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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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ProASIC3L FPGA Fabric User’s Guide
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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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
Each CCC can implement up to three independent global buffers (with or without programmable delay) 
or a PLL function (programmable frequency division/multiplication, phase shift, and delays) with up to 
three global outputs. Unused global outputs of a PLL can be used to implement independent global 
buffers, up to a maximum of three global outputs for a given CCC.

CCC Programming
The CCC block is fully configurable, either via flash configuration bits set in the programming bitstream or 
through an asynchronous interface. This asynchronous dedicated shift register interface is dynamically 
accessible from inside the low power flash devices to permit parameter changes, such as PLL divide 
ratios and delays, during device operation. 
To increase the versatility and flexibility of the clock conditioning system, the CCC configuration is 
determined either by the user during the design process, with configuration data being stored in flash 
memory as part of the device programming procedure, or by writing data into a dedicated shift register 
during normal device operation.
This latter mode allows the user to dynamically reconfigure the CCC without the need for core 
programming. The shift register is accessed through a simple serial interface. Refer to the "UJTAG 
Applications in Microsemi’s Low Power Flash Devices" section on page 363 or the application note Using 
Global Resources in Actel Fusion Devices.

Global Resources 
Low power flash and mixed signal devices provide three global routing networks (GLA, GLB, and GLC) 
for each of the CCC locations. There are potentially many I/O locations; each global I/O location can be 
chosen from only one of three possibilities. This is controlled by the multiplexer tree circuitry in each 
global network. Once the I/O location is selected, the user has the option to utilize the CCCs before the 
signals are connected to the global networks. The CCC in each location (up to six) has the same 
structure, so generating the CCC macros is always done with an identical software GUI. The CCCs in the 
corner locations drive the quadrant global networks, and the CCCs in the middle of the east and west 
chip sides drive the chip global networks. The quadrant global networks span only a quarter of the 
device, while the chip global networks span the entire device. For more details on global resources 
offered in low power flash devices, refer to the "Global Resources in Low Power Flash Devices" section 
on page 47. 
A global buffer can be placed in any of the three global locations (CLKA-GLA, CLKB-GLB, or 
CLKC-GLC) of a given CCC. A PLL macro uses the CLKA CCC input to drive its reference clock. It uses 
the GLA and, optionally, the GLB and GLC global outputs to drive the global networks. A PLL macro can 
also drive the YB and YC regular core outputs. The GLB (or GLC) global output cannot be reused if the 
YB (or YC) output is used. Refer to the "PLL Macro Signal Descriptions" section on page 84 for more 
information. 
Each global buffer, as well as the PLL reference clock, can be driven from one of the following: 

• 3 dedicated single-ended I/Os using a hardwired connection
• 2 dedicated differential I/Os using a hardwired connection (not supported for IGLOO nano or 

ProASIC3 nano devices)
• The FPGA core
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
PLL Macro Signal Descriptions
The PLL macro supports two inputs and up to six outputs. Table 4-3 gives a description of each signal.  

Input Clock
The inputs to the input reference clock (CLKA) of the PLL can come from global input pins, regular I/O 
pins, or internally from the core. For Fusion families, the input reference clock can also be from the 
embedded RC oscillator or crystal oscillator.

Global Output Clocks
GLA (Primary), GLB (Secondary 1), and GLC (Secondary 2) are the outputs of Global Multiplexer 1, 
Global Multiplexer 2, and Global Multiplexer 3, respectively. These signals (GLx) can be used to drive the 
high-speed global and quadrant networks of the low power flash devices.
A global multiplexer block consists of the input routing for selecting the input signal for the GLx clock and 
the output multiplexer, as well as delay elements associated with that clock.

Core Output Clocks
YB and YC are known as Core Outputs and can be used to drive internal logic without using global 
network resources. This is especially helpful when global network resources must be conserved and 
utilized for other timing-critical paths.

Table 4-3 • Input and Output Signals of the PLL Block
Signal Name I/O Description
CLKA Reference Clock Input Reference clock input for PLL core; input clock for primary output 

clock, GLA
OADIVRST Reset Signal for the 

Output Divider A 
Input For Fusion only. OADIVRST can be used when you bypass the PLL 

core (i.e., OAMUX = 001). The purpose of the OADIVRST signals is 
to reset the output of the final clock divider to synchronize it with the 
input to that divider when the PLL is bypassed. The signal is active 
on a low to high transition. The signal must be low for at least one 
divider input. If PLL core is used, this signal is "don't care" and the 
internal circuitry will generate the reset signal for the 
synchronization purpose.

