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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)
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ProASIC3L FPGA Fabric User’s Guide
Figure 1-11 • Efficient Long-Line Resources

Figure 1-12 • Very-Long-Line Resources
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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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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
DLYGLC[4:0]     00000
DLYYB[4:0]      00000
DLYYC[4:0]      00000
VCOSEL[2:0]     100

Primary Clock Frequency 33.000
Primary Clock Phase Shift 0.000
Primary Clock Output Delay from CLKA 1.695

Secondary1 Clock Frequency 40.000
Secondary1 Clock Phase Shift 0.000
Secondary1 Clock Global Output Delay from CLKB 0.200

Secondary2 Clock Frequency 50.000
Secondary2 Clock Phase Shift 0.000
Secondary2 Clock Global Output Delay from CLKC 0.200

######################################
# Dynamic Stream Data
######################################
--------------------------------------
|NAME    |SDIN     |VALUE   |TYPE     |
--------------------------------------
|FINDIV  |[6:0]    |0000101 |EDIT     |
|FBDIV   |[13:7]   |0100000 |EDIT     |
|OADIV   |[18:14]  |00100   |EDIT     |
|OBDIV   |[23:19]  |00000   |EDIT     |
|OCDIV   |[28:24]  |00000   |EDIT     |
|OAMUX   |[31:29]  |100     |EDIT     |
|OBMUX   |[34:32]  |000     |EDIT     |
|OCMUX   |[37:35]  |000     |EDIT     |
|FBSEL   |[39:38]  |01      |EDIT     |
|FBDLY   |[44:40]  |00000   |EDIT     |
|XDLYSEL |[45]     |0       |EDIT     |
|DLYGLA  |[50:46]  |00000   |EDIT     |
|DLYGLB  |[55:51]  |00000   |EDIT     |
|DLYGLC  |[60:56]  |00000   |EDIT     |
|DLYYB   |[65:61]  |00000   |EDIT     |
|DLYYC   |[70:66]  |00000   |EDIT     |
|STATASEL|[71]     |X       |MASKED   |
|STATBSEL|[72]     |X       |MASKED   |
|STATCSEL|[73]     |X       |MASKED   |
|VCOSEL  |[76:74]  |100     |EDIT     |
|DYNASEL |[77]     |X       |MASKED   |
|DYNBSEL |[78]     |X       |MASKED   |
|DYNCSEL |[79]     |X       |MASKED   |
|RESETEN |[80]     |1       |READONLY |

Below is the resultant Verilog HDL description of a legal dynamic PLL core configuration generated by 
SmartGen:
module dyn_pll_macro(POWERDOWN, CLKA, LOCK, GLA, GLB, GLC, SDIN, SCLK, SSHIFT, SUPDATE,

MODE, SDOUT, CLKB, CLKC);

input POWERDOWN, CLKA;
output  LOCK, GLA, GLB, GLC;
input  SDIN, SCLK, SSHIFT, SUPDATE, MODE;
output  SDOUT;
input  CLKB, CLKC;

wire VCC, GND;

VCC VCC_1_net(.Y(VCC));
GND GND_1_net(.Y(GND));
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ProASIC3L FPGA Fabric User’s Guide
FlashROM Security
Low power flash devices have an on-chip Advanced Encryption Standard (AES) decryption core,
combined with an enhanced version of the Microsemi flash-based lock technology (FlashLock®).
Together, they provide unmatched levels of security in a programmable logic device. This security
applies to both the FPGA core and FlashROM content. These devices use the 128-bit AES (Rijndael)
algorithm to encrypt programming files for secure transmission to the on-chip AES decryption core. The
same algorithm is then used to decrypt the programming file. This key size provides approximately 3.4 ×
1038 possible 128-bit keys. A computing system that could find a DES key in a second would take
approximately 149 trillion years to crack a 128-bit AES key. The 128-bit FlashLock feature in low power
flash devices works via a FlashLock security Pass Key mechanism, where the user locks or unlocks the
device with a user-defined key. Refer to the "Security in Low Power Flash Devices" section on page 301. 
If the device is locked with certain security settings, functions such as device read, write, and erase are
disabled. This unique feature helps to protect against invasive and noninvasive attacks. Without the
correct Pass Key, access to the FPGA is denied. To gain access to the FPGA, the device first must be
unlocked using the correct Pass Key. During programming of the FlashROM or the FPGA core, you can
generate the security header programming file, which is used to program the AES key and/or FlashLock
Pass Key. The security header programming file can also be generated independently of the FlashROM
and FPGA core content. The FlashLock Pass Key is not stored in the FlashROM. 
Low power flash devices with AES-based security allow for secure remote field updates over public
networks such as the Internet, and ensure that valuable intellectual property (IP) remains out of the
hands of IP thieves. Figure 5-5 shows this flow diagram.  

