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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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FPGA Array Architecture in Low Power Flash Devices
I/O State of Newly Shipped Devices
Devices are shipped from the factory with a test design in the device. The power-on switch for VCC is
OFF by default in this test design, so I/Os are tristated by default. Tristated means the I/O is not actively
driven and floats. The exact value cannot be guaranteed when it is floating. Even in simulation software,
a tristate value is marked as unknown. Due to process variations and shifts, tristated I/Os may float
toward High or Low, depending on the particular device and leakage level. 
If there is concern regarding the exact state of unused I/Os, weak pull-up/pull-down should be added to
the floating I/Os so their state is controlled and stabilized.

Note: Flash*Freeze technology only applies to IGLOOe devices.
Figure 1-7 • IGLOOe and ProASIC3E Device Architecture Overview (AGLE600 device is shown)
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Flash*Freeze Technology and Low Power Modes
Flash*Freeze Mode
IGLOO, IGLOO nano, IGLOO PLUS, ProASIC3L, and RT ProASIC3 FPGAs offer an ultra-low static
power mode to reduce power consumption while preserving the state of the registers, SRAM contents,
and I/O states (IGLOO nano and IGLOO PLUS only) without switching off any power supplies, inputs, or
input clocks.
Flash*Freeze technology enables the user to switch to Flash*Freeze mode within 1 µs, thus simplifying
low power design implementation. The Flash*Freeze (FF) pin (active Low) is a dedicated pin used to
enter or exit Flash*Freeze mode directly; or the pin can be routed internally to the FPGA core and state
management IP to allow the user's application to decide if and when it is safe to transition to this mode. If
the FF pin is not used, it can be used as a regular I/O.
The FF pin has a built-in glitch filter and optional Schmitt trigger (not available for all devices) to prevent
entering or exiting Flash*Freeze mode accidentally.
There are two ways to use Flash*Freeze mode. In Flash*Freeze type 1, entering and exiting the mode is
exclusively controlled by the assertion and deassertion of the FF pin. This enables an external processor
or human interface device to directly control Flash*Freeze mode; however, valid data must be preserved
using standard procedures (refer to the "Flash*Freeze Mode Device Behavior" section on page 30). In
Flash*Freeze mode type 2, entering and exiting the mode is controlled by both the FF pin AND user-
defined logic. Flash*Freeze management IP may be used in type 2 mode for clock and data
management while entering and exiting Flash*Freeze mode.

Flash*Freeze Type 1: Control by Dedicated Flash*Freeze Pin
Flash*Freeze type 1 is intended for systems where either the device will be reset upon exiting
Flash*Freeze mode, or data and clock are managed externally. The device enters Flash*Freeze mode 1
µs after the dedicated FF pin is asserted (active Low), and returns to normal operation when the FF pin is
deasserted (High) (Figure 2-1 on page 25). In this mode, FF pin assertion or deassertion is the only
condition that determines entering or exiting Flash*Freeze mode.
In Libero® System-on-Chip (SoC) software v8.2 and before, this mode is implemented by enabling
Flash*Freeze mode (default setting) in the Compile options of the Microsemi Designer software. To
simplify usage of Flash*Freeze mode, beginning with Libero software v8.3, an INBUF_FF I/O macro was
introduced. An INBUF_FF I/O buffer must be used to identify the Flash*Freeze input. Microsemi
recommends switching to the new implementation. 
In Libero software v8.3 and later, the user must manually instantiate the INBUF_FF macro in the top level
of the design to implement Flash*Freeze Type 1, as shown in Figure 2-1 on page 25.
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Global Resources in Low Power Flash Devices
Figure 3-5 shows more detailed global input connections. It shows the global input pins connection to the
northwest quadrant global networks. Each global buffer, as well as the PLL reference clock, can be
driven from one of the following:

• 3 dedicated single-ended I/Os using a hardwired connection
• 2 dedicated differential I/Os using a hardwired connection (not supported for IGLOO nano or

ProASIC3 nano devices)
• The FPGA core

Note: Differential inputs are not supported for IGLOO nano or ProASIC3 nano devices.
Figure 3-5 • Global I/O Overview
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
Figure 4-7 • Clock Input Sources (30 k gates devices and below)

Notes:
1. Represents the global input pins. Globals have direct access to the clock conditioning block and are 

not routed via the FPGA fabric. Refer to the "User I/O Naming Conventions in I/O Structures" chapter 
of the appropriate device user’s guide. 

