TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

® Three Arrays With increased Densities ®  Enbanced Architecture
Up to 8000 Equivalent Gate Array Gates - i“PP::"S Single-Module Sequential
unctions
© Supported by Tl Actlon Logic™ System — Supports Wide-Input Combinatorial
(T1-ALS) Software Functions
® Desktop Programmable ® Two In-Circult Dlagnostic Probe Pins
¢ Rellable, Nonvolatile Antifuse Interconnect Support 50-MHz Analysis
¢ User-Programmable 1/0 Pins ® Two High-Speed, Low-Skew Clock
Networks

® |/O Drive to 10 mA

description

The TPC12 Series is the next generation of field programmable gate arrays from TI. Based on channeled array
architecture, the TPC12 Series provides significant enhancements to gate density and performance while
maintaining upward compatibility from TPC10 series designs. The devices are implemented in silicon gate,
two-level metal CMOS, and they employ antifuse technology. The unique architecture offers gate array flexibility,
high performance and instant turnaround through user programming. Designs of up to 8000 gates can be
implemented with the TPC1280 device. The TPC12 Series is supported by the Action Logic System (ALS). ALS
is available on Sun™, HP/Apollo™, and 386/486 PC platforms, with CAE interfaces to Cadence™/Valid™,
Viewlogic™, Mentor Graphics™, and OrCAD™.

Product Family Profile

DEVICE TPC1280 TPC1240 TPC1225A
Capacity
Gate array equivalent gates 8000 4000 2500
TTL equivalent packages 210 105 70
CMOS Process 1.2um 1.2 um 1.0pm
Logic Modules 1232 684 -7 451
Flip-Flops (maximum) 998 565 382
Antifuses 750,000 400,000 250,000
Action Logic, Activator, and Actionprobe are trademarks of Actel Corporation.
Cadence and Valid are trademarks of Cadence Design Systems, Inc.
HP/Apollo is a trademark of HP/Apollo Computer, Inc.
Mentor is a trademark of Mentor Graphics Corporation.
Sun is a trademark of Sun Microsystems, Inc.
OrCAD/SDT |l is a trademark of OrCad Systems Corporation.
Viewlogic is a trademark of Viewlogic Systems, Incorporated.
UNLESS OTHERWISE NOTED this document contains PRODUCTION Copyright © 1993, Texas Instruments Incorporated
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1981 — REVISED FEBRUAHY 1993

enhanced architecture

Routing efficiency with large gate counts is accomplished with increased routing resources, increased antifuse
programming elements, and architectural enhancements. Horizontal routing tracks per channelincrease to 36
{(vs 25 for TPC10); vertical routing tracks per column increase to 15 (vs 13 for TPC10). All speed-critical
module-to-module connections are accomplished with only two low-resistance antifuse elements. Most
connections are implemented with either two or three antifuse elements (as shownin Figure 1). No connections
are allowed with more than four antifuse elements in the path. The result is predictable performance with fully
automatic placement and routing. Device utilization is typically 85% to 95% of available logic modules and 80%
of gates.

Uncommitted Vertical Segment Input Segment

g =

| Dedicated Vertical Segment

[ v /
Input Segment
Il\

Figure 1. TPC12 Enhanced Routing Architecture

two module design: C modules and S modules

The TPC12 Series offers dedicated combinatorial and combinatorial-sequential modules. The combinatorial
module, C Module, has been enhanced to implement high fan-in combinatorial macros, such as 5-input AND,
OR, NAND and NOR gates. Additionally, AND-OR gates, XOR gates, AND-XOR gates, and many other
combinatorial functions are available.

The combinatorial-sequential module, S Module, has been optimized to implement high-speed flip-flops within
a single module. Furthermore, S Modules also include combinatorial logic within the S Module allowing an
additional level of logic to be implemented with no additional propagation delay.

hard and soft macros

Designing with TI FPGAs is accomplished through a building-block approach. Over 250 schematic
representations of widely used logic functions are stored within the macro library. Each macro represents one
of the basic to complex building blocks from which you may build your design. These macros range from simple
logic functions such as AND gates to more complex logic functions, such as 16-bit counters and accumulators.

The macros are implemented within the FPGA architecture by utilizing one or more C Modules and/or S
Modules. Over 150 of these macros are implemented within single modules, and an additional 25 macros are
implemented by connecting only two modules. One-module and two-module macros have a small propagation
delay variance providing accurate performance prediction capabilities. These are called hard macros and their
propagation delays are specified within the data sheet.

More complex logic functions are also included in the macro library. These soft macros are implemented by
using several hard macros. The propagation delays of soft macros are not specified within the data sheet.
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

programmable /O pins

Each 1/0O pin can be configured as an input, output, 3-state, or bidirectional buffer. Inputs are TTL- and
CMOS-compatible. Output drive levels meet 10-mA TTL and 6-mA HCT standards.

Optional transparent latches at the 1/0O pins are provided for both inputs and outputs. /O latches can be
combined with latches in the array to implement master-slave flip-flops as depicted in Figure 2. A selection of
registered /O macros are included in the macro library.

clock distribution network

Two low-skew distribution networks are provided. Each network can be driven by either of two dedicated /O
pins or from internal logic.

enhanced programming and test

The TPC12 Series provides the same type of specifications as the TPC10 Series. All routing tracks, logic
modules, program, debug, and test circuits are fully tested prior to customer shipment. Verification of correct
antifuse programming is performed automatically with Activator™ 2 programming and debug hardware. The
TPC12 Series architecture implements an enhanced programming and test algorithm.

probe pins

TPG12 Series devices have two independent diagnostic probe pins, PRA and PRB. These pins allow the user
to observe any internal signals by entering the appropriate net name in the diagnostic software. Signals may
be viewed on a logic analyzer using Actionprobe™ diagnostic tools. The probe pins can be used as user-defined
1/0s when debugging has been completed.

Loglc Modules
[ ———— e —— B el e T ——
Input Module / \ Output Module

| l | I
[ l | I
| DLAT | DLAT DLAT |-} DLAT I
| | | |
| | | I
| | | I

Figure 2. Latched User I/0s
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TERMINAL FUNCTIONS
PIN
o] DESCRIPTION

NAME

CLKA ! Clock A. TTL clock input for clock distribution networks. The clock input is buffered prior to clocking the logic modules.
This pin can also be used as an 1/O.

CLKB | Clock B. TTL clock input for clock distribution networks. The clock input is buffered prior to clocking the logic moedules.
This pin can also be used as an /0.

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 VO when the MODE pin is low.

GND | Ground. Input low supply voitage.

Vo o Input/output. /O pins function as an input, output, 3-state, or bidirectional buffer. Input and output levels are compatible
with standard TTL and CMOS specifications. Unused VO pins are automatically set low by the ALS software.
MODE | Mode, The MODE pin controls the use of multifunction pins (DCLK, PRA, PRB, SDI, SDO). 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 reai-time diagnostic output of any signal path within
the device. The probe A pin can be used as a user-defined VO 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 I/O when the MODE pin is low.

PRB O Probe B. 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 IO 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 /O when the MODE pin is low.

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

SDO 0 Serial data output for diagnostic probe. SDO is active when the MODE pin is high. This pin functions as an VO when
the MODE pin is low.

Vcoe | Supply voltage. Input high supply voltage.

VKs 1 Programming voltage. Input supply voltage used for devica programming. This pin must be connected to GND during
normal operation.

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

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

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)f

Supply voltage range , Vo (see Notes 1,2, and 3) ...t —-05Vto7V
Input voltage range, Vi . ... e —05toVge+05V
Output voltage range, Vo . ..o e —05t0Vpe+05V
Input clamp currentt , Ik (V1< 00T V> VEE) v e + 20 mA
Output clamp current§, ok (VO <0 0T VO > VEE) «vvtmnte et +20 mA
Continuous output currentS, (VO = 010 VEE) - cvrtner et et 25 mA
Operating free-air temperature range, Ta: Commercial ............. ... ... 000l 0°C to 70°C

Industrial ........ ... ... ~40°C to 85°C
Operating case temperature range, Te:Military .......... ... .o il —55°C to 1256°C
Storage tempPeratUre TANGE . ... oottt ittt ettt e —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause parmanent 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 bidiractional buffers

§ Applies for bidirectional and output butfers

NOTES: 1. Vpp = V¢ except during device programming

2. Vsy = Vo except during device programming
3. Vks = GND except during device programming

4
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

recommended operating conditlons

MIN NOM MAX | UNIT

Commercial 475 5 5.25

Vee Supply voltage Industrial 4.5 5 55 v
Military 4.5 5 55

Vpp Program pin voltage (while not programming) Veo Vee v

Viy High-level input voltage 2 Vee+0.3 v

ViL Low-level input voltage -03 0.8 \
Commercial 0 70

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

TC Operating case temperature Military —55 125 °C

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

noted)
TEST COMMERCIAL INDUSTRIAL MILITARY
PARAMETER UNIT
CONDITIONS MIN TYPt MAX| MIN TYPt MAX| MIN TYPT mMAX
loq=—10 mA 2.4
High-level output voltage
VoH (see Note 4) loH=-6 mA 3.84 Vv
IOH = —4 MmA 37 37
Low-level output voltage | lop = 10 mA 0.5
VoL v
(see Note 4) loL =6 mA 0.33 0.4 0.4
i Input current Vi=Vggor0 +10 +10 +10 pA
loz  Off-state output current Vo=Vggord +10 +10 +10 pA
Standby supply current
lcc (see Note 5) 10 20 25 mA
) /O capacitance
Cio (see Notes 6 and 7) 7 7 7 pF
T Typical values are at Vo = 5 V, TA = 25°C.
NOTES: 4. Only one output tested at a time. V¢ = minimum value in recommended operating conditions.
5. All outputs unloaded. All inputs = Vo or GND.
6. Not tested, for information only
7. Includes worst-case 176 CPGA package capacitance. Vo = 0, f= 1 MHz
I
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

timing characteristics

Timing characteristics for TPC12 Series arrays fall into three categories: family dependent, device dependent,
and design dependent. The output buffer characteristics are common to all TPC12 Series devices. internal
module delays are device dependent. Internal wiring delays between modules are design dependent. Design
dependency means actual delays are not determined until after placement and routing of the user’s design is
complete. Delay values may then be determined by using the ALS timer utility or performing simulation with
post-layout delays. The macro propagation delays in the switching characteristics tables include the module
delay plus estimates derived from statistical analysis for wiring delay. This statistical estimate is based on 90%
module utilization.

critical and typical nets

Propagation delays are expressed for two types of nets: critical and typical. Critical nets are determined by net
property assignment before placement and routing. Up to 6% of the nets in a design may be designated critical.

fan-out dependency

Propagation delays are dependent on the fan-out (number of loads) driven by a macro. Delay increases with
increasing fan-out due to capacitive loading of the macro inputs and the resistance and capacitance of the
interconnect.

long tracks

Some nets in the design will utilize long tracks. Long tracks are special routing resources that span multiple rows
or columns of modules. Long tracks are most frequently used in large fan-out (> 10) situations. Long tracks will
utilize three and sometimes four antifuse connections. The increased capacitance and resistance will result in
longer net delays for macros connected to long tracks. Typically up to 6% of the nets in a fully utilized device
will require long tracks. Long tracks add an additional 10-ns to 15-ns delay.

slow Input transition (rise and fall) times

Slow signal transition is a condition that commonly occurs even in today’s high-performance systems. Atypical
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.

i
B 59L1725 008u274 329 MM lNSqumNTSb
6 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



TPC12 SERIES
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timing derating

Operating temperature, operating voltage, and device processing conditions, along with device die size and
speed grade, account for variations in array timing characteristics. These variations are summarized into a
derating factor for TPC12 array typical timing specifications. The derating factors as shown in table are based
onthe recommended operating conditions for TPC12 applications. The derating curves in Figure 3 and Figure 4
show worst-to-best case operating voltage range and best-to-worst case operating temperature range. The
temperature derating curves are based on device junction temperature. Actual junction temperature is
determined from ambient temperature, power dissipation, and package thermal characteristics.

Table 1. Timing Derating Factor (x typical) (see Note 8)

C SUFFIX

I SUFFIX

M SUFFIX

BEST CASE

WORST CASE

BEST CASE

WORST CASE

BEST CASE

WORST CASE

0.40

1.40

0.37

1.50

0.35

1.60

NOTE 8: 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 TIME FACTOR
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1225A timing requirements over recommended operating conditions, no turther derating required (see

Note 9)
COMMERCIAL INDUSTRIAL UNIT
MIN MAX MIN MAX
felock Clock frequency Flip-flop 75 66 | MHz
tep Clock period Flip-flop 13 13 ns
Flip-flop CLK 4 45
Pulse duration Flip-flop PRE or CLR 4 4.5
tw (active pulse) Latch G 4 45 ne
Latch PRE or CLR 4 45
Flip-flop data inputs (A, B, D, J, K, S, or T) 04 05
before CLK :
Flip-flop PRE or CLR (inactive) before CLK 1 1.5
Flip-flop E before CLK 1 1.5
tsu Setup time Latch data inputs (A, B, D, or S) before G 04 0.5 ns
Latch PRE or CLR (inactive) before G 1 1.5
Latch E before G 1 1.6
Input buffer latch pad input -25 -3
Output buffer latch D before G 0.4 0.5
Flip-flop data inputs (A, B, D, J, K, S, or T) 0 0
after CLK
Flip-flop E after CLK 0 0
th Hold time Latch data inputs (A, B, D, or S) after G 0 0 ns
Latch E after G 0 0
Input buffer latch pad input after G 2 2.5
Output buffer latch D after G 0 0

TPC1225A switching characteristics
propagation delays, Ve =5 V, Ty = 25°C, process = typical (see Note 10)

NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from
combinatorial medules (C Module) can be obtained from the TI-ALS timer utility.

