the NCR65C21 and a peripheral device. Each 
data port bus line may be individually programmed as 
either an input or output under control of the Data 
Direction Register (DORA). Data flow direction may be 
selected on a line-by-line basis with intermixed input and 
output lines within the same port. 

Peripheral Data Port B (PBO - PB7) 
Peripheral Data PortB is an B-line, bidirectional bus used 

for the transfer of data, control and status information 
between the NCR65C21 and a peripheral device. Func­
tional operation is identical to Peripheral Data Port A, 
thus allowing the NCR65C21 to independently control 
two peripheral devices. 

Interrupt Status Control 
CA1, CA2 (Port A) and CB1, CB2 (Port B) 
The two Interrupt Status Control lines for each Data 
Port are controlled by the I nterrupt Status Control logic 
(A and B). This logic interprets the contents of the cor­
responding Control Register (CRA and CRB), allowing 
the I nterrupt Status Control lines to perform various 
peripheral control functions. 

Functional Description 
Organization of the NCR65C21 consists of two indepen­
dent control sections (A and B). Section A and Section 
B are identical - each consisting of a Control Register 
(CRA and CRB). Data Direction Register (DORA and 
DDRB), Output Register (ORA and ORB), Interrupt 
Status Control (A and B) and Peripheral Interface Buf­
fers (A and B). The Data Bus Buffers (DBB), Data Input 
Register (DIR) and the Chip Select and Read/Write 
control logic is common to both sections. Refer to the 
Block Diagram on Page 1. 

Data Input Register (DIR) 
During a Write data operation, the microprocessor writes 
data into the NCR65C21 by placing data on the Data 
Bus. This data is then latched into the Data Input Re­
gister by the Phase Two (02) clock. Once in the Data 
Input Register, this data byte is transferred into one of 
six internal registers. This data transfer occurs after the 
trailing edge of the 02 clock pulse that latched the data 
byte into the Data Input Register. This timing delay 
guarantees that the data on the peripheral output lines 
(PA or PB) will make a smooth transition from low to 
high or high to low, and the output voltage will remain 
stable when there is to be no change in polarity. 

Control Registers (CRA and CRB) 
The individual Control Registers allow the microproces­
sor to program the operation of the I nterrupt Control in­
puts (CA l,CA2, CB 1, and CB2), and the Peripheral Con­
trol outputs (CA2 and CB2). Refer to Figure 4. Bit 2 in 
each. Control Register controls the addressing of the 
Data Direction Registers (DORA and DDRB) and also 
the Output Registers (ORA and ORB). Bits 6 and 7 are 
interrupt flag bits which indicate the status of the Inter­
rupt Status Control input lines (CAl, CA2, CB 1, and 
CB2). These two interrupt status flags are normally in­
terrogated by the microprocessor during the interrupt 
service routing to determine the source of an active 
interrupt. These two interrupt lines drive the inter­
rupt input (lRO and NMI) of the microprocessor. 

Interrupt Status Control logic (A and B) 
The NCR65C21 contains four interrupt/peripheral con­
trol lines (CAl, CA2, CB1, and CB2). These lines are 
controlled by the I nterrupt Status Control logic (A and 
B). The I nterrupt Status Control logic serves to interpret 
the contents of the corresponding Control Register, thus 
allowing these lines to perform various control functions 
as described in Figure 16. 

Data Direction Registers (DORA and DDRB) 
By use of the Data Direction Registers (DDR), the micro­
processor can program each individual peripheral I/O 



Port line as an input or output. Each bit within the 
register controls a corresponding line of the I/O Port, 
with DORA controlling peripheral I/O Port A and 
DDRB controlling I/O Port B. A programmed "0" in any 
bit position of a DDR results in the corresponding I/O 
Port line being designated as an input. A "1" results in 
the line being an output. 

Peripheral Output. Registers (ORA and ORB) 
All output data to a peripheral is stored in the correspon­
ding Output Register (ORA or ORB). This data isthen 
presented to the Peripheral I nterface Buffer (A and B) 
and placed on the respective I/O Port lines. Writing a 
"0" into any bit position of ORA or ORB results in the 
corresponding peripheral I/O Port line going low 
«VOLI. providing that particular line is programmed as 
an output. Writing a "1" into a bit position results in 
the corresponding output line going high. 

Register Access and Selelction 
Register Select lines RSO and RSl are used in combina­
tion with Chip Select to access the six function registers 
within the NCR65C21. These lines are normally con­
nected to the microprocessor address output lines. As 
can be seen from Figure 13, the Register Select lines are 
used in combination with bit 2 of the Control Registers 
(CRA and CRB) to access the Data Direction Registers 
(DORA and DDRB) and the peripheral Interface Output 
Registers (ORA and ORB). If bit 2 is a Logic 1, the 
Peripheral Output Register is selected, and if bit 2 is a 
Logic 0, the Data Direction Register is selected. Thus, 
with appropriate addressing the microprocessor can 
write directly into the Control Registers, the Data 
Direction Registers, and the peripheral interface Output 
Registers. Also, the microprocessor can read the contents 
of the Control Registers and the Data_Direction Registers. 

Data Access-Peripheral I/O Port A 
Depending on the contents of Data Direction Register A, 
the eight lines of Peripheral I/O Port A may be program­
med as either inputs or outputs. When a particular line(s) 
is programmed as an output, it will reflect the contents 
of the corresponding bit in peripheral Output Register A 
(ORA). When programmed as inputs, these lines will re­
flect the logic state of corresponding peripheral input 
data. Lines programmed as inputs are not affected by 
the peripheral Output Register (ORA). To perform a 
Read operation (RSl = 0, RSO = 0, and Data Direction 
Register Access Control bit (CRA-2) = 1), data on per­
ipheral I/O Port A lines is directly transferred to the 
microprocessor via the Data Bus. The transferred byte 
will contain both input and output data from all eight 
I/O Port A lines. It is the responsibility of the micro­
processor to recognize and interpret only those bits 
which are important to a particular peripheral operation 
being performed. Note that the microprocessor always 
reads the I/O Port A "pins" and not the contents of the 
ORA. This being the case, the actual data read into the 
microprocessor may differ from the contents of the 
peripheral ORA, i.e., for a particular data "output" line. 
This condition occurs when the I/O pin is not allowed to 
reach a full VIH for a Logic 1. When this occurs, the 
microprocessor will read a Logic 0, even though the cor­
responding bit in the peripheral 0 RA is a Logic 1. 

Data Access-Peripheral I/O Port B 
When reading peripheral I/O Port B, a combination of in­
put and output data is read in a similar manner to 
peripheral I/O Port A above, The major difference is that 
for I/O Port B, data is read directly from peripheral Out-
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put Register B (OR B) for those lines programmed as 
outputs. This being the case, it is possible to load down 
I/O Port B lines without causing incorrect data to be 
transferred to the microprocessor during a Read 
operation. 

Interrupt Request (fROA, IROB) 
Both Interrupt Request (lROA, IROB) lines are active 
low, and serve to interrupt the microprocessor either 
directly or through external interrupt priority circuitry. 
Each line is "open drain" and is capable of sinking 1.6 
milliamps from an external source, thus allowing all 
interrupts to be tied together in a wired-OR configuration. 
Each I nterrupt Request line is assigned to a particular 
Peripheral I nterface I/O Port (I ROA for Port A, and 
I ROB for Port B). Two interrupt flag bits are used with 
each Interrupt Request line. When true, these flag bits 
cause the Interrupt Request line to go low. The flag bits 
(bits 6 and 7 in each of the two Control Registers) act 
as the link between the peripheral interrupt signals and 
the microprocessor interrupt inputs. Each flag has a cor­
responding interrupt disable bit which allows the micro­
processor to enable or disable the interrupts from each 
of the four interrupt inputs, i.e., CAl, CA2, CB1, and 
CB2. Each interrupt flag is set by an active transition on 
the interrupt input (CA 1, CA2, CB 1 and CB2). 

Interrupt A Control (fRQA) 
Bit 7 of Control Register A is always set by a high to low 
transition of the CA 1 interrupt control signal. This flag 
can be prevented from interrupting (disabled) by clear­
ing bit 0 of Control Register A. Bit 6 of Control Register 
A is always set by an active transition of the CA2 inter­
rupt control signal. This flag can be prevented from 
generating an interrupt by clearing bit 3 of Control 
Register A. 

Both bit 6 and bit 7 in Control Register A are reset by 
reading the Peripheral Output Register A. To p~rform 
this Read operation, the proper Chip Select and appro­
priate Register Select signals must be present. 

Interrupt B Control (fROB) 
The control of Interrupt Request B (lROB) is performed 
in the same manner as that described above for I RQA, 
except that for I/O Port B, Control Register bit 7 is set 
by a high to low transition on CB 1 and interrupt enable/ 
disable is controlled by Control Register bit 0. Control 
Register bit 6 is set by CB2 and its enable/disable is con­
trolled by Control Register bit 3. Here again, both bit 6 
and bit 7 in Control Register B are reset by reading the 
Peripheral Output Register B. Note that the interrupt 
disable bits (CRB bits 0 and 3) allow the inicroproces­
sor to contro.! the interrupt function. 

Interrupt Control Summary 

I ROA goes low when CRA-7 = 1 and CRA-O = 1 or 
when CRA-6 = 1 and CRA-3 = 1 

I ROB goes low when CRB-7 = 1 and CRB-O = 1 or 
when CRB-6 = 1 and CRB-3 = 1 

Peripheral I/O Ports 
The NCR65C21 provides two 8-bit bidirectional Data 
Ports (PA and PB) and four interrupt/control lines (CA 1, 
CA2, CB 1 and CB2) for interfacing to peripheral devices. 
Peripheral I/O Port A and I/O Port B allow the micro­
processor to interface the peripheral device input lines 
by loading data into the corresponding Peripheral Out­
put Register. The microprocessor interfaces the peri- 441 
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pheral device output lines by reading data on the I/O 
Port input lines directly onto the Data Bus and into the 
internal register of the microprocessor; 

Peripheral I/O Port A (PAD - PA7) 
Each Peripheral I/O Port line can be programmed to act 
as an input or an output, as determ ined by the cor­
responding bits in the Data Direction Register. Within 
the Data Direction Register, 'a Logic 1 in a particular bit 
position represents an output line. Likewise, a Logic 0 
in a particular bit position represents an input line. The 
Data Buffers which drive the I/O Port A lines contain 
"active" pull·up transistors as shown in Figure 14. Since 
these pull·ups are p·channel transistors they allow the 
output voltage to go to Voo for a Logic 1. Also, since 
these switches can sink a full 1.6 milliamp, the buffers 
are capable of driving one standard TTL load. In the in· 
put mode, the pull·up devices shown in Figure 14 re­
main connected to the I/O pin and continue to supply 
current to the pin. For this reason, these lines represent 
one standard TTL load in the input mode. 

Peripheral I/O Port B (PBO- PB71 
The lines of Peripheral' I/O Port B function in a similar 
manner to the discussion of I/O Port A above. Program· 
med selection for, input/output function is identical. 
There are, however, several characteristics of the buffers 
driving these lines which effect their use in peripheral 
interfacing. Peripheral I/O Port B buffers are push·pull 
devices as shown in Figure 15. 

This active pull.up devices can source up to 1 milliamp 
at 1.5 volts. This current drive capability is provided to 
allow direct connection to Darlington transistor, switches. 
This allows convenient control of relays, lamps, etc. Be­
cause the I/O Port B outputs are designed to drive tran­
sistors directly, the output data is read directly from 
Peripheral Output Register B for those lines programmed 
as inputs. The I/O Port B push·pull buffers also provide 
a high impedance input state. When these lines are pro· 
grammed as inputs, the output buffer enters the high im· 
pedance state. 

Interrupt Input/Periphllral Control ,,"ines 
(CA1, CA2, CB1 and CB21 
The NCR65C21 contains four interrupt input/peripheral 
control lines (CAl, CA2, CB 1 and CB21 which offer a 
number of special peripheral control functions. These 
functions greatly enhance the performance of the two 
I/OPorts. Refer to Figure 16 for a summary of control 
lin!! operation. 

I/O Port A Interrupt Input/Peripheral Control Lines 
(eA1, CA21 ' 
Line CA 1 is an interrupt input only. An active transition 
on this line will set bit 7 in Control Register A to a Logic 
1. This flag bit (bit 71 can be programmed to set on 
either a positive or negative CA" transition. Bit 7 will be 
on a negative transition if bit 1 in the Control Register is 
cleared. Likewise, bit 7 can be set on a positive transition 
if bit 1 in the Control Register is set to a Logic 1. 

It should be'noted that a negative transition is defined as 

a transition from high to low, and a positive transition is 
a transition from low to high. 

Setting the interrupt flag (bit 7 or the Control Register) 
will interrupt the microprocessor via TRQA if bit 0 in 
Control Register A is a Logic 1 as described in earlier 
paragraphs. 

Line CA2 can act as a totally independent interrupt in­
put or as a peripheral control output. CA2 acts as an 
interrupt input when Control Register A bit 5 is a Logic 
O. In this case, CA2 will set the interrupt flag (bit 6 
of Control Register AI to a Logic 1 on the active tran· 
sition as selected by bit 4 of the Control Register. The 
Control Register bits and interrupt inputs serve the same 
basic function as that described above for CAl. The in· 
put transition sets the interrupt flag which serves as the 
link between the microprocessor interrupt configuration 
and the peripheral device. The interrupt disable bit al· 
lows the microprocessor to exercise control over the 
system interrupts. 

CA2 serves in the output control mode when Control 
Register A bit 5 is a Logic 1. In this case, CA2 can 
operate independently to generate a sample pulse each 
time the microprocessor reads data on I/O Port A. This 
mode is selected by setting bit 4 of the Control Register 
to a Logic 0 and bit 3 to a Logic 1. This pulse output is 
normally used to control counters, shift registers, etc. 
which provide sequential data to the peripheral input 
lines. 

A second output mode allows CA2 to be used in conjun· 
ction with CAl to "handshake" between the peripheral 
device and the microprocessor. With respect to I/O Port 
A, this "handshake" allows positive control of data trans­
fers from the peripheral device into the microprocessor. 
The "handshake" fu nction operates as follows: 

The CA 1 input signals the microprocessor that data 
is available by interrupting the microprocessor. The 
microprocessor then reads the data and sets CA2 to a 
Logic O. This signals the peripheral device that it can 
now place new data on the I/O Port line. 

A third output mode can be selected by setting Control 
Register bit 4 to a Logic 1. In this mode, CA2 is a simple 
peripheral control output which can be set high or low 
by setting or clearing bit 3 Control Register A. 

I/O Port B Interrupt Input/Peripheral Control Lines 
(CB1, CB21 
The CBl line operates as an interrupt input only in the 
same manner as CA 1 above. In this case, bit 7 of Control 
Register B is set by the active transition on CB 1 as 
selected by bit 0 of the Control Register. The CB2 input 
modes operate identical to the CA2 input modes. How­
ever, the CB2 output modes (Control Register B bit 5 
set to Logic 11 differ somewhat from those of CA2. That 
is, the pulse output occurs when the microprocessor 
writes data into Output Register B. Also, the "hand­
shaking" operates on data transfers from the micro­
processor into the peripheral device. 



DDR 

DATA---------.~~ 
DDR 

INPUT 
(OUTPUT MODE) 

65C21 

INPUT (INPUT MODE) _E------' 
INPUT_~------~ 

Figure 14. Port A Buffer Circuit (PAD-PAl) Figure 15. Port B Buffer Circuit (PBG-PBl) 

CA1/CBl CONTROL 

CRA (CRB) 
ACTIVE TRANSITION 

BIT 1 BITO OF INPUT SIGNAL* IROA (lROB) INTERRUPT OUTPUTS 

0 0 Negative Disable - remain high 

0 , Negative Enable - goes low when bit 7 in CRA (CRB) is set by active transi-
tion of signal on CA' (CB') , 0 Positive Disable - remain high 

1 , Positive Enable - as explained above 

'Note: Bit 7 of CRA (CRB) will be set to a Logic' by an active transition of the CA' (CB') signal. This is independent of 
the state of bit 0 in CRA (CRB). 

CA2/CB2 INPUT MODES 

CRA (CRB) 
ACTIVE TRANSITION 

BIT5 BIT4 BIT3 OF INPUT SIGNAL* IROA (lROB) INTERRUPT OUTPUTS 

0 0 0 Negative Disable - remain high 

0 0 , Negative Enable -goes low when bit6 in CRA (CRB) is set by activetransi-
tion of signal on CA2 (CB2) 

0 , 0 Positive Disable - remains high 

0 , , Positive Enable - as explained above 

*Note: Bit 6 of CRA (CRB) will be set to a Logic 1 by an active transition of the CA2 (CB2) signal. This is independent of 
the state of bit 0 in CRA (CRB). 

CA2 OUTPUT MODES 

CRA 

BIT5 BIT4 BIT3 MODE DESCRIPTION , 0 0 "Handshake" CA2 is set high on an active transition of the CA 1 interrupt input 
on Read signal and set low by a microprocessor "Read A Data" operation. 

This allows positive control of data transfers from the peripheral 
device to the microprocessor. 

1 0 1 Pulse Output CA2 goes low for one cycle after a "Read A Data" operation. This 
pulse can be used to signal the peripheral device that data was taken. , , 0 Manual Output CA2 set low 

1 , , Manual Output CA2 set high 

Figure 16. Interrupt Input/Peripheral Control Lines Operation 
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CB2 OUTPUT MODES 

CRB 

BITS BIT4 BIT3 MODE DESCRIPTION 

1 0 0 "Handshake" CB2 is set low on microprocessor "Write B Data" operation and is 
set high by an active transition of the CB 1 interrupt input signal. 
This allows positive control of data transfers from the micro-
processor to the peripheral device. 

1 0 1 Pulse Output CB2 goes low for one cycle after a microprocessor "Write B Data" 
operation. This can be used to signal the peripheral device that 
data is available. 

1 1 0 Manual Output CB2 set low 

1 1 1 Manual Output CB2 set high 

Figure 16. Interrupt Input/Peripheral Control Lines Operation (Continued) 

• PACKAGING INFORMATION 

Typical Outline Drawing (Ceramic) 

SEATING 
PLANE 

40 PIN CERAMIC PACKAGE 

DIM MILLIMETERS INCHES 

MIN MAX 

A 50.419 51.181 

B 14.605 15.367 

C 3.810 

D 0.381 0.533 

E 0.889 1.524 

F 2.286 2.794 

G 1.016 1.524 

H 0.203 0.305 

J 15.113 15.875 

K 15.24 REF 

L 0.889 1.651 

M 2.540 3.556 

NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 

MIN 

1.985 

0.575 

Om5 

0.035 

0.090 

0.040 

0.008 

0.590 

0.600 

0.035 

0.100 

Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

MAX 

2.015 

0.605 

0.150 

0.021 

0.060 

0.110 

0.060 

0.012 

0.620 

REF 

. 0.065 

0.140 

Typical Outline Drawing (Plastic & Cerdip) 

40 PIN PLASTIC PACKAGE 

DIM MILLIMETERS INCHES 

MIN MAX MIN MAX 

A 51.69 52.45 2.035 2.065 

B 13.72 14.22 0.540 0.560 

C 3.94 5.08 0.155 0.200 

D 0.36 0.56 0.014 0.022 

E 1.02 1.52 0.040 0.060 

F 2.54 TYP 0.100 TYP 

G 1.65 2.16 0.065 0.085 

H 0.20 0.38 0.008 0.015 

J 15.24 TYP 0.600 TYP 

K 

L 0.51 1.02 0.020 0.040 

M 2.92 3.43 0.115 0.135. 



65C22 
VERSATILE INTERFACE ADAPTER 
WITH INTERNAL TIMER/COUNTERS 

• CMOS process technology for low power consump-
tion. ' 

• Fully compatible with NMOS 6522 devices. 

• Low power consumption allows battery-powered op­
eration (2 mA at 1 MHz). 

• Two 8-bit, bidirectional peripheral I/O Ports. 

• Two powerful 16-bit programmable Interval Timer/ 
Counters. 

• Serial bidirectional peripheral I/O Port. 

The NCR65C22 Versatile Interface Adapter (VIA) is 
a flexible I/O device for use with the NCR65CXX se­
ries 8-bit microprocessor family. The NCR65C22 includes 
functions for programmed control of up to two peripheral 
devices (Ports A and 8). Two program controlled 8-bit 
bidirectional peripheral I/O ports allow direct interfacing 
between the microprocessor and selected peripheral 
units. Each port has input data latching capability_ Two 
programmable Data Direction Registers (A and 8) allow 
selection of data direction (input or output) on an in­
dividual line basis. Also provided are two programmable 

• Enhanced "handshake" feature. 

• Latched I nput/Output Registers on both I/O Ports. 

• Programmable Data Direction Registers. 

• Four operating frequencies-1, 2, 3, and 4 MHz. 

• TTL compatible I/O peripheral lines. 

• Single +5 volts power supply. 

• Available in 40-pin dual-in-line package. 

16-bit Interval Timer/Counters with latches. Timer 1 
may be operated in a one-shot I nterrupt Mode with inter­
rupts on each count-to-zero, or in a free-run Mode with 
a continuous series of evenly spaced interrupts. Timer 2 
functions as both an interval and pulse counter. Serial 
data transfers are provided by a serial-to-parallel/parallel­
to-serial shift register. Application versatility is further 
increased by various control registers, includillg - an 
Interrupt Flag Register, an Interrupt Enable Register and 
two Function Control Registers. 

PIN 
CONFIGURATION 

FUNCTIONAL 
BLOCK DIAGRAM 

VSS CAl 

PAO CA. 

PAl RSO 

PA' RSl 

PA3 RS. 

PA' RS3 

PAS "'ifEs 

PAB DO 

PA7 01 

PBO D. 

PBl 03 

PB, D. 

PB3 OS 

PB' DB 

PBS 07 

PBB ¢. 

PB7 CSl 

CBl CS' 

CB. Riw 
VDD IRQ 

"SO~-r----' 

"" "" "" '" '" "" .. 
"IW 

ACCESS 
CONTROL 

LOGIC 

DATA DATA 
BUS BUS 

BUFFERS 

PIN NAMES 
PIN DESCRIPTION 

DO-D7 Data Bus 

PAO-PA7 Peripheral I/O Port A 

SERIALCAlA 
SHIFT REGISTER lSR) 

PIN 

CS1, CS2 

RSO RS3 

DESCRIPTION 

Chip Select Inputs 

Re~ister Selects 

PORTO 
DATA BUS 

PORT A 
DATA BUS 

P80-PB7 Peripheral I/O Port B CA1 CA2 Peripheral A Control Lines 

02 Phase 2 Internal Clock CB1, CB2 Peripheral B Control Lines 

RES Reset VOD Positive Power Supply (+5V) 

R/W Read/Write VSS I nternal Logic Ground 

IRQA Int.erruDt. Request 

*Specifications are subject to change without notice. 

Copyright©1983 by NCR Corporation, Dayton, Ohio, USA 445 



446 

rn~rn 
• Absolute Maximum Ratings: (Note 1) 

Rating Symbol Value 
Supply Voltage Voo -0.3Vto+7.0V 

Input Voltage VIN -0.3V to + 7 .OV 

Operating Temperature TA O"C to + 70°C 

Storage Temperature Ts -55°C to + 150°C 

This device contains input protection against damage 
due to high static voltages or electric fields, however, 
precautions should be taken to avoid application of 
voltages higher than the maximum rating. 
Notes: 
1. Exceeding these ratings may cause permanent 

damage, functional operation under these condi­
tions is not impled. 

• DC Characteristics: Voo = 5.0V ± 5%, Vss = OV, TA = OOC to + 70°C 

Parameter Symbol Min. Typ. Max. Unit 

Input High Voltage V,H 2.0 - Voo + 0.3 V 

Input Low Voltage V,L -0.3 - O.B V 

I nput Leakage Current, 
V,N = 0 to 5V.l.nput Onlv Pins 

liN - - _2.5 IJA 

Three·State (Off State), Leakage Current ITSI - - ± 10.0 IJA 
V,N = 0.4 to 2.4V 
Input High Current, I'H -200 - - IJA 
V,H = 2.4V, Peripheral Inputs with Puliups 
I nput Low Current, I,L - - 2.4 mA 
V,L = O.4V, Peripheral Inputs with Pullups 

Output Low Voltage, IOL - 3.2 mA VOL - - 0.4 V 

Output High Voltage, IOH - -2001JA VOH 2.4 - - V 

Output Low Current (Sinking), VOL - 0.4V IOL 3.2 - - mA 

Output High Current (Sourcing), IOHl 
VOH1 = 2..4 V -0.2 - - mA 
VOH2 = 1.5V, Direct Transistor Drive IOH2 -3.0 - -10.0 mA 

Supply Cu rrent f= 1 MHz 100 - - 2.0 mA 
(No Load) f = 2 MHz 100 - - 4.0 mA 

f= 3 MHz 100 - - 6.0 mA 
f = 4 MHz 100 - - B.O mA 

Power Dissipation, Voo - 5.5V, f - 1 MHz Po - - 11.0 mW 
Standby Power Dissipation PSBY - - 11.0 j./,W 

Input Capacitance, f = 1 MHz C'N - - 10.0 pF 

Output Capacitance, f - 1 MHz COUT - - 5.0 pF 

• AC Characteristics - Processor Interface Timing: "00 5.0V ± 5%, Vss = OV, 
T A = _O°C to 70°C 

1 MHz 2MHz 3MHz 4MHz 
Parameter Symbol Min Max Min Max Min Max Min Max Unit 

Cycle Time tCYC 1000 - 500 - 330 - 250 - nS 

Phase 2 Pulse Width High tPWH 470 - 240 - 160 - 120 - nS 

Phase 2 Pulse Width Low tpwL 470 - 2110 - 160 - 120 - nS 

Phase 2 Transition tR,F - 30 - 30 - 30 - 30 nS 

Read Timing (Figure 2) 

Select, R/W Setup tACR 160 - 90 - 65 - 45 - nS 

Select, R/WHold tCAR 0 - 0 - 0 - 0 - nS 

Data Bus Delay tCOR - 320 - 190 - 130 - 90 nS 

Data Bus Hold tHR 10 - 10 - 10 - 10 - nS 

Peripheral Data Setup tpCR 300 - 150 - 110 - 75 - nS 

Write Timing (Figure 3) 

Select R/W Setup tACW 160 - 90 - 65 - 45 - nS 

Select R/W Hold tACW 0 - 0 - 0 - 0 - nS 

Data Bus Setup tocw 195 - 90 - 65 - 45 - nS 

Data Bus Hold tHw 10 - 10 - 10 - 10 - nS 

Peripheral Data Delay tcpw - 1000 - 500 - 330 - 250 nS 



• AC Characteristics - Peripheral Interface Timing: Voo = 5.0V ± 5%, VSS = OV, 
T A = O·C to + 70·C (See Figures 4 through 12) 

Parameter Symbol Min Max 

Rise and Fall Time for CA 1, CB 1, CA2 and CB2 I nput Signals tR, tF - 1.0 

Delay Time, Clock Negative Transition to CA2 Negative tcA2 - 1.0 
Transition (Read Handshake or Pulse Mode) 
Delay Time, Clock Negative Transition to CA2 Positive tRS1 - 1.0 
Transition (Pulse Mode) 
Delay Time, CA 1 Active Transition to CA2 Positive Transition tRS2 - 2.0 
(Handshake Mode) 
Delay Time, Clock Positive Transition to CA2 or CB2 Negative tWHs 0.05 1.0 
Transition (Write Handshake) 
Delay Time, Peripheral Data Valid to CB2 Negative Transition tos 0.20 1.5 

Delay Time, Clock Positive Transition to CA2 or CB2 Positive tRS3 - 1.0 
Transition (Pulse Mode) 
Delay Time, CA 1 or CB 1 Active Transition to CA2 or CB2 tRS4 - 2.0 
Positive Transition (Handshake Mode) 
Delay Time Required from CA2 Output to CA 1 Active t21 400 -
Transition (Handshake Mode) 
Set·up Time, Peripheral Data Valid to CA 1 or CBl Active tiL 300 -
Transition (Input Latching) 

Shift·Out Delay Time - Time from 02 Falling Edge to CB2 tSR1 - 300 
Data Out 

Shift·ln Set·up Time - Time from CB2 Data in to 02 Rising Edge tSR2 300 -
External Shift Clock (CB 1) Set·up Time Relative to 02 tsR3 100 tcvc 
T raili ng Edge 
Pulse Width - PB6 Input Pulse tlPW 2xtcvc -
Pulse Width - CB 1 I nput Clock tlCW 2xtcvc -
Pulse Spacing - PB6 Input Pulse tiPS 2xtcvc -
Pulse Spacing - CBl Input Pulse tiCS 2xtcvc -
CA 1, CB 1 Set Up Prior to Transition to Arm Latch tAL 300 -
Peripheral Data Hold After CA 1, CB 1 Transition tpoH 150 -

• TIMING DIAGRAMS Measurement points of 0.8 V and 2.0 unless otherwise specified. 

