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ProASIC3L FPGA Fabric User’s Guide
Note: Flash*Freeze technology only applies to IGLOO and ProASIC3L families. 
Figure 1-5 • IGLOO, IGLOO nano, ProASIC3 nano, and ProASIC3/L Device Architecture Overview with Four 

I/O Banks (AGL600 device is shown)

Note: * AGLP030 does not contain a PLL or support AES security.
Figure 1-6 • IGLOO PLUS Device Architecture Overview with Four I/O Banks
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FPGA Array Architecture in Low Power Flash Devices
Array Coordinates
During many place-and-route operations in the Microsemi Designer software tool, it is possible to set
constraints that require array coordinates. Table 1-2 provides array coordinates of core cells and memory
blocks for IGLOO and ProASIC3 devices. Table 1-3 provides the information for IGLOO PLUS devices.
Table 1-4 on page 17 provides the information for IGLOO nano and ProASIC3 nano devices. The array
coordinates are measured from the lower left (0, 0). They can be used in region constraints for specific
logic groups/blocks, designated by a wildcard, and can contain core cells, memories, and I/Os.
I/O and cell coordinates are used for placement constraints. Two coordinate systems are needed
because there is not a one-to-one correspondence between I/O cells and core cells. In addition, the I/O
coordinate system changes depending on the die/package combination. It is not listed in Table 1-2. The
Designer ChipPlanner tool provides the array coordinates of all I/O locations. I/O and cell coordinates are
used for placement constraints. However, I/O placement is easier by package pin assignment. 
Figure 1-9 on page 17 illustrates the array coordinates of a 600 k gate device. For more information on
how to use array coordinates for region/placement constraints, see the Designer User's Guide or online
help (available in the software) for software tools.

Table 1-2 • IGLOO and ProASIC3 Array Coordinates

Device

VersaTiles Memory Rows Entire Die

Min. Max. Bottom Top Min. Max.

IGLOO
ProASIC3/
ProASIC3L x y x y (x, y) (x, y) (x, y) (x, y)

AGL015 A3P015 3 2 34 13 None None (0, 0) (37, 15)

AGL030 A3P030 3 3 66 13 None None (0, 0) (69, 15)

AGL060 A3P060 3 2 66 25 None (3, 26) (0, 0) (69, 29)

AGL125 A3P125 3 2 130 25 None (3, 26) (0, 0) (133, 29)

AGL250 A3P250/L 3 2 130 49 None (3, 50) (0, 0) (133, 53)

AGL400 A3P400 3 2 194 49 None (3, 50) (0, 0) (197, 53)

AGL600 A3P600/L 3 4 194 75 (3, 2) (3, 76) (0, 0) (197, 79)

AGL1000 A3P1000/L 3 4 258 99 (3, 2) (3, 100) (0, 0) (261, 103)

AGLE600 A3PE600/L,
RT3PE600L

3 4 194 75 (3, 2) (3, 76) (0, 0) (197, 79)

A3PE1500 3 4 322 123 (3, 2) (3, 124) (0, 0) (325, 127)

AGLE3000 A3PE3000/L,
RT3PE3000L

3 6 450 173 (3, 2) 
or 

(3, 4) 

(3, 174) 
or 

(3, 176)

(0, 0) (453, 179)

Table 1-3 • IGLOO PLUS Array Coordinates

Device

VersaTiles Memory Rows Entire Die

Min. Max. Bottom Top Min. Max.

IGLOO PLUS x y x y (x, y) (x, y) (x, y) (x, y)

AGLP030 2 3 67 13 None None (0, 0) (69, 15)

AGLP060 2 2 67 25 None (3, 26) (0, 0) (69, 29)

AGLP125 2 2 131 25 None (3, 26) (0, 0) (133, 29)
16 Revision 4
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ProASIC3L FPGA Fabric User’s Guide
Low Power Modes Overview
Table 2-2 summarizes the low power modes that achieve power consumption reduction when the FPGA
or system is idle.

