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1. Feature

Two platforms LXT and SXT
b Virtex5 LXT: Higiperformance

logic with advanced serial connectivity
b Virtex5 SXT. Higperformance

signal processing
Cross-platform compatibility
b LXTand SXT devices are footprint

compatible in the same package using

adjustable voltage regulate
Temperature
i Guaranteed over the full military

temperature range%5N to +125\ )
Development System
i Supported by XilindSE

Development Systems
Most advanced, high-performance,
optimal-utilization, FPGA fabric
i Real6-input look-uptable (LUT)
technology
i Dual5-LUT option
i Improvedreducedhop routing
i 64-bit distributed RAM option
i SRL32/Dual SRL160option
Powerful clock managemert tile (CMT)
clocking
i Digital Clock Manager (DCM) blocks
for zerodday buffering, frequency
syrthesis, andclock phaseshifting

B

B

i PLL blocksfor inputjitterfiltering,
zerodelay buffering, frequency
syrhesis, andphasematched clock
division

36-Kbit block RAM/FIFOs

i Truedud-port RAM blocks

i Enharcedoptionalprogrammale
FIFOlogic

i Programmédle

True dud-port widthsupto 36
Simpe dual-port widthsupto 72

i Built-in optionalerror-correction
circuitry

i Optiondly programeachblock astwo
independent 18-Kbit blocks

High-perfor mance parallel SdectlO
technology
i 1.2t0 3.3V /O Operation
i Sourcesynchraous
interfacing using ChipSync"
technology
i Digitally-controlledimpedarce (DCI)
adiveterminaion
i Flexible fine-grained 1/0 banking
i High-speed memay interfacesupport
Advanced DSP48E slices
i 25x 18,two& conplement,
multiplication
i Optional adder, subtracter, and
accumulator
i Optional pipdining
i Optional bitwiselogical fundiondity
i Dedcaedcagadeconnedions
Flexible configuration options
i SPland Parallel FLASH interface
i Multi-bitstreamsupport
with dedicated fallback
recanfigurationlogic
i Auto buswidth detedion capalility
SystemMonitoring capability on
all devices
i Onchip/Off -chip thermal monitoring
i On-chip/Off-chip power supply
moritoring
i JTAG acceessto all moritored
quantities
Integrated Endpoint blocks for
PCI Express Designs
i Comgiant with the PClI ExpresBase
Specificaion 1.1
i x1,x4,or x8 lanesypport perblock
i Worksincorjunctionwith Rocketl O E
trangeivers
Tri -mode 10/100/1000 Mb/s
Ethernet MACs
i RocketlO trangeiverscanbeused
asPHY or connectto external
PHY usng many soft MIl (Media
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Indepencent Interface)options technology
RocketlO , 1.0V core voltage
i GTP transceivers 100 Mb/s to , High signalintegrity flip -chip
3.75 Gb/s packaging available in standard

65-nm copper CMOS process
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2. General Description

The BQ5V Seriesprovidesthe newest most powerful featuresin the Space LeveFPGA market In
addition to the mog advanced high-pefformancelogic fakric, BQ5VY FPGAs contan many hardIP
systan level blocks,including powerful 36-Kbit block RAM/FIFOs, secom generation 25 x 18 DSP
slices, SelectlO techrology with built-in  digitally- controled impedance, ChipSync
sourcesyndronous interface blocks, systan monitor functionality, enhanced clock management tiles
with integrated DCM (Digital Clock Managgrs) and phase-locked-loop (PLL) clock generatos, ard
advanced configuration options. Additiond platform dependant features include power-optimized
high-speed serial transceiver blocks for enhanced serial comedivity, PA Express complart
integrated Endpoint blocks, andtri-mode Ethernet MACs (Media Access Controllers) Thes features
allow advanced logic designers to build the highest levels of performance and functiorelity into their
FPGADbasd sysems. Built on a 65-nm state-of-the-art coppe proces techrology, BQ5V FPGAs
are a programmable alternative to custam ASIC technolay. Most advancel systen designs require the
programmable strength & FPGAs. BQ5V FPGAs offer the best solution for addressiig the needs of
high-performane logic designers, high-peformance DSP degyness, and high-performance enbedied
systens designers with unprecedented logic, DSR hard/soft microprocesss, and comectivity
capdiliti es.

Table1:BQ5V series FPGA Members

CLB Block EndpointBI
Max

System Array Maximum DSP48E | RAM ocks for Ethernet Max
Device CMTs lfe] Package

Gates Row x Slices | Distributed Slices Blocks PCI MACs GTPs g

Pads
Col. RAM Kbits (Kb) Express

BQ5V

3.5M 80 x34 5440 520 192 3024 2 1 4 8 360 BGA665
SX35T
BQ5V

5M 120x 34 8160 780 288 4752 6 1 4 12 360 BGA665

SX50T
BQ5V

9.5M 160 x46 | 14,720 1,520 640 8,784 6 1 4 16 640 CCGA1136
SX95T
BQ5V

24M 240x 78 | 37440 4200 1056 18576 6 1 4 24 960 BGA1738
SX240T
BQ5V

155M 160 x76 | 24320 1640 128 7632 6 1 4 16 680 CCGA1738
LX155T
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3. Architecture

3.1 Architecture Overview

BQ5V FPGA Logic

B

On average, oneto two speedgrade

improvementover Virtex-4 devices

Cascalable 32-bit variable shift

registers or 64-bit distributedmemay

capability

Superior routing architecdure with

enhanceddiagonal routing supports

block-to-block connectivity with minimal

hops

Up to 240,000logic cells including:

i Upto149760internd fabric
flip-flops with clock ereble

i Upto149760red 6-input look-up

tades (LUTSs)

i Two outpusfor dual 5-LUT mode

givesenhanceditilization

i Logic expanding multiplexers and I/O

regsters

550M Hz Clock Technology

Upto six Clock Managementiles (CMTs)
i Ead CMT contanstwo DCMs

and one PLLO up to eightean

totd clock generators

i Flexible DCM-to-PLL or

PLL-to-DCM cascade

i Precisio clock dekew and phas

shift

i Flexible frequency syntress
i Multiple operatirg modesto ea®

performane trade-off dedsions

i Improved maximum input/outpu

frequency

i Finegrained pha shifting resdution
i Inputjitterfiltering

i Low-power operation

i Widephase shift range

Differentialclock treestructurefor
optimized low-jitter clocking andprecise
duty cycle

32 global clock networks
Regional, 1/0, and local clocks in
additi on to global clocks
SelectlOTechnology
Upto 960userl/Os
Wide selection of /O standards from 1.2V
to 3.3V
Extremely high-performance
i Upto800Mb/s
HSTL and
SSTL (all
single-ended
1/0s)
i Uptol.25Gh/sLVDS (onall
differertial 1/O pairs)
Truedifferertial termination on-chip
Same edge capture at input and output1/Os
. Extensive memory interfacesupport
550M Hz Integrated Block Memory
Up to 16.4 Mbits of integrated block
menory
36-Kbit blocks with optional dual 18-Kbit
mode
Trueduatport RAM cells
Independent port width selection (x1to
X72)
i Upto x36 total per port for true dud
port operation
i Uptox72total per port for

B

B

B

B

B

B

simple dual port operation (ore
Rea port ard one Write port)

i Memary bits plus parity/sideband
memay support for x9, x18, x36,
and x72 widths

i Configuratiors
from32K x 1to
512x 72(8K x 4to
512 x 72 for FIFO
operation)

Multi rate FIFO support logic
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i Full and Empty flag with fully
programmable Almost Full and
Almost Empty flags

SynchronousFIFO support without Flag

uncertainty

Optional pipeline stagesfor higher

performance

Byte-write capability

Dedicated cascaderouting to form

64K x 1 menory withoutusing

FPGArouting

IntegratedoptionalECCfor

high-reliability memay

requirements

Special reduced-power designfor 18

Kbit (and below) operation

550MHz DSP48ESlices

25x 18two& complemenimultiplication
Optional pipeline stages for enhanced
performance

Optional48-bit accumulatorfor

multiply accumulate(MACC)

operation with optional accumulator
cascadeo 96-hits

Integrated adderfor complex-multiply

or multiply-addoperation

Optional bitwise logical operation modes
Independent C registers per slice

Fully cascadble in aDSPcolumn
without external routingresources

ChipSyncSour ce-Synchronousinterfacing

Logic

B

Worksin conjurction with
Selectl O technology to simplify
sourcesynchronouinterfaces
Per-bit dekew capabilitybuilt
into all /0O blocks (variable
delay line onall inputs and
outputs)

Dedicated /0 andregional clocking
resources (pins and trees)
Built-in data

seaializer/deseiali zerlogic
with corresponding clock

B

divider suportin all 1/0
Networking/telecommunicaioninterfaces
upto 1.25 Gb/s per /O

Digitally Controlled | mpedance(DCI)
Active I/O Termination

B

B

B

Optionalseriesor parallel termination

Temperature and voltage compensdion

Makesboard layout mucheasier

i Reducsresistors

i Placetermination in the ided
locatian, at the signal soure or
destiration

Configuration

B

B

Support for platform Flash, standard
SPIFlash,or stardard parallel NOR
Flashconfiguration

Bitstream sypport with

dedicated fallback
reconfiguationlogic

256-bit AESbitstream deayption
providesintellectual property secuity
andpreverts designcopying
Improvedbitstreamnerror
detection/corretion capability

Auto buswidth detectioncapability
Partial Reconfiguationvia ICAP port

Advanced Flip-Chip Packaging

B

B

B

Pre-ergineered packaging

technology for provensuperior

signal integrity

i Minimized inductive loops from
signd to return

i Optimal signal-to-PWR/GND ratios

ReducesSSOinduced noiseby up to 7x

standard packages

Integrated Endpoint Block for PCI Express

Compliance

B

Worksin conjunction with Rocketl O GTP
transceivers to deliver full PCIExpress
Endpoint functionality with minimal
FPGAlIogic utili zation.

Compliantwith the PCI Express Base
Specfication 1.1
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5

5

B

B

PCIExpressEndpoint block or Legacy
PCI ExpressEndpoint block

X8, x4, or x1 lanewidth

Power maragementsupport

Block RAMs used for buffering

Fully bufferedtransmit and receive
Managementinterfaceto access

PCI Express configuration space
andinternal configuration
Supportsthe full range of maximum
payloadsizes

Upto 6 x 32 bit or 3 x 64 bit BARs (or a
combination of 32 bit and 64 bit)

Tri -Mode Ethernet Media Access Controller

B

B

B

B

B

Designedto the[ EEE802.3-2002
specfication

Operates at 10, 100,and1,000Mb/s
Suypportstri-mode auo-negotiation
Receve addressfilter (5 addressentries)
Fully monolithic1000Bae-X
solutionwith RocketlO GTP

transceivers

Suppots multiple external PHY
connections (RGMII, GMII, etc)
interfaces through soft logic and

SeletlO resources

Supports connectionto external PHY
device through SGMI1 usingsdit logic
andRocketlO GTPtranscevers
Receve and transmit statistics
available throughseparate

interface

Separate host and client interfaces
Suypport for jumboframes

Suppat for VLAN

Flexible, user-configurable hostinterface
Suppats IEEE802.3ak2004
unidirectionaimode

RocketlO GTP Transceivers

B

Full-duplex serial transceiver cgpabl e of
100 Mb/sto 3.75 Ghb/sbaud rates
8B/10B, use-defined FPGA logic, or
no encoding options

B

Channel bonding support

CRCgeneration and checking
Programmeéble pre-emphasisor
pre-equalization for thetransmitter
Programmeéble termination and voltage
swing

Programmeéble equalization for thereceiver
Receiver signal detect and loss of signall
indicator

Userdynamicreconfiguration

using secomary configurationbus

Out of Band (OOB) support for Serial ATA
(SATA)

Electrical idle, beaconing, receiver
detection, and PCI Expressand SATA
spread-spedrumclocking support
Lessthan 100mW typical power
consaimption

Built-in PRBSGenerators and Checkers

System Monitor

B

B

On-Chiptemperature measurement (+4€C)

On-Chip power supply measurement

(#1%)

