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without power and enabling faster start-up times. Antifuse-
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programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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ProASIC3L FPGA Fabric User’s Guide
Figure 2-3 • Flash*Freeze Mode Type 2 – Controlled by Flash*Freeze Pin and Internal Logic (LSICC signal)

Figure 2-4 • Flash*Freeze Mode Type 2 – Timing Diagram
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ProASIC3L FPGA Fabric User’s Guide
v2.1
(October 2008)

The title changed from "Flash*Freeze Technology and Low Power Modes in IGLOO,
IGLOO PLUS, and ProASIC3L Devices" to Actel’s Flash*Freeze Technology and
Low Power Modes."

N/A

The "Flash Families Support the Flash*Freeze Feature" section was updated. 22

Significant changes were made to this document to support Libero IDE v8.4 and
later functionality. RT ProASIC3 device support information is new. In addition to the
other major changes, the following tables and figures were updated or are new:
Figure 2-3 • Flash*Freeze Mode Type 2 – Controlled by Flash*Freeze Pin and
Internal Logic (LSICC signal) – updated
Figure 2-5 • Narrow Clock Pulses During Flash*Freeze Entrance and Exit – new
Figure 2-10 • Flash*Freeze Management IP Block Diagram – new
Figure 2-11 • FSM State Diagram – new
Table 2-6 • IGLOO nano and IGLOO PLUS Flash*Freeze Mode (type 1 and type
2)—I/O Pad State – updated
Please review the entire document carefully.

27

30
37
38
29

v1.3
(June 2008)

The family description for ProASIC3L in Table 2-1 • Flash-Based FPGAs was
updated to include 1.5 V.

22

v1.2
(March 2008)

The part number for this document was changed from 51700094-003-1 to
51700094-004-2.

N/A

The title of the document was changed to "Flash*Freeze Technology and Low
Power Modes in IGLOO, IGLOO PLUS, and ProASIC3L Devices."

N/A

The "Flash*Freeze Technology and Low Power Modes" section was updated to
remove the parenthetical phrase, "from 25 µW," in the second paragraph. The
following sentence was added to the third paragraph: "IGLOO PLUS has an
additional feature when operating in Flash*Freeze mode, allowing it to retain I/O
states as well as SRAM and register states."

21

The "Power Conservation Techniques" section was updated to add VJTAG to the
parenthetical list of power supplies that should be tied to the ground plane if unused.
Additional information was added regarding how the software configures unused
I/Os.

2-1

Table 2-1 • Flash-Based FPGAs and the accompanying text was updated to include
the IGLOO PLUS family. The "IGLOO Terminology" section and "ProASIC3
Terminology" section are new.

22

The "Flash*Freeze Mode" section was revised to include that I/O states are
preserved in Flash*Freeze mode for IGLOO PLUS devices. The last sentence in the
second paragraph was changed to, "If the FF pin is not used, it can be used as a
regular I/O." The following sentence was added for Flash*Freeze mode type 2:
"Exiting the mode is controlled by either the FF pin OR the user-defined LSICC
signal."

24

The "Flash*Freeze Type 1: Control by Dedicated Flash*Freeze Pin" section was
revised to change instructions for implementing this mode, including instructions for
implementation with Libero IDE v8.3.

24

Figure 2-1 • Flash*Freeze Mode Type 1 – Controlled by the Flash*Freeze Pin was
updated.

25

The "Flash*Freeze Type 2: Control by Dedicated Flash*Freeze Pin and Internal
Logic" section was renamed from "Type 2 Software Implementation."

26

The "Type 2 Software Implementation for Libero IDE v8.3" section is new. 2-6

Date Changes Page
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Global Resources in Low Power Flash Devices
Design Recommendations
The following sections provide design flow recommendations for using a global network in a design.

• "Global Macros and I/O Standards"
• "Global Macro and Placement Selections" on page 64
• "Using Global Macros in Synplicity" on page 66
• "Global Promotion and Demotion Using PDC" on page 67
• "Spine Assignment" on page 68
• "Designer Flow for Global Assignment" on page 69
• "Simple Design Example" on page 71
• "Global Management in PLL Design" on page 73
• "Using Spines of Occupied Global Networks" on page 74

Global Macros and I/O Standards
The larger low power flash devices have six chip global networks and four quadrant global networks.
However, the same clock macros are used for assigning signals to chip globals and quadrant globals.
Depending on the clock macro placement or assignment in the Physical Design Constraint (PDC) file or
MultiView Navigator (MVN), the signal will use the chip global network or quadrant network. Table 3-8
lists the clock macros available for low power flash devices. Refer to the IGLOO, ProASIC3,
SmartFusion, and Fusion Macro Library Guide for details.

