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NEW! -3 Speeds

ACT™ 3

Field Programmable Gate Arrays

Features

¢ Highly Predictable Performance with 100% Automatic .

Placement and Routing
* 7.5 ns Clock-to-Output Times
¢ Up to 250 MHz On-Chip Performance
¢ Up to 228 User-Programmable /0 Pins
¢ Four Fast, Low-Skew Clock Networks
¢ More Than 500 Macro Functions

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

Product Family Profile

Replaces up to twenty 32 macro-cell CPLDs
Replaces up to one hundred 20-pin PAL® Packages
Up to 1153 Dedicated Flip-Flops

1/0 Drive to 12 mA

VQFP, TQFP, BGA, and PQFP Packages
Nonvolatile, User Programmable

Low-power 0.8 micron CMOS Technology

Fully Tested Prior to Shipment

Device AT415A A1425A A1440A A1460A  A14100A
Capacity 1,500 2,500 4,000 6,000 10,000
Gate Array Equivalent Gates 3,750 6.250 10,000 15,000 25,000
PLD Equivalent Gates
; 40 60 100 150 250
TTL Equivalent Packages (40 gates) 15 25 40 60 100
20-Pin PAL Equivalent Packages {100 gates)

Logic Modules 200 310 564 848 1,377
S-Modute 104 160 288 432 697
C-Module 96 150 276 416 680

Dedicated Flip-Flops® 264 360 568 768 1,153

User {/Os (maximum) 80 100 140 168 228

Packages? (by pin count)

CPGA 100 133 175 207 257
PLCC 84 84 84 — —
PQFP 100 100, 160 160 160, 208 —_
RQFP — — — — 208
VQFP 100 100 100 _ —
TQFP —_ — 176 176 —_
BGA —_— —_ —_ 225 313
CQFP — 132 — 196 256
Performance’ (maximum, worst-case commercial)
Chip-to-Chip? 108 MHz 108 MHz 100 MHz 97 MHz 93 MHz
Accumulators (16-bit) 63 MHz 63 MHz 63 MHz 63 MHz 63 MHz
Loadable Counter (16-bit) 110 MHz 110 MHz 110 MHz 110 MHz 105 MHz
Prescaled Loadable Counters {16-bit) 250 MHz 250 MHz 250 MHz 200 MHz 200 MHz
Datapath, Shift Registers 250 MHz 250 MHz 250 MHz 200 MHz 200 MHz
Clock-to-Output (pad-to-pad) 7.5ns 75ns 85ns 9.0ns 9.5ns

Notes:
1. Oneflip-flop per S-Module, two flip-flops per I/0-Module.
2. See product plan on page 1-156 for package availability.

3. Based on A14154-3, A1425A-3, A1440A-3, A1460A-3, and A14100A-3.
4. Clock-to-Output + Setup

May 1995
© 1995 Actel Corporution
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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 250 MHz on-chip performance and 7.5
nanosecond clock-to-output speeds. The ACT 3 family spans
capacities from 1,500 to 10000 gate array equivalent gates
(up to 25,000 PLD gates), and offers very high pin-to-gate
ratios, with up to 228 user I/0s for 10,000 gate designs.

Predictable Performance* {(Worst-Case Commercial)

Accumulators (16-bit) | 58-63 MHz

Loadable Counters (16-bit)

| 95-110 MHz

Prescaled Loadable Counters (16-bit) |230-250 MHz

Shift Registers |250-250 MHz

The ACT 3 family represents the third generation of Actel
Field Programmable Gate Arrays (FPGAs). The family

Chip-to-Chip Performance

Chip #1
/0 Module

o

improves on the proven ACT 2 family two-module
architecture,  consisting  of  combinatorial  and
sequential-combinatorial logic modules. The ACT 3 family
offers registered 1/0 modules delivering 8 ns clock-to-out
times. The devices contain four clock distribution networks,
including dedicated array and I/0 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, allowing logic design implementation
with minimum effort. The systems offer Microsoft®
Windows'~ and X Window™™ graphical user interfaces and
integrate with the resident CAE system to provide a complete
gate array design environment: schematic capture,
simulation, fully automatic placement and routing, timing
verification and device programming. The systems also
include the ACTmap™ optimization and synthesis tool, and
the ACTgen™ Macro Builder, a powerful macro function
generator for counters, adders, and other structured blocks.
The systems are available for 386/486/Pentium PCs and for
HP'™, and Sun™ workstations running Viewlogic®, Mentor
Graphics™, and OrCAD™ tools.

Chip #2
1/0 Module

]

/O CLK

tckHs trrace Yinsu >‘

Chip-to-Chip Performance
(Worst-Case Commercial)
tckHs YTRACE fiNsu Total MHz
A1425A-3 7.5 1.0 1.8 10.3ns 97
A1460A-3 9.0 1.0 1.3 11.3ns 8g
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ACT™ 3 Fleld Programmable Gate Arrays

Ordering Information

A1425 A -

— —_—

PQ 160 c

Application (Temperature Range)
(o} Commercial (0 to +70°C)

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

— Package Lead Count

L— Package Type

PG = Ceramic Pin Grid Array

PL = Plastic Leaded Chip Carrier

PQ = Plastic Quad Flatpack

RQ = Plastic Power Quad Flatpack

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

CQ = Ceramic Quad Flatpack

BG = Plastic Ball Grid Array

L— Speed Grade

Std = Standard Speed
-1 = Approximately 15% faster than Standard
-2 = Approximately 25% faster than Standard
-3 = Approximately 35% faster than Standard

L—- Die Revision

L— part Number

A1415 = 1500 Gates

A1425 = 2500 Gates

A1440 = 4000 Gates

A1460 = 6000 Gates

A14100 = 10000 Gates
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Product Plan'

Speed Grade* Application
Stid -1 -2 -3 o] | M B E
A1415A Device
84-pin Plastic Leaded Chip Carrier (PLCC) v v v P v v — — —
100-pin Plastic Quad Flatpack (PQFP) v v v P v v — — —
100-pin Very Thin Quad Flatpack (VQFP) v v v P v — — — —
100-pin Ceramic Pin Grid Array (CPGA) v v v P v — — — —
A1425A Device
84-pin Plastic Leaded Chip Carrier (PLCC) v v v v v v - e —
100-pin Plastic Quad Flatpack (PQFP) v v v v v v - - —
100-pin Very Thin Quad Flatpack (VQFP) v v v v v — - —_ —
132-pin Ceramic Quad Flatpack (CQFP) v — — - v — P P —
133-pin Ceramic Pin Grid Array (CPGA) v v v v v — v P —
160-pin Plastic Quad Flatpack (PQFP) v v v v v v — — —
A1440A Device
84-pin Plastic Leaded Chip Carrier (PLCC) v v v P v v — — —
100-pin Very Thin Quad Flatpack (VQFP) v v v P v —_ — — —
160-pin Plastic Quad Flatpack (PQFP) v v v P v v — — —
176-pin Thin Quad Flatpack (TQFP) v v v P v — — — —
177-pin Ceramic Pin Grid Array (CPGA) v v v P v — _ — —
A1460A Device
160-pin Plastic Quad Flatpack (PQFP) v v v v v v — — —
176-pin Thin Quad Flatpack (TQFP) v v v v v — — — —
196-pin Ceramic Quad Flatpack (CQFP) v - - - v — P P —_
207-pin Ceramic Pin Grid Array (CPGA) v v v v v — v P —
208-pin Plastic Quad Flatpack (PQFP) 4 v v v v v — — —
225-pin Platic Ball Grid Array (BGA) v v v v v — - — —
A14100A Device
208-pin Power Quad Flatpack (RQFP) (4 v v P v v — —_ —
257-pin Ceramic Pin Grid Array (CPGA) v v v P v — v P —
313-pin Plastic Ball Grid Array (BGA) v v v P v P — —_ —
256-pin Ceramic Quad Flatpack (CQFP) v — - — ['4 — P P —
Applications: ¢ = Commercial Availability: v = Available *Speed Grade: -1 = Approx. 15% faster than Standard
I = Industrial P = Planned -2 = Approx. 25% faster than Standard
M = Miltary — = Not Planned -3 = Approx. 35 % fuster than Standard.
B = MIL-ST)-883
E = Ertended

Note:
1. Availability as of October 1994, Please consull Actel Representatives for current availability.
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ACT™ 3 Field Programmable Gate Arrays

Plastic Device Resources

User /Os
PLCC PQFF, RQFP VQFP | TQFP BGA
Jovice  aofic  Gates | 84-pin | 100-pin  160-pin  208-pin | 100-pin | 176-pin | 225-pin  313-pin
A1415A 200 1500 70 80 — — 80 - — —
A1425A 310 2500 70 80 100 = 83 - - =
A1440A 564 4000 70 = 131 — 83 120 - -
A1460A 848 6000 = - 131 167 - 151 168 -
A14100A 1377 10000 | — — - 175 — - - 228
Hermetic Device Resources
User /Os
CPGA CQFP

Qevice 00l Gates | 100-pin  133-pin  175-pin  207-pin  257-pin | 132-pin  196-pin  256-pin
AT415A 200 1500 80 = = = — — — —
A1425A 310 2500 - 100 - = - 100 - —
A1440A 564 4000 — - 140 = - — - —
A1460A 848 6000 = - - 168 - = 168 —
A14100A 1377 10000 | — — - - 228 - - 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 /0.

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 /0.

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 /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 /0.
1/0 Input/Output {Input, Output)
The 1O 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 1/0 modules. This input is directly wired
to each /O module and offers clock speeds independent of
the number of /0 modules being driven. This pin can also be

used as an 1/0.

10PCL Dedicated (Hard-wired)

1/0 Preset/Clear [Input)

TTL input for I/0 preset or clear. This global input is directly
wired to the preset and clear inputs of all VO registers. This
pin functions as an /O when no 1/0 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 1/0s.

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 1O
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/0 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/0
when debugging has been completed. The pin's probe
capabilities can be permanently disabled to protect
programamed design confidentiality. PRB is accessible when
the MODE pin is HIGH. This pin functions as an /O when the
MODE pin is LOW.

SDI Serial Data Input (Input)

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

Vee 5 V Supply Voltage

HIGH supply voltage.

Vs 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.

Vv Programming Voltage

Supply voltage used for device programming. This pin must be
connected to Ve during normal operation,
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ACT™ 3 Field Programmabie Gate Arrays

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, VO modules, 1/0 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
[/0s. The array itself consists of alternating rows of modules
and channels. The logic modules and channels are in the
center of the array; the /0 modules are located along the
array periphery. A simplified floor plan is depicted in
Figure 1.

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 DLMBA/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 S§). The C-module implements the
following function:

Y =!1S1*180* D00 + !S1#S0* D01 + S1*!S0*D10 + S1*80* D11
where: S0 = A0 * B0 and S1 = Al + Bl

An Array with n rows and m columns

Columns

0 1 2 3 4 5 c-1 c ¢+l m m+1m+2 m+3
Rows Channels
n+2 l |
n+1 10| 10]10] CLKM i0]10110110] 101 10 {«4— Top I/Os
n+1
n IO[IO|BINJS |S|C]|]C|S s|jcjcj)sjcysjoj|io
n
n-1 IOJIOBINfJS [S|]C}iC ]S sjclc]s|c|sjiofo
. n-1
2 . I0]JI0IBIN[S [S{CiC]| S sic|clsicls|O]IO
2
1 I0|J1IOIBINjS |S|C|C|S s|clicyisic|s]lofio
1 N
Left 1/Os Right I/Os
0 Bioj 10| 10| I0] 10| 10 10]10 |10 }10]10 ] 1O ja— Bottom l/Os
o | |

Figure 1 » Generalized Floor Plan of ACT 3 Device
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The S-module contains 4 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 penaity. 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
4 module delay.

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 2
and 3. The clock selection multiplexor selects the clock input
to the S-module.

1/0s

1/0 Modules

1/0 modules provide an interface between the array and the
I/0 Pad Drivers. /0 modules are located in the array and
access the routing channels in a similar fashion to logic
modules. There are two types of /0 modules: side and
top/bottom. The 1/0 module schematic is shown in Figure 4.
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/hottom /O modules interact with only
one channel and therefore have only one UO input. The
signals Dataln and DataOut connect to the /O pad driver.
Each 170 module contains two D-type flip-flops. Each flip-flop
is connected to the dedicated /O clock (IOCLK). Each
flip-flop can be bypassed by nonsequential 1/0s. In addition,

—— Doo
—— DOt
N Y |—out
—] on
81 S0
Al B1 A0 BO

Figure 2 » C-Module Diagram

each flip-flop contains a data enable input that can be
accessed from the routing channels (ODE and 1DE). The
asynchronous preset/clear input is driven by the dedicated
preset/clear network (I0PCL). Either preset or clear can be
selected individually on an /0 module by I/0 module basis.

The /0 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 /0 modules have a dedicated
output segent for Y extending into the routing channels
above and below (similar to logic modules). Top/Bottom /O
modules have no dedicated output segment. Signals coming

— DoO
— DO1
Y
—— D10
— D11
S1 S0
Al B1 A0 BO

out

CLlK  CLR

Figure 3 » S-Module Diagram
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Figure § » Functional Diagram for {/0 Module

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).

170 Pad Drivers

All pad drivers are capable of being tristate. Each buffer
connects to an associated I/0 module with four signals: O
(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 5.

Special 1/0s

The special 1/0s are of two types: temporary and permanent.
Temporary special 1/0s are used during pregramming and
testing. They function as normal 1/0s when the MODE pin is
inactive. Permanent special 1/0s are user programmed as
either normal 1/0s or special 1/0s. Their function does not
change once the device has been programmed. The
permanent special 1/Os consist of the array clock input
buffers (CLKA and CLKB), the hard-wired array clock input

buffer (HCLK), the hard-wired /0 clock input buffer
(IOCLK), and the hard-wired I/0 register preset/clear input
buffer (IOPCL). Their function is determined by the L/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 200 MHz, while the general purpose routed
networks function up to 150 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 /O Pad Driver to
the input of S-modules or /O modules. There are two
dedicated clock networks: one for the array registers (HCLK),
and one for the /O registers (IOCLK). The clock networks
are accessed by special I/Os.
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OE
SLEW
DATAOUT
— PAD
DATAIN /l
o
JEN
INEN
OUTEN

Fgure § « Function Diagram for 170 Pad Driver
Routed Clocks

The routed clock networks are referred to as CLK0 and CLKI.
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 6):

¢ externally from the CLKA pad
s externally from the CLKB pad
¢ internally from the CLKINA input
s internally from the CLKINB input

The clock modules are located in the top row of 1/0 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 CLK0
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.

