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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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Core Architecture
VersaTile
The proprietary IGLOO and ProASIC3 device architectures provide granularity comparable to gate
arrays. The device core consists of a sea-of-VersaTiles architecture.
As illustrated in Figure 1-8, there are four inputs in a logic VersaTile cell, and each VersaTile can be
configured using the appropriate flash switch connections: 

• Any 3-input logic function 
• Latch with clear or set
• D-flip-flop with clear or set 
• Enable D-flip-flop with clear or set (on a 4th input)

VersaTiles can flexibly map the logic and sequential gates of a design. The inputs of the VersaTile can be
inverted (allowing bubble pushing), and the output of the tile can connect to high-speed, very-long-line
routing resources. VersaTiles and larger functions can be connected with any of the four levels of routing
hierarchy.
When the VersaTile is used as an enable D-flip-flop, SET/CLR is supported by a fourth input. The
SET/CLR signal can only be routed to this fourth input over the VersaNet (global) network. However, if, in
the user’s design, the SET/CLR signal is not routed over the VersaNet network, a compile warning
message will be given, and the intended logic function will be implemented by two VersaTiles instead of
one.
The output of the VersaTile is F2 when the connection is to the ultra-fast local lines, or YL when the
connection is to the efficient long-line or very-long-line resources.

* This input can only be connected to the global clock distribution network.
Figure 1-8 • Low Power Flash Device Core VersaTile
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Sleep Mode
ProASIC3/E and ProASIC3 nano FPGAs support Sleep mode when device functionality is not required.
In Sleep mode, the VCC (core voltage), VJTAG (JTAG DC voltage), and VPUMP (programming voltage)
are grounded, resulting in the FPGA core being turned off to reduce power consumption. While the
ProASIC3/E device is in Sleep mode, the rest of the system is still operating and driving the input buffers
of the ProASIC3/E device. The driven inputs do not pull up power planes, and the current draw is limited
to a minimal leakage current.
Table 2-3 shows the status of the power supplies in Sleep mode. When a power supply is powered off,
the corresponding power pin can be left floating or grounded.

Figure 2-3 • User Low Static (Idle) Mode Application—External Control Signal

Figure 2-4 • User Low Static (Idle) Mode Timing Diagram
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Table 2-3 • Sleep Mode—Power Supply Requirements for ProASIC3/E/nano Devices

Power Supplies ProASIC3/E/nano Device

VCC Powered off

VCCI = VMV Powered on

VJTAG Powered off

VPUMP Powered off
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Global Resources in Low Power Flash Devices
Global Resource Support in Flash-Based Devices
The flash FPGAs listed in Table 3-1 support the global resources and the functions described in this
document.

IGLOO Terminology
In documentation, the terms IGLOO series and IGLOO devices refer to all of the IGLOO products as
listed in Table 3-1. 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 3-1. 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 3-1 • 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 PLUS IGLOO FPGAs with enhanced I/O capabilities

IGLOO nano The industry’s lowest-power, smallest-size solution

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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Global Resources in Low Power Flash Devices
Using Clock Aggregation
Clock aggregation allows for multi-spine clock domains to be assigned using hardwired connections,
without adding any extra skew. A MUX tree, shown in Figure 3-8, provides the necessary flexibility to
allow long lines, local resources, or I/Os to access domains of one, two, or four global spines. Signal
access to the clock aggregation system is achieved through long-line resources in the central rib in the
center of the die, and also through local resources in the north and south ribs, allowing I/Os to feed
directly into the clock system. As Figure 3-9 indicates, this access system is contiguous.
There is no break in the middle of the chip for the north and south I/O VersaNet access. This is different
from the quadrant clocks located in these ribs, which only reach the middle of the rib. 

