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FPGA Array Architecture in Low Power Flash Devices
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Note: t Flash*Freeze mode is supported on IGLOO devices.

Figure 1-3 « IGLOO Device Architecture Overview with Two I/O Banks with RAM and PLL
(60 k and 125 k gate densities)
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Note: 1 Flash*Freeze mode is supported on IGLOO devices.

Figure 1-4 « IGLOO Device Architecture Overview with Three I/O Banks
(AGLNO15, AGLNO020, A3PNO015, and A3PN020)
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Related Documents

User’s Guides

Designer User's Guide

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

List of Changes

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

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

Flash Families Support the Flash*Freeze Feature

The low power flash FPGAs listed in Table 2-1 support the Flash*Freeze feature and the functions
described in this document.

Table 2-1+ 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 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 A3PE600L, A3P1000, and A3PE3000L

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 2-1. 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 2-1. 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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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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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.

Revision 4 79


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/Fusion_DS.pdf
http://www.microsemi.com/soc/documents/IGLOO_nano_DS.pdf
http://www.microsemi.com/soc/documents/PA3_nano_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

& Microsemi

Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs

CLKDLY Macro Usage

When a CLKDLY macro is used in a CCC location, the programmable delay element is used to allow the
clock delays to go to the global network. In addition, the user can bypass the PLL in a CCC location
integrated with a PLL, but use the programmable delay that is associated with the global network by
instantiating the CLKDLY macro. The same is true when using programmable delay elements in a CCC
location with no PLLs (the user needs to instantiate the CLKDLY macro). There is no difference between
the programmable delay elements used for the PLL and the CLKDLY macro. The CCC will be configured
to use the programmable delay elements in accordance with the macro instantiated by the user.

As an example, if the PLL is not used in a particular CCC location, the designer is free to specify up to
three CLKDLY macros in the CCC, each of which can have its own input frequency and delay adjustment
options. If the PLL core is used, assuming output to only one global clock network, the other two global
clock networks are free to be used by either connecting directly from the global inputs or connecting from
one or two CLKDLY macros for programmable delay.

The programmable delay elements are shown in the block diagram of the PLL block shown in Figure 4-6
on page 87. Note that any CCC locations with no PLL present contain only the programmable delay
blocks going to the global networks (labeled "Programmable Delay Type 2"). Refer to the "Clock Delay
Adjustment" section on page 102 for a description of the programmable delay types used for the PLL.
Also refer to Table 4-14 on page 110 for Programmable Delay Type 1 step delay values, and Table 4-15
on page 110 for Programmable Delay Type 2 step delay values. CCC locations with a PLL present can
be configured to utilize only the programmable delay blocks (Programmable Delay Type 2) going to the
global networks A, B, and C.

Global network A can be configured to use only the programmable delay element (bypassing the PLL) if the

PLL is not used in the design. Figure 4-6 on page 87 shows a block diagram of the PLL, where the
programmable delay elements are used for the global networks (Programmable Delay Type 2).
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DEVICE_INFO displays the FlashROM content, serial number, Design Name, and checksum, as shown
below:

EXPORT 1DCODE[32]
EXPORT SILSIG[32]
User information :
CHECKSUM: 61A0
Design Name: TOP
Programming Method: STAPL
Algorithm Version: 1
Programmer: UNKNOWN

123261CF
00000000

FlashROM Information :
EXPORT Region_7_0[128] = FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

Security Setting :
Encrypted FlashROM Programming Enabled.
Encrypted FPGA Array Programming Enabled.

The Libero SoC file manager recognizes the UFC and MEM files and displays them in the appropriate
view. Libero SoC also recognizes the multiple programming files if you choose the option to generate
multiple files for multiple FlashROM contents in Designer. These features enable a user-friendly flow for
the FlashROM generation and programming in Libero SoC.

Custom Serialization Using FlashROM

You can use FlashROM for device serialization or inventory control by using the Auto Inc region or Read
From File region. FlashPoint will automatically generate the serial number sequence for the Auto Inc
region with the Start Value, Max Value, and Step Value provided. If you have a unique serial number
generation scheme that you prefer, the Read From File region allows you to import the file with your
serial number scheme programmed into the region. See the FlashPro User's Guide for custom
serialization file format information.