Use these available macros to assign a signal to the global network. In addition to these global macros,
PLL and CLKDLY macros can also drive the global networks. Use I/O–standard–specific clock macros
(CLKBUF_x) to instantiate a specific I/O standard for the global signals. Table 3-9 on page 63 shows the
list of these I/O–standard–specific macros. Note that if you use these I/O–standard–specific clock
macros, you cannot change the I/O standard later in the design stage. If you use the regular CLKBUF
macro, you can use MVN or the PDC file in Designer to change the I/O standard. The default I/O

Table 3-8 • Clock Macros

Macro Name Description Symbol

CLKBUF Input macro for Clock Network

CLKBUF_x Input macro for Clock Network
with specific I/O standard

CLKBUF_LVDS/LVPECL LVDS or LVPECL input macro
for Clock Network (not
supported for IGLOO nano or
ProASIC3 nano devices)

CLKINT Macro for internal clock interface

CLKBIBUF Bidirectional macro with input
dedicated to routed Clock
Network

YPAD

CLKBUF

PAD Y
CLKBUF_X

PADN

PADP

CLKBUF_LVPECL Y

PADN

PADP

CLKBUF_LVDS Y

A Y

CLKINT

D
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ProASIC3L FPGA Fabric User’s Guide
standard for CLKBUF is LVTTL in the current Microsemi Libero® System-on-Chip (SoC) and Designer
software. 

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

VHDL
component clkbuf_lvcmos25

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

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

Verilog
module design (______);

input _____;
output ______;

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

endmodule

Table 3-9 • I/O Standards within CLKBUF

Name Description

CLKBUF_LVCMOS5 LVCMOS clock buffer with 5.0 V CMOS voltage level

CLKBUF_LVCMOS33 LVCMOS clock buffer with 3.3 V CMOS voltage level

CLKBUF_LVCMOS25 LVCMOS clock buffer with 2.5 V CMOS voltage level1

CLKBUF_LVCMOS18 LVCMOS clock buffer with 1.8 V CMOS voltage level

CLKBUF_LVCMOS15 LVCMOS clock buffer with 1.5 V CMOS voltage level

CLKBUF_LVCMOS12 LVCMOS clock buffer with 1.2 V CMOS voltage level 

CLKBUF_PCI PCI clock buffer

CLKBUF_PCIX PCIX clock buffer

CLKBUF_GTL25 GTL clock buffer with 2.5 V CMOS voltage level1

CLKBUF_GTL33 GTL clock buffer with 3.3 V CMOS voltage level1

CLKBUF_GTLP25 GTL+ clock buffer with 2.5 V CMOS voltage level1

CLKBUF_GTLP33 GTL+ clock buffer with 3.3 V CMOS voltage level1

CLKBUF_ HSTL _I HSTL Class I clock buffer1

CLKBUF_ HSTL _II HSTL Class II clock buffer1

CLKBUF_SSTL2_I SSTL2 Class I clock buffer1

CLKBUF_SSTL2_II SSTL2 Class II clock buffer1

CLKBUF_SSTL3_I SSTL3 Class I clock buffer1

CLKBUF_SSTL3_II SSTL3 Class II clock buffer1

Notes:
1. Supported in only the IGLOOe, ProASIC3E, AFS600, and AFS1500 devices
2. By default, the CLKBUF macro uses the 3.3 V LVTTL I/O technology.
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Global Resources in Low Power Flash Devices
Using Spines of Occupied Global Networks
When a signal is assigned to a global network, the flash switches are programmed to set the MUX select
lines (explained in the "Clock Aggregation Architecture" section on page 61) to drive the spines of that
network with the global net. However, if the global net is restricted from reaching into the scope of a
spine, the MUX drivers of that spine are available for other high-fanout or critical signals (Figure 3-20).
For example, if you want to limit the CLK1_c signal to the left half of the chip and want to use the right
side of the same global network for CLK2_c, you can add the following PDC commands:
define_region -name region1 -type inclusive 0 0 34 29
assign_net_macros region1 CLK1_c
assign_local_clock –net CLK2_c –type chip B2 

Conclusion
IGLOO, Fusion, and ProASIC3 devices contain 18 global networks: 6 chip global networks and 12
quadrant global networks. These global networks can be segmented into local low-skew networks called
spines. The spines provide low-skew networks for the high-fanout signals of a design. These allow you
up to 252 different internal/external clocks in an A3PE3000 device. This document describes the
architecture for the global network, plus guidelines and methodologies in assigning signals to globals and
spines.

