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FlashLock

Features and Benefits

High-Performance Reprogrammable Flash

Technology
¢ Advanced 130-nm, 7-Layer Metal, Flash-Based CMOS Process
¢ Nonvolatile, Retains Program when Powered Off
e Live at Power-Up (LAPU) Single-Chip Solution
e 350 MHz System Performance

Embedded Flash Memory
e User Flash Memory — 2 Mbits to 8 Mbits
— Configurable 8-, 16-, or 32-Bit Datapath
— 10 ns Access in Read-Ahead Mode
¢ 1 kbit of Additional FlashROM

Integrated A/D Converter (ADC) and Analog I/0
¢ Up to 12-Bit Resolution and up to 600 ksps
¢ Internal 2.56 V or External Reference Voltage
e ADC: Up to 30 Scalable Analog Input Channels
¢ High-Voltage Input Tolerance: -10.5V to +12 V
e Current Monitor and Temperature Monitor Blocks
e Up to 10 MOSFET Gate Driver Outputs
— P-and N-Channel Power MOSFET Support
— Programmable 1, 3, 10, 30 pA and 20 mA Drive Strengths
e ADC Accuracy is Better than 1%

On-Chip Clocking Support
¢ Internal 100 MHz RC Oscillator (accurate to 1%)
e Crystal Oscillator Support (32 kHz to 20 MHz)
* Programmable Real-Time Counter (RTC)
¢ 6 Clock Conditioning Circuits (CCCs) with 1 or 2 Integrated
PLLs
— Phase Shift, Multiply/Divide, and Delay Capabilities

Fusion Family

— Frequency: Input 1.5-350 MHz, Output 0.75-350 MHz

Low Power Consumption
¢ Single 3.3 V Power Supply with On-Chip 1.5 V Regulator
¢ Sleep and Standby Low Power Modes

In-System Programming (ISP) and Security
e Secure ISP with 128-Bit AES via JTAG
e FlashLock® to Secure FPGA Contents

Advanced Digital I/0

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

e Bank-Selectable I/O Voltages — Up to 5 Banks per Chip

¢ Single-Ended I/0 Standards: LVTTL, LVCMOS
33V/25v/18Vv/15V, 33VPC / 33VPC-X, and
LVCMOS 2.5V /5.0 V Input

e Differential I/0 Standards: LVPECL, LVDS, BLVDS, and M-LVDS
— Built-In I/O Registers
— 700 Mbps DDR Operation

e Hot-Swappable I/Os

¢ Programmable Output Slew Rate, Drive Strength, and Weak
Pull-Up/Down Resistor

¢ Pin-Compatible Packages across the Fusion Family

SRAMs and FIFOs
e Variable-Aspect-Ratio 4,608-Bit SRAM Blocks (x1, x2, x4, x9,
and x18 organizations available)
e True Dual-Port SRAM (except x18)
* Programmable Embedded FIFO Control Logic

Soft ARM7™ Core Support in M7 and M1 Fusion Devices

e ARM Cortex™-M1 (without debug), CoreMP7Sd (with
debug) and CoreMP7S (without debug)

Fusion Devices AFS090 AFS250 AFS600 AFS1500
ARM-Enabled CoreMP7 ! M7AFS600
Fusion Devices Cortex-M1 4 M1AFS250 M1AFS600 M1AFS1500
System Gates 90,000 250,000 600,000 1,500,000
Tiles (D-flip-flops) 2,304 6,144 13,824 38,400
Secure (AES) ISP Yes Yes Yes Yes
General PLLs 1 1 2 2
Information Globals 18 18 18 18
Flash Memory Blocks (2 Mbits) 1 1 2 4
Total Flash Memory Bits 2M 2M 4M 8M
Memory FlashROM Bits 1k 1k 1k 1k
RAM Blocks (4,608 bits) 6 8 24 60
RAM kbits 27 36 108 270
Analog Quads 5 6 10 10
Analog Input Channels 15 18 30 30
Gate Driver Outputs 5 6 10 10
Analog and 1/0s
1/0 Banks (+ JTAG) 4 5 5
Maximum Digital 1/Os 75 114 172 252
Analog I/Os 20 24 40 40

Notes:
1. Refer to the CoreMP7 datasheet for more information.

2. Refer to the Cortex-M1 product brief for more information.
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Fusion Device Architecture Overview
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Figure 1-1 » Fusion Device Architecture Overview (AFS600)
Package 1/0s: Single-/Double-Ended (Analog)
Fusion Devices AFS090 AFS250 AFS600 AFS1500
CoreMP7 M7AFS600
ARM-Enabled Devices Cortex-M1 M1AFS250 M1AFS600 M1AFS1500
QN108 37/9 (16)
QN180 60/16 (20) 65/15 (24)
PQ208 93/26 (24) 95/46 (40)
FG256 75/22 (20) 114/37 (24) 119/58 (40) 119/58 (40)
FG484 172/86 (40) 223/109 (40)
FG676 252/126 (40)

Note: All devices in the same package are pin compatible with the exception of the PQ208 package (AFS250 and AFS600).
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Product Ordering Codes

M7AFS600 - 1 FG G 256 |

I— Application (ambient temperature range)

Blank = Commercial (0 to +70°C)
I = Industrial (-40 to +85°C)
PP = Pre-Production
ES = Engineering Silicon (room temperature only)

Package Lead Count

'— Lead-Free Packaging Options
Blank = Standard Packaging
G = RoHS-Compliant (green) Packaging

L Package Type
QN = Quad Flat No Lead (0.5 mm pitch)
PQ = Plastic Quad Flat Pack (0.5 mm pitch)

FG = Fine Pitch Ball Grid Array (1.0 mm pitch)
— Speed Grade
F = 20% Slower than Standard
Blank = Standard
1 = 15% Faster than Standard
2 = 25% Faster than Standard

— Part Number

Fusion Devices
AFS090 = 90,000 System Gates
AFS250 = 250,000 System Gates
AFS600 = 600,000 System Gates
AFS1500 1,500,000 System Gates
ARM-Enabled Fusion Devices
M7AFS600 = 600,000 System Gates

M1AFS250 = 250,000 System Gates
M1AFS600 = 600,000 System Gates
M1AFS1500 = 1,500,000 System Gates

Notes:

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

2. Quad Flat No Lead packages are only offered as RoHS compliant, QNG.
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Temperature Grade Offerings

Fusion Devices AFS090 AFS250 AFS600 AFS1500
CoreMP7 M7AFS600

ARM-Enabled Devices Cortex-M1 M1AFS250 M1AFS600 M1AFS1500
QN108 Gl - - -
QN180 Gl (o - -
PQ208 - (o] Gl -
FG256 (o Gl Gl Gl
FG484 - - C C
FG676 - - - Gl
Notes:
1. C= Commercial Temperature Range: 0°C to 70°C Ambient
2. | =Industrial Temperature Range: —-40°C to 85°C Ambient
Speed Grade and Temperature Grade Matrix

-F Std. -1 -2
< v v v v
1 - v v v
Notes:

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

2. C=Commercial Temperature Range: 0°C to 70°C Ambient

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

Contact your local Actel representative for device availability (http://www.actel.com/contact/offices/index.html).
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1 - Fusion Device Family Overview

Introduction

The Actel Fusion® mixed-signal FPGA satisfies the demand from system architects for a device that
simplifies design and unleashes their creativity. As the world’s first mixed-signal programmable
logic family, Fusion integrates mixed-signal analog, flash memory, and FPGA fabric in a monolithic
device. Actel Fusion devices enable designers to quickly move from concept to completed design
and then deliver feature-rich systems to market. This new technology takes advantage of the
unique properties of Actel flash-based FPGAs, including a high-isolation, triple-well process and the
ability to support high-voltage transistors to meet the demanding requirements of mixed-signal
system design.

Actel Fusion mixed-signal FPGAs bring the benefits of programmable logic to many application
areas, including power management, smart battery charging, clock generation and management,
and motor control. Until now, these applications have only been implemented with costly and
space-consuming discrete analog components or mixed-signal ASIC solutions. Actel Fusion mixed-
signal FPGAs present new capabilities for system development by allowing designers to integrate a
wide range of functionality into a single device, while at the same time offering the flexibility of
upgrades late in the manufacturing process or after the device is in the field. Actel Fusion devices
provide an excellent alternative to costly and time-consuming mixed-signal ASIC designs. In
addition, when used in conjunction with the Actel or ARM-based soft MCU core, Actel Fusion
technology represents the definitive mixed-signal FPGA platform.

Flash-based Fusion devices are live at power-up. As soon as system power is applied and within
normal operating specifications, Fusion devices are working. Fusion devices have a 128-bit flash-
based lock and industry-leading AES decryption, used to secure programmed intellectual property
(IP) and configuration data. Actel Fusion devices are the most comprehensive single-chip analog
and digital programmable logic solution available today.

To support this new ground-breaking technology, Actel has developed a series of major tool
innovations to help maximize designer productivity. Implemented as extensions to the popular
Actel Libero® Integrated Design Environment (IDE), these new tools allow designers to easily
instantiate and configure peripherals within a design, establish links between peripherals, create
or import building blocks or reference designs, and perform hardware verification. This tool suite
will also add comprehensive hardware/software debug capability as well as a suite of utilities to
simplify development of embedded soft-processor-based solutions.

General Description

The Actel Fusion family, based on the highly successful ProASIC®3 and ProASIC3E Flash FPGA
architecture, has been designed as a high-performance, programmable, mixed-signal platform. By
combining an advanced flash FPGA core with flash memory blocks and analog peripherals, Fusion
devices dramatically simplify system design and, as a result, dramatically reduce overall system cost
and board space.

The state-of-the-art flash memory technology offers high-density integrated flash memory blocks,
enabling savings in cost, power, and board area relative to external flash solutions, while providing
increased flexibility and performance. The flash memory blocks and integrated analog peripherals
enable true mixed-mode programmable logic designs. Two examples are using an on-chip soft
processor to implement a fully functional Flash MCU and using high-speed FPGA logic to offer
system and power supervisory capabilities. Live at power-up and capable of operating from a single
3.3 V supply, the Fusion family is ideally suited for system management and control applications.

The devices in the Fusion family are categorized by FPGA core density. Each family member
contains many peripherals, including flash memory blocks, an analog-to-digital-converter (ADC),
high-drive outputs, both RC and crystal oscillators, and a real-time counter (RTC). This provides the
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user with a high level of flexibility and integration to support a wide variety of mixed-signal
applications. The flash memory block capacity ranges from 2 Mbits to 8 Mbits. The integrated 12-
bit ADC supports up to 30 independently configurable input channels. The on-chip crystal and RC
oscillators work in conjunction with the integrated phase-locked loops (PLLs) to provide clocking
support to the FPGA array and on-chip resources. In addition to supporting typical RTC uses such as
watchdog timer, the Fusion RTC can control the on-chip voltage regulator to power down the
device (FPGA fabric, flash memory block, and ADC), enabling a low-power standby mode.

The Actel Fusion family offers revolutionary features, never before available in an FPGA. The
nonvolatile flash technology gives the Fusion solution the advantage of being a secure, low-power,
single-chip solution that is live at power-up. Fusion 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.

The family has up to 1.5 M system gates, supported with up to 270 kbits of true dual-port SRAM, up
to 8 Mbits of flash memory, 1 kbit of user FlashROM, and up to 278 user 1/Os. With integrated flash
memory, the Fusion family is the ultimate soft-processor platform. The AFS600 and AFS1500 devices
both support the Actel ARM7 core (CoreMP7). The ARM-enabled versions are identified with the
M7 prefix as M7AFS600 and M7AFS1500. The AFS250, AFS600, and AFS1500 devices support the
Actel Cortex-M1 core. The Cortex-M1-enabled versions are identified with the M1 prefix as
M1AFS250, M1AFS600, and M1AFS1500.

Flash Advantages
Reduced Cost of Ownership

Advantages to the designer extend beyond low unit cost, high performance, and ease of use. Flash-
based Fusion devices are live at power-up and do not need to be loaded from an external boot
PROM. On-board security mechanisms prevent access to 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 IP cannot be compromised or copied. Secure ISP can be performed using the industry-
standard AES algorithm with MAC data authentication on the device. The Fusion family device
architecture mitigates the need for ASIC migration at higher user volumes. This makes the Fusion
family a cost-effective ASIC replacement solution for applications in the consumer, networking and
communications, computing, and avionics markets.

Security

As the nonvolatile, flash-based Fusion family requires no boot PROM, there is no vulnerable
external bitstream. Fusion 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.

