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This databook introduces you to Actel’s Field Programmable Gate Arrays (FPGA) and the Action Logic System
(ALS) design environment. In this book, you will find device specifications, rehablhty data, and
ordering information for systems and devices. -

Refer to The FPGA Design Guide for practical design examples using Actel’s FPGAs and for tools to help you
estimate design requirements for your FPGA application.

For current availability and prices, contact your local Actel representative. A complete sales office listing is
provided at the end of this book.

If you need to speak to a Technical Support engineer, call Actel’s Technical Support Hotline: 800-262-1060.
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56’@/ Product Selector Guide

Product Selector Table

Gates Equiv. Pkgs.
Device Pkg.(" #Pins Speed Option®  Temp.® User I/O Gate PLD Flip-Flops TTLs 20-Pin
Array Equiv. (max) PALS
A1010A PL 44 Std, -1, -2 C | 34 1,200 3,000 147 34 12
PL 68 Std, -1, -2 C 1 57 1,200 3,000 147 34 12
PQ 100 Std, -1, -2 C I 57 1,200 3,000 147 34 12
PG 84 Std, -1 C.MB 57 1,200 3,000 147 34 12
A1020A PL 44 Std, -1, -2 C,! 34 2,000 6,000 273 53 17
PL 68 Std, -1, -2 C, ! 57 2,000 6,000 273 53 17
PL 84 Std, -1, -2 C 1 69 2,000 6,000 273 53 17
PQ 100 Std, -1, -2 C1 69 2,000 6,000 273 53 17
cQ 84 Std, -1 C,MB 69 2,000 6,000 273 53 17
Ja 44 Std, -1 C,M B 34 2,000 6,000 273 53 17
Ja 68 Std, -1 C/MB 57 2,000 6,000 273 53 17
Ja 84 Std, -1 C,MB 69 2,000 6,000 273 53 17
PG 84 Std, -1 C,MB 69 2,000 6,000 273 53 17
A1225 PQ 100 Std, -1 C, 83 2,500 6,250 382 70 23
PG 100 Std, -1 (o} 83 2,500 6,250 382 70 23
A1240 PQ 144 Std, -1 (o] 104 4,000 10,000 514 105 34
PG 132 Std, -1* C.MB 92 4,000 10,000 514 105 34
A1280 PQ 160 Std, -1 Ci 124 8,000 20,000 998 ' 210 69
cQ 172 Std C.MB 140 8,000 20,000 998 210 69
PG 176 Std, -1* C.M, B 140 8,000 20,000 998 210 69

* Only Commercial Temperature Devices offered in -1 Speed

Notes:

1. Package Types: CQ — Ceramic Quad Flatpacks :
JQ — J-Leaded Cerquad Chip Carriers
PG — Ceramic Pin Grid Arrays
PL — Plastic J-Leaded Chip Carriers
PQ — Plastic Quad Flat Packs

2. Speed Options: Std — Standard Speed
~1 — Standard + 15% Speed
~2 — Standard + 25% Speed

3. Temperature Range: C Commercial Temperature (0 to +75°C)

I — Industrial (-40 to +85°C)
M — Military (-55 to +125°C)
B - MIL-STD-883C

© 1992 Actel Corporation Apl’il 1992 1-1
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ACT™ 1

50’@7 Field Programmable

Gate Arrays

Features Description
e Up to 2000 Gate Array Gates The ACT™ 1 family of field programmable gate arrays (FPGASs)
(6000 PLD/LCA™ equivalent gates) offers a variety of package, speed, and application combinations.
e Replaces up to 53 TTL Packages Devices are implemented in silicon gate, 1.2-micron O:M 2-mif:ron
R 17 20-Pin PAL™ Pack two-level metal CMOS, and they employ Actel’s PLICE ™ antifuse
. ep}aces up to / n ackages technology. The unique architecture offers gate array flexibility,
¢ Design Library with over 250 Functions high performance, and instant turnaround through user
o Gate Array Architecture Allows Completely Automatic Place programming. Device utilization is typically 95% of available logic
and Route modules.
e Up to 547 Programmable Logic Modules ACT 1 devices also provide system designers with unique on-chip
e Up to 273 Flip-Flops diagnostic probe capabilities, al]lowing convenient testing an}(:
g debugging. Additional features include an on-chip clock driver wit
e Flip-Flop .Tog'glc Bates t,o 100 MHZ X a hardwired distribution network. The network provides efficient
e Two In-Circuit Diagnostic Probe Pins Support Speed Analysis clock distribution with minimum skew.
to 50 MHz
. . N The user-definable I/Os are capable of driving at both TTL and
N Bum-h? High Speed Clock Distribution Network CMOS drive levels. Available packages include plastic and ceramic
¢ 1/0 Drive to 4 mA J-leaded chip carriers, ceramic and plastic quad flatpacks, and
¢ Nonvolatile, User Programmable ceramic pin grid array.
* Logic Fully Tested Prior to Shipment A security fuse may be programmed to disable all further

programming and to protect the design from being copied or

Product Family Profile reverse engineered.

Device A1010A A1020A
The Action Logic System
Capacity
Gate Array Equivalent Gates 1200 2000 The ACT 1 device family is supported by Actel’s Action Logic™
%E%gfég’:"{g:&‘@g:‘:s 300.3; 60052 System (ALS), allowing logic design implementation with
20-Pin PAL Equivalent Packages 12 17 minimum effort. The ALS interfaces with the resident CAE system
to provide a complete gate array design environment: schematic
Logic Modules 295 547 capture, simulation, fully automatic place and route, timing
verification, and device programming. The Action Logic System is
Flip-Flops (maximum) 147 273 available for 386™ PC and for Apollo™ and Sun™ workstations
- and for running Viewlogic®, Mentor Graphics®, Valid™, and
Routing Resources OrCAD™
Horizontal Tracks/Channel 22 22 )
Vertical Tracks/Column 13 13
PLICE Antifuse Elements 112,000 186,000
User I/0s (maximum) 57 69
Packages 44 PLCC 44 PLCC
68 PLCC 68 PLCC
84 PLCC

100 PQFP 100 PQFP
44 JQCC 44 JQCC
68 JQCC 68 JQCC

84 JQCC
84 CQFP
84 CPGA 84 CPGA

Performance
Flip-Flop Toggle Rate (maximum) 95 MHz 95 MHz
System Speed (maximum) 40 MHz 40 MHz
CMOS Process 1.2um 1.2 um

Note:

1. See Product Plan on pages 1-6 for package availability.

© 1902 Actel Corporation April 1992 1-3



Figure 1. Partial View of an ACT 1 Device

ACT 1 Device Structure

A partial view of an ACT 1 device (Figure 1) depicts four logic
modules and distributed horizontal and vertical interconnect
tracks. PLICE antifuses, located at intersections of the horizontal
and vertical tracks, connect logic module inputs and outputs.
During programming, these antifuses are addressed and
programmed to make the connections required by the circuit
application.

The Actel Logic Module

The Actel logic module is an 8-input, one-output logic circuit
chosen for the wide range of functions it implements and for its
efficient use of interconnect routing resources (Figure 2).

The logic module can implement the four basic logic functions
(NAND, AND, OR, and NOR) in gates of two, three, or four
inputs. Each function may have many versions, with different
combinations of active-low inputs. The logic module can also
implement a variety of D-latches, exclusivity function, AND-ORs,
and OR-AND:s. No dedicated hardwired latches or flip-flops are
requiredin the array since latches and flip-flops may be constructed
from logic modules wherever needed in the application.

Figure 2. ACT 1 Logic Module




ACT 1 FPGAs

I/O Buffers

Each I/O pin is available as an input, output, three-state, or
bidirectional buffer. Input and output levels are compatible with
standard TTL and CMOS specifications. Outputs sink or source
4mA at TTL levels. See Electrical Specifications for additional I/O
buffer specifications.

Device Organization

ACT 1devices consist of a matrix of logic modules arranged in rows
separated by wiring channels. This array is surrounded by a ring of
peripheral circuits including I/O buffers, testability circuits, and
diagnostic probe circuits providing real-time diagnostic capability.
Between rows of logic modules are routing channels containing
sets of segmented metal tracks with PLICE antifuses. Each channel
has 22 signal tracks. Vertical routing is permitted via 13 vertical
tracks per logic module column. The resulting network allows
arbitrary and flexible interconnections between logic modules and
I/0 modules.

Probe Pin

ACT 1devices have two independent diagnostic probe pins. These
pins allow the user to observe any two internal signals by entering
the appropriate net name in the diagnostic software. Signals may
be viewed on a logic analyzer using Actel's Actionprobe™
diagnostic tools. The probe pins can also be used as user-defined
1/Os when debugging is finished.

ACT 1 Array Performance

Temperature and Voltage Effects

Worst-case delays for ACT 1 arrays are calculated in the same
manner as for masked array products. A typical delay parameter is
multiplied by a derating factor to account for temperature, voltage,
and processing effects. However, in an ACT 1 array, temperature
and voltage effects are less dramatic than with masked devices.
The electrical characteristics of module interconnections on
ACT 1 devices remain constant over voltage and temperature
fluctuations.

As aresult, the total derating factor from typical to worst case for a
standard speed ACT 1 array is only 1.19to 1, compared to 2 to 1 for
a masked gate array.

Logic Module Size

Logic module size also affects performance. A mask programmed
gate array cell with four transistors usually implements only one
logic level. In the more complex logic module (similar to the
complexity of a gate array macro) of an ACT 1 array,
implementation of multiple logic levels within a single module is
possible. This eliminates interlevel wiring and associated RC
delays. The effect is termed “net compression.”

Ordering Information

A1010 A - 2 PL 84 C

Application (Temperature Range)

C = Commercial (0 to +75°C)
| = Industrial (-40 to +85°C)
M= Military (-55 to +125°C)
B = MIL-STD-883

E = Extended Fiow

—— Package Lead Count

—— Package Type

PL = Plastic J-Leaded Chip Carriers
PQ = Plastic Quad Flatpacks

CQ = Ceramic Quad Flatpack

JQ = J-leaded Cerquad Chip Carrier
PG = Ceramic Pin Grid Array

\— Speed Grade

Std = Standard Speed

-1 = Standard + 15% Speed
-2 = Standard + 25% Speed

—— Die Revision

—— Part Number
A1010A = 1200 Gates
A1020A = 2000 Gates
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Product Plan

Speed Grade*

Std

-1

1
N

Application

[¢]

A1010A Device

44-pin Plastic Leaded Chip Carrier (PL)
68-pin Plastic Leaded Chip Cartier (PL)

100-pin Plastic Quad Flatpack (PQ)
84-pin Ceramic Pin Grid Array (PG)

AR RN

AR Y

FXYYXNY

AR Y
Y\ Y
X

A

A1020A Device

44-pin Plastic Leaded Chip Carrier (PL)
68-pin Plastic Leaded Chip Carrier (PL)
84-pin Plastic Leaded Chip Carrier (PL)

100-pin Plastic Quad Flatpack (PQ)
84-pin Ceramic Pin Grid Array (PG)
84-pin Ceramic Quad Flatpack (CQ)
44-pin J-leaded Cerquad Chip Carrier (JQ)
68-pin J-leaded Cerquad Chip Carrier (JQ)
84-pin J-leaded Cerquad Chip Carrier (JQ)

IXXITTINY

IXYIYINIINY

FYYXIY

XYY
I

TYXTITYIYY

1
YYYIXYNO

NXXXYNO o

Applications: C
l

M
B
E

Military

Device Resources

Commercial
Industrial

MIL-STD-883
Extended Flow

Availability: »~

P =

Device
Serles

Logic

Modules  Gates

User 1/0s

44-pin

84-pin

100-pin

A1010A 295 1200

34

57

57

57

A1020A 547 2000

34

57

69

69

* Speed Grade: -1

-2

15% faster than Standard
25% faster than Standard




ACT 1 FPGAs

Pin Description

CLK Clock (Input)

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

DCLK

TTL Clock input for diagnostic probe and device programming.
DCLK is active when the MODE pin is HIGH. This pin functions
as an I/O when the MODE pin is LOW.

Diagnostic Clock (Input)

GND Ground (Input)
Input LOW supply voltage.
1/0 Input/Output (Input, Output)

I/O pin functions as an input, output, three-state, or bidirectional
buffer. Input and output levels are compatible with standard TTL
and CMOS specifications. Unused I/O pins are automatically
driven LOW by the ALS software.

MODE  Mode (Input)

The MODE pin controls the use of multi-function pins (DCLK,
PRA, PRB, SDI). When the MODE pin is HIGH, the special
functions are active. When the MODE pin is LOW, the pins
function as I/0.

NC No Connection

This pin is not connected to circuitry within the device.

PRA Probe A (Output)

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

PRB Probe B (Output)

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 I/0O 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
T/O when the MODE pin is LOW.

SDI Serial Data Input (Input)

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

Vee Supply Voltage (Input)
Input HIGH supply voltage.
Vpp Programming Voltage (Input)

Input supply voltage used for device programming. This pin must
be connected to Ve during normal operation.

1-7




Absolute Maximum Ratings

Free air temperature range Recommended Operating Conditions

Symbol Parameter Limits Units Parameter Commercial Industrial Military Units
Vee DC Supply Voltage! -0.5t0 +7.0 Volts ;e;:g::ature Oto +70 -40to +85 -5510 +125 °C
\] Input Voltage -05toVec +05  Volts

Power Supply +5 10 +10 %V
Vo Output Voltage -05t0 Vg +05  Volts Tolerance = = - ce
Ik Input Clamp Current +20 mA Note: . . .
1. Ambient temperature (T») used for commercial and industrial; case

lok Output Clamp Current +20 mA temperature (Tc) used for military.
lok Continuous Output Current +25 mA
Tsta Storage Temperature -65 to +150 °C

Stresses beyond those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. Exposure to absolute maximum
rated conditions for extended periods may affect device reliability. Device
should notbe operated outside the Recommended Operating Conditions.

Note:
1. Vpp = Vcc, except during device programming.

Electrical Specifications

Commercial Industrial Military
Parameter Units
Min. Max. Min. Max. Min. Max.
(lon = -4 mA) 3.84 v
Von!
(lon = -3.2mA) 37 37 v

Vo' (oL = 4 mA) 0.33 0.40 0.40 v
ViL -0.3 0.8 -0.3 08 -0.3 0.8 v
ViH 2.0 Veo + 0.3 20 Vge + 0.3 2.0 Vee + 0.3 v
Input Transition Time tg, t2 500 500 500 ns
Cio 1/0 Capacitance? 3 10 10 10 pF
Standby Current, Icc4 10 20 25 mA
Leakage Current5 -10 10 -10 10 -10 10 A
los Output short _ Yo = Vee) 20 140 20 140 20 140 mA
Cireuit Current® (v, = GND) -10 -100 -10 -100 -10 -100 mA

Notes:

1. Only one output tested at a time. Vg = min.

2. Not tested, for information only.

3. Includes worst-case 84-pin PLCC package capacitance. Voyr = 0V, f = 1 MHz.

4. Typical standby current = 3 mA. All outputs unloaded. All inputs = V¢ or GND.

5. Vo, V]N = VCC or GND.

6. Only one output tested at a time. Min. at Ve = 4.5 V; Max. at Vg = 5.5 V.




ACT 1 FPGAs

Package Thermal Characteristics

The device junction to case thermal characteristic is ©jc, and the
junction to ambient air characteristic is ©ja. The thermal
characteristics for 6ja are shown with two different air flow rates.

Maximum junction temperature is 150°C.

A sample calculation of the maximum power dissipation for an
84-pin plastic leaded chip carrier at commercial temperature is as
follows:

Max. junction temp. (°C) - Max. commercial temp. (°C) 150°C-70°C LW
6ja (°C/W) 44°C/W
(&) Oja
Package Type Pin Count 8jc St ir 300 Jlmln. Units
Plastic J-leaded Chip Carrier 44 15 52 40 °cw
68 13 45 35 °C/W
84 12 44 33 °CwW
Plastic Quad Flatpack 100 13 55 47 °CwW
Ceramic Pin Grid Array 84 8 33 20 °C/W
Ceramic Quad Flatpack 84 5 40 30 °C/W
J-leaded Cerquad Chip Carrier 44 8 38 30 °C/W
68 8 35 25 °Cw
84 8 34 24 °C/W

Power Dissipation

T'he following formula is used to calculate total device dissipation.

Iotal Device Power (mW) = (0.20x Nx F1) + (0.085x M x F2) +
0.80x P x F3)

Where:

F1 = Average logic module switching rate in MHz

F2 = CLKBUF macro switching rate in MHz

F3 = Average I/O module switching rate in MHz

M = Number of logic modules connected to the CLKBUF
macro

N = Total number of logic modules used in the design
(including M)

P = Number of outputs loaded with 50 pF

\verage switching rate of logic modules and of I/O modules is
ome fraction of the device operating frequency (usually
“LKBUF). Logic modules and I/O modules switch states (from
ow-to-high or from high-to-low) only if the input data changes
vhen the module is enabled. A conservative estimate for average
ogic module and I/0 module switching rates (variables F1 and F3,
espectively) is 10% of device clock driver frequency.

f the CLKBUF macro is not used in the design, eliminate the
econd term (including F2 and M variables) from the formula.

Sample A1020 Device Power Calculation

To illustrate the power calculation, consider a large design
operating at high frequency. This sample design utilizes 85% of
available logic modules on the A1020-series device (.85x 547 = 465
logic modules used). The design contains 104 flip-flops (208 logic
modules). Operating frequency of the design is 16 MHz. In this
design, the CLKBUF macro drives the clock network. Logic
modules and I/O modules are switching states at approximately
10% of the clock frequency rate (.10x 16 MHz = 1.6 MHz). Sixteen
outputs are loaded with 50 pE

To summarize the design described above: N = 464; M = 208;
F2 = 16; F1 = 4; F3 = 4; P = 16. Total device power can be
calculated by substituting these values for variables in the device
dissipation formula.

Total device power for this example =

(0.20x465x 1.6) + (0.085x 208 x 16) + (0.80x 16x 1.6) = 452 mW

1-9
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Functional Timing Tests

AC timing for logic module internal delays is determined after
place and route. The ALS Timer utility displays actual timing
parameters for circuit delays. ACT 1 devices are AC tested to a
“binning” circuit specification.

The circuit consists of one input buffer + n logic modules + one
output buffer (n=16 for A1010A; n=28 for A1020A). The logic

modules are distributed along two sides of the device, as inverting
or non-inverting buffers. The modules are connected through
programmed antifuses with typical capacitive loading.

Propagation delay [tpp = (tpLu + tpar)/2] is tested to the following
AC test specifications.

Output Buffer Performance Derating

Sink
10
8
<
E
- 6
=2 /
/
/
/
4 L4
4
2
0.2 0.3 0.4 0.5 0.8
VoL (Voits)

Source

<
£

[}

I
3 _
"
-
/ L~
4 >
P
”
’
2
40 a6 32 28 24 20

Von (Volts)

o o= == == Military, worst-case values at 125°C, 4.5 V.
e—— Commercial, worst-case values at 70°C, 4.75 V.

Note:

The above curves are based on characterizations of sample devices and are
not completely tested on all devices.




ACT 1 FPGAs

Timing Derating

Operating temperature, operating voltage, and device processing based on the recommended operating conditions for ACT 1
conditions, along with device die size and speed grade, account for commercial, industrial, and military applications. The derating
variations in array timing characteristics. These variations are curves show worst-to-best case operating voltage range and
summarized into a derating factor for ACT 1 array typical timing best-to-worst case operating temperature range.

specifications. The derating factors shown in the table below are

Timing Derating Factor (x typical)

Commercial Industrial Military
Device Best-Case  Worst-Case Best-Case  Worst-Case Best-Case ~ Worst-Case
A1010A, A1020A
Standard Speed 0.45 1.54 0.40 1.65 0.37 1.79
-1 Speed Grade 0.45 1.28 0.40 1.37 0.37 1.49
-2 Speed Grade 0.45 1.13 0.40 1.20 0.37 1.32
Note:
“Best-case” reflects maximum operating voltage, minimum operating processing. Best-case derating is based on sample data only and is not
temperature, and best-case processing. “Worst-case” reflects minimum guaranteed.
operating voltage, maximum operating temperature, and worst-case
Voltage Derating Curve Temperature Derating Curve
1.20 1.40
1.15 130
110 1.20 d
- 7
1.05 S //
5 N S 110
Q 5 ! <
8 8 4
& 100 K A
-
N 1.00 v 4
0.85 N v
0.80
0.80
//
0.85 0.80
0.80 0.70
45 475 50 525 55 -60 40 -20 O 20 40 60 80 100 120
Vee (Volts) Junction Temperature (°C)

Output Buffer Delays

D 7Y»] To AC test loads (shown below)

toLn oL e oz tpz teHz




AC Test Loads

Load 1 Load 2
(Used to measure propagation delay) (Used to measure rising/falling edges)
Voo . GND
To the output under test L ®
>——|‘ 50 pF R to Vg for te z/tpz1
| R to GND for tPHZ/tPZH
p— To the output under test R =1kQ

T

Input Buffer Delays Module Delays
-—]s Fan-out = 2
Fan-out = 2 A Y
—B
PAD Y
Vec
S,AorBA50% 50% N GND
Vee
Out 50% 50%
GND
toun
Qut
50%)
oLy torL ter
Sequential Timing Characteristics |
Flip-Flops and Latches
P P D—{ PRE |}—0Q
E —
T
(Positive edge triggered)
_.l tuo |4_
D! X X
“— tsup —'l tweika |‘—’"| i‘— ta ——4
CLK
—'l tsuena I‘—' I‘— twowki —"l
E |
fe— tco —>|
Q X X
tsuasyn I‘— hi -.l
PRE, CLR I I I
Notes: twasyn

1. D represents all data functions involving A, B, and S for multiplexed flip-flops.
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ACT 1 FPGAs

Timing Characteristics

Timing is design-dependent; actual delay values are determined
after place and route of the design using the ALS Timer utility. The
following delay values use statistical estimates for wiring delays
based on 85% to 90% module utilization. Device utilization above
95% will result in performance degradation.

With ALS place and route programs, the user can assign criticality
level to a net, based on timing requirements. Delays for both typical

Logic Module Timing
Voo = 5.0V, T, = 25°C; Process = Typical; tpp = 3.0ns @ FO = 0

and critical (speed-sensitive) nets are given below. Most nets will
fall into the “typical” category.

Less than 1% of all routing in a design requires the use of “long
tracks.” Long tracks, long vertical or horizontal routing paths, are
used by the autorouter only as needed. Delays due to the use of long
tracks range from 15 ns to 35 ns. Long tracks may be used to route
the least critical nets in a given design.

Single Logic Module Macros
(e.g., most gates, latches, multiplexors)?

Parameter Output Net FO =1 FO =2 FO =3 FO =4 FO =8 Units
tep Critical 54 58 6.2 85 Note 2 ns
tep Typical 6.3 6.7 77 86 10.8 ns

Dual Logic Module Macros
(e.g., adders, wide input gates)!

Parameter Output Net FO =1 FO = 2 FO =3 FO =4 FO =8 Units
teD Critical 92 9.6 10.0 12.3 Note 2 ns
teD Typical 10.2 10.6 11.6 125 14.6 ns

Sequential Element Timing Characteristics
Fan-Out
Parameter FO =1 FO =2 FO =3 FO =4 FO =8 Units
tsu Set Up Time, Data Latches 35 39 42 45 438 ns
tsu Set Up Time, Flip-Flops 39 3.9 39 3.9 39 ns
ty Hold Time 0 0 0 0 0 ns
tw Pulse Width, Minimum? 7.7 85 9.2 10.0 14.0 ns
tco Delay, Critical Net 54 5.8 6.2 85 Note 2 ns
tca Delay, Typical Net 6.3 6.7 77 8.6 10.8 ns
Notes:

1. Most flip-flops exhibit single module delays.
2. Critical nets have a maximum fan-out of six.
3. Minimum pulse width, tyw, applies to CLK, PRE, and CLR inputs.
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1/O Buffer Timing
Ve = 5.0V; Ty = 25°C; Process = Typical

INBUF Macros
Parameter From - To FO =1 FO =2 FO=3 FO =4 FO =8 Units
terL Padto Y 6.9 76 8.9 107 14.3 ns
teLn Padto Y 59 6.5 77 8.4 124 ns
CLKBUF (High Fan-Out Clock Buffer) Macros
Parameter FO = 40 FO = 160 FO = 320 Units
tonL 9.0 12.0 15.0 ns
ton 9.0 12.0 15.0 ns
Notes:
1. A clock balancing feature is provided to minimize clock skew. 2. There is no limit to the number of loads that may be connected to the

OUTBUF, TRIBUFF, and BIBUF Macros!

CLKBUF macro.

C_ = 50 pF
Parameter From - To CMOS TTL Units
tPHL D to Pad 3.9 4.9 ns
teLn D to Pad 72 57 ns
toHz E to Pad 52 34 ns
tozn E to Pad 6.5 49 ns
torz E to Pad 6.9 52 ns
ton E to Pad 49 59 ns
Change in Propagation Delay with Load Capacitance?
Parameter From - To CMOS TTL Units
toHL D to Pad 0.03 0.046 ns/pF
L D to Pad 0.07 0.039 ns/pF
| E to Pad 0.08 0.046 ns/pF
tozn E to Pad 0.07 0.039 ns/pF
trLz E to Pad 0.07 0.039 ns/pF
trzL E to Pad 0.03 0.039 ns/pF
Notes:
1. The BIBUF macro input section exhibits the same delays as the INBUF 2. Load capacitance delay delta can be extrapolated down to 15 pF

macro.

minimum.

Example:

Delay for OUTBUF driving a 100-pF TTL load:

tpur, = 4.9 + (.046 x (100-50)) = 4.9 + 2.3 = 7.2 ns
tpeu = 5.7 + (.039 x (100-50)) = 5.7 + 2.0 = 7.7 ns
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Soft Macro Library Overview

Macro Name  Modules Required Description Levels of Logic
Counters

CNT4A 17 4-bit loadable binary counter with clear 4
CNT4B 15 4-bit loadable bin counter w/ clr, active low carry in & carry out 4
UDCNT4A 24 4-bit up/down cntr w/ sync active low load, carry in & carry out 6
Decoders

DEC2X4 4 2 to 4 decoder 1
DEC2X4A 4 2 fo 4 decoder with active low outputs 1
DEC3X8 8 3 to 8 decoder 1
DEC3X8A 8 3 to 8 decoder with active low outputs 1
DEC4X16A 20 4 to 16 decoder with active low outputs 2
DECE2X4 4 2 to 4 decoder with enable 1
DECE2X4A 4 2 to 4 decoder with enable and active low outputs 1
DECE3X8 11 3 to 8 decoder with enable

DECE3X8A 11 3 to 8 decoder with enable and active low outputs

Latches and Registers

DLCBA 8 Octal latch with clear 1
DLES8 8 Octal latch with enable 1
DLM8 8 Octal latch with mulitplexed inputs 1
REGE8A 20 Octal register with preset and clear, active high enable 2
REGESB 20 Octal register with active low clock, preset and clear, active high enable 2
Adders

FA1 3 One bit full adder 3
FADD8 37 8-bit fast adder 4
FADD12 62 12-bit fast adder 5
FADD16 78 16-bit fast adder 5
FADD24 120 24-bit fast adder 6
FADD32 160 32-bit fast adder 7
Comparators

ICMP4 5 4-bit identity comparator 2
ICMP8 9 8-bit identity comparator 3
MCMP16 93 16-bit magnitude comparator 5
MCMPC2 9 2-bit magnitude comparator with enables 3
MCMPC4 18 4-bit magnitude comparator with enables 4
MCMPC8 36 8-bit magnitude comparator with enables 6
Multiplexors

MX8 3 8 to 1 multiplexor 2
MX8A 3 8 to 1 muitiplexor with an active low output 2
MX16 5 16 to 1 multiplexor 2
Multipliers

SMULT8 235 8 x 8 two’s complement multiplier Varies

1-15
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Soft Macro Library Overview (continued)

Macro Name  Modules Required Description Levels of ngle
Shift Registers |
SREG4A 8 4-bit shift register with clear 2
SREGSA 18 8-bit shift register with clear 2
TTL Replacements

TA138 12 3 to 8 decoder with 3 enables and active low outputs 2
TA139 4 2 to 4 decoder with an enable and active low outputs 1
TA151 5 8 to 1 multiplexor with enable, true, and complementary outputs 3
TA153 2 4 to 1 muitiplexor with active low enable 2
TA157 1 2 to 1 multiplexor with enable 1
TA161 22 4-bit sync counter w/ load, clear, count enables & ripple carry out 3
TA164 18 8-bit serial in, parallel out shift register 1
TA169 25 4-bit synchronous up / down counter 6
TA181 31 4-bit ALU 4
TA194 14 4-bit shift register 1
TA195 10 4-bit shift register 1
TA269 50 8-bit up/down cntr w/ clear, load, ripple carry output & enables 8
TA273 18 Octal register with clear 1
TA280 9 Parity generator and checker 4
TA377 16 Octal register with active low enable

Super Macros

MC 102 DRAM Controller Varies
DMA 225 Direct Memory Access Controller Varies
SINT 180 SCS! Interface Controller Varies

1-16
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Hard Macro Library Overview
T'he following illustrations show all the available Hard Macros.

2-Input Gates (Module Count = 1)

s
| L
ulo

@ |>
<
™ @ >
l Q'
=<
O
':n
N
m
<

3-Input Gates (Module Count = 1, unless indicated otherwise)
® Indicates 2-module macro

A Indicates extra delay input

AQ A A
AND3 %—E—Y ECCEJ g:CC AND3C }—Y
B =] =G
Q:_C b Y b Y
C |

il
kLJ

eAD N v &g g Y
<1 NAND3 NAND3A EC NAND3B EC NAND3C
= | = Be
A A
B Y B O Y
(9] c
A A
O
B Y B Y
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4-Input Gates (Module Count = 1, unless indicated otherwise)
@ Indicates 2-module macrc

A Indicates extra delay input

A
@ Y @ Y B Y 38 Y B @ Y
AND4 AND4A 4 anpaB C¥ Anp4c C AND4D
D | b D

NAND4

i

v

POEE Pl

@) y BHA® Y 38 y & Y
NAND4A ¢ Nanp4s C¢f NanDac &4 NanDap

D D D
s v
C ] OR4A
5
O

(&

B
NOR4A O Y
XOR Gates XOR-OR Gates XOR-AND Gates
(Module Count = 1) (Moduie Count = 1) (Module Count = 1)

AND-XOR Gates
(Module Count = 1)

° |= kb
0|m(‘)>

"fk

) =D ) >
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AND-OR Gates (Module Count = 1)
@ Indicates 2-module macro

A Indicates extra delay input
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OR-AND Gates (Module Count = 1)
@ Indicates 2-module macro

A Indicates extra delay input

A A A
B B B
OA1 Y OA1A Y OA1B Y
c 0] c | ______OC
A A A
B B B
oatc Y c 0A3 Y c oA3A }—Y
LT, b | D O
A A A
B B B
Y Y
c O Y OA2 OA2A
‘ D D
A
B
c Y
A A A
= B
c B
OAIN Y oaza DY o y
S ‘ D—————-d —— ©oAs
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Buffers (Module Count = 1)

1/0 Buffers (/0 Module Count = 1)

BIBUF

E
D b PAD

Multiplexors (Module Count = 1)

s
A
Y
B M Y
S0A
DO
D1
D2
D3
s0B
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Latches (Module Count = 1)

—TD afb— —TD oaND— —D Q}—— —D OND—
DL1 DL1A DL1B pL1C
—G — G —Qa —Qa
D-Latches with Clear (Module Count = 1)
—D Qf—— —D Qt—
DLC DLCA
—a —QG
CLR CLR
D-Latches with Enable (Module Count = 1)
—D opb— —D Q}b— —D Qf— ——D Ql—
— E DLE —(] EDLEA —— EDLEB —] E DLEC
—G —G —( G —Ja
Mux Latches (Module Count = 1)
DLME1A
—1A —]aA —A
—iB @ —{B a — B Q—
DLM DLMA —s
—s —1s —QE
—G —Je G
Adders (Module Count = 2)
—A —OA —A —A
B —iB —B —B
col— cof— cop— cop—
sk— sh— spo— s—
HA1 HA1A HA1B HA1C
—QA —A —( A0
—B —{B —(J A1
—(Jc copD— —Jo coPp— —i8 copD—
AS|— As—— —(Cc  AS|—
FA1A FA1B FA2A

Macros FA1A, FA1B, and FA2A have two level delays from the inputs to the S outputs, as indicated by the A
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D-Type Flip-Flops (Module Count = 2)

—1D Q}— ——D ©ON —]D Q —D GON
DF1 DF1A DFiB DF1C
—p — —o —p
D-Type Flip-Flops with Clear
—ID a}— —bD Q —D Q —D ON
DFC1 DFC1A DFC1B DFC1C
—p —p —p Q —b
CLR CLR CLR CLR
—J D Qt— —‘ D OGN -——J D ON —D ON
DFC1D DFCIE DFCIF DFC1G
—> —P —p —
CLR CLR CLR CLR
D-Type Flip-Flops with Preset
PRE PRE PRE PRE
—D Q—— —D Q —D Q —D ON
DFP1 DFP1A DFP1B DFP1C
— — — —p
PRE PRE PRE PRE
—D QfF— ——D ON —D ON —D ON
DFP1D DFP1E DFP1F DFP1G
—> —p — —op
D-Type Flip-Flops with Preset and Clear I l
PRE PRE
—D Q —D Q
DFPC DFPCA
—>
CLR CLR
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D-Type Flip-Flops with Enable (Module Count = 2)

PRE PRE PRE
—D of}— —D Q}— —D Q}— —D Q —D a}— —po o}—
— E DFE — EDFEA —) E DFE1B —— E DFEB —— E DFEC —] E DFED
—p —p — —p - —p

CLR CLR CLR

JK Flip-Flops (Module Count = 2)

PRE
—J ob— — Qfb—
—P IKF ——P JKFPC
—J kK —g K
CLR
Mux Flip-Flops (Module Count = 2)
DFME1A
—A —A —A —A
—B a —B e —B a —]B Qpf—
DFM DFMA DFMB —_—1s
—]s —]s —s —(E
> D> —P cn —P CLK

CLKBUF Interface Macros (Module Count = 1)

U
0/
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Package Pin Assignments

(Top View)
o [a)
Q Q -4
= G = I}
AnoOnaoOonn[an aonoooonaonnanonaon
6 54 3 214443424140 987 654 3 2 1686766656463 6261
39 (1 PRB or I/0 60 (3
38 1 PRA or 1/0 5 1 PRB or 1/0
37 A DCLK or /O 58 (1 PRA or /O
36 3 SDlor I/O 573 DCLK or I/O
35 A Vee GND 56 (3 SDI or /O
44";'(":‘ 34 1 MODE GND 55 B Voo
PL 33 3 CLK or /O 54 1 MODE
32 3 GND 533
313 68-PIN 52 3 CLK or 1/0
30 2 pLCC 51 E
29 O 50
18 19 20 2122 2324 25 2627 28 Vee 49 g GND
OOU0O000Oog ﬁ:
g >8 46 E
o Vpp a5
443
27 28 20 30 31 3233 34 3536 37 3839 40 4142 43
UUUUUHUUUUUUUUUUU
Q
=4 (&}
G >
Q
a <]
Q = e
g 5] =
11109 87 6 5 4 3 2 1848382818079 78777675
NC 74 1 PRA or I/O
73 2 DCLK or I/O
723 8Dl or 1/O
ral=
700
69 [
GND 68 B Ve
GND 67 [ Voo
ss @ MODE
65 [
84-PIN 64 1 CLK or I/0
PLCC 63 1
62 3
Vcc 61 GND
Vee 50 11 GND
59 1
s8 3
57 3
56 (3
55 (3
54
33 34 35 36 37 38 39 40 4142 43 4445 46 47 48 49 50 5152 53
L]"LILILILILJUHLI oouooooogaao
o o)
> G >
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/0 pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Package Pin Assignments (continued)

(Top View)

CLK or /0 E=—]
]

MODE C——]

Vee
cc
NG ——]

NC ——]

NC ——]
SDI or I/0 c——1—]
DCLK or |/O =—1—
PRA or |/0 11—

[a)
4

8

A

CLK or I/0 =1—

—

MODE ==
Vee

I

]

 mngns § —
SDI or /0 —m—]

DCLK or 1/0 =—1—
PRA or 1/0 ]

@
S
©
~
@
~
o
~
o
3
5
@
N
N
=
~
=1
D
<3
o
@
o
N
[+23
a
»
w
[
N
2
o
o
o
4
@
=N
o
@
o
o
[°d
g
[
N
2

A1010A s
100-Pin a1
PQFP 4

34
33
0 O3
31

Notes:

1. Vpp must be terminated to Vi, except during device programming.
2. MODE must be terminated to circuit ground, except during device

programming or debugging.

Veo

Q
zZzzZ

GND

80797877768757473727170696867 666564636261605958 57565554 535251 50|

49 :
48
47

A1020A 42
100-Pin 4
PQFP P

34
3.
o Os

0 31
1234567 8 9101112131415161718192021222324252627282930

MUbALb oAy

8 QOO0
e 2222

NC

NC

NC

NC

NC

PRB or |/O
GND

NC
NC

Vee
Vee

GND
GND

NC
NC

Vee
Vee

GND
GND

3. Unused I/O pins are designated as outputs by ALS and are driven low.
4. All unassigned pins are available for use as I/Os.
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Package Pin Assignments (continued)

o
3 =
> G
onooononnan
6 54 3 2 14443424140
38 O PRB or I/O =
38 [3 PRA or I/O B PRB or I/O
37 A DCLK or {/O B PRA or I/O
GND 38 3 SDi or I/O F DCLK or 1/O
44-PIN 35 [ Voo GND (3 SDl or I/1O
-cc 34 1 MODE GND [ Voo
JaQ a3 [ CLK or /O B MODE
Vee 32 [ GND 3 [
31 [ 3 CLK or /O
Vep 303 o]
29 3 ]
18 19 20 2122 2324 25 2627 28 Vee gGND
goooooouoao =]
g 8 =]
& = =
\
PP -
27 28 20 3031 3233 34 3536 37 3839 40414243
UULILILJHL!L]U g oy
Q
=4 (3]
G =
e
a <]
8 z &
> [©] [
onoaononNonnadnnNnOAnNnnNnn
1110 9 8 7 6 5 4 3 2 1 848382818079 78777675
NC O 12 74 A1 PRA or 1/O
13 73 3 DCLK or I/O
14 72 @ SDl or I/O
15 g
16 70 3
17 69 [
GNDO 18 68 [ Vcc
GNDO 19 67 B Vee
20 66 9 MODE
21 65 1
22 84-PIN 64 (3 CLK or I/O
2 Jace =
24 62 1
Voc H 25 61 (1 GND
Vee 26 60 9 GND
27 50 [ 3
28 58 1
20 s7 3
30 56 3
31 55 (3
32 54 1
33 34 35 36 37 38 39 40 4142 43 44 45 46 47 48 49 50 515253
guooouodoooouooooogoo
E 9 8
> & >
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/0 pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as 1/Os.

programming or debugging.
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Package Pin Assignments (continued)

i 2 3 4 5 6 7 8 9 10 11
AM[OOOOOO0O0OO0OO
sll00 000000000
clooe o0o0o0 00
plloo <& 00
ello oo 00O
Fllo 0O pasiley 00O
SileXeXe) 00O
H||lo O 00
NileRe) 00O oXe)
klooooooooo000
Lloooooo0o00000

@ Orientation Pin (C3)

Signal A1010-Serles Devices A1020-Series Devices
PRA Al1 Al1
PRB B10 B10
MODE E11 E11
SDi B11 B11
DCLK C10 C10
Vpp K2 K2
CLKor /O F9 F9
GND B7, E2, ES3, K5, F10, G10 B7, E2, E3, K5, F10, G10
Vee B5, F1, G2, K7, E9, E10 BS5, F1, G2, K7, E9, E10
N/C (No Connection) B1, B2, C1, C2, K1, J2, L1, J10, K10, K11, C11, D10, D11 B2
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/0 pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Package Pin Assignments (continued)

8
Pin #1 >
Index 84 83 82 81 80 79 78 77

63 PRA or I/0
62 DCLK or I/O
61 SDI or 1/0
60

59

58

87 Vpp

56 VDD

55 MODE

54

83 CLK or {/O
52

51

50 GND

49 GND

Notes:
1. Vpp must be terminated to V¢c, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as 1/0s.

programming or debugging.
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Package Mechanical Details
J-Leaded Cerquad Chip Carrier

Pin 1 Index Chamfer

| D
. I -
023" min. —-1 '-* D1
050" BSC — @| / =
~—Y-q=d | 0.007” =
TTRI | oort” =
AL =
028" + .003" L':.J =
[
T 0 E1 E
$ i :
AL =}
019" x 003" L1
- 5
T ;
ul v
105" +.010" *1 <t
155"
180"
Lead Count D, E D1, E1
44 690" + 005" 650" + 008"
68 990" + 005" 950" + .008"
84 1.190" % .005" 1.150" + 008"
Plastic J-L.eaded Chip Carrier
| E
= E1 >‘]
r/nnnnnnnnnnn .
O M
x_ O ° =l
-5 — O |
O M
050" + 005" = =
g B p1 D
O )
018" + 003" = =
jm 3
jou =
) O 3
020" rmin. DOOUOOO00 00— ——_ Y
029" + 003"
475" % 010"
Lead Count D E D1, E1
44 690" + 005" 655" + 005"
68 990" + 005" 955" + 005"
84 1.190" + 005" 1.155" + 005"
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Package Mechanical Details (continued)
Ceramic Pin Grid Array

- -z
( ‘—/ ) e
o\ \ | =
- 3
— 018" + 002"
I
e
_____I_‘I_OO_Ftyp
——
\ Y, —
I —
- J =
.120”
1.100" £ .020" square 080" 140"
1107
(OO0 00000000
O0O00000000O0
O O (O ON0] (ONO)
(OO O O
O 0O (ONONGO]
O0O0 O O O] 10008sc
000 000
O O oNe)
coe (ONONO] (oNe)
ONONONONONONONONONONG)
[TO O 00000000

@ Orientation Pin
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Package Mechanical Details (continued)
Ceramic Quad Flatpack

’<—' 0.058” = .010”
Pin #1

Index

[<— 0.085” + .010”

| =

C——
——

.010"”

+

.002"

| PP

.025” + .005"

Tanh
H 050" + 010"
0.350" + 025"
< 0.006" + 002"

——————1
_I
C——— 1l
—
C— I
_|
—

l

|

"i

T

Lead Count D E D1, E1
84 1.350" + .030” 0.650” + .010"
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ACT™ 2

Acls/]

Gate Arrays

Field Programmable

Features

e Up to 8000 Gate Array Gates
(20,000 PLD/LCA™ equivalent gates)

Replaces up to 210 TTL Packages

Replaces up to 69 20-Pin PAL Packages
Design Library with over 250 Macros
Single-Module Sequential Functions
Wide-Input Combinatorial Functions

Up to 1232 Programmable Logic Modules
Up to 998 Flip-Flops

16-Bit Counter Performance to 85 MHz
16-Bit Accumulator Performance to 33 MHz

Two In-Circuit Diagnostic Probe Pins Support Speed
Analysis to 50 MHz

Two High-Speed, Low-Skew Clock Networks
I/O Drive to 10 mA

Nonvolatile, User Programmable

Logic Fully Tested Prior to Shipment

Product Family Profile

Device A1280 A1240 A1225
Capacity
Gate Array Equivalent Gates 8,000 4,000 2,500
PLD/LCA Equivalent Gates - 20,000 10,000 6,250
TTL Equivalent Packages 210 105 70
20-Pin PAL Equivalent Packages 69 34 23
Logic Modules 1,232 684 451
S-Modules 624 348 231
C-Modules 608 336 220
Flip-Flops (maximum) 998 565 382
Routing Resources
Horizontal Tracks/Channel 36 36 36
Vertical Tracks/Column 15 15 15
PLICE® Antifuse Elements 750,000 400,000 250,000
User I/Os (maximum) 140 104 83
Packages! 176 CPGA 132 CPGA 100 CPGA
160 PQFP 144 PQFP 100 PQFP
172 CQFP 84 PLCC 84 PLCC
Performance?
16-Bit Counters 55 MHz 75 MHz 85 MHz
16-Bit Accumulators 30 MHz 33 MHz 33 MHz
CMOS Process 1.2 um 1.2 um 1.2 ym

Note:
1. See product plan for package availability.

2. Performance is based on a -1 speed graded device at commercial
worst-case operating conditions.

Figure 1. A1280 176-Pin CPGA

Description

The ACT™ 2 family represents Actel’s second generation of field
programmable gate arrays (FPGAs). The ACT 2 family presents a
two-module architecture, consisting of C-Modules and S-Modules.
These modules are optimized for both combinatorial and
sequential designs. Based on Actel’s patented channeled array
architecture, the ACT 2 family provides significant enhancements
to gate density and performance while maintaining upward
compatibility with the ACT 1 design environment. The devices are
implemented in silicon gate, 1.2-um, two-level metal CMOS, and
employ Actel's PLICE antifuse technology. This revolutionary
architecture offers gate array design flexibility, high performance
and fast time-to-production through user programming. The ACT
2 family is supported by the Action Logic™ System (ALS), which
offers automatic pin assignment, validation of electrical and design
rules, automatic placement and routing, timing analysis, user
programming, and debug and diagnostic probe capabilities. The
Action Logic System is supported on the following platforms:
386/486 PC and Sun®, HP® and Apollo® workstations. It provides
CAE interfaces to the following design environments: Valid™,
Viewlogic®, Mentor Graphics®, HP DCS and OrCAD™,

© 1992 Actel Corporation

April 1992 1-35
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ACT 2 Architecture

This section of the datasheet is meant to familiarize the user with
the architecture of ACT 2 family devices. A generic description of
the family will be presented first, followed by a detailed description

similar for all devices in the family, differing only in the number of
rows, columns, and I/Os.

Table 1. Array Sizes

of the logic blocks, the routing structure, the antifuses, and the Device Rows Columns Logic o
special function circuits. Diagrams for the A1280, A1240, and A1280 18 82 1232 140
A1225 are provided at the end of the datasheet. The additional

circuitry required to program and test the devices will not be A1240 14 62 684 104
covered. A1225 13 46 451 83

Array Topology

The ACT 2 family architecture is composed of five key elements or
building blocks: Logic modules, I/O modules, Routing Tracks,
Global Clock Networks, and Probe Circuits. The basic structure is

The Logic and I/O modules are arranged in a two-dimensional
array (Figure 2). There are three types of modules: Logic, 1/0, and
Bin. Logic and I/O modules are available as user resources. Bin
modules are used during testing and are not available to users.

0 10 20 30 70 80
4 1 N AT T N Y T T O T AN A A A B
70 80

1e[| [ lslslclclsls|c|clslsIclonlslclcls|s|c|cls|s|o|o|s|s|olc|s|sI...IslschCISISICICISISLCICI 1]

[ X X ]

0 10 20 30 70 80
sl [1IsIs[c[cIsIsIcIcIs]sIcIcIsIsIcIcIsIs[ccIsIsIcIcIs[sIcIcIs[S|e e o[SISICICISIS[CICIS]SICICI I 1]
0 30 70 80
701 IsISICICISIsICIC]sIslclclslslolcls[slclclslslolclslslolclslsﬂ...lsIslclc]slslclolslslclcl 171}

10 20 30 70 80
6[! [1[s[s]cIcISISIcIcs]s]cIcISISICIcISIsIcICISISICICISISICIC[S]S]e o o[S[S[CICISISICICISISICICTI 1]
10 30 70 80
5|| [ 1sIslorclslslclclsIslclclslslclclslslclclslslclcls|sIc[c[slsl...lslsldclslslclclsIslolcl 1]
0 10 20 30 70 80
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Logic Modules

Logic modules are classified into two types: combinatorial
C-modules and sequential S-modules (sec Figures 3 and 4). The
C-module is an enhanced version of the Act 1 family logic module
optimized to implement high fan-in combinatorial macros, such as
S-input AND, 5-input OR, etc. The S-module is designed to
implement high speed flip-flop functions within a single module.
S-modules also include combinatorial logic, which allows an
additional level of logic to be implemented without additional
propagation delay. C-modules and S-modules are arranged in pairs
called module-pairs. Module-pairs are arranged in alternating pairs
(shown in Figure 2) and make up the bulk of the array. This
arrangement allows the placement software to support two-module
macros of four types (CC, CS, SC, and SS). I/O-modules are
arranged around the periphery of the array.

The combinatorial module (shown in Figure 2) implements the
following function:

Z = 181 * (D00 * IS0 + D01 * S0) + S1* (D10 * S0 + D11 *S0)

=1D00
= Do1
— D10

—D11
S1 SO

Up to 8-input function

Figure 3. C-Module Implementation

The sequential module implements this same function Z, followed
by a sequential block. The sequential block can be configured to
implement either a D-type flip-flop or transparent latch. It can also

S0 = AD*BO be fully transparent so that S-modules can be used to implement
S1 =Al+B1 purely combinatorial functions. The function of the sequential
module is determined by the macro selection from the design
library of hard macros. Allowable S-module implementations are
shown in Figure 4.
—{ D00 -1 DGO
— Do1 CLR —1 DO1
— D10 Y— ocwk |— OouT —p10 Y — OuT
—{ D11 7aN o1 GATE
S1 S0 S1 SO

Up to 7-input function plus D-type flip-flop with clear

CLR

v L our
D1 GATE

— D0

Up to 4-input function plus fatch with clear

Up to 7-input function plus latch

— D00
—1 DO1
—{ D10
— D11
Sé SO

Up to 8-input function (same as C-Module)

Yp— Out

Figure 4. S-Module Implementations
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1/Os

The I/O architecture consists of pad drivers located near the
bonding pads and I/O modules located in the array. Top/bottom
1/0 modules are located in the top and bottom rows respectively.
Side /O modules occupy the leftmost two columns and the
rightmost two columns of the array. The function of all I/O
modules is identical, but the top/bottom I/O modules have a
different routing interface to the array than the side I/O modules.
I/Os implement a variety of user functions determined by library
macro selection.

Special Purpose 1/0Os

Certain I/O pads are temporarily used for programming and
testing the device. During normal user operation, these special I/O
pads areidentical to other I/O pads. The following special I/O pads
and their functions, are shown in Table 2.

Table 2. Special I/0 Pads

SOl Serial Data In

SDIO Serial Data Out
BININ Binning Circuit In
BINOUT Binning Circuit Out
DCLK Serial Data Clock In
PRA Probe A Output
PRB Probe B Output

Two other pads, CLKA and CLKB, also differ from normal I/Os in
that they can be used to drive the global clock networks. Power,
Ground, and Programming pads are not considered I/O functions.
Their function is summarized as follows:

VCCA, VCCQ, VCCI Power

GNDA, GNDQ, GNDI Circuit Ground

VSV, VKS Programming Pads

MODE Program/Debug Control
1/0 Pads

1/0 pads are located on the periphery of the die and consist of the
bonding pad, the high-drive CMOS drivers, and the TTL
level-shifter inputs. Each I/O pad is associated with a specific I/O
module. Connections form the I/O pad to the I/O module are
made using the signals DATAOUT, DATAIN and EN (shown in
Figure 5).

OUTEN SELECT

(global)

o 1) >—

SEL
DATAOUT ———— DO Y

e

SDATA

DATAIN
Figure 5. 1/O Pad Signals

1/0 Modules

There are two types of I/O modules: side and top/bottom. The I/O
module schematic is shown in Figure 6. In the side IO modules,
there are two inputs supplying the data to be output from the chip:
UO1 and UO2. (UO stands for user output). Two are used so that
the router can choose to take the signal from either the routing
channel above or the routing channel below the I/0O module. The
top/bottom I/O modules interact with only one channel and
therefore have only one UO input.

TO TRACKS TO PAD BUFFER
EN » EN
SLEW » SLEW

(regional)
uo1t
D1
uo2 Y > DATAOUT
DO
SEL
_ 1
GOuUT
D1
Y - Y
DO DATAIN
SEL
GIN
INEN
(global)

Figure 6. 1/0 Module
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The EN input enables the tristate output buffer. The global signals
INEN and OUTEN (Figure 5) are used to disable the inputs and
outputs during certain test modes. Latches are provided in the
input and output path. When GOUT is low, the output signal on
UOV/UO2 s latched. When it is high, the latch is transparent. The
latch can be used as the second stage of a rising-edge flip-flop as
described in the Applications note accompanying this data sheet.
GIN is the reverse of GOUT. When GIN is high, the input data is
latched; when it is low, the input latch becomes transparent.

The output of the module, Y, is used for data being input to the
chip. Side I/O modules have a dedicated output segment for Y
extending into the routing channels above and below it (similar to
logic modules). Side I/0 modules may also connect to the array
through nondedicated Long Vertical Tracks (LVTs). Top/Bottom
1/O modules have no dedicated output segment. Signals coming
into the chip from the top or bottom must be routed using F-fuses
and LVTs (F-fuses and LVT5 are explained in detail in the routing
section). As a result, I/O signals connected to I/O modules on
either the top or bottom of the array may incur a slight delay
penalty (~ InS) over signals connected to I/O modules on the sides.

Hard Macros

Designing within the Actel design environment is accomplished
using a building block approach. Over 250 logic function macros
are provided in the ACT 2 design library. Hard macro logic
functions range from simple SSI gates such as AND, NOR, and
Exclusive OR to more complex functions such as flip-flops with 4:1
Multiplexed Data inputs. Hard macros are implemented in the
ACT 2 architecture by using one or more C-modules or S-modules.
Over 150 of the macros are implemented in a single module, while
several two-module macros are also available. Two-module hard

macros always utilize a module-pair, either 8§, CC, CS, or SC.
Because one- and two-module macros have small propagation
delay variances, their performances can be predicted very
accurately. Hard macro propagation delays are specified in the
datasheet. Soft macros are comprised of multiple hard macros
connected together to form complex functions. These functions
range from MSI functions to 16-bit counters and accumulators. A
large number of TTL equivalent hard and soft macros are also
provided. Soft macro delays are not specified in the datasheet.

Routing Structure

The ACT 2 architecture uses Vertical and Horizontal routing
tracks to interconnect the various logic and I/O modules. These
routing tracks are metal interconnects that may either be of
continuous length or broken into pieces called segments. Segments
can be joined together at the ends using antifuses to increase their
lengths up to the full length of the track.

Horizontal Routing

Horizontal channels are located between the rows of modules and
are composed of several routing tracks. The horizontal routing
tracks within the channel are divided into one or more segments.
The minimum horizontal segment length is the width of a
module-pair, and the maximum horizontal segment length is the
full length of the channel. Any segment that spans more than
one-third the row length is considered a long horizontal segment.
A typical channel is shown in Figure 7. Nondedicated horizontal
routing tracks are used to route signal nets. Dedicated routing
tracks are used for the global clock networks and for power and
ground tie-off tracks.

MODULE ROW

CLKO

NVCC

SIGNAL

®)

TRACK > ?

SEGMENT

SIGNAL

(LHT)

O
@)
Q

@)
@)

SIGNAL

NVSS

CLK1

MODULE ROW

Figure 7. Horizontal Routing Tracks and Segments
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Vertical Routing

Other tracks run vertically through the modules. Vertical tracks are
of three types: input, output, and long. Vertical tracks are also
divided into one or more segments. Each segment in an input track
is dedicated to the input of a particular module. Each segment in an
output track is dedicated to the output of a particular module. Long
segments are uncommitted and can be assigned during routing.
Each output segment spans four channels (two above and two
below), except near the top and bottom of the array where edge
effects occur. LVTs contain either one or two segments. An
example of vertical routing tracks and segments is shown in Figure 8.

Antifuse Structures

An antifuse is a “normally open” structure as opposed to the
normally closed fuse structure used in PROMs or PAL®s. The use
of antifuses to implement a Programmable Logic Device results in
highly testable structures as well as efficient programming
algorithms. The structure is highly testable because there are no
pre-existing connections, therefore temporary connections can be
made using pass transistors. These temporary connections can
isolate individual antifuses to be programmed as well as isolate
individual circuit structures to be tested. This can be done both
before and after programming,. For example, all metal tracks can be
tested for continuity and shorts between adjacent tracks, and the
functionality of all logic modules can be verified.

- LVTs
S-MODULE C-MODULE MODULE ROW
VF,
®
CHANNEL
o
VERTICAL INPUT ™ XF
SEGMENT
FF
L
S-MODULE C-MODULE

Figure 8. Vertical Routing Tracks and Segments

Antifuse Connections

Four types of antifuse connections are used in the routing structure
of the Act 2 array. (The physical structure of the antifuse is identical
in each case, only the usage differs.) The four types are:

XF Cross connected antifuse Most intersections of horizontal and vertical tracks have an XF that connects the
perpendicular tracks.

HF Horizontally connected antifuse Adjacent segments in the same horizontal track are connected end-to-end by an HF.

VF Vertically connected antifuse Some long vertical tracks are divided into two segments. Adjacent long segments
are connected end-to-end by a VF.

FF “Fast-Fuse” antifuse The FF connects a module output directly to a long vertical track.

Examples of all four antifuse connections are shown in Figures 7 and 8.
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Antifuse Programming

The ACT 2 family uses the PLICE™ antifuse developed by Actel.
The PLICE element is programmed by placing a high voltage (~20
V) across the element and supplying current (~5 mA) for a short
duration (< 1ms). In the ACT 2 architecture, most antifuses are
programmed to ~500 ohms resistance, except for the F-fuses which
are programmed to ~250 ohms. The programming circuits are
transparent to the user.

Clock Networks

Two low-skew, high fan-out clock distribution networks are
provided in the ACT 2 architecture (Figure 9). These networks are
referred to as CLK0 and CLK1. Each network has a clock module
(CLKMOD) that selects the source of the clock signal and may be
driven as follows:

1. externally from the CLKA pad

2. externally from the CLKB pad

3. internally from the CLKINA input

4. internally from the CLKINB input

The clock modules are located in the top row of I/O modules. Clock

drivers and a dedicated horizontal clock track are located in each
horizontal routing channel.

crke [ CLKINB

CLKA g—-" ,— CLKINA

FROM INTERNAL
PADS cikmop [— SO SIGNALS
— S1

CLKO(17)

CLOCK
DRIVERS

CLKO(16)

3

CLKO(15)

—_[}III

CLKO@)

CLKO(1)

V‘7Y7

B

CLOCK TRACKS

Figure 9. Clock Networks

The user configures the clock modulé byselecting one of two clock
macros from the macro library. The macro CLKBUF is used to
connect one of the two external clock pins to a clock network, and
the macro CLKINT is used to connect an internally generated
clock signal to a clock network. Since both clock networks are
identical, the user does not care whether CLKO or CLK1 is being
used.

The clock input pads may also be used as normal I/Os, by-passing
the clock networks.

Module Interface

Connections to Logic and I/O modules are made through vertical
segments that connect to the module inputs and outputs. These
vertical segments lie on vertical tracks that span the entire height of
the array.

Module Input Connections

Vertical tracks span the vertical height of the array. The tracks
dedicated to module inputs are segmented by pass transistors in
each module row. During normal user operation, the pass
transistors are inactive (off), which isolates the inputs of a module
from the inputs of the module directly above or below it. During
certain test modes, the pass transistors are active (on) to verify the
continuity of the metal tracks. Vertical input segments span only
one channel. Inputs to the array modules come either from the
channel above or the channel below. The logic modules are
arranged such that half of the inputs are connected to the channel
above and half of the inputs to segments in the channel below
(Figure 10).

Module Output Connections

Module outputs have dedicated output segments. Qutput segments
extend vertically two channels above and two channels below,
except at the top or bottom of the array. Output segments twist, as
shown in Figure 10, so that only four vertical tracks are required.

LVT Connections

Outputs may also connect to non-dedicated segments (LVTs).
Each module pair in the array shares three LVTs that span the
length of column as shown in Figure 9. Any module in the column
pair can connect to one of the LVTs in the column using an FF
connection. The FF connection uses antifuses connected directly
to the driver stage of the module output, by-passing the isolation
transistor. FF antifuses are programmed at a higher current level
than HE, VF, or XF antifuses to produce a lower resistance value.

Antifuse Connections

In general every intersection of a vertical segment and a horizontal
segment contains an unprogrammed antifuse (XF-type). One
exception is in the case of the clock networks.
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Figure 10. Logic Module Routing Interface

Clock Connections S-module inputs can be connected to the clock networks. To further
reduce loading on the clock network, only a subset of the horizontal
To minimize loading on the clock networks, only a subset of inputs routing tracks can connect to the clock inputs of the S-Module.
has fuses on the clock tracks. Only a few of the C-module and Both of these are illustrated in Figure 11.
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Ct C2
CLKo P N2 NI N 2 N
V7N~ N P v Clock
CLK1 ( ) AN A AN A Tracks
/. VAANVERNVERNY RNV
MDD DD DD
AN 7N~ A N7 N~ A N PN
OO OO Normal
DDA N Rauting
A AN N VN ( ) Tracls
D\ N N
A\ AR NPT aa N \//\v/

Anti Fuses /

Deleted

Figure 11. Fuse Deletion on Clock Networks
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Programming and Test Circuits

The array of logic and I/O modules is surrounded by test and
programming circuits controlled by the external pins: MODE, SDI,
DCLK. The function of these pins is summarized below. When
MODE is low (GND), the device is in normal or user mode. When
MODE is high (VCC), the device is placed into one of several
programming or test states. The SDI pin (when MODE is high) is
used to input serial data to the Mode register and various address

registers surrounding the array. Data is clocked into these registers
using the DCLK pin. The registers are connected as a long series of
shift registers as shown in Figure 12. The Mode register determines
the test or programming state of the device. Many of the test modes
are used during wafer sort and final test at the factory. Other test
modes are used during programming in the Activator® 2, and some
of the modes are available only after programming. The
Actionprobe® function is one such function available to users.

