TPC10Series
1.2-um CMOS Field Programmable Gate Arrays

RELEASE 1.22. OCTORER 1980

¢ Two Arrays with up to 2000 Usable
Equivelent Gates

® TiAction Logic™ System (T1 ALS) Software
Provides Reeident TPC10 Sertes Library for:
- MLOWOO L T LI T I I I I
~ Mentor I
- OrCAD/SDTHI ®
- Valid Logic

Flip-Flop Toggie Rates up to 70 MHz
Reliable Antituse Interconnect 7 - -
Bullt-in Clock Distribution Network LLLLL 1asuaaae
1.2-ium SHicon-Gate CMOS Technology R

Desktop Action Logic System Creates e U 2N Porbhére! ChEulls |
Design Flies for:
~ VO Pin Assignment \ \

— Design Validation Rows of Logic Modules
- Place and Route infercannect Tracks

~ Clrcuit Timing Analysis

~ Array Antituse Programming

- Test and Debug mamommmmnm

® Fully Supported by TI ASIC Design Centers

description
The Texas instruments TPC10 Series Is comprised of two fleid-programmable gate arrays (FPGAs). The
TPC1010A and TPC1020A FPGAS are fabricated using TI's 1.2-um silicon-gate CMOS process. The process
features two levels of copper-doped-aluminum metaliization, and polysilicon gate, source, and drain elements
to reduce internal resistance and enhance performance. The two fieid-programmable arrays, with their cell and
bond-pad configurations and production packages, are shown in Table 1. Typical die architecture is illustrated
in Figure 1.

tested, fabricated, and shipped to the user for programmation. The FPGA contains user-configurable inputs,
outputs, logic modules, and minimum-skew clock driver with hardwired distribution network. The FPGA aiso

includes on-chip diagnostic probe capabilities and security fuses to protect the proprietary design.
Table 1. TPC10 Series Complexity and Packaging Summary

~ PRODUCTION PACKAGES |
FPGA LoGic mz N.,‘w" PN u-o:n
TYPE uoouLES NAND GATES [PLEC | PLEC | BLEC | PGA—|
TPC1010A 298 1200 N N] NA v
TPC1020A 547 2000 v v v v
SIGNAL BOND PADST 34 57 ) 57/69

T includes diagnostic pins.
Action Logic, Activator, and Actionprobe are trademarks of Actel Corporation.

OrCAD/SDT lil is a registered trademark of OrCad Systems Corporation.
VlowLﬁ' i8 & registered trademark of watﬁlc System, Incorporated.
PRODUCTION DATA desumunts sentalh Inormmtion ourrent Capyngrt © 1900, Texas inerumens incorporates

-dwmmmnm
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TPC10Series

1.2um CMOS Fleld Programmabie Gate Arrays
“
sction logic system and Activator ™

library functions

The TPC10 Series FPGA fibrary includes basic [ carrors
gates, Booleans, latches, fip-fiops, multipiexers, 2
adder siices, and MSi-complexity software mac- HOGT
ros. Of the 275 macros offered, 224 are hardwired —» SIIULATION
Yy
PROJECT
(2
PINEDIT
K 2

Jeo|___usmany |

and 51 are software macros. The hardwired
macros provide a broad selection of predesigned, [
fully characterized functions. The software macros
provide popular MSI| functions that can be called r
into the design. Additional user-defined software

macros can be created using the TPC10 lbrary VALIDATE

macros. Library release 3.3 contains the following lﬁ'_"
classes of macros: B
98 Primitive Gates, Booleans, and Buffers v

6 CMOS, TTL, and Clock Buffer Inputs and | comma
Totem-Pole, 3-State, and 1O Output Buffers Y

16 Adders and Multipiexers

57 D-Type Flip-Flops - |

12 J-K Fiip-Flops l
{

35 Latches

51 MSI Complexity Software Macros rUSE
’ K 2
design flow
Custom logic functions, designed using an | EXPORT |
engineering workstation in conjunction with TT's
TPC10 Series FPGA library, can be simuiated and L___Tesn JL__scvare |
verified prior to creating the Action Logic System 2
design database and programming files. Figure 2 | oswe |
provides an overview of the design flow. 2 Design Flow
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TPC10Seri
1.2-um CMOS Field Programmable Gate Ar:ax

Table 2. Action Logic System Configurations

HARDWARS CAE HOST TI PART SOFTWARE SUPPLEED HARDWARE SUPPLED
PLATFORM | ENVIRONMENT NUMBER CAPTURE UBRARY PROGRAM | TESTDEBUG
PC 386-AT | ViewLogidOrCAD TPC-ALS-110 Viewdraw | ViewLogicdOrCAD ACT1 ]
[ PC386-AT | ViewLogidOrCAD | TPC-ALS-113 Viewdraw | ViewlogidOrCAD | AGTI
Apofio Mentor TPC-ALS-031 Mentor ACTY ]
Apollo Mentor TPC-ALS-038 Mentor
Sund Vaiid TPC-ALS-041-S3 Vaild ACT1 ]
Suné Vaiid TPC-ALS-041-S4 Vaid ACT1 v
Sund Vaiid TPC-ALS-045-S3 Vaid
Sund Vaild TPC-ALS-048-84 Vaid
Sun3 ViewLogic TPC-ALS-081-83 ViewLogic ACT1 N
Sund ViewLogic TPC-ALS-061-84 ViewLogic ACT1 /
Sund ViewLogic TPC-ALS-085-83 ViewLogic
Sune ViewLogic TPC-ALS-088-84 ViewLogic
NOTE: 1. snmmwmmwmmmmm.c«umwmm«m.
ARCHITECTURE
device organization

