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FPGA Array Architecture in Low Power Flash Devices
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Figure 1-7 « IGLOOe and ProASIC3E Device Architecture Overview (AGLE600 device is shown)

I/O State of Newly Shipped Devices

Devices are shipped from the factory with a test design in the device. The power-on switch for VCC is
OFF by default in this test design, so I/Os are tristated by default. Tristated means the 1/O is not actively
driven and floats. The exact value cannot be guaranteed when it is floating. Even in simulation software,
a tristate value is marked as unknown. Due to process variations and shifts, tristated 1/0Os may float
toward High or Low, depending on the particular device and leakage level.

If there is concern regarding the exact state of unused 1/Os, weak pull-up/pull-down should be added to
the floating I/Os so their state is controlled and stabilized.
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Global Resources in Low Power Flash Devices

Compile Options @

Categories | Globals Manage @

-1 Select a category:
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Netlist Optimization
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Limit the number of shared instances between 12
any two non-overlapping local clock regions to:
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instances between non-overlapping local clock
regions, limit the buffers' fanout to:

Restore Defaults |

Figure 3-18 « Globals Management GUI in Designer

3.

Occasionally, the synthesis tool assigns a global macro to clock nets, even though the fanout is
significantly less than other asynchronous signals. Select Demote global nets whose fanout is
less than and enter a reasonable value for fanouts. This frees up some global networks from the
signals that have very low fanouts. This can also be done using PDC.

Use a local clock network for the signals that do not need to go to the whole chip but should have
low skew. This local clock network assignment can only be done using PDC.

Assign the 1/O buffer using MVN if you have fixed 1/0 assignment. As shown in Figure 3-10 on
page 61, there are three sets of global pins that have a hardwired connection to each global
network. Do not try to put multiple CLKBUF macros in these three sets of global pins. For
example, do not assign two CLKBUFs to GAAOx and GAA2x pins.

You must click Commit at the end of MVN assignment. This runs the pre-layout checker and
checks the validity of global assignment.

Always run Compile with the Keep existing physical constraints option on. This uses the
quadrant clock network assignment in the MVN assignment and checks if you have the desired
signals on the global networks.

Run Layout and check the timing.
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ProASIC3L FPGA Fabric User’'s Guide

YB and YC are identical to GLB and GLC, respectively, with the exception of a higher selectable final
output delay. The SmartGen PLL Wizard will configure these outputs according to user specifications and
can enable these signals with or without the enabling of Global Output Clocks.

The above signals can be enabled in the following output groupings in both internal and external
feedback configurations of the static PLL:

* One output — GLA only
»  Two outputs — GLA + (GLB and/or YB)
* Three outputs — GLA + (GLB and/or YB) + (GLC and/or YC)

PLL Macro Block Diagram

As illustrated, the PLL supports three distinct output frequencies from a given input clock. Two of these
(GLB and GLC) can be routed to the B and C global network access, respectively, and/or routed to the
device core (YB and YC).

There are five delay elements to support phase control on all five outputs (GLA, GLB, GLC, YB, and YC).

There are delay elements in the feedback loop that can be used to advance the clock relative to the
reference clock.

The PLL macro reference clock can be driven in the following ways:

1. By an INBUF* macro to create a composite macro, where the I/O macro drives the global buffer
(with programmable delay) using a hardwired connection. In this case, the I/O must be placed in
one of the dedicated global I/O locations.

2. Directly from the FPGA core.

3. From an I/O that is routed through the FPGA regular routing fabric. In this case, users must
instantiate a special macro, PLLINT, to differentiate from the hardwired I/O connection described
earlier.

During power-up, the PLL outputs will toggle around the maximum frequency of the voltage-controlled
oscillator (VCO) gear selected. Toggle frequencies can range from 40 MHz to 250 MHz. This will
continue as long as the clock input (CLKA) is constant (HIGH or LOW). This can be prevented by LOW
assertion of the POWERDOWN signal.

