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& Microsemi

FPGA Array Architecture in Low Power Flash Devices

Array Coordinates

During many place-and-route operations in the Microsemi Designer software tool, it is possible to set
constraints that require array coordinates. Table 1-2 provides array coordinates of core cells and memory
blocks for IGLOO and ProASIC3 devices. Table 1-3 provides the information for IGLOO PLUS devices.
Table 1-4 on page 17 provides the information for IGLOO nano and ProASIC3 nano devices. The array
coordinates are measured from the lower left (0, 0). They can be used in region constraints for specific
logic groups/blocks, designated by a wildcard, and can contain core cells, memories, and I/Os.

I/0 and cell coordinates are used for placement constraints. Two coordinate systems are needed
because there is not a one-to-one correspondence between I/O cells and core cells. In addition, the I/O
coordinate system changes depending on the die/package combination. It is not listed in Table 1-2. The
Designer ChipPlanner tool provides the array coordinates of all I/O locations. I/0 and cell coordinates are
used for placement constraints. However, 1/0 placement is easier by package pin assignment.

Figure 1-9 on page 17 illustrates the array coordinates of a 600 k gate device. For more information on
how to use array coordinates for region/placement constraints, see the Designer User's Guide or online
help (available in the software) for software tools.

Table 1-2 « IGLOO and ProASIC3 Array Coordinates

VersaTiles Memory Rows Entire Die

Device Min. Max. Bottom Top Min. Max.

ProASIC3/
IGLOO ProASIC3L X y X y x,y) x,y) (x,y) (x,y)
AGL015 A3P015 3 2 34 | 13 None None (0, 0) (37, 15)
AGL030 A3P030 3 3 66 | 13 None None (0, 0) (69, 15)
AGL060 A3P060 3 2 66 | 25 None (3, 26) (0, 0) (69, 29)
AGL125 A3P125 3 2 1130 | 25 None (3, 26) (0,0) | (133, 29)
AGL250 A3P250/L 3 2 | 130 | 49 None (3, 50) (0,0) | (133,53)
AGL400 A3P400 3 2 1194 | 49 None (3, 50) (0,0) | (197, 53)
AGL600 A3P600/L 3 4 | 194 | 75 3, 2) (3, 76) (0,0) | (197,79)
AGL1000 A3P1000/L 3 4 | 258 | 99 3, 2) (3, 100) (0,0) |(261,103)
AGLE600 A3PE600/L, 3 4 [ 194 | 75 (3,2) (3,76) (0,0) | (197,79)

RT3PE600L

A3PE1500 3 4 | 322|123 | (3,2) (3, 124) (0,0) |(325,127)
AGLE3000 [A3PE3000/L, 3 6 | 450 | 173 | (3,2) (3,174) (0,0) |(453,179)

RT3PE3000L or or

(3. 4) (3, 176)

Table 1-3 « IGLOO PLUS Array Coordinates

VersaTiles Memory Rows Entire Die
Device Min. Max. Bottom Top Min. Max.
IGLOO PLUS X y X y x,y) (x,y) (x,y) x,y)
AGLP030 2 3 67 13 None None (0, 0) (69, 15)
AGLP060 2 2 67 25 None (3, 26) (0, 0) (69, 29)
AGLP125 2 2 131 25 None (3, 26) (0, 0) (133, 29)
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FPGA Array Architecture in Low Power Flash Devices

Routing Architecture

The routing structure of low power flash devices is designed to provide high performance through a
flexible four-level hierarchy of routing resources: ultra-fast local resources; efficient long-line resources;
high-speed, very-long-line resources; and the high-performance VersaNet networks.

The ultra-fast local resources are dedicated lines that allow the output of each VersaTile to connect
directly to every input of the eight surrounding VersaTiles (Figure 1-10). The exception to this is that the
SET/CLR input of a VersaTile configured as a D-flip-flop is driven only by the VersaTile global network.

The efficient long-line resources provide routing for longer distances and higher-fanout connections.
These resources vary in length (spanning one, two, or four VersaTiles), run both vertically and
horizontally, and cover the entire device (Figure 1-11 on page 19). Each VersaTile can drive signals onto
the efficient long-line resources, which can access every input of every VersaTile. Routing software
automatically inserts active buffers to limit loading effects.

