


Are you an artist?
We think so.

Like an artist, you start with a blank canvas. And on that canvas you
craft a design that’s unique, inspired and, hopefully, the most efficient
answer to a problem. That answer, in turn, translates into a product
that gives your company a competitive edge in the market.

We call that creative.

At Actel, we understand this process and what you must go through.
And we’re committed to support your creativity and goals in every way
that we can.

First, we support you with proven FPGAs that offer a full range of
choices in speed, capacity, pin outs, and packaging. So that you can
get the performance you need at a price you can afford.

That's performance/price value from Actel, without painful trade-offs.

Second, we have the advanced design and development tools you
need to achieve fast, flexible and predictable design, with guaranteed
gate utilization.

Our tools let you capture your vision in silicon, exactly the way you
want it.

Third, we provide you with knowledgeable and responsive technical
support. Real engineers to answer your questions and help you com-
plete your masterpiece on time, on budget and to your specifications.

You have the ideas and the vision.

We provide the brushes, the paint and the canvas.



Fast Flexible Design

“The Actel design tools are like Hardware Heaven: you draw a schematic, simulate the logic, and view any and all
internal nodes... You can place and route the chip in about 30 minutes, then analyze the post-layout timing on the
same analyzer. And then, when you are satisfied with the design, you make a chip. All this can be done without
ever leaving your PC. This is the way the world should be. Make your boss buy you these tools.”

David Erickson
Vice President of Hardware Engineering
Datacube Corporation

Quote from The Computer Applications Journal, issue #34, May 1993

“Our i860-based numerical accelerator board incorporated four Actel A1460A devices, each implementing one of
a wide variety of functions ranging from a DMA controller and four DRAM controllers to control registers and an
internal bus controller. The Actel A1460A FPGAs were the only programmable devices available that met the per-
formance, capacity and I/0 requirements.”

Ken Linton

Hardware Engineering Manager
SKY Computers

Quote from Actel ACT 3 Press Release, December 13, 1993

“All things considered, my opinion based on this project is that designing with an FPGA is actually easier than
designing with SSI and MSI logic. I no longer wonder what applications FPGAs are useful for, but rather what
applications still make sense for small- and medium-scale integration TTL and CMOS logic.”

Doug Conner
Technical Editor
EDN Magazine

Quote from Hands-on FPGA Project, parts I and I, EDN Magazine, April 9 and 23, 1992.
For further details, see complete article reprint in Section 6.

Integrating PALs and TTL

“It simply wasn’t feasible to implement that many shift registers in PALs. .. The choice was obvious, Actel was the
clear winner. Actel’s products are easy to work with, offer the highest available logic density and performance and
can be relied upon to satisfy the most demanding design requirements.”

Mike Casteloes
Senior Engineer
Interstate Electronics Corporation

For further details, see complete case history in Section 10.

“T was well aware of Actel’s technology from the beginning. The Actel devices worked out exceptionally well. I
was pleasantly surprised that we were able to integrate as much logic as we could into the parts.”

David Kranzler
Engineering Project Leader
3COM Corporation

For further details, see complete case history in Section 10.



Computer Systems and Peripherals

RasterOps designed the Actel A1240, a 4,000-gate FPGA, into its PaintBoard Turbo
tamily of graphics products for use with Apple Macintosh computers. The architectural
flexibility of the A1240 made it suitable for implementing the varied functions required for
the complex Macintosh graphics operations.

Telecommunications

Chipcom chose the Actel A1020 FPGA for use in a 24-port twisted pair Ethernet
product. Actel believes that its device was selected over competitive SRAM-based
FPGAs primarily because of the combination of effective design tools and performance.
The Actel circuit architecture also proved more flexible than most PLD architectures in its
ability to implement the required logic.

Military and Aerospace

Westinghouse military system engineers replaced 10 standard logic chips with one of
Actel's FPGAs, which handled the entire error correction, registration and interface logic
for Westinghouse’s high speed, high dynamic range analog-to-digital converters.

Industrial Control Equipment

Siemens Medical Electronics cut its production cycle by an estimated two months by
using Actel's FPGAs for both prototype development and production for a pulse oximetry
system. Siemens’ engineers produced a working prototype only two weeks after delivery
of Actel's development system. All of the microprocessor interface logic was
implemented on one of Actel’'s FPGAs.
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Actel Company Background

Actel Corporation is a leading supplier of high performance field
programmable gate arrays (FPGAs) and currently provides the
dominant antifuse-based architecture in the FPGA market. As a
Sunnyvale-based start-up in 1988, Actel Corporation was the first
company to successfully develop and manufacture an antifuse-
based FPGA, enabling its products to surpass the performance,
density, and cost-per-gate of existing memory-based FPGAs.
Actel’s lead continues to escalate, and today Actel’s advanced
product lines are endorsed by electronics industry leaders it has
partnered with. Actel’s partners include Hewlett-Packard
Company, Texas Instruments, and Matsushita Electronics
Corporation (Panasonic).

The FPGA Market

In the past five years, the FPGA market has experienced
tremendous growth and currently is the fastest growing segment
of the $5.7 billion ASIC market. Researchers, such as In-Stat Inc.,
predict that the FPGA market will reach $887 million by 1997,
representing a compound annual growth rate of 30 percent (see
Figure 1).

Why is the FPGA market growing so fast?

Because a top priority for every engineer today is how to shorten
the design cycle, FPGAs have become an important factor in new

product development. Offering the design flexibility and capacity
of gate arrays, plus the convenience and speed of desktop
programming, FPGAs deliver a quicker time-to-market solution
than any other method of logic integration.

At the same time, engineers are still facing the traditional
demands to make new products cheaper and smaller. FPGAs
provide an important solution to this problem, too. By integrating
thousands of gates of random logic onto one chip, designers can
reduce board space, component count, and power requirements at
the same time.

FPGAs versus Conventional Logic

While discrete logic and programmable logic devices (PLDs)
have long been a viable solution for high speed and high drive
capability, conventional logic has relinquished part of the market
to more integrated solutions such as FPGAs. Compared to
conventional logic, FPGAs can:

 reduce system size (fewer devices)

» reduce system costs

e improve system performance

« improve system reliability (fewer devices on the board)
FPGAs versus Masked Gate Arrays

FPGAs also offer clear advantages over masked gate arrays,
which are traditionally considered the high end of the logic
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The FPGA Market
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market. Since 1991, the category that includes FPGAs has
realized more annual designs than masked gate arrays, according
to Dataquest. Compared to masked gate arrays, FPGAs offer:

« reduced time-to-market
e increased flexibility
» lower cost for small and medium-size volumes

e low-risk design options (no NRE costs)

Actel FPGA Families

Actel currently offers the ACT™ 1, ACT 2, and ACT 3 families of
FPGAs that span 1,200 to 10,000 gates in density (see Figure 2).
These families of devices are based on proprietary architecture
and interconnect technologies and offer users reliable, risk-free
logic integration. The company’s strong emphasis on architecture,
routing, and programming technologies has enabled Actel to
emerge as the technology leader in the FPGA market. The
foundation of Actel’s technology is the unique synergy created by
the company’s novel programming element, the PLICE®
(Programmable Low-Impedance Circuit Element) antifuse and
Actel’s multiple-patented FPGA architecture. The advanced
performance, capacity, low cost, and ease-of-use characteristics
of the ACT families are highly dependent on this synergy. Indeed,
Actel’s antifuse and architecture must be used together to attain
the benefits that Actel devices offer.

Actel’s Patented PLICE Antifuse

The PLICE antifuse is a nonvolatile, two-terminal element that
exhibits low “on” resistance when programmed and provides the
same wire-to-wire interconnect functions as “vias” provide in
mask-programmable gate arrays and that transistor-based
EPROM and RAM cells and metal fuses provide in conventional
programmable logic devices.

PLICE
POLYSILICON

PLICE
DIFFUSIO

PLICE
DIELECTRIC

Figure 3. The PLICE Antifuse Element

The PLICE antifuse offers key advantages in both size and
electrical properties (see Figure 3). The antifuse is small enough
that it fits within the width of the channeled routing track. This
means that there is basically no die size overhead created by the
antifuse itself. The combination of small size and low delay
characteristics of the PLICE antifuse has allowed Actel to make
two key architectural breakthroughs:

* to offer abundant routing resources while offering very small
die sizes

« to offer a highly flexible, highly granular architecture (small
logic blocks)

Actel’s Patented Segmented, Channeled Routing Architecture

Actel’s segmented, channeled routing structure consists of
various lengths of routing segments separated by antifuses. Some
tracks consist of many short routing segments, while other tracks
offer direct interconnect across the chip. Due to the abundant
number of routing tracks per channel, a wide variety of segment
lengths is offered. These routing tracks can be accessed by
programming vertical antifuses located within the metal 1 to

75
ACT 3
(1993)
50
System ACT 2
Performance (1991)
(MHz)
25
ACT 1
1988
0 ( )
1 T T 1 T
2000 8000 10,000 Gate Array Gates
69 140 228 User I/O

Figure 2. The FPGA Families
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metal 2 vias. See Figure 4 for an example of a typical ACT 1
routing structure.

the variability, the HIGHER the predictability of your design.
Clearly, antifuse-based FPGAs are much more highly predictable
than SRAM-based FPGAs.

| 29%

OUTH OUT OuUT = ouT L
Antifuse-based FPGAs | 12%
% D04 b a a
o9 O X 4 SRAM-based FPGAs
U U U D
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S € S b— — Figure 6. Performance Variability (LOWER variability
means HIGHER predictability and ease-of-design)
—N IN N LIN
This highly predictable performance is directly related to Actel’s

Figure 4. ACT 1 Routing Example

Actel’s segmented routing architecture minimizes the number of
antifuses in any path by offering various lengths of interconnect
segments. For closely placed modules, short tracks are accessed.
For more distant modules, long tracks are accessed. This flexible
routing and interconnect architecture ensures that no more than
four antifuses are used in any path, with 90 percent of all
interconnects requiring only two antifuses.

Highest, Most Predictable Performance

Actel’s ACT 3 family offers the highest performance in the FPGA
industry: on-chip performance of up to 150 MHz; chip-to-chip
speeds over 80 MHz; and 9 ns Clock-to-Out speeds. Figure 5
shows performance of the A1425A-1 per the Programmable
Electronics Performance Corporation (PREPTM) Benchmarks*,
while using 100% automatic placement and routing tools.

1g 1UU 1€ pla

Accumulators (16-bit) | 47 MHz

Loadable Counters (16-bit) | 82 MHz

Prescaled Loadable Counters (16-bit) | 150 MHz

Figure 5. A1425A-1 Performance (Worst-Case Commercial)

The antifuse-based architectures have also demonstrated very
tight distributions in performance. The tighter the distribution, the
easier it is to design with. Figure 6 shows the average
performance variability of antifuse-based and SRAM-based
devices as derived from the PREP benchmarks* while using
100% automatic placement and routing software. The LOWER

*All PREP numbers refer to Suite #1, Version 1.2, dated 3-28-93;
any analysis is not endorsed by PREP.

proprietary PLICE antifuse and segmented, channeled routing
architecture. Total capacitance and resistance of each interconnect
path has been minimized by:

» minimizing impedance of the antifuse

* minimizing the number of antifuses per interconnect path (no
more than four, 90% of interconnects requiring only two
antifuses)

» minimizing the length of the metal tracks used for interconnect

For more details on performance and performance predictability,
see Section 2, which covers the PREP benchmark results.

Actel’s Low-Cost Solution

Strong emphasis in process and architectural technologies, along
with tight strategic partnerships, allows Actel to offer the most
cost-competitive solutions in the programmable logic industry.
Actel’s technology leadership produces the industry’s smallest
die sizes for comparable density devices. Actel’s strategic
partnerships ensure continuous product availability, as well as
new product innovation, at industry leading costs. Actel’s overall
price leadership can be attributed to:

» very small die sizes due to the PLICE antifuse technology
+ competitive, multiple foundry fabrication

» second sourced products

« leadership in process technology and architectural design
Higher Performance for Lower Cost

Actel introduced the industry’s first antifuse-based programmable
architecture in 1988. The small size of the PLICE antifuse has
allowed Actel to introduce devices 20% to 50% smaller in die size
than comparable competitive devices. Actel’s learning curve has
been very steep, having manufactured and sold over 3 million
FPGAs containing over 750 billion antifuses over the past five
years. These economies of scale, paired with technological
breakthroughs, have allowed Actel to reduce initial pricing by a
magnitude, and to continue to offer higher performance solutions
at lower prices (see Figure 7).
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Actel’s price leadership has been demonstrated in conjunction
with industry standard PREP benchmarks. Actel ACT 2 devices
are the best value in the mid-range and high-density classes. In
fact, Actel antifuse-based FPGAs represent five of the seven best

value programmable devices based on certified PREP results (see
Figure 8).

For more information regarding Actel’s value proposition, see the
PREP Benchmarks in Section 2.
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Actel’s High-Density, High-Performance Solution

In 1991, Actel introduced the largest FPGA in the industry, the
8000-gate A1280. In 1993, Actel is introducing the industry’s first
high-performance, high-density programmable solutions, the
A1460A and A14100A. These devices offer up to 10,000 gate
array gates and up to 228 user I/Os while delivering on-chip
performance to 100 MHz and clock-to-out speeds of 12
nanoseconds (see Table 1).

Table 1. Specifications for A1460A and A14100A

High Density High Performance
Gate : Clock-
Density User I/0 | On-Chip out
A14100A 10,000 228 100 MHz 12.0 ns
A1460A 6,000 168 100 MHz 11.6 ns

The introduction of the ACT 3 family punctuates the advantages
of the antifuse technology. The low impedance of the antifuse
supports high-performance designs even at high gate densities.
No other programmable technology can offer this combination of
high speed and high density (see Figure 9). This combination
opens new design possibilities in computers, graphics, high-speed
telecommunications and other high-speed and high-I/O
applications.

In comparison, EPROM-based architectures offer high
performance at low gate densities, but the architecture’s
performance dwindles and costs rise dramatically as gate capacity
increases. The SRAM-based FPGA architectures have been
shown to support high-density designs, but are lacking in
performance and are quite expensive. Both the lack of
performance and the high costs can be attributed to the large size

and electrical characteristics of the SRAM interconnect elements.
The small size and low impedance of Actel’s antifuse-based
architecture offers high speed at high densities, at the fraction of
the cost of SRAM devices.

Actel Leads in Reliability

Actel builds the most reliable field programmable gate arrays
(FPGAs) in the industry, with overall reliability ratings of 6 Failures-
in-time (FITs at 70°C ambient, 0.9 EV), corresponding to a useful
life of more than 40 years. Actel FPGAs have been production
proven, 4 million devices shipped to date and over 700 billion
antifuses manufactured. The architecture of the devices permits a
highly testable structure for routing, logic resources, I/O pads, and
programming circuits. As a result, all devices are fully tested prior to
shipment, with an outgoing defect level of only 122 ppm. For more
details on device reliability and testing, see Section 4.

Actel Offers Fast Flexible Design

The Actel design flow has been tuned to minimize the effort of
bringing designs to market (see Figure 10). A windows-based
interface allows users to complete ACT 1, ACT 2, and ACT 3
designs, from concept to silicon, within hours. Compatibility to
industry standard design entry tools allows designers to leverage
their existing expertise.

The fine granularity of the Actel architecture allows designers to
implement simple to complex, random to highly structured
designs while using 100% automatic placement and routing tools
guaranteeing 80% to 95% gate utilization. Timing analysis
software and backannotation simulation allow the designer to
quickly verify performance and timing requirements. On-site
programming and diagnostic tools provide quick-turn design
implementation.

High-Speed
Antifuse
EPROM

MHz

 High-Speed High Density

Antifuse Only
B0A, A14100A

Mid-Range
Antifuse
SRAM
EPROM

High-Density
Antifuse
SRAM

Density

Figure 9. Speed and Density Classifications by Technology
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Actel’s Designer and Designer AdvantageTM systems support
schematic capture, Boolean high-level equation entry, state
machine entry, design synthesis input as well as EDIF netlists.
The systems offer schematic entry and simulation support for
Cadencem, Mentor Graphics®, OrCADTM, and Viewlogic®.
Additional CAE interfaces are supported through Actel’s Industry

Alliance Program, including Data I/O, Intergraph, and MINC.
The systems are supported on the following platforms:
PC 386/486 and Sun® and HP workstations.

For further information regarding Actel’s fast, flexible design
systems, please see Section 5.

EDA ENVIRONMENT
DESIGN ENTRY SIMULATION
VHDL/ PAL/ UNIT DELAY POST-ROUTE
SCHEMATICS VERILOG HDL EQUATION FUNCTIONAL TIMING
A A
ACT 1,ACT 2, ACT 3 ACTmap FPGA
LIBRARIES FITTER
CAE2ADL
| NETLIST TRANSLATION
ALS DESIGN ENVIRONMENT v
VALIDATOR
DESIGN CHECK
:— * INTERACTIVE AUTOMATIC TIMER
—>
| PLACEMENT F—"" PLACE and ROUTE STATIC TIMING
S e e
ACTIVATOR ACTIONPROBE
[ orimnar | PROGRAMMING DIAGNOSTICS '
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Figure 10. Typical Design Flow for an Actel FPGA




~—

Component Data

G
i
o

©
—
©
(]
et
c
o
c
o]
Q.
E
@)
@)

£

.
.

o

cts/

© 1993 Actel Corporation



=Acte/

Product Selector GUIAE . . . . ... .o 1-1
ACT 1 Field Programmable Gate Arrays. . .. ... ...ttt e e e e 1-3
ACT 2 Field Programmable Gate ArraysS . . . . ..ottt ettt et e e e et e e e e 1-31
ACT 3 Field Programmable Gate Arrays . . .. ... ...t e e e 1-79

ACT 1 and ACT 2 Military Field Programmable Gate Arrays. . . ...ttt 1-139




=AC.

Product Selector Guide

User Flip—Flops Equiv. Pkgs.
; 1 ; ion2 3 .
Device Pkg #Pins Speed Option Temp. Vo Gates Dedicated  Max. TTLs 2'2;?5“
A1010B PL 44 Std, -1, -2 (oN] 34 1,200 0 147 30 12
PL 68  Std,-1,-2 C, 1 57 1,200 0 147 30 12
vaQ 80  Std,-1,-2 Cc 57 1,200 0 147 30 12
PQ 100  Std,-1,-2 (oF 57 1,200 0 147 30 12
PG 84  Std, 1 C,M,B 57 1,200 0 147 30 12
A1020B PL 44  Std,-1,-2 [oN] 34 2,000 0 273 50 20
PL 68  Std,-1,-2 (o} 57 2,000 0 273 50 20
PL 84  Std,-1,-2 (o3 69 2,000 0 273 50 20
vQ 80  Std,-1,-2 Cc 69 2,000 0 273 50 20
PQ 100 Std,-1,-2 C, 69 2,000 0 273 50 20
PG 84  Std, -1 C.,M, B 69 2,000 0 273 50 20
cQ 84  Std,—1** C,M,B,E 69 2,000 0 273 50 20
A1225A PL 84 Std, -1, -2 (o 72 2,500 231 382 63 25
PQ 100  Std,-1,-2 C, 83 2,500 231 382 63 25
PG 100  Std,-1,-2 Cc 83 2,500 231 382 63 25
A1240A PL 84  Std,-1,-2 C, I 72 4,000 348 568 100 40
PQ 144  Std,-1,-2 (oA 104 4,000 348 568 100 40
PG 132 Std, -1, —2*** C,M,B 104 4,000 348 568 100 40
A1280A PQ 160 Std, -1, -2 [N 125 8,000 624 998 200 80
PG 176  Std,-1,-2 Cc 140 8,000 624 998 200 80
cQ 172 Std, —1**, -2*** C,M,B, E 140 8,000 624 998 200 80
A1415A* PL 84  Std [Nl 70 1,500 264 312 38 15
PQ 100  Std C, 1 80 1,500 264 312 38 15
PG 100 Std Cc 80 1,500 264 312 38 15
A1425A* PL 84  Std, -1 C, 70 2,500 360 435 63 25
PQ 100  Std, -1 C, 80 2,500 360 435 63 25
PQ 160  Std, -1 (oA 100 2,500 360 435 63 25
PG 133  Std, —1*** C,M,B 100 2,500 360 435 63 25
A1440A* PQ 160 Std C, 1 130 4,000 568 706 100 40
PG 175 Std Cc 140 4,000 568 706 100 40
A1460A* PQ 208  Std [oNl] 167 6,000 768 976 150 60
PG 207 Std C,M,B 168 6,000 768 976 150 60
A14100A* PG 257  Std C,M,B 228 10,000 1,153 1,493 250 100

See below for table notes.

* Consult Actel for availability
** Extended Flow (E) not offered in —1 Speed
*** Offered for Commercial (C) devices only

Notes:

1. Package types:

2. Speed Options:

3.Temperature Range:

Ceramic Quad Flat Packs

Ceramic Pin Grid Arrays

Plastic J~Leaded Chip Carriers

Plastic Quad Flat Packs

Very thin (1.0 mm) Quad Flatpacks
Standard Speed

approximately 15% faster than Standard
approximately 25% faster than Standard
Commercial Temperature (0 to +75 C)
Industrial (—40 to +85 C)

Military (55 to +125 C)

MIL-STD-883C

Extended Flow

© 1993 Actel Corporation
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ACT™ 1

At/

Gate Arrays

Field Programmable

Features

¢ Up to 2000 Gate Array Gates
(6000 PLD equivalent gates)

Replaces up to 53 TTL Packages

Replaces up to seventeen 20-Pin PAL® Packages

Design Library with over 250 Macro Functions

Gate Array Architecture Allows Completely Automatic
Place and Route

Up to 547 Programmable Logic Modules
Up to 273 Flip-Flops
Flip-Flop Toggle Rates to 100 MHz

Two In-Circuit Diagnostic Probe Pins Support Speed
Analysis to 25 MHz

Built-In High Speed Clock Distribution Network
I/O Drive to 10 mA

Nonvolatile, User Programmable

Logic Fully Tested Prior to Shipment

Description

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

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

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

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

Product Family Profile

Device A1010B A1020B
Capacity
Gate Array Equivalent Gates 1,200 2,000
PLD Equivalent Gates 3,000 6,000
TTL Equivalent Packages 30 50
20-Pin PAL Equivalent Packages 12 20
Logic Modules 295 547
Flip-Flops (maximum) 147 273
Routing Resources
Horizontal Tracks/Channel 22 22
Vertical Tracks/Column 13 13
PLICE Antifuse Elements 112,000 186,000
User 1/0Os (maximum) 57 69
Packages: 44 PLCC 44 PLCC
68 PLCC 68 PLCC
84 PLCC
100 PQFP 100 PQFP
80 VQFP 80 VQFP
84 CPGA 84 CQFP
84 CPGA
Performance
Flip-Flop Toggle Rate (maximum) 100 MHz 100 MHz
System Speed (maximum) 40 MHz 40 MHz
CMOS Process 1.0 um 1.0 um

Note:
1. See Product Plan on page 1-6 for package availability.

The Designer and Designer Advantage Systems

The ACT 1 device family is supported by Actel’s Designer and
Designer Advantage Systems, allowing logic design
implementation with minimum effort. The systems interface with
the resident CAE system to provide a complete gate array design
environment: schematic capture, simulation, fully automatic
place and route, timing verification, and device programming.
The systems are available for 386/486"" PC and for HP"" and
Sun"" workstations and for running Viewlogic®, Mentor
Graphics®, Cadencem, and OrCAD™".

© 1993 Actel Corporation
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Figure 1. Partial View of an ACT 1 Device

ACT 1 Device Structure

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

The ACT 1 Logic Module

The ACT 1 logic module is an 8-input, one-output logic circuit
chosen for the wide range of functions it implements and for its
efficient use of interconnect routing resources (Figure 2).

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

=1

Figure 2. ACT 1 Logic Module
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ACT 1 FPGAs

1/0 Buffers

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

Device Organization

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

Probe Pin

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

ACT 1 Array Performance

Temperature and Voltage Effects

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

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

Logic Module Size

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

Ordering Information

A1010

'—— Speed Grade

— Die Revision

— Part Number
A1010 = 1200 Gates
A1020 = 2000 Gates

c

<

L Application (Temperature Range)
C = Commercial (0 to +70°C)
| = Industrial (-40 to +85°C)
M = Military (-55 to +125°C)
B = MIL-STD-883
E = Extended Flow

L Package Lead Count

'— Package Type
PL = Plastic J-Leaded Chip Carriers
PQ = Plastic Quad Flatpacks
CQ = Ceramic Quad Flatpack
PG = Ceramic Pin Grid Array
VQ = Very Thin Quad Flatpack

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

B = 1.0pm CMOS Process




Product Plan

Speed Grade* Application
Std -1 -2 C 1 M B E
A1010B Device
44-pin Plastic Leaded Chip Carrier (PL) v v v v v — — —
68-pin Plastic Leaded Chip Carrier (PL) v v v v v — — —
100-pin Plastic Quad Flatpack (PQ) v v v v v — — —
80-pin Very Thin (1.0 mm) Quad Flatpack (VQ) P P P [ — — — —
84-pin Ceramic Pin Grid Array (PG) v v — 4 — v v —
A1020B Device
44-pin Plastic Leaded Chip Carrier (PL) v (4 (4 (%4 v — — —_
68-pin Plastic Leaded Chip Carrier (PL) v v v v (4 — — —
84-pin Plastic Leaded Chip Carrier (PL) v v v [%4 v — — —
100-pin Plastic Quad Flatpack (PQ) v v v v v — — —
80-pin Very Thin (1.0 mm) Quad Flatpack (VQ) P P P P — — — —
84-pin Ceramic Pin Grid Array (PG) v v — v — v v —
84-pin Ceramic Quad Flatpack (CQ) v v — v — v v v
Applications: C = Commercial Availability: v = Available * Speed Grade: -1 = Approx. 15% faster than Standard
| = Industrial P = Planned —2 = Approx. 25% faster than Standard
M = Military — = Not Planned
B = MIL-STD-883
E = Extended Flow
Device Resources
User I/Os
Device Logic Modules Gates 44-pin 68-pin 80-pin 84-pin 100-pin
A1010B 295 1200 34 57 57 57 57
A1020B 547 2000 34 57 69 69 69




ACT 1 FPGAs

Pin Description

CLK Clock (Input)

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

DCLK Diagnostic Clock (Input)

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

GND Ground

Input LOW supply voltage.

110 Input/Output (Input, Output)

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

MODE Mode (Input)

The MODE pin controls the use of multifunction 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/O.

NC No Connection

This pin is not connected to circuitry within the device.

PRA Probe A (Output)

The Probe A pin is used to output data from any user-defined
design node within the device. This independent diagnostic pin is

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

PRB Probe B (Output)

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

SDI Serial Data Input (Input)

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

Vee Supply Voltage

Input HIGH supply voltage.

Vpp Programming Voltage

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

Symbol Parameter Limits Units
Ve DC Supply Voltage® ~-0.51t0 +7.0 Volts
\A Input Voltage -0.5t0 Vg +0.5  Volts
Vo Output Voltage -0.5t0 Vo +0.5  Volts
lio I/0 Sink/Source +20 mA
Current®
Tstg  Storage Temperature —65 to +150 °C
Note:

1. Stresses beyond those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. Exposure to absolute
maximum rated conditions for extended periods may affect device
reliability. Device should not be operated outside the Recommended
Operating Conditions.

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

3. Device inputs are normally high impedance and draw extremely low
current. However, when input voltage is greater than Ve + 0.5 V or
less than GND — 0.5 'V, the internal protection diode will be forward
biased and can draw excessive current.

Electrical Specifications

Recommended Operating Conditions

Parameter Commercial Industrial  Military Units
Temperature o
Range' Oto+70  —40to+85 -55t0 +125 C
Power Supply o
Tolerance +5 +10 +10 /°VCC
Note:

1. Ambient temperature (T,) used for commercial and industrial; case
temperature (T¢) used for military.

Commercial Industrial Military
Symbol Parameter Units
Min. Max. Min. Max. Min. Max.
(lon = =10 mA)? 24 v
Vo' (low = —6 mA) 3.84 Vv
(IOH =—4 mA) 3.7 3.7 \"
Vot (loL = 10 mA)2 0.5 Vv
ot (lo, = 6 mA) 0.33 0.40 0.40 v
Vi -0.3 0.8 -0.3 0.8 -0.3 0.8 \'
Vi 2.0 Vec +0.3 2.0 Vee +0.3 2.0 Vee + 0.3 \Y
Input Transition Time tg, t¢ 500 500 500 ns
Cio /O Capacitance® 3 10 10 10 pF
Standby Current, lgc* 3 10 20 mA
Leakage Current’ -10 10 -10 10 —-10 10 pA
los Output Short (Vo =Vec) 140 140 140 mA
A . 6
Circuit Current® (v, = GND) -100 -100 -100 mA
Notes:
1. Only one output tested at a time. V¢ = min.
2. Not tested, for information only.
3. Includes worst-case 84-pin PLCC package capacitance. Voyr =0V, f = 1 MHz.
4. Typical standby current = 1 mA. All outputs unloaded. All inputs = V- or GND.
5. Vo, VIN = VCC or GND.
6. Only one output tested at a time. Min. at Voe =4.5 V; Max. at Voe =55 V.




ACT 1 FPGAs

Package Thermal Characteristics

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

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

Maximum junction temperature is 150°C.

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

Bja (°C/W) mecw D sw
Package Type Pin Count ojc Stﬁ;aAir 3009fita/1min Units
Plastic J-Leaded Chip Carrier 44 15 52 40 °C/W
68 13 45 35 °C/W
84 12 44 33 °C/W
Plastic Quad Flatpack 100 13 55 47 °C/W
Very Thin (1.0 mm) Quad Flatpack 80 12 68 55 °C/W
Ceramic Pin Grid Array 84 8 33 20 °C/W
Ceramic Quad Flatpack 84 5 40 30 °C/W

Power Dissipation
The following formula is used to calculate total device
dissipation.

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

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

M = Number of logic modules connected to the CLKBUF
macro

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

P = Number of outputs loaded with 50 pF

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

logic module and I/O module switching rates (variables F1 and
F3, respectively) is 10% of device clock driver frequency.

If the CLKBUF macro is not used in the design, eliminate the
second term (including F2 and M variables) from the formula.
Sample A1020 Device Power Calculation

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

To summarize the design described above: N = 465; M = 208;
F2=16; F1 = 4; F3 = 4; P = 16. Total device power can be
calculated by substituting these values for variables in the device
dissipation formula.

Total device power for this example =

(0.20x 465 x 1.6) + (0.085 x 208 x 16) + (0.80 x 16 x 1.6) =452 mW
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Functional Timing Tests

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

The circuit consists of one input buffer + n logic modules + one
output buffer (n = 16 for A1010B; n = 28 for A1020B). The logic

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

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

Output Buffer Performance Derating

Sink
12
10 7
= /7
E 3 A
o /
6 ,/
/7
4
02 03 0.4 05 06

VOL (VO'tS)

Source
—4
R \\
~ \
: LD
37 <
e \
-10
-12
4.0 3.6 3.2 2.8 2.4 2.0
VOH (VOItS)

= == w= == Military, worst-case values at 125°C, 4.5 V.

Commercial, worst-case values at 70°c, 4.75 V.

Note:

The above curves are based on characterizations of sample devices and

are not completely tested on all devices.




ACT 1 FPGAs

ACT 1 Timing Model*

Input Delay Internal Delays Predicted Output Delay
R;)mllting
- elays -
/0 Module B Logic Module [1/0 Module ]
I INve=3518 | 4o, =17ns
X ; ™S ; | ™S~ X
] L~ ! ? T L~ T
| | i E ’ tDLH =8.7ns J
- - — - 1 t|RD1 =1.1ns _ tRD1 =1.1ns - - —
tlF{D4 =3.6ns :PD :g: :z tRD2 =1.7ns tENHZ =11.6ns
tIHDB =7.7ns CO = tRD4 =3.6ns
tHDS =7.7ns
ARRAY
CLOCK tCKH =6.4ns FO =128
FMAX =60 MHz

*Values shown for ACT 1 ‘-2’ speed devices at worst-case commercial conditions.