The visual PLL configuration in SmartGen, a component of the Libero SoC and Designer tools, will derive
the necessary internal divider ratios based on the input frequency and desired output frequencies
selected by the user.
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Clock Conditioning Circuits in Low Power Flash Devices and Mixed Signal FPGAs

Core Logic Clock Source

Core logic refers to internal routed nets. Internal routed signals access the CCC via the FPGA Core
Fabric. Similar to the External I/O option, whenever the clock source comes internally from the core itself,
the routed signal is instantiated with a PLLINT macro before connecting to the CCC clock input (see

Figure 4-12 for an example illustration of the connections, shown in red).

To Core
A AA
Gmn*X ll>
Multiplexer by | o cLKDLY
Tree
N\ Macro
Gmn*Bg L%D To Global (or Local)
o Global (or Loca
O Routing Network
[OuxwByVz* X ll>
Gmn* = Global Input Pin
Routed Clock I0uxwBYyVz = Regular I/0 Pin
A (from FPGA Core)
Gmn* X 4
PLLINT From Internal

Signals

Figure 4-12 « lllustration of Core Logic Usage

For Fusion devices, the input reference clock can also be from the embedded RC oscillator and crystal
oscillator. In this case, the CCC configuration is the same as the hardwired 1/O clock source, and users

are required to instantiate the RC oscillator or crystal oscillator macro and
reference clock of the CCC block.

connect its output to the input
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ProASIC3L FPGA Fabric User’'s Guide
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Figure 4-22 « CCC Block Control Bits — Graphical Representation of Assignments
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6 —

SRAM and FIFO Memories in Microsemi's Low
Power Flash Devices

Introduction

As design complexity grows, greater demands are placed upon an FPGA's embedded memory. Fusion,
IGLOO, and ProASIC3 devices provide the flexibility of true dual-port and two-port SRAM blocks. The
embedded memory, along with built-in, dedicated FIFO control logic, can be used to create cascading
RAM blocks and FIFOs without using additional logic gates.

IGLOO, IGLOO PLUS, and ProASIC3L FPGAs contain an additional feature that allows the device to be
put in a low power mode called Flash*Freeze. In this mode, the core draws minimal power (on the order
of 2 to 127 yW) and still retains values on the embedded SRAM/FIFO and registers. Flash*Freeze
technology allows the user to switch to Active mode on demand, thus simplifying power management
and the use of SRAM/FIFOs.

Device Architecture

The low power flash devices feature up to 504 kbits of RAM in 4,608-bit blocks (Figure 6-1 on page 148
and Figure 6-2 on page 149). The total embedded SRAM for each device can be found in the
datasheets. These memory blocks are arranged along the top and bottom of the device to allow better
access from the core and I/O (in some devices, they are only available on the north side of the device).
Every RAM block has a flexible, hardwired, embedded FIFO controller, enabling the user to implement
efficient FIFOs without sacrificing user gates.

In the IGLOO and ProASIC3 families of devices, the following memories are supported:

» 30 k gate devices and smaller do not support SRAM and FIFO.

» 60 k and 125 k gate devices support memories on the north side of the device only.

» 250 k devices and larger support memories on the north and south sides of the device.
In Fusion devices, the following memories are supported:

* AFS090 and AFS250 support memories on the north side of the device only.

* AFS600 and AFS1500 support memories on the north and south sides of the device.
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1/0O Structures in IGLOO and ProASIC3 Devices

/O Banks

Advanced |/Os are divided into multiple technology banks. Each device has two to four banks, and the
number of banks is device-dependent as described above. The bank types have different characteristics,
such as drive strength, the 1/0 standards supported, and timing and power differences.

There are three types of banks: Advanced I/O banks, Standard Plus I/O banks, and Standard 1/O banks.
Advanced I/O banks offer single-ended and differential capabilities. These banks are available on the
east and west sides of 250K, 400K, 600K, and 1M gate devices.

Standard Plus I/O banks offer LVTTL/LVCMOS and PCI single-ended 1/O standards. These banks are
available on the north and south sides of 250K, 400K, 600K, and 1M gate devices as well as all sides of
125K and 60K devices.

