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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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ProASIC3L FPGA Fabric User’'s Guide

IGLOO, IGLOO PLUS, IGLOO nano,
ProASIC3L, or RT ProASIC3 Device

Flash*Freeze (FF) Pin

EQ Connect to Top-Level Port {>_ Auto-Connected to IP

INBUF_FF
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Technology User Design

Figure 2-3 « Flash*Freeze Mode Type 2 — Controlled by Flash*Freeze Pin and Internal Logic (LSICC signal)

Normal Flash*Freeze Normal
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Figure 2-4 « Flash*Freeze Mode Type 2 — Timing Diagram
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Flash*Freeze management IP. Additional information on this IP core can be found in the Libero online
help.

The Flash*Freeze management IP is comprised of three blocks: the Flash*Freeze finite state machine
(FSM), the clock gating (filter) block, and the ULSICC macro, as shown in Figure 2-10.

IGLOO, IGLOO PLUS, IGLOO nano,
ProASIC3L, or RT ProASIC3 Device

Flash*Freeze
Management |IP

INBUF
Clock Gating
filter
|XH > fiter) .
CLKINT ::
From Array °
CLKINT
Flash*Freeze Pin
Connect to Top-Level Port , > House
Eg ! - Flas';sFr\Teze) keeping
- (optional)
* INBUF_FF -
Flash*Freeze [®——=—=—[——- ULSICC Macro
Technology
User Design
LEGEND
Net

—  Logical Connection
— = =—=—p Hardwired Connection

Figure 2-10 « Flash*Freeze Management IP Block Diagram

Flash*Freeze Management FSM

The Flash*Freeze FSM block is a simple, robust, fully encoded 3-bit state machine that ensures clean
entrance to and exit from Flash*Freeze mode by controlling activities of the clock gating, ULSICC, and
optional housekeeping blocks. The state diagram for the FSM is shown in Figure 2-11 on page 38. In
normal operation, the state machine waits for Flash*Freeze pin assertion, and upon detection of a
request, it waits for a short period of time to ensure the assertion persists; then it asserts
WAIT_HOUSEKEEPING (active High) synchronous to the user’s designated system clock. This flag can
be used by user logic to perform any needed shutdown processes prior to entering Flash*Freeze mode,
such as storing data into SRAM, notifying other system components of the request, or timing/validating
the Flash*Freeze request. The FSM also asserts Flash_Freeze Enabled whenever the device enters
Flash*Freeze mode. This occurs after all housekeeping and clock gating functions have completed. The
Flash_Freeze Enabled signal remains asserted, even during Flash*Freeze mode, until the Flash*Freeze
pin is deasserted. Use the Flash_Freeze_Enabled signal to drive any logic in the design that needs to be
in a particular state during Flash*Freeze mode. The DONE_HOUSEKEEPING (active High) signal
should be asserted to notify the FSM when all the housekeeping tasks are completed. If the user
chooses not to use housekeeping, the Flash*Freeze management IP core generator in Libero SoC will
connect WAIT_HOUSEKEEPING to DONE_HOUSEKEEPING.
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Global Resources in Low Power Flash Devices

Global Resource Support in Flash-Based Devices

The flash FPGAs listed in Table 3-1 support the global resources and the functions described in this

document.

Table 3-1 « 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 PLUS IGLOO FPGAs with enhanced I/O capabilities
IGLOO nano The industry’s lowest-power, smallest-size solution
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 products as
listed in Table 3-1. 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 3-1. 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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Global Resources in Low Power Flash Devices
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Figure 3-3 « Simplified VersaNet Global Network (60 k gates and above)
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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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Using Spines of Occupied Global Networks

When a signal is assigned to a global network, the flash switches are programmed to set the MUX select
lines (explained in the "Clock Aggregation Architecture" section on page 61) to drive the spines of that
network with the global net. However, if the global net is restricted from reaching into the scope of a
spine, the MUX drivers of that spine are available for other high-fanout or critical signals (Figure 3-20).
For example, if you want to limit the CLK1_c signal to the left half of the chip and want to use the right
side of the same global network for CLK2_c, you can add the following PDC commands:
define_region -name regionl -type inclusive 0 0 34 29

assign_net_macros regionl CLK1 c
assign_local_clock —net CLK2_c —type chip B2

LT 1]
LT T T TP P TP T T T T TP I T I00d

Figure 3-20  Design Example Using Spines of Occupied Global Networks

Conclusion

IGLOO, Fusion, and ProASIC3 devices contain 18 global networks: 6 chip global networks and 12
quadrant global networks. These global networks can be segmented into local low-skew networks called
spines. The spines provide low-skew networks for the high-fanout signals of a design. These allow you
up to 252 different internal/external clocks in an A3PE3000 device. This document describes the
architecture for the global network, plus guidelines and methodologies in assigning signals to globals and
spines.