Static (Idle) Mode
In Static (Idle) mode, none of the clock inputs is switching, and static power is the only power consumed
by the device. This mode can be achieved by switching off the incoming clocks to the FPGA, thus
benefitting from reduced power consumption. In addition, I/Os draw only minimal leakage current. In this
mode, embedded SRAM, I/Os, and registers retain their values so the device can enter and exit this
mode just by switching the clocks on or off.
If the device-embedded PLL is used as the clock source, Static (Idle) mode can easily be entered by
pulling the PLL POWERDOWN pin LOW (active Low), which will turn off the PLL.

Table 2-2 • Power Modes Summary

Mode VCCI VCC Core Clocks
ULSICC
Macro

To Enter
Mode

To Resume
Operation Trigger

Active On On On On N/A Initiate clock None –

Static Idle On On On Off N/A Stop clock Initiate 
clock

External

Flash*Freeze
type 1

On On On On* N/A Assert FF 
pin

Deassert 
FF pin

External

Flash*Freeze
type 2

On On On On* Used to
enter

Flash*Freeze
mode

Assert FF 
pin and 
assert 
LSICC

Deassert 
FF pin

External

Sleep On Off Off Off N/A Shut down 
VCC

Turn on 
VCC supply

External

Shutdown Off Off Off Off N/A Shut down 
VCC and 

VCCI 
supplies

Turn on 
VCC and 

VCCI 
supplies

External

* External clocks can be left toggling while the device is in Flash*Freeze mode. Clocks generated by the embedded
PLL will be turned off automatically.
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IGLOO nano and IGLOO PLUS I/O State in Flash*Freeze Mode
In IGLOO nano and IGLOO PLUS devices, users have multiple options in how to configure I/Os during 
Flash*Freeze mode:

1. Hold the previous state
2. Set I/O pad to weak pull-up or pull-down
3. Tristate I/O pads

The I/O configuration must be configured by the user in the I/O Attribute Editor or in a PDC constraint file,
and can be done on a pin-by-pin basis. The output hold feature will hold the output in the last registered
state, using the I/O pad weak pull-up or pull-down resistor when the FF pin is asserted. When inputs are
configured with the hold feature enabled, the FPGA core side of the input will hold the last valid state of
the input pad before the device entered Flash*Freeze mode. The input pad can be driven to any value,
configured as tristate, or configured with the weak pull-up or pull-down I/O pad feature during
Flash*Freeze mode without affecting the hold state. If the weak pull-up or pull-down feature is used
without the output hold feature, the input and output pads will maintain the configured weak pull-up or
pull-down status during Flash*Freeze mode and normal operation. If a fixed weak pull-up or pull-down is
defined on an output buffer or as bidirectional in output mode, and a hold state is also defined for the
same pin, the pin will be configured in hold state mode during Flash*Freeze mode. During normal
operation, the pin will be configured with the predefined weak pull-up or pull-down. Any I/Os that do not
use the hold state or I/O pad weak pull-up or pull-down features will be tristated during Flash*Freeze
mode and the FPGA core will be driven High by inputs. Inputs that are tristated during Flash*Freeze
mode may be left floating without any reliability concern or impact to power consumption.
Table 2-6 shows the I/O pad state based on the configuration and buffer type.
Note that configuring weak pull-up or pull-down for the FF pin is not allowed.

Table 2-6 • IGLOO nano and IGLOO PLUS Flash*Freeze Mode (type 1 and type 2)—I/O Pad State 

Buffer Type Hold State
I/O Pad Weak 
Pull-Up/-Down

I/O Pad State in 
Flash*Freeze Mode

Input Enabled Enabled Weak pull-up/pull-down 1

Disabled Enabled Weak pull-up/pull-down 2

Enabled Disabled Tristate 1

Disabled Disabled Tristate 2

Output Enabled "Don't care" Weak pull to hold state

Disabled Enabled Weak pull-up/pull-down

Disabled Disabled Tristate

Bidirectional / Tristate
Buffer

E = 0
(input/tristate)

