TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

¢ :::’I:v’;:;?“t’seﬂzg up to 2000 Usable | /0 and Peripheral Circuits ]
m— W rm——

® Ti Action Logic™ System (TI-ALS) Software IE————IF

for: 5

— V|ew‘-0gIcTM g ERERNNEENEREERERrENNANENERERENNERDRED §'

- Mentor™ 3 g

— OrCAD/SDTIN ™ 2 | -

- Cadence™/Valid™ '§' —_ g
® Reliable Antifuse Interconnect % Moo nnoonnnm | ©

e ———— o

¢ Bulit-In Clock Distribution Network g —_— %
¢ Silicon-Gate CMOS Technology | TRRNL NN RRNE ] ||
e Desktop TI-ALS Creates Design Files for: [ \‘ Vof"d Periphdral Cirfuits |

— 1/0 Pin Assignment ‘ /

: gﬁﬂg‘;: : l:: :‘:It:n \ / Rows of Logic Modules

— Circuit Timing Analysis Interconnect Tracks

— Array Antifuse Programming

— Test and Debug TPC10 Series FPGA Die Architecture

description

The Texas Instruments (Tl) TPC10 Series comprises four field-programmable gate arrays (FPGAs). The
TPC1010A, TPC1010B, TPC1020A, and TPC1020B FPGAs are fabricated using the TI silicon-gate
CMOS process. The process features polysilicon gate, source, drain elements, and two levels of
copper-doped-aluminum metallization to reduce internal resistance and enhance performance. Typical die
architecture is illustrated above.

These field-programmable devices combine gate-array flexibility with desktop programmability. This
combination allows the designer to avoid fabrication cycle times and nonrecurring engineering charges
associated with conventional mask-programmed gate arrays. The FPGAs are unique in that the arrays are
fabricated, tested, and shipped to the user for programming. The FPGA contains user-configurable inputs,
outputs, logic modules, and minimum-skew clock driver with hardwired distribution network. The FPGA also
includes on-chip diagnostic probe capabilities and security fuses to protect the proprietary design.

Table 1. Product Family Profile

DEVICE TPC1010A | TPC1020A | TPC1010B | TPC1020B
Capacity
Gate array equivalent gates 1200 2000 1200 2000
TTL equivalent packages 34 53 34 53
CMOS Process 1.2pm 1.2um 1.0pum
| Logic Modules 295 547 295
Flip-Flops (maximum) 130 273 130
Antifuses 112,000 186,000 112,000
Horizontal Tracks 22 22 22
Vertical Tracks 13 13 13

Action Logic, Activator, and Actionprobe are trademarks of ACTEL Corporation.
Cadence/Valid are trademarks of Cadence Design Systems, Inc.

Mentor is a trademark of Mentor Gr??hics Corporation.

OrCAD/SDT il is a trademark of OrCad Systems Corporation.

ViewLogicis a trademark of Viewlogic System, Incorporated.

UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1993, Texas Instruments Incorporated
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Action Logic System (ALS) and Activator

TPC10 Series FPGAs are supported by the ALS software and Activator™ programming hardware. The

combination facilitates logic design and FPGA programming on popular CAE workstations with minimum effort.
ALS interfaces to the resident CAE system providing a complete library of TPC10 Series functions. The ALS
includes automatic place and route, timing verification, and FPGA device programming. The ALS and Activator
are available for ViewLogic or OrCAD (SDT IIl) 386/486 based PC systems, Mentor-equipped Apollo
workstations, and ViewLogic- or Valid/Cadence-equipped Sun-4 workstations.

library functions

The TPC10 Series FPGA library contains over
250 logic building blocks of hardwired and soft
macros. The hardwired macros provide a wide
selection of predesigned, fully characterized
functions. The soft macros provide popular MSI
functions that can be called into the design.
Additional user-defined soft macros can be
created using the TPC10 library macros. The
library contains the following classes of macros:

® Primitive Gates, Booleans, and Buffers

® CMOS, TTL, and Clock Buffer Inputs and
Totem-Pole, 3-State, and /0O Output Buffers

Adders and Multiplexers
D-Type Flip-Flops

J-K Flip-Flops

Latches

MSI Complexity Soft Macros

design flow

Custom logic functions, designed in conjunction
with the TPC10 Series FPGA library, can be
simulated and verified prior to creating the ALS
design data base and programming files. Figure 1
provides an overview of the design flow.
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Table 2. TI-ALS Design Configurations (see Note 1)

HARDWARE LIBRARY/CAE HOST DESIGN SUPPORT (gates) TI SUSTEM
PLATFORM ENVIRONMENT UP TO 2500 UP TO 10000 PART NUMBER
ViewLogic X TPC-ALS-DS-PC-VL
386/486-based ViewLogic X TPC-ALS-DA-PC-VL
PC OrCAD X , TPC-ALS-DS-PC-OR
OrCAD X TPC-ALS-DA-PC-OR
Cadence X TPC-ALS-DA-SN-CD
Mentor X TPC-ALS-DA-SN-MG
Sun Valid X TPC-ALS-245T
ViewLogic X TPC-ALS-DA-SN-VL
HP700 TPC-ALS-DA-HP7-MG
e x S

NOTE 1: Authorization codes for design systems are supplied upon request, after receipt of the system.

T The TPC-ALS-235 and TPC-ALS-245 systems only provide support for the TPC10 and TPC12 series, and will not be supported in Revision 3.0
scheduled for release in the fourth quarter of 1993. These systems are being replaced by TPC-ALS-DA-HP7-MG and TPC-ALS-DA-SN-CD,

respectively.
Table 3. TI-ALS Programming Configurations (see Note 2)
HARDWARE CAE HOST DESIGN SUPPORT TI SUSTEM
PLATFORM ENVIRONMENT ONE DEVICE FOUR DEVICES PART NUMBER
X TPC-ALS-DS-P2S-PC
88e/48Cbased | yiewLogic /OrCAD
X TPC-ALS-219
Cadence/Mentor/ X TPC-ALS-DS-P2S-SN
Sun Valid/ViewLogic X TPC-ALS-249
X TPC-ALS-DS-P2S-HP7
HP700 Mentor
X TPC-ALS-DS-P2-HP7
X TPC-ALS-DS-P2S-HP4
HP400 Mentor
X TPC-ALS-DS-P2-HP4
DN Series Mentor X TPC-ALS-239

NOTE 2: Programming units are compatible with both high (10000 gates) and low (2500 gates) density systems.
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architecture

device organization

Each FPGA consists of a matrix of logic modules arranged in rows separated by channels .containing
interconnect tracks. The matrix is surrounded with peripheral inputs, outputs, 1/Os, and diagnostic circuits. A
partial view of the TPC10 Series logic modules with examples of interconnections is illustrated in Figure 2.

logic module

Logic Module Logic Module
L g D Q ———T
—] ! G
CLR
AO1C DL1
*
Loglc Module Logic Module
1 J
NAND 2A XA1A

Figure 2. Partial View of TPC10 Series Interconnection Capabillity

Each core logic module has the equivalent complexity of four 2-input NAND gates. The module shown in
Figure 3, is an 8-input, 1-output gate cluster that can implement hardwired primitive gates, Booleans, latches,
flip-flops, multiplexers, half or full adder slices, or multiplexed-input flip-flops. The TI-ALS library contains a full
spectrum of 2-, 3-, and 4-input AND, NAND, OR, and NOR gate macros covering all derivatives of true and/or
complement input combinations. Similar modular implementations, covering the spectrum of true and/or
complement input combinations, are included for each functional category of macros in the library. Latches and
flip-flops are created by connecting two or more logic modules in the appropriate circuit configuration. The
macros are captured, simulated, placed, analyzed, and programmed using the TPC10 design library.
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Logic Diagram

Figure 3. TPC10 Serles Logic Module
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interconnect tracks

The channeled interconnect tracks consist of isolated metal segments that can be connected by addressing and
programming antifuses. Each channel has 25 horizontal routing tracks, 22 are for logic, one is for clock, one
is for power, and one is for ground. In addition, there are 13 vertical routing tracks per logic module column. Both
horizontal and vertical tracks, in combination with the approximately 340 antifuses per logic module, produce
a network that is capable of interconnecting up to 90 percent of the equivalent gates. Based on the placement
of macros, the programming process selects and activates antifuses that both create the logic module macros
and I/Os, and interconnect the entire array.

1/0 buffers

Each I/0 pinis configurable as an input or an output. In addition, I/O pins configured as outputs can be defined
as totem-pole, 3-state, or bidirectional. Inputs can be driven by CMOS or TTL levels and output levels are
compatible with standard CMOS and TTL specifications. Outputs sink or source a current of 4 mA at TTL output
levels. See the dc characteristics for additional 1/0 buffer specifications. The I/Os can be manually assigned
to any available package pin, or the ALS software can automatically place the I/Os in the optimum configuration.

diagnostic probe pins

TPC10 Series devices have two independent diagnostic probe pins, PRA and PRB. The pins allow the user to
observe any internal signals by entering the appropriate net name in the diagnostic software. Signals may be
viewed on an oscilloscope, logic analyzer, or with the workstation diagnostics using the Actionprobe diagnostic
tools. The probe pins can also be used as user-defined 1/Os, depending on the level of the mode control pin.
When configured as user-defined I/Os, the pins have the same characteristics as other /O pins.

security fuses

The TPC10 Series security fuses can be used to permanently disable further diagnostics and testing. After the
security fuses are programmed, access to the architecture is not available. This makes the FPGA design difficult
to copy.

TEXAS ‘%‘
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FPGA array performance

loglc module size

A mask-programmed gate array cell with four transistors usually implements only one logic level. The TPC10
Series array logic module is more complex and typically implements multiple logic levels within a single module.
This reduces intermodule wiring and associated RC delays. In effect, the TPC10 logic module implements the

equivalent of a net compression that enhances performance.

AN

o

TERMINAL FUNCTIONS
IN
i o DESCRIPTION
NAME

CLK | Clock. TTL clock input for global clock distribution network. The clock input is buffered prior to clocking the logic
modules. This pin can also be used as an l/O.

DCLK | Diagnostic clock. TTL clock input for diagnostic probe and device programming. DCLK is active when the MODE pin
is high. This pin functions as an /O when the MODE pin is low.

GND | Ground. Input low supply voltage.

/] Vo Input/output. VO pin functions as an input, output, 3-state, or bidirectional buffer. Input and output levels are compatible
with standard TTL and CMOS specifications. Unused /O pins are automatically set low by the ALS software.
MODE | Mode. The MODE pin controls the use of multifunction pins (DCLK, PRA, PRB, SDI). When the MODE pin is high, the
special functions are active. When the MODE pin is low, the pins function as I/Os.

NC No connection. This pin is not connected to circuitry within the device.

PRA o Probe A. The probe A pin is used to output data from any user-defined design node within the device. This independent
diagnostic pin is used in conjunction with the probe B pin to allow real-time diagnostic output of any signal path within
the device. The probe A pin can be used as a user-defined I/O when debugging has been completed. The pin’s probe
capabilities can be permanently disabled to protect the programmed design’s confidentiality. PRA is active when the
MODE pin is high. This pin functions as an /O when the MODE pin is low.

PRB (e] ProbeB. The probe B pin is used to output data from any user-defined design node within the device. This independent
diagnostic pin is used in conjunction with the probe A pin to allow real-time diagnostic output of any signal path within
the device. The probe B pin can be used as a user-defined /O when debugging has been completed. The pin’s probe
capabilities can be permanently disabled to protect the programmed design’s confidentiality. PRB is active when the
MODE pin is high. This pin functions as an I/O when the MODE pin is low.

