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| SX Family FPGAs

The R-cell contains a flip-flop featuring asynchronous
clear, asynchronous preset, and clock enable (using the
S0 and S1 lines) control signals (Figure 1-2). The R-cell
registers feature programmable clock polarity selectable
on a register-by-register basis. This provides additional

flexibility while allowing mapping of synthesized
functions into the SX FPGA. The clock source for the
R-cell can be chosen from either the hardwired clock or
the routed clock.
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Figure 1-2 o R-Cell

The C-cell implements a range of combinatorial functions
up to 5-inputs (Figure 1-3 on page 1-3). Inclusion of the
DB input and its associated inverter function dramatically
increases the number of combinatorial functions that can
be implemented in a single module from 800 options in
previous architectures to more than 4,000 in the SX
architecture. An example of the improved flexibility

enabled by the inversion capability is the ability to
integrate a 3-input exclusive-OR function into a single
C-cell. This facilitates construction of 9-bit parity-tree
functions with 2 ns propagation delays. At the same
time, the C-cell structure is extremely synthesis friendly,
simplifying the overall design and reducing synthesis
time.
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| SX Family FPGAs

Routing Resources

Clusters and SuperClusters can be connected through the use of two innovative local routing resources called
FastConnect and DirectConnect, which enable extremely fast and predictable interconnection of modules within
clusters and SuperClusters (Figure 1-5 and Figure 1-6). This routing architecture also dramatically reduces the number
of antifuses required to complete a circuit, ensuring the highest possible performance.
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Figure 1-5 o DirectConnect and FastConnect for Type 1 SuperClusters
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| SX Family FPGAs

Boundary Scan Testing (BST)

All SX devices are IEEE 1149.1 compliant. SX devices offer
superior diagnostic and testing capabilities by providing
Boundary Scan Testing (BST) and probing capabilities.
These functions are controlled through the special test
pins in conjunction with the program fuse. The
functionality of each pin is described in Table 1-2. In the
dedicated test mode, TCK, TDI, and TDO are dedicated
pins and cannot be used as regular I/Os. In flexible mode,
TMS should be set HIGH through a pull-up resistor of
10 kQ. TMS can be pulled LOW to initiate the test
sequence.

The program fuse determines whether the device is in

dedicated or flexible mode. The default (fuse not blown)
is flexible mode.

Table 1-2 »  Boundary Scan Pin Functionality

Program Fuse Blown
(Dedicated Test Mode)

Program Fuse Not Blown
(Flexible Mode)

TCK, TDI, TDO are dedicated
BST pins.

TCK, TDI, TDO are flexible and
may be used as I/Os.

No need for pull-up resistor for [ Use a pull-up resistor of 10 kQ

TMS on TMS.

Dedicated Test Mode

In Dedicated mode, all JTAG pins are reserved for BST;
designers cannot use them as regular I/Os. An internal
pull-up resistor is automatically enabled on both TMS
and TDI pins, and the TMS pin will function as defined in
the IEEE 1149.1 (JTAG) specification.

To select Dedicated mode, users need to reserve the JTAG
pins in Actel's Designer software by checking the
"Reserve JTAG" box in "Device Selection Wizard"
(Figure 1-7). JTAG pins comply with LVTTUTTL /O
specification regardless of whether they are used as a
user 1/O or a JTAG I/O. Refer to the Table 1-5 on page 1-8
for detailed specifications.

Device Selection Wizard - Yariations

Reserve Pins
¥ Reserve JTAG
¥ Reserve JTAG Test Reset

¥ Reserve Probe

Figure 1-7 o Device Selection Wizard

Development Tool Support

The SX family of FPGAs is fully supported by both the
Actel Libero® Integrated Design Environment (IDE) and
Designer FPGA Development software. Actel Libero IDE
is a design management environment, seamlessly
integrating design tools while guiding the user through
the design flow, managing all design and log files, and
passing necessary design data among tools. Libero IDE
allows users to integrate both schematic and HDL
synthesis into a single flow and verify the entire design
in a single environment. Libero IDE includes Synplify® for
Actel from Synplicity®, ViewDraw® for Actel from
Mentor Graphics®, ModelSim® HDL Simulator from
Mentor Graphics, WaveFormer Lite™ from
SynaptiCAD™, and Designer software from Actel. Refer
to the Libero IDE flow diagram (located on the Actel
website) for more information.