Enabled Enabled Weak pull-up/pull-down 1

Disabled Enabled Weak pull-up/pull-down 2

Enabled Disabled Tristate 1

Disabled Disabled Tristate 2

E = 1 (output) Enabled "Don't care" Weak pull to hold state 3

Disabled Enabled Weak pull-up/pull-down

Disabled Disabled Tristate

Notes:
1. Internal core logic driven by this input buffer will be set to the value this I/O had when entering

Flash*Freeze mode.
2. Internal core logic driven by this input buffer will be tied High as long as the device is in Flash*Freeze

mode.
3. For bidirectional buffers: Internal core logic driven by the input portion of the bidirectional buffer will

be set to the hold state.
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Flash*Freeze management IP. Additional information on this IP core can be found in the Libero online
help.
The Flash*Freeze management IP is comprised of three blocks: the Flash*Freeze finite state machine
(FSM), the clock gating (filter) block, and the ULSICC macro, as shown in Figure 2-10. 

Flash*Freeze Management FSM
The Flash*Freeze FSM block is a simple, robust, fully encoded 3-bit state machine that ensures clean
entrance to and exit from Flash*Freeze mode by controlling activities of the clock gating, ULSICC, and
optional housekeeping blocks. The state diagram for the FSM is shown in Figure 2-11 on page 38. In
normal operation, the state machine waits for Flash*Freeze pin assertion, and upon detection of a
request, it waits for a short period of time to ensure the assertion persists; then it asserts
WAIT_HOUSEKEEPING (active High) synchronous to the user’s designated system clock. This flag can
be used by user logic to perform any needed shutdown processes prior to entering Flash*Freeze mode,
such as storing data into SRAM, notifying other system components of the request, or timing/validating
the Flash*Freeze request. The FSM also asserts Flash_Freeze_Enabled whenever the device enters
Flash*Freeze mode. This occurs after all housekeeping and clock gating functions have completed. The
Flash_Freeze_Enabled signal remains asserted, even during Flash*Freeze mode, until the Flash*Freeze
pin is deasserted. Use the Flash_Freeze_Enabled signal to drive any logic in the design that needs to be
in a particular state during Flash*Freeze mode. The DONE_HOUSEKEEPING (active High) signal
should be asserted to notify the FSM when all the housekeeping tasks are completed. If the user
chooses not to use housekeeping, the Flash*Freeze management IP core generator in Libero SoC will
connect WAIT_HOUSEKEEPING to DONE_HOUSEKEEPING.

Figure 2-10 • Flash*Freeze Management IP Block Diagram
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VersaNet Global Network Distribution
One of the architectural benefits of low power flash architecture is the set of powerful, low-delay
VersaNet global networks that can access the VersaTiles, SRAM, and I/O tiles of the device. Each device
offers a chip global network with six global lines (except for nano 10 k, 15 k, and 20 k gate devices) that
are distributed from the center of the FPGA array. In addition, each device (except the 10 k through 30 k
gate device) has four quadrant global networks, each consisting of three quadrant global net resources.
These quadrant global networks can only drive a signal inside their own quadrant. Each VersaTile has
access to nine global line resources—three quadrant and six chip-wide (main) global networks—and a
total of 18 globals are available on the device (3 × 4 regional from each quadrant and 6 global). 
Figure 3-1 shows an overview of the VersaNet global network and device architecture for devices 60 k
and above. Figure 3-2 and Figure 3-3 on page 50 show simplified VersaNet global networks. 
The VersaNet global networks are segmented and consist of spines, global ribs, and global multiplexers
(MUXes), as shown in Figure 3-1. The global networks are driven from the global rib at the center of the
die or quadrant global networks at the north or south side of the die. The global network uses the MUX
trees to access the spine, and the spine uses the clock ribs to access the VersaTile. Access is available
to the chip or quadrant global networks and the spines through the global MUXes. Access to the spine
using the global MUXes is explained in the "Spine Architecture" section on page 57. 
These VersaNet global networks offer fast, low-skew routing resources for high-fanout nets, including
clock signals. In addition, these highly segmented global networks offer users the flexibility to create low-
skew local clock networks using spines for up to 252 internal/external clocks or other high-fanout nets in
low power flash devices. Optimal usage of these low-skew networks can result in significant
improvement in design performance.

