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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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Table 3-3 • Quadrant Global Pin Name 

I/O Type Beginning of I/O Name Notes

Single-Ended GAAO/IOuxwByVz
GAA1/IOuxwByVz
GAA2/IOuxwByVz

Only one of the I/Os can be directly connected to a
quadrant global at a time

GABO/IOuxwByVz
GAB1/IOuxwByVz
GAB2/IOuxwByVz

Only one of the I/Os can be directly connected to a
quadrant global at a time.

GAC0/IOuxwByVz
GAC1/IOuxwByVz
GAC2/IOuxwByVz

Only one of the I/Os can be directly connected to a
quadrant global at a time.

GBAO/IOuxwByVz
GBA1/IOuxwByVz
GBA2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GBBO/IOuxwByVz
GBB1/IOuxwByVz
GBB2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GBC0/IOuxwByVz
GBC1/IOuxwByVz
GBC2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GDAO/IOuxwByVz
GDA1/IOuxwByVz
GDA2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GDBO/IOuxwByVz
GDB1/IOuxwByVz
GDB2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GDC0/IOuxwByVz
GDC1/IOuxwByVz
GDC2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GEAO/IOuxwByVz
GEA1/IOuxwByVz
GEA2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GEBO/IOuxwByVz
GEB1/IOuxwByVz
GEB2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

GEC0/IOuxwByVz
GEC1/IOuxwByVz
GEC2/IOuxwByVz

Only one of the I/Os can be directly connected to a global
at a time.

Note: Only one of the I/Os can be directly connected to a quadrant at a time. 
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standard for CLKBUF is LVTTL in the current Microsemi Libero® System-on-Chip (SoC) and Designer
software. 

The current synthesis tool libraries only infer the CLKBUF or CLKINT macros in the netlist. All other
global macros must be instantiated manually into your HDL code. The following is an example of
CLKBUF_LVCMOS25 global macro instantiations that you can copy and paste into your code: 

VHDL
component clkbuf_lvcmos25

port (pad : in std_logic; y : out std_logic);
end component

begin
-- concurrent statements
u2 : clkbuf_lvcmos25 port map (pad =>  ext_clk, y => int_clk);
end

Verilog
module design (______);

input _____;
output ______;

clkbuf_lvcmos25 u2 (.y(int_clk), .pad(ext_clk);

endmodule

Table 3-9 • I/O Standards within CLKBUF

Name Description

CLKBUF_LVCMOS5 LVCMOS clock buffer with 5.0 V CMOS voltage level

CLKBUF_LVCMOS33 LVCMOS clock buffer with 3.3 V CMOS voltage level

CLKBUF_LVCMOS25 LVCMOS clock buffer with 2.5 V CMOS voltage level1

CLKBUF_LVCMOS18 LVCMOS clock buffer with 1.8 V CMOS voltage level

CLKBUF_LVCMOS15 LVCMOS clock buffer with 1.5 V CMOS voltage level

CLKBUF_LVCMOS12 LVCMOS clock buffer with 1.2 V CMOS voltage level 

CLKBUF_PCI PCI clock buffer

CLKBUF_PCIX PCIX clock buffer

CLKBUF_GTL25 GTL clock buffer with 2.5 V CMOS voltage level1

CLKBUF_GTL33 GTL clock buffer with 3.3 V CMOS voltage level1

CLKBUF_GTLP25 GTL+ clock buffer with 2.5 V CMOS voltage level1

CLKBUF_GTLP33 GTL+ clock buffer with 3.3 V CMOS voltage level1

CLKBUF_ HSTL _I HSTL Class I clock buffer1

CLKBUF_ HSTL _II HSTL Class II clock buffer1

CLKBUF_SSTL2_I SSTL2 Class I clock buffer1

CLKBUF_SSTL2_II SSTL2 Class II clock buffer1

CLKBUF_SSTL3_I SSTL3 Class I clock buffer1

CLKBUF_SSTL3_II SSTL3 Class II clock buffer1

Notes:
1. Supported in only the IGLOOe, ProASIC3E, AFS600, and AFS1500 devices
2. By default, the CLKBUF macro uses the 3.3 V LVTTL I/O technology.
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Implementing EXTFB in ProASIC3/E Devices
When the external feedback (EXTFB) signal of the PLL in the ProASIC3/E devices is implemented, the 
phase detector of the PLL core receives the reference clock (CLKA) and EXTFB as inputs. EXTFB must 
be sourced as an INBUF macro and located at the global/chip clock location associated with the target 
PLL by Designer software. EXTFB cannot be sourced from the FPGA fabric.
The following example shows CLKA and EXTFB signals assigned to two global I/Os in the same global 
area of ProASIC3E device.

