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Routing Resources

The routing and interconnect resources of SX-A devices
are in the top two metal layers above the logic modules
(Figure 1-1 on page 1-1), providing optimal use of silicon,
thus enabling the entire floor of the device to be
spanned with an uninterrupted grid of logic modules.
Interconnection between these logic modules is achieved
using the Actel patented metal-to-metal programmable
antifuse interconnect elements. The antifuses are
normally open circuits and, when programmed, form a
permanent low-impedance connection.

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 on page 1-4 and
Figure 1-6 on page 1-4). This routing architecture also
dramatically reduces the number of antifuses required to
complete a circuit, ensuring the highest possible
performance, which is often required in applications such
as fast counters, state machines, and data path logic. The
interconnect elements (i.e., the antifuses and metal
tracks) have lower capacitance and lower resistance than
any other device of similar capacity, leading to the fastest
signal propagation in the industry.

DirectConnect is a horizontal routing resource that

provides connections from a C-cell to its neighboring
R-Cell in a given SuperCluster. DirectConnect uses a
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interconnection to achieve its fast signal propagation
time of less than 0.1 ns.

FastConnect enables horizontal routing between any
two logic modules within a given SuperCluster, and
vertical routing with the SuperCluster immediately
below it. Only one programmable connection is used in a
FastConnect path, delivering a maximum pin-to-pin
propagation time of 0.3 ns.

In addition to DirectConnect and FastConnect, the
architecture makes use of two globally oriented routing
resources known as segmented routing and high-drive
routing. The Actel segmented routing structure provides
a variety of track lengths for extremely fast routing
between SuperClusters. The exact combination of track
lengths and antifuses within each path is chosen by the
100% automatic place-and-route software to minimize
signal propagation delays.

The general system of routing tracks allows any logic
module in the array to be connected to any other logic
or /0 module. Within this system, most connections
typically require three or fewer antifuses, resulting in
fast and predictable performance.

The unique local and general routing structure featured
in SX-A devices allows 100% pin-locking with full logic
utilization, enables concurrent printed circuit board
(PCB) development, reduces design time, and allows
designers to achieve performance goals with minimum
effort.
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Figure 1-4 e Cluster Organization
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Clock Resources

Actel’s high-drive routing structure provides three clock
networks (Table 1-1). The first clock, called HCLK, is
hardwired from the HCLK buffer to the clock select
multiplexor (MUX) in each R-cell. HCLK cannot be
connected to combinatorial logic. This provides a fast
propagation path for the clock signal. If not used, this
pin must be set as Low or High on the board. It must not
be left floating. Figure 1-7 describes the clock circuit
used for the constant load HCLK and the macros
supported.

HCLK does not function until the fourth clock cycle each
time the device is powered up to prevent false output
levels due to any possible slow power-on-reset signal and
fast start-up clock circuit. To activate HCLK from the first
cycle, the TRST pin must be reserved in the Design
software and the pin must be tied to GND on the board.

Two additional clocks (CLKA, CLKB) are global clocks that
can be sourced from external pins or from internal logic
signals within the SX-A device. CLKA and CLKB may be
connected to sequential cells or to combinational logic. If
CLKA or CLKB pins are not used or sourced from signals,
these pins must be set as Low or High on the board. They
must not be left floating. Figure 1-8 describes the CLKA

Table 1-1 o SX-A Clock Resources
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and CLKB circuit used and the macros supported in SX-A
devices with the exception of A545X72A.

In addition, the A54SX72A device provides four
quadrant clocks (QCLKA, QCLKB, QCLKC, and QCLKD—
corresponding to bottom-left, bottom-right, top-left,
and top-right locations on the die, respectively), which
can be sourced from external pins or from internal logic
signals within the device. Each of these clocks can
individually drive up to an entire quadrant of the chip,
or they can be grouped together to drive multiple
quadrants (Figure 1-9 on page 1-6). QCLK pins can
function as user I/0 pins. If not used, the QCLK pins
must be tied Low or High on the board and must not be
left floating.

For more information on how to use quadrant clocks in
the A54SX72A device, refer to the Global Clock Networks
in Actel’s Antifuse Devices and Using A54SX72A and
RT545X72S Quadrant Clocks application notes.

The CLKA, CLKB, and QCLK circuits for A54SX72A as well
as the macros supported are shown in Figure 1-10 on
page 1-6. Note that bidirectional clock buffers are only
available in A54SX72A. For more information, refer to
the "Pin Description"” section on page 1-15.