Note: Not applicable to 10 k through 30 k gate devices
Figure 3-1 • Overview of VersaNet Global Network and Device Architecture
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IGLOO and ProASIC3 CCC Locations
In all IGLOO and ProASIC3 devices (except 10 k through 30 k gate devices, which do not contain PLLs), 
six CCCs are located in the same positions as the IGLOOe and ProASIC3E CCCs. Only one of the 
CCCs has an integrated PLL and is located in the middle of the west (middle left) side of the device. The 
other five CCCs are simplified CCCs and are located in the four corners and the middle of the east side 
of the device (Figure 4-14). 

Note: The number and architecture of the banks are different for some devices.
10 k through 30 k gate devices do not support PLL features. In these devices, there are two CCC-GLs at 
the lower corners (one at the lower right, and one at the lower left). These CCC-GLs do not have 
programmable delays.

Figure 4-14 • CCC Locations in IGLOO and ProASIC3 Family Devices
(except 10 k through 30 k gate devices)
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Feedback Configuration
The PLL provides both internal and external feedback delays. Depending on the configuration, various 
combinations of feedback delays can be achieved.

Internal Feedback Configuration
This configuration essentially sets the feedback multiplexer to route the VCO output of the PLL core as 
the input to the feedback of the PLL. The feedback signal can be processed with the fixed system and 
the adjustable feedback delay, as shown in Figure 4-24. The dividers are automatically configured by 
SmartGen based on the user input.
Indicated below is the System Delay pull-down menu. The System Delay can be bypassed by setting it to 
0. When set, it adds a 2 ns delay to the feedback path (which results in delay advancement of the output 
clock by 2 ns). 

Figure 4-25 shows the controllable Feedback Delay. If set properly in conjunction with the fixed System 
Delay, the total output delay can be advanced significantly. 

Figure 4-24 • Internal Feedback with Selectable System Delay

Figure 4-25 • Internal Feedback with Selectable Feedback Delay
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FlashROM in Microsemi’s Low Power Flash Devices
Programming and Accessing FlashROM
The FlashROM content can only be programmed via JTAG, but it can be read back selectively through
the JTAG programming interface, the UJTAG interface, or via direct FPGA core addressing. The pages of
the FlashROM can be made secure to prevent read-back via JTAG. In that case, read-back on these
secured pages is only possible by the FPGA core fabric or via UJTAG. 
A 7-bit address from the FPGA core defines which of the eight pages (three MSBs) is being read, and
which of the 16 bytes within the selected page (four LSBs) are being read. The FlashROM content can
be read on a random basis; the access time is 10 ns for a device supporting commercial specifications.
The FPGA core will be powered down during writing of the FlashROM content. FPGA power-down during
FlashROM programming is managed on-chip, and FPGA core functionality is not available during
programming of the FlashROM. Table 5-2 summarizes various FlashROM access scenarios. 

Figure 5-6 shows the accessing of the FlashROM using the UJTAG macro. This is similar to FPGA core
access, where the 7-bit address defines which of the eight pages (three MSBs) is being read and which
of the 16 bytes within the selected page (four LSBs) are being read. Refer to the "UJTAG Applications in
Microsemi’s Low Power Flash Devices" section on page 363 for details on using the UJTAG macro to
read the FlashROM.
Figure 5-7 on page 139 and Figure 5-8 on page 139 show the FlashROM access from the JTAG port.
The FlashROM content can be read on a random basis. The three-bit address defines which page is
being read or updated.

Table 5-2 • FlashROM Read/Write Capabilities by Access Mode

Access Mode FlashROM Read FlashROM Write 

JTAG Yes Yes 

UJTAG Yes No 

FPGA core Yes No 

Figure 5-6 • Block Diagram of Using UJTAG to Read FlashROM Contents
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SRAM and FIFO Architecture
To meet the needs of high-performance designs, the memory blocks operate strictly in synchronous
mode for both read and write operations. The read and write clocks are completely independent, and
each can operate at any desired frequency up to 250 MHz.

