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Global Resources in Low Power Flash Devices
External I/O or Local signal as Clock Source
External I/O refers to regular I/O pins are labeled with the I/O convention IOuxwByVz. You can allow the
external I/O or internal signal to access the global. To allow the external I/O or internal signal to access
the global network, you need to instantiate the CLKINT macro. Refer to Figure 3-4 on page 51 for an
example illustration of the connections. Instead of using CLKINT, you can also use PDC to promote
signals from external I/O or internal signal to the global network. However, it may cause layout issues
because of synthesis logic replication. Refer to the "Global Promotion and Demotion Using PDC" section
on page 67 for details.

Using Global Macros in Synplicity
The Synplify® synthesis tool automatically inserts global buffers for nets with high fanout during
synthesis. By default, Synplicity® puts six global macros (CLKBUF or CLKINT) in the netlist, including
any global instantiation or PLL macro. Synplify always honors your global macro instantiation. If you have
a PLL (only primary output is used) in the design, Synplify adds five more global buffers in the netlist.
Synplify uses the following global counting rule to add global macros in the netlist:

1. CLKBUF: 1 global buffer
2. CLKINT: 1 global buffer
3. CLKDLY: 1 global buffer
4. PLL: 1 to 3 global buffers 

– GLA, GLB, GLC, YB, and YC are counted as 1 buffer.
– GLB or YB is used or both are counted as 1 buffer.
– GLC or YC is used or both are counted as 1 buffer.

Figure 3-14 • CLKINT Macro
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
Dynamic PLL Configuration
To generate a dynamically reconfigurable CCC, the user should select Dynamic CCC in the 
configuration section of the SmartGen GUI (Figure 4-26). This will generate both the CCC core and the 
configuration shift register / control bit MUX. 

Even if dynamic configuration is selected in SmartGen, the user must still specify the static configuration 
data for the CCC (Figure 4-27). The specified static configuration is used whenever the MODE signal is 
set to LOW and the CCC is required to function in the static mode. The static configuration data can be 
used as the default behavior of the CCC where required. 

Figure 4-26 • SmartGen GUI

Figure 4-27 • Dynamic CCC Configuration in SmartGen
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ProASIC3L FPGA Fabric User’s Guide
The following is an example of a PLL configuration utilizing the clock frequency synthesis and clock delay 
adjustment features. The steps include generating the PLL core with SmartGen, performing simulation 
for verification with ModelSim, and performing static timing analysis with SmartTime in Designer.
Parameters of the example PLL configuration:

Input Frequency – 20 MHz
Primary Output Requirement – 20 MHz with clock advancement of 3.02 ns
Secondary 1 Output Requirement – 40 MHz with clock delay of 2.515 ns

Figure 4-29 shows the SmartGen settings. Notice that the overall delays are calculated automatically, 
allowing the user to adjust the delay elements appropriately to obtain the desired delays. 

After confirming the correct settings, generate a structural netlist of the PLL and verify PLL core settings 
by checking the log file:
Name                            : test_pll_delays
Family                          : ProASIC3E
Output Format                   : VHDL
Type                            : Static PLL
Input Freq(MHz)                 : 20.000
CLKA Source                     : Hardwired I/O
Feedback Delay Value Index      : 21
Feedback Mux Select             : 2
XDLY Mux Select                 : No
Primary Freq(MHz)               : 20.000
Primary PhaseShift              : 0
Primary Delay Value Index       : 1
Primary Mux Select              : 4
Secondary1 Freq(MHz)            : 40.000
Use GLB                         : YES
Use YB                          : NO
…
…
…
Primary Clock frequency 20.000
Primary Clock Phase Shift 0.000

Figure 4-29 • SmartGen Settings
Revision 4 121



Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
v1.4
(December 2008)

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

79

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

80

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

81

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

88

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

89

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

90

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

94

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

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

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

v1.3
(October 2008)

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

N/A

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

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

80

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

83

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

83

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

84

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

106

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

110

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

111

Date Changes Page
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5 – FlashROM in Microsemi’s Low Power Flash 
Devices

Introduction 
The Fusion, IGLOO, and ProASIC3 families of low power flash-based devices have a dedicated
nonvolatile FlashROM memory of 1,024 bits, which provides a unique feature in the FPGA market. The
FlashROM can be read, modified, and written using the JTAG (or UJTAG) interface. It can be read but
not modified from the FPGA core. Only low power flash devices contain on-chip user nonvolatile memory
(NVM). 