Each FPGA consists of a matrix of logic modules arranged in rows separated by channels conaining interconnect
tracks. The matrix is surrounded with peripheral inputs, outputs, VOs, and diagnostic circuits. A partial view of
the FPGA logic modules and examples of interconnections are iustrated in Figure 3.

logic module

Each core logic module has the equivalent complexity of four 2-input NAND gates. The module is an 8-input,
1-output gate cluster that can mplement hardwired primitive gates, Booleans, latches, flip-fiops, muitiplexers,
half or full adder slices, or multiplexed-input fiip-fiops. The ALS library contains a full spectrum of 2-, 3-, and
4-input AND, NAND, OR, and NOR gate macros covering all derivatives of true and/or complement input
combinations. Similar modular implementations, covering the spectrum of true and/or complement input
combinations, are included for each functional category of macros in the library. The macros are captured,
simulated, piaced, analyzed, and programmed using the workstation TPC10 design iibrary.

Iinterconnect tracks
The channeled interconnect tracks consist of isolated metal segments that can be connected by addressing and
programming antifuses. Each channel has a minimum of 22 signal tracks and each array has about 340 antifuses
per logic module. This produces a network capable of interconnecting up to 90 percent of the equivalent gates.
Based on the placement of macros, the programming process selects and activates antifuses that both create
the logic module macros and I/Os, and interconnect the entire array.

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

TEXAS b
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TPC10Series
1.2um CMOS Fleld Programmabie Gate Arrays

extended output sink-current operation

nwnawmmrmommmoncqm

diagnostic probe pins

TPC10Sodosdovimhlvctunlndopondomdmsﬂcpmboplm.mmmmmouwtoobuNQanym
imamaloutputsignalsbyemonngmowopnmmtminmodwm.Slgmbmaybovimd
on an osciiloscope, logic analyzer, or with the workstation diagnostics. The probe pins can aleo be used as
user-defined 1/Os, depending on the level of the mode controi pin. When configured as user-defined VOs, the
pins have the same characteristics as other VO pins.

security fuses

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

TExas ‘v
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TPC10Seri
1.2-um CMOS Fleid Programmable Gate Am;:

\
FPGA ARRAY PERFORMANCE

logic module size

absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t

Supply voltage, Vee ... -05VvVto7V
Supply VORAge, VCC ... .. -05Vto7V
INPULVORBGO, V| ....... ..o ~05to Vg + 0.5V
OUIPULVORBE®, VO ... o -05toVec+05V
Input clamp current?, Inc (V| < 00FVi>VEE) - +20 mA
Output clamp currentd, Iok (VO < 001V > VEE) «vvvvvvennennnnnnnnn + 20 mA
Continuous output currenty, (Vo= 0tOVEG) - .o vvvveeennenn e 25 mA
Operating free-air temperature: Military temperaturerange (M) ................... . .. - 55°C to 125°C
Industrial temperaturerange (1) . ....................... ..o - 40°C to 85°C
Commercial temperature range: (C) .....................cooveunneunninnn 0°C to 70°C
Slorage temperature NS .. .................ooiuiiiriieine - 65°C to 150°C

recommended operating conditions

- WN_  ~ow MAX UNIT

Miltary 45 5 58

Vee Supply voltage Industrial 45 [ 558 v
Commerclal 4.78 ] 528

Vep  Program pin voltage (while not programming) Vee Vee v

Vi High-level input voltage 2 Vec + 0.3 v

Ve Low-ievel input volage -03 0s v
Milary range -88 128

Ta Operating temperature Industrial range -40 88 °c
Commercial range [ 70

s

TeExas
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TPC103eries

1.2um CMOS Field Programmable Gate Arrays

“
electrical characteristics over full ranges of recommended operating conditions (uniess otherwise

noted)
-88°C10128°C | -40°C1e 88°C 0°Cte 70°C
PARAMETER TESTCONDITIONS |MIN TYP MAX [MIN TYP MAX | MIN TYP MAX | UNIT
High-level output voltage loys~4mA EY 7]
VoH  (See Note 2) Iowe=-32mA | 87 37 v
Ve (Lm%’“"m log = 4 MA 04 0.4 033 Vv
b Input current VieVgg or 0 10 +10 10 pA
lg Of-state output current VoaVee o 0 +10 t10 10| pA
Output short-circult Vo= 0 Cad 140| 20 140 20 140
‘08 current (see Note 3) Vo= Voo 10 ~100] -10 100 | -10 Seo| ™
V.v““o,
lcc Standbdy supply current OM“W 3 -] 3 20 3 10| mA
Ce mw‘) Vo=0.fe1 MMz 7 7 7 pF

NOTES: 2 These imits apply when all other outputs are open.
3. An unioaded logic module propagation delay me is 4 ns. Al delays shown inchude the module delay ime and statistical
estimates for wiring delays based on 86% to 95% FPGA logic module utfization.
4. These limits apply for each user VO pin.

