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Field Programmable

Gate Arrays

Features

*  Highly Predictable Performance with 100% Automatic

Description
The ACT 3 family, based on Actel’s proprietary PLICE® antifuse

Placement and Routing technology and 0.8-micron double-metal, double-poly CMOS
* 7.5 ns Clock-to-Output Times process, offers a high-performance programmable solution
¢ Up to 167 MHz On-Chip Performance capable of 167 MHz on-chip performance and 7.5 nanosecond
¢ Up to 228 User-Programmable 1/O Pins clock-to-output speeds. The ACT 3 family spans capacities from
®  Four Fast, Low-Skew Clock Networks 1,500 to 10,000 gate array equivalent gates (up to 25,000 PLD
¢ More Than 500 Macro Functions gates), and offers very high pin-to-gate ratios, with up to 228 user
*  Up to 10,000 Gate Array Equivalent Gates 1/0s for 10,000 gate designs.
(up to 25,000 equivalent PLD Gates)
*  Replaces up to 250 TTL Packages Predictable Performance* (Worst-Case Commercial)
*  Replaces up to 100 20-pin PAL® Packages
*  Up to 1153 Dedicated Flip-Flops 52-55 MHz
®  1/ODrive to 12 mA 85-98 MHz
*  VQFP, TQFP, BGA, and CQFP Packages -
*  Nonvolatile, User Programmable 147-167 MHZ
¢ Low-power 0.8'p.m CMQS Technology 167-167 MHZ
¢ Fully Tested Prior to Shipment
*See page 5 for further details.
Product Family Profile
Device A1415A A1425A A1440A A1460A A14100A
Capacity
Gate Array Equivalent Gates 1,500 2,500 4,000 6,000 10,000
PLD Equivalent Gates 3,750 6,250 10,000 15,000 25,000
TTL Equivalent Packages (40 gates) 40 60 100 150 250
20-Pin PAL Equivalent Packages (100 gates) 15 25 40 60 100
Logic Modules 200 310 564 848 1,377
S-Module 104 160 288 432 697
C-Module 96 150 276 416 680
Dedicated Flip-Flops 264 360 568 768 1,153
User /Os (maximum) 80 100 140 168 228
Packages*® (by pin count)
CPGA 100 133 175 207 257
PLCC 84 84 84 —_ —
PQFP 100 100, 160 160 160, 208 208
VQFP 100 100 100 —_ —
TQFP —_ — 176 176 —
BGA - — — 225 313
CQFP — 132 —_ 196 256
Performance® (maximum, worst-case commearcial)
Chip-to-Chip* 111 MHz 111 MHz 100 MHz 95 MHz 81 MHz
Accumulators (16-bit) 55 MHz 55 MHz 55 MHz 52 MHz 53 MHz
L.oadable Counter (16-bit) 98 MHz 98 MHz 98 MHz 99 MHz 91 MHz
Prescaled Loadable Counters (16-bit) 167 MHz 167 MHz 167 MHz 133 MHz 120 MHz
Datapath, Shift Registers 167 MHz 167 MHz 167 MHz 133 MHz 120 MHz
Clock-to-Output (pad-to-pad) 7.5ns 7.5ns 8.5ns 9.0 ns 10.5 ns
CMOS Process 0.8 um 0.8 um 0.8 um 0.8 pm 0.8 um
Notes:

1. One flip-flop per S-Module, two flip-flops per /O-Module.
2. See product plan on page 1-84 for package availability.

3. Based on A1415A-2, A1425A-2, A1440A-2, A1460A-2, and A14100A-1.

4. Clock-to-Output + Setup

© 1994 Actel Corporation

March 1994



The ACT 3 family represents the third generation of Actel Field
Programmable Gate Arrays (FPGAs). The family improves on the
proven ACT 2 family two-module architecture, consisting of
combinatorial and sequential-combinatorial logic modules. The
ACT 3 family offers registered I/O modules delivering 9 ns clock-
to-out times. The devices contain four clock distribution
networks, including dedicated array and I/O clocks, supporting
very fast synchronous and asynchronous designs. In addition,
routed clocks can be used to drive high fanout signals like resets
or output enables, reducing buffering requirements.

The ACT 3 family is supported by the Designer and Designer
Advantage systems, which offers automatic or fixed pin
assignment, automatic placement and routing with optional manual
placement, timing analysis, user programming, and diagnostic
probe capabilities. The system is supported on the fol]owinng
platforms: 386/486 PC, Sun Microsystems, and HP

workstations. The software provides CAE interfaces to Cadence,
Mentor Gmphics®, OrCAD™  and Viewlogic® design
environments. Additional platforms and CAE interfaces are
supported through Actel's Industry Alliance Program, including the
CAD/CAM Group, DATA 10® (ABEL™ FPGA), DAZIX, and
MINC.

With the introduction of ACT 3, Actel extends its line of
programmable devices. The ACT 1 family offers up to 2,000 gate
array equivalent gates (to 6,000 PLD equivalent gates) at industry
leading price-to-gate ratios. The ACT 2 family advances this price
leadership into higher speed, higher I/O applications requiring 2,500
to 8,000 gate amray equivalent gates (to 20,000 PLD equivalent
gates). The ACT 3 family offers very high speed with very high
I/O-to-gate ratios for designs requiring from less than 1,500 to
10,000 gate array equivalent gates (to 25,000 PLD equivalent gates).

Actel Families: Gates Versus I/Os
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ACT 3 FPGAs

Chip-to-Chip Performance

Chip #1 Chip #2
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Chip-to-Chip Performance
(Worst-Case Commercial)
tCKHS tTRACE tmsu Total MHz
A1425A-2 7.5 1.0 1.5 10.0ns 100
A1460A-2 9.0 1.0 1.5 11.5ns 87
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ACT 3 PREP Performance Examples

The ACT 3 family offers very high system performance. Typical
application design building blocks have been developed and
implemented to estimate and report ACT 3 system performance.
These building blocks have been routed in multiple instances,
replicated to fill a device in a step and repeat fashion. The average,
minimum, and maximum performances were then determined, giving
a realistic estimate of achievable performance. ACT 3 performance is
very predictable, as observed by the small spread between maximum
and minimum performance. The step and repeat methodology is
illustrated in Figure 1.

16-bit Shift Registers

The 16-bit Shift Register Example is a parallel loadable shift register
with clear, shift enable, serial in, and serial out. It is replicated by
connecting paralle]l data in to parallel data out, and serial data in fo
serial data out.

16-bit Prescaled Counters

The 16-bit Prescaled Counter Example is a very high-speed loadable
counter optimized for counting. The load requires multiple clock
cycles (four), but counting and holding occur at the full clock rate.
This counter is ideal for address generation and high-speed timing
applications. It is replicated by connecting data inputs to data outputs.

16-bit Non-Prescaled Counters

The Non-Prescaled 16-bit Counter Example is the more
traditional 16-bit loadable counter, where loading, counting, and
hold all occur at the same clock rate. It is replicated by connecting
inputs to counter outputs.

16-bit Accumulators

The 16-bit Accumulator adds a 16-bit number to the previous
output value. It is replicated by connecting the data output to the
data input.

Performance Results

These designs were completed using Actel’s 100% automatic
place and route software. No manual placement or routing was
used when completing these designs. The performance
measurements reflect worst-case commercial conditions.

Table 1 below presents the performance results for each design in
minimum, maximum, and average measurements. The table also
shows the number of design iterations completed within the
device. Notice the tight distribution between minimum and
maximum performance, in all cases within 1 ns, and in all cases
automatic place and route was used exclusively.

|
X—{>—» — ——{ o o o o —p — —I>—X
[
» Step and Repeat Methodology
« Fully Utilized Device
* 100% Automatic Placement and Routing
* No Manual Placement or Routing
Figure 1. Layout of Performance Examples
Table 1. A1425A-2 Performance Results: Worst-Case Commercial Conditlons
Performance
Design Iterations
Maximum MiInimum Average
Datapath 10 167 MHz 152 MHz 164 MHz
16-bit Prescaled Counters 167 MHz 147 MHz 160 MHz
16-bit Loadable Counters 98 MHz 85 MHz 93 MHz
16-bit Accumulators 3 55 MHz 52 MHz 54 MHz
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Ordering Information

A1425 A - PQ 160 c

—|; Application (Temperature Range)

Commercial (0 to +70°C)
Industrial (—40 to +85°C)
M = Military (-55 to +125°C)
B MIL-STD-883

—— Package Lead Count

—— Package Type

PG = Ceramic Pin Grid Array

PL = Plastic Leaded Chip Carrier

PQ = Plastic Quad Flatpack

VQ = Very Thin (1.0 mm) Quad Flatpack
TQ = Thin (1.4 mm) Quad Flatpack

CQ = Ceramic Quad Flatpack

BG = Plastic Ball Grid Array

—— Speed Grade
Std = Standard Speed
-1 = Approximately 15% faster than Standard
—2 = Approximately 25% faster than Standard

— Die Revision
—— Part Number
A1415A = 1500 Gates
A1425A = 2500 Gates
A1440A = 4000 Gates
A1460A = 6000 Gates
A14100A = 10000 Gates
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Product Plan’

Speed Grade* Application
Std -1 -2 [+ I M B E
A1415A Device
84-pin Plastic Leaded Chip Carrier (PLCC) v v v v — — —
100-pin Plastic Quad Flatpack (PQFP) v v v v v — — —_
100-pin Very Thin Quad Flatpack (VQFP) P P P P — —_ — —_
100-pin Ceramic Pin Grid Array (CPGA) v v v v —_ —_ — —
A1425A Device
84-pin Plastic Leaded Chip Carrier (PLCC) v v v v v — —_ —
100-pin Plastic Quad Flatpack (PQFP) v v v v v — — —_
100-pin Very Thin Quad Flatpack (VQFP) P P P P — — — —
132-pin Ceramic Quad Flatpack (CQFP) P — — P — P P —
133-pin Ceramic Pin Grid Array (CPGA) v v v 4 — P P —
160-pin Plastic Quad Flatpack (PQFP) v v v v v — — —
A1440A Device
84-pin Plastic Leaded Chip Carrier (PLCC) P P P P P —_ —_ —_
100-pin Very Thin Quad Flatpack (VQFP) P P P P —_ — —_ —
160-pin Plastic Quad Flatpack (PQFP) v 4 v v v — — —
176-pin Thin Quad Flatpack (TQFP) P P P P —_ — — —
177-pin Geramic Pin Grid Array (CPGA) v v v v — — — —
A1460A Device
160-pin Plastic Quad Flatpack (PQFP) P P P P —_ — — —
176-pin Thin Quad Flatpack (TQFP) P P P P — —_ —_ _
196-pin Ceramic Quad Flatpack (CQFP) P —_ — P —_ P P -
207-pin Ceramic Pin Grid Array (CPGA) v v v v — P P —_
208-pin Plastic Quad Flatpack (PQFP) v v v v v — — —
225-pin Platic Ball Grid Array (BGA) P P P P — — — —_—
A14100A Device
208-pin Plastic Quad Flatpack (PQFP) P P P P P — —
257-pin Ceramic Pin Grid Array (CPGA) v P P P — P P —_
208-pin Plastic Ball Grid Array (BGA) P P P P P — — —
Applications: C = Commercial Availability: v = Available * Speed Grade: -1 = 15% faster than Standard

| = Industrial P = Planned —2 = 26% faster than Stamdard

M = Military — = Not Planned

B = MIL-STD-883

Note:
1. Availability as of April 1994. Please consult Actel Representatives for current availability.
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Plastic Device Resources

User 1/0s
PLCC PQFP VQFP TQFP BGA
Device Logic
Series Modules  Gates 84-pln 100-pin  160-pin  208-pin | 100-pin | 176-pin | 225-pin  313-pin
A1415A 200 1500 70 80 —_ —_ 80 —_ — —_
A1425A 310 2500 70 80 100 — 80 —_ —_ —_
A1440A 564 4000 70 -— 131 _ 80 140 — -
A1460A 848 6000 —_ — 131 167 — TBD 168 —_
A14100A 1377 10000 — —_ — 175 — — — 228
Hermetic Device Resources
User 1/Os
CPGA CQFP
Device Logic
Series Moduies Gates 100-pin  133-pin  175-pin  207-pin  257-pin | 132-pin 186-pin 256-pin
A1415A 200 1500 80 —_ — — —_ —_— —_ —_
A1425A 310 2500 —_ 100 — ~— — 100 — —
A1440A 564 4000 _— —_ 140 —_ —_ —_ —_ —_—
A1460A 848 6000 — — — 168 —_ —_ 168 —_
A14100A 1377 10000 —_ - — - 228 — -— 228




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 /O when the MODE pin is LOW.

Dilagnostic Clock (Input)

GND Ground

LOW supply voltage.

HCLK Dedicated (Hard-wired)
Array Clock (Input)

TTL Clock input for sequential modules. This input is directly
wired to each S-Module and offers clock speeds independent of
the number of S-Modules being driven. This pin can also be used
as an I/O.

Vo Input/Output (Input, Output)

The J/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.

I0CLK Dedicated (Hard-wired)

/0 Clock (Input)
TTL Clock input for I/O modules. This input is directly wired to
each /O module and offers clock speeds independent of the
number of I/0 modules being driven. This pin can also be used as
an [/O.

1OPCL Dedicated (Hard-wired)

/O Preset/Clear (Input)
TTL input for /O preset or clear. This global input is directly
wired to the preset and clear inputs of all I/O registers. This pin
functions as an I/O when no I/O preset or clear macros are used.

MODE Mode (Input)

The MODE pin controls the use of diagnostic 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/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
can be 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
accessible when the MODE pin is HIGH. This pin functions as an
I/0O 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
can be 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
accessible when the MODE pin is HIGH. This pin functions as an
/O when the MODE pin is LOW.

SDI Serlal Data Input (Input)

Serial data input for diagnostic probe and device programming.
8Dl is active when the MODE pin is HIGH. This pin functions as
an I/O when the MODE pin is LOW.

Vec 5V Supply Voltage
HIGH supply voltage.
Vks Programming Voltage

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

Vep Programming Voltage

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

Vsy Programming Volitage

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

This section of the data sheet is meant to familiarize the user with
the architecture of the ACT 3 family of FPGA 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. The on-chip circuitry
required to program the devices is not covered.

Topology

The ACT 3 family architecture is composed of six key elements:
Logic modules, O modules, FO Pad Drivers, Routing Tracks,
Clock Networks, and Programming and Test Circuits. The basic
structure is similar for all devices in the family, differing only in
the number of rows, columns, and I/0s. The array itself consists
of alternating rows of modules and channels. The logic modules
and channels are in the center of the array; the I/O modules are
located along the array periphery. A simplified floor plan is
depicted in Figure 2.

Logic Modules

ACT 3 logic modules are enhanced versions of the ACT 2 family
logic modules. As in the ACT 2 family, there are two types of
modules: C-modules and S-modules. The C-module is
functionally equivalent to the ACT 2 C-module and implements
high fanin combinatorial macros, such as S-input AND, S-input
OR, and so on. It is available for use as the CM8 hard macro. The
S-module is designed to implement high-speed sequential
functions within a single module. S-modules consist of a full
C-module driving a flip-flop, which allows an additional level of
logic to be implemented without additional propagation delay. It
is available for use as the DFM8A/B and DLM8A/B hard macros.
C-modules and S-modules are arranged in pairs called module-
pairs. Module-pairs are arranged in altemating patterns 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). The C-module implements the following function:

Y =1S1*1S0*D00* !S1 *SO0+D01 *S1*!S0*D10+S1 *SO0*Di1
where: SO = A0 * BOand S1 =Al +B1

An Array with n rows and m columns

Columns

0 1 2 3 4 5 o1 ¢ c+1 m m+1m+2 m+3
Rows Channels
2 | |
n+1 10]10]10] CLXM O] 10]10]10]|10] IO [-4— Top /Os
n+1
n IOJIOIBIN]J]S [S |[C|C]|S S|clcjisj|jc|s|o]lo
n
n-1 IOJIOIBINJs |s |C|C}|S S|cj|c|s|c|s|ojio
. n-1
* L ]
2 . IOJI0OBINjS |[S|C|C]|S s|jclc|sjc|stiiojio
2
1 IOJIOIBINJS |S|C|C]|S s|clc]|s|c]s|lo]IOo
Left I/Os Right I/0s
0 BiojlojOo| 10]I10] IO 0]io]10]10]10 |10 j«¢— Bottom /Os
o | |

Figure 2. Generalized Floor Plan of ACT 3 Device
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The S-module contains a full implementation of the C-module
plus a clearable sequential element that can either implement a
latch or flip-flop function. The S-module can therefore implement
any function implemented by the C-module. This allows complex
combinatorial-sequential functions to be implemented with no
delay penalty. The Action Logic System will automatically
combine any C-module macro driving an S-module macro into
the S-module, thereby freeing up a logic module and eliminating
a module delay.

—] poo
— pot
—1b10 Y f—out
— o1
St S0
A1 B1 A0 BO

Figure 3. C-Module Diagram

The clear input CLR is accessible from the routing channel. In
addition, the clock input may be connected to one of three clock
networks: CLKO, CLK1, or HCLK. The C-module and S-module
functional descriptions are shown in Figures 3 and 4. The clock
selection multiplexor selects the clock input to the S-module.
VOs

YO Modules

I/0 modules provide an interface between the array and the /O
Pad Drivers. /O modules are located in the array and access the
routing channels in a similar fashion to logic modules. There are
two types of /O modules: side and top/bottom. The IO module
schematic is shown in Figure 5. UO1 and UO2 are inputs from
the routing channel, one for the routing channel above and one for
the routing channel below the module. The top/bottom I/O
modules interact with only one channel and therefore have only
one UO input. The signals Dataln and DataOut connect to the VO
pad driver. Each I/O module contains two D-type flip-flops. Each
flip-flop is connected to the dedicated I/O clock (JOCLK). Each
flip-flop can be bypassed by nonsequential J/Os. In addition, each
flip-flop contains a data enable input that can be accessed from
the routing channels (ODE and IDE). The asynchronous
preset/clear input is driven by the dedicated preset/clear network
(IOPCL). Either preset or clear can be selected individually on an
1/0 module by I/O module basis.