OADIVHALF Output A Division by 
Half

Input For Fusion only. Active high. Division by half feature. This feature 
can only be used when users bypass the PLL core (i.e., OAMUX = 
001) and the RC Oscillator (RCOSC) drives the CLKA input. This 
can be used to divide the 100 MHz RC oscillator by a factor of 1.5, 
2.5, 3.5, 4.5 ... 14.5). Refer to Table 4-18 on page 111 for more 
information.

EXTFB External Feedback Input Allows an external signal to be compared to a reference clock in the 
PLL core's phase detector.

POWERDOWN Power Down Input Active low input that selects power-down mode and disables the 
PLL. With the POWERDOWN signal asserted, the PLL core sends 
0 V signals on all of the outputs.

GLA Primary Output Output Primary output clock to respective global/quadrant clock networks
GLB Secondary 1 Output Output Secondary 1 output clock to respective global/quadrant clock 

networks
YB Core 1 Output Output Core 1 output clock to local routing network
GLC Secondary 2 Output Output Secondary 2 output clock to respective global/quadrant clock 

networks
YC Core 2 Output Output Core 2 output clock to local routing network
LOCK PLL Lock Indicator Output Active high signal indicating that steady-state lock has been 

achieved between CLKA and the PLL feedback signal
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ProASIC3L FPGA Fabric User’s Guide
SmartGen also allows the user to select the various delays and phase shift values necessary to adjust 
the phases between the reference clock (CLKA) and the derived clocks (GLA, GLB, GLC, YB, and YC). 
SmartGen allows the user to select the input clock source. SmartGen automatically instantiates the 
special macro, PLLINT, when needed. 

Global Input Selections
Low power flash devices provide the flexibility of choosing one of the three global input pad locations 
available to connect to a CCC functional block or to a global / quadrant global network. Figure 4-7 on 
page 88 and Figure 4-8 on page 88 show the detailed architecture of each global input structure for 30 k 
gate devices and below, as well as 60 k gate devices and above, respectively. For 60 k gate devices and 
above (Figure 4-7 on page 88), if the single-ended I/O standard is chosen, there is flexibility to choose 
one of the global input pads (the first, second, and fourth input). Once chosen, the other I/O locations are 
used as regular I/Os. If the differential I/O standard is chosen (not applicable for IGLOO nano and 
ProASIC3 nano devices), the first and second inputs are considered as paired, and the third input is 
paired with a regular I/O. 
The user then has the choice of selecting one of the two sets to be used as the clock input source to the 
CCC functional block. There is also the option to allow an internal clock signal to feed the global network 
or the CCC functional block. A multiplexer tree selects the appropriate global input for routing to the 
desired location. Note that the global I/O pads do not need to feed the global network; they can also be 
used as regular I/O pads. 

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

Figure 4-6 • CCC with PLL Block
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs
CCC Locations
CCCs located in the middle of the east and west sides of the device access the three VersaNet global 
networks on each side (six total networks), while the four CCCs located in the four corners access three 
quadrant global networks (twelve total networks). See Figure 4-13.

The following explains the locations of the CCCs in IGLOO and ProASIC3 devices:
In Figure 4-15 on page 98 through Figure 4-16 on page 98, CCCs with integrated PLLs are indicated in 
red, and simplified CCCs are indicated in yellow. There is a letter associated with each location of the 
CCC, in clockwise order. The upper left corner CCC is named "A," the upper right is named "B," and so 
on. These names finish up at the middle left with letter "F."

Figure 4-13 • Global Network Architecture for 60 k Gate Devices and Above
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SRAM Usage
The following descriptions refer to the usage of both RAM4K9 and RAM512X18.

Clocking
The dual-port SRAM blocks are only clocked on the rising edge. SmartGen allows falling-edge-triggered
clocks by adding inverters to the netlist, hence achieving dual-port SRAM blocks that are clocked on
either edge (rising or falling). For dual-port SRAM, each port can be clocked on either edge and by
separate clocks by port. Note that for Automotive ProASIC3, the same clock, with an inversion between
the two clock pins of the macro, should be used in design to prevent errors during compile.
Low power flash devices support inversion (bubble-pushing) throughout the FPGA architecture, including
the clock input to the SRAM modules. Inversions added to the SRAM clock pin on the design schematic
or in the HDL code will be automatically accounted for during design compile without incurring additional
delay in the clock path.
The two-port SRAM can be clocked on the rising or falling edge of WCLK and RCLK. 
If negative-edge RAM and FIFO clocking is selected for memory macros, clock edge inversion
management (bubble-pushing) is automatically used within the development tools, without performance
penalty. 

