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ProASIC3L FPGA Fabric User’s Guide
Table 1-4 • IGLOO nano and ProASIC3 nano Array Coordinates

Device

VersaTiles Memory Rows Entire Die

Min. Max. Bottom Top Min. Max.

IGLOO nano ProASIC3 nano (x, y) (x, y) (x, y) (x, y) (x, y) (x, y)

AGLN010 A3P010 (0, 2) (32, 5) None None (0, 0) (34, 5)

AGLN015 A3PN015 (0, 2) (32, 9) None None (0, 0) (34, 9)

AGLN020 A3PN020 (0, 2) 32, 13) None None (0, 0) (34, 13)

AGLN060 A3PN060 (3, 2) (66, 25) None (3, 26) (0, 0) (69, 29)

AGLN125 A3PN125 (3, 2) (130, 25) None (3, 26) (0, 0) (133, 29)

AGLN250 A3PN250 (3, 2) (130, 49) None (3, 50) (0, 0) (133, 49)

Note: The vertical I/O tile coordinates are not shown. West-side coordinates are {(0, 2) to (2, 2)} to {(0, 77) to (2, 77)};
east-side coordinates are {(195, 2) to (197, 2)} to {(195, 77) to (197, 77)}.

Figure 1-9 • Array Coordinates for AGL600, AGLE600, A3P600, and A3PE600

Top Row  (5, 1) to (168, 1)
Bottom Row (7, 0) to (165, 0)

Top Row (169, 1) to (192, 1)

I/O Tile

Memory
Blocks 

Memory
Blocks 

Memory
Blocks 

UJTAG FlashROM

Top Row  (7, 79) to (189, 79)
Bottom Row  (5, 78) to (192, 78)

I/O Tile

(3, 77)
(3, 76)

Memory
Blocks 

(3, 3)
(3, 2)

VersaTile (Core)
 (3, 75)

VersaTile (Core)
 (3, 4)

(0, 0) (197, 0)

(194, 2)
(194, 3)

(194, 4)
VersaTile (Core)

(194, 75)
VersaTile (Core)

(197, 79)

(194, 77)
(194, 76)

(0, 79)

(197, 1)
Revision 4 17



ProASIC3L FPGA Fabric User’s Guide
IGLOO nano and IGLOO PLUS I/O State in Flash*Freeze Mode
In IGLOO nano and IGLOO PLUS devices, users have multiple options in how to configure I/Os during 
Flash*Freeze mode:

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

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

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

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

I/O Pad State in 
Flash*Freeze Mode

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

Disabled Enabled Weak pull-up/pull-down 2

Enabled Disabled Tristate 1

Disabled Disabled Tristate 2

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

Disabled Enabled Weak pull-up/pull-down

Disabled Disabled Tristate

Bidirectional / Tristate
Buffer

E = 0
(input/tristate)

Enabled Enabled Weak pull-up/pull-down 1

Disabled Enabled Weak pull-up/pull-down 2

Enabled Disabled Tristate 1

Disabled Disabled Tristate 2

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

Disabled Enabled Weak pull-up/pull-down

Disabled Disabled Tristate

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

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

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

be set to the hold state.
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• The device is reset upon exiting Flash*Freeze mode or internal state saving is not required.
• State saving is required, but data and clock management is performed external to the FPGA. In

other words, incoming data is externally guaranteed and held valid prior to entering Flash*Freeze
mode.

Type 2 Flash*Freeze mode is ideally suited for applications with the following design criteria:
• Entering Flash*Freeze mode is dependent on an internal or external signal in addition to the

external FF pin.
• State saving is required and incoming data is not externally guaranteed valid.
• The designer wants to use his/her own Flash*Freeze management IP for clock and data

management.
• The designer wants to use his/her own Flash*Freeze management logic for clock and data

management.
• Internal housekeeping is required prior to entering Flash*Freeze mode. Housekeeping activities

may include loading data to SRAM, system shutdown, completion of current task, or ensuring
valid Flash*Freeze pin assertion.

There is no downside to type 2 mode, and Microsemi's Flash*Freeze management IP offers a very low
tile count clock and data management solution. Microsemi's recommendation for most designs is to use
type 2 Flash*Freeze mode with Flash*Freeze management IP. 