Figure 4-5 • CLKA and EXTFB Assigned to Global I/Os
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Available I/O Standards

Global Synthesis Constraints 
The Synplify® synthesis tool, by default, allows six clocks in a design for Fusion, IGLOO, and ProASIC3. 
When more than six clocks are needed in the design, a user synthesis constraint attribute, 
syn_global_buffers, can be used to control the maximum number of clocks (up to 18) that can be inferred 
by the synthesis engine.
High-fanout nets will be inferred with clock buffers and/or internal clock buffers. If the design consists of 
CCC global buffers, they are included in the count of clocks in the design.
The subsections below discuss the clock input source (global buffers with no programmable delays) and 
the clock conditioning functional block (global buffers with programmable delays and/or PLL function) in 
detail.

Table 4-4 • Available I/O Standards within CLKBUF and CLKBUF_LVDS/LVPECL Macros

CLKBUF_LVCMOS5 

CLKBUF_LVCMOS33 1

CLKBUF_LVCMOS25 2

CLKBUF_LVCMOS18 

CLKBUF_LVCMOS15 

CLKBUF_PCI 

CLKBUF_PCIX 3

CLKBUF_GTL25 2,3

CLKBUF_GTL33 2,3

CLKBUF_GTLP25 2,3

CLKBUF_GTLP33 2,3

CLKBUF_HSTL_I 2,3

CLKBUF_HSTL_II 2,3

CLKBUF_SSTL3_I 2,3

CLKBUF_SSTL3_II 2,3

CLKBUF_SSTL2_I 2,3

CLKBUF_SSTL2_II 2,3

CLKBUF_LVDS 4,5

CLKBUF_LVPECL5

Notes:
1. By default, the CLKBUF macro uses 3.3 V LVTTL I/O technology. For more details, refer to the 

IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide.
2. I/O standards only supported in ProASIC3E and IGLOOe families.
3. I/O standards only supported in the following Fusion devices: AFS600 and AFS1500.
4. B-LVDS and M-LVDS standards are supported by CLKBUF_LVDS.
5. Not supported for IGLOO nano and ProASIC3 nano devices.
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Figure 4-22 • CCC Block Control Bits – Graphical Representation of Assignments
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Loading the Configuration Register
The most important part of CCC dynamic configuration is to load the shift register properly with the 
configuration bits. There are different ways to access and load the configuration shift register:

• JTAG interface
• Logic core
• Specific I/O tiles

JTAG Interface
The JTAG interface requires no additional I/O pins. The JTAG TAP controller is used to control the 
loading of the CCC configuration shift register. 
Low power flash devices provide a user interface macro between the JTAG pins and the device core 
logic. This macro is called UJTAG. A user should instantiate the UJTAG macro in his design to access the 
configuration register ports via the JTAG pins. 
For more information on CCC dynamic reconfiguration using UJTAG, refer to the "UJTAG Applications in 
Microsemi’s Low Power Flash Devices" section on page 363.

Logic Core
If the logic core is employed, the user must design a module to provide the configuration data and control 
the shifting and updating of the CCC configuration shift register. In effect, this is a user-designed TAP 
controller, which requires additional chip resources.

Specific I/O Tiles
If specific I/O tiles are used for configuration, the user must provide the external equivalent of a TAP 
controller. This does not require additional core resources but does use pins.

Shifting the Configuration Data
To enter a new configuration, all 81 bits must shift in via SDIN. After all bits are shifted, SSHIFT must go 
LOW and SUPDATE HIGH to enable the new configuration. For simulation purposes, bits <71:73> and 
<77:80> are "don't care."
The SUPDATE signal must be LOW during any clock cycle where SSHIFT is active. After SUPDATE is 
asserted, it must go back to the LOW state until a new update is required.

PLL Configuration Bits Description  
Table 4-8 • Configuration Bit Descriptions for the CCC Blocks
Config.
Bits Signal Name Description
<88:87>  GLMUXCFG [1:0]1 NGMUX configuration The configuration bits specify the input clocks 

to the NGMUX (refer to Table 4-17 on 
page 110).2

86  OCDIVHALF1 Division by half When the PLL is bypassed, the 100 MHz RC 
oscillator can be divided by the divider factor 
in Table 4-18 on page 111.