A54SX08A A54SX16A A54SX32A A54SX72A
Routed Clocks (CLKA, CLKB) 2 2 2 2
Hardwired Clocks (HCLK) 1 1 1 1
Quadrant Clocks (QCLKA, QCLKB, QCLKC, QCLKD) 0 0 0 4
Constant Load
Clock Network
HCLKBUF
Figure 1-7 o SX-A HCLK Clock Buffer
|E ; Clock Network
From Internal Logic
CLKBUF
CLKBUFI
CLKINT
CLKINTI

Figure 1-8 o SX-A Routed Clock Buffer
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Power-Up/Down and Hot Swapping

SX-A I/Os are configured to be hot-swappable, with the
exception of 3.3 V PCl. During power-up/down (or partial
up/down), all I/Os are tristated. Vcca and V¢ do not
have to be stable during power-up/down, and can be
powered up/down in any order. When the SX-A device is
plugged into an electrically active system, the device will
not degrade the reliability of or cause damage to the
host system. The device’s output pins are driven to a high
impedance state until normal chip operating conditions

Table 1-2 * 1/0O Features

are reached. Table 1-4 summarizes the Vca voltage at
which the 1/0s behave according to the user’s design for
an SX-A device at room temperature for various ramp-up
rates. The data reported assumes a linear ramp-up
profile to 2.5 V. For more information on power-up and
hot-swapping, refer to the application note, Actel SX-A
and RT54SX-S Devices in Hot-Swap and Cold-Sparing
Applications.

Function Description
Input Buffer Threshold Selections e 5V:PCl, TTL

e 3.3V:PCl LVTTL

e 2.5V:LVCMOS2 (commercial only)
Flexible Output Driver e 5V:.PCl, TTL

e 3.3V:PCl, LVTTL
e 2.5V:LVCMOS2 (commercial only)

Output Buffer

“Hot-Swap” Capability (3.3 V PCl is not hot swappable)
e |/O on an unpowered device does not sink current

e (Can be used for “cold-sparing”
Selectable on an individual /O basis

Individually selectable slew rate; high slew or low slew (The default is high slew rate).
The slew is only affected on the falling edge of an output. Rising edges of outputs are
not affected.

Power-Up

Individually selectable pull-ups and pull-downs during power-up (default is to power-up
in tristate)

Enables deterministic power-up of device
Vcea and V¢ can be powered in any order

Table 1-3 e 1/0 Characteristics for All I/0 Configurations

Hot Swappable Slew Rate Control Power-Up Resistor
TTL, LVTTL, LVCMOS2 Yes Yes. Only affects falling edges of outputs Pull-up or pull-down
3.3V PCl No No. High slew rate only Pull-up or pull-down
5V PCl Yes No. High slew rate only Pull-up or pull-down

Table 1-4 ¢ Power-Up Time at which I/0s Become Active

Supply Ramp Rate | 0.25 V/us (0.025 V/us | 5 V/ms 25V/ms | 0.5V/ms | 0.25V/ms | 0.1 V/ims | 0.025 V/ms
Units us us ms ms ms ms ms ms
A54SX08A 10 96 0.34 0.65 2.7 5.4 12.9 50.8
A54SX16A 10 100 0.36 0.62 2.5 4.7 11.0 41.6
A54SX32A 10 100 0.46 0.74 2.8 5.2 12.1 47.2
A54SX72A 10 100 0.41 0.67 2.6 5.0 12.1 47.2

1-8
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JTAG Instructions

Table 1-7 lists the supported instructions with the corresponding IR codes for SX-A devices.

Table 1-8 lists the codes returned after executing the IDCODE instruction for SX-A devices. Note that bit 0 is always '1".
Bits 11-1 are always '02F', which is the Actel manufacturer code.

Table 1-7 ¢ JTAG Instruction Code

Instructions (IR4:IR0) Binary Code
EXTEST 00000
SAMPLE/PRELOAD 00001
INTEST 00010
USERCODE 00011
IDCODE 00100
Highz 01110
CLAMP 01111
Diagnostic 10000
BYPASS 1M1
Reserved All others

Table 1-8 ¢ JTAG Instruction Code

Device Process Revision Bits 31-28 Bits 27-12
A54SX08A 0.22 0 8,9 40B4, 42B4
1 A, B 40B4, 42B4
A54SX16A 0.22 0 9 40B8, 42B8
1 B 40B8, 42B8

0.25p 1 B 22B8
A54SX32A 0.2 2p 0 9 40BD, 42BD
1 B 40BD, 42BD

0.25p 1 B 22BD
A54SX72A 0.22 p 0 9 4082, 42B2
1 B 40B2, 42B2

0.25p 1 B 22B2

1-10 v5.3
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Probing Capabilities