Easyto use, self-cortained

7 No design required for basic operation

i Autonomaus monitoring of all on-chip
SENsors

i Usea programmable alarm
threstolds for on-chip
sensers

Useraccesdile 10-bit 200kSPADC

i Automatic cdibration of offset and
gain error

i DNL =+0.9LSBs maximum

Upto 17 external analog input channels

sypported

i 0V tolVinpu range

i Monitor external sensos e.g., voltage,
temperature

i Gener&purpos analog inputs

Full accessfromfabric or JTAG TAPto

Sygem Monitor

Fully operational prior to FPGA

configuration and during device power
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down (access via JTAG TAP only) routingcapabilityand accommodates
65-nm Copper CMOS Process hard-IPimmersion
. 1.0V Core\oltage . Triple-oxidetechrology for proven
. 12-layermetalprovidesmaximum reducedstatic power consumption

3.2 Architecture Features

This section briefly describé®Q5V Seriesfeatures.
Input/Output Blocks (SelectlO)

|OBs are progranmable and can be categorizedasfoll ows:

Programmable single-erdedor differertial (LVDS) operation

Input block with an optional single datarate (SDR) or double datarate (DDR) register
Outputblock with anoptional SDRor DDR regider

Bidirectional block

Per-bit deskew circuitry

Dedicated!/O andregional clocking resources

. Built-in dataseializer/desealizer

Thel OB registersareeither edge-triggered D-typefli p-flops or level-sensitve latches.
|OBs support thefollowing single-endedstandards:

LVTTL

LVCMOS (3.3V, 2.5V, 1.8V, 1.5V, and 1.2V)

PCI(33and 66 MHz)

PCIX

GTL and GTLP

HSTL 1.5V and 1.8V (Class |, I, I, and V)

HSTL 1.2V (Class 1)

., SSIL1.8Vand25V (Class! andll)

TheDigitally Controlledlmpedance(DCI) I/ O feature can be configuredto provide on-chip termination
for eachsingle-erded|/O standard and somedifferential 1/0 stardards.

The OB elements aso support thefollowing differential signalingl/O standards:

LVDS and Extended LVDS (2.5V only)

BLVDS(BusLVDYS)

ULvDS

HypertranspatE

Differential HSTL 1.5V and 1.8V (Classl and I1)

Differential SSTL1.8V and 2.5V (Classl and I1)

. RSDS(2.5V point-to-point)

Two adjacent pads are usedfor eachdifferential pair. Two or four 10B blocks connectto one switch

B

B

B

B

B

B
B
B

B

B

matrix to access therouting resources.

Per-bit dekew circuitry allows for programmeble signal delay internal to the FPGA. Per-bit dekew
flexibly providesfine-grained increments of delay to carefully producearange of signal delays. Thisis
esypecialy useful for synchronizing signaledgesin saurce-synchronousinterfaces.

Gereral purposel/O in sekct locations (eight perbank) are desigred to be firegional clock cagpabl  €l/®
8
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by adding special hardware connections for I/O in the same locality. Theseregional clock inputs are
distributed within a limited region to minimize clock skew between IOBs. Regional 1/O clocking
supplementstheglobal clocking resources.

Data serializer/deserializeapability is added to every 1/O to support sotsgechronous interfaces.

A seriatto- parallel converter with associated clock divider is included in the input path, and a
paralletto-serial converter in the output path.

Configurable Logic Blocks (CLBSs)

A BQ5V FPGACLB resourceis made up of two slices. Eachsliceis equivalent andcontains:

Four function generators

Four storageelements

Arithmeticlogic gates

Largemultiplexers

, Fastcary look-aheadthain

The function generators are configurable as 6-input LUTSs or dual-output 5-input LUTs. SLICEMs in
someCLBs can be configured to operate as 32-bit shift registers (or 16-bit x 2 shift registers) or as
64-bit distributed RAM. In addition, the four storage elemernts can be corfigured as either
edge-triggered D-typeflip-flopsor level sensitive latches. EachCLB hasinternal fastinterconnect and
connectsto a switch matrix to accessgeneral routing resouces.

B
B
B

B

Block RAM

The 36 Kbit true dual-port RAM block resources are programmeble from 32K x 1 to 512x 72, in
various depth and width configurations. In addition, each 36-Kbit block canalso be corfigured to
operate astwo, independent 18- Kbit duatport RAM blocks.

Eachport is totally synchronous and independent, offering threefiread-during-writed modes. Block
RAM is cascalable to implement large embedded storage blocks. Additionally, back-end pipeline
registers, clock control circuitry, built-in FIFO sugport, ECC, and byte write enable featuresare also
providedasoptions.

Global Clocking

The CMTs and global-clock multiplexer buffersprovide a complete solution for designing high-speed
clock networks.

EachCMT contains two DCMs andonePLL. The DCMs and PLLs canbe usedindependently or
extensively cascadd. Up to six CMT blocks are available, providing up to eighteen total clock
generator elements.

EachDCM provides familiar clock geneation capabiliy. To gererate deskewed internal or external
clocks, eachDCM canbeusedto eliminate clock distribution delay. The DCM also provides90°, 1807
and 270° phaseshifted versions of the output clocks. Fine-grained phase shifting offers higher-
resoltion phaseadjugment with fradion of theclock period increments. Flexible frequency synthesis
providesaclock outputfrequency equal to afradional or integermultiple of theinput clock frequency.
To augmentthe DCM capability BQ5VY FPGA CMTs also contain a PLL. This block provides
referenceclock jitter filtering andfurther frequency syrnthesisoptions.

9
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BQ5V devices have 32 globaklclock MUX buffers. The clock tree is designed to be differential.
Differential clocking helpsreducejitter and duty cycledistortion.

DSP48ESlices

DSPA48E slice resources cortain a 25 x 18 two& complement multiplier and a 48-hit
adder/subtacter/acauimulator. Each DSPA8E slice also contains extensive cascade capability to
efficiently implement high-speedDSPalgorithms.

Routing Resouces

All componentsn BQ5V devices use the same interconnectscteme and the sameaccessto the
global routing marix. In addition, the CLB-to-CLB routing is desigred to offer a conplete setof
connedivity in as few hops as possble. Timing models are shared, greatly improving the
predictabilityof the pefformancefor high- speeddesigrs.

Boundary Scan

Boundary-Scan instructions and associated data registers support a standard methodology for
acessing andconfiguring BQ5V  devices, complyingwith IEEE standards1149.1 and1532.

Configuration

BQ5V devices are configuredby loading the bitstreaminto internal configuration memory using one
of thefollowing modes:

. Slave-serial mode

Master-serial mode

Slave SelectMAP mode

MasterSelectMAPmode

Bounday-Scanmode(IEEE-1532and-1149)

SPImode(Serial Periphera Interfacestandard Flash)

BPI-up/BPI-down modes(Byte-widePeripheral interfacestandard x8 or x16 NOR
Flash)

In addition, BQ5V devicesalsosupport the foll owing configuration options:

256-bit AES bitstreandeayptionfor IP protection

Muulti -bitstream management (MBM) for cold/warmboot support

B

Parallel configurationbus width auto-detection

Parallel daisychain

ConfigurationCRC andECC suppat for themostrobug, flexible device integrity
checking

SystemMonitor

FPGAs are animportant building block in high availability/reliability infrastructure. Therdore, there
is needto better monitor the on-chip physical environment of the FPGA and its immediae
surroundingswithin the sydem. For the first time, the BQ5V family System Monitor facilitates

10
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easiermonitoring of the FPGAandits external environment. Every member of the BQ5V family

cortains a Sysem Monitor block. The Sysem Monitor is built around a 10-bit 200kSPSADC

(Analogto-Digital Converter). This ADC is usedto digiti ze a number of on-chip sensa's to provide
information about the physical environment within the FPGA. On-chip sensasinclude atenperature
sensor and power supply sensors. Accessto the external environment is provided via a number of

external aralog input chamels. These arelog inputs are general purposeand canbe usedto digiti ze a
wide variety of voltage signal types. Support for unipolar, bipolar, andtrue differential input schemes
is provided. There is full access to the on- chip sersors and external channelsvia the JJAG TAR
allowing the existing JTAG infragructure on the PC board to be usedfor analog testand advanced
diagnogics during development or after deployment in the field. The Sydgem Monitor is fully

operational after power up andbefore configuration of theFPGA.SysemM onitor doesnot require an
explicit instantiation in a design to gain acessto its basic fundionality. This allows the Sydem
Monitor to be used evenat alate stagein the desgn cycle.

Tri-Mode (10/100/100Mb/s) Ethernet M ACs

BQ5V devicescontain up to eight embedded Ethernet MACs, two per Ethernet MAC block. The
blocks have thefoll owing characteristics:

Designedo thelEEE 802.3-2002specification

UNH-conplianceteged

B

B

. RGMII/GMII Interfacewith SekctlO or SGMII interfacewhen usedwith Rocketl O transcewers
Half or full duplex

Supports Jumbo frames

1000BaseX PCS/PMA: Whenused with Rocketl O GTP transceiver, canprovidecomplete
1000 Base-X implementationon-chip

DCR-busconnection to microprocessas

Integrated Endpoint Blocks for PCI Express

BQ5V devices cortain up to four integrated Endpoint blocks. Theseblocks implement Transadion
Layer, Data Link Layer, and Physical Layer fundions to provide complete PCI Express Endpoint
functionalitywith minimal FPGAlogic utilization. Theblocks have thefollowing chaacteistics:
Compliantwith the PCI ExpressBaseSpecfication 1.1

Worksin conjurction with Rocketl O transceaversto provide conplete endpoint

functionality

B

B

1,4, or 8 lanesuypport perblock
RocketlO GTP Transceivers

4 - 24 channel RocketlO GTP transceivers capable of
running 100 Mb/s to 3.75 Gb/s.

Full clockand data recovery

8/16-bit or 10/20bit datapath support

Optional 8B/10B or FPG/ased encode/decode
Integrated FIFO/elastic buffer

B

11
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B

Channel bonding and clock correction support
Embedded 3dit CRC generation/checking

Integrated commdetect or A1/A2 deteiin
Programmable premphasis (AKA transmittezqualization)
Programmable transmitter output swing

Programmable receiver equalization
Programmable receiver termination
Embedded support for:
Out of Band (OOB) signalling: Serial ATA
Beaconing, electricatlle, and PCI Express receiver detection

Built-in PRBS generator/checker

12
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4. Configuration Interfaces
BQ5V deviceshavesix configurationinterfaces Eachconfiguration interface comespondgo one
or more configurationmodesandbuswidth, shownin Table 2
Table 2 BQ5V Device Configuration Modes

Configuration Mode M[2:0] BusWidth CCLK Direction
MasterSerid(2) 000 1 Output
MastersP(2) 001 1 Output
MasterBPI-Up(2) 010 8,16 Output
Master8PI-Down(2) 011 8,16 Output
MasterSelectMAP(2) 100 8,16 Output
JTAG 101 1 Input(TCK)
SlaveSeletMAP 110 8,16,32 Input
SlaveSerial 111 1 Input

Notes:

1. Parallelconfiguration mode busis au-detectedy theconfigurationlogic.

2. In Master configuration mode, the CCLK pin is the clock souce for the BQ5V internal
configuration logic. The BQ5Y CCLK output pin must be free from reflecions to avoid
double-clocking the internal configuration logic. Refer to the fiBoard Layout for Configuration
Clock (CCLK ) siectbn for more cktails.

4.1 Serial Configuration Interface

In serial configuration modes, the FPGA is configured by loading one configuration bit per CCLK
cycle:

O In Master Serial mode, CCLK is an output.

O In Slave Serial mode, CCLK is an input.