Figure 5-5 • Programming FlashROM Using AES
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ProASIC3L FPGA Fabric User’s Guide
256×18 FIFO is full, even though a 128×18 FIFO was requested. For this example, the Almost-Full flag
can be used instead of the Full flag to signal when the 128th data word is reached.
To accommodate different aspect ratios, the almost-full and almost-empty values are expressed in terms
of data bits instead of data words. SmartGen translates the user’s input, expressed in data words, into
data bits internally. SmartGen allows the user to select the thresholds for the Almost-Empty and Almost-
Full flags in terms of either the read data words or the write data words, and makes the appropriate
conversions for each flag.
After the empty or full states are reached, the FIFO can be configured so the FIFO counters either stop or
continue counting. For timing numbers, refer to the appropriate family datasheet.

Signal Descriptions for FIFO4K18
The following signals are used to configure the FIFO4K18 memory element:

WW and RW
These signals enable the FIFO to be configured in one of the five allowable aspect ratios (Table 6-6).

WBLK and RBLK
These signals are active-low and will enable the respective ports when LOW. When the RBLK signal is
HIGH, that port’s outputs hold the previous value.

WEN and REN
Read and write enables. WEN is active-low and REN is active-high by default. These signals can be
configured as active-high or -low.

WCLK and RCLK
These are the clock signals for the synchronous read and write operations. These can be driven
independently or with the same driver. 
Note: For the Automotive ProASIC3 FIFO4K18, for the same clock, 180° out of phase (inverted)

between clock pins should be used.
RPIPE
This signal is used to specify pipelined read on the output. A LOW on RPIPE indicates a nonpipelined
read, and the data appears on the output in the same clock cycle. A HIGH indicates a pipelined read, and
data appears on the output in the next clock cycle.

RESET
This active-low signal resets the control logic and forces the output hold state registers to zero when
asserted. It does not reset the contents of the memory array (Table 6-7 on page 160).
While the RESET signal is active, read and write operations are disabled. As with any asynchronous
RESET signal, care must be taken not to assert it too close to the edges of active read and write clocks. 

WD
This is the input data bus and is 18 bits wide. Not all 18 bits are valid in all configurations. When a data
width less than 18 is specified, unused higher-order signals must be grounded (Table 6-7 on page 160). 

Table 6-6 • Aspect Ratio Settings for WW[2:0]

WW[2:0] RW[2:0] D×W

000 000 4k×1

001 001 2k×2

010 010 1k×4

011 011 512×9

100 100 256×18

101, 110, 111 101, 110, 111 Reserved
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
Table 6-8 and Table 6-9 show the maximum potential width and depth configuration for each device. Note
that 15 k and 30 k gate devices do not support RAM or FIFO.