The following steps describe how to perform device serialization or inventory control using FlashROM:

1. Generate FlashROM using SmartGen. From the Properties section in the FlashROM Settings
dialog box, select the Auto Inc or Read From File region. For the Auto Inc region, specify the
desired step value. You will not be able to modify this value in the FlashPoint software.

2. Go through the regular design flow and finish place-and-route.

3. Select Programming File in Designer and open Generate Programming File (Figure 5-12 on
page 144).

4. Click Program FlashROM, browse to the UFC file, and click Next. The FlashROM Settings
window appears, as shown in Figure 5-13 on page 144.

5. Select the FlashROM page you want to program and the data value for the configured regions.
The STAPL file generated will contain only the data that targets the selected FlashROM page.

6. Modify properties for the serialization.
— For the Auto Inc region, specify the Start and Max values.
— For the Read From File region, select the file name of the custom serialization file.
7. Select the FlashROM programming file type you want to generate from the two options below:

— Single programming file for all devices: generates one programming file with all FlashROM
values.
— One programming file per device: generates a separate programming file for each FlashROM
value.
8. Enter the number of devices you want to program and generate the required programming file.
9. Open the programming software and load the programming file. The programming software,
FlashPro3 and Silicon Sculptor Il, supports the device serialization feature. If, for some reason,

the device fails to program a part during serialization, the software allows you to reuse or skip the
serial data. Refer to the FlashPro User’s Guide for details.
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1/0O Structures in IGLOO and ProASIC3 Devices

ENABLE (IN)

ENABLE (OUT) |

12ns ! e
(typical) ' :
Less than
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Figure 7-15 » Timing Diagram (option 2: enables skew circuit)

At the system level, the skew circuit can be used in applications where transmission activities on
bidirectional data lines need to be coordinated. This circuit, when selected, provides a timing margin that
can prevent bus contention and subsequent data loss and/or transmitter over-stress due to transmitter-
to-transmitter current shorts. Figure 7-16 presents an example of the skew circuit implementation in a
bidirectional communication system. Figure 7-17 on page 201 shows how bus contention is created, and
Figure 7-18 on page 201 shows how it can be avoided with the skew circuit.

Transmitter
ENABLE/
DISABLE

Transmitter 1: ProASIC3 1/0

Transmitter 2: Generic 1/0

Skew or Routing l Routing
Bypass | _EN(r1) | Delay (t1) | (EN (b1) {>C EN (b2) | Delay (t2) |ENABLE(t2)

—

Skew

Y ENABLE (t1)
Bidirectional Data Bus
~¢ >

Figure 7-16 « Example of Implementation of Skew Circuits in Bidirectional Transmission Systems Using
IGLOO or ProASIC3 Devices
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User I/O Naming Convention

IGLOOe and ProASIC3E

Due to the comprehensive and flexible nature of IGLOOe and ProASIC3E device user I/Os, a naming
scheme is used to show the details of each 1/O (Figure 8-20 on page 246). The name identifies to which
1/0 bank it belongs, as well as the pairing and pin polarity for differential 1/Os.

I/O Nomenclature = FF/Gmn/IOuxwByVz

Gmn is only used for I/Os that also have CCC access—i.e., global pins.

FF = Indicates the I/O dedicated for the Flash*Freeze mode activation pin in IGLOOe only

G = Global

m = Global pin location associated with each CCC on the device: A (northwest corner), B (northeast
corner), C (east middle), D (southeast corner), E (southwest corner), and F (west middle)

n = Global input MUX and pin number of the associated Global location m, either AO, A1, A2, BO, B1,
B2, CO, C1, or C2. Refer to the "Global Resources in Low Power Flash Devices" section on
page 47 for information about the three input pins per clock source MUX at CCC location m.

u = /O pair number in the bank, starting at 00 from the northwest I/O bank and proceeding in a
clockwise direction

x = P (Positive) or N (Negative) for differential pairs, or R (Regular—single-ended) for the 1/Os that
support single-ended and voltage-referenced I/0O standards only

w = D (Differential Pair), P (Pair), or S (Single-Ended). D (Differential Pair) if both members of the pair
are bonded out to adjacent pins or are separated only by one GND or NC pin; P (Pair) if both
members of the pair are bonded out but do not meet the adjacency requirement; or S (Single-
Ended) if the 1/O pair is not bonded out. For Differential (D) pairs, adjacency for ball grid packages
means only vertical or horizontal. Diagonal adjacency does not meet the requirements for a true
differential pair.