Modes of Operation
There are two read modes and one write mode:

• Read Nonpipelined (synchronous—1 clock edge): In the standard read mode, new data is driven
onto the RD bus in the same clock cycle following RA and REN valid. The read address is
registered on the read port clock active edge, and data appears at RD after the RAM access time.
Setting PIPE to OFF enables this mode.

• Read Pipelined (synchronous—2 clock edges): The pipelined mode incurs an additional clock
delay from address to data but enables operation at a much higher frequency. The read address
is registered on the read port active clock edge, and the read data is registered and appears at
RD after the second read clock edge. Setting PIPE to ON enables this mode.

• Write (synchronous—1 clock edge): On the write clock active edge, the write data is written into
the SRAM at the write address when WEN is HIGH. The setup times of the write address, write
enables, and write data are minimal with respect to the write clock. 

RAM Initialization
Each SRAM block can be individually initialized on power-up by means of the JTAG port using the UJTAG
mechanism. The shift register for a target block can be selected and loaded with the proper bit
configuration to enable serial loading. The 4,608 bits of data can be loaded in a single operation. 

FIFO Features
The FIFO4KX18 macro is created by merging the RAM block with dedicated FIFO logic (Figure 6-6 on
page 158). Since the FIFO logic can only be used in conjunction with the memory block, there is no
separate FIFO controller macro. As with the RAM blocks, the FIFO4KX18 nomenclature does not refer to
a possible aspect ratio, but rather to the deepest possible data depth and the widest possible data width.
FIFO4KX18 can be configured into the following aspect ratios: 4,096×1, 2,048×2, 1,024×4, 512×9, and
256×18. In addition to being fully synchronous, the FIFO4KX18 also has the following features:

• Four FIFO flags: Empty, Full, Almost-Empty, and Almost-Full
• Empty flag is synchronized to the read clock
• Full flag is synchronized to the write clock
• Both Almost-Empty and Almost-Full flags have programmable thresholds
• Active-low asynchronous reset
• Active-low block enable
• Active-low write enable
• Active-high read enable
• Ability to configure the FIFO to either stop counting after the empty or full states are reached or to

allow the FIFO counters to continue
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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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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices
Example of RAM Initialization
This section of the document presents a sample design in which a 4×4 RAM block is being initialized
through the JTAG port. A test feature has been implemented in the design to read back the contents of
the RAM after initialization to verify the procedure.
The interface block of this example performs two major functions: initialization of the RAM block and
running a test procedure to read back the contents. The clock output of the interface is either the write
clock (for initialization) or the read clock (for reading back the contents). The Verilog code for the
interface block is included in the "Sample Verilog Code" section on page 167. 
For simulation purposes, users can declare the input ports of the UJTAG macro for easier assignment in
the testbench. However, the UJTAG input ports should not be declared on the top level during synthesis.
If the input ports of the UJTAG are declared during synthesis, the synthesis tool will instantiate input
buffers on these ports. The input buffers on the ports will cause Compile to fail in Designer.
Figure 6-10 shows the simulation results for the initialization step of the example design.
The CLK_OUT signal, which is the clock output of the interface block, is the inverted DR_UPDATE output
of the UJTAG macro. It is clear that it gives sufficient time (while the TAP Controller is in the Data
Register Update state) for the write address and data to become stable before loading them into the RAM
block.
Figure 6-11 presents the test procedure of the example. The data read back from the memory block
matches the written data, thus verifying the design functionality.

Figure 6-10 • Simulation of Initialization Step

Figure 6-11 • Simulation of the Test Procedure of the Example
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I/O Structures in IGLOO and ProASIC3 Devices
GTL+ (Gunning Transceiver Logic Plus)
This is an enhanced version of GTL that has defined slew rates and higher voltage levels. It requires a
differential amplifier input buffer and an open-drain output buffer. Even though the output is open-drain,
VCCI must be connected to either 2.5 V or 3.3 V. The reference voltage (VREF) is 1 V.