Architecture of User Nonvolatile FlashROM
Low power flash devices have 1 kbit of user-accessible nonvolatile flash memory on-chip that can be
read from the FPGA core fabric. The FlashROM is arranged in eight banks of 128 bits (16 bytes) during
programming. The 128 bits in each bank are addressable as 16 bytes during the read-back of the
FlashROM from the FPGA core. Figure 5-1 shows the FlashROM logical structure. 
The FlashROM can only be programmed via the IEEE 1532 JTAG port. It cannot be programmed directly
from the FPGA core. When programming, each of the eight 128-bit banks can be selectively
reprogrammed. The FlashROM can only be reprogrammed on a bank boundary. Programming involves
an automatic, on-chip bank erase prior to reprogramming the bank. The FlashROM supports
synchronous read. The address is latched on the rising edge of the clock, and the new output data is
stable after the falling edge of the same clock cycle. For more information, refer to the timing diagrams in
the DC and Switching Characteristics chapter of the appropriate datasheet. The FlashROM can be read
on byte boundaries. The upper three bits of the FlashROM address from the FPGA core define the bank
being accessed. The lower four bits of the FlashROM address from the FPGA core define which of the 16
bytes in the bank is being accessed.

Figure 5-1 • FlashROM Architecture
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FlashROM in Microsemi’s Low Power Flash Devices
Programming and Accessing FlashROM
The FlashROM content can only be programmed via JTAG, but it can be read back selectively through
the JTAG programming interface, the UJTAG interface, or via direct FPGA core addressing. The pages of
the FlashROM can be made secure to prevent read-back via JTAG. In that case, read-back on these
secured pages is only possible by the FPGA core fabric or via UJTAG. 
A 7-bit address from the FPGA core defines which of the eight pages (three MSBs) is being read, and
which of the 16 bytes within the selected page (four LSBs) are being read. The FlashROM content can
be read on a random basis; the access time is 10 ns for a device supporting commercial specifications.
The FPGA core will be powered down during writing of the FlashROM content. FPGA power-down during
FlashROM programming is managed on-chip, and FPGA core functionality is not available during
programming of the FlashROM. Table 5-2 summarizes various FlashROM access scenarios. 

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

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

Access Mode FlashROM Read FlashROM Write 

JTAG Yes Yes 

UJTAG Yes No 

FPGA core Yes No 

Figure 5-6 • Block Diagram of Using UJTAG to Read FlashROM Contents
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
BLKA and BLKB
These signals are active-low and will enable the respective ports when asserted. When a BLKx signal is
deasserted, that port’s outputs hold the previous value.
Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, BLKB should

be tied to ground. 
WENA and WENB
These signals switch the RAM between read and write modes for the respective ports. A LOW on these
signals indicates a write operation, and a HIGH indicates a read.
Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, WENB should

be tied to ground.
CLKA and CLKB
These are the clock signals for the synchronous read and write operations. These can be driven
independently or with the same driver.
Note: For Automotive ProASIC3 devices, dual-port mode is supported if the clocks to the two

SRAM ports are the same and 180° out of phase (i.e., the port A clock is the inverse of the
port B clock). For use of this macro as a single-port SRAM, the inputs and clock of one port
should be tied off (grounded) to prevent errors during design compile.

PIPEA and PIPEB 
These signals are used to specify pipelined read on the output. A LOW on PIPEA or PIPEB indicates a
nonpipelined read, and the data appears on the corresponding output in the same clock cycle. A HIGH
indicates a pipelined read, and data appears on the corresponding output in the next clock cycle.
Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, PIPEB should

be tied to ground. For use in dual-port mode, the same clock with an inversion between the
two clock pins of the macro should be used in the design to prevent errors during compile.