Predictable Performance: Tight 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 routing tracks.

The ACT 1 family delivers a very tight fanout delay distribution.
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 1 family’s antifuses, fabricated
in 1.0 um lithography, offer nominal levels of 500 ohms
resistance and 7.5 femtofarad (fF) capacitance per antifuse.

The ACT 1 fanout distribution is also tight due to the low number
of antifuses required for each interconnect path. The ACT 1
family’s proprietary architecture limits the number of antifuses
per path to a maximum of four, with 90% of interconnects using
two antifuses.

Logic Module + Routing Delay, by Fanout (ns)
(Worst-Case Commercial Conditions)

Family FO=1 FO=2 FO=3 FO=4 FO=8
‘STD’ 5.9 6.7 7.8 9.3 14.7
‘-1’ speed 5.0 5.7 6.6 7.9 125
‘-2’ speed 4.5 5.1 5.9 7.0 11.1

Timing Characteristics

Timing characteristics for ACT 1 devices fall into three
categories: family dependent, device dependent, and design
dependent. The input and output buffer characteristics are
common to all ACT 1 family members. Internal routing delays are
device dependent. Design dependency means actual delays are
not determined until after placement and routing of the user
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 speci»’
routing resources that span multiple rows, columns, or modules.
Long tracks employ three and sometimes four antifuse

1-11
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connections. This increases capacitance and resistance, resulting
in longer net delays for macros connected to long tracks.

appropriate voltage and temperature derating factors for a given
application.

Typically, up to 6% of nets in a fully utilized device require long
tracks. Long tracks contribute approximately 5 ns to 10 ns delay.
This additional delay is represented statistically in higher fanout
(FO=8) routing delays in the datasheet specifications section.

Timing Derating
A best case timing derating factor of 0.45 is used to reflect best

case processing. Note that this factor is relative to the “standard
speed” timing parameters, and must be multiplied by the

Timing Derating Factor (Temperature and Volitage)

Industrial Military

Min. Max. Min. Max.

(Commercial Minimum/Maximum Specification) x 0.69 1.1 0.67 1.23

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

(Commercial Maximum Specification) x 0.85

Temperature and Volitage Derating Factors (normalized to Worst-Case Commercial, T, = 4.75 V, 70°C)

55 —40 0 25 70 85 125
4.50 0.75 0.79 0.86 0.92 1.06 1.1 123
4.75 0.71 0.75 0.82 0.87 1.05 1.16
5.00 0.69 0.72 0.80 0.85 0.97 1.02 1.13
5.25 0.68 0.69 0.77 0.82 0.95 0.98 1.09
5.50 0.67 0.69 0.76 0.81 0.93 0.97 1.08

Junction Temperature and Voltage Derating Curves
(normalized to Worst-Case Commercial, T; = 4.75 V, 70°C)

13
| 1
1.2
l\.
O
5 . " 125°C
Q
£y
2 —_—  t———  _ 085%C
b1 — . 70°C
[
@ 0.9 O
. —_—
0.8 A 25°C
c\ A 4 0°C
0.7 J — A—40°C—
* _55°C
0.6 t } } ! t
4.50 475 5.00 5.25 5.50

Voltage (V)
Note:
This derating factor applies to all routing and propagation delays.
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ACT 1 FPGAs

Parameter Measurement
Output Buffer Delays

.8 To AC test loads (shown below)

toLH toHL

AC Test Loads

Load 1 Load 2
(Used to measure propagation delay) (Used to measure rising/falling edges)
Vee GND
To the output under test ® ®

50 pF R to VCC for tPLZ/tPZL
R to GND for tPHZ/tPZH
To the output under test R=1kQ

1

1
T

50 pF

Input Buffer Delays Module Delays
—S
— A Y f—oo
— B
Vee
S,AorB _50% 50%N___ GND
Vee
Out 50% 50%
GND
tpL tpHL
Out
50%
tinvH tinvL tPHL




el

Sequential Timing Characteristics
Flip-Flops and Latches

D1 pPRE [—Q
E—|
CLK—p cLR

[
(Positive edge triggered)

—> tp |+—
D' X X
le— tsup—> twotka [+——= '
CLK [ 1 l | |_|—__J—
—»{tsuenal+—
: l+— tco —|
Q X X
= trs ]
PRE,CLR — | M

twasyN |

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




ACT 1 FPGAs

ACT 1 Timing Characteristics
(Worst-Case Commercial Conditions, Vgc = 4.75 V, T, = 70°C)

Logic Module Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tPD1 Single Module 4.5 3.8 3.4 ns
tpp2 Dual Module Macros 10.4 8.8 7.8 ns
tco Sequential Clk to Q 4.5 3.8 3.4 ns
tco LatchGtoQ - 4.5 3.8 34 ns
trs Flip-Flop (Latch) Reset to Q 4.5 3.8 3.4 ns
Predicted Routing Delays'
tRD1 FO=1 Routing Delay 14 1.2 1.1 ns
thpe FO=2 Routing Delay 22 1.9 17 ns -
trD3 FO=3 Routing Delay 3.3 2.8 2.5 ns
trRD4 FO=4 Routing Delay 4.8 4.1 3.6 ns
tros FO=8 Routing Delay 10.2 8.7 7.7 ns
Sequential Timing Characteristics?
tsup Flip-Flop (Latch) Data Input

Setup 8.5 7.2 6.4 ns
thp Flip-Flop (Latch) Data Input

Hold 0.0 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 8.5 7.2 6.4 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
twoLka Flip-Flop (Latch) Clock Active

Pulse Width 10.5 9.0 8.0 ns
twasyn Flip-Flop (Latch) Asynchro-

nous Pulse Width 10.5 9.0 8.0 ns
ta Flip-Flop Clock Input Period 22.3 18.9 16.7 ns
fmax Flip-Flop (Latch) Clock

Frequency (FO = 128) 45 53 60 MHz

Notes:

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.

2. Setup times assume fanout of 3. Further testing information can be obtained from the ALS Timer utility.
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ACT 1 Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Input Module Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed

Parameter Description Min. Max. Min. Max. Min. Max. Units

tiNyH Pad to Y High 4.7 4.0 3.5 ns

tinvL Padto Y Low 4.7 4.0 3.5 ns

Input Module Predicted Routing Delays’

tirD1 FO=1 Routing Delay 1.4 1.2 1.1 ns

tirD2 FO=2 Routing Delay 2.2 1.9 1.7 ns

tirD3 FO=3 Routing Delay 3.3 2.8 2.5 ns

tirp4 FO=4 Routing Delay 4.8 4.1 3.6 ns

tirDs FO=8 Routing Delay 10.2 8.7 7.7 ns

Global Clock Network

tekH Input Low to High FO=16 7.5 6.4 5.6 ns
FO=128 8.6 7.3 6.4

tokL Input High to Low FO=16 9.9 8.4 7.4 ns
FO=128 10.8 9.2 8.1

tpwH Minimum Pulse Width High FO =16 10.0 8.5 7.5 ns
FO =128 10.5 9.0 8.0

tpwL Minimum Pulse Width Low FO =16 10.0 8.5 7.5 ns
FO=128 10.5 9.0 8.0

toksw Maximum Skew FO=16 1.8 1.5 1.3 ns
FO=128 2.8 24 2.1

tp Minimum Period FO=16 20.9 17.6 15.4 ns
FO =128 223 18.9 16.7

fmax Maximum Frequency FO=16 48 57 65 MHz
FO =128 45 53 60

Note:

1. These parameters should be used for estimating device performance. Optimization techniques may further reduce delays by O to 4 ns. Routing delays
are for typical designs across worst-case operating conditions. 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 1Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Output Module Timing ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed

Parameter Description Min. Max. Min. Max. Min. Max. Units

TTL Output Module Timing'

toLH Data to Pad High 1.6 9.9 8.7 ns
tpHL Data to Pad Low 13.3 11.3 10.0 ns
tenzH Enable Pad Z to High 1.5 9.8 8.6 ns
teNzL Enable Pad Z to Low 14.0 11.9 10.5 ns
tENHZ Enable Pad High to Z 154 138.1 11.6 ns
tenz Enable Pad Low to Z 13.9 11.8 104

driy Delta Low to High 0.09 0.08 0.07

Ay Delta High to Low 0.12 0.10 0.09 ns/pF
CMOS Output Module Timing'

toLH Data to Pad High 14.5 12.3 10.9 ns
tbHL Data to Pad Low 11.1 9.4 8.3 ns
tenzH Enable Pad Z to High 1.5 9.8 8.6 ns
tEnzL Enable Pad Z to Low 14.0 11.9 10.5 ns
tENHZ Enable Pad High to Z 15.4 13.1 1.6 ns
tenLZ Enable Pad Low to Z 13.9 11.8 10.4 ns
ALy Delta Low to High 0.15 0.13 0.11 ns/pF
Ay Delta High to Low 0.09 0.08 0.07 ns/pF
Note:

1. Delays based on 50 pF loading.
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Macro Library
Hard Macros—Combinatorial

Modules
Function Macro Description C
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 2
AND4A 4-input AND with active low A-input 2
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
AND-OR AO1 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
AO2 4-input AND-OR 1
AO2A 4-input AND-OR with active low A-input 1
AO3 4-input AND-OR 1
AC4A 4-input AND-CR 1
AO5A 4-input AND-OR 1
AOI1 3-input AND-OR-INVERT 2
AOI1A 3-input AND-OR-INVERT with active low A-input 1
AOI1B 3-input AND-OR-INVERT with active low C-input 1
AOI2A 4-input AND-OR-INVERT with active low A-input 1
AOI2B 4-input AND-OR-INVERT with active low A- and C-inputs 1
AOI3A 4-input AND-OR-INVERT with active low inputs 1
AOl4 2-wide 4-input AND-OR-INVERT 2
AND-XOR AX1 3-input AND-XOR with active low A-input 1
AX1A 3-input AND-XOR-INVERT with active low A-input 1
AX1B 3-input AND-XOR with active low A- and B-inputs 1
Buffer BUF Buffer with active high input and output 1
BUFA Buffer with active low input and output 1
Clock Net 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
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Hard Macros—Combinatorial (Continued)

Modules
Function Macro Description C
Combinatorial CMBA Combinational Module 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 Multiplexor 1
MXC1 Boolean
MXT Boolean
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
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
NAND4B 4-input NAND with active low A- and B-inputs
NAND4C 4-input NAND with active low A-, B-, and C-inputs 1
NAND4D 4-input NAND with active low inputs 1
NOR NOR2 2-input NOR 1
NOR2A 2-input NOR with active low A-input 1
NOR2B 2-input NOR with active low inputs 1
NOR3 3-input NOR 1
NORSA 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 2
NOR4D 4-input NOR with active low inputs 2
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 2
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 2
OR4C 4-input OR with active low A-, B-, and C-inputs 2
OR4D 4-input OR with active low inputs 2
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Hard Macros—Combinatorial (Continued)

Modules
Function Macro Description Cc
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-wide 4-input OR-AND 1
OA2A 2 wide 4-input OR-AND with active low A-input 1
OA3 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
OA4A 4-input OR-AND with active low C-input 1
OA5 4-input complex OR-AND 1
OAl1 3-input OR-AND-INVERT 1
OAI2A 4-input OR-AND-INVERT with active low D-input 1
OAI3 4-input OR-AND-INVERT 2
OAI3A 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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Hard Macros—Sequential

Modules
Function Macro Description Cc
D-Type DF1 D-Type Flip-Flop 2
DF1A D-Type Flip-Flop with active low output 2
DF1B D-Type Flip-Flop with active low clock 2
DF1C D-Type Flip-Flop with active low clock and output 2
DFCA1 D-Type Flip-Flop with active high Clear 2
DFC1A D-Type Flip-Flop with active high Clear and active low clock 2
DFC1B D-Type Flip-Flop with active low Clear 2
DFCi1C D-Type Flip-Flop with Clear, Sequential 2
DFC1D D-Type Flip-Flop with active low Clear and clock 2
DFC1E D-Type Flip-Flop with Clear, Sequential 2
DFC1F D-Type Flip-Flop with Clear, Sequential 2
DCF1G D-Type Flip-Flop with Clear, Sequential 2
DFE D-Type Flip-Flop with active high Enable 2
DFE1B D-Type Flip-Flop with active low Enable 2
DFE1C D-Type Flip-Flop with active low Enable and clock 2
DFE2D D-Type Flip-Flop with Enable, Sequential 2
DFES3A D-Type Flip-Flop with Enable and active low Clear 2
DFES3B D-Type Flip-Flop with Enable and active low Clear and clock 2
DFE3C D-Type Flip-Flop with active low Enable and Clear 2
DFE3D D-Type Flip-Flop with active low Enable, Clear, and clock 2
DFE4 D-Type Flip-Flop with Enable, Sequential 2
DFE4A D-Type Flip-Flop with Enable, Sequential 2
DFE4B D-Type Flip-Flop with Enable, Sequential 2
DFE4C D-Type Flip-Flop with Enable, Sequential 2
DFEA D-Type Flip-Flop with Enable and active low clock 2
DFEB D-Type Flip-Flop with Enable, Sequential 2
DFEC D-Type Flip-Flop with Enable, Sequential 2
DFED D-Type Flip-Flop with Enable, Sequential 2
DFM 2-input D-Type Flip-Flop with Multiplexed Data 2
DFM1B 2-input D-Type Flip-Flop with Multiplexed Data and active low output 2
DFM1C 2-input D-Type Flip-Flop with Multiplexed Data and active low clock and 2
output
DFM3 2-input D-Type Flip-Flop with Multiplexed Data and Clear 2
DFM3B 2-input D-Type Flip-Flop with Multiplexed Data and active low Clear and 2
clock
DFM3E 2-input D-Type Flip-Flop with Multiplexed Data, Clear, and active low clock 2
DFM3F D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
DFM3G D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
DFM4 D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
DFM4A D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
DFM4B D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
DFM4C 2-input D-Type Flip-Flop with Multiplexed Data and active low Preset and 2
output
DFM4D 2-input D-Type Flip-Flop with Multiplexed Data and active low Preset, clock, 2
and output
DFM4E D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
DFM5A D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
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Hard Macros—Sequential (Continued)

Modules
Function Macro Description C
D-Type DFM5B D-Type Flip-Flop with Multiplexed Data, Enable and Sequential 2
DFMA 2-input D-Type Flip-Flop with Multiplexed Data and active low Clock 2
DFMB 2-input D-Type Flip-Flop with Multiplexed Data and active low Clear 2
DFME1A 2-input D-Type Flip-Flop with Multiplexed Data and active low Enable 2
DFP1 D-Type Flip-Flop with active high Preset 2
DFP1A D-Type Flip-Flop with active high Preset 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 2
DFP1D D-Type Flip-Flop with active low Preset and clock 2
DFP1E D-Type Flip-Flop with active low Preset and output 2
DFP1F D-Type Flip-Flop with active high Preset and active low clock and output 2
DFP1G D-Type Flip-Flop with active low Preset, clock, and output 2
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-K Type JKF JK Flip-Flop with active low K-input 2
JKF1B JK Flip-Flop with active low clock and K-input 2
JKFPC JK Flip-Flop, Sequential 2
JKF2A JK Flip-Flop with active low Clear and K-input 2
JKF2B JK Flip-Flop with active low Clear, clock, and K-input 2
JKF2C JK Flip-Flop with active high Clear and active low K-input 2
JKF2D JK Flip-Flop with active high Clear and active low clock and K-input 2
JKF3A JK Flip-Flop, Sequential 2
JKF3B JK Flip-Flop, Sequential 2
JKF3C JK Flip-Flop, Sequential 2
JKF3D JK Flip-Flop, Sequential 2
JKF4B JK Flip-Flop, Sequential 2
Latch DL1 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
DL2A Sequential, Data Latch 1
DL2B Sequential, Data Latch 1
DL2C Sequential, Data Latch 1
DL2D Sequential, Data Latch 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
DLE2A Sequential, Data Latch with Enable 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
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Hard Macros—Sequential (Continued)

Modules
Function Macro Description C
Latch DLE3A Sequential, Data Latch with Enable 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-input Data Latch with Multiplexed Data 1
DLM2A Sequential, Data Latch with Multiplexed Data 1
DLMA 2-input Data Latch with Multiplexed Data and active low clock 1
DLME1A 2-input 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 low 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
Input/Output Macros
Function Macro Description 110
Modules
Buffer INBUF Input Buffer 1
OUTBUF Output buffer, High Slew 1
Bidirectional BIBUF Bidirectional Buffer, High Slew (with hidden buffer at Y pin) 1
Input CLKBUF Input for Dedicated Routed Clock Network 1
Output TRIBUFF Tristate output, High Slew 1
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Package Pin Assignments
(Top View)
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/554321 44 43 42 41 40 /98765432 1 6867 66 6564 63 62 61
07 39 1 PRBor I/O 1o 60 [
s 38 |1 PRAor I/0 o 59 1 PRBor I/0
[ K] 37 @ DCLK or 11O g 12 58 [ PRAor /O
GND 10 36 [ SDlor /O 13 57 3 DCLK or 1O
o 44-Pin 35 Voo GND ] 14 56 [ SDI or I/O
o2 PLCC 34 [ MODE GND ] 15 55 E Ve
13 33 [ CLK or /O g 16 54 1 MODE
Voo O 14 32 1 GND 17 68-Pin 53 [T
O 15 = = L PLCC 52 1 CLK or 1/0
Vpp ] 16 [ m} 19 51 E
17 29 7 520 50
18 19 20 21 22 23 24 25 26 27 28 VCCE; 12 g GND
Ooooouooouyguy 23 47 5
o o
g2 38 = 2 46 |
5} > Vpp 25 45
26 44 I
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
gooobooguuoooaoad
=) Q
3 $
Q
a 5
Q o
z
$ 5 £
gooonoooonnnonnoannnn
/11 109 87654321 84838281807978777675
NC ] 12 74 PRA or I/O
E 13 73 DCLK or I/0
14 723 SDl or /O
15 718
16 703
17 69 [1
GND ] 18 68 [ Vce
GND 19 67 |1 Voo
20 66 |1 MODE
a1 651
22 I;L?g?: 64 1 CLKorl/O
23 63|
] 24 PLCC s2 b
Voo 25 611 GND
veo O 26 60 [ GND
27 59 [
28 58 [
29 57 1
30 56 [1
[ K 55 [
32 54 [
33 34 35 36 37 38 30 40 41 42 43 44 45 46 47 48 49 50 51 52 53
ooOoooooooooooooogoood
o o Q
& 2 $
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as 1/Os.

programming or debugging.
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Package Pin Assighments (continued)

(Top View)
Q
a S
Q [s1]
Z
S 5 &
r( 8079787776757473727170696867666564636261
 m— — 60| —— N/C
N/C C——{ |2 O 59| —11—1 PRAor I/O
N/C —1—] |3 58| —11—— DCLKor I/O
N/C ] |4 57| f——— SDl or /O
s Y -} 56| —1— N/C
 — — (] 55| —1r—1 N/C
GND C——] |7 54{ —II— N/C
o — -} 53) —II—V,
9 52— M% E
1] |10 A1010B 51| ——
e 80-Pin 50| |E—I— CLKor /O
—r— |12 VQFP 49—
Voo ] |18 48| 11—
T (14 47| —1—/1 GND
11—} |15 46| —I1I—
 — — Y 45—
N/C ——] |17 4| ==/
N/C —r—] [18 43| —T1— N/C
N/C —1r— |19 42| 11— N/C
Vpp C—IT— |20 41| —T—NIe
\ 21222324 25262728 29 30 31 3233 34 35 36 37 38 39 40 JJ
o) Q T
Z o
G} >
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Package Pin Assignments (continued)

(Top View)
Q
a 5
Q m
2z
£ 5 &
~\
(80797877767574737271 70696867 666564636261
o — 60| —11— N/C
 —  — § -} O 59| 11— PRA or /O
—r— 3 58| [—11— DCLKor /O
 —  — 57| f{—1— SDl or I/O
 — — Y | 56| —I1—
—r—] |6 =157 J —  — |
GND 1 |7 54| —11—
 — — ¢} 53| (—IT——V,
 m— — 52| M% E
—o—] |10 A1020B 51
o (1 80-Pin 50| ——1— CLKor /O
o — ] VQFP 49| 11—
Voo 11— |13 48| 11—
 —  — N P 47| /11— GND
] |15 46| 11—
o — ] 45( 11—
e s 4 44| T
] |18 L] Y s —|
g (19 42—
Vpp C—II—] |20 4| —T—
\K 21222324 2526272829 3031323334 353637383940 J
a
z (&)
[G] >
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Package Pin Assignments (continued)

(Top View)
[a]
QLY 8 z Fooooo
z2z2 > [0} >zZzzz2Z2
80797877767574737271 706968 67 66 65 6463 62 61 6059585756555453525
NC ——1—] |81 50|
NC —— |82 49
11— 183 48
o |84 47,
185 46
GND C—11—{ (86 45
GND —1r— (87 44
C—r—{ (88 43
C—r—1 (89 42
CLK or /O —11—] |90 A1010B 41
—o— |91 100-Pin 40
MODE 11— |92 PQFP 39
Voo 11— (93 38
Voo C—I— |94 37|
NC —I—] |95 36
NC 11— |96 35
NC ——] |97 34
SDI or I/O 98 33
PRA or /0 C—II— |100 31
\_U1 2345678 9101112131415161718192021222324252627282930 /
a
SY1e) 3 z Foooow
zzz > (0] >SZZZZZ
\
(80797877767574737271 7069 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 w
—Ir— |81 50|
1 (82 49
C—r— (83 48
|84 47|
1] (85 46
GND —11— |86 45
GND C—1— (87 44
(88 43|
C—r—1 |89 42)
CLK or /0 ——1r—] |90 A1020B 41
C—r— |91 100-Pin 40|
MODE 11— (92 PQFP 39
Voo —I1—] |93 38
Voo 11— |94 37,
C——] (95 36
—Ir—1 |9 35
(97 34
SDl or I/O ——11—] |98 33
DCLK or I/O C—11—] |99 32
PRA or /O C—11—] (100
12345678 9 101112131415161718192021222324252627282930
00O o Q [SS)e18)
z22z2z2= z o ZZ222Z2
= 5] >
=}
&
Notes:

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

programming or debugging.

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

(Top View)

1 2 3 4 5 6 7 8 9 10 11
AIOOOOO0ODOOOOOO0
BIOOOOOOOOOOO
‘looe oo0oO oNe
c|oo o}e)

F © OO0 84-Pin © 0O
a|© © O CPGA (ONONGO)
Llooo O 0O
o o OO0
J O O (ONONGO) (ON®)
kK|OOOOOOOOOOOO
LIOOOOOOOOOOO
@ Orientation Pin (C3)
Signal A1010B Devices A1020B Devices
PRA A1 A1l
PRB B10 B10
MODE Et1 E11
SDI B11 B11
DCKL Cc10 Cc10
Vpp K2 K2
CLKor I/O F9 F9
GND B7, E2, E3, K5, F10, G10 B7, E2, E3, K5, F10,G10
Vee B5, F1, G2, K7, E9, E10 B5, F1, G2, K7, E9, E10
N/C (No Connection) B1, B2, C1, C2, K1, J2, J10, K10, K11, C11, D10, D11 B2
Notes:
1. Vpp must be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Package Pin Assignments (continued)

(Top View)
Q
a 5
8 = 2
Pin #1 > (0] o
Index 84 83 82 81 80 79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64
1!
NC PRA or I/O
DCLK or I/O
SDlor 110
GND Vee
GND Vee
MODE
CLKor 110
Vee GND
Vee GND
Notes:
1. Vppmust be terminated to V¢, except during device programming. 3. Unused I/O pins are designated as outputs by ALS and are driven low.
2. MODE must be terminated to circuit ground, except during device 4. All unassigned pins are available for use as I/Os.

programming or debugging.
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Features

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

Replaces up to 200 TTL Packages

Replaces up to eighty 20-Pin PAL® Packages
Design Library with over 500 Macro Functions
Single-Module Sequential Functions
Wide-Input Combinatorial Functions

Up to 1232 Programmable Logic Modules

Up to 998 Flip-Flops

Datapath Performance at 105 MHz

16-Bit Accumulator Performance to 42 MHz

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

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

Nonvolatile, User Programmable

Logic Fully Tested Prior to Shipment

Product Family Profile

Field Programmable
Gate Arrays

Description

The ACT™ 2 family represents Actel’s second generation of field
programmable gate arrays (FPGAs). The ACT 2 family presents a
two-module architecture, consisting of C-modules and S-modules.
These modules are optimized for both combinatorial and sequential
designs. Based on Actel’s patented channeled array architecture,
the ACT 2 family provides significant enhancements to gate
density and performance while maintaining downward
compatibility with the ACT 1 design environment and upward
compatibility with the ACT 3 design environment. The devices are
implemented in silicon gate, 1.0-um, two-level metal CMOS, and
employ Actel’s PLICE™ antifuse technology. This revolutionary
architecture offers gate array design flexibility, high performance,
and fast time-to-production with user programming. The ACT 2
family is supported by the Designer and Designer Advantage
Systems, which offers automatic pin assignment, validation of
electrical and design rules, automatic placement and routing,
timing analysis, user programming, and diagnostic probe
capabilities. The systems are s?ported on the following platforms:
386/486™ PC, Sun’", and HP™ workstations. The systems provide
CAE interfaces to the following design environments: Cadence,
Viewlogic®, Mentor Graphics®, and OrCAD™,

Device A1225A A1240A A1280A
Capacity
Gate Array Equivalent Gates 2,500 4,000 8,000
PLD Equivalent Gates 6,250 10,000 20,000
TTL Equivalent Packages 63 100 200
20-Pin PAL Equivalent Packages 25 40 80
Logic Modules 451 684 1,232
S-Modules 231 348 624
C-Modules 220 336 608
Flip-Flops (maximum) 382 568 998
Routing Resources
Horizontal Tracks/Channel 36 36 36
Vertical Tracks/Channel 15 15 15
PLICE Antifuse Elements 250,000 400,000 750,000
User I/Os (maximum) 83 104 140
Packages' 100 CPGA 132 CPGA 176 CPGA
100 PQFP 144 PQFP 160 PQFP
84 PLCC 84 PLCC 172 CQFP
Performance®
16-Bit Prescaled Counters 105 MHz 100 MHz 85 MHz
16-Bit Loadable Counters 66 MHz 63 MHz 59 MHz
16-Bit Accumulators 42 MHz 39 MHz 34 MHz
CMOS Process 1.0 um 1.0 um 1.0 um

Note:

1.

See product plan on page 1-33 for package availability.

2. Performance is based on ‘-2’ speed devices at commercial worst-case operating conditions using PREP Benchmarks (mean frequency results), Suite

#1, Version 1.2, dated 3-28-93, any analysis is not endorsed by PREP.

© 1993 Actel Corporation
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Ordering Information

A1280 A - 1 PG 176 Cc

- T T T
[; Application (Temperature Range)
Cc

Commercial (0 to +70°C)
Industrial (—40 to +85°C)

I =

M = Military (55 to +125°C)
B = MIL-STD-883

E = Extended Military Flow

— Package Lead Count

— Package Type
PL = Plastic J-Leaded Chip Carrier
PQ = Plastic Quad Flatpack
CQ = Ceramic Quad Flatpack
PG = Ceramic Pin Grid Array

'—— Speed Grade

Blank = Standard Speed
-1 Approximately 15% faster than Standard
-2 Approximately 25% faster than Standard

— Die Revision
A =1.0-um CMOS process

— Part Number
A1225A = 2500 Gates
A1240A = 4000 Gates
A1280A = 8000 Gates
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Product Plan?

Speed Grade* Application
Std -1 -2 C 1 M B E
A1225A Device
100-pin Ceramic Pin Grid Array (PG) v — — _ —_—
100-pin Plastic Quad Flatpack (PQ) v v v v v — — —
84-pin Plastic Leaded Chip Carrier (PL) v v — — —
A1240A Device
132-pin Ceramic Pin Grid Array (PG) v v v — v v —_
144-pin Plastic Quad Flatpack (PQ) 4 v v v v — —_ —
84-pin Plastic Leaded Chip Carrier (PL) v v v v — - -
A1280A Device
176-pin Ceramic Pin Grid Array (PG) v v v v — v v —_
160-pin Plastic Quad Flatpack (PQ) v v v v v — — —
172-pin Ceramic Quad Flatpack (CQ) v 4 v v —_ v v v
Applications: C = Commercial Availability: v = Available * Speed Grade: —1 = Approx. 15% faster than Standard
I = Industrial = Planned —2 = Approx. 25% faster than Standard
M = Military — = Not Planned
B = MIL-STD-883
E = Extended Flow
Note:
1. Please consult Actel representatives for current availability.
Device Resources
User I/Os
. . CPGA PQFP PLCC CQFP
Device Logic
Series Modules  Gates 176-pin  132-pin  100-pin  160-pin  144-pin  100-pin 84-pin 172-pin
A1225A 451 2500 — — 83 — —_ 83 72 —
A1240A 684 4000 — 104 — — 104 —_ 72 —
A1280A 1232 8000 140 — — 125 — — — 140
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Pin Description

CLKA Clock A (Input)

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

CLKB Clock B (Input)

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

DCLK Diagnostic Clock (Input)

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

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

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

MODE Mode (Input)

The MODE pin controls the use of multifunction 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 is

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

PRB Probe B (Output)

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

SDI Serial Data Input (Input)

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

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

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

Vpp Programming Voltage

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

Vgy Programming Voltage

Supply voltage used for device programming. This pin must be
connected to V¢ during normal operation.
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ACT 2 Architecture

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

Array Topology

The ACT 2 family architecture is composed of five key building
blocks: Logic modules, I/O modules, Routing Tracks, Global
Clock Networks, and Probe Circuits. The basic structure is
similar for all devices in the family, differing only in the number
of rows, columns, or I/Os (see Table 1).

The logic and I/O modules are arranged in a two-dimensional
array (Figure 1). There are three types of modules: Logic, 1/O,
and Bin. Logic and I/O modules are available as user

resources. Bin modules are used during testing and are not
available to users.

Table 1. Array Sizes
Device Rows Columns Logic 1/0
A1225A 13 46 451 83
A1240A 14 62 684 104
A1280A 18 82 1232 140

Logic Modules

Logic modules are classified into two types: combinatorial
(C-modules) and sequential (S-modules) (see Figures 2 and 3).
The C-module is an enhanced version of the ACT 1 family logic
module optimized to implement high fanin combinatorial macros,
such as 5-input AND, and S5-input OR. The full ACT 2
combinatorial logic module is available for use as the CM8 hard
macro. The S-module is designed to implement high-speed flip-
flop functions within a single module. S-modules also include
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S = Sequential Module

C = Combinatorial Module

| = 1/0 Module

B = Binning Module (Actel use only)

Figure 1. A1280A Simplified Floor Plan
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combinatorial logic, which allows an additional level of logic to
be implemented without additional propagation delay. C-modules
and S-modules are arranged in pairs called module-pairs.
Module-pairs are arranged in alternating pairs (shown in Figure
1) and make up the bulk of the array. This arrangement allows the
placement software to support two-module macros of four types
(CC, CS, SC, and SS). I/O modules are arranged around the
periphery of the array.

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

Y =!S1*1S0* D00+ !S1 * SO * D01 * S1 * IS0 * D10 + S1 * SO * D11
where:

SO =A0* B0

S1=Al+Bl1

The sequential module implements this same function Y (except
that SO = A0 only, since the BO input is used for reset), followed
by a sequential block. The sequential block can implement either
a D-type flip-flop or a transparent latch. It can also be fully

transparent so that the S-modules can be used to implement
purely combinatorial functions. The function of the sequential

— D00

—— bot Y |— out
— b0

—— D11
S1 S0

Up to 8-input function

Figure 2. C-module Implementation

module is determined by the macro selection from the design
library of hard macros. Allowable S-module implementations are
shown in Figure 3.