02------/ 

ADDRESS 
CS, RS, ETC __ ~ 

R/W 

PERIPHERAL 
DATA, 
CA2, CB2 
INPUTS 

DATA BUS 

14---'tpWH 

Figure 1. Read Timing 

Unit 

pS 

pS 

pS 

pS 

pS 

pS 
pS 

pS 

nS 

nS 

nS 

nS 
nS 

nS 
nS 

65C22 

Figure 

-
4.5 

4 

5 

6.7 

6.7 

6 

7 

7 

8 

9 

10 
10 

12 
11 
12 

11 

8 
8 
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• TIMING DIAGRAMS (Continued): Measurement points of O.BV and 2.0V unless otherwise specified. 

1~ • .------------tCYC------------~ 

02-----.... 1 

ADDRESS 
CS, RS, ETC ___ --' 

R /W ----___,. 

PERIPHERAL 
DATA, ----------------------------~r.r.r77 
CA2, CB2 
OUTPUTS 

DATA ------------H-~~~ 
BUS ~~~~~----

Figure 2. Write Timing 

02 

READ IRA 
OPERATION 

CA2 
"DATA TAKEN" 

02 

READ IRA 
OPERATION 

... ----tcA2~---~ 

Figure 3. Read Handshake, Pulse Mode Timing (CA2) 

CA2 r "DATA TAKEN" 
I 

~~iTAREADY"-------~-~---------t-CA-2~-------~-~-------,~:~-------~".; 

'ACTIVE 
TRANSITION 

Figure 4. Read Handshake, Handshake Mode Timing (CA2) 
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• Timing Diagrams (Continued): Measurement points O.8V and 2.0V unless otherwise specified. 

WRITE ORA, ORB 
OPERATION ---"""\. 

CA2,CB2 
"DATA READY" 

~
.f--___ tDS-_----'-,! 

PA, PB 
PERIPHERAL DATA . ________________________ __ 

Figure 5. Write Handshake, Pulse Mode Timing (CA2, CB2) 

02 

WRITE ORA, ORB ____ " 
OPERATION 

CA2,CB2 
"DATA READY" 

PA, PB 
PERIPHERAL 
DATA 

CA1,CB1 

"DATA TAKEN" -----------------i 

'ACTIVE 
TRANSITION 

Figure 6. Write Handshake, Handshake Mode Timing (CA2, CB2) 

PA,PB ~ ;Jc ~~~G~H~:~k 
t2.fL~ tpoH 

f~U';~~TCHING~ CONTROL ._____________ _~ ________ __ 

"" tAL 

'ACTIVE 
TRANSITION 

Figure 7, Peripheral Data, Input Latching Timing 

f~~~~31YA~~. 
!sR1 

cal 
SHIFT DATA ~~\ 
(INPUT) 'L.o!L..£LL..t.:...!I..~ .. '-D-E-LA-V-T-,M-E--ME-A-----

SURED FROM THE 
FIRST f/2 FALLING 
EOGe AFTER CB1 
FALLING EDGE 

Figure 8. Data Shift Out, Internal or External 
Shift Clock Timing 
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• Timing Diagrams (Continued): 

02 

CB2 
SHIFT CLOCK·77....,...,,...,..., .... 
(INPUT OR 
OUTPUT) 

CBl 
SH I FT CLOCK ______ ~£.."!f.L.~.LJ.:/ 
(INPUT OR 
OUTPUT) 

Figure 9. Data Shift In, Internal or External Shift Clock Timing 

CBl 

1: ~ ~ tlCW ticS 

SHIFT CLOCK----_____ 
INPUT 

Figure 10. External Shift Clock Timing 

PB6 
PULSECOUNT----~ 

1: INPUT 

tlPW ~ tiPs t 
Figure 11. Pulse Count Input Timing 

• Signal Description 
Reset (RESI 
Reset (R"ESI clears all internal registers except T1 and 
T2 counters and latches, and the Shift Register (SRI. In 
the RES condition, all peripheral interface lines (PA and 
PBI are placed in the input state. Also, the Timers (T1 
and T2), SR and interrupt logic are disabled from op­
eration. 

I nput Clock III 21 
The system 02 Input Clock synchronizes all data trans­
fers between the NCR65C22 and the microprocessor. 

ReadlWrite (R/Wl 
The R/W signal is generated by the microprocessor and 
is used to control the transfer of data between the NCR 
65C22 and the microprocessor. When R/W is in the high 
state (Logic 11 and the chip is selected, data is transfer­
red from the NCR65C22 to the microprocessor (Read 
operation). Conversely, when R/W is in the low state 
(Logic 01, data is transferred from the processor to the 
selected NCR65C22 register (Write operation). Read/ 
Write must always be accompanied by a proper Chip 
Select (CS1, CS21. 

Data Bus (DO - 071 
The eight bidirectional Data Bus lines are used to transfer 
data between the NCR65C22 and the microprocessor. 
During a Read operation, the contents of the selected 
NCR65C22 internal register are transferred to the micro­
processor via the Data Bus lines. During a Write operation, 
the Data Bus lines serve as high impedance inputs over 
which data is transferred from the microprocessor to a 

450 selected NCR65C22 register. The Data Bus lines are in 

the high impedance state when the NCR65C22 is un­
selected. 

Chip Select (CS1, WI 
Normally, the two Chip Select lines are connected to the 
microprocessor address lines. This connection may be 
direct or through decoding. To access a selected NCR-
65C22 register, CS1 must be high (Logic 11 and CS2 
must be low (Logic 0). (Refer to figures 1 and 2). 

Register Select (RSO - RS31 
The Register .Select inputs allow the microprocessor to 
select one of 16 internal registers within the NCR65C22. 
Refer to Table 1 for Register Select coding and a fun­
ctional description. 

Interrupt Request (I RQI 
The Interrupt Request (IRQ) output signal is generated 
(Logic 01 whenever an internal Interrupt Flag bit is set 
(Logic 1) and the corresponding Interrupt Enable bit 
is a Logic 1. The I nterrupt Request output is an open­
drain configuration, thus allowing the mn signal to be 
wire-ORed to a common microprocessor fRO input line. 

Peripheral Data Port A (PAO - PA71 
Peripheral Data Port A is an B·line, bidirectional bus 
used for the transfer of data, control and status infor­
mation between the NCR65C22 and a peripheral device. 
Each Peripheral Data Port bus line may be individually 
programmed as either an input or output under control 
of a Data Direction Register. Data flow direction may 
be selected on a line-by-line basis with intermixed input 
and output lines within the same port. When a "0" is 
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Table 1. Internal Registers 

Register RS Coding Register Description 

Number RS3 RS2 RS1 RSO Designation Write Read 

0 0 0 0 0 ORB/IRB 

1 0 0 0 1 ORA/IRA 

2 0 0 1 0 DDRB 

3 0 0 1 1 DORA 

4 0 1 0 0 T1C-L 

5 0 1 0 1 T1C-H 

6 0 1 1 0 T1L-L 

7 0 1 1 1 T1L-H 

B 1 0 0 0 T2C·L 

9 1 0 0 1 T2C·H 

10 1 0 1 0 SR 

11 1 0 1 1 ACR 

12 1 1 0 0 PCR 

13 1 1 0 1 IFR 

14 1 1 1 0 IER 

15 1 1 1 1 ORA/IRA 

written to any bit position of the Data Direction 
Register, the corresponding line will be programmed as 
an input. Likewise, when a "1" is written into any bit 
position of the register, the corresponding data line will 
serve as an output. Polarity of the data output is de­
termined by the Output Register, while input data may 
be latched into the Input Register under control of the 
CA 1 line. All modes are program controlled by the 
microprocessor by way of the NCR65C22's internal 
control registers. Each Peripheral Data Port line reo 
presents one TTL load in the input mode and will drive 
one standard TTL load in the output mode. A typical 
output circuit for Peripheral Data Port A is shown in 
Figure 12. 

DDR 

DATA---------L __ ~ 

INPUT __ ~------~ 

Figure 12. Port A Buffer Circuit (PAO-PAl, CA2) 

Peripheral Data Port A Control Lines (CA1, CA2) 
Control lines CA 1 and CA2 serve as interrupt inputs or 
handshake outputs for Peripheral Data Port A. Each line 
controls an internal Interrupt Flag with a corresponding 
Interrupt Enable bit. CAl also controls the latching of 
Input Data on Port A. CA 1 is a high impedance input, 
while CA2 represents one standard TTL load in the 
input mode. In the output mode, CA2 will drive one 
standard TTL load. 

Output Register "B" I Input Register "B" 

Output Register "A" I Input Register "A" 

Data Direction Register "B" 

Data Direction Register "A" 

Tl Low-Order Latches I T1 Low·Order Counter 
Tl High-Order Counter 

Tl Low-Order Latches 

Tl High·Order Latches 

T2 Low-Order Latches I T2 Low-Order Counter 

T2 High·Order Counter 

Shift Register 

Auxiliary Control Register 

Peripheral Control Register 

Interrupt Flag Register 

I nterrupt Enable Register 

Same As Reg 1 Except No "Handshake" 

Peripheral Data Port B (PBO - PB7) 
Peripheral Data Port B is an B-line, bidirectional bus 
which is controlled by an Output Register, Input 
Register and Data Direction Register in a manner much 
the same as Data Port A. With respect to Port B, the out· 
put signal on line PB7 may be controlled by Timer 1 
while Timer 2 may be programmed to count pulses on 
the PB6 line. Port B lines represent one standard TTL 
load in the input mode and will drive one TTL load in 
the output mode. Port B lines are also capable of 
sourcing IOH2 mA at VOH2 Vdc in the output mode. 
(See DC characteristics). This allows the outputs to di· 
rectly drive Darlington transistor circuits. A typical out­
put circuit for Port B is shown in Figure 13. 

DDR 

INPUT 
(OUTPUT MODE) 

INPUT (INPUT MODE) -~----' 

Figure 13. Port B Buffer Circuit (PBO-PBl, CB1, CB2) 

Peripheral Data Port B Control Lines (CB1, CB2) 
Control lines CB 1 and CB2 serve as interrupt inputs or 
handshake outputs for Peripheral Data Port B. Like Port 
A, these two control lines control an internal Interrupt 
Flag with a corresponding I nterrupt Enable bit. These 
lines also serve as a serial data port under control of the 
Shift Register (SRI. Each control line represents one 
standard TTL load in the input mode and can drive one 
TTL load in the output mode. Note that CBl and CB2 
cannot drive Darlington transistor circuits. 451 



452 

Peripheral Data Ports (Port A, Port B) 
Each Peripheral Data Port operates in conjunction with 
a Data Direction Register (DORA or DDRB). Under pro­
gram control, the Data Direction Registers specify which 
lines within the port bus are to be designated as inputs 
or outputs. A Logic 0 in any bit position of the register 
will cause the corresponding line to serve as an input, 
while a Logic 1 will cause the line to serve as an output. 

When a line is programmed as an output, it is control­
led by a corresponding bit in the Output Register (ORA 
& ORB). A Logic 1 in the Output Register will cause the 
corresponding output line to go high, while a Logic 0 
will cause the line to go low. Under program control, 
data is written into the Output Register bit positions 
corresponding to the output lines which have been pro­
grammed as outputs. Should data be written into bit 
positions corresponding to lines which have been pro­
grammed as inputs, the lines will be unaffected. 

When reading a Peripheral Data Port, the contents of the 
corresponding Input Register (IRA or IRB) is trans­
ferred onto the Data Bus. When the input latching 
feature is disabled, Input Register A (IRA) will reflect 
the logic levels present on the Port A bus lines. However, 
with input latching enabled and the selected active trans­
ition on CA 1 having occurred, Input Register A will 
contain the data present on the Port A bus lines at the 
time of the transition. In this case, once Input Register 
A has been read, it will appear transparent, reflecting the 
current state of the Port A bus lines until the next CA 1 
latching transition. 

With respect to Input Register B, it operates in a similar 
way to Input Register A, except that for those Port B 
bus lines which have been programmed as outputs, there 
is a difference. When reading Input Register A, the logic 
level on the bus line determines whether a Logic 1 or 0 
is sensed. However, when reading I nput Register B, the 
logic level stored in Output Register B (ORB) is the logic 
level sensed. For this reason, those outputs which have 
large loading effects may cause the reading of Input 
Register A to result in the reading of a Logic 0 when a 
1 was actually programmed, and reading a Logic 1 when 
a 0 was programmed. However, when reading I nput Re­
gister B, the logic level read will be correct, regardless of 
loading on the particular bus line. 

For information on formats and operation of the 
Peripheral Data Port registers, refer to Figures 14, 15 
and 16. It should be noted that the input latching modes 
are controlled by the Auxiliary Control Register (See 
Figure 22). 

Data Transfer- Handshake Control 
A powerful feature of the NCR65C22 is its ability to 
provide absolute control over data transfers between the 
microprocessor and peripheral devices. This control is 
accomplished by way of "handshake" lines. Port A lines 
(CA 1, CA2) handshake data transfers on both Read and 
Write operations, while Port B lines (CB 1, CB2) hand­
shake data on Write operations only. 

Read Handshake Control 
Read Handshaking provides effective control of data 
transfers from a peripheral device to the microprocessor. 
To accomplish the Read Handshake, the peripheral de­
vice generates a Data Ready signal to the NCR65C22 
which indicates valid data is present on the Peripheral 
Data Port bus. In most cases, this Data Ready signal will 
interrupt the microprocessor, which will then read the 
data and generate a Data Taken signal. Once the 
peripheral senses the Data Taken signal, new data will 
be placed on the bus. This process continues until the 
data transfer is complete. 

Automatic Read Handshaking applies to Peripheral Data 
Port A only. The Data Ready signal is transmitted by the 
peripheral device over the CA 1 interrupt line, while the 
Data Taken signal is generated and transm itted to the 
peripheral device over the CA2 line. When the Data 
Ready signal is received, it sets an internal flag in the 
Interrupt Flag Register (lFR). This flag may interrupt 
the microprocessor or it may be polled under program 
control. As an option, the Data Taken signal may be 
either a pulse or a level. In either case, it is set low 
(Logic 0) by the microprocessor and is cleared by the 
next Data Ready signal. Refer to Figure 17 for Read 
Handshake timing and operating sequence. 

Write Handshake Control 
The Write Handshake operation is similar to Read Hand­
shaking. For Write Handshaking, however, the NCR-
65C22 generates the Data Ready signal and the per­
ipheral device must generate the Data Taken return 
signal. Note that Write Handshaking may occur on both 
Data Ports (A and B). For a Write Handshake, CA2 or 
CB2 serve as the Data Ready output and can operate in 
either the Handshake Mode or the Pulse Mode. The Data 
Taken signal is received by CA1 or CB1. The Data Taken 
signal sets a flag in the Interrupt Flag Register and clears 
the Data Ready output signal. Refer to Figure 18 for 
Write Handshake timing and operating sequence. Note 
that the selection of Read or Write Handshake operating 
modes (CA 1, CA2, CB 1, and CB2) is accomplished by 
the Peripheral Control Register (PCR). See Figure 19. 



REG 0 - ORB/IRB 171s151413121'lol 

II 

PIN 
DATA DIRECTION 

SELECTION 

DDRB = "1" (OUTPUT) 

DDRB = "0" (INPUT) 
(Input latching disabled) 

DDRS = "a" (INPUT) 
(Input latching enabled) 

WRITE 

PBO 

PB1 

PB2 

PB3 

PB4 

PB5 

PBG 

PB7 

MPU writes Output Level (ORB) 

MPU writes into ORB, but no 
effect on pin level, until DDRS 
changed. 

OUTPUT REGISTER "B" (ORB) 
OR 

INPUT REGISTER "S" (lRB) 

READ 

MPU reads output register bit in 
ORS. Pin level has no effect 

MPU reads input level on PS pin. 

MPU reads I RS bit, which is the 
level of the PS pin at the time of 
the last CS 1 active transition. 

Figure 14. Output Register B (ORB), Input Register B (lRB) 

REG 1 - ORA/IRA 171s151413121'lol 

II 

PIN 
DATA DIRECTION 

SELECTION 

DDRA = "1" (OUTPUT) 
(Input latching disabled) 

DDRA = "1" (OUTPUT 
(Input latching enabled) 

DDRA = "a" (INPUT) 
(Input latching disabled) 

DDRA = "a .. (INPUT) 
(Input latching enabled) 

WRITE 

PAD 

PA1 

PA2 

PA3 

PA4 

PA5 

PA6 

PA7 

MPU writes Output Level (ORA) 

MPU writes into ORA, but no 
effect on pin level, until DDRA 
changed. 

OUTPUT REGISTER "A" (ORA) 
OR 

INPUT REGISTER "A" (IRA) 

READ 

MPU reads level on PA pin. 

MPU reads I RA bit which is the 
level of the PA pin at the time 
of the last CA 1 active transition. 

MPU reads level on PA pin. 

MPU reads I RA bit wh ich is the 
level of the PA pin at the time of 
the last CA 1 active transition. 

Figure 15. Output Register A (ORA), Input Register A (IRA) 

REG - DDRB AND REG 3 - DORA 

171s151 413121,lol 

II PBO/PAO 
PB1/PA1 DATA DIRECTION REGISTER 
PB2/PA2 "S" OR "A" (DDRS/DDRA) 

PB3/PA3 

65C22 

PB4/PA4 "a" ASSOCIATED PS/PA PIN IS AN INPUT (HIGH·IMPEDANCE) 

PB5/PA5 

PBS/PA6 

PB7/PA7 

"'" ASSOCIATED PB/PA PIN IS AN OUTPUT, WHICH LEVEL IS 
DETERMINED SY ORS/ORA REGISTER SIT. 

Figure 16. Data Direction Registers (DDRB, DORA) 
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"DATA READY" 
(CAl) 

IRQ INPUT 

READ IRA OPERATION 

"DATA TAKEN" 
HANDSHAKE MODE 
(CA2) 

"DATA TAKEN' 
PULSE MODE 
(CA2) 

I 
I 
I 

~.P'////~ 

i 
I 

, 
1 

I , 
i 

" 
I 

Figure 17, Read Handshake Timing (Port A Only) 

02~ 
I I 

WRITE ORA, ORB II 

I 

) 

I 

r 

h 

OPERATION -----J ~,~, __________________________ ~ 
"DATA READY" 
HANDSHAKE MODE 
(CA2, CB2) "r-----------' 

"DATA READY" I 
PULSE MODE ---; ~ 
(CA2, CB2) L.-.-J 

"DA TA T AK EN" _________________________ -/")'__ ________ --; 
(CAl, CB1) Ii 

TRQOUTPUT------------------------~/~?'----------~ r----
~----------------~jfi'l~----------~ 

Figure 18, Write Handshake Timing (Ports A and B) 

REG 12 - PERIPHERAL CONTROL REGISTER 

CB2 CONTROL CAl INTERRUPT CONTROL 

7 6 5 Operation o = Negative Active Edge 

0 0 0 I nput-negative action edge 
1 = Positive Active Edge 

0 0 Independent interrupt input- CA2 CONTROL 
negative edge* 

0 0 I nput-positive active edge 3 2 Operation 

0 Independent interrupt input- 0 0 a I nput-negative action edge 

positive edge* 0 0 1 Independent interrupt Input-

0 a Handshake output 
~egative edge* 

a 1 Pulse output 0 0 I nput-positive active edge 

0 Low output 
0 Independent interrupt input-

positive edge' 
High output 0 0 Handshake output 

CBl INTERRUPT CONTROL 0 1 Pulse output 

o = Negative Active Edge 
1 0 Low output 

1 = Positive Active Edge High output 

*If the CA2/CB2 control in the PCR is selected as "independent" interrupt input, then reading or writing the output register ORA/ORB 
will not clear the flag bit. Instead, the bit must be cleared by writing into the IFR, as described previously. 

Figure 19. CA 1, CA2, CB1, CB2 Control 



Timer 1; Operation 
Interval Timer T1 consists of two 8-bit latches and a 16-
bit counter_ The latches serve to store data which is to 
be loaded into the counter_ Once the counter is loaded 
under program control, it decrements at a Phase 2 (02) 
clock rate_ Upon reaching zero, an Interrupt Flag is set, 
causing Interrupt Request (I RO) to go low (Logic 0) if 
the corresponding I nterrupt Enable bit is set_ Once the 
Timer reaches a count of zero, it will either disable any 
further interrupts (provided it has been programmed to 
do so), or it will automatically transfer the contents of 
the latches into the counter and proceed to decrement 
again_ The counter may also be programmed to invert 
the output signal on PB7 each time it reaches a count of 
zero_ Each of these counter modes is presented below_ 
The Tl counter format and operation is shown in Figure 
20 with corresponding latch format and operation in 
Figure 21_ Additional control bits are provided in the 
Auxiliary Control Register (bits 6 and 7) to allow 
selection of Timer Tl operating modes_ The four avail­
able modes are shown in Figure 22_ 

It should be noted that the microprocessor does not 
write directly into the low-order counter (T1C-L). In­
stead, this half of the counter is loaded automatically 
from the low-order register when the microprocessor 
writes into the high-order register and counter_ In fact, 
it may not be necessary to write to the low-order register 
in some applications since the timing operation is 
triggered by writing to the high-order register and counter. 

Timer 1: One-Shot Mode 
Interval Timer Tl may operate in the One-Shot Mode 
which allows the generation of a single Interrupt Flag 
each time the Timer is loaded_ The Timer can also be 
programmed to produce a single negative pulse on Data 
Port line PB7. 

To generate a single interrupt, it is required that bits 6 
and 7 of the Auxiliary Control Register be low (Logic 
0). The low-order Tl counter (T1C-L) or the low-order 
Tl latch (Tl L-L) must then be loaded with the low­
order count value. Note that a load to T1C-L is effect­
ively a load to Tl L-L. Next, the high-order count value 
must be loaded into the high-order Tl counter (Tl C-H l. 
at which time the value is simultaneously loaded into 
high-order Tl latch (Tl L-H). During this load sequence, 
the contents of Tl L-L is transferred to Tl Col. The 
counter will start counting down on the next 02 clock 
following the load sequence into T1C-H, and will de­
crement at the 02 clock rate. Once the Tl counter 
reaches a zero count, the Interrupt Flag is set. To gene­
rate a negative pulse on Data Port line PB7, the sequence 

REG 4 - TIMER 1 LOW-ORDER COUNTER 

17161514131211101 

III 
COUNT 

16 VALUE 

32 

64 

128 

WRITE - 8 bits loaded into Tl low-order latches. Latch contents 
are transferred into low-order counter at the time the 
high-order counter is loaded IReg.51. 

READ- 8 bits from Tl low-order counter transferred to MPU. 
In addition, T1 interrupt flag is reset (bit 6 in inter­
rupt flag register!. 

65C22 

is identical to the above except bit 7 of the Auxiliary 
Control Register must be high (Logic 1). Data Port line 
PB7 will then go low (Logic 0) following the load to 
T1C-H, and will go high (Logic 1) again when the counter 
reaches a zero count. 

Once set, the Tl Interrupt Flag is reset by either loading 
T1C-H, which starts a new count, or by reading T1C-L. 
Referto Figure23 for One-Shot Mode timing information. 

Timer 1: Free-Run Mode 
An important advantage within the NCR65C22 is the 
ability of the latches associated with the Tl counter to 
provide a continuous series of evenly spaced interrupts 
or a square wave on Data Port line PB7. It should also be 
noted that the continuous series of interrupts and square 
waves are not effected by variations in the micropro­
cessor interrupt response time. These advantages are all 
produced in the Free-Run Mode. When operating in the 
Free-Run Mode, the Interrupt Flag is set and the signal 
on PB7 is inverted each time the counter reaches a count 
of zero. In the Free-Run Mode, however, the counter 
does not continue to decrement after reaching a zero 
count_ Instead, the counter automatically transfers to 
contents of the latch into the counter (16 bits) and then 
decrements from the new count value_ As can be seen, it 
is not necessary to reload the timer in order to set the 
Interrupt Flag on the next count of zero. When set, the 
Interrupt Flag can be cleared by either reading Tl Col, 
by writing directly into the Interrupt Flag Register (lFR) 
as will be discussed later, or by a load into Tl C-H when 
a new count value is desired. 

Since the interval timers are all retriggerable, reloading 
the counter will always reinitialize the time-out period. 
Should the microprocessor continue to reload the 
counter before it reaches zero, counter time-out can be 
prevented. Timer 1 is able to operate in this manner pro­
vided the microprocessor writes into the high-order 
counter (TlC-HI. By loading the latches only, the micro­
processor can access the timer during each count-down 
operation without effecting the time-out in progress. 
In this way, data loaded into the latches will determine 
the length of the next subsequent time-out period. This 
capability is of value in the Free-Run Mode with the out­
put enabled. In the Free-Run Mode, the signal on Data 
Port line PB7 is inverted and the Interrupt Flag is set 
with each counter time-out. When the microprocessor 
responds to the interrupts with new data for the latches, 
it can determine the period of the next half-cycle during 
each half-cycle of the output signal on line PB7. In this 
way, complex waveforms can be generated. Refer to 
Figure 24 for timing information on the Free-Run Mode. 

REG 5 - TIMER 1 HIGH-ORDER COUNTER 

L 71 sJ 5j 413J 211 1 0 j 

II 
2561 

512 

1024 

2084 

4096 

8192 

16384 

32768 

COUNT 
VALUE 

WRITE - 8 bits loaded into Tl high-order latches. Also, at this 
time both high and low-order latches transferred into 
T1 counter, and initiates countdown. T1 interrupt flag 
also is reset. 

READ - 8 bits from Tl high-order counter transferred to MPU. 

Figure 20. T1 Counter Format and Operation 
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REG 6 - TIMER 1 LOW-ORDER LATCHES 

l716J514131211101 

II 
2 

4 

8 COUNT 

16 VALUE 

32 

64 

128 

WR ITE - 8 bits loaded into T1 low-order latches. This operation 
is no different than a write into Reg. 4. 

READ- 8 bits from T1 low-order latches transferred to MPU. 
Unlike Reg. 4 operation, this does not cause reset of 
T1 interrupt flag. 

REG 7 - TIMER 1 HIGH-ORDER LATCHES 

17161514131211101 

II 256 

512 

1024 

2084 COUNT 

4096 
VALUE 

8192 

16384 

32768 

WRITE - 8 bits loaded into T1 high-order latch ... Unlike Reg. 4 
operation no latch-to-counter transfers take place. 

READ- 8 bits from T1 high-order latches transferred to MPU. 

Figure 21. T1 Latch Format and Operation 

REG 11 - AUXILIARY CONTROL REGISTER 

171615141312 1 10 

J 
I I I 

I 
PA 

T1 TIMER CONTROL PB 

LATCH ENABLE/DISABLE 

J- 0= Disable 
1 = Enable Latching 

7 6 Operation PB7 

0 0 Timed interrupt each time 
T1 is loaded Disabled 

0 1 Continuous interrupts SHIFT REGISTER CONTROL 

1 0 Timed interrupt each time One shot 
T1 is loaded output 4 3 2 Operat ion 

1 1 Continuous interrupts Square wave 0 0 0 Disabl ed 

output 0 0 1 Shift i n under control of T2 

T2 TIMER CONTROL 
0 1 0 Shift i n under control of 02 

o Shift In under control of ext. elk. 

5 Operation 
o o Shift out free-running at T2 rate. 

0 Timed interrupt 
o Shift out under control of T2. 

1 Count down with pulses on PB6 
o Shift out under control of 02 

Shift out under control of ext. cl k. 

Figure 22. Auxi/iary Contro/ Register Format and Operation 
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02 

WRITET1C-H~ (( I 
OPERATION I~-----------------------'IH/~-----------L-----------------------

IRQ OUTPUT IS' I 
PB7 OUTPUT I 
(T1,ONLY) ------, // I 

I 
T1 COUNT N N-1 N-2 N-3 o FFFF I N I N-1 N-2 

T2 COUNT N N-1 N-2 N-3 o I FFFF I FFFE I FFFD FFFC 

(4------------N + 1.5 CYCLES ------------... 0<11 

Figure 23. One-Shot Mode Timing (Timer 1 and Timer 2) 

02 
I 

WRITE T1C-H r--I 
OPERATION ~ I~----~/H,~----------~------------------------------------------

IRQ OUTPUT ------il'-------,II!-'I--------, 1/ 
'--------I,f 

PB7 OUTPUT -------; h' 
I 

I 

j.--N + 1 .5 CYC LES---i.~I ....... ------- N + 2 CYC LES --------... -11 

Note: A precaution to take in the use of PB7 as the timer output concerns the Data Direction Register contents for PB7. Both OOR B bit 7 
and ACR bit 7 must be 1 for PB7 to function as the timer output. If either is a 0, then PB7 functions as a normal output pin, controlled by 
ORB bit 7. 

Figure 24. Free-Run Mode Timing (Timer 1) 

Timer 2: Operation 
Timer 2 operates in the One-Shot Mode only (as an 
interval timer), or as a pulse counter for counting ne­
gative pulses on Data Port Line PB6. A single control bit 
within the Auxiliary Control Register is used to select 
between these two modes. Timer 2 is made up of a write­
only low-order latch (T2L-L), a read-only low-order 
counter (T2C-L), and a read/write high-order counter 
(T2C-H). This 16-bit counter decrements at a 02 clock 
rate. Refer to Figure 25 for T2 counter format and 
operation. 