Related Documents

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

Figure 3-20 • Design Example Using Spines of Occupied Global Networks
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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
Software Configuration
SmartGen automatically generates the desired CCC functional block by configuring the control bits, and 
allows the user to select two CCC modes: Static PLL and Delayed Clock (CLKDLY).

Static PLL Configuration
The newly implemented Visual PLL Configuration Wizard feature provides the user a quick and easy way 
to configure the PLL with the desired settings (Figure 4-23). The user can invoke SmartGen to set the 
parameters and generate the netlist file with the appropriate flash configuration bits set for the CCCs. As 
mentioned in "PLL Macro Block Diagram" on page 85, the input reference clock CLKA can be configured 
to be driven by Hardwired I/O, External I/O, or Core Logic. The user enters the desired settings for all the 
parameters (output frequency, output selection, output phase adjustment, clock delay, feedback delay, 
and system delay). Notice that the actual values (divider values, output frequency, delay values, and 
phase) are shown to aid the user in reaching the desired design frequency in real time. These values are 
typical-case data. Best- and worst-case data can be observed through static timing analysis in 
SmartTime within Designer.
For dynamic configuration, the CCC parameters are defined using either the external JTAG port or an 
internally defined serial interface via the built-in dynamic shift register. This feature provides the ability to 
compensate for changes in the external environment. 

Figure 4-23 • Visual PLL Configuration Wizard
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FlashROM in Microsemi’s Low Power Flash Devices
FlashROM Design Flow 
The Microsemi Libero System-on-Chip (SoC) software has extensive FlashROM support, including
FlashROM generation, instantiation, simulation, and programming. Figure 5-9 shows the user flow
diagram. In the design flow, there are three main steps:

1. FlashROM generation and instantiation in the design
2. Simulation of FlashROM design
3. Programming file generation for FlashROM design

Figure 5-9 • FlashROM Design Flow
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
Notes:
1. AES decryption not supported in 30 k gate devices and smaller.
2. Flash*Freeze is supported in all IGLOO devices and the ProASIC3L devices.
Figure 6-1 • IGLOO and ProASIC3 Device Architecture Overview
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
Initializing the RAM/FIFO 
The SRAM blocks can be initialized with data to use as a lookup table (LUT). Data initialization can be
accomplished either by loading the data through the design logic or through the UJTAG interface. The
UJTAG macro is used to allow access from the JTAG port to the internal logic in the device. By sending
the appropriate initialization string to the JTAG Test Access Port (TAP) Controller, the designer can put
the JTAG circuitry into a mode that allows the user to shift data into the array logic through the JTAG port
using the UJTAG macro. For a more detailed explanation of the UJTAG macro, refer to the "FlashROM in
Microsemi’s Low Power Flash Devices" section on page 133. 
A user interface is required to receive the user command, initialization data, and clock from the UJTAG
macro. The interface must synchronize and load the data into the correct RAM block of the design. The
main outputs of the user interface block are the following:

• Memory block chip select: Selects a memory block for initialization. The chip selects signals for
each memory block that can be generated from different user-defined pockets or simple logic,
such as a ring counter (see below).

• Memory block write address: Identifies the address of the memory cell that needs to be initialized.
• Memory block write data: The interface block receives the data serially from the UTDI port of the

UJTAG macro and loads it in parallel into the write data ports of the memory blocks.
• Memory block write clock: Drives the WCLK of the memory block and synchronizes the write

data, write address, and chip select signals.
Figure 6-8 shows the user interface between UJTAG and the memory blocks.