MODE REGISTER <1 SDI
<G==0 ocik
Y1<0> Y1 REGISTER Yi<c> <G==0 moDE
Y2<0> Y2 REGISTER Y2<c>

¢ A
v v
= [
o

i i
2 &
8 MODULE ARRAY o]
o 1]
- o«
2 3
g 3
Al Y
. S

SDO & OTHER REGISTERS
Figure 12. ACT 2 Shift Register
Actionprobe A pattern of “1s” and “0s” is shifted into the device from the SDI

If a device has been successfully programmed and the security fuse
has not been programmed, any internal logic or I/O module output
can be observed using the Actionprobe circuitry and the PRA
and/or PRB pins. The Actionprobe Diagnostic system provides the
software and hardware required to perform real-time debugging.
The software automatically performs the following functions.

pin at each positive edge transition of DCLK. The complete
sequence contains 10 bits of counter, 21 bits of Mode Register, n
bits of zeros (filler of unused fields, where n depends on the
particular device type), R bits of X2, C bits of Y2, R bits of X1, Cbits
of Y1, and a stop bit (“0” or “1”). After the stop bit has been shifted
in, DCLK is left high (see definitions below). X1 and Y1 represent
the (X,Y) location in the array for the Actionprobe output, PRA.
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X2 and Y2 represent the (X,Y) location in the array for the
Actionprobe output, PRB. R and C are the row and column size as
defined in Table 1. The filler bits, counter pattern, and Mode
register pattern are shown in Table 3. Addressing for rows and
columns is active high, i.e. unselected rows and columns are “zeros”

Table 3. Bit Stream Definitions for Actionprobe Diagnostics

and the selected row and column is “high.” The timing sequence is
shown in Figure 13. The recommended frequency is 10 MHz with
10 nS setup and hold times allowing for SDIand DCLK transitions.
The selected module output will be present at the PRA or PRB
output approximately 20 nS after the stop-bit transition.

Device Probe_Mode Filler (n) Counter_Pattern Mode_Register_Pattern # of clocks
A1280 Probe A only 443 0011011111 000000110001111100000 675
A1280 Probe B only 443 0011011111 000000101001111100000 675
A1280 Probe Aand B 443 0011011111 000000111001111100000 675
A1240 Probe A only 361 1111000001 000000110001111100000 541
A1240 Probe B only 361 1111000001 000000101001111100000 541
A1240 Probe A and B 361 1111000001 000000111001111100000 541
A1225 Probe A only 308 1101011010 000000110001111100000 458
A1225 Probe B only 308 1101011010 000000101001111100000 458
A1225 Probe Aand B 308 1101011010 000000111001111100000 458

For Example: Selecting PRA for A1280 results in the following bit stream:

0011011111_000000110001111100000

(443 zeros)_X2<0>..X2< 17>_Y2<8_i >..¥Y2<0> _X1<0>..X1<0>..X1<17>_Y1<0>..Y1<81>_0,

where “_” is used for clarity only.

FILLER ZEROS

|-— LOAD COUNTER —»l-— LOAD MODE REG —»{ll-— X, Y ADDRESS ———-| sToP |<—— PROBING —-| NEXT >

MODE_J

Figure 13. Timing

Waveforms
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Ordering Information

A1280 - =1 PG

176 (o]
_I: Application

Package Lead Count

— Package Type

— Speed Grade

— Die Revision
(future)

— Part Number

Product Plan

Speed Grade Application
Std —-1* C I M B E

A1280 Device
176-pin Ceramic Pin Grid Array (PG) I I I - Id 4 -
160-pin Plastic Quad Flatpack (PQ) » - e %4 - - -
172-pin Ceramic Quad Flatpack (CQ) » P » . 2 - 2
A1240 Device
132-pin Ceramic Pin Grid Array (PG) I I » - P 1% -
144-pin Plastic Quad Flatpack (PQ) Id I P P - - -
84-pin Plastic Leaded Chip Carrier (PL) » [d 4 [ - — -
A1225 Device
100-pin Ceramic Pin Grid Array (PG) I I I - — - -
100-pin Plastic Quad Flatpack (PQ) > » » » - - -
84-pin Plastic Leaded Chip Carrier (PL) I3 I » 1 — - -
Applications: C = Commercial Awailability: » = Available

| = Industrial P = Planned

M = Military — = Not Planned

B = 883B

E = Extended Flow
* Speed Grade: -1 = 15% faster than Standard
Device Resources

User [/Os
CPGA PQFP PLCC CQFP

Device Logic
Series Modules Gates 176-pin  132-pin  100-pin 160-pin  144-pin  100-pin 84-pin 172-pin
A1280 1232 8000 140 —- - 125 - - - 140
A1240 684 4000 — 104 - - 104 - 72 -
A1225 451 2500 . . 83 - — - 72 -
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Pin Description

CLKA Clock A (Input)

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 I/O.

CLKB Clock B (Input)

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 I/O.

DCLK

TTL Clock input for diagnostic probe and device programming.
DCLK is active when the MODE pin is HIGH. This pin functions
as an 1/O when the MODE pin is LOW.

Diagnostic Clock (Input)

GND Ground (Input)
Input LOW supply voltage.
1/0 Input/Output (Input, Output)

1/0 pins function as an input, output, three-state, or bidirectional
buffer. Input and output levels are compatible with standard TTL
and CMOS specifications. Unused I/O pins are automatically
driven LOW by the ALS software.

MODE  Mode (Input)

The MODE pin controls the use of multi-function 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 Probe A (Output)

The Probe A pin is used to output data from any user-defined
design node within the device. This independent diagnostic pin is
used in conjunction with the Probe B pin to allow real-time
diagnostic output of any signal path within the device. The Probe A

pin can be used as a user-defined I/O when debugging has been
completed. The pin’s probe capabilities can be permanently
disabled to protect programmed design confidentiality. PRA is
active when the MODE pin is HIGH. This pin functions as an I/O
when the MODE pin is LOW.

PRB Probe B (Output)

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 I/O when debugging has been
completed. The pin’s probe capabilities can be permanently
disabled to protect programmed design confidentiality. PRB is
active when the MODE pin is HIGH. This pin functions as an I/O
when the MODE pin is LOW.

SDI Serial Data Input (Input)

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

SDO Serial Data Output (Output)

Serial data output for diagnostic probe. SDO is active when the
MODE pin is HIGH. This pin functions as an I/O when the
MODE pin is LOW.

Vee Supply Voltage (Input)
Input HIGH supply voltage.
Vks Programming Voltage (Input)

Input supply voltage used for device programming. This pin must
be connected to GND during normal operation.

Vpp Programming Voltage (Input)

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

Vgy Programming Voltage (Input)

Input supply voltage used for device programming. This pin must
be connected to Ve during normal operation.
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Absolute Maximum Ratings
Free air temperature range

Symbol Parameter Limits Units
Veo DC Supply Voltage!-2.3 -05t0 +7.0 Volts
Vi Input Voltage -05toVeg +05  Volts
Vo Output Voltage -0.5toVgg +0.5  Volts
ik Input Clamp Current +20 mA
lok Output Clamp Current +20 mA
lok Continuous Output Current +25 mA
Tstg  Storage Temperature -65 to + 150 °C

Stresses beyond those listed above may cause permanent damage to the
device. Exposure to absolute maximum rated conditions for extended
periods may affect device reliability. Device should not be operated
outside the Recommended Operating Conditions.

Notes:

1. Vpp = Vg, except during device programming.

2. Vgy = V¢, except during device programming.

3. Vks = GND, except during device programming.

Electrical Specifications

Recommended Operating Conditions

Parameter Commercial Industrial Military Units

Tomperallfe 0o +70 4010 +85 -S5t0 +125  °C
ange

Power Supply

Tolerance +5 +10 +10 %Veo

Note:

1. Ambient temperature (T4) used for commercial and industrial.
Case temperature (Tc) used for military.

Commercial Industrial Military
Parameter Units
Min. Max. Min. Max. Min. Max.
(lon = -10 mA)2 24 v
VQH1 (lon = -6 mA) 3.84 v
(lon = -4 mA) 37 37 v
(oL = 10 mA)2 05 v
Vo!
(loL = 6 mA) 0.33 0.40 0.40 v
ViL -0.3 0.8 -0.3 0.8 -0.3 0.8 \"
Vv 2.0 Ve + 0.3 2.0 Vee + 0.3 20 Vee + 0.3 v
Input Transition Time tg, 12 500 500 500 ns
Cio /O Capacitance? 2 10 10 10 pF
Standby Current, 1oc4 10 20 25 mA
Leakage Current® -10 10 -10 10 -10 10 MA
Notes:

Only one output tested at a time. V¢ = min.
Not tested, for information only.

All outputs unloaded. All inputs = Ve or GND, typical Icc = 1 mA.

1.
2.
3. Includes worst-case 176 CPGA package capacitance. Voyr = 0V, f = 1 MHz.
4.
5.

Vo, VIN = VCC or GND.
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Package Thermal Characteristics

The device junction to case thermal characteristic is 6jc, and the
junction to ambient air characteristic is ©ja. The thermal
characteristics for ©ja are shown with two different air flow rates.

Max. junction temp. (°C) - Max. military temp. (°C) _ 150°C - 70°C

Maximum junction temperature is 150°C.

A sample calculation of the maximum power dissipation for a
CPGA 176-pin package at commercial temperature is as follows:

=40W
8ja (°C/W) 20°C/W
Oja Oja
Package Type Pin Count Oie Still air 300 dlmln. Units
CPGA 100 5 35 17 °CW
132 5 30 15 °C/W
176 2 20 8 °C/W
PQFP! 100 13 55 47 °C/W
144 15 35 26 °C/W
160 15 33 24 °CW
PLCC 84 12 44 33 °C/W
Note:

1. Maximum Power Dissipation for PQFP Package = 2.0 Watts

Power Dissipation

P = [Icc + Lactivel « Ve + IoreVoreN + Ious(Vee-Vou)}M
Where:

Icc is the current flowing when no inputs or outputs are changing.

TLoative is the current flowing due to CMOS switching.

ToL, Ion are TTL sink/source currents.

Vou Vonu are TTL level output voltages.

N equals the number of outputs driving TTL loads to Vo

M equals the number of outputs driving TTL loads to Vo,

An accurate determination of N and M is problematical because
their values depend on the design and on the system I/O. 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:

10 mAx525V = 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 ATT with all outputs
driving low or 140 mW with all outputs driving high. The actual
dissipation will average somewhere between as 1/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/O.
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 power dissipated by a CMOS circuit can be expressed by
Equation 1.

Power (W) = Cgq« Ve« f (¢))
‘Where:

Cgq is the equivalent capacitance expressed in pE

Vcc is power supply in volts.

f is the switching frequency in MHz.

Equivalent capacitance is calculated by measuring I,y at a
specified frequency and voltage for each circuit component of
interest. The results for ACT 2 devices are:

Ceq (PF)
Modules 7.7
Input Buffers 18.0
Output Buffers 25.0
Clock Buffer Loads 25

To calculate the 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. The exact equation is a piece-wise linear summation over all
components, as shown in Equation 2.

Power = [(m+7.7+f) + (n+ 180+ ) + (p+ (250 + Cp) . f3)
+(q+250]+ Ve ¥))
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ACT 2 FPGAs

Where:
n = Number of logic modules switching at frequency f;

m = Number of input buffers switching at frequency f,

p = Number of output buffers switching at frequency f3
q = Number of clock loads on the global clock network
f = Frequency of global clock

fi = Average logic module switching rate in MHz

f, = Average input buffer switching rate in MHz
f3 = Average output buffer switching rate in MHz

C., = Output load capacitance

Determining Average Switching Frequency

[n order to determine the switching frequency for a design, you
must have a detailed understanding of the data input values to the
sircuit. 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
‘or predicting the upper limits of power dissipation. These rules are
15 follows:

Module Utilization = 80% of combinatorial modules
Average Module Frequency = F/10

Inputs = 1/3 of I/O

Average Input Frequency = F/5

Outputs = 2/3 of I/Os

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 = F/2

Estimated Power

The results of estimating active power are displayed in Figure 14.
The graphs provide a simple guideline for estimating power. The
tables may be interpolated when your application has different
resource utilizations or frequencies.
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Figure 14. ACT 2 Power Estimates
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Parameter Measurement

Output Buffer Delays

[M¥s) To AC test loads (shown below)

town tonL tenzu tenz tenzn tennz
AC Test Loads
Load 1 Load 2
(Used to measure propagation delay) (Used to measure rising/falling edges)
Vee GND
To the output under test o ®

50 pF R to Vg for te z/tpz.
R to GND for tez/tpz
To the output under test R=1kQ
50 pF
Input Buffer Delays Combinatorial
Macro Delays §—]
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PAD Y
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ACT 2 FPGAs

Sequential Timing Characteristics
Flip-Flops and Latches

ol PRE |_q
E —

(Positive edge triggered)

—f o}
or X X
S e
CLK I | | I | | |
SIS v —
] tena
E I I
——
o X X
tsuasvN |-_ e ’I

PRE, CLR _—_l '—L__
prw—"

'WASYN

Notes:
1. D represents all data functions involving A, B, and $ for multiplexed flip-flops.

1-51



Sequential Timing Characteristics (continued)
Input Buffer Latches
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Output Buffer Latches
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ACT 2 FPGAs

Timing Characteristics

Timing characteristics for ACT arrays fall into three categories:
family dependent, device dependent, and design dependent. The
output buffer characteristics are common to all ACT 2 family
members. 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 users 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 shown in the Timing Characteristics
tables include the module delay plus estimates derived from
statistical analysis for wiring delay. This statistical estimate is based
on fully utilized devices (90% module utilization).

Critical Nets 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 as critical, while 90% of the nets in a design are typical.

Fan-Out Dependency

Propagation delays depend on the fan-out (number of loads)driven
by a macro. Delay time increases when fan-out increases due to the
capacitive loading of the macro’s inputs, as well as the
interconnect’s resistance and capacitance.

Timing Derating Factor (x typical)

Long Tracks

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

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 ACT 2 array typical timing
specifications. The derating factors shown in the table below are
based on the recommended operating conditions for ACT 2
applications. The derating curves in Figure 15 show worst-to-best
case operating voltage range and best-to-worst case operating
temperature range. The temperature derating curve is based on
device junction temperature. Actual junction temperature is
determined from Ambient Temperature, Power Dissipation, and
Package Thermal characteristics.

Commercial

Industrial

Mititary

Best-Case Worst-Case Best-Case

Worst-Case Best-Case Worst-Case

0.40 1.40 0.37

1.50 0.35 1.6

Note:

“Best-case” reflects maximum operating voltage, minimum operating
temperature, and best-case processing. “Worst-case” reflects minimam
operating voltage, maximum operating temperature, and worst-case

Voltage Derating Curve
1.20

1.15

1.10

1.05 N

Factor

1.00

095 N

0.90

0.85

0.80

45 475 50 525 55
Vec (Volts)

processing. Best-case derating is based on sample data only and is not
guaranteed.

Temperature Derating Curve

1.40

1.30

120 -

1.10 L

Factor
\

1.00

0.80

0.80

0.70
60 -40 -20 O 20 40 60 80 100 120

Junction Temperature (°C)

Figure 15. Operating Curves




A1280 Timing Characteristics
Propagation Delays (Voc = 5.0V; T, = 25°C; Process = Typical, Derating Required)

Parameter Description Output Net FO =1 FO =2 FO =3 FO =4 FO =8 Units
tepy Single Module Critical 45 5.0 55 6.0 - ns
tepy Single Module Typical 57 62 6.7 8.2 11.7 ns
tepz Dual Module Critical 75 8.0 85 9.0 - ns
tep2 Dual Module Typical 87 9.2 97 11.2 147 ns
tco Sequential Clk to Q Critical 45 5.0 85 6.0 - ns
tco Sequential Clk to Q Typical 57 6.2 6.7 8.2 17 ns
teo LatchGto Q Critical 45 5.0 55 6.0 - ns
tso Latch Gto Q Typical 57 6.2 6.7 8.2 17 ns
tep Asynchronous to Q Critical 45 5.0 55 6.0 - ns
tep Asynchronous to Q Typical 57 6.2 67 8.2 17 ns
Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)

Commercial Industrial Military
Parameter  Description Min. Max. Min. Max. Min. Max. Units
tsup Flip-Flop {Latch) Data Input Setup 04 0.5 1.0 ns
tsuasyN Flip-Flop (Latch) Asynchronous Input Setup 1.0 1.5 2.0 ns
tio Flip-Flop (Latch) Data Input Hold 0.0 0.0 0.0 ns
tsuENA Flip-Flop (Latch) Enable Setup 1.0 15 2.0 ns
tHENA Flip-Flop {Latch) Enable Hold 0.0 0.0 0.0 ns
twolka Flip-Flop (Latch) Clock Active Pulse Width 40 45 5.0 ns
twasyn Flip-Flop (Latch) Asynchronous Pulse Width 40 45 5.0 ns
t Flip-Flop Clock Input Period 18.0 20.0 220 ns
tinH Input Buffer Latch Hoid 20 25 25 ns
tnsu Input Buffer Latch Setup -25 -3.0 -35 ns
touTH Output Buffer Latch Hold 0.0 0.0 0.0 ns
touTsu Output Buffer Latch Setup 04 0.5 1.0 ns
fmax Flip-Fiop (Latch) Clock Frequency 48.0 43.0 39.0 MHz
Notes:

1. Data applies to macros based on the sequential (S-type) module. Timing
parameters for sequential macros constructed from C-type modules can
be obtained from the ALS Timer utility.

2. Setup and hold timing parameters for the Input Buffer Latch are
defined with respect to the PAD and the G input. External setup/hold
timing parameters must account for delay from an external PAD signal
to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.




ACT 2 FPGAs

A1280 Timing Characteristics (continued)
/O Buffer Timing (Voc = 5.0 V. T; = 25°C; Process = Typical, Derating Required)

Parameter  Description FO =1 FO =2 FO=3 FO =4 FO =8 Units
tinyH Pad to Y High 67 7.2 7.7 82 17 ns
tinvL Padto Y Low 6.6 71 76 8.1 115 ns
tingH G to Y High 6.6 72 7.7 8.2 1.7 ns
tinaL GtoY Low 6.4 6.9 75 8.0 1.4 ns

Global Clock Network (Voc = 5.0V, T, = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =384 Units
tokn Input Low to High 9.1 10.1 123 ns
toke Input High to Low 9.1 10.2 125 ns
tewn Minimum Pulse Width High 40 45 5.0 ns
tewL Minimum Pulse Width Low 4.0 45 5.0 ns
toksw Maximum Skew 05 1.0 25 ns
tsuexr Input Latch External Setup! 0.0 0.0 0.0 ns
texT Input Latch External Hold! 7.0 8.0 11.2 ns
tp Minimum Period 13.3 143 15.3 ns
fmax Maximum Frequency 75.0 70.0 65.0 MHz
Note:

1. Derating does not apply to this parameter.

Output Buffer Timing (Voc = 5.0V, T; = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
toLn Data to Pad High 4.6 6.7 ns
ton Data to Pad Low 6.5 49 ns
tenzH Enable Pad Z to High 8.3 8.3 ns
tenzL Enable Pad Z to Low 5.5 55 ns
tenHz Enable Pad High to Z 45 45 ns
tenrz Enable Pad Low to Z 6.0 6.0 ns
toLH G to Pad High 46 46 ns
toHL G to Pad Low 6.5 6.5 ns
drn Delta Low to High 0.06 0.11 ns/pF
drme Delta High to Low 0.11 0.08 ns/pF
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A1280-1 Timing Characteristics
Propagation Delays (Voc = 5.0V, Ty = 25°C; Process = Typical; Derating Required)

Parameter  Description Output Net FO =1 FO =2 FO=3 FO =4 FO =8 Units
teD1 Single Module Critical Net 39 43 48 5.3 - ns
top1 Single Module Typical Net 49 53 57 70 10.0 ns
tep2 Dual Module Critical Net 75 8.0 85 9.0 . ns
tep2 Duat Module Typical Net 79 83 87 10.0 13.0 ns
tco Sequential Clk to Q Critical Net 3.9 4.3 4.8 5.3 - ns
tco Sequential Clk to Q Typical Net 4.9 53 57 70 10.0 ns
tco Latch Gto Q Critical Net 39 43 48 53 - ns
teo LatchGto Q Typical Net 49 53 67 7.0 10.0 ns
o Asynchronous to Q Critical 39 43 48 53 - ns
teo Asynchronous to Q Typical 49 53 57 7.0 10.0 ns
Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)
Commercial Industrial Military
Parameter Description Min. Max. Min. Max. Min. Max. Units
tsup Flip-Flop (Latch) Data Input Setup 0.4 0.5 1.0 ns
tsuasyn Flip-Flop (Latch) Asynchronous Input Setup 1.0 1.5 20 ns
tio Flip-Flop (Latch) Data Input Hold 0.0 0.0 0.0 ns
tsuEna Flip-Flop (Latch) Enable Setup 1.0 1.5 2.0 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
tworka Flip-Flop (Latch) Clock Active Pulse Width 4.0 45 5.0 ns
twasyn Flip-Flop (Latch) Asynchronous Pulse Width 4.0 4.5 5.0 ns
ta Flip-Flop Clock Input Period 15.0 18.0 20.0 ns
tinH Input Buffer Latch Hold 20 25 25 ns
tinsu Input Buffer Latch Setup -25 -3.0 -35 ns
toutH Output Buffer Latch Hold 0.0 0.0 0.0 ns
toutsu Output Buffer Latch Setup 04 05 1.0 ns
fumax Flip-Flop (Latch) Clock Frequency 65.0 60.0 50.0 MHz
Notes:

1. Data applies to macros based on the sequential (S-type) module. Timing
parameters for sequential macros constructed from C-type modules can

be obtained from the ALS Timer utility.

. Setup and hold timing parameters for the Input Buffer Latch are

defined with respect to the PAD and the G input. External setup/hold
timing parameters must account for delay from an external PAD signal
to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.




ACT 2 FPGAs

A1280-1 TInilng Characteristics (continued)
1/0 Buffer Timing (Voc = 5.0V; T, = 25°C; Process = Typical; Derating Required)

Parameter Description FO =1 FO =2 FO =3 FO =4 FO =8 Units
INYH Pad to Y High 6.1 6.5 59 7.4 105 ns
tinyL Padto Y Low 59 6.4 6.8 73 104 ns
tivaH G to Y High 6.1 6.5 59 7.4 105 ns
tinaL GtoY Low 5.9 6.4 6.8 73 10.4 ns

Global Clock Network (Voo = 5.0V, T, = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =384 Units
tokn Input Low to High 7.8 87 10.4 ns
toke Input High to Low 78 8.8 10.6 ns
town Minimum Pulse Width High 4.0 45 5.0 ns
towL Minimum Pulse Width Low 4.0 45 5.0 ns
toksw Maximum Skew 0.5 1.0 25 ns
tsuext Input Latch External Setup! 0.0 0.0 0.0 ns
thexT Input Latch External Hold? 7.0 8.0 11.2 ns
tp Minimum Period 11.4 120 13.0 ns
fuax Maximum Frequency 89.0 83.0 77.0 MHz
Note:

1. Derating does not apply to this parameter.

Output Buffer Timing (Voc = 5.0V, T, = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
tou Data to Pad High 46 67 ns
toHL Data to Pad Low 6.5 4.9 ns
tenzn Enable Pad Z to High 8.3 8.3 ns
tenzl Enable Pad Z to Low 55 55 ns
tennz Enable Pad High to Z 45 45 ns
tentz Enable Pad Low to Z 6.0 6.0 ns
te G to Pad High 46 46 ns
toHL G to Pad Low 6.5 6.5 ns
driy Delta Low to High 0.06 0.11 ns/pF
AL Delta High to Low 0.11 0.08 ns/pF
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A1240 Timing Characteristics PRELIMINARY DATA
Propagation Delays (Voo = 5.0 V. T, = 25°C; Process = Typical; Derating Required)

Parameter Description Output Net FO =1 FO =2 FO =3 FO =4 FO =8 Units
tep1 Single Module Critical Net 39 43 48 53 - ns
teot Single Module Typical Net 49 53 57 70 10.0 ns
tep2 Dual Module Critical Net 75 8.0 85 9.0 - ns
tro2 Dual Module Typical Net 79 8.3 87 10.0 13.0 ns
tco Sequential Clk to @ Critical Net 39 43 48 53 - ns
tco Sequential Clk to Q Typical Net 4.9 53 57 7.0 10.0 ns
teo Latch G to @ Critical Net 39 43 4.8 5.3 - ns
tao LatchGto Q Typical Net 49 5.3 57 70 10.0 ns
tep Asynchronous to Q Critical 39 4.3 48 5.3 - ns
tep Asynchronous to Q Typical 4.9 53 57 7.0 10.0 ns

Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)

Commercial Industrial Military

Parameter Description Min. Max. Min. Max. Min. Max. Units
tsup Flip-Flop (Latch) Data Input Setup 04 05 1.0 ns
tsuasyN Flip-Flop (Latch) Asynchronous input Setup 1.0 15 20 ns
to Flip-Flop (Latch) Data Input Hold 0.0 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 1.0 15 20 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
twelka Flip-Flop (Latch) Clock Active Pulse Width 4.0 45 5.0 ns
twasyn Flip-Flop (Latch) Asynchronous Puise Width 4.0 45 5.0 ns
ta Flip-Flop Clock Input Period 15.0 18.0 200 ns
tnH Input Buffer Latch Hold 20 25 25 ns
tinsu Input Buffer Latch Setup -25 -3.0 -35 ns
toutH Output Buffer Latch Hold 0.0 0.0 0.0 ns
touTsu Output Buffer Latch Setup 04 0.5 1.0 ns
fmax Flip-Fiop (Latch) Clock Frequency 66.0 55.0 50.0 MHz
Notes:

1. Dataapplies to macros based on the sequential (S-type) module. Timing 2. Setup and hold timing parameters for the Input Buffer Latch are

parameters for sequential macros constructed from C-type modules can

be obtained from the ALS Timer utility.

defined with respect to the PAD and the G input. External setup/hold
timing parameters must account for delay from an external PAD signal
to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.




ACT 2 FPGAs

A1240 Timing Characteristics (continued) PRELIMINARY DATA
1/0 Buffer Timing (Vgc = 5.0 V; Ty = 25°C; Process = Typical; Derating Required)

Parameter Description FO =1 FO = 2 FO =3 FO = 4 FO =8 Units
tinyH Pad to Y High 6.1 6.5 5.9 74 105 ns
tinvL Pad to Y Low 59 6.4 6.8 7.3 10.4 ns
tingH G to Y High 6.1 6.5 59 74 105 ns
tingL GtoY Low 59 6.4 6.8 7.3 10.4 ns

Global Clock Network (Voc = 5.0V; T; = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =256 Units
toxn Input Low to High 9.1 10.1 11.2 ns
tow Input High to Low 9.1 10.2 1.3 - ns
tewH Minimum Pulse Width High 4.0 45 5.0 ns
thwL Minimum Pulse Width Low 40 45 5.0 ns
toksw Maximum Skew 0.5 1.0 25 ns
tsuext Input Latch External Setup! 0.0 0.0 0.0 ns
thext Input Latch External Hold! 7.0 8.0 11.2 ns
tp Minimum Period 1.1 1.5 11.8 ns
fmax Maximum Frequency 90.0 87.0 85.0 MHz
Note:

1. Derating does not apply to this parameter.

Output Buffer Timing (Voc = 5.0V, T, = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
toLk Data to Pad High 46 6.7 ns
tomL Data to Pad Low 6.5 49 ns
tenzH Enable Pad Z to High 83 8.3 ns
tenzL Enable Pad Z to Low 55 55 ns
tentz Enable Pad High to Z 45 4.5 ns
tenz Enable Pad Low to Z 6.0 6.0 ns
taH G to Pad High 46 4.6 ns
teHL G to Pad Low 6.5 6.5 ns
dry Delta Low to High 0.06 0.1 ns/pF
dry Delta High to Low 0.1 0.08 ns/pF
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A1240-1 Timing Characteristics PRELIMINARY DATA
Propagation Delays (Ve = 5.0V; T, = 25°C; Process = Typical, Derating Required)

Parameter  Description Output Net FO=1 FO =2 FO =3 FO =4 FO =8 Units
teDy Single Module Critical Net 35 39 4.3 438 - ns
tepy Single Module Typical Net 44 48 5.1 6.3 9.0 ns
tro2 Dual Module Critical Net 75 8.0 8.5 9.0 - ns
tep2 Dual Module Typical Net 7.4 7.8 8.1 9.3 120 ns
tco Sequential Clk to Q Critical Net 35 39 43 48 - ns
tco Sequential Clk to Q Typical Net 4.4 4.8 5.1 6.3 9.0 ns
teo Latch Gto Q Critical Net 35 39 43 48 - ns
tco LatchGto Q Typical Net 4.4 4.8 5.1 6.3 9.0 ns
tro Asynchronous to Q Critical 35 39 4.3 438 - ns
tep Asynchronous to Q Typical 44 4.8 5.1 6.3 9.0 ns

Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)

Commercial Industrial Military

Parameter  Description Min. Max. Min. Max. Min. Max. Units
tsup Flip-Flop (Latch) Data Input Setup 04 05 1.0 ns
tsuasYN Flip-Flop (Latch) Asynchronous Input Setup 1.0 15 2.0 ns
tip Flip-Flop (Latch) Data input Hold 00 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 1.0 15 20 ns
tHeENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
tworka Flip-Flop (Latch) Clock Active Pulse Width 40 45 5.0 ns
twasyn Flip-Flop (Latch) Asynchronous Pulse Width 4.0 45 5.0 ns
ta Flip-Flop Clock Input Period 13.0 15.0 18.0 ns
tinH Input Buffer Latch Hold 20 25 25 ns
tinsu Input Buffer Latch Setup -25 -3.0 -35 ns
touTH Output Buffer Latch Hold 0.0 0.0 0.0 ns
toutsu Output Buffer Latch Setup 0.4 05 1.0 ns
fumax Flip-Flop (Latch) Clock Frequency 75.0 66.0 55.0 MHz
Notes:

1. Dataapplies to macros based on the sequential (S-type) module. Timing
parameters for sequential macros constructed from C-type modules can
be obtained from the ALS Timer utility.

. Setup and hold timing parameters for the Input Buffer Latch are
defined with respect to the PAD and the G input. External setup/hold
timing parameters must account for delay from an external PAD signat
to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.
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ACT 2 FPGAs

A1240-1 Timing Characteristics (continued) PRELIMINARY DATA
1/O Buffer Timing (Voc = 5.0 V; T, = 25°C; Process = Typical; Derating Required)

Parameter  Description FO =1 FO =2 FO =3 FO = 4 FO =8 Units
tinvH Pad to Y High 55 59 53 67 95 ns
iyl Pad to Y Low 5.3 5.8 6.1 66 9.4 ns
tinGH G to Y High 5.5 5.9 53 6.7 95 ns
tinaL GtoY Low 53 58 6.1 6.6 94 ns

Global Clock Network (Vo = 5.0V; T, = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =256 Units
tokH Input Low to High 7.8 87 9.3 ns
teke Input High to Low 78 88 94 ns
trwH Minimum Pulse Width High 4.0 45 5.0 ns
trwi Minimum Pulse Width Low 4.0 45 5.0 ns
toksw Maximum Skew 0.5 1.0 25 ns
tsuexT Input Latch External Setup! 0.0 0.0 0.0 ns
tiexT Input Latch External Hold! 7.0 8.0 11.2 ns
te Minimum Period 9.1 19.5 10.0 ns
fumax Maximum Frequency 110.0 105.0 100.0 MHz
Note:

1. Derating does not apply to this parameter.

Output Buffer Timing (Vcc = 5.0V, T, = 25°C; Process = Typical, Derating Required)

Parameter Description TTL CMOSs Units
toLH Data to Pad High 46 67 ns
toHL Data to Pad Low 6.5 49 ns
tenzH Enable Pad Z to High 8.3 8.3 ns
tenzL Enable Pad Z to Low 55 55 ns
tenHz Enable Pad High to Z 45 45 ns
tenLz Enable Pad Low to Z 6.0 6.0 ns
taH G to Pad High 46 46 ns
taHL G to Pad Low 6.5 6.5 ns
dny Delta Low to High 0.06 0.11 ns/pF
Ay Delta High to Low 0.11 0.08 ns/pF
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A1225 Timing Characteristics PRELIMINARY DATA
Propagation Delays (Voc = 5.0V, Ty = 25°C; Process = Typical; Derating Required)

Parameter Description Output Net FO =1 FO =2 FO =3 FO =4 FO =8 Units
teos Single Module Critical Net 3.9 43 48 5.3 - ns
teD1 Single Module Typical Net 49 53 57 70 10.0 ns
teD2 Dual Module Critical Net 75 8.0 85 9.0 - ns
tep2 Dual Module Typical Net 79 83 87 10.0 13.0 ns
tco Sequential Clk to Q Critical Net 3.9 43 4.8 53 - ns
tco Sequential Clk to Q Typical Net 49 53 57 7.0 10.0 ns
tco LatchGto Q Critical Net 39 43 43 53 - ns
tco Latch Gto Q Typical Net 49 53 57 7.0 10.0 ns
teo Asynchronous to Q Critical 39 43 48 53 - ns
tep Asynchronous to Q Typical 49 5.3 57 7.0 10.0 ns
Seq ial Timing Ch Istics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)

Commerclal Industrial

Parameter  Description Min. Max. Min. Max. Units

tsup Flip-Flop (Latch) Data Input Setup 0.4 0.5 ns

tsuasyN Flip-Flop (Latch) Asynchronous Input Setup 1.0 1.5 ns

to Flip-Flop (Latch) Data Input Hold 0.0 0.0 ns

tsuena Flip-Flop {(Latch) Enable Setup 1.0 15 ns

tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 ns

tweLka Flip-Flop (Latch) Clock Active Pulse Width 40 45 ns

twasyn Flip-Flop (Latch) Asynchronous Pulse Width 4.0 45 ns

ta Flip-Flop Clock Input Period 13.0 15.0 ns

tinn Input Buffer Latch Hold 20 25 ns

tinsu Input Buffer Latch Setup ~25 ~3.0 ns

toutH Output Buffer Latch Hold 0.0 0.0 ns

toursu Output Buffer Latch Setup 0.4 05 ns

fmax Flip-Flop (Latch) Clock Frequency 75.0 66.0 MHz
Notes:

1. Dataapplies to macros based on the sequential (S-type) module. Timing 2. Setup and hold timing parameters for the Input Buffer Latch are

parameters for sequential macros constructed from C-type modules can defined with respect to the PAD and the G input. External setup/hold
be obtained from the ALS Timer utility. timing parameters must account for delay from an external PAD signal

to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.
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A1225 Timing Characteristics (continued) PRELIMINARY DATA
1/O Buffer Timing (Vo = 5.0V, T, = 25°C; Process = Typical, Derating Required)

Parameter  Description FO =1 FO =2 FO =3 FO =4 FO =8 Units
tnve Pad to Y High 6.1 65 5.9 74 105 ns
v Pad to Y Low 5.9 6.4 6.8 73 10.4 ns
tngH G to Y High 6.1 65 59 74 10.5 ns
tinaL GtoY Low 59 6.4 6.8 73 104 ns

Global Clock Network (Voc = 5.0V; T, = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =256 Units
tekn Input Low to High 7.8 87 9.3 ns
tone Input High to Low 78 8.8 9.4 ns
townH Minimum Pulse Width High 45 5.1 55 ns
tewi Minimum Puise Width Low 45 8.1 55 ns
toksw Maximum Skew 05 1.0 25 ns
tsuexT Input Latch External Setup! 0.0 0.0 0.0 ns
thexT Input Latch External Hold? 7.0 8.0 11.2 ns
t Minimum Period 9.1 9.5 10.0 ns
fmax Maximum Frequency 110.0 105.0 100.0 MHz
Note:

1. Derating does not apply to this parameter.

Output Buffer Timing (Vcc = 5.0 V; T, = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOSs Units
tom Data to Pad High 46 6.7 ns
toHL Data to Pad Low 6.5 49 ns
tenzH Enable Pad Z to High 8.3 8.3 ns
tenzL Enable Pad Z to Low 55 55 ns
tenmz Enable Pad High to Z 45 45 ns
teniz Enable Pad Low to Z 6.0 6.0 ns
town G to Pad High 4.6 46 ns
toHL G to Pad Low 6.5 6.5 ns
dry Delta Low to High 0.06 0.11 ns/pF
Ay Delta High to Low 0.11 0.08 ns/pF




Lo €1

A1225-1 Timing Characteristics PRELIMINARY DATA
Propagation Delays (Vo = 5.0 V; T; = 25°C; Process = Typical; Derating Required)

Parameter Description Output Net FO =1 FO = 2 FO=3 FO =4 FO=8 Units
teD1 Single Module Critical Net 35 3.9 43 48 - ns
teD1 Single Module Typical Net 44 48 5.1 6.3 9.0 ns
tep2 Dual Module Critical Net 75 8.0 8.5 9.0 - ns
tep2 Dual Module Typical Net 7.4 78 8.1 93 12.0 ns
tco Sequential Clk to Q Critical Net 35 39 43 4.8 - ns
tco Sequential Clk to Q Typical Net 4.4 48 5.1 6.3 9.0 ns
teo LatchGto Q Critical Net 35 39 4.3 48 - ns
tao Latch Gto Q Typical Net 4.4 48 5.1 6.3 9.0 ns
tep Asynchronous to Q Critical 35 39 43 48 - ns
tep Asynchronous to Q Typical 44 4.8 5.1 6.3 9.0 ns

Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)

Commercial Industrial

Parameter  Description “Min.  Max. Min, Max. Units
tsup Flip-Flop (Latch) Data Input Setup 0.4 05 ns
tsuasyn Flip-Flop (Latch) Asynchronous Input Setup 1.0 15 ns
tup Flip-Flop (Latch) Data Input Hold 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 1.0 15 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 ns
twelka Flip-Flop (Latch) Clock Active Pulse Width 4.0 4.5 ns
twasyN Flip-Fiop (Latch) Asynchronous Pulse Width 4.0 45 ns
ta Flip-Flop Clock Input Period 1.7 13.3 ns
tine input Buffer Latch Hold 20 25 ns
tinsu Input Buffer Latch Setup -25 -3.0 ns
toutn Output Buffer Latch Hold 0.0 0.0 ns
toutsu Output Buffer Latch Setup 0.4 05 ns
fmax Flip-Flop (Latch) Clock Frequency 85.0 75.0 MHz
Notes:

1. Data applies to macros based on the sequential (S-type) module. Timing

parameters for sequential macros constructed from C-type modules can

be obtained from the ALS Timer utility.

. Setup and hold timing parameters for the Input Buffer Latch are
defined with respect to the PAD and the G input. External setup/hold
timing parameters must account for delay from an external PAD signal
to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.




ACT 2 FPGAs

A1225-1 Timing Characteristics (continued) PRELIMINARY DATA
1/0 Buffer Timing (Voc = 5.0 V; T; = 25°C; Process = Typical; Derating Required)

Parameter  Description FO =1 FO =2 FO=3 FO = 4 FO =8 Units
tnvH Pad to Y High 55 5.9 53 67 95 ns
tinvL Pad to Y Low 53 5.8 6.1 6.6 9.4 ns
tingH Gto Y High 55 5.9 53 6.7 9.5 ns
tinaL GtoY Low 5.3 5.8 6.1 6.6 9.4 ns

Global Clock Network (Voc = 5.0V; T; = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =256 Units
tokn Input Low to High 7.0 78 86 ns
tone Input High to Low 7.0 78 86 ns
towH Minimum Puise Width High 4.2 45 5.0 ns
tewi Minimum Pulse Width Low 4.2 45 50 ns
toksw Maximum Skew 05 1.0 25 ns
tsuexT Input Latch External Setup? 0.0 0.0 0.0 ns
tiext Input Latch External Hold! 7.0 8.0 11.2 ns
tp Minimum Period 8.3 8.7 9.1 ns
Tmax Maximum Frequency 120.0 115.0 110.0 MHz
Note:

1. Derating does not apply to this parameter.

Output Buffer Timing (Voc = 5.0V; Ty = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
toH Data to Pad High 46 6.7 ns
torL Data to Pad Low 6.5 4.9 ns
tenzH Enable Pad Z to High 83 8.3 ns
tenze Enable Pad Z to Low 55 55 ns
tennz Enable Pad High to Z 45 45 ns
tenrz Enable Pad Low to Z 6.0 6.0 ns
tatH G to Pad High 46 46 ns
taHL G to Pad Low 6.5 6.5 ns
driy Delta Low to High 0.06 0.1 ns/pF
A, Detlta High to Low 0.1 0.08 ns/pF




Macro Library
Overview

The following tables describe ACT 2 macros, which are building
blocks for designing FPGAs with the ALS and your CAE inter-
face.

Equation Statement Elements

Combinatorial Elements
All equations for combinatorial logic elements use the following
operators:

The macros are divided into four categories: I/O Macros, Hard
Macros (Combinable and Non-Combinable), Soft Macros, and
TTL Macros.

Sequential Elements
All equations for sequential logic elements use the following
formula:

Q = <!> (<!> CLKor G, <data equation>, <1> CLR, <!> PRE)

Operator Symbol

<i> Optional Inversion
AND See Note 1 CLK Flip-Flop Clock Pin
NOT ! G Latch Gate Pin
OR + CLR Asynchronous Clear Pin
XOR " PRE Asynchronous Preset Pin
Notes:
1. A space between the ‘A’ and ‘B’ in the equation

Y = A B means A AND B.
2. Ol;(ii% Ef operators in decreasing precedence is: NOT, AND, XOR,
3. ;?gnals éxpressed in bold have a dual module delay.
ACT 2 Macro Selections
1/0 Macros
Macro Name No. of Modules Description
1/0 Clock

INBUF 1 Input
1BDL 1 Input with Input Latch
BBDLHS 1 Bidirectional with Input Latch and Output Latch
BBHS 1 Bidirectional
BIBUF 1 Bidirectional
CLKBIBUF 1 Bidirectional with Input Dedicated to Clock Network
CLKBUF 1 Input for Dedicated Clock Network
OBDLHS 1 Output with Output Latch
OBHS 1 Output
OUTBUF 1 Output
TBDLHS 1 Three State Output with Latch
TBHS 1 Three State Output
TRIBUFF 1 Three State Output
Note:

The following are functionally identical:
OBHS and OUTBUF; TRIBUFF and TBHS; BBHS and BIBUE.
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TTL Macros

No. of Modules
Macro Name Description Logic Levels

Seq. Comb.
TACO 2-input NAND 1 1
TAQG2 2-input NOR 1 1
TAO4 Inverter 1 1
TAO7 Buffer 1 1
TAO8 2-input AND 1 1
TA10 3-input NAND 1 1
TA11 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
TA51 AND-OR-Invert 1 2
TA54 4-wide AND-OR-Invert 2 5
TA55 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 multiplexor 3 6
TA151 8 to 1 muitiplexor with enable and active low outputs 3 5
TA153 4 to 1 multiplexor 2 2
TA154 4 to 16 decoder 2 22
TA157 2 to 1 multiplexor 1 1
TA160 4-bit decode counter with clear 4 4 12
TA161 4-bit binary counter with clear 3 4 10
TA164 8-bit serial in, parallel out shift register 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 decode 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 shift register 1 4 4
TA195 4-bit 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 Qctel register with active low enable 1 8
TAG88 8-bit identity comparator 3 9




ycls)/

Soft Macros
No. of Modules
Function Description Macro Name Logic Levels ——mm
Seq. Comb.
4-bit binary counter with load, clear CNT4A 4 4 8
4-bit binary counter with load, clear, carry in, carry out CNT4B 4 4 7
4-bit up/down counter with load, carry in, and carry out UDCNT4A 5 4 13
Counters very fast 16-bit down counter VCNT16C 1 34 31
2-bit down counter, prescaler VCNT2CP 1 5 2
2-bit down counter, most significant bit VCNT2CU 1 2 3
4-bit down counter, middle bits VCNT4C 1 4 8
4-bit down counter, low order bits VCNT4CL 1 4 7
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 DECB3X8A 1 8
Decoders 4 to 16 decoder with active low outputs DEC4X16A 2 20
2 to 4 decoder with enable 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 11
octal fatch with clear DLC8A 1 8
octal latch with enable DLE8 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 SREG8A 1 8
8-bit adder FADD8 3 44
9-bit adder FADDS 3 49
10-bit adder FADD10 3 56
Adders 12-bit adder FADD12 4 69
16-bit adder FADD16 5 97
2-bit sum generator SUMX1A 2 5
very fast 16-bit adder VADD16C 3 97
4-bit identity comparator ICMP4 2 5
8-bit identity comparator ICMP8 3 5
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 6 36
8 to 1 multiplexor MX8 2 3
Muitiplexors 8 to 1 multiplexor with active low outputs MX8A 2 3
16 to 1 multiplexor MX16 2 5




ACT 2 FPGAs

Combinable Hard Macros 1 (for DF1, DF1B, DFC1B, DFC1D, DL1, DL1B, DLC, and DLCA)

No. of Modules

Function Description Macro Name Equation(s) _—_—
Seq. Comb.
AND2 Y=AB 1
. AND2A Y=1AB 1
AND Zinput AND2B Y=1a1B 1
AND3B Y=I1AIBC 1
AND-OR AO1A Y =((A)B) + C
AO1D Y= {(AlB)+C 1
AND-OR Invert AOI1D Y = I{{!A!B) + IC) 1
BUF Y=A 1
Buffers and BUFA Y = (!A) 1
Inverters INV Y =1A 1
INVA Y=1A 1
GAND2 Y=AG
ﬁ'{’:}‘aﬁ:‘ GNOR2 Y=1A+G) 1
GOR2 Y=A+G 1
Multiplexor 2:1 MX2 Y=(A!S)+ (BS) 1
2-input NAND2A Y = |({AB) 1
NAND NAND2B Y = I({A!B) 1
3-input NAND3C Y = }(!A 1B IC) 1
NOR2 Y =1!(A+ B) 1
2-input NOR2A Y = |(!{A + B) 1
NOR NOR2B Y = I(!A +1B) 1
3-input NOR3A Y=!({A+B+C) 1
OR-AND OA1 Y=(A+B)C 1
2-input OR2 Y=A+B 1
OR OR2A Y=IA+B 1
3-input OR3 Y=A+B+C 1
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Combinable Hard Macros 2 (for DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B)

No. of Modules

Function Description Macro Name Equation(s
Y P 9 © Seq. Comb.
AND3 Y=ABC 1
3-input AND3A Y=!ABC 1
AND AND3C Y=IAIBIC 1
4-input AND4B Y=!AIBCD 1
AND4C Y=!AIBICD 1
AO1 Y=(AB) +C 1
AO1B Y = (AB) + (IC) 1
AO1C Y = (('A) B) + (IC) 1
AO1E Y = (AIB) + IC 1
AO11 Y=AB+ ((A+B)C) 1
AO2 Y = (AB) + C + D) 1
AO2A Y = (AB) + C + D) 1
AND-OR AO2B Y=(AB)+C+D 1
AO2C Y=(AB) +!C+D 1
AO2D Y =(A!B) + IC+ D 1
AO3 Y=(ABC)+D 1
AO3B Y=(AIBC)+D 1
AO3C Y = (AIBIC) + D 1
AQ4A Y = (ABC) + (ACD) 1
AO5A Y=(AB)+ (AC)+ D 1
AOHA Y = (A B) + C) 1
AOHB Y = I((AB) + IC) 1
AND-OR Invert AOHC Y = (A 1B) + O) 1
AOI2A Y =1((AB) + C + D) 1
AOI3A Y = I{(!A 1B IC)+('A ID) 1
Exclusive OR XNOR, AND-XOR AX1B Y=(AB)~C 1
Boolean cs2 ={{A+8BC+(A+S)B)D 1
CY2B = A1B1 + (AO+B0) A1 + (AO+BO) B1 1
GMX4 = (D0 !S01G) + (D1 !G SO) 1
Clock Net + (D2 G IS0) + (D3 SO G)
Interface GNAND2 Y=1YAG) 1
GXOR2 Y=A"G 1
AND-OR MAJ3 Y =(AB)+ (BC) + (AC) 1
MX2A Y =(AlS) + (BS) 1
‘ MX2C Y = (IA1S) + (IBS) 1
Multiplexor
4:1 MX4 Y = (DO !S0 !S1) + (D1 S0 !S1) 1
+ (D280 81) + (D3 SO S1)
2-input NAND2 = 1(AB) 1
SHinput NAND3A Y = |(1ABC) 1
NAND NAND3B Y = (/A !B C) 1
4input NANDAC Y = (A I1BICD) 1
NANDA4D Y = [({A!B!C D) 1
. NOR3 =1A+B+C) 1
3-input NOR3B =1A+ B+ C) 1
NOR NOR3C Y=!A+ !B+ IC) 1
&input NOR4A Y=1A+B+C+D) 1
NOR4B Y=1(A+!B+C+D) 1
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Combinable Hard Macros 2 (continued) (for DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B)

No. of Modules

Function Description Macro Name Equation(s) Py Comb
eq. mb.
OA1A Y=(A+8BC 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)CD) 1
OA3A Y = ((A + B)!ICD) 1
OA4 Y=A+B+C)D 1
OA4A Y = ((A + B + !C) D) 1
0A5 Y = (A+B+C)A+D) 1
OAl1 Y =l((A+B)C)
OR-AND Invert OAI2A Y =I(A+B+C)ID) 1
OAI3A Y=!A+B)ICID) 1
e yiaieie ‘
oR =1A+ B+ 1
4-input OR4 Y=A+B+C+D 1
OR4A Y=A+B+C+D 1
XOR Y=A"B 1
XOR XO1 Y=(A~B+C 1
=1 ~
Exclusive OR X01A Y-t"9+cC !
XNOR Y =1!(A"B) 1
XNOR, AND-XOR XA1 Y=(A~BC 1

XA1A Y=!A"B)C 1
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Non-Combinable Hard Macros

No. of Modules

Function Description Macro Name Equation(s)
Seq. Comb.
AND4 Y=ABCD 1
4-input ANDA4A Y = (ABCD) 1
AND AND4D Y=1AIBICID 2
5-input ANDSB Y=!AIBCDE 1
2-input OR2B Y=IA+!B 1
3-input OR3C Y=!A+1B+IC 1
OR OR4B Y=A+B+C+D 1
4-input OR4C Y=A+!1B+!C+D 1
OR4D Y=IA+!B+!C+!D 2
5-input OR5B Y=IA+1B+C+D+E 1
3-input NAND3 Y =1(ABC) 1
NAND4 Y = I(ABCD) 2
NAND 4-input NAND4A Y=}ABCD) 1
NAND4B Y = (!lAIBCD) 1
S-input NANDSC Y= I(!AIBICDE) 1
NOR4 X=l{A+B+C+D) 2
NOR 4-input NOR4C Y=4A+ !B+ !C+D) 1
NOR4D Y =!4A+ !B+ !IC+ D) 1
S-input NORSC Y=!A+!B+!C+D+E) 1
AX1 Y=(AB)~C 1
Exclusive OR XNOR, AND-XOR AX1A Y=!(AB) ~ C 2
AX1C Y=(AB) ~C 1
AO2E Y= (AIB)+!C+ D 1
AO3A Y=(ABC)+D 1
AO6 Y=AB+CD 1
AND-OR AO6A Y=AB+CID 1
AQ7 Y=ABC+D+E 1
AO8 Y=(AB)+ (ICID) + E 1
AO9 Y=(AB)+C+D+E 1
AO10 Y=(AB+C)(D+E) 1
AOIt Y=I!{AB+ C) 1
AND-OR Invert AOI2B Y = ((!AB) + IC + D) 1
AOl4 Y=!(AB) + (C D)) 2
AOI4A Y=1!AB+ ICD) 1
OR-AND OA3B Y = (('A + B)!ICD) 1
OR-AND Invert OAI3 Y =!((A + B)CD) 1
Multiplexor 2:1 MX2B Y =(A!S) + (IBS) 1
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Non-Combinable Hard Macros (continued)

No. of Modules
Function Description Macro Name Equation(s)

Seq. Comb.
HA1 Co=AB 2
s=A~B
HATA CO=1AB 2
S=!(A " B)
half
CO=)(AB)
HA1B 2
S=I(A ~ B)
CO=1(AB) 2
HA1C S=(A~B)
Adders CO=(CIIB!A) + (AB) + (BCIA)
FA1A S=(B!A!CI) + (CO!ACY + (COA!CI) 2
+ (BAC)
CO=!A(!B + BCl) + A(BCI)
FA1B 2
fult S=!A(ICI CO + CIB) + A(!CI B + CICO)
CO=(ClI !B I(AO+A1)) + (!B (AO+A1))
FAZA + (B Cl (AD+A1)) 5
$=(B !(A0+A1) ICl) + (CO !(AD+AT1) Cl)
+ (CO(AO+A1) ICl) + (B(AO+AT1)CI)
cst Y=!1A+SBC+D(@A+SB) 1
CY2A Y = A1 B1 + A0 BO A1 + A0 BO B1 1
Boolean MXT Y=(1S1 (ISOA DO) + (SOA D1)) 2
+ (81 ('SOB D2 + SOB D3))
MXC1 Y={ISA+SB)C+ {ISA+SB)D 2
DF4 Q= (CLK,D, -, - 1
DF1A ON = |(CLK, D, -, -) 1
DF1B Q = (ICLK, D, -, -) 1
DF1C QN = !(ICLK, D,- ,~ 1
DFCH Q=(CLK, D, CLR, -) 1 1
DFC1A Q=(ICLK, D, CLR, -) 1 1
With clear DFC1B Q = (CLK, D, ICLR, -) 1
DFC1D Q = (!CLK, D, ICLR, -) 1
D-type DFC1E ON = }CLK, D, ICLR, -) 1 1
Flip-Flops DFC1G QGN=1(ICLK, D, ICLR, -) 1 1
DFE 0=(CLK,!'EQ + ED, -, -) 1
DFE1B Q=(CLK, [ED+ EQ, -, - 1
DFE1C Q=(ICLK,D !E + QE, -, -) 1
with enable DFE3A Q=(CLK,DE + Q IE, ICLR, -) 1
DFE3B Q=(ICLK,DE + QE, ICLR, -) 1
DFE3C Q=(CLK, D !E + QE, ICLR, -) 1
DFE3D Q={ICLK,D E + QE, ICLR, -) 1
DFEA Q=(ICLK,!IEQ + ED, -, - 1 1




Non-Combinable Hard Macros (continued)

No. of Modules

Function Description Macro Name Equation(s)
Seq. Comb.
DFM Q= (CLK,AI1S +BS, -, -) 1
DFM1B QN = (CLK,A!S + BS, -, - 1
DFM1C QN = !(!CLK,A!S + BS, -, - 1
DFM3 Q=(CLK,A!S + BS,CLR, -} 1 1
DFM3B Q = (ICLK,A!S + BS, ICLR, -) 1
DFM3E Q=(ICLK,A!S + BS, CLR, -) 1 1
DFM4C ON = I(CLK, !A IS + IBS, -, IPRE) 1
with multiplexed data DFM4D QN = [(ICLK,A!S + BS, -, IPRE) 1
Q = (CLK, (DO !S0 !S1 + D1 S0 !S1
DFMEA + D21S0 §1 + D3 S0 S1), ICLR, ) 1
Q = (ICLK, (DO !S0 !S1 + D1 S0 !S1
DFMEB + D210 S1 + D3 S0 1), ICLR, -) !
DEM7A Q = (CLK, ICLR, (DO S0 + D1 80) 810 + S11)
DAty + (D2 !S0 + D3 S0) (S10 + S11))
-type = !
Flip_Flops DFM7B Q (!CLK.'!CLR, (DO IS0 + D180) (S10 + S11)
(continued) + (D2 !S0 + D3 S0) (S10 + St1))
DFMA Q= (CLK A!IS+BS, - - 1
DFMB Q = (CLK,A!S + BS, ICLR, -) 1
DFME1A Q=(CLK,[EA!IS+ [EBS + EQ, -, - 1
DFP1 Q = (CLK, D, -, PRE) 2
DFP1A Q = (CLK, D, -, PRE) 2
DFP1B Q = (CLK, D, -, !PRE) 2
with preset DFP1C QN = !(CLK, D, -, PRE) 1 1
DFP1D Q = (ICLK, D, -, !PRE) 2
DFP1E QN = !(CLK, D, -, !PRE) 1
DFP1F Q = (ICLK, D, -, PRE) 1 1
DFP1G QN = I(ICLK, D, -, |PRE) 1
with clear DFPC Q = (CLK, D, CLR, PRE) 2
and preset DFPCA Q = (ICLK, D, ICLR, PRE) 2
JKF Q=(CLK, !1QJ + QK -, - 1
JKF1B Q=(CLK,!QJ + QK, -, - 1
JK Flip-Flops JKF2A Q=(CLK,!1QJ + QK, ICLR, -) 1
JKF2B Q=(!CLK,!QJ + QK, ICLR, -) 1
JKF2C Q=(CLK, !Q J + QK, CLR, -} 1 1
JKF2D Q=(ICLK, !QJ + QK, CLR, -) 1 1
T-type Flip-Flops TF1A Q=(CLK, T!Q + ITQ, ICLR, -)
TF1B Q=(!CLK, T!Q + ITQ, ICLR, -)
DL1 Q=(GD,-- 1
DL1A ON = }G,D, -, -) 1
DL1B Q= (GD,- - 1
Data Latch DLiC ON = )(!G,D, -, - 1
DL2A Q=(G, D, ICLR, PRE) 2
DL2B QN =G, D, CLR, PRE) 2
DL2C Q=(!G, D, |CLR, PRE) 2
DL2D QN=1!(G, D, CLR, !PRE) 2
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Non-Combinable Hard Macros (continued)

No. of Modules
Function Description Macro Name Equation(s)

Seq. Comb.
DLC Q = (G, D, ICLR, -) 1
DLCT Q= (G,D, CLR, -) 1
with cloar DLC1A Q= (1G, D, CLR, -) 1
DLCTF QN= |(G, D, CLR, -) 1
DLC1G ON=1!G, D, CLR, -) 1
DLCA Q = (!G, D, ICLR, -) 1
DLE Q=(G. QE+DE, -, ) 1
DLE1D ON=1!(!G,!1EID + EQN, -, -) 1
DLE2A Q=(!G,Q |E + DE, CLR, -) 1 1
DLE2B Q=(!G,D !E + QE, ICLR, -) 1
. DLE2C Q=(IG,!ED + QE, CLR, -) 1
with enable DLE3A Q=(!G,ED + Q!E, -, PRE) 2
DLE3B Q=(1G, !IED + QE, -, PRE) 1
DLE3C Q=(1G, IED + QE, -, IPRE) 1
DLEA Q=(G,QE +DIE, -, -) 1
Data latch DLEB Q=(G,Q!E + DE, -, - 1
(continued) DLEC Q=(G,QE+DIE - -) 1
DLM Q= (GA!S+BS, - -) 1
DLM2A Q=(!G,A!S + BS, CLR, -) 1 1
Q = (G, D0 S0 IS1 + D180 1S1 + D2 S0 S1
with multiplexed data DLM3 + D3S08T, -, -
Q = (!G, DO !S0 IS1 + D1 S0 !S1 + D250 $1
DLM3A + D3S0ST, - -
DLMA 0=(GA!S+BS,- - 1
with multiplexed data DLME1A Q=(G,A!SIE+BSIE+EQ, - -) 1
and enable
DLP1 Q=(G, D, -, PRE) 1
DLP1A Q=(G, D, -, PRE) 1
with preset DLP1B 0=(G, D, -, |PRE) 1
DLP1C Q=(!G, D, -, PRE) 1
DLP1D QN = (G, D, -, IPRE) 1
DLP1E GN = |(!G, D, -, IPRE) 1
Clock Net Interface CLKINT clock
modules = 1
Tie-Off vCcC modules = 0
GND modules = 0
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Hard Macro Symbols

I/O Buffers
(/0 Module Count = 1)

E
Y
} PAD
CLKBIBUF
E E
D D
PAD D | BgHs

<

Y l
1/O Buffers with Latches
o
D Qf—
1BDL OBDLHS

G —la
E E
o <o >
TBDLHS BBDLHS
g —la
. P D
cp————
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ACT 2 FPGAs

2-Input Gates
(Module Count = 1)

AND2A

AND2B }—Y
NAND28 JO-Y

Y

il
@
&&

NAND2A

B
A | A A
= 2k

’ OR2B
B
Q)

@ >
<

9t
ot

3-Input Gates
(Module Count = 1)

>
z
g
[~]

oYetel

AND3C Y
NAND3C O

oo
olg
oo

z

>

4

Q

w

>

o(]’

Zz

>

=z

o]

@

@
SEE

B Y B Y
(%] 9]
A A
O
B Y B Y
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4-Input Gates
(Module Count = 1)

A—
B —
o]
D

AND4

NAND4A

VO

oow> vow>»
Q)
-4
?
b
@
< <

{Module Count = 2)
A

c

D—C

A Indicates extra delay input

B —
Cc—

D_

A

B Y
c AND4B

D —_—

A

B Y
c NAND4C

D

A—Q)

B—O Y
c OR4B

D

OO w>»

OOwm>»

oOOowm>» OO m>»

TSOoOw>»

CoOw>

AND4C }—Y
NAND4D O

5-Input Gates
(Module Count = 1)

A —-o A O A
B—Q Y B O Y BE§ v
C—— AND5B c OR5B (4 NANDSC
D] D D
E_] E E__]

Buffers

(Module Count = 1)
A Y Y

1-78



ACT 2 FPGAs

XOR Gates (Module Count = 1) XOR-OR Gates (Module Count = 1) XOR-AND Gates (Module Count = 1)
A
A A
)= | 2=
c ]
A
A A
e | Sy S
c [of

AND-XOR Gates
[Module Count = 1)

o Im(l’z»

‘Module Count = 2)

° P&
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AND-OR Gates
(Module Count = 1)

(9] o
<

)
AOBA
A—Q A—Q c—]
T = -
A D A
Dy, D
] v AOIKA ()
S ) < " —9
e

]
T

8—O D
%

c AO2B A—Q)

D B—Q

glie:
v

3>
th
'>
Q
()
i o]
<




ACT 2 FPGAs

AND-OR Gates, continued
Module Count = 1)

Module Count = 2)

| T T
>
(o]
©
<
Olm |>
1
-<




OR-AND Gates
{Module Count = 1)

OA1

<
‘o !m?)
o
>
=
>
<

OA1C OA3A

<

OA2A

OA3B

B o ¢
offc
5 5 [

<

0A4

5

OAl1

¥
Y

¥

@‘Y Y
D AO10
E ‘
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ACT 2 FPGAs

Multiplexors
(Module Count = 1)

s s s S1| S0
DO
' A
D1
MX2 Y Mx28 X MX2C X Y
B B MX4
B = D2
D3
{Module Count = 2)
SOA 81
DO
] Y
o1 cs2
Y
D2
D3
soB
Latches
(Module Count = 1)
—D Qfl— —D OoND— —D QfF— —4D OoND—
DL1 DL1A DLIB pLiC
—Ja —la —Qa —Q a6
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D-Latches with Clear
(Module Count = 1)

DLC

CLR

DLC1F

CLR

(Module Count = 2)

PRE

DL2A

CLR

DLCA

CLR

DLC1

CLR

D QN
DLC1G

CLR

PRE

DLP1

PRE

DLPiC

PRE

D QN
DLP1D

PRE

D QN
DL2B

CLR

PRE

DL2C

CLR

T

b |

DLC1A

CLR

PRE

DLP1A

PRE

D QN
DLP1E

PRE

D QN
DL2D

CLR

1-84




ACT 2 FPGAs

D-Latches with Enable
(Module Count = 1)

—]D QpF— —D oF— —D Qf— —D Qf—
— E DLE —(] EDLEA —— E DLEB —(] E DLEC
—]G —a —Qa —Ja
PRE PRE
—Jp oND— —D af— —D Qf— —D Q —ID ofF—
—C] E DLE1D —(C) E DLE2B —(C] E DLE2C —(] E DLE3B —] E DLE3C
—G —(Jea —Qa —da —Jea
CLR CLR
'Module Count = 2) l
PRE
—D Q —D of—
— E DLE2A —— E DLE3A
—(G —(Ja
CLR
Mux Latches
Module Count = 1)
DLME1A
—r o— o o— & o— —x —Tx
—® : — & mk =
DLM DLM3 DLM3A DLMA —s
—1s —s0 —80 s £
—]s1 —]s1 —Q
—6G —G —QG —(Ja —Qa
Module Count = 2)
—]A
DLM2A
—s
—Q G cir
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Adders
{Module Count = 1)

c Y
CSs1 —1B1 —B1
D — —
A eyaal Y Al oy | Y
—1B80 O —B0 1
—A0 —— A0
B —d
S —
(Module Count = 2)
—A —Q A —A —A
—B —B —B ———i B
cop— cot— coD— cop—
S— SpF—— sp— S—
HA1 HA1A HA1B HA1C
A A —Q A0
B —B —CJ A1
—Qco  cop— —Jc  copp— —18 cop—
ASH—— AS|— —d Cl ASl—
FA1A FA1B FA2A
Macros FA1A, FA1B, and FA2A have two level delays from the inputs to the S outputs, as indicated by the A
D-Type Flip-Flops
(Module Count = 1)
—D Qf— —D oND— —D QF— —D QN P—
DF1 DF1A DF1B DF1C
—p —p ——Of —O>
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ACT 2 FPGAs

D-Type Flip-Flops with Clear
(Module Count = 1)

—D Q —D Q
DFC1B DFC1D
— Q —Q
CLR CLR
(Module Count = 2)
D Ql— —J D QN D ON —iD OoND—
DFC1 DFC1A DFC1E DFC1G
—P —q — —q
CLR CLR CLR CLR
D-Type Flip-Flops with Preset
(Module Count = 1) J) (l)
PRE PRE
——D ON —JID ON
DFP1E DFP1G
pa—— ._C
(Module Count = 2)
PRE PRE PRE PRE
—D ol— —1D Q —iD Q ——l D OND—
DFP1 DFP1A DFP1B DFP1C
— _O J— E—
PRE PRE
—jD Q —D QN
DFP1D DFP1F
—q —Q
)-Type Flip-Flops with Preset and Clear
Module Count = 2) | I
PRE PRE
—D Q —D Q
DFPC DFPCA
— —
CLR CLR

T
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D-Type Flip-Flops with Enable
(Module Count = 1)

~—1 E DFE

—D Q
—— E DFE3A
—P CK

CLR

ol

E DFEA

D Q
E DFE3C
CLK

CLR

—D ol—
—(| E DFE1B
—Pp

D Q
E DFE1C
> CLK

db |

JK Flip-Flops
(Module Count = 1)

JKF1B JKF2A JKF2B
- J Q —J Qfb— —J Qb— —J Q
—} JKF —C CLK —P CLK —P CK
—JK —q K —(gkK —g«
CLR CLR
{Module Count = 2)
JKF2C JKF2D
—J Ql— —J af—
—P CLK —C> CLK
—d« —(Jk
CLR CLR
Toggle Flip-Flops
(Module Count = 1)
—T QF— —T Q—
TF1A TF1B
—P clr —OP cr

T

T
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ACT 2 FPGAs

Mux Flip-Flops
(Moduie Count = 1)
—a —a | —{a - = [
—8 @ —1B ¢ B ¢ 3
DFM DFMA DFMB DFM6A
] — — —}s0
s S s s
— —Cp —P CLR —pP CLR
DFM7A DFM7B
DO Q}— 0 oF— 0 Q —1A
—D1 D1 1 B Q
D2 —o2 — o2 —
3 —b3 — b3 DFME1A
DFM6B —]s10 ——{s10 —1s
pR— go — 1811 —1511 _O E
—{S1 —q{S0 ——S0
—p cLr Pk —P ok — CLK
CLR CLR
— 1A Ql— PRE PRE
—]A ONO— — A ONO— B —1A OoNpD— —1A oND—
—iB —B —8B -8B
DFM1B DFM1C SDFmaB DFM4C DFM4D
—s —s CLK —s —]s
— CLK —O> CLK CLR —]pCK —QO> CLK
(Module Count = 2)
—Ja Q}b— —]A Qf—
—1B —B
DFM3 DFM3E
—PCLK —COP cK
CLR P CLR

CLKBUF Interface Macros
(Module Count = 1)

A v A v A Y A Y
& DcaANDz & DGNANDZ & ) G O
G S0
DO
A I A
Y D1 v A Y
G D2 GMX4
D3

D Indicates clock input for connection to the global clock networks.
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Package Pin Assignments: 176-Pin CPGA

(Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AlIOOO0OO0OO0OO0OO0OO000O0OO0OO0O0O|A
JloNoNoNONONONONONONONONONONONON -]
JloNoNoNoNoNoNoNoNONONONONONONONN-
L[oNeNeNoNoNoNoNoRoNoRONONONONONN:]
EflO O OO ( O OOO0|E
FIOO OO O OO O|F
¢|O 00O O O0OO0O0]|e
H/O O 0O Pady O O0OO0OO|H
JIO OO O O OO0}y
k[O O OO O OO0 O0O|k
Lt OO OO0\ /S OO0 00|t
MOOOOOOOOOO0OOOOOO|M
NOOOOOOOOOOOOOOO|N
J[eNoNoNoNoNoNoNoRoNoNoNONONONON)
RIOOOCOOO0OO0OO0O0Q0O0O0O0O0O|R

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Signal Pin No. Location

PRA or /O 152 Cc9

PRB or I/O 160 D7

MODE 2 Cc3

SDl or /O 135 B14

SDO or /O 87 P13

DCLK or /O 175 B3

CLKA or I/O 154 A9

CLKB or I/0O 158 B8

GND 1, 8, 18, 23, 33, 38, 45, 57, 67, 77, 89, D4, E4, G4, H4, K4, L4, M4, M6, M8, M10, M12,

101, 1086, 111, 121, 126, 133, 145, 156, 165 K12, J12, H12, F12, E12, D12, D10, C8, D6

Vee 13, 24, 28, 52, 68, 82, 112, 116, 140, 155, 170 F4, H3, J4, M5, N8, M11, H13, G12, D11, D8, D5
Vep 110 J14

Vsv 25,113 H2, H14

Vs 109 J13

Notes:

1. Unused I/O pins are designated as outputs by ALS and are driven low.
2. All unassigned pins are available for use as I/Os.
3. MODE = GND, except during device programming or debugging.