TPC10 Series devices are capabie of driving larger sink current loads by derating the low leve! output voltage
to 0.5 V. The derating factors for commercial, industrial, and military devices are iustrated In Figure 4. The

- commercial devices are derated for up 10 8 MA of sink current, and industrial and military devices are derated
for up to 6 mA of sink current. ,

MAXIMUM LOW-LEVEL OUTPUT YOLTAGE
v

> OUTPUT CURRENT
“ -
9.7 Nermel | 'Extonded
3“‘— o poe '-_.
£ 10% Voo
'Y W
}Mb ..... --4o-é 1 !
03 T¥oVee |
3.4
' o
B o
0o 1 2 3 4 8 ¢ 7 8
log - Low-Lavel Output Current - mA

Figure 4. Low-Level Output Voitage Derating Factor
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TPC108eries
1.2-um CMOS Field Programmabie Gate Arrays

siow input transition (rise and fall) times

Siow signal transitions are a condition which commonly occur, even in today’s high performance systems. A
typical example is the signal degradation encountered with signais coming off of a highly capacitive bus. These
slow signal transitions can cause undesireable results when traveling through the thresholid region of a CMOS
input. Texas Instruments recommends that input signal transitions be limited to 500 ns or less to ensure device

integrity.

switching characteristics :

The following tables summarize switching characteristics of various ciasses of TPC10 Series logic module
hardwired macros. An unioaded logic module propagation deigy time is 4 ns. All other delays shown inciude the
module delay time and statistical estimates for wiring delays based on 85% to 95% FPGA logic module utilization.
Module utiization above 95% can result in performance degradation. Actual delay values are determined after
place-and-route is accomplished using the T Action Logic System. TI's ALS provides for assigning criticality to
nets, automatic balancing of clock buffer loads, and utiizing long horizontal or vertical nets for connecting
noncritical functions. For specific timing parameters pertaining to a hardwired logic module, referto the individual
macro library specification.

TI's Action Logic System provides a capability to assign one of four levels of criticaiity to logic module output nets.
The switching characteristics reflect the delay time differences for nets with criticality and without criticality
assigned. Nets assigned as critical will be limited to a fanout of 6 loads by TI's ALS. Clock load balancing,
selectabie by the designer, can be specified as moderate, strong, or very strong to control clock skew.

worst-case delay time

Unitke mask-programmed gate arrays, performance variations of TPC10 Series arrays due to voitage and
temperature changes are due primarily to the changes in the active elements. As a resutt, the total delay ime
factorhomtyplealtowoMcasoforaTPcmsmosanaylsonly1.18to1comparedtoZto1fora
mask-programmed gate array. Typical macro symbois and voltage waveform characteristics are illustrated in
Figure 5. Voltage and temperature delay time factors are shown in Figure 6.

delay time curves

Logic module and storage element delay factors are shown in Table 3. The delay factors may be used in
conjuction with the delay values shown on pages 9 and 10 for estimating performance. Temperature and voltage
variations are measured according to the curves in the graphs shown in Figure 6. The ALS timing analyzer can
be used to provide actual post-layout iming specifications for each circuit impiementation.

Table 3. Worst-Case Delay Time Factors

SUPPLY VOLTAGE TEMPERATURE TOTAL
DEVICES VALUE FACTOR VALUE FACTOR FACTOR
::ofg'b"";:'.c) 475V 1.04 70°C 1.14 118
Industrial
(_‘oocbm) 478V 1.1 wc 1.17 1.27
'—MTluy
(— 55°C to 128°C) 475V 1.1 128°C 128 1.38
Texas Q
INSTRUMENTS
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1.24um CMOS Fleld Programmabile Gate Arrays

S A o8

............... 2]

D-FLIP-FLOP SHOWING POSITIVE-EDGE TRIGGERED CLOCK
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1.2-m CMOS Field Programmable G
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timing requirements over recommended ranges of supply voitage and operating free air

temperature
N MAX | UnNIT
faox _'mtemai toggle frequency 70 | Mz
ty Puise duration CLK, PRE, or CLR 10 ns
to Setup time (filp-fiop) ANl synchronous inputs before clock transition ] ns
fanout= 1 | 46
Alqmdlmounivb fanout = 2 L]
W Setuptime (latch) before clock traneition Tanod= 3] 54 n
fanout > 3 58

th Hold time (Hip-flop or latch)

All synchronous inputs after clock traneition

0

TIMING REQUIREMENTS
single-level logic module hardwired macro switching characteristics, VecsS5V, Tys25°C
DELAY TWIE
PARAMETER | OUTPUT-NET CRITICALITY | FOs1 | FOa2 | FO=3 | FO=é | Foos uNIT
Tical 14 7% 3 | SeeNow8® | s
Not critical ~ 82 87 10 I L) ]

NOTE: . An unioaded logic module propagation delay time is 4 ns. Al
estimates for wiring delays based on 88% to 95% FPGA

2-level logic module hardwired macro switching characteristics, Vog s 5 V, Ta=25°C

mmmmmmuymmmml
logic module utitzation.