The high-speed, very-long-line resources, which span the entire device with minimal delay, are used to
route very long or high-fanout nets: length +12 VersaTiles in the vertical direction and length +16 in the
horizontal direction from a given core VersaTile (Figure 1-12 on page 19). Very long lines in low power
flash devices have been enhanced over those in previous ProASIC families. This provides a significant
performance boost for long-reach signals.

The high-performance VersaNet global networks are low-skew, high-fanout nets that are accessible from
external pins or internal logic. These nets are typically used to distribute clocks, resets, and other high-
fanout nets requiring minimum skew. The VersaNet networks are implemented as clock trees, and
signals can be introduced at any junction. These can be employed hierarchically, with signals accessing
every input of every VersaTile. For more details on VersaNets, refer to the "Global Resources in Low
Power Flash Devices" section on page 31.

Long Lines

A\

} Inputs L

. . Ultra-Fast Local Lines

I (connects a VersaTile to the
4~/’J;|;L/ Bleﬁh/ adjacent VersaTile, 1/0 buffer,
1 [l or memory block)

Note: Input to the core cell for the D-flip-flop set and reset is only available via the VersaNet global
network connection.

Figure 1-10 « Ultra-Fast Local Lines Connected to the Eight Nearest Neighbors
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Low Power Modes in ProASIC3/E and ProASIC3 nano FPGAs

Table 2-1 « ProASIC3/E/nano Low Power Modes Summary

Off — All power supplies

Applicable to all ProASIC3 nano devices, cold-sparing
and hot-insertion allow the device to be powered down
without bringing down the system. LAPU enables
immediate operation when power returns.

Mode Power Supplies / Clock Status Needed to Start Up
Active On — All, clock N/A (already active)
Off — None
Static (Idle) | On — All Initiate clock source.
Off — No active clock in FPGA No need to initialize volatile
contents.
Optional: Enter User Low Static (Idle) Mode by enabling
ULSICC macro to further reduce power consumption by
powering down FlashROM.
Sleep On - VCCI Need to turn on core.
Off — VCC (core voltage), VJTAG (JTAG DC voltage), [Load states from external
and VPUMP (programming voltage) memory.
LAPU enables immediate operation when power|[As needed, restore volatile
returns. contents from external memory.
Optional: Save state of volatile contents in external
memory.
Shutdown |On - None Need to turn on VCC, VCCI.

Static (Idle) Mode

In Static (Idle) mode, the clock inputs are not switching and the static power consumption is the minimum
power required to keep the device powered up. In this mode, I/Os are only drawing the minimum leakage
current specified in the datasheet. Also, in Static (Idle) mode, embedded SRAM, 1/Os, and registers
retain their values, so the device can enter and exit this mode without any penalty.

If the embedded PLLs are used as the clock source, Static (Idle) mode can be entered easily by pulling
LOW the PLL POWERDOWN pin (active-low). By pulling the PLL POWERDOWN pin to LOW, the PLL is
turned off. Refer to Figure 2-1 on page 23 for more information.
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ProASIC3 nano FPGA Fabric User’'s Guide

VCC
A Deactivation Trip Point
VCC =15V

Vd=0.75+025V
1

1
_______ N ; : Activation Trip Point
! 77 Va=085+£025V

<
<%

»
I g

Sleep Mode

Y

Figure 2-5 « Entering and Exiting Sleep Mode—Typical Timing Diagram

Shutdown Mode

For all ProASIC3/E and ProASIC3 nano devices, shutdown mode can be entered by turning off all power
supplies when device functionality is not needed. Cold-sparing and hot-insertion features in ProASIC3
nano devices enable the device to be powered down without turning off the entire system. When power

returns, the live at power-up feature enables immediate operation of the device.

Using Sleep Mode or Shutdown Mode in the System

Depending on the power supply and components used in an application, there are many ways to turn the
power supplies connected to the device on or off. For example, Figure 2-6 shows how a microprocessor
is used to control a power FET. It is recommended that power FETs with low on resistance be used to

perform the switching action.

