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Device Overview

Low power flash devices consist of multiple distinct programmable architectural features (Figure 1-5 on
page 13 through Figure 1-7 on page 14):

* FPGA fabric/core (VersaTiles)

* Routing and clock resources (VersaNets)

*  FlashROM

» Dedicated SRAM and/or FIFO
— 30 k gate and smaller device densities do not support SRAM or FIFO.
— Automotive devices do not support FIFO operation.

* /O structures

* Flash*Freeze technology and low power modes

Bank 1*
g v o o o o e e e e e e o o o o o e |

[m}
[m]
[m]
[m]
[m]
[m}
O <1— 1/Os
- o w
£ Dy
@ g3
[m]
[m}
m
O VersaTile
| O
[m]
User Nonvolatile Flash*Freeze Charge o
FlashROM Technology Pumps o

S DDDDDDDDDDDDDDDDDD//

.

<
N

000D ODODOO0DO0DODOOoOoDOoDODoDOoDOoOoDOoDOoOoooOooOoao | 4+— CCC-GL
Bank 1 N

Notes: * Bank O for the 30 k devices
1 Flash*Freeze mode is supported on IGLOO devices.

Figure 1-2 « IGLOO and ProASIC3 nano Device Architecture Overview with Two I/0O Banks (applies to 10 k and
30 k device densities, excluding IGLOO PLUS devices)
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Related Documents

User’s Guides

Designer User's Guide

http://www.microsemi.com/soc/documents/designer_ug.pdf

List of Changes

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

Date Changes Page
August 2012 The "I/O State of Newly Shipped Devices" section is new (SAR 39542). 14
July 2010 This chapter is no longer published separately with its own part number and version N/A
but is now part of several FPGA fabric user’s guides.
vi4 IGLOO nano and ProASIC3 nano devices were added to Table 1-1 « Flash-Based 10
(December 2008) FPGAs.
Figure 1-2 « IGLOO and ProASIC3 nano Device Architecture Overview with Two /O 11, 12
Banks (applies to 10 k and 30 k device densities, excluding IGLOO PLUS devices)
through Figure 1-5 < IGLOO, IGLOO nano, ProASIC3 nano, and ProASIC3/L Device
Architecture Overview with Four I/0O Banks (AGL600 device is shown) are new.
Table 1-4 « IGLOO nano and ProASIC3 nano Array Coordinates is new. 17
v1.3 The title of this document was changed from "Core Architecture of IGLOO and 9
(October 2008) ProASIC3 Devices" to "FPGA Array Architecture in Low Power Flash Devices."
The "FPGA Array Architecture Support" section was revised to include new families 10
and make the information more concise.
Table 1-2 « IGLOO and ProASIC3 Array Coordinates was updated to include Military 16
ProASIC3/EL and RT ProASIC3 devices.
v1.2 The following changes were made to the family descriptions in Table 1-1 « Flash- 10
(June 2008) Based FPGAs:
* ProASIC3L was updated to include 1.5 V.
* The number of PLLs for ProASIC3E was changed from five to six.
v1.1 Table 1-1 « Flash-Based FPGAs and the accompanying text was updated to include 10
(March 2008) the IGLOO PLUS family. The "IGLOO Terminology" section and "Device Overview"
section are new.
The "Device Overview" section was updated to note that 15k devices do not 1"
support SRAM or FIFO.
Figure 1-6 * IGLOO PLUS Device Architecture Overview with Four 1/O Banks is 13
new.
Table 1-2 « IGLOO and ProASIC3 Array Coordinates was updated to add A3P015 16
and AGLO15.
Table 1-3 « IGLOO PLUS Array Coordinates is new. 16
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2 — Flash*Freeze Technology and Low Power
Modes

Flash*Freeze Technology and Low Power Modes

Microsemi IGLOO,® IGLOO nano, IGLOO PLUS, ProASIC®3L, and Radiation-Tolerant (RT) ProASIC3
FPGAs with Flash*Freeze technology are designed to meet the most demanding power and area
challenges of today’s portable electronics products with a reprogrammable, small-footprint, full-featured
flash FPGA. These devices offer lower power consumption in static and dynamic modes, utilizing the

unique Flash*Freeze technology, than any other FPGA or CPLD.

IGLOO, IGLOO nano, IGLOO PLUS, ProASIC3L, and RT ProASIC3 devices offer various power-saving
modes that enable every system to utilize modes that achieve the lowest total system power. Low Power
Active capability (static idle) allows for ultra-low power consumption while the device is operational in the

system by maintaining SRAM, registers, 1/0s, and logic functions.