— poo A
—1 Dot CLR
Y ok OUT
— bp10 LK
— 111
s1 )

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

— po C\3

CLR

— OuT
GATE

Up to 4-input function plus latch with clear

—— D00
— DO1

— OuT

—| D10 GATE
— b1
S1 S0

Up to 7-input function plus latch

— D00
— bot Y |— our
— D10
— 111
s1 S0

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

Figure 3. S-module Implementations
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I/Os

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

Special Purpose 1/0s

Certain 1/O pads are temporarily used for programming and
testing the device. During normal user operation, these special
1/O pads are identical to other I/O pads. The following special I/O
pads and their functions are shown in Table 2.

Table 2. Special /0O Pads

SDI Serial Data In
DCLK Serial Data Clock In
PRA Probe A Output
PRB Probe B Output

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

Vee Power

GND Circuit Ground

Vsv Vks, Vep Programming Pads

MODE Program/Debug Control
1/0 Pads

1/O pads are located on the periphery of the die and consist of the
bonding pad, the high-drive CMOS drivers, and the TTL
level-shifter inputs. Each I/O pad is associated with a specific I/O
module. Connections from the I/O pad to the I/O module are
made using the signals DATAOUT, DATAIN, and EN (shown in
Figure 4).

1/0 Modules

There are two types of I/O modules: side and top/bottom. The I/O
module schematic is shown in Figure 5. In the side I/O modules,
there are two inputs supplying the data to be output from the chip
UO1 and UO2. (UO stands for user output.) Two are used so that
the router can choose to take the signal from either the routing
channel above or the routing channel below the I/O module. The
top/bottom I/O modules interact with only one channel and
therefore have only one UO input.

The EN input enables the tristate output buffer. The global signals
INEN and OUTEN (Figure 4 and Figure 5) are used to disable the
inputs and outputs during certain test modes. Latches are

OUTEN SELECT
(global)
[
EN
SEL
DATAOUT —— D0 Y
D1
SDATA
DATAIN -

Figure 4. 1/O Pad Signals

EN —» EN
GOUT ]
uo1 SEL
B L
uo2 Y B DATAOUT
— Do
D1 :'
Y = Y
Do DATAIN
SEL
<
GIN
INEN
(global)

Figure 5. /O Module

provided in the input and output path. When GOUT is high, the
latch is transparent. The latch can be used as the second stage of a
rising-edge flip-flop. GIN is the reverse of GOUT. When GIN is
high, the input data is latched; when it is low, the input latch
becomes transparent.
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The output of the module, Y, is used for data being input to the
chip. Side I/O modules have a dedicated output segment for Y
extending into the routing channels above and below (similar to
logic modules). Side I/O modules may also connect to the array
through nondedicated Long Vertical Tracks (LVTs). Top/Bottom
I/O modules have no dedicated output segment. Signals coming
into the chip from the top or bottom must be routed using F-fuses
and LVTs (F-fuses and LVTs are explained in detail in the routing
section). I/O signals connected to I/O modules on either the top or
bottom of the array may incur a delay penalty over signals
connected to I/O modules on the sides.

Hard Macros

Designing within the Actel design environment is accomplished
using a building block approach. Over 350 logic function macros
are provided in the ACT 2 design library. Hard macro logic
functions range from simple SSI gates such as AND, NOR, and
Exclusive OR to more complex functions such as flip-flops with
4:1 Multiplexed Data inputs. Hard macros are implemented in the
ACT 2 architecture by using one or more C-modules or
S-modules. Over 200 of the macros are implemented in a single
module, while several two-module macros are also available.
Two-module hard macros always utilize a module-pair, either SS,
CC, CS, or SC. Because one- and two-module macros have small
propagation delay variances, their performances can be predicted
very accurately. Hard macro propagation delays are specified in

the data sheet. Soft macros comprise multiple hard macros
connected together to form complex functions. These functions
range from MSI functions to 16-bit counters and accumulators. A
large number of TTL equivalent hard and soft macros are also
provided. Soft macro delays are not specified in the data sheet.

Routing Structure

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

Horizontal Routing

Horizontal channels are located between the rows of modules and
are composed of several routing tracks. The horizontal routing
tracks within the channel are divided into one or more segments.
The minimum horizontal segment length is the width of a
module-pair, and the maximum horizontal segment length is the
full length of the channel. Any segment that spans more than one-
third the row length is considered a long horizontal segment. A
typical channel is shown in Figure 6. Nondedicated horizontal
routing tracks are used to route signal nets. Dedicated routing
tracks are used for the global clock networks and for power and
ground tie-off tracks.

MODULE ROW

CLKO

NVCC
SIGNAL

TRACK —p»

Q

SIGNAL
A (LHT)

SEGMENT

O
Q

O

Q

PO

Q
O

|
|
|
[
|
|

) SIGNAL

O
|

NVSS

CLK1

L MODULE ROW

Figure 6. Horizontal Routing Tracks and Segments
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Vertical Routing

Other tracks run vertically through the module. Vertical tracks are
of three types: input, output, and long. Vertical tracks are also
divided into one or more segments. Each segment in an input
track is dedicated to the input of a particular module. Each
segment in an output track is dedicated to the output of a
particular module. Long segments are uncommitted and can be
assigned during routing. Each output segment spans four
channels (two above and two below), except near the top and
bottom of the array where edge effects occur. LVTs contain either
one or two segments. An example of vertical routing tracks and
segments is shown in Figure 7.

Antifuse Structures

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 efficient programming
algorithms. The structure is highly testable because there are no
preexisting connections; therefore, temporary connections can be
made using pass transistors. These temporary connections can
isolate individual antifuses to be programmed as well as isolate
individual circuit structures to be tested. This can be done both
before and after programming. For example, all metal tracks can
be tested for continuity and shorts between adjacent tracks, and
the functionality of all logic modules can be verified.

' LVTS
S-MODULE C-MODULE | MODULE ROW
‘e
> CHANNEL
VERTICLE INPUT — XF
SEGMENT
FF
S-MODULE ® C-MODULE

Figure 7. Vertical Routing Tracks and Segments

Antifuse Connections

Four types of antifuse connections are used in the routing structure of the ACT 2 array. (The physical structure of the antifuse is identical

in each case; only the usage differs.) The four types are:

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

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

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

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

Examples of all four antifuse connections are shown in Figures 6 and 7.
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Antifuse Programming

The ACT 2 family uses the PLICE antifuse developed by Actel.
The PLICE element is programmed by placing a high voltage
(~17 V) across the element and supplying current (~5 mA) for a
short duration (<1 ms). In the ACT 2 architecture, most antifuses
are programmed to ~500 ohms resistance, except for the F-fuses
which are programmed to ~250 ohms. The programming circuits
are transparent to the user.

Clock Networks

Two low-skew, high fanout clock distribution networks are
provided in the ACT 2 architecture (Figure 8). These networks
are referred to as CLKO and CLK1. Each network has a clock
module (CLKMOD) that selects the source of the clock signal
and may be driven as follows:

1. externally from the CLKA pad
2. externally from the CLKB pad
3. internally from the CLKINA input
4. internally from the CLKINB input

The clock modules are located in the top row of I/O modules.
Clock drivers and a dedicated horizontal clock track are located
in each horizontal routing channel.

cLks X CLKINB

CLKA X}—‘ I— CLKINA
FROM

— S0
PADS CLKMOD | g4

INTERNAL
SIGNAL

CLKO(17)

CLOCK

DRIVERS CLKO(16)

CLKO(15)

I I cLKOE)

T CLKO(1)

CLOCK TRACKS

Figure 8. Clock Networks

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

The clock input pads may also be used as normal 1/Os, bypassing
the clock networks.

Module Interface

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

Module input Connections

The tracks dedicated to Module inputs are segmented by pass
transistors in each module row. During normal user operation, the
pass transistors are inactive (off), which isolates the inputs of a
module from the inputs of the module directly above or below it.
During certain test modes, the pass transistors are active (on) to
verify the continuity of the metal tracks. Vertical input segments
span only one channel. Inputs to the array modules come either
from the channel above or the channel below. The logic modules
are arranged so that half of the inputs are connected to the
channel above and half of the inputs to segments in the channel
below (Figure 9).

Module Output Connections

Module outputs have dedicated output segments. Output
segments extend vertically two channels above and two channels
below, except at the top or bottom of the array. Output segments
twist, as shown in Figure 9, so that only four vertical tracks are
required.

LVT Connections

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

Antifuse Connections

In general, every intersection of a vertical segment and a
horizontal segment contains an unprogrammed antifuse
(XF-type). One exception is in the case of the clock networks.
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Clock Connections

To minimize loading on the clock networks, only a subset of further reduce loading on the clock network, only a subset of the
inputs has fuses on the clock tracks. Only a few of the C-module horizontal routing tracks can connect to the clock inputs of the
and S-module inputs can be connected to the clock networks. To S-module. Both of these are illustrated in Figure 10.

I

Y+2
[ |
Y+1
[ |
Y+2 Y+1 .
B1 BO D01 D00 BO B1 DO1
A1 D10 D11 A0 — By / — Y/ D10 A0 D11 A1
I ‘Y—1
2 Y-
-Y 2 N 2
LVTs (
S-MODULES C-MODULES

Figure 9. Logic Module Routing Interface

MODULE
C1 C2
CLKo . NIV NI N NI
ZZEN VRN VERN Clock
CLK1 7 N j\ AN Tracks
V4EANPARNVARNVARN
Y ™ Y Vai )
A A A AN
PP P—P( gorrpal
L outing
SO (’ T Tracks
A DN N
\NPARNV AN/ \Vv/
Antifuses /
Deleted

Figure 10. Fuse Deletion on Clock Networks

1-41



=Acts)]

p—— A 44

Programming and Test Circuits

The array of logic and I/O modules is surrounded by test and
programming circuits controlled by the external pins: MODE,
SDI, and DCLK. When MODE is low (GND), the device is in
normal or user mode. When MODE is high (Vc), the device is
placed into one of several programming or test states. The SDI
pin (when MODE is high) is used to input serial data to the Mode
Register and various address registers surrounding the array. Data
is clocked into these registers using the DCLK pin. The registers
are connected as a long series of shift registers as shown in Figure
11. The Mode register determines the test or programming state
of the device. Many of the test modes are used during wafer sort
and final test at the factory. Other test modes are used during
programming with the Activator® 2, and some of the modes are
available only after programming. The Actionprobe® function is
one such function available to users.

Actionprobe

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

A pattern of ones and zeros is shifted into the device from the SDI
pin at each positive edge transition of DCLK. The complete
sequence contains 10 bits of counter, 21 bits of Mode Register, n
bits of zeros (filler of unused fields, where n depends on the
particular device type), R bits of X2, C bits of Y2, R bits of X1, C
bits of Y1, and a stop bit (“0” or “1”). After the stop bit has been
shifted in, DCLK is left high. X1 and Y1 represent the (X,Y)
location in the array for the Actionprobe output, PRA.

MODE REGISTER | A sl
@E{j DCLK

— Y1<0> Y1 REGISTER Yi<c> |t <‘T ] MODE
> Y2<0> Y2 REGISTER Y2<c> —l

2 2

\% V
Aot [aY]
> >

o o

w L

= =

® 7

a MODULE ARRAY 5]

w 11}

o o

- N

> x

A 4
o
v &
h% x

OTHER REGISTERS B

Figure 11. ACT 2 Shift Register
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X2 and Y2 represent the (X,Y) location in the array for the
Actionprobe output, PRB. R and C are the row and column size as
defined in Table 1. The filler bits, counter pattern, and Mode
Register pattern are shown in Table 3. Addressing for rows and
columns is active high; that is, unselected rows and columns are
“zeros” and the selected row and column is “high.” The timing

sequence is shown in Figure 12. The recommended frequency is
10 MHz with 10 ns setup and hold times allowing for SDI and
DCLK transitions. The selected module output will be present at
the PRA or PRB output approximately 20 ns after the stop-bit
transition.

Table 3. Bit Stream Definitions for Actionprobe Diagnostics
Device Probe_Mode Filler (n) Counter_Pattern Mode_Register_Pattern # of clocks
A1225A Probe A only 308 1101011010 000000110001111100000 458
A1225A Probe B only 308 1101011010 000000101001111100000 458
A1225A Probe A and B 308 1101011010 000000111001111100000 458
A1240A Probe A only 361 1111000001 000000110001111100000 545
A1240A Probe B only 361 1111000001 000000101001111100000 545
A1240A Probe A and B 361 1111000001 000000111001111100000 545
A1280A Probe A only 443 0011011111 000000110001111100000 675
A1280A Probe B only 443 0011011111 000000101001111100000 675
A1280A Probe A and B 443 0011011111 000000111001111100000 675

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

0011011111_000000110001111100000_

(433 zeros)_X2<0>...X2<17>_Y2<81>...Y2<0>_X1<0>...X1<0>...X1<17>_Y1<0>...Y1<81>_0,

where “_" is used for clarity only

FILLER ZEROS

<& LOAD COUNTER —~|<# LOAD MODE REG S| | - x, v ADDRESS - 5 7=~ PROBING |G AT &

MODE _ |

a1 T B O
so_ X XX X X XXX X0 J XX

Figure 12. Timing Waveforms
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Absolute Maximum Ratings’
Free air temperature range

Symbol Parameter Limits Units
Voc  DC Supply Voltage?34  —0.510+7.0 v
Vv Input Voltage -05t0 Vg +0.5  V
Vo Output Voltage -05t0 Vge+0.5  V
lio I/0 Source/Sink +20 mA

Current® ‘

Tstg  Storage Temperature —65 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 periods may affect device
reliability. Device should not be operated outside the Recommended

Operating Conditions.

Vpp = Ve » except during device programming.

Vgsv = V¢ , except during device programming.

Vks = GND, except during device programming.

. Device inputs are normally high impedance and draw extremely low
current. However, when input voltage is greater than Ve + 0.5 V oor
less than GND — 0.5 V, the internal protection diode will be forward
biased and can draw excessive current.

Loa L

Electrical Specifications

Recommended Operating Conditions

Parameter Commercial Industrial  Military  Units
Temperature 414,70 4010485 —5510+4125 °C

Range

Power Supply

Tolerance +5 +10 +10 %VCC
Note:

1. Ambient temperature (T, ) is used for commercial and industrial; case
temperature (T¢) is used for military.

Commercial Industrial Military
Symbol Parameter Units
Min. Min. Max. Min. Max.
Vou! (lon =—10 mA) 2 24 Vv
(loq = -6 MA) 3.84 \Y
(lon = —4 mA) 3.7 3.7 \Y
Vo (lo = 10 mA) 2 Vv
(loL = 6 mA) 0.40 0.40 v
Vi -0.3 -0.3 0.8 -0.3 0.8 v
Viy 20  Vgc+03 20  Vgc+03 20  Vgc+03 v
Input Transition Time tg, te? 500 500 ns
Cio /O Capacitance® 3 10 10 pF
Standby Current, Icc* 10 20 mA
Leakage Current® -10 -10 10 -10 10 pA

Notes:
. Only one output tested at a time. Ve = min.
. Not tested, for information only.

. All outputs unloaded. All inputs = V¢ or GND, typical Ioc = 1 mA. I limit includes Ipp and Igy during normal operation.

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

. VOUT » vIN = VCC or GND.
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Package Thermal Characteristics

The device junction to case thermal characteristic is 6jc, and the
junction to ambient air characteristic is 6ja. 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 PQFP 160-pin package at commercial temperature
is as follows:

Max. junction temp. (°C) — Max. commercial temp. _ 150°C —70°C _ 24 W
B8ja (°C/W) IR
: : Oja Oja :
Package Type Pin Count 0jc still Air 300 ft/min Units
Ceramic Pin Grid Array 100 5 35 17 °C/W
132 5 30 15 °C/W
176 8 23 12 °C/W
Ceramic Quad Flatpack 172 8 25 15 °C/W
Plastic Quad Flatpack™ 100 13 55 47 °C/W
144 15 35 26 °C/W
160 15 33 24 °C/W
Plastic Leaded Chip Carrier? 84 12 44 33 °C/W
Notes:
1. Maximum Power Dissipation for PQFP packages is 2.0 Watts.
2. Maximum Power Dissipation for PLCC packages is 1.5 Watts.
Power Dissipation Active Time

P=[lcc + Lactivel * Voc +IoL*VoL*N + Ion*(Vec-Von)*™
Where:
Icc is the current flowing when no inputs or outputs are
changing.
Lyctive 18 the current flowing due to CMOS switching.
IoL, 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 V.

An accurate determination of N and M is problematic 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:

2mA*525V=10.5mW

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 mW with all outputs driving high. The actual
dissipation will average somewhere between as I/Os switch states
with time.

The active power component in CMOS devices is frequency
dependent and is contingent on the user’s logic and the external
I/O. Active power dissipation results from charging internal chip
capacitance such as that associated with the interconnect,
unprogrammed antifuses, module inputs, and module outputs
plus external capacitance due to PC board traces and load device
inputs. An additional component of active power dissipation is
due to totem-pole current in CMOS transistor pairs. The net effect
can be associated with an equivalent capacitance that can be
combined with frequency and voltage to represent active power
dissipation.

Equivalent Capacitance

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

Power (HW) = CEQ * VCC2 *f
Where:

Cgq is the equivalent capacitance expressed in picofarads
(PP).
Vcc is power supply in volts (V).

M

f is the switching frequency in megahertz (MHz).

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

Cgq (PF)
Modules 7.7
Input Buffers 18.0
Output Buffers 25.0
Clock Buffer Loads 2.5
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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 (UW) = [(m * 7.7 x f1) + (n * 18.0 x f5)
+(P*(250+Cp) *f3) +(qx2.5x ] * VCC2 V)]
Where:
m= Number of logic modules switching at frequency f;
n = Number of input buffers switching at frequency f,
p = Number of output buffers switching at frequency f3
q = Number of clock loads on the global clock network
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= Frequency of global clock
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 will help you to determine average switching
frequency in logic circuits. These rules are meant to represent
worst-case scenarios so that they can be generally used to predict
the upper limits of power dissipation. These rules are as follows:

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

Inputs = 1/3 of I/O

Average Input Frequency = F/5

Outputs = 2/3 of I/Os

Average Output Frequency = F/10

Clock Net 1 Loading = 40% of sequential modules
Clock Net 1 Frequency = F

Clock Net 2 Loading = 40% of sequential modules
Clock Net 2 Frequency = F/2

Estimated Power

The results of estimating active power are displayed in Figure 13.
The graphs provide a simple guideline for estimating power. The
tables may be interpolated when your application has different
resource utilizations or frequencies.

3.0

2.0 A—A—
at280)” v

7 Y
Z 7z
Y 1 7
N7
/
A Y/

V]
Watts A L//|AT225

0.1 ,/
7
7
/.

7
 /
/

NN\

1.0 10.0 100.0
MHz

Figure 13. ACT 2 Power Estimates
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ACT 2 Timing Model*

Input Delays Internal Delays PFliedicted Output Delays
outing
e ; - Delays S
Combinatorial
170 Module s Logic Module ﬁfo Module _]
t|NYL =cbns thDZ = 4.8 nst
K> >+
I | i I tDLH =8.0ns _J
D Q tRD1 =1.4ns - — —— —
| | tPD =38ns tRDZ =1.7ns
tRD4 =3.1ns
f =4.7ns — —
| G | AD8 I% Module
| s al tDLH =8.0ns
equential
| tnu=2.0ns | Logic Module | |> | n
tINSU =-2.5ns [4 —_— o — _|
IiNGL =4.7ns —J | '
- — Corr_tbin- D Q D Q
| atorial
Logic t =1.4ns t =7.1ns
| included | AD1 | . ENHZ
in tgup l G
|_ o . _J I tOUTH =0.0ns ‘
ARRAY tSUD =04ns ‘CO= 3.8ns tOL{TSU i gg 2:
CLOCKS thp=0.0 ns || fetH=* N
tCKH =11.8ns FO = 256 - T

FMA)( =100 MHz

*Values shown for A1240A-2 at worst-case commercial conditions.

+ Input Module Predicted Routing Delay
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Parameter Measurement
Output Buffer Delays

touH toHL

. \»)® To AC test loads (shown below)

AC Test Loads

Load 1
(Used to measure propagation delay)

To the output under test

1
1

50 pF

Load 2
(Used to measure rising/falling edges)

Voo GND
® ®

Rto VCC for tPLZ/tPZL
R to GND for tPHZ/tPZH

To the output under test R=1kQ

50 pF

I

Input Buffer Delays

PAD Y

3V
ﬁ 50%

tinyH tinvL

Combinatorial Macro Delays

-8
—iA Ly
—B
Vee
S,AorB £50% 50%N GND
Veo
Y 50% 50%
GND
tpLH
Y
50%
tpHL
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Sequential Timing Characteristics
Flip-Flops and Latches

D— PRE Y
E-—-——
CLK— CLR

(Positive edge triggered)

—>] thp [+—
D' X X
l+—tsup — tworka l—— | ta >
G, CLK | I | | I | I
—{tsuenal— f— twerki —|

] triena
E
f— tco—]
Q X X
——trs
PRE, CLR | | I
]
WASYN

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

Input Buffer Latches

DATA BOL
G—¢———O
CLK
CLKBUF
o X X
"{ tNH ~<‘
G
‘4 tinsu *‘
,4* tHexT "{
CLK
‘4— tsuext ’>|
Output Buffer Latches
D —a
OBDLHS
G
o X X
i<—vtomsu——>{
G

e
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Predictable Performance:
Tight 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 routing tracks.

The ACT 2 family delivers a very tight fanout delay distribution.
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 2 family’s antifuses,
fabricated in 1.0 pm lithography, offer nominal levels of 500
ohms resistance and 7.5 femtofarad (fF) capacitance per antifuse.

The ACT 2 fanout distribution is also tight due to the low number
of antifuses required for each interconnect path. The ACT 2
family’s proprietary architecture limits the number of antifuses
per path to a maximum of four, with 90% of interconnects using
two antifuses.

Table 4. Logic Module + Routing Delay, by Fanout (ns)
(Worst-Case Commercial Conditions)
Family FO=1 FO=2 FO=3 FO=4 FO=8
A1225A-2 4.9 55 6.1 6.6 8.2
A1240A-2 5.2 5.5 6.1 6.9 8.5
A1280A-2 5.5 6.3 6.8 7.5 10.5

Timing Characteristics

Timing characteristics for ACT 2 devices fall into three
categories: family dependent, device dependent, and design
dependent. The input and output buffer characteristics are
common to all ACT 2 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 approximately 6 ns to 12 ns delay.
This additional delay is represented statistically in higher fanout
(FO=8) routing delays in the data sheet specifications section.
Timing Derating

A best case timing derating factor of 0.45 is used to reflect best
case processing. Note that this factor is relative to the “standard
speed” timing parameters, and must be multiplied by the
appropriate voltage and temperature derating factors for a given
application.
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Timing Derating Factor (Temperature and Voltage)

Industrial Military

Min. Max. Min. Max.

(Commercial Minimum/Maximum Specification) x 0.69 1.1 0.67 1.23

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

(Commercial Maximum Specification) x 0.85

Temperature and Voltage Derating Factors (normalized to Worst-Case Commercial, T, = 4.75 V, 70°C)

55 —40 0 25 70 85 125
4.50 0.75 0.79 0.86 0.92 1.06 1.1 1.23
475 0.71 0.75 0.82 0.87 1.05 1.16
5.00 0.69 0.72 0.80 0.85 0.97 1.02 1.13
5.25 0.68 0.69 077 0.82 0.95 0.98 1.09
5.50 0.67 0.69 0.76 0.81 0.93 0.97 1.08

Junction Temperature and Voltage Derating Curves
(normalized to Worst-Case Commercial, T; = 4.75 V, 70°C)

1.3
| ]
1.2
1 1
_
= 1.1 B O S
5 ] \\n\ 125°C
Q
&
1.0 .
by . \?—\u 85°C
= ————— . 70°C
© .
g 0.9 O
: —_—
0.8 n 25°C
—_— 4+ 0°C
0.7 * - ——40°C—
-55°C
0.6 } — } + }
450 475 5.00 5.25 5.50

Voltage (V)

Note:
This derating factor applies to all routing and propagation delays.
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A1225A Timing Characteristics
(Worst-Case Commercial Conditions, Voc =4.75 V, T, =70°C)

Logic Module Propagation Delays! ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tep1 Single Module 5.0 4.3 3.8 ns
tco Sequential Clk to Q 5.0 4.3 3.8 ns
tco Latch G to Q 5.0 4.3 3.8 ns
trs Flip-Flop (Latch) Reset to Q 5.0 4.3 3.8 ns
Predicted Routing Delays?
trD1 FO=1 Routing Delay 1.4 1.2 1.1 ns
tRo2 FO=2 Routing Delay 2.2 1.9 1.7 ns
tRD3 FO=3 Routing Delay 3.0 2.6 2.3 ns
tRpa FO=4 Routing Delay 3.7 3.1 2.8 ns
tRDs FO=8 Routing Delay 5.8 4.9 4.4 ns
Sequential Timing Characteristics®*
tsup Flip-Flop (Latch) Data Input

Setup 0.4 0.4 0.4 ns
tho Flip-Flop (Latch) Data Input Hold 0.0 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 1.0 1.0 1.0 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
tweLka Flip-Flop (Latch) Clock Active

Pulse Width 6.0 5.0 4.5 ns
twasyn Flip-Flop (Latch) Asynchronous

Pulse Width 6.0 5.0 4.5 ns
ta Flip-Flop Clock Input Period 13.0 11.0 9.4 ns
tiNH Input Buffer Latch Hold 0.0 0.0 0.0 ns
tinsu Input Buffer Latch Setup 0.4 0.4 0.4 ns
touTH Output Buffer Latch Hold 0.0 0.0 0.0 ns
toutsu Output Buffer Latch Setup 0.4 0.4 0.4 ns
fMAx Flip-Flop (Latch) Clock

Frequency 75.0 90.0 105.0 MHz

Notes:

1. For dual-module macros, use tppy + trp1 + tppn » tco + tRD1 + tPDn 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.

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

4. Setup and hold timing parameters for the Input Buffer Latch are defined with respect to the PAD and the D input. External setup/hold timing
parameters must account for delay from an external PAD signal to the G inputs. Delay from an external PAD signal to the G input subtracts (adds) to
the internal setup (hold) time.
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A1225A Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Input Module Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘~2 Speed

Parameter Description Min. Max. Min. Max. Min. Max. Units

tINYH Pad to Y High 3.8 3.3 2.9 ns

tinvL Padto Y Low 3.5 3.0 2.6 ns

tiNGH G to Y High 6.6 5.7 5.0 ns

tinGgL GtoY Low 6.3 54 4.7 ns

Input Module Predicted Routing Delays!

tirD1 FO=1 Routing Delay 5.4 4.6 41 ns

tirD2 FO=2 Routing Delay 6.1 5.2 4.6 ns

tirD3 FO=3 Routing Delay 74 6.0 5.3 ns

tirDa FO=4 Routing Delay 7.6 6.4 5.7 ns

tirDs FO=8 Routing Delay 9.8 8.3 7.4 ns

Global Clock Network

tekn Input Low to High FO =32 12.8 11.0 10.2 ns
FO = 256 15.7 13.0 11.8

tokL Input High to Low FO =32 12.8 11.0 10.2 ns
FO =256 15.9 13.2 12.0

tpwH Minimum Pulse Width High FO =32 4.5 4.1 3.4 ns
FO =256 5.0 45 3.8

tpwL Minimum Pulse Width Low  FO =32 4.5 4.1 3.4 ns
FO =256 5.0 45 3.8

toksw Maximum Skew FO =32 0.7 0.7 0.7 ns
FO = 256 35 3.5 3.5

tsUEXT Input Latch External Setup  FO = 32 0.0 0.0 0.0 ns
FO = 256 0.0 0.0 0.0

tHEXT Input Latch External Hold FO =32 7.0 7.0 7.0 ns
FO = 256 1.2 1.2 1.2

tp Minimum Period FO =32 9.1 8.3 7.7 ns
FO = 256 10.0 8.8 8.1

fmax Maximum Frequency FO =32 110.0 120.0 130.0 MHz
FO = 256 100.0 115.0 125.0

Note:

1. These parameters should be used for estimating device performance. Optimization techniques may further reduce delays by O to 4 ns. Routing delays
are for typical designs across worst-case operating conditions. 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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A1225A Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Output Module Timing ‘Std’ Speed ‘-1’ Speed ‘-2 Speed

Parameter Description Min. Max. Min. Max. Min. Max. Units

TTL Output Module Timing' 2

toLH Data to Pad High 10.6 9.0 8.0 ns
toHL Data to Pad Low 13.4 11.4 10.1 ns
tEnzH Enable Pad Z to High 1.8 10.0 8.9 ns
tenzL Enable Pad Z to Low 15.5 13.2 11.6 ns
tENHZ Enable Pad High to Z 9.4 8.0 7.1 ns
tenLz Enable Pad Low to Z 1.1 9.5 8.3 ns
taLH G to Pad High 11.9 10.2 8.9 ns
tgHL G to Pad Low 14.9 12.7 11.2 ns
driy Delta Low to High 0.09 0.08 0.07 ns/pF
dTHL Delta High to Low 0.16 0.13 0.12 ns/pF
CMOS Output Module Timing'2

toLH Data to Pad High 13.5 11.5 10.1 ns
toHL Data to Pad Low 1.2 9.6 8.4 ns
teNzH Enable Pad Z to High 11.8 10.0 8.9 ns
teNzL Enable Pad Z to Low 15.5 13.2 11.6 ns
teNHzZ Enable Pad High to Z 9.4 8.0 7.1 ns
tenLz Enable Pad Low to Z 11.1 9.5 8.3 ns
teLH G to Pad High 11.9 10.2 8.9 ns
tgHL G to Pad Low 14.9 12.7 11.2 ns
drLH Delta Low to High 0.16 0.13 0.12 ns/pF
dTHL Delta High to Low 0.12 0.10 0.09 ns/pF

Notes:

1. Delays based on 50 pF loading.
2. Maximum Recommended Simultaneous Switching Outputs:

PLCC 20pF 72
35pF 45
S0pF 32
PQFP,CPGA  20pF 80
35pF 45
50pF 32
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A1240A Timing Characteristics

(Worst-Case Commercial Conditions, Voc =4.75 V, T, = 70°C)

Logic Module Propagation Delays' ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter  Description Min. Max. Min. Max. Min. Max. Units
tPD1 Single Module 5.0 4.3 3.8 ns
tco Sequential Clk to Q 5.0 4.3 3.8 ns
tgo Latch Gto Q 5.0 4.3 3.8 ns
trs Flip-Flop (Latch) Reset to Q 5.0 4.3 3.8 ns
Predicted Routing Delays?
trRD1 FO=1 Routing Delay 1.8 1.5 1.4 ns
tRD2 FO=2 Routing Delay 2.3 2.0 1.7 ns
trRD3 FO=3 Routing Delay 3.0 2.6 2.3 ns
tRD4 FO=4 Routing Delay 41 3.5 3.1 ns
trRDs FO=8 Routing Delay 6.3 5.4 4.7 ns
Sequential Timing Characteristics® *
tsup Flip-Flop (Latch) Data Input

Setup 0.4 0.4 0.4 ns
tHp Flip-Flop (Latch) Data Input

Hold 0.0 0.0 0.0 ns
tsUENA Flip-Flop (Latch) Enable Setup 1.0 1.0 1.0 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
tweLka Flip-Flop (Latch) Clock Active

Pulse Width 6.5 6.0 4.5 ns
twasyn Flip-Flop (Latch) Asynchronous

Pulse Width 6.5 6.0 4.5 ns
ta Flip-Flop Clock Input Period 15.0 12.0 9.8 ns
tiNH Input Buffer Latch Hold 0.0 0.0 0.0 ns
tinsu Input Buffer Latch Setup 0.4 0.4 0.4 ns
touTH Output Buffer Latch Hold 0.0 0.0 0.0 ns
touTsu Output Buffer Latch Setup 0.4 0.4 0.4 ns
fmax Flip-Flop (Latch) Clock

Frequency 66.0 80.0 100.0 MHz

Notes:

1. For dual-module macros, use tpp) + trpy + tppn » tco + tRp1 + tppn OF tpp) + tRp] + 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.

