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Gate Arrays

Field Programmable

N

T-46-19-11

Features

o High Gate Count

— A1010/A1010A: 1200 gate array gates
(3000 PLD/LCA™ equivalent gates)

— A1020/A1020A: 2000 gate array gates
(6000 PLD/LCA equivalent gates)

s Instant Prototypes and Production
e Low-Power CMOS Technology

e Speed-Graded Devices Provide 15% to 25% Performance
Improvement

¢ Toggle Rates to 100 MHz
e 1/O Drive to 8 mA
e System-Level Performance to 40 MHz

e Gate Array Architecture Allows Completely Automatic Place
and Route

e Nonvolatile, Permanent Programming
¢ Built-In Clock Distribution Network
o Built-In Diagnostic Probe Pins

Description

The ACT 1 family of field programmable gate arrays (FPGAs)
offers a variety of package, speed, and application combinations.
Devices are implemented in silicon gate,1.2-micron or 2-micron
two-level metal CMOS, and they employ Actel’s PLICE™ antifuse

technology. The unique architecture offers gate array flexibility,
high performance, and instant turnaround through user
programming. Device utilization is typically 95% of available logic
modules.

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

The user-definable 1/0s are capable of driving at both TTL and
CMOS drive levels. Available packages include plastic and ceramic
J-leaded chip carriers, ceramic quad flatpack, and ceramic pin grid
array.

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

The Action Logic System

The ACT 1 device family is supported by Actel’s Action Logic™
System, allowing logic design implementation with minimum
effort. The Action Logic System (ALS) interfaces with the resident
CAE system to provide a complete gate array design environment:
schematic capture, simulation, fully automatic place and route,
timing verification, and device programming. The Action Logic
System is available for 386™ PC and for Apollo™ and Sun™
workstations, running Viewlogic®, Mentor Graphics®, Valid™,
and OrCAD™.,

Product Family Profile

Device CMOS Process Applications Speed Grades Packages
A1010, A1020 2.0 um C.LMB Standard JQCC, CQFR CPGA
A1010A, A1020A 1.2 pm C.LM,B Standard, -1, -2 PLCC, JQCC, CQFR. CPGA

Imgortant:
Contact your Actel representative for current availability. See Product
Plan for package, speed grade, and application combinations.
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Figure 1. Partial View of an ACT 1 Device

ACT 1 Device Structure

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

The Actel Logic Module

The Actel logic module is an eight-input, one-output logic circuit
chosen for the wide range of functions it implements and for its
efficient use of interconnect routing resources.

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

/O Buffers

Each /O pin is available as an input, output, three-state, or
bidirectional buffer. Input and output levels are compatible with
standard TTL and CMOS specifications. Qutputs sink or source
4mA at TTL levels. See Electrical Specifications for additional I/O
buffer specifications.

Device Organization

ACT 1devices consist of a matrix of logic modules arranged in rows
separated by wiring channels. This array is surrounded by a ring of
peripheral circuits including 1/O buffers, testability circuits, and
diagnostic probe circuits providing real-time diagnostic capability.
Between rows of logic modules are routing channels containing
sets of segmented metal tracks with PLICE antifuses. Bach channel
has 22 signal tracks. Vertical routing is permitted via 13 vertical
tracks per logic module column. The resulting network allows
arbitrary and flexible interconnections between logic modules and
1/0 modules.

Probe Pin

34E D Dl‘lEH‘lbrﬂD»UDlr‘Bﬂ T BRACT
T-46-19-11

ACT 1 devices have two independent diagnostic probe pins. These

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

ACT 1 Array Performance

Temperature and Voltage Effects

Worst-case delays for ACT 1 arrays are calculated in the same
manner as for masked array products. A typical delay parameter is
multiplied by a derating factor to account for temperature, voltage,
and processing effects. However, in an ACT 1 array, temperature
and voltage effects are less dramatic than with masked devices.
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ACT 1 FPGAs
e - -
. . : . T-46-19-11
The electrical characteristics of module interconnections on Logic Module Size
ACT 1 devices remain constant over voltage and temperature
fluctuations. 5 pe Logic module size also affects performance. A mask programmed

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

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

A1020 A -1 PL 8

g 14 G-

Subtas il

4 o
_[ Application

Package Lead Count

wvr

e han

— Package Type
L— Speed Grade
— Product Revision
—— Part Number :
Product Plan
A1010 and A1020 Devices
Speed Grade Application
Std -1 -2 [ 1 M B
J-Leaded Cerquad Chip Carrier (JQ)
44-pin I - - »
68-pin [l - - [l o [ I :
84-pin - - - -
Ceramic Quad Flatpack (CQ)
i
84-pin - - - A i i
Ceramlc PIn Grid Array (PG)
84-pin [ - - [l B ot [ ;
Important: Before ordering, contact your Actel representative for current availability,
Applications: C = Commercial Availability: »# = Available Now i
I = Industrial P = Planned i
M = Military — = Not Planned H
B = 883B