2. Instantiate the routed clock source input as follows:
a) Connect the output of a logic element to the clock input of a PLL, CLKDLY, or CLKINT macro.
b) Do not place a clock source I/O (INBUF or INBUF_LVPECL/LVDS/B-LVDS/M-LVDS/DDR) in

a relevant global pin location. 
3. IGLOO nano and ProASIC3 nano devices do not support differential inputs.
Figure 4-8 • Clock Input Sources Including CLKBUF, CLKBUF_LVDS/LVPECL, and CLKINT (60 k 

gates devices and above)
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
Dividers n and m (the input divider and feedback divider, respectively) provide integer frequency division 
factors from 1 to 128. The output dividers u, v, and w provide integer division factors from 1 to 32. 
Frequency scaling of the reference clock CLKA is performed according to the following formulas:

fGLA = fCLKA × m / (n × u) – GLA Primary PLL Output Clock

EQ 4-1

fGLB = fYB = fCLKA × m / (n × v) – GLB Secondary 1 PLL Output Clock(s)

EQ 4-2

fGLC = fYC = fCLKA × m / (n × w) – GLC Secondary 2 PLL Output Clock(s)

EQ 4-3
SmartGen provides a user-friendly method of generating the configured PLL netlist, which includes 
automatically setting the division factors to achieve the closest possible match to the requested 
frequencies. Since the five output clocks share the n and m dividers, the achievable output frequencies 
are interdependent and related according to the following formula:

fGLA = fGLB × (v / u) = fGLC × (w / u)

EQ 4-4

Clock Delay Adjustment
There are a total of seven configurable delay elements implemented in the PLL architecture. 
Two of the delays are located in the feedback path, entitled System Delay and Feedback Delay. System 
Delay provides a fixed delay of 2 ns (typical), and Feedback Delay provides selectable delay values from 
0.6 ns to 5.56 ns in 160 ps increments (typical). For PLLs, delays in the feedback path will effectively 
advance the output signal from the PLL core with respect to the reference clock. Thus, the System and 
Feedback delays generate negative delay on the output clock. Additionally, each of these delays can be 
independently bypassed if necessary.
The remaining five delays perform traditional time delay and are located at each of the outputs of the 
PLL. Besides the fixed global driver delay of 0.755 ns for each of the global networks, the global 
multiplexer outputs (GLA, GLB, and GLC) each feature an additional selectable delay value, as given in 
Table 4-7.

The additional YB and YC signals have access to a selectable delay from 0.6 ns to 5.56 ns in 160 ps 
increments (typical). This is the same delay value as the CLKDLY macro. It is similar to CLKDLY, which 
bypasses the PLL core just to take advantage of the phase adjustment option with the delay value.
The following parameters must be taken into consideration to achieve minimum delay at the outputs 
(GLA, GLB, GLC, YB, and YC) relative to the reference clock: routing delays from the PLL core to CCC 
outputs, core outputs and global network output delays, and the feedback path delay. The feedback path 
delay acts as a time advance of the input clock and will offset any delays introduced beyond the PLL core 
output. The routing delays are determined from back-annotated simulation and are configuration-
dependent. 

Table 4-7 • Delay Values in Libero SoC Software per Device Family

Device Typical Starting Values Increments Ending Value

ProASIC3 200 ps 0 to 735 ps 200 ps 6.735 ns

IGLOO/ProASIC3L 1.5 V 360 ps 0 to 1.610 ns 360 ps 12.410 ns

IGLOO/ProASIC3L 1.2 V 580 ps 0 to 2.880 ns 580 ps 20.280 ns
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
Each group of control bits is assigned a specific location in the configuration shift register. For a list of the 
81 configuration bits (C[80:0]) in the CCC and a description of each, refer to "PLL Configuration Bits 
Description" on page 106. The configuration register can be serially loaded with the new configuration 
data and programmed into the CCC using the following ports:

• SDIN: The configuration bits are serially loaded into a shift register through this port. The LSB of 
the configuration data bits should be loaded first. 

• SDOUT: The shift register contents can be shifted out (LSB first) through this port using the shift 
operation.