The I/O module output Y is used to bring Pad signals into the
array or to feed the output register back into the array. This allows
the output register to be used in high-speed state machine
applications. Side I/O modules have a dedicated output segment
for Y extending into the routing channels above and below

— D00
— DOt
Y
— D10
— D11
S1 S0
A1 B1 AO BO

D Q ouT

CLK CLR

Figure 4. S-Module Diagram
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orB
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CLR/PRH

[
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4
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Figure 5. Functional Diagram for /O Module

(similar to logic modules). Top/Bottom IO modules have no
dedicated output segment. Signals coming into the chip from the
top or bottom are routed using F-fuses and LVTs (F-fuses and
LVTs are explained in detail in the routing section).

/O Pad Drivers

All pad drivers are capable of being tristate. Each buffer connects
to an associated /O module with four signals: OE (Output
Enable), IE (Input Enable), DataOut, and Dataln. Certain special
signals used only during programming and test also connect to
the pad drivers: OUTEN (global output enable), INEN (global
input enable), and SLEW (individual slew selection). See
Figure 6.

Special I/Os

The special I/Os are of two types: temporary and permanent.
Temporary special I/Os are used during programming and
testing. They function as normal 1/Os when the MODE pin is
inactive. Permanent special I/Os are user programmed as either
normal I/Os or special I/Os. Their function does not change once
the device has been programmed. The permanent special 1/Os

consist of the array clock input buffers (CLKA and CLKB), the
hard-wired array clock input buffer (HCLK), the hard-wired I/O
clock input buffer (IOCLK), and the hard-wired I/O register
preset/clear input buffer (IOPCL). Their function is determined
by the I/O macros selected.

Clock Networks

The ACT 3 architecture contains four clock networks: two high-
performance dedicated clock networks and two general purpose
routed networks. The high-performance networks function up to
150 MHz, while the general purpose routed networks function up
to 75 MHz.

Dedicated Clocks

Dedicated clock networks support high performance by providing
sub-nanosecond skew and guaranteed performance. Dedicated
clock networks contain no programming elements in the path
from the I/O Pad Driver to the input of S-modules or I/O modules.
There are two dedicated clock networks: one for the array
registers (HCLK), and one for the I/O registers (IOCLK). The
clock networks are accessed by special I/Os.

"
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DATAOUT I/
PAD
DATAIN /I
INEN
OUTEN

Figure 6. Function Dlagram for /O Pad Driver

Routed Clocks

The routed clock networks are referred to as CLKO and CLK1.
Each network is connected to a clock module (CLKMOD) that
selects the source of the clock signal and may be driven as
follows (see Figure 7):

¢ externally from the CLKA pad
¢ externally from the CLKB pad
¢  internally from the CLKINA input
¢ intemally 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. The function of the clock
module is determined by the selection of 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. Routed
clocks can also be used to drive high fanout nets like resets,
output enables, or data enables. This saves logic modules and
results in performance increases in some cases.

Routing Structure

The ACT 3 architecture uses vertical and horizontal routing tracks
to connect the various logic and I/O modules. These routing

tracks are metal interconnects that may either be of continuous
length or broken into 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 8. Undedicated 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.

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 uncormitted 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 9.

cLks X

CLKA ]E—‘
FROM

CLKINB

I——CLKINA

PADS — S0 INTERNAL
CLKMOD | g SIGNAL
[: CLKO(17)
CLOCK

DRIVERS [: CLKO(186)
I~ CLKO(15)

T

[ 11
! I | cLkoE

l/

1 CLKO(1)

CLOCK TRACKS

Figure 7. Clock Networks
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Antifuse Connections

An antifuse is a “normally open” structure as opposed to the
normally closed fuse structure used in PROMs or PALs. The use
of antifuses to implement a programmable logic device results in
highly testable structures as well as an efficient programming
architecture. The structure is highly testable because there are no
preexisting connections; temporary connections can be made
using pass transistors. These temporary conneclions 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.

Four types of antifuse connections are used in the routing
structure of the ACT 3 array. (The physical structure of the
antifuse is identical in each case; only the usage differs.) Table 2
shows four types of antifuses.

Examples of all four types of connections are shown in Figure 8
and Figure 9.

Module Interface

Connections to Logic and /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

The tracks dedicated to module inputs are segmented by pass
transistors in each module row. During normal user operation, the
pass transistors are inactive, 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 to verify the
continuity of the metal tracks. Vertical input segments span only
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 as
shown in Figure 10.

Table 2. Antifuse Types Module Output Connections
XF Horizontal-to-Vertical Connection Module outputs have dedicated output segments. Output
HF Horizontal-to-Horizontal Connection segments extend vertically two channels above and two channels
) ) ) below, except at the top or bottom of the array. Output segments
VF Vertical-to-Vertical Connaction twist, as shown in Figure 10, so that only four vertical tracks are
FF “Fast” Vertical Connaction required.
MODULE ROW
HCLK
CLKO
NVCC
SIGNAL
TRACK - X O \ SIGNAL
SEGMENT (LHT)
I
M M |
\ W/
) Y !
9 U |
1
. ) ) ) !
(O— O O SIGNAL
NVSS
CLK1
MODULE ROW

Figure 8. Horizontal Routing Tracks and Segments
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LVT Connections

Outputs may also connect to nondedicated segments called Long
Vertical Tracks (LVTs). Each module pair in the array shares four
LVTs that span the length of the column. 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, bypassing 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.

Clock Connections

To minimize loading on the clock networks, a subset of inputs has
antifuses on the clock tracks. Only a few of the C-module and
S-module inputs can be connected to the clock networks. To
further reduce loading on the clock network, only a subset of the
horizontal routing tracks can connect to the clock inputs of the
S-module.

Programming and Test Circults

The array of logic and /O modules is surrounded by test and
programming circuits controlled by the temporary special /O
pins MODE, SDI, and DCLK. The function of these pins is
similar to all ACT family devices. The ACT 3 family also
includes support for two Act.ionprobe® circuits allowing complete
observability of any logic or YO module in the array using the
temporary special /O pins, PRA and PRB.

S-MODULE

C-MODULE MODULE ROW

VF

> CHANNEL

VERTICLE INPUT,
SEGMENT

XF

S-MODULE

FF

C-MODULE

Figure 9. Vertical Routing Tracks and Segments
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ACT 3 FPGAs

Y+2
Y+1
L1 11
A1 D10 D11B1 %0 A0 porpoe Y//
I
Y2
S-MODULES

PY+2

Y+1

BO B1 DO1
— Y / D10 A0 D11 A1
*Y-1
b2
LVTs
C-MODULES

Figure 10. Logic Module Routing Interface
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Absolute Maximum Ratings' Recommended Operating Conditions
Free air temperature range
Parameter Commerclal Industrial WMilitary  Units
Symbol Parameter Limits Units Temporature
Voo DC Supply Voltage? TYIICT v Range' O0to+70 —40to+85 —55t0+125 °C
Vi Input Voltage -05t0Vgc+05  V ?;Vevgnizpply 45 410 £10 %Vec
Vo Output Voltage ~0.5t0Vee+05 V
> Note:
lo /O Source Sink +20 mA 1. Ambient temperature (Ty) is used for commercial and industrial; case
Current® temperature (Tc) is used for military.
Tsta  Storage Temperature -85 to +150 °C
Notes:
1. Stresses beyond those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. Exposure to absolute
maximum rated conditions for extended pedods may affect device
reliability. Device should not be operated outside the Recommended
Operating Conditions.
2. Vpp, Vsy = Ve , except during device programming.
3. Device inputs are normally high impedance and draw extremely low
current. However, when input voltage is greater than Ve + 0.5y Vor
less than GND - 0.5 V, the intemal protection diodes wil (ionvard bias
and can draw excessive current.
Electrical Specifications
Commercial industrial Military
Symbo! Parameter Test Condition Units
Min. I Max. Min. Max. Min.i Max.
Von'?  HIGH Level Output low = —4 mA (CMOS) 37 37 v
loy=-6 mA (CMOS) 3.84 v
lon=~10mA (TTL)® 240 Y
Vo2 LOW Level Output lo, = +6 mA (CMOS) 0.33 0.4 0.4 Y
loL=+12 mA (TTL)® 0.50 Y
V|H HIGH Level lnput TTL |npUtS 2.0 Vcc +0.3 2.0 Vcc +0.3 2.0 Vcc +0.3 v
Vi LOW Level Input TTL Inputs -0.3 0.8 -0.3 0.8 -0.3 0.8 '
In Input Leakage V= Vg or GND -10 +10 -10 +10 -10 +10 pA
loz 3-state Output Leakage Vo =Vec or GND -10 +10 -10 +10 -10 +10 pA
Cio /0 Capacitance®* 10 10 10 pF
lceis)  Standby Viee Supply Current V| =V or GND,
lo=0mA 2 10 20 mA
lccpy  Dynamic Vg Supply Current See “Power Dissipation” Section
Notes:
1. Actel devices can drive and receive either CMOS or TTL signal levels. No assignment of I/Os as TTL or CMOS is required.
2. Tested one output at & time, Ve = min.
3. Not tested, for information only.
4. Vour=0V,f=1MHz.
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ACT 3 FPGAs

Package Thermal Characteristics

The device junction to case thermal characteristic is 8jc, and the
junction to ambient air characteristic is ©ja. The thermal
characteristics for 8ja are shown with two different air flow rates.

Maximum junction temperature is 150°C.

A sample calculation of the absolute maximum power dissipation
allowed for a CPGA 177-pin package at commercial temperature
and still air is as follows:

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

Absolute Maximum Power Allowed = =44W
8ja (°C/W) 1B°C/W

Package Type Pin Count ([ St:l){aAlr 300213'“'“ Units
Ceramic Pin Grid Array 100 8 35 17 °C/W
133 8 30 15 °C/W

175 8 25 14 °C/W

207 8 22 13 °C/W

257 2 15 8 °C/W

Plastic Quad Flatpack' 100 13 55 47 °C/W
160 15 33 26 °C/W

208 16 33 26 °C/W

Plastic Leaded Chip Carrier® 84 15 44 38 °C/W
Very Thin Quad Flatpack 100 65 40 °C/W
Thin Quad Flatpack 176 50 35 °C/W
132 °C/W

Ceramic Quad Flatpack 196 8D °C/W
256 °C/W

. . 225 25 19 °C/W
Plastic Ball Grid Array 313 23 17 oC/W

Notes:

1. Maximum Power Dissipation for 160-pin PQFP package is 1.75 Watts, 208-pin PQFP package is 2.0 Watts, and 100-pin PQFP package is 1.0 Wait.

2. Maximum Power Dissipation for PLCC package is 1.5 Watts.
Power Dissipation
P=[lgc + lacivel * Voo + 1oL * VoL * N +Ion * (Vee-Vow *M
Where:
Icc is the current flowing when no inputs or outputs are
changing.
Iyctive is the current flowing due to CMOS switching.
Io1, Ioy are TTL sink/source currents.
VoL. Vou are TTL level output voltages.
N equals the number of outputs driving TTL loads to Vg .
M equals the number of outputs driving TTL loads to Voy.

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:

1mAx525V=525mW

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

Active Time

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 tracks,
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) =Cpg * Voo * f m
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Where:
Cgq is the equivalent capacitance expressed in picofarads
(pF).
Vcc is power supply in volts (V).
f is the switching frequency in megahertz (MHz).
Equivalent capacitance is calculated by measuring L oive at a

specified frequency and voltage for each circuit component of
interest. The results for ACT 3 devices are:

Crq (PF)
Modules 82
Input Buffers 15
Output Buffers 2.3
1/0 Clock Buffer Loads 04
Dedicated Array Clock Buffer Loads 0.5

Routed Array Clock Buffer Loads 0.5 + fixed/device

To calculate the active power dissipated from the complete
design, you must solve Equation 1 for each component. 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 (W) = [(mx 8.2 xf))+(nx15xf) +
PxR3+Cxf) +(qx05x1f) +((r; +0.5r) xf5) +
(sx04x gl x Ve 2

Where:
m= Number of logic modules switching at f;
n = Number of input buffers switching at f5
p = Number of output buffers switching at f3
q = Number of clock loads on the dedicated array clock

network

Al415A: q=104
Al425A: q =160
Al440A: q=288
Al460A: q=432
Al4100A: q =697

r; = Fixed capacitance due to routed array clock network

Al415A: ry =60
Al425A: rp=75
Al440A: r =105
Al460A: rp =145
Al14100A: ry =195

rp = Number of clock loads on the routed array clock

network

s = Number of clock loads on the dedicated I/O clock

network

Al415A: s=80
Al425A: s =100
Al440A: s =140
Al460A: s =168
Al14100A: s =228

fi = Average logic module switching rate in MHz

f, = Average input buffer switching rate in MHz

f3 = Average output buffer switching rate in MHz

f4 = Average dedicated array clock rate in MHz

f5 = Average routed array clock rate in MHz
fg = Average dedicated I/O clock rate in MHz

Cy,= Output load capacitance in pF

Determining Average Switching Frequency

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 are meant to represent worst-case scenarios
so that they can be generally used to predict the upper limits of
power dissipation. These rules are as follows:

Logic Modules (m)

Average module switching rate (f)
Inputs switching (n)

Average input switching rate (f)
Outputs switching (p)

Output loading (C; )

Average output switching rate (f3)
Dedicated array clock loads (q)

Average dedicated array switching
rate (f4)

Routed array fixed capacitance (r;)
Routed array clock loads (rp)
Average routed array switching
rate (fs)

YO clock loads (s)

Average I/O switching rate (fg)

80% of modules
F/10

# 1/0s used/12
F

# I/Os used/15
35

Fr2

fixed by device
F

fixed by device

40% of sequential
modules

Fr2

# 1/Os used
F
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ACT 3 FPGAs

ACT 3 Timing Model*
input Delays Internal Delays Pmﬁ;egd Output Delays
—_— — — . : Delays — e
GCombinatorial
Wb Module _as j Logic Module rVO Module —I
| tiny=3.2ns |tIRD2= 1.4ns : N L
g L L ' ’ I L~ 1 JX
| l E L_ tDHS =56ns _]
D @ tpp=2.3ns o1 =1.0ns - =
| | tnm =1.9ns
tnm =3.2ns -
! > | [70 Module ——l
J tDHS= 5.6 ns
Sequential
| tnu=0.0ns | Logic Module l ll> |
tINSU =15ns |_- —_— — — — _..I
Lewvzssrs | . | |
aera |12 O[] D Q
Logic tro1=13ns tenzis = 4.5ns

included
I A, D | —D
L ] | tourn=08ns |

= _=— toutsu=0.8 ns
ARRAY tsup=0.6ns tco=23ns

=75ns
CLOCK typ=10.0ns L_tCKHS ]
thckn = 3.4 ns

FHMAX =167 MHz

1O CLOCK

tiockh =23 ns

Fiomax = 167 MHz

*Values shown for A1425A-2.

Output Buffer Delays

208 To AC test loads (shown below)

Vee

En 50%

50%
V,

1.5V

tenzis, teNnsz,
tenzLs teNLsz
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AC Test Loads
Load 1
(Used to measure propagation delay)

To the output under test

il
T

35 pF

To the output under test

Load 2
(Used to measure risingffalling edges)

GND
o

Vee
®

R to Ve for tp o/tpz
R to GND for tPHZ/tPZH
R=1kQ

35 pF

s

Input Buffer Delays Module Delays
—1 S
—1a Y IE—
PAD Y —8B
VCC
S,AorB £50% s50%N _ GND
cc
Out 50% 50%
GND
tep
Out
50%
t
tiny tiny FD
Sequential Module Timing Characteristics
Flip-Flops
D__| — Q
ClK— cir
|
(Positive edge triggered)
—+] thp |+—
D X X
— tsup—=] twoLka fe—» |« ta l
CLK | | | | l
L_ f— twerka—|
teo —»]
Q X X
cTing!
CLR I | I
twasyn
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ACT 3 FPGAs

1/0 Module: Sequential Input Timing Characteristics

e

D PRE —Y
E ——
lIocLK B—— cLR
|
(Positive edge triggered)
—] ti fo—
D X X
f+—tinsu— tiopwn fe— | Yiop -
10CLK I | |
—{tipesu le— fo— tiopwr. |
E
fa— tioky —=|
Y X X
f——{tictay
PRE, CLR | | ]
Yoaspw
1/0 Module: Sequential Output Timing Characteristics
_{J;'iiz
D— PRE
E —
locLlk B— cLR
i
Y
{Positive edge triggered)
fe—{ tourn
D X X
Je—toursu—+] tiopwH le—] } Yop !
IOCLK I | I I I l I
—»{topesule— f— ticpw =
E
be— tocky —|
Y X X
iy
Q X X
_ fe——={tociray
PRE, CLR | l l

tioaspw
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Predictable Performance:
Tightest Delay Distributions

Propagation delay between logic modules depends on the resistive
and capacitive loading of the routing tracks, the interconnect
elements, and the module inputs being driven. Propagation delay
increases as the length of routing tracks, the number of
interconnect elements, or the number of inputs increases.

From a design perspective, the propagation delay can be
statistically correlated or modeled by the fanout (number of loads)
driven by a module. Higher fanout usually requires some paths to
have longer lengths of routing track.

The ACT 3 family delivers the tightest fanout delay distribution of
any FPGA. This tight distribution is achieved in two ways: by
decreasing the delay of the interconnect elements and by
decreasing the number of interconnect elements per path.

Actel’'s patented PLICE antifuse offers a very low
resistive/capacitive interconnect. The ACT 3 family’s antifuses,
fabricated in 0.8 pm lithography, offer nominal levels of 200Q
resistance and 6 femtofarad (fF) capacitance per antifuse.

The ACT 3 fanout distribution is also tighter than alternative
devices due to the low number of antifuses required per
interconnect path. The ACT 3 family’s proprietary architecture
limits the number of antifuses per path to only four, with 90% of
interconnects using only two antifuses.