Figure 1 shows the basiBQ5V serial configuration interface. There are four methods of
configuring an FPGA in serial mode:

O Master serial configuration

O Slave serial configuration

O  Serial daisychain configuration

O Ganged serial configuration

— M[2:0]

DOUT (—
— D_IN
— INIT_B
— PROGRAM_B

DONE |—
—{ CCLK

13
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Figure 1BQ5V FPGASerialConfiguration Interface
Table3 describeghe SerialConfigurationlnterface.
Table3:BQ5V FPGA Serial Configuration Interface Pins

Dedicated
Pin Name Type or Dual- Description
Purpose
M[2:0] Input Dedicated | Mode Pins — determine configuration mode
CCLK Input or Dedicated Configuration cloc£< source for all configuration
Output modes except JTAG
D_IN Input Dedicated S}?Flal configuration data input, synchronous to
rising CCLK edge
DOUT_BUSY Output Dedicated Serllc-ll data output for downstream daisy-chained
devices
Active High signal indicating configuration is
Bidirectional complete:
idirectional, . .
DONE Open-Drain, | Dedicated D =FPGA not clonflgured
. 1 = FPGA configured
or Active
Refer to the BitGen section of the Development
System Reference Guide for software settings.
Before the Mode pins are sampled, INIT_B is an
input that can be held Low to delay configuration.
Input or After the Mode pins are sampled, INIT_B is an
INIT_B Qutput, Dedicated | open-drain active Low output indicating whether
Open-Drain a CRC error occurred during configuration:
0 = CRC error
1 =No CRC error
PROCRAM_B Input Dedicated | Active-Low asynchronous full-chip reset

Clocking Serial Configuration Data

Figure 2 shows how configuration data is clocked iBlQ5V devices in Slave Serial and Master

Serial modes.
PROGRAM_B \ /
INIT_B \ /
Master CLK Begins Here2)
Master D_IN Xa—c:‘i'x BIT 1 N ---:x EITr x:--- I/’ Ty
Master DOUT/ — — oy
Slave D IN & e E "‘““x:" 3’ 7,
Data Bits clocked on Rising Edge of CCLK
DONE /

Figure2: Serial Configuration Clocking Sequence

Notes relevant to Figurz

1. Bit O represents the MSB of the first byte.

(1010_1010), bit0 =1, bit 1 =0, bit 2 = 1, etc.
2. For Master configuration mode, CCLK

For example, if the first isyOXAA

does not transition until after the Mode pins are
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sampled, as indicated by the arrow.
3. CCLK can be fregunning in Slave serial mode.

Master Serial Configuration

The Master Serial mode is designed so that the FPGA can be configured from @BKilithx
configuraion PROM, as shown in Figu@

‘[ ‘[ e
Xilinx/BMT! Platform MO M1
Flash PROM m

M2

DATA D_IN DOUT f—— =
CLK COLK
CE
@ Master
RESETIOE i Serial
CF L

e

= ) @
7 kﬁg %3300 g 47kQ

$—— »| PROGRAM B

T— DONE  INIT_B

PROGRAM B

Figure3: Master Serial Mode Configuration
Notes relevant to Figur&
1. The DONE pin is by default an opelinain output requiring an external pulb resistor. The
DONE pin has a programmable active driver. To enable it, enable the DriveDONE option in BitGen.
2. The INIT_B pin is a bidirectional, opetirain pin. An external gltup resistor is required.
3. The BitGen startup clock setting must be set for CCLK for serial configuration.
4. The PROM in this diagram represents one or more Xilinx PROMs. Multiple Xilinx PROMs can
be cascaded to increase the overall configuratioagtotapacity.
5. The BIT file must be reformatted into a PROM file before it can be stored on the Xilinx PROM.
Refer to the AGenerating PROM Filesod section.
6. On some Xilinx PROMSs, the reset polarity is programmable. RESET should be configured as
active Low when using this setup.
7. The CCLK net requires Thevenin parallel termination.
8. Master serial mode configuration is specific to the Platform Flash XCFS and XCFP PROM

only.
Slave Serial Configuration

Slave serial configuration is typically used fores in a serial daisy chain or when configuring a
single device from an external microprocessor or CPLD. Design considerations are similar to Master
serial configuration except for the direction of CCLK. CCLK must be driven from an external clock
source.

Serial Daisy Chains

Multiple BQ5V devices can be configured from a single configuration source by arranging the
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devices in a serial daisy chain. In a serial daisy chain, devices receive their configuration data
through their D_IN pin, passing configuiati data along to downstream devices through their

DOUT pin. The device closest to the configuration data source is considered the most upstream
device, while the device furthest from the configuration data source is considered the most
downstream device.

In a serial daisy chain, the configuration clock is typically provided by the most upstream device in
Master serial mode. All other devices arefeetSlave serial mode. Figutkillustrates this

configuration.

Another alternative is to use SPI mode far finst device. The daisy chain data is still sent out
through DOUT in SPI mode.

MO M1 MO M1
Flash PROM @
1 M2 M2

:

DATA D_IN DoUT D_IN DOUT |——
CLK CCLK CCLK
CE
7
RESET/OE i Master Slave
TF B Serial - Serial .
- 33003
—=| PROGRAM B 4r Kﬂg @ .| PROGRAM B
FDONE INIT_B TDONE INT_B [=—=—

PROGRAM

Figure4: Master/Slave Serial Mode Daisy Chain Configuration
Notes relevant to Fige4:
1. The DONE pin is by default an opelnain output requiring an external puib resstor. For all
devices except the first, the active driver on DONE must be disabled. For the first device in the chain,
the active driver on DONE can be enabled. See AGuid
Dai sy Chains. o
2. The INIT_B pin is a bigtectional, operdrain pin. An external pullip resistor is required.
3. The BitGen startup clock setting must be set for CCLK for serial configuration.
4. The PROM in this diagram represents one or more Xilinx PROMs. Multiple Xilinx PROMs can
be cascadetb increase the overall configuration storage capacity.
5. The BIT file must be reformatted into a PROM file before it can be stored on the Xilinx PROM.
Refer to the AGenerating PROM Filesod section.
6. On some Xilinx PROMs, the reset polarity is programi@aRESET should be configured as
active Low when using this setup.
7. The CCLK net requires Thevenin parallel termination.
8. Serial daisy chains are specific to the Platform Flash XCFS and XCFP PROM only.

The first device in a serial daisy chain is thst to be configured. CRC checks only include the data

for the current device, not for any others in the ¢
After the last device in the chain finishes configuration and passes its CRC check, it enters the

Statup sequence. At the Release DONE pin phase in the Startup sequence, the device places its

DONE pin in a HighZ state while the next to the last device in the chain is configured. After all

devices release their DONE pins, the common DONE signal is gitlikyd High externally or
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driven High by the first device in the chain. On the next rising CCLK edge, all devices move out of
the Release DONE pin phase and complete their startup sequences.

It is important that all DONE pins in a Slave serial daisy chaiconnected. Only the first device in

the serial daisy chain should have the DONE activeyquliiriver enabled. Enabling the DONE

driver on downstream devices causes contention on the DONE signal.

Mixed Serial Daisy Chains

BQ5V devicescanbedaisshda ned wi t h t h el Viitex-E, SpartadlB, Vigax-tl,a n E
Virtex-ll Pro, Spartar8, and Virtex4 families. There are three important design considerations when
designing a mixed serial daisy chain:
O Many older FPGA devices cannot accept asdaSCLK frequency asBQ5V device can
generate. Select a configuration CCLK speed supported by all devices in the chain.
O BQ5V devices should always be at the beginning of the serial daisy chain, with older family
devices located at the end of the chain.
O  All Virtex/BMTI device families have similar BitGen options. The guidelines provided for
BQ5V BitGen options should be apetl to all VirteXBMTI devices in a serial daisy chain.
O The number of configuration bits that a device can pass through its DOUT pin is limited. This
limit varies for different families (Tabld). The sum of the bitstream lengths for all downstream
devices must not exceed the number in Tabfer each family.

Table4: Maximum Number of Configuration Bits, Various Device Families

Architecture Maximum DOUT Bits
BQ5V, BQR2V,Virtex-5, Virtex-4, Virtex-Il 32 x (21 1) =4,294,967,264
Pro, and Virtexl| Devices
Spartar3 Devices 32 x (21 1) = 4,294,967,264
BQVR, Virtex, Virtex-E, Spartaril, and 32 x (2°1 1) = 33,554,216
SpartanrllE Devices

Guidelines and Design Considerations for Serial Daisy Chains

There are a number of important considierss for serial daisy chains:

Startup Sequencing (GTS)

GTS should be released before DONE or during the same cycle as DONE to enB@&\the

device is operational when all DONE pins have been released.

Active DONE Driver

All devices except the first should disable the driver on the DONE pin (refer to the BitGen section of
the Development System Reference Guide for software settings). The first device in a chain is
programmed last:

0 DriveDone is disabled (all devices extépe first)

0 DriveDone is enabled (first device)

Alternatively, the driver can be disabled for all DONE pins and an externalpuésistor can be

added to pull the signal High after all devices have released it.

Connect All DONE Pins

It is importantto connect the DONE pins for all devices in a serial daisy chain. Failing to connect the
DONE pins can cause configuration to fail. For debugging purposes, it is often helpful to have a way
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of disconnecting individual DONE pins from the common DONE sigsalthat devices can be
individually configured through the serial or JTAG interface.

DONE Pin Rise Time

After all DONE pins are released, the DONE pin should rise from logic 0 to logic 1 in one CCLK
cycle. External putup resistors are required. If addital time is required for the DONE signal to

rise, the BitGen donepipe option can be set for all devices in the serial daisy chain. (Refer to the
BitGen section of the Development System Reference Guide for software settings.)

Ganged Serial Configuration

More than one device can be configured simultaneously from the same bitstream using a ganged
serid configuration setup (Figur®). In this arrangement, the serial configuration pins are tied
together such that each device sees the same signal tranghiendevice is typically set for Master

serial mode (to drive CCLK) while the others are set for Slave serial mode. For ganged serial
configuration, all devices must be identical. Configuration can be driven from a configuration PROM
or from an external ediguration controller.

MO M1

(&)
PROM g e

DATA DI DouT
CLK CCLK

CE BQRS5V

RESETIOE @ EPGA -
o Master @

$
T Serial
l

*| PROGRAM_B
DONE  INIT_B

PROGRAM MO M

M2

DIN DouT
| CCLK

BQR5V
FPGA
Slave
Senal

PROGRAM_B
DONE  INIT_B

Figure5:  Ganged Serial Configuration
Notes relevant to Figurg
1. For ganged serial configuration, the optional DONE driver must be disabled for all devices if
one device is set for Master mode because each device migtamaipson exactly the same CCLK
cycle. An external pulup resistor is required in this case.
2. The INIT_B pin is a bidirectional, opetirain pin. An external pullip resistor is required.
3. The BitGen startup clock setting must be set for CCLK forasednfiguration.
4. The PROM in this diagram represents one or more Xilinx PROMs. Multiple PROMs can be
cascaded to increase the overall configuration storage capacity.
5. The BIT file must be reformatted into a PROM file before it can be stored ¢tROM. Refer
to the AGenerating PROM Filesdo section.
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6. On some Xilinx PROMSs, the reset polarity is programmable. RESET should be configured as
active Low when using this setup.
7. For ganged serial configuration, all devices must be identical (same IDC&idEhust be
configured with the same bitstream.
8. The CCLK net requires Thevenin parallel termination.
9. Ganged serial configuration is specific to the Platform Flash XCFS and XCFP PROM only.
10. Fallback and Multiboot are not supported in ganged Isewigfiguration. There are a number of
important considerations for ganged serial configuration:
O  Startup Sequencing (GTS)
GTS should be released before DONE or during the same cycle as DONE to ensure all devices are
operational when all DONE pins havechereleased.
0 Disable the Active DONE Driver for All Devices
For ganged serial configuration, the active DONE driver must be disabled for all devices if the
DONE pins are tied together, because there can be variations in the startup sequencing oiceach dev
A pull-up resistor is therefore required on the common DONE signal.

-g DriveDone:no (BitGen option, all devices)
O Connect all DONE pins if using a Master Device
It is important to connect the DONE pins for all devices in ganged serial configufadiom FPGA
is used as the Master device. Failing to connect the DONE pins can cause configuration to fail for
individual devices in this case. If all devices are set for Slave serial mode, the DONE pins can be
disconnected (if the external CCLK source amms toggling until all DONE pins go High).

For debugging purposes, it is often helpful to have a way of disconnecting individual DONE pins
from the common DONE signal.