4. Vpp = Ve, except during device programming.
5. Vsv = Vg, except during device programming.
6. Vgs = GND, except during device programming.
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ACT 2 FPGAs

Package Pin Assignments: 132-Pin CPGA

(Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13
IS(oNoNoNoNONONONONONONONONONNY
JloNoNoNONONONONONONONONONON]:
JjoNoNoNoNoNONONONONONONONON].

/O O OO 00O OO O|p
e|l]O OO O O O|E
FIO OO O O OO O|F
G|O OO O O O0OO0OO0O|s
HIO O O O O OOO|H
J[O OO OO O|
K|O O O (O ONe) OO O|k
LI OOODOOOODOOOOOO|L
MO OOOOOOOOOOOO|M
NNOOOOOOOOOOOOO]|N
1t 2 3 4 5§ 6 7 8 9 10 11 12 13
Signal Pin No. Location
PRA or I/0 113 B8
PRB or I/O 121 Ce
MODE 2 Al
SDl or I/0 101 B12
SDO or I/0 65 N12
DCLKor I/O 132 C3
CLKA or I/O 115 B7
CLKB or I/O 119 B6
GND 9, 10, 26, 27, 41, 58, 59, 73, 74, 92, 93, E3, F4, J2, J3, L5, M9, L9, K12, J11, E12, E11,
107, 108, 125, 126 C9, B9, B5, C5
Vee 18, 19, 49, 50, 83, 84, 116, 117 G3, G2, L7, K7, G10, G11, D7, C7
Vep 82 G13
Vsv 17,85 G4, G12
Vks 81 H13
Notes:
1. Unused I/O pins are designated as outputs by ALS and are driven low. 4. Vpp = Ve, except during device programming.
2. All unassigned pins are available for use as 1/0s. 5. Vsv = V¢, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vs = GND, except during device programming.
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Package Pin Assignments: 100-Pin CPGA

(Top View)
1 2 3 4 5 6 7 8 9 10 11
A[OOOOO0OO0OO0OO0O0OOO0|A
B8lO0O 00000000 O0O|B
clO0O 00000000 O0O|c
p|O OO0 O O O O Ofp
efO 0O 100, O0O0|e
FIOO OO n OOOO|F
¢|O OO O O0O0]|6
H[O O O @) O OO|H
JJIOOOOOOOOOOO|
kK[O OO OOOOO0OO0OO0OO0|k
LOOOOOOO0OOOO|L
1 2 3 4 56 6 7 8 9 10 11
Signal Pin No. Location
PRA or I/O 85 A7
PRB or I/O 92 A4
MODE 2 c2
SDlor /O 77 @]
SDOor I/0 50 J9
DCLK or I/0 100 C3
CLKA or I/O 87 Ccé
CLKB or /0 90 Dé
GND 7,20, 32, 44, 55, 70, 82, 94 E3, G3, J5, J7, G9, D10, C7, C5
Vee 15, 38, 64, 88 F3, K6, F9, B6
Vpp 63 F10
Vey 14,65 G1, E11
Vks 62 F11

Notes:

1. All unassigned pins are available for use as I1/Os.

2. Unused I/O pins are designated as outputs by ALS and driven low.
3. MODE = GND, except during device programming or debugging.

4. Vpp = V¢, except during device programming.
5. Vgv = V¢, except during device programming.
6. Vks = GND, except during device programming.
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ACT 2 FPGAs

Package Pin Assignments: 172-Pin CQFP

(Top View)
Pin #1
172171170169 168167 166165164 137136135134 133132131 130
1 _] - 129
2 _J I— 128
(Y — [ ————7127
Py s——— ———— 1126
s 1] 7125
e————— | L ——————1124
[ sessems— '
s = i 122
° °
° 172-PIN °
CQFP .
e
e - — o
38— =] [—— %4
Y — E—— 1893
[cL:) e— C——1 92
fcL°F e—— C——— 9
PTe) emns—— [————— 90
a1 [ ———89
2 ——— ] [— 88
<) ns— Kk /J [———— -7 4
NN Tiiiah
e & o
44 45 46 A7 48 49 50 51 52 79 80 81 82 83 84 85 86
Signal Pin Number
MODE 1
GND 7,17,22, 32, 37, 55, 65, 75, 98, 103, 108, 118, 123, 141, 152, 161
Vee 12, 23,27, 50, 66, 80, 109, 113, 136, 151, 166
Vgv 24,110
Vks 106
Vpp 107
SDO or I/O 85
SDI or I/0 131
PRA or 1/0 148
PRB or I/0 156
CLKA or I/0 150
CLKB or I/0 154
DCLK or 1/O 171
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as 1/Os.

programming or debugging.
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Package Pin Assignments: 160-Pin PQFP
(Top View)

1
DCLK or I/0 2%
3 —r—]
4 ]
5 ]
Voo 6 c——
7
8 C—Ir—]
9 C—Ir—
10 C——]
GND 11 ——]
12 ]
18 ]
14—
15 =]
PRB or /O 16 ——1—]
17 ]
ClKor O 18 11—
19 —r—|
Veo 20 ] 160-Pin =11 101
CLKor I/0 21 —r—] PQFP —TT 100
22 —ar——] [——Tr—190 GND
PRA or /0 23 —o—] 68 Vg
24 . S— -7 §
25 —r—| —TTr— 98
26 —Ir— —
27 ] I 194
28 1] ————
20 —I—| T 92
GND 30 c——] — o e Y}
31 —ar——] — T 00
32 1] I8 GND
33 —Ir—] —11— 88
34 T —TT— 87
Vee 35 ] —Ir—88 Vcc
36 1T [ 1T 85
a7 C—IT— [——1r— 84
SDlor I/O 38 =——IT—] —T1r— s
39 ] [—1r—82 1/0or SDO
GND 40 11— 1T 81
TYIVSS 22803338 R3BcYIBBEBBRINRNLRERRRS
o' 9 g @gorg o o 2
G G > F5%* & 6 G
Notes:
1. Unused I/0 pins are designated as outputs by ALS and are driven low. 4. Vpp = Vcc, except during device programming.

2. All unassigned pins are available for use as 1/Os.

5. Vsv = V¢, except during device programming.

3. MODE = GND, except during device programming or debugging. 6. Vs = GND, except during device programming.




ACT 2 FPGAs

Package Pin Assignments: 144-Pin PQFP

(Top View)
g
[a]aYa] [a]ala]
ZZZ 8 3 ZZZ (o]
tototol 8887 566 =
BBITNSSRRNEYINNNR R RN I g onowrmn—
7 \
@)
1/0 37 —T1T— 144 /O or DCLK
1/0 38 —1—7 . 11— 143
39 1T T 142
40 I T 141
41 C—Ir—] [T 140
42 T 1 139
43 C—IT—] —1r— 138 GND
GND 44 C—I1T—] —1r— 137 GND
GND 45 —1r—] —T1r—1 136 GND
GND 46 —I—] 11— 135
47 1] 11— 134
48 C—IT— 11 133
49 —IT—]} —ar— 132 |/O or PRB
50 ] —1r— 131
51 I} [—1r— 130 1/O or CLKB
52 C—TT—] —Ir— 129
53 C—II—] 11 128 Vco
Vec 54 C—I—] 144-Pin —rr— 127 Vce
Veoc 55 C—Ir—] [—1T— 126 Ve
Vcc 56 C—II—] PQFP ——1r— 125 1/O or CLKA
57 1T 124
58 C—TT_—] F—T1r— 123 {/O or PRA
59 C—IT—] F—1r— 122
60 C—IT—] 1 121
61 I —I1r— 120
62 C—IT—] —T1r— 119
63 C—IT—] 11— 118 GND
GND 64 C——1r—] 11— 117 GND
GND 65 C—1—| —r—1 116 GND
66 C—IT—] 1 115
67 C—I——] —1r— 114
68 C—IT—] 1 113
[CIc ] m— — 111 112
70 =] —Tr— 11
1/0 or SDO 71 E=T1— [—m— 110 |/O or SDI
72 ] —T— 100
RYRRRRR85933885338508388588858838858
faYalal 283885 faYaYa)
555 s 8882 5%
Notes:
1. Unused I/0 pins are designated as outputs by ALS and are driven low. 4. Vpp = Vcc, except during device programming.
2. All unassigned pins are available for use as 1/0s. 5. Vsy = V¢, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vs = GND, except during device programming.
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Package Pin Assignments: 100-Pin PQFP
(Top View)

3 2
8 [a] 582 ¢ [a] @
. 2 2 .
e G SS>> G Q
80 70 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51
 so— Y F-0J0 I — —
 — — -7 T8 O S— . —
e — - 2T: 2 s & —|
GND —II— |84 a7 | =1
 — — ¥ 46| —IT 1 GND
 — — 45| 11—
PRBA, IO C——IT—] |87 | —r—
C—Ir—1 |88 43 | I/
CLKA, I/0 11— |80 a2 —Ir—
Voo 1T |00 100-Pin X I —  —
I e PQFP 40 | |—IT—1 Vec
CLKB, /0 C—I—] |e2 %9 | I
 —— — ) [ o |
PRBB, /0 T |04 721 [ e — |
LI |es T30 [ — — |
GND 11— (98 fcl- 78 R — — |
| m—— u — -7 4 34| 1T GND
 s— — - 33| —II—)
e O 2| T
s o — R 11s] 31
1 2 3 4586 7 8 9 1011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 20 30 )
vy
w
S8 3 L 2
a = © © Z5
29
o Z
o
Notes:
1. Vpp must be terminated to Vcc, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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ACT 2 FPGAs

Package Pin Assignments: 84-Pin PLCC

(Top View)
< 3 o 5 _
: P33 f 3
g & ¢ ¢ g ¢ g
nooooonnooonnmn (10
1 10 9 8 7 6 5 4 3 2 1 54 B3 62 81 80 79 78 77 76 75\
o
MODE [} 12 74
[ RE 73]
14 72[]
s 71
s 70 [] GND
[ Y4 69 ]
e 68 [
e 67 [
2 66 ]
J2t 65 [ ] Vec
Vey [ 22 84-PIN 64 [~ Vep
Voo E » PLCC 6 7 Vi
Qo 62]
2 61 ]
[2s 60[]
a7 59
GND [ 28 88 [ ]
2 57
30 56 ]
[ 3 55 ]
- 54 ]
\ 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 /
[NRERERERR U guod
29 8 2 2
z 5 z c g
z OI D
o =
o
Notes:
1. Vpp must be terminated to V¢c, except during device programming. 3. Unused I/0 pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Package Mechanical Details: 176-Pin CPGA

Pin#1 ID L1020 ) e
132"
A [ —
—
——
—
— —L .018" + .002"
———
—
——
:f——-—f—
100" BSC
—
1 ==
—
H—
. J i
050" + 005" *| -
(4 Places)
1.570” + .015" square . 120"
140"
(O0O0O00000O0O00000 &
00000000000 O®O
[oXeXoNoXoXoNoXOXoXe NG RONORONG)
CO0O00000OO0O0O0OOOO0
000 OO00O0
[oXoXoXe) 000
[oXoXoXe 0000
0000 O OO O] 1.400"BSC
0000 Q000
O00O0 000
OO000 O0O0O0
OCOO0OOO0O0OOOOOOOCOOO
O00O0O0OO0OO0OO0OOOOOO
ONCNORCNONCNORCRORCXORORCXORG)
(OO0 00000000000 6y
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ACT 2 FPGAs

Package Mechanical Details: 132-Pin CPGA

085" 1 e
Pin #1 ID 110"
h"/ ) T
) | =
:]—L.ow":.ooz"
e
—
—
—
- —
' i
:.3—_1&)"550
\ y _:—.}-——F
050" % 010" —-|
1.360" + .015" square —————»| (4 Places)
120"
(0000000000 OO O] 140"
0000000000000
O0O0OO0OO0OO0OO0O0OO0O00O0O
ocooe 00O oo0o0
00O oo0o0
0co0o0oO0 0o00O0
0oo0o0oO0 0 0 0 o 1200"BSC
0co0o0o0 ocooo
coo ooo
ocoo ooo ocoo
COO0OO0OO0OO0OO0DO0OO0O0O0O0O
0O®O000000000O6O0
[do0 0000000000 0]

@ Orientation Pin




)/

Package Mechanical Details: 100-Pin CPGA

Pin#1 ID

e—— 1.100” + .015" square ——————

J

r

080" e
1107
B
N
—
— 018" + 002
—
—
—
1 — " 100" BSC
— IS
—
050" + 010" »1
(4 Places)

1.000” BSC

O 00000000 O0O0
0O ® 00 O O0OO0OO0OO0OO®O0
0O 0000000 O0OO0OO0
O OO0 e (o] O 0O
o O O O O O
o O 0O 0 0O OO
O 0 O o O O
o O O (o] O O O
O 0000000 O0OO0OO 0
O ® OO0 O0OO0OO0OO0O®O0
O O 0000000 O0CO0
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ACT 2 FPGAs

Package Mechanical Details: 172-Pin CQFP

4-2.300 + 0.010
4-1500 + 0015 —————
4-1.180 * 0.012

0.035 + 0.005
—~ 2-$0.100 + 0.002 ‘] ]‘

—

NCTB
V O " l O V Y (alumina 90%)
D ALLOY 42 -~
g g 4-co04 0.105 + 0.012
O O :

\ ALUMINA —H|
(90% BLACK) [1

2.140 +£0.005

-0.015

*—~| %d;l——————— 4-1.290 REF —————-‘
L
2-2 500 +0-005

#87 ?
0090 § ¢ 0.090 + 0.010
01 + 0.002
+0, +0.002 ).

RCTAN Q 0.006 _g 001
AN [0 &S

4-0.200 [k oo2sTYP J|_ +0.002 _

+0.025 8-¢0.080 REF -“' 0.018 TYP 0.008"_y 5 4-$0.060 REF

[ 2,140 = 0.005
s

Notes:

1. All exposed metalized areas and leads are
gold plated 100 microinches (2.5 4 mm) min.
thickness over 80 to 350 microinches 2.0 to
8.9 u mm) thickness of nickel.

HEAT SINK 2. Seal ring area is connected to GNDA.

3. Die attach pad is connected to GNDA.

4. GNDQ (4 PLS) is connected to GNDA.

5. Tolerances unless otherwise specified: +1%
N.L.T. +0.005.

0.067 = 0.010 SQ.
~— J

BOTTOM VIEW
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Pin #1 1D

el

Package Mechanical Details: 160-Pin PQFP

AR RO ARERRAA

31.90

Dimensions in millimeters

i A
1.33 REF :!

31.90 £ .25
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ACT 2 FPGAs

Package Mechanical Details: 144-Pin PQFP

3120 £ .25

Pin #1 1D

28,00 + .10
0l
Il

0.65 BSC

Dimensions in millimeters

3120 £ .25

28.00 + .10 —|—]

22.75 REF

2,63 REF

342+ .25

=
0.18 £ .05

0.38 + .13
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Package Mechanical Details: 100-Pin PQFP
Dimensions in millimeters




ACT 2 FPGAs

Package Mechanical Details: 84-Pin PLCC

il

e E1
-

[ m|
i = ° 5
— = m}
—f [m m}
.050” + .005" - ]
O P D1 D
= =]
018" + .003" g B
= m}
[m
T = &
020" min. gouugooaaooon
.028" + .003"
75" £ 010"
Lead Count D, E D1, E1
44 690" + 005" .655” + .005"
68 .990” * 005" 955" + .005”
84 1.190” + .005" 1.155" + 005"
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50’@7 Fast Clock to Out with Applications
! ACT 2 1/O Latches Note

Introduction
to create a positive edge-sensitive flip-flop.

In ACT™ 2 device designs, latched I/O buffer macros can be used

N ) . Where:
to improve clock input to registered output performance.
Flip-flops, developed from these I/O latch macros, can improve Teco = tcqz
performance up to 34% over traditional approaches. This Tsu = teike - tcqi - tNer > tsuz
applications note compares the use of traditional approaches with tsy2 = minimum setup time for slave

the use of I/O latch macros in ACT 2 designs.

Master-Slave Flip-Flops

Two level-sensitive latches can be combined, as shown in Figure 1,

Master Slave
Q D
DATA D aof— 2o a— our
G G
CLK —e
DATA
— -1 ok T
CLK [* tour >T* 'l
Q, f :
oo
Dy
out
Figure 1. Master-Slave Flip-Flop
The clock to output delay of the resulting flip-flop is determined by master latch (tcqy) plus the net delay from the master latch output
the clock to output delay of the slave latch. The clock period low (tnet) plus the setup time of the slave latch (tsy,).

time (tcpx1) must be greater than the clock to output delay of the

© 1992 Actel Corporation Apl’il 1992
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Constructing Registered Outputs out delay for an A1280-1 under worst-case commercial conditions
is 29.0 ns.

You can construct a registered output by combining a flip-flop

macro with an output buffer as depicted in Figure 2. The clock to

(@) Q
[ PAD_|

— } :me’:

CLKBUF DFI OUTBUF
}‘ ok —I— e I tour J|
Too = {towk + tog + tour) = (127 + 7.9 + 8.4) ns = 29.0 ns
Figure 2. Conventional Registered Output
1/O Latch Flip-Flops shown in Figure 3. In this case, the clock to out delay for an A1280-1
device under commercial worst-case conditions is 21.1 ns. In both
You can also construct a registered output as a master-slave cases, the loading on the global clock network is assumed to be
flip-flop, using a latch from the macro library and a latched I/0 as equal to 200.
r—-———"—7=TT !
| |
| |
| |
ogc y—p°  © °
|
| | 50 pF
| ' I
OBDLHS
DL1B L= ——= S
PAD L g
CLKBUF — 200 loads
I'— tewa —_+— tcar —}— ter —I
|[= ok Ir- tour =|I

Teo = (tok + tour) = (127 + 84)ns = 21.1ns

Tsu = fouw ~ tcar ~ et > tsu2

Figure 3. Master-Slave Registered Output
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Fast Clock to Out with ACT 2 I/O Latches

Dual Clock Approach

Sub-20 ns clock to out can be achieved by utilizing the second global
clock network as an I/O clock. In this configuration, shown in
Figure 4, CLKA drives the synchronous circuitry on the device and

CLKB drives the I/O master-slave latches. Both clock networks are
operating at the same frequency and must be connected together
external to the device. In this case, a 19.1 ns clock to out delay can
be achieved.

r-————"™="——==—==-" !
| |
| |
|
o a Hp R
| |
| | 50 pF
| l I
l___oeows B
32 loads
PAD
CLKB
l« ok ol tour -]
] T "
> 200 loads

PAD ’
CLKA

Teo = ek + tour) = (10.7 + 84) ns = 19.1 ns

Figure 4. Dual Clock Master-Slave Registered Output

Alternately, an Inbuf can be used to drive the I/0O latch, taking care
to keep fan-out on the Inbuf less than four to achieve similar
performance.

Implementation Rules

Actel strongly suggests following these rules when constructing
flip-flops with the I/O latches.

1. Do not put combinatorial macros in the data path between
master and slave latches. Added delay may prevent the
flip-flop from operating properly.

2. Do not connect the master latch output to any loads except
the I/O latch D input.

3. Use a latch made from a sequential module for the master
stage. Sequential module latches have better timing
characteristics. They also allow combining to take place that
can improve the performance of the data being registered.
The transparent-low sequential-module latches available are
DL1B and DLIC.

4. Use net criticality to insure that the net delay does not
violate the setup requirements of the slave latch (as defined
in Figure 1). Verify the timing conditions after place and
route is complete. Note that an asymmetrical duty cycle on
the clock signal (>50% low time) will provide more tolerance
on the allowable net delay between latches.

5. Design to combine. The Action Logic™ System (ALS) will
automatically combine combinatorial logic into the D input
of the DL1B latch if the combiner rules are met.
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ACT™ 3 Field
Programmable
Gate Arrays

Advance
Information

Features
» Gate Capacities from Less than 1,000 to Greater than 10,000
Gate Array Gates

® Gate Capacities from Less than 2,500 to Greater than 25,000
PLD/LCA™ Equivalent Gates

Replace from 30 to 340 TTL Packages

User I/Os from Less than 100 to Greater than 200
¥/O Performance of 10 ns Clock-to-Out

16-bit Counter Performance in Excess of 125 MHz
System-Level Performance to 75 MHz
Single-Module Sequential Functions

Wide-Input Combinatorial Functions

Two In-Circuit Diagnostic Probe Pins Support Speed Analysis
to 50 MHz

Four High-Speed Clock Networks
I/O Drive to 12 mA

Nonvolatile, User Programmable
» PQFP, PLCC and CPGA Packages

Product Family Profile

From To
Capacity
Gate Array Equivalent Gates <1,000 >10,000
PLD/LCA Equivalent Gates <2,500 >25,000
TTL Equivalent Packages 30 340
User I/Os <100 >200
Performance
System Speed 75 MHz
16-bit Counters >125 MHz

CMOS Process 0.8 um double-metal CMOS

Jescription

The ACT™ 3 family, with devices spanning capacities from less
han 1,000 gates to more than 10,000 gates, represents Actel’s third
ieneration of field programmable gate arrays. The ACT 3 family
rrovides a group of high performance system solutions, delivering
6-bit counter designs in excess of 125 MHz operation, and
upporting system performance of up to 75 MHz operation. The
ACT 3 family offers an abundance of I/Os ranging from less than
00 pins to over 200 pins (see Figure 1). The devices are
mplemented in a silicon gate, 0.8 um, scaled double-metal CMOS
rocess, and employ Actel’s patented PLICE® antifuse technology.

Based on Actel’s patented channeled array architecture, the ACT 3
family provides significant enhancements to gate density and
performance while maintaining upward compatibility with the
ACT 1 and ACT 2 design environments.

ACT 3 devices are designed to meet two primary logic integration
requirements: high speed and high user /O. ACT 3 provides the
highest-performance, general-purpose programmable solution
available, and the unprecedented design flexibility of the highest
pin-to-gate ratios available. The high performance of the ACT 3
family has been achieved through evolutionary enhancements to
Actel’s proven two-module general-purpose FPGA architecture.
These enhancements include four high-speed clock distribution
networks and 10 ns clock-to-out /O modules. The two-module
architecture consists of combinatorial and combinatorial-sequential
modules. A block diagram of the ACT 3 architecture is shown in
Figure 2.

The ACT 3 family is supported by the Action Logic™ System
(ALS), which offers automatic pin assignment, validation of
electrical and design rules, automatic placement and routing,
timing analysis, user programming, and debug and diagnostic
probe capabilities. The Action Logic System is available on Sun™,
HP® and Apollo® workstations, and on 386/486 PC platforms.

ACT 3 Architecture

The ACT 3 family architecture is an evolutionary upgrade from the
ACT 2 family. After extensive research into alternate logic module
architectures, Actel found that the ACT 2 two-module design is
optimal for most applications. The small, simple structure of the
logic modules has been retained, with a single enhancement to the
sequential logic module. These numerous, general-purpose logic
modules constitute a design architecture that provides a high-
performance solution for a wide range of applications, as shown in
Figure 3.

The I/O module is enhanced significantly, allowing more complex
logic functions to be implemented in the /O module. This
significantly increases performance of key device parameters, like
clock-to-output. Clocking flexibility is also enhanced over the ACT 2
family with the inclusion of two high-speed dedicated clocks in
addition to the two routed clocks. A block diagram of the family
architecture is shown in Figure 4.

Two-Module Design

ACT 3 architecture uses the proven multiplexor-based combinatorial
module (C-Module) of ACT 2 devices, and an enhanced version of
the ACT 2 multiplexor-based combinatorial-sequential module
(S-Module). The ACT 3 S-Module combinatorial logic preceding
the register is equivalent to the combinatorial logic within the
C-module. This allows for more complex logic functions to be
implemented in a single level of logic and makes logic synthesis more
efficient due to the regular combinatorial structure throughout the
device.

D 1992 Actel Corporation

January 1992
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User |/Os

250 T
ACT3

200 —

150 —

ACT 2

100 —

ACT 1

0
| [ I I I
2 4 6 8 10

Gate Capacity (in thousands)

Figure 1. ACT 3 Offers an Abundance of 1/Os

1/0 Buffers,
Program

/ and Test \

I I I I A A A A

Horizontal Routing Tracks Logic Modules

\I/O Buffers, / 1
Program

and Test Vertical Routing
Channel

Figure 2. Block Diagram of ACT 3 Architecture
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ACT 3FPGAs

— ——— Actel's General-Purpose
Rel ati\{e Architecture
Capacity 120 — Architecture with
(%) Specialized Features

20 (—

Applications Range
(Counters, Multipliers, Decoders, etc.)

Figure 3. Actel’s General-Purpose Architecture Addresses All Applications

Four Clock Sources

r—-—————- o e ———— -
| | |
-1 | 1] |
= == |
| | |
! ! -
! "~ : N & o
|
= — o — o o—t——

C Module S Module
Clear

Figure 4. Logic Modules Use Identical Combinatorial Logic
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Interconnect Routing Using the PLICE Antifuse

Interconnections between logic modules are made using the
PLICE antifuse. The interconnections use a segmented wiring
channel similar to channeled gate arrays. The horizontal and
vertical channel segments vary in length, and are tuned to allow
automatic place and route of the most interconnect-intensive
applications. All speed-critical module-to-module connections are
accomplished with only two low-resistance antifuse elements. Most
connections are implemented in either two or three antifuse
elements. No connections require more than four antifuse
elements in a path.

1/0 Module

The ACT 3 I/O module is a significant enhancement over the ACT %
latch-based I/O module. The ACT 3 /O module contains inpu
and output registers and a register hold function that allow:
selective updating of the I/O module register. Thus, the register:
can be used for more complex logic functions in addition to simple
timing functions. In particular, microprocessor based systems wil
benefit from the selective update capability of the ACT 3 I/C
module. A variety of feedback options on the I/O module allow
registered outputs, registered inputs, or direct inputs to be selectec
as input to the array. Each I/O module contains a slew contro
feature, which allows output rise and fall times to be tailored to the
particular application. The block diagram for the ACT 3 I/C
module is shown in Figure 5.

Output

Output
Register
Enable

Output Buffer Enable

Output Pin

l— — —re— —

Input

Input
Register
Enable

Clock

|
|
|
|
|
|
|
i
|
|
1 :
\J I
|
|
|
|
|
|
|
J

1/0 Module

Figure 5. 1/O Module with Registered Inputs and Outputs
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ACT 3 FPGAs

Clocking Options

The ACT 3 family provides four clock distribution networks, twice
the networks offered by the ACT 2 family. In addition to two
routed clocks, ACT 3 provides two dedicated clocking sources: one
for the array and one for the I/O module. The routed clocks are
compatible with the ACT 2 family and are optimized for light to
medium loaded clocking nets. They can also be used for special
high fanout nets, such as reset or enable. The dedicated clock
networks are optimized for high fanout nets in either the array or
the I/O module. Since these clocks are dedicated, no special
circuitry is required to route the clock signals. This results in a very
controlled, high-speed clocking network for the large fanout
portion of the design. The high-speed clock-to-output capability of
the ACT 3 family is a direct result of the dedicated clock in the I/O
module.

Programmable 1/O Pins

Each I/O pin is available as an input, output, three-state, or
bidirectional buffer. Inputs are TTL and CMOS compatible.
Output drive levels meet 12 mA TTL and 6 mA HCT standards.

Designing with ACT 3

Design Methodology

The simple, highly regular logic module architecture of the ACT 3
family is ideal for synthesis optimization. The ALS design
environment supports a wide variety of popular design approaches
for schematic entry and synthesis. Synthesis libraries for top-down
design also are available. Boolean entry and state machine design
are supported with the ALES™ logic optimizer tool. In addition,
ALS software provides 100 percent automatic placement and
routing at up to 95 percent module utilization.

Hard and Soft Macros

Designing within the Actel design environment is accomplished
through a building block approach. Over 250 logic function macros
are provided in the ACT 3 design libraries. Hard macros range
from simple SSI gates such as AND, NOR, and exclusive OR to
more complex functions such as flip-flops with 4:1 multiplexed data
inputs. Hard macros are implemented within the ACT 3
architecture by utilizing one or more C-Modules and/or
S-Modules. Over 150 of these macros are implemented within a
single logic module, although several two-module macros are
available. One- and two-module macros have a small propagation
delay variance, which allows accurate performance prediction.

Soft macros comprise multiple hard macros connected to form
complex functions ranging from MSI functions to 16-bit counters
and accumulators. A large number of TTL equivalent hard and soft
macros also are provided.

Design Compatibility

The design libraries for ACT 3 are fully upward compatible from
the ACT 1 and ACT 2 design libraries. ACT 1 and ACT 2 designs
can be converted to equivalent gate-count ACT 3 arrays. The
Activator®2 programmer supports the ACT 3 family; this single
programming unit also supports ACT 1 and ACT 2 device families.

Reliability

Actel builds the most reliable FPGAs in the industry, with overall
reliability ratings of less than 10 Failures-In-Time (FITS),
corresponding to a useful life of more than 40 years. Actel FPGAs
have been production-proven, with over 1 million devices shipped
and over 130 billion antifuses manufactured. Actel devices are fully
tested prior to shipment, with an outgoing defect level of only 122
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Gate Arrays

ACT™ 1 and ACT 2 Military
Field Programmable

ACT 1 Features
e Up to 2000 Gate Array Gates
(6000 PLD/LCA™ equivalent gates)
e Replaces up to 53 TTL Packages
e Replaces up to 17 20-Pin PAL Packages
e Design Library with over 250 Macros
o Single Logic Module Architecture

ACT 2 Features

Up to 8000 Gate Array Gates
(20,000 PLD/LCA™ equivalent gates)

Replace up to 210 TTL Packages
Replace up to 69 20-Pin PAL Packages
Design Library with over 250 Macros
Single-Module Sequential Functions

o Up to 547 Logic Modules e Wide-Input Combinatorial Functions
e Up to 273 Flip-Flops e Up to 1232 Programmable Logic Modules
e Two In-Circuit Diagnostic Probe Pins Support Speed Analysis o Up to 998 Flip-Flops
to 50 MHz e 16-Bit Counter Performance to 50 MHz (MIL Temp)
e Built-In High-Speed Clock Distribution Network ¢ 16-Bit Accumulator Performance to 25 MHz (MIL Temp)
¢ 1/O Drive to 4 mA e Two In-Circuit Diagnostic Probe Pins Support Speed
e Nonvolatile, User Programmable Analysis to 50 MHz
o Logic Fully Tested Prior to Shipment o Two High-Speed, Low-Skew Clock Networks
¢ I/O Drive to 6 mA
e Nonvolatile, User Programmable
o Logic Fully Tested Prior to Shipment
Product Family Profile
Family ACT 2 ACT 1
Device A1280 A1240 A1020A A1010A
Capacity
Gate Array Equivalent Gates 8,000 4,000 2,000 1,200
PLD/LCA Equivalent Gates 20,000 10,000 6,000 3,000
TTL Equivalent Packages 210 105 53 34
20-Pin PAL Equivalent Packages 69 34 17 12
Logic Modules 1,232 684 547 295
S-Modules 624 348
C-Modules 608 336
Flip-Flops {(maximum) 998 565 273 147
Routing Resources
Horizontal Tracks/Channel 36 36 22 22
Vertical Tracks/Column 15 15 13 13
PLICE® Antifuse Elements 750,000 400,000
User I/Os (maximum) 140 104 69 57
Packages' 176 CPGA 132 CPGA 84 CPGA 84 CPGA
172 CQFP 84 CQFP
44/68/84 JQCC
Performance (MIL Temp)
16-Bit Counters 39 MHz 50 MHz 39 MHz2 39 MHz2
16-Bit Accumulators 23 MHz 25 MHz 20 MHz? 20 MHz2
CMOS Process 1.2um 1.2um 1.2um 1.2pum
Note:

1. See product plan on page 1-130 for package availability.

2. Performance is based on a -1 speed graded device at worst-case military operating conditions.

© 1992 Actel Corporation

April 1992
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High Reliability, Low Risk Solution

Actel builds the most reliable field programmable gate arrays
(FPGAs) in the industry, with overall antifuse reliability ratings of
less than 10 Failures-In-Time (FITS), corresponding to a useful life
of more than 40 years. Actel FPGAs have been production-proven,
with over one million devices shipped and over 130 billion antifuses
manufactured. Actel devices are fully tested prior to shipment, with
an outgoing defect level of only 122 ppm. (Further reliability data is
available in the “Actel Reliability Report.”)

100% Tested Product

Device functionality is fully tested before shipment and during
device programming. Routing tracks, logic modules, and
programming, debug, and test circuits are 100% tested before
shipment. Antifuse integrity also is tested before shipment.
Programming algorithms are tested when a device is programmed
using Actel’s Activator 1 or 2® programming stations.

Benefits

No cost risk — Once you have an Action Logic™ System (ALS),
Actel’s CAE software and programming package, you can produce
as many chips as you like for just the cost of the device itself, with no
NRE charges to eat up your development budget each time you
want to try out a new design.

No time risk — After entering your design, placement and routing
is automatic, and programming the device takes only about 5 to 15
minutes for an average design. You save time in the design entry
process by using tools that are familiar to you. The Action Logic
System software interfaces to popular CAE software such as Mentor
Graphics®, Valid™, OrCAD™, HP DCS, and Viewlogic® and runs
on popular platforms such as Apollo®, HP, Sun™, and 386/486™
PC compatible machines.

No reliability risk — The PLICE™ antifuse is a one-time
programmable, nonvolatile connection. Since Actel devices are
permanently programmed, no downloading from EPROM or
SRAM storage is required. Inadvertent erasure is impossible and
there is no need to reload the program after power disruptions.
Both the PLICE antifuse and the base process are radiation
tolerant. Fabrication using a low-power CMOS process means
cooler junction temperatures. Actel’s non-PLD architecture
delivers lower dynamic operating current. Our reliability tests show
avery low failure rate of 91 FITs at 90 °C junction temperature with
no degradation in AC performance. Special stress testing at wafer
test eliminates infant mortalities prior to packaging.

No security risk — Reverse engineering of programmed Actel
devices from optical or electrical data is extremely difficult.
Programmed antifuses cannot be identified from a photograph or
by using a SEM. The antifuse map cannot be deciphered either
electrically or by microprobing. Each device has a silicon signature
that identifies its origins, down to the wafer lot and fabrication
facility.

No testing risk — Unprogrammed Actel parts are fully tested at
the factory. This includes the logic modules, interconnect tracks,
and I/Os. AC performance is assured by special speed path tests,
and programming circuitry is verified on test antifuses. During the
programming process, an algorithm is run to assure that all
antifuses are correctly programmed. In addition, Actel’s
Actionprobe™ diagnostic tools allow 100% observability of all
internal nodes to check and debug your design.

ACT 1 Description

The ACT 1 family of FPGAs offers a variety of package, speed, and
application combinations. Devices are implemented in silicon gate,
1.2-micron two-level metal CMOS, and they employ Actel’s PLICE
antifuse technology. The unique architecture offers gate array
flexibility, high performance, and instant turnaround through user
programming. Device utilization is typically 95% of available logic
modules.

ACT 1 devices also provide system designers with unique on-chip
diagnostic probe capabilities, allowing convenient testing and
debugging. Additional features include an on-chip clock driver with
a hardwired distribution network. The network provides efficient
clock distribution with minimum skew.

The user-definable I/Os are capable of driving at both TTL and
CMOS drive levels. Available packages include ceramic J-leaded
chip carriers, ceramic quad flatpack, and ceramic pin grid array.

A security fuse may be programmed to disable all further
programming and to protect the design from being copied or
reverse engineered.

ACT 2 Description

The ACT 2 family represents Actel’s second generation of FPGAs.
The ACT 2 family presents a two-module architecture consisting of
C-Modules and S-Modules. These modules are optimized for both
combinatorial and sequential designs (see Figure 1). Based on
Actel’s patented channeled array architecture, the ACT 2 family
provides significant enhancements to gate density and
performance while maintaining upward compatibility with the
ACT 1 design environment. The devices are implemented in
silicon gate, 1.2-pm, two-level metal CMOS, and employ Actel’s
PLICE antifuse technology. This revolutionary architecture offers
gate array design flexibility, high performance, and fast
time-to-production through user programming.

The ACT 2 family is supported by the ALS, which offers automatic
pin assignment, validation of electrical and design rules, automatic
placement and routing, timing analysis, user programming, and
debug and diagnostic probe capabilities. The Action Logic System
is supported on the following platforms: 386/486 PC, Sun, HP and
Apollo workstations. It provides CAE interfaces to the following
design environments: Valid, Viewlogic, Mentor Graphics, HP DCS
and OrCAD.
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ACT 1 and ACT 2 Military FPGAs

ACT 1 Architecture

ACT 1devices consist of a matrix of logic modules arranged in rows
separated by wiring channels. This array is surrounded by a ring of
peripheral circuits including 1/0 buffers, testability circuits, and
Jiagnostic probe circuits providing real-time diagnostic capability.
Between rows of logic modules are routing channels containing
sets of segmented metal tracks with PLICE antifuses. Each channel
has 22 signal tracks. Vertical routing is permitted via 13 vertical
tracks per logic module column. The resulting network allows

arbitrary and flexible interconnections between logic modules and

[/O modules.
The ACT 1 Logic Module

The ACT 1 logic module is an 8-input, one-output logic circuit
chosen for the wide range of functions it implements and for its
>fficient use of interconnect routing resources (Figure 1).

The logic module can implement the four basic logic functions
NAND, AND, OR, and NOR) in gates of two, three, or four
nputs. Each function may have many versions, with different
rombinations of active-low inputs. The logic module can also
mplement a variety of D-latches, exclusivity function, AND-ORs,
ind OR-ANDs. No dedicated hardwired latches or flip-flops are
'equired in the array since latches and flip-flops may be constructed
rom logic modules wherever needed in the application.

Figure 1. ACT 1 Logic Module

Programmable i/O Pins

Each I/O pin can be configured as an input, output, three-state, or
bidirectional buffer. Input and output levels are compatible with
standard TTL and CMOS specifications. Outputs sink or source
4mA at TTL levels. See Electrical Specifications for additional I/O
buffer specifications.

Probe Pin

ACT 1 devices have two independent diagnostic probe pins. These
pins allow the user to observe any two internal signals by entering
the appropriate net name in the diagnostic software. Signals may
be viewed on a logic analyzer using Actel’s Actionprobe diagnostic
tools. The probe pins can also be used as user-defined I/Os when
debugging is finished.

ACT 2 Architecture

This section of the datasheet is meant to familiarize the user with
the architecture of ACT 2 family devices. A generic description of
the family will first be presented, followed by a detailed description
of the logic blocks, the routing structure, the antifuses, and the
special function circuits. Diagrams for the A1280 and A1240 are
provided at the end of the datasheet. The additional circuitry
required to program and test the devices will not be covered.

Array Topology

The ACT 2 family architecture is composed of five key elements or
building blocks: Logic modules, I/O modules, Routing Tracks,
Global Clock Networks, and Probe Circuits. The basic structure is
similar for all devices in the family, differing only in the number of
rows, columns, and I/Os.

Table 1. Array Sizes

Device Rows Columns Logic 1/0
A1280 18 82 1232 140
A1240 14 62 684 104

The Logic and I/O modules are arranged in a two-dimensional
array (Figure 2). There are three types of modules: Logic, /0, and
Bin. Logic and I/O modules are available as user resources. Bin
modules are used during testing and are not available to users.
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Figure 2. Actel 1280 Simplified Floor Plan
Logic Modules
Logic modules are classified into two types: combinatorial
C-modules and sequential S-modules (see Figures 3 and 4). The
C-module is an enhanced version of the Act 1 family logic module — Doo
optimized to implement high fan-in combinatorial macros, such as —{ po1
S-input AND, 5-input OR, etc. The S-module is designed to D10 Y}— OouT
implement high speed flip-flop functions within a single module.
S-modules also include combinatorial logic, which allows an —1011
additional level of logic to be implemented without additional S1 S0
propagation delay. C-modules and S-modules are arranged in pairs
called module-pairs. Module-pairs are arranged in alternating pairs
(shown in Figure 2) and make up the bulk of the array. This
arrangement allows the placement software to support two-module
macros of four types (CC, CS, SC, and SS). I/O-modules are
arranged around the periphery of the array. Up to 8-input function

The combinatorial module (shown in Figure 3) implements the
following function:

Z = 181* (D00 *!S0 + D01 * S0) + S1*(D10*!S0 + D11 * S0)

Figure 3. C-Module Implementation

where:
.S0 = A0* B0
S1 = Al + Bl
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The sequential module implements this same function Z, followed
by a sequential block. The sequential block can be configured to
implement either a D-type flip-flop or transparent latch. It can also
be fully transparent so that S-modules can be used to implement

purely combinatorial functions. The function of the sequential
module is determined by the macro selection from the design
library of hard macros. Allowable S-module implementations are
shown in Figure 4.

— D00
—bot CLR
—| b10 Y clk P our
— D11 AN
s1 )

Up to 7-input function plus D-type flip-flop with clear

CLR

v L ourt
—b GATE

Up to 4-input function plus latch with clear

— D00
— D01
—Ib1o YH — OuT
—I D11 GATE
S1 SO
Up to 7-input function plus latch
—| D00
— Do1
—b10 Y— ouT
— D11

A0

Up to 8-input function (same as C-Module)

Figure 4. S-Module Implementations

1/Os

The I/O architecture consists of pad drivers located near the
bonding pads and I/O modules located in the array. Top/bottom
I/O modules are located in the top and bottom rows respectively.
Side I/O modules occupy the leftmost two columns and the
rightmost two columns of the array. The function of all I/O
modules is identical, but the top/bottom I/O modules have a
different routing interface to the array than the side I/O modules.
I/Os implement a variety of user functions determined by library
macro selection.

Special Purpose I/0Os

Certain I/O pads are temporarily used for programming and
testing the device. During normal user operation, these special I/O
pads are identical to other I/O pads. The following special I/O pads
and their functions are shown in Table 2.

Table 2. Special [/O Pads

SDI Serial Data In

SDIO Serial Data Out
BININ Binning Circuit In
BINOUT Binning Circuit Out
DCLK Serial Data Clock In
PRA Probe A Output
PRB Probe B Output
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Two other pads, CLKA and CLKB, also differ from normal I/Os in
that they can be used to drive the global clock networks. Power,
Ground, and Programming pads are not considered I/O functions.
Their function is summarized as follows:

VCCA, VCCQ, VCCI Power

GNDA, GNDQ, GNDI Circuit Ground

VSV, VKS Programming Pads

MODE Program/Debug Control
/O Pads

I/O pads are located on the periphery of the die and consist of the
bonding pad, the high-drive CMOS drivers, and the TTL
level-shifter inputs. Each 1/0O pad is associated with a specific I/O
module. Connections form the I/O pad to the J/O module are
made using the signals DATAOUT, DATAIN and EN (shown in
Figure 5).

OUTEN SELECT
(global)
EN E
S[EW
SEL

DATAOUT —————1 D0 Y

e

SDATA

DATAIN
Figure 5. 1/O Pad Signals

1/0 Modules

There are two types of I/O modules: side and top/bottom. The I/O
module schematic is shown in Figure 6. In the side I/O modules,
there are two inputs supplying the data to be output from the chip:
UO1 and UO2. (UO stands for user output). Two are used so that
the router can choose to take the signal from either the routing
channel above or the routing channel below the 1/0 module. The
top/bottom I/O modules interact with only one channel and
therefore have only one UQO input.

TO TRACKS TO PAD BUFFER
EN -» EN
SLEW -» SLEW

(regional)
U
D1
uo2 Y » DATAOUT
Do
SEL
GOUT —
D1 :]
Y Y
DO DATAIN
SEL
GIN
INEN
(global)

Figure 6. 1/O Module

The EN input enables the tristate output buffer. The global signals
INEN and OUTEN (Figure 5) are used to disable the inputs and
outputs during certain test modes. Latches are provided in the
input and output path. When GOUT is low, the output signal on
UOL/UO2 s latched. When it is high, the latch is transparent. The
latch can be used as the second stage of a rising-edge flip-flop as
described in the Applications note accompanying this data sheet.
GIN is the reverse of GOUT. When GIN is high, the input data is
latched; when it is low, the input latch becomes transparent.

The output of the module, Y, is used for data being input to the
chip. Side I/O modules have a dedicated output segment for Y
extending into the routing channels above and below it (similar to
logic modules). Side I/O modules may also connect to the array
through nondedicated Long Vertical Tracks (LVTs). Top/Bottom
I/O modules have no dedicated output segment. Signals coming
into the chip from the top or bottom must be routed using F-fuses
and LVTs (F-fuses and LVTs are explained in detail in the routing
section). As a result, I/O signals connected to I/O modules on
either the top or bottom of the array may incur a slight delay
penalty (~ 1nS)over signals connected to I/O modules on the sides.
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Routing Structure

The ACT 2 architecture uses Vertical and Horizontal routing
tracks to interconnect the various Logic and I/O modules. These
routing tracks are metal interconnects that may either be of
continuous length or broken into pieces called segments. Segments
can be joined together at the ends using antifuses to increase their
lengths up to the full length of the track.

Horizontal Routing

Horizontal channels are located between the rows of modules and
are composed of several routing tracks. The horizontal routing
tracks within the channel are divided into one or more segments.
The minimum horizontal segment length is the width of a
module-pair, and the maximum horizontal segment length is the
full length of the channel. Any segment that spans more than
one-third the row length is considered a long horizontal segment.
A typical channel is shown in Figure 7. Nondedicated horizontal
routing tracks are used to route signal nets. Dedicated routing
tracks are used for the global clock networks and for power and
ground tie-off tracks.

MODULE ROW

CLKO

NVCC

SIGNAL

Q

TRACK > 1)

SEGMENTS

SIGNAL

(LHT)

Q
Q

Q

)
NS

@

Q
O

SIGNAL

I
A4

)

.

Q
®)

NVSS

CLK1

MODULE ROW

Figure 7. Horizontal Routing Tracks and Segments
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Vertical Routing

Other tracks run vertically through the modules. Vertical tracks are
of three types: input, output, and long. Vertical tracks are also
divided into one or more segments. Each segment in an input track
is dedicated to the input of a particular module. Each segment in an
output track is dedicated to the output of a particular module. Long
segments are uncommitted and can be assigned during routing.
Each output segment spans four channels (two above and two
below), except near the top and bottom of the array where edge
effects occur. LVTS contain either one or two segments. An
example of vertical routing tracks and segments is shown in Figure 8.

Antifuse Structures

An antifuse is a “normally open” structure as opposed to the
normally closed fuse structure used in PROMs or PAL®s. The use
of antifuses to implement a Programmable Logic Device results in
highly testable structures as well as efficient programming
algorithms. The structure is highly testable because there are no
pre-existing connections, therefore temporary connections can be
made using pass transistors. These temporary connections can
isolate individual antifuses to be programmed as well as isolate
individual circuit structures to be tested. This can be done both
before and after programming. For example, all metal tracks can be
tested for continuity and shorts between adjacent tracks, and the
functionality of all logic modules can be verified.

- LVTs
S-MODULE C-MODULE MODULE ROW

VF,

®
‘ CHANNEL
XF
VERTICAL INPUT
SEGMENT >
FF
L

S-MODULE C-MODULE

Figure 8. Vertical Routing Tracks and Segments

Antifuse Connections

Four types of antifuse connections are used in the routing structure
of the Act 2 array. (The physical structure of the antifuse is identical
in each case, only the usage differs.) The four types are:

XF Cross connected antifuse Most intersections of horizontal and vertical tracks have an XF that connects the
perpendicular tracks.

HF Horizontally connected antifuse Adjacent segments in the same horizontal track are connected end-to-end by an HF.

VF Vertically connected antifuse Some long vertical tracks are divided into two segments. Adjacent long segments
are connected end-to-end by a VF.

FF “Fast-Fuse” antifuse The FF connects a module output directly to a long vertical track.

Examples of all four antifuse connections are shown in Figures 7 and 8.
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Antifuse Programming

The ACT 2 family uses the PLICE antifuse developed by Actel.
The PLICE element is programmed by placing a high voltage (20 V)
across the element and supplying current (-5 mA) for a short
duration (< 1mS). In the ACT 2 architecture, most antifuses are
programmed to ~ 500 ohms resistance, except for the F-fuses which
are programmed to ~250 ohms. The programming circuits are
transparent to the user.

Clock Networks

Two low-skew, high fan-out clock distribution networks are
provided in the Act 2 architecture (Figure 9). These networks are
referred to as CLKO and CLK1. Each network has a clock module
(CLKMOD) that selects the source of the clock signal and may be
driven as follows:

1. externally from the CLKA pad

2. externally from the CLKB pad

3. internally from the CLKINA input

4. internally from the CLKINB input

The clock modules are located in the top row of I/O modules. Clock

drivers and a dedicated horizontal clock track are located in each
horizontal routing channel.

CLKINB

l—— CLKINA
INTERNAL

S0 SIGNALS
— s1

PADS CLKMOD

CLKO(17)

CLOCK
DRIVERS

CLKO(16)

CLKO(15)

CLKO(2)

CLKO(1)

CLOCK TRACKS

Figure 9. Clock Networks

The user configures the clock module by selecting one of two clock
macros from the macro library. The macro CLKBUF is used to
connect one of the two external clock pins to a clock network, and
the macro CLKINT is used to connect an internally generated
clock signal to a clock network. Since both clock networks are
identical, the user does not care whether CLKO or CLK1 is being
used.

The clock input pads may also be used as normal I/Os, by-passing
the clock networks.

Module Interface

Connections to Logic and I/O modules are made through vertical
segments that connect to the module inputs and outputs. These
vertical segments lie on vertical tracks that span the entire height of
the array.

Module Input Connections

Vertical tracks span the vertical height of the array. The tracks
dedicated to module inputs are segmented by pass transistors in
each module row. During normal user operation, the pass
transistors are inactive (off), which isolates the inputs of a module
from the inputs of the module directly above or below it. During
certain test modes, the pass transistors are active (on) to verify the
continuity of the metal tracks. Vertical input segments span only
one channel. Inputs to the array modules come either from the
channe! above or the channel below. The logic modules are
arranged such that half of the inputs are connected to the channel
above and half of the inputs to segments in the channel below

(Figure 10).
Module Output Connections

Module outputs have dedicated output segments. Output segments
extend vertically two channels above and two channels below,
except at the top or bottom of the array. Output segments twist, as
shown in Figure 10, so that only four vertical tracks are required.

LVT Connections

Outputs may also connect to nondedicated segments, (LVTs). Each
module pair in the array shares three LVTs that span the length of
column as shown in Figure 9. Any module in the column pair can
connect to one of the LVTs in the column using an FF connection.
The FF connection uses antifuses connected directly to the driver
stage of the module output, by-passing the isolation transistor. FF
antifuses are programmed at a higher current level than HE, VE or
XF antifuses to produce a lower resistance value.

Antifuse Connections

In general every intersection of a vertical segment and a horizontal
segment contains an unprogrammed antifuse (XF-type). One
exception is in the case of the clock networks.
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Figure 10. Logic Module Routing Interface

Clock Connections S-module inputs can be connected to the clock networks. To further
reduce loading on the clock network, only a subset of the horizontal
To minimize loading on the clock networks, only a subset of inputs routing tracks can connect to the clock inputs of the S-Module.
has fuses on the clock tracks. Only a few of the C-module and Both of these are illustrated in Figure 11.
MODULE
c1 c2
CLKO e N2 N N I
AV ZARNY AN Ny Clock
CLK1 ( ) A A A A Tracks
/r VRN ERNVARNVEaNY)
DD DD DD
ANZARNZERN a7 SN
O-OOOOD Normal
DD AT N Routing
AV ZARN N VAN ( ) Tracks
AN DN
AV AR N N \J/T ’ 4
Antifuses /
Deleted

Figure 11.
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Programming and Test Circuits

The array of logic and I/O modules is surrounded by test and
programming circuits controlled by the external pins: MODE, SDI,
and DCLK. The function of these pins is summarized below. When
MODE is low (GND), the device is in normal or user mode. When
MODE is high (VCC), the device is placed into one of several
programming or test states. The SDI pin (when MODE is high) is
used to input serial data to the Mode register and various address

registers surrounding the array. Data is clocked into these registers
using the DCLK pin. The registers are connected as a long series of
shift registers as shown in Figure 12. The Mode register determines
the test or programming state of the device. Many of the test modes
are used during wafer sort and final test at the factory. Other test
modes are used during programming in the Activator 2, and some
of the modes are available only after programming. The
Actionprobe function is one such function available to users.