• SCLK: This port should be driven by the shift clock.
• SSHIFT: The active-high shift enable signal should drive this port. The configuration data will be 

shifted into the shift register if this signal is HIGH. Once SSHIFT goes LOW, the data shifting will 
be halted. 

• SUPDATE: The SUPDATE signal is used to configure the CCC with the new configuration bits 
when shifting is complete.

To access the configuration ports of the shift register (SDIN, SDOUT, SSHIFT, etc.), the user should 
instantiate the CCC macro in his design with appropriate ports. Microsemi recommends that users 
choose SmartGen to generate the CCC macros with the required ports for dynamic reconfiguration. 
Users must familiarize themselves with the architecture of the CCC core and its input, output, and 
configuration ports to implement the desired delay and output frequency in the CCC structure. 
Figure 4-22 shows a model of the CCC with configurable blocks and switches. 
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
Primary Clock Output Delay from CLKA -3.020

Secondary1 Clock frequency 40.000
Secondary1 Clock Phase Shift 0.000
Secondary1 Clock Global Output Delay from CLKA 2.515

Next, perform simulation in ModelSim to verify the correct delays. Figure 4-30 shows the simulation 
results. The delay values match those reported in the SmartGen PLL Wizard. 

The timing can also be analyzed using SmartTime in Designer. The user should import the synthesized 
netlist to Designer, perform Compile and Layout, and then invoke SmartTime. Go to Tools > Options 
and change the maximum delay operating conditions to Typical Case. Then expand the Clock-to-Out 
paths of GLA and GLB and the individual components of the path delays are shown. The path of GLA is 
shown in Figure 4-31 on page 123 displaying the same delay value. 

Figure 4-30 • ModelSim Simulation Results
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
v1.4
(December 2008)

The"CCC Support in Microsemi’s Flash Devices" section was updated to include 
IGLOO nano and ProASIC3 nano devices.

79

Figure 4-2 • CCC Options: Global Buffers with No Programmable Delay was revised to 
add the CLKBIBUF macro.

80

The description of the reference clock was revised in Table 4-2 • Input and Output 
Description of the CLKDLY Macro.

81

Figure 4-7 • Clock Input Sources (30 k gates devices and below) is new. Figure 4-8 • 
Clock Input Sources Including CLKBUF, CLKBUF_LVDS/LVPECL, and CLKINT (60 k 
gates devices and above) applies to 60 k gate devices and above.

88

The "IGLOO and ProASIC3" section was updated to include information for IGLOO 
nano devices.

89

A note regarding Fusion CCCs was added to Figure 4-9 • Illustration of Hardwired I/O 
(global input pins) Usage for IGLOO and ProASIC3 devices 60 k Gates and Larger 
and the name of the figure was changed from Figure 4-8 • Illustration of Hardwired I/O 
(global input pins) Usage. Figure 4-10 • Illustration of Hardwired I/O (global input pins) 
Usage for IGLOO and ProASIC3 devices 30 k Gates and Smaller is new.

90

Table 4-5 • Number of CCCs by Device Size and Package was updated to include 
IGLOO nano and ProASIC3 nano devices. Entries were added to note differences for 
the CS81, CS121, and CS201 packages.

94

The "Clock Conditioning Circuits without Integrated PLLs" section was rewritten. 95

The "IGLOO and ProASIC3 CCC Locations" section was updated for nano devices. 97

Figure 4-13 • CCC Locations in the 15 k and 30 k Gate Devices was deleted. 4-20

v1.3
(October 2008)

This document was updated to include Fusion and RT ProASIC3 device information. 
Please review the document very carefully.

N/A

The "CCC Support in Microsemi’s Flash Devices" section was updated. 79

In the "Global Buffer with Programmable Delay" section, the following sentence was 
changed from: 
"In this case, the I/O must be placed in one of the dedicated global I/O locations."
To
"In this case, the software will automatically place the dedicated global I/O in the 
appropriate locations."

80

Figure 4-4 • CCC Options: Global Buffers with PLL was updated to include OADIVRST 
and OADIVHALF.

83

In Figure 4-6 • CCC with PLL Block "fixed delay" was changed to "programmable 
delay".

83

Table 4-3 • Input and Output Signals of the PLL Block was updated to include 
OADIVRST and OADIVHALF descriptions.

84

Table 4-8 • Configuration Bit Descriptions for the CCC Blocks was updated to include 
configuration bits 88 to 81. Note 2 is new. In addition, the description for bit <76:74> 
was updated.

