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1 - FPGA Array Architecture in Low Power Flash
Devices

Device Architecture

Advanced Flash Switch

Unlike SRAM FPGAs, the low power flash devices use a live-at-power-up ISP flash switch as their
programming element. Flash cells are distributed throughout the device to provide nonvolatile,
reconfigurable programming to connect signal lines to the appropriate VersaTile inputs and outputs. In
the flash switch, two transistors share the floating gate, which stores the programming information
(Figure 1-1). One is the sensing transistor, which is only used for writing and verification of the floating
gate voltage. The other is the switching transistor. The latter is used to connect or separate routing nets,
or to configure VersaTile logic. It is also used to erase the floating gate. Dedicated high-performance
lines are connected as required using the flash switch for fast, low-skew, global signal distribution
throughout the device core. Maximum core utilization is possible for virtually any design. The use of the
flash switch technology also removes the possibility of firm errors, which are increasingly common in
SRAM-based FPGAs.

Floating Gate ® Switch In

e

Sensing ‘ “: Switching

Word
l Y

Figure 1-1 « Flash-Based Switch
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FPGA Array Architecture in Low Power Flash Devices

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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3 — Global Resources in Low Power Flash Devices

Introduction

Global

IGLOO, Fusion, and ProASIC3 FPGA devices offer a powerful, low-delay VersaNet global network
scheme and have extensive support for multiple clock domains. In addition to the Clock Conditioning
Circuits (CCCs) and phase-locked loops (PLLs), there is a comprehensive global clock distribution
network called a VersaNet global network. Each logical element (VersaTile) input and output port has
access to these global networks. The VersaNet global networks can be used to distribute low-skew clock
signals or high-fanout nets. In addition, these highly segmented VersaNet global networks contain spines
(the vertical branches of the global network tree) and ribs that can reach all the VersaTiles inside their
region. This allows users the flexibility to create low-skew local clock networks using spines. This
document describes VersaNet global networks and discusses how to assign signals to these global
networks and spines in a design flow. Details concerning low power flash device PLLs are described in
the "Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs" section on
page 77. This chapter describes the low power flash devices’ global architecture and uses of these global
networks in designs.

Architecture

Low power flash devices offer powerful and flexible control of circuit timing through the use of global
circuitry. Each chip has up to six CCCs, some with PLLs.

* In IGLOOe, ProASIC3EL, and ProASIC3E devices, all CCCs have PLLs—hence, 6 PLLs per
device (except the PQ208 package, which has only 2 PLLs).

* In IGLOO, IGLOO nano, IGLOO PLUS, ProASIC3, and ProASIC3L devices, the west CCC
contains a PLL core (except in 10 k through 30 k devices).

* In Fusion devices, the west CCC also contains a PLL core. In the two larger devices (AFS600 and
AFS1500), the west and east CCCs each contain a PLL.

Refer to Table 4-6 on page 100 for details. Each PLL includes delay lines, a phase shifter (0°, 90°,
180°, 270°), and clock multipliers/dividers. Each CCC has all the circuitry needed for the selection and
interconnection of inputs to the VersaNet global network. The east and west CCCs each have access to
three chip global lines on each side of the chip (six chip global lines total). The CCCs at the four corners
each have access to three quadrant global lines in each quadrant of the chip (except in 10 k through 30 k
gate devices).

The nano 10 k, 15 k, and 20 k devices support four VersaNet global resources, and 30 k devices support
six global resources. The 10 k through 30 k devices have simplified CCCs called CCC-GLs.

The flexible use of the VersaNet global network allows the designer to address several design
requirements. User applications that are clock-resource-intensive can easily route external or gated
internal clocks using VersaNet global routing networks. Designers can also drastically reduce delay
penalties and minimize resource usage by mapping critical, high-fanout nets to the VersaNet global
network.

Note: Microsemi recommends that you choose the appropriate global pin and use the appropriate global
resource so you can realize these benefits.

The following sections give an overview of the VersaNet global network, the structure of the global
network, access point for the global networks, and the clock aggregation feature that enables a design to
have very low clock skew using spines.
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ProASIC3L FPGA Fabric User’'s Guide

CCC Support in Microsemi’s Flash Devices

The flash FPGAs listed in Table 4-1 support the CCC feature and the functions described in this
document.