Actel Designer software is a place-and-route tool and
provides a comprehensive suite of backend support tools
for FPGA development. The Designer software includes
timing-driven place-and-route, and a world-class
integrated static timing analyzer and constraints editor.
With the Designer software, a user can select and lock
package pins while only minimally impacting the results
of place-and-route. Additionally, the back-annotation
flow is compatible with all the major simulators, and the
simulation results can be cross-probed with Silicon
Explorer Il, Actel integrated verification and logic
analysis tool. Another tool included in the Designer
software is the SmartGen core generator, which easily
creates popular and commonly used logic functions for
implementation into your schematic or HDL design. Actel
Designer software is compatible with the most popular
FPGA design entry and verification tools from companies
such as Mentor Graphics, Synplicity, Synopsys®, and
Cadence® Design Systems. The Designer software is
available for both the Windows® and UNIX® operating
systems.

Probe Circuit Control Pins

The Silicon Explorer Il tool uses the boundary scan ports
(TDI, TCK, TMS, and TDO) to select the desired nets for
verification. The selected internal nets are assigned to
the PRA/PRB pins for observation. Figure 1-8 on page 1-7
illustrates the interconnection between Silicon Explorer Il
and the FPGA to perform in-circuit verification.

Design Considerations

The TDI, TCK, TDO, PRA, and PRB pins should not be used
as input or bidirectional ports. Because these pins are
active during probing, critical signals input through
these pins are not available while probing. In addition,
the Security Fuse should not be programmed because
doing so disables the Probe Circuitry.

1-6
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| SX Family FPGAs

A54SX16P DC Specifications (3.3 V PCl Operation)

Table 1-8 o  A545X16P DC Specifications (3.3 V PCl Operation)

Symbol Parameter Condition Min. Max. Units
Veea Supply Voltage for Array 3.0 3.6 Vv
Veer Supply Voltage required for Internal Biasing 3.0 3.6 \Y
Ve Supply Voltage for I/Os 3.0 3.6 V
ViH Input High Voltage 0.5Vee [ Vec+05 \Y
' Input Low Voltage -0.5 0.3Vcc \Y
lpy Input Pull-up Voltage' 0.7Vcc Vv
M Input Leakage Current? 0 <V < Vee +10 A
Vou Output High Voltage lout =—500 pA 0.9Vcc

VoL Output Low Voltage lout = 1500 pA 0.1Vcc

CiN Input Pin Capacitance3 10 pF
Cek CLK Pin Capacitance 5 12 pF
CidSEL IDSEL Pin Capacitance® 8 pF
Notes:

1. This specification should be quaranteed by design. It is the minimum voltage to which pull-up resistors are calculated to pull a
floated network. Applications sensitive to static power utilization should assure that the input buffer is conducting minimum current
at this input voltage.

2. Input leakage currents include hi-Z output leakage for all bidirectional buffers with tristate outputs.
Absolute maximum pin capacitance for a PCl input is 10 pF (except for CLK).
4. Lower capacitance on this input-only pin allows for non-resistive coupling to AD[xx].

w
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SX Family FPGAs

Step 1:

Module

Number of logic modules switching
at f,, (Used 50%)

Average logic modules switching rate
fn (MHz) (Guidelines: f/10)

Module capacitance Ceqm (pF)
Input Buffer
Number of input buffers switching at f,

Average input switching rate f, (MHz)
(Guidelines: f/5)

Input buffer capacitance Cgq (pF)
Output Buffer

Number of output buffers switching at fj,

Average output buffers switching rate
fo(MHz) (Guidelines: /10)

Output buffers buffer capacitance
Ceqo (pF)

Output Load capacitance C| (pF)
RCLKA

Number of Clock loads g4
Capacitance of routed array clock (pF)
Average clock rate (MHz)

Fixed capacitance (pF)

RCLKB

Number of Clock loads g,
Capacitance of routed array clock (pF)
Average clock rate (MHz)

Fixed capacitance (pF)

HCLK

Number of Clock loads

Variable capacitance of dedicated
array clock (pF)

Fixed capacitance of dedicated
array clock (pF)

Average clock rate (MHz)

Define Terms Used in Formula

Veea

q2
Ceqcr

q2
r2

$1

CeqQhv

CeqHF

3.3

264

20

4.0

40

34

20

4.7

35

528

1.6

200

138

1.6

138

0.61

96

Step 2: Calculate Dynamic Power Consumption

Veeax Veea 10.89

m x fy x Ceqm 0.02112
n x fy x Ceq 0.000136
p x fy x (Ceqo+Cp) 0.000794
0.5 (¢ x Ceqcr x fq1) + (ry x fg9) 0.11208
0.5(a x Ceqer x fq2) + (r x fgp) 0