SX-A devices also provide an internal probing capability
that is accessed with the JTAG pins. The Silicon Explorer Il
diagnostic hardware is used to control the TDI, TCK, TMS,
and TDO pins to select the desired nets for debugging.
The user assigns the selected internal nets in Actel Silicon
Explorer Il software to the PRA/PRB output pins for
observation. Silicon Explorer Il automatically places the
device into JTAG mode. However, probing functionality is
only activated when the TRST pin is driven high or left
floating, allowing the internal pull-up resistor to pull
TRST High. If the TRST pin is held Low, the TAP controller
remains in the Test-Logic-Reset state so no probing can
be performed. However, the user must drive the TRST pin
High or allow the internal pull-up resistor to pull TRST
High.

SX-A Family FPGAs

When selecting the Reserve Probe Pin box as shown in
Figure 1-12 on page 1-9, direct the layout tool to reserve
the PRA and PRB pins as dedicated outputs for probing.
This Reserve option is merely a guideline. If the designer
assigns user 1/Os to the PRA and PRB pins and selects the
Reserve Probe Pin option, Designer Layout will
override the Reserve Probe Pin option and place the
user 1/Os on those pins.

To allow probing capabilities, the security fuse must not
be programmed. Programming the security fuse disables
the JTAG and probe circuitry. Table 1-9 summarizes the
possible device configurations for probing once the
device leaves the Test-Logic-Reset JTAG state.

Table 1-9 e Device Configuration Options for Probe Capability (TRST Pin Reserved)

JTAG Mode TRST! Security Fuse Programmed PRA, PRB? TDI, TCK, TDO?
Dedicated Low No User /O3 JTAG Disabled
High No Probe Circuit Outputs JTAG I/0
Flexible Low No User 1/03 User 1103
High No Probe Circuit Outputs JTAG I/O
Yes Probe Circuit Secured Probe Circuit Secured
Notes:

1. If the TRST pin is not reserved, the device behaves according to TRST = High as described in the table.

2. Avoid using the TDI, TCK, TDO, PRA, and PRB pins as input or bidirectional ports. Since these pins are active during probing, input
signals will not pass through these pins and may cause contention.

3. If no user signal is assigned to these pins, they will behave as unused I/Os in this mode. Unused pins are automatically tristated by

the Designer software.
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Design Environment

The SX-A family of FPGAs is fully supported by both 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. Additionally,
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 for more information
(located on the Actel website).

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 II, Actel’s integrated verification and logic
analysis tool. Another tool included in the Designer
software is the SmarGen core generator, which easily
creates popular and commonly used logic functions for
implementation in your schematic or HDL design. Actel's
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.

YActel
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Programming

Device programming is supported through Silicon
Sculptor series of programmers. In particular, Silicon
Sculptor is compact, robust, single-site and multi-site
device programmer for the PC.

With standalone software, Silicon Sculptor allows
concurrent programming of multiple units from the
same PC, ensuring the fastest programming times
possible. Each fuse is subsequently verified by Silicon
Sculptor Il to insure correct programming. In addition,
integrity tests ensure that no extra fuses are
programmed. Silicon Sculptor also provides extensive
hardware self-testing capability.

The procedure for programming an SX-A device using
Silicon Sculptor is as follows:

1. Load the .AFM file

2. Select the device to be programmed

3. Begin programming

When the design is ready to go to production, Actel
offers device volume-programming services either

through distribution partners or via in-house
programming from the factory.

For detailed information on programming, read the
following documents Programming Antifuse Devices and
Silicon Sculptor User’s Guide.

v5.3
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Thermal Characteristics

Introduction

YActel
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The temperature variable in Actel Designer software refers to the junction temperature, not the ambient, case, or
board temperatures. This is an important distinction because dynamic and static power consumption will cause the
chip's junction to be higher than the ambient, case, or board temperatures. EQ 2-9 and EQ 2-10 give the relationship
between thermal resistance, temperature gradient and power.

