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ProASIC3®E Flash Family FPGAs

with Optional Soft ARM® Support

o

FlashLock

Features and Benefits

High Capacity
e 600 k to 3 Million System Gates
e 108 k to 504 kbits of True Dual-Port SRAM
e Upto 616 User I/Os

Reprogrammable Flash Technology

e 130-nm, 7-Layer Metal (6 Copper), Flash-Based CMOS
Process

e Live At Power-Up (LAPU) Level 0 Support

¢ Single-Chip Solution

e Retains Programmed Design When Powered Off
On-Chip User Nonvolatile Memory

¢ 1 kbit of FlashROM with Synchronous Interfacing
High Performance

e 350 MHz System Performance

e 3.3V, 66 MHz 64-Bit PCl
In-System Programming (ISP) and Security

e Secure ISP Using On-Chip 128-Bit Advanced Encryption
Standard (AES) Decryption via JTAG (IEEE1532-
compliant

e FlashLock™ to Secure FPGA Contents

Low Power

e 1.5V Core Voltage for Low Power
e Support for 1.5-V-Only Systems
¢ Low-Impedance Flash Switches

High-Performance Routing Hierarchy

Pro (Professional) I/0

700 Mbps DDR, LVDS-Capable I/0s

1.5V, 1.8V, 2.5V, and 3.3 V Mixed-Voltage Operation

Bank-Selectable I/0 Voltages — Up to 8 Banks per Chip

Single-Ended 1/0 Standards: LVTTL, LVCMOS 3.3 V/

2.5V/1.8V/1.5V,3.3V PCI/3.3V PCl-X, and LVCMOS

2.5V/5.0 V Input

e Differential I/O Standards: LVPECL, LVDS, BLVDS, and
M-LVDS

e \oltage-Referenced /O Standards: GTL+2.5V/3.3V,

GTL 2.5V/3.3V, HSTL Class | and II, SSTL2 Class | and I,

SSTL3 Class I and Il

I/0 Registers on Input, Output, and Enable Paths

Hot-Swappable and Cold Sparing I/0Os

Programmable Output Slew Rate and Drive Strength

Programmable Input Delay

Schmitt-Trigger Option on Single-Ended Inputs

Weak Pull-Up/Down

IEEE1149.1 (JTAG) Boundary Scan Test

Pin-Compatible Packages Across the ProASIC3E Family

Clock Conditioning Circuit (CCC) and PLL
e Six CCC Blocks, Each with an Integrated PLL
e Flexible Phase-Shift, Multiply/Divide, and Delay
Capabilities
e Wide Input Frequency Range (1.5 MHz to 350 MHz)
SRAMs and FIFOs

e Variable-Aspect Ratio 4,608-Bit RAM Blocks (x1, x2, x4,
x9, x18 Organizations Available)

e True Dual-Port SRAM (except x18)

e 24 SRAM and FIFO Configurations with Synchronous

o Belgmented, Hierarchical Routing and Clock Structure Operation up to 350 MHz

L[] - - .

S Enhanced Hrgh-apeed, VeryLong.Line Network Soft ARM7™ Core Support in M7 ProASIC3E

* High-Performance, Low-Skew Global Network Devices

e Architecture Supports Ultra-High Utilization e CoreMP7Sd (with debug) and CoreMP7S (without debug)
Table 1 o  ProASIC3E Product Family
ProASIC3E Devices A3PE600 A3PE1500 A3PE3000
ARM-Enabled ProASIC3E Devices'! M7A3PE600 M7A3PE1500 M7A3PE3000
System Gates 600 k 1.5M 3M
VersaTiles (D-Flip-Flops) 13,824 38,400 75,264
RAM kbits (1,024 bits) 108 270 504
4,608 Bit Blocks 24 60 112
FlashROM Bits 1k 1k 1k
Secure (AES) ISP Yes Yes Yes
CCCs with Integrated PLLs? 6 6 6
VersaNet Globals3 18 18 18
1/0 Banks 8 8 8
Maximum User 1/Os 270 439 616
Package Pins

PQFP PQ208 PQ208 PQ208

FBGA FG256, FG484 FG484, FG676 FG484, FG896
Notes:

1. Refer to the CoreMP7 datasheet for more information.

2. The PQ208 package has six CCCs and two PLLs.

3. Six chip (main) and three quadrant global networks are available.
4.

For devices supporting lower densities, refer to the ProASIC3 Flash FPGAs datasheet.

April 2006
© 2006 Actel Corporation

i
See the Actel website for the latest version of the datasheet.


http://www.actel.com/documents/CoreMP7_DS.pdf
http://www.actel.com/documents/PA3_DS.pdf
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1/0s Per Package'

ProASIC3E Devices A3PE600 A3PE1500 3 A3PE3000 3
ARM-Enabled
ProASIC3E Devices M7A3PE600 M7A3PE1500 M7A3PE3000
1/0 Types

Single-Ended | Differential |Single-Ended | Differential |Single-Ended | Differential
Package o’ I/0 Pairs o? I/0 Pairs o' 1/0 Pairs
PQ208 147 65 147 65 147 65
FG256 165 79 - - - -
FG484 270 135 280 136 280 136
FG676 - - 439 209 - -
FG896 - - - - 616 300
Notes:

1. When considering migrating your design to lower or higher density devices, refer to the "Package Pin Assignments" section on
page 4-1 to ensure complying with design and board migration requirements.

2. Each used differential I/O pair reduces the number of single-ended I/Os available by two.
3. For A3PE1500 and A3PE3000 devices, the usage of certain I/O standards is limited:

— SSTL3(I) and (1l): up to 40 I/Os per north or south bank

—LVPECL / GTL+ 3.3 V / GTL 3.3 V: up to 48 I/Os per north or south bank

—SSTL2(I) and () / GTL+ 2.5 VV// GTL 2.5 V: up to 72 I/Os per north or south bank
4. FG256 and FG484 are footprint-compatible packages.

5. When using voltage-referenced I/O standards, one I/O pin should be assigned as a voltage-referenced pin (Vggg) per minibank
(group of I/Os). Refer to the "I/O Banks and I/0 Standards Compatibility" section on page 2-28 for more information about Vggr and
the use of minibanks.
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ProASIC3E Ordering Information
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ProASIC3E Flash Family FPGAs

A3PE3000 - 1 FG G 896

|
PP
ES

L Lead-Free Packaging
Blank = Standard Packag

L— Package Type

L— Speed Grade

F = 20% Slower than Standard*
Blank = Standard

1= 15% Faster than Standard

2 = 25% Faster than Standard

“— Part Number
ProASIC3E Devices
A3PE600 = 600,000 System Gates
A3PE1500 1,500,000 System Gates
A3PE3000 3,000,000 System Gates

ARM-Enabled ProASIC3E Devices

M7A3PE600 = 600,000 System Gates
M7A3PE1500 1,500,000 System Gates
M7A3PE3000 = 3,000,000 System Gates

Blank

L— Package Lead Count

ing

G =RoHS Compliant (Green) Packaging

PQ = Plastic Quad Flat Pack (0.5 mm pitch)
FG = Fine Pitch Ball Grid Array (1.0 mm pitch)

I

L Application (Ambient Temperature Range)
Commercial (0°C to +70°C)
Industrial (-40°C to +85°C)
Pre-Production

Engineering Sample (Room Temperature Only)

Note: *—F Speed Grade — DC and switching based only on simulation. The characteristics are subject to change after establishing FPGA
specifications. Some restrictions might be added and will be reflected in future revisions of this document. This speed grade is only

supported in commercial temperature range.

Temperature Grade Offerings

A3PE600 A3PE1500 A3PE3000
Package M7A3PE600 M7A3PE1500 M7A3PE3000
PQ208 G Gl (o
FG256 G - -
FG484 Gl G (o
FG676 - G| -
FG896 - - (o

Note: C= Commercial Temperature Range: 0°C to 70°C Ambient

I = Industrial Temperature Range: —40°C to 85°C Ambient

Advanced v0.5
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Speed Grade and Temperature Grade Matrix

Temperature Grade -1 Std. -1 -2
C? v v v v

E - v v v

Notes:

1. DC and switching characteristics for —F speed grade targets based only on simulation.

The characteristics provided for —F speed grade are subject to change after establishing FPGA specifications. Some restrictions
might be added and will be reflected in future revisions of this document. The —F speed grade is only supported in commercial
temperature range.

2. C = Commercial Temperature Range: 0°C to 70°C Ambient
3. | =Industrial Temperature Range: —40°C to 85°C Ambient

Datasheet references made to ProASIC3E devices also apply to ARM-enabled ProASIC3E devices. The part numbers
start with M7.

Contact your local Actel representative for device availability (http://www.actel.com/contact/offices/index.html).

Advanced v0.5
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ProASIC3E Flash Family FPGAs

Introduction and Overview

General Description

ProASIC3E, the third-generation family of Actel Flash
FPGAs, offers performance, density, and features beyond
those of the ProASICPLUS® family. The nonvolatile Flash
technology gives ProASIC3E devices the advantage of
being a secure, low-power, single-chip solution that is
live at power-up. ProASIC3E is reprogrammable and
offers time-to-market benefits at an ASIC-level unit cost.
These features enable designers to create high-density
systems using existing ASIC or FPGA design flows and
tools.

ProASIC3E  devices offer 1 kbit of on-chip,
programmable, nonvolatile FlashROM memory storage
as well as clock conditioning circuitry based on six
integrated phase-locked loops (PLLs). ProASIC3E devices
have up to 3 million system gates, supported with up to
504 kbits of true dual-port SRAM and up to 616 user I/Os.

All ProASIC3E devices support the ARM7 soft IP core, and
the ARM-enabled devices have Actel ordering numbers
that begin with M7A3PE.

Flash Advantages

Reduced Cost of Ownership

Advantages to the designer extend beyond low-unit
cost, performance, and ease of use. Unlike SRAM-based
FPGAs, the Flash-based ProASIC3E devices allow for all
functionality to be live at power-up; no external boot
PROM is required. On-board security mechanisms
prevent access to all the programming information and
enable secure remote updates of the FPGA logic.
Designers can perform secure remote in-system
reprogramming to support future design iterations and
field upgrades with confidence that valuable intellectual
property (IP) cannot be compromised or copied. Secure
ISP can be performed using the industry-standard AES
algorithm. The ProASIC3E family device architecture
mitigates the need for ASIC migration at higher user
volumes. This makes the ProASIC3E family a cost-
effective ASIC replacement solution, especially for
applications in the consumer, networking/
communications, computing, and avionics markets.

Security

The nonvolatile, Flash-based ProASIC3E devices require
no boot PROM, so there is no vulnerable external
bitstream that can be easily copied. ProASIC3E devices
incorporate FlashLock, which provides a unique
combination of reprogrammability and design security
without external overhead, advantages that only an
FPGA with nonvolatile, Flash programming can offer.

ProASIC3E devices utilize a 128-bit Flash-based lock and a
separate AES key to secure programmed intellectual
property and configuration data. In addition, all
FlashROM data in the ProASIC3E devices can be
encrypted prior to loading, using the industry-leading
AES-128 (FIPS192) bit block cipher encryption standard.
The AES standard was adopted by the National Institute
of Standards and Technology (NIST) in 2000, and replaces
the 1977 DES standard. ProASIC3E devices have a built-in
AES decryption engine and a Flash-based AES key that
make them the most comprehensive programmable logic
device security solution available today. ProASIC3E
devices with AES-based security allow for secure, remote
field updates over public networks such as the Internet,
and ensure that valuable IP remains out of the hands of
system overbuilders, system cloners, and IP thieves. The
contents of a programmed ProASIC3E device cannot be
read back, although secure design verification is possible.

Security, built into the FPGA fabric, is an inherent
component of the ProASIC3E family. The Flash cells are
located beneath seven metal layers, and many device
design and layout techniques have been used to make
invasive attacks extremely difficult. ProASIC3E, with
FlashLock and AES security, is unique in being highly
resistant to both invasive and noninvasive attacks. Your
valuable IP is protected and secure, making remote ISP
possible. A ProASIC3E device provides the most
impenetrable security for programmable logic designs.

Single Chip

Flash-based FPGAs store the configuration information
in  on-chip Flash cells. Once programmed, the
configuration data is an inherent part of the FPGA
structure and no external configuration data needs to be
loaded at system power-up (unlike SRAM-based FPGAs).
Therefore, Flash-based ProASIC3E FPGAs do not require
system configuration components such as EEPROMs or
microcontrollers to load the device configuration data.
This reduces bill-of-materials costs and printed circuit
board (PCB) area, and increases security and system
reliability.

Advanced v0.5 1-1
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Live at Power-Up

The Actel Flash-based ProASIC3E devices support Level 0
of the live at power-up (LAPU) classification standard.
This feature helps in system component initialization,
execution of critical tasks before the processor wakes up,
setup and configuration of memory blocks, clock
generation, and bus activity management. The LAPU
feature of Flash-based ProASIC3E devices greatly
simplifies total system design and reduces total system
cost, often eliminating the need for Complex
Programmable Logic Devices (CPLDs) and clock
generation PLLs that are used for this purpose in a
system. In addition, glitches and brownouts in system
power will not corrupt the ProASIC3E device's Flash
configuration, and unlike SRAM-based FPGAs, the device
will not have to be reloaded when system power is
restored. This enables the reduction or complete removal
of the configuration PROM, expensive voltage monitor,
brownout detection, and clock generator devices from
the PCB design. Flash-based ProASIC3E devices simplify
total system design, and reduce cost and design risk,
while increasing system reliability and improving system
initialization time.

Refer to the "I/O Power-Up and Supply Voltage
Thresholds for Power-On Reset (Commercial and
Industrial)" section on page 3-3.

Firm Errors

Firm errors occur most commonly when high-energy
neutrons, generated in the upper atmosphere, strike a
configuration cell of an SRAM FPGA. The energy of the
collision can change the state of the configuration cell
and thus change the logic, routing, or I/O behavior in an
unpredictable way. These errors are impossible to
prevent in SRAM FPGAs. The consequence of this type of
error can be a complete system failure. Firm errors do
not exist in the configuration memory of ProASIC3E
Flash-based FPGAs. Once it is programmed, the Flash cell
configuration element of ProASIC3E FPGAs cannot be
altered by high-energy neutrons and is therefore
immune to them. Recoverable (or soft) errors occur in
the user data SRAM of all FPGA devices. These can easily
be mitigated by using error detection and correction
(EDACQ) circuitry built into the FPGA fabric.

Low Power

Flash-based  ProASIC3E  devices exhibit power
characteristics similar to an ASIC, making them an ideal
choice for power-sensitive applications. ProASIC3E
devices have only a very limited power-on current surge,
and no high-current transition period, both of which
occur on many FPGAs.

ProASIC3E devices also have low dynamic power
consumption to further maximize power savings.

Advanced Flash Technology

The ProASIC3E family offers many benefits, including
nonvolatility and reprogrammability through an
advanced Flash-based, 130-nm LVCMOS process with
seven layers of metal. Standard CMOS design techniques
are used to implement logic and control functions. The
combination of fine granularity, enhanced flexible
routing resources, and abundant Flash switches allows
for very high logic utilization without compromising
device routability or performance. Logic functions within
the device are interconnected through a four-level
routing hierarchy.

Advanced Architecture

The proprietary ProASIC3E architecture provides
granularity comparable to standard-cell ASICs. The
ProASIC3E device consists of five distinct and

programmable architectural features (Figure 1-1 on page
1-3):

e FPGA VersaTiles

¢ Dedicated FlashROM memory

¢ Dedicated SRAM/FIFO memory

e Extensive clock conditioning circuitry (CCC) and
PLLs

e Pro I/O structure

The FPGA core consists of a sea of VersaTiles. Each
VersaTile can be configured as a three-input logic
function or as a D-flip-flop (with or without enable), or
as a latch by programming the appropriate Flash switch
interconnections. The versatility of the ProASIC3E core
tile as either a three-input look-up-table (LUT)
equivalent or as a D-flip-flop/latch with enable allows for
efficient use of the FPGA fabric. The VersaTile capability
is unique to the Actel ProASIC families of Flash-based
FPGAs. VersaTiles are connected with any of the four
levels of routing hierarchy. Flash switches are distributed
throughout the device to provide nonvolatile,
reconfigurable interconnect programming. Maximum
core utilization is possible for virtually any design.

In addition, extensive on-chip programming circuitry

allows for rapid, single-voltage (3.3 V) programming of
the ProASIC3E devices via an IEEE 1532 JTAG interface.

1-2
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VersaTiles

The ProASIC3E core consists of VersaTiles, which have been enhanced from the ProASICELYS core tiles. The ProASIC3E

VersaTile supports the following:
e All three-input logic functions — LUT-3 equivalent
e Latch with clear or set
¢ D-flip-flop with clear or set
e Enable D-flip-flop with clear or set
Refer to Figure 1-2 for VersaTile configurations.

For more information about VersaTiles, refer to the "VersaTile" section on page 2-2.

LUT-3 Equivalent

D-Flip-Flop with Clear or Set

X1— Data—
X2— LUT-3—Y CLK— D-FF
X3— CLR —

—Y

Enable D-Flip-Flop with Clear or Set

Data — —Y
CLK —> D-FF
Enable —
CLR —

Figure 1-2 o VersaTile Configurations

User Nonvolatile FlashROM
Actel ProASIC3E devices have 1 kbit of on-chip, user-
accessible, nonvolatile FlashROM. The FlashROM can be
used in diverse system applications:

¢ Internet protocol addressing (wireless or fixed)

e System calibration settings

e Device serialization and/or inventory control

e Subscription-based business models (for example,
set-top boxes)

e Secure key storage for secure communications
algorithms

e Asset management/tracking
e Date stamping
e Version management

The FlashROM is written using the standard ProASIC3E
IEEE 1532 JTAG programming interface. The core can be
individually programmed (erased and written), and on-
chip AES decryption can be used selectively to securely
load data over public networks, such as security keys
stored in the FlashROM for a user design.

The FlashROM can be programmed via the JTAG
programming interface, and its contents can be read
back either through the JTAG programming interface or
via direct FPGA core addressing. Note that the FlashROM
can ONLY be programmed from the JTAG interface, and
cannot be programmed from the internal logic array.

The FlashROM is programmed as 8 banks of 128 bits;
however, reading is performed on a byte-by-byte basis
using synchronous interface. A 7-bit address from the

FPGA core defines which of the 8 banks and which of the
16 bytes within that bank are being read. The three most
significant bits (MSBs) of the FlashROM address
determine the bank, and the four least significant bits
(LSBs) of the FlashROM address define the byte.

The Actel ProASIC3E development software solutions,
Libero® Integrated Design Environment (IDE) and
Designer v6.1 or later, have extensive support for the
FlashROM memory. One such feature is auto-generation
of sequential programming files for applications
requiring a unique serial number in each part. The
second part allows the inclusion of static data for system
version control. Data for the FlashROM can be generated
quickly and easily using Actel Libero IDE and Designer
software tools. Comprehensive programming file
support is also included to allow for easy programming
of large numbers of parts with differing FlashROM
contents.

SRAM and FIFO

ProASIC3E devices have embedded SRAM blocks along
the north and south sides of the device. Each variable-
aspect-ratio SRAM block is 4,608 bits in size. Available
memory configurations are 256x18, 512x9, 1kx4, 2kx2, or
4kx1 bits. The individual blocks have independent read
and write ports that can be configured with different bit
widths on each port. For example, data can be sent
through a 4-bit port and read as a single bitstream. The
embedded SRAM blocks can be initialized via the device
JTAG port (ROM emulation mode), using the UJTAG
macro. For more information, refer to the application
note, UJTAG Applications in ProASIC3/E Devices.

1-4
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In addition, every SRAM block has an embedded FIFO
control unit. The control unit allows the SRAM block to
be configured as a synchronous FIFO without using
additional core VersaTiles. The FIFO width and depth are
programmable. The FIFO also features programmable
Almost-Empty (AEMPTY) and Almost-Full (AFULL) flags in
addition to the normal Empty and Full flags. The
embedded FIFO control unit contains the counters
necessary for the generation of the read and write
address pointers. The embedded SRAM/FIFO blocks can
be cascaded to create larger configurations.

PLL and Clock Conditioning Circuitry (CCC)

ProASIC3E devices provide designers with very flexible
clock conditioning capabilities. Each member of the
ProASIC3E family contains six CCCs, each with an
integrated PLL.

The six CCC blocks are located in the four corners and the
centers of the east and west sides.

To maximize user I/Os, only the center east and west PLLs
are available in devices using the PQ208 package.
However, all six CCC blocks are still usable; the four
corner CCCs allow simple clock delay operations as well
as clock spine access (refer to the "Clock Conditioning
Circuits" section on page 2-13 for more information).

The inputs of the six CCC blocks are accessible from the
FPGA core or from one of several I/O inputs located near
the CCC that have dedicated connections to the CCC
block.
The CCC block has the following key features:
* Wide input frequency range (fiy ccc) = 1.5 MHz to
350 MHz
¢ Output frequency range (foyt ccc) = 0.75 MHz to
350 MHz
e C(Clock delay adjustment via programmable and
fixed delays from -7.56 ns to +11.12 ns

e Two programmable delay types; refer to Figure 2-16
on page 2-17, Table 2-4 on page 2-18, and the
"Features Supported on Every I/O" section on
page 2-31 for more information.

® Clock skew minimization

e Clock frequency synthesis

Additional CCC specifications:

e Internal phase shift = 0°, 90°, 180° and 270°.
Output phase shift depends on the output divider
configuration.

e Output duty cycle = 50% + 1.5% or better

e Low output jitter: worst case < 2.5% x clock period
peak-to-peak period jitter when single global
network used

e Maximum acquisition time = 150 ps
e Low power consumption of 5 mW

ProASIC3E Flash Family FPGAs

e Exceptional tolerance to input period jitter -
allowable input jitter is up to 1.5 ns

e Four precise phases; maximum misalignment
between adjacent phases of 40 ps x (350 MHz /

fout ccd

Global Clocking

ProASIC3E devices have extensive support for multiple
clocking domains. In addition to the CCC and PLL support
described above, there is a comprehensive global clock
distribution network.

Each VersaTile input and output port has access to nine
VersaNets: six chip (main) and three quadrant global
networks (Figure 2-9 on page 2-9). The VersaNets can be
driven by the CCC or directly accessed from the core via
multiplexers (MUXes). The VersaNets can be used to
distribute low-skew clock signals or for rapid distribution
of high-fanout nets.

Pro I/0s with Advanced I/0 Standards

The ProASIC3E family of FPGAs features a flexible 1/0
structure, supporting a range of voltages (1.5 V, 1.8 V,
2.5V, and 3.3 V). ProASIC3E FPGAs support 19 different I/O
standards, including single-ended, differential, and
voltage-referenced. For more information, see Table 2-23
on page 2-49.

The 1/Os are organized into banks, with eight banks per
device (two per side). The configuration of these banks
determines the 1/0O standards supported (see Table 2-14 on
page 2-30 for more information). Each 1/O bank is
subdivided into Vggr minibanks, which are used by voltage-
referenced I/Os. Vggr minibanks contain 8 to 18 I/0s. All the
I/Os in a given minibank share a common Vgge line.
Therefore, if any I/O in a given Vggr minibank is configured
as a Vjgr pin, the remaining I/Os in that minibank will be
able to use that reference voltage.

Each I/O module contains several input, output, and
enable registers (Figure 2-23 on page 2-33). These
registers allow the implementation of the following:

¢ Single-Data-Rate applications (e.g., PCl 66 MHz,
bidirectional SSTL 2 and 3, Class | and 1)

e Double-Data-Rate applications (e.g, DDR LVDS,
BLVDS, and M-LVDS /O for point-to-point
communications and DDR 200 MHz SRAM using
bidirectional HSTL Class I "DDR Module
Specifications" section on page 3-56)

ProASIC3E banks support M-LVDS with 20 multi-drop
points.

Advanced v0.5 1-5



| ProASIC3E Flash Family FPGAs
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http://www.actel.com/documents/ProASIC3_E_PowerUp_AN.pdf

For additional ProASIC3E application notes, go to http://www.actel.com/techdocs/appnotes/products.aspx.

User’s Guides

SmartGen Cores Reference Guide
http://www.actel.com/documents/genguide_ug.pdf
Designer User’s Guide
http://www.actel.com/documents/designer_ug.pdf
Fusion and ProASIC3/E Macro Library Guide
http://www.actel.com/documents/pa3_libguide_ug.pdf
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Device Architecture

Introduction

Flash Technology

Advanced Flash Switch

Unlike SRAM FPGAs, the ProASIC3E family uses a live at
power-up ISP Flash switch as its 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 2-1). 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
FPGA:s.

Sensing

Floating Gate ® Switch In

pr
‘ “: Switching

\

Word

I
I

@ Switch Out

Figure 2-1 * ProASIC3E Flash-Based Switch
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Device Overview
The ProASIC3E device family consists of five distinct
programmable architectural features (Figure 2-2):

e FPGA fabric/core (VersaTiles)

e Routing and clock resources (VersaNets)

¢ FlashROM memory

¢ Dedicated SRAM/FIFO memory

e Pro I/O structure

Core Architecture

VersaTile

The proprietary ProASIC3E family architecture provides
granularity comparable to gate arrays. The ProASIC3E
device core consists of a sea-of-VersaTiles architecture.
As illustrated in Figure 2-3 on page 2-3, there are four
inputs in a logic VersaTile cell, and each VersaTile can be

¢ D-flip-flop with clear or set

e Enable D-flip-flop with clear or set (on a fourth
input)

VersaTiles can flexibly map the logic and sequential gates
of a design. The inputs of the VersaTile can be inverted
(allowing bubble pushing), and the output of the tile can
connect to high-speed, very-long-line routing resources.
VersaTiles and larger functions can be connected with
any of the four levels of routing hierarchy.

When the VersaTile is used as an enable D-flip-flop, SET/
CLR is supported by a fourth input. The SET/CLR signal
can only be routed to this fourth input over the VersaNet
(global) network. However, if in the user’s design the
SET/CLR signal is not routed over the VersaNet network,
a compile warning message will be given and the
intended logic function will be implemented by two
VersaTiles instead of one.

The output of the VersaTile is F2 (Figure 2-3 on page 2-3)

configured usin the appropriate Flash switch
conngctionS' 9 pprop when the connection is to the ultra-fast local lines, or YL
) . . . when the connection is to the efficient long-line or very-
e Any three-input logic function long-line resources.
e Latch with clear or set
. Bank 0 : Bank 1 .
F OoOoOo0o000O0O00O0O0OoO0OoOOoOoOoOoOODOO0O0OO0O0OO0OOOOOOoOoOoOOOoOoOoOOoOoOoOn 71‘._ CCC
all |1 |1 Il |1 |1 |1 |1 |1 |1 (3 4 608-Bit Dual-Port SRAM
o o | 4, -Bit Dual-Port
s JC JC JC 0 JC C 0 1 a—— 350850
o o
~o 0w
iz =3
c O o~
-] oN
=] =]
=] =]
o o
o o+— |/Os
=] =]
..E e
o o
=] =]
=] =]
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Sa og
% =] =] =
< 0] |1 |1 |1 |1 |1 |1 |1 |1 |1 |18 w
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o AT T — o 4'6|9I%C|)3|I§IDUI?I_P0rt SRAM
o ser Nonvolatile o or ocC
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L, |000O000000000O00O0O0O0O0OO0OOOO00O0O0O0OODOoOoOOoOoOooOoOooooonls.
L] ]
R Bank 5 H Bank 4 *

Figure 2-2 o Device Architecture Overview
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Figure 2-3  ProASIC3E Core VersaTile
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Array Coordinates

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

I/0 and cell coordinates are used for placement
constraints. Two coordinate systems are needed because
there is not a one-to-one correspondence between I/0
cells and core cells. In addition, the I/O coordinate system
changes depending on the die/package combination. It is

Table 2-1 o ProASIC3E Array Coordinates

not listed in Table 2-1. The Designer ChipPlanner tool
provides array coordinates of all I/O locations. I/O and
cell coordinates are used for placement constraints.
However, I/0 placement is easier by package pin
assignment.

Figure 2-4 illustrates the array coordinates of an A3PE600
device. For more information on how to use array
coordinates for region/placement constraints, see the
Designer User's Guide or online help (available in the
software) for ProASIC3E software tools.

VersaTiles Memory Rows All
Min. Max. Bottom Top Min. Max.
Device x y x y (x, y) (x, y) (x, y) (x, y)
A3PE600 3 4 194 75 (3,2) (3,76) (0, 0) (197, 79)
A3PE1500 3 4 322 123 (3,2 (3, 124) (0, 0) (325, 127)
A3PE3000 3 6 450 173 (3,2)0r (3, 4) (3, 174) or (3, 176) (0, 0) (453, 179)
Top Row (7, 79) to (189, 79)
Bottom Row (5, 78) to (192, 78)
(0, 79) /0 Tile (197,79
1] LIy L
[ 11 [ TTTTT T T
Memory (3, 77) (194, 77) Memory
Blocks (3, 76) T T TT T rrrrrrr]------ (194, 76) Blocks
VersaTile (Core) — — ===
3.75) —>f I e (194,75
...... VersaTile (Core)
o4 ttrrrretttrerrttyeee (194, 4)
VersaTile(Core) L L T T T T T T T 1 T 1T 11------ - VersaTile (Core)
B4y = -
...... (194, 3) Memory
Memory 3. 3)—TT_ b LT T T T T T l------ > (194, 2) Blocks
Blocks 3,2)— T rTTmemer
| L Lyl RN %_(197,1)
I [ TT T 1] [ 1] HEREER
(, 0)/ . \(197 0)
1/0 Tile ,

»

Top Row (5, 1) to (168, 1)
Bottom Row (7, 0) to (165, 0)

UJTAG FlashROM
—
Top Row (169, 1) to (192, 1)

Note: The vertical I/O tile coordinates are not shown. West side coordinates are {(0, 2) to (2, 2)} to {(0, 77) to (2, 77)}; east side coordinates

are {(195, 2) to (197, 2)} to {(195, 77) to (197, 77)}.

Figure 2-4 * Array Coordinates for A3PE600
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Routing Architecture

Routing Resources

The routing structure of ProASIC3E devices is designed to
provide high performance through a flexible four-level
hierarchy of routing resources: ultra-fast local resources,
efficient long-line resources, high-speed, very-long-line
resources, and the high-performance VersaNet networks.

The ultra-fast local resources are dedicated lines that allow
the output of each VersaTile to connect directly to every
input of the eight surrounding VersaTiles (Figure 2-5). The
exception to this is that the SET/CLR input of a VersaTile
configured as a D-flip-flop is driven only by the VersaTile
global network.

The efficient, long-line resources provide routing for
longer distances and higher fanout connections. These
resources vary in length (spanning one, two, or four
VersaTiles), run both vertically and horizontally, and cover
the entire ProASIC3E device (Figure 2-6 on page 2-6). Each
VersaTile can drive signals onto the efficient long-line
resources, which can access every input of every VersaTile.
Active buffers are inserted automatically by routing
software to limit the loading effects.

ProASIC3E Flash Family FPGAs

The high-speed, very-long-line resources, which span the
entire device with minimal delay, are used to route very
long or high-fanout nets: length +/-12 VersaTiles in the
vertical direction and length +/-16 in the horizontal
direction from a given core VersaTile (Figure 2-7 on page
2-7). Very long lines in ProASIC3E devices have been
enhanced over those in previous ProASIC families. This
provides a significant performance boost for long-reach
signals.

The high-performance VersaNet global networks are
low-skew, high-fanout nets that are accessible from
external pins or from internal logic (Figure 2-8 on page
2-8). These nets are typically used to distribute clocks,
resets, and other high-fanout nets requiring minimum
skew. The VersaNet networks are implemented as clock
trees, and signals can be introduced at any junction.
These can be employed hierarchically, with signals
accessing every input on all VersaTiles.

Long Lines

A\

Inputs
o
3
o
£
3
|O

Ultra-Fast Local Lines
(connects a VersaTile to the
fﬁh/ adjacent VersaTile, 1/0 buffer,

T
1T I

11 or memory block)

—

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

Figure 2-5 o Ultra-Fast Local Lines Connected to the Eight Nearest Neighbors
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Figure 2-6 * Efficient Long-Line Resources
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High-Speed, Very-Long-Line Resources

Pad Ring

[\
i

SRAM

16x12 Block of VersaTiles

Pad Ring

Pad Ring

Figure 2-7 o Very-Long-Line Resources
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Clock Resources (VersaNets)

ProASIC3E devices offer powerful and flexible control of
circuit timing through the use of analog circuitry. Each
chip has six CCCs containing a phase-locked loop (PLL)
core, delay lines, a phase shifter (0°, 90°, 180°, 270°),
clock multipliers/dividers, and 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 VersaNet global lines on each side of
the chip (six total lines). The CCCs at the four corners
each have access to three quadrant global lines in each
quadrant of the chip.

Advantages of the VersaNet Approach

One of the architectural benefits of ProASIC3E is the set of
powerful and low-delay VersaNet global networks.
ProASIC3E offers six chip (main) global networks that are
distributed from the center of the FPGA array (Figure 2-8).
In addition, ProASIC3E devices have three regional globals
in each of the four chip quadrants. Each core VersaTile has

access to nine global network resources: three quadrant
and six chip (main) global networks, and a total of 18
globals on the device. Each of these networks contains
spines and ribs that reach all the VersaTiles in the quadrants
(Figure 2-9 on page 2-9). This flexible VersaNet global
network architecture allows users to map up to 252
different internal/external clocks in a ProASIC3E device.
Details on the VersaNet networks are given in Table 2-2 on
page 2-9. The flexible use of the ProASIC3E 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.

Quadrant Global Pads

High-Performance
VersaNet Global Network

VA
:Q|Z| Pad Ring x| X Z, fé
o—— ——p—— ——a—— ——a——
[ ///
— — — — /] —
.E 5 Fo— ot — S —1V Fol— |
(2 s
E — —Aol— —fAol — _/’ ==
Top Spine ~ B
| | L/ |
o — < < . .
— — i/~ — Main (chip)
\\ //Global Network
I ’/Z
X — P — P— =
Chip(main)/:—L: \LL ATS ' N y 74 :‘Global
Global Pads _ |® ] RV ] ] p = g Pads
4 TR 7 ml ] =W
— [~ Global Spine
«
-
L —ab L = = B = RN Global Ribs
Bottom Spine - yd ]
<
o e e e e
zq X
—JFo— ol —Jol— ol —Ja
Spine-SeIection/ZI X
Tree MUX X (T ] ] ] ] ]
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Figure 2-8 * Overview of ProASIC3E VersaNet Global Network
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Figure 2-9 * Global Network Architecture
Table 2-2 » ProASIC3E Globals/Spines/Rows by Device

A3PE600 A3PE1500 A3PE3000
Global Clock Networks (Trees)* 9 9 9
Clock Spines/Trees 12 20 28
Total Spines 108 180 252
VersaTiles in Each Top or Bottom Spine 1,120 1,888 2,656
Total VersaTiles 13,824 38,400 75,264
Rows in Each Top or Bottom Spine 36 60 84

Note: *There are six chip (main) globals and three globals per quadrant.

Advanced v0.5 2-9



| ProASIC3E Flash Family FPGAs

VersaNet Global Networks and Spine Access

The ProASIC3E architecture contains a total of 18
segmented global networks that can access the
VersaTiles, SRAM memory, and I/O tiles of the ProASIC3E
device. There are nine global network resources in each
device quadrant: three quadrant globals and six chip
(main) global networks. Each device has a total of 18
globals. These VersaNet global networks offer fast, low-
skew routing resources for high-fanout nets, including
clock signals. In addition, these highly segmented global
networks offer users the flexibility to create low-skew
local networks using spines for up to 252 internal/
external clocks (in an A3PE3000 device) or other high-
fanout nets in ProASIC3E devices. Optimal usage of these
low-skew networks can result in significant improvement
in design performance on ProASIC3E devices.

The nine spines available in a vertical column reside in
global networks with two separate regions of scope: the
quadrant global network, which has three spines, and
the chip (main) global network, which has six spines.
Note that there are three quadrant spines in each
quadrant of the device. There are four quadrant global
network regions per device (Figure 2-9 on page 2-9).

The spines are the vertical branches of the global
network tree, shown in Figure 2-10 on page 2-11. Each
spine in a vertical column of a chip (main) global
network is further divided into two equal-length spine
segments: one in the top and one in the bottom half of
the die.

Each spine and its associated ribs cover a certain area of
the ProASIC3E device (the "scope" of the spine; see
Figure 2-8 on page 2-8). Each spine is accessed by the
dedicated global network MUX tree architecture, which
defines how a particular spine is driven—either by the
signal on the global network from a CCC, for example, or
by another net defined by the user (Figure 2-11 on page
2-12). Quadrant spines can be driven from user 1/0Os on
the north and south sides of the die. The ability to drive
spines in the quadrant global networks can have a
significant effect on system performance for high-fanout
inputs to a design.

Details of the chip (main) global network spine-selection
MUX are presented in Figure 2-11 on page 2-12. The
spine drivers for each spine are located in the middle of
the die.

Quadrant spines are driven from a north or south rib.
Access to the top and bottom ribs is from the corner CCC
or from the 1/Os on the north and south sides of the
device.