SDI | Serial data input. Serial data input for diagnostic probe and device programming. SDl is active when the MODE pin is
high. This pin functions as an I/O when the MODE pin is low.

Vee | Supply voltage. Input high supply voltage.

Vpp | Programming voltage. Input supply voltage used for device programming. This pin must be connected to V¢ during

normal operation.
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absolute maximum ratings over operating free-alr temperature range (unless otherwise noted)t

Supply vORage range , VoG « v v vt vv ittt e e e -05Vto7V
Input voltage range, Vi . ....ovn i e e e i e -05toVgc+05YV
Output voltage range, Vo - ... vvie it e -05toVgc+05V
Input clamp current¥ , Ik (Vi <0 0r VE> VEE) vt entiine ettt +20 mA
Output clamp current8, Iog (VO <0 0T VO > VGE) « v v rrnernnetn ettt etiieeieeeaenaannnns +20 mA
Continuous output currentS, (Vo= 010 VEG) « v v vvrrrrrnennenaeeneeaeeaetaeeanennannnn +25 mA
Operating free-air temperature range, Ta: Commercial ...........oooi i, 0°C to 70°C

Industrial ............ .. . i —40°C to 85°C
Operating case temperature range, Tg: Military ...t - 55°C to 125°C
Storage temperature range .............. it e —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

¥ Applies for input and bidirectional buffers

§ Applies for bidirectional and output buffers

recommended operating conditions

MIN NOM MAX | UNIT

Commercial 475 5 5.25

Vce Supply voltage Industrial 4.5 5 55 \Y
Military 4.5 5 55

Vpp Program pin voltage (while not programming) Vee Veo \'

ViH High-level input voltage 2 Vee+0.3 \'

ViL Low-level input voltage -0.3 0.8 \'
Commercial 0 25 70

Ta Operating free-air temperature - °C
Industrial -40 25 85

Tc Operating case temperature Military —-55 25 126 °C

TEXAS #
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 7



TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

electrical characteristics over full ranges of recommended operating conditions (unless otherwise

noted)
PARAMETER TEST C SUFFIX I SUFFIX M SUFFIX UNIT
CONDITIONS MIN TYPt MAX| MIN TYPt MAX| MIN TYPT MAX
High-level output voltage | IOH =—4 mA 3.84
VOoH \
(see Note 3) IoH =—3.2mA 3.7 37
Low-level output voltage _
VoL (see Note 3) loL=4mA 0.33 0.4 04| Vv
Iy Input current Vi=Vggoro0 +10 +10 +10 pA
loz  Off-state output current Vo=Vccoro +10 +10 +10 pA
Short-circuit output Vo=Vcc 20 140 20 140 20 140
los mA
current (see Note 4) Vo=0 -10 -100 | —-10 -100] -10 -100
Standby supply Vi=Vggor0,
lcc current Outputs open 8 10 8 20 8 25| mA
. Input/output capacitance | Vo =0,
Cio {see Note 5) f=1MHz 7 7 7 PF

1 Typical values are at Vo = 5 V, Ta = 25°C.
NOTES: 3. These limits apply when all other outputs are open.

4. Whentesting TPC1010A and TPC1020A, not more than one output should be shorted at a time, and duration of the short circuit should
not exceed one second. The Ipg parameter does not apply to TPC1010B or TPC1020B.
5. These limits apply for each user /O pin.

switching characteristics

The following tables summarize switching characteristics of various classes of TPC10 Series logic module
hardwired macros. An unloaded logic module propagation delay time is 4 ns. All other delays shown include the
module delay time and statistical estimates for wiring delays based on 85% to 95% FPGA logic module
utilization. Module utilization above 95% can result in performance degradation. Actual delay values are
determined after place and route is accomplished using the ALS. ALS provides for assigning criticality to nets,
automatic balancing of clock buffer loads, and utilizing long horizontal or vertical nets for connecting noncritical
functions. For specific timing parameters pertaining to a hardwired logic module, refer to the individual macro
library specification.

The ALS provides a capability to assign one of four levels of criticality to logic module output nets. The switching
characteristics reflect the delay time differences for nets with criticality and without criticality assigned. Nets
assigned as critical will be limited to a fan-out of 6 loads by the ALS. Clock load balancing, selectable by the
designer, can be specified as moderate, strong, or very strong to control clock skew.
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timing requirements over recommended operating conditions, no further derating required

MIN MAX| UNIT
falock ~ Clock frequency 100 | MHz
FO=1 7.7
FO=2 8.5
tw Pulse duration CLK, PRE, or CLR FO=3 9.2 ns
FO=4 10
FO=8 14
tsu Setup time, flip-flop All synchronous inputs before clock transition 3.9 ns
FO =1 3.5
FO=2 3.9
teu Setup time, latch t/:" sy.n.chronous inputs before clock o3 e ns
ansition
FO=4 4.5
FO=8 48
th Hold time, flip-flop or latch All synchronous inputs after clock transition 0 ns

typlcal switching characteristics

single-level logic module hardwired macro (module count = 1), Vcg =5 V, Ty = 25°C, typical process
DELAY TIME (see Note 6)

PARAMETER OUTPUT-NET CRITICALITY UNIT
FO=1 FO=2 FO=3 FO=4 FO=8
tpd Critical 54 58 6.2 8.5 See Note 7 ns
tpd Not critical 6.3 6.7 7.7 8.6 10.8 ns

double-level logic module hardwired macro (module count =2), Vocc =5 V, Ty = 25°C, typlcal process

PARAMETER OUTPUT-NET CRITICALITY DELAY TIME (sce Note 6) UNIT
FO=1 FO=2 FO=3 FO=4 FO=8
tpd Critical 9.2 9.6 10 123 See Note 7 ns
tpd Not critical 10.2 10.6 11.6 125 14.6 ns

flip-flop and latch hardwired macro, Vcc =5 V, Ty = 25°C, typical process

DELAY TIME (see Note 6)
PARAMETER OUTPUT-NET CRITICALITY UNIT
FO=1 FO=2 FO=3 FO=4 FO=8
fpd Critical 54 5.8 6.2 85 See Note 7 ns
tod Not critical 6.3 6.7 7.7 8.6 10.8 ns

NOTES: 6. An unloaded logic module propagation delay time is 4 ns. All delays shown include the module delay time and statistical estimates
for wiring delays based on 85% to 95% FPGA logic module utilization.
7. Critical nets are limited to a fan-out of 6 loads.

long net, Ve =5 V, Ty = 25°C, typical process

Long nets include long horizontal and vertical routing resources used for noncritical signals and interconnecting
logic macros separated by large distances. Long nets are used by the autorouter when no other means exist
to complete the interconnection. Delays due to the use of long nets range from 15 ns to 35 ns. Typically less
than one percent of all nets in a design require the use of a long net.

INSTRUMENTS
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typlcal switching characteristics

Input buffer and bidirectional-input buffer, Voc =5 V, Ty = 25°C, typical process

FROM T0 DELAY TIME
PARAMETER UNIT
(INPUT) (OUTPUT) FO=1 FO=2 FO=3 FO=4 Fo=8
t ) 76 89 107 143
PHL Pad Y ns
tpLY 59 65 77 5.4 12.4
output buffer, Ve =5 V, Ty = 25°C, typical process
FROM T0 TEST DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) CONDITIONS CMOS LOADS TTL LOADS UNIT
tPHL 3.9 4.9
iL Pad CL =50 pF
tPLH b B L=>0p 72 57 ns
At 0.03 0.046
PHL D Pad ns/pF

The BIBUF macro’s output section exhibits the same delays as the OUTBUF macro. The delta numbers can
be extrapolated down to 15 pF minimum.

Example: Delay for an OUTBUF output buffer driving a 100-pF TTL load

tpHL
tpLH

= 4.9 +[(0.046 x (100 — 50)]
= 5.7 +[(0.039 x (100 — 50)]

=49+23=72ns
=57+20=77ns

3-state and bidirectional output buffer, Vcc = 5 V, Ty = 25°C, typlical process

FROM TO DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS CMOS LOADS TTL LOADS UNIT
9 .
tPHL D Pad CL =50pF 2 49 ns
tPLH 72 57
tpHZ £ Pad 52 34 ns
tpzH 6.5 4.9
tpLz £ Pad 6.9 5.2 e
tpzL 4.9 5.9
AtPHL D Pad See test loads 0.03 0.046 ns/pF
AtpLH in Figure 8 0.07 0.039
At 0.08 0.046
PHZ E Pad ne/pF
AtpzH 0.07 0.039
At 0.07 0.039
PLz E Pad ns/pF
Atpz1 0.03 0.039
clock buffer, Vec =5 V, Ty = 25°C, typlical process (see Note 8)
DELAY TIME
PARAMETER FROM TO UNIT
FO =40 FO =160 FO =320
t 9 12 15
PHL Pad Y ns
tPLH 9 12 15

NOTE 8: The ALS software provides user-selectable options for choosing four levels of automatic clock load balancing. There is no limit to the

number of loads that may be connected to the clock buffer (CLKBUF) macro.

10
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( extended output current operation

The TPC10 Series devices are capable of driving larger sink current loads by derating the low-level output
voltage to 0.5 V and high-level output voltage to 2.4 V. The derating factors for commercial and military devices
are illustrated in Figure 4 and Figure 5. The commercial devices are derated up to 8 mA and military devices
are derated for up to 6 mA. ,

LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE
Vs vs
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT
0.6 6
Military Devices
> 05 > 5
: 3 :
g -~ g Commerclal Devices
2 o4 =Z 3 4
S : > /’
2 L H T
3 0.3 Commerclal Devices g 3 // — -~
— — "
3 e ] -
3 4
£ 0.2 For Miltary Devices £ 2| Milhary Devices _ For Military Devices
S Vecc=45V T Vecc =45V
1 Ty =125°C 1 Ty=125°C
o oaf 5 1
> *"| For Commercial Devices 2 For Commerclal Devices
Vcc =475V Vec =475V
0 TJ|= 700? 1 0 1 TJ =| 70°C L L
(7 0 1 2 3 4 5 6 7 8 -8 -7 -6 -5 -4 -3 -2 -1 0
loL — Low-Level Output Current —mA loH - High-Level Output Current - mA
Figure 4 Figure 5

slow Input transition (rise and fall) times

Slow signal transition is a condition that commonly occurs even in today’s high-performance systems. A typical
example is the signal degradation encountered with signals coming off of a highly capacitive bus. These slow
signal transitions can cause undesirable results when traveling through the threshold region of a CMOS input.
Texas Instruments recommends that input signal transitions be limited to 500 ns or less to ensure device
integrity.

worst-case delay time

Unlike mask-programmed gate arrays, performance variations of TPC10 Series arrays caused by voltage and
temperature changes are due primarily to the changes in the active elements. Voltage and temperature delay
time factors are shown in Figure 6 and Figure 7.
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timing derating

Operating temperature, operating voltage, and device processing conditions, along with product revision and
speed grade, account for variations in array timing characteristics. These variations are summarized in derating
factors for TPC10 array typical timing specifications. The derating factors as shown in Table 4 are based on the
recommended operating conditions for TPC10 commercial, industrial, and military applications.

