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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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SX-A Family FPGAs
Figure 1-9 • SX-A QCLK Architecture

Figure 1-10 • A54SX72A Routed Clock and QCLK Buffer
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SX-A Family FPGAs
Power-Up/Down and Hot Swapping
SX-A I/Os are configured to be hot-swappable, with the
exception of 3.3 V PCI. During power-up/down (or partial
up/down), all I/Os are tristated. VCCA and VCCI 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

are reached. Table 1-4 summarizes the VCCA voltage at
which the I/Os 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.         

Table 1-2 • I/O Features

Function Description

Input Buffer Threshold Selections • 5 V: PCI, TTL
• 3.3 V: PCI, LVTTL
• 2.5 V: LVCMOS2 (commercial only)

Flexible Output Driver • 5 V: PCI, TTL
• 3.3 V: PCI, LVTTL
• 2.5 V: LVCMOS2 (commercial only)

Output Buffer “Hot-Swap” Capability (3.3 V PCI is not hot swappable)
• I/O on an unpowered device does not sink current
• Can be used for “cold-sparing”
Selectable on an individual I/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
VCCA and VCCI can be powered in any order

Table 1-3 • I/O Characteristics for All I/O 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

3.3 V PCI No No. High slew rate only Pull-up or pull-down

5 V PCI Yes No. High slew rate only Pull-up or pull-down

Table 1-4 • Power-Up Time at which I/Os Become Active

Supply Ramp Rate 0.25 V/μs 0.025 V/μs 5 V/ms 2.5 V/ms 0.5 V/ms 0.25 V/ms 0.1 V/ms 0.025 V/ms

Units μs μs 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 v5.3
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SX-A Family FPGAs
Boundary-Scan Testing (BST)
All SX-A devices are IEEE 1149.1 compliant and offer
superior diagnostic and testing capabilities by providing
Boundary Scan Testing (BST) and probing capabilities.
The BST function is controlled through the special JTAG
pins (TMS, TDI, TCK, TDO, and TRST). The functionality of
the JTAG pins is defined by two available modes:
Dedicated and Flexible. TMS cannot be employed as a
user I/O in either mode.

Dedicated 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, the user must reserve the
JTAG pins in Actel’s Designer software. Reserve the JTAG
pins by checking the Reserve JTAG box in the Device
Selection Wizard (Figure 1-12).

The default for the software is Flexible mode; all boxes
are unchecked. Table 1-5 lists the definitions of the
options in the Device Selection Wizard.  

Flexible Mode
In Flexible mode, TDI, TCK, and TDO may be employed as
either user I/Os or as JTAG input pins. The internal
resistors on the TMS and TDI pins are not present in
flexible JTAG mode. 
To select the Flexible mode, uncheck the Reserve JTAG
box in the Device Selection Wizard dialog in the Actel
Designer software. In Flexible mode, TDI, TCK, and TDO
pins may function as user I/Os or BST pins. The
functionality is controlled by the BST Test Access Port
(TAP) controller. The TAP controller receives two control
inputs, TMS and TCK. Upon power-up, the TAP controller
enters the Test-Logic-Reset state. In this state, TDI, TCK,
and TDO function as user I/Os. The TDI, TCK, and TDO are
transformed from user I/Os into BST pins when a rising
edge on TCK is detected while TMS is at logic low. To
return to Test-Logic Reset state, TMS must be high for at
least five TCK cycles. An external 10 k pull-up resistor
to VCCI should be placed on the TMS pin to pull it
High by default.
Table 1-6 describes the different configuration
requirements of BST pins and their functionality in
different modes. 

TRST Pin
The TRST pin functions as a dedicated Boundary-Scan
Reset pin when the Reserve JTAG Test Reset option is
selected as shown in Figure 1-12. An internal pull-up
resistor is permanently enabled on the TRST pin in this
mode. Actel recommends connecting this pin to ground
in normal operation to keep the JTAG state controller in
the Test-Logic-Reset state. When JTAG is being used, it
can be left floating or can be driven high. 
When the Reserve JTAG Test Reset option is not
selected, this pin will function as a regular I/O. If unused
as an I/O in the design, it will be configured as a tristated
output.