WMODEA and WMODEB
These signals are used to configure the behavior of the output when the RAM is in write mode. A LOW
on these signals makes the output retain data from the previous read. A HIGH indicates pass-through
behavior, wherein the data being written will appear immediately on the output. This signal is overridden
when the RAM is being read.
Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, WMODEB

should be tied to ground.

RESET
This active-low signal resets the control logic, forces the output hold state registers to zero, disables
reads and writes from the SRAM block, and clears the data hold registers when asserted. It does not
reset the contents of the memory array.
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. 

ADDRA and ADDRB
These are used as read or write addresses, and they are 12 bits wide. When a depth of less than 4 k is
specified, the unused high-order bits must be grounded (Table 6-3 on page 155).

Table 6-2 • Allowable Aspect Ratio Settings for WIDTHA[1:0]

WIDTHA[1:0] WIDTHB[1:0] D×W

00 00 4k×1

01 01 2k×2

10 10 1k×4

11 11 512×9

Note: The aspect ratio settings are constant and cannot be changed on the fly.
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ProASIC3L FPGA Fabric User’s Guide
Conclusion
Fusion, IGLOO, and ProASIC3 devices provide users with extremely flexible SRAM blocks for most
design needs, with the ability to choose between an easy-to-use dual-port memory or a wide-word two-
port memory. Used with the built-in FIFO controllers, these memory blocks also serve as highly efficient
FIFOs that do not consume user gates when implemented. The SmartGen core generator provides a fast
and easy way to configure these memory elements for use in designs.

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

Date Changes Page

August 2012 The note connected with Figure 6-3 • Supported Basic RAM Macros, regarding
RAM4K9, was revised to explain that it applies only to part numbers of certain
revisions and earlier (SAR 29574).

152

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

v1.5
(December 2008)

IGLOO nano and ProASIC3 nano devices were added to Table 6-1 • Flash-Based
FPGAs.

150

IGLOO nano and ProASIC3 nano devices were added to Figure 6-8 • Interfacing
TAP Ports and SRAM Blocks.

164

v1.4
(October 2008)

The "SRAM/FIFO Support in Flash-Based Devices" section was revised to
include new families and make the information more concise.

150

The "SRAM and FIFO Architecture" section was modified to remove "IGLOO and
ProASIC3E" from the description of what the memory block includes, as this
statement applies to all memory blocks.

151

Wording in the "Clocking" section was revised to change "IGLOO and ProASIC3
devices support inversion" to "Low power flash devices support inversion." The
reference to IGLOO and ProASIC3 development tools in the last paragraph of the
section was changed to refer to development tools in general.

157

The "ESTOP and FSTOP Usage" section was updated to refer to FIFO counters
in devices in general rather than only IGLOO and ProASIC3E devices.

160

v1.3
(August 2008)

The note was removed from Figure 6-7 • RAM Block with Embedded FIFO
Controller and placed in the WCLK and RCLK description.

158

The "WCLK and RCLK" description was revised. 159

v1.2
(June 2008)

The following changes were made to the family descriptions in Table 6-1 • Flash-
Based FPGAs:
• ProASIC3L was updated to include 1.5 V. 
• The number of PLLs for ProASIC3E was changed from five to six.

150

v1.1
(March 2008)

The "Introduction" section was updated to include the IGLOO PLUS family. 147

The "Device Architecture" section was updated to state that 15 k gate devices do
not support SRAM and FIFO.

147

The first note in Figure 6-1 • IGLOO and ProASIC3 Device Architecture Overview
was updated to include mention of 15 k gate devices, and IGLOO PLUS was
added to the second note.