• 4k×1, 2k×2, 1k×4, 512×9 (dual-port RAM—2 read / 2 write or 1 read / 1 write)
• 512×9, 256×18 (2-port RAM—1 read / 1 write)
• Sync write, sync pipelined / nonpipelined read

Automotive ProASIC3 devices support single-port SRAM capabilities or dual-port SRAM only under
specific conditions. Dual-port mode is supported if the clocks to the two SRAM ports are the same and
180° out of phase (i.e., the port A clock is the inverse of the port B clock). The Libero SoC software
macro libraries support a dual-port macro only. For use of this macro as a single-port SRAM, the inputs
and clock of one port should be tied off (grounded) to prevent errors during design compile. For use in
dual-port mode, the same clock with an inversion between the two clock pins of the macro should be
used in the design to prevent errors during compile.
The memory block includes dedicated FIFO control logic to generate internal addresses and external flag
logic (FULL, EMPTY, AFULL, AEMPTY). 
Simultaneous dual-port read/write and write/write operations at the same address are allowed when
certain timing requirements are met.
During RAM operation, addresses are sourced by the user logic, and the FIFO controller is ignored. In
FIFO mode, the internal addresses are generated by the FIFO controller and routed to the RAM array by
internal MUXes. 
The low power flash device architecture enables the read and write sizes of RAMs to be organized
independently, allowing for bus conversion. For example, the write size can be set to 256×18 and the
read size to 512×9.
Both the write width and read width for the RAM blocks can be specified independently with the WW
(write width) and RW (read width) pins. The different D×W configurations are 256×18, 512×9, 1k×4,
2k×2, and 4k×1. When widths of one, two, or four are selected, the ninth bit is unused. For example,
when writing nine-bit values and reading four-bit values, only the first four bits and the second four bits of
each nine-bit value are addressable for read operations. The ninth bit is not accessible.
Conversely, when writing four-bit values and reading nine-bit values, the ninth bit of a read operation will
be undefined. The RAM blocks employ little-endian byte order for read and write operations.

Memory Blocks and Macros 
Memory blocks can be configured with many different aspect ratios, but are generically supported in the
macro libraries as one of two memory elements: RAM4K9 or RAM512X18. The RAM4K9 is configured
as a true dual-port memory block, and the RAM512X18 is configured as a two-port memory block. Dual-
port memory allows the RAM to both read from and write to either port independently. Two-port memory
allows the RAM to read from one port and write to the other using a common clock or independent read
and write clocks. If needed, the RAM4K9 blocks can be configured as two-port memory blocks. The
memory block can be configured as a FIFO by combining the basic memory block with dedicated FIFO
controller logic. The FIFO macro is named FIFO4KX18 (Figure 6-3 on page 152).
Clocks for the RAM blocks can be driven by the VersaNet (global resources) or by regular nets. When
using local clock segments, the clock segment region that encompasses the RAM blocks can drive the
RAMs. In the dual-port configuration (RAM4K9), each memory block port can be driven by either rising-
edge or falling-edge clocks. Each port can be driven by clocks with different edges. Though only a rising-
edge clock can drive the physical block itself, the Microsemi Designer software will automatically bubble-
push the inversion to properly implement the falling-edge trigger for the RAM block. 
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I/O Structures in IGLOO and ProASIC3 Devices
Table 7-6 • Maximum I/O Frequency for Single-Ended and Differential I/Os in All Banks in IGLOO 
and ProASIC Devices (maximum drive strength and high slew selected) 

Specification

 Maximum Performance

ProASIC3

IGLOO V2 or V5 
Devices, 1.5 V DC Core 

Supply Voltage
IGLOO V2, 1.2 V DC 
Core Supply Voltage

LVTTL/LVCMOS 3.3 V  200 MHz 180 MHz TBD

LVCMOS 2.5 V  250 MHz 230 MHz TBD

LVCMOS 1.8 V  200 MHz 180 MHz TBD

LVCMOS 1.5 V  130 MHz 120 MHz TBD

PCI  200 MHz 180 MHz TBD

PCI-X  200 MHz 180 MHz TBD

LVDS  350 MHz 300 MHz TBD

LVPECL  350 MHz 300 MHz TBD
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I/O Structures in IGLOO and ProASIC3 Devices
GTL+ (Gunning Transceiver Logic Plus)
This is an enhanced version of GTL that has defined slew rates and higher voltage levels. It requires a
differential amplifier input buffer and an open-drain output buffer. Even though the output is open-drain,
VCCI must be connected to either 2.5 V or 3.3 V. The reference voltage (VREF) is 1 V.