NOILVIWHO4NI 3ONVAQY

PARAMETER OI:'.':I.UT FO =1 FO=2 FO=3 FO=4 FOz=8 UNIT
tod Single module Critical net 3.9 43 48 5.3 — ns
tpd Single module Typical net 4.9 53 57 7 10 ns
tpd Dual module Critical net 7.5 8 85 9 — ns
tod Dual module Typical net 7.9 8.3 8.7 10 13 ns
tod CLKto Q Critical net 3.9 43 48 53 — ns
tod CLKto Q Typical net 4.9 53 5.7 7 10 ns
tpd GtoQ Critical net 3.9 43 4.8 53 — ns
tpd GtoQ Typical net 4.9 53 57 7 10 ns
tod PRE or CLRto Q Critical net 3.9 43 4.8 53 — ns
tpd PRE or CLR to Q Typical net 4.9 53 57 7 10 ns

NOTE 10: FO means fan out.
A
P B e s B ™
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS
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TPC1225A switching characteristics (continued)
input buffer, Ve =5 V, Ty = 25°C, process = typical (see Note 10)

FROM TO
PARAMETER (INPUT) (OUTPUT) FO=1 FO=2 FO=3 FO=4 FO=8 UNIT
6.1 6.5 6.9 . .
{PLH Pad YorQ 74 105 ns
tPHL 59 6.4 6.8 73 10.4
tPLH G a 6.1 6.5 6.9 7.4 10.56 ns
tPHL 5.9 6.4 6.8 7.3 10.4

NOTE 10: FO means fan out.
output bufter, Vo =5 V, Ty = 25°C, process = typlcal

FROM ToO TEST DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) CONDITIONS CMOS LOADS TTL LOADS UNIT
t 6.7 46
PLH D Pad ns
tPHL 4.9 6.5
83 83
tPZH E Pad ns
tpzL 85 5.5
Y a5 45
FHZ E Pad CL =50 pF ns
tpLz 6 6
t 46 46
FLH G Pad ns
tPHL 6.5 6.5
At 011 0.06
FLH D Pad ns/pF
AtpHL 0.08 0.11

global clock network, Voe =5 V, Ty = 25°C, process = typlcal (see Note 10)

PARAMETER FO = 32 FO =128 FO = 256 UNIT
tpLH Propagation delay time, low-to-high output 7.8 8.7 9.8 ns
tPHL Propagation delay time, high-to-low output 7.8 8.8 9.4 ns
twHmin Pulse duration, high, minimum 4.5 5.1 5.5 ns
twLmin Pulse duration, low, minimum 45 5.1 55 ns
tgkmax Maximum skew 0.5 1 2.5 ns
tsu(ext)f Setup time, external input latch 0 0 0 ns
th(ext)T Hold time, external input latch 7 8 1.2 ns
tc Minimum cycle time 9.1 8.5 10 ns
fmax Maximum clook frequency 110 105 100 MHz

1 Derating does not apply to this parameter.
NOTE 10: FO means fan out.

ADVANCE INFORMATION new_prod In the P or
preproduction phase of development. Charactaristic data and other .
specifications are subject to change without notice. T
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 9

B 8951725 0084277 038 EN

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003

ADVANCE INFORMATION



TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1225A-1 timing requirements over recommended operating conditlons, no further derating required (see

Note 9)
C SUFFIX 1 SUFFIX
UNIT
MIN MAX | MIN MAX
folock Clock frequency Flip-flop 85 75| MHz
tep Clock period Flip-flop 11.7 13.8 ns
Flip-flop CLK 4 4.5
Pulse duration Flip-flop PRE or CLR 4 45 ns
(active pulse} Latch G 4 4.5
Latch PRE or CLR 4 45
Flip-flop data inputs (A, B, D, J, K, S, or T) 04 05
before CLK ’ ;
Flip-flop PRE or CLR (inactive) before CLK 1 1.6
Flip-flop E before CLK 1 15
tsu Setup time Latch data inputs (A, B, D, or S) before G 04 0.5 ns
Latch PRE or CLR (inactive) before G 1 1.5

> Latch E before G 1 1.5

U Input buffer latch pad input -25 -3

< Output buffer latch D before G 0.4 0.5

> Flip-flop data inputs (A, B, D, J, K, S, or T) o 0

Z before CLK

O Flip-flop E after CLK 0 0

m th Hold time Latch data inputs (A, B, D, or S) after G 0 0 ns

Latch E after G 0 0

—

Z Input buffer latch pad input after G 2 25

1 Output bufter latch D after G 0 0

o NOTE 9: Data applies to macros based on the sequential module (S Medule). Timing parameters for sequential macros constructed from

m combinatorial modules (C Module) can be obtained from the TI-ALS timer utility.

E TPC1225A-1 switching characteristics

={ propagation delays, Vcc =5V, Ty = 25°C, process = typical (see Note 10)

% PARAMETER O‘LTEI.:'.UT FO=1 FO=2 FO=3 FO=4 FO=8 UNIT
tod Single module Critical net 35 3.9 43 4.8 — ns
tod Single module Typical net 4.4 48 5.1 6.3 ] ns
tpd Dual module Critical net 7.5 8 8.5 9 —_ ns
tod Dual module Typical net 7.4 7.8 8.1 9.3 12 ns
tod CLKto Q Critical net 3.5 3.9 4.3 4.8 — ns
tod CLKto Q Typical net 4.4 4.8 51 6.3 9 ns
tod GtoQ Critical net 3.5 3.9 4.3 48 — ns
tod GtoQ Typical net 4.4 4.8 5.1 6.3 9 ns
tod PRE or CLRto Q Critical net 3.5 3.9 4.3 48 — ns
tod PRE or CLRto Q Typical net 4.4 4.8 5.1 6.3 9 ns

NOTE 10: FO means fan out.
ADVANCE INFORMATION concerns new products in the samping or
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TPC1225A-1 switching characteristics (continued)
Input buffer, Ve =5 V, Ty = 25°C, process = typical (see Note 10)

FROM TO
PARAMETER (INPUT) (OUTPUT) FO =1 FO=2 FO=3 FO=4 FO=8 UNIT
¥ 5.5 5.9 6.3 6.7 9.5
PLH Pad YorQ ns
tPHL 5.3 58 6.1 6.6 9.4
t 55 59 6.3 6.7 9.5
PLH G Q ns
tPHL 5.3 5.8 6.1 6.6 9.4
NOTE 10: FO means fan out.
output buffer, Ve =5 V, Ty = 25°C, process = typlcal
FROM TO TEST DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) CONDITIONS CMOS LOADS TTL LOADS UNIT
t 6.7 46
PLH D Pad ns
tPHL 4.9 6.5
t 83 8.3
PZH E Pad ns
tpzL 55 55
t 45 45
PHZ E Pad CL = 50 pF ns
tpLz 6 6
¢ 46 4.6
PLH G Pad ns
tPHL 65 6.5
At on 0.06
PLH D Pad ns/pF
AtpH 0.08 .11
global clock network, Vo =5 V, Ty = 25°C, process = typlcal (see Note 10)

PARAMETER FO =32 FO = 128 FO = 256 UNIT
tPLH Propagation delay time, low-to-high output 7 7.8 8.6 ns
tPHL Propagation delay time, high-to-low output 7 7.8 8.6 ns
twHmin Puise duration, high, minimum 42 45 5 ns
twLmin Pulse duration, low, minimum 42 45 5 ns
tskmax Maximum skew 05 1 25 ns
tsu(ext)T Setup time, external input latch 0 0 0 ns
‘h(ext)f Hold time, external input latch 7.0 8 11.2 ns
tc Minimum cycle time 9.3 8.7 9.1 ns
frax Maximum clook frequency 120 1156 110 MHz

1 Derating does not apply to this parameter.
NOTE 10: FO means fan out.
ADVANCE INFORMATION new In the sampling of
preproduction phese of development. Characturistic data and other @
specifications are subject to change without notice.
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TPC1240 timing requirements over recommended operating conditions, no further derating required (see

Note 9)
C SUFFIX 1 SUFFIX M SUFFIX UNIT
MIN  MAX MIN  MAX MIN MAX

folock Clock frequency Flip-flop 66 55 50 | MHz

tep Clock period Flip-flop 15 18 20 ns
Flip-flop CLK 4 45 5

Pulse duration Flip-flop PRE or CLR 4 4.5 5

tw {active pulse) Latch G 4 4.5 5 ns
Latch PRE or CLR 4 4.5 5
:g?O:I:%ﬁ;ta inputs (A, B, D, J,K, S,0rT) 04 05 1
Flip-flop PRE or CLR (inactive) before CLK 1 1.5 2
Flip-flop E before CLK 1 1.5 2

tsu Setup time Lateh data inputs (A, B, D, or S) before G 0.4 0.5 1 ns
Latch PRE or CLR (inactive) before G 1 1.6 2
Latch E before G 1 1.5 2
Input buffer latch pad input -2.5 -3 -35
Output bufter iatch D betore G 0.4 0.5 1
Flip-flop data inputs (A, B, D, J, K, S, or T) 0 0 0
after CLK
Flip-flop E after CLK 0 0 0

th Hold time Latch data inputs (A, B, D, or S) after G 0 0 0 ns
Latch E after G 0 0 0
Input buffer latch pad input after G 2 2.5 2.5
Qutput butter latch D after G 0 0 0

NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility.

TPC1240 switching characteristics
propagation delays, Vcc =5 V, Ty = 25°C, process = typical (see Note 10)

PARAMETER OUNEUT FO =1 FO=2 FO=3 FO=4 FO=8 UNIT
tod Single module Critical net 3.9 43 48 53 — ns
tod Single module Typical net 4.9 53 57 7 10 ns
tod Dual module Critical net 7.5 8 8.5 9 — ns
tpd Dual module Typical net 7.9 83 8.7 10 13 ns
tod CLKto Q Critical net 3.9 43 4.8 5.3 — ns
tod CLKto Q Typical net 4.9 53 57 7 10 ns
tod GtoQ Critical net 3.9 43 4.8 53 — ns
tod GtoQ Typical net 4.9 53 57 7 10 ns
tpd PREor CLRto Q Critical net 3.9 4.3 4.8 5.3 — ns
tod PRE or CLRto Q Typical net 4.9 5.3 5.7 7 10 ns

NOTE 10: FO means fan out.
Emm 8951725 0084280 kae - TEXAS Q‘
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C ~ D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1240 switching characteristics (continued)
input buffer, Vo =5 V, Ty = 25°C, process = typical (see Note 10)

FROM TO
PARAMETER (INPUT) (OUTPUT) FO=1 FO=2 FO=3 FO=4 FO=8 UNIT
t 6.1 6.5 6.9 74 10.5
PLH Pad YorQ ns
tPHL 5.9 6.4 6.8 73 10.4
tpLH 6.1 6.5 6.9 7.4 10.5
G Q ns
tPHL 5.9 6.4 6.8 7.3 10.4
NOTE 10: FO means fan out.
output butfer, Vee =5 V, T = 25°C, process = typlcal
FROM TO TEST DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) GONDITIONS CMOS LOADS TTL LOADS UNIT
t 8.7 46
PLH D Pad ns
tPHL 4.9 6.5
t 83 8.3
PZH E Pad ns
tpzL 55 55
b 4.5 4.5
PHZ E Pad CL =50 pF ns
tpLz 6 6
'PLH G Pad 48 48 ns
tPHL 6.5 6.5
0.11 0.06
AtPLH D Pad ns/pF
AtpHL 0.08 0.1
global clock network, Vg = 8 V, Ty = 25°C, process = typical (see Note 10)

PARAMETER FO =32 FO =128 FO = 256 UNIT
tPLH Propagation delay time, low-to-high output 9.1 10.1 11.2 ns
tPHL Propagation delay timse, high-to-low output 9.1 10.2 11.3 ns
twHmin Pulse duration, high, minimum 4 4.5 5 ns
twLmin Pulse duration, low, minimum 4 45 5 ns
tskmax Maximum skew 05 1 25 ns
‘su(ext)f Setup time, external input latch 0 0 0 ns
th(extﬁ Hold time, external input latch 7 8 1.2 ns
tc Minimum cycle time 1.1 11.5 11.8 ns
fmax Maximum clook frequency 90 87 85 MHz

1 Derating does not apply to this parameter.
NOTE 10: FO means fan out.
TEXAS {"
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C —- D3963, DECEMBER 1891 ~ REVISED FEBRUARY 1993

TPC1240-1 timing requirements over recommended operating conditions, no further derating required (see

Note 9)
C SUFFIX 1 SUFFIX M SUFFIX UNIT
MIN MAX| MIN MAX| MIN MAX
folock Clock frequency Flip-flop 75 66 55| MHz
tep Clock period Flip-flop 13 15 18 ns
Flip-flop CLK 4 4.5 5
Pulse duration Flip-flop PRE or CLR 4 4.5 5 ns
(active pulse) Latch G 4 4.5 5
Latch PRE or CLR 4 4.5 5
Flip-flop data inputs (A, B, D, J, K, S, or T)
before CLK 04 05 1
Flip-flop PRE or CLR (inactive) before CLK 1 1.5 2
Flip-flop E before CLK 1 1.5 2
tsu Setup time Latch data inputs (A, B, D, or S) before G 0.4 0.5 1 ns
Latch PRE or CLR (inactive) before G 1 1.5 2

> Latch E before G 1 1.5 2

U Input buffer latch pad input -2.5 -3 —-3.5

< Output buffer latch D before G 04 0.5 1

> Flip-flop data inputs (A, B, D, J, K, S,or T) 0 0 0

z before CLK

0 Flip-flop E after CLK 0 0 0

m th Hold time Latch data inputs (A, B, D, or S) after G 0 0 0 ns

Latch E after G 0 0 0

E Input buffer latch pad input after G 2 2.5 2.5

1 Output buffer latch D after G 0 0 0

O NOTE 9: Data applies to macros based on the sequential module (S Modulse). Timing paramseters for sequential macres constructed from

m combinatorial modules (C Module) can be obtained from the TI-ALS timer utility.