B = Bank

y = Bank number (0-7). The bank number starts at 0 from the northwest I/O bank and proceeds in a
clockwise direction.

V. = Vger

z = VRrgr minibank number (0—4). A given voltage-referenced signal spans 16 pins (typically) in an I/O

bank. Voltage banks may have multiple Vrgr minibanks.
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If the assignment is not successful, an error message appears in the Output window.

To undo the I/O bank assignments, choose Undo from the Edit menu. Undo removes the 1/O
technologies assigned by the IOBA. It does not remove the I/O technologies previously assigned.

To redo the changes undone by the Undo command, choose Redo from the Edit menu.

To clear I/O bank assignments made before using the Undo command, manually unassign or reassign
1/0 technologies to banks. To do so, choose I/0 Bank Settings from the Edit menu to display the I/O
Bank Settings dialog box.

Conclusion

Fusion, IGLOO, and ProASIC3 support for multiple 1/O standards minimizes board-level components and
makes possible a wide variety of applications. The Microsemi Designer software, integrated with Libero
SoC, presents a clear visual display of /0 assignments, allowing users to verify 1/0O and board-level
design requirements before programming the device. The device I/O features and functionalities ensure
board designers can produce low-cost and low power FPGA applications fulfilling the complexities of
contemporary design needs.

Related Documents

User’s Guides

Libero SoC User’s Guide
http://www.microsemi.com/soc/documents/libero_ug.pdf

IGLOO, ProASIC3, SmartFusion, and Fusion Macro Library Guide
http://www.microsemi.com/soc/documents/pa3_libguide ug.pdf
SmartGen Core Reference Guide
http://www.microsemi.com/soc/documents/genguide_ug.pdf
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Related Documents

1.
2.

Below is a list of related documents, their location on the Microsemi SoC Products Group website, and a
brief summary of each document.

Application Notes

Programming Antifuse Devices
http://www.microsemi.com/soc/documents/AntifuseProgram_AN.pdf

Implementation of Security in Actel's ProASIC and ProASICPLYS Flash-Based FPGAs
http://www.microsemi.com/soc/documents/Flash_Security_AN.pdf

User’s Guides

FlashPro Programmers
FlashPro4,! FlashPro3, FlashPro Lite, and FlashPro?

http://www.microsemi.com/soc/products/hardware/program_debug/flashpro/default.aspx
FlashPro User's Guide
http://www.microsemi.com/soc/documents/FlashPro_UG.pdf

The FlashPro User’s Guide includes hardware and software setup, self-test instructions, use instructions,
and a troubleshooting / error message guide.

Silicon Sculptor 3 and Silicon Sculptor Il
http://www.microsemi.com/soc/products/hardware/program_debug/ss/default.aspx

Other Documents

http://www.microsemi.com/soc/products/solutions/security/default.aspx#flashlock
The security resource center describes security in Microsemi Flash FPGAs.

Quality and Reliability Guide
http://www.microsemi.com/soc/documents/RelGuide.pdf

Programming and Functional Failure Guidelines
http://www.microsemi.com/soc/documents/FA_Policies_Guidelines_5-06-00002.pdf

FlashPro4 replaced FlashPro3 in Q1 2010.
FlashPro is no longer available.
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Fusion
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Figure 12-5 « 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 310 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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13 — In-System Programming (ISP) of Microsemi’s
Low Power Flash Devices Using FlashPro4/3/3X

Introduction

Microsemi’s low power flash devices are all in-system programmable. This document describes the
general requirements for programming a device and specific requirements for the FlashPro4/3/3X
programmers”.

IGLOO, ProASIC3, SmartFusion, and Fusion devices offer a low power, single-chip, live-at-power-up
solution with the ASIC advantages of security and low unit cost through nonvolatile flash technology.
Each device contains 1 kbit of on-chip, user-accessible, nonvolatile FlashROM. The FlashROM can be
used in diverse system applications such as Internet Protocol (IP) addressing, user system preference
storage, device serialization, or subscription-based business models. IGLOO, ProASIC3, SmartFusion,
and Fusion devices offer the best in-system programming (ISP) solution, FlashLock® security features,
and AES-decryption-based ISP.