Timer 2: One-Shot Mode 
Operation of Timer 2 in the One-Shot Mode is similar 
to Timer 1. That is, for each load T2C-H operation, 
Timer 2 sets the Interrupt Flag for each countdown to 
zero. However, after a time-out, the T2 counters roll 
over to all ls ($ FFFF)* and continue to decrement. 
This two's complement decrement allows the user to de­
termine how long the T2 Interrupt Flag has been set. 
Since the Interrupt Flag logic is disabled after the initial 
interrupt set (zero count), further interrupts cannot be 
set by a subsequent count to zero. To enable the Inter­
rupt Flag logic, the microprocessor must reload T2C-H. 
The Interrupt Flag is cleared by either reading T2C-L or 
by loading T2C-H. Refer to Figure 23 for timing infor­
mation on the One-Shot Mode. 

*$ denotes hexadeci mal. 

Timer 2: Pulse Counting Mode 
In the Pulse Counting Mode, Timer 2 counts a predeter­
mined number of negative-going pulses on Data Port line 
PB6. To accomplish this, a count number is loaded into 
T2C-H, which clears the Interrupt Flag logic and starts 
the counter to decrement each time a negative pulse is 
applied to Data Port line PB6. When the T2 counter 
reaches a count of zero, the Interrupt Flag is set and the 
counter continues to decrement with each pulse on PB6. 
To enable the I nterrupt Flag for subsequent countdowns, 
it is necessary to reload T2C-H. The decrement pu Ise on 
line PB6 must be low (Logic 0) during the leading edge 
of the 02 clock. Refer to Figure 26 for timing infor­
mation. 

Shift Register Operation 
The Shift Register performs bidirectional serial data 
transfers on line CB2. These transfers are controlled by 
an internal modul0-8 counter. Shift pulses can be applied 
to the CBl line from an external source, or (with proper 
mode selection) shift pulses may be generated internally 
which will appear on the CBl line for controlling 
external devices. Each Shift Register operating mode is 
controlled by control bits within the Auxiliary Control 
Register. Refer to Figure 27 for format and control bit 
information. Also refer to Figures 28 through 34 for 
operation of the various Shift Register modes. 
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REG 8 - TIMER 2 LOW-ORDER LATCHES 

17161514131211101 

II 
2 

4 

8 COUNT 

16 
VALUE 

32 

64 

128 

WR ITE - 8 bits loaded into T2 low-order latches. 

READ - 8 bits from T2 low-order counter transferred to MPU. 
T2 interrupt flag is reset. 

REG 9 - TIMER 2 HIGH-ORDER LATCHES 

17161514131211101 

I' 256 

512 

1024 

2084 COUNT 

4096 
VALUE 

8192 

16384 

32768 

WRITE-8 bits loaded into T2 high-order counter. Also low­
order latches transferred to low-order counter. In 
addition, T2 interrupt flag is reset. 

READ - 8 bits from T2 high-order counter transferred to MPU. 

Figure 25. T2 Counter Format and Operation 

WR ITE T2C.H r----, 
OPERATION ~ I--------------------------~A--------------------------------I( 

j) 

PBS INPUT ------------, 

U U " ;; U u 
1# ~OUTPUT -----------------~~-------_, H 

N N-1 N-2 1/ 2 o 

Figure 26. Pulse Counting Mode Timing (Timer 2) 

Shift Register Input Modes 
Shift Register Disabled (000) - In the 000 mode, the 
Shift Register is disabled from a" operation. The micro­
processor can read or write the Shift Register, but shifting 
is disabled and both CB 1 and CB2 are controlled by bits 
in the Peripheral Control Register (PCR). The Shift 
Register I nterrupt Flag is held low (disabled). 

Shift In - Counter T2 Control (001)- In this mode, the 
shifting rate is controlled by the low-order eight bits of 
counter T2. Shift pulses are generated on the CB1 line 
to control shifting in external devices. The time between 
transitions of the CB1 output clock is determined by the 
02 clock period and the contents of the low-order T2 
latch (N). Shifting occurs by writing or reading the Shift 
Register. Data is shifted into the low-order bit first, and 
is then shifted into the next higher order bit on the 
negative·going edge of each clock pulse. Input data 
should change before the positive-going edge of the CBl 
clock pulse. This data is then shifted into the Shift 
Register during the 02 clock cycle following the positive­
going edge of the CBl clock pulse. After eight CBl 
clock pulses, the Shift Register I nterrupt Flag will set 
and fRO wi" go low (Logic 0). Refer to Figure 28. 

Shift In - (12 Clock Control (010) - In this mode, the 
shift rate is controlled by the 02 clock frequency. Shift 

pulses are generated on the CBl line to control shifting 
in external devices. Timer 2 operates as an independent 
interval timer and has no influence on the Shift Register. 
Shifting occurs by reading or writing the Shift Register. 
Data is shifted into the low-order bit first, and is then 
shifted into the next higher order bit on the trailing edge 
of the 02 clock pulse. After eight clock pulses, the Shift 
Register Interrupt Flag wi" be set and output clock 
pulses on the CBl line will stop. Refer to Figure 29. 

Shift In - External CB1 Clock Control (011) - In tl)is 
mode CB1 serves as an input to the Shift Register. In 
this way, an external device can load the Shift Register 
at its own pace. The Shift Register counter wi" interrupt 
the microprocessor after each eight bits have been sh if ted 
in. The Shift Register counter does not stop the shifting 
operation. Its function is simply that of a pulse counter. 
Reading or writing the Shift Register resets the Interrupt 
Flag and initializes the counter to count another eight 
pulses. Note that data is shifted during the first 02 clock 
cycle following the positive-going edge of the CBl shift 
pulse. For this reason, data must be held stable during 
the first full cycle following CB1 going high. Refer to 
Figure 30. 
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REG 10 - SHIFT REGISTER REG 11 - AUXILIARY REGISTER 

17161514131211101 

I I 

Notes: 

SHIFT 
REGISTER 
BITS 

1. When shifting out, bit 7 is the first bit out and simultaneously 
is rotated back into bit O. 

2. When shifting in, bits initially enter bit 0 and are shifted 
towards bit 7. 

4 3 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

2 Operation 

0 Disabled 

1 Shift in under control of T2 

0 Shift in under control of 02 

1 Shift in under control of ext. elk 

0 Shift out free-running at T2 rate 

1 Shift out under control of T2 

0 Shift out under control of 02 

1 Shift out under control of ext. elk 

Figure 27. Shift Register and Auxiliary Control Register Control Bits 

02 

WRITE OR READ n 
SHIFT REG =====~G~~~~~j:::::1:~~~~i::t====~--~~==~;;~'==~----~==~== CB10UTPUT 

SHIFT CLOCK 

N +2 CYCLES 

g~~~PUT7I/ IT//ffiIIIT~~/!IffllXIYllZ 
~ I 

L 
Figure 28. Shift In - Counter T2 Control Timing 

rna LI ______________ _ 

Figure 29. Shift In - fJ2 Clock Control Timing 
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02 

CB11NPUT 
SHIFT CLOCK 

CB2 INPUT 
DATA L..L..L..<'-L..t....L..LJ.....LJ.'-L..U 

'Figure 30. Shift In - External CB 1 Clock Control Timing 

Shift Register Output Modes 
Shift Out - Free Running at T2 Rate (100) - This 
mode is similar to mode 101 in which the shifting rate 
is determined by T2. However, in mode 100 the Shift 
Register Counter does not stop the shifting operation. 
Since Shift Register bit 7 (SR7) is recirculated back into 
bit 0, the eight bits loaded into the Shift Register will be 
clocked onto the CR2 line repetitively. In this mode the 
Shift Register Counter is disabled and I RQ is never'set. 
Refer to Figure 31. 

Shift Out - T2 Control (101) - In this mode, the shift 
rate is controlled by T2 (as in mode 100). However, with 
each read or write ofthe Shift Register, the Shift Register 
Counter is reset and eight bits are shifted onto the CB2 
line. At the same time, eight shift pulses are placed on 
the CB 1 line to control shifting in external devices. After 
the eight shift pulses, the shifting is disabled, the Inter-

<12 

WRITE SR 
OPERATION ___ ---l 

CB10UTPUT------~ 
SHIFT CLOCK 

rupt Flag is set, and CB2 will remain at the last data level. 
Refer to Figure 32. 

Shift Out - 02 Clock Control (110) - In this mode, the 
shift rate is controlled by the system 02 Clock. Refer to 
Figure 33. 

Shift Out - External CB1 Clock Control (111) -In this 
mode, shifting is controlled by external pulses applied to 
the CB 1 line. The Shift Register Counter sets the Inter­
rupt Flag for, each eight-pulse count, but does not 
disable the shifting function. Each time the micro­
processor reads or writes the Shift Register, the Interrupt 
Flag is reset and the counter is initialized to begin count­
ing the next eight pulses on the CB1 line. After eight 
shift pulses, the Interrupt Flag is set. The Microprocessor 
can then load the Shift Register with the next eight bits 
of data. Refer to Figure 34. 