0.5 (59 x Cequy % fs1) + (Cequr x fs1) 0

Pac =1.461TW

Step 3: Calculate DC Power Dissipation
DC Power Dissipation

Poc = <|standby) xVeea + (lstandby> x Vcer + <|standby> X
Ve + X x Vo x oL + Y(Vee = Vo) x Vo
EQ 1-12

For a rough estimate of DC Power Dissipation, only use
Poc = (Istandby) * Vcca- The rest of the formula provides a
very small number that can be considered negligible.

Poc = <|standby) x Veea

Poc = .55 MA x 3.3V

Poc =0.001815W
Step 4: Calculate Total Power Consumption

Protal = Pac + Ppc

Protal = 1.461 + 0.001815

Protal = 1.4628 W
Step 5: Compare Estimated Power Consumption
against Characterized Power Consumption
The estimated total power consumption for this design is

1.46 W. The characterized power consumption for this
design at 200 MHz is 1.0164 W.

1-18
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| SX Family FPGAs

Table 1-15  Package Thermal Characteristics

Package Type Pin Count 0jc Sti?faAir 300 gsmin. Units
Plastic Leaded Chip Carrier (PLCC) 84 12 32 22 °C/W
Thin Quad Flat Pack (TQFP) 144 11 32 24 °C/W
Thin Quad Flat Pack (TQFP) 176 11 28 21 °C/W
Very Thin Quad Flatpack (VQFP) 100 10 38 32 °C/W
Plastic Quad Flat Pack (PQFP) without Heat Spreader 208 8 30 23 °C/W
Plastic Quad Flat Pack (PQFP) with Heat Spreader 208 3.8 20 17 °C/W
Plastic Ball Grid Array (PBGA) 272 3 20 14.5 °C/W
Plastic Ball Grid Array (PBGA) 313 3 23 17 °C/W
Plastic Ball Grid Array (PBGA) 329 3 18 13.5 °C/W
Fine Pitch Ball Grid Array (FBGA) 144 3.8 38.8 26.7 °C/W
Note: SX08 does not have a heat spreader.
Table 1-16 » Temperature and Voltage Derating Factors*
Junction Temperature
Veea -55 -40 0 25 70 85 125

3.0 0.75 0.78 0.87 0.89 1.00 1.04 1.16

3.3 0.70 0.73 0.82 0.83 0.93 0.97 1.08

3.6 0.66 0.69 0.77 0.78 0.87 0.92 1.02

Note: *Normalized to worst-case commercial, T = 70°C, Vccp =3.0V

v3.2
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| SX Family FPGAs

SX Timing Model

Input Delays Internal Delays Predicted Output Delays
_______________________ Routing e
' H 1 1/0 Modul '
: 110 Moduli 15 ! Combinatorial Cell Delays : oduie :
: =1lons «t. ,=06ns : :
K e i A
: L~ : ’ : e :
R : : top = 16153
tegpy=03ns 1
tpp = 0.6 ns thoa = 1.0 ns
tepg= 1.9 ns ....//O Module____
i toy=1.6ns '
Register Cell Register Cell : :
Lo o o o E :
: 1thpy = 0.3 s itrpy = 0.3 ns; :
. : . . Vot =23ns |
tgyp = 0.5 ns __> : _._> : : EnzH :
typ=00ns |1 ' :
Routed theo = 0-8ns treo=08ns
Clock [ tacky = 1.5 ns (100% Load)
Fuax = 250 MHz
Hardwired
Clock tHCKH =1.0ns
X DFHMAX =320 MHz
Note: Values shown for A545X08-3, worst-case commercial conditions.
Figure 1-12 o SX Timing Model
Hardwired Clock Routed Clock
External Setup = tINY + tIRD1 + tSUD - tHCKH External Setup = thY + tIRD1 + tSUD - tRCKH
=15+03+05-1.0=13ns =15+03+05-15=0.8ns
EQ 1-15 EQ 1-17
Clock-to-Out (Pin-to-Pin) Clock-to-Out (Pin-to-Pin)
= thycekH + Treo + TRt + toHL = trekH + Treo + tro1 + ToHL
=10+08+03+1.6=3.7ns = 1.52+08+03+1.6=4.2ns
EQ 1-16 EQ 1-18
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Register Cell Timing Characteristics