Figure 1-12 • Device Selection Wizard

Table 1-5 • Reserve Pin Definitions

Pin Function

Reserve JTAG Keeps pins from being used and
changes the behavior of JTAG pins (no
pull-up on TMS)

Reserve JTAG Test
Reset

Regular I/O or JTAG reset with an
internal pull-up

Reserve Probe Keeps pins from being used or regular
I/O

Table 1-6 • Boundary-Scan Pin Configurations and 
Functions

Mode

Designer 
"Reserve JTAG" 

Selection
TAP Controller 

State

Dedicated (JTAG) Checked Any

Flexible (User I/O) Unchecked Test-Logic-Reset

Flexible (JTAG) Unchecked Any EXCEPT Test-
Logic-Reset
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SX-A Family FPGAs
Figure 2-1 shows the 5 V PCI V/I curve and the minimum and maximum PCI drive characteristics of the SX-A family.

IOH = 11.9 * (VOUT – 5.25) * (VOUT + 2.45)

for VCCI > VOUT > 3.1V

EQ 2-1

IOL = 78.5 * VOUT * (4.4 – VOUT)

for 0V < VOUT < 0.71V

EQ 2-2

Figure 2-1 • 5 V PCI V/I Curve for SX-A Family
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Table 2-9 • DC Specifications (3.3 V PCI Operation)

Symbol Parameter Condition Min. Max. Units

VCCA Supply Voltage for Array 2.25 2.75 V

VCCI Supply Voltage for I/Os 3.0 3.6 V

VIH Input High Voltage 0.5VCCI VCCI + 0.5 V

VIL Input Low Voltage –0.5 0.3VCCI V

IIPU Input Pull-up Voltage1 0.7VCCI – V

IIL Input Leakage Current2 0 < VIN < VCCI –10 +10 μA

VOH Output High Voltage IOUT = –500 µA 0.9VCCI – V

VOL Output Low Voltage IOUT = 1,500 µA 0.1VCCI V

CIN Input Pin Capacitance3 – 10 pF

CCLK CLK Pin Capacitance 5 12 pF

Notes:

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

2. Input leakage currents include hi-Z output leakage for all bidirectional buffers with tristate outputs.
3. Absolute maximum pin capacitance for a PCI input is 10 pF (except for CLK).
v5.3 2-5



SX-A Family FPGAs
Thermal Characteristics 

Introduction
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

EQ 2-10

Where:  

θJA
TJ TA–

P
----------------=

θJA
TC TA–

P
------------------=

θJA = Junction-to-air thermal resistance

θJC = Junction-to-case thermal resistance

TJ = Junction temperature

TA = Ambient temperature

TC = Ambient temperature

P = total power dissipated by the device

Table 2-12 • Package Thermal Characteristics

Package Type
Pin 

Count θJC

θJA

UnitsStill Air
1.0 m/s

200 ft./min.
2.5 m/s

500 ft./min.

Thin Quad Flat Pack (TQFP) 100 14 33.5 27.4 25 °C/W

Thin Quad Flat Pack (TQFP) 144 11 33.5 28 25.7 °C/W

Thin Quad Flat Pack (TQFP) 176 11 24.7 19.9 18 °C/W

Plastic Quad Flat Pack (PQFP)1 208 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 3.8 26.9 22.9 21.5 °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, A54SX32A, and A54SX72A.
v5.3 2-11



SX-A Family FPGAs
Theta-JA
Junction-to-ambient thermal resistance (θJA) 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.: 

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 (θJC) 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 TJ and TA are given as follows:

From the datasheet:  

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:

EQ 2-13

θJA = 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. Allowed Power Max Junction Temp Max. Ambient Temp–
θJA

------------------------------------------------------------------------------------------------------------ 150°C 125°C–
17.1°C/W

---------------------------------------- 1.46 W= = =

TJ = 110°C

TA = 70°C

θJA = 18.0°C/W

θJC = 3.2 °C/W

P Max Junction Temp Max. Ambient Temp–
θJA

------------------------------------------------------------------------------------------------------------ 110°C 70°C–
18.0°C/W

------------------------------------ 2.22 W= = =

θJA
Max Junction Temp Max. Ambient Temp–

P
------------------------------------------------------------------------------------------------------------ 110°C 70°C–

3.00 W
------------------------------------ 13.33°C/W= = =
2-12 v5.3



SX-A Family FPGAs
Table 2-24 • A54SX16A Timing Characteristics
(Worst-Case Commercial Conditions VCCA = 2.25 V, VCCI =4.75 V, TJ = 70°C)

Parameter Description

–3 Speed* –2 Speed –1 Speed Std. Speed –F Speed

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.