Table 3. Logic Module + Routing Delay, by fanout (ns)1
(Worst-Case Commerclal Conditions)
Family FO=1 FO=2 FO=3 FO=4 FO=8
ACT 1 45 5.1 5.9 7.0 1.1
ACT2 49 5.5 6.1 6.6 8.2
ACT3 3.3 3.7 3.9 42 55
Note:

1. ‘-2’ Speed Devices Specified

The ACT 3 family’s tight fanout delay distribution offers an FPGA
design environment in which fanout can be traded for the
increased performance of reduced logic level designs. This also
simplifies performance estimates when designing with ACT 3
devices.

Timing Characteristics

Timing characteristics for ACT 3 devices fall into three categories:
family dependent, device dependent, and design dependent. The
input and output buffer characteristics are common to all ACT 3
family members. Internal routing delays are device dependent.
Design dependency means actual delays are not determined until
after placement and routing of the user’s design is complete. Delay
values may then be determined by using the ALS Timer utility or
performing simulation with post-layout delays.

Critical Nets and Typical Nets

Propagation delays are expressed only for typical nets, which are
used for initial design performance evaluation. Critical net delays
can then be applied to the most time-critical paths. Critical nets are
determined by net property assignment prior to 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.

Long Tracks

Some nets in the design use long tracks. Long tracks are special
routing resources that span multiple rows, columns, or modules.
Long tracks employ three and sometimes four antifuse
connections. This increases capacitance and resistance, resulting
in longer net delays for macros connected to long tracks. Typically
up to 6% of nets in a fully utilized device require long tracks. Long
tracks contribute approximatley 4 ns to 14 ns delay. This
additional delay is represented statistically in higher fanout
(FO=8) routing delays in the data sheet specifications section.

Timing Derating

ACT 3 devices are manufactured in a CMOS process. Therefore,
device performance varies according to temperature, voltage, and
process variations. Minimum timing parameters reflect maximum
operating voltage, minimum operating temperature, and best-case
processing. Maximum timing parameters reflect minimum
operating voltage, maximum operating temperature, and
worst-case processing.
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ACT 3 FPGAs

Timing Derating Factor, Temperature and Voltage

Industrial Military

Minimum Maximum Minimum Maximum

(Commercial Minimum/Maximum Specification) x 0.85 1.07 0.81 1.16

Timing Derating Factor for Designs at Typical Temperature (T; = 25°C) and Voltage (5.0 V)

{Commercial Maximum Specification) x 0.87
Voltage Derating Curve Temperature Derating Curve

1.20 1.40

1.186 1.30

1.10 Ly
1.20

1.05 SN Pg
1.10

Factor 1.00 Factor ]

1.00 o

0.95 P '

' N 0.90 d

0.90 : p
0.80 1

0.85 v

0.80 0.70

45 475 50 525 55 -60-40-20 0 20 40 60 80 100 120
Ve (Volts) Junction Temperature (°C)
Note:

This derating factor applies to all routing and propagation delays.
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A1415A Timing Characteristics
(Worst-Case Commercial Conditions, Voo = 4.75V, T, =70°C)

Preliminary Preliminary Preliminary
Information Information Information
Logic Module Propagation Delays’ ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tep Internal Array Module 3.0 2.6 2.3 ns
tco Sequential Clock to Q 3.0 2.6 2.3 ns
T Asynchronous Clear to Q 3.0 2.6 2.3 ns
Predicted Routing Delays?
tRo1 FO=1 Routing Delay 1.3 1.1 1.0 ns
trp2 FO=2 Routing Delay 1.8 1.6 1.4 ns
tros FO=3 Routing Delay 2.1 1.8 1.6 ns
trRD4 FO=4 Routing Delay 2.5 2.2 1.9 ns
tros FO=8 Routing Delay 4.2 3.6 3.2 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 0.7 0.6 ns
tHo Flip-Flop Data Input Hold 0.0 0.0 0.0 ns
tsup Latch Data Input Setup 0.8 0.7 0.6 ns
to Latch Data Input Hold 0.0 0.0 0.0 ns
twasyn Asynchronous Pulse Width 3.8 3.2 2.9 ns
twelka Flip-Flop Clock Pulse Width 38 3.2 29 ns
ta Flip-Flop Clock Input Period 8.0 6.8 6.0 ns
fmax Flip-Flop Clock Frequency 125 150 167 MHz

Notes:
1. For dual-module macros, use tpp + trp] + tppp > tCO + tRD1 + tPDn ©OF tpD1 + tRDY +tSUD whichever is appmpriate

2. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.
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ACT 3 FPGAs

A1415A Timing Characterlstics (continued)

(Worst-Case Commercial Conditions)

Preliminary Preliminary Preliminary
Information Information Information
/O Module Input Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘~2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tiny Input Data Pad to Y 4.2 3.6 3.2 ns
Ycxy Input Reg IOCLK Pad to Y 7.0 6.0 5.3 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 5.3 ns
YicLRY Input Asynchronous Clearto Y 7.0 6.0 5.3 ns
tocLRY Output Asynchronous Clearto Y 7.0 6.0 5.3 ns
Predicted Input Routing Delays'
tirD1 FO=1 Routing Delay 1.3 11 1.0 ns
YRo2 FO=2 Routing Delay 1.8 1.6 1.4 ns
YRo3 FO=3 Routing Delay 2.1 1.8 1.6 ns
tiroa FO=4 Routing Delay 25 22 1.9 ns
tiros FO=8 Routing Delay 4.2 3.6 3.2 ns
10 Module Sequential Timing
e Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 0.0 ns
thSU Input F-F Data Setup
(w.r.t. IOCLK Pad) 20 1.8 1.5 ns
tibeH Input Data Enable Hold
(w.rt. IOCLK Pad) 0.0 0.0 0.0 ns
tipESU Input Data Enable Setup
(w.r.t. IOCLK Pad) 8.6 7.5 6.5 ns
touTH Output F-F Data Hold
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
toutsu Output F-F Data Setup
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
topEH Output Data Enable Hold
(w.r.t. IOCLK Pad) 0.5 0.4 0.4 ns
topesu Output Data Enable Setup
(w.r.t. IOCLK Pad) 2.0 1.7 1.5 ns
Note:

1. Routing delays are for typical designs

across worst-case operating conditions. These parameters should be used for estimating device performance.

Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.
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A1415A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Preliminary Preliminary

Information Information Information
I/0 Module — TTL Output Timing’ ‘Std’ Speed ‘~1’ Speed .2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tpHs Data to Pad, High Slew 7.5 6.4 5.6 ns
tois Data to Pad, Low Slew 12.0 10.2 9.0 ns
tenzHs Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 4.5 ns
tenzLs Enable to Pad, Z to HL, Lo Slew 11.0 9.4 8.3 ns
tentsz Enable to Pad, H/L to Z, Hi Slew 10.0 8.5 7.5 ns
tenLsZ Enable to Pad, H/L to Z, Lo Slew 10.0 8.5 75 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 10.0 9.0 7.5 ns
tekis IOCLK Pad to Pad H/L, Lo Slew 15.0 13.5 11.3 ns
drLHHS Delta Low to High, Hi Slew 0.03 0.03 0.02 ns/pF
OrL s Delta Low to High, Lo Slew 0.07 0.06 0.05 ns/pF
drHLHs Delta High to Low, Hi Slew 0.05 0.04 0.04 ns/pF
drus Delta High to Low, Lo Slew 0.07 0.06 0.05 ns/pF
110 Module — CMOS Output Timing'
tons Data to Pad, High Slew 9.3 79 7.0 ns
tous Data to Pad, Low Slew 17.5 14.9 1341 ns
tenzHs Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 5.9 ns
tenzLs Enable to Pad, Zto H/L, Lo Slew 13.3 1.3 10.0 ns
tenHsZ Enable to Pad, H/L to Z, Hi Slew 10.0 8.5 7.5 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 10.0 9.0 75 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 11.8 10.7 8.9 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 17.3 15.6 13.0 ns
drLHHs Delta Low to High, Hi Slew 0.06 0.05 0.04 ns/pF
druts Delta Low to High, Lo Slew 0.11 0.09 0.08 ns/pF
drHLHS Delta High to Low, Hi Slew 0.04 0.03 0.03 ns/pF
dryus Deita High to Low, Lo Slew 0.05 0.04 0.04 ns/pF

Note:

1. Delays based on 35pF loading.
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ACT 3 FPGAs

A1415A Timing Characteristics (continued)

(Worst-Case Commerclal Conditions)

Preliminary Preliminary Preiiminary
Information Information Information
Dedicated (Hard-Wired) 1/0O Clock Network ‘Std’ Speed ‘-1’ Speed ‘=2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
YockH Input Low to High
(Pad to /O Module Input) 3.0 2.6 23 ns
tiopwH Minimum Pulse Width High 3.8 3.3 2.9 ns
tiopwL Minimum Pulse Width Low 3.8 33 2.9 ns
tiosaAPw Minimum Asynchronous Pulse
Width 3.8 3.3 2.9 ns
tiocksw Maximum Skew 0.4 0.4 0.4 ns
top Minimum Period 8.0 6.8 6.0 ns
fromax Maximum Frequency 126 150 167 MHz
Dedicated (Hard-Wired) Array Clock Network
tHCKH Input Low to High
(Pad to S-Module Input) 4.5 3.9 3.4 ns
tHekL Input High to Low
(Pad to S-Module Input) 45 3.9 3.4 ns
tHpwH Minimum Puise Width High 3.8 3.3 2.9 ns
tHPWL Minimum Pulse Width Low 3.8 33 29 ns
tHekew Maximum Skew 0.3 0.3 0.3 ns
e Minimum Period 8.0 6.8 6.0 ns
frmax Maximum Frequency 125 150 167 MHz
Routed Array Clock Networks
tackH Input Low to High (FO=64) 5.5 47 4.1 ns
thekL Input High to Low (FO=64) 6.0 5.1 45 ns
tRPWH Min. Pulse Width High (FO=64) 4.9 4.2 3.8 ns
tRpwL Min. Pulse Width Low (FO=64) 4.9 4.2 3.8 ns
thoksw Maximum Skew (FO=128) 1.0 0.9 0.8 ns
trp Minimum Period (FO=64) 10.0 8.7 8.0 ns
Trmax Maximum Frequency (FO=64) 100 115 125 MHz
Clock-to-Clock Skews
tioHcKsw 1/O Clock to H-Clock Skew 0.0 3.0 0.0 3.0 0.0 3.0 ns
tiorcksw 1/O Clock to R-Clock Skew 0.0 3.0 0.0 3.0 0.0 3.0 ns
tHRCKsw H-Clock to R-Clock Skew
(FO=64) 0.0 1.0 0.0 1.0 0.0 1.0 ns
(FO = 50% max.) 0.0 3.0 0.0 3.0 0.0 3.0 ns
Note:

1. Delays based on 35pF loading.

27



Y/

A1425A Timing Characteristics
(Worst-Case Commerclal Conditions, Ve =4.75V, T; =70°C)

Preliminary Preliminary Preliminary
Information Information Information
Loglic Module Propagation Delays’ ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tpp Internal Array Module 3.0 2.6 23 ns
tco Sequential Clock to Q 3.0 2.6 23 ns
tor Asynchronous Clearto Q 3.0 2.6 2.3 ns
Predicted Routing Delays?
trp1 FO=1 Routing Delay 1.3 1.1 1.0 ns
tro2 FO=2 Routing Delay 1.8 1.6 1.4 ns
trps FO=3 Routing Delay 2.1 1.8 1.6 ns
trpe FO=4 Routing Delay 2.5 22 1.9 ns
trps FO=8 Routing Delay 42 3.6 32 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 0.7 0.6 ns
tvo Flip-Flop Data Input Hold 0.0 0.0 0.0 ns
tsup Latch Data input Setup 0.8 0.7 0.6 ns
thp Latch Data Input Hold 0.0 0.0 0.0 ns
twasyN Asynchronous Pulse Width 3.8 3.2 2.9 ns
twWeLKA Flip-Flop Clock Pulse Width 3.8 3.2 2.9 ns
ta Flip-Filop Clock Input Period 8.0 6.8 6.0 ns
fvax Flip-Flop Clock Frequency 125 150 167 MHz

Notes:
1. For dual-module macros, use tpp + tgp; + tppy » tco + tRDL + tPDa OF tpp) + tRD + tsup » Whichever is appropriate.

2. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.
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ACT 3 FPGAs

A1425A Timing Characteristics (continued)

(Worst-Case Commerclal Conditions)

Preliminary Preliminary Pretiminary
Information Information Information
1/0 Module Input Propagation Delays ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tiny Input Data Pad to Y 4.2 3.6 3.2 ns
tioky input Reg IOCLK Pad to Y 7.0 6.0 5.3 ns
tociy Output Reg IOCLK Padto Y 7.0 6.0 5.3 ns
YcLry Input Asynchronous Clear to'Y 7.0 6.0 5.3 ns
tocLRy Output Asynchronous Clearto Y 7.0 6.0 53 ns
Predicted Input Routing Delays!
Yrot FO=1 Routing Delay 1.3 1.1 1.0 ns
YRro2 FO=2 Routing Delay 1.8 1.6 1.4 ns
tRD3 FO=3 Routing Delay 2.1 1.8 1.6 ns
tirDa FO=4 Routing Delay 2.5 22 1.9 ns
tirDs FO=8 Routing Delay 4.2 3.6 3.2 ns
/0 Module Sequential Timing
tinn Input F-F Data Hold
{w.r.t. IOCLK Pad) 0.0 0.0 0.0 ns
tinsu Input F-F Data Setup
(w.r.t. IOCLK Pad) 2.0 1.8 15 ns
toen Input Data Enable Hold
(w.r.t. IOCLK Pad) 0.0 0.0 0.0 ns
YipESU Input Data Enable Setup
(w.r.t. IOCLK Pad) 8.6 75 6.5 ns
toutH Output F-F Data Hold
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
touTsu Output F-F Data Setup
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
topeH Output Data Enable Hold
{(w.r.t. IOCLK Pad) 0.5 0.4 0.4 ns
topEsu Output Data Enable Setup
(w.r.t. IOCLK Pad) 2.0 1.7 1.5 ns
Note:

1. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.
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A1425A Timing Characteristics (continued)
(Worst-Case Commerclal Conditions)

Preliminary Preliminary Preliminary

Information Information Information
1/0 Module - TTL Output Timing' ‘Std’ Speed ‘~1’ Speed ‘~2' Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
toHs Data to Pad, High Slew 75 6.4 5.6 ns
toLs Data to Pad, Low Slew 12.0 10.2 9.0 ns
tENZHS Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 4.5 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 9.4 8.3 ns
tENHSZ Enable to Pad, H/L to Z, Hi Slew 10.0 8.5 7.5 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 10.0 8.5 7.5 ns
tekHs I0CLK Pad to Pad H/L, Hi Slew 10.0 9.0 75 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 15.0 13.5 11.3 ns
drunHs Delta Low to High, Hi Slew 0.03 0.03 0.02 ns/pF
dries Delta Low to High, Lo Slew 0.07 0.06 0.05 ns/pF
dryLHs Deita High to Low, Hi Slew 0.05 0.04 0.04 ns/pF
drys Delta High to Low, Lo Slew 0.07 0.06 0.05 ns/pF
1/O Module — CMOS Output Timing!
toHs Data to Pad, High Slew 9.3 79 7.0 ns
toLs Data to Pad, Low Slew 17.5 14.9 13.1 ns
tenzHs Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 5.9 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3 11.3 10.0 ns
tenHSZ Enable to Pad, H/L to Z, Hi Slew 10.0 8.5 75 ns
tenLSZ Enable to Pad, H/L to Z, Lo Slew 10.0 9.0 7.5 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 11.8 10.7 8.9 ns
ks |IOCLK Pad to Pad H/L, Lo Slew 173 15.6 13.0 ns
driHHs Delta Low to High, Hi Slew 0.06 0.05 0.04 ns/pF
driHLs Delta Low to High, Lo Slew 0.11 0.09 0.08 ns/pF
thHLHS Delta High to Low, Hi Slew 0.04 0.03 0.03 ns/pF
dryus Delta High to Low, Lo Slew 0.05 0.04 0.04 ns/pF

Note:

1. Delays based on 35pF loading.
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ACT 3 FPGAs

A1425A Timing Characterlistics (continued)

(Worst-Case Commerclal Conditions)

Preliminary Preliminary Preliminary
Information Information Information
Dedicated (Hard-Wired) 1/0 Clock Network ‘Std’ Speed ‘1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tockH Input Low to High
(Pad to 1/O Module input) 3.0 2.6 23 ns
Y oPWH Minimum Pulse Width High 3.8 3.3 29 ns
topwi Minimum Pulse Width Low 3.8 3.3 2.9 ns
tiosapw Minimum Asynchronous Pulse
Width 3.8 3.3 2.9 ns
tiocksw Maximum Skew 0.4 0.4 0.4 ns
tiop Minimum Period 8.0 6.8 6.0 ns
fiomax Maximum Frequency 125 150 167 MHz
Dedicated (Hard-Wired) Array Clock Network
tHeKH Input Low to High
(Pad to S-Module input) 4.5 3.9 34 ns
tHere Input High to Low
(Pad to S-Module input) 4.5 3.9 3.4 ns
tpwH Minimum Pulse Width High 3.8 3.3 29 ns
tPwL Minimum Pulse Width Low 3.8 3.3 29 ns
theksw Maximum Skew 0.3 0.3 0.3 ns
thp Minimum Period 8.0 6.8 6.0 ns
frmax Maximum Frequency 125 150 167 MHz
Routed Array Clock Networks
tacku Input Low to High (FO=64) 5.5 4.7 4.1 ns
tRckL Input High to Low (FO=64) 6.0 5.1 45 ns
thPwH Min. Pulse Width High (FO=64) 4.9 4.2 3.8 ns
RPWL Min. Pulse Width Low (FO=64) 4.9 4.2 3.8 ns
tReksw Maximum Skew (FO=128) 1.0 0.9 0.8 ns
tRp Minimum Period (FO=64) 10.0 8.7 8.0 ns
famax Maximum Frequency (FO=64) 100 115 125 MHz
Clock-to-Clock Skews
YoHCKswW I/O Clock to H-Clock Skew 0.0 3.0 0.0 3.0 0.0 3.0 ns
tioHcksw I/O Clock to R-Clock Skew 0.0 3.0 0.0 3.0 0.0 3.0 ns
tHRcKsw H-Clock to R-Clock Skew
(FO =64) 0.0 1.0 0.0 1.0 0.0 1.0 ns
(FO = 50% max.) 0.0 3.0 0.0 3.0 0.0 3.0 ns
Note:

1. Delays based on 35pF loading.
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sy

A1440A Timing Characteristics
{Worst-Case Commercial Conditions, Voo = 476V, T, = 70°C)

Preliminary Preliminary Preliminary
Information Information Information
Logic Module Propagation Delays! ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
top Internal Array Module 3.0 2.6 2.3 ns
tco Sequential Clock to Q 3.0 2.6 2.3 ns
tor Asynchronous Clear to Q 3.0 2.6 2.3 ns
Predicted Routing Delays?
trD1 FO=1 Routing Delay 1.3 1.1 1.0 ns
trD2 FO=2 Routing Delay 1.8 1.6 1.4 ns
trRps FO=3 Routing Delay 2.1 1.8 1.6 ns
tRpa FO=4 Routing Delay 25 2.2 1.9 ns
tros FO=8 Routing Delay 42 3.6 3.2 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 0.7 0.6 ns
tho Flip-Flop Data Input Hold 0.0 0.0 0.0 ns
tsup Latch Data Input Setup 0.8 0.7 0.6 ns
thp Latch Data Input Hold 0.0 0.0 0.0 ns
twasyn Asynchronous Pulse Width 3.8 3.2 2.9 ns
twelka Flip-Flop Clock Pulse Width 3.8 3.2 2.9 ns
ta Flip-Fiop Clock Input Period 8.0 6.8 6.0 ns
fmax Flip-Flop Clock Frequency 125 150 167 MHz

Notes:
1. For dual-module macros, use tppy + tgpy + tppy » tco + tRD1 + tppa OF tpp + trp1 + tsup » Whichever is appropriate.

2. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.
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ACT 3 FPGAs

A1440A Timing Characteristics (continued)

(Worst-Case Commerclal Conditions)

Preliminary Preliminary Prellminary
Information Information Information
1/0 Module Input Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘~2' Speed
Parameter Description Min. Max, Min. Max. Min. Max. Units
tiny Input Data Pad to Y 42 3.6 3.2 ns
tcky Input Reg IOCLK Pad to Y 7.0 6.0 5.3 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 5.3 ns
YicLry input Asynchronous Clear toY 7.0 6.0 53 ns
tocLRY Output Asynchronous CleartoY 7.0 6.0 5.3 ns
Predicted Input Routing Delays’
tRD1 FO=1 Routing Delay 1.3 1.1 1.0 ns
YAD2 FO=2 Routing Delay 1.8 1.6 1.4 ns
YrD3 FO=3 Routing Delay 2.1 1.8 1.6 ns
YAD4 FO=4 Routing Delay 25 22 1.9 ns
Yaos FO=8 Routing Delay 4.2 3.6 3.2 ns
O Module Sequential Timing
UNH Input F-F Data Hold
{w.r.t. IOCLK Pad) 0.0 0.0 0.0 ns
tinsu Input F-F Data Setup
(w.r.t. IOCLK Pad) 2.0 1.8 1.5 ns
tioen lnput Data Enable Hold
(w.r.t. IOCLK Pad) 0.0 0.0 0.0 ns
tibesu Input Data Enable Setup
(w.r.t. IOCLK Pad) 8.6 7.5 6.5 ns
toutH Output F-F Data Hold
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
touTtsu Output F-F Data Setup
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
topEH Output Data Enable Hold
{w.r.t. IOCLK Pad) 0.5 0.4 0.4 ns
topesu Output Data Enable Setup
(w.r.t. IOCLK Pad) 2.0 1.7 1.5 ns
Note:

1. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay

measurements performed on the device prior to shipment.
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A1440A Timing Characterlistics (continued)

(Worst-Case Commercial Conditions)

Preliminary Preliminary Preliminary

Information Information Information
170 Module — TTL Output Timing’ ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Max. Min. Max. Min. Max. Units
toHs Data to Pad, High Slew 7.5 6.4 5.6 ns
toLs Data to Pad, Low Slew 12.0 10.2 9.0 ns
tenzHS Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 4.5 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 9.4 8.3 ns
tenHsz Enable to Pad, H/L to Z, Hi Slew 11.0 9.4 8.3 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 8.3 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 11.0 9.5 8.5 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 15.0 13.5 1.3 ns
drLHHS Delta Low to High, Hi Slew 0.03 0.03 0.02 ns/pF
drns Delta Low to High, Lo Slew 0.07 0.06 0.05 ns/pF
drHLHS Delta High to Low, Hi Slew 0.05 0.04 0.04 ns/pF
drHus Delta High to Low, Lo Slew 0.07 0.06 0.05 ns/pF
1/0 Module — CMOS Output Timing'
tons Data to Pad, High Slew 9.3 7.9 7.0 ns
toLs Data to Pad, Low Slew 17.5 14.9 13.1 ns
tENZHS Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 59 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3 1.3 10.0 ns
tenHSZ Enable to Pad, H/L to Z, Hi Slew 11.0 9.4 8.3 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 8.3 ns
tokms IOCLK Pad to Pad H/L, Hi Slew 11.8 10.1 9.0 ns
tekLs IOCLK Pad to Pad HAL, Lo Slew 17.3 15.6 13.0 ns
drLHHs Delta Low to High, Hi Slew 0.06 0.05 0.04 ns/pF
dris Delta Low to High, Lo Slew 0.11 0.09 0.08 ns/pF
dryHs Delta High to Low, Hi Slew 0.04 0.03 0.03 ns/pF
drys Delta High to Low, Lo Slew 0.05 0.04 0.04 ns/pF

Note:

1. Delays based on 35pF loading.
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ACT 3 FPGAs

A1440A Timing Characteristics (continued)

(Worst-Case Commerclal Conditions)

Preliminary Preliminary Preliminary
Information Information Information
Dedicated (Hard-Wired) I/0O Clock Network ‘Std’ Speed ‘=1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tockH Input Low to High
(Pad to /O Module Input) 3.0 2.6 2.3 ns
hopwH Minimum Pulse Width High 3.8 3.3 2.9 ns
topwL Minimum Pulse Width Low 3.8 3.3 2.9 ns
tosapw Minimum Asynchronous Pulse
Width 3.8 3.3 2.9 ns
tiocksw Maximum Skew 0.4 0.4 0.4 ns
top Minimum Period 8.0 6.8 6.0 ns
fiomax Maximum Frequency 125 150 167 MHz
Dedicated (Hard-Wired) Array Clock Network
tHekH Input Low to High
(Pad to S-Module Input) 4.5 3.9 3.4 ns
oKL Input High to Low
(Pad to S-Module Input) 45 3.9 3.4 ns
tHPwH Minimum Pulse Width High 3.8 3.3 2.9 ns
tHPWL Minimum Pulse Width Low 3.8 3.3 29 ns
tHeksw Maximum Skew 0.3 0.3 0.3 ns
tHp Minimum Period 8.0 6.8 6.0 ns
frmax Maximum Frequency 125 150 167 MHz
Routed Array Clock Networks
trokH Input Low to High (FO=64) 5.5 4.7 4.1 ns
trekL Input High to Low (FO=64) 6.0 5.1 4.5 ns
tRPWH Min. Pulse Width High (FO=64) 4.9 4.2 3.8 ns
trpwL Min. Pulse Width Low (FO=64) 4.9 4.2 38 ns
tacksw Maximum Skew (FO=128) 1.0 0.9 0.8 ns
trp Minimum Period (FO=64) 10.0 8.7 8.0 ns
frRmax Maximum Frequency (FO=64) 100 115 125 MHz
Clock-to-Clock Skews
tioHeksw 1/O Clock to H-Clock Skew 0.0 3.0 0.0 3.0 0.0 3.0 ns
toHCKsW /O Clock to R-Clock Skew 0.0 3.0 0.0 3.0 0.0 3.0 ns
tHRcksw H-Clock to R-Clock Skew
(FO=64) 0.0 1.0 0.0 1.0 0.0 1.0 ns
(FO = 50% max.) 0.0 3.0 0.0 3.0 0.0 3.0 ns

Note:
1. Delays based on 35pF loading.
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A1460A Timing Characteristics
(Worst-Case Commercial Conditions, Ve =4.75V, T; =70°C)

Preliminary Preliminary Preiiminary
Information Information Information
Logic Module Propagation Delays! ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tep Internal Array Module 3.0 2.6 23 ns
tco Sequential Clock to Q 3.0 26 23 ns
tolr Asynchronous Clear to Q 3.0 2.6 23 ns
Predicted Routing Delays?
tro1 FO=1 Routing Delay 1.3 1.1 1.0 ns
trpz FO=2 Routing Delay 1.8 1.6 1.4 ns
troa FO=3 Routing Delay 21 1.8 1.6 ns
tRD4 FO=4 Routing Delay 25 22 1.9 ns
thos FO=8 Routing Delay 4.2 3.6 3.2 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 0.7 0.6 ns
tHo Flip-Flop Data Input Hold 0.0 0.0 0.0 ns
tsup Latch Data input Setup 0.8 0.7 0.6 ns
tvo Latch Data Input Hold 0.0 0.0 0.0 ns
twasyn Asynchronous Pulse Width 4.8 4.1 3.6 ns
BweLKA Flip-Flop Clock Pulse Width 4.8 4.1 3.6 ns
ta Flip-Flop Clock Input Period 10.0 8.5 7.5 ns
fmax Flip-Flop Clock Frequency 100 120 133 MHz

Notes:
1. For dual-module macros, use tppy + try; + tppy » tco + tRD1 + tPDa OF tppy + tRD1 + tsup » Whichever is appropriate.

2. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.
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ACT 3 FPGAs

A1460A Timing Characteristics (continued)
{Worst-Case Commercial Conditions)

Preliminary Preliminary Preliminary
Information Information Information
I/0 Module Input Propagation Delays ‘Std’ Speed ‘~1’ Speed ‘~2' Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tiny Input Data Pad to Y 4.2 3.6 3.2 ns
teky Input Reg IOCLK Pad to Y 7.0 6.0 5.3 ns
tocky Output Reg IOCLK Padto Y 7.0 6.0 5.3 ns
ticLay Input Asynchronous Clearto Y 7.0 6.0 5.3 ns
tocLRY Output Asynchronous Clearto Y 7.0 6.0 5.3 ns
Predicted Input Routing Delays'
tirD1 FO=1 Routing Delay 1.3 1.1 1.0 ns
tirRD2 FO=2 Routing Delay 1.8 1.6 1.4 ns
YRo3 FO=3 Routing Delay 21 1.8 1.6 ns
tRD4 FO=4 Routing Delay 25 22 1.9 ns
tiros FO=8 Routing Delay 4.2 3.6 3.2 ns
/O Module Sequential Timing
tinH Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 0.0 ns
tinsu Input F-F Data Setup
{w.r.t. IOCLK Pad) 2.0 1.8 1.5 ns
tioen Input Data Enable Hold
(w.r.t. IOCLK Pad) 0.0 0.0 0.0 ns
tieEsu Input Data Enable Setup
{w.r.t. IOCLK Pad) 8.6 7.5 6.5 ns
touTtH Output F-F Data Hold
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
toutsu Output F-F Data Setup
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 ns
topeH Qutput Data Enable Hold
(w.r.t. IOCLK Pad) 0.5 0.4 0.4 ns
topeEsu Output Data Enable Setup
{w.r.t. IOCLK Pad) 2.0 1.7 1.5 ns

Note:

1. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay

measurements performed on the device prior to shipment.
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A1460A Timing Characteristics (continued)

(Worst-Case Commerclal Conditions)

Preliminary Preliminary Preliminary

Information Information Information
1/0 Module — TTL Output Timing' ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed
Parameter Description Max. Min. Max. Min. Max. Units
tons Data to Pad, High Slew 75 6.4 5.6 ns
tois Data to Pad, Low Slew 12.0 10.2 8.0 ns
tENZHS Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 45 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 9.4 8.3 ns
teNHSZ Enable to Pad, H/L to Z, Hi Slew 11.6 9.9 8.7 ns
tenLsZ Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 8.3 ns
tekus IOCLK Pad to Pad H/L, Hi Slew 11.5 10.0 9.0 ns
tekis IOCLK Pad to Pad H/L, Lo Slew 17.0 15.3 12.8 ns
driHHs Delta Low to High, Hi Slew 0.03 0.03 0.02 ns/pF
dries Delta Low to High, Lo Slew 0.07 0.06 0.05 ns/pF
dyriHs Delta High to Low, Hi Slew 0.05 0.04 0.04 ns/pF
drqs Delta High to Low, Lo Slew 0.07 0.06 0.05 ns/pF
/O Module — CMOS Output Timing?
tous Data to Pad, High Slew 9.3 7.9 7.0 ns
toLs Data to Pad, Low Slew 17.5 14.9 13.1 ns
teNzHs Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 59 ns
tenzLs Enable to Pad, Z to H/L,, Lo Slew 13.3 11.3 10.0 ns
tenHsZ Enable to Pad, H/L to Z, Hi Slew 11.0 9.4 8.3 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 83 ns
tekHs IOCLK Pad to Pad H/L, Hi Slew 13.8 121 11.0 ns
tekLs IOCLK Pad to Pad H/L, Lo Slew 19.3 17.4 15.5 ns
dnHHs Delta Low to High, Hi Slew 0.06 0.05 0.04 ns/pF
drLHes Delta Low to High, Lo Slew 0.1 0.09 0.08 ns/pF
dyHLHS Delta High to Low, Hi Slew 0.04 0.03 0.03 ns/pF
drus Deita High to Low, Lo Slew 0.05 0.04 0.04 ns/pF

Note:

1. Delays based on 35pF loading.
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ACT 3 FPGAs

A1460A Timing Characteristics (continued)

(Worst-Case Commerclal Conditions)

Preliminary Preliminary Preliminary
Information information Information
Dedlcated (Hard-Wired) 1/O Clock Network ‘Std’ Speed ‘~1’ Speed ‘~2’ Speed
Parameter Description Min, Max. Min. Max. Min. Max. Units
tiockH Input Low to High
(Pad to /O Module Input) 3.5 3.0 2.6 ns
toPwH Minimum Pulse Width High 4.8 4.1 3.6 ns
topwL Minimum Pulse Width Low 4.8 4.1 3.6 ns
tiosapw Minimum Asynchronous Pulse
Width 3.8 33 29 ns
tiocksw Maximum Skew 0.8 0.7 0.6 ns
tiop Minimum Period 10.0 8.5 75 ns
fiomax Maximum Frequency 100 120 133 MHz
Dedicated (Hard-Wired) Array Clock Network
tHekH Input Low to High
(Pad to S-Module Input) 5.5 4.7 4.1 ns
tHo Input High to Low
(Pad to S-Module input) 5.5 4.7 4.1 ns
tHpwH Minimum Pulse Width High 4.8 4.1 3.6 ns
tHPwL Minimum Pulse Width Low 4.8 4.1 3.6 ns
tHoksw Maximum Skew 0.8 0.7 0.6 ns
thp Minimum Period 10.0 8.5 75 ns
frmax Maximum Frequency 100 120 133 MHz
Routed Array Clock Networks
tRckH Input Low to High (FO=256) 9.0 7.7 6.8 ns
tackL Input High to Low (FO=256) 9.0 7.7 6.8 ns
tRPWH Min. Pulse Width High (FO=256) 6.1 5.4 4.5 ns
trpwL Min. Pulse Width Low (FO=256) 6.1 5.4 4.5 ns
tReksw Maximum Skew (FO=128) 1.8 1.6 1.4 ns
tap Minimum Period (FO=256) 12.5 11.1 9.3 ns
famax Maximum Frequency (FO=256) . 80 80 105 MHz
Clock-to-Clock Skews
tioHcKksw 110 Clock to H-Clock Skew 0.0 3.5 0.0 3.5 0.0 3.5 ns
tioHcKksw 110 Clock to R-Clock Skew 0.0 5.0 0.0 5.0 0.0 5.0 ns
tHRCKSW H-Clock to R-Clock Skew
(FO =64) 0.0 1.0 0.0 1.0 0.0 1.0 ns
(FO = 50% max.) 0.0 3.0 0.0 3.0 0.0 3.0 ns
Note:

1. Delays based on 35pF loading.
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&

A14100A Timing Characteristics
(Worst-Case Commercial Conditions,Veo =4.75V, T, =70°C)

Preliminary Information

Logic Module Propagation Delays' ‘Std’ Speed
Parameter Description Min. Max. Units
trp Internal Array Module 3.0 ns
tco Sequential Clock to Q 3.0 ns
tolr Asynchronous Clear to Q 3.0 ns
Predicted Routing Delays?
tRD1 FO=1 Routing Delay 1.3 ns
trp2 FO=2 Routing Delay 1.8 ns
trD3 FO=3 Routing Delay 21 ns
tRo4 FO=4 Routing Delay 25 ns
trps FO=8 Routing Delay 4.2 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 ns
tho Flip-Flop Data Input Hold 0.5 ns
tsup Latch Data Input Setup 0.8 ns
tHp Latch Data Input Hold 0.5 ns
twasyN Asynchronous Puise Width 4.8 ns
twelka Flip-Fiop Clock Pulse Width 4.8 ns
tA Flip-Flop Clock Input Period 10.0 ns
fuax Flip-Flop Clock Frequency 100 MHz
Notes:

1. For dual-module macros, use tpp + tpp; + tppy » tco + trp1 + tPbn OF tpp1 + tRD) + tsup » Whichever is appropriate.

2. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.