g~~~UTPUT IJ/l/!//I IIIIXI.-__ -,X,-_2_...JX,-_3 __ x:7CJ-__ 8_...JX,-__ 

02 
CLOCK 

Figure 31. Shift Out - Free Running T2 Rate Timing 

~~~~~~~ON~~N~+;22Cc~y~cLLE8s~I.;:==~.;+I:.~===.;tI~N~+~2rC;Y~C~L~E~s---t----tI----tI----tI--
CB1 OUTPUT ------...; 2 ....----i ~ 
SHIFTCLOCK L 1 I 3 I 8 I 
g~~~UTPUT 1/// ~flX,-"-_-_-_-_-_-_-_----,--'X"---2~----'X 3 !~ 8 r 

IRQ L-
Figure 32. Shift Out - T2 Control Timing 
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CLOCK 

I 
WRITESR II 
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OPERATION ~ I~-----r--~----+----+----r---+----r--~~--+----+--~----+-----------

CB1 OUTPUT --------------; 
SHIFT CLOCK 

Figure 33. Shift Out - f}2 Control Timing 

02' 
WRITE SR 
OPERATION 

CB10UTPUT 
SH I FT CLOCK ------------, 

2 

X 

, 
I I 8 I 

2 J! 
I 

IRQ----------------------------------------------------------~ 

Figure 34. Shift Out - External C8T Clock Control Timing 

I nterrupt Operation 
There are three ,basic interrupt operations, including: 
setting the interrupt flag within the Interrupt Flag 
Register (I F R), enabling the interrupt by way of a cor­
responding bit in the Interrupt Enable Register (lER), 
and signaling the microprocessor with an Interrupt Re­
quest (IRQ). An Interrupt Flag can be set by conditions 
internal to the chip or by inputs to the chip from ex­
ternal sources. Normally, an Interrupt Flag will remain 
set until the interrupt is serviced. To determine the 
source of an interrupt, the microprocessor must examine 
each flag in order, from highest to lowest priority. This 
is accomplished by reading the contents of the Interrupt 
Flag Register into the microprocessor accumulator, 
shifting the contents either left or right and then using 
conditional branch instructions to detect an active inter­
rupt. Each Interrupt Flag has a corresponding Interrupt 
Enable bit in the Interrupt Enable Register. The enable 
bits are controlled by the microprocessor (set or cleared). 
If an Interrupt Flag is high (Logic 1), and the cor­
responding Interrupt Enable bit is high (Logic 1), the 
Interrupt Request (IRQ) will go low (Logic 0). IRQ is 
an open-collector output which can be wire-ORed with 
other devices within the system. 

All Interrupt Flags are contained within a single Inter­
rupt Flag Register. Bit 7 of this register will be high 
(Logic 1) whenever an Interrupt Flag is set, thus allowing 
convenient polling of several devices within a system to 
determine the source of the interrupt. 

The Interrupt Flag Register (IFR) and Interrupt Enable 
Register (lER) format and operation is shown in Figures 
35 and 36 respectively. The Interrupt Flag Register may 
be read directly by the microprocessor, and individual 
flag bits may be cleared by writing a "1" into the ap-

propriate bit of the IFR. Bit 7 of the IFR indicates the 
status of the Interrupt Request (IRQ) output. Bit 7 cor­
responds to the following logic function: IRQ= IFR6x 
IER6 + IFR5 x IER5 + IFR4 x IER4 + IFR3 x IER3 + 
IFR2 x IER2 + IFR1 x IER1 + IFRO x IERO. Note: x = 
Logic AND, + = Logic OR. 

Bit 7 is not a flag. For this reason, bit 7 is not directly 
cleared by writing a "1" into its bit position. It can be 
cleared, however, by clearing all the flags within the 
register, or by disabling all active interrupts as presented 
in the next section. 

Each Interrupt Flag within the IFR has a corresponding 
enable bit in the Interrupt Enable Register (lER). The 
microprocessor can set or clear selected bits within the 
IER. This allows the control of individual interrupts 
without effecting others. To set or clear a particular 
Interrupt Enable bit, the microprocessor must write to 
address 1110 (lER address)' During this write operation, 
if bit 7 on the Data Bus is a "0", each "1" in bits 6 
through 0 will clear the corresponding bit in the Inter­
rupt Enable Register. For each "0" in bits 6 through 0, 
the corresponding bit in the IER will be unaffected. 

Setting selected bits in the IER is accomplished by 
writing to the same address with bit 7 on the Data Bus 
set to a "1". In this case, each "1" in bits 6 through 0 
will set the corresponding bit to a "1 ". For each "0", 
the corresponding bit will be unaffected. This method of 
controlling the bits in the Interrupt Enable Register 
allows convenient user control of interrupt during 
system operation. The microprocessor can also read the 
contents of the IE R by placing the proper address on the 
Register Select and Chip Select inputs with the RiW line 
high Bit 7 will be read as a "1 ". 461 
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REG 13 -INTERRUPT FLAG REGISTER 

SET BY CLEARED BY 

CA2------ CA2 active edge Read or write 
Reg. 1 (ORA)* 

CAl active edge Read or write 
Reg. 1 (ORA) CA1----------

Complete B shifts Read or write 
Shift Reg. 

SHIFT REG-------

CB2------------ CB2 active edge Read or write ORB * 

CB1----------------------- CBl active edge Read or write ORB 

Time-out of T2 Read T2 low or write 
T2 high 

TIMER 2------------

Time-out of Tl Read Tl low or write 
Tl high TIMER 1-------------

Any enabled Clear all interrupts 
interrupt 

IRQ----------------

*If the CA2/CB2 control in the PCR is selected as "independent" interrupt input, then 
reading or writing the output register ORA/ORB will not clear the flag bit. Instead, the 
bit must be cleared by writing into the I FR, as described previously. 

Figure 35. Interrupt Flag Register (lFR) 

REG 14 - INTERRUPT ENABLE REGISTER 

l7161s14131211101 
I I 

Notes: 

CA2 

CAl 

SHIFT REG 

CB2 

CBl 

TIMER 2 

TIMER 1 

SET/CLEAR 

0= INTERRUPT DISABLED 

1 = INTERRUPT ENABLED 

1. If bit 7 is a "0", then each "1" in bits 0·6 disables the corresponding interrupt. 
2. If bit 7 is a "1", then each ", II in bits 0·6 enables the corresponding interrupt. 
3. If a read of this register is done, bit 7 will be "1" and all other bits will reflect their 

enableldisable state. 

Figure 36. Interrupt Enable Register (IER) 



• PACKAGING INFORMATION 

DIM 

A 

B 

C 

D 

E 

F 

G 

H 

J 

K 

L 

M 

Typical Outline Drawing (Ceramic) 

SEATING 
PLANE 

40 PIN CERAMIC PACKAGE 

MILLIMETERS INCHES 

MIN MAX MIN MAX 

50.419 51.181 1.985 2.015 

14.605 15.367 0.575 0.605 

3.810 0.150 

0.381 0.533 0.015 0.021 

0.889 1.524 0.035 0.060 

2.286 2.794 0.090 0.110 

1.016 1.524 0.040 0.060 

0.203 0.305 0.008 0.012 

15.113 15.875 0.590 0.620 

15.24 REF 0.600 REF 

0.889 1.651 0.035 0.065 

2.540 3.556 0.100 0.140 

65C22 

Typical Outline Drawing (Plastic & Cerdip) 

40 PIN PLASTIC PACKAGE 

DIM MILLIMETERS INCHES 

MIN MAX MIN MAX 

A 51.69 52.45 2.035 2.065 

B 13.72 14.22 0.540 0.560 

C 3.94 5.08 0.155 0.200 

D 0.36 0.56 0.014 0.022 

E 1.02 1.52 0.040 0.060 

F 2.54 TYP 0.100 TYP 

G 1.65 2.16 0.065 0.085 

H 0.20 0.38 0.008 0.015 

J 15.24 TYP 0.600 TYP 

K 

L 0.51 1.02 0.020 0.040 

M 2.92 3.43 0.115 0.135 
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NCR Microelectronics 
2001 Danfield Ct. 
Fort Collins, Colorado 80525 
Telex: 45-4505 NCRMICRO FTCN 
Phone: 303/226-9500, 303/223-5100 

65C22 



6518 
SINGLE·CHIP 
MICROPROCESSOR WITH 
RAM AND 110 

• 6507CPU 
• 8·bit parallel processing 
· 13 addressing modes 
· Decimal and binary arithmetic modes 
· True indexing capability 
• 56 instructions 

• 128 x 8 static RAM 
• Two bidirectional TTL·compatible program· 

mabie 110 ports, one 8·bit, and one 5·bit 
• Two programmable peripheral data 

direction registers 
• 8·bit bidirectional data bus 

The NCR 6518 is a low·cost microcomputer 
system capable of solving a broad range of 
small systems and peripheral control problems. 
It consists of a 6507 CPU; 128 bytes of RAM; 
two bidirectional I/O ports: one 8·bit and one 
5·bit; and a programmable interval timer with 
interrupt flag. The internal processor architec­
ture is software compatible with the 6502. 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All rights Reserved. Printed in U.S.A. 

• Programmable stack pointer 
• Programmable interval timer with interrupt 

flag 
• Variable length stack 
• Addressable memory range of up to 8K 

bytes 
• Bus compatible with M6800 
• Pipeline architecture 
• Use with any type or speed memory 
• Up to 1.25 MHz clock frequency 
• NMOS silicon gate, depletion load 
• Single + 5V power supply 

PIN 
CONFIGURATION 

RES PAO 
00 PAl 

ROY PA2 
Vee 

AO 
AI 
A2 
A3 
A4 
AS 
AG 
A7 
AS 
A9 

AIO 
All 
AI2 
PB7 
PB6 
VS5 

PA3 
PA4 
PAS 
PAG 
PA7 
Riw 
DO 
01 
02 
03 
D4 
05 
06 
07 
PSO 
PSI 
PB3 

This is advance information and NCR reserves the 
right to change the specifications without notice. 
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FUNCTIONAL DESCRIPTION 

The NCR 6518 has combined the functions of a 6507 microprocessor along with on-board RAM, 1/0 and 
timer logic. The functional block diagram shows the various elements of the device. 

To understand the basic operation of the processor, we will briefly consider the register sections of the 
chip as follows: 

• Input Data Latch 
• Data Bus Buffers 
• Accumulator 
• Arithmetic Logic Unit 
• Program Counter 
• Index Registers X and Y 
• Address Bus Latches 
• Stack Pointer 

At full operating frequency, data which comes into the microprocessor from program or data memory or 
from a peripheral device, appear on the data bus during one cycle and are transferred into the input 
data latch during the next cycle. After the data has been trapped on the data bus, it can then be trans­
ferred onto one of the internal busses and then into one of the internal registers. 

As an example, data being moved from memory to the accumulator (A) will be put on the internal data 
bus and then transferred into the accumulator. If a logic operation or an arithmetic operation is to be 
performed using the contents of the accumulator and memory data, then the memory data in the input 
data latch will be transferred first onto the internal data bus and then into one input of the arithmetic 
logic unit (ALU). During the same instruction cycle, the contents of the accumulator will be transferred 
onto a bus and then into the second ALU input. The results of the operation will be transferred back to 
the accumulator via the bus on the next cycle. 

The microprocessor is sequenced through program instructions by the program counter (PCL,PCH) 
which provides the memory addresses. For each instruction fetch, the contents of PCL are placed on the 
low·order 8 bits of the address bus and the contents of PCH are placed onto the high order 8 bits. The 
program counter is automatically incremented with each instruction fetch. 

The accumulator is a general purpose 8-bit register which is commonly used for storing the result of a 
logic or arithmetic operation. The accumulator is also often the source for one of the operands for 
these operations. 

The arithmetic logic unit (ALU) is the site for all arithmetic and logic operations. By tying each of the 
ALU inputs to one of the several internal busses (or logic zero), various logic or arithmetic functions 
can be calculated. However, since the ALU cannot store data for more than one cycle, the result of each 
operation must be sent to one of the storage registers or external memory on the next cycle. 

Three other device registers store data which are used for calculating addresses in memory. The X and Y 
index registers are each 8-bit latches whose values are used for various modes of data memory ad­
dressing. The stack pOinter (S) is also an 8-bit latch which keeps track of the stack and allows for 
easy modification of program memory address. 

The address bus latches (ABL,ABH) consist of 13 latches which can store the addresses used to access 
external ROM, RAM or 1/0. 
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PIN DESCRIPTIONS 

Pin 
RES 

~O 

RDY 

VCC 

AO-A12 

PBO-PB1 
PB3 
PB6-PB7 

Description 
The RES input is used to reset the 
microprocessor or initialize the device 
from a power-down condition_ During the 
power up time, this line must be held 
low for at least two clock cycles after 
the power supply reaches minimum 
VCC. While that line is held low, writing 
to or from the processor is inhibited. 
When RES goes high, the micro­
processor will delay 6 clock cycles and 
then load the program counter from 
memory vector-locations FFFC and FFFD. 
This the starting location for the user's 
program. 

TIL-Compatible single phase clock input. 

The ready input delays execution of any 
cycle during which the RDY line is 
pulled low. The primary purpose of this 
line is to delay the execution of a pro­
gram fetch cycle until data are available 
from memory. This allows the micro­
processor to interface with both low 
and high speed memory. 

Mairi power supply = 5V (+/- 5%) 

TTL-Compatible address bus outputs, 
capable of driving one standard TTL 
load and 130 PF. 

Peripheral data port B. I/O lines are each 
individually software programmable as 
either an input or output line. The pins 
are set as inputs by writing a "0" to the 
corresponding bit in the data direction 
register(DDRB). Writing a "1" to a bit 
in the DDRB will set thecorresponding 
pin as an output. The outputs are cap­
able of driving one standard TIL load and 
130 PF. Note only 5 PB are available. 

Pin Description 
VSS Signal Ground. 

PAO-PA7 Peripheral data port A I/O lines. These 
pins function as do those in port B, but 
are controlled by a separate data 
direction register (DDRB). In addition to 
its function as an I/O line, PA7 can be 
used as an edge-detecting input. 

R / W The read/write signal is generated by 
the microprocessor to control the direc­
tion of data transfers on the data bus. 
This line will be high except when the 
microprocessor is writing to memory, 
or to a peripheral device. 

DO-D7 Bidirectional data bus. The outputs are 
tri-state buffers capable of driving one 
standard TTL load and 130 PF. 
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DEVICE OPERATION 

CENTRAL PROCESSING UNIT (CPU) 
The CPU is a 6507 configuration with standard 6502 instructions. It features an on-chip clock, 8-bit 
bidirectional data bus and 8K bytes of addressable memory. 

RANDOM ACCESS MEMORY (RAM) 
The 128 x 8 read/write memory acts as a conventional static RAM. Data can be written to memory by 
selecting the RAM (A7 = 1, A 12 = 0) and setting A9 to a logic o. Address lines AO through A6 then select 
the desired byte in RAM. 

INTERNAL PERIPHERAL REGISTERS 
I/O port PA consists of eight lines each of which can be programmed to function as either an input 
or output. A logic zero in the corresponding bit of the data direction register (DDRA) sets up that line of the 
PA port as an input. Similarly, a logic one will configure that line as an output. If a line in PA is pro­
grammed as an output, the logic level of that output is determined by the corresponding bit in the output 
register (ORA). 

Data is read directly from PA pins during any read operation. For any output pin, data transferred into 
the microprocessor will be the same as that contained in the output register if the voltage on the pin 
is allowed to go to a logic one. For input lines, the processor can write into the corresponding bit of the 
output register. This will not affect the polarity of the pin until the corresponding bit of the DDRA is 
set to a logic one, changing the pin to an output. 

Along with its function as an I/O line, PA7 also can be used as an edge-detecting input. In this mode, an 
active transition on this pin will set the internal interrupt flag (Bit 6 of the Interrupt Flag Register). The 
edge-detecting mode of PA7 is controlled by writing to one of two addresses. The polarity of the 
transition is determined by the state of AO. Any data which is placed on the data bus during this operation 
is discarded and does not affect control of A7. 

An active transition on PA7 will set the internal interrupt flag. Even if pin PA7 is being used as a normal 
I/O line. The reset signal (RES) will set the polarity of the active transition to negative (high to low). 
During system initialization, it is possible to set the interrupt flag by a negative transition. Clearing of 
the PA7 interrupt flag occurs when the interrupt flag register is read. 

The second I/O port - PB, functions the same as the normal I/O operation of PA. The five lines (PBO, PB1, 
PB3, PB6, PB7) are controlled via the DDRB and ORB in similiar fashion to the control of PA. 

INTERVAL TIMER 
The interval timer can be programmed to count as many as 255 time intervals. Using the divide down, 
each interval can be T, 8T, 64T, or 1024T where T is the system clock period. When a full count down is 
complete, the interrupt flag is set and internal clock begins decrementing to a maximum of 255T. 
Therefore, after the interrupt flag is set, a read of the timer will tell how long it has been since the flag 
was set (up to a maximum of 255T). 

The system data bus is used to transfer data to and from the interval timer. At the same time data is 
written to the timer, the preliminary divide down value (1, 8, 64,1024) is decoded from the address lines 
AO and A 1. When the timer is read prior to the interrupt flag being set, the number of time intervals 
remaining will be read. 

When the timer has counted down through 00 (00000000), an interrupt will occur on the next count and 
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the counter will read FF (11111111). After the interrupt, the counter will decrement at a divide by "1" rate 
of the system clock. If the timer is read after an interrupt and, for example, the value E4 (11100100) is 
obtained, the time elapsed since the interrupt is 27T. 

The value read is in two's complement, but remembering that the interrupt occurred at FF (11111111), we 
simply take this difference. 

Value at Interrupt 
·Value Read 

Elapsed Time 

11111111 
11100100 

00011011 = 27 

After the interrupt, when the timer is written to or read from, the interrupt flag is reset. However, 
reading the timer at the same time the interrupt occurs, will not reset the interrupt flag. 

ADDRESS BUS DECODE FOR NCR 6518 

FUNCTION A9 AS AS A4 A3 A2 Al AO AJW COMMENT 

ADD~~ING 0 ( RAM ADDRESS SELECT 1-

110 Addressing 1 a 0 1 PA Data 
Read 1 - 0 1 1 PA oala Direction 

- 0 0 PBData 
- 0 1 1 PB Data Direction 

1/0 Addressing 1 - a a 0 PA Data 
Write 1 - 0 a PA Data Direction 

1 - a 1 PB Data 
- - 0 1 0 PB Data Direction 

Write Edge 1- o - - 1 a Posilive Edge 
Detect Control IPA7) 

a - - 0 a Negative Edge 
(PA7) 

Read and Clear. 1 - - - - 1 - 1 1 Bit 7 = Timer Flag 
Interrupt Flag Bit 6 = PAl Flag 

Read Interval 
Timer 

1----1-01 

Write Count 10 1 - - 1 - 1 a a Divide by 1 
Interval Timer 1 - 1 0 1 Divide by 8 

1 - 1 1 0 0 Divide by 64 
- 1 - 1 1 1 a Divide by 1024 

NOTE: FOR ALL OPERATIONS, A7 = 1, A12=O 
-INDICATES A DON'T CARE STATE 

1FFF 
1FFE 

1FFD 

1FFC 

1FFB 

1000 

OFFF 

a 02B 

027F 

a 020 

01FF 

0100 
OOFF 

OOB a 

NCR 6518 MEMORY MAP 

INTER. VECTOR· HIGH ADDRESS 
INTER. VECTOR· LOW ADDRESS 

RESET VECTOR· HIGH ADDRESS 
RESET VECTOR· LOW ADDRESS 

ROM 

1/0 ADDRESSING 
TIMER 

INTERRUPT FLAG REG. 

EXTERNAL MEMORY 

STACK 

INTERNAL RAM 

EXTERNAL MEMORY 
(RAM USED FOR ZERO PAGE AND 
INDIRECT MEMORY ADDRESSING) 



MAXIMUM RATINGS 

RATING SYMBOL VALUE UNIT 

Supply Voltage VCC -0.3 to + 7.0 V 

Input/Out Voltage VIN -0.3to 7.0 V 

Operating Temperature 
Top Range Oto 70 °c 

Storage Temperature 
TSTG Range -55 to 150 °c 

All inputs contain protection circuitry to prevent damage due to high static 
charges. Care should be exercised to prevent unnecessary application of 
voltage outside th specification range. 

6518 

This is advance information and NCR reserves the 
right to change the specifications without notice. 
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ELECTRICAL CHARACTERISTICS 
D.C. Characteristics 
TA = 25·C, VCC =5.0V ± 5%, VSS= OV 

Symbol Parameter Min. 

Capacitance at 

CO. Clock Input~. 

COUT Address AO-A12, R/W 

CIN Data Bus 00-07 

IIH Input High Current at 
Peripheral Data Ports 
PAQ-PA7, PB (0,1,3,6,7) -100 

IlL Input Low Current at 
Peripheral Data Ports 
PAQ-PA7, PB (0,1,3,6,7) 

IOL Output Low Current at 
Peripheral Data Ports 
PAQ-PA7, PB (0,1,3,6,7) 1.6 

IOH Output High Current at 
Peripheral Data Ports 
PAQ-PA7, PB (0,1,3,6,7) -100 

PB (0,1,3,6,7) -3.0 

CINP Input Capacitance 
at PAO-PA7, PB(0,1,3,6,7) 

COUTP Output Capacitance 
at PAQ-PA7, PB (0,1,3,6,7) 

VIH Input High Voltage VSS +2.2 

VIL Input Low Voltage VSS-0.3 

liN Input Leakage Current 
forl/J. 

472 

Max. Units Test Conditions 

15 pF Vin = OV f = 1.25 MHz 

12 pF 

15 pF 

Vin =2.4V 

uA 

Vin =O.4V 

-1.6 rnA 

VOL<0.4V 

rnA 

uA VOH>2.4V 
rnA VOH>1.5V 

10 pF 

10 pF 

VCC +0.2.5 V 

VSS +0.8 

2.5 
10 

V 

uA Vin = 0 to 5.25V 
uA VCC = OV 

This is advance information and NCR reserves the 
right to change the specifications without notice. 



D.C. Characteristics (continued) 

Symbol Parameter Min. 

ITSI 3·State Input Current 

VOH Output High Voltage 
00·07 
AO·A12 VSS + 2.4 

R/W 
PAO·PA7, PB (0,1,3,6,7) Vss + 2.4 

PB (0,1,3,6, 7) Vss + 1.5 

VOL Output Low Voltage 

ICC Maximum Veeeurrent 

VILe ~olnput Low Voltage a 
VIHe ~ olnput High Voltage 2.4 

VIH(RES) Reset Input High Voltage VSS + 2.19 

VSS + 1.20 

VIURES} Reset Input Low Voltage VSS-0.3 

VSS-0.3 

Max Units 

10 uA 

V 

V 
V 

VSS + 0.4 V 

70 mA 

0.4 V 

Vee + 0.25 V 

Vee + 0.25 V 

Vee + 0.25 V 

VSS + 1.87 V 

VSS + 0.67 V 
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.......... •• .................. ••••••••• 0 

H::":::::H:::H HEr:":::::::::::::::::::!: "Er 
:: :::::::::::::::::: :::::: :::: :::::: :: 

Test Conditions 

Yin = 0.4 to 2.4V 

Vee = 5.25V 

ILOAD = -100 uADe 
vee = 4.75V 
ILOAD =-100 uA 

ILOAD = -3mA 

ILOAD = 1.6 mA 

vee = 4.75V 
TA = 25°C 

For increasing VIN 

For decreasing VIN 

For increasing VIN 

For decreasing VIN 

This is advance information and NCR reserves the 
right to change the specifications without notice. 
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A.C. CHARACTERISTICS 
TA = 25°C, VCC = 5.0V ± 5%, VSS = OV 

Symbol Parameter 

TCYC Cycle Time 

TR¢o,TF0 o 0oRise, Fall Time 

PWH¢o ¢oPulseWidth 

TRWS R/WSetup Time 

TADS Address Setup Time 

TACC Memory Read Access Time 

TACP Data Read Access Time for 
from Internal Logic 

TDSU Data Stability Time Period 

THR Data Hold Time·Read 

THW Data Hold Time·Write 
TMDS Data Setup Time 

TRDY Ready Setup Time 

THA Address Hold Time 

THRW R/W Hold Time 

TCMOS Peripheral Data Valid (writing 
into CMOS load) 

TCPW Peripheral Data Valid after 
Falling Edge of (;! o(Writing) 

TPCR Peripheral Data Valid after 
before Rising Edge of ~ o(Reading) 

TIC External interrupt setup time 

474 

Min. 

0.8 

375 

110 

50 

50 

130 

50 

50 

240 

200 

Test 
Max. Units Conditions 

100 .us 

10 ns 

62000 ns 

280 ns Loading = 
130pF 

+1 TIL Load 

280 ns 
for DO·D7, 

AO·A12, R/iN 

410 ns 

375 ns 

ns 

ns 

ns 
240 ns 

ns 

ns 

ns 

1.6 J.lS 

0.8 .us Loading = 30pF 
+1 TIL Load 
for PAO·PA7, 
PB (0,1,3,6,7) 

ns 

ns 

This is advance information and NCR reserves the 
right to change the specifications without notice. 



TIMING DIAGRAMS 
Read Cycle Timing 

~--------------TCYC------------~~ 

9lo 

R/W 

00-07 

READY 

6518 

DATA OUT 

*DATA TRANSFERS FROM INTERNAL RAM, 1/0 LOGIC, TIMER OR INTERRUPT FLAG REGISTER ONLY. 

PA, PB Write Timing 

li'o 

R/W 

PA,PB 
(TTL> 

PA,PB 
(CMOS) 
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Write Cycle Timing 

~----------------TCYC----------------~ 

R/W 

AO -A12 

00-07 

PA, PB Read Timing 

'/)0 

R/W 

PA,PB 

NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Phone: 800/525·2252 
Telex: 45 2457 NCR MICRO CSP 
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Special Function Chips 

PRODUCT SELECTION GUIDE 

NCR 5385 
SCSI Protocol 
Controller 
NCR 8301 
Bar Code 
Processor 
NCR 7250 
CRT Controller 

NCR 8489 
Sound 
Generator 

Supports ANSI X3T9.2 SCSI Standard. Asynchronous data transfers to 1.5 
megabytes/sec. Operates in both initiator and target roles. Supports arbitration, 

PAGE 

including reselection. Requires + 5V supply in a 48 Pin DIP.. . . . . . . . . . . . . . . . . . . . . . . . .. 479 
Decodes code 39 and interleaved 2 of 5 bi-direclional decoding, velocity of 1 to 
50 in/sec with 32-character tag buffer. Standalone or peripheral mode with + 5V 
supply in a 40 Pin DIP. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 527 
On-chip character ROM with 192 characters. Generates VSYNC, HSYNC, and 
VIDEO to interface directly with CRT monitor. Eight screen and six field functions 
are under software controL Dot-clocks up 10 20 MHz with + 5V supply in a 40 Pin 
DIP. ....................................................................... 535 
Functionally and pin compatible with SN76489A. Three programmable tone 
generators. Programmable white noise generator with 4MHz (max) clock input. 
Requires + 5V supply in a 16 Pin DIP ............................................ 555 
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5385 
SCSI PROTOCOL CONTROLLER 

SCSI INTERFACE MPU INTERFACE 
*Supports ANSI X3T9.2 SCSI Standard * Versatile MPU Bus Interface 

- Asynchronous data transfers to 1.5 M BPS - Memory or 110 mapped MPU interface 
- Supports both Initiator and Target roles - DMA or programmed 110 transfers 
- Parity generation w loptional checking - 24-bit Internal Transfer Counter 
- Supports arbitration - Programmable (Re)Selection timeouts 
- Controls all bus signals except Reset - Interrupts MPU on all bus conditions 
- Doubly-buffered Data Register requiring service 

The NCR SCSI Protocol Controller (SPC) is designed to accomodate the Small Computer Systems 
Interface (SCSI) as defined by the ANSI X3T9.2 committee. The SPC operates in both the Inltiator and 
Target roles and can therefore be used in host adapter and control unit designs. This device supports 
arbitration, including reselection, and is intended to be used in systems that require either open collector 
or differential pair transceivers. 

The NCR 5385 SCSI Protocol Controller communicates with the system microprocessor as a peripheral 
device. The chip is controlled by reading and writing several internal registers which may be addressed 
as standard or memory mapped 110. A 24-bit Transfer Counter and the appropriate handshake signals 
accommodate large DMA transfers with minimal processor intervention. Since the NCR 5385 interrupts 
the MPU when it detects a bus condition that requires servicing, the MPU is freed from polling or con­
trolling any of the SCSI bus signals. 

PIN FUNCTIONAL 
CONFIGURATION PIN GROUPING 

D2 vee OMA {REQ 
01 D3 CONTROL OACK 

0(2l D4 
CS RESET 05 

ATN 06 R 
IGS 07 
110 BSYOUT REGISTER 
C/O SB7 ADDRESSING 
MSG SOO 
ACK SB5 
REG SB4 
102 S83 DATA BUS TDi SB2 row SBI 
ARB SB!2J MASTER 
CLK SSP SIGNALS 

BSYIN SELOUT 
SELIN rm 

INT WR 
SBEN DREQ 

CS TGS 
Af/J OACK 
AI A3 

GND A2 

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 
All Rights Reserved. Printed in U.S.A. 

SCSI DATA 8US 
W/PARITY 

BSYIN 
BSYOUT 
SELIN 
SELOUT 
ATN SCSI NCR ACK CONTROLS 5385 

SPC REQ WID RESET 
MSG 
C/O 
110 

INT 10"(; m z }ID STRAP 
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FUNCTIONAL BLOCK DIAGRAM 

ATN 
BSYIN DREQ 
IlSIDJT DiCK 
SELIN A3 
SELouT A2 
REQ AI 
lICK A0 
110 ell 
MSG m 
CIO WR RL INT 

RE-
SET 

S81l 
I 

S87 
S8P 

00-07 
D(/l-D7 

IGS 
TGS 
SBEN CLK ARB 

VCC 
GND 

lOll 
TOT 
im! 

CHIP 10 
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PIN DESCRIPTION 

MICROPROCESSOR INTERFACE SIGNALS 
ClK 

RESET 

DO-D7 

INT 

AO-A3 

DREQ 

16 Symmetrical square wave signal which generates internal chip timing. 
Maximum frequency is 10 MHz. 

4 When high (1), this signal forces the chip into a reset state. All current 
operations are terminated. Internal storage elements are cleared and 
self-diagnostics are performed. 

3-1 These signals comprise an active high data bus. It is intended that these 
47-43 signals be connected to the microprocessor data bus. 

19 This signal is used to interrupt the microprocessor for various bus 
conditions that require service. INT is set high for request and cleared 
when the chip is reset or the Interrupt Register is read. 

30 Write pulse (active low) is used to strobe data from the data bus into an 
internal register which has been selected. 

31 Read pulse (active low) is used to read data from an internal register 
that has been selected. The contents of the register is strobed onto 
the data bus. 

21 When low (0), this signal enables reading from or writing to the internal 
register which has been selected. . 

22,23,25,26 These signals are used in conjunction with CS , to address all the 
internal registers. 

29 

27 

Data request. When high (1), this signal indicates that the internal Data 
Register has a byte to transfer (inputting from the SCSI bus) or needs a 
byte to transfer (outputting to the SCSI bus). This signal becomes 
active only if the DMA mode bit in the Command Register is on. It is 
cleared when DACK becomes active. 

Data acknowledge. When low (0), this signal resets DREQ and selects 
the Data Register for input or output. DACK acts as a chip select for the 
Data Register when in the DMA mode. DACK and CS must never be 
active at the same time. 
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SCSI INTERFACE SIGNALS 

IDO-ID2 

SBO-SB7, SBP 

BSYIN 

BSYOUT 

SELIN 

SELOUT 

ATN 

ACK 

REO 

MSG, CID, 1/0 

IGS 

TGS 

ARB 

14-12 

34-41,33 

17 

42 

18 

32 

5 

These active low signals determine the three-bit code of the SCSI bus 
ID assigned to the chip. External pullup resistors are required only if 
tied to switches or straps. 

Active high data bus. These signals comprise the SCSI data bus and are 
intended to be connected to the external SCSI bus transceivers. 

When high (1), this signal indicates to the chip that the SCSI BSY signal 
is active. 

When high (1), the chip is asserting the BSY signal to the SCSI bus. 

When high (1), this signal indicates to the chip that the SCSI SEL signal 
is active. 

When high (1), the chip is asserting the SEL signal to the SCSI bus. 

INITIATOR ROLE: The chip asserts this signal when the microprocessor 
requests the attention condition or a parity error has been detected in 
a byte received from the SCSI bus. 
TARGET ROLE: This signal is an input which indicates the state of the 
ATN signal on the SCSI bus. 

10 INITIATOR ROLE: The chip asserts this signal in response to REO for 
a byte transfer on the SCSI bus. 
TARGET ROLE: This signal is an input which, when active, indicates a 
response to the REO signal. 

11 INITIATOR ROLE: This signal is an input which, when active, indicates 
that the Target is requesting a byte transfer on the SCSI bus. 
TARGET ROLE: Asserted by the chip to request a byte transfer on the 
SCSI bus. 

9,8,7 INITIATOR ROLE: These signals are inputs which indicate the current 
SCSI bus phase. 
TARGET ROLE: The chip drives these signals to indicate the current 
bus phase. 

6 Initiator Group Select. When high (1), this signal indicates to the external 
SCSI drivers and receivers that the chip is operating in the Initiator 
role. Its purpose is to enable the external drivers for ATN and ACK and 
the external receivers for REO, MSG, C/O, and 1/0. 

28 Target Group Select. When high (1), this signal indicates to the external 
SCSI drivers and receivers that the chip is operating in the Target role. 
Its purpose is to enable the external drivers for REO, MSG, C/O, and 1/0 