Dedicated (Hardwired) Array Clock Networks

tHCKH Input Low to High
(Pad to R-cell Input)

1.2 1.4 1.6 1.8 2.8 ns

tHCKL Input High to Low
(Pad to R-cell Input)

1.0 1.1 1.2 1.5 2.2 ns

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

tHCKSW Maximum Skew 0.3 0.3 0.4 0.4 0.7 ns

tHP Minimum Period 2.8 3.4 3.8 4.4 6.0 ns

fHMAX Maximum Frequency 357 294 263 227 167 MHz

Routed Array Clock Networks

tRCKH Input Low to High (Light Load)
(Pad to R-cell Input)

1.0 1.2 1.3 1.6 2.2 ns

tRCKL Input High to Low (Light Load)
(Pad to R-cell Input)

1.1 1.3 1.5 1.7 2.4 ns

tRCKH Input Low to High (50% Load)
(Pad to R-cell Input)

1.1 1.3 1.5 1.7 2.4 ns

tRCKL Input High to Low (50% Load)
(Pad to R-cell Input)

1.1 1.3 1.5 1.7 2.4 ns

tRCKH Input Low to High (100% Load)
(Pad to R-cell Input)

1.3 1.5 1.7 2.0 2.8 ns

tRCKL Input High to Low (100% Load)
(Pad to R-cell Input)

1.3 1.5 1.7 2.0 2.8 ns

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

tRCKSW 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

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

Note: *All –3 speed grades have been discontinued.
2-30 v5.3



SX-A Family FPGAs
tINYH Input Data Pad to Y High 5 V PCI 0.7 0.8 0.9 1.0 1.4 ns

tINYL Input Data Pad to Y Low 5 V PCI 0.9 1.1 1.2 1.4 1.9 ns

tINYH Input Data Pad to Y High 5 V TTL 0.9 1.1 1.2 1.4 1.9 ns

tINYL Input Data Pad to Y Low 5 V TTL 1.4 1.6 1.8 2.1 2.9 ns

Input Module Predicted Routing Delays3

tIRD1 FO = 1 Routing Delay 0.3 0.3 0.3 0.4 0.6 ns

tIRD2 FO = 2 Routing Delay 0.4 0.5 0.5 0.6 0.8 ns

tIRD3 FO = 3 Routing Delay 0.5 0.6 0.7 0.8 1.1 ns

tIRD4 FO = 4 Routing Delay 0.7 0.8 0.9 1 1.4 ns

tIRD8 FO = 8 Routing Delay 1.2 1.4 1.5 1.8 2.5 ns

tIRD12 FO = 12 Routing Delay 1.7 2 2.2 2.6 3.6 ns

Table 2-28 • A54SX32A Timing Characteristics (Continued)
(Worst-Case Commercial Conditions, VCCA = 2.25 V, VCCI = 3.0 V, TJ = 70°C)

Parameter Description

–3 Speed1 –2 Speed –1 Speed Std. Speed –F Speed

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.

Notes:

1. All –3 speed grades have been discontinued.
2. For dual-module macros, use tPD + tRD1 + tPDn , tRCO + tRD1 + tPDn , or tPD1 + tRD1 + tSUD , whichever is appropriate.
3. 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 performance. 
v5.3 2-35



