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NCR Microelectronics

NCR, a multi-billion-dollar manufac-
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, CMQCS, 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.

Colorado Springs, Colorado

Fort Collins, Colorado

Miamisburg, Ohio




NCR’s Commitment to Quality
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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.




NCR Microelectronics Sales Representatives

ALABAMA

Rep. Inc.

PO. Box 4889

11547 S. Memorial Pkwy.
Huntsville, AL 35802
(205) 881-9270

ARIZONA

BH & B Sales, Inc.
7353 6th Avenue
Scottsdale, AZ 85251
(602) 994-4454

BH & B Sales, Inc.
1041 W. Comobabi
Tuscon, AZ 85704
(602) 299-1508

CALIFORNIA

Custom Technology Sales
21040 Homestead Rd.
Cupertino, CA 95014
(408) 749-8555

Earle Associates, Inc.
Suite 200

7585 Ronson Rd.

San Diego, CA 92111
(619) 278-5441

Orion Sales, Inc.
Suite F

828 E. Colorado Blvd.
Glendale, CA 91205
(213) 240-3151

Orion Sales, Inc.

285 E. Main St.
Tustin, CA 92680
(714) 832-9687

COLORADO
Electrodyne, Inc.
Suite 110

2620 Parker Rd.
Aurora, CO 80014
(303) 695-8903

CONNECTICUT

Data Mark, Inc.

47 Clapboard Hill Rd. -
Guilford, Ct. 06437
(203) 453-0575

FLORIDA

Universal Marketing &
Sales, Inc.

413 Marlin Rd.

North Palm Beach,
FL 33408

(305) 842-1440

GEORGIA

Rep, Inc.

1944 Cooledge Rd.
Tucker, GA 30084
(404) 938-4358

ILLINOIS

Sieger Associates
1805 Hicks Road

Rolling Meadows,
IL 60008

(312) 991-6161

INDIANA

Technology Marketing
Corporation

599 Industrial Dr.
Carmel, IN 46032
(317) 844-8462
Technology Marketing
Corporation

3428 W. Taylor St.
Fort Wayne, IN 46804
(219) 432-5553

IOWA

REP Associates Corp.
980 Arica Ave.
Marion, 1A 52302
(319) 373-0152

KENTUCKY
Technology Marketing
Corporation

8819 Roman Ct.

PO. Box 91147
Louisville, KY 40291
(502) 499-7808

MARYLAND
Marktron, Inc.

1688 East Gude Dr.
Rockville, MD 20850
(301) 251-8990

MICHIGAN

Westbay & Associates
27476 5-Mile Rd.
Livonia, Ml 48154
(313) 421-7460

MINNESOTA

Aldridge Associates, Inc.
7138 Shadyoak Rd.
Eden Prarie, MN 55344
(612) 944-8433

NEW MEXICO

Nelco Electronix

4801 General Bradley, NE
Albuquerque, NM 87111
(505) 293-1399

NEW YORK

Tri-Tek Associates
3375 Park Ave.
Wantagh, NY 11793
(516) 221-7600

NORTH CAROLINA
Rep, Inc.

Suite 204

7330 Chapel Hill Rd.
Raleigh, NC 27607
(919) 851-3007

OHIO

Bear Marketing, Inc.
3623 Brecksville Rd.
P.O. Box 177
Richfield, OH 44286
(216) 659-3131

Bear Marketing, Inc.
1563 E. Dorothy Lane
Dayton, OH 45429
(513) 299-2059

OREGON

Electronic Component
Sales

9755 SW Penbrook

Tigard, OR 97223

(503) 245-2342

PENNSYLVANIA
TCA Associates
801 Media Line Rd.
Broomall, PA 19008
(215) 353-2022

TENNESSEE

Rep, Inc.

P.O. Box 728

113 S. Branner Ave.
Jefferson City, TN 37760
(615) 475-4105

TEXAS

Oeler & Menelaides, Inc.
Suite 208

7113 Burnet Rd.

Austin, TX 78757

(512) 453-0275

Oeler & Menelaides, Inc.
Suite 224

8340 Meadow Rd.
Dallas, TX 75231

(214) 361-8876

Oeler & Menelaides, Inc.
Suite 201

9119 S. Gessner
Houston, TX 77074
(713) 772-0730

UTAH

Electrodyne, Inc.

Suite 109

2480 South Main St.
Salt Lake City, UT 84115
(801) 486-3801

WASHINGTON

Electronic Component Sales
9311 SE 36th St.

Mercer Island, WA 98040
(206) 232-9301

CANADA
Cantec Representatives, Inc.
8 Strathearn Ave.—Unit #18
Brampton, Ontario,

Canada L6T 4L8
(416) 791-5922
Cantec Representatives, Inc.
1573 Laperrier Ave.
Ottawa, Ontario,

Canada K1Z 773
(613) 725-3704
Cantec Representatives, Inc.
Suite 116
3639 Sources Rd.
Dollard des Ormeaux,
Quebec, Canada H9B 2K4
(514) 683-6131

FAR EAST

PCI, Hong Kong, LTD.
1145 Sonora Ct.
Sunnyvale, CA 94086
(408) 733-4603

UNITED KINGDOM
Manhattan House
Bridge Road
Maidenhead
Berkshire SL6 8DB
England

"Maidenhead (0628) 75851



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 Bilvd.

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 Castleplace 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 131st Street
Cleveland, OH 44105
(216) 587-3600

4433 Interpoint Bivd.
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 St.

El Segundo, CA 90245
(213) 322-8100

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

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.

FUNCTION PART NUMBER ORGANIZATION PAGE
16K ROM NCR 2316 2K x 8 09
32K ROM NCR 2332 4K x 8 13

NCR 2333 4K x 8 17
64K ROM NCR 2364 8Kx 8 21
NCR 23C64 8Kx 8 25
NCR 2364A Two 4K x 8 banks 29
NCR 2365 8Kx 8 33
NCR 23C65 8Kx8 37
128K ROM NCR 23128 16K x 8 4
NCR 23128A Four 4K x 8 banks 45
256K ROM NCR 23256 32K x 8 49
NCR 23C256 32K x 8 53
NCR 23257 32Kx 8 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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N C R iy

¢ Fully Static Operation e 3-State Outputs @

e Programmable Chip Selects o Fully TTL Compatible S

e Maximum Access Time e Single +10% 5 Volt Supply g
2316-30 ..o it i 300ns e Pin Compatible with 2716 and 2516 EPROM’s =
2316-45 . ... . e 450ns and 2316 Type ROM’s.

e 0°C —70°C Operating Range.

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 ROMSs are available in a 24 pin package and are pin compatible with industry standard
EPROMSs and ROMs.

PIN FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
NS Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
a7 1 24 [Jvee . Vecg ——
=N
As[] 3 22[J A9 *
CS1 —
] 4 21 [] cs3* *CS2 > CHIP OUTPUT BUFFERS
A3 s 20 [] cs1* *CS3 —»] SELECT
A2[] e 19 ] A0
Al 7 18] cs2*
A[] 8 17[3Ja7
e e 18] a6 COLUMN DECODE
at 10 1517105 r
Q[ 14 Jaa A10 —————>|
GND [ 12 13[Jas A ——» > )
A8 —————»1 O
* Active Level (Hi, Low and Don't Care) ﬁ
of chip selects are defined by user. A7 ———— @
A —————] @ 3
PIN NAMES AS ———| T g MEMORY
m 9 ARRAY
A4 ———= T 8 2K X 8
A0 - A10 Address Inputs @ o}
A3 ——————»| o
m
Q0 -Q7 Data Outputs A2 >
Al —————>
CS1-CS3 Programmable AQ —————
Chip Selects —
Veo SV = 10% * MASK PROGRAMMABLE
Supply Voltage
Copyright © 1982 by NCR Corporation, Dayton, Ohio, USA. 9

Alf Rights Reserved. Printed in U.S.A.
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to ground —.5to +7V Stresses above “absolute maximum ratings” may re-
Storage temperature. . .......... —65°C to 150°C 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* 45 5.0 55 Volts
VIH Input high level voltage 2.0 Vece Volts
ViL Input low level voltage -0.5 0.8 Volts
TA Operating ambient temperature 0 70 °C

* Ve must be applied at least 100us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Condition Min. Typ. Max. Units

IIN Input leakage current V|N= OV to Vo max 10 nA

lo Output leakage current Vo = 0.2to Vgc max, =10 nA
Chip Deselected

VoH Output high voltage loH=—160uA 24 Volts

VoL Output low voltage loL=1.6mA 0.4 Volts

lec Supply current QOutputs 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 125 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 g

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

tcsH Chip select to data hold 0 0 ns E

taAH Address to data hold 0 0 ns =
[=]
(-4

AC WAVEFORMS
tcy >

VALID X

ADDRESS I
—> A e—
cst, ] !
CS2, 1
cs3 \ /;:—tOFF——u,

' [} 1
re—tco—= —»:tCSHi<—
1

- A >:
DATA Hi-Z W/ / b( VALID M_HTZ

The chip select lines are 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
25k Output Timing Levels ........ 0.8 Volts to 2.0 Volts

O;
OUTPUT
UNDER

TEST *100 pF 1.7k @

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

11
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MECHANICAL DATA 24 PIN

2316

CERAMIC DEVICES 1.170-1.230
l«——— Length of Package
Pin 1
anonoao nnn [{
°
c .560-.620
Width of Package
guuau guuu
.075-.175
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 1
Lead
Thickness
Lead
I‘—Splay—-l Lead Centers —A‘ —'“*— Lead
.090-.110 .030-.070 Width
.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
Length of Package —————-
Pin 1
anonn ann I{
. [ ]
( .520-.560
Width of Package
guug uu
.150-.250
Top of Package
.015-.075 to Standoff 120..160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 prse—
Lead
Thickness }
l'—éﬁf‘a"y—‘l "6%0. e‘ﬁ’cs) 030-.070 —-“‘- win
-580- .695 Lead Shoulder .012-.025
Width
All- dimensions are inches.

N C R

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




N C R [y

e Fully Static Operation e 3-State Outputs ]

® Programmable Chip Selects e Fully TTL Compatible g

e Maximum Access Time e Single +10% 5 Volt Supply z
2332-30 ...t 300ns e Pin Compatible with 2532 EPROM’s and 2332 =
2332-45 .. i 450ns Type ROM’s.

=
[=]
-4

0°C —70°C Operating Range.

The NCR2332 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 2532 EPROMs and
2332 Type ROMs.

PIN ‘ FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
S Q Q1 Q2 Q3 Q4 Q5 Q6 Q7
a7 1 24 vee vVcg———
xd:  zEe o— tirttitt
As[C] 3 22 A9 *CS1
A 4 21 [ cs2* > cur OUTPUT BUFFERS ’
A3[] 5 20{]cs1* *CS2 »| SELECT
A2[] s 191 A10 A
Al 7 18 [ A1
SSE : :; ggz -+ COLUMN DECODE
a1 10 151 Q5 A1l ———— ‘
Q21 14[7]Q4 A10 ————>
GND []12 13[Ja3 A9 —— —
<]
* Active Level (Hi, Low and Don't Care) A8 %
of chip selects are defined by user. A7 —— m
A6 ———>| o 2
PIN NAMES As— o G 12 MEMORY
- A4 | = ARRAY
AO - A1 Address Inputs & Q 4KX8
A3 ————> 9
Qo - Q7 Data Outputs A2 —————
A1 >
CS1-C82 Programmable
AQ ———>
Chip Selects L
Vee 5V + 10%

*MASK PROGRAMMABLE

Supply Voltage

Copyright © 1982 by NCR Corporation, Dayton, Ohio, U.S.A. 13

All Rights Reserved. Printed in U.S.A.
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to ground —.5to +7V Stresses above “absolute maximum ratings” may re-
Storage temperature. ........... —65°C to 150°C 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 * 45 5.0 55 Volts
VIH Input high level voltage 2.0 Vee Volts
ViL Input low level voltage -05 0.8 Volts
TA Operating ambient temperature 0 70 °C

* Ve must be applied at least 100us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Condition Min. Typ. Max. Units

N Input leakage current VIN=O0V to Vcc max 10 nA

lo Output leakage current VO =0.2to Vg max, +10 RA
Chip Deselected

VoH Output high voltage loH=—160pA 24 Volts

VoL Output low voltage loL=1.6mA 0.4 Volts

lec Supply current Qutputs 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 . 125 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 E
toFF Chip select to data off (Hi Z) 150 200 ns CE,
tcsH Chip select to data hold 0 0 ns w
tAH Address to data hold 0 0 ns =
AC WAVEFORMS
1
e tcy >
! 1
1
>§ VALID }(
ADDRESS \ f
! —> Ay e—
1
cst, ! |
Cs2 : \ /
: |<—torF—>}
1 1 |
! r<—1CO—» -l 1€
I t ! ! ltCSH} :
< A > 1 |
Hi-Z Hi-Z
The chip select lines are 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
2.5k0 Output Timing Levels ........ 0.8 Volts to 2.0 Volts
O—
OUTPUT
UNDER
TEST *100 pF

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

1 %
N
11.7k Q

15
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2332

.580-.695

MECHANICAL DATA 24 PIN
CERAMIC DEVICES 1.170-1.230
Length of Package
Pin 1
aonn ann I{
°
C .560-.620
Width of Package
guad guudd
.075-.175
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 —_— .
Lead
Thickness
"— Lead —'l Lead Centers ——I IO ———| l‘- Lead
Splay .090-.110 .030-.070 Width

Lead Centers
.090-.110

Lead
Splay

.580- .695

Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270 ‘
Length of Package ———i
b Pin 1
annn ann l{
°
q .520-.560
Width of Package
guuy gug
.1560-.250
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 _
Lead
Thickness

—-l l«— Lead
.030-.070 Width

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
513/866-7217 Ohio or International
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e Fully Static Operation e 3-State Outputs g

e Programmable Chip Selects o Fully TTL Compatible S

e Maximum Access Time e Single +10% 5 Volt Supply =
2333-30 ... . it iee i, 300ns e Pin Compatible with 2732 EPROM'’s =
2333-45 ... . i i 450ns

e 0°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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
NS Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
A7 1 24[Jvee Veg —
= E=T o PiitrLtg
As[] 3 22[J A9 . 1
m] 4 21 [ At C81——  cuip OUTPUT BUFFERS
A3l 5 20 [ cs1* *CS2 »| SELECT :
A2[] 6 191 A10
A} 7 18[Jcs2*
AO[] 8 171JaQ7
w9 16 a6 > COLUMN DECODE
a1 10 15[ as ANl —— [
Q[]11 141 Jas A1Q ——————
GND [ 12 13[J a3 AS ———> 2 —
» O
* Active Level (Hi, Low and Don't Care) A8 %
of chip selects are defined by user. A7 ————| %
A6 — 2 3
u > =
PIN NAMES As —f 1 z MEMORY
A4 ——— B m ARRAY
A0 - A1 Address Inputs @ 8 4K X8
A3 ———————> rol"l
Qo - Q7 Data Outputs A2 ———
Al ——————]
CS1-C82 Prqgrammable A0 —— o] |
Chip Selects
10,
Vee 5V * 10% * MASK PROGRAMMABLE
Supply Voltage
Copyright © 1982 by NCR Corporation, Dayton, Ohio, U.S.A. 17

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 Stresses above “absolute maximum ratings” may re-
Storage temperature. . .......... —65°C to 150°C 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
Voo Supply voltage * 45 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 °C

*Vcc must be applied at least 100us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Condition Min. Typ. Max. Units
IIN Input leakage current VIN=OV to Vg max 10 pA
lo Output leakage current Vo=0.2t0 Vg max, |- ‘ +10 HA

. Chip Deselected
VoH Output high voltage loH=—160uA 24 Volts
VoL Output low voltage loL=1.6mA 0.4 Volts
lec 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 125 pF




2333

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

2333-30 . 2333-45
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 g
toFF Chip select to data off (Hi Z) 150 200 ns =
tcsH Chip select to data hold 0 0 ns E
tAH Address to data hold 0 0 ns
AC WAVEFORMS
1
e ey -t
! 1
|
‘VALID }<
ADDRESS X f
: —‘"’: tAH E“_
cst, ' o
Cs2 H
| |~—toFF —>~!
1 1 i 1 1
' —tco—= —»:'cs:-nh—— :
- - 1
b A % > i 0
g VALID iz

The chip select lines are assumed to be active low.

AC TEST LOAD CIRCUIT

+5V

2.5k0

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

I N
j[*wo pF 11.7k Q

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

19
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MECHANICAL DATA 24 PIN
CERAMIC DEVICES 1.170-1.230

l«——— Length of Package ————{

Pin 1

annn nnn

.560-.620
Width of Package

0o

guay uu
.075-.175
Top of Package

.015-.075 to Standoff 120 160

Bottom of Package : Length of Lead

to Standoff from Standoff

.008-.015 prm—
Lead
Thickness
Lead
I‘— Splay_"l Lead Centers ‘-—| I—v —-“— Lead
.090-.110 .030-.070 Width
.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
le———— Length of Package ————»]
b Pin1
anan ann I‘{
[ ]
c .520-.560
Width of Package
uguu guuaud
.150-.250
Top of Package

.015-.075 to Standoff 420-.160
Bottom of Package Length of Lead
to Standoff

from Standoff

. 008- ' 01 5 :: W
Lead
Thickness
I‘_'ég:;‘% Lead Centers A—I I« ——”4— Lead
.090-.110 .030-.070 Width

-580- .695 Lead Shoulder .012-.025
Width

All dimensions are inches.

N CIR]

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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o Fully Static Operation @
e Programmable Chip Selects * 3-State Outputs -
e Maximum Access Time * Fully TTL Compatible i
236425 ..ttt 250ns * Single =10% 5 Volt Supply =
2364-30 ... ...ii i e e 300ns ® Pin Compatible with 2564 EPROM’s
2364-45 . ... ... 450ns

e 0°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 volit 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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
[ " ] v Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
ar] 1 24 vee Gﬁ%_—"
A 2 23[ ) A8 > T T T
As[] 3 227 A9 1 1
A 4 21 [ A12 *CS1 > CHIP OUTPUT BUFFERS
A3[] s 20[] cs1* SELECT
A2[] 6 19[J At0 i
Ml 7 18 [ A1
= = A12 ————> > COLUMN DECODE
Q[] 9 16[ ] Q6 A11
Q110 15105 Ar
Q[N 1474 A10 ————
GND []12 13[7]a3 A ——— ]
. . A8 ———= 3
* Active Level (Hi, Low and Don't Care) i)
of chip select is defined by user. A7 ——— a
A6 —————] @ 2
2 > 2 |
PIN NAMES ps ——f § s MEMORY
A —> 3 ol 8K X 8
A0 - A12 Address Inputs A3 , rgn
Q0 - Q7 Data Outputs A2 .
Al ——— ]
CS1 | Programmable AQ ——— ] \_
Chip Select
0,
Vee 5V = 10% *MASK PROGRAMMABLE

Supply Voltage

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 21
All Rinhts Reserved Printed in L1 S A
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IN/C R

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect
toground ............. ..., -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
Vece Supply voltage * 4.5 5.0 55 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 °C
* Vo must be applied at least 100us before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS
Symbol Parametgl" Condition Mln.' Typ. Max. Units
IIN Input leakage current VIN= 0V to Ve max 10 pA
lo Output leakage current Vp=0.2t0 Vg max, +10 MA
Chip Deselected
VOH Output high voltage loH=—160uA 24 Volts
VoL Output low voltage loL=1.6mA 0.4 Volts
lee 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
Co Output capacitance test are tied to ground 125 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 g
tcsH Chip select to data hold 0 0 0 ns '-é‘
tAH Address to data hold 0 0 0 ns

|

€ toy >

! 1

[}

VALID
ADDRESS ><|5 X
—> tay f——
1
st !

o

1 1
o T wn X rwr

The chip select line is assumed to be active low.

AC TEST LOAD CIRCUIT

2.5kQ

+5V
1 %
OUTPUT | ™~
UNDER
TEST *100 pF 11.7k Q

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

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

23
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MECHANICAL DATA 24 Pin

2364

.008-.015
Lead
Thickness

CERAMIC DEVICES 1.170-1.230
Length of Package
Pin 1
anonn onn ﬁ’
°
c .560-.620
Width of Package
guuyg guuu
.075-.175
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff Length of Lead
to Standoff l from Standoff

.008-.015
Lead
Thickness

Lead
Splay

.580- .695

g~ Lo G -—' - 030-070 ——is
.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES e
}«———— Length of Package —————
Pin 1
annag ann l{
O
c .520-.560
Width of Package
auu guuaud
.150-.250
.015-.075 o Rk .120-.160
Bottom of Package | Length of Lead
to Standoff ‘ from Standoff

Leaa Centers —,! l<—
.090-.110

T

.030-.070 A-I

Lead Shoulder
Width

Lead 1
Width

.012-.025

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



23C64

N C

GENERAL DESCRIPTION

The NCR23C64 is an 8,192 words x 8 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

® ACCESSEIME . . vttt e e e e 250 ns max.
e Low power supply current
Standby. . . . ... ... e 10 MA max.
Operation . ..... ittt e 25 mA max.

Standby power not affected by address transitions
Completely static

Singlepowersupply. . . ... ... . i e
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/&E active level is mask programmable

Compatible with 2 MHz NCR65C02 Microprocessor

e 6 o o © o o o

+5.0V+ 10%

64K BIT CMOS MASK ROM

MEMORIES

PIN FUNCTION

AO0-A12 Address input

CE/CE Chip enable

00-07 Data output

vDD Power supply (+5.0V)
VSS Power supply (GND)

*Specifications are subject to change
without notice. .

PIN CONFIGURATION

A

BLOCK DIAGRAM

00 O1 02 03 04 05 06 07

[T

OUTPUT BUFFERS

s

A7 1 24[] vbD
a6 2 23[] A8
a5 []3 2] A9 = ] CHIP
CE/CE O— gnNaBLE
A4 04 21 ] A2 BUFFER
A3 s 20[] CECE t
YR 191 A0
A0 O—no]
A 7 18] AN
Al o0— |
AQ q 8 7@ o7 .
VI S—
00 9 6] o6
A3 O—o
o1 10 5[] 05
A O—— o
02 4[] o4 &
A5 00— &
Vss 12 13 03 =]
q :' A6 O———il Z‘:
(Top View) A7 i
[=)
A8 o— 8
A9 O—
A10 O———
A1l 00—
A12 O—xr

& 32
a e
> 8 7 Y SELECT
w
o

*32)(8

256 ROM ARRAY

8192X 8

X DECODER

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

ABSOLUTE MAXIMUM RATINGS*

(Vpp = 5.0V +10%, Vsg = 0.0V, Ta = 0° to + 70°C)

RATING SYMBOL VALUE UNIT
VOLTAGE ON ANY TERMINAL RELATIVE Vin —10t0+7.0 \
TO Vss
OPERATING TEMPERATURE (AMBIENT) Ta 0to 70 °C
STORAGE TEMPERATURE (CERAMIC) TsTG — 65 to + 150 °C
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 Voo 45 5.0 5.5 v
INPUT LOW VOLTAGE ViL —-05 - 0.8 v
INPUT HIGH VOLTAGE Vin 2.0 - Voo Vv
DC CHARACTERISTICS (v5p =5V +£10%, Ta = 0°to + 70°C)
PARAMETER SYM MIN TYP MAX |UNITS|NOTES***
Vpp POWER SUPPLY CURRENT (ACTIVE) Ibb - - 25 mA 1
Vpp POWER SUPPLY CURRENT (STANDBY) Isg - - 10 uA 2
INPUT LEAKAGE CURRENT i) -10 - 10 uA 3
OUTPUT LEAKAGE CURRENT low) -10 - 10 UA 4
OUTPUT LOW VOLTAGE @ loyt = 1.6 mA VoL - - 04 v
OUTPUT HIGH VOLTAGE @ lgyt =— 100 A VoH 24 - - v
CAPACITANCE (14 = 0°to + 70°C)
PARAMETER sYM TYP MAX |UNITS [NOTES***
INPUT CAPACITANCE C 5 8 pF 5,6
OUTPUT CAPACITANCE Co 7 15 pF 5,6

***NOTES:

1. Current is proportional to cycle rate. Ipp is measured at the

specified minimum cycle time. Data Outputs open.
ViL*Vss  Vin=Vop'
CE 2Vpp — 0.3V or CE £ Vgg + 0.3V,

Vin=0.0V 1055V (Vpp =50 V).
Device deselected. (VouT =0.0 V t0 5.5 V).

arLON

tance calculated from the equation: Aq

—with AV =3.0V
AVw1t A

6.
7
Timing measurement reference levels:
inputs 0.8 V and 2.0 V; outputs 0.8 V and 2.0
8. CE shown, similar timing is achieved for CE.

Capitance measured with Boonton Meter or effective capaci-

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

V.



23C64

TIMING DIAGRAM

< te >
¥
ADDRESS >< VALID K
h 7 n
w
—> lay | <
o
=
(V7]
=
CE ‘ <«—f—torr
<«—thc—> tesH | e—
«< T >
T 7( ﬁx
DATA Hi-2 c VALID v, Hi-Z
AC CHARACTERISTICS (See Notes 7 and 8, page 2)
(Vpbp =5.0V £10%, Ta =0°to + 70°C)
PARAMETER SYM MIN MAX UNITS
CYCLE TIME tc 250 - ns
ADDRESS ACCESS TIME ta - 250 ns
CE/CE ACCESS TIME tac — 250 ns
OUTPUT TURN OFF DELAY torF - 50 ns
DATA HOLD FROM CHIP SELECT tesH 10 50 ns
DATA HOLD FROM ADDRESS tAH 10 - ns

27
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23C64

PACKAGE DESCR'PT'ONS (All dimensions shown in inches)

110 — "-—

|
j ’ : Side-Braze Ceramic (P)
!

24-Pin
— ____.._,____——J 590 +.30
.130j ;:F I

)
NO. 1 LEAD
IDENTIFIER [~—1.200 *.030
' 1.200 *.060 l

’1——.595 k4 .015—>|

095 MAX l
T‘o—zo MIN.
120 MIN.

011 £.002
_44__
018+ + 003 oso + 015 665
.050 +.005 590
11 EQUAL SPACES @ .100

' 12 Plastic Dual-In-Line (N)
O| '} 24Pin
—F

(Y AYAYAY VUV
, "_oeon

NOM.
1.27 MAX.

l 20 +0.050
.045 NOM
018 + OO_GJ
.050
NOM.