E TPC1240-1 switching characteristics

= propagation delays, Vcc = 5 V, T = 25°C, process = typical (see Note 10)

—

g PARAMETER VU Fo=1 | Fo=2 | Fo=3 | Fo=a | Fo=8 | unm
tod Single module Critical net 3.5 3.9 43 48 — ns
tod Single medule Typical net 4.4 48 5.1 6.3 ] ns
tod Dual module Critical net 7.5 8 85 9 — ns
tod Dual module Typical net 7.4 7.8 8.1 9.3 12 ns
tod CLKto Q Critical net 3.5 3.9 4.3 4.8 — ns
tod CLK to Q Typical net 4.4 48 51 63 9 ns
tod GloQ Critical net 3.5 3.9 4.3 48 — ns
tpd GtoQ Typical net 4.4 4.8 51 6.3 g ns
tod PREorCLRto Q Critical net 3.5 3.9 43 4.8 — ns
tpd PRE or CLRto Q Typical net 4.4 4.8 51 6.3 9 ns

NOTE 10: FO means fan out.
ADVANCE INFORMATION concems new products In the samphng of
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1240-1 switching characteristics (continued)
input buffer, Vec =5 V, Ty = 25°C, process = typical (see Note 10)

FROM TO
PARAMETER (INPUT) (OUTPUT) FO=1 FO=2 FO=3 FO=4 FO=8 UNIT
t 5.5 5.9 6.3 6.7 9.5
PLH Pad YorQ ns
tpHL 5.3 58 6.1 6.6 9.4
t 55 59 6.3 6.7 9.5
PLH G Q ns
tpHL 5.3 5.8 6.1 6.6 9.4
NOTE 10: FO means fan out.
output buffer, Vcc =5 V, Ty = 25°C, process = typical
FROM TO TEST DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) CONDITIONS CMOS LOADS TTL LOADS UNIT
t 6.7 4.6
PLH D Pad ns
tPHL 4.9 6.5
t 83 83
FzH E Pad ns
tpzL 5.5 55
t 4.5 4.5
PHZ E Pad G| = 50 pF ns
tprz 6 6
t 4.6 46
PLH G Pad ns
tPHL 6.5 6.5
At 0.11 0.06
PLH D Pad ns/pF
Atppy 0.08 0.11
global clock network, Vo =5 V, Ty = 25°C, process = typical (see Note 10)

PARAMETER FO =32 FO =128 FO = 256 UNIT
tPLH Propagation delay time, low-to-high output 7.8 8.7 93 ns
tPHL Propagation delay time, high-to-low output 7.8 8.8 9.4 ns
twHmin Pulse duration, high, minimum 4 45 5 ns
twlmin Pulse duration, low, minimum 4 4.5 5 ns
tsikmax Maximum skew 05 1 25 ns
'su(ext)f Setup time, external input latch 0 0 0 ns
‘h(ext)T Hold time, external input latch 7 8 11.2 ns
tc Minimum cycle time 9.1 9.5 10 ns
fmax Maximum clook frequency 110 105 100 MHz

T Derating does not apply to this parameter.
NOTE 10: FO means fan out.
ADVANCE INFORMATION concerns new products In the cmplmr
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1280 timing requirements over recommended operating conditions, no further derating required (see

Note 9)
C SUFFIX | SUFFIX M SUFFIX uNIT
MIN  MAX MIN MAX MIN  MAX
foock Clock frequency | Flip-flop 48 43 39| MHz
tep Clock period Flip-flop 18 20 22 ns
Flip-flop CLK 4 4.5 5
t Pulse duration Flip-flop PRE or CLR 4 4.5 5 ns
w (active pulse) Latch G 4 4.5 5
Latch PRE or CLR 4 4.5 5
:g?o:l‘;)%c:;ta inputs (A, B, D, J,K, S,0rT) 04 05 ’
Flip-flop PRE or CLR (inactive) before CLK 1 1.5 2
Flip-flop E before CLK 1 1.5 2
tsu Setup time Latch data inputs (A, B, D, or S) before G 0.4 0.5 1 ns
Latch PRE or CLR (inactive) before G 1 1.5 2
Latch E before G 1 1.5 2
Input buffer latch pad input -25 -3 -35
Output buffer latch D before G 0.4 0.5 1
Flip-flop data inputs (A, B, D, J, K, S, or T} 0 0 o
after CLK
Flip-flop E after CLK a 0 0
th Hold time Latch data inputs (A, B, D, or S) after G 0 0 0 ns
Latch E after G 0 0 0
Input buffer latch pad input after G 2 25 25
Output buffer latch D after G 0 0 0

NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility.

TPC1280 switching characteristics
propagation delays, Ve =5 V, Ty = 25°C, process = typical (see Note 10)

PARAMETER padiadl Fo=1 | Fo=2 | Fo=3 | Fo=4 | FO=8 | UNIT
tod Single module Critical net 4.5 5 5.5 6 — ne
tod Single module Typical net 57 62 6.7 8.2 11.7 ns
tod Dual module Critical net 7.5 8 8.5 9 — ns
tpd Dual module Typical net 8.7 9.2 9.7 11.2 147 ns
tod CLKto Q Critical net 4.5 5 5.5 2] — ns
tod CLKto Q Typical net 57 62 6.7 8.2 1.7 ns
tod GtoQ Critical net 4.5 5 55 6 —_ ns
tod GtoQ Typical net 57 6.2 6.7 8.2 1.7 ns
tpd PRE or CLRto Q Critical net 4.5 5 5.5 6 — ns
tod PRE or CLRto Q Typical net 57 6.2 6.7 8.2 1.7 ns

NOTE 10: FO means fan out.
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1280 switching characteristics (continued)
Input buffer, Ve = § V, Ty = 25°C, process = typlcal (see Note 10)

FROM TO
PARAMETER (INPUT) (OUTPUT) FO =1 FO=2 FO=3 FO=4 FO=8 UNIT
6.7 7.2 7.7 8.2 1.7
tPLH Pad Y orQ ns
tPHL 6.6 71 7.6 8.1 1.5
t 6.6 7.2 7. 8.2 7
PLH G Q U n ns
tPHL 6.4 6.9 7.5 8 11.4
NOTE 10: FO means fan out.
output buffer, Vo =5 V, T = 25°C, process = typlcal
FROM TO TEST DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) CONDITIONS CMOS LOADS TTL LOADS UNIT
t 6.7 46
PLH D Pad ns

tPHL 4.9 8.5

t 8.3 83

PZH E Pad ns

tpzL 55 55

t 45 45

PHZ E Pad Cp =50 pF ns

tpLz 6 &

t 4.6 4.6

PLH e Pad ns

tPHL 6.5 6.5

At 0N 0.06
PLH D Pad ns/pF
AtpHL 0.08 0.11
global clock network, Vcc = 5 V, Ty = 25°C, process = typical (see Note 10)

PARAMETER DESCRIPTION FO =32 FO =128 FO =384 UNIT
tPLH Propagation delay time, low-to-high output 9.1 10.1 12.3 ns
tPHL Propagation delay time, high-to-low output 9.1 10.2 125 ns
twHmin Pulse duration, high, minimum 4 4.5 5 ns
twi.min Pulse duration, low, minimum 4 4.5 5 ns
tgkmax Maximum skew 0.5 1 2.5 ns
'su(ext)T Setup time, external input latch 0 0 0 ns
th(ext)f Hold time, external input latch 7 8 1.2 ns
tc Minimum cycle time 133 143 16.3 ns
fmax Maximum clook frequency 75 70 65 MHz

T Derating does not apply to this parameter.
NOTE 10: FO means fan out.
Tixas W
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1280-1 timing requirements over recommended operating conditions, no further derating required (see

Note 9)
C SUFFIX I SUFFIX M SUFFIX UNIT
MIN MAX] MIN MAX| MIN MAX
folock Clock frequency | Flip-flop 65 €0 50| MHz
tep Clock period Flip-flop 15 18 20 ns
Flip-flop CLK 4 45 5
¢ Pulse duration Flip-flop PRE or CLR 4 4.5 5 ns
w (active pulse) Latch G 4 4.5 5
Latch PRE or CLR 4 4.5 5
:g?otls%iita inputs (A, B, D, J, K, 8, 0rT) 0.4 05 1
Flip-flop PRE or CLR (inactive) before CLK 1 15 2
Flip-flop E before CLK 1 1.5 2
tsu Setup time Latch data inputs (A, B, D, or 8) before G 04 0.5 1 ns
Latch PRE or CLR (inactive) before G 1 1.5 2
Latch E before G 1 1.5 2
Input buffer latch pad input -2.5 -3 -35
Output buffer latch D before G 0.4 0.5 1
Flip-flop data inputs (A, B, D, J, K, S, or T) 0 0 0
after CLK
Flip-flop E after CLK 0 0 0
th Hold time Latch data inputs (A, B, D, or 8) after G 0 0 0 ns
Latch E after G 0 0 0
Input buffer latch pad input after G 2 2.5 2.5
Output buffer latch D after G 0 0 0

NOTE 9: Data applies to macros based on the sequential module (S Module). Timing parameters for sequential macros constructed from
combinatorial modules (C Module) can be obtained from the TI-ALS timer utility.

TPC1280-1 switching characteristics
propagation delays, Vo = 5 V, Ty = 25°C, process = typlcal (see Note 10)

PARAMETER Ol:‘TEPTUT FO=1 FO=2 FO=3 FO=4 FO=8 UNIT
tod Single module Critical net 3.9 43 4.8 63 — ns
tod Single module Typical net 4.9 5.3 5.7 7 10 ns
tpd Dual module Critical net 75 80 8.5 9 — ns
tod Dual module Typical net 7.9 83 8.7 10 13 ns
tpd CLKto Q Critical net 3.9 4.3 4.8 53 — ns
tod CLKto Q Typical net 4.9 53 57 7 10 ns
tod GtoQ Critical net 3.9 43 4.8 53 — ns
tod GtoQ Typical net 4.9 53 57 7 10 ns
tod PRE or CLRto Q Critical nst 3.9 43 4.8 53 — ns
tod PRE or CLRto Q Typical net 4.9 53 57 7 10 ns

NOTE 10: FO means fan out.
B 5951725 00A428k 040 W Toxas W
INSTRUMENTS
18 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TPC1280-1 switching characteristics (continued)
Input buffer, Vce = 5§ V, Ty = 25°C, process = typlcal {(see Note 10)

FROM TO
PARAMETER (INPUT) (OUTPUT) FO =1 FO=2 FO=3 FO=4 FO=8 UNIT
t 6.1 6.5 6.9 7.4 10.5
PLH Pad YorQ ns
tPHL 5.9 6.4 6.8 73 10.4
t 6.1 6.5 6.9 7.4 10.56
PLH G Q ns
tPHL 5.9 6.4 6.8 7.8 10.4
NOTE 10: FO means fan out.
output butfer, Vcc = 5 V, Tj = 25°C, process = typlcal
FROM TO TEST DRIVING DRIVING
PARAMETER (INPUT) (OUTPUT) CONDITIONS CMOS LOADS TTL LOADS UNIT
6.7 4.6
tPLH D Pad ns
tPHL 49 65
t 83 83
PZH E Pad ns
tpzZL 55 55
t 45 45
PHZ E Pad CL =50pF ns
tpLz 6 6
t 4.6 4.6
PLH G Pad ns
tPHL 6.5 85
At 0.11 0.06
PLH D Pad ns/pF
AtpHL 0.08 0.1
global clock network, Veg = 5 V, Ty = 25°C, process = typical (see Note 10)

PARAMETER FO = 32 FO =128 FO = 384 UNIT
tPLH Propagation delay time, low-to-high output 7.8 8.7 10.4 ns
tPHL Propagation delay time, high-to-low output 7.8 8.8 10.6 ns
twHmin Pulse duration, high, minimum 4 4.5 5 ns
twLmin Pulse duration, low, minimum 4 4.5 5 ns
tskmax Maximum skew 0.5 1 2.5 ns
tsu(ext)f Setup time, external input latch 0 o] 0 ns
th(ext)T Hold time, external input latch 7 8 11.2 ns
tc Minimum cycls time 1.4 12 13 ns
fmax Maximum clook frequency 89 83 77 MHz