EQ 2-9
0)p = TC_""P“Ié
EQ 2-10
Where:
0, = Junction-to-air thermal resistance
0)c = Junction-to-case thermal resistance
T, = Junction temperature
Tp = Ambient temperature
Tc = Ambient temperature
P = total power dissipated by the device
Table 2-12 » Package Thermal Characteristics
ST
Pin 1.0 m/s 2.5mis
Package Type Count 0)c still Air | 200 ft./min. [ 500 ft./min.| Units
Thin Quad Flat Pack (TQFP) 100 14 335 27.4 25 °C/W
Thin Quad Flat Pack (TQFP) 144 11 335 28 25.7 °C/W
Thin Quad Flat Pack (TQFP) 176 11 24.7 19.9 18 °C/W
Plastic Quad Flat Pack (PQFP)' 208 8 26.1 22.5 20.8 °C/W
Plastic Quad Flat Pack (PQFP) with Heat Spreader2 208 3.8 16.2 13.3 11.9 °C/W
Plastic Ball Grid Array (PBGA) 329 3 17.1 13.8 12.8 °C/W
Fine Pitch Ball Grid Array (FBGA) 144 38 26.9 22.9 215 °C/W
Fine Pitch Ball Grid Array (FBGA) 256 3.8 26.6 22.8 21.5 °C/W
Fine Pitch Ball Grid Array (FBGA) 484 3.2 18 14.7 13.6 °C/W
Notes:
1. The A54SX08A PQ208 has no heat spreader.
2. The SX-A PQ208 package has a heat spreader for A54SX16A, A545X32A, and A545X72A.
v5.3 2-11
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Theta-JA

Junction-to-ambient thermal resistance (0;,) is determined under standard conditions specified by JESD-51 series but
has little relevance in actual performance of the product in real application. It should be employed with caution but is
useful for comparing the thermal performance of one package to another.

A sample calculation to estimate the absolute maximum power dissipation allowed (worst case) for a 329-pin PBGA
package at still air is as follows. i.e.:

0)a 17.1°C/W is taken from Table 2-12 on page 2-11

Ta

125°C is the maximum limit of ambient (from the datasheet)

Max Junction Temp — Max. Ambient Temp _ 150°C — 125°C _ 146 W
0)a 17.1°C/W '

Max. Allowed Power =

EQ 2-11
The device's power consumption must be lower than the calculated maximum power dissipation by the package.

The power consumption of a device can be calculated using the Actel power calculator. If the power consumption is
higher than the device's maximum allowable power dissipation, then a heat sink can be attached on top of the case or
the airflow inside the system must be increased.

Theta-JC

Junction-to-case thermal resistance (6,c) measures the ability of a device to dissipate heat from the surface of the chip
to the top or bottom surface of the package. It is applicable for packages used with external heat sinks and only
applies to situations where all or nearly all of the heat is dissipated through the surface in consideration. If the power
consumption is higher than the calculated maximum power dissipation of the package, then a heat sink is required.

Calculation for Heat Sink

For example, in a design implemented in a FG484 package, the power consumption value using the power calculator is
3.00 W. The user-dependent data T, and T, are given as follows:

T, = 110°C
Ty = 70°C
From the datasheet:

0)p = 18.0°C/W
3.2°C/W

0)c

Max Junction Temp — Max. Ambient Temp _ 110°C —70°C
P = = =222W
0 18.0°C/W

EQ 2-12
The 2.22 W power is less than then required 3.00 W; therefore, the design requires a heat sink or the airflow where the

device is mounted should be increased. The design's junction-to-air thermal resistance requirement can be estimated
by:

Max Junction Temp — Max. Ambient Temp _ 110°C —70°C
P 3.00 W

eJA -

= 13.33°C/W

EQ2-13

2-12 v5.3
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Input Buffer Delays

C-Cell Delays
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Figure 2-6 o Input Buffer Delays

Cell Timing Characteristics

Figure 2-7 o C-Cell Delays
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Table 2-23  A54SX16A Timing Characteristics