11 EQUAL SPACES @ .100

|<«———.600 NOM.——>

|€«—— .540 NOM.——>»

T i T T

.120 MIN T

| !
L—.GSO k4 0.040—>|

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

.030 NOM.

INICIR

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



mB 2364A
64K BANK SELECTABLE ROM

e 64K Mask Programmable ROM e JEDEC Standard Pin-Out

e Organized as two-4Kx8 Banks e Fully TTL Compatible

e Fully Static 5 Volt Operation e Pin Compatible with 2332 Type ROMs
¢ Maximum Access Time ... 450 ns e 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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
\/ o ————
A7 [ 1 24[] Vee ce
—_—
A6 [ 2 23] A8 GND
ﬁ E i if g gia* vos Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
1 —>]
= 20 [ cst* CONTROL
s 19 At0 xcs2 —»]  LOGIC
a7 18 [ At1
a0 s 173 a7 OUTPUT BUFFERS
Q E 9 16 ] Q6 112
Q1 10 15] Qs
Q2 11 147 Q4
GND [ 12 1Bras At COLUMN DECODE
* Active Level (Hi, Low and Don't Care) A1Q ———>] A
of chip selects are defined by user. A9 > >
A8 —>1 O
PIN NAMES a1 ——> & |
A6 ——»] & > BANK 1
A0-A11 | Address Inputs As ——>f @ 2 Hod
A4 ——> T ol
Q0-Q7 | Data Outputs A3 — > % > "8';
—— |w]
CS1-CS2 | Programmable :? ) m BANK 0
Chip Selects 20 4Kx8
Vcc 5V + 10% e

Supply Voltage MEMORY ARRAY
*MASK PROGRAMMABLE

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. t Licensed Under U.S. Patent #4368515
All Rights Reserved. Printed in U.S.A. 29
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NEE

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to ground—.5 to +7V Stress above “absolute maximum ratings” may result
Storage temperature. . .......... —65°C to 150°C 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
Vce Supply voltage * 45 5.0 55 Volts
VIH Input high level voltage 20 Vece Volts
ViL Input low level voltage -0.5 08 Volts
TA Operating ambient temperature 0 70 °C

* Vo must be applied at least 100 us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS

Symbol Parameter Condition Min. Typ. Max. Units

N Input leakage current VIN=0V to V¢c max. 10 HA

lo Output leakage current Vo = 0.2V to Vgc max, +10 nA
Chip Deselected

VoH Output high voltage loH=—160uA 24 Volts

VoL Output low voltage loL=1.6mA 0.4 Volts

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 7.0 pF

Co Output capacitance under test are 125 pF
tied to ground




2364A

AC CHARACTERISTICS OVER RECOMMENDED

OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Units
toy Cycle Time 450 ns g
tA Address Access Time 450 ns 3
tco Chip Select Access Time 200 ns E
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
| ' :
- k-
|- CY >
1 |
! '
ADDRESS ){ VALID ><
: : !
! — taH —
cst, : | !
cs2 ! N\ 'Ju[ !
! : t<e— tOFF —
! te—tco —»! 1 |
| ! |
! . tA ——t ol ICSH—>  — !
g o
N S/ ! ! q
Hi-Z 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

+5V
2.5k
[e! "1
OUTPUT ™~
UNDER
TEST ::*100 pF 11.7k Q

Ko

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

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
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2364A

MECHANICAL DATA 24 PIN
CERAMIC DEVICES 1.170-1.230
Length of Package P 1
annan ann I‘{
°
c .560-.620
Width of Package
uuau guuu
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 -
Lead
Thickness

Lead
Splay

Lead Centers —pl l«
.090-.110

_-, Iw— Lead
.030-.070 Width

.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
Length of Package ————]
Pin 1
aannon ann I‘{
°
( .520-.560
Width of Package
guady gud
.150-.250
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
to Standoff

from Standoft

.008-.015 _

Lead
‘._Lead_-l Lead Centers ——| |*
Spiay .090-.110

Thickness
.580- .695

—-I lo— Lead
.030-.070 Width

Lead Shoulder

Width

.012-.025

All dimensions are inches.

NICR]

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



mBE szflg(gK X 8) ROM

e Fully Static Operation e 3-State Outputs @
e Programmable Chip Selects e Fully TTL Compatible z
e Maximum Access Time e Single +10% 5 Volt Supply =
2365-25 ... ..t i i 250ns ¢ Pin Compatible with 2764 EPROM’s =
2365-30 ........ .. i 300ns e 0°to 70°C Operating Range
2365-45 . ... ... it 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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
A Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
NC 1 287 Vee Ve ————=
s= {111{{}]
a7 ] 3 26 csa* CS2* CS3*
A ] 4 5[] a8 .
csi CONTROL OUTPUT BUFFERS
Al s 24 a9 —> LOGIC
Ml s 231 an OFE —»
L 22[] OE
O s 213 a0
:; g f‘; g &Q: A12 ———— COLUMN DECODE
1
oo []44 18] a8 An \
a Oq2 17 os A10 ———>]
@ 43 163 Q4 A —— ]
v, a3
ss (14 153 A8 §
* Active Level (Hi, Low and Don't C
of cZE; selgct(s are defined by usera.re) AT ——— 0
AS ——— )
PIN NAMES s — & E MENORY
m
A0 - A12 | Address Inputs M— 3 8 8K X 8
Qo - Q7 Data Outputs A3 ™ >
— A2 —— ]
CS1, CS2, | Chip Selects Al
CS3 20
—_—
L
Vee 5V = 10%
Supply Voltage i
— PPy 9 *MASK PROGRAMMABLE
OE Output Enable

Copyright © 1982 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in U.S.A. 33
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ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to ground —.5to +7V Stresses above “absolute maximum ratings” may re-
Storage temperature. ........... —65°C to 150°C 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* 45 5.0 55 Volts

VIH Input high level voltage 2.0 vVee Volts

ViL Input'low level voltage -0.5 0.8 Volts

TA Operating ambient temperature 0 70 °C

*Vec must be applied at least 100us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS
OVER RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Condition Min. Typ. Max. Units

N Input leakage current VIN = 0V to Vg max 10 HA

lo Output leakage current Vo = 0.2to Vg max, +10 pA
Chip Deselected

VOH Output high voltage current loH = -160pA 24 Volts

VoL Output low voltage loL=1.6mA 04 - Volts

lec 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
Co Output capacitance test are tied to ground 125 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
tDH Data hold time 0 0 0 ns
toFF Chip select or output

enable to data Hi-Z 120 150 200 |{ns




2365

AC WAVEFORMS
| toy »|
ADDRESS >f ;<
| ! i
: :4—— tcs ——D-: | g
CHIP SELECT w
| | | 47{/ =
| | | |
| | o
[« oz —>
_ ! be—tog — |
OE : | I - ;
' N Y |
| I‘ 1 |
| I l<_""|—IOFF—>:
: : _>|| oy — |
|
|
| 7
DATA | iz \M{ mz
| |
|
|‘ tA ;!
1 >
Programmable Chip Selects are assumed to be active low.

AC TEST LOAD CIRCUIT

+5V

2.5kQ

1
N

*100 pF 1.7k Q

K0

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

A.C. CONDITION OF TESTS

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

2365

28 Pin

CERAMIC DEVICES

Lead
Thickness

Lead
Splay

1.370-1.430
Length of Package —————
Pin 1
aonnn nonn I{
O
¢ .550-.620
Width of Package
uu gouu
.075-.175
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
to Standoff from Standoft

BRI

Lead Centers —ol |<— —-l Lead l
.090-.110 Width

.008-.015 H
Lead
Thickness

Lead
Splay

.580-.695

.030-.070
.580- .695 Lead Shoulder .012-.025
) Width
All dimensions are inches.
PLASTIC DEVICES 1.430-1.480
|e———— Length of Package ————»{
Pin 1
ann ann I‘ﬂ
L[]
( .520- .560
Width of Package
guuy uauu
.150-.250
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
to Standoff from Standoff

Lead Centers -——I l—— ’ —-I Lead l
.090-.110 Width

.030-.070 1012-.025

Lead Shoulder
Width
All dimensions are inches.

N C R

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




mE 23C65
64K BIT CMOS MASK ROM

® Accesstime ................. 250 ns max. ® Three-state output for direct bus compatibility
® Low power supply current ® Pin compatible with EPROMs
Standby. ................. 10 MA max. e All inputs protected against static charge
Operation . ............... 25 mA max. of 1000 V Nominal
e Standby power not affected by address transitions e CS2 & CS3 active level is mask programmable
® Completely static e Compatible with 2 MHz NCR65C02 Microprocessor
e Single powersupply. ........... +5.0Vi 10%

e All inputs and outputs are TTL compatible

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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
A Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
ne O 1 287 Vec vee——
a2 2 27 cs2* GND ———p T T T T I T T J
= 260 csa CS2*, CS3* ——» , ,
= i = CE — | CONTROL OUTPUT BUFFERS
aml] s 2371 At OF —» Loaic [
ad 7 2211 O
a2l s 213 a0
Al E 9 20 g ? A12 ——————>] > COLUMN DECODE
a0 CJ10 19 7
o 11 18[3 os ANt ’ [
a1 2 173 os A10 —————>]
Q2 43 16 : Q4 A9 ——————] > .
V, Q3
ss [J14 15[ A8 :%
* Active Level (Hi, Low and Don't Care)
of chip selects are defined by user. A7 ———— 1
e —— f.? D
PIN NAMES as— § % Ba MEMORY
—_ m m
AD - A12 Address Inputs Ad a Q 8K X8
Qo0 - Q7 Data Outputs A3 ! ]
- A2 ——————»
C_SS, CS2 | Chip Selects A1
CE Chip Enable A0
—
Vee 5V + 10%
Supply Voltage
— PPl 9 *MASK PROGRAMMABLE
OE Output Enable .
Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. This is advance information and NCR reserves the

All Rights Reserved. Printed in U.S.A. right to change the specifications without notice.
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ABSOLUTE MAXIMUM RATINGS*

(Vg = 5.0V +10%, Vsg = 0.0V, Ta = 0° to + 70°C)

RATING SYMBOL VALUE UNIT
VOLTAGE ON ANY TERMINAL RELATIVE Vin ~10t0+7.0 v
TO Vgg

OPERATING TEMPERATURE (AMBIENT) Ta 0to 70 °C
STORAGE TEMPERATURE (CERAMIC) TsTG —'65to + 150 °C
STORAGE TEMPERATURE (PLASTIC) TsTe —55t0 +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 Voo 45 5.0 5.5 \
INPUT LOW VOLTAGE Vi —05 - 0.8 v
INPUT HIGH VOLTAGE Vin 2.0 — Voo v
DC CHARACTERISTICS (v =5V £10%, Ta = 0°to + 70°C)

PARAMETER SYM MIN TYP MAX |UNITS |NOTES***
Vcc POWER SUPPLY CURRENT (ACTIVE) lec - — 25 mA 1
Vce POWER SUPPLY CURRENT (STANDBY) Isg - - 10 uA 2
INPUT LEAKAGE CURRENT I -10 - 10 uA 3
OUTPUT LEAKAGE CURRENT low) - 10 - 10 uA 4
OUTPUT LOW VOLTAGE @ loyT = 1.6 mA VoL - - 0.4 v
OUTPUT HIGH VOLTAGE @ lgyt =— 100 uA Vou 24 - - v
CAPACITANCE (14 =0°to +70°C)

PARAMETER sYM TYP MAX |UNITS [NOTES***

INPUT CAPACITANCE C 5 8 pF 5,6
QUTPUT CAPACITANCE Co 7 15 pF 5,6

* **NOTES:

1. Current is proportional to cycle rate. Icc is measured at the

specified minimum cycle time. Data Outputs open.
ViL=Vss + Vin~Vee!
CE 2V(gg — 0.3V or CE £ Vgg + 0.3V,

. ViN=00Vto55V (Voc =5.0 V).
. Device deselected. (Voyt =0.0 V to 5.5 V).

AP WN

tance calculated from the equation: Aq

= i =30V
AanthAV 3.0

. Capitance measured with Boonton Meter or effective capaci-

. This parameter is periodically sampled and not 100% tested.
. Measured with 1 TTL load and 100 pF, transition times <20 ns.
Timing measurement reference levels:

inputs 0.8 V and 2.0 V; outputs 0.8 V and 2.0 V.

. CE shown, similar timing is achieved for CE,



23C65

AC WAVEFORMS

tRC »|

ADDRESS ! :}<

A

|
e |

|

| i
CHIP ENABLE ' | I | S

l I | | / &

| : | | =

| j— toHz ——> =
_ | fe—toce — I 2
OE/CS2/CS3 ' | I I '

| M | / |

| |' I I

: ' |I | :

| : | 'oH | :

| v

L
DATA , Tz Hi-Z

|

|

!

I

A

tacc >

Programmable Chip Selects are assumed to be active low.

AC CHARACTERISTICS (See Notes 7 and 8, page 2)
(Vcc =5.0V £10%, Ta = 0°to + 70°C)

Parameter Sym Min Max Units
Cycle Time tRC 250 - ns
Address Access Time tacc — 250 ns
CE Access Time tCE — 250 ns
OE/CS Access Time toce - 150 ns
Control to Output High Impedance toHZ — 50 ns
Data Hold From CE, OE, or Address toH 10 — ns
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MECHANICAL DATA 28 Pin

23C65

CERAMIC DEVICES

S
Lead
Thickness

Lead _,I
Splay

Lead Centers

1.370-1.430
le——— Length of Package ————
Pin 1
onnao. ann
°
ﬁ .550-.620
Width of Package
uauy uauyg
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoff

from Standoff

F ok
.030-.070 Width
Lead Shoulder

.008-.015 ﬂ! “
Lead
Thickness

Lead
Splay
695

Lead Centars

.080-.110 -

.090-.110
.580- .695 .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.430-1.480
l«——— Length of Package ———
l——— Pin1
naaonn ann l{
0
q .520- .560
Width of Package
aauy augu
.150-.250
) Top of Package
.015-.075 to Standoff  120-,160
Bottom of Package Length of Lead
to Standoff from Standoff

—-| Ic— Lead
.030-.070 Width

Lead Shoulder
Width

.012-.025
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



23128
128K (16K X 8) ROM

N|C R

® 23128 ... Non-Power Down

® 23128S . . . Automatic Power Down
¢ Fully Static Operation

¢ Silicon Gate NMOS Technology

e Maximum Access Times
23128/23128S-25 . . . 250ns
23128/23128S-30 . . . 300ns
23128/23128S-45 . . . 450ns

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 CS2 and CS3 is programmable and is defined by
the user to facilitate system memory expansion. The NCR 23128S 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 CS 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.

¢ Fully TTL Compatible
¢ 5 Volt Only Operation

¢ Byte-Wide Industry Standard
JEDEC Pin-Out

® 0°C to 70°C Operating Range

»n
w
-
(=]
=
w
=

ROM

NCR 23128 NCR 23128S
Vec—>
Ne (] 1 28177 vee vee GND—3
a2[] 2 27[] cs3* cs*
A7[] s 26[] A13 A13 o«
As[] 4 25[] A8 A8 a8
as[] s 24[] A9 A9 § 16K x8
Al s 23] A1 Al A0-A13 —/—> 3 ,/ MEMORY
a7 22[] csa* OE* 14 @ ARRAY
a2[] s 21[] A0 A10 x
a[] o 0[] TS CE 2
a0 1o 9] a7 a7
o [ 18] Q6 Q6 +
a1 [ 17[] as as .
CS1/CE >
v°§E;j B o CSOE* — 3l ouTPUT DRIVERS
S CS3*/Cs* _‘—’J
* Programmable Active High or Low i 8
NOTE: g
23128 Only: Chip Selects CST, CS2 Qo-Q7
and CS3 are normally AND'd, ie,
(CS1+C522CS3). At the option of PIN NAMES
the user, CS1 and CS2 may be in- _
ternally OR'd and then AND'd with Ag- A3 Address Inputs CE Chip Enable
CS3ie, [(CS1 + CS2)*CS3]
Qp-Qy Data Outputs OE Output Enable
CS1,Cs2, Cs3, Cs Chip Selects Voc 5 Volt + 10%
NC No Connection Power Supply

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

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to
ground . ... .. —0.5t0 +7V  sult in damage to the device. Functional operation of

Storage tem

perature.............

Stresses above “absolute maximum ratings” may re-

—65°C to 150°C  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* 45 5.0 55 Volts
VIH Input high level voltage 2.0 Vce Volts
ViL Input low level voltage -0.5 0.8 Volts
TA Operating ambient temperature 0 70 °C

* Ve must be applied at least 100 us before proper device operation is achieved.

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

Symbol Parameter Condition Min Typ Max Units
IIN Input leakage current VIN = 0V to Vgc max 10 nA
lo Output leakage current Vo = 0.2to Vg max, =10 nA
Chip Deselected
VoH Output high voltage IoH = -200pA 2.4 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
lcc Supply current — Active Outputs Open 75 mA
Isg* Supply current — Standby Chip Deselected 10 mA

* Applies to 23128S Power Down Version only.

CAPACITANCE, Tp = 25°C, f = 1 MHZ

Symbol Parameter Condition Min Typ Max Units
CIN Input capacitance All pi_ns except pin under test 7.0 pF
Co Output capacitance are tied to ground 12,5 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 Max Units
tA Address Access Time 250 300 450 ns m
tcE Chip Enable Access Time 250 300 450 ns g
tcs Chip Select Access Time 120 150 200 ns E
toE Output Enable Access Time 120 150 200 ns =
tpH Data Hold Time 0 0 0 ns =
tOFF CS Active to Data High 120 150 200 ns =

Impedance

AC WAVEFORMS

4
ADDRESS W VALID

— tA tDH |=—
CS1/CE
CS2*/0E* e
CS3*/CS* j
' tcE

tcs —

'oE

Hi-Z
| —
le——tOFF

*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 AC TEST LOAD CIRCUIT

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

Input Rise and Fall Times . ............... 10 ns +5V
Output Timing Levels . ...... 0.8 Volts to 2.0 Volts

1.2kQ
o
%%BDEUJ *100pF 1.7k Q
TEST

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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23128

MECHANICAL DATA 28 PIN
CERAMIC DEVICES 1.370-1.430
Length of Package ——»
Pin1
annan ann l{
0
c .550-.620
Width of Package
guud uguu
.075-.175
.015-.075 Top of Package .120-.160
Bottom of Package to Standoft Length of Lead
to Standoff from Standoff
.008-.015 J—ﬁﬁﬁﬁf ﬁf w if W
Lead r
Thickness

i'_;sz:;A—l Lead Centers *_’l “*
.090-.110

4>| l—— Lead
.030-.070 Width

Lead
Splay

.580-.695

Lead Centers 4—‘ I——
.090-.110

.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.430-1.480
Length of Package ————— ) -
annao ann l{
0
c .520-.560
Widlh of Package
uuuy guuu
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff Length of Lead
to Standoff from Standoff
L 1
.008-.015
Lead
Thickness |

—-I I—— Lead
.030-.070 Width

Lead Shoulder .012-.025
Width

All dimensions are inches.

NC R

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



mE 23128A
128K BANK SELECTABLE ROM

¢ 128K Mask Programmable ROM JEDEC Standard Pin-Out

e Organized as 4-4K x 8 Banks ¢ Fully TTL Compatible @
¢ Fully Static 5 Volt Operation ¢ Pin Compatible with 2332 Type ROMs g
e Maximum Access Time ............ 450 ns e 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
FF&, 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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
-/ Voo ————————
A7 1 24 Vee ce
e
A6 [ 2 23] A8 GND
A e 2] A9 Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7
A4 ] 4 21 ] cs2* *CS1 —
A3 5 20 [] cs1* CONTROL
LOGIC
A2[] s 19 [ A10 *CS2 —
amld 7 18 A1 ) )
o s 7B ar ) OUTPUT BUFFERS
s 16 [ as 11 2
a1 J10 15 Qs
Q 1 14[] Q4
GND (312 B as At — COLUMN DECODE
* Activg Level (Hi, Low and Don't Care) A10 =
of chip selects are defined by user. A9 >
™ —
Ag—— 8
o]
PIN NAMES A7 - ™ m Bank 0 Bank 1
A6 ——> » 2 4K x8 4K x8
A0-A11 | Address Inputs A5 ——— B 2
p— 2] |5
Q0-Q7 | Data Outputs A —a 3 > § >
——i (=]
CS1-CS2 | Programmable :f m 37("": i;"k:
Chip Selects x X
AQ — ]
Vcc 5V = 10% _—
Supply Voltage MEMORY ARRAY
*MASK PROGRAMMABLE
Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. t Licensed Under U.S. Patent #4368515 45

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 Stress above “absolute maximum ratings” may result
Storage temperature............ —65°C to 150°C 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 20 Vece Volts
ViL Input low level voltage -05 0.8 Volts
TA Operating ambient temperature 0 70 °C

* Voo must be applied at least 100 us before proper device operation is achieved.

STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED

OPERATING CONDITIONS
Symbol Parameter Condition Min. Typ. Max. Units
N Input leakage current VIN=0V fo Ve max. 10 HA
lo Output leakage current Vo = 0.2 to Vo max, +10 nA
Chip Deselected
VOH Output high voltage IoH=—160uA 24 Volts
VoL Output low voltage loL=1.6mA 0.4 Volts
Icc Supply current Outputs Open 110 mA

CAPACITANCE, TA = 25°C, f=1 MHZ

Symbol Parameter Condition Min. Typ. Max. Units

CIN Input capacitance All pins except pin 7.0 pF

Co Output capacitance under test are 125 pF
tied to ground




23128A

AC CHARACTERISTICS OVER RECOMMENDED

OPERATING CONDITIONS

Symbol Parameter | Min. Typ. Max. Units

tA Address Access Time 450 ns 2
tco Chip Select Access Time 200 ns S
tOFF Chip Select to Data Off (Hi Z) 200 ns E
tcsH Chip Select to Data Hold 0 ns =
tAH Address to Data Hold 0 ns

AC WAVE FORMS

ADDRESS X VALID
)

Cst,
Cs2

¢

]
DATA m VALID @—
Hi-Z 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 FF6, FF7, FF8 or FF9)

AC TEST LOAD CIRCUIT

+5V

2.5KQ

&

QUTPUT
UNDER

TEST *100 pF 1.7k Q

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

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
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23128A
MECHANICAL DATA 24 PIN

CERAMIC DEVICES 1.170-1.230
Length of Package ———{
}——— Pin 1
annnon onn I{ )
°
c .560-.620
Width of Package
gudud uuau
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoff from Standoff

.008-.015 —J-—
Lead
Thickness

Lead
Lead Centers ——| l«- —-“c— Lead
5“'“’ .090-.110 .030-.070 Width

580‘ 695 Lead Shoulder -01 2‘.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
l«—————— Length of Package ————»
Pin 1
anonn nnn I{
.
c .520-.560
Width of Package
guudu guuad
.150-.250
Top of Package
.015-.075 to Standoff 420..160
Bottom of Package Length of Lead
to Standoff

from Standoff

Lead
Thickness

}._Lead _'I Lead Centers —‘"—— Lead
Seiay .030-.070

.090-.110 Width
-580- .695 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
513/866-7217 Ohio or International



mBE 336236(32K X 8) ROM

® 23256 . . . Non-Power Down ¢ Fully TTL Compatible

© 23256 S . . . Automatic Power Down ¢ 5 Volt Only Operation

¢ Fully Static Operation ¢ Byte-Wide Industry Standard
* Silicon Gate NMOS Technology JEDEC Pin-Out

* Maximum Access Times * 0° to 70° Operating Range

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

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 CS2 is programmable and is defined by the user to facilitate system mem-
ory expansion. The NCR 232568 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 232568, 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 pin DIP with an industry
standard byte-wide JEDEC pin-out.

This 256K ROM is also available with an alternate pin-out where pin 1 = A14 and pin 27 = NC. The alternate pin-
out part is identified as the NCR 23257 and is described in a separate data sheet.

NCR 23256 NCR 23256S Vee—»
) ] GND—3»
Ne (] 1 28 Jvee Nc[j 1 281 Jvee
a2 2 27 J At a2[] 2 27[ ] A4 -
ar[] 3 26[ ] A13 a7[] 3 26[ ] A13 u
A6 [ 4 25 A8 a6 [] 4 25 A8 8
as[] s 24[J A9 as[] s 24 J a9 ] y 32K x 8
am[] e 23[ 7 an am] s 23] At AG-A14 7 a 7 MEMORY
15 W ARRAY
a7 22| ] cso* as[] 7 22 Joe* s
a2 ] s 21 at0 alls 21[J At0 2
a9 0| ]cst a9 »203(':_E
a0 [0 19[J a7 a0 10 19 Jar A +
o 11 18[J a6 Qo [n 18] as E
a1t [ 17[Jas a1 [ 17[Jas CSICE —L1—
a2 []13 16[ ] a4 a2 []13 18] s CS2*/0E* —————————3 OUTPUT DRIVERS
vgs [ 14 15 ] a3 vgs [] 14 5] a3 $
8
* Programmable Active High or Low Q0-Q7
NOTE:
23256 Only: Chip Selects CS1 and PIN NAMES
CS2 are normally AND'd, but may N
be internally OR'd at the option of AO A14 Address Inputs O_E Output Enable
the user. Qp-Qy Data Outputs CE Chip Enable
CS1,CS2 | Chip Selects Ve 5 Volt + 10%
NC No Connection Power Supply

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

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect to

ground

Stresses above “absolute maximum ratings” may re-
-0.5t0 +7V sult in damage to the device. Functional operation of

Storage temperature ........... —-65°Cto 150°C 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
Vce Supply voltage* 45 5.0 5.5 Volts
VIH Input high level voltage 2.0 Vce Volts
ViL Input low level voltage -0.5 0.8 Volts
TA Operating ambient temperature 0 70 °C

*Vec must be applied at least 100 us before proper device operation is achieved.