1.5V Power
Supply

P-Channel
Power FET

Microprocessor VCC, VITAG, and VPUMP Pins

»
-

Power On/Off
Control Signal

I
L

J ProASIC3/E/nano

Figure 2-6 « Controlling Power On/Off State Using Microprocessor and Power FET
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Global Resources in Low Power Flash Devices

Figure 3-5 shows more detailed global input connections. It shows the global input pins connection to the
northwest quadrant global networks. 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 1/0Os using a hardwired connection (not supported for IGLOO nano or
ProASIC3 nano devices)

* The FPGA core

Each shaded box represents an
INBUF or INBUF_LVDS/LVPECL

. To Core
macro, as appropriate.

A A A

Sample Pin Names
GAAO/IOONDBOVO' &

\Y%

Source for CCC
(CLKA or CLKB or CLKC)

GAa11000PDBOVO' X |—§D

D>

’ Routed Clock 2
GAA21013PDB7V1'[X] L;:D (from FPGA core)

GAA[0:2]: GA represents global in the northwest corner
of the device. A[0:2]: designates specific A clock source.

Note: Differential inputs are not supported for IGLOO nano or ProASIC3 nano devices.
Figure 3-5 « Global I/O Overview
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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.

CLEA
256.000 MHz /64 WO = 280,000 MHz
Core Logic driven > | 0

~

0.000ns = |=—

F —|0E00rs v
0600 Rs | A
0760n: =
0920 n: L=
1.080 ne
1.240 ns
1.400 nz
1560ns —
1.720ns | ¥

Figure 4-25 « Internal Feedback with Selectable Feedback Delay
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The following is an example of a PLL configuration utilizing the clock frequency synthesis and clock delay
adjustment features. The steps include generating the PLL core with SmartGen, performing simulation
for verification with ModelSim, and performing static timing analysis with SmartTime in Designer.

Parameters of the example PLL configuration:
Input Frequency — 20 MHz
Primary Output Requirement — 20 MHz with clock advancement of 3.02 ns
Secondary 1 Output Requirement — 40 MHz with clock delay of 2.515 ns

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

Actual data iz shown in blue.

CLEA, Frimary
i
20 MHe /3 YO = 40,000 MHz /2 Ll
& [0025ns -’-3.020 ns
Hardwired 1/0 driven - /B
. 20 MHz 20.000 MHz 0.755 ns

' Odeg | 0.000deg(0.000ns)
0.000ns = |=—
*—]3800ns

v GLE
Secondary 1
55E0ns v -’2.515 ns
— il |- 0.755 nz
. I~ YB
40 MHz 40.000 MHz
Odeg | 0.000deg/(0.000ns)
I~ GLC
~
o G

Figure 4-29 « SmartGen Settings

After confirming the correct settings, generate a structural netlist of the PLL and verify PLL core settings
by checking the log file:

Name . test_pll_delays
Family : ProASIC3E
Output Format - VHDL

Type - Static PLL
Input Freq(MHZz) : 20.000

CLKA Source : Hardwired 1/0
Feedback Delay Value Index - 21

Feedback Mux Select 12

XDLY Mux Select : No

Primary Freq(MHz) : 20.000
Primary PhaseShift -0

Primary Delay Value Index o1

Primary Mux Select t 4

Secondaryl Freq(MHz) : 40.000

Use GLB : YES

Use YB - NO

Primary Clock frequency 20.000
Primary Clock Phase Shift 0.000
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Date Changes Page
v1.2 The following changes were made to the family descriptions in Figure 4-1 « Overview 61
(June 2008) of the CCCs Offered in Fusion, IGLOO, and ProASIC3:

* ProASIC3L was updated to include 1.5 V.
» The number of PLLs for ProASIC3E was changed from five to six.

v1.1 Table 4-1 - Flash-Based FPGAs and the associated text were updated to include the 63
(March 2008) IGLOO PLUS family. The "IGLOO Terminology" section and "ProASIC3 Terminology"
section are new.