106

Table 4-16 • Fusion Dynamic CCC Clock Source Selection and Table 4-17 • Fusion 
Dynamic CCC NGMUX Configuration are new.

110

Table 4-18 • Fusion Dynamic CCC Division by Half Configuration and Table 4-19 • 
Configuration Bit <76:75> / VCOSEL<2:1> Selection for All Families are new.

111

Date Changes Page
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ProASIC3L FPGA Fabric User’s Guide
DEVICE_INFO displays the FlashROM content, serial number, Design Name, and checksum, as shown
below:
EXPORT IDCODE[32] = 123261CF
EXPORT SILSIG[32] = 00000000
User information : 
CHECKSUM: 61A0
Design Name:        TOP
Programming Method: STAPL
Algorithm Version: 1
Programmer: UNKNOWN
=========================================
FlashROM Information : 
EXPORT Region_7_0[128] = FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
=========================================
Security Setting :
Encrypted FlashROM Programming Enabled.
Encrypted FPGA Array Programming Enabled.
=========================================

The Libero SoC file manager recognizes the UFC and MEM files and displays them in the appropriate
view. Libero SoC also recognizes the multiple programming files if you choose the option to generate
multiple files for multiple FlashROM contents in Designer. These features enable a user-friendly flow for
the FlashROM generation and programming in Libero SoC.

Custom Serialization Using FlashROM
You can use FlashROM for device serialization or inventory control by using the Auto Inc region or Read
From File region. FlashPoint will automatically generate the serial number sequence for the Auto Inc
region with the Start Value, Max Value, and Step Value provided. If you have a unique serial number
generation scheme that you prefer, the Read From File region allows you to import the file with your
serial number scheme programmed into the region. See the FlashPro User's Guide for custom
serialization file format information.
The following steps describe how to perform device serialization or inventory control using FlashROM:

1. Generate FlashROM using SmartGen. From the Properties section in the FlashROM Settings
dialog box, select the Auto Inc or Read From File region. For the Auto Inc region, specify the
desired step value. You will not be able to modify this value in the FlashPoint software.

2. Go through the regular design flow and finish place-and-route. 
3. Select Programming File in Designer and open Generate Programming File (Figure 5-12 on

page 144).
4. Click Program FlashROM, browse to the UFC file, and click Next. The FlashROM Settings

window appears, as shown in Figure 5-13 on page 144. 
5. Select the FlashROM page you want to program and the data value for the configured regions.

The STAPL file generated will contain only the data that targets the selected FlashROM page.
6. Modify properties for the serialization. 

– For the Auto Inc region, specify the Start and Max values.
– For the Read From File region, select the file name of the custom serialization file. 

7. Select the FlashROM programming file type you want to generate from the two options below:
– Single programming file for all devices: generates one programming file with all FlashROM

values.
– One programming file per device: generates a separate programming file for each FlashROM

value.
8. Enter the number of devices you want to program and generate the required programming file.
9. Open the programming software and load the programming file. The programming software,

FlashPro3 and Silicon Sculptor II, supports the device serialization feature. If, for some reason,
the device fails to program a part during serialization, the software allows you to reuse or skip the
serial data. Refer to the FlashPro User’s Guide for details.
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
Notes:
1. Automotive ProASIC3 devices restrict RAM4K9 to a single port or to dual ports with the same clock 180° out of

phase (inverted) between clock pins. In single-port mode, inputs to port B should be tied to ground to prevent
errors during compile. This warning applies only to automotive ProASIC3 parts of certain revisions and earlier.
Contact Technical Support at soc_tech@microsemi.com for information on the revision number for a particular lot
and date code.

2. For FIFO4K18, the same clock 180° out of phase (inverted) between clock pins should be used.
Figure 6-3 • Supported Basic RAM Macros
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ProASIC3L FPGA Fabric User’s Guide
SmartGen enables the user to configure the desired RAM element to use either a single clock for read
and write, or two independent clocks for read and write. The user can select the type of RAM as well as
the width/depth and several other parameters (Figure 6-13).

SmartGen also has a Port Mapping option that allows the user to specify the names of the ports
generated in the memory block (Figure 6-14).