Differential Standards
These standards require two I/Os per signal (called a “signal pair”). Logic values are determined by the
potential difference between the lines, not with respect to ground. This is why differential drivers and
receivers have much better noise immunity than single-ended standards. The differential interface
standards offer higher performance and lower power consumption than their single-ended counterparts.
Two I/O pins are used for each data transfer channel. Both differential standards require resistor
termination.

LVPECL (Low-Voltage Positive Emitter Coupled Logic)
LVPECL requires that one data bit be carried through two signal lines; therefore, two pins are needed per
input or output. It also requires external resistor termination. The voltage swing between the two signal
lines is approximately 850 mV. When the power supply is +3.3 V, it is commonly referred to as Low-
Voltage PECL (LVPECL). Refer to the device datasheet for the full implementation of the LVPECL
transmitter and receiver.

LVDS (Low-Voltage Differential Signal)
LVDS is a moderate-speed differential signaling system, in which the transmitter generates two different
voltages that are compared at the receiver. LVDS uses a differential driver connected to a terminated
receiver through a constant-impedance transmission line. It requires that one data bit be carried through
two signal lines; therefore, the user will need two pins per input or output. It also requires external resistor
termination. The voltage swing between the two signal lines is approximately 350 mV. VCCI is 2.5 V. Low
power flash devices contain dedicated circuitry supporting a high-speed LVDS standard that has its own
user specification. Refer to the device datasheet for the full implementation of the LVDS transmitter and
receiver.

B-LVDS/M-LVDS
Bus LVDS (B-LVDS) refers to bus interface circuits based on LVDS technology. Multipoint LVDS
(M-LVDS) specifications extend the LVDS standard to high-performance multipoint bus applications.
Multidrop and multipoint bus configurations may contain any combination of drivers, receivers, and
transceivers. Microsemi LVDS drivers provide the higher drive current required by B-LVDS and M-LVDS
to accommodate the loading. The driver requires series terminations for better signal quality and to
control voltage swing. Termination is also required at both ends of the bus, since the driver can be
located anywhere on the bus. These configurations can be implemented using TRIBUF_LVDS and
BIBUF_LVDS macros along with appropriate terminations. Multipoint designs using Microsemi LVDS
macros can achieve up to 200 MHz with a maximum of 20 loads. A sample application is given in
Figure 7-8. The input and output buffer delays are available in the LVDS sections in the datasheet. 

Figure 7-7 • Differential Topology
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Table 7-19 shows some high-level interfacing examples using low power flash devices. 

Conclusion
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 IGLOO and ProASIC3 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. 

Table 7-19 • High-Level Interface Examples

Interface

Clock I/O

Type Frequency Type Signals In Signals Out Data I/O

GM Src Sync 125 MHz LVTTL 8 8 125 Mbps

TBI Src Sync 125 MHz LVTTL 10 10 125 Mbps

XSBI Src Sync 644 MHz LVDS 16 16 644 Mbps

XGMI Src Sync DDR 156 MHz HSTL1 32 32 312 Mbps

FlexBus 3 Sys Sync 104 MHz LVTTL ≤ 32 ≤ 32 ≤ 104

Pos-PHY3/SPI-3 Sys Sync 104 LVTTL 8, 16, 32 8, 16, 32 ≤ 104 Mbps

FlexBus 4/SPI-4.1 Src Sync 200 MHz HSTL1 16,64 16,64 200 Mbps

Pos-PHY4/SPI-4.2 Src Sync DDR ≥ 311 MHz LVDS 16 16 ≥ 622 Mbps

SFI-4.1 Src Sync 622 MHz LVDS 16 16 622 Mbps

CSIX L1 Sys Sync ≤ 250 MHz HSTL1 32,64,96,128 32,64,96,128 ≤ 250 Mbps

Hyper Transport Sys Sync DDR ≤ 800 MHz LVDS 2,4,8,16 2,4,8,16 ≤ 1.6 Gbps

Rapid I/O Parallel Sys Sync DDR 250 MHz – 1 GHz LVDS 8,16 8,16 ≤ 2 Gbps

Star Fabric CDR LVDS 4 4 622 Mbps

Note: Sys Sync = System Synchronous Clocking, Src Sync = Source Synchronous Clocking, and CDR = Clock and
Data Recovery.
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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 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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Programming Flash Devices
Signal Integrity While Using ISP
For ISP of flash devices, customers are expected to follow the board-level guidelines provided on the 
Microsemi SoC Products Group website. These guidelines are discussed in the datasheets and 
application notes (refer to the “Related Documents” section of the datasheet for application note links). 
Customers are also expected to troubleshoot board-level signal integrity issues by measuring voltages 
and taking oscilloscope plots.