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

Symbol Parameter Condition Min Typ Max Units
IIN Input leakage current VIN = 0V to Vo max, 10 nA
lo Output leakage current Vo = 0.2to Vg max, +10 HA
Chip Deselected
VoH Output high voltage IoH = -200 A 24 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
Icc Supply current — Active Outputs Open 95 mA
IsB* Supply current — Standby Chip Deselected 10 mA

*Applies to 23256S Power Down Version Only

CAPACITANCE, Tp = 25°C, f = 1 MHZ

Symbol Parameter Condition Min Typ Max Units
CiN Input capacitance All pips except pin under test 7.0 pF
Co Output capacitance are tied to ground 125 pF




23256

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

23256-20 23256-25 23256-30 23256-45
23256S-20 23256S-25 23256S-30 23256S-45
Symbol | Parameter Min Max Min | Max Min Max Min Max Units
tA Address Access Time 200 250 300 450 ns
tcE Chip Enable Access Time 200 250 300 450 ns
tcs Chip Select Access Time 100 120 150 200 ns
toE Output Enable Access Time 100 120 150 200 ns
tDH Data Hold Time 0 0 0 0 ns
tOFF CS Active to Data High 100 120 150 200 ns
Impedance
AC WAVEFORMS
K
ADDRESS E§§\§§§\>< | VALID
tA IDH |+—
CSAICE .
CS2*/0E* /
loe
t tcs
tce
Hi-Z K R
|\ —
le——1OFF
* Programmable Chip Select CS2 and Output Enable OE are assumed to be active low for this example.
AC CONDITION OF TESTS AC TEST LOAD CIRCUIT
Input Pulse Levels. ......... 0.8 Volts to 2.0 Volts
Input Riseand Fall Times ................ 10 ns v
Output Timing Levels . .. .. .. 0.8 Volts to 2.0 Volts +5
1.2k Q
[og
OUTPUT
UNDER *100pF 1.7k Q
TEST
* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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23256

MECHANICAL DATA 28 PIN
CERAMIC DEVICES 1.370-1.430
Length of Package ————]
Pin 1
annon ann I{
0
c .550-.620
Width of Package
uuuu guud
.075-.175
0'1 5-.075 Top of Package .
N : to Standoff -120-.160
Bottom of Package Length of Lead
to Standoff 1 from Standoff
| ]
.008-.015
Lead 1
Thickness

Lead
Splay

.580-.695

Lead Centers ‘l }-_
.090-.110

—o‘ Ie— Lead
.030-.070 Width

Lead Shoulder .012-.025
Width

All dimensions are inches.

PLASTIC DEVICES

Lead
Splay

.580-.695

1.430-1.480
Length of Package
Pin 1
aoon anno I{
0
( .520-.560
Width of Package
auug guuad
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff. | 1 aih of Lead
to Standoff . from Standoff
Lead |
Thickness

Lead Centers ——‘
.090-.110

i
.030-.070 Width

Lead Shoulder .012-.025
Width

All dimensions are inches.

NEE

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



mﬂm ggs?(z(ggK x 8) CMOS ROM

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

JEDEC Pin-Out

(7]
w
<
(=]
=
]
=

ROM

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 TTL 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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
\Y/ —_—
NC [ 1 ~ 28 [ Voe cc
a2] 2 27 ] A4 GND ——»
a7 s 26 [] A13
as [ 4 25 [ A8 .
as] s 24[] A9 a
o}
aml] s 23 [ A1 Q 32Kx8
a3 ] 7 22 [[] oE* AO-A13 -+> 8 / MEMORY
a2 s 21 g A10 14 @ ARRAY
At (]9 20 CE g
a0 (10 19 [ a7 <
Qo []11 18 [J @6
a1 ]2 17 as ~
Q2 13 16 ] a4
vgs (14 15[ J a3 CE, OE* /——»  OUTPUT DRIVERS
3 ]
* Programmable Chip Select \i\ 8
Qo-Q7
Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. This is advance information and NCR reserves the

All Rights Reserved. Printed in U.S.A. right to change the specifications without notice. 53



NEE

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin with respect
to ground
Storage temperature

....-05t0 +7V
—-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 Units
Vee Supply voltage* 4.5 5.0 5.5 Volts
ViH Input high level voltage 20 Vece Volts
ViL Input low level voltage -0.3 0.8 Volts
TA Operating ambient temperature 0 70 °C
"Vcc must be applied at least 100 us before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED)
Symbol Parameter Condition Min Typ Max Units
IN Input leakage current VIN = OV to Voc max 10 HA
lo Output leakage current Vo = 0.2to Vo max +10 pA
Chip Deselected
VoH Output high voltage IoH = —200uA 2.4 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
Icc Supply current—active Outputs Open 40 mA
IsB Supply current—standby Chip Deselected 100 uA
CAPACITANCE, TA = 25°C, f=1 MHZ
Symbol Parameter Condition Min Typ Max Units
CIN Input capacitance All pins except pin under test 10.0 pF
Co Output capacitance are tied to ground 125 pF

54




23C256

AC CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS

Symbol Parameter Min Typ Max Units
A Address Access Time 250 ns .
tce Chip Enable Access Time 250 ns w
[+
toE Output Enable Access Time 120 ns =
) =
tDH Data Hold Time 0 E
toFF CS Active to Data High Impedance 120 ns
AC WAVEFORMS
A
ADDRESS ; t t 5 §< VALID N
ta tDH |=—
O-_E *
CE /“_
toE
tce
QAN )
VALID }@\
DATA Hi-Z K A
—— tOFF—>
*NOTE: Programmable Output Enable OE is assumed to be active low for this example.

‘AC TEST LOAD CIRCUIT AC CONDITIONS OF TEST
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
OUTPUT %1 K0
UNDER
TEST

*100 "FI 1.7k Q %

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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MECHANICAL DATA 28 Pin

23C256

to Standoff

Bottom of Package

CERAMIC DEVICES 1.370-1.430
l«——— Length of Package ———]
Pin 1
anonn nnn l{
0
( .550-.620
Width of Package
gugau uayd
.075-175
Top of Package
.015-.075 to Standoff .120-.160

Length of Lead
from Standoff

Lead
Thickness

o] !

Lead Centers ~o| I‘
.090-.110

—-l I——— Lead
.030-.070 Width

.580- .695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.430-1.480
Length of Package
Pin 1
aonnn ann l{
L]
( .520- .560
Width of Package
gaug guuu
.150-.250
.015-.075 Topof Package 120 160
Bottom of Package o Slandolﬁ Length of Lead
to Standoff I from Standoff

.008-.015 ﬂz ; s&
Lead
Thickness

Lead
Splay

.580-.695

UL

Lead Centers 4‘ |‘
.090-.110

—- |
.030-.070 i

Lead Shoulder .012-.025
Width

All dimensions are inches.

N/CR

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




[UGE] gggl? ¥32K X 8) ROM

® 23257 . .. Non-Power Down ¢ Fully TTL Compatible

e 23257 S. . . Automatic Power Down ¢ 5 VoIt Only Operation

e Fully Static Operation ¢ Byte-Wide Industry Standard
« Silicon Gate NMOS Technology JEDEC Pin-Out

* Maximum Access Times * 0° to 70° Operating Range
23257/232575-20 .. 200ns
23257/23257S-25 .. 250ns
23257/23257S-30 .. 300ns

23257/23257S-45 .. 450ns

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 CS2 is programmable and is defined by the
user to facilitate system memory expansion. The NCR 23257S 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.

NCR 23257 NCR 23257S Vec—
\/ GND ——3»
A14 1 A14 fj 1 28[ Jvee
A12 2 a2 2 27 JNC «
A7 3 a7 [] 3 26[ ] A13 u
A6 4 as [ 4 25 ] a8 8
AS 5 as[]s 24 ] A9 s 32K x 8
A4 6 am[] e 23] A1 AG-A14 7 2 # MEMORY
17
15 w ARRAY
A3 7 a3 ] 7 22[ ] oe* «
o
A2 8 a8 21 J at0 Q
Al 9 a9 20[ JCE
A0 a0 [0 1w[Jar +
Qo ao 1t 18] a6
o o L Rl os CSt/CE ™| output DRIVERS
Q2 o2 []13 16[J aa CS2*0E™* —————
Vss vgg []14 15[ J a3 \i\
8
*Programmable Active High or Low Qo.d7
NOTE: P
23257 Only: Chip Selects CS1 and IN NAMES
C82 are normally AND'd, but may Ag- Ay | Address Inputs OE Output Enable
be internally OR'd at the option of — -
the user. Qy-Qy Data Outputs CE Chip Enable
CSi, Cs2 Chip Selects Vee 5 Volt = 10%
NC No Connection Power Supply

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

Voltage on any pin with respect to

ground ........... ..., ~..—-05t0 +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 Units
Vce Supply voltage* 4.5 5.0 5.5 Volts
VIH Input high level voltage - 20 Vece Volts
ViL Input low level voltage -0.5 0.8 Volts
TA Operating ambient temperature 0 70 °C
*Vcc must be applied at least 100 us before proper device operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER RECOMMENDED
OPERATING CONDITIONS (UNLESS OTHERWISE NOTED)
Symbol Paraméter Condition Min Typ Max Units
IIN Input leakage current VIN = 0V to Ve max, 10 LA
lo Output leakage current Vo = 0.2to Vgc max, =10 . MA
Chip Deselected
VOH Output high voltage loH = =200 A 24 Volts
VoL Output low voltage loL = 3.2mA 0.4 Volts
Icc Supply current — Active Outputs Open 95 mA
Isg* Supply current — Standby Chip Deselected 10 mA
* Applies to 23257S Power Down Version Only
CAPACITANCE, Tp = 25°C, f = 1 MHZ
Symbol Parameter Condition Min Typ Max Units
CiN Input capacitance All pips except pin under test 7.0 pF
Co Output capacitance are tied to ground 125 pF




23257

AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

23257-20 23257-25 23257-30 23257-45
23257S-20 23257S-25 23257S-30 23257S-45
Symbol | Parameter Min Max Min | Max Min Max Min Max Units
7
tA Address Access Time 200 250 300 450 ns E
tce Chip Enable Access Time 200 250 300 450 ns o
tcs Chip Select Access Time 100 120 150 200 ns E
toE Output Enable Access Time 100 120 150 200 ns =
tDH Data Hold Time 0 0 0 0 ns g
tOFF CS Active to Data High 100 120 150 200 ns -5
Impedance
AC WAVEFORMS
4
ADDRESS VALID
tA tDH r—
CSi/CE
CS2*/0E* /"
toE
tcs —»
'ce N
-
S
le——1tOFF
* Programmable Chip Select CS2 and Output Enable OE are assumed to be active low for this example.

AC CONDITION OF TESTS AC TEST LOAD CIRCUIT

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

Input Riseand Fall Times . ............... 10 ns

Output Timing Levels .. ... .. 0.8 Volts to 2.0 Volts +5V

1.2k Q

OUTPUT

UNDER
TEST I

100pF 1.7k Q

* Includes jig capacitance.
All diodes 1N3064 or equivalent.
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23257

MECHANICAL DATA 28 PIN
CERAMIC DEVICES 1.370-1.430
Length ot Package ———{
Pin 1
nnnonon ann I{
0
C .550-.620
Width of Package
guau guu
.075-.175
T f Pack
.015-.075 P Sanaoe.120-.160
Bottom of Package Length of Lead
to Standoft 1 from Standoft
.008-.015 —l—
Lead I
Thickness
Lead
I‘_Splayal Lead Centers ——l I—— ——Il— Lead
.090-.110 .030-.070 Width
.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.430-1.480
Length of Package ———»1
Pin 1
nnno onn I‘{
] °
q .520-.560
Width of Package
guay augd
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff Length of Lead
to Standoff l from Standoff
]
.008-.015 —
Lead
Thickness

Lead Centers

.090-.110

Lead
Splay

.580-.695

.030-.070 "“k

Lead Shoulder
Width

Lead l
Width

.012-.025

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




Chip-On-Board

The NCR Chip-On-Board package isa plished by direct connection to the
low cost, versatile packaging system PCB conductors using standard inte-
eliminating the need for a dual in-line grated circuit assembly equipment.
package in game cartridges and For protection, the chip and wires are
many other applications. With the encapsulated with a thoroughly cured
Chip-On Board (COB) concept, the in-  electronic grade epoxy coating.
tegrated circuit is bonded directly toa  Optionally, protection can be provided
specially designed printed circuit by a Ryton cap.

board (PCB). Wire bonding is accom-

PRODUCT SELECTION GUIDE

ADDRESS CHIP SELECT
NCR ROM ACCESS ACCESS PAGE
BOARD TYPE PART NO. TIME (ns) TIME (ns) NUMBER
ATARI® 2600 VCS™ 2332-45 450 200 63
Registered Trademark of Atari, Inc. 2364A-45* 450 200
23128A-45* 450 200
ATARI® 5200™ 2332-30 300 150 65
Registered Trademark of Atari, Inc. 2364-30 300 150
23128-30 300 150
COLECOVISION® ADAM™ 2332-45 450 200 67
Registered Trademark of 2364-45 450 200
Coleco Industries, Inc. 23128-45 450 200
COMMODORE 64™ 2332-30 300 150 69
Registered Trademark of 2364-30 300 150
Commodore Electronics, inc. 23128-30 300 150
IBM PC JR.™ 2332-25 250 120 71
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
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¢ Cost Effective

e CEM-3 Printed Circuit Board

¢ Gold Edge Connector Plating

¢ Encapsulation With Conformal Epoxy
Coating Or Optional Protective Cap =

¢ Muitiple ROM Densities Available e

oI i
sl 1

nt;'
¥
J
,’

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 any one 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 VCS™

NCR P/N Address Access Time (ns) Chip Select Access (ns)
2332-45 450 ' 200

2364A-45* 450 200

23128A-45* 450 200

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

*Licensed under U.S. Patent Number 4368515

ATARI® 2600 VCS™ is a Registered Trademark of Atari, Inc.
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ATARI® 2600 VCS™

150 MAX 020 —» I.__.
* t —I  — +

JENSIONS ’ _——\_/ \300
DIMENSIONS OF o2 A 5
ENCAPSULATION

- .470 | 450 25
170 (TYP) MAX ——
BREAKAWAY

1.625

+ |

121oI k J | :l_l_
l 1 = m— H
840} — » 1040 (MIN) -100 EQ. SPACED

&R (TYP) A .070 (TYP)
BREAKAWAY

.070 (TYP) —»l .
' =1 1‘-‘—5’3{] —»’ I«—— 225
A § % \ Il
|
- |
|
I
|
I
I
|

N/C R

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
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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 any one 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 P/N Address Access Time (ns) - Chip Select Access (ns)
2332-30 300 150
2364-30 300 150

23128-30 300 150

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.
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ATARI® 5200™

1.718 149
MAXIMUM -190—> 1.636 + 000
DIMENSIONS *o
Su 110 DIA (2)
ENCAPSULATION
[e—1.008
e e 234
—| |«—.150 MAX l 740> 1Bng(_;YK'2MrA¢X
] A ——— ipf :
] T .063 FLAT ?js;‘* Ti 1| 2
> o .06:'3755‘0' l \2 + v + ‘ 420
j 1.408 1 TYP D‘E_____l_______l N 3
F 2000 |
.5?33 3 | _ | ?
- Y i [l00000000po0000o00 068 2
| _F[ — ﬁm
020 x 45° 9% "“"( e Sg%ACED | 945 —»]
' 1
o 1.890 >

N C R

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



mam Chip-On-Board
ColecoVision® (ADAM™)

¢ Cost Effective

e CEM-3 Printed Circuit Board

¢ Gold Edge Connector Plating

e 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 any one 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® (ADAM™)

NCR P/N Address Access Time (ns) Chip Select Access (ns)
2332-45 450 200
2364-45 450 200

23128-45 450 200

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in U.S.A.
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ColecoVision® (ADAM™)
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¥ 1.438 REF
1.354
o R R
L 4 s+ 0000000000000
MAX ‘
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015 .030
(BOTH SIDES) —>| (4—.093 1 }=—.094 (TYP) MAX
BREAKWAY
100 —»| |le—
(14) EQ SPACES - 1310 - .008
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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
1-513-866-7217 Ohio or International
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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.

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 any one 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 P/N Address Access Time (ns) Chip Select Access (ns)
2332-30 300 150
2364-30 300 150

23128-30 300 150

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in U.S.A.
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COMMODORE 64™
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N C R Jirnatan

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 any one 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 JR™

NCR P/N Address Access Time (ns) Chip Select Access (ns)
2332-25 250 120
2364-25 250 120

23128-25 250 120

23256-25 250 120

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

IBM-PC Jr'™ is a Registered Trademark of the International Business Machine Corp. 71




IBM PC JR™
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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- levels. NCR NVRAMs are offered in ﬁ
fecting system performance. This is commercial, industrial, and military =
possible because an NVRAM looks temperature ranges. = =
>
=2

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

PAGE
FUNCTION PART NUMBER ORGANIZATION NUMBER
256 Bit NVRAM NCR 52210 64x4 75
512 Bit NVRAM NCR 52211 128x 4 83
1K NVRAM NCR 52212 256 x 4 91
1K NVRAM NCR 52001 128x8 99
2K NVRAM NCR 52002 256 x 8 107
4K NVRAM 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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mGB ggg 1B(I)T (64 x 4) NVRAM

e 256 BIT Static RAM backed by ¢ Power-Failure Protection
256 BIT Electrically Erasable PROM « Unlimited Recall Cycles
* Fully 5V Only Operation ¢ Memory Margining Capability
¢ Directly TTL Compatible « Operating Ranges
¢ In Circuit E2PROM Changes 52210 0°Cto +70°C
¢ SRAM Cycle Time less than 300 ns 522101 -40°Cto +85°C

52210HR -55°Cto +125°C

(7]
w
o
=F
=c
w =
==

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 FUNCTIONAL saxa
CONFIGURATION BLOCK DIAGRAM / E;E PROM
r ' ARRAY
NC [ 1 ~ 18 3 Vec
A 2 17 3 NC &
A3 [ 3 16 [J A5
A2 3 4 15 [J D3 —
A s 14 [J D2
P.Yo ) gy 13 [ b1
csdrv 12 ] DO w
= 1 3 WE § 64x4
STORE BECALL STATIC RAM
STORE [ 9 10 1 RECALL A0-A2 —>{ O MEMORY
= ARRAY
]
v
PIN NAMES ‘ ——
STORE —* g .. I » D0-D3
AO0-A5 Address Inputs RECALL —| £ % DECODE
we—>{29
DO0-D3 Data I/O Gs—>0°
CsS Chip Select A3-A5
WE Write Enable
STORE | Store Operation
RECALL | Array Recall Operation
Vce 5V + 10% Supply Voltage

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 75
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DEVICE OPERATION

SRAM READ/WRITE

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 datain
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 of the 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 highimpedance 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

Storage temperature without

-0.5t0 +7V

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

dataretention................ -65° ° N AR R
65°Cto +150°C elsewhere in this specification is not implied. E
o
=
=
RECOMMENDED OPERATING CONDITIONS
52210 522101 52210HR**
Symbol Parameter Min Typ | Max | Min Typ Max | Min Typ Max | Unit
Vee Supply voltage 4.5 5.5 45 5.5 4.5 5.5 \
VIH Input high level voltage 2.0 Vce 20 Vecc| 20 Vee | V
ViL Input low level voltage -0.3 08 |-03 08 |-03 0.8 '
TA Ambient Temperature 0 70 -40 85 ~-55 125 °C
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 | Unit
IiN Input leakage VIN = O0Vto +5.5V 0.1 10 0.1 10 0.1 10 HA
current
lo 1/0 leakage current | Vo = 0.4V to 5.5V 0.1 10 0.1 10 0.1 10 HA
Chip Deselected
lcc Supply Current Outputs Open 30 50 30 50 30 60 mA
VOH Output high voltage| IoH = —400uA 24 2.4 24 \
VoL Output low voltage | Io.=2.1 mA 0.4 0.4 0.4 \%
Ts Non-Volatile 1.0 yr
storage time
*Typical values are at 25°C and nominal supply voltages.
CAPACITANCE 1A =25°C, f=1.0MHz, Vgc =5V
52210 522101 52210HR**
Symbol | Parameter Condition Min Typ | Max | Min Typ Max | Min Typ Max | Unit
(o} Capacitance of In- All pins at 10 10 10 pF
put & Data I/O pins VSS (ground)

**The 52210 HR data is preliminary and is subject to change.
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)

READ CYCLE
) 52210 522101 52210HR**
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
twe Write Cycle Time 300 300 450 ns
tcw 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
tow 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
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
tsTZ Store to Output Hi-Z 100 100 100 | ns
Nsc Number of Store Cycles 104 104 104
RECALL CYCLE
52210 522101 52210HR**
Symbol Parameter Min Typ | Max | Min Typ Max | Min Typ Max | Unit
trcC Array Recall Cycle Time 30 70 260 360 us
tRCP Recall Pulse Width 200 200 450 ns
tRcz Recall to Output Hi-Z 100 100 100 ns

**The 52210 HR data is preliminary and is subject to change.
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52210

READ CYCLE

-< tRC >

aooress X X

—_— g — <— tOH toz
L " oamwn
NOTE: During a read operation WE should be held at Vi
WRITE CYCLE
- twc >
D 4 X
- tow >
N N N (L L
[ tAs ——>1w twp > WR je—
" AN N '

tpw—>»1 tpH

R\IATA DATA VALID

— 1 iDTW [ ——] tow | t——

DATA Hi-Z
ouT

NOTE: WE may be asserted prior to CS. tas applies to CS or WE which ever occurs last.

»
w
o
o
=
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=
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STORE CYCLE
- tsTC >
STORE ~ sTP g ’\/
N 4
——J 572 |fe—o
DATA OUT D Hi-z /\/
RECALL CYCLE
- trcc >
- tRcP >
RECALL —jv | /
—>» tAcz |
DATA OUT Hi-Z
A. C. CONDITION OF TESTS TEST LOAD CIRCUIT
Input Pulse Levels ......... . 0.8 Volts to 2.0 Volts
Inputs Rise &Fall Times. ................. 10ns Vce (5V)
Output TimingLevels . ....... 0.8 Volts to 2.0 Volts
Qs
Test
o K

6KQ % —~ 100pF*

* Includes Jig Capacitance
All Diodes IN3064 Or Equivalent




52210

MECHANICAL DATA 18PIN
CERAMIC DEVICES
.870-.910
Length of Package —————»-{
Pin 1
annn nnno l'{
0
C .280-.305
Width of Package
auuy uad
.075-.175
Top of Pack
.015-,075 P Siandds  .120-.160
Bottom of Package Length of Lead
to Standoff 1 from Standoff

.008-.015
Lead
Thickness

Lead
Splay

Lead Centers —ol |<—
.090-.110

——I .-— Lead I
.030-.070 Width

.290-.395 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES
.890-.920
Length of Package ————»]
Pin1
annn aonn I{
0
C .245-.255
Width of Package
guud uud
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package o Standoff Length of Lead
to Standoff

.008-.015
Lead
Thickness

Lead
Splay

.290-.395

!

Lead Centers -—»i |¢~
.090-.110

Width

—-—' I<— Lead
.030-.070 Width

Lead Shoulder .012-.025

from Standoft

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
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mBB 212 22 1B}T (128 x 4) NVRAM

o 512 BIT Static RAM backed by

. e Power-Failure Protection
512 BIT Electrically Erasable PROM « Unlimited Recall Cycles
* Fully 5V Only Operation * Memory Margining Capability
e Directly TTL Compatible « Operating Ranges
« In Circuit E2PROM Changes 52211 0°Cto +70°C
e SRAM Cycle Time less than 300 ns 522111 -40°Cto +85°C

52211 HR -55°Cto +125°C

»
w
T4
o3
=c
w=
=2

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 FUNCTIONAL -
CONFIGURATION BLOCK DIAGRAM / 5%&%%%
— ARRAY
NC ] 1 18 3 Ve
A4 ] 2 17 [ A6 k‘
A3 [ 3 16 1 A5
A2 [ 4 15 [ D3
A1 s 14 [ D2
a0 6 13 [ D1
7 123 oo w
GND 8 11 [ WE 8 s }2gx4
STORE RECALL TATIC RAM
STORE 9 10 [7J RECALL A0-A2 —» W i MEMORY
B ARRAY
o]
[sm
PIN NAMES ! L
STORE —> 3, fiH P e—» D0-D3
A0-A6 Address Inputs RECALL — 5 2
WE—>1 39
D0-D3 Data l/O gs —> ©
CS Chip Select A3-A6
WE Write Enable
STORE | Store Operation
RECALL | Array Recall Operation
vVce 5V + 10% Supply Voltage
Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 83
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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 datain
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 /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 of the 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 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 "5 | 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

Storage temperature without

data retention

-0.5t0 +7V

—-65°Cto +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 52211HR**
Symbol Parameter Min Typ Max | Min Typ Max | Min Typ Max | Unit
Vee Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 Vv
VIH Input high level voltage 2.0 Vee 2.0 Ve | 20 Vec | V
ViL Input low level voltage -03 08 |-03 08 |-03 0.8 \
TA Ambient Temperature 0 70 -40 85 -55 125 °C
All voltages are with respect to ground
STATIC ELECTRICAL CHARACTERISTICS, OVER RECOMMENDED
OPERATION CONDITIONS (UNLESS OTHERWISE NOTED)
52211 522111 52211HR**
Symbol | Parameter Condition Min Typ* | Max | Min Typ* | Max | Min Typ* | Max | Unit
IIN Input leakage VIN = 0Vto +5.5V 0.1 10 0.1 10 0.1 10 HA
current
lo 1/0 leakage current | Vg = 0.4V to 5.5V 0.1 10 0.1 10 0.1 10 HA
Chip Deselected
Icc Supply Current Outputs Open 30 50 30 50 30 60 mA
VOH Output high voltage| IoH = —400uA 2.4 2.4 2.4 Y
VoL Output low voltage | IoL=2.1mA 04 0.4 0.4 \
Ts Non-Volatile 1.0 yr
storage time
’;Typical values are at 25°C and nominal supply voltages.
CAPACITANCE T4 =25°C, f=1.0MHz, Vcg =5V
52211 522111 52211HR**
Symbol | Parameter Condition Min Typ Max | Min Typ Max | Min Typ Max | Unit
c Capacitance of In- All pins at 10 10 10 pF
put & Data 1/O pins VSS (ground)

MEMORIES
NVRAM
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)

READ CYCLE
52211 522111 52211HR**
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 20 ns
Impedance Time
WRITE CYCLE
52211 522111 52211HR**
Symbol Parameter Min Typ Max | Min Typ Max | Min Typ Max | Unit
twe Write Cycle Time 300 300 450 ns
tcw Chip Select to End of Write 150 150 300 ns
twp Write Pulse Width 150 150 300 ns
twR Write Release Time 25 25 25 ns
tpTW Output High Impedence 100 100 100 | ns
From Write Enable
tpw 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
52211 52211l 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 104 104 104
RECALL CYCLE
52211 522111 52211HR**
Symbol Parameter Min Typ | Max | Min Typ | Max | Min Typ | Max | Unit
tRcc Array Recall Cycle Time 30 70 260 360 us
tRCP Recall Pulse Width 200 200 450 ns
trRcz Recall to Output Hi-Z 100 100 100 ns

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

READ CYCLE
- tRC >
ADDRESS /< ><
- tacc .
- tcs »

oS — T\
\

— A E——

DATA Hi-Z
ouT

lt— tOH

K

DATA VALID

NOTE: During a read operation WE should be held at V-

toz

WRITE CYCLE
- twe >
ADDRESS >< >(
- tcw >
BN, ) N LSS
je———tAS ——> WP ——— tWR |
WE
ANNIN A
l¢«— tpyy—>»{ iDH jt—
I':::\TA >< DATA VALID _)(
—1 tpTW |e— —— tow | —
DATA Hi-Z
out

NOTE: WE may be asserted prior to CS. tag applies to CS or WE which ever occurs last.