and the external receivers for ATN and ACK. 

20 SCSI data Bus Enable. When low (0), this signal directly enables the 
external SCSI data bus drivers. 

15 Arbitration phase. When high (1), this signal enables the external 
circuitry to place the I D bit on the SCSI bus for the Arbitration phase. 



POWER SIGNALS 

VCC 48 +5Vinput 

GNO 24 Signal reference input 

ELECTRICAL CHARACTERISTICS 
OPERATING CONDITIONS 

PARAMETER SYMBOL 

Supply Voltage VOO 
Supply Current 100 
Ambient Temp. TA 

INPUT SIGNAL REQUIREMENTS 

PARAMETER CONDITIONS 

High-level Input, VIH 
Low-level Input, VIL 
High-level Input Current, IIH VIH=5.25V 
Low-level Input Current, IlL VIL=OV 

MIN MAX 

4.75 5.25 
300 

0 70 

MIN MAX 

2.0 5.25 
-0.3 0.8 

10 
-10 

OUTPUT SIGNAL REQUIREMENTS (Except SBEN , IGS, and TGS) 

PARAMETER CONDITIONS MIN MAX 

High-level Output Voltage, VOH VOO=4.75V@ 2.4 -
IOH = -400.uA 

Low-level Output Voltage, VOL VOO=4.75V @ 0.4 
IOL=2.0rnA -

SBEN , IGS, and TGS SIGNALS 

PARAMETER CONDITIONS MIN MAX 

High-level Output Voltage, VOH VOO=4.75V@ 2.4 -
IOH= -400.uA 

Low-level Output Voltage, VOL VOO=4.75V @ 0.4 
IOL=4.0rnA -

5385 

UNITS 

Voc 
rnA 
DC 

UNITS 

Voc 
Voc 
J.lA 
).SA 

UNITS 

Voc 

voc 

UNITS 

Voc 

voc 
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INTERNAL REGISTERS 
The NCR SCSI Protocol Controller has a set of internal registers which are used by the microprocessor 
to direct the operation of the SCSI bus. These registers are read (written) by activating CS with an ad­
dress on A3-AO and then issuing a RD/(WR) pulse. They can be made to appear to a microprocessor as 
standard 110 ports or as memory-mapped 1/0 ports depending on the external circuitry that controls 
CS. The following sections describe the operation of these internal registers. 

REGISTER SUMMARY 

A3 A2 A1 AO RIW REGISTER NAME 

0 0 0 0 R/W Data Register 
0 0 0 1 R/W Command Register 
0 0 1 0 R/W Control Register 
0 0 1 1 R/W Destination ID 
0 1 0 0 R Auxiliary Status 
0 1 0 1 R ID Register 
0 1 1 0 R Interrupt Register 
0 1 1 1 R Source ID 
1 0 0 . 1 R Diagnostic Status 
1 1 0 0 R/W Transfer Counter (MSB) 
1 1 0 1 R/W Transfer Counter (2nd BYTE) 
1 1 1 0 R/W Transfer Counter (LSB) 
1 1 1 1 R/W Reserved for Testabi I ity· 

DATA REGISTER 
The Data Regi~ter is used to transfer SCSI commands, data, status and message bytes between the 
microprocessor data bus and the SCSI bus. This is an eight-bit register which is doubly-buffered in order 
to support maximum throughput. In the non-DMA mode, the microprocessor reads from (writes to) the 
Data Register by activating CS with A3-AO = 0000 and issuing a RD/(WR) pulse. A bit has been included 
in the Auxiliary Status Register to indicate when the Data Register is full. In the DMA mode, the DMA 
logic reads from (writes to) the Data Register by responding to DREQ with DACK and Issuing a RD/(WR) 
pulse. The SCSI bus reads from or writes to the Data Register when the chip is connected as an Initiator 
or Target and the bus Is in one of the Information Transfer Phases. 

COMMAND REGISTER 
The Command Register is an eight-bit register used to give commands to the SCSI chip. The micro­
processor can write to (read from) the Command Register by activatingCS with A3-AO = 0001 and 
issuing a WR/(RD) pulse. Writing to the Command Register. causes the chip to execute the command 
that is written. The Command Register can be read; however, the chip resets the Command Register 
when it sets an Interrupt. Therefore, one cannot guarantee that the data in the register will be correct 
after loading an interrupting command or enabling selection or reselection. To be safe, a copy of the 
last command issued should be stored in the microprocessor's memory. Immediate commands are not 
stored. 

The contents of the Command Register are described in a later section. 
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CONTROL REGISTER 
This eight-bit read/write register is used for enabling certain modes of operation for the SCSI Protocol 
Controller. The microprocessor reads from (writes to) the Control Register by activating CS with A3-AO 
=0010 and issuing a RD (WR) pulse. 

7654321 0 

1--1--1--1--1--1 1 1 1 

I 1 .... 1 --- Select Enable 
..... ---- Reselect Enable 

~ _____ Parity Enable 

BIT 7-3 Reserved 

BIT 2 Parity Enable 

BIT 1 Reselect Enable 

BIT 0 Select Enable 

When the parity enable bit is a "1 ", the chip generates and 
checks parity on a" transfers on the SCSI bus. When the 
parity enable bit is a "0", the chip generates but does not check 
parity on bus transfers. 

When this bit is a "1", the chip wi" respond to any attempt by 
a Target to reselect it. When the bit is a "0", the chip wi" ignore 
a" attempts to reselect it. 

When this bit is a "1", the chip wi" respond to attempt to select 
it as a Target. When it is a "0", the chip wi" ignore a" selections. 

NOTE: After being reset and completing self-diagnostics, the control registerwi" contain a" zeros. 
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DESTINATION ID REGISTER 
The Destination ID Register is an eight-bit register tMt is used to program the SCSI bus address of the 
destination, device prior to issuing a Select or Reselec;t command to the chip. Bits 0-2 specify the address 
and bits 3-7 are always zeroes. The ID register is written (read) by activating CS with A3-AO equal to 
"0011" and then pulsing WR (RD). 

765432 0 

L-......I---'----Dlestination ID 

AUXILIARY STATUS REGISTER 
The Auxiliary Status Register is an eight-bit read-only register. It contains bits which indicate the status 
of the chip's operational condition. Some of these bits are used to determine the reason for interrupts. 
Therefore, the Auxiliary Status Register should always be read prior to reading the Interrupt Register 
when servicing interrupts. After the Interrupt Register is read, the Auxiliary Status Register bits needed 
to service the interrupt may change. 

The Auxiliary Status Register is read by activating CS with A3-AO = 0100 and then pulsing RD. The 
individual bits of the Auxiliary Status Register are defined below. 

76543210 

I I II I 111-'1 
Not Used 

L..----'Transfer Counter Zero 
L..-----Paused 

L------I/O 
L..-------ClD 

L..---------MSG 
~----------Parity Error 

L-.-----------Data Register Full 



BIT 7 Data Register Full 

BIT 6 Parity Error 

BIT 3-5 110, CID, MSG 

BIT 2 Paused 

BIT 1 Transfer Counter Zero 

BIT 0 Not Used 

5385 

This bit indicates the status of the Data Register and must be 
monitored by the microprocessor during non-DMA mode com­
mands that use the Data Register. When the DMA mode bit in the 
Command Register is off (0) and the command being executed is 
one of Send, Receive or Transfer Info commands (refer to Section 
5.0 page 19, COMMANDS), data is transferred to (from) the chip 
by writing (reading) the Data Register. Data Register Full is set 
on (1) when data is written and turned off (0) when data is read. 
Therefore, Data Register Full should be on before taking data 
from the chip, and off when sending data to the chip. 
The Data Register Full bit is always reset (to 0) at the time an 
interrupting type command is loaded into the Command 
Register. Therefore, when issuing such commands, the Com­
mand Register should be loaded prior to loading the Data 
Register and monitoring the Data Register Full flag. 

When this bit is one, it indicates that the chip has detected a 
parity error on a byte of data received across the SCSI bus. It 
can be set when the chip is executing one of the Receive 
commands or the Transfer Info command (when the transfer is 
an input). This bit is reset after the Interrupt Register is read. 

These bits indicate the status of the SCSI 110, CID, and MSG 
signals at all times. They define the Information Phase type being 
requested by the Target. These signals are significant when 
servicing interrupts and the chip is logically connected to the 
bus in the Initiator role. An interrupt will occur with any phase 
change. This allows the Initiator to prepare for the next phase 
of data transfer. These bits are only held while INT is active. 
The bits are coded as follows: 

1/0 elD MsG BUS PHASE 
0 0 0 Data Out 
0 0 1 Unspecified Info Out 
0 1 0 Command 
0 1 1 Message Out 
1 0 0 Data In 
1 0 1 Unspecified Info In 
·1 1 0 Status 
1 1 1 Message In 

When on (1), this bit indicates'that the chip has aborted the 
command being executed in response to the Pause command. 
It is turned off when the interrupting type command code is 
loaded into the Command Register. 

This bit is provided to indicate the status of the 24-bit Transfer 
Counter. When on (1), it indicates that the Transfer Counter is 
equal to zero. It is intended to facilitate interrupt servicing. 

NOTE: The Auxiliary Status Register will contain the following pattern after a Reset and self-diagnos­
tics: 00xxx010. 
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ID REGISTER 
The 10 Register is an eight-bit read-only register that indicates the logical SCSI bus address occupied by 
the chip. Bit 0-2 directly reflect the logical inversion of the chip 10 input signals 100-102. The 10 Register 
is active high whereas the 10 input signals are active low. The 10 Register allows the microprocessor to 
read the chip's SCSI bus address which would normally be strapped in hardware. Bits 3-7 of the 10 
Register will always be zeroes. The 10 Register is read by activating CS with A3-AO = 0101 and then 
pulsing RO. 

765432 0 

loiololololUL 
Oevice 10 

INTERRUPT REGISTER 
The Interrupt Register is an eight-bit read-only register. It is used in conjunction with the Auxiliary Status 
Register to determine the reason for an interrupt condition. This register is read by activating CS with 
A3-AO = 0110 and then pulsing RO. When the Interrupt Register is read, it automatically resets itself 
(after the read is complete) and enables the chip for a new interrupt condition. Since the Parity Error 
bit in the Auxiliary Status Register is reset after a read of the Interrupt Register, and since 110, C/O, and 
MSG are only held while INT is active, the Auxiliary Status Register should always be read prior to reading 
the Interrupt Register. 

If a Selected or Reselected interrupt occurs after issuing a command that would normally cause an 
interrupt, the chip will ignore the last command issued. This allows the microprocessor to service the 
Selected or Reselected interrupt prior to proceeding with the other operation. An example of this 
situation is when the microprocessor issues a command to select a Target at about the same time 
another Target reselects the chip. If the chip sees the reselection first, the microprocessor will receive 
an interrupt for the reselection, and the chip will ignore the Select command, which would now be invalid 
since the chip is now logically connected on the SCSI bus to another device. 
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Individual interrupt conditions are described below. (Note: that for all cases, an interrupt condition is 
on, when the corresponding bit is a one (1), and off when zero (0).) 

76543210 

I I I III I I I 

'--I Function Complete 
Bus Service 
Disconnected 
Selected 
Reselected 

BIT 7 Not Used 

BIT 6 Invalid Command 

BIT 5 Not Used 

BIT 4 Reselected * 

BIT 3 Selected * 

(Used for Testability) 
nvalid Command 
Not Used 
I 

May be either (1) or (0). 

When on (1), this bit indicates that the last command loaded 
into the Command Register is not valid. 

(Reserved for testability) 

This interrupt will be on (1) when the chip has been reselected 
by another SCSI device. After setting this interrupt, the chip is 
logically connected to the bus in an Initiator role and is waiting 
for the Target to send REQ or disconnect from the bus. 

This interrupt will be on (1) whenever the chip has been selected 
by another SCSI device. 

After setting this interrupt, the chip is logically connected to 
the bus in the Target role and is waiting for a command to be 
loaded into the Command Register. 

* The chip will become selected (reselected) only if the ID data 
byte put on the SCSI bus during the Selection (Reselection) 
Phase has good parity and not more than one ID other than the 
chip's own ID is on. 

489 



BIT 2 Disconnected 

BIT 1 Bus Service 

BIT 0 Function Complete 

490 

This interrupt will be set on (1) when the chip is connected to 
the bus in the Initiator role and the Target disconnects or when 
the chip is executing a Select or Reselect command and the 
destination device does not respond before the Transfer Counter 
times out. 

When the chip is logically connected to the bus in the Initiator 
role, this bit will be set on (1) whenever the Target sends a REQ 
which the chip cannot automatically handle. This happens when 
the first REQ for connection is received or when the chip is 
executing a Transfer Info or Transfer Pad command and either 
the Transfer Counter is zero or the Target changes the In· 
formation Phase type. 

A Bus Service interrupt may also be set if a phase change occurs 
before REQ is seen. This early notification will allow the Initiator 
extra time to prepare for a phase change in some unbuffered 
systems. (Note: that the chip may generate Bus Service 
Interrupts for phases that never request transfers. This is not 
an error condition, merely transitional status of 1/0, CID, and MSG.) 

If the chip is logically connected in the Target role, this bit 
will be set on (1) whenever the Initiator asserts ATN. When 
indicating ATN the Bus Service interrupt may occur by itself, 
with a Selected interrupt, or with a Function Complete interrupt. 

When this bit is on (1), it indicates that the last interrupting com­
mand has completed. It is the normal successful completion inter­
rupt for Select, Reselect, Send and Receive commands (Refer to 
COMMANDS). During any of the Receive commands, it is set on (1) 
along with the parity error bit as soon as a parity error is detected. A 
Bus Service Interrupt may also occur simultaneously with the Func­
tion Complete if an ATN signal was activated during a Send or a Re­
ceive command. 

The Function Complete interrupt is also generated at the end 
of a Message In phase for a Transfer Info command. (See 
TRANSFER INFO command.) 
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SOURCE ID REGISTER 
The Source 10 Register is an eight-bit read-only register which contains the three-bit encoded 10 of the 
last device which Selected or Reselected the chip. The following is the format of the Source 10 Register. 

~-'--...L--Source 10 
'------------10 Valid 

The 10 Valid bit indicates that the source device placed its own 10 bit on the SCSI bus during the Selection 
Phase. The SPC chip has encoded the source 10 and placed it in bits 2-0. This information remains 
valid until the chip disconnects from the SCSI bus, at this time the 10 Valid bit is reset. 
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DIAGNOSTIC STATUS REGISTER 
The Diagnostic Status Register is an eight-bit read-only register which indicat~s the result of self­
diagnostics and the ... last diagnostic command issued to the chip. The format of the Diagnostic Status 
Register Is shown below. . . . . 

7654320 

"---'---'----- Self·dlagnostic Status 

000 Successful Completion 
001 Unconditional Branch Fail 
010 Data Reg. Full Failed 
011 Initial Conditions Incorrect 
100 Initial Command Bits Incorrect 
101 Diagnostic Flag Failed 
110 Data Turnaround Failed 
111 Not Used 

"----'----'--------- Diagnostic Command Status 

001 Turnaround Miscompare (Initial) 
010 Turnaround Miscompare (Final) 
011 Turnaround Good Parity 
100 Turnaround Bad Parity 

'--------------Self-Diagnostic Complete 

Bit 7 = 1 indicates that self-diagnostics have been completed. (NOTE: A reset will clear bits 6-3 if 
possible). After a reset to the chip, the microprocessor should make sure that the Diagnostic Status 
Register contains the following pattern before attempting any commands: 10000000. This code indicates 
self-diagnostics are complete and no errors were detected. After a diagnostic command has been 
executed, bits 6-3 will contain the resulting status, but bit 7 and bits 2-0 are not affected. 

The microprocessor may read the Diagnostic Status Register by activating CS with A3-AO = 1001 and 
issuing a R15 pulse. 

If an error is detected during self-diagnostics, the proper status is loaded into the Diagnostic Status 
Register and the chip halts until a Reset command or a Reset signal is asserted. Refer to the Self· 
Diagnostic Status Code Summary for an explanation of the individual codes. 

When a diagnostic command is issued to the chip, the chip will attempt to perform the function, load 
a status into bits 6·3, and initiate a Function Complete Interrupt. 
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SELF·DIAGNOSTIC STATUS CODE SUMMARY 

000 - Successful Completion. The chip executed all self-diagnostics following a reset and detected 
no errors. 

001 - Unconditional Branch Failed. The chip's internal sequencer attempted an unconditional 
branch and failed to reach the desired location. 

010 Data Register Full Failed. The chip attempted to set and reset the Data Register Full status bit 
in the Interrupt Register and failed. 

011 Initial Conditions Incorrect. The chip detected one of its internal initial conditions in the 
wrong state. 

100 - Initial Command Bits Incorrect. The chip tested bits 6,4,2,1 and 0 of the Command Register 
and found at least one was not zero. 

101 Diagnostic Flag Failed. The chip failed in its attempt to set and reset its internal diagnostic flag. 

110 Data Turnaround Failed. During self-diagnostics the chip attempts to flush several bytes of 
data through its internal data paths. It also attempts to set and reset the Parity Error bit in the 
Interrupt Status Register. This status indicates that one of these operations failed. 

TRANSFER COUNTER (THREE EIGHT·BIT COUNTERS) 

The Transfer Counter is comprised of three, eight-bit register/counters. It is used by the chip for Send, 
Receive and Transfer commands that require more than a single byte of data to be transferred. It may 
also be used with Select and Reselect commands to set a timeout for no response. To write to (read from) 
the Transfer Counter, CS is activated with A3-AO selecting a byte and then pulsing WR (RD). The 
Transfer Counter is addressed as shown below. 

A3 A2 A1 AO SELECTED BYTE 
1 1 0 0 Most Significant Byte 
1 1 0 1 Middle Byte 
1 1 1 0 Least Significant Byte 

For Send, Receive and Transfer commands with single-byte not specified, the Transfer Counter specifies 
to the chip the maximum number of bytes to be sent or received before interrupting. The Transfer 
Counter must be loaded prior to. issuing the command. When single-byte is specified, the chip neither 
uses nor alters the Transfer Counter. To facilitate servicing interrupts for commands that use the 
Transfer Counter, a bit is provided in the Auxiliary Status Register to indicate when the Transfer Counter 
is zero. 

For Select and Reselect commands, the Transfer Counter specifies the number of time intervals (1024 
ClK periods) that the chip will wait before automatically aborting the command due to no response 
(BSY) from the destination device. The Transfer Counter must be loaded prior to issuing the command. 
If the Transfer Counter is loaded with all zeroes, the timeout logic in the chip will be disabled, and the 
chip will not automatically abort the command due to no response. 
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COMMANDS 

This section defines command format,types, codes and operation. Commands are given to the chip by 
loading the Command Register. 

COMMAND FORMAT 
The bits in the Command Registerare defined as follows. 

7 6 543 2 1 0 

I I I I I I I I I 
I I I I I Command Code 

00000 Chip Reset 
00001 Disconnect 
00010 Pause 
00011 Set ATN 
00100 Message Accepted 
00101 Chip Disabled 

01000 Select w/ATN 
01001 . Select w/o ATN 
01010 Reselect 
01011 Diagnostic Data Turnaround 
01100 Receive Command 
01101 Receive Data 
01110 Receive Message Out 
01111 Received Unspecified Info Out 
10000 Send Status 
10001 . Send Data 
10010 Send Message In 
10011 Send Unspecified Info In 
10100 Transfer Info 
10101 Transfer Pad 

'---------IReserved (MUST BE A ZERO) 

'-----------:Single Byte Transfer 

'--~----'-------IDMA Mode 



BIT 7 DMAMode 

BIT 6 Single Byte Transfer 

BIT 5 Reserved 

BIT ·4·0 Command Code 

COMMAND TYPES 
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This bit is applicable only for commands that use the Data 
Register. When this bit is on (1), it indicates that data will be 
transferred to (from) the Data Register using the DMA signals 
DREQ and DACK. When it is off (0), the microprocessor must 
monitor the state of the Data Register Full flag in the Auxiliary 
Status Register. Data is then transferred by using the appropriate 
input/output command. 

When on (1), this bit indicates that only one byte of data is to be 
transferred for this command. The Transfer Counter will not be 
used or altered by the chip. Therefore, for common single byte 
message and status transfers, the Transfer Counter does not 
need to be loaded prior to issuing a command with this bit set. 
When this bit is off (0). the Transfer Counter is used by the chip 
to determine the length of the transfer for the command. 

This bit is not used and should always be programmed off (0). 

These bits are used to specify the command to be executed. 

There are two types of commands; Immediate and Interrupting. All of the Immediate commands, except for 
pause, cause immediate results within three clock cycles from the time the Command Register is loaded. The 
Pause command is explained in a later section. Interrupting commands do not result in immediate action. Their 
completion is always flagged by an interrupt. 

Command codes 00000-00111 specify Immediate commands. Immediate commands that are listed as 
reserved, will be ignored if issued to the SPC chip. Command codes 01000-10101 specify Interrupting 
commands. When one of these codes is loaded into the Command Register, a second Interrupting com­
mand code should not be loaded until after the interrupt has occurred for the first command. However, 
an Immediate type command may be loaded before the interrupt for an Interrupting command occurs. 
If a reserved Interrupting command code is issued, the chip will respond with an Invalid Command 
interrupt. 
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INVALID COMMANDS 
The user of the chipcan be in one of three states at any particular time: Disconnected, connected as an 
Initiator, or connected as a Target. Commands.are valid only in specified states. If an invalid Immediate 
command is issued, the chip will ignore the command. If an Interrupting command is issued in an invalid 
state,or a reserved Interrupting command code is issued, an Invalid Command interrupt will result. The 
exceptions are described below: 

The microprocessor must never issue any interrupting type command when the chip is not expecting 
such a command. Unpredictable results will occur in this case. The following is a list of user states in 
which the chip is not expecting an interrupting command: 

1. The chip is currently processing an Interrupting type command and has not yet set the interrupt to 
signal the completion. 

2. The chip is currently processing an Interrupting type command, a Pause command has been issued 
but the Paused bit in the Auxiliary Status Register has not been set. 

3. The chip is connected as an Initiator, but the Target has not yet requested an Information Transfer. 

4. The chip has completed a Transfer Info or Transfer Pad command and the Target has not requested 
additional information or has not changed the Information Phase. 

In user states three and four, described above, the microprocessor must wait for a Bus Service, Dis­
connected, or Function Complete interrupt. 

If an interrupting command is illegitimately issued in these states, no interrupt will occur for it, and it is 
likely that the current function will be altered. 
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COMMAND SUMMARY 
Below is a summary that lists all commands. In the table the following abbreviations are used. 

INT = INTERRUPTING 
IMM = IMMEDIATE 

COMMAND CODE 

00000 
00001 
00010 
00011 
00100 
00101 

00110-00111 

01000 
01001 
01010 
01011 
01100 
01101 
01110 
01111 
10000 
10001 
10010 
10011 
10100 
10101 

10110-11111 

D = DISCONNECTED 
T = CONNECTED AS A TARGET 

COMMAND 

Chip Reset 
Disconnect 
Paused 
SetATN 
Message Accepted 
Chip Disable 
Reserved 

Select w/ATN 
Select wlo ATN 
Reselect 
Diagnostic 
Receive Command 
Receive Data 
Receive Message Out 
Receive Unspecified Info Out 
Send Status 
Send Data 
Send Message Out 
Send Unspecified Info In 
Transfer Info 
Transfer Pad 
Reserved 

COMMAND DEFINITIONS 

CHIP RESET 

1= CONNECTEDASAN INITIATOR 

TYPE VALID STATES 

IMM D,I,T 
IMM I,T 
IMM D,T 
IMM I 
IMM I 
IMM D,I,T 
IMM 

INT D 
INT D 
INT D 
INT D 
INT T 
INT T 
INT T 
INT T 
INT T 
INT T 
INT T 
INT T 
INT I 
INT I 
INT 

Chip Reset immediately stops any chip operation and resets all registers, counters, etc. on the chip. 
It performs the same operation as the hardware "reset" input. 

DISCONNECT 
Upon receipt of this command, the chip immediately releases all SCSI bus signals and returns to a 
Disconnected idle state. For the Target role, this is the normal method of disconnecting from the bus 
when a transfer is complete. For the Initiator role, Disconnect may be used to release the bus signals 
as a result of a timeout condition. In this case, the chip ignores the Target and is left in the Disconnected 
state. For the Disconnected state, it is not valid to issue a Disconnect command. If issued, the chip will 
ignore this command. 
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PAUSE 
Pause is an Immediate command that is valid in the Disconnected state or when logically connected to 
the bus as a Target device. Pause is not valid when connected as an Initiator. 

When connected as a Target, the Pause command provides a means of halting a Send or Receive com­
mand without having to wait for the transfer to complete. When Pause is issued, it immediately sets a 
flag.in the chip. Within one byte transfer cycle, the chip recognizes the flag, aborts the Send or Receive 
operation, and then sets the Paused status bit in the Auxiliary Status Register. At this time, the chip is 
still connected to.the bus in the Target role, and it is waiting for another command. 

The Pause command stops the Send or Receive command in an orderly manner leaving the Transfer 
Counter in a valid state that indicates the remaining number of bytes to be transferred. Also no REO or 
ACK is asserted on the bus and no data is left in the chip waiting to be transferred. An operation that is 
paused may be resumed, if desired, simply ,by reloading the original command into the Command 
Register. (Note: after issuing the Pause while executing Send or Receive, it is necessary to continue 
transferring data with the chip (due to double-buttering) until the Paused status bit is set or an interrupt 
occurs.) 

When in the disconnected state, Pause may be issued to abort a Select or Reselect command. After a 
Select or Reselect command is issued and before an interrupt occurs, a Pause command may be issued 
to abort the operation. The Pause command immediately sets an internal flag. If the chip has not yet won 
arbitration, it sets the Paused bit in the Auxiliary Status Register and waits in the disconnected state for 
another command. If the chip has won arbitration, it releases the bus by dropping the two 10 bits with 
SELOUT on for a minimum of 100ps, checks for no BSYIN, and then releases the bus. After this pro­
cedure, it sets the Paused bit in the Auxiliary Status Register and waits for another command in the 
Disconnected state. 

Since Pause is an Immediate command, it does not cause an interrupt. As previously noted, the chip 
sets the Paused status bit to indicate that is has been executed. If an interrupt-causing event occurs 
before the chip sees the pause flag set, the chip will set the interrupt. In this case, the Paused status bit 
is not set by the chip either before or after the interrupt. In all cases, an interrupt-causing event will 
take precedence over Pause. For example, in the Target role if ATN is on when Pause is.issued, a Bus 
Service interrupt will occur and the Paused status bit will not be set. 

If the Pause command is issued when the chip is Disconnected, the Paused status bit will be set by the 
chip, provided it has not already detected a Selection or Reselection. . 

SETATN 
The Set ATN command causes ATN to be asserted immediately if the chip is connected as an Initiator. 
This command is invalid and ignored if issued when the chip is Disconnected or is operating in a Target 
role. The ATN signal is de-asserted in a Message Out phase when the transfer count becomes zero or 
one byte has been transferred (in a one-byte transfer command) during the execution of a Transfer Info 
command. 

The chip automatically setsATN in two cases: 

1. If a Select w/ATN.command is issued and arbitration is won. 

2. If a parity error is detected on an input byte during execution of a Transfer Info command. 
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MESSAGE ACCEPTED 

The Message Accepted command is an Immediate command that is valid only when connected as an Initiator. 
It is used after a Transfer Info or Pad command (See TRANSFER INFO and TRANSFER PAD) to indicate to the 
chip that ACK can be de-asserted for the last byte. 

When an Initiator receives a message, a Transfer command is used. If the transfer is an input (1/0 = 1) and 
the information is a message (MSG = 1, C/D = 1), the chip interrupts after receiving the last byte with 
a Function Complete interrupt. For this one special case, the chip also leaves ACK asserted on the bus. 
By interrupting and leaving ACK asserted, the chip gives the microprocessor a chance to interpret the 
message and set ATN, prior to ACK being de-asserted. This allows the chip to properly request a Message 
Out phase if the Initiator wants to send a "Reject Message" to the Target. 

Message Accepted must always be issued after a Transfer Info for a Message In phase, whether or not 
Set ATN is issued, in order to have the chip de-assert ACK. If the Initiator wants to reject the message, 
Set ATN would be issued first followed by Message Accepted. If the message is not to be rejected, only 
Message Accepted is issued. (Note: until Message Accepted is issued, the Target will not send 
another REO since ACK is still asserted.) 

CHIP DISABLE 

Chip Disable immediately stops all chip operations and logically disconnects it from the circuit. All out­
puts will be placed in a high impedance state and the chip will not respond to any commands (other than 
chip reset). The chip will also not respond to any activity on the SCSI bus. The only way to exit this 
condition is to activate the "reset" input or issue a Reset command. 

SELECT w/ATN 
This command causes the chip to attempt to select a Target. It may only be used if the microprocessor 
is in the Disconnected state. Any attempt to issue this command in another state will result in an Invalid 
Command interrupt. Before issuing this command, the microprocessor must load the Transfer Counter 
for a timeout on the Target's response. This value is computed according to the following formula: 