SmartGen also configures the FIFO according to user specifications. Users can select no flags, static
flags, or dynamic flags. Static flag settings are configured using configuration flash and cannot be altered

Figure 6-13 • SmartGen Memory Configuration Interface 

Figure 6-14 • Port Mapping Interface for SmartGen-Generated Memory
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I/O Structures in IGLOO and ProASIC3 Devices
I/O Standards

Single-Ended Standards
These I/O standards use a push-pull CMOS output stage with a voltage referenced to system ground to
designate logical states. The input buffer configuration, output drive, and I/O supply voltage (VCCI) vary
among the I/O standards (Figure 7-5).  

The advantage of these standards is that a common ground can be used for multiple I/Os. This simplifies
board layout and reduces system cost. Their low-edge-rate (dv/dt) data transmission causes less
electromagnetic interference (EMI) on the board. However, they are not suitable for high-frequency
(>200 MHz) switching due to noise impact and higher power consumption.

LVTTL (Low-Voltage TTL)
This is a general-purpose standard (EIA/JESD8-B) for 3.3 V applications. It uses an LVTTL input buffer
and a push-pull output buffer. The LVTTL output buffer can have up to six different programmable drive
strengths. The default drive strength is 12 mA. VCCI is 3.3 V. Refer to "I/O Programmable Features" on
page 188 for details. 

LVCMOS (Low-Voltage CMOS)
The low power flash devices provide four different kinds of LVCMOS: LVCMOS 3.3 V, LVCMOS 2.5 V,
LVCMOS 1.8 V, and LVCMOS 1.5 V. LVCMOS 3.3 V is an extension of the LVCMOS standard (JESD8-
B–compliant) used for general-purpose 3.3 V applications. 
LVCMOS 2.5 V is an extension of the LVCMOS standard (JESD8-5–compliant) used for general-purpose
2.5 V applications. 
There is yet another standard supported by IGLOO and ProASIC3 devices (except A3P030): LVCMOS
2.5/5.0 V. This standard is similar to LVCMOS 2.5 V, with the exception that it can support up to 3.3 V on
the input side (2.5 V output drive). 
LVCMOS 1.8 V is an extension of the LVCMOS standard (JESD8-7–compliant) used for general-purpose
1.8 V applications. LVCMOS 1.5 V is an extension of the LVCMOS standard (JESD8-11–compliant) used
for general-purpose 1.5 V applications. 
The VCCI values for these standards are 3.3 V, 2.5 V, 1.8 V, and 1.5 V, respectively. Like LVTTL, the
output buffer has up to seven different programmable drive strengths (2, 4, 6, 8, 12, 16, and 24 mA).
Refer to "I/O Programmable Features" on page 188 for details. 

3.3 V PCI (Peripheral Component Interface) 
This standard specifies support for both 33 MHz and 66 MHz PCI bus applications. It uses an LVTTL
input buffer and a push-pull output buffer. With the aid of an external resistor, this I/O standard can be
5 V–compliant for low power flash devices. It does not have programmable drive strength.

3.3 V PCI-X (Peripheral Component Interface Extended)
An enhanced version of the PCI specification, 3.3 V PCI-X can support higher average bandwidths; it
increases the speed that data can move within a computer from 66 MHz to 133 MHz. It is backward-

Figure 7-5 • Single-Ended I/O Standard Topology
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ProASIC3L FPGA Fabric User’s Guide
IGLOO and ProASIC3 devices support output slew rate control: high and low. Microsemi recommends
the high slew rate option to minimize the propagation delay. This high-speed option may introduce noise
into the system if appropriate signal integrity measures are not adopted. Selecting a low slew rate
reduces this kind of noise but adds some delays in the system. Low slew rate is recommended when bus
transients are expected. 

Output Drive
The output buffers of IGLOO and ProASIC3 devices can provide multiple drive strengths to meet signal
integrity requirements. The LVTTL and LVCMOS (except 1.2 V LVCMOS) standards have selectable
drive strengths. Other standards have a preset value. 
Drive strength should also be selected according to the design requirements and noise immunity of the
system.
The output slew rate and multiple drive strength controls are available in LVTTL/LVCMOS 3.3 V,
LVCMOS 2.5 V, LVCMOS 2.5 V / 5.0 V input, LVCMOS 1.8 V, and LVCMOS 1.5 V. All other I/O
standards have a high output slew rate by default.
For 30 k gate devices, refer to Table 7-14. For other ProASIC3 and IGLOO devices, refer to Table 7-15
through Table 7-16 on page 203 for more information about the slew rate and drive strength
specification. Refer to Table 7-4 on page 178 for I/O bank type definitions.
There will be a difference in timing between the Standard Plus I/O banks and the Advanced I/O banks.
Refer to the I/O timing tables in the datasheet for the standards supported by each device.