MEMORIES
NVRAM
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STORE CYCLE
- tsTC >
. - tsTP > /\/
STORE
N ./
—»| 1572 |a—
DATA OUT Hi-Z /\/
RECALL CYCLE
4——; tRCC —————— >
- tRcP >
RECALL
N v
DATA OUT Hi-2
A.C. CONDITION OF TESTS TEST LOAD CIRCUIT
Input Pulse Levels .......... 0.8 Volts to 2.0 Volts '
Inputs Rise & Fall Times. . ................ 10ns Ve (5V)
Output Timing Levels. ....... 0.8 Volts to 2.0 Volts
Output
Undor . 1840
Test L
o N
6KQ 2 —~ 100pF*
L

* Includes Jig Capacitance

All Diodes IN3064 Or Equivalent
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MECHANICAL DATA  18PIN
CERAMIC DEVICES

.870-.910
l«———— Length of Package
Pin 1 m
onnn nnn r{ Es
0 E é
q .280-.305 =2
Width of Package
gouuyd guuu
.075-.175
.015-.075 TP kg 120-.160
Bottom of Package Length of Lead
to Standoft 1 from Standoff

.008-.015
Lead T
Thickness
|‘— Lead _’I Lead Centers ——I }4— —-I Io— Lead
Splay .090-.110 .030-.070 Width

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

All dimensions are inches.

PLASTIC DEVICES

.890-.920
Length of Package ————]
Pin 1
annon nnn{
L]
C .245-.255
Width of Package
guuu uuuu
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package o Standoff Length of Lead
to Standoff l from Standoff
.008-.015
Lead
Thickness
g —] Legggeq*:g l* 030-070 - ~ Wan
.290-.395 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
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mGE 51;!2(2B1I$ (256 x 4) NVRAM

» 1K Bit Static RAM backed by ¢ Power-Failure Protection
1K Bit Electrically Erasable PROM ¢ Unlimited Recall Cycles

* Fully 5V Only Operation * Memory Margining Capability

¢ Directly TTL Compatible * Operating Ranges

* In Circuit E2PROM Changes 52212 0°C to +70°C »

¢ SRAM Cycle Time less than 300 ns 522121 -40°C to +85°C ‘é‘

52212HR  -55°Cto +125°C o3

S
==

The NCR 52212 non-volatile RAM combines 1K(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 FUNCTIONAL 2564
CONFIGURATION BLOCK DIAGRAM / 5125 PROM
ARRAY
=R = L
A4 g 2 17 3 A6 K
A3 3 16 [J A5
A2 ] 4 15 [ D3 .
A [ s 14 [] D2
r e 13 3 o1
cs v 12 [ po ‘,5’
GND [ 8 1 [ WE 8 256 x 4
STORE RECALL STATIC RAM
STORE 9 10 (3 RECALL AG-A3 —>{ U VEMORY
E ARRAY
[¢]
@
PIN NAMES ! .
STORE —» = | COLUMN > D0-D3
3 » DO-
AO-A7 | Address Inputs RECALL —>| £ 2 DECODE
WE—> 39
DO-D3 Data I/O & —> 8
CS Chip Select A4-A7
WE Write Enable
STORE Store Operation
RECALL | Array Recall Operation
Vce 5V +10% Supply Voltage
Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A. 91
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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.

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/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 of the 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 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 ™55 | 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.
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ABSOLUTE MAXIMUM RATINGS

All inputs or outputs relative Stresses above ‘‘absolute maximum ratings” may
toground.............. .. ... -0.5t0 +7V result in damage to the device. Functional operation
Storage temperature withot bove the recommended operationalimis stipuated
dataretention. ............... -65°Cto +150°Cc ~ apovetnerecon d operational imis Stipu »
elsewhere in this specification is not implied. w
o0
o3
S
>
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RECOMMENDED OPERATING CONDITIONS
52212 52212l 52212HR **
Symbol Parameter Min Typ | Max | Min Typ Max | Min Typ Max | Unit
Vece Supply voltage 4.5 5.5 4.5 5.5 4.5 55 Vv
VIH Input high level voltage 2.0 Vee 2.0 Vec | 20 Vec | V
ViL Input low level voltage -0.3 08 |-03 08 |-03 0.8 \
TA Ambient Temperature 0 70 -40 85 |-55 125 °C

All voltages are with respect to ground

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

52212 522121 52212HR**
Symbol | Parameter Condition Min Typ* | Max | Min Typ* | Max | Min Typ* | Max | Unit
IIN Input leakage VIN = 0Vto +5.5V 0.1 10 0.1 10 0.1 10 HA
current
o 1/0 leakage current | Vo = 0.4V to 5.5V 0.1 10 0.1 10 0.1 10 HA
Chip Deselected
lcc Supply Current Outputs Open 30 50 30 50 30 60 mA
VOH Output high voltage| IoH = —400uA 2.4 2.4 24 \
VoL Output low voltage | loL=2.1mA 0.4 0.4 0.4 \
Ts Non-Volatile 1.0 yr
storage time

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

CAPACITANCE 14 =25°C, f=1.0MHz, Vcc =5V

52212 522121 52212HR**
Symbol | Parameter Condition Min Typ Max | Min Typ Max | Min Typ Max | Unit
c Capacitance of In- All pins at 10 10 10 pF
put & Data 1/0 pins VSS (ground)

**The 52212 HR data is preliminary and is subject to change.
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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 52212HR **
Symbol Parameter Min Typ | Max | Min Typ Max | Min Typ Max | Unit
twe Write Cycle Time 300 300 450 ns
tcw Chip Select to End of Write 150 150 300 ns
twp Write Pulse Width 150 150 300 ns
twR Write Release Time - 25 25 25 ns
tpTw Output High Impedence 100 100 100 ns
From Write Enable
tpw 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 52212l 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
5TZ Store to Output Hi-Z 100 100 100 ns
Nsc Number of Store Cycles 104 104 104
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 us
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.




52212

READ CYCLE
- tRC >
ADDRESS /< >< @
- tacc > S
=
_ i
cs —‘—_‘—\4———-——— 0] JE—— =
e
—> tp |fe— — tOH toz
DATA Hi-Z
ouT K DATA VALID
NOTE: During a read operation WE should be held at V|4
WRITE CYCLE
- twc >
ADDRESS > < > <
- tcw >

AN N (S

tWp——>| tWR |e—

t«—— tAS ——>

- ANNN A

l«— tpy—>» iDH jt—
DATA N N\
IN A < DATA VALID ) <
> tDTW |[*— —] tow je——
DATA Hi-Z
ouTt

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

tsTC

- tsTP

STORE ——\

—»| 18TZ |je—

DATA OUT Hi-Z

N~

RECALL CYCLE

RECALL T\
<

l«———— tRCP ———————>

[*— tRCC —_—

—» tRCZ |e—

DATA OUT Hi-2
A.C.CONDITION OF TESTS TEST LOAD CIRCUIT
Input Pulse Levels .......... 0.8 Volts to 2.0 Volts
Inputs Rise &Fall Times. . ................ 10ns Ve (BY)
Output Timing Levels . . ... ... 0.8 Volts to 2.0 Volts
Output
Dy 1.8KQ
Test
L1
sm% = 100pF*
4

* Includes Jig Capacitance

All Diodes IN3064 Or Equivalent
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MECHANICAL DATA  18PIN
CERAMIC DEVICES

.870-.910
Length of Package —————{
Pin1 w
nnnn nond) =
0 o E
=
( -280-305 €=
Width of Package
gy guud
.075-.175
015-.075 TP O Rk 120-.160
. . to Standoft . .
Bottom of Package Length of Lead
to Standoff l from Standoft

.008-.015
Lead T
Thickness
}‘—'s‘ef: —’l Lead Centers ——1 }4— ‘.“_7 Lead
piay .090-.110 .030-.070 Width

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

All dimensions are inches.

PLASTIC DEVICES

.890-.920
Length of Package ———»1
Pin 1
annn onn I{
L]
( .245-.255
Width of Package
gy uuud
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package o Standoff Length of Lead
Io Standoft l from Standoft
.008-.015
Lead
Thickness
I'—ls'glaa‘;"‘ Lead Centers —'! -— \‘ﬁ?j?h
- .030-.070 !
290-.395 090-.110 s 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

52212



mG 52001
1K BIT (128 x 8)NVRAM

¢ 1K Bit Static RAM backed by ¢ Unlimited Recall Cycles
1K Bit Electrically Erasable PROM * Memory Margining Capability
® Fully 5V Only Operation ¢ Operating ranges
¢ Directly TTL Compatible 52001 .........ciiiiiiann, 0°Cto +70°C
* In Circuit EEPROM Changes 520011 ........0cviviennnn. -40°Cto +85°C
52001HR ................. -565°C to +125°C

¢ SRAM Cycle Time less than 300 ns
* Power-Failure Protection

7]
w
[
(=]
=
]
=

NVRAM

The NCR 52001 non-volatile RAM combines 1K (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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
U 128 x 8
EEPROM
ne O] 241 ] Voo MEMORY ARRAY
as[] 2 23[]NC /
s 3 22 [T NC k
Ads[] 4 21 [JWE
A3 [] s 20 [] OE
a2[] e 19\ w
M7 18] C8 e 128 x 8
A3-AE —»{ 5 [ STATIC RAM
N ] 17[]o7 z MEMORY: ARRAY
Do[] o 16 [] D6 o«
D1 [ 10 15 [] D5
D2 : 11 14 [] D4 _ L -
g |
aNo [ 12 13 [] 03 E%—> ,EE)% 4  COLUMN DECODE  [e—»- D0-D7
WE—> 39
OE—» O
A0-A2
PIN NAMES
AO-A6 Address Inputs WE Write Enable
D0-D7 Data I/0 OE Output Enable
Ccs Chip Select NC No Connection
NV Non-Volatile Enable Vece +5 Volts +10%

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in the U.S.A. 99
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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 (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 (VC(C) 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 /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 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
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ABSOLUTE MAXIMUM RATINGS ;

All inputs or outputs relative to Vss. . . ... -05t0 +7V Stress above ‘“‘absolute maximum ratings” may result in
Storage temperature without damage to the device. Functional operation of devices at
dataretention ...................— 65°C to + 150°C the “absolute maximum ratings” or above the recom-

mended operational limits stipulated elsewhere in this
specification is not implied.

(7]
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RECOMMENDED OPERATING CONDITIONS

52001 520011 52001HR **
Symbol | Parameter Min Typ Max | Min Typ Max | Min Typ Max Unit
Vee Supply voltage 4.5 5.0 55| 45 5.0 55( 45 5.0 5.5 v
VIH Input high level voitage 2.0 Veo | 20 Vee | 20 Vee \
ViL Input low level voltage -0.3 0.8)-0.3 0.8|-03 0.8 \
TA Ambient Temperature 0 70 -40 85 -55 125 °C

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 Unit
IIN Input leakage current VN = OVTO 5.5V 0.1 10 0.1 10 0.1 10 KA
lo lp leakage current Vo = 0.4V TO 5.5V 0.1 10 01 [ 10 0.1 10 A

Chip

Deselected
Icc Supply Current Outputs Open 35 70 45 80 80
VoH Output High Voltage loH = -400uA 2.4 2.4 2.4 \
VoL Output Low Voltage loL=2.1mA 0.4 0.4 0.4 \
Ts Non-Volatile storage time 1.0 yr

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

CAPACITANCE T4 =25°C, f=1.0 MHz, Vg =5V

52001 520011 52001HR * *
Symbol | Parameter Condition Min Typ Max | Min Typ* Max | Min Typ Max Unit
c Capacitance of Input All pins at 10 10 10 pF
& Data /O pins VSS (ground)

**The 52001HR Data is preliminary and is subject to change.
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS
(UNLESS OTHERWISE NOTED)

52001 520011 52001HR* *

Syn'ibol 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 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 90 920 - 90 ns

High Impedance Time
WRITE CYCLE
52001 520011 52001HR* *

Symbol | Parameter Min Typ Max | Min Typ Max | Min Typ Max Unit
twe 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
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 104 104 104 cycle

52001 520011 52001HR**

Symbol | Parameter Min Typ Max | Min Typ Max | Min Typ Max Unit
tRce Array Recall Cycle Time 70 260 360 us
tNO NV to Output Overlap 200 450 450 ) ns
NS NV Setup time 0 0 0 ns
trcz Recall to Output Hi-Z 100 - 100 100 ns

* *The 52001HR Data is preliminary and is subject to change.
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READ CYCLE
- tRC
ADDRESS X X &
tacc S
Cs tcs =
N i =
toz
— toe
T Wi
N—
e tOH
«— tA —|
i-Z
DATA Hi VALID DATA —
NOTE: During a read operation WE should be held at Vj.

WRITE CYCLE

twe

ADDRESS >Q ><
oE /74

Cs
g
< 1AS twR

tw
WE
¥
tDw—>t<— tDH
Hi-Z
DATA ' VALID DATA

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

tsTC

le— NS —>ta— tNW

[e——1STZ ——>

DATA Hi-z
RECALL CYCLE
tRcC
NV — / N

le— tNS —»|«— tNO —>

|«—— tRCZ —
Hi-z
DATA
NOTE: After a STORE or RECALL operation any other operation can take place.
A. C. CONDITIONS OF TESTS TEST LOAD CIRCUIT
Input Pulse Levels . ............. 0.8 \Volts to 2.0 Volts : v
Input Rise & Fall Times .................... 10 nsec +5
Output Timing Levels ............ 0.8 Volts to 2.0 Volts
Output :
Under 1.8Ka
Test
O
6KQ —— 100pF*
=
* Includes Jig Capacitance
All Diodes IN3064 Or Equivalent
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MECHANICAL DATA 24 PIN

CERAMIC DEVICES 1170-1.230
Length of Package ————» Pin 1
nnnno nnnd ]
) L=
2=
C .560-.620 rrf 3
Width of Package ==
gauyg uguud
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
lo Standoff from Standoff
.008-.015
Lead
Thickness
'-_Iéglaac;‘.l Lead Centers A'I - '\ﬁg‘;‘h
.090-.110 .030-.070 !
.580-.695 Lead Shoulder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
|———— Length of Package ————»]
Pin 1
aonao an l'LI'{
0
( .520-.560
Width of Package
uuudy uuud
.150-.250
Top of Package
.015-.075 fo Standoft  420-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 - —L
Lead
Thickness |
Iﬁégg‘;—’I Lead Centers —-—I l-— 070 —’”"— I\ﬁg?h
.090-.110 .030-.07! !
.580- .695 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
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mG 52002
2K BIT (256 x 8)NVRAM

e 2K Bit Static RAM backed by ¢ Unlimited Recall Cycles
2K Bit Electrically Erasable PROM  Memory Margining Capability
¢ Fully 5V Only Operation * Operating ranges
¢ Directly TTL Compatible 52002 .......cc0iiiiiinnnnn 0°Cto +70°C
* In Circuit EEPROM Changes 52002l.........c00cihininnnn -40°C to +85°C
52002HR................. -55°Cto +125°C

e SRAM Cycle Time less than 300 ns
e Power-Failure Protection

»
uw
4
o3
=
ws
=2

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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
256 x 8
S : EEPROM
ar[] 1 24 v / MEMORY ARRAY
ae[] 2 23] NC __/
A5 Ij 3 22[J NC k
Ad[] 4 21 ] WE
A3[] s 20 (] GE
A2[] s 19\ w
M7 18[ T3 3 256 x 8
A3A7 — & |H STATIC RAM
AO[C] 8 17[]07 g MEMORY ARRAY
Do[] 9 16 D6 «
D1 [] 10 15 gos
D2 ] 1 14 ] D4 _ L '
-
onp [ 12 13 tl 03 %—’ g(% H  COLUMN DECODE  fe— DO-D7
WE 39
Ot — ©
AO-A2
PIN NAMES
AO-A7 Address Inputs WE Write Enable
D0-D7 Data I/0 OE Output Enable
Cs Chip Select NC No Connection
NV Non-Volatile Enable Vce +5 Volts +10%

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in the US.A. 107
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DEVICE OPERATION

SRAM READ/WRITE

The NCR 52002 can be read like a conventional static RAM. With CS and OE low and WE hrgh 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 I/0 terminals are in a high impedance state during a non-volatile operation (| e., Store or Re-
call). When a non-volatile cycle is initiated, all other operations are inhibited until the flrst operation is
complete.

MEMORY MARGINING

The NCR 52002 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
WRTE| L | H L | H
STORE | X | L L | H
RECALL| X L | H L




ABSOLUTE MAXIMUM RATINGS

All inputs or outputs relative to Vss. . . . . . -05t0 +7V

Storage temperature without

data retention

....... -65°C to + 150°C

52002

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 Unit
Voo Supply voltage 45 5.0 55| 45| 50 55| 45 | 5.0 5.5 v
VIH Input high level voltage 20 Vec | 20 Vee | 20 Vee \
ViL Input low level voltage -0.3 08| -0.3 0.8|-03 0.8 \
TA Ambient Temperature 0 70 -40 85 -55 125 °C

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 Unit
IIN Input leakage current VIN = OV TO 5.5V 0.1 10 0.1 10 0.1 10 uA
lo lp leakage current Vo = 0.4V TO 5.5V 0.1 10 0.1 10 0.1 10 A

Chip

Deselected
lcc Supply Current Outputs Open 35 70 45 80 45 80 mA
VoH Output High Voltage loH = —400uA 24 24 24 \
VoL Output Low Voltage loL=2.1mA 0.4 0.4 0.4 \
Ts Non-Volatile storage time 1.0 yr

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

CAPACITANCE Ta=25°C, f=1.0 MHz, Vcc =5V

52002 520021 52002HR**
Symbol | Parameter Condition Min Typ Max | Min Typ* Max | Min Typ Max Unit
c Capacitance of Input All pins at 10 10 10 pF
& Data I/O pins VSS (ground)

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

MEMORIES
NVRAM
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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
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
52002 520021 52002HR* *
Symbol | Parameter Min Typ Max | Min Typ Max | Min Typ Max Unit
twe Write Cycle Time 300 300 450 ns
tw Wirite 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
52002 520021 52002HR**
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
NS 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
trRcc Array Recall Cycle Time 70 . 260 360 us
iNO 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 52002HR Data is preliminary and is subject to change.




52002

READ CYCLE
tRC
ADDRESS X X @
_ tacc é
CS < tcs
ﬁ g w
K // =
- toz
toE
OE ——x Z(
S
< tOH
«—— tA ——»]
i-Z
DATA Hi VALID DATA
NOTE: During a read operation WE should be held at V).

WRITE CYCLE

twe

ADDRESS >< ><
OF 7/4

cs
g
< tAS twR

— tw
WE

N 1%

I~ tpW—t=— {pH
. HiZ

DATA ' VALID DATA

NOTE: WE may be asserted prior to CS. tag applies to CS or WE whichever occurs last.
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NICIR

STORE CYCLE
tsTC
NV —-——-——\ N
\
le— tNS —>1e— tNW
WE \ — Va
ts1Z
DATA HiZ
RECALL CYCLE
trcc
NV T\ n%
.
le— INS —»1<— INO
OE \ / N
|«—— tRCZ —
Hi-Z
DATA
NOTE: After a STORE or RECALL operation any other operation can take place.
A. C. CONDITIONS OF TESTS TEST LOAD CIRCUIT
Input Pulse Levels .............. 0.8 Volts to 2.0 Volts
Input Rise & Fall TIMES .. ....vvvenerennn.. 10 nsec +5v
Output Timing Levels ............ 0.8 Volts to 2.0 Volts
Output
Under 1.8Ka
Test
O
6K = 100pF*
-
* Includes Jig Capacitance
All Diodes IN3064 Or Equivalent
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MECHANICAL DATA 24 PIN
CERAMIC DEVICES 1.170-1.230
Length of Package ————
Pin 1
annno nnn l‘{
.
.560-.620
9 Width of Package
duuyg guau
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 pr—
Lead
Thickness

Lead
Splay

Lead Centers A—| ~>I «— Lead
.090-.110 .030-.070 Width
Lead Shoulder .

.008-.015
Lead
Thickness

Lead
Splay

.580- .695

.580-.695 012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
l«—————— Length of Package ———f
Pin 1
aonan ann [{
[ ]
c .520-.560
Width of Package
auud guuad
.150-.250
Top of Package
.015-.075 to Standoff 120-.160
Bottom of Package Length of Lead
to Standoft

from Standoff

1
+

Lead Centers -—l |<— ——‘Iq——
.090-.110 .030-.070

Lead Shoulder
Width

Lead
Width

.012-.025

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
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mE 52004 |
4K BIT (512 x 8)NVRA

¢ 4K Bit Static RAM backed by ¢ Unlimited Recall Cycles
4K Bit Electrically Erasable PROM « Memory Margining Capability

* Fully 5V Only Operation « Operating ranges

¢ Directly TTL Compatible 52004 ...........cciiininnnnn 0°Cto +70°C

* In Circuit EEPROM Changes 520041...........cchiunn -40°C to +85°C »

« SRAM Cycle Time less than 300 ns 52004HR................. -55°C to +125°C &

¢ Power-Failure Protection % E
=2

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 TTL 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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
512x8
52004 52004-28 EEPROM
U \_J / MEMORY ARRAY
A7|‘: 1 24[ v, W[ 1 28 [ vee e
A6 2 28 Jas  Nc[] 2 27 [ WE &
as[] 3 2[JNC A7T[] 3 26 ] NC
Ad[] 4 2[JWE  as (] 4 25 ] r8
A3 s 20["] OE As [ s 24 [ NC A
D —_ 8 512x 8
A2[] 6 o[ W A s 23] NC rans —nf B |- STATIC RAM
Cs : OE MEMORY ARRAY
A 7 18[]C8 a3 ] 7 22 [] GE §
A0 8 1707 a2 8 21 [ ne
Do} 9 6 J06 a1 [] o 20[]¢C8 ; I
D1 [] 10 15[ JD5 A0 []10 19 [ ] b7 —
. N — 5 }- COLUMN DECODE  {be— D0-D7
D2 ] 11 14 []D po |11 18 [] D6 CS— gg
GND [] 12 13[]o3 D1 []12 17 ] ps V(_‘)’lé > 8—J T
p2 []13 16 [] D4 AO-A3
GND [j 14 15 [ b3
PIN NAMES
A0-A8 Address Inputs WE Write Enable
DO-D7 Data 1/0 OE Output Enable
CS Chip Select NC No Connection
NV Non-Volatile Enable Vee +5 Volts +10%
Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A. This is advance information and NCR reserves the

All Rights Reserved. Printed in the U.S.A. : 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 (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 (VC() 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 I/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 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
STORE | X L L | H
RECALL X | L | H L




52004

ABSOLUTE MAXIMUM RATINGS

All inputs or outputs relative to Vss. . . . . . -0.5t0 +7V Stress above “absolute maximum ratings” may result in
Storage temperature without damage to the device. Functional operation of devices at
dataretention ................... -65°C to + 150°C the ‘“‘absolute maximum ratings” or above the recom-

mended operational limits stipulated elsewhere in this
specification is not implied.

MEMORIES
NVRAM

RECOMMENDED OPERATING CONDITIONS

52004 520041 52004HR **
Symbol | Parameter Min Typ Max | Min Typ Max | Min Typ Max Unit
Vee Supply voltage 4.5 5.0 55| 45 5.0 55| 45 5.0 5.5 3
VIH Input high level voltage 2.0 Vee | 20 Veel 20 Vce \
ViL Input low level voltage -0.3 08| -03 08|-03 0.8 \
TA Ambient Temperature 0 70 -40 85 -55 125 °C

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 Unit
IIN Input leakage current VIN = 0VTO 5.5V 0.1 10 0.1 10 0.1 10 pA
lo lp leakage current Vo = 0.4VTO 5.5V 0.1 10 0.1 10 0.1 10 uA

Chip

Deselected
Icc Supply Current Outputs Open 35 70 45 80 45 80 mA
VoH Output High Voltage loH = -400pA 24 2.4 2.4 v
VoL Output Low Voltage loL=2.1mA 0.4 0.4 0.4 \
Ts Non-Volatile storage time TBD yr

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

CAPACITANCE T1a=25°C, f=1.0 MHz, Vcc =5V

52004 520041 52004HR **
Symbol | Parameter Condition Min Typ Max | Min Typ* Max | Min Typ Max Unit
Capacitance of Input All pins at 10 10 10 pF
¢ & Data /O pins VSS (ground)

* *The 52004HR Data is preliminary and is subject to change.
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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 | Mir: Typ Max Unit
twe 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
INW NV to Write Overlap 100 100 100 |. ns
NS 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 us
tNO NV to Output Overlap 200 450 450 ns
tNS NV Setup time 0 4] 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
tRC
ADDRESS X X «
- tacc § =
cs 1cs ws
4 =
X /D z
toz
oE toE
: 4
N )77
letOH
«— tA —]
Hi-Z
DATA VALID DATA
NOTE: During a read operation WE should be held at V.
WRITE CYCLE
twc
ADDRESS )Q ><
OF _
cs
A
< tAS twR
— tw
WE
N ¥
tDW->{<— tDH
Hi-Z
DATA VALID DATA
NOTE: WE may be asserted prior to CS. tag applies to CS or WE whichever occurs last.
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N/CR

STORE CYCLE
-— tsTC
N : -
W
le— tNS —>je— tINW .
WE — —
tsTz
Hi-Z

DATA

RECALL CYCLE
tRcc
NV —_— s ~ N
le— INS —e— INO —>
6E \ / \/\
trcz
Hi-Zz
DATA
NOTE: After a STORE or RECALL operation any other operation can take place.
A. C. CONDITIONS OF TESTS TEST LOAD CIRCUIT
Input Pulse Levels .............. 0.8 Volts to 2.0 Volts
Input Rise & Fall Times .................... 10 nsec +5V
-Output Timing Levels ............ 0.8 Volts to 2.0 Volts
Output
Under 1.8KQ
Test
(o,
6KQ 100pF*

4
* Includes Jig Capacitance
Ali Diodes IN3064 Or Equivalent
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MECHANICAL DATA 24 PIN
CERAMIC DEVICES 1.170-1.230
le«——— Length of Package ————
Pin 1
annn nnn{
[ ]
.560-.620
q Width of Package
guuu guoadu
.075-.175
Top of Package
.015-.075 v to Standoff 120-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 —]—
Lead
Thickness
I‘—;:;dy—.l 0%0. 91‘7'8"' "‘ 030-.070 _.I Vi
.580-.695 R Lead -S'houlder .012-.025
Width
All dimensions are inches.
PLASTIC DEVICES 1.230-1.270
}«———— Length of Package ———1 P 1
n
anao nnn
0
( .520-.560
Width of Package
guuad guug
.150-.250
Top of Package
.015-.075 to Standoff— 420-.160
Bottom of Package Length of Lead
to Standoff from Standoff
.008-.015 —_ V V W V W W V w
Lead
Thickness

Lead
Splay

.580-.695

Lead Centers -»’ l« a“&
.090-.110 .030-.070

Lead Shoulder
Width

Lead
Width

.012-.025

All dimensions are inches.