Standard 1/0 banks offer LVTTL/LVCMOS single-ended 1/O standards. These banks are available on all
sides of 30K gate devices.

Table 7-4 shows the I/O bank types, devices and bank locations supported, drive strength, slew rate
control, and supported standards.

All inputs and disabled outputs are voltage-tolerant up to 3.3 V.

For more information about I/O and global assignments to 1/0O banks in a device, refer to the specific pin
table for the device in the packaging section of the datasheet and the "User I1/O Naming Convention"
section on page 206.

Table 7-4 « IGLOO and ProASIC3 Bank Type Definitions and Differences

1/0 Standards Supported
LVPECL,
LVDS,
Device and Bank LVTTL/ B-LVDS,
I/O Bank Type Location Drive Strength LVCMOS | PCI/PCI-X M-LVDS
Standard 30 k gate devices (all |Refer to Table 7-14 v Not Not Supported
banks) on page 203 Supported
Standard Plus |60 k and 125k gate |Refer to Table 7-15 v v Not Supported
devices (all banks) on page 203
North and south banks | Refer to Table 7-15 v/ v Not Supported
of 250 k and 1 M gate | on page 203
devices
Advanced East and west banks of [ Refer to Table 7-16 v v v
250k and 1M gate|on page 203
devices
178 Revision 4
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1/0O Structures in IGLOO and ProASIC3 Devices

I/O Register Combining

Every /O has several embedded registers in the 1/O tile that are close to the I/O pads. Rather than using
the internal register from the core, the user has the option of using these registers for faster clock-to-out
timing, and external hold and setup. When combining these registers at the I/O buffer, some architectural
rules must be met. Provided these rules are met, the user can enable register combining globally during
Compile (as shown in the "Compiling the Design" section on page 261).

This feature is supported by all /O standards.

Rules for Registered I/O Function
1. The fanout between an 1/0 pin (D, Y, or E) and a register must be equal to one for combining to be
considered on that pin.
2. All registers (Input, Output, and Output Enable) connected to an I/O must share the same clear or
preset function:
— If one of the registers has a CLR pin, all the other registers that are candidates for combining
in the 1/0 must have a CLR pin.
— If one of the registers has a PRE pin, all the other registers that are candidates for combining
in the I/O must have a PRE pin.
— If one of the registers has neither a CLR nor a PRE pin, all the other registers that are
candidates for combining must have neither a CLR nor a PRE pin.
— If the clear or preset pins are present, they must have the same polarity.
— If the clear or preset pins are present, they must be driven by the same signal (net).
3. Registers connected to an I/O on the Output and Output Enable pins must have the same clock
and enable function:
— Both the Output and Output Enable registers must have an E pin (clock enable), or none at all.
— If the E pins are present, they must have the same polarity. The CLK pins must also have the
same polarity.
In some cases, the user may want registers to be combined with the input of a bibuf while maintaining the
output as-is. This can be achieved by using PDC commands as follows:

set_io <signal name> -REGISTER yes -----—- register will combine
set_preserve <signal name> ----register will not combine

Weak Pull-Up and Weak Pull-Down Resistors

IGLOO and ProASIC3 devices support optional weak pull-up and pull-down resistors on each I/O pin.
When the I/O is pulled up, it is connected to the VCCI of its corresponding 1/0 bank. When it is pulled
down, it is connected to GND. Refer to the datasheet for more information.

For low power applications, configuration of the pull-up or pull-down of the 1/O can be used to set the 1/0
to a known state while the device is in Flash*Freeze mode. Refer to the "Flash*Freeze Technology and
Low Power Modes in IGLOO and ProASIC3L Devices" chapter of the IGLOO FPGA Fabric User’s Guide
or ProASIC3L FPGA Fabric User’s Guide for more information.

The Flash*Freeze (FF) pin cannot be configured with a weak pull-down or pull-up 1/O attribute, as the
signal needs to be driven at all times.

Output Slew Rate Control

The slew rate is the amount of time an input signal takes to get from logic Low to logic High or vice versa.