3. Data applies to macros based on the S-module. Timing parameters for sequential macros constructed from C-modules can be obtained from the ALS

Timer utility.

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

the internal setup (hold) time.
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ACT 2 FPGAs

A1240A Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Input Module Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tinyH Pad to Y High 3.8 3.3 2.9 ns
LN Padto Y Low 3.5 3.0 26 rs
tINGH G to Y High 6.6 5.7 5.0 ns
tingL GtoY Low 6.3 5.4 47 ns
Input Module Predicted Routing Delays’
tirD1 FO=1 Routing Delay 5.6 4.8 4.2 ns
tirp2 FO=2 Routing Delay 6.4 5.4 4.8 ns
tirp3 FO=3 Routing Delay 7.2 6.1 5.4 ns
tirDa FO=4 Routing Delay 7.9 6.7 5.9 ns
tirDs FO=8 Routing Delay 10.5 8.9 7.9 ns
Global Clock Network
tokH Input Low to High FO =32 12.8 11.0 10.2 ns
FO = 256 15.7 13.0 11.8
tokL Input High to Low FO =32 12.8 11.0 10.2 ns
FO = 256 15.9 18.2 12.0
tpwH Minimum Pulse Width High FO = 32 5.5 4.5 3.8 ns
FO = 256 5.8 5.0 4.1
thwL Minimum Pulse Width Low FO =32 5.5 4.5 3.8 ns
FO = 256 5.8 5.0 4.1
toksw Maximum Skew FO =32 0.5 0.5 0.5 ns
FO = 256 2.5 2.5 25
tsuExT Input Latch External Setup FO = 32 0.0 0.0 0.0 ns
FO = 256 0.0 0.0 0.0
tHEXT nput Latch External Hold FO =32 7.0 7.0 7.0 ns
FO = 256 1.2 11.2 11.2
tp Minimum Period FO =32 11.1 9.1 8.1 ns
FO = 256 11.7 10.0 8.8
famax Maximum Frequency FO =32 90.0 110.0 125.0 MHz
FO = 256 85.0 100.0 115.0
Note:

1. These parameters should be used for estimating device performance. Optimization techniques may further reduce delays by 0 to 4 ns. Routing delays
are for typical designs across worst-case operating conditions. 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 or. the device prior to shipment.
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A1240A Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Output Module Timing ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed

Parameter Description Min. Max. Min. Max. Min. Max. Units
TTL Output Module Timing'>2

toLH Data to Pad High 10.6 9.0 8.0 ns
toHL Data to Pad Low 13.4 1.4 10.1 ns
teNzH Enable Pad Z to High 11.8 10.0 8.9 ns
tenzL Enable Pad Z to Low 15.5 13.2 1.7 ns
tENHZ Enable Pad High to Z 9.4 8.0 74 ns
tenrz Enable Pad Low to Z 1.1 9.5 8.4 ns
taLH G to Pad High 11.9 10.2 9.0 ns
taHL G to Pad Low 14.9 12.7 1.2 ns
dry Delta Low to High 0.09 0.08 0.07 ns/pF
drh Delta High to Low 0.16 0.13 0.12 ns/pF
CMOS Output Module Timing' 2

toLH Data to Pad High 13.5 11.5 10.2 ns
toHL Data to Pad Low 11.2 9.6 8.4 ns
teENzZH Enable Pad Z to High 11.8 10.0 8.9 ns
tenzL Enable Pad Z to Low 15.5 13.2 1.7 ns
tENHZ Enable Pad High to Z 9.4 8.0 71 ns
tenLZ Enable Pad Low to Z 11.1 9.5 8.4 ns
tGLH G to Pad High 11.9 10.2 9.0 ns
taHL G to Pad Low 14.9 12.7 1.2 ns
drH Delta Low to High 0.16 0.13 0.12 ns/pF
drHL Delta High to Low 0.12 0.10 0.09 ns/pF
Notes:

1. Delays based on 50 pF loading.
2. Maximum Recommended Simultaneous Switching Outputs:

PLCC 20pF 72
35pF 45
S0pF 32
PQFP,CPGA 20pF 104
35pF 68
SOpF 48
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ACT 2 FPGAs

A1280A Timing Characteristics
(Worst-Case Commercial Conditions, Voc = 4.75 V, T, = 70°C)

Logic Module Propagation Delays’ ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tpp1 Single Module 5.0 4.3 3.8 ns
tco Sequential Clk to Q 5.0 4.3 3.8 ns
tco Latch Gto Q 5.0 4.3 3.8 ns
trs Flip-Flop (Latch) Reset to Q 5.0 4.3 3.8 ns
Predicted Routing Delays?
trRD1 FO=1 Routing Delay 2.3 2.0 1.7 ns
trRD2 FO=2 Routing Delay 3.3 2.8 2.5 ns
trD3 FO=3 Routing Delay 4.0 3.4 3.0 ns
tRD4 FO=4 Routing Delay 4.9 4.2 3.7 ns
trDs FO=8 Routing Delay 8.8 7.5 6.7 ns
Sequential Timing Characteristics®*
tsup Flip-Flop (Latch) Data Input Setup 0.4 0.4 0.4 ns
thp Flip-Flop (Latch) Data Input Hold 0.0 0.0 0.0 ns
tsueEna Flip-Flop (Latch) Enable Setup 1.0 1.0 1.0 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 0.0 ns
tweLka Flip-Flop (Latch) Clock Active

Pulse Width 7.0 6.0 5.5 ns
twaAsYN Flip-Flop (Latch) Asynchronous

Pulse Width 7.0 6.0 5.5 ns
ta Flip-Flop Clock Input Period 18.0 13.3 1.7 ns
tiNH Input Buffer Latch Hold 0.0 0.0 0.0 ns
tinsu Input Buffer Latch Setup 0.4 0.4 0.4 ns
touTH Output Buffer Latch Hold 0.0 0.0 0.0 ns
touTsu Output Buffer Latch Setup 0.4 0.4 0.4 ns
fumax Flip-Flop (Latch) Clock

Frequency 50.0 75.0 85.0 MHz
Notes:

1. For dual-module macros, use tpp; + trp1 + tppy » tco + IRD1 + tpDn » OF tpp] + trp; + tsyp » 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.

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

4. Setup and hold timing parameters for the Input Buffer Latch are defined with respect to the PAD and the D input. External setup/hold timing
parameters must account for delay from an external PAD signal to the G inputs. Delay from an external PAD signal to the G input subtracts (adds) to
the internal setup (hold) time.
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A1280A Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Input Module Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed

Parameter Description Min. Max. Min. Max. Min. Max. Units

tNYH PadtoY ngh 3.8 3.3 2.9 ns

tinyL Pad to Y Low 3.5 3.0 2.7 ns

tingH G to Y High 6.6 5.7 5.0 ns

tinGL GtoY Low 6.3 5.4 4.8 ns

Input Module Predicted Routing Delays'

tirRD1 FO=1 Routing Delay 6.0 5.1 4.6 ns

tirp2 FO=2 Routing Delay 6.9 5.9 5.2 ns

tirD3 FO=3 Routing Delay 7.4 6.3 5.6 ns

tirRD4 FO=4 Routing Delay 8.6 7.3 6.5 ns

tirDs FO=8 Routing Delay 12.4 10.5 9.4 ns

Global Clock Network

tokH Input Low to High FO =32 12.8 11.0 10.2 ns
FO =384 17.2 14.6 13.1

tokL Input High to Low FO =32 12.8 11.0 10.2 ns
FO =384 17.5 14.9 13.3

tPwH Minimum Pulse Width High  FO =32 6.6 5.5 5.0 ns
FO =384 7.6 6.4 5.8

tpwi Minimum Pulse Width Low ~ FO =32 6.6 5.5 5.0 ns
FO = 384 7.6 6.4 5.8

toksw Maximum Skew FO =32 0.5 0.5 0.5 ns
FO = 384 2.5 25 2.5

tSUEXT Input Latch External Setup ~ FO =32 0.0 0.0 0.0 ns
FO = 384 0.0 0.0 0.0

tHexT Input Latch External Hold FO =32 7.0 7.0 7.0 ns
FO =384 11.2 1.2 1.2

tp Minimum Period FO =32 13.3 1.2 9.6 ns
FO = 384 15.3 12.6 10.6

fmax Maximum Frequency FO =32 75.0 90.0 105.0 MHz
FO = 384 65.0 80.0 95.0

Note:

1. These parameters should be used for estimating device performance. Optimization techniques may further reduce delays by 0 to 4 ns. Routing delays
are for typical designs across worst-case operating conditions. 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 2 FPGAs

A1280A Timing Characteristics (continued)
(Worst-Case Commercial Conditions)

Output Module Timing ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed

Parameter Description Min. Max. Min. Max. Min. Max. Units

TTL Output Module Timing™ 2

tbLH Data to Pad High 10.6 9.0 8.1 ns
toHL Data to Pad Low 13.4 11.4 10.2 ns
tenzn Enable Pad Z to High 1.8 10.0 9.0 ns
tenzL Enable Pad Z to Low 15.5 13.2 11.8 ns
tENHZ Enable Pad High to Z 9.4 8.0 74 ns
tenLz Enable Pad Low to Z 11.1 9.5 8.4 ns
teLH G to Pad High 1.9 10.2 9.0 ns
teHL G to Pad Low 14.9 12.7 11.3 ns
drLH Delta Low to High 0.09 0.08 0.07 ns/pF
drhL Delta High to Low 0.16 0.13 0.12 ns/pF
CMOS Output Module Timing': 2

toLH Data to Pad High 13.5 1.5 10.3 ns
tpHL Data to Pad Low 11.2 9.6 8.5 ns
teNzH Enable Pad Z to High 11.8 10.0 9.0 ns
tenzL Enable Pad Z to Low 15.5 13.2 11.8 ns
tENHZ Enable Pad High to Z 9.4 8.0 741 ns
tenLz Enable Pad Low to Z 11.1 9.5 8.4 ns
taLH G to Pad High 11.9 10.2 9.0 ns
tGHL G to Pad Low 14.9 12.7 1.3 ns
drin Delta Low to High 0.16 0.13 0.12 ns/pF
dTHL Delta High to Low 0.12 0.10 0.09 ns/pF

Notes:

1. Delays based on 50 pF loading.
2. Maximum Recommended Simultaneous Switching Outputs:
PQFP, CPGA, CQFP  20pF 160
35pF 90
50pF 64
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Macro Library
Hard Macros—Combinatorial

Modules

Function Macro Description S C

ACT 2 CM8 Combinational Module (Full ACT 2 Logic Module) 1

Combinatorial

Logic Module

ACT 2 DFM7A 4-input D-Type Flip-Flop with Multiplexed Data, active low Clear, and active 1

Sequential high clock

Logic Module DFM7B 4-input D-Type Flip-Flop with Multiplexed Data, active low Clear, and clock 1

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 5-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
AO3B 4-input AND-OR 1
AO3C 4-input AND-OR 1
AO4A 4-input AND-OR 1
AO5A 4-input AND-OR 1
AO6 2-wide 4-input AND-OR 1
AOBA 2-wide 4-input AND-OR with active low D-input 1
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ACT 2 FPGAs

Hard Macros—Combinatorial (continued)

Modules

Function Macro Description S C
AND-OR AO7 5-input AND-OR 1
AO8 5-input AND-OR with active low C- and D-inputs 1

AO9 5-input AND-OR 1

AON 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

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

AOI1D 3-input AND-OR-INVERT with active low inputs 1

AOQI2A 4-input AND-OR-INVERT with active low A-input 1

AOI2B 4-input AND-OR-INVERT with active low A- and C-inputs 1

AOQI3A 4-input AND-OR-INVERT with active low inputs 1

AOl4 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 Multiplexor 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

NAND5C 5-input NAND with active low A-, B-, and C-inputs 1
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Hard Macros—Combinatorial (continued)

Modules

Function Macro Description S Cc
NOR NOR2 2-input NOR 1
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

NOR5C 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-wide 4-input OR-AND 1

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

OA3 4-input OR-AND 1

OABA 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

OA5 4-input complex OR-AND 1

OAIl 3-input OR-AND-INVERT 1

OAI2A 4-input OR-AND-INVERT with active low D-input 1

OAI3 4-input OR-AND-INVERT 1

OAI3A 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 2 FPGAs

Hard Macros—Sequential

Modules
Function Macro Description S C
D-Type DF1 D-Type Flip-Flop 1
DF1A D-Type Flip-Flop 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, Clear, and clock 1
DFEA D-Type Flip-Flop with Enable and active low clock 1
DFM 2-input D-Type Flip-Flop with Multiplexed Data 1
DFM1B 2-input D-Type Flip-Flop with Multiplexed Data and active low output 1
DFM1C 2-input D-Type Flip-Flop with Multiplexed Data and active low clock and 1
output
DFM3 2-input D-Type Flip-Flop with Multiplexed Data and Clear 1 1
DFM3B 2-input D-Type Flip-Flop with Multiplexed Data and active low Clear and 1
clock
DFM3E 2-input D-Type Flip-Flop with Multiplexed Data, Clear, and active low clock 1 1
DFM4C 2-input D-Type Flip-Flop with Multiplexed Data and active low Preset and 1
output
DFM4D 2-input D-Type Flip-Flop with Multiplexed Data and active low Preset, clock, 1
and output
DFM6A 4-input D-Type Flip-Flop with Multiplexed Data, active low Clear, and active 1
high clock
DFM6B 4-input D-Type Flip-Flop with Multiplexed Data, active low Clear, and clock 1
DFMA 2-input D-Type Flip-Flop with Multiplexed Data and active low clock 1
DFMB 2-input D-Type Flip-Flop with Multiplexed Data and active low Clear 1
DFME1A 2-input 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 Preset 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 Preset 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-K Type JKF JK Flip-Flop with active low K-input 1
JKF1B JK Flip-Flop with active low clock and K-input 1
JKF2A JK Flip-Flop with active low Clear and K-input 1
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Hard Macros—Sequential (continued)

Modules
Function Macro Description S (o]
J-K Type 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 TF1A T-Type Flip-Flop with active low Clear 1
TF1B T-Type Flip-Flop with active low Clear and clock 1
Latch DL1 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-input Data Latch with Multiplexed Data 1
DLM3 4-input Data Latch with Multiplexed Data 1
DLM3A 4-input 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-input Data Latch with Multiplexed Data and active low clock 1
DLME1A 2-input 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 low 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
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Input/Output Macros
/0
Function Macro Description Modules
Buffer IBDL Input Buffer with Latch Clock 1
INBUF Input Buffer 1
OBHS Output Buffer, High Slew 1
OUTBUF Output Buffer, High Slew 1
Bidirectional BBHS Bidirectional Buffer, High Slew 1
BBDLHS Bidirectional with Input Latch and Output Latch 1
BIBUF Bidirectional Buffer, High Slew (with hidden buffer at Y pin) 1
CLKBIBUF Bidirectional with Input Dedicated to Clock Network 1
Input CLKBUF Input for Dedicated Routed Clock Network 1
Output DBDLKS Output Buffer with Latch 1
OBHS Output Buffer 1
TBHS Tristate output, High Slew 1
TRIBUFF Tristate output, High Slew 1
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Soft Macros

Maximum  Modules
Logic
Function Macro Description Levels S (o]
Adder FADD10 10-bit adder 3 56
FADD12 12-bit adder 4 9
FADD16 16-bit adder 5 97
FADDS8 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 91
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 loadable 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
FCTU8A Fast 8-bit Up Counter, parallel loadable 1 10 17
FCTU8B 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, used to build VCTD 1 5 2
counters
VCTD2CU  2-bit down counter, upper bits, delay after load, used to build VCTD 1 2 3
counters
VCTD4CL  4-bit down counter, lower bits, delay after load, used to build VCTD 1 4 7
counters
VCTD4CM  4-bit down counter, middle bits, delay after load, used to build VCTD 1 4 8
counters
Decoder DEC2X4 2-to-4 decoder 1 4
DEC2X4A  2-to-4 decoder with active low outputs 1 4
DEC3X8 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 1
DECE3X8A 3-to-8 decoder with enable and active low outputs 2 11
Latch DLC8A Octal latch with clear active low 8-bit Data Latch with active low Clear 1 8
DLE8 Octal latch with enable 8-bit Data Latch with active high Enable 1 8
DLM8 Octal latch with multiplexed data 8-bit Data Latch with Multiplexed 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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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
TAQO7 Buffer 1 1
TAO08 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-to-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, parallel 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 30
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 9
TA32 2-input OR 1 1
TA377 octal register with active low enable 1 8
TA40 4-input NAND 1 2
TA42 4 1o 10 decoder 1 10
TA51 AND-OR-Invert 1 2
TA54 4-wide 2-input AND-OR-Invert 2 5
TA55 2-wide 4-input AND-OR-Invert 2 3
TA688 8-bit identity comparator 3 9
TA86 2-input exclusive OR 1 1
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Package Pin Assignments
176-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
fQOOOOO0OO0O0OOOOOO0O0 O]
BOOOO0OO0OO0O0O000000O0OOs
l000000000000O0O0 Ol
0000000000000 OO0
E0 0 0 0O 00 0Ol
O OO0 O 0 00Ol
60000 00 0O0ls
Ho 00O 176-Pin O 0 O OlH
Joooo 000 o
KO O 0O 00 O Ol
oo ool 0000
MOOOOOOOOOOOOOO OM
NOOOOOOOOOOOOOO O
POO00000000000O0O
leRoReReXeXoXeReReReReReReXeXeli

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

Signal Pad Number Location
PRAor I/O 152 C9
PRB or /O 160 D7
MODE 2 C3
SDlor I/O 135 B14
DCLK or /O 175 B3
CLKA or /O 154 A9
CLKB or I/0 158 B8
GND 1, 8, 18, 23, 33, 38, 45,57, 67, 77, 89 D4, E4, G4, H4, K4, L4, M4, M6, M8, M10, M12
101, 106, 111, 121, 126, 133, 145, 156, 165 K12, J12, H12, F12, E12, D12, D10, C8, D6
Vee 13, 24, 28, 52, 68, 82, 112, 116, 140, 155, 170 F4, H3, J4, M5, N8, M11, H13, G12, D11, D8, D5
Vpp 110 J14
Vsv 25,113 H2, H14
Vks 109 J13
Notes:

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

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

1 2 3 4 5 6 7 8 9 10 11 12 13
AIQO O O0OO0OO0O0O0O0O0O0O0O0|A
B[OOOOOOOOOOOOO0s
JICHOCNORONORONONONCNONONONO]
)OO O @ (ONONG O O Ofp
EIO O O O O Ofe
FIO O OO O O O OfF
sfjoooo| &ry ||oooof
HIO O O O O O O OfH
JIO O O O OO
K|IO O O (ONONG© O O Ofk
LIOOOOOOOOOOOOOIL
MIOOOOOOOOOO O OO
NJOO O OOOOOOOOOON
1 2 3 4 5 6 7 8 9 10 11 12 13
@ Orientation Pin
Signal Pad Number Location
PRAor |/O 113 B8
PRB or I/O 121 Ccé
MODE 2 Al
SDlor I/O 101 B12
DCLK or I/O 132 C3
CLKA or I/O 115 B7
CLKB or /0 119 B6
GND 9,10, 26, 27, 41, 58, 59, 73, 74, 92, 93, E3, F4, J2, J3, L5, L9, M9, K12, J11, E12, E11,
107, 108, 125, 126 C9, B9, B5, C5
Vee 18, 19, 49, 50, 83, 84, 116, 117 G3, G2, L7, K7, G10, G11, D7, C7
Vpp 82 G13
Vsy 17,85 G4, G12
Vks 81 H13
Notes:
1. Unused I/O pins are designated as outputs by ALS and are driven low. 4. Vpp= V(, except during device programming.
2. All unassigned pins are available for use as I/Os. 5. Vgy = Vg, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vkg = GND, except during device programming.
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Package Pin Assignments (continued)
100-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 10 11
AQO OO OO0OOOO0OO0O|A
BIOOOOOOOOOOO|s
UICRONONONONONONONORONG]
pOO0CO @ O O O O|b
E0 O O O O Ole
IO O O 0| 1%Pn 10 O O OfF
GlO OO O O Ole
HO O O O O O O}H
JOOOOOOOOOO O
KOO OOOOOOOOO|K
HLOOOOOOOOOOO|
1 2 3 4 5 6 7 8 9 10 11
@ Orientation Pin
Signal Pad Number Location
PRA or I/O 85 A7
PRB or I/0 92 A4
MODE 2 Cc2
SDI or I/0 77 Cc8
DCLK or I/O 100 C3
CLKA or I/O 87 Cé
CLKB or I/O 90 D6
GND 7,20, 32, 44, 55, 70, 82, 94 E3, G3, J5, J7, G9, D10, C7, C5
Vee 15, 38, 64, 88 F3, K6, F9, B6
Vpp 63 F10
Vsy 14, 65 G1, E11
Vks 62 F11
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. Vgy = V¢, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vks = GND, except during device programming.
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Package Pin Assignments (continued)
172-Pin CQFP (Top View)

172 171 170 169 168 167 166 165 164 137 136 135 134 133 132 131 130

Pin #1
Index

172-Pin
® CQFP e

® o o
44 45 46 47 48 49 50 51 52 79 80 81 82 83 B4 B85 86

Signal PIN Number

MODE 1

GND 7,17, 22, 32, 37, 65, 65, 75, 98, 103, 108, 118, 123, 141, 152, 161

Ve 12, 28, 27, 50, 66, 80, 109, 113, 136, 151, 166

Vsy 24,110

Vks 106

Vpp 107

SDl or I/O 131

PRAor /O 148

PRB or I/O 156

CLKAor I/O 150

CLKB or /0 154

DCLK or 11O 171
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. Vgy = Vc, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vkgs=GND, except during device programming.
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Package Pin Assignments (continued)

160-Pin PQFP (Top View)

1
DCLKor 110 2 ITT—]
3

Ve 6 CIT——

PRBor I/0 16 CT1T— ]
17 CI——]

CLKB or /0 18 CIT—]
19 I

Vg 20 CI—]

CLKA or I1Q 21 CIT—]
P s —

PRA or /0 23 CIT—]
24 I

25 I

26 CIT—]

g m—

3
SDlor I/0 38 —IT—]
e 1o N — —
GND 40 C1TT—

N

Notes:

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

O | E=m=1e0anp
171 159 MODE
11158
——:74
1156
11155 GND
1154
1153
152
151
111150 Vg
1149
1148
1147
11146
111145 GND
11144
143
142
11141
17140 GND
11139 Vg
171138 Vgy
137
136
— T 1135 Vg

160-Pin
PQFP

4. Vpp= V¢, except during device programming.
5. Vgy = Vg, except during device programming.
6. Vks = GND, except during device programming.

GND

Vee
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Package Pin Assignments (continued)
144-Pin PQFP (Top View)

37 C——] 1T 144 1/O or DCLK
38 I T 143
39 I 1 142
40 T 1 141 1
P e — 111140
42 CIT——| ——r— 139
43 T 11138 GND
GND 44 CTT——] 111137 GND
GND 45 CTT——] 1T 136 GND
GND 46 CTT—] F—1r 135
47 I 134
48 CIT—] F—1r—133
49 T 111132 I/Oor PRB
50 I} 131
51 CIT——] 171130 1/O or CLKB
Y " — —1r— 129
53 CTT— ] . 1128 Vg
Voo 54 ] 144-Pin 11127 Ve
VGG 56 C— PQFP ——1r 126 Vg
Ve 56 T ——17 1125 1/Oor CLKA
57 CIT—— 111124
58 I ——— 111123 /OorPRA
59 (I 11 122
60 CTT——| 71 121
61 I —1 120
62 I 1119
63 I 1118 GND
GND 64 CTT——] 1T 117 GND
GND 65 CTT——] ——Tr 1116 GND
66 1T 111115
[y s — T 114
68 CIT— 1T 113
69 I 11112
70 CI—— 1T 111
A = — [——Tr— 110 VOorSDI
-] e — F——1— 109

Notes:

1. Unused I/O pins are designated as outputs by ALS and are driven low. 4. Vpp= V(c, except during device programming.
2. All unassigned pins are available for use as I/Os. 5. Vgy= V¢, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vs = GND, except during device programming.
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Package Pin Assignments (continued)
100-Pin PQFP (Top View)

o
7]
Q

L

rﬁ2307978 76 7574 73 72 71 70 69 68 67 66 65 62 61 60 59 58 57 56 55 54 53 52 51 )
 — — -3 50| —I1——1
 —— -3 1] i — —
 — — -] LIS — —|
GND 11— |84 L] 1Y ——
o o -} 46| 1T GND
 —— - 1] — —
PRA, /0 11—/ |87 | s |
 — — -] 43| 1T
CLKA, o C—IT—] (89 100-Pin LC2-] | ——
Voo E—T—] |90 PQFP 4 11—
] (ot 40| T vge
CLKB, /O C—_IT— |92 feic] I — —
 —— () ] 38| —I1——1
PRB, /0 1T |94 fe4 | ——
 — — (1 o] — —
GND 1T |96 35| —I1T—1
- — {74 34| I gND
 —  — 33| —1—1
 —— — ] fero] | —  —
1T (100 ) — —
\_1 23 45 67 89 1011 1213 1415 1617 18 19 2021 22 23 24 2526 2728 2930 /
x g 2 53 2
Q Q9 5} > > 9}
e =
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. Vgy = Ve, except during device programming.
3. MODE = GND, except during device programming or debugging. 6. Vks = GND, except during device programming.
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Package Pin Assignments (continued)
84-Pin PLCC (Top View)

g . B 8 % f 3
g 5 ¢ g L9 g g
arnnnonooonnnnmn 101
/ 11109a765432664338281807978777575\
MODE [_|12 74 ]
o R 73]
14 2]
15 7]
[J1e 70 [ ] GND
17 691
518 68| 1
19 67 ]
=0 66| 1
Ca 84-Pin 65 1 Voc
Vgy []22 PLCC 641 Vpp
Voo []23 63| 1 Vks
s 62| ]
[es 61 ]
26 60 [ ]
[ - 59 ]
GND []28 58]
() s71 1
130 561
a1 55 ]
132 54 ]

o
3
a

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 1/Os.

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

s
e

ano 8

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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ACT™ 3

Field Programmable
Gate Arrays

Preliminary

Features

¢ Highly Predictable Performance with 100% Automatic
Placement and Routing

° 9 ns Clock-to-Output Times

¢ Up to 150 MHz On-Chip Performance

°  Up to 228 User-Programmable I/O Pins

®  Four Fast, Low-Skew Clock Networks

®  More Than 500 Macro Functions

¢ Up to 10,000 Gate Array Equivalent Gates
(up to 25,000 equivalent PLD Gates)

*  Replaces up to 250 TTL Packages

*  Replaces up to 100 20-pin PAL® Packages

¢ Up to 1153 Dedicated Flip-Flops

¢ 1/O Drive to 12 mA

*  PQFP, PLCC, and CPGA Packages

Description

The ACT 3 family, based on Actel’s proprietary PLICE® antifuse
technology and 0.8-micron double-metal, double-poly CMOS
process, offers a high-performance programmable solution
capable of 150 MHz on-chip performance and 9 nanosecond
clock-to-output speeds. The ACT 3 family spans capacities from
1,500 to 10,000 gate array equivalent gates (up to 25,000 PLD
gates), and offers very high pin-to-gate ratios, with up to 228 user
I/Os for 10,000 gate designs.

Predictable Performance* (Worst-Case Commercial)

| 46-47 MHz

Accumulators (16-bit)

Loadable Counters (16-bit) | 76-82 MHz

o Nonvolatile, User Programmable Prescaled Loadable Counters (16-bit) | 127-145 MHZ
¢ Low-power 0.8 um CMOS Technology hift Regi
egisters —
®  Fully Tested Prior to Shipment 2 g's | 150-150 MHz
*See page 1-82 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 I/0s (maximum) 80 100 140 168 228
Packages®
CPGA 100-pin 133-pin 175-pin 207-pin 257-pin
PLCC 84-pin 84-pin — — —
PQFP 100-pin 100-pin 160-pin 208-pin TBD
160-pin
Performance® (maximum, worst-case commercial)
Chip-to-Chip* 83 MHz 83 MHz 77 MHz 75 MHz 72 MHz
Accumulators (16-bit) 47 MHz 47 MHz 47 MHz 47 MHz 47 MHz
Loadable Counter (16-bit) 82 MHz 82 MHz 82 MHz 80 MHz 80 MHz
Prescaled Loadable Counters (16-bit) 145 MHz 145 MHz 145 MHz 115 MHz 115 MHz
Shift Registers 150 MHz 150 MHz 150 MHz 120 MHz 120 MHz
1/O, Clock-to-Output 10 ns 10ns 11 ns 11.6ns 12ns
CMOS Process 0.8 um 0.8 um 0.8 um 0.8 um 0.8 um

Notes:

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

. Based on A1425A-1 device.