Differential Standards
These standards require two I/Os per signal (called a “signal pair”). Logic values are determined by the
potential difference between the lines, not with respect to ground. This is why differential drivers and
receivers have much better noise immunity than single-ended standards. The differential interface
standards offer higher performance and lower power consumption than their single-ended counterparts.
Two I/O pins are used for each data transfer channel. Both differential standards require resistor
termination.

LVPECL (Low-Voltage Positive Emitter Coupled Logic)
LVPECL requires that one data bit be carried through two signal lines; therefore, two pins are needed per
input or output. It also requires external resistor termination. The voltage swing between the two signal
lines is approximately 850 mV. When the power supply is +3.3 V, it is commonly referred to as Low-
Voltage PECL (LVPECL). Refer to the device datasheet for the full implementation of the LVPECL
transmitter and receiver.

LVDS (Low-Voltage Differential Signal)
LVDS is a moderate-speed differential signaling system, in which the transmitter generates two different
voltages that are compared at the receiver. LVDS uses a differential driver connected to a terminated
receiver through a constant-impedance transmission line. It requires that one data bit be carried through
two signal lines; therefore, the user will need two pins per input or output. It also requires external resistor
termination. The voltage swing between the two signal lines is approximately 350 mV. VCCI is 2.5 V. Low
power flash devices contain dedicated circuitry supporting a high-speed LVDS standard that has its own
user specification. Refer to the device datasheet for the full implementation of the LVDS transmitter and
receiver.

B-LVDS/M-LVDS
Bus LVDS (B-LVDS) refers to bus interface circuits based on LVDS technology. Multipoint LVDS
(M-LVDS) specifications extend the LVDS standard to high-performance multipoint bus applications.
Multidrop and multipoint bus configurations may contain any combination of drivers, receivers, and
transceivers. Microsemi LVDS drivers provide the higher drive current required by B-LVDS and M-LVDS
to accommodate the loading. The driver requires series terminations for better signal quality and to
control voltage swing. Termination is also required at both ends of the bus, since the driver can be
located anywhere on the bus. These configurations can be implemented using TRIBUF_LVDS and
BIBUF_LVDS macros along with appropriate terminations. Multipoint designs using Microsemi LVDS
macros can achieve up to 200 MHz with a maximum of 20 loads. A sample application is given in
Figure 7-8. The input and output buffer delays are available in the LVDS sections in the datasheet. 

Figure 7-7 • Differential Topology
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I/O Structures in IGLOO and ProASIC3 Devices
User I/O Naming Convention

IGLOO and ProASIC3
Due to the comprehensive and flexible nature of IGLOO and ProASIC3 device user I/Os, a naming
scheme is used to show the details of each I/O (Figure 7-19 on page 207 and Figure 7-20 on page 207).
The name identifies to which I/O bank it belongs, as well as pairing and pin polarity for differential I/Os.

I/O Nomenclature =  FF/Gmn/IOuxwBy

Gmn is only used for I/Os that also have CCC access—i.e., global pins. 
FF = Indicates the I/O dedicated for the Flash*Freeze mode activation pin in IGLOO and ProASIC3L

devices only 
G = Global
m = Global pin location associated with each CCC on the device: A (northwest corner), B (northeast

corner), C (east middle), D (southeast corner), E (southwest corner), and F (west middle) 
n = Global input MUX and pin number of the associated Global location m—either A0, A1, A2, B0,

B1, B2, C0, C1, or C2. Refer to the "Global Resources in Low Power Flash Devices" section on
page 47 for information about the three input pins per clock source MUX at CCC location m.