Fusion devices utilize a 128-bit flash-based key lock and a separate AES key to secure programmed
IP and configuration data. The FlashROM data in Fusion devices can also be encrypted prior to
loading. Additionally, the Flash memory blocks can be programmed during runtime using the
industry-leading AES-128 block cipher encryption standard (FIPS Publication 192). The AES standard
was adopted by the National Institute of Standards and Technology (NIST) in 2000 and replaces the
DES standard, which was adopted in 1977. Fusion devices have a built-in AES decryption engine
and a flash-based AES key that make Fusion devices the most comprehensive programmable logic
device security solution available today. Fusion 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. As an additional
security measure, the FPGA configuration data of a programmed Fusion device cannot be read
back, although secure design verification is possible. During design, the user controls and defines
both internal and external access to the flash memory blocks.

Security, built into the FPGA fabric, is an inherent component of the Fusion 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. Fusion with FlashLock and AES security is unique
in being highly resistant to both invasive and noninvasive attacks. Your valuable IP is protected,
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making secure remote ISP possible. A Fusion device provides the most impenetrable security for
programmable logic designs.

Single Chip

Flash-based FPGAs store their 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
Fusion FPGAs do not require system configuration components such as EEPROMs or
microcontrollers to load device configuration data. This reduces bill-of-materials costs and PCB
area, and increases security and system reliability.

Live at Power-Up

Flash-based Fusion devices are Level 0 live at power-up (LAPU). LAPU Fusion devices greatly simplify
total system design and reduce total system cost by eliminating the need for CPLDs. The Fusion
LAPU clocking (PLLs) replaces off-chip clocking resources. The Fusion mix of LAPU clocking and
analog resources makes these devices an excellent choice for both system supervisor and system
management functions. LAPU from a single 3.3 V source enables Fusion devices to initiate, control,
and monitor multiple voltage supplies while also providing system clocks. In addition, glitches and
brownouts in system power will not corrupt the Fusion device flash configuration. Unlike SRAM-
based FPGAs, the device will not have to be reloaded when system power is restored. This enables
reduction or complete removal of expensive voltage monitor and brownout detection devices from
the PCB design. Flash-based Fusion devices simplify total system design and reduce cost and design
risk, while increasing system reliability.

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 /O behavior in an unpredictable way.
Another source of radiation-induced firm errors is alpha particles. For an alpha to cause a soft or
firm error, its source must be in very close proximity to the affected circuit. The alpha source must
be in the package molding compound or in the die itself. While low-alpha molding compounds are
being used increasingly, this helps reduce but does not entirely eliminate alpha-induced firm errors.

Firm 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 occur in Fusion Flash-based FPGAs. Once it is
programmed, the flash cell configuration element of Fusion FPGAs cannot be altered by high-
energy neutrons and is therefore immune to errors from them.

Recoverable (or soft) errors occur in the user data SRAMs of all FPGA devices. These can easily be
mitigated by using error detection and correction (EDAC) circuitry built into the FPGA fabric.

Low Power

Flash-based Fusion devices exhibit power characteristics similar to those of an ASIC, making them
an ideal choice for power-sensitive applications. With Fusion devices, there is no power-on current
surge and no high current transition, both of which occur on many FPGAs.

Fusion devices also have low dynamic power consumption and support both low power standby
mode and very low power sleep mode, offering further power savings.

Advanced Flash Technology

The Fusion 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 very high logic utilization
(much higher than competing SRAM technologies) without compromising device routability or
performance. Logic functions within the device are interconnected through a four-level routing
hierarchy.
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Advanced Architecture

The proprietary Fusion architecture provides granularity comparable to standard-cell ASICs. The
Fusion device consists of several distinct and programmable architectural features, including the
following (Figure 1-1 on page 1-5):
e Embedded memories
— Flash memory blocks
- FlashROM
— SRAM and FIFO
¢ Clocking resources
PLL and CCC
RC oscillator
Crystal oscillator
No-Glitch MUX (NGMUX)
e Digital I/Os with advanced I/O standards
e FPGA VersaTiles
¢ Analog components
- ADC
Analog I/Os supporting voltage, current, and temperature monitoring
— 1.5V on-board voltage regulator

— Real-time counter

The FPGA core consists of a sea of VersaTiles. Each VersaTile can be configured as a three-input
logic lookup table (LUT) equivalent or a D-flip-flop or latch (with or without enable) by
programming the appropriate flash switch interconnections. This versatility allows efficient use of
the FPGA fabric. The VersaTile capability is unique to the Actel families of flash-based FPGAs.
VersaTiles and larger functions 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 (3.3V) single-voltage
programming of Fusion devices via an IEEE 1532 JTAG interface.

Unprecedented Integration

Integrated Analog Blocks and Analog 1/0s

Fusion devices offer robust and flexible analog mixed-signal capability in addition to the high-
performance flash FPGA fabric and flash memory block. The many built-in analog peripherals
include a configurable 32:1 input analog MUX, up to 10 independent MOSFET gate driver outputs,
and a configurable ADC. The ADC supports 8-, 10-, and 12-bit modes of operation with a
cumulative sample rate up to 600 k samples per second (ksps), differential nonlinearity (DNL) < 1.0
LSB, and Total Unadjusted Error (TUE) of 0.72 LSB in 10-bit mode. The TUE is used for
characterization of the conversion error and includes errors from all sources, such as offset and
linearity. Internal bandgap circuitry offers 1% voltage reference accuracy with the flexibility of
utilizing an external reference voltage. The ADC channel sampling sequence and sampling rate are
programmable and implemented in the FPGA logic using Designer and Libero IDE software tool
support.

Two channels of the 32-channel ADCMUX are dedicated. Channel 0 is connected internally to V¢c
and can be used to monitor core power supply. Channel 31 is connected to an internal temperature
diode which can be used to monitor device temperature. The 30 remaining channels can be
connected to external analog signals. The exact number of I/Os available for external connection
signals is device-dependent (refer to the "Fusion Family" table on page | for details).
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With Fusion, Actel also introduces the Analog Quad I/O structure (Figure 1-1 on page 1-5). Each
quad consists of three analog inputs and one gate driver. Each quad can be configured in various
built-in circuit combinations, such as three prescaler circuits, three digital input circuits, a current
monitor circuit, or a temperature monitor circuit. Each prescaler has multiple scaling factors
programmed by FPGA signals to support a large range of analog inputs with positive or negative
polarity. When the current monitor circuit is selected, two adjacent analog inputs measure the
voltage drop across a small external sense resistor. Built-in operational amplifiers amplify small
voltage signals (2 mV sensitivity) for accurate current measurement. One analog input in each quad
can be connected to an external temperature monitor diode and achieves detection accuracy of
+3°C. In addition to the external temperature monitor diode(s), a Fusion device can monitor an
internal temperature diode using dedicated channel 31 of the ADCMUX.

Figure 1-1 on page 1-5 illustrates a typical use of the Analog Quad I/O structure. The Analog Quad
shown is configured to monitor and control an external power supply. The AV pad measures the
source of the power supply. The AC pad measures the voltage drop across an external sense resistor
to calculate current. The AG MOSFET gate driver pad turns the external MOSFET on and off. The AT
pad measures the load-side voltage level.

Power Line Side Load Side
. L >
L\N\;r
Off-Chip Roullup
AV AC AG AT
Pads Voltage —x Current —x Gate Eﬂ Temperature
Monitor Block Monitor Block Driver Monitor Block
On-Chip
Analog Quad
Pre- > Pre- ) > Pre-
scaler scaler | scaler
Power

Digital Digital MOSFET Digital

- V10118 igita Gate Driver Igita

Input > Input > Input

A
—-| Current Temperature
- Monitor/Instr P Monitor
Amplifier
\
To FPGA To FPGA From FPGA To FPGA
(DAVOUTX) v (DACOUTX) v (GDONXx) (DATOUTX)
To Analog MUX To Analog MUX To Analog MUX

Figure 1-1 ¢ Analog Quad

Embedded Memories

Flash Memory Blocks

The flash memory available in each Fusion device is composed of one to four flash blocks, each 2
Mbits in density. Each block operates independently with a dedicated flash controller and
interface. Fusion flash memory blocks combine fast access times (60 ns random access and 10 ns
access in Read-Ahead mode) with a configurable 8-, 16-, or 32-bit datapath, enabling high-speed

Preliminary v1.7 1-5



Fusion Device Family Overview

flash operation without wait states. The memory block is organized in pages and sectors. Each
page has 128 bytes, with 33 pages comprising one sector and 64 sectors per block. The flash block
can support multiple partitions. The only constraint on size is that partition boundaries must
coincide with page boundaries. The flexibility and granularity enable many use models and allow
added granularity in programming updates.

Fusion devices support two methods of external access to the flash memory blocks. The first
method is a serial interface that features a built-in JTAG-compliant port, which allows in-system
programmability during user or monitor/test modes. This serial interface supports programming of
an AES-encrypted stream. Secure data can be passed through the JTAG interface, decrypted, and
then programmed in the flash block. The second method is a soft parallel interface.

FPGA logic or an on-chip soft microprocessor can access flash memory through the parallel
interface. Since the flash parallel interface is implemented in the FPGA fabric, it can potentially be
customized to meet special user requirements. For more information, refer to the CoreCFI
Handbook. The flash memory parallel interface provides configurable byte-wide (x8), word-wide
(x16), or dual-word-wide (x32) data port options. Through the programmable flash parallel
interface, the on-chip and off-chip memories can be cascaded for wider or deeper configurations.

The flash memory has built-in security. The user can configure either the entire flash block or the
small blocks to prevent unintentional or intrusive attempts to change or destroy the storage
contents. Each on-chip flash memory block has a dedicated controller, enabling each block to
operate independently.

The flash block logic consists of the following sub-blocks:

¢ Flash block — Contains all stored data. The flash block contains 64 sectors and each sector
contains 33 pages of data.

e Page Buffer — Contains the contents of the current page being modified. A page contains 8
blocks of data.

e Block Buffer — Contains the contents of the last block accessed. A block contains 128 data
bits.

e ECC Logic — The flash memory stores error correction information with each block to
perform single-bit error correction and double-bit error detection on all data blocks.

User Nonvolatile FlashROM

In addition to the flash blocks, Actel Fusion devices have 1 kbit of user-accessible, nonvolatile
FlashROM on-chip. The FlashROM is organized as 8x128-bit pages. The FlashROM can be used in
diverse system applications:

¢ Internet protocol addressing (wireless or fixed)

e System calibration settings

e Deuvice serialization and/or inventory control

¢ 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 IEEE 1532 JTAG programming interface. Pages can be
individually programmed (erased and written). On-chip AES decryption can be used selectively over
public networks to securely load data such as security keys stored in the FlashROM for a user
design.

The FlashROM can be programmed (erased and written) via the JTAG programming interface, and
its contents can be read back either through the JTAG programming interface or via direct FPGA
core addressing.

The FlashPoint tool in the Actel Fusion development software solutions, Libero IDE and Designer,
has extensive support for flash memory blocks and FlashROM. One such feature is auto-generation
of sequential programming files for applications requiring a unique serial number in each part.
Another feature allows the inclusion of static data for system version control. Data for the
FlashROM can be generated quickly and easily using the Actel Libero IDE and Designer software
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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

Fusion 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, and 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 written
through a 4-bit port and read as a single bitstream. The SRAM blocks can be initialized from the
flash memory blocks or via the device JTAG port (ROM emulation mode), using the UJTAG macro.

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 SRAM/FIFO blocks can be cascaded to create larger configurations.

Clock Resources
PLLs and Clock Conditioning Circuits (CCCs)

Fusion devices provide designers with very flexible clock conditioning capabilities. Each member of
the Fusion family contains six CCCs. In the two larger family members, two of these CCCs also
include a PLL; the smaller devices support one PLL.

The inputs of the CCC blocks are accessible from the FPGA core or from one of several inputs with
dedicated CCC block connections.

The CCC block has the following key features:
* Wide input frequency range (fiy_ccc) = 1.5 MHz to 350 MHz
* Output frequency range (foyr ccc) = 0.75 MHz to 350 MHz
¢ Clock phase adjustment via programmable and fixed delays from —6.275 ns to +8.75 ns
e Clock skew minimization (PLL)
e Clock frequency synthesis (PLL)
e On-chip analog clocking resources usable as inputs:
— 100 MHz on-chip RC oscillator
— Crystal oscillator
Additional CCC specifications:
¢ Internal phase shift = 0°, 90°, 180°, and 270°
e Output duty cycle =50% =+ 1.5%

e Low output jitter. Samples of peak-to-peak period jitter when a single global network is
used:

— 70 ps at 350 MHz

— 90 ps at 100 MHz

— 180 ps at 24 MHz

— Worst case < 2.5% x clock period
e Maximum acquisition time = 150 ps
* Low power consumption of 5 mW

Global Clocking
Fusion devices have extensive support for multiple clocking domains. In addition to the CCC and
PLL support described above, there are on-chip oscillators as well as a comprehensive global clock
distribution network.
The integrated RC oscillator generates a 100 MHz clock. It is used internally to provide a known
clock source to the flash memory read and write control. It can also be used as a source for the PLLs.
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The crystal oscillator supports the following operating modes:
e Crystal (32.768 kHz to 20 MHz)
e Ceramic (500 kHz to 8 MHz)
e RC(32.768 kHz to 4 MHz)

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

Digital I/Os with Advanced I/O Standards

The Fusion family of FPGAs features a flexible digital 1/0O structure, supporting a range of voltages
(1.5V, 1.8V, 2.5V, and 3.3 V). Fusion FPGAs support many different digital I/O standards, both
single-ended and differential.