Table 7-14 • IGLOO and ProASIC3 Output Drive and Slew for Standard I/O Bank Type (for 30 k 
gate devices)

I/O Standards 2 mA 4 mA 6 mA 8 mA Slew
LVTTL/LVCMOS 3.3 V ✓ ✓ ✓ ✓ High Low

LVCMOS 2.5 V ✓ ✓ ✓ ✓ High Low

LVCMOS 1.8 V ✓ ✓ – – High Low

LVCMOS 1.5 V ✓ – – – High Low

Table 7-15 • IGLOO and ProASIC3 Output Drive and Slew for Standard Plus I/O Bank Type
I/O Standards 2 mA 4 mA 6 mA 8 mA 12 mA 16 mA Slew
LVTTL ✓ ✓ ✓ ✓ ✓ ✓ High Low

LVCMOS 3.3 V ✓ ✓ ✓ ✓ ✓ ✓ High Low

LVCMOS 2.5 V ✓ ✓ * ✓ ✓ * ✓ – High Low

LVCMOS 1.8 V ✓ ✓ ✓ ✓ – – High Low

LVCMOS 1.5 V ✓ ✓ – – – – High Low

Note: *Not available in Automotive devices. 

Table 7-16 • IGLOO and ProASIC3 Output Drive and Slew for Advanced I/O Bank Type
I/O Standards 2 mA 4 mA 6 mA 8 mA 12 mA 16 mA 24 mA Slew
LVTTL ✓ ✓ ✓ ✓ ✓ ✓ ✓ High Low

LVCMOS 3.3 V ✓ ✓ ✓ ✓ ✓ ✓ ✓ High Low

LVCMOS 2.5 V ✓ ✓ * ✓ ✓ * ✓ ✓ ✓ High Low

LVCMOS 2.5/5.0 V ✓ ✓ * ✓ ✓ * ✓ ✓ ✓ High Low

LVCMOS 1.8 V ✓ ✓ ✓ ✓ ✓ ✓ – High Low

LVCMOS 1.5 V ✓ ✓ ✓ ✓ ✓ – – High Low

Note: Not available in Automotive devices.
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Power-Up Behavior 
Low power flash devices are power-up/-down friendly; i.e., no particular sequencing is required for 
power-up and power-down. This eliminates extra board components for power-up sequencing, such as a 
power-up sequencer.
During power-up, all I/Os are tristated, irrespective of I/O macro type (input buffers, output buffers, I/O 
buffers with weak pull-ups or weak pull-downs, etc.). Once I/Os become activated, they are set to the 
user-selected I/O macros. Refer to the "Power-Up/-Down Behavior of Low Power Flash Devices" section 
on page 373 for details. 

Drive Strength
Low power flash devices have up to seven programmable output drive strengths. The user can select the 
drive strength of a particular output in the I/O Attribute Editor or can instantiate a specialized I/O macro, 
such as OUTBUF_S_12 (slew = low, out_drive = 12 mA).
The maximum available drive strength is 24 mA per I/O. Though no I/O should be forced to source or 
sink more than 24 mA indefinitely, I/Os may handle a higher amount of current (refer to the device IBIS 
model for maximum source/sink current) during signal transition (AC current). Every device package has 
its own power dissipation limit; hence, power calculation must be performed accurately to determine how 
much current can be tolerated per I/O within that limit.

I/O Interfacing 
Low power flash devices are 5 V–input– and 5 V–output–tolerant if certain I/O standards are selected 
(refer to the "5 V Input and Output Tolerance" section on page 232). Along with other low-voltage I/O 
macros, this 5 V tolerance makes these devices suitable for many types of board component interfacing.
Table 8-19 shows some high-level interfacing examples using low power flash devices. 