Figure 3-8 • Spine Selection MUX of Global Tree

Figure 3-9 • Clock Aggregation Tree Architecture
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The CLKDLY macro is a pass-through clock source that does not use the PLL, but provides the ability to 
delay the clock input using a programmable delay. The CLKDLY macro takes the selected clock input 
and adds a user-defined delay element. This macro generates an output clock phase shift from the input 
clock.
The CLKDLY macro can be driven by an INBUF* macro to create a composite macro, where the I/O 
macro drives the global buffer (with programmable delay) using a hardwired connection. In this case, the 
software will automatically place the dedicated global I/O in the appropriate locations. Many specific 
INBUF macros support the wide variety of single-ended and differential I/O standards supported by the 
low power flash family. The available INBUF macros are described in the IGLOO, ProASIC3, 
SmartFusion, and Fusion Macro Library Guide. 
The CLKDLY macro can be driven directly from the FPGA core. The CLKDLY macro can also be driven 
from an I/O that is routed through the FPGA regular routing fabric. In this case, users must instantiate a 
special macro, PLLINT, to differentiate the clock input driven by the hardwired I/O connection.
The visual CLKDLY configuration in the SmartGen area of the Microsemi Libero System-on-Chip (SoC) 
and Designer tools allows the user to select the desired amount of delay and configures the delay 
elements appropriately. SmartGen also allows the user to select the input clock source. SmartGen will 
automatically instantiate the special macro, PLLINT, when needed.

CLKDLY Macro Signal Descriptions 
The CLKDLY macro supports one input and one output. Each signal is described in Table 4-2.  

Notes:
1. For INBUF* driving a PLL macro or CLKDLY macro, the I/O will be hard-routed to the CCC; i.e., will be placed by 

software to a dedicated Global I/O.
2. IGLOO nano and ProASIC3 nano devices do not support differential inputs.
Figure 4-3 • CCC Options: Global Buffers with Programmable Delay
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Table 4-2 • Input and Output Description of the CLKDLY Macro

Signal Name I/O Description

CLK Reference Clock Input Reference clock input 

GL Global Output Output Primary output clock to respective global/quadrant clock networks
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SmartGen also allows the user to select the various delays and phase shift values necessary to adjust 
the phases between the reference clock (CLKA) and the derived clocks (GLA, GLB, GLC, YB, and YC). 
SmartGen allows the user to select the input clock source. SmartGen automatically instantiates the 
special macro, PLLINT, when needed. 

Global Input Selections
Low power flash devices provide the flexibility of choosing one of the three global input pad locations 
available to connect to a CCC functional block or to a global / quadrant global network. Figure 4-7 on 
page 72 and Figure 4-8 on page 72 show the detailed architecture of each global input structure for 30 k 
gate devices and below, as well as 60 k gate devices and above, respectively. For 60 k gate devices and 
above (Figure 4-7 on page 72), if the single-ended I/O standard is chosen, there is flexibility to choose 
one of the global input pads (the first, second, and fourth input). Once chosen, the other I/O locations are 
used as regular I/Os. If the differential I/O standard is chosen (not applicable for IGLOO nano and 
ProASIC3 nano devices), the first and second inputs are considered as paired, and the third input is 
paired with a regular I/O. 
The user then has the choice of selecting one of the two sets to be used as the clock input source to the 
CCC functional block. There is also the option to allow an internal clock signal to feed the global network 
or the CCC functional block. A multiplexer tree selects the appropriate global input for routing to the 
desired location. Note that the global I/O pads do not need to feed the global network; they can also be 
used as regular I/O pads. 

Note: Clock divider and clock multiplier blocks are not shown in this figure or in SmartGen. They are automatically 
configured based on the user's required frequencies.

Figure 4-6 • CCC with PLL Block
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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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FlashROM in Microsemi’s Low Power Flash Devices
FlashROM Support in Flash-Based Devices 
The flash FPGAs listed in Table 5-1 support the FlashROM 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 5-1. 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 5-1. 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 5-1 • 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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recommended, since it reduces the complexity of the user interface block and the board-level JTAG
driver.
Moreover, using an internal counter for address generation speeds up the initialization procedure, since
the user only needs to import the data through the JTAG port.
The designer may use different methods to select among the multiple RAM blocks. Using counters along
with demultiplexers is one approach to set the write enable signals. Basically, the number of RAM blocks
needing initialization determines the most efficient approach. For example, if all the blocks are initialized
with the same data, one enable signal is enough to activate the write procedure for all of them at the
same time. Another alternative is to use different opcodes to initialize each memory block. For a small
number of RAM blocks, using counters is an optimal choice. For example, a ring counter can be used to
select from multiple RAM blocks. The clock driver of this counter needs to be controlled by the address
generation process.
Once the addressing of one block is finished, a clock pulse is sent to the (ring) counter to select the next
memory block.
Figure 6-9 illustrates a simple block diagram of an interface block between UJTAG and RAM blocks. 