The "Global Input Selections" section was updated to include 15 k gate devices as 71
supported I/O types for globals, for CCC only.

Table 4-5 « Number of CCCs by Device Size and Package was revised to include 78
ProASIC3L, IGLOO PLUS, A3P015, AGL015, AGLP030, AGLP060, and AGLP125.

The "IGLOO and ProASIC3 CCC Locations" section was revised to include 15 k gate 81
devices in the exception statements, as they do not contain PLLs.

v1.0 Information about unlocking the PLL was removed from the "Dynamic PLL 87
(January 2008) Configuration" section.

In the "Dynamic PLL Configuration" section, information was added about running 100
Layout and determining the exact setting of the ports.

In Table 4-8 « Configuration Bit Descriptions for the CCC Blocks, the following bits 90
were updated to delete "transport to the user" and reference the footnote at the bottom
of the table: 79 to 71.
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices

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

WIDTHA[1:0] WIDTHB[1:0] DxW
00 00 4kx1
01 01 2kx2
10 10 1kx4
11 11 512x9

Note: The aspect ratio settings are constant and cannot be changed on the fly.

BLKA and BLKB

These signals are active-low and will enable the respective ports when asserted. When a BLKXx signal is

deasserted, that port’s outputs hold the previous value.

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

WENA and WENB

These signals switch the RAM between read and write modes for the respective ports. A LOW on these

signals indicates a write operation, and a HIGH indicates a read.

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

CLKA and CLKB
These are the clock signals for the synchronous read and write operations. These can be driven
independently or with the same driver.

Note: For Automotive ProASIC3 devices, dual-port mode is supported if the clocks to the two
SRAM ports are the same and 180° out of phase (i.e., the port A clock is the inverse of the
port B clock). For use of this macro as a single-port SRAM, the inputs and clock of one port
should be tied off (grounded) to prevent errors during design compile.

PIPEA and PIPEB

These signals are used to specify pipelined read on the output. A LOW on PIPEA or PIPEB indicates a
nonpipelined read, and the data appears on the corresponding output in the same clock cycle. A HIGH
indicates a pipelined read, and data appears on the corresponding output in the next clock cycle.

Note: When using the SRAM in single-port mode for Automotive ProASIC3 devices, PIPEB should

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

WMODEA and WMODEB

These signals are used to configure the behavior of the output when the RAM is in write mode. A LOW

on these signals makes the output retain data from the previous read. A HIGH indicates pass-through

behavior, wherein the data being written will appear immediately on the output. This signal is overridden

when the RAM is being read.

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

RESET
This active-low signal resets the control logic, forces the output hold state registers to zero, disables

reads and writes from the SRAM block, and clears the data hold registers when asserted. It does not
reset the contents of the memory array.

While the RESET signal is active, read and write operations are disabled. As with any asynchronous
reset signal, care must be taken not to assert it too close to the edges of active read and write clocks.
ADDRA and ADDRB

These are used as read or write addresses, and they are 12 bits wide. When a depth of less than 4 k is
specified, the unused high-order bits must be grounded (Table 6-3 on page 139).
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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 UJITAG
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 142). 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: 4,096x1, 2,048%2, 1,024x4, 512x9, and
256x%18. In addition to being fully synchronous, the FIFO4KX18 also has the following features:

» Four FIFO flags: Empty, Full, Aimost-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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Description Hot-swap while bus idle
Power Applied to Device Yes
Bus State Held idle (no ongoing I/O processes during

insertion/removal)

Card Ground Connection

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

Device Circuitry Connected to Bus Pins

Must remain glitch-free during power-up or power-
down

Example Application

Board bus shared with card bus is "frozen," and
there is no toggling activity on the bus. It is critical
that the logic states set on the bus signal not be
disturbed during card insertion/removal.

Compliance of nano Devices

Compliant

Table 7-11 « Hot-Swap Level 4

Description

Hot-swap on an active bus

Power Applied to Device

Yes

Bus State

Bus may have active 1/0 processes ongoing, but
device being inserted or removed must be idle.