. Clock-to-Output + Setup

AW

© 1993 Actel Corporation
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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. I«he system 1T§w supported on the followir%)%
platforms: 386/486 ° PC, Sun  Microsystems, and HP

workstations. The software provides CAE interfaces to Cadence,
Mentor Graphics®, OrCAD™  and Viewlogic® design
environments. Additional platforms and CAE interfaces are
supported through Actel's Industry Alliance Program, including the
CAD/CAM Group, DATA 1/0® (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 array equivalent gates (to 20,000 PLD equivalent
gates). The ACT 3 family offers very high speed with very high
1/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

228
208
188
168
148
1/0s 128 A
108
88
68
48 ¢
28 ¢

[®ACT1 mACT2 AACTS]

A
A

¢ o0
Dl D>
|

! ] ] ) ) ]

0 :  — :
Gate Array 1,000 2,000 3,000 4,000
PLD Gates 2,500 5,000 7,500 10,000

5,000 6,000 7,000 8,000 9,000 10,000
12,500 15,000 17,500 20,000 22,500 25,000

Gates

Performance: ACT 3 Versus ACT 2 (Standard-Speed Devices)

ACT 3

Accumulators

(16-bit) (16-bit)

Loadable Counters

Prescaled Loadable
Counters (16-bit)

Shift Registers
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Chip-to-Chip Performance

Chip #1 Chip #2
1/0 Module 1/0 Module
R r
— —<— — —+—
| | o | |
| | | |
L |
/0 CLK X}F——— 110 LK DXF———

tckHs trRACE tinsu

Chip-to-Chip Performance
(Worst-Case Commercial)

tokHs tTRACE tinsu Total MHz
A1425A-1 9.0 1.0 3.0 13.0 ns 77
A1460A-1 10.4 1.0 3.0 14.4 ns 69
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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 parallel data in to parallel data out, and serial data in to
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.

|
- Step and Repeat Methodoiogy
+ Fully Utilized Device
* 100% Automatic Placement and Routing
« No Manual Placement or Routing
Figure 1. Layout of Performance Examples
Table 1. A1425A-1 Performance Results: Worst-Case Commercial Conditions
Performance
Design Iterations
Minimum Maximum Average
16-bit Shift Registers 10 150 MHz 150 MHz 150 MHz
16-bit Prescaled Counters 3 127 MHz 145 MHz 134 MHz
16-bit Non-Prescaled Counters 6 76 MHz 82 MHz 80 MHz
16-bit Accumulators 3 46 MHz 47 MHz 47 MHz
Note:

For more information on the PREP Benchmarks, see Section 2 of this data book.
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Ordering Information

A1425 A - PQ 160 c

‘|: Application (Temperature Range)
o]

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

—— Package Lead Count

oo

—— Package Type

PG = Ceramic Pin Grid Array

PL = Plastic Leaded Chip Carrier
PQ = Plastic Quad Flatpack

—— Speed Grade
Std = Standard Speed
—1 = Approximately 15% 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 c I M B E
A1415A Device
84-pin Plastic Leaded Chip Carrier (PL) P P P P — — —
100-pin Plastic Quad Flatpack (PQ) P P P P — — —_
100-pin Ceramic Pin Grid Array (PG) P P P — — — —_
A1425, A1425A Devices
84-pin Plastic Leaded Chip Carrier (PL) v v v v — — —
100-pin Plastic Quad Flatpack (PQ) v v v v — — —
133-pin Ceramic Pin Grid Array (PG) 4 v v — P P —
160-pin Plastic Quad Flatpack (PQ) v v v v — — —
A1440A Device
160-pin Plastic Quad Flatpack (PQ) P P P P — — —
175-pin Ceramic Pin Grid Array (PG) P P P — — — —
A1460A Device
207-pin Ceramic Pin Grid Array (PG) v P v — P P —
208-pin Plastic Quad Flatpack (PQ) v P v P — — —
A14100A Device
257-pin Ceramic Pin Grid Array (PG) P P P — P P —
Applications: C = Commercial Availability: v = Available * Speed Grade: -1 = 15% faster than Standard

| = Industrial P = Planned

M = Military — = Not Planned

B = MIL-STD-883

E = Extended Flow

Note:

1. Availability as of January 1993. Please consult Actel Representatives for current availability.

Device Resources

User I/0s
PLCC PQFP CPGA

Device Logic

Series Modules Gates | 84-pin | 100-pin 160-pin  208-pin | 100-pin  133-pin  175-pin  207-pin  257-pin
A1415A 200 1500 70 80 —_ — 80 — — — —
A1425A 310 2500 70 80 100 — — 100 — —_ —
A1440A 564 4000 — - 130 - —_ —_ 140 — —
A1460A 848 6000 — — — 167 — — — 168 —
A14100A 1377 10000 — —_ —_ — — e - — 228
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Pin Description

CLKA Clock A (Input)

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

CLKB Clock B (Input)

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

DCLK Diagnostic Clock (Input)

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

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.

1/0 Input/Output (Input, Output)

The T/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)

1/0 Clock (Input)

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

10PCL Dedicated (Hard-wired)

1/0 Preset/Clear (Input)
TTL input for I/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/O when the MODE pin is LOW.

PRB Probe B (Output)

The Probe B pin is used to output data from any user-defined
design node within the device. This independent diagnostic pin
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
I/0 when the MODE pin is LOW.

SDI Serial Data Input (Input)

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

Vee 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.

Vpp Programming Voltage

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

Vsv Programming Voltage

Supply voltage used for device programming. This pin must be
connected to V¢ 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, I/0O modules, I/O 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 1/Os. 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 5-input AND, 5-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 alternating 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 =!S1*1S0* D00 * !S1 * S0+ D01 * S1 * IS0 * D10 + S1 * SO * D11
where: SO = A0 * BO and S1 = Al + Bl

An Array with nrows and m columns

Columns

0o 1 2 3 4 5 c-1 c c+1 m m+1m+2 m+3
Rows Channels
n+2 | |
n+1 10| 10|10 CLKM I0]10]10]10]10] IO |«#— Top I/Os
n+1
n IO]IO|BINfJS |S|C]|C]|S s|jcflc|s|c|st|loflo
n
n—1 IO|IO|BINfJS |S|C]|C]|S Ss|c|c|s|Cc]|s]|IO}IO
. n—1
2 . IO|IO|BINJS |S|C|C]|S Ss|c|Cc|SsS|C}|s|lOfIO
2
1 IOJ]IO[BINfJS |S|C|C|S s|cfl{c|s|c|s}|loflo
Left I/Os Right I/Os
0 BIO|IO|IO0| IO 10| IO 0|0 ]|10|10]10]| 10 |«@— Bottom I/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.

— D00
— DO1

— 1p1o Y |—out

St SO

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.
1/0s

I/0 Modules

I/0 modules provide an interface between the array and the I/O
Pad Drivers. I/O modules are located in the array and access the
routing channels in a similar fashion to logic modules. There are
two types of I/O modules: side and top/bottom. The I/O 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 I/O
pad driver. Each I/O module contains two D-type flip-flops. Each
flip-flop is connected to the dedicated I/O clock (IOCLK). Each
flip-flop can be bypassed by nonsequential I/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
I/O 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
—— DO1
Y
— D10
— D11
St SO
A1 B1 A0 BO

ouT

CLK CLR

Figure 4. S-Module Diagram
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oTB

uo1 —]
uo2 —— b
ODE CLR/PR

?

|DE
*—1?—/[/1
Y

MUX i
3 Q

CLR/PRE

I

)
|

IO\K
MUX DATAOUT
Q 1
®
Py L
1
D MUX
\OI DATAIN
< ®
IOPCL
IOCLK

Figure 5. Functional Diagram for I/O Module

(similar to logic modules). Top/Bottom I/O 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).

1/O Pad Drivers

All pad drivers are capable of being tristate. Each buffer connects
to an associated I/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 1/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 I/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 I/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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OE
,—-
SLEW
DATAOUT
| pAD
DATAIN /]
'S
IEN
INEN
OUTEN

Figure 6. Function Diagram for I/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
e externally from the CLKB pad
e internally from the CLKINA input
+ internally from the CLKINB input

The clock modules are located in the top row of I/O modules.
Clock drivers and a dedicated horizontal clock track are located in
each horizontal routing channel. 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 uncommitted and can be
assigned during routing. Each output segment spans four
channels (two above and two below), except near the top and
bottom of the array where edge effects occur. LVTs contain either
one or two segments. An example of vertical routing tracks and
segments is shown in Figure 9.

cLkB [X] CLKINB
CLKAXI—| CLKINA
FROM s
PADS — INTERNAL
CLKMOD | g SIGNAL
I~ CLKO(17)
— [—
CLOCK
DRIVERS I~ CLKO(16)
S _>l/
I~ CLKO(15)
T
[l
~ 11 cLko)
L T
~ CLKO(1)
I/

4

CLOCK TRACKS

Figure 7. Clock Networks

1-89




=Acts)

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 connections can isolate
individual antifuses to be programmed as well as isolate
individual circuit structures to be tested. This can be done both
before and after programming. For example, all metal tracks can
be tested for continuity and shorts between adjacent tracks, and
the functionality of all logic modules can be verified.

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.

Table 2. Antifuse Types

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

Module Interface

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

Module Input Connections

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.

Module Output Connections

XF Horizontal-to-Vertical Connection Module outputs have dedicated output segments. Output
HE 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 Connection twist, as shown in Figure 10, so that only four vertical tracks are
FF “Fast” Vertical Connection required.
MODULE ROW
HCLK
CLKO
NVCC
SIGNAL
TRACK - I O I SIGNAL
SEGMENT (LH‘ll')
) ) |
/ N\
M) (M) !
/ N\ |
|
4. ) — ) M) |
) )
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 HF, 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 Circuits

The array of logic and I/O modules is surrounded by test and
programming circuits controlled by the temporary special I/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 Actionprobe® circuits allowing complete
observability of any logic or I/O module in the array using the
temporary special I/O pins, PRA and PRB.

< LVTS
S-MODULE C-MODULE MODULE ROW
@
CHANNEL
VERTICLE INPUT, — XF
SEGMENT |
FF
S-MODULE ® C-MODULE

Figure 9. Vertical Routing Tracks and Segments
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BWY+2
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.Y—1
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|
LVTs
C-MODULES

Figure 10. Logic Module Routing Interface
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Absolute Maximum Ratings’
Free air temperature range

Recommended Operating Conditions

Parameter Commercial Industrial  Military  Units
Symbol Parameter Limits Units Temperature
U o

Vec  DC Supply Voltage? -0.5t0 +7.0 v Range! Oto+70 —4010+85 55104125 °C

A Input Voltage -0.510 V¢ +0.5 Vv %\ggni:pply 5 +10 +10 %Vos

Vo Output Voltage -0.5t0Vgg +0.5  V

- Note:
lo l{e} Sougce Sink +20 mA 1. Ambient temperature (T) is used for commercial and industrial; case
Current temperature (T¢) is used for military.

Tste  Storage Temperature -65 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 periods may affect device
reliability. Device should not be operated outside the Recommended
Operating Conditions.

2. Vpp, Vgy = 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 + 0.5 V or
less than GND - 0.5 V, the internal protection diodes will forward bias

and can draw exces!

sive current.

Electrical Specifications

Commercial
Symbol Parameter Test Condition Units
Minimum Maximum

Vou'? HIGH Level Output lon = —4 mA (CMOS) 3.84 Vv

lon =—8 mA (TTL) 2.40 Vv
Vo 2 LOW Level Output loL = +6 mMA (CMOS) 0.33 v

loL = +12 mA(TTL) 0.50 \
Viu HIGH Level Input TTL Inputs 2.0 Vg +0.3 v
Vi LOW Level Input TTL Inputs -0.3 0.8 Vv
IIN Input Leakage V| = VCC or GND -10 +10 uA
loz 3-state Output Leakage Vo = Vg or GND -10 +10 uHA
ICC(S) Standby VCC Supply Current V| = Ve or GND,

lo=0mA 2 mA
Iccp) 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 a

t a time, Ve = min.
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Package Thermal Characteristics

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

Maximum junction temperature is 150°C.

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

Absolute Maximum Power Allowed = oja W) 8°CW =44 W
Package Type Pin Count ojc Sti?{i\ir sooe)fit?min 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 15 33 26 °C/W
Plastic Leaded Chip Carrier? 84 15 44 38 °C/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 Watt.

2. Maximum Power Dissipation for PLCC package is 1.5 Watts.

Power Dissipation
P={Igc +lactivel * Ve +loL * VoL * N+Ion * (Vee-Vow) *M
Where:
Icc is the current flowing when no inputs or outputs are
changing.
Ictive 18 the current flowing due to CMOS switching.
Iop, Ioy are TTL sink/source currents.
VoL, Vog are TTL level output voltages.
N equals the number of outputs driving TTL loads to V.
M equals the number of outputs driving TTL loads to Vgy.

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:

I1mAx525V=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 (UW) = Cgq * Vec? * £ M
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Where: o= Number of clock loads on the routed array clock
Cgq is the equivalent capacitance expressed in picofarads network
(S s = Number of clock loads on the dedicated I/O clock
Vcc is power supply in volts (V). network
f is the switching frequency in megahertz (MHz). Al415A: s=80

Equivalent capacitance is calculated by measuring I, ye at a Al425A: s =100

specified frequency and voltage for each circuit component of Al1440A: s =140

interest. The results for ACT 3 devices are: A1460A: s=168

Ceq (PF) A14100A: s=228

Modules 82 f; = Average logic module switching rate in MHz
Input Buffers 1.5 . o .
Output Buffers 23 f, = Average input buffer switching rate in MHz
I/0 Clock Buffer Loads 0.4 f3 = Average output buffer switching rate in MHz
Dedicated Array Clock Buffer Loads 0.5 . f4 = Average dedicated array clock rate in MHz
Routed Array Clock Buffer Loads 0.5 + fixed/device

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

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 Cp= Output load capacitance in pF
logic. The exact equation is a piece-wise linear summation over

. ! Determining Average Switching Frequency
all components, as shown in Equation 2.

To determine the switching frequency for a design, you must have

Power (W) = [(m x 8.2 x f)) + (nx L.5x ) + a detailed understanding of the data input values to the circuit.
(Px(23+Cp)xf3) +(qx0.5xf4) + ((r; +0.512) x f5) + The following rules are meant to represent worst-case scenarios
(sx04x el x Ve @ so that they can be generally used to predict the upper limits of
Where: power dissipation. These rules are as follows:
m = Number of logic modules switching at f; Logic Modules (m) = 80% of modules
n = Number of input buffers switching at f; Average module switching rate (f;)) = F/10
p = Number of output buffers switching at f3 Inputs switching (n) = #1/Os used/12
q = Number of clock loads on the dedicated array clock Average input switching rate (f;) = F
network Outputs switching (p) = #1/Os used/15
Al415A: q=104 Output loading (Cp) = 35
Al425A: q=160 Average output switching rate (f3) = Ff2
Al440A: q =288 Dedicated array clock loads (q) = fixed by device
Al460A: q=432 Average dedicated array switching =F
A14100A: q=697 rate (fg)
r; = Fixed capacitance due to routed array clock network Routed array fixed capacitance (r;) = fixed by device
Al415A: =60 Routed array clock loads (r5) = 40% of sequential
modules
425A: =
Al425 =75 Average routed array switching = F/2
A1440A: r; =105 rate (f5)
A1460A: 1 =145 I/O clock loads (s) = #1I/Os used
A14100A: ;=195 Average I/O switching rate (fg) = F
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ACT 3 Timing Model*

Input Delays Internal Delays PI;edicted Output Delays
outing
—_ . : Delays —
Combinatorial
(VO Module 42 Logic Module ["1/0 Module ]
tiny=4.2ns b2 = 1.8 ns ~ !
. ? | |~ —iX]
I | E l tDHS =7.5ns J
D Q tpp = 3.0ns tRD‘I =1.3ns - —
| | tRD4 =2.5ns
tRDB =4.2ns -
| | ITO Module
I tDHS =7.5ns
Sequential | |
| ttINH = g gS | Logic Module
Insu = 3.0 ns _ — — —
‘lCKY =7.0ns _] [_ j |
- — Combin— D Q
1 atorial |
Logic trp1=1.3ns t =6.0ns
| included | | ENZHS |
in tsyp |
L _ | ttOUTH = 18 ns |
=1.0ns
ARRAY tsup=0.8ns tco=3.0ns Otg;ﬁg —100mns
cLock tup=05ns o= ]

tHCKH =4.5ns

FHMAX =125 MHz

I/0 CLOCK

tiockn = 3.0 ns

FlOMAX =125 MHz

*Values shown for A1425A.

Output Buffer Delays

50% 50%

Von

tpHs,
toLs

tous,
toLs

Vee
50% 50%
Vee

Out 1.5V

tenzrs,
tenzLs

tenHsz,
tenLsz

.88 To AC test loads (shown below)

50%

50%

tENHSZ,
tenLsz

tENzZHS,
tenzLs
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AC Test Loads
Load 1 Load 2 .
(Used to measure propagation delay) (Used to measure rising/falling edges)
To the output under test ® ®
35 pF Rto VCC for tPLZ/tPZL
I R to GND for tppz/tpzH
— To the output under test R=1kQ
T
Input Buffer Delays Module Delays
—S
— A Y b—
PAD Y —B
Vee
S,AorB /Lso% 50%N__GND
Vee
Out 50% 50%
GND
tpp
Out
50%
!
tiny tiny PD
Sequential Module Timing Characteristics
Flip-Flops
D__| Q
CLK — CLR
I
(Positive edge triggered)
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I/0 Module: Sequential Input Timing Characteristics
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/0 Module: Sequential Output Timing Characteristics
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ACT 3 FPGAs

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 um 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)!
(Worst-Case Commercial Conditions)
Family  FO=1  FO=2 FO=3 FO=4 FO=8
ACT 1 5.0 5.7 6.6 7.9 12,5
ACT 2 5.5 6.2 6.9 7.4 9.2
ACT 3 3.7 4.2 4.4 4.8 6.2
Note:

1. ‘-1’ 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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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
1.15 1.30
1.10 A
1.20
\ /r
1.
05 N 1.10 o
Factor 1.00 Factor //
N 1.00
0.95 N 0.90 p w
0.90 ’ P
0.85 0.80 |
0.80 0.70
45 475 50 525 55 -60-40-20 0 20 40 60 80 100 120
Vee (Volts) Junction Temperature (°C)
Note:

This derating factor applies to all routing and propagation delays.

1-100



ACT 3 FPGAs

A1415A Timing Characteristics
(Worst-Case Commercial Conditions, Voc =4.75 V, T = 70°C)

Preliminary Information Advanced Information*
Logic Module Propagation Delays' ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tep Internal Array Module 3.0 . 2.6 ns
tco Sequential Clock to Q 3.0 2.6 ns
toLr Asynchronous Clear to Q 3.0 2.6 ns
Predicted Routing Delays? -
trD1 FO=1 Routing Delay 1.3 1.1 ns
trRD2 FO=2 Routing Delay 1.8 1.6 ns
trD3 FO=3 Routing Delay 2.1 18 ns
tRD4 FO=4 Routing Delay 25 2.2 ns
tRDs FO=8 Routing Delay 4.2 3.6 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 0.8 ns
thp Flip-Flop Data Input Hold 0.5 0.5 ns
tsup Latch Data Input Setup 0.8 0.8 ns
thp Latch Data Input Hold 0.5 0.5 ns
tsuasyYN Asynchronous Input Setup TBD TBD ns
twasyN Asynchronous Pulse Width 3.8 3.2 ns
tweLka Flip-Flop Clock Pulse Width 3.8 3.2 ns
ta Flip-Flop Clock Input Period 8.0 6.8 ns
fmax Flip-Flop Clock Frequency 125 150 MHz

Notes:
1. For dual-module macros, use tpp + trpj + tppn » tco + tRp1 + tppn OF tpp1 + 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.

*Actel is offering “Advanced Information” only on ‘-1’ Speed devices. Consult Actel for ‘-1’ device availability.
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A1415A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*
1/0 Module Input Prbpagation Delays ‘Std’ Speed -1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiny Input Data Pad to Y 4.2 3.6 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 ns
ticLRY Input Asynchronous Clear to Y 7.0 6.0 ns
tocLRY Output Asynchronous Clear to Y 7.0 6.0 ns
Predicted Input Routing Delays'
tirD1 FO=1 Routing Delay 1.3 1.1 ns
tiRD2 FO=2 Routing Delay 1.8 1.6 ns
tirRD3 FO=3 Routing Delay 2.1 1.8 ns
tirRD4 FO=4 Routing Delay 25 2.2 ns
tiRDs FO=8 Routing Delay 4.2 3.6 ns
1/0 Module Sequential Timing
tiNH Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 ns

tinsu Input F-F Data Setup

(w.r.t. IOCLK Pad) 3.0 3.0 ns
tipEH Input Data Enable Hold

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

(w.r.t. IOCLK Pad) 9.0 9.0 ns
tisuASYN Input Asynchronous Setup TBD TBD ns
touTH Output F-F Data Hold

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

(w.r.t. IOCLK Pad) 1.0 1.0 ns
topeH Output Data Enable Hold

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

(w.r.t. IOCLK Pad) 2.0 2.0 ns
tosuasyN Output Asynchronous Setup TBD TBD 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.

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

A1415A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*
1/0 Module - TTL Output Timing' ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
toHs Data to Pad, High Slew 75 . 64 ns
tors Data to Pad, Low Slew 12.0 ' . . 102 ns
tenzhs Enable to Pad, Z to H/L, Hi Slew 6.0 . 5 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 1.0 . . 94 ns
tenHsZ Enable to Pad, H/L to Z, Hi Slew 10.0 : , 85 ns
tenLsZ Enable to Pad, H/L to Z, Lo Slew 10.0 . 85 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 10.0 9.0 ns
tckLs I0CLK Pad to Pad H/L, Lo Slew 15.0 13.5 ns
dTLHHS Delta Low to High, Hi Slew TBD ‘ TBD ns/pF
drinLs Delta Low to High, Lo Slew TBD ‘ TBD  nspF
drHLHS Delta High to Low, Hi Slew TBD TBD ns/pF
dTHLLS Delta High to Low, Lo Slew TBD TBD ns/pF
1/0 Module — CMOS Output Timing'
toHs Data to Pad, High Slew 9.3 7.9 ns
toLs Data to Pad, Low Slew 17.5 14.9 ns
teNzHS Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3 11.3 ns
teNHSZ Enable to Pad, H/L to Z, Hi Slew 10.0 85 ns
tenLSZ Enable to Pad, H/L to Z, Lo Slew 10.0 9.0 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 11.8 10.7 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 17.3 15.6 ns
dTLHHS Delta Low to High, Hi Slew TBD TBD ns/pF
driHLs Delta Low to High, Lo Slew TBD TBD ns/pF
dTHLHS Delta High to Low, Hi Slew TBD ‘ TBD ns/pF
dTHLLS Delta High to Low, Lo Slew TBD TBD ns/pF
Note:

1. Delays based on 35pF loading.

*Actel is offering “Advanced Information” only on ‘~1’ Speed devices. Consult Actel for ‘~1’ device availability.
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A1415A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*

Dedicated (Hard-Wired) 1/O Clock Network ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiocKH Input Low to High

(Pad to /O Module Input) 3.0 2.6 ns
tioPwH Minimum Pulse Width High 3.8 3.3 ns
tiopwL Minimum Pulse Width Low 3.8 3.3 ns
tiosaPw Minimum Asynchronous Pulse '

Width 3.8 3.3 ns
tiocksw Maximum Skew 0.4 0.4 ns
tiop Minimum Period 8.0 6.8 ns
flomax Maximum Frequency 125 150 MHz
Dedicated (Hard-Wired) Array Clock Network
thokH Input Low to High

(Pad to S-Module Input) 4.5 3.9 ns
tHokL Input High to Low

(Pad to S-Module Input) 4.5 3.9 ns
tHPWH Minimum Pulse Width High 3.8 3.3 ns
tHpwL Minimum Pulse Width Low 3.8 3.3 ns
tHoksw Maximum Skew 0.3 0.3 ns
thp Minimum Period 8.0 6.8 ! ns
fimax Maximum Frequency 125 150 MHz
Routed Array Clock Networks
tRekH Input Low to High (FO=64) 5.5 4.7 ns
tReokL Input High to Low (FO=64) 6.0 51 ns
tRPWH Min. Pulse Width High (FO=64) 4.9 4.2 ns
trpwL Min. Pulse Width Low (FO=64) 4.9 4.2 ns
tRoksw Maximum Skew (FO=128) 1.0 0.9 ns
trp Minimum Period (FO=64) 10.0 8.7 ns
fRMAX Maximum Frequency (FO=64) 100 115 MHz
Clock-to-Clock Skews
tioHcKsW I/0 Clock to H-Clock Skew 0.0 1.3 0.0 3.0 ns
tioHCKsW I/0 Clock to R-Clock Skew 0.0 3.0 0.0 3.0 ns
tHRCKsSW H-Clock to R-Clock Skew 0.0 1.0 0.0 1.0 ns

Note:

1. Delays based on 35pF loading.

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

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

Preliminary Preliminary Advanced

Information Information  Information*
Logic 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 2.3 ns
tco Sequential Clock to Q 3.0 2.6 , 2.3 ns
toLr 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
trRD2 FO=2 Routing Delay 1.8 1.6 1.4 ns
tRD3 FO=3 Routing Delay 2.1 1.8 1.6 ns
tRD4 FO=4 Routing Delay 25 2.2 1.9 ns
trps FO=8 Routing Delay 4.2 3.6 3.2 ns
Logic Module Sequential Timing
tsub Flip-Flop Data Input Setup 0.8 0.8 0.8 ns
thp Flip-Flop Data Input Hold 0.5 0.5 0.5 ns
tsup Latch Data Input Setup 0.8 0.8 0.8 ns
thp Latch Data Input Hold 0.5 0.5 0.5 ns
tsuAsYN Asynchronous Input Setup TBD TBD TBD ns
twasYN Asynchronous Pulse Width 3.8 3.2 2.9 ns
tweoLka Flip-Flop Clock Pulse Width 3.8 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 + trp1 + tppn » tco + tRD1 + tPDn OF tpp1 + 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.

*Actel is offering “Advanced Information” only on ‘-2’ Speed devices. Consult Actel for ‘-2’ device availability.
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A1425A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Preliminary Advanced
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
ticky 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
ticLRy Input Asynchronous Clear to Y 7.0 6.0 5.3 ns
tocLRY Output Asynchronous Clear to Y 7.0 6.0 5.3 ns
Predicted Input Routing Delays’
tirRD1 FO=1 Routing Delay 1.3 1.1 1.0 ns
tirD2 FO=2 Routing Delay 1.8 1.6 1.4 ns
tiRD3 FO=3 Routing Delay 2.1 1.8 1.6 ns
tirpa FO=4 Routing Delay 2.5 2.2 1.9 ns
tirDs FO=8 Routing Delay 4.2 3.6 3.2 ns
/0 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) 3.0 3.0 3.0 ns
tipeH Input Data Enable Hold

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

(w.r.t. IOCLK Pad) 9.0 9.0 9.0 ns
tisUASYN Input Asynchronous Setup TBD TBD TBD ns
touTH Output F-F Data Hold

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

(w.r.t. IOCLK Pad) 1.0 1.0 1.0 ns
topeEH Output Data Enable Hold

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

(w.r.t. IOCLK Pad) 2.0 2.0 2.0 ns
tosuasyN Output Asynchronous Setup TBD TBD TBD 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.

*Actel is offering “Advanced Information” only on ‘-2’ Speed devices. Consult Actel for ‘-2’ device availability.

1-106



ACT 3 FPGAs

A1425A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Preliminary ~ Advanced

Information Information Information*
I/0 Module - TTL Output Timing' ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed
Parameter Description Min. Max. Min. Max. Min. Max. Units
tpus 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 10.0 8.5 75 ns
tenLSZ Enable to Pad, H/L to Z, Lo Slew 10.0 8.5 7.5 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 10.0 9.0 7.5 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 15.0 13.5 11.3 ns
dTiHHS Delta Low to High, Hi Slew TBD TBD TBD ns/pF
driHLs Delta Low to High, Lo Slew TBD TBD TBD ns/pF
dTHLHS Delta High to Low, Hi Slew TBD TBD TBD ns/pF
dryiLs Delta High to Low, Lo Slew TBD TBD TBD ns/pF
1/0 Module - CMOS Output Timing'
toHs 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 5.9 ns
tenzis 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 7.5 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
tokLs I0CLK Pad to Pad H/L, Lo Slew 17.3 15.6 13.0 ns
drLHHS Delta Low to High, Hi Slew TBD TBD TBD ns/pF
dyLHLs Delta Low to High, Lo Slew TBD TBD TBD ns/pF
drHLHS Delta High to Low, Hi Slew TBD TBD TBD ns/pF
drHLLs Delta High to Low, Lo Slew TBD TBD TBD ns/pF

Note:

1. Delays based on 35pF loading.

*Actel is offering “Advanced Information” only on ‘=2’ Speed devices. Consult Actel for ‘=2’ device availability.
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A1425A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Preliminary Advanced
Information Information Information*

Dedicated (Hard-Wired) I/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 I/0 Module Input) 3.0 2.6 2.3 ns
tiopwH Minimum Pulse Width High 3.8 3.3 29 ns
tiopwL Minimum Pulse Width Low 3.8 3.3 2.9 ns
tiosapw Minimum Asynchronous Pulse

Width 3.8 3.3 29 ns

tiocksw Maximum Skew 0.4 0.4 0.4 ns
tiop Minimum Period 8.0 6.8 6.0 ns
flomax 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
thekL Input High to Low

(Pad to S-Module Input) 4.5 3.9 34 ns
tHPWH Minimum Pulse Width High 3.8 3.3 29 ns
tHPWL Minimum Pulse Width Low 3.8 3.3 29 ns
tHoksw Maximum Skew 0.3 0.3 0.3 ns
tup Minimum Period 8.0 6.8 6.0 ns
fimax Maximum Frequency 125 150 167 MHz
Routed Array Clock Networks
tRekH 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 38 ns
trRPWL Min. Pulse Width Low (FO=64) 4.9 4.2 3.8 ns
tRcksw Maximum Skew (FO=128) 1.0 0.9 0.8 ns
trp Minimum Period (FO=64) 10.0 8.7 8.0 ns
fRMAX Maximum Frequency (FO=64) 100 115 125 MHz
Clock-to-Clock Skews
tioHcksw 1/0 Clock to H-Clock Skew 0.0 1.3 0.0 3.0 0.0 3.0 ns
tioHcksw I/0 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 0.0 1.0 0.0 1.0 0.0 1.0 ns

Note:

1. Delays based on 35pF loading.

*Actel is offering “Advanced Information” only on ‘-2’ Speed devices. Consult Actel for ‘=2’ device availability.
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ACT 3 FPGAs

A1440A Timing Characteristics
(Worst-Case Commercial Conditions, Vog =4.75 V, T, = 70°C)

Preliminary Information Advanced Information*
Logic Module Propagation Delays’ ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tpp Internal Array Module 3.0 2.6 ns
tco Sequential Clock to Q 3.0 2.6 ns
toLr Asynchronous Clear to Q 3.0 . 2.6 ns
Predicted Routing Delays? -
trD1 FO=1 Routing Delay 1.3 1.1 ns
trp2 FO=2 Routing Delay 1.8 186 ns
trRp3 FO=3 Routing Delay 2.1 1.8 ns
trD4 FO=4 Routing Delay 2.5 2.2 ns
trDs FO=8 Routing Delay 4.2 3.6 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 0.8 ns
thp Flip-Flop Data Input Hold 0.5 0.5 ns
tsub Latch Data Input Setup 0.8 0.8 ns
tho Latch Data Input Hold 0.5 0.5 ns
tsuasyN Asynchronous Input Setup TBD TBD ns
twasyN Asynchronous Pulse Width 3.8 3.2 ns
tweLka Flip-Flop Clock Pulse Width 3.8 3.2 ns
ta Flip-Flop Clock Input Period 8.0 6.8 ns
fmax Flip-Flop Clock Frequency 125 150 MHz

Notes:
1. For dual-module macros, use tpp + trp + tppp » tco + tRD1 + tpDn 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.

*Actel is offering “Advanced Information” only on ‘-1’ Speed devices. Consult Actel for ‘~1’ device availability.
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A1440A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*
1/0 Module Input Propagation Delays ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiny Input Data Pad to Y 4.2 3.6 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 ns
tiGLRY Input Asynchronous Clear to Y 7.0 6.0 ns
tocLRY Output Asynchronous Clear to Y 7.0 , 6.0 ns
Predicted Input Routing Delays’
tirD1 FO=1 Routing Delay 1.3 1 ns
tirD2 FO=2 Routing Delay 1.8 1.6 ns
tirD3 FO=3 Routing Delay 2.1 1.8 ns
tiRD4 FO=4 Routing Delay 25 2.2 ns
tirDs FO=8 Routing Delay 4.2 3.6 ns
1/0 Module Sequential Timing
tiNH Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 ns

tinsu Input F-F Data Setup

(w.r.t. IOCLK Pad) 3.0 3.0 ns
tiDEH Input Data Enable Hold

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

(w.r.t. IOCLK Pad) 9.0 9.0 ns
tisuASYN Input Asynchronous Setup TBD TBD ns
touTH Output F-F Data Hold

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

(w.r.t. IOCLK Pad) 1.0 1.0 ns
tobEH Output Data Enable Hold

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

(w.r.t. IOCLK Pad) 2.0 2.0 , ns
tosuasyN Output Asynchronous Setup TBD TBD 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.