S e et e e e - A




o

B e -

ACTEL CORP 34E D BN 0192496 0000191 & EEACT

Product Plan (continued) T-46-19-11 Y
A1010A and A1020A Devices ' .
Speed Grade Appllcation
sd -1 -2 cC | M B i
Plastlc J-leaded Chip Carrler (PL)
i
44-pin I » [od - - 3
68-pin - A oo - - §
84-pin I [ [ - - H
J-leaded Cerquad Chip Carrier (JQ) §
44-pin - P P - P P P
68-pin - P P - P P P
84-pin - P P - P P P g
Ceramic Quad Flatpack (CQ)
84-pin - P P - P P . P
Ceramic Pin Grid Array (PG) .
84-pin - P P - P P P :
Important: Before ordering, contact your Actel representative for current availability.
Applications: C = Commercial Availability: »# = Available Now
I = Industrial P = Planned
M = Military - = Not Planned
B = 883B

1
E

1-4




ACTEL CORP 34E D HE 019249k 0000192 T EAACT :
ACT 1 FPGAs :

T-46-19-11

Device Resources Power Dissipation . i
User /08 The following formula is used to calculate total device dissipation.
Device A i
Serles  Modules Gates }44 PL,JQ 68PL,JQ 84PL,JQ 84CQ 84PG Total Device Power (mW) = (0.20 x Nx F1) + (0.085x Mx F2) +
(0.80xPx F3) :
A1010 295 1200 34 57 N/A N/A 57
Where:
A1020 547 2000 34 57 89 69 69

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

Absolute Maximum Ratings M = Number of logic modules connected to the CLKBUE

Free air temperature range macro. ‘
Symbol Parameter Limits Units N = Total number of logic modules used in the design :
Ve  DC Supply Voltage' 05t +70  Volts (including M). “
P = Number of outputs loaded with 50 pE
Vi Input Voltage -0.5toVee +05  Voits Lo & P K
Average switching rate of logic modules and of /O ‘modules is
Vo  OutputVoitage -05toVee +05  Volts some fraction of the device operating frequency (usually
CLKBUF). Logic modules and I/O modules switch states (from
ut Ci C t +20 mA . . . .
i Input Clamp Curren low-to-high or from high-to-low) only if the input data changes
lox  Output Clamp Current +20 mA when the module is enabled. A conservative estimate for average R
- logic module and I/O module switching rates (variables F1 and F3, !
lox Continuous Output Current £25 mA respectively) is 10% of device clock driver frequency: :
Tgra  Storage Temperature -65to +150 °C If the CLKBUF macro is not used in the design, eliminate the
Stresses beyond those listed under “Absolute Maximum Ratings” may second term (including F2 and M variables) from the formula. E
cause permanent damage to the device. Exposure o absolute maximum H
rated conditions for extended periods may affect device reliability. Device Sample A1020 Device Power Calculation :
should not be operated outside the Recommended Operating Conditions.
Note: To illustrate the power calculation, consider- a large design
1. Vpp = V¢, except during device programming. operating at high frequency. This sample design utilizes 85% of
available logic modules on the A1020-series device (.85 x 547 = 465
logic modules used). The design contains 104 flip-flops (208 logic
modules). Operating frequency of the design is 16 MHz In this
Recommended Operating Conditions design, the CLKBUF macro drives the clock network. Logic
Parameter Commercial Industrlal Military Unlts modules and I/O modules are switching states at approximately
Temperature 10% of the clock frequency rate (.10x 16 MHz = 1.6 MHz). Sixteen
Range (Note 1) Oto +70 -40to +85 -551t0 +125 °C outputs are loaded with 50 pE.
Power Supply To summarize the design described above: N = 464; M = 208;
Tolerance 5 10 10 %Vec F2 = 16; F1 = 4 F3 = 4 P = 16. Total device power can be
Note: calculated by substituting these values for variables in the device
1. Ambient temperature (T4) used for commercial and industrial; case dissipation formuta.

temperature (Tc) used for military. Total device power for this example =

(0.20x465x 1.6) + (0.085x208x 16) + (0.80x 16x 1.6) = 452 mW
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Electrical Specifications -

Commercial Industrial Military
Parameter Min. Max. Min, Max. Min. Max. Units

(lon = -4 mA) 384 v
Vor! (lon = -3.2mA) a7 37 v
Vo! (lop = 4 mA) 0.33 0.40 0.40 v
Vi -03 0.8 -0.3 0.8 -0.3 © 08 v
Vin 20 Vog + 0.3 20 Vee + 0.3 20 Voo + 0.3 v :
Input Transition Time tg, 12 500 500 500 ns ) 3
Cpo 1/O Capacitance? 3 10 10 10 oF 3
Standby Current, lee? 10 20 25 mA P
Leakage Current’ -10 10 -10 . 10 -10 10 HA ;
los Output Short Vo = Veo) 20 140 20 140 20 140 mA
Circuit Current® v — GND) -10 -100 -10 -100 -10 ~100 mA :

RpTRe

Notes:

1. Only one output tested at a time. Vee = min.
2. Not tested, for information only. p
3. Includes worst-case 84-pin PLCC package capacitance. Vour = 0V, f = 1 MHz. 2
4. Typical standby current = 3 mA. All outputs unloaded. All inputs = V¢ or GND. N
5. Vo, Vin = Vcc or GND.