MEMORIES
NVRAM
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MECHANICAL DATA

52004

CERAMIC DEVICES

.008-.015
Lead
Thickness

Lead
Splay

28 Pin
1.370-1.430
Length of Package ————]
Pin 1
annno ann l{
0
¢ .550-.620
Width of Package
guuu - gaud
.075-.175
T f Pack:
015-.075 ® o Sandol .120-.160
Bottom of Package Length of Lead
to Standoff

from Standoft

Lead Centers

‘__ ﬂ”‘i Wi
.030-.070 i
Lead Shoulder .012-.025

.008-.015
Lead
Thickness

Lead
Splay

.580- .695

.580- .695 090-110
Width
All dimensions are inches.
1.430-1.480
PLASTIC DEVICES e Length of Package —— | .
in
aonon an
L]
( .520- .560
Width of Package
uuag guud
.150-.250
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoff

from Standoff

Lead Centers ——l '——
.090-.110

—I |<— Lead
.030-.070 Width

Lead Shoulder
Width

.012-.025

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



Electrically Erasable PROM

The NCR family of EEPROMs includes are 5 volt only devices with all high

small organization serial devices for erase/write voltages being generated
applications requiring a limited on chip. This combination of high
amount of storage capability. The density and 5 volt only operation
NCR family also includes high density ~ places NCR in the leadership position g
by eight devices for applications re- in EEPROMs. NCR EEPROMs are of- e«
quiring maximum data storage. All fered in commercial, industrial, and ¢hu
members of the NCR EEPROM family  military temperature ranges. =
s

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 64 x 16 143

32K EEPROM NCR 52832 4Kx 8 149

64K EEPROM NCR 52864 8Kx 8 157

CROSS REFERENCE LISTING

NCR
PART NUMBER EQUIVALENT

NCR 52801 MOTOROLA MCM 2801
NCR 59306 | NATIONAL  NMC 9306
Gl ER 59256
NCR 59308 | NATIONAL  NMC 9346
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mBE 25526?2;"!' (16 X 16) EEPROM

=
o
&
® Electrically Erasable PROM e Fully TTL Compatible ¢
¢ Advanced SNOS N-Channel Technology e Serial I/0 g
e 5 Volt Only Operation e Unlimited Read Accesses Z
® In-System Reprogrammability e 125 kHz Maximum Clock Rate =
o 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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
I\ BE
ne [ 1 141 vVee Yy
*wm []2 13[__] cTR1 - «
w w
Ne []3 12[_] cTR2 Vee 26 8
3 2 256-BIT
BE []4 11[ ] cTR3 Vss iy a MEMORY
CLK =0 7 ARRAY
«waND (5 10 NC fg £
CE[s o[ ] CLK & 2 2
. .
vss [(]7 1w 7 I
CTR1 —» 3
ctRe —=| £ 1 @
*Tie to Vgg for normal operation. CTR3 —»{ § > - 16-BIT SERIAL
Mux > DATA REGISTER
wo |
1o BUFFER

Copyright © 1983 by NCR Corporation, Dayton, Ohio, U.S.A.
All Rights Reserved. Printed in U.S.A. 125
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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 /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 tg min., the Write code is applied and held for at least tyy 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 tg 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). Aty T time
(defined as the negative edge of BE to the positive edge of the clock) of 8 us 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 /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 tg. This pin can be tied to Vgg during normal operation.
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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. g
0@
COMMENTS o
® The device should not be in the programming mode (i.e. Erase or Write) during power-up or power-down. E
e 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 followmg conditions must exist: =
— CS held high — Control Lines held low
— CLK held low — Control Lines held high
MODE SELECTION ABSOLUTE MAXIMUM RATINGS
Mode CTR3 | CTR2 | CTR1 Voltage on Any Pin
Standby 1 1 1 Relativeto Vgg. .. ...l +8 to —0.5V
Word Erase 1 0 0 Storage Temperature (Without
Write 0 1 0 Data Retention)................. —65to +150°C
Serial Data Out ! ! o Stress above “absolute maximum ratings” may result
Serial Address In 0 0 ! in damage to the device. Functional operation of
Serial Data In ! 0 1 devices at the “absolute maximum ratings” or above
Read 0 1 ! the recommended operational limits stipulated else-
Standby 0 0 ° where in this specification is not implied.

RECOMMENDED OPERATING CONDITIONS

52801 528011 Units
Symbol Parameter Min Typ. | Max. Min. | Typ.| Max.
Vce Supply Voltage. (See NOTE 1) 45| 5.0 55 451 5.0 5.5 \
ViH Input High Voltage 2.0 Vee + 1 2.0 Vee + 1 \
ViL Input Low Voltage -0.1 0.8 -0.1 0.8 \
Ta Ambient Temperature 0 70 —-40 85 °C
NOTE 1. Vg must be applied at least 100us before proper operation is achieved.
STATIC ELECTRICAL CHARACTERISTICS OVER
RECOMMENDED OPERATING CONDITIONS
52801 528011 Units
Symbol Parameter Condition Min | Typ. | Max. Min. | Typ.| Max.
IIN Input Current Vin = 0TO Ve 10 10 HA
lcc Ve Supply Current Vce = 5.5V 15 20 mA
VoL Output Low Voltage loL = 1.6 mA 0.4 0.4 v
VOH Output High Voltage IoH = 0.1 mA 24 2.4 \
Ts Non-Volatile Data Following Min. Erase| 10 10 Yr.
Storage Time and Write Timings,
: NEw < 104 Cycles
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min. Typ. Max. Unit
tg Erase Time 100 ms
tw Write Time 10 50 ms
tCHCL Clock High Level Hold Time 4 10 us
tcLCH Clock Low Level Hold Time 4 us
tR Clock Rise Time 5 1000 ns
tF Clock Fall Time 5 1000 ns
tSLCH Chip Select Setup 1 us
tCLSH Chip Select Hold 1 us
tcHaQv Data Out Delay 1 us
taveL Address In Setup 1 us
tpveL Data In Setup 1 us
tcLDX Data In Hold 200 ns
tCTRVCH Control Setup 1 us
tCTRX Control Hold 50 ns
tcHQz Data Off Time From Clock 3 us
tsLax Chip Select Low to Output Active 2 us
tsHQzZ Chip Select High to Output Inactive 2 us
Ngw Number of Erase/Write Cycles (See NOTE 2) 104 cycles

NOTE 2. The specified maximum of 104 cycles will ensure a Tg min. of 10 years,
increasing Ng/w beyond 104 cycles will degrade Tg logarithmically.

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

2kQ

OUTPUT UNDER
_TEST

*100pF

* Includes Jig Capacitance.
All diodes IN 3064 or equivalent.
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WAVE FORMS
CLOCK CYCLE DETAIL 3
. w i
t 2
e [—r-toLsn o
f {cHoL fe—tcLeH—> v
17'- \L 2;—— IH
CLK _,! :q—tR 1 te _>|I le—1R
' 1.
tstax—! =T T (CHav l o SHQz
o TWL DATA OUT  VALID i 1 E_W—
| | t

‘DVCL—<———I l—— tcLbx ——|

w0 77777177 TTT7 7777 7% vz )(///////

SERIAL ADDRESS IN

/' F S S

]
tcmvcv-u—»} —

CTR1, | |
CTR2, T SERIAL ADDRESS IN (4 CLOCKS) X
CTR3 f

—>] [=—tavcL tetRx—=| b

l
1o )LADDHESS X ADDFlESS >< ADDHESS >< ADDRESS

READ AND SERIAL DATA OUT

TNV L AN/ N\

|
| | |
|
tCTRVCH : I +— tCTRVCH |
| | | '
CTR1, - , N |
CTR2, READ | X | SERIAL DATA OUT (16 CLOCKS) R X
CTR3 ) T _,i T \ | I
t I
CTRX s _,! :._:CHQV tcHQz—> I"—
| ! |
L Y]

A
e —— e —:Q DATA BIT 0 X DATABIT1 X \: DATA BIT 15 )I;-— -
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SERIAL DATA IN

CTR1, kesl— tCTRVCH A

CTRe, | SERIAL DATA IN (16 CLOCKS)

CTR3 X ' ( \r D
}<—>!— toveL

;
1o X{ DATA BIT 0 XDATA BIT 1 .:.14 X paaBIT 15 X

ERASE WRITE SEQUENCE

|
I E
| —== I =
CLK._:!/_\ / A [—\ /7 _\T. [—
|
| |
1

— :<— tCTRVCH

CTR 1 R
cTR2 X WORD ERASE I
CTR3 e

|
(I

ICTRX —> —» ~-tCTRX
—*

BLOCK ERASE

L 4
i 3

—

/b_.L

0.8V
CLK
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MECHANICAL DATA

14 Pin

52801

CERAMIC DEVICES

.008-.015
Lead
Thickness

Lead
Splay

.660-.760
Length of Package ————{
Pin 1
annno ann l{
0
Q .272-.298
Width of Package
uauu goud
.075-.175
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Package Length of Lead
to Standoﬂ from Standoff

Lead Centers

l‘_ 4—| |<— Lead
.030-.070 Width
Lead Shoulder
Width

.008-.015
Lead
Thickness

Lead
Splay

.290-.395

.090-.110
.290-.395 .012-.025
All dimensions are inches.
PLASTIC DEVICES .760-.780
|«——— Length of Package ———»{
Pin 1
onon ann I{
[ ]
( .245-.255
Width of Package
guuy guuyg
.150-.250
Top of Package
.015-.075 to Standoff .120-.160
Bottom of Pack
© Stanz;)ofl ackage Length of Lead

from Standoff

-

Lead Centers ——l ‘-— —-“q—
.090-.110 .030-.070

Lead Shoulder
Width

Lead
Width

.012-.025

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
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mE 59306
256 Bit (16 x 16) EEPROM

¢ Electrically Erasable PROM ¢ Serial I/0 and Control

¢ Non-Volatile Erase and Write e Advanced SNOS N-Channel Technology
¢ Self Timed Erase and Write e Compatible with COP 400 processors

¢ In-System Reprogrammability ¢ Fully TTL Compatible

¢ 5 Volit 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. 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 serial format through the serial data output pin. The NCR 59306 is available in an 8 pin
dual-in-line package.

FUNCTIONAL PIN
BLOCK DIAGRAM CONFIGURATION
Vee
.
1 cs Ij 1 8] IVeo
‘ sk [] 2 7[Jne
wp |vPP[ B8] 256 BIT o3 6 NG
GEN. > é g E> MEM(??I:;RAY DOE 4 5 j GND
L 10 @ |
DI —% DATA REGISTER DO PIN NAMES
cs CHIP SELECT
SK SERIAL DATA CLOCK
colDDRESSAND 5, DI SERIAL DATA INPUT
: CONTROL DECODE DO SERIAL DATA OUTPUT
— TIMING GENERATION GND GROUND
Voc | POWER SUPPLY
T t NC | NO CONNECTION

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

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A.

All Rights Reserved. Printed in the U.S.A. 133
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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 E/W time-out. DO outputs read data after a read cycle is decoded. Prior to 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 (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.

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, status 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 :

ERAL operates in the same manner as an Erase except all werds are erased (set to all ones)."'

WRITE o o

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 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. .



59306

INSTRUCTION SET

INSTRUCTION|SB| OP CODE | ADDRESS | DATAIN | DRB | DATA OUT
ERAL 1 0010 XXXX * NA NA 1

ERASE 1 1100 A3-AD NA NA 1 5
WRITE 1 0100 A3-AO D15-DO NA 1 &
READ 1 1000 A3-A0 NA 0 D15-D0 w

*X = Don’t Care

MEMORIES

ABSOLUTE MAXIMUM RATINGS

Voltage Relative to Ground . . . ... ... +6V to-0.3V  Stresses above ‘“‘absolute maximum ratings” may
Storage Temperature result in damage to the device. Functional operation
(without data retention). ......... -65°C to 150°C  of devices at the “absolute maximum ratings” or
Lead Temperature (Soldering, 10 sec.). ..... 300°C  above the recommended operating conditions stipu-

lated elsewhere in this specification is not implied.

TIMING DETAIL

A
-
2]
=
A

» / /

S

A
cs lt— TCSH —>|
+<TDIH
¢—TCss
/
DI

A

H

!

:

— le{— TDIS

Do—/_

< TpDo = TPD1

sy
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NEE

ELECTRICAL CHARACTERSTICS
(0°Cto 70°C, Vcc = 5V + 10%, unless otherwise specified)

Symbol Parameter Condition Min. Typ. Max. Units
vVce Supply Voltage 4.5 5.0 55 \
Icct Operating Current CS=1 10 mA

Vee = 6.5V
Icc2 Standby Current CsS =0 5 mA
Vce = 5.5V
Icc3 E/W Operating Current Vce = 5.5V 12 mA
ViL Input Low Level -0.1 0.8 \
Vin Input High Level g 2.0 Vee+1 \
VoL Output Low Voltage loL = 2.1mA 0.4 A
VOoH Output High Voltage IoH = -0.4mA 2.4 \
N Input Leakage Current ’ VIN = 5.5V 10 HA
louT Output Leakage Current CsS=0 10 HA
Vout = 5.5V
Fsk SK Frequency 0.0 250 kHz
Dsk SK Duty Cycle 25 75 %
Tcss Select Set-up Time 0.2 us
TcsSH Select Hold Time 1.0 us
Tpis Data Set-up Time 0.4 us
TDIH Data Hold Time 0.4 us
TPDO Output Low Delay from Clock CL = 100 pF 2.0 us
VoL = 0.8V, Vo = 2.0V
TPD1 Output High Delay from Clock CL = 100 pF 2.0 HS
VoL = 0.8V, VoH = 2.0V
TE/W Erase/Write Time 20 ms
CAPACITANCE
(f=1.0MHz, Tp =25°C, Voc =5.0V, VN =0V)
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 = V|y 12 12 pF
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TEST LOAD CIRCUIT

Output
o

100pF* _——
ﬁ 6KQ

+5V

1.62KQ

§

*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
Inputs Rise & Fall Times ................. 10 ns
Output Timing Levels ....... 0.4 Volts to 2.4 Volts

137
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TIMING DIAGRAMS
READ
cs J N v‘ —\
_/ DRB ‘:7
bo o /pis { DO )
WRITE

_Fu—l_ﬂﬁ_ﬂ_l—m -
-
CS —/ \.___/T_-N—

E/W

)
ol ST\ 0/ 7\ Zaa)y e Xaom\ —

A\

o ‘ e




MECHANICAL DATA 8 PIN

59306

CERAMIC DEVICES
| 520 | PIN 1INDICATOR

T

.310 P .290

100+ .010

.050 —+  |~—.0860 a0 .010
(MIN) l ' 1 l_
- 1
— T L
.020 _1_ —v“c—— .018 + .003 —J L‘f .010+.0003

.095

(MIN)
PLASTIC DEVICES 380 PINI
O MM (NOM.)
/—.oson
250 ﬁ
N 300
o 003
040 055 * 010
130—, (TYP) l

11 “) + |
.200 (MAX) NOM
i 1 v T— foao )
020 1125 (MIN)

(MIN) __T
(TYP) _ Al - (TYP) l +.040 .
100 % .010 018 £ .003 350

Notes: Unless otherwise specified, tolerance = .005.
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
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mE 59308
1024 Bit (64x16) EEPROM

¢ Electrically Erasable PROM ¢ Fully TTL Compatible

« Advanced SNOS N-Channel Technology e Serial I/0 and Control =
¢ 5 Volit Only Operation ¢ Self Timed Erase and Write E
¢ In-System Reprogrammability * 500 kHz Clock Rate w
o Ready/Busy Indication thru DO ¢ Low Power Standby Mode

»n
w
[
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=
w
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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 FUNCTIONAL
CONFIGURATION BLOCK DIAGRAM
Vee
cs ]+ ~ 8| Jvee l
ck [ ]2 7|_JvMEN
oI[]s 6[Jwm 2w
oo [+ 5[ ]eno g aed é g @ ME»{(CZ)?I%?«E)RAY
|12 ﬁ
PIN NAMES {\
DI —€ DATA REGISTER DO
CS CHIP SELECT 7
CLK SERIAL DATA CLOCK
DI SERIAL DATA INPUT ODAESS AND 5
DO SERIAL DATA OUTPUT CONTROL REGISTER CONTROL DEGODE
GND GROUND *—_ TIMING égl\?ERATION
VM MARGINING VOLTAGE
VM EN | MARGINING ENABLE
Vcc | POWER SUPPLY T
CLK cs

Copyright © 1984 by NCR Corporation, Dayton, Ohio, U.S.A.

All Rights Reserved. Printed in the U.S.A. 141
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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 (D) 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 consists of nine (9) bits — a start bit,
followed by two (2) operation code bits, followed by six (6) address bits. The nine bits are clocked serially
into the instruction 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 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 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(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 polied
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 Ieft 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 devnce evaluation. An application note describing the memory
margining procedure is available.



59308

INSTRUCTION SET
INSTRUCTION|SB| OP CODE | ADDRESS | DATAIN | DRB | DATA OUT
Chip Erase | 1 00 TOXXXX* | NA NA ]
Word Erase | 1 11 AB-AD NA NA 1 S
Write 1 01 A5A0 | D15DO NA 1 3
Read 1 10 A5-A0 NA 0 D15-DO w

*X = Don’t Care

MEMORIES

ABSOLUTE MAXIMUM RATINGS

Voltage Relative to Ground . . ....... +6V to-0.3V  Stresses above ‘“‘absolute maximum ratings” may
Storage Temperature result in damage to the device. Functional operation
(without data retention)............ -65°C to 150°  of devices at the ‘“‘absolute maximum ratings” or
Lead Temperature (Soldering, 10 sec.). ... .. 300°C  above the recommended operating conditions stipu-

lated elsewhere in this specification is not implied.

RECOMMENDED OPERATING CONDITIONS
(Over full operating voltage and temperature range unless specified otherwise.)

59308 59308!
Symbol| Parameter Min. Typ. Max. Min. Typ. Max. Unit
Vg | Supply Voltage 45 5.0 5.5 4.5 5.0 5.5 \
ViL |Input Low Level -0.1 0.8 -0.1 0.8 \
ViH |Input High Level 2.0 Vec +1 2.0 Veo+1 v
Ta |Ambient Temperature 0 70 -40 85 °C
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OPERATING DC CHARACTERISTICS

OVER RECOMMENDED OPERATING CONDITIONS

(Unless otherwise noted)

59308 593081
Symbol Parameter Condition Min. Typ. Max. Min. Typ. | Max. Unit
N Input Leakage 0=V|N<Vce 10 10 WA
Current
lout Output Leakage CS=0 10 10 HA
Current 0=Voyt=Vec
lcct Operating CS =1 12 15 mA
Current Ve = 5.5V
IC02 Standby CS=0 5 5 mA
: Current Voe = 5.5V
lcc8 E/W Operating Vee. = 5.5V 15 20 mA
Current
VoL Output Low loL = 2.1mA 0.4 04 v
Voltage
v, Output High loy = -0.4mA 24 24 v
OH Voltage OH
(f=1.0MHz, Tpo =25°C, Vg =5.0V, VN =0V)
59308 593081
Symbol Parameter Condition Min. Typ. Max. Min, Typ. Max. Unit
CIN Input Capacitance All Pins At 10 10 pF
Co Output Capacitance Vgs (Ground) 12 12 pF
(Over recommended operating conditions)
59308 59308!

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Units
tcHCL | Clock High Time 1.0 1.0 1 sec.
tcLeH | Clock Low Time 1.0 1.0 4 Sec.
tSHCH | Select Set-up Time 0.2 0.2 4 sec.
tcHsL | Select Hold Time 1.0 1.0 u sec.
tsLsH Select Low Time 0.5 0.5 , sec.
IDVCH | Data Set-Up Time 0.4 0.4 sec.
tCHDX - | Data Hold Time 0.4 0.4 4 sec.
tsHQv | Output Delay from Select 1.0 1.0 1 sec.
tcHaQv | Output Delay from Clock 1.0 1.0 nsec.
tsLaz Output Inactive from Select 1.0 1.0 usec.
g Clock Rise Time 05 0.5 1 Sec.
tF Clock Fall Time 05 05 4 sec.
te Erase Time 20 20 ms
tw Write Time 20 20 ms
ts Non-Volatile Data Storage 10 10 years

New Number of Erase/Write Cycles 104 104 cycles




TEST LOAD CIRCUIT

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
1.62KQ
Output
o
100pF* ——
§ Ko
*Including Scope and Jig Capacitance -
All diodes IN914 or equivalent
TIMING DETAIL
<—CHCL {CLCH —
CLK 7 Z
SLSH

's
s I tCHDX

tSHCH-» 1

|<— tCHSL—>| \L

o}
N

DO DRB VALID

tSHQV —»

¥

tDVCH a1 —

le—tCHQV—>] -

DATA VALID M
-

—> tsLaz
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TIMING DIAGRAMS
READ

N

cs _/ v N \
o — /1 1\°/A5)(&XA3)C::XT°\ R
/ DRB A

0o o /o15,0  Xbo)

WRITE

WORD ERASE

CLK__I“Lﬂ_ﬂ_I_I_I_L_f—L_I_IM \
4»“ .
ol /1 1 1\A5><A4><A3><:><A0\ : R
N
o —/ N ~ —

CHIP ERASE

e LT LML L LU \
s 7 NS

s il
E

ol /1 \o__o/ 1 \o /As(X))C:D(AO(X)\' R

oo — T\ —
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MECHANICAL DATA 8 PIN

CERAMIC DEVICES

=
| PIN 1 INDICATOR
| 520 v o
v &
— v uw
[TTRVT)
[ =
o
310 D 290 =
w
\f/ =
—
1004.010
.050 —] —|  |~—.060 010
le— 300—+] r
) l ‘
: 200
| ‘_l MAX

I
— T L
.020 _f_ _.H._ 018 + .003 —= L—.moi.ooos

(MIN)
PLASTIC DEVICES 380 PIN I
i N e O e B e . (NOM.)
T /—-.oson
.2150 —E
SN 300 —»
- +.003
130— g v o
*’I TvP) |
| i t
h L l .200 iMAX) l L(NOM)
| | ) .030
w0 T 1125 (MIN)

(MIN) ———T-
TYP) | ‘_“___ (TYP) 1.0404
.018 + .003

.100 + .010 .350

Note: Unless otherwise specified tolerance is +.005
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
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E]EE §22|? (34?(x8) EEPROM

¢ Electrically Erasable PROM ¢ 3-State Outputs

¢ Advanced SNOS N-Channel Technology ¢ Latched Address & Data Bus
® 300 ns Access Times ¢ 28 Pin DIP With Industry

¢ Low Power Dissipation Standard Byte-Wide Pinout

e Memory Margining ¢ Optional 32 Pin LCC Available
¢ 5 Volt Only Operation * Page Alterable

¢ In-System Reprogrammability

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 alsc 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 I/O’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).

28 PIN DIP 32 PIN LCC BLOCK DIAGRAM
-89 CNTL1 CNTL2
onTL [ 1 ~ 28 [Jvee :::z:sz
ve O 2 2w SGELELE Y Y
g s 26 [ onTL2 . ERASE-WRITE
as [ 4 25 [ a8 s 6 |- SRS . LoGIC
2 @] 29 A
s 24 [ a9 6 A5 [ ] 28 no
7 A4 [} w27 A
A ] s 23:|A_11 8 a3 [ ™ 26 nC
a7 22 [ OE 9 A2 [} L] 25 OF
8 2 A 10 A1 {] 24 A0 w w
A2 O e Ao 1 A0 [ ]2scs < Qu
N 20 [JCs 12 NC [ 2207 o MEMORY 5o
a0 ] 10 19 [J o7 13 DO [i} ] 21 o6 AdAIl — W — ARRAY — g§
po [ 11 18 [ D6 2 (41odB) $9
D1 [ 12 17 [ J o5 < T
D2 [] 13 16 [ D4
GND [] 14 15 [] 03 I
OE = _, — COLUMN DECODE lt— A0-A3
PIN NAMES —_ | 8¢
WE—> G |
) __ 29
AO0-A11 Address Inputs WE Write Enable Cs —> [ DATA 1/0
D0-D7 Data /O OE Output Enable
CNTL 1 & Control Lines NC No Connection
C_NTL 2 Vce +5 Volt + 10% Do-b7
CS Chip Select Supply Voltage

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

CHIP ERASE MODE

Chip erase is accomplished by holding CNTL1 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
“07!