(Worst-Case Commercial Conditions Vcca =2.25V, Vg =3.0V, T; = 70°C)
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-3 Speed* | -2 Speed | -1Speed |Std. Speed | -F Speed
Parameter Description Min. Max. | Min. Max. [ Min. Max. | Min. Max. | Min. Max. | Units
Dedicated (Hardwired) Array Clock Networks
thekH Input Low to High 1.2 1.4 1.6 1.8 2.8 ns
(Pad to R-cell Input)
thekL Input High to Low 1.0 1.1 1.3 1.5 2.2 ns
(Pad to R-cell Input)
tHPWH Minimum Pulse Width High 1.4 1.7 1.9 2.2 3.0 ns
tHpwL Minimum Pulse Width Low 1.4 1.7 1.9 2.2 3.0 ns
theksw Maximum Skew 0.3 0.3 0.4 04 0.6 ns
thp Minimum Period 2.8 34 3.8 44 6.0 ns
fHmAx Maximum Frequency 357 294 263 227 167 | MHz
Routed Array Clock Networks
tRekH Input Low to High (Light Load) 1.0 1.2 1.3 1.5 2.1 ns
(Pad to R-cell Input)
trRekL Input High to Low (Light Load) 1.1 1.3 1.5 1.7 24 ns
(Pad to R-cell Input)
tRckH Input Low to High (50% Load) 1.1 1.3 1.4 1.7 2.3 ns
(Pad to R-cell Input)
trRekL Input High to Low (50% Load) 1.1 1.3 1.5 1.7 24 ns
(Pad to R-cell Input)
tRekH Input Low to High (100% Load) 1.3 1.5 1.7 2.0 2.7 ns
(Pad to R-cell Input)
trekL Input High to Low (100% Load) 1.3 1.5 1.7 2.0 2.8 ns
(Pad to R-cell Input)
tRPWH Minimum Pulse Width High 1.4 1.7 1.9 2.2 3.0 ns
tRpWL Minimum Pulse Width Low 1.4 1.7 1.9 2.2 3.0 ns
tReksw Maximum Skew (Light Load) 0.8 0.9 1.0 1.2 1.7 ns
tRCksw Maximum Skew (50% Load) 0.8 0.9 1.0 1.2 1.7 ns
tReksw Maximum Skew (100% Load) 1.0 1.1 1.3 1.5 2.1 ns
Note: *All -3 speed grades have been discontinued.
v5.3 2-29
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Table 2-26 » A54SX16A Timing Characteristics
(Worst-Case Commercial Conditions Vcca =2.25V, Vg =3.0V, T; = 70°C)

-3 Speed! | -2 Speed | -1Speed |Std.Speed | -F Speed
Parameter Description Min. Max. | Min. Max. [ Min. Max. | Min. Max. | Min. Max. | Units
3.3 V PCI Output Module Timing?
tDLH Data-to-Pad Low to High 2.0 2.3 2.6 3.1 4.3 ns
tDHL Data-to-Pad High to Low 2.2 2.5 2.8 3.3 46 ns
tenzL Enable-to-Pad, Zto L 1.4 1.7 1.9 2.2 3.1 ns
tENzH Enable-to-Pad, Z to H 2.0 2.3 2.6 3.1 4.3 ns
teNLZ Enable-to-Pad, L to Z 25 2.8 3.2 3.8 53 ns
tENHZ Enable-to-Pad, H to Z 2.2 25 2.8 33 4.6 ns
dr Delta Low to High 0.025 0.03 0.03 0.04 0.045 | ns/pF
3 Delta High to Low 0.015 0.015 0.015 0.015 0.025 | ns/pF
3.3 V LVTTL Output Module Timing?
tDLH Data-to-Pad Low to High 2.8 32 3.6 43 6.0 ns
toHL Data-to-Pad High to Low 2.7 3.1 35 4.1 5.7 ns
tbHLs Data-to-Pad High to Low—Iow slew 9.5 10.9 12.4 14.6 204 ns
tenzL Enable-to-Pad, Z to L 22 2.6 2.9 34 4.8 ns
tENzLS Enable-to-Pad, Z to L—low slew 15.8 18.9 21.3 25.4 34.9 ns
teNzH Enable-to-Pad, Zto H 2.8 3.2 3.6 4.3 6.0 ns
teNLZ Enable-to-Pad, Lto Z 2.9 33 3.7 4.4 6.2 ns
tENHZ Enable-to-Pad, H to Z 2.7 3.1 35 4.1 5.7 ns
dr Delta Low to High 0.025 0.03 0.03 0.04 0.045 | ns/pF
dry Delta High to Low 0.015 0.015 0.015 0.015 0.025 | ns/pF
drnis’ Delta High to Low—Iow slew 0.053 0.053 0.067 0.073 0.107 | ns/pF
Notes:

1. All -3 speed grades have been discontinued.

2. Delays based on 10 pF loading and 25 Q resistance.

3. To obtain the slew rate, substitute the appropriate Delta value, load capacitance, and the V¢ value into the following equation:

Slew Rate [Vins] = (0.1*Vcq = 0.9*Veay (Cioad * drpiHjHL|HLS)
where Cj,5q is the load capacitance driven by the I/O in pF

drHHLHLS] IS the worst case delta value from the datasheet in ns/pF.