Flash*Freeze technology provides an ultra-low power static mode (Flash*Freeze mode) that retains all
SRAM and register information with rapid recovery to Active (operating) mode. IGLOO nano and IGLOO
PLUS devices have an additional feature when operating in Flash*Freeze mode, allowing them to retain
1/0 states as well as SRAM and register states. This mechanism enables the user to quickly (within 1 ps)
enter and exit Flash*Freeze mode by activating the Flash*Freeze (FF) pin while all power supplies are
kept in their original states. In addition, 1/Os and clocks connected to the FPGA can still be toggled
without impact on device power consumption. While in Flash*Freeze mode, the device retains all core
register states and SRAM information. This mode can be configured so that no power is consumed by
the 1/0 banks, clocks, JTAG pins, or PLLs; and the IGLOO and IGLOO PLUS devices consume as little
as 5 W, while IGLOO nano devices consume as little as 2 yW. Microsemi offers a state management IP

core to aid users in gating clocks and managing data before entering Flash*Freeze mode.

This document will guide users in selecting the best low power mode for their applications, and

introduces Microsemi's Flash*Freeze management IP core.
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—— CLKA GLA —
—— EXTFB LOCK ——
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GLB |—
YB ——
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YC |—

Note: OAVDIVRST exists only in the Fusion PLL.
Figure 3-15 « PLLs in Low Power Flash Devices

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 URJUL|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
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Feedback Configuration

The PLL provides both internal and external feedback delays. Depending on the configuration, various
combinations of feedback delays can be achieved.

Internal Feedback Configuration

This configuration essentially sets the feedback multiplexer to route the VCO output of the PLL core as
the input to the feedback of the PLL. The feedback signal can be processed with the fixed system and
the adjustable feedback delay, as shown in Figure 4-24. The dividers are automatically configured by
SmartGen based on the user input.

Indicated below is the System Delay pull-down menu. The System Delay can be bypassed by setting it to
0. When set, it adds a 2 ns delay to the feedback path (which results in delay advancement of the output
clock by 2 ns).

CLEA
286.000 MHz = WCO = 280.000 MHz
Core Logic driven /70

i

0.000ns = |=—

Figure 4-24 « Internal Feedback with Selectable System Delay

Figure 4-25 shows the controllable Feedback Delay. If set properly in conjunction with the fixed System
Delay, the total output delay can be advanced significantly.
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Figure 4-25 « Internal Feedback with Selectable Feedback Delay
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Actual data iz shown in blue.
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Figure 4-36 « Second-Stage PLL Showing Input of 256 MHz from First Stage and Final Output of 280 MHz

Figure 4-37 shows the simulation results, where the first PLL’'s output period is 3.9 ns (~256 MHz), and
the stage 2 (final) output period is 3.56 ns (~280 MHz).
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Figure 4-37 « ModelSim Simulation Results

Revision 4 127



& Microsemi

ProASIC3L FPGA Fabric User’'s Guide

Conclusion

The advanced CCCs of the IGLOO and ProASIC3 devices are ideal for applications requiring precise
clock management. They integrate easily with the internal low-skew clock networks and provide flexible
frequency synthesis, clock deskewing, and/or time-shifting operations.

Related Documents

Application Notes

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

Datasheets

Fusion Family of Mixed Signal FPGAs
http://www.microsemi.com/soc/documents/Fusion_DS.pdf

User’s Guides

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

List of Changes

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

Date Changes Page

August 2012 The "Implementing EXTFB in ProASIC3/E Devices" section is new (SAR 36647). 86

Table 4-7 » Delay Values in Libero SoC Software per Device Family was added to the 102
"Clock Delay Adjustment" section (SAR 22709).

The "Phase Adjustment" section was rewritten to explain better why the visual 103
CCC shows both the actual phase and the actual delay that is equivalent to this phase

shift (SAR 29647).
The hyperlink for the Board-Level Considerations application note was corrected (SAR | 128, 129
36663)

December 2011 Figure 4-20 « PLL Block Diagram, Figure 4-22 « CCC Block Control Bits — Graphical 101,

Representation of Assignments, and Table 4-12 « MUXA, MUXB, MUXC were revised | 105, 109
to change the phase shift assignments for PLLs 4 through 7 (SAR 33791).