6. Only one output tested at a time. Min. at Ve = 4.5 V: Max. at Vee =55V

Package Thermal Characteristics

The device junction to case thermal characteristic is 8jc, and the Maximum junction temperature is 150°C.
junction to ambient air characteristic is Oja. The thermal

. ! . A sample calculation of the maximum power dissipation for an
characteristics for 9ja are shown with two different air flow rates. P po P

84-pin ceramic pin grid array at military temperature is as follows:

Max. junction temp. (°C) -~ Max. military temp. (°C) 150°C - 125°C

= = 076 W
Oja (°CrwW) 33°Crw)
Package Type Pin Count Oje Stﬁ{aalr Soogt/lamln. Units
Plastic J-leaded Chip Carrier 44 15 52 40 °CW :
68 13 45 35 °C/W l
84 12 44 33 °C/W
Cerquad J-leaded Chip Carrier 44 8 38 30 °C/W
68 8 35 25 °CW
84 8 34 24 °CW :
Ceramic Quad Flatpack 84 5 40 30 °CW
Ceramic Pin Grid Array 84 8 33 20 °Cw

0
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Functional Timing Tests AC Test Specifications

Ve = 5.0V, Ty = 25°C
AC timing for logic module internal delays is determined after

place and route. The ALS Timer utility displays actual timing Parameter Min. Max, ~ Units
‘pa.ran}ete,xs 'for circuit delays. ACT 1 devices are AC tested to a Binning Girouit Delay (tope)
‘binning” circuit specification.
] A1010 87 . ns
The circuit consists of one input buffer + n logic modules + one A1010A
output buffer (n= 16 for A1010/A1010A; n=28 for A1020/A1020A). : E
The logic modules are distributed along two sides of the device, as Standard Speed &7 ns
inverting or non-inverting buffers. The modules are connected -1 Speed Grade 72 ns .
through programmed antifuses with typical capacitive loading. -2 Speed Grade 6 - ns A
Propagation delay [tep = (teLu + teur)/2] is tested to the following - H
AC test specifications. A1020 135 ns §
A1020A B
Standard Speed 135 ns . 3
-1 Speed Grade 112 ns N
-2 Speed Grade 101 ns

Output Buffer Performance Derating

Sink Source :
10 0 R N
8 8
£, g
_6 V4 _:5 L d
P .
/ L3
/ / ” -
/ 4 - ) 3
4 7 i
4 P
2 2
02 03 04 05 06 4.0 38 32 28 24 20
Vo (Voits) Von (Volts)

= = v - Military, worst case values at 125°C, 4.5 V.
— Commercial, worst case values at 70°C, 4.76 V.

Note:

The above curves are based on characterizations of sample devices and are
not completely tested on all devices.
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Timing Characteristics

Timing is design-dependent; actual delay values are determined
after place and route of the design using the ALS Timer utility. The
following delay values use statistical estimates for wiring delays
based on 85% to 90% module utilization. Device utilization above
95% will result in performance degradation.

With ALS place and route programs, the user can assign criticality
level to a net, based on timing requirements. Delays for both typical

Logic Module Timing
Vog = 5.0 V. Ty = 25°C; Process = Typical; tpp = 3.0ns @ FO = 0

J4E D EM 019249k 0000195 5 BEACT

and critical (speed-sensitive) nets are given below. Most nets will
fall into the “typical” category.

Less than 1% of all routing in a design requires the use of “long
tracks.” Long tracks, long vertical or horizontal routing paths; are
used by the autorouteronly as needed. Delays due to the use oflong
tracks range from 15 ns to 35 ns. Long tracks may be used to route

the least-critical nets in a given design. L — — :
- T-46~19-11

Single Loglc Module Macros
(e.g., most gates, latches, muitiplexors)!

Parameter

Output Net FO =1 FO =2 FO =3 FO =4 FO =8 Units
teo Critical 5.4 58 6.2 85 Note 2 ns
top Typical 6.3 6.7 77 86 10.8 ns

Dual Logic Module Macros
(e.g., adders, wide Input gates)!