CLKB [X] CLKIN
CLKA@—I rcu(w
PADS. Y
-— TERNAL
CLKMOD|__ g4 SIGNAL
N CLKO(17)
e =
CLOCK
DRIVERS I~ CLKO(16)
| SR _—.’l/
I~ CLKO(15)
[/
bt
Loy
~_ 1 1 oo
1~
~ $ CLKO(1)
-
CLOCK TRACKS

Figure 6 * Clock Networks

Routing Structure

The ACT 3 architecture uses vertical and horizontal routing
tracks to connect the various logic and /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 7. 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

1-162



ACT™ 3 Fleld Programmable Gate Arrays

dedicated to the output of a particular module. Long  where edge effects occur. LVTs contain either one or two
segments are uncommitted and can be assigned during  segments. An example of vertical routing tracks and
routing. Each output segment spans four channels (twoabove  segments is shown in Figure 8.

and two below), except near the top and bottom of the array

[ MODULE ROW
HCLK
CLKO
NVCC
SIGNAL
TRACK g i O i (SLISTN)AL
SEGMENT ,
T\ 4} |
p—y NS
~ ) l
Ny A |
I
|
—@ O O O i
O - O SIGNAL
NVSS
CLK1
MODULE ROW
Figure 7 + Horizontel Routing Tracks and Segments
q LVTS
S-MODULE C-MODULE | MODULE ROW
‘e
o » CHANNEL
|
VERTICLE INPUT ~— XF |
SEGMENT |
J
FF
S-MODULE C-MODULE

Figure 8 ¢ Vertical Routing Tracks and Segments
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Antifuse Connections

An antifuse is a “normally open” structure as opposed to the
normally closed fuse structure used in PROMs or PALs. The
use of antifuses to implement a programmable logic device
results in highly testable structures as well as an efficient
programming architecture. The structure is highly testable
because there are no preexisting connections; temporary
connections can be made using pass transistors. These
temporary 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 1 shows four types of antifuses.

Table 1 » Antifuse Types

XF Horizontal-to-Vertical Connection
HF Horizontal-to-Horizontal Connection
VF Vertical-to-Vertical Connection

FF “Fast” Vertical Connection

Examples of all four types of connections are shown in
Figures 7 and 8.

Module Interface

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

Module Input Connections

The tracks dedicated to module inputs are segmented by pass
transistors in each module row. During normal user
operation, the pass transistors are inactive, which isolates the
inputs of a module from the inputs of the module directly
above or helow 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 beiow as
shown in Figure 9.

Module Qutput Connections

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

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 1/0
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 1/0 module in the array
using the temporary special I/0 pins, PRA and PRB.
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P Y+2 MY+2
Y+1 Y+1
™
BT B0 DO1 D00 B0 B1 D01
A1 D10 D11 A0 — Ay / AT
/ /
A Ay
12 L¥2
LVTs
S-MODULES C-MODULES

Figure 9 * Logic Module Routing Interface
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Absolute Maximum Ratings1 Recommended Operating Conditions

Free air temperature range

Parameter Commercial Industrial Milltary Units
Symbol Parameter Limits Units -
y ;2’:":{3’“'8 010470  —4010 +85 515;5" °C

Ve DC Supply Voltage? -051t0+7.0 v 9 +

v, input Voltage -05t0Veo+05  V ?;:gni:pp‘y +5 10 $10 %Veo
Vo Output Voltage ~05t10Vec+05 V

/O Source Sink Note:
lio Current® +20 mA 1. Ambient temperature (Ty) is used for commercial and
industrial; case temperature (Ty) is used for military.

Tsta 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 showld not be operated vutside the
Recommended Operating Conditions.

2. Vpp, Vap= Ve, except during device programming.

3. Device inpuls are normally high impedance and draw extremely
low current. However, when input voltage is greater than Voo +
0.5V or less than GND ~ 0.5 V, the internal pratection diodes will

Sorward bias and can draw excessive current.

Electrical Specitfications

Commercial Industriai Military
Symboi Parameter Test Condition Units
Min. Max. Min. { Max. Min. J Max.
Von'?  HIGH Level Output lom = —4 mA (CMOS) 3.7 3.7 v
lon = -6 MA (CMOS) 3.84 Y
low =-10 A (TTL)® 2.40 v
Vo '?  LOW Level Output loL = +6 MA {CMOS) 0.33 0.4 0.4 v
lol = +12 mA (TTL)? 0.50 Y
Vi HIGH Level Input TTL Inputs 20 Vec+03 20 Vee+03 20 Vge+03 VvV
ViL LOW Level Input TTL Inputs -0.3 0.8 -0.3 08 -0.3 08 Vv
hn Input Leakage V) =Vgc or GND -10 +10 -10 +10 -10 +10 pA
loz 3-state Output Leakage Vg =V or GND -10 +10 -10 +10 -10 +10 WA
Co IO Capacitance®* 10 10 10 pF
lcoisy  Standby Ve Supply Current (typicat = 0.7 mA) 2 10 20 mA
lcepy  Dynamic Vi Supply Current See “Power Dissipation” Section
Notes:
1. Actel devices can drive and receive either CMOS or TTL signal levels. No assignment of I/0s as TTL or CMOS is required.

Tested one output at a time, Voo = min.
Not tested, for information only.
Vour= 0V, f=1MHz

Typical standby current = 0.7 mA. All sutputs unloaded. Al inputs = Vo or GND.




ACT™ 3 Fleld Programmable Gate Arrays

Package Thermal Characteristics

The device junction to case thermal characteristic is 8jc, 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. ambient temp. (°C) _ 150°C - 70°C

Maximum junction temperature is 150°C.

A sample caiculation of the absolute maximum power
dissipation allowed for a CPGA 175-pin package at
commercial temperature and still air is as follows:

Absolute Maximum Power Allowed = - =32 W
8ja ("C/W) 25°C/W
1 oja oja

Package Type Pin Count still Air 300 )'/m in Units
Ceramic Pin Grid Array 100 35 17 °C/W
133 30 15 °C/W

175 25 14 °CIW

207 22 13 °C/W

257 15 8 °C/W

Ceramic Quad Flatpack 132 55 30 °CW
196 36 24 °C/W

256 30 18 SC/W

Plastic Quad Flatpack 100 51 40 °C/W
160 33 26 °C/W

208 33 26 °C/wW

Very Thin Quad Flatpack 100 43 35 °CW
Thin Quad Flatpack 176 32 25 °C/W
Power Quad Flatpack 208 17 13 °C/W
Plastic Leaded Chip Carrier 84 37 28 °C/W
Plastic Ball Grid Array 225 25 19 °CW
313 23 17 W

Notes:

1. Maximum Power Dissipation for 160-pin PQFP package is 2.4 Walts, 208-pin PQFP package is 2.4 Watts, 100-pin PQFP package is 1.6 Watts,
100-pin VQFP package is 1.9 Watls, 176-pin TQFP package is 2.5 Walts, 84pin PLCC package is 2.2 Watts, 208-pin RQFP package is 4.7 Wails,

225.pin BGA package is 3.2 Walts, 313-pin BGA package is 3.5 Walls.
Power Dissipation

P = [lgc standoy* Lactivel * Voo + lon.* Vor * N + log
(Vee—Vow) * M 1

Where:

lee standny 18 the current flowing when no inputs or

outputs are changing.

Lactive 18 the current flowing due to CMOS switching.

Iy, Igy are TTL sink/source currents.

Vor, Von are TTL level output voltages.

N equals the number of outputs driving TTL loads to

Voi,

M equals the number of outputs driving TTL loads to

Von:
An accurate determination of N and M is problematical
because their values depend on the design and on the system

/0. The power can be divided into two components: static
and active.

Static Power Component

Actel FPGAs have small static power components that result
in lower power dissipation than PALs or PLDs. By integrating
multiple PALs/PLDs into one FPGA, an even greater
reduction in board-level power dissipation can be achieved.

The power due to standby current is typically a small
component of the overall power. Standby power is calculated
below for commercial, worst case conditions.

Iee Vee Power
2mA 626V 10.5 mW

The static power dissipated by TTL loads depends on the
number of outputs driving high or low and the DC load
current. Again, this value is typically small. For instance, a
32-bit bus sinking 4 mA at 0.33 V will generate 42 mW with all
outputs driving low, and 140 mW with all outputs driving high.
The actual dissipation will average somewhere between as
I/0s switch states with time.
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Active Power Component

Power dissipation in CMOS devices is usually dominated by
the active (dynamic) power dissipation. This component is
frequency dependent, a function of the logic and the external
1/0. Active power dissipation results from charging internal
chip capacitances of 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 the active power dissipation is
the 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
the Equation 2.
Power (uW) = Cpg * Vo 2 * F t)

Where:

Cpq is the equivalent capacitance expressed in pF.

Vg is the power supply in volts.

F is the switching frequency in MHz.
Equivalent capacitance is calculated by measuring Igcactive
at a specified frequency and voltage for each circuit
component of interest. Measurements have been made over a
range of frequencies at a fixed value of Vi Equivalent
capacitance is frequency independent so that the results may

be used over a wide range of operating conditions. Equivalent
capacitance values are shown below.

Cgq Vailues tor Actel FPGAs

Modules (CEQM) 6.7
Input Buffers (cpgi) 7.2
Output Buffers (Cggqo) 10.4
Routed Array Clock Buffer Loads (Cqoep) 1.6
Dedicated Clock Buffer Loads (Cpop) 0.7
1/0 Clock Buffer Loads (Cpgcp) 0.9

To calculate the active power dissipated from the complete
design, the switching frequency of each part of the logic must
be known. Equation 3 shows a piece-wise linear summation
over all components,

Power =Vpo2 * [{m* CEQM* f)modutes + (1 * CEQ]* fn)‘mputs +
{0 * (Crgo+ CL) * fautpus + 95 (a1 * Crger * Ty routed_cikt
+{r* fql)muted_(llkl +05* (g * CEQCR * fqz)mutetLClkZ

+ (f* (ol routed_cnz + 05 (81 * crqon * L) dedicated_oik

+ (8, CEQCT * f)10_cix] @
Where:

m = Number of logic modules switching at £,

n = Number of input buffers switching at f

p = Number of output buffers switching at f,

q = Number of clock loads on the first routed array
clock

Q@ = Number of clock loads on the second routed
array clock

r = Fixed capacitance due to first routed array clock

ry = Fixed capacitance due to second routed array
clock

5) = Fixed number of clock loads on the dedicated
array clock

S9 = Fixed number of clock loads on the dedicated L0
clock

Cyqu = Equivalent capacitance of logic modules in pF

Cpgr = Equivalent capacitance of input buffers in pF

Cugo = Equivalent capacitance of output buffers in pF

Cpger = Equivalent capacitance of routed array clock in
pF

Ceqen = Equivalent capacitance of dedicated array clock
inpP

Crpger = Equivalent capacitance of dedicated 1/O clock in
pF

C, = Qutput lead capacitance in pF

fm = Average logic module switching rate in MHz

f, = Average input buffer switching rate in MHz

fp = Average output buffer switching rate in MHz

fai = Average first routed array clock rate in MHz

fqz = Average second routed array clock rate in MHz

fo1 = Average dedicated array clock rate in MHz

feo = Average dedicated I/0 clock rate in MHz

Fixed Capacitance Values for Actel FPGASs (pF)

Iy T

Device Type routed_Clkl routed_Clk2

Al415A 60 60

Al426A 75 75

Ald40A 105 105

Al460A 165 165

Al4100A 195 195

Fixed Clock Loads (s,/s3)

5 2
Clock Loads on Clock Loads on

Device Type  dedicated array clock dedicated /0 clock
Al415A 104 80
Al425A 160 100
Al440A 288 140
Al460A 432 168
Al4100A 697 228
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Determining Average Switching Frequency Load capacitance (CL) = 95pF
To determine the switching frequency for a design, you must Average logic module switchingrate = F/10
have a detailed understanding of the data input values to the (¢
circuit. The following guidelines are meant to represent  Average input switching rate (f,) = F/5
worst-case scenarios so that they can be generally used to Average output switching rate (f,) - F10
. IS . N . R p -
predict the upper limits of power dissipation. These
st Average first routed array clock rate = F2
guidelines are as follows: )
" q[
Logic Modules (m) = 80% of modules Average second routed array clockrate = F/2
Inputs switching (n) = #inputs/4 (g2
Outputs switching (p) = #output/4 Average dedicated array clock rate = F
First routed array clock loads (q;) = 40% of (fs)
sequential Average dedicated /O clock rate (fy) = F
59
modules
Second routed array clock loads (qg) = 40% of
sequential
modules
ACT 3 Timing Model*
Input Delays Internal Delays Predicted Output Delays
%ot:tlng
o bi al elays o
[0 Module oot Moaus [0 Module 7
v 2ere 'z~ iitiod I | I v
r ‘_‘$ T 1P T
i ) (DHS 50ns __!
t -=20ns (RD1=0.QHS -
PD ’ trpg = 1.7 DS
tRDS =28ns
(Vo Module |
tDHS 5.0ns
Sequential
Logic Module
M 1
Combin-|
{ torial b a T
Logic trps 09ns tenzHS = 40ns
' included , |
in tsup !
L _ | éoum=%-?":; |
tSUD =05ns tco =20ns uTSu = ¥
éﬁgé’Y( 'HD =0.0ns L_ o _J

tHCKH = 3.0ns

FHMAX =250 MHz

/O CLOCK ‘tckms = 7.5 ns
(pad-pad)

-@-
FIOMAX =250 MHz

*Values shown for AI425A-3.
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Output Buffer Delays

Vee

50% 50%
Vee

tENZHS,

1.5V

tennsz,

tenzHs,

tENHSZ,

AC Test Loads

Load 1
{Used to measure propagation delay)

To the output under test

1

Load 2
{Used to measure rising/falling edges)

Vee GND
[ ] @

Rto VCC for tPLZ/tPZL
R 1o GND for tpz/tp 71y
To the output under test R=1kQ

35 pF

1

Input Buffer Delays

i <

N 0V

50%

tiny

Module Delays
—S
— A Y L_.
-—4B
Veo
S, AorB £50% 50%) GND
Veo
QOut 50% 50%
GND
teo
Out
50%
tro
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Sequential Module Timing Characteristics

Flip-Flops
D__] L Q
CLK— cLR
T
(Positive edge triggered) .
— tupfe—
D P4 X
fo— tsyup—=] twerka le——] b
CLK | | | l l'—l____J_
b— twerka—]
(CO —’-‘
Q X X
feto
CLR | —
: l
WASYN

1/0 Module: Sequential Input Timing Characteristics

&

D PRE — Y

E—-
ocLk BK——— cLR
I
(Positive edge triggered)

— tinp e—
D ). 4
f—tnsu— tiopwh fe—— [ top

I0CLK | I l | | i
—{tipesule— f— tiopwi

E
ja— ticky —=
v X X
e——{ticLry
PRE,CLR — | { |
tioaspw

1171



el

1/0 Module: Sequential Output Timing Characteristics

_l“}/\“&

D— PRE
E_—_
locLk (———— cLR

Y

(Positive edge triggered)

f—! tour
D X X
f—toursu—={ tiopwh le———= f———— tiop————

I0CLK I I I I I I l
—ftopesule— f=— tiopwL |

£
f— tooky—|
Y : X X
CKHS,
tokis |
Q X X
L fe——+{iocLay
PRE, CLR l l I_____.
tioaspw
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Predictable Performance:
Tightest Delay Distributions

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

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

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

Actel's patented PLICE antifuse offers a very low
resistive/capacitive interconnect. The ACT 3 family's
antifuses, fabricated in 0.8 micron m lithography, offer
nominal levels of 200€2 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 fimits the number of antifuses per path to only
four, with 90% of interconnects using only two antifuses.