Related Documents

User’s Guides

IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide
http://www.microsemi.com/soc/documents/pa3_libguide_ug.pdf
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs

Global Buffers with No Programmable Delays

Access to the global / quadrant global networks can be configured directly from the global I/O buffer,
bypassing the CCC functional block (as indicated by the dotted lines in Figure 4-1 on page 77). Internal
signals driven by the FPGA core can use the global / quadrant global networks by connecting via the
routed clock input of the multiplexer tree.

There are many specific CLKBUF macros supporting the wide variety of single-ended I/O inputs
(CLKBUF) and differential 1/0 standards (CLKBUF_LVDS/LVPECL) in the low power flash families. They
are used when connecting global I/Os directly to the global/quadrant networks.
Note: IGLOO nano and ProASIC nano devices do not support differential inputs.
When an internal signal needs to be connected to the global/quadrant network, the CLKINT macro is
used to connect the signal to the routed clock input of the network's MUX tree.
To utilize direct connection from global I/Os or from internal signals to the global/quadrant networks,
CLKBUF, CLKBUF_LVPECL/LVDS, and CLKINT macros are used (Figure 4-2).
+  The CLKBUF and CLKBUF_LVPECL/LVDS" macros are composite macros that include an 1/O
macro driving a global buffer, which uses a hardwired connection.
* The CLKBUF, CLKBUF_LVPECL/LVDS1 and CLKINT macros are pass-through clock sources
and do not use the PLL or provide any programmable delay functionality.
» The CLKINT macro provides a global buffer function driven internally by the FPGA core.

The available CLKBUF macros are described in the IGLOO, ProASIC3, SmartFusion, and Fusion
Macro Library Guide.

Clock Source Clock Conditioning Output
CLKBUF_LVDS/LVPECL Macro CLKBIBUF Macro None GLA,G?IC_:B,
or

PADN
PADP Y
CLKINT Macro

AP

D NE PAD
Y CLKBIBUF

CLKBUF Macro

PADg D Y

Note:

IGLOO nano and ProASIC nano devices do not support differential inputs.

Figure 4-2 « CCC Options: Global Buffers with No Programmable Delay

Global Buffer with Programmable Delay

1.

Clocks requiring clock adjustments can utilize the programmable delay cores before connecting to the
global / quadrant global networks. A maximum of 18 CCC global buffers can be instantiated in a device—
three per CCC and up to six CCCs per device.

Each CCC functional block contains a programmable delay element for each of the global networks (up
to three), and users can utilize these features by using the corresponding macro (Figure 4-3 on page 81).

B-LVDS and M-LVDS are supported with the LVDS macro.
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Table 4-18 « Fusion Dynamic CCC Division by Half Configuration

OADIV<4:0>/

OADIVHALF/ OBDIV<4:0>/
OBDIVHALF/ OCDIV<4:0> Input Clock Output Clock
OCDIVHALF (in decimal) Divider Factor Frequency Frequency (MHz)
1 2 1.5 100 MHz RC 66.7

2 55 Oscillator 40.0

6 35 28.6

8 45 22.2

10 5.5 18.2

12 6.5 15.4

14 7.5 13.3

16 8.5 11.8

18 9.5 10.5

20 10.5 9.5

22 1.5 8.7

24 12.5 8.0

26 13.5 74

28 14.5 6.9
0 0-31 1-32 Other Clock Sources Depends on other

divider settings

Table 4-19 « Configuration Bit <76:75>/ VCOSEL<2:1> Selection for All Families
VCOSEL[2:1]

00 01 10 11

Min. Max. Min. Max. Min. Max. Min. Max.
Voltage (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz) (MHz)
IGLOO and IGLOO PLUS
1.2V +5% 24 35 30 70 60 140 135 160
1.5V 5% 24 43.75 30 87.5 60 175 135 250
ProASIC3L, RT ProASIC3, and Military ProASIC3/L
1.2V 5% 24 35 30 70 60 140 135 250
1.5V+5% 24 43.75 30 70 60 175 135 350
ProASIC3 and Fusion
15V 5% | 24 | 43.75 | 33.75 | 87.5 | 67.5 | 175 | 135 | 350

Table 4-20 « Configuration Bit <74>/ VCOSEL<0> Selection for All Families
VCOSEL|[0] Description

0 Fast PLL lock acquisition time with high tracking jitter. Refer to the corresponding datasheet for specific
value and definition.