SX Family FPGAs
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Figure 1-17 e Flip-Flops

Timing Characteristics

Timing characteristics for SX devices fall into three
categories: family-dependent, device-dependent, and
design-dependent. The input and output buffer
characteristics are common to all SX 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 DirectTime Analyzer 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 five antifuse connections. This increases
capacitance and resistance, resulting in longer net delays
for macros connected to long tracks. Typically up to 6
percent of nets in a fully utilized device require long
tracks. Long tracks contribute approximately 4 ns to 8.4
ns delay. This additional delay is represented statistically
in higher fanout (FO 24) routing delays in the
datasheet specifications section.

Timing Derating

SX 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.

v3.2

1-23



| SX Family FPGAs

A545X16 Timing Characteristics

Table 1-18 ¢ A545X16 Timing Characteristics

(Worst-Case Commercial Conditions, V¢cg =4.75V, VccaVeq =3.0V, Ty = 70°C)

'-3' Speed '-2' Speed '-1' Speed | 'Std' Speed
Parameter |Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
C-Cell Propagation Delays'
tpp Internal Array Module 0.6 0.7 0.8 0.9 ns
Predicted Routing Delays?
toc FO = 1 Routing Delay, Direct Connect 0.1 0.1 0.1 0.1 ns
trc FO = 1 Routing Delay, Fast Connect 0.3 0.4 0.4 0.5 ns
trRD1 FO = 1 Routing Delay 0.3 04 0.4 0.5 ns
trRp2 FO = 2 Routing Delay 0.6 0.7 0.8 0.9 ns
trRD3 FO = 3 Routing Delay 0.8 0.9 1.0 1.2 ns
tRD4 FO = 4 Routing Delay 1.0 1.2 1.4 1.6 ns
tRpg FO = 8 Routing Delay 1.9 2.2 2.5 2.9 ns
tRD12 FO = 12 Routing Delay 2.8 3.2 3.7 4.3 ns
R-Cell Timing
trco Sequential Clock-to-Q 0.8 1.1 1.2 1.4 ns
ter Asynchronous Clear-to-Q 0.5 0.6 0.7 0.8 ns
tPRESET Asynchronous Preset-to-Q 0.7 0.8 0.9 1.0 ns
tsup Flip-Flop Data Input Set-Up 0.5 0.5 0.7 0.8 ns
thp Flip-Flop Data Input Hold 0.0 0.0 0.0 0.0 ns
tWASYN Asynchronous Pulse Width 1.4 1.6 1.8 2.1 ns
Input Module Propagation Delays
tINYH Input Data Pad-to-Y HIGH 1.5 1.7 1.9 2.2 ns
tinyL Input Data Pad-to-Y LOW 1.5 1.7 1.9 2.2 ns
Predicted Input Routing Delays?
tiRD1 FO = 1 Routing Delay 0.3 0.4 0.4 0.5 ns
tirD2 FO = 2 Routing Delay 0.6 0.7 0.8 0.9 ns
tirRD3 FO = 3 Routing Delay 0.8 0.9 1.0 1.2 ns
tiRD4 FO = 4 Routing Delay 1.0 1.2 1.4 1.6 ns
tiRDg FO = 8 Routing Delay 1.9 2.2 25 2.9 ns
tirRD12 FO = 12 Routing Delay 2.8 3.2 3.7 4.3 ns
Notes:

1. For dual-module macros, use tpp + tgp1 + tppp, trco + trp1 + tppn, OF tpp7 + trpy + tsyp. Whichever is appropriate.

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

3. Delays based on 35 pF loading, except teyz and teyzyy. For teyz and teyzy the loading is 5 pF.
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| SX Family FPGAs

A54S5X16P Timing Characteristics

Table 1-19 o A54SX16P Timing Characteristics

(Worst-Case Commercial Conditions, Vccg=4.75V, VccaVeq = 3.0V, T; = 70°C)