For details on using spines in ProASIC3E devices, see the

Actel application note Using Global Resources in Actel
ProASIC3/E Devices.
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Figure 2-10 ¢ Spines in a Global Clock Tree Network
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Clock Aggregation

Clock aggregation allows for multi-spine clock domains.
A MUX tree provides the necessary flexibility to allow
long lines or I/Os to access domains of one, two, or four
global spines. Signal access to the clock aggregation
system is achieved through long-line resources in the
central rib, and also through local resources in the north
and south ribs, allowing 1/0Os to feed directly into the
clock system. As Figure 2-12 indicates, this access system
is contiguous.

There is no break in the middle of the chip for the north
and south I/0O VersaNet access. This is different from the
quadrant clocks located in these ribs, which only reach
the middle of the rib. Refer to the Using Global
Resources in Actel ProASIC3/E Devices application note.

Internal/External
Signals

|

Internal/External
Signals

Internal/External
Signal ‘ Y

Global Rib

Tree Node MUX

Internal/External
Signal ;

Y
Y *

Global DrW
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Figure 2-11 o Spine Selection MUX of Global Tree
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Figure 2-12 * Clock Aggregation Tree Architecture
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Clock Conditioning Circuits

Overview of Clock Conditioning Circuitry

In ProASIC3E devices, the CCCs are used to implement
frequency division, frequency multiplication, phase
shifting, and delay operations.

The CCCs are available in six chip locations—each of the
four chip corners and the middle of the east and west
chip sides.

Each CCC can implement up to three independent global
buffers (with or without programmable delay), or a PLL
function (programmable frequency division/multiplication,
phase shift, and delays) with up to three global outputs.
Unused global outputs of a PLL can be used to
implement independent global buffers, up to a
maximum of three global outputs for a given CCC.

A global buffer can be placed in any of the three global
locations (CLKA-GLA, CLKB-GLB, or CLKC-GLC) of a given
CCC.

A PLL macro uses the CLKA CCC input to drive its reference
clock. It uses the GLA and optionally the GLB and GLC
global outputs to drive the global networks. A PLL macro
can also drive the YB and YC regular core outputs. The
GLB (or GLC) global output cannot be reused if the YB (or
YC) output is used (Figure 2-13 on page 2-14). Refer to
the "PLL Macro" section on page2-15 for more
information.

Each global buffer, as well as the PLL reference clock, can
be driven from one of the following:

e Three dedicated single-ended 1/Os
hardwired connection

using a

¢ Two dedicated differential 1/Os using a hardwired
connection

e The FPGA core

The CCC block is fully configurable, either via Flash
configuration bits set in the programming bitstream or
through an asynchronous interface. This asynchronous
interface is dynamically accessible from inside the
ProASIC3E device to permit parameter changes (such as
divide ratios) during device operation. To increase the
versatility and flexibility of the clock conditioning
system, the CCC configuration is determined either by
the user during the design process, with configuration
data being stored in Flash memory as part of the device
programming procedure, or by writing data into a
dedicated shift register during normal device operation.
This latter mode allows the user to dynamically
reconfigure the CCC without the need for core
programming. The shift register is accessed through a
simple serial interface. Refer to the UJTAG Applications
in ProASIC3/E Devices application note and the "CCC
Electrical Specifications" section on page 2-18 for more
information.

YActel
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Global Buffers with No Programmable Delays

The CLKBUF and CLKBUF_LVPECL/LVDS/BLVDS/M-LVDS
macros are composite macros that include an I1/0 macro
driving a global buffer, which uses a hardwired
connection.

The CLKBUF, CLKBUF_LVPECL/LVDS/BLVDS/M-LVDS, and
CLKINT macros are pass-through clock sources and do
not use the PLL or provide any programmable delay
functionality.

The CLKINT macro provides a global buffer function
driven by the FPGA core.

Many specific CLKBUF macros support the wide variety of
single-ended and differential I/0 standards supported by
ProASIC3E devices. The available CLKBUF macros are
described in the Fusion and ProASIC3/E Macro Library
Guide.

Global Buffer with Programmable Delay

The CLKDLY macro is a pass-through clock source that
does not use the PLL, but provides the ability to delay the
clock input using a programmable delay. The CLKDLY
macro takes the selected clock input and adds a user-
defined delay element. This macro generates an output
clock phase shift from the input clock.

The CLKDLY macro can be driven by an INBUF* macro to
create a composite macro, where the 1/0 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/0 locations.

Many specific INBUF macros support the wide variety of
single-ended and differential 1/0 standards supported by
the ProASIC3E family. The available INBUF macros are
described in the Fusion and ProASIC3/E Macro Library
Guide.

The CLKDLY macro can be driven directly from the FPGA
core.

The CLKDLY macro can also be driven 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 1/0 connection
described earlier.

The visual CLKDLY configuration in the SmartGen part of
the Libero IDE and Designer tools allows the user to
select the desired amount of delay and configures the
delay elements appropriately. SmartGen also allows the
user to select the input clock source. SmartGen will
automatically instantiate the special macro, PLLINT,
when needed.
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Clock Source Clock Conditioning Output
Input LVDS/LVPECL Macro PLL Macro
—p| CLKA GLA |—» GLA
LOCK f—p~
PADN Y —»| POWERDOWN GLB |—» or
YB |
PADP e B2 GLA and (GLB or YB)
—1 OADIV[4:0] or
— OAMUX[2:0]
PADlNBUF* Macr$ — DLYGLA[4:0] GLA and (GLC or YQ)
—— OBDIV[4:0]
4&—l> —— OBMUX[2:0] or
: DLYYB[4:0]
— coniao GLA and (GLB or YB) and
1 ocmux(2:0]
1 puyyciao (GLCor YQ)
—| DLYGLC[4:0]
——1 FINDIV[6:0]
—— FBDIV[6:0]
—— FBDLY[4:0]
—— FBSEL[1:0]
— XDLYSEL
—— VCOSEL[2:0]
CLKDLY Macro GLA
— Kk  GL|— or
GLB
— DLYGL[4:0] or
GLC
CLKBUF_LVDS/LVPECL Macro CLKBUF Macro CLKINT Macro

PADN

PADP %‘:‘: Y PAD& : Y A > Y

Notes:

1. Visit the Actel website for future application notes concerning dynamic PLL reconfiguration. Refer to the "PLL Macro" section on
page 2-15 for signal descriptions.

2. Refer to the Fusion and ProASIC3/E Macro Library Guide for more information.

3. Many standard-specific INBUF macros (for example, INBUF_LVDS) support the wide variety of single-ended and differential I/O
standards supported by the ProASIC3E family. The available INBUF macros are described in the Fusion and ProASIC3/E Macro Library
Guide.

Figure 2-13 e ProASIC3E CCC Options
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PLL Macro

The PLL functionality of the clock conditioning block is
supported by the PLL macro. Note that the PLL macro
reference clock uses the CLKA input of the CCC block,
which is only accessible from the global A[0:2] package
pins. Refer to Figure 2-14 on page 2-16 for more
information.

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. See Figure 2-16 on page 2-17 for more
information.
Inputs:

¢ CLKA: selected clock input

e POWERDOWN (active low): disables PLLs. The
default state is Powerdown On (active low).

Outputs:

e LOCK: indicates that PLL output has locked on the
input reference signal

e GLA, GLB, GLC: outputs to respective global
networks

e YB, YC: allows output from the CCC to be routed
back to the FPGA core

As previously described, the PLL allows up to five flexible
and independently configurable clock outputs. Figure 2-18
on page 2-19 illustrates the various clock output options
and delay elements.

ProASIC3E Flash Family FPGAs

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 YQ).

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

There is also a delay element 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 by an INBUF*
macro to create a composite macro, where the 1/0 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.

The PLL macro reference clock can be driven directly
from the FPGA core.

The PLL macro reference clock can also be driven from an
I/0O that is routed through the FPGA regular routing
fabric. In this case, users must instantiate a special macro,
PLLINT, to differentiate from the hardwired 1/O
connection described earlier.

The visual PLL configuration in SmartGen, part of the
Libero IDE and Designer tools, will derive the necessary
internal divider ratios based on the input frequency and
desired output frequencies selected by the user.
SmartGen also allows the user to select the various delays
and phase shift values necessary to adjust the phases
between the reference clock (CLKA) and the derived
clocks (GLA, GLB, GLC, YB, and YC). SmartGen also allows
the user to select the input clock source. SmartGen
automatically instantiates the special macro, PLLINT,
when needed.
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Each shaded box represents an
INBUF or INBUF_LVDS/LVPECL

i To Core
macro, as appropriate.
Sample Pin Names A 4 A
L N
GAAO/IOONDBOVO | >
1 [~ |
GAA1/1000PDBOVO y

Source for CCC
(CLKA or CLKB or CLKC)

1 N Routed Clock )
GAA2/I013PDB7V1 |_ ;D (from FPGA core)

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

Notes:

1. Represents the global input pins. Globals have direct access to the clock conditioning block and are not routed via the FPGA fabric.

Refer to the "User I/O Naming Convention" section on page 2-50 for more information.
2. Instantiate the routed clock source input as follows:

a) Connect the output of a logic element to the clock input of a PLL, CLKDLY, or CLKINT macro.

b) Do not place a clock source I/O (INBUF or INBUF_LVPECL/LVDS/BLVDS/M-LVDS/DDR) in a relevant global pin location.
Figure 2-14 e Clock Input Sources Including CLKBUF, CLKBUF_LVDS/LVPECL, and CLKINT

CLKBUF CLKINT
PAD | [> Y AD Y

CLKBUF_LVDS/LVPECL

PADN|

PADP | Y

Figure 2-15 o CLKBUF and CLKINT
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Table 2-3 * Available I/0 Standards within CLKBUF and

CLKBUF_LVDS/LVPECL Macros

YActel

ProASIC3E Flash Family FPGAs

CLKBUF Macros

CLKBUF_LVCMOS5

CLKBUF_LVCMOS33 !

CLKBUF_LVCMOS25

CLKBUF_LVCMOS18

CLKBUF_LVCMOS15

CLKBUF_PCI

CLKBUF_PCIX

CLKBUF_GTL25

CLKBUF_GTL33

CLKBUF_GTLP25

CLKBUF_GTLP33

CLKBUF_HSTL_I

CLKBUF_HSTL_II

CLKBUF_SSTL3_I

CLKBUF_SSTL3_lI

CLKBUF_SSTL2_|

CLKBUF_SSTL2_I

CLKBUF_LVDS 2

CLKBUF_LVPECL

Note:

R

CLKA

POWERDOWN

OADIVI[4:0]*
OAMUX[2:0]*
DLYGLA[4:0]*
OBDIV[4:0]*
OBMUX[2:0]*
DLYYB[4:0]*
DLYGLB[4:0]*
OCDIV[4:0]*
OCMUX[2:0]*
DLYYC[4:0]*
DLYGLC[4:0]*
FINDIV[6:0]*
FBDIV[6:0]*
FBDLY[4:0]*
FBSEL[1:0]*
XDLYSEL*
VCOSEL[2:0]*

*Visit

concerning the dynamic PLL.

the Actel website for future application notes

Notes:

1. By default, the CLKBUF macro uses the 3.3 V LVTIL /O
technology. For more details, refer to the Fusion and
ProASIC3/E Macro Library Guide.

2. BLVDS and M-LVDS
CLKBUF_LVDS.

standards

are

supported by

Figure 2-16 e CCC/PLL Macro

CLKDLY

CLK

GL

DLYGL[4:0]

Note: The CLKDLY macro uses programmable delay element type 2.

Figure 2-17 e CLKDLY

Advanced v0.5


http://www.actel.com
http://www.actel.com/documents/pa3_libguide_ug.pdf
http://www.actel.com/documents/pa3_libguide_ug.pdf

| ProASIC3E Flash Family FPGAs

CCC Electrical Specifications
Timing Characteristics

Table 2-4 ¢ ProASIC3E CCC/PLL Specification

Parameter Min. Typ. Max. Unit
Clock Conditioning Circuitry Input Frequency fiy_ccc 1.5 350 MHz
Clock Conditioning Circuitry Output Frequency four ccc 0.75 350 MHz
Delay Increments in Programmable Delay Blocks' 2 200 ps
Number of Programmable Values in Each Programmable Delay Block 32
Input Period Jitter 1.5 ns
CCC Output Peak-to-Peak Period litter Fccc ourt Max Peak-to-Peak Period Jitter
1 Global 3 Global
Network Networks
Used Used
0.75 MHz to 24 MHz 0.50 0.70 %
24 MHz to 100 MHz 1.00 1.20 %
100 MHz to 250 MHz 1.75 2.00 %
250 MHz to 350 MHz 2.50 5.60 %
Acquisition Time 150 ys
Output Duty Cycle 48.5 51.5 %
Delay Range in Block: Programmable Delay 1 '+ 2 0.6 5.56 ns
Delay Range in Block: Programmable Delay 2 ' 2 0.025 5.56 ns
Delay Range in Block: Fixed Delay ' 2 2.2 ns

Notes:

1. This delay is a function of voltage and temperature. See Table 3-6 on page 3-4 for deratings.

2. T)=25°C Vee=15V
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CCC Physical Implementation

The CCC is composed of the following (Figure 2-18):
e PLL core
¢ Three phase selectors

¢ Six programmable delays and one fixed delay that
advance/delay phase

e Five programmable frequency dividers that
provide frequency multiplication/division (not
shown in Figure 2-18, because they are

automatically configured based on the user's
required frequencies)

e One dynamic shift register that provides CCC
dynamic reconfiguration capability

ProASIC3E Flash Family FPGAs

CCC Programming

The CCC block is fully configurable, either via static Flash
configuration bits in the array, set by the user in the
programming bitstream, or through an asynchronous
dedicated shift register dynamically accessible from
inside the ProASIC3E device. The dedicated shift register
permits parameter changes such as PLL divide ratios and
delays during device operation. This latter mode allows
the user to dynamically reconfigure the PLL without the
need for core programming. The register file is accessed
through a simple serial interface. Refer to the UJTAG
Applications in ProASIC3/E Devices application note for
more information.

CLKA
] GLA
oLl Core Four-Phase Output Phase Programmable
Select Delay Type 2
. Programmable
Fixed Delay Delay Type 1
€ Programmable GLB
—>
( Phase Delay Type 2
Select
Programmable| YB
Delay Type 1
Programmable GLC
Delay Type 2 [~
) Phase y P
Select
Programmable YCI
Delay Type 1
Notes:

1. Refer to the "Clock Conditioning Circuits" section on page 2-13 and Table 2-4 on page 2-18 for signal descriptions.
2. Clock divider and clock multiplier blocks are not shown in this figure or in SmartGen. They are automatically configured based on the

user's required frequencies.

Figure 2-18 * PLL Block
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Nonvolatile Memory (NVM)

Overview of User Nonvolatile FlashROM
ProASIC3E devices have 1 kbit of on-chip nonvolatile
Flash memory that can be read from the FPGA core
fabric. The FlashROM is arranged in 8 banks of 128 bits
during programming. The 128 bits in each bank are
addressable as 16 bytes during the read back of the
FlashROM from the FPGA core (Figure 2-19).

The FlashROM can only be programmed via the IEEE1532
JTAG port. It cannot be programmed directly from the
FPGA core. When programming, each of the 8 128-bit
banks can be selectively reprogrammed. The FlashROM
can only be reprogrammed on a bank boundary.
Programming involves an automatic, on-chip bank erase

supports synchronous read. The address is latched on the
rising edge of the clock and the new output data is
stable after the falling edge of the same clock cycle.
Please refer to Figure 3-51 on page 3-76 for the timing
diagram. The FlashROM can be read on byte boundaries.
The upper 3 bits of the FlashROM address from the FPGA
core define the bank that is being accessed. The lower 4
bits of the FlashROM address from the FPGA core define
which of the 16 bytes in the bank is being accessed.

prior to reprogramming the bank. The FlashROM
Byte Number in Bank 4 LSB of ADDR (READ)
15|14 |13 |12|11|10| 9 |8 | 7 |6 |5 |4 |3 ]|2|1]|0
Y 7
o
h__ |6
=0 (5
m I
ox |4
Q
ES |3
22 (;
€<
5 1
0

Figure 2-19 o FlashROM Architecture
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SRAM and FIFO

ProASIC3E devices have embedded SRAM blocks along
the north and south sides of the device. To meet the
needs of high-performance designs, the memory blocks
operate strictly in synchronous mode for both read and
write operations. The read and write clocks are
completely independent, and each may operate at any
desired frequency less than or equal to 350 MHz.

o A4kx1, 2kx2, 1kx4, 512x9 (dual-port RAM—two
read, two write or one read, one write)

e 512x9, 256x18 (two-port RAM—one read and one
write)

¢ Sync write, sync pipelined / nonpipelined read

The ProASIC3E memory block includes dedicated FIFO
control logic to generate internal addresses and external
flag logic (FULL, EMPTY, AFULL, AEMPTY). Block
diagrams of the memory modules are illustrated in
Figure 2-20 on page 2-22.

During RAM operation, addresses are sourced by the
user logic and the FIFO controller is ignored. In FIFO
mode, the internal addresses are generated by the FIFO
controller and routed to the RAM array by internal
MUXes. Refer to Figure 2-21 on page 2-23 for more
information about the implementation of the embedded
FIFO controller.

YActel
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The ProASIC3E architecture enables the read and write
sizes of RAMs to be organized independently, allowing
for bus conversion. For example, the write side size can
be set to 256x18 and the read size to 512x9.

Both the write width and read width for the RAM blocks
can be specified independently with the WW (write
width) and RW (read width) pins. The different DxW
configurations are: 256x18, 512x9, 1kx4, 2kx2, and 4kx1.

Refer to the allowable RW and WW values supported for
each of the RAM macro types in Table 2-5 on page 2-24.

When widths of one, two, or four are selected, the ninth
bit is unused. For example, when writing nine-bit values
and reading four-bit values, only the first four bits and
the second four bits of each nine-bit value are
addressable for read operations. The ninth bit is not
accessible.

Conversely, when writing four-bit values and reading
nine-bit values, the ninth bit of a read operation will be
undefined. The RAM blocks employ little-endian byte
order for read and write operations.
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RAM4K9

PN

ADDRA11
ADDRA10

ADDRAO
DINAS
DINA7

DINAO

WIDTHA1
WIDTHAO
PIPEA
WMODEA
BLKA
WENA

DCLKA

DOUTAS8

DOUTA7 [

DOUTAO

rYSinim

ADDRB11
ADDRB10

ADDRBO

DINB8
DINB7

DINBO

WIDTHB1
WIDTHBO
PIPEB
WMODEB
BLKB
WENB
>CLKB

DOUTB8
DOUTB7

DOUTBO

RESET

T

RAMS512x18

RADDRS8 RD17
RADDR7 RD16

RADDRO RDO

RW1
RWO

PIPE

REN
DRCLK

—1 WADDRS8
— | WADDR?7

| 4

WADDRO
WD17
WD16

WDO

WW1
WWO0

WEN
DWCLK

RESET

FIFO4K18

|41 |

AEVAL11
AEVAL10

AEVALO

AFVAL11
AFVAL10

AFVALO

REN
RBLK

DRCLK

RD17
RD16

.
.
.

RDO

FULL
AFULL
EMPTY
AEMPTY

| 144 |

WD17
WD16

.
.
.

WDO

WEN
WBLK

DWwcCLK

RPIPE

RESET

Figure 2-20 ¢ Supported Basic RAM Macros

2-22
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RD[17:0]

— RD

WD »| wp[17:0]
RCLK RCLK
WCLK WCLK
»|RADDJ:0]
»| WADD[J:0]
| REN
»|WEN  w
FREN|  [FWEN o
o
RBLK CNT 12 I
REN c
T D : B e e
ESTOP 11
3 ||A:F\”|*_L, > AFULL
‘ > AEMPTY
WBLK ONT 12 sumz%l;
WEN > E |
WDC | _I%D > EMPTY
d
Reset

—{ RWI[2:0]
— WW][2:0]

Figure 2-21 o ProASIC3E RAM Block with Embedded FIFO Controller
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Signal Descriptions for RAM4K9

The following signals are used to configure the RAM4K9
memory element:

WIDTHA and WIDTHB

These signals enable the RAM to be configured in one of
four allowable aspect ratios (Table 2-5).

Table 2-5 ¢ Allowable Aspect Ratio Settings for

WIDTHA[1:0]
WIDTHA[1:0] WIDTHB[1:0] DxW
00 00 4kx1
01 01 2kx2
10 10 Tkx4
" 1M1 512x9

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

BLKA and BLKB

These signals are active low and will enable the
respective ports when asserted. When a BLKx signal is
deasserted, that port’s outputs hold the previous value.

WENA and WENB

These signals switch the RAM between read and write
modes for the respective ports. A low on these signals
indicates a write operation, and a high indicates a read.

CLKA and CLKB
These are the clock signals for the synchronous read and

write operations. These can be driven independently or
with the same driver.

PIPEA and PIPEB

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

WMODEA and WMODEB

These signals are used to configure the behavior of the
output when RAM is in the write mode. A low on these
signals makes the output retain data from the previous
read. A high indicates pass-through behavior, wherein
the data being written will appear immediately on the
output. This signal is overridden when the RAM is being
read.

RESET

This active low signal resets the control logic and forces
the output hold state registers to zero when asserted. It
does not reset the contents of the memory array.

While the RESET signal is active, read and write
operations are disabled. As with any asynchronous reset
signal, care must be taken not to assert it too close to the
edges of active read and write clocks. Refer to the tables
beginning with Table 3-94 on page 3-71 for the
specifications.

ADDRA and ADDRB

These are used as read or write addresses, and they are 12
bits wide. When a depth of less than 4 k is specified, the
unused high-order bits must be grounded (Table 2-6).

Table 2-6 ¢ Address Pins Unused/Used for Various
Supported Bus Widths

ADDRXx
DxW Unused Used
4kx1 None [11:0]
2kx2 [11] (10:0]
Tkx4 [11:10] [9:0]
512x9 [11:9] [8:0]

Note: The "x" in ADDRx implies A or B.

DINA and DINB

These are the input data signals, and they are nine bits
wide. Not all nine bits are valid in all configurations.
When a data width less than nine is specified, unused
high-order signals must be grounded (Table 2-7).
DOUTA and DOUTB

These are the nine-bit output data signals. Not all nine
bits are valid in all configurations. As with DINA and

DINB, high-order bits may not be used (Table 2-7). The
output data on unused pins is undefined.

Table 2-7 ¢ Unused/Used Input and Output Data Pins for
Various Supported Bus Widths

DINx/DOUTx
DxW Unused Used
4kx1 [8:1] (0]
2kx2 [8:2] [1:0]
1kx4 [8:4] [3:0]
512x9 None [8:0]

Note: The "x" in DINx or DOUTx implies A or B.
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Signal Descriptions for RAM512X18

RAMS512X18 has slightly different behavior than the
RAMA4KY, as it has dedicated read and write ports.

WW and RW

These signals enable the RAM to be configured in one of
the two allowable aspect ratios (Table 2-8).

Table 2-8 ¢ Aspect Ratio Settings for WWI[1:0]

WWI[1:0] RWI[1:0] DxW
01 01 512x9
10 10 256x18
00, 11 00, 11 Reserved
WD and RD

These are the input and output data signals, and they
are 18 bits wide. When a 512x9 aspect ratio is used for
write, WD[17:9] are unused and must be grounded. If
this aspect ratio is used for read, RD[17:9] are undefined.

WADDR and RADDR

These are read and write addresses, and they are nine
bits wide. When the 256x18 aspect ratio is used for write
or read, WADDR[8] or RADDR[8] are unused and must be
grounded.

WCLK and RCLK
These signals are the write and read clocks, respectively.
They can be clocked on the rising edge or falling edge of
WCLK and RCLK.

WEN and REN

These signals are the write and read enables,
respectively. They are both active low by default. These
signals can be configured as active high.

RESET

This active low signal resets the control logic and forces
the output hold state registers to zero when asserted. It
does not reset the contents of the memory array.

While the RESET signal is active, read and write
operations are disabled. As with any asynchronous reset
signal, care must be taken not to assert it too close to the
edges of active read and write clocks. Refer to the tables
beginning with Table 3-95 on page 3-71 for the
specifications.

PIPE

This signal is used to specify pipelined read on the
output. A low on PIPE indicates a nonpipelined read, and
the data appears on the output in the same clock cycle. A
high indicates a pipelined read, and data appears on the
output in the next clock cycle.

Clocking

The dual-port SRAM blocks are only clocked on the rising
edge. SmartGen allows falling-edge triggered clocks by

YActel
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adding inverters to the netlist, hence achieving dual-port
SRAM blocks that are clocked on either edge (rising or
falling). For dual-port SRAM, each port can be clocked on
either edge and/or by separate clocks by port.

ProASIC3E devices support inversion (bubble pushing)
throughout the FPGA architecture, including the clock
input to the SRAM modules. Inversions added to the
SRAM clock pin on the design schematic or in the HDL
code will be automatically accounted for during design
compile without incurring additional delay in the clock
path.

The two-port SRAM can be clocked on the rising edge or
falling edge of the WCLK and RCLK.

If negative-edge RAM and FIFO clocking is selected for
memory macros, clock edge inversion management
(bubble pushing) is automatically used within the
ProASIC3E development tools, without performance
penalty.

Modes of Operation
There are two read modes and one write mode:

e Read Nonpipelined (synchronous—one clock
edge): In the standard read mode, new data is
driven onto the RD bus in the same clock cycle
following RA and REN valid. The read address is
registered on the read port clock active edge and
data appears at RD after the RAM access time.
Setting PIPE to OFF enables this mode.

e Read Pipelined (synchronous—two clock edges):
The pipelined mode incurs an additional clock
delay from the address to the data but enables
operation at a much higher frequency. The read
address is registered on the read port active clock
edge, and the read data is registered and appears
at RD after the second read clock edge. Setting
the PIPE to ON enables this mode.

e Write (synchronous—one clock edge): On the
write clock active edge, the write data is written
into the SRAM at the write address when WEN is
high. The setup times of the write address, write
enables, and write data are minimal with respect
to the write clock. Write and read transfers are
described with timing requirements in the "DDR
Module Specifications" section on page 3-56.

RAM Initialization

Each SRAM block can be individually initialized on power-
up by means of the JTAG port using the UJITAG mechanism
(refer to the "JTAG 1532" section on page 2-54 and the
ProASIC3/E SRAMIFIFO Blocks application note). The shift
register for a target block can be selected and loaded
with the proper bit configuration to enable serial
loading. The 4,608 bits of data can be loaded in a single
operation.
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Signal Descriptions for FIFO4K18

The following signals are used to configure the FIFO4K18
memory element:

WW and RW

These signals enable the FIFO to be configured in one of
the five allowable aspect ratios (Table 2-9).

Table 2-9 ¢ Aspect Ratio Settings for WWI[2:0]

WWI[2:0] RWI[2:0] DxW

000 000 4kx1

001 001 2kx2

010 010 Tkx4

011 011 512x9

100 100 256x18

101, 110, 111 101, 110, 111 Reserved
WBLK and RBLK
These signals are active low and will enable the

respective ports when low. When the RBLK signal is high,
that port's outputs hold the previous value.

WEN and REN
Read and write enables. WEN is active low and REN is

active high by default. These signals can be configured as
active high or low.

WCLK and RCLK

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

RPIPE

This signal is used to specify pipelined read on the
output. A low on RPIPE indicates a nonpipelined read,
and the data appears on the output in the same clock
cycle. A high indicates a pipelined read, and data
appears on the output in the next clock cycle.

RESET
This active low signal resets the control logic and forces
the output hold state registers to zero when asserted. It

does not reset the contents of the memory array
(Table 2-10).

While the RESET signal is active, read and write
operations are disabled. As with any asynchronous RESET
signal, care must be taken not to assert it too close to the
edges of active read and write clocks. Refer to the tables
beginning with Table 3-96 on page 3-75 for the
specifications.

WD
This is the input data bus and is 18 bits wide. Not all 18
bits are valid in all configurations. When a data width

less than 18 is specified, unused higher-order signals
must be grounded (Table 2-10).

RD

This is the output data bus and is 18 bits wide. Not all 18
bits are valid in all configurations. Like the WD bus, high-
order bits become unusable if the data width is less than

18. The output data on unused pins is undefined
(Table 2-10).

Table 2-10 * Input Data Signal Usage for Different Aspect

Ratios
DxW WD/RD Unused
4kx1 WD[17:1], RD[17:1]
2kx2 WD[17:2], RD[17:2]
Tkx4 WD[17:4], RD[17:4]
512x9 WD[17:9], RD[17:9]
256x18 -

ESTOP, FSTOP

ESTOP is used to stop the FIFO read counter from further
counting once the FIFO is empty (i.e., the Empty flag
goes high). A high on this signal inhibits the counting.

FSTOP is used to stop the FIFO write counter from further
counting once the FIFO is full (i.e., the Full flag goes
high). A high on this signal inhibits the counting.

For more information on these signals, refer to the
"ESTOP and FSTOP Usage" section on page 2-27.

FULL, EMPTY

When the FIFO is full and no more data can be written,
the Full flag asserts high. The Full flag is synchronous to
WCLK to inhibit writing immediately upon detection of a
full condition and to prevent overflows. Since the write
address is compared to a resynchronized (and thus time-
delayed) version of the read address, the Full flag will
remain asserted until two WCLK active edges after a read
operation eliminates the full condition.

When the FIFO is empty and no more data can be read,
the Empty flag asserts high. The Empty flag is
synchronous to RCLK to inhibit reading immediately
upon detection of an empty condition and to prevent
underflows. Since the read address is compared to a
resynchronized (and thus time-delayed) version of the
write address, the Empty flag will remain asserted until
two RCLK active edges, after a write operation removes
the empty condition.

For more information on these signals, refer to the "FIFO
Flag Usage Considerations" section on page 2-27.
AFULL, AEMPTY

These are programmable flags and will be asserted on
the threshold specified by AFVAL and AEVAL,
respectively.

When the number of words stored in the FIFO reaches
the amount specified by AEVAL while reading, the
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AEMPTY output will go high. Likewise, when the number
of words stored in the FIFO reaches the amount specified
by AFVAL while writing, the AFULL output will go high.

AFVAL, AEVAL

The AEVAL and AFVAL pins are used to specify the
almost-empty and almost-full threshold values. They are
12-bit signals. For more information on these signals,
refer to the "FIFO Flag Usage Considerations" section.

ESTOP and FSTOP Usage

The ESTOP pin is used to stop the read counter from
counting any further once the FIFO is empty (i.e., the
EMPTY flag goes high). Likewise, the FSTOP pin is used to
stop the write counter from counting any further once
the FIFO is full (i.e., the Full flag goes high).

The FIFO counters in the ProASIC3E device start the count
at 0, reach the maximum depth for the configuration
(e.g., 511 for a 512x9 configuration), and then restart at
0. An example application for the ESTOP, where the read
counter keeps counting, would be writing to the FIFO
once and reading the same content over and over
without doing another write.

FIFO Flag Usage Considerations

The AEVAL and AFVAL pins are used to specify the 12-bit
AEMPTY and AFULL threshold values. The FIFO contains
separate 12-bit write address (WADDR) and read address
(RADDR) counters. WADDR is incremented every time a
write operation is performed, and RADDR is incremented
every time a read operation is performed. Whenever the
difference between WADDR and RADDR is greater than
or equal to AFVAL, the AFULL output is asserted.
Likewise, whenever the difference between WADDR and
RADDR is less than or equal to AEVAL, the AEMPTY
output is asserted. To handle different read and write
aspect ratios, AFVAL and AEVAL are expressed in terms
of total data bits instead of total data words. When users
specify AFVAL and AEVAL in terms of read or write
words, the SmartGen tool translates them into bit
addresses and configures these signals automatically.
SmartGen configures the AFULL flag to assert when the
write address exceeds the read address by at least a
predefined value. In a 2kx8 FIFO, for example, a value of
1,500 for AFVAL means that the AFULL flag will be
asserted after a write when the difference between the
write address and the read address reaches 1,500 (there
have been at least 1,500 more writes than reads). It will
stay asserted until the difference between the write and
read addresses drops below 1,500.

The AEMPTY flag is asserted when the difference
between the write address and the read address is less
than a predefined value. In the example above, a value
of 200 for AEVAL means that the AEMPTY flag will be
asserted when a read causes the difference between the
write address and the read address to drop to 200. It will
stay asserted until that difference rises above 200. Note
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that the FIFO can be configured with different read and
write widths; In this case the AFVAL setting is based on
the number of write data entries and the AEVAL setting
is based on the number of read data entries. For aspect
ratios of 512x9 and 256x18, only 4,096 bits can be
addressed by the 12 bits of AFVAL and AEVAL. The
number of words must be multiplied by 8 and 16 instead
of 9 and 18. The SmartGen tool automatically uses the
proper values. To avoid halfwords being written or read,
which could happen if different read and write aspect
ratios are specified, the FIFO will assert Full or Empty as
soon as at least a minimum of one word cannot be
written or read. For example, if a two-bit word is written
and a four-bit word is being read, FIFO will remain in the
Empty state when the first word is written. This occurs
even if the FIFO is not completely empty, because in this
case a complete word cannot be read. The same is
applicable in the Full state. If a four-bit word is written
and a two-bit word is read, the FIFO is full and one word
is read. The FULL flag will remain asserted because a
complete word cannot be written at this point.

Refer to the ProASIC3/E SRAMI/FIFO Blocks application
note for more information.

Pro I/Os

Introduction

ProASIC3E devices feature a flexible /O structure,
supporting a range of mixed voltages (1.5V, 1.8V, 2.5V,
and 3.3 V) through a bank-selectable voltage. Table 2-11,
Table 2-12, Table 2-13, and Table 2-14 on page 2-30 show
the voltages and the compatible /0O standards. 1/Os
provide programmable slew rates, drive strengths, weak
pull-up, and weak pull-down circuits. All I/0 standards,
except 3.3 V PCl and 3.3 V PCI-X, are capable of hot
insertion. 3.3 V PCl and 3.3 V PCI-X are 5 V tolerant. See
the "5 V Input Tolerance" section on page 2-38 for
possible implementations of 5 V tolerance.

Single-ended input buffers support both the Schmitt
trigger and programmable delay options on a per-l/O
basis.

All I/Os are in a known state during power-up and any
power-up sequence is allowed without current impact.
Refer to the "I/O Power-Up and Supply Voltage
Thresholds for Power-On Reset (Commercial and
Industrial)" section on page 3-3 for more information.
The 1/0Os will come up with disabled in/fout buffers but
with a weak pull-up enabled.

1/0 Tile

The ProASIC3E /O tile provides a flexible, programmable
structure for implementing a large number of I/O
standards. In addition, the registers available in the I/O
tile can be used to support high-performance register
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inputs and outputs, with register enable if desired
(Figure 2-23 on page 2-33). The registers can also be used
to support the JESD-79C Double Data Rate (DDR)
standard within the I/O structure (see the "Double Data
Rate (DDR) Support" section on page 2-34 for more
information).

As depicted in Figure 2-23 on page 2-33, all I/O registers
share one CLR port. The output register and output
enable register share one CLK port. Refer to the "I/O
Registers" section on page 2-33 for more information.

I/0 Banks and I/0 Standards Compatibility

I/Os are grouped into I/O voltage banks. There are eight I/O
banks (two per side). Each I/O voltage bank has a dedicated
input/output supply and ground voltages (VMV/GNDQ for
input buffers and Vc/GND for output buffers). Because of
these dedicated supplies, only 1/0Os with compatible
standards can be assigned to the same I/O voltage bank.
Table 2-12 on page 2-29 shows the required voltage
compatibility values for each of these voltages.

For more information about I/O and global assignments
to 1/0 banks, refer to the specific pin table of the device
in the "Package Pin Assignments" section on page 4-1
and the "User I/0 Naming Convention" section on
page 2-50.

Every I/0 bank is divided into minibanks. Any user I/O in a
Vger Minibank (a minibank is the region of scope of a
VRer Pin) can be configured as a Vg pin (Figure 2-22).
Only one Vgge pin is needed to control the entire Vggr
minibank. The location and scope of the Vggr minibanks
can be determined by the /O name. For details, see the
"User I/O Naming Convention" section on page 2-50.

Table 2-11 on page 2-29 shows the /O standards
supported by ProASIC3E devices and the corresponding
voltage levels.

I/0 standards are compatible if:
e Their V¢ and VMV values are identical

e Both of the standards need a Vggr and their Vggr
values are identical

CCC/PLL
ugn

Common V.,

signal for all 1/0s
in Ve minibanks

Bank 2

Any /O ina Vg,
minibank can be used to

CCC/PLL
“pn

| Vg X
[ GND X } provide the reference
voltage to the common
[ Ve X Vier signal for the Vpgr
minibank.
CCTPLL - 0 X
[
Up to five Ve, =
minibanks within /0 <]
o an I/0 bankF
- ~a 0 X
£ :
- 10 [PDt+—oPad
JTAG ) ) Voo X
Vier signal scope is >
between 8 and 18 I/Os. GND

(0)

!!