u = I/O pair number in the bank, starting at 00 from the northwest I/O bank and proceeding in a
clockwise direction

x = P or U (Positive), N or V (Negative) for differential pairs, or R (Regular—single-ended) for the I/Os
that support single-ended and voltage-referenced I/O standards only. U (Positive) or V
(Negative)—for LVDS, DDR LVDS, B-LVDS, and M-LVDS only—restricts the I/O differential pair
from being selected as an LVPECL pair.

w = D (Differential Pair), P (Pair), or S (Single-Ended). D (Differential Pair) if both members of the pair
are bonded out to adjacent pins or are separated only by one GND or NC pin; P (Pair) if both
members of the pair are bonded out but do not meet the adjacency requirement; or S (Single-
Ended) if the I/O pair is not bonded out. For Differential Pairs (D), adjacency for ball grid
packages means only vertical or horizontal. Diagonal adjacency does not meet the requirements
for a true differential pair.

B = Bank
y = Bank number (0–3). The Bank number starts at 0 from the northwest I/O bank and proceeds in a

clockwise direction.
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I/O Software Control in Low Power Flash Devices
Flash FPGAs I/O Support 
The flash FPGAs listed in Table 9-1 support I/Os 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 9-1. 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 9-1. 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 9-1 • 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

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 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 

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

Note: *The device names link to the appropriate datasheet, including product brief, DC and switching characteristics,
and packaging information.
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ProASIC3L FPGA Fabric User’s Guide
I/O Bank Resource Usage
This is an important portion of the report. The user must meet the requirements stated in this table.
Figure 9-10 shows the I/O Bank Resource Usage table included in the I/O bank report:

The example in Figure 9-10 shows that none of the I/O macros is assigned to the bank because more
than one VCCI is detected.

I/O Voltage Usage
The I/O Voltage Usage table provides the number of VREF (E devices only) and VCCI assignments
required in the design. If the user decides to make I/O assignments manually (PDC or MVN), the issues
listed in this table must be resolved before proceeding to Layout. As stated earlier, VREF assignments
must be made if there are any voltage-referenced I/Os.
Figure 9-11 shows the I/O Voltage Usage table included in the I/O bank report. 

The table in Figure 9-11 indicates that there are two voltage-referenced I/Os used in the design. Even
though both of the voltage-referenced I/O technologies have the same VCCI voltage, their VREF
voltages are different. As a result, two I/O banks are needed to assign the VCCI and VREF voltages.
In addition, there are six single-ended I/Os used that have the same VCCI voltage. Since two banks
are already assigned with the same VCCI voltage and there are enough unused bonded I/Os in

Figure 9-10 • I/O Bank Resource Usage Table

Figure 9-11 • I/O Voltage Usage Table
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I/O Software Control in Low Power Flash Devices
those banks, the user does not need to assign the same VCCI voltage to another bank. The user needs
to assign the other three VCCI voltages to three more banks.

Assigning Technologies and VREF to I/O Banks
Low power flash devices offer a wide variety of I/O standards, including voltage-referenced standards.
Before proceeding to Layout, each bank must have the required VCCI voltage assigned for the
corresponding I/O technologies used for that bank. The voltage-referenced standards require the use of
a reference voltage (VREF). This assignment can be done manually or automatically. The following
sections describe this in detail.

Manually Assigning Technologies to I/O Banks
The user can import the PDC at this point and resolve this requirement. The PDC command is
set_iobank [bank name] –vcci [vcci value]

Another method is to use the I/O Bank Settings dialog box (MVN > Edit > I/O Bank Settings) to set up
the VCCI voltage for the bank (Figure 9-12).

Figure 9-12 • Setting VCCI for a Bank
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In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using FlashPro4/3/3X
IEEE 1532 (JTAG) Interface 
The supported industry-standard IEEE 1532 programming interface builds on the IEEE 1149.1 (JTAG)
standard. IEEE 1532 defines the standardized process and methodology for ISP. Both silicon and
software issues are addressed in IEEE 1532 to create a simplified ISP environment. Any IEEE 1532
compliant programmer can be used to program low power flash devices. Device serialization is not
supported when using the IEEE1532 standard. Refer to the standard for detailed information about IEEE
1532.