MODE REGISTER <1 SDI
<G===0 pcik
Y1<0> Y1 REGISTER Yi<c> <§==0 monE
Y2<0> Y2 REGISTER Y2<c>

5 A
v v
x 8
o
i i
2] %
@ MODULE ARRAY G
oo w

o«
x S
¢ 2
y v
. g

SDO G— OTHER REGISTERS
Figure 12. ACT 2 Shift Register
Actionprobe A pattern of “1s” and “0s” is shifted into the device from the SDI

If a device has been successfully programmed and the security fuse
has not been programmed, any internal logic or I/O module output
can be observed using the Actionprobe circuitry and the PRA
and/or PRB pins. The Actionprobe Diagnostic system provides the
software and hardware required to perform real-time debugging.
The software automatically performs the following functions.

pin at each positive edge transition of DCLK. The complete
sequence contains 10 bits of counter, 21 bits of Mode Register, n
bits of zeros (filler of unused fields, where n depends on the
particular device type), R bits of X2, Cbits of Y2, R bits of X1, Cbits
of Y1, and a stop bit (“0” or “1”). After the stop bit has been shifted
in, DCLK is left high (see definitions below). X1 and Y1 represent
the (X,Y) location in the array for the Actionprobe output, PRA.
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X2 and Y2 represent the (X,Y) location in the array for the and the selected row and column is “high.” The timing sequence is
Actionprobe output, PRB. R and C are the row and column size as shown in Figure 13. The recommended frequency is 10 MHz with
defined in Table 1. The filler bits, counter pattern, and Mode 10 nS setup and hold times allowing for SDIand DCLK transitions.
register pattern are shown in Table 3. Addressing for rows and The selected module output will be present at the PRA or PRB
columns is active high, i.e. unselected rows and columns are “zeros” output approximately 20 nS after the stop-bit transition.

Table 3. Bit Stream Definitions for Actionprobe Diagnostics

Device Probe_Mode Filler (n) Counter_Pattern Mode_Register_Pattern # of clocks
A1280 Probe A only 443 0011011111 000000110001111100000 675
A1280 Probe B only 443 0011011111 000000101001111100000 675
A1280 Probe A and B 443 0011011111 000000111001111100000 675
A1240 Probe A only 361 1111000001 000000110001111100000 541
A1240 Probe B only 361 1111000001 000000101001111100000 541
A1240 Probe Aand B 361 1111000001 000000111001111100000 541
A1225 Probe A only 308 1101011010 000000110001111100000 458
A1225 Probe B only 308 1101011010 000000101001111100000 458
A1225 Probe A and B 308 1101011010 000000111001111100000 458

For Example: Selecting PRA for A1280 results in the following bit stream:

0011011111_000000110001111100000_
(443 zeros) X2<0>..X2<17>_Y2<81>..¥Y2<0> X1<0>..X1<0>..X1<17>_Y1<0>..Y1<81> 0,

where “_” is used for clarity onty.

FILLER ZEROS

|«— LOAD COUNTER —s|«— LOAD MODE REG —-—|I|-—— X, Y ADDRESS ——»{ STOP le— PROBING —| NEXT -~

MODE |
o X XX XXX XXX XD T

Figure 13. Timing Waveforms
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Military Device Ordering Information

A1010 A -

L

A1010A
A1020A
A1240
A1280

1 PG 84 B
Application (Temperature Range)
C = Commercial (0to +75°C)
M = Military (-55 to +125°C)
B = MIL-STD-883
Package Lead Count
- Package Type
CQ = Ceramic Quad Flatpack
JQ = J-leaded Cerquad Chip Carrier
PG = Ceramic Pin Grid Array
- Speed Grade

Std = Standard Speed
-1 = Standard + 15% Speed

Die Revision

— Part Number

-1200 Gates
-2000 Gates
-4000 Gates
-8000 Gates

SMD Drawing Number to Actel Part Number Cross Reference

SMD Number Cage Number Actel Part Number
5962-9096401MZX 0J4Z0 A1010A-PG84B
5962-9096501MXX 0J4Z0 A1020A-JQ44B
5962-9096501MYX 0J4Z0 A1020A-JQ68B
5962-9096501MZX 0J420 A1020A-JQ84B
5962-9096501MUX 0J4Z0 A1020A-PG84B
5962-9096501MTX 0J4Z0 A1020A-CQ84B
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Product Plan

Speed Grade Application
Std -1* C M B E
A1280 Device
176-pin Ceramic Pin Grid Array (PG) Vv P Vv Vv I -
172-pin Ceramic Quad Flatpack (CQ) v P I v 4 4
A1240 Device
132-pin Ceramic Pin Grid Array (PG) I P v v v -
A1020A Device
84-pin Ceramic Pin Grid Array (PG) v Vv 4 ' 4 -
84-pin Ceramic Quad Flatpack (CQ) v I v U Vv Vv
84-pin J-leaded Cerquad Chip Carrier (JQ) v I v I 1% -
68-pin J-leaded Cerquad Chip Carrier (JQ) v v v v Vv -
44-pin J-leaded Cerquad Chip Carrier (JQ) I v I 4 I -
A1010A Device
84-pin Ceramic Pin Grid Array (PG) v v I v v -
Applications:C = Commercial Availability: #7 = Available * Speed Grade: -1 = 15% faster than Standard
M = Military P = Planned
B = MIL-STD-883C — = Not Planned
E = Extended Flow
Device Resources
User I/Os
Loal CPGA CQFP Jacc
ogic
Device Modules Gates 176-pin 132-pin  84-pin 172-pin  84-pin 84-pin  68-pin  44-pin
A1280 1232 8000 140 - - 140 - - - —
A1240 684 4000 - 104 - - - — - -
A1020A 547 2000 — - 69 - 69 69 57 34
A1020A 295 1200 - - 57 - - — - -
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Pin Description

CLKA Clock A (Input)

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 I/O.

CLKB Clock B (Input)

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 I/O.

DCLK

TTL Clock input for diagnostic probe and device programming.
DCLK is active when the MODE pin is HIGH. This pin functions
as an I/O when the MODE pin is LOW.

Diagnostic Clock (Input)

GND Ground (Input)
Input LOW supply voltage.
1/0 Input/Output (Input, Output)

I/O pins function as an input, output, three-state, or bidirectional
buffer. Input and output levels are compatible with standard TTL
and CMOS specifications. Unused I/O pins are automatically
driven LOW by the ALS software.

MODE Mode (Input)

The MODE pin controls the use of multi-function 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 Probe A (Output)

The Probe A pin is used to output data from any user-defined
design node within the device. This independent diagnostic pin is
used in conjunction with the Probe B pin to allow real-time
diagnostic output of any signal path within the device. The Probe A

pin can be used as a user-defined I/O when debugging has been
completed. The pin’s probe capabilities can be permanently
disabled to protect programmed design confidentiality. PRA is
active when the MODE pin is HIGH. This pin functions as an I/O
when the MODE pin is LOW.

PRB Probe B (Output)

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 I/O when debugging has been
completed. The pin’s probe capabilities can be permanently
disabled to protect programmed design confidentiality. PRB is
active when the MODE pin is HIGH. This pin functions as an I/O
when the MODE pin is LOW.

SDI Serial Data Input (Input)

Serial data input for diagnostic probe and device programming.
SDI is active when the MODE pin is HIGH. This pin functions as
an I/0 when the MODE pin is LOW.

SDO Serial Data Output (Output)

Serial data output for diagnostic probe. SDO is active when the
MODE pin is HIGH. This pin functions as an I/O when the
MODE pin is LOW.

Vee Supply Voltage (Input)
Input HIGH supply voltage.
Vs Programming Voltage (Input)

Input supply voltage used for device programming. This pin must
be connected to GND during normal operation.

Vpp Programming Voltage (Input)

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

Vsv Programming Voltage (Input)

Input supply voltage used for device programming. This pin must
be connected to V¢ during normal operation.
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Actel Military Product Flow

Military
883C—Class B 883C—Class B
Step Screen 883C Method Requirement RE::;::::M
1.0 Internal Visual 2010, Test Condition B 100% 100%
20 Temperature Cycling 1010, Test Condition C 100% 100%
30 Constant Acceleration 2001, Test Condition E 100% 100%
{min), Y1, Orientation only
4.0 Seal 1014
a. Fine 100% 100%
b. Gross 100% 100%
5.0 Visual Inspection 100% 100%
6.0 Pre Burn-in In accordance with Actel 100% N/A
Electrical Parameters applicable device specifications
70 Burn-in Test 1015 Condition D 100% N/A
160 hours @ 125°C Min.
8.0 Interim (post burn-in) In accordance with Actel 100% 100%
Electrical Parameters applicable device specifications (as finat test)
9.0 Percent Defective Allowable 5% All Lots N/A
10.0 Final Electrical Test In accordance with Actel"
applicable device specifications
a. Static Tests 100% 100%
(1) 25°C
(Subgroup 1, Table |, 5005)
(2) -55°C and +125°C.
(Subgroups 2, 3, Table 1, 5005)
b. Dynamic and Functional Tests 100% 100%
(1) 25°C
(Subgroup 7, Table |, 5005)
(2) -55°C and +125°C.
(Subgroups 8A and 8B, Table 1, 5005)
¢. Switching Tests at 25°C 100% 100%
(Subgroup 9, Table |, 5005)
11.0 Qualification or Quality 5005 All Lots N/A
Conformance Inspection Test
Sample Selection (Group A)
12.0 External Visual 2009 100% Actel specification
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Actel Extended Flow?: 2

Screen Method Requirement
1. Wafer Lot Acceptance® 5007 with step coverage waiver All Lots
2. Destructive In-Line Bond Pull* 2011, condition D Sample
3. Internal Visual 2010, condition A 100%
4. Temperature Cycling 1010, condition C 100%
5. Constant Acceleration 2001, condition E (min) Y, orientation only 100%
6. Visual Inspection 2009 100%
7. Particle Impact Noise Detection 2020, condition A 100%
8. Serialization 100%
9. Pre Burn-in Electrical Parameters In accordance with Actel applicable device specification  100%
10. Burn-in Test 1015, 240 hours @ 125°C minimum 100%
11.  Interim (Post Burn-in) Electrical Parameters In accordance with Actel applicable device specification  100%
12. Reverse Bias Burn-in 1015, condition A or C, 72 hours @ 150°C minimum 100%
13. Interim (Post Burn-in) Electrical Parameters In accordance with Actel applicable device specification ~ 100%
14.  Percent Defective Allowable (PDA) Calculation 5%, 3% functional parameters @ 25°C All Lots
15.  Final Electrical Test In accordance with Actel applicable device specification  100%
a. Static Tests 100%
(1) 25°C 5005
(Subgroup 1, Table 1)
(2) -55°Cand125°C 5005
(Subgroups 2, 3, Table 1)
b. Dynamic or Functional Tests 100%
(1) 25°C 5005
(Subgroup 4 or 7, Table 1)
(2) -55°Cand125°C 5005
(Subgroups 5 and 6, or 8 a and b, Table 1)
c. Switching Tests at 25°C 5005 100%
(Subgroup 9, Table 1)
16. Seal 1014 100%
a. Fine
b. Gross
17. Radiographic 2012, two views 100%
18. Qualification or Quality Conformance Inspection 5005 Per
Test Sample Selection Group A
19. External Visual 2009 100%
Notes: 2. Method 5004 requires 100% Radiation Latch-up testing to Method

1020. Actel will not be performing any radiation testing and this
requirement must be waived in its entirety.

1. Actel offers the Extended Flow in order to satisfy those customers that
require additional screening beyond the requirements of
MIL-STD-883C, Class B. Actel is compliant to the requirements of 3

MIL-STD-883C, Paragraph 1.2.1, and MIL-M-38510 Appendix A.
Actel is offering this extended flow incorporating the majority of the
screening procedures as outlined in Method 5004 of MIL-STD-883C
Class S. The exceptions to Method 5004 are as shown in Notes 2-4
below.

. Wafer lot acceptance is performed to Method 5007, however the step
coverage requirement as specified in Method 2018 must be waived.

4. Method 5004 requires a 100%, Non-Destructive Bond Pull to Method
2023. Actel substitutes a Non-Destructive Bond Pull to Method 2011,
condition D on a sample basis only.
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Absolute Maximum Ratings
Free air temperature range

Recommended Operating Conditions

Symbol Parameter Limits Units Parameter Commercial Military Units
Vee DC Supply Voltage!: 2. 3 -05t0 +7.0 Volts gzr::g:{ature 0to +70 5510 +125  °C
\ Input Voltage ~-0.5t0 Vgc +0.5 Volts Power Supply
Tolerance £5 £10 %Vec
Vo Output Voltage -05toVgc +05  Volts
Note:
ut Cl nt +20 mA
'k Inp amp Curre 1. Ambient temperature (T) is used for commercial and industrial; case
lok Output Clamp Current +20 mA temperature (Tc) is used for military.
lok Continuous Output Current +25 mA

-65 to +150 °C

Stresses beyond those listed above may cause permanent damage to the
device. Exposure to absolute maximum rated conditions for extended
periods may affect device reliability. Device should not be operated
outside the Recommended Operating Conditions.

Tera  Storage Temperature

Notes:

1. Vpp = V¢, except during device programming.
2. Vgy = V¢, except during device programming.
3. Vks = GEN, except during device programming.

Package Thermal Characteristics

The device junction to case thermal characteristicis 6jc, and the
junction to ambient air characteristic is ©ja. The thermal
characteristics for 0ja are shown with two different air flow rates.

Maximum junction temperature is 150°C.

A sample calculation of the maximum power dissipation for a
CPGA 176-pin package at military temperature is as follows:

Max. junction temp. (°C) - Max. mijlitary temp. (°C) 150°C - 125°C  _ 12W
bja (°C/W) © 20°CIW ‘
" Oja
Package Type Pin Count Ojc Still air 300 ﬁ/minun“s
Ceramic Pin Grid Array 84 8 33 20 °CW
132 5 30 15 °CwW
176 2 20 8 °C/W
Ceramic Quad Flatpack 84 5 40 30 °CW
172
J-leaded Cerquad Chip Carrier 44 8 38 30 °CW
68 8 35 25 °C/W
84 8 34 24 °C/W
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ACT 1 and ACT 2 Military FPGAs

ACT 1 Electrical Specifications

Commercial Military
Parameter Units
Min. Max. Min. Max.
(lon = -4 mA) 3.84 v
Vau!

o (lon = -3.2mA) 37 v
Vo' (loL = 4 mA) 0.33 0.40 v
Vi ~0.3 0.8 -03 0.8 v
Vi 20 Vee + 03 20 Voo + 0.3 v
Input Transition Time tg, 2 500 500 ns
Cio /O Capacitance? 3 10 10 pF
Standby Current, lcc? 10 25 mA
Leakage Current® -10 10 -10 10 uA

= 1
los Output Short (Vo = Vo) 20 140 20 40 mA
Circuit Current® (Vo = GND) -10 -100 -10 -100 mA
Notes:
1. Only one output tested at a time. Ve = min.
2. Not tested, for information only.
3. Includes worst-case 84-pin PLCC package capacitance. Voyr = 0V, f = 1 MHz.
4. Typical standby current = 3 mA. All outputs unloaded. All inputs = V¢ or GND.
5. Vo, VIN = VCC or GND.
6. Only one output tested at a time. Min. at Vee = 4.5 V; Max. at Vee = 5.5V,
ACT 2 Electrical Specifications
Commercial Military
Parameter Units
Min. Max. Min. Max.
(lon = -6 mA) 3.84
Vo'
(lon = -4 mA) 37
Vo' {lo. = 6mA) 0.33 0.40
ViL -0.3 0.8 -0.3 0.8
Vin 20 Vee + 0.3 20 Vee + 0.3 \'
Input Transition Time tg, t=2 500 500 ns
Cjo I/O Capacitance?® 3 10 10 pF
Standby Current, Igc? 10 25 mA
Leakage Currentd -10 10 -10 10 HA
Notes:

1. Only one output tested at a time. Vcc = min.

2. Not tested, for information only.

3. Includes worst-case 176-pin CPGA package capacitance. Voyt = 0V, f = 1 MHz.
4. All outputs unloaded. All inputs = V¢ or GND.

5. Vo, ViN = VCC or GND.
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ACT 1 Power Dissipation

The following formula is used to calculate total device dissipation.

Total Device Power (mW) = (0.20xNx F1) + (0.085x Mx F2) +
(0.80x Px F3)

Where:
F1 = Average logic module switching rate in MHz
F2 = CLKBUF macro switching rate in MHz
F3 = Average I/O module switching rate in MHz

M = Number of Logic modules connected to the CLKBUF
macro

N = Total number of Logic modules used in the design
(including M)
P = Number of outputs loaded with 50 pF

Average switching rate of logic modules and of I/O modules is
some fraction of the device operating frequency (usually
CLKBUF). Logic modules and I/O modules switch states (from
low-to-high or from high-to-low) only if the input data changes
when the module is enabled. A conservative estimate for average
logic module and I/O module switching rates (variables F1 and F3,
respectively) is 10% of device clock driver frequency.

If the CLKBUF macro is not used in the design, eliminate the
second term (including F2 and M variables) from the formula.

Sample A1020 Device Power Calculation

To illustrate the power calculation, consider a large design
operating at high frequency. This sample design utilizes 85% of
available logic modules on the A1020-series device (.85x 547 = 465
logic modules used). The design contains 104 flip-flops (208 logic
modules). Operating frequency of the design is 16 MHz. In this
design, the CLKBUF macro drives the clock network. Logic
modules and I/O modules are switching states at approximately
10% of the clock frequency rate (.(10x 16 MHz = 1.6 MHz). Sixteen
outputs are loaded with 50 pFE.

To summarize the design described above: N = 464; M = 208;
F2 = 16; F1 = 4, F3 = 4, P = 16. Total device power can be
calculated by substituting these values for variables in the device
dissipation formula.

Total device power for this example =

(0.20x 465x 1.6) + (0.085x208x 16) + (0.80x 16x 1.6) = 452 mW

ACT 2 Power Dissipation

P = [Icc + Laive] « Ve + IoeVorN + Ious(Vec-Vou) M
Where:

Icc is the current flowing when no inputs or outputs are changing,

Tactive 1S the current flowing due to CMOS switching.

IoL, Ion are TTL sink/source currents.

Vo, Vor are TTL level output voltages.

N equals the number of outputs driving TTL loads to Vg,

M equals the number of outputs driving TTL loads to Vou.

An accurate determination of N and M is problematical because
their values depend on the design and on the system I/O. 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:

10mAx525V = 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 ATT 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/O.
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.
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ACT 1 and ACT 2 Military FPGAs

Equivalent Capacitance

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

Power (UW) = Cgq» Vec? « f (1)
Where:

Cgq is the equivalent capacitance expressed in pE

Vcc is power supply in volts.

f is the switching frequency in MHz.

Equivalent capacitance is calculated by measuring Leve at a
specified frequency and voltage for each circuit component of
interest. The results for ACT 2 devices are:

Ceo (PF)
Modules 7.7
Input Buffers 18.0
Output Buffers 25.0
Clock Buffer Loads 25

To calculate the 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. The exact equation is a piece-wise linear summation over all
components, as shown in Equation 2.

Power = [(m+77+£)+ (n+180.5) + (p+ (250 + Cp). f3)
+(Q-25.0]- Ve @

Where:

n = Number of logic modules switching at frequency f;

m = Number of input buffers switching at frequency f,

p = Number of output buffers switching at frequency f3

q = Number of clock loads on the global clock network

f = Frequency of global clock

fi = Average logic module switching rate in MHz

f, = Average input buffer switching rate in MHz

f; = 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 = F/10

Inputs = 1/3 of I/O

Average Input Frequency = F/S

Outputs = 2/3 of I/Os

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 = F/2

Estimated Power

The results of estimating active power are displayed in Figure 14.
The graphs provide a simple guideline for estimating power. The
tables may be interpolated when your application has different
resource utilizations or frequencies.

3.0 //
20 A i/
arze0)” |/
1.0 ~ ////
i
4 p4
P4V 4
/
LY A1240
A
% / ,//
- // %
0.1~ ,/
4 y4
y4
7
7
Vv
1.0 10.0 100.0

MHz

Figure 14. ACT 2 Power Estimates
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Parameter Measurement

Output Buffer Delays

[7Ys] To AC test loads (shown below)

tow oL tenz tenz

tenzn tennz

AC Test Loads

Load 1

Load 2
(Used to measure propagation delay) (Used to measure rising/failing edges)
Vee GND
To the output under test ® L4
. 50 pF Rto Vg for '(pLz/‘ng_
R to GND for terz/tezn
— To the output under test R =1kQ
T
Input Buffer Delays Combinatorial
Macro Delays s —
A — —Y
B—
Y
PAD
Vec
S,AorBA50% 50% N___ GND
Vee
av Y 50% 50%
GND
oL torL
Y
50%)
teHL
YnvH tnvL
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ACT 1 and ACT 2 Military FPGAs

Sequential Timing Characteristics
Flip-Flops and Latches

o1 PRE | g
E —
CLK— cin
(Positive edge triggered)

o}
3 X X
e— two —+] }-——-|“"’CLKA } ta
—= touena fe— b twoe —>|
] ten
e [ ]
o
a X X
- o
PRE, CLR _—_l I—_I___
Aweway

/ASYN

¥

Notes:
1. D represents all data functions involving A, B, and S for multiplexed flip-flops.

1-139



Sequential Timing Characteristics (continued)

Input Buffer Latches (ACT 2 only)

G —p—+—Q

CLKBUF

PAD X

—-’i tnsu

o |
—-I tsuext I-——

Output Buffer Latches (ACT 2 only)

OBDLHS

—*-I foutsu I-—

——*I toun
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ACT 1 and ACT 2 Military FPGAs

Timing Characteristics

Timing characteristics for ACT arrays fall into three categories:
family dependent, device dependent, and design dependent. The
output buffer characteristics are common to all ACT 2 family
members. 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 users 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 shown in the Timing Characteristics
tables include the module delay plus estimates derived from
statistical analysis for wiring delay. This statistical estimate is based
on fully utilized devices (90% module utilization).

Critical Nets 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 as critical, while 90% of the nets in a design are
typical.

Fan-Out Dependency

Propagation delays depend on the fan-out (number of loads) driven
by a macro. Delay time increases when fan-out increases due to the

ACT 1 Timing Derating Factor (x typical)

capacitive loading of the macro’s inputs, as well as the
interconnect’s resistance and capacitance.

Long Tracks

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

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 array typical timing
specifications. The derating factors shown in the table below are
based on the recommended operating conditions for applications.
The derating curves in Figure 15 showworst-to-best case operating
voltage range and best-to-worst case operating temperature range.
The temperature derating curve is based on device junction
temperature. Actual junction temperature is determined from
Ambient Temperature, Power Dissipation, and Package Thermal
characteristics.

ACT 2 Timing Derating Factor (x typical)

Commercial Military Commercial Military
Best-  Worst- Best-  Worst- Best-  Worst- Best-  Worst-
Speed Grade Case Case Case Case Speed Grade Case Case Case Case
Standard Speed 0.45 1.54 0.37 1.79 Standard Speed 0.40 1.40 0.35 1.60
-1 Speed Grade 0.45 1.28 037 1.49

Note:

“Best-case” reflects maximum operating voltage, minimum operating tem-
perature, and best-case processing. “Worst-case” reflects minimum operat-
ing voltage, maximum operating temperature, and worst-case processing.
Best-case derating is based on sample data only and is not guaranteed.

Voltage Derating Curve

116

1.10

1.05 g

Factor

0.95
~N

0.90

0.85

0.80

45 475 50 525 55
Ve (Volts)

Note:

“Best-case” reflects maximum operating voltage, minimum operating tem-
perature, and best-case processing. “Worst-case” reflects minimum operat-
ing voltage, maximum operating temperature, and worst-case processing.
Best-case derating is based on sample data only and is not guaranteed.

Temperature Derating Curve

1.40

1.30

Factor

0.90 L

0.80

070
-60 -40 -20 0 20 40 60 80 100 120

Temperature (°C)

Figure 15. Derating Curves
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ACT 1 Timing Characteristics

Logic Module Timing

Voo = 5.0 V; Ty = 25°C; Process = Typical; top = 3.0ns @ FO = 0

Single Logic Module Macros

(e.g., most gates, latches, multiplexors)’

Parameter Output Net FO =1 FO =2 FO=3 FO =4 FO =8 Units
trp Critical 54 58 6.2 85 Note 2 ns
tep Typical 6.3 6.7 77 8.6 10.8 ns

Dual Logic Module Macros
(e.g., adders, wide input gates)!

Parameter Output Net FO =1 FO =2 FO =3 FO =4 FO =28 Units
tro Critical 9.2 9.6 10.0 123 Note 2 ns
tp Typical 10.2 10.6 1.6 125 146 ns

Sequential Element Timing Characteristics
Fan-Out
Parameter FO =1 FO =2 FO =3 FO =4 FO =8 Units
tsu Set Up Time, Data Latches 3.5 3.9 4.2 4.5 4.8 ns
tsu Set Up Time, Flip-Flops 39 39 39 3.9 39 ns
ty Hold Time o] 0 0 0 0 ns
tw Pulse Width, Minimum?3 77 85 9.2 10.0 14.0 ns
tco Delay, Critical Net 5.4 5.8 6.2 85 Note 2 ns
tca Delay, Typical Net 6.3 6.7 77 8.6 10.8 ns
Notes:

1. Most flip-flops exhibit single module delays.
2. Critical nets have a maximum fan-out of six.

3. Minimum pulse width, tw, applies to CLK, PRE, and CLR inputs.
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ACT 1 and ACT 2 Military FPGAs

ACT 1 Timing Characteristics (continued)

I/O Buffer Timing
lcc = 5.0V; Tp = 25°C; Process = Typical

INBUF Macros

Parameter From - To FO =1 FO =2 FO =3 FO =4 FO =8 Units
teuL PadtoY 6.9 76 8.9 10.7 143 ns
toun Pad to Y 59 65 7.7 8.4 124 ns

CLKBUF (High Fan-Out Clock Buffer) Macros

Parameter FO = 40 FO = 160 FO = 320 Units
tenL 9.0 12.0 15.0 ns
toLn 9.0 12.0 15.0 ns
Notes:
L. A clock balancing feature is provided to minimize clock skew. 2. There is no limit to the number of loads that may be connected to the
CLKBUF macro.

JUTBUF, TRIBUFF, and BIBUF Macros

L = 50 pF
Parameter From - To CMOS TTL Units
teHL D to Pad 3.9 49 ns
teLH D to Pad 72 57 ns
tphz E to Pad 52 34 ns
tezH E to Pad 6.5 4.9 ns
toLz E to Pad 6.9 5.2 ns
toz E to Pad 49 5.9 ns

~hange in Propagation Delay with Load Capacitance

Parameter From - To CMOS TTL Units
torL D to Pad 0.03 0.046 ns/pF
teLn D to Pad 0.07 0.039 ns/pF
tenz E to Pad 0.08 0.046 ns/pF
tezn E to Pad 0.07 0.039 ns/pF
triz E to Pad 0.07 0.039 ns/pF
trzL E to Pad 0.03 0.039 ns/pF

Notes:
L. The BIBUF macro input section exhibits the same delays as the INBUF 2. Load capacitance delay delta can be extrapolated down to 15 pF
macro. minimum.
Example:

Delay for OUTBUF driving a 100-pF TTL load:
tpr, = 4.9 + (.046 x (100-50)) = 4.9 + 2.3 = 7.2 ns
tpen = 5.7 + (.039 x (100-50)) = 5.7 + 2.0 = 7.7 ns
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A1280 Timing Characteristics

Propagation Delays (Vo = 5.0 V; Ta = 25°C; Process = Typical; Derating Required)

Parameter Description Output Net FO =1 FO =2 FO=3 FO =4 FO =18 Units
teDs Single Module Critical 45 5.0 55 6.0 - ns
tep1 Single Module Typical 57 6.2 6.7 82 1.7 ns
teo2 Dual Module Critical 75 8.0 85 9.0 - ns
tpp2 Dual Module Typical 87 9.2 97 11.2 14.7 ns
tco Sequential Clk to Q Critical 45 5.0 55 6.0 . ns
tco Sequential Clk to Q Typical 5.7 6.2 6.7 8.2 1.7 ns
o Latch Gto Q Critical 45 5.0 55 6.0 = ns
teo LatchGto Q Typical 57 6.2 6.7 82 11.7 ns
tro Asynchronous to Q Critical 45 5.0 55 6.0 - ns
tep Asynchronous to Q Typical 57 6.2 6.7 8.2 1.7 ns

Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)

Commercial Military

Parameter Description Min. Max. Min. Max. Units
tsup Flip-Flop (Latch) Data Input Setup 0.4 1.0 ns
tsuasyN Flip-Flop (Latch) Asynchronous Input Setup 1.0 20 ns
thp Flip-Flop (Latch) Data Input Hold 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 50 75 ns
tHENA Flip-Flop (Latch) Enable Hoid 0.0 0.0 ns
twoLka Flip-Flop (Latch) Clock Active Pulse Width 75 9.0 ns
twasyN Flip-Flop (Latch) Asynchronous Pulse Width 7.5 9.0 ns
ta Flip-Flop (Latch) Clock Input Period 18.0 22.0 ns
tNH Input Buffer Latch Hold 20 25 ns
tinsu Input Buffer Latch Setup -25 -35 ns
toutH Output Buffer Latch Hold 0.0 0.0 ns
toutsu Output Buffer Latch Setup 04 1.0 ns
fmax Flip-Flop (Latch) Clock Frequency 480 39.0 MHz
Notes:

1. Dataapplies to macros based on the sequential (S-type) module. Timing
parameters for sequential macros constructed from C-type modules can
be obtained from the ALS Timer utility.

2. Setup and hold timing parameters for the Input Buffer Latch are
defined with respect to the PAD and the G input. External setup/hold
timing parameters must account for delay from an external PAD signal
to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.
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A1280 Timing Characteristics (continued)
1/0 Buffer Timing (Vo = 5.0 V; To = 25°C; Process = Typical; Derating Required)

Parameter Description FO =1 FO =2 FO =3 FO =4 FO =8 Units
tinvH Pad to Y High 6.7 72 77 82 "7 ns
iyl Pad to Y Low 66 7.1 76 8.1 115 ns
tingH G to Y High 6.6 72 77 82 17 ns
tinaL GtoY Low 6.4 6.9 75 8.0 1.4 ns

Global Clock Network (Voc = 5.0V; Ty = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =384 Units
tokH Input Low to High 9.1 10.1 123 ns
oL Input High to Low 9.1 10.2 125 ns
trwH Minimum Pulse Width High 6.0 6.0 6.0 ns
trwL Minimum Pulse Width Low 6.0 6.0 6.0 ns
foksw Maximum Skew 05 1.0 25 ns
tsuext Input Latch Externat Setup 0.0 0.0 0.0 ns
thexr Input Latch External Hold 7.0 8.0 11.2 ns
te Minimum Period 15.0 18.0 20.0 ns
fmax Maximum Frequency 66.0 55.0 50.0 MHz

Output Buffer Timing (Voo = 5.0 V; Ty = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
totH Data to Pad High 46 6.7 ns
tonL Data to Pad Low 6.5 49 ns
tenzH Enable Pad Z to High 83 8.3 ns
tenzL Enable Pad Z to Low 55 55 ns
tenHz Enable Pad High to 2 45 45 ns
lentz Enable Pad Low to Z 6.0 6.0 ns
taLH G to Pad High 4.6 46 ns
taHL G to Pad Low 6.5 6.5 ns
dniH Delta Low to High 0.06 0.1 ns/pF
IrhL Delta High to Low 0.11 0.08 ns/pF
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A1240 Timing Characteristics PRELIMINARY DATA
Propagation Delays (Voc = 5.0 V; Ty = 25°C; Process = Typical; Derating Required)

Parameter Description Output Net FO=1 FO =2 FO =3 FO = 4 FO =8 Units
tep1 Single Module Critical Net 3.9 43 48 53 - ns
tro1 Single Module Typical Net 4.9 53 57 7.0 10.0 ns
teo2 Dual Module Critical Net 75 8.0 8.5 9.0 . ns
tpp2 Dual Module Typical Net 79 8.3 8.7 10.0 13.0 ns
tco Sequential Clk to Q Critical Net 39 43 4.8 53 - ns
tco Sequential Clk to Q Typical Net 49 53 5.7 7.0 10.0 ns
teo Latch Gto Q Critical Net 3.9 43 48 5.3 - ns
tco Latch Gto Q Typical Net 49 5.3 57 7.0 10.0 ns
tp Asynchronous to Q Critical 39 4.3 4.8 53 - ns
tep Asynchronous to Q Typical 49 53 57 70 10.0 ns

Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)

Commercial Military

Parameter Description Min. Max, Min. Max. Units
tsup Flip-Flop (Latch) Data Input Setup 04 1.0 ns
tsuasyn Flip-Flop (Latch) Asynchronous Input Setup 1.0 20 ns
tio Flip-Flop (Latch) Data input Hold 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 5.0 75 ns
tHena Flip-Flop (Latch) Enable Hold 0.0 0.0 ns
twerka Flip-Flop (Latch) Clock Active Pulse Width 6.5 9.0 ns
twasyn Flip-Flop (Latch) Asynchronous Pulse Width 6.5 9.0 ns
ta Flip-Flop (Latch) Clock Input Period 15.0 200 ns
tiNe Input Buffer Latch Hold 20 25 ns
tinsu Input Buffer Latch Setup -25 -35 ns
toutH Output Buffer Latch Hold 0.0 0.0 ns
toutsu Output Buffer Latch Setup 04 1.0 ns
fmax Flip-Flop (Latch) Clock Frequency 66.0 50.0 MHz
Notes:

1. Data applies to macros based on the sequential (S-type) module. Timing
parameters for sequential macros constructed from C-type modules can

be obtained from the ALS Timer utility.

2. Setup and hold timing parameters for the Input Buffer Latch are
defined with respect to the PAD and the G input. External setup/hold
timing parameters must account for delay from an external PAD signal
to the G inputs. Delay from an external PAD signal to the G input
subtracts (adds) to the internal setup (hold) time.
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A1240 Timing Characteristics (continued) PRELIMINARY DATA
1/0 Buffer Timing (Vec = 5.0V; Ta = 25°C; Process = Typical; Derating Required)

Parameter Description FO =1 FO =2 FO =3 FO =4 FO =8 Units
HNYH Pad to Y High 6.1 6.5 59 74 105 ns
tinvL Padto Y Low 59 6.4 6.8 73 104 ns
tingH G to Y High 6.1 6.5 59 74 10.5 ns
tinaL GtoY Low 5.9 6.4 6.8 73 10.4 ns

Global Clock Network (Voc = 5.0V; Ty = 25°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =256 Units
tekH Input Low to High 9.1 10.1 1.2 ns
towe Input High to Low 9.1 10.2 11.3 ns
tewn Minimum Pulse Width High 5.1 55 6.0 ns
twiL Minimum Pulse Width Low 5.1 55 6.0 ns
toksw Maximum Skew 0.5 1.0 25 ns
tsuexT Input Latch External Setup 0.0 0.0 0.0 ns
tHEXT Input Latch External Hold 7.0 8.0 11.2 ns
te Minimum Period 12.0 15.0 16.6 ns
fmax Maximum Frequency 80.0 66.0 60.0 MHz

Output Buffer Timing (Voc = 5.0 V; Ty = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
towH Data to Pad High 46 6.7 ns
toHL Data to Pad Low 6.5 4.9 ns
tenzH Enable Pad Z to High 8.3 8.3 ns
tenze Enable Pad Z to Low 55 55 ns
teNHZ Enable Pad High to Z 45 45 ns
tenrz Enable Pad Low to Z 6.0 6.0 ns
taim G to Pad High 46 46 ns
toHL G to Pad Low 6.5 6.5 ns
driy Delta Low to High 0.06 0.11 ns/pF
[<; "} Delta High to Low 0.11 0.08 ns/pF
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ALS Design Environment

Hard and Soft Macros

Designing within the Actel design environment is accomplished
through a building block approach. Over 250 logic function macros
are provided in the ACT 1 and ACT 2 design libraries. Hard
macros range from simple SSI gates such as AND, NOR, and
exclusive OR to more complex functions such as flip-flops with 4:1
multiplexed data inputs.

Hard macros are implemented within the ACT 1 architecture by
utilizing one or two modules. Hard macros are implemented within
the ACT 2 architecture by utilizing one or more C-Modules and/or
S-Modules. Over 150 of these macros are implemented within a

ACT 1 Macro Library
Soft Macro Library Overview

single logic module, although several two-module macros are
available. One- and two-module macros have a small propagation
delay variance, which allows accurate performance prediction.

Soft macros comprise multiple hard macros connected to form
complex functions ranging from MSI functions to 16-bit counters
and accumulators. A large number of TTL equivalent hard and soft
macros also are provided.

Design Compatibility

The design libraries for ACT 2 are fully upward compatible from
the ACT 1 design libraries. ACT 1 designs can be converted to
equivalent gate-count ACT 2 arrays. The Activator 2 programmer
supports ACT 1 and ACT 2 device families.

Macro Name Modules Required Description Levels of Logic
Counters

CNT4A 17 4-bit loadable binary counter with clear 4
CNT4B 15 4-bit loadable bin counter w/ cir, active low carry in & carry out 4
UDCNT4A 24 4-bit up/down cntr w/ sync active low load, carry in & carry out 6
Decoders

DEC2X4 4 2 to 4 decoder 1
DEC2X4A 4 2 to 4 decoder with active low outputs 1
DEC3X8 8 3 to 8 decoder 1
DEC3X8A 8 3 to 8 decoder with active low outputs 1
DEC4X16A 20 4 to 16 decoder with active low outputs 2
DECE2X4 4 2 to 4 decoder with enable 1
DECE2X4A 4 2 to 4 decoder with enable and active low outputs 1
DECE3X8 " 3 to 8 decoder with enable 2
DECE3X8A 11 3 to 8 decoder with enable and active low outputs 2
Latches and Registers

DLC8A 8 Octal latch with clear 1
DLE8 8 Octal latch with enable 1
DLM8 8 Octal latch with mulitplexed inputs 1
REGE8A 20 Octal register with preset and clear, active high enable 2
REGESB 20 Octal register with active low clock, preset and clear, active high enable 2
Adders

FA1 3 One-bit full adder 3
FADD8 37 8-bit fast adder 4
FADD12 62 12-bit fast adder 5
FADD16 78 16-bit fast adder 5
FADD24 120 24-bit fast adder 6
FADD32 160 32-bit fast adder 7
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ACT 1 Macro Library
Soft Macro Library Overview (continued)

Macro Name Modules Required Description Levels of Logic
Comparators

ICMP4 5 4-bit identity comparator 2
ICMP8 9 8-bit identity comparator 3
MCMP16 93 16-bit magnitude comparator 5
MCMPC2 9 2-bit magnitude comparator with enables 3
MCMPC4 18 4-bit magnitude comparator with enables 4
MCMPCS8 36 8-bit magnitude comparator with enables [¢]
Multiplexors

MX8 3 8 to 1 multiplexor 2
MX8A 3 8 to 1 multiplexor with an active low output

MX16 5 16 to 1 multiplexor 2
Muiltipliers

SMULT8 235 8 x 8 two's complement multiplier Varies

Shift Registers

SREG4A 8 4-bit shift register with clear 2
SREGS8A 18 8-bit shift register with clear 2
TTL Replacements

TA138 12 3 to 8 decoder with 3 enables and active low outputs 2
TA139 4 2 to 4 decoder with an enable and active low outputs 1
TA151 5 8 to 1 multiplexor with enable, true, and complementary outputs 3
TA153 2 4 to 1 multiplexor with active low enable 2
TA157 1 2 to 1 multiplexor with enable 1
TA161 22 4-bit sync counter w/ load, clear, count enables & ripple carry out 3
TA164 18 8-bit serial in, parallel out shift register 1
TA169 25 4-bit synchronous up/down counter 6
TA181 31 4-bit ALU 4
TA194 14 4-bit shift register 1
TA195 10 4-bit shift register 1
TA269 50 8-bit up/down cntr w/ clear, load, ripple carry output & enables 8
TA273 18 Octal register with clear 1
TA280 9 Parity generator and checker 4
TA377 16 Octal register with active low enable

Super Macros

UART 189 Universal Asychronous Receiver/Transmitter 7-Tx 4-Rx
MC 102 DRAM Controller Varies
DMA 225 Direct Memory Access Controlier Varies
SINT 180 SCSI Interface Controller Varies
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ACT 1 Macro Library
Hard Macro Library Overview

The following illustrations show all the available Hard Macros.

2-Input Gates (Module Count = 1)
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@ Indicates 2-module macro
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ACT 1 Macro Library
4-Input Gates (Module Count = 1, unless indicated otherwise)

sEO , =8 v
AND4 C | ANDaA c AnD4B
D | D |
40
NAND4 CT_| NAND4A T NAND4B
D D

® Indicates 2-module macro
A Indicates extra delay input
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ACT 1 Macro Library

AND-OR Gates (Module Count = 1) ® Indicates 2-module macro

A |ndicates extra delay input

[

&
<>
v

f

1-152



ACT 1 and ACT 2 Military FPGAs

ACT 1 Macro Library

OR-AND Gates (Module Count = 1) @ Indicates 2-modute macro
A Indicates extra delay input
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Buffers (Module Count = 1)

A_y

1/0 Buffers (I/0 Module Count = 1)
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B |
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ACT 1 Macro Library

Latches (Module Count = 1)

—]D Qf— —Dp OoNOD— —]D QF— —D OoNpO—
DL1 DL1A DL1B pLiC
—a —G —QG —Qa
D-Latches with Clear (Module Count = 1)
—D Qf— —D Qf—
pLC DLCA
—]G —Ja
CLR CLR
D-Latches with Enable (Module Count = 1)
—D Qf— —D QFb— —D o— —D Q—
— E DLE —C EDLEA —— EDLEB —(C] E DLEC
-——‘ G —a —q G —Qe
Mux Latches (Module Count = 1)
DLME1A
—A —A —A
—B e —B @ —B QfF—
DLM DLMA —s
—s —s —QE
—G —Qa —Ja
Adders (Module Count = 2)
—A —J A —A —A
—8 —B —8 —B
co— Ccof— cop— cop—
St—— S—— sp— Sb—
HA1 HA1A HA1B HAIC
—(A —A —( A0
—B —B — At
—Qc  cop— —c  co —lB copO—
AS ’— As— —(Qc  ast—
FA1A FA1B FA2A

Macros FA1A, FA1B, and FA2A have two level delays from the inputs to the S outputs, as indicated by the A
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ACT 1 Macro Library
D-Flip-Flops (Module Count = 2)

—D Qf— D GN —D o] —D ON
DF1 DF1A DF1B DF1C
—P > —_» —>
D-Flip-Flops with Clear
—D Qf— D Q —]D Q ——D GN
DFC1 DFC1A DFC1B DFC1C
—> —> @ —
CLR CLR CLR CLR
—]D of— D ON —]D ON —D ON
DFC1D DFC1E DFCIF DFC1G
—> > —CF —p
CLR CLR CLR CLR

Y

D-Flip-Flops with Preset

PRE PRE PRE PRE
—o al— D Q —D Q —D GN
DFP1 DFP1A DFP1B DFP1C
— > — —p
PéE PéE PRE PJR)E
—1D aol— D GN —1D ON —D GN
DFP1D DFP1E DFP1F DFP1G
—o> > —Q —Q
D-Flip-Flops with Preset and Clear I l
PRE PRE
—D Q —iD Q
DFPC DFPCA
—p —
CLR CLR

T

T
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ACT 1 Macro Library
D-Flip-Flops with Enable (Module Count = 2)

PRE PRE PRE
—]D Qf— —D Qf}— —po Qf}— —D Q}— —]D of— —]po Qf—
—{EeDFE —— EDFEA —] £ DFE1B — E DFEB —| E DFEC —J E DFED
—p —P —p — —> —p

CLR CLR CLR

T T T

JK Flip-Flops (Module Count = 2)

PRE
—J Q— —J QF—
—> JKF —> JKFPC
—Jk —(k
CLR
Mux Flip-Flops (Module Count = 2)
DFME1A
—A —]A —A —A
—B Q —18B Q —iB Q —B Qp—
DFM DFMA DFMB —]s
—]s —s —1s —QE
—D —p — —P> CLK

> cr
T

CLKBUF Interface Macros (Module Count = 1)

D e D e

gl |so
DO
A4
Y D1 y
b2 | Gmxe
D3
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ACT 2 Macro Library
Overview

The following tables describe ACT 2 macros, which are building
blocks for designing FPGAs with the ALS and your CAE interface.

Equation Statement Elements

Comblnatorial Elements
All equations for combinatorial logic elements use the following
operators:

Operator Symbol
AND See Note 1
NOT !

OR +

XOR ~

Notes:

1. A space between the ‘A’ and ‘B’ in the equation
Y = A B means A AND B,

2. Order of operators in decreasing precedence is: NOT, AND, XOR,
and OR.

3. Signals expressed in bold have a dual module delay.

ACT 2 Macro Selections

The macros are divided into four categories: I/O Macros, Hard
Macros (Combinable and Non-Combinable), Soft Macros, and
TTL Macros.

Sequential Elements

All equations for sequential logic elements use the following
formula:

Q = <I> (<!> CLKor G, <data equation>, <!> CLR, <!> PRE)
<!> Optional Inversion

CLK Flip-Flop Clock Pin

G Latch Gate Pin

CLR Asynchronous Clear Pin

PRE Asynchronous Preset Pin

1/0 Macros
Macro Name No. of Modules Description
1/0 Clock
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 Bidirectional with Input Dedicated to Clock Network
CLKBUF 1 Input for Dedicated Clock Network
OBDLHS 1 Output with Output Latch
OBHS 1 Output
OUTBUF 1 Output
TBDLHS 1 Three State Output with Latch
TBHS 1 Three State Output
TRIBUFF 1 Three State Output
Note:

The following are functionally identical:
OBHS and OUTBUF,; TRIBUFF and TBHS; BBHS and BIBUF
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ACT 2 Macro Library

TTL Macros

L No. of Modules
Macro Name Description Logic Levels seq. Py
TAQO 2-input NAND 1 1
TAO2 2-input NOR 1 1
TAO4 Inverter 1 1
TAO7 Buffer 1 1
TAO8 2-input AND 1 1
TA10 3-input NAND 1 1
TA11 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
TA51 AND-OR-Invert 1 2
TA54 4-wide AND-OR-Invert 2 5
TA55 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 muiltiplexor 3 6
TA151 8 to 1 muiltiplexor with enable and active low outputs 3 5
TA153 4 to 1 multiplexor 2 2
TA154 4 to 16 decoder 2 22
TA157 2 to 1 multiplexor 1 1
TA160 4-bit decode counter with clear 4 4 12
TA161 4-bit binary counter with clear 3 4 10
TA164 8-bit serial in, parallel out shift register 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 decode 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 shift register 1 4 4
TA195 4-bit 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

1-159



ACT 2 Macro Library

Soft Macros
No. of Modules
Function Description Macro Name Logic Levels —4m™W————m——
Seq. Comb.
4-bit binary counter with load, clear CNT4A 4 4 8
4-bit binary counter with load, clear, carry in, carry out CNT4B 4 4 7
4-bit up/down counter with load, carry in, and carry out UDCNT4A 5 4 13
Counters very fast 16-bit down counter VCNT16C 1 34 31
2-bit down counter, prescaler VCNT2CP 1 5 2
2-bit down counter, most significant bit VCNT2CU 1 2 3
4-bit down counter, middle bits VCNT4C 1 4 8
4-bit down counter, low order bits VCNT4CL 1 4 7
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 enable DECE2X4 1 4
2 to 4 decoder with enable and active low outputs DECE2X4A 1 4
3 to 8 decoder with enable DECE3X8 2 "
3 to 8 decoder with enable and active low outputs DECES3X8A 2 1
octal latch with clear DLC8A 1 8
octal latch with enable DLE8 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 SREGS8A 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
2-bit sum generator SUMX1A 2 5
very fast 16-bit adder VADD16C 3 g7
4-bit identity comparator ICMP4 2 5
8-bit identity comparator ICMP8 3 5
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 6 36
8 to 1 multiplexor MX8 2 3
Multiplexors 8 to 1 multiplexor with active low outputs MX8A 2 3
16 to 1 multiplexor MX16 2 5

1-160



ACT 1 and ACT 2 Military FPGAs

ACT 2 Macro Library
Combinable Hard Macros 1 (for DF1, DF1B, DFC1B, DFC1D, DL1, DL1B, DLC, and DLCA)

No. of Modules

Function Description Macro Name Equation(s)
Seq. Comb.

AND2 Y=AB 1
) AND2A Y=1AB 1
AND Zinput AND2B Y=1A1B 1
AND3B Y=1AIBC 1
AND-OR AO1A Y = ({{A)B) + C 1
AO1D Y =(AB) + C 1
AND-OR Invert AOI1D Y = I{(!AIB) + IC) 1
BUF Y=A 1
Buffers and BUFA Y = 1(1A) 1
Inverters INV Y=1A 1
INVA Y =IA 1
GAND2 Y=AG 1
Clock Met GNOR2 Y=1A+G) 1
GOR2 Y=A+G 1
Multiplexor 2:1 MX2 Y=(A!S)+ (BY) 1
2-input NAND2A Y = (A B) 1
NAND NAND2B Y = I(AB) 1
3-input NAND3C Y = I[(AIBIC) 1
NOR2 Y=!A+B) 1
2-input NOR2A Y = (A + B) 1
NOR NOR2B Y = (A +1B) 1
3-input NOR3A Y=1(A+B+C) 1
OR-AND , OA1 Y=A+BC 1
2-input OR2 Y=A+B 1
OR OR2A Y=IA+B 1
3-input OR3 Y=A+B+C 1
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ACT 2 Macro Library

Combinable Hard Macros 2 (for DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B)

No. of Modules
Function Description Macro Name Equation(s) —_—
Seq. Comb.
AND3 Y=ABC 1
3-input AND3A Y=I!ABC 1
AND AND3C Y = AIBIC 1
4-nput AND4B Y=!AIBCD 1
AND4C Y=I!ABICD 1
AO1 Y=(AB)+C 1
AO1B Y = (AB) + (IC) 1
AO1C Y = ((!A) B) + (1C) 1
AO1E Y= (A!B) + !IC 1
AO11 Y=AB+ (A+B)C) 1
AO2 Y = ((AB) + C + D) 1
AQ2A Y =((AB)+ C+ D) 1
AND-OR AO2B Y=(AB +C+D 1
AO2C Y=(AB)+!IC+D 1
AO2D Y = (A!B) + IC + D 1
AO3 Y=(ABC)+D 1
AO3B Y= (AIBC)+D 1
AO3C Y=(ABIC)+D 1
AD4A Y=(ABC)+ (ACD) 1
AO5A Y=(AB) +(AC)+ D 1
AOHA Y = ((!{AB) + C) 1
AOIB Y = |((AB) + IC) 1
AND-OR Invert AOI1C Y = |{({A!B) + C) 1
AOI2A Y=1((AB)+ C+D) 1
AOI3A Y = [{(!A!B!C)+('A D) 1
Exclusive OR XNOR, AND-XOR AX1B Y=(AB)~C 1
Boolean cs2 Y=!1(A+8)BC+{(A+9S)B)D 1
Cyas Y = A1B1 + (A0+B0) A1 + (AO+BO) B1 1
GMX4 = (D0 IS0 !G) + (D1!G S0) 1
Clock Net + (D2 G !S0) + (D3 S0 G)
Interface GNAND2 Y = 1{AG) 1
GXOR2 Y=A"G 1
AND-OR MAJ3 Y=(AB) +(BC)+ (AC) 1
MX2A Y = (lAlS) + (BY) 1
) MX2C Y = (IAlS) + (IBS) 1
Multiplexor
41 MX4 = (DO !S0 !S1) + (D1 S0 !S1) 1
+ (D2 180 S1) + (D3 S0 S1)
2-input NAND2 Y =!(AB) 1
. NAND3A Y = |({ABC) 1
3-input
NAND npu NAND3B Y =({AIBC) 1
4-input NANDA4C Y = {({AIBICD) 1
NAND4D Y = |({AIB!C D) 1
NOR3 Y=Y{A+B+C) 1
3-input NOR38B =1('A+1B+ C) 1
NOR NOR3C Y=!(A+!B+IC) 1
4-input NOR4A Y=!(A+B+C+D) 1
NOR4B Y=I!(A+!B+C+D) 1
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ACT 2 Macro Library
Combinable Hard Macros 2 (continued) (for DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B)

No. of Modules

Function Description Macro Name Equation(s)
Seq. Comb.
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
0A3 Y = ((A+ B)CD) 1
OA3A Y=((A+B)ICD) 1
OA4 Y=A+B+CD 1
OAd4A Y =((A+B+!C)D) 1
OA5 Y = (A+B+C)(A+D) 1
OAl1 Y =!A+ B)C) 1
OR-AND Invert OAI2A Y = I{(A + B + C) D) 1
OAI3A Y=}A+B)ICID) 1
3-input OR3A Y=A+B+C 1
OR3B Y=A+I1B+C 1
OR
4-input OR4 Y=A+B+C+D 1
OR4A Y=A+B+C+D 1
XOR Y=A"B 1
XOR XO1 Y=A"B +C 1
=1 ~
Exclusive OR XO1A Y-a"B+C !
XNOR Y =!A~B) 1
XNOR, AND-XOR XA1 Y=("B)C 1
XA1A Y=!A~BC 1
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Non-Combinable Hard Macros

No. of Modules
Function Description Macro Name Equation(s)
Seq. Comb.

AND4 Y=ABCD 1

4-input AND4A Y =(/ABCD) 1

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

2-input OR2B Y=!A+IB 1

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

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

OR4D Y=A+I1B+!C+ D 2

5-input OR5B Y=A+B+C+D+E 1

3-input NAND3 Y =!YABC) 1

NAND4 ={(ABCD) 2

NAND 4-input NAND4A Y=I1(ABCD) 1
NAND4B Y =YAIBCD) 1

5-input NAND5C Y = {({AIBICDE) 1

NOR4 X=1(A+B+C+D) 2

o 4-input NOR4C Y =!(!A+ !B+ !C + D) 1
NOR NOR4D Y =1!(A+!B+!C+ D) 1
5-input NOR5C Y=I!(A+!B+!C+D+E) 1

AX1 =(AB)~C 1

Exclusive OR XNOR, AND-XOR AX1A Y=1(AB) "~ C 2
AX1C =(AB)~ C 1

AO2E Y= (ABy+!C+!D 1

AO3A Y=(ABC)+D 1

AO6 Y=AB+CD 1

AND-OR AOBA Y=AB+C!D 1
AOQ7 Y=ABC+D+E 1

AO8 Y=(AB) + (IC!D) + E 1

AO9 Y=AB +C+D+E 1

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

AON Y=1AB + C) 1

AND-OR Invert AOI2B Y =Y(AB) + !C + D) 1
AOI4 Y=1!((AB) + (CD)) 2

AOI4A Y=!1AB+ !ICD) 1

OR-AND OA3B Y = ((!A + B) ICD) 1
OR-AND Invert OAI3 Y = Y((A + B)CD) 1
Multiplexor 21 MX2B Y= (A!S)+ (IBS) 1
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ACT 2 Macro Library
Non-Combinable Hard Macros (continued)

No. of Modules

Function Description Macro Name Equation(s) Seq, P~y
CO=AB
2
HA1 S_A~B
HATA T 2
S=I(A ~ B)
halt
CO=!(AB) 2
HA1B SoIA ~ B)
CO=!(AB) )
HA1C S ~ B)
Adders CO=(CI1B!A) + (A'B) + (BCIA)
FA1A S=(B!AICl) + (COIACI) + (COAIC) 2
+ (BACIH
=1A(! |
FA1B CO=!A(B + BCl) + A(BCl) 2

full $=!A(!CI CO + CI B) + A(!CI B + CI CO)

CO=(Cl 1B |(AO+A1)) + (1B (AO+A1))
+ (B CI (AD+A1) 2

FA2A $=(B !(A0+A1) ICl) + (CO 1(AO+ A1) Ci)
+ (CO(AO+A1) ICl) + (B(AD+A1)CY)
Cs1 Y=!A+SBC+D(A+SB) 1
CY2A Y = A1 B1 + A0 BO At + A0 BO Bt 1
Boolean MXT Y=(IS1 (ISOA DO) + (SOA D1)) 2
+ (S1 (1SOB D2 + S0B D3))
MXCA1 Y=!(SA + SB)C + (ISA+ SB)D 2
DF1 Q = (CLK,D, -, - 1
DF1A QN = /(CLK, D, -, - 1
DF1B Q = (ICLK, D, -, -) 1
DF1C QN = !(!CLK, D,~ ,-) 1
DFC1 Q=(CLK, D, CLR, -) 1 1
DFC1A Q=(ICLK, D, CLR, -) 1 1
with clear DFC1B Q = (CLK, D, ICLR, -) 1
DFC1D Q = (ICLK, D, ICLR, -) 1
D-type DFC1E QN = {(CLK, D, ICLR, -) 1 1
Flip-Fiops DFC1G QN =1(ICLK, D, ICLR, -) 1 1
DFE Q=(CK,IEQ + ED, -, - 1
DFE1B Q=(CLK,IED + EQ, -, - 1
DFE1C Q=(ICLK,D IE + QE, -, -) 1
with enable DFE3A Q=(CLK,DE + Q !E, ICLR, -) 1
DFE3B Q=(ICLK,D E + QIE, ICLR, -) 1
DFE3C Q=(CLK,D !E + QE, ICLR, -) 1
DFE3D Q=(ICLK,D !E + QE, ICLR, -) 1
DFEA Q=(ICLK,)'EQ + ED, -, - 1 1
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ACT 2 Macro Library
Non-Combinable Hard Macros (continued)

No. of Modules

Function Description Macro Name Equation(s)
Seq. Comb.