I/0

X

Figure 2-22 o Typical I/0 Bank Detail Showing Vggr Minibanks

Advanced v0.5



YActel

ProASIC3E Flash Family FPGAs

Table 2-11 e ProASIC3E Supported /0 Standards

A3PE600 A3PE1500 A3PE3000

Single-Ended

LVIT/LVCMOS 3.3V, LVCMOS 2.5V/1.8 V/1.5,
LVCMOS 2.5/5.0 V,
3.3V PCI/3.3 VPCI-X

Differential

LVPECL, LVDS, BLVDS, M-LVDS

Voltage-Referenced

Class I and Il, SSTL3 Class | and |l

GTL+ 2.5V /3.3V, GTL2.5V/3.3V, HSTL Class | and II, SSTL2

Table 2-12 o V¢ Voltages and Compatible Standards

Ve and VMV (typical)

Compatible Standards

33V LVTT/LVCMOS 3.3, PCI 3.3, SSTL3 (Class | and II), GTL+ 3.3, GTL 3.3, LVPECL

25V LVCMOS 2.5, LVCMOS 2.5/5.0, SSTL2 (Class | and Il), GTL+ 2.5, GTL 2.5, LVDS, DDR LVDS,
BLVDS, and M-LVDS

1.8V LVCMOS 1.8

1.5V LVCMOS 1.5, HSTL (Class 1), HSTL (Class II)

Table 2-13 o Vggp Voltages and Compatible Standards

Vger (typical) Compatible Standards
1.5V SSTL3 (Class | and II)
1.25V SSTL2 (Class | and II)
1.0V GTL+ 2.5, GTL+ 3.3
0.8V GTL2.5,GTL3.3
0.75V HSTL (Class 1), HSTL (Class 1)
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Table 2-14  Legal I/0 Usage Matrix within the Same Bank

(A €°€) 1D3dA1

(%S ¥ A S'2) ¥4aa 'SAnT-N pue
‘SANn1g ‘SAnl

(A €°€) 11 pue | sse] £11SS

(A S°2) 11 pue | sse]) Z11SS

(A S°L) 11 pue | sse|]D 11SH

(AS'2) 11D

(A €€)11D

(A S2) +11D

(A €°€) +11D

X-12d/IDd N €°€

A S°L SOINDA1

A 8°L SOINDA1

A S°C SONDA1

A €€ SONDAT/1LLNT

(1e31dA3) abeyjop ueqiuin

(1e21dAy) abeyjop ueg O/

33V

25V

8V

1.5V

Note: White box: Allowable I/O standard combinations

Gray box: lllegal I/O standard combinations
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Features Supported on Every I/0

Table 2-15 lists all features supported by transmitter/receiver for single-ended and differential I/Os.

Table 2-15 e 1/O Features ProASIC3E

Feature Description

Single-Ended and Voltage-Referenced Transmitter Features e Hot insertion in every mode except PCl or 5 V input tolerant
(these modes use clamp diodes and do not allow hot insertion)

e Activation of hot insertion (disabling the clamp diode) is
selectable by 1/0s

e Weak pull-up and pull-down
e Two slew rates

e Skew between output buffer enable/disable time: 2 ns delay
on the rising edge and O ns delay on the falling edge (see the
"Selectable Skew Between Output Buffer Enable/Disable
Time" section on page 2-43 for more information).

e Five drive strengths

e 5V tolerant receiver ("5 V Input Tolerance" section on page 2-
38)

e LVTTI/LVCMOS 3.3 V outputs compatible with 5 V TTL inputs
("5 V Input Tolerance" section on page 2-38)

¢ High Performance (Table 2-16 on page 2-32)

Single-Ended Receiver Features e ESD protection
e Schmitt Trigger option

e Programmable Delay: O ns if bypassed, 0.46 ns with 000
setting, 4.66 ns with 111 setting, 0.6 ns intermediate delay
increments (at 25°C, 1.5 V)

e High performance (Table 2-16 on page 2-32)

e Separate ground plane for GNDQ pin and power plane for VMV
pin are used for input buffer to reduce output induced noise.

Voltage-Referenced Differential Receiver Features e Programmable Delay: 0 ns if bypassed, 0.46 ns with 000
setting, 4.66 ns with 111 setting, 0.6 ns intermediate delay
increments (at 25°C, 1.5 V)

e High performance (Table 2-16 on page 2-32)
e Separate ground plane for GNDQ pin and power plane for VMV
pin are used for input buffer to reduce output induced noise.

CMOS-Style LVDS, BLVDS, M-LVDS or LVPECL Transmitter e Two I/Os and external resistors are used to provide a CMOS-
style LVDS, DDR LVDS, BLVDS, and M-LVDS or LVPECL
transmitter solution.

e Activation of hot insertion (disabling the clamp diode) is
selectable by I/Os.

e Weak pull-up and pull-down
e High slew rate

LVDS, DDR LVDS, BLVDS, and M-LVDS/LVPECL Differential Receiver [®  ESD protection
Features ¢ High performance (Table 2-16 on page 2-32)

e Programmable Delay: 0 ns if bypassed, 0.46 ns with 000
setting, 4.66 ns with 111 setting, 0.6 ns intermediate delay
increments (at 25°C, 1.5V)

e Separate input buffer ground and power planes to avoid
output-induced noise in the input circuitry
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Table 2-16 ¢ Maximum /O Frequency for Single-Ended, Voltage-Referenced, and Differential 1/0s

Specification Performance Up To*
LVTTLLVCMOS 3.3 V 200 MHz
LVCMOQOS 2.5V 250 MHz
LVCMOS 1.8V 200 MHz
LVCMOS 1.5V 130 MHz
PCl 200 MHz
PCI-X 200 MHz
HSTL-I 300 MHz
HSTL-II 300 MHz
SSTL2-I 300 MHz
SSTL2-II 300 MHz
SSTL3-I 300 MHz
SSTL3-II 300 MHz
GTL+ 3.3V 300 MHz
GTL+ 2.5V 300 MHz
GTL3.3V 300 MHz
GTL2.5V 300 MHz
LVDS 350 MHz
BLVDS 200 MHz
M-LVDS 200 MHz
LVPECL 350 MHz

Note: *Application performance is dependent on user design implementation.
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Each I/0 module contains several input, output, and enable registers. Refer to Figure 2-23 for a simplified

representation of the I/O block.

The number of input registers is selected by a set of switches (not shown in Figure 2-23) between registers to
implement single or differential data transmission to and from the FPGA core. The Designer software sets these

switches for the user.

A common CLR/PRE signal is employed by all I/O registers when I/0O register combining is used. Input Register 2 does
not have a CLR/PRE pin, as this register is used for DDR implementation. The I/O registers combining must satisfy some
rules. For more information, refer to the ProASIC3/E I/0 Usage Guide.

Y Pull-Up/Down
Resistor Control

1/0 / Q0 ! 2
Input Input
Register Register
—_— <o_
To FPGA Core
-
CLR/PRE
1710/ Q1 3
Input
ICE Register
— ¢
(0]
CLR/PRE |
1/0 / ICLK
4
1/0 / DO Output
OCE Register
From FPGA Core
—— 0
Q—I CLR/PRE
5
—e
1/0 / D1/ ICE ICE | Output
Register
[
(o)

1/0 / OCLK ———@ O—I CLR/PRE

PAD

-
_[C_I

Signal Drive Strength
and Slew-Rate Control

A A A E=EnablePin

6
1/0 / OE Output
OCE| Enable
g Register
o
/0 / CLR or I/O / PRE / OCE —& o | cLripRE

Note: ProASIC3E I/Os have registers to support DDR functionality (see the "Double Data Rate (DDR) Support" section on page 2-34 for

more information).

Figure 2-23  1/0 Block Logical Representation
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Double Data Rate (DDR) Support

ProASIC3E devices support 350 MHz DDR inputs and
outputs. In DDR mode, new data is present on every
transition of the clock signal. Clock and data lines have
identical bandwidths and signal integrity requirements,
making them very efficient for implementing very high-
speed systems.

DDR interfaces can be implemented using HSTL, SSTL,
LVDS, and LVPECL 1I/0 standards. The DDR feature is
primarily implemented in the FPGA core periphery and is
not tied to a specific I/O technology or limited to any I/O
standards.

Input Support for DDR
The basic structure to support a DDR input is shown in
Figure 2-24. Three input registers are used to capture

incoming data, which is presented to the core on each
rising edge of the I/O register clock.

Each I/O tile on ProASIC3E devices supports DDR inputs.

Output Support for DDR

The basic DDR output structure is shown in Figure 2-25
on page 2-35. New data is presented to the output every
half clock cycle. Note: DDR macros and 1/O registers do
not require additional routing. The combiner
automatically recognizes the DDR macro and pushes its
registers to the I/O register area at the edge of the chip.
The routing delay from the 1/O registers to the 1/0 buffers
is already taken into account in the DDR macro.

Refer to the Actel application note Using DDR for
ProASIC3/E Devices for more information.

Input DDR

INBUF

Data—g—D

cLk—&-{>

CLKBUF

Dy out oF
| (to core)
FF1 ;
EL out QR
L ] *— —
(to core)
FF2

INBUF

CLR_g_{> )I(C

__________________________

Figure 2-24 « DDR Input Register Support in ProASIC3E Devices
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Output DDR

>

Data_F
(from core)

FF1

W

cLk—&H >

CLKBUF

N

O

Data_R
(from core)

CLR—!ZD—[>—.

INBUF

FF2

;

o]
e —

OUTBUF

DDR_OUT

pm—————1-

Figure 2-25  DDR Output Support in ProASIC3E Devices
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Hot-Swap Support
Hot-swapping (also called hot plugging) is the operation of hot insertion or hot removal of a card in (or from) a
powered-up system. The levels of hot-swap support and examples of related applications are described in Table 2-17.
The I/Os also need to be configured in hot insertion mode if hot plugging compliance is required.

Table 2-17 e Levels of Hot-Swap Support

Device Example of
Hot- Power Card Circuitry Application with
Swapping Applied Ground |Connected| Cards that Contain Compliance of
Level Description |to Device| Bus State (Connection|(to Bus Pins| ProASIC3E Devices | ProASIC3E Devices
1 Cold-swap No - - - System and card with| Compliant I/Os can but
Actel FPGA chip are|do not have to be set to
powered down and the|hot insertion mode.
card is plugged into the
system. Then the power
supplies are turned on for|
the system but not for the
FPGA on the card.
2 Hot-swap while Yes Held in reset [Must be made - In PCI hot-plug| Compliant I/Os can but
reset state and specification Reset controlldo not have to be set to
maintained circuitry isolates the card|hot-insertion mode.
for 1 msec busses until the card
before, supplies are at their
during, and nominal operating levels
after and stable.
insertion/
removal
3 Hot-swap while Yes Held idle (no |Same as Level [ Must remain [Board bus shared with|Compliant with cards
bus idle ongoing I/O 2 glitch-free |card bus is "frozen," andjwith two levels of
processes during [there is no toggling|staging. I/Os have to be
during power-up or |activity on the bus. It is[set to hot-insertion
insertion/ power-down |critical  that the logicmode.
removal) states set on the bus
signal  do not get
disturbed  during card
insertion/removal.
4 Hot-swap on Yes Bus may have [Same as Level [ Same as |[There is activity on the|: Compliant with cards
an active bus active I/O 2 Level 3 |system bus, and it isjwith two levels of
processes critical  that the logic|staging. I/Os have to be
ongoing, but states set on the bus|set to hot insertion
device being signal  do  not  getmode.
inserted or disturbed during card
removed insertion/removal.
must be idle
For ProASIC3E devices requiring level 3 and/or level 4 e Grounds

compliance, the board drivers connected to ProASIC3E 1/Os
must have 10 kQ (or lower) output drive resistance at hot
insertion, and 1 kQ (or lower) output drive resistance at
hot removal. This resistance is the transmitter resistance

sending signal towards the ProASIC3E

I/0

and no

additional resistance is needed on the board. If that
cannot be assured, three levels of staging can be used to
meet level 3 and/or level 4 compliance. Cards with two
levels of staging should have the following sequence:

Powers, 1/Os, and other pins

For boards and cards with three levels of staging, card
power supplies must have time to reach their final value
before the I/Os are connected. Pay attention to the sizing
of power supply decoupling capacitors on the card to
ensure that the power supplies are not overloaded with

capacitance.

Cards with three levels of staging should have the
following sequence:
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Advanced v0.5




YActel

e Grounds
e Powers
e |/Os and other pins

Cold-Sparing Support

Cold-sparing means that a subsystem with no power
applied (usually a circuit board) is electrically connected
to the system that is in operation. This means that all
input buffers of the subsystem must present very high
input impedance with no power applied so as not to
disturb the operating portion of the system.

ProASIC3E devices support cold-sparing for all 1/O
configurations. Standards such as PCl which require /0O
clamp diodes can also achieve cold-sparing compliance,
since clamp diodes get disconnected internally when the
supplies are at 0 V.

If the resistor is chosen, the resistor value must be
calculated based on decoupling capacitance on a given
power supply on the board (this decoupling capacitor is
in parallel with this resistor). The RC time constant
should ensure full discharge of supplies before cold-
sparing functionality is required. The resistor is necessary
to ensure that the power pins are discharged to ground
every time there is an interruption of power to the
device.

Table 2-18 * 1/0 Hot-Swap and 5 V Input Tolerance Capabilities

ProASIC3E Flash Family FPGAs

Electrostatic Discharge (ESD) Protection

ProASIC3E devices are tested per JEDEC Standard
JESD22-A114-B.

ProASIC3E 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.

ProASIC3E devices are tested to the following models:
Human Body Model (HBM) with a tolerance of 2,000 V,
the Machine Model (MM) with a tolerance of 250 V, and
the Charged Device Model (CDM) with a tolerance of
200 V.

Each 1/0 has two clamp diodes. One diode has its
positive (P) side connected to the pad and its negative
(N) side connected to V¢c. 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 V¢, or below GND levels.

By selecting the appropriate 1/0 configuration, the diode
is turned on or off. Refer to Table 2-18 for more
information about the I/0 standards and the clamp
diode.

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

Clamp Hot 5V Input Output
I/0 Assignment Diode Insertion |Tolerance | Input Buffer Buffer
3.3V LVTITULVCMOS No Yes Yes' Enabled/Disabled
3.3V PCl, 3.3V PCI-X Yes No Yes' Enabled/Disabled
LVCMOS 2.5V 3 No Yes No Enabled/Disabled
LVCMOS 2.5V /5.0V 3 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/BLVDS/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. Can be implemented with an external resistor and an internal clamp diode.
3. In the SmartGen Core Reference Guide, select the LVCMOS5 macro for the LVCMOS 2.5 V' / 5.0 V I/O standard or the LVCMQOS25

macro for the LVCMOS 2.5 V I/O standard.
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5 V Input Tolerance

I/Os can support 5-V-input tolerance when LVTTL 3.3V,
LVCMOS 3.3 V, LVCMOS 2.5V / 5V, and LVCMOS 2.5 V
configurations are used (see Table 2-18 on page 2-37 for
more details). There are four recommended solutions for
achieving 5 V receiver tolerance (see Figure 2-26 to
Figure 2-29 on page 2-41 for details of board and macro
setups). All the solutions meet a common requirement of
limiting the voltage at the I/O input to 3.6 V or less. In
fact, the I/0O absolute maximum voltage rating is 3.6 V,
and any voltage above 3.6 V may cause long term gate
oxide failures.

Solution 1

The board-level design must ensure that the reflected
waveform at the pad does not exceed the limits provided
in Table 3-4 on page 3-2. This is a requirement to ensure
long term reliability.

This scheme will also work for a 3.3VPCI/PC-X
configuration, but the internal diode should not be used for
clamping, and the voltage must be limited by the two
external resistors as explained below. Relying on the
diode clamping would create an excessive pad DC
voltage of 3.3V +0.7V=4V.

Here are some examples of possible resistor values
(based on a simplified simulation model with no line
effects, and 10 Q transmitter output resistance, where
RtX_OUt_high = (Vcc| - VOH)/ lOH' RtX_OUt_lOW = VOL / |o|_).

Example 1 (high speed, high current):

Rtx_out_high = Rtx_out_low =10 Q
R1 =36 Q (x5%), P(r1)min = 0.069 Q
R2 =82 Q (#5%), P(r2)min = 0.158 Q
Imax_tx=5.5V /(82 x 0.95 + 36 x 0.95 +10) = 45.04 mA
trise = trarL = 0.85 ns at C_pad_load = 10 pF (includes
up to 25% safety margin)
trise = tralL = 4 ns at C_pad_load = 50 pF (includes up
to 25% safety margin)

Example 2 (low-medium speed, medium current):
Rtx_out_high = Rtx_out_low = 10 Q
R1 =220 Q (+5%), P(r1)min =0.018 Q
R2 =390 Q (+5%), P(r2)min = 0.032 Q
Imax_tx=5.5V /(220 x 0.95 + 390 x 0.95 +10) = 9.17 mA
trise = trarL = 4 ns at C_pad_load = 10 pF (includes up
to 25% safety margin)
trisE = tralL = 20 ns at C_pad_load = 50 pF (includes up
to 25% safety margin)

Other values of resistors are also allowed as long as the
resistors are sized appropriately to limit the voltage at
the receiving end to 2.5 V < Vin(rx) < 3.6 V* when the
transmitter sends a logic '1'. This range of Vin_dc(rx)
must be assured for any combination of transmitter
supply (5 V £ 0.5 V), transmitter output resistance, and
board resistor tolerances.

Temporary overshoots are allowed according to Table 3-4
on page 3-2.

Solution 1

ProASIC3E 1/0 Input

33V

[}

[}

[}

55V |

| i

—O| —
|

1

Rext1 ]

_| | Rext2 i
|

|

|

|

Requires two board resistors,
LVCMOS 3.3 V I/Os

Figure 2-26 * Solution 1
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Solution 2
The board-level design must ensure that the reflected waveform at the pad does not exceed limits provided in Table 3-4

on page 3-2. This is a requirement to ensure long term reliability.
This scheme will also work for a 3.3 V PCI/PCIX configuration, but the internal diode should not be used for clamping,
and the voltage must be limited by the external resistors and zener, as shown in Figure 2-27. Relying on the diode

clamping would create an excessive pad DC voltage of 3.3V + 0.7V =4 V.

Solution 2

ProASIC3E 1/0 Input

33V

Requires one board resistor, one
Zener 3.3V diode, LVCMOS 3.3 V I/Os

Figure 2-27  Solution 2
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Solution 3

The board-level design must ensure that the reflected waveform at the pad does not exceed limits provided in Table 3-4
on page 3-2. This is a requirement to ensure long term reliability.

This scheme will also work for a 3.3 V PCI/PCIX configuration, but the internal diode should not be used for clamping,

and the voltage must be limited by the bus switch, as shown in Figure 2-28. Relying on the diode clamping would
create an excessive pad DC voltage of 3.3V + 0.7V =4V

Solution 3

ProASIC3E I/0 Input

33V

Bus

Switch

IDTQS32X23
5.5V L

L]
[ ]
L]

55V

)

Requires a bus switch on the board,
LVTTL 3.3 V I/Os.

Figure 2-28  Solution 3
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Solution 4

Solution 4

ProASIC3E 1/0 Input

On-Chip

qr — T% E'iZ'SEE

Rext

[}
|
[}
5.5V | 2.5V 25V
[}
|
[}

Requires one board resistor.
Available for LVCMOS 2.5V /5.0 V.

Figure 2-29 e Solution 4

Table 2-19 » Comparison Table for 5 V Compliant Receiver Scheme

Scheme Board Components Speed Current Limitations
1 Two resistors Low to High! |Limited by transmitter's drive strength
2 Resistor and Zener 3.3 V Medium Limited by transmitter's drive strength
3 Bus switch High N/A
4 Minimum resistor value? Medium Maximum diode current at 100% duty cycle, signal constantly at '1'
e R=47QatT;=70°C e 5x52.7mAatT;=70°C/ 10-year lifetime
e R=150QatT;=85°C e 16.5mA at T, =85°C/ 10-year lifetime
e R=420QatT;=100°C e 59mAatT,;=100°C/ 10-year lifetime
For duty cycles other than 100%, the currents can be increased by
a factor = 1/duty cycle.
Example: 20% duty cycle at 70°C
Maximum current = (1/0.2) x 52.7 mA =4 x 52.7 mA = 263.5 mA

Notes:
1. Speed and current consumption increase as the board resistance values decrease.
2. Resistor values ensure I/O diode long term reliability.

5 V Output Tolerance When set to 3.3 V LVTTL or 3.3 V LVCMOS mode,
ProASIC3E I/Os must be set to 3.3 V LVTTL or 3.3 v  ProASIC3E I/Os can directly drive signals into 5 V TTL

LVCMOS mode to reliably drive 5 V TTL receivers. It is also ~ "eceivers. In fact, Vo, =0.4 V and Vo =2.4 V in both
critical that there be NO external I/O pull-up resistor to 33V LVTTL and 3.3 V LVCMOS modes exceeds the
5V, since this resistor would pull the /O pad voltage  ViL=08V and V},;=2 V level requirements of 5V TTL

beyond the 3.6V absolute maximum value, and receivers. Therefore, level '1' and level '0' will be
consequently cause damage to the 1/0. recognized correctly by 5V TTL receivers.
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Simultaneous Switching Outputs and Printed Circuit Board Layout

Simultaneously switching outputs (SSO) 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
printed circuit boards (PCBs) will transfer noise from SSO
busses onto signals adjacent to those busses.
Additionally, SSOs can produce ground bounce noise and
Vcq dip noise. These two noise types are caused by
rapidly-changing currents through GND and V¢
package pin inductances during switching activities
(EQ 2-1 and EQ 2-2).

Ground bounce noise voltage = L (GND) x di/dt

EQ 2-1
V¢ dip noise voltage = L (V) x di/dt

EQ 2-2

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 voltage to the IC and at the same time maintain
signal integrity between devices.

Key issues that need to considered are as follows:

e Power and ground plane design and decoupling
network design

e Transmission line reflections and terminations
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Selectable Skew Between Output Buffer Enable/Disable Time

The configurable skew block is used to delay the output buffer assertion (enable) without affecting deassertion
(disable) time.

Output Enable [ENABLE (IN)
(from FPGA core)

\

ENABLE (OUT)

MUX

\ /

Skew Circuit

I/0 Output
Buffers

Skew Select

Figure 2-30 ¢ Block Diagram of Output Enable Path

ENABLE (IN)

ENABLE (OUT) | |

- - - -
Less than Less than
0.1 ns 0.1 ns

Figure 2-31  Timing Diagram (Option1: Bypasses Skew Circuit)

ENABLE (IN)

ENABLE (OUT)

1.2 ns | |
— . ~— — -
(typical) '
Less than
0.1 ns

Figure 2-32 o Timing Diagram (Option 2: Enables Skew Circuit)
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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 2-33
presents an example of the skew circuit implementation in a bidirectional communication system. Figure 2-34 shows
how bus contention is created, and Figure 2-35 on page 2-45 shows how it can be avoided with the skew circuit.

Transmitter

ENABLE/
Transmitter 1: ProASIC3E I/O DISABLE Transmitter 2: Generic I/O
Skew or Routing l Routing
Bypass | EN (r1)| Delay (1) <EN (b1) DC EN (b2) p| Delay (t2) ENABLE (t2)
Skew

v ENABLE (t1)

Bidirectional Data Bus

Figure 2-33 ¢ Example of Implementation of Skew Circuits in Bidirectional Transmission Systems Using ProASIC3E Devices

EN (b1)

EN (b2)

ENABLE (r1)

ENABLE (t1)

Transmitter 1: OFF >< Transmitter 1: ON >< Transmitter 1: OFF
ENABLE (t2) =

Transmitter 2: ON

>< Transmitter 2: OFF ><
Bus

—_— P S E—
Contention:

Figure 2-34 ¢ Timing Diagram (Bypasses Skew Circuit)
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EN (b1)

EN (b2)

ENABLE (t1)

Transmitter 1: OFF ><Transmitter 1: ON >< Transmitter 1: OFF

ENABLE (t2)

Transmitter 2: ON >< Transmitter 2: OFF ><

Result: No Bus Contention

Figure 2-35 o Timing Diagram (with Skew Circuit Selected)
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I/0 Software Support
In the ProASIC3E development software, default settings  valid I/O attributes that can be manipulated by the user
have been defined for the various I/O standards that are  for each I/O standard.

supported. Changes can be made to the default settings Single-ended I/0O standards in ProASIC3E support up to
via the use of attributes; however, not all I/O attributes five different drive strengths.

are applicable for all I/0O standards. Table 2-20 lists the
Table 2-20  1/0 Attributes vs. 1/0 Standard Applications

I/0 Standards
LVTT/LVCMOS 3.3V
LVCMOS 2.5V
LVCMOS 2.5/5.0 V
LVCMOS 1.8V
LVCMOS 1.5V
PCI(3.3V)

PCI-X (3.3 V) v/
GTL+(3.3V)

GTL+ (2.5V)
GTL(3.3V)
GTL(2.5V)

HSTL Class |

HSTL Class Il

SSTL2 Class I and i
SSTL3 Class I and I
LVDS, BLVDS, M-LVDS
LVPECL

NSNS S| S| SCHMITT_TRIGGER (input only)

<SS SN] S| N [SLEW (output only)
< & 8] & | < |OUT_DRIVE (output only)

NS SN S| SN |RES_PULL
NN SN SN | SN |HOT_SWAPPABLE

sl sl sl sl sl s8] 8] 88| 8] ]| <|OUT_LOAD (output only)

sl slal sl srsrslslsrsrsl sl S S| SKEW (all macros with OE)

SESESSISISISIS SIS S S S SS] S| S| COMBINE_REGISTER

SESES SISl s] s s s s sSSP S8 ] S| S [IN_DELAY (input only)
SESESPSIS s sSssS s s]S] S S] S| S [IN_DELAY_VAL (input only)

NSNS NS
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Weak Pull-Up and Weak Pull-Down Resistors

ProASIC3E devices support optional weak pull-up and
pull-down resistors per I/0 pin. When the I/0 is pulled up,
it is connected to the V¢ of its corresponding 1/0 bank.
When it is pulled-down it is connected to GND. Refer to
Table 3-20 on page 3-20 for more information.

Slew Rate Control and Drive Strength
ProASIC3E devices support output slew rate control: high
and low.Actel recommends the high slew rate option to
minimize the propagation delay. This high-speed option
may introduce noise into the system if appropriate signal
integrity measures are not adopted. Selecting a low slew
rate reduces this kind of noise but adds some delays in
the system. Low slew rate is recommended when bus
transients are expected. Drive strength should also be
selected according to the design requirements and noise
immunity of the system.

ProASIC3E Flash Family FPGAs

The output slew rate and multiple drive strength
controls are available in LVTTL/LVCMOS 3.3 V, LVCMOS
2.5V, LVCMOS 2.5V /5.0 V input, LVCMOS 1.8 V, and
LVCMOS 1.5 V. All other I/O standards have a high output
slew rate by default.

Refer to Table 2-21 for more information about the slew
rate and drive strength specification. Table 2-23 on
page 2-49 lists the default values for the above
selectable I/O attributes as well as those that are preset
for that I/O standard.

Refer to Table 2-21 for SLEW and OUT_DRIVE settings.
Table 2-22 on page 2-48 lists the 1/0 default attributes.
Table 2-23 on page 2-49 lists the voltages for the
supported I/O standards.

Table 2-21 o 1/0 Standards—SLEW and Output Drive (OUT_DRIVE) Settings

OUT_DRIVE (mA)
1/0 Standards 2 4 6 8 12 16 24 Slew
LVTT/LVCMOS 3.3 V v/ v v v v v v High Low
LVCMOS 2.5V v v v v v v v High Low
LVCMOS 2.5V/5.0V v v v v v v v High Low
LVCMOS 1.8V v v v v v v High Low
LVCMOS 1.5V v v v v v - - High Low

Advanced v0.5
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Table 2-22 e« 1/0 Default Attributes

= >

] = E

—_ o > °
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> 5 = 5 i 5 g ™

< & c Q [7,) L = L

o 5 S 5 -_— 3 o [Y)

- o Y= F 1Y) Q. < o

=2 ~ - < w (=
g y £ 2 | 4 | > | » | B
-l

3 z S| 3 |3 |2 |3 |35 |¢E

= - = & = o o i s

w '5 Ll ("] '5 ] | | =

I/O Standards 7 ° X o ° O 2 2 Y
LVTT/LVCMOS 3.3V | See Table 2-21 | See Table 2-21 Off None 35pF - Off 0 Off
LVCMOS 2.5 V onpage 2-47 | onpage 2-47 1T None | 35pF - off 0 off
LVCMOQOS 2.5/5.0V Off None 35 pF - Off 0 Off
LVCMOQOS 1.8V Off None 35 pF - Off 0 Off
LVCMOS 1.5V Off None 35 pF - Off 0 Off
PCI (3.3 V) Off None 10 pF - Off 0 Off
PCI-X (3.3 V) Off None 10 pF - Off 0 Off
GTL+ (3.3 V) Off None 10 pF - Off 0 Off
GTL+ (2.5V) Off None 10 pF - Off 0 Off
GTL(3.3V) Off None 10 pF - Off 0 Off
GTL(2.5V) Off None 10 pF - Off 0 Off
HSTL Class | Off None 20 pF - Off 0 Off
HSTL Class I Off None 20 pF - Off 0 Off
SSTL2 Class I and I Off None 30 pF - Off 0 Off
SSTL3 Class I and I Off None 30 pF - Off 0 Off
LVDS, BLVDS, M-LVDS Off None 0 pF - Off 0 Off
LVPECL Off None 0 pF - Off 0 Off
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Table 2-23 « Supported I1/0 Standards and the Corresponding Vggr and V7 Voltages

ProASIC3E Flash Family FPGAs

Input/Output Supply Input Reference Voltage Board Termination Voltage
1/0 Standard Voltage (VMVtyp/Vcc Typ) (VRer Tvp) (Vi1 1vP)
LVTT/LVCMOS 3.3 V 3.30V - -
LVCMOS 2.5V 250V - -
LVCMOS 2.5 V/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 1.00V 1.50V
GTL+ 2.5V 250V 1.00V 1.50V
GTL3.3V 3.30V 0.80V 1.20V
GTL2.5V 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 1.50V
SSTL3 Class I 3.30V 1.50V 1.50V
SSTL2 Class | 250V 1.25V 1.25V
SSTL2 Class I 250V 1.25V 1.25V
LvDS, DDR LVDS, BLVDS, 250V - -
and M-LVDS
LVPECL 3.30V - -

Advanced v0.5
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User I/0 Naming Convention

Due to the comprehensive and flexible nature of ProASIC3E device user 1/Os, a naming scheme is used to show the
details of the I/O (Figure 2-36). The name identifies to which I/0 bank it belongs, as well as the pairing and pin polarity
for differential 1/Os.

/0O Nomenclature = Gmn/IOuxwByVz

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

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 A0, A1,A2, BO, B1, B2, CO, C1, or
C2. Figure 2-14 on page 2-16 shows the three input pins per each clock source MUX at the CCC location m.

u = /O pair number in the bank, starting at 00 from the northwest I/0O bank and proceeds in a clockwise direction.

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

w = D (Differential Pair) or 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 I/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 northwest I/O bank and proceeds in a clockwise direction.

V. = Vger

z = Vggr minibank number [0...4]. A given voltage-referenced signal spans 16 pins (typically) in an I/O bank. Voltage

banks may have multiple Vggr minibanks.

g g o) gc u% 5_ g é
2 = v ) =
G NP >0 TS
VeompLa CCQ/PLL CCO/PLL Veers
Veepia Al Bank 0 Bank 1 ‘B’ VcompLe
GNDQ
VclB7 > o v
GND = 5 G(l:\lCD
Ve ® ® V.. B2
cC
: A3PE600 '
cC
V Vcc
conre [ AL A3PE1500 ]| ¥
Veerir VCOMPLC
CCPLC
) A3PE3000 y
« GND
m
VecB6 < < Veess
GND = 0
[a'a]
m VMV3
VMV6 VJTAG
GNDQ 5 JTAG ¥ESOT
VeompLe || CCOPLL Bank 5 Bank 4 x| CCTPLL|| GNDQ
' ‘D'
V,
CCPLE Voump
< < < 0O < o dd4d< V
é g a QR QT Zza ZQQZZ VCOMPLD
= 0 O w O w o < CCPLD
u O wui & o N

Figure 2-36 ¢ User I/0 Naming Conventions of ProASIC3E Devices
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Pin Descriptions

Supply Pins

GND Ground

Ground supply voltage to the core, I/0 outputs, and I/0
logic.

GNDQ

Quiet ground supply voltage to input buffers of I/O
banks. Within the package, the GNDQ plane is
decoupled from the simultaneous switching noise
originated from the output buffer ground domain. This
minimizes the noise transfer within the package, and
improves input signal integrity. GNDQ must always be
connected to GND on the board.

Ground (quiet)

Ve Core Supply Voltage

Supply voltage to the FPGA core, nominal 1.5 V. V¢ is
also required for powering the JTAG state machine in
addition to Vjpag. Even when a ProASIC3 device is in
bypass mode in a JTAG chain of interconnected devices,
both V¢ and Vjgag must remain powered to allow JTAG
signals to pass through the ProASIC3 device.

VcciBx 1/0 Supply Voltage

Supply voltage to the bank's /O output buffers and I/O
logic. Bx is the /O bank number. There are eight 1/0
banks on ProASIC3E devices plus a dedicated V pag bank.
Each bank can have a separate V¢ connection. All I/Os
in a bank will run off the same V¢ Bx supply. V¢ can be
1.5V, 1.8V, 2.5V, or 3.3 V nominal voltage. Unused I/O
banks should have their corresponding V¢, pins tied to
GND.

VMVx 1/0 Supply Voltage (quiet)

Quiet supply voltage to the input buffers of each I/O
bank. X is the bank number. Within the package, the
VMV plane is decoupled from the simultaneous
switching noise originated from the output buffer V¢
domain. This minimizes the noise transfer within the
package, and improves input signal integrity. Each bank
must have at least one VMV connection and no VMV
should be left unconnected. All I/Os in a bank run off the
same VMVx supply. VMV is used to provide a quiet supply
voltage to the input buffers of each I/O bank. VMVx can
be 1.5V, 1.8V, 2.5V, or 3.3 V nominal voltage. Unused I/O
banks should have their corresponding VMV pins tied to
GND. VMV and V¢ should be at the same voltage within
a given I/O bank. Used VMV pins must be connected to
the corresponding V¢ pins of the same bank (i.e., VMV0
to VCC|B0' VMV1 to VCC|B1' etc.).

ProASIC3E Flash Family FPGAs

VcpLa/B/C/DIEF PLL Supply Voltage

Supply voltage to analog PLL, nominal 1.5 V. There are
siX VccpL pins (PLL power) on ProASIC3E devices. Unused
VccpL pins should be connected to GND.

VcompLamricpierr  PLL Ground

Ground to analog PLL. There are six VcompL Pins (PLL
ground) on ProASIC3E. Unused VcompL Pins should be
connected to GND.

Vi1aG JTAG Supply Voltage

ProASIC3E devices have a separate bank for the
dedicated JTAG pins. The JTAG pins can be run at any
voltage from 1.5 V to 3.3 V (nominal). Isolating the JTAG
power supply in a separate I/O bank gives greater
flexibility with supply selection and simplifies power
supply and printed circuit board design. If the JTAG
interface is neither used nor planned for use, the Vjrag
pin together with the TRST pin could be tied to GND. It
should be noted that V¢ is required to be powered for
JTAG operation; Vjpag alone is insufficient. If a ProASIC3E
device is in a JTAG chain of interconnected boards, the
board containing the ProASIC3E device can be powered
down, provided both Vjrag and V¢ to the ProASIC3E
part remain powered; otherwise JTAG signals will not be
able to transition the ProASIC3E device, even in bypass
mode.

Vpump Programming Supply Voltage

ProASIC3E  devices support single-voltage ISP
programming of the configuration Flash and FlashROM.
For programming, Vpypmp should be 3.3 V nominal.
During normal device operation, Vpymp can be left
floating or can be tied (pulled up) to any voltage
between 0V and 3.6 V.

When the Vpypp pin is tied to ground, it will shut off the
charge pump circuitry, resulting in no sources of
oscillation from the charge pump circuitry.

User-Defined Supply Pins

VRer 1/0 Voltage Reference

Reference voltage for 1/0 minibanks. Vggr pins are
configured by the user from regular I/Os, and any I/O in a
bank, except JTAG I/Os, which can be designated as the
voltage reference I/0. Only certain I/O standards require
a voltage reference—HSTL (I) and (lI), SSTL2 () and (Il),
SSTL3 (1) and (Il), and GTL/GTL+. One Vggg pin can support
the number of I/Os available in its minibank.
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User Pins
1/0

The /0O pin functions as an input, output, tristate, or
bidirectional buffer. Input and output signal levels are
compatible with the I/0 standard selected.

User Input/Output

During programming, 1/Os become tristated and weakly
pulled up to Vcq. With Ve, VMV, and V¢ supplies
continuously powered-up, and the device transitions
from programming to operating mode, the 1/Os get
instantly configured to the desired user configuration.

Unused 1/Os are configured as follows:
e Output buffer is disabled (with tristate value of Hi-2)
e Input buffer is disabled (with tristate value of Hi-2)
e Weak pull-up is programmed

GL

GL I/Os have access to certain clock conditioning circuitry
(and the PLL) and/or have direct access to the global
network (spines). Additionally, the global I/Os can be
used as Pro I/Os, since they have identical capabilities.
Unused GL pins are configured as inputs with pull-up
resistors.