Design Solutions
Clocks

• Microsemi recommends using a completely synchronous design in Type 2 mode with
Flash*Freeze management IP cleanly gating all internal and external clocks. This will prevent
narrow pulses upon entrance and exit from Flash*Freeze mode (Figure 2-5 on page 30).

• Upon entering Flash*Freeze mode, external clocks become tied off High, internal to the clock pin
(unless hold state is used on IGLOO nano or IGLOO PLUS), and PLLs are turned off. Any clock
that is externally Low will realize a Low to High transition internal to the device while entering
Flash*Freeze. If clocks will float during Flash*Freeze mode, Microsemi recommends using the
weak pull-up feature. If clocks will continue to drive the device during Flash*Freeze mode, the
clock gating (filter) available in Flash*Freeze management IP can help to filter unwanted narrow
clock pulses upon Flash*Freeze mode entry and exit.

• Clocks may continue to drive FPGA pins while the device is in Flash*Freeze mode, with virtually
no power consumption. The weak pull-up/-down configuration will result in unnecessary power
consumption if used in this scenario.

• Floating clocks can cause totem pole currents on the input I/O circuitry when the device is in
active mode. If clocks are externally gated prior to entering Flash*Freeze mode, Microsemi
recommends gating them to a known value (preferably '1', to avoid a possible narrow pulse upon
Flash*Freeze mode exit), and not leaving them floating. However, during Flash*Freeze mode, all
inputs and clocks are internally tied off to prevent totem pole currents, so they can be left floating. 

• Upon exiting Flash*Freeze mode, the design must allow maximum acquisition time for the PLL to
acquire the lock signal, and for a PLL clock to become active.  If a PLL output clock is used as the
primary clock for Flash*Freeze management IP, it is important to note that the clock gating circuit
will only release other clocks after the primary PLL output clock becomes available. 
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Flash*Freeze Technology and Low Power Modes
• The INBUF_FF must be driven by a top-level input port of the design.
• The INBUF_FF AND the ULSICC macro must be used to enable type 2 Flash*Freeze mode.
• For type 2 Flash*Freeze mode, the INBUF_FF MUST drive some logic in the design.
• For type 1 Flash*Freeze mode, the INBUF_FF may drive some logic in the design, but it may also

be left floating.
• Only one INBUF_FF may be instantiated in a device.
• The FF pin threshold voltages are defined by VCCI and the supported single-ended I/O standard

in the corresponding I/O bank.
• The FF pin Schmitt trigger option may be configured in the I/O attribute editor in Microsemi's

Designer software. The Schmitt trigger option is only available for IGLOOe, IGLOO nano, IGLOO
PLUS, ProASIC3EL, and RT ProASIC3 devices.

• A 2 ns glitch filter resides in the Flash*Freeze Technology block to filter unwanted glitches on the
FF pin. 

ULSICC
The User Low Static ICC (ULSICC) macro allows the FPGA core to access the Flash*Freeze Technology
block so that entering and exiting Flash*Freeze mode can be controlled by the user's design. The
ULSICC macro enables a hard block with an available LSICC input port, as shown in Figure 2-3 on
page 27 and Figure 2-10 on page 37. Design rules for the ULSICC macro are as follows:

• The ULSICC macro by itself cannot enable Flash*Freeze mode. The INBUF_FF AND the
ULSICC macro must both be used to enable type 2 Flash*Freeze mode.

• The ULSICC controls entering the Flash*Freeze mode by asserting the LSICC input (logic '1') of
the ULSICC macro. The FF pin must also be asserted (logic '0') to enter Flash*Freeze mode.

• When the LSICC signal is '0', the device cannot enter Flash*Freeze mode; and if already in
Flash*Freeze mode, it will exit.

• When the ULSICC macro is not instantiated in the user's design, the LSICC port will be tied High.

Flash*Freeze Management IP
The Flash*Freeze management IP can be configured with the Libero (or SmartGen) core generator in a
simple, intuitive interface. With the core configuration tool, users can select the number of clocks to be
gated, and select whether or not to implement housekeeping. All port names on the Flash*Freeze
management IP block can be renamed by the user.