Parameter Output Net FO =1 FO =2 FO =3 FO=4 FO=8 Units
teo Critical 9.2 96 10.0 123 Note 2 ns
to Typical 10.2 10.6 116 125 14.6 ns

Sequential Element Timing Characterlstics
Fan-Out
Parameter FO =1 FO =2 FO=3 FO =4 FO=28 Units
tsy Set Up Time, Data Latches 35 39 42 45 4.8 ns
tsu Set Up Time, Flip-Flops 39 39 39 39 39 ns
ty Hold Time [ 0 0 0 0 ns
tw Pulse Width, Minimum3 77 85 8.2 10.0 14.0 ns
o Delay, Critical Net 54 5.8 6.2 85 Note 2 ns
tco Delay, Typical Net 6.3 6.7 77 8.6

108 ns

Notes:

1. Most flip-flops exhibit single module delays.

2. Critical nets have a maximum fan-out of 6.

3. Minimum pulse width, tw, applies to CLK, PRE, and CLR inputs.
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1/0 Butfer Timing
Vee = 5.0V; Ty = 25°C; Process = Typical

INBUF Macros i
Parameter From - To FO =1 FO =2 FO=3 FO=4 FO =8 Units

tor Pad to Y 6.9 76 89 10.7 14.3 ns
toun Padto Y 59 6.5 17 84 124 ns

CLKBUF (High Fan-Out Clock Buffer) Macros

Parameter FO = 40 FO = 160 FO = 320 Units 3

3

tpHL 9.0 12,0 156.0 ns . '

tow 9.0 12.0 15.0 ns - 1

Notes: :
1. A clock balancing feature is provided to minimize clock skew. 2. There is no limit to the number of loads that may be connected to the 3
CLKBUF macro. :

OUTBUF, TRIBUFF & BIBUF Macros

C_ = 50pF
Parameter From - To CMOS TTL Units
temL D to Pad 39 49 o ns
toin D to Pad 72 87 ns
terz E to Pad 5.2 3.4 7 ns
tezn E to Pad 65 4.9 ns
terz E to Pad 6.9 5.2 ns ]
ten E to Pad 49 59 ns

Change In Propagation Delay with Load Capacitance

Parameter From - To CMOS TTL Units
torL D to Pad 0.03 0.046 ns/pF
toun D to Pad 0.07 0.039 ns/pF
tpmz € to Pad 0.08 0.046 ns/pF
ton E to Pad 0.07 0.039 ns/pF
teLz E to Pad 0.07 0.039 ) ns/pF
tez E to Pad 0.03" 0.039 ns/pF

Notes:
1. The BIBUF macro input section exhibits the same delays as the INBUF 2. Load capacitance delay delfa can be extrapolated down to 15 pF
macro. minimum.
Example:

Delay for OUTBUF driving a 100-pF TTL load:
tpur = 4.9 + (046 x (100-50)) = 4.9 + 2.3 = 7.2.ns
tpry = 5.7 + (039 x(100-50)) = 5.7 + 2.0 = 7.7 158
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Timing Derating specifications. The derating factors shown in the table below are

based on the recommended operating conditions for ACT 1
Operating temperature, operating voltage and device processing commercial, industrial, and military applications. The derating
conditions, along with device die size and speed grade, account for curves show worst-to-best case operating voltage range and
variations in array timing characteristics. These variations are best-to-worst case operating temperature range.’

summarized into a derating factor for ACT 1 array typical timing

T-36-19-11

Timing Derating Factor (x typical)

Commerclal Industrial Military
Device Best Case  Worst Case Best Case  Worst Case BestCase  Worst Case
A1010, A1020 0.45 1.54 0.40 1.65 0.37 1.79
A1010A, A1020A . :
Standard Speed 0.45 1.54 0.40 1.65 0.37 179 - " :
~1 Speed Grade 0.45 1.28 0.40 1.37 0.37 1.49 H
-2 Speed Grade 0.45 1.13 0.40 1.20 0.37 1.32 .
Note: - ‘
Best case reflects maximum operating voltage, minimum operating tem- voltage, maximum operating temperature, and worst case processing. Best ’
perature, and best case processing. Worst case reflects minimum operating case derating is based on sample data only and is not guaranteed.
Voltage Derating Curve Temperature Derating Curve ‘
120 1.40 i
1.18 1.30 "
y
110 1.20 L - B
108 S // K
g \\ g 110 L, 1
w10 u. //
N 1.00 ve ] i
0.5 ~J |/
0.60 0.80 »
P
0.85 0.80
0.80 0.70
45 475 50 525 55 60 -40 -20 0 20 40 60 80 100 120
Vec (Voits) Temperature {°C)

Output Buffer Delays
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AC Test Loads et i
Load 1 Load 2 e :
(Used to measure propagation delay) (Used to measure rising/falling edges)
Vee GND
To the output under test ® ]

b e

R to Vg for tezftea,

1

i
R 10 GND for teyzRezi ;
To the output under test R=1kQ i
50 pF
1 !
Input Buffer Delays Module Delays
—s Fan-out = 2
—A Y—— i
s i
Veo H
S,AorBA50% 50% N\ GND
Veo
Out 50% 50%
GND
toun toHL
Out Vee
50% GND 50%
torL o -
D-Type Flip-Flop and Clock Delays {
—Ip PRE o] —
Fan-out = 2
P CLR
(Positive edge triggered)
tw
Vee
D.CLR. PRE__A50% \_50%  GND
tsu W .
tsu = Setup time
Clk 50% ty = Hold time (0 ns)
tw = Minimum pulse width {10 ns)
Q