An important component of the interface between the UJTAG macro and the RAM blocks is a serial-
in/parallel-out shift register. The width of the shift register should equal the data width of the RAM blocks.
The RAM data arrives serially from the UTDI output of the UJTAG macro. The data must be shifted into a
shift register clocked by the JTAG clock (provided at the UDRCK output of the UJTAG macro).
Then, after the shift register is fully loaded, the data must be transferred to the write data port of the RAM
block. To synchronize the loading of the write data with the write address and write clock, the output of
the shift register can be pipelined before driving the RAM block.
The write address can be generated in different ways. It can be imported through the TAP using a
different instruction opcode and another shift register, or generated internally using a simple counter.
Using a counter to generate the address bits and sweep through the address range of the RAM blocks is

Figure 6-8 • Interfacing TAP Ports and SRAM Blocks
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I/O Structures in IGLOO and ProASIC3 Devices
Board-Level Considerations
Low power flash devices have robust I/O features that can help in reducing board-level components. The
devices offer single-chip solutions, which makes the board layout simpler and more immune to signal
integrity issues. Although, in many cases, these devices resolve board-level issues, special attention
should always be given to overall signal integrity. This section covers important board-level
considerations to facilitate optimum device performance.

Termination
Proper termination of all signals is essential for good signal quality. Nonterminated signals, especially
clock signals, can cause malfunctioning of the device.
For general termination guidelines, refer to the Board-Level Considerations application note for
Microsemi FPGAs. Also refer to the "Pin Descriptions" chapter of the appropriate datasheet for
termination requirements for specific pins.
Low power flash I/Os are equipped with on-chip pull-up/-down resistors. The user can enable these
resistors by instantiating them either in the top level of the design (refer to the IGLOO, Fusion, and
ProASIC3 Macro Library Guide for the available I/O macros with pull-up/-down) or in the I/O Attribute
Editor in Designer if generic input or output buffers are instantiated in the top level. Unused I/O pins are
configured as inputs with pull-up resistors.
As mentioned earlier, low power flash devices have multiple programmable drive strengths, and the user
can eliminate unwanted overshoot and undershoot by adjusting the drive strengths.

Power-Up Behavior 
Low power flash devices are power-up/-down friendly; i.e., no particular sequencing is required for
power-up and power-down. This eliminates extra board components for power-up sequencing, such as a
power-up sequencer.
During power-up, all I/Os are tristated, irrespective of I/O macro type (input buffers, output buffers, I/O
buffers with weak pull-ups or weak pull-downs, etc.). Once I/Os become activated, they are set to the
user-selected I/O macros. Refer to the "Power-Up/-Down Behavior of Low Power Flash Devices" section
on page 373 for details. 

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

I/O Interfacing 
Low power flash devices are 5 V–input– and 5 V–output–tolerant if certain I/O standards are selected
(refer to the "5 V Input and Output Tolerance" section on page 194). Along with other low-voltage I/O
macros, this 5 V tolerance makes these devices suitable for many types of board component interfacing.
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I/O Structures in IGLOOe and ProASIC3E Devices
I/O Registers
Each I/O module contains several input, output, and enable registers. Refer to Figure 8-5 for a simplified 
representation of the I/O block. The number of input registers is selected by a set of switches (not shown 
in Figure 8-3 on page 220) between registers to implement single-ended or differential data transmission 
to and from the FPGA core. The Designer software sets these switches for the user. A common 
CLR/PRE signal is employed by all I/O registers when I/O register combining is used. Input Register 2 
does not have a CLR/PRE pin, as this register is used for DDR implementation. The I/O register 
combining must satisfy certain rules.

Notes:
1. All NMOS transistors connected to the I/O pad serve as ESD protection.
2. See Table 8-2 on page 215 for available I/O standards.
3. Programmable input delay is applicable only to ProASIC3E, IGLOOe, ProASIC3EL, and RT ProASIC3 devices.
Figure 8-5 • Simplified I/O Buffer Circuitry
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I/O Structures in IGLOOe and ProASIC3E Devices
Table 8-9 • Hot-Swap Level 1