It is commonly defined as the propagation delay between 10% and 90% of the signal's voltage swing.
Slew rate control is available for the output buffers of low power flash devices. The output buffer has a
programmable slew rate for both HIGH-to-LOW and LOW-to-HIGH transitions. Slew rate control is
available for LVTTL, LVCMOS, and PCI-X I/O standards. The other I/O standards have a preset slew
value.

The slew rate can be implemented by using a PDC command (Table 7-5 on page 179), setting it "High"
or "Low" in the 1/O Attribute Editor in Designer, or instantiating a special /0O macro. The default slew rate
value is "High."
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1/0O Structures in IGLOO and ProASIC3 Devices

Simultaneously Switching Outputs (SSOs) and Printed Circuit
Board Layout

Each 1/0O voltage bank has a separate ground and power plane for input and output circuits (VMV/GNDQ
for input buffers and VCCI/GND for output buffers). This isolation is necessary to minimize simultaneous
switching noise from the input and output (SSI and SSO). The switching noise (ground bounce and
power bounce) is generated by the output buffers and transferred into input buffer circuits, and vice
versa.

Since voltage bounce originates on the package inductance, the VMV and VCCI supplies have separate
package pin assignments. For the same reason, GND and GNDQ also have separate pin assignments.
The VMV and VCCI pins must be shorted to each other on the board. Also, the GND and GNDQ pins
must be shorted to each other on the board. This will prevent unwanted current draw from the power
supply.

SSOs can cause signal integrity problems on adjacent signals that are not part of the SSO bus. Both
inductive and capacitive coupling parasitics of bond wires inside packages and of traces on PCBs will
transfer noise from SSO busses onto signals adjacent to those busses. Additionally, SSOs can produce
ground bounce noise and VCCI dip noise. These two noise types are caused by rapidly changing
currents through GND and VCCI package pin inductances during switching activities (EQ 2 and EQ 3).

Ground bounce noise voltage = L(GND) x di/dt
EQ?2
VCCI dip noise voltage = L(VCCI) x di/dt
EQ3
Any group of four or more input pins switching on the same clock edge is considered an SSO bus. The
shielding should be done both on the board and inside the package unless otherwise described.

In-package shielding can be achieved in several ways; the required shielding will vary depending on
whether pins next to the SSO bus are LVTTL/LVCMOS inputs, LVTTL/LVCMOS outputs, or
GTL/SSTL/HSTL/LVDS/LVPECL inputs and outputs. Board traces in the vicinity of the SSO bus have to
be adequately shielded from mutual coupling and inductive noise that can be generated by the SSO bus.
Also, noise generated by the SSO bus needs to be reduced inside the package.

PCBs perform an important function in feeding stable supply voltages to the IC and, at the same time,
maintaining signal integrity between devices.

Key issues that need to be considered are as follows:
* Power and ground plane design and decoupling network design
+ Transmission line reflections and terminations

For extensive data per package on the SSO and PCB issues, refer to the "ProASIC3/E SSO and Pin
Placement and Guidelines" chapter of the ProASIC3 FPGA Fabric User’s Guide.
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1/0 Structures in IGLOOe and ProASIC3E Devices

Table 8-18 « Supported IGLOOe, ProASIC3L, and ProASIC3E I/O Standards and Corresponding VREF and VTT

Voltages
Input/Output Supply
Voltage Input Reference Board Termination
I/O Standard (VMV1yp/Veel Tyvp) Voltage (Vrer_Tvp) Voltage (V11_1vpP)
LVTTL/LVCMOS 3.3V 3.30V - -
LVCMOS 2.5V 250V - -
LVCMOS 2.5/5.0 V Input 250V - -
LVCMOS 1.8V 1.80V - -
LVCMOS 1.5V 1.50V - -
PCI3.3V 3.30V - -
PCI-X 3.3V 3.30V - -
GTL+3.3V 3.30V 1.00 vV 1.50 V
GTL+25V 250V 1.00V 1.50 V
GTL3.3V 3.30V 0.80V 1.20V
GTL25V 250V 0.80V 1.20V
HSTL Class | 1.50V 0.75V 0.75V
HSTL Class Il 1.50V 0.75V 0.75V
SSTL3 Class | 3.30V 1.50V 1.50 V
SSTL3 Class Il 3.30V 1.50V 1.50 V
SSTL2 Class | 250V 125V 125V
SSTL2 Class Il 250V 125V 125V
LvVDS, DDR LVDS, B-LVDS, 250V - -
M-LVDS
LVPECL 3.30V - -
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1/0 Software Control in Low Power Flash Devices