June 2011 The description for RESETEN in Table 4-8 « Configuration Bit Descriptions for the 106
CCC Blocks was revised. The phrase "and should not be modified via dynamic
configuration" was deleted because RESETEN is read only (SAR 25949).

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

Notes were added where appropriate to point out that IGLOO nano and ProASIC3 N/A
nano devices do not support differential inputs (SAR 21449).
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SRAM and FIFO Architecture

To meet the needs of high-performance designs, the memory blocks operate strictly in synchronous
mode for both read and write operations. The read and write clocks are completely independent, and
each can operate at any desired frequency up to 250 MHz.

o 4kx1, 2kx2, 1kx4, 512x9 (dual-port RAM—2 read / 2 write or 1 read / 1 write)
+  512x9, 256x18 (2-port RAM—1 read / 1 write)
»  Sync write, sync pipelined / nonpipelined read

Automotive ProASIC3 devices support single-port SRAM capabilities or dual-port SRAM only under
specific conditions. 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). The Libero SoC software
macro libraries support a dual-port macro only. 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. 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.

The memory block includes dedicated FIFO control logic to generate internal addresses and external flag
logic (FULL, EMPTY, AFULL, AEMPTY).

Simultaneous dual-port read/write and write/write operations at the same address are allowed when
certain timing requirements are met.

During RAM operation, addresses are sourced by the user logic, and the FIFO controller is ignored. In
FIFO mode, the internal addresses are generated by the FIFO controller and routed to the RAM array by
internal MUXes.

The low power flash device architecture enables the read and write sizes of RAMs to be organized
independently, allowing for bus conversion. For example, the write size can be set to 256x18 and the
read size to 512x9.

Both the write width and read width for the RAM blocks can be specified independently with the WW
(write width) and RW (read width) pins. The different DxW configurations are 256x18, 512x9, 1kx4,
2kx2, and 4kx1. When widths of one, two, or four are selected, the ninth bit is unused. For example,
when writing nine-bit values and reading four-bit values, only the first four bits and the second four bits of
each nine-bit value are addressable for read operations. The ninth bit is not accessible.

Conversely, when writing four-bit values and reading nine-bit values, the ninth bit of a read operation will
be undefined. The RAM blocks employ little-endian byte order for read and write operations.

Memory Blocks and Macros

Memory blocks can be configured with many different aspect ratios, but are generically supported in the
macro libraries as one of two memory elements: RAM4K9 or RAM512X18. The RAM4K9 is configured
as a true dual-port memory block, and the RAM512X18 is configured as a two-port memory block. Dual-
port memory allows the RAM to both read from and write to either port independently. Two-port memory
allows the RAM to read from one port and write to the other using a common clock or independent read
and write clocks. If needed, the RAM4K9 blocks can be configured as two-port memory blocks. The
memory block can be configured as a FIFO by combining the basic memory block with dedicated FIFO
controller logic. The FIFO macro is named FIFO4KX18 (Figure 6-3 on page 152).

Clocks for the RAM blocks can be driven by the VersaNet (global resources) or by regular nets. When
using local clock segments, the clock segment region that encompasses the RAM blocks can drive the
RAMs. In the dual-port configuration (RAM4K9), each memory block port can be driven by either rising-
edge or falling-edge clocks. Each port can be driven by clocks with different edges. Though only a rising-
edge clock can drive the physical block itself, the Microsemi Designer software will automatically bubble-
push the inversion to properly implement the falling-edge trigger for the RAM block.
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SRAM Features

RAM4K9 Macro

RAM4KQ is the dual-port configuration of the RAM block (Figure 6-4). The RAM4K9 nomenclature refers
to both the deepest possible configuration and the widest possible configuration the dual-port RAM block
can assume, and does not denote a possible memory aspect ratio. The RAM block can be configured to
the following aspect ratios: 4,096x1, 2,048x2, 1,024x4, and 512x9. RAM4K9 is fully synchronous and
has the following features:

» Two ports that allow fully independent reads and writes at different frequencies
+ Selectable pipelined or nonpipelined read

» Active-low block enables for each port

» Toggle control between read and write mode for each port

* Active-low asynchronous reset

» Pass-through write data or hold existing data on output. In pass-through mode, the data written to
the write port will immediately appear on the read port.

» Designer software will automatically facilitate falling-edge clocks by bubble-pushing the inversion
to previous stages.

