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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

1-19



ycls)/

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.

1-40



ACT 2 FPGAs

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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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




ACT 2 FPGAs

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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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 §—]
A— Y
B——
PAD Y
Vee
e s
S, AorBA50% 50% N GND
Vee
Y 50% 50%
GND
toLy
Y
50%)
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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.
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Sequential Timing Characteristics (continued)
Input Buffer Latches

‘m_—b 1BDL
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CLKBUF

PAD X
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—
CLK J
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Output Buffer Latches
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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 2