*Actel is offering “Advanced Information” only on ‘~1’ Speed devices. Consult Actel for -1’ device availability.
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ACT 3 FPGAs

A14100A Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Preliminary Information

VO Module Input Propagation Delays ‘Std’ Speed
Parameter Description Min. Max. Units
tiny Input Data Pad to Y 4.2 ns
teky Input Reg IOCLK Padto Y 7.0 ns
tocky Output Reg IOCLK Pad to Y 7.0 ns
ticLRy Input Asynchronous Clear to Y 7.0 ns
tocLRY Output Asynchronous Clearto Y 7.0 ns
Predicted Input Routing Delays'
YRt FO=1 Routing Delay 1.3 ns
tirbe FO=2 Routing Delay 1.8 ns
tiRD3 FO=3 Routing Delay 2.1 ns
YRD4 FO=4 Routing Delay 25 ns
Yros FO=8 Routing Delay 4.2 ns
/O Module Sequential Timing
tine Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 ns

tinsu input F-F Data Setup

(w.r.t. IOCLK Pad) 2.0 ns
tioeH Input Data Enable Hold

(w.r.t. IOCLK Pad) 0.0 ns
tpesu Input Data Enable Setup

(w.r.t. IOCLK Pad) 8.6 ns
touth Output F-F Data Hold

(w.r.t. IOCLK Pad) 1.0 ns
touTsu Output F-F Data Setup

(w.r.t. IOCLK Pad) 1.0 ns
topEH Qutput Data Enable Hold

(w.r.t. IOCLK Pad) 0.5 ns
topEsu Output Data Enable Setup

(w.r.t. IOCLK Pad) 2.0

Note:

1. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device performance.
Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based on actual routing delay
measurements performed on the device prior to shipment.

*Actel is offering “Advanced Information” only on ‘-1’ Speed devices. Consult Actel for ‘-1’ device availability.
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A14100A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information

1/0 Module — TTL Output Timing' ‘Std’ Speed
Parameter Description Min. Max.
tpHs Data to Pad, High Slew 7.5
toLs Data to Pad, Low Slew 12.0
tenzHs Enable to Pad, Z to H/L, Hi Slew 6.0
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0
tenHSZ Enable to Pad, H/L to Z, Hi Slew 12.0
tenLsz Enable to Pad, H/L to Z, Lo Slew 11.0
tekHs IOCLK Pad to Pad H/L, Hi Slew 12.0
fokis IOCLK Pad to Pad H/L, Lo Slew 17.0
dyLHHs Delta Low to High, Hi Siew 0.03
drHes Delta Low to High, Lo Slew 0.07
drrHs Delta High to Low, Hi Siew 0.05
drHus Delta High to Low, Lo Slew 0.07
1O Module — CMOS Output Timing'

toHs Data to Pad, High Slew 9.3
tois Data to Pad, Low Slew 17.5
tenzHs Enable to Pad, Z to H/L, Hi Slew 7.8
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3
tenHSZ Enable to Pad, H/L to Z, Hi Slew 12.0
tenLsZ Enable to Pad, H/to Z, Lo Slew 11.0
tokHs I0CLK Pad to Pad H/L, Hi Slew 13.8
tekis JOCLK Pad to Pad H/L, Lo Slew 19.3
driHHS Delta Low to High, Hi Slew 0.06
drHLs Delta Low to High, Lo Slew 0.11
drHHs Delta High to Low, Hi Slew 0.04
drHLLs Delta High to Low, Lo Slew 0.05

Note:

1. Delays based on 35pF loading.

*Actel is offering “Advanced Information” only on *—1’ Speed devices. Consult Actel for -1’ device availability.

Units
ns
ns
ns
ns
ns
ns
ns
ns

ns/pF

ns/pF
ns/pF
ns/pF

ns
ns
ns
ns
ns
ns
ns

ns/pF
ns/pF
ns/pF
ns/pF
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ACT 3 FPGAs

A14100A Timing Characteristics {continued)
(Worst-Case Commercial Conditions)

Preliminary Information

Dedicated (Hard-Wired) VO Clock Network ‘Std’ Speed
Parameter Description Min. Max.
tockH input Low to High

(Pad to I/O Module Input) 3.5
tiopwH Minimum Pulse Width High 4.8
tiorPwL Minimum Pulse Width Low 4.8
tiosaPw Minimum Asynchronous Pulse

Width 38

tiooksw Maximum Skew 0.8
tor Minimum Period 10.0
fiomax Maximum Frequency 100
Dedicated (Hard-Wired) Array Clock Network
tHerH Input Low to High

(Pad to S-Module Input) 55
ek input High to Low

(Pad to S-Module Input) 5.5
tPwH Minimum Pulse Width High 48
tHPwL Minimum Pulse Width Low 48
tHeksw Maximum Skew 0.8
e Minimum Period 10.0
fmax Maximum Frequency 100
Routed Array Clock Networks
tRekH Input Low to High (FO=256) 9.0
trokL Input High to Low (FO=256) 9.0
tRPWH Min. Pulse Width High (FO=256) 6.1
tRPWL Min. Pulse Width Low (FO=256) 6.1
trReKsw Maximum Skew (FO=128) 1.8
trp Minimum Period (FO=256) 12.5
frmax Maximum Frequency (FO=256) 80
Clock-to-Clock Skews
YoHCKSW I/O Clock to H-Clock Skew 0.0 3.0
tioHCKsW /O Clock to R-Clock Skew 0.0 5.0
tHRCKSW H-Clock to R-Clock Skew

(FO = 64) 0.0 1.0

(FO = 50% max.) 0.0 3.0

Note:

1. Delays based on 35pF loading.

*Actel is offering “Advanced Information” only on ‘-1’ Speed devices. Consult Actel for “—1’ device availability.

Units
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x4

Macro Library

Hard Macros-—~Combinatorial
Modules

Function Macro Description s (]

ACT3 CMs Combinational Module (Full ACT 3 Logic Module) 1

Combinatorial

Logic Module

ACT3 DFM8A 4-bit D-Type Flip-Flop with Multiplexed Data, active low Clear, and active 1

Sequential high clock

Logic Module DFM8B 4-bit D-Type Flip-Flop with Multiplexed Data, active low Clear, and active low 1

clock

Adder FA1A 1-bit adder, carry in and carry out active low, A-input active low 2
FA1B 1-bit adder, carry in and carry out active low 2
FA2A 2-bit adder, carry in and carry out active low, A0 and A1 inputs active low 2
HA1 Half-Adder 2
HA1A Half-Adder with active low A-input 2
HA1B Half-Adder with active low carry out and sum 2
HA1C Half-Adder with active low carry out 2

AND AND2 2-input AND 1
AND2A 2-input AND with active low A-input 1
AND2B 2-input AND with active low inputs 1
AND3 3-input AND 1
AND3A 3-input AND with active low A-input 1
AND3B 3-input AND with active low A- and B-inputs 1
AND3C 3-input AND with active low inputs 1
AND4 4-input AND 1
AND4A 4-input AND with active low A-input 1
AND4B 4-input AND with active low A- and B-inputs 1
AND4C 4-input AND with active low A-, B-, and C-inputs 1
AND4D 4-input AND with active low inputs 2
AND5B 5-input AND with active low A- and B-inputs 1

AND-OR AO1 3-input AND-OR 1
AO10 §-input AND-OR-AND 1
AO11 3-input AND-OR 1
AO1A 3-input AND-OR with active low A-input 1
AO1B 3-input AND-OR with active low C-input 1
AO1C 3-input AND-OR with active low A- and C-inputs 1
AO1D 3-input AND-OR with active low A- and B-inputs 1
AO1E 3-input AND-OR with active low inputs 1
AO2 4-input AND-OR 1
AO2A 4-input AND-OR with active low A-input 1
AO2B 4-input AND-OR with active low A- and B-inputs 1
AO2C 4-input AND-OR with active low A- and C-inputs 1
AO2D 4-input AND-OR with active low A-, B-, and C-inputs 1
AO2E 4-input AND-OR with active low inputs 1
AO3 4-input AND-OR 1
AO3A 4-input AND-OR 1
AQO3B 4-input AND-OR 1
AQ3C 4-input AND-OR 1
AO4A 4-input AND-OR 1
AQ5A 4-input AND-OR 1
AQG 2-wide 4-input AND-OR 1
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ACT 3 FPGAs

Hard Macros—Combinatorial (continued)

Modules

Function Macro Description S o]
AND-OR AOBA 2-wide 4-input AND-OR with active low D-input 1
AQ7 5-input AND-OR 1

AO8 5-input AND-OR with active low C- and D-inputs 1

AO9 5-input AND-OR 1

AOIt 3-input AND-OR-INVERT 1

AOIA 3-input AND-OR-INVERT with active low A-input 1

AOI1B 3-input AND-OR-INVERT with active low C-input 1

ACIHC 3-input AND-OR-INVERT with active low A- and B-inputs 1

AOID 3-input AND-OR-INVERT with active low inputs 1

AOI2A 4-input AND-OR-INVERT with active low A-input 1

AOQI2B 4-input AND-OR-INVERT with active low A- and C-inputs 1

AOIZA 4-input AND-OR-INVERT with active low inputs 1

AOI4 2-wide 4-input AND-OR-INVERT 2

AOI4A 2-wide 4-input AND-OR-INVERT with active low C-input 1

AND-XOR AX1 3-input AND-XOR with active low A-input 1
AX1A 3-input AND-XOR-INVERT with active low A-input 2

AX1B 3-input AND-XOR with active low A- and B-inputs 1

AX1C 3-input AND-XOR 1

Buffer BUF Buffer, with active high input and output 1
BUFA Buffer, with active low input and output 1

Clock Net CLKINT Clock Net Interface 0 0
GAND2 2-input AND Clock Net 1

GMX4 4-to-1 Multiplexor Clock Net 1

GNAND2 2-input NAND Clock Net 1

GNOR2 2-input NOR Clock Net 1

GOR2 2-input OR Clock Net 1

GXOR2 2-input Exclusive OR Clock Net 1

Inverter INV Inverter with active low output 1
INVA Inverter with active low input 1

Majority MAJ3 3-input complex AND-OR 1
MUX MX2 2-to-1 Multiplexor 1
MX2A 2-to-1 Multiplexor with active low A-input 1

MX2B 2-to-1 Multiplexor with active low B-input 1

MUX MX2C 2-to-1 Multiplexor with active low output 1
MX4 4-to-1 Muttiplexor 1

MXC1 Boolean 2

MXT Boolean 2

NAND NAND2 2-input NAND 1
NAND2A 2-input NAND with active low A-input 1

NAND2B 2-input NAND with active low inputs 1

NAND3 3-input NAND 1

NAND3A 3-input NAND with active low A-input 1

NAND3B 3-input NAND with active low A- and B-inputs 1

NAND3C 3-input NAND with active low inputs 1

NAND4 4-input NAND 2

NAND4A 4-input NAND with active low A-input 1

NAND4B 4-input NAND with active low A- and B-inputs 1

NAND4C 4-input NAND with active low A-, B-, and C-inputs 1

NAND4D 4-input NAND with active low inputs 1




Hard Macros—Combinatorial {(continued)

Modules

Function Macro Description S 4
NAND NAND5C 5-input NAND with active fow A-, B-, and C-inputs 1
NOR NOR2 2-input NOR 1
NOR NOR2A 2-input NOR with active low A-input 1
NOR2B 2-input NOR with active low inputs 1

NOR3 3-input NOR 1

NOR3A 3-input NOR with active low A-input 1

NOR3B 3-input NOR with active low A- and B-inputs 1

NOR3C 3-input NOR with active low inputs 1

NOR4 4-input NOR 2

NOR4A 4-input NOR with active low A-input 1

NOR4B 4-input NOR with active low A- and B-inputs 1

NOR4C 4-input NOR with active low A-, B-, and C-inputs 1

NOR4D 4-input NOR with active low inputs 1

NORSC 5-input NOR with active low A-, B-, and C-inputs 1

OR OR2 2-input OR 1
OR2A 2-input OR with active low A-input 1

OR2B 2-input OR with active low inputs 1

OR3 3-input OR 1

OR3A 3-input OR with active low A-input 1

OR3B 3-input OR with active low A- and B-inputs 1

OR3C 3-input OR with active low inputs 1

OR4 4-input OR 1

OR4A 4-input OR with active low A-input 1

OR4B 4-input OR with active low A- and B-input 1

OR4C 4-input OR with active low A-, B-, and C-inputs 1

OR4D 4-input OR with active low inputs 2

OR5B 5-input OR with active low A- and B-inputs 1

OR-AND OA1 3-input OR-AND 1
OA1A 3-input OR-AND with active low A-input 1

OA1B 3-input OR-AND with active low C-input 1

OA1C 3-input OR-AND with active low A- and C-inputs 1

OA2 2-wids 4-input OR-AND 1

OA2A 2 wide 4-input OR-AND with active low A-input 1

0OA3 4-input OR-AND 1

OA3A 4-input OR-AND with active low C-input 1

OA3B 4-input OR-AND with active low A- and C-inputs 1

OA4 4-input OR-AND 1

OA4A 4-input OR-AND with active low C-input 1

OAS5 4-input complex OR-AND 1

OAl1 3-input OR-AND-INVERT 1

OAlI2A 4-input OR-AND-INVERT with active low D-input 1

OAI3 4-input OR-AND-INVERT 1

OAIBA 4-input OR-AND-INVERT with active low C- and D-inputs 1

XNOR XNOR 2-input XNOR 1
XNOR-AND XA1A 3-input XNOR-AND 1
XNOR-OR XO1A 3-input XNOR-OR 1
XOR XOR 2-input XOR 1
XOR-AND XA1 3-input XOR-AND 1
XOR-OR XO1 3-input XOR-OR 1
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ACT 3 FPGAs

Hard Macros—Sequential

Modules
Function Macro Description S [
D-Type DF1 D-Type Flip-Flop 1
DF1A D-Type Flip-Fiop with active low output 1
DF1B D-Type Flip-Flop with active low clock 1
DF1C D-Type Flip-Flop with active low clock and output 1
DFC1 D-Type Flip-Flop with active high Clear 1 1
DFC1A D-Type Flip-Flop with active high Clear and active low clock 1 1
DFC1B D-Type Flip-Flop with active low Clear 1
DFC1D D-Type Flip-Flop with active low Clear and clock 1
DFE D-Type Flip-Flop with active high Enable 1
DFE1B D-Type Flip-Flop with active low Enable 1
DFE1C D-Type Flip-Flop with active low Enable and clock 1
DFE3A D-Type Flip-Flop with Enable and active low Clear 1
DFE3B D-Type Flip-Flop with Enable and active low Clear and clock 1
DFE3C D-Type Flip-Flop with active low Enable and Clear 1
DFE3D D-Type Flip-Flop with active low Enable, Ciear, and clock 1
DFEA D-Type Flip-Flop with Enable and active low clock 1
DFM 2-bit D-Type Flip-Flop with Multiplexed Data 1
DFM1B 2-bit D-Type Flip-Flop with Multiplexed Data and active low output 1
DFMI1C 2-bit D-Type Flip-Flop with Multiplexed Data and active low clock and output 1
DFM3 2-bit D-Type Flip-Flop with Multiplexed Data and Clear 1 1
DFM3B 2-bit D-Type Flip-Flop with Multiplexed Data and active low Clear and clock 1
DFM3E 2-bit D-Type Flip-Flop with Multiplexed Data, Clear, and active low clock 1 1
DFM4C 2-bit D-Type Flip-Flop with Multiplexed Data and active low Preset and 1
output
DFM4D 2-bit D-Type Flip-Flop with Multiplexed Data and active low Preset, clock, 1
and output
DFM6A 4-bit D-Type Flip-Flop with Multiplexed Data, active low Clear, and active 1
high Clock
DFM6B 4-bit D-Type Flip-Flop with Multiplexed Data, active low Clear, and clock 1
DFM7A 4-bit D-Type Flip-Flop with Multiplexed Data, active low Clear, and active 1
high clock
DFM7B 4-bit D-Type Flip-Flop with Multiplexed Data, active low Clear and clock 1
DFMA 2-bit D-Type Flip-Flop with Multiplexed Data and active low clock 1
DFMB 2-bit D-Type Flip-Flop with Multiplexed Data and active low Clear 1
DFME1A 2-bit D-Type Flip-Flop with Multiplexed Data and active low Enable 1
DFP1 D-Type Flip-Flop with active high Preset 2
DFP1A D-Type Flip-Flop with active high Presst and active low clock 2
DFP1B D-Type Flip-Flop with active low Preset 2
DFP1C D-Type Flip-Flop with active high Preset and active low output 1 1
DFP1D D-Type Flip-Flop with active low Preset and clock 2
DFP1E D-Type Flip-Flop with active low Presst and output 1
DFP1F D-Type Flip-Flop with active high Preset and active low clock and output 1 1
DFP1G D-Type Flip-Flop with active low Preset, clock, and output 1
DFPC D-Type Flip-Flop with active high Preset, active low Clear, and active high 2
clock
DFPCA D-Type Flip-Flop with active high Preset, and active low Clear and clock 2
J-KType JKF JK Flip-Flop with active low K-input 1
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Hard Macros—Sequential (continued)