ISP Architecture

Low power flash devices support ISP via JTAG and require a single VPUMP voltage of 3.3 V during
programming. In addition, programming via a microcontroller in a target system is also supported.

Refer to the "Microprocessor Programming of Microsemi’'s Low Power Flash Devices" chapter of an
appropriate FPGA fabric user’s guide.

Family-specific support:
*  ProASIC3, ProASIC3E, SmartFusion, and Fusion devices support ISP.

* ProASIC3L devices operate using a 1.2 V core voltage; however, programming can be done only
at 1.5 V. Voltage switching is required in-system to switch from a 1.2V core to 1.5V core for
programming.

* IGLOO and IGLOOe V5 devices can be programmed in-system when the device is usinga 1.5V
supply voltage to the FPGA core.

+ IGLOO nano V2 devices can be programmed at 1.2 V core voltage (when using FlashPro4 only)
or 1.5 V. IGLOO nano V5 devices are programmed with a VCC core voltage of 1.5 V. Voltage
switching is required in-system to switch from a 1.2 V supply (VCC,VCCI, and VJTAG) to 1.5V
for programming. The exception is that V2 devices can be programmed at 1.2V VCC with
FlashPro4.

IGLOO devices cannot be programmed in-system when the device is in Flash*Freeze mode. The device
should exit Flash*Freeze mode and be in normal operation for programming to start. Programming
operations in IGLOO devices can be achieved when the device is in normal operating mode and a 1.5V
core voltage is used.

JTAG 1532

IGLOO, ProASIC3, SmartFusion, and Fusion devices support the JTAG-based IEEE 1532 standard for
ISP. To start JTAG operations, the IGLOO device must exit Flash*Freeze mode and be in normal
operation before starting to send JTAG commands to the device. As part of this support, when a device is
in an unprogrammed state, all user 1/O pins are disabled. This is achieved by keeping the global IO_EN

1. FlashPro4 replaced FlashPro3/3X in 2010 and is backward compatible with FlashPro3/3X as long as there is no connection
to pin 4 on the JTAG header on the board. On FlashPro3/3X, there is no connection to pin 4 on the JTAG header; however,
pin 4 is used for programming mode (Prog_Mode) on FlashPro4. When converting from FlashPro3/3X to FlashPro4, users
should make sure that JTAG connectors on system boards do not have any connection to pin 4. FlashPro3X supports
discrete TCK toggling that is needed to support non-JTAG compliant devices in the chain. This feature is included in
FlashPro4.
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3. A single STAPL file or multiple STAPL files with multiple FlashROM contents. A single STAPL file
will be generated if the device serialization feature is not used. You can program the whole
FlashROM or selectively program individual pages.

4. A single STAPL file to configure the security settings for the device, such as the AES Key and/or

Pass Key.

Libero SoC
Designer Software Suite Catalog
Netlist +
Programming FlashROM
File D NN R Configuration
(FlashPoint) File (*.ufc)
ll Zi 3 i 4l
Security Security Security Security
Settings Settings Settings Settings
Single/Multiple Single/Multiple
FlashROM FPGA Core FlashROM
Content(s) Content Content(s)
FPGA Core
Content

Figure 13-4 « Flexible Programming File Generation for Different Applications

Programming Solution

For device programming, any IEEE 1532—compliant programmer can be used; however, the
FlashPro4/3/3X programmer must be used to control the low power flash device's rich security features
and FlashROM programming options. The FlashPro4/3/3X programmer is a low-cost portable
programmer for the Microsemi flash families. It can also be used with a powered USB hub for parallel
programming. General specifications for the FlashPro4/3/3X programmer are as follows:

*  Programming clock — TCK is used with a maximum frequency of 20 MHz, and the default
frequency is 4 MHz.

*  Programming file — STAPL

» Daisy chain — Supported. You can use the ChainBuilder software to build the programming file for
the chain.

« Parallel programming — Supported. Multiple FlashPro4/3/3X programmers can be connected
together using a powered USB hub or through the multiple USB ports on the PC.