Table 2 * Logic Module + Routing Delay, by fanout (ns)
(Worst-Case Commercial Conditions)

Family FO=1 FO=2 FO=3 FO=4 FO=8
ACT 1-2 4.5 5.1 5.9 7.0 111
ACT2-2 4.9 5.5 6.1 6.6 8.2

ACT3-3 29 3.2 34 3.7 4.8

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 Miiitary

Min. Max. Min. Max.

{Commercial Minimum/Maximum Specification) x 0.66 1.07 0.63 117

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 0.72 0.76 0.85 0.90 1.04 1.07 1.17
4.75 0.70 0.73 0.82 0.87 1.03 1.12
5.00 0.68 0.71 0.79 0.84 0.97 1.00 1.09
5.25 0.66 0.69 0.77 0.82 0.94 0.97 1.06
5.50 0.63 0.66 0.74 0.79 0.90 0.93 1.01

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

1.20

—_ -
o .
< =)

Derating Factor
(=]
©
(=]

0.80
0.70
0.60 -+ + : t +
4.50 4.75 5.00 5.25 5.50
Voitage (V)

Note: This derating factor applies to all routing and propagation dealys.
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ACT™ 3 Field Programmable Gate Arrays

A1415A Timing Characteristics

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

Preliminary
Information

Logic Module Propagation Delays' 'Std’ Speed ‘=1’ Speed ‘~2' Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tpp Internal Array Module 3.0 2.6 23 2.0 ns
teo Sequential Clock to Q 3.0 2.6 2.3 20 ns
] Asynchronous Clear to Q 3.0 26 23 2.0 ns

Predicted Routing Delays?®

trRD1 FO=1 Routing Delay 1.3 1.1 1.0 0.9 ns
trpe FO=2 Routing Delay 18 16 1.4 12 ns
taoa FO=3 Routing Delay 21 1.8 1.6 1.4 ns
tros FO=4 Routing Delay 25 2.2 1.9 1.7 ns
tape FO=8 Routing Delay 4.2 36 3.2 2.8 ns
Logic Module Sequential Timing

tsup Flip-Flop Data Input Setup 0.8 0.7 06 05 ns
tHo Fiip-Flop Data Input Hold 0.0 0.0 0.0 0.0 ns
tsup Latch Data Input Setup 0.8 0.7 0.6 0.5 ns
tvo Latch Data Input Hold 0.0 0.0 0.0 0.0 ns
twasYN Asynchronous Pulse Width 3.8 3.2 2.4 1.9 ns
tweilka Flip-Fiop Clock Pulse Width 38 3.2 2.4 19 ns
ta Flip-Flop Clock Input Period 8.0 6.8 5.0 4.0 ns
famax Flip-Flop Clock Frequency 125 150 200 250 | MHz

Notes:

1. For dual-module macros, use tpp + gp; + tppy, teo + trpy + tppn O7 Uppy + Lppy + Lsyp, whichever is appropriate.

2 Routing delays are for typical designs across worsl-case operating conditions. These parameters should be used for estimating device
performance. Post-route liming analysis or simulation is required to determine actual worst-case performance. Post-route timing is based
on actual routing delay measurements performed on the device prior to shipment.
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A1415A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

[ Preliminary
Information
/O Module Input Propagation Delays ‘Std’ Speed ‘~1' Speed ‘-2’ Speed ‘~3' Speed
Parameter  Description Min. Max. | Min. Max. | Min. Max. | Min. Max. U:It
tiny Input Data Pad to 'Y 42 36 3.2 2.8 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 53 4.7 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 53 47 ns
YeLRY Input Asynchronous Clear toY 7.0 6.0 5.3 4.7 ns
tocLRY Output Asynchronous Clear to Y 7.0 6.0 53 4.7 ns
Predicted Input Routing Delays'
tiRD1 FO=1 Routing Delay 1.3 1.1 1.0 0.9 ns
tisD2 FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns
tRD3 FO=3 Routing Delay 2.1 1.8 1.6 1.4 ns
trp4 FO=4 Routing Delay 25 2.2 1.9 1.7 ns
Yiaps FO=8 Routing Delay 4.2 3.6 3.2 28 ns
1/0 Module Sequential Timing
ting Input F-F Data Hold 0.0 0.0 0.0 0.0 ns
{w.r.t. IOCLK Pad)
tinsu Input F-F Data Setup 3.0 25 23 2.0 ns
{w.r.t. IOCLK Pad)
YoEH Input Data Enable Hold 0.0 0.0 0.0 0.0 ns
{w.r.t. IOCLK Pad)
tpESU Input Data Enable Setup 8.6 75 6.5 5.8 ns
(w.r.t. IOCLK Pad)
toutH Output F-F Data Hold 1.0 0.9 0.8 0.7 ns
(w.r.t. IOCLK Pad)
touTsu Output F-F Data Setup 1.0 0.9 08 0.7 ns
(w.r.t. IOCLK Pad)
toDeH Output Data Enable Hold 0.5 04 0.4 03 ns
{w.r.t, IOCLK Pad)
tobesu Output Data Enable Setup 2.0 1.7 1.5 13 ns
(w.r.t. IOCLK Pad)

Note:

1. Rouling delays are for typical designs across worst-case operating conditions. These parimeters should be used for estimating device
performance.  Post-route tinting analysis or simulation is required lo delermine actual worst-case performance. Post-route timing is based
om actual routing delay measurements performed on the device prior to shipment.
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ACT™ 3 Field Programmable Gate Arrays

A1415A Timing Characteristics {continued)

{Worst-Case Commercial Conditions)

Preliminary
Information

1/0 Module — TTL Output Tlmlng1 'Std’ Speed ‘-1’ Speed ‘=2’ Speed ‘=3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
toHs Data to Pad, High Slew 75 6.4 5.6 5.0 ns
tors Data to Pad, Low Slew 12.0 10.2 9.0 8.0 ns
tenzHs Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 45 4.0 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 9.4 8.3 7.4 ns
tENHSZ Enable to Pad, H/L to Z, Hi Slew 10.0 85 75 6.5 ns
tENLSZ Enable to Pad, H/L to Z, Lo Slew 10.0 8.5 7.5 6.5 ns
tekns JOCLK Pad to Pad H/L, Hi Slew 10.0 9.0 7.5 75 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 15.0 13.5 1.3 11.3 ns
dTLHHS Delta Low to High, Hi Stew 0.03 0.03 0.02 0.02 | ns/pF
drLHLS Delta Low to High, Lo Slew 0.07 0.06 0.05 0.05 | ns/pF
drHLHS Delta High to Low, Hi Slew 0.05 0.04 0.04 0.04 | ns/pF
drhuLs Deilta High to Low, Lo Slew 0.07 0.06 0.05 0.05 | ns/pF
VO Module - CMOS Output Timing'
ipHs Data to Pad, High Slew 9.3 7.9 7.0 6.2 ns
toLs Data to Pad, Low Slew 175 14.9 131 17 ns
tenzHS Enable to Pad, Z to H/L, Hi Slew 78 6.6 59 5.2 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 13.3 113 10.0 89 ns
tenHsZ Enable to Pad, H/L to Z, Hi Slew 10.0 8.5 75 6.7 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 10.0 9.0 7.5 6.7 ns
tokHs I0CLK Pad to Pad H/L, Hi Slew 118 10.7 8.9 8.9 ns
fekis IOCLK Pad to Pad H/L, Lo Slew 17.3 15.6 13.0 13.0 ns
dyLHHS Delta Low to High, Hi Slew 0.06 0.05 0.04 0.04 | ns/pF
drLmLs Delta Low to High, Lo Slew 0.11 0.09 0.08 0.07 | ns/pF
dTHLHS Detlta High to Low, Hi Slew 0.04 0.03 0.03 0.03 | ns/pF
drhis Delta High to Low, Lo Slew 0.05 0.04 0.04 0.04 | ns/pF J

Nete:
1. Delays based on 35pF loading.
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A1415A Timing Characteristics (continued}

{Worst-Case Commercial Conditions)

Preliminary
Information

Dedicated (Hard-Wired) I/0 Clock Network 'Std’ Speed ‘-1’ Speed ‘-2’ Speed ‘~3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tiockH Input Low to High 3.0 26 23 2.0 ns

(Pad to /O Module Input)
YLoPwH Minimum Pulse Width High 3.8 33 24 1.9 ns
tiopwlL Minimum Pulse Width Low 3.8 3.3 24 1.9 ns
tosapw Minimum Asynchronous Pulse 38 33 24 1.9 ns

Width

tiocksw Maximum Skew 0.4 0.4 0.4 0.4 ns
tiop Minimum Period 8.0 6.8 5.0 4.0 ns
fiomax Maximum Frequency 125 150 200 250 | MHz
Dedicated (Hard-Wired) Array Clock Network
tHeKH Input Low to High 45 39 34 3.0 ns

(Pad to S-Module Input)
tHekL Input High to Low 45 3.9 34 3.0 ns

(Pad to S-Moduie Input)
tHPwH Minimum Pulse Width High 3.8 3.3 24 1.9 ns
tHPWL Minimum Pulse Width Low 38 3.3 24 1.9 ns
tHoksw Maximum Skew 0.3 0.3 0.3 0.3 ns
thp Minimum Period 8.0 6.8 5.0 40 ns
fHmax Maximum Frequency 125 150 200 250 | MHz
Routed Array Clock Networks
tRokH Input Low to High (FO=64) 5.5 4.7 4.1 37 ns
tRCKL Input High to Low (FO=64) 6.0 5.1 4.5 4.0 ns
tRPWH Min. Pulse Width High (FO=64) 49 42 38 3.3 ns
tapwi Min. Pulse Width Low (FO=64) 4.9 42 3.8 33 ns
tReksw Maximum Skew (FO=128) 1.0 0.9 0.8 0.7 ns
tap Minimum Period (FO=64) 10.0 8.7 8.0 6.8 ns
famax Maximum Frequency (FO=64) 100 115 125 150 | MHz
Clock-to-Clock Skews
toHCKSW I/Q Clack to H-Clock Skew 0.0 22 0.0 2.0 0.0 1.8 0.0 1.7 ns
toRcKswW 1/0 Clock to R-Clock Skew

(FO = 64) 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 ns
tHRCksw H-Clock to R-Clock Skew

(FO = 64) 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 ns

Note:

1. Delays based om 35pF loading.
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ACT'" 3 Floeld Programmable Gate Arrays

A1425A Timing Characteristics

{Worst-Case Commercial Conditions, Vgc = 4.75 V, T, = 70°C)

Preliminary

Intformation
Logic Module Propagation Delays’ ‘Std’ Speed ‘-1’ Speed ‘2’ Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tpp Internal Array Module 3.0 26 23 2.0 ns
tco Sequential Clock to Q 3.0 26 23 20 ns
toLA Asynchronous Clear to Q 3.0 2.6 2.3 2.0 ns
Predicted Routing Delays®
tRD1 FO=1 Routing Delay 1.3 1.1 1.0 0.9 ns
trp2 FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns
tRo3 FO=3 Routing Delay 21 1.8 1.6 1.4 ns
tRD4 FO=4 Routing Delay 25 22 1.9 1.7 ns
tros FO=8 Routing Delay 42 36 3.2 28 ns
Logic Module Sequential Timing
tsup Flip-Flop Data input Setup 0.8 0.7 0.6 0.5 ns
tho Flip-Flop Data Input Hotd 0.0 0.0 0.0 0.0 ns
tsup Latch Data Input Setup 08 07 0.6 0.5 ns
tho Latch Data Input Hold 0.0 0.0 0.0 0.0 ns
twasYN Asynchronous Puise Width 3.8 3.2 24 1.9 ns
tWOLKA Flip-Flop Ciock Pulse Width 38 32 2.4 1.9 ns
ta Flip-Flop Clock Input Period 8.0 6.8 5.0 4.0 ns
fMAX Flip-Flop Clock Frequency 125 150 200 250 | MHz

Notes:

1. Fordual-module macros, use tpyy + tap; + Lppu, too + trpg + Lppy O tppy + trpr + 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-roule timing is based
on actual routing delay measurements performed on the device prior to shipment.
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A1425A Timing Characteristics (continued)

{Worst-Case Commercial Conditions)

Preliminary
Iinformation

/O Module input Propagation Delays ‘Std’ Speed ‘~1' Speed ‘-2’ Speed ‘-3’ Speed

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

tiny Input Data Pad to Y 4.2 36 32 28 ns

ticky Input Reg IOCLK Pad to Y 7.0 6.0 53 4.7 ns

tocky Output Reg IOCLK Pad to Y 7.0 6.0 5.3 4.7 ns

ticLRY Input Asynchronous Clear to Y 7.0 6.0 5.3 4.7 ns

tocLRY Output Asynchronous Clear to Y 7.0 6.0 5.3 47 ns

Predicted Input Routing Delays'