Card Ground Connection

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

Device Circuitry Connected to Bus Pins

Must remain glitch-free during power-up or power-
down

Example Application

There is activity on the system bus, and it is critical
that the logic states set on the bus signal not be
disturbed during card insertion/removal.

Compliance of nano Devices

Compliant

For Level 3 and Level 4 compliance with the nano devices, cards with two levels of staging should have

the following sequence:
+ Grounds
+ Powers, I/Os, and other pins

Revision 5
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1/0O Structures in nano Devices

Refer to Table 7-10 on page 169 for more information about the slew rate and drive strength specification
for LVTTL/LVCMOS 3.3 V, LVCMOS 2.5V, LVCMOS 1.8 V, LVCMOS 1.5V, and LVCMOS 1.2 V output
buffers.

Table 7-14 « nano Output Drive and Slew

I/O Standards 2mA 4 mA 6 mA 8 mA Slew

LVTTL/LVCMOS 3.3V v v v v High Low
LVCMOS 2.5V v v v v High Low
LVCMOS 1.8V v v - - High Low
LVCMOS 1.5V v - - - High Low
LVCMOS 1.2V v - - - High Low

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. 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.

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 1 and EQ 2).

Ground bounce noise voltage = L(GND) x di/dt
EQ1
VCCI dip noise voltage = L(VCCI) x di/dt
EQ2
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 or LVTTL/LVCMOS 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 Device Family User’s Guide.
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1/0 Software Control in Low Power Flash Devices

Implementing I/Os in Microsemi Software

Microsemi Libero SoC software is integrated with design entry tools such as the SmartGen macro
builder, the ViewDraw schematic entry tool, and an HDL editor. It is also integrated with the synthesis and
Designer tools. In this section, all necessary steps to implement the 1/Os are discussed.

Design Entry

There are three ways to implement 1/Os in a design:

1. Use the SmartGen macro builder to configure I/Os by generating specific 1/0 library macros and
then instantiating them in top-level code. This is especially useful when creating 1/0 bus
structures.

2. Use an /O buffer cell in a schematic design.
3. Manually instantiate specific I/O macros in the top-level code.

If technology-specific macros, such as INBUF_LVCMOS33 and OUTBUF_PCI, are used in the HDL
code or schematic, the user will not be able to change the I/O standard later on in Designer. If generic /O
macros are used, such as INBUF, OUTBUF, TRIBUF, CLKBUF, and BIBUF, the user can change the 1/O
standard using the Designer 1/0O Attribute Editor tool.

Using SmartGen for I/O Configuration

The SmartGen tool in Libero SoC provides a GUI-based method of configuring the 1/O attributes. The
user can select certain 1/0O attributes while configuring the I/O macro in SmartGen. The steps to configure
an 1/0 macro with specific 1/0O attributes are as follows:

1. Open Libero SoC.
2. On the left-hand side of the Catalog View, select I/0, as shown in Figure 8-2.

Catalag
&

Marme ! | Yersion

- Actel Macros

El- Basic Blocks
- Accumulakor z.0
- Adder 2.0
- Adder - Array Adder Z.0
- fdder | Subkractor Z.0
- Campatakar 2.0
- Caunker 2.1
- DOR 2.0
- Decoder z.0
- Decrementer 2.0
- FIR-Filter 2.0
- Incrementer 2.0
- Incrementer | Decrementer 2.0
- Logic 2.0
- Mulkiplesxor 2.0
- Multiplier 2.0
- Multiplier - Constant Mulbip... 2.0
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Figure 8-2 « SmartGen Catalog
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DDR Tristate Output Register

INV
Trien 3
<
C
2
DDR_OUT =
DataR DR Q
DataF DF
CLK N TRIBUFF_F_8U
CLR
CI_R——————|

Figure 9-7 « DDR Tristate Output Register, LOW Enable, 8 mA, Pull-Up (LVTTL)

Verilog

module DDR_TriStateBuf_ LVTTL_8mA_HighSlew_LowEnb_PullUp(DataR, DataF, CLR, CLK, Trien,
PAD);

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

wire TrienAux, Q;