149
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Table 8-3 • VCCI Voltages and Compatible IGLOOe and ProASIC3E Standards

VCCI and VMV (typical) Compatible Standards

3.3 V LVTTL/LVCMOS 3.3, PCI 3.3, SSTL3 (Class I and II), GTL+ 3.3, GTL 3.3, LVPECL

2.5 V LVCMOS 2.5, LVCMOS 2.5/5.0, SSTL2 (Class I and II), GTL+ 2.5, GTL 2.5, LVDS, 
DDR LVDS, B-LVDS, and M-LVDS

1.8 V LVCMOS 1.8

1.5 V LVCMOS 1.5, HSTL (Class I and II)

1.2 V LVCMOS 1.2

Table 8-4 • VREF Voltages and Compatible IGLOOe and ProASIC3E Standards

VREF (typical)  Compatible Standards

1.5 V SSTL3 (Class I and II)

1.25 V SSTL2 (Class I and II)

1.0 V GTL+ 2.5, GTL+ 3.3

0.8 V GTL 2.5, GTL 3.3

0.75 V HSTL (Class I and II)

Table 8-5 • Legal IGLOOe and ProASIC3E I/O Usage Matrix within the Same Bank
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I/O Structures in IGLOOe and ProASIC3E Devices
IGLOOe and ProASIC3E
For devices requiring Level 3 and/or Level 4 compliance, the board drivers connected to the I/Os must 
have 10 kΩ (or lower) output drive resistance at hot insertion, and 1 kΩ (or lower) output drive resistance 
at hot removal. This resistance is the transmitter resistance sending a signal toward the I/O, and no 
additional resistance is needed on the board. If that cannot be assured, three levels of staging can be 
used to achieve Level 3 and/or Level 4 compliance. Cards with two levels of staging should have the 
following sequence: 

• Grounds
• Powers, I/Os, and other pins

Cold-Sparing Support
Cold-sparing refers to the ability of a device to leave system data undisturbed when the system is 
powered up, while the component itself is powered down, or when power supplies are floating.
Cold-sparing is supported on ProASIC3E devices only when the user provides resistors from each power 
supply to ground. The resistor value is calculated based on the decoupling capacitance on a given power 
supply. The RC constant should be greater than 3 µs.
To remove resistor current during operation, it is suggested that the resistor be disconnected (e.g., with 
an NMOS switch) from the power supply after the supply has reached its final value. Refer to the "Power-
Up/-Down Behavior of Low Power Flash Devices" section on page 373 for details on cold-sparing. 
Cold-sparing means that a subsystem with no power applied (usually a circuit board) is electrically 
connected to the system that is in operation. This means that all input buffers of the subsystem must 
present very high input impedance with no power applied so as not to disturb the operating portion of the 
system.
The 30 k gate devices fully support cold-sparing, since the I/O clamp diode is always off (see Table 8-13 on 
page 231). If the 30 k gate device is used in applications requiring cold-sparing, a discharge path from 
the power supply to ground should be provided. This can be done with a discharge resistor or a switched 
resistor. This is necessary because the 30 k gate devices do not have built-in I/O clamp diodes. 
For other IGLOOe and ProASIC3E devices, since the I/O clamp diode is always active, cold-sparing can 
be accomplished either by employing a bus switch to isolate the device I/Os from the rest of the system 
or by driving each I/O pin to 0 V. If the resistor is chosen, the resistor value must be calculated based on 
decoupling capacitance on a given power supply on the board (this decoupling capacitance is in parallel 
with the resistor). The RC time constant should ensure full discharge of supplies before cold-sparing 
functionality is required. The resistor is necessary to ensure that the power pins are discharged to ground 
every time there is an interruption of power to the device.
IGLOOe and ProASIC3E devices support cold-sparing for all I/O configurations. Standards, such as PCI, 
that require I/O clamp diodes can also achieve cold-sparing compliance, since clamp diodes get 
disconnected internally when the supplies are at 0 V.
When targeting low power applications, I/O cold-sparing may add additional current if a pin is configured 
with either a pull-up or pull-down resistor and driven in the opposite direction. A small static current is 
induced on each I/O pin when the pin is driven to a voltage opposite to the weak pull resistor. The current 
is equal to the voltage drop across the input pin divided by the pull resistor. Refer to the "Detailed I/O DC 
Characteristics" section of the appropriate family datasheet for the specific pull resistor value for the 
corresponding I/O standard.
For example, assuming an LVTTL 3.3 V input pin is configured with a weak pull-up resistor, a current will 
flow through the pull-up resistor if the input pin is driven LOW. For LVTTL 3.3 V, the pull-up resistor is 
~45 kΩ, and the resulting current is equal to 3.3 V / 45 kΩ = 73 µA for the I/O pin. This is true also when 
a weak pull-down is chosen and the input pin is driven High. This current can be avoided by driving the 
input Low when a weak pull-down resistor is used and driving it High when a weak pull-up resistor is 
used.
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This current draw can occur in the following cases:
• In Active and Static modes:

– Input buffers with pull-up, driven Low
– Input buffers with pull-down, driven High
– Bidirectional buffers with pull-up, driven Low
– Bidirectional buffers with pull-down, driven High
– Output buffers with pull-up, driven Low
– Output buffers with pull-down, driven High
– Tristate buffers with pull-up, driven Low
– Tristate buffers with pull-down, driven High

• In Flash*Freeze mode:
– Input buffers with pull-up, driven Low
– Input buffers with pull-down, driven High
– Bidirectional buffers with pull-up, driven Low
– Bidirectional buffers with pull-down, driven High

Electrostatic Discharge Protection
Low power flash devices are tested per JEDEC Standard JESD22-A114-B.
These devices contain clamp diodes at every I/O, global, and power pad. Clamp diodes protect all device 
pads against damage from ESD as well as from excessive voltage transients. 
All IGLOO and ProASIC3 devices are tested to the Human Body Model (HBM) and the Charged Device 
Model (CDM).
Each I/O has two clamp diodes. One diode has its positive (P) side connected to the pad and its negative 
(N) side connected to VCCI. The second diode has its P side connected to GND and its N side 
connected to the pad. During operation, these diodes are normally biased in the off state, except when 
transient voltage is significantly above VCCI or below GND levels. 
In 30 k gate devices, the first diode is always off. In other devices, the clamp diode is always on and 
cannot be switched off.
By selecting the appropriate I/O configuration, the diode is turned on or off. Refer to Table 8-13 for more 
information about the I/O standards and the clamp diode.
The second diode is always connected to the pad, regardless of the I/O configuration selected.

Table 8-13 • I/O Hot-Swap and 5 V Input Tolerance Capabilities in IGLOOe and ProASIC3E Devices

I/O Assignment
Clamp 
Diode

Hot 
Insertion

5 V Input 
Tolerance 

Input 
Buffer

Output 
Buffer

3.3 V LVTTL/LVCMOS No Yes Yes1 Enabled/Disabled
3.3 V PCI, 3.3 V PCI-X Yes No Yes1 Enabled/Disabled
LVCMOS 2.5 V 2 No Yes No Enabled/Disabled
LVCMOS 2.5 V / 5.0 V 2 Yes No Yes3 Enabled/Disabled
LVCMOS 1.8 V No Yes No Enabled/Disabled
LVCMOS 1.5 V No Yes No Enabled/Disabled
Voltage-Referenced Input Buffer No Yes No Enabled/Disabled
Differential, LVDS/B-LVDS/M-LVDS/LVPECL No Yes No Enabled/Disabled
Notes:
1. Can be implemented with an external IDT bus switch, resistor divider, or Zener with resistor.
2. In the SmartGen Core Reference Guide, select the LVCMOS5 macro for the LVCMOS 2.5 V / 5.0 V I/O standard 

or the LVCMOS25 macro for the LVCMOS 2.5 V I/O standard.
3. Can be implemented with an external resistor and an internal clamp diode.
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10 – DDR for Microsemi’s Low Power Flash 
Devices