DELAY TRMR
PARAMETER | OUTPUT-NETCRITICALITY [ FO=1 | FOs2 | FO=3 | FO o4 FO=o UNIT
e CTritical 12 128 | 18 | 18 | SeeRoesd ns
N Nt orifical_ 327 | Y | 1| T2 L I L
flip-flop and latch (hardwired riiacro) switching characteristics, Vec =5V, To=25°C
i DELAY TRiE
PARAMETER | OUTPUT-NET CRITICALITY | FO =1 FOs2 FOs3 FOsd FOa$ UNIT
) Critical 4 7y g v Yoo Noie & ns
™) Nok criicl ~ 82 87 -0 | 112 L3 )

long net switching characteristics, Voc = 5V, Ta = 25°C

Long nets include long horizontal and vertical routing resources used for noncritical signals and interconnecting
logic macros separated by large distances. Long nets are used by the autorouter when no other means exists
to complete the interconnection. Delays due to the use of long nets range from 15 to 30 ns. Typically less than

one percent of all nets in a design require the use of a long net.

PARAMETER LONG NET DELAY TIME UNIT
!E Horizontal or vertical 3s ne
input-butfer and bidirectional-input butfer switching characteristics, Voc =5V, Ty = 25°C
OELAY TRE
PARAMETER FROM TO [ FO=1 FOs2 O3 FOs 4 FOs 8 uNIT
Tom 9 LX) LA 139 188 ns
o Pad Y YT X i 00— LAl ~e
NOTE: 6. Critical nets are limited to a fanout of 8 ioads.
TEXas ”
INSTRUMENTS
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TPC108eries
1.2um CMOS Field Programmable Gate Arrays

output-butfer switching characteristics, Voc = 5V, T, = 25°C

DELAY TRl
PARAMETER FRoM To CONDITIONS CMOS LOADS TTLLOADS uner
[~y 5T B X3
T o Pad § X 73 ne
Ao, CLe80pF 0.04 0.08
Aoy 0 Pad . 0.00 0.08 na/pF

ThoBIBUFmacto'swtpmsocuonoxhibmmomdohysamoOerBUFmo.Thodmanuerrscanbe
extrapolated down to 15 pF minimum.

Exampie: Deiay for an OUTBUF output bufter driving a 100 pF TTL ioed.
Teu = 6.4+(0.06(100-50) = 6.4+3.0=9.4ns
Tetw = 7.4+ (0.05¢(100-50) = 7.4+25=99ns

three state and bidirectional output-buffer switching characteristics, Voc s 5 V, T, = 25°C

- DELAYYEN
TEST [ DRRS ~BAVRG
PARAMETER | FROM T CONDITIONS CMOS LOADS TTL LOADS unT
AR LX)
:_j o Pad BZ3 74 ne
Yy 0.04 0.0
Y ° Pad 0.0 0.08 npF
na . Pad 6T ry s
oy CL=50pF L L2
Alpg 0.10 0.08
yY— € Pad 0.08 008 il
v 8 L2 37
n E Pad (X} 7.7 ne
Alpz - 0.00 0.08
= € Ped 0.04 0.08 ne/pF
clock-buffer switching characteristics, Voc = 8V, T4 = 25°C (See Note 7)
TRST DELAY TRiE
PARAMETER FROM T0 CONDITIONS N v MAX UNIT
Town o Any number of T2 L S
Toor od M CLK or G inputs T L] = ne

NOTE: 7. The T ALS software provides mﬁbﬁ&bqﬁmhmm“dm“hdw.whm
fimit to the number of loads that may be connected 1o the dlock bufler (CLKBUF) mecre.

Tmb
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TPC10Series

1.2-um CMOS Field Programmabie Gate Arrays

‘ DELAY TIE FACTOR DELAY TIME FACTOR
ve ve
SUPPLY VOLTAGE FRES-AIR TEMPERATURE
T e O ycasy
B 1.16 T‘ s 28°C ﬁ 128 cc s //
a2 T 12
i 100 5 1.18 — /
2 104 1.10 7
2 . L
1.00
1.00
098¢ k ! 0.98
! o > ! 0.90 A
g 088 g 088
0.04 0.50 4
0.80 0.7s 4
4 8.0 ss -8 80 -28 0 25 8 75 100 128
Vo - Supply VoRage - V TA - Free-Alr Tempersture - C°
Figure 6. Delay Time Factor vs Supply Voitage and Temperature
dynamic power caiculations
(. The formuia for caiculating typical dynamic die power consumption in mW is:
Total Die Power = 0.41N ¢ f1 + 0.17M e 12 + 1.62P ¢ 13
where:
f1 = Average logic module switching rate in MHz
f2 = Average clock pin switching rate in MHz (See Note 8 )
f3 = Average |/O switching rate in MHz
M = Number of logic modules connected to the clock pin (See Note 8)
N = Number of logic modules used on the chip (inciuding M)
P = Number of i/Os used with 50 pF load

NOTE: 8. The F2 and M factors can be ignored if the CLXBUF macro is not used.
For example, if an ACT 1010 design has 200 logic modules used, 40 of which are connected to the high fan-out

clock buffer running at 20 MHz and the rest running at 4 MHz, plus 50 I/0s (25 outputs, 25 inputs) running at an
average of 4 MHz, it will dissipate the following amount of power:

Total Die Power = 0.41N ¢f1 + 0.17M ¢ 12 + 1.62P ¢ 13

= 0.41(200 ¢ 4) + 0.17(40 ¢ 20) + 1.62(25 « 4)
= 626 mwW

Tmb
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TPC108eries
1.21um CMOS Field Programmable Gats Arrays

“
package selection
The following classes of conventional packages are offered for TPC10 Sertes FPGAS: ‘
®  Plastic leaded chip carer (PLCC), suffix FN