• The clock gating (filter) blocks include CLKINT buffers for each gated clock output (version 8.3). 
• When housekeeping is NOT used, the WAIT_HOUSEKEEPING signal will be automatically fed

back into DONE_HOUSEKEEPING inside the core, and the ports will not be available at the IP
core interface.

• The INBUF_FF macro is automatically instantiated within the IP core.
• The INBUF_FF port (default name is "Flash_Freeze_N") must be connected to a top-level input

port of the design.
• The ULSICC macro is automatically instantiated within the IP core, and the LSICC signal is driven

by the FSM.
• Timing analysis can be performed on the clock domain of the source clock (i.e., input to the clock

gating filters). For example, if CLKin becomes CLKin_gated, the timing can be performed on the
CLKin domain in SmartTime. 

• The gated clocks can be added to the clock list if the user wishes to analyze these clocks
specifically. The user can locate the gated clocks by looking for instance names such as those
below:
Top/ff1/ff_1_wrapper_inst/user_ff_1_wrapper/Primary_Filter_Instance/
Latch_For_Clock_Gating:Q
Top/ff1/ff_1_wrapper_inst/user_ff_1_wrapper/genblk1.genblk2.secondary_filter[0].
seconday_filter_instance/Latch_For_Clock_Gating:Q
Top/ff1/ff_1_wrapper_inst/user_ff_1_wrapper/genblk1.genblk2.secondary_filter[1].
seconday_filter_instance/Latch_For_Clock_Gating:Q
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Figure 3-6 shows all nine global inputs for the location A connected to the top left quadrant global
network via CCC.

Since each bank can have a different I/O standard, the user should be careful to choose the correct
global I/O for the design. There are 54 global pins available to access 18 global networks. For the single-
ended and voltage-referenced I/O standards, you can use any of these three available I/Os to access the
global network. For differential I/O standards such as LVDS and LVPECL, the I/O macro needs to be
placed on (A0, A1), (B0, B1), (C0, C1), or a similar location. The unassigned global I/Os can be used
as regular I/Os. Note that pin names starting with GF and GC are associated with the chip global
networks, and GA, GB, GD, and GE are used for quadrant global networks. Table 3-2 on page 54 and
Table 3-3 on page 55 show the general chip and quadrant global pin names.

Figure 3-6 • Global Inputs
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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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You can use the syn_global_buffers attribute in Synplify to specify a maximum number of global macros
to be inserted in the netlist. This can also be used to restrict the number of global buffers inserted. In the
Synplicity 8.1 version or newer, a new attribute, syn_global_minfanout, has been added for low power
flash devices. This enables you to promote only the high-fanout signal to global. However, be aware that
you can only have six signals assigned to chip global networks, and the rest of the global signals should
be assigned to quadrant global networks. So, if the netlist has 18 global macros, the remaining 12 global
macros should have fanout that allows the instances driven by these globals to be placed inside a
quadrant.

Global Promotion and Demotion Using PDC
The HDL source file or schematic is the preferred place for defining which signals should be assigned to
a clock network using clock macro instantiation. This method is preferred because it is guaranteed to be
honored by the synthesis tools and Designer software and stop any replication on this net by the
synthesis tool. Note that a signal with fanout may have logic replication if it is not promoted to global
during synthesis. In that case, the user cannot promote that signal to global using PDC. See Synplicity
Help for details on using this attribute. To help you with global management, Designer allows you to
promote a signal to a global network or demote a global macro to a regular macro from the user netlist
using the compile options and/or PDC commands. 
The following are the PDC constraints you can use to promote a signal to a global network:

1. PDC syntax to promote a regular net to a chip global clock:
assign_global_clock –net netname

The following will happen during promotion of a regular signal to a global network:
– If the net is external, the net will be driven by a CLKINT inserted automatically by Compile. 
– The I/O macro will not be changed to CLKBUF macros. 
– If the net is an internal net, the net will be driven by a CLKINT inserted automatically by

Compile.
2. PDC syntax to promote a net to a quadrant clock: 

assign_local_clock –net netname –type quadrant UR|UL|LR|LL

This follows the same rule as the chip global clock network.
The following PDC command demotes the clock nets to regular nets.
unassign_global_clock -net netname

Note: OAVDIVRST exists only in the Fusion PLL.
Figure 3-15 • PLLs in Low Power Flash Devices 
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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 Applications 
The SmartGen core generator is used to configure FlashROM content. You can configure each page
independently. SmartGen enables you to create and modify regions within a page; these regions can be
1 to 16 bytes long (Figure 5-4). 