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

A1440A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*
I/0 Module ~ TTL Output Timing’ ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tons Data to Pad, High Slew 75 EREE s —
toLs Data to Pad, Low Slew 12.0 - . oz ns
tenzHs Enable to Pad, Z to H/L, Hi Slew 6.0 - 51 = . ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 1.0 - a1 ns
tenHsz Enable to Pad, H/L to Z, Hi Slew 1.0 . 9.4 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 11.0 , : ' . 94 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 11.0 “ 10.0 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 15.0 - 135 ns
driHHs Delta Low to High, Hi Slew TBD ' ; . ‘ TBD ns/pF
1 HLS Delta Low to High, Lo Slew TBD TBD ns/pF
dTHLHS Delta High to Low, Hi Slew TBD TBD ns/pF
drHiLs Delta High to Low, Lo Slew TBD TBD ns/pF
I/0 Module — CMOS Output Timing'
toHs Data to Pad, High Slew 9.3 7.9 ns
toLs Data to Pad, Low Slew 17.5 14.9 ns
tENzHS Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3 8.5 ns
tENHSZ Enable to Pad, H/L to Z, Hi Slew 11.0 9.4 ns
teNLSZ Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 1.8 107 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 17.3 15.6 ns
dTLHHs Delta Low to High, Hi Slew TBD TBD ns/pF
driHs Delta Low to High, Lo Slew TBD TBD ns/pF
dTHLHS Delta High to Low, Hi Slew TBD TBD nslpF
drHLLs Delta High to Low, Lo Slew TBD 1BD ns/pF
Note:

1. Delays based on 35pF loading.

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

A1440A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information

Advanced Information*

Dedicated (Hard-Wired) 1/0 Clock Network ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiockH Input Low to High

(Pad to 1/0O Module Input) 3.0 2.6 ns
tioPwH Minimum Pulse Width High 3.8 3.3 ns
tiopwL Minimum Pulse Width Low 3.8 3.3 ns
tiosaPw Minimum Asynchronous Pulse

Width 3.8 3.3 ns

tiocksw Maximum Skew 0.4 0.4 ns
tiop Minimum Period 8.0 6.8 ns
flomax Maximum Frequency 125 150 MHz
Dedicated (Hard-Wired) Array Clock Network
tHeKH Input Low to High

(Pad to S-Module Input) 45 3.9 ns
tHeKL Input High to Low

(Pad to S-Module Input) 4.5 3.9 ns
tHPWH Minimum Pulse Width High 3.8 3.3 ns
thpwL Minimum Pulse Width Low 3.8 3.3 ns
tHoksw Maximum Skew 0.3 0.3 ns
thp Minimum Period 8.0 6.8 ns
fimax Maximum Frequency 125 150 MHz
Routed Array Clock Networks
tRCKH Input Low to High (FO=64) 5.5 4.7 ns
tReKL Input High to Low (FO=64) 6.0 5.1 ns
tRPWH Min. Pulse Width High (FO=64) 4.9 4.2 ns
tRPWL Min. Pulse Width Low (FO=64) 4.9 4.2 ns
tRoksw Maximum Skew (FO=128) 1.0 0.9 ns
trp Minimum Period (FO=64) 10.0 8.7 ns
fRMAX Maximum Frequency (FO=64) 100 115 MHz
Clock-to-Clock Skews
tioHcksw I/0 Clock to H-Clock Skew 0.0 1.3 0.0 3.0 ns
tioHcksw I/0 Clock to R-Clock Skew 0.0 3.0 0.0 3.0 ns
tHRCKSW H-Clock to R-Clock Skew 0.0 1.0 0.0 1.0 ns

Note:

1. Delays based on 35pF loading.

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

A1460A Timing Characteristics
(Worst-Case Commercial Conditions, Vg =4.75 V, T; =70°C)

Preliminary Information Advanced Information*
Logic Module Propagation Delays' ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tpp Internal Array Module 3.0 ‘ - 2.6 ns
tco Sequential Clock to Q 3.0 26 ns
toLr Asynchronous Clear to Q 3.0 26 ns
Predicted Routing Delays? i
trD1 FO=1 Routing Delay 1.3 1.1 ns
trp2 FO=2 Routing Delay 1.8 - 1.6 ns
trD3 FO=3 Routing Delay 2.1 ‘ i8 ns
tRD4 FO=4 Routing Delay 2.5 2.2 ns
trps FO=8 Routing Delay 4.2 3.6 ns
Logic Module Sequential Timing '
tsup Flip-Flop Data Input Setup 0.8 0.8 ns
thp Flip-Flop Data Input Hold 0.5 0.5 ns
tsup Latch Data Input Setup 0.8 0.8 ns
tHp Latch Data Input Hold 0.5 0.5 ns
tsuasyN Asynchronous Input Setup TBD TBD ns
twasyN Asynchronous Pulse Width 4.8 4.1 ns
tweLKA Flip-Flop Clock Pulse Width 4.8 4.1 ns
ta Flip-Flop Clock Input Period 10.0 8.5 ns
fumax Flip-Flop Clock Frequency 100 120 MHz

Notes:
1. For dual-module macros, use tpp + trpj + tppp » tco + tRD1 + tppp OF tpp; + trpy + 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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=Acts]

A1460A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*
1/0 Module Input Propagation Delays ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiny Input Data Pad to Y 4.2 3.6 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 ns
ticLRY Input Asynchronous Clear to Y 7.0 6.0 ns
tocLRY Output Asynchronous Clear to Y 7.0 6.0 ns
Predicted Input Routing Delays’
tirRD1 FO=1 Routing Delay 1.3 1.1 ns
tirD2 FO=2 Routing Delay 1.8 1.6 ns
tirD3 FO=3 Routing Delay 2.1 : 1.8 ns
tirDa FO=4 Routing Delay 25 22 ns
tirDs FO=8 Routing Delay 4.2 3.6 ns
/0 Module Sequential Timing
tiNH Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 ns

tinsu Input F-F Data Setup

(w.rt. IOCLK Pad) 3.0 3.0 ns
tieEH Input Data Enable Hold

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

(w.r.t. IOCLK Pad) 9.0 9.0 ns
tiSUASYN Input Asynchronous Setup TBD TBD ns
touTH Output F-F Data Hold

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

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

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

(w.rt. IOCLK Pad) 2.0 2.0 ns
tosuasyN Output Asynchronous Setup TBD TBD 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.

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

A1460A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*
1/0 Module — TTL Qutput Timing' ‘Std’ Speed “1'Speed
Parameter Description Min. Max. Min. Max. Units
toHs Data to Pad, High Slew 7.5 6.4 ns
toLs Data to Pad, Low Slew 12.0 ' 10.2 ns
teENzHS Enable to Pad, Z to H/L, Hi Slew 6.0 51 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 1.0 9.4 ns
tENHSZ Enable to Pad, H/L to Z, Hi Slew 11.6 9.9 ns
tENLSZ Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 ns
tokus I0CLK Pad to Pad H/L, Hi Slew 11.6 10.4 ns
tekLs IOCLK Pad to Pad H/L, Lo Slew 17.0 15.3 ns
driHHS Delta Low to High, Hi Slew TBD TBD ns/pF
dTLHLS Delta Low to High, Lo Slew TBD TBD ns/pF
drHLHS Delta High to Low, Hi Slew TBD TBD ns/pF
dryiLs Delta High to Low, Lo Slew TBD TBD ns/pF
I/O Module — CMOS Output Timing'
tpHs Data to Pad, High Slew 9.3 7.9 ns
toLs Data to Pad, Low Slew 17.5 14.9 ns
teNzHS Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3 11.3 ns
teNHSZ Enable to Pad, H/L to Z, Hi Slew 11.0 9.4 ns
tENLSZ Enable to Pad, H/Lto Z, Lo Slew 11.0 94 ns
tckHs IOCLK Pad to Pad H/L, Hi Slew 13.8 124 ns
tokLs I0CLK Pad to Pad H/L, Lo Slew 19.3 17.4 ns
drLHHS Delta Low to High, Hi Slew TBD TBD ns/pF
driHLs Delta Low to High, Lo Slew TBD TBD ns/pF
dTHLHS Delta High to Low, Hi Slew TBD TBD ns/pF
dryus Delta High to Low, Lo Slew TBD 8D ns/pF
Note:

1. Delays based on 35pF loading.

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

A1460A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information

Advanced Information*

Dedicated (Hard-Wired) I/O Clock Network ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiockH Input Low to High

(Pad to 1/0 Module Input) 3.5 3.0 ns
tiopwH Minimum Pulse Width High 4.8 4.1 ns
tiopwL Minimum Pulse Width Low 4.8 4.1 ns
tiosaPw Minimum Asynchronous Pulse

Width 3.8 3.3 ns

tiocksw Maximum Skew 0.8 0.7 ns
tiop Minimum Period 10.0 8.5 ns
fiomax Maximum Frequency 100 120 MHz
Dedicated (Hard-Wired) Array Clock Network
tHekH Input Low to High

(Pad to S-Module Input) 55 4.7 ns
tHeKL Input High to Low

(Pad to S-Module Input) 5.5 4.7 ns
tHPWH Minimum Pulse Width High 4.8 4.1 ns
tHPWL Minimum Pulse Width Low 4.8 4.1 ns
tHoksw Maximum Skew 0.8 0.7 ns
thp Minimum Period 10.0 8.5 ns
famax Maximum Frequency 100 120 MHz
Routed Array Clock Networks
tRckH Input Low to High (FO=256) 9.0 7.7 ns
tRekL Input High to Low (FO=256) 9.0 7.7 ns
tRPWH Min. Pulse Width High (FO=256) 6.1 5.4 ns
tRPwL Min. Pulse Width Low (FO=256) 6.1 5.4 ns
tRcksw Maximum Skew (FO=128) 1.8 1.6 ns
trp Minimum Period (FO=256) 125 11.1 ns
fRMAX Maximum Frequency (FO=256) 80 90 MHz
Clock-to-Clock Skews
tioHCKsW 1/0 Clock to H-Clock Skew 0.0 3.5 0.0 3.5 ns
tioHCKSW 1/0 Clock to R-Clock Skew 0.0 5.0 0.0 5.0 ns
tHRCKSW H-Clock to R-Clock Skew 0.0 3.0 0.0 3.0 ns

Note:

1. Delays based on 35pF loading.

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

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

Preliminary information Advanced Information*
Logic Module Propagation Delays' ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tpp Internal Array Module 3.0 2.6 ns
tco Sequential Clock to Q 3.0 2.6 ns
telr Asynchronous Clear to Q 3.0 2.6 ns
Predicted Routing Delays? -
tRD1 FO=1 Routing Delay 1.3 1.1 ns
tRp2 FO=2 Routing Delay 1.8 1.6 ns
trD3 FO=3 Routing Delay 241 1.8 ns
tRD4 FO=4 Routing Delay 2.5 2.2 ns
tRDs FO=8 Routing Delay 4.2 3.6 ns
Logic Module Sequential Timing
tsub Flip-Flop Data Input Setup 0.8 0.8 ns
thp Flip-Flop Data Input Hold 0.5 0.5 ns
tsup Latch Data Input Setup 0.8 0.8 ns
thp Latch Data Input Hold 0.5 0.5 ns
tsuasYN Asynchronous Input Setup TBD TBD ns
twasYN Asynchronous Pulse Width 4.8 4.1 ns
twoLka Flip-Flop Clock Pulse Width 4.8 4.1 ns
A Flip-Flop Clock Input Period 10.0 8.5 ns
fmax Flip-Flop Clock Frequency 100 120 MHz

Notes:

1. For dual-module macros, use tpp + trp1 + tppn » tco + tRD1 + tPDn O tpp1 + tRD1 + tsUD » 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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=Acte/

A14100A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary information Advanced Information*
1/0 Module Input Propagation Delays ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiny Input Data Pad to Y 4.2 3.6 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 ns
ticLRY Input Asynchronous Clear to Y 7.0 6.0 ns
tocLRY Output Asynchronous Clear to Y 7.0 6.0 ns
Predicted Input Routing Delays®
tirD1 FO=1 Routing Delay 1.3 1.1 ns
tirD2 FO=2 Routing Delay 1.8 1.6 ns
tirD3 FO=3 Routing Delay 2.1 1.8 ns
tirD4 FO=4 Routing Delay 2.5 2.2 ns
tirDs FO=8 Routing Delay 4.2 3.6 ns
/0 Module Sequential Timing
tiNH Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 ns

tinsu Input F-F Data Setup

(w.r.t. IOCLK Pad) 3.0 3.0 ns
tipEH Input Data Enable Hold

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

(w.r.t. IOCLK Pad) 9.0 9.0 ns
tisuasyYN Input Asynchronous Setup TBD TBD ns
touTH Output F-F Data Hold

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

(w.r.t. IOCLK Pad) 1.0 1.0 ns
topeH Output Data Enable Hold

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

(w.r.t. IOCLK Pad) 2.0 2.0 ns
tosuasyYN Output Asynchronous Setup TBD TBD 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.

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

A14100A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary Information Advanced Information*
1/O Module - TTL Output Timing' ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. . Min. Max. Units
toHs Data to Pad, High Slew 75 = - 6.4 . ns
toLs Data to Pad, Low Slew 12.0 102 ns
tENZHS Enable to Pad, Z to H/L, Hi Slew 6.0 . 51 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 - 94 ns
tENHSZ Enable to Pad, H/L to Z, Hi Slew 12.0 102 ns
teENLSZ Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 ns
tckHs IOCLK Pad to Pad H/L, Hi Slew 12.0 . . - 10.8 ns
tokis IOCLK Pad to Pad H/L, Lo Slew 17.0 15.3 ns
OrLmms Delta Low to High, Hi Slew TBD ‘ TBD  nsipF
drimis Delta Low to High, Lo Slew TBD TBD ns/pF
drHLHS Delta High to Low, Hi Slew TBD TBD ns/pF
dryiLs Delta High to Low, Lo Slew TBD TBD ns/pF
I/0 Module - CMOS Output Timing'
tbHs Data to Pad, High Slew 9.3 7.9 ns
toLs Data to Pad, Low Slew 17.5 14.9 ns
teNzHS Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3 1.3 ns
teNHSZ Enable to Pad, H/L to Z, Hi Slew 12.0 10.0 ns
tENLSZ Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 ns
tckHs IOCLK Pad to Pad H/L, Hi Slew 13.8 12.4 ns
tokLs I0CLK Pad to Pad H/L, Lo Slew 19.3 17.4 ns
drLHHs Delta Low to High, Hi Slew TBD TBD ns/pF
drints Delta Low to High, Lo Slew TBD TBD ns/pF
drHLHs Delta High to Low, Hi Slew TBD TBD ns/pF
drhis Delta High to Low, Lo Slew TBD TBD ns/pF
Note:

1. Delays based on 35pF loading.

*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 Advanced Information*

Dedicated (Hard-Wired) I/O Clock Network ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tiockH Input Low to High

(Pad to I/O Module Input) 3.5 3.0 ns
tiopwH Minimum Pulse Width High 4.8 4.1 ns
tiopwL Minimum Pulse Width Low 4.8 47 ns
tiosapw Minimum Asynchronous Pulse

Width 3.8 3.3 ns

tiocksw Maximum Skew 0.8 0.7 ns
tiop Minimum Period 10.0 8.5 ns
flomax Maximum Frequency 100 120 MHz
Dedicated (Hard-Wired) Array Clock Network
tHekH Input Low to High

(Pad to S-Module Input) 5.5 4.7 ns
theke Input High to Low

(Pad to S-Module Input) 5.5 4.7 ns
tHPwH Minimum Pulse Width High 4.8 4.1 ns
tHpwL Minimum Pulse Width Low 4.8 4.1 ns
tHeoksw Maximum Skew 0.8 0.7 ns
thp Minimum Period 10.0 8.5 ns
fumax Maximum Frequency 100 120 MHz
Routed Array Clock Networks
tRoKH Input Low to High (FO=256) 9.0 7.7 ns
tRekL Input High to Low (FO=256) 9.0 1.7 ns
tRPWH Min. Pulse Width High (FO=256) 6.1 54 ns
tRPwWL Min. Pulse Width Low (FO=256) 6.1 5.4 ns
tRoksw Maximum Skew (FO=128) 1.8 1.6 ns
trp Minimum Period (FO=256) 12.5 111 ns
fRmax Maximum Frequency (FO=256) 80 90 MHz
Clock-to-Clock Skews
tioHcKsw 1/0 Clock to H-Clock Skew 0.0 3.5 0.0 35 ns
tioHCKSW 1/0 Clock to R-Clock Skew 0.0 5.0 0.0 5.0 ns
tHRcKsw H-Clock to R-Clock Skew 0.0 3.0 0.0 3.0 ns

Note:
1. Delays based on 35pF loading.

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

1-120



ACT 3 FPGAs

Macro Library
Hard Macros—Combinatorial

Modules

Function Macro Description S Cc

ACT 3 CM8 Combinational Module (Full ACT 3 Logic Module) 1

Combinatorial

Logic Module

ACT 3 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 5-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
AO3B 4-input AND-OR 1
AO3C 4-input AND-OR 1
AO4A 4-input AND-OR 1
AO5A 4-input AND-OR 1
AO6 2-wide 4-input AND-OR 1
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At/

Hard Macros—Combinatorial (continued)

Modules

Function Macro Description S Cc
AND-OR AOBA 2-wide 4-input AND-OR with active low D-input 1
AO7 5-input AND-OR 1

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

AO9 5-input AND-OR 1

AOH 3-input AND-OR-INVERT 1

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

AQI1B 3-input AND-OR-INVERT with active low C-input 1

AQI1C 3-input AND-OR-INVERT with active low A- and B-inputs 1

AQI1D 3-input AND-OR-INVERT with active low inputs 1

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

AOI2B 4-input AND-OR-INVERT with active low A- and C-inputs 1

AOI3A 4-input AND-OR-INVERT with active low inputs 1

AOl4 2-wide 4-input AND-OR-INVERT 2

AOQI4A 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 Multiplexor 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
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ACT 3 FPGAs

Hard Macros—Combinatorial (continued)

Modules

Function Macro Description S C
NAND NAND5C 5-input NAND with active low 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

NORS3 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

NOR5C 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 OAT1 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-wide 4-input OR-AND 1

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

OA3 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

OA5 4-input complex OR-AND 1

OANl 3-input OR-AND-INVERT 1

OAI2A 4-input OR-AND-INVERT with active low D-input 1

OAI3 4-input OR-AND-INVERT 1

OAI3A 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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Hard Macros—Sequential

Modules
Function Macro Description S (o}
D-Type DF1 D-Type Flip-Flop 1
DF1A D-Type Flip-Flop 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, Clear, 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
DFM1C 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 Preset 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 Preset 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-K Type JKF JK Flip-Flop with active low K-input 1
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Hard Macros—Sequential (continued)

Modules
Function Macro Description S C
J-K Type 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 TF1A T-Type Flip-Flop with active low Clear 1
TF1B T-Type Flip-Flop with active low Clear and clock 1
Latch DL1 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 low 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
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Input/Output Macros

Function Macro Description Molégles
Buffer BBHS Bidirectional Buffer, High Slew 1
BBUFTH Bidirectional Buffer, Tristate Enable, High Slew 1
BBUFTL Bidirectional Buffer, Tristate Enable, Low Slew 1
BIBUF Bidirectional Buffer, High Slew (with hidden buffer at Y pin) 1
HCLKBUF Dedicated High-Speed S-Module Clock Buffer 1
IBUF Input Buffer 1
INBUF Input Buffer 1
IOCLKBUF Dedicated 1/O Module Clock Buffer 1
IOPCLBUF Dedicated 1/0 Module IOPCL 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 Enable, Tristate Enable, High 1
Slew
BRECTL Bidirectional, Output Register with Clear, Data Enable, Tristate Enable, Low 1
Slew
BREPTH Bidirectional, Output Register with Preset, Data Enable, Tristate Enable, 1
High Slew
BREPTL Bidirectional, 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 Clear, Data Enable, Tristate Enable, 1
High Slew
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 Registered with Preset, 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
Output 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 Output 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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Soft Macros

Maximum Modules

Logic

Function Macro Description Levels S Cc

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 loadable 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
FCTUBA Fast 8-bit Up Counter, parallel loadable 1 10 17
FCTU8B 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 build VCTD 1 4 8
counters

Decoder DEC2X4 2-to-4 decoder 1 4
DEC2X4A  2-to-4 decoder with active low outputs 1 4
DEC3X8 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 1
DECE3X8A 3-to-8 decoder with enable and active low outputs 2 11

Latch DLC8A 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 multiplexed data 8-bit Data Latch with Multiplexed 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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Soft Macros—TTL Equivalent

Maximum  Modules
Logic
Function Macro Description Levels S (o]
TA0O 2-input NAND 1 1
TA02 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-t0-8 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-to-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, parallel 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 30
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 9
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
TA51 AND-OR-Invert 1 2
TA54 4-wide 2-input AND-OR-Invert 2 5
TA55 2-wide 4-input AND-OR-Invert 2 3
TA688 8-bit identity comparator 3 9
TA86 2-input exclusive OR 1 1
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ACT 3 FPGAs

Package Pin Assighments
84-Pin PLCC (Top View)
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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 1/Os. 5. Vgy = Ve, 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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Package Pin Assignments (continued)
100-Pin PQFP (Top View)

Notes:

Vks 11—

2 g Q
3 g 5
o3 s sosse
G Q I S0>50a
(8079787776 7574 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 )
81 50| —IT—
82 49| —IT—
83 48| T vgg
84 47| 1T/ GND
85 46) 1T
86 45| —II——
87 [ —  —
43| 11—/
o 100-Pin f —
ot PQFP 40| =T
92 e ] — —|
93 38| —II—
94 37| /11—
95 36| —IT— 1 GND
96 35| I vg¢
97 34| IT 1 MODE
98 33
9w O 32| —T—
100 31—
L\ 12345 678910111213 16 17 18 19 20 21 22 23 24 2526 2728 2930 )

10CLK or 110

14 15
eQ
5 6
$e
-
(OS]

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

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

Q

2829

G>0C 5
<
o
o

DCLK or /O 1T
GND 1T
SDlori/O 11— |8

4. Vpp = V¢, except during device programming.
5. Vgy = Ve, except during device programming.
6. Vks = GND, except during device programming.
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ACT 3 FPGAs

Package Pin Assignments (continued)
160-Pin PQFP (Top View)
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% — 1117
NC 5 CIT—] —— 1T 1116
6 I 11115
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L — [T 110 Ver
12 I 1T 1109 NC
18 CI—] 1T 108
NC 14 CIT— [ 1T3107 NC
GND 15 11— 111106
16 ] 111105
17 C— — 1]
Vee 18 CII—] 1T 1103 GND
GND 19 CII— 1T 1102
NC 20 CIT— A1425A 111101
21 I 160-Pin 17100 NC
22 I PQFP 1T 199 Vec
23 I 1T 98 GND
NC 24 CIT— 1T 197
25 I} ——
26 I —
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Vee 28 LT 1193 NC
Vsv 29 I 1192 NC
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1o — [ 117186
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fele s — — 7]
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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. Vgy = V¢, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vis = GND, except during device programming.

programming or debugging.
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Package Pin Assignments (continued)
160-Pin PQFP (Top View)
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8 I 1113
MODE 9 I 1T 112 Voo
Vee 10 CIT——] 1T 111 Vks
L — 1T 110 Vee
12 I 1T 1109
13 T ——[():}
14 ] — 174
GND 15 CIT— —— [
16 I —TT1 105
17 11104
Vee 18 CIT—] 17103 GND
GND 19 C—IT—] ——Tr—102
20 CIT— A1440A 11101
21 I 160-Pin ——1r— 100
o - — PQFP 7117399 Vee
23 I 198 GND
24 T 197
25 I — )
26 I —
27 I — 7
Veo 28 T —— X
Vsv 29 I} —— 7
30 I 191 Voo
31 T 90 Vsv
32 CIT—] 189
33 I —Tr 88
34 T —1r 87
35 T T 86
36 [T ——: ]
37 I ——:7Y
38 ] —— -k}
I — ——:]
GND 40 CT—} K j 181 GND
N, 7/
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8 Qg8 29 8 Q
> 56 58 g 5
o X o §
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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. Vgy = V¢, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vg =GND, except during device programming.

programming or debugging.
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ACT 3 FPGAs

Package Pin Assignments (continued)
208-Pin PQFP (Top View)
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3 1154
4T F—1— 153
[ — 152
[ — 1 151
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[ — F——r— 149
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10 o] F——r— 147 NC
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Vee 12 CIT——] 145 Vep
n=i— ==p
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[ — 142
16 CI——] 1141
17 ] 1140
18 CI——]] 139
19 o ——| 138
20 Co—— F—r—1a7
21 I 136
22 | ———L
23 CI—] 1134
24 I —— L]
Voo 25 LT 11132 Veo
GND 26 T A1460A 131 GND
Veo 27 T 1130 Veo
GND 28 T 208-Pin F—1r— 129 GND
29 T PQFP 128
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31 | F—r—1126
32 | F—r 125
33 I 124
34 T —— 1123
35 I 122
e s — 121
37 F——120
38 ] F——119
39 1| 118
Veo 40 | 117
Vsv 41 CIT——] F——r— 116 NC
42 C T T 115 Voo
43 CIT—] T 114 Vsv
44 CI—— 113
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46 CoIT——] F—Tr—111
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48 T F—rr— 109
49 I F—Tr— 108
50 T F—rr—107
s — 1
GND 52 CI—] 17— 105 GND
L\ )
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5070 5 5
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Notes:
1. Vppmust be terminated to Vi, 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 5 6 7 8 9 10 11
AQO O OOOOOOOO|A
BOOOOOOOOOOO|B
UICHONORONONONONONORONOI
DO OO @® @) O O Ojp
EO O O O O OlE
FIO O O O '%Fn 1O O O OfF
GO O O O O Ola
HO O O O O O O}H
JOO OOOOOOOOOoWN
KKOOOOOOOOOOOOK
HLOO OO OOOOOOOIL
1 2 3 4 5 6 7 8 9 10 11
@ Orientation Pin
Signal Pad Number Location
CLKA or I/O 94 Cc7
CLKB or 1/O 95 D6
DCLK or I/0 107 C4
GND 1,9, 21, 37, 39, 49, 55, 63, 75, 87, 97, 99 C3, F3, J3, C6, J6, J8, C9, F9, J9
HCLK or I/O 42 H6
IOCLK or I/0 81 C10
IOPCL or I1/0 54 K9
MODE 7 c2
PRA OR I/O 100 A6
PRB or I/O 36 L3
SDl or I/0 2 B3
Vee 8, 14, 22, 38, 40, 62, 68, 76, 96, 98 F2, K2, B6, K6, B10, F10, K10
Vks 74 E9
Vpp 73 E11
Vgy 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 =V, except during device programming.
5. Vgy = V¢, except during device programming.
6. Vkg = GND, except during device programming.
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Package Pin Assighments (continued)
133-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13
Y [ONONOCRONORONONONONCNONONS)
BJOOOOOOOOOOOOO0
- ICHONONONONONONONONCNONONC)
DO OO @ (ONONG) © OO0
E|IO OO ONONG)
Floooo . 0000
sloooo|l &R ||oooo
HIO O OO (O ONONO)
J|IO OO (ONONO)
kK|O O O O 0O (ONONG)
LIOOOOOOOOOOOOO
M[OOOOOOOOOOOOO
NIOOOOOOOOOOOOO
Signal Pad Number Location
CLKA or I/O 115 D7
CLKB or I/0 116 B6
DCLK or /O 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 I/0 53 K7
I0CLK or I/0 100 C10
I0PCL or I/0 67 L10
MODE 8 E3
NC —_ A1, A7, A13, G1, G13, N1, N7, N13
PRAOR I/O 121 A6
PRB or I/0 47 L6
SDl or I/0 2 Cc2
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 91 E11
Vsy 24,77 J2,J12
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. Vgy= Ve, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vks=GND, except during device programming.

programming or debugging.
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Package Pin Assignments (continued)
175-Pin CPGA (Bottom View)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AOOO0OO0OO0OO0OO0OOODOOOOO)A
BI[OOOOOOOOO0OO0OO0O0O0O0O OB
ICHONONONONONONOCNONONONONONONOIT
DIOOOOO0OOOOOOOOOOO|D
EJIOO OO O ONONOIN-

FIOO OO O OO O|F
CIONONONO) OO O0OO0O|a
175-Pin
HIOOOO CPGA OO OO|H
JJIOO OO (ONONONONN
KIOO OO (O ONONOIN
LIOOOO OO0OO0OO|tL
MIOOOOOOOOOOOOOOO|M
NNJOOOOOOOOOOOOOOO|N
PIOOOOOOOOOOOOOO0OO|P
ROOOOOOOOOO0OOOOOOR
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
~Signal Pad Number Location
CLKA or I/0 159 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 I/O 72 R8
I0CLK or I/O 137 E12
IOPCL or /O 92 P13
MODE 10 F3
NC —_ A2, A15, B2, B3, P2, P14, R1, R2, R14, R15
PRAOR I/O 165 B8
PRB or I/O 66 R7
SDlor I/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
Vpp 126 E15
Vsy 35, 102 L1,L14
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 1/Os. 5. Vgy = V¢, except during device programming.
3. MODE must be terminated to circuit ground, except during device 6. Vks = GND, except during device programming.

programming or debugging.
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Package Pin Assignments (continued)
207-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
A(OOOO0ODOO0OO0OOOO0OO0OOOOOOO A
- NONCHONORONONONONONONONONONONCR NG|
clOO0OO0O0O0O0OOOOOOOOOOOO |c
D OO0OO0OO0ODOO0OOOOOOOOOOOO (b
S NCHNONONORN OOOO0 |E
FTOOOO | [ )| OOOO |F
cl OO0O0OO OO0OO0OO0O |a
HI OO OO OOOO H
Jjoooo 207-Pin 0000 |y
Ki OO OO OO0 OO0 |k
Ll OO OO OO0O0OO0O |L
M OOOO OO0OOO |m
N OO OO - O00O |N
PPOOOOOOOO0OO0O0OOOOOO0OO0O (P
RIFIOOOO0OO0OO0OO0OO0OO0OO0OO0OOOOOOO |R
I HONCHONCNONONONONONONONONORONONCNONE:
TLOOOOOOOOOOOOOOOOOJT
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Signal Pad Number Location
CLKA or /0 185 K1
CLKB or I/0 186 J3
DCLK or I/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, R1!
120, 133, 135, 151, 161, 162, 175, 188, 190, 200, 210
HCKL or /O 85 J15
I0CLK or I/O 160 P5
IOPCL or /0 108 N14
MODE 11 D7
NC - A1, A2, A16,A17,B1, B17, C1, C2, S1, 83, S17, T1,
T2, T16, T17
PRA OR I/O 191 H1
PRB or I/0 79 K16
SDl or I/O 2 C3
Vee 12, 26, 28, 42, 63, 81, 83, 102, 119, 134, 136, 152, B2, B9, B16, J2, J16, S2, S9, S16
168, 187, 189, 206
Vks 150 P7
Vpp 149 T5
Vsy 43, 118 D11, P12
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. Vgy = Ve, 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™ 1 and ACT 2 Military

Acta/ || Field Programmable

Gate Arrays

ACT 1 Features ACT 2 Features
¢ Up to 2000 Gate Array Gates «  Up to 8000 Gate Array Gates
(6000 PLD equivalent gates) (20,000 PLD equivalent gates)
e Replaces up to 53 TTL Packages «  Replaces up to 200 TTL Packages
*  Replaces up to seventeen 20-Pin PAL® Packages * Replaces up to eighty 20-Pin PAL Packages

*  Design Library with over 250 Macro Functions + Design Library with over 500 Macro Functions

*  Single Logic Module Architecture «  Single-Module Sequential Functions
¢ Upto 547 Logic Modules
¢ Up to 273 Flip-Flops

¢ Two In-Circuit Diagnostic Probe Pins Support Speed
Analysis to 25 MHz

¢ Built-In High Speed Clock Distribution Network

+  Wide-Input Combinatorial Functions

»  Upto 1232 Programmable Logic Modules

» Upto 998 Flip-Flops

«  16-Bit Counter Performance at 50 MHz (MIL Temp)

+  16-Bit Accumulator Performance to 25 MHz (MIL Temp)
+  Two In-Circuit Diagnostic Probe Pins Support Speed

° I/O Drive to 6 mA Analysis to 50 MHz
e Nonvolatile, User Programmable +  Two High-Speed, Low-Skew Clock Networks
*  Logic Fully Tested Prior to Shipment e I/O Drive to 6 mA

«  Nonvolatile, User Programmable
+  Logic Fully Tested Prior to Shipment

Product Family Profile

Family ACT 2 ACT 1
Device A1280A A1240A A1020B A1010B
Capacity
Gate Array Equivalent Gates 8,000 4,000 2,000 1,200
PLD Equivalent Gates 20,000 10,000 6,000 3,000
TTL Equivalent Packages 210 105 53 34
20-Pin PAL Equivalent Packages 69 34 17 12
Logic Modules 1,232 684 547 295
S-Modules 624 348 0 0
C-Modules 608 336 547 295
Flip-Flops (maximum) 998 565 273 147
Routing Resources
Horizontal Tracks/Channel 36 36 22 22
Vertical Tracks/Channel 15 15 13 13
PLICE Antifuse Elements 750,000 400,000 190,000 110,000
User I/Os (maximum) 140 104 69 57
Packages' 176 CPGA 132 CPGA 84 CPGA 84 CPGA
172 CQFP 84 CQFP
CMOS Process 1.0 um 1.0 um 1.0 um 1.0 um
Note:

1. See product plan on page 1-142 for package availability.

© 1993 Actel Corporation
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High Reliability, Low Risk Solution

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

100% Tested

Device functionality is fully tested before shipment and during
device programming. Routing tracks, logic modules, and
programming, debug, and test circuits are 100% tested before
shipment. Antifuse integrity also is tested before shipment.
Programming algorithms are tested when a device is programmed
using Actel’s Activator® 2 or Activator 28 programming stations.