Refer to the "User I/O Naming Convention" section on
page 2-50 for a explanation of the naming of global
pins.

Globals

JTAG Pins

ProASIC3E devices have a separate bank for the
dedicated JTAG pins. The JTAG pins can be run at any
voltage from 1.5 V to 3.3 V (nominal). Vcc must also be
powered in order for the JTAG state-machine to operate
even if the device is in bypass mode; Vjag alone is
insufficient. Both VJTAG and V¢ to the ProASIC3E part
must be supplied to allow JTAG signals to transition the
ProASIC3E device. Isolating the JTAG power supply in a
separate 1/0 bank gives greater flexibility with supply
selection and simplifies power supply and printed circuit
board design. If the JTAG interface is neither used nor
planned for use, the V tag pin together with the TRST
pin could be tied to GND.

TCK Test Clock

Test clock input for JTAG boundary scan, ISP, and UJTAG.
The TCK pin does not have an internal pull-up/down
resistor. Actel recommends adding a nominal 20 kQ pull-
up resistor to this pin. If JTAG is not used, Actel
recommends tying off TCK to GND or V;rag through a
resistor placed close to the FPGA pin. This prevents JTAG
operation in case TMS enters an undesired state.

Note that to operate at all V rpg voltages, 500 Q to 1 kQ
will satisfy the requirements. Refer to Table 2-24 for
more information.

Table 2-24 « Recommended Tie-Off Values for the TCK and

TRST Pins
Vi1aG Pull-Down Resistance*
Viag at 3.3V 200 Qto 1 kQ
Vrag at 2.5V 200 Qto 1 kQ
Vrag at 1.8V 500 Q to 1 kQ
Vimag at 1.5V 500 Qto 1 kQ

Notes:

1. Equivalent parallel resistance if more than one device is on
JTAG chain.

2. The TSK pin can be pulled up/down.
3. The TRST pin can only be pulled down.

Note that to operate at all V5 voltages, 500 Q to 1 kQ
will satisfy the requirements.

TDI

Serial input for JTAG boundary scan, ISP, and UJTAG
usage. There is an internal weak pull-up resistor on the
TDI pin.

TDO Test Data Output

Serial output for JTAG boundary scan, ISP, and UJTAG
usage.

Test Data Input

™S Test Mode Select

The TMS pin controls the use of the IEEE1532 boundary
scan pins (TCK,TDI, TDO, TRST). There is an internal weak
pull-up resistor on the TMS pin.

TRST Boundary Scan Reset Pin

The TRST pin functions as an active low input to
asynchronously initialize (or reset) the boundary scan
circuitry. There is an internal weak pull-up resistor on the
TRST pin. If JTAG is not used, an external pull-down
resistor could be included to ensure the TAP is held in
reset mode. The resistor values must be chosen from
Table 2-24 and must satisfy the parallel resistance value
requirement. The values in Table 2-24 correspond to the
resistor recommended when a single device is used and
the equivalent parallel resistor when multiple devices are
connected via a JTAG chain.

In critical applications, an upset in the JTAG circuit could
allow entering an undesired JTAG state. In such cases,
Actel recommends tying off TRST to GND through a
resistor placed close to the FPGA pin.

Note that to operate at all V rpg voltages, 500 Q to 1 kQ
will satisfy the requirements.

2-52
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Special Function Pins

NC No Connect

This pin is not connected to circuitry within the device.
These pins can be driven to any voltage or can be left
floating with no effect on the operation of the device.

DC Don't Connect

This pin should not be connected to any signals on the
printed circuit board (PCB). These pins should be left un-
connected.

Software Tools

Overview of Tools Flow

The ProASIC3E family of FPGAs is fully supported by both
Actel Libero IDE and Designer FPGA Development
software. Actel Libero IDE is an integrated design
manager that seamlessly integrates design tools while
guiding the user through the design flow, managing all
design and log files, and passing necessary design data
among tools. Additionally, Libero IDE allows users to
integrate both schematic and HDL synthesis into a single
flow and verify the entire design in a single environment
(see the Libero IDE flow diagram located on the Actel
website). Libero IDE includes Synplify® AE from
Synplicity®, ViewDraw® AE from Mentor Graphics®,
ModelSim® HDL Simulator from Mentor Graphics,
WaveFormer Lite™ AE from SynaptiCAD®, PALACE™ AE
Physical Synthesis from Magma Design Automation™,
and Designer software from Actel.

Actel Designer software is a place-and-route tool and
provides a comprehensive suite of backend support tools
for FPGA development. The Designer software includes
the following:

e Timer—a world-class integrated static timing
analyzer and constraints editor that supports
timing-driven place-and-route

e NetlistViewer—a design netlist schematic viewer

e ChipPlanner—a graphical floorplanner viewer and
editor

e SmartPower—a tool that enables the designer to
quickly estimate the power consumption of a
design

e PinEditor—a graphical application for editing pin
assignments and I/O attributes

e |/O Attribute Editor—a tool that displays all
assigned and unassigned /0O macros and their
attributes in a spreadsheet format

With the Designer software, a user can lock the design
pins before layout while minimally impacting the results
of place-and-route. Additionally, Actel back-annotation
flow is compatible with all the major simulators. Another

ProASIC3E Flash Family FPGAs

tool included in the Designer software is the SmartGen
core generator, which easily creates popular and
commonly used logic functions for implementation into
your schematic or HDL design.

Actel Designer software is compatible with the most
popular FPGA design entry and verification tools from
EDA vendors, such as Mentor Graphics, Synplicity,
Synopsys, and Cadence®. The Designer software is
available for both the Windows® and UNIX operating
systems.

Programming

Programming can be performed using tools such as
Silicon Sculptor Il (BP Micro Systems) or FlashPro3 (Actel).

The user can generate *.stp programming files from the
Designer software and use these files to program a
device.

ProASIC3E devices can be programmed in system. For
more information on ISP of ProASIC3E devices, refer to
the In-System Programming (ISP) in ProASIC3/E Using
FlashPro3 and Programming a ProASIC3/E Using a
Microprocessor application notes.

The ProASIC3E device can be serialized with a unique
identifier stored in the FlashROM of each device.
Serialization is an automatic assignment of serial
numbers that are stored within the STAPL file used for
programming. The area of the FlashROM used for
holding such identifiers is defined using SmartGen and
the range of serial numbers to be used is defined at the
time of STAPL file generation with FlashPoint. Serial
number values for STAPL file generation can even be
read from a file of predefined values. Serialized
programming using a serialized STAPL file can be done
through Actel In House Programming (IHP), an external
vendor using Silicon Sculptor software, or via the ISP
capabilities of the FlashPro software.

Security

ProASIC3E devices have a built-in 128-bit AES decryption
core. The decryption core facilitates secure, in-system
programming of the FPGA core array fabric and the
FlashROM. The FlashROM and the FPGA core fabric can
be programmed independently from each other,
allowing the FlashROM to be updated without the need
for change to the FPGA core fabric. The AES master key is
stored in on-chip nonvolatile memory (Flash). The AES
master key can be preloaded into parts in a secure
programming environment (such as the Actel in-house
programming center) and then "blank" parts can be
shipped to an untrusted programming or manufacturing
center for final personalization with an AES encrypted
bitstream. Late stage product changes or personalization
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can be implemented easily and securely by simply
sending a STAPL file with AES encrypted data. Secure
remote field updates over public networks (such as the
Internet) are possible by sending and programming a
STAPL file with AES encrypted data.

128-Bit AES Decryption

The 128-bit AES standard (FIPS-192) block cipher is the
NIST (National Institute of Standards and Technology)
replacement for the DES (Data Encryption Standard
FIPS46-2). AES has been designed to protect sensitive
government information well into the 21st century. It
replaces the aging DES, which NIST adopted in 1977 as a
Federal Information Processing Standard used by federal
agencies to protect sensitive, unclassified information.
The 128-bit AES standard has 3.4x1038 possible 128-bit
key variants, and it has been estimated that it would
take 1,000 trillion years to crack 128-bit AES cipher text
using exhaustive techniques. Keys are stored (securely) in
ProASIC3E devices in nonvolatile Flash memory. All
programming files sent to the device can be
authenticated by the part prior to programming to
ensure that bad programming data is not loaded into
the part that may possibly damage it. All programming
verification is performed on-chip, ensuring that the
contents of ProASIC3E devices remain secure.

AES decryption can also be used on the 1,024-bit
FlashROM to allow for secure remote updates of the
FlashROM contents. This allows for easy, secure support
for subscription model products. See the application
note ProASIC3/E Security for more details.

ISP

ProASIC3E devices support IEEE 1532 ISP via JTAG and
require a single Vpyyp voltage of 3.3 V during
programming. In addition, programming via a
Microcontroller (MCU) in a target system can be
achieved. See the application note In-System
Programming (ISP) in ProASIC3/E Using FlashPro3 for
more details.

JTAG 1532

ProASIC3E devices support the JTAG-based IEEE 1532
standard for ISP. As part of this support, when a ProASIC3E
device is in an unprogrammed state, all user I/O pins are
disabled. This is achieved by keeping the global IO_EN
signal deactivated, which also has the effect of disabling
the input buffers. The SAMPLE/PRELOAD instruction
captures the status of pads in parallel and shifts them out as
new data is shift in for loading into the Boundary Scan
Register. When the ProASIC3E device is in an
unprogrammed state, the SAMPLE/PRELOAD instruction

has no effect on I/O status, however, it will continue to shift
in new data to be loaded into the BSR; therefore, when
SAMPLE/PRELOAD is used on an unprogrammed device, the
BSR will be loaded with undefined data. Refer to the In-
System Programming (ISP) in ProASIC3/E Using FlashPro3
application note for more details.

For JTAG timing information of setup, hold, and fall times,
refer to the FlashPro User’s Guide.

Boundary Scan

ProASIC3E devices are compatible with IEEE Standard
1149.1, which defines a hardware architecture and the
set of mechanisms for boundary scan testing. The basic
ProASIC3E boundary scan logic circuit is composed of the
TAP (test access port) controller, test data registers, and
instruction register (Figure 2-37 on page 2-55). This
circuit supports all mandatory IEEE 1149.1 instructions
(EXTEST, SAMPLE/PRELOAD, and BYPASS) and the
optional IDCODE instruction (Table 2-25 on page 2-55).

Each test section is accessed through the TAP, which has
five associated pins: TCK (test clock input), TDI, TDO (test
data input and output), TMS (test mode selector), and
TRST (test reset input). TMS, TDI, and TRST are equipped
with pull-up resistors to ensure proper operation when
no input data is supplied to them. These pins are
dedicated for boundary scan test usage. Refer to the
"JTAG Pins" section on page 2-52 for pull-up/down
recommendations for TDO and TCK pins. The TAP
controller is a 4-bit state machine (16 states) that
operates as shown in Figure 2-37 on page 2-55. The 1s
and 0s represent the values that must be present at TMS
at a rising edge of TCK for the given state transition to
occur. IR and DR indicate that the instruction register or
the data register is operating in that state.

The TAP controller receives two control inputs (TMS and
TCK) and generates control and clock signals for the rest
of the test logic architecture. On power-up, the TAP
controller enters the Test-Logic-Reset state. To guarantee
a reset of the controller from any of the possible states,
TMS must remain high for five TCK cycles. The TRST pin
may also be used to asynchronously place the TAP
controller in the Test-Logic-Reset state.

ProASIC3E devices support three types of test data
registers: bypass, device identification, and boundary
scan. The bypass register is selected when no other
register needs to be accessed in a device. This speeds up
test data transfer to other devices in a test data path.
The 32-bit device identification register is a shift register
with four fields (LSB, ID number, part number, and
version). The boundary scan register observes and
controls the state of each I/O pin. Each I/O cell has three
boundary scan register cells, each with a serial-in, serial-
out, parallel-in, and parallel-out pin.
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The serial pins are used to serially connect all the boundary scan register cells in a device into a boundary scan register
chain, which starts at the TDI pin and ends at the TDO pin. The parallel ports are connected to the internal core logic I/0
tile and the input, output, and control ports of an I/O buffer to capture and load data into the register to control or

observe the logic state of each I/0.
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Figure 2-37 ¢ Boundary Scan Chain in ProASIC3E

Table 2-25 « Boundary Scan Opcodes

Hex Opcode
EXTEST 00
HIGHZ 07
USERCODE OE
SAMPLE/PRELOAD 01
IDCODE OF
CLAMP 05
BYPASS FF
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DC and Switching Characteristics

General Specifications

DC and switching characteristics for —F speed grade targets are based only on simulation.

The characteristics provided for —F speed grade are subject to change after establishing FPGA specifications. Some
restrictions might be added and will be reflected in future revisions of this document. The —F speed grade is only
supported in the commercial temperature range.

Operating Conditions

Stresses beyond those listed in the Table 3-1 may cause permanent damage to the device.

Exposure to absolute maximum rated conditions for extended periods may affect device reliability. Devices should not
be operated outside the recommended operating ranges specified in Table 3-2 on page 3-2.

Table 3-1 o  Absolute Maximum Ratings

Symbol Parameter Limits Units
Ve DC core supply voltage -0.3t0 1.65
Vitag JTAG DC voltage -0.31t03.75 \Y
Veump Programming voltage -0.3t03.75 \Y
Veepl Analog power supply (PLL) -0.3t0 1.65 V
Ve DC I/0 output buffer supply voltage -0.3t03.75 \Y
VMV DC /O input buffer supply voltage -0.3t03.75 Y
Vi I/O input voltage —-0.3V to0 3.6 V (when I/O hot insertion mode is enabled) Vv
-0.3Vto (Ve + 1V)or 3.6V, whichever voltage is lower (when
I/0 hot-insertion mode is disabled)
Tsta 2 Storage Temperature -65 to +150 °C
T,? Junction Temperature +125 °C
Notes:

1. The device should be operated within the limits specified by the datasheet. During transitions, the input signal may undershoot or
overshoot according to the limits shown in Table 3-3 on page 3-2.

2. For Flash programming and retention maximum limits refer to Table 3-4 on page 3-2 and for recommended operating limits refer to
Table 3-2 on page 3-2.
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Table 3-2 « Recommended Operating Conditions

Symbol Parameter Commercial Industrial Units
Ta Ty Ambient and Junction temperature 0to+70 -40 to +85 °C
Ve 1.5V DC core supply voltage 1.425t0 1.575 1.425 to 1.575 \Y
VitaG JTAG DC voltage 1.4103.6 1.4t03.6 \
Veump Programming voltage Programming Mode 3.0to 3.6 3.0t0 3.6 V
Operation? 0t03.6 0t03.6 Y
Veepl Analog power supply (PLL) 141016 141016 \Y
Vcerand VMV [ 1.5V DC supply voltage 1.425 to 1.575 1.425 to0 1.575 \Y
1.8 V DC supply voltage 1.7t01.9 1.7t01.9 \
2.5V DC supply voltage 23t02.7 23t02.7 \
3.3V DC supply voltage 3.0t0 3.6 3.0to 3.6 \
LVDS/BLVDS/M-LVDS differential I/O 2.3751t0 2.625 2.3751t0 2.625 \Y
LVPECL differential I/O 3.0t03.6 3.0t0 3.6 \Y
Notes:

1. The ranges given here are for power supplies only. The recommended input voltage ranges specific to each I/O standard are given
in Table 3-13 on page 3-15. VMV and V¢ should be at the same voltage within a given I/O bank.

2. All parameters representing voltages are measured with respect to GND unless otherwise specified.
3. Vpymp can be left floating during normal operation (not programming mode).

Table 3-3 * Flash Programming Limits - Retention, Storage and Operating Temperature’

Programming Program Retention Maximum Storage Maximum Operating Junction
Product Grade Cycles (Biased/Unbiased) Temperature Tgrg (°C) 2 Temperature T, (°C) 2
Commercial 500 20 years 110 110
Industrial 500 20 years 110 110

Notes:
1. This is a stress rating only, functional operation at any other condition other than those indicates is not implied.
2. These limits apply for program/data retention only. Refer to tables 3-1 and 3-2 for device operating conditions and absolute limits.

Table 3-4 ¢  Overshoot and Undershoot Limits (as measured on quiet 1/0s)"

Average V¢ -GND Overshoot or Undershoot Duration as a Maximum Overshoot/
Vo and VMV Percentage of Clock Cycle? Undershoot)?
2.7V or less 10% 1.4V
5% 1.49V
3V 10% 1.1V
5% 1.19V
3.3V 10% 0.79V
5% 0.88 V
36V 10% 0.45V
5% 0.54V

Notes:
1. Based on reliability requirements at 85°C.

2. The duration is allowed at one cycle out of six clock cycles (estimated SSO density over cycles). If the overshoot/undershoot occurs at
1 out of 2 cycles, then the maximum overshoot/undershoot has to be reduced by 0.15 V.
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I/0 Power-Up and Supply Voltage Thresholds for Power-On Reset (Commercial and
Industrial)

Sophisticated power-up management circuitry s V¢ Trip Point:

designed into every ProASIC3E device. These circuits Ramping up: 0.6 V < trip_point_up < 1.1V
ensure easy transition from the powered-off state to the  Ramping down: 0.5 V < trip_point_down < 1V
powered-up state of the device. The many different
supplies can power-up in any sequence with minimized
current spikes or surges. In addition, the I/O will be in a
known state through the power-up sequence. The basic
principle is shown in Figure 3-1.

Vce and V¢ ramp-up trip points are about 100 mV
higher than ramp-down trip points. This specifically
built-in  hysteresis prevents undesirable power-up
oscillations and current surges. Note the following:

e During programming, 1/Os become tristated and

There are five regions to consider during power-up. weakly pulled up to V
cal

ProASIC3E I/Os are activated only if ALL of the following
three conditions are met:

1. Vcc and V¢c are above the minimum specified trip

e JTAG supply, PLL power supplies, and charge pump
Vpump supply have no influence on I/0 behavior.

points (Figure 3-1). Internal Power-Up Activation Sequence
2. Vg > Vec-0.75V (Typical). 1. Core
3. Chip isin the operating mode. 2. Input buffers
V() Trip Point: 3. Output buffers, after 200 ns delay from input
Ramping up: 0.6 V < trip_point_up < 1.2V buffer activation.

Ramping down: 0.5 V < trip_point_down < 1.1 V

Vee=Veg + VT
Where VT can be from 0.58 VV to 0.9 V (typically 0.75 V)
Vee

Vec=1575V —p

. Region 4: 1/0 Region 5: I/0 buffers are ON,
Region 1: /0 Buffers are OFF s am G and power supplies are within
1/0s are functional specification.
(except differential inputs)| /Os meet the entire datasheet
but slower because V(, is and timer specifications for
below specification. For the speed, V. IV, . Vo Vo, .« etc.

same reason, input buffers do not

meet VlHNIL levels, and output

buffers do not meet VorVoL levels.

Vee=1425V o

Region 2: I/0 buffers are ON. Region 3: /0 buffers are ON
1/0s are functional (except differential inputs), 1/Os are f'unctional' /0 DC :

but slower because V. /V . are below specifications are met,
specification. For the same reason, input but I/Os are slower because
buffers do not meet VvV, levels, and the Vee is below specification.

output buffers do not meet VoulVou levels.
Activation trip point:
V,=085V=£0.25V
Deactivation trip point:
Vyg=0.75V£0.25V

Region 1: I/0 buffers are OFF

Y

f }

Activation trip point: Min V., datasheet specification Vea
V,=09V=03V voltage at a selected I/O
Deactivation trip point: standard; i.e., 1.425V or 1.7V
Vy=08V=£03V or23Vor3.0V

Figure 3-1 e 1/O State as a Function of V¢ and V Voltage Levels
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Thermal Characteristics

Introduction

The temperature variable in Actel Designer software
refers to the junction temperature, not the ambient
temperature. This is an important distinction because
dynamic and static power consumption cause the chip
junction to be higher than the ambient temperature.

EQ 3-1 can be used to calculate junction temperature.
T, = Junction Temperature = AT + Ty
EQ 3-1

Where:
Ta = Ambient Temperature

AT = Temperature gradient between junction (silicon)
and ambient AT = 6;, * P

0j = Junction-to-ambient of the package. 0;; numbers
are located in Table 3-5.

P = Power dissipation

Package Thermal Characteristics

The device junction-to-case thermal resistivity is 0;c and
the junction-to-ambient air thermal resistivity is 6;5. The
thermal characteristics for 6;, are shown for two air flow
rates. The absolute maximum junction temperature is
110°C. EQ 3-2 shows a sample calculation of the absolute
maximum power dissipation allowed for an 896-pin
FBGA package at commercial temperature and still air.

Max. junction temp. (°C) — Max. ambient temp. (°C) _ 150°C —70°C _

Maximum Power Allowed = 6,,("CW) = TS eow 5.88 W
EQ 3-2
Table 3-5 o  Package Thermal Resistivities
Oja
Package Type Pin Count Ojc Still Air | 200 ft./min. | 500 ft./min. Units
Plastic Quad Flat Package (PQFP) 208 8.0 26.1 22.5 20.8 /W
Plastic Quad Flat Package (PQFP) with 208 3.8 16.2 13.3 11.9 cw
embedded heat spreader
Fine Pitch Ball Grid Array (FBGA) 256 3.8 26.6 22.8 21.5 c/W
484 3.2 20.5 17.0 15.9 /W
676 3.2 16.4 13.0 12.0 /W
896 2.4 13.6 10.4 9.4 /W
Temperature and Voltage Derating Factors
Table 3-6  Temperature and Voltage Derating Factors for Timing Delays
(Normalized to T, = 70°C, V¢ = 1.425 V)
Array Voltage Junction Temperature (°C)
Ve (V) -40°C 0°C 25°C 70°C 85°C 100°C
1.425 0.87 0.93 0.95 1.00 1.02 1.05
1.500 0.83 0.88 0.90 0.95 0.96 0.99
1.575 0.80 0.84 0.87 0.91 0.93 0.96
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Calculating Power Dissipation

Quiescent Supply Current

Table 3-7 ¢  Quiescent Supply Current Characteristics

A3PEG00 A3PE1500 A3PE3000
Typical (25°C) 5mA 12 mA 25 mA
Maximum (Commercial) 30 mA 70 mA 150 mA
Maximum (Industrial) 45 mA 105 mA 225 mA

Notes:

1. Ipp Includes Ve, Vpypmp Vo, and VMV currents. Values do not include I/0 static contribution, which is shown in Table 3-8 and
Table 3-9 on page 3-6.

2. —F speed grade devices may experience higher standby Ipp of up to five times the standard Ipp and higher I/O leakage.

Power per I/0 Pin

Table 3-8 Summary of I/0 Input Buffer Power (Per Pin) — Default I/0 Software Settings

VMV Static Power Dynamic Power
(V) Pocz (mw)? Paco (LW/MHz)2

Single-Ended
3.3 V LVTT/LVCMOS 3.3 - 17.39
3.3 V LVTTULVCMOS - Schmitt trigger 33 - 25.51
2.5V LVCMOS 2.5 - 5.76
2.5V LVCMOS - Schmitt trigger 2.5 - 7.16
1.8 V LVCMOS 1.8 - 2.72
1.8 V LVCMOS - Schmitt trigger 1.8 - 2.80
1.5V LVCMOS (JESD8-11) 1.5 - 2.08
1.5V LVCMOS (JESD8-11) — Schmitt trigger 1.5 - 2.00
3.3VPCd 33 - 18.82
3.3V PCl — Schmitt trigger 3.3 - 20.12
3.3V PCI-X 33 - 18.82
3.3 V PCI-X — Schmitt trigger 3.3 - 20.12
Voltage-Referenced
3.3V GIL 33 2.90 8.23
25V GTL 2.5 2.13 478
33VGETL+ 3.3 2.81 4.14
25V GTL+ 2.5 2.57 3.71
HSTL (1) 1.5 0.17 2.03
HSTL (II) 1.5 0.17 2.03
SSTL2 (1) 2.5 1.38 4.48
SSTL2 (1) 25 1.38 4.48
SSTL3 (1) 3.3 3.21 9.26
SSTL3 (I 33 3.21 9.26
Differential
LVDS/BLVDS/M-LVDS 2.5 2.26 1.50
LVPECL 33 5.71 2.17
Notes:

1. Ppcy Is the static power (where applicable) measured on VMV.
2. Pacg Is the total dynamic power measured on V- and VMV.
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Table 3-9 «  Summary of I/0 Output Buffer Power (Per Pin) — Default I/0 Software Settings’

CLoAD Vca Static Power Dynamic Power
(pF) ) Ppcs (MW)? Pacio (WW/MHzZ)3

Single-Ended
3.3V LVTTULVCMOS 35 33 - 474.70
2.5V LVCMOS 35 2.5 - 270.73
1.8 V LVCMOS 35 1.8 - 151.78
1.5V LVCMOS (JESD8-11) 35 1.5 - 104.55
3.3V PCl 10 3.3 - 204.61
3.3V PCI-X 10 3.3 - 204.61
Voltage-Referenced
3.3V GTL 10 3.3 - 24.08
2.5V GTL 10 2.5 - 13.52
3.3V GTL+ 10 3.3 - 24.10
2.5V GTL+ 10 2.5 - 13.54
HSTL () 20 1.5 7.08 26.22
HSTL (1) 20 1.5 13.88 27.22
SSTL2 (1) 30 2.5 16.69 105.56
SSTL2 (1) 30 2.5 25.91 116.60
SSTL3 (1) 30 3.3 26.02 114.87
SSTL3 (1) 30 3.3 42.21 131.76
Differential
LVDS/BLVDS/M-LVDS - 2.5 7.70 89.62
LVPECL - 3.3 19.42 168.02

Notes:

1. Dynamic power consumption is given for standard load and software default drive strength and output slew.
2. Ppcs Is the static power (where applicable) measured on V.
3. Pacio is the total dynamic power measured on Vicc and V.

3-6
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Power Consumption of Various Internal Resources

Table 3-10 » Different Components Contributing to the Dynamic Power Consumption in ProASIC3E Devices

Device-Specific Dynamic Contributions
Parameter Definition (LW/MHz)
A3PE600 A3PE1500 A3PE3000
Paci Clock contribution of a Global Rib 12.77 16.21 19.7
Pac2 Clock contribution of a Global Spine 1.85 3.06 4.16
Pac3 Clock contribution of a VersaTile row 0.88
Paca Clock contribution of a VersaTile used as a sequential module 0.12
Pacs First contribution of a VersaTile used as a sequential module 0.07
Pacs Second contribution of a VersaTile used as a sequential module 0.29
Pac7 Contribution of a VersaTile used as a combinatorial module 0.29
Pacs Average contribution of a routing net 0.70
Paco Contribution of an I/O input pin (standard dependent) See Table 3-8 on page 3-5.
Pac1o Contribution of an I/0 output pin (standard dependent) See Table 3-9 on page 3-6
Pac11 Average contribution of a RAM block during a read operation 25.00
Pac12 Average contribution of a RAM block during a write operation 30.00
Paci3 First contribution of a PLL 4.00
Pac1a Second contribution of a PLL 2.00

Note: *For a different output load, drive strength, or slew rate, Actel recommends using the Actel
power calculator or SmartPower in Actel Libero IDE software.
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Power Calculation Methodology
The section below describes a simplified method to estimate power consumption of an application. For more accurate
and detailed power estimations, use the SmartPower tool in the Libero IDE software.
The power calculation methodology described below uses the following variables:
e The number of PLLs as well as the number and the frequency of each output clock generated
¢ The number of combinatorial and sequential cells used in the design
¢ The internal clock frequencies
e The number and the standard of I/O pins used in the design
e The number of RAM blocks used in the design
¢ Toggle rates of I/O pins as well as VersaTiles—guidelines are provided in Table 3-11 on page 3-10
¢ Enable rates of output buffers—guidelines are provided for typical applications in Table 3-12 on page 3-10

e Read rate and write rate to the memory—guidelines are provided for typical applications in Table 3-12 on
page 3-10. The calculation should be repeated for each clock domain defined in the design.

Methodology

Total Power Consumption—Pygo7aL

ProtaL = Pstar + Povn
PstaT is the total static power consumption.
Ppyn is the total dynamic power consumption.
Total Static Power Consumption—Pgar

Pstar = Poc1 + Ninputs * Poca + Nouteuts * Pocs
NinpuTs is the number of /O input buffers used in the design.
NoutpuTs is the number of I/O output buffers used in the design.
Total Dynamic Power Consumption—Ppyy

Povn = Pcrock + Ps-cer + Pe-cew + Pner + Pinputs + Poutputs + Pmemory + Peue + Paca
Global Clock Contribution—P¢| ock
Pcrock = (Pact + Nspine * Paca + Nrow * Pacs + Ns.cel * Paca) * Feik
Nspine is the number of global spines used in the user design—guidelines are provided in Table 3-11 on page 3-10.
Nrow is the number of VersaTile rows used in the design—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
Ns_ceL is the number of VersaTiles used as sequential modules in the design.
Pact1: Pacas Pacs: and Pacy are device dependent.
Sequential Cells Contribution—Pg_cg |
Pscerl = Ns.cerl * (Pacs+ 01/2* Pace) * Feik

Ns_cgLL is the number of VersaTiles used as sequential modules in the design. When a multi-tile sequential cell
is used, it should be accounted for as 1.

al; is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
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Combinational Cells Contribution—P¢_cg
Pe-ceir = Neece ™ 0472 * Pacy * Fex
Nc_ceLL is the number of VersaTiles used as combinatorial modules in the design.
ol; is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
Routing Net Contribution—Pygt
PneT = (Ns.cerL + Necerd) ™ 04/2 * Pacs * Feix
Ns_ceL is the number VersaTiles used as sequential modules in the design.
Nc.cerL is the number of VersaTiles used as combinatorial modules in the design.
ol; is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
1/0 Input Buffer Contribution—PypyTs
Pinputs = Ninputs ™ 0272 * Paco ™ Feik
NinpuTs is the number of I/O input buffers used in the design.
O, is the I/O buffer toggle rate—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
1/0 Output Buffer Contribution—Pgytputs
Pouteuts = Noutpurs * 02/2 * By * Pacio * Feik
NoutpuTs is the number of I/0 output buffers used in the design.
O, is the I/0 buffer toggle rate—guidelines are provided in Table 3-11 on page 3-10.
1 is the /0 buffer enable rate—guidelines are provided in Table 3-12 on page 3-10.
FcLk is the global clock signal frequency.
RAM Contribution—Ppepory
Pmemory = Pact1 * Natocks * Freap-crock * B2 + Paci2 * Netock * Fwrite-cLock * P3
NgLocks is the number RAM blocks used in the design.
FreaD-cLock is the memory read clock frequency.
B, is the RAM enable rate for read operations—guidelines are provided in Table 3-12 on page 3-10.
FwrITE-cLOCK is the memory write clock frequency.
3 the RAM enable rate for write operations—guidelines are provided in Table 3-12 on page 3-10.
PLL/CCC contribution—Pp, |
PeiL =Pac13 * Feukin + Z Pacia * Fewkour
FcLkin is the input clock frequency.
FcikouT is the output clock frequency.

1. The PLL dynamic contribution depends on the input clock frequency, the number of output clock signals generated by the
PLL, and the frequency of each output clock. If a PLL is used to generate more than one output clock, include each output
clock in the formula output clock by adding its corresponding contribution (Pac14 * Fcoixout product) to the total PLL
contribution.
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Guidelines

Toggle Rate Definition

A toggle rate defines the frequency of a net or logic
element relative to a clock. It is a percentage. If the
toggle rate of a net is 100%, this means that this net
switches at half the clock frequency. Below are some
examples:

e The average toggle rate of a shift-register is 100%
as all flip-flop outputs toggle at half of the clock

frequency.
e The average toggle rate of an 8-bit counter is
25%:
— Bit 0 (LSB) = 100%
- Bit1 =50%

- Bit2 =25%

- Bit7 (MSB) =0.78125%

— The average toggle rate is = (100% + 50% +
25% +12.5% +...0.78125%) / 8.

Enable Rate Definition

Output enable rate is the average percentage of time
during which tristate outputs are enabled. When
nontristate output buffers are used, the enable rate
should be 100%.