Description Cold-swap

Power Applied to Device No

Bus State –

Card Ground Connection –

Device Circuitry Connected to Bus Pins –

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

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

Table 8-10 • Hot-Swap Level 2

Description Hot-swap while reset

Power Applied to Device Yes

Bus State Held in reset state

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

Device Circuitry Connected to Bus Pins –

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

Compliance of IGLOO and ProASIC3 Devices 30 k gate devices, all IGLOOe/ProASIC3E 
devices: Compliant I/Os can but do not have to be 
set to hot-insertion mode.
Other IGLOO/ProASIC3 devices: Compliant
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I/O Structures in IGLOOe and ProASIC3E Devices
Conclusion
IGLOOe and ProASIC3E support for multiple I/O standards minimizes board-level components and 
makes possible a wide variety of applications. The Microsemi Designer software, integrated with Libero 
SoC, presents a clear visual display of I/O assignments, allowing users to verify I/O and board-level 
design requirements before programming the device. The IGLOOe and ProASIC3E device I/O features 
and functionalities ensure board designers can produce low-cost and low power FPGA applications 
fulfilling the complexities of contemporary design needs. 

Related Documents

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

User’s Guides
ProASIC3 FPGA Fabric User’s Guide
http://www.microsemi.com/soc/documents/PA3_UG.pdf
ProASIC3E FPGA Fabric User’s Guide
http://www.microsemi.com/soc/documents/PA3E_UG.pdf
IGLOOe FPGA Fabric User’s Guide
http://www.microsemi.com/soc/documents/IGLOOe_UG.pdf
Libero SoC User’s Guide
http://www.microsemi.com/soc/documents/libero_ug.pdf
IGLOO, Fusion, and ProASIC3 Macro Library Guide
http://www.microsemi.com/soc/documents/pa3_libguide_ug.pdf
SmartGen Core Reference Guide
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ProASIC3L FPGA Fabric User’s Guide
The procedure is as follows:
1. Select the bank to which you want VCCI to be assigned from the Choose Bank list.
2. Select the I/O standards for that bank. If you select any standard, the tool will automatically show

all compatible standards that have a common VCCI voltage requirement.
3. Click Apply.
4. Repeat steps 1–3 to assign VCCI voltages to other banks. Refer to Figure 9-11 on page 263 to

find out how many I/O banks are needed for VCCI bank assignment.

Manually Assigning VREF Pins
Voltage-referenced inputs require an input reference voltage (VREF). The user must assign VREF pins
before running Layout. Before assigning a VREF pin, the user must set a VREF technology for the bank
to which the pin belongs.

VREF Rules for the Implementation of Voltage-Referenced I/O 
Standards
The VREF rules are as follows:

1. Any I/O (except JTAG I/Os) can be used as a VREF pin.
2. One VREF pin can support up to 15 I/Os. It is recommended, but not required, that eight of them

be on one side and seven on the other side (in other words, all 15 can still be on one side of
VREF). 

3. SSTL3 (I) and (II): Up to 40 I/Os per north or south bank in any position
4. LVPECL / GTL+ 3.3 V / GTL 3.3 V: Up to 48 I/Os per north or south bank in any position (not

applicable for IGLOO nano and ProASIC3 nano devices)
5. SSTL2 (I) and (II) / GTL+ 2.5 V / GTL 2.5 V: Up to 72 I/Os per north or south bank in any position
6. VREF minibanks partition rule: Each I/O bank is physically partitioned into VREF minibanks. The

VREF pins within a VREF minibank are interconnected internally, and consequently, only one
VREF voltage can be used within each VREF minibank. If a bank does not require a VREF signal,
the VREF pins of that bank are available as user I/Os.

7. The first VREF minibank includes all I/Os starting from one end of the bank to the first power triple
and eight more I/Os after the power triple. Therefore, the first VREF minibank may contain (0 + 8),
(2 + 8), (4 + 8), (6 + 8), or (8 + 8) I/Os.
The second VREF minibank is adjacent to the first VREF minibank and contains eight I/Os, a
power triple, and eight more I/Os after the triple. An analogous rule applies to all other VREF
minibanks but the last.
The last VREF minibank is adjacent to the previous one but contains eight I/Os, a power triple,
and all I/Os left at the end of the bank. This bank may also contain (8 + 0), (8 + 2), (8 + 4), (8 + 6),
or (8 + 8) available I/Os.
Example:
4 I/Os →  Triple →  8 I/Os, 8 I/Os →  Triple →  8 I/Os, 8 I/Os →  Triple →  2 I/Os
That is, minibank A = (4 + 8) I/Os, minibank B = (8 + 8) I/Os, minibank C = (8 + 2) I/Os.