 

Table 6-8 • Memory Availability per IGLOO and ProASIC3 Device

Device

RAM 
Block

s

Maximum Potential Width1 Maximum Potential Depth2

IGLOO 
IGLOO nano 
IGLOO PLUS

ProASIC3
ProASIC3 nano

ProASIC3L Depth Width Depth Width

AGL060 
AGLN060 
AGLP060

A3P060
A3PN060

4 256 72 (4×18) 16,384 (4,096×4) 1

AGL125
AGLN125
AGLP125

A3P125 
A3PN125

8 256 144 (8×18) 32,768 (4,094×8) 1

AGL250 
AGLN250

A3P250/L 
A3PN250

8 256 144 (8×18) 32,768 (4,096×8) 1

AGL400 A3P400 12 256 216 (12×18) 49,152 (4,096×12) 1

AGL600 A3P600/L 24 256 432 (24×18) 98,304 (4,096×24) 1

AGL1000 A3P1000/L 32 256 576 (32×18) 131,072 (4,096×32) 1

AGLE600 A3PE600 24 256 432 (24×18) 98,304 (4,096×24) 1

A3PE1500 60 256 1,080 (60×18) 245,760 (4,096×60) 1

AGLE3000 A3PE3000/L 112 256 2,016 (112×18) 458,752 (4,096×112) 1

Notes:
1. Maximum potential width uses the two-port configuration.
2. Maximum potential depth uses the dual-port configuration.

Table 6-9 • Memory Availability per Fusion Device 

Device RAM Blocks
Maximum Potential Width1 Maximum Potential Depth2

Depth Width Depth Width
AFS090 6 256 108 (6×18)  24,576 (4,094×6) 1

AFS250 8 256 144 (8×18) 32,768 (4,094×8) 1

AFS600 24 256 432 (24×18) 98,304 (4,096×24) 1

AFS1500 60 256 1,080 (60×18) 245,760 (4,096×60) 1

Notes:
1. Maximum potential width uses the two-port configuration.
2. Maximum potential depth uses the dual-port configuration.
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GTL 2.5 V (Gunning Transceiver Logic 2.5 V)
This is a low power standard (JESD 8-3) for electrical signals used in CMOS circuits that allows for low 
electromagnetic interference at high transfer speeds. It has a voltage swing between 0.4 V and 1.2 V and 
typically operates at speeds of between 20 and 40 MHz. VCCI must be connected to 2.5 V. The 
reference voltage (VREF) is 0.8 V.

GTL 3.3 V (Gunning Transceiver Logic 3.3 V)
This is the same as GTL 2.5 V above, except VCCI must be connected to 3.3 V.

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.

Figure 8-8 • Differential Topology
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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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I/O Software Control in Low Power Flash Devices
I/O Function
Figure 9-8 shows an example of the I/O Function table included in the I/O bank report:

This table lists the number of input I/Os, output I/Os, bidirectional I/Os, and differential input and output
I/O pairs that use I/O and DDR registers.
Note: IGLOO nano and ProASIC3 nano devices do not support differential inputs.
Certain rules must be met to implement registered and DDR I/O functions (refer to the I/O Structures
section of the handbook for the device you are using and the "DDR" section on page 256).

I/O Technology
The I/O Technology table (shown in Figure 9-9) gives the values of VCCI and VREF (reference voltage)
for all the I/O standards used in the design. The user should assign these voltages appropriately.  

Figure 9-8 • I/O Function Table

Figure 9-9 • I/O Technology Table
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Programming Solutions 
Details for the available programmers can be found in the programmer user's guides listed in the 
"Related Documents" section on page 297. 
All the programmers except FlashPro4, FlashPro3, FlashPro Lite, and FlashPro require adapter 
modules, which are designed to support device packages. All modules are listed on the Microsemi SoC 
Products Group website at 
http://www.microsemi.com/soc/products/hardware/program_debug/ss/modules.aspx. They are not listed 
in this document, since this list is updated frequently with new package options and any upgrades 
required to improve programming yield or support new families.