The FlashROM content can be changed independently of the FPGA core content. It can be easily
accessed and programmed via JTAG, depending on the security settings of the device. The SmartGen
core generator enables each region to be independently updated (described in the "Programming and
Accessing FlashROM" section on page 138). This enables you to change the FlashROM content on a
per-part basis while keeping some regions "constant" for all parts. These features allow the FlashROM to
be used in diverse system applications. Consider the following possible uses of FlashROM: 

• Internet protocol (IP) addressing (wireless or fixed) 
• System calibration settings 
• Restoring configuration after unpredictable system power-down
• Device serialization and/or inventory control 
• Subscription-based business models (e.g., set-top boxes) 
• Secure key storage 
• Asset management tracking 
• Date stamping 
• Version management 

Figure 5-4 • FlashROM Configuration
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FlashROM in Microsemi’s Low Power Flash Devices
Figure 5-12 shows the programming file generator, which enables different STAPL file generation
methods. When you select Program FlashROM and choose the UFC file, the FlashROM Settings
window appears, as shown in Figure 5-13. In this window, you can select the FlashROM page you want
to program and the data value for the configured regions. This enables you to use a different page for
different programming files.   

The programming hardware and software can load the FlashROM with the appropriate STAPL file.
Programming software handles the single STAPL file that contains multiple FlashROM contents for
multiple devices, and programs the FlashROM in sequential order (e.g., for device serialization). This
feature is supported in the programming software. After programming with the STAPL file, you can run
DEVICE_INFO to check the FlashROM content.

Figure 5-12 • Programming File Generator

Figure 5-13 • Setting FlashROM during Programming File Generation
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
RD
This is the output data bus and is 18 bits wide. Not all 18 bits are valid in all configurations. Like the WD
bus, high-order bits become unusable if the data width is less than 18. The output data on unused pins is
undefined (Table 6-7).

ESTOP, FSTOP
ESTOP is used to stop the FIFO read counter from further counting once the FIFO is empty (i.e., the
EMPTY flag goes HIGH). A HIGH on this signal inhibits the counting. 
FSTOP is used to stop the FIFO write counter from further counting once the FIFO is full (i.e., the FULL
flag goes HIGH). A HIGH on this signal inhibits the counting. 
For more information on these signals, refer to the "ESTOP and FSTOP Usage" section.

FULL, EMPTY
When the FIFO is full and no more data can be written, the FULL flag asserts HIGH. The FULL flag is
synchronous to WCLK to inhibit writing immediately upon detection of a full condition and to prevent
overflows. Since the write address is compared to a resynchronized (and thus time-delayed) version of
the read address, the FULL flag will remain asserted until two WCLK active edges after a read operation
eliminates the full condition.
When the FIFO is empty and no more data can be read, the EMPTY flag asserts HIGH. The EMPTY flag
is synchronous to RCLK to inhibit reading immediately upon detection of an empty condition and to
prevent underflows. Since the read address is compared to a resynchronized (and thus time-delayed)
version of the write address, the EMPTY flag will remain asserted until two RCLK active edges after a
write operation removes the empty condition.
For more information on these signals, refer to the "FIFO Flag Usage Considerations" section on
page 161. 

AFULL, AEMPTY
These are programmable flags and will be asserted on the threshold specified by AFVAL and AEVAL,
respectively. 
When the number of words stored in the FIFO reaches the amount specified by AEVAL while reading,
the AEMPTY output will go HIGH. Likewise, when the number of words stored in the FIFO reaches the
amount specified by AFVAL while writing, the AFULL output will go HIGH. 

AFVAL, AEVAL
The AEVAL and AFVAL pins are used to specify the almost-empty and almost-full threshold values. They
are 12-bit signals. For more information on these signals, refer to the "FIFO Flag Usage Considerations"
section on page 161.