Introduction
The I/Os in Fusion, IGLOO, and ProASIC3 devices support Double Data Rate (DDR) mode. In this mode,
new data is present on every transition (or clock edge) of the clock signal. This mode doubles the data
transfer rate compared with Single Data Rate (SDR) mode, where new data is present on one transition
(or clock edge) of the clock signal. Low power flash devices have DDR circuitry built into the I/O tiles.
I/Os are configured to be DDR receivers or transmitters by instantiating the appropriate special macros
(examples shown in Figure 10-4 on page 276 and Figure 10-5 on page 277) and buffers (DDR_OUT or
DDR_REG) in the RTL design. This document discusses the options the user can choose to configure
the I/Os in this mode and how to instantiate them in the design.

Double Data Rate (DDR) Architecture 
Low power flash devices support 350 MHz DDR inputs and outputs. In DDR mode, new data is present
on every transition of the clock signal. Clock and data lines have identical bandwidths and signal integrity
requirements, making them very efficient for implementing very high-speed systems. High-speed DDR
interfaces can be implemented using LVDS (not applicable for IGLOO nano and ProASIC3 nano
devices). In IGLOOe, ProASIC3E, AFS600, and AFS1500 devices, DDR interfaces can also be
implemented using the HSTL, SSTL, and LVPECL I/O standards. The DDR feature is primarily
implemented in the FPGA core periphery and is not tied to a specific I/O technology or limited to any I/O
standard.

Figure 10-1 • DDR Support in Low Power Flash Devices
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DDR for Microsemi’s Low Power Flash Devices
DDR_OUT_0_inst : DDR_OUT
port map(DR => DataR, DF => DataF, CLK => CLK, CLR => CLR, Q => Q);
TRIBUFF_F_8U_0_inst : TRIBUFF_F_8U
port map(D => Q, E => TrienAux, PAD => PAD);

end DEF_ARCH;

DDR Bidirectional Buffer

Verilog
module DDR_BiDir_HSTL_I_LowEnb(DataR,DataF,CLR,CLK,Trien,QR,QF,PAD);

input   DataR, DataF, CLR, CLK, Trien;
output  QR, QF;
inout   PAD;

wire TrienAux, D, Q;

INV Inv_Tri(.A(Trien), .Y(TrienAux));
DDR_OUT DDR_OUT_0_inst(.DR(DataR),.DF(DataF),.CLK(CLK),.CLR(CLR),.Q(Q));
DDR_REG DDR_REG_0_inst(.D(D),.CLK(CLK),.CLR(CLR),.QR(QR),.QF(QF));
BIBUF_HSTL_I BIBUF_HSTL_I_0_inst(.PAD(PAD),.D(Q),.E(TrienAux),.Y(D));

endmodule

Figure 10-8 • DDR Bidirectional Buffer, LOW Output Enable (HSTL Class II)
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• Programming Centers
Microsemi programming hardware policy also applies to programming centers. Microsemi 
expects all programming centers to use certified programmers to program Microsemi devices. If a 
programming center uses noncertified programmers to program Microsemi devices, the 
"Noncertified Programmers" policy applies. 

Important Programming Guidelines

Preprogramming Setup
Before programming, several steps are required to ensure an optimal programming yield.

Use Proper Handling and Electrostatic Discharge (ESD) Precautions 
Microsemi FPGAs are sensitive electronic devices that are susceptible to damage from ESD and other 
types of mishandling. For more information about ESD, refer to the Quality and Reliability Guide, 
beginning with page 41.

Use the Latest Version of the Designer Software to Generate Your 
Programming File (recommended)
The files used to program Microsemi flash devices (*.bit, *.stp, *.pdb) contain important information about 
the switches that will be programmed in the FPGA. Find the latest version and corresponding release 
notes at http://www.microsemi.com/soc/download/software/designer/. Also, programming files must 
always be zipped during file transfer to avoid the possibility of file corruption.