50%N\_GND

T A OE S ST
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ACTEL CORP 34E D @ 0192496 0000199 2 EEACT
Soft Macro Library Overview ) :
Macro Name Modules Req'd Description Levels of Loglc
Counters
CNT4A 17 4 bit loadable binary counter with clear - 4
CNT4B 15 4 bit loadable bin counter w/ clr, active low canry In & carry out 4
UDCNT4A 24 4 bit up/down cntr w/ sync active low load, carry In & carry out 6
Decoders :
DEC2X4 4 210 4 decoder 1
DEC2X4A 4 210 4 decoder with aotive low outputs 1 :
DEC3x8 8 3 to 8 decoder 1 =
DEC3X8A 8 3 10 8 decoder with active low outputs 1
DEC4X16A 20 4 t0 16 decoder with active low outputs 2 x
DECE2X4 4 2 to 4 decoder with enable 1
DECE2X4A 4 2 10 4 decoder with enable and active low outputs 1
DECE3X8 1" 3 to 8 decoder with enable 2
DECE3X8A 1 3 to 8 decoder with enable and active low outputs 2
Latches and Registers
DLC8A 8 Octal latch with clear 1 .
DLE8 8 Octal latch with enable 1
DLM8 8 Octal latch with mutitplexed inputs 1
REGESA 20 Octal register with preset and clear, active high enable 2
REGESB 20 Octal register w/ active low clock, preset & clear, active high en. 2
Adders
FA1 3 One bit full adder 3
FADDS8 37 8 bit fast adder 4
FADD12 62 12 bit fast adder 5
FADD16 78 16 bit fast adder 5
FADD24 120 24 bit fast adder 6
FADD32 160 32 bit fast adder 7
Comparators
ICMP4 5 4 bit identity comparator 2
ICMP8 9 8 bit identity comparator 3
MCMP16 93 16 bit magnitude comparator 6
MCMPC2 9 2 bit magnitude comparator with enables 3
MCMPC4 18 4 bit magnitude comparator with enables 4
MCMPC8 36 8 bit magnitude comparator with enables 6
Multiplexors
MX8 3 8 to 1 muitiplexor 2 .
MX8A 3 8 to 1 multiplexor with an active low output 2 N
MX16 5 16 to 1 multiplexor 2 :
Muitipliers i
SMULT8 235 8 x 8 two's complement multiplier Varies »
1-12 !
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Soft Macro Library Overvlew (continued)

Macro Name Modules Req'd Description Levels of Loglc

Shift Reglsters

SREG4A 8 4 bit shift register with clear

SREGSA 18 8 bit shift register with clear 2

TTL Replacements 7

TA138 12 3 to 8 decoder with 3 enables and active low outputs 2

TA139 4 2 to 4 decoder with an enable and active low outputs 1

TA151 5 8 to 1 multiplexor with enabls, true, and complementary otitputs 3

TA153 2 4 to 1 multiplexor with active low enable 2

TA157 1 2 to 1 multiplexor with enable 1
TA161 2 4 bit sync counter w/ load, clear, count enables & ripple carry out 3 ‘
TA164 18 8 bit serial in, paralle! out shitt register 1 '
TA169 25 4 bit synchronous up / down counter -6 g
TA181 31 4 bit ALU 4
TA194 14 4 bit shift register 1
TA195 10 4 bit shift register 1 =
TA269 50 8 bit up/down cntr w/ clear, load, ripple carry output & enables 8 ‘
TA273 18 Octal register with clear 1 :
TA280 9 Parity generator and checker 4

TA377 16 Octal register with active low enable 1

Super Macros

UART 189 Universal Asychronous Receiver / Transmitter 7-Tx 4-Rx -

MC 102 DRAM Controller Varies

DMA 225 Direct Memory Access Controller 7 Varies

SINT 180 SCSI Interface Controller Varies
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Hard Macro Library Overview - ‘ :
The following illustrations show all the available Hard Macros.