'-3' Speed '-2' Speed '-1' Speed | 'Std' Speed

Parameter |Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
C-Cell Propagation Delays'
tpp Internal Array Module 0.6 0.7 0.8 0.9 ns
Predicted Routing Delays?
toc FO = 1 Routing Delay, Direct Connect 0.1 0.1 0.1 0.1 ns
trc FO = 1 Routing Delay, Fast Connect 0.3 0.4 0.4 0.5 ns
tRD1 FO = 1 Routing Delay 0.3 0.4 0.4 0.5 ns
trRp2 FO = 2 Routing Delay 0.6 0.7 0.8 0.9 ns
trRD3 FO = 3 Routing Delay 0.8 0.9 1.0 1.2 ns
trRD4 FO = 4 Routing Delay 1.0 1.2 1.4 1.6 ns
trRD8 FO = 8 Routing Delay 1.9 2.2 2.5 2.9 ns
tRD12 FO = 12 Routing Delay 2.8 3.2 3.7 4.3 ns
R-Cell Timing
trco Sequential Clock-to-Q 0.9 1.1 1.3 1.4 ns
ter Asynchronous Clear-to-Q 0.5 0.6 0.7 0.8 ns
tPRESET Asynchronous Preset-to-Q 0.7 0.8 0.9 1.0 ns
tsup Flip-Flop Data Input Set-Up 0.5 0.5 0.7 0.8 ns
thp Flip-Flop Data Input Hold 0.0 0.0 0.0 0.0 ns
twasYN Asynchronous Pulse Width 1.4 1.6 1.8 2.1 ns
Input Module Propagation Delays
tNYH Input Data Pad-to-Y HIGH 1.5 1.7 1.9 2.2 ns
tNYL Input Data Pad-to-Y LOW 1.5 1.7 1.9 2.2 ns
Predicted Input Routing Delays?
trRD1 FO = 1 Routing Delay 0.3 0.4 0.4 0.5 ns
tirD2 FO = 2 Routing Delay 0.6 0.7 0.8 0.9 ns
tiRD3 FO = 3 Routing Delay 0.8 0.9 1.0 1.2 ns
tirRDa FO = 4 Routing Delay 1.0 1.2 1.4 1.6 ns
tiRDS FO = 8 Routing Delay 1.9 22 2.5 2.9 ns
tirD12 FO = 12 Routing Delay 2.8 3.2 3.7 4.3 ns
Note:

1. For dual-module macros, use tpp + trp; + tppp, treo + trpr + tpon, OF tppy + trpy + tsyp, Whichever is appropriate.

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

3. Delays based on 10 pF loading.
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A545X32 Timing Characteristics
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SX Family FPGAs

Table 1-20 o A545X32 Timing Characteristics

(Worst-Case Commercial Conditions, V¢cg=4.75 V, VccaVeq = 3.0V, T; = 70°C)

'-3' Speed '-2' Speed '-1' Speed | 'Std' Speed

Parameter |Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
C-Cell Propagation Delays'
tpp Internal Array Module 0.6 0.7 0.8 0.9 ns
Predicted Routing Delays?
toc FO = 1 Routing Delay, Direct Connect 0.1 0.1 0.1 0.1 ns
trc FO = 1 Routing Delay, Fast Connect 0.3 0.4 0.4 0.5 ns
trRD1 FO = 1 Routing Delay 0.3 04 04 0.5 ns
trRD2 FO = 2 Routing Delay 0.7 0.8 0.9 1.0 ns
trRD3 FO = 3 Routing Delay 1.0 1.2 1.4 1.6 ns
tRD4 FO = 4 Routing Delay 1.4 1.6 1.8 2.1 ns
tRpg FO = 8 Routing Delay 2.7 3.1 3.5 4.1 ns
tRD12 FO = 12 Routing Delay 4.0 4.7 5.3 6.2 ns
R-Cell Timing
trco Sequential Clock-to-Q 0.8 1.1 1.3 1.4 ns
ter Asynchronous Clear-to-Q 0.5 0.6 0.7 0.8 ns
tPRESET Asynchronous Preset-to-Q 0.7 0.8 0.9 1.0 ns
tsup Flip-Flop Data Input Set-Up 0.5 0.6 0.7 0.8 ns
thp Flip-Flop Data Input Hold 0.0 0.0 0.0 0.0 ns
tWASYN Asynchronous Pulse Width 1.4 1.6 1.8 2.1 ns
Input Module Propagation Delays
tINYH Input Data Pad-to-Y HIGH 1.5 1.7 1.9 2.2 ns
tiNyL Input Data Pad-to-Y LOW 1.5 1.7 1.9 22 ns
Predicted Input Routing Delays?
tiRD1 FO = 1 Routing Delay 0.3 0.4 04 0.5 ns
tRD?2 FO = 2 Routing Delay 0.7 0.8 0.9 1.0 ns
tirD3 FO = 3 Routing Delay 1.0 1.2 1.4 1.6 ns
tiRD4 FO = 4 Routing Delay 1.4 1.6 1.8 2.1 ns
tirRDg FO = 8 Routing Delay 2.7 3.1 3.5 4.1 ns
tirRD12 FO = 12 Routing Delay 4.0 4.7 53 6.2 ns