those banks, the user does not need to assign the same VCCI voltage to another bank. The user needs
to assign the other three VCCI voltages to three more banks.

Assigning Technologies and VREF to 1/0 Banks

Low power flash devices offer a wide variety of I/O standards, including voltage-referenced standards.
Before proceeding to Layout, each bank must have the required VCCI voltage assigned for the
corresponding 1/O technologies used for that bank. The voltage-referenced standards require the use of
a reference voltage (VREF). This assignment can be done manually or automatically. The following
sections describe this in detail.

Manually Assigning Technologies to I/O Banks
The user can import the PDC at this point and resolve this requirement. The PDC command is

set_iobank [bank name] —vcci [vcci value]

Another method is to use the 1/0 Bank Settings dialog box (MVN > Edit > I/O Bank Settings) to set up
the V¢, voltage for the bank (Figure 9-12).

170 Bank Settings E| l

Chooze Bank: Bankd hd

Select all technologies that the bank should support

W LYTTL W PCI v Pl

L L r

L v LWCMOS 3.39
L [~ GTL 3.3V

L [~ GTL+ 3.3

r r

[~ 55TL3 [~ 55TL 3N

L L

v LYPECL L

WL 330

QK | Cancel | Apply Help

Figure 9-12 « Setting VCCI for a Bank
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Programming Flash Devices

Signal Integrity While Using ISP

For ISP of flash devices, customers are expected to follow the board-level guidelines provided on the
Microsemi SoC Products Group website. These guidelines are discussed in the datasheets and
application notes (refer to the “Related Documents” section of the datasheet for application note links).
Customers are also expected to troubleshoot board-level signal integrity issues by measuring voltages
and taking oscilloscope plots.

Programming Failure Allowances

Microsemi has strict policies regarding programming failure allowances. Please refer to Programming
and Functional Failure Guidelines on the Microsemi SoC Products Group website for details.

Contacting the Customer Support Group

Highly skilled engineers staff the Customer Applications Center from 7:00 A.M. to 6:00 P.M., Pacific time,
Monday through Friday. You can contact the center by one of the following methods:

Electronic Mail

You can communicate your technical questions to our email address and receive answers back by email,
fax, or phone. Also, if you have design problems, you can email your design files to receive assistance.
Microsemi monitors the email account throughout the day. When sending your request to us, please be
sure to include your full name, company name, and contact information for efficient processing of your
request. The technical support email address is soc_tech@microsemi.com.

Telephone

Our Technical Support Hotline answers all calls. The center retrieves information, such as your name,
company name, telephone number, and question. Once this is done, a case number is assigned. Then
the center forwards the information to a queue where the first available applications engineer receives
the data and returns your call. The phone hours are from 7:00 A.M. to 6:00 P.M., Pacific time, Monday
through Friday.

The Customer Applications Center number is (800) 262-1060.

European customers can call +44 (0) 1256 305 600.
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Security in Low Power Flash Devices

Security Settings - Step 2 of 3

Select securty level:

= - High Frotect with Pass Key
- Lock the FPGA Array for both writing and werifying.

- Usze the Pazs Key ta write or verify.
Medium 4 -

interface.

- Usge the Pass Key toread or wiite.
= - Mone

Drefault Level

Fazz Key [max length iz 32 HEX chars):
‘EBE’-\DEBENBEDESSE F2BABBFE5320608

- Lock the FlazhROM for both reading and writing via the JTAG

.
1 J The Pass Key must match the ane
previously programmed in this device.