0 DONE Pin Rise Time

After all DONE pins are released, the DONE pin should rise fogjic O to logic 1 in one CCLK

cycle. If additional time is required for the DONE signal to rise, the BitGen donepipe option can be
set for all devices in the serial daisy chain.

O Configuration Clock (CCLK) as Clock Signal for Board Layout

The CCLK signals relatively slow, but the edge rates on B@5V input buffers are very fast.

Even minor signal integrity problems on the CCLK signal can cause the configuration to fail.
(Typical failure mode: DONE Low and INIT_B High.) Therefore, design practicédabas on

signal integrity, including signal integrity simulation with IBIS, are recommended.

O Signal Fanout

Designers must focus on good signal integrity when using ganged serial configuration. Signal
integrity simulation is recommended.

0 PROM Files fo Ganged Serial Configuration

PROM files for ganged serial configuration are identical to the PROM files used to configure single
devices. There are no special PROM file considerations.

4.2 SelectMAP Configuration Interface

The SelectMAPconfiguration interfae (Figure6) provides an dit, 16-bit, or 32bit bidirectional
data bus interface to tH@Q5V configuration logic that can be used for both configuration and
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readback. (For detail s, refer t.00 ) i Rlehaed blawck windlt hCo
Select MAP is automatically detected (see Wi dt h
CCLK is an output in Master SelectMAP mode; in Slave SelectMAP, CCLK is an input. One or more

AiBus

BQ5V devices can be configured through the SelectMAP bus.
There are far methods of configuring an FPGA in SelectMAP mode:

0

(w}
(w}
0

Single device Master SelectMAP
Single device Slave SelectMAP
Multiple device SelectMAP bus
Multiple device ganged SelectMAP

M[2:0]
D[31:0]
INT_B

RDWR_B
CS_B

CCLK

PROGRAM_B CSO_B

BUSY

DONE

Figure6:BQ5V Device SelectMAP Configuration Interface

Table5 describes the SelectMAP configuration interface.
Table5:BQ5V Device SelectMAP Configuration Interface Pins

Dedicated
Pin Name Type or Dual- Description
Purpose
M[2:0] Input Dedicated Mode pins - determine configuration mode
Input and ) Configuration clock sourcefor all
CCLK Output Dedicated configuration m odesexcept JTAG
- Three-State Dual- Configuration and readback data bus,
D[31.0] Bidirectional Purpose clocked on the rising edge of CCLK.
Indicates that the deviceis not ready to send
Three-State . readback data. For BQ5V devices,the BUSY
BUSY Output Dedicated ) . .
p signal is only needed for readback; it is not
needed for configuration (see?SelectM AP Data
Loading?).
Active-High signal indicating config uration
Bidirectional, is complete:
DONE Open-Drain Dedicated 0 =FPGA not configured
or active 1 =FPGA configured
Beforethe Mode pinsaresampled, INIT_Bisan
input that canbeheld Low to delay
configuration.
After the Mode pinsare sampled, INIT_B s
Input or an open-drain, active-Low output indicating
INIT_B Output, Dedicated whether a CRC error occurred during
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Open-Drain configuration:
0=CRCerror

1=No CRCerror
When the SEUdetection function is
enabled, INIT_B is optionally driven Low
when aread back CRC error is detected.

PROGRAM_B Input Dedicated Active-Low asynchronous full-chip reset.

Active-Low chip selectto enable the
SelectM AP databus (see?SelectM AP Data
CS B Input Dedicated Loading?):

0 =Sele¢tMAP data bus enabled

1 = SeledMA P data bus disabled
Determines the direction of the D[x:0] data
bus (see? BlectMAP Data LoakE B OI »

0 =inputs
RDWR_B Input Dedicated 1=outputs
RDWR_B input can only be changed whil e
CS_B sdeasserted, otherwis e an ABORT
occurs (see? 2 1 O1 EABORT#).

CSO B Output Parallel daisy chain active-Low chip select
- Dual- output. Not usedin single FPGA
Purpose applications.

Single Device SelectMAP Configuration

High-Performance Platform Flash XL SelectMAP Configuration

The Platform Flash XL is specially optimized for higarformanceBQ5V FPGA configuration
and easef-use. Platform Flash XL integrates 128 Mb ofsiystem programmable flash storage and
performance features for configuration within a snfiaditprint FT64 package. Powen burst read
mode and dedicated I/O powsupply enable Platform Flash XL to mate seamlessly wittlBQ&V
FPGA SelectMAP configuration interface. A wide,-4i6 data bus delivers the FPGA configuration
bitstream at speeds to 800 Mb/s without wait states. A simplified model of the PlatformXElash
configuration solution for 8Q5V FPGA is shown in Figur@.

Platform Flash XL BQR5VFPGA
Configuration
Synchronization
READY WAIT |- Handshake -
Clock up to 50 MHz % =
oo
sSST T T N o
] . \ ! w
1 FPGA Design ) Wide (16-bit) Datapath
\  (.bit)File ) Up to 800 Mbis
Al s

Figure7:  Platform Flash XL HigiPerformance FPGA Configuration
For BQ5V FPGA configuration, the Platform Flash XL takes advantage of tHat1%electMAP
feature to accomplish higépee configuration. Minimal configuration time is achieved with an
external, freeunning oscillator driving the configuration clock in Slave SelectMAP mode. After
configuration, theBQ5V FPGA can access any remaining memory space, beyond the bitstream, in
the Platform Flash XL. The Platform Flash XL has a standard BPlI NOR Flash interface. In addition
21
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to the 16bit data bus, which is dually used for SelectMAP configuration, the Platform Flash XL has
a standard address bus and read/write control pins for maratress reads and for sending
CFl-compliant commands.

For prototype designs, the ISE® IMPACT software provides an indirect Platform Flash XL
programming solution through the IEEE Standard 1149.1 (JTAG) port @®/ FPGA. The
IMPACT software downloada prebuilt design bitstream into thBQ5V FPGA that bridges the
FPGA JTAG port to the FPGA BPI Flash configuration interface. The FPGA BPI Flash configuration
interface is a superset of the FPGA SelectMAP interface. When the Platform Flash XL's standard
address and control pins are connected to the corresponding FPGA BPI Flash interface pins, the
iIMPACT indirect programming solution can program the Platform Flash XL with the prototype
designbitstream, as shown in Figuge

Single Cable Connector for
Direct FPGA Configuration/Debug and
Indirect Platform Flash XL

Programming BQRSV|FPGA
Xilinx JTAG
Cable Connector [ For Programming
l % D‘; 7 V?I?}Tqrrr{wlr:\ash XL
- 5 .
TE- 2 R S,
W= ¢ Indirect, Y
Platform Flash XL I In-System
+ ' Programming !
o 1
ST \‘ - c | - o \ Engine P
) 4 N -
I FPGA Desion 1|3 & | ol w1 85 |70
o (-bis)File 15 3| Address ;_t g For Programming
M ‘|8z m 2 Platform Flash XL
2 ]
" E Data/Commands _ 38
w w

Figure8: IndirectProgramming Solution for Platform Flash XL
Platform Flash PROM SelectMap Configuration
The simplest way to configure a single device in SelectMAP mode is to connect it directly to a
configuragion PROM, as shown in Figur®. In this arrangement, the devige set for Master
SelectMAP mode, and the RDWR_B and CS_B pins are tied to ground for continuous data loading
(see ANSelect MAP Data Loadingo).

Master
SelectMAP
MO
Flash PROM J_; M1
10} = Mz
<
DATA[0:7] D[0:7]
CCLK CCLK
TF PROGRAM_B
‘b
<00 [ @
2
I % £
CE - : DONE
RESET/OE INIT_B

RDWR_B
%,i Cs B

Figure9: Single Device Master SelectMAP Configuration
Notes relevant to Figure
1. The DONE pin is by defauin operdrain output requiring an external pulp resistor. In this
arrangement, the active DONE driver can be enabled, eliminating the need for an exteuyal pull
resistor.
The INIT_B pin is a bidirectional, opetirain pin. An external pullip resistoiis required.
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2. The BitGen startup clock setting must be set for CCLK for SelectMAP configuration.

3. The PROM in this diagram represents one or more Xilinx PROMs. Multiple PROMs can be
cascaded to increase the overall configuration storage capacity.

4. The BIT file must be reformatted into a PROM file before it can be stored on the PROM. Refer
PROM Fi

to t

he

NfGener at i

ng

|l es o

sec

tion.

5. Onsome Xilinx PROMs, the reset polarity is programmable. RESET should be configured as
active Low when using this setup

6. The Xilinx PROM must be set for parallel mode. This mode is not available for all devices.
7. When configuring 8Q5V device in SelectMAP mode from a Xilinx configuration PROM,

t he

RDWR _B

and

CS_B

signal s

can

b g

tied

Low

(see AS

8. The BUSY signal does not need to be monitored for this setup and can be left unconnected (see

f
9.

Sel ect MAP Dat a
The CCLK net requires Thevenin parallel termination.

Loadingo) .

10. The D bus can be x8 or x16 for Master SelectMAP configuration.
11. Platform Flash PROM SelectMap configuration is specific to the Platform Flash XCFS and
XCFP PROM only.

Microprocessordriven SelectMAP Configuration

For custom applications where a microprocessor or CPLD is used to configure aBQ&)e
device either Master SelectMAP mode (use CCLK from the FPGA) or SlavetB#€cmode can
be used (Figuré0). Slave SelectMAP mode is preferred. See XAPP502, Using a Microprocessor to

Configure Xilinx FPGAs via Slave Serial or SelectMAP Mode, for informationanfiguring Virtex

devi

ces us i

CS_B, RDWR_B, and BUSY signals.

Figure10:

ADDRESS
DATA

CsO
csi
WE
OFE

Microprocessor

ng a microprocessor). Refer
T 7
<>
<>
<
PROGRAM_B
Program
Register Ccs B
RDWR_B
Config. COLK
- CPLD Register T D[0:x]
<>
j:ﬂ: 2 ad@ Slave
Input = 33 2 SelectMAP
Register . : il INIT_B
i : DONE
b BUSY
Used to Store

Notes réevant to FigurelO:
1. Itis one of many possible implementations.

Memory

the Configuration
Bitstream

t o

Single Slave Device SelectMAP Configuration from Microprocessor and CPLD

2. The DONE pin is by default an opeinain output requiring an external pulb resistor. In this

arrangement, the active DONE driver can be enabled, eliminating the need for an extiéual

resistor.

3. The INIT_B pin is a bidirectional, opetirain pin. An external pullip resistor is required.
4. The BitGen startup clock setting must be set for CCLK for SelectMAP configuration.

5. The BUSY signal can be left unconnected if readbaciot needed.
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6. The CS_B and RDWR_B signals can be tied to ground if only one FPGA is going to be
configured and readback is not needed.

7. The CCLK net requires Thevenin parallel termination.
8. The D bus can be x8, x16, or x32 for Slave SelectMAP gardition.

Multiple Device SelectMAP Configuration

Multiple BQ5V devices in Slave SelectMAP mode can be connected on a common SelectMAP bus
(Figurell). In a SelectMAP bus, the DATA, CCLK, RDWR_B, BUSY, PROGRAM_B, DONE, and
INIT_B pins share a common cormien between all of the devices. To allow each device to be
accessed individually, the CS_B (Chip Select) inputs must not be tied together. External control of
the CS_B signal is required and is usually provided by a microprocessor or CPLD.

If Readback iggoing to be performed on the device after configuration, the RDWR_B and BUSY
signals must be handled appropriately.