YsD1 FO=1 Routing Delay 1.3 1.1 1.0 0.9 ns

tino2 FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns

tirDa FO=3 Routing Delay 21 18 1.6 14 ns

tiRD4 FO=4 Routing Delay 25 2.2 1.9 1.7 ns

tiros FO=8 Routing Delay 4.2 3.6 3.2 2.8 ns

/O Module Sequential Timing

tnH Input F-F Data Hold 0.0 0.0 0.0 0.0 ns

(w.r.t. IOCLK Pad)

tinsu Input F-F Data Setup 27 2.3 20 1.8 ns
{(w.rt. 1OCLK Pad)

toEH Input Data Enable Hold 0.0 0.0 0.0 0.0 ns
{(w.r.t. IOCLK Pad)

tipesu tnput Data Enable Setup 86 7.5 6.5 5.8 ns
{w.r.t. J1OCLK Pad)

touTH Output F-F Data Hold 1.0 0.9 0.8 0.7 ns
(w.r.t. IOCLK Pad)

toutsu Output F-F Data Setup 1.0 0.9 0.8 0.7 ns
(w.r.t. 10CLK Pad)

topeH Output Data Enable Hold 05 04 0.4 0.3 ns
(w.r.t. IOCLK Pad)

{oDESU Output Data Enable Setup 20 1.7 15 1.3 ns
(w.r.t. JIOCLK Pad)

Note:

1. Routing delays are for typical designs across worst-case operating conditions. These paramelers should be used for estimating device
performance.  Post-roule timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based
on actuad routing delay measurements perforined on the device prior to shipment.
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ACT™ 3 Fleld Programmable Gate Arrays

A1425A Timing Characteristics {continued)

{Worst.Case Commercial Conditions)

Preliminary
Information
/0 Module — TTL Output Timing1 ‘Std’ Speed ‘-1’ Speed ‘~2' Speed '~3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
toHs Data to Pad, High Slew 75 6.4 56 5.0 ns
tors Data to Pad, Low Slew 12.0 10.2 9.0 8.0 ns
tenzHs Enable to Pad, Z to H/L, Hi Slew 6.0 51 45 40 ns
tenzLs Enable to Pad, Zto H/L, Lo Slew 11.0 94 8.3 7.4 ns
tenHsZ Enable to Pad, H/L to Z, Hi Slew 10.0 B85 7.5 6.5 ns
teNLSZ Enable to Pad, H/L to Z, Lo Slew 10.0 8.5 7.5 6.5 ns
tokHS IOCLK Pad to Pad H/L, Hi Stew 10.0 9.0 75 75 ns
tekis IOCLK Pad to Pad H/L, Lo Slew 15.0 13.5 1.3 11.3 ns
dTLHHS Delta Low to High, Hi Slew 0.03 0.03 0.02 0.02 | ns/pF
driHLs Delta Low to High, Lo Slew 0.07 0.06 0.05 0.05 | ns/pF
driHLHs Delta High to Low, Hi Slew 0.05 0.04 0.04 0.04 | ns/pF
drhuLs Delta High to Low, Lo Slew 0.07 0.06 0.05 0.05 | ns/pF
{/0 Module ~ CMOS Output Timing'
tous Data to Pad, High Stew 9.3 79 7.0 6.2 ns
toLs Data to Pad, Low Slew 176 14.9 13.1 1.7 ns
tenzHs Enable to Pad, Z to H/L, Hi Stew 7.8 6.6 5.9 52 ns
tenzis Enable to Pad, Z to H/L, Lo Slew 13.3 11.3 10.0 8.9 ns
tenHsZ Enable to Pad, H/L to Z, Hi Slew 10.0 85 75 6.7 ns
tentsz Enable to Pad, H/L to Z, Lo Slew 10.0 9.0 7.5 6.7 ns
tekHs IOCLK Pad to Pad H/L, Hi Slew 11.8 10.7 8.9 8.9 ns
fokis IOCLK Pad to Pad H/L, Lo Slew 17.3 156 13.0 13.0 ns
dtiHHs Delta Low to High, Hi Slew 0.06 0.05 0.04 0.04 | ns/pF
dyy s Delta Low to High, Lo Slew 0.11 0.09 0.08 0.07 | ns/pF
drHLHS Delta High to Low, Hi Slew 0.04 0.03 0.03 0.03 | ns/pF
drnits Delta High to Low, Lo Slew 0.05 0.04 0.04 0.04 | ns/pF
Note:

1. Delays based on 35pF lvading.
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A1425A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary
Information

Dedicated (Hard-Wired) /0 Clock Network ‘Std’ Speed ‘=1’ Speed ‘-2’ Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
HocKH Input Low to High

(Pad to /O Module Input) 3.0 2.6 2.3 20 ns
YiopwH Minimum Pulse Width High 3.8 3.3 2.4 1.9 ns
tiopwL Minimum Pulse Width Low 3.8 3.3 24 1.9 ns
tiosapw wir;igum Asynchronous Pulse ag a3 24 19 ns
liocksw Maximum Skew 04 0.4 04 0.4 ns
top Minimum Period 8.0 6.8 5.0 4.0 ns
fiomax Maximum Frequency 125 150 200 250 | MHz
Dedicated (Hard-Wired) Array Clock Network
tHekH Input Low to High

(Pad to S-Module Input) 4.5 3.9 3.4 3.0 ns
tuekL input High to Low

(Pad to S-Module Input) 4.5 3.9 34 3.0 ns
tHewH Minimum Pulse Width High 38 33 24 1.9 ns
tupwiL Minimum Pulse Width Low 38 33 24 1.9 ns
thoksw Maximum Skew 0.3 03 0.3 0.3 ns
thp Minimum Period 8.0 6.8 5.0 4.0 ns
fHmax Maximum Frequency 125 150 200 250 | MHz
Routed Array Clock Networks
tackH Input Low to High (FO=64) 55 4.7 4.1 37 ns
tRokL Input High to Low (FO=64) 6.0 5.1 4.5 4.0 ns
tRPWH Min. Pulse Width High (FO=64) 4.9 4.2 38 3.3 ns
tapwi Min. Pulse Width Low (FO=64) 49 4.2 38 3.3 ns
trcksw Maximum Skew (FO=128) 1.0 09 08 0.7 ns
trp Minimum Period (FO=64) 10.0 8.7 8.0 6.8 ns
famax Maximum Frequency (FO=64) 100 115 125 150 | MHz
Clock-to-Clock Skews
YioHoKsw /O Clock to H-Clock Skew 0.0 2.2 0.0 2.0 0.0 1.8 0.0 1.7 ns
toRCcKksw 1/0 Clock to R-Clock Skew

(FO = 64) 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 ns

(FO = 80) 0.0 3.0 0.0 3.0 0.0 3.0 0.0 3.0 ns
tHRCKSW H-Clock to R-Clock Skew

(FO = 64) a.0 1.0 0.0 1.0 00 1.0 0.0 1.0 ns

(FO = 80) 0.0 3.0 0.0 3.0 0.0 3.0 0.0 3.0 ns

Note:

1. Delays based on 35pF loading.
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ACT™ J Field Programmable Gate Arrays

A1440A Timing Characteristics

(Worst-Case Commaercial Conditions, Vge = 4.75 V, T; = 70°C)

Preliminary
Information
Logic Module Propagation Delays' ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tep Internal Array Module 3.0 286 23 2.0 ns
tco Sequential Clock to Q 3.0 2.6 23 2.0 ns
tcLr Asynchronous Clear 1o Q 3.0 26 23 2.0 ns

Predicted Routing Delays®

tros FO=1 Routing Delay 1.3 1.1 10 0.9 ns
trRD2 FO=2 Routing Delay 18 1.6 1.4 1.2 ns
tao3 FO=3 Routing Delay 241 1.8 1.6 1.4 ns
tRD4 FO=4 Routing Delay 25 2.2 1.9 17 ns
tros FO=8 Routing Delay 4.2 386 3.2 28 ns
Logic Module Sequential Timing

tsup Flip-Fiop Data Input Setup 0.8 0.7 Q0.6 0.5 ns
tio Flip-Fiop Data Input Hold 0.0 0.0 0.0 0.0 ns
tsuo Latch Data Input Setup 0.8 0.7 0.6 05 ns
tHo Latch Data Input Hold 0.0 0.0 0.0 0.0 ns
twasYN Asynchronous Pulse Width 3.8 32 2.4 1.9 ns
twoLka Flip-Flop Clock Pulse Width 3.8 3.2 2.4 19 ns
ta Flip-Flop Clock Input Period 8.0 6.8 5.0 4.0 ns
fmax Flip-Flop Clock Frequency 125 150 200 250 | MHz

Notes:

1. For dual-module macros, use lpp + taps + tppy bop + tepg + tppn OF Lppy + tppy + Lgyp , whichever is appropriate.

2. Routing delays are for typical designs across worst-case operating conditions. These paramelers should be used for estimafing device
performance. Post-route timing analysis or simulation is required to determine actual worst-case performance. Post-route timing is based
on actual routing delay measurements performed on the device prior to shipment.
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A1440A Timing Characteristics (continued)

{(Worst-Case Commercial Conditions)

Preliminary
Information
1/0 Module input Propagation Delays ‘Std’ Speed ‘~1’' Speed ‘-2’ Speed ‘-3’ Speed
Parameter  Description Min. Max. | Min. Max. | Min. Max. | Min. Max. U:lt
Ny Input Data Pad to Y 4.2 3.6 3.2 2.8 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 5.3 47 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 5.3 4.7 ns
YcLRyY Input Asynchronous Clear to Y 7.0 6.0 5.3 4.7 ns
tacLay Output Asynchronous Clear to Y 7.0 6.0 53 4.7 ns
Predicted Input Routing Delays’
tirp1 FO=1 Routing Delay 1.3 1.1 1.0 0.9 ns
YRD2 FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns
Yro3 FO=3 Routing Delay 21 1.8 1.6 1.4 ns
YrD4 FO=4 Routing Delay 25 2.2 1.9 1.7 ns
Yimps FO=8 Routing Delay 4.2 36 3.2 28 ns
11O Module Sequential Timing
tnH Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 0.0 0.0 ns
tinsu Input F-F Data Setup
{(w.r.t. IOCLK Pad) 23 2.0 1.7 1.6 ns
toeH Input Data Enable Hold
{w.rt. 1OCLK Pad) 0.0 0.0 0.0 0.0 ns
YipESU Input Data Enable Setup
(w.r.t. IOCLK Pad) 8.6 7.5 6.5 5.8 ns
touTH Output F-F Data Hold
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 0.7 ns
touTtsu Output F-F Data Setup
(w.rt. IOCLK Pad) 1.0 0.9 0.8 07 ns
topeH Output Data Enable Hold
(w.rt. IOCLK Pad) 0.5 0.4 04 0.3 ns
topesu Output Data Enable Setup
(w.rt. IOCLK Pad) 2.0 1.7 1.5 1.3 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 stmulation is required to determine actual worst-case performance. Post-route timing is based
on actual routing delay measurements performed on the device prior to shipment,
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ACT™ 3 Field Programmable Gate Arrays

A1440A Timing Characteristics (continued)

{(Worst-Case Commercial Conditions}

Preliminary

Information
/O Module ~ TTL Output Timing' ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed ‘~3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tDHs Data to Pad, High Slew 7.5 6.4 56 5.0 ns
ois Data to Pad, Low Slew 12.0 10.2 9.0 8.0 ns
tenzHS Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 45 4.0 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 9.4 8.3 74 ns
tenHSZ Enable to Pad, H/L to Z, Hi Slew 11.0 94 83 7.4 ns
tenLsz Enable to Pad, H/L 10 Z, Lo Slew 1.0 9.4 8.3 7.4 ns
texHs 1OCLK Pad to Pad H/L, Hi Slew 1.0 95 8.5 8.5 ns
tekis IOCLK Pad to Pad H/L, Lo Stew 15.0 13.5 1.3 1.3 ns
drLHHS Delta Low to High, Hi Slew 0.03 0.03 0.02 0.02 | ns/pF
dyiuis Delta Low to High, Lo Slew 0.07 0.06 0.05 0.05 | ns/pF
drHLHS Delta High to Low, Hi Slew 0.05 0.04 0.04 0.04 | ns/pF
dryiys Delta High to Low, Lo Slew | 0.07 0.06 0.05 0.05 | ns/pF
1/0 Module - CMOS Output Timing'
tpHs Data to Pad, High Slew 9.3 7.9 7.0 6.2 ns
tois Data to Pad, Low Slew 17.5 14.9 13.1 1.7 ns
tenzHS Enable to Pad, Z to H/L, Hi Slew 7.8 6.6 5.9 52 ns
tENZLS Enable to Pad, Zto H/L, Lo Slew 13.3 11.3 10.0 8.9 ns
tENHSZ Enable to Pad, H/L to Z, Hi Slew 11.0 9.4 8.3 7.4 ns
tenLSZ Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 8.3 7.4 ns
tckHs 10CLK Pad to Pad H/L, Hi Slew 11.8 101 9.0 9.0 ns
tokis JOCLK Pad to Pad H/L, Lo Slew 17.3 15.6 13.0 13.0 ns
A1 HHs Delta Low to High, Hi Stew 0.06 0.05 0.04 0.04 | ns/pF
drLHLs Delta Low to High, Lo Slew 0.11 0.09 0.08 0.07 | ns/pF
dTHLHS Delta High to Low, Hi Slew 0.04 0.03 0.03 0.03 | ns/pF
druis Delta High to Low, Lo Slew 0.05 0.04 004 | 0.04 | nsipF

Note:
1. Delays based on 35pF loading.
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A1440A Timing Characteristics (continued)

(Worst-Case Commercial Conditions)