1 Slow PLL lock acquisition time with low tracking jitter. Refer to the corresponding datasheet for specific
value and definition.
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FlashROM in Microsemi’s Low Power Flash Devices

Programming and Accessing FlashROM

The FlashROM content can only be programmed via JTAG, but it can be read back selectively through
the JTAG programming interface, the UJTAG interface, or via direct FPGA core addressing. The pages of
the FlashROM can be made secure to prevent read-back via JTAG. In that case, read-back on these
secured pages is only possible by the FPGA core fabric or via UJTAG.

A 7-bit address from the FPGA core defines which of the eight pages (three MSBs) is being read, and
which of the 16 bytes within the selected page (four LSBs) are being read. The FlashROM content can
be read on a random basis; the access time is 10 ns for a device supporting commercial specifications.
The FPGA core will be powered down during writing of the FlashROM content. FPGA power-down during
FlashROM programming is managed on-chip, and FPGA core functionality is not available during
programming of the FlashROM. Table 5-2 summarizes various FlashROM access scenarios.

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

Access Mode

FlashROM Read

FlashROM Write

JTAG Yes Yes
UJTAG Yes No
FPGA core Yes No

Figure 5-6 shows the accessing of the FlashROM using the UJTAG macro. This is similar to FPGA core
access, where the 7-bit address defines which of the eight pages (three MSBs) is being read and which
of the 16 bytes within the selected page (four LSBs) are being read. Refer to the "UJTAG Applications in
Microsemi’'s Low Power Flash Devices" section on page 363 for details on using the UJTAG macro to
read the FlashROM.

Figure 5-7 on page 139 and Figure 5-8 on page 139 show the FlashROM access from the JTAG port.
The FlashROM content can be read on a random basis. The three-bit address defines which page is
being read or updated.

UJTAG
Address Generation and
Data Serialization
(~ I
UIREG [7:0] Enable
FlashROM
,7RESET -
PO URSTB Addr [6:0] Addr [6:0]
Control : r1o:
—| T UDRUPD —>—?—’_
UDRCK > CLK
—| TMVS Data [7:0] Data[7:0]
UDRCAP SDI \
—| TCK UDRSH sDO
UTDI > > o
—| TRST
UTDO

Figure 5-6 « Block Diagram of Using UJTAG to Read FlashROM Contents
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Pipeline Register
module D_pipeline (Data, Clock, Q);

input [3:0] Data;
input Clock;
output [3:0] Q;

reg [3:0] Q;
always @ (posedge Clock) Q <= Data;

endmodule

4x4 RAM Block (created by SmartGen Core Generator)
module mem_block(DI,DO,WADDR,RADDR,WRB,RDB,WCLOCK ,RCLOCK) ;

input [3:0] DI;

output [3:0] DO;

input [1:0] WADDR, RADDR;

input WRB, RDB, WCLOCK, RCLOCK;

wire WEBP, WEAP, VCC, GND;

VCC VCC_1_net(.Y(VCC));

GND GND_1_net(.Y(GND));

INV WEBUBBLEB(.A(WRB), .Y(WEBP));

RAM4K9 RAMBLOCKO( .ADDRA11(GND), -ADDRA1O(GND), .ADDRA9(GND), .ADDRA8(GND),
.ADDRA7(GND), .ADDRAG(GND), .ADDRA5(GND), .ADDRA4(GND), .ADDRA3(GND), .ADDRA2(GND),
.ADDRA1(RADDR[1]), -ADDRAO(RADDR[0]), -ADDRB11(GND), .ADDRB10(GND), .ADDRB9(GND),
.ADDRB8(GND), .ADDRB7(GND), .ADDRB6(GND), .ADDRB5(GND), .ADDRB4(GND), .ADDRB3(GND),
.ADDRB2(GND), .ADDRB1(WADDR[1]), .ADDRBO(WADDR[0]), .DINA8S(GND), -DINA7(GND),
.DINA6(GND), .DINA5(GND), .DINA4(GND), .DINA3(GND), .DINA2(GND), -DINAL(GND),
.DINAO(GND), .DINB8(GND), -DINB7(GND), .DINB6(GND), .DINB5(GND), -DINB4(GND),
.DINB3(DI[3]), .DINB2(DI[2]), -DINBL(DI[1]), -DINBO(DI[0]), .WIDTHAO(GND),
.WIDTHAL(VCC), .WIDTHBO(GND), .WIDTHB1(VCC), .PIPEA(GND), .PIPEB(GND),
.WMODEA(GND), .WMODEB(GND), .BLKA(WEAP), .BLKB(WEBP), .WENA(VCC), -WENB(GND),
.CLKA(RCLOCK), .CLKB(WCLOCK), .RESET(VCC), .DOUTA8(), -DOUTA7()., -DOUTA6(Q),
-.DOUTA5(), -DOUTA4(), .DOUTA3(DO[3]), -DOUTA2(DO[2]), -DOUTA1(DO[1]),
.DOUTAO(DO[0]), -DOUTB8(), -DOUTB7(), -DOUTB6(), .DOUTB5(), .DOUTB4(), .DOUTB3(),
.DOUTB2(), .DOUTB1(), .DOUTBOQ));