Transfer Counter = Desired Timeoutl (1024 x Clock Period) 

If the Transfer Counter is loaded with the value zero, the chip will wait indefinitely for a response from the 
Target being selected. 

The microprocessor must also load the Destination ID Register with the three-bit code of the Target to be 
selected before issuing the Select w/ATN command. 

When the chip detects the Select w/ATN command, it begins by attempting to arbitrate for control of the 
SCSI bus. If, at any time during arbitration the chip becomes selected or reselected, the Select w/ATN 
is aborted and forgotten and the chip will interrupt with one of the following conditions: 

1. Selected 
2. Selected and Bus Service 
3. Reselected 
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If arbitration is won, the chip places the SCSI bus in the Selection phase with ATN asserted, and uses 
the Destination 10 Register to identify the desired Target. At the same time, the chip begins a timer based 
on the value computed above. If the Target does not respond within the timeout period, the chip will 
disconnect from the bus and interrupt with the Disconnected flag set in the Interrupt Register. (Note: 
The microprocessor should never monitor the Transfer Counter Zero flag in the Auxiliary Status Register 
to determine when a timeout has occurred.) If the Target responds within the allotted time, the chip will 
interrupt with a Function Complete status. Control of the SCSI bus then belongs to the selected Target 
and after the interrupt status has been read, another interrupt may occur indicating either that the Target 
has disconnected or is requesting a transfer. 

If the timeout is disabled and the Target does not respond, or if arbitration is not won, the only way to 
abort the Select w/ATN command is to issue the Pause command. After the Pause command is issued, 
it is still possible that the Function Complete or Disconnect interrupts may occur. This happens if one 
of the interrupts get set before the chip detects the Pause command, or if the Target responds while the 
chip is sequencing off the SCSI bus in a timeout condition. If the chip does not set either interrupt, it will 
set the Paused bit in the Auxiliary Status Register. If the microprocessor detects this bit after issuing the 
Pause command, then it is assured that the chip aborted the Select w/ATN command and no connection 
exists. 

SELECT w/O ATN 

The Select w/oATN is identical to the Select w/ATN command except that the ATN signal is not asserted 
during the Sele'ction phase, 

RES ELECT 
This command causes the chip to attempt to reselect an Initiator. It may only be used if the micro­
processor is in the Disconnected state. Any attempt to issue this command in another state will result 
in an Invalid Command interrupt. Before issuing this command, the microprocessor must load the 
Transfer Counter for a timeout on the Initiator's response. This value is computed according to the fOI" 
lowing formula: 

Transfer Counter = Desired Timeoutl (1024 x Clock Period) 

If the Transfer Counter' is loaded with the value zero, the chip will wait indefinitely for a response from the 
Initiator being reselected. 

The microprocessor must also load the Destination 10 Register with the three-bit code of the Initiator to 
be reselected before issuing the Reselect command. 

When the chip detects the Reselect command, it begins by attempting to arbitrate for control of. the 
SCSI bus. If, at any time during arbitration, the chip becomes selected or reselected, the Reselect is 
aborted and forgotten and the chip will interrupt with one of the following conditions: 

1. Selected 
2. Selected and Bus Service 
3. Reselected 



5385 

If arbitration is won, the chip places the SCSI bus in the Reselection phase using the Destination ID 
Register to identify the desired Initiator. At the same time, the chip begins a timer based on the value 
computed above. If the Initiator does not respond within the timeout period, the chip will disconnect 
from the bus and interrupt with the Disconnected flag set in the Interrupt Register. (Note: The micro· 
processor should never monitor the Transfer Counter Zero flag in the Auxiliary Status Register to 
determine when a timeout has occurred.) If the Initiator responds within the allotted time, the chip will 
interrupt with a Function Complete status. The chip (acting as the Target) is then in control of the SCSI 
bus, and waits for the Interrupt Register to be read by the microprocessor. After it has been read, the chip 
waits for a command from the microprocessor or ATN from the Initiator. If the ATN occurs, the chip 
will set the Bus Service interrupt. This interrupt may happen immediately after a command has been 
issued due to internal timing. In this case, the chip waits for the Interrupt Register to be read and the 
command is ignored. The chip then waits for a new command. 

If the timeout is disabled and the Initiator does not respond, or if arbitration is not won, the only way to 
abort the Reselect command is to issue the Pause command. After the Pause command is issued, it is 
still possible that the Function Complete or Disconnected interrupts may occur. This happens if one 
of the interrupts get set before the chip detects the Pause command, or if the Initiator responds while 
the chip is sequencing off the SCSI bus in a timeout condition. If the chip does not set either interrupt, 
it will set the Paused bit in the Auxiliary Status Register. If the microprocessqr detects this bit after 
issuing the Pause command, then it is assured that the chip aborted the Reselect command and no 
connection exists. 

DIAGNOSTIC (DATA TURNAROUND) 
This Interrupting command causes the chip to attempt to turn a data byte around through its internal 
data paths. When the command is loaded into the Command Register the Data Register Full bit is reset. 
The microprocessor then writes one byte into the Data Register. The chip moves the byte to another 
register and compares the contents of the Data Register. The byte is then moved to a third register (the 
SCSI output register) and good parity is generated if bit 6 of the command is off (0); bad parity is generated 
if bit 6 is on (1). Finally, the chip moves the byte back to the Data Register and compares it with the con­
tents of the second register. Based on these comparisons and parity checking, the chip stores a result 
into the Diagnostic Status Register and sets the Function Complete interrupt. After reading the Interrupt 
Register, the microprocessor should make sure the Data Register Full bit is on (1) and read the contents 
of the Data Register. If the Data Register Full bit is not on (0), then an error has occurred. The following 
is a list of codes which are loaded into bits 6-3 of the Diagnostic Status Register as a result of this 
command. 

BIT 6543 RESULT 

0001 Data Miscompare (INITIAL) 
0010 Data Miscompare (FINAL) 
0011 GoodParity Detected 
0100 Bad Parity Detected 
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RECEIVE COMMANDS 
The Receive commands are Interrupting commands that are valid only when connected as a Target device. 
They are used by the Target to receive commands, data, and message information from an Initiator. 

The Receive commands transfer data; therefore, the Single Byte Transfer and DMA mode bits in the 
Command Register are valid for these commands. If the Single Byte Transfer bit is off (0), the Transfer 
Counter must be loaded before a Receive command is issued to the chip. In this case, the chip uses 
the Transfer Counter to determine the number of bytes to receive. 

When a Receive command is issued, the chip immediately resets the Data Register Full bit in the 
Auxiliary Status Register. The chip then drives the 110, CID, and MSG outputs for the proper information 
phase as follows. 

COMMAND NAME 1/0 CIO MSG 

Receive Command 0 1 0 
Receive Data 0 0 0 
Receive Message Out 0 1 1 
Receive Unspecified Info Out 0 0 1 

The chip then proceeds to request and receive the specified number of information bytes. The DMA 
mode bit in the Command Register determines how the chip transfers these bytes from Its Data Register 
to the microprocessor. 

When a Receive command is terminated, the chip generates an interrupt. The following two events 
can cause termination: 

1. The operation completes succesfully; the Transfer Counter is zero. This event results in a Function 
Complete interrupt with the Parity Error bit in the Auxiliary Status Register off (0). If the Initiator 
activated ATN during the operation, the Bus Service interrupt will also be on. 

2. A Parity Error occurs. The last byte transferred is the byte that caused the error. This event causes 
a Function Complete interrupt with the Parity Error bit in the Auxiliary Status Register on (1). If the 
Initiator activated ATN during the operation, the Bus Service interrupt will also be on. " 

After any of the interrupts, the" chip is always left in the connected Target state. The Transfer Counter 
indicates the number of bytes remaining to be transferred (zero if completed successfully, and the Data 
Register is empty (the last byte received tssent to the microprocessor). Also, ACK and REQ are inactive 
on the bus. 

(Note: if a Bus Service interrupt alone occurs after issuing a Send command, the Initiator activated 
ATN before the chip began executing the command. In this case, the command Is Ignored by the chip.) 

A Receive command may be stopped prior to an interrupt causing event by issuing a Pause command. Opera­
tion of the Pause command is explained in an earlier section. In the event the Initiator does not respond, or 
stops responding, the chip is left in a state where it cannot respond to a Pause command. For this case, a Dis­
connect command can be used to abort the command and the connection. The Disconnect command is ex­
plained in an earlier section. 
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SEND COMMANDS 
The Send commands are Interrupting commands that are valid only when connected to the bus in the 
Target role. They are used by a Target to send status, data, and message information to an Initiator. 

The Send commands transfer data, and therefore, the Single Byte Transfer and DMA mode bits in the 
Command Register are valid for these commands. If the Single Byte Transfer bit is off (0), the Transfer 
Counter must be loaded before a Send command is issued to the chip. In this case, the chip uses the 
Transfer Counter to determine the number of bytes to send. 

When a Send command is issued, the chip immediately resets the Data Register Full bit in the Auxiliary 
Status Register. Therefore, the first byte of data for the transfer cannot be put into the Data Register until 
after a Send command is loaded into the Command Register. 

In executing a Send command, the chip drives the 110, CID, and MSG outputs for the proper information 
phase. These lines are logically driven for each Send command as shown below. 

COMMAND NAME 1/0 C/O MSG 

Send Status 1 1 0 
Send Data 1 0 0 
Send Message In 1 1 1 
Send Unspecified Info In 1 0 1 

After resetting Data Register Full and driving 110, CID, and MSG, the chip then proceeds to monitor 
Data Register Full, take the data from the Data Register, and send it to the Initiator. The DMA mode bit 
in the Command Register specifies how the data is loaded into the chip. 

After interrupting, the chip is left in the connected Target state, and ACK and REQ are inactive on the 
bus. When the transfer is complete, the chip interrupts with a Function Complete Interrupt. If the 
Initiator activated ATN during the transfer, a Bus Service interrupt will also be set by the chip. 

(Note: if a Bus Service interrupt alone occurs after issuing a Send command, the Initiator activated ATN 
before the chip began executing the command. In this case, the command is ignored by the chip.) 

A Send command may be stopped prior to an interrupt causing event by issuing a Pause command. Operation 
of the Pause command is explained in an earlier section. In the event the Initiator does not, or stops respond­
ing, the chip is left in a state where it cannot respond to a Pause command. For this case, a Disconnect com­
mand can be used to abort the command and the connection. The Disconnect command is explained in an 
earlier section. 
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TRANSFER INFO 
The Transfer Info command is an Interrupting command that is valid only when connected to the bus 
in the Initiator role. It is used by the Initiator for all information transfers across the SCSI bus. 

A Transfer Info command is issued by an Initiator in response to a Bus Service interrupt. The Bus Service inter­
rupt, as explained in a previous section, is received by the connected Initiator upon the following conditions: 
receiving the first REO from a Target, a previous command has completed and the Target changes phases, the 
Target changes phases before termination, or when a previous command has completed and the Target is re­
questing more information. It is not valid to issue a Transfer Info command without having a Bus Service inter­
rupt, because the Target requests and controls all transfers. The chip will only permit one Transfer Info or 
Transfer Pad per Bus Service interrupt. 

After an Initiator receives a Bus Service interrupt, and prior to issuing a Transfer Info command, the 110, 
CID, and MSG bits from the Auxiliary Status Register (read prior to reading the Interrupt) should be ex­
amined to determine the type of information phase and the direction of transfer requested by the 
Target. The Initiator then prepares for the transfer. If the Single Byte Transfer bit is not going to be set 
in the Command Register, the Transfer Counter must be loaded prior to issuing the Transfer Info com­
mand. This is done in order to specify to the chip the maximum number of bytes to be transferred. 

When a Transfer Info is issued, the chip immediately resets the Data Register Full bit in the Auxiliary 
Status Register. For this reason, the first byte of data for an output operation cannot be loaded into the 
Data Register until after the command is loaded into the Command Register. The chip then proceeds 
with the transfer, expecting data to be read from (input), or written to (output), its Data Register as in­
dicated by the DMA Mode bit in the Command Register. The chip automatically detects the direction of 
the transfer from the 110 bit which is stored in the Auxiliary Status Register. 

The chip continues a transfer until an interrupt causing event occurs. The following four events will 
cause the chip to terminate and interrupt. 

1. The maximum number of.bytes specified have been transferred and tlie Target activated REO or 
the Information Phase changed. This event results in a Bus Service Interrupt. Either single byte 
transfer was specified or the Transfer Counter is zero as indicated by a bit in the Auxiliary Status 
Register. The Target mayor may not have changed the information phase type. The 110, CID, and 
MSG bits in the Auxiliary Status Register need to be examined at the time of the interrupt to determine 
what phase the Target is requesting. 

(Note: due to early notification of the phase change, a phase may be selected spuriously and not 
transfer any data. The microprocessor should not consider this an error condition.) 

2. The Target changes the information phase type before the maximum number of bytes are transferred. 
This event also causes a Bus Service interrupt. The new information phase may be determined by 
examining the 110, CID, and MSG bits in the Auxiliary Status Register. The Transfer Counter may be 
read at the time of the interrupt to determine the number of bytes remaining to be transferred. When 
this interrupt occurs for an output transfer, the chip may take one more byte from the microprocessor 
than it transfers, because of pre-fetching. However, the Transfer Counter still reflects the number 
of bytes remaining to be transferred. 
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3. The Target releases the bus by dropping BSY. This event results in a Disconnected interrupt. 
Following this interrupt, the chip is no longer in the Initiator role. It now remains in the Disconnected 
state. 

4. The last byte of a Message Input phase has been received. This event results in a Function Complete 
interrupt. For this case, ACK is left active on the bus to allow the microprocessor to Set ATN for the 
purpose of rejecting the message. After this interrupt is received and a Set ATN is issued (if desired), 
a Message Accepted must be issued to turn off ACK for the last byte of the Message In phase. 

For input transfers (110 = 1), the chip checks parity for each byte received if the Parity Enable bit in the 
Control Register is on. When checking parity and the parity error occurs, the chip activates ATN prior to 
deactivating ACK for the byte that causes the error. It also turns on the Parity Error bit in the Auxiliary 
Status Register. The parity error, how.ever, does not result in an interrupt. The chip waits for one of the 
four events listed above before interrupting. Therefore, the Parity Error bit should be examined when 
servicing any interrupt after issuing Transfer Info command for an input transfer. 

If ATN is asserted by the chip, either because of a parity error or because a SET ATN command is issued, 
the ATN will remain asserted .until the end of the connection, or until a Message Out is transferred. 
Therefore, during each cycle of a Transfer Info operation for output, the chip checks for a message phase 
(C/O = 1, MSG = 1) and also either a single byte transfer or the Transfer Counter set at zero. If these 
conditions exist, the chip turns off ATN prior to activating ACK for the last byte of the message. 

As previously stated, a Transfer Info normally terminates with an interrupt. If a Transfer Info command 
must be abprted, possibly because of a timeout violation, either a Chip Reset or a Disconnect command 
can be used. It is noted, however, that although these commands will force the chip into a disconnected 
state, the Target device is left on the bus. A SCSI bus reset, which is not a chip function, is the only way 
an Initiator can force a Target to disconnect. 

TRANSFER PAD 
The Transfer Pad command is an Interrupting command that is valid only when connected to the bus as 
an Initiator. It is similiar to the Transfer Info command except that the data transfer between the chip 
and the microprocessor bus will be different. 

Transfer Pad can be used by an Initiator to continue h<lndshaking with a Target without giving data to, 
or taking data from, the chip. This may be useful if the Target requests an invalid Information Transfer 
Phase. The chip operates in the same manner as it does for a Transfer Info command, except that for 
output transfers it takes only one byte of data from the microprocessor and sends the same byte repeat· 
edly until the transfer terminates. For input transfers, it accepts data from the SCSI bus but does not 
check parity or send it to the microprocessor. Though data is not exchanged with the microprocessor 
bus, the Transfer Counter is still used by the chip so that a maximum number of pad bytes can be specified. 

Protocol for using a Transfer Pad command is the same as the Transfer Info except that the DMA Mode 
bit has significance only for output transfers. The Transfer Pad terminates because of the same four 
events that cause a Transfer Info command to terminate. Also, similar to the Transfer Info command, 
Chip Reset and Disconnect can be used to abort the command. 
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BUS INITIATED FUNCTIONS 

SELECTION 
If the Select Enable bit in the Control Register is on, the chip may be selected by another SCSI device to 
be a TARGET for an 110 operation. Selection occurs in the chip only if all the following conditions exist: 
SELOUT = 0, BSYIN = 0, SELIN = 1,110 = 0, the chip's 10 bit is asserted by the selecting device on the 
data bus, no more than one other 10 bit (the Initiator's) is asserted on the data bus and data bus parity 
is good. 

When all of these conditions exist, the chip is selected. It then encodes the Initiator's 10 and loads it 
into bits 2-0 of the Source 10 Register. The chip also detects whether or not the Initiator asserted its 10 
during selection, and either sets or resets the 10 Valid bit in the Source 10 Register. 

The chip then asserts BSYOUT, waits for SELIN to turn off, and proceeds to take one of the following 
actions as a result of being selected: . 

1. If ATN is not asserted by the Initiator during .selection, the chip generates a Selected interrupt 
indicating that the chip is connected as a Target. 

2. If ATN is asserted, the chip simultaneously generates Selected, arid Bus Service interrupts, in'dicating 
that the chip is connected as a Target and ATN is asserted. 

RESELECTION 
If the Reselect Enable bit in the Control Register is on, the chip may be reselected by a SCSI Target 
device. Reselection occurs only if SELOUT = 0, SELIN = 1, BSYIN = 0,110 = 1, the chip's 10 bit and the 
Target's 10 bit are asserted on the data bus, no other 10 bits are asserted, and data bus parity is good. 

When all of these conditions exist, the chip is reselected. It then encodes the Target's 10 and loads it into 
the Source ID Register. The chip also sets the ID Valid bit in the Source 10 Register. 

The chip then asserts BSYOUT and waits for SELIN to be released by the Target. When the chip 
detects SELIN = 0, it de-asserts BSYOUT and then generates a Reselected interrupt. 

Reselection is now complete and the chip is in the connected Initiato(state. 
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INITIALIZATION 

The SCSI device may be initialized by asserting RST for a period of at least 100ns, or by issuing a Chip 
Reset command to the device. The NCR 5385 will respond to the RST pulse or the Chip Reset command, 
by immediately disconnecting from the SCSI bus, initializing all storage elements and executing an in­
ternal self-diagnostic program. The self-diagnostic is explained in a previous section (See page 17, 
Diagnostic Status Register). The following table lists the status of all registers after the initialization 
procedure. 

REGISTER INITIALIZATION 

7 6 5 4 320 
Data Register .................................. x x x x x x x x 
Command Register ............................. 0 0 0 0 0 0 0 0 
Control Register ................................ 0 0 0 0 0 0 0 0 
Destination ID Register ......................... 0 0 0 0 0 0 0 0 
Auxiliary Status Register ........................ 0 0 x x x 0 1 0 
ID Register ..................................... 0 0 0 0 0 x x x 
Interrupt Register. .............................. 0 0 0 0 0 0 0 0 
Source Register ................................ 0 0 0 0 0 1 1 1 
Diagnostic Status Register ...................... 1 x x x x x x x 
Transfer Counter (MSB) ......................... 0 0 0 0 0 0 0 0 
Transfer Counter (2nd) .......................... 0 0 0 0 0 0 0 0 
Transfer Counter (LSB) .......................... 0 0 0 0 0 0 0 0 

x = Unknown 

The controlling processor should loop on reading the Diagnostic Status Register until the Self-Diagnostic 
Complete bit (bit 7) is on (1). This should take approximately 350 clock cycles after reset occurs. The pro­
cessor should then check the remaining bits in this register for all zeroes (no errors), and then load the 
Control Register enabling the proper bits to begin operation. The SCSI Protocol Controller is now 
connected to the SCSI bus in a disconnected state. It is ready to receive commands from the controlling 
processor or respond to (re) selection attempts. 
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EXTERNAL CHIP TIMING 
Timing requirements must be over the operating temperature (0-70DC) and voltage (4.75 to 5.25V) ranges. 
loading for all output signals, except .SBEN, is assumed to be four low-power Schottky inputs, including 
50 pF capacitance. loading for SBEN is assumed to be ten low-power Schottky inputs, including 
100 pF capacitance. 

MICROPROCESSOR INTERFACE 
ClK 
NAME DESCRIPTION 

tcp Clock Period 
tCH Clock High 
tCl Clock low 

MIN 

100 
.45 tcp 
.45 t CP 

IE----t CP--~ 

eLK 

MAX UNITS 

200 ns 
.55 tcp 
.55 tcp 



RESET 

NAME DESCRIPTION MIN TYP MAX UNITS 

tRST Reset Pulse Width 100 ns 

AST 

MPUWRITE 

NAME 

tASW 
tWR 
tow 
tAHW 
tDHW 
tWCY 

rlRST~ 
______ I ,~ ____________ _ 

DESCRIPTION MIN TYP MAX 

Address Set-up Time 0 
WR Pulse Width 95 
Data-to WR High 50 
Address Hold Time 0 
Data Hold Time 20 
WR Off to WR or RD On 125 

DACK 

CS, AO-A3 -")( ___ -:-:----------:-:: 

WR 

00-07 

--::::;r t ASW 
--....:......---,LIE'----- t WR-----1l<---....:......--;. 

IE---tow 

UNITS 

ns 
ns 
ns 
ns 
ns 
ns 
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MPU READ 

NAME 

tASR 
tRD 
tDR 
tAHR 
tDHR 
tRCY 

DMAWRITE 

NAME 

tDCRQL 
tDCW 
tWR 
tWDC 
tDHW 
tow 

510 

DESCRIPTION MIN TYP MAX UNITS 

Address Set·up Time to RD 0 ns 
RD Pulse Width 125 ns 
RDto Data 90 ns 
Address Hold Time 0 ns 
Data Hold Time 10 ns 
RD Off to WR or RD On 125 ns 

DACK 

CS, AO·A3 ---;¢'"-~------------t '--__ 
~tASR 

DO·D7 

DESCRIPTION 

DACK to DREQ Low 
DACKtoWR 
WR Pulse Width 
WR High to DACK High 
Data Hold Time 
Oata to WR High 

CS 

OREQ 

OACK 

MIN TYP MAX UNITS 

0 40 ns 
0 ns 

95 ns 
0 ns 

20 ns 
50 ns 

~E-E--tWR 

----t=I~~ 00·D7 



5385 

DMAREAD 

NAME DESCRIPTION MIN TYP MAX UNITS 

tDCAQL DACK to DAEQ Low 0 40 ns 
tDCA DACKtoAD 0 ns 
tAD AD Pulse Width 95 ns 
tADC AD High to DACK High 0 ns 
tDHA Data Hold Time 10 ns 
tDA ADto Data 80 ns 

--f_~,r- 'oc=:) 
~r---tD-CR-------------------t-RD-iC~ 

------------Lte::--- tRD---'~ 

DREQ 

DO-D7 

INTERRUPT 

NAME DESCRIPTION MIN TYP MAX UNITS 

tlA INTto AD 0 ns 
tAD AD Pulse Width 95 ns 
tAl AD High to INT Low 125 ns 
tlCY INT Off to INT On 125 ns 

INT 
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SCSI INTERFACE 

SELECTION (INITIATOR) 

NAME DESCRIPTION 

tBF Bus Free 
tBFA Bus Free to ARB high 
tSlA SELIN Active to ARB low & 10 bit Disabled 
tBFBO Bus Free to BSYOUT 
tBCD Bus Clear Delay 
tAD Arbitration delay 
tpc Priority check to SElOUT 
tBID BSYOUT high to 10 bit high 
tBFID Bus Free to ID high 
tADV Arbitration Data Valid to Priority Check 
tSI SElOUT to IGS & SBEN 
tlAH IGS high to ATN high 
tlDBl Target 10 & ATN high to BSYOUT low 
tBOBI BSYOUT low to BSYIN low 
tBSL BSYIN high to SElOUT low 
tOlD SBEN active to Bus enabled 

NOTES: 

MIN TYP MAX UNITS 

85 ns 
100 800 ns 
40 ns 

100 800 ns 
225 ns 

2.0 jJS 

0 ns 
100 ns 

900 ns 
0 ns 

950 ns 
85 ns 

100 ns 
0 450 ns 

100 ns 
85 ns 

1. The chip ensures that the bus remains free (BSYIN and SELIN inactive) for tBP before 
attempting arbitration. 

2. If SELIN becomes active at any time during arbitration, the chip must deassert BSYOUT 
within tBCD. 

3. The chip waits (tAD'), and then checks to see if arbitration is won (tpC). The chip then 
asserts SELOUT if arbitration is won. 

4. One of the data bits is assigned as an 10 bit by the IDO-1D2 signals. During Bus Free, 
the chip places all of the data bits, including 10, in a high impedance state. During 
arbitration the chip enables its 10 bit and drives it high, but the remainder of the data 
bits remain in the high impedance state for reading. 
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ARB 

BSYIN 

BSYOUT 

SELIN 

SELOUT 

SB(IO) 
4 

SBO-7, SBP 
(Except 10) 

IGS 

TGS 

ACK (INPUT) 

ATN (INPUT) 

SBEN 
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SELECTION (TARGET) 

NAME 

tSBI 
tlDBI 
tlOBI 
tBIBO 
tBOOH 
tBOSH 
tASI 
tSI0 
t~T 
tOBO 

DESCRIPTION 

SELIN high to BSYIN low 
10's valid to BSYIN low 
1/0 low to BSYIN low 
BSYIN low to BSYOUT high 
BSYOUT high Data Hold 
BSYOUT high SELIN Hold 
ATN high to SELIN low 
SELIN low to Phase signals Enabled 
Phase signals enabled to TGS !'iigh 
SBEN low to Data Bus Enabled 

ARB 

BSYIN 

BSYOUT 

SELIN 

TGS 

IGS 
.:::=1 t lOBI 

1/0 TT'S\""\ \"t"'I:S\"'t"I\\\~ 

ATN 

C/O, MSG 

SBEN 

MIN TYP MAX UNITS 

50 ns 
0 ns 
0 ns 
0 2.0 .us 
0 ns 
0 ns 
0 ns 
0 ns 

85 ns 
85 ns 

F 
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RESELECTION (INITIATOR) 

NAME DESCRIPTION MIN TYP MAX UNITS 

tSBI SELIN high to BSYIN low 50 ns 
tlOBI 10's valid to BSYIN low 0 ns 
tlOBI 110 high to BSYIN low 0 ns 
tBIBO BSYIN low to BSYOUT high, 0 2.0 ).f.S 

tBOOH BSYOUT high Data Hold 0 ns 
tBOSH BSYOUT high SELIN Hold 0 ns 
tBOIH BSYOUT high 110 hold 0 ns 
tSIBO SELIN low to BSYOUT low 0 ns 
tSIl SELIN low to IGS high 0 ns 
tlAA IGS high to ACK & ATN enabled 85 ns 
tlDB 110 low to SBEN low 0 ns 
tOBO SBEN low to Data Bus Enabled 85 ns 

ARB 

BSYIN 

BSYOUT 

SELIN 

SBO-7, SBP 

TGS 

IGS 

110 

ATN 

ACK 

SBEN 

t IDB 
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RESELECTION (TARGEn 

NAME DESCRIPTION MIN TYP MAX UNITS 

tBF Bus Free 85 ns 
tBFA Bus Free to ARB high 100 800 ns 
tSLA SELIN active to ARB Low and 10 bit Disabled 40 ns 
tBFBO Bus Free to 10 high 100 800 ns 
tBCD Bus Clear Delay 225 ns 
tAD Arbitration delay 2.0 ~s 

tpc Priority check to SELOUT 0 ns 
tBID BSYOUT high to 10 bit high 100 ns 
tBFID Bus Free to ID high 900 ns 
tADV Arbitration Data Valid to Priority Check 0 ns 

ts~ SELOUT to Phase signals Enabled & SBE1iI Low 950 ns 
t~T Phase Signals Enabled to TGS High 85 ns 
tOlD SBEN low to Bus Enabled 85 ns 
tlDBL Target 10 & ATN high to BSYOUT low 100 ns 
tBOBI BSYOUT low to BSYIN high 0 450 ns 
tBIBO BSYI N high to BSYOUT high 0 2.0 ~s 

tBSL BSYOUT high to SELOUT low 100 ns 

NOTES: 

1. The chip ensures that the bus remains. free (BSYIN and SELIN inactive) for tBF before 
attempting arbitration. 

2. If SELIN becomes active at any time during arbitration, the chip must deassert BSYOUT 
within tBCD. 

3. The chip waits (tAD), and then checks to see if arbitration is won (tpc). The chip then 
asserts SELOUT if arbitration is won. 

4. One of the data bits is assigned as an 10 bit by the 100·102 signals. During Bus Free, 
the chip places all of the data bits, including 10, in a high impedance state. During arb· 
itration the chip enables its ID bit and drives it high, but the remainder of the data bits 
remain in the high impedance state for reading. 
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ARB 

BSYIN 

BSYOUT 

SELIN 

SELOUT 

SB(IO) 

SBO-7, SBp...mTr.-..,......-rn77 T7TTT']"""" ~=-.......... rTT7TTTJ'TJ 

(Except 10) 

TGS 

elD, MSG, 
REO ~~~~~~~~~~~ 

I/O 
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INFORMATION TRANSFER PHASE INPUT (INITIATOR) 

NAME DESCRIPTION MIN TYP MAX UNITS 

tDVRH Data Valid to REO high 0 ns 
t~RI Phase Valid to REO high 100 ns 
tRAH REO high to ACK high 0 ns 
tRAL REO low to ACK low 0 ns 
tAA ATN high to ACK low 100 ns 
ts~ SELIN low to Phase change 0 ns 
t~H Phase hold from ACK low 20 ns 
tAOH Data hold from ACK high 0 ns 
tARL ACK high to REO low 35 ns 
tlODB 110 high to SBEN high 50 ns 
tOZDB Data Bus disable from SBEN high 10 ns 
tARH ACK Low to REO High 35 ns 

NOTE 1: If the chip detects a parity error it must assert ATN at least tAAbefore it de-asserts ACK. 

REO 

ATN 

ACK 

,~ 

SBO-7,SBP 

SELIN 

BSYIN 

IGS 

TGS 

110 

C/D 

MSG 

SBEN 

ARB 

~ 
~ 

~\.~ 

~~ 
~ 
_J 

---:;;. 

k-tozoB 

E-tIODB 

r--

t RAH 
I 

tRAL_ I-
IE-- t OVRH fE tARL .;a t¢H Eo 

CD 
~AOH"" 

~ t ARH--" 

IE--tAA ~ 

VALID DATA (INPUT) ro 

tS0 

Eo-- t0RI 

~~ 