The 1/Os are organized into banks, with four or five banks per device. The configuration of these
banks determines the I/O standards supported. The banks along the east and west sides of the
device support the full range of I/O standards (single-ended and differential). The south bank
supports the Analog Quads (analog I/0). In the family's two smaller devices, the north bank
supports multiple single-ended digital I/0 standards. In the family’s larger devices, the north bank is
divided into two banks of digital Pro I/Os, supporting a wide variety of single-ended, differential,
and voltage-referenced I/O standards.

Each I/0 module contains several input, output, and enable registers. These registers allow the
implementation of the following applications:

¢ Single-Data-Rate (SDR) applications
¢ Double-Data-Rate (DDR) applications—DDR LVDS I/O for chip-to-chip communications
e Fusion banks support LVPECL, LVDS, BLVDS, and M-LVDS with 20 multi-drop points.

VersaTiles

The Fusion core consists of VersaTiles, which are also used in the successful Actel ProASIC3 family.
The Fusion VersaTile supports the following:

e All 3-input logic functions—LUT-3 equivalent
e Latch with clear or set
e D-flip-flop with clear or set and optional enable
Refer to Figure 1-2 for the VersaTile configuration arrangement.

LUT-3 Equivalent  D-Flip-Flop with Clear or Set  Enable D-Flip-Flop with Clear or Set

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

CLR

Figure 1-2 * VersaTile Configurations
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Part Number and Revision Date

Part Number 51700092-013-0
Revised October 2008

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 (Preliminary v1.7) Page
Advance v1.6 The version number category was changed from Advance to Preliminary, which
(August 2008) means the datasheet contains information based on simulation and/or initial
characterization. The information is believed to be correct, but changes are
possible.
Advance v1.4 The title of the datasheet changed from Actel Programmable System Chips to N/A
(July 2008) Actel Fusion Mixed-Signal FPGAs. In addition, all instances of programmable
system chip were changed to mixed-signal FPGA.
Advance v0.9 The following bullet was updated from High-Voltage Input Tolerance: +12 V to
(October 2007) High-Voltage Input Tolerance: 10.5V to 12 V.

The following bullet was updated from Programmable 1, 3, 10, 30 pA and 25
mA Drive Strengths to Programmable 1, 3, 10, 30 pA and 20 mA Drive
Strengths.

This bullet was added to the "Integrated A/D Converter (ADC) and Analog I/O"
section:

ADC Accuracy is Better than 1%

In the "Integrated Analog Blocks and Analog I/0s" section, +4 LSB was changed 1-4
to 0.72. The following sentence was deleted:

The input range for voltage signals is from -12 V to +12 V with full-scale output
values from 0.125 V to 16 V.

In addition, 2°C was changed to 3°C:

"One analog input in each quad can be connected to an external temperature
monitor diode and achieves detection accuracy of +3°C."

The following sentence was deleted:

The input range for voltage signals is from -12 V to +12 V with full-scale output
values from 0.125 V to 16 V.

Advance v0.7 In the "Package 1/Os: Single-/Double-Ended (Analog)" table, the 1l
(January 2007) AFS1500/M7AFS1500 I/O counts were updated for the following devices:

FG484: 223/109
FG676: 252/126

Advance v0.4 The AFS1500 digital I/O count was updated in the "Fusion Family" table.
(April 2006)

The AFS1500 digital I/O count was updated in the "Package I/Os: Single- Il
/Double-Ended (Analog)" table.

Advance v0.3 The G was moved in the "Product Ordering Codes" section. 1}
(April 2006)

Advance v0.2 The "Features and Benefits" section was updated.

(April 2006)

The "Fusion Family" table was updated. I

The "Package I/Os: Single-/Double-Ended (Analog)" table was updated. Il
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Previous Version

Changes in Current Version (Preliminary v1.7)

Page

Advance v0.2
(continued)

The "Product Ordering Codes" table was updated.

The "Temperature Grade Offerings" table was updated.

\%

The "General Description" section was updated to include ARM information.
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Datasheet Categories

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," "Advance,"
"Preliminary," and "Production." The definition of these categories are as follows:

Product Brief

The product brief is a summarized version of a datasheet (advance or production) and contains
general product information. This document gives an overview of specific device and family
information.

Advance

This 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. This label only
applies to the DC and Switching Characteristics chapter of the datasheet and will only be used
when the data has not been fully characterized.

Preliminary

The datasheet contains information based on simulation and/or initial characterization. The
information is believed to be correct, but changes are possible.

Unmarked (production)
This version contains information that is considered to be final.

Export Administration Regulations (EAR)

The products described in this document are 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.

Actel Safety Critical, Life Support, and High-Reliability
Applications Policy

The Actel products described in this advance status document may not have completed Actel’s
qualification process. Actel may amend or enhance products during the product introduction and
qualification process, resulting in changes in device functionality or performance. It is the
responsibility of each customer to ensure the fitness of any Actel product (but especially a new
product) for a particular purpose, including appropriateness for safety-critical, life-support, and
other high-reliability applications. Consult Actel’s Terms and Conditions for specific liability
exclusions relating to life-support applications. A reliability report covering all of Actel’s products is
available on the Actel website at http:/www.actel.com/documents/ORT_Report.pdf. Actel also
offers a variety of enhanced qualification and lot acceptance screening procedures. Contact your
local Actel sales office for additional reliability information.
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2 — Device Architecture

Fusion Stack Architecture

To manage the unprecedented level of integration in Fusion devices, Actel developed the Fusion
technology stack (Figure 2-1). This layered model offers a flexible design environment, enabling
design at very high and very low levels of abstraction. Fusion peripherals include hard analog IP
and hard and soft digital IP. Peripherals communicate across the FPGA fabric via a layer of soft
gates—the Fusion backbone. Much more than a common bus interface, this Fusion backbone
integrates a micro-sequencer within the FPGA fabric and configures the individual peripherals and
supports low-level processing of peripheral data. Fusion applets are application building blocks
that can control and respond to peripherals and other system signals. Applets can be rapidly
combined to create large applications. The technology is scalable across devices, families, design
types, and user expertise, and supports a well-defined interface for external IP and tool
integration.

At the lowest level, Level 0, are Fusion peripherals. These are configurable functional blocks that
can be hardwired structures such as a PLL or analog input channel, or soft (FPGA gate) blocks such
as a UART or two-wire serial interface. The Fusion peripherals are configurable and support a
standard interface to facilitate communication and implementation.

Connecting and controlling access to the peripherals is the Fusion backbone, Level 1. The backbone
is a soft-gate structure, scalable to any number of peripherals. The backbone is a bus and much
more; it manages peripheral configuration to ensure proper operation. Leveraging the common
peripheral interface and a low-level state machine, the backbone efficiently offloads peripheral
management from the system design. The backbone can set and clear flags based upon peripheral
behavior and can define performance criteria. The flexibility of the stack enables a designer to
configure the silicon, directly bypassing the backbone if that level of control is desired.

One step up from the backbone is the Fusion applet, Level 2. The applet is an application building
block that implements a specific function in FPGA gates. It can react to stimuli and board-level
events coming through the backbone or from other sources, and responds to these stimuli by
accessing and manipulating peripherals via the backbone or initiating some other action. An applet
controls or responds to the peripheral(s). Applets can be easily imported or exported from the
design environment. The applet structure is open and well-defined, enabling users to import
applets from Actel, system developers, third parties, and user groups.

Optional ARM or 8051 Processor

User Applications Level 3

Fusion Applets Level 2

Flash

Smart Peripherals

in FPGA
Fabric Level 0

Peripheral 1 Peripheral 2 §Peripheral n (e.g., logic, PLL, FIFO)

Note: Levels 1, 2, and 3 are implemented in FPGA logic gates.
Figure 2-1 » Fusion Architecture Stack
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The system application, Level 3, is the larger user application that utilizes one or more applets.
Designing at the highest level of abstraction supported by the Actel Fusion technology stack, the
application can be easily created in FPGA gates by importing and configuring multiple applets.

In fact, in some cases an entire FPGA system design can be created without any HDL coding.

An optional MCU enables a combination of software and HDL-based design methodologies. The
MCU can be on-chip or off-chip as system requirements dictate. System portioning is very flexible,
allowing the MCU to reside above the applets or to absorb applets, or applets and backbone, if
desired.

The Actel Fusion technology stack enables a very flexible design environment. Users can engage in
design across a continuum of abstraction from very low to very high.

Core Architecture

VersaTile
Based upon successful Actel ProASIC3/E logic architecture, Fusion devices provide granularity
comparable to gate arrays. The Fusion device core consists of a sea-of-VersaTiles architecture.

As illustrated in Figure 2-2, there are four inputs in a logic VersaTile cell, and each VersaTile can be
configured using the appropriate flash switch connections:

e Any 3-input logic function

e Latch with clear or set

¢ D-flip-flop with clear or set

e Enable D-flip-flop with clear or set (on a 4th 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 are connected with any of the four
levels of routing hierarchy.

When the VersaTile is used as an enable D-flip-flop, the SET/CLR signal is supported by a fourth
input, which can only be routed to the core cell over the VersaNet (global) network.

Preliminary v1.7



VActel

Actel Fusion Mixed-Signal FPGAs

The output of the VersaTile is F2 when the connection is to the ultra-fast local lines, or YL when the
connection is to the efficient long-line or very-long-line resources (Figure 2-2).

LT o

- O<} v
Pin 1

X3 _TL 25 [ [ 2 (1) (1) »—DO—FZ

Data N

WV

N [ f-\"
h— ? 7 >o- YL

CLK o DO B

X2 é ( ( nY nY

T T \ [ S

CLR/ (. [ [
Enableg, —

X1 1 > r

CLR {

XC* _L L_I yd {

I
Legend: —+— Via (hard connection) (Switch (flash connection) —é— Ground

Note: *This input can only be connected to the global clock distribution network.
Figure 2-2 » Fusion Core VersaTile
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VersaTile Characteristics

Sample VersaTile Specifications—Combinatorial Module

The Fusion library offers all combinations of LUT-3 combinatorial functions. In this section, timing
characteristics are presented for a sample of the library (Figure 2-3). For more details, refer to the
Fusion, IGLOO/e and ProASIC3/E Macro Library Guide.

&/
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B_
A
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B — NAND3 — —
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Figure 2-3 « Sample of Combinatorial Cells
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NAND2 or
Any Combinatorial
Logic

tpp = MAX(tpp(rp): tep(rF) tPD(FF) tPD(FR))
where edges are applicable for the

particular combinatorial cell
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Figure 2-4 « Combinatorial Timing Model and Waveforms
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Timing Characteristics

Table 2-1 ¢ Combinatorial Cell Propagation Delays
Commercial-Case Conditions: T, = 70°C, Worst-Case Vcc = 1.425 V

Combinatorial Cell Equation Parameter -2 -1 Std. Units
INV Y=1A tpp 0.40 0.46 0.54 ns
AND2 Y=A-B tpp 0.47 0.54 0.63 ns
NAND?2 Y =1!(A-B) tpp 0.47 0.54 0.63 ns
OR2 Y=A+B tpp 0.49 0.55 0.65 ns
NOR?2 Y = I(A +B) tpp 0.49 0.55 0.65 ns
XOR2 Y=A®DB tpp 0.74 0.84 0.99 ns
MAIJ3 Y = MAJ(A, B, Q) tpp 0.70 0.79 0.93 ns
XOR3 Y=A®B®DC tpp 0.87 1.00 1.17 ns
MUX2 Y=AIS+BS tpp 0.51 0.58 0.68 ns
AND3 Y=A-B-C tpp 0.56 0.64 0.75 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.