Note:

1. For dual-module macros, use tpp + tgp1 + tppp, trco + trp1 + tppn, OF tpp7 + tapy + tsyp. Whichever is appropriate.

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

3. Delays based on 35 pF loading, except tepnz and tenzy. For tenz and tgnzy the loading is 5 pF.

v3.2
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Table 1-20 o A54SX32 Timing Characteristics (Continued)
(Worst-Case Commercial Conditions, Vccg= 4.75 V, VccaVeq = 3.0 V, Ty = 70°C)

'-3' Speed '-2' Speed '-1' Speed | 'Std' Speed

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

Dedicated (Hardwired) Array Clock Network

tHekH Input LOW to HIGH (pad to R-Cell input) 1.9 2.1 2.4 2.8 ns

tHekL Input HIGH to LOW (pad to R-Cell input) 1.9 2.1 24 2.8 ns

tHPWH Minimum Pulse Width HIGH 1.4 1.6 1.8 2.1 ns

tHpwiL Minimum Pulse Width LOW 1.4 1.6 1.8 2.1 ns

theksw Maximum Skew 0.3 0.4 0.4 0.5 ns

thp Minimum Period 2.7 3.1 3.6 4.2 ns

fHMAX Maximum Frequency 350 320 280 240 MHz

Routed Array Clock Networks

tRekH Input LOW to HIGH (light load) 24 2.7 3.0 3.5 ns
(pad to R-Cell input)

trRekL Input HIGH to LOW (light load) 2.4 2.7 3.1 3.6 ns
(pad to R-Cell input)

tRckH Input LOW to HIGH (50% load) 2.7 3.0 35 4.1 ns
(pad to R-Cell input)

trRekL Input HIGH to LOW (50% load) 2.7 3.1 3.6 4.2 ns
(pad to R-Cell input)

tRekH Input LOW to HIGH (100% load) 2.7 3.1 35 4.1 ns
(pad to R-Cell input)

trekL Input HIGH to LOW (100% load) 2.8 3.2 3.6 4.3 ns
(pad to R-Cell input)

trpwH Min. Pulse Width HIGH 2.1 2.4 2.7 32 ns

tRpWL Min. Pulse Width LOW 2.1 24 2.7 3.2 ns

tRcksw Maximum Skew (light load) 0.85 0.98 1.1 1.3 ns

tReksw Maximum Skew (50% load) 1.23 1.4 1.6 1.9 ns

tRcksw Maximum Skew (100% load) 1.30 1.5 1.7 2.0 ns

TTL Output Module Timing?

tOLH Data-to-Pad LOW to HIGH 1.6 1.9 2.1 2.5 ns

tbHL Data-to-Pad HIGH to LOW 1.6 1.9 2.1 25 ns

tenzL Enable-to-Pad, Zto L 2.1 24 2.8 3.2 ns

tENzZH Enable-to-Pad, Z to H 2.3 2.7 3.1 3.6 ns

teNLZ Enable-to-Pad, Lto Z 1.4 1.7 1.9 2.2 ns

tENHZ Enable-to-Pad, Hto Z 1.3 1.5 1.7 2.0 ns

Note:

1. For dual-module macros, use tpp + trp1 + tppp, trco + trp1 + tppn, OF tep7 + trpy + tsup, Whichever is appropriate.

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

3. Delays based on 35 pF loading, except tepnz and tenzy. For tenz and tgnzy the loading is 5 pF.
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| 54SX Family FPGAs

Package Pin Assignments

84-Pin PLCC

A00000000000000000 011

1 84

84-Pin
PLCC
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Figure 2-1 o 84-Pin PLCC (Top View)

Note

For Package Manufacturing and Environmental information, visit the Package Resource center at
http://www.actel.com/products/rescenter/package/index.html.
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| 54SX Family FPGAs