AES Key [max length iz 32 HEX charz):

< Back | Newt > | Finish

Cancel

Help

Figure 12-19 « FlashLock Pass Key, Previously Programmed Devices

It is important to note that when the security settings need to be updated, the user also needs to select
the Security settings check box in Step 1, as shown in Figure 12-10 on page 314 and Figure 12-11 on

page 314, to modify the security settings. The user must consider the following:

* If only a new AES key is necessary, the user must re-enter the same Pass Key previously
programmed into the device in Designer and then generate a programming file with the same
Pass Key and a different AES key. This ensures the programming file can be used to access and

program the device and the new AES key.

+ If a new Pass Key is necessary, the user can generate a new programming file with a new Pass
Key (with the same or a new AES key if desired). However, for programming, the user must first
load the original programming file with the Pass Key that was previously used to unlock the
device. Then the new programming file can be used to program the new security settings.

Advanced Options

As mentioned, there may be applications where more complicated security settings are required. The
“Custom Security Levels” section in the FlashPro User's Guide describes different advanced options

available to aid the user in obtaining the best available security settings.
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Core Voltage Switching Circuit for IGLOO and ProASIC3L In-System Programming

Microsemi’s Flash Families Support Voltage Switching Circuit

The flash FPGAs listed in Table 14-1 support the voltage switching circuit feature and the functions
described in this document.

Table 14-1 « Flash-Based FPGAs Supporting Voltage Switching Circuit

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 14-1. 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 14-1. 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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Core Voltage Switching Circuit for IGLOO and ProASIC3L In-System Programming

Circuit Verification

The power switching circuit recommended above is implemented on Microsemi's Icicle board
(Figure 14-2). On the Icicle board, VJTAGENB is used to control the N-Channel Digital FET, however,
this circuit was modified to use TRST instead of VJTAGENB in this application. There are three important
aspects of this circuit that were verified:

1. Therise on VCC from 1.2 V to 1.5V when TRST is HIGH
2. VCC rises to 1.5 V before programming begins.
3. VCC switches from 1.5V to 1.2 V when TRST is LOW.

Verification Steps
1. Therise on VCC from 1.2 V to 1.5 V when TRST is HIGH.

File Analyze  Utilites  Help 8:59 Akd

O~ NI 0~ I -

Contral  Setup  Measure

VCC Signal

TRST Signal

[ 6 .|@|§| ﬂ 3

Figure 14-2 « Core Voltage on the IGLOO AGL125-QNG132 Device

In the oscilloscope plots (Figure 14-2), the TRST from FlashPro3 and the VCC core voltage of the
IGLOO device are labeled. This plot shows the rise characteristic of the TRST signal from FlashPro3.
Once the TRST signal is asserted HIGH, the LTC3025 shown in Figure 14-1 on page 343 senses the
increase in voltage and changes the output from 1.2 V to 1.5 V. It takes the circuit approximately 100 us
to respond to TRST and change the voltage to 1.5 V on the VCC core.
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Power-Up/-Down Sequence and Transient Current

Microsemi's low power flash devices use the following main voltage pins during normal operation:2
+ VCCPLX
« VWJTAG
» VCC: Voltage supply to the FPGA core

— VCCis 1.5V £0.075V for IGLOO, IGLOO nano, IGLOO PLUS, and ProASIC3 devices
operating at 1.5 V.

— VCCis1.2V £0.06 V for IGLOO, IGLOO nano, IGLOO PLUS, and ProASIC3L devices
operating at 1.2 V.

— V5 devices will require a 1.5 V VCC supply, whereas V2 devices can utilize either a 1.2 V or
1.5V VCC.

» VCCIBx: Supply voltage to the bank's 1/0 output buffers and /O logic. Bx is the /0O bank number.

+  VMVx: Quiet supply voltage to the input buffers of each I/0 bank. x is the bank number. (Note:
IGLOO nano, IGLOO PLUS, and ProASIC3 nano devices do not have VMVx supply pins.)