Otherwise, RDWR_B can be tied Low and BUSY can be ignored. Unlike earlier Virtex devices, the
BUSY signal never needs to be monitored wbenfiguringBQ5V devices.

js: O]

DATA[T:0]
CCLK
TWRITE
BUSY
<$ s
1 §
M1 M2 M1 M2 =
i Mo I Mo
B Slave B Slave
SelectMAP SelectMAP
D[7:0] D[7:0]
L — |ccx L — |ccLk
RODWR_B ROWR_B
BUSY BUSY
CS0) ———=|cs B G ———|cs 8
Ty —|FrROGRAM B —»| PROGRAM_
3300 41 <2
s |~ B -
47kQ DONE  INIT_B DONE  INIT_B
DONE
TNIT
FROGRARM

Figurell:Multiple Slave Device Configuration on arB8t SelectMAP Bus
Notes relevant to Figure 11:
1. The DONE pin is by default an opelnain output requiring an external pulp resistor. In this
arrangement, the acti®ONE driver must be disabled.
The INIT_B pin is a bidirectional, opetirain pin. An external pullip resistor is required.
The BitGen startup clock setting must be set for CCLK for SelectMAP configuration.
The BUSY signals can be left unconnedfegtadback is not needed.
An external controller such as a microprocessor or CPLD is needed to control configuration.
The CCLK net requires Thevenin parallel termination.
The data bus can be x8, x16, or x32.

No g~ WD

Parallel Daisy Chain

BQ5V FPGA confguration supports parallel daishain. Figure 12 shows an example schematic
of the leading device in BPI mode. The leading device can also be in Master or Slave SelectMAP
modes. The D[15:0], CCLK, RDWR_B, PROGRAM_B, DONE, and INIT_B pins share a common
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connection between all of the devices. The CS_B pins are daisy chained.

ik -

4.7 k2
33002

— BUSY | | —] BUSY —| BUSY | No
LT gCS0-B L i g ©5C-B L i e 8B connact
— DONE DONE DONE
PROG PROG PROG
A2 o BQRSY BQRSY D[15:0]
[25:0] A[25:0] FpA FPGA g
D[15:0] D[15:0] D[15:0] -B pgRrsv
Flash Fcs_B FCS B CS_B % FPGA
FOE_B|= FOE_B [—|ROWR B RDWR_B
FWE B FWE_B CCLK CCLK [ CCLK
M2 M1 MO i M2 M1 MO i M2 M1 MO
T 1 = L = L
o 1 0 i 1 0 — i 1 0
BPI UP
M[2:0]=Slave SelectMAP M[2:0]=Slave SelectMAP

Figure 12Parallel Daisy Chain
Notes relevant to Figure 12:
1. The DONE pin is by default an opeinain output requiring an external pulb resistor. In this
arrangement, the actii®ONE driver must be disabled.
The INIT_B pin is a bidirectional, opedirain pin. An external pullip is required.
The BitGen startup clock setting must be set for CCLK for SelectMAP configuration.
The BUSY signals can be left unconnected if realltis not needed.
The CCLK net requires Thevenin parallel termination.
The FCS_B, FWE_B, FOE_B, CSO_B weak pyfl resistors should be enabled, otherwise
external pulup resistors are required for each pin. By default, all-donate 1/0s have weak
pull-downs after configuration.
7. The first device in the chain can be Master SelectMAP, Slave SelectMATR) BRI
BPI-Down.
8. Readback in the parallel daisy chain scheme is currently not supported.
9. AES decryption is not available in x16 or x8®de, only in x8 mode.
10. Fallback is not supported in parallel daigyain.

S e

Ganged SelectMAP

It is also possible to configure simultaneously multiple devices with the samfiguration bitstream

by using a ganged SelectMAP configuration. In a gar@gectMAP arrangement, the CS_B pins of
two or more devices are connected togetheti¢drto ground), causing all devices to recognize data
presented on the D pin&ll devices can be set for Slave SelectMAP mode if an external oscillator is
available, or aedevice can be designated as the Master device, as illustrated in Figure 13.
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= w1 mo
T we
SelectMAP
DATA[O:7] pp:yy  Master
CCLK CLK

CF PROGRAM_B

CE BUSY [—
RESET/OE INIT_B

RDWR_B (1)
o tf)(i\in;‘ . cs B 3300
atform Flasl
DONE
PROM

r1 L
L M1 MO —
M2

g (10)
> SelectMAP
D{O:7] Slave

CLK

@ PROGRAM_B
4.7 KQ BUSY |—

INIT_B

< o) RDWR_B
i cs B
= DONE]|

Figure 13Ganged x8 SelectMAP Configuration

Notes relevant to Figure 13:

1. The DONE pin is by default an opelnain output requiring an external pulp resistor. In this
arrangement, the active DONE driver must be disabled for both devices.

2. The INIT_B pin is a bidirectional, opedrain pin. An external pullip resistor is required.

3. The BitGen startup clock setting must be set for CCLK for SelectMAP configuration.

4. The BUSY signal is not used for ganged SelectMAP configuration.

5.  The PROM in this diagram represents one or more Xilinx PROMs. Multiple Xilinx PROMs can
be cascaded to increase the overall configurations storage capacity.

6. The BIT file must be reformatt into a PROM file before it can be stored on the Xilinx PROM.
Refer to the AGenerating PROM Fileso section.
7. Onsome Xilinx PROMSs, the reset polarity is programmable. Reset should be configured as
active Low when using this setup.

8. The Xilinx PROM must be set for parallel mode. This mode is not available for all devices.

9.  When configuring 8Q5V device in SelectMAP mode from a Xilinx configuration PROM,

the RDWR_B and CS_B signals can be tied Low (see AS
10. The CCLK net requires Thevenin parallel termination.

11. Ganged SelectMap configuration is specific to the Platform Flash XCFS and XCFP PROM

only.

If one device is designated as the Master, the DONE pins of all devices must be connected with the
active DONE drivers disabled. An external puip resistor is required on the common DONE signal.
Designers must carefully focus on signal integrity due to the increased fanout of the outputs from the
PROM. Signal integrity simulation is recommended.
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Readback is ot possible if the CS_B signals are tied together, because all devices simultaneously
attempt to drive the D signals.

SelectMAP Data Loading

The SelectMAP interface allows for either continuous orcmmtinuous data loading. Data loading

is controlled bythe CS_B, RDWR_B, CCLK, and BUSY signals.

CS_ B

The Chip Select input (CS_B) enables the SelectMAP bus. When CS_B is Hi@Q%he device
ignores the SelectMARterface, neither registering any inputs nor driving any outputs. D and BUSY
are placed in a Hig state, and RDWR_B is ignored.

0 IfCS_B =0, the device's SelectMAP interface is enabled.

0 IfCS_B =1, the device's SelectMAP interface is disabled.

Fora multiple device SelectMARoafiguration, refer to Figur#&?2.

If only one device is being configure through the SelectMAP and readback is not required, or if
ganged SelectMAP configuration is used, the CS_B signal can be tiedutodgis illustrated in
Figure 9 and Figuré3.

RDWR_B

RDWR_B is an input to thBQ5V device that controls whether the data pins are inputs or outputs:

0 IfRDWR_B =0, the data pins are inputs (writing to the FPGA).

0 IfRDWR_B =1, the data pins are outputs (reading fronFREA).

For configuration, RDWR_B must be set for write control (RDWR_B = 0). For readback, RDWR_B
must be set for read control (RDWR_B = 1) while CS_B is deasserted. (For details, refer to
AfReadback and Configuration Verification. 0)
Changing the value of RWR_B while CS_B is asserted triggers an ABORT if the device gets a
rising CCLK edge (see fiSelect MAP ABORTO) . I' f readbe
ground or used for debugging with SelectMAP ABORT.

The RDWR_B signal is ignored while CS_B is dgearted. Read/write control of thestating of the

data pins is asynchronous. The FPGA actively drives SelectMAPwdidtaut regard to CCLK if
RDWR_B is set for read control (RDWR_B = 1, Readback) while CS_B is asserted.

CCLK

All activity on the SelectM& data bus is synchronous to CCLK. When RDWR_B is set for write
control (RDWR_B = 0, Configuration), the FPGA samples the SelectMAP data pins on rising CCLK
edges. When RDWR_B is set for read control (RDWR_B = 1, Readback), the FPGA updates the
SelectMAP d@ta pins on rising CCLK edges.

I n Sl ave Select MAP mode, configur at i-Comtinunoeshn be paus:¢
Sel ect MAP Data Loadingo).
BUSY

BUSY is an output from the FPGA indicating when the device is ready to drive readback data.
Unlike eafier Virtex devices,BQ5V FPGAs never drive the BUSY signal during configuration,
even at the maximum configuration frequency with an encrypted bitstreanBQ%¢ device only

drives BUSY during readback.

O If BUSY = 0 during readback, the SelectMARta pins are driving valid readback data.

O If BUSY =1 during readback, the SelectMAP data pins are not driving valid readback data.
When CS_B is deasserted (CS_B = 1), the BUSY pin is placed in aZtite.

BUSY remains in a HigiZ state until CS_Bs asserted. If CS_B is asserted before pawpefthat is,
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if the pin is tied to ground), BUSY initially is in a High state, then driven Low after POR finishes,
usually a few milliseconds (TBUSY), after VCCINT reaches VPOR but before INIT_B goes High.
Unless readback is used, the BUSY pin can be left unconnected.

Continuous SelectMAP Data Loading

Continuous data loading is used in applications where the configuration controller can provide an
uninterrupted stream of configuration data. After powgy the configuration controller sets the

RDWR_B signal for write control (RDWR_B = 0) and asserts the CS_B signal (CS_B = 0), causing

the device to drive BUSY Low (this transition is asynchronous). RDWR_B must be driven Low

before CS_B is asserted, otherwissfdaB ORT occur s (see fiSelect MAP ABORTO)
On the next rising CCLK edge, the device begins sampling the data pins. Only D[0:7] are sampled

by Configuration unti|l the bus width is deter mined
After bus width is deterined, the proper width of the data bus is sampled for the Synchronization

word search. Configuration begins after the synchronization word is clocked into the device.

After the configuration bitstream is loaded, the device enters the startup sequendevicbeasserts

its DONE signal High in the phase of the startup sequence that is specified by the bitstream (see
AStartup (Step 8)o0). The configuration controller
the startup sequence has finished. (This remyuire several CCLK pulses after DONE goes High.

See AStart udetail§)St ep 8) 6 f or

After configuration, the CS_B and RDWR_B signals can be deasserted, or they can remain asserted.

Because the SelectMAP port is inactive, toggling RDWR_B at this tinee dot cause an abort.

Figure14 summarizes the timing of SelectMAP configuration with continuous data loading.

PROGRAM B _\_/
)
INIT_B \ /
(1) (6) (13)
cs_B \ /
(2) (5) (14)
RDWR_B /
(8) @ (o) (1)
DATAD.7] ) E0 €7, & CT O (I,

(3) )
BUSY g\

(12)

DONE /

Figurel4:Continuous x8 SelectMAP Data Loading

Notes relevant to Figuri4:
1. CS_B signal can be tied Low if there is only one device oisehectMAP bus. If CS_B is not
tied Low, it can be asserted at any time.
2. RDWR_B can be tied Low if readback is not needed. RDWR_B should not be toggled after
CS_B has been asserted because this triggers an ABO
3. IfCS_Bisted Low, BUSY is driven Low before INIT_B toggles High.

The Mode pins are sampled when INIT_B goes High.

RDWR_B should be asserted before CS_B to avoid causing an abort.

BUSY remains in HigkZ state until CS_B is asserted.

4,

5.

6. CS_Bis asserted, enabling the SelectMAP interface.

7.

8. The first byte is loaded on the first rising CCLK edge after CS_B is asserted.
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9. The configuration bitstream is loaded one byte per rising CCLK edge.

10. After the last byte is loaded, the device enters the staelgpence.

11. The startup sequence lasts a minimum of eight CCLK cycles.

12. The DONE pin goes High during the startup sequence. Additional CCLKs can be required to
complete the startup sequence. (See fAiStartup (Step
13. After configuration has fimhed, the CS_B signal can be deasserted.

14. After the CS_B signal is deasserted, RDWR_B can be deasserted.

15. The data bus can be x8, x16, or x32.

Non-Continuous SelectMAP Data Loading

Non-continuous data loading is used in applications where the configuration controller cannot
provide an uninterrupted stream of configuration déftar example, if the controller pauses
configuration while it fetches additional data.

Configuration can bpaused in two ways: by deasserting the CS_B sighat-®uening CCLK
method, Figurdl5) or by halting CCLK (@ntrolled CCLK method, Figur&6).