Write Data Write Data
DINA = «— DINB
DOUTA — Read Data Read Data DOUTB
ADDRA —.Address | Address . ApDRB
RAM4K9
BLKA > BLK &4— BLKB
WENA > WEN  WEN -<+—\VENB
CLKA —»—CEK 1 CLK ¢ cikB
Reset

Note: For timing diagrams of the RAM signals, refer to the appropriate family datasheet.
Figure 6-4 « RAM4K9 Simplified Configuration

Signal Descriptions for RAM4K9

Note: Automotive ProASIC3 devices support single-port SRAM capabilities, or dual-port SRAM
only under specific conditions. 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). Since Libero SoC macro libraries support a dual-port macro only, certain
modifications must be made. These are detailed below.

The following signals are used to configure the RAM4K9 memory element:

WIDTHA and WIDTHB
These signals enable the RAM to be configured in one of four allowable aspect ratios (Table 6-2 on
page 154).

Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, WIDTHB
should be tied to ground.
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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.

RAM1
| WD
—-| WADDR
| WCLK
UJTAG User Interface »| WEN
TRST [X] UIREG[7:0] ——|IRI[7:0] WDATA —
TDO & TRST URSTB —»|Reset G e
L1 1p0 UDRUPD —|DR_UPDATE WOLK | WaADDR
01 Xp—— DI UDRSH [ |DR_SHIFT
. WEN1 — @1 | WCLK
™S UDRCAP [ |DR_CAPTURE
|Z| —»|DR_CLK WEN2 | WEN
™S o TCK UDRCK N
| UTDI—|DIN WENS3 RAM3
TCK |X| UTDO |[~<&———DouT >
|_»| WADDR
—| WCLK
WEN

Figure 6-8 ¢ Interfacing TAP Ports and SRAM 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

164
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SmartGen enables the user to configure the desired RAM element to use either a single clock for read
and write, or two independent clocks for read and write. The user can select the type of RAM as well as
the width/depth and several other parameters (Figure 6-13).

|
-
Clock:

* Single Read it Clock
" Independent Read and rite Clocks

‘wiite/Fead Depth:

wiite/Read Width:

—write Clock —Read Clack.
{+ Rizing " Risitg
" Falling " Falling
— Rak Type — Reset
e et & Active Law
= Active High
" Dual Part RBIAIE
" Mane
Wit Enable —Read Enable
& Active Law & Active Law
= Active High = Active High
" Read Pipeline & I~ | Bead Pipeline B
= wite M ode A = wite M ode B
 Fetair Dutput Data  Fetait Dutput Data
(" Fass Wiite Data to Dutmut (" Fass Wiite Data to Outmut

Fieset | Fort b apping | Help Cancel

Generate I

Figure 6-13 « SmartGen Memory Configuration Interface

SmartGen also has a Port Mapping option that allows the user to specify the names of the ports
generated in the memory block (Figure 6-14).

x|
Port Port Hame
Diata In DATA
Diata Out !
\Write Enable WWE
Read Enable RE
Write Address WADDRESS
Read Address RADDRESS
Clock CLCZH
Reset RESET
Cancel Help

Figure 6-14 « Port Mapping Interface for SmartGen-Generated Memory

SmartGen also configures the FIFO according to user specifications. Users can select no flags, static
flags, or dynamic flags. Static flag settings are configured using configuration flash and cannot be altered
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Features Supported on Every I/O

Table 7-5 lists all features supported by transmitter/receiver for single-ended and differential 1/Os.
Table 7-6 on page 180 lists the performance of each I/O technology.

Table 7-5 « I/O Features

Feature Description
All l/O » High performance (Table 7-6 on page 180)

» Electrostatic discharge (ESD) protection
» |/O register combining option

Single-Ended Transmitter Features * Hot-swap:

— 30K gate devices: hot-swap in every mode

— All other IGLOO and ProASIC3 devices: no hot-
swap

* Output slew rate: 2 slew rates (except 30K gate
devices)

*  Weak pull-up and pull-down resistors
*  Output drive: 3 drive strengths
* Programmable output loading

+ Skew between output buffer enable/disable time: 2
ns delay on rising edge and 0 ns delay on falling
edge (see the "Selectable Skew between Output
Buffer Enable and Disable Times" section on
page 199 for more information)

*  LVTTL/LVCMOS 3.3 V outputs compatible with 5 V
TTL inputs

Single-Ended Receiver Features * 5 V-input—tolerant receiver (Table 7-12 on page 193)

» Separate ground plane for GNDQ pin and power
plane for VMV pin are used for input buffer to reduce
output-induced noise.