Table 3-11 » Toggle Rate Guidelines Recommended for Power Calculation

Component Definition Guideline
o Toggle rate of VersaTile outputs 10%
o, I/O buffer toggle rate 10%

Table 3-12 ¢ Enable Rate Guidelines Recommended for Power Calculation

Component Definition Guideline
B, I/0 output buffer enable rate 100%
B, RAM enable rate for read operations 12.5%
B3 RAM enable rate for write operations 12.5%
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ProASIC3E Flash Family FPGAs
User I/0 Characteristics

Timing Model

1/0 Module
(Non-Reqistered)

Combinational Cell

Combinational Cell I
= S

LVPECL
tpp = 0.54 ns tpp = 0.47 ns X
tpp = 1.36 ns
I/0 Module J
Combinational Cell (Non-Registered)
A\
ji\_> x {>——|X wrvemos
~ utput drive strength = 12 mA
tpp = 0.85 ns top = 274105 High slew rate

Combinational Cell ( /0 Module

Non-Registered)
ﬁ\ Y
VO Module {>——|X LVTTL/LVCMOS
(Registered) Output drive strength = 24 mA
tpy=1.22 ns tpp 239N High slew rate
tpp = 0.49 ns
X
LVPECL D Q /0 Module
Combinational cell (Npn-Registered)
\ Y
> ] {>——|X LVCMOS 1.5 V
tickq=0.63 ns _/ ~330 Output drive strength = 12 mA
tisup= 0.43 ns tpp = 0.46 ns top =330 High slew
Input LVTTL/LVCMOS
Clock 1/0 Module
[: Register Cell -, mpinational Cell Register Cell (Registered)
tpy=0.90 ns - v
—HP - | D Q b o>
1/0 Module ton = 0.46 1GTL+3.3V
(Non-Registered) > PD ns > > tpp = 1.53 ns
LVDS, teikq =0.54 ns teikg = 0.58 ns t =0.63 ns
BLVDS, = j tsyp = 040 ns tsyp = 0.40ins osup = 0.43 s
M-LvDs B Input LVTTL/LVCMOS Input LVTTL/LVCMOS
tpy=1.36 ns Clock Clock
tpy =0.90 ns

tpy =0.90 ns

Figure 3-2 ¢ Timing Model

Operating Conditions: -2 Speed, Commercial Temperature Range (T, = 70°C), Worst-Case V¢ = 1.425 V
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< tpy :I: tDIN :I
—1D
PAD v Q DIN
>
PCLK To Array

I/0 Interface
tPY = MAX(tpY (R), tpy(F))

tpin= MAX(tpN(R), tpin (F))

Vi
A V.. \
PAD trip trip \ VIL
Vee
50%¥ N50%
Y /
GND < tpy > < tpy >
(R) (F)
< tPY§ > < tPY§ >
(R) (F)
Vee
50% 50%
DIN
GND | Hhour thout
(R) (F)

Figure 3-3 o Input Buffer Timing Model and Delays (example)
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<—tDOUT > ‘ <7 tDP > ‘
D Q PAD
DOUT
D >CLK 1 std
ILoad
From Array =

top = MAX(tpp(R), tpp(F))

I/O Interface toour= MAX(tpout(R), toout(F)

tDOUT tDOUT
ﬁ\ ®
50% \
oV
/L_\
B 0, 0,
5OUT 7150% 50% \ oy
Von
Vtrip Vtrip
PAD Vou
t t
(R) (F)

Figure 3-4 o Output Buffer Model and Delays (example)
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- teouT |
D Q \ ‘
E >CLK r? 20 20 thz Yz Tz Tzks
]
EOUT -
b Q pouT jat ,,
D >CLK 4 1

teout = MAX(teout (R), teour (F)) =
I/0 Interface

Ve
>\ / \
Vcc
E 0% 50%
~teouT (F)
- teouT (R)
/50% \ 50%

EOUT 7 \

PAD /T 90% Vg
Vtrip vV,
oL

Vec

>\ / \
Vec
50% 50%
E T teour ® O\IH teouT (F) /
Vcc |

EOUT /50% 4\50% /50%
_/ ] tZHS
> ts |+ VoH | —

PAD
AFVt- / \ V., .
rp VOL trip

Figure 3-5 e Tristate Output Buffer Timing Model and Delays (example)
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Overview of I/0 Performance

Summary of I/0 DC Input and Output Levels — Default I/0 Software Settings

Table 3-13 ¢ Summary of Maximum and Minimum DC Input and Output Levels Applicable to Commercial and Industrial

Conditions

Drive Slew Vi Viu VoL Vou loo | lon
1/0 Standard Strength Rate | Min,V | Max, V Min, V Max, V | Max, V Min, V mA mA
3.3V LVTTL/ 12 mA High -0.3 0.8 2 3.6 0.4 2.4 12 12
3.3V LVCMOS
2.5V LVCMOS 12 mA High -0.3 0.7 1.7 3.6 0.7 1.7 12 12
1.8V LVCMOS 12 mA High | -0.3 [0.35*Vcc | 0.65*Vee | 36 045 | Ve —-045 | 12 12
1.5V LVCMOS 12 mA High | 0.3 [ 030Vcq | 0.7 * Vg 36 [0.25* V| 0.75* Ve | 12 12
3.3V PCl Per PCI Specification
3.3V PCI-X Per PCI-X Specification
3.3V GTL 25 mA?2 High -0.3 [Vpgr—0.05( Vper+0.05 | 3.6 0.4 - 25 25
2.5V GTL 25 mA? High 0.3 | Vpgr—0.05| Vgege+0.05 | 3.6 0.4 - 25 25
3.3V GTL+ 35 mA High | -0.3 | Vegr—0.1 | Vggr+0.1 3.6 0.6 - 51 51
2.5V GTL+ 33 mA High 0.3 | Vrge—0.1 | Vggr+ 0.1 36 0.6 - 40 | 40
HSTL (1) 8 mA High | =03 | Vggr—0.1 | Vggr+ 0.1 36 0.4 Vee-04 | 8 8
HSTL (1) 15 mA? High | -0.3 | Vegr—0.1 | Vggr+0.1 36 0.4 Ve -04 | 15 15
SSTL2 (1) 15 mA High 03 | Vgge—0.2 | Vpgr+0.2 36 054 | Vc-062 | 15 15
SSTL2 (1) 18 mA High | -03 | Vgee—02 | Vger+0.2 3.6 035 | Vcq-043 | 18 18
SSTL3 (1) 14 mA High | -0.3 | VRgr—0.2 | Vpge+0.2 36 0.7 Ve - 1.1 14 14
SSTL3 (Il) 21 mA High | -03 | Veer-0.2 | Vper+0.2 36 0.5 Ve -09 | 21 21
Notes:

1. Currents are measured at 85°C junction temperature.
2. Output drive strength is below JEDEC specification.
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Table 3-14 ¢ Summary of Maximum and Minimum DC Input Levels Applicable to Commercial and Industrial Conditions

Commercial’ Industrial?

e hin I hin
DC 1/0 Standards HA HA HA HA
3.3 VLVITL/3.3 V LVCMOS 10 10 15 15
2.5V LVCMOS 10 10 15 15
1.8 V LVCMOS 10 10 15 15
1.5V LVCMOS 10 10 15 15
3.3V PCI 10 10 15 15
3.3V PCI-X 10 10 15 15
3.3V GTL 10 10 15 15
2.5V GTL 10 10 15 15
3.3V GTL+ 10 10 15 15
2.5V GTL+ 10 10 15 15
HSTL (1) 10 10 15 15
HSTL (II) 10 10 15 15
SSTL2 (1) 10 10 15 15
SSTL2 (1) 10 10 15 15
SSTL3 (1) 10 10 15 15
SSTL3 (Il 10 10 15 15

Notes:
1. Commercial range (0°C < T, < 70°C)
2. Industrial range (-40°C < T; < 85°C)
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Summary of I/0 Timing Characteristics — Default I/0 Software Settings

Table 3-15 ¢ Summary of AC Measuring Points
Input Reference Voltage Board Termination

Standard (VRer TvP) Voltage (Vi1 Rep) Measuring Trip Point (Vyp)

3.3 VLVTTL/3.3 V LVCMOS - - 1.4V

2.5V LVCMOS - - 1.2V

1.8 V LVCMOS - - 0.90V

1.5V LVCMOS - - 0.75V

3.3VPCl - - 0.285 * Vc¢ (RR)
0.615 * V¢, (FF)

3.3V PCI-X - - 0.285 * V¢ (RR)
0.615 * V¢ (FF)

3.3V GTL 0.8V 1.2V VRer

2.5V GTL 0.8V 1.2V VREr

3.3V GTL+ 1.0V 15V Vier

2.5V GTL+ 10V 15V Vier

HSTL (1) 0.75V 0.75V Vier

HSTL (1) 0.75V 0.75V Vier

SSTL2 (1) 1.25V 1.25V VRer

SSTL2 (1) 1.25V 1.25V VRer

SSTL3 () 15V 1.485V Vier

SSTL3 (Il 15V 1.485V Vier

LVDS - - Cross point

LVPECL - - Cross point

Table 3-16 o 1/0 AC Parameter Definitions

Parameter Definition

tpp Data to Pad delay through the Output Buffer

tpy Pad to Data delay through the Input Buffer with Schmitt Trigger disabled

thout Data to Output Buffer delay through the I/O interface

teouT Enable to Output Buffer Tristate Control delay through the I/O interface

tDIN Input Buffer to Data delay through the I/O interface

tpys Pad to Data delay through the Input Buffer with Schmitt Trigger enabled

thz Enable to Pad delay through the Output Buffer—high to Z

t7H Enable to Pad delay through the Output Buffer—Z to high

iz Enable to Pad delay through the Output Buffer—low to Z

tz Enable to Pad delay through the Output Buffer—Z to low

tzHs Enable to Pad delay through the Output Buffer with delayed enable—Z to high

tz1s Enable to Pad delay through the Output Buffer with delayed enable—Z to low
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Table 3-17 ¢ Summary of I/0 Timing Characteristics — Software Default Settings
-2 Speed Grade, Commercial-Case Conditions: T, = 70°C, Worst-Case V¢ = 1.425 V, Worst-Case V¢ = 3.0V
B
_— —_— g
< m A
3 = |3
£ g |z
()} | 3
5 [} o [
= - = —
R 5 £ |3
v = | 8 |55 0| 3 o | £
= Q. 2 (7)) —
vosendard | 5 | 2 | § || 2|5\ E|5|E|E 85|22 F| 8|5
3.3 VLVITL/ 12 mA High 35 0.49]2.7410.03({0.90(1.17(0.32(2.79]2.14|2.45]|2.70|4.46|3.81| ns
3.3V LVCMOS
2.5V LVCMOS 12 mA High 35 - 1(0.4912.80({0.03[1.13]1.24(0.3212.85(2.61|2.51(2.61|4.5214.28| ns
1.8 V LVCMOS 12 mA High 35 - 10.49]2.83|0.03(1.08(1.42(0.32(2.89]2.31]2.79]3.16]|4.563.98| ns
1.5V LVCMOS 12 mA High 35 - 10.49]3.30(0.03(1.27(1.60[0.32(3.36|2.70|2.96|3.27|5.03|4.37| ns
3.3V PCl Per PCl spec| High 10 |252/0.49(2.09]0.03|0.78|1.25[0.32(2.13|1.49|2.45|2.70|3.80(3.16| ns
3.3V PCI-X Per PCI-X High 10 |252|0.49(2.09(0.03|0.78[1.25(0.32(2.13[1.49|2.45|2.70(3.80|3.16| ns
spec
3.3V GTL 25 mA High 10 2510.45(1.5510.0312.19( - |0.32[1.52|1.55| - - [3.1913.22| ns
2.5V GTL 25 mA High 10 25 (0.45(1.59]0.03|1.83| - |0.32|1.61|1.59| - - 13.28]3.26| ns
3.3V GTL+ 35 mA High 10 25 (0.45(1.53]0.03|1.19] - |0.32|1.56|1.53| - - 13.23]3.20| ns
2.5V GTL+ 33 mA High 10 25 (0.45(1.65|0.03|1.13| - |0.32|1.68|1.57| - - 1335|324 ns
HSTL (1) 8 mA High 20 50 [0.49(2.3710.03|1.59| - 10.3212.42]|235| - - 14.0914.02| ns
HSTL (1) 15 mA High 20 251049(2.2610.03|1.59( - 10.32(2.30|2.03| - - |[3.9713.70 ns
SSTL2 (1) 15 mA High 30 50 10.49(1.59]10.03(1.00] - [0.32|1.62]1.38( - - [3.2913.05| ns
SSTL2 (1) 18 mA High 30 25(0.49(1.62]0.03|1.00] - |0.32|1.65|1.32| - - 13.32]12.99| ns
SSTL3 () 14 mA High 30 50 [0.49(1.72(0.03(0.93| - [0.32|1.75|1.37| - - 13.42|3.04| ns
SSTL3 (1) 21 mA High 30 25 10.49(1.54]0.03|0.93| - |0.32|1.57|1.25| - - 13.241292| ns
LVDS/BLVDS/ 24 mA High - - 104911.5710.03|1.36| - - - - - - - - ns
M-LVDS
LVPECL 24 mA High - - 10.49]11.60(0.03(1.22| - - - - - - - - ns
Notes:

1. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

2. Resistance is used to measure I/O propagation delays as defined in PCl specifications. See Figure 3-10 on page 3-35 for connectivity.
This resistor is not required during normal operation.
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Detailed I/0 DC Characteristics

Table 3-18 * Input Capacitance

ProASIC3E Flash Family FPGAs

Symbol Definition Conditions Min. Max. Units
CiN Input capacitance Viy=0,f=1.0MHz 8 pF
CiNCLK Input capacitance on the clock pin ViN=0, f=1.0 MHz 8 pF
Table 3-19 » 1/0O Output Buffer Maximum Resistances’
RpuLL-DOWN RpuLL-up

Standard Drive Strength (Q)? )3
3.3V LVTTL/ 3.3V LVCMOS 4 mA 100 300

8 mA 50 150

12 mA 25 75

16 mA 17 50

24 mA " 33
2.5V LVCMOS 4 mA 100 200

8 mA 50 100

12 mA 25 50

16 mA 20 40

24 mA 1M 22
1.8 V LVCMOS 2 mA 200 225

4 mA 100 112

6 mA 50 56

8 mA 50 56

12 mA 20 22

16 mA 20 22
1.5V LVCMOS 2 mA 200 224

4 mA 100 112

6 mA 67 75

8 mA 33 37

12 mA 33 37
3.3V PCI/PCI-X Per PCI/PCI-X specification 25 75
3.3V GTL 25 mA 11 -
2.5V GTL 25 mA 14 -
3.3V GTL+ 35 mA 12 -
2.5V GTL+ 33 mA 15 -
HSTL (1) 8 mA 50 50
Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance values depend on V¢, drive
strength selection, temperature, and process. For board design considerations and detailed output buffer resistances, use the

corresponding IBIS models located on the Actel website at http.//www.actel.com/techdocs/models/ibis.html.

N

Rutt-pown-max) = Vorsped / lorspec

3. Reeurt-up-max) = (Vecimax = Vorsped ! loHspec
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Table 3-19 « 1/0 Output Buffer Maximum Resistances' (Continued)

RpuLL-DowN RpuLL-up
Standard Drive Strength (Q)? )3
HSTL (II) 15 mA 25 25
SSTL2 (1) 15 mA 27 31
SSTL2 (1) 18 mA 13 15
SSTL3 (I) 14 mA 44 69
SSTL3 (1) 21 mA 18 32

Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance values depend on V¢, drive
strength selection, temperature, and process. For board design considerations and detailed output buffer resistances, use the
corresponding IBIS models located on the Actel website at http://www.actel.com/techdocs/models/ibis.html.

2. Repurt-pown-max) = Vorsped / lorspec
3. Repurt-up-max) = (Vecimax = Vorsped / loHspec

Table 3-20  1/0 Weak Pull-Up/Pull-Down Resistances
Minimum and Maximum Weak Pull-Up/Pull-Down Resistance Values

R(weAK puLL-UP)" R(WEAK PULL-DOWN)>
(Q) (@)
VCCl Min. Max. Min. Max.
3.3V 10 k 45 k 10 k 45 k
25V 11k 55k 12k 74 k
1.8V 18 k 70 k 17 k 110 k
1.5V 19k 90 k 19k 140 k

Notes:

1. Ruweak purt-pown-max) = Vorsped ! lweak puLL-DOWN-mIN
2. Rweak puLt-up-max) = (Vccimax — Vorsped / Tweak puLL-up-min
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Table 3-21 o 1/0 Short Currents lgsy/los,

ProASIC3E Flash Family FPGAs

Drive Strength losy (MA)* losL (MA)*
3.3V LVITL/ 3.3V LVCMOS 4 mA 25 27
8 mA 51 54
12 mA 103 109
16 mA 132 127
24 mA 268 181
2.5V LVCMOS 4 mA 16 18
8 mA 32 37
12 mA 65 74
16 mA 83 87
24 mA 169 124
1.8 V LVCMOS 2 mA 9 "
4 mA 17 22
6 MA 35 44
8 mA 45 51
12 mA 91 74
16 mA 91 74
1.5V LVCMOS 2 mA 13 16
4 mA 25 33
6 MA 32 39
8 mA 66 55
12 mA 66 55

Note: *T,=100°C
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The length of time an I/O can withstand Igsp/lgs. events
depends on the junction temperature. The reliability
data below is based on a 3.3 V, 36 mA /O setting, which
is the worst case for this type of analysis.

For example, at 110°C, the short current condition would
have to be sustained for more than three months to
cause a reliability concern. The I/O design does not
contain any short circuit protection, but such protection
would only be needed in extremely prolonged stress
conditions.

Table 3-23 e Schmitt Trigger Input Hysteresis

Table 3-22 ¢ Short Current Event Duration Before Failure

Temperature Time Before Failure
-40°C > 20 years

0°C > 20 years

25°C > 20 years

70°C 5 years

85°C 2 years

100°C 6 months

110°C 3 months

Hysteresis Voltage Value (Typ) for Schmitt Mode Input Buffers

Input Buffer Configuration Hysteresis Value (Typ)
3.3 V LVTITLVCMOS / PCI / PCI-X (Schmitt trigger mode) 240 mV
2.5V LVCMOS (Schmitt trigger mode) 140 mV
1.8 V LVCMOS (Schmitt trigger mode) 80 mV
1.5V LVCMOS (Schmitt trigger mode) 60 mV
Table 3-24 » 1/0 Input Rise Time, Fall Time, and Related I/0 Reliability’
Input Buffer Input Rise/Fall Time (Min.) Input Rise/Fall Time (Max.) Reliability
LVTT/LVCMOS (Schmitt trigger disabled) No requirement 20 years (110°C)
LVTTU/LVCMOS (Schmitt trigger enabled) No requirement No requirement, but input noise voltage| 20 years (110°C)
cannot exceed schmitt hysteresis
HSTL/SSTL/GTL No requirement 10 years (100°C)
LVDS/BLVDS/M-LVDS/LVPECL No requirement 10 years (100°C)

Note: The maximum input rise/fall time is related to the noise induced into the input buffer trace. If the noise is low, then the rise time and
fall time of input buffers, when Schmitt trigger is disabled, can be increased beyond the maximum value. The longer the rise/fall
times, the more susceptible the input signal is to the board noise. Actel recommends signal integrity evaluation/characterization of
the system to ensure that there is no excessive noise coupling into input signals.
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Single-Ended 1/0 Characteristics

3.3 VLVTTL/ 3.3V LVCMOS

Low-Voltage Transistor-Transistor Logic is a general purpose standard (EIA/JESD) for 3.3 V applications. It uses an LVTTL
input buffer and push-pull output buffer. 3.3 V LVCMOS standard is supported as part of the 3.3 V LVTTL support.

Table 3-25 ¢ Minimum and Maximum DC Input and Output Levels

3.3 VLVTTL/

3.3 VLVCMOsS Vi Vin Voo | Vou | loL | lon losL losh e lin
Drive

Strength Min, V |Max, V|Min, V|Max, V|Max, V|Min, V| mA | mA [Max, mA'|Max, mA'| A2 | A2
4 mA -0.3 0.8 2 3.6 0.4 2.4 4 4 27 25 10 10
8 mA -0.3 0.8 2 3.6 0.4 2.4 8 8 54 51 10 10
12 mA -0.3 0.8 2 3.6 0.4 2.4 12 12 109 103 10 10
16 mA -0.3 0.8 2 3.6 0.4 2.4 16 16 127 132 10 10
24 mA -0.3 0.8 2 3.6 0.4 2.4 24 24 181 268 10 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

R=1k R to VCC| for tLZ/tZL/t ZLS

Test Point R to GND for tHZ/tZH/tZHS

Test Point
Enable Path T 35 pF for tzy fzps M ft1s

Datapath T 35 pF
5 pF for tyz /t1z

Figure 3-6 » AC Loading

Table 3-26 »« AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (PF)
0 33 1.4 - 35

Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.
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Table 3-27 e 3.3 VLVTTL/ 3.3 VLVCMOS Low Slew

Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V
Drive Strength Speed
(mA) Grade | tpour | tor | toin | tey | teys |teour | tzL | tzu | tiz | thz | taus | tzus | Units
4mA —F 0.79 |13.22|0.05| 1.44 | 1.88 | 0.51 [13.47|10.87| 3.23 | 2.93 [16.16|13.56| ns
Std. 0.66 |11.01] 0.04 | 1.20 | 1.57 | 0.43 [11.21] 9.05 | 2.69 | 2.44 [13.45[11.29| ns
-1 0.56 | 936 (004 (102]133] 036 |954 (770|229 | 2.08 |11.44( 9.60 ns
-2 0.49 | 822003090 117 | 032 837|676 | 2.01 | 1.82 [10.04| 8.43 ns
8mA —F 0.79 1945 (005 144|188 | 0.51 | 9.62 | 7.74 | 3.65 | 3.68 [12.31[10.42 ns
Std. 0.66 | 7.86 | 0.04 | 1.20 | 1.57 | 0.43 [ 8.01 | 6.44 | 3.04 | 3.06 [10.24| 8.68 ns
-1 0.56 | 6.69 [ 0.04 (102]|133] 036 | 6.81 548 | 258 | 2.61 | 871|738 ns
-2 0.49 | 587003090 (117 | 032 (598|481 | 227|229 |765]6.48 ns
12 mA —F 0.79 | 7.24 { 0.05 [ 1.44 | 1.88 | 0.51 | 7.37 [ 6.03 | 3.93 | 4.17 | 10.06 | 8.72 ns
Std. 0.66 | 6.03 | 004|120 (157 | 043 [6.14 | 502 | 3.28 | 347 [ 837 | 7.26 ns
-1 0.56 | 513 [ 0.04 [ 1.02 | 133 ] 036 | 522 | 427 | 2.79 | 295 | 7.12 | 6.17 ns
-2 0.49 | 450003090 117 | 032 (458 |3.75| 245|259 | 6.25 | 5.42 ns
16 mA —F 0.79 | 675005 (1441188 | 0.51 | 6.87 [ 5.68 | 3.99 | 430 | 9.56 | 8.36 ns
Std. 0.66 | 562|004 |1.20 (157 | 043 572|472 |332 358|796 | 696 ns
-1 056 | 478 [ 0.04 102 )| 133] 036 | 487 |4.02|283|3.04]|6.77 592 ns
-2 0.49 | 420003090 (117 | 032 | 427 | 353|248 | 267|594 ]| 520 ns
24 mA —F 0.79 | 630 [ 0.05 144|188 | 0.51 | 6.42 564 | 407|476 | 9.10 | 8.32 ns
Std. 0.66 | 524|004 | 120|157 | 043 [ 534|469 |339 |39 |7.58|6.93 ns
-1 056 | 446 | 0.04 (102|133 ] 036 | 454|399 | 288|337 | 644|589 ns
-2 0.49 | 392003090 117 | 032 (399|350 | 25329 |566| 517 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-28 o 3.3 VLVTTL/ 3.3 VLVCMOS High Slew
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg =3.0 V

Drive Strength Speed
(mA) Grade |tpour| tor | toin | tey | tpys |teour | tz | tzu | tz | thz | tzis | tzws | Units
4 mA -F 0.79 [ 947|005 | 1.44 ( 1.88 | 0.51 9.64 | 8.05 | 3.23 | 3.11 |12.33(10.74 ns
Std. 066 [ 788 | 0.04 | 120157 ] 043 | 803 | 6.70 [ 269 | 2.59 [10.26| 894 ns
-1 056 [ 6.71 1004|102 (133] 036 | 683|570 (229|220 | 873 | 7.60 ns
-2 049 [ 589|003 |09 [1.17] 032 [ 6.00|5.01]201 193] 767 |6.67 ns
8 mA —F 0.79 [ 6.10 | 0.05 | 144 | 1.88 | 0.51 | 6.21 | 498 | 3.66 | 3.86 | 890 | 7.66 ns
Std. 0.66 | 508|004 |1.20 | 157 ] 043 | 517 | 4.14 | 3.05 | 3.21 | 7.41 | 6.38 ns
-1 056 [ 4321004102133 ] 036 [440|352|259|273]6.30]|543 ns
-2 049 [ 37910031090 (117 ] 0.32 | 3.86 | 3.09 | 2.28 | 240 | 5.53 | 4.76 ns
12 mA —F 0.79 | 441 [ 0.05 ( 144 | 1.88 | 0.51 | 449 [ 345|393 | 434 | 7.17 | 6.13 ns
Std. 0.66 | 3.67 | 0.04 | 1.20 | 1.57 | 043 | 3.74 | 2.87 | 3.28 | 3.61 | 597 [ 5.11 ns
-1 0.56 [ 3.12 1 0.04 | 102 | 1.33 | 0.36 | 3.18 | 244 | 2.79 | 3.07 | 5.08 | 4.34 ns
-2 049 | 2741 0.03 | 090 | 1.17 | 032 | 279 | 2.14 | 245 | 2.70 | 4.46 | 3.81 ns
16 mA -F 079 | 416 | 005 | 144 [ 1.88 | 0.51 | 424 | 3.13 (400 | 447 | 692 | 582 ns
Std. 0.66 | 346 | 004|120 (157 ] 043 | 353|261 (333|372 |576| 484 ns
-1 056 [ 295]004 | 102 (133] 036 | 300|222 (283|317 |490 (412 ns
-2 049 [ 259|003 |09 117 ] 032 [ 263 195]|249 278 ]| 4.30 | 3.62 ns
24 mA —F 0.79 [ 3851 005|144 188 | 051 [ 392|259 ]| 407|496 | 6.61 |5.28 ns
Std. 0.66 | 3211004 |1.20 157 ]| 043 | 327|216 | 3.39 | 4.13 | 550 | 4.39 ns
-1 056 [ 2731004 |102|133] 036 278183288 | 351|468 |3.74 ns
-2 049 (2390031090 (117 ] 032 | 244 |1 161|253 | 3.08 | 4.11 | 3.28 ns
Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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2.5V LVCMOS

Low-Voltage CMOS for 2.5 V is an extension of the LVCMOS standard (JESD8-5) used for general purpose 2.5 V
applications. It uses a 5-V-tolerant input buffer and push-pull output buffer.

Table 3-29 e Minimum and Maximum DC Input and Output Levels

25V

LVCMOS Vi Viu Voo | Vou | loo lon losL los o hn
Drive

Strength Min, V |Max, V|Min, V|Max, V|Max, V|Min, V| mA | mA [Max, mA'|Max, mA'| puAZ | A2
4 mA -0.3 0.7 1.7 3.6 0.7 1.7 4 4 18 16 10 10
8 mA -0.3 0.7 1.7 3.6 0.7 1.7 8 8 37 32 10 10
12 mA -0.3 0.7 1.7 3.6 0.7 1.7 12 12 74 65 10 10
16 mA -0.3 0.7 1.7 3.6 0.7 1.7 16 16 87 83 10 10
24 mA -0.3 0.7 1.7 3.6 0.7 1.7 24 24 124 169 10 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

R=1k R to Vcc| for tLZ/tZL/t ZLS

Test Point R to GND for tyz/tzn/tzus

Test Point

Datapath T 35 pF Enable Path 35 pF for tz /tzus Mz /i
5 pF for tyz /t1z

Figure 3-7 » AC Loading

Table 3-30  AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (PF)
0 2.5 1.2 - 35
Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.
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Table 3-31 o 2.5V LVCMOS Low Slew
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 2.3V

Drive Strength | Speed
(mA) Grade |(tpour| tor | toin | tpy | teys [teour| tzL | tzn | tiz | thz | tzis | tzus |Units
4 mA -F 0.79 | 14.42 | 0.05 82 199 | 051 |14.69(1395| 3.26 | 2.64 |17.37]16.63 ns

1
Std. 0.66 [12.00] 0.04 | 1.51 | 1.66 | 0.43 [12.23|11.61| 2.72 | 2.20 | 14.46|13.85| ns
-1 0.56 [10.21] 0.04 [ 1.29 | 1.41 | 0.36 | 10.40| 9.88 | 2.31 | 1.87 [12.30|11.78| ns
-2 049 | 896 | 0.03 [ 1.13 | 1.24 [ 0.32 | 9.13 | 867 | 2.03 | 1.64 [10.80]10.34| ns
8 mA —F 0.79 [10.49] 0.05 | 1.82 | 1.99 | 0.51 [10.68| 9.62 | 3.73 | 3.52 [13.37 1231 ns
Std. 066 [ 873 | 0.04 | 1.51 [ 1.66 | 0.43 [ 889 | 801 | 3.10 | 293 | 11.13(10.25]| ns
-1 056 | 743 |1 004 [ 129 | 1.41 | 0.36 | 7.57 | 6.82 | 2.64 | 2.49 | 9.47 | 872 ns
-2 049 | 652|003 113 ] 124|032 ]| 664|598 (232|219 (831 | 7.65 ns
12 mA —F 0.79 | 814 | 0.05 | 1.82 | 1.99 | 0.51 [ 829 | 7.34 | 4.04 | 4.08 | 10.97(10.02]| ns
Std. 066 [ 6.77 | 0.04 | 1.51 | 166 | 043 [ 6.90 | 6.11 | 3.37 | 3.39 | 9.14 | 8.34 ns

1

1

1

1

1

1

1

1

1

1.

-1 0.56 | 5.76 | 0.04 291141 (036 587|520 ) 286|289 (777 | 7.10 ns
-2 0.49 | 5.06 | 0.03 131124 032|515 | 456 | 251 | 253|682 | 6.23 ns
16 mA -F 0.79 [ 7.58 | 0.05 82 [ 199 |1 051|772 ] 688 (411 (423 |1040]| 9.57 ns
Std. 0.66 | 6.31 | 0.04 51 166|043 | 642 | 573|342 | 352|866 |79 | ns
-1 0.56 | 5.37 | 0.04 291141 (036|546 | 487|291 | 3.00 ( 737 | 6.77 ns
-2 0.49 | 471 | 0.03 131124 (032|480 | 428 (256 | 263|647 595 ns
24 mA -F 0.79 | 7.13 | 0.05 821199 [ 051 | 726 | 6.85 | 420 | 480 | 9.94 | 9.54 ns
Std. 0.66 | 5.93 | 0.04 51 166|043 | 6.04 (570 349|400 (828|794 | ns
-1 0.56 | 5.05 | 0.04 291141 (036 | 514485297 | 340 | 7.04 | 6.75 ns
-2 0.49 | 443 | 0.03 13124 032|451 |426 | 261|299 6.18 | 593 ns
Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-32 o 2.5V LVCMOS High Slew

Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg =2.3 V
Drive Strength | Speed
(mA) Grade |tpour| tor | toin | tey | teys [teout| tzu | tzu | tz | tuz | tzs | tzus |Units
4 mA —F 0.79 110.59] 0.05 | 1.82 | 1.99 | 0.51 | 9.77 [10.59 | 3.26 | 2.75 [ 12.45]13.28 ns
Std. 0.66 | 882 [ 0.04 | 1.51 166 | 043 | 813 | 882 | 2.72 | 2.29 [ 10.37 [ 11.05 ns
-1 0.56 [ 750 [ 0.04 | 1.29 | 141 | 0.36 | 6.92 [ 7.50 | 2.31 1.95 | 882 | 9.40 ns
-2 049 | 658 [ 0.03 | 1.13 | 1.24 | 0.32 | 6.07 | 658 | 2.03 | 1.71 | 7.74 | 825 ns
8 mA -F 0.79 | 633 [ 0.05 | 1.82 | 199 [ 051 | 633 | 633 | 3.73 | 3.64 [ 9.02 | 9.02 ns
Std. 0.66 | 527 | 0.04 | 1.51 | 1.66 | 043 | 527 | 527 | 3.10 | 3.03 | 7.50 | 7.51 ns
-1 056 | 448 | 0.04 | 1.29 | 141 | 0.36 | 448 | 448 | 2.64 | 2.58 | 6.38 | 6.38 ns
-2 049 [ 394 | 0.03 | 113 | 1.24 | 032 | 393 | 394 | 232 | 2.26 | 560 | 5.61 ns
12 mA —F 0.79 | 450 | 0.05 [ 1.82 [ 199 | 0.51 | 458 | 419 | 404 | 420 | 7.27 | 6.88 ns
Std. 0.66 | 3.74 [ 0.04 | 1.51 | 1.66 | 043 | 3.81 | 349 | 3.37 | 349 | 6.05 | 5.73 ns
-1 0.56 | 3.18 [ 0.04 | 1.29 | 1.41 | 0.36 | 3.24 | 297 | 2.86 | 297 | 5.15 | 4.87 ns
-2 049 | 280 [ 0.03 | 1.13 | 1.24 | 0.32 | 2.85 [ 2.61 | 2.51 | 2.61 | 4.52 | 4.28 ns
16 mA —F 0.79 | 424 | 005 | 1.82 | 199 | 0.51 | 432 | 3.75 | 411 | 435 | 7.00 | 6.43 ns
Std. 0.66 | 3.53 [ 0.04 | 1.51 166 | 043 | 3.59 | 3.12 | 342 | 3.62 | 583 | 5.35 ns
-1 0.56 [ 3.00 [ 0.04 | 1.29 | 141 | 0.36 | 3.06 | 2.65 | 2.91 | 3.08 | 496 | 4.55 ns
-2 049 | 263 [ 0.03 | 1.13 | 1.24 | 0.32 | 2.68 | 233 | 256 | 2.71 | 435 | 4.00 ns
24 mA -F 0.79 | 392 [ 0.05 | 1.82 | 199 | 0.51 | 3.99 [ 298 | 420 | 493 | 6.68 | 5.67 ns
Std. 0.66 | 3.26 | 0.04 | 1.51 | 1.66 | 043 | 3.32 | 248 | 349 | 411 | 556 | 4.72 ns
-1 056 | 277 | 0.04 | 1.29 | 1.41 | 0.36 | 2.83 | 2.11 | 2.97 | 3.49 | 4.73 | 4.01 ns
-2 049 | 244 [ 003 | 113 | 1.24 | 0.32 | 248 | 1.85 | 2.61 | 3.07 | 415 | 3.52 ns
Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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1.8 V LVCMOS
Low-Voltage CMOS for 1.8 V is an extension of the LVCMOS standard (JESD8-5) used for general purpose 1.8 V
applications. It uses 1.8 V input buffer and push-pull output buffer.

Table 3-33 ¢ Minimum and Maximum DC Input and Output Levels

1.8 V LVCMOS Vi ViH VoL Vou lo. | lon losL losh e |
Drive

Strength Min, V| Max,V | Min, V |Max, V|[Max, V| Min,V | mA | mA [Max, mA'|Max, mA'| A2 | uA2
2 mA -0.3 0.35*Vc(|0.65*Vee| 3.6 | 045 |Veq-045| 2 2 11 9 10 | 10
4 mA -0.3 {0.35*Vcc(|0.65*Vee| 3.6 | 045 |Veq-045| 4 | 4 22 17 10 | 10
6 MA -0.3 0.35*Vcc(|0.65* Veey| 3.6 | 045 |Veq-045| 6 6 44 35 10 | 10
8 mA -0.3 [0.35* Vc|0.65*Vee| 36 | 045 |Ve-045| 8 8 51 45 10 | 10
12 mA -0.3 |0.35* Ve [065* V| 36 | 045 |Ve-045] 12 | 12 74 91 10 | 10
16 mA -0.3 0.35*Vc(|0.65%Vee | 36 | 045 |Veq-045| 16 | 16 74 91 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

R=1k R to VCCl for tLZ/tZL/tZLS

Test Point R to GND for ty,/tyn/t
Test Point HZTZHTEZHS
Datapath T 35 pF Enable Path 35 pF for tyy ftons /ot fois
T 5 pF for tyz /t1z

Figure 3-8 » AC Loading

Table 3-34 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (pPF)
0 1.8 0.9 - 35

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.
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Table 3-35 » 1.8 V LVCMOS Low Slew
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 1.7 V

Drive Strength | Speed
(mA) Grade |tpour| top | toin | tpy | tpys |teour| tzu | tzw | tz | tuz | tas | tzus |Units
2 mA —F 0.79 [19.03| 0.05 | 1.74 | 2.29 | 0.51 | 18.80]19.03 | 3.34 | 1.90 | 21.49|21.71 ns
Std. 0.66 [ 1584 0.04 | 145 | 191 | 0.43 [ 1565|1584 | 2.78 | 1.58 | 17.89 | 18.07 ns
-1 0.56 | 13.47] 0.04 | 1.23 | 1.62 | 0.36 (13.31|13.47| 237 | 1.35 | 15.22 | 15.37 ns
-2 049 (11.83] 0.03 | 1.08 | 142 [ 0.32 | 11.69]11.83| 2.08 | 1.18 | 13.36| 13.50 ns
4 mA -F 0.79 113.68] 0.05 [ 1.74 | 229 | 0.51 (1394|1292 | 391 | 3.33 | 16.62 | 15.61 ns
Std. 066 [11.39]1 0.04 | 145 | 191 [ 043 |11.60]10.76| 3.26 | 2.77 | 13.84]12.99 ns
-1 056 | 969 | 0.04 | 1.23 | 162 | 0.36 | 9.87 | 9.15 | 2.77 | 2.36 | 11.77 [ 11.05 ns
-2 049 [ 851 | 0.03 | 1.08 | 142 [ 0.32 | 866 | 803 | 243 | 2.07 | 10.33] 9.70 ns
6 mA -F 0.79 110.78] 0.05 [ 1.74 | 2.29 | 0.51 [10.98| 9.73 | 429 | 403 | 13.66 | 12.41 ns
Std. 066 [ 897 | 0.04 | 145 | 191 | 043 | 9.14 | 810 | 3.57 | 3.36 | 11.37]10.33 ns
-1 056 | 763 | 0.04 [ 123 | 162 | 0.36 | 7.77 | 6.89 | 3.04 | 2.86 | 9.67 | 879 ns
-2 049 [ 670 | 0.03 | 1.08 | 142 [ 0.32 | 6.82 | 6.05 | 266 | 251 | 849 | 7.72 ns
8 mA -F 0.79 110.03] 0.05 | 1.74 | 2.29 | 0.51 [10.22]| 9.11 | 437 | 4.23 |112.90|11.80 ns
Std. 066 [ 835|004 | 145 | 191 [ 043 | 850 | 759 | 3.64 | 3.52 | 10.74 | 9.82 ns
-1 056 | 710 | 0.04 [ 1.23 | 162 | 0.36 | 7.23 | 6.45 | 3.10 | 3.00 | 9.14 | 835 ns
-2 049 [ 624 | 0.03 | 1.08 | 142 [ 0.32 | 635 | 566 | 2.72 | 263 | 8.02 | 7.33 ns
12 mA -F 0.79 | 954 |1 0.05 | 1.74 | 2.29 | 0.51 9.72 | 9.08 | 450 | 493 |12.40(11.77 ns
Std. 066 [ 794 | 0.04 | 145 | 191 [ 043 | 809 | 756 | 3.74 | 4.11 | 10.32] 9.80 ns
-1 056 | 6751 0.04 [ 123 | 162 | 0.36 | 6.88 | 6.43 | 3.18 | 3.49 | 878 | 833 ns
-2 049 [ 593 | 0.03 | 1.08 | 142 [ 0.32 | 6.04 | 565 | 2.79 | 3.07 | 7.71 | 7.32 ns
16 mA -F 0.79 | 954 |1 0.05 | 1.74 | 2.29 | 0.51 9.72 | 9.08 | 450 | 493 |12.40(11.77 ns
Std. 066 [ 794 | 0.04 | 145 | 191 [ 043 | 809 | 756 | 3.74 | 4.11 | 10.32] 9.80 ns
-1 056 | 6751 0.04 [ 123 | 162 | 0.36 | 6.88 | 6.43 | 3.18 | 3.49 | 878 | 833 ns
-2 049 [ 593 | 0.03 | 1.08 | 142 [ 0.32 | 6.04 | 565 | 2.79 | 3.07 | 7.71 | 7.32 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-36 » 1.8 V LVCMOS High Slew
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg = 1.7 V

Drive Strength | Speed
(mA) Grade |tpour| tor | toin | tey | teys [teout| tzu | tzu | tz | tuz | tzs | tzus |Units
2 mA -F 0.79 (1454 0.05 | 1.74 | 2.29 | 0.51 [11.52 1454 | 3.34 | 1.97 |14.21[17.23 ns
Std. 0.66 [12.10] 0.04 | 1.45 [ 1.91 043 | 959 112,10 2.78 | 1.64 | 11.83]|14.34 ns
-1 0.56 [10.30 | 0.04 | 1.23 | 162 | 0.36 | 816 [10.30| 2.37 | 1.39 | 10.06 | 12.20 ns
-2 049 | 9.04 | 0.03 [ 1.08 | 142 | 0.32 | 7.16 | 9.04 | 208 | 1.22 | 883 | 10.71 ns
4 mA —F 0.79 | 847 | 0.05 | 1.74 | 2.29 | 0.51 7.45 [ 847 | 3.90 | 3.44 |110.14]11.16 ns
Std. 0.66 [ 705 | 0.04 | 1.45 [ 1.91 043 | 6.20 | 7.05 | 3.25 | 2.86 | 8.44 | 9.29 ns
-1 0.56 [ 6.00 [ 0.04 | 123 | 162 | 0.36 | 528 [ 6.00 | 2.76 | 244 | 7.18 | 7.90 ns
-2 049 | 527 1 0.03 [ 1.08 | 142 | 0.32 | 463 | 527 | 243 | 2.14 | 6.30 | 6.94 ns
6 mA -F 0.79 | 543 | 0.05 | 1.74 | 2.29 | 0.51 536 | 543 | 429 | 417 | 8.05 | 8.12 ns
Std. 0.66 | 452 | 0.04 | 1.45 [ 1.91 043 | 447 | 452 | 357 | 347 | 6.70 | 6.76 ns
-1 056 [ 3.85 [ 004 | 123 | 162 | 0.36 | 3.80 | 3.85 | 3.04 | 295 | 570 | 5.75 ns
-2 049 | 3.38 [ 0.03 | 1.08 | 142 | 0.32 | 3.33 | 3.38 | 2.66 | 259 | 500 | 5.05 ns
8 mA -F 0.79 | 495 | 0.05 | 1.74 | 2.29 | 0.51 504 | 480 | 436 | 435 | 7.73 | 7.48 ns
Std. 066 | 412 [ 0.04 | 145 | 191 | 043 | 420 | 399 | 3.63 | 3.62 | 643 | 6.23 ns
-1 056 | 3.51 [ 0.04 | 123 | 162 | 0.36 | 3.57 | 3.40 | 3.09 | 3.08 | 547 | 5.30 ns
-2 049 | 3.08 | 0.03 | 1.08 | 1.42 | 0.32 | 3.14 | 298 | 2.71 2.71 4.81 4.65 ns
12 mA —F 0.79 | 456 | 0.05 | 1.74 | 229 | 051 | 464 | 3.71 | 448 | 5.09 | 7.33 | 6.40 ns
Std. 0.66 [ 3.80 [ 0.04 | 145 | 191 | 043 | 3.87 | 3.09 | 3.73 | 424 | 6.10 | 5.32 ns
-1 056 [ 3.23 [ 0.04 | 123 | 162 | 0.36 | 3.29 | 263 | 3.18 | 3.60 | 5.19 | 4.53 ns
-2 049 [ 283 | 0.03 | 1.08 | 142 | 0.32 | 289 | 231 | 279 | 3.16 | 456 | 3.98 ns
16 mA -F 0.79 | 456 | 0.05 | 1.74 | 2.29 | 0.51 464 | 3.71 | 448 | 5.09 | 7.33 | 6.40 ns
Std. 0.66 [ 3.80 [ 0.04 | 145 | 191 | 043 | 3.87 | 3.09 | 3.73 | 424 | 6.10 | 5.32 ns
-1 056 [ 3.23 [ 004 | 123 | 162 | 0.36 | 3.29 | 263 | 3.18 | 3.60 | 5.19 | 4.53 ns
-2 049 | 283 |1 0.03 [ 1.08 | 1.42 | 0.32 | 2.89 | 2.31 279 | 3.16 | 4.56 | 3.98 ns

Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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1.5 V LVCMOS (JESD8-11)

Low-voltage CMOS for 1.5 V is an extension of the LVCMOS standard (JESD8-5) used for general purpose 1.5 V
applications. It uses 1.5 V input buffer and push-pull output buffer.