Sample VersaTile Specifications—Sequential Module

The Fusion library offers a wide variety of sequential cells, including flip-flops and latches. Each has
a data input and optional enable, clear, or preset. In this section, timing characteristics are
presented for a representative sample from the library (Figure 2-5). For more details, refer to the
Fusion, IGLOO/e and ProASIC3/E Macro Library Guide.
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Figure 2-6 » Sequential Timing Model and Waveforms
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Sequential Timing Characteristics

Table 2-2 « Register Delays
Commercial-Case Conditions: T, = 70°C, Worst-Case Vcc = 1.425 V

Parameter Description -2 -1 Std. | Units
teikq Clock-to-Q of the Core Register 0.55 0.63 0.74 ns
tsup Data Setup Time for the Core Register 0.43 049 | 0.57 ns
thp Data Hold Time for the Core Register 0.00 0.00 0.00 ns
tsue Enable Setup Time for the Core Register 0.45 0.52 | 0.61 ns
the Enable Hold Time for the Core Register 0.00 0.00 0.00 ns
tcir2Q Asynchronous Clear-to-Q of the Core Register 0.40 045 | 0.53 ns
tprE2Q Asynchronous Preset-to-Q of the Core Register 0.40 0.45 0.53 ns
tREMCLR Asynchronous Clear Removal Time for the Core Register 0.00 0.00 | 0.00 ns
tRECCLR Asynchronous Clear Recovery Time for the Core Register 0.22 0.25 0.30 ns
tREMPRE Asynchronous Preset Removal Time for the Core Register 0.00 0.00 | 0.00 ns
tRECPRE Asynchronous Preset Recovery Time for the Core Register 0.22 0.25 0.30 ns
twelr Asynchronous Clear Minimum Pulse Width for the Core Register | 0.22 0.25 | 0.30 ns
tweRE Asynchronous Preset Minimum Pulse Width for the Core Register | 0.22 0.25 0.30 ns
tekMPWH Clock Minimum Pulse Width HIGH for the Core Register 0.32 0.37 | 043 ns
tekmPwL Clock Minimum Pulse Width LOW for the Core Register 0.36 0.41 0.48 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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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 2-3 is provided as a reference. 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
1/Os.

Table 2-3 provides array coordinates of core cells and memory blocks.

Actel Fusion Mixed-Signal FPGAs

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/O cells and edge core cells. In
addition, the 1/0 coordinate system changes depending on the die/package combination. It is not
listed in Table 2-3. The Designer ChipPlanner tool provides array coordinates of all I/0 locations. I/0
and cell coordinates are used for placement constraints. However, I/O placement is easier by
package pin assignment.

Figure 2-7 illustrates the array coordinates of an AFS600 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 Fusion software tools.

Table 2-3 ¢ Array Coordinates
VersaTiles Memory Rows All
Min. Max. Bottom Top Min. Max.
Device X y X y x,y) (x,y) (x, y) (x, y)
AFS090 3 2 98 25 None (3, 26) (0, 0) (101, 29)
AFS250 3 2 130 49 None (3, 50) (0, 0) (133, 53)
AFS600 3 4 194 75 (3, 2) (3, 76) (0, 0) (197, 79)
AFS1500 3 4 322 123 (3,2 (3, 124) (0, 0) (325, 129)
1/0 Tile
Top Row (7, 79) to (189, 79)
(0, 79) Bottom Row (5, 78) to (192, 78) (197, 79)
N A ]
ENEEMEIEEEENEEEE NN [ 1
Memory (3, 77) L (194, 77) Memory
Blocks (3, 76) L[ | o 1; |_ (194, 76) Blocks
VersaTile (Core) l !
3,75 Bt NEEEEEEEEEEEE L]

BN EEEENENEREEN

(194, 75)

VersaTile (Core)

[T
111
| 11

VersaTile (Core)

feununnnseennnnan

(194, 4)

O A

VersaTile(Core)

6,49

L (194, 3) Memory

|- (194, 2) Blocks

(197, 1)

vy 3P TR EFEr R
Blocks (3, 2)
| AEEEEEEEEEEEE 1
Ll 2 I ‘H‘ 1
0,07 Z

1/0 Tile to Analog Block
—_—l

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

)Y
UJTAG FlashROM
—

(197, 0)

Top Row (169, 1) to (192, 1)

Note: The vertical /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 2-7 » Array Coordinates for AFS600
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Routing Architecture

The routing structure of Fusion 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 2-8). The exception to this is that
the SET/CLR input of a VersaTile configured as a D-flip-flop is driven only by the VersaNet 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 Fusion device (Figure 2-9 on page 2-11). 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 loading
effects.

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 2-10 on page 2-12). Very long
lines in Fusion devices, like those in ProASIC3 devices, have been enhanced. 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 2-11 on page 2-13). These nets are typically used to
distribute clocks, reset signals, 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

f L Inputs { L n
5 Ultra-Fast Local Lines
£ 1 (connects a VersaTile to the
—-)LLL—>|s|s—>|s|s|e S 44| aﬁe(-/ adjacent VersaTile, I/O buffer,

1 1L I 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 2-8

Ultra-Fast Local Lines Connected to the Eight Nearest Neighbors

Global Resources (VersaNets)

Fusion devices offer powerful and flexible control of circuit timing through the use of analog
circuitry. Each chip has six CCCs. The west CCC also contains a PLL core. In the two larger devices

2-10
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Figure 2-9 » Efficient Long-Line Resources

(AFS600 and AFS1500), the west and the east CCCs each contain a PLL. The PLLs include delay lines,
a phase shifter (0°, 90°, 180°, 270°), and clock multipliers/dividers. Each CCC has all the circuitry
needed for the selection and interconnection of inputs to the VersaNet global network. The east
and west CCCs each have access to three VersaNet global lines on each side of the chip (six lines
total). The CCCs at the four corners each have access to three quadrant global lines on each
quadrant of the chip.

Advantages of the VersaNet Approach

One of the architectural benefits of Fusion is the set of powerful and low-delay VersaNet global
networks. Fusion offers six chip (main) global networks that are distributed from the center of the
FPGA array (Figure 2-11). In addition, Fusion devices have three regional globals (quadrant 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. There are a total of 18 global networks on the
device. Each of these networks contains spines and ribs that reach all VersaTiles in all quadrants
(Figure 2-12 on page 2-14). This flexible VersaNet global network architecture allows users to map
up to 180 different internal/external clocks in a Fusion device. Details on the VersaNet networks are
given in Table 2-4 on page 2-14. The flexibility of the Fusion 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.

Preliminary v1.7 2-11
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High-Speed, Very-Long-Line Resources
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Figure 2-10 * Very-Long-Line Resources
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Figure 2-11 » Overview of Fusion VersaNet Global Network
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Northwest Quadrant Global Network
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Figure 2-12 » Global Network Architecture
Table 2-4 « Globals/Spines/Rows by Device
AFS090 AFS250 AFS600 AFS1500
Global VersaNets (trees)* 9 9 9 9
VersaNet Spines/Tree 4 8 12 20
Total Spines 36 72 108 180
VersaTiles in Each Top or Bottom Spine 384 768 1,152 1,920
Total VersaTiles 2,304 6,144 13,824 38,400

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

2-14
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VersaNet Global Networks and Spine Access

The Fusion architecture contains a total of 18 segmented global networks that can access the
VersaTiles, SRAM, and 1/O tiles on the Fusion device. There are 6 chip (main) global networks that
access the entire device and 12 quadrant networks (3 in each quadrant). 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 180 internal/external clocks (in
an AFS1500 device) or other high-fanout nets in Fusion devices. Optimal usage of these low-skew
networks can result in significant improvement in design performance on Fusion 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 2-12 on page 2-14).

The spines are the vertical branches of the global network tree, shown in Figure 2-11 on page 2-13.
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 Fusion device (the "scope" of the
spine; see Figure 2-11 on page 2-13). 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 another net defined by the user (Figure 2-13). Quadrant
spines can be driven from user 1/0Os on the north and south sides of the die, via analog 1/Os
configured as direct digital inputs. 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 2-13. 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 I/Os on the north and south sides of the device. For details on using spines
in Fusion devices, see the Actel application note Using Global Resources in Actel Fusion Devices.

Internal/External Internal/External
Signals Signals

AN e N o

Internal/External
Signal ;" Y

Global Rib

Internal/External ‘
Signal * Y

Global Driver MUX

Spine

Figure 2-13 * Spine-Selection MUX of Global Tree
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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 I/Os to feed directly into the
clock system. As Figure 2-14 indicates, this access system is contiguous.

There is no break in the middle of the chip for north and south 1/0 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 Fusion Devices application note.

A A R e ] s A
N e L]

AN ]
( (

( ( ( ¢ ( (
== Global Spine —— 1/0 Access —r—mmm /O Tiles
=== Global Rib —— Internal Signal Access

O Global Driver and MUX —— Global Signal Access
@ Tree Node MUX

Figure 2-14 » Clock Aggregation Tree Architecture
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Global Resource Characteristics

AFS600 VersaNet Topology

Clock delays are device-specific. Figure 2-15 is an example of a global tree used for clock
routing. The global tree presented in Figure 2-15 is driven by a CCC located on the west side
of the AFS600 device. It is used to drive all D-flip-flops in the device.

Central
Pz Global Rib
CCC / VersaTile
L L ) ) ) : - . Rows
| II\%I
L JIL ]
Global Spine

e

Figure 2-15 ¢ Example of Global Tree Use in an AFS600 Device for Clock Routing
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VersaNet 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 dependent upon I/O standard, and the clock may
be driven and conditioned internally by the CCC module. Table 2-5, Table 2-6, Table 2-7, and
Table 2-8 on page 2-19 present minimum and maximum global clock delays within the
device.Minimum and maximum delays are measured with minimum and maximum loading,

respectively.

Timing Characteristics

Table 2-5 ¢ AFS1500 Global Resource Timing
Commercial-Case Conditions: T = 70°C, V¢ = 1.425V
-2 -1 Std.

Parameter Description Min.!  Max.2 | Min.! Max.2 | Min." Max.2 | Units
trRekL Input LOW Delay for Global Clock 1.53 1.75 1.74 1.99 2.05 2.34 ns
tRCKH Input HIGH Delay for Global Clock 1.53 1.79 1.75 2.04 2.05 2.40 ns
trekmpwH | Minimum Pulse Width HIGH for Global ns

Clock
trekmpwe | Minimum Pulse Width LOW for Global ns

Clock
trReksw Maximum Skew for Global Clock 0.26 0.29 0.34 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 the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on

page 3-9.
Table 2-6 « AFS600 Global Resource Timing
Commercial-Case Conditions: T = 70°C, Vcc = 1.425 V
-2 -1 Std.
Parameter Description Min.!  Max.2 | Min.'  Max.2 | Min." Max.2 | Units
trekL Input LOW Delay for Global Clock 1.27 1.49 1.44 1.70 1.69 2.00 ns
trRckH Input HIGH Delay for Global Clock 1.26 1.54 1.44 1.75 1.69  2.06 ns
trekmpwH | Minimum Pulse Width HIGH for Global ns
Clock
trekmpwL | Minimum Pulse Width LOW for Global ns
Clock
trReksW Maximum Skew for Global Clock 0.27 0.31 0.36 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 the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Table 2-7 « AFS250 Global Resource Timing
Commercial-Case Conditions: T = 70°C, Vcc = 1.425 V
-2 -1 Std.
Parameter Description Min.! Max.2 | Min.! Max.2 | Min.!  Max.2 | Units
trRekL Input LOW Delay for Global Clock 0.89 1.12 1.02 1.27 1.20 1.50 ns
tRCKH Input HIGH Delay for Global Clock 0.88 1.14 | 1.00 1.30 1.17 1.53 ns
trekmpwH | Minimum Pulse Width HIGH for Global ns
Clock
trekmpwl | Minimum Pulse Width LOW for Global ns
Clock
trReksw Maximum Skew for Global Clock 0.26 0.30 0.35 ns
FRMAX 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 the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
Table 2-8 «  AFS090 Global Resource Timing
Commercial-Case Conditions: T = 70°C, Vcc = 1.425 V
-2 -1 Std.
Parameter Description Min." Max.2 | Min.' Max.2 | Min." Max.2 | Units
trRekL Input LOW Delay for Global Clock 0.84 1.07 0.96 1.21 1.13 1.43 ns
tRCKH Input HIGH Delay for Global Clock 0.83 1.10 0.95 1.25 1.12 1.47 ns
trekmpwH | Minimum Pulse Width HIGH for Global ns
Clock
trekmpwl | Minimum Pulse Width LOW for Global ns
Clock
trReksw Maximum Skew for Global Clock 0.27 0.30 0.36 ns
FRmAX 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).

page 3-9.