+ Power supply — The target board must provide VCC, VCCI, VPUMP, and VJTAG during
programming. However, if there is only one device on the target board, the FlashPro4/3/3X
programmer can generate the required VPUMP voltage from the USB port.

334 Revision 4



& Microsemi

ProASIC3L FPGA Fabric User’'s Guide

Board-Level Considerations

A bypass capacitor is required from VPUMP to GND for all low power flash devices during programming.
This bypass capacitor protects the devices from voltage spikes that may occur on the VPUMP supplies
during the erase and programming cycles. Refer to the "Pin Descriptions and Packaging" chapter of the
appropriate device datasheet for specific recommendations. For proper programming, 0.01 yF and 0.33
MF capacitors (both rated at 16 V) are to be connected in parallel across VPUMP and GND, and
positioned as close to the FPGA pins as possible. The bypass capacitor must be placed within 2.5 cm of
the device pins.

VJTAG from the target board

VCCI from the target board
VCC from the target board
VCC J
VCCI Polarizing Notch
VJTAG
Low Power GND
Flash Device TCK 1TCK 2 GND
TDO 3 TDO 4 NC*
TMS e 5TMS 6 VJTAG
VPUMP 7 VPUMP 8 TRST
TDI 9 TDI 10 GND
TRST ¢
= ctlc2 =
49 11

Note:

*NC (FlashPro3/3X); Prog_Mode (FlashPro4). Prog_Mode on FlashPro4 is an output signal that goes High during
device programming and returns to Low when programming is complete. This signal can be used to drive a
system to provide a 1.5 V programming signal to IGLOO nano, ProASIC3L, and RT ProASIC3 devices that can
run with 1.2 V core voltage but require 1.5 V for programming. IGLOO nano V2 devices can be programmed at
1.2 V core voltage (when using FlashPro4 only), but IGLOO nano V5 devices are programmed with a VCC core
voltage of 1.5 V.

Figure 13-6 « Board Layout and Programming Header Top View

Troubleshooting Signal Integrity

Symptoms of a Signal Integrity Problem

A signal integrity problem can manifest itself in many ways. The problem may show up as extra or
dropped bits during serial communication, changing the meaning of the communication. There is a
normal variation of threshold voltage and frequency response between parts even from the same lot.
Because of this, the effects of signal integrity may not always affect different devices on the same board
in the same way. Sometimes, replacing a device appears to make signal integrity problems go away, but
this is just masking the problem. Different parts on identical boards will exhibit the same problem sooner
or later. It is important to fix signal integrity problems early. Unless the signal integrity problems are
severe enough to completely block all communication between the device and the programmer, they
may show up as subtle problems. Some of the FlashPro4/3/3X exit codes that are caused by signal
integrity problems are listed below. Signal integrity problems are not the only possible cause of these
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UJTAG Macro

The UJTAG tiles can be instantiated in a design using the UJTAG macro from the Fusion, IGLOO, or
ProASIC3 macro library. Note that "UJTAG" is a reserved name and cannot be used for any other user-
defined blocks. A block symbol of the UJTAG tile macro is presented in Figure 17-2. In this figure, the
ports on the left side of the block are connected to the JTAG TAP Controller, and the right-side ports are
accessible by the FPGA core VersaTiles. The TDI, TMS, TDO, TCK, and TRST ports of UJTAG are only
provided for design simulation purposes and should be treated as external signals in the design netlist.
However, these ports must NOT be connected to any I/O buffer in the netlist. Figure 17-3 on page 366
illustrates the correct connection of the UJTAG macro to the user design netlist. Microsemi Designer
software will automatically connect these ports to the TAP during place-and-route. Table 17-2 gives the
port descriptions for the rest of the UJTAG ports:

Table 17-2 « UJTAG Port Descriptions

Port Description

UIREG [7:0] | This 8-bit bus carries the contents of the JTAG Instruction Register of each device. Instruction Register
values 16 to 127 are not reserved and can be employed as user-defined instructions.

URSTB URSTB is an active-low signal and will be asserted when the TAP Controller is in Test-Logic-Reset
mode. URSTB is asserted at power-up, and a power-on reset signal resets the TAP Controller. URSTB
will stay asserted until an external TAP access changes the TAP Controller state.