Programming Failure Allowances
Microsemi has strict policies regarding programming failure allowances. Please refer to Programming 
and Functional Failure Guidelines on the Microsemi SoC Products Group website for details.

Contacting the Customer Support Group
Highly skilled engineers staff the Customer Applications Center from 7:00 A.M. to 6:00 P.M., Pacific time, 
Monday through Friday. You can contact the center by one of the following methods:

Electronic Mail 
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. 
Microsemi monitors the email account throughout the day. When sending your request to us, please be 
sure to include your full name, company name, and contact information for efficient processing of your 
request. The technical support email address is soc_tech@microsemi.com.

Telephone 
Our Technical Support Hotline answers all calls. The center retrieves information, such as your name, 
company name, telephone number, and question. Once this is done, a case number is assigned. Then 
the center forwards the information to a queue where the first available applications engineer receives 
the data and returns your call. The phone hours are from 7:00 A.M. to 6:00 P.M., Pacific time, Monday 
through Friday.
The Customer Applications Center number is (800) 262-1060.
European customers can call +44 (0) 1256 305 600.
296 Revision 4

http://www.microsemi.com/soc/documents/FA_Policies_Guidelines_5-06-00002.pdf
http://www.microsemi.com/soc/documents/FA_Policies_Guidelines_5-06-00002.pdf
mailto: soc_tech@microsemi.com


Security in Low Power Flash Devices
Figure 12-10 • All Silicon Features Selected for IGLOO and ProASIC3 Devices

Figure 12-11 • All Silicon Features Selected for Fusion
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Related Documents

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

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

Date Changes Page

July 2010 This chapter is no longer published separately with its own part number and version
but is now part of several FPGA fabric user’s guides.

N/A

v1.5
(August 2009)

The "CoreMP7 Device Security" section was removed from "Security in ARM-
Enabled Low Power Flash Devices", since M7-enabled devices are no longer
supported.

304

v1.4
(December 2008)

IGLOO nano and ProASIC3 nano devices were added to Table 12-1 • Flash-Based
FPGAs.

302

v1.3
(October 2008)

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

302

v1.2
(June 2008)

The following changes were made to the family descriptions in Table 12-1 • Flash-
Based FPGAs:
• ProASIC3L was updated to include 1.5 V. 
• The number of PLLs for ProASIC3E was changed from five to six.

302

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. 302
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17 – UJTAG Applications in Microsemi’s Low 
Power Flash Devices

Introduction
In Fusion, IGLOO, and ProASIC3 devices, there is bidirectional access from the JTAG port to the core
VersaTiles during normal operation of the device (Figure 17-1). User JTAG (UJTAG) is the ability for the
design to use the JTAG ports for access to the device for updates, etc. While regular JTAG is used, the
UJTAG tiles, located at the southeast area of the die, are directly connected to the JTAG Test Access
Port (TAP) Controller in normal operating mode. As a result, all the functional blocks of the device, such
as Clock Conditioning Circuits (CCCs) with PLLs, SRAM blocks, embedded FlashROM, flash memory
blocks, and I/O tiles, can be reached via the JTAG ports. The UJTAG functionality is available by
instantiating the UJTAG macro directly in the source code of a design. Access to the FPGA core
VersaTiles from the JTAG ports enables users to implement different applications using the TAP
Controller (JTAG port). This document introduces the UJTAG tile functionality and discusses a few
application examples. However, the possible applications are not limited to what is presented in this
document. UJTAG can serve different purposes in many designs as an elementary or auxiliary part of the
design. For detailed usage information, refer to the "Boundary Scan in Low Power Flash Devices"
section on page 357.