85  OBDIVHALF1 Division by half When the PLL is bypassed, the 100 MHz RC 
oscillator can be divided by a 0.5 factor (refer 
to Table 4-18 on page 111).

84  OADIVHALF1 Division by half When the PLL is bypassed, the 100 MHz RC 
oscillator can be divided by certain 0.5 factor 
(refer to Table 4-16 on page 110).

Notes:
1. The <88:81> configuration bits are only for the Fusion dynamic CCC.
2. This value depends on the input clock source, so Layout must complete before these bits can be set. 

After completing Layout in Designer, generate the "CCC_Configuration" report by choosing Tools > 
Report > CCC_Configuration. The report contains the appropriate settings for these bits.
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Figure 4-37 shows the simulation results, where the first PLL’s output period is 3.9 ns (~256 MHz), and 
the stage 2 (final) output period is 3.56 ns (~280 MHz). 

Figure 4-36 • Second-Stage PLL Showing Input of 256 MHz from First Stage and Final Output of 280 MHz

Figure 4-37 • ModelSim Simulation Results

Stage 1 Output Clock Period Stage 2 Output Clock Period
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Conclusion
The advanced CCCs of the IGLOO and ProASIC3 devices are ideal for applications requiring precise 
clock management. They integrate easily with the internal low-skew clock networks and provide flexible 
frequency synthesis, clock deskewing, and/or time-shifting operations.

Related Documents

Application Notes
Board-Level Considerations
http://www.microsemi.com/soc/documents/ALL_AC276_AN.pdf

Datasheets
Fusion Family of Mixed Signal FPGAs
http://www.microsemi.com/soc/documents/Fusion_DS.pdf

User’s Guides
IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide
http://www.microsemi.com/soc/documents/pa3_libguide_ug.pdf

List of Changes
The following table lists critical changes that were made in each revision of the chapter.

Date Changes Page

August 2012 The "Implementing EXTFB in ProASIC3/E Devices" section is new (SAR 36647). 86

Table 4-7 • Delay Values in Libero SoC Software per Device Family was added to the 
"Clock Delay Adjustment" section (SAR 22709).

102

The "Phase Adjustment" section was rewritten to explain better why the visual 
CCC shows both the actual phase and the actual delay that is equivalent to this phase 
shift (SAR 29647).

103

The hyperlink for the Board-Level Considerations application note was corrected (SAR 
36663)

128, 129

December 2011 Figure 4-20 • PLL Block Diagram, Figure 4-22 • CCC Block Control Bits – Graphical 
Representation of Assignments, and Table 4-12 • MUXA, MUXB, MUXC were revised 
to change the phase shift assignments for PLLs 4 through 7 (SAR 33791).

101, 
105, 109

June 2011 The description for RESETEN in Table 4-8 • Configuration Bit Descriptions for the 
CCC Blocks was revised. The phrase "and should not be modified via dynamic 
configuration" was deleted because RESETEN is read only (SAR 25949).

106

July 2010 This chapter is no longer published separately with its own part number and version 
but is now part of several FPGA fabric user’s guides.

N/A

Notes were added where appropriate to point out that IGLOO nano and ProASIC3 
nano devices do not support differential inputs (SAR 21449).

N/A
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
Notes:
1. AES decryption not supported in 30 k gate devices and smaller.
2. Flash*Freeze is supported in all IGLOO devices and the ProASIC3L devices.
Figure 6-1 • IGLOO and ProASIC3 Device Architecture Overview
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Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, ADDRB
should be tied to ground. 

DINA and DINB
These are the input data signals, and they are nine bits wide. Not all nine bits are valid in all
configurations. When a data width less than nine is specified, unused high-order signals must be
grounded (Table 6-4).
Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, DINB should

be tied to ground.
DOUTA and DOUTB
These are the nine-bit output data signals. Not all nine bits are valid in all configurations. As with DINA
and DINB, high-order bits may not be used (Table 6-4). The output data on unused pins is undefined. 