For estimating performance, the delay factors may be used in conjunction with the delay values shown in the
typical switching characteristics tables. Temperature and voltage variations are measured according to the
curves in the graphs shown in Figure 6 and Figure 7. The ALS timing analyzer can be used to provide actual
postlayout timing specifications for.each circuit implementation.

Table 4. Timing Derating Factor (x typlcal) (see Note 9)

TPC1010A, TPC1020A C SUFFIX 1 SUFFIX M SUFFIX
TPC1010B, TPC1020B | BESTCASE | WORSTCASE | BESTCASE | WORST CASE | BESTCASE | WORST CASE
Standard speed 0.45 1.54 0.40 1.65 0.37 1.79
—1 Speed grade 0.45 1.28 0.40 1.37 0.37 1.49
—2 Speed gradeT 0.45 1.13 0.40 1.20 0.37 1.32

T Applies to TPC1010B and TPC1020B only

NOTE 9: Best case reflects maximum operating voltage, minimum operating temperature, and best case processing. Worst case reflects
minimum operating voltage, maximum operating temperature, and worst case processing. Best case derating is based on sample data
only and is not guaranteed.

DELAY TII\‘IIISE FACTOR DELAY TIME FACTOR
vs
SUPPLY VOLTAGE JUNCTION TEMPERATURE
1.20 T 1.40 UNBLELAL
Ty=25° Vee=5V
> 115
= 5.}: 1.30
1.10
g S~ % /,
1.20
o 1.05 ~— % p
\ >
T 100 )
N i 1.10
[
£ o095 — 8 //
g o \ E 1.00 /, y
£, 2 A
- 0.85 [} 0.90 V.
K| E “
8 0.80 E- //
e 0.80 [
0.75 Q
0.70 0.70
45 4.75 5.0 5.25 55 -60-40 -20 O 20 40 60 80 100 120 130
Ve - Supply Voltage - V Ty = Junction Temperature - °C
Figure 6 Figure 7
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PARAMETER MEASUREMENT INFORMATION

D PAD
LOAD
E =
VS Vec | N Vee
E 50% 50% E 50% 50%
| GND | GND

|
|
Vece :
|

PAD
T L
tpzL — P tp 7 tpzH b tpHZ

OUTPUT BUFFER DELAYS

Vece
GND
Vee
GND
Vee
|
| ——— GND
INPUT BUFFER DELAYS | | | |
tPHL —¢ > ¢ »— tpLH
MODULE DELAYS
——————— Vee
D ’(I 50% \ 50%
| | GND
tsu "“—"’Ih'_ th _*—JI_ tsu
CLK | Yee °1° o—a
50% 50% 50% CLK—PCLK
| | + - GND
:4— tw —— tyy —!
| N o CC
Q : 50% : 50%
| | | GND
tPLH —¢—» [ tPHL

D FLIP-FLOP SHOWING POSITIVE-EDGE TRIGGERED CLOCK

Figure 8. Symbols, Test Loads, and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION AN
)
N
——=— Vcc
D ;i‘ 50% 50%
I : I GND
| th—» & b —|D al—a
Dy 'su " ¢ —]e
t————— Vce
G ;ll 50% 50%
| | GND
)
oy e—
. | V,
cc
Q / 50%
——————————— GND
DATA LATCH DELAYS

Vce O /0 GND
s1

TEST s1

tpLz/tpzL | Voo
tpHZ /tpzH | GND

From Output

From Output
Under Test l Under Test
CL =50 pF ]: CL=50pF I

LOAD CIRCUIT FOR PROPAGATION DELAY TIMES LOAD CIRCUIT FOR ENABLE AND DISABLE TIMES

Figure 8. Symbols, Test Loads, and Voltage Waveforms (Continued)
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A

dynamic power calculations

The formula for calculating typical dynamic die power consumption in mW is:
Total die power = (0.20N x f1) + (0.085M x f2) + (0.80P X f3)

where:
f1 = Average logic module switching rate in MHz
f2 = Average clock pin switching rate in MHz (see Note 10)

f3 = Average I/O switching rate in MHz

M = Number of logic modules connected to the clock pin (see Note 10)
N = Number of logic modules used on the chip (including M)

P = Number of I1/Os used with 50-pF load

NOTE 10: The F2 and M factors can be ignored if the CLKBUF macro is not used.

For example, if a TPC1010A design has 200 logic modules used, 40 of which are connected to the high-fan-out
clock buffer running at 20 MHz and the rest running at 4 MHz, plus 50 I/Os (25 outputs, 25 inputs) running at
an average of 4 MHz, it will dissipate the following amount of power:

Total die power = (0.20N x f1) + (0.085M x f2) + (0.80P x {3)
0.20 (200 x 4) + 0.085 (40 x 20) + 0.80 (25 x 4)
= 308 mW

ESD rating

ESD characterization of Texas Instruments FPGAs is performed in accordance with Method 3015 of
MIL-STD-883. This calls out the human body model which included discharging a 10-pF capacitor through a
1.5-kQ resistor. Three positive and three negative pulses are discharged into each pin at each voltage level.
After pulsing, the units are tested on a VLSl tester. Testing is performed for initial device qualification and product
redesign only. All devices have been designed for ESD protection.

TEXAS ¢
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package thermal characteristics

The device junction to case thermal characteristic is Rgyc, and the junction to ambient air characteristic is Rgya.-
The thermal characteristics for Rg ja are shown with two different air-flow rates. Maximum junction temperature
is 150°C for short durations. However, a maximum junction temperature of 140°C is recommended for
continuing operation. A sample calculation of the maximum power dissipation for a PLCC 84-pin package at
commercial temperature is as follows:

Max. junction temp. (°C) — Max. commercial temp. (°C)  150°C —70°C _

16
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Reua (°C/W) 40°C/W
RoyA RoJa
PACKAGE TYPE PIN COUNT Rodc STILL AIR 300 FT/MIN UNIT
Ceramic Pin Grid Array .
(CPGA) 84 35 48 NA C/W
Ceramic Quad Flat o
Package (CQFF) 84 35 75 NA C/W
. . 44 13 65 41
g:fggc Leaded Chip Carrier 68 13 50 ao CW
84 10 40 27
Plastic Quad Flat Package o
(PQFP) 100 10 60 38 C/W
Package Case Air Flow
\4 e
—™ ~
Device Junction
INSTRUMENTS
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TPC1010A device avallabllity and resources

TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

Commercial
PACKAGE LOGIC SPEED GRADE
GATES USER 1/0s
TYPE MODULES STD -1
44-pin PLCC 34 R R
68-pin PLCC 205 1200 57 R R
100-pin PQFP 57 R R
Industrial
PACKAGE LOGIC SPEED GRADE
GATES USER I/0s
TYPE MODULES STD -1
44-pin PLCC 34 R R
68-pin PLCC 295 1200 57 R R
100-pin PQFP 57 R R
Military
PACKAGE LOGIC SPEED GRADE
GATES USER
TYPE MODULES Vos STD 3
84-pin CPGA 295 1200 57 R R
84-pin CQFP 57 R R
R = released
P = planned, consult your local Tl sales representative for current availability.
TPC1020A device avallabllity and resources
Commercial
PACKAGE LOGIC SPEED GRADE
GATES USER I/0s
TYPE MODULES STD -1
44-pin PLCC 34 R R
68-pin PLCC 57 R R
547 2000
84-pin PLCC 69 R R
100-pin PQFP 69 R R
Industrial
PACKAGE LOGIC GATES USER 1/0s SPEED GRADE
TYPE MODULES STD -1
44-pin PLCC 34 R R
68-pin PLCC 547 2000 57 R R
84-pin PLCC 69 R R
100-pin PQFP 69 R R
Military
PACKAGE LOGIC SPEED GRADE
GATES USER 1/0s
TYPE MODULES STD -1
84-pin CPGA 69 R R
547 2000
84-pin CQFP 69 R R
R = released

P = planned, consult your local Tl sales representative for current availability.

Tms@
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— —

TPC1010B device avallabllity and resources o
Commerclal S
PACKAGE LOGIC SPEED GRADE
GATES USER I/0s
TYPE MODULES STD -1 -2
44-pin PLCC 34 R R P
68-pin PLCC 295 1200 57 R R P
100-pin PQFP 57 P P P
Industrial
PACKAGE LOGIC SPEED GRADE
GATES USER 1/0s
TYPE MODULES STD -1 -2
44-pin PLCC 34 R R P
68-pin PLCC 295 1200 57 R R P
100-pin PQFP 57 P P P
R = released '

P = planned, consult your local Tl sales representative for current availability.

TPC1020B device avallability and resources

Commercial
PACKAGE LOGIC SPEED GRADE
GATES USER l/Os
TYPE MODULES , STD -1 -2
44-pin PLCC 34 P P P
68-pin PLCC 57 P P P
547 2000

84-pin PLCC 69 P P P -

100-pin PQFP 69 P P P -
Industrial

PACKAGE LOGIC SPEED GRADE
GATES . USERI/O
TYPE MODULES ® STD 4 2
44-pin PLCC 34 P P P
68-pin PLCC 57 P P P
- 547 2000

84-pin PLCC 69 P P P

100-pin PQFP 69 P P P
R = released
P = planned, consult your local Tl sales representative for current availability.

W

TEXAS ‘@
INSTRUMENTS

18 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS
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(’ ordering information

Configurations of the TPC10 Series devices can be ordered using the part numbers in the examples below.
Commercial and industrial versions can be ordered as follows:

EXAMPLE — TPC 1010 A FN-068 C 1
PREFIX F T——-—- SPEED GRADE (optional)
DEVICE TYPE y TEMPERATURE RANGE
1010 = 1200 Equivalent Gate Array C =0°Cto70°C
1020 = 2000 Equivalent Gate Array | = -40°Cto85°C
DEVICE REVISION ———— DEVICE PINS
A =TI 1.2-um CMOS Technology 044 = 44 pins
B = Tl 1.0-itm CMOS Technology 068 = 68 pins
084 = 84 pins
100 = 100 pins
PACKAGE TYPE

FN = Plastic leaded chip carrier
VE = Plastic quad flat package

Military versions can be ordered as follows:

EXAMPLE ———» TPC 1010 A M GB 84 B_1

PREFIX T_ SPEED GRADE (optional)
DEVICE TYPE B=_Class B pr?cessing
- 1010 1200 Equivalent Gates gl:nip—a geo;q;:riliearl“ rocessin
( 1020 = 2000 Equivalent Gates = P 9

DEVICE PINS

DEVICE REVISION 84 = 84pins

A =TI 1.2-tm CMOS Technology

PACKAGE TYPE

GB = Ceramic pin grid array

HT = Ceramic quad flat package

HFG = Ceramic quad flat package
with nonconductive tie bar

TEMPERATURE RANGE
M = -55°C to 125°C

DEFENSE ELECTRONIC SYSTEM CENTER (DESC) NUMBER

AVAILABLE DESC
DEVICE NAME PROCESSING NUMBER
TPC1010AM Class B 5062-9096401M
TPC1020AM Class B 5962-9096501M

Space Equivalent

macro llbrary

The TPC10 Series is supported by a macro library of more than 250 hardwired and soft macro functions. The
macros range from primitive logic gates to MSl-level complex functions such as counters, decoders, and
comparators. The hardwired macro characteristics are provided in the electrical and switching characteristics.
The software macros have characteristics similar to the components of the macro but need the place and route
data back annotated into the design to establish actual performance.