FIFO Usage
ESTOP and FSTOP Usage
The ESTOP pin is used to stop the read counter from counting any further once the FIFO is empty (i.e.,
the EMPTY flag goes HIGH). Likewise, the FSTOP pin is used to stop the write counter from counting
any further once the FIFO is full (i.e., the FULL flag goes HIGH). 
The FIFO counters in the device start the count at zero, reach the maximum depth for the configuration
(e.g., 511 for a 512×9 configuration), and then restart at zero. An example application for ESTOP, where
the read counter keeps counting, would be writing to the FIFO once and reading the same content over
and over without doing another write.

Table 6-7 • Input Data Signal Usage for Different Aspect Ratios

D×W WD/RD Unused

4k×1 WD[17:1], RD[17:1]

2k×2 WD[17:2], RD[17:2]

1k×4 WD[17:4], RD[17:4]

512×9 WD[17:9], RD[17:9]

256×18 –
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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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Simultaneously Switching Outputs (SSOs) and Printed Circuit 
Board Layout

Each I/O voltage bank has a separate ground and power plane for input and output circuits (VMV/GNDQ 
for input buffers and VCCI/GND for output buffers). This isolation is necessary to minimize simultaneous 
switching noise from the input and output (SSI and SSO). The switching noise (ground bounce and 
power bounce) is generated by the output buffers and transferred into input buffer circuits, and vice 
versa.
Since voltage bounce originates on the package inductance, the VMV and VCCI supplies have separate 
package pin assignments. For the same reason, GND and GNDQ also have separate pin assignments.
The VMV and VCCI pins must be shorted to each other on the board. Also, the GND and GNDQ pins 
must be shorted to each other on the board. This will prevent unwanted current draw from the power 
supply.
SSOs can cause signal integrity problems on adjacent signals that are not part of the SSO bus. Both 
inductive and capacitive coupling parasitics of bond wires inside packages and of traces on PCBs will 
transfer noise from SSO busses onto signals adjacent to those busses. Additionally, SSOs can produce 
ground bounce noise and VCCI dip noise. These two noise types are caused by rapidly changing 
currents through GND and VCCI package pin inductances during switching activities (EQ 8-2 and 
EQ 8-3).

Ground bounce noise voltage = L(GND) × di/dt

EQ 8-2

VCCI dip noise voltage = L(VCCI) × di/dt

EQ 8-3
Any group of four or more input pins switching on the same clock edge is considered an SSO bus. The 
shielding should be done both on the board and inside the package unless otherwise described. 
In-package shielding can be achieved in several ways; the required shielding will vary depending on 
whether pins next to the SSO bus are LVTTL/LVCMOS inputs, LVTTL/LVCMOS outputs, or 
GTL/SSTL/HSTL/LVDS/LVPECL inputs and outputs. Board traces in the vicinity of the SSO bus have to 
be adequately shielded from mutual coupling and inductive noise that can be generated by the SSO bus. 
Also, noise generated by the SSO bus needs to be reduced inside the package. 
PCBs perform an important function in feeding stable supply voltages to the IC and, at the same time, 
maintaining signal integrity between devices.
Key issues that need to be considered are as follows:

• Power and ground plane design and decoupling network design
• Transmission line reflections and terminations

For extensive data per package on the SSO and PCB issues, refer to the "ProASIC3/E SSO and Pin 
Placement and Guidelines" chapter of the ProASIC3 FPGA Fabric User’s Guide. 
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List of Changes
The following table lists critical changes that were made in each revision of the document.  

Date Changes Page

August 2012 Figure 8-1 • DDR Configured I/O Block Logical Representation and Figure 8-3 •
DDR Configured I/O Block Logical Representation were revised to indicate that
resets on registers 1, 3, 4, and 5 are active high rather than active low. The title of
the figures was revised from "I/O Block Logical Representation" (SAR 40685).

213, 220

AGLE1500 was removed from Table 8-2 • Supported I/O Standards because it is
not a valid offering. LVCMOS 1.2 was added to the single-ended standards.
LVCMOS 1.2 was added to Table 8-3 • VCCI Voltages and Compatible IGLOOe
and ProASIC3E Standards (SAR 33207).

215, 217

Lack of a heading for the "User I/O Naming Convention" section made the
information difficult to locate. A heading now introduces the user I/O naming
conventions (SAR 38059).