1 Derating does not apply to this parameter.
NOTE 10: FO means fan out.
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SAFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

PARAMETER MEASUREMENT INFORMATION

AC test loads
From Qutput Vee—0O | O— GND

Under Test
T

R=1kQ
R to V¢ for tprz and tpz

Rto GND fort and t
From Output PHZ PZH

LOAD CIRCUIT 1 Under Test
Used to measure propagation delay :‘[ 50 pF

LOAD CIRCUIT 2
Used to measure rising/falling edges

output buffer delays

PAD

| | o | |
[ [ | |
tpzL ‘JH |<—‘H— tpLZ tpzH J‘—H I‘—H‘ tPHZ

Figure 5. Symbols, Test Loads, and Waveforms
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PARAMETER MEASUREMENT INFORMATION

Input buffer delays

module delays

§——
A Y

o/ N\ —— Vee
3V
S,A,orB 50% 50%
oV | |
tPLH "G—J'
——— Vec In-Phase
Output
GND
Out-of-Phase
NOTE: Measurements made with t; = tf = 3 ns to pads only. Output | : | '
tPHL—¢——» ——P»— tpy
D-type flip-flop and clock delays
——————— Veo
D ' 50% Sr\so%
I GND
'su "“‘_":““_*‘ th
Vece D — Q
CLK 50% N50% 50% CLK <
! | T ——" GND
le— ty —ple—ty —n
| —g -~ Vec
Q l 50% | 5“ 50%
| | | GND
tPLH —te— le—a— tpL

D FLIP-FLOP SHOWING POSITIVE-EDGE TRIGGERED CLOCK

Figure 5. Symbols, Test Loads, and Waveforms (continued)
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power dissipation
To calculate power consumption, the total device power is broken into two components. These components are:
® Static or nonswitching power

® Active or switching power
P= [('CC + Iactive) % VCC] + ('OL X VoL % N) + ['OH x (VCC - VOH) X M]

Where;

Icc = current flowing when no inputs or outputs are changing
lactive = current flowing due to CMOS switching

loL, lon = TTL sink/source currents

VoL, VoH = TTL level output voltages

N = number of outputs driving TTL loads to Vo

M = number of outputs driving TTL loads to VoH

An accurate determination of N and M is problematical because their values depend on the design and on the
system I/0. The power can be divided into two components: static and active.

static power

Static power dissipation is typically a small component of the overall power. From the values provided in the
electrical specifications, the maximum static power (commercial) dissipation is:

Static power = 10 mA x 525V = 525 mW

The static power dissipated by TTL loads depends on the number of outputs that drive high or low and the DC
lead current flowing. Again, this number is typically small. For instance, a 32-bit bus driving TTL loads will
generate 42 mW with all outputs driving low or 140 mW with all outputs driving high. The actual dissipation will
average somewhere between as I/Os switch states with time.

active power

The active power component in CMOS devices is frequency dependent and depends on the user’s logic and
the external I/0. Active power dissipation results from charging internal chip capacitance such as that
associated with the interconnect, unprogrammed antifuses, module inputs, and module outputs plus external
capacitance due to PC board traces and load device inputs. An additional component of active power dissipation
is due to totem-pole current in CMOS transistor pairs. The net effect can be associated with an equivalent
capacitance that can be combined with frequency and voltage to represent active power dissipation.

equivalent capacitance

The active power dissipated by a CMOS circuit can be expressed by Equation 1.
2

Active power (uW) = CEQ it VCC X f (1)
Where:
Ceq = equivalent capacitance in pF
Vce = power supply voltage in volts
f = switching frequency in MHz
L
{ip
TEXAS
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equivalent capacltance (continued)

Equivalent capacitance is calculated by measuring laqtive at a specified frequency and voltage for each circuit
component of interest. The results for TPC12 devices are:

Ceq (PP
Modules 7.7
Input buffers 18.0
Output buffers 25.0
Clock buffer loads 2.5

To calculate the average active power that is dissipated from the complete design, you must solve Equation 1
for each component. In order to do this, you must know the switching frequency of each part of the logic circuit.
The exact equation is piece-wise linear summation over all components, as shown in Equation 2.

Active power = [(n X 7.7 % f1) + (m X 18.0 x 12) + (p X (25.0 + CL) X f3) +(q x25x f)] X VCCZ @)
Where:
n number of logic modules switching at frequency f4
m = number of input buffers switching at frequency fo
p number of output buffers switching at frequency f5
g = number of clock loads on the global clock network
f = frequency of global clock
18] average logic module switching rate in MHz
fa average input buffer switching rate in MHz
fy = average output buffer switching rate in MHz
CL = output load capacitance

determining average switching frequency

In order to determine the switching frequency for a design, you must have a detailed understanding of the data
input values to the circuit. The following rules will help you to determine average switching frequency in logic
circuits. These rules are meant to represent worst case scenarios so that they can be generally used for

predicting the upper limits of power dissipation. These rules are as follows:

Module utilization = 80% of combinatorial modules
Average module frequency = /10

1/3 of 1/Os are inputs

Average input frequency = /5

2/3 of 1/Os are outputs

Average output frequency = f/10

Clock Net 1 loading = 40% of sequential modules
Clock Net 1 frequency = f

Clock Net 2 loading = 40% of sequential modules
Clock Net 2 frequency = /2

B A49L1725 0084291 404 WM
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estimated power

The results of estimating active power based on the preceeding rules are displayed in Figure 6. The graphs
provide a simple guideline for estimating power. The tables may be interpolated when your application has

different resource utilizations or frequencies.

T 17 A
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Figure 6. TPC12 Serles Power Estimates

ESD rating

ESD characterization of Texas Instruments FPGAs is performed in accordance with MIL-STD 883C, Method
3015. 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 VLSI tester. Testing is performed for initial device qualification and product
redesign only. All devices have been designed for ESD protection.
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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 5 are shown with two different air-flow rates. Maximum junction temperature
is 160°C. However, a maximum junction temperature of 140°C is recommended for continuous operation. A
sample calculation of the maximum power dissipation for a CPGA 176-pin package at commercial temperature
in still air is as follows:

Max. junction temp. (°C) — Max. commercial temp. (°C) ~ 150°C —70°C_ _
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Device Junction

=4 W
Reua ("C/W) 20°C/W
Reua Roya
PACKAGE TYPE PIN COUNT RoJc STILL AIR 300 FT/MIN UNIT
s i 133 5 30 15
%el:r’gn;\lc Pin Grid Array 160 7 a5 28 CrW
( ) 176/177 2 20 8
Plastic Quad Flat Package 100 10 60 38 /W
(PQFP) 144 7 35 28
Plastic Leaded Chip Carrier .
(PLCC) 84 10 40 27 C/W
Package Case Air Flow
4+
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TPC1225A device availabllity and resources
Commerclal
PACKAGE LOGIC SPEED GRADE
GATES USER 1/0s
TYPE MODULES STD -1
84-pin PLCC 72 P P
P7 451 2500
100-pin PQFP 83 P P
Industrial
PACKAGE LOGIC SPEED GRADE
GATES USER 1/0s
TYPE MODULES STD -1
100-pin PQFP 451 2500 83 P P
R = released
P = planned, consult your local Tl sales representative for current availability.
TPC1240 device availabllity and resources
Commerclal
PAC LOGIC
KAGE GATES USER 1/0s SPEED GRADE
TYPE MODULES STD -1
-pin CPG 9
133p!nCP A 684 4000 2 R P
144-pin PQFP 104 R P
Industrial
PACKAG o
E LOGIC GATES USER 1/0s SPEED GRADE
TYPE MODULES STD -1
133-pi
pin CPGA 684 4000 92 R P
144-pin PQFP 104 P P
Military
A OGIC
PACKAGE L GATES USER 1/0s SPEED GRADE
TYPE MODULES STD -1
133-pin CPGA 684 4000 92 P P
R = roleased
P = planned, consult your local Tl sales representative for current availability.
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TPC1280 device avallabllity and resources

Commerclal
PACKAGE LOGIC S
GATES USER I/0s PEED GRADE
TYPE MODULES STD -1
160-pin PQFP P P
176-pin CPGA 1232 8000 140 R R
177-pin CPGA R R
Industrial
PACKAGE LOGIC S|
GATES USER 1/0s PEED GRADE
TYPE MODULES STD -1
176-pin CPGA R R
1232 8000 140
177-pin CPGA R R
Military
PACKAG
ACKAGE LOGIC GATES USER 1/0s SPEED GRADE
TYPE MODULES STD -1
172-pi P
pin CQFP 1232 8000 140 P
177-pin CPGA R P
R = released

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

Various configurations of the TPC12 Series devices can be orderd using the part numbers in the examples
below. Commercial and industrial versions can be ordered as follows:

EXAMPLE ——— TPC 1280 _A GB-176 C 1

T .
PREFIX ]— [ I T SPEED GRADE (optional)
TEMPERATURE RANGE

C= 0°Cto 70°C

DEVICE TYPE | = —40°C to 85°C
1280 = 8000 Equivalent Gates
1240 = 4000 Equivalent Gates
1225 = 2500 Equivalent Gates

DEVICE PINS
84 = 84 pins (TPC1225A only)
100 = 100 pins (TPC1225A only)
133 = 133 pins (TPC1240 only)
144 = 144 pins (TPC1240 only)
160 = 160 pins (TPC1280 only)
176 = 176 pins (TPC1280 only)

DEVICE REVISION 177 =177 pi PC1280 onl
A = Tl 1.0-um CMOS Technology pins (T only)
(TPC1225A only) PACKAGE TYPE

GB = Ceramic pin grid array

VE = Plastic quad flat package

VB = Plastic quad flat package
(160-pin package only)

FN = Plastic leaded chip carrier

Military versions can be ordered as follows:

EXAMPLE ——» TPC 1280 M GB 177 B -1
SPEED GRADE (optional)

PREFIX

Class B processing

Blank = Commercial Processing
DEVICE TYPE DEVICE PINS

133 = 133 pins (TPC1240 only)
172 = 172 pins (TPC1280 only)
176 = 176 pins (TPC1280 only)
177 = 177 pins (TPC1280 only)

1280 = 8000 Equivalent Gates
1240 = 4000 Equivalent Gates

PACKAGE TYPE
GB = Ceramic pin grid array package
HFG = Ceramic quad flat package with
nonconductive tie bar

TEMPERATURE RANGE
M = - 556°C to 126°C

DEFENSE ELECTRONIC SYSTEM CENTER (DESC) NUMBER

AVAILABLE DESC
DEVICE NAME PROCESSING NUMBER

TPC1240M Class B To be determined

TPC1280M Class B 5962-9215601M
. DA
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MACRO LIBRARY

overview

This section describes TPC12 Series macros, which are building blocks for designing -with TI field
programmable gate arrays (FPGAs) with the Texas Instruments Action Logic System (TI-ALS) and your
Computer Aided Engineering (CAE) interface.

The macros are divided into five categories: /0 macros, combinable hard marcos, uncombinable hard macros,
soft macros, and TTL macros.

equation statement elements

combinational elements
All equations for combinational logic elements use the following operators:

OPERATOR SYMBOL
AND See Note 11
NOT !
OR +
XOR A
NOTES: 11. A space between the ‘A’ and ‘B’ inthe equation Y = AB
means A AND B.