Benefits

No Cost Risk—Once you have a Designer/Designer AdvantageTM
System, Actel’s CAE software and programming package, you
can produce as many chips as you like for just the cost of the
device itself, with no NRE charges to eat up your development
budget each time you want to try out a new design.

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

No Reliability Risk—The PLICE® antifuse is a one-time
programmable, nonvolatile connection. Since Actel devices are
permanently programmed, no downloading from EPROM or
SRAM storage is required. Inadvertent erasure is impossible and
there is no need to reload the program after power disruptions.
Both the PLICE antifuses and the base process are radiation
tolerant. Fabrication using a low-power CMOS process means
cooler junction temperatures. Actel’s non-PLD architecture
delivers lower dynamic operating current. Our reliability tests
show a very low failure rate of 66 FITs at 90°C junction
temperature with no degradation in AC performance. Special
stress testing at wafer test eliminates infant mortalities prior to
packaging.

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

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

ACT 1 Description

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

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

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

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

ACT 2 Description

The ACT 2 family represents Actel’s second generation of FPGAs.
The ACT 2 family presents a two-module architecture consisting of
C-modules and S-modules. These modules are optimized for both
combinatorial and sequential designs. Based on Actel’s patented
channeled array architecture, the ACT 2 family provides significant
enhancements to gate density and performance while maintaining
downward compatibility with the ACT 1 design environment. The
devices are implemented in silicon gate, 1.0-um, two-level metal
CMOS, and employ Actel’s PLICE antifuse technology. This
revolutionary architecture offers gate array design flexibility, high
performance, and fast time-to-production with user programming.

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

A1010 B - 1 PG 84 B

1T 1 T 1
Application (Temperature Range)
C

Commercial (0 to +70°C)

M = Military (55 to +125°C)
B = MIL-STD-883
E = Extended (Space) Flow

— Package Lead Count

— Package Type
CQ = Ceramic Quad Flatpack
PG = Ceramic Pin Grid Array

—— Speed Grade
Std
—

Standard Speed
Approximately 15% faster than Standard

nu

—— Device Revision

—— Part Number

A1010 = 1200 Gates
A1020 = 2000 Gates
A1240 = 4000 Gates
A1280 = 8000 Gates

SMD Drawing Number at Actel Part Number Cross Reference

SMD Number Cage Number Actel Part Number
5962-9096401MZC 0J4Z0 A1010A-PG84B
5962-9096501MUC 0J4Z0 A1020B-PG84B
5962-9096502MUC 0J4Z0 A1020B-IPG84B
5962-9096501MTC 0J4Z20 A1020B-CQ84B
5962-9096502MTC 0J4Z0 A1020B-1CQ84B
5962-9215601MXC 0J4Z0 A1280A-PG176B
5962-9215601MYC 04420 A1280A-CQ172B
5962-9215602MXC 04420 A1280A-1PG176B
5962-9215602MYC 04420 A1280A-1CQ172B
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Product Plan

Speed Grade* Application
Std -1 Cc M B E
A1280A Device
176-pin Ceramic Pin Grid Array (PG) v P v v v -
172-pin Ceramic Quad Flatpack (PQ) v P v v v v
A1240A Device
132-pin Ceramic Pin Grid Array (PG) v P v v v —
A1020B Device
84-pin Ceramic Pin Grid Array (PG) v v (4 v v —
84-pin Ceramic Quad Flatpack (CQ) v v v v v v
A1010B Device
84-pin Ceramic Pin Grid Array (PG) 4 v 4 v v —
Applications: C = Commercial Availability: v = Available * Speed Grade: -1 = Approx. 15% faster than Standard
M = Military P = Planned
B = MIL-STD-883 — = Not Planned
E = Extended Flow
Device Resources
User I/Os
CPGA CQFP
Device Series Logic Modules Gates 176-pin 132-pin 84-pin 172-pin 84-pin
A1280A 1232 8000 140 — — 140 —_
A1240A 684 4000 — 104 — — —
A1020B 547 2000 — — 69 - 69
A1020B 295 1200 — — 57 —_ —_
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Pin Description

CLKA Clock A (Input)

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

CLKB Clock B (Input)

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

DCLK

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

Diagnostic Clock (Input)

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

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

MODE Mode (Input)

The MODE pin controls the use of multifunction 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.

noa Ty

PRA Probe A (Cutput)
The Probe A pin is used to output data from any user-defined
design node within the device. This independent diagnostic pin is

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

PRB Probe B (Output)

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

SDI Serial Data Input (Input)

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

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

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

Vpp Programming Voltage

Supply voltage used for device programming. This pin must be
connected to V¢ during normal operation.
Vsv Pro
Supply voltage used for device programming. This pin must be
connected to Ve during normal operation.
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Actel Military Product Flow

Military
833C—Class B 833C—Class B
Step  Screen r Datasheet
833C Method Requirement Requirement
1.0 Internal Visual 2010, Test Condition B 100% 100%
2.0 Temperature Cycling 1010, Test Condition C 100% 100%
3.0 Constant Acceleration 2001, Test Condition E 100% 100%
(min), Y1, Orientation Only
4.0 Seal 1014
a. Fine 100% 100%
b. Gross 100% 100%
5.0 Visual Inspection 100% 100%
6.0 Pre Burn-in In accordance with Actel 100% N/A
Electrical Parameters applicable device specification
7.0 Burn-in Test 1015 Condition D 100% N/A
160 hours @ 125°C Min.
8.0 Interim (post burn-in) In accordance with Actel 100% 100%
Electrical Parameters applicable device specification (as final test)
9.0 Percent Defective Allowable 5% All Lots N/A
10.0  Final Electrical Test In accordance with Actel
applicable device specification
a. Static Tests 100% 100%
(1) 25°C
(Subgroup 1, Table |, 5005)
(2) —55°C and +125°C
(Subgroups 2, 3, Table |, 5005)
b. Dynamic and Functional Tests 100% 100%
(1) 25°C
(Subgroup 7, Table I, 5005)
(2) —55°C and +125°C
(Subgroups 8A and 8B, Table |, 5005)
c. Switching Tests at 25°C 100% 100%
(Subgroup 9, Table I, 5005)
11.0  Qualification or Quality 5005 All Lots N/A
Confirmation Inspection Test
Sample Selection (Group A)
12.0 External Visual 2009 100% Actel
specification
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Actel Extended Flow®

Screen Method Requirement
1. Wafer Lot Acceptance 5007 with step coverage waiver All Lots
2. Destructive In-Line Bond Pull? 2011, condition D Sample
3.  Internal Visual 2010, condition A 100%
4.  Temperature Cycling 1010, condition C 100%
5. Constant Acceleration 2001, condition E (min), Y, orientation only 100%
6.  Visual Inspection 2009 100%
7.  Particle Impact Noise Detection 2020, condition A 100%
8.  Serialization 100%
9.  Pre Burn-in Test In accordance with Actel applicable device specification 100%
10.  Burn-in Test 1015, 240 hours @ 125°C minimum 100%
11.  Interim (Post Burn-in) Electrical Parameters In accordance with Actel applicable device specification 100%
12. Reverse Bias Burn-in 1010, condition Aor C, 72 hours @ 150°C minimum 100%
13.  Interim (Post Burn-in) Electrical Parameters In accordance with Actel applicable device specification 100%
14.  Percent Defective Allowable (PDA) 5%, 3% functional parameters @ 25°C All Lots
Calculation
15.  Final Electrical Test In accordance with Actel applicable device specification 100%
a. Static Tests 100%
(1) 25°C 5005
(Subgroup 1, Table1)
(2) -55°C and +125°C 5005
(Subgroups 2, 3, Table 1)
b. Dynamic and Functional Tests 100%
(1) 25°C 5005
(Subgroup 7, Table 15)
(2) —55°C and +125°C 5005
(Subgroups 5 and 6, 8a and b, Table 1)
c. Switching Tests at 25°C 5005 100%
(Subgroup 9, Table |, 5005)
16.  Seal 1014 100%
a. Fine
b. Gross
17.  Radiographic 2012 100%
18.  Qualification or Quality Conformance 5005 Per Group A
Inspection Test Sample Selection
19  External Visual 2009 100%
Notes:

1.

Actel offers the Extended Flow in order to satisfy those customers that require additional screening beyond the requirements of MIL-STD-883C,
Class B. Actel is compliant to the requirements of MIL-STD-883C, Paragraph 1.2.1, and MIL-M-38510 Appendix A. Actel is offering this extended
flow incorporating the majority of the screening procedures as outlined in Method 5004 of MIL-STD-883C Class S. The exceptions to Method 5004
are shown in Notes 2 to 4 below.

. Method 5004 requires a 100%, Non-Destructive Bond Pull to Method 2023. Actel substitutes a Non-Destructive Bond Pull to Method 2011, condition

D on a sample basis only.
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Absolute Maximum Ratings’
Free air temperature range

Symbol Parameter Limits Units
Vec  DC Supply Voltage®®#  —0.510 +7.0 v
\ Input Voltage -05to0Vge+05  V
Vo Output Voltage -05t0Vee+05 V
lio I/0 Source Sink +20 mA

Current®
Tste  Storage Temperature —65 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 periods may affect device
reliability. Device should not be operated outside the Recommended
Operating Conditions.

. Vpp=V(, except during device programming.

Vgy = Ve , except during device programming.

. Vkgs = GND, except during device programming.

. Device inputs are normally high impedance and draw extremely low
current. However, when input voltage is greater than Ve + 0.5 V or
less than GND — 0.5 V, the internal protection diode will be forward
biased and can draw excessive current.

kAW

Package Thermal Characteristics

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

Max. junction temp. (°C) —Max. military temp.

Recommended Operating Conditions

Parameter Commercial Military Units
Temperature 0to +70 55104125  °C
Range

Power Supply Tol-

erance +5 £10 %Veeo
Note:

1. Ambient temperature (Tp) is used for commercial and industrial; case
temperature (T¢) is used for military.

Maximum junction temperature is 150°C.

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

150°C - 125°C _

8ja CC/W) T
Package Type Pin Count 6jc Sti?iaAir 3006217“" Units
Ceramic Pin Grid Array 84 8 33 20 °C/W
132 5 30 15 °C/W
176 8 23 12 °C/W
Ceramic Quad Flatpack 84 5 40 30 °C/W
172 8 25 15 °C/W
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ACT 1 Electrical Specifications

Commercial Military
Symbol Parameter Units
Min. Max. Min. Max.
i (lon =—6 mA) 3.84 Vv
Vou
(IOH =—4 mA) 3.7 Vv
Vo' (loL = 6 mA) 0.33 0.40 v
Vi -0.3 0.8 -0.3 3.8 \
ViH 2.0 Vee + 0.3 2.0 Ve + 0.3 \
Input Transition Time tg, t? 500 500 ns
Cio /O Capacitance? 3 10 10 pF
Standby Current, Igc? 3 20 mA
Leakage Current® -10 10 -10 10 uA
los Output Short Circuit (Vo = Vee) 20 140 20 140 mA
Current® (Vo = GND) -10 ~100 -10 ~100 mA
Notes:
1. Only one output tested at a time. Ve = min.
2. Not tested, for information only.
3. Includes worst-case 84-pin PLCC package capacitance. Voyr =0V, f = 1 MHz.
4. Typical standby current = 3 mA. All outputs unloaded. All inputs = V¢ or GND.
5. Vo, Viy = Ve or GND.
6. Only one output tested at a time. Min. at Vo =4.5 V; Max. at Vee =55 V.

ACT 2 Electrical Specifications

Commercial Military .
Symbol Parameter Units
Min. Max. Min. Max.
Vo' (lon =—6 mA) 3.84 v
(loy =—4 mA) 3.7 \"
Vo' (loL = 6 mA) 0.33 0.40 v
ViL -0.3 0.8 -0.3 0.8 \
VIH 2.0 VCC +0.3 2.0 VCC +0.3 \
Input Transition Time tg, t£° 500 500 ns
Cio I/O Capacitance? 3 10 10 pF
Standby Current, loc* 2 20 mA
Leakage Current® -10 10 10 10 pA
Notes:
1. Only one output tested at a time. V¢ = min.
2. Not tested, for information only.
3. Includes worst-case 176 CPGA package capacitance. Voyr =0V, f=1MHz.
4. All outputs unloaded. All inputs = Voc or GND.
5. Vo, Vin= Ve or GND.
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ACT 1 Power Dissipation

The following formula is used to calculate total device
dissipation.

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

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

M = Number of logic modules connected to the CLKBUF
macro

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

P = Number of outputs loaded with 50 pF

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

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

Sample A1020 Device Power Calculation

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

To summarize the design described above: N = 465; M = 208;
F2 = 16; F1 = 4; F3 = 4; P = 16. Total device power can be
calculated by substituting these values for variables in the device
dissipation formula.

Total device power for this example =

(0.20 x 465 x 1.6) + (0.085 x 208 x 16) + (0.80 x 16 x 1.6) =452 mW

ACT 2 Power Dissipation
P=[Icc + Lactivel * Ve + IoL*VoL*N + Iog*(Vec-Von)*™
Where:

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

Iyctive 18 the current flowing due to CMOS switching.

Ior, Ion 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 V.

An accurate determination of N and M is problematic 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:

2mA*525V=10.5mW

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 mW 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 is contingent on the user’s logic and the external
I/O. Active power dissipation results from charging internal chip
capacitance such as that associated with the interconnect,
unprogrammed antifuses, module inputs, and module outputs
plus external capacitance due to PC board traces and load device
inputs. An additional component of active power dissipation is
due to totem-pole current in CMOS transistor pairs. The net effect
can be associated with an equivalent capacitance that can be
combined with frequency and voltage to represent active power
dissipation.

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

Power (W) = Cgq * Vec? * f )
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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 I e at a

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

Cgq (°F)
Modules 7.7
Input Buffers 18.0
Output Buffers 25.0
Clock Buffer Loads 2.5

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 (UW) =[(m * 7.7 x f]) + (n * 18.0 x f5)
+(P*(25.0+Cp) *f3) +(qx2.5x ] * VCC2 )
Where:

m= Number of logic modules switching at frequency f;
n = Number of input buffers switching at frequency f,
p = Number of output buffers switching at frequency f3
q = Number of clock loads on the global clock network
f; = Average logic module switching rate in MHz
f, = Average input buffer switching rate in MHz
f3 = Average output buffer switching rate in MHz
fy= Frequency of global clock
Cr= 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 will help you to determine average switching
frequency in logic circuits. These rules are meant to represent
worst-case scenarios so that they generally can be used to predict
the upper limits of power dissipation. These rules are as follows:

Module Utilization = 80% of combinatorial modules

Average Module Frequency = F/10

Inputs = 1/3 of I/O

Average Input Frequency = F/5

Outputs = 2/3 of I/Os

Average Output Frequency = F/10

Clock Net 1 Loading = 40% of sequential modules
Clock Net 1 Frequency = F

Clock Net 2 Loading = 40% of sequential modules
Clock Net 2 Frequency = F/2

Estimated Power
The results of estimating active power are displayed in Figure 1.
The graphs provide a simple guideline for estimating power. The

tables may be interpolated when your application has different
resource utilizations or frequencies.

3.0 7
2.0

/
74 4
at280)” //A
1.0 / /|
7 7
v L1 7
LA /
% /.
ALY
//
Watt V|AT225
atts ///////
g
paviid
0.1}~ r/
V4
1 /7
7
77
/
1.0 10.0 100.0

MHz

Figure 1. ACT 2 Power Estimates
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Parameter Measurement
Output Buffer Delays

D .28 To AC test loads (shown below)

toLH toHL

AC Test Load

Load 1 Load 2
(Used to measure propagation delay) (Used to measure rising/falling edges)
Vee GND
e ®

To the output under test

—__E 50 pF R to Vg for tpy2/tpz

R to GND for tPHZ/tPZH
To the output under test R=1kQ

50 pF

1

Input Buffer Delays Combinatorial Macro Delays

— N
, A v
PAD Y —B
Vec
S,A0rB £50% 50%N__GND
3y Vee
Y 50% 50%
GND
tpLH tPHL
50% Y
50%
tINvH tinvL tPHL
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Sequential Timing Characteristics
Flip-Flops and Latches

e

D— PRE —Y
E_
CLK —P CLR

|

(Positive edge triggered)

¢ — ‘HD}( —
b
e—tsup —=| twetka e——>] l

G, CLK ' I l l I I—l
—{tsuenale— l— tworki —]

f=—=] thiena
E
k+— too—]
Q X X
f—>trs
PRE, CLR | I I
i
WASYN

Note:
1. D represents all data functions involving A, B, and S for multiplexed flip-flops.
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Sequential Timing Characteristics (continued)
Input Buffer Latches (ACT 2 only)

IBDL

CLK
CLKBUF

PAD >( ><

o

‘¢ tinsu »‘

o

CLK

i<— tSUEXT—>1

Output Buffer Latches (ACT 2 only)

OBDLHS

l‘i tomsu—»{

]
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ACT 1 Timing Characteristics
(Worst-Case Military Conditions)

Logic Module Propagation Delays ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tpp1 Single Module 5.5 4.7 ns
tpp2 Dual Module Macros 12.7 10.8 ns
tco Sequential Clk to Q 5.5 4.7 ns
tco Latch Gto Q 5.5 4.7 ns
trs Flip-Flop (Latch) Reset to Q 5.5 4.7 ns
Predicted Routing Delays’
tRD1 FO=1 Routing Delay 1.7 1.5 ns
trp2 FO=2 Routing Delay 2.7 2.3 ns
trp3 FO=3 Routing Delay 4.0 34 ns
tRD4 FO=4 Routing Delay 5.9 5.0 ns
tRDs FO=8 Routing Delay 12.5 10.6 ns
Sequential Timing Characteristics?
tsup Flip-Flop (Latch) Data Input Setup 10.4 8.8 ns
tho Flip-Flop (Latch) Data Input Hold 0.0 0.0 ns
tsUENA Flip-Flop (Latch) Enable Setup 10.4 8.8 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 ns
tweLka Flip-Flop (Latch) Clock Active Pulse

Width 12.9 10.9 ns
twasyYN Flip-Flop (Latch) Asynchronous Pulse

Width 12.9 10.9 ns
ta Flip-Flop Clock Input Period 27.3 23.2 ns
famax Flip-Flop (Latch) Clock

Frequency 37 44 MHz

Notes:

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. ‘

2. Setup times assume fanout of 3. Further derating information can be obtained from the ALS Timer utility.
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ACT 1 Timing Characteristics (continued)

(Worst-Case Military Conditions)

Input Module Propagation Delays ‘Std’ Speed ‘-1’ Speed

Parameter Description Min. Max. Min. Max. Units
tINYH Pad to Y High 5.8 4.9 ns
tinvL Padto Y Low 5.8 4.9 ns

Input Module Predicted Routing Delays’

tirD1 FO=1 Routing Delay 1.7 1.5 ns

tirD2 FO=2 Routing Delay 2.7 2.3 ns

tirD3 FO=3 Routing Delay 4.0 3.4 ns

tirRD4 FO=4 Routing Delay 5.9 5.0 ns

tirDs FO=8 Routing Delay 12.5 10.6 ns

Global Clock Network

tekH Input Low to High FO =16 9.2 7.8 ns
FO =128 10.5 8.9

tokL Input High to Low FO =16 12.1 10.3 ns
FO=128 13.2 1.2

tPwH Minimum Pulse Width High FO =16 12.2 10.4 ns
FO =128 12.9 10.9

tpwi Minimum Pulse Width Low FO =16 12.2 104 ns
FO =128 12.9 10.9

toksw Maximum Skew FO=16 2.2 1.9 ns
FO =128 34 2.9

tp Minimum Period FO=16 25.6 21.7 ns
FO =128 27.3 23.2

fmax Maximum Frequency FO =16 40 46 MHz
FO =128 37 44

Note:

1. These parameters should be used for estimating device performance. Routing delays are for typical designs across worst-case operating conditions.
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 1 Timing Characteristics (continued)

(Worst-Case Military Conditions)

Output Module Timing ‘Std’ Speed ‘~1’ Speed

Parameter Description Min. Max. Min. Max. Units
TTL Output Module Timing’

toLH Data to Pad High 14.2 121 ns
toHL Data to Pad Low 16.3 13.8 ns
teNzH Enable Pad Z to High 14.1 12.0 ns
tenzL Enable Pad Z to Low 17.1 14.6 ns
tENHZ Enable Pad High to Z 18.8 16.0 ns
tenLz Enable Pad Low to Z 17.0 14.5 ns
drin Delta Low to High 0.1 0.09 ns/pF
Ay Delta High to Low 0.15 0.12 ns/pF
CMOS Output Module Timing'

toLH Data to Pad High 17.7 15.1 ns
toHL Data to Pad Low 13.6 11.5 ns
teNzH Enable Pad Z to High 14.1 12.0 ns
tenzL Enable Pad Z to Low 171 14.6 ns
tENHZ Enable Pad High to Z 18.8 16.0 ns
tenLz Enable Pad Low to Z 17.0 14.5 ns
driy Delta Low to High 0.18 0.16 ns/pF
drye Delta High to Low 0.11 0.09 ns/pF
Note:

1. Delays based on 50 pF loading.
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A1240A Timing Characteristics
(Worst-Case Military Conditions)

Logic Module Propagation Delays' ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tpD1 Single Module 6.1 5.2 ns
tco Sequential Clk to Q 6.1 5.2 ns
o Latch Gto Q 6.1 5.2 ns
trs Flip-Flop (Latch) Reset to Q 6.1 5.2 ns
Predicted Routing Delays?
trD1 FO=1 Routing Delay 2.2 1.9 ns
trD2 FO=2 Routing Delay 2.8 2.4 ns
trD3 FO=3 Routing Delay 3.7 3.1 ns
tRD4 FO=4 Routing Delay 5.0 4.3 ns
trps FO=8 Routing Delay 7.7 6.6 ns
Sequential Timing Characteristics® 4
tsup Flip-Flop (Latch) Data Input Setup 1.0 1.0 ns
tsuasYN Flip-Flop (Latch) Asynchronous Input

Setup 2.0 2.0 ns
tup Flip-Flop (Latch) Data Input Hold 0.0 0.0 ns
tsSUENA Flip-Flop (Latch) Enable Setup 7.5 7.5 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 ns
tweLka Flip-Flop (Latch) Clock Active Pulse

Width 8.4 7.4 ns
twasYN Flip-Flop (Latch) Asynchronous Pulse

Width 8.4 7.1 ns
ta Flip-Flop Clock Input Period 18.6 15.8 ns
tiNH Input Buffer Latch Hold 2.5 2.5 ns
tinsu Input Buffer Latch Setup -3.5 -3.5 ns
touTH Output Buffer Latch Hold 0.0 0.0 ns
touTsu Output Buffer Latch Setup 1.0 1.0 ns
fmax Flip-Flop (Latch) Clock

Frequency 54 63 MHz

Notes:

1. For dual-module macros, use tppy + trp] + tppy » tco + tRD1 + tpDn OF tpp1 + 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.

3. Data applies to macros based on the S-module. Timing parameters for sequential macros constructed from C-modules can be obtained from the ALS

Timer utility.

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

the internal setup (hold) time.
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A1240A Timing Characteristics (continued)
(Worst-Case Military Conditions)

Input Module Propagation Delays ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tINYH Pad to Y High 4.7 4.0 ns
tinvL Pad to Y Low 4.3 3.6 ns
tingH G to Y High 8.1 6.9 ns
tingL GtoY Low 7.7 6.6 ns
Input Module Predicted Routing Delays’
tirp1 FO=1 Routing Delay 6.9 5.8 ns
tirD2 FO=2 Routing Delay 7.8 6.7 ns
tirD3 FO=3 Routing Delay 8.8 7.5 ns
tirD4 FO=4 Routing Delay 9.7 8.2 ns
tirDs FO=8 Routing Delay 12.9 10.9 ns
Global Clock Network
tekH Input Low to High FO =32 15.7 13.3 ns
FO = 256 19.2 16.3
tekL Input High to Low FO =32 15.7 13.3 ns
FO = 256 19.5 16.5
tPwH Minimum Pulse Width High FO =32 6.7 57 ns
FO = 256 7.1 6.0
tewL Minimum Pulse Width Low FO =32 6.7 5.7 ns
FO = 256 71 6.0
toksw Maximum Skew FO =32 0.5 0.5 ns
FO = 256 2.5 25
tsuexT Input Latch External Setup FO =32 0.0 0.0 ns
FO = 256 0.0 0.0
tHeXT Input Latch External Hold FO =32 7.0 7.0 ns
FO = 256 11.2 11.2
tp Minimum Period FO =32 13.5 1.5 ns
FO = 256 14.3 12.2
fumax Maximum Frequency FO =32 74 87 MHz
FO = 256 70 82
Note:

1. These parameters should be used for estimating device performance. Optimization techniques may further reduce delays by 0 to 4 ns. Routing delays
are for typical designs across worst-case operating conditions. 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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A1240A Timing Characteristics (continued)
(Worst-Case Military Conditions)

Output Module Timing ‘Std’ Speed ‘-1’ Speed

Parameter Description Min. Max. Min. Max. Units
TTL Output Module Timing'

toLH Data to Pad High 13.0 11.0 ns
toHL Data to Pad Low 16.4 13.9 ns
tENZH Enable Pad Z to High 14.4 12.3 ns
tenzL Enable Pad Z to Low 19.0 16.1 ns
tENHZ Enable Pad High to Z 11.5 9.8 ns
tenLz Enable Pad Low to Z 13.6 11.5 ns
taLH G to Pad High 14.6 12.4 ns
taHL G to Pad Low 18.2 15.5 ns
driH Delta Low to High 0.11 0.09 ns/pF
drHL Delta High to Low 0.20 0.17 ns/pF
CMOS Output Module Timing'

toLH Data to Pad High 16.5 14.0 ns
tbHL Data to Pad Low 13.7 11.7 ns
teNzH Enable Pad Z to High 14.4 12.3 ns
tEnzL Enable Pad Z to Low 19.0 16.1 ns
tENHZ Enable Pad High to Z 1.5 9.8 ns
tenLz Enable Pad Low to Z 13.6 11.5 ns
taLH G to Pad High 14.6 12.4 ns
taHL G to Pad Low 18.2 15.5 ns
drH Delta Low to High 0.20 0.17 ns/pF
drHL Delta High to Low 0.15 0.12 ns/pF
Note:

1. Delays based on 50 pF loading.
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A1280A Timing Characteristics
(Worst-Case Military Conditions)

Logic Module Propagation Delays’ ‘Std’ Speed ‘~1’ Speed
Parameter Description Min. Max. Min. Max. Units
tpp1 Single Module 6.1 5.2 ns
tco Sequential Clk to Q 6.1 5.2 ns
teo Latch Gto Q 6.1 5.2 ns
trs Flip-Flop (Latch) Reset to Q 6.1 5.2 ns
Predicted Routing Delays?
trD1 FO=1 Routing Delay 2.8 2.4 ns
tRD2 FO=2 Routing Delay 4.0 34 ns
tRp3 FO=3 Routing Delay 4.9 4.2 ns
trD4 FO=4 Routing Delay 6.0 5.1 ns
tros FO=8 Routing Delay 10.8 9.2 ns
Sequential Timing Characteristics3*
tsup Flip-Flop (Latch) Data Input Setup 1.0 1.0 ns
tsuasyn Flip-Flop (Latch) Asynchronous Input
Setup 2.0 2.0 ns
tho Flip-Flop (Latch) Data Input Hold 0.0 0.0 ns
tsuena Flip-Flop (Latch) Enable Setup 7.5 7.5 ns
tHENA Flip-Flop (Latch) Enable Hold 0.0 0.0 ns
twoLka Flip-Flop (Latch) Clock Active Pulse Width 11.6 9.9 ns
twasyn Flip-Flop (Latch) Asynchronous Pulse
Width 11.6 9.9 ns
ta Flip-Flop Clock Input Period 245 20.8 ns
tiNH Input Buffer Latch Hold 25 25 ns
tinsu Input Buffer Latch Setup -3.5 -3.5 ns
toutn Output Buffer Latch Hold 0.0 0.0 ns
touTtsu Output Buffer Latch Setup 1.0 1.0 ns
fmax Flip-Flop (Latch) Clock
Frequency 41 48 MHz
Notes:

1. For dual-module macros, use tpp; + trp1 + tppn » tco + tRD1 + tpDn OF tpp1 + tRD1 * tSUD » 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.