Table 4-1 « 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 devices as listed
in Table 4-1. 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 4-1. 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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ProASIC3L FPGA Fabric User’'s Guide

Global Buffers with PLL Function

Clocks requiring frequency synthesis or clock adjustments can utilize the PLL core 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 PLL core can generate up to three
global/quadrant clocks, while a clock delay element provides one.

The PLL functionality of the clock conditioning block is supported by the PLL macro.

Clock Source Clock Conditioning Output

Input LVDS/LVPECL Macro PLL Macro

GLA
CLKA GLA
EXTFB LOCK
POWERDOWN GLB
OADIVRST YB
GLC

YC

PADN—X]— Y
PADP—[—]

or

GLA and (GLB or YB)

iy

mn

or

INBUF* Macro OADIVHALF!

PAE'X E Y OADIV[4:0] 2

GLA and (GLC or YC)

OAMUX[2:0] 2
DLYGLA[4:0]
.N12
ggalglxﬁ;gr GLA and (GLB or YB) and
DLYYB[4:0]
DLYGLB[4:02 (GLC or YC)
OCDIV[4:0]?
oc|v|u><[2:032
DLYYC[4:0]
DLYGLC[4:02]2
FINDIV[6:0]
FBDIV[6:0]2
FBDLY[4:0]2
FBSEL[1:0f
XDLYSER
VCOSEL[2:0f

or

LT

Notes:
1. For Fusion only.
2. Refer to the IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide for more information.

3. For INBUF* driving a PLL macro or CLKDLY macro, the 1/0O will be hard-routed to the CCC; i.e., will be placed by
software to a dedicated Global I/O.

4. 1GLOO nano and ProASIC3 nano devices do not support differential inputs.
Figure 4-4 « CCC Options: Global Buffers with PLL

The PLL macro provides five derived clocks (three independent) from a single reference clock. The PLL
macro also provides power-down input and lock output signals. The additional inputs shown on the
macro are configuration settings, which are configured through the use of SmartGen. For manual setting
of these bits refer to the IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide for details.

Figure 4-6 on page 87 illustrates the various clock output options and delay elements.
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs

global assignments are not allocated properly. See the "Physical Constraints for Quadrant Clocks"
section for information on assigning global signals to the quadrant clock networks.

Promoted global signals will be instantiated with CLKINT macros to drive these signals onto the global
network. This is automatically done by Designer when the Auto-Promotion option is selected. If the user
wishes to assign the signals to the quadrant globals instead of the default chip globals, this can done by
using ChipPlanner, by declaring a physical design constraint (PDC), or by importing a PDC file.

Physical Constraints for Quadrant Clocks

If it is necessary to promote global clocks (CLKBUF, CLKINT, PLL, CLKDLY) to quadrant clocks, the user
can define PDCs to execute the promotion. PDCs can be created using PDC commands (pre-compile) or
the MultiView Navigator (MVN) interface (post-compile). The advantage of using the PDC flow over the
MVN flow is that the Compile stage is able to automatically promote any regular net to a global net before
assigning it to a quadrant. There are three options to place a quadrant clock using PDC commands:

» Place a clock core (not hardwired to an 1/O) into a quadrant clock location.

» Place a clock core (hardwired to an 1/O) into an 1/O location (set_io) or an I/O module location
(set_location) that drives a quadrant clock location.

« Assign a net driven by a regular net or a clock net to a quadrant clock using the following
command:

assign_local_clock -net <net name> -type quadrant <quadrant clock region>
where
<net name> is the name of the net assigned to the local user clock region.

<quadrant clock region> defines which quadrant the net should be assigned to. Quadrant
clock regions are defined as UL (upper left), UR (upper right), LL (lower left), and LR (lower right).

Note: If the netis a regular net, the software inserts a CLKINT buffer on the net.
For example:
assign_local_clock -net localReset -type quadrant UR

Keep in mind the following when placing quadrant clocks using MultiView Navigator:

Hardwired I/O-Driven CCCs

» Find the associated clock input port under the Ports tab, and place the input port at one of the
Gmn* locations using PinEditor or I/O Attribute Editor, as shown in Figure 4-32.

=l
242 Pots
B ACLRPORT HARD 10 I
b E41_I10_IN
A1 HARD_10_IN Rl

UL HARD_I0_IN3CLES

P I YT

Figure 4-32 « Port Assignment for a CCC with Hardwired I/O Clock Input
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ProASIC3L FPGA Fabric User’'s Guide

Date Changes Page
v1.2 The following changes were made to the family descriptions in Figure 4-1 « Overview 77
(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 79
(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 87
supported I/O types for globals, for CCC only.