The FPGA logic module implements logic functions with inverted inputs as efficiently as noninverted inputs,
- without an increase in propagation delay. By taking advantage of the various combinations of input polarity, the
( use of separate inverters can be virtually eliminated.

TEXAS *?
INSTRUMENTS
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TPC10 SERIES SOFTWARE MACROS

T These MSI functions are hardwired.

20
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MACRO NAME DESCRIPTION MODULE COUNT LOGIC LEVELS
CNT4A ..... 4-Bit Binary Counter With LoadandClear .............. 18 . 4
CNT4B ..... 4-Bit Presettable Binary Counter With LoadandClear ...15................. 4
DEC2X4 ..... 2-Lineto4-LineDecoder................cooviieiaa.... 4. .. 1
DEC2X4A ... 2-Line to 4-Line Inverting Decoder ..................... 4. 1
DECE2X4 . ... 2-Line to 4-Line Decoder WithEnable .................. 4. 1
DECE2X4A ... 2-Line to 4-Line Inverting Decoder With Enable .......... L 2 1
DEC3X8 ..... 3-Lineto8-LineDecoder.................c.ccovvveen... 8 . 1
DEC3XB8A . ... 3-Line to 8-Line Inverting Decoder ..................... 9. 1
DECES3X8 . ... 3-Line to 8-Line Decoder With Enable ................. 1 2
DECE3XS8A ... 3-Line to 8-Line Inverting Decoder With Enable ......... Mo 2
DEC4X16A ... 4-Line to 16-Line InvertingDecoder ................... 20 ... 2
DLC8A...... Octal D-Type LatchWithClear ......................... < 1
DLES ....... Octal D-Type Latch WithEnable ....................... - 1
DLMS....... Octal D-Type Latch With Multiplexed Inputs ............. 8. 1
FA1 ........ 1-BitFull Adder ........ ... it 3 3
FADDS...... 8-BitFastAdder ........... ..ol 37 4
FADD12 ..... 12-BitFastAdder .............cccciiiiiiiiiiinan... 58 ... 5
FADD16 ..... 16-BitFastAdder .....................cciiiiiii... 79 5
FADD24 ..... 24-BitFastAdder ..............cciiiiiiiiinnnnnn.. 120 ..o 6
FADD32 ..... 32-BitFastAdder ..............cciiiiiiiiinniin... - 7
ICMP4 ...... 4-Bit Identity Comparator ...............coiiiiiiiia., B 2
ICMPS8 ...... 8-Bit Identity Comparator ..................cooiiiin... 9. 3
MCMPC2 . 2-Bit Magnitude Comparator With Enable ............... L 3
MCMPC4 .... 4-Bit Magnitude Comparator With Enable .............. 18 . i 4
MCMPC8 . 8-Bit Magnitude Comparator With Enable .............. 36 ...l 6
MCMP16 ..... 16-Bit Magnitude Comparator ........................ 93 .. 5
MX8 ........ 8-Line to 1-Line Multiplexer ................. ... ...t 3. 2
MX8A....... 8-Line to 1-Line Inverting Multiplexer ................... 3 2
MX16........ 16-Line to 1-Line Multiplexer ................... ... ..., 5. 2
REGESA ..... Octal Register With PresetandClear .................. 20 ... 1
REGESB ..... Octal Register With PresetandClear .................. 20 ... 1
SMULTS ..... 8 x 8 Twos Complement Multiplier................... 241 ..o -
SREG4A ..... 4-Bit Shift Register WithClear ......................... 8. 1
SREGS8A ..... 8-Bit Shift Register WithClear ........................ 18 . 1
TA138 ...... 3-Line to 8-Line Decoder/Demultiplexer ................ 12 2
TA139 ...... 2-Line to 4-Line Decoder/Demultiplexer ................. 4. 1
TA151 ...... 8-Line to 1-Line Multiplexer ...................ooott. L 2 3
TA153t ..... 4-Line to 1-Line Multiplexer ........................... 2 2
TA157t ..... 2-Line to 1-Line Multiplexer ..................civiiit, 1 1
TA161 ...... Synchronous 4-Bit Counter With Direct Clear ........... 22 i 3
TA164 ...... 8-Bit Parallel-Out Shift Register ....................... 18 . 1
TA169 ...... 4-BitUp/DownCounter ............cceviiiiiiinnnnnnnn. 25 . 6
TA194 ...... 4-Bit Bidirectional Universal Shift Register .............. 14 ... 1
TA195 ...... 4-Bit Parallel-Access Shift Register . ................... 1 1
TA269 ...... 8-BitUp/Down Counter .............ccovviiiiinnnnnnn 50 ...l 8
TA273 ...... Octal D-Type Flip-FlopWithClear ..................... 18 . 1
TA280 ...... 9-Bit Odd/Even Parity Generator/Checker ............... 9. 4
TA377 ...... Octal D-Type Flip-Flop With Clock Enable .............. 16 ... 1
UDCNTA4A . ... 4-Bit Up/Down Counter With Sync Load and Carry ...... 24 ...l 6

p—



Module Count = 1 (unless otherwise noted)

Module Count = 1

ity
i 'L'j
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(@ Indicates Module Count = 2
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Figure 9. 2-Input Gates
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Figure 10. 3-Input Gates
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Module Count = 1 (unless otherwise noted)
@ Indicates Module Count = 2
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Module Count = 1

Figure 12. XOR/XNOR Gates
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Module Count = 1
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OR4B
Y

NOR4B

A Indicates extra delay input

Figure 11. 4-Input Gates

Xo1

C

XO1A

Module Count = 1

Figure 13. XOR-OR/XNOR-OR Gates
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Module Count = 1

Figure 14. XOR-AND/
NOR-AND Gates

A O AX1B

B O

Y Y
Cc

Figure 15. AND-XOR/AND-XNOR Gates
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Module Count = 2

Module Count = 1 (unless otherwise noted)
@ Indicates Module Count = 2
C A Indicates extra delay input
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Figure 16. AND-OR/AND-NOR Gates
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.. ]
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Module Count = 1 (unless otherwise noted)
A Indicates extra delay input
@ Module Count = 2

Figure 17. OR-AND/OR-NAND Gates
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— ]
BUF BUFA INV INVA
A —> Y A —CDO— Y A —DC% Y A ~C{>‘ Y

Module Count = 1

Figure 18. Buffers

INBUF CLKBUF OUTBUF
[ PAD] Y LA [ PAD]
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1/0 Module Count = 1

Figure 19. I/O Buffers
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DO —]

D1 —]

D2 —]

D3 —

SO0A
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S s S
MX2A MX2B
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Y Y Y
B B B —
1 MXC1
c $2 81 SO
Y e
MXT Do
D1—]
D2—
D3—
MX8
Y A D4—
D5—
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B D7—]
s Module Count = 3
$382S1 S0
Do.—.
D1— TA151
D2—
D3—] —JEN
D4—] =
D5 — ¢ TA153
D6— —a
D7/ Mx1t6 Y —1 DO
D8 — —{ D1 —]8
D9— —1 D2 —CJEN
o —jD3 Y[—
D10 —Ipa wbh- —1Co
D11— —Jps —{C1 v -
D12— —1 D6 —jC2
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D15'——/ Module Count = 5 Module Count = 2
Module Count = &

Module Count = 1 (unless otherwise noted)
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Figure 20. Multiplexers
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HA1 HA1A HA1B HA1C
—1A —JaA —1A —]A
—B —B —B —1B
col— col— cop— coPp—
si— sf— spP— st—
FA1 FA1A FA1B FA2A
—1A —QA —1A —Q a0
—B —B —B —Q A1
—]cl cof— —Qct cop— —c cop— —B cOpP—
Sla- dry Sl —qu S

Module Count = 3

FADD8 FADD12 FADD16
cop— cof|— co—
s[ro1— S[11:0] — S[15:0] —
—1 A[7:0] —1 A[11:0] — A[15:0]
—1B[7:0] — 1 B[11:0] —1 B[15:0]
—qci —Qqci —Qcl
Module Count = 37 Module Count = 58 Module Count = 79
FADD24 FADD32
cop— co po—
S[23:0]1 F— S[31:0] —
—] A[23:0] — A[31:0]
— | B[23:0] —1B[31:0]
—ci —Qcl
Module Count = 120 Module Count = 160

Module Count = 2 (unless otherwise noted)
A Indicates two logic module delay path

Figure 21. Adders
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D-TYPE LATCHES
DL1 DL1A DL1B pLiC
—1D o— —iD OoNpP— —D af— —D OoNP—
—aG —G —(Ja —QaG
D-TYPE LATCHES WITH CLEAR
DLC DLCA pDLC1 DLC1A DLC8A
— CLR
~—D Q D — —D Q D af— —1e6
—1D0 Qol—
—la —da —G —Ja —D1  Q1f—
—p2 Q2}—
CLR CLR CLR CLR —1p3  a3l—
(’) ? —{Da  Q4}—
—iD5 Q5}—
DLCIF DLC1G —]bp7 a7}—
Module Count =8
—1D QNP— —{D OaNP—
—la —a
CLR CLR
D-TYPE LATCHES WITH PRESET
DLP1 DLP1A (B DLP1B (L DLP1C cl) DLP1D CL DLP1E
PRE PRE PRE PRE PRE PRE
—D Q D Q D Q D Q D QNpP— D OaNP—
—G —Qa —ia —Qa —a —Jc
D-TYPE LATCHES WITH CLEAR AND PRESET
DL2A é)DLZB pL2C J) DL2D
PRE PRE PRE PRE
—ip a}— —1Ip onNp— —bp ol— —p aoNpP—
—aG —Qa —Ja —G
CLR CLR CLR CLR

T

Module Count = 1 (unless otherwise noted)
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Figure 22. D-Type Latches
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D-TYPE LATCHES WITH ENABLE
DLE DLEA DLEB DLEC DLE1D DLE2A
—D Q D Q D Q D Q D QaNpP— D Q
—lE —QlE —E —QE —dE —E
—1¢ —G —Je —e —qJe —e
CLR
DLE2B DLE2C | DLE3A | bLE3B A DLE3C DLES
PRE PRE PRE —e
—Ip a D a D a D Q P a}— —]¢
—QlE —gE —]E —qE —gE B e
LR —1 D2 Q2
CLR c —{p3 a3
Q l —]|ps 4
—{ps s
Module Count = 1 (unless otherwise noted) ] gg gg
Module Count = 8
D-TYPE LATCHES WITH MULTIPLEXED INPUTS
DLM DLMA DLME1A DLM8 DLM2A
—]A A Q@ A af— _|° —a a
—B —B —1B -8B
—]s —] Ar7:0] s
I A B —QE ar:0] |—
— G —Ja —Ja —1 B[7:0] —Q GcLr

Module Count = 1 (unless otherwise noted)

Module Count = 8

Figure 22. D-Types Latches (Continued)
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D-TYPE FLIP-FLOPS