RAM512X18 Macro
RAM512X18 is the two-port configuration of the same RAM block (Figure 6-5 on page 156). Like the
RAM4K9 nomenclature, the RAM512X18 nomenclature refers to both the deepest possible configuration
and the widest possible configuration the two-port RAM block can assume. In two-port mode, the RAM
block can be configured to either the 512×9 aspect ratio or the 256×18 aspect ratio. RAM512X18 is also
fully synchronous and has the following features:

• Dedicated read and write ports
• Active-low read and write enables
• Selectable pipelined or nonpipelined read
• Active-low asynchronous reset
• Designer software will automatically facilitate falling-edge clocks by bubble-pushing the inversion

to previous stages.

Table 6-3 • Address Pins Unused/Used for Various Supported Bus Widths

D×W

ADDRx

Unused Used

4k×1 None [11:0]

2k×2 [11] [10:0]

1k×4 [11:10] [9:0]

512×9 [11:9] [8:0]

Note: The "x" in ADDRx implies A or B.

Table 6-4 • Unused/Used Input and Output Data Pins for Various Supported Bus Widths

D×W
DINx/DOUTx

Unused Used
4k×1 [8:1] [0]

2k×2 [8:2] [1:0]

1k×4 [8:4] [3:0]

512×9 None [8:0]

Note: The "x" in DINx or DOUTx implies A or B.
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Advanced I/Os—IGLOO, ProASIC3L, and ProASIC3
Table 7-2 and Table 7-3 show the voltages and compatible I/O standards for the IGLOO, ProASIC3L, and
ProASIC3 families. 
I/Os provide programmable slew rates (except 30 K gate devices), drive strengths, and weak pull-up and
pull-down circuits. 3.3 V PCI and 3.3 V PCI-X can be configured to be 5 V–tolerant. See the "5 V Input
Tolerance" section on page 194 for possible implementations of 5 V tolerance.
All I/Os are in a known state during power-up, and any power-up sequence is allowed without current
impact. Refer to the "I/O Power-Up and Supply Voltage Thresholds for Power-On Reset (Commercial
and Industrial)" section in the datasheet for more information. During power-up, before reaching
activation levels, the I/O input and output buffers are disabled while the weak pull-up is enabled.
Activation levels are described in the datasheet.

I/O Banks and I/O Standards Compatibility
I/Os are grouped into I/O voltage banks. 
Each I/O voltage bank has dedicated I/O supply and ground voltages (VMV/GNDQ for input buffers and
VCCI/GND for output buffers). This isolation is necessary to minimize simultaneous switching noise from
the input and output (SSI and SSO). The switching noise (ground bounce and power bounce) is
generated by the output buffers and transferred into input buffer circuits, and vice versa. Because of
these dedicated supplies, only I/Os with compatible standards can be assigned to the same I/O voltage
bank. Table 7-3 shows the required voltage compatibility values for each of these voltages.
There are four I/O banks on the 250K gate through 1M gate devices. 
There are two I/O banks on the 30K, 60K, and 125K gate devices. 
I/O standards are compatible if their VCCI and VMV values are identical. VMV and GNDQ are "quiet"
input power supply pins and are not used on 30K gate devices (Table 7-3). 

Table 7-2 • Supported I/O Standards

IGLOO AGL015 AGL030 AGL060 AGL125 AGL250 AGL600 AGL1000

ProASIC3 A3P015 A3P030 A3P060 A3P125
A3P250/
A3P250L A3P400

A3P600/
A3P600L

A3P1000/
A3P1000L

Single-Ended

LVTTL/LVCMOS 3.3 V,
LVCMOS 2.5 V / 1.8 V /
1.5 V / 1.2 V
LVCMOS 2.5 V / 5.0 V

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

3.3 V PCI/PCI-X – – ✓ ✓ ✓ ✓ ✓ ✓

Differential

LVPECL, LVDS, B-LVDS, 
M-LVDS

– – – – ✓ ✓ ✓ ✓

Table 7-3 • VCCI Voltages and Compatible IGLOO and ProASIC3 Standards

VCCI and VMV (typical) Compatible Standards

3.3 V LVTTL/LVCMOS 3.3, PCI 3.3, PCI-X 3.3 LVPECL

2.5 V LVCMOS 2.5, LVCMOS 2.5/5.0, LVDS, B-LVDS, M-LVDS

1.8 V LVCMOS 1.8

1.5 V LVCMOS 1.5

1.2 V LVCMOS 1.2
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Table 7-8 • Hot-Swap Level 1

Description Cold-swap

Power Applied to Device No

Bus State –

Card Ground Connection –

Device Circuitry Connected to Bus Pins –

Example Application System and card with Microsemi FPGA chip are
powered down, and the card is plugged into the
system. Then the power supplies are turned on for
the system but not for the FPGA on the card.