12. Order of operators in decreasing precedence is: NOT,
AND, XOR and OR,
13. Signals expressed in bold have a dual module delay.

sequentlal elements
All equations for sequential logic elements use the following formuia:

Q = <!> {<|> CLK or G, <data equation>, <!> CLR, <!> PRE)

<!> optional inversion

CLK flip-flop clock pin

G fatch gate pin

CLR asynchronous clear pin

PRE asynchronous preset pin

I/0 hard macros
NO. OF MODULE(S)
MAGRO NAME TS CLOCK DESCRIPTION

INBUF 1 Input
IBDL 1 Input with input latch
BBDLHS 1 Bidirectional with input latch and output latch
BBHS 1 Bidirectional
BIBUF 1 Bidirectional
CLKBIBUF 1 1 Bidirectional with input dedicated to clock network
CLKBUF 1 1 Input for dedicated clock network
OBDLHS 1 Output with output latch
OBHS 1 Output
OUTBUF 1 Output
TBDLHS 1 3-state output with latch
TBHS 1 3-state output
TRIBUFF 1 3-state output

TEXAS *9
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 29

W 4961725 00442597 Y92 WA

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993
—

4
1/0O flrm macros
MACRO NAME 1o DESCRIPTION
ORH | Qutput with register
ORIH | Inverted output with register
ORITH | 3-state inverted output with register
ORTH | 3-state output with register
IR I Input with register
combinable hard macros
DF1, DF1B, DFC1B, DFC1D, DL1, DL1B, DLC, and DLCA
FUNCTION DESCRIPTION MACRO EQUATION(S) NO. OF MODULE(S)
NAME SEQUENTIAL | COMBINATIONAL
AND2 Y=AB 1
2-input AND AND2A Y=IAB 1
AND
AND2B Y=IAIB 1
3-input AND AND3B Y=ABC 1
AND.OR AC1A Y= ((!A)B) +C 1
AO1D Y=(AB)+C 1
AND-OR-Invert AQI1D Y = {{IA 1B} + IC) 1
BUF Y=A 1
Buffers and BUFA Y = [(1A) 1
Inverters INV Y =IA 1
INVA Y=1A 1
GAND2 Y=AG 1
Clock Net Interface GNOR2 Y = XA +G) 1
GOR2 Y=A+G 1
Multiplexer 2:1 Multiplexers MX2 Y=(AIS)+(BS) 1
2-input NAND NAND2A Y = (1A B) 1
NAND NAND2B Y = (1A B) 1
3-input NAND NAND3C Y = (A B IC) 1
NOR2 Y =)A+B) 1
NOR 2-input NOR NOR2A Y = }(!A +B) 1
NOR2B Y =(!A+ B} 1
3-input NOR NORS3A Y={A+B+C) 1
OR-AND OA1 Y=(A+B)C 1
2 input OR OR2 Y=A+B 1
OR OR2A Y=A+B 1
3-input OR OR3 Y=A+B+C 1
TEXAS ‘k’?
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combinable hard macros (continued)
DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B

MACRO NO. OF MODULE(S)
FUNCTION DESCRIPTION NAME EQUATION(S) SEGUENTIAL | COMBINATIONAL
AND3 Y=ABC 1
3-input AND3A Y=ABC 1
AND AND3C Y=ABIC 1
ainput AND4B Y=IABCD 1
AND4C Y=ABICD 1
AO1 Y=(AB)+C 1
AOM1 Y=AB+((A+B) C) 1
AO1B Y ={(AB)+(IC) 1
AQO1IC Y = {((!A) B) + (IC) 1
AO1E Y = (lAB) + IC 1
AQ2 Y=((AB)+C+D) 1
AO2A Y=((lAB)+C+D) 1
AND-OR AQZB Y=(AB)+C+D 1
AO2C Y={AB)+IC+D 1
AO2D Y=(AB)+IC+D 1
AO3 Y=(!ABC)+D 1
AO3B Y=(ABC)+D 1
AO3C Y = (/AIBIC) + D 1
AC4A Y=(ABC)+(ACD) 1
AOSA Y=(AB)+ (AC)+ D) 1
AOI1A Y =Y(/AB) + C) 1
AOIB Y = {(AB) + IC) 1
AND-OR-Invent AOHC Y =(lA!B)+C) 1
ADI2A Y=Y4(lAB)+C + D) 1
AOI3A Y =K{(IABIC)+ (A D)) 1
Exclusive OR AND-XOR AX1B Y=(AByAC 1
cs2 Y=W{(A+S)B)C+((A+S)B)D 1
Boolean =
cY2B Y (:;+BB1O)+B(.:\O+BO) Al + 1
Y = (D0 IS0 IG
GMXx4 ((ga 5 1S0) )++(gg1s,c? g)o » 1
Clock Net Interface GNANDZ [Y= A G) "
GXOR2 Y=ArG 1
AND-OR MAJ3 Y=(AB)+ (BC)+(AC) 1
MX2A Y=(AIS)+(BS) 1
2:1 Multiplexers MX2B Y=(AIS)+(BS) 1
Multiplexer MX2C Y = (1A IS) + (B §) 1
4:1 Multiplexers MX4 Y= ((gg II:C? éS11))++([()C;1SSOOS!;S)1) * 1
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N
combinable hard macros {continued)
DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B (continued)
MACRO NO. OF MODULE(S)
FUNCTION DESCRIPTION NAME EQUATION(S) SEQUENTIAL | COMBINATIONAL
2-input NAND NAND2 Y = [(A B) 1
a-input NAND NAND3A |Y=I(lABC) 1
NAND NAND3B Y = I{(!A IBC) 1
. NAND4C Y=|(AIBCD) 1
4-input NAND
NAND4D [Y = I(JA 1B IC ID) 1
NOR3 Y=/A+B+C) 1
3-input NOR NOR3B Y=lA+IB+C) 1
NOR NOR3C Y=1(A+1B+IC) 1
4-input NOR NOR4A Y=l(lA+B+C+D) 1
NOR4B Y=(lA+B+C+D) 1
OA1A Y=(A+B)C 1
OA1B Y = (A + B) (IC) 1
OA1C Y = (A + B) (IC) 1
OA2 Y =(A +B) (C+D) 1
OR.AND OA2A Y=(A+B)(C+D) 1
OA3 Y = ({A + B)C D) 1
OA3A Y = ({A + B) IC D) 1
OA4 Y={A+B+C)D 1
OA4A Y={A+B+IC)D) 1
OAS Y=(A+B+C)(A+D) 1
OAl1 Y ={(A+B)C) 1
OR-AND-Invert OAI2A Y ={(A+B+C)ID) 1
OAIZA Y = {(A + B) IC ID) 1
S-input OR OR3A Y=A+B+C 1
OR OR3B Y=IA+B+C 1
4-input OR OR4 Y=A+B+C+D 1
OR4A Y=IA+B+C+D 1
XOR Y=A*B 1
XOR, XOR-OR XOo1 Y=(A*B)+C 1
Exclusive XO1A Y={A”B)+C 1
OR XNOR Y= A AB) 1
XNOR, XOR-AND XA1 Y=(A*B)C 1
XA1A Y=I(AAB)C 1
TEXAS @
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non-combinable hard macros

MACRO NO. OF MODULE(S)
FUNCTION DESCRIPTION NAME EQUATION(S) SEGUENTIAL | COMBINATIONAL

AND4 Y=ABCD 1

4-input AND AND4A Y=(!ABCD) 1

AND AND4D Y=1AIBICID 2
5-input AND ANDSB Y=AIBCDE 1

2-input OR OR2B Y=1A+IB 1

3-input OR OR3C Y=A+B+IC 1

OR OR4B Y=A+B+C+D 1
4-input OR OR4C Y=A+B+IC+D 1

OR4D Y=IA+1B+IC+ 1D 2

5-input OR ORSB Y=A+B+C+D+E 1

3-input NAND NAND3 Y=1(ABC) 1

NAND4 Y=XABCD) 2

NAND 4-input NAND NAND4A Y = {IAB C D) 1
NAND4B Y =|(lA B C D) 1

5-input NAND NANDSC Y =|(IAIBICDE) 1

NOR4 Y={A+B+C+D) 2

NOR 4-input NOR NOR4C Y=W(A+B+IC+D) 1
NOR4D Y=%A+1B+IC+ID) 1

5-input NOR NORSC Y=WA+B+!IC+D+E) 1

AX1 Y=(AB)~AC 1

Exclusive OR AND-XOR AX1A Y={{lAB)rC 2
AXiC Y=(AB)rC 1

AO10 Y = ((AB) + C) (D + E) 1

AOZE Y=(AB)+IC+ 1D 1

AO3A Y=(ABC)+D 1

AND-OR AO6 Y=AB+CD 1
AOCBA Y=AB+CID 1

AO7 Y=ABC+D+E 1

AOS8 Y =(AB)+ (ICID) + E 1

AO9 Y=(AB)+C+D+E 1

AOH Y=(AB+C) 1

AND-OR-Invert AOI2B Y= (/AB) +IC + D) 1
AOI4 Y = }{(A B) + (C D)) 2

AOI4A Y=AB+ICD) 1

OR-AND OA3B Y =((lA+B)!CD) 1
a\'xﬁND' OAI3 Y = Y((A+ B)C D} 1

.
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FUNCTION DESCRIPTION | MACRO EQUATION(S) NO. OF MODULE(S)
NAME SEQUENTIAL | COMBINATIONAL
CO-AB
HAT ORI 2
CO-TAB
e HAtA [ Tane 2
alf adders o CO-IAB) 5
S=KAAB)
CO-I(AB)
HAIC | <7 Tagy 2
CO=(CIIBIA) + (AIB) + (BCIA)
Adders FAIA |S=(BIAIC)+(COIACH+ 2
(COA Cl) + (B ACI
CO-IA(B + B Cl) + A(B CI)
Full adders FA1B S=IA(ICICO + CIB) + 2
A(ICI B + CI CO)
CO = (CI 1B {AO+AT)) +
(B (A0+A1)) + (B CI (A0+A1))
FA2A | S = (B (AD+A1) ICI) + (CO (AO+A1) 2
Cl) + (CO(A0+A1) ICI) +
(B(AO+A1)CI)
- Cst Y-1{A+SB)C:D(A+SB) 1
cotean CY2A | Y = A1 E1 « A0 BO Al + A0 BO B1 1
DF1 Q- (CLK, D, - 1
o DF1A__ |GN = {CLK, D, -, ) 1
-type
¥p DFIB |Q= (ICLK, D, —. ) 1
DFIC_ |QN = (ICLK, D, , ) 1
DFC1 | Q= (CLK, D, CLR, ) 1 i
DFC1A | Q= (ICLK, D, CLR, -) 7 1
D 4o with cloar DFCIB_ | Q- (CLK, D, ICLR, ) 1
P DFCID | Q- (ICLK, D, ICLR, ) 1
_ DFCIE | QN - I(CLK, D, IGLR, ) 2 1
p-Fiops DFCIG | QN = (ICLK, D, ICLR, ) 2
DFE Q-(CLK.IEQ+ED,—, ) 1
DFEIB  |Q-(CLK,IED+EQ, ) 1
DFEIC  |Q<-(CLK,DEE+QE,— ) 1
D-type with DFE3A Q= (CLK, DE+ Q IE, ICLR, ) 1
enable DFESB  |Q < (CLK, DE+ Q [E, ICLR, ) 1
DFESC |G = (CLK, D [E+ Q E, ICLR, ) 3
DFESD |Q - (CLK, D E+QE, ICLR,) 1
DFEA |Q-(CLK,IEQ+ED,- ] 1
Y = (DO {S00 S01) + D1(S00 S01))
Logic module cMs (310 + S11) + (D2 1(S00 S01) + 1
. D3(S00 S01)) (S10 + S11)
Multiplexars XT Y = (IS1 (ISOA DO) + (SOA D1)) + ,
(S1 (IS0B D2 + S0B D3))
MXC1 |Y-ISA+SB)C+(SA+SB)D 2
TEXAS b
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non-combinable hard macros (continued)
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MACRO NO. OF MODULE(S)
FUNCTION DESCRIPTION NAME EQUATION(S) e | COMBINATIONAL
DFM Q=(CLK,AIS+BS, -, 1
DFMIB |QN=CLK, AIS+BS,— ) 1
DFMIC |QN={ICLK,AIS+BS, —,-) 1
DFM3 Q=(CLK,AIS+BS, CLR, ) 1 1
DFM3B |Q=(ICLK,AIS+BS, ICLR,-) 1
DFM3E |Q=(ICLK,AIS+BS, CLR,-) 1 1
DFM4C |QN=KICLK, 1AIS + IB S, —, IPRE) 1
DFM4D |QN = (ICLK, AiS +B S, —, IPRE) 1
Q - (CLK, (DO 1S0 1S1 + D1 S0 IS1
_ DFMeA éa !86(31 +D3 so+s1), ICLR, ; 1
mﬁe‘:gz data G < (IGLK, (D0 1S0 187
DFMeB D1 S0 IS1+ D21S0 S1 + 1
D3 S0 S1), ICLR, -)
Q = (CLK, (0 1S0 + D1 S0}
DFM7A I(S10 + S11) + (D2 IS0 + D3 S0) 1
($10 + S$11), ICLR, -)
Q = (ICLK, (DO IS0 + D1 S0)
DFM7B [(S10 + S11) + (D2 IS0 +D3 S0) 1
(S10 + S11), ICLR, -)
DFMA Q=(ICLK,AIS+BS,—, - 1
Flip-Flops DFMB Q- (CLK,AIS+BS, ICLR, ) 1
(continued) DFMEIA |Q-(CLK.IEAIS+IEBS+EQ,— ) 1
DFP1 Q= (CLK, D, —, PRE) 2
DFP1A  |Q=(ICLK, D, -, PRE) 2
DFPIB  |Q=(CLK, D, -, IPRE) 2
D-type flip-flops DFPIC  |QN= (CLK, D, —, PRE) 1 1
with preset DFP1D Q = (ICLK, D, -, IPRE) 2
DFFiE  |QN= KCLK, D, -, IPRE) 1
DFPiF  |Q=(ICLK, D, -, PRE) 1 1
DFPIG |QN= [{ICLK, D, —, IPRE) 1
D-type flip-flops w/ DFPC Q= (CLK, D, CLR, PRE) 2
clear and preset DFPCA |Q=(ICLK, D, ICLR. PRE) 2
JKF Q=(CLK, 1QJ+QK, — -) 1
JKF1B Q=(CLK, IQJ+QK,— ) 1
o JKF2A Q= (CLK, IQJ+ QK ICLR,-) 1
J-K flip-flops
JKF2B Q= (ICLK, 1QJ+ QK, ICLR, -) 1
JKF2C Q=(CLK,IQJ+QK, CLR,-) 1 1
JKF2D Q= (ICLK, 10 J+ QK, CLR, ) 1 1
] TF1A Q=(CLK,TIQ+ M Q, ICLR,-) 1
Togyle flip-flops
TF1B Q- (CLK.TIQ+ T Q, [CLR, -) 1
TEXAS ‘t?
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non-combinable hard macros (continued)