INV WEBUBBLEA(.A(RDB), .Y(WEAP));

endmodule
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1/0O Structures in IGLOO and ProASIC3 Devices

/O Bank Structure

Low power flash device I/Os are divided into multiple technology banks. The number of banks is device-
dependent. The IGLOOe, ProASIC3EL, and ProASIC3E devices have eight banks (two per side); and
IGLOO, ProASIC3L, and ProASIC3 devices have two to four banks. Each bank has its own VCCI power
supply pin. Multiple I/0 standards can co-exist within a single 1/0 bank.

In IGLOOe, ProASIC3EL, and ProASIC3E devices, each I/O bank is subdivided into VREF minibanks.
These are used by voltage-referenced 1/0s. VREF minibanks contain 8 to 18 I/Os. All I/Os in a given
minibank share a common VREF line (only one VREF pin is needed per VREF minibank). Therefore, if
an 1/0 in a VREF minibank is configured as a VREF pin, the remaining 1/Os in that minibank will be able
to use the voltage assigned to that pin. If the location of the VREF pin is selected manually in the
software, the user must satisfy VREF rules (refer to the "lI/O Software Control in Low Power Flash
Devices" section on page 251). If the user does not pick the VREg pin manually, the software
automatically assigns it.

Figure 7-3 is a snapshot of a section of the I/0 ring, showing the basic elements of an I/O tile, as viewed
from the Designer place-and-route tool’s MultiView Navigator (MVN).

I/0 Pad/Buffer /O Logic (assigned)

\ ~—=
e
A\
D> 4 >R >R >R
> 7 Other
Minibanks
N Sid > Psice o1
(assiglngd) | |<(Tnassilgﬁed) |

~+— Diffio Tile ———»

| < Minibank >

Figure 7-3 « Snapshot of an I/O Tile

Low power flash device 1/Os are implemented using two tile types: I/0 and differential I/O (diffio).

The diffio tile is built up using two /O tiles, which form an 1/O pair (P side and N side). These /O pairs are
used according to differential /0 standards. Both the P and N sides of the diffio tile include an 1/O buffer
and two /O logic blocks (auxiliary and main logic).

Every minibank (E devices only) is built up from multiple diffio tiles. The number of the minibank depends
on the different-size dies. Refer to the "I/O Architecture" section on page 181 for an illustration of the
minibank structure.

Figure 7-4 on page 183 shows a simplified diagram of the 1/O buffer circuitry. The Output Enable signal
(OE) enables the output buffer to pass the signal from the core logic to the pin. The output buffer contains
ESD protection circuitry, an n-channel transistor that shunts all ESD surges (up to the limit of the device
ESD specification) to GND. This transistor also serves as an output pull-down resistor.

Each output buffer also contains programmable slew rate, drive strength, programmable power-up state
(pull-up/-down resistor), hot-swap, 5V tolerance, and clamp diode control circuitry. Multiple flash
switches (not shown in Figure 7-4 on page 183) are programmed by user selections in the software to
activate different 1/O features.
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1/0O 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 1/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.

VCCI OUTp INp VCCI
DEVICE 1 QUTn INn  DEVICE 2
GND VREF GND VREF
| JT_ J

Figure 7-7 « Differential Topology

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. VCCl 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.
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ProASIC3L FPGA Fabric User’'s Guide

Date Changes Page

v1.3 The "Programming Support in Flash Devices" section was updated to include 288
(December 2008) IGLOO nano and ProASIC3 nano devices.