Use the Latest Version of the Programming Software 
The programming software is frequently updated to accommodate yield enhancements in FPGA 
manufacturing. These updates ensure maximum programming yield and minimum programming times. 
Before programming, always check the version of software being used to ensure it is the most recent. 
Depending on the programming software, refer to one of the following:

• FlashPro: http://www.microsemi.com/soc/download/program_debug/flashpro/
• Silicon Sculptor: http://www.microsemi.com/soc/download/program_debug/ss/

Use the Most Recent Adapter Module with Silicon Sculptor
Occasionally, Microsemi makes modifications to the adapter modules to improve programming yields 
and programming times. To identify the latest version of each module before programming, visit
http://www.microsemi.com/soc/products/hardware/program_debug/ss/modules.aspx.

Perform Routine Hardware Self-Diagnostic Test
• Adapter modules must be regularly cleaned. Adapter modules need to be inserted carefully into 

the programmer to make sure the DIN connectors (pins at the back side) are not damaged.
• FlashPro

The self-test is only applicable when programming with FlashPro and FlashPro3 programmers. It 
is not supported with FlashPro4 or FlashPro Lite. To run the self-diagnostic test, follow the 
instructions given in the "Performing a Self-Test" section of
http://www.microsemi.com/soc/documents/FlashPro_UG.pdf. 

• Silicon Sculptor
The self-diagnostic test verifies correct operation of the pin drivers, power supply, CPU, memory, 
and adapter module. This test should be performed with an adapter module installed and before 
every programming session. At minimum, the test must be executed every week. To perform self-
diagnostic testing using the Silicon Sculptor software, perform the following steps, depending on 
the operating system:
– DOS: From anywhere in the software, type ALT + D.
– Windows: Click Device > choose Actel Diagnostic > select the Test tab > click OK.
Silicon Sculptor programmers must be verified annually for calibration. Refer to the Silicon 
Sculptor Verification of Calibration Work Instruction document on the website. 
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In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using FlashPro4/3/3X
errors, but this list is intended to show where problems can occur. FlashPro4/3/3X allows TCK to be
lowered from 6 MHz down to 1 MHz to allow you to address some signal integrity problems that may
occur with impedance mismatching at higher frequencies. Customers are expected to troubleshoot
board-level signal integrity issues by measuring voltages and taking scope plots.

Scan Chain Failure
Normally, the FlashPro4/3/3X Scan Chain command expects to see 0x1 on the TDO pin. If the command
reports reading 0x0 or 0x3, it is seeing the TDO pin stuck at 0 or 1. The only time the TDO pin comes out
of tristate is when the JTAG TAP state machine is in the Shift-IR or Shift-DR state. If noise or reflections
on the TCK or TMS lines have disrupted the correct state transitions, the device's TAP state controller
might not be in one of these two states when the programmer tries to read the device. When this
happens, the output is floating when it is read and does not match the expected data value. This can also
be caused by a broken TDO net. Only a small amount of data is read from the device during the Scan
Chain command, so marginal problems may not always show up during this command. Occasionally a
faulty programmer can cause intermittent scan chain failures. 

Exit 11
This error occurs during the verify stage of programming a device. After programming the design into the
device, the device is verified to ensure it is programmed correctly. The verification is done by shifting the
programming data into the device. An internal comparison is performed within the device to verify that all
switches are programmed correctly. Noise induced by poor signal integrity can disrupt the writes and
reads or the verification process and produce a verification error. While technically a verification error, the
root cause is often related to signal integrity.
Refer to the FlashPro User's Guide for other error messages and solutions. For the most up-to-date
known issues and solutions, refer to http://www.microsemi.com/soc/support.

Conclusion
IGLOO, ProASIC3, SmartFusion, and Fusion devices offer a low-cost, single-chip solution that is live at
power-up through nonvolatile flash technology. The FlashLock Pass Key and 128-bit AES Key security
features enable secure ISP in an untrusted environment. On-chip FlashROM enables a host of new
applications, including device serialization, subscription-based applications, and IP addressing.
Additionally, as the FlashROM is nonvolatile, all of these services can be provided without battery
backup. 