2-Input Gates (Module Count = 1)
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3-Input Gates (Module Count = 1, unless indicated otherwise)
@ Indicates 2:module macro
A Indicates extra delay input
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@ Indicates 2-module macro
A Indicates extra delay input

2% Yo) £9 3 3330
AND4 c{ anpaa Y ©Y anoss ) CH Anp4c Y &b )X
o] o] Y 5
SFON |, sEON ., =9 y B v
C_[ NaND4A Y Nanpaes C nanp4c C o NAND4D
o] o] oY D
AD
B
Y T ) omraa Y
b

4-Input Gates (Module Count = 1, unless indicated otherwise)

P
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O|Ojm D
~
e it

e e e

Whoe i e
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XOR Gates XOR OR Gates XOR AND Gates
{Module Count = 1) (Moduls Count = 1) {Module Count = 1)
A
A A
)= | E) > ) >
c C
A
A A
er | H)) D | H) >
c C

AND XOR Gates
(Module Count = 1)
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AND OR Gates (Module Count = 1)

A
Emme
9]
D
A g
B
c
D

I 0,004

" T-46-19-11

® Indicates 2-module macro
A indicates extra delay Input
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ACT 1 FPGAs
T-46-19-11

@ Indicates 2-module macro
A Indicates extra defay Input

OR AND Gates {Module Count = 1)
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=Acts] TA610-11

Buffers (Moduie Count = 1)

/O Buffers (I/O Module Count = 1)

BIBUF

Multiplexors (Module Count = 1)

s s st| so
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Latches (Module Count = 1)

7 , , ™
T-46-19-11 :
—jD Q}— —Jbp oNQO— —D Q— —ID oND—
bL1 DL1A DL1B pLi1c
-G —JaG —(a —(Cla
D Latches with Clear (Module Count = 1)
—ID o}— —Db ol— §
pLC DLCA H
—G —QG i
CLR CLR f
D Latches with Enable {(Module Count = 1)
—]D Q}— —D Q— ——bDo al— —b Ql—
— E DLE —(] EDLEA —— EDLEB —(] E DLEC
— G -— G —(da —{daG
Mux Latches (Module Count = 1)
DLME1A
—JA —A —A
—iB @ —]B a —18  Qf—
DLM DLMA —s
—s —s —QE
—G —(a —Qa
Adders (Module Count = 2)
—A —QOA —A —]A .
—1B —B —{B —B
co— Cop— coD— copD— =
St—— Sp— sp— S—
HA1 HA1A HA1B HAIC :
—lA —1A —Clao
—B —18 —Ja
—(c cop— —(c cofp— —B coD— i
ASH— AS— —(Cc AS— i
FA1A FA1B FA2A i
i
t

Macros FA1A, FA1B, and FA2A have two level delays from the inputs to the S outputs, as Indicated by the A
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=Acts]

Toge-19-11

D Flip-Flops (Module Count = 2}

DF1 DF1A DF1B DF1C

Ll bl

T

D Fiip-Flops with Clear

e

— al— —po Ql— —bpo Qf—— —ID aND— i
DFC1 DFC1A DFC1B DFCIC :
— —P —p Q —p
CLR CLR CLR CLR

L

[P TeTsor SN TR AR 3

DFC1D DFCIE DFC1F DFC1G ) H
—q —p - —>
CLR CLR CLR CLR

v 7 | T

D Fiip-Flops with Preset

PRE PRE PRE PRE
—o Qf— —b ol— —b Q— —{p oND—
DFP1 DFP1A DFP1B DFPIC
-— _O —_— —_
pJR)E PJR)E PRE P(RBE
—D ot— —Dp oND— —{D ONPD— ~—~D OoND—
DFP1D DFP1E DFPIF DFP1G
—> —> — >

Rre————

D Flip-Flops with Preset and Clear

PRE PRE

—o Qt— —J0 o}— :
DFPC DFPCA ;

—p —> i
CLR CLR i

T T
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ACT1FPGAs :

T-46-19-11
i

- - PSS b

t

e

D Flip-Flops with Enable (Moduie Count = 2)

PRE PRE PRE .
—D Qf—— ——D QF— —D QF—— —D Q—— ——D Qp——— —D QpF—
——{ E DFE ——1 E DFEA —(] E DFE1B ——1 E DFEB —1 E DFEC —C E DFED B
—D —p — —p —> —p ,
CLR CLR CLR
T T T |
!
JK Flip-Flops (Moduie Count = 2)
I i
H
PRE
—J Qe —J QpF— H
—DPD JKF ——> JKFPC :
— K —(Q« i
CLR :
7 i
3
Mux Flip-Flops (Module Count = 2)
DFME1A
— A —A —1 A —iA :
——B e —iB a -—B Q —8B QpF—
DFM DFMA DFMB —1s
—s —s —s —QE
—p —Q —> clR —PD CcK-

CLKBUF Interface Macros {(Module Count = 1)

A Y A Y A Y 2 Y
G DGANDZ G DGNANDZ G a @,

T b b

a |so
=0 A4
A Y D1 |
<l bz | GMx4 Y
D3
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ACTEL CORP ' J4E D 019249k 0000209 1 ERACT

