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Field Programmable

Features

o 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

e Two High-Speed, Low-Skew Clock Networks
e 1/O Drive to 10 mA
o Nonvolatile, User Programmable
o 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 €9 34 23
Logic Modules 1,232 684 451
S-Modules 624 348 231
C-Modules 608 336 220
Flip-Flops {maximurmn) 998 565 382
Routing Resources
Horizontal Tracks/Channel 36 36 36
Vertical Tracks/Column 156 15 15
PLICE® Antifuse Elements 750,000 400,000 250,000
User I/O0s (maximum) 140 104 a3
Packages! 176 CPGA 132 CPGA 100 CPGA
160 PQFP 144 PQFP 100 PQFP
172CAFP 84 PLCC 84 PLCC
Performance?
16-Bit Counters 65 MHz 75 MHz 85 MHz
16-Bit Accumulators 30 MHz 33 MHz 33 MHz
CMOS Process 1.2 um 1.2 um 1.2pm
Note:

1. See product plan for package availability.

2. Performance is based on a -1 speed graded device at commercial
worst-case operating conditions.
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A1260-PG176C
R 9025

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
1o 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™,
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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
of the logic blocks, the routing structure, the antifuses, and the
special function circuits. Diagrams for the A1280, A1240, and
A1225 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/0 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/0s.

Table 1. Array Sizes

Device Rows Columns Logle U]
A1280 18 82 1232 140
A1240 14 62 684 104
A1225 13 46 451 83

The Logic and /O modules are arranged in a two-dimensional
array (Figure 2). There are three types of modules: Logic, I/O, 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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S = Sequential Module, C = Combinatorial Module, | = 1/0 Module
Figure 2. A1280 Simpiified Floor Plan
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Loglc Modules

Logic modules are classified into two ftypes: combinatorial
C-modules and sequential S-modules (see Figures 3 and 4). The
C-module is an enhanced version of the Act 1family logic module
optimized to implement high fan-in combinatorial macros, such as
S-input AND, S-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 = 1S1* (D00 * 1S0 + D01 * S0) + S1* (D10 *!S0 + D11 *S0)

where:

T-46-19~11

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 = A0*B0 be fully transparent so that S-modules can be used to implement
§1 = Al+ Bl 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.
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Up to 7-input function plus D-type flip-flop with clear

5
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Up to 4-input function plus latch with clear

Up to 7-input function plus latch
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Up to 8-input function (same as C-Module)

Figure 4. S-Module Implementations
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1/0s

The I/O architecture consists of pad drivers located near the
bonding pads and I/0 modules located in the array. Top/bottom
1/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 ¥/O
modules is identical, but the top/bottom I/0 modules have a
different routing interface to the array than the side I/O modules.
1/Os implement a variety of user functions determined by library
macro selection.

Special Purpose |/Os

Certain /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 1/O Pads

SDI Serial Data In

SDIO Serial Data Out
BININ Binning Circuit In
BINOUT Binning Circuit Out
DCLK Seriat 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

V8V, VKS Programming Pads

MODE Program/Debug Control
1/0 Pads

1/O pads are located on the periphery of the die and consist of the
bonding pad, the high-drivv 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/0 module are
made using the signals DATAOUT, DATAIN and EN (shown in
Figure 5).

OUTEN SELECT

SEL
DATAQUT Do Y

o

SDATA

DATAIN <=
Figure 5. 1/0 Pad Signals

1/0 Modules

There are two types of I/O modules: side and top/bottom. The /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 I/O 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
SEW » SCEW

(regional)
uo1
|01
uo2 Y » DATAOUT
DO
SEL
aoyT ——————1
D1 :I
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
UO1/UO2 is 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 /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
/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, /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

T=46-19-11

macros always utilize a module-pair, either SS, 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.

Horlzontal 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
TRACK T O— T SIGNAL
SEGMENT
SIGNAL
~ ~ {LHT)
\ 9 9, |
O O !
S ./ |
O |
~ |
g O— O O {
O— O O SIGNAL
NVSS
CLK1
MODULE ROW

Figure 7. Horizontal Routing Tracks and Segments
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Vertical Routing

Qther 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 inan
output track is dedicated to the output of a particular module. Long
scgments are uncommitted and can be assigned during routing.
Each output secgment 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.

T=46-19-11

An antifuse is a “normally open” structure as opposed to the
normally closed fuse structure used in PROMSs 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.

Antifuse Structures
[ WTs
S-MODULE C-MODULE MODULE ROW
VF,
[
. CHANNEL
XF
VERTICAL INPUT
SEGMENT ———
.FF
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 Crossoonnecl_edamm:se

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 connectad 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 & 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.

cxs X
CLKA g—l |—— CLKINA

FROM " INTERNAL
PADS CLKMOD . SIGNALS

CLKINB

CLKO(17)

CLOCK
DRIVERS

CLKO(16)

CLKO(15)

CLKOE@)

CLKO(1)

B

CLOCK TRACKS
Figure 9. Clock Networks
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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 CLK0 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. 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 non-dedicated segments (LVT5).
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 - N, W . . N
( )\/ O Clock
CLK1 A oA AN Tracks
/. O p
. W -
P~ p—p—p—<p
£ DN DN
O~ P3P Normmal
——
DD D N AN Routing
\Y FAN a4 \/( ) Tracis
£ DI D
PP \Vv'

e

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

T—-46-19-11

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 < sDI
@Eﬂ DCLK
— Y1<0> Y1 REGISTER Y1<c> <G==0 moDE
Y2<0> Y2 REGISTER Y2<Cc> ‘l

v A
v v
x 4
2}

w a1
; :
e MODULE ARRAY b
o L
- o
x p4
A

e S
- \
> b

SDO G- OTHER REGISTERS -—J
Figure 12. ACT 2 Shift Register
Actionprobe A pattern of “Is” 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 Diagnosticsystem 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 astop 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 10nS setup and hold times allowing for SDI and 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 Probs 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
Al1225 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<81>..¥Y2<0> _X1<0>..X1<0>..X1<17>_Y1<0>..Y1<81> 0,

where *_” is usad for clarity only.

FILLER ZEROS

|s— LOAD COUNTER —s}«— LOAD MODE REG --|||-— X, Y ADDRESS —=| STOP Le— PROBING —»| NEXT o

MODE_I
oo | ML LML UL L UL
soi XXX XX XXX XD T C

Figure 13. Timing Waveforms
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A1280 - -1 PG 176 [+
I Application
Package Lead Count
-— Package Type
L Speed Grade
L.— Die Revision
(future)
L Part Number
Product Plan
Speed Grade Application
Std -1* C | M B E
A1280 Device
1786-pin Ceramic Pin Grid Array (PG) » » » - » %4 -
160-pin Plastic Quad Flatpack (PQ) » I I e - - -
172-pin Ceramic Quad Flatpack (CQ) » P » - ” s %4
A1240 Device
132-pin Ceramic Pin Grid Array (PG) [ [ I - » » -
144-pin Plastic Quad Flatpack (PQ) v » I I - - -
84-pin Plastic Leaded Chip Canvier (PL) » [ v [l - - -
A1225 Device
100-pin Ceramic Pin Grid Array (PG) v v » - - - -
100-pin Plastic Quad Flatpack (PQ) v » e - - - -
84-pin Plastic Leaded Chip Carrier (PL) » o4 4 S - - -
Applications: C = Commercial Availability: #* = Available
| = Industrial P = Planned
M = Military — = Not Planned
B = 8838
E = Extended Fiow
* Speed Grade: -1 = 15% faster than Standard
Device Resources
) User |/Os
CPGA PQFP PLCC CQFP
Device e
Seties 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,

DCIX 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.
I/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 1/O pins are automatically
driven LOW by the ALS software,

MODE  Mods (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

T-46-19-11

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 /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 signa! 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 /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 Serlal 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 sﬁpply voltage.
Vs Programming Voltage (Input)

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

Vep Programming Voltage (Input)

Input supply voltage used for device programming, This pin must

be connected to Vo 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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ACT 2 FPGAs
T—456—-19-11
Absolute Maximum Ratings Recommended Operating Conditions
Free air temperature range Parameter Commercial Industrial Military  Units
Symbol Parametor Limits Units
" Temperatire g4, 470 4010 +85 -5510 +126 °C
Vec  DC Supply Voltage':23 0510 +70  Voits Range
Power Suppl
V,  InputVoltage -051t0Vop +05  Volts aiietad +5 £10 £10 %V
Vo Output Voltage -051t0Vgg +05  Voits Note:
1. Ambient temperature (Ta) used for commercial and industrial.
Ik Input Clamp Current *20 mA Case temperature (Tc) used for military.
lok Output Clamp Current +20 mA
lok Continuous Output Current +25 mA
Tstg  Storage Temperature 6510 +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 = Vcc, except during device programming.

2. Vsy= Vcc, except during device programming.

3. Vigs= GND, except during device programming.

Electrical Specifications

Commercial Industrial Military
Parameter Units
Min. Max. Min. Max. Min. Max.
(lon = -10 mA)? 24 v
VQH1 (|OH = -6 mA) 3.84 \
(lon = —4 mA) 37 37 v
(lo = 10 mA)2 05 v
Vo !
(oo = 6mA) 0.33 0.40 0.40 v
Vi -0.3 08 -03 08 -03 08 v
Vi 20 Voo + 0.3 20 Voo + 0.3 20 Veo + 0.3 v
Input Transition Time t, t2 500 500 500 ns
Cio 1/0 Capacitance? 3 10 10 10 pF
Standby Current, o4 10 20 25 mA
Leakage Current® -10 10 -10 10 -10 10 A
Notes:

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

2. Not tested, for information only.

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

5. Vo, Vin = VCC or GND.
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Package Thermal Characteristics

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

T-46-19-11
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:

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

= =40W
oja (°C/W) 20°CW
%) 3]
Package Type Pin Count Oje smr-n 300 #mln. Units
CPGA 100 5 35 17 *Cw
132 8 30 15 *‘C/W
176 2 20 8 CW
PQFP! 100 13 56 a7 cw
144 15 35 2 W
160 15 3 24 CW
PLCC 84 12 44 33 “CW
Note:

1. Maximum Power Dissipation for POFP Package = 2.0 Watts

Power Dissipation

P = [loc + Litiwl + Ve + IowsVorsN + Iou(Voc-Vou)M
Where:

Icc is the current flowing when no inpuis or cutputs are changing.