Table 8-19 • High-Level Interface Examples

Interface

Clock I/O

Type Frequency Type Signals In Signals Out Data I/O

GM Src Sync 125 MHz LVTTL 8 8 125 Mbps

TBI Src Sync 125 MHz LVTTL 10 10 125 Mbps

XSBI Src Sync 644 MHz LVDS 16 16 644 Mbps

XGMI Src Sync DDR 156 MHz HSTL1 32 32 312 Mbps

FlexBus 3 Sys Sync 104 MHz LVTTL ≤ 32 ≤ 32 ≤ 104

Pos-PHY3/SPI-3 Sys Sync 104 LVTTL 8,16,32 8,16,32 ≤ 104 Mbps

FlexBus 4/SPI-4.1 Src Sync 200 MHz HSTL1 16,64 16,64 200 Mbps

Pos-PHY4/SPI-4.2 Src Sync DDR ≥ 311 MHz LVDS 16 16 ≥ 622 Mbps

SFI-4.1 Src Sync 622 MHz LVDS 16 16 622 Mbps

CSIX L1 Sys Sync ≤ 250 MHz HSTL1 32,64,96,128 32,64,96,128 ≤ 250 Mbps

Hyper Transport Sys Sync DDR ≤ 800 MHz LVDS 2,4,8,16 2,4,8,16 ≤ 1.6 Gbps

Rapid I/O Parallel Sys Sync DDR 250 MHz – 1 GHz LVDS 8,16 8,16 ≤ 2 Gbps

Star Fabric CDR LVDS 4 4 622 Mbps

Note: Sys Sync = System Synchronous Clocking, Src Sync = Source Synchronous Clocking, and CDR = Clock and 
Data Recovery.
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Programming Support in Flash Devices 
The flash FPGAs listed in Table 11-1 support flash in-system programming and the functions described in 
this document. 

IGLOO Terminology
In documentation, the terms IGLOO series and IGLOO devices refer to all of the IGLOO devices as listed 
in Table 11-1. Where the information applies to only one product line or limited devices, these exclusions 
will be explicitly stated. 

ProASIC3 Terminology
In documentation, the terms ProASIC3 series and ProASIC3 devices refer to all of the ProASIC3 devices 
as listed in Table 11-1. Where the information applies to only one product line or limited devices, these 
exclusions will be explicitly stated.
To further understand the differences between the IGLOO and ProASIC3 devices, refer to the Industry’s 
Lowest Power FPGAs Portfolio.

Table 11-1 • Flash-Based FPGAs

Series Family* Description

IGLOO IGLOO Ultra-low power 1.2 V to 1.5 V FPGAs with Flash*Freeze technology

IGLOOe Higher density IGLOO FPGAs with six PLLs and additional I/O standards

IGLOO nano The industry’s lowest-power, smallest-size solution, supporting 1.2 V to 1.5 V 
core voltage with Flash*Freeze technology

IGLOO PLUS IGLOO FPGAs with enhanced I/O capabilities

ProASIC3 ProASIC3 Low power, high-performance 1.5 V FPGAs

ProASIC3E Higher density ProASIC3 FPGAs with six PLLs and additional I/O standards

ProASIC3 nano Lowest-cost solution with enhanced I/O capabilities

ProASIC3L ProASIC3 FPGAs supporting 1.2 V to 1.5 V core voltage with Flash*Freeze 
technology

RT ProASIC3 Radiation-tolerant RT3PE600L and RT3PE3000L

Military ProASIC3/EL Military temperature A3PE600L, A3P1000, and A3PE3000L

Automotive ProASIC3 ProASIC3 FPGAs qualified for automotive applications 

SmartFusion SmartFusion Mixed-signal FPGA integrating FPGA fabric, programmable microcontroller 
subsystem (MSS), including programmable analog and ARM® Cortex™-M3 
hard processor and flash memory in a monolithic device

Fusion Fusion Mixed signal FPGA integrating ProASIC3 FPGA fabric, programmable 
analog block, support for ARM® Cortex™-M1 soft processors, and flash 
memory into a monolithic device

ProASIC ProASIC First generation ProASIC devices

ProASICPLUS Second generation ProASIC devices

Note: *The device names link to the appropriate datasheet, including product brief, DC and switching characteristics, 
and packaging information.
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List of Changes
The following table lists critical changes that were made in each revision of the chapter.

Date Changes Page

July 2010 FlashPro4 is a replacement for FlashPro3 and has been added to this chapter. 
FlashPro is no longer available.