INV Inv_Tri(.A(Trien), .Y(TrienAux));
DDR_OUT DDR_OUT_O_inst(.DR(DataR), .DF(DataF), .CLK(CLK), .CLR(CLR), .Q(Q)):;
TRIBUFF_F_8U TRIBUFF_F_8U_0_inst(.D(Q), -E(TrienAux), .PAD(PAD));

endmodule

VHDL

library ieee;

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

entity DDR_TriStateBuf LVTTL_8mA_HighSlew_LowEnb_PullUp is
port(DataR, DataF, CLR, CLK, Trien : in std_logic; PAD : out std_logic) ;
end DDR_TriStateBuf LVTTL_8mA_HighSlew_LowEnb_PullUp;

architecture DEF_ARCH of DDR_TriStateBuf_LVTTL_8mA_HighSlew_LowEnb_PullUp is
component INV
port(A : in std_logic := "U"; Y : out std_logic) ;
end component;
component DDR_OUT
port(DR, DF, CLK, CLR : in std_logic := "U"; Q : out std_logic) ;
end component;
component TRIBUFF_F_8U
port(D, E : in std_logic := "U"; PAD : out std_logic) ;
end component;
signal TrienAux, Q : std_logic ;

begin

Inv_Tri - INV
port map(A => Trien, Y => TrienAux);
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Design Example

Figure 9-9 shows a simple example of a design using both DDR input and DDR output registers. The
user can copy the HDL code in Libero SoC software and go through the design flow. Figure 9-10 and
Figure 9-11 on page 217 show the netlist and ChipPlanner views of the ddr_test design. Diagrams may
vary slightly for different families.

INBUF_SSTL2_| ppRr REG DDR OUT OUTBUF_SSTL3_|
— DataR —
PAD| Y D| PAD
PAD [X] | D QR glF__a | X
DataF
CLK D QF
CLR CLR
M\
CLR

Figure 9-9 « Design Example
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Figure 9-10 « DDR Test Design as Seen by NetlistViewer for IGLOO/e Devices
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Security Support in Flash-Based Devices
The flash FPGAs listed in Table 11-1 support the security feature and the functions described in this

document.

Table 11-1 « 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 RT3PE600L and RT3PE3000L
Military ProASIC3/EL | Military temperature A3BPE600OL, A3P1000, and A3PE3000L
Automotive ProASIC3 | ProASIC3 FPGAs qualified for automotive applications
Fusion Fusion Mixed signal FPGA integrating ProASIC3 FPGA fabric, programmable
analog block, support for ARM Cortex™-M1 soft processors, and flash
memory into a monolithic device
Note: *The device names link to the appropriate datasheet, including product brief, DC and switching characteristics,

and packaging information.

IGLOO Terminology

In documentation, the terms IGLOO series and IGLOO devices refer to all of the IGLOO devices as listed
in Table 11-1. 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 11-1. 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 FPGAs Portfolio.
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Figure 11-5 « Example Application Scenario Using AES in Fusion Devices

FlashLock

Additional Options for IGLOO and ProASIC3 Devices

The user also has the option of prohibiting Write operations to the FPGA array but allowing Verify
operations on the FPGA array and/or Read operations on the FlashROM without the use of the
FlashLock Pass Key. This option provides the user the freedom of verifying the FPGA array and/or
reading the FlashROM contents after the device is programmed, without having to provide the FlashLock
Pass Key. The user can incorporate AES encryption on the programming files to better enhance the level
of security used.

Permanent Security Setting Options

In applications where a permanent lock is not desired, yet the security settings should not be modifiable,
IGLOO and ProASIC3 devices can accommodate this requirement.

This application is particularly useful in cases where a device is located at a remote location and must be
reprogrammed with a design or data update. Refer to the "Application 3: Nontrusted Environment—Field
Updates/Upgrades" section on page 244 for further discussion and examples of how this can be
achieved.

The user must be careful when considering the Permanent FlashLock or Permanent Security Settings
option. Once the design is programmed with the permanent settings, it is not possible to reconfigure the
security settings already employed on the device. Therefore, exercise careful consideration before
programming permanent settings.