Lot is the current flowing due to CMOS switching.

Ior, Ion are TTL sink/source currents.

VoL, Voy 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:
W0mAXx525V = 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 canbe
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 (uW) = CEQ-VCCZOf (¢))
Where:

Cgq is the equivalent capacitance expressed in pF

Vcc is power supply in volts.

f is the switching frequency in MHz
Equivalent capacitance is calculated by measuring L.y, at a

specified frequency and voltage for each circuit component of
interest. The results for ACT 2 devices are:

Ceo (PF)
Modules 77
Input Buffers 18.0
Output Buffers 250
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 = [(m7.7+£) + (N« 180 6) + (p+ (250 + C)+ f5)
+(Q+25.0] Vo? @
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ACT 2 FPGAs
Where: Estimated Power T-46—-19~ 11

n = Number of logic modules switching at frequency f;
m = Number of input buffers switching at frequency £,
p = Number of output buffers switching at frequency f;
q = Number of clock loads on the global clock network
f = Frequency of global clock

f; = 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 /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 = Ff2

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.

50 A1240
3 Y /
2.0 A A dli
A17/ ///
1.0 ya /4/
7z 2z
A 7z i
A V4
7 7
pdill 4Vd
A2z
% y, ’//
2 A
01 ,/ ,/‘ /
7 rd
7 7
s ¥
7
"/
/
1.0 10.0 100.0
MHz

Figure 14. ACT 2 Power Estimates
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Parameter Measurement
Output Buffer Delays

T-46-19-11

AC Test Loads
Load 1 Load 2
(Used to measure propagation delay) (Used to measure rising/falling edges)
vg, GND
To the output under test ®
- 60 pF R0 Voo for tazflen.
| R to GND for tey2/tez
— To the output under test R=1kQ
T
Input Butfer Delays Combinatorial

Macro Delays §—

S,AorBA50% 50%

GND




ACTEL CORP 53E D EE 019249k 0000421 LOL MEACT

ACT 2 FPGAs

Sequential Timing Characteristics

T=45-
Flip-Flops and Latches 46-19-11

o PRE a
E —
CLk—P ¢1R

(Positive edge triggered)

o vl
o' X X
o — preny
—-I tsuena I-— |-— twerks _.l
I'—'l tHENA
E | I
=
@ X X
— -
PRE, CLR _—_—-I |—|—__
pfweeny

IASYN

Notes:
1. D represents all data functions involving A, B, and S for multiplexed flip-flops.
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Sequential Timing Characteristics (continued)

1 .
Input Buffer Latches 1—#6""9’1

PAD X X
-
G I
= - -
~ v e
CLK I
= e -
Output Buffer Latches
° OBDLHS :
X X
~  em |-
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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 fypical.

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)

T-46-19-11

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.

Long Tracks

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

Military

Best-Case Worst-Case Best-Case

Worst-Case Best-Case Worst-Case

0.40 1.40 0.37

1.50 0.35 16

Note:

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

Voltage Derating Curve
1.20

110
1.05 P

Factor

1.00

0.5 ]

0.90

0.85

0.80

45 475 50 525 55
Vec (Voits)

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

Temperature Derating Curve

Factor
AN
AN

0.0 -

0.80

0.70
-80 -40 -20 0 20 40 60 80 100 120

Junction Temperature (°C)

Figure 15. Operating Curves
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A1280 Timing Characteristics T-46—-19-11
Propagation Delays (Voc = 50V, T, = 26°C; Process = Typical, Derating Required)
Parameter  Description Output Net FO = 1 FO =2 FO=3 FO=4 FO =8 Units
topt Single Module Critical 45 50 55 690 - ns
oot Single Module Typical 57 62 6.7 82 117 ns
tepz Dual Module Critical 75 80 85 9.0 - ns
tep2 Dual Module Typical 8.7 92 97 11.2 147 ns
o Sequential Cik to Q@ Critical 45 5.0 55 8.0 - ns
o Sequential Clk to Q Typical 57 6.2 6.7 8.2 "7 ns
o tatchGto Q Critical 45 5.0 85 6.0 - ns
tao Latch G to Q Typical 57 62 6.7 82 17 ns
to Asynchronous to Q Critical 45 5.0 55 6.0 - ns
%o Asynchronous to Q Typical 57 62 6.7 82 17 ns
Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conciitions; No Further Derating Required)
Commercial Industrial Military

Parameter Description Min. Max. Min. Max. Min. Max. Units
tsup Flip-Fiop (Latch) Data Input Setup 04 05 1.0 ns
tsuasvn Flip-Flop (Latch) Asynchronous input Setup 1.0 15 20 ns
tip Flip-Flop (Latch) Data Input Hold 0.0 0.0 00 ns
tsueNA Flip-Flop (Latch) Enable Setup 1.0 15 20 ns
tHENA Flip-Flop (Latch) Enable Hold 00 0.0 00" ns
twelka 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 18.0 200 20 ns
taH Input Buffer Latch Hold 20 25 25 ns
tssu Input Buffer Laich Setup -25 -30 -35 ns
toum Output Buffer Latch Hold 0.0 0.0 0.0 ns
touTtsu Output Buffer Latch Setup 04 05 10 ns
fMAX Flip-Flop (Latch) Clock Frequency 480 43.0 39.0 MHz
Notes:
1. Dataappliesto mauosbasedonlhe:equentul(s-lype) module. Timing 2. Setup and hold timing parameters for the Input Buffer Latch are

parameters for sequential macros constructed from C-type modulk d with respect 1o 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

IotheGmpms. 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
A1280 Timing Characteristics (continued) T=fb=19-1 1
1/O 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
tNYH Pad to Y High 6.7 72 77 8.2 17 ns
tinve Pad to Y Low 6.6 71 76 8.1 1.5 ns
tineH Gto Y High 6.6 72 77 8.2 1.7 ns
tinaL GtoY Low 6.4 6.9 75 8.0 11.4 ns

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

Parameter Description FO = 32 FO = 128 FO =384 Units
tokn Input Low to High 91 10.1 123 ns
tokL Input High to Low 9.1 10.2 125 ns
towr Minimum Pulse Width High 4.0 45 5.0 ns
tewL Minimum Pulse Width Low 4.0 45 50 ns
toksw Maximum Skew 05 1.0 25 ns
teuExT Input Latch External Setup! 0.0 0.0 0.0 ns
e Input Latch External Hold! 7.0 80 1.2 ns
tr Minimum Period 133 143 15.3 ns
famax Maximum Frequency 75.0 70.0 65.0 MHz
Note:

1. Derating does not apply to this parameter.

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

Parameter Description TTL CMOS Units
tow Data to Pad High 46 6.7 ns
torH Data to Pad Low 6.5 49 ns
tenzi Enable Pad Z to High 83 83 ns
tena Enable Pad Z to Low 55 55 ns
tenHz Enable Pad Highto Z 45 45 ns
tenrz Enable Pad Low to Z 6.0 6.0 ns
ton G to Pad High 46 46 ns
tH G to Pad Low 65 65 ns
[ Delta Low to High 0.06 0.11 ns/pF
L Delta High to Low 0.11 0.08 ns/pF
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A1280-1 Timing Characteristics T—“‘ 19-11 ;

Propagation Delays (Voc = 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
tro1 Single Module Critical Net 39 43 48 53 - ns
teo1 Single Module Typical Net 49 63 57 7.0 10.0 ns
tep2 Dual Module Critical Net 75 80 85 9.0 - ns
tep2 Dual Module Typical Net 79 83 87 100 13.0 ns
tco Sequential Clk to Q Critical Net 39 43 48 53 - ns
o Sequential Clk to G Typical Net 49 53 57 70 10.0 ns
teo LatchGto Q Critical Net 39 43 48 6.3 - ns
tco Latch Gto Q Typical Net 49 53 6.7 70 100 ns
teo Asynchronous to Q Critical 39 43 48 53 - ns
%o Asynchronous to G Typical 49 53 57 70 10.0 ns

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

) Commerclal Industrial Military
Parameter Deacription Min. Max. Min. Max, Min. Max. Units
tsup Fiip-Flop (Latch) Data input Setup 0.4 05 1.0 ns
tsuasyn Flip-Flop (Latch) Asynchronous input Setup 1.0 15 20 ns
tp Flip-Flop (Latch) Data Input Hold 0.0 00 0.0 ns
tsueNA Flip-Flop (Latch) Enable Setup 10 15 20 ns
tena Flip-Flop (Latch) Enable Hold 0.0 00 0.0 ns
wotia Flip-Flop (Latch) Clack Active Puise Width 40 45 50 ns
twasN Flip-Flop (Latch) Asynchronous Pulse Width 4.0 45 50 ne
ta Flip-Flop Clock Input Period 15.0 18.0 20.0 ns
ton Input Buffer Latch Hold 20 26 25 ns
sy Input Buffer Latch Setup -25 -30 -35 ns
touth Output Buffer Latch Hold 0.0 00 0.0 ns
toutsu Output Buffer Latch Setup 04 05 10 ns
faax Flip-Flop (Latoh) Clock Frequency 65.0 60.0 50.0 MHz
Notes:
1. Data applies to macros based on the sequential (S-type) module. Timing 2. Setup and hold timing parameters for the Input Buffer Latich are
ters 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 {o the G input
subtracts (adds) to the internal setup (hold) time.
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ACT 2 FPGAs
A1280-1 Timing Characteristics (continued) T-46~19—-11
1/O Buffer Timing (Voc = 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 65 59 74 105 ns
tinyL Pad to Y Low 5.9 6.4 6.8 7.3 10.4 ns
tinaH G to Y High 6.1 6.5 5.9 74 105 ns
tinaL GtoY Low 5.9 6.4 6.8 7.3 104 ns