PROGRAI\/LB_\_/
INTT_B
© o [ 2 03 (14
celk M\
CS_B / \
o e g
RODWR_B \
“)
BUSY —hgrz . N— [ fnz \ [rignz \

Figure 15:Non-Continuous SelectMAP Data Loading with Feanning CCLK
Notes relevant to FigurEb:
1. RDWR B is driven Low by the user, setting the D[0:7] pins as inputs for configuration.
RDWR_B can be tied Low if readback is not needed. RDWR_B should not be toggled
after CS_B has been asserted because this triggers an ABORT.
2. The device is ready for configation after INIT_B toggles High.
3. The user asserts CS_B Low, enabling the SelectMAP data bus. CS_B signal can be tied Low if
there is only one device on the SelectMAP bus. If CS_B is not tied Low, it can be asserted at any
time.
4. BUSY goes Low shonl after CS_B is asserted. If CS_B is tied Low, BUSY is driven Low
before INIT_B toggles High.
5. Abyte is loaded on the rising CCLK edge. The data bus can be x8, x16, or x32 wide.
6. Abyte is loaded on the rising CCLK edge.
7. The user deassei®S_B, and the byte is ignored.
8. The user deasserts CS_B, and the byte is ignored.
9. Abyte is loaded on the rising CCLK edge.
10. Abyte is loaded on the rising CCLK edge.
11. The user deasserts CS_B, and the byte is ignored.
12. Abyte is loaded on thrising CCLK edge.
13. Abyte is loaded on the rising CCLK edge.

29



A emEEFERF A

mEm% Beijing Microelectronics Technology Institute e ]

14. Abyte is loaded on the rising CCLK edge.

COLK \ /0 \ / \ /
(3)
Cs_B \
@
row e T\ T\
()
DATA[0.7] X eveo X//// X Byte 1 X/ /Xeyten X
T T

Figure16:Non-Continuous SelectMAP Data Loading with Controlled CCLK
Notes relevant to Figurks:
1. The Data pins are in the Highstatewhile CS_B is deasserted. The data bus can be x8, x16, or
x32.
2. RDWR_B has no effect on the device while CS_B is deasserted.
3. CS_Bis asserted by the user. The device begins loading configuration data on rising CCLK
edges.
4. Abyte is loaded on thesing CCLK edge.
5. Abyte is loaded on the rising CCLK edge.
6. Abyte is loaded on the rising CCLK edge.

SelectMAP ABORT

An ABORT is an interruption in the SelectMAP configuration or readback sequence occurring when
the state of RDWR_B changes while CSsBsserted. During a configuration ABORT, internal
status is driven onto the D[7:4] pins over the next four CCLK cycles. The other D pins are always
High. After the ABORT sequence finishes, the user can resynchronize the configuration logic and
resume cofiguration. For applications that must deassert RDWR_B between bytesprszellEd

CCLK method, Figurd 6.

Configuration Abort Sequence Description

An ABORT is signaled during configuration as follows:

1. The configuration sequence begins normally.

2.  The user pulls the RDWR_B pin High while the device is selected (CS_B asserted Low).

3. BUSY goes High if CS_B remains asserted (Low). The FPGA drives the status word onto the
data pins if RDWR_B remains set for read control (logic High).

4. The ABORT las$ for four clock cycles, and Status is updated.

e \_ /S
cs B _\ /_
ROWR B\ /

DATA[07] :X X smius X

BUSY — / N —

ABORT
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Figure17:Configuration Abort Sequence for SelectMAP Modes
Readback Abort Sequence Description
An ABORT is signaled during readback as follows:

1. The readback sequence begins normally.

2. The user pullshe RDWR_B pin Low while the device is selected (CS_B asserted Low).
3. BUSY goes High if CS_B remains asserted (Low).

4. The ABORT ends when CS_B is deasserted.

CS B _\

DWR_B \
DATA[07] x FPGA X X
BUSY —— / —

ABORT

Figure18:Readback Abort Sequence
ABORTSs during readback are not followed by a status wehuse the RDWR_B signal is set for
write control (FPGA D[x:0] pins are inputs).
ABORT Status Word
During the configuration ABORT sequence, the device drives a status word ont@t@gddis. The
status bits do not bewap. The other data pins are always High. The key for that status word is given
in Table6.

Table6: ABORT Status Word

BitNumber Status Bit Name Meaning
Configuration error (active Low)
D7 CFGERR_B 0 = A configuration error has occurred.
1 = No configuration error.
Sync word received (active High)
Dé DALIGN 0 = No syncword received.
1 = Syncword received by interface logic.
Readback in progress (active High)
D5 RIP 0 = Noreadback in progress.
1 = A readback is in progress.
ABORT in progress (active Low)
D4 IN_ABORT_B 0 = Abort is in progress.
1 = No abort in progress.
D3-D0 1111 Fixed toones.

The ABORT sequence lasts four CCLK cycles. During those cycles, the status word changes to
reflect data alignment and ABORT status. A typical sequence might be:

11011111 =>DALIGN =1, IN_ABORT_B=1
11001111 =>DALIGN =1, IN_ABORT_B=0
10001111 => DALIGN =0, IN_ABORT_B=0
10011111 =>DALIGN =0, IN_ABORT_B=1

After the last cycle, the syhoonization word can be reloaded to establish data alignment.

Resuming Configuration or Readback After an Abort
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There are two ways to resume configuration or readback after an ABORT:

O The device can be resynchronized after the ABORT completes.

O The devie can be reset by pulsing PROGRAM_B Low at any time.
To resynchronize the device, CS_B must be deasserted then reasserted. Configuration or readback
can be resumed by sending the last configuration or readback packet that was in progress when the
ABORT ocairred. Alternatively, configuration or readback can be restarted from the beginning.

SelectMAP Reconfiguration

The term reconfiguration refers to reprogramming an FPGA after its DONE pin has gone High.

Reconfiguration can be initiated by pulsing the PROGRA pin (this method is identical to

configuration) or by resynchronizing the device and sending configuration data.

To reconfigure a device in SelectMAP mode without pulsing PROGRAM_B, the BitGen persist

option must be sdtotherwise, the DATA pins become user I/O after configuration. The persist

option must also be selected for the new bitstream reconfiguring the device. RS[1:0], CSO_B, and

A[19:16] pins are not available for User mode when persist iRRenonfiguration must be enabled

in BitGen. By default, the SelectMAP 8 interface (D) is preserved unless another SelectMAP
width has been selected with the CONFIG_MODE constraint.
Reconfiguration begins when the synchronization word is clocked ietdS#ectMAP port. The

remainder of the operation is identical to configuration as described above.

SelectMAP Data Ordering

In many cases, SelectMAP configuration is driven by a user application residing on a microprocessor,

CPLD, or in some cases anothd?@A. In these applications, it is important to understand how the

data ordering in the configuration data file corresponds to the data ordering expected by the FPGA.

In SelectMAP x8 mode, configuration data is loaded at one byte per CCLK, with the M@Bhof e

byte presented to the DO pin. This convention (DO = MSB, D7 = LSB) differs from many other

devices. For

x16

and

X 32

modes,

see

fiPar al

confusion when designing custom configuration solutions. Tablshows how to load the
hexadecimal value OXABCD into the SelectMAP data bus.
Table7: Bit Ordering for SelectMAP -8Bit Mode

CCLKCycle

Hex Equivalent

»]1]

D1

D2

D3

D4

D5

D6

D7

1

OxAB

1

0

1

0

1

0

1

2

0xCD

1

1

0

0

1

1

0

Notes:

1. DJ[0:7] represent the SelectMAP DATA pins.
Some applications can accommodate theecamventional data ordering withodifficulty. For other

el Bus

applications, it can be more convenient for the source configuration data file to be bit swapped,

meaning that the bits in each byte of the data stream are reversed. For these applications, the Xilinx
PROM

PROM file generation software caenerate bis wa p p e d

For mat sodo) .

fi

| es

(see

fiConf i

Figure 19 shows the bit ordering for x8, x16, and x32 modes. It also shows the bit ordering for

Virtex-4 FPGA x32 mode.
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BQRSV Pin

Mode |34 |30|29|28 |27 (26|26 |24 |23|22|21(20(19 |18 17|16 |15 |14|13[12[11|10| o |8 |7 |6 |6 4|3 |2|1]|0

x32 2425|2627 (26 (29|30 |31 |16 |17 (15|19 20|21 |22(23 |8 | 9 |10|11 (12|13 (14 |15| 0|1 |2 |3 |4 |5 |6 |7

xl6 § |9 |10|11 (12|13 |14 |15|0 (1|2 |3 | 4|5 |6 |7
x5 0123 (4|5]|6]|7
Virtex-4

32 |31(30(29 (28|27 |26|25|24|23|22|21(20(19(18|17|1e|15 |14 (13|12 |11(10|2 |8 |7 |6 (5|43 |2]|1]|0
Meode

Figure19:Bit Ordering
4.3 SPI Configuration Interface
In SPI serial Flash mode, M[2:0]=001. THBQ5V FPGA configures itself from an attached
industrystandard SPI serial Flash PROM. Although SPI is a standardvcirinterface, various
available SPI Flash memories use different read commands and protocol. B&&idds FS[2:0]
pins are sampled by the INIT_B rising edge to determine the type of read commands used by SPI
Flash. FoBQ5V FPGA configurations, the default addredways starts from 0. Figui20 shows

the SPI related configuration pins, and the staddconnection betweelBQ5V devices and SPI
Flash.

47ka % BQRSV FPGA
3300
INIT_B

— PROGRAM_B DONE

— HSWAPEN
SPI Flash
Select SPI variant — M[2:0] DOUT —
with pull-up or FS[2:0] I
pull-down resistors CCLK »| CLK

FCS_B »| CS B

’—> DN MOSI C o Do T

Figure20:BQ5V Device SPI Configuration Interface
Notes related to Figur20:
0 FCS_B and MOSI are clocked by the CCLK falling edge.
0 D_INis clocked on the rising edge of the CCLK.
0 CCLK and D_INare dedicated Configuration 1/Os.
0 FCS_Bis a duamode I/O. MOSI is a duahode 1/0, muxed with FOE_B. FS[2:0] are
duatmode I/Os sampled on the INIT_B rising edge, muxed with D[2:0].
O The internal I/O puliup resistors should be enabled for FCS_B, M@8d D_IN.
O There are additional pins on the SPI Flash side, such as Write Protect and Holgifi$ease
not used in FPGA configuration (read only). But they should be tied off
appropriately according to the SPlI vendor 6s specifi
0 If HSWAPEN isleft unconnected or tied High, a puwip resistor is required for FCS_B and
MOSI.
0 IfHSWAPEN is tied Low, the FCS_B and MOSI pins have internal weakyputesistors
during configuration. After configuration, FCS_B and MOSI can be either controllé@by user

\H—W

mode or by enabling a weak puip resistor through constraints.
0 HSWAPEN must be connected to either disable or enable thepudsistors.
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0 CCLK always has a weak internal pulb resistor. The CCLK frequency can be
adjusted using the CéigRate BitGen option.
O To enable the active driver on DONE, the DriveDONE option in BitGen must be enabled.
O When DCI match wait or DCM lock wait is enabled before the DONE releasedyritey
startup, the FPGA continues to clock in data until thdigtavait condition isnet and DONE is

released.

Table8 describes the SPI configuration interface pins.
Table8: BQS5V Device SPI Configuration Interface Pins

Dedicated
Pin Name Type or Dual- Description
Purpose
M[2:0] Input Dedicated Mode pins ¢ 001 for SPI
HSWAPEN Input Dedicated Controls I/O (except bankO dedicated 1/0s)
Pull-up during configuration. A weak pull -up
resistoris built into this pin.
0 =Pull-up during configur ation
1 =3-stated during configuration
DOUT Three-State Dedicated Used for serial daisy chain configuratio n.
Output
DONE Bidirectional, Dedicated Active -High signal indicating configuration
. is complete:
Open-Drain, '
) 0 =FPGA not configured
or Active .
1=FPGAconfigured
INIT_B Input or Dedicated Before the Mode pins are sampled, INIT_B is
Output, .