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-Aq4) 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 CNTL1 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 descrtblng the memory
margining algorithm is avallable

MODE SELEC'I_'ION
MODE OE [WE | CNTL1 | CNTL2 | CS
Standby Xl 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




52832

ABSOLUTE MAXIMUM RATINGS

Voltage On Any Pin With Stresses above ‘‘absolute maximum ratings” may

RespecttoGND .................. -0.5t0 +7V result in damage to the device. Functional operation
Voltage on CNTL1 and CNTL2 of devices at the “absolute maximum ratings” or =
(During Memory Margining Only). .. .. -6V to +22V above the recommended operational limits stipu- <)
Storage Temperature .. .......... -65°C to 150°C lated elsewhere in this specification is not implied. WE
E_l w
S
RECOMMENDED OPERATING CONDITIONS =
52832 528321 52832HR =
Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit
Vee Supply Voltage 45 5 5.5 45 5 5.5 45 5 5.5 Vv
ViH Input High-Level Voltage 2 Voo +1 2 Voo +1 2 Voo +1 \
ViL Input Low-Level Voltage | -0.3 08 |-03 08 |-03 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
N Input Leakage VIN = 0V to 5.5V 10 10 10 A
Current
lo 1/0 Leakage CS = V|y 10 10 10 A
Current Vo = 0Vto 5.5V
lcc Supply Current Outputs Open,
Cs =V 60 60 60 mA
CS = V|H 30 30 -30 mA
VoH Output High-Level | Igy = —400pA 24 2.4 24 \
Voltage
VoL Output Low-Level | lg_ = 2.1mA 0.4 0.4 0.4 \
Voltage
Tg Non-Volatile Data | Following Minimum| 10 10 10 Yr
Storage Erase/Write Cond.
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

READ CYCLE
52832 528321 52832HR )
Symbol | Parameter Min | Typ | Max Min | Typ | Max Min | Typ | Max Unit
tace 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 90 116 i 115 ns
to Output High Impedance
tsc Control Setup Time
o After Erase or Write 50 50 50 us
e 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 Write Time 10 20 10 20 10 20 ‘ms
tsc Control Setup Time
o After Erase or Write 50 50 50 us
* 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 . ns
toEL Output Enable Pulse Width 200 200 200 ) ns
WEL 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
tbH Data Hold Time 0 0 0 ns
Ngpw | Number of Erase/Write Cycles 104 | 104 104 Cycles
A.C.CONDITIONSOF 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
Onber
Tost 1.8KQ
S 1
6K02 100pF *

* Includes Jig Capacitance =
All Diodes IN3064 or Equivalent
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READ MODE
— «—1cH g
entlt A NNy mg
ent2 A oo AN §
/]

_ —>1gc [«—
cs _—,l
N

el
—*'oz
DATA aled e ! VALID HiZ
tcs >
CHIP ERASE MODE

CNTL1 2z AN
CNTL2 N ST

—> tsc
‘le""'CSS ——' tcsH
OE toEL B
N
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PAGE ERASE MODE

CNTL1 M \‘& ;;\9
CNTL2 \Q I / W//

tsc

ADDRESS M VALID TPOXX X DON'T CARE

s —_ /

. j — tcss tcsH

WE —_—

— A
_T tAs |=<— - tAH  |e—
WEL

LOAD DATA MODE

CNTL1
NV

CNTL2 “
O NN\N\%
|‘— tsc

ADDRESS™

tAs —“ ~—tAH

tcss
WE twEL
tDH '\1
DATA VALID << Ne ><:

le— tpy —>

tcH —> r}
—
N—
—

s orr s s

*NOTE: Provide 1 to 16 valid addresses, the last address sets the page boundary.
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WRITE MODE

CNTL1 : v,/
“ < \
CNTL2 — RO

tw

— tgc

Cs —_—

_ tcss . L toen
WE WEL
N\ ,

EEPROM.

7]
w
<
(=]
=
w
=

32 PIN LEADLESS CHIP CARRIER

TOP VIEW BOTTOM VIEW
.050 + .005
EDGE METALLIZED
.075 + .008
—  |«— 035 + 005 TYP.
.050 + .005 TYP.
[G o0z ] [O] 002 PIN NO. 1
‘ INDEX
.0751-‘098/29U L1 H ] mu4 \
q4 1IE =
= 050 + .005 | -
. +
- ve | (-
— ] ]
3 — - —
— — _!_ —]
o - —
] ] —
H . - —
—] 045+ 008 — =
SOO0MnnnY
.025 + .005 TYP —»I l-— e .2(\)(9PR
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52832

MECHANICAL DATA 28 PIN
1.370-1.430
CERAMIC DEVICES Lengh o Package ——|
nnao nnn I{
L]
( .550-.620
Width of Package
dgauu guu
.075-.175
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff Length of Lead
to Standoff from Standoff
Lead
Thickness
F‘;:?:Val " 0%0- eﬁg 030-.070 ﬂ“‘—b‘m‘
.580- .695 Lead Shoulder .012-.025
Width
All dimensions are inches.
1.430-1.480 .
P LASTI C DEVICES Length of Package ———| P 1
in1.
non nnnd| '
° T
( .520- .560
Width of Package
guuu uuau
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff Length of Lead
to Standoff from Standoff
- .008-.015 6?;%
Lead
Thickness
|‘_§’e"§;4—| s GTTS |‘ 030-070 —-“" Wan
-580- .695 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
513/866-7217 Ohio or International



mBB glzllg?gKXB) EEPROM

* Electrically Erasable PROM ¢ 3-State Outputs

e Advanced SNOS N-Channel Technology ¢ Latched Address & Data Bus

® 300 ns Access Times ¢ 28 Pin DIP With Industry g
* Low Power Dissipation Standard Byte-Wide Pinout c
e Memory Margining e Optional 32 Pin LCC Available ) g i
e 5 Volt Only Operation * Page Alterable é

* In-System Reprogrammability g

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 1/O’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
leadless chip carrier (LCC).

28 PIN DIP 32PINLCC BLOCK DIAGRAM
ron-028 CNTL1 CNTL2
oNTL ] 1 ~ 28 [ Ve )“’02252
—_— >
A2 [ 2 27 (] WE "5§°8""5 + *
A7 [ 3 26 p CNTL2 ". .'\’. ERASE-WRITE
A [ 4 25 7] A8 s 26 b Y 20 15 LOGIC
as ] s 24 [] a9 6 s [ ] 28 o
7 A4 [ o127 an
re - Al 8 A3 [ 7] 26 NC
a7 22 [ OE 9 A2 [ ] 25 O
] s 21 [ at0 10 A1 [ ] 24 ar0 o u
A [ o 20 g& :; :0.3 gg 33 8 MEMORY £4
a0 [ 10 19 [ o7 1300 iR {laroe  AdA1Z B 4 '??KF:(’;( m 9§
oo [] 1t 18 [] D6 % é o
o1 [ 12 17 [J ps « T
D2 [] 13 16 [J D4
GND [ 14 15[ 03 T
OE - , [— COLUMN DECODE AO-A3
PIN NAMES 29
WE—> EQ I
— oJ
A0-A12 Address Inputs WE Write Enable Cs = O [ DATA 110
D0-D7 Data /O OE Output Enable
CNTL 1 & Control Lines NC No Connection ¢
ONTL 2 Veo +5 Volt + 10% 0007
CS Chip Select Supply Voltage
i i f This is advance information and NCR reserves the
, Ohio, U.S.A. 3 e o " :
gﬁg‘;g{: Seggravig#hﬁzg ﬂﬁg;as?g.,:ayton Ohio, U.& 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 taocc.

CHIP ERASE MODE . .
Chip erase is accomplished by holding CNTL1 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
lloﬂ‘

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’tcare” 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 hlgh and maintaining CNTL1 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 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 X1 X H H H
Read L|H H H L
Chip Erase L]|H H L L
Page Erase Hi| L H L L
Load Data H| L L L L
Write H| L L H L




52864

ABSOLUTE MAXIMUM RATINGS

Voltage On Any Pin With Stresses above ‘“‘absolute maximum ratings” may

RespecttoGND .................. -0.5t0 +7V result in damage to the device. Functional operation
Voltage on CNTL1 and CNTL2 of devices at the “absolute maximum ratings” or
(During Memory Margining Only). . . .. -6V to +22V above the recommended operational limits stipu- g
Storage Temperature .. ........... -65°C to 150°C lated elsewhere in this specification is not implied. x
o
o©
RECOMMENDED OPERATING CONDITIONS 2
w
52864 528641 52864HR =
Symbol Parameter Min Typ Max Min Typ Max Min Typ Max Unit
Vee Supply Voltage 4.5 5 5.5 4.5 5 5.5 4.5 5 5.5 \
VIH Input High-Level Voltage 2 Vo +1 2 Voo +1 2 Voo +1 \
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
N Input Leakage VIN = 0V to 5.5V 10 ) 10 10 A
Current
lo 1/0 Leakage CS =V 10 10 ) 10 pA
Current Vo = 0Vto 5.5V
lcc Supply Current Outputs Open,
Cs = V). 60 60 60 | mA
CS = V|H 30 30 30 mA
VoH Output High-Level | Igy = —400uA 24 24 2.4 \
Voltage
VOL Output Low-Level 'OL = 2.1mA 04 04 04 v
Voltage
Ts Non-Volatile Data | Following Minimum| 10 10 10 Yr
Storage Erase/Write Cond.
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AC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS

READ CYCLE
52864 528641 52864HR
Symbol | Parameter 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
o After Erase or Write 50 50 50 us
® After Load or Read 500 500 500 ns
tcH Control Hold Time 0 0 o] ns
ERASE/LOAD/WRITE CYCLE
52864 528641 52864HR
Symbol | Parameter Min | Typ | Max Min | Typ | Max Min | Typ | Max Unit
te Erase Time 100 200 100 200 100 200 ms
tw Write Time 10 20 10 20 10 20 ms
tsc Control Setup Time
o After Erase or Write 50 50 50 us
® 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
twWEL 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
tbH Data Hold Time 0 0 0 ns
Ngw | Number of Erase/Write 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 . ............... ...10ns +5V
Input & Output Timing Levels . .0.8 Volts to 2.0 Volts
Unber
Test 1.8KQ
O— 1

-
6KQ§ —~ 100pF*

*Includes Jig Capacitance =
Ali Diodes IN3064 or Equivalent
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READ MODE
— | ‘CH =
oNTLt NN E
eNt2 e AN § "
=
ADDRESS )%‘ XXZZXZ =
6§ _’l tSC -—
# /]

AN
3

Hi-Z Hi-Z
DATA LS VALID

CHIP ERASE MODE

tg

4 N\

CNTL2 N JTTTT7,
—_— lSC

e —

"T —lcss —’n: tcsH
OE toEL b

) S
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PAGE ERASE MODE

CNTL1
CNTL2

]
ADDRESS 3{

77
NN

AANNN
27

VALID

XK _vonrone

le— tpw —>

cs 1
_ j — tcss tcsH
WE —_
|
— s |=— = M fe—
tWEL
LOAD DATA MODE
CNTL1
' N N
tcH —>
CNTL2 Q\ \
BN S
— I‘—tsc
tas —=*~—tAH
— tcss —>[*—tcsH N\
W—E *——IWEL-——-D
| . NSNS
- 'pH
DATA VALID W 1 >C

¥ NOTE: Provide 1 to 16 valid addresses, the last address sets the page boundary.




52864

WRITE MODE
CNTL1 v/, =
&
NN o ul
CNTL2 _/ i
tw g
=
—_— tSC
&5 .
tcss 1 tosh
WE N tWEL /_l
DATA XXX DON'T CARE S

32 PIN LEADLESS CHIP CARRIER

TOP VIEW BOTTOM VIEW
.050 + .005
EDGE METALLIZED

.075 + .008
re— .035 + .005 TYP.

.050 + .005 TYP

=] PIN NO. 1
INDEX \

450

Ve A\ﬂ 05 Ere=1

J‘; .o75¢.ooag_UU|_|HUl_i_H+|;:‘
H w0 E;EE_ —
H g -
4 "B | c
[— —) ! ]
] ] -
=] 045+ 008 =

SO0 nnnnny/

.025 + .005 TYP, ——l I—-— \_ .009R

TYP
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52864

MECHANICAL DATA .= 28 PIN
1.370-1.430
CERAMlc DEV'CES Length of Package Fin 1
anonn ann l{
°
q .550-.620
Width of Package
aud aguug
.075-.175
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff Length of Lead
lo Standoff from Standoff
Lead
Thickness T T
&-_g;;3’4_| Le(i‘;(c); erﬁr(s) ‘_‘ .030-.070 _-I I._ W:‘?"
- {
.580- .695 Lead Shoulder .012-.025
Width
All dimensions are inches.
1.430-1.480
P LAST' C D EVI C ES l«————— Length of Package ———] Pin 1
n
aonon nnn I'{ _T
°
( .520- .560
Width of Package
uu guuau
.150-.250
.015-.075 Top of Package .120-.160
Bottom of Package to Standoff Length of Lead
to Standoff from Standoff
.008-.015 !’ :: ‘h
Lead
Thickness
I‘—‘s':laa‘;""l Lead oCenters |<— 030-.070 ""<— '\ﬁ;’t’h
-1
.580- .695 09 10 Lead Shoulder .012-.025
Width
All dimensions are inches.

N C R

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 1K 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 internal 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

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.

MULTIPLE LOT
SAMPLE SELECTION
CHARAC- HTRB gsoc/ PRESSURE THERMAL THERMAL ESD DIMENSION UNPOWERED POWERED
TERIZATION 850%RH  COOKER SHOCK CHARAC- SENSITIVITY TOLERANCES RETENTIVITY RETENTIVITY
TERIZATION
TEMPERA. MARKING
HTOL TURE DURABILITY  ENDURANCE  ENDURANCE
CYCLE
CHARAC- HTSL LEAD UNPOWERED POWERED

TERIZATION

DESIGN ACCEPTANCE EVALUATION PLAN

FATIGUE RETENTIVITY  RETENTIVITY
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SNOS Non-Volatile Memory Reliability

¢ 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:

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. )

RAW
WAFER
WAFER-LOT PROCESS
INSPECTION ~ DEPLETION CONTROL
DEFINITION POLY il INSPECTION
FIRST OXIDE DEFINITION
AND NITRIDE (MASK & METAL ADI
PROGESS IMPLANT) (MASK & ETCH] DEFINITION !
DI ADI (MASK & ETCH) AL
CONTROL e AEl DEFECT
. INSPECTION = CONTAG DENSITY
ISOLATION
DEFINITION DEFINITION O RiG AN NSPECTION
(MASK & ETCH) (MASK & ETCH) ETCH SILOX
ADI el DEPOSITION PROCESS
e e CONTROL
ISOLATION INSPECTION
DEPOSITION LY | 2ND ISO. SiLox
AND DRIVE-IN DESOS'T'ON OXIDATION DEFINITION DI
PROCESS IMPLANT process  (MASK&ETCH) Al
ROL CONTROL SILOX INTEGRITY
INSPECTION Zgﬁgggf INSPECTION PHOS. MONITOR
i POLY | INSPECTION  LTO THICK PIN-HOLE COUNT
DEFINITION ADI DEFINITION OXIDE
(MASK & ETCH) AEI (MASK & DEPOSITION PROCESS
DEFECT ETCH) ADI CONTROL
DENSITY AEl INSPECTION ac
FIED INSPECTION DEFECT CONTACT Lot
IMPLANT DENSITY DEFINITION ACCEPTANCE
POLY Il INSPECTION (MASK & ETCH)]
LINE WIDTH o a 100%
MEASUREMENT PARAMETRIC|
IST ISOLATION PHOSPHOROUS
gigmm INSPECTION OXIDATION PROCESS DEPOSITION PROFILE PROCESS
oxic ICOl;TROL BACKSIDE CONTROL
NITRIDE INSPECTION  ETCH PROCESS INSPECTION
ETCH MEMORY CONTROL PROBE
zg%gggf DEFINITION INSPECTION
INSPECTION (MASK & ETCH)| AD! EPI-CONTACT
AE| DEFINITION
GATE LINEWIDTH  (MASK & ETCH) ac Lot
OXIDATION! MEMORY, MEASUREMENT ADI ACCEPTANCE
PROCESS OXIDE/ hE
CONTROL NITRIDE PROGESS IMPLANT
ENHANCEMENT. INSPECTIO CONTROL He ANNEAL ASSEMBLY
gﬁs:g;l(r:oN INSPECTION
IMPLANT) PROCESS POLY Il Usi
CONTROL DEPOSITIO AUS
PROCESS EPOSITION
INSPECTION CONTROL DEPOS
INSPECTION
MANUFACTURING
INSPECTION,
INCOMING PROCESS CONTROL,
MATERIAL QC IN LINE
AUDIT POINT
MANUFACTURING QUALITY CONTROL  ADI=AFTER DEVELOP INSPECTION
OPERATION INSPECTION AE| = AFTER ETCH INSPECTION
SNOS WAFER PROCESSING FLOW CHART
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PROBED

WAFERS
SEPARATE DIE ENCAPSULATE
SORT E’ ac Lot
Qc Lot ACCEPTANCE
DIE INSPECTION ACCEPTANCE POST MOLD
LEAD FRAME & (100%) CURE  INSPECTION (100%)
DIE PREFORM
INCOMING
INSPECTION TEMP CYCLE
D -65°C TO 150°C 10 CYCLES
DIE ac Lot
GOLD WIRE ATTACH ACCEPTANCE TRIM AND FORM
INCOMING
INSPECTION
VISUAL INSPECTION
. MARK (100%)
WIRE DIE BOND INSPECTION & DRY
BOND AND DIE SHEAR
QC LOT ACCEPTANCE
BURN IN
(PER CUSTOMER REQ)
Qc LoT
PREMOLD WIRE BOND INSPECTION ACCEPTANCE
INSPECTION (100%) WIRE PULL TEST
INCOMING O ESILANT QC LOT ACCEPTANCE TEST
INSPECTION Y
ac Lot
FREMOLD ACCEPTANCE
INCOMING O MANUFACTURING MANUFACTURING QUALITY CONTROL
MATERIAL OPERATION O INSPECTION

PLASTIC PACKAGING ASSEMBLY FLOWCHART
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SNOS Non-Volatile Memory Reliability

o 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.

PACKAGED DEVICES

FINAL ELECTRICAL

RETENTIVITY

QC ENDURANCE

QC FINAL ACCEPTANCE
(ELECTRICAL AND VISUAL)

O PACK AND SHIP

SNOS TEST FLOW

e 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.

e 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

— TEm
BIT LINE CONTACT
EJ )

communication and corrective action result in a ROW |
better understanding of user needs and im- ' POLY |
proved quality and reliability.
Electrically Erasable Programmable Read | veuony arre [ I
Only Memory (EEPROM) "
A SNOS EEPROM cell consists of two Poly | enhance- I
ment transistors in series with a Poly I1-SigN4 - SiO2 ;‘gﬁ?l __I E i
nonvolatile memory transistor. The illustration depicts
both the schematic and cross-sectional view of a l |
SNOS EEPROM cell. I SOURCE |
SCHEMATIC OF A SNOS EEPROM CELL
SOURCE READ MEMORY GATE ROW BIT LINE
[ q ]

=
Nt S/ T -T- 'V'\ N+
DEPLETION

MEMORY MEMORY IMPLANT
P-TYPE EPI WELL OXIDE NITRIDE

\ N-TYPE SUBSTRATE )

NOTE: NOT DRAWN TO SCALE

CROSS-SECTION OF A SNOS EEPROM CELL
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SNOS Non-Volatile Memory Reliability

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.

¢ 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).

e 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 epi is 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 | enhance-
ment transistors and two polysilicon load resistors.
Each of the two nonvolatile devices consists of a non-
volatile Poly 1l capacitor C1, a Poly Il depletion transis-
tor M1, and a Poly | depletion transistor M2. C1 and
M1 share a common Poly |l gate.

Memory operations in NVRAMSs are Store and Re-
call: In the 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.

8 ‘lVEls 5
Voo
(03] (o3 ]
% M1 M1 %
M2 .-I'l M2
T cniim
ROW
SCHEMATIC OF SNOS NVRAM CELL




Store

During a Store operation, the following sequence of

events occurs.

eErase
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.
sWrite

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.

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 Volit. 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 Vgc. 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.

MEMORY
OXIDE

MEMORY
NITRIDE

POLY Il

NODE AOR A

C1

NOTE: NOT DRAWN TO SCALE

'CROSS-SECTION OF THE NON-VOLATILE MEMORY PORTION OF A SNOS NVRAM CELL

DEPLETION

P - SUBSTRATE IMPLANT
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SNOS Non-Volatile Memory Reliability

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.

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
A

MARGIN FOR A WRITTEN BIT -

FAIL POINT

ov

» | OG TIME

ERASED
STATE
MARGIN

MARGIN FOR AN ERASED BIT

MEMORY MARGINING CONCEPT
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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 125°C 70°C (FITs)
Type Device Test Hrs Equivalent 60% Confidence
Hrs. Level
NCR 52212 6.48E5 6.87E7 105
NCR 52210 7.07E4 7.49E6 120
NCR 52801 7.65E5 8.11E7 1565
Combined 1.48E6 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.)

SRR

e
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SNOS Non-Volatile Memory Reliability

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 evaluatlon 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:

The non-volatile memory is margined at regular inter-
vals for projection of data retention time.

Data summarized below, and expressed in histo-
grams in 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 EEPROMSs. 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 NVRAMSs and 10 years for EEPROMSs. If the
number of erase/write cycles exceeds 10¢, some deg-
radation in retentivity can be expected.

Number Test Retentivity:
Tested Condition Worst Case Median  Spec. Requirements
Typical NVRAM 98 70°C unbiased bake 7 yrs. 500 yrs.
2E4 EW
102 70°C unbiased bake 15 yrs. 500 yrs. 1yr at70°C
1E4 E/W 1E4 EIW
44 Biased at 70°C 22 yrs. 500 yrs.
1E4 EIW
Typical EEPROM 20 125°C unbiased bake 500 yrs. 1500 yrs. 10 yrs. at 70°C for

1E4 EW

commercial product. 10 yrs.
at 105°C for automotive.
1E4 E/W for all.
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NO. DEVICES NO. DEVICES VS. RETENTIVITY IN YEARS
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SAMPLE SIZE:98 (9 LOTS)
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SNOS Non-Volatile Memory Reliability

NO. DEVICES VS. RETENTIVITY IN YEARS

SAMPLE SIZE:44
TEST CONDITIONS:
1E4 E/W CYCLES, ENTIRE MEMORY —

25°C PROGRAMMING TEMPERATURE
BIASED AT 70°C
SPEC. REQUIREMENT:

1 YEAR MINIMUM
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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 Vgc 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 E/W CYCLES
 INSTAN. % FAIL/1K CYCLES
B | | I .
- NO. DEVICES TESTED: 710
- STRESS VOLTAGE: VoG = +5.5V
N
2.0
15[
10k
N
RN
[N
05| \\
0.0
0 1K 2K 3K 4K 5K 6K 7K 8K 9K 10K
SPEC.
NO. EW CYCLES REQUIREMENT
NCR 52212 ERASE/WRITE CYCLING PERFORMANCE
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SNOS Non-Volatile Memory Reliability

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
+5.0 Volts in the static HTRB configuration in a 85°C/
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 Number Results: No. Failed

Type Type Tested 24 Hrs 120 Hrs 336 Hrs 1000 Hrs
NCR 52212/10 18 Pin Plastic 239 0 0 0 0
NCR 52801 14 Pin Plastic 136 0 0 0 0
Combined ' . a5 0 0 0 0

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 stored 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 Test Results:

Part Package Results: No. Failed/No. Tested
Type Type 24 Hrs 48 Hrs 96 Hrs 144 Hrs 192 Hrs
NCR 52801 14 Pin Plastic 10/104 0/104 0/104 0/104 0/104
0/29 0/29 0/29 0/29 -
0/48 0/48 1/48 - -
0/110 — - — -
NCR 52212 18 Pin Plastic 0/45 0/45 0/45 1/45
Combined 0/336 0/226 1/226 1178 0/104
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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 lig-
uid medium at +150°C, using MIL-STD-883C,
Method 1011.4, Condition C.

Thermal Shock Test Results:

Part Results: No. Failed/No. Tested

Type 20 Cycles 100 Cycles
NCR 52212 0/234 —
NCR 52210 0/81 —
NCR 52801 o077 or77

Summary

NCR Microelectronics manufactures high quality and
reliable non-volatile components. Stringent process/
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.

Read Mode
The 52832 is read like a conventional static RAM. Va-
lid 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 de-
lay of tACC-

Chip Erase Mode
Chip erase is accomplished by holding CNTL1 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-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., Ag-
Ag are valid for each byte).

Write Mode
Data can be written into non-volatile cells by holding
CNTL2 high and maintaining CNTL1 low while CS
and WE are brought low. Data and address lines are
“don’t care” during a write cycle.

Table 1
Mode OE WE CNTL1 CNTL2 Ccs
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
*X = don't care
L=V
H = V|H




APPLICATION

Figures 1 and 2 illustrate typical microprocessor inter-
faces to the 528NN family. The stralghtforward 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

useful qualities of having TTL compatible inputs along
with outputs that will remain tri-stated down to
Vce =2V. Since most non-volatile memories cannot
erase or write data at Voc < 2.5V, the active low in-
puts critical to the data storage functions are pulled
high when the power supply is between approximately
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 V(. In this
situation, the CNTL inputs of EEPROM will be logic
high via the 1K puli-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.

*CLK = 5MHz for Commercial 528NN
= 4MHz for Industrial and Military Versions

Figure 1. 8085 Interface to the 528NN
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Microprocessor Interface to the NCR Bytewide EEPROMS

If only one 528NN 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
Ve =5V, the power sense circuitry is isolated from the
CNTL inputs of the 528NN by D1 and D2. In this mode,
the 10KQ 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 470Q pull-up resistor
guarantees that a valid logic high is on the inputs of the
528NN regardiess of the states of the MODE inputs
from the microprocessor.

Basmally, the usual mode of operation in both de-
signs is the Read Mode. In this mode, control lines
CNTL1 and CNTL2 are latched in the high state by the

74HCT374 and memory reads are conducted accord-
ing to the standard timing constraints of the 8085
and the 6502 respectively. To perform a Read on the
528NN, simply select the part by decoding the appro-
priate address bits and pulling 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, R/W should be gated with the ¢2
clock (E on the 6802 family) to generate a RD signal,
as seen in figure 2. With access times of 300ns, the
528NN family can be operated without wait states at
up to 5MHz by the 8085AH and up to 1.8 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.