Preliminary
Intormation
Dedicated (Hard-Wired) /O Clock Network ‘Std’ Speed ‘~1’ Speed ‘-2’ Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tockH Input Low to High
(Pad to /O Module Input) 3.0 26 23 2.0 ns
hopwH Minimum Pulse Width High 3.8 33 24 1.9 ns
topwL Minimum Pulse Width Low 38 3.3 2.4 1.9 ns
tosaPw Minimum Asynchronous Puise
Width 38 33 2.4 1.9 ns
tiocksw Maximum Skew 0.4 04 0.4 04 ns
top Minimum Period 8.0 6.8 5.0 4.0 ns
flomMax Maximum Frequency 125 150 200 250 | MHz
Dedicated (Hard-Wired) Array Clock Network
tHOKH Input Low to High
(Pad to S-Module Input) 45 39 34 30 ns
thekL Input High to Low
(Pad to 5-Module Input) 4.5 3.9 3.4 3.0 ns
tHpwH Minimum Pulse Width High 38 3.3 24 1.9 ns
tHPwL Minimum Pulse Width Low 3.8 33 24 1.9 ns
tHoksw Maximum Skew 0.3 0.3 0.3 0.3 ns
thp Minimum Period 8.0 6.8 5.0 4.0 ns
fimax Maximum Frequency 125 150 200 250 | MHz
Routed Array Clock Networks
tReKH Input Low to High (FO=64) 5.5 4.7 4.1 3.7 ns
tackL Input High to Low (FO=64) 6.0 5.1 4.5 4.0 ns
tRPWH Min. Pulse Width High {FO=64) 4.9 4.2 3.8 33 ns
tRPWL Min. Pulse Width Low (FO=64) 4.9 4.2 3.8 3.3 ns
tacksw Maximum Skew (FO=128) 1.0 0.9 08 0.7 ns
trp Minimum Period (FO=64) 10.0 8.7 8.0 6.8 ns
famax Maximum Frequency (FO=64) 100 115 125 150 | MHz
Clack-to-Clock Skews
YoHcKsw /O Clock to H-Clock Skew 0.0 2.2 0.0 20 0.0 1.8 0.0 1.7 ns
torcksw 1/0 Clock to R-Clock Skew
(FO = 64) 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 ns
(FO = 144) 0.0 3.0 0.0 3.0 0.0 3.0 0.0 3.0 ns
tHRCKSW H-Clock to R-Clock Skew
(FO = 64) 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.0 ns
(FO = 144) 0.0 3.0 0.0 3.0 0.0 3.0 0.0 3.0 ns
Note:

1. Delays based on 35pF loading.

1-186




ACT™ 3 Field Programmable Gate Arrays

A1460A Timing Characteristics

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

Preliminary

Information
Logic Module Propagation Delays1 ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tep Internal Array Module 3.0 26 23 20 ns
tco Sequential Clock to Q 3.0 26 23 20 ns
toLr Asynchronous Clear to Q 3.0 26 23 20 ns
Predicted Routing Delays?
tRD1 FO=1 Routing Delay 1.3 1.1 1.0 0.9 ns
tRoz FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns
trD3 FO=3 Routing Delay 21 1.8 1.6 1.4 ns
tRo4 FO=4 Routing Delay 2.5 2.2 1.9 1.7 ns
tgps FO=8 Routing Delay 4.2 3.6 32 28 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 0.8 07 0.6 0.5 ns
tho Flip-Fiop Data Input Hold 0.0 0.0 0.0 0.0 ns
tsup Latch Data Input Setup 0.8 0.7 0.6 0.5 ns
tuo Latch Data Input Hold 0.0 0.0 0.0 0.0 ns
twWASYN Asynchronous Pulse Width 4.8 38 3.2 24 ns
tWOLKA Flip-Flop Clock Pulse Width 4.8 38 32 24 ns
ta Flip-Flop Clock Input Period 10.0 8.0 6.8 5.0 ns
fmax Flip-Flop Clock Frequency 100 125 150 200 | MHz

Note:
1. For dual-module macros, use tpp + tpp; + topy » tep + tppt + tppn 07 Lpps + Lppy + Lepp, 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 analysss or simulation is required to determine actual worst-case performance. Post-route timing is based
on actual routing delay measurements performed on the device prior to shipment.
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A1460A Timing Characteristics (continued)

{Worst-Case Commaercial Conditions)

Preliminary
Information
10 Module Input Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed ‘-3’ Speed
Parameter  Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tiny Input Data Pad to Y 4.2 3.6 3.2 2.8 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 5.3 47 ns
tocky Output Reg IOCLK Pad toY 7.0 6.0 5.3 4.7 ns
ticLay Input Asynchronous Clear to Y 7.0 6.0 5.3 47 ns
tocLRY Output Asynchronous Clear to Y 7.0 6.0 5.3 47 ns
Predicted Input Routing Delays’
YR01 FO=1 Routing Delay 1.3 1.1 1.0 09 ns
hro2 FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns
tiRD3 FO=3 Routing Delay 2.1 1.8 1.6 1.4 ns
YiRD4 FO=4 Routing Delay 25 2.2 1.9 1.7 ns
tirps FO=8 Routing Delay 4.2 36 3.2 2.8 ns
/0 Module Sequential Timing
tinH Input F-F Data Hold
(w.r.t. IOCLK Pad) 0.0 0.0 0.0 0.0 ns
tinsu Input F-F Data Setup
(w.r.t. IOCLK Pad) 2.0 18 1.5 1.3 ns
toeH Input Data Enable Hold
{w.r.t. 10CLK Pad) 0.0 0.0 0.0 0.0 ns
tpEsu input Data Enable Setup
(w.r.t. IOCLK Pad) 8.6 7.5 6.5 5.8 ns
touTH Output F-F Data Hold
(w.r.t. IOCLK Pad) 1.0 0.9 0.8 0.7 ns
toutsu Output F-F Data Setup
(w.r.t. IOCLK Pad) 1.0 09 0.8 0.7 ns
topeH Output Data Enable Hold
(w.r.t. IOCLK Pad) 0.5 04 0.4 0.3 ns
tobesu Output Data Enable Setup
(w.r.t. IOCLK Pad) 2.0 17 15 1.3 ns
Note:

1. Routing delays are for typical designs across worst-case operating conditions. These paramelers 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 rouling delay measurements performed on the device prior to shipment.
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ACT™ 3 Fleld Programmable Gate Arrays

A1460A Timing Characteristics (continued)

{(Worst-Case Commercial Conditions})

Prefliminary
Information
/O Module - TTL Qutput Timing1 ‘Std’ Speed ‘-1’ Speed ‘~2' Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tong Data to Pad, High Slew 75 6.4 56 5.0 ns
toLs Data to Pad, Low Slew 12.0 10.2 2.0 8.0 ns
tenzHS Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 45 40 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 9.4 8.3 7.4 ns
tENHSZ Enable to Pad, H/L to Z, Hi Slew 11.6 9.9 8.7 7.8 ns
tEnLs2Z Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 8.3 7.4 ns
tokHs IOCLK Pad to Pad H/L, Hi Slew 115 10.0 9.0 9.0 ns
ckes 10CLK Pad to Pad H/L, Lo Slew 17.0 15.3 128 12.8 ns
drLHHS Delta Low to High, Hi Slew 0.03 0.03 0.02 0.02 | ns/pF
dLHLs Deita Low to High, Lo Slew 0.07 0.06 0.05 0.05 | ns/pF
dypiHS Delta High to Low, Hi Slew 0.05 0.04 0.04 0.04 | ns/pF
dryLLs Delta High to Low, Lo Slew 0.07 0.06 0.05 0.05 | ns/pF
/O Module - CMOS Output Timing’
tons Data to Pad, High Slew 9.3 78 7.0 6.2 ns
toLs Data to Pad, Low Slew 17.5 14.9 13.1 1.7 ns
tenzHs Enable to Pad, Z to H/L, Hi Stew 7.8 6.6 59 5.2 ns
enzLs Enable to Pad, Z to H/L, Lo Slew 133 1.3 10.0 8.9 ns
tenHsZ Enable to Pad, H/L to Z, Hi Slew 11.0 94 8.3 74 ns
tentsz Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 8.3 7.4 ns
tekHs 10CLK Pad to Pad H/L, Hi Slew 138 124 10.4 104 ns
tokLs IOCLK Pad to Pad H/L, Lo Slew 19.3 17.4 14.5 145 ns
dy HHs Delta Low to High, Hi Slew 0.06 0.05 0.04 0.04 | ns/pF
driHis Delta Low to High, Lo Slew 0.11 0.09 0.08 0.07 | ns/pF
AL HS Delta High to Low, Hi Slew 0.04 0.03 0.03 0.03 | ns/pF
drHLLs Delta High to Low, Lo Slew 0.05 0.04 0.04 0.04 | ns/pF
Note:

1. Delays based on 35pF loading.
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A1460A Timing Characteristics (continued)

{Worst-Case Commercial Conditions)

Preliminary
Information
Dedicated (Hard-Wired) /O Clock Network ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed -3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
YiockH input Low to High
(Pad to I/0 Module Input) 3.5 3.0 2.6 2.3 ns
LOPWH Minimum Puise Width High 48 38 3.2 24 ns
YiopwL Minimum Pulse Width Low 4.8 38 3.2 2.4 ns
tiosapw Minimum Asynchronous Pulse
Width 48 3.8 3.2 2.4 ns
tiocksw Maximum Skew 0.6 0.6 06 06 ns
tiop Minimum Period 10.0 8.0 6.8 5.0 ns
fiomax Maximum Frequency 100 125 150 200 | MHz
Dedicated (Hard-Wired) Array Clock Network
tCKH Input Low to High
(Pad to S-Moduie Input) 5.5 4.7 4.1 3.7 ns
tHekL Input High to Low
(Pad to S-Module Input) 5.5 4.7 4.1 37 ns
tHPWH Minimum Pulse Width High 4.8 3.8 3.2 2.4 ns
tHPwL Minimum Pulse Width Low 4.8 38 32 2.4 ns
theksw Maximum Skew 0.6 0.6 0.6 0.6 ns
typ Minimum Period 10.0 8.0 6.8 5.0 ns
fumax Maximum Frequency 100 125 150 200 | MHz
Routed Array Clock Networks
tReKH Input Low to High (FO=256) 9.0 77 6.8 6.0 ns
thekL Input High to Low (FO=256) 9.0 7.7 6.8 6.0 ns
tRPwH Min. Pulse Width High (FO=256) | 6.1 54 45 4.1 ns
tRPWL Min. Pulse Width Low (FO=256) | 6.1 54 4.5 4.1 ns
tRoksw Maximum Skew (FO=128) 1.8 1.6 1.4 1.2 ns
tap Minimum Period (FO=256) 125 1.1 9.3 8.3 ns
frmax Maximum Frequency (FO=256) 80 90 108 120 | MHz
Clock-to-Clock Skews
toHCKSW 1/0 Clock to H-Clock Skew 0.0 3.0 0.0 29 0.0 2.7 0.0 26 ns
HORCKSW 1/O Clock to R-Clock Skew
(FO = 64) 0.0 1.7 0.0 1.7 0.0 1.7 0.0 1.7 ns
(FO =216) 0.0 5.0 0.0 5.0 0.0 5.0 0.0 5.0 ns
tHRCKSW H-Clock to R-Clock Skew
(FO = 64) 0.0 1.0 0.0 1.0 0.0 1.0 0.0 1.3 ns
(FO =218) 0.0 3.0 0.0 3.0 0.0 3.0 00 3.0 ns
Note:

1. Delays based on 35pF loading.
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ACT™ 3 Field Programmable Gate Arrays

A14100A Timing Characteristics

(Worst-Case Commercial Conditions, Ve = 4.75 V, T; = 70°C}

Preliminary

Information
Logic Module Propagation Delays’ ‘Std’ Speed ‘~1' Speed ‘-2’ Speed ‘=3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tep Internal Array Module 3.0 26 2.3 20 ns
tco Sequential Clock to Q 3.0 26 23 2.0 ns
foLr Asynchronous Ciear to Q 3.0 286 23 2.0 ns
Predicted Routing Delays?
troy FO=1 Routing Delay 1.3 1.1 1.0 09 ns
tRD2 FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns
troa FO=3 Routing Delay 241 1.8 1.6 1.4 ns
tRD4 FO=4 Routing Delay 25 2.2 1.9 1.7 ns
tRos FO=8 Routing Delay 42 36 3.2 2.8 ns
Logic Module Sequential Timing
tsup Flip-Flop Data Input Setup 08 0.8 0.6 0.5 ns
tyo Flip-Flop Data input Hold 0.5 05 0.0 0.0 ns
tsup Laich Data Input Setup 0.8 08 0.6 05 ns
tHp Latch Data Input Hold 05 0.5 0.0 0.0 ns
twasYN Asynchronous Pulse Width 48 38 3.2 24 ns
tweLkA Flip-Flop Clock Pulse Width 4.8 38 32 2.4 ns
ta Flip-Flop Clock Input Period 10.0 8.0 6.8 50 ns
fmax Flip-Flop Clock Frequency 100 125 150 200 | MHz

Notes:

1. For dual-module macros, use tpp + tppi + tppw, Loo + Lrpr + Uppn 07 tppy + tpp) + tspp , whichever is appropriate.

2. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimaling 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 perforied on the device prior to shipment.
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A14100A Timing Characteristics (continued)

{Worst-Case Commerclal Conditions)

Preliminary
information
/0 Module Input Propagation Delays ‘Std’ Speed ‘-1’ Speed ‘=2’ Speed ‘-3’ Speed
Parameter  Description Min. Max. | Min. Max. | Min. Max, | Min. Max. | Units
iy Input Data Pad to Y 4.2 3.6 32 2.8 ns
ticky Input Reg IOCLK Pad to Y 7.0 6.0 53 4.7 ns
tocky Output Reg IOCLK Pad to Y 7.0 6.0 53 4.7 ns
ticLry Input Asynchronous Clear to Y 7.0 6.0 53 4.7 ns
tocLRY Output Asynchronous Clear to Y 7.0 6.0 5.3 4.7 ns
Predicted input Routing Delays’
tiro1 FO=1 Routing Delay 1.3 1.1 1.0 0.9 ns
tirD2 FO=2 Routing Delay 1.8 1.6 1.4 1.2 ns
YrD3 FO=3 Routing Delay 2.1 1.8 1.6 1.4 ns
trpa FO=4 Routing Delay 25 2.2 1.9 1.7 ns
tirpe FO=8 Routing Delay 4.2 3.6 3.2 28 ns
/0 Modute Sequential Timing
tinm Input F-F Data Hold
{(w.r.t. JIOCLK Pad) 0.0 0.0 0.0 0.0 ns
tinsu Input F-F Data Setup
(w.r.t. IOCLK Pad) 1.8 1.5 1.4 1.2 ns
YoEH input Data Enable Hold
(w.rt. IOCLK Pad) 0.0 0.0 0.0 0.0 ns
YDESU Input Data Enable Setup
{w.r.t. IOCLK Pad) 8.6 7.5 6.5 58 ns
tOUTH OUtpUt F-F Data Hold
(w.r.t. IOCLK Pad) 1.0 1.0 0.8 0.7 ns
touTsu Output F-F Data Setup
(w.r.t. IOCLK Pad) 1.0 1.0 08 0.7 ns
topex Output Data Enable Hold
(w.r.t. IOCLK Pad) 0.5 0.5 04 0.3 ns
topesu Output Data Enable Setup
(w.r.t. JOCLK Pad) 2.0 20 1.5 1.3 ns
Note:

1. Routing delays are for typical designs across worst-case operating conditions. These parameters should be used for estimating device
performance. Post-roule timing analysis or simulation is required to determnine actual worst-case performance. Post-route timing is based
on actual routing delay measurements performed on the device prior to shipment.
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ACT™ 3 Fleld Programmable Gate Arrays

A14100A Timing Characteristics (continued)

{Worst-Case Commercial Conditions)

Advanced
Information
/O Module ~ TTL Output Tlming1 ‘Std’ Speed ‘-1’ Speed ‘-2’ Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. [ Min. Max. | Units
toHs Data to Pad, High Slew 7.5 6.4 5.8 5.0 ns
toLs Data to Pad, Low Slew 12.0 10.2 9.0 8.0 ns
teEnzHS Enable to Pad, Z to H/L, Hi Slew 6.0 5.1 45 4.0 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 11.0 94 8.3 7.4 ns
teNHSZ Enable to Pad, H/L to Z, Hi Slew 12.0 10.2 9.0 8.0 ns
tenLsZ Enable to Pad, H/L to Z, Lo Slew 11.0 9.4 8.3 7.4 ns
tckHs IOCLK Pad to Pad H/L, Hi Slew 12.0 10.5 9.5 9.5 ns
tokis IOCLK Pad to Pad H/L, Lo Slew 17.0 15.3 12.8 12.8 ns
drLnns Detlta Low to High, Hi Slew 0.03 0.03 0.02 0.02 | ns/pF
dyiHis Delta Low to High, Lo Slew 0.07 0.06 0.0 0.05 | ns/pF
druLns Delta High to Low, Hi Stew 0.05 0.04 0.04 0.04 | ns/pF
dTHLLS Delta High to Low, Lo Slew 0.07 0.06 0.05 0.08 | nsipF
/O Module - CMOS Output Timing'
tDHs Data to Pad, High Slew 9.3 7.9 7.0 6.2 ns
tpoLs Data to Pad, Low Slew 175 14.9 131 1.7 ns
tenzZHS Enable to Pad, Z to H/L,, Hi Slew 7.8 6.6 59 52 ns
tenzLs Enable to Pad, Z to H/L, Lo Slew 133 1.3 10.0 8.9 ns
tenHSZ Enable to Pad, H/L to Z, Hi Slew 12.0 10.0 9.0 8.0 ns
tenLsz Enable to Pad, H/L to Z, Lo Slew 11.0 94 8.3 7.4 ns
tokHs I0CLK Pad to Pad H/L, Hi Slew 13.8 12.4 10.4 10.4 ns
tekLs {OCLK Pad to Pad H/L, Lo Slew 19.3 17.4 145 14.5 ns
A HHS Delta Low to High, Hi Slew 0.06 0.05 0.04 0.04 | ns/pF
dy HLs Delta Low to High, Lo Slew 0.1 0.09 0.08 0.07 | ns/pF
dTHLHS Deita High to Low, Hi Stew 0.04 .03 0.03 0.03 | ns/pF
dyHiLs Delta High to Low, Lo Slew 0.05 0.04 0.04 0.04 | ns/pF
Note:

1. Delays based on 35pF loading.
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A14100A Timing Characteristics (continued)

{Worst-Case Commercial Conditions)

Preliminary
fntformation
Dedicated (Hard-Wired) VO Clock Network ‘Std’ Speed ‘~1' Speed ‘-2’ Speed ‘-3’ Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
tiockH input Low to High
(Pad to IO Module Input) 3.5 3.0 26 2.3 ns
tiopwH Minimum Pulse Width High 4.8 3.8 3.3 24 ns
topwi Minimum Pulse Width Low 4.8 38 33 2.4 ns
tiosAapw Minimum Asynchronous Pulse
Width 4.8 3.8 3.3 24 ns
fiocksw Maximum Skew 0.8 0.7 06 0.6 ns
iop Minimum Period 10.0 8.0 6.8 5.0 ns
flomax Maximum Frequency 100 125 150 200 | MHz
Dedicated (Hard-Wired) Array Clock Network
tHoKH Input Low to High
(Pad to 5-Module Input} 55 4.7 4.1 37 ns
tHekL Input High to Low
(Pad to S-Module Input) 5.5 47 4.1 37 ns
typwH Minimum Pulse Width High 4.8 38 33 2.4 ns
tHPWL Minimum Pulse Width Low 48 38 33 24 ns
tHoksw Maximum Skew 0.8 0.7 0.6 0.6 ns
thp Minimum Period 10.0 8.0 6.8 5.0 ns
fmax Maximurn Frequency 100 125 150 200 | MHz
Routed Array Clock Networks
tacKH Input Low to High (FO=256}) 9.0 7.7 6.8 6.0 ns
tackL Input High to Low (FO=256) 9.0 7.7 6.8 6.0 ns
tRPWH Min. Puise Width High (FO=256) | 6.1 5.4 4.5 4.1 ns
tRPwL Min. Pulse Width Low (FO=256) | 6.1 54 45 4.1 ns
trexksw Maximum Skew (FO=128) 1.8 1.6 14 1.2 ns
trp Minimum Period (FO=256) 12.5 111 9.3 8.3 ns
famax Maximum Frequency (FO=256) 80 90 105 120 | MHz
Clock-to-Clock Skews
YioHCKSW /O Clock to H-Clock Skew 0.0 3.0 0.0 29 0.0 27 00 26 ns
tiorcksw /O Clock 1o R-Clock Skew
(FO =64) 0.0 1.7 0.0 1.7 0.0 17 0.0 1.7 ns
(FO = 350) 0.0 5.0 0.0 5.0 0.0 5.0 0.0 5.0
tHRCKSW H-Clock to R-Clock Skew
{FO = 64) 0.0 10 0.0 1.0 a.0 1.0 0.0 1.3
(FO = 350) 00 30 | 00 30 |00 30|00 30 | "™
Note:

1. Delays based on 35pF loading.
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ACT™ 3 Field Programmable Gate Arrays

Macro Library
Hard Macros—Combinatorial

Modules

Function Macro Description S [of

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

Combinatorial

Logic Module

ACT 3 DFMBA 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 Muitiplexed Data, active low Clear, and active 1

low 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, AQ 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
ANDSB 5-input AND with active low A- and B-inputs 1

AND-OR AO1 3-input AND-OR 1
AC10 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
AQ2 4-input AND-OR 1
AO2A 4-input AND-OR with active low A-input 1
AO28B 4-input AND-OR with active low A- and B-inputs 1
AQ2C 4-input AND-OR with active low A- and C-inputs 1
AQ2D 4-input AND-OR with active low A-, B-, and C-inputs 1
AOZE 4-input AND-OR with active low inputs 1
AO3 4-input AND-OR 1
AQ3A 4-input AND-OR 1
AO3B 4-input AND-OR 1
AO3C 4-input AND-OR 1
AO4A 4-input AND-OR 1
AOSA 4-input AND-OR 1
AOB 2-wide 4-input AND-OR 1
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Hard Macros—Combinatorial (Continued)

Modules

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

AOB 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

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

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

AOQI1C 3-input AND-OR-INVERT with active low A- and B-inputs 1

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

AQI2A 4-input AND-OR-INVERT with active low A-input 1

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

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

AOI4 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 iow 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 compiex 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 fow 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

NANDA4A 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 Field Programmable Gate Arrays

Hard Macros—Combinatorial {Continued)

Modules

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

NOR3 3-input NOR 1

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

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

NOR3C 3-input NOR with active low inputs 1

NOR4 4-input NOR 2

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

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

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

NOR4D 4-input NOR with active fow inputs 1

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

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

OR2B 2-input OR with active low inputs 1

OR3 3-input OR 1

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

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

OR3C 3-input OR with active low inputs 1

OR4 4-input OR 1

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

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

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

OR4D 4-input OR with active low inputs 2

ORS5B 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

0OA3 4-input OR-AND 1

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

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

OA4 4-input OR-AND 1

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

OAS 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 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

1.197



el

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-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 out- 1
put
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 1
clock
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
DFMe6B 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-hit 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-Fiop 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
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ACT™ 3 Fleld Programmable Gate Arrays

Hard Macros—Sequential (Continued)

Modules
Function Macro Description S c
J-K Type JKF JK Flip-Flop with active fow 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
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
DLiB 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
DLCH 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
DLEID g:tta Latch with active high Enable and clock and active low input and out- 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 Muitiplexed 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 Molcligles
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 Butfer 1
IOCLKBUF Dedicated I/O Module Clock Buffer 1
IOPCLBUF Dedicated /O Module IOPCL Butfer 1
OBHS Output buffer, High Siew 1
OBUFTH Output Buffer, Tristate Enable, High Siew 1
OBUFTL Output Butfer, Tristate Enable, Low Siew 1
OUTBUF Output Buffer, High Slew 1
Bidirectional BRECTH Bidirectional, Output Register with Clear, Data Enable, Tristate Enable, 1
High Slew
BRECTL Bidirectional, Output Register with Clear, Data Enable, Tristate Enable, 1
Low Slew
BREPTH Bidirectional, Output Register with Preset, Data Enable, Tristate Enable, 1
High Slew
BREPTL Bidirectional, Output Register with Preset, Data Enable, Tristate Enable, 1
Low 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 1
Enabie, High Slew
DEPETL Bidirectional, Double Registered with Preset, Data Enable, Tristate 1
Enable, 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 1
Enable, High Slew
FECTML Output Register with Muxed Feedback, Clear, Data Enable, Tristate 1
Enable, Low Slew
FEPTMH Output Register with Muxed Feedback, Preset, Data Enable, Tristate 1
Enable, High Slew
FEPTML Output Register with Muxed Feedback, Preset, Data Enable, Tristate 1
Enable, Low Slew
ORECTH Output Register with Clear, Data Enable, Tristate Enable, High Slew 1
ORECTL Qutput 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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ACT™ 3 Field Programmable Gate Arrays

Soft Macros
Maximum Modules
. Logic
Function Macro Description Levels S C
Adder FADD10 10-bit adder 3 56
FADD12 12-bit adder 4 9
FADD16 16-bit adder 5 97
FADD8 8-bit adder 4 44
FADD9 9-bit adder with active low carry out 3 49
VAD16C Very fast 16-bit adder, no Carry in 3 97
VADC16C Very fast 16-bit adder with Carry in 3 97
Comparator  ICMP4 4-bit Identity Comparator 2 5
ICMP8 8-bit Identity Comparator 3 9
MCMPC2  2-bit Magnitude Comparator with Enable 3 9
MCMPC4  4-bit Magnitude Comparator with Enable 4 18
MCMPC8  8-bit Magnitude Comparator with Enable 6 36
Counter CNT4A 4-bit binary counter with load and clear 4 4 8
CNT4B 4-bit binary counter with load, clear, carry-in, carry-out 4 4 7
FCTD16C Fast 16-bit Down Counter, parallel loadable 2 19 33
FCTD8A Fast 8-bit Down Counter, parallel loadable 1 10 18
FCTD8B  Fast 8-bit Down Counter, parallel loadable 1 9 13
FCTU16C Fast 16-bit Up Counter, paraltel 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 1 5 2
counters
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 1 4 7
counters
VCTD4CM 4-bit down counter, middle bits, delay after load, use to build VCTD 4 4 8
counters
Decoder DEC2X4  2-to-4 decoder 1 4
DEC2X4A 2-to-4 decoder with active low outputs 1 4
DEC3X8  3-10-8 decoder 1 8
DEC3X8A 3-10-8 decoder with active low outputs 1 8
DEC4X16A 4-t0-16 decoder with active low outputs 2 20
DECE2X4 2-10-4 decoder with enable 1 4
DECE2X4A 2-to-4 decoder with enable and active low outputs 1 4
DECE3X8 3-t0-8 decoder with enable 2 11
DECE3X8A 3-10-8 decoder with enable and active low outputs 2 1
Latch DLCBA octal latch with clear active low 8-bit Data Latch with active low Clear 1 8
DLES 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
MXBA 8-10-1 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
SREG8A  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 (o4
TAOO 2-input NAND 1 1
TAQ2 2-input NOR 1 1
TAO4 Inverter 1 1
TAQ7 Butfer 1 1
TA08 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 3 5

output

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 muitiplexor 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 bidirectiona! 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
TAGB8 8-bit identity comparator 3 9
TA86 2-input exclusive OR 1 1
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ACT™ 3 Field Programmable Gate Arrays

Package Pin Assignments
84-Pin PLCC (Top View)

Q Q  Q
§ p R 5 5
g : 88883
ponaoaoooaoonoionnnnnn
/ 1M 109 8 7 6 5 4 3 2 1 84 863 8 B B0 79 78 77 76 75\
Q
SDlor O 12 74 | ] 1oori0CLK
513 73
= 72§
s 7]
mooe [_|16 0[]
7 69 [ kg
[ AL 68| ] vpp
1o 67 ]
[ L) 66| ]
= 84-Pin Bsg
P PLCC 64
[Jas <] |
| P2 2]
= 811 anD
[z 60 [ Ve
ano o7 m:lvsv
vVee [ 28 s8]
. P s7[ ]
oo s6 1
st 5[]
. saf ]
k 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53/
gobuududguuuoobbuudut
O <
$855 ¢ g
: g g

Notes:

1.

2
3.

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

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

MODE = GND, except during device programming or
debugging.

o=

=

Vpp = Vpe, except during device programming.
Vv = Voo, except during device programming.
Vs = GND, except during device programming.