In the circuit shown in Figure 6-9, the shift register is enabled by the UDRSH output of the UJTAG macro.
The counters and chip select outputs are controlled by the value of the TAP Instruction Register. The
comparison block compares the UIREG value with the "start initialization" opcode value (defined by the
user). If the result is true, the counters start to generate addresses and activate the WEN inputs of
appropriate RAM blocks.
The UDRUPD output of the UJTAG macro, also shown in Figure 6-9, is used for generating the write
clock (WCLK) and synchronizing the data register and address counter with WCLK. UDRUPD is HIGH
when the TAP Controller is in the Data Register Update state, which is an indication of completing the
loading of one data word. Once the TAP Controller goes into the Data Register Update state, the
UDRUPD output of the UJTAG macro goes HIGH. Therefore, the pipeline register and the address
counter place the proper data and address on the outputs of the interface block. Meanwhile, WCLK is
defined as the inverted UDRUPD. This will provide enough time (equal to the UDRUPD HIGH time) for
the data and address to be placed at the proper ports of the RAM block before the rising edge of WCLK.
The inverter is not required if the RAM blocks are clocked at the falling edge of the write clock. An
example of this is described in the "Example of RAM Initialization" section on page 150.

Figure 6-9 • Block Diagram of a Sample User Interface
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The ROM emulation application is based on RAM block initialization. If the user's main design has
access only to the read ports of the RAM block (RADDR, RD, RCLK, and REN), and the contents of the
RAM are already initialized through the TAP, then the memory blocks will emulate ROM functionality for
the core design. In this case, the write ports of the RAM blocks are accessed only by the user interface
block, and the interface is activated only by the TAP Instruction Register contents.
Users should note that the contents of the RAM blocks are lost in the absence of applied power.
However, the 1 kbit of flash memory, FlashROM, in low power flash devices can be used to retain data
after power is removed from the device. Refer to the "SRAM and FIFO Memories in Microsemi's Low
Power Flash Devices" section on page 131 for more information.

Sample Verilog Code
Interface Block
`define Initialize_start 8'h22 //INITIALIZATION START COMMAND VALUE
`define Initialize_stop 8'h23 //INITIALIZATION START COMMAND VALUE

module interface(IR, rst_n, data_shift, clk_in, data_update, din_ser, dout_ser, test,
test_out,test_clk,clk_out,wr_en,rd_en,write_word,read_word,rd_addr, wr_addr);

input [7:0] IR;
input [3:0] read_word; //RAM DATA READ BACK
input rst_n, data_shift, clk_in, data_update, din_ser; //INITIALIZATION SIGNALS
input test, test_clk; //TEST PROCEDURE CLOCK AND COMMAND INPUT
output [3:0] test_out; //READ DATA
output [3:0] write_word; //WRITE DATA
output [1:0] rd_addr; //READ ADDRESS
output [1:0] wr_addr; //WRITE ADDRESS
output dout_ser; //TDO DRIVER
output clk_out, wr_en, rd_en;

wire [3:0] write_word;
wire [1:0] rd_addr;
wire [1:0] wr_addr;
wire [3:0] Q_out;
wire enable, test_active;

reg clk_out;

//SELECT CLOCK FOR INITIALIZATION OR READBACK TEST
always @(enable or test_clk or data_update)
begin

case ({test_active})
1 : clk_out = test_clk ;
0 : clk_out = !data_update;
default : clk_out = 1'b1;

endcase
end

assign test_active = test && (IR == 8'h23);
assign enable = (IR == 8'h22);
assign wr_en = !enable;
assign rd_en = !test_active;
assign test_out = read_word;
assign dout_ser = Q_out[3];

//4-bit SIN/POUT SHIFT REGISTER
shift_reg data_shift_reg (.Shiften(data_shift), .Shiftin(din_ser), .Clock(clk_in),

.Q(Q_out));

//4-bit PIPELINE REGISTER
D_pipeline pipeline_reg (.Data(Q_out), .Clock(data_update), .Q(write_word));
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I/O Features 
Both IGLOO nano and ProASIC3 nano devices support multiple I/O features that make board design
easier. For example, an I/O feature like Schmitt Trigger in the input buffer saves the board space that
would be used by an external Schmitt trigger for a slow or noisy input signal. These features are also
programmable for each I/O, which in turn gives flexibility in interfacing with other components. The
following is a detailed description of all available features in nano devices.

I/O Programmable Features
Low power flash devices offer many flexible I/O features to support a wide variety of board designs.
Some of the features are programmable, with a range for selection. Table 7-7 lists programmable I/O
features and their ranges.  