Global Clock Network (Voo = 5.0V, T, = 25°C; Process = Typical; Derating Required) .
Parameter Description FO = 32 FO = 128 FO =384 Units

tekn Input Low to High 7.8 8.7 104 ns

ok Input High to Low 78 88 10.6 ns

towH Minimum Puise Width High 40 45 5.0 ns

towL Minimum Pulse Width Low 40 45 5.0 ns

toksw Maximum Skew 05 1.0 25 ns

tsuexr Input Latch External Setup! 0.0 0.0 0.0 ns

T Input Latch Exteral Hold' 7.0 8.0 12 ns ’
tp Minimum Period 114 120 13.0 ns

fmax Maximum Frequency 89.0 83.0 77.0 MHz

Note:

1. Derating does not apply to this parameter.

Qutput Butfer Timing (Voo = 5.0V, T, = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
toy Data to Pad High 46 6.7 ns
tor Data to Pad Low 6.5 49 ns
tenzH Enable Pad Z to High 8.3 8.3 ns
tenz Enable Pad Z to Low 65 55 ns
tenHz Enable Pad High to Z 45 45 ns
tenz Enable Pad Low to Z 6.0 6.0 ns
tarn G to Pad High 46 46 ns
teht G to Pad Low 6.5 65 ns
dnn Deita Low to High 0.08 0.1 ns/pF
AL Delta High to Low 0.1 0.08 ns/pF
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T-46-19-11
A1240 Timing Characteristics PRELIMINARY DATA
Propagation Delays (Vcc = 5.0V. T, = 25°C; Process = Typical; Derating Required)
Parameter Description Output Net FO =1 FO=2 FO=3 FO=4 FO=8 Units
teo1 Single Module Critical Net 39 43 48 53 - ns
tep1 Single Module Typical Net 49 53 87 70 10.0 ns
tep2 Dual Module Critical Net 75 80 85 9.0 - ns
teDz Dual Module Typical Net 79 83 87 100 130 ns
o Sequential Clk to Q@ Critical Net 39 43 48 53 - ns
o Sequential Cik 10 O Typical Net 49 53 57 7.0 100 ns
tco LatchGto Q Critical Net 39 43 48 53 - ns
teo LatchGto Q Typical Net 49 53 57 7.0 100 ns
tro Asynchronous to Q Critical 39 43 48 63 - ns
oo Asynchronous to Q Typical 49 5.3 57 70 10.0 ns

Commeroial Industrial Military
Parameter  Description Min. Max. Min. Max. Min. Max. Units
tsup Flip-Flop (Latch) Data input Setup 0.4 05 1.0 ns
tsuasvn 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 10 15 20 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
tworka Flip-Flop (Latch) Clook Active Pulse Width 40 45 50 ns
twasyn Flip-Flop (Latch) Asynchronous Pulse Width 4.0 45 50 ns
ta Flip-Flop Clock Input Period 15.0 18.0 20.0 ns
tine Input Buffer Latch Hold 20 25 26 ns
tnsy Input Buffer Latch Setup -25 -3.0 -35 ns
tou Output Buffer Latch Hoid 0.0 0.0 0.0 ns
toutsu Output Buffer Latch Setup 04 05 10 ns
fmax Flip-Flop (Latch) Clock Frequency 66.0 56.0 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 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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_ ACT 2 FPGAs

T~46=-19-11
A1240 Timing Characteristics (continued) PRELIMINARY DATA
YO Butfer Timing (Vog = 5.0 V; T, = 25°C; Process = Typical; Derating Required)
Parameter Description FO=1 FO =2 FO=3 FO =14 FO =8 Units
tinyH Pad to Y High 6.1 65 59 74 105 ns
iyl Padto Y Low 5.9 6.4 6.8 7.3 104 ns
tingH G oY High 6.1 65 5.9 74 105 ns
tnaL GtoY Low 59 6.4 6.8 7.3 10.4 ns

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

Parameter Description FO = 32 FO = 128 FO =256 Units
toxH Input Low to High 9.1 10.1 112 ns
tow Input High to Low 9.1 10.2 1.3 ns
town Minimum Pulse Width High 4.0 45 5.0 ns
tewL Minimum Pulse Width Low 4.0 45 50 ns
toksw Maximum Skew 05 1.0 25 ns
tsuexr Input Latch External Setup? 0.0 0.0 0.0 ns
Yusr Input Latch External Hold? 7.0 8.0 112 ns
te Minimum Period 11 115 118 ns
faax Maximum Frequency 90.0 87.0 85.0 Mz
Note:

1. Derating does not apply to this parameter.

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

Parameter Description TTL CMOS Units
towH Data to Pad High 46 67 ns
tomL Data to Pad Low 65 49 ns
tenzn Enable Pad Z to High 83 83 ns
tenzL Enable Pad Z to Low 55 585 ns
tennz Enable Pad High to Z 45 45 ns
tenz Enable Pad Low to Z 6.0 6.0 ns
tatH G to Pad High 46 46 ns
tam G fo Pad Low 85 65 ns
dny Delta Low to High 0.06 0.11 ns/pF
[<};7R Delta High to Low 0.11 0.08 ns/pF
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A1240-1 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
tep1 Single Module Critical Net 35 39 43 48 - ns
tpo1 Single Module Typical Net 44 48 5.1 8.3 90 ns
tep2 Dual Module Critical Net 75 8.0 85 9.0 - ns
trp2 Dual Module Typical Net 74 78 8.1 9.3 120 ns
tco Sequential Cik to @ Critical Net 35 39 43 48 - ns
o Sequential Clk to Q@ Typical Net 44 48 6.1 63 2.0 ns
tco Latch Gto Q Critical Net 35 39 43 48 - ns
teo Latch Gto Q Typical Net 44 48 5.1 6.3 920 ns
teo Asynchronous to Q Critical 35 39 43 48 - ns
tep Asynchronous to @ Typical 44 48 5.1 6.3 9.0 ns
Sequential Timing Characteristics (Over Worst-Case Recommended Operating Conditions; No Further Derating Required)
Commercilal Industrial Military

Parameter  Description Min. Max. Min. Max. Min. Max. Units
tsup Flip-Flop (Latch) Data Input Setup 04 05 1.0 ns
{suasyn Flip-Flop (Latch) Asynchronous Input Setup 1.0 1.5 20 ns
o Flip-Flop (Latch) Data Input Hold 0.0 0.0 ) 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 10 15 20 ns
tHENA Flip-Flop {Latch) Enable Hold 00 0.0 0.0 ns
tweLka Flip-Flop (Latch) Clock Active Pulse Width 40 45 5.0 ns
twasYN Fiip-Flop (Latch) Asynchronous Pulse Width 4.0 45 50 ne
ta Flip-Flop Clock input Period 13.0 150 18.0 ns
o Input Buffer Laich Hold 20 25 25 ns
tivsu Input Buffer Latch Setup 25 -3.0 ) -35 ns
tourm Output Buffer Latch Hold 0.0 00 0.0 ns
toutsy Output Buffer Latch Setup 0.4 0.5 1.0 ns
faax Flip-Flop (Latch). Clock Frequency 75.0 66.0 55.0 MHz
Notes:
1. Data applies to macros based on the sequential (S-type) module. Timing 2. Setup and hold timing parameters for the Input Buffer Latch are

parameters for scquential 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) o the internal setup (hold) time.
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) ACT 2 FPGAs
A1240-1 Timing Characteristics (continued) PRELIMINARY DATA
1/O Butfer 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 5.5 59 5.3 6.7 95 ns
tinvL Pad to Y Low 5.3 5.8 6.1 6.6 94 ns
tiNGH G to Y High 55 59 53 6.7 95 ns
tinaL GloY Low 53 58 6.1 6.6 94 ns

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

Parameter Description FO = 32 FO = 128 FO =256 Units
toxn Input Low to High 78 87 93 ns
ton Input High to Low 7.8 88 9.4 ns
tewn Minimum Pulse Width High 40 45 5.0 ns
tewL Minimum Pulse Width Low 40 45 8.0 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 1.2 ns
tp Minimum Period 9.1 195 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 (Voo = 50V: T, = 25°C; Process = Typical; Derating Required)