® Ceramic pin grid array (PGA), suffix PB
° PinaqumnuforthoTPmOSonuFPGAsmmlnﬂwm?thmmw.
° Mochaﬂcaloutﬂmdimlommshwgnlnﬂwmﬂmd&

TEXAS Q
INSTRUMENTS
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TPC10Series
1.2-um CMOS Field Programmable Gate Arrays

&

Voo GND
685 4321448200

7 o 3% PRB or O
oC TPC1010APN044 S 37 bexonvo
or
GND10 ] ) 38 801 or O
"o TPC1020AFNO44 ) 38 Vg
120 [ 34 MO0
1B “4-Pn 33 CLK o VO
Voo 14C]  J-Leaded Plastic Chip Carrier  [1] 32 GND
18 O = 3
Ve 16 CJ 3 30
17 (Top View) ) 29

Juuuduguuuy
1019 2021 2223 24 2862827 28

GND Voo
Figure 7. TPC1010A and TPC1020A 44-Pin PLCC Pin Assignment

Voo GND
987 654321006708088483020

o

10 =)

" g [ 58 PAB or VO

12 TPC1010AFNOSS 3 8 PRAer 1O

NG or 3 87 OCLK OR VO
GND 14 ) 86 801 or VO
GND 15 TPC1020AFNOSS =1

16 3 84

17 = 8

1 O 68-Pin [ 82 ClK or VO

19 =]

2 o J-Leaded Plastic Chip Carrier —_—
Voo 21 O] =] 4 GND

2 c (Top View) 3

3o — 47

24 =
Voe 28 —

28 = 44

aguoguaguaduaouuogay
2720 203031323334 36383738 304041 2 &3
GND Voo

Figure 8. TPC1010A and TPC1020A 68-Pin PLCC Pin Assignment

NOTES: 9. mmmmmommm-mmumnomtm.
10.Vpp must be terminated to Ve except during programming.
11. PRA and PRB, the diagnostic probe outputs, shouid remain open i not used as VOs.
12.MODE must be terminated to circult ground except during programming. !
13.SDi and DCLK shouid be terminated to circuit ground during normal operation # not used as VOs.!
14.UnuadUOp‘nsmaﬂode~bﬂabdbyﬂnMenLop’cSyMnmwmmmod.UnMVO
pins are driven low by design.
15.All unidentified pins on the pin assignment drawings are standard VOs.
t anmhmmuummmmsolmocwtomnm.hmmmmm'smm.moe.soc.
amocmmmmmunmmmmvom(«gm)m.mmuumgmnmm.
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1.2um CMOS Field Programmabie Gate Arrays .

Voo GND PAB or VO
1109876 84 32 18483828180797877 7678
o
NC 12 2 74 PRA or VO
3G = 73 DOLK or VO
14 & = 72 $0ler O
18 O =7
16 . 3 70
17 g TPC1020AFNOS4 =
GND 18 2 08 Voo
GND 19 . S o7 v,
2 o 84-P1n = o8 M08
21 =y 68
2 c = 64 ClK or VO
2 D 6
24 o J-Leaded Plastic Chip_ Carrier —
3 E o~ B 5 20
"’35 (Tep gn
2 = 58
2 = &
0 = o8
n o =
2= = 84

guduibdduduiuuuiuuduuud
JI UBNITN N0HQAUE STR0 DR
[ d

GND Voo
See Notes 9 through 18 on page 13
Figure 9. TPC1020A 84-Pin PLCC Pin Assignment

1)
3

ot
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TPC108eries
1.2-um CMOS Fleld Programmable Gate Arrays

1.2 3 6 6 6 7 8 9 101
1W/[OOOOOOOOOOO
s|l00000000000
¢{lo o 000 00
o110 o N\ S0
elooo]|[ ww Jooo
efllooo || S llooo
a|]|]O OO (Top View) O0O0
Hjj]O O ON®)
J|o o 000 00
xlO0O0000000O0O
.|]Oo0o00000000

See Notes 9 through 15 on page 13

VO Pin Assignments for the 84-Pin Ceramic Pin Grid Array Package

[ SWGNAL TPCI010A YPCIW0A

PRK AT AT

PRB 70 1:5[)

MODE (] EW

SO (F] (1]

DCIK Ti0 C10

Vop ¢ K2

CIK or 1O L)

[GND 87, E2. 3, K8, F10, G10 ~ | B7,EZ E3.KB, F10.G10 |
Voo P, B8 F1. GZ R7. €5, B10
NC (No internal Connection) 116, K10, Kt1. 011, D10, D11 82

All other package pins are available for use as VOs.
Figure 10. TPC1010A and TPC1020A 84-Pin PGA Pin Assignment
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TPC108eries

1.2um CMOS Field Programmable Gate Arrays

ordering information

Various configurations of the TPC1010A and TPC1020A can be ordered using part numbers deveioped to
indicate available versions of the following combinations:

DAMPLE ———& TPC 1010 A PN-088 C

PREFIX

mem
C = 0°Cwo 70°C
| = =40°C 1o 88°C

DEVICE TYPE

1010« 1200 (Equivalent) Gete Array
1020 = 2000 (Gquivalent) Gete Array

M e -88°C 10 128°C

OEVICE PINS
044 = 44 pine

DEVICE REVISION
A = T1 1.2-4m CMOS Technology

macro library

008 = 08 pine
084 « 84 pine (1020 only for PN and Fu)

— PACKAGE TYPE

FJ = Ceramic chip carrier
FN = Pastic lsaded chip carrier
P8 = Ceramio pin grid array

ThoTPC1osmuwppomdbyamonbmyofzmhmmmunﬂwnnmmhneﬂom.‘l’horrma
range from primitive logic gates to MSi-ievei compiex functions such as coumters, decoders, and comparators.
TmnMrummcnmnmmwmammmmmmmm.mm
macroom.wmnw«umummowmmmdmmwmmpheoandrwtom
back-annotated into the design to establish actual performance.