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

4. Setup and hold timing parameters for the Input Buffer Latch are defined with respect to the PAD and the D input. External setup/hola timing
parameters must account for delay from an external PAD signal to the G inputs. Delay from an external PAD signal to the G input subtracts (adds) to
the internal setup (hold) time.
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A1280A Timing Characteristics (continued)
(Worst-Case Military Conditions)

Input Module Propagation Delays ‘Std’ Speed ‘-1’ Speed
Parameter Description Min. Max. Min. Max. Units
tINYH Pad to Y High 4.7 4.0 ns
tinvL Padto Y Low 4.3 3.6 ns
tINGH G to Y High 8.1 6.9 ns
tINGL GtoY Low 7.7 6.6 ns
Input Module Predicted Routing Delays'
trD1 FO=1 Routing Delay 7.3 6.2 ns
trRD2 FO=2 Routing Delay 8.4 7.2 ns
trD3 FO=3 Routing Delay 9.1 7.7 ns
tRD4 FO=4 Routing Delay 10.5 8.9 ns
trRDs FO=8 Routing Delay 15.2 12.9 ns
Global Clock Network
tokH Input Low to High FO =32 15.7 13.3 ns
FO = 384 21.1 17.9
tokL Input High to Low FO =32 15.7 13.3 ns
FO = 384 21.4 18.2
tpwH Minimum Pulse Width High FO =32 8.1 6.9 ns
FO =384 9.3 7.9
tpwL Minimum Pulse Width Low FO =32 8.1 6.9 ns
FO =384 9.3 7.9
toksw Maximum Skew FO =32 0.5 0.5 ns
FO =384 2.5 25
tsuexT Input Latch External Setup FO =32 0.0 0.0 ns
FO =384 0.0 0.0
thexT Input Latch External Hold FO =32 7.0 7.0 ns
FO =384 11.2 11.2
tp Minimum Period FO =32 16.2 13.7 ns
FO =384 18.9 16.0
fimax Maximum Frequency FO =32 62 73 MHz
FO =384 53 63
Note:

1. These parameters should be used for estimating device performance. Optimization techniques may further reduce delays by O to 4 ns. Routing delays
are for typical designs across worst-case operating conditions. 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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A1280A Timing Characteristics (continued)
(Worst-Case Military Conditions)

Output Module Timing ‘Std’ Speed ‘-1’ Speed

Parameter Description Min. Max. Min. Max. Units

TTL Output Module Timing'

toLH Data to Pad High 13.0 11.0 ns
toHL Data to Pad Low 16.4 13.9 ns
tenzH Enable Pad Z to High 14.4 12.3 ns
tenzL Enable Pad Z to Low 19.0 16.1 ns
tENHZ Enable Pad High to Z 11.5 9.8 ns
tenLz Enable Pad Low to Z 13.6 11.5 ns
taLH G to Pad High 14.6 12.4 ns
teHL G to Pad Low 18.2 15.5 ns
driy Delta Low to High 0.11 0.09 ns/pF
dryL Delta High to Low 0.20 0.17 ns/pF
CMOS Output Module Timing'

toLH Data to Pad High 16.5 14.0 ns
tpHL Data to Pad Low 13.7 11.7 ns
tenzH Enable Pad Z to High 14.4 12.3 ns
tenzL Enable Pad Z to Low 19.0 16.1 ns
tENHZ Enable Pad Highto Z 11.5 9.8 ns
tenLz Enable Pad Low to Z 13.6 11.5 ns
taLH G to Pad High 14.6 12.4 ns
tGHL G to Pad Low 18.2 15.5 ns
driy Delta Low to High 0.20 0.17 ns/pF
drHL Delta High to Low 0.15 0.12 ns/pF

Note:

1. Delays based on 50 pF loading.
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Package Pin Assignments

84-Pin CPGA (Top View)

-
o
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84-Pin
CPGA
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(ONONG)
O0OO0
(ONONONONONONONONONONGC)
Q000000000 OO|=

O O
(ON©;
OO0
(ONONG)
ONONG)

O
O

@l OO

Orientation Pin (C3)

Signal A1010B Devices A1020B Devices

PRA A1 A1

PRB B10 B10

MODE E11 E11

SDI B11 B11

DCKL C10 C10

Vpp K2 K2

CLKor I/0 F9 F9

GND B7, E2, E3, K5, F10, G10 B7, E2, E3, K5, F10,G10
Voo B5, F1, G2, K7, E9, E10 B5, F1, G2, K7, E9, E10
N/C (No Connection) B1, B2, C1, C2, K1, J2, J10, K10, K11, C11, D10, D11 B2

Notes:

1. Vpp must be terminated to V¢, except during device programming.

2. MODE must be terminated to circuit ground, except during device programming or debugging.
3. Unused I/O pins are designated as outputs by ALS and are driven low.

4. All unassigned pins are available for use as I/Os.
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Package Pin Assignments
132-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13
AlQO 00000000000
BJOOOOOOOOOOOOO0|s
JIONONONONONONONONONONCNONG] ¢
pDjJOO O @ (O ONG®) O O Olp
E|IO O O O O Qe
FIO O OO O O O OfF
sloo oo & O O 0 Ola
HIO O O O O O O OfH
J|JO O O O OO
KIO O O (O ONG®) O OOk
LIOOOOOOOOOOOOOI
MOOOOOOOOOOOOOM
NJIO OO OOOOOOOOOON
1 2 3 4 5 6 7 8 9 10 11 12 13
@ Orientation Pin
Signal Pad Number Location
PRA or I/0 113 B8
PRB or I/0 121 [of5}
MODE 2 A1
SDI or 1/0 101 B12
DCLK or I/10 132 C3
CLKA or I/0 115 B7
CLKB or I/0 119 B6
GND 9, 10, 26, 27, 41, 58, 59, 73, 74, 92, 93, E3, F4, J2, J3, L5, L9, M9, K12, J11, E12, E11,
107, 108, 125, 126 C9, B9, B5, C5
Vee 18, 19, 49, 50, 83, 84, 116, 117 G3, G2, L7,K7, G10, G11, D7, C7
Vpp 82 G13
Vgy 17,85 G4,G12
Vks 81 H13

Notes:

. 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 = GND, except during device programming or debugging.

. Vpp = Vg, except during device programming.

Vsv = Ve, except during device programming.

. Vks = GND, except during device programming.

[ R S
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Package Pin Assignments
176-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
AQOOOO0OO0OO0OO0OOOOOOOO0OA
BOOOOOOOOOOOOOOOB
Y ICNONONONONONONONONONONONONONOI
DIOOO0OOOO0OO0OOOOOOOOOP
{0 0 0 0) Yo 00 Ol
FIO O O O O O O OfF
GO OO0 O O O Ola
HO O 0 O 176-Pin O O O OfH
JO O OO O OO0
KO O O O O O O O
MO O O O )OO OO OM
NOOOOOOOOOOOOOOON
POOOOOOO0OO0OO0OO0OOOOO0OO,
[ [ONONCHONORONONONONONONORONORO][
ROOOOO0OO0OO0OO0OOO0O0OOO0OCQOIR
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Signal Pad Number Location
PRA or 1/0 152 c9
PRB or I/O 160 D7
MODE 2 C3
SDl or 1/0 135 B14
DCLK or I/O 175 B3
CLKA or /0 154 A9
CLKB or I/0 158 B8
GND 1, 8, 18, 283, 33, 38, 45, 57, 67, 77, 89 D4, E4, G4, H4, K4, L4, M4, M6, M8, M10, M12
101, 106, 111, 121, 126, 133, 145, 156, 165 K12, J12, H12, F12, E12, D12, D10, C8, D6
Veo 13, 24, 28, 52, 68, 82, 112, 116, 140, 155, 170 F4, H3, J4, M5, N8, M11, H13, G12, D11, D8, D5
Vpp 110 J14
Vsy 25, 113 H2, H14
Vks 109 J13
Notes:
1. Unused I/O pins are designated as outputs by ALS and are driven low.
2. All unassigned pins are available for use as I/Os.
3. MODE = GND, except during device programming or debugging.
4. Vpp = 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
84-Pin CQFP

Pin #1
Index 84 838281807978777675747372

PRAor I/O
DCLK or /O
SDlor 110

Vee
Vee
MODE

CLKor I10

GND
GND

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

programming or debugging.
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Package Pin Assignments
172-Pin CQFP (Top View)

Notes:

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

Pin #1
Index

172 171 170 169 168 167 166 165 164 137 136 135 134 133 132 131 130

172-Pin ®
CQFP

- J

44 45 46 47 48 49 50 51 52 79 80 81 82 83 84 85 86

PIN Number

SDl or I/O
PRAor I/O
PRB or /O
CLKA or I/O
CLKB or /O
DCLK or I/O

1

7,17,22, 32, 37, 55, 65, 75, 98, 103, 108, 118, 123, 141, 152, 161
12, 23, 27, 50, 66, 80, 109, 113, 136, 151, 166
24,110

106

107

131

148

156

150

154

171

programming or debugging.

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

PREP™ Benchmarks

The PREP benchmarks measure the capacity and performance of
high-capacity programmable logic devices. A benchmark circuit
is repeated to completely fill the measured device in a step and
repeat manner. Each circuit’s input is connected to the output of
the previous circuit. The first instance’s inputs are connected to
input pins, and the last instance’s outputs are connected to output
pins.

Capacity

Capacity is measured by reporting the number of instances of the
benchmark circuit that fit in a particular device. Nine different
benchmark circuits are used and thus capacity measurements are
reported for all nine of the benchmarks for an individual device.
For example, the first benchmark circuit is a datapath circuit and
is shown in Figure 1. The circuits are repeated as shown in
Figure 2, with inputs and outputs interconnected. Notice that
some signals are global and go to all instances, while other
signals are only used to interconnect instances. The first and last
instances are connected to package inputs and outputs. In the
A1425, ten instances of the datapath circuit can fit; thus, the
capacity for benchmark 1 is reported as 10. It is important to point
out that the current PREP methodology requires that each
benchmark instance be implemented exactly the same. This
makes it impossible to use the A1425 10 modules to the fullest
extent thus reporting a fewer number of benchmark instances than

what actually fits into the device. Real designs are able to utilize
the A1425 IO modules, and the actual capacity of the device is
higher than the PREP benchmarks indicate.

Performance

Performance is reported in the benchmarks by measuring the
worst-case commercial maximum operating frequency of each
benchmark instance. The maximum operating frequency of a
single benchmark instance is determined by the slowest of the
following:

e The longest path between a flip-flop in the benchmark
instance and a flip-flop in the previous benchmark instance,
including any combinatorial delays between the flip-flops

» The longest path between any two flip-flops in the same
benchmark instance, including any combinatorial delays
between the flip-flops

The first benchmark instance performance is not reported, since it
has no previous instance.

The slowest, fastest, and mean frequency of the benchmark
instances in a given device are then reported for each benchmark.
For example, all of the datapath benchmark instances run at a
worst-case frequency of 125 MHz, so the minimum frequency is
125 MHz, the maximum is 125 MHz, and the mean is 125 MHz.

r————————— = = = =

8-BIT 4:1 MUX

8-BIT SHIFT REGISTER

8-BIT REGISTER

ID [23:16] ommmmmmed D3

IS [15:8] ] D2 v b

D1
IPD [7:0] —1 100

S0 ——50 >

RST

Q7 |
I
St
D Q Q[7:0]
I
S/L |
p RST |

St —— st I_

S/L |
CLK l

RST

Figure 1. A Datapath Benchmark Circuit

© 1993 Actel Corporation

2-1




=Acts/

External Performance More Information

External frequency of operation is also reported by taking the For more information on the PREP benchmarks, contact PREP
output of the last benchmark instance and connecting it to the Corp. at 408-356-2169 and ask for data on the PREP benchmark
input of the first benchmark instance through the input and output suite.

pins of the device. A single number is reported since only a single
instance exists for this measurement.

D [23:0]
> -
ID [23:16] ID [23:16] ID [23:16]
D3 D3 D3
ID [15:8 ID [15:8 ID [15:8
[15:8] D2 [15:8] D2 [15:8] D2
ID [7:0 ID [7:0 ID [7:0
[7:0] D1 [7:01 D1 [7:0] D1
DO Q[7:0] DO Q[7:0][= = = === =|D0 Q[7:0]
IPD [7:0] Q[7:.0]
FIRST SECOND LAST
INSTANCE INSTANCE INSTANCE
SiL SiL SiL
S1 St S1
1S5S0 — S0 >SO
sL[D—e 15 I I I
st [DO—e- S Uy I R SR —
so [ ° ¢ - — - ———
CLK [ @ ® ——F—————— |
RST [> ® o ———— — - — — — =

Figure 2. A Datapath Benchmark Circuit with Interconnected Inputs and Outputs
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PREP™ Benchmarks Confirm

Cost-Effectiveness of FPGAs

PREP benchmarks help determine the best value
in programmable devices.

The Programmable Electronics Performance Corporation (PREP)
has released the programmable logic industry’s first performance
and capacity benchmarks. In conjunction with published pricing,
the PREP benchmarks offer excellent insight into the value of
programmable architectures and devices. The following
summarization of the PREP benchmarks introduces simple but
effective methods for interpreting the PREP data and choosing an
appropriate programmable device based on the value,
performance, and predictability of the architecture.

Interpreting PREP Benchmark Results

The PREP benchmarks measure both capacity and performance
for each of the nine benchmark circuits. The capacity of a device
is expressed by the number of instances, or repetitions, of each
benchmark circuit that fits in the programmable device. The
performance of a device is reported for both internal and external
operating frequencies for each benchmark circuit. All
benchmarks are measured while automatically placing and

routing the design circuits. Manual placement and routing
capabilities are shown optionally by some manufacturers.

Since most designers in the evaluation stage have not used all the
manufacturers’ design tools, it would be wise to compare
automatically placed and routed designs in similar capacity
devices. A simple and effective way to compute capacity is to
average the benchmark unit repetitions over all nine benchmarks;
a good way to compare performance is to average the benchmark
suite’s mean internal operating frequency (Fmean) while
automatically placeing and routing the designs.

Best Value

The PREP benchmarks have set realistic expectations for
performance and capacity, and when used in conjunction with
equitable pricing comparisons, they can provide an excellent
measure of value.

A simple method of determining value is to plot the average
performance of a device versus its price per unit of capacity, as
shown in Figure 1. When viewing the chart, one will find that the
less expensive devices are positioned towards the left and the

Average Performance

e
& A1425-2PQ84C*

80 MHz T
Better Value
O EPM7128LC84-1
A1425-1PQ160C* & 0 EPM7192QC160-1
0/ A1460A-1PQ208C*
60 MHz +
& A1425-PQ160C
QL12x16-2PL84C © © A1460A-PQ208C*
A1225A-2PL84C* & -
oG RS
& A1280-2PQ160C* "
40MHz + & A1225-1PL84C
4 A1240-PL84C O EPF81188GC232-2
o A1280:1PO1606 W XC4010-5MQ208C
B XC3090-125PC84C

20 MHz + Presentations use or include the most recent certified and/or

uncertified PREP PLD Benchmark data which was

measured according to Benchmark Suite #1, Version 1.2,

dated 3/28/93. Any analysis is not endorsed by PREP.

Worse Value
1 } ]

Figure 1.

$20 $30

Price Per Average Instance

The average performance, expressed in MHz, is the mean internal operating frequency averaged over the set of benchmark circuits. Price

per unit of capacity, expressed as price per average instance, is the 100-piece distributor price quotation for the device (March 1993) divided by the
average of the number of unit repetitions for the nine benchmarks. Projected values (*) are based on simulated perfomance and projected pricing.

© 1993 Actel Corporation
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higher performance devices towards the top. A “value line” is
drawn through the chart with best value (7 of 13 devices with
multiple speed grades) appearing above the line. These provide
either the same performance as more costly devices or better
performance than similarly priced devices. The value line
represents an increasing cost with increasing performance.

Figure 1 clearly shows that Actel ACT™ 2 devices (A12xx...)
offer the highest value for designs with performance up to

50 MHz. Device comparisons show the Actel A1240A-2PL84C
device offering 48.4 MHz average performance for $9.78 per
average instance, the Xilinx XC3190-3PC84C device offering
46.2 MHz average performance for $15.41 per average instance,
and the Altera EPM7256GC192-2 device offering 45.3 MHz
average performance for $25.77 per average instance. The
antifuse-based Actel device has the highest value, offering higher
performance for a cost 37% less than the Xilinx device and 62%
less than the Altera device.

The data in Figure 1 is also important in understanding the value
of devices by architecture. The antifuse-based FPGA
architectures (Axx, QLxx devices) offer the highest value across a
wide range of performances and capacities. Indeed, six of the
seven “high value” devices are antifuse-based FPGAs, with five
of these six devices offered by Actel’s ACT 2 (A12xx) and ACT 3
(A14xx) families. The fixed architecture of the Complex-PLD

devices (EPMxx) offers high performance at low gate densities,
but the architecture’s performance dwindles and costs rise
dramatically as gate capacity increases. The SRAM-based FPGA
architecture (XCxx, EPFxx devices) is quite expensive and
lacking in device performance, with all SRAM-based devices
falling below the value line.

Conclusions:

1. Actel ACT 2 family devices are the best value in the mid-range
and high-density classes.

2. Actel antifuse-based FPGAs represent five of the seven best
programmable devices with the best value based on certified
PREP results.

3. Actel ACT 2 family devices have a 40% to 70% cost
advantage over similar Xilinx devices.

Classifying Programmable Devices

Determining the right programmable device for a design can be a
difficult task. Information regarding the usable device capacity,
performance, I/O count, and price is vital in choosing the most
appropriate programmable device. Graphically displaying the
devices by the PREP benchmark measurements of performance
and capacity, as shown in Figure 2, can expedite this decision
process.

80 MHz — High Speed Presentations use or include the most recent certified and/or
¢ A1425.2* uncertified PREP PLD Benchmark data which was
measured according to Benchmark Suite #1, Version 1.2,
O EPM7128-1 dated 3/28/93. Any analysis is not endorsed by PREP.
& A1425-1*
0O EPM7192-1 High Speed, High Capacity
¢ A1460A-1*
60 MHz T
& A1425
< QL12x16-2 o A14GOA*
Mid Range o
¢ A1225A-2 & A1240A-2 High G it
O EPM7256-2 'gh Lapacity
& A1225-1 & A1280A-2¢
40 MHz +
EPF811882-2 O
# A1240 o B XC4010-5
A1280-1
B XC3090-125 XC3190-3 B
1 1 ] 1 |
T 1 T 1 1
10 20 30 40 50

Average Number of Instances

Figure 2. The average performance, expressed in MHz, is calculated as the mean internal operating frequency averaged over the set of benchmark
circuits while using 100% automatic placement and routing software. The device capacity, expressed as the average number of instances, is the
average number of unit repetitions for the nine benchmarks. Projected values (*) are based on simulated perfomance and projected capacity.
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PREP™ Benchmarks Confirm Cost-Effectiveness of FPGAs

When viewing the chart, one will find distinctive device
classifications. The high-speed devices congregate in the upper
left-hand corner of the chart, the high-speed, high-capacity
devices in the upper middle to right side of the chart, the high-
capacity devices in the middle of the right side of the chart, and
the remaining mid-range devices in the middle of the chart.

These four classifications offer designers a quick means of
determining which devices will satisfy their performance and
capacity requirements. For instance, if a design needs both high
speed and high capacity, the designer would quickly realize that
only the Actel A1460 device offers both characteristics. Once the
required device classification is determined, the designer can then
compare the devices’ values by reviewing Figure 1. For instance,
if a designer needed only moderate speed and density, the
mid-range devices would suffice. Recalling the data from Figure
1, the best value in the mid-range devices can be realized by
buying Actel A1225 or A1240 devices. Similar value, or cost,
comparisons can be made for any classification. When comparing
devices based on PREP benchmark data, it is wise to make
performance and value comparisons only between devices within
the same classification. In addition, the availability of user I/Os
varies by package type. Designers should reference vendor
package literature to determine which packaged devices provide
the required interconnect resources.

Conclusions:

1. Device-to-device comparisons are valid within each class, but
are inappropriate between devices in different classes.

2. The Actel ACT 3 family is the only architecture that offers
high-speed, high-capacity class devices. The ACT 3 family
also offers the highest performance in the high-speed
classification.

3. Actel ACT 2 family devices are the best value in the mid-range
and high-density classes.

Performance Predictability

With time-to-market issues becoming a significant factor, the
ability of a device to meet required performance goals without
using manual optimization is vital. Design architectures that offer
both design flexibility and highly predictable performance while
using 100% automatic place and route software can ensure a
designer that his or her design will be completed on time.

PLDs, known for their predictability, do not offer the design
flexibility required in many time-to-market applications. FPGAs,
known for their flexible design architecture, can also offer very
predictable performance, as shown in Figure 3. The PREP
benchmark data shows antifuse-based FPGAs (Axx, QLxx
devices) to be much more predictable than SRAM-based FPGAs
(EPFxx, XCxx devices). In the mid-range class, Actel A1240 and
A1225 devices are three to four times more predictable than their
Xilinx counterparts (XC3xx devices). In the high-density class,
the Actel A1280 device is up to twice as predictable as its SRAM
counterparts (XC4xx, EPFxx devices). Only antifuse-based
FPGAs are classified as high-speed or high-speed, high-density
devices.

Predictability
ore Less

A1280-1
A1240A-2
A1225-1
A1425
A1460A*
QL12x16-2
EPF81188-2
XC3090-125
XC4010-5
XC3190-3 |

0%

Performance Variation
Presentations use or include the most recent certified
and/or uncertified PREP PLD Benchmark data which
was measured according to Benchmark Suite #1,
Version 1.2, dated 3/28/93. Any analysis is not
endorsed by PREP.

30%

Figure 3. A measure of predictability can be determined by computing
the standard deviation of the best- and worst-case performance of each
benchmark and dividing by the average benchmark performance. The
resulting number measures the expected percentage spread around the
average benchmark performance a device will exhibit while using 100%
automatic placement and routing software. The lower the number, the
more predictable the device performance is expected to be. Projected
predictability (*) is based on simulated performance.

Conclusions:

1. Only antifuse-based FPGAs offer both high flexibility and
highly predictable performance.

2. The Actel ACT 2 devices are 3 to 4 times more predictable
than Xilinx devices in the mid-range class and are up to twice
as predictable as other devices in the high-capacity class.

Many of the benchmarked devices exhibit a wide range of
capacity depending on the characteristics of the benchmark
designs. Some devices are more efficient at state machines, some
more efficient at arithmetic functions, and so on. The ideal
devices would be efficient for all types of applications and exhibit
a narrow spread in gate capacity over the range of applications
represented by the benchmark suite. A wide variation in gate
count means it is difficult for users to predict whether a particular
application will fit in a given device. A smaller variation in gate
count makes it easier for the user to estimate if the application
will fit, since gate count will be independent of application.
Additionally, a device with a small variation will be more general
purpose and thus able to address a wider set of applications.

A numeric measure of this predictability can be expressed by
computing the standard deviation of the difference between the
device capacity for an individual benchmark and the average
capacity over the entire suite and dividing this number by the




At

average benchmark capacity. The resulting number measures the
expected percentage spread around the average benchmark
capacity a device will exhibit. The lower the number the more
tightly around the average the capacity will fall, and the more
predictable the device is expected to be. As shown in Figure 4, the
Actel devices have the tightest spread of any of the benchmarked
FPGA devices.

The narrow distribution in gate counts for Actel devices is the
direct result of the fine-grained architecture and the antifuse
interconnect element used in the devices. The logic building
blocks are small, making them very efficient at implementing a
wide variety of logic functions. Larger grained devices (like
Xilinx devices) are less efficient if their logic blocks are under-
utilized by a logic function. Conversely, if the logic application
fits the logic building block just right, a much higher than
expected gate count can result. Actel devices also contain
abundant routing resources, thanks to the antifuse, which ensures
that each logic block can be used (high logic module utilization)
and that application dependent routing congestion can be
eliminated. Routing congestion can significantly reduce the
usable gates in architectures with fewer routing resources.
Routing requirements are application dependent and sometimes
difficult to judge at the beginning of the design phase. Sometimes
the types of logic components needed at the beginning of a design
can be estimated, but the interconnectivity between blocks and

the interactions between various routing needs are very difficult
to judge before completing the design. Congestion can make it
difficult to use every logic module and thus can reduce device
capacity significantly.

Conclusions:

1. The capacity of Actel devices is the most predictable of any
benchmarked device because of its fine-grained architecture
and abundant routing resources available when using an
antifuse interconnect element and patented segmented channel
routing.

Designers now have a resource to measure and predict FPGA
performance by using PREP benchmarks. Actel’s ACT 2 devices
are production-proven FPGAs offering the highest value and
predictability for designs running up to 50 MHz. The ACT 3
family introduces an entire new class of devices by offering the
only high-speed, high-capacity programmable devices in the
industry. The ACT 3 family also offers the highest performance in
the high-speed class of programmable devices.

For detailed information on the ACT 2 and ACT 3 families of
field programmable gate arrays or to obtain a copy of the
complete PREP benchmarks on Actel devices, please call PREP
Corp. at 408-356-2169 and ask for the Actel benchmark results.

50 F Presentation use or include the most
recent PREP PLD Benchmark data

which was measured according to

Benchmark Suite #1,

40 - Version 1.2,
dated 3/28/93.

= Any analysis is
‘s’ 30 |- not endorsed by PREP.
g
E 27%
2
o
820
3

28%

43%

30%

A1280-1 A1240A-2 A1225-1 A1425 EPM7128-1 EPM7192-1 EPM7256-2 EPF81188-3 QL12x16-2 XC4010-5 XC3090-125 XC3190-3
Devices

Figure 4. The bar chart above shows a measure of capacity predictability of each benchmarked FPGA device. The standard deviation of the
difference between the device gate capacity for a benchmark and the average gate capacity over the benchmark suite is divided by the average gate
count over the benchmark suite [STDEVP(CapB1-CapAve, CapB2-CapAve.,...)/CapAve]. The resulting percentage measures the spread in capacity of
a device. The lower the percentage, the more predictable the capacity of the device. The Actel devices have the most predictable capacity of any

benchmarked FPGA device.




= /s Actel PREP™ Benchmark Results

Datapath
(Benchmark #1)

Functions 8 /s 8-Bit 8-Bit 8-Bit

¢ Data Selecting/Holding 8 / 4:1 8 Reg 8 Shift 8

* Data Shifting 8 Mux ._7L> _,L> Reg ___/_.»
12; :]lsti\il)obal Data Bus (Routing —8+> —» s/l

~= — cr| | PP clr

Actel Characteristics

« Single Logic Level ? f

« Runs at Clock Rate SO S1 CL R

* Ample Routing Resources

Shift ——
Clk L 2
Capacity Performance Optimized

Device/Grade Reps Worst Best Mean Ext Cap Perf
A1280-1 48 29 41 34 12 X
A1280-1 39 55 65 61 30 X
A1240 21 66 66 66 30 X
A1240A-2 27 49 61 57 24 X
A1240 27 37 46 43 20 X
A1240A-2 21 95 95 95 35 X
A1225-1 18 44 53 49 25 X
A1225-1 14 85 85 85 35 X
A1425 10 125 125 125 38
A1425 (1/Os only) 7 64 74 70 50

100% Automatically placed and routed in ALS 2.2 software.
Presentations use or include the most

recent PREP PLD Benchmark data
which was measured according to
Benchmark Suite #1,
Version 1.2,
dated 3/28/93.
Any analysis is
not endorsed by PREP.

© 1993 Actel Corporation
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Timer Counter

(Benchmark #2)
Functions 8,
« Countin . .
& 4 8-Bit 2:1 |8, | 8-Bit
« Data Comparing/Holding Re g Mux —/-> Cntr
« Bit Global Data Bus (Routing 8 8 8
Intensive _/L?" A +>
—| Load
Actel Characteristics — clr Clk clr
« Register Intensive S
» Four Logic Level Compare CLR
« High-Speed Counter
+ Ample Routing Resources clr Comp
8
T 8-Bit A B
Reg
A=B
Clk-e—>
Capacity Performance
Device/Grade Reps Worst Best Mean Ext
A1225-1 9 28 32 31 29
A1240A-2 14 35 36 35 24
A1280-1 20 19 23 21 12
A1425 6 39 44 41 45
A1240 14 26 27 27 18

100% Automatically placed and routed in ALS 2.2 software.

Presentations use or include the most
recent PREP PLD Benchmark data
which was measured according to
Benchmark Suite #1,
Version 1.2,
dated 3/28/93.

Any analysis is
not endorsed by PREP.
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Actel PREP™ Benchmark Results

State Machine

(Benchmark #3)
reset
Functions
: : cond=/3c
 Simple State Machine out=00
Eight States, Ei , Ei

. Olugtptu tStates ight Inputs, Eight cond=/1f*/2a 3c

out=04

¢ Mostly Single Transitions

cond=1f
out=20

Actel Characteristics

» Three Logic Levels
cond=/aa

« Use Bit Per State

cond=aa
out=11 out=08
out=40 out=80

oui=01

-
Capacity Performance
Device/Grade Reps Worst Best Mean Ext
A1225-1 15 32 36 34 21
A1240A-2 23 37 41 39 23
A1280-1 42 26 31 29 19
A1425 10 42 48 46 29
A1240 23 28 30 29 18

100% Automatically placed and routed in ALS 2.2 software.

Presentations use or include the most
recent PREP PLD Benchmark data
which was measured according to
Benchmark Suite #1,
Version 1.2,
dated 3/28/93.
Any analysis is
not endorsed by PREP.
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Large State Machine

(Benchmark #4)

Functions

 State Machine
< 16 States, 8 Inputs, 8 Outputs

» Complex Transactions and Outputs

Actel Characteristics

« Five Logic Levels

e Use Bit Per State

i7*i1%i0

i=0

i6*/i7

i0+i2+i4

i6xori7

i1xori3xori6

/i1xori3xori6

i>63 i7*/i1*i0
Capacity Performance
Device/Grade Reps Worst Best Mean Ext
A1225-1 6 21 22 21 15
A1240A-2 10 22 25 24 17
A1280-1 18 16 19 17 14
A1425 4 26 29 28 20
A1240 10 17 19 18 13

100% Automatically placed and routed in ALS 2.2 software.

Presentations use or include the most
recent PREP PLD Benchmark data
which was measured according to
Benchmark Suite #1,

Version 1.2,

dated 3/28/93.

Any analysis is
not endorsed by PREP.
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Actel PREP™ Benchmark Results

Arithmetic
(Benchmark #5)
Functions . 8 /
¢ Multiplying /
¢ Adding
- Data Holding 4 8-Bit
A
T axa 8 g | P9
Actel Characteristics Mult —/-> B S —7[.>
» 10 Logic Levels 4 l 8-Bit
* Module Speed Trade-Offs Add
er »=
cir
Clk
CLR
Capacity Performance

Device/Grade Reps Worst Best Mean Ext

A1225-1 6 13 13 13 10

A1240A-2 9 14 15 15 12

A1280-1 16 1 12 1" 9

A1425 4 18 18 18 14

A1240 9 1 1 1 9

100% Automatically placed and routed in ALS 2.2 software.

Presentations use or include the most
recent PREP PLD Benchmark data
which was measured according to
Benchmark Suite #1,
Version 1.2,
dated 3/28/93.

Any analysis is
not endorsed by PREP.
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Accumulator

(Benchmark #6)

Functions

¢ 16-Bit Adder
< 16-Bit Register

Actel Characteristics

¢ Three Logic Levels

 Parallel Implementation Faster than
Competitor’s Serial Approaches

Jf;

AL/ sl B A LTS

¢ Module Speed Trade-Offs -—-—1—67[—-»
Clk
—pP
16-Bit Adder
CLR
Capacity Performance Optimized

Device/Grade Reps Worst Best Mean Ext Cap Perf
A1225-1 5 23 25 24 16 X

A1240A-2 8 27 30 29 20 X

A1280-1 15 18 23 21 17 X

A1425 3 36 37 36 26 X

A1240 8 21 23 22 15 X

A1225-1 4 32 33 32 20 X
A1240A-2 7 32 36 36 24 X
A1280-1 13 21 28 28 17 X
A1425 3 39 40 40 28 X
A1240 7 24 27 27 18 X

100% Automatically placed and routed in ALS 2.2 software.

Presentations use or include the most
recent PREP PLD Benchmark data
which was measured according to

Benchmark

Suite #1,

Version 1.2,
dated 3/28/93.

Any analysis is

not endorsed by PREP.
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Actel PREP™ Benchmark Results

16-Bit Counter

(Benchmark #7)
Functions 16-Bit
» Counting Cntr
¢ Loading

Load—
¢ Count After Load

16 16
Actel Characteristics Data —+> _]L_>

Count —»

Output

« Two Logic Levels

« Uses Look Ahead to Cut Logic CIk > clr
Levels
CLR
Capacity Performance

Device/Grade Reps Worst Best Mean Ext
A1225-1 9 46 54 50 29
A1240A-2 13 52 64 58 32
A1280-1 25 33 47 41 21
A1425 6 65 70 68 40
A1240 13 39 48 44 24

100% Automatically placed and routed in ALS 2.2 software.

Presentations use or include the most
recent PREP PLD Benchmark data
which was measured according to
Benchmark Suite #1,
Version 1.2,
dated 3/28/93.

Any analysis is
not endorsed by PREP.
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16-Bit Prescaled
Counter

(Benchmark #8)

Functions

¢ Counting
* Multicycle
e Uses Prescalar for LSBs

Actel Characteristics

16-Bit
Cntr

Load —»

Data E%—m 167L>

Output

+ Single Logic 