SX-A Family FPGAs
tINYH Input Data Pad to Y High 5 V PCI 0.5 0.6 0.7 0.8 1.1 ns

tINYL Input Data Pad to Y Low 5 V PCI 0.8 0.9 1.0 1.2 1.6 ns

tINYH Input Data Pad to Y High 5 V TTL 0.7 0.8 0.9 1.0 1.4 ns

tINYL Input Data Pad to Y Low 5 V TTL 0.9 1.1 1.2 1.4 1.9 ns

Input Module Predicted Routing Delays3

tIRD1 FO = 1 Routing Delay 0.3 0.3 0.4 0.5 0.7 ns

tIRD2 FO = 2 Routing Delay 0.4 0.5 0.6 0.7 1 ns

tIRD3 FO = 3 Routing Delay 0.5 0.7 0.8 0.9 1.3 ns

tIRD4 FO = 4 Routing Delay 0.7 0.9 1 1.1 1.5 ns

tIRD8 FO = 8 Routing Delay 1.2 1.5 1.7 2.1 2.9 ns

tIRD12 FO = 12 Routing Delay 1.7 2.2 2.5 3 4.2 ns

Table 2-35 • A54SX72A Timing Characteristics (Continued)
(Worst-Case Commercial Conditions, VCCA = 2.25 V, VCCI = 3.0 V, TJ = 70°C)

Parameter Description

–3 Speed1 –2 Speed –1 Speed Std. Speed –F Speed

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.

Notes:

1. All –3 speed grades have been discontinued.
2. For dual-module macros, use tPD + tRD1 + tPDn , tRCO + tRD1 + tPDn , or tPD1 + tRD1 + tSUD , whichever is appropriate.
3. 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 performance. 
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SX-A Family FPGAs
Table 2-38 • A54SX72A Timing Characteristics
(Worst-Case Commercial Conditions VCCA = 2.25 V, VCCI = 4.75 V, TJ = 70°C)

Parameter Description

–3 Speed* –2 Speed –1 Speed Std. Speed –F Speed

UnitsMin. Max. Min. Max. Min. Max. Min. Max. Min. Max.

Dedicated (Hardwired) Array Clock Networks

tHCKH Input Low to High
(Pad to R-cell Input)

1.6 1.8 2.1 2.4 3.8 ns

tHCKL Input High to Low
(Pad to R-cell Input)

1.6 1.9 2.1 2.5 3.8 ns

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

tHCKSW Maximum Skew 1.4 1.6 1.8 2.1 3.3 ns

tHP Minimum Period 3.0 3.4 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)
(Pad to R-cell Input)

2.3 2.6 3.0 3.5 4.9 ns

tRCKL Input High to Low (Light Load)
(Pad to R-cell Input)

2.8 3.2 3.6 4.3 6.0 ns

tRCKH Input Low to High (50% Load)
(Pad to R-cell Input)

2.5 2.9 3.2 3.8 5.3 ns

tRCKL Input High to Low (50% Load)
(Pad to R-cell Input)

3.0 3.4 3.9 4.6 6.4 ns

tRCKH Input Low to High (100% Load)
(Pad to R-cell Input)

2.6 3.0 3.4 3.9 5.5 ns

tRCKL Input High to Low (100% Load)
(Pad to R-cell Input)

3.2 3.6 4.1 4.8 6.8 ns

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 2.5 3.0 4.1 ns

tRCKSW Maximum Skew (50% Load) 1.9 2.2 2.5 3.0 4.1 ns

tRCKSW Maximum Skew (100% Load) 1.9 2.2 2.5 3.0 4.1 ns

Quadrant Array Clock Networks

tQCKH Input Low to High (Light Load)
(Pad to R-cell Input)

1.2 1.4 1.6 1.8 2.6 ns

tQCHKL Input High to Low (Light Load)
(Pad to R-cell Input)

1.3 1.4 1.6 1.9 2.7 ns

tQCKH Input Low to High (50% Load)
(Pad to R-cell Input)

1.4 1.6 1.8 2.1 3.0 ns

tQCHKL Input High to Low (50% Load)
(Pad to R-cell Input)

1.4 1.7 1.9 2.2 3.1 ns

Note: *All –3 speed grades have been discontinued.
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SX-A Family FPGAs
208-Pin PQFP