Table 3-37  Minimum and Maximum DC Input and Output Levels

1.5V

LVCMOS Vi Vin VoL Vou loL | lon losL los e | ln
Drive

Strength [Min, V| Max, V | Min,V [Max, V| Max,V | Min,V | mA | mA |[Max, mA'|[Max, mAl| 1A% | A2
2 mA —0.3 [030* Ve |07 *Vee | 36 [0.25*veql075* Vgl 2 | 2 16 13 10 | 10
4 mA —0.3 [030*Vee |07 *Vee | 36 [025*Veq|075 % V| 4 | 4 33 25 10 | 10
6 mA —0.3 [030*Vcq |07 * Ve | 36 [0.25%Veql075* Vel 6 | 6 39 32 10 | 10
8 mA -03 [030*Vee |07 Ve | 36 [025* V075 V| 8 | 8 55 66 10 | 10
12 mA -03 030*Vee |07 *Vee | 36 [0.25*Veq|0.75 * V| 12 | 12 55 66 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

Test Point

Datapath T 35 pF

R=1k
Test Point
Enable Path

R to VCCl for tLZ/tZL/tZLS
R to GND for tHZ/tZH/tZHS

5 pF for tyz /t1z

Figure 3-9 » AC Loading

Table 3-38 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V)

Input High (V)

Measuring Point* (V)

Veer (Typ) (V)

Croap (PF)

0

1.5

0.75

35

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.
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Timing Characteristics

Table 3-39 ¢ 1.5V LVCMOS Low Slew
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 1.4V

Drive strength | Speed
(mA) grade (tpour| top | toin | tey | teys |teour| tzL | tzw | tiz | thz | tas | tzus |Units
2 mA —F 0.79 [16.95| 0.05 | 2.04 | 258 | 0.51 [17.26 | 15.78 | 4.09 | 3.22 | 19.95 [ 18.47 ns
Std. 0.66 [14.11 0.04 | 1.70 | 2.14 | 0.43 [14.3713.14| 340 | 2.68 | 16.61 | 15.37 ns
-1 0.56 [12.00] 0.04 | 144 | 1.82 | 0.36 | 1222 (1117 290 | 2.28 | 14.13 [ 13.08 ns
-2 0.49 (1054 0.03 | 1.27 | 1.60 | 0.32 [10.73| 9.81 | 254 | 2.00 | 12.40(11.48 ns
4 mA -F 0.79 [13.49] 0.05 | 2.04 | 258 | 0.51 [13.74|11.85| 453 | 4.03 [16.43 | 14.54 ns
Std. 0.66 [11.23| 0.04 | 1.70 | 2.14 | 043 [11.44| 9.87 | 3.77 | 3.36 | 13.68 [ 12.10 ns
-1 056 | 9551 004 | 144 | 1.82 | 0.36 | 9.73 | 839 | 3.21 2.86 [11.63]10.29 ns
-2 049 [ 839 [ 0.03 | 1.27 | 160 | 0.32 | 854 | 7.37 | 2.81 | 251 [10.21 | 9.04 ns
6 mA -F 0.79 [ 1256 0.05 | 2.04 | 258 | 0.51 | 1279 11.10| 462 | 4.26 | 1548 13.79 ns
Std. 0.66 (1045 0.04 | 1.70 | 2.14 | 043 [10.65| 9.24 | 3.84 | 3.55 | 12.88(11.48 ns
-1 056 | 889 |1 0.04 [ 144 | 1.82 | 0.36 | 9.06 | 7.86 | 3.27 | 3.02 [10.96 | 9.76 ns
-2 049 | 781 [ 003 | 1.27 | 160 | 0.32 | 795 | 690 | 2.87 | 2.65 | 9.62 | 8.57 ns
8 mA -F 0.79 [12.04] 0.05 | 2.04 | 258 | 0.51 | 1226 11.09| 4.77 | 5.07 [ 14.94 [ 13.77 ns
Std. 0.66 [10.02| 0.04 | 1.70 | 2.14 | 0.43 [10.20| 9.23 | 3.97 | 422 |12.44 (11.47 ns
-1 056 | 852 1 004 [ 144 | 1.82 | 0.36 | 868 | 7.85 | 3.38 | 3.59 [10.58 | 9.75 ns
-2 049 | 748 [ 0.03 | 1.27 | 160 | 0.32 | 762 | 6.89 | 297 | 3.15 | 9.29 | 8.56 ns
12 mA -F 0.79 [12.04] 0.05 | 2.04 | 258 | 0.51 | 1226 11.09| 4.77 | 5.07 [ 14.94 [ 13.77 ns
Std. 0.66 [10.02| 0.04 | 1.70 | 2.14 | 0.43 [10.20| 9.23 | 3.97 | 422 |12.44 (11.47 ns
-1 056 | 852 1 004 [ 144 | 1.82 | 0.36 | 868 | 7.85 | 3.38 | 3.59 [10.58 | 9.75 ns
-2 049 | 748 [ 0.03 | 1.27 | 160 | 0.32 | 762 | 6.89 | 2.97 | 3.15 | 9.29 | 8.56 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-40 1.5V LVCMOS High Slew
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg = 1.4V

Drive strength Speed tpou
(mA) grade T | top | toin | tey | tpys [teour| tz | tzn | tiz | tuz | tzs | tzus |Units
2 mA —F 0.79 110.25] 0.05 | 2.04 | 258 | 0.51 | 872 [10.25| 4.08 | 3.35 | 11.41]12.94( ns
Std. 0.66 | 853 1004 [ 170 [ 214 | 043 | 7.26 | 853 | 3.39 | 2.79 | 9.50 | 10.77| ns
-1 056 | 726 | 0.04 | 144 | 1.82 | 0.36 | 6.18 | 7.26 | 2.89 | 2.37 | 8.08 | 9.16 ns
-2 049 | 637 [ 003 | 127|160 (032|542 | 637|253 ] 208 | 7.09 | 8.04 ns
4 mA —F 0.79 | 650 | 0.05 | 2.04 | 258 | 0.51 | 6.27 | 6.50 | 451 | 418 | 895 | 9.19 ns
Std. 0.66 | 541 [ 0.04 | 1.70 | 214 [ 043 | 522 | 541 | 3.75 | 3.48 | 7.45 | 7.65 ns
=1 056 | 460 | 0.04 | 144 | 1.82 | 0.36 | 444 | 460 | 3.19 | 296 | 6.34 | 6.50 ns
-2 049 | 404 [ 0.03 | 1.27 | 1.60 | 0.32 | 3.89 [ 4.04 | 2.80 | 2.60 | 5.56 | 5.71 ns
6 mA —F 0.79 | 577 | 0.05 | 2.04 | 258 | 0.51 | 588 | 5.70 | 460 | 4.41 | 8.56 | 8.39 ns
Std. 0.66 | 480 [ 0.04 | 1.70 | 214 [ 043 | 489 | 475 | 3.83 | 3.67 | 7.13 | 6.98 ns
-1 056 | 409 | 004 | 144 [ 1.82 | 0.36 | 416 | 4.04 | 3.26 | 3.12 | 6.06 | 5.94 ns
-2 049 | 359 [ 0.03 | 1.27 | 1.60 | 0.32 | 3.65 | 3.54 | 286 | 2.74 | 5.32 | 5.21 ns
8 mA -F 0.79 | 5311 0.05 | 2.04 | 258 | 0.51 | 541 | 435 | 476 | 5.25 | 8.09 | 7.04 ns
Std. 0.66 | 442 [ 0.04 | 1.70 | 214 [ 043 | 450 | 3.62 | 3.96 | 437 | 6.74 | 5.86 ns
-1 056 | 3.76 | 0.04 | 144 | 1.82 | 0.36 | 3.83 | 3.08 | 3.37 | 3.72 | 5.73 | 4.98 ns
-2 049 | 330 [ 0.03 | 1.27 | 1.60 [ 0.32 | 3.36 | 2.70 | 2.96 | 3.27 | 5.03 | 4.37 ns
12 mA -F 0.79 | 531 |1 0.05 | 2.04 | 258 | 0.51 | 541 | 435 | 4.76 | 5.25 | 8.09 | 7.04 ns
Std. 0.66 | 442 |1 0.04 | 1.70 | 2.14 | 0.43 | 450 | 3.62 | 3.96 | 437 | 6.74 | 5.86 ns
-1 056 | 3.76 | 0.04 | 144 | 1.82 | 0.36 | 3.83 | 3.08 | 3.37 | 3.72 | 5.73 | 4.98 ns
—2 049 | 3.30 | 0.03 | 1.27 | 1.60 | 0.32 | 3.36 | 2.70 | 2.96 | 3.27 | 5.03 | 4.37 ns
Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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3.3V PC, 3.3V PC-X
Peripheral Component Interface for 3.3 V standard specifies support for 33 MHz and 66 MHz PCl Bus applications.

Table 3-41 e Minimum and Maximum DC Input and Output Levels
3.3 V PCI/PCI-X ViL ViH VoL Vou loL loH losL losH I hn
Drive Strength Min, V | Max, V | Min, V |Max, V[Max, V|Min, V| mA | mA |Max, mA'|Max, mA'| uA2 [ uAZ?

Per PCl specification Per PCl curves 10 | 10

Notes:
1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

AC loadings are defined per the PCI/PCI-X specifications for the datapath; Actel loadings for enable path
characterization are described in Figure 3-10.

R =25 R to VCC| for tDP (F) R=1k R to VCC| for tLZ/tZL/tZLS
Test Point R to GND for tDP (R) Test Point R to GND for tHZ/tZH/tZHS
Datapath T Enable Path 10 pF for tyy Mtops/ty /s
5 pF for tyz /t 1z

Figure 3-10  AC Loading

AC loading are defined per PCI/PCI-X specifications for the datapath; Actel loading for tristate is described in Table 3-42.
Table 3-42 » AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (PF)

0 33 0.285 * Ve, for topg) - 10
0.615 * VCCl for tDP(F)

Note: *Measuring point = V., See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-43 3.3V PCI/PCI-X
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg =3.0V

Speed Grade | tpoyr tor | toin | tey | teys | teour tz tzu | Wz | tuz | tzis | tzus | Units
-F 0.79 3.37 0.05 | 1.26 | 2.01 0.51 3.43 240 | 393 | 434 | 6.12 | 5.08 ns
Std. 0.66 2.81 0.04 | 1.05 | 1.67 0.43 2.86 2.00 | 3.28 | 3.61 5.09 | 4.23 ns
-1 0.56 2.39 0.04 | 0.89 | 1.42 0.36 2.43 1.70 | 2.79 | 3.07 | 433 | 3.60 ns
-2 0.49 2.09 0.03 | 0.78 | 1.25 0.32 2.13 149 | 245 | 2.70 | 3.80 | 3.16 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Voltage Referenced I/0 Characteristics

3.3V GTL

Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer and
an open drain output buffer. The V¢, pin should be connected to 3.3 V.

Table 3-44 ¢ Minimum and Maximum DC Input and Output Levels

3.3VGTIL Vi Vin VoL Vou | lo. | lon losL losu L hin
Drive
Strength [Min, V| Max, V | Min, V [Max, V|Max, V| Min, V| mA | mA [Max, mA'|Max, mA'| pA? | pA?
25 mA3 0.3 |Vggr— 0.05|Vegr+0.05| 36 0.4 - 25 | 25 181 268 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Output drive strength is below JEDEC specification.

VTT

GTL 25

T1OpF

Test Point

Figure 3-11 o AC Loading

Table 3-45  AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | Vgge (Typ) (V) V1 (Typ) (V) Croap (PF)
Vger— 0.05 Vrer + 0.05 0.8 0.8 1.2 10

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-46 » 3.3V GTL
Commercial-Case Conditions: T) = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0V VRgg = 0.8V

Speed Grade thour top toin | tey | teour | ta tzy Yz | tuz | tzs | tzys | Units
-F 0.72 2.49 0.05 3.52 0.51 2.45 2.49 5.13 5.18 ns
Std. 0.60 2.08 0.04 2.93 0.43 2.04 2.08 4.27 4.31 ns
-1 0.51 1.77 0.04 2.50 0.36 1.73 1.77 3.63 3.67 ns
-2 0.45 1.55 0.03 2.19 0.32 1.52 1.55 3.19 3.22 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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2.5V GTL

Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer and
an open drain output buffer. The V¢ pin should be connected to 2.5 V.

Table 3-47 » Minimum and Maximum DC Input and Output Levels

2.5 GTL ViL Vin Voo | Vou | lou | lou losL losh e |
Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V| mA | mA | Max, mA! | Max, mA' | 1A2 | 1A2
25 mA3 03 |Vagr—0.05[Vagr +0.05| 36 | 04 — |25 | 25 124 169 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Output drive strength is below JEDEC specification.

VTT

GTL 25

T1OpF

Test Point

Figure 3-12 ¢ AC Loading

Table 3-48  AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vit (Typ) (V) Croap (pPF)
Vger— 0.05 Vpee + 0.05 0.8 0.8 1.2 10

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-49 « 2.5V GTL
Commercial-Case Conditions: T) = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0VVRgg = 0.8V

Speed Grade thour top toin | tey | teour | tzL tzy tiz | tyz | tas | tzus | Units
-F 0.72 2.56 0.05 2.95 0.51 2.60 2.56 5.28 5.24 ns
Std. 0.60 2.13 0.04 2.46 0.43 2.16 2.13 4.40 4.36 ns
-1 0.51 1.81 0.04 2.09 0.36 1.84 1.81 3.74 3.71 ns
-2 0.45 1.59 0.03 1.83 0.32 1.61 1.59 3.28 | 3.26 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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3.3V GTL+

Gunning Transceiver Logic Plus is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer
and an open drain output buffer. The V¢, pin should be connected to 3.3 V.

Table 3-50 ¢ Minimum and Maximum DC Input and Output Levels

3.3V GTL+ ViL Vin Voo | Vou | loL | lon losL losh e | hn
Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V| mA | mA | Max, mA'! | Max, mA'! | uA2|pA2
35 mA 03 |Vagr—01 | Vage+0.1| 36 | 06 ~ |35 35 181 268 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

VTT

GTL+ 25

T’IOpF

Test Point

Figure 3-13  AC Loading

Table 3-51 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | Vgge (Typ) (V) Vit (Typ) (V) Croap (PF)
VREF_O"I VREF+O'1 1.0 1.0 1.5 10

Note: *Measuring point = V., See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-52 ¢ 3.3V GTL+
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vcq=3.0V, Vgge = 1.0V

Speed Grade tpour tor | toin | tey | teour | taL tz4 tz thz | tzis | tzus | Units
-F 0.72 2.47 0.05 1.91 0.51 2.51 2.47 5.20 5.15 ns
Std. 0.60 2.06 0.04 1.59 0.43 2.09 2.06 4.33 4.29 ns
-1 0.51 1.75 0.04 1.35 0.36 1.78 1.75 3.68 3.65 ns
-2 0.45 1.53 0.03 1.19 0.32 1.56 1.53 3.23 3.20 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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2.5V GTL+

Gunning Transceiver Logic Plus is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer
and an open drain output buffer. The V¢, pin should be connected to 2.5 V.

Table 3-53 e Minimum and Maximum DC Input and Output Levels

2.5V GTL+ ViL Vin Voo | Vou | lou | lon losL losu e | lin
Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V| mA | mA |Max, mA' [ Max, mA1 | A2 | 1A?
33mA 03 |Vagr—01 [ Vage+0.1| 36 | 06 — | 33 ] 33 124 169 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

VTT

GTL+ 25

T’IOpF

Test Point

Figure 3-14 * AC Loading

Table 3-54 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) V1 (Typ) (V) Croap (PF)
VREF_O"I VREF+O.1 1.0 1.0 1.5 10

Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-55 ¢ 2.5V GTL+
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =2.3V, Vpge= 1.0V

Speed Grade toour tor | ton | tey | teour | tazL tzu tz thz | tzis | tzus | Units
—F 0.72 2.65 0.05 1.82 0.51 2.70 2.52 5.38 5.21 ns
Std. 0.60 2.21 0.04 1.51 0.43 2.25 2.10 4.48 4.34 ns
-1 0.51 1.88 0.04 1.29 0.36 1.91 1.79 3.81 3.69 ns
-2 0.45 1.65 0.03 1.13 0.32 1.68 1.57 3.35 3.24 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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HSTL Class |

High-Speed Transceiver Logic is a general-purpose high-speed 1.5 V bus standard (EIA/JESD8-6). ProASIC3E devices
support Class I. This provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-56 ¢ Minimum and Maximum DC Input and Output Levels

HSTL Class | Vi Vin VoL Vou lo. | lon losL losH e |

Drive Strength| Min, V| Max, V | Min, V [Max, V|Max, V| Min, V| mA | mA |Max, mA'! Max, mA'| uA? | uA?

8 mA 0.3 |Vgr—0.1|Vpgr+0.1| 36 04 |Vcc04| 8 8 39 32 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

Vv

HSTL  —
Class | 50
Test Point

TZOpF

Figure 3-15 ¢ AC Loading

Table 3-57 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vit (Typ) (V) | Croap (PF)
VREF_O'1 VREF+O.1 0.75 0.75 0.75 20

Note: *Measuring point = Vi, See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-58 o HSTL Class |
Commercial-Case Conditions: T; = 70°C, Worst Case Vcc = 1.425 V, Worst Case V= 1.4V, Vggr = 0.75V

Speed Grade thour tor | toin | tey | teour | tazL tzu tz thz | tzis | tzus | Units
-F 0.79 3.82 0.05 2.55 0.51 3.89 3.78 6.58 6.46 ns
Std. 0.66 3.18 0.04 2.12 0.43 3.24 3.14 5.47 5.38 ns
-1 0.56 2.70 0.04 1.81 0.36 2.75 2.67 4.66 4.58 ns
-2 0.49 2.37 0.03 1.59 0.32 2.42 2.35 4.09 4.02 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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HSTL Class Il

High-Speed Transceiver Logic is a general-purpose high-speed 1.5 V bus standard (EIA/JESD8-6). ProASIC3E devices
support Class Il. This provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-59 ¢ Minimum and Maximum DC Input and Output Levels

HSTL Class I Vi ViH VoL | Vou | loL | lon losL losH e | hn

Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V[ mA | mA [ Max, mA! | Max, mA' | u1A? | A2

15 mA3 03 | Vpep—0.1|Vpge+0.1| 36 | 04 |Vec04] 15 | 15 55 66 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

3. Output drive strength is below JEDEC specification.

V
HSTL  —
Class Il 25
Test Point

TZOpF

Figure 3-16 ¢ AC Loading

Table 3-60 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) | Vi1 (Typ) (V) Croap (PF)
Veer— 0.1 Vgep + 0.1 0.75 0.75 0.75 20

Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-61 o HSTL Class Il
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 1.4V, Vpge = 0.75 V

Speed Grade toour tor | ton | tey [ teour | tz | tzu tiz | thz | tas | tzus | Units
—F 0.79 3.63 0.05 2.55 0.51 3.70 3.26 6.39 5.95 ns
Std. 0.66 3.02 0.04 2.12 0.43 3.08 2.71 5.32 495 ns
-1 0.56 2.57 0.04 1.81 0.36 2.62 2.31 4.52 4.21 ns
-2 0.49 2.26 0.03 1.59 0.32 2.30 2.03 3.97 3.70 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL2 Class |

Stub-Speed Terminated Logic for 2.5 V memory bus standard (JESD8-9). ProASIC3E devices support Class I. This provides
a differential amplifier input buffer and a push-pull output buffer.

Table 3-62 ¢ Minimum and Maximum DC Input and Output Levels

SSTL2 Class | Vi Vin VoL Vou lo. | lon losL losu e | ln
Drive
Strength  [Min, V| Max, V| Min,V | Max, V [ Max, V| Min,V | mA | mA |Max, mA'(Max, mA'| uA? | LA2
15 mA -0.3 [Vger—0.2|Vpgr+0.2| 3.6 0.54 |Vcc-0.62| 15 | 15 87 83 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

V
SSTL2  —'
Class | 50
Test Point
25

T 30 pF

Figure 3-17 * AC Loading

Table 3-63 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) | Vir (Typ) (V) Croap (PF)

Vgep— 0.2 Vgep + 0.2 1.25 1.25 1.25 30

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-64  SSTL2 Class |
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 2.3V, Vpge = 1.25V

Speed Grade toour tor | toin | tey teour 2o | tz tz tyz | tzs | tzys | Units
—F 0.79 2.56 0.05 1.60 0.51 2.60 2.22 5.29 490 ns
Std. 0.66 2.13 0.04 1.33 0.43 2.17 1.85 4.40 4.08 ns
-1 0.56 1.81 0.04 1.14 0.36 1.84 1.57 3.74 3.47 ns
-2 0.49 1.59 0.03 1.00 0.32 1.62 1.38 3.29 3.05 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL2 Class Il

Stub-Speed Terminated Logic for 2.5 V memory bus standard (JESD8-9). ProASIC3E devices support Class Il. This
provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-65 ¢ Minimum and Maximum DC Input and Output Levels

SSTL2 Class 1l V"_ V|H VOL VOH IOL IOH IOSL IOSH |||_ I|H

Drive Strength|(Min, V| Max, V | Min, V [Max, V|Max, V| Min, V | mA | mA | Max, mA' | Max, mA' | pA? | pA2

18 mA -0.3 |Vpgr—0.2|Vegr+02| 3.6 | 035 [V -043] 18 | 18 124 169 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

T

SSTL2

25

T30pF

Test Point
25

Figure 3-18 * AC Loading

Table 3-66 * AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | Vgge (Typ) (V) V1 (Typ) (V) Croap (PF)
Vggr— 0.2 Vper + 0.2 1.25 1.25 1.25 30

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-67 o SSTL 2 Class Il
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =23V, Vpge = 1.25V

Speed Grade thour tor | toin | tey | teour | tzL tzu tz thz | tzis | tzus | Units
—F 0.79 2.60 0.05 1.60 0.51 2.65 2.13 5.34 4.81 ns
Std. 0.66 2.17 0.04 1.33 0.43 2.21 1.77 4.44 4.01 ns
-1 0.56 1.84 0.04 1.14 0.36 1.88 1.51 3.78 3.41 ns
-2 0.49 1.62 0.03 1.00 0.32 1.65 1.32 3.32 2.99 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL3 Class |

Stub-Speed Terminated Logic for 3.3 V memory bus standard (JESD8-8). ProASIC3E devices support Class I. This provides
a differential amplifier input buffer and a push-pull output buffer.

Table 3-68  Minimum and Maximum DC Input and Output Levels

SSTL3 Class | Vi Vin VoL Vou loL | lon losL losu e | in

Drive Strength| Min, V| Max, V | Min, V |Max, V[Max, V| Min, V | mA | mA |Max, mA' | Max, mA' [uAZ|uA2
14 mA 03 |Veg-0.2[Vegr+02] 36 07 [Veq-1.1] 14 | 14 54 51 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

\Y
SSTL3  —
Class | 50
Test Point
25

T30pF

Figure 3-19 ¢ AC Loading

Table 3-69 ¢ AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vit (Typ) (V) | Croap (PF)
VREF—O.Z VREF+ 0.2 1.5 1.5 1.485 30
Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-70 » SSTL3 Class |
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V, Vpge= 1.5V

Speed Grade thour top | toin | tey | teour | tz | tzm tz | tyz | tzis | tzus | Units
—F 0.79 2.77 0.05 1.50 0.51 2.82 2.21 5.51 4.89 ns
Std. 0.66 2.31 0.04 1.25 0.43 2.35 1.84 4.59 4.07 ns
-1 0.56 1.96 0.04 1.06 0.36 2.00 1.56 3.90 3.46 ns
-2 0.49 1.72 0.03 0.93 0.32 1.75 1.37 3.42 3.04 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL3 Class Ii

Stub-Speed Terminated Logic for 3.3 V memory bus standard (JESD8-8). ProASIC3E devices support Class Il. This
provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-71 e Minimum and Maximum DC Input and Output Levels

SSTL3 Class 1l V"_ v".' VOL VOH IOL IOH los|_ losu |||_ I|H

Drive Strength|Min, V| Max, V | Min, V [Max, V|Max, V| Min, V | mA | mA | Max, mA! | Max, mA! | pA? | pA?

21 mA -0.3 |Vrgr—0.2|Vpgr+ 02| 3.6 05 [Vce-09| 21 | 21 109 103 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

Vg

SSTL3
Class Il 25

Test Point
25 T 30 pF

Figure 3-20  AC Loading

Table 3-72 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vir (Typ) (V) | Croap (PF)
Vgeg— 0.2 VR + 0.2 1.5 1.5 1.485 30

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-73 o SSTL3-Class Il
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V, Vpge = 1.5V

Speed Grade toour tor | toin | tey | teour | tzL tzn tz tyz | tzs | tzys | Units
—F 0.79 2.48 0.05 1.50 0.51 2.53 2.01 5.21 4.69 ns
Std. 0.66 2.07 0.04 1.25 0.43 2.10 1.67 4.34 3.91 ns
-1 0.56 1.76 0.04 1.06 0.36 1.79 1.42 3.69 3.32 ns
-2 0.49 1.54 0.03 0.93 0.32 1.57 1.25 3.24 2.92 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Differential 1/0 Characteristics

Physical Implementation

Configuration of the I/O modules as a differential pair is
handled by the Actel Designer software when the user
instantiates a differential I/O macro in the design.
Differential 1/Os can also be used in conjunction with the
embedded Input Register (InReg), Output Register
(OutReg), Enable Register (EnReg), and Double Data
Rate (DDR). However, there is no support for
bidirectional I/Os or tristates with the LVPECL standards.

LVDS

Low-Voltage Differential Signal (ANSI/TIA/EIA-644) is a
high-speed, differential I/O standard. It requires that one

data bit is carried through two signal lines; so two pins
are needed. It also requires external resistor termination.

The full implementation of the LVDS transmitter and
receiver is shown in an example in Figure 3-21. The
building blocks of the LVDS transmitter-receiver are one
transmitter macro, one receiver macro, three board
resistors at the transmitter end, and one resistor at the
receiver end. The values for the three driver resistors are
different from those used in the LVPECL implementation,
because the output standard specifications are different.

Along with the LVDS 1/0, ProASIC3E also will support
BusLVDS structure and Multi-Drop LVDS (M-LVDS)
configuration (up to 40 nodes).

Bourns Part Number: CAT16-LV4F12

OUTBUF_LVDS T B : FPGA
- 165 Q : Z0=50Q
| R % % . INBUF_LVDS
:140 Q 100 Q )
__%5 Q i Z0=50Q
N N
Figure 3-21 e LVDS Circuit Diagram and Board-Level Implementation
Table 3-74 ¢ Minimum and Maximum DC Input and Output Levels
DC Parameter Description Min. Typ. Max. Units
Ve Supply Voltage 2.375 2.5 2.625 \Y
Vol Output Low Voltage 0.9 1.075 1.25 \
Vou Output High Voltage 1.25 1.425 1.6 \Y%
\% Input Voltage 0 - 2.925 \Y
Vopire Differential Output Voltage 250 350 450 mV
Vocm Output Common Mode Voltage 1.125 1.25 1.375 \
Viem Input Common Mode Voltage 0.05 1.25 2.35 \Y
ViDIFr Input Differential Voltage 100 350 - mV
Notes:
1. +-5%
2. Differential input voltage = +/-350mV
Table 3-75 ¢ AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V)
1.075 1.325 Cross point -

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.
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Table 3-76 o LVDS

Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 2.3V
Speed Grade tpour tpp toin tpy Units
—F 0.79 2.25 0.05 2.18 ns
Std. 0.66 1.87 0.04 1.82 ns
=1 0.56 1.59 0.04 1.55 ns
-2 0.49 1.40 0.03 1.36 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

BLVDS/M-LVDS

Bus LVDS (BLVDS) and Multipoint LVDS (M-LVDS)
specifications extend the existing LVDS standard to high-
performance multipoint bus applications. Multidrop and
multipoint bus configurations may contain any
combination of drivers, receivers and transceivers. Actel
LVDS drivers provide the higher drive current required by
BLVDS and M-LVDS to accommodate the loading. The
driver requires series terminations for better signal quality
and to control voltage swing. Termination is also required
at both ends of the bus since the driver can be located
anywhere on the bus. These configurations can be
implemented using TRIBUF_LVDS and BIBUF_LVDS macros

along with appropriate terminations. Multipoint designs
using Actel LVDS macros can achieve upto 200 MHz with a
maximum of 20 loads. A sample application is given in
Figure 3-22. The input and output buffer delays are
available in the LVDS section in Table 3-76.

Example: For a bus consisting of 20 equidistant loads, the
following terminations provide the required differential
voltage, in worst case Industrial operating conditions, at
the farthest receiver: R¢=60Q and Ry=70Q, given
Zo =500 (2") and a Zgyp = 50 Q (~1.5").

Receiver Transceiver Driver
EN R M

Rs SRs Rs<SRs Rs SRs
Z VA Z

z

stub stub stub stub

Transceiver

x" <— BIBUF_LVDS

Receiver

W

Zstub
ZO

Vs — Vo —
U/ \V AR
% R
T Z, Z, Z,
|V AR— |V A

Figure 3-22 ¢ BLVDS/M-LVDS Multipoint Application Using LVDS 1/0 Buffers
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LVPECL

Low-Voltage Positive Emitter-Coupled Logic (LVPECL) is
another differential 1/0 standard. It requires that one
data bit is carried through two signal lines. Like LVDS,
two pins are needed. It also requires external resistor
termination.

The full implementation of the LVDS transmitter and
receiver is shown in an example in Figure 3-23. The

building blocks of the LVPECL transmitter-receiver are
one transmitter macro, one receiver macro, three board
resistors at the transmitter end, and one resistor at the
receiver end. The values for the three driver resistors are
different from those used in the LVDS implementation,
because the output standard specifications are different.