Hot-Swap Support
All nano devices are hot-swappable.
The hot-swap feature appears as a read-only check box in the I/O Attribute Editor that shows whether an
I/O is hot-swappable or not. Refer to the "Power-Up/-Down Behavior of Low Power Flash Devices"
section on page 307 for details on hot-swapping. 
Hot-swapping is the operation of hot insertion or hot removal of a card in a powered-up system. The
levels of hot-swap support and examples of related applications are described in Table 7-8 on page 168
to Table 7-11 on page 169. The I/Os also need to be configured in hot-insertion mode if hot-plugging
compliance is required. nano devices have an I/O structure that allows the support of Level 3 and Level 4
hot-swap with only two levels of staging.

Table 7-7 • Programmable I/O Features (user control via I/O Attribute Editor)

Feature Description Range

Slew Control Output slew rate HIGH, LOW

Output Drive (mA) Output drive strength Depends on I/O type

Resistor Pull Weak resistor pull circuit Up, Down, None

Schmitt Trigger Schmitt trigger for input only ON, OFF
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Security in Low Power Flash Devices
Choose the High security level to reprogram devices using both the FlashLock Pass Key and AES key
protection (Figure 11-18 on page 255). Enter the AES key and click Next.
A device that has already been secured with FlashLock and has an AES key loaded must recognize the
AES key to program the device and generate a valid bitstream in authentication. The FlashLock Key is
only required to unlock the device and change the security settings. 
This is what makes it possible to program in an untrusted environment. The AES key is protected inside
the device by the FlashLock Key, so you can only program if you have the correct AES key. In fact, the
AES key is not in the programming file either. It is the key used to encrypt the data in the file. The same
key previously programmed with the FlashLock Key matches to decrypt the file. 
An AES-encrypted file programmed to a device without FlashLock would not be secure, since without
FlashLock to protect the AES key, someone could simply reprogram the AES key first, then program with
any AES key desired or no AES key at all. This option is therefore not available in the software. 

Note: The settings in this figure are used to show the generation of an AES-encrypted programming file for the FPGA
array, FlashROM, and FB contents. One or all locations may be selected for encryption.

Figure 11-17 • Settings to Program a Device Secured with FlashLock and using AES Encryption 
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12 – In-System Programming (ISP) of Microsemi’s 
Low Power Flash Devices Using FlashPro4/3/3X

Introduction
Microsemi’s low power flash devices are all in-system programmable. This document describes the
general requirements for programming a device and specific requirements for the FlashPro4/3/3X
programmers1.
IGLOO, ProASIC3, SmartFusion, and Fusion devices offer a low power, single-chip, live-at-power-up
solution with the ASIC advantages of security and low unit cost through nonvolatile flash technology.
Each device contains 1 kbit of on-chip, user-accessible, nonvolatile FlashROM. The FlashROM can be
used in diverse system applications such as Internet Protocol (IP) addressing, user system preference
storage, device serialization, or subscription-based business models. IGLOO, ProASIC3, SmartFusion,
and Fusion devices offer the best in-system programming (ISP) solution, FlashLock® security features,
and AES-decryption-based ISP. 

ISP Architecture 
Low power flash devices support ISP via JTAG and require a single VPUMP voltage of 3.3 V during
programming. In addition, programming via a microcontroller in a target system is also supported.
Refer to the "Microprocessor Programming of Microsemi’s Low Power Flash Devices" chapter of an
appropriate FPGA fabric user’s guide.
Family-specific support:

• ProASIC3, ProASIC3E, SmartFusion, and Fusion devices support ISP. 
• ProASIC3L devices operate using a 1.2 V core voltage; however, programming can be done only

at 1.5 V. Voltage switching is required in-system to switch from a 1.2 V core to 1.5 V core for
programming. 

• IGLOO and IGLOOe V5 devices can be programmed in-system when the device is using a 1.5 V
supply voltage to the FPGA core. 

• IGLOO nano V2 devices can be programmed at 1.2 V core voltage (when using FlashPro4 only)
or 1.5 V. IGLOO nano V5 devices are programmed with a VCC core voltage of 1.5 V. Voltage
switching is required in-system to switch from a 1.2 V supply (VCC,VCCI, and VJTAG)   to 1.5 V
for programming. The exception is that V2 devices can be programmed at 1.2 V VCC with
FlashPro4.

IGLOO devices cannot be programmed in-system when the device is in Flash*Freeze mode. The device
should exit Flash*Freeze mode and be in normal operation for programming to start. Programming
operations in IGLOO devices can be achieved when the device is in normal operating mode and a 1.5 V
core voltage is used.