The FPGA logic module implements logic functions with inveried inputs as efficienty as noninverted Inputs,
Mﬂaoutnnlncnaolnpmpqdondoluy.aymmmwdmvmmmmutpohmy,m
use of separate inverters can be virtually eliminated.
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TPC10Series
1.2-um CMOS Field Programmable Gate Arrays

TPC10 SERIES SOFTWARE MACROS

MACRO NAME DESCRIPTION MODULE COUNT LOGIC LEVELS
CNT4A ..... 4-Bit Binary Counter with PresetandClear . . . ........ 18 ... 4
CNT4B ..... 4-Bit Presettable Binary Counter with Presetand Clear . 15 ..... ... .. . 4
DEC2X4 .... 2-Lineto4-LineDecoder .......................... 4 . 1
DEC2X4A ... 2-Line to 4-Uine Inverting Decoder .................. 4 ... 1
DECE2X4 ... 2-Line to 4-Line Decoder withEnable ................ 4 ... 1
DECE2X4A .. 2-Line to 4-Line inverting Decoder with Enable ... .. ... - 1
DEC3X8 .... 3-Uneto8-LineDecoder .......................... - 1
DEC3X8A ... 3-Line to 8-Line Inverting Decoder .................. 9 ... 1
DECES3X8 ... 3-Line to 8-Line Decoder with Enable ................ L 2
DECES3X8A .. 3-Line to 8-Line Inverting Decoder with Enable . ....... Mo 2
DEC4X16A .. 4-Lineto 16-Line Inverting Decoder ................ < 2
OLES ....... Octal D-Type LatchwithEnable .................... R 1
DLMS....... Octal D-Type Latch with Multiplexed Inputs . .......... - 1
DLC8A...... Octal D-Type LatchwithClear . . . ................... 8 ... 1
FA1 ........ One-BitFullAdder............................... 3. 3
FADDS...... 8-BitFastAdder ............................... 37 4
FADD12..... 12-BitFastAdder .............................. 58 ............. L. 5
FADD16..... 16-Bit FastAdder .............................. 79 o 5
FADD24 . . . .. 24-BitFastAdder .............................. 120 ............. .. 6
FADD32..... 32-BitFastAdder .............................. 1860 ............... 7
ICMP4 . .. ... 4-Bit identity Comparator ......................... 5 .. 2
ICMPS ...... 8-Bit Identity Comparator ......................... 9 .. 3
MCMPC2. ... 2-Bit Magnitude Comparator with Enables ............ 9 ... 3
MCMPC4 . ... 4-Bit Magnitude Comparator with Enables ........... 18 ... 4
MCMPCS . ... 8-Bit Magnitude Comparator with Enables ........... 36 ............... 6
MCMP16 .... 16-Bit Magnitude Comparator ..................... 93 ... 5
MX8........ 8-Lineto 1-Line Multiplexer . ....................... 3 2
MX8A ...... 8-Line to 1-Line Inverting Multiplexer ................ 3 2
MX16....... 16-Line to 1-Line Multiplexer .. ..................... 5 2
REGESA . ... Octal Register with PresetandClear ............... 2 ... 2
REGESB . ... Octal inverting Register with Presetand Clear ........ 20 ... 2
SMULT8 .... 8x8 Twos Complement Multipler ................. -2 I -
SREG4A .... 4-Bit Shift RegisterwithClear ...................... 8 ... 2
SREGSA .... 8-Bit Shit RegisterwithClear ..................... 18 .. 2
TA138 ...... 3-Line to 8-Line Decoder/Demultipiexer ............. 12 .. 2
TA139 ...... 2-Line to 4-Line Decoder/Demultiplexer .............. 4 ... 1
TA151 .. ... 8-Line to 1-Line Multiplexer ....................... 5 ... 3
TA153t. ..... 4-Line to 1-Line MuMtiplexer ....................... 2 2
TAIST . ... .. 2-Une to 1-Line Multiplexer ........................ ) 1
TA161 ...... Synchronous 4-Bit Counter with DirectClear ......... 2 ... 3
TA164 ...... 8-Bit Paralle-Out Shift Register ................... 18 ... 1
TA169 ...... 4-BitUpDownCounter .. ........................ 25 .. ... 6
TA181 ...... 4-Bit Arithmetic Logic Unit/Function Generator ... .... 37 4
TA194 ... ... 4-Bit Bidirectional Universal Shift Register ........... 14 ... 1
TA195 ...... 4-Bit Paralie-Access Shift Register . . ................ "o 1
TA269 ...... 8-BitUpDownCounter ......................... 50 ... 8
TA273 ...... Octal D-Type Flip-Flop .......................... 18 .. 1
TA280 ...... 9-Bit Odd/Even Parity Generator/Checker ............ 9 . 4
TA377 ...... Octal D-Type Flip-Fiop with Clock Enable . ........... 18 ... 1
UDCNT4A ... 4-Bit Up/Down Counter with Sync Loadand Carry . ... . 24 ............... 6
UART ...... Universal Asynchronous Receiver/Transmitter .. ...... 189 ............. 47