Bourns Par/t(Number: CAT16-PC4F12

FPGA S FPGA
OUTBUF_LVPECL | P _E/V\}\OO 0 : 70 = 50 Q P
[ ?187 W %100 o + INBUF_LVPECL
{V\‘{\oo Q : Z0=50Q
N N
Figure 3-23 e LVPECL Circuit Diagram and Board-Level Implementation
Table 3-77 ® Minimum and Maximum DC Input and Output Levels
DC Parameter Description Min. Max. Min. Max. Min. Max. Units
Ve Supply Voltage 3. 33 3.6
VoL Output Low Voltage 0.96 1.27 1.06 1.43 1.30 1.57 \%
Vou Output High Voltage 1.8 2.1 1.92 2.28 2.13 2.41 V
Vi VIH Input Low, Input High voltages 0 3.3 0 3.6 0 3.9 \
VobiFr Differential Output Voltage 0.625 0.97 0.625 0.97 0.625 0.97 \Y
Vocm Output Common Mode Voltage 1.762 1.98 1.762 1.98 1.762 1.98 \
Vicm Input Common Mode Voltage 1.01 2.57 1.01 2.57 1.01 2.57 \Y
VipiFe Input Differential Voltage 300 300 300 mV
Table 3-78 » AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V)
1.64 1.94 Cross point -

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-79 o LVPECL

Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V
Speed Grade tpour tpp tpoin tpy Units
—F 0.79 2.19 0.05 1.96 ns
Std. 0.66 1.83 0.04 1.63 ns
-1 0.56 1.55 0.04 1.39 ns
-2 0.49 1.36 0.03 1.22 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

Advanced v0.5




| YActel

| ProASIC3E Flash Family FPGAs

I/0 Register Specifications

Fully Registered 1/0 Buffers with Synchronous Enable and Asynchronous Preset

=
Preset EZl_ Z L
p=
D s
DOUT 5
Data_out <
= PRE Y F PRE 3
= E =l
Data EZ'— P D Q Core D Q = _Ea
T C | DFN1ETPT Array G DFN1E1P1 T
= —¢ E
Enable |§§|— Z EOUT
B
> D> e
H
D3
CLK w |
= A |
J PRE
D Q
K DFN1E1P1
Data Input I/O Register with: E
Active High Enable
Active High Preset L
Positive Edge Triggered
Data Output Register and
Enable Output Register with:
Active High Enable
LKBU INBUF INBUF Active High Preset

Postive Edge Triggered
~
-
O

Enable
D_Enable

Figure 3-24 * Timing Model of Registered I1/0 Buffers with Synchronous Enable and Asynchronous Preset
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Table 3-80 » Parameter Definition and Measuring Nodes

Parameter Name Parameter Definition Measuring Nodes (From, To)*
tocikq Clock-to-Q of the Output Data Register H, DOUT
tosup Data Setup time for the Output Data Register FH
toHD Data Hold time for the Output Data Register FH
tosue Enable Setup time for the Output Data Register G, H
toHE Enable Hold time for the Output Data Register G, H
toPrE2Q Asynchronous Preset-to-Q of the Output Data Register L, bOUT
tOREMPRE Asynchronous Preset removal time for the Output Data Register L, H
tORECPRE Asynchronous Preset Recovery time for the Output Data Register L, H
toEcikq Clock-to-Q of the Output Enable Register H, EOUT
toEsup Data Setup time for the Output Enable Register JLH
tOEHD Data Hold time for the Output Enable Register J,H
tOESUE Enable Setup time for the Output Enable Register K, H
tOEHE Enable Hold time for the Output Enable Register K, H
toePRE2Q Asynchronous Preset-to-Q of the Output Enable Register I, EOUT
tOEREMPRE Asynchronous Preset Removal time for the Output Enable Register I, H
tOERECPRE Asynchronous Preset Recovery time for the Output Enable Register I, H
ticikq Clock-to-Q of the Input Data Register AE
tisup Data Setup time for the Input Data Register C A
tHD Data Hold time for the Input Data Register C A
tisuE Enable Setup time for the Input Data Register B, A
tHE Enable Hold time for the Input Data Register B, A
tipRE2Q Asynchronous Preset-to-Q of the Input Data Register D, E
YREMPRE Asynchronous Preset Removal time for the Input Data Register D, A
tiRECPRE Asynchronous Preset Recovery time for the Input Data Register D, A

Note: *See Figure 3-24 on page 3-49 for more information.
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Fully Registered 1/0 Buffers with Synchronous Enable and Asynchronous Clear

"
Q
o
DOUT o
= v C Data_out| FF = -
= ore — =
@ D Q @
Data Eﬂ c D Q Array S _Eg
™ S EE DFN1E1C1 ™
DFN1E1C1
GG
g . ——— E EOUT
Enable D& CLR
BB > CLR
LL
e)
2 HH
= AA
= JJ b Q
CLR
EGE 5
- DFN1E1C1
KK
E
Data Input I/O Register with CLR
Active high enable
Active high clear
Positive edge triggered
Data Output Register and
Enable Output Register with
Active high enable
INBUF INBUF CLKBUF Active high clear
Positive edge triggered

|
X

Enable [ |—
X_

D_Enable

Figure 3-25 ¢ Timing Model of the Registered 1/0 Buffers with Synchronous Enable and Asynchronous Clear
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Table 3-81 ¢ Parameter Definition and Measuring Nodes

Parameter name Parameter Definition Measuring Nodes (From, To)*
tocLkq Clock-to-Q of the Output Data Register HH, DOUT
tosup Data Setup time for the Output Data Register FF, HH
toHD Data Hold time for the Output Data Register FF, HH
tosue Enable Setup time for the Output Data Register GG, HH
toHE Enable Hold time for the Output Data Register GG, HH
tocLr2q Asynchronous Clear-to-Q of the Output Data Register LL, DOUT
tOREMCLR Asynchronous Clear Removal time for the Output Data Register LL, HH
tORECCIR Asynchronous Clear Recovery time for the Output Data Register LL, HH
toecikq Clock-to-Q of the Output Enable Register HH, EOUT
toEsup Data Setup time for the Output Enable Register JJ, HH
tOEHD Data Hold time for the Output Enable Register JJ, HH
tOESUE Enable Setup time for the Output Enable Register KK, HH
tOEHE Enable Hold time for the Output Enable Register KK, HH
toecir2q Asynchronous Clear-to-Q of the Output Enable Register Il, EOUT
tOEREMCLR Asynchronous Clear Removal time for the Output Enable Register Il, HH
tOERECCLR Asynchronous Clear Recovery time for the Output Enable Register Il, HH
ticikq Clock-to-Q of the Input Data Register AA, EE
tisup Data Setup time for the Input Data Register CC, AA
tHD Data Hold time for the Input Data Register CC, AA
tisuE Enable Setup time for the Input Data Register BB, AA
tHE Enable Hold time for the Input Data Register BB, AA
ticlr2Q Asynchronous Clear-to-Q of the Input Data Register DD, EE
tREMCLR Asynchronous Clear Removal time for the Input Data Register DD, AA
tRECCIR Asynchronous Clear Recovery time for the Input Data Register DD, AA

Note: *See Figure 3-25 on page 3-51 for more information.
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Input Register

Yekmpwh tickmpwi
]

Yo
—{bsupf~—"
Data 1 50%¥ o 50% X X X
Enable 50% twere  [UIRECPRE tREMPRE
t|H - ||
- — | 0, 0 0,
oreset g 50% | 50% / 50%
Ywelr YRECCLR YREMCLR
- |
Clear 50%.[_\%0% / 50%
tiprE2Q
/ 50% -l 150% 50%
Out_1
- _.‘\‘S‘;ﬁ tICLFJ;
ticLkq

Figure 3-26 e Input Register Timing Diagram
Timing Characteristics

Table 3-82 « Input Data Register Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 Std. -F Units
ticlkQ Clock-to-Q of the Input Data Register 0.63 0.71 0.84 1.01 ns
tisub Data Setup time for the Input Data Register 0.43 0.49 0.57 0.69 ns
tHD Data Hold time for the Input Data Register 0.00 0.00 0.00 0.00 ns
tisuE Enable Setup time for the Input Data Register 0.43 0.49 0.57 0.69 ns
tHE Enable Hold time for the Input Data Register 0.00 0.00 0.00 0.00 ns
tictr2Q Asynchronous Clear-to-Q of the Input Data Register 0.63 0.71 0.84 1.01 ns
tipRE2Q Asynchronous Preset-to-Q of the Input Data Register 0.45 0.51 0.60 0.72 ns
tREMCLR Asynchronous Clear Removal time for the Input Data Register 0.00 0.00 0.00 0.00 ns
tRECCLR Asynchronous Clear Recovery time for the Input Data Register 0.22 0.25 0.30 0.36 ns
YREMPRE Asynchronous Preset Removal time for the Input Data Register 0.00 0.00 0.00 0.00 ns
YRECPRE Asynchronous Preset Recovery time for the Input Data Register |  0.22 0.25 0.30 0.36 ns
tiwcir Asynchronous Clear Minimum Pulse Width for the Input Data| 0.25 0.28 0.33 0.40 ns
Register
t\WPRE Asynchronous Preset Minimum Pulse Width for the Input Data| 0.25 0.28 0.33 0.40 ns
Register
tickMPWH Clock Minimum Pulse Width High for the Input Data Register 0.36 0.41 0.48 0.58 ns
tickMPWL Clock Minimum Pulse Width Low for the Input Data Register 0.41 0.46 0.54 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Output Register
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Figure 3-27 e Output Register Timing Diagram

Timing Characteristics

Table 3-83 ¢ Output Data Register Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 Std. -F Units
tocikq Clock-to-Q of the Output Data Register 0.63 | 0.71 0.84 | 1.01 ns
tosub Data Setup time for the Output Data Register 043 | 049 | 0.57 | 0.69 ns
toHD Data Hold time for the Output Data Register 0.00 [ 0.00 | 0.00 | 0.00 ns
tosue Enable Setup time for the Output Data Register 043 | 049 | 057 | 0.69 ns
toHE Enable Hold time for the Output Data Register 0.00 [ 0.00 | 0.00 | 0.00 ns
tocLr2q Asynchronous Clear-to-Q of the Output Data Register 0.63 | 0.71 0.84 | 1.01 ns
topPrRE2Q Asynchronous Preset-to-Q of the Output Data Register 045 | 0.51 | 060 | 0.72 ns
tOREMCLR Asynchronous Clear Removal time for the Output Data Register 0.00 | 0.00 [ 0.00 [ 0.00 ns
tORECCIR Asynchronous Clear Recovery time for the Output Data Register 0.22 | 025 | 0.30 | 0.36 ns
tOREMPRE Asynchronous Preset Removal time for the Output Data Register 0.00 | 0.00 [ 0.00 | 0.00 ns
tORECPRE Asynchronous Preset Recovery time for the Output Data Register 0.22 | 0.25 | 0.30 | 0.36 ns
towclr Asynchronous Clear Minimum Pulse Width for the Output Data Register | 0.25 | 0.28 | 0.33 | 0.40 ns
tOWPRE Asynchronous Preset Minimum Pulse Width for the Output Data Register | 0.25 | 0.28 [ 0.33 | 0.40 ns
toCcKMPWH Clock Minimum Pulse Width High for the Output Data Register 0.36 | 0.41 048 | 0.58 ns
tockMPWL Clock Minimum Pulse Width Low for the Output Data Register 0.41 046 | 0.54 | 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Output Enable Register

tOECKMPWH tOECKMP NL

—
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D_Enable 1 50%Y 0 50%* X X X

Enable 50%
toEweREe ToEREMPRE
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)
0,
Clear 50%/_\"\‘ 50% / ‘g’,\SOA:
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Figure 3-28 ¢ Output Enable Register Timing Diagram
Timing Characteristics

Table 3-84 « Output Enable Register Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 [ Std. | -F | Units
toEcLkQ Clock-to-Q of the Output Enable Register 0.63 1 0.71 | 0.84 | 1.01 ns
torsup Data Setup time for the Output Enable Register 0.43 | 0.49 | 0.57 | 0.69 ns
toEHD Data Hold time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
toESUE Enable Setup time for the Output Enable Register 0.43 1 0.49 [ 0.57 | 0.69 ns
tOEHE Enable Hold time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
toECLR2Q Asynchronous Clear-to-Q of the Output Enable Register 0.63 [ 0.71 | 0.84 | 1.01 ns
toEPRE2Q Asynchronous Preset-to-Q of the Output Enable Register 0.45 | 0.51 [ 0.60 | 0.72 ns
tOEREMCLR Asynchronous Clear Removal time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
tOERECCLR Asynchronous Clear Recovery time for the Output Enable Register 0.22 | 0.25 [ 0.30 | 0.36 ns
tOEREMPRE Asynchronous Preset Removal time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
tOERECPRE Asynchronous Preset Recovery time for the Output Enable Register 0.22 | 0.25 [ 0.30 | 0.36 ns
toRWCLR Asynchronous Clear Minimum Pulse Width for the Output Enable Register 0.25 [ 0.28 | 0.33 | 0.40 ns
tOEWPRE Asynchronous Preset Minimum Pulse Width for the Output Enable Register 0.25 ] 0.28 [ 0.33 | 0.40 ns
tOECKMPWH Clock Minimum Pulse Width High for the Output Enable Register 0.36 | 0.41 | 0.48 | 0.58 ns
tOECKMPWL Clock Minimum Pulse Width Low for the Output Enable Register 0.41 ] 0.46 | 0.54 | 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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DDR Module Specifications

Input DDR Module
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|
INBUF i i
DDR_IN i

Figure 3-29 e Input DDR Timing Model

Table 3-85  Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (From, To)
tDDRICLKQ1 Clock-to-Out Out_QR B, D
tbDRICLKQ2 Clock-to-Out Out_QF B, E
tDDRISUD Data Setup time of DDR input A, B
tDDRIHD Data Hold time of DDR input A, B
tDDRICLR2Q1 Clear-to-Out Out_QR D
tDDRICLR2Q2 Clear-to-Out Out_QF CE
tDDRIREMCLR Clear Removal C.B
tDDRIRECCLR Clear Recovery C.B
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Figure 3-30 e Input DDR Timing Diagram

Timing Characteristics

Table 3-86 * Input DDR Propagation Delays
Commercial-Case Conditions: T, = 70°C, Worst Case Vcc = 1.425 V

Parameter Description -2 -1 Std. -F Units
tDDRICLKQ1 Clock-to-Out Out_QR for Input DDR 0.63 0.71 0.84 1.01 ns
tDDRICLKQ2 Clock-to-Out Out_QF for Input DDR 0.63 0.71 0.84 1.01 ns
tDDRISUD Data Setup for Input DDR 0.53 0.61 0.71 0.86 ns
tDDRIHD Data Hold for Input DDR 0.00 0.00 0.00 0.00 ns
tDDRICLR2Q1 Asynchronous Clear to Out Out_QR for Input DDR 0.57 0.65 0.76 0.91 ns
tDDRICLR2Q2 Asynchronous Clear-to-Out Out_QF for Input DDR 0.57 0.65 0.76 0.91 ns
{DDRIREMCLR Asynchronous Clear Removal time for Input DDR 0.00 0.00 0.00 0.00 ns
{DDRIRECCLR Asynchronous Clear Recovery time for Input DDR 0.22 0.25 0.30 0.36 ns
{DDRIWCLR Asynchronous Clear Minimum Pulse Width for Input DDR ns
tDDRICKMPWH Clock Minimum Pulse Width High for Input DDR ns
tDDRICKMPWL Clock Minimum Pulse Width Low for Input DDR ns
FDDRIMAX Maximum Frequency for Input DDR MHz

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Figure 3-31 e Output DDR Timing Model

Table 3-87 ¢ Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (From, To)
tbprOCLKQ Clock-to-Out B, E
tDPROCLR2Q Asynchronous Clear-to-Out C E
{DDROREMCLR Clear Removal CB
{DDRORECCLR Clear Recovery C B
tbprOSUD1 Data Setup Data_F A B
tDDROSUD2 Data Setup Data_R D, B
tDDROHD1 Data Hold Data_F A, B
tDDROHD2 Data Hold Data_R D,B
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Figure 3-32 e Output DDR Timing Diagram

Timing Characteristics

Table 3-88 * Output DDR Propagation Delays
Commercial-Case Conditions: Ty = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 Std. -F Units
tDDROCLKQ Clock-to-Out of DDR for Output DDR 063 | 0.71 0.84 | 1.01 ns
tDDROSUD1 Data_F Data Setup for Output DDR 0.43 0.49 0.57 0.69 ns
tDDROSUD2 Data_R Data Setup for Output DDR 0.43 0.49 0.57 0.69 ns
{DDROHD 1 Data_F Data Hold for Output DDR 0.00 | 0.00 | 0.00 | 0.00 ns
tDDROHD2 Data_R Data Hold for Output DDR 0.00 | 0.00 | 0.00 | 0.00 ns
tDDROCLR2Q Asynchronous Clear-to-Out for Output DDR 0.57 0.65 | 0.76 | 0.91 ns
{DDROREMCLR Asynchronous Clear Removal time for Output DDR 0.00 | 0.00 | 0.00 | 0.00 ns
tDDRORECCLR Asynchronous Clear Recovery time for Output DDR 0.22 0.25 0.30 | 0.36 ns
{DDROWCLR1 Asynchronous Clear Minimum Pulse Width for Output DDR ns
tporockmpwH | Clock Minimum Pulse Width High for the Output DDR ns
toprockmpwe | Clock Minimum Pulse Width Low for the Output DDR ns
Fobomax Maximum Frequency for the Output DDR MHz

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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VersaTile Characteristics

VersaTile Specifications as a Combinatorial Module

The ProASIC3E library offers all combinations of LUT-3 combinatorial functions. In this section timing characteristics are
presented for a sample of the library. For more details, refer to the ProASIC3/E Macro Library Guide.
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) Y
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B —| NAND3 — —
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Figure 3-33 ¢ Sample of Combinatorial Cells
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Figure 3-34 ¢ Timing Model and Waveforms
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Timing Characteristics

Table 3-89 ¢ Combinatorial Cell Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Combinatorial Cell Equation Parameter -2 -1 Std. -F Units
INV Y=IA tpp 0.40 0.45 0.53 0.64 ns
AND2 Y=A-B tpp 0.46 0.52 0.62 0.74 ns
NAND2 Y=1A"-B) tpp 0.46 0.52 0.62 0.74 ns
OR2 Y=A+B tpp 0.47 0.54 0.63 0.76 ns
NOR2 Y =1(A+B) tpp 0.47 0.54 0.63 0.76 ns
XOR2 Y=ADB tpp 0.72 0.82 0.96 1.15 ns
MAJ3 Y =MAJ(A,B, Q) tpp 0.67 0.76 0.90 1.08 ns
XOR3 Y=A®B®C tpp 0.85 0.97 1.14 1.37 ns
MUX2 Y=AIS+BS tpp 0.49 0.56 0.65 0.79 ns
AND3 Y=A-B-C tpp 0.54 0.62 0.73 0.87 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

VersaTile Specifications as a Sequential Module

The ProASIC3E library offers a wide variety of sequential cells including flip-flops and latches. Each have a data input
and optional enable, clear, or preset. In this section, timing characteristics are presented for a representative sample
from the library. For more details, refer to the ProASIC3/E Macro Library Guide.

Data Out Data Out
— D Q D Q—
DFN1 Enl  DFN1E1
CLK N, CLK I
PRE
Data Out Data Out
— D Q D Q
DFN1C1 Enf DFI1E1PY
LK N CLK S
CLR

Figure 3-35 ¢ Sample of Sequential Cells
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Figure 3-36 ¢ Timing Model and Waveforms
Timing Characteristics
Table 3-90 e Register Delays
Commercial-Case Conditions: T) = 70°C, Worst Case V¢ = 1.425V
Parameter Description -2 -1 Std. -F Units
tcikq Clock-to-Q of the Core Register 0.54 0.61 0.72 0.86 ns
tsup Data Setup time for the Core Register 0.40 0.46 0.54 0.65 ns
thp Data Hold time for the Core Register 0.00 0.00 0.00 0.00 ns
tsuE Enable Setup time for the Core Register 0.43 0.49 0.57 0.69 ns
tHE Enable Hold time for the Core Register 0.00 0.00 0.00 0.00 ns
tclr2Q Asynchronous Clear-to-Q of the Core Register 0.40 0.45 0.53 0.64 ns
terE2Q Asynchronous Preset-to-Q of the Core Register 0.40 0.45 0.53 0.64 ns
tREMCLR Asynchronous Clear Removal time for the Core Register 0.00 0.00 0.00 0.00 ns
tRECCLR Asynchronous Clear Recovery time for the Core Register 0.22 0.25 0.30 0.36 ns
tREMPRE Asynchronous Preset Removal time for the Core Register 0.00 0.00 0.00 0.00 ns
tRECPRE Asynchronous Preset Recovery time for the Core Register 0.22 0.25 0.30 0.36 ns
twclr Asynchronous Clear Minimum Pulse Width for the Core Register 0.25 0.28 0.33 0.40 ns
tWPRE Asynchronous Preset Minimum Pulse Width for the Core Register 0.25 0.28 0.33 0.40 ns
tekMPWH Clock Minimum Pulse Width High for the Core Register 0.36 0.41 0.48 0.58 ns
tekmPwL Clock Minimum Pulse Width Low for the Core Register 0.41 0.46 0.54 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Global Resource Characteristics

A3PE600 Clock Tree Topology

Clock delays are device-specific. Figure 3-37 is an example of a global tree used for clock routing. The global tree

presented in Figure 3-37 is driven by a CCC located on the west side of the A3PE600 device. It is used to drive all D-flip-
flops in the device.

P Central
cc[>c P Global Rib
0 0 () 0 0 ) L~ VersaTile
i / Rows

|~

|- Global Spine

Figure 3-37 ¢ Example of Global Tree Use in an A3PE600 Device for Clock Routing
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Global Tree Timing Characteristics

Global clock delays include the central rib delay, the spine delay, and the row delay. Delays do not include I/0 input
buffer clock delays, as these are I/0 standard dependent and the clock may be driven and conditioned internally by the
CCC module. For more details on clock conditioning capabilities, please refer to the "Clock Conditioning Circuits"
section on page 2-13. Table 3-91, Table 3-92, and Table 3-93 on page 3-66 present minimum and maximum global clock
delays within the device. Minimum and maximum delays are measured with minimum and maximum loading.

Timing Characteristics

YActel
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Table 3-97 e A3PE600 Global Resource
Commercial-Case Conditions: T) = 70°C, Vcc = 1.425 V
-2 -1 Std. -F

Parameter Description Min." Max.2| Min." Max.2| Min." Max.2 | Min." Max.2 |Units
tRCKL Input Low Delay for Global Clock 0.83 1.04 | 094 1.18 1.11 1.39 1.33 1.67 ns
tRCKH Input High Delay for Global Clock 0.81 1.06 | 0.93 1.21 1.09 1.42 1.31 1.71 ns
trRckmpwH  [Minimum  Pulse Width High for Global ns

Clock
trckvpwe  [Minimum  Pulse Width Low for Global ns

Clock
tRCKSW Maximum Skew for Global Clock 0.25 0.28 0.33 0.40 ns
Frvax Maximum Frequency for Global Clock MHz
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element, located in a
lightly loaded row (single element is connected to the global net).
2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully loaded row
(all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

Table 3-92 « A3PE1500 Global Resource
Commercial-Case Conditions: T) = 70°C, Vcc = 1.425 V
-2 -1 Std. -F

Parameter Description Min." Max.2| Min." Max.2 | Min." Max.2 | Min." Max.2 |Units
tRCKL Input Low Delay for Global Clock 1.07 1.29 1.22 1.47 1.43 1.72 1.72 2.07 ns
tRCKH Input High Delay for Global Clock 1.06 1.32 1.21 1.50 1.42 1.76 1.71 2.12 ns
trckmpwH  [(Minimum  Pulse Width High for Global ns

Clock
trckmpwl  |Minimum  Pulse Width Low for Global ns

Clock
tRCKSW Maximum Skew for Global Clock 0.26 0.29 0.34 0.41 ns
FrRMAX Maximum Frequency for Global Clock MHz
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element, located in a
lightly loaded row (single element is connected to the global net).
2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully loaded row
(all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-93  A3PE3000 Global Resource
Commercial-Case Conditions: Ty = 70°C, Vcc = 1.425 V
-2 -1 Std. -F

Parameter Description Min." Max.2| Min." Max.2 | Min." Max.2 | Min." Max.? |Units
tRCKL Input Low Delay for Global Clock 1.41 1.62 1.60 1.85 1.88 217 | 226 261 ns
tRCKH Input High Delay for Global Clock 140  1.66 1.59 1.89 1.87 222 | 225 266 ns
trekmpwH  [Minimum: Pulse Width High for Global ns

Clock
trekmpwl  [Minimum  Pulse Width Low for Global ns

Clock
tRCKSW Maximum Skew for Global Clock 0.26 0.29 0.35 0.41 ns
Frvax Maximum Frequency for Global Clock MHz
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element, located in a lightly
loaded row (single element is connected to the global net).

2.

(all available flip-flops are connected to the global net in the row).

For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully loaded row
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Embedded SRAM and FIFO Characteristics
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Figure 3-38 ¢« RAM Models
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Timing Waveforms
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Figure 3-39 ¢ RAM Read for Pass-Through Output
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Figure 3-40  RAM Read for Pipelined Output
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Figure 3-41 « RAM Write, Output Retained (WMODE = 0)
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Figure 3-42 ¢ RAM Write, Output as Write Data (WMODE = 1)

Advanced

v0.5 3-69



| ProASIC3E Flash Family FPGAs

l< als

aop1 SOK Py XXXRKX A XXX A XXX
I<tDS= :tDH=

o K p KXXXK B3 XKKKK By XXX
tyng

ae N TN N T

tas | tan
ao02 T A x><><><>|2_7_§|<><><><x XXX
02 <_tx>°<>4&
5 DD 00T S T 0706 ¢
(pass-through) L 0 1

DO2 ka2
(Pipelined) D, 01010“01‘10

Figure 3-43 e One Port Write/Other Port Read Same

teve

TekH Tk
CLK

RESET_B

DO D X Z X D,

TrsTBQ
|l ———>

Figure 3-44 ¢ RAM Reset

3-70 Advanced v0.5



Timing Characteristics

YActel

ProASIC3E Flash Family FPGAs

Table 3-94 « RAMA4K9

Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V
Parameter Description -2 -1 Std. -F Units
tas Address Setup time 0.30 0.34 0.40 0.48 ns
tAH Address Hold time 0.00 0.00 0.00 0.00 ns
tEns REN_B,WEN_B Setup time 0.20 0.22 0.26 0.32 ns
tENH REN_B, WEN_B Hold time 0.03 0.03 0.04 0.05 ns
tgks BLK_B Setup time 0.29 0.33 0.39 0.47 ns
takH BLK_B Hold time 0.00 0.00 0.00 0.00 ns
tps Input data (DI) Setup time 0.24 0.27 0.32 0.38 ns
toH Input data (DI) Hold time 0.00 0.00 0.00 0.00 ns
tekqr Clock High to New Data Valid on DO (output retained, WMODE = 0) 1.58 1.80 2.1 2.54 ns

Clock High to New Data Valid on DO (pass-through, WMODE = 1) 2.12 2.42 2.84 3.42 ns
tekq2 Clock HIGH to New Data Valid on DO (pipelined) 0.69 0.79 0.93 1.12 ns
tRsTBQ RESET_B Low to Data Out Low on DO (pass-through) 0.82 0.94 1.10 1.32 ns

RESET_B Low to Data Out Low on DO (pipelined) 0.82 0.94 1.10 1.32 ns
tREMRSTB RESET_B Removal 0.31 0.35 0.41 0.49 ns
tRECRSTB RESET_B Recovery 1.38 1.56 1.84 2.21 ns
tMPWRSTB RESET_B Minimum Pulse Width 0.20 0.23 0.27 0.33 ns
teve Clock Cycle time 1.96 2.22 2.61 3.14 ns
Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
Table 3-95 ¢ RAM512X18

Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V
Parameter Description -2 -1 Std. -F Units
tas Address Setup time 0.30 0.34 0.40 0.48 ns
tAH Address Hold time 0.00 0.00 0.00 0.00 ns
tens REN_B,WEN_B Setup time 0.24 0.28 0.32 0.39 ns
tENH REB_B, WEN_B Hold time 0.00 0.00 0.00 0.00 ns
tps Input data (DI) Setup time 0.22 0.25 0.30 0.36 ns
toH Input data (DI) Hold time 0.00 0.00 0.00 0.00 ns
tekQ1 Clock High to New Data Valid on DO (output retained, WMODE =0)| 1.93 2.19 2.58 3.10 ns
tekqz Clock High to New Data Valid on DO (pipelined) 0.70 0.79 0.93 1.12 ns
tRsTBQ RESET_B Low to Data Out Low on DO (pass-through) 0.82 0.94 1.10 1.32 ns

RESET_B Low to Data Out Low on DO (pipelined) 0.82 0.94 1.10 1.32 ns
tREMRSTS RESET_B Removal 0.31 0.35 0.41 0.49 ns
tRECRSTB RESET_B Recovery 1.38 1.56 1.84 2.21 ns
tMPWRSTB RESET_B Minimum Pulse Width 0.20 0.23 0.27 0.33 ns
teve Clock Cycle time 1.96 2.22 2.61 3.14 ns
Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Figure 3-45 ¢ FIFO Model
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Timing Waveforms
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Figure 3-48 ¢ FIFO FULL Flag and AFULL Flag Assertion
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Figure 3-50 * FIFO FULL Flag and AFULL Flag Deassertion

Timing Characteristics

Table 3-96 ¢ FIFO
Commercial-Case Conditions: T) = 70°C, Vcc = 1.425 V

Parameter Description -2 -1 Std. -F Units
tens REN_B,WEN_B Setup time 0.28 0.32 0.38 0.45 ns
tENH REN_B, WEN_B Hold time 0.00 0.00 0.00 0.00 ns
teks BLK_B Setup time 0.25 0.29 0.34 0.40 ns
takH BLK_B Hold time 0.00 0.00 0.00 0.00 ns
tps Input data (DI) Setup time 0.22 0.25 0.30 0.36 ns
tbH Input data (DI) Hold time 0.00 0.00 0.00 0.00 ns
tekar Clock High to New Data Valid on DO (pass-through) 2.12 2.42 2.84 3.42 ns
tekaQe Clock High to New Data Valid on DO (pipelined) 0.69 0.79 0.93 1.12 ns
tRCKEF RCLK High to Empty Flag Valid 1.53 1.74 2.05 2.46 ns
tWCKEF WCLK High to Full Flag Valid 1.45 1.65 1.94 2.33 ns
tekar Clock High to Almost Empty/Full Flag Valid 3.50 3.99 4.69 5.63 ns
trRsTEG RESET_B Low to Empty/Full Flag valid 1.55 1.77 2.08 2.49 ns
tRsTAF RESET_B Low to Almost-Empty/Full Flag Valid 3.43 3.91 4.59 5.52 ns
tRsTBQ RESET_B Low to Data out Low on DO (pass-through) 0.82 0.94 1.10 1.32 ns
RESET_B Low to Data out Low on DO (pipelined) 0.82 0.94 1.10 1.32 ns
tREMRSTB RESET_B Removal 0.30 0.34 0.40 0.48 ns
tRECRSTB RESET_B Recovery 1.35 1.53 1.80 2.17 ns
tMPWRSTB RESET_B Minimum Pulse Width 0.20 0.23 0.27 0.32 ns
teve Clock Cycle time 1.94 2.20 2.59 3.11 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Embedded FlashROM Characteristics
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Figure 3-51 e Timing Diagram

Timing Characteristics
Table 3-97 ¢ Embedded FlashROM Access Time

Parameter Description -2 -1 Std. Units
tsy Address setup Time TBD TBD TBD ns
tHoLp Address Hold Time TBD TBD TBD ns
tekaq Clock to out TBD TBD TBD ns
IVIN% Maximum Clock frequency TBD TBD TBD Mhz

JTAG 1532 Characteristics

JTAG timing delays do not include JTAG 1/Os. To obtain complete JTAG timing, add I/O buffer delays to the
corresponding standard selected, refer to the I/0 Timing characteristics for more details.

Timing Characteristics

Table 3-98 » JTAG 1532
Commercial-Case Conditions: Ty = 70°C, V¢ = 1.425 V

Parameter Description -2 -1 Std. Units
toisu Test Data Input Setup Time ns
tDIHD Test Data Input Hold Time ns
trmssu Test Mode Select Setup Time ns
tTMDHD Test Mode Select Hold Time ns
trck2q Clock to Q (Data Out) ns
tRsTB2Q Reset to Q (Data Out) ns
Frekmax TCK maximum frequency 20 20 20 MHz
tTRSTREM ResetB Removal time ns
tTRSTREC ResetB Recovery time ns
tTRSTMPW ResetB minimum pulse ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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| ProASIC3E Flash Family FPGAs

Package Pin Assignments

208-Pin PQFP

== 208-Pin PQFP —

Note

For Package Manufacturing and Environmental information, visit the Resource Center at
http://www.actel.com/products/rescenter/package/index.html.
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| ProASIC3E Flash Family FPGAs

208-Pin PQFP*

208-Pin PQFP*

208-Pin PQFP*

Pin Number

A3PE600 Function

Pin Number

A3PE600 Function

Pin Number

A3PE600 Function

1 GND 39 I0108PSB6VO 77 I083NPB5VO
2 GNDQ 40 VccB6 78 I082NPB5VO

3 VMV7 41 GND 79 I083PPB5VO

4 GAB2/I0133PSB7V1 42 I0106PDB6VO 80 I082PPB5VO

5 GAA2/I0134PDB7V1 43 I0106NDB6VO 81 GND

6 I0134NDB7V1 44 GEC1/0104PDB6VO 82 IO8ONDB4V1

7 GAC2/I0132PDB7V1 45 GEC0/I0104NDB6VO 83 I080PDB4V1

8 I0132NDB7V1 46 GEB1/0103PPB6VO 84 I079NPB4V1

9 I0130PDB7V1 47 GEA1/0102PPB6VO 85 I078NPB4V1

10 I0130NDB7V1 48 GEBO/I0103NPB6VO 86 I079PPBAV 1

11 I0127PDB7V1 49 GEA0/I0102NPB6VO 87 I078PPBAV 1

12 I0127NDB7V1 50 VMV6 88 Vee

13 I0126PDB7V0 51 GNDQ 89 VccB4

14 I0126NDB7VO 52 GND 90 I076NDB4V1

15 10124PSB7V0 53 VMV5 91 I076PDB4V1

16 Vee 54 GNDQ 92 I072NDB4VO
17 GND 55 I0101NDB5V2 93 |072PDB4VO
18 VccB7 56 GEA2/I0101PDB5V2 94 I070NDB4VO
19 10122PPB7VO 57 I0100NDB5V2 95 GDC2/I070PDB4VO
20 I0121PSB7VO 58 GEB2/I0100PDB5V2 9% I068NDB4VO
21 I0122NPB7V0 59 I099NDB5V2 97 GND

22 GFC1/10120PSB7VO0 60 GEC2/I099PDB5V?2 98 GDA2/I068PDB4VO
23 GFB1/10119PDB7VO0 61 I098PSB5V2 99 GDB2/I069PSB4V0
24 GFBO/IO119NDB7VO 62 VcciB5 100 GNDQ

25 Ve ompLE 63 I096PSB5V2 101 TCK

26 GFAO/I0118NPB6V 1 64 I094NDB5V1 102 TDI

27 Vecpr 65 GND 103 ™S

28 GFA1/10118PPB6V1 66 |094PDB5V1 104 VMV4

29 GND 67 I092NDB5V1 105 GND

30 GFA2/I0117PDB6V1 68 I092PDB5V1 106 Veump

31 I0117NDB6V1 69 |088NDB5VO0 107 GNDQ

32 GFB2/10116PPB6V1 70 I088PDB5VO 108 TDO

33 GFC2/10115PPB6V 1 71 Vee 109 TRST

34 I0116NPB6V/1 72 VccBS 110 Vitag

35 I0115NPB6V1 73 IO85NPB5VO 111 VMV3

36 Vee 74 I084NPB5VO 112 GDAO/IO67NPB3V 1
37 I0112PDB6V1 75 I085PPB5VO 113 GDBO/IO66NPB3V 1
38 I0112NDB6V1 76 |084PPB5VO 114 GDA1/I067PPB3V1

Note:

*Refer to the "User I/O Naming Convention" section on page 2-50.
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| ProASIC3E Flash Family FPGAs

208-Pin PQFP* 208-Pin PQFP* 208-Pin PQFP*

Pin Number | A3PE600 Function Pin Number | A3PE600 Function Pin Number | A3PE600 Function
115 GDB1/1066PPB3V1 153 GBB2/I037PSB2V0 191 IO13NDBOV?2
116 GDCO0/IO65NDB3V1 154 VMV2 192 I011PSBOV1
17 GDC1/1065PDB3V1 155 GNDQ 193 I009PDBOV1
118 I062NDB3V1 156 GND 194 IO09NDBOV1
119 I062PDB3V1 157 VMV1 195 GND
120 IO58NDB3V0 158 GNDQ 196 I007PDBOV1
121 I058PDB3V0O 159 GBA1/1035PDB1V1 197 IO07NDBOV1
122 GND 160 GBAO/IO35NDB1V1 198 IO05PDBOVO
123 VccB3 161 GBB1/1034PDB1V1 199 IO05NDBOVO
124 GCC2/1I055PSB3V0 162 GND 200 VccBO
125 GCB2/1054PSB3V0 163 GBB0/I034NDB1V1 201 GAC1/1002PDBOVO
126 NC 164 GBC1/I033PDB1V1 202 GACO/I002NDBOVO
127 IO53NDB3V0 165 GBCO/I0O33NDB1V1 203 GAB1/1001PDBOVO
128 GCA2/1053PDB3V0 166 I031PDB1V1 204 GABO/IO0TNDBOVO
129 GCA1/1052PPB3V0 167 IO31NDB1V1 205 GAA1/1000PDBOVO
130 GND 168 I027PDB1V0O 206 GAAO0/IOOONDBOVO
131 VeepLe 169 I027NDB1VO 207 GNDQ
132 GCAO/I0O52NPB3VO 170 VceB1 208 VMVO
133 VcompLe 171 Vee
134 GCBO/IO5TNDB2V1 172 I023PPB1V0O
135 GCB1/1051PDB2V1 173 1022PSB1VO
136 GCC1/1050PSB2V1 174 I023NPB1V0O
137 IO49NDB2V1 175 I021PDB1V0O
138 I049PDB2V1 176 I021NDB1V0O
139 1048PSB2V1 177 IO19PPBOV2
140 VeeB2 178 GND
141 GND 179 I018PPBOV2
142 Vee 180 IO19NPBOV2
143 I047NDB2V1 181 IO18NPBOV2
144 1047PDB2V1 182 I017PPBOV2
145 I044NDB2V1 183 I016PPBOV2
146 1044PDB2V1 184 I017NPBOV2
147 I043NDB2V0 185 IO16NPBOV2
148 I043PDB2V0 186 Ve BO
149 I040NDB2VO 187 Vee
150 I040PDB2VO 188 I015PDBOV2
151 GBC2/1038PSB2V0 189 IO15NDBOV2
152 GBA2/1036PSB2V0 190 I013PDBOV2

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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| ProASIC3E Flash Family FPGAs

208-Pin PQFP* 208-Pin PQFP* 208-Pin PQFP*
Pin Number | A3PE1500 Function Pin Number | A3PE1500 Function Pin Number | ASPE1500 Function
1 GND 39 I0176PSB6V1 77 I0138NDB5V0
2 GNDQ 40 VccB6 78 I0138PDB5V0
3 VMV7 41 GND 79 I0135NDB5V0
4 GAB2/10213PSB7V3 42 10172PDB6V1 80 I0135PDB5V0
5 GAA2/10214PDB7V3 43 I0172NDB6V1 81 GND
6 I0214NDB7V3 44 GEC1/10165PDB6VO 82 I0123NDB4V3
7 GAC2/10212PDB7V3 45 GECO0/I0165NDB6VO 83 I0123PDB4V3
8 10212NDB7V3 46 GEB1/10164PPB6VO 84 I0122NDB4V?2
9 [0210PDB7V3 47 GEA1/10163PPB6VO 85 10122PDB4V2
10 I0210NDB7V3 48 GEBO/IO164NPB6VO 86 I0119NDB4V?2
11 10208PDB7V2 49 GEAO/IO163NPB6VO 87 I0119PDB4V2
12 I0208NDB7V2 50 VMV6 88 Vee
13 10204PDB7V2 51 GNDQ 89 VccB4
14 I0204NDB7V?2 52 GND 90 I0115NDB4V?2
15 [0200PSB7V1 53 VMV5 91 |0115PDB4V2
16 Vee 54 GNDQ 92 I0111NDB4V1
17 GND 55 I0162NDB5V3 93 I0111PDB4V1
18 Ve B7 56 GEA2/10162PDB5V3 94 I0O109NDB4V1
19 I0196PDB7V1 57 I0161NDB5V3 95 GDC2/10109PDB4V1
20 I0196NDB7V1 58 GEB2/10161PDB5V3 96 I0108NDB4V0O
21 I0193PSB7V0 59 I0160NDB5V3 97 GND
22 GFC1/10188PSB7V0 60 GEC2/10160PDB5V3 98 GDB2/10108PDB4V0
23 GFB1/10187PDB7V0 61 I0159PSB5V3 99 GDA2/10107PSB4V0
24 GFBO/IO187NDB7V0 62 VceB5 100 GNDQ
25 VEOMPLE 63 I0157PSB5V3 101 TCK
26 GFA0/I0186NPB6V2 64 I0153NDB5V2 102 TDI
27 Veertr 65 GND 103 T™S
28 GFA1/10186PPB6V?2 66 I0153PDB5V2 104 VMV4
29 GND 67 I0149NDB5V?2 105 GND
30 GFA2/10185PDB6V2 68 I0149PDB5V2 106 Vpump
31 I0185NDB6V?2 69 I0145NDB5V1 107 GNDQ
32 GFB2/I0184PPB6V2 70 10145PDB5V1 108 TDO
33 GFC2/10183PPB6V2 71 Vee 109 TRST
34 I0184NPB6V2 72 VceBS 110 ViTaG
35 I0183NPB6V2 73 I0141NDB5V1 NN VMV3
36 Ve 74 I0141PDB5V1 112 GDAO/IO106NPB3V2
37 I0180PDB6V2 75 I0140NDB5V1 113 GDBO0/IOT05NPB3V2
38 I0180NDB6V?2 76 10140PDB5V1 14 GDA1/10106PPB3V2