Parameter Description TTL CMOS Units
torn Data to Pad High 46 6.7 ns
tone Data to Pad Low 6.5 49 ns
tenzH Enable Pad Z to High 83 8.3 ns
tenz Enable Pad Z to Low 6.5 5.5 ns
tenHz Enable Pad High to Z 45 45 ns
tenz Enable Pad Low to Z 6.0 6.0 ns
tatn G to Pad High 46 4.6 ns
taHL G to Pad Low 6.5 6.5 ns
dny Delta Low to High 0.06 0.11 ns/pF
"% Deita High to Low 0.11 0.08 ns/pF
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T—46-19-11
A1225 Timing Characteristics PRELIMINARY DATA
Propagation Delays (Voc = 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
tp1 Single Module Critical Net 39 43 48 53 - ns
trot Single Module Typical Net 49 53 57 70 10.0 ns
tep2 Dual Module Critical Net 75 8.0 85 9.0 - ns
tpp2 Dual Module Typical Net 79 83 87 10.0 13.0 ns
tco Sequential Clk to Q Critical Net 39 43 48 63 - ns
tco Sequentlal Clk to Q Typical Net 49 53 67 7.0 100 ns
o LatchGto Q Critical Net 39 43 48 53 - ns
o LatchGto Q Typical Net 49 53 6.7 70 10.0 ns
ten Asynchronous to Q Critical 39 43 48 53 - ns
L°%) Asynchronous to Q Typical 49 53 5.7 70 100 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
o Flip-Flop (Latch) Data Input Hold 0.0 0.0 ns
suENA Flip-Flop (Latch) Enable Setup 10 15 ns
tHENA Fiip-Flop (Latch) Enable Hoid 0.0 0.0 ns
tweua Flip-Flop (Latch) Clock Active Pulse Width 4.0 45 ns
twasyn Flip-Flop (Latch) Asynchronous Pulse Width 4.0 45 ns
ta Flip-Flop Clock Input Period 13.0 150 ns
taw Input Buffer Latch Hold 20 25 ns
tisu Input Buffer Latch Setup -25 -30 ns
toumd Output Buffer Latch Hold 0.0 0.0 ns
toursu Output Buffer Latch Setup 04 05 ns
fuax Flip-Flop (Latch) Clock Frequency 750 66.0 MHz
Notes:
1. Data applics to macrosbased on theaequentml(&type) module. Timing 2. Setup and hold timing parameters for the Input Buffer Laich are
parameters for sequential macros constructed from C-type modules can defined with respect to the PAD and the G input. External s
be obtained from the ALS Timer utility. timing parameters must account for delay from an external PAD signal

fo 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
T-46-19-11

A1225 Timing Characteristics (continued) PRELIMINARY DATA
17O Buffer Timing (Voe = 5.0 V. T; = 25°C; Process = Typical; Derating Required)
Parameter  Description FO =1 FO =2 FO=23 FO=4 FO=8 Untts
tivH Pad to Y High 6.1 65 59 74 105 ns
Ty Pad to Y Low 59 6.4 68 73 10.4 ns
tingH G to Y High 6.1 6.5 5.9 7.4 105 ns
tinaL GtloY Low 59 64 6.8 73 10.4 ns

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

Parameter Description FO = 32 FO = 128 FO =256 Units
toxH Input Low to High 78 8.7 9.3 ns
tox Input High to Low 78 88 9.4 ns
tewH Minimum Puise Width High 45 5.1 55 ns
tew Minimum Pulse Width Low 45 51 55 ns
toksw Maximum Skew 05 1.0 25 ns
tsuext Input Latch External Setup! 00 00 0.0 ns
text Input Latch External Hold! 7.0 8.0 11.2 ns
tp Minimum Period 9.1 95 10.0 ns
fmax Maximum Frequency 1100 105.0 100.0 MHz
Note:

1. Derating does not apply to this parameter.

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

Parameter Description TTL CMOS Units
ton Data to Pad High 46 6.7 ns
tonL Data to Pad Low 6.5 4.9 ns
tenzH Enable Pad Z to High 8.3 83 ns
tenzL Enable Pad Z to Low 5.5 55 ns
tenHz Enable Pad High to Z 45 45 ns
teniz Enable Pad Low to Z 6.0 6.0 ns
ta G to Pad High 46 46 ns
taHL G to Pad Low 65 6.5 ns
drn Delta Low to High 0.06 0.11 ns/pF
dru Delta High to Low 0.11 0.08 ns/pF
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A1225-1 Timing Characteristics PRELIMINARY DATA
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 Unhs
tept Single Module Critical Net 35 39 43 48 - ns
teot Single Module Typical Net 44 48 51 6.3 9.0 ns
tepz Dual Module Critical Net 75 80 85 90 - ns
topz Dual Module Typical Net 74 78 8.1 9.3 120 ns
too Sequential Clk to Q Critical Net 35 39 43 48 - ns
too Sequertial Cik t0 Q Typical Net 44 48 5.1 63 9.0 ns
teo Laich G0 Q Critical Net - 35 39 43 48 - ns
tao Latch G o Q Typical Net 44 48 51 63 2.0 ns
top Asynchronous to Q Critical 35 39 43 48 - ne
tp Asynchronous 1o Q Typical 44 48 5. 63 9.0 ne

Sequential ﬂmiﬁg 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 04 05 ns

tsuasy Flip-Flop (Latch) Asynchronous Input Setup 1.0 15 ns

%o 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

twewka Flip-Flop (Latoh) Clock Active Pulse Width 4.0 45 ns

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

ta Flip-Flop Clook Input Period 1.7 133 ns

tNH Input Buffer Latch Hold 20 25 ns

tnsu Input Buffer Latch Setup -25 -30 ns

toutH Output Buffer Latch Hold 0.0 0.0 ns

toutsu Output Buffer Latch Setup 0.4 05 ns

fuax Flip-Flop (Latch) Clock Frequency 85.0 75.0 MHz

Notes: ’ '

1. Data applies to macros based on the sequential (S-type) module. Timing 2. Setup and hold timing parameters for the Input Buffer Latch are
parameters for scquential 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 (ho!d) time.




ACTEL CORP S3E D N 0192496 0DOOY35 1TD EWACT

ACT 2 FPGAS
T=46-19~11

A1225-1 Timing Characteristics (continued) PRELIMINARY DATA
1/O Buffer Timing (Voe = 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 5.3 6.7 95 ns
tivL Pad to Y Low 563 58 6.1 6.6 94 ns
tingH G to Y High 55 59 5.3 67 95 ns
tnaL . GtoYtlow 53 58 6.1 6.6 94 ns

Global Clock Network (Voc = 5.0 V: T, = 26°C; Process = Typical; Derating Required)

Parameter Description FO = 32 FO = 128 FO =256 Units
tewn Input Low to High 7.0 78 86 ns
tox Input High to Low 7.0 78 86 ns
towH Minimum Pulse Width High 42 45 5.0 ns
) Minimum Pulse Width Low 42 45 5.0 ns
toksw Maximum Skew 05 1.0 25 ns
tsuexT Input Latch External Setup’ 0.0 0.0 0.0 ns
thexr Input Latch External Hold! 7.0 8.0 11.2 ns
tr Minimum Period 8.3 87 8.1 ns
fmax Maximum Frequency 120.0 115.0 110.0 MHz
Note:

1. Derating does not apply to this parameter.

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

Parameter Description TTL CMOS Units
toLH Data to Pad High 46 6.7 ns
tomL Data to Pad Low 6.5 49 ns
tenzn Enable Pad Z to High 83 83 ns
tena 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
o G to Pad High 46 46 ns
taHL G to Pad Low 6.5 6.5 ns
dry Delta Low to High 0.06 0.1 ns/pF
AL Delta High to Low 0.1 0.08 ns/pF
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Macro Library T-46-19-11

Overview The macros are divided into four categories: I/O Macros, Hard

The following tables describe ACT 2 m hich are building Macros (Combinable and Non-Combinable), Soft Macros, and

blocks for designing FPGAs with the ALS and your CAE inter-
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face.
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:
Q = <!> (<> CLKor G, <data equation>, <> CLR, <!> PRE)
Operator Symbol
<|> 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 mcans 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
IO Macros
Macro Name No. of Modules Description
1o 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 1 Bidirectional with Input Dedicated to Clock Network
CLKBUF 1 1 Input for Dedicated Clock Network
OBDLHS 1 Output with Output Latch
OBHS 1 Output
OUTBUF 1 Output
TBDLHS 1 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 FPGAs