4. Delays based on 35 pF loading.

2-32
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Table 2-30 » A54SX32A Timing Characteristics

(Worst-Case Commercial Conditions Vcca =2.25V, Vg =3.0V, T; = 70°C)

YActel

SX-A Family FPGAs

-3 Speed* | -2 Speed | -1Speed |Std. Speed | -F Speed
Parameter Description Min. Max. | Min. Max. [ Min. Max. | Min. Max. | Min. Max. | Units
Dedicated (Hardwired) Array Clock Networks
thekH Input Low to High 1.7 2.0 2.2 2.6 4.0 ns
(Pad to R-cell Input)
thekL Input High to Low 1.7 2.0 2.2 2.6 4.0 ns
(Pad to R-cell Input)
tHPWH Minimum Pulse Width High 1.4 1.6 1.8 2.1 29 ns
tHpwL Minimum Pulse Width Low 1.4 1.6 1.8 2.1 2.9 ns
theksw Maximum Skew 0.6 0.6 0.7 0.8 1.3 ns
thp Minimum Period 2.8 3.2 3.6 4.2 5.8 ns
fHmAx Maximum Frequency 357 313 278 238 172 | MHz
Routed Array Clock Networks
tRekH Input Low to High (Light Load) 2.2 25 2.8 3.3 4.6 ns
(Pad to R-cell Input)
trRekL Input High to Low (Light Load) 2.1 24 2.7 3.2 4.5 ns
(Pad to R-cell Input)
tRckH Input Low to High (50% Load) 2.3 2.7 3.1 3.6 5 ns
(Pad to R-cell Input)
trRekL Input High to Low (50% Load) 2.2 25 2.9 34 4.7 ns
(Pad to R-cell Input)
tRekH Input Low to High (100% Load) 24 2.8 32 3.7 5.2 ns
(Pad to R-cell Input)
trekL Input High to Low (100% Load) 24 2.8 3.1 3.7 5.1 ns
(Pad to R-cell Input)
tRPWH Minimum Pulse Width High 1.4 1.6 1.8 2.1 29 ns
tRpWL Minimum Pulse Width Low 1.4 1.6 1.8 2.1 2.9 ns
tReksw Maximum Skew (Light Load) 1.0 1.1 1.3 1.5 2.1 ns
tRCksw Maximum Skew (50% Load) 0.9 1.0 1.2 1.4 1.9 ns
tReksw Maximum Skew (100% Load) 0.9 1.0 1.2 1.4 1.9 ns
Note: *All -3 speed grades have been discontinued.
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Table 2-31 e A54SX32A Timing Characteristics

y FPGAs

(Worst-Case Commercial Conditions Vcca =2.25V, Ve =4.75V, T; = 70°C)

-3 Speed* | -2 Speed | -1Speed |Std. Speed | -F Speed

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

Dedicated (Hardwired) Array Clock Networks

thckH Input Low to High 1.7 1.9 2.2 2.6 4.0 ns
(Pad to R-cell Input)

thekL Input High to Low 1.7 2.0 2.2 2.6 4.0 ns
(Pad to R-cell Input)

tHPWH Minimum Pulse Width High 1.4 1.6 1.8 2.1 29 ns

tHpwL Minimum Pulse Width Low 1.4 1.6 1.8 2.1 2.9 ns

theksw Maximum Skew 0.6 0.6 0.7 0.8 1.3 ns

thp Minimum Period 2.8 3.2 3.6 4.2 5.8 ns

fHmAx Maximum Frequency 357 313 278 238 172 | MHz

Routed Array Clock Networks

tRekH Input Low to High (Light Load) 2.2 25 2.8 3.3 4.7 ns
(Pad to R-cell Input)

trRekL Input High to Low (Light Load) 2.1 2.5 2.8 3.3 4.5 ns
(Pad to R-cell Input)

tRckH Input Low to High (50% Load) 24 2.7 3.1 3.6 5.1 ns
(Pad to R-cell Input)

trRekL Input High to Low (50% Load) 2.2 2.6 2.9 34 4.7 ns
(Pad to R-cell Input)

tRekH Input Low to High (100% Load) 2.5 2.8 32 3.8 53 ns
(Pad to R-cell Input)

trekL Input High to Low (100% Load) 24 2.8 3.1 3.7 5.2 ns
(Pad to R-cell Input)

tRPWH Minimum Pulse Width High 1.4 1.6 1.8 2.1 29 ns

tRpWL Minimum Pulse Width Low 1.4 1.6 1.8 2.1 2.9 ns

tReksw Maximum Skew (Light Load) 1.0 1.1 1.3 1.5 2.1 ns

tRCksw Maximum Skew (50% Load) 1.0 1.1 1.3 1.5 2.1 ns

tReksw Maximum Skew (100% Load) 1.0 1.1 1.3 1.5 2.1 ns

Note: *All -3 speed grades have been discontinued.