MACRO NO. OF MODULE(S)
FUNCTION DESCRIPTION NAME EQUATION(S) SEGUENTIAL | COMBINATIONAL
DL Q=(G,D,—) 1
D-type latch DL1A QN = (G, D, -, ) 1
DL1B Q=YG,D -} 1
DLIC QN=1(1G, D, -, ) 1
DLC Q=(G. D, ICLR, ) 1
DLC1 Q=(G, D,CLR, -) 1
With clear DLC1A Q = (1G, D, CLR, -) 1
DLC1F QN = G, D, CLR, -) 1
DLC1G |QN=IG,D, CLR, -) 1
DLCA Q=(G, D, ICLR, -) 1
DLE Q=(G,QIE+DE,— ) 1
DLE1D QN =!G, IEID + EQN, —, ) 1
DLE2B Q=(IG,DE+QE,ICLR, - 1
DLE2C Q=(IG,IED+QE,CLR,-) 1
With snable DLE3B Q-=(IG, [ED + QE, —, PRE) 1
DLE3C Q= (IG, [ED + QE, —, IPRE) 1
DLEA Q=(G,QE+DIE, — - 1
DLEB Q=(IG,QIE+DE,— ) 1
Data Latch DLEC Q-(G,QE+DIE — ) 1
DLM Q=(G,AIS+BS, -, 1
Q= (G, DO IS0 IS1 + D1 S0 1S1 +
DLMa3 éz 1S0 S1 + D3 S0 51, —, -) !
Q= (IG, DO 1S0 IS1 + D1 S0 IS1 +
DLMSA (D2 IS0 S1 + D3 S0 S1, -, ) 1
With multiplexed Q = (G, (DO IS0 + D1 S0)
data DLM4 1(S10 + S11) + (D2 IS0 + D3 S0) 1
(810 + S11),—, )
Q = (IG, (DO IS0 + D1 S0)
DLM4A KS10 + S11) + (D2 (SO + D3 S0) 1
(810 + S11),—,-)
DLMA Q= (G AIS+BS,— ) 1
wihmultploxed | DLMEIA |Q-(G AISIE+BSIE+EQ.~ ) 1
DLP1 Q= (G, D,—, PRE) 1
DLP1A Q = (G, D, -, PRE) 1
With proset DLP1B Q = (G, D, —, IPRE) 1
DLPiC Q = (IG, D, —, IPRE) 1
DLP1D QN = I(G, D, -, IPRE) 1
DLP1E QN = (IG, D, —, IPRE) 1
Clock Net Interface CLKINT clock modules = 1
Tie-Off veo modules = 0
GND modules = 0
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

soft macros
FUNCTION DESCRIPTION MACRO LOGIC NO. OF MODULE(S)
NAME LEVELS | SEQUENTIAL | COMBINATIONAL

4-bit binary counter with load, clear CNT4A 4 4 ]
4-bit binary counter with load, clear, carry in, carry out | CNT4B 4 4 7
Fast 16-bit down counter, parallel loadable FCTD16C 2 19 a3
Fast 8-bit down counter, parallel loadable FCTDs8A 1 10 18
Fast 8-bit down counter, parallel loadable FCTD8B 1 9 13
Fast 16-bit up counter, parallel loadable FCTU16C 2 19 31
Fast 8-bit up counter, parallel loadable FCTUSBA 1 10 17
Fast 8-bit up counter, parallel loadable FCTUBB 1 9 12

Count 4-bit up/down counter with load, carry in, and carry out | UDCNT4A 5 4 13

ounters -

:/:gri);::f;; iﬁl:rzlo:::uiounter, delay after load, VCTD16C 1 a4 41
Sut:'lct‘ ?/%/V;Do;lz:jetgrzrescaler, delay after load, use to VCTD2CP 1 5 >
:ul?lr; ?/zgv#oogz:’et;,r:pper bits, delay after load, use to VCTD2CU 1 2 3
gul:i);; (:/O(;V‘PDOZSE::;:WN bits, delay after load, use to VCTDACL 1 4 7
;UI?;; ?:;Dozgnzgetgrzlddle bits, delay after load, use to VCTD4CM 1 4 8
2-to-4 decoder DEC2X4 1 4
2-to-4 decoder with active low outputs DEC2X4A 1 4
3-to-8 decoder DEC3X8 1 8
3-to-8 decoder with active low outputs DEC3X8A 1 8

Decoders 4-to-16 decoder with active low outputs DEC4X16A 2 20
2-to-4 decoder with snable DECE2X4 1 4
2-to-4 decoder with enable and active low outputs DECE2X4A 1 4
3-to-8 decoder with enable DECE3X8 2 11
3-to-8 decoder with enable and active low outputs DECE3X8A 2 1
Octal latch with clear DLCsA 1 8
Octal latch with enable DLES 1 8

Registers Octal latch with multiplexed data DLM8 1 8
4-bit shift register with clear SREG4A 1 4
8-bit shift register with clear SREGSA 1 8
8-bit adder FADDS8 3 44
9-bit adder FADD9 3 49
10-bit adder FADD10 3 56

Adders 12-bit adder FADD12 4 69
16-bit adder FADD16 5 97
Very fast 16-bit adder VAD16C 3 97
Very fast 16-bit adder with carry in VADC16C 1 97
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

L
soft macros (continued)
FUNCTION DESCRIPTION MACRO LoGIC NO. OF MODULE(S)
NAME LEVELS | SEQUENTIAL | COMBINATIONAL

4-bit identity comparator ICMP4 2 5

8-bit identity comparator ICMP8 3 9

Comparators 2-bit magnitude comparator with enable MCMPC2 3 9
4-bit magnitude comparator with enable MCMPC4 4 18

8-bit magnitude comparator with enable MCMPC8 -] 36

8-to-1 multiplexer MX8 2 3

Multiplexer 8-to-1 multiplexer with active low outputs MX8A 2 3

16-to-1 multiplexer MX16 2 5
Multiplier 8-bit by 8-bit multiplier SMULTS 22 242
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TTL macros
MACRO DESCRIPTION LoGIC NO. OF MODULE(S)
NAME LEVELS SEQUENTIAL | COMBINATIONAL

TA00 2-input NAND 1 1
TAQ2 2-input NOR 1 1
TAO4 Inverter 1 1
TAO7 Buffer 1 1
TA08 2-input AND 1 1
TA10 3-input NAND 1 1
TAN 3-input AND 1 1
TA20 4-input NAND 1 2
TA21 4-input AND 1 1
TA27 3-input NOR 1 1
TA32 2-input OR 1 1
TA40 4-input NAND 1 2
TA42 4-to-10 decoder 1 10
TAS51 AND-OR-Invert 1 2
TAS4 4-wide, 2-input AND-OR-Invert 2 5
TAS55 2-wide 4-input AND-OR-Invert 2 3
TA86 2-input exclusive OR 1 1
TA138 3-to-8 decoder with enable and active low outputs 2 12
TA139 2-to-4 decoder with enable and active low outputs 1 4
TA150 16-to-1 multiplexer with active low enable 3 6
TA151 8-to-1 multiplexer with enable and active high/low outputs 3 5
TA153 4-to-1 multiplexer 2 2
TA154 4-to-16 decoder with active low select 2 22
TA157 2-to-1 muttiplexer with active low enable 1 1
TA160 4-bit decade counter with clear and load 4 4 8
TAt161 4-bit binary counter with clear and load 3 4 6
TA164 8-bit serial in, parallel out shift register with clear 1 8

TA169 4-bit up/down counter 6 4 14
TA174 Hex D-type flip-flop with clear 1 6

TA175 Quadruple D-type flip-flop with clear 1 4

TA190 4-bit up/down decade counter with up/down mode 7 4 31
TA191 4-bit up/down binary counter with up/down mode 7 4 30
TA194 4-bit bidirectional universal shift register 1 4 4
TA195 4-bit parallel access shift register 1 4 1
TA269 8-bit up/down binary counter 8 8 28
TA273 Octal register with clear 1 8

TA280 Parity generator and checker 4 9
TA377 Octal register with active low enable 1 8

TAG88 8-bit identity comparator 3 9

[}
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

HARD MACRO SYMBOLS

AND2A AND2B
DM O D™
B — B — B-Q
S R D A
\'4 Y — Y
S D I "
OR2A OR2B

y

OR2
A A
B
NOR2 NOR2A
A A A NOR2B
Y Y Y
B B B

Module Count = 1

y

Figure 7. 2-Input Gates

AND3
A A—Q AND3A A—Q AND3B A AND3C
(B; — Y B —] Y B Y B Y

o c c— c
A NAND3 A_O NAND3A A NAND3B A NAND3C
SHDA N = ID L = ED S = I
A 3 OR3A A !’ on::(s A on::c
c c c

NOR3C

l
= L;o
g )
w
<
owp
<

Qum»

<
(2] -]

%

;15::55T? gig[:;ifﬁm
— —

Figure 8. 3-Input Gates

AND4A  , :8 AND4B A AND4C
8 —] Y 3% ,— Y
D — D

NAND4A NAND4B  , NANDAC
C —] C b
D — D

Module Count = 1

AND4 AND4D

OQW>»
tlj
<
cowp
HQ
<

NAND4 NANDAD

@@%

OOW>»

[11]
Lég
izi

A OR4 A OR4A A OR4B A OR4C A OR4D

B B B B B

c D Y ¢ Y ¢ Y c Y ¢ Y
D D D D D

A NOR4 A NOR4A NOR4B A NOR4C A NOR4D

B B _ B _ B _ B _

c {@>&Y c Y ¢ Y c A ¢ Y
D D D D D

Module Count = 1 (unless otherwise noted)
@ Indicates Module Count = 2 A Indicates extra delay input

Figure 9. 4-Input Gates
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

moowr

Modul

Module Count = 1

e

le Count =1

XOR
Y

XNOR
Y

Figure 11. XOR/XNOR Gates

A O
B_....._.

D,

AX1

) >

c

Module Count = 1

A —i
B —

)

AX1C

] >

C

Module Count = 1

moomw»

Figure 10. 5-Input Gates

A X01
B

A XO1A
B
c

Module Count = 1

Figure 12. XOR-OR/XNOR-OR

Gates
A AX1A
B —_—
) Do
C

Module Count = 2

Figure 14. AND-XOR/AND-XNOR Gates

NOFISC A OR5B A
B B
c Y c
D 5]
E E

A — XA1
B —7) ‘

NANDSC
} Y

A XA1A
B

B

)

C

Module Count = 1

Figure 13. XOR-AND/
XNOR-AND Gates

A O
B O

AX1B

I

C

Module Count = 1
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

A — AO1 A—O AO1A
B — B—]

Y Y
c c

A—C

AO1GC

;

A O AO1D
B

Y
c

A —] AO2 A —Q AO2A

B —] B —]

c Yy ¢ Y
b D

A—C

B._—-J

AO2C

Y

AO3

C —

F o

Module Count = 1

A

C
D

A
B
c

D

Omw>

=]

Figure 15. AND-OR/AND-NOR Gates
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c
A—C AO1E
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D
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — 03963, DECEMBER 1991 —~ REVISED FEBRUARY 1993

O wp»

A A

—
B AO5A

)—l\ AOS6

(=

A —

AO8

c
p —<

Y

E

C

Module Count = 1

AOHA

AQ10

Cc
D
E
A—
B—

A —CO
B —<C

v

Aol

AONC

Figure 14. AND-OR/AND-NOR Gates (Continued)
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1891 ~ REVISED FEBRUARY 1983

A —(Q A—C A—Q

B —C AOND B — AOI2A B — AOI2B

c Y C ———] Y Cc Y
D D

A —8Q A — A —
—1-0
g —0 AOI3A B — AOI4 B — AOI4A
e
—

j E_j@ o]

Module Count = 1 (unless otherwise noted)
@ Indicates Module Count = 2
A Indicates extra delay input

Figure 14. AND-OR/AND-NOR Gates (Continued)
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 —~ REVISED FEBRUARY 1993

A OA1
o]

A
B

OA1B

Y

c cC — C
A OA1C A OA2 a OA2A
B B ' B
cC—(Q
c c .
A OA3 A OA3A A OA3B
B B B
c Yy ¢c___ 4 Yy € -—— 0 Y
D D D
A OAS5
A OA4 B
IO o
B *
Y
Y
° LA )
D
OAIl1
A
2 >7 ED i =D
B
c Y cC —m——— Y
D ——mmmm( D
A OAI3A
B
¢ ———(Q Y
p ——m(
Module Count = 1
Figure 16. OR-AND/OR-NAND Gates
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

BUF BUFA INVA CLKINT
A ~l>— v A {{>c» v —l>o— %{> #>

Module Count = 1

Figure 17. Buffers

D
waur } (P35
Y
CLKBIBUF l
Y

/O Module Count = 1

Figure 18. /O Buffers

BBHS
D
OBHS TBHS m
| PAD

Y

/0 Module Count = 1

Figure 19. High-Slew Output Buffers

IBDL

= >

____—OG

/O Module Coiunt = 1

Figure 20. Input Butfer With Latch
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C ~ D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

/0 Module Coiunt = 1

OBDLHS

—o o[ —[Pe]