DF1

——p CLK

Q_.___

D-TYPE FLIP-FLOPS

WITH CLEAR

DFC1

D-TYPE FLIP-FLOPS

WITH PRESET
| bFP1

—1D

—P CLK

PRE
Q feene

J) DFP1D

—D

—P cLK

PRE
Q b

DF1A

—{Dp OQNP—

—P CLK

DFC1A

—OP cLK
CLR

DFC1E

> CLK
CLR

T

| pFP1A
PRE

—P> cLK

(B DFP1E
PRE

D cLK

D-TYPE FLIP-FLOPS WITH PRESET AND CLEAR

DFPC

—1D

—P cLK

PRE
Q ———

CLR

Module Count = 2

T

DFPCA

PRE

—CP cLK
CLR

T

D QGND—

DF1B

—CP CcLK

DFC1B

—P CLK
CLR

Y DFC1F

—CP cLK
CLR

J) DFP1B
PRE

—P LK

| oFP1F
PRE

—CP cLK

Figure 23. D-Type Flip-Flops

DF1C

—O> cLK

DFC1C

—P CLK
CLR

DFC1G

—P cLK
CLR

| DFP1C
PRE

—P CLK

A) DFP1G
PRE

—P CLK
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(

DFE

Module Count = 2

DFEA

| DFEB
PRE
—p  of— —|> 9
—CP cLK —pPCLK
CLR
DFE1B DFE1C
—b of— —b Q
—(E —E
—P cLK —OP cLK
DFE3B DFE3C
— b o— — Db af—
—E —E
—Op cLK —P ok
CLR CLR
| DFE4A | DFE4B
PRE PRE
—D o— —1D o—
—E —E
—OP CLK —P CLK

Figure 24. D-Type Flip-Flops With Enable
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| DFEC

PRE

—1D Q—

—E
—CP> CLK
CLR

T

| DFE2D

PRE

E
D> CLK
CLR

Q0 |

D Q—

T

DFE3D

E
D> CLK
CLR

Qb |

D Q—

Y

| DFE4C

PRE
—E
—OpP> CLK

D Q—
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J-K FLIP-FLOPS JKF

—P CLK
—kK

J-K FLIP-FLOPS WITH CLEAR

JKF2A JKF2B
—J Q —1J al—
—p oK —P oLk
—d K —d kK

CLR CLR

i 7

J-K FLIP-FLOPS WITH PRESET

& IKF3A ) JKF3B
PRE PRE
—s  of— —J o
—P cLK —C CLK
—g kK —gKk

J-K FLIP-FLOPS WITH PRESET AND CLEAR

| JKFPC
PRE
J Q
> CLK
K
CLR

Y

bl |

Module Count = 2

JKF1B

D> CLK

b

JKF2C

D> CLK

&1 |

CLR

| JKF3C
PRE

D> CLK

&1 |

| JKF4B
PRE

J Q
D> CLK
K

CLR

ﬁ)

b

Figure 25. J-K Flip-Flops
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JKF2D

D CLK

b |

CLR

| JxF3D
PRE

D> CLK

b |
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MULTIPLEXED-INPUT FLIP-FLOPS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

DFM DFMA DFM1B DFM1C
—]A aof— — al—
‘A —1A QNPO— —1A OaGNPO—
B B
—1B —B
—s —s —1s —1s
—P CLK —O> CLK —P CLK —OpP CLK
MULTIPLEXED-INPUT FLIP-FLOPS WITH CLEAR
DFMB DFM3 DFM3B DFM3E DFM3F DFM3G
—A Qo— —a | —A of— —A Qf— —A ON —]A OND—
—s — @ —B —B —s —e
—1s —1s —s —s —1s —s
—D CLK —P CLK —CP CLK —CP CLK —P CLK —OP CLK
CLR CLR CLR CLR CLR CLR
0 | ? | | |
MULTIPLEXED-INPUT FLIP-FLOPS WITH PRESET
& DFM4A & DFMaB ¢y DFMac & DFM4D DFMJE
PRE _l.PRE | PRE PRE PRE
ATTTQE— A T a —]A oNO— —]A oNPo— —]Aa  of—
B B —B —B —8
—1s —1s —1s —1s —1s
—>P CLK —COP CLK —P CLK ——Og CLK —OP CLK
MULTIPLEXED-INPUT FLIP-FLOPS WITH PRESET AND CLEAR
DFM5A DFM5B
PRE PRE
—B —B
—s —1s
—P cLK —OpP CLK
CLR CLR
MULTIPLEXED-INPUT FLIP-FLOPS WITH ENABLE
DFME1A
—B
—s
—JE
—P CLK

Module Count = 2

Figure 26. Muitiplexed-Input Flip-Flops
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e - ________________________________________________________________________________________]
GAND2 GNAND2 GOR2 GNOR2
A — A A A
Y Y Y Y
G —{p G G G
G SO

GXOR2 GMX4
A DO
D v D1
G
Y
D2
Module Count = 1
D CLKBUF interface input D3

Figure 27. Clock Buffer (CLKBUF) Interface

REGESA REGESB TA273 TA377

CLR —CJ CLR
S e _ere —J cLR — EN
—E —E —P cLK —pP CcLK
- CLK

P OLK e —{D1 Q1— —]{ D1 Ql—
—1Dp0 Qol— —1D0 Qol— —] D2 Q22— —j D2 Q22—
—1 D1 al— —1 D1 Q1— —] D3 Q33— — D3 Q33—
—{p2 Q2}— —{Dp2 Q2}— —{D4 Q4}— —{D4 Q41—
—D3 Q3|l— —]D3 o3l — — D5 Q51— —4{D5 Qs}—
—iD4 Q4}— —iD4 Qa}— —{D6  Q6}— — D6  Q6}—
—1ps asl— —1D5 as— — D7 Q7— —D7 Q7}—
—J D6 Q6}l— —1D6 asl— — D8 Qsp— —{D8  Q8}—
—4{D7 Q7l— —]D7 Q7t—

Module Count = 20 Module Count = 20 Module Count = 18 Module Count = 16

Figure 28. Octal D-Type Flip-Flops and Registers
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ICMP4 ICMP8 MCMP16 MCMPC2
— A0 —] A[7:0] — A[15:0] ] ﬁ:gg',
—1A1 ALB }— —1AGBI
A2 AEB|— AEB|— ALB |—
—|go AEB | B[7:0] —]B[15:0] —A1 AGB|—
—1B1
—1B2 —1B0
—1B3 Module Count = 9 Module Count = 93 —1B1
Module Count = 5 Module Count = 9
MCMPC4 MCMPC8 TA280

—(ALBI — ALBI —] A

—| AEBI — AEBI —IB

—]AGBI —{AGBiALB}— —c

—1A0 AEB[— —bp

—jA1 ALB|— AGBl— —1E EVEN |—

—] A2 AEBI— J— A[7:0] —F oDbD |—

—1A3 AGB|—

—1B[7:0 —

—1B0 [7:01 ] g

—B1 Module Count = 36 —1

—1B2

—1{B3

Module Count = 9
Module Count = 18

Figure 29. Comparators/Parity Checker

Module Count =18 Module Count = 15 Module Count=22 Module Count = 25 Module Count = 24

CNT4A CNT4B TA161 TA169 TA269 UDCNT4A
—olctr —gctLr —g cLR e I —duw —o|Lo
— LD —LD "O LD — UD —] UD —Jup
Ao °° da COP— ] ENT RCO[— —QJENT RCOD— —(J ENT RCOPD— o C°P-
! —] enp —C ENP —J ENP -0
—pP ciK —P CLK —P oLk —P ek —P ck —PD oLk
—Jrp0 Qo —4a oA —JaA oA— _Ja —{p0 o] —
—p1 a1 —1B @B —B Q —B —r  at}—
—Jp2 @2 —Jc ac —¢ ac —lc —Ir,2  a@2}—
—{p3 a3 —1p ap —|p  ap —o —pz  a3l—
—E
—F
—le
—1H

Module Count = 50

Figure 30. Counters
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F —D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

DEC2X4 DEC2X4A
—{a YO|— —a YOP—
Yi[— YipD—
Y2|— 20—
—B Y3j|— —iB Y3p—
Module Count = 4 Module Count = 4
DEC3X8 DEC3X8A

_— Yob— ] YO D—
] A Yi— ] A Y1 D—
—C va}— C Yap—
Yal— YaO—
Ys5— Y5P0—
Yé|— Y6 O—
Y7h— Y7p—
Module Count = 8 Module Count = 9
TA138

] YoPO—

A v

—]B v2[0—

¢ v3apo—

Yapo—

— G1 Y5 0—

—JG2a YepPO—

—JG2B Y7[P—

Module Count = 12

DECE2X4
Yi—
E Y2|—
—1B Y3—

Module Count = 4

DECE3X8
—A YO —
— Yij—
. 2 Y2—
Y3r—
Y4 —
YS|—
—]E Y6|—
Y7 I )
Module Count = 11
TA139
YopP—
Y1
—a O—
—B  Y2p—

Module Count = 4

Figure 31. Decoders

INSTRUMENTS

'IE:AS¢

DECE2X4A
—a YOP—
Yip—

E  vp-
—B  v3p—

Module Count = 5

DECE3X8A
Yoo
—]A vipo—
—B v2p0—
—1¢ vp-
Yap—
v5[0—
—E Y6 O—
Y7p—

Module Count = 11
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DEC4X16A

YO
Y1

Y2

| ] ]
cow»
3

Y9
Y10
Y11
Y12
Y13
Y14
Y15

el e e
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SREG4A SREGSA TA164 TA194 TA195
—Q CLR —QICLR —C] CLR —dcLr —d CLR
—C] SHLD —] SHLD —Pb ok —] ) —] SHLD
—P cLk —OP CLK S1 —P> CLK
S p —A oeA}l— —P CLK 3
— — —1B QBl— -
—1pPo —1pro acl— —]{ sRsi —gK
— — QA |— —A QA |—
P1 P1 ] —a 15 X
—{P2 —P2 — —B aB}— [
—{p3 SO— o L QF |— —le  acl_ —c ac|—
—{P aci— —o —1° aonp-
Module Count = 8 — g QH|— —sLs P
—iP7 So— Module Count = 18 Module Count = 14 Module Count = 11
Module Count = 18

Figure 32. Shift Registers

SMULTS

—] A[7:0]
P[15:0] | —
—1 B[7:0]

Module Count = 241
Figure 33. 8-Bit Multiplier

CM8A

A0 YI—

Module Count = 1

Figure 34. Logic Module
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS
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package pin assignments

(3) [=]
o F
6 543 214443424140
nooooonoannn
O
7 139 PRB or /0
8 138 PRA or /O
9o 137 DCLK OR /O
GND 10 136 SDI or /O
" — 35 Voo
12 ] 34 MODE
13 (TOP VIEW) [ 33 CLK or VO
Vee 14 O 32 GND
15 ] [ 31
Vpp 16 [ —1 30
17 — 29

NOTES:

vuguuuuouu

181920 2122 23 2425 26 27 28
g Q
G L

. Vpp must be terminated to Vo except during programming.

. MODE must be terminated to circuit ground except during programming.t
. SDI and DCLK should be terminated to circuit ground during normal operation if not used as /Os.t
. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused /O

pins are driven low by design.

o

. All unidentified pins on the pin assignment drawings are standard /Os.

. All pins marked GND are ground connections and must be connected to circuit ground.

A

B el ———

C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.
D

E

F

T The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-k{2 (or greater) resistor. They can be tied to ground if not debugging.

Figure 35. 44-Pin PLCC PIn Assignment
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TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993
e S e e e e e

package pin assignments (continued)

NOTES:

G.

10 O
11
12
13 O3
GND 14 ]

GND 15 [
16 O

17 O
18 (TOP VIEW)
19 ]
20 ]
Voc 21
22 O
23
24
Vpp 25
26

PRB or 1/O
PRA or I/0

DCLK OR V/O
SDl or /O

Vee
MODE

CLKor /O

GND

guuutdouuruggdaoy
2583588288328 89888

gouauguuuidgoiauiyy

2728 293031323334 3536 3738 39404142 43

(=] [5]
4
5 S

All pins marked GND are ground connections and must be connected to circuit ground.