Table 11-3 • Programming Solutions

Programmer Vendor ISP
Single
Device Multi-Device Availability

FlashPro4 Microsemi Only Yes Yes1 Available

FlashPro3 Microsemi Only Yes Yes1 Available

FlashPro Lite2 Microsemi Only Yes Yes1 Available

FlashPro Microsemi Only Yes Yes1 Discontinued

Silicon Sculptor 3 Microsemi Yes3 Yes Cascade option 
(up to two)

Available

Silicon Sculptor II Microsemi Yes3 Yes Cascade option 
(up to two)

Available

Silicon Sculptor Microsemi Yes Yes Cascade option 
(up to four)

Discontinued

Sculptor 6X Microsemi No Yes Yes Discontinued

BP MicroProgrammers BP 
Microsystems

No Yes Yes Contact BP 
Microsystems at

www.bpmicro.com

Notes:
1. Multiple devices can be connected in the same JTAG chain for programming.
2. If FlashPro Lite is used for programming, the programmer derives all of its power from the target pc 

board's VDD supply. The FlashPro Lite's VPP and VPN power supplies use the target pc board's 
VDD as a power source. The target pc board must supply power to both the VDDP and VDD power 
pins of the ProASICPLUS device in addition to supplying VDD to the FlashPro Lite. The target pc 
board needs to provide at least 500 mA of current to the FlashPro Lite VDD connection for 
programming.

3. Silicon Sculptor II and Silicon Sculptor 3 can only provide ISP for ProASIC and ProASICPLUS 
families, not for Fusion, IGLOO, or ProASIC3 devices.
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13 – 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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signal deactivated, which also has the effect of disabling the input buffers. The SAMPLE/PRELOAD
instruction captures the status of pads in parallel and shifts them out as new data is shifted in for loading
into the Boundary Scan Register (BSR). When the device is in an unprogrammed state, the OE and
output BSR will be undefined; however, the input BSR will be defined as long as it is connected and
being used. For JTAG timing information on setup, hold, and fall times, refer to the FlashPro User’s
Guide.

ISP Support in Flash-Based Devices
The flash FPGAs listed in Table 13-1 support the ISP 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 13-1. 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 13-1. 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 13-1 • Flash-Based FPGAs Supporting ISP

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 

SmartFusion SmartFusion Mixed signal FPGA integrating ProASIC3 FPGA fabric, programmable
microcontroller subsystem (MSS) which includes programmable analog and
an 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 This chapter is no longer published separately with its own part number and version
but is now part of several FPGA fabric user’s guides.

N/A

v1.1
(October 2008)

The "Introduction" was revised to include information about the core supply voltage
range of operation in V2 devices.

341

IGLOO nano device support was added to Table 14-1 • Flash-Based FPGAs
Supporting Voltage Switching Circuit.

342

The "Circuit Description" section was updated to include IGLOO PLUS core
operation from 1.2 V to 1.5 V in 50 mV increments.

343

v1.0
(August 2008)

The "Microsemi’s Flash Families Support Voltage Switching Circuit" section was
revised to include new families and make the information more concise.

342
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UJTAG Applications in Microsemi’s Low Power Flash Devices
UJTAG Operation
There are a few basic functions of the UJTAG macro that users must understand before designing with it.
The most important fundamental concept of the UJTAG design is its connection with the TAP Controller
state machine. 

TAP Controller State Machine
The 16 states of the TAP Controller state machine are shown in Figure 17-4 on page 367. The 1s and 0s,
shown adjacent to the state transitions, represent the TMS values that must be present at the time of a
rising TCK edge for a state transition to occur. In the states that include the letters "IR," the instruction
register operates; in the states that contain the letters "DR," the test data register operates. The TAP
Controller receives two control inputs, TMS and TCK, and generates control and clock signals for the rest
of the test logic. 
On power-up (or the assertion of TRST), the TAP Controller enters the Test-Logic-Reset state. To reset
the controller from any other state, TMS must be held HIGH for at least five TCK cycles. After reset, the
TAP state changes at the rising edge of TCK, based on the value of TMS. 