The "Flash Devices" section was updated to include information for IGLOO nano 289
devices. The following sentence was added: IGLOO PLUS devices can also be
operated at any voltage between 1.2 V and 1.5 V; the Designer software allows
50 mV increments in the voltage.

Table 11-4 - Programming Ordering Codes was updated to replace FP3-26PIN- 294
ADAPTER with FP3-10PIN-ADAPTER-KIT.
Table 14-6 - Programmer Device Support was updated to add IGLOO nano and 317
ProASIC3 nano devices. AGL400 was added to the IGLOO portion of the table.
v1.2 The "Programming Support in Flash Devices" section was revised to include new 288
(October 2008) families and make the information more concise.

Figure 11-1 - FlashPro Programming Setup and the "Programming Support in Flash | 287, 288
Devices" section are new.

Table 14-6 - Programmer Device Support was updated to include ASPE6G0OOL with 317
the other ProASIC3L devices, and the RT ProASIC3 family was added.
v1.1 The "Flash Devices" section was updated to include the IGLOO PLUS family. The 289
(March 2008) text, "Voltage switching is required in-system to switch froma 1.2 V core to 1.5V

core for programming," was revised to state, "Although the device can operate at
1.2 V core voltage, the device can only be reprogrammed when the core voltage is
1.5 V. Voltage switching is required in-system to switch from a 1.2 V supply (Vcc,
Veer and Vyrag) to 1.5V for programming.”

The ProASIC3L family was added to Table 14-6 - Programmer Device Support as a 317
separate set of rows rather than combined with ProASIC3 and ProASIC3E devices.
The IGLOO PLUS family was included, and AGL015 and A3P015 were added.
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Security in Low Power Flash Devices
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Note: If programming the Security Header only, just perform sub-flow 1.
If programming design content only, just perform sub-flow 2.

Figure 12-9 « Security Programming Flows
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Microprocessor Programming of Microsemi’s Low Power Flash Devices

Microprocessor Programming Support in Flash Devices

The flash-based FPGAs listed in Table 15-1 support programming with a microprocessor and the
functions described in this document.

Table 15-1 « Flash-Based FPGAs

Series Family” Description
IGLOO IGLOO Ultra-low power 1.2 V to 1.5 V FPGAs with Flash*Freeze technology
IGLOOe Higher density IGLOO FPGAs with six PLLs and additional I/O standards
IGLOO nano The industry’s lowest-power, smallest-size solution
IGLOO PLUS IGLOO FPGAs with enhanced I/O capabilities
ProASIC3 ProASIC3 Low power, high-performance 1.5V 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 15-1. Where the information applies to only one device or limited devices, these exclusions will
be explicitly stated.

ProASIC3 Terminology

In documentation, the terms ProASIC3 series and ProASIC3 devices refer to all of the ProASIC3 devices
as listed in Table 15-1. Where the information applies to only one device or limited devices, these
exclusions will be explicitly stated.

To further understand the differences between the IGLOO and ProASIC3 devices, refer to the Industry’s
Lowest Power FPGAs Portfolio.
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http://www.microsemi.com/soc/documents/Fusion_DS.pdf
http://www.microsemi.com/soc/documents/IGLOO_DS.pdf
http://www.microsemi.com/soc/documents/IGLOOe_DS.pdf
http://www.microsemi.com/soc/documents/IGLOOPLUS_DS.pdf
http://www.microsemi.com/soc/documents/PA3_DS.pdf
http://www.microsemi.com/soc/documents/PA3E_DS.pdf
http://www.microsemi.com/soc/documents/PA3L_DS.pdf
http://www.microsemi.com/soc/documents/PA3_Auto_DS.pdf
http://www.microsemi.com/soc/documents/Mil_PA3_EL_DS.pdf
http://www.microsemi.com/soc/documents/RTPA3_DS.pdf
http://www.microsemi.com/soc/documents/LPFPGA_FS_PIB.pdf
http://www.microsemi.com/soc/documents/LPFPGA_FS_PIB.pdf
http://www.microsemi.com/soc/documents/IGLOO_nano_DS.pdf
http://www.microsemi.com/soc/documents/PA3_nano_DS.pdf
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Microprocessor Programming of Microsemi’s Low Power Flash Devices

Programming
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Programming
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Microprocessor Compiler
BIN File
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Download to System

l

Program Device

Figure 15-3 « MCU FPGA Programming Model

FlashROM

Microsemi low power flash devices have 1 kbit of user-accessible, nonvolatile, FlashROM on-chip. This
nonvolatile FlashROM can be programmed along with the core or on its own using the standard IEEE

1532 JTAG programming interface.

The FlashROM is architected as eight pages of 128 bits. Each page can be individually programmed
(erased and written). Additionally, on-chip AES security decryption can be used selectively to load data
securely into the FlashROM (e.g., over public or private networks, such as the Internet). Refer to the

"FlashROM in Microsemi’s Low Power Flash Devices" section on page 133.
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Boundary Scan in Low Power Flash Devices
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Figure 16-2 « Boundary Scan Chain

Board-Level Recommendations
Table 16-3 gives pull-down recommendations for the TRST and TCK pins.