Compliance of IGLOO and ProASIC3 Devices 30 k gate devices: Compliant 
Other IGLOO/ProASIC3 devices: Compliant if bus
switch used to isolate FPGA I/Os from rest of
system
IGLOOe/ProASIC3E devices: Compliant I/Os can
but do not have to be set to hot-insertion mode.

Table 7-9 • Hot-Swap Level 2

Description Hot-swap while reset

Power Applied to Device Yes

Bus State Held in reset state

Card Ground Connection Reset must be maintained for 1 ms before, during,
and after insertion/removal.

Device Circuitry Connected to Bus Pins –

Example Application In the PCI hot-plug specification, reset control
circuitry isolates the card busses until the card
supplies are at their nominal operating levels and
stable.

Compliance of IGLOO and ProASIC3 Devices 30 k gate devices, all IGLOOe/ProASIC3E
devices: Compliant I/Os can but do not have to be
set to hot-insertion mode.
Other IGLOO/ProASIC3 devices: Compliant
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Figure 7-17 • Timing Diagram (bypasses skew circuit)

Figure 7-18 • Timing Diagram (with skew circuit selected)
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I/O Structures in IGLOOe and ProASIC3E Devices
compatible, which means devices can operate at conventional PCI frequencies (33 MHz and 66 MHz). 
PCI-X is more fault-tolerant than PCI. It also does not have programmable drive strength.

Voltage-Referenced Standards
I/Os using these standards are referenced to an external reference voltage (VREF) and are supported on 
E devices only.

HSTL Class I and II (High-Speed Transceiver Logic)
These are general-purpose, high-speed 1.5 V bus standards (EIA/JESD 8-6) for signaling between 
integrated circuits. The signaling range is 0 V to 1.5 V, and signals can be either single-ended or 
differential. HSTL requires a differential amplifier input buffer and a push-pull output buffer. The reference 
voltage (VREF) is 0.75 V. These standards are used in the memory bus interface with data switching 
capability of up to 400 MHz. The other advantages of these standards are low power and fewer EMI 
concerns.
HSTL has four classes, of which low power flash devices support Class I and II. These classes are 
defined by standard EIA/JESD 8-6 from the Electronic Industries Alliance (EIA):

• Class I – Unterminated or symmetrically parallel-terminated
• Class II – Series-terminated
• Class III – Asymmetrically parallel-terminated
• Class IV – Asymmetrically double-parallel-terminated

SSTL2 Class I and II (Stub Series Terminated Logic 2.5 V)
These are general-purpose 2.5 V memory bus standards (JESD 8-9) for driving transmission lines, 
designed specifically for driving the DDR SDRAM modules used in computer memory. SSTL2 requires a 
differential amplifier input buffer and a push-pull output buffer. The reference voltage (VREF) is 1.25 V. 

SSTL3 Class I and II (Stub Series Terminated Logic 3.3 V)
These are general-purpose 3.3 V memory bus standards (JESD 8-8) for driving transmission lines. 
SSTL3 requires a differential amplifier input buffer and a push-pull output buffer. The reference voltage 
(VREF) is 1.5 V. 

Figure 8-7 • SSTL and HSTL Topology
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Solution 2
The board-level design must ensure that the reflected waveform at the pad does not exceed the voltage 
overshoot/undershoot limits provided in the datasheet. This is a requirement to ensure long-term 
reliability. 
This scheme will also work for a 3.3 V PCI/PCI-X configuration, but the internal diode should not be used 
for clamping, and the voltage must be limited by the external resistors and Zener, as shown in 
Figure 8-11. Relying on the diode clamping would create an excessive pad DC voltage of 
3.3 V + 0.7 V = 4 V.

Figure 8-10 • Solution 1

Figure 8-11 • Solution 2
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• Programming Centers
Microsemi programming hardware policy also applies to programming centers. Microsemi 
expects all programming centers to use certified programmers to program Microsemi devices. If a 
programming center uses noncertified programmers to program Microsemi devices, the 
"Noncertified Programmers" policy applies. 

Important Programming Guidelines

Preprogramming Setup
Before programming, several steps are required to ensure an optimal programming yield.

Use Proper Handling and Electrostatic Discharge (ESD) Precautions 
Microsemi FPGAs are sensitive electronic devices that are susceptible to damage from ESD and other 
types of mishandling. For more information about ESD, refer to the Quality and Reliability Guide, 
beginning with page 41.