The 1/0 bank VMV pin must be tied to the VCCI pin within the same bank. Therefore, the supplies that
need to be powered up/down during normal operation are VCC and VCCI. These power supplies can be
powered up/down in any sequence during normal operation of IGLOO, IGLOO nano, IGLOO PLUS,
ProASIC3L, ProASIC3, and ProASIC3 nano FPGAs. During power-up, I/Os in each bank will remain
tristated until the last supply (either VCCIBx or VCC) reaches its functional activation voltage. Similarly,
during power-down, 1/Os of each bank are tristated once the first supply reaches its brownout
deactivation voltage.

Although Microsemi's low power flash devices have no power-up or power-down sequencing
requirements, Microsemi identifies the following power conditions that will result in higher than normal
transient current. Use this information to help maximize power savings:

Microsemi recommends tying VCCPLX to VCC and using proper filtering circuits to decouple VCC noise
from the PLL.

a. If VCCPLX is powered up before VCC, a static current of up to 5 mA (typical) per PLL may be
measured on VCCPLX.

The current vanishes as soon as VCC reaches the VCCPLX voltage level.
The same current is observed at power-down (VCC before VCCPLX).
b. If VCCPLX is powered up simultaneously or after VCC:

i. Microsemi's low power flash devices exhibit very low transient current on VCC. For
ProASIC3 devices, the maximum transient current on V¢ does not exceed the maximum
standby current specified in the device datasheet.

The source of transient current, also known as inrush current, varies depending on the FPGA technology.
Due to their volatile technology, the internal registers in SRAM FPGAs must be initialized before
configuration can start. This initialization is the source of significant inrush current in SRAM FPGAs
during power-up. Due to the nonvolatile nature of flash technology, low power flash devices do not
require any initialization at power-up, and there is very little or no crossbar current through PMOS and
NMOS devices. Therefore, the transient current at power-up is significantly less than for SRAM FPGAs.
Figure 18-1 on page 376 illustrates the types of power consumption by SRAM FPGAs compared to
Microsemi's antifuse and flash FPGAs.

2. For more information on Microsemi FPGA voltage supplies, refer to the appropriate datasheet located at
http://www.microsemi.com/soc/techdocs/ds.
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Brownout Voltage

Brownout is a condition in which the voltage supplies are lower than normal, causing the device to
malfunction as a result of insufficient power. In general, Microsemi does not guarantee the functionality of
the design inside the flash FPGA if voltage supplies are below their minimum recommended operating
condition. Microsemi has performed measurements to characterize the brownout levels of FPGA power
supplies. Refer to Table 18-3 for device-specific brownout deactivation levels. For the purpose of
characterization, a direct path from the device input to output is monitored while voltage supplies are
lowered gradually. The brownout point is defined as the voltage level at which the output stops following
the input. Characterization tests performed on several IGLOO, ProASIC3L, and ProASIC3 devices in
typical operating conditions showed the brownout voltage levels to be within the specification.

During device power-down, the device 1/0Os become tristated once the first supply in the power-down
sequence drops below its brownout deactivation voltage.

Table 18-3 « Brownout Deactivation Levels for VCC and VCCI

VCC Brownout VCCI Brownout
Devices Deactivation Level (V) | Deactivation Level (V)
ProASIC3, ProASIC3 nano, IGLOO, IGLOO nano, 0.75V+0.25V 0.8V+03V
IGLOO PLUS and ProASIC3L devices running at
VCC =15V
IGLOO, IGLOO nano, IGLOO PLUS, and 0.75vV+0.2V 0.8V+0.15V
ProASIC3L devices running at VCC = 1.2V

PLL Behavior at Brownout Condition

When PLL power supply voltage and/or V¢ levels drop below the V¢ brownout levels mentioned
above for 1.5V and 1.2 V devices, the PLL output lock signal goes LOW and/or the output clock is lost.
The following sections explain PLL behavior during and after the brownout condition.