For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on

Preliminary v1.7



| Device Architecture

Clocking Resources

The Fusion family has a robust collection of clocking peripherals, as shown in the block diagram in
Figure 2-16. These on-chip resources enable the creation, manipulation, and distribution of many
clock signals. The Fusion integrated RC oscillator produces a 100 MHz clock source with no external
components. For systems requiring more precise clock signals, the Actel Fusion family supports an
on-chip crystal oscillator circuit. The integrated PLLs in each Fusion device can use the RC oscillator,
crystal oscillator, or another on-chip clock signal as a source. These PLLs offer a variety of
capabilities to modify the clock source (multiply, divide, synchronize, advance, or delay). Utilizing
the CCC found in the popular Actel ProASIC3 family, Fusion incorporates six CCC blocks. The CCCs
allow access to Fusion global and local clock distribution nets, as described in the "Global Resources
(VersaNets)" section on page 2-10.

Off-Chip | On-Chip

: 100 MHz
GNDOSC E} RC Oscillator [ |
vceose X
‘ Clock Out to FPGA Core through CCC
XTAL1
|}—H-_L- ------------------ g— GLINT
= I | Crystal Oscillator >
= ' XTAL2
‘ To C
EIl—HTl—-E -------- l{X}— —‘ Xtal Clock EIE:LC/ GLA [ NGMUX |
xterna xterna -
Crystal ©"  RC Clock 1/0s GLC CLKOUT
From FPGA Core——

Figure 2-16 * Fusion Clocking Options
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The RC oscillator is an on-chip free-running clock source generating a 100 MHz clock. It can be used
as a source clock for both on-chip and off-chip resources. When used in conjunction with the Fusion
PLL and CCC circuits, the RC oscillator clock source can be used to generate clocks of varying
frequency and phase.

The Fusion RC oscillator is very accurate at £1% over commercial and industrial temperature
ranges. It is an automated clock, requiring no setup or configuration by the user. It requires only
that the power and GNDOSC pins be connected; no external components are required. The RC
oscillator can be used to drive either a PLL or another internal signal.

RC Oscillator Characteristics

Table 2-9 ¢  Electrical Characteristics of RC Oscillator
Parameter Description Conditions Min. | Typ. [ Max. | Units
Fre Operating 100 MHz
Frequency
Accuracy Temperature: 0°C to 85°C 1 %
Voltage: 3.3V £ 5%
Temperature: -40°C to 125°C 3 %
Voltage: 3.3V £ 5%
Output Jitter Period lJitter (at 5 k cycles) 100 ps
Cycle—Cycle Jitter (at 5 k cycles) 100 ps
Period Jitter (at 5k cycles) with 150 ps
1 kHz / 300 mV peak-to-peak noise on power
supply
Cycle—Cycle Jitter (at 5 k cycles) with 1 kHz/ 150 ps
300 mV peak-to-peak noise on power supply
Output Duty Cycle 50 %
IbYNRC Operating Current 1 mA
Preliminary v1.7 2-21
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Crystal Oscillator

The on-chip crystal oscillator circuit works with an off-chip crystal to generate a high-precision
clock. It has an accuracy of 100 ppm (0.01%) and is capable of providing system clocks for Fusion
peripherals and other system clock networks, both on-chip and off-chip. When combined with the
on-chip CCC/PLL blocks, a wide range of clock frequencies can be created to support various design
requirements.

The on-chip circuitry is designed to work with an external crystal, a ceramic resonator, or an RC
network. It can only support one of these configurations at a time. Typical design practices dictate
that the desired mode for the crystal oscillator be determined and the board designed for a single
configuration. The crystal oscillator supports four modes of operation, defined in Table 2-10.

In Mode 0, the oscillator is configured to work with an external RC network. The RC components
are connected to the XTAL1 pin, with XTAL2 left floating. The frequency generated by the circuit in
Mode 0 is determined by the RC time constant of the selected components (Figure 2-18).

Table 2-10 » Crystal Oscillator Mode Definition

Mode RTCMODE/MODE[1:0] Frequency Range
RC network (Mode 0) 00 N/A
Low gain (Mode 1) 01 0.032 to 0.20 MHz
Medium gain (Mode 2) 10 0.20 to 2.0 MHz
High gain (Mode 3) 11 2.0 to 20.0 MHz
XTL CLKOUT [—
SELMODE

RTCMODE[1:0]
MODE[1:0]

Figure 2-17 ¢ Crystal Oscillator Macro

RC Time Constant Values vs. Frequency
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Figure 2-18 ¢ Crystal Oscillator: RC Time Constant Values vs. Frequency (typical)
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In Modes 1 to 3, the crystal oscillator is configured to support an external crystal or ceramic
resonator. These modes correspond to low, medium, and high gain. They differ in the crystal or
resonator frequency supported. The crystal or resonator is connected to the XTAL1 and XTAL2 pins.
Additionally, a capacitor is required on both XTAL1 and XTAL2 pins to ground (Figure 2-16 on
page 2-20). Table 2-10 on page 2-22 details each crystal oscillator mode, supported frequency
range, and recommended capacitor value.

A use model supported by the Fusion device involves powering down the core while the RTC
continues to run, clocked by the crystal oscillator. When powered down, the core cannot control
crystal oscillator mode pins. Also, some designers may wish to avoid the RTC altogether. To support
both situations, the crystal oscillator can be controlled by either the RTC or the FPGA core. If the
RTC is instantiated in the design, it will by default use RTCMODE[1:0] to set the crystal oscillator
control pins (the default). If the RTC is not used in the design, the FPGA core will set the crystal
oscillator control pins with MODE[1:0].

The crystal oscillator can be disabled/enabled by RTC or FPGA upon operation requirement. When
the crystal oscillator is disabled, XTL1 and XTL2 pins can be left floating.

Crystal Oscillator Characteristics

Table 2-11 « Electrical Characteristics of the Crystal Oscillator

Parameter Description Conditions Min. Typ. Max. Units
FxTaL Operating Frequency Using External Crystal 0.032 20 MHz
Using Ceramic Resonator 0.5 8 MHz
Using RC Network 0.032 4 MHz
Output Duty Cycle 50 %
Output Jitter With 10 MHz Crystal 50 ps RMS
IDYNXTAL Operating Current RC 0.6 mA
0.032-0.2 MHz 0.19 mA
0.2-2.0 MHz 0.6 mA
2.0-20.0 MHz 0.6 mA
lsTRXTAL Sleep Current 10 HA
PSRRyTAL Power Supply Noise 0.5 Vp-p
Tolerance
VIHXTAL Input Logic Level HIGH 90% of V¢ \Y
VLXTAL Input Logic Level LOW 10% of V¢ \Y
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Clock Conditioning Circuits

In Fusion 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, and 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 2-19). Refer to the "PLL Macro" section on page 2-30 for more information.

Each global buffer, as well as the PLL reference clock, can be driven from one of the following:
e 3 dedicated single-ended I/Os using a hardwired connection
¢ 2 dedicated differential I/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 Fusion device to permit changes of parameters (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 Actel’s
Low-Power Flash Devices handbook chapter and the "CCC and PLL Characteristics" section on
page 2-31 for more information.
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Clock Source

Input LVDS/LVPECL Macro
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INBUF2 Macro
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Clock Conditioning
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EXTFB LOCK
POWERDOWN
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OADIVRST
OADIVHALF
OADIV[4:0]
OAMUX[2:0]
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OBMUX[2:0]
DLYYB[4:0]
DLYGLB[4:0]
OCDIV[4:0]
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DLYYC[4:0]
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FINDIV[6:0]
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Output

GLA

or

GLA and (GLB or YB)

or

GLA and (GLC or YC)

or

GLA and (GLB or YB) and
(GLC or YC)

Notes:

1. Visit the Actel website for future application notes concerning dynamic PLL reconfiguration. Refer to the
"PLL Macro" section on page 2-30 for signal descriptions.

2. Many specific INBUF macros support the wide variety of single-ended and differential /O standards for the

Fusion family.

3. Refer to the Fusion, IGLOO/e, and ProASIC3/E Macro Library Guide for more information.

Figure 2-19 ¢ Fusion CCC Options: Global Buffers with the PLL Macro
Table 2-12 « Available Selections of 1/0 Standards within CLKBUF and CLKBUF_LVDS/LVPECL Macros

CLKBUF Macros

CLKBUF_LVCMOS5

CLKBUF_LVCMOS33'

CLKBUF_LVCMOS18

CLKBUF_LVCMOS15

CLKBUF_PCI

CLKBUF_LVDS?

CLKBUF_LVPECL

Notes:

1. This is the default macro. For more details, refer to the Fusion, IGLOO/e and ProASIC3/E Macro Library

Guide.

2. The BLVDS and M-LVDS standards are supported with CLKBUF_LVDS.

Preliminary v1.7
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Global Buffers with No Programmable Delays

The CLKBUF and CLKBUF_LVPECL/LVDS macros are composite macros that include an /0 macro
driving a global buffer, hardwired together (Figure 2-20).

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

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

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

Clock Source Clock Conditioning Output
GLA
CLKBUF_LVDS/LVPECL Macro CLKBUF Macro CLKINT Macro or
PADN @ None GLB
PADP Y PAD Y A Y
Eﬂ { > > or
GLC

Figure 2-20 * Global Buffers with No Programmable Delay
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Global Buffers 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 (Figure 2-21). 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 I/O
macro drives the global buffer (with programmable delay) using a hardwired connection. In this
case, the I/O must be placed in one of the dedicated global I/O locations.

Many specific INBUF macros support the wide variety of single-ended and differential I/0 standards
supported by the Fusion family. The available INBUF macros are described in the Fusion, IGLOO/e
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/0 that is routed through the FPGA regular routing
fabric. In this case, users must instantiate a special macro, PLLINT, to differentiate from the
hardwired I/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.

Clock Source Clock Conditioning Output

Input LVDS/LVPECL Macro GLA
— CLK GL — or

PADN Y GLB

PADP

or

— DLYGL[4:0] GLC

INBUF* Macro
PAD < [: Y

Figure 2-21 ¢ Fusion CCC Options: Global Buffers with Programmable Delay
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Global Input Selections

Each global buffer, as well as the PLL reference clock, can be driven from one of the following
(Figure 2-22):

e 3 dedicated single-ended 1/Os using a hardwired connection

¢ 2 dedicated differential I/Os using a hardwired connection

e The FPGA core

Each shaded box represents an

input buffer called out by the

appropriate name: INBUF or

INBUF_LVDS/LVPECL. To Core
T~

Sample Pin Names

GAAOQ' |X}

\Y

ara1' X i

Source for CCC
(CLKA or CLKB or CLKC)

D> -

1 Routed Clock ,
GAA2 |X} Li[) (from FPGA core)

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

Notes:

3. 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 2-157 for more
information.

4. Instantiate the routed clock source input as follows:

a) Connect the output of a logic element to the clock input of the PLL, CLKDLY, or CLKINT macro.
b) Do not place a clock source I/0 (INBUF or INBUF_LVPECL/ILVDS) in a relevant global pin location.

5. LVDS-based clock sources are available in the east and west banks on all Fusion devices.
Figure 2-22 » Clock Input Sources Including CLKBUF, CLKBUF_LVDS/LVPECL, and CLKINT
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CCC Physical Implementation
The CCC circuit is composed of the following (Figure 2-23):

e PLL core

e 3 phase selectors

e 6 programmable delays and 1 fixed delay

Actel Fusion Mixed-Signal FPGAs

e 5 programmable frequency dividers that provide frequency multiplication/division (not
shown in Figure 2-23 because they are automatically configured based on the user's
required frequencies)

¢ 1 dynamic shift register that provides CCC dynamic reconfiguration capability (not shown)

CCC Programming
The CCC block is fully configurable. It is configured via static flash configuration bits in the array,
set by the user in the programming bitstream, or configured through an asynchronous dedicated
shift register, dynamically accessible from inside the Fusion device. The dedicated shift register
permits changes of parameters 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.

CLKA

PLL Core

Four-Phase Output

Fixed Delay [

Phase
Select

Programmable
Delay Type 2

GLA

Programmable

Delay Type 1

Phase
Select

Programmable
Delay Type 2

GLB

Programmable
Delay Type 1

YB

Phase
Select

Programmable
Delay Type 2

GLC

Programmable
Delay Type 1

YC
—

Note: Clock divider and multiplier blocks are not shown in this figure or in SmartGen. They are automatically

configured based on the user's required frequencies.

Figure 2-23 * PLL Block
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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 2-22 on page 2-28 for more information.

The PLL macro provides five derived clocks (three independent) from a single reference clock. The
PLL feedback loop can be driven either internally or externally. The PLL macro also provides power-
down input and lock output signals. During power-up, POWERDOWN should be asserted LOW until
Vcc is up. See Figure 2-19 on page 2-25 for more information.

Inputs:

e CLKA: selected clock input

¢ POWERDOWN (active low): disables PLLs. The default state is power-down on (active low).
Outputs:

¢ LOCK (active high): 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 2-23 on page 2-29 illustrates the various clock output options and delay elements.

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 networks, respectively, and/or routed to
the device core (YB and YC).