Pin 
Number

A54SX08A
Function

A54SX16A
Function

A54SX32A
Function

A54SX72A
Function

1 GND GND GND GND

2 TDI, I/O TDI, I/O TDI, I/O TDI, I/O

3 I/O I/O I/O I/O

4 NC I/O I/O I/O

5 I/O I/O I/O I/O

6 NC I/O I/O I/O

7 I/O I/O I/O I/O

8 I/O I/O I/O I/O

9 I/O I/O I/O I/O

10 I/O I/O I/O I/O

11 TMS TMS TMS TMS

12 VCCI VCCI VCCI VCCI

13 I/O I/O I/O I/O

14 NC I/O I/O I/O

15 I/O I/O I/O I/O

16 I/O I/O I/O I/O

17 NC I/O I/O I/O

18 I/O I/O I/O GND

19 I/O I/O I/O VCCA

20 NC I/O I/O I/O

21 I/O I/O I/O I/O

22 I/O I/O I/O I/O

23 NC I/O I/O I/O

24 I/O I/O I/O I/O

25 NC NC NC I/O

26 GND GND GND GND

27 VCCA VCCA VCCA VCCA

28 GND GND GND GND

29 I/O I/O I/O I/O

30 TRST, I/O TRST, I/O TRST, I/O TRST, I/O

31 NC I/O I/O I/O

32 I/O I/O I/O I/O

33 I/O I/O I/O I/O

34 I/O I/O I/O I/O

35 NC I/O I/O I/O

36 I/O I/O I/O I/O

37 I/O I/O I/O I/O

38 I/O I/O I/O I/O

39 NC I/O I/O I/O

40 VCCI VCCI VCCI VCCI

41 VCCA VCCA VCCA VCCA

42 I/O I/O I/O I/O

43 I/O I/O I/O I/O

44 I/O I/O I/O I/O

45 I/O I/O I/O I/O

46 I/O I/O I/O I/O

47 I/O I/O I/O I/O

48 NC I/O I/O I/O

49 I/O I/O I/O I/O

50 NC I/O I/O I/O

51 I/O I/O I/O I/O

52 GND GND GND GND

53 I/O I/O I/O I/O

54 I/O I/O I/O I/O

55 I/O I/O I/O I/O

56 I/O I/O I/O I/O

57 I/O I/O I/O I/O

58 I/O I/O I/O I/O

59 I/O I/O I/O I/O

60 VCCI VCCI VCCI VCCI

61 NC I/O I/O I/O

62 I/O I/O I/O I/O

63 I/O I/O I/O I/O

64 NC I/O I/O I/O

65 I/O I/O NC I/O

66 I/O I/O I/O I/O

67 NC I/O I/O I/O

68 I/O I/O I/O I/O

69 I/O I/O I/O I/O

70 NC I/O I/O I/O

208-Pin PQFP

Pin 
Number

A54SX08A
Function

A54SX16A
Function

A54SX32A
Function

A54SX72A
Function
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SX-A Family FPGAs
71 I/O I/O I/O I/O