T46-19-11

Package Pin Assignments

(Top View)
Q a
Z
$ 3 3 3
987 654 3 216867668564636261
39 B PRB or 1/0 60 (1
38 (3 PRA or I/0 60 01 PRB or 1/0
37 2 DCLK or 1/0 68 2 PRA or I/0 i
GND 38 2 8Dl or /O s7 A DCLK or 1/O H
35 3 Vo GND s8 3 SDl or /O
34 0 MODE GND 85 [ Voo F
3P ClKor /O 54 |3 MODE H
\/ 32 1 GND )=
« anp 68-PIN 521 CLK or 1/O
Vep 30 K1 PLCC 5113 B
200 s0 3
1819 20 21 22 2324 25 2627 28 Vec§ 20 40 [1 GND :
22 48 g i
2 47 )
% >8 24 4612
[ Vpp ] 25 s :
26 442 ;
27 28 20 3031 3233 34 356 37 3839 40 4142 43 N
UULILILIHLIUUUUUgUUUUU H
& =
o .
a 5
e}
=
$ o IE
NnnnananoofanonNnannnn
1110 9 8 7 654 3 2 1848382818079 787776875
NCH 12 74 G PRA or /O
13 73 DCLK or /O
14 72 2 SD! or I/O
15 ng|
16 703
17 6
GNDQ 18 68 B Voo
GNODI 19 67 H Vee
20 s 0 MODE
21 e
22 84-PIN 84 D CLK or /0
2 PLCC ot
2 62
Veec H 25 &1 B GND
Vee M 26 60 7 GND
27 59
28 58 11
29 sT3
30 58 2
N 550
32 s
33 34 35 36 37 38 39 40 41 42 43 44 45 46 4748 49 50 5152 53
guuooooooouguougooouag
t 9 8
> 5 >
Notes:
1. Vpp must be terminated to Vcc, except during device programming. 3. Unused I/O pins are designated as outputs by the Action Logic System
2. MODE must be terminated to circuit ground, except during device and are driven low.
programming or debugging. 4. All unassigned pins are available for use as 1/Os. *
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ACT 1 FPGAs i
Package Pin Assignments (continued) T-46-19~-11
Q
=
3 &
ON000Na0A0NNRON00Nn
/987 654 321636766 656463 6261

7 39 0 PRE or /O 10 . 60

8 38 0 PRA or I/0 o n 580 PRB or /0

° 37 B DCLK or 1/O g 12 683 PRA or I/ :

GNDd 10 36 2 8Dl or /O o1 s7 @ DCLK or 1/O :

11 a5 B Vee GND O 14 56 (1 8Dl or i/O <

12 44-PIN 24 1 MODE GND O 15 55 [ Voo

13 Jace 33 81 CLK or 1/0 = & F1 MODE

V. 14 32 11 GND g7 53 , :
“d s ap d e 68-PIN s2[3 CLK or /0 R
Vep O] 18 =] (= Jace =]

17 203 20 s ;
181920 2122 2324 25 2627 28 Vccg :; ::gGND :
[SRS)SRNNURIREARRENERE] d 2 s

2 >8 24 prym=]
G Vpp O 25 Py =] .
O 28 ap i
27 28 20 3031 3233 34 3536 37 3839 40 4142 43 {
UUUUU%UUUUUUUUUU ‘
b4
G = :
e
a &
=z
3 & 3
ANOOnNAanNnNoonnaonaAnonon
1110 9 8 7 654 3 2 184838281807978777675
Ncdf 12 74 D PRA or /0
[m K] 73 DCLK or /O
] 14 722 8Dl or /O
s npQg
e 703
gz es
GNDO4 18 68 B Voo
GNDO 19 a7 Vcc
= %) 68 @ MODE
o a1 65
O 22 X 64 CLK or I/O
o 5B
o 62
Vee d 25 1 51 GND
g7 59 23
O 28 58 1 H
(=] st :
= ) & 3
O at s5[3
O 32 54 0
3334 35 36 37 38 39 40 4142 43 4445 46 4748 49 50 5152 53 R
UUUuuUo o000 o00oo00guuog
& e 8 :
> 3 > :
:
Notes: ;
1. Vpp must be terminated to V¢, except during device programming, 3. Unused I/O pins are designated as outputs by the Action Logic System §
2. MODE must be terminated 1o circuit ground, except during device and are driven low. i
programming or debugging. 4. All unassigned pins are available for use as 1/0s.
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Package Pin Assignments (continued)

Pin #1
Index
.
NC '\ C—— ]
) es——
[} e—
A/ )
sC—— 7]
[ ¥ e—S
GND 7 ———— ]
GND 8 C————
s C—— |
o ]
DI emst— |
12—
| m—
Voo 14 C——— ]
Vpp 18 C———
o C——— 1]
L ) CE—
18 C————— =]
o ]
b4 N oo—
aC— ]

Notes:

8

| en—— 4
o ———

- ————¢2

= ——8

~
@

.3

[0

|'___—: GND
| o—— ¥

=

T-46-19-11 -

&
[ —— 2 PRBorl/O

[ne— F]
{nma— ]
o —8
=

——

\\

84-PIN
CQFP

2

| ——
. —

| ——
T ———
1

——
| me————
[ ——

[ ——
| E—
| S ——
1

li—
l-__“
1
— —

| SRS —

l:_

Vep B

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

programming or debugging.