Modules
Function Macro Description S (o]
J-K'lype JKF1B JK Flip-Flop with active low clock and K-input 1
JKF2A JK Flip-Flop with active low Clear and K-input 1
JKF2B JK Flip-Flop with active low Clear, clock, and K-input 1
JKF2C JK Flip-Flop with active high Clear and active low K-input 1 1
JKF2D JK Flip-Flop with active high Clear and active low clock and K-input 1 1
T-Type TFIA T-Type Flip-Flop with active low Clear 1
TF1B T-Type Flip-Flop with active low Clear and clock 1
Latch DL Data Latch 1
DL1A Data Latch with active low output 1
DL1B Data Latch with active low clock 1
DL1C Data Latch with active low clock and output 1
DLC Data Latch with active low Clear 1
DLC1 Data Latch with active high Clear 1
DLC1A Data Latch with active high Clear and active low clock 1
DLC1F Data Latch with active high Clear and active low output 1
DLC1G Data Latch with active high Clear and active low clock and output 1
DLCA Data Latch with active low Clock and Clear 1
DLE Data Latch with active high Enable 1
DLE1D Data Latch with active high Enable and clock and active low input and output 1
DLE2B Data Latch with active low Enable, Clear, and clock 1
DLE2C Data Latch with active low Enable and clock and active high Clear 1
DLE3B Data Latch with active low Enable and clock and active low Preset 1
DLE3C Data Latch with active low Enable, Preset, and clock 1
DLEA Data Latch with active low Enable and active high clock 1
DLEB Data Latch with active high Enable and active high clock 1
DLEC Data Latch with active low Enable and clock 1
DLM 2-bit Data Latch with Multiplexed Data 1
DLM3 4-bit Data Latch with Multiplexed Data 1
DLM3A 4-bit Data Latch with Multiplexed Data and active low clock 1
DLM4 Data Latch with Multiplexed Data 1
DLM4A Data Latch with Multiplexed Data 1
DLMA 2-bit Data Latch with Multiplexed Data, and active low clock 1
DLME1A 2-bit Data Latch with Multiplexed Data and Enable and active low clock 1
DLP1 Data Latch with active high Preset and clock 1
DLP1A Data Latch with active high Preset and active fow clock 1
DLP1B Data Latch with active low Preset and active high clock 1
DLP1C Data Latch with active low Preset and clock 1
DLP1D Data Latch with active low Preset and output and active high clock 1
DLP1E Data Latch with active low Preset, clock, and output 1




ACT 3 FPGAs

Input/Output Macros
Vo
Function Macro Description Modules
Buffer BBHS Bidirectional Buffer, High Slew 1
BBUFTH Bidirectional Buffer, Tristate Enable, High Slew 1
BBUFTL Bidirectionat Buffer, Tristate Enable, Low Slew 1
BIBUF Bidirectional Bufter, High Slew (with hidden buffer atY pin) 1
HCLKBUF Dedicated High-Speed S-Module Glock Buffer 1
IBUF Input Buffer 1
INBUF Input Buffer 1
IOCLKBUF Dedicated /O Module Clock Buffer 1
|IOPCLBUF Dedicated 1/0 Module {OPCL Buffer 1
OBHS Output buffer, High Slew 1
OBUFTH Output Buffer, Tristate Enable, High Slew 1
OBUFTL Output Buffer, Tristate Enable, Low Slew 1
OUTBUF Output Buffer, High Slew 1
Bidirectional BRECTH Bidirectional, Output Register with Clear, Data Enabls, Tristate Enable, High 1
Slew
BRECTL Bidirectional, Output Register with Clear, Data Enable, Tristate Enable, Low 1
Slew
BREPTH Bidirectional, Qutput Register with Preset, Data Enable, Tristate Enable, 1
High Stew
BREPTL Bidirectionat, Output Register with Preset, Data Enable, Tristate Enable, Low 1
Slew
CLKBIBUF Bidirectional with input Dedicated to Clock Network 1
DECETH Bidirectional, Double Registered with Ciear, Data Enable, Tristate Enable, 1
High Siew
DECETL Bidirectional, Double Registered with Clear, Data Enable, Tristate Enable, 1
Low Slew
DEPETH Bidirectional, Double Registered with Preset, Data Enable, Tristate Enable, 1
High Slew
DEPETL Bidirectional, Double Registersd with Presst, Data Enable, Tristate Enable, 1
Low Slew
Input CLKBUF Input for Dedicated Routed Clock Network 1
IREC Input Register with Clear 1
IREP Input Register with Preset 1
Qutput FECTMH Output Register with Muxed Feedback, Clear, Data Enable, Tristate Enable, 1
High Slew
FECTML Output Register with Muxed Feedback, Clear, Data Enable, Tristate Enable, 1
Low Slew
FEPTMH Output Register with Muxed Feedback, Preset, Data Enable, Tristate Enable, 1
High Slew
FEPTML Output Register with Muxed Feedback, Preset, Data Enable, Tristate Enable, 1
Low Slew
ORECTH Output Register with Clear, Data Enable, Tristate Enable, High Slew 1
ORECTL Output Register with Clear, Data Enable, Tristate Enable, Low Slew 1
OREPTH Qutput Register with Preset, Data Enable, Tristate Enable, High Slew 1
OREPTL Output Register with Preset, Data Enable, Tristate Enable, Low Slew 1
TBHS Tristate output, High Slew 1
TRIBUFF Tristate output, High Slew 1
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s/

Soft Macros
Maximum  Modules
Loglc
Function Macro Description Levels S c
Adder FADD10 10-bit adder 3 56
FADD12 12-bit adder 4 9
FADD16 16-bit adder 5 97
FADD8 8-bit adder 4 44
FADD9 9-bit adder with active low carry out 3 49
VAD16C Very fast 16-bit adder, no Carry in 3 97
VADC16C  Very fast 16-bit adder with Carry in 3 97
Comparator  ICMP4 4-bit Identity Comparator 2 5
ICMP8 8-bit Identity Comparator 3 9
MCMPC2  2-bit Magnitude Comparator with Enable 3 9
MCMPC4  4-bit Magnitude Comparator with Enable 4 18
MCMPC8  8-bit Magnitude Comparator with Enable 6 36
Counter CNT4A 4-bit binary counter with load and clear 4 4 8
CNT4B 4-bit binary counter with load, clear, carry-in, carry-out 4 4 7
FCTD16C  Fast 16-bit Down Counter, parallel loadable 2 19 33
FCTD8A Fast 8-bit Down Counter, parallel loadabls 1 10 18
FCTD8B Fast 8-bit Down Counter, parallel loadable 1 9 13
FCTU16C  Fast 16-bit Up Counter, parallel loadable 2 19 31
FCTUSBA Fast 8-bit Up Counter, parallel loadable 1 10 17
FCTUS8B Fast 8-bit Up Counter, parallel loadable 1 9 12
UDCNT4A  4-bit up/down counter with load, carry-in, and carry-out 5 4 13
VCTD16C  Very fast 16-bit down counter, delay after load, registered control inputs 1 34 41
VCTD2CP  2-bit down counter, prescaler, delay after load, use to build VCTD counters 1 5 2
VCTD2CU 2-bit down counter, upper bits, delay after load, use to build VCTD 1 2 3
counters
VCTD4CL  4-bit down counter, lower bits, delay after load, use to build VCTD counters 1 4 7
VCTD4CM 4-bit down counter, middle bits, delay after load, use to bulld VCTD 1 4 8
counters
Decoder DEC2X4 2-to-4 decoder 1 4
DEC2X4A  2-to-4 decoder with active low outputs 1 4
DEC3Xs8 3-to-8 decoder 1 8
DEC3X8A  3-to-8 decoder with active low outputs 1 8
DEC4X16A 4-to-16 decoder with active low outputs 2 20
DECE2X4  2-to-4 decoder with enable 1 4
DECE2X4A 2-to-4 decoder with enable and active low outputs 1 4
DECE3X8  3-to-8 decoder with enable 2 11
DECE3X8A 3-to-8 decoder with enable and active low outputs 2 1
Latch DLCBA octal latch with clear active low 8-bit Data Latch with active low Clear 1 8
DLES8 octal latch with enable 8-bit Data Latch with active high Enable 1 8
DLM8 octal latch with muitiplexed data 8-bit Data Latch with Muitiplexed Data 1 8
MUX MX16 16-to-1 Multiplexor 2 5
MX8 8-to-1 Multiplexor with active high output 2 3
MX8A 8-to-1 Multiplexor with active low output 2 3
Multiplier SMULT8 8-bit by 8-bit Multiplier 242
Shift Register SREG4A 4-bit shift register with clear active low 1 4
SREGS8A 8-bit shift register with clear active low 1 8
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ACT 3 FPGAs

Soft Macros—TTL Equivalent

Maximum  Modules
Logic
Function Macro Description Levels S (o]
TAOO 2-input NAND 1 1
TAO2 2-input NOR 1 1
TAO4 Inverter 1 1
TAO7 Buffer 1 1
TAO8 2-input AND 1 1
TA10 3-input NAND 1 1
TA11 3-input AND 1 1
TA138 3-to-8 decoder with enable and active low outputs 2 12
TA139 2-to-4 decoder with active low enable and outputs 1 4
TA150 16-to-1 multiplexor with active low enable 3 6
TA151 8-to-1 multiplexor with enable and both active low and active high output 3 5
TA153 4-to-1 multiplexor with active low enable 2 2
TA154 4-t0-16 decoder with active low outputs and select lines 2 22
TA157 2-to-1 multiplexor with active low enable 1 1
TA160 4-bit decade counter with active low clear and load 4 4 8
TA161 4-bit binary counter with active low clear and load 3 4 6
TA164 8-bit serial in, parailel out shift register, active low clear 1 8
TA169 4-bit Up/Down Counter 6 4 14
TA174 hex D-type flip-flop with active low clear 1 6
TA175 quadruple D-type flip-flop with active low clear 1 4
TA181 ALU 37
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 a0
TA194 4-bit bidirectional universal shift register 1 4 4
TA195 4-bit parallel-access shift register 1 4 1
TA20 4-Input NAND 1 2
TA21 4-input AND 1 1
TA269 8-bit up/down binary counter 8 8 28
TA27 3-input NOR 1 1
TA273 octal register with clear 1 8
TA280 9-bit odd/even parity generator and checker 4 g
TA32 2-input OR 1 1
TA377 octal register with active low enable 1 8
TA40 4-input NAND 1 2
TA42 4 to 10 decoder 1 10
TAS1 AND-OR-Invert 1 2
TAS4 4-wide 2-input AND-OR-Invert 2 5
TAS5 2-wide 4-input AND-OR-Invert 2 3
TA688 8-bit identity comparator 3 9
TAB6 2-input exclusive OR 1 1
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Package PIn Assignments
84-Pin PLCC (Top View)

Q o 2Q
; f e gdl
Q
: : 88833
/ 11 10 8 8 7 6 5 4 3 2 { 8 83 82 8 B0 70 78 77 76 75
Q
sDlorlO 12 74[ ] worlocLk
o R 73]
{1+ 2]
s 7]
MODE []16 ol ]
I: 17 69 : Vks
e 68| ] vpp
e 14 |
e e[}
2 84-PIn &[]
2 PLCC o[
[]2a |
[ -2 62
Ces 61 GND
es so[ 1 vee
eNo |27 se [ vgy
Ve [C28 sal ]
[ 57
e &[]
Ca s5[ ]
e 5[]
o 33 34 35 36 37 3B 30 40 41 42 43 44 45 46 47 48 49 50 51 £2 83/
o9
©88§ % 2
4 d g
I Q
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 unassigued pins are available for use as I/Os. 5. Vgy =V, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vgg=GND, except during device programming.
programming or debugging.
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ACT 3 FPGAs

Package Pin Assignments (continued)
100-Pin PQFP (Top View)

[ 1T 1I0PLGC or VO
I —

[ IT__1PRBoriO

8| —T—
d| | E=r—ano
o

8 =
# =
=] — — |
¥

I =
] [ — —
o3I e |
3

8

2

Q| I HCLKor VO
-4 [ maat 0 —

& v

| —IT_—1GND

BT 11T Vee

R ——1—1aND

»

4 [ e o — |

gl —r—

1] I — — |
I —

. — —

F4] 1 — — |

e 11

b3 [ mmtte |

<] m i m—

(
—1ar—] |81 50| —I1—3
I e 49| T
11— s O 48| 1 v
I |84 47 I gND
Vgy C—IT—] |85 48| T
Voo C—II—] |es 45| I
GND 11— |7 VY o —
1T |es 48| —T—
11— (89 100-Pin F.7-] | r— — |
—I—] e 4| T
o] |et PQFP 40| —Ir——1
T |e2 39| 11—
—Ir—] [e3 1 ) — —]
I o4 7| —T—
1T |es 38| —IT—1anD
Vpp C—IT— |06 3| T ve
Vs I |07
o e -}
99

 — — O
—— [100 at| o
\_1 23456780 1011 121314151617 1819 2021 2223242526 2728 2230 )
Q 28 82828 ege
5 55>9> 05 59 5
x @ < x 5
-4 ¥ ¥ o o} @
8 33 o 8

Notes:

1
2.
3.

Unused I/O pins are designated as outputs by ALS and are driven low.
All unassigned pins are available for use as /Os.

MODE must be terminated to circuit ground, except during device
programming or debugging.

4. Vpp= V¢, except during device programming.
5. Vsy =V, except during device programming.
6. Vkg=GND, except during device programming.
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Package Pin Assignments (continued)
160-Pin PQFP (Top View)

[— 1T 1160 110 or DCLK

7 ™
enp 11— | O — 171 120 VO or IOCLK
SDlor 0 2 CIT— [——1T 1119 NC
3 CTI——] — 118
Py — — 117
NC 5[] 11 116
- 1 — [T 115
7 Cr— — T 1114
8 1T —T 1113 NC
MODE 9 CTT—] 1 112 Ve
Veo 10 CIT—] — o 111 Vis
1 CT——] ——11 110 Vee
12 O] T 1109 NC
LY o 4 —— ——Tr 1108
NC 14 CIT——] [—1r 1107 NC
GND 16 TIT—— —r 108
16 CIT——] 1108
17 CIT—] — 1104
Voc 18 T 11103 GND
GND 19 —IT—] 102
NC 20 CIT——] A1425A —1r 101
b3 I o s — 160-Pin [— 1T 1100 NC
22 CIT—] PQFP T 9 Vo
pY  « — F——T1r 98 GND
NC 24 1T F— 97
25 1T — 1196
26 CT—] — 95
NC 27 T — 94
Voo 28 CIT—} [—1r 93 NC
Vav 20 T —T 92 NC
30 CIT——] 191 Vee
3 T T390 Ve
32 CIT—] — T80
33 CTT— 168
34 CIT——] —1r87
35 CIT—] 186
38 T 185
37 ] 84
38 1T 183
39 CIT— F—1r 2
GND 40 CIT—] ——TT181 GND
TYIITOLOIB SN TNBLB2B oI B8EBBRINNNERRRRS
22 282 ¢ ¢ ¢ g238 g2 gi222 8
59" 59 5
-
§ 3 g
z Q
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/Os. 5. Vgv =V, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vgs = GND, except during device programming.
programming or debugging.
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ACT 3 FPGAs

Package Pin Assignments (continued)
160-Pin PQFP (Top View)

—— 111121 GND

[—— 111160 VO or DCLK

4 ™\
avp 1c—— | O 1T 120 VO or IOCLK

SDior /0 2 1T 1T 1119

3T [———T—1118

4 CTT— — 11y

5 T—] —T1r—1116

6 I [T 1115

b = — T 1114

8 C3T—] 111113
MODE & CIT——] 1112 Voo
Voo 10 CIT— 1T 1111 vs
L i & — T 110 Ver

12 I [—1r 100

18 I ——T— 108

o 11107

GND 16 CIT——] 11106

18 CT—] 1T 1105

17 o= —Tr—1 104
Voo 18 1T} [—11 1103 GND

GND 19 I 111102

P11 ) s — A1440A, A1460A 1101

21 I 160-Pin 111100
-3 — PQFP 1T 199 Ve
23 T 1198 GND

24 I —— 1197

25 CIT—] —

26 1 Am———

27 COT——} 1T 1904

Voo 28 COT 1T 193

Vav 20 CIT— —— 192
30 T [T 101 Veo
1 — [T 100 Vs

F-V ) 2 m— ——: ]

33 COr— 1188

34 T — v

13— — /11186

36 1T — 1

37 CIT— — 7 ]

fc'- 1 m— ——: <

99 CIT—] ——:
GND 40 1T [— 1181 GND

. /

[N

dogoodauoooguoibocoonnatonodooodongooait

TYRI OSBRI BGRB8 o YR I 08B BRINANLRLRRRS

8 ag Qa 8 0

2 284 28 -

=

g 3 g

T =]

Notes:
1. Unused I/O pins are designated as outputs by ALS and are driven low. 4. Vpp= Vo, except during device programming.
2. All unassigned pins are available for use as ¥Os. 5. Vgy =V, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vs =GND, except during device programming.
programming or debugging.
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Package Pin Assignments (continued)
208-Pin PQFP (Top View)

-1
o
e g & 8 e2s8s00 E 98
R R IBNRRYBoE8I835388 B0 Y3 RNRRNIRRCR2883R858235
r/ )
GNDO 1 COIT— —— 111156 1)O or IOCLK
solarwo 2— | O — 188
saCIr— 11 1154
Y s — 18
= 152
[ 3 o  — —11 1151
77— —T 1%
s C—— [—— 11T 1149
[ e — 1T 1148 Voo
10 CIT—] 1147 NC
MODE 11 CTT—] 146 Ve
Voo 12 CIT— 11 1145 Ve
13 CT— 11 1144
Y — 143
18 CT— —— P ]
18 CT— —— 11 1141
17 C— =140
18 C— o130
199 COT— —— 171138
20 T 11 1137
Py — 1138
22 Cor— F—T 135
23 C1T— — 1T 1134
4 11— 1T 1133
Voo 25 ] F— 132 ve
GND 20 CIT— A1460A 11T 1131 GND
Vee 27 CIT—] 111130 Vee
GND 28 I 206-Pin 1120 oD
20 3T —] PQFP 120
20 CIT——} 127
31 I 126
oY — 125
asCoT— — 1124
34— — 11123
38 C— 12
38 T— —T =
fc 14 s — ——1 1 120
38 Cr——] =19
30 CIT— =118
Veo 40 COIT—— 11 1117
Vev 41 CIT— [— 1T 1116 NC
o 115 veo
43 CIT— 1 114 vav
44— 1T 1113
48 CIT—] 112
48 CT— 111
47 o 11 1110
48 C1T1T— —— 11 1100
= — F—r— 108
50 CIT—] 107
=
GND 82 CTT—] F—1 105 anD
N HHHHH .
2333%828588388588ﬁ’ﬁﬂﬂlﬁ.‘!kﬂﬂs5883335838538338588§§§§§
[=3:]~]
g 8 2 %§§5§ % $ g %
2 ] 4]
o g g_
Notes:
1. Vpp must be terminated to Vi, except during device programming. 3. Unused VO pins are designated as outputs by ALS and are driven low.