Use the Latest Version of the Designer Software to Generate Your 
Programming File (recommended)
The files used to program Microsemi flash devices (*.bit, *.stp, *.pdb) contain important information about 
the switches that will be programmed in the FPGA. Find the latest version and corresponding release 
notes at http://www.microsemi.com/soc/download/software/designer/. Also, programming files must 
always be zipped during file transfer to avoid the possibility of file corruption.

Use the Latest Version of the Programming Software 
The programming software is frequently updated to accommodate yield enhancements in FPGA 
manufacturing. These updates ensure maximum programming yield and minimum programming times. 
Before programming, always check the version of software being used to ensure it is the most recent. 
Depending on the programming software, refer to one of the following:

• FlashPro: http://www.microsemi.com/soc/download/program_debug/flashpro/
• Silicon Sculptor: http://www.microsemi.com/soc/download/program_debug/ss/

Use the Most Recent Adapter Module with Silicon Sculptor
Occasionally, Microsemi makes modifications to the adapter modules to improve programming yields 
and programming times. To identify the latest version of each module before programming, visit
http://www.microsemi.com/soc/products/hardware/program_debug/ss/modules.aspx.

Perform Routine Hardware Self-Diagnostic Test
• Adapter modules must be regularly cleaned. Adapter modules need to be inserted carefully into 

the programmer to make sure the DIN connectors (pins at the back side) are not damaged.
• FlashPro

The self-test is only applicable when programming with FlashPro and FlashPro3 programmers. It 
is not supported with FlashPro4 or FlashPro Lite. To run the self-diagnostic test, follow the 
instructions given in the "Performing a Self-Test" section of
http://www.microsemi.com/soc/documents/FlashPro_UG.pdf. 

• Silicon Sculptor
The self-diagnostic test verifies correct operation of the pin drivers, power supply, CPU, memory, 
and adapter module. This test should be performed with an adapter module installed and before 
every programming session. At minimum, the test must be executed every week. To perform self-
diagnostic testing using the Silicon Sculptor software, perform the following steps, depending on 
the operating system:
– DOS: From anywhere in the software, type ALT + D.
– Windows: Click Device > choose Actel Diagnostic > select the Test tab > click OK.
Silicon Sculptor programmers must be verified annually for calibration. Refer to the Silicon 
Sculptor Verification of Calibration Work Instruction document on the website. 
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In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using FlashPro4/3/3X
Figure 13-2 shows different applications for ISP programming.
1. In a trusted programming environment, you can program the device using the unencrypted

(plaintext) programming file.
2. You can program the AES Key in a trusted programming environment and finish the final

programming in an untrusted environment using the AES-encrypted (cipher text) programming
file.

3. For the remote ISP updating/reprogramming, the AES Key stored in the device enables the
encrypted programming bitstream to be transmitted through the untrusted network connection. 

Microsemi low power flash devices also provide the unique Microsemi FlashLock feature, which protects
the Pass Key and AES Key. Unless the original FlashLock Pass Key is used to unlock the device,
security settings cannot be modified. Microsemi does not support read-back of FPGA core-programmed
data; however, the FlashROM contents can selectively be read back (or disabled) via the JTAG port
based on the security settings established by the Microsemi Designer software. Refer to the "Security in
Low Power Flash Devices" section on page 301 for more information.

Figure 13-2 • Different ISP Use Models
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STAPL vs. DirectC
Programming the low power flash devices is performed using DirectC or the STAPL player. Both tools
use the STAPL file as an input. DirectC is a compiled language, whereas STAPL is an interpreted
language. Microprocessors will be able to load the FPGA using DirectC much more quickly than STAPL.
This speed advantage becomes more apparent when lower clock speeds of 8- or 16-bit microprocessors
are used. DirectC also requires less memory than STAPL, since the programming algorithm is directly
implemented. STAPL does have one advantage over DirectC—the ability to upgrade. When a new
programming algorithm is required, the STAPL user simply needs to regenerate a STAPL file using the
latest version of the Designer software and download it to the system. The DirectC user must download
the latest version of DirectC from Microsemi, compile everything, and download the result into the system
(Figure 15-4).