JTAG 1532
IGLOO, ProASIC3, SmartFusion, and Fusion devices support the JTAG-based IEEE 1532 standard for
ISP. To start JTAG operations, the IGLOO device must exit Flash*Freeze mode and be in normal
operation before starting to send JTAG commands to the device. As part of this support, when a device is
in an unprogrammed state, all user I/O pins are disabled. This is achieved by keeping the global IO_EN

1. FlashPro4 replaced FlashPro3/3X in 2010 and is backward compatible with FlashPro3/3X as long as there is no connection
to pin 4 on the JTAG header on the board. On FlashPro3/3X, there is no connection to pin 4 on the JTAG header; however,
pin 4 is used for programming mode (Prog_Mode) on FlashPro4. When converting from FlashPro3/3X to FlashPro4, users
should make sure that JTAG connectors on system boards do not have any connection to pin 4. FlashPro3X supports
discrete TCK toggling that is needed to support non-JTAG compliant devices in the chain. This feature is included in
FlashPro4.
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Programming Voltage (VPUMP) and VJTAG 
Low-power flash devices support on-chip charge pumps, and therefore require only a single 3.3 V
programming voltage for the VPUMP pin during programming. When the device is not being
programmed, the VPUMP pin can be left floating or can be tied (pulled up) to any voltage between 0 V
and 3.6 V2. During programming, the target board or the FlashPro4/3/3X programmer can provide
VPUMP. FlashPro4/3/3X is capable of supplying VPUMP to a single device. If more than one device is to
be programmed using FlashPro4/3/3X on a given board, FlashPro4/3/3X should not be relied on to
supply the VPUMP voltage. A FlashPro4/3/3X programmer is not capable of providing reliable VJTAG
voltage. The board must supply VJTAG voltage to the device and the VJTAG pin of the programmer
header must be connected to the device VJTAG pin. Microsemi recommends that VPUMP3 and VJTAG
power supplies be kept separate with independent filtering capacitors rather than supplying them from a
common rail. Refer to the "Board-Level Considerations" section on page 271 for capacitor requirements. 
Low power flash device I/Os support a bank-based, voltage-supply architecture that simultaneously
supports multiple I/O voltage standards (Table 12-2). By isolating the JTAG power supply in a separate
bank from the user I/Os, low power flash devices provide greater flexibility with supply selection and
simplify power supply and printed circuit board (PCB) design. The JTAG pins can be run at any voltage
from 1.5 V to 3.3 V (nominal). Microsemi recommends that TCK be tied to GND through a 200 ohm to 1
Kohm resistor. This prevents a possible totempole current on the input buffer stage. For TDI, TMS, and
TRST pins, the devices provide an internal nominal 10 Kohm pull-up resistor. During programming, all
I/O pins, except for JTAG interface pins, are tristated and weakly pulled up to VCCI. This isolates the part
and prevents the signals from floating. The JTAG interface pins are driven by the FlashPro4/3/3X during
programming, including the TRST pin, which is driven HIGH. 

Nonvolatile Memory (NVM) Programming Voltage
SmartFusion and Fusion devices need stable VCCNVM/VCCENVM3 (1.5 V power supply to the
embedded nonvolatile memory blocks) and VCCOSC/VCCROSC4 (3.3 V power supply to the integrated
RC oscillator). The tolerance of VCCNVM/VCCENVM is ± 5% and VCCOSC/VCCROSC is ± 5%. 
Unstable supply voltage on these pins can cause an NVM programming failure due to NVM page
corruption. The NVM page can also be corrupted if the NVM reset pin has noise. This signal must be tied
off properly.
Microsemi recommends installing the following capacitors5 on the VCCNVM/VCCENVM and
VCCOSC/VCCROSC pins:

• Add one bypass capacitor of 10 µF for each power supply plane followed by an array of
decoupling capacitors of 0.1 µF. 

• Add one 0.1 µF capacitor near each pin.

2. During sleep mode in IGLOO devices connect VPUMP to GND.
3. VPUMP has to be quiet for successful programming. Therefore VPUMP must be separate and required capacitors must be

installed close to the FPGA VPUMP pin.

Table 12-2 • Power Supplies

Power Supply Programming Mode
Current during
Programming

VCC 1.2 V / 1.5 V < 70 mA

VCCI 1.2 V / 1.5 V / 1.8 V / 2.5 V / 3.3 V
(bank-selectable)

I/Os are weakly pulled up.