1-203



Y

Package Pin Assignments (continued)

100-Pin PQFP {(Top View)

[ 1T 110PLC or IO
[ 1T 1PRBorliO

8| I
d| I GND
[ 11T 1HCLKor /O
& T vee
®| _IT_1GND
R T 1Vce
| —IT—16ND

H

b i —— |
g —I—
2] [ — —

I —
- | o —
Faj | m—  —
[ | — —
<] [ — —
[ [ — —

~
78 76 7574 73 72 71 70 69 68 67 66 61 57 51
] |et 1 s
—  — (- 49| —1—
] |e3 O 48| [T vee
o -7 47| T anD
Vgy 1T |85 1:] |y ——
Voo C—IT—] (86 45| 11
GND 11— [87 44| 11—
11— [ss 43| —1—
| I — ;g 100-Pin :? I —
T |er PQFP wo| =
1o 39| T
11— |e3 38| —IT—1
I |ea 37| I
1 |es 36| [—T—eno
Vpp I |96 38| T v
Vg 11— |e7 34| —11—1 moDE
o -7} 33| T
o I O 3| 11—
11— |1o ——
12 3 45 67 8 9101112131 212223242526 2728 2930

ClKAoro —IT— 1 |&
ClKBoro 1T |&
Voo I |3

GND I |3

Vec ] |3

GND I |&
PRAOr VO 1T &

9 9g¢
5 50 35
< 3 B
8 g "
Notes:
L l/n_u.s'ed /0 pins are designated as outpuls by ALS and are 4. Vpp= Voo, except during device programming.
driven l@. ) ] 5. Vgy=Vy, except during device programming.
2. All unassigned pins are available for use as /0s. 6 = GND, except during device programming.

3  MODE = GND, except during device programming or
debugging.
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ACT™ 3 Field Programmable Qate Arrays

Package Pin Assignments (continued)

160-Pin PQFP (Top View)

60 #0 or DCLK

B T R L P R R G

—
———

GND 101°1] B
SDlori/Q 2T IL L0

13001

NC 14 LTI

GND 15 [ 11
16110
1701

Vee 181,11

GND 19 1 .

NC 200 117 . A1425A
211 1 160-Pin
220 LT PQFP
23 1T

NC 24 C
25111
26 0L

NC 27 LIt

Vee 28 [ 112

Vev 29 (01 U
30011~

3 B NG S
320 IO

GND 401 11 .

[ T03108

[~ 71171107 NC
[~ 111106
[T 105
T 104

[ -. 173103 GND
T 1102

\\\r}]WM"l]l]}\(\m,]mwMWM]]]\/W](]MIHrlr{)l]u‘ﬂi)(](\}[}é
Il W e h fi
b G ARG A
SYQILELSIRLNAIRRLBRBCYBIBBEBBRINRILRRRERE
g ¢ 939 222 29§ 29 23989 9
587 56 s
g 3 2
T Q
Notes:
1. Unused /0 pins are designated as outputs by ALS and are 4 Vpp =V, excepl during device programming.
driven low. 5. Vgy= Voo, except during device programming.
2. All unassigned pins are available for use as £/0s. 6. Viy= GND, except during device programming.

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

w |- 1101 120 WO or IOCLK

T ZILA M9 NC
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Package Pin Assignments (continued)

160-Pin PQFP (Top View)

x @ <
2 & x5
a o Qo
5 . 59 o &8
o 4 CEEE RIS
BRBLRBIBYORIILELIQITIBEES

P e L B B R R A R R RARE

TOITT 120 MO or IOCLK

TUTIIETI S
T 112 Vee
JLIITZTT 111 Vs
LLITIT3 110 Ve
11109
I3 108
ToTIIZa107
SIITTI108

S
JTUILIT 103 GND
I aTTI 102
T ITT 1o
27100
LTI 89 Vee
JITTIe8 GNOD
coIrTer
LTI 96
0TI 95
1T 94
LT3

GND 1t (Q
SDtorkO 21 110 .
ar 1r
4 1
511
61 11
70 il
81 1y
MODE 97111
Vee 100, 7T .0
11 L.T
121
131 11
t41 1! .
GND 15 11
160 n
7o
Vee 18 00 I7 5
GND 191 I
201 1 A1440A, A1460A
A 160-Pin
230 11 C PQFP
24 1 °
251 11
26 I
270 I
Vec 281 11
Vv 281 1
3001 {1
3roeoar o
32°
331 11
34 1
350 11
38 1
371. 11
i
39 1]
GND 40 i1 k

==

61 I

TYCILeSS2RANGIRRERAB SRR
g X
a Q
x
Notes:
1. Unused /0 pins are designated as outputs by ALS and are 4.
driven low. 5
2. Allu igned pins are available for use as I/0s. 6
3 MODE = GND, except during device programming or
debugging.

I0PCL of O 80 C—T —]

Vep = Ve, except during device programiming.
Vi = Vo, except during device programming.
Vg = GND, except during device programming.
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ACT™ 3 Field Programmable Gate Arrays

Package Pin Assignments (continued)

208-Pin PQFP (Top View)

208 /0 or DCLK
186 /O or PRA
185 GND
184 Voo
183 GND
181 /O or CLKB
180 WO or CLKA

194
193
192
19
190
189
188
187
182 Vee

158 NC
157 GND

GND 11 11
SDlor WO 21 (1
A

MODE 11 770
Voo 12013
1301
AL NS

157

A1460A
208-PIn
PQFP

Vor 401 {1
Vev 410720

49 [0
510t

GND 521 11 k

11. 1156 VO of IOCLK
I1 1155
il 154
T 1183
- .11 352

wors

1 5150
EERSERR T ¢ |

i1 1148 Veo

11 1147 NC

TT 71146 Vs

T 1145 Ve

1114 Vav

J11220 106
I 710§ GND

75 .

BRI ARG BARCUBIBEEBBRRANIRERERREY 883
Notes:
1 (lj]n.used lol/o pins are designated as outputs by ALS and are 4. Vpp=Vyp except during device programming.
riven tow. . . .
2 Allunassigned pins are available for use as I/Os. z K;V; ‘;L;"D,ezz:);l ;‘::g gdgjjf;z‘z;:;?:::fé

3. MODE = GND, except during device programming or
debugging.
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Package Pin Assignments (continued)

208-Pin RQFP (Top View)

5 5g o 55§ . Q
Q 3 e5ig4ee £ &
e R L LEE P ECEETEE PR PEEFEL LS e T FET PRI EE IS

GND 1! | 17 1156 IO or IDCLK
SDiorWQ 210 il O 11 1188
3l 1l il 1154
4 BN 1153
5 It L1582
61 I s
7 i 11 1150
8 1l 101148
9 1 L1148 Voo
100 L T 147
MODE 111 (1 11146 Ves
Vee 12110 11 - 117145 Ve
13 il 11144
14 I 1143
151 11 I 142
16 1 11144
17 o 7140
181 Il 11 :139
AL NN 11 1138
20 o HE Rk
201 11 Il 1136
2210 1 [ 135
2 17 1134
241 11 | il 1133
Vee 25! 11 1132 Ve
GND 261 ) LTI 1131 GND
Voo 271 11 A14100A 11130 Ve
GND 28! 208-Pin 1129 GND
291 11 RQFP
301 11
n
aZL
33!
34
35 L
361
a7 i
381 1
39 N
Voo 400 T
Vev 411 11
a2 I Ve
430 1l Vsy
441 1]
45
461 [
47 1!
48 i
491 11
501 ]
510 il Tl
GND 52 1[I . 105 GND
PERZ858
4 gD =] g b Q
> Z>Z> > =
56°8> 3 5
o 5 -
o
a % g
Notes:
1. Unused /O pins are designated as outputs by ALS and are 4. Vpp=Vgc, except during device programming.
driven {ow. 5. V=V, except during device programming.
2. All unassigned pins are available for use as V0: 6 Vyg= GND, except during device programming.

3 MODE = GND, except during device programming or
debugging.
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ACT'™ 3 Field Programmable Gate Arrays

Package Pin Assignments {continued)
100-Pin VQFP (Top View)

GND
SDior 11O

MODE

GND

F=R - I IR SRS S N R SR

|1 100 DCWKor VO
%
%

[ ) o7

1 96

[ e

mE

[ ] N

] 52 pRAGIIO

[ 91 anp

[ ] 88 ClkBorlO
[ 187 cxaoro

190 veo
[ 890 vee
[ 86
[ 85
[ ] 84
[ s
[ ] a2
[ &t
[ ] a0
[ 1m
[ ] 78
[ 77
176

A1415A
100-Pin

)7
174
173
17
[ n

69
[ ] es
[ &7
[ 166
[les
[ e

I0CLK or VO
NC

GND
Vks

ARIalalstalaIalIalniaInInlnin IR IR R IR III

B33

Ve
NC

s

BRB8R

VQFP

[l &
[ e
[ 161
[ 1s0
[ 1%
[ 58
[ 157
[ 16
[ 1ss
] 54
13

[ 152
;151

Vee

GND

Notes:

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

2. All unassigned pins are available for use as I/0s.
8 MODE = GND, except during device programming or
debugging.

*=

a7 [
vooloPcL 50 [ |

Vpp = Vgc, except during device programming.
Ve = Voo, except during device programming.
Vig = GND, except during device programming.
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Package Pin Assignments (continued)

100-Pin VQFP (Top View)

[ ] 88 cuBoro
[ 1 &7 clkAorO

[ ] %0 Ve
[ J 8o veo
g
[ s
g
[ e
B
[ a1
[ 180
mE
[ 178
7
[ 78

[ 1 100 oK orve
[ 92 PRAOrIO
[ ] 91 GND

[ 199
[ 198
[ 97
[ 1%
[ 195
mE
[ a3

O

175 10CLKorvo
[ 174

17

[ 72

17

17

[ ] 69 aGND

67 vep

GND
SDlor O

MODE

GND

SO N AW N

A1425A, A1440A 64
100-Pin
VQFP

~

[

[ 61
[ ] e0
[ 150
[ 38 veo
[ 57 vsy
|1 56
[ 1ss5
] 54
[ ] s3
[ ] 52
[ 151 anD

~N o

B3

Vee

~

YRR

ON00NA000ANNNNNAN00nnNana

n
3

2 [
a [
a1 ]
% ]
2 ]

worre % [
vee & [
38 (]
worHCK 39 (]
40 ]

a1 []

42 []

43 ]

4 ]

4 []

4 [

a7 []

48 []

49 []
YOorioPCL 50 [

GND 36 (]
VCC37:

Notes:
1. Unused I/ pins are designated as outpuls by ALS and are 4. Vpp= Vo, except during device programming.
driven low, 5. Vgy=Voe, except during device programming.

2. Allunassigned pins are available for use as L/Os. 6. Vyg= GND, except during device programming.
3 MODE = GND, except during device programming or
debugging.
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ACT™ 3 Fleld Programmable Gate Arrays

Package Pin Assignments (continued)
176-Pin TQFP (Top View)

e 29
0,23 =)
8 g 9883833 8
R IENEReBLEEEaNEERRLEAAaRsaTII9ITIIIAALEAI
HW“M“WN\“NUWVHwaww\mHVmHM»MUMMMM@H\mMMwMM‘w
/[H MM UJ;.HHMHHJ
omap 1 ] © g eene

3i il 0 130

41 L 11129

5.0 1. 128

(;t 1 o127

t (L 1126

a L [l 125
9 il 111124 Veo
MODE 101 I N 123 Vxs
Yec 11 1] L1122 Ver

1201 1T 1121 NC

131 | 1120

14 1 17 T19 NC

151 I 118

16 | R

17 1 I 1ne

181 | TToins

19 i :

w i il
GNO 21 i {

Voo 221 1 Ardaon b
GND 23 i i v

241 i TQFP 1§ f:égsch

25. 1 11,1108 GND

261 | 1107

27 11106

gg‘\ | 1. Hgi

L i M |

301 i :

LN ol
Vee 320 il U]
Vsv 331 [} 11 100

cC RS 1989 Voo

ggf‘_l; [ \3_8, Vsv
i P I

a7 11196

i1 98

39011 I‘ | 94

400 il 193

411 L 1 192

42 1] [IE-1)

43 il 1180
GND a4l I 1 B9 GND
T ‘W ‘ﬂ\ HFV H 11 Tr ' H ‘ [" ‘
VHH{!UthHhHWHH‘H/ hU1HW¥ ”H NMIJ‘H‘ JW
J\f}\ ” Hl J [H J[] H HH i H}\fﬂ xf”

%‘9’;5%’35 %’1:252.,73"’8 %%E%%B%%Eﬁmﬁ'ﬁi‘ik“ BEI3BI 283 3

¢ 2 98288 3 28 3
5 2 e
] S 5
= g g
Notes:
I ’(i]nwedl I/0 pins are designated as outputs by ALS and are Vpp = Vg, except during device programming.
riven low.

2. Allunassigned pins are available for use as i/0s.

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

Vey = Ve, except during device programming.
Viy = GND, except during device programming.
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Package Pin Assignments (continued)

176-Pin TQFP (Top View)

‘u \w

I mll“u W\\m

Li

589% 'SS%’S‘J‘“"

\‘ \Hk | \ |
WWW\H

GND 1! i
I/OorsDl 21 11

MODE
Vee

TQFP

Vee
Vsv

Con
401 1
ool
42! 1,
437 7
GND 441 1

A1460A
176-Pin

772132 JOCLK or KO
131

GND
Vee
GND

I
U\
VS

AT U
}JIHMH HW[ ”Jlmu\:‘

5’4!"’8-0.:7“13 fﬁ"ﬁﬁ 8%

PRBSQA 1
GND 65 .

Notes:

1. Unused I/0 pins are designated as oulputs by ALS and are

driven low.
All unassigned pins are available for use as I/0s.

do

MODE = GND, except during device programming or
debugging.

ol
‘H

H_
8 2485228

1O of HCLK 69— —
110 or IOPGL &8 j——

4.
3.
6.

Vep = Ve except during device programming.
Vi = Voo, except during device programming.
Vi = GND, except during device programming.
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ACT'™ 3 Field Programmable Gate Arrays

Package Pin Assignments (continued)

225-Pin BGA (Top View)

1| O00000000000000T
8l O0000000O0000O0O00O |-
110161010101016101010101010J0I0N1
J1010101010101010101010101010 10N
e Q000000000000 00 =
FrO000000000O00OOO0 |F
J101010]0101010]0101010]010ICION:
HHOOOOOOOOOOOOOOO |H
HHOOOOOOOOOOOOOOO0 |y
3101010101010101010101010101IC10N1
1101010 1010]010101010101010ICION
M OOOO000O00O0O0O0O0O0QO0 |m
NOOOOOOO0OO0OOOOOO0 |
P O00000000O000OOOQO0 |r
MQOOOOOOOOOOOOOQﬂ

Signal Location

CLKA or 11O Cc8

CLKB or /O B8

DCLK or VO B2

GND A1, A15, F8, G7, G8, G9, H6, H7, H8, H9, H10, J7, J8, J9, K8, P2, R15

HCLK or I/O Pg

1OCLK or 1O B14

IOPCL or /O P14

MODE D1

NC A11, B5, B7, D8, D12, F6, F11, H1, H12, H14, K11, L1, L13, N8, P5, R1, R8, R11, R14

PRA OR 11O A7

PRB or /O L7

SDior 1O D4

Vee A8, B12, D5, D14, E3, E8, H2, H3, H11, H15, L2, M8, M15, P4, P8, R13

Vks D15

Vep E13

Vgy K4, L12

Notes:
1 ((i/nyseth/O pins are designated as outputs by ALS and are 4 Vpp= Vg, except during device programaning.