Table 4-5 « Number of CCCs by Device Size and Package was revised to include 94
ProASIC3L, IGLOO PLUS, A3P015, AGL015, AGLP030, AGLP060, and AGLP125.

The "IGLOO and ProASIC3 CCC Locations" section was revised to include 15 k gate 97
devices in the exception statements, as they do not contain PLLs.

v1.0 Information about unlocking the PLL was removed from the "Dynamic PLL 103
(January 2008) Configuration" section.

In the "Dynamic PLL Configuration" section, information was added about running 116
Layout and determining the exact setting of the ports.

In Table 4-8 « Configuration Bit Descriptions for the CCC Blocks, the following bits 106
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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FlashROM in Microsemi’s Low Power Flash Devices

FlashROM Support in Flash-Based Devices

The flash FPGAs listed in Table 5-1 support the FlashROM feature and the functions described in this

document.

Table 5-1 « 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 5-1. 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 5-1. 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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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices

Table 6-8 and Table 6-9 show the maximum potential width and depth configuration for each device. Note
that 15 k and 30 k gate devices do not support RAM or FIFO.

Table 6-8 « Memory Availability per IGLOO and ProASIC3 Device

Device Maximum Potential Width! | Maximum Potential Depth?
IGLOO ProASIC3 RAM
IGLOO nano ProASIC3 nano | Block
IGLOO PLUS ProASIC3L S Depth Width Depth Width
AGL060 A3P060 4 256 72 (4%18) 16,384 (4,096x4) 1
AGLNO060 A3PNO060
AGLP060
AGL125 A3P125 8 256 144 (8x18) 32,768 (4,094x%8) 1
AGLN125 A3PN125
AGLP125
AGL250 A3P250/L 8 256 144 (8x18) 32,768 (4,096x8) 1
AGLN250 A3PN250
AGL400 A3P400 12 256 216 (12x18) 49,152 (4,096%12) 1
AGL600 A3P600/L 24 | 256 432 (24x18) 98,304 (4,096x24) | 1
AGL1000 A3P1000/L 32 256 576 (32x18) 131,072 (4,096%32) 1
AGLE600 A3PE600 24 256 432 (24%18) 98,304 (4,096x24) 1

A3PE1500 60 256 1,080 (60%18) 245,760 (4,096%60) 1

AGLE3000 A3PE3000/L 112 256 2,016 (112x18) 458,752 (4,096x112) 1
Notes:

1. Maximum potential width uses the two-port configuration.
2. Maximum potential depth uses the dual-port configuration.

Table 6-9 « Memory Availability per Fusion Device

Maximum Potential Width! Maximum Potential Depth?

Device RAM Blocks Depth Width Depth Width
AFS090 6 256 108 (6%18) 24,576 (4,094x6) 1
AFS250 8 256 144 (8x18) 32,768 (4,094 x8) 1
AFS600 24 256 432 (24%18) 98,304 (4,096%24) 1
AFS1500 60 256 1,080 (60%18) 245,760 (4,096%60) 1

Notes:
1. Maximum potential width uses the two-port configuration.
2. Maximum potential depth uses the dual-port configuration.
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SRAM and FIFO Memories in Microsemi's Low Power Flash Devices

Software Support

The SmartGen core generator is the easiest way to select and configure the memory blocks
(Figure 6-12). SmartGen automatically selects the proper memory block type and aspect ratio, and
cascades the memory blocks based on the user's selection. SmartGen also configures any additional

signals that may require tie-off.
SmartGen will attempt to use the minimum number of blocks required to implement the desired memory.
When cascading, SmartGen will configure the memory for width before configuring for depth. For
example, if the user requests a 256x8 FIFO, SmartGen will use a 512x9 FIFO configuration, not 256x18.

7 test.aws - SmartGen
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417 Counters
=8 Decoder
-3 FIFO

.. Syrichronous FIFC

FlashR.oi
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| -3 Multiplexcor
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Figure 6-12 « SmartGen Core Generator Interface
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1/0O Structures in IGLOO and ProASIC3 Devices

/O Features

Low power flash devices support multiple 1/0 features that make board design easier. For example, an
1/0 feature like Schmitt Trigger in the ProASIC3E input buffer saves the board space that would be used
by an external Schmitt trigger for a slow or noisy input signal. These features are also programmable for
each /0O, which in turn gives flexibility in interfacing with other components. The following is a detailed
description of all available features in low power flash devices.