DFM Q=(CLK,AIS+BS, - -) 1
DFM1B QN = I(CLK,A!S + BS, -, - 1
DFM1C QN = |(!ICLK,A!S + BS, -, - 1
DFM3 Q=(CLK,A!S + BS, CLR, -} 1 1
DFM3B Q = (ICLK,A!S + BS, ICLR, -) 1
DFM3E Q=(!CLK,A!S + BS,CLR, -) 1 1
DFM4C QN = !(CLK, !A!S + 1B S, -, |PRE) 1

with multiplexed data DFM4D QN = {(!ICLK,A!S + BS, -, |PRE) 1

@ = (CLK, (DO IS0 1S1 + D1 S0 181

DFMEA + D210 1 + D3 S0 81), ICLR, -) !
Q = (ICLK, (D0 S0 1S1 + D1 S0 !S1
4
DFMeB + D21S0S1 + D3 S0 S1), ICLR, -)
DFM7A Q = (CLK, ICLR, (D0 IS0 + D150) S10 + $11)
+ (D21S0 + D3 S0) (S10 + S11)
D-type Q = (ICLK, ICLR, (DO !SO + D1 S0) /(S10 + S11)
Flip-Flops DFM7B ICLR, 1CLR, (D0 ‘ 1
oontirned) + (D2!S0 + D3 SO) (810 + S11))
DFMA Q= (CLK,AIS + BS, -, -) 1
DFMB Q = (CLK,A!S + BS, ICLR, -) 1
DEME1A Q=(CLK, I[EA!S + IEBS + EQ, -, - 1
DFP1 Q = (CLK, D, -, PRE) 2
DFP1A Q = (ICLK, D, -, PRE) 2
DFP1B Q = (CLK, D, -, IPRE) 2
with orset DFP1C GN = I(CLK, D, -, PRE) 1 1
P DFP1D Q = (ICLK, D, -, !PRE) 2
DFP1E ON = |(CLK, D, -, IPRE) 1
DFP1F Q@ = (ICLK, D, -, PRE) 1 1
DFP1G ON = I(ICLK, D, -, IPRE) 1
with clear DFPC Q = (CLK, D, CLR, PRE) 2
and preset DFPCA Q = (ICLK, D, ICLR, PRE) 2
JKF G=(CLK,!QJ + QK, -, -) 1
JKF1B Q=(ICLK, 1QJ + QK, -, - 1
K Fi-Flops JKF2A Q@=(CLK, 1QJ + Q K, ICLR, -) 1
p-riop JKF2B Q=(ICLK, !Q J + Q K, ICLR, -) 1
JKF2C Q=(CLK, 1Q J + QK, CLR, -) 1 1
JKF2D Q=(ICLK, !1Q J + Q K, CLR, -) 1 1
. TF1A Q=(CLK, T1Q + IT Q, ICLR, )
T-type Flip-Flops TF1B Q=(ICLK, T 1Q + IT Q, ICLR, -)
DL Q=(GD,--) 1
DL1A QN = Y(G.D, -, - 1
DL1B Q=(G,D, - - 1
DLIC GN = Y(!G, D, -, -) 1
Data Laich DL2A Q=(G, D, |CLR, PRE) 2
DL2B QN=1(G, D, CLR, PRE) 2
DL2C Q=(!G, D, CLR, PRE) 2
DL2D QN=!(G, D, CLR, IPRE) 2
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ACT 1 and ACT 2 Military FPGAs

ACT 2 Macro Library
Non-Combinable Hard Macros (continued)

No. of Modules
Function Description Macro Name Equation(s)
Seq. Comb.
DLC Q = (G, D, ICLR, -) 1
DLC1 Q= (G, D, CLR, ~) 1
) DLC1A Q= (G, D, CLR, -) 1
with clear DLCHF GN= (G, D, CLR, -) 1
DLC1G QN=!(!G, D, CLR, -) 1
DLCA Q = (IG, D, ICLR, -) 1
DLE Q=(G,Q!E+DE, -, -) 1
DLE1D QN=|(!G,!E!D + EQN, -, -) 1
DLE2A Q=(!G,Q!E + DE,CLR, -) 1 1
DLE2B Q=(G,D!E + QE, ICLR, -) 1
DLE2C Q=(!G,!'ED + QE,CLR, -) 1
with enable DLE3A Q=(!G,ED + QE, -, PRE) 2
DLE3B Q=(!G,!ED + QE, -, PRE) 1
DLE3C Q=('G,!IED + QE, -, !PRE) 1
DLEA Q=(G,QE + DIE, -, - 1
DLEB Q=(G,QE + DE, -, -) 1
Dat: h
Corted) DLEC Q=(G, QE + D IE, -, - 1
DLM Q=(GA!S+BS,--) 1
DLM2A Q=(G,A!S + BS,CLR, -) 1 1
Q = (G, D0 !S0!S1 + D1 S0 !S1 + D280 $1
with muitiplexed data DLM3 +D3S0ST, -, -
Q = (!G, DO IS0 1S1 + D1 S0 !S1 + D2 IS0 S1
DLM3A + D3S0St, -, - 1
DLMA Q=(GAIS+BS, - -) 1
with multiplexed data DLME1A Q=(G,AISIE+BSIE+EQ, -~ 1
and enable
DLP1 Q=(G, D, -, PRE) 1
DLP1A Q=(G, D, -, PRE) 1
with preset DLP1B Q=(G, D, -, !PRE) 1
DLPiC Q=(G, D, -, PRE) 1
DLP1D QN = !(G, D, -, IPRE) 1
DLP1E ON = (!G, D, -, |PRE) 1
clock
Clock Net Interface CLKINT modules = 1
Tie-Off VvCC modules = 0
GND modules = 0
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ACT 2 Macro Library
Hard Macro Symbols

1/0 Buffers
(/0 Module Count = 1)

D

l—’l l/ :
PAD PAD
)4 CLKBIBUF
E
1>
PAD PAD

/O Buffers with Latches

e
D af—
1BDL OBDLHS
EEAR—

E E
Lo LS
TBDLHS BBDLHS
— G — G
L4 PN D
¢ p———m
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ACT 1 and ACT 2 Military FPGAs

ACT 2 Macro Library

2-Input Gates
(Module Count = 1)

il

A A
—C '—C Y
g | NAND2A B | NAND2B

il

A A
DD 8

B e
= o

A A A
Y O Y OR2 Y
B B B
O
A A
o~ C o
B B

3-Input Gates
{Module Count = 1)

A Ad AQ
AND3 B anp3a £ an Y 8 Y
D3B —C AND3C
o’ €9 €
39 v 80 v
NAND3A = nanose =Q NanD3C
= 4

il

blY
0

<
O|o

Yy
vy

Ojm >
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ACT 2 Macro Library

4-Input Gates
(Module Count = 1)

- e : ,

B— Y

c AND4 c AND4A c ANDA4B

D— D — D—
}‘Y

oo>

g AND4C }—Y

I

VY

5 8 S Y S Y
B — B

c NAND4A c NAND4B c—Q NAND4C c NAND4D
D— D— D— D

A A—Q) A

B Y B—(_J Y B

5 » 5 o 5

D D D

NOR4A O A

oow>

l.
gOow>»
gow>»

(Module Count = 2)
A Pa——

AND4D g NAND4 SO
D —

A Indicates extra delay input

Oow>
l-<

ooOow>»

5-Input Gates
(Module Count = 1)

=8

89 8
O
8— ANDSB Y 8 ORS5B Y g——:gé NANDSC Jo—
E__] E E__]
Buffers
{Module Count = 1)
A Y A Y
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ACT 1 and ACT 2 Military FPGAs

ACT 2 Macro Library

XOR Gates (Module Count = 1) XOR-OR Gates (Module Count = 1) XOR-AND Gates (Module Count = 1)
A
A A
+) 2) > ) >
c ]
A A A
= By B
c C

AND-XOR Gates
(Module Count = 1)

o) lm([))

(Module Count = 2)

=

A>

0
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ACT 2 Macro Library

AND-OR Gates
{Modute Count = 1)

(o] @
<

AO6A

(9] e}
<

B
oA YO~
c—O
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ACT 1 and ACT 2 Military FPGAs

ACT 2 Macro Library

AND-OR Gates, continued

(Module Count = 1)

f

(Module Count = 2)

T
& 444
v

<

A—]
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ACT 2 Macro Library

OR-AND Gates
(Module Count = 1)

¥
Y

¥
G

U D0
v Y

<

OA1

OA1C

OA3B

<

OA4

OAI1

OAIZA

<

OA2

D c
—0 D
A
B__|
c

A A

B B
- F-E—,
A A

B B
e | om )X & L omn
b ] b
A A

B B

c c

b D

QA5
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ACT 1 and ACT 2 Military FPGAs

\CT 2 Macro Library

Aultiplexors
Module Count = 1)

s s s1| so
DO
A A —
D1
Mx2 ! MX2C Y y
B B D2 MX4
D3
Module Count = 2)
SOA S1
DO
Y
D1 cs2
Y
D2
D3
SOB
.atches
Module Count = 1)
—1D Qf— —1iDp oND— —D Qf— —1{D OoND—
pL1 DL1A DLiB pLiC
—iaG —G —Qa —QG
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ACT 2 Macro Library

D-Latches with Clear
(Module Count = 1)

DLC

CLR

DLC1F

CLR

PRE

DLP1B

(Module Count = 2)

PRE

DL2A

CLR

DLCA

CLR

DLC1G

CLR

PRE

DLP1C

PRE

DL2B

CLR

DLCH

CLR

PRE

DLP1

PRE

DLP1D

PRE

DL2C

CLR

T

DLC1A

CLR

PRE

DLP1A

PRE

DLP1E

PRE

DL2D

CLR
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ACT 1 and ACT 2 Military FPGAs

.CT 2 Macro Library

)-Latches with Enable
viodule Count = 1)

—D afb—- —D ofb— —D opb— —D Qfl——
— E DLE —() E DLEA — EDLEB —] £ DLEC
—]G —G —Qqa —Qa
PRE PRE
—QJDp OoNOD— —D at— ——D Q}— —D o— —D o
—C) E DLE1D —C) E DLE2B :8 E DLE2C —(] £ DLE3B — E DLE3C
—G —JeG G —Jda —Jec
CLR CLR
flodule Count = 2) I
PRE
—D oFb— —D ol—
—— E DLE2A —— E DLE3A
—Q G —Ja
CLR
lux Latches
fodule Count = 1)
DLME1A
0 Q 0 0 :
— 1 o B9 B3 —A a —A
—° 3 —& o O s EO
DLM o DLM3 GoDLM3A DLMA — s
—1 S 51 — |1 —18 —QE
—a —G —QG —(J G —gaG
Todule Count = 2)
—A
DLM2A
—s
—(Gcr
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ACT 2 Macro Library

Adders
(Module Count = 1)

—1B1 —B1
Al evaa Y Al eyaBl Y
—{B0 O —B0 1
——{A0 ——(AOC
— A —Ql A —]A —]A
—B —IB —B — B
COf— Ccot— cofo— cop—
S—— S}l— sp— St——
HA1 HA1A HA1B HA1C
—QA —A —Q A0
—B —B —J A1
—dc  copD— —Qo  copp— —B copD—
AS|— AS|— —(Cl  AS|—
FA1A FA1B FA2A
Macros FA1A, FA1B, and FA2A have two level delays from the inputs to the S outputs, as indicated by the A
D-Type Flip-Flops
(Module Count = 1)
—D Ql— —D oND— —D QF— —D aNpD—
DF1 DF1A DF1B DFiC
— —P —p —_p
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ACT 1 and ACT 2 Military FPGAs

ACT 2 Macro Library

D-Type Flip-Flops with Clear
(Module Count = 1)

(Module Count = 2)

DFCiB

CLR

DFC1D

CLR

—D Qf}b— —JID ON —ID OND— —D OND—
DFC1 DFC1A DFC1E DFC1G
—p —0 — —0
CLR CLR CLR CLR
D-Type Flip-Flops with Preset
(Module Count = 1) (l) A
PRE PRE
——D ON —JID OND—
DFP1E DFP1G
p— _C
(Module Count = 2)
PRE PRE PRE PRE
—{D Q— ~——D Q —D Ql— —4D OoND—
DFP1 DFP1A DFP1B DFP1C
pu—— _O — —
PRE PRE
—D Q —D OoNDO—
DFP1D DFP1F
—0 —
D-Type Flip-Flops with Preset and Clear
(Module Count = 2) I l
PRE PRE
—D Q —D Qpb—
DFPC DFPCA
—] —p
CLR CLR
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ACT 2 Macro Library

D-Type Flip-Flops with Enable
(Module Count = 1)

—D al— —D Q D Ql— D Q
—| E DFE —— E DFEA E DFE1B E DFE1C
_—P —> D> D> CcLK
D Q— —D Q o] Ql— D Ql—
E DFE3A —— E DFE3B E DFE3C E DFE3D
CLK —> cik > CLK CLK
CLR CLR CLR CLR
JK Flip-Flops
(Module Count = 1)
JKF1B JKF2A JKF2B
—] Qf— —4y Q — al— — Qp—
-—} JKF --c? CLK — P CLK —CP CLK
—(x —q K —q K ——q K
CLR CLR
(Moduie Count = 2)
JKF2C JKF2D
— Q —y Ql—
—PpD oK —CP ok
—J« —(kK
CLR CLR
Toggle Flip-Flops
(Module Count = 1)
—T Q T Q
TF1A TF1B
D> cLr CLR
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ACT 1 and ACT 2 Military FPGAs

ACT 2 Macro Library

Mux Flip-Flops
{(Module Count = 1)
DO o}—
A A —1A S D1
B s ° —e  © 3
DFM DFMA DFMB DEMEA
s —Is — s —¥
> o> —D> cr —p CLR
DFM7A DFM7B
—|Db0 oF— DO a— DO Q}— S—
= ; = e
—b3 —]b3 ——p3 DFME1A
DFM6B —is10 —Is10 —s
—{s0 o —1s11 qE
—s1 ' —1S0
0> cr —Pok —CP oK —P CLK
? CLR CLR
—_] I PRE PRE
—]A  ONO— —A oNO— Q a —1{Aa oNp— —JA ON
—{B —B 1 ——
DFM3B B B
DFM1B DFM1C s DFM4C DFMA4D
— S —S —Qp>CLK —S —S
—D> CLK —Q> CiK P CLR > CLK CLK
(Module Count = 2)
—Ja ofb— —]A of—
—B —B
DFM3 DFM3E
= =
—PCLK CLK
CLR CLR

CLKBUF Interface Macros
{Module Count = 1)

A Y A Y 2 Y A Y
G DGAND2 G DGNAND2 G G O

G S0
DO

A —D1 A vd

G Y —_— v A Y
b2 GMX4
D3

D Indicates clock input for connection to the global clock networks. 1-181



Package Pin Assignments: 84-Pin CPGA

(Top View)

1 2 3 4 5 6 7 8 9 101
A[OOO0OO0OO0OO0OO0ODO0O0O0O0O0O
BI[OOOOOOO0O0O00O0
cjfloco® O0O0 ON®)
ofloo < oo
E||[O OO 000
Fllo oo ity 000
G{|O OO 00O
H||O O (ON®)

J||O O O0O o0
kK|[[OOOOOOOO0OO0OOO0
LIIOOOOO0OOO0O00OO
@ Orientation Pin (C3)
Signal A1010-Series Devices A1020-Series Devices
PRA A1 A1t
PRB B10 B10
MODE Et1 E11
SD| B11 B11
DCLK c10 C10
Vep K2 K2
CLKor I/O F9 F9
GND B7, E2, E3, K5, F10, G10 B7, E2, E3, K5, F10, G10
Vee B5, F1, G2, K7, E9, E10 B5, F1, G2, K7, E9, E10
N/C (No Connection) B1, B2, C1, C2, K1, J2, L1, J10, K10, K11, C11, D10, D11 B2
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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ACT 1 and ACT 2 Military FPGAs

Package Pin Assignments: 132-Pin CPGA

(Top View)
1 2 3 4 5 6 7 8 9 10 11 12 13
e NoNoNONONONONORONONONONONY
:JIONONONONONONONONONONONONGR ]
JlocNeNoNeNoNoNoNoNONONONONON
pfO OO O OO0 OOO0O|p
E]O O O O O Ofe
FIO O 0O O OOO|F
¢/O O0OO OO0OO0OO0O|s
H|O O O O O OO O|H
JjO O O O OO|s
K|O O O (O ONO) O OOk
NICHONCNONONONONONONONONONONIT
MOOOOOOOOOOOCOO|M
NNOOOOOOOOOOOOO]|N
1 2 3 4 58 6 7 8 9 10 11 12 13
Signal Pin No. Location
PRA or I/0 113 B8
PRB or I/0 121 c6
MODE 2 A1
SDl or I/O 101 B12
SDO or I/O 65 N12
DCLK or I/0 132 Cc3
CLKA or 1/0 115 B7
CLKB or /O 119 B6
GND 9, 10, 26, 27, 41, 58, 59, 73, 74, 92, 93, E3, F4, J2, J3, L5, M9, L9, K12, J11, E12, E11,
107, 108, 125, 126 C9, B9, B5, C5
Vee 18, 19, 49, 50, 83, 84, 116, 117 G3, G2, L7, K7, G10, G11, D7, C7
Vep 82 G13
Vsv 17,85 G4, G2
Vks 81 H13
Votes:
.. Unused 1/O pins are designated as outputs by ALS and are driven low. 4, Vpp = V¢, except during device programining.
\. All unassigned pins are available for use as I/Os. 5. Vsv = V¢, except during device programming.
i. MODE = GND, except during device programming or debugging. 6. Vgs = GND, except during device programming.
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Package Pin Assignments: 176-Pin CPGA

(Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1§
A[OOO0OO0OO0OO0O00O0O0O0 OO0 O]
JloNoNoNoNoNoNoNONONONONONONONON]-
JeNeNeNoNoNoNoNoNoNoNONONONO NG K-
Ll[oNoNoNoNoNoNoNoNONONONONONONOR] -
EfO O O O N O OO Ofe
FIOO OO O OO0O|F
clO 00O OO0O0O0|e
H/O O O O e O OO O|H
JJO OO O O OO0O0|J
k[O OO O ONONONORNT
L|O OO O\ J OO 0O0]|L
MOOOOOOOOOOOOOOO|M
NNOOOOOOOOOOOOOOO|N
[oNocNoNeNoNoNoNONONONONONONONOR]
ROOOOO0OO0O0O0O00O0OOO0OO]|R

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Signal Pin No. Location

PRAor I/0 152 (&2}

PRB or I/O 160 D7

MODE 2 Cc3

SDlor I/O 135 B14

SDO or I/O 87 P13

DCLK or I/O 175 B3

CLKA or I/0O 154 A9

CLKB or 1/0 158 B8

GND 1, 8, 18, 23, 33, 38, 45, 57, 67, 77, 89, D4, E4, G4, H4, K4, L4, M4, M6, M8, M10, M12,

101, 106, 111, 121, 126, 133, 145, 156, 165 K12, J12, H12, F12, E12, D12, D10, C8, D6

Vee 13, 24, 28, 52, 68, 82, 112, 116, 140, 155, 170 F4, H3, J4, M5, N8, M11, H13, G12, D11, D8, D5
Vpp 110 J14

Vsv 25,113 H2, H14

Vis 109 J13

Notes:

1. Unused I/0 pins are designated as outputs by ALS and are driven low.

2. All unassigned pins are available for use as I/Os.

3. MODE = GND, except during device programming or debugging.

4. Vpp = Ve, except during device programming.

5. Vsy = V¢, except during device programming.

6. Vgs = GND, except during device programming.
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ACT 1 and ACT 2 Military FPGAs

Package Pin Assignments: 84-Pin CQFP

(Top View)
Q
o <]
. 8 -4 &
Pin #1 = o o
Index 84 83 82 81 8079 7877 76 75 74 73 72 71 70 60 68 67 66 65 64
NC + C——— ] - 63 PRA or I/O
e ———7 62 DCLK or I/O
3 ————1] - 61 SDI or I/O
- ee—— - 60
s 59
6 —— 1 — 58
GND 7 ————— ] " 57 Vpp
GND 8 C——— ] - 86 Vpp
-} — 56 MODE
10 54
LA e— | 53 CLK or 1/O
(F3 en— | — 52
13— - 51
Vpp 14 C—— ] . 50 GND
Vpp 158 7] . 43 GND
AN — - 48
17 o 47
18— =] 46
L[ e— 45
20— 44
21 | \k 43
=l 3 15
22 23 2425 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
& 9 8
> 5] >
Notes:
1. Vpp must be terminated to V¢c, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Package Pin Assignments: 172-Pin CQFP

(Top View)
Pin #1
Index 172171170169 168167 166165164 137136 135134 133132131 130
RERIRI I 1
L. H(A]5[RIuA|8 LU UL L l_ i
- 129
2-----] |-----.1m
] semm—— [ ——————1 127
a———— 1] [e————— 126
-] movs— | [—————1125
- e— e ——— 1124
1 1123
. = - 122
° ®
° 172-PIN [ ]
CQFP °
[ ]
35 =] = 95
L) m—— = -
[} 4 —— —— -]
38— ———1] [ —— o2
] e—— =9
%Y — C——
A mem———| [C—J 80
42 _J [ ——88
43-----[ 4:£)|ii---- 87
”Iﬂ [N i
44 45 46 47 48 49 50 51 52 7980 81 82 83 84 85 86
Signal Pin Number
MODE 1
GND 7,17, 22, 32, 37, 55, 65, 75, 98, 103, 108, 118, 123, 141, 152, 161
Vee 12, 23,27, 50, 66, 80, 109, 113, 136, 151, 166
Vsy 24,110
Vks 106
Vep 107
SDO or 1/O 85
8Dl or I/0 131
PRA or I/O 148
PRB or i/0 156
CLKA or /O 150
CLKB or I/0 154
DCLK or /O 171
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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ACT 1 and ACT 2 Military FPGAs

Package Pin Assignments: 44-Pin, 68-Pin, 84-Pin JQCC

[a) o
= =
$ 3 3 &
/" 654 3 214443424140 987 654 3 2 1686766656463 6261
g7 38 PRB or /10 60 1
s 38 3 PRA or 1/0 59 (1 PRB or /0
(= a7 3 DCLK or I/0 58 [11 PRA or I/O
GNDO 10 36 1 SDIl or I/O 57 A DCLK or 1/0
o 1 44-PIN 35 8 Vo GND 56 3 SDI or /0
o 12 -CC 34 0 MODE GND 55 [ Voo
=R Ja 238 CLK or /0 54 F1 MODE
VeeH 14 32 3 GND 53 3
“d s = 68-PIN 52 3 CLK or /O
Vep L 18 [ w] Jacc =]
O 17 pLpm] 50
18 1020 2122 2324 25 2627 28 Vee 49 g GND
SEREEEEEaREgagsRanERn) pod =
0 8 a7
Z e 46 3
© Vpp 45 A1
prym|
27 28 20 3031 3233 34 3536 37 3839 40 4142 43

UUUUUgUUUUUUUUUUU
Q

5 =
4
5
a fos}
3 & 2
nnnonoAARonnnnOanoonnnNonn
/111098 7 654 32 184838281807978777675
NCcd 12 74 11 PRA or I/O
m ) 73 3 DCLK or I/O
0 14 72 3 8Dl or I/0
g1 Q3
= BT () =]
07 69 (3
GNDO 18 68 2 Voo
GNDO 19 e7 1 Vcc
g 20 66 (1 MODE
O 21 65
g2 84-PIN e B CLK or 10
23 63
d 2 Jacc pod =
Voc H 25 s1 2 GND
Voc O 26 s0 3 GND
[m 4 50
O 28 58 2
O 20 57 3
g 30 56 (2
(= 1] 55 3
O 32 54 1
3334 35 3637 38 30 40 4142 43 44 45 46 47 48 49 50 5152 53
uuoguoouoUuouoooaoooogga
& 9 8
> 5 =
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as 1/0s.

programming or debugging.
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Package Mechanical Details: 84-Pin CPGA

Pin #1

r

J

1.100" + .020” Square ————»|

.080"

.050" + .010”
(4 plcs)

110"

(O0O0O000D00000
O0000000000
OO0 00O 00
oXKo) 00
000 000
00O 000
00O 000
[oXe) [oXe)
OoOe 000 loXe)
O0O0O0O0O0O0000O0

1.000 BSC

LC?OOOOOOOOOO

@ Orientation Pin
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ACT 1 and ACT 2 Military FPGAs

Package Mechanical Details: 132-Pin CPGA

085" o
Pin #1 ID 110"
. \ I —
%\ N | —,I
— 018" + 002"
— b
—
—
—
—
. J — —
E__j&)"asc
L ) | ==--F
050" + 010" —-’
te————— 1.360" * .015" square (4 Places)
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Package Mechanical Details: 176-Pin CPGA
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ACT 1and ACT 2 Military FPGAs

Package Mechanical Details: 84-Pin CQFP
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Package Mechanical Details: 172-Pin CQFP
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BOTTOM VIEW

Notes:

1. All exposed metalized areas and leads are
gold plated 100 microinches (2.5 4 mm) min.
thickness over 80 to 350 microinches 2.0 to
8.9 umm) thickness of nickel.

. Seal ring area is connected to GNDA.

. Die attach pad is connected to GNDA.

. GNDQ (4 PLS) is connected to GNDA.

. Tolerances unless otherwise specified: 1%
N.L.T. +0.005.
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ACT 1 and ACT 2 Military FPGAs

Package Mechanical Details: JQCC
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Gate Array

A10M20A Mask
Programmed

Preliminary

Features
® High Gate Count: 2000 gate array gates
(6000 PLD/LCA equivalent gates)

® Pin-for-Pin Compatible with Actel’s A1020A FPGA at Lower
Cost

® Easy Conversion From FPGA to Mask Programmed Gate
Array (MPGA)

® Re-routing Not Required for FPGA to MPGA Conversion

® Automatic Test Generation (ATG) Eliminates Test Vector
Generation

® ATG Vectors Provide 100% Test Coverage for all Detectable
Faults

® 35-70% Faster than Programmable A1020A FPGA

Gate Array Architecture Allows Completely Automatic Place
and Route

Short Lead Times to Prototypes and Production
Low-Power CMOS Technology

System Level Performance to 50 MHz

Toggle Rates to 120 MHz

1/O Drive to 8 mA

Nonvolatile, Permanent Programming

Built-In Clock Distribution Network

Product Profile

Device A10M20A
Capacity
Gate Array Equivalent Gates 2,000
PLD/LCA Equivalent Gates 6,000
TTL Equivalent Packages 50
20-Pin PAL Equivalent Packages 15
Logic Modules 547
Flip-Flops (maximum) 273
Routing Resources
Horizontal Tracks/Channel 25
Vertical Tracks/Column 13
User 1/Os (maximum) 69
Packages 68-pin PLCC
84-pin PLCC
100-pin PQFP
CMOS Process 1.2um

Description

The Actel A10M20A Mask Programmed Gate Array (MPGA)
offers a lower cost, faster alternative to the A1020A Field
Programmable Gate Array (FPGA). These A10M20A MPGAs are
pin-for-pin compatible with the A1020A FPGAs. The devices are
manufactured in 1.2 micron, two-level metal CMOS and the Actel
PLICE® antifuse is replaced by a metal connection via. Actel’s
unique architecture offers gate array flexibility and high
performance.

Actel’s MPGA provides automatic test vector generation and 100%
test coverage for all detectable faults. This procedure is automatic.
Additional features include an on-chip clock driver with a
hard-wired distribution network. The on-chip clock driver provides
efficient clock distribution with minimum skew.

The user-definable I/Os can drive TTL and CMOS levels.

The Action Logic System

The MPGA is supported by Actel’s Action Logic™ System, which
allows logic design to be implemented with minimum effort. The
Action Logic System (ALS) interfaces with the resident CAE
platform to provide a complete gate array design environment for the
ACT 1 MPGA. 1t allows schematic capture, simulation, fully
automatic place and route, timing verification, and device
programming. The Action Logic System also provides timing and
simulation information for the MPGA device. The Action Logic
System is supported on the following platforms: 386/486 PC, and
Sun®, HP® and Apollo® workstations. It provides CAE interfaces to
the following design environments: Valid™, Viewlogic®, Mentor
Graphics™, HP DCS and OrCad™.

The MPGA offers the user the ability to move into volume
production much faster than with conventional masked gate arrays.
Actel produces prototype devices directly from customer generated
design files. The user can employ the Action Logic System to
perform all schematic capture, pre-route simulation, place and
route, and post-route back-annotated simulation. Since there are
no additional routes or simulations needed at the vendor’s site,
there are no extra CPU charges. This gives the user the opportunity
to fully determine the functionality of the device prior to paying any
NRE development charges.

Device Structure

The A10M20A MPGA's basic structure is similar to the A1020A
FPGA. Logic modules are arranged in horizontal rows separated
by horizontal interconnect tracks, with vertical interconnect tracks
running over the logic modules. The FPGA has PLICE antifuses,
located at the intersection of the horizontal and vertical tracks,
which connect its logic module inputs and outputs. During the
programming cycle, the software addresses and programs the
connections required by the circuit application. The MPGA is
designed so that all programmable antifuses are removed.

© 1992 Actel Corporation
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Antifuses are replaced by low-impedance metal vias. Metal via
connections are made according to specific customer designs.

The Actel Logic Module

The Actel Logic Module is an eight-input, one-output logic circuit
chosen for its wide range of functions and its efficient use of
interconnect routing resources. All of the functions available in the
ACT 1 FPGA family are available for the A10M20A device.

The logic module implements the four basic logic functions
(NAND, AND, OR, and NOR) in gates of two, three, or four
inputs. Each function has many versions, due to different
combinations of active-low inputs. The logic module also
implements a variety of D-latches, an exclusivity function,
AND-ORs and OR-AND relationships. Dedicated hard-wired
latches or flip-flops are not required, since latches and flip-flops
may be constructed from logic modules, wherever needed in the
application.

1/0 Buffers

Each I/O pin can be configured as an input, output, three-state, or
bidirectional buffer. Input and output levels are compatible with
standard TTL and CMOS specifications.

Device Organization

The MPGA consists of a matrix of logic modules arranged in rows
separated by wiring channels. The number of logic modules and
routing resources is identical for the A1020A FPGA and the
A10M20A MPGA (14 rows by 44 columns, 547 logic modules and
69 /O modules). The MPGA has ATG peripheral circuits for
generating test vectors. Routing channels, which contain 22
horizontal segmented metal tracks, are between the rows of logic
modules. Vertical routing is provided by 13 vertical tracks per logic

module column. Metal via connections are made between the
routing tracks to implement a customer’s design.

Automatic Test Generation

ATG test vectors are generated automatically to verify user design
and interconnect wiring, with 100% fault coverage. Testing is
facilitated by testability structures incorporated in the MPGA logic
module.

Greater details concerning the methods used to generate the ATG
test vectors can be found in the technical paper entitled “Array
Architecture for ATG with 100% Fault Coverage,” included in this
datasheet.

Device Performance

Temperature, Voltage and Processing Effects

Worst-case delays for the A1020A FPGA device and the A10M20A
MPGA device are calculated in the same manner as for
conventional masked gate arrays. A typical delay parameter is
multiplied by a derating factor to account for temperature, voltage,
and processing effects.

The total derating factor from typical to worst-case for the
A10M20A MPGA is 1.54 to 1.

Logic Module Size

The logic module size also affects performance. A conventional
masked gate array cell with four transistors usually implements
only one logic level. In more complex logic modules (similar to the
complexity of a gate array macro), of both the A1020A FPGA, and
the A1I0M20A MPGA, it is possible to implement multiple logic
levels within a single module. This eliminates inter-level wiring and
associated RC delays.

Ordering Information

A10M20 A ~ PL 84 Cc

Application
Package Lead Count

Package Type

—— Die Revision

— Part Number

Product Plan

Package Type Lead Count Application
PL 68 (o]
PL 84 o]
PQ 100 o]
PL = Plastic Leaded Chip Carrier
PQ = Plastic Quad Flatpack
C = Commercial
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A10M20A Mask Programmed Gate Array

Device Resources

User I/0s
Device Loglc
Series Modules Gates 68-Pin 84-Pin 100-Pin
A10M20A 547 2000 57 69 69
Absolute Maximum Ratings
Free air temperature range
Symbol Parameter Limits Units

Vee DC Supply Voltage -051t0 +7.0 Volts

Vi Input Voltage -05toVge +05  Volts

Vo Output Voltage -05to Vg +05  Volts

Ik Input Clamp Current +20 mA
lok Output Clamp Current +20 mA
lok Continuous Output Current +25 mA
Tste  Storage Temperature -65to +150 °C

Note:

Stresses beyond those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. Exposure to absolute
maximum rated conditions for extended periods may affect device
reliability. Device should not be operated outside the Recommended
Operating Conditions.

Recommended Operating Conditions

Parameter Commercial Units
Temperature Range! Oto +70 °C
Power Supply Tolerance +5 %Vce

Note:
1. Ambient temperature (Ta).

Power Dissipation

The following formula is used to calculate total device dissipation.

Total Device Power (mW) = (0.067 xN x F1) + (0.028 x M x F2)
+ (0.80x Px F3)

Where:

F1 = Average logic module switching rate in MHz.

F2 = CLKBUF macro switching rate in MHz.

F3 = Average I/O module switching rate in MHz.

M = Number of logic modules connected to the CLKBUF
macro.

N = Total number of logic modules used in the design
(including M).
P = Number of outputs loaded with 50 pE.

The average switching rate of logic modules and I/O modules is
some fraction of the device operating frequency (usually
CLKBUF). Logic modules and I/0O modules switch states (from
low-to-high or from high-to-low) only if the input data changes
when the module is enabled. A conservative estimate for average
logic module and I/0 module switching rates (variables F1 and F3,
respectively) is 10% of device clock driver frequency.

If the CLKBUF macro is not used in the design, eliminate the
second term (including F2 and M variables) from the formula.

Sample A10M20A Power Dissipation Calculation

This sample design uses 85% of available logic modules on the
A10M20A-series device (.85 x 547 = 465 logic modules). The
design contains 104 flip-flops (208 logic modules). The design’s
operating frequency is 16 MHz. The CLKBUF macro drives the
clock network. Logic modules and I/O modules switch states at
approximately 10% of the clock frequency rate (.10 x 16 MHz = 16
MH?z). Sixteen outputs are loaded with 50 pE

To summarize the design described above: N = 465; M = 208;
F2 = 16; F1 = 1.6; F3 = 1.6; P = 16. Total device power can be
calculated by substituting these values for variables in the device
dissipation formula.

Total device power for this example =

(0.067x465x 1.6) + (0.028x208x 16) + (0.80x 16x 1.6) = 164 mW
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Electrical Specifications

Parameter Min. Max. Units
(lon = -8 mA) 24
Vou'
(lon = -4 mA) 384 v
(lo, = 8 mA) 05 v
Vou!
(lo = 4 mA) 0.33 v
Vi -03 08 v
Vig 2.0 Voo + 0.3 v
Input Transition Time tg, t-2 500 ns
Cio I/O Capacitance? 3 10 pF
Standby Current, Igc? 1 mA
Leakage Current5 -10 10 PA
los Output Short Vo = Veo) 2 140 mA
Circuit Current® (Vo = GND) _10 _100 mA
Notes:
1. Only one output tested at a time. Vo = min.
2. Not tested, for information only.
3. Includes worst-case 84-pin PLCC package capacitance. Voyt = 0V, f = 1 MHz.
4. Typical standby current = 300 uA. All outputs unloaded. All inputs = V¢ or GND.
5. Vo, V]N = VCC or GND.
6. Only one output tested at a time. Min. at Vo = 4.5 V; Max. at Voo = 5.5 V.
Package Thermal Characteristics
The device junction to case thermal characteristic is 6jc, and the
junction to ambient air characteristic is 6ja. The thermal
characteristics for 6ja are shown in the following table, with two
different air flow rates.
Package Type Pin Count bje s:gﬁalr 3oo%amm. Units
Plastic J-leaded Chip Carrier 68 13 45 35 °CwW
84 12 44 33 °C/wW
Plastic Flatpack 100 13 55 50 °CwW
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A10M20A Mask Programmed Gate Array

Timing Characteristics

Timing is design dependent; actual delay values are determined
after place and route of the design using the ALS Timer utility. The
following delay values use statistical estimates for wiring delays
based on 85% to 90% module utilization. Device utilization above
95% will result in performance degradation.

Logic Module Timing
Voc = 5.0V; T = 25°C; Process = Typical

The A10M20A MPGA is 35-70% faster than the A1020A FPGA
because the antifuse is replaced by a metal via connection. The
designer needs to be aware of these timing differences when
converting from an A1020A FPGA to the A10M20A MPGA.
These differences can be quickly analyzed at the customer’s facility
using ALS.

Single Logic Module Macros
(e.g., most gates, latches, multiplexors)?

Parameter Output Net FO =1 FO =2 FO =3 FO =4 FO =8 Units
teo Typical 43 44 45 46 4.8 ns
Dual Logic Module Macros
(e.g., adders, wide input gates)!
Parameter Output Net FO =1 FO =2 FO =3 FO = 4 FO =8 Units
tep Typical 6.9 7.0 71 73 76 ns
Sequential Element Timing Characteristics
Fan-Out
Parameter Units
FO =1 FO =2 FO =3 FO = 4 FO =8
tsu Set Up Time, Data Latches 27 2.8 3.0 33 38 ns
tsu Set Up Time, Flip-Flops 28 28 28 2.8 2.8 ns
ty Hold Time 0 0 0 0 0 ns
tw Pulse Width, Minimum?2 6.0 6.3 6.5 7.0 8.0 ns
tco Delay, Typical Net 37 3.8 39 4.0 42 ns
tere Asynchronous Preset to Q 43 44 45 4.6 48 ns
towr Asynchronous Clear to Q 43 4.4 45 46 438 ns
Notes:

1. Most flip-flops exhibit single module delays.
2. Minimum pulse width, tw, applies to CLK, PRE, and CLR inputs.
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1/0 Buffer Timing PRELIMINARY DATA
Voo = 5.0V; Ty = 25°C; Process = Typical
INBUF Macros
Parameter From - To FO =1 FO =2 FO =3 FO =4 FO =8 Units
torL Padto Y 22 23 23 24 26 ns
toLH Padto Y 21 21 22 22 24 ns
CLKBUF (High Fan-Out Clock Buffer) Macros
Parameter FO = 40 FO = 160 FO = 320 Units
teLH 4.1 41 4.1 ns
teHL 43 4.3 4.3 ns
Notes:
1. A clock balancing feature is provided to minimize clock skew. 2. There is no limit to the number of loads that may be connected to the

OUTBUF, TRIBUFF & BIBUF Macros

CLKBUF macro.

Cy = 50 pF
Parameter From - To CMOS TTL Units
teHL D to Pad 7.0 8.2 ns
tory D to Pad 79 6.1 ns
tenz E to Pad 9.1 9.1 ns
tozH E to Pad 8.6 6.6 ns
triz E fo Pad 8.9 89 ns
tezL E to Pad 82 9.4 ns
Change in Propagation Delay with Load Capacitance
Parameter From - To CMOS TTL Units
tor D to Pad 0.05 0.05 ns/pF
tpLn D to Pad 0.08 0.07 ns/pF
teHz E to Pad 0.11 0.11 ns/pF
tezn E to Pad 0.09 0.05 ns/pF
tpLz E to Pad 0.11 0.11 ns/pF
tez E to Pad 0.08 0.07 ns/pF
Notes:
1. The BIBUF macro input section exhibits the same delays as the INBUF 2. Load capacitance delay delta can be extrapolated down to 15 pF

macro.

minimum.

Example:

Delay for OUTBUF driving a 100-pF TTL load:
tpu, = 8.2 + (0.05 x (100-50)) = 10.7 ns
tpra = 6.1 + (0.07 x (100-50)) = 9.6 ns
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A10M20A Mask Programmed Gate Array

Timing Derating

Operating temperature and voltage and device processing
condition account for variations in array timing characteristics.

Timing Derating Factor (x typical)

Commercial
Device Best Case Worst Case
A10M20A 0.50 1.64

Note:

Best case reflects maximum operating voltage, minimum operating tem-
perature, and best case processing. Worst case reflects minimum operat-
ing voltage, maximum operating temperature, and worst case processing.
Best case derating is based on sample data only and is not guaranteed.

These variations are summarized into a derating factor for the
A10M20A MPGA typical timing specifications. Derating factors
are shown below.

Output Buffer Delays

Z7Ys] To AC test loads (shown below)

oL terL toz

torz tozy tonz
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50%)

AC Test Loads
Load 2
Load 1 (Used to measure propagation delay
(Used to measure propagation delay) only for tp 2/tpz1, tpHz/tpzH)
Voe GND
To the output under test L d ®
50 pF R to Vg for teaftez
| R to GND for tpyz/tpzn
—— To the output under test R = 1kQ
_ 50 pF
Input Buffer Delays Module Delays
S —] Fan-out = 2
Fan-out = 2 A Y
B—
PAD Y
Vee
S,AorBA50% 50% N___GND
Vee
Out 50% 50%
GND
teLH terL ‘
Out Vec
GND 50%
o

oL teHL

D-Type Flip-Flop and Clock Delays

tw | tw
Fan-out = 2 4
l— ty j
I
D1
PRE ; : X
tsu

l—

Q NG
CLK '—> CLR
(P re— fca j
PRE
(Positive edge triggered) tere
\h for

CLR

Note:
1. For flip-flops with multiplexed inputs, D represents all data functions involving A, B, or S.
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A10M20A Mask Programmed Gate Array

Macro Library
Overview The macros are divided into four categories: I/O Macros, Hard

This selection guide describes ACT 1 macros, which are the same Macros, Soft Macros and TTL Macros.

for both FPGA and MPGA devices. These macros are building
blocks for designing programmable gate arrays with the Action
Logic System (ALS) and your CAE interface.

Equation Statement Elements

Combinatorial Elements Sequential Elements
All equations for combinatorial logic elements use the following All equations for sequential logic elements use the following
operators: formula:
= 1
Operator Symbol Q = <!> (<!> CLK or G, <data equation>, <!> CLR, <!> PRE)
<!> Optional Inversion
AND See Note 1 CLK Flip-Fiop Clock Pin
NOT ! G Latch Gate Pin
OR + CLR Asynchronous Clear Pin
XOR . PRE Asynchronous Preset Pin
Notes:

1. A space between the A’ and ‘B’ in the equation
Y = A B means A AND B.

2. Order of operators in decreasing precedence is: NOT, AND, XOR
and OR.

3. Signals expressed in bold have a dual module delay.

MPGA Macro Selections

1/0 Macros
No. of Modules

Description
Macro Name 1/0 Clock
INBUF 1 Input
BIBUF 1 Bidirectional
CLKBUF 1 1 Input for Dedicated Clock Network
TRIBUF 1 Three State Output
OUTBUF 1 Output
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TTL Macros
Modules

Macro Name Description Logic Levels Required
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
TA151 8 to 1 multiplexor with enable and active low outputs 3 5
TA153 4 to 1 multiplexor

Equations: > 2

X = (CO!B!A) + (C1!BA) + (C2B!A) + (C3BA)

Y = (!EN X)
TA157 210 1 multiplexor

Equation: 1 1

Y = (IEN IS A) + (IEN S B)
TA161 4-bit binary counter with clear 3 22
TA164 8-bit shift register with serial in/paraliel out 1 18
TA169 4-bit up/down counter 6 25
TA194 4-bit shift register 1 14
TA195 4-bit shift register 1 11
TA269 8-bit up/down binary counter 8 50
TA273 Octal register with clear 1 18
TA280 Parity generator and checker 4 9
TA377 Octel register with enable 1 16
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A10M20A Mask Programmed Gate Array

Soft Macros
Modules
Function Description Macro Name Logic Levels Required
1-bit adder FA1 3 3
8-bit adder FADD8 4 37
Adders 12-bit adder FADD12 5 58
16-bit adder FADD16 5 79
24-bit adder FADD24 6 120
32-bit adder FADD32 7 160
4-bit identity comparator ICMP4 2 5
8-bit identity comparator ICMP8 3 9
2-bit magnitude comparator with enable MCMPC2 3 9
Comparators
P 4-bit magnitude comparator with enable MCMPC4 4 18
8-bit magnitude comparator with enable MCMPC8 6 36
16-bit magnitude comparator MCMP16 5 93
4-bit binary counter with load, clear CNT4A 4 18
Counters 4-bit binary counter with load, clear, carry in, and carry out  CNT4B 4 15
4-bit up/down counter with load, carry in, and carry out UDCNT4A 6 24
2 to 4 decoder DEC2X4 1 4
2 to 4 decoder with active low outputs DEC2X4A 1 4
2 to 4 decoder with enable DECE2X4 1 4
2 to 4 decoder with enable and active low outputs DECE2X4A 1 5
Decoders 3 to 8 decoder DEC3X8 1 8
3 to 8 decoder with active low outputs DEC3X8A 1 9
3 to 8 decoder with enable DECE3X8 2 11
3 to 8 decoder with enable and active low outputs DECE3X8A 2 11
4 to 16 decoder with active low outputs DEC4X16A 2 20
8 to 1 multiplexor MX8 2 3
Multiplexors 8 to 1 multiplexor with active low output MX8A 2 3
16 to 1 multiplexor MX16 2 5
Multipliers 8 x 8 multiplier SMULT8 241
Octal latch with clear DLC8A 1 8
Octal latch with enable DLE8 1 8
Octal latch with multiplexed data DLM8 1 8
Registers Octal with preset, clear, and enable REGE8A 2 20
Octal with preset, clear, enable, and active low clock REGESB 2 20
4-bit shift register with clear SREG4A 2 8
8-bit shift register with clear SREGSA 2 18
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Hard Macros

Modules
Function Description Macro Name Equation(s) Required
AND2 Y=AB 1
2-Input AND2A Y=IAB 1
AND2B Y=IAIB 1
AND3 Y=ABC 1
AND3A Y=IABC 1
AND S-input AND3B Y=1AIBC 1
AND3C Y =IAIBIC 1
ANDA4 Y=(ABCD) 2
ANDA4A Y = ({ABCD) 2
4-Input AND4B Y=IAIBCD 1
ANDAC Y =IAIBICD 1
AND4D Y = (lA!B!C D) 2
OR2 Y=A+B 1
2-Input OR2A Y=IA+B 1
OR2B Y=I1A+1B 1
OR3 Y=A+B+C 1
OR3A Y=A+B+C 1
oR 3-Input OR38 Y=1A+B+C 1
OR3C =I(ABC) 2
OR4 =A+B+C+D 1
OR4A =A+B+C+D 1
4-tnput OR4B Y=A+B+C+D 2
OR4C =A+B+!IC+D 2
OR4D =A+B+!C+ 1D 2
NAND = (AB)
2:Input NAND2A Y = |(AB)
NAND2B Y = I(!A!B)
NAND3 Y =YABC) 2
3-input NAND3A Y = {{ABC) 1
NAND NAND3B Y = I({AIBC) 1
NAND3C Y = |(IAIBIC) 1
NAND4 Y = {ABCD) 2
NAND4A Y = {{({ABCD) 2
4-Input NAND4B Y =|({AIBCD) 2
NAND4C Y = |(A!B!CD) 1
NAND4D Y = |(!AIB!C ID) 1
NOR2 Y =!(A + B) 1
2-Input NOR2A Y = I(!A + B) 1
NOR2B Y = !(!A + !B) 1
NOR3 Y=(A+B+C) 1
3-Input NOR3A Y=1(lA+B+C) 1
NOR NOR3B Y=!(A+B+C) 1
NOR3C Y = (A + 1B + IC) 1
NOR4 Y=(A+B+C+D) 2
NOR4A =!1{A+B+C+D) 1
4-Input NOR4B =!1{A+ !B+ C+D) 1
NOR4C = (/A + !B + IC + D) 2
NOR4D = I(!A + !B + !IC + D) 2
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A10M20A Mask Programmed Gate Array

Hard Macros (continued)

Modules
Function Description Macro Name Equation(s) Required
XOR Y=A"B 1
XOR XO1 Y=(A"B)+C 1
XO1A Y=I(A"B)+C 1
XNOR XNOR Y = 1A~ B) 1
Exclusive OR XA1 Y=(A"BC 1
XOR-AND XATA Y=1A~B)C 1
AX1 Y=(AB ~C 1
AND-XOR AX1A Y = |((AB) ~ C) 1
AX1B Y=(AIB)~ C
AO1 Y=AB+C 1
AO1A Y=(AB) +C 1
AO1B Y = (AB) + (IC) 1
AO1C Y = (IAB) + (IC) 1
AND-OR AO2 Y =(AB)+C +D) 1
AO2A Y =((AB) + C + D) 1
AO3 Y=(ABC)+ D 1
AO4A Y=(ABC)+ (ACD) 1
AO5A Y =(AB)+ (AC) + D 1
MAJ3 Y=(AB)+ (BC)+ (AQ) 1
AOI1 Y=!AB+ C) 2
AOI1A Y = {(!AB) + C) 1
AOI1B Y = |((AB) + IC) 1
i AOI2A Y = (A B) + C + D) 1
AOI2B Y = {(!AB) + !C + D) 1
AOI3A Y = |{(AIBIC) + (IA D)) 1
AOI4 Y=4YAB+ CD) 2
OA1 Y=(A+B)C 1
OA1A Y=(A+BC 1
OA1B Y = (A+ B) (1) 1
OA1C Y = (A + B) (IC) 1
OA2 Y=(C+D)(A+B) 1
OR-AND OA2A Y = ((C + D) (A + B) 1
OA3 Y = ((A + B)CD) 1
OA3A Y =(A+ B)ICD) 1
OA3B Y = (('A + B)!ICD) 1
OA4A Y = ((A + B + IC) D) 1
OA5 Y=(A+B+C)A+D) 1
OAl Y = I((A + B)&C) 1
OR-AND OAIA Y = (A + B + C) D) 1
Invert OAI3 Y = |((A + B) CD) 2
OAI3A Y = I((A + B) IC ID) 1
BUF Y=A 1
Buffers and BUFA Y = I('A) 1
Inverters INV Y = IA 1
INVA Y=IA 1
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Hard Macros (continued)

Modules
Function Description Macro Name Equation(s) Required
MX2 Y=AS) + (B 1
21 MX2A Y = (IA1S) + (B S) 1
Multiplexors MX2B Y = (A1S) + (BS) 1
MXx2C Y= (A1S) + {BS) 1
] Y = (DO !SO IS1) + (D150 !S1) + (D2 IS0 S1)
4 Mx4 + (D350 S1) !
CO =AB
HA1 SoA~B 2
CO =1AB
HA1A So1AnE) 2
Half
HA1B CO = |(AB) s
= 1A~ B)
€O = 1A B)
HA1C S=(A~B
CO = (CIIBIA) + (A!B) + (BCIA)
FA1A S = (BIAICI) + (CO!ACI) + (COAIC]) 2
Adders + (BACH
FA1B CO = IA(IB + B Cl) + A(IB C)) »
$ = 1A(!CI CO + CIB) + A(ICI B + CI CO)
CO = (C 1B (A0+A1)) + (1B (AO+AT1)) +
Ful FADA (B CI (AD+AT1)) »
S = (B !{A0+A1) ICl) + (CO !(AQ+A1) Cl) +
(CO (RO+A1) ICI) + (B (AD+AT)C)
CO = (B0 !(AO+AT)!IB1)+ ((AO + A1) B1)+
FASA (A0 + A1) IB1) +((AO + A1) BY) .
S = (BO (A0 + A1) IB2) + ({(AO + A1) B2) +
(BO (AD + A1) 'B1)
MXCI Y = ({(SA) + (SB) C) + (('SA) + (SB) D) 1
Boolean T Y = (1S11S0A DO) + (!S1S0A D1)+ ;
(S11S0BD2) + (S1 SOB D3)
DF1 Q = (CLK, D, -, - 2
DF1A QN = }{CLK, D, -, -) 2
DF1B Q = (ICLK, D, -, -) 2
DF1C QN = iICLK, D, -, - 2
DFC1 Q = (CLK, D, CLR, -) 2
D-type ) DFC1A @ = (ICLK, D, CLR, -) 2
) ith cl
Flip-Flops Wil clear DFC1B Q = (CLK, D, ICLR, -) 2
DFC1C ON = !(CLK, D, CLR, -) 2
DFC1D Q@ = (!CLK, D, ICLR, -) 2
DFCIE QN = !(CLK, D, ICLR, -) 2
DFC1F QN = I(ICLK, D, CLR, -) 2
DFC1G ON = (ICLK, D, ICLR, -) 2
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Hard Macros (continued)

Modules
Function Description Macro Name Equation(s) Required
DFE Q= (CLK.ED + IEQ, -, -) 2
DFE1B Q= (CLK,IED+EQ,-, - 2
DFE1C Q= (CLK IED +EQ,-,-) 2
DFE2D Q = (ICLK, IED + E Q, ICLR, PRE) 2
DFE3A Q = (ICLK,ED + !EQ, ICLR, -) 2
DFE3B Q= (ICLK,.ED + !EQ, ICLR, -) 2
DFE3C Q = (CLK, [ED + EQ, ICLR, -) 2
with enable DFE3D Q = (ICLK, IED + EQ, ICLR, -) 2
DFE4 Q = (CLK,ED + !EQ, -, PRE) 2
DFE4A Q = (ICLK, ED + E Q, -, PRE) 2
DFE4B Q =(CLK, !ED + E Q, -, PRE) 2
DFE4C Q = (ICLK, [ED + E Q, -, PRE) 2
DFEA Q= (ICLK,ED + IEQ, -, -) 2
DFEB Q = (CLK, E D + E Q, ICLR,PRE) 2
DFEC Q = (ICLK,ED + !E Q, !CLR, PRE) 2
DFED Q = (CLK, IED + E Q, ICLR, PRE) 2
DFM Q= (CLK,!SA + SB, -, -
DFM1B OGN = {CLK, !SA + SB, -, -) 2
DFM1C QN = [(!CLK, !SA + SB, -, - 2
DFM3 Q = (CLK, !SA + SB, CLR, -) 2
DFM3B Q = (ICLK, ISA + SB, ICLR, ) 2
DFM3E Q = (ICLK,ISA + SB,CLR, -) 2
D-type DFM3F ON = !(CLK, !SA + SB, CLR, -) 2
Flip-Flops ] DFM3G QN = |(ICLK, !ISA + SB, CLR, -) 2
(continued) m‘}ﬁp,exed DFM4 Q = (CLK, ISA + S B, -, PRE) 2
data DFM4A Q = (CLK, !SA + S B, -, !PRE) 2
DFM4B Q = (ICLK, ISA + S B, -, !PRE) 2
DFM4C ON = !(CLK, !ISA + S B, -, IPRE) 2
DFM4D QN = |(ICLK, ISA + S B, -, |PRE) 2
DFM4E Q = (ICLK, ISA + S B, -, PRE) 2
DFM5A Q = (CLK, !S A + S B, ICLR, PRE) 2
DFM5B Q = (ICLK, ISA + S B, ICLR, PRE) 2
DFMA Q= (ICLK,ISA + SB, -, ) 2
DFMB Q = (CLK,!SA + S8, ICLR, -) 2
with multiplexed DFME1A Q= (CLK IE(ISA +SB) +EQ,-, - 2
DFP1 Q = (CLK, D, -, PRE) 2
DFP1A Q = (ICLK, D, -, PRE) 2
DFP1B Q = (CLK, D, -, !PRE) 2
with preset DFP1C QN = I(CLK, D, -, PRE) 2
DFP1D Q = (ICLK, D, -, !PRE) 2
DFPIE ON = {(CLK, D, -, !PRE) 2
DFP1F QN = I(ICLK, D, -, PRE) 2
DFP1G OGN = (!CLK, D, -, IPRE) 2
with clear and DFPC Q = (CLK, D, ICLR, PRE) 2
preset DFPCA Q = (ICLK, D, ICLR, PRE) 2
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Hard Macros (continued)

Modules

Function Description Macro Name Equation(s) Required
JKF Q = (CLK, (1QJ + QK)), -, ) 2
JKF1B Q = (ICLK, (1Q J + QK), -, -) 2
JKF2A Q = (CLK, (1QJ + Q K), ICLR, -) 2
JKF2B Q = (ICLK, (1@ J + Q K), ICLR, -) 2
JKF2C Q = (CLK, (1Q J + QK), CLR, -) 2
, JKF2D @ = (ICLK, ('@ J + Q K), CLR, -) 2
JK Flip-Flops JKF3A Q= : CLK, (fo J + QK), - IPRE) 2
JKF3B Q@ = (ICLK, (1@ J + Q K), -, IPRE) 2
JKF3C Q = (CLK, (1QJ + Q K), -, PRE) 2
JKF3D Q = (ICLK, (1@ J + Q K), -, PRE) 2
JKF4B Q = (ICLK, {!Q J + Q K), ICLR, PRE) 2
JKFPC Q = (CLK, {!Q J + QK), ICLR, PRE) 2
DL1 Q=(GD - —) 1
DL1A ON = 1(G, D, -, 1
DL18 Q= (1G,D, -, - 1
DLIC GN = (G, D, -, - 1
with lear DLC Q = (G, D, !CLR, -) 1
DLC1 Q = (G.D, CLR, -) 1
DLC1A Q = (!G, D, CLR, -) 1
DLCIF QN = !(G. D, CLR, -) 1
DLC1G QN = {!G, D, CLR, -) 1
DLCA Q = (1G, D, ICLR, -) 1
DLE Q=(G (ED+!EQ),- -) 1
DLE1D GN = I(G, (ED + EQ), -, -) 1
DLE2A Q = (IG. (ED + !EQ), CLR, -) 1
DLE2B Q = (G, ({ED + E Q), ICLR, ) 1
DLE2C Q = (G, ((ED + E Q), CLR, -) 1
with enable DLE3A Q = (IG, (ED + IE Q), -, PRE) 1
DLE3B Q = (G, ('ED + EQ), -, PRE) 1
DLE3C Q= (G, (ED+EQ) - 'PRE) 1
Data Latches DLEA Q=(G(ED+EQ)- 1
DLEB Q= (1G, (ED + IEQ), . -) 1
DLEC Q= (G, (ED + EQ), -, - 1
) i DLM Q=(GA!S+BS), - - 1
with multipiexed DLM2A Q = (1G, (A 1S + BS), CLR, -) 1
DLMA Q=(G, (A!S + BS), - - 1
with multiplexed DLME1A Q=(GEMIS+BS+EQ,-,-) 1
DLP1 = (G. D, -, PRE) 1
DLP1A Q = (G, D, -, PRE) 1
With preset DLP1B = (G, D, -, IPRE) 1
DLPIC Q = (G, D, -, |PRE) 1
DLP1D N = (G, D, -, IPRE) 1
DLP1E = I(1G, D, -, !PRE) 1
DL2A = (G, D, !CLR, PRE) 1
with preset DL2B N = |(!G, D, CLR, !PRE) 1
and clear DL2C Q = (1G, D, ICLR, PRE) 1
DL2D GN = Y(G, D, CLR, IPRE) 1

1-210



A10M20A Mask Programmed Gate Array

Hard Macros (continued)

Modules
Function Description Macro Name Equation(s) Required
GAND2 Y=AG 1
GMX4 Y = (DO !S0 !G) + (D1 !G SO) + 1
Clock Net Interface (D2 G 1S0) + (D3 S0 G)
Macros GNAND2 Y = A G) 1
GNOR2 Y = A + G)
GOR2 Y=A+G 1
GXOR Y=A"G 1
Logical Tieoff GND

Macros Volo)
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Hard Macro Library Overview
The following illustrations show all the available Hard Macros.

2-Input Gates (Module Count = 1)

=<

A A A
A 2d vy 2o
B AND2 B AND2A B AND2B

NAND2B

ol
y
U

>

@ @ |>
<
g.
<
Q O
[}
R
w
=<

<

3-Input Gates (Module Count = 1, unless indicated otherwise)
@ Indicates 2-module macro
A Indicates extra delay input

AND3 =1 AND3A AND3B

o) §C v 39 29
NAND3 =— NAND3A —(] NAND3B —(] NAND3C
C | cH EC

<

il
<

Pt
>
Pl
J
ik
J
%
VY

Ol
<

O|m >
<
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A10M20A Mask Programmed Gate Array

4-Input Gates (Module Count = 1, unless indicated otherwise)

AND4A }—Y AND4B }—Y
xS

N4

U\ anpas O

@ Indicates 2-module macro
A Indicates extra delay input

@J
NAND4D JO-Y

AND4

P&

NAND4

FPrE PO

v

g

oY

O|0|m>
Q)
<

@
@“

OR4A

gogk Igger

XOR Gates XOR OR Gates XOR AND Gates
(Module Count = 1) {Module Count = 1) (Module Count = 1)
A
A A
C ¢}
A
A A
C C
AND XOR Gates
(Module Count = 1)
A
49 AC _AC
B B B
c c O c
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AND OR Gates (Module Count = 1)

® Indicates 2-module macro
A Indicates extra delay input

MAJ3
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OR AND Gates (Module Count = 1)
@ Indicates 2-module macro
A Indicates extra delay input

A A A
B B B
OA1 Y oAtA )Y oaB )}
R I s 5
A A A
B B B
oatc Y c L~ | o Y c oasa —Y
c 0 D D O
A A A
B B B
Y %
c o Y OA2 OA2A
— D D
A
B
c Y
Y 0A5
D @_
A A A
2 B
y c B
OAl1 oaza O R y
c | D a S| oms

OAI3A

v
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Buffers (Module Count = 1)

Multiplexors (Module Count = 1)
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Latches (Module Count = 1)

DL1 DL1A DLiB DL1C

D Latches with Clear (Module Count = 1)

DLC DLCA

CLR CLR

D Latches with Enable (Module Count = 1)

—D ol— —p ob— —D of— —p Qf—
— E DLE —C EDLEA — EDLEB —(] E DLEC
—G —aG —da —(Ja
Mux Latches (Module Count = 1)
DLME1A
—A —A —A
—B a —B @ —B oF—
DLM DLMA —s
—s —s —Q E
— G —Qa —Qa
Adders (Module Count = 2)
—A —Q A —iA —A
—B —B —B —B
cob— co— copD— copD—
S— Sfb— sp— S—
HA1 HA1A HA1B HAIC
—QA —]A —( Ao
—8B —iB — A1
—(Jo cop— —Co coPp— —B copD—
AS— AsS— —(Qc  AS—
FA1A FAIB FA2A

Macros FA1A, FA1B, and FA2A have two level delays from the inputs to the S outputs, as indicated by the &
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D-type Flip-Flops (Module Count = 2)

— Q ——D ON —D Q —]D OGN
DF1 DF1A DF1B DFIC
— S Y —> —O
D-type Flip-Flops with Clear
—D o] —]D Q —JD a —{D ON
DFC1 DFC1A DFC1B DFC1C
-0 —> Q —P
CLR CLR CLR CLR
—]D Q —D ON —JD ON —D ON
DFC1D DFC1E DFC1F DFC1G
—> —> —> —0
CLR CLR CLR CLR
D-type Flip-Flops with Preset
PRE PRE PRE PRE
—D Q —D Q —D Q ——ID ON
DFP1 DFP1A DFP1B DFP1C
—p —p —p —
PRE PRE PRE PRE
—D Q —]D oN —{D ON ——{Db ON
DFP1D DFP1E DFP1F DFP1G
- — —»> —-_>
D-type Flip-Flops with Preset and Clear l
PRE PRE
—]D Q —D Q]
DFPC DFPCA
—p —p
CLR CLR

T

T
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D-type Flip-Flops with Enable (Module Count = 2)

PRE PRE PRE
—p Qf— —D Q}— —pD Qf— —D Q}— —D of}b— —bD Qfl—
—{ E DFE ——| EDFEA —(] E DFE1B —1 E DFEB — E DFEC —] E DFED
> D> —P —Pp —p —
CLR CLR CLR

Y Y Y

JK Flip-Flops (Module Count = 2)

PRE
—J QF— —J QF—
—D JKF —> JKFPC
—JK —(J K
CLR
MUX Flip-Flops (Module Count = 2)
DFME1A
—A —A —t A —A
—B Q —B @ —B @ —B QF—
DFM DFMA DFMB —1s
—s —s —As —QE
—P —Q — —p CcK

D> cLr
T

CLKBUF Interface Macros (Modute Count = 1)
A v A v A v A

Y
G | [>GAN02 G_‘ DGNANDZ G G O

Do

Y b1
D2

D3
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Package Pin Assignments: 84-Pin PLCC

(Top View)
o
$ &

1110 987 6 54 3 2 184836281807978777675

NC g4 12 2] =]
13 73 P DCLK or I/O
14 723 SDlor 1/0
15 np
18 700
17 sg

GNDO 18 68 2 Voo

GNDO 19 67 B Vee
20 66 @ MODE
21 (] =}
22 84-Pin 64 3 CLK or I/O
= PLCC =
24 62

Voo H 25 81 3 GND

Vee H 28 s0 3 GND
27 59 (3
28 ss 2
20 s7
30 56 3
31 55 [
32 sa 1

33 34 35 36 37 3839 40 4142 43 44 45 46 47 48 49 50 515253

SN gpin ey s e gy gy ey
3 2
> I} >

Package Pin Assignments: 68-Pin PLCC

(Top View)
o
4
$ &
987 654 3 2 16867666564636261
m]
m]
B
1 DCLK or I/0
GND B SDlor /O
GND E Ve
[ MODE
B
B CLK or /O
m}
B
Veo £ GND
]
=
|
Vcc -]
27 28 20 3031 3233 34 3538 37 38 39 40 414243
uuuuuguuuuuuuuuuu
3 8
0] >
Notes:

1. MODE must be terminated to circuit ground.
2. All unassigned pins are available for use as 1/0s.
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Package Pin Assignments: 100-Pin PQFP

(Top View)
[a]
eysyerst 8 z 8
ZZZ2Z > (0] >
SRRRRRINNCREBE B8B83 cBIBLR 3B
7 D
81 IT— 50
82 11— T 49
83 I —Ir— 48
84 11— IT 47
85 11 1T 46
GND 88 —1r—] I 45
GND 87 .1 T 44 Ve
88 1T} T 43 Voo
89 —II—] I 42
CLK OR I/0 90 1| 100-Pin —T— @
o1 =1 PQFP = 40
MODE 92 —r1r—] 11— 39
Ve 93 I 38
Ve 94 T 37 GND
95 I T 38 GND
86 11 T 35
97 11— IT—1 34
SDI or I/Q 98 ] T 33
DCLK OR I/0Q 80 T 32
100 11T 17— 31
<\, JJ

Notes:
1. MODE must be terminated to circuit ground.
2. All unassigned pins are available for use as I/Os.
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Package Mechanical Details
Plastic J-Leaded Chip Carrier

| E

Pin #1 Index

;E E1
nnonnonoonnn

~
|

]
¥ ° 5
R =}
2
.050" + .005" m]
P b1t D
3
.018” + .003” -
3 E
=
? =]
-
020" min. goouudguguuu Y
.029" + .003"
175" + .010"
Lead Count D, E D1, Ed
68 990" + .005" 955" + 005"
84 1.190” + .005" 1.155” + .005"
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Package Mechanical Details (continued)
Plastic Quad Flatpack




el
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Array Architecture
for ATG with 100%
Fault Coverage

Technical Paper

Abstract

This paper discusses array architecture, circuitry and methodology
for the automatic generation of test vectors. The architecture is
implemented in a mask programmed version of an antifuse based
FPGA. The architecture allows the designer to 100% control and
observe each node in the circuit. This allows the automatic
generation of test vectors with 100% fault coverage independent of
the design implemented in the array circuit. In addition to
architecture and circuit implementation details, this paper
discusses the ATG generation methodology and algorithms, circuit
overhead for the test features as well as test times and results.