72 I/O I/O I/O I/O

73 NC I/O I/O I/O

74 I/O I/O I/O QCLKA

75 NC I/O I/O I/O

76 PRB, I/O PRB, I/O PRB, I/O PRB,I/O

77 GND GND GND GND

78 VCCA VCCA VCCA VCCA

79 GND GND GND GND

80 NC NC NC NC

81 I/O I/O I/O I/O

82 HCLK HCLK HCLK HCLK

83 I/O I/O I/O VCCI

84 I/O I/O I/O QCLKB

85 NC I/O I/O I/O

86 I/O I/O I/O I/O

87 I/O I/O I/O I/O

88 NC I/O I/O I/O

89 I/O I/O I/O I/O

90 I/O I/O I/O I/O

91 NC I/O I/O I/O

92 I/O I/O I/O I/O

93 I/O I/O I/O I/O

94 NC I/O I/O I/O

95 I/O I/O I/O I/O

96 I/O I/O I/O I/O

97 NC I/O I/O I/O

98 VCCI VCCI VCCI VCCI

99 I/O I/O I/O I/O

100 I/O I/O I/O I/O

101 I/O I/O I/O I/O

102 I/O I/O I/O I/O

103 TDO, I/O TDO, I/O TDO, I/O TDO, I/O

104 I/O I/O I/O I/O

105 GND GND GND GND

208-Pin PQFP

Pin 
Number

A54SX08A
Function

A54SX16A
Function

A54SX32A
Function

A54SX72A
Function

106 NC I/O I/O I/O

107 I/O I/O I/O I/O

108 NC I/O I/O I/O

109 I/O I/O I/O I/O

110 I/O I/O I/O I/O

111 I/O I/O I/O I/O

112 I/O I/O I/O I/O

113 I/O I/O I/O I/O

114 VCCA VCCA VCCA VCCA

115 VCCI VCCI VCCI VCCI

116 NC I/O I/O GND

117 I/O I/O I/O VCCA

118 I/O I/O I/O I/O

119 NC I/O I/O I/O

120 I/O I/O I/O I/O

121 I/O I/O I/O I/O

122 NC I/O I/O I/O

123 I/O I/O I/O I/O

124 I/O I/O I/O I/O

125 NC I/O I/O I/O

126 I/O I/O I/O I/O

127 I/O I/O I/O I/O

128 I/O I/O I/O I/O

129 GND GND GND GND

130 VCCA VCCA VCCA VCCA

131 GND GND GND GND

132 NC NC NC I/O

133 I/O I/O I/O I/O

134 I/O I/O I/O I/O

135 NC I/O I/O I/O

136 I/O I/O I/O I/O

137 I/O I/O I/O I/O

138 NC I/O I/O I/O

139 I/O I/O I/O I/O

140 I/O I/O I/O I/O

208-Pin PQFP

Pin 
Number

A54SX08A
Function

A54SX16A
Function

A54SX32A
Function

A54SX72A
Function
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SX-A Family FPGAs
141 NC I/O I/O I/O

142 I/O I/O I/O I/O

143 NC I/O I/O I/O

144 I/O I/O I/O I/O

145 VCCA VCCA VCCA VCCA

146 GND GND GND GND

147 I/O I/O I/O I/O

148 VCCI VCCI VCCI VCCI

149 I/O I/O I/O I/O

150 I/O I/O I/O I/O

151 I/O I/O I/O I/O

152 I/O I/O I/O I/O

153 I/O I/O I/O I/O

154 I/O I/O I/O I/O

155 NC I/O I/O I/O

156 NC I/O I/O I/O

157 GND GND GND GND

158 I/O I/O I/O I/O

159 I/O I/O I/O I/O

160 I/O I/O I/O I/O

161 I/O I/O I/O I/O

162 I/O I/O I/O I/O

163 I/O I/O I/O I/O

164 VCCI VCCI VCCI VCCI

165 I/O I/O I/O I/O

166 I/O I/O I/O I/O

167 NC I/O I/O I/O

168 I/O I/O I/O I/O

169 I/O I/O I/O I/O

170 NC I/O I/O I/O

171 I/O I/O I/O I/O

172 I/O I/O I/O I/O

173 NC I/O I/O I/O

174 I/O I/O I/O I/O

175 I/O I/O I/O I/O

208-Pin PQFP

Pin 
Number

A54SX08A
Function

A54SX16A
Function

A54SX32A
Function

A54SX72A
Function

176 NC I/O I/O I/O

177 I/O I/O I/O I/O

178 I/O I/O I/O QCLKD

179 I/O I/O I/O I/O

180 CLKA CLKA CLKA CLKA

181 CLKB CLKB CLKB CLKB

182 NC NC NC NC

183 GND GND GND GND

184 VCCA VCCA VCCA VCCA

185 GND GND GND GND

186 PRA, I/O PRA, I/O PRA, I/O PRA, I/O

187 I/O I/O I/O VCCI

188 I/O I/O I/O I/O

189 NC I/O I/O I/O

190 I/O I/O I/O QCLKC

191 I/O I/O I/O I/O

192 NC I/O I/O I/O

193 I/O I/O I/O I/O

194 I/O I/O I/O I/O

195 NC I/O I/O I/O

196 I/O I/O I/O I/O

197 I/O I/O I/O I/O

198 NC I/O I/O I/O

199 I/O I/O I/O I/O

200 I/O I/O I/O I/O

201 VCCI VCCI VCCI VCCI

202 NC I/O I/O I/O

203 NC I/O I/O I/O

204 I/O I/O I/O I/O

205 NC I/O I/O I/O

206 I/O I/O I/O I/O

207 I/O I/O I/O I/O

208 TCK, I/O TCK, I/O TCK, I/O TCK, I/O

208-Pin PQFP

Pin 
Number

A54SX08A
Function

A54SX16A
Function

A54SX32A
Function

A54SX72A
Function
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SX-A Family FPGAs
100-Pin TQFP  