I/O Programmable Features

Low power flash devices offer many flexible 1/0 features to support a wide variety of board designs.
Some of the features are programmable, with a range for selection. Table 7-7 lists programmable /O
features and their ranges.

Table 7-7 « Programmable 1/0O Features (user control via I/O Attribute Editor)

Feature! Description Range

Slew Control Output slew rate HIGH, LOW
Output Drive (mA) Output drive strength 2,4,6,8,12, 16, 24
Skew Control Output tristate enable delay option ON, OFF
Resistor Pull Resistor pull circuit Up, Down, None
Input Delay? Input delay OFF, 0-7
Schmitt Trigger Schmitt trigger for input only ON, OFF
Notes:

1. Limitations of these features with respect to different devices are discussed in later sections.
2. Programmable input delay is applicable only to ProASIC3EL and RT ProASIC3 devices.

Hot-Swap Support

A pull-up clamp diode must not be present in the I/O circuitry if the hot-swap feature is used. The 3.3V
PCI standard requires a pull-up clamp diode on the I/O, so it cannot be selected if hot-swap capability is
required. The A3P030 device does not support 3.3 V PCI, so it is the only device in the ProASIC3 family
that supports the hot-swap feature. All devices in the ProASIC3E family are hot-swappable. All standards
except LVCMOS 2.5/5.0 V and 3.3 V PCI/PCI-X support the hot-swap feature.

The hot-swap feature appears as a read-only check box in the 1/0 Attribute Editor that shows whether an
I/O is hot-swappable or not. Refer to the "Power-Up/-Down Behavior of Low Power Flash Devices"
section on page 373 for details on hot-swapping.

Hot-swapping (also called hot-plugging) is the operation of hot insertion or hot removal of a card in a
powered-up system. The levels of hot-swap support and examples of related applications are described
in Table 7-8 on page 189 to Table 7-11 on page 190. The I/Os also need to be configured in hot-insertion
mode if hot-plugging compliance is required. The AGL030 and A3P030 devices have an I/O structure
that allows the support of Level 3 and Level 4 hot-swap with only two levels of staging.
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1/0O Structures in IGLOO and ProASIC3 Devices

Board-Level Considerations

Low power flash devices have robust I/O features that can help in reducing board-level components. The
devices offer single-chip solutions, which makes the board layout simpler and more immune to signal
integrity issues. Although, in many cases, these devices resolve board-level issues, special attention
should always be given to overall signal integrity. This section covers important board-level
considerations to facilitate optimum device performance.

Termination

Proper termination of all signals is essential for good signal quality. Nonterminated signals, especially
clock signals, can cause malfunctioning of the device.

For general termination guidelines, refer to the Board-Level Considerations application note for
Microsemi FPGAs. Also refer to the "Pin Descriptions" chapter of the appropriate datasheet for
termination requirements for specific pins.

Low power flash I/Os are equipped with on-chip pull-up/-down resistors. The user can enable these
resistors by instantiating them either in the top level of the design (refer to the IGLOO, Fusion, and
ProASIC3 Macro Library Guide for the available I/O macros with pull-up/-down) or in the I/O Attribute
Editor in Designer if generic input or output buffers are instantiated in the top level. Unused I/O pins are
configured as inputs with pull-up resistors.

As mentioned earlier, low power flash devices have multiple programmable drive strengths, and the user
can eliminate unwanted overshoot and undershoot by adjusting the drive strengths.

Power-Up Behavior

Low power flash devices are power-up/-down friendly; i.e., no particular sequencing is required for
power-up and power-down. This eliminates extra board components for power-up sequencing, such as a
power-up sequencer.

During power-up, all I/Os are tristated, irrespective of 1/0O macro type (input buffers, output buffers, 1/0
buffers with weak pull-ups or weak pull-downs, etc.). Once 1/Os become activated, they are set to the
user-selected 1/0 macros. Refer to the "Power-Up/-Down Behavior of Low Power Flash Devices" section
on page 373 for details.