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

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 /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/O routed through the FPGA regular
routing fabric. In this case, users must instantiate a special macro, PLLINT, to differentiate it from
the hardwired I/0 connection described earlier.

The visual PLL configuration in SmartGen, available with 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 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 where the input clock is
coming from. SmartGen automatically instantiates the special macro, PLLINT, when needed.
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CCC and PLL Characteristics

Timing Characteristics

Table 2-13 e Fusion CCC/PLL Specification

Parameter Min. Typ. Max. Unit
Clock Conditioning Circuitry Input Frequency fiy_ccc 1.5 350 MHz
Clock Conditioning Circuitry Output Frequency foyt ccc 0.75 350 MHz
Delay Increments in Programmable Delay Blocks' 2 160 ps
Number of Programmable Values in Each Programmable 32
Delay Block
Input Period Jitter 1.5 ns
CCC Output Peak-to-Peak Period Jitter Fece our Max Peak-to-Peak Period Jitter
1 Global 3 Global
Network Networks
Used Used
0.75 MHz to 24 MHz 1.00% 1.00%
24 MHz to 100 MHz 1.50% 1.50%
100 MHz to 250 MHz 2.25% 2.25%
250 MHz to 350 MHz 3.50% 3.50%
Acquisition Time LockControl = 0 300 ys
LockControl = 1 6.0 ms
Tracking Jitter3 LockControl =0 1.6 ns
LockControl = 1 0.8 ns
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 3-7 on page 3-9 for deratings.

2. T;=25°C, V=15V

3. Tracking jitter is defined as the variation in clock edge position of PLL outputs with reference to PLL input
clock edge. Tracking jitter does not measure the variation in PLL output period, which is covered by period
jitter parameter.
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No-Glitch MUX (NGMUX)

Positioned downstream from the PLL/CCC blocks, the NGMUX provides a special switching
sequence between two asynchronous clock domains that prevents generating any unwanted
narrow clock pulses. The NGMUX is used to switch the source of a global between three different
clock sources. Allowable inputs are either two PLL/CCC outputs or a PLL/CCC output and a regular
net, as shown in Figure 2-24. The GLMUXCFG[1:0] configuration bits determine the source of the
CLK inputs (i.e., internal signal or GLC). These are set by SmartGen during design but can also be
changed by dynamically reconfiguring the PLL. The GLMUXSEL[1:0] bits control which clock source
is passed through the NGMUX to the global network (GL). See Table 2-14.

Crystal Oscillator

RC Oscillator
W I/O Ring
CCC/PLL GLMUXCFG[1:0]
GLINT
—|—>
> |PLL/ | GLA To Clock Rib Driver
_
> CccC GLC
Clock I/0s ‘ —
From FPGA Core
PWR UP

GLMUXSEL[1:0]

Figure 2-24 « NGMUX
Table 2-14 « NGMUX Configuration and Selection Table

Selected Input
GLMUXCFG[1:0] GLMUXSEL[1:0] Signal MUX Type
00 X 0 GLA 2-to-1 GLMUX
X 1 GLC
01 X 0 GLA 2-to-1 GLMUX
X 1 GLINT
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The NGMUX macro is simplified to show the two clock options that have been selected by the
GLMUXCFGI1:0] bits. Figure 2-25 illustrates the NGMUX macro. During design, the two clock
sources are connected to CLKO and CLK1 and are controlled by GLMUXSEL[1:0] to determine which
signal is to be passed through the MUX.

CLKO —

GL

CLK1 —

GLMUXSEL[1:0]

Figure 2-25 « NGMUX Macro

The sequence of switching between two clock sources (from CLKO to CLK1) is as follows
(Figure 2-26):

e  GLMUXSEL[1:0] transitions to initiate a switch.

e GL drives one last complete CLKO positive pulse (i.e., one rising edge followed by one falling

edge).

¢ From that point, GL stays LOW until the second rising edge of CLK1 occurs.

e At the second CLK1 rising edge, GL will begin to continuously deliver the CLK1 signal.

* Minimum tg, = 0.05 ns at 25°C (typical conditions)
For examples of NGMUX operation, refer to the Fusion Handbook.

tSW

ao [ L 1L
Calipinipipliniy
I

GLMUXSEL[1:0]

L L T

GL

Figure 2-26 * NGMUX Waveform
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Real-Time Counter System

The addition of the RTC system enables Fusion devices to support both standby and sleep modes of
operation, greatly reducing power consumption in many applications.

The RTC system comprises six blocks that work together to provide this increased functionality and
reduced power consumption. Figure 2-27 shows these blocks and how they are connected.

e RTC (Figure 2-28)
e Crystal oscillator

L4 Vcc33up detector

¢ Voltage regulator initialization

e \/oltage regulator logic

e 1.5V voltage regulator

The RTC provides a counter as well as a MATCH output signal that can be used in the FPGA and,
optionally, to power up the on-chip 1.5V voltage regulator and provide a 1.5 V power source (in
conjunction with an external pass transistor) to the FPGA fabric portion of the Fusion silicon device.

The FPGA fabric can then be used to power down the 1.5 V voltage regulator.

FPGA Fabric

1.5V FPGA Supply Input égi

1.5/3.3

Volt Level Shift Circuitry

From 33V
Core Flash
Bits
H I I ]
Crystal Oscillator RTC ! VR Logic 1.5V Voltage |
' Regulator '
MODE[1:0] | VR Init 9 |
ACM ! ! External
N RTCMATCH ; Flash Bits FPGA*VRON VRFPD PTBASE —Tf ‘Pl'?aszsistor
RTCMODE[1:0] i | VRINITSTATE i
l —> I
i |
EN SELMODE ! A !
XTAL1 ! o
RTCPSMMATCH |—t———/N————p|RTCPSMMATCH PTEM i 15V
XTAL2 < = | Output
! VRON | VRPU !
i ‘
CLKOUT — RTCCLK i puB [
! VCC33UP i
1 l
l 1 I | 1
" ! - ~ VRPSM - !
‘

Power-Up/Down
Toggle Control
Switch

v

Figure 2-27 » Real-Time Counter System
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Analog Configuration MUX (ACM) Interface
A L S
RN ;
: Control/Status > - _
Register ' Main
. \ . Registers
7-Bit Prescaler | 40-Bit 40-Bit !
(Crystal + 128) T[] Counter > Read-Hold =
) ! Register !
I N A
. < |
1 40-Bit Match ) '
Register 40 XNORs | Match !
| Bits i

[ )—>Match

Figure 2-28 * RTC Block Diagram

Real-Time Counter

The RTC can be configured to power up the FPGA fabric at a specific time or periodically. Custom
user logic or a soft microcontroller within the FPGA fabric portion of the Fusion device can be
programmed to read and modify the registers in the RTC. Based on this information or other
internal or external conditions, the FPGA may decide to power down the voltage regulator and
thereby shut off the FPGA fabric.

The 3.3 V supply must be valid and the crystal oscillator (nominally 32.768 kHz) enabled for a self-
timed wake-up/restart operation. When operating from the 3.3V supply with the 1.5V core
voltage disabled, the ACM interface to the FPGA is disabled.

A 40-bit loadable counter is used as the primary timekeeping element within the RTC. This counter
can be configured to reset itself when a count value is reached that matches the value set within a
40-bit match register. Note that the only exception to this self-clearing mechanism occurs when the
40-bit counter is equal to zero (0x0000000000), since the counter would never increment from
zero. When the device is first powered up (i.e., when the 3.3 V supply becomes valid), the 40-bit
counter and 40-bit match register are cleared to logic 0, and the MATCH output signal is active
(logic 1). At any time when the 40-bit counter value does not match the value in the 40-bit match
register, the MATCH output signal will become inactive (logic 0).

Both the counter and match registers are addressable (read/write) from the FPGA and through a
JTAG instruction. The RTC is considered part of the analog system and is accessed via the ACM.
Refer to the "Analog Configuration MUX" section on page 2-124 for detailed instructions on
writing to the RTC via the ACM. The counter action can be suspended/resumed by clearing/setting
the Cntr_En bit in the Control/Status register.

If a 32.768 kHz external crystal is connected to the crystal oscillator pad, the 40-bit counter will
have a maximum count of 4,294,967,296 seconds, which equates to just over 136 years of elapsed
timekeeping with a minimum period of 1/256 of a second, which will be the toggle rate of the LSB
of the 40-bit counter.

Frequencies other than 32.768 kHz can be used as a clock source with the appropriate scaling of
the LSB time interval. The maximum input clock frequency is 20 MHz (the crystal oscillator limit).

The RTC signals are included in the Analog Block macro. The signal functions and descriptions are
listed in Table 2-15.

A Fusion use model includes the RTC controlling the power-up state of the FPGA core via the 1.5V
regulator. To support this model, the crystal oscillator must be running and configured when the
FPGA is powered off. Hence, when the RTC is enabled in the system design, it will configure the
crystal oscillator via the RTCXTLMODE[1:0] and RTCXTLSEL pins.

A 7-bit prescaler block is used to divide the source clock (from the external crystal) by 128. This
prescaled 50%-duty-cycle clock signal is then used by the counter logic as its reference clock. Given
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an external crystal frequency of 32.768 kHz, the prescaler output clock will toggle at a rate of
32.768 kHz / 128 = 256 Hz.

The RTC is built from and controlled by a set of registers, denoted "Main Registers" in Figure 2-27
on page 2-34. These registers are accessed via the ACM.

The FPGA fabric portion of the Fusion device must be powered up and active at least once to write
to the various registers within the RTC to initialize them for the user’s application. Users set up the
RTC by configuring it from the Actel SmartGen tool, implementing custom logic or programming a
soft microcontroller.

The 40-bit counter and match registers are each divided into five bytes. Each byte is directly
addressable by the ACM. The address map of registers accessed through the ACM and used by the
RTC is shown in Table 2-16 on page 2-36.

Table 2-15 « RTC Macro Signal Description

Signal Name Number of Bits Direction Function

RTCMATCH 1 Out Match between 40-bit counter and match register

RTCPSMMATCH 1 Out RTCMATCH connected to voltage regulator power

supply monitor (VRPSM) (Figure 2-30 on page 2-40)

RTCXTLMODE[1:0] 2 Out Drives XTLOSC RTCMODE[1:0] pins

RTCXTLSEL 1 Out Drives XTLOSC SELMODE pin

RTCCLK 1 In RTC clock input from XTLOSC CLKOUT pin

Table 2-16 « RTC ACM Memory Map

ACM_ADDRI[7:0] | Decimal | Register Name Description Use

0x40 64 COUNTERO | Counter bits 7:0 Used to preload the counter to a

0xa1 65 COUNTERT | Counter bits 15:8 specified start point. Default setting

is all zeroes.

0x42 66 COUNTER2 [ Counter bits 23:16

0x43 67 COUNTER3 | Counter bits 31:24

0x44 68 COUNTER4 [ Counter bits 39:32

0x48 72 MATCHREGO |Match register bits 7:0 The RTC uses a 40-bit register to

0x49 73 | MATCHREGT |Match register bits 15:8 | compare against the 40-bit counter

_ _ value to determine when a match

Ox4A 74 MATCHREG2 | Match register bits 23:16 | occurs. This 40-bit match register, like

0x4B 75 MATCHREG3 |Match register bits 31:24  |the counter, is broken into 5 bytes

0x4C 76 MATCHREG4 | Match register bits 39:32 (MATCHREGO-4).

0x50 80 MATCHBITSO |Individual match bits 7:0 Each bit of the 40-bit counter is

0x51 81 | MATCHBITST |Individual match bits 15:8 | compared to each bit of the 40-bit

— - match register via XNOR gates. These

0x52 82 MATCHBITS2 |Individual match bits 23:16 |40 match bits are partitioned into 5

0x53 83 MATCHBITS3 |Individual match bits 31:24 | bytes.

0x54 84 MATCHBITS4 | Individual match bits 39:32

0x58 88 CTRL_STAT Control (write) / Status|Control (write)/Status (read) register

(read) register bits 7:0 bits 7:0

0x59 89 TEST_REG Test register(s) Test register(s)

Note: Accessing RTC Registers: When reading the RTC count or match register, which operates in the XTLCLK
domain, the appropriate 40-bit value is first copied to a capture register through clock synchronization
circuitry, if and only if the least significant byte of that set of register is addressed. Higher-order bytes of
the same set of registers captured with the LSB can then be read on immediately later read cycles. Higher-
order bytes of that set of registers can be read in any order but must be read before switching to a
different set of registers to ensure data consistency. For example, RTC counter address ranges from 0x40
to 0x44, register 0x40 must be accessed first before accessing addresses 0x41, 0x42, 0x43, and 0x44 to get
the full 40-bit value.