Differential Receiver  Features—250K Separate ground plane for GNDQ pin and power
through 1M Gate Devices plane for VMV pin are used for input buffer to reduce
output-induced noise.

CMOS-Style LVDS, B-LVDS, M-LVDS, or Two I/Os and external resistors are used to provide a
LVPECL Transmitter CMOS-style LvVDS, DDR LVDS, B-LVDS, and
M-LVDS/LVPECL transmitter solution.

* High slew rate

*  Weak pull-up and pull-down resistors
* Programmable output loading
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1/0 Structures in IGLOOe and ProASIC3E Devices

Features Supported on Every I/O

Table 8-6 lists all features supported by transmitter/receiver for single-ended and differential 1/Os.
Table 8-7 on page 219 lists the performance of each I/O technology.

Table 8-6 « IGLOOe and ProASIC3E I/O Features

Feature

Description

Alll/O

High performance (Table 8-7 on page 219)
Electrostatic discharge protection
I/O register combining option

Single-Ended and Voltage-Referenced
Transmitter Features

Hot-swap in every mode except PCl or 5 V—input—
tolerant (these modes use clamp diodes and do not
allow hot-swap)

Activation of hot-insertion (disabling the clamp diode)
is selectable by I/Os.

Output slew rate: 2 slew rates
Weak pull-up and pull-down resistors
Output drive: 5 drive strengths
Programmable output loading

Skew between output buffer enable/disable time: 2 ns
delay on rising edge and 0 ns delay on falling edge
(see "Selectable Skew between Output Buffer Enable
and Disable Times" section on page 236 for more
information)

LVTTL/LVCMOS 3.3 V outputs compatible with 5V
TTL inputs

Single-Ended Receiver Features

5 V—input-tolerant receiver (Table 8-13 on page 231)
Schmitt trigger option

Programmable delay: 0 ns if bypassed, 0.625 ns with
'000' setting, 6.575 ns with '111' setting, 0.85-ns
intermediate delay increments (at 25°C, 1.5 V)

Separate ground plane for GNDQ pin and power
plane for VMV pin are used for input buffer to reduce
output-induced noise.

Voltage-Referenced Differential Receiver
Features

Programmable delay: 0 ns if bypassed, 0.46 ns with
'000' setting, 4.66 ns with '111' setting, 0.6-ns
intermediate delay increments (at 25°C, 1.5 V)

Separate ground plane for GNDQ pin and power
plane for VMV pin are used for input buffer to reduce
output-induced noise.

CMOS-Style LVDS, B-LVDS, M-LVDS, or
LVPECL Transmitter

Two I/Os and external resistors are used to provide a
CMOS-style LVDS, DDR LVDS, B-LVDS, and M-
LVDS/LVPECL transmitter solution.

Activation of hot-insertion (disabling the clamp diode)
is selectable by 1/Os.

High slew rate
Weak pull-up and pull-down resistors
Programmable output loading

LVDS, DDR LVDS, B-LVDS, and
M-LVDS/LVPECL Differential Receiver
Features

Programmable delay: 0 ns if bypassed, 0.46 ns with
'000' setting, 4.66 ns with '111' setting, 0.6-ns
intermediate delay increments (at 25°C, 1.5 V)
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1/0 Software Control in Low Power Flash Devices

Flash FPGAs I/O Support

The flash FPGAs listed in Table 9-1 support I/Os and the functions described in this document.

Table 9-1 « Flash-Based FPGAs

Series Family” Description
IGLOO IGLOO Ultra-low power 1.2 V to 1.5 V FPGAs with Flash*Freeze technology
IGLOOe Higher density IGLOO FPGAs with six PLLs and additional I/O standards
IGLOO nano The industry’s lowest-power, smallest-size solution
IGLOO PLUS IGLOO FPGAs with enhanced I/O capabilities
ProASIC3 ProASIC3 Low power, high-performance 1.5V FPGAs
ProASIC3E Higher density ProASIC3 FPGAs with six PLLs and additional I/O standards
ProASIC3 nano Lowest-cost solution with enhanced 1/O capabilities
ProASIC3L ProASIC3 FPGAs supporting 1.2 V to 1.5 V with Flash*Freeze technology
RT ProASIC3 Radiation-tolerant RT3PE6G0OL and RT3PE3000L
Military ProASIC3/EL Military temperature ASPE600L, A3P1000, and A3SPE3000L
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.