T These MS! functions are hardwired.

s

TEXAS
INSTRUMENTS

POST OPFICE BOX 086012 © DALLAS, TEXAS 78008 17



ANDSS
Y

NANDES
Y

A=Q
[ 3
A=Q

A

A ~C "“v‘
s —
NAND2A
s — v
OR2A:
I
-
T o

ha

<00 <AV <80
mv wv WY
w <80 480 «aov
-
w 5> mv MY

-
=

1.2um CMOS Field Programmabie Gate Arrays

TPC10Series

-

ok

<4800
<80

U
=
L
H
5 §§ =0
ﬂvmmm,
....r
b
mm A..vco
il

Module Count = 1 (unisss otherwise noted)

(@ ndicates 2-ievel module macro 4 indicates extra delay input

Figure 13. 4-input Gates

TEXAS b
STRUMENTS

N

18



TPC10Series

1.2-um CMOS Fleld Programmable Gate Arrays
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TPC10Series
1.241m CMOS Field Programmable Gate Arrays
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TPC10Series
1.2-um CMOS Fleld Programmable Gate Arrays
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Figure 19. OR-AND/OR-NAND Gates
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Figure 20. Buffers
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TPC10Series |
1.2um CMOS Field Programmable Gate Arrays :
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TPC108eries
1.2-um CMOS Field Programmabie Gate Arrays
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Figure 23. Adders
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TPC103eries
1.2um CMOS Field Programmabie Gate Arrays

oLt DL1A oL OLIC

OLCSA
WITH CLEAR -qcin
—a
oLe DLCA oLt DLCIA - DO
=
—tp a 0o a o aob— —p ap— —1%
e —da a —da —1oe
CLR cLR CLA CLR — v
? Y l l Medule Count = 8
WITH PRESET
I | 4
PRE PRE PRE PRE
—10 ap— —0 a— 0 ap— —10 o
OLPt OLP1A oLP1e oLwPi1c
—ia -QJa G -Ja
WITH CLEAR AND PRESET
& l &
PRE PRE PRE PRE
—10 Q D OoNp— e 1 ap— —4iD0 QNP—
DL2A [ T oL2c DL2D
-—e —Qa e [ —le
CLR CLR CLR CLR
Y I T |
Figure 24. D-Type Latches
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TPC10Series
1.2-um CMOS Field Programmable Gate Arrays
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Figure 24. D-Type Latches (continued)
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TPC108eries 1
1.2um CMOS Field Programmable Gate Arrays

O-TYPE FLIP-FLOPS ~
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Figure 28. D-Type Flip-Fiops
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TPC10Series
1.2-um CMOS Field Programmable Gate Arrays
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Figure 26. D-Type Flip-Flope with Enabie
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Figure 27. J-K Flip-Flops
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Figure 28. Multiplexed-input Flip-Flops
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Figure 29. Clock Buffer (CLKBUF) Interface
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TPC10Series
1.21um CMOS Field Programmabie Gate Arrays
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Figure 30. Octal D-Type Flip-Flops and Registers
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Figure 31. Comparators/Partty Checker
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: TPC108eries
r 1.2-um CMOS Field Programmable Gate A::a;s
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Figure 32. Counters
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Figure 33. Decoders
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TPC108eries
1.2um CMOS Field Programmable Gate Arrays
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Figure 38. Universal Asynchronous Recelver/Transmitter (UART)
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Figure 36. 8-Bit Muitiplier
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TPC10Series
1.2-um CMOS Field Programmable Gate Arrays

actionprobes

There are four types of Actionprobes available: 44-, 68-, and 84-pin LCC and an 84-pin PGA. At the time your
ord«lspheod.plouospoeifywhlehm«probommod.

The Actionprobes are detailed in Figures 37 through 40.

L ACONOXTNO
@OBA @

® @ X
® ® ®®
@@ TOP VIEW ® @
@ & DX
@@ lndoxNotch\ @@
o ©— ) [©O®
\\\@@@@@@
COXoXoXeJoy |

@ Indicates no connection
Norszmmmummm,wpmunmmm.

Figure 37. 44-Pin PLCC Actionprobe

»
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TPC103eries
1.2um CMOS Field Programmable Gate Arrays

| NORONTYC NN -YC R )

@OONOOROG
cNC @0
@ ® @&
®@ @e
g TOP VIEW gg
® & ® O
® & X
@@ Index Notch @@
06 N oo

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

Figure 38. 68-Pin PLCC Actionprobe
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TPC10Seri
1.2-um CMOS Field Programmable Gate Ar:a;:
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NOTE: The view shown Is from the TOP, with pin 1 of the device facing down.

@ Indicates no connection

Figure 39. 84-Pin PLCC Actionprobe
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TPC10Series
1.2um CMOS Field Programmable Gate Arrays

{

the 84-pin, PGA actionprobe

The 84-Pin, PlnGndAmyAcuonprobohuanun'borofplmmndmomconmcbdtomaw“pim. ‘
The exact ordering of these pins is not obvious. :

Figure-ioshowsmoAcuonpmbovwmthotopw-wup.wMeh!showmodovbosmlnthosodm. Pin Al is at
the top left. Looking at the Actionprobe, pin A1 appears on the circuit board for reference.