Drive Strength

Low power flash devices have up to seven programmable output drive strengths. The user can select the
drive strength of a particular output in the 1/0 Attribute Editor or can instantiate a specialized 1/0 macro,
such as OUTBUF_S_12 (slew = low, out_drive = 12 mA).

The maximum available drive strength is 24 mA per 1/0. Though no I/O should be forced to source or
sink more than 24 mA indefinitely, I/Os may handle a higher amount of current (refer to the device IBIS
model for maximum source/sink current) during signal transition (AC current). Every device package has
its own power dissipation limit; hence, power calculation must be performed accurately to determine how
much current can be tolerated per I/0 within that limit.

I/O Interfacing

Low power flash devices are 5 V-input— and 5 V—output—tolerant if certain I/O standards are selected
(refer to the "5V Input and Output Tolerance" section on page 194). Along with other low-voltage 1/0
macros, this 5 V tolerance makes these devices suitable for many types of board component interfacing.
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This current draw can occur in the following cases:

* In Active and Static modes:
— Input buffers with pull-up, driven Low
— Input buffers with pull-down, driven High
— Bidirectional buffers with pull-up, driven Low
— Bidirectional buffers with pull-down, driven High
— Output buffers with pull-up, driven Low
— Output buffers with pull-down, driven High
— Tristate buffers with pull-up, driven Low
— Tristate buffers with pull-down, driven High

* In Flash*Freeze mode:
— Input buffers with pull-up, driven Low
— Input buffers with pull-down, driven High
— Bidirectional buffers with pull-up, driven Low
— Bidirectional buffers with pull-down, driven High

Electrostatic Discharge Protection

Low power flash devices are tested per JEDEC Standard JESD22-A114-B.

These devices contain clamp diodes at every 1/O, global, and power pad. Clamp diodes protect all device
pads against damage from ESD as well as from excessive voltage transients.

All IGLOO and ProASIC3 devices are tested to the Human Body Model (HBM) and the Charged Device
Model (CDM).

Each I/0 has two clamp diodes. One diode has its positive (P) side connected to the pad and its negative
(N) side connected to VCCI. The second diode has its P side connected to GND and its N side
connected to the pad. During operation, these diodes are normally biased in the off state, except when
transient voltage is significantly above VCCI or below GND levels.

In 30 k gate devices, the first diode is always off. In other devices, the clamp diode is always on and
cannot be switched off.

By selecting the appropriate 1/0 configuration, the diode is turned on or off. Refer to Table 8-13 for more
information about the 1/0 standards and the clamp diode.

The second diode is always connected to the pad, regardless of the 1/O configuration selected.

Table 8-13 « /0 Hot-Swap and 5 V Input Tolerance Capabilities in IGLOOe and ProASIC3E Devices

Clamp Hot 5V Input Input Output
I/O Assignment Diode Insertion Tolerance Buffer Buffer
3.3 VLVTTL/LVCMOS No Yes Yes' Enabled/Disabled
3.3V PCI, 3.3V PCI-X Yes No Yes' Enabled/Disabled
LVCMOS 2.5V ? No Yes No Enabled/Disabled
LVCMOS 2.5V /5.0 V ? Yes No Yes® Enabled/Disabled
LVCMOS 1.8V No Yes No Enabled/Disabled
LVCMOS 1.5V No Yes No Enabled/Disabled
Voltage-Referenced Input Buffer No Yes No Enabled/Disabled
Differential, LVDS/B-LVDS/M-LVDS/LVPECL No Yes No Enabled/Disabled

Notes:

1. Can be implemented with an external IDT bus switch, resistor divider, or Zener with resistor.
2. Inthe SmartGen Core Reference Guide, select the LVCMOS5 macro for the LVCMOS 2.5V /5.0 V I/O standard

or the LVCMOS25 macro for the LVCMOS 2.5 V I/O standard.
3. Can be implemented with an external resistor and an internal clamp diode.
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Refer to Table 8-16 on page 242 for SLEW and OUT_DRIVE settings. Table 8-18 on page 244 lists the
voltages for the supported I/O standards.