Figure 15-4 • STAPL vs. DirectC
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Power-Up/-Down Behavior of Low Power Flash Devices
Transient Current on VCC 
The characterization of the transient current on VCC is performed on nearly all devices within the 
IGLOO, ProASIC3L, and ProASIC3 families. A sample size of five units is used from each device family 
member. All the device I/Os are internally pulled down while the transient current measurements are 
performed. For ProASIC3 devices, the measurements at typical conditions show that the maximum 
transient current on VCC, when the power supply is powered at ramp-rates ranging from 15 V/ms to 
0.15 V/ms, does not exceed the maximum standby current specified in the device datasheets. Refer to 
the DC and Switching Characteristics chapters of the ProASIC3 Flash Family FPGAS datasheet and 
ProASIC3E Flash Family FPGAs datasheet for more information.
Similarly, IGLOO, IGLOO nano, IGLOO PLUS, and ProASIC3L devices exhibit very low transient current 
on VCC. The transient current does not exceed the typical operating current of the device while in active 
mode. For example, the characterization of AGL600-FG256 V2 and V5 devices has shown that the 
transient current on VCC is typically in the range of 1–5 mA.

Transient Current on VCCI 
The characterization of the transient current on VCCI is performed on devices within the IGLOO, IGLOO 
nano, IGLOO PLUS, ProASIC3, ProASIC3 nano, and ProASIC3L groups of devices, similarly to VCC 
transient current measurements. For ProASIC3 devices, the measurements at typical conditions show 
that the maximum transient current on VCCI, when the power supply is powered at ramp-rates ranging 
from 33 V/ms to 0.33 V/ms, does not exceed the maximum standby current specified in the device 
datasheet. Refer to the DC and Switching Characteristics chapters of the ProASIC3 Flash Family 
FPGAS datasheet and ProASIC3E Flash Family FPGAs datasheet for more information.
Similarly, IGLOO, IGLOO PLUS, and ProASIC3L devices exhibit very low transient current on VCCI. The 
transient current does not exceed the typical operating current of the device while in active mode. For 
example, the characterization of AGL600-FG256 V2 and V5 devices has shown that the transient current 
on VCCI is typically in the range of 1–2 mA.

Figure 18-1 • Types of Power Consumption in SRAM FPGAs and Microsemi Nonvolatile FPGAs
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Power-Up/-Down Behavior of Low Power Flash Devices
Internal Pull-Up and Pull-Down
Low power flash device I/Os are equipped with internal weak pull-up/-down resistors that can be used by 
designers. If used, these internal pull-up/-down resistors will be activated during power-up, once both 
VCC and VCCI are above their functional activation level. Similarly, during power-down, these internal 
pull-up/-down resistors will turn off once the first supply voltage falls below its brownout deactivation 
level. 

Cold-Sparing
In cold-sparing applications, voltage can be applied to device I/Os before and during power-up. Cold-
sparing applications rely on three important characteristics of the device:

1. I/Os must be tristated before and during power-up.
2. Voltage applied to the I/Os must not power up any part of the device.
3. VCCI should not exceed 3.6 V, per datasheet specifications.

As described in the "Power-Up to Functional Time" section on page 378, Microsemi’s low power flash 
I/Os are tristated before and during power-up until the last voltage supply (VCC or VCCI) is powered up 
past its functional level. Furthermore, applying voltage to the FPGA I/Os does not pull up VCC or VCCI 
and, therefore, does not partially power up the device. Table 18-4 includes the cold-sparing test results 
on A3PE600-PQ208 devices. In this test, leakage current on the device I/O and residual voltage on the 
power supply rails were measured while voltage was applied to the I/O before power-up.

VCCI must not exceed 3.6 V, as stated in the datasheet specification. Therefore, ProASIC3E devices 
meet all three requirements stated earlier in this section and are suitable for cold-sparing applications. 
The following devices and families support cold-sparing:

• IGLOO: AGL015 and AGL030
• All IGLOO nano
• All IGLOO PLUS
• All IGLOOe
• ProASIC3L: A3PE3000L
• ProASIC3: A3P015 and A3P030
• All ProASIC3 nano
• All ProASIC3E
• Military ProASIC3EL: A3PE600L and A3PE3000L
• RT ProASIC3: RT3PE600L and RT3PE3000L

Table 18-4 • Cold-Sparing Test Results for A3PE600 Devices

Device I/O

Residual Voltage (V)

Leakage CurrentVCC VCCI

Input 0 0.003 <1 µA

Output 0 0.003 <1 µA
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