84-Pin PLCC 84-Pin PLCC 84-Pin PLCC
A545X08 A545X08 A545X08
Pin Number Function Pin Number Function Pin Number Function
1 Veer 36 /o) 71 /o)
2 GND 37 I/0 72 I/0
3 Veea 38 110 73 110
4 PRA, I/O 39 I/0 74 I/0
5 170 40 PRB, I/O 75 170
6 170 41 Veea 76 170
7 Vee 42 GND 77 /o)
8 /e 43 Veer 78 /o)
9 I/O 44 I/0 79 I/0
10 170 45 HCLK 80 170
11 TCK, /1O 46 170 81 170
12 DI, I/0 47 170 82 170
13 170 48 170 83 CLKA
14 I/O 49 I/0 84 CLKB
15 I/O 50 I/0
16 ™S 51 I/0
17 170 52 DO, I/O
18 170 53 170
19 170 54 170
20 I/O 55 I/0
21 I/O 56 I/0
22 170 57 170
23 170 58 170
24 170 59 Veea
25 170 60 Ve
26 I/O 61 GND
27 GND 62 I/0
28 Vea 63 1’0
29 170 64 170
30 170 65 170
31 170 66 170
32 170 67 170
33 /o) 68 Veea
34 170 69 GND
35 170 70 170
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208-Pin PQFP 208-Pin PQFP
A54S5X16, A545X16,
A54SX08 A54SX16P A54SX32 A54SX08 A54SX16P A54SX32
Pin Number | Function Function Function Pin Number | Function Function Function
1 GND GND GND 37 I/0 I/O I/0
2 TDI, /O TDI, /0 TDI, /O 38 170 I/O I/0
3 170 170 170 39 NC 170 I/0
4 NC /o) /0 40 Veer Ve Ve
5 1o} /0 /0 41 Veea Veea Veea
6 NC 170 I/0 42 170 170 I/0
7 170 170 170 43 170 170 I/0
8 110 170 170 44 170 170 I/0
9 170 170 170 45 170 170 I/0
10 170 110 I/0 46 170 170 I/0
11 ™S ™S ™S 47 I/O I/O I/0
12 Veer Ve Ve 48 NC /o /0
13 170 110 170 49 170 170 170
14 NC 110 170 50 NC 170 170
15 170 110 170 51 170 170 I/0
16 110 110 I/0 52 GND GND GND
17 NC 170 I/0 53 170 170 I/0
18 110 110 I/0 54 170 170 I/0
19 170 110 170 55 170 170 170
20 NC 110 170 56 170 170 I/0
21 170 110 170 57 170 170 170
22 170 110 I/0 58 170 170 I/0
23 NC 170 170 59 170 170 I/0
24 170 110 I/0 60 Ve Vea Ve
25 Veer Veer Veer 61 NC 1[e) /0
26 GND GND GND 62 170 170 I/0
27 Veea Veea Veea 63 /o /6] /0
28 GND GND GND 64 NC I/O I/0
29 170 110 I/0 65* 170 170 NC*
30 170 110 I/0 66 170 170 I/0
31 NC 170 I/0 67 NC 170 I/0
32 170 110 I/0 68 170 170 I/0
33 170 110 I/0 69 170 170 I/0
34 170 110 I/0 70 NC 170 170
35 NC 170 I/0 71 170 170 I/0
36 170 110 I/0 72 170 170 I/0

Note:

* Note that Pin 65 in the A545X32—PQ208 is a no connect (NC).
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100-Pin VQFP
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Figure 2-5 ¢ 100-Pin VQFP (Top View)
Note

For Package Manufacturing and Environmental information, visit the Package Resource center at
http://www.actel.com/products/rescenter/package/index.html.
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313-Pin PBGA
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Figure 2-6 » 313-Pin PBGA (Top View)

Note

For Package Manufacturing and Environmental information, visit the Package Resource center at
http://www.actel.com/products/rescenter/package/index.html.