63 PRA or /O
62 pCLK or /O

81 8Dl or /O
60

59

58

74 VDD
88 Vpp
56 MODE
64

8 ClLKorl/O
52

51

5 GND
43 GND
48

a7

48

45

a4

43

3. Unused 1/0 pins are designated as outpuis by the Action Logic System

and are driven low.

4. All unassigned pins are available for use as I/Os.

A A e e o e e

Lt ot

e
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ACTEL CORP

J4E D WM 0192496 0000212 .1 MEACT.

ACT 1 FPGAS

Package Pin Assignments (continued)

T-46-19-11

r X &« 0 "mmoOw >

9 10 1t

® O Ofle
O O Offw
O O Ol|e

O O Of|~

00O
000

O Of|=

/> O Of|»

o0
© 0

84-PIN
CPGA

00O
[ONoNe)
00O

ol oNoNoNoNoNoNeNoNoNo!| F
OO0OO0OO0O0OO0O 0000w
00O

@ Orientation Pin (C3)

T

TR

'™

T S

T

Signal A1010-Series Devices A1020-Series Devices
PRA At1 At1

PRB B10 B10

MODE E11 E1

SDI B11 B11

OCLK c10 Cc10

Vep K2 K2

ClLK or I/0 F9 F9

GND B7, E2, E3, K5, F10, G10 B7, E2, E3, K5, F10, G10
Ve B5, F1, G2, K7, E9, E10

B5, F1, G2, K7, E9, E10

N/C {No Connection)

B1, B2, C1, C2, K1, J2, L1, J10, K10, K11, C11, D10, D11 B2

Notes:

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

programming or debugging.

3. Unused I/O pins are designated as outputs by the Action Logic System
and are driven low.

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

1-25
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Acts/
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Package Mechanical Details T-46-1 9-11 Cd
J-Leaded Cerquad Chip Carrler :

} D
D1

Pin 1 Index Chamfer

Ly

¥

|

|
0.007"
0.011” 3

L OO0 OUOOoO0———— ¥

.028” &

+
8
w

1y

019" =

Oooaooooauna
m.
-h
m

108" = .010”

155" :
180" :

Lead Count D, E D1, Et
44 690" + 005" 650" + .008" ;
68 .890” % 005" 850" x .008" =
84 1.190” % .005" 1.160" + .008"

Plastic J-Leaded Chip Carrier

E

e

anaanonannn

)

[o}

.050” + .005"

.018” = .003"

H
TOO0oooUOooa
Q.

U

i

uouuauoaouaguy
.029" + 003"

.020" min.

175" £ .010"

Lead Count D, E
44 .690" + 005"
68 .990” + .005"
84 1.190" + .0056"

I+

"




ACTEL CORP J4E D WM 0192494 0000214 5 EMACT
ACT 1 FPGAs
Package Mechanical Details (continued) T T-46-19-11

Ceramlc Quad Flatpack

I-—. 0.058" = .010”
Pin #1 _
3 Index :
i
— Y} oo0ss” + 010" AU AR R E] ] NRfUE R R R RER ]
N *
| ———r—| H
| = —— | (/ \ [ —— B
———— ] C———
— e -5 -
——— 1 | IR —————
R | ev— 7
010" £ 002" ——C—————1] | e———— B
———— | S————
S— | s——
———— 7 | S———
C—— | —— E1 E
EE———— | e
—— ] | ———— Ed
—— | e—— 1
C————— ] | e — 3
" » — — E===_] | m———— <
025" £ 005" T~ 1 |
— | ——
—— J [ — H
——— ] | E——
i \L J | ————
- AN e nnnn i
H 050" * 010" l ’ ‘
B 0.350" + .025" i
i< 0.006" + 002" 3507 = 025 7 ]
or 4 J
D

Lead Count D E D1, E1
84 1.350” + .030" 0.650" % .010"

PR

1-27




- - P _— - e e s e -

ACTEL CORP 34 D EW 019249k 0000215 7 EEACT
SActs]

Wy €

Package Mechanical Details (continued)

7 T-46-19-11
Ceramic Pin Grid Array o - ,

B e e o

-] |« 050" = 010"
Pin #1 (4 plcs)
fﬁg"- t//,/f ) :t::::] §
——1 o187 + 002" f
E—;O&L j
= 0P E
\_ J 1 — 1 '
nm—— |
L ) _Jj:
| 1207
1.100” + .020" square 080" 140"
1107
(C0O00000000J]
OCO0OO0O00000O0O0CO0
(GO0 [ONON0] (ON®)
OO ON®
(oo OO0
000 O O O] 100Bsc
(oNeoNe (ORONO)
OO oNe!
coe (ONONO)] (ON@)
oNoNoNoNoNoNoNoNoNoNe
gOOOOOOOOOO
7
@ Orientation Pin
i
:
!
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