Permanent FlashLock

The purpose of the permanent lock feature is to provide the benefits of the highest level of security to
IGLOO and ProASIC3 devices. If selected, the permanent FlashLock feature will create a permanent
barrier, preventing any access to the contents of the device. This is achieved by permanently disabling
Write and Verify access to the array, and Write and Read access to the FlashROM. After permanently
locking the device, it has been effectively rendered one-time-programmable. This feature is useful if the
intended applications do not require design or system updates to the device.
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Security in Action

This section illustrates some applications of the security advantages of Microsemi’s devices (Figure 11-6).
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AES Decryption Core

v

FlashROM FPGA Core Flash Blocksl

Flash Device

Note: Flash blocks are only used in Fusion devices
Figure 11-6 « Security Options
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3. Choose the desired settings for the FlashROM configurations to be programmed (Figure 11-13).
Click Finish to generate the STAPL programming file for the design.

FlashROM Settings - Step 2 of 2 9-09-41am
FlashROM regions: ]Regionj_s v]
Program P ties:
oM fwords | ol 141 13[ 12 11|10 9| 8| 7| 6| 5| 4| 3| 2| 1| of TP
page pages MName Region_7_5
[ 7 Start page i
Start word 5
r & Length &
e e s e e s Cortent Static
I 5 State Fired
= 4 Type HEX
Value 0
r 3
i 2
= 1
[ o

Help Back | J ‘ Fimish | Cancel

Figure 11-13 « FlashROM Configuration Settings for Low Power Flash Devices

Generation of Security Header Programming File Only—
Application 2

As mentioned in the "Application 2: Nontrusted Environment—Unsecured Location" section on page 243,
the designer may employ FlashLock Pass Key protection or FlashLock Pass Key with AES encryption on
the device before sending it to a nontrusted or unsecured location for device programming. To achieve
this, the user needs to generate a programming file containing only the security settings desired (Security
Header programming file).

Note: If AES encryption is configured, FlashLock Pass Key protection must also be configured.
The available security options are indicated in Table 11-4 and Table 11-5 on page 251.

Table 11-4 « FlashLock Security Options for IGLOO and ProASIC3

Both FlashROM
Security Option FlashROM Only FPGA Core Only and FPGA
No AES / no FlashLock - - -
FlashLock only v v v
AES and FlashLock v v v
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A — Summary of Changes

History of Revision to Chapters

The following table lists chapters that were affected in each revision of this document. Each chapter
includes its own change history because it may appear in other device family user’s guides. Refer to the
individual chapter for a list of specific changes.

Revision List of Changes
(month/year) Chapter Affected (page number)
Revision 5 "Microprocessor Programming of Microsemi’s Low Power Flash Devices" was 290
(September 2012) [revised.
Revision 4 "FPGA Array Architecture in Low Power Flash Devices" was revised. 20
(August 2012)
The "Low Power Modes in ProASIC3/E and ProASIC3 nano FPGAs" chapter 21
was added (SAR 32020).
"Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 113
FPGAs" was revised.
"SRAM and FIFO Memories in Microsemi's Low Power Flash Devices" was 157
revised.
"1/O Structures in nano Devices" was revised. 183
The "Pin Descriptions" and "Packaging" chapters were removed. This N/A
information is now published in the datasheet for each product line (SAR
34772).
"In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using 273
FlashPro4/3/3X" was revised.
"Boundary Scan in Low Power Flash Devices" was revised. 296
Revision 3 "Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 113
(December 2011) [FPGASs" was revised.
"UJTAG Applications in Microsemi’s Low Power Flash Devices" was revised. 306
Revision 2 "Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 113
(June 2011) FPGAs" was revised.
"1/O Structures in nano Devices" was revised. 183
"I/O Software Control in Low Power Flash Devices" was revised. 204
"In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using 273
FlashPro4/3/3X" was revised.
Revision 1 "Global Resources in Low Power Flash Devices" was revised. 59
(July 2010)
"Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 113
FPGAs" was revised.
"l/O Software Control in Low Power Flash Devices" was revised. 204
"DDR for Microsemi’s Low Power Flash Devices" was revised. 219
"Programming Flash Devices" was revised. 232
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