245

Figure 8-5 • Simplified I/O Buffer Circuitry and Table 8-8 • Programmable I/O
Features (user control via I/O Attribute Editor) were modified to indicate that
programmable input delay control is applicable only to ProASIC3E, IGLOOe,
ProASIC3EL, and RT ProASIC3 devices (SAR 39666).

222, 227

The hyperlink for the Board-Level Considerations application note was corrected
(SAR 36663).

246, 248

June 2011 Figure 8-1 • DDR Configured I/O Block Logical Representation and Figure 8-3 • 
DDR Configured I/O Block Logical Representation were revised so that the 
I/O_CLR and I/O_OCLK nets are no longer joined in front of Input Register 3 but 
instead on the branch of the CLR/PRE signal (SAR 26052).

213, 220

The "Pro I/Os—IGLOOe, ProASIC3EL, and ProASIC3E" section was revised. 
Formerly it stated, "3.3 V PCI and 3.3 V PCI-X are 5 V–tolerant." This sentence 
now reads, "3.3 V PCI and 3.3 V PCI-X can be configured to be 5 V–tolerant" (SAR 
20983).

215

Table 8-5 • Legal IGLOOe and ProASIC3E I/O Usage Matrix within the Same Bank 
was revised as follows (SAR 22467):
The combination of 3.3 V I/O bank voltage with 1.50 V minibank voltage and LVDS, 
B-LVDS, M-LVDS, and DDR was made an illegal combination (now gray instead of 
white). 
The combination of 2.5 V I/O bank voltage with no minibank voltage and LVDS, 
B-LVDS, M-LVDS, and DDR was made a valid combination (now white instead of 
gray).

217

The following sentence was removed from the "LVCMOS (Low-Voltage CMOS)"
section (SAR 22634): "All these versions use a 3.3 V–tolerant CMOS input buffer
and a push-pull output buffer."

223

The "Electrostatic Discharge Protection" section was revised to remove references 
to tolerances (refer to the Reliability Report for tolerances). The Machine Model 
(MM) is not supported and was deleted from this section (SAR 24385).

231

The "I/O Interfacing" section was revised to state that low power flash devices are 
5 V–input– and 5 V–output–tolerant if certain I/O standards are selected, removing 
"without adding any extra circuitry," which was incorrect (SAR 21404).

247

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

v1.4
(December 2008)

The terminology in the "Low Power Flash Device I/O Support" section was revised. 214
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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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If the assignment is not successful, an error message appears in the Output window.
To undo the I/O bank assignments, choose Undo from the Edit menu. Undo removes the I/O
technologies assigned by the IOBA. It does not remove the I/O technologies previously assigned.
To redo the changes undone by the Undo command, choose Redo from the Edit menu.
To clear I/O bank assignments made before using the Undo command, manually unassign or reassign
I/O technologies to banks. To do so, choose I/O Bank Settings from the Edit menu to display the I/O
Bank Settings dialog box.

Conclusion
Fusion, IGLOO, and ProASIC3 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 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

User’s Guides
Libero SoC User’s Guide
http://www.microsemi.com/soc/documents/libero_ug.pdf
IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide
http://www.microsemi.com/soc/documents/pa3_libguide_ug.pdf
SmartGen Core Reference Guide
http://www.microsemi.com/soc/documents/genguide_ug.pdf
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Programming Flash Devices
Volume Programming Services
Device Type Supported: Flash and Antifuse
Once the design is stable for applications with large production volumes, preprogrammed devices can be 
purchased. Table 11-2 describes the volume programming services.

Advantages: As programming is outsourced, this solution is easier to implement than creating a 
substantial in-house programming capability. As programming houses specialize in large-volume 
programming, this is often the most cost-effective solution.
Limitations: There are some logistical issues with the use of a programming service provider, such as the 
transfer of programming files and the approval of First Articles. By definition, the programming file must 
be released to a third-party programming house. Nondisclosure agreements (NDAs) can be signed to 
help ensure data protection; however, for extremely security-conscious designs, this may not be an 
option.