2-36 Preliminary v1.7




Actel

Actel Fusion Mixed-Signal FPGAs

The Control/Status register (CTRL_STAT) is an 8-bit register that defines the operation of the RTC.
The Control register can reset the RTC, enabling operation to begin with all zeroes in the counter.
The RTC can be configured to clear upon a match with the Match register, or it can continue to
count while still setting the match signal. To enable the Fusion device to power up at a specific time
or at periodic intervals, the RTC can be configured to turn on the 1.5V voltage regulator.
Table 2-17 details the CTRL_STAT settings.

Table 2-17 « RTC Control/Status Register

Bit Name Description

7 rtc_rst RTC Reset: Writing a logic 1 to this bit causes an RTC reset.? Writing a logic 0 to this bit will
allow synchronous deassertion of reset after two ACM_CLK cycles if Veezzyp = 1.3

6 cntr_en Counter Enable: A logic 1 in this bit will enable the counter if the RTC is not in reset.

It takes 64 RTCCLK positive edges (one-half of the prescaler division factor), after reset is
removed and cntr_en = 1, before the counter is incremented.?

A logic 0 in this bit resets the prescaler and therefore suspends incrementing the counter,
but the counter is not reset.

Before writing to the counter registers, the counter must be disabled.

5 vr_en_mat [Voltage Regulator Enable on Match: Writing a logic 1 to this bit will allow the RTCMATCH
output port to go to logic 1 when a match occurs between the 40-bit counter and the 40-
bit match register.

Logic 0 forces RTCMATCH to logic 0 to prevent enabling the voltage regulator from the
RTC.
4:3 | xt_mode[1:0 | Crystal Oscillator Mode: These bits control the RTCXTLMODE([1:0] output ports that are
| connected to the RTCMODE[1:0] input pins of the crystal oscillator pad. For 32 kHz crystal
operation, this should be set to '01".
(See the "Crystal Oscillator" section on page 2-22.)

2 [rst_cnt_omat | Reset Counter on Match: A logic 1 written to this bit allows the counter to clear itself when
a match occurs. In this situation, the 40-bit counter clears on the next rising edge of the
prescaled clock, approximately 4 ms after the match occurs (the prescaled clock toggles at a
rate of 256 Hz, given a 32.768 kHz external crystal).

A logic 0 written to this bit allows the counter to increment indefinitely while still allowing
match events to occur.

1 rstb_cnt Counter Reset: A logic 0 resets the 40-bit counter value to zero. A logic 1 allows the
counter to count.*

0 xtal_en Crystal Oscillator Enable: This bit controls the RTCXTLSEL output port connected to the
SELMODE input pin of the crystal oscillator. If a logic 0 is written to this bit, only the FPGA
fabric can be used to control the crystal oscillator EN and MODE[1:0] inputs.
xtal_en = 1: RTC takes control of crystal oscillator. For example, the RTC Mode bits
configure the crystal oscillator (not the FPGA mode bits).

To enable sleep mode, set xtal_en = '0’, so the crystal is controlled from the FPGA EN signal.
Then when the FPGA is powered down, the signal from the fpga_en will be 0. It disables
the crystal oscillator.

Notes:

1. Default state (set when Vc33yp = 0) for bits 0-7 is logic 0.

2. Reset of all RTC states (except this Control/Status register) occurs asynchronously if Vcc3zyp = 0 or

CTRL_STAT bit 7 (rtc_rst) is set to 1.
3. Reset is removed synchronously after two rising edges of ACM_CLK, following both Vcc33yp = 1 and rtc_rst = 0.
4. Counter will first increment on the 64th rising edge of RTCCLK after all of the following are true:

a. reset is removed

b. rstb_cnt (CTRL_STAT bit 1) isset to 1

c. cntr_en (CTRL_STAT bit 6) is set to 1

and will then increment every 128 RTCCLK cycles.
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Crystal Oscillator (Xtal Osc)

When used as the clock source for the RTC, the crystal oscillator will be configured by the RTC with
the RTCXTLMODE[1:0] RTC macro pins. Refer to the "Crystal Oscillator" section on page 2-22 for
specific details on crystal oscillator operation.

The crystal oscillator input to the RTC is divided by 128, so bit 0 of the RTC toggles at the frequency
of the crystal oscillator divided by 128. The frequencies of the RTC are gated by those of the crystal
oscillator, from 32.768 kHz to 20 MHz. When used with a 32.768 kHz crystal, bit 0 of the of RTC has
a period of ~7.8 ms, and bit 7 has a period of 1 second.

Voltage Regulator (VR) Initialization (Init)

The VR Init block determines voltage regulator behavior when the 3.3 V supply is valid. The Fusion
devices support different use models. Some of these require the 1.5 V voltage regulator to turn on
when the 3.3 V supply is stable. Other use models require additional conditions to be met before
the 1.5V VR turns on. Since the FPGA is not operating when the 3.3 V supply is off, the VR Init
block lets the user define VR behavior at design time. Two bits can be set within the core, which
bits the VR Init block will read as it comes out of reset and either turn on the VR or leave it in an off
state.

Voltage Regulator Logic

The VR Logic block, along with the VR, combines commands from the FPGA, RTC, VR Init block,
Vcc33yp detector, and PUB pad to determine whether or not the VR is enabled.

The VR can be enabled from several sources: the PUB pin, the RTC_MATCH signal from the RTC
block, or triggered by the VR Init block. Once triggered, the VR will remain on. Only the FPGA
fabric can disable the VR, unless the Vcc33a supply falls below the Vcc33yp threshold and a reset
occurs.
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1.5 V Voltage Regulator

The VR generates a 1.5 V power supply from the 3.3 V power supply. The 1.5 V output is intended
to supply all 1.5V needs of the Fusion device. This regulator requires an external bipolar pass
transistor (Figure 2-29). The VR can drive up to 20 mA of current through the PTBASE pad. The
amount of 1.5V current available is dependent upon the gain of the external pass transistor used.
Enable for this block is generated in the VR Logic block or from the PUB pin.

The VR is forced "on" with TRST high or floating (internal pull-up), so an external pull-down is
required on TRST if the customer desires to power-down the VR.

The 1.5 Vis not supplied internally to the Fusion device. It must be routed externally to the V¢ pins
on the device. Therefore the user is not required to use the VR and can use an off-chip 1.5 V supply

Veesza

if desired.
On-Chip : Off-Chip
|RTC"FPGA| Veesza
Veasa
— e\ Py
[ .

PTBASE :

1.5V

Regulator PTEM
; 11 5V Out
PDVR ; {5

Power-Up/Down Control Circuit

Figure 2-29 « Voltage Regulator
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Voltage Regulator Power Supply Monitor (VRPSM)

As the functions of the VR Logic and Power System Monitor work closely together to control the
power-up state of the FPGA core, these functions were combined into a single VRPSM macro
(Figure 2-30).

The signals for the VRPSM macro are listed in Table 2-18. The PUB input comes from the PUB pin on
the device and can be pulled LOW by a signal external to the Fusion device. This can be used to
wake up the device. The inputs VRINITSTATE and RTCPSMMTACH come from the VR Init and RTC
blocks, respectively, and either can initiate a VR power-up. The detailed description is available in
the Fusion Handbook.

—— PUB FPGAGOOD (——
VRPU PUCORE

——{ VRINITSTATE

—— RTCPSMMATCH

Figure 2-30 « VRPSM Macro
Table 2-18 » Signals for VRPSM Macro

Number of
Signal Name Bits Direction Function
PUB 1 Input Active low signal to power up the FPGA core via

the 1.5 V regulator.
In this reference design, PUB is on the top level,
connected to an external switch.

VRPU 1 Input When this pin is at logic 1, the FPGA core will be
turned off via the voltage regulator.

VRINITSTATE 1 Input This feature is not used in this reference design and
is not shown in the macro generated by SmartGen.
If used, the signal enables you to set your voltage
regulator output at power-up (ON or OFF).

RTCPSMMATCH 1 Input This feature is not used in this reference design. If
used, this active high signal is driven by the RTC's
match signal to indicate that the RTC counter value
matches the pre-defined Match register value set in

SmartGen.
FPGAGOOD 1 Output |Logic 1 indicates that FPGA is logically functional.
PUCORE 1 Output [Logic 1 indicates that FPGA is logically functional.
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Embedded Memories
Fusion devices include four types of embedded memory: flash block, FlashROM, SRAM, and FIFO.

Flash Memory Block

Fusion is the first FPGA that offers a flash memory block (FB). Each FB block stores 2 Mbits of data.
The flash memory block macro is illustrated in Figure 2-31. The port pin name and descriptions are
detailed on Table 2-19 on page 2-42. All flash memory block signals are active high, except for CLK
and active low RESET. All flash memory operations are synchronous to the rising edge of CLK.

ADDR[17:0] RD[31:0]
WD[31:0] BUSY |——
DATAWIDTH[1:0] STATUS[1:0] e
REN
READNEXT
PAGESTATUS
WEN
ERASEPAGE

—— PROGRAM

SPAREPAGE
AUXBLOCK
UNPROTECTPAGE
OVERWRITEPAGE
DISCARDPAGE
OVERWRITEPROTECT
PAGELOSSPROTECT
PIPE

LOCKREQUEST

> CLK

RESET

Figure 2-31 ¢ Flash Memory Block
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Flash Memory Block Pin Names

Table 2-19 » Flash Memory Block Pin Names

Interface Name Width | Direction Description

ADDR[17:0] 18 In Byte offset into the FB. Byte-based address.

AUXBLOCK 1 In When asserted, the page addressed is used to access the auxiliary block
within that page.

BUSY 1 Out When asserted, indicates that the FB is performing an operation.

CLK 1 In User interface clock. All operations and status are synchronous to the
rising edge of this clock.

DATAWIDTHI[1:0] 2 In Data width
00 = 1 byte in RD/WD[7:0]
01 = 2 bytes in RD/WD[15:0]
1x = 4 bytes in RD/WD[31:0]

DISCARDPAGE 1 In When asserted, the contents of the Page Buffer are discarded so that a
new page write can be started.

ERASEPAGE 1 In When asserted, the contents of the Page Buffer are discarded so that a
new page write can be started.

LOCKREQUEST 1 In When asserted, indicates to the JTAG controller that the FPGA
interface is accessing the FB.

OVERWRITEPAGE 1 In When asserted, the page addressed is overwritten with the contents of
the Page Buffer if the page is writable.

OVERWRITEPROTE 1 In When asserted, all program operations will set the overwrite protect

cT bit of the page being programmed.

PAGESTATUS 1 In When asserted with REN, initiates a read page status operation.

PAGELOSSPROTECT 1 In When asserted, a modified Page Buffer must be programmed or
discarded before accessing a new page.

PIPE 1 In Adds a pipeline stage to the output for operation above 50 MHz.

PROGRAM 1 In When asserted, writes the contents of the Page Buffer into the FB page
addressed.

RD[31:0] 32 Out Read data; data will be valid from the first non-busy cycle (BUSY = 0)
after REN has been asserted.

READNEXT 1 In When asserted with REN, initiates a read-next operation.

REN 1 In When asserted, initiates a read operation.

RESET 1 In When asserted, resets the state of the FB (active low).

SPAREPAGE 1 In When asserted, the sector addressed is used to access the spare page
within that sector.
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Table 2-19 » Flash Memory Block Pin Names (continued)
Interface Name Width | Direction
STATUS[1:0] 2 Out

Description

Status of the last operation completed:
00: Successful completion

01: Read-/Unprotect-Page: single error detected and corrected
Write: operation addressed a write-protected page
Erase-Page: protection violation
Program: Page Buffer is unmodified
Protection violation

10: Read-/Unprotect-Page: two or more errors detected

11: Write: attempt to write to another page before programming
current page

Erase-Page/Program: page write count has exceeded the 10-year
retention threshold

UNPROTECTPAGE 1 In When asserted, the page addressed is copied into the Page Buffer and
the Page Buffer is made writable.
WD[31:0] 32 In Write data

WEN 1

In When asserted, stores WD in the page buffer.

All flash memory block input signals are active high, except for RESET.
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Flash Memory Block Diagram

A simplified diagram of the flash memory block is shown in Figure 2-32.