Overview

To the ASIC user, Field Programmable Gate Arrays (FPGAs) [1]
offer many advantages over conventional mask programmable
gate arrays. A primary advantage of the FPGA is that it speeds up
the “time to market” of the new system by removing the ASIC
design from the critical path of the system design cycle. However,
once the new system goes into high volume production, the user
will often convert his FPGA design into a conventional gate array
to reduce the cost of the system. Though the conversion to a gate
array may ultimately reduce manufacturing costs, significant
engineering time is expended translating FPGA design netlists to a
gate array and, especially, developing test vectors to test the gate
array.

An ideal ASIC solution should (a) provide fast time to market, (b)
reduce high volume manufacturing costs and (c) eliminate the need
for further design engineering involvement in translating netlists
and generating test vectors. A masked programmable gate array,
which is a one-mask version of an antifuse-based FPGA has been
developed to satisfy the above requirements. The architecture of
the antifuse based FPGA shown in Figure 1 is essentially that of a
channelled gate array with rows of functional logic modules
alternating with channels of horizontal routing tracks {1]. Antifuses
are programmed to connect the logic module inputs and outputs to
the routing tracks. In the mask programmable version of the
FPGA, the antifuses programmed for a given design are simply
replaced with vias connecting two metal layers, thus preserving the
original netlist. This is accomplished with the aid of software which
automatically converts a fuse design netlist into a via mask layer for
that design. All other mask layers are common between designs.
The MPGA has a much smaller die than the FPGA version
because the antifuses and, more significantly, the associated
programming circuitry have been eliminated, thus providing
substantial cost savings.

A significant advantage of the MPGA over a conventional gate
array, is that the MPGA's architecture includes built-in testability.
This architecture, which is the focus of this paper, reduces the
problem of generating test vectors for an entire design into a set of
predetermined tests of the individual logic modules. Test vectors
are generated automatically to test the user design and
interconnect wiring with 100% fault coverage. It is important to

note that while this built-in testability has been implemented in a
mask-programmable version of an FPGA, it could easily be
included in the design of FPGAs and conventional gate arrays.

Architecture and Circuitry

The MPGA architecture, which is similar to the A1020 FPGA
consists of 14 rows and 44 columns of logic modules with routing
channels between the module rows as shown in Figure 1. The user’s
logic design is created by interconnecting logic module inputs and
outputs to routing tracks. Logic modules implement the required
logic functions while I/O modules connect logic modules to I/O
buffers and to package pins.

The ATG control operation works as follows. Each logic module
(Figure 2) is divided into an input section LM’ and an output
section LM”. Each has its own latching capability. The two sections
may be isolated from one another or connected by the operating
modes of the circuit. Since inputs and outputs of all modules are
interconnected together by routing tracks, separating LM’ and
LM?” of all logic modules essentially breaks the entire design up
into combinational pieces where each LM’ of a logic module is
driven by LM” of other modules or its own LM”. Using this feature,
complex testing situations such as feedback loops, reconvergent
connections, and sequential circuits are converted into simple
combinational circuits that can be readily tested. Any LM” can be
randomly addressed and controlled with desired logic values which
serve as the stimuli for the LM’ sections. Each LM’ is tested by
controlling the corresponding LM”s connected to its inputs.

Then, the LM’ logic function is computed and latched into the LM’
latch. Subsequently, the latched result is transferred from LM’
latch to LM” for “ATG observe”. In this mode, any LM” can be
randomly addressed and its contents read out to the periphery
circuits [2]. Periphery and control circuits provide all the necessary
timing and mode control operations needed to implement the
above functions.

Logic Module

The MPGA Logic Module with testability capability is shown in
Figure 2. The logic module has eight data inputs (SO, S1, SA, A1,
A0, B0, B1, SB), 1output (OUT), 5 control signals (Yi, Xi, TDI, C2,
C1)and a sense output signal (SEN_Xi). Control signals determine
logic module operations in the various operating modes.

As explained above, the logic module is divided into two sections
LM’ and LM”. Signals C1 and C2 control sections LM’ and LM”.
When C1=0, mux3 is enabled and latch1 is transparent. When
C1=1, mux3 is disabled with a three-state output and latchlis ina
latching mode. C2=0 turns Q1 “ON” and makes latch2
transparent. C2=1 turns Q1 “OFF” and configures latch2 as a
latch. When Q1 is “OFF”, LM” is disconnected from LM’. By
controlling C1 and C2, the following operations are possible: (a)
data can be stored in latchl and/or latch2, (b) LM” can be
connected or disconnected from LM’, and (c) data can be
transferred from LM’ to LM”.

© 1992 Actel Corporation
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In the ATG Control phase, Xi, Yi, and TDI (Test Data Input) are
used to control LM”. In this phase LM” is separated from LM’ by
maintaining C2 at “1” and C1 at “0”. The ATG Observe phase
works as follows. The controlled LM” outputs drive LM’ of other
logic modules {or its own LM’) and subsequently causes logic
computation in the driven LM’. Using C1 and C2 control signals
the computed data is first latched into LM’ and then transferred to
LM?”. The final result is then read out via the micro-probe sensing
circuits and the SEN_Xi line. In normal logic module operation,
C1, C2, and Xi are at “0”, latch1 and latch2 become transparent,
LM’ is connected to LM”, and LM” is isolated from the TDI input.

1/0 Module

Figure 3 shows the schematic for the I/O Module. P_EN, P_OUT,
and P_IN are direct input and output interconnects to the I/O
Buffer; EN, IN are I/0 Module inputs. Xi, Yi, TDI, and SEN_Xi
perform identical functions as the Logic Module. C3, which is
similar to C1 and C2, is for ATG control operation. When C3=0,
the I/O module is normally operating where P_EN is controlled by
EN input. When C3 =1, P_EN is controlled by TDI. Thus, the I/O
Buffer can be set as an “input pin” or an “output pin” by storing the
appropriate TDI data bit into latch1 of I/O module in ATG testing.

Array Test Example

A “5X 5 Logic Module Array example” with interconnect is shown
in Figure 4. For simplicity, each logic module will be denoted as
LM(Xj,Yi), and each I/O module will be denoted as I/OM(Xi,Yi).
The bottom row address will be X0 and the left-most column will be
YO0. All LM(Xi,Yi) and I/OM(Xi,Yi) are controlled by C1, C2, C3,
and TDI global control signals. In a normal chip operation, C1, C2,
C3, Xi, and Yi are “0” and the array functions are the desired user
design.

Assume LM(2,1) is to be “ATG-tested”. Inputs LM’(2,1) are
connected to LM”(2,1), I/OM(3,0), LM”(1,1), and LM”(1,2). When
C2 is placed in “high” state, all LM”(Xi,Yi) are disconnected from
their LM’(Xi,Yi). Also, all logic module data are preserved at the
LM?” latches. By addressing and controlling LM”(2,1), LM”(1,1),
and LM”(1,2), inputs of LM’(2,1) can be set to a specific test vector
for ATG testing. Since IOM(3,0) is one of the inputs to LM’(2,1)
also, its associated I/O buffer needs to be converted to an input pin
so that test vectors can be applied to the pin directly. This is
achieved by ATG contro! of IOM(3,0) with a data value “1”.

After the ATG control is completed for the inputs of LM’(2,1), C1
is placed in “high” state to latch new data in all LM’(Xi,Yi). Then,
C2is placed in “low” state to connect and enable data transfer from
LM’ to LM”. New data can be read from the corresponding
SEN_X:i line for verification. As for LM(2,1), new data is read from
SEN_X2line and this completes the ATG testing for this particular
logic module and its input interconnects to the other modules.

Automatic Test Generation (ATG)

An example of a basic test flow is illustrated as follows. One of the
greatest difficulties in ATG is testing circuits that contain
sequential elements, feedback loops and reconvergent fan-outs.
Instead of generating ATG vectors for the complete circuit, vectors
are generated only for the logic module whose simplified ATG
model is shown in Figure 5. The only variable in this “logic module
ATG” is the connectivity of the circuit. Feedback connections used
to implement sequential circuits are broken by virtue of the split
module sections described above. Sequential testing is thus
replaced by combinational testing.

The module shown in Figure S has no reconvergent fan-out. The
module is composed of a few primitive gates. The small size of the
module and the fact that it is free of feedback and reconvergent
fan-outs means it is practical to exhaustively scan the complete
search space for a test solution. This implies the fact that if a faultis
detectable, the logic module ATG will always find a test vectorina
reasonable amount of time. Thus, the module is guaranteed a
100% fault coverage (single stuck-at-0, stuck-at-1 fault modet).

Compared to other test approaches, without any built-in testability,
feedback, reconvergent fan-outs or just circuit complexity make
ATG systems CPU or memory bound, possibly yielding poor fault
coverage. Scan design and built-in probing provide some form of
built in testability, but sub-circuits partitioned by scan cells, may
still contain reconvergent fan-outs, and are thus difficult for ATG
testing. In general, scan based ATG systems give very good fault
coverage, but 100% fault coverage is still rarely achievable.

Unlike scan based ATG systems, the MPGA architecture provides
design independent ATG. Built-in testability shields testing details
from the designer and more importantly, simplifies the ATG
problem.

ATG Strategy

The ATG strategy is to generate a test vector which completely
tests each module based on its input net configuration. Vector sets
of each module are grouped together to form a single set of vectors
which are translated to different tester formats.

In order to generate a compact vector set, a traditional ATG
approach is used. The ATG uses simple D-algorithm for vector
generation and a fault simulator for compaction. A single fault is
picked from a list of all possible faults. A D-algorithm is performed
to see if the fault is detectable. If an undetectable fault (redundant
fault, which has no effect on the circuit) is found, the fault will be
removed from the fault list. If the fault is detectable, the vector is
fault simulated to see if more faults can be detected. All detected
faults are removed from the fault list until the list is exhausted.

The fault model is based on single stuck-at-zero and stuck-at-one
faults on input pins of primitive gates. Output pin and interconnect
stuck-at faults are tested by verifying their equivalent stuck-at faults
at input pins. )
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Multiplexor Fauit Modeling

The MPGA module is based on 2 input multiplexors. General gate
array fault modeling approaches usually treat the Multiplexor as a
primitive gate as shown in Figure 6 and model the multiplexor as a
combination of AND, OR gates. This is not an accurate fault
representation. In our ATG module, a more detailed representation is
shown in Figure 7. The advantage of modelling at such low level, is
that we can examine one of the multiplexor problems [6]
traditionally ignored by ATG systems. If the select line S is at fault,
we can detect its fault. But if the gate of the transistor is stuck at 0
(Figure 8), a correct result should be the value of B. But for a faulty
device, both transistors are turned off and thus the output node is at
high impedance state. This is the same as a stuck open fault on the
output pin, a vector pair fault, which can be detected by transition.

To handle such a special case, the D-algorithm is extended to
support vector pair generation. Whenever the fault under test is the
stuck-at-0 fault on the gate of the multiplexor, the D-algorithm
switches into transition vector pairs mode. The fault simulator also
extends its capability to fault simulate transition vector pairs.

Design Independent Testing

To complete the testing of the array, there are several tests which
are independent of the implemented design. The tests include (a)
DC Input Levels (V[H, V[L), (b) DC Output Levels (V[H, V[L, V()H,
Vo, Iow), () Net Shorts test, (d) Three-state Output Leakage, and
(e) Static IDD.

Net Shorts Testing

The algorithms used for the module test ATG, and probably all
ATG algorithms, use the circuit schematic as input for vector
generation. The actual layout of the schematic in silicon is not
considered in the ATG process. Therefore, as shown in Figure 8,
test vectors generated to exercise Net A, do not consider the
potential for a short between Net A and Net B, which cross each
other in the layout. However, the built-in testability of the MPGA
allows net shorts testing to be performed.

Net shorts testing is accomplished by first latching logic 1s into the
outputs of a set of modules and logic Os into the outputs of the
remaining logic modules. Then, the static current of the power
supply is measured. If the current is increased over a previously
measured baseline value, there must be a short between at least two
of the nets driven to opposite states.

The vector set for net shorts testing is surprisingly compact, with
only 10 vectors/current measurements required. A vector set is
used to test for shorts between nets driven from modules in
different rows of the array. Similarly, another vector set is used to
test for shorts between nets driven from modules in a different
column of the array. When the two vector sets are combined, they
exhaustively check for every short. (Note that the vector set for a

particular row or column is a binary expansion of the row or column
number.) Furthermore, the vector set is completely design
independent and depends only on the number of columns and rows
of logic modules in the base array.

DC/Parametric Testing

The MPGA's testing architecture allows for all DC and parametric
testing to be design independent. The control and observe features
of the I/O modules provide much of this capability. For example, to
test input levels (Vig, Vi), the I/O module is first set as an “input
pin” using the ATG control feature to three-state its associated
output. The switching levels of an input signal are applied to the
I/O module so that it can be monitored with the addressable
microprobe. This three-state mode is also used to measure leakage
current in the disabled output buffer and to measure static IDD.

Conclusion

A logic array architecture and circuit implementation for the
automatic generation of test vectors has been presented. A masked
programmed gate array, which is just one version of an antifuse
based FPGA has been developed to satisfy the above requirements.
A key feature of the architecture is the ability to control and
observe 100% of every node in the design. The test algorithms and
methodology used to achieve 100% fault coverage is presented.
Three user designs have been implemented. The designs required
an average of 4.8 vectors per module for a total of 2600 vectors per
design. Test time was well below 1 second.
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Software Product
Selector Guide

ALS System Selector Table

Host Actel System Schematic Simulation ACT1 FPGA ACT2 FPGA Activator 1 Activator2  Actionprobe
Environment Part Number Capture Design Software Design Programmer Programmer Diagnostics
386 PC with ALS-110 Includes Optional Included Optional Included Optional Included
VIEWLOGIC®/ VIEWDRAW®  VIEWSIM®
OrCAD/SDT lif® Supports Supports
OrCAD/SDT Iil  OrCADNST®
386 PC with ALS-113 Includes Optional Included Optional Included Optional Optional
VIEWLOGIC/ VIEWDRAW VIEWSIM
OrCAD/SDT Hll Supports Supports
OrCAD/SDT It  OrCADNST
386 PC with ALS-115 Includes Optional Included Optional Optional Optional Optional
VIEWLOGIC/ VIEWDRAW VIEWSIM
OrCAD/SDT [il Supports Supports
OrCAD/SDT Il OrCADNST
386 PC with ALS-210 Includes Optional included Included Not Included Included
VIEWLOGIC/ VIEWDRAW VIEWSIM Required
OrCAD/SDT I Supports Supports
OrCAD/SDT Hl OrCADNST
386 PC with ALS-213 Includes Optional Included Included Not Included Optional
VIEWLOGIC/ VIEWDRAW VIEWSIM Required
OrCAD/SDT il Supports Supports
OrCAD/SDT Il OrCADNVST
386 PC with ALS-215 Includes Optional included Included Optional Optional Optional
VIEWLOGIC/ VIEWDRAW VIEWSIM
OrCAD/SDT Ili Supports Supports
OrCAD/SDT Il OrCADNST
MENTOR ALS-035 Supports Supports Included Optional Optional Optional Optional
GRAPHICS CAE NETED® QUICKSIM®
(HP Apollo®)
MENTOR ALS-230 Supports Supports Included Included Not Included Included
GRAPHICS CAE NETED QUICKSIM Required
(HP Apolio)
MENTOR ALS-233 Supports Supports Included Included Not tnciuded Optional
GRAPHICS CAE NETED QUICKSIM Required
(HP Apollo)
MENTOR ALS-235 Supports Supports Included Included Optional Optional Optional
GRAPHICS CAE NETED QUICKSIM
(HP Apollo)
VALID LOGIC ALS-045 Supports Supports Included Optional Optional Optional Optional
(Sun Microsystems™) VALIDGED® VALIDSIM®/
RAPIDSIM®
VALID LOGIC ALS-240 Supports Supports Included Included Not Included Included
(Sun Microsystems) VALIDGED VALIDSIM/ Required
RAPIDSIM
VALID LOGIC ~ ALS-243 Supports Supports Included Included Not Included Optional
{Sun Microsystems) VALIDGED VALIDSIM/ Required
RAPIDSIM
VALID LOGIC ~ ALS-245 Supports Supports Included Included Optional Optional Optional
(Sun Microsystems) VALIDGED VALIDSIM/
RAPIDSIM
VIEW LOGIC ALS-055 VIEWDRAW VIEWSIM Included Optional Optional Optional Optional
(Sun Microsystems) (Supports) (Supports)
VIEW LOGIC ALS-250 VIEWDRAW VIEWSIM Included Included Not Included Included
(Sun Microsystems) {Supports) (Supports) Required
VIEW LOGIC ALS-253 VIEWDRAW VIEWSIM Included Included Not Included Optional
(Sun Microsystems) (Supports) (Supports) Required
VIEW LOGIC ALS-255 VIEWDRAW VIEWSIM Included Included Optional Optional Optional
(Sun Microsystems) (Supports) (Supports)
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Action Logic System
FPGA Design Environment

Product
Brief

Overview

The Action Logic™ System (ALS) is a high-productivity
Computer Aided Engineering environment for designing with the
ACT™ series of field programmable gate array devices. A
menu-driven interface allows users to complete ACT designs, from
concept to silicon, in hours without costly Non-Recurring
Engineering costs. The system includes a software development
environment and an Activator™ programmer, tester, and
debugger. ALS is supported on most popular CAE platforms.
Designers use their PCs or workstations to capture schematics; to
simulate, verify, place and route; to perform timing analysis; to
program and to debug the chip. On-line help screens and detailed
reference manuals speed and simplify the design process.

To help you select the version of the Action Logic System that is
correct for your needs, we will first explain the various modules that
make up the software, and then show the platforms they run on.

Schematic Capture and Simulation

Users enter the design into the ACT device by drawing a schematic
using the Actel Macro Library. When schematic capture is
complete, functional simulation can be performed on the design. If
the 386 PC Viewlogic version of the ALS is purchased, then the
schematic capture system is provided by Actel. For all other
platforms, Actel provides the Macro Library for an existing
schematic capture system.

Gate Array Macro Library

The Actel Macro Library contains the logic function building
blocks necessary to create a design. The library includes macros
ranging in complexity from simple gates to complex functions.
Each macro has a graphic symbol or icon. Hard macros also
contain placement information, a netlist, and timing data.

Basic gates from the library are used to create soft macros, such as
ounters, adders, and decoders. The Actel Macro Library contains
sver 200 different macros.

Pin Editor

T'he Actel Pin Editor is an easy-to-use, menu-driven program for
1ser assignment of logic I/0Os and package pins. The Editor
automatically scrolls a list of all user-designated I/Os. The user
‘hen chooses whether the pins should be assigned manually or
wtomatically. To manually assign any pin to anI/O, the user simply
»nters the desired pin number next to the I/O node name. During
;ach pin assignment, the Editor ensures that each pin is a valid
»ackage pin and is not already assigned to another chip I/O.
Automatic I/O pin assignment is also available.

Jesign Validator -

Che Actel Design Validator examines an ACT design for
dherence to design rules specific to the ACT device chosen for the

design. Validation verifies routability and performs design rule
checks prior to routing. The Validator produces error and
information messages and system warnings regarding electrical
rule violations such as excessive fan—out, shorted outputs, or
unconnected inputs. For example, a warning message is issued if a
net exceeds a fan-out of ten. An unconnected module input,
however, produces an error message.

The Validator also provides statistical information about
routability, logic module count, average fanout per net, and array
utilization. After passing through the Validator, the design is free of
electrical rule violations.

Automatic Place and Route

Fully automatic place and route software minimizes design delay by
assigning macros to optimal locations in the chip. The system uses
the design’s netlist, critical net information, and I/O assignments to
automatically place and route all the logic blocks within the circuit.
No manual intervention is required, even at high device utilization.

The software provides the user with data on actual wire lengths,
capacitive loading, and wiring congestion. The route program
assigns the shortest possible net segments to connect the library
macros with minimal delay, routing 100% of the nets automatically
for 85% to 95% logic module utilization.

Timing Analysis

The timing analyzer (Timer) is an interactive tool that determines
and highlights all critical and non-critical paths within a specified
design. After the layout phase is completed, the Timer extracts
accurate net delays. These delays are back annotated to the netlist
and evaluated with the Timer or a CAE simulator. Using this
information, the designer can optimize the design to meet timing
specifications. The Timer accepts as input the design’s netlist and
delay information. The user directs the type of analysis and output.
Delay reports generated by the timing analyzer using post-route
numbers provide the final AC specifications for the design.

The user also can perform timing analysis using an optional CAE
simulator supplied by vendors such as Viewlogic, Mentor or
Cadence. The Action Logic System can generate a post-route
annotation file which can be used by these simulators to provide
accurate timing information.

Device Programming and Functional Test

Programming is controlled by the Activator programming system.
The Activator 1 system only programs ACT 1 devices and is
supplied with most of the entry level packages that support the
ACT 1 family. The Activator 2 system programs both ACT 1 and
ACT 2 families of devices and is supplied with most of the design
packages that support both families.

Action Logic software generates a fuse map for the ACT device,
which is used by the Activator for programming. A series of
internal address registers that specify the programming element

9 1992 Actel Corporation
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(PLICE™ Antifuse) to be programmed are loaded automatically.
A programming sequence is then initiated, creating a permanent
link. These steps are repeated until all interconnections are made.
The Activator also supports functional testing using an I/O test
vector file.

In addition, Actel supports third party programmers such as the
data I/O Unisite®.

In-Circuit Test and Debug

Once the device is programmed and functionally verified, it is ready
for operation in the user’s system. Actionprobe™ diagnostic tools
may then be used to further evaluate circuit integrity. The
Actionprobe diagnostic tool is an adapter to the Activator
programmer which connects to the ACT device socket in the target
system. Under full control of the Actionprobe software, any two of
the internal networks can be selected to be brought out on the two
diagnostic probe pins for analysis. Timing and waveform analysis is
then accomplished using an oscilloscope or a logic analyzer.
Versions of the Actionprobe system are available for both the
Activator 1 and the Activator 2 programming systems.
Optional features are:

ALES Logic Optimizer

The Actel Logic Optimizer (ALES™ 1) allows designers to
combine schematics with PAL) equations (PALASM™ 2,
ABEL™, CUPL™). The synthesized logic can then be simulated
and integrated into a hierarchical design with emphasis on
optimizing either area or delay. ALES is available for the 386 PC
platform, and the Apollo and Sun workstations.

Synopsys Libraries

Actel supplies a technology library for the Synopsys logic synthesis
environment. It allows designers to capture Actel designs by
entering VHDL/HDL format source files into Synopsys’ design
compiler. The design compiler outputs an EDIF netlist, which is
read by the Actel supplied EDIF reader in the ALS design
environment. Versions of the Synopsys libraries are available for all
the design platforms except the 386 PC.

Annual Support/Update Program

An Annual Support agreement ensures that the software you
purchase is up to date and that you get priority service when you
have problems or technical questions. It also ensures that the
software you have supports the most recently released devices and
packages. Software upgrades are typically released twice a year and
are sent to Annual Support agreement holders free of charge.

The Support/Update program also gives you access to technical
expertise via the Actel Technical Hotline. Applications engineers
are available anytime during Actel’s regular working hours to
answer your questions or fix your problems. You also have access to
Actel’s on-line Bulletin Board System. Services available via the
BBS are:

¢ Known Bug List
* Software Corrections and Updates
* User-designed Macro Library.

¢ Design file Uploading and Downloading for troubleshooting
purposes

e Message service for communicating with applications
engineers

¢ User Forum for communicating with other users of Actel
products

Design Platforms

Versions of the Action Logic System are available to run on a
variety of platforms. Because not all users will need all of the
capabilities (or want all the expense) provided by the complete
system, Actel has made several versions of the ALS available for
each platform. These versions include:

¢ ACT 1 software support only
¢ ACT 1 software support and the Activator 1 programmer

¢ ACT 1 software support, the Activator 1 programmer, and
the Actionprobe diagnostics

¢ ACT 1and ACT 2 software support

¢ ACT 1 and ACT 2 software support and the Activator 2
Programmer

e ACT 1and ACT 2 software support, the Activator 2
programmer, and the Actionprobe diagnostics

The system can be upgraded to add missing functions whenever the
customer desires.

The basic platforms supported are:

Viewlogic and OrCAD on 386 PC. This system is designed to run
on an 80386 or 80486 processor based IBM-compatible PC running
DOS. Actel provides the Viewlogic Viewdraw schematic capture
package, the Actel Macro Library, and the Action Logic System
design modules. Viewsim simulation support is available from
Actel as an option. Libraries supporting the OrCAD schematic
capture system are also provided.

Mentor Graphics on HP/Apolle Workstation. This version
integrates with existing design systems utilizing Mentor Graphics’
NETED schematic capture and QuickSim simulator running on
HP/Apollo workstations. Actel provides the Actel Macro Libraries
and the Action Logic System design software designed to link
directly with the Mentor Graphics netlist format.

VALID Logic on Sun Werkstation. This version integrates with
existing design systems utilizing Valid’s ValidGED schematic
capture and ValidSIM and RapidSIM simulator running on Sun
‘Workstations. Actel provides the Actel Macro Libraries and the
Action Logic System design software. Design files can be exported
directly from Valid’s netlist format.

Viewlogic on Sun Workstations. Provides ACT 1 or ACT 1 and
ACT 2 design and programming capability for an existing
Viewlogic design system running on a Sun Workstation. Actel
provides the Actel Macro Libraries and the Action Logic System
design software. Design files can be exported directly from
Viewlogic’s netlist format into the Actel ALS system.

A selector guide was provided at the front of this chapter to help
you select the version of the software that best suits your needs.
Complete datasheets on each version of the software follow.

N
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Action Logic System
for 386 PC Platform

Product
Brief

Action Logic System Software and Hardware with
Viewlogic Schematic Capture for ACT 1 and ACT 2 Designs

Development System Capabilities

ACT 1 and ACT 2 FPGA Design, Programming and Design
Verification/Probe capability for 80386 based IBM-PCs and
compatibles.

Actel’s Action Logic™ System (ALS) for the 386 PC platform is a
low-cost Field Programmable Gate Array design and
programming system for the ACT™ 1 and ACT™ 2 families. The
software included with the system consists of Viewlogic’s 3150
schematic capture software and the Actel design software and ACT
1and ACT 2 Macro Libraries for the Viewlogic environment. Also
included is the Actel Activator® Programmer and debugger, and
the Actionprobe. diagnostic tools. The ACT Macro Library
integrates with the Viewlogic schematic capture and simulator
(optional) packages to provide all of the elements for a complete
FPGA design, simulation, and programming environment. Design
files can be exported from Viewlogic directly into the ALS
environment.

After importing the files, the ALS Design Validator verifies design
rule compliance by completing an electrical rules check and
provides statistical use information such as utilization percentage
and average fan-out. After validation, the automatic place and
route software configures the device to the engineer’s design.
Through the use of the Timer, an engineer can check circuit timing
before and after the place and route. Once the design is optimized,
the Activator programmer programs the proper antifuses to
configure the FPGA. The debugger software allows the designer to
check the functionality of the FPGA by running test vectors
through the device using the Activator programmer. The
Actionprobe hardware and software provides 100% real-time
observability of internal nodes while the FPGA is in the target
system.

For users who do not need all of these capabilities, versions of the
development system are offered without all of the features of the
complete system. The hardware and software can be upgraded
later as the user’s needs change.

The Action Logic System for the 386 PC platform also includes the
OrCAD/SDT and OrCAD/VST interface and macro libraries.
These allow the system to work with an installed copy of
OrCAD/SDT Version 3.1 or higher.

Software Requirements

MS-DOS 3.0 (or later)

Note: OrCAD users need SDT III Release 3.1 or 3.2.
Viewlogic users need Viewlogic release 3.2 or 4.0.

Hardware Requirements

386-Based PC-AT with:

* 4 Megabytes RAM (8Mb recommended)

¢ One Parallel Port

¢ One RS-232C Port (COM1 or COM2)

* 40 Megabyte Hard Disk (40 Mb recommended)
¢ 1.2 or 1.44 Megabyte Floppy Drive

* VGA, EGA, or Monochrome Graphics Card

¢ Vacant 1/2 Card AT Bus Slot

Simulators

ALS-016: Viewlogic’s 3350 Simulator. Fully integrated to
Viewlogic’s schematic capture and Actel’s ALS design system for
complete FPGA simulation. The ALS-016 is a menu-driven
interactive simulator that provides pre-layout and post-layout
timing simulation with delay back annotation to verify
performance after layout. Advanced interactive debugging tools
help designers quickly find and eliminate problems.

ALS-016S: Annual Support Fee, per system. Order with ALS-016.

ALS-017: Viewlogic’s low-cost simulator. Similar in capabilities to
the ALS-016 with a maximum simulation capability of 3000 gates.

ALS-017S: Annual Support Fee, per system. Order with ALS-017.

ALES 1 Logic Optimizer

ALS-114: Actel Logic Optimizer (ALES™ 1) allows designers to
combine schematics with PAL® equations (PALASM®2, ABEL,
CUPL). The synthesized logic can be simulated and integrated into
a hierarchical design with emphasis on optimizing either area or
delay.

ALS-114S: Annual Support Fee, per system. Order with ALS-114.

Schematic Generator

ALS-VL-001: Viewlogic’s Viewgen schematic generator. Allows
Viewdraw schematics to be created from an Actel or Viewlogic
netlist.

Activator 2 Programming Modules

ALS-280: 100 QFP (ACT 1) ALS-287: 176PGA
ALS-281: 44PLCC ALS-288: 84 PLCC (ACT 2)
ALS-282: 68PLCC ALS-289: 100 PGA (ACT 2)
ALS-283: 84PLCC ALS-290: 100QFP (ACT 2)
ALS-284: 84PGA ALS-292: 144QFP
ALS-285: 84QFP ALS-293: 160QFP
ALS-286: 132PGA ALS-294: 172QFP

© 1992 Actel Corporation

April 1992 25

E



(o &

ALS System Selector Table

ACTEL System ACT 1 FPGA ACT 2 FPGA Activator 1 Activator 2 Actionprobe
Part Number Design Software Design Software Programmer Programmer Diagnostics
ALS-110 Included Optional Included Optional Included
ALS-113 Included Optional Included Optional Optional
ALS-115 Included Optional Optional Optional Optional
ALS-210 Included Included Not Required ncluded Included
ALS-213 Included Included Not Required Included Optional
ALS-215 Included Included Optional Optional Optional

Software and Hardware upgrades are available for Actel systems. Please contact your local sales representative for details and pricing.
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Action Logic System
for Mentor Graphics
Design System

Product
Brief

Action Logic System Software and Hardware for
Existing Mentor Graphics Design System for ACT 1 and ACT 2 Designs

Development System Capabilities

ACT 1 and ACT 2 FPGA Design, Programming, and Design
Verification/Probe Capability for Existing Mentor Graphics
Design System on HP/Apollo Workstation

Description

The Action Logic System (ALS) is a complete ACT 1 and ACT 2
FPGS design, debugging, and programming system (for Mentor
Graphics on HP/Apollo workstations). The ALS-230 macro
library fully integrates with existing Mentor Graphics design
systems utilizing Mentor Graphics’ NETED schematic capture and
QuickSim simulator. The design files can be exported from Mentor
Graphics’ netlist format directly into the Actel ALS environment,
which is resident on the HP/Apollo workstation.

After importing the files, the ALS Design Validator verifies design
rule compliance by completing an electrical rules check and
provides statistical use information such as utilization percentage
and average fanout. After validation, the automatic place and route
software configures the gate array to the engineer’s design.
Through the use of the Timer, an engineer can check circuit timing
for the place and route. Once the design is optimized, the Activator
2 Programmer programs the proper antifuses to configure the
FPGA. The Activator 2 can program up to 4 devices simultaneously
in approximately one-half the time of the Activator 1 Programmer.
Modular approach allows for different packages to be programmed
by switching programming modules. Lastly, the Actionprobe
diagnostics hardware and software provides 100% real time
observability of internal nodes while the FPGA is running in the
target system.

For users who do not need all of these capabilities, versions of the
development system are offered without all of the features of the
complete system. The hardware and software can be upgraded
later as the user’s needs change.

Software Components

ACT 1/ ACT 2 FPGA Design System for Apollo:

* Macro Library

¢ Automatic Placement and Routing

¢ Timing Analysis

* Design Verification and In-Circuit Probe Software

Hardware Components

¢ Activator 2 Programmer

¢ Actionprobe Diagnostic Pod
Software Requirements

* Mentor Graphics Idea Station Release 7.0 (for Capture and
Design) and AEGIS Release 10.3 or Greater

Hardware Requirements

¢ HP/Apollo series DN3000, DN4000, 400S, AND 400T
Options

ALES Logic Optimizer

ALS-134: Actel Logic Optimizer (ALES 1) for Mentor Graphics
on HP/Apollo allows designers to combine schematics with PAL
equations (PALASM2, ABEL, CUPL). The synthesized logic can
be simulated and integrated into a hijerarchical design with
emphasis on optimizing either area or delay.

ALS-134S: Annual Support Fee, per system. Order with ALS-134.

Synthesis

ALS-SYN-DN: Actel’s technology libraries for the Synopsys logic
synthesis environment. Allows designers to capture Actel designs
by entering VHDL/HDL format source files in Synopsys’ design
compiler. The design compiler outputs an EDIF format netlist
which is read by the Actel supplied EDIF reader in the Actel ALS
design environment. The remaining design validation, placement
and routing, and programming steps are completed in the ALS
environment.

Activator 2 Programming Modules

ALS-280: 100 QFP (ACT 1) ALS-287: 176PGA
ALS-281: 44PLCC ALS-288: 84 PLCC (ACT 2)
ALS-282: 68PLCC ALS-289: 100 PGA (ACT 2)
ALS-283: 84PLCC ALS-290: 100QFP (ACT 2)
ALS-284: 84PGA ALS-292: 144QFP
ALS-285: 84QFQ ALS-293: 160QFP
ALS-286: 132PGA ALS-294: 172QFP

© 1992 Actel Corporation
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ALS System Selector Table

ACTEL System ACT 1 FPGA ACT 2 FPGA Activator 1 Activator 2 Actionprobe
Part Number Design Software Design Software Programmer Programmer Diagnostics
ALS-035 Included Optional Optional Optional Optional
ALS-230 Included Included Not Required Included Included
ALS-233 Included Included Not Required Included Optional
ALS-235 Included Included Optional Optional Optional

Software and Hardware upgrades are available for Actel systems. Please contact your local sales representative for details and pricing.
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Action Logic System
for Valid Logic
Design System

Product
Brief

Action Logic System Software and Hardware for
Existing Valid Logic Design System for ACT 1 and ACT 2 Designs

Development System Capabilities

ACT 1 and ACT 2 FPGA Design, Programming, and Design
Verification/Probe Capability for Existing Valid Logic Design
System on Sun Workstation

Description

The Action Logic System (ALS) is a complete ACT 1and ACT 2
FPGA design, debugging, and programming system (for Valid
Logic on Sun workstations). The ALS-240 macro library fully
integrates with existing Valid Logic design systems utilizing Valid’s
ValidGED schematic capture and ValidSIM/RapidSIM simulator.
The design files can be exported from Valid’s netlist format directly
into the Actel ALS environment, which is resident on the Sun
workstation.

After importing the files, the ALS Design Validator verifies design
rule compliance by completing an electrical rules check and
provides statistical use information such as utilization percentage
and average fanout. After validation, the automatic place and route
software configures the gate array to the engineer’s design.
Through the use of the Timer, an engineer can check circuit timing
for the place and route. Once the design is optimized, the Activator
2 Programmer programs the proper antifuses to configure the
FPGA. The Activator 2 can program up to 4 devices simultaneously
in approximately one-half the time of the Activator 1 Programmer.
Modular approach allows for different packages to be programmed
by switching programming modules. Lastly, the Actionprobe
diagnostics hardware and software provides 100% real time
observability of internal nodes while the FPGA is running in the
target system.

For users who do not need all of these capabilities, versions of the
development system are offered without all of the features of the
complete system. The hardware and software can be upgraded
later as the user’s needs change.

Software Components

ACT 1/ ACT 2 FPGA Design System for Sun:

* Macro Library

* Automatic Placement and Routing

¢ Timing Analysis

* Design Verification and In-Circuit Probe Software

Hardware Components

e Activator 2 Programmer
e Actionprobe Diagnostic Pod

Software Requirements
e Sun OS 4.03o0r4.1
Hardware Requirements
* Sun CAE Workstation
Options

ALES Logic Optimizer

ALS-144: Actel Logic Optimizer (ALES 1) for Valid on Sun allows
designers to combine schematics with PAL equations (PALASM2,
ABEL, CUPL). The synthesized logic can be simulated and
integrated into a hierarchical design with emphasis on optimizing
either area or delay.

ALS-144S: Annual Support Fee, per system. Order with ALS-144.

Synthesis

ALS-SYN-84: Actel’s technology libraries for the Synopsys logic
synthesis environment. Allows designers to capture Actel designs
by entering VHDL/HDL format source files in Synopsys’ design
compiler. The design compiler outputs an EDIF format netlist
which is read by the Actel supplied EDIF reader in the Actel ALS
design environment. The remaining design validation, placement
and routing, and programming steps are completed in the ALS
environment.

Activator 2 Programming Modules

ALS-287: 176PGA
ALS-288: 84 PLCC (ACT 2)
ALS-289: 100 PGA (ACT 2)
ALS-290: 100QFP (ACT 2)
ALS-292: 144QFP
ALS-293: 160QFP
ALS-294: 172QFP

ALS-280: 100 QFP (ACT 1)
ALS-281: 44PLCC
ALS-282: 68PLCC
ALS-283: 84PLCC
ALS-284: 84PGA
ALS-285: 84QFP
ALS-286: 132PGA
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ALS System Selector Table

ACTEL System ACT 1 FPGA ACT 2 FPGA Activator 1 Activator 2 Actionprobe
Part Number Design Software Design Software Programmer Programmer Diagnostics
ALS-045 Included Optional Optional Optional Optional
ALS-240 Inciuded Included Not Required Included Included
ALS-243 Included Included Not Required Included Optional
ALS-245 Included Included Optional Optional Optional

Software and Hardware upgrades are available for Actel systems. Please contact your local sales representative for details and pricing.
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Action Logic System
for Viewlogic/Sun
Design System

Product
Brief

Action Logic System Software and Hardware for
Existing Viewlogic Design System for ACT 1 and ACT 2 Designs

Development System Capabilities

ACT 1 and ACT 2 FPGA Design, Programming, and Design
Verification/Probe Capability for Existing Viewlogic Design
System on Sun Workstation

Description

The Action Logic System (ALS) is a complete ACT 1 and ACT 2
FPGA design, debugging, and programming system (for Viewlogic
on Sun workstations). The ALS-250 macro library fully integrates
with existing Viewlogic design systems utilizing Viewlogic’s
Viewdraw schematic capture and Viewsim simulator. The design
files can be exported from Viewlogic’s netlist format directly into
the Actel ALS environment, which is resident on the Sun
workstation.

After importing the files, the ALS Design Validator verifies design
rule compliance by completing an electrical rules check and
provides statistical use information such as utilization percentage
and average fanout. After validation, the automatic place and route
software configures the gate array to the engineer’s design.
Through the use of the Timer, an engineer can check circuit timing
for the place and route. Once the design is optimized, the Activator
2 Programmer programs the proper antifuses to configure the
FPGA. The Activator 2 can program up to 4 devices simultaneously
in approximately one-half the time of the Activator 1 Programmer.
Modular approach allows for different packages to be programmed
by switching programming modules. Lastly, the Actionprobe
diagnostics hardware and software provides 100% real time
observability of internal nodes while the FPGA is running in the
target system.

For users who do not need all of these capabilities, versions of the
development system are offered without all of the features of the
complete system. The hardware and software can be upgraded
later as the user’s needs change.

Software Components

ACT 1/ ACT 2 FPGA Design System for Sun:

¢ Macro Library

¢ Automatic Placement and Routing

¢ Timing Analysis

¢ Design Verification and In-Circuit Probe Software

Hardware Components

* Activator 2 Programmer

* Actionprobe Diagnostic Pod
Software Requirements

¢ Viewlogic Workview 6000, Version 4.1
e Sun OS 403 0r4.1

Hardware Requirements
¢ Sun CAE Workstation
Options

ALES Logic Optimizer

ALS-144: Actel Logic Optimizer (ALES 1) for Viewlogic on Sun
allows designers to combine schematics with PAL equations
(PALASM2, ABEL, CUPL). The synthesized logic can be
simulated and integrated into a hierarchical design with emphasis
on optimizing either area or delay.

ALS-1448: Annual Support Fee, per system. Order with ALS-144.

Synthesis

ALS-SYN-84: Actel’s technology libraries for the Synopsis logic
synthesis environment. Allows designers to capture Actel designs
by entering VHDL/HDL format source files in Synopsys’ design
compiler. The design compiler outputs an EDIF format netlist
which is read by the Actel supplied EDIF reader in the Actel ALS
design environment. The remaining design validation, placement
and routing, and programming steps are completed in the ALS
environment.

Activator 2 Programming Modules

ALS-280: 100 QFP (ACT 1) ALS-287: 176PGA
ALS-281: 44PLCC ALS-288: 84 PLCC (ACT 2)
ALS-282: 68PLCC ALS-289: 100 PGA (ACT 2)
ALS-283: 84PLCC ALS-290: 100QFP (ACT 2)
ALS-284: 84PGA ALS-292: 144QFP
ALS-285: 84QFP ALS-293: 160QFP
ALS-286: 132PGA ALS-294: 172QFP
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ALS System Selector Table

ACTEL System ACT 1 FPGA ACT 2 FPGA Activator 1 Activator 2 Actionprobe
Part Number Design Software Design Software Programmer Programmer Diagnostics
ALS-055 Included Optional Optional Optional Optional
ALS-250 Included Included Not Required Included Included
ALS-253 Included Included Not Required Included Optional
ALS-255 Included Included Optional Optional Optional

Software and Hardware upgrades are available for Actel systems. Please contact your local sales representative for details and pricing.
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Activator™ 2
Programmer/Tester/Debugger

Product
Brief

Features

e Supports ACT™ 1 and ACT 2 Device Families

¢ Interfaces to 386™ PC, Sun™ and Apollo™ Workstations
using a SCSI Bus

¢ Runs Adapter Modules for Each Package/Family
Combination

e Up to Two Times Faster Than Activator™ 1 for ACT 1
Programming

o Supports Functional Verification with Actionprobe™
Diagnostic Pod

e Simultaneously Programs a Single Pattern in Up To Four
Identical Devices

o Includes In-Circuit Probing of Up To Four Devices
Simultaneously

Product Description

Activator 2 is Actel’s state-of-the-art desktop programmer. It
utilizes Actel’'s Action Logic™ System (ALS) software and
PLICE™ antifuse technology to program custom-engineered
devices from Actel’s ACT 1 and ACT 2 device families. SCSI
connectors, shipped with the unit, provide a convenient connection
for 386 PC, Sun, and Apollo workstation support. Customized
adapter modules for each device type permit easy interchange of
programmable devices. Programming, Test, and Debug execute up
to two times faster than on the Activator 1; users can program up to
four devices at one time. The accompanying diagnostic pod and
ALS debug software support observation of all internal signals.

The unit is software-driven, providing flexibility of application and
abuilt-in barrier to obsolescence. Independently powered, the unit
provides desktop device programming, functional testing, and
in-circuit debugging.

The unit supports different CAE platforms using SCSI connectors.

The Activator 2 may operate with four different adapter modules
inserted or with three of the sockets as slaves to the first, permitting
simultaneous programming of four identical devices. The
Activator 2 then addresses any one of the sockets for programming.

Activator 2 Base Unit

The base unit contains the control board and the analog board.
The LED display on the top of the programmer shows when the
unit receives power. Four adapter ports located on the top of the
base unit accept the different adapter modules for each device type.
The adapter ports are identical, allowing interchangeability of
modules. SCSI connectors are located on the back of the unit.

The Adapter Module

The adapter modules customize pin configurations for each device;
the user need only switch adapter modules to program another
device. All four ports may be used simultaneously when
programming identical devices. The adapter modules are compact
and sturdy. Any module may be used on any available port.

The Diagnostic Pod

The diagnostic pod supports ALS diagnostics and connects to the
programmer via cable. The Activator permits the user to view any
internal circuit activity through Actel’s on-chip diagnostic ports.
Up to four pods may be used simultaneously. A six-foot cord
connects the pod to the base unit and provides debugging
flexibility.

© 1992 Actel Corporation
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Using Actionprobe ™
Diagnostic Tools

Applications
Note

Introduction

Actel’s probe pin circuitry permits external monitoring of ACT™ 1
and ACT™ 2 device internal signals after device programming.
This unique diagnostic feature allows 100 percent observability of a
device. Observability reduces the time required for design
verification and test vector generation; it also facilitates system
troubleshooting. One hundred percent observability of all internal
device signals is unique to Actel field programmable gate arrays;
this feature is not available in conventional masked gate arrays or
programmable logic devices.

Two dedicated probe pins, PRA and PRB, provide this
observability on ACT family devices. Actel’s Actionprobe™
software and Actionprobe diagnostics hardware permit the
connection of any two signal nodes on the device to the probe pins.
Signal node assignments may be changed freely under software
control.

Setup

The Activator™ 1 and the Activator 2 programmer each have their
own Actionprobe hardware.

Actionprobe 1 hardware consists of a tower probe with a footprint
of the selected package. A socket on top of the tower probe holds
the programmed ACT device in place. The Actionprobe 1 unit,
with a programmed ACT device is then plugged directly into a
system board.

The Actionprobe hardware for the Activator 2 programmer is a
diagnostic pod that connects to the programmer via cable. The pod
is connected to dedicated test points in the target system using
several “flying lead” connections. The Activator 2 programmer
supports up to four Actionprobe diagnostic pods.

Inboth cases the device is verified and debugged in the target board
as it receives real-time stimuli from the system.

The Activator Programmer drives the control signals SDI, DCLK,
MODE, and GND via a flat ribbon cable. The MODE pin
determines whether the device is in debug mode. SDI receives the
serial addresses of the internal nodes from the Activator bus board.
DCLK clocks the serial address into the device. When the device is
being debugged in-circuit, SDI, DCLK, and MODE are
terminated to ground through a > 10 kQ resistor. Probe pins may
be connected directly to a logic analyzer or oscilloscope.

In-Circuit Probing

Changing the signal nodes is done simply by changing node names
with the Debugger software. The newly assigned signals are
connected automatically to the probe pins. Internal signals up to 10
MHz can be monitored externally. The internal signal passes
through an inverting buffer before reaching the probe pin.

The “ICP” (In-Circuit Probing) command connects the probe pins
to internal nodes. The syntax is :

ICP node_1 node_2

where “node_1” (node name) is connected electrically to PRA, and
“node_2” is connected electrically to PRB.

Probe Calibration

The probe circuitry does not introduce any additional loading to
the design, so the AC characteristic of the observed internal nodes
remains unchanged. And, because probe propagation delay is
independent of layout, probe delay remains unchanged for all
points in the device.

The skew of the probe pins can be measured, then used to calibrate
for accurate measurement of propagation delay. When both probe
pins are assigned to the same point on the device, the delay
difference measured is the skew of the probe pins. This skew is
subtracted from subsequent delay measurements in the circuit. In
Figure la, for example, both PRA and PRB are connected
electrically to node Net0. The delay difference is the skew,
calculated as tsk = tpra — tprs. Using the Debugger software, the
slower probe (PRA) is assigned to node Net3. Figure 1b shows this
configuration. In this example, actual propagation delay is the
measured delay time between the output of G0 and the output of
G3, minus the probe skew time. Actual delay is calculated as:

tpp = tpra — terB — tsk.
Note: Due to the propagation delay difference between rising and
falling signals, both probe pin signals must be either rising or

falling when they are used to calibrate for delay
measurements.

Pin Assignment for Dedicated 1/O Pins

During device verification, dedicated pins SDI, DCLK, PRA, and
PRB are assigned as special I/O pins. These pins should be
assigned as non-critical so that the design is functional without
them. After device verification, these pins can be assigned as
regular I/Os by programming the security fuses. This disables the
probe pins to prevent unauthorized device probing.

© 1902 Actel Corporation
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tsk = tepa ~ teRB

Figure 1a. Measuring Skew of Probe Pins
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PRB

tpp = tera - teRa - sk

Figure 1b. Calibrating for Accurate Propagation Delay
Measurement
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Using the Actel Debugger
as a Functional Tester

Applications
Note

Introduction

Actel’s Activator™ programming and diagnostics unit, together
with Actel’s Debugger software, provide powerful tools to
functionally test an ACT™ device. Device debugging begins after
design configuration and device programming. Debugging is
performed with the device inserted in the Activator unit. The user
accesses Debugger software from the Action Logic™ System
(ALS) main menu.

Debugger functional test allows the user to observe any internal
node of the device. The user defines the device inputs with
Debugger menu commands, with a command file, or with any

combination of the two. Command files and test vector files are
created with an ASCII text editor, then loaded into the Debugger.
User-defined macros may be created in a command file, then
executed in the Debugger.

This applications note shows Debugger commands for a sample
design. The sample design is Actel’s TT269 (TTL 74269), an
eight-bit binary loadable up/down counter with count enable.
Figure 1 shows the sample design; Table 1shows the truth table for
the part. PO through P7 are parallel load inputs; QO through Q7 are
counter outputs; CLK is the counter clock; UD is the up/down
count selector. Internal nodes (nets) should be labeled during
design capture for easy reference during debugging.

UD.__&___ uo
(!) u13
S N
P1.—W P1
P2.———{Z———>L P2
Pa.———‘X——DL P3
P4.—‘E——>—95—— P4
"5.—®—>L P5 TT269
%.—‘E—>L P6
P7.—&—‘>L P7
CLK.——@—DL> CLK
cep U101 cep
ceT Y cer PE

ao —2 Xll I couro
a1 [— |,\ g Il court
a2 [—2 g Il courz
a3 (—38 I,\ {X 1l cours
aef—9 X’ B coums
as|—95 > g 1 cours
a6 |—28 ll\ X} B cours
a7 |— |,\ X} 1l courr
TC p—1% l Zl 1l rcour

PE ._|X}__+ ut2 T

Figure 1. TT269
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Table 1. TT269 Truth Table

Inputs Outputs
PE CEP CET UD P[f:0] CLK Q[7:0) TC
0 X X X 0 T 0 1
0 X X X FF 1 FF 0
1 X 1 X X 1 Hold
1 1 X X X 1 Hold
1 0 0 1 X 1 Increment
1 0 0 0 X 1  Decrement

Assigning Test Vectors

The default input radix for all test vectors is decimal. To specify a
binary, hex, or octal radix, add a Ob, Oh, or 0o prefix, respectively, to
the vector (e.g., 0b1010 or Oh7e). Outputs are in binary format. To
interactively define input test vectors, use the Debugger menu.
Alternatively, use input command files to define test vectors. To
view outputs and internal nodes, print them to the PC screen
display or to an output file.

|Debugger

Vector
Assign
Low
High
Hi-Z
FAssign
Print
FPrint
Step
Setup

View

Help

Exit

Design:
sample

STEP
L CLOCKIN INPUTS
H INPUT2

Action Logic System
L INPUT1 INPUT2 INPUT3 INPUT4 INPUT8 CLOCKIN
H INPUTS INPUT6 INPUT7

TABADD INPUT2 INPUTS5 CLOCKIN "\: Set up Jist
TABADD OUTPUT1 OUTPUT2 OUTPUT3 of signals

STEP
H CLOCKIN\

to observe

Apply stimulus;
allow time for
response

STEP

H CLOCKIN <

STEP

PRINT
INPUT2=0
INPUTS5=1
CLOCKIN=0
OUTPUT1=1
OUTPUT2=1
OUTPUT3=0

Revise input stimulus

Print values of signals
in tablist to pc screen

Figure 2. Typical Debug Command Sequence




Using the Actel Debugger as a Functional Tester

Defining User Macros

You may save time by creating user-defined macros for the
Debugger. These macros may contain a series of basic Debug
commands or may nest any combination of basic commands and
user-defined macros.

The sample macro in part A of Figure 3, c1k10, provides 10 clock
pulses to the pin CLK and prints the value of internal vector Q toa
specified output file after each clock pulse. The outfile
command specifies the output file.

Part B of Figure 3 shows a nested macro, c1k100, that executes
the ¢1k10 macro 10 times, providing 100 clocks to the CLK pin.

A
j define (clkl0Q) (repeat 10 (1 CLK) (step) (h CLK) (step) (fprint Q))

B
j define (clk100) (repeat 10 (clk1l0))

Figure 3. Sample Command Macros

Creating a Command File (TT269.cmd)

The command file (see Figure 4) applies test vectors to the TT269
counter. It redirects results to an output file, TT269.out, and
compares the output vector Q of the counter to an existing results
file, TT269 . cmp. The following notes correspond to each line in
the command file.

Lines 1 and 2: The vector command defines eight parallel load
input bits as vector P and counter output as vector Q.

Line 3: The tabadd command defines the internal or external
nodes to be displayed or printed when the print or fprint
command is executed.

Lines 4, 5, and 6: The infile, outfile, and compfile
commands define input and output files. The infile command
opens a file containing input test vectors. The out f i 1e command
contains the output results. The compfile command contains
the data to be compared against the current device status. Use the
full path name of the file, and enclose it in question marks.

Line 7: The define commands create user-defined macros. In
this example, the ¢1k10 macro provides 10 clock pulses to the
CLKinput, fprint printsallnodesin the tabadd commandtoa
file defined by outfile, and fcomp compares the status of
vector Q to the file specified by compfile.

Lines 8, 9, and 10: Defines three user macros: up, down, and
load.

Loading a Command File

The loadfile command loads a defined command file into
the Debugger. Select setup | loadfile from the Debugger
menu, then enter the full path name of the command file. For
example:

/designs/TT269/TT269.cmd

Executing User-Defined Macros

To execute any previously defined macro, type the macro at the
command line while in the Debugger.

Line

©W 0 N O vt o W N

[
o

1 (vector P PO P1 P2 P3 P4 P5 P6 P7)

(vector Q Q0 Q1 Q2 Q3 Q4 Q5 Q6 Q7)

(tabadd PE CEP CET UD P CLK Q TC)

(infile "/designs/tt269/tt269.pat")

(outfile "/designs/tt269/tt269.out")

(compfile "/designs/tt269/tt269.cmp")

(define (clk10) (repeat 10 (1 CLK) (step) (h CLK) (step) (fprint) (fcomp Q)))
(define (up) (1 CEP CET) (h PE UD) (step) (clk10))

(define (down) (h PE) (1 CEP CET UD) (step) (clkl10))

(define (load) (1 PE CLK) (step) (fassign P) (h CLK) (step))

Figure 4. Debug Command File (TT269.cmd)
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Running the Sample Command File

In the following example, we will assign input test vectors from an
input pattern file named TT269.pat and will write output
results to a file named TT269.out. The command file
(TT269.cmd) compares the counter’s output vector Q to an
existing results file (TT269.cmp.)

Output Results File (TT269.0ut)

S PCCU PC QT

T EEED L C

E PT K

P
00005: 1 0 0 1 00000000 1 10000000 O
00007: 1 0 0 1 00000000 1 01000000 O
00009: 1 0 O 1 00000000 1 11000000 O
00011: 1 0 O 1 00000000 1 00100000 O
00013: 1 0 O 1 00000000 1 10100000 O
00015: 1 0 0 1 00000000 1 01100000 O
00017: 1 0 0 1 00000000 1 11100000 O
00019: 1 0 O 1 00000000 1 00010000 O
00021: 1 0 O 1 00000000 1 10010000 O
00023: 1 0 0 1 00000000 1 01010000 O
00028: 1 0 0 0 10000000 1 00000000 1
00030: 1 0 0 0 10000000 1 11111111 O
00032: 1 0 0 0 10000000 1 01111111 O
00034: 1 0 0 0 10000000 1 10111111 O
00036: 1 0 0 0 10000000 1 00111111 O
00038: 1 0 0 0 10000000 1 11011111 O
00040: 1 0 0 0 10000000 1 01011111 O
00042: 1 0 0 0 10000000 1 10011111 O
00044: 1 0 0 0 10000000 1 00011111 O
00046: 1 0 0 0 10000000 1 11101111 O
00051: 1 0 0 1 01000000 1 11000000 O
00053: 1.0 0 1 01000000 1 00100000 O
00055: 1 0 0 1 01000000 1 10100000 O
00057: 1 0 0 1 01000000 1 01100000 O
00059: 1 0 0 1 01000000 1 11100000 O
00061: 1 0 0 1 01000000 1 00010000 O
00063: 1 0 0 1 01000000 1 10010000 O
00065: 1 0 0 1 01000000 1 01010000 O
00067: 1 0 0 1 01000000 1 11010000 O
00069: 1 0 0 1 01000000 1 00110000 O
00074: 1 0 0 O 11000000 1 01000000 O
00076: 1 0 0 O 11000000 1 10000000 O
00078: 1 0 0 0 11000000 1 00000000 1
00080: 1 0 0 0 11000000 1 11111111 O
00082: 1 0 0 0 11000000 1 01111111 O
00084: 1 0 0 0 11000000 1 10111111 O
00086: 1 0 0 0 11000000 1 00111111 O
00088: 1 0 0 0 11000000 1 11011111 O
00090: 1 0 0 0 11000000 1 01011111 O
00092: 1 0 0 0 11000000 1 10011111 ©

Input Pattern File (TT269.pat)

0b00000000
0b10000000
0b01000000
0b11000000

Output Compare File (TT269.cmp)

0b10000000
0b01000000
0b11000000
0b00100000
0b10100000
0b01100000
0b11100000
0b00010000
0b10010000
0b01010000
0b00000000
0b11111111
0b01111111
0b10111111
0b00111111
0b11011111
0b01011111
0b10011111
0b00011111
0b11101111
0b11000000
0b00100000
0b10100000
0b01100000
0b11100000
0b00010000
0b10010000
0b01010000
0b11010000
0b00110000
0b01000000
0b10000000
0b00000000
0b11111111
0b01111111
0b10111111
0b00111111
0b11011111
0b01011111
0b10011111
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A1010/A1020 are 1200- and 2000-gate (respectively) field
programmable gate arrays (FPGASs). The programming element is
an Actel-invented PLICE™ (Programmable Low-Impedance
Circuit Element) antifuse. An antifuse is a normally open device in
which an electrical connection is established by the application of a
programming voltage. Although the A1010/A1020 are one-time
programmable devices, their unique architecture includes
complete functional testability.

Actel currently manufactures two versions of each product. The
A1010/A1020 device is processed using 2 um design rules while the
A1010A/A1020A is a 20% linear shrink which uses 1.2 um design
rules. Both the full sized and shrink products are manufactured
using the same wafer fab lines and process flows. The technology
used is a standard double metal, twin well, CMOS process in which
three additional masking steps have been added to implement the
PLICE antifuse. A description of the main process parameters is
shown in Table 1. Because the A1010/A1020 are manufactured
with a conventional CMOS process, normal CMOS failure modes
will be observed. However, the addition of the antifuse adds
another structure which could affect the device’s reliability.

Actel has completed numerous studies in order to quantify the
reliability of the antifuse. These studies lead to the conclusion that

Table 1. A1010/A1020 Process Description

the time to failure of the antifuse is substantially more than 40 years
under normal operating conditions and that the combined
contribution of all antifuses to the gate array product’s hard failure
rate is less than 10 FITs (Failures-in-Time or 0.001% failures per
1000 hours).

The PLICE Antifuse

The antifuse is a vertical, two-terminal structure. It consists of a
polysilicon layer on top, N+ doped silicon on the bottom, and an
ONO (oxide-nitride-oxide) dielectric layer in between. A Scanning
Electron Microscope (SEM) cross-section of the antifuse is shown
in Figure 1. On the A1010/A1020 the size of the antifuse is 3.2 pm?
while it is 1.4 um? on the A1010A/A1020A. This small size, along
with a low programmed on-resistance, typically 500 Ohms, makes
the PLICE antifuse a very attractive alternative to EPROM,
EEPROM, or RAM for use as a programming element in a large
programmable gate array. In the unprogrammed state, the
resistance of the antifuse is in excess of 100 MOhms. The A1010
and A1020 contain 112,000 and 186,000 antifuses respectively.
However, typical applications utilizing 85% of the available gates
require programming only 2% to 3% of the available antifuses.