A0—-A11 > AO0-A11 >FAO-A1 1 1
{AT2 FOR 52864) A12 A12 i
ON cs
A13-A15 CTN cs |
s 52832 otHER |
OR 528NNs |
6502-C* 52864 |
D0-D7 > DO-D7 > D0-D7 !
RW = |
2 — I =
We WE 17E |
+5 \
"E223 | |
Q0 CNTL1
oK —+—-HonTiz : |
i CNTL1 l
CNTL2 |
DO0-D7 DO-D7| | ]
L e —
\74HCTt——
374 |
OE
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

2. After an Erase or a Write, it is necessary. to wait
at least 50us after the CNTL lines change before
beginning the next cycle. This permits time for
the high voltages to bleed off.

3. After a 1to 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

completion. time is available such as in power fail situations.
Longer erase and write times will result in longer data
retention.
MOF%% I’ngTS
. >
vce
52832
or
4700 10KQ 10KQ 52854
3.6V
L CNTL1
2N3904 D1
1.8KQ
CNTL2
4700
D2

Figure 3. Low Cost power Up/Power Down Protection for One EEPROM
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Microprocessor Interface to the NCR Bytewide EEPROMS

The flow chart in Figure 4 illustrates how system
firmware can be structured according to the timing re-
quirements for programming the 528NN family.

Finally, Figure 5 illustrates an 8080/8085/Z80/
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 SMHz

2. Addresses 0 - IFFF are ROM

3. Addresses C000 - CFFF are RAM

4. Addresses 2000 - 2FFF are a 52832 EEPROM

CHART COMMENTS CHART COMMENTS
¥
START SELECT WRITE * OUTPUT TO I/0 PORT
MODE CNTL1=L
CNTL2=H
SELECT CHIP * QUTPUT TO 110
OR PAGE ERASE 20$IZC_NLTL1 =H
NTL2= » CNTL SETUP
TIME
« CNTL LINE
SETUP TIME S AND WA
BEGIN WRITE .
YCLE BEGINS CYCLE
* RD FOR CHIP
BEGIN CHIP OR ERASE, WR AND
PAGE ERASE ADDRESS FOR PAGE
ERASE « WRITE CYCLE
TIME
WAIT « ERASE TIME
100 to 200 ms
WRITE
YES MORE PAGES?
y_
* OUTPUT TO 1/0
S ooR? PORT CNTL1 =L,
CNTL2=L
SELECT READ « RETURN CHIP TO THE
MODE READ OPERATING MODE.
=H
« CNTL LINE SETUP g‘ﬁ{; o
TIME AFTER AN
ERASE OR A WRITE
« CNTL LINE
SETUP TIME AFTER
AN ERASE OR A WRITE
EXECUTE « LOAD 1-16 BYTES
LOAD DATA OF VALID DATA AT
CYCLE DESIRED ADDRESSES

WITHIN A PAGE. “

Figure 4. Flow Chart—Programming the 528NN Family




LOC 08J

1000
1000
1003
1006
1008
100A
1008
100E
1011
1013
1015
1017

101A
101C

1010
101E
101F

1020
1021

1024

1026
1028

1029
102C
102F
1030
1033

1035
1037

103A

1038

2100C0
110020
3EFD
D300
00
3A0020
CD4C10
0E00
3EFC
D300
CD3B10

0610
7E

05
c21Cc10

3EFE

D300
00

320020
4210
[1h]
C21310
3EFF

D300
CD3B10

(o]

3E16

1030 30

103€
1041
1042
1044
1047
1048
1048
104C
104E
1051
1052
1055
1000

ASSEMBLY COMPLETE,

SEQ SOURCE STATEMENT
1 ORG 1000H
2 BLXFER: LXI H,0C000H
3 LXI D,2000H
[ MVI A,OFDH
5 OUT 00H
6 NOP
7 LDA 2000H
8 CALL ERATIM
9 MVI C,00H
10 LDPG:  MVI A,OFCH
11 OuT 00H
12 CALL SUTIM
13
14 MVI B,10H
15 LDBYTE: MOV A,M
16
17 STAX D
18
19 INX H

20

21 INX D

22

23 DCR B

24 JNZ LDBYTE

25 '

26 WRTPG: MVI A,OFEH

27

28 OUT 00H

29 NOP

30

31 STA 2000H

32 CALL WRTIM

33 OCR C

34 JUNZ LDPG

35

36 RDMD:  MVI A,OFFH

37

38 OuT 00H

39 CALL SUTIM

40

41 RET

42

43 ;

L4 ;

45 ;

46 ;A SMHZ

47 ;

48 ;

49 SUTIM: MVI A,220

50

51

52 TIMRA: DCR A

53 JNZ TIMRA

54 RET

55 WRTIM: MVI B,186D

56 TIMRB: CALL SUTIM

57 OCR B

58 JNZ TIMRB

59 RET

60 ERATIM: MVI C,10D

61 TIMRC: CALL WRTIM

62 DCR C

63 JNZ TIMRC

64 RET

65 END 1000H
NO ERRORS

Figure 5. 52832 Programming Routine

;LOAD RAM STARTING ADDRESS
;LOAD EEPROM STARTING ADDRESS
;SELECTS CHIP ERASE MODE

SWAIT 500NS FOR CNTL LINE SETUP
;DUMMY READ TO START CHIP ERASE
SWAIT 100MS FOR ERASE COMPLETION
;PAGE COUNT=256 PAGES
;SELECT LOAD DATA MODE

SWAIT 50uS ONTL LINE SETUP
SAFTER AN ERASE OR WRITE

;BYTE COUNT FOR 1 PAGE OF DATA
;READ DATA FROM RAM LOCATION
3SPECIFIED BY H-L

3WRITE DATA TO EEPROM LOCATION
;SPECIFIED BY D-E

3 INCREMENT RAM ADDRESS FOR NEXT
; TRANSFER

; INCREMENT EEPROM ADDR FOR
SNEXT TRANSFER

;DECREMENT BYTE COUNT

;1F COMPLETE PAGE IS NOT YET
;LOADED, GET NEXT BYTE
3COMPLETE PAGE IS LOADED,
3SELECT WRITE MODE

3500NS ONTL LINE SETUP

SAFTER A LOAD CYCLE

;DUMMY WRITE TO START WRITE CYCLE
SWAIT 10MS FOR WRITE COMPLETION
;DECREMENT PAGE COUNT

;LOAD NEXT PAGE UNTIL ALL

3PAGES LOADED AND WRITTEN

;SELECT READ MODE AFTER CHIP
;CALL PAGES) IS WRITTEN

550uS CNTL LINE SETUP TIME
;AFTER A WRITE CYCLE
;RETURN FROM EEPROM PROGRAM
;ROUTINE

THE FOLLOWING ROUTINES ARE THE SOFTWARE TIMERS FOR

8085

3=>51.8uS TIMER FOR CNTL
;LINE SETUP TIME AFTER AN ERASE
;OR A WRITE

5186%54uS=>10MS WRITE CYCLE TIMER
5=>52uS DELAY

310%10MS=>100MS ERASE CYCLE TIMER
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Non-Volatile Applications - Memory Margining
Nibble Wide NVRAMSs - 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.

194

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’s) must
be plotted to predict retention time. Since the relation-
ship between V)4 and T is generally logarithmic, the
data should be plotted on semi-log paper. Plot V)4 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 0’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 0’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 0’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 0’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
chosen.) The bake should be an unbiased bake
with the device placed in antistatic foam or other
conductive material.

6. Margin 1's. (The Memory Margining section out-
lines the technique employed to margin both 1’s
and 0’s.) Record V), 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’s. Record Viy2(one’s) @nd To(ones)-

9. Plot T1(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.

10. Repeat steps 1 thru 5. (1’s margining was com-
pleted in step 9. Steps 10 thru 14 address Q’s
margining.)

11. Margin 0's. Record Vm1(zero's) and T1(zero’s)-

12. Bake the DUT for an additional 408 hours at
70°C. (Same as step 7).

13. Margin 0’s. Record Viio(zero's) and T2(zero’s)

14. Plot Ty(zero’s), T2(zero’s), YM1(zero’s), and
VM2(zero’s)—

NOTE: The following conditions are recommended

for writing, storing, reading, and recalling the

DUT.
Veoe = 5.0V V|L = 0.8V
ViH = 2.0V Ta = Room Temperature

In addition to plotting the data to determine retention
time, the following equation can be used to predict V)
at 1 year. That is, the equation will predict the remain-
ing 1’s or O’s margin after one year of storage.

YM2-Ym1
V(1 yn) = |:(~_———'og10 T10910 17 (3.94 - log10 T1) | + VM1

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) @1yr. >0V
VM(zero’s) @ 1yr < OV

STORE and WE

During memory margining a voltage must be applied
to each of the memory capacitors in the DUT. 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
Characteristics 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 V), 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 V) 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 V) to the WE (MV) pin. The
next section, Performing a Binary Search, ex-
plains the method that must be used to generate
the correct V). (Once the initial limits have been
chosen for V), 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 V) 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 V)4 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 Vy.)

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 V) 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 (V)
for both 1’s and 0’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 V) 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 0's
margin search window is 0 to -6 volts. In each case,
nine margining iterations are used to determine the
correct Vy 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 V)4 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 V), 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 V), deter-
mined in step 2, set the new fail limit equal to that
Vp and keep the previous pass limit.

4. Repeat step 2 to determine the new V).

To determine the 0’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.

LF - LP
Vpm (RESOLUTION) = +
oi+1

where

Lg = 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 V) will be approximately
+6 mV.

Pitfalls

— The resolution of V), the voltage that is applied to
the WE(MV) pin, is very important. To ensure ac-
curate results the resolution of the V)4 power sup-
ply should be no worse than +0.010mV.

— Nine binary search iterations must be performed to
ensure the resolution of the V) that is plotted. With
nine iterations and a Vq power supply resolution of
+0.010mV the overall resolution of Vy, will be
within +£0.016mV.

— VME, the voltage applied to the STORE(ME) pin
during margining should be 24 +0.5V.



— 1’s and 0’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 stored again in the EEPROM before margining
of the 0’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
be an “erased” state. A discussion of the relation-
ship between written and erased states and logical
1’s and 0’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 any one of
the products in NCR'’s family of nibble wide NVRAM’s.
The 1’s were margined at 94 and 506 hours, and the
0’s were margined at 101 and 499 hours with the fol-
lowing results.

Tq To
1’s Margin 1.140V 0.980V
0’s Margin -1.820V -1.580V

The following plot was generated from the data. It
shows approximately 0.7V of 1’s margin and -1V of 0’s
margin at one year.

3
1’s Margin ~ 2["
VM T Vo, T
M1: 1 M2 To
WL + —
e — —— _
vy (Volts) 0 t —— I -+ —rit IE4
M T T
1E1 182 1E3 T (HOURS)
-1k e —
' e — -_
—
. b Vo, T
0’s Margin Vaee T M2 T2 1YR
-3
EXAMPLE RETENTION PLOT
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In addition to plotting the data, the 1’s and 0’s
margin (at 1 year) have been calculated below.

v __0.980-1140
M@(t:n;rs)" log10 506 - logy o 94 (3.94 - logqg 94)| +1.140

_ (-0.160
= (———07731) (1.967) + 1.140
= -0.431 + 1.140

= 0.709 Volts (1's margin)

VM (zer0's) -1.580-(~1.820)
@ty (Iog1o 499 - log1q 101

= ( gzgg) (1.936) + (-1.820)

= 0.669 + (-1.820)
= -1.150 Volts (0’s margin)

In both of the above examples, the inequalities
VM(one’s) @ 1 yr > OV and VM%ero’s) @ 1yr< oV
were met. This predicts that the DUT 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 D3). Each bank contains an 8 column by 8
row matrix (see memory map). Inputs A0-A2 are the
row addresses and A3-A5 are the column addresses.
Address O references the bit position in the upper

)(3.94 -1og1g 101)i|+(-1.820)

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
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 (DQ'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 0.

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.) ’

A5 00001111 00001111 00001111 00001111
M 00110011 00110011 00110011 00110011
A3 01010101 01010101 01010101 01010101R
AAA o]
210 8 COLS. 8 COLS. 8 COLS. 8 COLS. W
ooo [0 1 0 1 0
001 1 0 1 0 1
010 8 2
011 R 3
.0 4
100 O
101 g 5
110 6
111 7
COL.O1234567 01234567 01234567 012346567
DO D1 D2 D3
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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 D3). Each bank contains a 16 column by 8
row matrix (see memory map). Inputs A0-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.)

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 0.

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.)

DO

D1

D2

A6 0000000011111111  0000000011111111  0000000011111111  0000000011111111

A5 0000111100001111  0000111100001111  0000111100001111  0000111100001111

A4 0011001100110011  0011001100110011  0011001100110011  0011001100110011
A3 0101010101010101  0101010101010101  0101010101010101  0101010101010101 g
AAA 0
210 16 COLS. 16 COLS. 16 COLS. 16 COLS. W
000 0 1 0 1 0
001 1 0 1 0 1
010 8 2
011 g 3
100 4
101 § 5
110 6
111 7

coL 111111 111111 111111 111111

- 0123456789012345  0123456789012345  0123456789012345 . 0123456789012345

D3
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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 D3). Each bank contains a 16 column by
16 row matrix (see memory map). Inputs A0-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
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).

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.0.

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 O for an in-
verted checkerboard would be 0101.) )

- ek e -l -l @ DL 00000000 W
nSO0T o=

=4 4 24 4 0000 -2 440000 NP
- 2 002200 412004 aw 00 =P
- 0202420 +20-+-0-+-0—+-0—-+0 O»

0000000011111111
0000111100001111
0011001100110011
0101010101010101

16 COLS.

0000000011111111
0000111100001111
0011001100110011
0101010101010101

16 COLS.

0000000011111111
0000111100001111
0011001100110011

0101010101010101

16 COLS.

0000000011111111
0000111100001111
0011001100110011
0101010101010101

16 COLS.

e

-y

COL.

111111
0123456789012345

Do

111111
0123456789012345

D1

111111
0123456789012345

D2

111111
0123456789012345

D3
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STEP 7 (A TOTAL OF 9 ITERATIONS)

STEP 1* STEP 2 STEP 3 STEP 4 STEP 5 STEP 6
WRITEICB | SETUPVM,VME | APPLY RECALL DISABLE READ CB ]
(ENABLE MARGINING) | v, MARGINING
ADDR____ X X X X AX XXX X X X X XX XX XX XX XX XX XX XX XXX XX ADDR 0 X_ADDR 1

—> - < twR
DATA < DATA VALID >—
VIH
_ / X Vi
CcS —7 N
—»| |« tpH 0V (Not VL)
ViH VIH
_ |
WE (MV)— fWEH—> CORRECT Vi tosH
v 24 + 5V p WMH' ViH
STORE (ME) —
'wes | tMES
N ViH i
RECALL o RV
tyms!  'RcP trce
* THESE ARE THE STEPS DESCRIBED NOTE: tyms + tcp + tRec SHOULD BE AS
IN THE MEMORY MARGINING SECTION SHORT AS POSSIBLE
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vm MARGIN VOLTAGE Vog = + 5.0V -6.0 * 6.0 \%
Ve MARGIN ENABLE Voo = +50V | 235 245 v
tpH DATA HOLD FROM WRITE TIME SEE APPROPRIATE SPECIFICATION
twen WRITE ENABLE HOLD 100 ns
FROM CHIP SELECT
twes WRITE ENABLE SET-UP 0 ns
TO MARGIN ENABLE
tvES MARGIN ENABLE SET-UP 50 us
TO MARGIN VOLTAGE
t MARGIN ENABLE SET-UP 250 s
VMS TO ARRAY RECALL K
trcp RECALL PULSE WIDTH SEE APPROPRIATE SPECIFICATION
| | |
trce ARRAY RECALL CYCLE TIME SEE APPROPRIATE SPECIFICATION
tyMH MARGIN VOLTAGE HOLD 0 ns
FROM RECALL CYCLE
tcsH CHIP SELECT HOLD 100 ns
FROM END OF MARGIN
VOLTAGE
twr WRITE RELEASE TIME SEE APPROPRIATE SPECIFICATION
AC CHARACTERISTICS *See Binary Search section for correct V).
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Non-Volatile Applications - Memory Margining
Byte Wide NVRAMs - 52001, 52002, 52004

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’s) must
be plotted to predict retention time. Since the relation-
ship between V)4 and T is generally logarithmic, the
data should be plotted on semi-log paper. Plot V) 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 0’s retention
time.

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 0’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 0’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 0’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
chosen.) The bake should be an unbiased bake
with the device placed in antistatic foam or other
conductive material.

6. Margin 1’s. (The Memory Margining section out-
lines the technique employed to margin both 1’s
and 0’s.) Record V), 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’s. Record VM2(one’s) and T2(one's)-

9. Plot T1(one’s) T2(one’s), YM1(one’s): VM2(one’s)
to determine the 1’s retention characteristics of
the DUT. 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 0's
margining.)

11. Margin 0’s. Record Vj1(zero’s) and T4(zero’s)-

12. Bake the DUT for an additional 408 hours at
70°C. (Same as step 7).

13. Margin 0’s. Record Vpp(zero's) and To(zero’s) -
14. Plot Tq(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

DUT.
Vee = 5.0V V|L = 0.8V
ViH = 2.0V Ta = Room Temperature

In addition to plotting the data to determine retention
time, the following equation can be used to predict Vj
at 1 year. That is, the equation will predict the remain-
ing 1’s or 0’s margin after one year of storage.

Vma-YM1
Vp( v =|| =] (3.94 - | v
M1 yn) K’°910T2-'°910T1 (3.94 - log10 T1)| + VM1

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) @ 1yr. >0V

VM (zero’s) @ 1yr < OV

NV and WE

During memory margining a voltage must be applied
to each of the memory capacitors in the DUT. 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 measured directly. However,
the voltage V), 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 V) 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 NV (ME) and WE (MV) pins for margin-
ing. See AC Characteristics for correct timings.

3. Apply the correct Vjy to the WE (MV) pin. The
next section, Performing a Binary Search, ex-
plains the method that must be used to generate
the correct V). (Once the initial limits have been
chosen for V), 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 (MV) 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 V) 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 V) 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 Vj.)

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 V) 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 (V)
for both 1’s and 0’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 V) 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 0’s
margin search window is 0 to -6 volts. In each case,
nine margining iterations are used to determine the
correct V), within the appropriate window. A descrip-
tion of the binary search technique for determining the
1's margin voltage Vpj(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 V), 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 V)4 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 Vi
determined in step 2, set the new fail limit equal to
that V) and keep the previous pass limit.

4. Repeat step 2 to determine the new V).

To determine the 0’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.

Lg -Lp
2i+1

where

Lg = 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 Vp, will be approximately
+6 mV.

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 V) power sup-
ply should be no worse than +0.010mV.

— Nine binary search iterations must be performed to
ensure the resolution of the V) that is plotted. With
nine iterations and a V), power supply resolution of
£0.010mV the overall resolution of Vjy will be
within +£0.016mV.

— V)ME. the voltage applied to the NV (ME) pin during
margining should be 24 +0.5V.

— 1’s and 0’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 stored again in the EEPROM before margining
of the 0’s can begin.

— Write, store, read, and recall operations must meet
the specification for the particular dewce 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

be an “erased” state. A discussion of the relation-
ship between written and erased states and logical
1’s and 0'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’s. It is representative of
the retention characteristics generated by any one of
the products in NCR'’s family of byte wide NVRAM’s.
The 1’s were margined at 97 and 498 hours, and the
0’s were margined at 102 and 510 hours with the fol-
lowing results.

T4 To
1's Margin 1125V 0.960 V
0’s Margin -1.805V -1.560V

The following plot was generated from the data. It
shows approximately 0.7V of 1’s margin and -1V of 0’s
margin at one year.

3
1’s Margin i Ve T
M=, Vmz: T2
b \
1 R
} } Il 1 [ 1 4 1 [l 1 } I : I J I ]
I
Vi (Volts) 0 YR LB B N L B IPT=PS T !r(H|0U|:|(S)' 11 IE4
Ll I
—_— -
0’s Margin v T +/.|..__-
2L M1 1 VM2:T2
2 1YR
-3
EXAMPLE RETENTION PLOT
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In addition to plotting the data, the 1’s and 0’s
margin (at 1 year) have been calculated below.

0.960 - 1.125
VM (one’s) =

2T (3.94-logqg 97) |+ 1.12
log10 498 - logqg 97) ¢ 910 )] * 1188
@1yr

=(-0.165
0.710/ (1.953) + 1.125
= -0.454 + 1.125

= 0.671 Volts (1's margin)

v | 1560 - (-1809) ) g, 102) |+(-1.805

gy =|| —————————— (3.94 - lo 1.

"gi"ms) log10 510~ loggg 102 )¢ 910 102) |+ (-1.805)
yr.

( 0.245)

_\ 0.699/ (1.931) + (-1.805)
= 0.677 + (-1.805)

= -1.128 Volts (0’s margin)

In both of the above examples, the inequalities
VM(one’s) @1 yr >0V and Vpy(zero’s) @ 1yr <OV were
met. This predicts that the DUT will recall both 1’s and
0’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 D7). Each bank contains an 8 column by
16 row matrix (see memory map). Inputs A0-A2 are
the column addresses and A3-A6 are the row ad-
dresses. Address 0 references the bit position in the

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 0.

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.)

A2 00001111 00001111 00001111 00001111 00001111 00001111 00001111 00001111

A1 00110011 00110011 00110011 00110011 00110011 00110011 00110011 00110011

A0 01010101 01010101 01010101 01010101 01010101 01010101 01010101 01010101 A
AAAA o
6543 8 COLS. 8 COLS. 8 COLS. 8 COLS. 8 COLS. 8 COLS. 8 COLS. 8 COLS. w
0000 01 10 01 10 01 10 01 10 00
0001 01
0010 02
0011 03
0100 04
0101 } 05
0110 06
0111 8 07
1000 W 08
1001 S 09
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

Do D1 D2 D3

COL. 01234567 01234567 01234567 01234567 01234567 01234567 01234567 01234567

D4 D5 D6 D7




NCR 52002 NOTE: Address 0 (data 10101010) is shown in the

The memory array of NCR’s 52002 256 x 8 bit byte upper left-hand corner of each data bank. Ad-
wide NVRAM consists of eight data banks (one each dress 1 (data 01010101) is shown just to the
for DO - D7). Each bank contains an 8 column by 32 right of address 0.
row matrix (see memory map). Inputs A0-A2 are the .
column addresses and A3-A7 are the row addresses. 3. Write the complemented data.
Address 0 references the bit position in the upper left- 4. Repeat steps 2 and 3 six additional ti il
hand corner of each data bank. Since the column ad- ' peal sleps = anc o sixacditional imes (until the
11 ad last column is written).
dresses are less significant than the row addresses, . . .
address 1 is the bit position in row 0, column 1 (to the 5. Begin the next row by incrementing the address
right of address 0). without complementing the data. Write the uncom-
A checkerboard pattern resides in the SRAM array plemented data.
when adjacent memory cells contain complementary 6. Repeat steps 2, 3, and 4 until the row is completed.
data. The procedure used to generate such a pattern .
is described below: 7. Repeat steps 5 and 6 thirty additional times to
. . complete the array.
1. Begin at address 0 by writing the data 10101010 . P y
(DO is the least significant bit). An inverted checkerboard pattern may be gener-

ated by following the above procedure except that all

2. Increment the address and complement the data. the data must be complemented. (Address O for an in-

(Address 1 would be 01010101.) verted checkerboard would be 01010101.)
A2 00001111 00001111 00001111 00001111 00001111 00001111 00001111 00001111
A1 00110011 00110011 00110011 00110011 00110011 00110011 00110011 00110011
A0 01010101 01010101 01010101 01010101 01010101 01010101 01010101 01010101 R
AAAAA o
76543 8 COLS. 8COLS. 8 COLS. 8COLS. 8 COLS. 8 COLS. 8COLS. scos. W
00000 o1 10 01 10 01 1o 01 10 00
00001 01
00010 02
00011 03
00100 04
00101 05
00110 06
00111 07
01000 08
01001 09
01010 10
01011 11
01100 3 12
01101 2 13
01110 3 14
o1111 w 15
10000 g 16
1000 1 17
10010 18
10011 19
10100 20
10101 21
10110 22
101711 23
11000 24
11001 25
11010 26
11011 27
11100 28
11101 29
11110 30
11111 31
COL. 01234567 01234567 01234567 01234567 01234567 01234567 01234567 01234567
Do D1 D2 D3 D4 D5 D6 D7
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NCR 52004

The memory array of NCR’s 52004 512 x 8 bit byte
wide NVRAM consists of eight data banks (one each
for DO - D7). Each bank contains a 16 column by 32
row matrix (see memory map). Inputs A0-A3 are the
column addresses and A4-A8 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 0.

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 address
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 1111111 11111111 (ARRRRRR

111111
A2 0000111100001111 0000111100001111 0000111100001111 0000111100001111 0000111100001111 0000111100001111 0000111100001111 0000111100001111
A1 0011001100110011 0011001100110011 0011001100110011 0011001100110011 0011001100110011 0011001100110011 0011001100110011 0011001100110011
A0  0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 0101010101010101 R

1111111 1111111 11111111 LARARRRR]

D i E A 44422222 0000000000000000

4444 .4-.000000004222442..00000000

444200002 20000-=~-0000~==--0000

44004200~ ~“00-200~“+00=+400==-00==00

40-0-0-04040-40-0-0-0=0=20-0-0=0=0
»EOD MW

AAAAA o
87654 16 COLS. 16 COLS. 16COLS. 16 COLS. 16 COLS, 16COLS. 16COLS. 16COLS. w
o1 10 o1 10 01 10 ot 10 00

Q
Q
Q

Do D1 D2 D3

111111 111111 111111 111111 111111 111111 111111 111111
0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345 0123456789012345

D4 D5 D6 D7




STEP 7 (A TOTAL OF 9 ITERATIONS)
STEP 1* STEP 2 STEP 3 STEP 4 STEP 5 STEP 6
WRITE [CB SET UP VM, VME | APPLY RECALL DISABLE READ CB
(ENABLE MARGINING)| VM MARGINING
ADDR — _)Q(XXXXXXXYX)(X XXX XXX XK XXXA KX XX ADDR 0 “YADDR 1
I FtwR
DATA D ~(_DATAVALD )
ViH
& # jt Vi
t
e DH OV (Not Vy) L ViH
WE Mv)— ViH I CORREC T
~—tWEH—> tYMH|  csH
. H 24 = 5V LT VIH
NV (ME)
v twes  MES
OE H N VL
tyms! O tRcc
NOTE: tyms + tno + trec SHOULD * THESE ARE THE STEPS DESCRIBED
BE AS SHORT AS POSSIBLE IN THE MEMORY MARGINING SECTION
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
7y MARGIN VOLTAGE Voo = +5.0V 6.0 N 6.0 v
VME MARGIN ENABLE Voo = +5.0V 23.5 24.0 245 v
t DATA HOLD FROM :
DH WRITE TIME SEE APPROPRIATE SPECIFICATION
tWEH WRITE ENABLE HOLD 100 ns
FROM CHIP SELECT
WES WRITE ENABLE SET-UP 0 ns
TO MARGIN ENABLE
tMES MARGIN ENABLE SET-UP 50 s
TO MARGIN VOLTAGE
tyms MARGIN VOLTAGE SET-UP 250 us
TO ARRAY RECALL
tNo NV TO OUTPUT OVERLAP SEE APPROPRIATE SPECIFICATION
trRcc  |ARRAY RECALL CYCLE TIME SEE APPROPRIATE SPECIFICATION
tYMH MARGIN VOLTAGE HOLD 0 ns
FROM RECALL CYCLE
tesH CHIP SELECT HOLD FROM 100 ns
END OF MARGIN VOLTAGE
twR WRITE RELEASE TIME SEE APPIROPHIATE SPECIFICATION
|
AC CHARACTERISTICS *See Binary Search section for correct V).
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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 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 0’s margin)
must be plotted to predict retention time. Since the re-
lationship between V)4 and T is generally logarithmic,
the data should be plotted on semi-log paper. Plot V)4
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 0’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
0’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 0’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 0’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°C. (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°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’s. (The Memory Margining section out-
lines the technique employed to margin both 1’s
and 0’s.) Record V), 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

Ti(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 1’3. Record VM2(0ne’S) and Tz(one's).
8. Plot T1(one’s): T2(one’s), YM1(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 0’s
margining.)