/0 Moduls Count = 1

[ PAD] ’ P Q p al—a
G ’—‘G
CLK

Figure 21. Input Buffer With Register

BBDLHS E
TBDLHS E
—p q | PAD|
1o ’ [7a0)
—q Gout
—] G
—O1 GIN

Figure 22. High-Slew Output Buffers With Latches

ORH ORH
D D Q D Q D———p ePp—p Q
G G G G
CLK l—c r CLK fc r
ORTH E ORITH E
D b a b a D p aop—p a

w T

1/O Module Coiunt = 1

G ICG ’——G
CLK

Figure 23. Output Buffers With Reglsters
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS$002C - D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

s s s s
MX2 MX2A MX2B MX2C
A A A A DO—
Y Y Y y DI
B B B—Q 5| D2
D3
Module Count = 1
SO0A st MXC1 cMs
po —| B3
Y —
MXT D3
° =k
D1 / $10
—1 s11
Y A
D2 _-\ Module Count = 1
B
D3
s
soB
Module Count = 2 Module Count = 2
Figure 24. Multiplexers
HA1 HA1A HA1B HA1C
—]a —(Ja A A
—e —1® B B
col— cofp— coPp— cofP—
st— s[— sp— sI—
FA1A FA1B FA2A
—COA —1A O A0
—1B —1B —O A1
—c cop— —Qqecl cop— —B cop—
sb— s b— sb—
A A — cl A

Module Count = 2

A Indicates two logic module delay path

Figure 25. Adders

St

S0

MX4
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1981 — REVISED FEBRUARY 1993

cs1 CcS2
c c
Y Y
D D
B
A
B A ’
s — S
CY2A CY2B

—18B1 —1B1

—1 A1 v — — At v —

—1 B0 —1 B0

— A0 — A0

Meodule Count = 1

Figure 26. Boolean
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS5002C - D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

D-TYPE LATCHES

DL1 DL1A DL1B DL1C

Module Count = 1

D-TYPE LATCHES WITH CLEAR

DLC DLCA DLC1 DLC1A DLC1F DLC1G
—D Q D Q D Q D Q p oNP— —Jb onpP—
—G —AG — G —a —lG —J 6

CLR CLR CLR CLR CLR CLR

T T

Module Count = 1

D-TYPE LATCHES WITH PRESET

DLP1 DLP1A A DLP1B g DLP1C A DLP1D é DLP1E
PRE PRE PRE PRE PRE PRE
—p Q D a4 —1Ip @ D oa4— —p onp— —{p onNpP—
—G —J 6 —G —QAG —1G —J G

Meodule Count = 1

Figure 27. D-Type Latches
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

D-TYPE LATCHES WITH ENABLE

DLE DLEA DLEB DLEC DLE1D
—{D al— —pb eF— —b e— —1b Q D QNP—
—E —QIE —E —QE —(JeE
—]G —16G —Qa —e —Qe
DLE2B DLE2C | pLE3B ) DLE3C
PRE PRE
D Qr— —1D Q D Q D al—
—(E —QE —E —QE
—Ja —a —ea —Ja
CLR CLR

Module Count = 1

D-TYPE LATCHES WITH MULTIPLEXED INPUTS

DLM DLMA DLME1A
—1 A apb— —1 A Q— —A ol—
—B —B —1iB
—]s
—s —s —AE
— e —J e —Je
DLM3 DLM3A DLM4 DLM4A
— — — al— —{D0 afp— —{Dp0o af—
g ° =i — ¥ =T
— D2 —1 D2 — D2 —1 D2
—1 S0 —1 80
=F =k — & &
— —] - —— s11
—L& —q.6 —16G —Q6
Module Count = 1
Figure 24. D-Type Latches (Continued)
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

D-TYPE FLIP-FLOPS

DF1 DF1A DFiB DF1C
—b Ql— —p aoNP— —D afF— —p aoNPD—
—PcLK —PD CLK —P CLK —P CLK

D-TYPE FLIP-FLOPS WITH CLEAR

orc1 (@ prc1a (@ DFC1B DFG1D prcie @ orc1c @
—p al— —p Q D Q —D ar— —Ibp oN D QNj—
—P CLK —P> cLK —P CLK —CP cLK D> CLK —OP cLK

CLR CLR CLR CLR CLR CLR

| 1 7 7 © 7

D-TYPE FLIP-FLOPS WITH PRESET

| DFPI(®) | DFP1AGD) (L, DFP1B(3) | oFPIC(R)
PRE PRE PRE PRE
—D QM —D af— D a— —{D aNpP—
—p CLK —CP> cLK —P cLK —> CLK
J) DFP1D () J) DFP1E | oFPIF(®) (B DFP1G
PRE PRE PRE PRE
—1D Q— —1D0 aNp— —1]op oNpP— —Dp aNpP—
—CP cLK —P ek —CP cLK —> CLK

D-TYPE FLIP-FLOPS WITH PRESET AND CLEAR

| bFPC(®) DFPCA (2
PRE PRE
—lp  ef— —ip a—
—P ek —Cp cLK
CLR CLR

i i

Module Count = 1 {unless otherwise noted)
@ Indicates Moduie Count = 2,@ Indicates Module Count = 3

Figure 28. D-Type Flip-Flops
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CMOS FIELD-PROGRAMMABLE GATE ARRAYS
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R

DFE DFEA DFE1B DFE1C

—D al— —1D o— —b al— —iD ol—
—E —E —dE —JE
—P CLK —PcLK —P CLK —OP cLK

DFE3A DFE3B DFE3C DFE3D
— o al— — D o —1 D af— — b ar—
—E —1E —AE —QE
—P CLK —Op> CLK —P CLK —OP cLK

CLR CLR CLR CLR

T T T T

Module Count = 1
Figure 29. D-Type Flip-Flops With Enable

JKF JKF1B JKF2A
—J Qr— —J Q— —Jd Qr—
—P oK —P CLK ——pP CLK
—JK —q kK —d K

CLR
JKF2B skrzc(@ JkrF20(d

—Jy o —y of— G
—CP CLK —P cLK —CP CLK
—qJ K —ad K gk

CLR CLR CLR
Moadule Count = 1 (unless otherwise noted)

Indicates Module Count = 2
Figure 30. J-K Flip-Flops
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SRFS002C —~ D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

TF1A TF1B
—T Q T Qo
—P oLk — cLK

CLR CLR

? ?

Module Count = 1

Figure 31. Toggle Flip-Flips

DFM DFMA DFMB DFM1B DFM1C
—]A Q A ol— —]a al—
_ ] ] —4A OQNO— —{A onN
B 8 B
—B —{B
s a— —
—bPb oLk —> CLK CLR —Pb cLk —Op CLK
DFM3 @ DFM3B DFM3E @ (J’ DFM4C DFM4D
—Ia —a al— —]a Ql— PRE PRE
B Q— B —s —4A GOQNO— —1A ON
s s s B B
—P CLK —CP CLK —CP> CLK —1s —1s
CLR CLR CLR —P CLK —OP CLK
I ¥ I
DFMBA DFM6B DFME1A DFMTA DFM7B
— Do . —1 Do —a al— —qpo — DO
—p1 @ —]p1 @ p1 2 —p1 @
— —] D2 B — b2 —] D2
D3 D3 s — D3 — Dpa
—1 s0 —1 s0 —de —1 s10 — s10
—is1 —3.s1 — s11 —1 s1n
—P> cLK —O> oLk —> CLK — S0 — S0
CLR CLR —D cLK —> cLk
Y ¥ CLR CLR
(If

Module Count = 1 (unless otherwise noted)
@ Indicates Module Count = 2

Figure 32. Multiplexed-Input Flip-Flops
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GAND2 GNAND2 GOR2 GNOR2
A Y A v A Y A :Do—— Y
R L [ L G G
S0
GXOR2 G
A GMX4
Y DO —
G D1
Y
Module Count = 1 D2

> CLKBUF interface input 03

Figure 33. Clock Butfer (CLKBUF) Interface

TEXAS *?
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 55

s 59L1725 0084323 pup W

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993
I

package pin assignments

3 a £ 2 < 5
o a O o o o
5 2 6 6 6 & 5
e & 28 £ 8 e
1110987 6 5 4 32 184838281807978777675
nooonoooooooponononoonn
O
MODE 12 O [ 74
13 O 3 73
14 O 3 72
15 O 71
16 [ 70 GND
17 O ) 69
18 O — 68
19 3 67
20 — [ 66
21 ] — 65 Vee
Vsv 22 (TOP VIEW) — 64 Vpp
Vce 23 4 — 63 vks
24 — 62
25 ] — 61
26 — 60
27 — [ 59
GND 28 ) 58
29 o 57
30 — 56
31 | 55
32 — 54
gyt gudu
333435 36 3738 304041 424344 45 46 474849 5051 5253
o0 Q Q (]
== O = =
55 > © 5
Z- o)
Z32 =]
52 2
@ 5]

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

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

C. Vgy must be terminated to Vo except during programming.

D. VKg must be terminated to circuit ground except during programming.

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

F. MODE must be terminated to circuit ground except during programming or debugging. t

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

H. 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.

I. Al 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, SDJ,
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 34. 84-Pin PLCC Pin Assignment
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1891 — REVISED FEBRUARY 1993
N—

package pin assighments (continued)

1 2 3 4 5 6 7 8 910 11 12 13
ABOOOCOOEOEOOOOOG
BOOOOOOOOOOOO®
JIOXOXOXOJOJOJOJOJOJOJOJOJXO,
JIOXOJOZOMNOIOXO; OXOJXO;
E@OO®O® OXOJXO;
2 CXOXOJXO; (OXOJOJXO]
JIOXOXOJOR M- A7 IEOXOXOXO)
HOOO® (OXOJOXO.
N(OXOJO] OXOJXO;
KIO®® OJOJO, OJOXO;
LOOOOOOOOOEOOEO®
MOOOOEOEOEOLOEOOO®
NOPOEOLOEEEOOO®

/O Pin Assignments for the 133-Pin Ceramic Pin Grid Array Package

SIGNAL LOCATION

PRA or VO B8
PRB or I/O Cce
MODE A1
SDlor /O B12
SDO or 11O N12
DCLK or /O c3
CLKA or YO B7
CLKB or VO B6

E3, F4,J2, J3,L5 M9, L9, K12,

GND J11, E12, E11, G9, B9, B5, C5
Voo G3, G2, L7,K7, G10, G11, D7, C7
Vpp G13

Vsv G4, G12

VKs H13

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

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

C. Vgy must be terminated to Vo except during programming.

D. Vkg must be terminated to circuit ground except during programming.

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

F. MODE must be terminated to circuit ground except during programming or debugging.t

G. 8Dl and DCLK should be terminated to circuit ground during normal operation if not used as 1/0s. 1

H. Unused VO pins are automatically designated by the Acticn Logic System as outputs and should remain

uncennected. Unused I/O pins are driven low by design.

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

J. Pin D4 is an orientation pin and is electrically isolated.

TThe 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-kQ (or greater) resistor. They can be tied to ground if

not debugging.

Figure 35. 133-Pin CPGA PIn Assignment
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

package pin assignments (continued)

123456738 9101112131415
AllOOECROOOOOIROG @6
3 [oON - MOBONONONONORONONONONON N0
[ [CRONONCNONORONONONORONOROMONO)
"B [ONoNONONONORONONORONONONONONC]
Elo@O® 0@ (ONONONO)
FI®O©@ ©@ @ (OOMONO
e}l [ORONONO] (ONOMONC;
HI® ©®© ©® @ (TOP VIEW) @ e
Jj© ® © © [ONONONO]
K|I®@@ &6 [OOMONO)
Llpe o o ®@6 06
L'} [ONORONORONOROBONONOMONORONONO]
Y [cCEoRORONONONONONORONONONCICHO]
PIOOPRORROROREROOOE OO
RIPOOOEREOEOOOOEEROG ®O

I/0 PIn Assignments for the 176-PIn and 177-Pin Ceramic Pin Grid Array Package

SIGNAL SIGNALS

PRA or /O co

PRB or /O D7

MODE Cc3

SDlor VO B14

SDO or I/O P13

DCLK or 11O B3

CLKA or /O A8

CLKB or /O B8
D4, E4, G4, H4, K4, L4, M4, M8,

GND M8, M10, M12 K12, J12, H12,
F12, E12, D12, D10, C8, D6

vVeo F4, H3, J4, M5, N8, M11, H13,
G12,D11, D8, D5

Vpp J14

Vsvy H2, H14

VKs J13

NOTES: A. All pins marked GND are ground connections and must be connected to circuit ground.
B. Vpp must be terminated to Vo except during programming.
C. Vgy must be terminated to Vo except during programming.
D. VKg must be terminated to circuit ground except during programming.
E. PRA and PRB, the diagnostic probe outputs, should remain open if not used as I/Os.
F. MODE must be terminated to circuit ground except during programming or debugging 1
G. SDI and DCLK should be terminated to circuit ground during normal operation if not used as 1/0s. T
H. 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.
1. Al unidentified pins on the pin assignment drawings are standard I/Os.
J. Pin E5 is an orientation pin on the 177-pin package only.
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-kQ (or greater) resistor, They can be tied to ground if

not debugging.
Figure 36. 176-Pin and 177-Pin CPGA Pin Assignment
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

package pin assighments (continued)

- o
@ a
° a >0a®n =] °
1 s Loex ) L
BHO'fHQ78777675747372717069686HTGHGGH56H4636261 60595857565554535H251
I N\
81 I:EI:( —TT—1 50
82 111 | 17149
83 1T ] [— 11T 148
GND 84 C__T1T ] 1T 1 47
13— — [—TT 146 GND
217 U— — I S E— Y !
PRAorl/O 87— 11 ] [ 1T 144
88— T1 ] [ TT 1 43
CLKor /O 89 —11 ] [ 1T 42
Voo 90 11— — 1T 41
91— ] (TOP VIEW) ——TT— 40 Voe
CLKBor /O 9211} [ TT 139
83 11T ] [ 1T 138
PRBor VO 9411 ] [ 11T 37
[ L) wm—  m— [ 1T 136
GND 96 11T ] 11 135
|+ I ol I — [ T1T"" 34 GND
98— I | [ 11T 133
< 1* J cama— — [ 1T 132
T ) — O ————

1011121314151617181920212223242526272829 30

T

Q

59 2 g8
> > [T} = A
o 0

-

25

=0

@ 2

[-+]

NOTES: A. All pins marked GND are ground connections and must be connacted to eircuit ground.