RD[31:0] <——

Output

MUX

WDI[31 :0]

Block Buffer
(128 bits)

ECC
Logic

Page Buffer = 8 Blocks
Plus AUX Block

Flash Array = 64 Sectors

ADDDR[17:0] ——|
DATAWIDTH[1:0] ——
REN ——

READNEXT ——>
PAGESTATUS—
WEN —>
ERASEPAGE—>
PROGRAM —
SPAREPAGE——
AUXBLOCK —>
UNPROTECTPAGE —
OVERWRITEPAGE ——]
DISCARDPAGE ——|
OVERWRITEPROTECT ——
PAGELOSSPROTECT ——
PIPE——>
LOCKREQUEST—>
CLK—

RESET ——»

STATUS[1:0] <—
BUSY <+—

Control
Logic

Figure 2-32 * Flash Memory Block Diagram

The logic consists of the following sub-blocks:

* Flash Array

Contains all stored data. The flash array contains 64 sectors, and each sector contains 33

pages of data.
¢ Page Buffer

A page-wide volatile register. A page contains 8 blocks of data and an AUX block.

e Block Buffer

Contains the contents of the last block accessed. A block contains 128 data bits.
e ECCLogic

The FB stores error correction information with each block to perform single-bit error
correction and double-bit error detection on all data blocks.
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Flash Memory Block Addressing

Figure 2-33 shows a graphical representation of the flash memory block.
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Figure 2-33 ¢ Flash Memory Block Organization

Each FB is partitioned into sectors, pages, blocks, and bytes. There are 64 sectors in an FB, and each
sector contains 32 pages and 1 spare page. Each page contains 8 data blocks and 1 auxiliary block.
Each data block contains 16 bytes of user data, and the auxiliary block contains 4 bytes of user
data.

Addressing for the FB is shown in Table 2-20.
Table 2-20 = FB Address Bit Allocation ADDR[17:0]
17 12 11 7 6

Sector Page Block

Byte

When the spare page of a sector is addressed (SPAREPAGE active), ADDR[11:7] are ignored.
When the Auxiliary block is addressed (AUXBLOCK active), ADDR[6:2] are ignored.

Note: The spare page of sector 0 is unavailable for any user data. Writes to this page will return an
error, and reads will return all zeroes.
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Data operations are performed in widths of 1 to 4 bytes. A write to a location in a page that is not
already in the Page Buffer will cause the page to be read from the FB Array and stored in the Page
Buffer. The block that was addressed during the write will be put into the Block Buffer, and the
data written by WD will overwrite the data in the Block Buffer. After the data is written to the
Block Buffer, the Block Buffer is then written to the Page Buffer to keep both buffers in sync.
Subsequent writes to the same block will overwrite the Block Buffer and the Page Buffer. A write to
another block in the page will cause the addressed block to be loaded from the Page Buffer, and
the write will be performed as described previously.

The data width can be selected dynamically via the DATAWIDTH input bus. The truth table for the
data width settings is detailed in Table 2-21. The minimum resolvable address is one 8-bit byte. For
data widths greater than 8 bits, the corresponding address bits are ignored—when
DATAWIDTH =0 (2 bytes), ADDR[0] is ignored, and when DATAWIDTH ='10' or '11' (4 bytes),
ADDRJ1:0] are ignored. Data pins are LSB-oriented and unused WD data pins must be grounded.

Table 2-21 « Data Width Settings

DATAWIDTH[1:0] Data Width
00 1 byte [7:0]

01 2 byte [15:0]
10, 11 4 bytes [31:0]

Flash Memory Block Protection

Page Loss Protection
When the PAGELOSSPROTECT pin is set to logic 1, it prevents writes to any page other than the
current page in the Page Buffer until the page is either discarded or programmed.

A write to another page while the current page is Page Loss Protected will return a STATUS of '11'.

Overwrite Protection

Any page that is Overwrite Protected will result in the STATUS being set to '01' when an attempt is
made to either write, program, or erase it. To set the Overwrite Protection state for a page, set the
OVERWRITEPROTECT pin when a Program operation is undertaken. To clear the Overwrite Protect
state for a given page, an Unprotect Page operation must be performed on the page, and then the
page must be programmed with the OVERWRITEPROTECT pin cleared to save the new page.

LOCKREQUEST

The LOCKREQUEST signal is used to give the user interface control over simultaneous access of the
FB from both the User and JTAG interfaces. When LOCKREQUEST is asserted, the JTAG interface will
hold off any access attempts until LOCKREQUEST is deasserted.

Flash Memory Block Operations

FB Operation Priority
The FB provides for priority of operations when multiple actions are requested simultaneously.
Table 2-22 shows the priority order (priority 0 is the highest).

Table 2-22 « FB Operation Priority

Operation Priority

System Initialization 0

FB Reset 1

Read

Write

Erase Page

Program

Unprotect Page

Nl o v Ml WIN

Discard Page
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Access to the FB is controlled by the BUSY signal. The BUSY output is synchronous to the CLK signal.
FB operations are only accepted in cycles where BUSY is logic 0.
Write Operation

Write operations are initiated with the assertion of the WEN signal. Figure 2-34 on page 2-47
illustrates the multiple Write operations.

C

Lk 1\ (\
WEN| | /

AVAY AVAVAVY

—~—n

]
|
ADDR[17:0] {§ A A5 954
[ [ [ J T T ] [ [ T ]
WD[31:0] { DO ) Y)D1 D5 (D6 X |
[ [ [ J T T 1 [ T T 1
DATAWIDTH[1:0] X )) |
[ [T J [ 1 ° [ T T [ [ T T ]
PAGELOSSPROTECT / %) |
BUSY / 35 \ / \
STATUS[1:0] X 9 SO X 51 X 52 X $3 X 54 X S5

Figure 2-34 * FB Write Waveform

When a Write operation is initiated to a page that is currently not in the Page Buffer, the FB control
logic will issue a BUSY signal to the user interface while the page is loaded from the FB Array into
the Page Buffer. (Note: The number of clock cycles that the BUSY output is asserted during the load
of the Page Buffer is variable.) After loading the page into the Page Buffer, the addressed data
block is loaded from the Page Buffer into the Block Buffer. Subsequent writes to the same block of
the page will incur no busy cycles. A write to another block in the page will assert BUSY for four
cycles (five cycles when PIPE is asserted), to allow the data to be written to the Page Buffer and
have the current block loaded into the Block Buffer.

Write operations are considered successful as long as the STATUS output is '00'. A non-zero STATUS
indicates that an error was detected during the operation and the write was not performed. Note
that the STATUS output is "sticky"; it is unchanged until another operation is started.

Only one word can be written at a time. Write word width is controlled by the DATAWIDTH bus.
Users are responsible for keeping track of the contents of the Page Buffer and when to program it
to the array. Just like a regular RAM, writing to random addresses is possible. Users can write into
the Page Buffer in any order but will incur additional BUSY cycles. It is not necessary to modify the
entire Page Buffer before saving it to nonvolatile memory.

Write errors include the following:
1. Attempting to write a page that is Overwrite Protected (STATUS ='01'). The write is not
performed.

2. Attempting to write to a page that is not in the Page Buffer when Page Loss Protection is
enabled (STATUS ='11'). The write is not performed.

Program Operation

A Program operation is initiated by asserting the PROGRAM signal on the interface. Program
operations save the contents of the Page Buffer to the FB Array. Due to the technologies inherent
in the FB, a program operation is a time consuming operation (~8 ms). While the FB is writing the
data to the array, the BUSY signal will be asserted.
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During a Program operation, the sector and page addresses on ADDR are compared with the
stored address for the page (and sector) in the Page Buffer. If there is a mismatch between the two
addresses, the Program operation will be aborted and an error will be reported on the STATUS
output.

It is possible to write the Page Buffer to a different page in memory. When asserting the PROGRAM
pin, if OVERWRITEPAGE is asserted as well, the FB will write the contents of the Page Buffer to the
sector and page designated on the ADDR inputs if the destination page is not Overwrite Protected.

A Program operation can be utilized to either modify the contents of the page in the flash memory
block or change the protections for the page. Setting the OVERWRITEPROTECT bit on the interface
while asserting the PROGRAM pin will put the page addressed into Overwrite Protect Mode.
Overwrite Protect Mode safeguards a page from being inadvertently overwritten during
subsequent Program or Erase operations.

Program operations that result in a STATUS value of '01' do not modify the addressed page. For all
other values of STATUS, the addressed page is modified.

Program errors include the following:
1. Attempting to program a page that is Overwrite Protected (STATUS = '01")

2. Attempting to program a page that is not in the Page Buffer when the Page Buffer has
entered Page Loss Protection Mode (STATUS = '01')

3. Attempting to perform a program with OVERWRITEPAGE set when the page addressed has
been Overwrite Protected (STATUS ='01')

4. The Write Count of the page programmed exceeding the Write Threshold defined in the
part specification (STATUS ='11')

5. The ECC Logic determining that there is an uncorrectable error within the programmed
page (STATUS ='10")

6. Attempting to program a page that is not in the Page Buffer when OVERWRITEPAGE is not
set and the page in the Page Buffer is modified (STATUS = '01')

7. Attempting to program the page in the Page Buffer when the Page Buffer is not modified
The waveform for a Program operation is shown in Figure 2-35.

cLk N\ S N D S SN B S SN

PROGRAM | /]
ADDR[17:0] [__X Page X )) |

OVERWRITEPAGE

de

OVERWRITEPROTECT

Ly

PAGELOSSPROTECT
BUSY fS |
sTATUS[1:0] [0 X {§ X Valid |

Figure 2-35 ¢ FB Program Waveform

Note: OVERWRITEPAGE is only sampled when the PROGRAM or ERASEPAGE pins are asserted.
OVERWRITEPAGE is ignored in all other operations.
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Erase Page Operation
The Erase Page operation is initiated when the ERASEPAGE pin is asserted. The Erase Page
operation allows the user to erase (set user data to zero) any page within the FB.

The use of the OVERWRITEPAGE and PAGELOSSPROTECT pins is the same for erase as for a Program
Page operation.

As with the Program Page operation, a STATUS of '01' indicates that the addressed page is not
erased.

A waveform for an Erase Page operation is shown in Figure 2-36.
Erase errors include the following:
1. Attempting to erase a page that is Overwrite Protected (STATUS ='01")

2. Attempting to erase a page that is not in the Page Buffer when the Page Buffer has entered
Page Loss Protection mode (STATUS = '01')

3. The Write Count of the erased page exceeding the Write Threshold defined in the part
specification (STATUS = '11')

4. The ECC Logic determining that there is an uncorrectable error within the erased page
(STATUS ='10")
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Figure 2-36 * FB Erase Page Waveform
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Read Operation

Read operations are designed to read data from the FB Array, Page Buffer, Block Buffer, or status
registers. Read operations support a normal read and a read-ahead mode (done by asserting
READNEXT). Also, the timing for Read operations is dependent on the setting of PIPE.

The following diagrams illustrate representative timing for Non-Pipe Mode (Figure 2-37) and Pipe
Mode (Figure 2-38) reads of the flash memory block interface.

CLK

REN / \
ADDR[17:0] | Al A4 |

DATAWIDTH[1:0] | X |

BUSY / /

STATUS[1:0] | 0 50 X 51 X 52 X 53 0 54 |

| [ [ [ | I N N G

{
RD[31:0] | 0 Do X D1 X D2 X D3 0 X b4 X o |

Figure 2-37 » Read Waveform (Non-Pipe Mode, 32-bit access)
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REN / \
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BUSY

STATUS[1:0] | 0 S0 X S1 X 52 X S3 0 X s4 |

RD[31:0] | 0 DO X D1 X D2 X D3 0 ( X XD4 X o]

Figure 2-38 » Read Waveform (Pipe Mode, 32-bit access)
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The following error indications are possible for Read operations:

1. STATUS ='01"' when a single-bit data error was detected and corrected within the block
addressed.

2. STATUS ='10' when a double-bit error was detected in the block addressed (note that the
error is uncorrected).

In addition to data reads, users can read the status of any page in the FB by asserting PAGESTATUS
along with REN. The format of the data returned by a page status read is shown in Table 2-23, and
the definition of the page status bits is shown in Table 2-24.

Table 2-23 » Page Status Read Data Format
31 | 8 | 7 | 4 3 2 1 0

Write Count | Reserved | Over Threshold | Read Protected | Write Protected | Overwrite Protected

Table 2-24 » Page Status Bit Definition

Page Status Bit(s) Definition

31-8 The number of times the page addressed has been programmed/erased

7-4 Reserved; read as 0

3 Over Threshold indicator (see the"Program Operation" section on page 2-47)
2 Read Protected; read protect bit for page, which is set via the JTAG interface

and only affects JTAG operations. This bit can be overridden by using the
correct user key value.

1 Write Protected; write protect bit for page, which is set via the JTAG interface
and only affects JTAG operations. This bit can be overridden by using the
correct user key value.

0 Overwrite Protected; designates that the user has set the OVERWRITEPROTECT
bit on the interface while doing a Program operation. The page cannot be
written without first performing an Unprotect Page operation.
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Read Next Operation

The Read Next operation is a feature by which the next block relative to the block in the Block
Buffer is read from the FB Array while performing reads from the Block Buffer. The goal is to
minimize wait