• Microsemi In-House Programming
When purchasing Microsemi devices in volume, IHP can be requested as part of the purchase. If 
this option is chosen, there is a small cost adder for each device programmed. Each device is 
marked with a special mark to distinguish it from blank parts. Programming files for the design will 
be sent to Microsemi. Sample parts with the design programmed, First Articles, will be returned 
for customer approval. Once approval of First Articles has been received, Microsemi will proceed 
with programming the remainder of the order. To request Microsemi IHP, contact your local 
Microsemi representative. 

• Distributor Programming Centers 
If purchases are made through a distributor, many distributors will provide programming for their 
customers. Consult with your preferred distributor about this option. 

Table 11-2 • Volume Programming Services
Programmer Vendor Availability 
In-House Programming Microsemi Contact Microsemi Sales 
Distributor Programming Centers Memec Unique Contact Distribution
Independent Programming Centers Various Contact Vendor
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Security Architecture
Fusion, IGLOO, and ProASIC3 devices have been designed with the most comprehensive programming
logic design security in the industry. In the architecture of these devices, security has been designed into
the very fabric. The flash cells are located beneath seven metal layers, and the use of many device
design and layout techniques makes invasive attacks difficult. Since device layers cannot be removed
without disturbing the charge on the programmed (or erased) flash gates, devices cannot be easily
deconstructed to decode the design. Low power flash devices are unique in being reprogrammable and
having inherent resistance to both invasive and noninvasive attacks on valuable IP. Secure, remote ISP
is now possible with AES encryption capability for the programming file during electronic transfer.
Figure 12-2 shows a view of the AES decryption core inside an IGLOO device; Figure 12-3 on page 304
shows the AES decryption core inside a Fusion device. The AES core is used to decrypt the encrypted
programming file when programming.

Note: *ISP AES Decryption is not supported by 30 k gate devices and smaller. For details of other architecture features
by device, refer to the appropriate family datasheet. 

Figure 12-2 • Block Representation of the AES Decryption Core in IGLOO and ProASIC3 Devices 

Flash*Freeze
Technology

Charge
Pumps

User Nonvolatile
FlashRom

ISP AES
Decryption*

RAM Block 
4,608-Bit Dual-Port
SRAM or FIFO Block 

RAM Block 
4,608-Bit Dual-Port
SRAM or FIFO Block 

VersaTile

CCC

I/Os

Bank 0

B
an

k 
3

B
an

k 
3 B

ank 1
B

ank 1

Bank 2
Revision 4 303



UJTAG Applications in Microsemi’s Low Power Flash Devices
Conclusion
Microsemi low power flash FPGAs offer many unique advantages, such as security, nonvolatility,
reprogrammablity, and low power—all in a single chip. In addition, Fusion, IGLOO, and ProASIC3
devices provide access to the JTAG port from core VersaTiles while the device is in normal operating
mode. A wide range of available user-defined JTAG opcodes allows users to implement various types of
applications, exploiting this feature of these devices. The connection between the JTAG port and core
tiles is implemented through an embedded and hardwired UJTAG tile. A UJTAG tile can be instantiated in
designs using the UJTAG library cell. This document presents multiple examples of UJTAG applications,
such as dynamic reconfiguration, silicon test and debug, fine-tuning of the design, and RAM initialization.
Each of these applications offers many useful advantages. 

Related Documents

Application Notes
RAM Initialization and ROM Emulation in ProASICPLUS Devices
http://www.microsemi.com/soc/documents/APA_RAM_Initd_AN.pdf

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

Date Changes Page

December 2011 Information on the drive strength and slew rate of TDO pins was added to the
"Silicon Testing and Debugging" section (SAR 31749).

370

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

v1.4
(December 2008)

IGLOO nano and ProASIC3 nano devices were added to Table 17-1 • Flash-Based
FPGAs.

364

v1.3
(October 2008)

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

364

The title of Table 17-3 • Configuration Bits of Fusion, IGLOO, and ProASIC3 CCC
Blocks was revised to include Fusion.

368

v1.2
(June 2008)

The following changes were made to the family descriptions in Table 17-1 • Flash-
Based FPGAs:
• ProASIC3L was updated to include 1.5 V. 
• The number of PLLs for ProASIC3E was changed from five to six.

364

v1.1
(March 2008)

The chapter was updated to include the IGLOO PLUS family and information
regarding 15 k gate devices.

N/A

The "IGLOO Terminology" section and "ProASIC3 Terminology" section are new. 364
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