VJTAG 1.2 V / 1.5 V / 1.8 V / 2.5 V / 3.3 V < 20 mA

VPUMP 3.15 V to 3.45 V < 80 mA

Note: All supply voltages should be at 1.5 V or higher, regardless of the setting during normal
operation, except for IGLOO nano, where 1.2 V VCC and VJTAG programming is allowed.

4. VCCROSC is for SmartFusion.
5. The capacitors cannot guarantee reliable operation of the device if the board layout is not done properly.
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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 14-4).

Figure 14-4 • STAPL vs. DirectC
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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 15-1 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 15-1. 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 15-1. 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 15-1 • 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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Boundary Scan in Low Power Flash Devices
Board-Level Recommendations
Table 15-3 gives pull-down recommendations for the TRST and TCK pins.

Figure 15-2 • Boundary Scan Chain 
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Table 15-3 • TRST and TCK Pull-Down Recommendations

VJTAG Tie-Off Resistance*

VJTAG at 3.3 V 200 Ω to 1 kΩ 

VJTAG at 2.5 V 200 Ω to 1 kΩ

VJTAG at 1.8 V 500 Ω to 1 kΩ

VJTAG at 1.5 V 500 Ω to 1 kΩ

VJTAG at 1.2 V TBD

Note: Equivalent parallel resistance if more than one device is on JTAG chain (Figure 15-3)
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16 – UJTAG Applications in Microsemi’s Low 
Power Flash Devices

Introduction
In Fusion, IGLOO, and ProASIC3 devices, there is bidirectional access from the JTAG port to the core
VersaTiles during normal operation of the device (Figure 16-1). User JTAG (UJTAG) is the ability for the
design to use the JTAG ports for access to the device for updates, etc. While regular JTAG is used, the
UJTAG tiles, located at the southeast area of the die, are directly connected to the JTAG Test Access
Port (TAP) Controller in normal operating mode. As a result, all the functional blocks of the device, such
as Clock Conditioning Circuits (CCCs) with PLLs, SRAM blocks, embedded FlashROM, flash memory
blocks, and I/O tiles, can be reached via the JTAG ports. The UJTAG functionality is available by
instantiating the UJTAG macro directly in the source code of a design. Access to the FPGA core
VersaTiles from the JTAG ports enables users to implement different applications using the TAP
Controller (JTAG port). This document introduces the UJTAG tile functionality and discusses a few
application examples. However, the possible applications are not limited to what is presented in this
document. UJTAG can serve different purposes in many designs as an elementary or auxiliary part of the
design. For detailed usage information, refer to the "Boundary Scan in Low Power Flash Devices"
section on page 291.

Figure 16-1 • Block Diagram of Using UJTAG to Read FlashROM Contents
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The following devices and families do not support cold-sparing:
• IGLOO: AGL060, AGL125, AGL250, AGL600, AGL1000
• ProASIC3: A3P060, A3P125, A3P250, A3P400, A3P600, A3P1000
• ProASIC3L: A3P250L, A3P600L, A3P1000L
• Military ProASIC3: A3P1000

Hot-Swapping
Hot-swapping is the operation of hot insertion or hot removal of a card in a powered-up system. The I/Os 
need to be configured in hot-insertion mode if hot-swapping compliance is required. For more details on 
the levels of hot-swap compatibility in low power flash devices, refer to the "Hot-Swap Support" section in 
the I/O Structures chapter of the user’s guide for the device you are using.
The following devices and families support hot-swapping:

• 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

The following devices and families do not support hot-swapping:
• IGLOO: AGL060, AGL125, AGL250, AGL400, AGL600, AGL1000
• ProASIC3: A3P060, A3P125, A3P250, A3P400, A3P600, A3P1000
• ProASIC3L: A3P250L, A3P600L, A3P1000L
• Military ProASIC3: A3P1000

Conclusion
Microsemi's low power flash FPGAs provide an excellent programmable logic solution for a broad range 
of applications. In addition to high performance, low cost, security, nonvolatility, and single chip, they are 
live at power-up (meet Level 0 of the LAPU classification) and offer clear and easy-to-use power-up/-
down characteristics. Unlike SRAM FPGAs, low power flash devices do not require any specific power-
up/-down sequencing and have extremely low power-up inrush current in any power-up sequence. 
Microsemi low power flash FPGAs also support both cold-sparing and hot-swapping for applications 
requiring these capabilities.
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