Open-Drain an input that canbe held Low to delay
configuration. After the Mode pins are
sampled, INIT_B is an open-drain active Low
output indicating whether a CRCerror
ocaurred duri ng config uration:
0=CRCerror
1 =No CRCerror
When the SEUdetection function is enabled,
INIT_B is optionally driven Low when read
back CRC error is detected.

PROGRAM_B Input Dedicated Active-Low asynchronous full -chip reset
FS[2:0] Input Dual- SPIVariant Selectpins, sampled by the
Purpose INIT_B rising edge. They are multiplex ed
with the DATA[2:0] pins.
CCLK Output Dedicated Configuration clock output (to SPI).
ECS B Output Dual- Active-Low chip select output, clocked by the
B Purpose CCLK falling edge.
MOSI Output Dual- FPGA serial dataoutput, clocked by the CCLK
Purpose falling edge. This pin is multiplexed with the
FOE_Bpin.
D IN Input Dedicated FPGA serial datainput (from SPI),sampled
B by the CCLK rising edge.
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RCMDJ[7:0] Input Dual- SPIread command strapping inputs
Purpose

RCMD[7:0] (muxed on ADDR[7 :0]) when
FS[2:0]=001. Sampled on the rising edge of
INIT_B when used for SPIread command

strapping.

Table9 defines the SPI read command based on the FS[2:0] settings.
Table9: BQ5V Device SPI Read Command Variant Select Table

FS[2:0] | SPIRead Command Comments
000 OXFF
001 |RCMD[7:0] RCMD[7:0] on ADDR[7:0] are sampled by the INIT_B rising

edge, along with M[2:0] and F5[2:0]. RCMD[7:0] can be used
to support any SPI read commands not supported here. The
timing requirements for FS[2:0] and RCMD[7:0] are the same

as for M[2:0].
010 | oxs2
011 |Reserved
100 | 0x55
101 | 0x03
110 | oxEs
111 | oxOB

TheBQ5V SPI flash timng diagram is shown in Figug.

PROGRAM_B /
INIT_B
mizo, X 001
FS[2:0] :X
FCS B - —
MOSI Ref&%‘rno j( Azdtg'ss 8 CCLKs
D_IN (Normal Read) ( Bitstream Data }7
D_IN (Fast Read) Bitstream Data

DONE

Configuration Mode User Mode

Figure21l: BQ5V Device SPI Flash Timing Diagram
Notes related to Figur2l:
O TheBQ5V FPGA stops loading the bitstream after the DONE pin goes High. FCS_B and
MOSI can be used as user 1/Os.
0 FCS_B is either controlled by user logic after configuration or pulled up by -apu#sistor
enabled through constraints.
For supported flash devices, consult the iIMPACT help menu indirect programming tatlBe3sar
FPGA support. Other flash devicestitisted in the help menu can be compatible \BQ5V
devices.

PowerOn Sequence Precautions

At poweron, the FPGA automatically starts its configuration procedure. When the FPGA is in
Master SPI configuration mode, the FPGA asserts FCS_B Low to dete8P Flash and drives a
read command to the SPI Flash. The SPI Flash must be awake and ready to receive commands before
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the FPGA drives FCS_B Low and sends the read command.

Because different power rails can supply the FPGA and SPI Flash or becaus¥Giheakd SPI

flash can respond at different times along the ramp of a shared power supply, special attention to the
FPGA and SPI Flash powen sequence or powen ramps is essential. The povesr sequence or

power supply ramps can cause the FPGA to avafere the SPI Flash or vice versa. In addition,
some SPI Flash devices specify a minimum time period, which can be several milliseconds from
poweron, during which the device must not be selected. For many systems witimatianeous

power supply rampghe FPGA powebn reset time (TPOR) can sufficiently delay the start of the
FPGA configuration procedure such that the SPI Flash becomes ready before the start of the FPGA
configuration procedure. In general, the system design must consider the affine pbwer
sequence, the power ramps, FPGA poeaereset timing, and SPI Flash povgr timing on the

timing relation between the start of FPGA configuration and the readiness of the SPI Flash.

One of the following system design approaches can ensur¢hth&Pl Flash is ready to receive
commands before the FPGA starts its configuration procedure:

O Control the sequence of the power supplies such that the SPI Flash is certain to be powered and
ready for asynchronous reads before the FPGA begins itgaoation procedure.

0 Hold the FPGA PROGRAM_B pin Low from powep to delay the start of the FPGA
configuration procedure and release the PROGRAM_B pin to High after the SPI flash is fully
powered and is able to receive commands.

O Hold the FPGA INIT_B pi Low from powerup to delay the start of the FPGA configuration
procedure and release the INIT_B pin to High after the SPI flash becomes ready to receive
commands.

SPI Serial Daisy Chain

In a serial daisy chain application, the leading device can belim&#R and all downstream devices

in Slave Serial mode. In this case, all configuration bitstreams can be stored inside one SPI device.

The bitstream format for master and sl ave serial d
Chainso .for details

4.4Byte Peripheral Interface Parallel Flash Mode

In BPI-FUp (M[2:0]=010) or BPiDown (M[2:0] = 011) mode, th8Q5V FPGA configures itself
from an industrystandard parallel NOR FlasiRPM, as illustrated in Figur22. The FPGA drives
up to 26 address linge access the attached parallel Flash. For configuration, only async read mode
is used, where the FPGA drives the address bus, and the Flash PROM drives back the bitstream data.
Bus widths of x8 and x16 are supported. Bus widths are auto detected, aslwesct i n A Bus Wi dth
Aut o Detection. 0o Memity CanfiguatiéhlardsStorage Devitei dgté sheet for
the BPl-compatible Flash device from Xilinx.
In BPI modes, the CCLK output is not connected to the BPI Flash device. However, Flash data is
till sampled on the rising edge of CCLK. The CCLK output is driven during the BPI modes and
therefore must receive the same parallel termination as in the other Master modes. The timing
parameters related to BPI use CCLK as a referd®@&V BPI modes als support asynchronous
pagemode reads to allow an increase in. the CCLK freqgt
In the BPtUp mode, the address starts at 0 and increments by 1 until the DONE pin is asserted. If
the address reaches t l€ andeoxfiguratiomis noh donedDONR i rioh 3 F F F F
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asserted), an error flag is raised in the status register, and fallback reconfiguration starts.

IntheBPtDown mode, the address start at 2606h3FFFFFF an
isasserted. Ifn address reaches the bottom (266h0), and co
not asserted), an error flag is raised in the status register and fallback reconfiguration starts.
{4 KT j:ﬂuﬂ
BQR5V FPGA
INIT_B DONE
— PROGRAM_B
— Hswapen ~ CCLK
RS[1:0] |— BPI Flash
— M[2:0] L
FCS_B CS_B
FOE_B OE_B
FWE_B WE_B
r D[15:0] ADDR[25:0] ADDR[25:0]  D[15:0] T
Note: The BPI Flash vendor data sheet should be referred to for dettils specific Flash signal connectivity.
To prevent address misalignment, close attention should be paid to the Flash family address LSB for the byte/word otlelused.
Flash families use the A0 as the address LSB.
Figure22:BQ5V BPI Configuratio Interface
Additional notes related to Figug2:
O M[2:0] = 010 for BPtUp mode and M[2:0]=011 for BHDown mode.
O Figure22 shows the x16 BPI interface. For x8 BPI int
Wi dth Auto Detection. o
O Sending a bitstreano the data pin follows the same-biapping rule as iBelectMAP mode.
See AParall el Bus Bit Order. o

O If Flash programming is not required, FCS_B, FOE_B, and FWE_B can be tied off; that is,
DONE is connected to FCS_B, FOE_B is tied Low, and FWE_RdsHiigh.

O The CCLK outputs are not used to connect to Flash but are used to sample Flash read data
during configuration. All timings are referenced to CCLK. The CCLK pin must not be driven or tied
High or Low.

O The RS[1:0] pins are n@bnnected as shown Figure22.

0 HSWAPEN must be connected to either disable or enable thepudsistors.

O If HSWAPEN is left unconnected or tied High, a pufl resistor is required f¢tCS_B.

0 If HSWAPEN is tied Low, the FCB_B, FOE_B, FWE_B, and the addresshpves internal

weak pultup resistors during configuration. After configuration, FCS_B can

be either controlled by 1/0 in user mode or by enabling a wealupuksistor through constraints.

O To enable the active driver on DONE, the DriveDONE option i&Bnh must be enabled.

O  For daisy chaining FPGAs in BPI me, see Figur&2.

O The BPI Flash vendor data sheet should be referred to for details on the specific Flash
signal connectivity. To prevent address misalignment, close attention should be paid

to the Flash family address LSB for the byte/word mode used. Not all Flash families

use the AO as the address LSB.

Table10 defines the BPI configuration interface pins.

If the FPGA is subject to reprogramming or fallback during configuration from thél&#P| then

the INIT pin can be connected to the BPI reset to set the BPI into a known state.
Table10: BQ5V Device BPI Configuration Interface Pins
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M[2:0]

Input

Dedicated

The Mode pins determine the BPImode:
010 =BPI-Up mode
011 =BPI-Down mode

HSWAPEN

Input

Dedicated

Controls 1/0 (except Bank 0 dedicated I/Os)
pull -up resigors during configuration. This
pin hasabuilt -in weak pull-up resistor.

0 =Pull-up during configuration
1 =3-stateduring configuration

DONE

Bidirectional,
Open-Drain,
or Active

Dedicated

Active -High signal indic ating configuration is
complete:

0 = FPGA not configu red

1=FPGA configured

INIT_B

Input or
Output,
Open-Drai
n

Dedicated

Before the Mode pins are sampled, INIT_B is
aninput that canbeheld Low to delay
configuration. After the Mode pins are
sampled, INIT_B isan open-drain,
active-Low output indicating wh ether a CRC
error occurred during configuration:
O0=CRCerror

1 =No CRC error

When the SEUdetection function is
enabled, INIT_B isoptionally driven
Low when areadback CRC error is
detected.

PROGRAM_B

Input

Dedicated

Active -Low asynchronous full -chip reset

CCLK

Output

Dedicated

Config uration clock output. CCLK does
not directly connect to BPI Flash but is
used internally to generatethe addressand
sample read data.

FCS B

Output

Dual

Active -Low Flashchip selectoutput. This
output isactively driven Low during
configuration and 3-stated after
configuration. It hasaweak pull -up resistor
during configuration. By default, this signal
hasaweak pull -down resistor after
configuration.

FOE_B

Output

Dual

Active-Low Flash output enable. Thisoutput
isactively driven Low during configuration
and 3-stated after configuration. It hasaweak
pull -up resistorduring configuration. By
default, this signal hasaweak pull -down
resistor after configuration.

FWE_B

Output

Dual

Active -Low Flashwri te enable. This output
is actively driven High during configuration
and 3-stated after configuration. It hasa
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weak pull -up resistorduring configuration.
By default, this signal hasaweak pull -down
resistor after configuration.

ADDR[25:0] Output Dual Address output. For I/0 bank locations.

D[15:0] Input Dual Data input, sampled by the rising edge of
the FPGA CCLK. For I/0 bank location.

RY1:0] Output Dual Revision Select pins. Not used for typi cal

singlebitstream applicatio ns. RS[L:0] are
3-statedand pulled up with weak resistors

duri ng the initial

configuration if the HSWAP pin enablesthe
pull ups. If pull ups are

disabled, then aweak external pull up is
required (after power-up or

assertionof PROGRAM_B). RS[1:0]Jare
actively driven Low to load the

fallback bitstreamwhen a configuration error
is detected. RS[1:0]can

alsobe controlled by the user through the
bitstreamor ICAP.

CSO B Output Dual Parallel daisy chain active-Low chip select
B output. Not usedin single FPGA
applications.