TTL Macros T-46-19-11
ic Level No. of Modules

Macro Name Description Log| vels Soq. Comb.
TAOD 2-input NAND 1 1
TA02 2-input NOR 1 1
TAO4 Inverter 1 1
TAO? Butfer 1 1
TAO8 2-Input AND 1 1
TA10 3-input NAND 1 1
TAN 3-input AND 1 1
TA20 4-input NAND 1 2
TA21 4-input AND 1 1
TA27 3-input NOR 1 1
TA32 2-input OR 1 1
TA40 4-input NAND 1 2
TA42 4 1o 10 decoder 1 10
TA51 AND-OR-Invert 1 2
TA54 4-wide AND-OR-Invert 2 5
TASS 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 [}
TA151 8 to 1 multiplexor with enable and active low outputs 3 5
TA163 4 10 1 multiplexor 2 2
TA154 4 to 16 decoder 2 2
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
TA176 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 Octel register with active low enable 1 8
TA688 8-bit identity comparator 3 9
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Soft Macros T-46-19-11
" N o Level No. of Modules
Function Description acro Name Log ] Yoy o,
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, canry in, and carry out UDCNT4A 5 4 13
Counters very fast 16-bit down counter VCNT16C 1 34 3
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 VCNTAC 1 4 8
4-bit down counter, low order bits VCNTACL 1 4 7
2 10 4 decoder DEC2x4 1 4
2 to 4 decoder with active low outputs DEC2X4A 1 4
3 10 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 DECA4X16A 2 20
2 10 4 decoder with enable DECE2X4 1 4
2 to 4 decoder with enable and active low outputts DECE2X4A 1 4
3 1o 8 decoder with enabie DECE3X8 2 1
3 to 8 decoder with enable and active low outputs DECE3X8A 2 "
octal latch with clear DLC8A 1 8
octal latch with enable DLES 1 8
Registers octal latch with muttiplexed 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 FADDS 3 4
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 97
4-bit identity comparator ICMP4 2 5
8-bit identity comparator ICMP8 3 6
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
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ACT 2 FPGAs
1-46-19-11
Combinable Hard Macros 1 (for DF1, DF1B, DFC18B, DFC1D, DL1, DL1B, DLC, and DLCA)
No. of Modules
Function Description Macro Name Equation(s) —_—
Seq. Comb.
AND2 Y=A8B 1
. AND2A Y=1AB 1
AND Zinput AND2B Y =1A1B 1
AND3B Y=!AIBC 1
AND-OR AO1A Y= ({{AB) +C
AO1D Y =(A!B)+C
AND-OR Invert AOID Y = {{(!{A1B) + !C) 1
BUF Y=A 1
Buffers and BUFA Y = I(!A) 1
inverters INV Y=1A 1
INVA Y=IA 1
GAND2 Y=AG 1
Clock Net GNOR2 Y =YA+G) 1
GOR2 Y=A+G 1
Multiplexor 21 MX2 Y=(AIS)+ (BS) 1
2-input NAND2A Y = (A B) 1
NAND NAND2B Y = {'A!B) 1
3-input NAND3C Y = I({A!BIC) 1
NOR2 Y =lA + B) 1
o 2-input NOR2A Y = I(IA + B) 1
NOR NOR28 Y = (1A +!B) 1
3-input NOR3A Y=l{({A+B+C) 1
OR-AND OA1 Y=A+BC 1
2rinput OR2 Y=A+8B 1
OR OR2A Y=!A+B 1
3-input OR3 Y=A+B+C 1
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Jois! |
T—46~19~
Combinable Hard Macros 2 (for DF1, DF1B, DFC1B, DFC1D, DL1, and DL1 B) 4'6 ;9 11
No. of Modules
Function Description Macro Name Equation(s)
Seq Comb.
AND3 Y=ABC 1
3-input AND3A Y =1ABC 1,
AND AND3C Y = IAIBIC 1
AND4B Y= IAIBCD 1
4dnput ANDAC Y=1ABICD 1
AO1 Y=@AB+C 1
AO1B Y= (AB) + (IQ) 1
AO1C Y = ((1A) B) + (IC) 1
AO1E Y=(AB)+IC 1
A0 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
AQC Y={(AB) +IC+D 1
AO2D Y=(AB)+IC+D 1
AO3 Y=(ABC)+D 1
AO3B Y=(ABC) +D 1
AO3C Y=(ABIC) + D 1
AG4A Y =(ABC)+ (ACD) 1
AOSA Y=(AB)+(AC) +D 1
AOHA Y=Y{AB) + O 1
AolB Y = {(AB) + IC) 1
AND-OR Invert AONC Y = {(IA1B) + ©) 1
AOI2A Y = }(AB) + C + D) 1
AOI3A Y = I{(IA 1B IC)+ (1A 1D) 1
Exclusive OR XNOR, AND-XOR AX1B Y=(A1B)~ C 1
Boolean cs2 Y=HA+S)BC+({A+8BD 1
crz8 Y = A1B1 + (A0+BO0) A1 + (AO+B0) B1 1
GMX4 Y = (D0 !S01G) + (D1 1G S0) 1
Clock Net + (D2 G IS0} + (D3 SO G)
Interface GNAND2 Y =1AG) 1
GXOR2 Y=A"G 1
AND-OR MAJ3 Y=(AB) + (BC) + (AC) 1
MX2A Y = (1A1S) + (BS) 1
) MX2C Y=(AlS) + (IBS) 1
Multiplexor -
41 MX4 Y= (DO 1S0 !31) + (D1 S0 !$1) 1
+ (D2 1S0 S1) + (D3 S0 S1)
2-input NAND2 Y = |{AB) 1
3 NAND3A Y =1ABC) 1
NAND nput NAND3B Y = ('ABC) 1
#input NAND4C Y = {{AIBICD) 1
NAND4D Y = I('A 1B IC ID) 1
NOR3 Y={A+B+CQ) 1
3-input NOR3B Y=I(A+1B+C) 1
NOR NOR3C Y =1(lA + 1B + 1C) 1
#input NOR4A Y=1{(A+B+C+D) 1
NOR48B Y=I1A+1B+C+D) 1
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ACT 2 FPGAs
Combinable Hard Macros 2 (continued) (for DF1, DF1B, DFC1B, DFC1D, DL1, and DL1B) T-46-19-11
No. of Modules
Function Description Macro Name Equation(s)
Seq. Comb.
OA1A Y=(A+B)C 1
OA1B Y = (A + B) (!C) 1
oA1C Y = (*A + B} (1C) 1
0A2 Y=(A+B)(C +D) 1
OR-AND OA2A Y = (A + B) (C+ D) 1
OA3 Y=(A+BCD) 1
OA3A Y = ((A + B)!ICD) 1
OA4 Y=(A+B+CD 1
OA4A Y={(A+B+!C)D) 1
OA5 Y = (A+B+C)A+D) 1
0OAl Y =!{A+B)C) 1
OR-AND Invert OAI2A Y =YA+B+C)ID) 1
OAIZA Y=1{(A+B)ICID) 1
W Vo 1
oR = A+ 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
Exclusive OR XO1A Y=W{A"B+C 1
XNOR Y = {{A ~ B) 1
XNOR, AND-XOR XA1 Y=(A~BC 1
XA1A Y=1A~B)C 1

-
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'"

Non-Comblnable Hard Macros T-46-19-11
No. of Modules
Function Description Macro Name Equation(s) s—.q_b_
AND4 Y=ABCD 1
4-input AND4A Y =(ABCD) 1
AND AND4D Y =IAIBICID 2
5-nput ANDSB Y=IAIBCDE 1
2-nput OR2B Y=1a+1B 1
3-nput OR3C Y=1A+1B+IC 1
OR OR4B Y=WA+1B+C+D 1
4-input OR4C Y=A+B+IC+D 1
OR4D Y=1a+1B+!C+ D 2
S-input ORSB Y=A+B+C+D+E 1
Zinput NAND3 Y=14ABOC) 1
NAND4 Y =ABCD) 2
NAND 4nput NAND4A Y = (ABCD) 1
NAND48 Y = (A1BCD) 1
S-input NANDSG Y= A'BICDE) 1
NOR4 X=1{A+B+C+D) 2
No 4input NOR4C Y = 1A+ 1B+ 1C+D) 1
R , NOR4D Y =1(A + 1B + IC + D) 1
S-input NORSC Y=YA+1B+IC+D +E 1
AX1 Y=(AB)~C 1
Exclusive OR XNOR, AND-XOR AX1A Y=1(AB) ~ C 2
AXIC Y=(AB~C 1
AO2E Y=(A1B)+1C+ 1D 1
AO3A Y=(ABC +D 1
AO6 Y=AB+CD 1
AND-OR AO6A Y=AB+CID 1
AO7 Y=ABC+D+E 1
AO8 Y=(AB) + (ICID) + E 1
A9 Y=(AB)+C+D+E 1
AO10 Y=@AB+C)D+E 1
A0l Y=1{AB + O 1
AND-OR Invert AOIZB Y = {{1AB) + IC + D) 1
AOI4 Y=1{AB) + (C D)) 2
AOMA Y = {{AB + 'CD) 1
OR-AND 0A38 Y = ({!A + B) ICD) 1
OR-AND Invert oAI3 Y = (A + B)CD) 1
Multiplexor 211 MX28 Y=(A1S) + (BS) 1
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ACT 2 FPGAs
Non-Combinable Hard Macros (continued) T-46—-19-11
Equatl No. of Modules
i D ! Macro Name uation(s;
Function escription ro Nam q (s) Seq. p—
CO=AB
A 2
HAY s=A"B
HATA Co=!AB 2
S=!(A ~ B)
half CO=!AB)
=: 2
HA1B S=1h ~ B)
CO=YAB) 2
HA1C S=(A~B)
Adders CO=(CI'BA) + (A1B) + (BCIA)
FA1A S$=(B'AICl) + (CO'ACI) + (COA!IC) 2
+ (BACI)
FA1B CO=!A(B + B Cl) + A(!BCI) 2
full $=1A(ICI CO + CIB) + A(ICI B + CI CO)
CO=(CI !B {{AO+A1)) + (!B (AO+A1))
FAZA + (B Cl (AO+A1)) 2
S=(B |(A0+A1) ICl) + (CO 1(AD+A1) Cl)
+ (CO(AD+A1) ICI) + (B{AO+A1)CI)
cs1 Y=WA+SB)C+D(A+SB) 1
CY2A Y = A1 B1 + A0 BOAT + A0 BO Bt 1
Boolean MXT Y=(1S1 (!S0A DO) + (SOA D1)) 2
+ (S1 (IS0B D2 + SOB D3))
MXC1 Y=1(SA+SBC+(SA+SB)D 2
DF1 Q = (CLK, D, -, -] 1
DF1A QN = YCLK, D, -, - 1
DF1B Q = (ICLK, D, -, -) 1
DF1C QN = Y(ICLK, D,- - 1
DFC1 Q=(CLK. D, CLR, -) 1 1
DFC1A Q=(ICLK, D, CLR, -) 1 1
with clear DFC1B Q = (CLK, D, ICLR, -} 1
DFCID Q = (ICLK, D, ICLR, -) 1
D-type DFCIE QN = {(CLK, D, ICLR, -) 1 1
Flip-Flops DFC1G QN =(ICLK, D, ICLR, -) 1 1
DFE Q=(CLK.'EQ + ED, -, -) 1
DFE1B Q=(CLK, IED + EQ, -, - 1
DFE1C Q=(!CLK.D 'E + QE, -, - 1
with enable DFE3A Q=(CLK.DE + QIE, ICLR, -) 1
DFE3B Q=(ICLK,DE + Q!E, !CLR, -) 1
DFE3C Q=(CLK.D !E + QE, ICLR, -) 1
DFE3D Q=(!CLK,D !E + QE, !CLR, -) 1
DFEA Q=(ICLK,'EQ + ED, -, - 1 1
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T -] Qo
Non-Combinable Hard Macros (continued) —46-19 11
No. of Modules
Function Description Macro Name Equation(s) W
DFM Q= (CLK.AIS +BS, -, - 1
DFM1B ON = {{CLK,A!S + BS, -. -) 1
DFM1C QN = J(ICLK, A!S + BS, -, - 1
DFM3 G=(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 QN = }{CLK,!A IS + !B S, -, IPRE) 1
with multiplexed data DFM4D OGN = I(ICLK,A IS + B S, -, IPRE) 1