X\~ 
I 
A\\\X. 

\ 
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INFORMATION TRANSFER PHASE INPUT (TARGET) 

NAME DESCRIPTION MIN TYP MAX UNITS 

ts~ SELIN low to Phase Change 0 ns 
t0RO Phase Change to REO out 500 ns 
tRAH REO high to ACK high 35 ns 
tARL ACK high to REO low 0 ns 
tDVA Data Valid to ACK high 0 ns 
tRAL REO low to ACK low 35 ns 
tARH ACK low to REO high 0 ns 
tRLDH REO low Data Hold 0 ns 
t0HA Phase Hold from ACK low 0 ns 
tDBIO SBEN high to 110 low __ 0 ns 
tDZDB Data Bus disable to SBEN high 0 ns 

REO 
t ARL =:D:--:-t-RA-L-:-:--t-AR-H,C;=f--

ACK 

ATN 

SBO-7, SBP 

SELIN 

BSYOUT 

TGS 

ts¢ 
110 

C/D 

MSG 

SBEN 

ARB t DZDS 
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INFORMATION TRANSFER PHASE OUTPUT (INITIATOR) 

NAME DESCRIPTION MIN TYP MAX UNITS 

t~RI Phase Valid to REO high 100 ns 
tRAH REO high to ACK high 35 ns 
tRAL REO low to ACK low 0 ns 
tOVA Oata Valid to ACK high 100 ns 
tRLOH REO low Oata hold 0 ns 
t0H Phase hold from ACK low 20 ns 
tARL ACK high to REO low 0 ns 
tlOOB I/O low to SBEN low 0 ns 
tOBE SBEN low to Data Bus Enable 85 ns 
tOBA SBEN low to ACK high 185 ns 
tRATL REO High to ATN low 0 ns 
tATLA ATN Low to ACK High 25 ns 
tARH ACK Low to REO High 35 ns 

NOTE1: ATN is only de-asserted in this manner during the last byte of a Message Out Phase. 

l ~ IRATL 

REO f'r- - IRAH~ 

ATN <D \ 
\OV~~ 

E-_ IATlA 

I 
,///////1 

ACK 

SBO-7, SBP 

BSYIN 

'IIIIIIX 

IGS 

TGS 

I/O 

C/O 

MSG 

SBEN 

ARB 

~ 

~ 

~ 

--

~tOBE - ~ 

tOBA --
~ r- t \/lRI -;;0. 

IE- IIOOB 

\ 

IE- IARl ~ I RAl -"==- t ARH-=:t 

Eo-' ~ t <;»H I ~ 
I \ - .tflLOH ~ 

VALID DATA XI. '///fA. 

II/X 

~IX. 

~ 
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INFORMATION TRANSFER PHASE OUTPUT (TARGET) 

NAME DESCRIPTION MIN TYP MAX UNITS 

ts~ SELIN low to Phase Change 0 ns 
tlODB 1/0 high to SBEN low 500 ns 
tDBR SBEN low to REO out 185 ns 
tDVA Data Valid to REO high 100 ns 
tRAH REO high to ACK high 0 ns 
tARL ACK high to REO low 0 ns 
tRAL REO low to ACK low 0 ns 
tARH ACK low to REO high 0 ns 
t~HA Phase hold from ACK low 0 ns 
tADH Data hold from ACK low 0 ns 
tDBE SBEN low to Data Bus Enabled 85 ns 

REO 

ACK 

ATN 

SBO-7, SBP ~~~~~~-~OC===~:=)~_-+ ___ _ 
SELIN 

BSYOUT 

TGS 

1/0 

C/D 

MSG 

SBEN 

ARB 
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BUS RELEASE FROM SELECTION (INITIATOR) 

NAME DESCRIPTION MIN TYP MAX UNITS 

tTOD Bus Release Timeout Delay 100 J.4S 
tlDOD IGS & SBEN Turn-off Delay 0 ns 
tSOD SELOUT Turn-off Delay 0 ns 
tDOS Driver Turn-off set-up to IGS & SBEN off 0 ns 

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release sequence 
shall be aborted since selection has been successful. 

BSYIN 

BSYOUT 

SELIN 

SELOUT 

IGS 

SBO-7,SBP 

ATN 

ACK 

SBEN 

ARB 

(210'0) 

OUT 

(i) 

IE tTOO ~ 

~ OUT 

IlllW1Jl7llllTIJ77777Jlll 

\ 

E- t 1000 ---:;. t SOD ~ 
~toos 

1\ 
Eo-

IN 

IN 

IN 
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BUS RELEASE FROM RESELECTION (TARGET) 

NAME DESCRIPTION MIN TYP MAX UNITS 

tTOD Bus Release Timeout Delay 100 us 
tDOD TGS & SBEN Turn-off Delay 0 ns 
tSOD SELOUT Turn-off Delay 0 ns 
tDOS Driver Turn-off set-up to TGS & SBEN off 0 ns 

NOTE 1: If the chip detects BSYIN active by the end of the timeout delay, the bus release sequence 
shall be aborted since reselection has been successful. 

BSYIN 

BSYOUT 

SELIN 

SELOUT 

TGS 

SBO-7, SBP 

1/0 

MSG, C/O 

REO 

SBEN 

ARB 

r tTOD 

OUT (ID'S) \ OUT 

OUT 

OUT 

OUT 

177IIJ/lI7J7777777l7177711/f, 

\. 

IE-- t TOOD --;;.f t SOD ~ I' ~ tDOS ~ 
IN 

IN 

IN 

IN 

V 
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BUS RELEASE FROM INFORMATION PHASE (INITIATOR) 

NAME DESCRIPTION MIN TYP MAX UNITS 

tlDB IGS & SBEN Turn-off Delay from BSYIN off 225 ns 

tDOS Driver Turn-off set-up to IGS off 0 ns 

BSYIN ~ 

BSYOUT 

SELIN 

SELOUT 

IGS 

E-- t lOB ...::::;:J 

OUTORIN " ./ IN 

='11005 Eo-
SBO-7,SBP 

OUT IN 

~IOOS Eo-
ATN 

OUT " IN 

~ 1.005 ee-
ACK 

SBEN I 

ARB 
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BUS RELEASE FROM INFORMATION PHASE (TARGET) 

NAME DESCRIPTION MIN TYP MAX UNITS 

--
tTDB TGS & SBEN Turn-off from BSYOUT off 225 ns 

toos Driver Turn-off set-up to TGS off 0 ns 

BSYIN \~---------------------
BSYOUT 

SELIN 

SELOUT 

TGS 

SBO-7,SBP 

REO 

110, CIO 
MSG 

ARB 

OUT oRIN 

OUT 

OUT 

1\ 

IE-- t TDB-==)l 

IN ='I t DOS IE-

~tDOS 
IN 

~ 

='I t DOS "' 
IN 

!E-

1/ 
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NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 
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8301 
BAR CODE PROCESSOR 

• Recognition of single or multiple codes, • Parallel interface for ASCII display 
mask programmable or microprocessor 

• Bidirectional decoding • Good read output 
• Scan velocity 1 to 50 in/s (.007 inch bar) • Audio acknowledge output 
• 32 character tag buffer • TTL-compatible inputs and outputs 
• Serial ASCII from 300 to 9600 baud • Ease of system design and application 
• Stand-alone or peripheral use • Single +5 volt power supply 

The NCR 8301 Bar Code Processor is a single chip NMOS circuit in a 40-pin DIP. It is designed expressly for 
decoding bar codes. The 8301 decodes Code 39 and Interleaved 2 of 5. 

The NCR 8301 provides an asynchronous serial communications port for ease .of system design. A parallel 
interface is also available. The NCR 8301 accommodates stand-alone or peripheral bar code reading applications. 

PIN 
CONFIGURATION 

XI.CLK 

X2 

CKO 

GU 

RTSI 

OVAL 

RACK! 

RSO 

R,WI 

NC 

07 

06 

05 

04 

03 

02 

01 

RESt 

vss 
vcc 
co 
CI 

C2 

C3 

C4 

C5 

C6 

STB 

VIO 

VIO 

MODE 

CTSt 

TONE! 

TXO 

ORt 

vee 

FUNCTIONAL 
BLOCK DIAGRAM 

CKO 

DVAL 
RACK~ 

STB .. 
RSO 

CPU, 

E.DACK 
RAM, 
ROM 

R-W 

MODE 
RESET 

DO-D7 

Copyright © 1984 by NCR Corporation. Daylon. Ohio. U.S.A. 
All Rights Reserved. Printed in U.S.A. 

VID 

GL 

TONE 

RTS 

SERIAL 
PORT 

CTS 

TXD 

DR 

CO-C7 
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PIN DESCRIPTIONS 
The following pin descriptions are for 8301 implemen-
tations in either "stand-alone" or "peripheral" mode. 

Symbol Pin No. Type Name and Function Symbol Pin No. Type Name and Function 
VID 28,29 VIDEO DATA: Time mod- RTS/ 5 0 REQUEST TO SEND: RS-

ulated bar/space stream 232 handshake for data 
from wand or other scan- transmitted by the 8301 
ning device. BCP. 

GU 4 0 GOOD READ LAMP: Nor- CTS/ 26 CLEAR TO SEND: RS-232 
mally high, pulls low to indi- handshake for data trans-
cate a good read. mitted by the 8301 BCP.lf 

TONEI 25 0 AUDIO OUTPUT: Normally not provided by the user, 
high, pulls low to create an CTS/ should be tied to 
audio tone of good read RTS/ or VSS. 
(1200 Hz). MODE 27 MODE SELECT: Selects 

TXD 24 0 SERIAL TRANSMITTER 8301 operating mode at 
OUTPUT: Decoded ASCII power-up or reset by load-
tag data. ing the internal command 

DRI 23 DATA RECEIVED INPUT: 
register from either the data 
bus or the command port. 

Acknowledge from host that 
VCC 21,22,39 VCC: +5V power supply. correct data was received 

over the serial port. VSS 40 VSS:Power Supply Gnd. 
RESET/ 20 RESET: Master reset input. 

The following pin function descriptions are for the 8301 Reset must remain active 
low for a minimum of eight operation in "stand-alone" mode. 

cycles after VCC reaches E 11 0 ENABLE: Peripheral device 
operating range and the clock. 
clock output (CKO) has 

CO-C7 31-38 COMMAND: Input accepts stabilized. 

X1,CLK 2 CLOCK CRYSTAL: 4 MHz 
configuration byte at reset. 

crystal or 4 MHz TIL clock 
input generates 2 MHz The following pin function descriptions are for the 8301 
internal clock. operation in "peripheral" mode. 

X2 0 CRYSTAL: Crystal connec-
READ ACKNOWLEDGE: tion if crystal is used, other- RACK! 7 0 

wise X2 is floated. This active low output iden-
tifies that the BCP has read 

CKO 3 0 CLOCK: 2 MHz internal the processor port. 
clock output. 

OVAL 6 0 DATA VALID: This output is 
00-07 12-19 I/O COMMAND/DATA BUS: intended to interuptthe host 

Bi-directional data bus. microprocessor when the 
Aiso, in peripheral mode, BCP has decoded tag data 
used for configuration byte or status. 
any time reset is asserted. 

DACK 11 DATA ACKNOWLEDGE: 
RSO 8 0 REGISTER SELECT: This This input informs the BCP 

output is used to select the that the host has received 
command or data registers data. 
of the peripheral device, 

STB 30 STROBE: This input is used e.g. display. 
to notify the BCP that it 

R-WI 9 0 READ: This pin supplies the should read the data bus. 
read/write handshake. 
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DEVICE OPERATION 
GENERAL DESCRIPTION 
The 8301 bar code processor (BCP) is partitioned 
logically into three sections. The first is the Bar Code/ 
User interface, the second is the CPU interface, and 
the third is the Serial Communication interface shown 
in Figure 1. 
This unit is configured to support both stand-alone and 
peripheral modes through the use of an 8-bit CPU. Bar 
code tags are decoded in real time, eliminating the 
need for an external RAM tag buffer. 
Tags containing up to 32 characters of information can 
be buffered by the BCP. Once decoded, the ASCII tag 
data can be rapidly forwarded to a remote processor at 
up to 9600 baud over a serial asynchronous interface. 
The same ASCII data can be output on the data bus for 
use by a processor. 
The state of the MODE input on power-up or reset 
determines whether the BCP is in "stand-alone" or 
"peripheral" mode. If MODE is low, then stand-alone 
mode is selected, otherwise peripheral mode is en­
abled. The internal command register is loaded via the 
data bus from the master processor if peripheral mode 
is selected. Alternatively, means are provided for 
loading the command register from the command port 
in stand-alone mode. 
The 8301 BCP decodes Code 39 and Interleaved 
2-of-5 automatically, without prior code selection. 
Other codes can be supported by changing the ROM 
algorithm. 

PROCESSOR 
The Processor section contains an 8-bit microcompu­
ter. The unique OMNICODE (TM) feature allows full 
bi-directional decoding of Code 39 and Interleaved 2 of 
5. It distinguishes between these bar code standards 
without a code switch. The processor also coordinates 
all I/O activity. 

WAND INPUT 
The wand input section contains edge detection cir­
cuitry and a 16-bit counter which measures pulse du­
ration. The video input accepts a TTL signal and pro­
vides transition detection that initializes the pulse 
counter. The value of this count is used in decoding the 
bar code. Logic sense of the video input is positive, i.e. 
a bar = 1 and a space = O. 

USER FEEDBACK 
Visual and audible feedback is provided with the 8301 
BCP. A good read will generate a 1.2 KHz signal at the 
TONE/ output for a period of 70 msec and will also 
cause the GL/ output to be activated. The GL/ and 
TONE/outputs will be activated after the complete tag 
has been transmitted and host acknowledgement has 
been received. The BCP will then be ready to read 
another tag. 
It should be noted that during data transmission time 
and GL/ active time the video input is disabled. 

SERIAL PORT 
The asynchronous serial I/O port is used for com­
municating ASCII data from bar code tags to a host 
station. The serial port is capable of operating at four 
popular baud rates from 300 to 9600 baud. 

8301 

PROCESSOR PORT 
The 8-bit processor port allows the 8301 BCP to act as 
a slave processor in the peripheral mode. It provides 
bi-directional communication of commands, data, and 
status with the master processor. 
When used in the stand-alone mode, the processor 
port will typically be used to exchange ASCII data with 
peripherals using proper handshaking (e.g. display). 

SELF TEST 
The BCP features a self test mode. Upon reset or 
power-up reset, the BCP verifies operation of the CPU, 
RAM, ROM and counters. In order to assure the user 
that self test was successful, the "good lamp" and tone 
outputs are activated. 

PERIPHERAL MODE 
INITIALIZATION 
If the mode input is active (high) on power-up, the 8301 
BCP will assume the peripheral mode of operation. In 
the peripheral mode, the 8301 BCP will act as a slave 
to the master system processor. (See Figure 3 for 
typical configuration.) At initialization the BCP will 
need configuration information from the system pro­
cessor. This information is covered in the descripiion 
of the command register. Timing Diagram 1 describes 
the procedure for writing this command byte to the 
BCP for the circuit shown in Figure 3. This timing 
diagram also shows how data can be transferred to the 
BCP. 

STATUS AND DATA TRANSFERS ON 
PROCESSOR PORT (Peripheral Mode) 

Once a tag has been successfully decoded, the BCP 
will assert OVAL, indicating that data is available. The 
first byte sent to the processor is the status register. 
Status bit 7 is true. Then bit 5 and bit 6 will indicate 
which code was scanned, and bits 0-4 will contain the 
current message length. On a good read, the decoded 
tag data will follow the status byte. Refer to Timing 
Diagram 2 for outputting status and data. No check 
sum is transmitted over the processor port. In a Code 
39 message, asterisks are not transmitted before or 
after the message, nor are they counted in the mes­
sage length. 
No status is sent to the processor on a bad read. Data 
valid is not asserted in this case. 

STATUS AND DATA TRANSFERS ON 
SERIAL PORT (Peripheral Mode) 

Once the status byte has been transferred across the 
parallel port, the 8301 BCP will transfer the same 
information across the serial link. The communication 
will then alternate between parallel and serial trans­
missions until the entire message has been sent. This 
assumes that the command register was programmed 
for serial and parallel operation. Refer to Timing Dia­
gram 4 for serial timing information. 
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Symbol 

tADS 
tADH 
tRWS 
tRWH 
tSTB 
tRACK! 
tMDS 
tDHW 
tDE 
tDH 
tDVAL 
tpsu 
tpHR 
tDACK 
tDSU 
tDHR 
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OLF 

XDVAL 1' 0ACK 

R-W 1 A 
2 8 

CSI 3 
5 5 Fr 11 30 STB 

C 
CS2 • Gl 
Cs3 • G2A 
Csi , 

G28 CP • OVAL 

CLR 

74LS138 

oeo_DB7!---------'\IAG-A7 

8CP 

FIGURE 3. TYPICAL PERIPHERAL MODE CONFIGURATION 

~g;~: 
-:I~~-IADH 

;+---

R-W 

STB, OLF ----t--n_2m-i 
RACK ---+-+-....... 1 

~RACK 

OVAL 

DACK. XDVAL. __ -+-_+--+-1_-1-

DBO-OB7--~WI 

[)().07------+--O 

TIMING DIAGRAM 1. PERIPHERAL 

COMMAND/DATA WRITE TO BCP. 

TIMING DIAGRAM 2. PERIPHERAL 

STATUS/DATA READ FROM BCP. 

TIMING PARAMETERS FOR WRITE AND READ TO BCP 

Parameter 

Address Set-Up Time 
Address Hold Time 
R,W/ Set-Up Time 
R,W/ Hold Time 
STB, DLF Width 
RACK! Width 
Data Bus Write Delay 
Data Bus Write Hold 
Data Enable 
Data Hold Time 
DVAL Width 
Periphral Set-Up Time 
Peripheral Hold Time 
DACK, XDVAL Width 
Data Bus Set-Up 
Data Bus Read Time 

Min 

30 

30 
6.5 
4.0 

30 

0 
4.0 

0 
0.5 
35 
10 

Max Units 

140 nsec 
nsec 

140 nsec 
nsec 
ILsec 
ILsec 

150 nsec 
nsec 

1.0 /Lsec 
ILsec 
ILsec 

2.5 /Lsec 
ILsec 
/Lsec 
nsec 
nsec 



STAND-ALONE MODE 
INITIALIZATION 
The 8301 BCP is "smart" enough to operate as a 
stand-alone bar code processor. If the MODE input is 
active (low) on power-up reset, the BCP will assume 
the stand-alone operating mode. In this mode the con­
figuration information will be read from the command 
port. Figure 4 shows a typical stand-alone configura­
tion. The BCP supports 6500 and 6800 peripherals in 
stand-alone mode. 
If an ASCII display is attached to the BCP, unique 
characters will be output on the parallel bus to distin­
guish detected errors. Specific error types and corre­
sponding display messages are covered in the status 
section. 

The command bytes used to control the display in the 
stand-alone mode are compatible with the Hitachi 
HD43160A LCD display controller/character 
generator. 

STATUS AND DATA TRANSFER ON 
PROCESSOR PORT (Stand-Alone Mode) 

A typical configuration may contain a display attached 
to the parallel port. Timing Diagram 3 provides the 
necessary timing for outputting this data. 

COMMAND I--PORT HAS -~ 

INTERNAL _. 
PULL-UP 

AESISTOAS i~ 

NC 

WAND 

+5V 

eni 
TXD 

DR 

ifES NCR 
830t 
BCP 

8301 

+5V 

+5V vee 

eS3 
CKO CS2 

CSt 
cso 

EO E 
R·W R-W 
RSO FiSo 

HITACHI 
HD43t80A 

DO DBO 
Dt DBt 
02 DB2 
03 DB3 
04 DB4 
05 DB5 
06 DB6 
07 DB7 

VSS 

LCD DRIVER 

STATUS AND DATA TRANSFER ON 
SERIAL PORT (Stand-Alone Mode) 

FIGURE 4. TYPICAL STAND-ALONE CONFIGURATION 

Serial communications is performed identically in both 
the stand-alone and peripheral modes of operation. 
Refer to Timing Diagram 4 for serial timing information. 

E I 
tAS-r---l 

R-W. RS0 
>-
tDDR -

DB7 (READ) 

H. 
t 
... 

_I- tDDW 

DBC-DB7 (WRITE) 

SYMBOL PARAMETER 

tE 

'\ 
tH 

~ 
~tRH 

-\ 
t 

tH 

MIN MAX UNITS 

tE ENABLE pulse width 2.5 p.s 
tAS Setup time 2.5 P.s 
tH Hold time 2.5 P.s 
tRH READ data hold time 10 ns 
tDDW Data delay time (WRITE) -5000 225 ns 
to DR Data delay time (READ) 300 ns 

TIMING DIAGRAM 3. STAND-ALONE PARALLEL PORT 
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SERIAL COMMUNICATIONS 
Decoded tag data and status can be passed over the 
serial port (TXD) if that data output mode is enabled via 
the command byte. Baud rate and parity options are 
also determined by the command byte. Baud rates 
from 300 to 9600 are supported as described in the 
command register section. 

Three serial operating modes are available as de­
scribed in the following sections. 

STANDARD MODE (Status, Data, Checksum) 

Characters are transmitted asynchronously, begin­
ning with the status byte. Status and data are not 
passed when "bad read" conditions occur. Upon cap­
turing a valid tag, the BCP first attempts to transmit 
status. Status includes code type and message length 
(1 to 32 characters). Ready to send (RTSI) is activated 
and the BCP looks for a clearto send (CTSI) response 
from the host station. Upon receipt of CTSI the BCP 
transmits status. The same protocol is followed for 
each data character from first to last. See Timing Dia­
gram 4 for timing information. 

After the last data character has been passed, a 7-bit 
checksum character is transmitted. The checksum is a 
straight binary addition without carry over the first 7 bits 
of status and data. If the host station computes a 
matching checksum, the data received (DR/) input is 
asserted to the BCP. Successful completion of this 
procedure results in a good lamp and tone output for 
the operator. In the event that verification feedback is 
not desired, the CTS/ and DR/ inputs can be hard 
wired. Bit 7 will be determined by the parity bit written in 
the command byte. If the BCP was configured with "no 
parity," then the eighth bit (bit 7) of both the status and 
checksum will be set to 1. Data characters will have bit 
7 cleared to O. If parity was selected, all characters 
transmitted will have parity in oit 7. Standard mode is 
selected by writing a 0 to the communications mode bit 
in the command byte. 

ASCII MODE 
This serial mode is intended for bar code verifiers and 
other applications requiring a local ASCII display or 
printer. No status or checksum is transmitted. Straight 
ASCII data is sent, and the message is followed by a 
carriage return and line feed (00 OA HEX). As with the 
"standard" mode, the parity control bit in the command 
byte will determine bit 7. If "no parity" is selected, bit 7 
will be cleared to O. ASCII mode is selected by writing a 
1 to the communications mode bit in the command 
byte. 

TRANSPARENT ASCII MODE (ASCII Data) 

This mode allows the user to pass 7 bit ASCII data from 
the processor port to the serial port when the BCP is in 
peripheral mode. Referring to Figure 3, the host pro­
cessor asserts chip select and WRI, and sends· a 
command byte (bit 7 set to 1) with bits 5 and 6 cleared 
to 0 (transparent ASCII mode). The interface logic 
latches the command byte and returns a busy signal to 
the host, and passes a STB to the BCP prompting it to 
read the command byte. The BCP will not respond until 
it is free. If the BCP was in the middle of a transmitting 
tag data, it will complete the entire transfer including 
checksum if that mode was selected. The BCP will 
then interpret the command byte, including baud rate 
and parity, and complete the handshake by activating 
the RACK/output. The BCP adds parity to serial data 
consistent with the command byte. Following trans­
mission of the message(s) the processor should again 
transmit an appropriate command byte to the BCP to, 
enable bar code reading. 

SYMBOL 

ITX 
IRTC 
ICTR 
IRTD 
IBAUD 

PARAMETER 

Txb cycle time 
RTS to CTS 
CTS to RTS 
RTS to TXD 
BAUD period 

MIN MAX UNITS 

1.26 ms 
o p.,s 
5.0 p.,s 
5.0 p.,s 

.104 3.3 ms 
(9600) (300) 

TIMING DIAGRAM 4. SERIAL COMMUNICATIONS 
PORT 



STATUS REGISTER 
The 8301 BCP contains an 8-bit status register with the 
following format: 

STATUS FOR GOOD READ 
(Serial and Processor Ports) 

C1 
0 
0 
1 
1 

Read 
Bit 

1 

7 6 

Bar Code Type 

CO Code 
0 39 
1 Int 2/5 
0 Reserved 
1 Reserved 

Tag Message Length 

o 

Message length ranges 
from 1 (Le. 00000) to 32 
characters (11111). 

Error Codes and Display Messages 

Condition Display Message 

Scan Too Fast ( ( ( 
Scan Too Slow > > > 
No Start Char * * * 
No Stop Char ~ ~ ~ 

Too Many Char . . . 
Parity Error # # # 

8301 
COMMAND REGISTER 
The 8301 contains an 8-bit write-only command 
register with the following format: 

Data Out Parity 
Communications 

Baud Rate 

CTRLID1 I DO 
7 6 5 

P1 I PO 
4 3 

CO I B1 I BO 
2 1 0 

If MODE is TRUE (high), indicating peripheral mode, 
the command register would then be written via the 
data bus. If bit 7 (CTRL) is high, the word is interpreted 
as a command byte. In stand-alone mode, the com­
mand byte is loaded via the command port. In stand­
alone mode, bit 7 is ignored. 

Specific configuration option codes comprising the 
command byte are given in the following tables. One 
start bit and two stop bits are assumed for all serial 
communication. 

Communications Rate Parity Bits 

B1 BO Baud Rate P1 PO Parity 
0 0 300 0 0 None 
0 1 1200 0 1 Odd 
1 0 2400 1 0 None 
1 1 9600 1 1 Even 

DB7 = 0 

Communications Mode Data Output Mode 

CO Mode 01 DO Mode 
0 Standard (Status 0 0 Transparent 

and Checksum) 0 1 Serial 
1 ASCII with CR/LF 1 0 Parallel 

1 1 Serial/ Parallel 
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Preliminary ELECTRICAL REQUIREMENTS 
ABSOLUTE MAXIMUM RATINGS 

Notice: This is not a final specification. Some 
parametric limits are subject to change. 

Symbol Parameter Min Max Units 

VCC Supply Voltage -0.3 7.0 VDC (To VSS) 
VIN Input Voltage -0.3 7.0 VDC (To VSS) 
TOP Operating Temperature 0 70 °c 
TS Storage Temperature -65 150 °C 

D.C. CHARACTERISTICS (TA = 0° C to 70° C, VCC = 5V ± 5%) 

Symbol Parameter Conditions Min Typ 

PO Power Dissipation VOH=HI, 25° C 
VIH Input High Voltage All but X2 2.0 
VIH Input High Voltage X2 Input 4.0 
VIL Input Low Voltage -0.3 
liN Input Leakage (RES/) VIN=O to VDD -10 
VOH Output High Voltage IOH= -50 uA 2.4 
VOL Output Low Voltage IOL= 1.6 mA VSS 
IOFF Output Leakage DO - 07 
CIN Input Capacitance Except X1, X2 
CIN Input Capacitance X1, X2 Only 
COUT Output Capacitance DO - 07 
RL Pullup Resistance Pin 4-11, 23-38 3.0 6.0 
ICC Supply Current VCC to VSS 

A.C. CHARACTERISTICS (TA = 0° C to 70° C, VCC = 5V ± 5%) 

Symbol Parameter Min Typ Max 

tCY Clock Period (Ext) 250 
ICLA Clock Active (Ext) 115 125 
ICR Clock Rise Time 5 
ICF Clock Fall Time 5 
IRST Reset Pulse Width 5* 
ISTB STB, DLF Width 6.5 
IRACK! RACK! Width 4.0 
IDE Data Enable 1.0 
IDH Data Hold Time 0 
IDVAL OVAL Width 4.0 
IpSU Peripheral Set-Up 2.5 
IPHR Peripheral Hold Time 0 
ITX TXD character cycle 1.26 
IRTC RTSI to CTSI 0 
ICTR CTSI to RTS 5.0 
IRTD RTS to TXD 5.0 
IBAUD BAUD period 0.104 (9600) 3.3 (300) 

* After VeC reaches operating range and the clock output (CKO) has stabilized. 

m[3fi) NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Phone: 3031596-5795 
Telex: 45 2457 NCR MICRO CSP 

Units 

ns 
ns 
ns 
ns 
ILS 
ILS 
ILS 
ILS 
ILs 
ILS 
ILS 
ILS 
ms 
ILs 
ILS 
ILS 
ms 

Max Units 

1000 mW 
VCC VDC 
VCC VDC 

0.8 VDC 
+10 pADC 
VCC VDC 

0.4 VDC 
10 pADC 

10.0 pF 
50.0 pF 
20.0 pF 
11.5 Ohm 
180 mADC 



7250 
CRT CONTROLLER 

• Generates VSYNC, HSYNC, and VIDEO to 
directly interface with a CRT Monitor 

• On-chip character generator (mask programma­
ble) 192 characters standard, up to 256 op­
tional. • Eight Screen Functions: 

-Lines per Page 
-Screen Blank 
-Screen Reverse-Video 
-Video Chop 
-Split-Screen 
-Graphics Style 
-Blank Cursor 
-Timing Format 

• Six Field Functions: 
-Reverse Video 
-Highlight 
-Field Blink 
-Field Blank 
-Underline 
-Graphics Mode 

• Directly addresses a 2K x 8 Video RAM 
(VRAM) 

• Cursor-address under CPU Control 
• Hardware Scrolling for full page or 

split-screen viewing 
• Transparent Refresh for RAM updates at 

DMAspeeds 
• Two Timing Formats (including interlace) 

are available 
• Accepts Dot-Clocks up to 20 MHz 
• TTL-Compatible signal pins 
• Single + 5V Power Supply 

The NCR 7250 CRT Controller (CRTC) incorporates character generation, video attributes, video timing, RAM 
interface, and control functions on a single chip. The 7250 provides HSYNC, VSYNC, VIDEO, and HIGHLIGHT 
(intensity) outputs to directly interface with a raster scan CRT monitor. The character generator produces up to 
256 8x12 characters, providing character clarity and variety previously not available in single chip CRT control­
lers. Features include eight Screen Functions, six Field Functions, hardware scrolling, hardware cursor, and 
two user-selectable timing formats. The 7250's direct video RAM (VRAM) addressing and transparent refresh 
permit asynchronous data transfers at DMA speeds without cycle stealing or processor interrupts. 

CRTC SYSTEM ENVIRONMENT 

I I 
CONTROL 

DOT .. 
CLOCK 

ADDRESS 
VIDEO 
RAM 

ADDRESS NCR 7250 DATA 

IDATA -" CRT 
CONTROLLER 

HOST 
PROCESSOR CONTROL 

MONlmR,~ 
CONTROL 

• CRT 

Copyright © 1984 by NCR Corporation. Dayton. Ohio. U.S.A. 
All Rights Reserved. Printed in U.S.A. 

t~ 

535 



536 

NCR 7250 CRTC ARCHITECTURE 
The architecture of the NCR 7250 includes nine software-display control registers, an Address/Data Bus, a 
VRAM data bus, a VRAM address bus (referred to as the Screen Address Bus), as well as a Character-ROM 
which holds patterns for 192 characters standard, up to 256 optional. 

FUNCTIONAL 
BLOCK DIAGRAM 

ADDRESS/ 
DATA 

~RO~~C_U'_SO~'A~d~d_,es_s ______ ~--= .. ~.~~--~~ 
Rl Top-oj·Page ~.J~JT ~ 

I-'-'R2=+..::S",Pli::...'.S=-,c.:.:,e.::;en,-,:A",dd;:;.,.:.:es:.:..s __ ...,...j__ --...:.. 

~R3=+~S",Pli::..."S=c.:.:~.::;en,-,:R~o~w~ __ ...,...j ,---
R4 Special Functions Register 
RS RAM-Write Register -

VRAM 
ADDRESS 

MUX 

R6 Lower Address Register ~ ~~ -
I-'-'R?=+';:u"'pp:'::e'"', A="'d.::'d,':':es:':"s =Re'-"gc:.ist=e'---L-.- .... f--_-t-. ~~~Tc:aYL ~ ;E 

~RB~::...R'-'AM::....'-'Re,a~d~lnd~ic~a~'O'~~J~ 

~y REG:TER f{ 
"I SELECT '-- VRAM ~ 

DATA 

CONTROL MUX .--t------l DATA ~ 

---1 VIDEO L 

- l F'EL:':~::TION 1
1
1----+--.1 --=--=l~c::~~~::s:: ~~~~~ 

~~DE~C~OD~E~R==~----~~ 

I I-- I VIDEO t_ HILITE 
CHARACTER 

ROM CONTROL .... VIDEO 

DOTCLK 

CENTRAL PROCESSING UNIT (CPU) INTERFACE 

PIN 
CONFIGURATION 

CAO 

CAl 

CA2 

CA3 

CM 

CA5 

CA6 

CAl 

CAB 

CA9 

CA10 

VDO 

VD1 

VD2 

VD3 

VD4 

VD5 

VD6 

VD? 

VSS 

VDD 

RST 

WR 

R5 
ALEN 

AD? 

AD6 

AD5 

AD4 

AD3 

AD2 

AD1 

ADO 

HSYNC 

VSYNC 

MWE 

OEi50·6o 
HILITE 

VIDEO 

DOTCLK 

The CPU interface is composed of an a-bit Address/Data bus (ADO-AD7), nine software display control regis­
ters, and three bus control lines (RD, WR, ALEN). 

At the heart of the CPU interface are the nine software display control registers. These registers enable 
the CPU to write/read data to the VRAM, position the cursor, vary the size of the split-screen, or select any of 
the special Screen Functions. 

The a-bit multiplexed Address/Data bus and the three bus controls lines are used by the CPU to desig­
nate which of the nine software display control registers is selected. The CPU generates RO and WR to tell the 
CRTC that a CPU read or write is occurring. The falling edge of ALEN is used by the CRTC to latch the register 
address from the address bus. When ALEN is at a low level, the CPU accesses the addressed register. The 
ability to select the addresses of the display control registers is a mask option. 
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PIN DESCRIPTION 

Pin Name Pin # I/O Description 

ADO 28 110 Address/Data Bus-Bidirectional bus for interfacing to a multiplexed Address/Data Bus. Used 
ADl 29 to program internal registers and transfer data to and from the Video RAM. 
AD2 30 
AD3 31 
AD4 32 
AD5 33 
ADB 34 
AD7 35 

RD 37 I Bus Read-Control signal generated by the microprocessor. Indicates a CPU read in progress. 

WR 38 I Bus Write-Control signal generated by the microprocessor. Indicates a CPU write in progress. 

RST 39 I Reset-Control signal which resets all registers to their default conditions, holds VIDEO to 
logic 0, but does not affect the generation of VSYNC or HSYNC. 

ALEN 36 I Address Latch Enable-Control Signal, the falling edge of which latches the register addresses 
from the Address Bus into the CRT. A low level allows CPU access to the CRTC internal regis-
ters. 

VIDEO 22 0 Video-Contains the DOT stream for the selected row of alphanumeric characters. This DOT 
stream is modified by various logic conditions (screen and field functions, blank states) which 
are activated internally by the CRTC. 

HILITE 23 0 Highlight Intensity-Used with external circuitry to generate an alternate video intensity level. 

VSYNC 26 0 Vertical Sync-Initiates Vertical retrace in the CRT monitor. 

HSYNC 27 0 Horizontal Sync-Initiates Horizontal retrace in the CRT monitor. 

VDO 12 110 RAM Data Bus-Bidirectional bus upon which data is transferred to and from Video RAM. The 
VDl 13 data represent alphanumeric characters intended for display on the monitor screen, and Spe-
VD2 14 cial Field Functions which modify the appearance of the characters which follow. 
VD3 15 
VD4 16 
VD5 17 
VD6 18 
VD7 19 
CAO 1 0 RAM Address Bus-Addresses the Video RAM. (Referred to as the Screen Address BUS.) 
CAl 2 
CA2 3 
CA3 4 
CA4 5 
CA5 6 
CAB 7 
CA7 8 
CA8 9 
CA9 10 
CA10 11 

MWE 25 0 Write Enable-ContrOl signal which tells the VRAM if a write (low level) or a read (high level) is 
to be executed. 

DOTCLK 21 I Dot Clock-Generated by an external oscillator circuit whose frequency corresponds to the Vi-
deo Dot Rate. It is asynchronous with the microprocessor interface signals. All other timing 
signals are derived from this input. 

OE/50-60 24 110 When RST is active, this pin is an input which tells the CRTC which of the two vertical timing 
counts to use. If RST is inactive, this pin is an output for enabling the Video RAM. 

VDD 40 Power Supply- + 5 VDC, most positive voltage connection. 

VSS 20 Power Supply-O VDC logic ground, most negative connection. 
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SOFTWARE DISPLAY CONTROL REGISTERS 
The nine software display control registers of the NCR 7250 are addressable by the system and their addresses 
are selected by the user. Eight of the registers, (RO through R7) are write-only, while R8 is read-only. The RE­
SET default value of each register is all zeros. This state is assumed after RST goes low. 