Process Type: CMOS, double metal, dual polysilicon, dual well, EPI wafer

Dimensions 2.0 um Process 1.2 um Process
Width (um) Space (um) Width (um) Space (um)
N+ 4.0 20 3.2 1.6
P+ 4.0 20 3.2 1.6
Cell Poly-Si 2.0 3.6 21 24
Gate Poly-Si 1.6 2.4 1.6 1.6
Metal | 4.0 2.0 3.2 1.6
Metal Il 4.8 22 3.8 1.8
Contact 1.8x1.8 2.0 1.2x1.2 1.8
Via 20x20 2.0 1.3x1.3 1.9
Thickness 2.0 um Process 1.2 ym Process

Normal Gate Oxide 25 nm 25 nm

High Voltage Gate Oxide 40 nm 40 nm

Cell Poly-Si 450 nm 450 nm

Gate Poly-Si 450 nm 450 nm

Metal | 900 nm 900 nm

Metal 1l 1000 nm 1000 nm

Passivation 1100 nm 1100 nm

Compositions

Metal { Al - Si (1%) - Cu (0.5%) Al - Si (1%) - Cu (0.5%)

Metal Il Al - Si (1%) - Cu (0.5%) Al - Si (1%) - Cu (0.5%)
Passivation 3000 nm SiO,, 800 nm SiN 3000 nm SiO,, 800 nm SiN

© 1992 Actel Corporation

April 1992
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N+ Diffusion

Figure 1. Antifuse SEM Cross-Section

The Unprogrammed Antifuse

In order to evaluate antifuse reliability, Actel has developed
models and collected data for both unprogrammed and
programmed antifuses'2. We’ll consider the unprogrammed
antifuse first. Since the antifuse is a dielectric sandwiched between
polysilicon and silicon, the model for its reliability, in the
unprogrammed condition, is the same as that used to evaluate
reliability of MOS transistor gate oxides®. The parameter we wish
to evaluate is the time to breakdown (twg) of the dielectric. This
parameter is a function of the electric field across the dielectric as
well as temperature and has the following relationship®.

tea = to* exp(G/E) )

where tyq is the time to breakdown in seconds, t; is a constant in
seconds, E is the electric field in Mv/cm, and G is the field
acceleration factor in Mv/cm (G is temperature dependent and will
be discussed later).

By taking the log of both sides of equation 1 we have:
In (teg) = G * (I/E) + In(ty) )]

From experimental data, we can plot the log of the time to
breakdown of the antifuse at various temperatures versus the

reciprocal of the electric field across it and derive G from the slope
and to from the Y intercept. Actel has done this on single antifuses,
large antifuse capacitors, test arrays of 28,000 antifuses, and actual
A1010/A1020 products. These antifuse areas range from 3.2 um? to
0.35 mm?. Figure 2 shows plots of data collected on these different
sized antifuses.

There is some discussion in the literature regarding whether time
to breakdown depends on E or 1/E. To verify the validity of
equation 2, we conducted the following experiment. Large 200 um
by 200 pm (0.04 mm?) area capacitors were packaged and then
stressed at more than eleven different voltages. Capacitors were
chosen from two different wafer runs with thicknesses ranging
from a low of 8.0 nm to a high of 9.5 nm. A total of 642 capacitors
were used in the experiment. The test splits and sample sizes are
summarized in Table 2. The distribution of time to breakdown of
the dielectric at each voltage is shown in Figure 3. In Figure 4, we
plot the median of the cumulative failure percentage rates (tso)
from Figure 3 versus 1/E. In Figure 5 the median failure percentage
is plotted versus E. By comparing the two figures, the validity of the
1/E model is clearly established. A more detailed statistical
verification of the 1/E model for the ONO antifuse is given in
Reference 2.
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Table 2. Field Accelerated Test Data for Two Lots with Thickness Ranging from 8 nm to 9.5 nm.
(The test was done on 0.04 mm?2 area capacitor.)
Lot A Lot B
Voltage Tox E-Field # of tso Voltage Tox E-Field # of ts0
] (nm) (MV/cm) | Capacitors (sec) ) (nm) (MV/cm) |Capacitors (sec)
13.5 8.3 16.2 22 42e3 14.0 8.7 15.9 25 9.8e-3
12.5 8.3 15.1 22 3.7e2 13.0 8.7 14.9 25 5.0 e-2
12.0 8.3 14.4 22 15e-1 125 8.7 14.3 25 2.4 e-1
1.5 8.3 13.8 22 8.6 e-1 12.0 8.7 13.7 25 1.3e0
11.0 8.4 13.1 22 4.7 e0 11.4 8.7 13.1 25 9.0 e0
10.5 8.4 125 9 5.8el 11.2 8.7 12,5 45 8.0el
10.0 8.3 120 6 3.2e2 10.8 9.0 12.0 45 3.52 e2
9.5 8.3 1.4 6 25e3 10.2 9.0 11.3 45 2.88e3
9.0 8.3 10.7 36 25e4 9.7 9.0 10.8 45 2.07e4
8.5 8.3 10.2 15 2365 9.0 8.7 10.3 32 3.35e5
8.0 8.3 9.6 59 1566 9.0 9.3 9.7 32 222 e6
Subtotal of tested capacitors: 241 401
Total of tested capacitors: 642
TDDB (sec)
1.0E+10
1.0E+09 * 40 YEARS
1.0E+08 Single Antifuse: 3.2um2 .
. apacitor
12E g; Capacitor: 0.04mm2
1.0E+
Product: 0.35mm2
1.0E+05
1.0E+04 &
1.0E+03
1.0E+02
1.0E+01 Single Antifuse Product
1.0E+00
1.0E-01
1.0E-02
1.0E-03
1 OE - 04 1 | i I 1 1 {
4 5 6 7 8 9 10 11 12

100/E (cm/MV)

Figure 2. Field Accelerated Test
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Figure 3. TDDB Distribution
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Figure 4. ONO Reliability (1/E Model)
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DDB (sec)

1.0E+04
1.0E+02
1.0E+01
1.0E+00
1.0E-01
1.0E-02

{ I {

+ Lot A

O LotB

I 1 1 ]

T
1.0E+08
1.0E+07
1.0E+06 ¢
¢

1.0E+05
1.0E+03
1.0E-03 E

8

10 1 12
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Figure 5. ONO Reliability (E Model)

In order to quantify the temperature dependence of the time to
breakdown, we use the Arrhenius equation to determine the
semiconductor failure rate of a given process (failure mode) over
temperature:

R = Ro * exp (BJ/KT) ©))
where R is the failure rate, Ry is a constant for a particular process,
T is the absolute temperature in degrees Kelvin, k is Boltzmann’s
constant (8.62 X 10~° eV/°K) and E, is the activation energy for the
process in electron volts. To determine the acceleration factor for a
given failure mode at temperature T, as compared with
temperature T; we use equation 3 to derive:

A(Ty, T2) = exp [(Bo/k) * {(VT1) - (UT)}] (O]
where A is the acceleration factor.

In Figure 6 we plot tsq at different temperatures and electric fields.
This plot shows that time to breakdown is dependent on
temperature as well as electric field. For a given time to breakdown
of a dielectric, the expression,

E, = k * din(t,q)/d(1/T) )
gives us the activation energy?. The slope in Figure 6 represents the
activation energy E,. E, also shows a linear correlation with 1/E as

shown in Figure 7. The field acceleration factor, G, is also
temperature dependent, i.e.

G(T) = G(298) * [1 + 8/k * {1/T - 1/298}] ©)

where G(298) is the field acceleration factor at room temperature
(25°C = 298°K) and 8§ (in eV) characterizes the temperature
dependence of G.

By combining equations 1, 5, and 6, E, can be related to G(T) by:
E, = G(298) * 8/E - By M
where 8 and E, are treated as fitting parameters between E, and G.

From the data shown in Figures 3, 4, 6, and 7 we can obtain values of
G(298), 8, Ey, and E, regardless of antifuse area. Typical values of
G(298), 8, Ey, and E, at 5.5V are 480 MV/cm, 0.014 eV, 0.43 eV, and
1X 107'6. By combining equations 1, 6, and 7, we obtain an overall
equation for the time to breakdown for a given temperature and E
field:

toa = to * exp{(G(298YE) [1+(8/k) * (I/T-1/298)] ~ (Ey/k) *
(1/T-1/298)} ®

By applying the values for the constants as defined above, the time
to breakdown for the antifuse dielectric can be derived for a given
temperature and electric field. In Table 3, we have used equation 8
to solve for the acceleration factors associated with powering up a
device at high voltage and/or temperature and comparing the
failure rate with more typical voltages or temperatures. We can see
the effect of temperature by comparing 125°C at 5.5 V with 55°C
at 5.5 V in which the Actel model (equation 8) gives us an
acceleration factor of 55.3, or 6.3 equivalent years for a 1000 hour
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burn-in at 125°C. Note that this acceleration factor of 55.3 is close
to the value of 41.8 derived from the Arrhenius equation (equation
4) using an activatjon energy of 0.6 €V and the same temperatures.
We use 0.6 eV (and 0.9 eV) as a general semiconductor failure
mode activation energy when calculating failure rates from high
temperature operating life (HTOL) later in this report.

We can also see from Table 3 that a small change in voltage is a
much more effective reliability screen than is a change in
temperature. For example, if we compare 25°C at 5.75 V t0 25°C at
5.25 V we see that just a half volt change yields an acceleration
factor of 1092.6, or 124.7 equivalent years per 1000 hours at 5.75 V.
This strong dependence on voltage allows Actel to screen out
antifuse infant mortality failures during normal wafer sort testing
simply by performing a special test in which a higher than normal
voltage is applied across all antifuses. Because antifuse infant
mortality failures can be detected and effectively screened,
A1010/A1020 devices have as high a level of reliability as standard
CMOS processed products.

In order to establish that the antifuse contributes less than 10 FITs
(at 5.5 V, 125°C) to the overall product reliability, Actel has
calculated the product failure rates due to the antifuse using three
different techniques. In the first case, we evaluated the tug
distribution of 125 A1010 units in which the antifuses received an
11V stress. Using E, = 0.9 ¢V and extrapolating to 5.5 V, we find
that the 1% antifuse failure lifetime at 5.5 V is well over 40 years
and less than 10 FITs.

The second method of determining product reliability was to look
at production wafer sort results. As was mentioned earlier, all
antifuses receive a high voltage stress at wafer sort to screen out
infant mortality failures. Specifically, all antifuses receive the
equivalent of two, 10 V stresses for one second each. The first stress
is to screen out clearly defective antifuses. The second stress is to
catch weaker antifuses which could cause product programming
yield problems or infant mortality failures. Actual failure rates
observed on the A1010 over ten runs for these two stresses (FS-1
and FS-2) demonstrate average yield loss at the second stress
screen of less than 0.3%. By extrapolating this yield loss to a normal
5.5V operating voltage, we thus conclude that the contribution of
the antifuse to the overall product’s lifetime is less than 10 FITs.

The third technique of determining the product’s antifuse failure
rate is by doing an accelerated burn-in of A1010/A1020 products.
The acceleration is accomplished by using both higher voltage
(5.75V t0 6.0 V) and high temperature (125 °C to 150 °C). Units are
programmed to a specific design and exercised in a manner similar
to what may occur in a real application. For a detailed description
of the test and the results, see the High Temperature Operating
Life section later in this report. Here, too, the conclusion is that the
antifuse contributes less than 10 FITs to the product’s overall
failure rate and it is thus an insignificant factor in product lifetime
of 40 years at 5.5 V and 125°C.

TDDB (sec)  125C 85C 55C 25C
100E+07 T T T T
1 .00E+06 MV/ecm
1.00E+05 9.7
1.00E+04 10.2 )

8

1.00E+03 10 M

11.3
1.00E+02 11.8 B___,———-—B/D”/—i
1.00E+01 123 A———————’ﬁ*"’/&’/"
1.00E+00

X
1.00E-01 14.3
1.00E-02 : ' ‘ ' : :
2.2 2.4 2.6 2.8 3 3.2 3.4 36

1000/T (1/Kelvin)

Figure 6. Dependence of E-Field Acceleration on Temperature
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Activation Energy (ev)
0.9 ] I : i

. u Ser|es1 e Reg(senes 1) e .
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100/E (cm/MV)

Figure 7. Activation Energy versus 1/E

Table 3. Acceleration Factor vs. Operating Conditions (Unprogrammed Antifuse)
3
tp = 1x 10 sec., G = 480 MV/cm, 8 = 0.014 eV, E, = 0.43 eV. .
Temperature/Voltage Equivalent Years
Acceleration for 1000 Hour
Model High Typical Factor 125°C Burn-In
Fixed Voltage 125°C/55V 55°C/55V 55.3 6.3
125°C/55V 90°C/55V 6.1 0.7
Fixed Temperature 25°C/55V 25°C/5.25V 38.8 4.4
25°C/575V 25°C/5.25V 1092.6 124.7
25°C/5.75V 25°C/55V 28.2 3.2
25°C/6.0V 25°C/5.25V 23321 2662
25°C/6.0V 25°C/55V 601.8 68.7
Varied Temperature and Voltage 125°C/5.5V 55°C/5.25V 1787.2 204.0
125°C/5.75V 55°C/55V 987.8 112.8
125°C/5.75V 90°C/55V 109.4 125
125°C/6.0V 55°C/5.5V 13865 1583
125°C/6.0V 90°C/55V 1535.9 175.3
Fixed 0.6 eV Activation Energy 150°C/55V 55°C/55V 117.6 13.4
Voltage - Independent 150°C/5.5V 90°C/55V 15.2 17
125°C/55V 55°C/5.5V 41.8 48
125°C/55V 90°C/55V 54 0.6
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The Programmed Antifuse

A Kelvin test structure as shown in Figure 8 was used to evaluate
reliability of a programmed antifuse. Here, a strip of polysilicon
crosses an N+ diffusion. The antifuse is located at their
intersection. There are metal-to-poly contacts at nodes 1 and 3 as
well as metal-to-N+ contacts at nodes 2 and 4. A four terminal
Kelvin structure is useful should a failure occur, because antifuse
opens can be separated from other problems (such as polysilicon or
contact opens) simply by checking for continuity on appropriate
pairs of nodes.

O

Diffu':i(;:\ D D
— 2 4

GND

+V 1

Poly ——» D

Figure 8. Antifuse Kelvin Structure

Test devices were stressed by forcing a constant S mA current from
polysilicon to N+ through the antifuse at 250°C. Note that this
stress is far greater than a programmed antifuse would see in a
device under normal operating conditions. Because the antifuse is
used to connect two networks together, there is usually no voltage
across it and hence no current passes through. A voltage will appear
across the antifuse only momentarily while a network switches
from low-to-high or high-to-low.

During the S mA, 250°C stress, the voltage across the antifuse was
monitored. Figure 9 is a plot of the monitored voltage as a function
of stress time. A sudden increase in voltage indicates that an open
occurred. As can be seen from the figure, failures occurred at about
300 hours of stress. However, by probing on nodes 3 and 4 of the
Kelvin structure, we were able to measure continuity and
determine that the cause of failure was not the antifuse. The failed
units were then examined on an SEM, where the cause of failure
was revealed as metal-to-poly contact electromigration. This is a
well-known failure mode in CMOS, which has been determined to
have an activation energy of 0.9 eV. Using equation 4 we can predict
a lifetime under normal operating conditions in excess of 40 years
for this failure mode. The lifetime of the programmed antifuse is
even longer.

12 U ] 1 I [ T I | 1 1 - _ 4
Antifuse Accelerated Lifetest FTIT T
250°C 5 mA Test / ¥4

" 1 7]
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Figure 9. Voltage Across Antifuse versus Stress Time

A1010/A1020/A1280 Product Reliability

Product Reliability was evaluated on five Actel products; a 64K
PROM (PROM64), a 300-gate FPGA (1003), a 1200-gate FPGA
(A1010/A1010A), a 2000-gate FPGA (A1020/A1020A), and an
8000-gate FPGA (A1280). The PROMG64 product uses the same
process and antifuse as the A1010/A1020. The 1003 is a test device
which is a smaller version of the A1010/A1020, and was used for
early characterization and qualification. As mentioned earlier, the
A1010A and A1020A are 20% linear die shrink versions of the
A1010 and A1020, respectively. The PROMG64 units were packaged
in 24 pin side-brazed packages while the FPGA units were in 68 and
84 pin JLCC (ceramic J-leaded chip carriers), JQCC (ceramic
leaded chip carriers), and PLCC (plastic leaded chip carriers)
packages. Package characteristics for the A1010/A1020 are shown
in Table 4.

High Temperature Operating Life (HTOL)

The intent of HTOL is to dynamically operate a device at high
temperature (usually 125°C or 150°C) and extrapolate the failure
rate to typical operating conditions. This test is defined by Military
Standard-883 in the Group C Quality Conformance Tests. The
Arrhenius relationship in equations 3 and 4 is used to do the
extrapolation. To use the Arrhenius equation, we need to know the
activation energy of the failure mode. Activation energies of
antifuse failure modes were discussed earlier. Table 5 gives the
Activation energies of general semiconductor failure modes.
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Table 4. A1010/A1020 Packaging Description

PLCC

Molding Compound Sumitomo 6300H
Filler Material

Lead Frame Material
Lead Plating Composition
Die Attach Material

Fiame Retardance

Bond Wire

Bond Attach Method

Copper

Silver Epoxy
UL-94, V-0

Thermosonic

Gold, 1.3 mil diameter

Fused silicon 70% by weight

Solder, 300-800 micro inches (uin)

99% Aluminum, 1% Si, 1.25 mil diameter

JQcC
Body Material Ceramic
Lid Material Ceramic
Sealant Glass
Lead Frame Material Alloy 42 (40% Nickel, 60% Iron)
Bond Wire
Bond Attach Method Ultrasonic
Lead Finish Solder dip, 200 pin. min.

Thermal Resistances (°C/Watt)

Package 44PLCC 44JQCC 68PLCC 68JQCC 84PLCC 84JQCC 84 PGA 84 CQFP 100 PQFP
Ouc 15 8 13 8 12 8 8 8 20
6.a 52 38 45 35 44 34 35 38 65

Six different data patterns were programmed into the 64K PROMs
for HTOL testing: a diagonal of zeros (98% programmed); a
diagonal of ones (2% programmed); a topological checkerboard
pattern (50%); all zeros (100%); all ones (0%); and an incrementing
pattern (50%). During burn-in, all addresses are sequenced
through at a 1 MHz clock rate. The outputs are enabled and loaded
with a 100 ohm resistor to a 2 V supply. This results in an output
loading of equal to or greater than the specified limits of Ioh = -4
mA and Iol = 16 mA. In most cases, the PROMs were burned-in at
Vee = 55 V and at 125°C. However, voltage acceleration
experiments were also done at 7'V, 125°C as well as 8 V, 25°C.

The PROM is useful for antifuse reliability studies for several
reasons. First of all, we can program anywhere from 0% to 100% of
the antifuses although we program only 2-3% of the antifuses for a
given design on the A1010/A1020 device. Also, an antifuse failure
on the PROM is very noticeable, since the antifuse is directly
addressed. A weak fuse would show an AC speed drift, and a failed
antifuse would read the wrong data.

For evaluating the 1003/A1010/A1020/A1280, we programmed an
actual design application into most devices (some units were
burned-in unprogrammed) and performed a dynamic burn-in by
toggling the clock pins at a 1 MHz rate. The designs selected
utilized 85-97% of the available logic modules and 85-94% of the
1/0Os. Outputs were loaded with 1.2 K ohm resistors to Vcc which
results in greater than 4 mA of sink current as each I/0 toggled low.
Under these conditions, each A1010 typically draws about 100 mA

during dynamic burn-in. Most of this current comes from the
output loading while about S mA is from the device supply current.
The thermal resistance (junction to ambient) of the 68 and 84 pin
PLCC packages is about 45 °C/Watt and for the JLCC packages it is
about 35°C/Watt. For a 125°C burn-in, this results in junction
temperatures of about 150°C for plastic packages and 145°C for
ceramic packages. Most burn-in was done at 5.75 V or 6.0 V (for
voltage acceleration of the antifuse) and 125°C or 150°C.

Table 5. CMOS Failure Mechanisms

Failure Mechanism Activation Energy

lonic Contamination 1.0eV
Oxide Defects 0.3eV
Hot Carrier Trapping in Oxide -0.06 eV
{Short Channels)

Silicon Defects 0.5eVv
Aluminum-Silicon-Copper 0.6eV
Electromigration

Contact Electromigration 0.9eV
Electrolytic Corrosion 0.54 eV
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Some initial burn-in evaluation was also done on the first member
of the new ACT 2 family — the A1280. This is an 8000-gate product
which is manufactured using the same processing technology as
used for the A1010A/A1020A (1.2 um).

As was mentioned earlier, some units are burned-in unprogrammed.
To accomplish this, we use a special burn-in circuit which allows us
to use the product’s test features in order to serially shift in
commands to the chip during burn-in. All internal routing tracks
are toggled between Vss and Vcc. When vertical tracks are at Ve,
horizontal tracks are held at Vss and vise versa. Thus all antifuses
which can connect vertical and horizontal tracks receive a full Vee
stress in both directions. Since vertical tracks connect to logic
module inputs and outputs, these too are toggled between Vss and
Vce. Finally, a command is sent to the chip to toggle some external
I/0O pins between Vss and Vec. This special dynamic burn-in circuit
is the same that is used by Actel to screen unprogrammed product
to MIL-883C requirements. Since virtually all antifuses receive a
full Vec stress, this screen is much more effective at catching
unprogrammed antifuse infant mortality failures than is burning-in
programmed devices where only a fraction of the antifuses are
stressed.

A summary of the HTOL data collected by Actel is shown in
Table 6. A failure is defined as any device which shows a functional
failure, exceeds datasheet DC limits, or exhibits any AC speed drift.
Among the parts tested, no speed drift, faster or slower, was
observed within the accuracy of the test set-up. Failure rates at
55°C, 70°C, and 90°C were extrapolated by using the Arrhenius
equation and general activation energies of 0.6 eV and 0.9 eV.
Poisson statistics were used to derive a calculated failure rate with a
60% confidence level. Use of Poisson statistics is valid for a failure
rate which is low and a failure mode which occurs randomly with
time. At 55°C, the calculated failure rate with a 60% confidence
level was found to be 36 FITs or 0.0036% failures per 1000 hours.
This number was derived from over 4.8 million device hours
(125°C) of data. There were six total failures. Only one occurred in
the first 80 hours of burn-in (1003 product). The others failed at
300, 417, S00 (x2), and 650 hours. Five of the six failures observed
were due to common CMOS failure mechanisms (gate oxide
failure, silicon defects, open via). Only one unit failed due to an
antifuse failure. This unit was burned-in in the unprogrammed
state to stress all antifuses. It was stressed at 6 V, 150 °C. It passed at
168 hours and failed at 650 hours due to an antifuse becoming
programmed. By passing at 168 hours, the unit received a total

stress well in excess of 100 years of operation at 5.5V, 125°C (using
equation 8). With only one antifuse related failure in 4,830,000
device hours at 125°C, we use equation 8 to derive that this one
antifuse failure at 6 V is less than 10 FITs at 5.5 V.

Unbiased Steam Pressure Pot

This test is used to qualify products in plastic packages. Units are
placed in an autoclave (pressure pot) and exposed to a saturated
steam atmosphere at 121°C and 15 psi. Problems with bonding,
molding compounds, or wafer passivation can cause metal
corrosion to occur in this atmosphere. The existence of metal
corrosion is detected during a full electrical test of the device
following exposure to the autoclave environment.

A total of 773 units from 17 wafer runs were evaluated. Read points
were taken at 96, 168, 240, and 336 hours. There were a total of five
failures (Table 7). All five failures were found to be due to bond
wires lifting off bond pads. These were due to assembly problems
which occurred only on our first lots of plastic units built. The
failures were caused by temperature and not by metal corrosion.
The assembly problems have been corrected, with no further
failures observed.

Biased Moisture Life Test (85/85)

In this test, the units are placed in a chamber at a temperature of
85°C and a relative humidity of 85%. A voltage of 5.5 V is applied
to every other device pin while other pins are grounded. 5.5 V is
applied to Vcc while Vss is grounded. This test is effective at
detecting die related and plastic package related problems.

As shown in Table 8, a total of 481 units have been stressed. There
have been three failures. Two failures were due to lifted bond wires
and came from the same lot in which we saw failures in steam
pressure pot. The 1000 hour failure is nonfunctional due to an open
Metal | line.

Temperature Cycling

This test checks for package integrity by cycling units through
temperature extremes. Data was taken for cycles of 0°C to 125°C,
-40°C to 125°C, and -65°C to 150°C. Both programmed and
unprogrammed units are placed on temperature cycle. As shown in
Table 9, of 1466 units tested to date, there have been no failures.
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Table 6. High Temperature Operating Life HTOL Test Summary
Eqiv Dev Hrs Eqiv Dev Hrs
Wafer Device Hours (in millions) (in millions)
Product Units Runs At 125°C Failures At 55°C (0.6 eV) At 70°C (0.6 eV)
PROM64 295 4 618,000 0 259 10.2
1003 238 3 360,000 1 15.0 5.9
A1010 703 10 1,170,000 1 48.7 19.3
A1010A 479 11 681,000 1 28.5 11.3
A1020 334 5 216,000 0 9.0 36
A1020A 909 13 1,710,000 3 71.5 28.3
A1280 80 3 80,000 0 34 1.3
Totals 3038 48 4,830,000 6 202.0 79.8
Overall FITs
Ambient Temp Activation Energy (eV) Observed 60% Confidence
90°C 0.6 230 281
70°C 0.6 75 92
55°C 0.6 30 36
90°C 0.9 80 98
70°C 0.9 15 18
55°C 0.9 4 5
High Temperature Operating Life
Product Run # Package # Units # Hours # Fail Temp (°C) Vee (Voits)
64KPR DG1060 24 SB 59 2000 0 125 5.50
64KPR DG1064 24 8B 36 2500 0 125 5.50
64KPR JB13 24 SB 40 2000 0 125 5.50
64KPR JB13 24 8B 40 2000 ] 125 7.00
64KPR JB13 24 SB 10 2000 0 25 8.00
64KPR JB14 24 SB 50 2500 0 125 5.50
64KPR JB14 24 SB 50 2500 o] 125 7.00
64KPR JB14 24 8B 10 2500 0 25 8.00
1003 1063 84 JLCC 25 2000 0 125 5.75
1003 1065 84 JLCC 32 2000 0 125 5.75
1003 1065 84 JLCC 159 500 1 150 7.00
1003 1067 84 JLCC 22 1000 0 125 5.75
A1010 DG1042 84 JLCC 3 1000 0 125 5.75
A1010 DG1047 84 JLCC 2 1000 0 125 5.75
A1010 DG1073 84 JLCC 10 2000 0 125 5.75
A1010 DG1077 84 JLCC 15 2000 0 125 5.75
A1010 JB13 84 PLCC 32 2000 4] 125 5.75
A1010 JB13 68 PLCC 126 2000 1 125 5.75
A1010 JB13 84 JLCC 64 2000 0 125 5.75
A1010 JB14 68 PLCC 100 2000 0 125 5.75
A1010 JB14 68 JLCC 50 2000 0 125 5.75
A1010 JB22 68 PLCC 100 1000 0 125 5.75
A1010 JB42 68 PLCC 47 1000 (4] 125 5.75
A1010 JB44 68 PLCC 40 1000 0 125 5.75
A1010 JB46 68 PLCC 49 1000 0 125 5.75
A1010 T124 68 PLCC 65 2000 0 125 5.75
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Table 6. High Temperature Operating Life HTOL Test Summary (continued)

High Temperature Operating Life

Product Run # Package # Units # Hours # Fail Temp (°C)  Vcc (Voits)
A1010A JGO3 68 PLCC 59 2000 0 125 5.75
A1010A JG03 68 PLCC 117 1000 0 125 5.75
A1010A TI24 68 PLCC 74 2000 0 125 5.75
A1010A TI29 68 PLCC 53 1000 1 125 5.75
A1010A TI31 68 PLCC 26 2000 0 125 5.75
A1010A Ti32 68 PLCC 9 2000 0 125 5.75
A1010A Ti33 68 PLCC 19 2000 0 125 5.75
A1010A TI35 68 PLCC 15 2000 0 125 5.75
A1010A Ti1104 68 PLCC 107 1000 0 125 5.75

T11243

Ti1263

Ti1297
A1020 DG1133 84 JLCC 29 2000 0 125 5.75
A1020 JB22 84 PLCC 16 1000 0 125 5.75
A1020 JB22 84 JLCC 32 1000 0 125 5.75
A1020 JB25 84 PLCC 16 1000 [ 125 5.75
A1020 JB26 84 PLCC 32 500 0 125 5.75
A1020 JEO3 84 JQcC 104 186 0 150 5.75
A1020 JB33 84 JLCC 105 80 0 150 5.75
A1020A JFO1 84 JLCC 25 2000 0 125 5.75
A1020A JFO1 84 PLCC 15 2000 0 125 5.75
A1020A JF02 84 JLCC 44 2000 0 125 5.75
A1020A JF02 84 JLCC 41 2000 0 125 5.75
A1020A JFO4 84 PLCC 77 1000 0 125 5.75
A1020A JF04 84 PLCC 20 500 0 125 5.75
A1020A JF14 84 PLCC 58 417 0 150 6.00
A1020A JF14 84 PLCC 100 417 1 150 6.00
A1020A JF37 84 PLCC 14 300 1 150 6.00
A1020A JF37 84 PLCC 20 300 0 150 6.00
A1020A JF39 84 PLCC 32 300 0 150 6.00
A1020A JF39 84 PLCC 29 300 0 150 6.00
A1020A JF42 68 PLCC 49 1000 0 150 6.00
A1020A JF42 68 PLCC 79 1000 1 150 6.00
A1020A JF67 84 PLCC 49 500 0 125 5.75
A1020A TI1130 84 PLCC 223 1000 0 150 6.00

Ti1139

T1210
A1020A T11800 84 PLCC 34 1000 0 150 6.00

Ti1803
A1280 JGO3 176 PGA 80 1000 0 125 5.75

JGO5

JG06
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Table 7. 121°C, 15 psi Steam Pressure Pot (unbiased autoclave)

Number of Failures

Product Run # Package # Units 96 Hours 168 Hours 240 Hours 336 Hours
A1010 JB13 84 PLCC 34 0 3 - 0
A1010 JB13 68 PLCC 7 1 0 - 0
A1010 JB14 68 PLCC 71 0 0 - 0
A1010 JB22 68 PLCC 50 0 0 -~ 0
A1010 JB27 68 PLCC 50 0 0 - 0
A1010 JB28 68 PLCC 42 1 0 - 0
A1010A Ti15 68 PLCC 77 0 0 - 0
A1010A Ti24 68 PLCC 129 0 0 - 0
A1010A Ti1104 68 PLCC 77 0 - 0 0

TI1243

TI1263

TH297
A1020A Ti1800 84 PLCC 77 0 . 0 -

TI1859

TI2156
A1020A JF33 84 PLCC 30 0 0 0 0
A1020A JF64 84 PLCC 30 0 0
A1020A JF68 84 PLCC 35 0 0

Failure Analysis:

Three A1010 JB13 failures at 168 hours due to lifted bond wires. Corrective action implemented at assembly vendor.

A1010 JB13 failure at 96 hours same problem as above.

A1010 JB28 failure at 96 hours due to open bond wire caused by lifted die paddle. This was the first qual lot from a new

assembly vendor and corrective action was implemented.

lable 8. 85°C/85% Humidity with DC Alternate Pin Bias of 0-5.5 V

Number of Failures

Product Run # Package # Units 168 Hours 500 Hours 1000 Hours 2000 Hours
A1010 JB13 68 PLCC 80 - 2 1 0
A1010 JB14 68 PLCC 81 - 0 0 0
A1010 JB22 68 PLCC 54 — 0 0 -
A1010 JB26 68 PLCC 54 - 0 0 -
A1010 JB27 68 PLCC 19 - 0 0 -
A1010A TI1104 68 PLCC 80 0 0 0 -
Ti1243
TI1263
Ti1297
A1020 JF48 84 PLCC 34 0 0 - -
JF49 84 PLCC 49 0 0 - -
A1020A JF33 84 PLCC 30

Failure Analysis:

A1010 JB13: Two failures at 500 hours. Open pins due to bond lifting. Corrective action implemented at assembly vendor.
One failure at 1000 hours. Horizontal track open (Metal ).
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Table 9. Temperature Cycling Test

0°C—125°C Cycles

Number of Failures

Product Run # Package # Units 100 Cycles 500 Cycles 1000 Cycles 2000 Cycles
A1010 DG1077 84 JLCC 20 0 - - -
A1010 JB13 68 PLCC 158 0 - 0 -
A1010 JB14 68 PLCC 28 0 - 0 -
A1010 JB26 68 PLCC 21 0 - 0 -
A1010 JB28 68 PLCC 31 0 - 0 -
A1010A TS 68 PLCC 125 0 - 0 e
A1010A TI24 68 PLCC 176 0 - 0 -
A1010A Ti1104 68 PLCC 129 0 0 0 0
T1243
TI1263
TI1297
A1020 JB22 84 PLCC 17 — 0 —
A1020A Ti1800 84 PLCC 129 0 0 0
TI1859
TI2156
~40°C~125°C Cycles
A1010A Ti1104 68 PLCC 129 0 0 0 0
Ti1243
TI1263
TH297
A1020A TI1800 84 PLCC 129 0 0 0 0
TI1859
TI2156
-65°C—150°C Cycles
A1010A TI1104 68 PLCC 129 0 0 0 0
Ti1243
TI1263
TI297
A1020A T11800 84 PLCC 129 0 0 0 0
Ti1859
TI2156
A1020A JF33 84 PLCC 116 0 0 0 -
Other Tests Latch-Up

Electro Static Discharge (ESD)

All Actel products contain static electricity protection circuitry and
are tested for sensitivity to static electricity by using the human
body model as described in MIL-883C (100 pf discharged through
15 K ohms). Three positive and three negative pulses are
discharged into each pin tested at each voltage level characterized.
For inputsand I/Os, these six pulses are applied with three different
grounding conditions; Vs only grounded, Vcc only grounded, and
all other I/Os grounded. Thus each pin receives a total of eighteen
pulses for each test voltage. After pulsing, the units are then tested
on a VLSI tester. Leakage currents are measured at 0 V and 5.5 V.
Any pin showing more than 1 uA of leakage current is considered
to be a failure. To date, all Actel products pass ESD testing at 1000
V. For further information about specific products and packages,
please contact Actel.

Latch-up is a well-known cause of failure in CMOS circuits.
Parasitic bipolar transistors are created by the P-Channel
transistors, the N-Channel transistors, the N-Well, and the
P-Substrate. These transistors are connected in a manner which
effectively creates an SCR. If a voltage on an external pin were to
forward bias to the substrate, the parasitic SCR can be latched to
the on state creating a low impedance path between Vee and
ground. A large amount of current then flows through this path.
This current can, at best, temporarily make the device
nonfunctional and, at worst, cause permanent damage.

There are several techniques used by CMOS designers to reduce
the chance of latch-up. One of the most common techniques is the
use of guard rings to isolate P-Channel and N-Channel transistors.
The disadvantage of this method is that it requires additional
silicon die area. Another method is to use a substrate bias
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generator. Creating a negative substrate bias means that an input
must go even more negative to cause latch-up. A third technique is
to use EPI wafers in order to achieve low substrate resistance,
which lowers the chance of triggering latch-up. Actel uses both
guard ring and EPI wafer techniques for the A1010/A1020 devices.

The latch-up test method used is defined by JEDEC Standard No.
17. Each I/O pin on a tested device was forward biased in both
directions (to Vss and Vcc) by forcing negative and positive
currents ranging from +-50 mA to +-250 mA in 50 mA
increments. Following each stress, the device Icc current was
measured. If the current exceeded the datasheet limit of 10 mA, the
unit would be rejected. The device was also functionally tested.

Fifteen units from three different wafer lots were tested. Testing
was done at room temperature as well as at a worst case
temperature of 135°C. All device I/Os and power supplies were
tested. No failures were detected up through 250 mA.

Radiation Hardness

A programmed antifuse makes a connection between an upper
layer of polysilicon and an N+ diffusion on the bottom. This
connection is very similar to a “buried contact” used in some MOS
processes. Many other programmable logic products rely on stored
charge to make their connections (i.e., RAM, EPROM, or
EEPROM). This stored charge can be susceptible to degradation
due to radiation exposure. The Actel antifuse makes a hard contact
and does not rely on stored charge. As a result, one would expect
the Actel products to have superior radiation tolerance as
compared to products which use stored charge.

ACT 2 Addendum

Although Actel has not yet performed any radiation testing, several
customers and independent laboratories have performed tests and
shared their data. This data shows the A1010/A1020 devices can
withstand a total radiation dose in excess of one million RADs.
Upsets/bit-day have been measured at 1 X 10-. Single Event Upset
(SEU) sensitivity measurements gave an asymptotic cross-section
of 3.6 X 10°° ¢cm?/bit. The threshold for Linear Energy Transfer
(LET) was 22 MeV-cm%*mg. For further information, please
contact Actel.

Summary

The data presented in this report establishes the excellent
reliability of the Actel A1010/A1020. Both Actel models and actual
device testing show that the antifuse is highly reliable and that the
combined contribution of all antifuses to the gate array product’s
hard failure rate is less than 10 FITs (Failures-in-Time) or 0.001%
failures per 1000 hours.
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High Temperature Operating Life

Vce

Product Run # Package # Units Pattern # Hours # Fail Temp

1240 TI3257 132 PGA 7 CHI1240 500 0 125 5.75
1240 TI3257 144 PQFP 129 CHI1240 1000 0 125 5.75
1240 TI1045571 132 PGA 38 CHI1240 2000 0 125 5.75
1240 TI1053933 132 PGA 55 CHI1240 2000 0 125 5.75
1240 TI1053932 132 PGA 36 CHI1240 2000 0 125 5.75
1240 Ul-01 132 PGA 50 CHI1240 1000 0 125 5.75
1280 JHO5 176 PGA 15 BETA12 2000 0 125 5.75
1280 JHO6 176 PGA 15 BETA12 2000 0 125 5.75
1280 JHO3(K) 176 PGA 25 BETA12 2000 0 125 5.75
1280 JHO3(SB) 176 PGA 25 BETA12 2000 0 125 5.75
1280 TI1143649 176 PGA 44 BETA12 1000 1 125 5.75
1280 TI1143650 176 PGA 44 BETA12 1000 0 125 5.75
1280 TI1136307 176 PGA 42 BETA12 1000 0 125 5.75
1280 UH-01 176 PGA 26 BETA12 1000 0 125 5.75
1280 UH-02 176 PGA 26 BETA12 1000 0 125 5.75
1280 UH-05 176 PGA 40 SPEED9 1000 0 125 5.75
1280 UH-04 160 PQFP 80 SPEED12 168 0 125 5.75
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HTOL Summary:

Total Units: 697
Total Runs: 15
Total Device Hours: 8.23E+05
Total Failures: 1

Equivalent Device Hours:

Amblent Temp,
Activation Energy Device Hours
70C, 0.6EV 1.36E+07
55C, 0.6EV 3.44E+07
70C, 0.9EV 5.53E+07
55C, 0.9EV 2.23E+08
FITS:
Observed 60%
Confidence
70C, 0.6EV 74 162
55C, 0.6EV 29 64
70C, 0.9V 18 40
55C, 0.9EV 4 10
Failure Analysis:
Product Run # Hours Cause
1280 TI1143649 500 TRISTATE LKG PIN 28 (IN FAILURE ANALYSIS)

85°C/85% Humidity with DC Alternate Pin Bias of 0-5.5 V:

Number of Failures
Product Run # Package # Units 168 Hours 500 Hours 1000 Hours 2000 Hours

1240 Ti3256 144 PQFP 78 — 0 0 —

Temperature Cycle:

-65°C—150°C Cycles:

Number of Failures

Product Run # Package # Units 200 Cycles 500 Cycles 1000 Cycles 2000 Cycles
1225 uJ-01 100 PGA 80 0 -
1240 TI1053932 132 PGA 15 0 0 0
TI1045571 132 PGA 20
TI11053933 132 PGA 42
1240 Tl 3256 144 PQFP 80 - 0 (o]
1240 Ul-01 132 PGA 50 0 -
1240 ul-02 132 PGA 50 0 -
1280 T11136307 176 PGA 71 0 - 0
T11143650 176 PGA 5 0 - 0
TI11143649 176 PGA 1 0 - 0
1280 UH-01 176 PGA 25 0 - 0
1280 UH-02 176 PGA 26 0 - 0
1280 UH-04 160 PQFP 34 0 —
1280 UH-14 160 PQFP 48 0 _

Thermal Shock -65°C-150°C:

Number of Failures

Product Run # Package # Units 100 Cycles 200 Cycles 500 Cycles 1000 Cycles 2000 Cycles
1280 UH-01,02 176 PGA 30 0 —
1240 T11149935 43 — 0

121°C, 15 PSI Steam Pressure Pot (Unbiased Autoclave):

Number of Failures
Product Run # Package # Units 96 Hours 168 Hours 240 Hours 336 Hours

1240 TI10301 144 PQFP 79 - 0 - [
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Testing and Programming
the A1010/A1020

By Ken Hayes

Introduction

Users of masked gate arrays have long had to struggle with
:estability issues. In order to avoid board level, system level, or even
sossible field failures, the system designer is forced to extend much
>ffort to develop test vectors for gate array designs. Even after the
vectors are developed, fault coverage for typical designs may be
ynly about 70% with 95% coverage being about the best possible.
With a 70% fault coverage, it has been shown that typical masked
zate array designs are likely to have 2% to 5% defective devices'.

Field programmable logic devices have allowed the user to
senerally avoid the need to develop test vectors due to tests
serformed by the semiconductor vendor prior to programming.
However, most one-time programmable logic devices have not yet
whieved the functional quality levels of other semiconductor
Jevices because it is not possible for the chip manufacturer to
1ccess and test all internal gates. Early one-time programmable
levices had poor test coverage and users were often disappointed
‘o see functional failure rates of more than 10 percent on parts that
1ad passed programming. However, on-chip test circuits and
esting techniques have greatly improved over time and now
»ne-time programmable devices have functional defect rates in the
-ange of 0.1 to 1 percent?. Although this failure rate is low for
ndividual chips, putting 10 such chips on a single board can
sontribute to a 5 to 10 percent board failure rate.

Reprogrammable logic devices which use EPROM, EEPROM, or
RAM technology have improved functional quality levels to nearly
100%. Since the semiconductor manufacturer can program these
*hips to any desired configuration, it is possible to test all internal
sates. This can result in functional failure rates equivalent to most
»ther semiconductor devices.

lestability of the A1010/A1020

Although Actel’s ACT™ 1 Family arrays use a one-time
yrogrammable technology, the device’s unique architecture
rermits a degree of testability comparable to reprogrammable
levices. Special test modes allow functional testing of
inprogrammed devices at essentially 100% fault coverage. This
estability is independent of the large number of equivalent gates in
he A1010 (1200 gates)and the A1020 (2000 gates). In order to show
1ow this is accomplished, we will first review the architecture of the
A1010/A1020 describe how they are programmed.

Architecture

“he basic building block of the A1010/A1020 is the Logic Module.
‘ach Logic Module is programmable and capable of implementing
1l two input logic functions, most three input functions, and many
ther functions up to seven inputs. For sequential circuits, latches
an be implemented with one Logic Module while flip-flops use
»0. With an architecture similar to a channeled gate array, Logic
dodules are organized in rows and columns across the chip (Fig. 1).
wdjacent to each row of Logic Modules are routing channels.
forizontal routing channels are shown in the figure but vertical

channels also exist (running through the Logic Modules). Routing
channels are used to configure a Logic Module and connect inputs
and outputs of Logic Modules together to implement a design.
Surrounding the array of Logic Modules and routing channels are
1/0 buffers and test circuits.

Within the routing channels are programmable antifuse
(PLICE™) elements. The antifuse is normally open and is
programmed to form an electrical connection between routing
elements. An antifuse which connects a horizontal routing track to
a vertical track is called a cross antifuse. An example of a Logic
Module interconnection (or a net) is shown in Figure 2. Here, the
output from Module 3 is connected toa horizontal routing track by
programming a cross antifuse. Another cross antifuse is
programmed to connect an input from Module 4. In a similar
manner, the output of Module 3 is connected to the input of
Module 2. Notice that not all horizontal tracks are continuous
across the chip. Often tracks are broken into a series of smaller
tracks called “segments”. Segments are useful because it is often
desirable to connect Logic Modules which are close to each other,
and using a full horizontal track would waste routing resources and
slow down circuit performance. Sometimes, however, it is
necessary to connect two segments together to form a longer
segment. This can be done by programming a special type of
antifuse referred to as a horizontal antifuse. As an example, the
output of Module 3 is also connected to the input of Module 1 by
programming two cross antifuses and one horizontal antifuse. The
A1010/A1020 also have vertical antifuses used to connect two
vertical segments (not shown).

A more detailed example of the A1010/A1020 architecture is
shown in Figure 3. Six Logic Modules (two rows, three columns) are
shown. Between the two rows are six horizontal tracks. Down each
column are five vertical tracks. Note that the actual A1010/A1020
typically have 25 horizontal and 13 vertical tracks.The circles at the
intersection of vertical and horizontal tracks represent cross
antifuses. There are also circles at certain points on the horizontal
tracks which are horizontal antifuses. No vertical antifuses are
shown. Notice the transistors which connect both horizontal and
vertical tracks. These are referred to as horizontal and vertical pass
transistors. By turning on selected transistors, various horizontal or
vertical tracks can be connected together even though an antifuse
has not been programmed. This ability to connect tracks in
unprogrammed devices is used extensively during antifuse
programming and is one of the key elements responsible for the
excellent testability of the A1010/A1020.

Configuration of Logic Modules is interesting because there are no
dedicated antifuses in the Module in order to accomplish this.
Instead, the inputs (and outputs) of Logic Modules extend into the
cross antifuse array. Each Logic Module has eight inputs and one
output. By programming appropriate antifuses, an input can be
connected to a dedicated horizontal ground line, a Ve line, or a
horizontal routing track. The Logic Module implements a
particular logic function by tying appropriate unused inputs to
ground or Vcc.

} 1992 Actel Corporation
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Figure 12. Programmable Interconnect

Programming

An antifuse is programmed by applying a sufficiently high voltage
across it. This voltage is referred to as Vpp. In order to access an
antifuse deep inside the chip, it is necessary to create electrical
paths from Vpp and ground to the antifuse. This is done by turning
on the appropriate horizontal and vertical pass transistors (in
normal chip operation, these transistors are always off). The
transistors are turned on by applying Vpp to their gates. In Figure
4A, we see an example of programming a typical cross antifuse.
Vpp is applied to a vertical track at the top of the chip and ground is
applied to a horizontal track on the right side. The design of the
A1010/A1020 actually allows applying Vpp or ground from the top,
bottom, left, or right as is appropriate to best access a particular
antifuse. Notice that Vpp is also applied to the gates of the
horizontal and vertical pass transistors on the tracks accessing the

cross antifuse. The circled cross antifuse now has Vpp applied to it
on one side and ground on the other. This voltage breaks down the
antifuse’s dielectric and creates an electrical connection between
the horizontal and vertical routing tracks.

There is one other important consideration when programming an
antifuse. Notice that the cross antifuses inthe same vertical track as
the antifuse to be programmed also have Vpp applied to them on
one side. This is true until the track is broken by a vertical pass
transistor below it which is turned off. However, the potential on
the other side of the antifuses is not being driven. Should this
potential be at ground, the other cross antifuses on the vertical
segment could be accidently programmed. The same logic applies
to other antifuses on the same horizontal track. Here, one side of
the antifuse is being driven to ground and if the other side were at
Vpp, extra antifuses could program.
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Figure 4A. Programmable interconnect

The above problem is solved by first applying what is referred to as
a “precharge cycle.” During the precharge cycle, all horizontal and
vertical tracks are charged to Vpp/2. As a result, there is no voltage
across the antifuses. The appropriate vertical track is then driven to
'Vpp and a horizontal track to ground (Fig. 4B). At this point, other
antifuses on the vertical track have a potential of Vpp/2 across

them (Vpp on one side and Vpp/2 on the other). This Vpp/2
voltage is not sufficient to program the antifuses. Other antifuses
on the same horizontal track also have Vpp/2 across them (Vpp/2
on one side and ground on the other). Most other antifuses in the
chip still have Vpp/2 on both sides and will not program.
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Figure 4B. Programmable Interconnect

Programming Algorithm

In concept, the A1010/A1020 are programmed in a manner very
similar to many other programmable logic devices as well as
memories such as EPROMs. The programming algorithm consists
of:

1. An addressing sequence to select the antifuse to be
programmed.

2. A programming sequence where Vpp is applied in pulses
until the antifuse programs.

3. A soak or “overprogram” step to assure uniform, low
antifuse resistance.

4. A verify step to make sure the antifuse was properly
programmed.

Unlike a memory where an antifuse is addressed by applying a

parallel address, the A1010/A1020 are addressed in a serial manner

by using the special DCLK (Data Clock) and SDI (Serial Data In)

pins. There is a large shift register which travels around the

periphery of the chip. Bits in this shift register can be used to drive

tracks to ground, Vec, Vpp, or float. It is also possible to sense the

level on the track (high or low) and load this information into the
shift register. The shift register is about 320 bits long in the A1010
and 420 bits long in the A1020 (due to the larger number of tracks).
By shifting in the correct address, any antifuse can be selected for
programming. The shift register also plays a key role in the testing
of the chip. This will be discussed later.

The programming sequence starts with the precharge pulse where
Vpp/2is applied to the Vpp pin. Thisis followed by a programming
pulse where Vpp is applied to the pin. Following the program pulse,
the voltage on the Vpp pin is returned to a nominal value (about 6
volts). See Figure 5 for a typical Vpp waveform example. The
precharge/program pulse sequence is repeated until either the
selected antifuse programs or a maximum number of pulses is
exceeded (in which case the antifuse is considered non-
programmable and the device is rejected).

Confirmation that an antifuse has programmed is determined by
monitoring the current on the Vpp pin. This current is very low
(typically < 10 ua) until an antifuse programs. Once an antifuse is
programmed, an electrical connection is made between Vpp and
ground in which case currents in the range of 3-15ma may be
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observed on Vpp. Once this current is observed, the antifuse is
considered programmed and enters the soak or “overprogram”
cycle. Here, extra pulses are applied to the antifuse to achieve
minimum antifuse resistance.

6V

I 25 s | 150-300 s |

Figure 5. Vpp Waveform

ACT Family Programming Algorithm

Current Parameters

V Program = 21V
V Precharge = 1235V
V Verify = 60V
t Program = 150 -300 ps
tPrecharge = 25us
| Threshold = ~2.
(to detect programmed antifuse)
| Max = 15 mA (clamp current)
# Soak = 30-800 pulses
Maxpulses = 60,000

Test Modes of the A1010/A1020

The unique architecture described above allows outstanding
testability of unprogrammed devices at the factory. Details of the
various test modes available are as follows:

1

The shift register circling the periphery of the chip can be
both downloaded and uploaded. This allows the use of
various test patterns to assure the shift register is fully
functional.

All vertical and horizontal tracks can be tested for continuity
and shorts. There are several ways to implement these tests.
One way of doing continuity testing is to precharge the
array, turn on all vertical or horizontal pass transistors on a
track, drive the track low from one side of the chip, and read
a low on the other side. Shorts can be detected by driving
every other track low after precharge and reading back on
the other side. Note that these tests also confirm that the
vertical and horizontal pass transistors will turn on.

It is important for programming to make sure that all tracks
can hold the precharge level. By charging a track, floating it,
and waiting a predetermined amount of time, the track can
be read back and confirmed it is still high.

Leakage of vertical and horizontal pass transistors can be
tested for by driving one side of a track to a voltage via the
Vpp pin and grounding the other side. All pass transistors
except the one being tested are turned on. If excess current

10.

1

12.

-

is detected on the Vpp pin, the pass transistor is considered
defective.

The A1010/A1020 have a dedicated clock buffer which
travels across all horizontal channels. This buffer can be
tested by driving with the clock pin and reading for the
proper levels at the sides of the array.

The A1010/A1020 have two special pins referred to as Probe
A and Probe B (Actionprobes ™). By entering a test mode,
the shift register can be made to address the internal output
of any Logic Module. This output is then directed to one of
two dedicated vertical tracks which in turn can be observed
externally on the Probe A or B pins. This ability to observe
internal signals (even on unprogrammed parts) allows Actel
to perform a large number of functional tests. The first such
test is the Input Buffer Test. Input buffers on all I/O pins
can be tested for functionality by driving at the input pad
and reading the internal I/O output node through the probe
pins.

Test modes exist to drive all output buffers low, high, or
tristate. This allows testing of Vol, Voh, Iol, Ioh, and leakage
on all I/Os.

One of the key tests is the ability to functionally test all
internal Logic Modules. By turning on various vertical pass
transistors and driving from the top or bottom of the chip,
any of the eight module inputs can be forced to a high or
low. The output of the module can then be read through the
Actionprobe pins. The Logic Module test allows 100% fault
coverage of each Module. In addition, the architecture
allows Modules to be tested in parallel for reduced test time.
The A1010/A1020 have two dedicated columns on the chip
which are transparent to the user and used by the factory for
speed selection. These columns are referred to as the
“Binning Circuit.” Modules in the columns are connected to
each other by programming antifuses. The speed of the
completed test circuit can then be tested. The Binning
Circuit allows the separation of units into different speed
categories. It also allows the speed distribution within each
category to be minimized.

There are several tests to confirm the programming circuitry
is working. The first such test is a basic junction
stress/leakage test. The program mode is enabled and Vpp
voltage plus a guardband is applied to the Vpp pin. All
vertical and horizontal tracks are driven to Vpp; thus no
voltage is applied across the antifuses. The Ipp current is
then measured. If it exceeds its normal value, the device is
rejected.

The A1010/A1020 have a test to assure all antifuses are not
programmed. This is referred to as the Antifuse Shorts Test
(or Blank Test). The array is precharged and then the
vertical tracks are driven to ground. The horizontal tracks
are then read to confirm they are still high (a programmed
or leaky antifuse would drive a horizontal track low). The
test is repeated by driving horizontal tracks low and reading
vertical tracks.

The functionality of the programming circuitry can be
verified by programming various extra antifuses on the chip
which are transparent to the user. Some of these antifuses
were already described earlier when the Binning Circuit was
discussed. The A1010/A1020 also have a Silicon Signature ™.
The Silicon Signature consists of four words of data, each
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word 23 bits in length. The first word is hard wired (no
antifuses) and contains a manufacturer ID number as well as
a device ID number. These numbers can be read by a
programmer and the proper programming algorithm would
be automatically selected. The other words contain antifuses
and are programmable. Actel is currently using bits in these
words to store information such as the wafer number and
run number the chip came from. Thus each A1010/A1020
has traceability down to the wafer level. By programming
this information, the functionality of the programming
circuitry is also tested. Future Actel software will allow the
user to program a design ID and checksum into the Silicon
Signature, and by later reading this back, the user can verify
the chip is correctly programmed to a given design.

13. The most important antifuse test is the stress test. When this
test is enabled, a voltage applied to the Vpp pin can be
applied across all antifuses on the chip (the other side is
grounded). The voltage applied is the precharge voltage plus
a significant guardband. After the voltage is applied, the
Antifuse Shorts Test is again used to make sure no antifuses
have programmed. The antifuse stress test is effective at
catching antifuse defects. Since the reliability of the antifuse
is much more voltage dependent than it is temperature
dependent, this test is also an effective antifuse infant
mortality screen. See the Actel A1010/A1020 Reliability
Report for details.

Burn-In of the A1010/A1020

As mentioned above, Actel has found that antifuse infant mortality
failures can be effectively screened out during electrical testing,
and it is thus unnecessary to do any kind of burn-in for standard
commercial production units to screen out antifuse infant mortality
failures. However, burn-in is still an effective screen for standard
CMOS infant mortality failure mechanisms, and it is required for
all military 883C Class B products. MIL-883C Method 1005 allows
several types of burn-in screens. These can be divided into two
categories: steady-state (static) and dynamic. Static burn-in applies
DC voltage levels to the pins of the device under test. The device
may or may not be powered up. Dynamic burn-in applies AC
signals to device inputs. These signals are selected such that the
device receives internal and external stresses similar to what it may
see in a typical application.

Static burn-in is by far the simplest method to implement. By
choosing appropriate biasing conditions and load resistors, it is
possible to design a single burn-in circuit which could be used for
both unprogrammed and programmed devices. It would not matter
what pattern is programmed into the device. Static burn-in can be
an cffective screen for some types of failure modes, particularly
those which may happen at device inputs or outputs (such as
screening for mobile ionic contamination). It is not, however, very
effective at stressing internal device circuits. Many internal nodes
may be biased at ground without receiving any voltage or current
stress. Signal lines will not toggle, and it may not be possible to
screen failure modes such as metal electromigration.

A properly designed dynamic burn-in can effectively stress inputs,
outputs, and internal circuits. However, dynamic burn-in of ASIC

products can be very expensive because customer specific custom
burn-in circuits and burn-in boards must be designed and built in
order to properly stress each design implemented in the ASIC. This
results in large NRE costs and long lead times to design and build
these boards. From the standpoint of burn-in, a programmed
A1010/A1020 FPGA is essentially the same as a mask-programmed
ASIC, and it would require similar custom burn-in circuits to do a
dynamic burn-in. However, Actel has been able to use the
testability features of its FPGA products to allow effective dynamic
burn-in of unprogrammed devices. This dynamic burn-in allows us
to stress circuits in a way which static burn-in would be unable to
duplicate.

During burn-in of unprogrammed units, test commands are serially
shifted into each device using the SDI pin and clocked using the
DCLK pin. There are three test modes shifted into each device.
The first test stresses each cross antifuse with a voltage of Vpp-2V
(Vpp is normally set at 7.5V so each antifuse gets 5.5V across it).
This voltage is applied to all vertical tracks while the horizontal
tracks are grounded. It requires 322 bits of data to enable this mode
for the A1010 and 416 bits for the A1020. The datais shiftedinata 1
MHz cycle rate. Once enabled, the stress mode is held for 10 ms.

The second test mode is identical to the first except that the
horizontal tracks are driven to Vpp-2V while the vertical tracks are
grounded. Note that both of these modes are similar to the antifuse
stress tests described earlier (although the stress voltage is lower
during burn-in). Not only do these tests stress the antifuses, but
they also toggle all routing tracks in the chip to Vpp-2V and
ground. All input and output tracks to the logic modules are also
toggled.

The third test drives several I/O pins on the chip to a low state.
Prior to this, they are at high impedance state and held at Vcc
through pull-up resistors. This test confirms that the burn-in is
being properly implemented by looking at these I/O pins to see if
they display the proper wave form. It also passes current through
each I/O as it toggles low.

Although the chip is unprogrammed, the above tests allow us to
apply stresses to the inputs, outputs, and internal nodes which are
similar to what a programmed device may see in normal operation.
Once burn-in is completed, post burn-in testing as specified by
MIL-883C is performed (including PDA) to assure fully compliant
devices are shipped to the customer.

Conclusion

The description of the A1010/A1020 architecture and the
numerous test modes attest to the outstanding testability of these
devices. Allinternal logic gates can be tested without programming
antifuses other than the few for the Binning Circuit and Silicon
signature. Because the A1010/A1020 are one-time programmable,
the only item that is not fully tested at the factory is the
programmability of all the individual antifuses. However, this is
done on the programmer while the units are being programmed.
Being able to test all internal gates allows Actel to achieve
functional yields that are superior to other one-time programmable
devices and equivalent to reprogrammable parts.

1 Henshaw, “User Requirements for Fault Coverage”, Wescon Proceedings, 1990, P. 179

2 AMD PAL Device Data Book, 1988, P. 3-106

ACT, PLICE, and Actionprobe are trademarks of Actel Corporation. Silicon Signature is a trademark of SEEQ, Inc.
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Ab: t — An archi e for el y g1
a two-terminal anti-fuse element is described. The architecture is extensi-
ble, and can provide a level of integration comparable to mask-programma-
ble gate arrays. This is plished by using a | gate array
organization with rows of logic modules separated by wiring channels.
Each channel contains segmented wiring tracks. The overhead needed to
program the anti-fi is mini d by an addressing scheme that utilizes
the wiring segi pass by dj shared
control lines, and serial addressing circuitry at the periphery of the array.
This circuitry can also be used to test the device prior to programming and
observe internal nodes after programming. By providing sufficient wiring
tracks segmented into carefully chosen lengths and a logic module with a
high degree of symmetry, fully automated placement and routing is facili-
tated.

I. INTRODUCTION

MASK~programmable gate arrays offer the architec-
tural flexibility and efficiency to integrate thou-
sands of gates, but require long development time and high
nonrecurring engineering costs. On the other hand, the
convenience of field programming is available with pro-
grammable logic device (PLD) technologies, but their ar-
chitectures have not allowed integration of a wide variety
of applications exceeding a few hundred gates [1], [2].

We describe a novel gate array architecture [3] which
combines the flexibility of mask-programmable arrays with
the convenience of field programmability. Its implementa-
tion is made possible by a two-terminal electrically pro-
grammable anti-fuse offering low resistance in its conduct-
ing state and small area.

The architecture supports a design style similar to con-
ventional gate arrays, including fully automatic placement
and routing algorithms attaining 85-95-percent utilization.
This required considerable emphasis on symmetry and
routability, which we touch on below.