10. Margin 0’s. Record VM1(zero’s) and T1(zero’s)~

11. Bake the DUT for an additional 408 hours at
70°C. (Same as step 7).

12. Margin 0's. Record Vi (zero’s) and To(zeros):

13. Plot Tq(zero’s), T2(zero’s): VM1(zero's), and
M2(zero’s) to determine the 0’s retention

. characteristics of the DUT.

NOTE:
The following conditions are recommended for
reading, writing, and erasing the EEPROM.

Vgg = 5.0V
VIH = 20V

Tp = Room Temperature

In addition to plotting the data to determine retention
time, the following equation can be used to predict V)
at 10 years. That is, the equation will predict the re-
maining 1’s or 0’s margin after ten years of storage.

Vp (10 MR I T
M (10 yrs)= T T a5 T (4.94 - 10949 T9)| +Vm1

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) @ 10yrs. > OV

Vm (zero's) @ 10yrs. < OV

WGND and VM

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 (V)y) to be applied to the memory transistors.
When margining 1’s, the active state for WGND is a
positive voltage and when margining 0’s, the active
state is a negative voltage. The margin voltage V)
is applied to the V), 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 (VTp) of the memory transistor. The
rate at which VT decays is directly related to the re-
tention time of an EEPROM. Unfortunately, VTH can-
not be measured directly. However, the voltage V),
that is applied to the VM pin is used to determine the
magnitude of Vn. It is in this manner that V1 is
evaluated. The following steps outline the technique
that is used to evaluate VT (using V)) 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 V)yg.)

2. Apply the correct Vp, 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
V. 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 DUT is no longer func-
tioning correctly. When a pattern reads incor-
rectly it means that the value of Vjy, has
exceeded the value of VT, 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 Vj.)

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 V), 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 (V)
for both 1’s and 0’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 V) 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
0’s margin search window is O to -5 volts. In each
case, nine margining iterations are used to determine
the correct V) 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 Vp, 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 V), determined in step 2 of this
section, set the new pass limit equal to that Vy
and keep the previous fail limit. If the device fails
(does not read correctly) at the V), determined in
step 2, set the new fail limit equal to that V)4 and
keep the previous pass limit.
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4. Repeat step 2 to determine the new V).

To determine the 0’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.

Lg - Lp where
Lg = fail limit
oi+1 Lp = pass limit

i = number of iterations

For a 5 volt window and a total of 9 iterations, the
resolution of the resultant V) will be approximately
+5 mV. .

Pitfalls

— The resolution of V), the voltage that is applied to
the VM pin, is very important. To ensure accurate
results the resolution of the V)yy power supply
should be no worse than +0.010V.

— Nine binary search iterations must be performed to
ensure the resolution of the V) that is plotted. With
nine iterations and a V)y power supply resolution of
+0.010V the overall resolution of V), will be within
+0.015V.

— VME, the margin enable voltage applied to the
WGND pin during margining, should be +9.0
+0.5V for 1’s margining and -7.0 +0.5V for 0’s
margining.

— 1's and 0’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 0’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 DUT 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 V1 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 0’'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 52801’s. It is representative of

the retention characteristics generated by any one of

the products in NCR’s family of serial /O EEPROM'’s.
The 1’s were margined at 94 and 503 hours, and the

0’s were margined at 93 and 502 hours with the follow-

ing results.
1's Margin 1.320 V 1.120 V
0’s Margin -1.660 V -1.510V

The following plot was generated from the data. It
shows approximately 0.5V of 1’s margin and -1V of 0’s
margin at ten years.

3
2 |-
Vmi: T Vpo, T
1’s Margin M1 L M2 2
\
+ L
-~~*~
[ N N | [ | [T | Lt
Vi (Volts) 01E1' LI B R N N PT=VR | L I B I B BB BT LI I I L R ST """'Ir
T (HOURS)
-1 _—————___
) . [ —_—t - —
0’s Margin v +
ok M1 T4 Vma: T2
10
YRS
-3
EXAMPLE RETENTION PLOT

In addition to plotting the data, the 1’s and 0’s

margin (at 10 years) have been calculated below.

1.120 - 1.320

VM (one's) = (—I )(4.94 -logqg 94) |+ 1.320
0g1q 503 - logq 94

@ 10 yrs.

-0.200
= ( 0.728) (2.967) + 1.320

= -0.815 + 1.320
= 0.505 Volts (1’s margin)

-1.510 - (~1.660)

In both of the above examples, the inequalities
VM(one’s)@10 yrs >0V and VM(zero’s)@ 10 yrs <OV
were met. This predicts that the DUT will recall both
1’s and 0’s correctly after ten years of storage.

\ iy =|[ —— }(4.94 - log4 93) | + (-1.660)
M (zero’s) l:(log1050_2-log1093) 10 :|

@ 10 yrs.
_ ( 0.150
~\ 0732

= 0.609 + (~1.660)

) (2.971) + (-1.660)

= -1.051 Volts (0’s margin)
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Writing a Checkerboard Pattern
BIT
1
52801 Aoonesso1234se7393}5515
The memory array of NCR’s 52801 256-bit EEPROM A0 1111111100000000
is configured in 16 words, with each word containing Al 00000000 11111111
16 bits (DO thru D15). o A2 1111111100000000
A checkerboard pattern exists in the EEPROM A3 00000O0O0OOT1TT1T1T11111
when adjacent memory cells contain complementary A4 1111111100000000
data. The procedure used to generate suchapattern A5 00000O0O0OO0T1TT1T111111
is described below: A6 1111111100000000
1. Begin at address 0 by writing the data A7 000000001 1111111
1111111100000000. A8 111111 1100000O0O00O0
A9 000000001 1111111
2. Increment the address and complement the data. A10 1111111100000000
(Address 1 would be 0000000011111111.) A1l 000000001 1111111
3. Repeat step 2 fourteen additional times (a total of A2 11 1111110000000 0
16 addresses should be written). A3 000000001 11111141
A14 1111111100000000
An inverted checkerboard pattern may be gener- A15 000000001 1111111
ated by following the same procedure except that all
the data must be complemented. (The data for ad-

dress 0 would be 0000000011111111.)
Although the above pattern is not a checkerboard

The bit map for a checkerboard pattern is illustrated when it is external to the 52801, the internal pattern,
below. due to the decoding circuitry, will be a checkerboard.
STEP 1** | sTEP2 STEP 3
SET UP ﬁ] APPLY READ THE EEPROM 1st ITERATION
WGND & VM CORRECT
M

CTR1,

CTR2, STANDBY (SAI 0 (1st ITERATION) xREADxSDO (1st ITERATION) SAI 15 (1st ITERATION x
CTR3

_ 'ccES

CE / \

> tyms

\ BIT
o e T OO O
M OV (Not V) 1's MARGINING VOLTAGE

tMES
tcES ( 0's MARGINING VOLTAGE
ViL [ +9.0+0.5V for 1’s Margining
WGND
+7.0+0.5V for 0's Margining
** THESE ARE THE STEPS FOUND IN *SAl: SERIAL ADDRESS IN
THE MEMORY MARGINING SECTION SDO: SERIAL ADDRESS OUT
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SYMBOL PARAMETER CONDITIONS | MIN TYP MAX | UNITS
SEE BINARY
M MARGINING VOLTAGE VCC=50V | -5.0 | SEARCH | +5.0 v
SECTION
WGND (1’s) MARGINING ENABLE VCC=50V | 85 9.0 95 v
1's
WGND (0’s) MARGINING ENABLE VCC=5.0V |-75 -7.0 -6.5 v
0’s
tces CE HIGH TO — o - - nS
MARGINING ENABLE
MARGINING ENABLE
tMES SET UP TO VCC=5.0V | 50 - - S
MARGINING VOLTAGE
tyms MARGINING VOLTAGE - 100 - - ]
SETUP TO CE LOW
t CTR1,2,3T0 — 1 - - S
COES CE LOW
t VM HOLD AFTER - 0 - - ns
VMo CE HIGH
t NEW VM AFTER - 0 - - nsS
MDP OLD VM
t CEHIGH TO - 0 - - ns
VMH VM OFF
t VM OFF TO - 0 - - nsS
MEH WGND OFF
tcEH MARGINING ENABLE - 100 - - S
OFF TO CELOW
NCR 52801 AC CHARACTERISTICS
| READ THE EEPROM 2nd THRU 9th ITERATIONS |

[XXROOKAXS /- JRXKRRNARAN

5 TCo R 7 P e QN (47 N 40

- n' _ |
tymo
«—tyMs—> :
tMDP X tyMH
(1st ITERATION) L (2nd ITERATION) :t: (Sth ITERATION)
— <— {CEH
(1st ITERATION) |- (2nd ITERATION) }Q“ (9th ITERATION) J :
o |™MEH[
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Non-Volatile Applications - Memory Margining
Serial /0 EEPROMs—59308

Introduction
Among the many features offered by NCR in their
family of serial /0O 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 /O EEPROM’s.

Predicting Retention Time

Retention time for an EEPROM is determined by plot-
ting the voltage measured during memory margining
(V) 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’s margin)
must be plotted to predict retention time. Since the re-
lationship between Vpy and T is generally logarithmic,
the data should be plotted on semi-log paper. Plot Vi
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
0’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 0’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 0’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°C. (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°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’s. (The Memory Margining section out-
lines the technique employed to margin both 1’s
and 0’s.) Record V), 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 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 1s. Record V\a(one’s) and T2(one’s)-

8. Plot T1(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 0’s
margining.)

10. Margin 0’s. Record Vi\11(zero’s) and T1(zero’s)-

11. Bake the DUT for an additional 408 hours at
70°C. (Same as step 7).

12. Margin 0’s. Record VM2(zero’s) and T2(zero’s)-

13. Plot T1(zero’szv To(zero's): YM1(zero’s): and
VM2(zero’s) to determine the 0’s retention

characteristics of the DUT.

NOTE: The following conditions are recommended
for reading, writing, and erasing the

EEPROM.
VCC = 5.0V VIL =< 0.8V
VIH = 20V Tp = Room Temperature

In addition to plotting the data to determine retention
time, the following equation can be used to predict Vy
at 10 years. That is, the equation will predict the re-
maining 1’s or 0’s margin after ten years of storage.

Vo=V
Vpm (10 yrs)= [(ﬂ_) (4.94 - log4q T1)] +Vp
logqg Tp-10g10 T4

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 DUT. To
achieve this, VM EN (pin 7) and VM (pin 6) are utilized.
When VM EN is active, it allows the margining voltage
(V) to be applied to the memory transistors. When
margining 1’s, the active state for VM EN is a positive
voltage, and when margining 0’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 (V1) of the memory transistor. The
rate at which V1 decays is directly related to the re-
tention time of an EEPROM. Unfortunately, VT can-
not be measured directly. However, the voltage Vyy,
that is applied to the VM pin is used to determine the
magnitude of Vn. It is in this manner that V1 is
evaluated. The following steps outline the technique
that is used to evaluate VT (using V) 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. Setupthe VM EN and VM pins for margining. See
AC Characteristics for correct timings. (The VM
EN voltage is Vg.)

2. Apply the correct V) to the VM pin. The next sec-
tion, Performing a Binary Search, explains the
method that must be used to generate the correct
V- (Once the initial limits have been chosen for
V., 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
V\ 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 DUT is no longer func-
tioning correctly. When a pattern reads incor-
rectly it means that the value of Vyy has
exceeded the value of V1, 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 Vj1.)

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 V) 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 (V)
for both 1’s and 0’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 V) 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
0’s margin search window is 0 to -5 volts. In each
case, nine margining iterations are used to determine
the correct V) within the appropriate window. A
description of the binary search technique for deter-
mining the 1’s margin voltage follows. (The technique
for 0’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 O 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 V) 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 V) determined in step 2 of this
section, set the new pass limit equal to that V),
and keep the previous fail limit. If the device fails
(does not read correctly) at the V) determined in
step 2, set the new fail limit equal to that V)4 and
keep the previous pass limit.

4. Repeat step 2 to determine the new V).

To determine the 0’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.

Lg -Lp where
0 _ Lg = fail limit
21+ Lp = pass limit

i = number of iterations

For a 5 volt window and a total of 9 iterations, the
resolution of the resultant Vy, will be approximately
+5 mV.

Pitfalls

— The resolution of V), the voltage that is applied to
the VM pin, is very important. To ensure accurate
results the resolution of the V)4 power supply
should be no worse than +0.010V.

— Nine binary search iterations must be performed to
ensure the resolution of the V) that is plotted. With
nine iterations and a V)4 power supply resolution of
+0.010V the overall resolution of Vj, 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 0’s margin-
ing.

— 1's and 0’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 0’s can begin.

— Wirite, 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 DUT 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 V1 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 0’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 any one of
the products in NCR’s family of serial /O EEPROM'’s.
The 1’s were margined at 90 and 500 hours, and the
0’s were margined at 98 and 499 hours with the follow-
ing results.

T4 To
1’s Margin 1.330 V 1.130V
0’s Margin -1.670 V -1.510V

The following plot was generated from the data. It
shows approximately 0.5V of 1’s margin and -1V of 0’s
margin at ten years.

In addition to plotting the data, the 1’s and 0’s
margin (at 10 years) have been calculated below.

In both of the above examples, the inequalities

VM(one’s) @ 10 yrs >0V and Vpjizero’s) @ 10 yrs <0V

were met. This predicts that the DUT will recall both
1’s and 0’s correctly after ten years of storage.

Writing a Checkerboard Pattern

59308

The memory array of NCR’s 59308 1024-bit Serial /0
EEPROM is configured in 64 words, with each word
containing 16 bits (DO thru D15).

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.

Vi (one’s) ~ (M)(4_94. logig90) |+ 1.330 2. Increment the address and complement the data.
@10yrs.  [\l0gqg 500 - logqg 90 (Address 1 would be 0101010101010101.)
~ 20200\ 1, 9ge + 1330 3. Repeat step 2 sixty-two additional times (a total of
=\ 0745 ) @980+ 1 64 addresses should be written).
= -0.802 + 1.330 An inverted checkerboard pattern may be gener-
= 0.528 Volts (1's margin) ated by following the same procedure except that all
the data must be complemented. (The data for ad-
~-1.510 - (1. dress 0 would be 0101010101010101.
Vi (zero’s) = (M)(4.94-|og1098) +(-1.670) )
@ 10yrs. logy 499 - logyq 98 The bit map for a checkerboard pattern is illustrated
0.160 on the following page.
= ( 07 07) (2.949) + (-1.670)
= 0.667 + (~1.670)
= -1.003 Volts (0's margin)
3
2 =
1's Margin VMt Tq Vma T2
—
= +—t - _]
W ) 0
1E1 1E2 1E3 1E4 T (HOURS)
-1 I Pl )
0's Margin /-i—" —
-2 VM1 Tq r Vmz: T2
10 YRS
-3
EXAMPLE RETENTION PLOT
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Serial /O EEPROMs—59308
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STEP 3
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I STEP 2 |
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|<—-1st ITE
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1st ITERATION
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(TSt ITERATION)

1’s MARGINING VOLTAGE
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+9.0+0.5V for 1's Margining
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-7.0+0.5V for 0’s Margining
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NCR 59308 AC CHARACTERISTICS
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SYMBOL PARAMETER CONDITIONS | MIN TYP MAX | UNITS
SEE BINARY
VM MARGINING VOLTAGE VCC=5.0V |-50 | SEARCH +5.0 v
SECTION
VM EN (1's) MARGINING ENABLE VCC=50V | 85 9.0 95 v
1's
VM EN (0's) MARGINING ENABLE VCC=50V |-75 -7.0 -6.5 v
0's
tCES CS LOW TO — 0 — — nS
MARGINING ENABLE
MARGINING ENABLE
tMES SET UP TO — 50 — — S
MARGINING VOLTAGE
tyMmS MARGINING VOLTAGE — 100 — — kS
SETUP TO CS HIGH
tSHCH SELECT SET-UP TIME — 200 - — ns
tCHSL SELECT HOLD TIME — 1 _ _ S
tyMO VM HOLD AFTER — 0 — — nS
CS.OFF
tMDP NEW VM AFTER — 0 _ — ns
OLD VM
tyMH CS LOW TO — 0 — — nS
VM OFF
tMEH VM OFF TO — 0 — — nS
VM EN OFF
tCEH MARGINING ENABLE — 100 — — xS
OFF TO CS HIGH

*THESE ARE THE STEPS FOUND IN
THE MEMORY MARGINING SECTION

l<
[

STEP 4

READ THE EEPROM 2nd THRU 9th ITERATIONS !

J——\;I [<=—1CHSL

it
7

fvmo tymH tceH
1 1 \0_[A5 (A4 A3 ,’, X A2 X AT A0\ .
2nd v 9th
< tyms ITERATION 1“ ITERATION ™}
[ETRETACXE0) — ¥ T\ [EEeEGEn-
—p [—tppp
,
H (2nd ITERATION) ;f (9th ITERATION)
- MEH
—
= (2nd ITERATION) e (9th ITERATION)
i
\
1
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Non-Volatile Appliéations - Memory Margining
Byte Wide EEPROMSs - 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.

230

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 0’s margin)
must be plotted to predict retention time. Since the re-
lationship between V) and T is generally logarithmic,
the data should be plotted on semi-log paper. Plot Vj
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 0’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 0’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 0’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 0'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°C. (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°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’s. (The Memory Margining section out-
lines the technique employed to margin both 1’s
and 0’s.) Record V), 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 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's. Record V\i2(one’s) ad T2(one’s)-

8. Plot T{(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 0’s
margining.)

10. Margin O'S. ReCOI'd VM1(Zer0'S) and T1(zer°’s).

11. Bake the DUT for an additional 408 hours at
70°C. (Same as step 7).

12. Margin O’S. ReCOI'd VM2(Zer0’s) and T2(zero’s).

13. Plot Tq(zero’s), T2(zero’s), VM1(zero’s), and
VM2(zero’s) to determine the 0’s retention
characteristics of the DUT.

NOTE: The following conditions are recommended
for reading, writing, loading and erasing the

EEPROM. )
Vge = 5.0V VL =08V
Vigz 2.0V Ta = Room Temperature

In addition to plotting the data to determine retention
time, the following equation can be used to predict Vg
at 10 years. That is, the equation will predict the re-
maining 1’s or 0’s margin after ten years of storage.

Vy (10 yrs) - Vmzu (494 -logy T4)| +V
rs)= || ————— .94 - log +
mEmy ('0910T2-'°910T1) 1o M1

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) @ 10yrs. > OV
VM (zero's) @ 10yrs. < OV

CNTL1 and CNTL2

During memory margining a voltage must be applied
to each of the memory transistors in the DUT. To
achieve this, CNTL1 (pin 1) and CNTL2 (pin 26) are
utilized. CNTL1 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 CNTL1 (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 (V1) of the memory transistor. The
rate at which V1 decays is directly related to the re-
tention time of an EEPROM. Unfortunately, VTH can-
not be measured directly. However, the voltage Vyp,
that is applied to the CNTL2 (MV) pin is used to deter-
mine the magnitude of V1n. It is in this manner that
VTH is evaluated. The following steps outline the
technique that is used to evaluate Vy (using V)
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 CNTL1 (ME) & CNTL2 (MV) pins for
margining. See AC Characteristics for correct tim-
ings. (The CNTL1 voltage is VE.)

2. Apply the correct V) 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 Performing a Binary Search sec-
tion.)

NOTE: A pattern that does not verify correctly (“fails”)
does not mean that the DUT is no longer func-
tioning correctly. When a pattern reads incor-
rectly it means that the value of V) has
exceeded the value of V1, 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 V\.)

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 V) 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 (V)

for both 1's and 0’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 V) 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
0’s margin search window is 0 to -5 volts. In each
case, nine margining iterations are used to determine
the correct V) within the appropriate window. A
description of the binary search technique for deter-
mining the 1’s margin voltage follows. (The tech-
nique for 0’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 Vp, 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 V) determined in step 2 of this
section, set the new pass limit equal to that V)
and keep the previous fail limit. If the device fails
(does not read correctly) at the V)4 determined in
step 2, set the new fail limit equal to that V4 and
keep the previous pass limit.

4. Repeat step 2 to determine the new V).

To determine the 0’s margin voltage, repeat the
above procedure except begin with a fail limit of -5
volts and a pass limit of O volts.

The resolution of the margin voltage determined by
the binary search method can be determined by the
following equation.

Le -L where
ol i L = fail limit
2i+1 Lp = pass limit

i = number of iterations

For a 5 volt window and a total of 9 iterations, the
resolution of the resultant V) will be approximately
+5mV.

Pitfalls

— The resolution of V), the voltage that is applied to
the CNTL2 pin, is very important. To ensure ac-
curate results the resolution of the Vy; power sup-
ply should be no worse than +0.010V.

— Nine binary search iterations must be performed to
ensure the resolution of the V) that is plotted. With
nine iterations and a V) power supply resolution of
+0.010V the overall resolution of V) will be within
+0.015V.

— VME, the margin enable voltage applied to the
CNTL1 pin during margining, should be +22.0
+0.5V for 1’s margining and -6.0 +0.5V for 0’s
margining.

— 1’s and 0’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 0’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 DUT 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 V1 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 0’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 any one
of the products in NCR’s family of byte wide
EEPROM’s.

The 1’s were margined at 97 and 505 hours, and
the 0’s were margined at 93 and 501 hours withthe
following results.

T4 To
1’s Margin 1.360 V 1.200 V
0’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
0’s margin at ten years.

In addition to plotting the data, the 1’s and 0's
margin (at 10 years) have been calculated below.

1.200 - 1.360
(Iogm 505 - logqg 97

(

= -0.660 + 1.360
= 0.700 Volts (1’s margin)

[

= (—0—7—3—1) (2.971) +(~1.250)

= 0.650 + (~1.250)

M (one's) =

)(4.94 -logyg 97{|+ 1.360
@ 10 yrs.

-0.160
0.716

) (2.953) + 1.360

-1.090 - (~1.250)
\ =l
M (zero's)=| | 1oq, 1501 - logyq 93

)(4.94 -logyq 93) | +(-1.250)
@ 10 yrs.

= -0.600 Volts (0’s margin)

In both of the above examples, the inequalities
VM(one’s) @10 yrs > 0V and VM(zero’s) @10 yrs <
0V were met. This predicts that the DUT will recall
both 1’s and 0’s correctly after ten years of storage.

3
21~
1's Margin VM1 T1_|_ Vmz: T2
b—
1 e
0 s NN et e
Vi (Volts) 1E1 ! LI B B R B I BT=C LI B L P T it 1E4|T(II-IO'UR'S)I”'
—_— — =
T + b
- ——
0's Margin Ymr: Ty Vi T2
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 A0-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 A11 =0, and the right bank by A11=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 DO-D7 with A11=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 A11=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.)



AAAAAAA
0987654

0000000
0000001
0000010
0000011
0000100
0000101
0000110
0000111

1000
1001
1010
1011
1100
1101
1110
1111

[N
@ s m

A3
A2
Al
A0

hEODo N =

0 0 1 0 1
0 0 1 0 1
0 0 1 0 1
0 1 1 0 1
16 COLS. 16 COLS
DDDDDODD DDDDDDDD D DDD DDDDDDDD DDDDDDDD DD DDD DDDDDDDD
01234567 01234567 01 567 01234567 01234567 01 567 01234567
01010101 01010101 01 101 01010101 01010101 01 101 01010101
10101010 10101010 10 010 10101010 10101010 10 010 10101010
01010101 01010101 01 101 01010101 01010101 01 101 01010101
10101010 10101010 1 010 10101010 10101010 10 010 10101010
01010101 01010101 0 101 01010101 01010101 01 101 01010101
10101010 10101010 1 010 10101010 10101010 10 010 10101010
01010101 01010101 01 101 01010101 01010101 01 101 01010101
10101010 10101010 10 10101010 10 10101010

10101010

10101010

10101010 10101010 10 10101010 10 010 10101010
01010101 01010101 01 10t 01010101 01010101 01 101 01010101
10101010 10101010 10 010 10101010 10101010 10 010 10101010
01010101 01010101 01 101 01010101 01010101 01 101 01010101
10101010 10101010 10 010 10101010 10101010 10 010 10101010
01010101 01010101 01 101 01010101 01010101 01 101 01010101
10101010 10101010 10 10 10101010 10101010 10 010 10101010
01010101 01010101 01 01 01010101 01010101 01 101 01010101
coLo coLt CoL1s5 CoLo coL15
A11 =0 A1l =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 A0-A3 are the column
addresses. Address O references the bit position in
the upper left-hand corner of each bank. The left bank
is selected by A11 =0, and the right bank by A11=1.
The upper two banks are selected by A12 =0, and the
lower banks by A12=1. Since the column addresses
are less significant than the row addresses, address 1
is the bit position in row 0 column 1 (dlrectly 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 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