VCCPLL and VCC Tied Together
In this condition, both VCC and VCCPLL drop below the 0.75 V (+ 0.25 V or + 0.2 V) brownout level.
During the brownout recovery, once VCCPLL and VCC reach the activation point (0.85 £ 0.25V or
+ 0.2 V) again, the PLL output lock signal may still remain LOW with the PLL output clock signal toggling.
If this condition occurs, there are two ways to recover the PLL output lock signal:

1. Cycle the power supplies of the PLL (power off and on) by using the PLL POWERDOWN signal.

2. Turn off the input reference clock to the PLL and then turn it back on.

Only VCCPLL Is at Brownout

In this case, only VCCPLL drops below the 0.75 V (+ 0.25 V or £ 0.2 V) brownout level and the VCC
supply remains at nominal recommended operating voltage (1.5 V £ 0.075 V for 1.5 V devices and 1.2V
+0.06 V for 1.2 V devices). In this condition, the PLL behavior after brownout recovery is similar to initial
power-up condition, and the PLL will regain lock automatically after VCCPLL is ramped up above the
activation level (0.85 £ 0.25 V or + 0.2 V). No intervention is necessary in this case.

Only VCC Is at Brownout
In this condition, VCC drops below the 0.75 V (£ 0.25 V or + 0.2 V) brownout level and VCCPLL remains
at nominal recommended operating voltage (1.5V + 0.075 V for 1.5 V devices and 1.2V £ 0.06 V for
1.2 V devices). During the brownout recovery, once VCC reaches the activation point again (0.85
0.25 V or £ 0.2 V), the PLL output lock signal may still remain LOW with the PLL output clock signal
toggling. If this condition occurs, there are two ways to recover the PLL output lock signal:
1. Cycle the power supplies of the PLL (power off and on) by using the PLL POWERDOWN signal.
2. Turn off the input reference clock to the PLL and then turn it back on.

It is important to note that Microsemi recommends using a monotonic power supply or voltage regulator
to ensure proper power-up behavior.
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Power-Up/-Down Behavior of Low Power Flash Devices

Internal Pull-Up and Pull-Down

Low power flash device 1/Os are equipped with internal weak pull-up/-down resistors that can be used by
designers. If used, these internal pull-up/-down resistors will be activated during power-up, once both
VCC and VCCI are above their functional activation level. Similarly, during power-down, these internal
pull-up/-down resistors will turn off once the first supply voltage falls below its brownout deactivation
level.

Cold-Sparing
In cold-sparing applications, voltage can be applied to device 1/0Os before and during power-up. Cold-
sparing applications rely on three important characteristics of the device:
1. 1/Os must be tristated before and during power-up.
2. Voltage applied to the I/Os must not power up any part of the device.
3. VCCI should not exceed 3.6 V, per datasheet specifications.

As described in the "Power-Up to Functional Time" section on page 378, Microsemi’s low power flash
1/Os are tristated before and during power-up until the last voltage supply (VCC or VCCI) is powered up
past its functional level. Furthermore, applying voltage to the FPGA I/Os does not pull up VCC or VCCI
and, therefore, does not partially power up the device. Table 18-4 includes the cold-sparing test results
on A3PE600-PQ208 devices. In this test, leakage current on the device I/O and residual voltage on the
power supply rails were measured while voltage was applied to the 1/0 before power-up.

Table 18-4 « Cold-Sparing Test Results for ASPE600 Devices

Residual Voltage (V)
Device I/O VCC VCCI Leakage Current
Input 0 0.003 <1 pA
Output 0 0.003 <1 pA

VCCI must not exceed 3.6 V, as stated in the datasheet specification. Therefore, ProASIC3E devices
meet all three requirements stated earlier in this section and are suitable for cold-sparing applications.

The following devices and families support cold-sparing:
+ IGLOO: AGL0O15 and AGL030
* Al IGLOO nano
* AIlIGLOO PLUS
+ AllIGLOOe
*  ProASIC3L: A3PE3000L
*  ProASIC3: A3P015 and A3P030
* Al ProASIC3 nano
+ Al ProASIC3E
» Military ProASIC3EL: A3PE60OL and A3PE3000L
*  RT ProASIC3: RT3PE600OL and RT3PE3000L
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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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