Security
Unlike SRAM-based FPGAs that require loading at power-up from an external source such as a
microcontroller or boot PROM, Microsemi nonvolatile devices are live at power-up, and there is no
bitstream required to load the device when power is applied. The unique flash-based architecture
prevents reverse engineering of the programmed code on the device, because the programmed data is
stored in nonvolatile memory cells. Each nonvolatile memory cell is made up of small capacitors and any
physical deconstruction of the device will disrupt stored electrical charges.
Each low power flash device has a built-in 128-bit Advanced Encryption Standard (AES) decryption core,
except for the 30 k gate devices and smaller. Any FPGA core or FlashROM content loaded into the
device can optionally be sent as encrypted bitstream and decrypted as it is loaded. This is particularly
suitable for applications where device updates must be transmitted over an unsecured network such as
the Internet. The embedded AES decryption core can prevent sensitive data from being intercepted
(Figure 13-1 on page 331). A single 128-bit AES Key (32 hex characters) is used to encrypt FPGA core
programming data and/or FlashROM programming data in the Microsemi tools. The low power flash
devices also decrypt with a single 128-bit AES Key. In addition, low power flash devices support a
Message Authentication Code (MAC) for authentication of the encrypted bitstream on-chip. This allows
the encrypted bitstream to be authenticated and prevents erroneous data from being programmed into
the device. The FPGA core, FlashROM, and Flash Memory Blocks (FBs), in Fusion only, can be updated
independently using a programming file that is AES-encrypted (cipher text) or uses plain text.
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Boundary Scan in Low Power Flash Devices
Microsemi’s Flash Devices Support the JTAG Feature
The flash-based FPGAs listed in Table 16-1 support the JTAG feature 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 16-1. 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 16-1. 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 16-1 • 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

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 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 

Fusion Fusion Mixed signal FPGA integrating ProASIC®3 FPGA fabric, programmable
analog block, support for ARM® Cortex™-M1 soft processors, and flash
memory into a monolithic device

Note: *The device names link to the appropriate datasheet, including product brief, DC and switching characteristics,
and packaging information.
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ProASIC3L FPGA Fabric User’s Guide
Boundary Scan Support in Low Power Devices 
The information in this document applies to all Fusion, IGLOO, and ProASIC3 devices. For IGLOO,
IGLOO PLUS, and ProASIC3L devices, the Flash*Freeze pin must be deasserted for successful
boundary scan operations. Devices cannot enter JTAG mode directly from Flash*Freeze mode. 

Boundary Scan Opcodes 
Low power flash devices support all mandatory IEEE 1149.1 instructions (EXTEST, SAMPLE/PRELOAD,
and BYPASS) and the optional IDCODE instruction (Table 16-2).

Boundary Scan Chain 
The serial pins are used to serially connect all the boundary scan register cells in a device into a
boundary scan register chain (Figure 16-2 on page 360), which starts at the TDI pin and ends at the TDO
pin. The parallel ports are connected to the internal core logic I/O tile and the input, output, and control
ports of an I/O buffer to capture and load data into the register to control or observe the logic state of
each I/O.
Each test section is accessed through the TAP, which has five associated pins: TCK (test clock input),
TDI, TDO (test data input and output), TMS (test mode selector), and TRST (test reset input). TMS, TDI,
and TRST are equipped with pull-up resistors to ensure proper operation when no input data is supplied
to them. These pins are dedicated for boundary scan test usage. Refer to the "JTAG Pins" section in the
"Pin Descriptions and Packaging" chapter of the appropriate device datasheet for pull-up/-down
recommendations for TCK and TRST pins. Pull-down recommendations are also given in Table 16-3 on
page 360

Table 16-2 • Boundary Scan Opcodes

Hex Opcode

EXTEST 00

HIGHZ 07

USERCODE 0E

SAMPLE/PRELOAD 01

IDCODE 0F

CLAMP 05

BYPASS FF
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