N/A

The chapter was updated to include SmartFusion devices. N/A

The following were deleted: 
"Live at Power-Up (LAPU) or Boot PROM" section
"Design Security" section
Table 14-2 • Programming Features for Actel Devices and much of the text in the 
"Programming Features for Microsemi Devices" section
"Programming Flash FPGAs" section
"Return Material Authorization (RMA) Policies" section

N/A

The "Device Programmers" section was revised. 291

The Independent Programming Centers information was removed from the "Volume 
Programming Services" section.

292

Table 11-3 • Programming Solutions was revised to add FlashPro4 and note that 
FlashPro is discontinued. A note was added for FlashPro Lite regarding power 
supply requirements.

293

Most items were removed from Table 11-4 • Programming Ordering Codes, 
including FlashPro3 and FlashPro.

294

The "Programmer Device Support" section was deleted and replaced with a 
reference to the Microsemi SoC Products Group website for the latest information.

294

The "Certified Programming Solutions" section was revised to add FlashPro4 and 
remove Silicon Sculptor I and Silicon Sculptor 6X. Reference to Programming and 
Functional Failure Guidelines was added.

294

The file type *.pdb was added to the "Use the Latest Version of the Designer 
Software to Generate Your Programming File (recommended)" section.

295

Instructions on cleaning and careful insertion were added to the "Perform Routine 
Hardware Self-Diagnostic Test" section. Information was added regarding testing 
Silicon Sculptor programmers with an adapter module installed before every 
programming session verifying their calibration annually.

295

The "Signal Integrity While Using ISP" section is new. 296

The "Programming Failure Allowances" section was revised. 296
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Security in Low Power Flash Devices
2. Choose the desired security level setting and enter the key(s).
– The High security level employs FlashLock Pass Key with AES Key protection. 
– The Medium security level employs FlashLock Pass Key protection only. 

Figure 12-15 • Programming Fusion Security Settings Only

Figure 12-16 • High Security Level to Implement FlashLock Pass Key and AES Key Protection
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Security in ARM-Enabled Low Power Flash Devices 
There are slight differences between the regular flash device and the ARM-enabled flash devices, which
have the M1 prefix.
The AES key is used by Microsemi and preprogrammed into the device to protect the ARM IP. As a
result, the design will be encrypted along with the ARM IP, according to the details below. 

Cortex-M1 and Cortex-M3 Device Security
Cortex-M1–enabled and Cortex-M3 devices are shipped with the following security features:

• FPGA array enabled for AES-encrypted programming and verification
• FlashROM enabled for AES-encrypted write and verify
• Embedded Flash Memory enabled for AES encrypted write 

Figure 13-1 • AES-128 Security Features 
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B – Product Support

Microsemi SoC Products Group backs its products with various support services, including Customer
Service, Customer Technical Support Center, a website, electronic mail, and worldwide sales offices.
This appendix contains information about contacting Microsemi SoC Products Group and using these
support services.

Customer Service
Contact Customer Service for non-technical product support, such as product pricing, product upgrades,
update information, order status, and authorization.

From North America, call 800.262.1060
From the rest of the world, call 650.318.4460
Fax, from anywhere in the world, 650.318.8044

Customer Technical Support Center
Microsemi SoC Products Group staffs its Customer Technical Support Center with highly skilled
engineers who can help answer your hardware, software, and design questions about Microsemi SoC
Products. The Customer Technical Support Center spends a great deal of time creating application
notes, answers to common design cycle questions, documentation of known issues, and various FAQs.
So, before you contact us, please visit our online resources. It is very likely we have already answered
your questions.

Technical Support
Visit the Customer Support website (www.microsemi.com/soc/support/search/default.aspx) for more 
information and support. Many answers available on the searchable web resource include diagrams, 
illustrations, and links to other resources on the website. 

Website
You can browse a variety of technical and non-technical information on the SoC home page, at 
www.microsemi.com/soc.

Contacting the Customer Technical Support Center
Highly skilled engineers staff the Technical Support Center. The Technical Support Center can be
contacted by email or through the Microsemi SoC Products Group website.

Email
You can communicate your technical questions to our email address and receive answers back by email,
fax, or phone. Also, if you have design problems, you can email your design files to receive assistance.
We constantly monitor the email account throughout the day. When sending your request to us, please
be sure to include your full name, company name, and your contact information for efficient processing of
your request.
The technical support email address is soc_tech@microsemi.com.
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