A.
B. Vpp must be terminated to Vo except during programming.
C.
D
E
F.

PRA and PRB, the diagnostic probe outputs, should remain open if not used as 1/Os.

. MODE must be terminated to circuit ground except during programming.t
. SDI and DCLK should be terminated to circuit ground during normal operation if not used as 1/0s.t

Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused /O
pins are driven low by design.
All unidentified pins on the pin assignment drawings are standard 1/Os.

T The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-k€2 (or greater) resistor. They can be tied to ground if not debugging.

Figure 36. 68-Pin PLCC Pin Assignment
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F - D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

package pin assignments (continued)

1
a 5
12
ke 5 &
1110987 6 54 32 184838281807978777675
nnooonooooooooonoononoan
/ =
NC 12 3 74 PRA or /0
13 O [ 73 DCLK or /O
14 O ) 72 SDlor /O
15 & 71
16 O 70
17 o 3 69
GND 18 2 68 Voo
GND 19 ) 67 Voo
20 1 66 MODE
21 — 65
22 (TOP VIEW) — 64 CLK or /O
23 — 63
24 — — 62
Voe 25 O [+ 61 GND
Vce 26 — 60 GND
27 — 59
28 — 58
29 — 57
30 — 56
31 — 55
32 o 54
pgotoduoouotitboiudgyguuod
3&3343536 3738 394041 42434445 46 47 4849 5051 5253
Q )
o
£ § L

NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground.

B. Vpp must be terminated to V¢ except during programming.

C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.

D. MODE must be terminated to circuit ground except during programming.t

E. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/Os.t

F. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused I/O

pins are driven low by design.

G. All unidentified pins on the pin assignment drawings are standard I/Os.

T The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-k€2 (or greater) resistor. They can be tied to ground if not debugging.

Figure 37. 84-Pin PLCC Pin Assignment
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TPC10 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

package pin assighments (continued)

r X ¢ I © mMm m O O W »

1234567891011
ONONONONORONORONONONG
ONONONONONONONCORONONG
O o0Q. 000 ON®
OO% O O
ONONO) O OO
O OO (TOP VIEW) O OO
O OO ONONG)
O O O O
O O ONON®) ON@)
ONONORONONONONONONONG
ONONCHONORONONONONONG)

I/0 Pin Assignments for the 84-Pin Ceramic Pin Grid Array Package

SIGNAL TPC1010A TPC1020A
PRA Al A
PRB B10 B10
MODE E11 EN
SDI B11 B11
DCLK c10 C10
Vpp K2 K2
CLK or VO Fo Fo
GND B7, E2, E3, K5, F10, G10 B7, E2, E3, K5, F10, G10
Vee BS, F1, G2, K7, E9, E10 BS, F1, G2, K7, E9, E10
NC (No internal connection) B1, B2, C1,C2, K1, J2, L1, B2

J10, K10, K11, C11, D10, D11

NOTES:

. Vpp must be terminated to Vo except during programming.

. MODE must be terminated to circuit ground except during programming.t
. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/0s.T
Unused /O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused I/O

pins are driven low by design.
. All unidentified pins on the pin assignment drawings are standard /Os.
. Orientation pin C3 is connected internally to pin C2.

Ie

All pins marked GND are ground connections and must be connected to circuit ground.

A
B
C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.
D
E
F.

T The security fuse must be programmed for SDI and DCLK to function as /Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-kQ (or greater) resistor. Thay can be tied to ground if not debugging.

Figure 38. 84-Pin CPGA Pin Assignment
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package pin assignments (continued)

or /O

Q [=] m
ks z &
848382818079787776757473727170696867666564

NC 1] 163 PRAor 110
NC 20— ————1 62 DCLK or IO
NC 3. ————1 61 SDlor 1/0
NC 4] ——————1 60 NC
s 1 50 NC
[ — ——— 158 NC
GND 70— 157 Voo
GND 8] 1 56 Voo
o ————1 55 MODE
10— ————1 54
n————— ————1 53 CLK or 110
12— (ToP VIEW) ———— 52
L — —— 51
Vec 14— 1 50 GND
e L — —————— 49 GND
16— — 48
| — 47
18— ———— 46
NC19——— 45 NG
NC 20— — T
NC 21— —————1 43 NG

222324252627282930313233 3435363738394041 42

g 2 8
> T} =

NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground.

B. Vpp must be terminated to Vcc except during programming.

C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.

D. MODE must be terminated to circuit ground except during programming.t

E. SDI and DCLK should be terminated to circuit ground during normal operation if not used as 1/0s.t

F. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused /O
pins are driven low by design.

. All unidentified pins on the pin assignment drawings are standard I/Os.

. NC = No internal connection

1 The security fuse must be programmed for SDI and DCLK to function as /Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-k{2 (or greater) resistor. They can be tied to ground if not debugging.

Ie

Figure 39. TPC1010A 84-Pin CQFP Pin Assignment
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TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

( package pin assignments (continued)
S
(&) Q m
2 3 E
8483828180797877 6757473727170696867666564
NC 1] 1 63PRAorlO
] —— 1 62DCLKor IO
&) — 1 61SDlorl/O
] — E———e0
] — —
(-] — 158
(Y1 { — —____1s7vce
GND 8 ] 156 Vog
| — 1 55 MODE
L[] — — 7
1} | — [ 153 CLKorlO
7 | — (TOP VIEW) ——— 52
183 | —
Vec 14— 150 GND
Vee 15— 149 GND
L[] — 748
L { — — 7
1L — — |
’ 1] — E———4s
( , ]| — — 7
21— 43

NOTES:

IQ

!”U

. All pins marked GND are ground connections and must be connected to circuit ground.
Vpp must be terminated to VG except during programming.

23 252627282930313233 343536373839404142
Q
] =3

. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.
. MODE must be terminated to circuit ground except during programming.t
. SDI and DCLK should be terminated to circuit ground during normal operation if not used as 1/0s.t

Unused /O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused /O
pins are driven low by design.

. All unidentified pins on the pin assignment drawings are standard I/Os.

. NC = No internal connection

t The secunty fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-k{2 (or greater) resistor. They can be tied to ground if not debugging.

Figure 40. TPC1020A 84-Pin CQFP Pin Assignment
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TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS
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package pin assignments (continued)

Q
2222 L Eggugy
80797877767574737271706968 676665646362 61605958 57 565554535251

Q
4
(3]

1T
1
1
I
1
|
1
1
I
T

I
1
11
1
|
I
11
I

(7 )
NC 81117 1T 1 50 NC
NC 8211 ] 1T 1 49 NC
L X J S— — [ TT 1 48 NC
84 1T A — '
85 1T 11T 146
GND 86 1T 1T 145
GND 87 TT 1T "1 44 Voe
- . ] —— — 1T 43 Vg
8911 ] 1T 142
CLKor /O 90 11— ——} |
) f m—  — (TOP VIEW) ——
MODE 92117 —TT—1 39
Veec 93 C—I1—] 1T 38
Vec 94— [——TT—1 37 GND
NC o511 ] 1T 136 GND
NC 96 11| —— <
NC 97 11— 1T 134
SDlorl/O 98 11— 1T 33NC
DCLKor /O 99 11T ] 1T 132 NC
'PﬁKorl/owM:n:: 1T 31 NC
12345678 91011 12131415161718192021 222324252627282930
222289 8 22
5 5 g
&
NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground.
B. Vpp must be terminated to Vg except during programming.
C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.
D. MODE must be terminated to circuit ground except during programming.
E. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/0s.t
F. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused I/O
pins are driven low by design.
G. All unidentified pins on the pin assignment drawings are standard I/Os.
H. NC = No internal connection

1 The security fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-k£2 (or greater) resistor. They can be tied to ground if not debugging.

Figure 41. TPC1010A 100-Pin PQFP Pin Assignment
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package pin assignments (continued)

«

(SRR 8 Q
Z2ZZ > =z
80797877767574737271706968 6766 65 62616059 54

T NG
—T1T——1% NC
:n_—_xﬂ NC

i

(-
81 —IT— :1:::1 50
82— TT—] —TT— 49
F:% Y m— — 1T 148
84— 1T | — 1T 47
85— TT — 1T 46
GND 86 1T ] — 1T 145
GND 8711 | 1T 144 Voo
Y. ) —  — —TT 143 Ve
89— TT—] —— 7'}
CLK or /O 90— TT—] o
81— (TOP VIEW) —TT— 40
MODE 92— TT—] 1T 139
Vece 93C—TITr— — 17— 38
Vee 94117 ——TT—1 37 GND
95 —TT— 17— 36 GND
96— TT— — 1T 135
97 C—IT—] —TT—1 34
SDior /O 98— TT ] —TT— 33
DCLK or /O 99 ——TT—] a2
PRA or /0 100 |:1:|__—__ ——
v
" J

1 1011121314151617181920212223242526272829 30
g 2 g 2299
& 2

T

NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground.

B. Vpp must be terminated to V¢ except during programming.

C. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.

D. MODE must be terminated to circuit ground except during programming.t

E. SDI and DCLK should be terminated to circuit ground during normal operation if not used as I/0s.t

F. Unused I/O pins are automatically designated by the Action Logic System as outputs and should remain unconnected. Unused /O
pins are driven low by design.

. All unidentified pins on the pin assignment drawings are standard I/Os.
. NC = No internal connection

1The secunty fuse must be programmed for SDI and DCLK to function as I/Os. For device debugging on the user’s circuit board, MODE, SDI,
and DCLK should be terminated to circuit ground through a 10-k€2 (or greater) resistor. They can be tied to ground if not debugging.

IO

Figure 42. TPC1020A 100-Pin PQFP Pin Assignment
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actionprobe pin assignments

There are four types of Actionprobes available: 44-, 68-, and 84-pin PLCC, and 84-pin PGA. At the time your
order is placed, please specify which Actionprobe you need.

The Actionprobes are detailed in Figure 43 through Figure 46.

| N IRONCNSNT)
CNORDNCRONCT)

®eO
® ®
® ®
® @
Index Notch @
- N[O

CRCHCHONORO;
DeOOE®

(TOP VIEW)

O®®O®R®®
@OO®O®O®®

@ [Indicates no connection
NOTE: The view shown is from the TOP with pin 1 of the device facing down.

Figure 43. 44-Pin PLCC Actionprobe

TMﬁ¢
INSTRUMENTS

46 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TPC10 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS001F — D3864, DECEMBER 1989 — REVISED FEBRUARY 1993

actionprobe pin assignments (continued)

|_NONONONCHORONE
@OOOOOO G
® @ @@
@&
@@
® ® @ @
@@ (TOP VIEW)
® & ® O
® ® ©@®
@ Index Notch @ @
®® ' \/ ©©®
\@ @000
@O
@ Indicates no connection

Figure 44. 68-Pin PLCC Actlonprobe
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actionprobe pin assignments (continued)

®®
®®
®®
®®
®@®
®@®
/ig

0O®®®
®@OO®®

® & @@
@ ® @ @
® @ ® &
® ® @ @
® @ @
@ (TOP VIEW) @ @
@ ®@ ® @
® @ ®®
©© ®®
@ @ Index Notch @
° - N lee

SR ACIOICROLOJOJOXOXD)
CATACACICROIOJOJOXTN

@ Indicates no connection
NOTE: The view shown is from the TOP with pin 1 of the device facing down.