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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| ProASIC3E Flash Family FPGAs

208-Pin PQFP* 208-Pin PQFP* 208-Pin PQFP*

Pin Number | A3PE1500 Function Pin Number | A3PE1500 Function Pin Number | ASPE1500 Function
115 GDB1/10105PPB3V2 153 GBB2/1059PSB2V0 191 IO15NDBOV1
116 GDCO0/I0104NDB3V2 154 VMV2 192 I012PSBOV1
117 GDC1/10104PDB3V2 155 GNDQ 193 I011PDBOV1
118 I0101NDB3V2 156 GND 194 IO11NDBOV1
119 I0101PDB3V2 157 VMV1 195 GND
120 IO97NDB3V1 158 GNDQ 196 IO08PDBOV1
121 I097PDB3V1 159 GBA1/I057PDB1V3 197 IO08NDBOV1
122 GND 160 GBAO/IO57NDB1V3 198 IO05PDBOVO
123 VceB3 161 GBB1/I056PDB1V3 199 IOO5NDBOVO
124 GCC2/1086PSB3V0O 162 GND 200 VccBO
125 GCB2/1085PSB3V0 163 GBBO/IO56NDB1V3 201 GAC1/1002PDB0OVO
126 NC 164 GBC1/I055PDB1V3 202 GACO/I002NDBOVO
127 I084NDB3V0 165 GBCO/IO55NDB1V3 203 GAB1/1001PDBOVO
128 GCA2/1084PDB3V0 166 IO51PDB1V2 204 GABO/IO0TNDBOVO
129 GCA1/1083PPB3VO 167 IO51NDB1V2 205 GAA1/1000PDBOVO
130 GND 168 I047PDB1V1 206 GAAO0/IOOONDBOVO
131 VeepLe 169 I047NDB1V1 207 GNDQ
132 GCA0/I083NPB3VO 170 VBl 208 VMVO
133 VcompLc 171 Vee
134 GCBO/IO82NDB2V3 172 I042PSB1V1
135 GCB1/1082PDB2V3 173 [041PDB1V1
136 GCC1/1081PSB2V3 174 IO41NDB1V1
137 IO79NDB2V3 175 I038PDB1V0
138 I079PDB2V3 176 IO38NDB1V0
139 I077PSB2V3 177 I031PDBOV3
140 VeeB2 178 GND
141 GND 179 IO31NDBOV3
142 Vee 180 I028PDB0OV3
143 IO70NDB2V?2 181 I028NDBOV3
144 I070PDB2V2 182 I026PDBOV3
145 IO67NDB2V?2 183 I026NDBOV3
146 I067PDB2V2 184 I023PDB0OV2
147 I0O66NDB2V1 185 I023NDBO0OV2
148 |066PDB2V 1 186 Ve BO
149 I063NDB2V1 187 Vee
150 |I063PDB2V1 188 |I018PDBOV2
151 GBC2/1060PSB2V0 189 IO18NDBOV?2
152 GBA2/1058PSB2V0 190 IO15PDBOV1

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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208-Pin PQFP* 208-Pin PQFP* 208-Pin PQFP*
Pin Number | ASPE3000 Function Pin Number | ASPE3000 Function Pin Number | ASPE3000 Function
1 GND 37 [0250PDB6V2 73 [0200NDB5V1
2 GNDQ 38 I0250NDB6V2 74 [0200PDB5V1
3 VMV7 39 10246PSB6V1 75 I0196NDB5V0
4 GAB2/I0303PSB7V3 40 VccB6 76 I0196PDB5V0O
5 GAA2/I0304PDB7V3 41 GND 77 I0195NDB5V0
6 I0304NDB7V3 42 10242PDB6V1 78 I0195PDB5VO
7 GAC2/10302PDB7V3 43 I0242NDB6V1 79 I0192NDB5VO
8 I0302NDB7V3 44 GEC1/10234PPB6VO 80 [0192PDB5V0
9 10298PDB7V3 45 GEB1/10233PPB6VO 81 GND
10 I0298NDB7V3 46 GEC0/10234NPB6VO 82 I0182NDB4V3
11 10294PDB7V2 47 GEBO/I0233NPB6VO 83 I0182PDB4V3
12 I0294NDB7V2 48 GEA1/10232PDB6VO 84 I0178NDB4V3
13 I0290PDB7V2 49 GEA0/I0232NDB6V0 85 I0178PDB4V3
14 I0290NDB7V2 50 VMV6 86 I0174NDB4V2
15 10286PSB7V1 51 GNDQ 87 I0174PDB4V2
16 Vee 52 GND 88 Vee
17 GND 53 VMV5 89 Ve B4
18 VccB7 54 GNDQ 90 I0168NDB4V2
19 10282PDB7V1 55 I0231NDB5V4 91 I0168PDB4V2
20 [0282NDB7V1 56 GEA2/10231PDB5V4 92 I0164NDB4V1
21 10278PSB7V0 57 I0230NDB5V4 93 I0164PDB4V1
22 GFC1/10274PSB7V0 58 GEB2/10230PDB5V4 94 I0154NDB4V0
23 GFB1/10273PDB7V0 59 I0229NDB5V4 95 GDC2/10154PDB4V0
24 GFB0/I0273NDB7V0 60 GEC2/10229PDB5V4 96 I0153NDB4VO0
25 VcoOMPLE 61 10228PSB5V4 97 GND
26 GFA0/I0272NPB6V4 62 VceB5 98 GDB2/10153PDB4V0
27 VeepLe 63 10216NDB5V3 99 GDA2/I0152PSB4VO0
28 GFA1/10272PPB6V4 64 10216PDB5V3 100 GNDQ
29 GND 65 GND 101 TCK
30 GFA2/10271PDB6V4 66 I0212PSB5V2 102 TDI
31 027 1NDB6V4 67 I0210NDB5V2 103 ™S
32 GFB2/10270PPB6V4 68 [0210PDB5V2 104 VMV4
33 GFC2/10269PPB6V4 69 [0206NDB5V1 105 GND
34 I0270NPB6V4 70 I0206PDB5V1 106 Vpump
35 I0269NPB6V4 71 Vee 107 GNDQ
36 Vee 72 VceB5 108 TDO

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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| ProASIC3E Flash Family FPGAs

208-Pin PQFP* 208-Pin PQFP* 208-Pin PQFP*

Pin Number | ASPE3000 Function Pin Number | ASPE3000 Function Pin Number | ASPE3000 Function
109 TRST 145 I096NDB2V1 181 |037NDBOV4
110 Vitag 146 |096PDB2V1 182 |035PDBOV4
111 VMV3 147 I091NDB2V1 183 IO35NDB0OV4
112 GDAO/IO151NPB3V4 148 I091PDB2V1 184 I032PDBOV3
113 GDBO0/I0O150NPB3V4 149 IO88NDB2V0 185 I032NDBOV3
114 GDA1/10151PPB3V4 150 I088PDB2V0 186 Ve BO
115 GDB1/10150PPB3V4 151 GBC2/1084PSB2V0 187 Vee
116 GDCO0/I0149NDB3V4 152 GBA2/1082PSB2V0O 188 |028PDBOV3
117 GDC1/10149PDB3V4 153 GBB2/1083PSB2V0 189 I028NDB0OV3
118 I0146NDB3V4 154 VMV?2 190 1024PDB0OV2
119 I0146PDB3V4 155 GNDQ 191 |024NDB0OV2
120 I0142NDB3V3 156 GND 192 1021PSBOV2
121 I0142PDB3V3 157 VMV1 193 I016PDBOV1
122 GND 158 GNDQ 194 I016NDBOV1
123 VB3 159 GBA1/1081PDB1V4 195 GND
124 GCC2/10117PSB3V0 160 GBAO/IO81NDB1V4 196 I011PDBOV1
125 GCB2/10116PSB3V0 161 GBB1/1080PDB1V4 197 I011NDBOV1
126 NC 162 GND 198 I008PDBOVO
127 I0115NDB3VO0 163 GBBO0/IO8ONDB1V4 199 IO08NDBOVO
128 GCA2/10115PDB3V0 164 GBC1/1079PDB1V4 200 VccBO
129 GCA1/10114PPB3VO 165 GBCO/I0O79NDB1V4 201 GAC1/1002PDB0OVO
130 GND 166 I074PDB1V4 202 GACO0/I002NDB0OVO
131 Veepe 167 I074NDB1V4 203 GAB1/1001PDBOVO
132 GCAO0/I0114NPB3VO 168 I070PDB1V3 204 GABO/IO0OTNDBOVO
133 VeompLe 169 IO70NDB1V3 205 GAA1/I000PDBOVO
134 GCBO/I0OT113NDB2V3 170 VceB1 206 GAAO/IOOONDBOVO
135 GCB1/10113PDB2V3 171 Vee 207 GNDQ
136 GCC1/10112PSB2V3 172 I067PSB1V3 208 VMVO
137 I0110NDB2V3 173 |066PDB1V3
138 I0110PDB2V3 174 IO66NDB1V3
139 I0106PSB2V3 175 I063PDB1V2
140 VB2 176 I063NDB1V2
141 GND 177 |040PDBOV4
142 Vee 178 GND
143 I099NDB2V?2 179 I040NDBOV4
144 I099PDB2V2 180 |037PDBOV4

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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ProASIC3E Flash Family FPGAs

256-Pin FBGA
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ProASIC3E Flash Family FPGAs

256-Pin FBGA*

256-Pin FBGA*

256-Pin FBGA*

Pin Number | A3PE600 Function Pin Number | A3PE600 Function Pin Number | A3PE600 Function
Al GND C6 GAC1/1002PDBOVO E11 VBl
A2 GAAO0/I0OOONDBOVO c7 I0O15NDBOV2 E12 VMV1
A3 GAA1/I000PDBOVO c8 I015PDB0OV2 E13 GBC2/1038PDB2V0
A4 GABO/IO0TNDBOVO c9 I020PDB1V0O E14 I037NDB2V0
A5 I005PDBOVO Cc10 I025NDB1V0 E15 I041NDB2V0
Ab I010PDBOV1 c11 |027PDB1V0 E16 1041PDB2VO
A7 |012PDBOV2 c12 GBCO/I033NDB1V1 F1 10124PDB7V0
A8 IOT16NDBOV2 C13 Veers F2 I0125PDB7V0
A9 IO23NDB1V0 C14 VMV2 F3 I0126PDB7V0
A10 I023PDB1V0O C15 I036NDB2V0 F4 IO130NDB7V1
A11 I028NDB1V1 c16 |042PDB2V0 F5 VcceB7
A12 1028PDB1V1 D1 I0128PDB7V1 F6 GND
A13 GBB1/1034PDB1V1 D2 I0129PDB7V1 F7 Vee
Al4 GBAOQ/IO35NDB1V1 D3 GAC2/10132PDB7V1 F8 Ve
A15 GBA1/I035PDB1V1 D4 VcompLA F9 Ve
A16 GND D5 GNDQ F10 Vee
B1 GAB2/10133PDB7V1 D6 IO09NDBOV1 F11 GND
B2 GAA2/10134PDB7V1 D7 I009PDBOV1 F12 VB2
B3 GNDQ D8 |013PDBOV2 F13 I038NDB2V0
B4 GAB1/I001PDB0OVO D9 I021PDB1VO F14 IO40NDB2VO
B5 IO05NDBOVO D10 I025PDB1VO0 F15 I040PDB2VO
B6 IOTONDBOV1 D11 I027NDB1V0 F16 I045PSB2V1
B7 I012NDB0OV2 D12 GNDQ G1 I0124NDB7V0
B8 I016PDBOV2 D13 VeompLB G2 I0125NDB7VO0
B9 I020NDB1V0 D14 GBB2/1037PDB2V0 G3 I0126NDB7V0
B10 I024NDB1VO0 D15 I039PDB2VO0 G4 GFC1/10120PPB7V0
B11 1024PDB1VO0 D16 IO39NDB2VO G5 VccB7
B12 GBC1/I033PDB1V1 E1 I0128NDB7V1 G6 Vee
B13 GBB0/IO34NDB1V1 E2 I0129NDB7V1 G7 GND
B14 GNDQ E3 I0132NDB7V1 G8 GND
B15 GBA2/1036PDB2V0 E4 I0130PDB7V1 G9 GND
B16 I042NDB2V0 E5 VMVO G10 GND
1 IO133NDB7V1 E6 VccBO G11 Ve
2 I0134NDB7V1 E7 VcciBO G12 VeeB2
C3 VMV7 E8 I013NDBOV2 G13 GCC1/1050PPB2V1
c4 Veepia E9 102 1NDB1V0 G4 I044NDB2V1
C5 GACO/I002NDBOVO E10 VceB1 G15 1044PDB2V1

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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| ProASIC3E Flash Family FPGAs

256-Pin FBGA* 256-Pin FBGA* 256-Pin FBGA*

Pin Number | A3PE600 Function Pin Number | A3PE600 Function Pin Number | A3PE600 Function
G16 I049NSB2V1 K5 VcciB6 M10 Ve B4
H1 GFB0/I0119NPB7V0 K6 Vee M11 Ve B4
H2 GFA0/10118NDB6V1 K7 GND M12 VMV3
H3 GFB1/10119PPB7V0 K8 GND M13 Veepn
H4 VeOMPLE K9 GND M14 GDB1/I066PPB3V 1
H5 GFC0/I0120NPB7V0 K10 GND M15 GDC1/1065PDB3V1
H6 Vee K11 Vee M16 I061NDB3V1
H7 GND K12 VccB3 N1 I0O105PDB6VO
H8 GND K13 I054NPB3VO0 N2 IOT05NDB6VO
H9 GND K14 IO57NPB3V0 N3 GEC1/10104PPB6VO
H10 GND K15 I055NPB3VO N4 VCOMPLE
H11 Vee K16 I057PPB3VO N5 GNDQ
H12 GCCO/IO50NPB2V1 L1 I0113NPB6V1 N6 GEA2/10101PPB5V2
H13 GCB1/I051PPB2V1 L2 I0109PPB6VO N7 I092NDB5V1
H14 GCAO0/I052NPB3V0O L3 I0108PDB6VO N8 IO90NDB5V1
H15 VCOMPLC L4 I0108NDB6VO N9 I082NDB5VO
H16 GCBO/IO5TNPB2V1 L5 VccB6 N10 |074NDB4V1
N GFA2/10117PSB6V1 L6 GND N11 I074PDB4V1
J2 GFA1/10118PDB6V1 L7 Vee N12 GNDQ
3 Veerir L8 Ve N13 VcompLp
J4 IO116NDB6V 1 L9 Ve N14 VitaG
J5 GFB2/I0116PDB6V1 L10 Vee N15 GDCO/I0O65NDB3V1
J6 Vee L11 GND N16 GDA1/1067PDB3V1
17 GND L12 VB3 P1 GEB1/10103PDB6VO
J8 GND L13 GDBO/IO66NPB3V1 p2 GEBO/IO103NDB6VO
J9 GND L14 IO60NDB3V1 P3 VMV6
J10 GND L15 IO60PDB3V1 P4 Veepe
M Vee L16 I061PDB3V1 P5 IOT101NPB5V2
12 GCB2/1054PPB3V0 M1 IO109NPB6VO P6 IO95PPB5V1
J13 GCA1/1052PPB3V0O M2 I0106NDB6V0O P7 I092PDB5V1
114 GCC2/1055PPB3VO M3 I0106PDB6VO P8 I090PDB5V1
J15 Veeric M4 GECO0/I0104NPB6VO P9 I082PDB5V0
116 GCAZ2/I053PSB3V0 M5 VMV5 P10 IO76NDB4V1
K1 GFC2/10115PSB6V1 M6 VceB5 P11 I076PDB4V1
K2 I0113PPB6V1 M7 VcceB5 P12 VMV4
K3 I0112PDB6V1 M8 I084NDB5V0O P13 TCK
K4 I0112NDB6V1 M9 |084PDB5VO P14 Vpump

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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256-Pin FBGA*

Pin Number | A3PE600 Function

P15 TRST

P16 GDAO0/I0O67NDB3V1

R1 GEA1/10102PDB6VO

R2 GEA0/IO102NDB6V0

R3 GNDQ

R4 GEC2/1099PDB5V?2
R5 IO95NPB5V1

R6 I0O91NDB5V1

R7 I091PDB5V1

R8 IO83NDB5V0O
R9 I083PDB5VO
R10 I077NDB4V1
R11 |077PDB4V1
R12 IO69NDB4VO
R13 GDB2/I069PDB4V0
R14 TDI

R15 GNDQ

R16 TDO

T1 GND

T2 I0O100NDB5V2
T3 GEB2/10100PDB5V2
T4 I099NDB5V2

T5 IO88NDB5V0

T6 |O88PDB5V0

T7 IO89NSB5VO

T8 IO80ONSB4V1

T9 IO81NDB4V1
T10 I081PDB4V1
T11 I070NDB4V0
T12 GDC2/1070PDB4V0
T13 I068NDB4V0
T14 GDA2/1068PDB4V0
T15 T™S
T16 GND

Note:

*Refer to the "User I/O Naming Convention" section on page 2-50.
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484-Pin FBGA

A1 Ball Pad Corner
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Note

For Package Manufacturing and Environmental information, visit the Resource Center at

http://www.actel.com/products/rescenter/package/index.html.
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484-Pin FBGA*

484-Pin FBGA*

484-Pin FBGA*

YActel

ProASIC3E Flash Family FPGAs

Pin Number | A3PE600 Function Pin Number | A3PE600 Function Pin Number | A3PE600 Function
Al GND B15 NC D7 GABO/IO0TNDBOVO
A2 GND B16 IO30NDB1V1 D8 I005PDBOVO
A3 VccBO B17 IO30PDB1V1 D9 IO10PDBOV1
Ad IO06NDBOV1 B18 I032PDB1V1 D10 I012PDB0OV2
A5 I006PDBOV1 B19 NC D11 I016NDBOV2
A6 IO08NDBOV1 B20 NC D12 I023NDB1VO
A7 IO08PDBOV1 B21 VB2 D13 I023PDB1VO0
A8 I011PDBOV1 B22 GND D14 I028NDB1V1
A9 I017PDB0OV2 C1 VccB7 D15 1028PDB1V1
A10 IO18NDBOV2 c2 NC D16 GBB1/1034PDB1V1
A1 I018PDB0OV2 Cc3 NC D17 GBAO/IO35NDB1V1
A12 I022PDB1VO0 c4 NC D18 GBA1/I035PDB1V1
A13 I026PDB1V0 C5 GND D19 GND
Al4 I029NDB1V1 Cc6 I004NDBOVO D20 NC
A15 I029PDB1V1 c7 1004PDBOVO D21 NC
Al6 IO31NDB1V1 Cc8 Vee D22 NC
A17 I031PDB1V1 9 Vee E1 NC
A18 I0O32NDB1V1 C10 I014NDBOV2 E2 NC
A19 NC C11 IO19NDBOV2 E3 GND
A20 VceB1 C12 NC E4 GAB2/10133PDB7V1
A21 GND c13 NC E5 GAA2/10134PDB7V1
A22 GND C14 Vee E6 GNDQ
B1 GND C15 Vee E7 GAB1/1001PDBOVO
B2 VccB7 C16 NC E8 IOO5NDBOVO
B3 NC c17 NC E9 IO10NDBOV1
B4 IO03NDBOVO c18 GND E10 I012NDBOV2
B5 I003PDBOVO c19 NC E11 I016PDBOV2
B6 IO07NDBOV1 C20 NC E12 I020NDB1V0
B7 I007PDBOV1 C21 NC E13 I024NDB1V0
B8 I011NDBOV1 C22 VB2 E14 1024PDB1VO0
B9 I017NDBOV2 D1 NC E15 GBC1/I033PDB1V1
B10 1014PDBOV2 D2 NC E16 GBBO/IO34NDB1V1
B11 I019PDBOV2 D3 NC E17 GNDQ
B12 I022NDB1V0 D4 GND E18 GBA2/1036PDB2V0
B13 I026NDB1V0 D5 GAAO0/IOOONDBOVO E19 I042NDB2V0
B14 NC D6 GAA1/1000PDBOVO E20 GND

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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| ProASIC3E Flash Family FPGAs

484-Pin FBGA* 484-Pin FBGA* 484-Pin FBGA*

Pin Number | A3PE600 Function Pin Number | A3PE600 Function Pin Number | A3PE600 Function
E21 NC G13 I025PDB1VO J5 I0125PDB7V0
E22 NC G14 I027NDB1V0 J6 10126PDB7V0
F1 NC G15 GNDQ 17 IO130NDB7V1
F2 I0131NDB7V1 G16 VeoMPLE 18 VecB7
F3 I0131PDB7V1 G17 GBB2/1037PDB2V0 J9 GND
F4 I0133NDB7V1 G18 I039PDB2V0 J10 Vee
F5 I0134NDB7V1 G19 I0O39NDB2VO N Vee
F6 VMV7 G20 |043PDB2VO J12 Vee
F7 Vecpia G21 I043NDB2V0 13 Vee
F8 GACO0/I002NDBOVO G22 NC 14 GND
F9 GAC1/1002PDBOVO H1 NC )15 VccB2
F10 I0O15NDBOV2 H2 NC 116 I038NDB2V0
F11 I015PDBOV2 H3 Vee 17 I040NDB2VO
F12 I020PDB1VO H4 I0128NDB7V1 J18 |040PDB2VO
F13 I025NDB1V0 H5 I0129NDB7V1 J19 I045PDB2V1
F14 I027PDB1V0O H6 I0132NDB7V1 120 NC
F15 GBCO/I033NDB1V1 H7 I0130PDB7V1 121 1048PDB2V1
F16 Veeps H8 VMVO 122 |I046PDB2V1
F17 VMV2 H9 VccBO K1 I0121NDB7VO0
F18 I036NDB2V0 H10 VccBO K2 I0121PDB7V0
F19 1042PDB2V0 H11 I013NDBOV2 K3 NC
F20 NC H12 I021NDB1V0 K4 I0124NDB7V0
F21 NC H13 VBl K5 I0125NDB7V0
F22 NC H14 VBl K6 I0126NDB7V0
G1 I0127NDB7V1 H15 VMV1 K7 GFC1/10120PPB7V0
G2 I0127PDB7V1 H16 GBC2/1038PDB2V0 K8 VccB7
G3 NC H17 I037NDB2V0 K9 Vee
G4 I0128PDB7V1 H18 I041NDB2V0O K10 GND
G5 I0129PDB7V1 H19 1041PDB2V0O K11 GND
G6 GAC2/10132PDB7V1 H20 Vee K12 GND
G7 VcoMmPLA H21 NC K13 GND
G8 GNDQ H22 NC K14 Vee
G9 IO09NDBOV1 N I0123NDB7V0 K15 VB2
G10 I009PDBOV1 J2 I0123PDB7V0 K16 GCC1/1050PPB2V1
G111 I013PDBOV2 J3 NC K17 I044NDB2V1
G12 I021PDB1VO J4 I0124PDB7V0 K18 1044PDB2V1

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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| ProASIC3E Flash Family FPGAs

484-Pin FBGA* 484-Pin FBGA* 484-Pin FBGA*

Pin Number | A3PE600 Function Pin Number | A3PE600 Function Pin Number | A3PE600 Function
K19 I049NPB2V1 M11 GND P3 I0115NDB6V1
K20 I045NDB2V1 M12 GND P4 I0113NPB6V1
K21 I048NDB2V1 M13 GND P5 I0109PPB6VO
K22 I046NDB2V1 M14 Vee P6 I0108PDB6V0O

L1 NC M15 GCB2/1054PPB3V0 P7 |0108NDB6VO

L2 I0122PDB7V0 M16 GCA1/1052PPB3V0 P8 VccB6

L3 I0122NDB7V0 M17 GCC2/1055PPB3VO P9 GND

L4 GFBO/IO119NPB7VO M18 VeerLe P10 Vee

L5 GFAO0/I0O118NDB6V1 M19 GCA2/1053PDB3V0 P11 Vee

L6 GFB1/10119PPB7V0 M20 IO53NDB3V0 P12 Vee

L7 VCOMPLE M21 I056PDB3VO P13 Vee

L8 GFCO0/10120NPB7V0 M22 NC P14 GND

L9 Vee N1 I0114PDB6V1 P15 VB3
L10 GND N2 I0111NDB6V1 P16 GDBO/IO66NPB3V1
L11 GND N3 NC P17 IO60NDB3V1
L12 GND N4 GFC2/10115PDB6V1 P18 I060PDB3V1
L13 GND N5 I0113PPB6V1 P19 I061PDB3V1
L14 Vee N6 I0112PDB6V1 P20 NC

L15 GCCO0/I050NPB2V1 N7 I0112NDB6V1 P21 IO59PDB3VO0
L16 GCB1/1051PPB2V1 N8 VccB6 P22 I0O58NDB3V0
L17 GCAO0/I052NPB3V0 N9 Vee R1 NC

L18 VcompLe N10 GND R2 I0110PDB6VO
L19 GCBO/IO5TNPB2V1 N11 GND R3 Vee

L20 I049PPB2V1 N12 GND R4 I0O109NPB6VO
L21 I047NDB2V1 N13 GND R5 I0106NDB6VO
L22 I047PDB2V1 N14 Vee R6 I0106PDB6VO
M1 NC N15 VB3 R7 GECO0/I0O104NPB6VO
M2 I0114NDB6V1 N16 IO54NPB3V0 R8 VMV5

M3 I0117NDB6V1 N17 IO57NPB3V0O R9 VccB5
M4 GFA2/10117PDB6V1 N18 IO55NPB3V0 R10 VccB5

M5 GFA1/10118PDB6V1 N19 I057PPB3VO R11 I084NDB5VO
M6 VeepLr N20 NC R12 I084PDB5VO
M7 I0116NDB6V1 N21 I056NDB3V0 R13 VccB4
M8 GFB2/I0116PDB6V 1 N22 I058PDB3V0 R14 VccB4
M9 Vee P1 NC R15 VMV3
M10 GND P2 I0111PDB6V1 R16 Veep

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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484-Pin FBGA*

484-Pin FBGA*

484-Pin FBGA*

Pin Number

A3PE600 Function

Pin Number

A3PE600 Function

Pin Number

A3PE600 Function

R17 GDB1/1066PPB3V1 uo IO95PPB5V1 W1 NC

R18 GDC1/1065PDB3V1 u10 I092PDB5V1 W2 NC

R19 I061NDB3V1 Ut I090PDB5V1 W3 NC

R20 Vee u12 I082PDB5V0O W4 GND

R21 IO59NDB3V0 u13 I076NDB4V1 W5 IO100NDB5V2
R22 I062PDB3V1 u14 I076PDB4V1 W6 GEB2/10100PDB5V2
T1 NC u15 VMV4 W7 I0O99NDB5V?2
T2 IO110NDB6VO u16 TCK W8 IO88NDB5V0O
T3 NC u17 Vounp W9 I088PDB5V0
T4 I0105PDB6VO u18 TRST W10 IO89NDB5V0O
T5 IO105NDB6V0O u19 GDAO/IO67NDB3V1 W11 IO80ONDB4V1
T6 GEC1/10104PPB6VO u20 NC W12 IO81NDB4V1
17 VeompLE u21 I064NDB3V1 W13 1081PDBA4V1
T8 GNDQ u22 |063PDB3V1 W14 I070NDB4V0
19 GEA2/I0101PPB5V2 V1 NC W15 GDC2/1070PDB4V0
T10 I092NDB5V1 V2 NC W16 I068NDB4V0
11 IO90NDB5V1 V3 GND W17 GDA2/1068PDB4V0
T12 I082NDB5V0 V4 GEA1/10102PDB6VO W18 ™S

T13 I074NDB4V1 V5 GEAO0/IO102NDB6VO W19 GND

T14 I074PDB4V1 V6 GNDQ W20 NC

T15 GNDQ V7 GEC2/1099PDB5V?2 W21 NC

T16 VCOMPLD V8 I095NPB5V/1 W22 NC

T17 Vitac V9 I091NDB5V1 Y1 VccB6
T18 GDCO/IO65NDB3V1 V10 I091PDB5V1 Y2 NC

T19 GDA1/1067PDB3V1 V11 IO83NDB5V0O Y3 NC

T20 NC V12 I083PDB5VO Y4 I098NDB5V2
T21 I064PDB3V1 V13 I077NDB4V1 Y5 GND

122 I062NDB3V1 V14 I077PDB4V1 Y6 I094NDB5V1
U1 NC V15 I0O69NDB4V0 Y7 1094PDB5V1
u2 I0107PDB6V0O V16 GDB2/1069PDB4V0 Y8 Vee

u3 I0107NDB6VO V17 TDI Y9 Vee

ua GEB1/10103PDB6VO V18 GNDQ Y10 I089PDB5VO
U5 GEBO/IO103NDB6VO V19 TDO Y11 I080PDB4V1
ué VMV6 V20 GND Y12 IO78NPB4V1
u7 VeepLe V21 NC Y13 NC

us8 IO101NPB5V2 V22 IO63NDB3V1 Y14 Vee

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.

Advanced v0.5
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484-Pin FBGA*

Pin Number

A3PE600 Function

Pin Number

A3PE600 Function

Y15 Vee AB7 I093PDB5V1
Y16 NC AB8 I087NDB5V0
Y17 NC AB9 I087PDB5VO
Y18 GND AB10 NC

Y19 NC AB11 NC

Y20 NC AB12 I075NDB4V1
Y21 NC AB13 I075PDB4V1
Y22 VccB3 AB14 I072NDB4VO
AA1 GND AB15 I072PDB4VO
AA2 VccB6 AB16 I073NDB4VO
AA3 NC AB17 I073PDB4VO
AA4 I098PDB5V2 AB18 NC
AAS5 I096NDB5V2 AB19 NC
AAG I096PDB5V2 AB20 VB4
AA7 I086NDB5VO AB21 GND
AA8 I086PDB5VO AB22 GND
AA9 I085PDB5VO0

AA10 I085NDB5VO

AATT I078PPBA4V 1

AA12 I079NDB4V1

AA13 I079PDB4V1

AA14 NC

AAT5 NC

AA16 107 1NDB4VO

AA17 I071PDB4VO

AA18 NC

AA19 NC

AA20 NC

AA21T VccB3

AA22 GND

AB1 GND

AB2 GND

AB3 VccB5

AB4 I097NDB5V2

ABS5 I097PDB5V2

AB6 I093NDB5V1

Note: *Refer to the "User I/O Naming Convention" section on page 2-50.
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676-Pin FBGA
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Note

For Package Manufacturing and Environmental information, visit the Resource Center at
http://www.actel.com/products/rescenter/package/index.html.
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ProASIC3E Flash Family FPGAs

896-Pin FBGA
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Note

For Package Manufacturing and Environmental information, visit the Resource Center at
http://www.actel.com/products/rescenter/package/index.html.
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| ProASIC3E Flash Family FPGAs

Datasheet Information

List of Changes

The following table lists critical changes that were made in the current version of the document.

Previous Version | Changes in Current Version (Advanced v0.5) Page
Advanced v0.4 BLVDS and M-LVDS are new I/O standards added to the datasheets. N/A
(October 2005) The term flow-through was changed to pass-through. N/A
The "Pro I/Os with Advanced /O Standards" section was updated to include I/O bank 1-5
information.
Figure 2-7 e Very-Long-Line Resources was updated. 2-7
The footnotes in Figure 2-16 e CCC/PLL Macro were updated. 2-17
The Delay Increments in the Programmable Delay Blocks specification in Table 2-4 e ProASIC3E 2-18
CCC/PLL Specification was updated.
The "SRAM and FIFO" section was updated. 2-21
The "RESET" section was updated. 2-24
The "WCLK and RCLK" section was updated. 2-25
The "RESET" section was updated. 2-25
The "RESET" section was updated. 2-26
The "Introduction" of the "Pro I/Os" section was updated. 2-27
Table 2-15 e /O Features ProASIC3E was updated. 2-31
The "Double Data Rate (DDR) Support” section was updated to include information concerning 2-34
implementation of the feature.
The "Electrostatic Discharge (ESD) Protection" section was updated to include testing 2-37
information.
The notes in Table 2-18 e I/O Hot-Swap and 5 V Input Tolerance Capabilities were updated. 2-37
The "Simultaneous Switching Outputs and Printed Circuit Board Layout" section is new. 2-42
A footnote was added to Table 2-16 e Maximum I/O Frequency for Single-Ended, Voltage- 2-32
Referenced, and Differential I/Os.
Table 2-20 e 1/0 Attributes vs. I/O Standard Applications was updated. 2-46
Table 2-21 e I/O Standards—SLEW and Output Drive (OUT_DRIVE) Settings was updated. 2-47
The "x" was updated in the "User /0 Naming Convention" section. 2-50
The "VCC Core Supply Voltage" pin description was updated. 2-51
The "VMVx I/0O Supply Voltage (quiet)" pin description was updated to include information 2-51
concerning leaving the pin unconnected

Advanced v0.3 The "VITAG JTAG Supply Voltage" pin description was updated. 2-51
The "VPUMP Programming Supply Voltage" pin description was updated to include information 2-51

on what happens when the pin is tied to ground.
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Previous Version Changes in Current Version (Advanced v0.5) Page
Advanced v0.3 The "I/O User Input/Output” pin description was updated to include information on what 2-52
continued happens when the pin is unused.
The "JTAG Pins" description was updated to include information on what happens when the 2-52
pin is unused.
The "Programming" section was updated to include information concerning serialization. 2-53
The "JTAG 1532" section was updated to include SAMPLE/PRELOAD information. 2-54
The "DC and Switching Characteristics" section chapter was updated with new information. starting on
page 3-1

The CCC Output Peak-to-Peak Period Jitter Fccc oyt was updated in Table 2-4. 2-18
EXTFB was removed from Figure 2-18. 2-19
The LVPECL specification in Table 2-16 was updated. 2-32
Table 2-17 was updated. 2-36
The "Cold-Sparing Support" was updated. 2-37
The "Electrostatic Discharge (ESD) Protection" was updated. 2-37
The Vjrag and I/O pin descriptions were updated in the "Pin Descriptions” 2-50
The "JTAG Pins" was updated. 2-52
Table 3-6 was updated. 3-4
Paca Was updated in Table 3-10. 3-7
Table 3-17 was updated. 3-18
The note in Table 3-24 was updated. 3-22
All Timing Characteristic tables were updated from LVTTL to Register Delays. 3-24 to 3-63
The Timing Characteristics for RAM4K9, RAM512X18, and FIFO were updated. 3-71 to 3-75
Frckmax Was updated in Table 3-98. 3-76

Advanced v0.2 The "I/Os Per Package1" table was updated. 1-ii
Figure 2-4 was updated. 2-4
The "Clock Resources (VersaNets)" section was updated. 2-8
The "VersaNet Global Networks and Spine Access" section was updated. 2-10
The "PLL Macro" section was updated. 2-15
Figure 2-16 was updated. 2-17
Figure 2-19 was updated. 2-20
Table 2-6 was updated. 2-24
Table 2-7 was updated. 2-24
The "FIFO Flag Usage Considerations" section was updated. 2-27
The Table 2-14 was updated. 2-30
Figure 2-23 was updated. 2-33
The "Cold-Sparing Support" is new. 2-37
Table 2-18 was updated. 2-37
Table 2-20 was updated. 2-46
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Previous Version Changes in Current Version (Advanced v0.5) Page
Advanced v0.2 The "User I/O Naming Convention" was updated. 2-50
continued Pin descriptions in the "JTAG Pins" were updated. 2-52
Table 3-7 was updated. 3-4

The "Methodology" was updated. 3-8

The A3PE3000 "208-Pin PQFP*" pin table was updated. 4-2

Datasheet Categories

In order to provide the latest information to designers, some datasheets are published before data has been fully
characterized. Datasheets are designated as “Product Brief,” “Advanced,” “Production,” and “Web-only.” The
definition of these categories are as follows:

Product Brief

The product brief is a summarized version of a advanced datasheet (advanced or production) containing general
product information. This brief gives an overview of specific device and family information.

Advanced

This datasheet version contains initial estimated information based on simulation, other products, devices, or speed
grades. This information can be used as estimates, but not for production.

Datasheet Supplement

The datasheet supplement gives specific device information for a derivative family that differs from the general family
datasheet. The supplement is to be used in conjunction with the datasheet to obtain more detailed information and
for specifications that do not differ between the two families.

Unmarked (production)

This datasheet version contains information that is considered to be final.

Export Administration Regulations (EAR)

The product described in this datasheet is subject to the Export Administration Regulations (EAR). They could require
an approved export license prior to export from the United States. An export includes release of product or disclosure
of technology to a foreign national inside or outside the United States.
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