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

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

5. Vey=Vyc except during device programming.
6. Vig= GND, except during device programming.
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Package Pin Assignments (continued)

313-Pin BGA (Top View)

12 345 6 78 9 10111213141516 17 18192021 22 23 24 25

G G
ogogogogogogogogogogogogo
{ 0,0,0,07020.0.0.0.0.,0,0.0 |
N 0-0°0-0"0-0°0°0°0-0.0.0°0 |
E{ogogogogogogogogogogogogo E
‘| 0010000 0 0 00000 |*
@%oooooOooooooooooooooooooo ’
% 0,000 0,0,0,0,0,0,0,0,0.0 |
£;goooooooooooooooooooooooo é

OOOOOOOOOOOOKJ

1 2 345 6 78 91011121314 1516 17 18192021 222324 25

“Signal Location

CLKA or IO J13

CLKB or 11O G13

DCLK or I/O B2

GND A1, A25, AD2, AE25, L13, M12, M14, N11, N13, N15, P12, P14, R13

HCLK or I/O T14

IOCLK or /O B24

IOPCL or /O AD24

MODE G3

NC A3, A13, A23, AAS5, AA9, AA23, AB2, AB4, AB20, AC13, AC25, AD22, AE1, AE21, B14, C5, C25, D4,

D24, E3, E21, F6, F10, F16, G1, G25, H18, H24, J1, J7, J25, K12, L15, L17, M6, N1, N5, N7, N21,
N23, P20, R11, T6, T8, U9, U13, U21, V16, W7,Y20, Y24

PRA OR I/O H12

PRB or I/O AD12

SD! or 11O Cc1

Vee AB18, AD6, AE13, C13, C19, E13, G9, H22, K8, M16, N3, N9, N25, U5, W13, V24

Vep K20

Vsv Vv2,va22

Notes:

1. Unused I/0 pins are designated as oulputs by ALS and are 4. Vpp= Ve excepl during device programming.
driven low. 5. V= Voo, except during device programming.

2. Allunassigned pins are available for use as l/0s. 6 Vyg= GND, exvept during device programming.

3 MODE = GND, excepl during device programming or
debugging.
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ACT™ 3 Fleld Programmable Gate Arrays

Package Pin Assignments {continued)
100-Pin CPQGA (Top View)

-
o
-
-

@000
EeNeXel™
00 O0O0P

r X . I O Mmoo m >

O O O~

100-Pin
CPGA

O O Ol

ONONONONOROCHONORONONG,
O000CO0OO0OO0O0OO0
r X &« XX 7T mDpOoOo®m >

- 000000 CO0O0OLN~
NICRONOHONORONORONONONO] S
CIICNONONORONONONONONONO) ™

~O OO
O OO

LIIORONON®;
~lO O O
(O O O

LIIONONONOHONORONONONONOI

-
[=]
-
-

@ Orientation Pin

Signal Location

CLKA or /O Cc7

CLKB or /0 D6

DCLK or /O Cc4

GND C3, F3, J3, C8, J6, J8, C9, F9, J9
HCLK or I/O H6

IOCLK or I/O c10

IOPCL or /O K9

MODE cz2

PRA OR I/O AB

PRB or /O L3

SDI or 11O B3

Veo F2, K2, B6, K6, B10, F10, K10
Vks E9

Vpp E11

Notes:

L

2
3

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

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

MODE = GND, except during device programming or
debugging.

-

8
6.

Vpp = Vo, except during device programming.
Vv = Vg, except during device programming.
Vig= GND, except during device programming.
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Package Pin Assignments (continued)

133-Pin CPGA (Top View)

1t 2 3 4 5 6 7 8 9 10 11 12 13
Al[QOOOO0OO0OO00O0O00O0O0|A
N IONCHORONONONONONONORONONO N :!
o [ONONORCHCHONONONORONONORE] K¢
pl[cooce® 000 0 0 O|o
elooo ° O O Ole
FIO O OO O O OO|F
(OO OO0 ONONONO] K¢
H{O O O O O O0O0OH
J[O OO O OOl
K|O OO ONONG. O O Of«k
LIOOOOCOCOOOOOO OO
MIOCOOOOODOOOOOOOIM
NIOOOCOOOOOOO O OOIN
1t 2 3 4 5 6 7 8 9 10 11 12 13
Signal Location
CLKA or I/O D7
CLKB or I/O B6
DCLK or VO D4
GND A2,C3,C7,C11,C12,G3, G11,L3, L7, L11, M3, N12
HCLK or I/O K7
IOCLK or I/O c10
IOPCL or I/O L10
MODE E3
NC A1, A7, A13, G1, G13, N1, N7, N13
PRA OR I/O A6
PRB or VO L6
SDtor VO c2
Vee B2, B7, B12, G2, G12, M2, M7, M12
Vks F10
Vpp E1t
Vsy J2,J12
Notes:
1. Unused 1/0 pins are designated as ouiputs by ALS and are 4. Vpp= Voo except during device programming.
driven fow, 5. Vgy= Voo except during device programming.
2. All unassigned pins are available for use as I/0s. 6 szGNb' except during device programming,

3. MODE = GND, except during device programming or
debugging.
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ACT™ 3 Fleld Programmable Gate Arrays

Package Pin Assignments {continued)

175-Pin CPGA (Top View)

A B CDEVFGH J KL MNUPR
1("DOOOOOOOOOOOOOO“11
200000000000000O0|2
s[ooooooooooooooop
000000000000 000 4
sloooo - - 0000ls
5[00 00 | )(oooo{s
7(oooo‘rr | 00007
#0000 | Bl ‘( 0000
90000 || | ooooje
wloooo | [foooo{m
nloooo ! 00 0O0!n
mloooooooooooooooM
8000000000000 s
0000000000000 0O | n
sl00 0000000000000

A B C DEF GH J KL MNUPR

Signal Location

CLKA or /O C9

CLKB or VO A9

DCLK or VO D5

GND D4, D8, D11, D12, E4, H4, H12, L4, L12, M4, M8, M12
HCLK or {/O R8

10CLK or /O E12

{OPCL or /O P13

MODE F3

NC A1, A2 A15, B2, B3, P2, P14, R1, R2, R14, R15
PRA OR I/O B8

PRB or /O R7

SDi or 11O D3

VCC C3,C8, C13, H3, H13, N3, N8, N13

VKS E14

Vpp E15

Vgv L1,L14

Notes:

L

2.
3.

Unused 170 pins are designated as outpuls by ALS and are

driven low.

All unassigned pins are available for use as [/0s.
MODE = GND, except during device programming or

debugging.

Vpp = Voo except during device programming.
Vay = Vi, except during device programming.
Viy = GND, except during device programming.
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Package Pin Assignments (continued)

207-Pin CPGA (Top View)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Al 0000000000000 0O00 |a
58l 00000000000 000000 |8
cloocoooooo0co000000000 [
MOooooooooooooooooP

el 0000 0000
Floooo | \oooof
6| 0000 | \ooooﬁ
H OO 0O 0000 H
1 0000 207 i \OOOO\‘J
K\OOOO~ | OO0 OO k
L 0000 | 0000 It
M/ 0000 J| 0000 Im
v oooo 0000 N
PlOO0O0O000000000000O0 |p

Rl 0000000000000 0000 A
s 00000000000000000 s
loocoocoooo000000C00O0 It

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Signal Location
CLKA or 11O K1
CLKB or I/0 J3
DCLK or I/O E4
GND C15, D4, D5, D9, D14, J4, J14, P3, P4, P9, P14, R15
HCKL or I/O J1s
IOCLK or /O PS5
IOPCL or I/0 N14
MODE D7
NC A1, A2, A16, A17,B1,B17,C1,C2, S1, 83,817, T1, T2, T16, T17
PRA OR I/O H1
PRB or I/O K16
SDl or I/O C3
Vee B2, B9, B16, J2, J16, 52, 59, S16
Vks P7
Vpp 75
Vgv D11, P12
Notes:
1. Unused I/0 pins are designated as outputs by ALS and are 4. Vpp= Vg, except during device programming.
driven low. 5 V= Vg, except during device programming.
2 All unassigned pins are available for use as V0s. 6 Viy= GND, except during device programming,
3 MODE = GND, ercept during device programming or
debugging.
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ACT™ 3 Field Programmable Gate Arrays

Package Pin Assignments |continued)

257-Pin CPGA (Top View)

1

2 3 45 6 7 8 9 10 1112 13 14 1516 17 18 19
AFQOOOO0O0O0O0OCOOOOOOOOOONA
BIOOOOOOOOOO000OOO0O0O0O |8
IO OACRCEORORCRONONCHCHONGRONGNCRORONON "
DICOOOOO0OO0OOLCOOOOOOCOOOD
EOOOOO, O O O O COO0O0O|E
FFOOOCOC ] OOOO|F
GIOOOOO (CRORONORON(C]
HOOOO OO0OO|H
JJOO O OO CQOOCOO|
KIOOOO sy 0000 |k
LIOO OO0 COCOOOL
MOOOO OO0 O|Mm
NIOOOOO JOOOOON
PIOC OO QO OO|r
RIOOOO o O O [ONOXORONT ]
TTOOOOOOOOO OOCOCOOOO|T
viOOOOOOOO0O ONCHORONORONONOREY
x| OOOOOOCOO0O [CHONONORORONONON Y
Y \OOOOCOOOOOOOOOOOOOOO/ Y

1 2 3 4 5 6 7 8 9 10 1112 1314 15 16 17 18 19

Signal Location

CLKA or /O L4

CLKB or /O LS

DCLK or /O E4

GND C4,B16,T17, R4, D4, D10, D16, E11, U5, K4, K16, L15, T4, T10, T16

HCLK or I/O J16

IOCLK or /O T5

IOPCL or 1/O R16

MODE A5

NC E5

PRA OR I/O J1

PRB or /0 J17

SDI or I/O B4

Vee C3,C10,C17, K3, K17, V3, V10, V17

Vks X7

Vpp v7

Vgv C13, X14
Notes:
1. Unused I/0 pins are designaled as outputs by ALS and are 4. Vpp =V, except during device programming.

driven touw. 5. Vgy= Ve, except during device programming.

2. All unassigned pins are available for use as {/0s. 6. Vi = GND, except during device programmting.

3 MODE = GND, except during device programming or
debugging.
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Package Pin Assignments (continued)

132-Pin CQFP (Top View)

132 131 130 129 128 127 126 125 124

107 106 105 104 103 102 101 100

Pin #1 e o0
Index
®
| Se— N |E——w
1 [—
s —— ] [ne—— T
L) O — [SE—
sC——— I — 1
[} e———] [P——
[ e——] [S—
s — [Iam—
° [
132-Pin
* CQFP ¢
[ ] [ ]
f2 ] E——] C——
FL) R — C_———1n
] mea—— ——n
L] S — C— =
E] S | | E——
E] E— | ——
31 [ E——
] Ss— [ —T
=] e | | S— T e
LK 3N 3
34 35 36 37 38 39 40 41 42 59 60 61 62 63 B4 65 66
Signal PIN Number
CLKA or 11O 116
CLKB or I/O 117
DCLK or I/O 131
GND 2,10, 26, 36, 42, 58, 65, 74, 90, 101, 106, 122
HCLK or I/0O 50
I0CLK or I/O 98
IOPCL or 11O 64
MODE 9
NC 1, 34, 66, 67, 99, 100, 132
PRA or IO 118
PRB or I/O 48
SDI or I/O 3
Vee 11, 27,43, 59, 75, 91, 107, 123
Vks 92
Vsy 22,78
Notes:
1. Unused I/Q pins are designated as outpuls by ALS and are driven 4 Vpp= Vi, except during device programming.
fow,
2. All unassigned pins are available for use as Os. & V= Ve, except during device programming
3 MODE = GND, except during device programming or debugging. 6. Vg = GND, except during device programming.
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ACT™ 3 Fleld Programmable Gate Arrays

Package Pin Assignments (continued)
196-Pin CQFP (Top View)

196 195 194 193 192 191 190 169 188 155 154 153 152 151 150 149 148

. A1460A .
196-Pin
. CQFpP ]

LI I ]
50 61 52 53 54 55 58 57 SB 91 82 93 94 95 P86 97 98
Signal PIN Number
CLKA or I/O 172
CLKB or /O 173
DCLK or i/O 196
GND 1,13, 37, 51, 52, 64, 86, 98, 101, 112, 139, 149, 162, 183, 193
HCLK or IO 77
IOCLK or 1/O 148
IOPCL or \/O 100
MODE 1
PRA or /0 174
PRB or /O 75
SDior 11O 2
Vee 12, 38, 59, 94, 111, 140, 155, 189
Vks 138
Vpp 137
Vgyv 39, 110
Notes:
L ’Unmed I/0 pins are designated as outputs by ALS and are driven 4. Vpp = Vg, excepl during device programming.
ow.
2. All unassigned pins are available for use as 1/0s. 5. Vey=Vpp, 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)

256-Pin CQFP (Top View)

256 255 254 263 2652 251 250 240 243

200 199 198 197 196 195 194 183

256-Pin
CQFP

L)

b5 68 67 68 89 70 T1 77 73 121 122 123 124 125 128 127 128
Signal PIN Number
CLKA or /O 219
CLKB or /O 220
DCLK or I/O 256
GND 1,29, 31, 59, 91, 93, 110, 128, 158, 160, 176, 189, 222, 224, 240
HCLK or I/O 96
IOCLK or /O 188
I0PCL or I/O 127
MODE 11
PRA or 1O 225
PRB or I/O 90
SDior I/Q 2
Vee 28, 30, 92, 94, 159, 161, 221, 223
Vis 175
Vpp 174
Vgy 141

Notes:

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

2 All unassigned pins are available for use as V0s.
3. MODE = GND, except during device programming or debugging.

4

5.
6.

Vep = Ve, except during device programming.

Vv = Veg, except during device programming
Vis = GND, except during device programming.
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