Table 16-3 « TRST and TCK Pull-Down Recommendations

VITAG Tie-Off Resistance*
VJTAG at 3.3V 200 Q to 1 kQ
VJTAG at2.5V 200 Q to 1 kQ
VJTAG at 1.8V 500 Q to 1 kQ
VJTAG at 1.5V 500 Q to 1 kQ
VJTAG at 1.2V TBD

Note: Equivalent parallel resistance if more than one device is on JTAG chain (Figure 16-3)
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Power-Up/-Down Behavior of Low Power Flash Devices

Vee

VCC = 1.575 V—

VCC =114V —

Activation trip point:
V,=085V+02V
Deactivation trip point:
Vyg=075V 02V

VCC =VCCI + VT
where VT can be from 0.58 V to 0.9 V (typically 0.75 V)

\

. \ Region 4: /0 Region 5: 1/0 buffers are ON
Region 1: 1/0O Buffers are OFF buffers are ON. and power supplies are within
1/Os are functional specification.

1/Os meet the entire datasheet
and timer specifications for

(except differential inputs)
but slower because VCCl is
below specification. For the
same reason, input buffers do not
meet VIH / VIL levels, and output
buffers do not meet VOH / VOL levels.

speed, VIH/VIL, VOH / VOL, etc.

Region 2: 1/0 buffers are ON.

1/0s are functional (except differential inputs)
but slower because VCCI/VCC are below
specification. For the same reason, input
buffers do not meet VIH/VIL levels, and
output buffers do not meet VOH/VOL levels.

Region 3: 1/0 buffers are ON.
1/Os are functional; I/O DC
specifications are met,

but I/Os are slower because
the VCC is below specification.

Region 1: 1/0 buffers are OFF

Y

f !

Activation trip point: Min VCCI datasheet specification
V,=09V+0.15V voltage at a selected 1/0
Deactivation trip point: standard; i.e., 1.14 V,1.425V, 1.7V,

Vy=08V+0.15V 23V,or3.0V

VCCI

Figure 18-5 « I/O State as a Function of VCCI and VCC Voltage Levels for IGLOO V2, IGLOO nano V2,

IGLOO PLUS V2, and ProASIC3L Devices Running at VCC =12V £ 0.06 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 4 "Microprocessor Programming of Microsemi’s Low Power Flash Devices" was 356
(September 2012) |revised.
Revision 3 "FPGA Array Architecture in Low Power Flash Devices" was revised. 20
(August 2012)
"Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 129
FPGAs" was revised.
"SRAM and FIFO Memories in Microsemi's Low Power Flash Devices" was 173
revised.
"1/O Structures in IGLOO and ProASIC3 Devices" was revised. 210
"1/O Structures in IGLOOe and ProASIC3E Devices" was revised. 249
The "Pin Descriptions" and "Packaging" chapters were removed. This
information is now published in the datasheet for each product line (SAR
34773).
"In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using 339
FlashPro4/3/3X" was revised.
"Boundary Scan in Low Power Flash Devices" was revised. 362
Revision 2 "Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 129
(December 2011) |FPGAs" was revised.
"UJTAG Applications in Microsemi’s Low Power Flash Devices" was revised. 372
Revision 1 "Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 129
(June 2011) FPGAs" was revised.
"I/O Structures in IGLOO and ProASIC3 Devices" was revised. 210
"1/0O Structures in IGLOOe and ProASIC3E Devices" was revised. 249
"1/0 Software Control in Low Power Flash Devices" was revised. 270
"In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using 339
FlashPro4/3/3X" was revised.
Revision 0 The ProASIC3L Flash Family FPGAs Handbook was divided into two parts to N/A
(July 2010) create the ProASIC3L Low Power Flash FPGAs Datasheet and the ProASIC3L
FPGA Fabric User’s Guide.
"Global Resources in Low Power Flash Devices" was revised. 75
"Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal 129
FPGAs" was revised.
"I/0 Software Control in Low Power Flash Devices" was revised. 270
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