Q = (CLK, (DO IS0 151 + D180 151

DFMGA + D21S0S1 + D3 S0 S1), ICLR, -) 1
0 = (ICLK, (DO IS0 1S1 + D150 IS1
DFM6B + D21S0§1 + D3 S0 81), ICLR, -) 1
DFMZA Q = (CLK, ICLR, (DO SO + D1S0) (S10 + S11)
+ (D21S0 + D3 S0) (S10 + S11))
%gPF?bps DFM7B Q = (ICLK, ICLR, (DO IS0 + D180) Y(S10 + S11)
{continued) + (D2 S0 + D3 S0) (S10 + S11))
DFMA Q = (ICLK,AIS + BS, -, - 1
DFMB Q = (CLK.A!S + BS, ICLR, ) 1
DFME1A Q=(CLK, IEAIS + IEBS + EQ, -, - 1
DFP1 Q = (CLK. D, -, PRE) 2
DFP1A 0 = (ICLK, D, -, PRE) 2
DFP1B Q = (CLK, D, -, IPRE) 2
with proset DFP1C ON = I(CLK, D, -, PRE) 1 1
DFPID Q = (ICLK, D, -, 1PRE) 2
DFP1E ON = }(CLK, D, -, !PRE) 1
DFPIF @ = (ICLK, D, -, PRE) 1 1
DFPIG GN = Y(ICLK, D, -, IPRE) 4
with clear DFPC Q = (CLK, D, CLR, PRE) 2
and preset DFPCA Q = (ICLK, D, ICLR, PRE) 2
JKF Q=(CLK,10J + QK, -, - 1
JKF1B Q=(ICLK, 10J + QK, -, - 1
JKF2A Q=(CLK, 10J + QK, ICLR, -) 1
JK Fiip-F
b-Flops JKF2B Q=(ICLK. 1GJ + QK, ICLR, -) 1
JKF2C Q=(CLK, 1GJ + QK. CLR, -) 1 1
JKF2D @=(ICLK, 10 J + G K, CLR, -) 1 1
. TF1A Q=(CLK, T!Q + IT Q, ICLR, -) 1
T-type Flip-Fio
type Flip-Flops TF1B Q=(ICLK, T 1Q + ITQ, ICLR, -) 1
DL1 Q=(G.D,-- 1
DL1A ON = !(G,D, -, - 1
DL1B Q=(G,D,-- 1
DLIC ON = {(!G, D, -, - 1
Latch
Data DL2A Q=(G, D, ICLR, PRE) 2
DL2B GN=1(iG, D, CLR, PRE) 2
DL2C Q=(1G, D, ICLR, PRE) 2
DL2D ON=1(G, D, CLR, IPRE) 2
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ACT 2 FPGAS
Non-Combinable Hard Macros (continued) T-46-19-11
No. of Modules
Function Description Macro Name Equation(s) —
Seq. Comb.
DLC Q = (G, D, ICIR, -) 1
pLCA Q= (G, D, CLR, ) 1
DLC1A Q= (G, D, CLR, -) 1
lear .
with o DLCIF ON= !(G, D, CLR, -} 1
DLC1G ON=1(!G, D, CLR, -) 1
DLCA Q = (IG.D, ICLR, -) 1
DLE Q=(G,Q!E + DE, -, - 1
DLE1D ON=1(G, IE D + EQN, -, - 1
DLE2A Q=(G, Q IE + DE, CLR, -) 1 1
DLE2B 0=('G,D!E + QE, ICLR, -) 1
DLE2C Q=(1G,!IED + QE,CLR, -) 1
with enable DLE3A Q=(1G,ED + Q!E, -, PRE) 2
DLE3B Q=(G, 'ED + QE, -, PRE) 1
DLE3C G=(!G, 1ED + QE, -, !PRE) 1
DLEA Q=(G,QE + DIE, -, - 1
DLEB Q=(G, OE + DE, -, - 1
Data latc
ontimed) DLEC Q=(1G. QE + D IE, -, -) 1
DLM Q0=(GA!IS+BS - -) 1
DLM2A 0=(!G,A!S + BS, CLR, -) 1 1
Q = (G, DO S0 1S1 + D1 S0 1S1 + D2 1S0 $1
with multiplexed data DLM3 +D38081, - 1) 1
Q = (!G, D0 180 1S1 + D1 S0 IS1 + D2 S0 St
DLM3A + D3S0S1, -, -)
DLMA Q=(GA!S+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, -, IPRE) 1
DLP1C Q=(!G, D, -, PRE) 1
DLP1D ON = (G, D, -, !PRE) 1
DLP1E QN = G, D, -, PRE) 9
clock
Clock Net Interface CLKINT modules = 1
Tie-Off vee modules = 0
GND modules = 0
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Hard Macro Symbols 1- %‘19"1 1

I/O Butfers
{I/0 Module Count = 1)

PAD

I/O Buffers with Latches

1o ol o o -

TBDLHS BEDLHS
G —G
Yla D
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ACT 2 FPGAs

2-Input Gates T—46—-19-11

(Module Count = 1)
‘ ad
Y Y
AND2A ] Anoze
L%
Al
¥ —G Y
NAND2A 5 | NAND2B
A
Y ORz2B )—Y
¥

il
k&

il
=z
>
-4
k?
N
=<
P&

B
A

> gD 3
o

3-Input Gates
(Module Count = 1)

A Ag Ad Ag
c | c g L4

NAND3C

ulu

AND3 Y
A A AQ
B Y 89 Y B8 Y
o NanD3 o1 NanDza < Nanpss

(el d} d
@
=<
Ol
l O| l .l
QO
< =<
O lm b O |wp
0O e1®
Z
¢] 2
a @
8 [+7}
@
< <
Q|mp> O |m P
l‘..l l...|
@,
< <
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4-Input Gates T—46-19-11
(Module Count = 1)

Q——-t g — A A

— — B Y B Y

a AND4 c AND4A e anpss o ANDAC

D~ D D— D—1
}

<
<

oOO0m>»
|-<
o0o@m>»
)

2

>

<
OOoOm>»
..

o

F4

w

<
OOw>»
l.‘ "
<

{Module Count = 2)
A A— A=O A
B—0) v B Y
S AND4D o™ nanps o4 ore p W.
D o— e D

A Indicates extra delay input

<
T
<

5-Input Gates
{Module Count = 1)

ANDSB ORSB NANDSC

{I:J
5

Buffers
(Module Count = 1)

>
<
>
<
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ACT 2 FPGAs

T-46-19-11

XOR Gates (Module Count = 1) XOR-OR Gates (Module Count = 1) XOR-AND Gates (Module Count = 1)
A
A A
5 S 5) >
C ————————
A A A
D | ) e

AND-XOR Gates
(Module Count = 1)

o= >

A
8
Y ] Y
c
{Module Count = 2)

A
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S3E D MW 0192496 0000450 407 EEACT

AND-OR Gates T~46=-19—-11
{Modute Count = 1)
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ACT 2 FPGAs

AND-OR Gates, continued difamel Qe
{Module Count = 1) T-46=19-11

T
& 44
v
I

f

{Module Count = 2)
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OR-AND Gates T‘%‘l?—-ll

{Module Count = 1)
OA1B }—

y

oAl }—T

onea Y
EY

53E D WE 019249b 0000452 28T EEACT

<

VAWALY
vy Y
0 [0
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ACTEL CORP
ACT 2 FPGAs
Multiplexors e fe1Om
{Module Count = 1) I=46~-19-11
S s S1} S0
DO
A A
Mx2 Y g | wec y D1 v
B o2 MX4
D3
{Module Count = 2)
o St —\‘
Do | MXCA Y c
Y
D1 cs2
D
B
D2 I
A
S
S0B
Latches
{(Module Count = 1)
——D (€] —iDp oND— —lD al— —io oD
DL1 DL1A DLiB DL1C
—e —e —Qe —qs
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D-Latches with Clear T~46~19-11
(Modiule Count = 1)

—Io o — —Io  o}— —1o  o}— —ip  o|—
DLC DLCA DLC1 DLC1A
—la —qaG —G —QaG
CLR CLR CLR CLR

PRE PRE
—° oNO— —1° _oND— —lo  a}— S
DLCIF DLCIG oLP1 LRI
—¢ —qe —a —a
CLR CLR

PRE PRE PRE PRE
—0  o}— —{p o}— —]D ONOD— —D> OND—
DLP1B OLPIC DLPID : OLP1E

—G —(e —]6 —Jea

(Module Count = 2)

| b | b

PRE PRE PRE PRE
—D or— —]0 OND— —]D Qp— —1i0 aoNpD—
DL2A Di2B pL2C DL2D

—G —{aG —Ja —a
CLR CLR CLR

v | : |
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ACT 2 FPGAs
D-Latches with Enable _
{(Module Count = 1) T-46=-19-11
—D Ql— —D ol— —iD o— —D ob—
— E DLE —] EDLEA — EDLEB —(] E DLEC
—G —6 —Ja. —Jdea
PRE PRE
—Cp oNO— —]pD o— —D o— —bp ofb— —D Q
—] E DLEID —C] E DLE2B :8 E DLE2C —C] E DLE3B —] E DLE3C
—IG —qG G —(aG — G
CLR CLR
(Module Count = 2) |
PRE
—D Qp— —D al—
—— E DLE2A ——] E DLE3A
—(J G —(a
CLR
Mux Latches
{Module Count = 1)
DLME1A
—JB0 a}— —J0 —
—Ja a 183 —_— ° —A of— 14
o || P —s - O
DLM DLM3 DLM3A DLMA —s
—s —180 —{80 —]s
—si —]s —QE
—G —G —G —Je6 —(Ja
{Module Count = 2)
—A
DLM2A
—s
G cLR
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53E D EE 019249k 000045k 925 EEACT.