Because RO, R1, and R2 are 11 bits in length, they cannot be loaded directly from the CPU bus. The 
Screen Address Registers, R6 and R7, are dual purpose registers. They are used as temporary storage regis­
ters when RO, R1, or R2 is loaded and contain the VRAM address during VRAM read and write operations. To 
load an 11 bit register, the 8 lower bits are loaded into R6 and the three upper bits are loaded into R7. The des­
tination register (RO, R1, or R2) is then addressed and a WR command is issued. This WR command causes 
the value in R6 and R7 to be transferred to the destination register. The data on the CPU bus at the time of this 
WR command is not used. 

CURSOR ADDRESS REGISTER (RO) 
The cursor is positioned by writing the desired address to RO which is an 11-bit register. 

TOP-Of-PAGE REGISTER (R1) 
This 11-bit register contains the VRAM address of the character that begins the page in the top left corner of the 
CRT monitor. 

SPLIT-SCREEN (SS) ADDRESS REGISTER (R2) 
R2 contains the 11-bit VRAM address of the character which begins the designated screen address row; 

SPLIT-SCREEN (SS) ROW REGISTER (R3) 
The 6-bit SS Row Register contains the value of the row at which the split-screen address is first accessed. 

SPECIAL fUNCTIONS REGISTER (R4) 

R4 is an 8-bit register that provides CPU control of the eight Screen Functions. 

RAM-WRITE REGISTER (RS) 
R5 is an 8-bit register used to transfer data bytes from the CPU to VRAM. The screen address (contents of R6 
and R7) increments by one after each VRAM write. 
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LOWER·SCREEN ADDRESS REGISTER (R6) 
This 8-bit register comprises the lower 8-bits of the 11-bit Screen Address Bus. This bus addresses VRAM for 
CPU transfers. R6 is also used in conjunction with R7 to load Registers RO, R1 and R2. 

UPPER·SCREEN ADDRESS REGISTER (R7) 
R7 is a 3-bit register containing the upper 3-bits of the 11-bit Screen Address Bus. This bus addresses VRAM 
for CPU transfers. R7 is also used in conjunction with R6 to load Registers RO, R1 and R2. 

RAM·READ REGISTER (R8) 
The 8-bit RAM-Read Register is used to transfer data bytes from VRAM back to the CPU. The screen address 
(contents of R6 and R7) increments by one after each VRAM read. 

MEMORY 
The NCR 72S0 CRTC memory information includes the Video RAM interface and the on-chip Character-ROM. 

VIDEO RAM INTERFACE 
The NCR 72S0-VRAM interface is comprised of the Screen Address Bus (CAO-CA10), the VRAM Data Bus 
(VDO-VD7), and control signals MWE and OE/SO-60. The VRAM is a generic 120ns static 2K x 8 RAM used to 
store display information. The 72S0 incorporates a double speed memory technique which permits a refresh 
access and a CPU access to occur during the time required to display one character. When CPU data is not 
being written, the CPU access time is used to update the VRAM read register R8 using the VRAM location 
specified by R6 and R7. If R8 is addressed by the CPU and a RD command issued, the value of R8 will be 
transferred onto the AD bus and be valid within 120ns. In writing CPU data, CPU data transfers to RS (RAM 
Write Register) are asynchronous with respect to VRAM accesses. In order to resolve the possibility of invalid 
data transfer if a VRAM write is initiated at the end of a VRAM access time, two access times are reserved for 
the write operation and data is written at both times. At the end of the second VRAM access, indicated by the 
second pulse edge of MWE, the Screen Address Register (R6 and R7) increments to the next VRAM location. 
In order to allow sufficient time for the VRAM write process to occur, a period of 24 tcyc (dot-clks) is required 
between CPU WR commands. This translates into data transfer rates in excess of SOOK bytes/sec for VRAM 
when using a standard dot-clk frequency of 17.6MHz. 

CHARACTER·READ ONLY MEMORY (CHARACTER·ROM) 
The on-chip Character-ROM contains dot patterns to generate text, holding patterns for up to 2S6 alphanu­
merics. A standard 192 character set is provided in the ROM of each NCR 72S0 CRTC. Mask options available 
for customized character sets are covered under Character Set Options. 
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EXTERNAL CLOCK (OOTCLK) 
DOTCLK is generated by an external clock generator. The NCR 7250 CRTC accepts Dot-Clocks up to 20 MHz. 
This Dot Clock provides the basic unit of timing for displaying information on the screen. 

SOFTWARE FUNCTIONS 
NCR 7250 CRTC software functions include eight Screen Functions and six Field Functions. 

SCREEN FUNCTIONS 
The Screen Functions available on the NCR 7250 CRTC are enabled/disabled by CPU command to the Special 
Functions Register (R4). Changes in R4 are not synchronized with video timing and appear on the screen at the . 
time they are written. 

SCREEN FUNCTION BIT ASSIGNMENTS 

I 7 I 6 I 5 I 4 I 3 I 2 I 1 1 0 1 

~ o .= 25 lines/page 
1 = 13 lines/page (double spaced) 

o = Display Screen 
1 = Blank Screen 

o = Display Cursor 
1 = Blank Cursor 

o = Screen Reverse-Video Off 
1 = Screen Reverse-Video Active 

o = Video Chop Off 
1 = Video Chop On 

o = Split-8creen Disabled 
1 = Split-Screen Enabled 

o = Field Graphics is Block-style 
(when selected) 

1 = Field Graphics is Line-style 
(when selected) 

o = Timing Format-2 Selected * 
1 = Timing Format-1 Selected 

* The standard 7250 uses the logic Level on pin 24 during RST to select the timing format. Timing 
format selection from the special functions register is available as a mask option. 
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FIELD FUNCTIONS 
Field functions are selected by "control-bytes" which are loaded into VRAM along with display data. Bytes from 
VRAM are decoded by the character generator and by the field function control circuitry. Bytes having a value 
from SOH to BFH (bits 6 and 7 are 0 and 1 respectively) are detected as control bytes and provide the functions 
listed below. The corresponding location in the character ROM is coded as a blank. This permits the field func­
tion control words to be imbedded in the spaces normally occurring between words. 

When a control byte is read in during the display process, the attributes selected are handled in three 
ways. For attributes which are deselected (a 0 in the the corresponding bit position), the attribute is turned off 
immediately and does not appear in the space occupied by the control byte. For attributes which are newly se­
lected, the attribute will appear in the character position following the space occupied by the control byte. For 
attributes which were previously selected and again selected by the present control byte, that attribute will ap­
pear in a continuous manner, being displayed in the space occupied by the control byte. 

FIELD FUNCTION BIT ASSIGNMENTS 

Bit Function 

0 o = Normal, No Reverse Video 
1 = Reverse Video with Respect to Screen 

1 o = Normal, No Highlight 
1 = Highlight Field with Respect to Screen Intensity 

2 o = Normal, Display Characters 
1 = Initiate Field Blank 

3 o = Normal. No Blink 
1 = Blink Character Field 

4 o = Normal, No Underline 
1 = Underline All Characters within Field 

5 o = Bytes Interpreted as Characters 
1 = Bytes Interpreted as Graphics-cells 

6 Always 0 

7 Always 1 

FIELD FUNCTION ENABLED/EXPRESSED/DISABLED EXAMPLE 

VRAM ADDRESS: n+1 n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 

VRAM CONTENTS: I I II FIELD DATA I DATA I DATA 
FIELD 

DATA I DATA I DATA I DATA DATA ENABLE ENABLE 

~ 
FIELD FUNCTION "7 EXPRESSED DISABLED 

CRT MONITOR SCREEN 
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GRAPHICS MODE FEATURES 
The Graphics capability of the CRTC is a special feature whereby the data bytes coming to the chip from VRAM 
cause the on-chip Character-ROM to send out special dot patterns. It allows the user to configure unique bar or 
line arrangements on the CRT monitor. 

The Graphics Mode is selected by the Field Function logic. The user may choose one of two graphics 
styles: block or line. The graphics styles are selected via Bit 6 of the Special Functions Register. 

When graphics mode is selected, the attributes selected at thattime (blink etc.) are "latched-in" until the 
graphics mode deselect code is encountered. This permits the display of 255 different codes. The 256th code 
is reserved as the graphics mode deselect code and cannot be displayed. This code is mask programmable. 
The default value is CSH. The latching of functions affects only that graphics field. Other graphics field (with 
different latched attributes) and text with any combination of attributes can be displayed on the same screen. 

In line graphics mode, single horizontal or vertical lines are produced by specifying a respective vertical 
or horizontal value which exceeds the values shown below. Spaces are produced by using values greater than 
CSH. 

EXAMPLES OF BLOCK AND LINE GRAPHICS PATTERNS 

MOSAIC GRAPHICS 

• •••• 
• .112 •• 1 

• •••• • •••• • . -.. 3 
• •••• • •••• •••• • • -s •• • 16 •• 

• •••• •••• 
a 7 

L Backfilled Column 

MSB Mosaic Byte LSB 

LINE GRAPHICS 

I Vertical Assignment 

~:c:c:c:c:c:c:c:c 
o..-C\l(I')<q-lt)co"'" 

OH • 
lH • 
2H • 
3H • 
4H • 
5H • 
6H • 
7H ••••••••• 
8H • 
9H • 

AH i. 
BH 

Horizontal ,'-"T"" LL--""--------' 
Assignment .....J Backfilled Column 

MSB Line Byte LSB 

I~O ~I 01~11~1 1~1 I~o 1~1~0 I I 1010101010101 1 
8 7 6 5 4 3 2 

Mosaic Numbers 

MASK OPTIONS 
(Available Upon Customer Request) 

Horizontal 
Segment I Vertical 

Segment 
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CHARACTER SET OPTIONS 
FIELD FUNCTIONS AND CHARACTER SET SIZE 
Because the inclusion of Field Functions means that the corresponding codes in the Character-ROM must be 
coded as blanks, there are less than 256 characters available to the user. There is a "trade-off" between the 
number of Field Functions and the size of the character set. 

The standard NCR 7250 CRTC is equipped with all six Field Functions. If the user desires less than six 
functions (Le., greater than 192 Characters), mask options are available that may be changed accordingly. 

FIELD FUNCTION/CHARACTER 
SET RELATIONSHIPS 

Number of Maximum Character 
Field Functions Set Size 

4 240 

5 224 

6 192 

CUSTOMIZED CHARACTER SETS AND CHARACTER CODES 
Character sets can be customized according to the user's requirements. Any coding for a new character set, 
however, should take account of the 9th dot derivations described below. 
Backfilled Column-Character codes define eight horizontal dots per scan line of a character cell (usually as a 
hex-byte). The CRTC generates nine dots per scan line in driving the video display. The extra column of dots is 
derived from the first dot of each character scan line as shown in the following diagrams. 

CHARACTER CODE OPTIONS 

ASCII OPTION 

I 8 BITS FROM ROM I 

V V 
t..THIS COLUMN Isj 

REPEATED HERE 

I+-

~ 

FIRST SCAN LINE -

LAST SCAN LINE -

ARABIC OPTION 

18 BITS FROM ROM I 

S 
E 

~ THIS COLUMN I 
REPEATED HER 

Note: Characters in a set are displayed under one of the above options only. The user must specify which option to use when a 
character set is customized. 
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BLINK RATES 
The number of frame-times counted in deriving the cursor and field blink rates is also a user-selectable option. 

BO Cursor Field 

1 12.50 3.12 

2 6.25 1.56 

3 4.17 1.04 

4 3.12 0.781 

5 2.50 0.625 

6 2.08 0.521 

7 1.79 0.446 

8 1.88 0.469 

CHARACTER CELL EXAMPLE 
The size of the character cell can be selected by the user and masked into the NCR 7250 CRTC. 

ROM BACKFILL 
DATA / 

ro-o-o-oooo01o 
100000000:0 
100000000,0 
10eoooooe,0 
loeeooooe:o 
10eoeo ooe10 
loeooeooelo 
:oeoooeoe,o 
oeooooeelo 
:oeoooooe:o 
100000000P 
I~_ • , _e_e_ e_ ~ ~Je S1 _ UNDERLINE POSITION 

o 0 0 00 0 0 00 SO - NUMBER OF SCAN LINES 

000000000 
NOTE: The number 01 scan lines comprising a row of characters (16 lines maximum), 

and the position used for underline (any scan line) are mask programmable. 
The character generator produces an 8x12 block; backfill provides the 9th dot. 
In formats using more than 12 scan lines, the additional lines can be used for 
vertical spacing and underline. 

REGISTER OPTIONS 
The address of the nine software display control registers are selected by the user and masked into the NCR 
7250CRTC. 

GRAPHICS MODE DESELECT OPTION 
The Graphics Mode Deselect Code default value may be changed from > C8 to a user-selected value. 



7250 

MONITOR TIMING DIAGRAM 

HORIZONTAL 

VIDEO 
V/!////$//$///////J/&1 

.I 
HSYNC 

I : HI HO H2 --'-!----------..J . 

______________________________________ ~ ____ ~·I·~---H-3--==1~~ ______ __ 

VERTICAL 

VIDEO 

va -------.-1.0- V3 

VI -IO----~~~ __ V_2 ______ _ 

IX~~ 
VSYNC 

(INTERLACED REFRESH) 

VSYNC 
____ (F_O_R_O_D_D __ SC_A_N_Ll_N_ES_) _________________ ~r:=:1~ __ V2 ______ _ 

CRTC MONITOR TIMING 
(Mask-Programmable: User selects two sets of the following parameters.) 

Symbol Parameter Function 

HO Horizontal Scan·time The duration in characters of a full horizontal period. 

HI Horizontal Character Count The maximum number of characters that may appear on a displayed row of 

characters. 

H2 Horizontal Front Porch The delay in character·times between the last displayed row character-position, and 

the beginning of the HSYNC·pulse. 

H3 Horizontal Sync·Width The duration of the HSYNC·pulse in character-times. 

va Vertical Row Count The maximum number of displayed rows of characters. 

VI Vertical Front Porch The delay in scan·times between the last character·position on the page, and the 

beginning of VSYNC. 

V2 Vertical Sync-Width The duration of the VSYNC·pulse in scan·times. 

V3 Vertical Blank-Time The duration of the VBLANK condition in scan·times. 

SO CharaC1er.cell Height The number of scan-lines used for each row of characters. 

SI Character Underline The scan·line position of the Field Underline within the character cell. 

BO Basic Blink Rate The number of frame-times counted in deriving the cursor and field blink rates. 

IX Interlace Offset The number of character-times by which VSYNC (VI) is delayed on alternate frames, 

interlace modes. 
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STANDARD MONITOR TIMINGS 
Two timing formats are available in the Standard NCR 7250 CRTC Controller. Neither format is interlaced. 

60 Hz Format 50 Hz Format 

HO 918 D[52 uS] 918 D[52 uS] 

H1 720 D 720 D 

HI 45d 45d 

H3 81 D[4.6] 81 D [4.6) 

va 300 H 300H 

VI 63 D [.07 H] 29,430 D [32 H] 

V2 2,745 D [2.99 H] [156] 3H 

V3 18,567 D [20.2 H] [1024] 77,317 D [84.2 H] [4,383] 

NOTE: D = 1 Dot Clock 

H = 1 Horizontal Scan Line Time (HO) 

[ ] = Time in uS using 17.6 MHz Dot Clock 

The following procedure is used to select either the 50 Hz or 60 Hz timing format: 

1. Pu[se the RSi (pin 39) low for 10/1s. 
2. OE (pin 24) is held low to select 50 Hz. 

OE (pin 24) is held high to select 60 Hz. 
[t is recommended that a 33K ohm resistor be tied to 0 V or + 5 V to select the desired timing format. 
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ELECTRICAL SPECIFICATIONS 
ABSOLUTE MAXIMUM STRESS RATINGS 
Voltage on any pin with respect 
to ground (VSS) ................ -.03 V to 7.0 V 
Power Dissipation .................... 840 TrW 
Operating Temperature Range ...... DoC to 70°C 

The values listed here are absolute maximums 
which if exceeded could cause permanent damage 
to the device. All voltages are with respect to circuit 
ground. 

Storage Temperature Range ... -65°C to + 150°C 

ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS 

Symbol Parameter 

VIL Input Voltage, Low 

VIH Input Voltage, High 

II Input Leakage Current (VIN = 0 to VOO) 

VILCLK Clock Input Voltage Low 

VIHCLK Clock Input Voltage High 

VOH Output Voltage, High (IOH = -SO,.A) 

VOL Output Voltage, Low (IOL = 2 mAl 

IZ Hi-Z Leakage Current (VA = 0.4 to 2.4 V) 

100 Power Supply Current (VOO = S.S V) 

Min Max Units 

VSS-0.3 O.B V 

2.0 VOO V 

±2.S "A 
VSS-0.3 0.4 V 

2.4 VOO V 

2.7 V 

O.S V 

-10 +10 ,.A 

120 mA 

Note: All parameters shall be assured over the OOC to 70°C temperature range and with 4.7S"VOO"S.2SV. Logic 
"1" is defined as the more positive voltage (VIH, VOH). Logic "0" is defined as the more negative voltage (VIL, 
YOU. All voltl;lges are with respect to ground (VSS). 

MECHANICAL DATA 
PLASTIC DEVICES 

40 PIN 

(NOM) 

2.0S0 -------.. ~I 

--$-~:r~R 
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MEMORY INTERFACE AND TIMING 
PROCESSOR TIMING DIAGRAM 

r-ILL+j 

ALEN 
~~ _________________ ~r--\I ~--
IALL +--1 r-ILA-j H IADON IADOFF-II-

=:x ADDRESS) (\.... ___ ---'X DATA OUT Xr----.X'-___ _ 

I : IRD-J_I tRDH--I ~ I 
~tLC-.~~~-------tcc-----------•• ~ IIJ~~_tC_L_~ ________ ~~ 

4~H---J 

ADC-7 

(READ CYCLE) 

ADO-7 =x ADDRESS X DATA IN X X 
{WRITE CYCLE} I~ ILC-.llftDA 

tDW ~tWA 
ICL 

WR tcc -
tCH -I 

PROCESSOR BUS TIMINGS 

Mnemonic Parameter Min Max Units 

ILL ALENWidlh 100 ns 

tALL Address Valid before ALEN 60 ns 

tLA Address Hold after ALEN 60 ns 

tLC ALEN 10 Control (RD, WR) 140 ns 

tcc Control Width, (RD, WR) 350 ns 

tRD Active RD to Valid Data 120 ns 

tRDH Data Hold from RD 0 ns 

tCL Conlrol (RD, WR) 10 ALEN 60 ns 

tDW Dala Valid Before WR 300 ns 

tWA Dala Hold From WR 55 ns 

tDA Data Valid After WR 100 ns 

tADON Address/Data 50 ns --
Non-tri-slate after RD 

tADOFF Address/Data tri-state 40 70 ns 

ICH Time between active pulses 24 Dot Clocks - tcc ns 



7250 

VRAM INTERFACE CHARACTERISTICS 
In the VRAM timing diagram below, note that the second portion of a character-time is used to read VRAM data 
into the RAM-read register, unless a write command is issued. These CPU accesses (read or write) take place 
at the address contained in the Screen Address Register. No refresh VRAM accesses occur during blank times. 

VRAM TIMING DIAGRAM 

DOTCLK = tcvc 

C CHARACTERTIMEX _14 CHARACTER X + T---J 
510.6ns r- tAH REF -I' tAHRD =I I 

CA O.1i:=J(REFRESH AD DR AXREG F6&F7 CONTS)( REF ADDR A" + 1 Y/3EGF6&F7 CONTSX~ _____ X 
·ISCREEN REFRESH I RAM DATA REG SCREEN REFRESH I RAM WRITE II -

tACC '- RAM READ UP DATE RAM READ 1-0 tAHW +I-----l 
VD 0-7 X DATA IN (1) X DATA IN (2) X DATA IN I >-<i--=D-::AT.=-A--=O::-CU=T,>-<r--D-A->rA-IN--'}-

MWE tAs+il-J ~~W tr-:- tDHw 

Plt ;J.Ft-tAHW 

--' I~I- tOEH 
tVDON -I - tvDOFF 

OE __ -'Ir-------\\... ___ _ 
NOTES: (1) VD 0-7 Multiplexed for CRT 

(2) VD 0-7 Multiplexed for F5 Data Register 

Last portion of character time will always be used to continuously read data in the Video RAM into the RAM Data Regis· 
ter unless it is used as a write. The data read or write is at the RAM location specified in Address Register F6 and F7. 
Screen refresh RAM accesses do not occur during blank times. 

VRAM INTERFACE TIMINGS 
Symbol Parameter Min Max Units 

tAHREF Valid Refresh Address Time 4(tCVC) 4(tCVC) ns 

tAHRD Valid Current Screen Address Time 5(tCVe) 5(tCVC) ns 

tACC Valid Refresh Address to Valid Data In 150 ns 

tAHW Current Screen Address Hold Time After MWE 0 ns 

tAS Current Screen Address Setup Time to MWE 20 ns 
-

tvDON Video Data Nontri-state from OE 40 ns 

tVDOFF Video Data Tri-State After OE 5 ns 

tDSW Valid Video Data Ou.t Before MWE 50 ns 

tDHW Video Data Out Hold Time from MWE 5 ns 

twD MWEWidth 100 ns 

tOEH OE Hold from MWE 5 ns 
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DOTCLK TIMINGS 

Symbol Parameter Min Max Units 

tCYC DOTCLK Period 50 75 ns 

DOTCLK Duty Cycle 45 55 % 

tDKR DOTCLK Rise Time 10 ns 

tDKF DOTCLK Fall Time 10 ns 

NCR 7250 CRTC REGISTERS 
Name Address Length Function 

Cursor Address FO 11 Bits Contains the VRAM Address of that character which exhibits 
the cursor. 

Top of Page F1 11 Bits Contains the VRAM Address of that character which begins the 
page (i.e. top left corner). 

Split Screen Address F2 11 Bits Contains the VRAM Address of the character that begins the 
designated split screen row. 

Split Screen Row F3 6 Bits Contains the value of vertical counter at which the split screen 
address is first accessed. 

Special Functions F4 8 Bits The bits of this regisier enable various attributes which affect 
the entire displayed screen. 

Ram Write, Ram Read F5 8 Bits These two registers transfer bytes between the CPU and the 
VRAM. They are distinguished by pulsing either the WR or the 
RD pins. 

Lower Screen Address F6 8 Bits This is the lower portion (stores LSB's) of the full Screen Ad-
dress Register. It directly addresses the VRAM for CPU trans-
fers. 

Upper Screen Address F7 3 Bits This register contains the upper 3-bits of the Screen Address 
'Register. 
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STANDARD CHARACTER SET 

00 

I I I I I I I I 
07 

08 OF 

I I I I I I I I 
10 17 

I I I I I I I I 
18 1F 

I I I I I I I I 
20 27 

I I I I I I I I 
28 2F 

I I I I I I I I 
30 37 

I I I I I I I I 
38 3F 

I I I I I I I I 
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CHARACTER ADDRESS 
40 47 

I I I I I I I I 
48 4F 

I I I I I I I I 
50 57 

I I I I I I I I 
58 5F 

I I I I I I I I 
60 67 

I I I I I I I I 
68 6F 

I I I I I I I I 
70 77 

I I I I I I I I 
78 7F 

I I I I I I I I 
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CHARACTER ADDRESS 

COIIIIIIIIC' 
~IIIIIIIICF 
DO D7 

IIIIIIII 
DB DF 

IIIIIIII 
~ . ~ 

IIIIIII 
~ ff 

IIIII II 
FO F7 

IIIIIIII 
FB FF 

IIIII II 
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NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 3031596-5612 

8001525-2252 
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SOUND GENERATOR 

• Functionally and Pin compatible with the SN76489A • Simultaneous multiple sound generation 
• Programmable white or periodic noise generator • TTL compatible 
• Three programmable tone generators • 4 MHZ maximum clock input 
• Programmable attenuation values 

The NCR 8489 is an NMOS digital sound generator capable of providing applications wth a low cost solution for 

noise and sound generation. 

PIN 
CONFIGURATION 

D2 

D1 2 

DO 3 

READY 4 

WE 5 

CE 6 11 

AUDIO 7 

GND 8 

FUNCTIONAL 
BLOCK DIAGRAM 

.;. 16 

vee 
D3 

elK 
D4 

D5 

D6 

D7 

RESET 

FUNCTIONAL 
PIN GROUPING 

CPU 
INTERFACE 

WE---+I 

ClK----t 

READY .... ---! 

NCR 8489 
SOUND 

GENERATOR 

DATA ~O-D7 _ ... ~ 
BUS L ...."..--_ ..... 

ClK WE CE READY DO Dl D2 D3 D4 D5 D6 D7 RST 

! i , ! ! , , ! i 
INPUT CONTROL lOGIC 

.;. N TONE GENERATOR 1 

.;. N TONE GENERATOR 2 

.;. N TONE GENERATOR 3 

NOISE GENERATOR 

POWER VCC J 
GND INTERFACE 

:lAPPLICATION 
AUDI':J INTERFACE 

AUDIO 
OUT 

Copyright © 1984 by NCR Corporation, Daylon, Ohio, U.S.A. 
All Rights Reserved. Printed in the U.S.A. 

This is advance information and NCR reserves the 
right to change the specifications without notice. 555 
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CONTROL REGISTERS 
The NCR 8489 Sound Generator has eight (8) internal registers used to control three (3) tone generators and 
one (1) noise generator. A three (3) bit data word used to determine the destination control register is contained 
in the first byte of data for all data transfers. The internal register designations are as follows: 

ADDRESS BITS REGISTER DESTINATION 

R2 R1 RD Description 

0 0 0 Tone 1: Frequency 

1 0 0 Tone 1: Attenuation 
0 1 0 Tone 2: Frequency 

1 1 0 Tone 2: Attenuation 

0 0 1 Tone 3: Frequency 

1 0 1 Tone 3: Attenuation 

0 1 1 Noise: Con1rol 

1 1 1 Noise: Attenua1ion 

NOTE: RO is the most significant address bit 

TONE GENERATION 
The NCR 8489 sound generator has three (3) programmable tone generators, each with separate frequency 
synthesis and attenuation sections. The frequency synthesis section requires ten (10) bits of data (FO to F9) to 
define half the period of the desired frequency. This data is entered into a ten (10) stage tone counter, which is 
decremented at a rate of N/16 where N is the clock input frequency. A signal is produced when this tone 
counter decrements to one, which toggles a divide by two counter and reloads the tone counter. Therefore, the 
period of the desired frequency is twice the value of the tone generator. 

The frequency of each tone generation is calculated using the equation: 

f = N(32 x n) 
N = the clock input frequency 

n = a 10 bit binary number [2 :5 n :5 1023] 
The divide by two counter is directly connected to a four stage attenuator whose values and bit position 

in the data word are shown in the following table: 

ATTENUATION CONTROL 

DATA VALUE DATA VALUE 

A3 A2 A1 AD dB A3 A2 A1 AD dB 
0 0 0 0 0 0 0 0 1 -16 
1 0 0 0 -2 1 0 0 1 -18 
0 1 0 0 -4 0 1 0 1 -20 
1 1 0 0 -6 1 1 0 1 -22 
0 0 1 0 -8 0 0 1 1 -24 
1 0 1 0 -10 1 0 1 1 -26 
0 1 1 0 -12 0 1 1 1 -28 
1 1 1 0 -14 1 1 1 1 OFF 

NOTE: AO is the most significant bit of data 
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NOISE GENERATION 
The NCR 8489 Sound Generator has two (2) noise sources (periodic and white), which share a common atte­
nuator. These noise sources are shift registers with an exclusive NOR feedback network. One (1) of four (4) 
noise generator shift rates, each rate being derived from the input clock, will be controlled by the two (2) NF 
bits, as is shown in the Noise Generator Frequency Control Table. 

The choice of either periodic or white noise is controlled by the noise feedback control bit FB. 

NOISE GENERATOR 
FREQUENCY CONTROL 

NFBITS FREQUENCY CONTROL 

NFl NFO Shift Rate 

0 0 N/512 

1 0 Nil 024 

0 1 N/2048 

1 1 Tone Generator 

#3 Output 

NOTE: NFO is the least significant bit 

DATA TRANSFER 

NOISE FEEDBACK CONTROL 
FB CONFIGURATION 

0 Periodic Noise 

1 White Noise 

The NCR 8489 Sound Generator is enabled by the CPU by asserting a low logic level to CEo WE strobes the 
contents of the data bus to the appropriate control register. Data bus contents must be valid at this time. Data 
transfers cannot occur unless CE is true. 

Thirty two (32) clock cycles are required by the NCR 8489 to load data into the control register. The 
READY output, used as a handshake signal to synchronize the CPU, is asserted to a low logic level imme­
diately following the leading edge of CEo READY assumes a true state via an external pull up resistor once the 
data transfer has been completed. 
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FORMATS FOR DATA TRANSFER 

FREQUENCY UPDATE (DOUBLE BYTE TRANSFER) 

. FIRST BYTE 

Data I Register Address I Bit 0 
SECOND BYTE 

Data I 
F9FBF7FSI R2 Rl RO I 1 F5 F4 F3 F2 Fl FO X I 
D7 DO D7 

NOISE SOURCE UPDATE (SINGLE BYTE TRANSFER) 
Shift Rate Register Address 

NFl NFO R2 Rl RO 

D7 DO 

ATTENUATOR UPDATE (SINGLE BYTE TRANSFER) 
Data Register Address 

A3 A2 Al AO R2 Rl RO 

D7 DO 

CPU INTERFACE 

Bit 0 

0 

DO 

Eight (8) data lines (00-07) and three (3) control lines (WE, CE, READY) interface the NCR 8489 Sound 
Generator to the CPU. Ten (10) bits of data are required by each tone generator in selecting frequency values. 
Frequency updates require double byte data transfers. An additional four (4) bits of data are required to select 
the attenuation values. Attenuation updates require only single byte data transfers. 

Tone generators can be quickly updated by initially sending both bytes of frequency and register data. 
This data is followed by the second byte of data for succeeding values only if no other control registers are ac­
cessed at the time of generator updating. This action is accomplished by latching the register address and per­
mitting the continued transfer of data into the same register. This updating feature permits the expedited 
modification of the six (6) most significant bits of data needed for frequency sweeps. 

OUTPUT CIRCUITRY 
The NCR 8489 Sound Generator output circuitry, emulating a conventional op amp summing Circuit, sums the 
three (3) tone and one (1) noise generator outputs, and will source/sink current to 2 mAo The 0 dB output signal 
per generator is nominally a 450 mV square wave in the negative direction from a 2V quiescent level. The out­
put should be capacitatively coupled into the application audio circuit via a filtering network similar to the fol-
lowing: . 

Sound 
Generator 
Output 

Application 
Audio 
Amplifier 
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The UPPER and lower frequency poles for the application are determined from the following equations: 
Lower Pole Upper Pole 

f '" f'" 

Attenuation of the output signal is: Vo 
VI 

Typically RS ~ 10 RA so that the attenuation can be small while achieving desired filtering. 

INTERFACE DEFINITIONS 

MICROPROCESSOR INTERFACE 
Signal Pin Description 

READY 4 OUTPUT: Open collector. READY indicates that data has been read when true (high). I 
Data, WR, CS must remain stable while ready is false (low). 

WE 5 INPUT: Write Enable WE indicates that data is available to the NCR 8489 when true (low). 

CE 6 INPUT: Chip Enable CE indicates that data may be transferred to the NCR 8489. 

RST 9 INPUT: Master Reset RST is used for testing purposes only. This pin is a no connect on the 
SN 76489A and is internally pulled high. 

07 10 INPUTS: 00-07 is the data bus through which data is transferred. DO is the most significant 
06 11 data bit. 07 is the least significant data bit. 
05 12 
04 13 
03 15 
02 1 
01 2 
DO 3 

ClK 14 Input Clock 

AUDIO APPLICATION INTERFACE 
Signal Pin Description 

Audio 7 OUTPUT: Audio signal to application. Refer to Output Circuitry for recommended output 
connections. 

POWER INTERFACE 
Signal Pin Description 

VCC 16 Supply Voltage 
GND 8 Ground References 
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ELECTRICAL CHARACTERISTICS 

OPERATING CONDITIONS 

Symbol Parameter Conditions Min 

VCC Supply Voltage 4.5 

ICC Supply Current Outputs Open 

TO Operating 0 
Temperature 

TS Storage -65 
Temperature 

Vmax Absolute To Any Pin 
Maximum 

INPUT CHARACTERISTICS 

Symbol Parameter Conditions Min 

Vil Input Voltage Low 00-07. WE. CEo ClK 

VIH Input Voltage High 00-07. WE. CEo ClK 2.0 

II Input Current Vin=GNO-VCC -10 

CI Input Capacitance 

OUTPUT CHARACTERISTICS 

Symbol Parameter Conditions Min 

VOL Out~ut Voltage low "(REAOY) lOUT = -2mA 

AUDIO CHARACTERISTICS 

Symbol Parameter Conditions Typ 

ISO Source Current Over Output 
Voltage Swing 

ISO Sink Current Over Output 
Voltage Swing 

VOQ Quiescent Output 2.1 
VOM Maximum Output All Generaiors at OdS 2.0 

measured from Peak to Peak 

VSW Signal Swing One Generator at OdS 450 
measured from Peak to Peak 

COL Capacitance * From Pin7to 
loading Ground for Stability 

* Ooes not apply to coupling capacitors. It is recommended that capacitors to ground be 
isolated by a ~eries resistance of 500 ohms for stability. 

Max Units 

5.5 V 
40 mA 

+70 ·C 

+150 ·C 

7.0 V 

Max Units 

0.8 V 

V 

+10 ,.A 
15 pf 

Max Units 

0.4 V 

Max Units 

-3 mA 

2 mA 

V 

V 

mv 

200 pf 
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TIMING REQUIREMENTS 

Symbol Parameter Conditions Min Max Units 

tCER CE READY CL=225pf 150 nS 
RL=2KtoVCC 

CLOCK Frequency Input Transition Time .05 4 MHZ 

tsu2 Set upTIme Data W.R.T. WE 0 nS 

tsul CEW.R.T.WE 0 nS 

th Hold Time Data W.R.T. READY 0 nS 

DATA TRANSFER TIMING 

CE----....... 

READY -----+-....... 

00-07 SECOND BYTE 
-----' 
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TYPICAL MICROPROCESSOR 
INTERFACE SCHEMATIC 

DEV. SEL WR 

es 
Vee 
2K 

WAIT READY 

00-07 8 
cPU 

NCR Microelectronics Division 
1635 Aeroplaza Drive 
Colorado Springs, Colorado 80916 
Telex: 452-457 
Phone: 303/596-5612 

800/525-2252 
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