2-38 v5.3




| SX-A Family FPGAs

Table 2-36 » A54SX72A Timing Characteristics

(Worst-Case Commercial Conditions Vcca =2.25V, V¢ =2.25V, T; = 70°C)

-3 Speed* | -2 Speed -1 Speed | Std. Speed | -F Speed

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

Dedicated (Hardwired) Array Clock Networks

tHCkH Input Low to High 1.6 1.9 2.1 2.5 3.8 ns
(Pad to R-cell Input)

thekL Input High to Low 1.6 1.9 2.1 2.5 3.8 ns
(Pad to R-cell Input)

tHPWH Minimum Pulse Width High 1.5 1.7 2.0 2.3 3.2 ns

tHpWL Minimum Pulse Width Low 1.5 1.7 2.0 2.3 3.2 ns

tHeksw Maximum Skew 1.4 1.6 1.8 2.1 3.3 ns

thp Minimum Period 3.0 34 4.0 4.6 6.4 ns

fHMAX Maximum Frequency 333 294 250 217 156 | MHz

Routed Array Clock Networks

tRCKH Input Low to High (Light Load) 2.3 2.6 29 34 4.8 ns
(Pad to R-cell Input)

tRCKL Input High to Low (Light Load) 2.8 3.2 3.7 4.3 6.0 ns
(Pad to R-cell Input)

tRCKH Input Low to High (50% Load) 24 2.8 3.2 3.7 5.2 ns
(Pad to R-cell Input)

tRCKL Input High to Low (50% Load) 2.9 33 3.8 4.5 6.2 ns
(Pad to R-cell Input)

tRCKH Input Low to High (100% Load) 2.6 3.0 34 4.0 5.6 ns
(Pad to R-cell Input)

tRCKL Input High to Low (100% Load) 3.1 3.6 4.0 4.7 6.6 ns
(Pad to R-cell Input)

tRPWH Minimum Pulse Width High 1.5 1.7 2.0 2.3 3.2 ns

tRPWL Minimum Pulse Width Low 1.5 1.7 2.0 2.3 3.2 ns

tRCKSW Maximum Skew (Light Load) 1.9 2.2 25 3.0 4.1 ns

tRCKSW Maximum Skew (50% Load) 1.8 2.1 2.4 2.8 3.9 ns

tRCKSW Maximum Skew (100% Load) 1.8 2.1 24 2.8 3.9 ns

Quadrant Array Clock Networks

tockH Input Low to High (Light Load) 2.6 3.0 34 4.0 5.6 ns
(Pad to R-cell Input)

tQCHKL Input High to Low (Light Load) 2.6 3.0 3.3 3.9 5.5 ns
(Pad to R-cell Input)

tockH Input Low to High (50% Load) 2.8 3.2 3.6 4.3 6.0 ns
(Pad to R-cell Input)

tQCHKL Input High to Low (50% Load) 2.8 32 3.6 4.2 5.9 ns
(Pad to R-cell Input)

Note: *All -3 speed grades have been discontinued.
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Table 2-40 » A54SX72A Timing Characteristics
(Worst-Case Commercial Conditions Vcca =2.25V, Vg =3.0V, T; = 70°C)

YActel

SX-A Family FPGAs

-3 Speed! | -2 Speed | -1Speed |Std.Speed| -F Speed
Parameter Description Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. | Units
3.3 V PCI Output Module Timing?
tDLH Data-to-Pad Low to High 2.3 2.7 3.0 3.6 5.0 ns
tDHL Data-to-Pad High to Low 2.5 2.9 3.2 3.8 53 ns
tenzL Enable-to-Pad, Z to L 1.4 1.7 1.9 2.2 3.1 ns
tENzH Enable-to-Pad, Z to H 2.3 2.7 3.0 3.6 5.0 ns
teNLZ Enable-to-Pad, L to Z 2.5 2.8 3.2 3.8 5.3 ns
tENHZ Enable-to-Pad, H to Z 2.5 29 3.2 3.8 5.3 ns
dr Delta Low to High 0.025 0.03 0.03 0.04 0.045 | ns/pF
3 Delta High to Low 0.015 0.015 0.015 0.015 0.025 | ns/pF
3.3 V LVTTL Output Module Timing?
tDLH Data-to-Pad Low to High 3.2 3.7 4.2 5.0 6.9 ns
toHL Data-to-Pad High to Low 3.2 3.7 4.2 4.9 6.9 ns
tbHLs Data-to-Pad High to Low—Ilow slew 10.3 11.9 13.5 15.8 22.2 ns
tenzL Enable-to-Pad, Z to L 2.2 2.6 2.9 34 4.8 ns
tENzLS Enable-to-Pad, Z to L—low slew 15.8 18.9 21.3 254 34.9 ns
teNzH Enable-to-Pad, Z to H 3.2 3.7 4.2 5.0 6.9 ns
teNLZ Enable-to-Pad, L to Z 2.9 33 3.7 4.4 6.2 ns
tENHZ Enable-to-Pad, H to Z 3.2 3.7 4.2 4.9 6.9 ns
dr Delta Low to High 0.025 0.03 0.03 0.04 0.045 | ns/pF
dry Delta High to Low 0.015 0.015 0.015 0.015 0.025 | ns/pF
drnis’ Delta High to Low—low slew 0.053 0.053 0.067 0.073 0.107 | ns/pF
Notes:
1. All -3 speed grades have been discontinued.