0000RE0O®6 6O
000POEOEEC 60

¥4

® L X )
® @] ®e
© @ O]
@
® @} (X7
© @ (TX'D)
ONC] ()
ZX2)
® @ (22
©® B © ©
(X 1= e @ ©
O.@@@@@@@@@@
oloJololoXolnloYoloXt)

@ Indicates no connection or pin removed

Figure 40. 84-Pin, PGA Actionprobe

FNO44, FNOG8, and FN0O84 pisstic chip carrier packages

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within an
electrically nonconductive piastic compound. Figure 41 gives a 20-pin package example. The compound
withstands soidering temperatures with no deformation, and circuit performance characteristics remain stable
when the devices are operated in high-humidity conditions. The packages are intended for surface mounting on
soider lands on 1,27 (0.050) centers. Leads require no additional cleaning or processing when used in soidered
assembly.
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mm OO o

“ { TPC10Series
| , 1.2-um CMOS Field Programmabie Gate Arrays
(20-terminal package used for illlustration)
o .
(] 1See Note O)
e~ 01 (See Note 01— A SEATING PLANE
410,18 {0.007) [] [ 223
L@ w/wile] 081100200k Mmax |40
Imacts [T )
1.22 10 0a8) 2 PLACES iSee Note CI 1 42 10 086 L0 o
70710042 -» “_ “ ToT 0042 —™ r'— 11410045 o 1y
B gy o e T e e 08110 032) x ‘/—- 064100251
- 2 / @) I osswozm |\ / 3
o 1o g« = 7' = o
< LN 8 eo.1s woon@ledi @] ? i
.3. . s 17 2 SIOES (See Note €)
ll % [« L E :] —i — D2 €2
w ? é i —[ 6 e ’] ﬁ tSee Note Fi ISee 'Nolc £
IR R 1‘ ik 1s]] - —l_ S5 35535 Bl
. il 23]
= ° 2 [ 8 4 ] tSee Note C} b Sles st
- ‘E 9 10 11 12 13 L _____{
v 3 | g o g v =
“.-. — 0.51 (0 0201 MIN
e _J LE_ (See Mets C
oo L2019.918 e ypes Leao s
SUM OF DAM BAR PROTRUSIONS ¢
TQ BE 0,18 (0.007) MAXIMUM -
PER LEAD -
A
1.82 (0 060)
| "™
o L
| =
353110024
0.3310.013 M [ L4 g4 10020 mm
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
JEDEC oMy A Al D.E D1, E1 D2 B2 0o, E3 BASIC
OUTLINE PINS MIN MAX|] MIN MAX MIN  MAX MIN  MAX MIN  MAX '
419 457 229 308 1740 1708 | 1681 1668 | 14990 16,00
. s 12,70 (0.500)
MO-047AC “ (0.168) (0.180) (0.090) (0.120) | (0.085) (0.008) | (0.080) (0.086) | (0.990) (0.630)
410 o8| 22 a0 | oz By [;1s um [2et Be|
MO-047AE 68 (0.168) (0 (0.090) (0.130) | (0.988) (0.996) | (0.960) (0.968) | (0.880) (0.930) Het
419 508 229 3% 30,10 3036 | 2021 2941 | 2769 2870 28.40 (1 000)
MO-047AF 84 (0.168) (0.200) (0.090) (0.130) | (1.188) (1.196) | (1.180) (1.158) | (1.080) (1.130) '
NOTES: A. All dimensions conform to JEDEC Spacitication MO-O47AA/AF. Dimensions snd tolerancing are per ANSI Y14 5M - 1982.

Oimensions Dy and Ey do not include moid flash protrusion. Protrusion shall not exceed 0.25 (0.010) on any side.

. Datums and @ for center leads are determined at datum

. Datum m is located at top of leads where they exit plastic body.

. Location to datums [ﬁ and |-8-i to be determined at datum E
. Determined at seating plane

Figure 41. Plastic Leaded Chip Carriers
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TPC103eries
1.2um CMOS Field Programmable Gate Arrays

28,48 (1.120)
mornom\ 27,43 (1.080) "I

A

28,48 (1.120)

27,43 (1.000)
5.21 (0.208)
z 79(0.110) 1 52 (0.000)

58 (0.140 1,02 (0.040)
3os(o 120)
soo oozo)
1z7(ooeo)nou

°‘°“m‘" DA (4 PLACES)

254(0.100) TP. —o e
F— 00000000000+, 0w
KIO®O®OOO®OPOOAOOO (See Note 29)
Jo®o ee® oo |
" HI®® ®0
25.4(1.M)REFt ggg ggg
EI@O® O 00
0|®® (N
Cl®0® (ONONC) ®0®
B|[OOPOOPOOOOD
h‘*"@@@@@@@@@@@
1 23 4 5 6 7 8 9 1011

NOTE 1. Pins are iocated within 0 .13 (0.008) raciius of true position relative to each cther st maximum material condition and within
0,381 (0.051) radius relative t0 the center of the ceramic.

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

Figure 42. 84-Pin, Pin Grid Array Ceramic Package
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