Table 8-17 « IGLOOe and ProASIC3E I/O Default Attributes
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I/O Standard (71) o) 5 o o) o z z 2
LVTTL/LVCMOS 3.3V See See Off |None| 35pF | — [ Off | O Off

Table 8-15 |Table 8-150on

LVCMOS 2.5V on page 240| page 240 Off |None| 35pF | — [ Off | O Off
LVCMOS 2.5/5.0 V Off |None| 35pF | — [ Off | O Off
LVCMOS 1.8V Off [None| 35pF | — off | 0 Off
LVCMOS 1.5V Off [None| 35pF | — off | 0 Off
PCI (3.3V) Off |None| 10pF | — [ Off | O Off
PCI-X (3.3 V) Off |None| 10pF | — [ Off | O Off
GTL+ (3.3V) Off |None| 10pF | — [ Off | O Off
GTL+ (2.5V) Off [None| 10 pF | — off | O Off
GTL (3.3V) Off [None| 10 pF | — off | O Off
GTL (2.5V) Off |None| 10pF | — [ Off | O Off
HSTL Class | Off |None| 20pF | — [ Off | O Off
HSTL Class Il Off |None| 20pF | — [ Off | O Off
SSTL2 Class | and Il Off [None| 30 pF | — off | O Off
SSTL3 Class | and Off [None| 30 pF | — off | O Off
LVDS, B-LVDS, M-LVDS Off |None| OpF - | Off [ O Off
LVPECL Off |None| 0pF - | Off [ O Off

Revision 4

243



& Microsemi

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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In-System Programming (ISP) of Microsemi’s Low Power Flash Devices Using FlashPro4/3/3X

Date

Changes

Page

July 2010
(continued)

The "Chain Integrity Test Error Analyze Chain Failure" section was renamed to the
"Scan Chain Failure" section, and the Analyze Chain command was changed to
Scan Chain. It was noted that occasionally a faulty programmer can cause scan
chain failures.

338

v1.5
(August 2009)

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

331

v1.4
(December 2008)

The "ISP Architecture" section was revised to include information about core
voltage for IGLOO V2 and ProASIC3L devices, as well as 50 mV increments
allowable in Designer software.

327

IGLOO nano and ProASIC3 nano devices were added to Table 13-1 ¢ Flash-Based
FPGAs Supporting ISP.

328

A second capacitor was added to Figure 13-6  Board Layout and Programming
Header Top View.

337

v1.3
(October 2008)

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

328

v1.2
(June 2008)

The following changes were made to the family descriptions in Table 13-1 « Flash-
Based FPGAs Supporting ISP:

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

328

v1.1
(March 2008)

The "ISP Architecture" section was updated to included the IGLOO PLUS family in
the discussion of family-specific support. The text, "When 1.2 V is used, the device
can be reprogrammed in-system at 1.5 V only," was revised to state, "Although the
device can operate at 1.2V core voltage, the device can only be reprogrammed
when all supplies (VCC, VCCI, and VJTAG) are at 1.5 V."

327

The "ISP Support in Flash-Based Devices" section and Table 13-1 < Flash-Based
FPGAs Supporting ISP were updated to include the IGLOO PLUS family. The
"IGLOO Terminology" section and "ProASIC3 Terminology" section are new.

328

The "Security" section was updated to mention that 15 k gate devices do not have a
built-in 128-bit decryption core.

330

Table 13-2 « Power Supplies was revised to remove the Normal Operation column
and add a table note stating, "All supply voltages should be at 1.5V or higher,
regardless of the setting during normal operation."

329

The "ISP Programming Header Information" section was revised to change
FP3-26PIN-ADAPTER to FP3-10PIN-ADAPTER-KIT. Table 13-3 ¢ Programming
Header Ordering Codes was updated with the same change, as well as adding the
part number FFSD-05-D-06.00-01-N, a 10-pin cable with 50-mil-pitch sockets.

335

The "Board-Level Considerations" section was updated to describe connecting two
capacitors in parallel across VPUMP and GND for proper programming.

337

v1.0
(January 2008)

Information was added to the "Programming Voltage (VPUMP) and VJTAG" section
about the JTAG interface pin.

329

51900055-2/7.06

ACTgen was changed to SmartGen.

N/A

In Figure 13-6 < Board Layout and Programming Header Top View, the order of the
text was changed to:

VJTAG from the target board
VCCI from the target board
VCC from the target board
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14 — Core Voltage Switching Circuit for IGLOO and
ProASIC3L In-System Programming

Introduction

The IGLOO® and ProASIC®3L families offer devices that can be powered by either 1.5V or, in the case
of V2 devices, a core supply voltage anywhere in the range of 1.2 V to 1.5V, in 50 mV increments.