IGLOO Terminology

In documentation, the terms IGLOO series and IGLOO devices refer to all of the IGLOO devices as listed
in Table 9-1. Where the information applies to only one product line or limited devices, these exclusions

will be explicitly stated.

ProASIC3 Terminology

In documentation, the terms ProASIC3 series and ProASIC3 devices refer to all of the ProASIC3 devices
as listed in Table 9-1. Where the information applies to only one product line or limited devices, these
exclusions will be explicitly stated.

To further understand the differences between the IGLOO and ProASIC3 devices, refer to the Industry’s
Lowest Power FPGASs Portfolio.
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ProASIC3L FPGA Fabric User’'s Guide

Device Programmers

Single Device Programmer
Single device programmers are used to program a device before it is mounted on the system board.

The advantage of using device programmers is that no programming hardware is required on the system
board. Therefore, no additional components or board space are required.

Adapter modules are purchased with single device programmers to support the FPGA packages used.
The FPGA is placed in the adapter module and the programming software is run from a PC. Microsemi
supplies the programming software for all of the Microsemi programmers. The software allows for the
selection of the correct die/package and programming files. It will then program and verify the device.

» Single-site programmers
A single-site programmer programs one device at a time. Microsemi offers Silicon Sculptor 3, built

by BP Microsystems, as a single-site programmer. Silicon Sculptor 3 and associated software are
available only from Microsemi.

— Advantages: Lower cost than multi-site programmers. No additional overhead for
programming on the system board. Allows local control of programming and data files for
maximum security. Allows on-demand programming on-site.

— Limitations: Only programs one device at a time.
* Multi-site programmers

Often referred to as batch or gang programmers, multi-site programmers can program multiple devices at
the same time using the same programming file. This is often used for large volume programming and by
programming houses. The sites often have independent processors and memory enabling the sites to
operate concurrently, meaning each site may start programming the same file independently. This
enables the operator to change one device while the other sites continue programming, which increases
throughput. Multiple adapter modules for the same package are required when using a multi-site
programmer. Silicon Sculptor |, Il, and 3 programmers can be cascaded to program multiple devices in a
chain. Multi-site programmers, such as the BP2610 and BP2710, can also be purchased from BP
Microsystems. When using BP Microsystems multi-site programmers, users must use programming
adapter modules available only from Microsemi. Visit the Microsemi SoC Products Group website to view
the part numbers of the desired adapter module:

http://www.microsemi.com/soc/products/hardware/program_debug/ss/modules.aspx.

Also when using BP Microsystems programmers, customers must use Microsemi
programming software to ensure the best programming result will occur.

— Advantages: Provides the capability of programming multiple devices at the same time. No
additional overhead for programming on the system board. Allows local control of
programming and data files for maximum security.

— Limitations: More expensive than a single-site programmer
+ Automated production (robotic) programmers

Automated production programmers are based on multi-site programmers. They consist of a large input
tray holding multiple parts and a robotic arm to select and place parts into appropriate programming
sockets automatically. When the programming of the parts is complete, the parts are removed and
placed in a finished tray. The automated programmers are often used in volume programming houses to
program parts for which the programming time is small. BP Microsystems part number BP4710, BP4610,
BP3710 MK2, and BP3610 are available for this purpose. Auto programmers cannot be used to program
RTAX-S devices.

Where an auto-programmer is used, the appropriate open-top adapter module from BP Microsystems
must be used.
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Security in Low Power Flash Devices

FlashPoint - Programming File Generator - Step 1 of 2 10:55:52am

Silicon feature(s) to be programmed;:
¥ Security settings
I~ FPGA Array

[~ FlashROM

Embedded Flash Memory Blocks (EFMB):

Block Block o . -
Program Name [ Onginal Configuration File
1 /% [ UINITELKNVM_| 1 ChActelp \AFS-EVAL-BRDT'COREA | Modify...

I Programming previously secured device(s)
1/0 state during programming:
[Tristate ~|

Silicon signature {max length is 8 HEX chars):

Help | Mext | Finish | Cancel

Figure 12-15 « Programming Fusion Security Settings Only

2. Choose the desired security level setting and enter the key(s).
— The High security level employs FlashLock Pass Key with AES Key protection.
— The Medium security level employs FlashLock Pass Key protection only.