2. Delays based on 10 pF loading and 25 Q resistance.

3. To obtain the slew rate, substitute the appropriate Delta value, load capacitance, and the V¢ value into the following equation:

Slew Rate [Vins] = (0.1*Vcq = 0.9*Veay (Cioad * drpiHjHL|HLS)
where Cj,5q is the load capacitance driven by the I/O in pF

drHHLHLS] IS the worst case delta value from the datasheet in ns/pF.

4. Delays based on 35 pF loading.
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100-TQFP
A54SX08A | A54SX16A | A54SX32A
Pin Number | Function Function Function

71 I/0 I/O e}
72 I/O I/0 I/O
73 I/O I/0 I/O
74 I/0 I/0 I/O
75 I/0 170 7o}
76 I/0 I/0 7o}
77 I/0 I/O I/O
78 I/O I/0 I/O
79 I/O I/0 I/O
80 I/0 I/0 I/O
81 I/0 170 7o}
82 Veel Vea Veel
83 I/0 I/O e}
84 I/O I/0 I/O
85 I/O I/0 I/O
86 I/0 I/0 I/O
87 CLKA CLKA CLKA
88 CLKB CLKB CLKB
89 NC NC NC
90 Veea Veea Veea
91 GND GND GND
92 PRA, I/O PRA, I/0 PRA, I/O
93 I/0 I/0 7o}
94 I/0 I/0 I/O
95 I/0 17O re}
96 I/O I/0 I/O
97 I/O I/0 I/O
98 I/0 I/0 I/O
99 170 170 7o}
100 TCK, I/0 TCK, I1/0 TCK, I/O
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329-Pin PBGA
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Figure 3-5 e 329-Pin PBGA (Top View)

Note

For Package Manufacturing and Environmental information, visit Resource center at
http://www.actel.com/products/rescenter/package/index.html.
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256-Pin FBGA
A54SX16A | A54SX32A | A54SX72A
Pin Number | Function Function Function
P15 170 I/0 170
P16 170 I/0 170
R1 170 110 170
R2 GND GND GND
R3 170 110 170
R4 NC 170 170
R5 170 110 170
R6 170 110 170
R7 170 110 170
R8 170 110 170
R9 HCLK HCLK HCLK
R10 I/0 I/O QCLKB
R11 170 110 170
R12 170 110 170
R13 170 110 170
R14 170 170 170
R15 GND GND GND
R16 GND GND GND
T GND GND GND
T2 170 110 170
T3 170 110 170
T4 NC 170 170
T5 170 110 170
T6 170 110 170
T7 170 170 170
T8 170 110 170
I Veea Veea Veea
T10 170 I/0 170
T 170 I/0 170
T12 NC 110 170
T13 170 I/0 170
T14 170 I/0 170
T15 TDO, 110 TDO, /0 TDO, I/10
T16 GND GND GND
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Datasheet Categories

In order to provide the latest information to designers, some datasheets are published before data has been fully
characterized. Datasheets are designated as "Product Brief," "Advanced," "Production," and "Datasheet
Supplement." The definitions of these categories are as follows:

Product Brief

The product brief is a summarized version of a datasheet (advanced or production) containing general product
information. This brief gives an overview of specific device and family information.

Advanced

This datasheet version contains initial estimated information based on simulation, other products, devices, or speed
grades. This information can be used as estimates, but not for production.

Unmarked (production)

This datasheet version contains information that is considered to be final.

Datasheet Supplement

The datasheet supplement gives specific device information for a derivative family that differs from the general family
datasheet. The supplement is to be used in conjunction with the datasheet to obtain more detailed information and
for specifications that do not differ between the two families.

International Traffic in Arms Regulations (ITAR) and Export
Administration Regulations (EAR)

The products described in this datasheet are subject to the International Traffic in Arms Regulations (ITAR) or the
Export Administration Regulations (EAR). They may require an approved export license prior to their export. An export
can include a release or disclosure to a foreign national inside or outside the United States.
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