Since IGLOO and ProASIC3L devices are flash-based, they can be programmed and reprogrammed
multiple times in-system using Microsemi FlashPro3. FlashPro3 uses the JTAG standard interface (IEEE
1149.1) and STAPL file (defined in JESD 71 to support programming of programmable devices using
IEEE 1149.1) for in-system configuration/programming (IEEE 1532) of a device. Programming can also
be executed by other methods, such as an embedded microcontroller that follows the same standards
above.

All IGLOO and ProASIC3L devices must be programmed with the VCC core voltage at 1.5 V. Therefore,
applications using IGLOO or ProASIC3L devices powered by a 1.2 V supply must switch the core supply
to 1.5 V for in-system programming.

The purpose of this document is to describe an easy-to-use and cost-effective solution for switching the
core supply voltage from 1.2V to 1.5V during in-system programming for IGLOO and ProASIC3L
devices.
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List of Changes

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

Date Changes Page
September 2012 The "Security" section was modified to clarify that Microsemi does not support 354
read-back of FPGA core-programmed data (SAR 41235).
July 2010 This chapter is no longer published separately with its own part number and N/A
version but is now part of several FPGA fabric user’s guides.
vi4 IGLOO nano and ProASIC3 nano devices were added to Table 15-1 < Flash- 350
(December 2008) Based FPGAs.
v1.3 The "Microprocessor Programming Support in Flash Devices" section was 350
(October 2008) revised to include new families and make the information more concise.
v1.2 The following changes were made to the family descriptions in Table 15-1 350
(June 2008) Flash-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 "Microprocessor Programming Support in Flash Devices" section was 350
(March 2008) updated to include information on the IGLOO PLUS family. The "IGLOO
Terminology" section and "ProASIC3 Terminology" section are new.
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Boundary Scan in Low Power Flash Devices

Microsemi’s Flash Devices Support the JTAG Feature
The flash-based FPGAs listed in Table 16-1 support the JTAG feature and the functions described in this

document.

Table 16-1 « 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 ProASIC®3 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 16-1. 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 16-1. 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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18 — Power-Up/-Down Behavior of Low Power
Flash Devices

Introduction

Microsemi’s low power flash devices are flash-based FPGAs manufactured on a 0.13 ym process node.
These devices offer a single-chip, reprogrammable solution and support Level O live at power-up (LAPU)
due to their nonvolatile architecture.

Microsemi's low power flash FPGA families are optimized for logic area, 1/O features, and performance.
IGLOO® devices are optimized for power, making them the industry's lowest power programmable
solution. IGLOO PLUS FPGAs offer enhanced I/O features beyond those of the IGLOO ultra-low power
solution for I/O-intensive low power applications. IGLOO nano devices are the industry's lowest-power
cost-effective solution. ProASIC3®L FPGAs balance low power with high performance. The ProASIC3
family is Microsemi's high-performance flash FPGA solution. ProASIC3 nano devices offer the lowest-
cost solution with enhanced I/O capabilities.

Microsemi’s low power flash devices exhibit very low transient current on each power supply during
power-up. The peak value of the transient current depends on the device size, temperature, voltage
levels, and power-up sequence.

The following devices can have inputs driven in while the device is not powered:
+ IGLOO (AGL015 and AGL030)
* IGLOO nano (all devices)
+ IGLOO PLUS (AGLP030, AGLP060, AGLP125)
+ IGLOOe (AGLE600, AGLE3000)
*  ProASIC3L (A3PE3000L)
*  ProASIC3 (A3P015, A3P030)
*  ProASIC3 nano (all devices)
*  ProASIC3E (A3PE600, A3PE1500, A3PE3000)
» Military ProASIC3EL (A3PE600L, ASPE3000L, but not A3P1000)
*  RT ProASIC3 (RT3PE600L, RT3PE3000L)

The driven 1/Os do not pull up power planes, and the current draw is limited to very small leakage current,
making them suitable for applications that require cold-sparing. These devices are hot-swappable,
meaning they can be inserted in a live power system.’

1. For more details on the levels of hot-swap compatibility in Microsemi’s low power flash devices, refer to the "Hot-Swap
Support" section in the 1/0 Structures chapter of the FPGA fabric user’s guide for the device you are using.
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