UTDI This port is directly connected to the TAP's TDI signal.

UTDO This port is the user TDO output. Inputs to the UTDO port are sent to the TAP TDO output MUX when
the IR address is in user range.

UDRSH Active-high signal enabled in the ShiftDR TAP state

UDRCAP Active-high signal enabled in the CaptureDR TAP state

UDRCK This port is directly connected to the TAP's TCK signal.

UDRUPD Active-high signal enabled in the UpdateDR TAP state

UIREGO [—>
UIREG1 [—>
UIREG2 [—>
UIREG3 [—>

TDO UIREG4 [—>
UIREG5 [—>

UIREG7 [—>
— TMS URSTB [—>
UDRUPD [—>

TeK UDRCK >

—> TRST UDRCAP [—>
UDRSH [—>
UTDI [—>

UTDO [

Figure 17-2 « UJTAG Tile Block Symbol
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Typical UJTAG Applications

Bidirectional access to the JTAG port from VersaTiles—without putting the device into test mode—
creates flexibility to implement many different applications. This section describes a few of these. All are
based on importing/exporting data through the UJTAG tiles.

Clock Conditioning Circuitry—Dynamic Reconfiguration

In low power flash devices, CCCs, which include PLLs, can be configured dynamically through either an
81-bit embedded shift register or static flash programming switches. These 81 bits control all the
characteristics of the CCC: routing MUX architectures, delay values, divider values, etc. Table 17-3 lists
the 81 configuration bits in the CCC.

Table 17-3 « Configuration Bits of Fusion, IGLOO, and ProASIC3 CCC Blocks

Bit Number(s) Control Function
80 RESET ENABLE
79 DYNCSEL
78 DYNBSEL
77 DYNASEL
<76:74> VCOSEL [2:0]
73 STATCSEL
72 STATBSEL
71 STATASEL
<70:66> DLYC [4:0]
<65:61> DLYB {4:0]
<60:56> DLYGLC [4:0]
<55:51> DLYGLB [4:0]
<50:46> DLYGLA [4:0]
45 XDLYSEL
<44:40> FBDLY [4:0]
<39:38> FBSEL
<37:35> OCMUX [2:0]
<34:32> OBMUX [2:0]
<31:29> OAMUX [2:0]
<28:24> OCDIV [4:0]
<23:19> OBDIV [4:0]
<18:14> OADIV [4:0]
<13:7> FBDIV [6:0]
<6:0> FINDIV [6:0]

The embedded 81-bit shift register (for the dynamic configuration of the CCC) is accessible to the
VersaTiles, which, in turn, have access to the UJTAG tiles. Therefore, the CCC configuration shift
register can receive and load the new configuration data stream from JTAG.

Dynamic reconfiguration eliminates the need to reprogram the device when reconfiguration of the CCC
functional blocks is needed. The CCC configuration can be modified while the device continues to
operate. Employing the UJTAG core requires the user to design a module to provide the configuration
data and control the CCC configuration shift register. In essence, this is a user-designed TAP Controller
requiring chip resources.

Similar reconfiguration capability exists in the ProAS|CELUS® family. The only difference is the number of
shift register bits controlling the CCC (27 in ProASICELYS and 81 in IGLOO, ProASIC3, and Fusion).
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Flash Devices Support Power-Up Behavior
The flash FPGAs listed in Table 18-1 support power-up behavior and the functions described in this

document.

Table 18-1 « 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

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 18-1. 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 18-1. 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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Product Support

My Cases

Microsemi SoC Products Group customers may submit and track technical cases online by going to My
Cases.

Outside the U.S.

Customers needing assistance outside the US time zones can either contact technical support via email
(soc_tech@microsemi.com) or contact a local sales office. Sales office listings can be found at
www.microsemi.com/soc/company/contact/default.aspx.

ITAR Technical Support

For technical support on RH and RT FPGAs that are regulated by International Traffic in Arms
Regulations (ITAR), contact us via soc_tech_itar@microsemi.com. Alternatively, within My Cases, select
Yes in the ITAR drop-down list. For a complete list of ITAR-regulated Microsemi FPGAs, visit the ITAR

web page.
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