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

C. Vgy must be terminated to V¢ except during programming.

D. VKs must be terminated to circuit ground except during programming.

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

F. MODE must be terminated to circuit ground except during programming or debugging.t

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

H. 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.

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

T The security fuse must be programmed for SD! 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-k2 (or greater) resistor. They can be tied to ground if not debugging.

Figure 37. 100-Pin PQFP PIn Assignment
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

package pln assignments (continued)

X o 9 $ « -
Q [ - - & oQ
[=] a o Qo a 7]
: g8 55 9885 o 232 S
g 566 g 2 I8 2 GGo e
s E vt b R e b g 4
. T e E E R Y T T T T T T T
7 - N\
]
1 [—Tr— 108
MODE 2C—r—] [—T— 107
¢ ¥ mam— o mman' —T— 106
4] —r— 105
5 [T 104
5 ] [—Ir—1 103
7 —r F—TT— 102 GND
) o—» — 11— 101 GND
GND 91— [—1— 100 GND
GND 10— — 11199
GND 11 1 [—11r— 98
12 ] F—r— g7
13 /1 1T 96
14 F—Tr— 95
15 11— —1t—1 94
16 —1—] 1T 93 Vgy
17—} 192 Veeo
Vgy 18 —1—] (TOP VIEW) —T— g1 Voo
Vcc 19 C11—] [T 80 Vcc
VGG 20 ] T 80 Vpp
VGe 21 —r ] 188 Vks
22 C——] —1— 87
gg :U:as
25% [ IT-— 84
26 1] T 383
27— T 82
GND 28 C 11— —I1T— 81 GND
GND 29 1T — 11— 80 GND
QGND 30— 3 [ 1T 179 GND
31 1 I 78
fc {7 m— — —I11T— 3 77
[ s— o a—— [— T 76
34 3T — 1Ty 75
35 11— —1r—— 74
36 11— 73
BRI F VIR nNRIRRLRR2 S RIR8LRBRRN
2L 222 888 e e
55 SOCO >> > (L0 5
Z5 2
Zz
=2 "’

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

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

C. Vgy must be terminated to Vi except during programming.

D. VKs must be terminated to circuit ground except during programming.

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

F. MODE must be terminated to circuit ground except during programming or debugging.t

G. SDI and DCLK should be terminated to circuit ground during normal operation if not used as 1/o0s.t

H. 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.

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

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 (or greater) resistor. They can be tied to ground if

not debugging.
Figure 38. 144-Pin PQFP PIn Assignment
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

package pin assighments (continued)

w
[=] [=] o
28 g £ 282 e 2
o= (U] (L] (L3 (L (L]
Rl P B R PR R EELE LR EELELEL RO
Vs ~\
pCLKor 0 1— | O 11— 120 QGND
2 T [T 112 /O or BININ
3 11— 118 I/O or BINOUT
4TI —T— 117
[ —— — —1— 116
Voo 61— T 118
] ——— 114 Vo
) — — —  ——
[+ ) sww—— o s— 1T 1 112
[+ ]} s c— 1T 111
GND 11 1] —1r——
2 C—TIT] —IC— 109 GND
13— F—1r— 4
14 T — 11— 107
15 11— [— 1T 106
PRB or 1/0 16 C—1—] 1T 105
17— T 104
CLK or 1/0 18 —II—] [—1T— 103
18 1™ — 1T 7 102
Ve 20— (TOP VIEW) [—T— 101
CLK or i/0 21 C—I1T—] — 1T 100
22 11— [T 99 GND
PRA or 1/O 23 —IIT—] —IT— 88 Ve
24 1T —T— 97
) m— — 11T 96
26— 3 — — T
27 11— [— 1T 94
2811 [ —11T "7 93
29 —I1T — 1T 92
GND 30 C—1r— [—11 "1 91
3y 1 — 11T 90
b 2 3 S N — [— 11— 89 GND
fc & § mu— — 1T 88
34 C T 1T g7
Vee 35 1 —1T— 86 Vge
36[:[1: [— T 85
—1—— g4
SDior IIO38':-U: 1 g3
39 I [— 1T — 82 1/O or SDO
GND 40 11— —— r— 81
FEYQILYLIL R AR TR25R33 .‘5%5232328!3882:’:&!2.‘12‘3[:?328
Q (=] [&) >0an a [=] [}
4 4 O NoOZ o Z z =
L) (L] > >> g> > (4] (4]

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. Vgy must be terminated to Voo except during programming.

D. Vks must be terminated to circuit ground except during programming.

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

F. MODE must be terminated to circuit ground except during programming or debugging.T

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

H. Unused VO pins are automatically designated by the Action Logic System as outputs and should remain

unconnected. Unused I/O pins are driven low by design.

I. 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 shouid be terminated to circuit ground through a 10-kQ (or greater) resistor. They can be tied to ground if

not debugging.

Figure 39. 160-Pin PQFP Pin Assignment
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C ~ D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

package pin assighments (continued)

Contact the tactory for 172-pin CQFP pin assignments

Figure 40. 172-Pin CQFP Pin Asslgnment
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

MECHANICAL DATA

133-PIn ceramic pin-grid-array package
This is a hermetically sealed ceramic package with metal cap and solder-coated pins.

N

Sitsyam O
4,27 (0.168) MAX 1,27 (0.050) NOM
[ ) : I_L
d—HH TTTTTTRT
3,05 (0.112) 0,508 (0.020) JL_ 1,27 (0.050) NOM
0,406 (0.016) DIA (4 Places)
133 Places
(see Note A)
2,54 (0.100) T.P.
(see Note A} "' I" _;__ (235;: (3‘.)11208))1:2
¥ wamend |} 1OJORORCIOJOXOJOXOJOXOJOXOZ
MOBOOOOEOEEOLOO®® @]
L @@@@@@G)@@@@@@—f
K|®O®® OJOXO)] OJOXO;
JJOO® (OJOXO)
HEOEO® (OXOJOJO)
305(1.20REF G|O O ®® (IOJOJOJO)
FIOOOO® (CJOJOJO]
EjOOO @ ®® Orientation Pin D4
] SOXOXORONOIOXO; (OJOXO; <_(cooNoteC)
2 {OXOXOJOJOROJOJ0J020XCXCIO)
BlO®ECOECLEOLEOOOO®E
I— Al OOOOOOEEOOOE®

index Square 1 2345 67 8 910111213
Corner Mark ‘/'
(Pin A1) ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Index Square ~ Dealgnation per JEDEC Std 30:
Corner Mark S-CPGA-P13X 13
(PIN A1) n

NOTES: A. The lead finish is solder coated. The dimensions do not include the solder finish.

B. Pin tips are located within 0,25 (0.010) diameter relative to each other at maximum material condition. Pin bases are located within

0,78 (0.030) diameter at maximum material condition relative to the center of the ceramic.
C. Orientation pin D4 is electrically isolated.

Figure 41. 133-Pin Ceramic Pin-Grid-Array Package
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C ~ D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

MECHANICAL DATA

176- and 177-pln ceramic pin-grid-array packages
This is a hermetically sealed ceramic package with metal cap.

Index Square ~

Deslignation per JEDEC Std 30:
S-CPGA-P 15x 15

Corner Mark
(PIN A1) =
40,26 (1.585)
39,50 (1.555)
5,46 (0.215) MAX 1,27 (0.050) NOM

e
e e—

Mf_'mnnnmww%

0,508 (0.020) -»lle

30801200 0,406 (0.016) DIA (4 Places)
(see Note A)

2,54 (0.100) T.P.

(see(Nc;liel)\) _’i r_ _{
RIOCOROECOERLEOEOE R @ G
p@@@@@@@@@@@@@@@——f_
1M [oNoNoRoRoReRoReRo R RC RO ROMONO] 2,54 (0.100) T.P.
Mle P PO EEEEEE OO O OO (sea Note B)
Ltlee o e @O 6
K|e® ® @ @O 6@

Jeeoee Heat Sink Slug ORCORO)

356 ploeoeoe| N9 lseoeo

G cloeoeo CYCRCRC
Floe e e Oeoe
[FCHONONORU ® @ © ©| «— Orientation Pin E5
PDIPPEEERERERREREE O®® (see Note C)
clePERRAPRAPOOROEERE OO
BloeoOOREORAROROROE® @O
Al EEEOERERROOOBE @6

IndexSquare _~ 1 2 3 4 56 7 8 910 112131415

Corner Mark

(Pin A1) ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads and external heatsink slugs surfaces are gold plated. Military version devices may have additional solder coated leads.
Diagrams do not include the solder finish where applicable.
B. Pin tips are located within 0,25 (0.010) diameter relative to each other at maximum material condition. Pin bases are located within
0,76 (0.030) diameter at maximum material condition relative to the center of the ceramic.
C. Orientation pin E5S and the heat sink slug are at substrate ground. Pin E5 is available only for TPC1280GB-177.

Figure 42. 176- and 177-PIn Ceramic Pin-Grid-Array Packages
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TPC12 SERIES

CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993

MECHANICAL DATA

(20-pin package used for fllustration)

P D N
[#]c18 (0007 @8 @] DEQ)

D1 (see Note B) ——]
[#Toae 000 @[ @[ £
[L] 0.002 in.nm) [ ]
(0.048)
122 <31$> 2 Places —¥ (sov Nota C)
— M
@ SO
M 7 Qs+ 3 2 1 20 19 4g]]
=~ @
¢ i 4 (- of
w @ g @2 s 6]
EEIE .
S w < o ’“ I: 7 15]
- |8l
s —|| < g I: 8 14]
k= S =
¢ * H 9 10 11 12 18

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

(see Note D)
- A1 T Seating Plane
) {see Note B)
0,51 (0.020) R. Max
3 Places A
1ezpose | ] =)
1,07 {0.042) I4— L ((0:025)1 @ Tvp
0,81(0.032) 1o

0,66 {0.026)

[#]o.18 (0007 BB AG]

=
N

2 Sides (see Note E)

=

D2, E2
(sea Note F)
— {ses Note F)
4 Sides - [#]0,38 (0.015) B D£D
(see Note O) — [9]o38 10015 Q[ FGE)
s58e Nole

v

]

0,20 (D.008

Sum Of Dam Bar Protrusions
to be 0,18 (0.007) Maximum

Per Lead

—Pp 0,51 (0,020) MIN.

{Includes lead finlsh}

e

f

1,53 (0.060)
MIN.

I

I ]—C— A

0,33 30.013; ’ | Al = 0,64 {0.025) MIN.
(#0158 0007 B[ FG Q)
[#[o.18 0N B[OES)

JEDEC DIMS; A Al D,E D1, E1 D2, E2 D3. E3 BASIC
QUTLINE PINS MIN MAX | MIN MAX MIN  MAX MIN MAX | MIN MAX ’
MO-047AF 84 4,19 508 | 229 3,30 | 30,10 30,35 2921 2941 2769 28,70 56 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 ANS| Y14.5M-1982.
B. Dimension D1 and E1 do not include mold flash protrusion. Protrusion shall not exceed 0,25 (.010) on any side.
C. Datums and for center leads are determined at datum
D. Datum is located at top of leads where they exit plastic body.
E. Location to datums and to be determined at datum
F. Determined at seating plane

Figure 43. Plastic Leaded Chip Carrlers
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1981 — REVISED FEBRUARY 1993

MECHANICAL DATA

Contact the factory for 172-pin CQFP mechanical data.

Figure 44. 172-Pin Ceramic Quad Flat Package
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TPC12 SERIES
CMOS FIELD-PROGRAMMABLE GATE ARRAYS

SRFS002C — D3963, DECEMBER 1991 — REVISED FEBRUARY 1993
P

(120-pin package used for [liustration)

> —
[#-[0.200[c] A-B ®|DE)

¢ DI>[E> ——

[4]o.20M[H_a-B ®[0B)

1 [o.05 MmmMm]A- B]

D3
D] [3>

T

ZD /— See Detall A

AAAARRARARAAAAREARARAARARARARA
- | = 5
= =5 21PN Q
> E @3] cg
4 { HEAE
(== == _I_N w Q
= SEEEE
= = 59 | 2
== = e ha
NE ! %
Pin #1 LD. 1 E_J

z
See Detall B A2
023 v 3
0.13
Seating % y_\’ 0.40 MIN -
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Figure 45. Plastic Quad Flat Packages
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