Adders

(Module Count = 1)

T-46-19-11
c Y
cst —1B1 —B1
—* cvaal-X —1M ovesl Y
-—B0 0 —B0 1
—A0 —3A0
B—
s..—
A —QA —]A —3A
B —iB —1B —8
col— cop—- coO— copD—
s}— s}— D— sp—
HA1 HA1A HA1B HA1C
—da —Ja —n
B —IB —(J At
—Qdoa coph— —Jo copp— —J8 cOp—
AS|— ASH— —Qc  As|—
FAIA FAIB FA2A

- Macros FA1A, FA1B, and FA2A have two level delays from the inputs to the S outpists, as indicated by the A

D-Type Flip-Flops
{Module Count = 1)

DF1

D QN

DF1A

D
DF1B

DF1C
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ACT 2 FPGASs
D-Type Flip-Flops with Clear
{(Module Count = 1) T=46= 19-11
—D Qp— —D Q—
DFC1B DFC1D
EE— Q —
CLR CLR
{Module Count = 2)
—D Q— —D ON|— —1iD ON[D— —D OND—
DFC1 DFC1A DFCIE DFC1G
— —q — —q
CLR CLR CLR CLR
D-Type Flip-Flops with Preset
(Module Count = 1) J) (L
PRE PRE
—]D oND— —D OND—
DFP1E DFP1G
— —Q
(Module Count = 2)
PRE PRE PRE PRE
—D Ql— —D Ql— —J0 Qf— —{D OND—
DFP1 DFP1A DFP1B DFPIC
—_— _O p—— pu—
PRE PRE
—D Ql— —4D OoND—
DFP1D DFP1F
—q —0
D-Type Flip-Flops with Preset and Clear
{Module Count = 2) I l
PRE PRE
— QF— —D ol—
DFPC DFPCA
—p —P
CLR CLR

7 T
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D-Type Flip-Flops with Enable ’
(Module Count = 1) 1~&6‘19"11
—]D op}— —]D o}— —iD Q D al—
-— E DFE —— EDFEA —] E DFE1B —(] E DFEIC
— —(Q —p —p ok
—D o}— D ob— —1D Q D ofb—
— E DFE3A E DFE3B —] E DFE3C E DFE3D
—> CIK CLK — CLK CLK
CLR CLR CLR CLR
JK Flip-Flops
{Module Count = 1)
JKF1B JKF2A
— ol— J or— ]y af—
—> JKF CLK — b oK
—(k K O L
CLR

(Module Count = 2)

JKF2C
J af—
CLK
K
CLR
Toggle Fllp-Flops
{Module Count = 1)
—_T of— —T of—
TFIA TFB
— cr - o
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ACT 2 FPGAs

Mux Flip-Flops e
{(Module Count = 1) T-46-19-11

—]aA — A —a
—]s @ —8B @ —B e
DFM DFMA DFMB
—1s —s —_s
> —CP —P cr
DFM7A DFM78
D0 G }b— 0 Op}— 0 O}9— —TIa
o1 —bi 1
D2 b2 D2 —B QFb—
3 —1p3 —1p3 DFME1A
S{]DFMSB — g}? _§5)(1) —s
—81 3o — ———(J E
—CP CLR —P o > CLK —P CLK
? CLR CLR
—Ta al— PRE PRE
——2 aNO— —Q aNO— B —]A ToND— —A  ONOD—
1B DFM1C DFM3B s s
DFM —1s DFM4C DFM4D
—s —1s —Ob> oK —1s —s
—P cix —Q> CiK P CLR —>CLK —C> CLK
(Module Count = 2)
—Ta [) - —{a ol—
—B —8
DFM3 DFM3E
3 >
—> CLK CLK
CLR CLR

CLKBUF Interface Macros
{Module Count = 1)

A A A A

gl |so
Do
A
o Y D1 ] y A v
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) T-46-19-11
1 2 3 4 56 7 8 91011 12 13 14 15
AlOODOOO0OO0O0O000O0O0000O0]|A
JloNeNoNeNoNoNoNoNoNoNo o N NONO] -
[eNeNoNeNesRoNoNeNoNoNoNoNoNo Nol N
Ll {oNeNoNoNeNoNoNoNoNoNoNoNoNONOl )
E|[O O O O N O OO0 O|E
FIOO OO O OO O}F
a|O OO O O O0O0O0|s
H|/O O O O Pady e NeNoNol I
JJOO O O O 000}
kKlOO OO O 000k
t|O OO0\ J O00O0|L
"[oNeNoNoNoNoNoNoNoNeNoNoNoNONOI )]
NOOOOQOOOOOOOOOOOO|N
PIOOOOOO0O000000OOO0O0|P
ROOOOO0OO0O000O0OO0OO0OO0O0OO]|rR
T 2 3 4 56 7 8 9 101 12 13 14 15
Signal Pin No. Location
PRA or /O 162 ce
PRB or /0 160 D7
MODE 2 cs
SDI or 110 135 B14
SDO or 110 &7 P13
DCLK or /0 176 B3
CLKA or /O 154 A9
CLKB or /O 158 B8
GND 1,8, 18, 23, 383, 38, 45, 57, 67, 77, 89, D4, E4, G4, H4, K4, L4, M4, M6, M8, M10, M12,
101, 108, 111, 121, 126, 133, 1485, 156, 165 K12, J12, H12, F12, E12, D12, D10, C8, D6
Voo 13, 24, 28, 52, 68, 82, 112, 116, 140, 155, 170 F4, H3, J4, M5, N8, M11, H13, G12, D11, D8, D5
Vep 110 314
Vey 25, 113 H2, H14
Vis 109 J13
Notes:

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

2. All unassigned pins are available for use as 1/0s.

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

4. Vpp = Ve, except during device programming,
5. Vgv = Vg, except during device programming. °
6. Vs = GND, except during device programming.

[ ]
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ACT 2 FPGAs
Package Pin Assignments: 132-Pin CPGA T=46=-19-11
(Top View)
1 2 3 4 5 6 7 8 9 10 11 12 13
Yoo NoNoNoNONONONONONONONOR Y
-lloNoNoNoNoNoNoNoNoNo NoNONON]
JloNoNoNoNoNoNONONONCRONONON].
p|O OOO (O ON0) OO Qo
E[O OO OO0 Ofe
FIOO OO O OO OfF
(OO O0O O 00 Ola
HO O OO OO0O0O0|H
JJOO O ONONON P
KO OO (O ONO) O O Olk
LOOOOOOOOOOO0OO|L
MOOOOOOOOOOOOO|M
NOOOOOOOOOOOOO]|N
1 2 3 4 5 6 7 8 9 10 11 12 13
Signal Pin No. Location
PRA or I/O 113 B8
PRB or 10 121 Cs
MODE 2 Al
SDior I/O 101 B12
SDO or I/0 65 N12 /
DCLK or I/0 132 Cc3 ¢
CLKA or /O 116 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, LS, K12, J11, E12, EN1,
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 1/O pins are designated as outputs by ALS and are driven low. 4. Vpp = V¢, except during device programming,
2. All unassigned pins are available for use as 1/Os. 5. Vsy = Vcc, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vis = GND, except during device programming.
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Hcls/

Package Pin Assignments: 100-Pin CPGA

53E D BN 019249k 0O004L2 129 EWACT

(Top View) T-46-19-11
1 2 3 &
A[OO0O OO A
B[O O OO B
c|OO0O OO0 c
p|O O OO D
E[O OO E
FIOO OO F
(O OO0 G
H|O O O H
sJJoo OO J
k|[O OOO K
L[O O OO L
1 2 3 &
Signal Pin No. Location
PRA or /O 85 A7
PRB or /O :73 A4
MODE 2 c2
SDior /O 77 cs
SDOor 110 50 J9
DCLK or I/O 100 c3
CLKA or IfO 87 c6
CLKB or 1/0 20 D&
GND 7. 20, 32, 44, 55, 70, 82, 94 E3, G3, J5, J7, G9, D10, C7. C5
Veo 15, 38, 64, 88 F3, K8, F9, B6
Vep 63 F10
Vsv 14, 65 G1,EN
Vis 62 F11
Notes:
1. All unassigned pins are available for use as 1/0s. 4. Vpp = V¢, except during device programming.
2. Unused 1/0 pins arc designated as outputs by ALS and driven low. 5. Vsv = Vcc, except during device programming.

3. MODE = GND, except during device programming or debugging. 6. Vgs = GND, except during device programming.
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ACT 2 FPGAs
i i nts: -Pin CQFP
Package Pin Assignments: 172 Q T-46-19-11
(Top View)
Pin #1
172171170169 168187 168165164 137138136134 133132131 130
P o ——— 1120
2 _l \w T ———J]128
s——— | | ——— V74
sa——— 1 —— 12
sC——— 1125
e—— i | eom— )
———— 1 1123
8 ] [ 122
Py [
PY 172-PIN L]
CQFP °
[ ]
35 | | 95
wsC——— ] | mn—
s C————— T ——— 903
s———= L ————— 82
p—— ] T — 9
o ——" —————1 90
P3| ews— L y———————1 80
Q2rr——— | ——— - -]
ar—— K // 187
————————— AR AR ARRAE
18 1 : i i
44 45 48 47 48 49 50 51 52 79 80 81 82 B3 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 I/ 85
SDl or /O 131
PRA or 1/0 148
PRB or i/O 156
CLKA or I/O 150
CLKB or 1/0 154
DCLK or I/0O 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 igned pins are available for use as 1/Os.

programming or debugging.
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Package Pin Assignments: 160-Pin PQFP T-46-19-11
(Top View) L

1
DCLK or I/0 2

Vec

GND
16
PRB or I/O
7
ClKor 1/O
1 —a1— 102
Ve 20 ] 160-Pin —T— 10t
CLK or /O 21 ——] PQFP —1T 100
2T — e GND
PRA or I/ 23 —r—] o Veo
24 ] ——er
25— —j —r— e
26 I 1195
27 ] o P
28 —IT—] —IT— @3
28 (—ar—j —
GND 30 = "
31— —1r— 90
82 C—r—] & GND
33 C—r— — v 7
84 ] — e I 4
Vee 9 —r—] T8 Voo
98 —Ir—] — 1
8y ——j —
SDi or /O 38 C—II—] 1T 83
39
GND 40
Notes:
1. Unused 1/0 pins are designated as outputs by ALS and are driven low. 4. Vpp = Vc, except during device programming.
2. All unassigned pins are available for use as 1/0s. 5. Vsv = Vcc, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vgs = GND, except during device programming.