The anti-fuse is so called because it irreversibly changes
from high to low resistance when “blown” by applying a
programming voltage across it. The anti-fuse, or fuse for
short, has an ON-state resistance of approximately 500 Q.
The layout area of the fuse cell is generally limited by the

Manuscript received August 22, 1988; revised December 2, 1988.
The authors are with Actel Corporation, Sunnyvale, CA 94086.
IEEE Log Number 8826132.
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Fig. 1. Interconnect architecture.

pitch of the first- and second-level metal lines that connect
to it; it is about the same size as a via.

This paper focuses on the architecture itself, which is
fairly independent of the exact details of the particular
CMOS technology and the anti-fuse. Other papers describe
more fully the anti-fuse [4], a CMOS circuit implementing
the architecture [S], and a study comparing the architec-
ture’s logic density to that of conventional gate arrays [6].

II.  PROGRAMMABLE INTERCONNECT ARCHITECTURE

The general architecture, shown in Fig. 1, exhibits the
familiar gate array organization: rows of logic cells inter-
spersed with routing channels. There are, of course, several
key differences. ’

The tracks in the channels are not simply empty areas in
which metal lines can be arranged for a specific design.
Rather, they contain predefined wiring “segments” of vari-
ous lengths. Other wiring segments pass through the chan-
nels vertically. Each input and output of a logic module is
connected to a dedicated vertical segment. Other vertical
segments just pass through the modules, serving as
feedthroughs between channels. (The number and lengths
of segments in Fig. 1 are only suggestive.)

0018-9200,/89,/0400-0394$01.00 ©1989 IEEE
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Fig. 2. Horizontal fuse programming.
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Fig. 3. Cross-fuse programming.

A fuse is located at each crossing of a horizontal and
vertical segment. Programming one of these “cross fuses”
provides a low-resistance bidirectional connection between
the segments. Other fuses are located between adjacent
horizontal segments within a track. When blown, these
“horizontal fuses” connect the two segments to form a
longer one. (Although not shown in the diagram, fuses
may also be provided to connect adjacent vertical seg-
ments.)

In order to program a fuse, we need to apply high
voltage across it. This is accomplished by an efficient
addressing scheme that uses the wiring segments them-
selves, pass transistors connecting adjacent segments, and
control logic at the periphery of the array. Fuse addresses
are shifted into the chip serially.

As shown in Fig. 1, each column of “horizontal pass
transistors” connecting horizontal tracks is controlled by a
shared “horizontal control” line running across the array.
Each row of “vertical pass transistors” is controlled by a
“vertical control” line. The peripheral circuitry can drive
the control lines and the segments at the end of each track.

Horizontal fuse programming is quite simple. In the
example of Fig. 2, we apply programming voltage V,,
across the fuse F,. All horizontal control lines except the
one in the column containing F; are turned on by connect-
ing them to V,,, and the appropriate track segments are
driven to GND and Vpp as shown. (Vertical fuses, if
present, are programmed similarly.) Cross-fuse program-
ming uses both horizontal and vertical control lines as
shown in Fig. 3. Segments not driven to either GND or V,
are left precharged to Vpp /2. Thus the voltage across fuses
not being programmed is either zero or V,, /2.

Some care is required to assure that a unique fuse is
addressed. Fig. 4 shows how previously blown fuses can
divert current along a “sneak path,” in this case program-
ming fuse Fy through previously blown fuses F; and F,
instead of programming F,. Fortunately, we are not inter-
ested in blowing an arbitrary pattern of fuses (this is not a
PROM!). For example, we are not concerned with pro-
gramming a pattern that connects two outputs together
since this does not form a useful net. If we consider only
relevant patterns, it can be shown that programming the

GND VE: VPP . VPP
1 Ve
g D S ) > 0 GND
~ AN
Fz FS
_ﬁH r i a i
F3 Fy
Fig. 4. A sneak path.
TABLE 1
macro 4 transistor cells | modules
3 input NOR 2 1
4:1 mux, non-inverting 6 1
D latch with clear 4 1
D flip-flop with clear/set 7 2
full adder 10 2

fuses in a carefully chosen order eliminates sneak paths. In
general, fuses must be programmed starting from the cen-
ter of the chip and moving outward, channel by channel.
Determining the proper order is a bin sort operation, and
can be done by software in linear time.

The pass transistors and peripheral control logic are also
used to test the chip; this is discussed in detail later.

III. CHoicE oF THE LoGic MODULE

As outlined so far, the programmable interconnection
architecture could be used with a variety of logic modules.
Which would be best? This turned out to be a very
difficult question, involving subtle trade-offs among
routability, the logical capability of the module as per-
ceived by the user, and delays due to capacitive loading in
the routing segments.

The complexity of the module must be balanced with
the routing overhead. Mask-programmed gate arrays pro-
vide very flexible and efficient routing. They therefore use
a simple four-transistor cell. On the other hand, routing is
very expensive in both area and delay with present pro-
grammable logic arrays. These generally use a module
capable of implementing more complex functions [2]. The
architecture outlined here has a cost of routing closer to a
conventional gate array, suggesting a logic module of inter-
mediate size. Because this is about the same complexity as
conventional gate array hard macros, the designer can use
a library like the familiar gate array cell libraries; there is
no need to map logic into a more complex module. Table I
lists several typical gate array macros and the numbers of
four-transistor cells and logic modules required to imple-
ment them.

4-3
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Fig. 5. Module function.

Our chosen module, shown in Fig. 5, has eight inputs
and a single output. It is composed of three two-to-one
multiplexors, with an OR gate on the last stage’s select
input. Various macros, such as those in the table, are
implemented by using an appropriate subset of the inputs
and tying the remaining inputs high or low. Thus the
module can implement all macros with two inputs, most
with three inputs, many with four inputs, etc.

The module’s output is connected to a vertical segment
spanning several channels. Each input is connected to a
short vertical segment spanning one channel. Four of these
span the channel above the module, four the channel
below. The use of short segments for the inputs reduces
parasitic capacitance and hence delay.

Note that each input is accessible from either the chan-
nel above or below but not both. At first, this would
appear to limit routability compared to a conventional
“double-entry” gate array cell, in which signals may enter
from either channel. However, there is nearly always more
than one way to implement a macro. For example, there
may be up to four distinct ways to implement a two-input
gate: with both signals connecting to inputs in the top
channel, with both signals connecting to inputs in the
bottom channel, with one signal in the top and the other in
the bottom channel, or vice-versa.

By letting the router choose an implementation that uses
inputs accessed from convenient channels, the benefits of
full double-entry symmetry are approached or sometimes
attained. The degree of symmetry possible for a particular
macro m implemented in a given module is reflected in the
following measure S:

S(m) =log, (N(m))

where N(m) is the number of distinct possible implemen-
tations of the macro m. Full double-entry symmetry would
correspond to a value S(m) equal to the fan-in of the
macro. To evaluate the overall symmetry of a module, we
average S(m) over the macro library, weighted by relative
macro usage U(m) and the fan-in F(m):

L U(m)S(m)
LU(m)F(m)
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Fig. 6. A routing pathA‘

This is the effective fraction of macro inputs in a typical
design that have double-entry symmetry, and is an impor-
tant criterion for choosing a module.

IV. RourtiNnG

Fig. 6 illustrates the routing of a net. The vertical
segment connected to the driving module’s output is con-
nected by cross fuses to horizontal segments, which in turn
connect to the segments associated with module inputs. In
the top channel, a horizontal fuse is used to link two
segments into a longer one.

The resistance of the blown fuses and the parasitic
capacitance of the segments used form an RC tree, with
the driver of the net as the root. Note that each input is
driven through a maximum of three and generally two
fuses to limit the delay. (If the number of series stages in
the RC tree were allowed to increase further, the delay
through the routing would increase rapidly.) The maxi-
mum number of fuses and the segment lengths (hence
capacitances) can be altered to suit the chip dimensions
and the resistance of the fuse technology.

In rare instances, it is not possible to place the macros
so that all inputs on the net lie within the channels
spanned by the output segment of the driving module. To
handle this case, a few additional uncommitted long verti-
cal segments are provided. The net is then routed from the
output segment to a horizontal segment, then to the long
vertical segment, then to another horizontal segment, and
finally to the necessary input segments. To keep the num-
ber of fuses in series limited to -four, no horizontal fuses
are allowed in such nets. (If necessary, the architecture can
be extended to provide a special fuse connecting the out-
put directly to a long vertical segment passing over the
driving module, thus eliminating the first horizontal seg-
ment and reducing the total number of fuses in series back
to three.)

A means must also be provided to connect internal
signals to the bonding pads of the chip. Each pad has a
dedicated bidirectional buffer, which connects to the array
through an associated 1/0 module. The I/0 modules fit
in the outer columns and rows of the array next to the
logic modules. Each 1/0 module has two inputs, data and
enable, and an output. The data and enable signals are
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sent to the output buffer of the associated bonding pad,
and the module’s output comes from the input buffer of
the pad. Thus the I/O module can be configured to
provide input, output, tristate, or bidirectional capability.

To minimize clock skew due to differential routing de-
lay, one entire track (or more if needed) in each channel is
set aside for clock distribution. These tracks are connected
directly to buffers, so that each input presents a similar
load driven through exactly one fuse.

An interesting theoretical question is whether more hori-
zontal tracks are needed in each channel here (where the
lengths of the wiring segments must be predetermined)
than in mask-programmed routing (where the wiring is
customized for the design). Surprisingly, a high probability
of routability is obtained with only a few tracks above
channel density.

This requires a careful choice of the lengths of the
segments, based on statistics from an extensive suite of
design examples. This was done by first determining the
distribution of net lengths, i.e., the length each net would
run along each channel if the constraint of fixed segmenta-
tion were absent (as in a conventional gate array). The
distribution of physical segment lengths provided on the
chip was chosen to obey similar statistics. Then the seg-
mentation was “tuned” manually based on actual routings
which obeyed the constraints it imposed.

To obtain good routing performance it is also necessary
to take advantage of the symmetry of the macros where
possible. For example, observe that if macro 4 in Fig. 6
permits its input to be routed from either the upper or
lower channel, there is a better chance of finding a free
horizontal segment to connect it.

V. TESTING

To assure high programming yield, it is necessary to
thoroughly test the chip for defects in the modules and
fuses prior to programming. With a simple addition, the
addressing circuitry used for programming suffices for this
purpose as well.

Continuity of the tracks is easily verified by turning on
all vertical and horizontal pass transistors, and using the
peripheral circuits to drive the tracks from one end and
read them back from the other. Testing for the absence of
shorts between adjacent tracks is dene in a similar way by
applying a pattern of alternating ZERO’s and ONE’s.

Shorted or weak cross fuses are detected by turning on
all horizontal and vertical pass-transistor lines, grounding
all horizontal segments, and driving all vertical segments
to some stress voltage. Horizontal fuses are tested column
by column, with the same addressing method that is used
to program them.

To verify the functional operation of the modules, we
need to apply test vectors to their inputs and read their
outputs. A vector is applied simultaneously to an entire
row of modules by turning on all vertical pass transistors
except those in the row being tested. Data are applied to

To
External
-- Pin

Shift Register

0

Module
Qutput
5 . Row Select
=
Column Sense
Fig. 7. Probe circuit.

the inputs in the channel above the row from the periphery
at the top of the array, and to the inputs in the channel
below the row from the bottom of the array.

Since the outputs of the modules share a vertical track
with outputs of other modules above and below them,
some other means is required to read the module outputs
at the array periphery. As shown in Fig. 7, a select line is
provided along each row of modules, and a sense line
along each column. Activating the select line for the row of
modules under test gates their output values onto the sense
lines. The sense lines are loaded into a shift register at the
top of the array.

This ability to read the output of any module at the
array periphery is highly useful after programming as well.
Only a small amount of extra circuitry is required to select
one of the sense lines and make its value available at an
external pin of the chip. Thus by shifting in the appropri-
ate address, the user can observe any internal node of his
design externally in real time. This virtual probe can be
used and its address changed even as the programmed chip
is operating in the user’s system.

VI. IMPLEMENTATION: SILICON AND SOFTWARE

The architecture has been implemented in a CMOS
device. For details, including the speed of the module in
isolation and in an application, see [5].

Computer-aided design tools have been developed to
support the architecture. Designs are entered as schematics
or net lists using a cell library.

The placement and routing algorithms are specific to the
architecture. As usual these are time consuming, taking up
to a few hours on a low-cost workstation. They achieve
100-percent routing completion. (Even expert users have
never been able to improve manually on the automatic
router.) The probability of successful routing can be pre-
dicted by analyzing some statistics of the design.

Because the nets are RC trees, delays are not a simple
function of capacitive load as with mask-programmed gate
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arrays. Nevertheless, we are able to quickly calculate pre-
cise delays at each input for post-layout simulation and
timing verification.

ACKNOWLEDGMENT

The authors gratefully acknowledge the technical contri-
butions of J. Chang, D. Gluss, R. Guo, D. How, and F.
Sohail.

REFERENCES

[1] S. Wong, H. So, C. Hung, and J. Ou, “CMOS erasable pro-
grammable logic with zero standby power,” in ISSCC Dig. Tech.
Papers, Feb. 1986, pp. 242-243.

[2] H. Hsiech et al, “A second generation user programmable gate

" in Proc. Custom Integrated Circuits Conf., May 1987, pp.
515-521.

[3] A. El Gamal, K. El-Ayat, and A. Mohsen. “Programmable intercon-
nect architecture,” pending U.S. patent.

[4] E. Hamdy et al., “Dielectric based antifuse for logic and memory
ICs,” in TEDM Tech. Dig. (San Francisco, CA), 1988, pp. 786-789.

[5] K. El-Ayat et al., “A CMOS electrically configurable gate array,” in
ISSCC Dig. Tech. Papers, Feb. 1988, pp. 76-17.

{6] B. Osann and A. El Gamal, “Compare ASIC capacities with gate
agray tgnenchmarks,” Electron. Des., vol. 36, no. 23, pp. 93-98, Oct.
13, 1988.

Abbas El Gamal ($’71-M’73-SM’83) received
the B.Sc. degree in electrical engineering from
Cairo University, Egypt, in 1972, and the M.Sc.
degree in statistics and the Ph.D. degree in elec-
trical engineering both from Stanford University,
Stanford, CA, in 1977 and 1978, respectively.
From 1978 to 1980 he was an Assistant Profes-
sor of electrical engineering at the University of
Southern California, Los Angeles. Since 1980 he
has been with the Electrical Engineering Depart-
ment of Stanford University where he is cur-
rently an Associate Professor. From 1984 to 1986 he was Director of the
Systems Research Laboratory, LSI Logic Corporation, Milpitas, CA. He
is a co-founder and Chief Scientist of Actel Corporation, Sunnyvale, CA.

Jonathan Greene received the Sc.B. degree in
biology from Brown University, Providence, RI,
and the Ph.D. degree in electrical engineering
from Stanford University, Stanford, CA, in 1983,
where he performed research on configurable
VLSI arrays, VLSI complexity, and information
theory.

During 1984 he was with Hewlett-Packard
Laboratories. From 1984 to 1986 he worked on
cell design automation and module compilation

in Palo Alto, CA. He is currently Manager of System Architecture at
Actel Corporation, Sunnyvale, CA.

at the LSI Logic Systems Research Laboratory”

IEEE JOURNAL OF SOLID-STATE CIRCUITS, VOL. 24, NO. 2, APRIL 1989

Justin Reyneri received the B.S. and MSEE.
mathematics degrees from Stanford University,
Stanford, CA, in 1978, and the Ph.D. degree in
electrical engineering, also from Stanford, in
1985, having done research in cryptology and
information theory.

He is now Manager of System Development at
Actel Corporation, Sunnyvale, CA, where he has
worked since 1986. Prior to that he worked at
LSI Logic’s System Research Laboratory on au-
tomated data-path layout, and at Hellman Asso-
ciates on communications security systems.

Eric Rogoyski received the B.S. degree in mathe-
matics from the State University of New York at
Stony Brook in 1972.

He was at IBM Corporation from 1974 to
1982 with his last position in EDS at East
Fishkill, NY. He held various positions in physi-
cal design from 1982 to 1984 at the company he
co-founded, California Automated Design Inc.,
and from 1984 to 1986 at Mentor Graphics
Corporation. He is currently a software consul-
tant at Actel Corporation, Sunnyvale, CA, sup-
porting the architectural development and physical design of Actel’s
configurable technology.

Khaled A. El-Ayat received the B.Sc. degree in
electrical enginecring from the University of
Cairo, Egypt, in 1968, the M.Sc. degree in electri-
cal engineering and computer science from the
University of Toronto, Canada, in 1971, and the
Ph.D. degree in clectrical engineering and com-
puter science from the University of California,
Santa Barbara, in 1977.

In May 1977 he joined Intel Corporation,
Santa Clara, CA, to work in the Microprocessor
Design Group, where he worked on the defini-
tion and development of industry standard microprocessor families such
as 8086, 80186, and 80386. As a Project Manager at Intel, he was
responsible for the design of the control structures of the 80386 Micro-
processor. After leaving Intel, he cofounded Actel Corporation in Sunny-
vale, CA, and was the Program Manager responsible for development of
electrically configurable gate arrays. His present research interests include
configurable logic and application-specific architectures, VLSI design,
and microprocessor architectures. He has authored many articles and
holds patents. covering Actel’s architecture and testability techniques.
Presently he is a Chief Engineer working on the definition of the next
generation of products.

Amr Mohsen (S'72-M’74-SM’84) received the
Ph.D. degree in electrical engineering and ap-
plied physics from the California Institute of
Technology, Pasadena.

He is the founder, President, and Chief Execu-
tive Officer of Actel Corporation, Sunnyvale,
CA, and has more than 20 years of experience in
the semiconductor industry. Before founding Ac-
tel, he was a Senior Engineering Manager in the
technology division at Intel Corporation. He also
worked on charge-coupled device development at
Bell Laboratories and served as a consultant. He has authored more than
45 articles relating to semiconductors and is responsible for inventions
covered by 20 patents.




“ é/ Article Reprint 4

DIELECTRIC BASED ANTIFUSE
FOR LOGIC AND MEMORY ICS

by Esmat Hamdy, John McCollum, Shih-ou Chen,
Steve Chiang, Shafy Eltoukhy, Jim Chang,
Ted Speers, Amr Mohsen

A paper presented at the
International Electron Devices Meeting, 1988

e 3 S
© 1992 Actel Corporation 4-7




DIELECTRIC BASED ANTIFUSE FOR LOGIC AND MEMORY ICs.

Esmat Hamdy, John McCollum, Shih-ou Chen, Steve Chiang,
Shaty Eltoukhy, Jis Chang, Ted Speers, Amr Mohsen

Actel Corporation, 955 East Arques Ave., Sunnyvale CA 94086

ABSTRACT
This paper describes a Programmable Low
Impadance Circuit Element (PLICE), which is a
dielectric based antifuse for use in both

logic and memory ICs. The antifuse element
offers significant size and performance
improvement compared to other programmable
cells. A simple thermal model has been
developed to predict the antifuse rosistamei
Each antifuse occupies an area of 1.5 um
using L.2us technology. It can be programmed
within 1 msec, and has a tight resistance
distribution centered around 500 ohms. The
reliability of both the programmed and
unprogrammed states is demonstrated to be
better than 40 years. The antifuse was used
in the design of the first family of desktop-
configurable channeled gate arrays and a 64K
PROM device.

INTRODUCTION

PROMs and programmable logic devices commonly
employ programmable elements such as fusible
links, EPROM or EEPROM cells. These
programmable elements are either large in
area, require high programming current, or are
three terminal devices. This paper describes a
Programmable Low Impedance Circuit Element
(PLICE), which is a dielectric based antifuse
that offers significant size ard performance
improvements over other programmable
elements. The antifuse structure, technology,
characteristics, thermal model and reliability
are described below.

ANTIFUSE STRUCTURE AND TECHNOLOGY

The PLICE antifuse is a dielectric between an
n+ diffusion and poly-Si as shown in the SEM
cross-section (Fig. (1)) and is compatible with
CMOS and other technologies such as bipolar
and BIMOS. The PLICE element was integrated
in a standard 12 mask, double layer metal twin
tub CMOS technology. Three additional masks
were required; n+ antifuse diffusion, antifuse
poly, and 40 nm oxide mask for the high
voltage transistors, bringing the total to 15
masks. Four transistor types (TABLE 1 are
used; the low voltage high speed transistors
are used for the logic and signal path while

786-1IEDM 88

the high voltage transistors are used for the
programming path. Fig. (2) is a photomicrograph
of a 2000 gate programmable gate arxay
utilizing 186,000 antifuses. There are roughly
one hundred antifuses for each logic gate to
achieve a high degree of intercomnectivity and
gate utilization. Each antifuse occupies an
area equivalent to a contact or via. The
antifuses are incorporated into a «cell
structure such that when the antifuse is

progr d, it ts a metal 1 and metal 2
line [1,2), The cell structure size is thus
limited by the metal 1 and metal 2 pitch

Fig. (3) is a photomicrograph of a 64K PRONM
designed using the same technology with a
typical access time of 35 nsec.

ANTIFUSE CHARACTERISTICS

When 18 volts is applied across the antifuse
through X-Y select transistors (1,2, the
antifuse is programmed to the conductive
state in about 200 usec as shown in Fig. 4)
Fig. (5) shows a tight resistance distribution
of antifuses programmed with a current of
5 mA.

ANTIFUSE THERMAL MODEL

Once the
resistance R, of

dielectric is ruptured, the
the conductive state is
dotermined by the size of the conductive
conduit (link). The size of the link is
determined by the amount of power dissipated
in the link which melts the dielectric. Since
the temperature of the molten core varies
inversely with its radius, the molten core will
expand until its temperature drops belov the
melting point of the dielectric. Since the size
of the link is much smaller than the thickness
of the conductive silicon layers on both sides
of the dielectric, the temperature gradient
and the resultant heat conduction can be
modelled by a simple sphere. The resultant
equation for the link temperature T

Tl’ l'V|/4xk“r|

cesseseenceae(l)

Where [, is the programming current, V) is the
voltage across the link, r, is the radius of
the link, and ky is the thermal conductivity
of siliconn The calculation however becomes

CH2528-8/88/0000-0786 $1.00 © 1988 IEEE

4-8



Article Reprint 4

complicated if the thermal conductivity of
silicon is taken into consideration as " a
function of its temperature [3]. Furthermore,
the power dissipation is distributed
throughout the sphere. Hence a computer
simulation that breaks the sphere into 1 mm
thick conductive shells was used to calculate
the link temperature T, and resistance R. vs
programming current 1 The resultant
calculations are plotted in Fig. (B6). The link
radius r; is determined by the equilibrium of
power dissipation and melting tesperature, as
expressed in the following equation [4):

VI F72) /870 Lo ()

vhere §,, f.: are the resistivities of the link
and silicon respectively during programming
and the relation between link resistance R
and link radius r; can be obtained as
follows(4]):

R=(ffd/mr) ool (D

From eqn(2) and eqn(3) we derive that R, is
thus inversely proportional to IP (Fig. (6D,
given by the following equation:

Ri=¢<87/4pnf+ fp VT f/2 .. ca)
This can be further simplified to:

R,=2.5/I' cesvesessessssass (B)

At 5 mA, for example, the link radius is about
20 nm and the fuse resistance is 500 ohms -
(approximately the impedance of a 20um wide
EPROM cell) in its conductive state. The
programmed antifuse resistance is a function
of the reading current as shown in Fig. (7).
The resistance rises at a current just before
the programming current, due to heating of
the conductive channel; drops when the silicon
in the conductive channel melts; and continues
to decrease beyord the original resistance as
the current exceeds the programming current.
This is due to the permanent widening of the
conductive link.

ANTIFUSE RELIABILITY

Programmed antifuse reliability was evaluated
using discrete antifuses incorporated in a
Kelvin sgstructure (Fig. (8)). The structures
were stressed with a 5 mA current between
two of the terminals 1, 2 at a temperature of
250C. Fig. (9) is a plot of the =monitored
voltage across the programmed antifuse as a
function of stress time. Failure is indicated
by an increase in voltage as the structure
becomes open MNeasurement of the antifuse
through the other two terminals 3, 4 indicated

that the programmed antifuse did not fail or
exhibit any measurable resistance change.
Investigation of the failure using SEMN

indicated that the failure is due to poly
contact electromigration. With 0.9 eV
activation energy (5] for contacts, the

predicted lifetime is more than 40 years.
Fig. 40) is a plot of time to breakdown vs
1/electric-field for unprograsmed discrete
antifuses. Extrapolation of Fig. U0) indicates
that the lifetime of an unprogrammed antifuse
under continuous 5.5v stress exceeds
100 years, with a failure rate less than
1 FIT. In addition to the accelerated discrete
antifuse device reliability data, 364 product
units have accumulated a total of 571,000
device hours of dynamic burn-in at 5.5 wvolt
and 125C (with some units reaching 2500 hours)
with no failures or change in a.c.
characteristics. This is equivalent to a
failure rate of less than 100 FIT.

SUMMARY

In susmary we have presented and modelled a
reliable high performance dielectric based
antifuse which can be programmed with
relatively low current and is compatible with
CMOS and other technologies. The cell read
current, 2 mA at 1 volt, is an order of
magnitude higher than that of an EPRON of
comparable size. There is no data (charge)
retention concern. The unique combination of
small size and low resistance has enabled the
development of the first family of desktop-
configurable channeled gate arrays amd a 64K
PROM device.
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TABLE 1
TECHNOLOGY OVERVIEW
PROCESS:TWIN TUB DOUBLE LAYER METAL
CMOS 15 MASKS

TRANSISTOR OXIDE LEFF VOLT
N LOW VOLT 25nm tium 5V
P LOW VOLT 25nm i2um 5V
N HIGH VOLT 40 nm 1.5um 20V
P HIGH VOLT 40 nm t.8um 20V

ANTIFUSE CHRACTERISTICS:
PROGRAMMING VOLTAGE 18V
PROGRAMMING TIME <1 mS
PROGRAMMING CURRENT < 10mA
ON RESISTANCE < 1K OHMS
OFF RESISTANCE > 100M OHMS

Fig.(1l) SEM cross-section of antifuse.

Fig.(2) Photomicrograph of 2000 gate

programmable gate array.
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Fig.(3) Photomicrograph of 64K PROM

PROGRAMMING VOLTAGE (VOLTS)
&
T
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PROGRAMMING TIME  (ps)

Fig.(4) Programming time of antifuse
with 18V programming voltage.
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Fig.(5) Programmed antifuse resistance Fig.(8) Antifuse Kelvin structure.

histogram, programmed with 5 mA current.
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Fig.(6) Programmed antifuse resistance

versus programming current. Fig.(9) Voltage across antifuse versus
stress time, with 5 mA stress current.
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Abstract

Compact, low-resistance oxide-nitride-oxide
antifuses are studied for TDDB, program dis-
turb, programmed antifuse resistance stabil-
ity, and effective screen. ONO antifuse 1is
superior to oxide antifuse. No ONO antifuse
failures were observed in 1.8 million accel-
erated burn-in device-hours accumulated on
1108 product wunits. This 1is 1in agreement
with the 1/E field acceleration model.

Introduction

Field programmable gate arrays has been a
fast growing field only recently [1]. The
key to their configurability 1is the develop-
ment of a programmable interconnect element.
This element should have small area, low post
programming resistance, and be reliable.
Many known interconnect elements have been
used, including SRAMs, EPROMs, and EEPROMs.
Problems encountered wusing these elements
are: large area, high resistance, or ineffi-
cient utilization due to circuit complexity.
The antifuse approach, however, has some
unique and attractive features. Since it is
only a two terminal device, the area required
is small, and the simple two terminal resis-
tor structure allows simple and efficient
routing schemes [2]. The programmed antifuse

has very low resistance. It was found that
oxide-nitride-oxide (ONO) antifuses have a
lover and tighter resistance distribution
than that of oxide antifuses (Fig. 1). The

has further im-
the reliability
In addition,
ONO is highly radiation resistant. Initial
evaluation results indicate that products
containing ONO antifuses can withstand 1.5
million rads [3]. The technology and perfor-
mance characteristics of the ONO antifuse has
been previously described [4]. In this pa-
per, we will report the reliability charac-
terization of the ONC antifuse.

choice of antifuse material
proved both the yield and

We will discuss three different types of
antifuse reliability. The first is that the
unprogrammed antifuse has to survive a 5.5V
40 year operating condition. The second is
that during programming, all unprogrammed
antifuses are subject to a momentary stress
of half the programming voltage (Vpp/2). The
programming yield is required to match or ex-
ceed PAL yields which are in excess of 99%.
The third is that programmed antifuses should
have a very low resistance, which will not
increase in value over the life of the part.
As will be shown below, the wunprogrammed
antifuse is reliable, well in excess of the

CH2787-0/90/0000-0186$01.00 © 1990 IEEE/IRPS
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40 year lifespan, the programming yield 1is
excellent, and the programmed antifuse is not
subject to any measurable electromigration.
The weakest link in the technology is not the
antifuse, but typical CMOS process limita-
tions.

Antifuse Structure

The ONO antifuse is sandwiched between N+
diffusion and N+ poly-silicon gate to form a
very dense array with density limited by
metal pitches (Fig. 2). A thin layer of ox-
ide is thermally grown on top of the N+ sur-
face, followed by LPCVD nitride, and the re~
oxidized top oxide. The target electrical
thickness of the combined layer is equivalent
to 9nm of silicon dioxide.

TDDB of Unprogrammed Antifuses at 5.5v
For the sub 10 nm ONO thickness, time-de-

pendent-dielectic-breakdown (TDDB) reliabil-
ity over 40 years 1is an important considera-

tion. The very first task in determining the
feasibility of the antifuse was to examine
its TDDB reliability. Typical electrical

field and temperature accelerated tests were
done in order to extrapolate the dielectric
lifetime under normal operating conditions.
Based on the oxide study [5], it was reported
that there may be different field dependen-
cies of lifetime in high field (>6MV/cm) and
in low field (<5MV/cm) regimes. In the case
of ONO antifuses, the 5.5V operating field is
already over 6MV/cm. The extrapolated data
from the high field regime was therefore as-
sumed accurate. This assumption was later
confirmed with device burn-in data.

Field Acceleration (E vs 1/E model for ONO)

200%200 um? (0.04mm2) area capacitors were
packaged and then stressed at different volt-
ages. ONO thickness ranging from 8nm to
9.5nm were studied. The test splits and sam-
ple sizes are summarized in Table 1. The
TDDB distribution at each voltage condition
is shown in Fig. 3.

In the literature, the oxide intrinsic
lifetime has Dbeen observed to have an
exp(l/E) dependence, which is explained
mainly with the Fowler-Nordheim tunneling
mechanism [6]. Oxide Log(I) curves and life-

time Log(tso) curves exhibit a linear func-

tion of 1/E behavior. on the other hand,
nitride Log(I) has been shown to follow the
Frenkel Poole behavior (JE) [7]. Log(Il) of
ONO is not a linear function of 1/E
(Fig. 4a). Rather, it more closely follows E
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(Fig. 4b). BAlso, several studies have fitted
lifetime of ONO to an E model [8,9].

Nevertheless a careful examination of our
data revealed that TDDB lifetime of ONO fol-
lows the 1/E model (Fig. 5) better than the E
model (Fig. 6). This 1s in agreement with
conclusions from one study [10], but in con-
tradiction with others which did not examine
the fit between data and the 1/E model [8,9].
Based on our observation, we found that the E
model can fit the data well over 4 to 5 or-
ders of magnitude of time span. However, as
time span increases to 7 orders of magnitude,
the E model is clearly inadequate (Fig. 6).

Since there is no theoretical basis for ONO

to follow the 1l/E model or the E model, we
tried a statistical approach to find out
which model can best fit the data. First,

the data is fitted to different field depen-
dent models of exp(E®) with n ranging from

-1.5 to 1 at 0.5 intervals. Then the
correlation coefficient is compared for
different models in Fig. 7. The residual
comparison is shown in Fig. 8. Again, the E

model (n=1) turns out not to be a good fit
for the data. The best fit appears to be
n=-.5 or -1. This seems to suggest that
ONO behavior 1is similar to oxide (n = -1).
But, the addition of nitride (n=0.5) has
changed the n to between -0.5 to -1. Which
of the two exponents, n=-0.5 or -1, should be
used may depend on the ONO processing
conditions. The difference between
extrapolated lifetime based on these two
models is not nearly as dramatic as the
choice between E and 1/E. At 5.5V, the
difference in the extrapolated lifetime
between n= -0.5 and -1 1is one order of
magnitude in time. On the other hand, the

difference between n=1 and -1 is 5 orders of

magnitude. In the subsequent analysis, we
will use 1/E model exclusively for simplic-
ity. The conclusion reached will not change

much Lf the 1/VE model were to be used.

Besides the 0.On1mm2 area capacitor data, we
also did a TDDB study on single antifuses

(3.2um2) and ACT 1010 product antifuse arrays

(O.36mm2). Results are shown 1in Fig. 9.
Again, the data follows the 1/E model well
for all different area sizes.

Temperature Acceleration

The temperature effect on the 0.04mm? ONO
area capacitor lifetime i1s shown in Fig. 10.
The activation energy as a function of the
electrical field is shown in Fig. 11l. A
field dependent activation energy has been
reported for oxide TDDB lifetime, as well.

For the 5.5 volt lifetime estimate, the ac-
tivation energy is «close to 0.9%ev (1l/E
model). Using this estimate and the product
TDDB defect distribution (Fig. 12), the 1%
failure lifetime at 5.5V 1s well over 40
years. The projected product antifuse fail-
ure rate (containing 100K to 200K antifuses)
is less than 50 FITS at 125°C.

Program Disturb and Bcreen

During programming, all antifuse electrodes
are precharged at a given voltage, Vpre. To
program the antifuse, its poly-silicon elec-
trode is raised to Vpp while its N+ diffusion
1s grounded. The unselected antifuses are
subjected to the stress of either Vpre to
ground or Vpp to Vpre for an average of 100
times the single antifuse programing time.
Usually the vpre is set such that stress is
approximately Vpp/2. If defective unselected
antifuses fail (become programmed) due to
this stress, they will show up as programming
failures. These defective antifuses can be
screened out at wafer sort by a 1 second
stress at 10 volts (10vV/1ls). This screen 1is
done twice during sort. The first 10v/ls
(FS-1) screens out the defective dielectric

distribution. The second 10V/ls stress
(Fs-2) simulates the percent yield loss
during programming. In Fig. 13, it shows a

typical wafer trend on the failure rate of
both first and second stress. The 10 run
average of FS-2 is 0.3 %. This suggests that
the programming failure loss due to antifuse
defects after the screen should be less than
0.3%.

Unlike floating gate EPROMs and EEPROMs,
latent ONO defects can be easily screened out

with a voltage stress as described above.
This 1s one more advantage of the antifuse
structure as a programming element. Once an
antifuse has passed the voltage screen at
sort, it is very reliable. Based on either
1/E or 1/fE model, the 10V/ls stress 1is

equivalent to a stress time at 5.5V well over
40 years. We have calculated the equivalent
product failure rate at 5.5V as a function of
the ¥Fs8-2 screen yield loss. It shows that
for an FS5-2 of 0.5%, the equivalent FITs at
5.5V 125°C is less than 50, which is consis-
tent with the results mentioned at the end of
the previous section.

Programmed Antifuse Reliability

Once the antifuse is programmed and forms a
low resistance path, the resistance should
remain low. In the case of oxide, it is a
known fact that they are susceptible to self
healing [ll] or an increase 1n resistance
with time. This 1s not the case for ONO as
will be shown in the following section.

A four terminal Kelvin structure was used
for the reliability study (Fig. 1l4). A con-
stant 5mA current, which is much larger than
the operating current, was passed through the

antifuse at 250°C (through terminals A,B)
while the voltage across the antifuse was
monitored between terminals A& and B. A typi-

cal voltage vs time graph is shown in Fig.
15. A sudden 1ncrease in voltage indicates
that an open circuit has formed. Prior to
that, there is no significant change in the
voltage across the antifuse indicating that
the resistance remained low.

Next, electric continuity measurement and
scanning electron microscopy (SEM) were done
on the Kelvin structure. It was found that
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the antifuse resistance still remained low
when measured from the other two unstressed
terminals C and D. This is the case for all
samples tested under this condition. SEM
analysis showed that the open circuit was re-
lated to the metal to poly contact electromi-
gration failure (Fig. 16). The activation
energy (based on 250°C and 200°C data) for
the contact electromigration is 1l.lev, which
is in agreement with typical values obtained
from contact electromigration failures [12].
The extrapolated lifetime of contacts in
these circuits under normal operating condi-
tions is well 1in excess of 40 years. The
real lifetime of a programmed antifuse itself
is yet to be determined.

High Temperature Product Burn-in Life Data

In previous sections, it was demonstrated
that the extrapolated ONO antifuse lifetime
follows the 1/E model instead of the E model.
Product burn-in data supports this conclu-
sion. 1108 units (including PROMs, RACT1010,
and ACT1020) containing an average of about
100K antifuses per unit, about 5% of which
were programmed, underwent dynamic burn-in at
125°C and 5.5V with roughly an accumulated
1.8 million device hours. No antifuse fail-
ure has been observed while two CMOS circuit
failures have been observed and identified in
the peripheral circuitry. This data is con-
sistent with the failure rate projection
based on 1/E extrapolation, while the E model
extrapolation based on TDDB test data would
have projected 90 unit failures (out of 1108
units) due to ONO antifuses.

Conclusions

We have investigated three reliability as-
pects of the ONO antifuses. During opera-
tion, the lifetime of the ONO antifuse is
well in excess of 40 years at elevated tem-
peratures. It has been further demonstrated
that the E model is not adequate for lifetime
extrapolation. Results indicate that 1l/E is
a better choice. The key to successful ex-
trapolation 1is that data should span over
seven orders of magnitude in time. Based on
the 1/E model, the extrapolated lifetime is
well over 40 years at 5.5v. To screen out
the programming yield loss due to breakdowns
of defective unselected antifuses, a screen
was developed. This is not a yield limiting
factor in the typical process as the yield
loss due to the screen on the average is 1%.

After the screen, the programming yield is
higher than 99%. The reliability of pro-
grammed ONO antifuses was also studied. It

was found that the lifetime is limited by the
contact electromigration, not by the ONO
antifuse. In addition, the resistance
remains low throughout the test indicating
the antifuse resistance does not increase.
Finally, more than 1100 product units and
over 1.8 million unit hours of burn-in data
have shown no failure at all that can be
attributed to the ONO antifuses. This is in
agreement with the prediction based on wafer-
level tests and the 1/E model.
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Table 1 Field accelerated test data for two lots with thickness ranging from 8nm to 9.5am. The
test was done on 0.04mm2 area capacitor.
Lot A Lot B
Voltage | Tox | E-field | # of cap tso Voltage | Tox | E-field | # of cap. tgg
(82] (nm) | (MV/cm) (sec) V) (nm) | (MV/cm) (sec)
13.5 8.3 16.2 22 4.2e-3 14.0 8.7 15.9 25 9.8e-3
12.5 8.3 15.1 22 3.7e-2 13.0 8.7 14.9 25 5.0e-2
12.0 8.3 14.4 22 1.5e-1 12.5 8.7 14.3 25 2.4e~-1
11.5 8.3 13.8 22 8.6e-1 12.0 8.7 13.7 25 1.3e0
11.0 8.4 13.1 22 4.7e0 11.4 8.7 13.1 25 9.0e0
10.5 8.4 12.5 9 5.8el 11.2 8.7 12.5 45 8.0el
10.0 8.3 12.0 6 3.2e2 10.8 9.0 12.0 45 3.52e2
9.5 8.3 11.4 3 2.5e3 10.2 9.0 11.3 45 2.88e3
9.0 8.3 10.7 36 2.5e4 9.7 9.0 10.8 45 2.07e4
8.5 8.3 10.2 15 2.3e5 9.0 8.7 10.3 32 3.35e5
8.0 8.3 9.6 59 1.5e6 9.0 9.3 9.7 32 2.22e6
Sub-total of tested cap. 241 401
Total of tested cap. 642
Table 2 High temperature operating life test data (HTOL).
Device # of # of fuse Device Hours 4 fuse Equivalent
units per unit @ 125°c/5.5v* Fail Device Hours
@ 55°C
PROM64 275 65,536 450,000 0 18.8 Million
1003JLCC 238 40,000 359,400 0 15.0
1010JLCC 144 112,000 283,000 0 11.8
1020JLCC 61 186,000 90,000 0 3.8
1010PLCC 358 112,000 616,000 [ 25.8
1020PLCC 32 186,000 5,300 0 0.2
Total 1108 701,536 1,804,100 0 75.5 Million
* All PLCC, 114/144 of 1010 JLCC and 32/61 of 1020 JLCC have 5.75V.
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Fig. 1 ONO antifuse has a tighter resistance

distribution than oxide antifuse.
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ABSTRACT: The Act-2 family of CMOS Field-
Programmable Gate Arrays uses an electrically programmable
"antifuse” and new architectural and circuit features to obtain
higher logic densities while increasing speed and routability.
Improvements include: two new logic modules, novel 10 and
clock driver circuitry, and more flexible and faster routing
paths. New addressing circuitry shortens programming time
and speeds complete testing for shorts, opens and stuck-at
faults. Fully automatic placement and complete routing are
retained.  Special software tools used for architectural
exploration and layout generation are noted.

1. Introduction.

Previous papers described an architecture for field-
programmable gate arrays (FPGAs) [1], and its
implementation in the Act-1 FPGA circuits [2]. These
demonstrate that user programmability can be obtained
without sacrificing the application flexibility of a channeled
gate array architecture.

This paper describes new architectural features, circuit
techniques and software that approximately double system
speeds, and are capable of extending the architecture to logic
densities of 8,000 gates in 1.2 micron technology and to
approximately 16,000 gates for 0.8 micron. (Note that these
gate counts are based on the capacity of an equivalent mask-
programmed gate array. Other measures would yield higher
values.) The circuits employ a one-time electrically
programmable "antifuse” offering small area and capacitance,
and low resistance once programmed [3].

As before, the architecture consists of rows of logic
modules separated by horizontal channels. This organization
is similar to that of a channeled gate array, except that
instead of an area for custom metallization the channels
contain wiring segments of various lengths which can be
connected by antifuses.

A key goal was to insure complete automatic placement
and routing with acceptable routing delays. This is facilitated
by the inherent flexibility of the channeled architecture and
the integration of large numbers of antifuses (700,000 or
more) on a single chip.

2. Logic Module

The choice of the logic module is critical to an FPGA
architecture. The module must be simple enough to pe;mit a
compact and high-speed circuit layout. Yet it must also be
flexible enough to accommodate the most frequently used
logic functions (macros) with several choices of routing. Our
approach is to evaluate many candidate modules against
macro usage statistics from actual applications. (The
philosophy is similar to that used to define the instruction set
of a RISC microprocessor. It has also recently been applied
to BiCMOS gate arrays [4].) To assist in this task, a program
has been developed that can enumerate all macros
accommodated by a given module in minutes [5].

The Act-1 family uses one general-purpose module,
which implements all combinational functions of 2 inputs,
many of 3 or 4 inputs, and others ranging up to 8 inputs [1].
Any sequential macro can be configured from one or more
modules using appropriate feedback routings.

At higher logic densities, the law of averages makes
designs begin to adhere more closely to typical macro usage
statistics (see, e.g., [4]). This motivates the use of a mix of
two new modules, each of which is most efficient for a
different set of macros. The "C-module” is a modified
version of the Act-l1 module reoptimized to better
accommodate high-fan-in combinational macros, e.g. wider
AND gates, though with some loss in ability to accommodate
sequential functions. The S-module, on the other hand, is
optimized for configuring sequential macros. It can
accommodate a latch or flip-flop and/or many combinational
macros of one to seven inputs. Both transparent-high and
-low latches and rising- and falling-edge-triggered flip-flops
are possible.

The two-module scheme can reduce the number of
modules required for a block of logic by up to a factor of 3.
On average, logic density per module is increased by over
50%. Furthermore, because the density is increased, the
number of routed nets in a typical critical path is reduced.
This significantly improves speed. Fig. 1 shows how a
typical critical path in a state machine can be implemented to
take advantage of the wide fan-in of the C-module, and the
capabilities of the S-module. The delay paths include only
two routed nets. Performance data is summarized in Table 1.

Since the fan-in of each module is no larger than that of
a typical gate-array macro, the two-module scheme maintains
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the generality of a "fine-grained" architecture. Significantly
larger and more specialized modules would risk a sharp loss
of efficiency for applications that deviate from typical usage
statistics. Using a larger module, or more types of modules,
also adds constraints to the placement and routing problem,
making automatic solution more difficult and ultimately
increasing net delay.

3. Input/Output

Of particular importance to system performance is the
delay between the time a clock signal changes at an input
pad and when data appears on an output pad, referred to as
Te-g- (Memory bus interface applications are a good
example). The goal is to gain maximum speed without
sacrificing flexibility.

This is accomplished by providing a dedicated
transparent-high latch in each output path. If desired, the
dedicated latch can be combined with a transparent-low latch
configured from a logic module to form a rising edge-
triggered flip-flop. (Note that the net connecting the two
latches is not in the critical path, so T y_g is not increased
relative to having a dedicated flip-flop in each 10.) If flow-
through operation is desired, the output latch gate is simply
tied off to make the latch transparent.

To limit set-up time requirements, a dedicated
transparent-low latch is provided on each input path. The
polarities of the input and output latches are chosen so they
can be combined with each other, and possibly with other
internal latches or flip-flops, to form a path that is
functionally equivalent to a chain of rising-edge flip-flops.
(See Fig. 2.).

Chips with many simultaneously switching outputs
require some form of slew rate control to avoid noise
problems; several alternatives are possible. Sequencing the
operation of several parallel drivers limits the slope of the
current ramp when driving a passive load, but large di/dt can
occur in bus contention situations when the contending driver
suddenly shuts off. Feedback remedies this problem, but can
still allow large di/dt in asynchronous systems where the
logic state changes before a transition is complete. Instead a
current mirror circuit was used to limit the drive current.

§>__

Figure 1: part of a state machine implemented
in four C-modules and one S-module.

This results in lower di/dt noise in worst case situations, a
simple way to implement programmable slew rate, and 90%
power efficiency. The output buffer meets the 4mA HCT
buss driver specification for AC, and the 6mA specification
in steady state when the current limit shuts off. ESD
protection is >2000V.

Connections between the array and the 10 pads are
made via special IO modules interspersed with the logic
modules. The 10 module has inputs for data, slew control,
tristate, and separate gates for the input and output latches.
The gate inputs are not restricted to a dedicated clock signal,
but may each be driven from any pad or internal net.

4. Clock Distribution

Clock distribution is a problem in most large chips. In
an FPGA, where the load capacitance may be changed or
redistributed to suit each application, it is a greater challenge.

Special distribution networks are provided to deliver
high-fanout clock signals to the inputs of any logic or IO
module with minimal skew. Each network may be driven
directly from an input pad for high speed, or from user-
defined internal logic. High speed and low power are
obtained by a distributed driver with 90% power efficiency.

Skew is further reduced by automatic placement
algorithms that balance the loading on each branch of the
distribution tree.

All clock inputs may also be routed in the normal way

instead, allowing many local asynchronous clock signals if
desired.

parameter nsec
module input to module input (critical net): 7-
setup-+hold time (module used as flip-flop): <6
input pad to I0 module output: 5-7
10 module input to output pad: 8
clock distribution net skew: <5
in-circuit probe delay (module to pad): 15-20

Table 1: Performance Estimates.
(1.2 micron CMOS, typical process, 5 volts, 25 C).

A. Desired behavior:
RFF RFF

]
B. Using latches and rising-edge-triggered flip-flops:

[ (o e ]

IO module

loxw mod“les 10 modules

C. Using latches and falling-edge-triggered flip-flops:

\IO module ™\ logic modules
Legend:
RFF = rising-edge D flip-flop. FFr = falling-edge D flip-flop.
THL = transparent-high latch. TLL= transparent-low latch.

Figure 2: IO clocking--three equivalent implementations.
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5. Routing Architecture

Each routing channel contains horizontal tracks divided
into segments of various lengths [1]. Surprisingly, the
restriction to segments of predefined length does not greatly
increase the number of tracks beyond what would be required
in the unrestricted case of mask-programmed channels [6].

In an efficient architecture it is inevitable that some
nets” routings will be slower than others. The use of a low
resistance switch, such as the antifuse, helps to narrow the
resulting delay distribution. Further improvements have been
obtained by a reduction in the maximum number of antifuses
in the worst delay paths, as follows.

In the vertical direction, most nets are routed using a
short dedicated segment connected to the module’s output
driver through an “isolation" transistor (Fig. 3). (The
transistor isolates the module circuitry from programming
voltages present on the segments). In this case, there are only
two antifuses plus the isolation device in the path from the
buffer to each input (input A in the figure)." Though this
favorable routing can be assured for speed critical nets,
generally some 5-10% of the other nets must be placed with
an input in some channel beyond the span of the dedicated

uncommitted vertical segment input segment
B

horizontal segment in a t
channel above the span —
of the dedicated vertical

segment
/pmgra.mmed anti-fuse
dedicated .
vertical input segment
driver . 7 | |.~ segment 1;\
isolation
device-

Figure 3: Act-1 Routing

uncommitted vertical segment inputBscgment

Il

¥

driver
\
) dedicated .
vertical mputAsegment
T | |~ segment h
isolation
device

Figure 4: Act-2 Routing

segment (input B, Fig. 3). In the past, this required use of an
uncommitted vertical segment and 4 antifuses.

Alteration of the order in which antifuses are
programmed and a robust driver circuit permit limited
programming of antifuses on the node connecting the driver
to the isolation device, without risk of device breakdown [7).
This allows direct connection of the driver to any of several
uncommitted vertical segments, as shown in Fig. 4. Since the
additional antifuse presents little more resistance than that of
the bypassed isolation device, the delay of these nets is not
much greater than those using dedicated segments. Prediction
of delays prior to placement (when it is not yet known which
nets require uncommitted segments) becomes more accurate
as well.

Segmented channels represent an unusual layout
challenge. They are as dense and large as a memory array,
yet not repetitive. (A carefully chosen but irregular mix of
segment lengths is provided for good routability.) For this
reason, a layout generation program was developed that
assembles the channels and modules automatically from the
same database used by the routing software. This permits
rapid layout of a family of arrays of various sizes by simply
rerunning the generator with the appropriate input files.

6. Placement and Routing Software

Several new complexities are added to the placement
optimization problem. Macros must be placed in modules of
the appropriate type (C or S). Macros hooked to a clock
network should be distributed so as to balance the load on
the network’s branches. There should not be excess demand
for uncommitted vertical segments within the same column.
Speed critical nets should be routed using only short
horizontal segments and dedicated vertical segments.

Nevertheless, new algorithms make it possible to satisfy
all these constraints. Nearly all designs with module
utilization under 85%, and most designs with utilization
under 95%, route without manual intervention. Table 2
summarizes results for several applications. Time for
complete placement and routing is about 45-60 minutes on a
68030-based workstation.

7. Programming and Testing

The time required to program an antifuse falls
exponentially with the applied voltage. To keep
programming time under 5-10 minutes for a chip with nearly
a million antifuses, new circuit designs were developed that
eliminate the threshold voltage drop along the path from the
chip’s supply pad to the antifuse being programmed.

Changes have also been made in the addressing circuits.
The pass transistor scheme described in [1] is appropriate for
cases where there are many short segments in a track.

T Two adjacent horizontal segments in the same track may be con-
nected end-to-end by an antifuse to form a longer segment (1]. For
good routability it is necessary to routc some small percentage of
the nets in this way [6), which adds an antifuse to the path. How-
ever, speed critical nets are routed without this additional antifuse.
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However in larger chips the number of horizontal segments
per unit area decreases to the point that it is possible to
address each individual segment directly using only a small
proportion of area for the addressing circuitry [7]. The
reduction in the number of pass devices in the programming
path improves the programming current and lowers the
resistance of programmed antifuses, improving performance.
The pass transistor scheme is still used in the vertical
direction where tracks are highly segmented.

Direct addressing also reduces the time required to test
for breakdown of defective unselected antifuses during
programming. A complete test for unintended connections
between any two segments can be done after the conclusion
of programming (despite the fact that it is not possible to
uniquely address each individual antifuse once programming
commences). The number of vectors required is only
logarithmic in the number of nets. Previously, the test for
shorts required one or more vectors after each antifuse is
programmed.

Proper closure of a programmed antifuse is confirmed
by the passage of the programming current. Note that this
complete testing for shorts and opens, combined with
exhaustive testing of each logic and 10 module prior to
programming, is more thorough than even a so-called "100%
stuck-at fault coverage" test done on a conventional gate
array.

Once programming and testing are complete, no increase
in resistance of a programmed antifuse or false programming
of an unprogrammed antifuse have been observed in 1.8
million accelerated burn-in device-hours [8].

8. Other Circuit Improvements

The Act-1 and Act-2 architectures allow user selection
of any internal logic signal for presentation at a "probe” pad.
This allows real-time external observation of each net as the
chip operates in a system (similar to an in-circuit emulator
for a microprocessor). Use of a sense amp circuit greatly
increases the speed of the in-circuit probe path.

Another challenge is to keep the gates of thousands of
isolation devices pumped to a high voltage during normal

operation. A rapid, high-power pump operates when the chip
turns on. It is then shut down when the desired voltage is
reached and a low-power sustainer pump takes over. The
required standby current is under 300uA.
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Metastability

Applications
Note

Actel Metastability Characteristics

Designers often have asynchronous signals coming into
synchronous systems. Typically a flip-flop is used to synchronize the
incoming signal with the system clock.

If the asynchronous incoming signal does not meet the setup time
requirement for the flip-flop, there exists a window of time where
the incoming signal may cause the flip-flop to develop an unknown,
or metastable, logic condition. Figure 1 shows this window as ty.
Actual clock setup time of the flip-flop is shown as tsy; propagation
delay of the flip-flop is shown as tcq. Resolution time (t,.) between
flip-flop output and the next clocked device is the amount of time
required for the metastable condition to stabilize.

The duration of a metastable condition is probabilistic. But the
designer can calculate how often a metastable state will last longer
than a given duration. Mean time between failures (MTBF) can be
calculated from the following equation:

1
fclk * fdat* Cle -C2°tres

MTBF =

where the constants depend on the ACT™ 1 device characteristics,
and:

MTBF = Mean time between failures (s)
fax = System clock frequency (Hz)

faat = Incoming data rate (Hz)
e = Natural log base

tes = Resolution time (ns)
Cl = 10°/Hz

C2 = 4.6052/ns

(Value of C2 derived from circuit simulations.)

DATA IN ——

CLK—

> cp

tw }:_

DATA IN

tsu

CLK

_4 11’85 “q "
M — :o

Figure 1. Metastable Condition

© 1992 Actel Corporation



(o £

Sample Calculation

Using the MTBF equation for a design with a system clock
frequency of 10 MHz and a data rate of 1 MHz, various resolution
times produce the results shown in Figure 2. Linear increases in
resolution time cause exponential increases in MTBE

114
10 1000 YEARS

10104

100 -+

8 _}
10 1 YEAR

107 -
1 MONTH

108 -

MTBF

105 -
104 4
10° -

102 -

Figure 2. Metastable MTBF as a Function of Resolution Time
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Three-Stating
A1010/A1020 Designs

Applications
Note

During board test and debug it is frequently desirable to place all
chip I/Os into a three-stated condition. This provides isolation
from other three-stating circuit devices connected to signals
common to the ACT™ device. The three-stated condition also
allows board test for trace integrity or insertion damage to ACT
device pins.

Three-stating a design is easy using the unique debug features of
ACT device architecture. Three special pins on the ACT device
facilitate three-stating: MODE, SDI, and DCLK.

Three-State Pin Assignments

Pins SDI and DCLK should remain unassigned by the user or
should be defined as input-only.

You may three-state all user-defined pins regardless of their
normal mode definition: input-only, output-only, or
three-stateable. Each pin can be temporarily three-stated for test
and debug purposes.

Figure 1 shows the sequence of three-stating. Seven data bits are
clocked into the device, using the SDI pin as data input, and DCLK
as clock. The MODE pin distinguishes “test” mode from “normal.”
The data sequence clocked is {0001011}. After clocking the
seventh bit, all user-defined pins enter a three-state condition until
MODE is taken low.

PLCC/JQCC PGA
44-pin  68-pin 84-pin 84-pin Actel Actionprobe™ diagnostic tools allow 100% observability of
internal nodes; ACT devices may also be isolated from external
1 P i
MODE 84 4 66 Ent board circuitry. Together, these two features provide a powerful
SDI 36 56 72 B11 debugging feature previously unavailable in custom devices.
DCLK 37 57 73 C10
| >1pus | | 1 |
™ r— | l |
1 | | | 1
—— t—— ¢, t,
r_= [ [ I I
| l | | | TN
DCLK —— ] Vi
| | 1 | |
| | } 1 ; Vii
soi 0 | 0 i 0 0 bl AN 0o 1 1 Vi
| I | | |
t
| | | | | Vi
Vool T T | i
mobe & | | | | | Vi
| | 1 | |
| | | | |
| | | | |
Figure 1. Three-state Timing
Notes:
1.0V VL <05V;3.0V < Vi < Vee
2. Test mode configuration is a low frequency (< 1.0 MHz) operation.
3. All setup and hold conditions (t,, t) > 250 ns.
© 1992 Actel Corporation Apl’il 1992 §-3
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Socket Selector
Guide

Actel has compiled this list of known suppliers for the convenience
of our customers. This is simply a list of suppliers that we are aware

of rather than a list of recommended sockets, as we have not tested

Socket Sources for Actel FPGA Packages

Production Sockets

them for reliability. For information on these sockets, contact the
manufacturers directly.

Lead
Count  Source Through-Hole Surface-Mount
PLCC 44 AMP 821551-3 821979-3 or 822035-3
METHODE 213-44-101 213-044-602
68 AMP 821574-3 822029-3 or 822073-3
METHODE 213-068-101 213-068-602
84 AMP 821573-3 821808-1 (high profile)
METHODE 213-084-101 213-084-602
PGA (11x11) 85 MILL-MAX 510-91-085-11-041
McKENZE PGA-85H-012B1-1107
PGA (11x11) 101 McKENZE PGA-101M-012B-1-11B5
PGA (13x13) 133 McKENZE PGA-133H-003B-1-13GO
PGA (15x15) 176 MiILL-MAX 510-91-176-15-061
MCKENZE PGA-177M-003B-1-1552
PQFP 100 YAMAICHI N/A 1C149-100-05-S5
144 AMP 822114-3/8222115-3
160 AMP 822114-4/822115-4
Zero Insertion Sockets
Lead
Count Source Through-Hole Surface-Mount
CQFP 84 WELLS 619-1000311-001
132 ENPLAS 0TQ-132-0.635-01
172 ENPLAS OTQ-172(196)-0.635-02
PQFP 100 YAMAICHI 1C51-1004-814-2
144 YAMAICH! 1C51-1014-KS10418
160 YAMAICHI 1C51-1604-845-1
PGA 85 YAMAICHI NP35-112-G4-BF85
101 YAMAICHI NP89-12110-G4-BF 101
133 NEPENTHE NEP5-132-RS1311
176 YAMAICHI NP89-22508-G4-BF 177
PLCC 44 YAMAICHI 1C51-0444-400
68 YAMAICHI 1C51-0684-390-1
84 YAMAICHI 1C51-0844-401-1
CONTACTS: AMP (408) 725-4914
ENPLAS (415) 572-1683
METHODE (408) 262-3812
MIL-MAX (516) 922-6000
McKENZE (510) 651-2700
NEPENTHE (415) 856-9332
WELLS (408) 559-8118
YAMAICHI (408) 452-0797

© 1992 Actel Corporation
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Support Services

Actel Technical Support

Supporting customers is important to us. We want to offer help in as
many ways as possible to suit your particular needs. You can obtain
Actel technical assistance by Technical Hotline, Bulletin Board,
Customer Training, and our new Action Facts system.

Technical Hotline

The Technical Hotline provides information on Actel hardware
and software products. Our applications engineers are ready to
answer your calls from 7:00 am. to 5:30 p.m. PST, Monday to
Friday. Our priority is to always have an applications engineer
answer your calls “live.” In addition to answering your calls, the
applications engineers develop other ways of assisting our
customers, such as writing application notes, user guides, and
quarterly newsletters, creating design examples; and evaluating
software.

Bulletin Board
‘We currently offer information access by a 24-hour bulletin board.
Customers can view information, download files such as new

macros, and upload design files. The current modem configuration
is 2400 baud, 8 data bits, one stop bit, no parity.

Customer Training

Actel offers an introductory two-day course covering all aspects of
designing an Actel device. The class covers a discussion of the
architecture of both the ACT 1 and ACT 2 families, design
methodology, a brief look at the Viewlogic schematic capture and
simulation tools, details of the Boolean entry tool (ALES 1), and a
thorough examination of the Actel FPGA design software (ALS).
With the guidance of the instructor, students develop an example
circuit, which is programmed into an Actel device, debugged, and
verified in a system board.

Action Facts

We are proud to announce a fast new 24-hour service to our
customers — Action Facts! Current bugs, software schedules, new
package pinouts, the latest application notes, and many more
documents can be accessed instantaneously with this new system.
Simply call the toll-free number, select the document you require,
enter your fax number and extension, and the document will be
faxed to you immediately!

BULLETIN BOARD
408-739-6397

TECHNICAL HOTLINE

800-262-1060
(U.S. & CANADA)
408-739-1540 (FAX)

ACTEL
CUSTOMER TECHNICAL
SUPPORT

ACTION FACTS
800-262-1062

CUSTOMER TRAINING
408-739-1010 x257

© 1902 Acte! Corporation
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