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

Figure 3-2 • 100-Pin TQFP

1

100-Pin
TQFP

100
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SX-A Family FPGAs
75 I/O I/O I/O

76 I/O I/O I/O

77 I/O I/O I/O

78 I/O I/O I/O

79 VCCA VCCA VCCA

80 VCCI VCCI VCCI

81 GND GND GND

82 I/O I/O I/O

83 I/O I/O I/O

84 I/O I/O I/O

85 I/O I/O I/O

86 I/O I/O I/O

87 I/O I/O I/O

88 I/O I/O I/O

89 VCCA VCCA VCCA

90 NC NC NC

91 I/O I/O I/O

92 I/O I/O I/O

93 I/O I/O I/O

94 I/O I/O I/O

95 I/O I/O I/O

96 I/O I/O I/O

97 I/O I/O I/O

98 VCCA VCCA VCCA

99 GND GND GND

100 I/O I/O I/O

101 GND GND GND

102 VCCI VCCI VCCI

103 I/O I/O I/O

104 I/O I/O I/O

105 I/O I/O I/O

106 I/O I/O I/O

107 I/O I/O I/O

108 I/O I/O I/O

109 GND GND GND

110 I/O I/O I/O

144-Pin TQFP

Pin Number
A54SX08A 
Function

A54SX16A 
Function

A54SX32A 
Function

111 I/O I/O I/O

112 I/O I/O I/O

113 I/O I/O I/O

114 I/O I/O I/O

115 VCCI VCCI VCCI

116 I/O I/O I/O

117 I/O I/O I/O

118 I/O I/O I/O

119 I/O I/O I/O

120 I/O I/O I/O

121 I/O I/O I/O

122 I/O I/O I/O

123 I/O I/O I/O

124 I/O I/O I/O

125 CLKA CLKA CLKA

126 CLKB CLKB CLKB

127 NC NC NC

128 GND GND GND

129 VCCA VCCA VCCA

130 I/O I/O I/O

131 PRA, I/O PRA, I/O PRA, I/O

132 I/O I/O I/O

133 I/O I/O I/O

134 I/O I/O I/O

135 I/O I/O I/O

136 I/O I/O I/O

137 I/O I/O I/O

138 I/O I/O I/O

139 I/O I/O I/O

140 VCCI VCCI VCCI

141 I/O I/O I/O

142 I/O I/O I/O

143 I/O I/O I/O

144 TCK, I/O TCK, I/O TCK, I/O

144-Pin TQFP

Pin Number
A54SX08A 
Function

A54SX16A 
Function

A54SX32A 
Function
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SX-A Family FPGAs
145 I/O

146 I/O

147 I/O

148 I/O

149 I/O

150 I/O

151 I/O

152 CLKA

153 CLKB

154 NC

155 GND

156 VCCA

157 PRA, I/O

158 I/O

159 I/O

160 I/O

161 I/O

162 I/O

163 I/O

164 I/O

165 I/O

166 I/O

167 I/O

168 I/O

169 VCCI

170 I/O

171 I/O

172 I/O

173 I/O

174 I/O

175 I/O

176 TCK, I/O

176-Pin TQFP

Pin 
Number

A54SX32A 
Function
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SX-A Family FPGAs
329-Pin PBGA