Figure 45. 84-Pin PLCC Actionprobe
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actlonprobe pin assignments (continued)

The 84-pin pin-grid-array (PGA) Actionprobe has a number of pins around the socket connected to the device
pins. The exact ordering of these pins is not obvious.

Figure 46 shows the Actionprobe with the top view up, which is how the device sits in the socket. Pin A1 is at
the top left. Looking at the Actionprobe, pin A1 appears on the circuit board for reference.

o@@a@@@aao@@\\

Xelelelelelclelelolcl XY
o0
® ®©
© @ ®©
@ @ © @
® @ & @
® @ ©©
® @ ® @
® @ ©©
® @ © ©
o) ®®
® W
X 0
O@@@a@@a@@o@q//

@ |Indicates no connection or pin removed

Figure 46. 84-Pin PGA Actionprobe
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(20-pin package used for illustration)

< D
[#Jote 000 @[ @] DE@)
D4 (see Note B} ——P ==] (see Note D)
[#Ioa8 0007 B[ @] 0EB) <« A r?;:tiag;lg;e
[ITesznmle] 031 (0020) R Man .
| A o.10(0.004) ]
F 43 2 Places — (see Note C) s —» LIA008) o
= 0,64 (0.025)
— 0.81(0.082) 1o
@] T@I / O oa8(0029) ™ ] /7
b J s 2 2 1 20 19 19 [elorse0nO[6[A6 | = —T
=] @ [ 2 Sides (see Note E)
< ‘§ @ <] J_E 5 17{] i T (selzaNoEtgF)
w $ 19)1Z] (e 16 [1.27 (0.050)] — (see Note F)
S BEIE T[ 7 150 4 Sides | — i (4038 (0.015) O] 5-E D)
=) =) § )
< € 410,38 (0.015
E, g_ S § [ 8 14 ] (see Note C) . - (¢l { ’@[—@J
+] ¢} ] 9 10 11 12 13
By o o iy o
—E- —> 0,51(0.020) MIN.
[ & |
(see Note C)
0,20 {0.008 (Includes Lead Finish)
SUM OF DAM BAR PROTRUSIONS 4
TO BE 0,18 (0.007) MAXIMUM \ e
PER LEAD
5
1,53 (0.060)
| MIN.
'
0,53 (0.021 IFE=t
0,33%013;"" [ L 0,64 (0.025) MIN.
{#]0,18 (0.007) @] F-G@I
* [ 0oNB[OES]
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
JEDEC DIMs| A A1 D,E D1, E1 D2, E2 D3. E3 BASIC
OUTLINE PINS MIN MAX | MIN MAX MIN MAX MIN MAX | MIN MAX ’
4,19 4,57 | 2,29 3,04 17,40 17,65 | 16,51 16,66 | 14,99 16,00
MO-047AC 44 (0.165) (0.180)| (0.090) (0.120)| (0.685) (0.695)| (0.650) (0.656)| (0.590) (0.630)| 27 (0-500)
4,19 5,08 | 2,29 3,30 25,02 2527 | 2413 2433 | 22,61 23,62
MO-047AE 68 (0.165) (0.200){ (0.090) (0.130)| (0.985) (0.995)| (0.950) (0.958)| (0.890) (0.930)| 2032 (0-800)
MO-047AF 84 4,19 5,08 | 2,29 3,30 30,10 30,35 | 29,21 29,41 | 27,69 28,70 25,40 (1.000
- (0.165) (0.200)| (0.090) (0.130) | (1.185) (1.195)| (1.150) (1.158)| (1.080) (1.130) 40 (1.000)
NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M-1982.

. Dimension D4 and E4 do not include mold flash protrusion. Protrusion shall not exceed 0,25 (.010) on any side.
. Datums | D-E| and for center leads are determined at datum
. Datum is located at top of leads where they exit plastic body.

. Location to datums and to be determined at datum

. Determined at seating plane

m m o O w

Figure 47. Plastic Leaded Chip Carrlers
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INDEX CORNER < 28,45 (1.120)

(T1 Option) \; 27,43 (1.080)

h 4

28,45 (1.120)
27,43 (1.080)

5,21 (0.205) l
2,79 (0.110) 1,52 (0.060)

v
4 1,02 (0.040
355(0.140) | l 2(0.040)
3,05 (0.120) o _’l L_

0,546 (0.0215) 1,27 (0.050) NOM
0'411)?:)1'3:365) bll\( (4 Places)
2,54 (0.100) T.P. —>| |+—
r—r©©@@@@@@@@@i—
K @ @ @ @ @ @ @ @ @ @ @ 2,54 (0.100) T.P.
Joe®e o000 o001
HlE © © ®
cloe®® ®O®
25,4 (1.000) REF F @ @ @ @ @ @
El0©® O ©@O0
D|® © ©0©
cloe® 000 © O+ " Nowp)
BloP0OOOOOOOOO
' AMOOPOPOOOOOO
1 2 3 4 5 6 7 8 9 10 11

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Pins are located within 0,13 (0.005) radius of true position relative to each other at maximum material condition and within 0,381 (0.051)
radius relative to the center of the ceramic.
B. Orientation pin C3 is connected internally to pin C2.

Figure 48. 84-Pin Ceramic Pin-Grid-Array Package
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37,2 (1.465
< Is‘rfﬂzu} >

! 16, 8 0. 660
12,7 (0.500) REF
6 35 (0.250)
] x

/0BB00OBBE008d I:It}tjl:!tll:ﬂ:ll:ltlti a
—in w1
== i
————n 1 E

1}
ED Index Mark E%
——n o—
———n o— 37,2 (1.465
——m a1 36,1 (1.42

D 4%

= 16,8 (0.660

= + = 133(05%0)

———m ! o
—h o

) o
—= ﬂ%

1] )
———jn [Ri
| — 1 o
—mn u%
————n

AEEE— A
\ﬂﬂ.[ v
3,30 (0.130) MAX
0,203 (0.008
0,102 !0.004;
2,67 (0.105) MAX — +

J

0,305 (0.012
—» 4—0”_24,152 o.‘oo_}s rg—g-ﬁ

0,64 (0.025) TYP F—
B T e T el T e Tl S
'=Tf““n=l' L n 0,25 (0.010) MAX

See Detall A

0014
51 0.002

DETAIL A

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

T

52

Figure 49. 84-Pin Ceramic Quad Flat Package
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Contact the factory for mechanical data

Figure 50. 84-PIn Ceramic Quad Flat Package With Nonconductive Tie Bar
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(120-pin package used for illustration)

VE—Y S
[#-To.20M][c[ A-B ®[D®)

——— D> ————»
[#]o.20M[H| A-B
L [0.05 MmwMM[A- B
D3 < zD See Detall A
FD-][3> /
ARARAAARAARAARRAARAARAAARAAAARA Ly
= | ]r ©
= =) =
B> = AR
- + - - A3 A
= =L e
= = |
NE ! == 2
/. HHEHHEHHEHEEHEEE B HHEHHEHEE HHE A v
Pin #1 1D 1 75

See Detall B A2
0.23 >"\ v ¢
Sea::: ; h 0.40 MIN —
Plane T& T f
o !—'“" B a— A | 0° MIN
[Ehiol [Faaa®Ic] A-B BB [> 0.13 R. MIN

Datum Plane l ] F °'3°R

m .
b — — ‘%
5°-16°

== (TYP) | -7
%_{ >

nlo

Formed Lead i
Dimension (REF.) o le— 1
DETAIL A DETAIL B

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS l>

Figure 51. Plastic Quad Flat Packages
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69252 SVXAL ‘'SYT1IVA ¢€0£SS9 XOF 301440 LSOd
SININMAILSN]

SS

op

NARAAA A

B

Determined at datum plane

Dimension B does not include dambar protrusion. Allowable dambar protrusion shall be 0.08 total in excess of the B dimension at maximum material condition.

Dambar cannot be located on the lower radius or the foot. A minimum solder finish thickness of 0.0051 is guaranteed.

Datum plane is located at bottom of lead and is coincident with the lead where the lead exits the plastic body at the bottom of the parting line.

Datums and for center leads are determined at datum .
Determined at seating plane

Dimensions D1 and E1
mined at datum plane

\ //» i B
A A1 A2 D D1 D3 2D E E1 E3 ZE L B FORMED
OJUE'II'::.E:E p::qs .:YKé MAX MAX MAX MAX MAX MAX MAX MAX aaa | ND | NE IbElf‘D
(REF) | (REF) (REF) | (REF) BASIC (REF')
MIN MIN MIN MIN MIN MIN MIN MIN
MO- 3,05 23,45 | 20,10 17,45 | 14,10 0,95 0,38
108/cc1 | 190 |RECT| 340 | 05 | 255 | 2295 | 19,90 | 1885 | 958 | 1695 | 1300 | 1235 | 83 | g5 | [ZEE] | gpp | 012 | 30 | 20| 160
NOTES: All dimensions are millimeters (mm), and conform to JEDEC specification MO-108 (issue A/October 1990). Dimensions and tolerancing per ANSI Y14.5M-1982.

 include mold protrusion. Allowable protrusion is 0.25 per side. Dimensions D1 and E1 do include mold mismatch and are deter-
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TI Worldwide
Sales Offices

ALABAMA: Huntsville: 4960 Corporate Drive,
Suite 150, Huntsville, AL 35805, (205) 837-7530.
ARIZONA: Phoenix: 8825 N. 23rd Avenue,
Suite 100, Phoenix, AZ 85021, (602) 995-1007.
CALIFORNIA: Irvine: 1920 Main Street, Suite
900, Irvine, CA 92714, (714) 660-1200; San
Diego: 5625 Ruffin Road, Suite 100, San Diego,
CA 92123, (619) 278-9600; Santa Clara: 5353
Betsy Ross Drive, Santa Clara, CA 95054, (408)
980-9000; Woodland Hills: 21550 Oxnard
Street, Suite 700, Woodland Hills, CA 91367,
(818) 704-8100.

COLORADO: Aurora: 1400 S. Potomac Street,
Suite 101, Aurora, CO 80012, (303) 368-8000.
CONNECTICUT: Wallingford: 9 Barnes
Industrial Park So., Wallingford, CT 06492, (203)
269-0074.

FLORIDA: Altamonte Springs: 370 S. North
Lake Boulevard, Suite 1008, Altamonte Springs,
FL 32701, (407) 260-2116; Fort Lauderdale:
2950 N.W. 62nd Street, Suite 100, Fort
Lauderdale, FL 33309, (305) 973-8502; Tampa:
4803 George Road, Suite 390, Tampa, FL
33634-6234, (813) 885-7588.

GEORGIA: Norcross: 5515 Spalding Drive,
Norcross, GA 30092-2560, (404) 662-7967.
ILLINOIS: Arlington Heights: 515 West
Algonquin, Arlington Heights, IL 60005, (708)
640-2925.

INDIANA: Carmel: 550 Congressional Drive,
Suite 100, Carmel, IN 46032, (317) 573-6400;
Fort Wayne: 103 Airport North Office Park, Fort
Wayne, IN 46825, (219) 489-4697.

KANSAS: Overland Park: 7300 College Blvd.,
Lighton Plaza, Suite 150, Overland Park, KS
66210, (913) 451-4511.