Security Settings - Step 2 of 3 [g|
Select zecurty level:
= - High Pratect with 128-bit Advanced Encryption Standard [AES] key & |
and Pazs Key
et - Use AES key to write or werify the FPGA Array.
- Usze AES key to wite or verify the FlashROM via the JTAG
interface.
2 -~ None ~
Default Lewvel
Pass Key [max length iz 32 HEX chars):
]BSBAD 58E74BEDE39E F2BABEF 35320608 Generate random key ‘
AES Fey [max length iz 32 HEX charz]:
I1 4310 0BO25ECTENOSERE 30E00351 3948 Generate random key
< Back | MNext » | Finizh ‘ Cancel ‘ Help |

Figure 12-16 « High Security Level to Implement FlashLock Pass Key and AES Key Protection
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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 N/A
but is now part of several FPGA fabric user’s guides.
v1.5 The "CoreMP7 Device Security" section was removed from "Security in ARM- 304
(August 2009) Enabled Low Power Flash Devices", since M7-enabled devices are no longer
supported.
v1.4 IGLOO nano and ProASIC3 nano devices were added to Table 12-1 « Flash-Based 302
(December 2008) FPGAs.
v1.3 The "Security Support in Flash-Based Devices" section was revised to include new 302
(October 2008) families and make the information more concise.
v1.2 The following changes were made to the family descriptions in Table 12-1 « Flash- 302
(June 2008) Based FPGAs:
* ProASIC3L was updated to include 1.5 V.
* The number of PLLs for ProASIC3E was changed from five to six.
v1.1 The chapter was updated to include the IGLOO PLUS family and information N/A
(March 2008) regarding 15 k gate devices.
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.

UJTAG
Address Generation and
Data Serlialization
g I
UIREG[7:0] Enable FROM
f RESET e
<+— TDO
URSTB Control ~ AAddr(6:0] Addr [6:0]
— | TDI UDRUPD _’—T_’_
UDRCK [—» CLK _ _
— TMS Data[7:0] Data[7:0]
UDRCAP SDI S
—| TCK UDRSH SbO
UTDI - ~ o
—| TRST
UTDO

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 1/0Os. Furthermore,
adding external 1/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 3.3V, TDO will be configured as LVTTL 3.3 V output,
24 mA, low slew.

2. If the device is AGLNO20 and VCCl 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 2.5V, 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 Fyck / n sampling rate. The bandwidth of the information sent out
to TDO is always proportional to the frequency of TCK.

Internal Test Nets

| | o @ @ @
UIREG[7:0] Instruction
Decode
To Scope Channel
Do URSTB —>
—| TDI UDRUPD [—>
UDRCK 5 0
—| TMS
UDRCAP [—>
—| TCK UDRSH —> LK
UTDl —>
—>| TRST
UTDO =

Figure 17-6 « UJTAG Usage Example in Test and Debug Applications
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Power-Up/-Down Behavior of Low Power Flash Devices

Related Documents

Datasheets

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

List of Changes

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

Date Changes Page
v1.2 IGLOO nano and ProASIC3 nano devices were added to the document as
(December 2008) supported device types.
v1.1 The "Introduction" section was updated to add Military ProASIC3EL and RT 373
(October 2008) ProASIC3 devices to the list of devices that can have inputs driven in while the
device is not powered.
The "Flash Devices Support Power-Up Behavior" section was revised to include 374
new families and make the information more concise.
The "Cold-Sparing" section was revised to add Military ProASIC3/EL and RT 382
ProASIC3 devices to the lists of devices with and without cold-sparing support.
The "Hot-Swapping" section was revised to add Military ProASIC3/EL and RT 383
ProASIC3 devices to the lists of devices with and without hot-swap support.
AGL400 was added to the list of devices that do not support hot-swapping.
v1.0 This document was revised, renamed, and assigned a new part number. It now N/A
(August 2008) includes data for the IGLOO and ProASIC3L families.
v1.3 The "List of Changes" section was updated to include the three different I/O 384
(March 2008) Structure handbook chapters.
v1.2 The first sentence of the "PLL Behavior at Brownout Condition" section was 381
(February 2008) updated to read, "When PLL power supply voltage and/or V¢ levels drop below the
VCC brownout levels (0.75 V + 0.25 V), the PLL output lock signal goes low and/or
the output clock is lost."
v1.1 The "PLL Behavior at Brownout Condition" section was added. 381
(January 2008)
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