1-94




53E D EE 0192496 0000465 933 ERACT

ACTEL CORP
ACT 2 FPGAs
Package Pin Assignments: 144-Pin PQFP T-46-19-11
(Top View)
[a]a]a] g
D00
Z2Z o
855 8888 565 2
833335833583a&ﬁ&aggt;‘!e:ﬂ‘Q‘SEQchcmvnNH
. \\
O
110 37 =] —1— 144 1/0 or DCLK
110 38 —TT 143
39 11— 142
40 —I—] —1r— 14
a1 =] l—1r— 140
42 I [—11— 130
—Tr— 138 GND
GND 44 —r—] —11— 137 GND
GND 45 c—1—] —1— 138 GND
GND 48 —r—] F—1— 135
a7 ——] 1T 134
a8 C—I—] —1r— 133
49 —1T—] —1— 132 |/0 or PRB
50 —I—] 1 134
61 I —— 130 /O or CLKB
52 C—I——] — 11 120
53 C——] —m— 123 ¥cc
Voe 64 =1 —r— cC
v& 55 —TIr—} 144-Pin f=—1r— 126 Vcc
Vec 56 PQFP ——1T—1 125 1/O or CLKA
57 C—II—] T 124
58 C—IT—] —T—1 123 1/0 or PRA
56 —I—] —1r— 122
80 —I—] T 121
61 C—I—] — T 120
62 C——Ir—] /T 119
—1T—1 118 GND
GND 84 C—II—] 1 117 GND
GND 65 —1——] —T1r—1 116 GND
68 —I—] [—1T— 115
67 —I—] —1r— 114
68 C—TT—] —1r— 113
- J m— 171 112
70 ] —r— 111
11O or SDO 71 I —] ——r— 110 /0 or SDI
72 I —1r— 109
MR RRRPE- Y03 RB5388555388588358838858
aocn LS 8 88 t oan
GGG >>535> 555
Notes:
1. Unused I/O pins are designated as outputs by ALS and are driven low. 4. Vpp = V¢, except during device programming.
2. All unassigned pins are available for use as I/0s. 5. Vgv = Vg, 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) T-46-19-11

GND

]

£ | /=310, SDO

i

8| —Ir—

r N
—r— & 78777676 74737271 T0 69 68 83 B2 61 60 56 58 57 56 55 54 53 L
C—ITr— |2 [ ) [y S— |
C—IT 7 jes | —IT—1
GND I a4 a7
] (e 48| I/ GND
O |es | T
PRBA, /0 —IT—] |87 “a
s o L= [ — m— |
CLKA, /O ——11— |80 -3 Y m— — ]
Voo I |00 100-Pin o | =
—— (& PQFP w| D Vee
CLKB, /0 T—I1—] (82 b ) — — |
o |es 38| —II—)
PRBB, /O C—II—] |04 7| —I—1
 a— » — -] 98| LI
GND 11— |ee fc- 30 [N ve— o — |
s + e 3§ “| /T3 GND
 e— 2 — Y- o /11—
—r— |« O | ==
| S— o g . s | /4
1. 2 3 468 7 8 9 1011121314 1518 17 18 10 20 21 22 23 24 25 26 27 28 20 90 J |
a 2 B =] 29
§ 8 & > s ZE
= 25
2 Q
@2
@
Notes:
1. Vpp must be terminated to Vo, 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/0s.
programming or debugging.
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ACT 2 FPGAs
Package Pin Assignments: 84-Pin PLCC 9-11
(Top View) T-46-1
~ ] @ s b=
s ) [+7] -
2 . £ 34 3 E a
g 5 ¢ ¢ $¢ ¢ g
nnoononnoannonnoonnn
11‘09378543265483&261807975777675\
MODE E 12 74 :
13 73 :]
[ BT 72 :
1 n
[ L 70[] GND
v e[
e 88 [
i k) s7[]
ImE) s8]
]2 85 :| Vee
V, 22 84-PIN 64 \/
sv T PLCC [ Ve
Voo []28 63 ] Vs
e 82|
]z 81 ]
s w0
Oz s
GND [ 28 58]
]2 s7]
(. s
[ Y 55 (]
o= 5[]
e 333435383738394041424344454647404850515253)
guuugouog guougoouoougg
Qo ) o Q
:c $ g 5
z' O 2
a =z
o
Notes:
1. Vpp must be terminated to Vg, 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 igned pins are available for use as I/Os.
programming or debugging.
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Package Mechanical Details: 176-Pin CPGA

53E D BN 019249b ODDOYL3 bY7? EEACT

 §
7-46-1971%
Pin#1 ID K- L
132%
e+ ) [ —
- # o
——
—
=|—L.o1s":.ooa"
—
——
——
J—_——”L
=__1_og’_asc
——
——
——
050" + 005+ ] e
(4 Places)
1.570" + .015* square ———————» ] 120"
140"
(OOOOOOOOOOOOOOO
000000000000 ®Oo
0000000000000 00
0000000000000 0O0
0000 0000
0000 0000
0000 0000
0000 O OO0 1400"BSC
0000 0000
0000 0000
0000 [oXoXeXe)
O0000O0O0000O0000O
0000000000000 00
0®00000000000B®O
GO0 000000Q0O000 Gy
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ACT 2 FPGAs

Package Mechanical Details: 132-Pin CPGA
’ T-46-19-1,

.085"

» [
Pin#1 ID 110
r / ) "“:l
%\ < | ==
—
—— 018" + 002"
—
—
——
—
—
~ -~ 1 =
:lE——L
100" BSC
L ) | ==--F
050”:.010”»'
e 1.360" + 015" square ———— {4 Places)
120"
(00000000000 O O] 140
0000000000000
000000000000 O
O0O0O® 00O 000
oo0o0 00O
cooo 0000
o000 0 0 0 o] 1:200"BSC
oooo 0coo0oO0
ocoo oo0o
00O co0o ooo
000000000000 O
0000000000 O0GO0
[d 00000000000 0

@ Orientation Pin
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Package Mechanical Detalls: 100-Pin CPGA

T-46-19-1}
Pin#1 ID K =
[ ... ] =
AU i —
%‘, ) 1 ==
—
:l——Lms"z.ooz'
:I—_r
—
—
S 2 - E—:o%nm
o
\ ) | =
.oso":.mo"—-l
je————— 1.100" x .015” square (4 Places)
_120v
4 ™ 140"
O OO0 00 0000 0O
C®e0000000OO0
0O0C0O000O0COOOO
cooe o ooo
oo o0 0 o0o0
ocoo0o0 o 0 o0 o | 100"BSC
ooo oo0o0
o0 o0 o 000
00000000 O0OO
O@000D000O0®OO
(0000000000 0y

® Orientation Pin
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ACTEL CORP S53E D N 019249L 0000471 1331 MEACT
ACT 2 FPGAS
Package Mechanical Details: 172-Pin CQFP T-46—-19- 11
4-2.300 = 0.010
4-1.500 + 0.015 0. 035 * o 005

4-1.180 £ 0012 ——

- 2-¢0100+0002

(alumlna 90%) l

O T :‘ ‘ I \‘ ‘ ‘ O
>@ ,,,,, it I} H\HIH!HHI\IIHMH!HIHI % s
\
- L
# 7:LIHIUHL_ 11! l_._..J. .Ml‘.llll=
= ——= } = ALUMINA —
= N 2 {90% BLACK) [
= = g
= = %
= = = g
w b - = =" o
2 E = =
& E = =
3 E = = 8L
= = EN
= = 3 7
= = !
= = ; |
I" '\H """""""" in ||
3 ‘ ¢ 0.080 + 0.010 ~
o.133< £ 0002
+ 0.002 ‘ ‘ ’ l 0.006 * 0202
N I i Hu\ 1l T aSEy,
0 a-¢o.oa¢|) REF-I - ogesTYP Ik ooreve - oo08* 9.002 4-$0.060 REF
— 2.140 + 0.005
e N

Notes:

1. All exposed metalized areas and leads are
gold plated 100 microinches (2.5 M 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.LT. £0.005.

0.067 + 0.010 SQ.
.
BOTTOM VIEW
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53E D WM 0192496 0DOON72 078 EEACT -

Package Mechanical Details: 160-Pin PQFP T-46-19-11

Dimensions in millimeters

| Pin#1D
3190 £ 25 % 0.30 TYP
2800+ .10 —|—|
—4 gesesc
-
O O
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ACT 2 FPGAs
Package Mechanical Details: 144-Pin PQFP
g T~46-19-1 1

Dimensions in millimeters 3120 = .25 >

Pin#1 ID

0.30 TYP

2800 + 10 —
0.65 BSC
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vCrs)/

ACTEL CORP

T=46—-19-11

Package Mechanical Details: 100-Pin PQFP

i

bRt
A e

i

il

Dimensions in millimeters

1.60 REF

271+ 06

2320 + .10

y 018 + .05

.

0-7°

0.80 + .15

17.20 = .10

—Ir
—

1235 + 13 —]

14.00 + .05

18.85 + .13
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ACT 2 FPGAs

Package Mechanical Details: 84-Pin PLCC
T-46—-19-11

[ E
| E1 Il
//_ﬂilﬂJJIlDJlﬂlllLD__J
"l H s
__i._. LA o ° -
| 11
—_ — et (= =
[ 1l
i d m
080" :.005”-15 = -
T = H D1 D
2 O -
018" + 003" 74 = -
-I [ ]
o d -
—T_ ~ o -]
N
020" min. goooououoo —— v
029”7 + 003"
175" + .010"
Lead Count D E D1, El
44 6907 + .005" 655" + .005"
68 990" + 005" 955" + 005"
84 1.190" + .005" 1.156" + 005"
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