Figure 17-1 • Block Diagram of Using UJTAG to Read FlashROM Contents
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UJTAG Applications in Microsemi’s Low Power Flash Devices
Silicon Testing and Debugging
In many applications, the design needs to be tested, debugged, and verified on real silicon or in the final
embedded application. To debug and test the functionality of designs, users may need to monitor some
internal logic (or nets) during device operation. The approach of adding design test pins to monitor the
critical internal signals has many disadvantages, such as limiting the number of user I/Os. Furthermore,
adding external I/Os for test purposes may require additional or dedicated board area for testing and
debugging. 
The UJTAG tiles of low power flash devices offer a flexible and cost-effective solution for silicon test and
debug applications. In this solution, the signals under test are shifted out to the TDO pin of the TAP
Controller. The main advantage is that all the test signals are monitored from the TDO pin; no pins or
additional board-level resources are required. Figure 17-6 illustrates this technique. Multiple test nets are
brought into an internal MUX architecture. The selection of the MUX is done using the contents of the
TAP Controller instruction register, where individual instructions (values from 16 to 127) correspond to
different signals under test. The selected test signal can be synchronized with the rising or falling edge of
TCK (optional) and sent out to UTDO to drive the TDO output of JTAG. 
For flash devices, TDO (the output) is configured as low slew and the highest drive strength available in
the technology and/or device. Here are some examples: 

1. If the device is A3P1000 and VCCI is 3.3 V, TDO will be configured as LVTTL 3.3 V output,
24 mA, low slew. 

2. If the device is AGLN020 and VCCI is 1.8 V, TDO will be configured as LVCMOS 1.8 V output,
4 mA, low slew. 

3. If the device is AGLE300 and VCCI is 2.5 V, TDO will be configured as LVCMOS 2.5 V output,
24 mA, low slew. 

The test and debug procedure is not limited to the example in Figure 17-5 on page 369. Users can
customize the debug and test interface to make it appropriate for their applications. For example, multiple
test signals can be registered and then sent out through UTDO, each at a different edge of TCK. In other
words, n signals are sampled with an FTCK / n sampling rate. The bandwidth of the information sent out
to TDO is always proportional to the frequency of TCK. 

Figure 17-6 • UJTAG Usage Example in Test and Debug Applications

TDI

TCK

TDO

TMS

TRST
UTDI

UTDO

UDRCK

UDRCAP

UDRSH

UDRUPD

URSTB

UIREG[7:0]

CLK

D Q

Internal Test Nets

Instruction
Decode

To Scope Channel
370 Revision 4



Index
FlashLock
IGLOO and ProASIC devices 307
permanent 307

FlashROM
access using JTAG port 139
architecture 333
architecture of user nonvolatile 133
configuration 136
custom serialization 145
design flow 140
generation 141
programming and accessing 138
programming file 143
programming files 333
SmartGen 142

FlashROM read-back 371

G
global architecture 47
global buffers

no programmable delays 80
with PLL function 83
with programmable delays 80

global macros
Synplicity 66

globals
designer flow 69
networks 74
spines and rows 57

H
HLD code

instantiating 258
hot-swapping 383

I
I/O banks

standards 56
I/O standards 93

global macros 62
I/Os

assigning technologies 264
assignments defined in PDC file 259
automatically assigning 268
behavior at power-up/-down 377
buffer schematic cell 257
cell architecture 273
configuration with SmartGen 254
global, naming 51
manually assigning technologies 264
software-controlled attributes 253
user I/O assignment flow chart 251

idle mode 23
INBUF_FF 39
ISP 289, 290

architecture 327
board-level considerations 337

circuit 343
microprocessor 349

J
JTAG 1532 327
JTAG interface 351

L
layout

device-specific 94
LTC3025 linear voltage regulator 343

M
MAC validation/authentication 354
macros

CLKBUF 93
CLKBUF_LVDS/LVPECL 93
CLKDLY 81, 89
FIFO4KX18 157
PLL 89
PLL macro signal descriptions 84
RAM4K9 153
RAM512X18 155
supported basic RAM macros 152
UJTAG 365
ULSICC 40

MCU FPGA programming model 352
memory availability 162
memory blocks 151
microprocessor programming 349
Microsemi SoC Products Group

email 387
web-based technical support 387
website 387

O
OTP 289

P
PDC

global promotion and demotion 67
place-and-route 259
PLL

behavior at brownout condition 381
configuration bits 106
core specifications 100
dynamic PLL configuration 103
functional description 101
power supply decoupling scheme 128

PLL block signals 84
PLL macro block diagram 85
power conservation 41
power modes

Flash*Freeze 24
idle 23
shutdown 32
390 Revision 4