Related Documents

User’s Guides
FlashPro User's Guide 
http://www.microsemi.com/soc/documents/flashpro_ug.pdf
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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

August 2012 This chapter will now be published standalone as an application note in addition to
being part of the IGLOO/ProASIC3/Fusion FPGA fabric user’s guides (SAR 38769).

N/A

The "ISP Programming Header Information" section was revised to update the
description of FP3-10PIN-ADAPTER-KIT in Table 13-3 • Programming Header
Ordering Codes, clarifying that it is the adapter kit used for ProASICPLUS based
boards, and also for ProASIC3 based boards where a compact programming
header is being used (SAR 36779).

335

June 2011 The VPUMP programming mode voltage was corrected in Table 13-2 • Power
Supplies. The correct value is 3.15 V to 3.45 V (SAR 30668).

329

The notes associated with Figure 13-5 • Programming Header (top view) and
Figure 13-6 • Board Layout and Programming Header Top View were revised to
make clear the fact that IGLOO nano V2 devices can be programmed at 1.2 V (SAR
30787).

335, 337

Figure 13-6 • Board Layout and Programming Header Top View was revised to
include resistors tying TCK and TRST to GND. Microsemi recommends tying off
TCK and TRST to GND if JTAG is not used (SAR 22921). RT ProASIC3 was added
to the list of device families.

337

In the "ISP Programming Header Information" section, the kit for adapting
ProASICPLUS devices was changed from FP3-10PIN-ADAPTER-KIT to FP3-26PIN-
ADAPTER-KIT (SAR 20878).

335

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

References to FlashPro4 and FlashPro3X were added to this chapter, giving
distinctions between them. References to SmartGen were deleted and replaced
with Libero IDE Catalog.

N/A

The "ISP Architecture" section was revised to indicate that V2 devices can be
programmed at 1.2 V VCC with FlashPro4.

327

SmartFusion was added to Table 13-1 • Flash-Based FPGAs Supporting ISP. 328

The "Programming Voltage (VPUMP) and VJTAG" section was revised and 1.2 V
was added to Table 13-2 • Power Supplies.

329

The "Nonvolatile Memory (NVM) Programming Voltage" section is new. 329

 Cortex-M3 was added to the "Cortex-M1 and Cortex-M3 Device Security" section. 331

In the "ISP Programming Header Information" section, the additional header
adapter ordering number was changed from FP3-26PIN-ADAPTER to FP3-10PIN-
ADAPTER-KIT, which contains 26-pin migration capability.

335

The description of NC was updated in Figure 13-5 • Programming Header (top
view), Table 13-4 • Programming Header Pin Numbers and Description and
Figure 13-6 • Board Layout and Programming Header Top View.

335, 336

The "Symptoms of a Signal Integrity Problem" section was revised to add that
customers are expected to troubleshoot board-level signal integrity issues by
measuring voltages and taking scope plots. "FlashPro4/3/3X allows TCK to be
lowered from 6 MHz down to 1 MHz to allow you to address some signal integrity
problems" formerly read, "from 24 MHz down to 1 MHz." "The Scan Chain
command expects to see 0x2" was changed to 0x1.

337
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Microprocessor Programming of Microsemi’s Low Power Flash Devices
Microprocessor Programming Support in Flash Devices 
The flash-based FPGAs listed in Table 15-1 support programming with a microprocessor 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 device 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 device 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 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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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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B – Product Support

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

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

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

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

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

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

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

Email
You can communicate your technical questions to our email address and receive answers back by email,
fax, or phone. Also, if you have design problems, you can email your design files to receive assistance.
We constantly monitor the email account throughout the day. When sending your request to us, please
be sure to include your full name, company name, and your contact information for efficient processing of
your request.
The technical support email address is soc_tech@microsemi.com.
Revision 4 387

http://www.microsemi.com/soc/support/search/default.aspx
http://www.microsemi.com/soc
mailto:soc_tech@microsemi.com