2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.
programming or debugging.
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ACT 3 FPGAs

Package Pln Assignments (continued)
208-Pin PQFP (Top View)

GND 1 1T [——111 156 YO or IOCLK
SDleril0 2 CI— O — 1158
3 ]

s
151
1%
T 140
1 148 Voo
1147
F——1 146 Ve
71 145 Vee
— a4
T 143
142
141
140
13
13
1137
13
13
=124
13
1 132 Voo
7 131 aND
Veo 27 CTT— A14100A 11 130 Veo
T 120 GND
f] - v— PQFP T
127
11120
128
124
F— 122
122
—— 1T 1121
120
e
— T 1118
—— T 17
116
11115 Voo
11 114 Vv
113
112
111
F— 110
Tl
100
F— 108 aND

(-~
\

IOPCL or /O 104 CIT——)

Notes:
1. Vppmust be terminated to Ve, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.

2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.
programming or debugging.
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Package PIn Assignments (continued)
100-Pin CPGA (Top View)

1 2 3 4 656 6 7 8 9 1011
AQO OOOO0OO0O00O0O0|A
BIOOOOOO0OO0O0O0O0O0O|B
“loNoNONONONONONONONONO][:
pjoOoC e O O O Ofp
EjO O O O O Ofe
FOOOO‘&‘,’@"{' O O O QOfF
6O 00 O O Ofa
HO OC O O O O OfH
JOOOOOO0OOOOO O
KOOOOQOQOOOOOOK
LOOOOOOOOO OO

1 2 3 4 5 6 7 8 9 10 11

@ Orientation Pin

Signal Pad Number Location
CLKA or l/O 94 Cc7
CLKB or l/0 95 D6
DCLK or /O 107 C4
GND 1,9, 21, 37, 39, 49, 55, 63, 75, 87, 97, 99 C3, F3, J3, C86, J6, J8, CY9, F9, J9
HCLK or /O 42 Hé
I0CLK or I/O 81 C10
IOPCL or I/0 54 K9
MODE 7 G2
PRA OR /O 100 A6
PRB or VO 36 L3
SDl or I/O 2 B3
Vee 8, 14, 22, 38, 40, 62, 68, 76, 96, 98 F2, K2, B6, K6, B10, F10, K10
Vks 74 E9
Vep 73 En
\' 23, 61 G2
Notes:

1. Unused I/O pins are designated as outputs by ALS and are driven low.
2. All unassigned pins are available for use as I/Os.

3, MODE must be terminated to circuit ground, except during device
programming or debugging.

4. Vpp= Vg, except during device programming.
5. Vgy =V, except during device programming.
6. Vgs = GND, except during device programming.
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ACT 3 FPGAs

Package Pin Assignments (continued)
133-Pin CPGA (Top View)

1 2 3 4 5§ 6 7 8 9 10 11 12 13
A[QOOO0OO0OO0OO0OO0O00O0OO0O0
B[OOOOOOOOOOOOO
2 [CHONONONOHNONONONONONONONS)
p/[OOOC @ O 00 000
E|JO OO (O ON®)
FIOO OO O00O0
(O NONONG (O ONONG)
H|O O OO OO0O0O0
JJO OO O 00
KO OO O 00 (ONONE)
LIOOOOOOOOOOO0OO0
MIOOOOOOOOOOOOO
NIOOOOOOOO0O0OO 0O

Signal Pad Number Locatlon

CLKA or I/O 116 D7

CLKB or 110 116 B6

DCLK or VO 134 D4

GND 1, 10, 22, 35, 36, 48, 50, 64, 68, 79, 93, 101, 106, A2,C3,C7,C11,C12, G3, G11, L3, L7, L11, M3, N1:
118, 120, 132

HCLK or 110 53 K7

IOCLK or 110 100 c10

IOPCL or 10 67 L10

MODE 8 E3

NC — A1, A7, A13, G1, G13, N1, N7, N13

PRA OR IO 121 A6

PRB or 1O 47 L6

SDl or 110 2 c2

Vee 9, 16, 23, 39, 49, 51, 65, 78, 84, 94, 117, 119, 127 B2, B7, B12, G2, G12, M2, M7, M12

Vks 92 F10

Vpp 9 E11

Vsv 24,77 J2, 12

Notes:

1. Unused IO pins are designated as outputs by ALS and are driven low.
2. All unassigned pins are available for use as I/Os.
3. MODE must be tenninated to circuit ground, except during device

programming or debugging.

4. Vpp= V¢, except during device programming.
5. Vsy =V, except during device programming.
6. Vks=GND, except during device programming.
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Package Pin Assignments (continued)

175-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15
ACOOOOO0OO0OOO0OOO0O0O0O]A
B[OOOOOOOQOOOOO0OO0O0DOO|8
20N ONONONONONONCHONCNORONORONOIN
L IONONONONONCHONORONCHONCRONORGIN
E[OO OO OO0O0OOQO|E
FIOO OO OCOOO|F
GO0 0O0 OO0 00|a
H|O O OO 175Pin OO0 O0O|H
JIOO OO (CHONONGN N
KOO OO (CHONONGIE ¢
LIOOOO OO0 0OO|L
MOOOOQOOO0OOOOOOOO|M
NJOOOOOOOOOOQOOOOO|N
PIOOOOOOOQOO0O00O0O0QO0O0OO|P
RLOOOOOOOOO0OO0O0OO0OOQOR

t 2 83 4 5 6 7 8 9 10 11 12 13 14 15

“Signal Pad Number Location

CLKA or VO 159 C9

CLKB or /O 160 A9

DCLK or /O 185 D5

GND 1,12, 22, 24, 33, 46, 47, 57, 67, 69, 80, 90, 93, 104, D4, D8, D11, D12, E4, H4, H12, L4, L12, M4, M8

113, 115, 128, 138, 139, 151, 162, 164, 175, 183 M12

HCLK or 11O 72 R8

I0CLK or 11O 137 E12

IOPCL or I/0 92 P13

MODE 10 F3

NC — A2, A15, B2, B3, P2, P14, R1, R2, R14, R15
PRAOR VO 165 B8

PRB or 11O 66 R7

SDlor /O 2 D3

Vee 11, 21, 23, 34, 53, 68, 70, 86, 103, 114, 116, 129, C3, C8, C13, H3, H13, N3, N8, N13

144, 161, 163, 178

Vks 127 E14

Vep 126 E15

Vgy 35, 102 L1, L14
Notes:

. Unused /O pins are designated as outputs by ALS and are driven low.
. All unassigned pins are available for use as I/Os.
. MODE must be terminated to circuit ground, except during device

programming or debugging.

4. Vpp=V(, except during device programming.
5. Vsy = Ve, except during device programming.
6. Vgs=GND, except during device programming.

60



ACT 3 FPGAs

Package Pin Assignments (continued)
207-Pin CPGA (Top View)

1 2 83 4 5 6 7 8 9 10 11 12 13 14 15 16 17
AfJOOO0OO0O00O00000O0OO00O A
Bl OOOOOO0OO0OO0OO0OO0O00OO0OO0OOOO0O |8
clOO0O0O0O0O0OO0O0OO0OOLOOOOO |c
DFOOOOO0OO0O0OOO0OOOOOOO D
S NCEONORORN OO 0O |E
FIOOOO (ORONONGOIES
N CHORONG) OO0OO0O0 |a
Hl OO0 OO OO0OO0OO0O |H
IJWooO0oo 207-Pin 0000 |4
K| OO OO QOO0 |k
Ll OO OO O0O0OO0 |t
M OOQO ORONONOIE"
NF OO OO - OO OO N
PPLOCOOO0OO0O00OOQO0O0000O0O0OO0O |P
RIOOOQOOO0OO0O00O0O0OOO0OO0OOO0OO0 IR
I HON - HORONORORONONONONONCHCRONON « NO MK
TLOOOOO0OO0OO0OO0OOOO0OOOOOO T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Signatl Pad Number Location

CLKA or /O 185 K1

CLKB or i/O 186 J3

DCLK or /O 213 E4

GND 1,13, 27, 29, 41, 55, 56, 68, 80, 82, 94, 106, 109, C15, D4, D5, D9, D14, J4, J14, P3, P4, P9, P14, Rt¢

120, 133, 135, 151, 161, 162, 175, 188, 190, 200, 210

HCKL or /O 85 J15

IOCLK or 1/0 160 P5

IOPCL or VO 108 N14

MODE i1 D7

NC —_ A1, A2, A16, A17, B1, B17, C1, C2, 81, 83, 817, T1,

T2,T16,T17

PRA OR IO 191 H1

PRB or 1O 79 K16

8Dl or 11O 2 c3

Vee 12, 26, 28, 42, 63, 81, 83, 102, 119, 134, 136, 152, B2, B9, B16, J2, J16, $2, S9, S16

168, 187, 189, 206

Vep 149 Ts

Vsv 43,118 D1t, P12

Notes:

1.
2.
3.

Unused I/O pins are designated as outputs by ALS and are driven low.
All unassigned pins are available for use as I/Os.

MODE must be terminated to circuit ground, except during device
programming or debugging.

4. Vpp= V¢, except during device programming.
5. Vgy =V, except during device programming.
6. Vks=GND, except during device programming.
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Package Pin Assignments (continued)
257-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 10 1112 1314 1516 17 18 19
ArfQOOOO0OO0O0OO0O0OCOOOOOOOONA
BlOOOOOOO0OO0OO0O0OOO0O0OOO00O0O0 (B
ClO0OOO0O0OO0OO0O0O0OOO0O0OOOOOOO|C
PIOOO0OOOO0OOOO0OOO0OOOOOO|D
E|JOOOO OQ\ O O O O OO0O0O0O|E
FIOO OO ’ N) OOOQO|F
GIOOOOO (ONORONGRONc
HOOOO OO0OGCO|H
JOOOOO COOOO|
KOO OO ORORONON ¢
LIOOOOO COO00OO0O|tL
MOOOO ORONORONE
NNOOOOO JOOOOON
PIOOCOO & J 000 O|P
RICOOO o O O O OOCOO|R
TITOOOOO0OO0OO0OOOO0OOOOCOOOOOO|T
viOOOOOOOOOO0OO0OOO0OOOO0OOOO |V
X O0OOOO0OOO0OOOO0OOOOVLOOOOO (X
Y NOOOOOOOOOOOOOOOOOOO/Y

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19

Signal Pad Number Location

CLKA or /O 234 L4

CLKB or /O 235 LS

DCLK or I/O 273 E4

GND 1, 18, 31, 33, 48, 63, 64, 82, 98, 100, 117, 133, 137, C4,B16,T17, R4, D4, D10, D16, E11, J5, K4, K186,

152, 169, 171, 187, 201, 202, 220, 237, 239, 255, 270 L15,T4,T10,T16

HCLK or /0 103 J16

I0CLK or /O 200 TS

IOPGL or I/O 136 R16

MODE 11 A5

NC (guide pin) E5

PRA OR /0 240 H

PRB or /O 97 J17

SDior /O 2 B4

Vee 12, 30, 32, 49, 74, 99, 101, 123, 151, 170, 172, 189, C3, C10, C17, K3, K17, V3, V10, V17

214, 236, 238, 261

Vks 186 X7

Vpp 185 v7

Vsy 50, 150 C13, X14
Notes:
1. Unused I/O pins are designated as outputs by ALS and are driven low. 4. Vpp= Vo, except during device programming.
2. All unassigned pins are available for use as I/Os. 5. Vgy =V, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vs = GND, except during device programming.

programming or debugging.
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ACT 3 FPGAs

Package Mechanical Detalls
84-pin PLCC

E— >
l«—— E1——  »

|

v

.060" + .005°

4

018" + .003"

O O I

oooonoonnQoa

I
gouogouogoynu
]
2

goooogonoooggd
.020" min. '(—
029" + 003"

1757+ .010°

Lead Count D,E D1, Et

84 1.190" + .005” 1.155” £ .005”
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ACT 3 FPGAs

Package Mechanical Detalls (continued)
160-pin PQFP

| |-

% ==
O F—m—
=
o
[=— —
cr—} —
co——i [
[
= :“:'—JO.SO TYP
31.20+ 25| ¥
g =
[=r— >
= —
[Si—— =
[So— =
[r— —]
[ — =]
[Sie— s
o} —]
e ==
28.00 +.10~|— == 2
oy ==}
[ — —
o/ v
[=— —r
[=o=— —
[=ie—= >
o — 0.65BSC
] I
[=r— el
[=— —
[ —
= O (0| ==

T,

< e ssssREF

/ \\
342+ .25 — 4.07 MAX
{ S AN TR o
0.80x 15

0.18 .05 0.38 .13
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Package Mechanlcal Detalls (continued)

208-pin PQFP

30.60 £ .25

28.00£.10

A

3060 .25

28.00 = .10~

== O

 HA AR

= o

o)

= 0.50 BSC

O

\H}HHHHHHHHHHHHHHHH--- SR

N

o e

25,50 REF

H/

0.18x .05

/ \
Rt SR AN ] e g
le +0.15

0.38«.13

060 o010
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ACT 3 FPGAs

Package Mechanical Detalls (continued)

100-pin CPGA

Pin#1 1D

.

y,

le—————1.100" % .015" square ——————

X e e e e e e xe Xxexe)

00000000000

00000000000
0

ONONON
ONONG)

ONORE)

O

O
O
O

0000
(ONON®)
000

@)
O
O

O
O
O

o
ONONONONONORONONONONG)
ONNOoNONONCHRONONON NG,
P OO O0O0O00O0000 QY

080" | o
KIS

050" £ .010"
(4 Places)
120"
140"

1.000 BSC

@ Orlentation Pin
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0.18" + .002"

2
7

>

—
1

3

100"
.130°

050° +.010" 3| feg—

(4 places)

<

200 BSC

ya Pin #1

lgg————1.360" £ .016" square ————————————— |

(bO0OO0O0000000O0
000000000000
000000000000
000 000 00
000 00
0000 000
0000 000
0000 000
00O 00
00O 000 @00
0D00000000O00O0
000000000000
000000000000

el

Package Mechanical Detalls (continued)

133-pin CPGA

Y

OO0O0O0OO0O0OOOO0OOO O

o

@ Orientation Pin
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ACT 3 FPGAs

Package Mechanical Detalls (continued)

175-pin CPGA

INDEX MARK 4\

A

1.400 =

h

0.015

N\
ra [oNoNoNoRoNoNORORCHCNCNONCHORORG)
00000000000 O0OOOO0O
00000000000 OO0OO0OO
O00000000O00OO0O0O0O0
0000 » ~ 0000
0000 000
0000 0000
0000 0000
(ORONOR) Q000
0000 0000
0000 0000
0000 0000
(ORONORO RN /- 0000
ONONCHONCNCHONONONONORCRONONCRONO)
(ORONONONONCHCRORCHORONONORORORORS)
0000000000000 00O0
\OOOOOOOOOOOOOOOOO/

€—— 1,570+ 015 square —————————————»]

", N
u

|(—> 0.120 £ .015

0.018 £ .002

v
—x

ﬁtgso v 005
1 1

~ 0.130 £.010

[€—~ 0.050 + .005
—» 0.105 £ .012




=~/

Package Mechanlcal Detalls (continued)
207-pin CPGA

INDEX MARK \

070 TYP

™
;
K

%> g \ ()

y 0000000000000 00O0 —
0000000000000 000O0 —
0000000000000 000O0 —— y
O00000000000QO000O0 ==_1-
0000 N 0000 =%
0000 0000 1
0000 0000 1
0000 0000 -

1e08s¢ [ OO OO 0000 1
0000 0000 1
0000 0000 ]
0000 0000 1
OO0O00 ~ - 0000 ] 0.018 £ .002
0000000000000 0000 — 4
0000000000000 000O0 1

y 0000000000000 0000 F—3 0050+ .00
O000000000000000O0 =
A\ i’ )
—> L~ 0.180 + .010
—» | [ €— 0.050 + .006
< 1.750 + .015 square ———————————————— 3
0.017 + .002 —»| |&—
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ACT 3 FPGAs

Package Mechanlcal Details (continued)
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The ACT 3 Family from Actel has a complex I/O macro which
allows users to implement high speed complex functions entirely
in the I/O. Common functions like shift registers operating at
160Mhz, state machines and counters with 7.5 ns clock to output
(pin to pin) and 160 Mhz pipeline registers are all implementable
in ACT 3 I/Os. This significantly increases capacity and I/O
performance of ACT 3 over previous generations of FPGAs. This
application note covers several examples of how designers can
use these powerful IO macros in real world applications.

ACT 3 /O Architecture

The ACT 3 family architecture is shown in Figure 1. The logic
array consists of rows of Sequential and Combinatorial logic cells
with routing channels in between, much like a channeled gate
array. I/O modules are located at the periphery of the array. Each
I/O module is used to interconnect device signal pins to array
inputs and outputs. The I/O module contains specialized circuitry
to assist the designer in getting signal on and off chip. Figure 2
shows the detailed block diagram of the ACT 3 I/O module.

170 Module

The main function of the ACT 3 I/O module is to provide a
high-speed high-functionality interface between the pins of the
device and the logic array. Data to/from the logic array arrives on
the left side of Figure 2. U01 and U02 are the data from the array
and ‘Y’ is the data to the array. The pad is shown on the far right
side of Figure 2 and is the input/output pin of the device. Data
from the array may be registered in the output register or
bypassed using the OTB control signal. If registered, the data may
be selectively loaded or held via the synchronous enable signal
ODE and asynchronously initialized to a logic Low or High via
the IOPCL input. The output drivers have both an individual slew
control and individual output enable. The Preset/Clear, OTB and
Slew features are usually automatically determined when the user
selects the desired /O macro. For example, the /O macro
ORECTH shown in Figure 3A uses a Clearable output register
with High Slew. Correct selections of OTB, Preset/Clear and
Slew are made automatically. Another feature of the I/O macro is
the ability to feedback the contents of the output register back to
the logic array. This allows embedded functions like state
machines and shift registers to be easily implemented in the IO
macro. Figure 3B shows the FECTML macro and the feedback
multiplexor used to select between the output register and the
device pad.