2-16

v3.2


http://www.actel.com/products/rescenter/package/index.html
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329-Pin PBGA 329-Pin PBGA 329-Pin PBGA 329-Pin PBGA
Pin A54SX32 Pin A54SX32 Pin A54SX32 Pin A54SX32
Number Function Number Function Number Function Number Function
Al GND AA13 re} AC2 Ve B14 I/0
A2 GND AA14 I/O AC3 NC B15 I/O
A3 Vea AA15 I/O AC4 I/0 B16 I/O
A4 NC AA16 I/O AC5 I/0 B17 I/O
A5 170 AA17 170 AC6 I/0 B18 170
A6 170 AA18 170 AC7 I/0 B19 170
A7 Veer AA19 1e} AC8 /0 B20 e}
A8 NC AA20 TDO, I/0 AC9 Veer B21 /o)
A9 /o) AA21 Veey AC10 /0 B22 GND
A10 170 AA22 170 ACT1 I/0 B23 Vee
A1 170 AA23 Vea AC12 I/0 1 NC
A12 170 AB1 170 AC13 I/0 c2 DI, I/O
A13 CLKB AB2 GND AC14 I/O C3 GND
Al4 I/O AB3 I/O AC15 NC c4 I/O
A15 I/O AB4 I/O AC16 I/0 C5 I/O
A16 170 AB5 170 AC17 I/0 C6 170
A17 170 AB6 170 AC18 I/0 c7 170
A18 170 AB7 170 AC19 I/0 C8 170
A19 170 ABS8 170 AC20 I/0 9 170
A20 I/O AB9 I/O AC21 NC c10 I/O
A21 NC AB10 1o} AC22 Veey C11 /0
A22 Vea AB11 PRB, I/0 AC23 GND C12 110
A23 GND AB12 170 B1 Vg C13 110
AA1 Vea AB13 HCLK B2 GND c14 170
AA2 I/O AB14 I/O B3 170 C15 I/0
AA3 GND AB15 I/O B4 I/O C16 I/O
AA4 I/O AB16 I/O B5 I/0 c17 I/O
AA5 I/O AB17 I/O B6 I/0 C18 I/0
AA6 170 AB18 170 B7 I/0 C19 110
AA7 170 AB19 110 B8 I/0 C20 170
AA8 I/O AB20 I/O B9 170 21 Ve
AA9 I/O AB21 I/O B10 170 C22 GND
AA10 I/O AB22 GND B11 I/0 C23 NC
AAT1 I/O AB23 I/O B12 PRA, I/O D1 I/O
AA12 I/O AC1 GND B13 CLKA D2 I/O
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54SX Family FPGAs

329-Pin PBGA 329-Pin PBGA 329-Pin PBGA 329-Pin PBGA
Pin A54SX32 Pin A54SX32 Pin A54SX32 Pin A54SX32
Number Function Number Function Number Function Number Function

D3 I/O F22 I/O K20 I/0 N11 GND
D4 TCK, I/0 F23 I/O K21 I/0 N12 GND
D5 I/O G1 I/O K22 I/0 N13 GND
D6 170 G2 110 K23 I/0 N14 GND
D7 170 G3 110 L1 I/0 N20 NC
D8 170 G4 110 L2 I/0 N21 170
D9 170 G20 170 L3 I/0 N22 170
D10 /o) G21 /o) L4 Veer N23 /e
D11 Veea G22 1o} L10 GND P1 /0
D12 Veer G23 GND L11 GND P2 /0
D13 170 H1 170 L12 GND P3 170
D14 170 H2 110 L13 GND P4 170
D15 re} H3 re} L14 GND P10 GND
D16 /o) H4 /o) 120 Veer P11 GND
D17 /o) H20 Veea 121 /0 P12 GND
D18 170 H21 170 L22 I/0 P13 GND
D19 170 H22 170 L23 NC P14 GND
D20 170 H23 170 M1 I/0 P20 170
D21 re} 1 NC M2 I/0 P21 I/0
D22 I/O J2 I/O M3 I/0 P22 I/O
D23 /o) J3 /o) M4 Veea P23 /0
E1 Ve J4 (e M10 GND R1 /o)
E2 170 120 110 M11 GND R2 170
E3 170 121 170 M12 GND R3 170
E4 I/O 122 I/O M13 GND R4 170
E20 I/O J23 I/O M14 GND R20 I/O
E21 170 K1 (e] M20 Veea R21 1’0
E22 170 K2 170 M21 I/0 R22 170
E23 170 K3 170 M22 I/0 R23 170
F1 170 K4 170 M23 Ve T1 170
F2 TMS K10 GND N1 170 T2 170
F3 I/O K11 GND N2 17O T3 I/0
F4 I/O K12 GND N3 I/O T4 I/O
F20 170 K13 GND N4 I/0 T20 170
F21 I/O K14 GND N10 GND T21 I/0
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144-Pin FBGA

54SX Family FPGAs
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Figure 2-8 » 144-Pin FBGA (Top View)

Note

For Package Manufacturing and Environmental information, visit the Package Resource center at

http://www.actel.com/products/rescenter/package/index.html.
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