Pin 
Number

A54SX32A 
Function

A1 GND

A2 GND

A3 VCCI

A4 NC

A5 I/O

A6 I/O

A7 VCCI

A8 NC

A9 I/O

A10 I/O

A11 I/O

A12 I/O

A13 CLKB

A14 I/O

A15 I/O

A16 I/O

A17 I/O

A18 I/O

A19 I/O

A20 I/O

A21 NC

A22 VCCI

A23 GND

AA1 VCCI

AA2 I/O

AA3 GND

AA4 I/O

AA5 I/O

AA6 I/O

AA7 I/O

AA8 I/O

AA9 I/O

AA10 I/O

AA11 I/O

AA12 I/O

AA13 I/O

AA14 I/O

AA15 I/O

AA16 I/O

AA17 I/O

AA18 I/O

AA19 I/O

AA20 TDO, I/O

AA21 VCCI

AA22 I/O

AA23 VCCI

AB1 I/O

AB2 GND

AB3 I/O

AB4 I/O

AB5 I/O

AB6 I/O

AB7 I/O

AB8 I/O

AB9 I/O

AB10 I/O

AB11 PRB, I/O

AB12 I/O

AB13 HCLK

AB14 I/O

AB15 I/O

AB16 I/O

AB17 I/O

AB18 I/O

AB19 I/O

AB20 I/O

AB21 I/O

AB22 GND

AB23 I/O

AC1 GND

AC2 VCCI

AC3 NC

AC4 I/O

AC5 I/O

329-Pin PBGA

Pin 
Number

A54SX32A 
Function

AC6 I/O

AC7 I/O

AC8 I/O

AC9 VCCI

AC10 I/O

AC11 I/O

AC12 I/O

AC13 I/O

AC14 I/O

AC15 NC

AC16 I/O

AC17 I/O

AC18 I/O

AC19 I/O

AC20 I/O

AC21 NC

AC22 VCCI

AC23 GND

B1 VCCI

B2 GND

B3 I/O

B4 I/O

B5 I/O

B6 I/O

B7 I/O

B8 I/O

B9 I/O

B10 I/O

B11 I/O

B12 PRA, I/O

B13 CLKA

B14 I/O

B15 I/O

B16 I/O

B17 I/O

B18 I/O

B19 I/O

329-Pin PBGA

Pin 
Number

A54SX32A 
Function

B20 I/O

B21 I/O

B22 GND

B23 VCCI

C1 NC

C2 TDI, I/O

C3 GND

C4 I/O

C5 I/O

C6 I/O

C7 I/O

C8 I/O

C9 I/O

C10 I/O

C11 I/O

C12 I/O

C13 I/O

C14 I/O

C15 I/O

C16 I/O

C17 I/O

C18 I/O

C19 I/O

C20 I/O

C21 VCCI

C22 GND

C23 NC

D1 I/O

D2 I/O

D3 I/O

D4 TCK, I/O

D5 I/O

D6 I/O

D7 I/O

D8 I/O

D9 I/O

D10 I/O

329-Pin PBGA

Pin 
Number

A54SX32A 
Function
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SX-A Family FPGAs
144-Pin FBGA 

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

Figure 3-6 • 144-Pin FBGA (Top View)
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SX-A Family FPGAs
484-Pin FBGA 

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

Figure 3-8 • 484-Pin FBGA (Top View)
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SX-A Family FPGAs
Datasheet Information

List of Changes
The following table lists critical changes that were made in the current version of the document.

Previous Version Changes in Current Version (v5.3) Page

v5.2

(June 2006)

–3 speed grades have been discontinued. N/A

The "SX-A Timing Model" was updated with –2 data. 2-14

v5.1 RoHS information was added to the "Ordering Information".  ii

February 2005 The "Programming" section was updated. 1-13

v5.0 Revised Table 1 and the timing data to reflect the phase out of the –3 speed grade for the
A54SX08A device.

 i

The "Thermal Characteristics" section was updated. 2-11

The "176-Pin TQFP" was updated to add pins 81 to 90. 3-11

The "484-Pin FBGA" was updated to add pins R4 to Y26 3-26

v4.0 The "Temperature Grade Offering" is new. 1-iii

The "Speed Grade and Temperature Grade Matrix" is new. 1-iii

"SX-A Family Architecture" was updated. 1-1

"Clock Resources" was updated. 1-5

"User Security" was updated. 1-7

"Power-Up/Down and Hot Swapping" was updated. 1-7

"Dedicated Mode" is new 1-9

Table 1-5 is new. 1-9

"JTAG Instructions" is new 1-10

"Design Considerations" was updated. 1-12

The "Programming" section is new. 1-13

"Design Environment" was updated. 1-13

"Pin Description" was updated. 1-15

Table 2-1 was updated. 2-1

Table 2-2 was updated. 2-1

Table 2-3 is new. 2-1

Table 2-4 is new. 2-1

Table 2-5 was updated. 2-2

Table 2-6 was updated. 2-2

"Power Dissipation" is new. 2-8

Table 2-11 was updated. 2-9
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