8. Only minibanks that contain input or bidirectional I/Os require a VREF. A VREF is not needed for
minibanks composed of output or tristated I/Os. 

Assigning the VREF Voltage to a Bank
When importing the PDC file, the VREF voltage can be assigned to the I/O bank. The PDC command is
as follows:
set_iobank –vref [value]

Another method for assigning VREF is by using MVN > Edit > I/O Bank Settings (Figure 9-13 on
page 266).
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DDR for Microsemi’s Low Power Flash Devices
DDR Output Register

Verilog
module DDR_OutBuf_SSTL3_I(DataR,DataF,CLR,CLK,PAD);

input   DataR, DataF, CLR, CLK;
output  PAD;

wire Q, VCC;

VCC VCC_1_net(.Y(VCC));
DDR_OUT DDR_OUT_0_inst(.DR(DataR),.DF(DataF),.CLK(CLK),.CLR(CLR),.Q(Q));
OUTBUF_SSTL3_I OUTBUF_SSTL3_I_0_inst(.D(Q),.PAD(PAD));

endmodule

VHDL
library ieee;
use ieee.std_logic_1164.all;
library proasic3; use proasic3.all;

entity DDR_OutBuf_SSTL3_I is 
port(DataR, DataF, CLR, CLK : in std_logic;  PAD : out std_logic) ;

end DDR_OutBuf_SSTL3_I;

architecture DEF_ARCH of  DDR_OutBuf_SSTL3_I is

component DDR_OUT
port(DR, DF, CLK, CLR : in std_logic := 'U'; Q : out std_logic) ;

end component;

component OUTBUF_SSTL3_I
port(D : in std_logic := 'U'; PAD : out std_logic) ;

end component;

component VCC
port( Y : out std_logic);

end component;

signal Q, VCC_1_net : std_logic ;

begin

VCC_2_net : VCC port map(Y => VCC_1_net);
DDR_OUT_0_inst : DDR_OUT
port map(DR => DataR, DF => DataF, CLK => CLK, CLR => CLR, Q => Q);
OUTBUF_SSTL3_I_0_inst : OUTBUF_SSTL3_I
port map(D => Q, PAD => PAD);

end DEF_ARCH;

Figure 10-6 • DDR Output Register (SSTL3 Class I)
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ProASIC3L FPGA Fabric User’s Guide
Table 12-6 and Table 12-7 show all available options. If you want to implement custom levels,
refer to the "Advanced Options" section on page 322 for information on each option and how to
set it. 

3. When done, click Finish to generate the Security Header programming file. 

Generation of Programming Files with AES Encryption—
Application 3
This section discusses how to generate design content programming files needed specifically at
unsecured or remote locations to program devices with a Security Header (FlashLock Pass Key and AES
key) already programmed ("Application 2: Nontrusted Environment—Unsecured Location" section on
page 309 and "Application 3: Nontrusted Environment—Field Updates/Upgrades" section on page 310).
In this case, the encrypted programming file must correspond to the AES key already programmed into
the device. If AES encryption was previously selected to encrypt the FlashROM, FBs, and FPGA array,
AES encryption must be set when generating the programming file for them. AES encryption can be
applied to the FlashROM only, the FBs only, the FPGA array only, or all. The user must ensure both the
FlashLock Pass Key and the AES key match those already programmed to the device(s), and all security
settings must match what was previously programmed. Otherwise, the encryption and/or device
unlocking will not be recognized when attempting to program the device with the programming file.
The generated programming file will be AES-encrypted.
In this scenario, generate the programming file as follows:

1. Deselect Security settings and select the portion of the device to be programmed (Figure 12-17
on page 320). Select Programming previously secured device(s). Click Next.

Table 12-6 • All IGLOO and ProASIC3 Header File Security Options

Security Option FlashROM Only FPGA Core Only
Both FlashROM 

and FPGA

No AES / no FlashLock ✓ ✓ ✓

FlashLock only ✓ ✓ ✓

AES and FlashLock ✓ ✓ ✓

Note: ✓ = options that may be used

Table 12-7 • All Fusion Header File Security Options 

Security Option FlashROM Only FPGA Core Only FB Core Only All

No AES / No FlashLock ✓ ✓ ✓ ✓

FlashLock ✓ ✓ ✓ ✓

AES and FlashLock ✓ ✓ ✓ ✓
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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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