Note: Do not connect JTAG pins (TDO, TDI, TMS, TCK, or TRST) to I/Os in the design.
Figure 17-3 • Connectivity Method of UJTAG Macro
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Power-Up/-Down Behavior of Low Power Flash Devices
Figure 18-5 • I/O State as a Function of VCCI and VCC Voltage Levels for IGLOO V2, IGLOO nano V2, 
IGLOO PLUS V2, and ProASIC3L Devices Running at VCC = 1.2 V ± 0.06 V

Region 1: I/O buffers are OFF

Region 2: I/O buffers are ON.
I/Os are functional (except differential inputs) 
but slower because VCCI/VCC are below 
specification. For the same reason, input 
buffers do not meet VIH/VIL levels, and 
output buffers do not meet VOH/VOL levels.

Min VCCI datasheet specification
voltage at a selected I/O

standard; i.e., 1.14 V,1.425 V, 1.7 V,
2.3 V, or 3.0 V 

VCC

VCC = 1.14 V

Region 1: I/O Buffers are OFF

Activation trip point:
Va = 0.85 V ± 0.2 V

Deactivation trip point:
Vd = 0.75 V ± 0.2 V

Activation trip point:
Va = 0.9 V ± 0.15 V

Deactivation trip point:
Vd = 0.8 V ± 0.15 V

VCC = 1.575 V

Region 5: I/O buffers are ON 
and power supplies are within 
specification.
I/Os meet the entire datasheet 
and timer specifications for 
speed, VIH / VIL , VOH / VOL , etc. 

Region 4: I/O 
buffers are ON.

I/Os are functional
(except differential

 but slower because VCCI is
below specification. For the 

same reason, input buffers do not 
meet VIH / VIL levels, and output

buffers do not meet VOH / VOL levels.    

Region 4: I/O 
buffers are ON.

I/Os are functional
(except differential inputs) 

where VT can be from 0.58 V to 0.9 V (typically 0.75 V)

VCCI

Region 3: I/O buffers are ON.
I/Os are functional; I/O DC 
specifications are met, 
but I/Os are slower because 
the VCC is below specification.

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

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

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

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

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

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

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

Device I/O

Residual Voltage (V)

Leakage CurrentVCC VCCI

Input 0 0.003 <1 µA

Output 0 0.003 <1 µA
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Related Documents

Datasheets
ProASIC3 Flash Family FPGAs
http://www.microsemi.com/soc/documents/PA3_DS.pdf
ProASIC3E Flash Family FPGAs
http://www.microsemi.com/soc/documents/PA3E_DS.pdf

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

Date Changes Page

v1.2
(December 2008)

IGLOO nano and ProASIC3 nano devices were added to the document as 
supported device types. 

v1.1
(October 2008)

The "Introduction" section was updated to add Military ProASIC3EL and RT 
ProASIC3 devices to the list of devices that can have inputs driven in while the 
device is not powered.

373

The "Flash Devices Support Power-Up Behavior" section was revised to include 
new families and make the information more concise.

374

The "Cold-Sparing" section was revised to add Military ProASIC3/EL and RT 
ProASIC3 devices to the lists of devices with and without cold-sparing support.

382

The "Hot-Swapping" section was revised to add Military ProASIC3/EL and RT 
ProASIC3 devices to the lists of devices with and without hot-swap support. 
AGL400 was added to the list of devices that do not support hot-swapping.

383

v1.0
(August 2008)

This document was revised, renamed, and assigned a new part number. It now 
includes data for the IGLOO and ProASIC3L families.

N/A

v1.3
(March 2008)

The "List of Changes" section was updated to include the three different I/O 
Structure handbook chapters.

384

v1.2
(February 2008)

The first sentence of the "PLL Behavior at Brownout Condition" section was 
updated to read, "When PLL power supply voltage and/or VCC levels drop below the 
VCC brownout levels (0.75 V ± 0.25 V), the PLL output lock signal goes low and/or 
the output clock is lost."

381

v1.1
(January 2008)

The "PLL Behavior at Brownout Condition" section was added. 381
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