Application

Using ACT 3 Family I1/0 Macros Note

When data is sources from the device pad, the input register can
be used to capture incoming data. The input register has a
synchronous data enable and a Preset/Clear feature similar to the
output register. The IDE and IEN signals are used to control the Y
multiplexer and the data enable multiplexer and provide the most
commonly needed input functions. Again, these signals are
usually determined automatically when the user selected the
desired macro. For example, the IREC input register macro is
shown in Figure 3C and has IDE, IEN and Preset/Clear
predetermined to implement the desired functions.

The complex I/O functions available with ACT 3 devices have
many common applications. The following sections show several
ways in which these applications can make full use of the ACT 3
/O capabilities in ‘real world’ systems designs. The three
sections are:

* Input Oriented Functions starting on page 3
* Output Oriented Functions starting on page 10
* Bi-Directional Oriented Functions starting on page 15

Table 1. ACT 3 IO Macro Performance

Input Features

Input Timing Reglster 167 MHz
Input Pipeline Register 167 MHz
Pulse Stretching Input Register 120 MHz
Input Synchronization 187 MHz
Input Address Holding Register 164 MHz
input Control Register 167 MHz
Output Functions
State Machine Output Register 135 MHz
Output Shift Register 167 MHz
Output Pseudo Random Counter 131 MHz
Output Datapath 131 MHz
Bi-Directional Functions
Bi-Directional Registers 167 MHz

@ 1994 Actel Corporation
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An Array with n rows and m columns
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Figure 1. Generalized Floor Plan of ACT 3 Device
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Using ACT 3 Family VO Macros
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Figure 2. /O Macro Block Diagram
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Figure 3. /O Macro Implementations
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1 1 its control signal IMSEL) and the asynchronous PRESET or
lnPUt Orlented FunCtlonS CLEAR functions can all be used to implement important
functions in the IO.
Tlfe ACT 3 IO macro has. several fupctions usc?ful when Common Input Oriented macros are shown in Figure4.
bringing data onto the device. In particular the input data Application examples and tips in using these types of macros are
enable control (IDE), the input register bypass multiplexer (and shown in more detail starting on page 3.
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Figure4. Common Input Orlented macros
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Input Oriented Functions

Input Timing Register

Description

ACT 3 /O macros can be used to implement registers used to
capture input signals with precise timing using the IO Clock
(IOclk) in conjunction with the High Speed Internal Clock
(Hclk). Because they are separate hardwired clock networks, with
very low skew (1.3 ns max) IOclk may be skewed with respect to
Hclk to adjust timing precisely.

Macro Dlagram—IREC
BA ) 42
m—CIDE
CLX  bherk
CLR

ITOPCLs I

Examples and Tips IREC
¢ Use the IREC and IREP macros to implement timing registers
on input paths. Example applications are asynchronous input
metastability hardening, synchronous data bus timing, address Timing Analysis
sampling, and control signal capturing. A1425A-2 Worst Case
* Use the data enable and the data input on the register to Commercial Delays
implement complex timing functions. Input Set-up Time 1.5ns
¢ Use the Preset or Clear version of the macro in order to Clock to Output 3.0ns
determine the state of the associated input on initialization.
s . . N Routi lay(FO= .
This is insures that all required control inputs are inactive on outing Detay( 2 1.4ns
initialization. Total 4.4 ns
Fmax (Clock Limited) 167 MHz
Application Diagram-~Input Timing Registor
RINO Qo
INPUTO PAl b Q .
ID htoe S ora
CLK LK ™ CLE
CLR
JTOPCL
NPOUT2 PA o Q RrNL
I
o ; ZH >—p ——=
[y ID: CroE
‘ CLK LK
CLR
ITOPCL
IREC
INPUT I[N RIN[N]
. PA =
iD i DE
CLK CLK
? CLR
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. IOPCL
T IREC
HCLK
PA] Y P.
OCLKBUF KBUF
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Input Plpsline Register

Description
ACT 3 I/O macros can be used to implement pipeline registers in

hig

h performance systems. Pipelined processing inserts register

stages between processing elements to increase processing clock
rate. This technique increases signal latency, but in latency
friendly applications this is a powerful technique. The ACT 3 /O
registers are ideal for registering data going on or off chip in

Macro Diagram—IREC
B ) 44—
LC ITDE
CLK .~
CLR

TOPCL |

synchronous pipeline processing applications. IREC
Examples and Tips
* Use the IREC or IREP macro to pipeline data on input pins.
Typical applications are digital signal processing, high speed Timing Analysis
communications  datapaths, graphics processing and Worst Case
networking. A1425A-2 Commercial Delays
¢ Use the data .enable and the data input on the register to hold Input Set-up Time 1.5 ns
data for multiple clock cycles. Clock to Output 3.0 ns
* Use the Preset or Clear version of the macro in order to
. lay (FO=. .
determine the state of the associated output on initialization. Routing Delay (FO=2) 14ns
This insures that all required control outputs are inactive on §-module Set-up time 0.8ns
initialization. Total 5.2 ns
» Use the input bypass multiplexer on the IRECM macro to Fmax (Clock Limited) 167 MHz
bypass the pipeline register when flushing the pipe.
Application Diagram—input Pipeline Register
INPUTO P. 5 | 2 ) al—
—  IPE _  roe breis
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INPUTL — Pwo =3 —~ Qh—
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‘I IOPCL I
INPUT [MN] P _—-g
D —iD Ql—
- e s
CLK - CLK
CLR CLR

HOT.T
p—LopcL f
— q
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Input Oriented Functions

Pulse Stretching Input Register Application Diagram—Pulse Stretching Input Register

Description

ACT 3 I/O macros can be used to stretch timing pulses when
contro] signals dissappear too soon. The enable on the input
register can be used to convieniently hold the captured data until

processing has been completed.. TNPUTO g pAE& D S 32 o u
Examples and Tips —  IDE Aoe
* Use IREC and IREP input registers to stretch input pulses. SR P T(;ER

Typical applications are in peripheral interfaces, asynchronous N 9

bus control and networking.

IREC
* Use the Preset or Clear version of the macro in order to
determine the state of the associated output on initialization.

A
This is insures that all required control outputs are inactive on X (o2 l B

initialization.

¢ Use the IO Clock and the High Speed Clock to adjust timing

as needed.
Macro Diagram—REC i
DFC1B
LK

CLR

R > g j

IDE~  (hpe

CLK TR

CLR

IOPCL I

IREC

Timing Analysls 224 =
TOCLKBUF

A1425A-2 Comv:’noerfctl :Iasgl ays PAD ¥
Input Set-up Time 1.5ns ICPCLBUF
Clock to Qutput 3.0ns Pag ¥
Routing Delay (FO=2) 1.4ns TOLKBOF
Logic Module delay 2.3ns
Routing Delay (FO=1) 1.0ns
Enable Set-up 0.6 ns
Total 8.3 ns
Fmax 120 MHz
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Acts/

Input Synchronization

Description

ACT 3 IO macros can be used to help synchronize asynchronous
inputs and increase metastability hardness. The IO macro register
is used as the first stage of the synchronizer with additional stages
provided by the logic array.

Examples and Tips

Use the IREC and IREP input registers to synchronize
asynchronous inputs. Typical applications include peripheral
interface, industrial controls and data acquisition.

Use the Preset or Clear version of the macro in order to
determine the state of the associated output on initialization.
This is insures that all required control outputs are inactive on
initialization.

Macro Diagram—IREC

PA = Q
IDE ___ ~roe
CLK horx

CLR

ITOPCL I

IREC

Application Diagram—Input Synchronization

INPUTO P

b 2 Q|
| < = - —, T nroim
cLK " CLK
CLR CLR
Topct Y
rRmc
2 b'd
LBOr
2 x
cLBar
e ¥
KBUF

Timing Analysis

A1425A-2 Comv;:er:élglalgglays
Input Set-up Time 1.5ns

Clock to Output 3.0ns
Routing Delay (FO=2) 1.4ns
S-module Set-up time 0.8ns

Total 52ns

Fmax (Clock Limited) 167 MHz
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Input Oriented Functions

Input Address Holding Register Application Diagram—input Address Holding Register
Description
ACT 3 I/O macros can be used to implement address holding ADDRO - ADDO
registers on processor interface applications. The data enable on - ,ﬂ D o 9 n
. . E—
the input register can be used to capture addresses and hold them crx ex
during the full processing cycle. The address register output can CLR
also be multiplexed with the input pin using the input register —iﬂ‘——x;—c—?
bypass multiplexer. This is useful when the address needs to be ADDRI oa aop1
saved for later use, but the information on the bus (perhaps data = m:'z'b_ﬂ o 9
on a multiplexed address/data bus) needs to be available also. & |—sux -
CLR
Examples and Tips 4 sovce o
* Use the IREC and IREP macros to implement address holding nec
registers. Typical applications include synchronous bus
interfaces, multiplexed address/data busses and memory
control.
* Use the Preset or Clear version of the macro in order to apoRN ® c—3 o "%
determine the state of the associated output on initialization. x Qo=
This is insures that all required control outputs are inactive on Sh jalt
initialization. HOLD J v
* Use I0 Clock and input data enable in conjunction with the xnme
High Speed Clock to control timing of address capture.
PA h 4
Macro Diagram—IREC
PA h 4
=gH>—F -
oE— 7 roe e
CLK her K
CLR

IOPCLs I

IREC

Timing Analysis

A1425A-2 Comv::’er::lflalgzlays
Input Set-up Time 1.5ns

Logic Module 2.3ns
Routing Delay (FO=8) 3.2ns

{0 Module enable set-up 0.6 ns

Total 6.1 ns

Fmax (Clock Limited) 164 MHz
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Input Control Register Macro Diagram—IREC
Description
ACT 3 I/O macros can be used to implement input control "
registers for capturing control signals for use inside the device. A o d4—=
simple request acknowledge handshake can be implemented IDE ______ iom
completely in the IO macros in ACT 3 Devices. =1 S Vot 4
Examples and Tips SRR
. . IOPCL |
¢ Use the IREC and IREP IO macros to implement simple
control register functions. Typical applications are request IREC
acknowledge handshakes, interrupt requests, chip select, data
strobe enables and master slave bus arbitration.
Timing Analysis
* Use the data enable and the data input on the register to
implement complex transition functions. A1425A-2 c Worst Clase
ommercial Del
* Use the Preset or Clear version of the macro in order to aye
determine the state of the associated output on initialization. Input Set-up Time 1.5 ns
This is insures that all required control outputs are inactive on Clock to Out (Pad to Pad) 75ns
nitialization. Clock to Output 3.0 ns
¢ Use IO Clock in c'on_!unctmn with the High Speed C.lock to Routing Delay (FO=2) 1.4 ns
solve perverse timing problems when interfacing to )
unsynchronous busses. S-module Set-up time 0.8ns
Total 52ns
Fmax (Clock Limited) 167 MHz
Application Diagram—input Control Register
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Output Oriented Functions

Output Oriented Fu nctions PRESET or CLEAR functions can all be used to implement

important functions in the IO.
The ACT 3 IO macro has several functions useful when bringing Common Qutput Oriented macros are shown Figure 5.
data off the device. In particular the output data enable control Application examples and tips in using these types of macros are
(IDE), the output register bypass multiplexer (and its control shown in more detail starting on page 10.
signal OMSEL), the feedback multiplexer and the asynchronous
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State Machine Output Register

Description

ACT 3 I/O macros can be used to implement state registers for
control signals which need fast clock to output. Typical
applications are DMA controllers, DRAM interface, RISC
Processor Interface, fast interchip signaling, timing generation
and control, or interleaved memory control.

Examples and Tips

Use the FEPTMH macro with the feedback multiplexor
selected for the direct register output (Low on the select). This
cuts the delay by several ns since it need not go through both
the output buffer and input buffer. Remember to use a stop set
in the timer with the PADs of each register included so this
longer path won’t be used (The timer can’t tell that the mux
has selected the internal path).

Use the data enable and the data input on the register to
implement complex transition functions.

Use the Preset or Clear version of the macro in order to
determine the state of the associated output on initialization.
This is insures that all required control outputs are inactive on
initialization.

Macro Diagram—FEPTMH

Application Diagram—State Machine Output Register

HYIGH SLEW

FEPTMH

FEPTMH

FEPTMH

PAT] Y

ITOPCL

TOPCLBUF

Timing Analysis

A1425A-2 Comvx\oerrs:lslagglays
Clock to Out 3.5ns
Module Delay (AQI2A) 2.3ns
Routing Delay (FO=1) 1.0ns

10 Reg set-up 0.6 ns

Total Delay 7.4ns

Fmax 135 MHz
Clock to Out (Pad to Pad) 7.5ns
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Output Oriented Functions

Output Shift Register

Description

ACT 3 I/0O macros can be used to implement output shift registers
utilizing only IO macros. Typical applications are serial
communications, network interfaces, bus bandwidth matching
and timing generation.

Examples and Tips

3

Use the FEPTMH macro with the feedback multiplexor
selected for the direct register output (Low on the select). This
cuts the delay by several ns since it need not go through both
the output buffer and input buffer. Remember to use a stop set
in the timer with the PADs of each register included so this
longer path won’t be used (The timer can’t tell that the mux
has selected the internal path).

Use the data enable and the data input on the register to control
the transfer of data off chip.

Use the Preset or Clear version of the macro in order to
determine the state of the associated output on initialization.
This is insures that all required control outputs are inactive on
initialization.

Macro Diagram—FEPTMH

7]
FEPTMH

Timing Analysis
A1426A-2 Comvl"’noer:cth‘a:lal;:Iays
Clock to Out 3.5ns
10 Reg set-up 0.6ns
Total Delay 4.1 ns
Fmax (Clock Limited) 167 MHz
Clock to Out (Pad to Pad) 7.5 ns

Application Diagram—Output Shift Register
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Output Pseudo Random Counter

Description

ACT 3 I/O macros can be used to implement pseudo random
counters for high speed counting and timing functions. This
technique results in faster and smaller implementations than
traditional binary counters and only costs 1 combination in NA2.
Typical applications are FIFO memories, large scratch pad
storage, interprocess data transfers and high precision delay
generation. Remember to use timing tricks with the IOclock if
needed to satisfy perverse system timing constraints.

Examples and Tips

Use the FEPTMH macro with the feedback multiplexor
selected for the direct register output (Low on the select). This
cuts the delay by several ns since it need not go through both
the output buffer and input buffer. Remember to use a stop set
in the timer with the PADs of each register included so this
longer path won’t be used (The timer can’t tell that the mux
has selected the internal path).

Use the data enable and the data input on the register to control
timing.

Use the Preset or Clear version of the macro in order to
determine the state of the associated output on initialization.
This is insures that all required control outputs are inactive on
initialization.

Macro Diagram—FEPTMH

HIGH SLEW

B
D =) a9 PAD

Timing Analysis

A1425A-2 Co mvrvnoer:élgalgglays
Clock to Out 3.5ns
Module Delay (XNOR) 2.3ns
Routing Delay (FO=1) 1.0ns

10 Reg set-up 0.8ns

Total Delay 7.6 ns

Fmax 131 MHz
Clock to Out (Pad to Pad) 7.5ns

Application Diagram—Output Pseudo Random Counter
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Output Oriented Functions

Output Datapath

Description

ACT 3 I/O macros can be used to implement datapath output
registers for common datapath functions like counters, adders,
multiplexers, and pipeline registers. Typical applications are
digital  signal processing, microprocessor peripherals,
communications datapaths, networking controllers and algorithm
enhancement coprocessors.

Examples and Tips

* Use the FEPTMH macro with the feedback mmltiplexor
selected for the direct register output (Low on the select). This
cuts the delay by several ns since it need not go through both
the output buffer and input buffer. Remember to use a stop set
in the timer with the PADs of each register included so this
longer path won’t be used (The timer can’t tell that the mux
has selected the internal path).

» Use the data enable and the data input on the register to control
data transfers off chip.

» Use the Preset or Clear version of the macro in order to
determine the state of the associated output on initialization.
This is insures that all required control outputs are inactive on
initialization.

Application Diagram—Output Datapath

Macro Diagram-—FEPTMH
HIGH SLEW
D 3 B PAD
oD,
ODE
ELKor.K
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IOPCL |

M

Y |

FEPTMH
Timing Analysis
Worst Case

A1425A-2 Commerclal Delays
Clock to Out 3.5ns
Module Delay 2.3 ns
Routing Delay (FO=1) 1.0ns
10 Reg set-up 0.8 ns
Total Delay 7.6 ns
Fmax 131 MHz
Clock to Output (Pad to Pad) 7.5ns

87



Bi-Directional

Oriented Functions

The ACT3 IO macro has several functions useful when
implementing bi-directional functions. In particular, the input
register and output register can be used together to implement

synchronous bus interfaces. Preset and Clear as well as separate
data enables on each register provide additional functionality in

synchronous bus applications.

Common Bi-directional Oriented macros are shown in page 15.
Application examples and tips in using these types of macros are
shown in more detail starting on page 15.
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Figure 6. Common Bi-Directional Orlented macros
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Bi-Directional Oriented Functions

Bi-Directional Registers

Description

ACT 3 I/0O macros can be used to implement bi-directional
registers for synchronous bus interfaces. Typical applications are
synchronous processor bus interfaces, synchronous memory
interfaces, interchip bus interfaces, high speed communications
datapath switches, and high speed peripheral interfaces. The
separate IO clock network can be used in conjunction with the
high speed internal clock to adjust timing of data transfers to meet
difficult system timing requirements.

Examples and Tips

¢ Use the DECETH macro to implement synchronous registered
bi-directional data busses in ACT 3 devices.

¢ Use the data enables to control data flow to/from the bus.

¢ Use the Preset or Clear version of the macro in order to
determine the state of the associated output on initialization.
This is insures that all required control outputs are inactive on
initialization. (Remember that preset and clear apply to both
registers. Registers can only be both preset or both cleared.
Other combinations are not allowed.

Macro Diagram—DECETH
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Application Diagram—Bi-Directional Registers
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Conclusions

ACT 3 devices allow users to implement many complex functions
entirely in the IO macros at the periphery of the array. These
functions provide improved clock to output and setup times as
well as significantly increasing the real capacity of the device.
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