MARYLAND: Columbia: 8815 Centre Park Dr.,
Suite 100, Columbia, MD 21045, (410) 964-2003.
MASSACHUSETTS: Waltham: Bay Colony
Corporate Center, 950 Winter Street, Suite 2800,
Waltham, MA 02154, (617) 895-9100.
MICHIGAN: Farmington Hills: 33737 W. 12
Mile Road, Farmington Hills, M1 48018, (313)
553-1581.

MINNESOTA: Eden Prairie: 11000 W. 78th
Street, Suite 100, Eden Prairie, MN 55344, (612)
828-9300

MISSOURI: St. Louis: 12412 Powerscourt
Drive, Suite 125, St. Louis, MO 63131, (314)
821-8400.

NEW JERSEY: Iselin: Metropolitan Corporate
Plaza, 485 Bldg E. U.S. 1 South, Iselin, NJ
08830, (908) 750-1050.

NEW MEXICO: Albuquerque: 2709 J. Pan
American Freeway NE, Albuguerque, NM 87101,
(505) 345-2555.

NEW YORK: East Syracuse: 6365 Collamer
Drive, East Syracuse, NY 13057, (315)
463-9291; Fishkill: 300 Westage Business Citr.,
Suite 140, Fishkill, NY 12524, (914) 897-2900;
Melville: 48 South Service Road, Suite 100,
Melville, NY 11747, (516) 454-6601; Pittsford:
2851 Clover Street, Pittsford, NY 14534, (716)
385-6770.

NORTH CAROLINA: Charlotte: 8 Woodiawn
Green, Suite 100, Charlotte, NC 28217, (704)
527-0930; Raleigh: 2809 Highwoods Boulevard,
Suite 100, Raleigh, NC 27625, (919) 876-2725.
OHIO: Beachwood: 23775 Commerce Park
Rd., Beachwood, OH 44122-5875, (216)
765-7258; Beavercreek: 4200 Colonel Glenn
Hwy., Suite 600, Beavercreek, OH 45431, (513)
427-6200.

OREGON: Beaverton: 6700 S.W. 105th Street,

Suite 110, Beaverton, OR 97005, (503) 643-6758.

PENNSYLVANIA: Blue Bell: 670 Sentry
Parkway, Suite 200, Blue Bell, PA 19422, (215)
825-9500.

PUERTO RICO: Hato Rey: 615 Mercantil Plaza
Bldg., Suite 505, Hato Rey, PR 00919, (809)
753-8700.

TEXAS: Austin: 12501 Research Boulevard,
Austin, TX 78759, (512) 250-6769; Dallas: 7839
Churchill Way, Dallas, TX 75251, (214)
917-1264; Houston: 9301 Southwest Freeway,
Commerce Park, Suite 360, Houston, TX 77074,
(713) 778-6592; Midland: FM 1788 & 1-20,
Midland, TX 79711-0448, (915) 561-7137.
UTAH: Salt Lake City: 2180 South 1300 East,
Suite 335, Salt Lake City, UT 54106, (801)
466-8972.

WISCONSIN: Waukesha: 20825 Swenson
Drive, Suite 900, Waukesha WI 53186, (414)
798-1001.

CANADA: Nepean: 301 Moodie Drive, Suite
102, Mallorn Centre, Nepean, Ontario, Canada
K2H 9C4, (613) 726-1970; Richmond Hill: 280
Centre Street East, Richmond Hill, Ontario,
Canada, L4C 1B1, (416) 884-9181; St. Laurent:
9460 Trans Canada Highway, St. Laurent,
Quebec, Canada H4S 1R7, (514) 335-8392.

AUSTRALIA (& NEW ZEALAND): Texas
Instruments Australia Ltd., 6-10 Talavera Road,
North Ryde (Sydney), New South Wales,
Australia 2113, 2-878-9000; 14th Floor, 380-St.,
Kilda Road, Melbourne, Victoria, Australia 3004,
3-696-1211; 171 Philip Highway, Elizabeth,
South Australia 5112, 8 696-2066.

BELGIUM: Texas Instruments Belgium
S.A/N.V., Avenue Jules Bordetlaan 11, 1140
Brussels, Belgium, (02) 242 30 80.

BRAZIL: Texas Instrumentos Electronicos do
Brasil Ltda., Av. Eng. Luiz Carlos Berrini,
1461-110. andar, 04571, Sao Paulo, SP, Brazil,
11-535-5133.

DENMARK: Texas Instruments A/S, Borupvang
2D, 2750 Ballerup, Denmark, (44) 68 74 00.
FINLAND: Texas Instruments OY, Ahertajantie 3,
P.O. Box 86, 02321 Espoo, Finland, (0) 802 6517.
FRANCE: Texas Instruments France, 8-10
Avenue Morane-Saulnier, B.P. 67, 78141 Velizy-
Villacoublay Cedex, France, (1) 30 70 1003.
GERMANY: Texas Instruments Deutschland
GmbH., Haggertystrasse 1, 8050 Freising,
(08161) 80-0; Kurfiirstendamm 195-196, 1000
Berlin 15, (030) 8 82 73 65; Dusseldorfer Strasse
40, 6236 Eschborn 1, (06196) 80 70;
Kirchhorster Strasse 2, 3000 Hannover 51,
(0511) 64 68-0; Maybachstrasse Il, 7302
Ostfildern 2 (Nellingen), (0711) 3403257;
Gildehofcenter, Hollestrasse 3, 4300 Essen 1,
(0201) 24 25-0.

HOLLAND: Texas Instruments Holland B.V.,
Hogehilweg 19, Postbus 12995, 1100 AZ
Amsterdam-Zuidoost, Holland, (020) 5602911.
HONG KONG: Texas Instruments Hong Kong
Ltd., 8th Floor, World Shipping Center, 7 Canton
Road, Kowloon, Hong Kong, 737-0338.
HUNGARY: Texas Instruments Representation,
Budaorsi ut 42, 1112 Budapest, Hungary,

(1) 16666 17.

IRELAND: Texas Instruments Ireland Ltd., 7/8
Harcourt Street, Dublin 2, Ireland, (01) 755233.
ITALY: Texas Instruments ltalia S.p.A., Centro
Direzionale Colleoni, Palazzo Perseo - Via
Paracelso, 12, 20041 Agrate Briariza (Mi), Italy,
(039) 63221; Via Castello della Magliana, 38,
00148 Roma, Italy, (06) 6572651; Via Amendola,
17, 40100 Bologna, Italy, (051) 554004.
JAPAN: Texas Instruments Japan Ltd., Aoyama
Fuiji Building 3-6-12 Kita-Aoyama Minato-Ku,
Tokyo, Japan 107, 03-498-2111; MS Shibaura
Bldg. 9F, 4-13-23 Shibaura, Minato-ku, Tokyo,
Japan 108, 03-769-8700; Nissho-lwai Bldg. 5F,
2-5-8 Imabashi, Chuou-ku, Osaka, Japan 541,
06-204-1881; Dai-ni Toyota Bldg. Nishi-kan 7F,
4-10-27 Meieki, Nakamura-ku, Nagoya, Japan
450, 052-583-8691; Kanazawa Oyama-cho
Daiichi Seimei Bldg. 6F, 3-10 Oyama-cho,
Kanazawa-shi, Ishikawa, Japan 920,

? TExAs
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0762-23-5471; Matsumoto Showa Bldg. 6F,
1-2-11 Fukashi, Matsumoto-shi, Nagano, Japan
390, 0263-33-1060; Daiichi Olympic Tachikawa
Bldg. 6F, 1-25-12, Akebono-cho, Tachikawa-shi,
Tokyo, Japan 190, 0425-27-6760; Yokohama
Business Park East Tower 10F, 134 Goudo-cho,
Hodogaya-ku, Yokohama-shi, Kanagawa, Japan
240, 045-338-1220; Nihon Seimei Kyoto Yasaka
Bldg. 5F, 843-2, Higashi-Shiokohji-cho,
Higashi-iru, Nishinotoh-in, Shiokohji-dori,
Shimogyo-ku, Kyoto, Japan 600, 075-341-7713;
Sumitomo Seimei Kumagaya Bldg. 8F, 2-44
Yayoi, Kumagaya-shi, Saitama, Japan 360,
0485-22-2440; 2597-1, Aza Harudai, Oaza
Yasaka, Kitsuki-shi, Oita, Japan 873,
09786-3-3211.

KOREA: Texas Instruments Korea Ltd., 28th
Floor, Trade Tower, 159, Samsung-Dong,
Kangnam-ku Seoul, Korea, 2-551-2800.
MALAYSIA: Texas Instruments Malaysia, Sdn.
Bhd., Asia Pacific, Lot 36.1 #Box 93, Menara
Maybank, 100 Jalan Tun Perak, 50050 Kuala
Lumpur, Malaysia, 2306001.

MEXICO: Texas Instruments de Mexico S.A. de
C.V., Alfonso Reyes 115, Col. Hipodromo
Condesa, Mexico, D.F., 06170, 5-515-6081.
NORWAY: Texas Instruments Norge A/S, B.P.
106, Refstad (Sinsenveien 53), 0513 Oslo 5,
Norway, (02) 155 090.

PEOPLE’S REPUBLIC OF CHINA: Texas
Instruments China Inc., Beijing Representative
Office, 7-05 CITIC Building, 19 Jianguomenwai
Daijie, Beijing, China, 500-2255, Ext. 3750.
PHILIPPINES: Texas Instruments Asia Ltd.,
Philippines Branch, 14th Floor, Ba-Lepanto
Building, Paseo de Roxas, Makati, Metro Manila,
Philippines, 2-8176031.

PORTUGAL: Texas Instruments Equipamento
Electronico (Portugal) LDA., Ing. Frederico
Ulricho, 2650 Moreira Da Maia, 4470 Maia,
Portugal, (2) 948 1003.

SINGAPORE (& INDIA, INDONESIA,
THAILAND): Texas Instruments Singapore
(PTE) Ltd., Asia Pacific, 101 Thomson Road,
#23-01 United Square, Singapore 1130, 3508100.
SPAIN: Texas Instruments Espafia S.A.,
c/Gobelas 43, Urbanizasion La Florida, 28023
Madrid, Spain, (1) 372 8051; c/Diputacion,
279-3-5, 08007 Barcelona, Spain, (3) 317 91 80.
SWEDEN: Texas Instruments International Trade
Corporation (Sverigefilialen), Isafjordsgatan, Box
30, 164 93 Kista, Sweden, (08) 752 58 00.
SWITZERLAND: Texas Instruments Switzerland
AG, Riedstr. 6, 8953 Dietikon, Switzerland, (01)
744 2811.

TAIWAN: Texas Instruments Taiwan Limited,
Taipei Branch, 10th Floor, Bank Tower, 205 Tung
Hua N. Road, Taipei, Taiwan, 10592, Republic of
China, 2-713 9311.

TURKEY: Texas Instruments, DSEG MidEast
Regional Marketing Office, Karum Center, Suite
442, Iran Caddesi 21, 06680 Kavaklidere,
Ankara, Turkey, 4-468-0155.

UNITED KINGDOM: Texas Instruments Ltd.,
Manton Lane, Bedford, England, MK41 7PA,
(234) 270 111.

TI1 Authorized
North A

merican
Distributors

Alliance Electronics, Inc. (military product only)
Almac/Arrow

Anthem Electronics

Arrow/Schweber

Future Electronics (Canada)

Hall-Mark Electronics

Marshall Industries

Newark Electronics*

Wyle Laboratories

Zeus Components

Rochester Electronics, Inc. (obsolete product
only)

*Not authorized for Tl military products
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