Figure23 shows the BPUp configuration waveforms.

e Ve NN aWal (WaWaiaiale

INT_B [ ((
Fes B | Il [
FoEB -\ )\ [
FWE_B (f

ADDR[250] (X 0 0 & & (i
DM ] (oo X o) (o2 (B2
DONE Il [

Figure23:BQ5V Device BPUp Configuration Waveforms
Notes related to Figur23:
0 CCLK s output in BPI modes. The BPI Flash does not require CCLK, bla@%/ FPGA
uses the rising edge of CCLK to sample D[max:0] pins.
O TheBQ5V FPGA stops loading the bitstream after the DONE pin goes High.
0 Dualmode configuration 1/O switches tdser mode after the GTS_cycle. By default,
this is one cycle after DONE goes High.
O0 Mcanbe7orl5.
0 FCS_B, FOE_B, and FWE_B should have weak-ppH after configuration through
either I/O constraints or external pulp resistors.
O The first addres® for BPFUp is extended for multiple cycles due to the initial latency.
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PowerOn Sequence Precautions

At poweron, the FPGA automatically starts its configuration procedure. When the FPGA is in a
MasterBPI configuration mode, the FPGA asserts FCS_B had drives a sequence of addresses

to read the bitstream from a BPI Flash. The BPI Flash must be ready for asynchronous reads before
the FPGA drives FCS_B Low and outputs the first address to ensure the BPI Flash can output the
stored bitstream.

Because dierent power rails can supply the FPGA and BPI Flash or because the FPGA and BPI
flash can respond at different times along the ramp of a shared power supply, special attention to the
FPGA and BPI Flash powa&n sequence or powen ramps is essential. #poweron sequence or

power supply ramps can cause the FPGA to awake before the BPI Flash or vice versa. For many
systems with neagsimultaneous power supply ramps, the FPGA peavereset time (TPOR) can
sufficiently delay the start of the FPGA configtioa procedure such that the BPI Flash becomes

ready before the start of the FPGA configuration procedure. In general, the system design must
consider the effect of the power sequence, the power ramps, FPGAmoveset time, and BPI
Flashpoweron resetime on the timing relation between the start of FPGA configuration and the
readiness of the BPI Flash for asynchronous reads.

One of the following system design approaches can ensure that the BPI Flash is ready for
asynchronous reads before the FPGAtsits configuration procedure:

0 Control the sequence of the power supplies such that the BPI Flash is certain to be powered and
ready for asynchronous reads before the FPGA begins its configuration procedure.

0 Hold the FPGA PROGRAM_B pin Low from powap to delay the start of the FPGA

configuration procedure and release the PROGRAM_B pin to High after the BPI flash is fully
powered and is able to perform asynchronous reads.

0 Hold the FPGA INIT_B pin Low from poweup to delay the start of the FPGA digiuration
procedure and release the INIT_B pin to High after the BPI flash becomes ready for asynchronous
reads.

See the Powedn Precautions if 3.3V Supply is Last in Sequence subsection of the Master BPI

Mode section irKillinx UG332, Spartat3 Generatin Configuration User Guide, for reference.

Page Mode Support

Many NOR Flash devices support asynchronous page reads. The first access to a page usually takes

the longest time (~100 ns), subsequent accesses to the same page take less time (~25 ns). The

following parameters are bitstream programmabEBQ@5V devices to take advantage of page

reads and maximize the CCLK frequency:

O Page sizes of 1 (default), 4, or 8.

If the actual Flash page size is larger then 8, the value of 8 should be used to méremize

efficiency.

O  First access CCLK cycles of 1 (default), 2, 3, or 4. CCLK cycles must be 1 if the page size is 1.

0 CCLK frequency

The sequence of pageode operation is controlled by tB€5V bitstream. After an FPGA reset,

the default page size isthe first access CCLK is 1, atitde master CCLK is running at slowest

default frequency. The CORO register contains master CCLK frequency control bits (see

fi C o n ftiorgQptions Register 0 (CORY) . The COR1 register contains
40
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controlbh t s ( s e atiofidptonsfRegisterrl (COR1L) . After the COR1 register

programmed, the BPI address timing switches at the page boundary as shown in

Figure24. When the SWITCH command is received, the master CCLK switches to desiezd

frequerty, using it to load the rest of the configuration.

Refer to the fABitGenodo section of the Devel opment
options.

el aWaW el el aw i

FCS B

FWE_B

I : I

FOE_B l | |
] |

aooRzol (70 Y iy 2 ) s X & Y5y ey )
onto (o0 (o) e (og o (o X m )X o)

-— CCLK=2—! l=—CCLK=2—=!
PAGE_SIZE=4 PAGE_SIZE=4

Figure24:  BPIUp Waveforms (Page Size = 4 and First Access CCLK = 2)
Notes related to Figur24:
0 Figure24 shows BRUp mode, a page size of 4, and a first access CCLK of 2.
© Mcanbe7orl5.
0 For BPIDown mode, the ADDR[25:0] bus is extended for the desired CCLK cycles
when ADDR[1:0]= 26b11 for a page size of 4.
For supported flash devices, coitt the IMPACT help menu indirect programming tablesBEQ5V
FPGA support. Other flash devices not listed in the help menu can be compatitB&&ith
devices.

5. Electrical Characteristics

BQ5V DC and AC characteristics are specified for military and space grade.All
supply voltage and junction temperature specifications are representative of
worstcase conditions. The parameters included are common to popular designs and
typical applications.

5.1 DC Characteristics

Table11 Absolute Maximum Ratings

Symbol Description Units
Veent | Internal supply voltage relative to GND i05t01.1 V
Veeaux | Auxiliary supply voltage relative to GND 10.51t0 3.0 \%
VCEO gtliltgut drivers supply voltage relative to 0.5 10 3.75 v
Vearr | Key memory battery backup supply 710.5t0 4.05 \%
VREF | Input reference voltage 10.51t03.75 \%
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Symbol Description Units
3.3V I/O input voltage relative to GND (usé .
. 0.75t0 4.05 Y,
and dedicated 1/Os) !
10.95t0 4.4
Vin® | 3.3V /0 input voltage relative to GND (CommercialTemperature) Vv
(restricted to maximum of 100 user /&%) Vi0.851t0 4.3
(Industrial Temperature)
2.5V or below I/O input voltage relative to .
) 0.75to VCCO +0.5 Y,
GND (user and dedicated I/0Os) !
t lied t I i
Current applied to an 1/O pin, powered or 400 mA
| unpowered
IN . .
Total I Il
otal current applied to all I/O pins, power 400 mA
or unpowered
Voltage applied to-3tate 3.3V output (user .
10.75to 4.05 Vv
v and dedicated I/Os)
TS .
Voltage applied to 3tate 2.5V or below .
. 10.75to VCCO +0.5 Y
output (user and dedicated 1/0Os)
Tste | Storage temperature (ambient) 165 to 150 C
TSOL | Maximum soldering temperature 220 &
T; Maximum junction temperature 125 C
Notes:

1.Stressebeyond those listed under Absolute Maximum Ratings might cause
permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those listed under
Operating Conditions is not ired. Exposure to Absolute Maximum Ratings
conditions for extended periods of time might affect device reliability.

2. 3.3V 1/0 absolute maximum limit applied to DC and AC signals.

3. For more flexibility in specific designs, a maximum of 100 user ¢&sbe

stressed beyond the normal specification for no more than 20% of a data period.
Table 12 :Recommended Operating Conditions

Temperature

Min | Max | Units
Range

Symbol Description

Internal supply voltage relative 1

GND. TJ =0T to +85€ Commercial | 0.95| 1.05 V

Veen Internal supply voltage relative 1 Industrial 095 | 1.05 Vv
GND, TJ =i 40€ to +100€C ' '
Auxiliary supply voltage relative . 2.37 | 2.62
Veeanx® | 1o GND, TJ =0€ to +85€ Commercial | 5| 5 | V

Auxiliary supply voltage relative Industrial 2.37 | 2.62 \%

42



A R EEFHERFRH

mEm% Beijing Microelectronics Technology Institute

Temperature

Symbol Description Min [ Max | Units
Range
to GND, TJ #40€C to +100C 5 5
Supply voltage relative to GND, Commercial | 1.14 | 3.45 Vv
VCCoR49) TJ =0€C to +85€C
Supply voltage relative to GND, .
T3 5 40€ to +100€ Industrial 1.14 | 3.45 \Y
3.3V supply voltage relative to GN
GND, TJ =0€ to +85€ Commercial | DT | 3.45 \
0.20
3.3V supply voltage relative to GN
GND. TJ =i 40€ to +100C Industrial D1 | 3.45 V
0.20
ViN 2.5V and below supply voltage SII\I VC
relative to GND, TJ =0C to Commercial (6{0) \
0.20
+85€C +0
V
GN
2.5V and below supply voltage D VC
relative to GND, TJ #40€ to Industrial (6{0) \
0.20
+100C +0
V
Maximum current through any Commercial 10 mA
1 ©) pin in a powered or unpowered
N bank when forward biasing the Industrial 10 mA
clamp diode
Battery voltage relative to GND, .
v T3 =0 to +85¢€ Commercial | 1 3.6 \Y,
BATT .
Battery voltage relative to GND, .
T3 5 40€ to +100€ Industrial 1 3.6 \
Notes:

1. Recommended maximum voltage dropV@CAUX is 10 mV/ms.
2. Configuration data is retained even if VCCO drops to OV.

3. VBATT is required only when using bitstream encryption. If battery is not used,

connect VBATT to either ground or VCCAUX.

4. Includes VCCO of 1.2V, 1.5V, 1.8V, 2.5V, aB@BV.
5. The configuration supply voltage VCC_CONFIG is also known as VCCO_0.
6. A total of 100 mA per bank should not be exceeded.

Table13DC Characteristics Over Recommended Operating Conditions
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Symbol Description Data Rate | Min Typ Max | Units
Vorint | Data retention Vot voltage (below which configuration data might be lost) 0.75 v
VDRI Daia retention Vgcapx voliage (below which configuration data might be lost) 2.0 Vv
lrer Vgree leakage current per pin 10 uA
I Input or output leakage current per pin (sample-tested) 10 pA
Cin Input capacitance (sample-tested) 8 pF
Pad pull-up (when selected) @ Vy = 0V, Ve = 3.3V 20 150 uA
Pad pull-up (when selected) @ V,, = 0V, Vgep = 2.5V 10 90 pA
Igpu'!! | Pad pull-up (when selected) @ Vi = 0V, Voo = 1.8V 5 45 pA
Pad pull-up (when selected) @ Vy = 0V, Ve = 1.5V 3 30 pA
Pad pull-up (when selected) @ V= 0V, Vgep = 1.2V 2 15 pA
Igpp!!! | Pad pull-down (when selected) @ Vyy = 2.5V 5 110 | pA
Igarti® | Battery supply current 150 | nA
n Temperature diode ideality factor 1.0002 n
r Series resistance 5.0 Q

Notes:

1. Typical values are specified at nominaltage, 25€C.
2. Maximum value specified for worst case process at 25€C.

5.2 Power-On Power Supply Requirements

BQ5V FPGAs require a e¢in amount of supply currerduring powefon to
insure preer device initialization. Thectual current consurdedepends on the
poweron ramprate of the power supply.

The power supplies cdoe turned on in any sequent¢kough the specifications
shown in Table15 are for therecommended powam squence of VCCINT,
VCCAUX, and VCCO. The I/O will remain 3tated though poweron if the
recommended powam segence is followed. Xilinx doesot specify the current or
I/0O behavior for other powern sequences.

Table 15 shows the minimon current required byBQ5V devices for prper
poweron and configuratioff. the curent minimums sbwn in Tablel5 are met, the
device powers on properdfter all three supplies hapassed through their powen
reset threshold vagesThe FPGA must be coigured after VCCINT is applie@nce
initialized and confyured, use the XPOWERIs toestimate current drain on these

supplies.
Table15 Power On Current faBQ5V Devices
Device ICCITNT:\l/)IIN ICC?U)ﬂ\)/IIN IC:OI\(/EN Units
yp yp yp
XC5VSX35T 307 98 50 mA
XC5VSX50T 472 148 50 mA
XC5VSX95T 804 262 100 mA
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_ ICCINTMIN | ICCAUXMIN | ICCOMIN ,
Device Typ® Typ® Typ® Units
XC5VSX240T 1632 662 150 mA
XC5VLX155T 728 368 100 mA

Notes:

1. Typical values are specified at nominal voltage, 25€.

2. The maximum startup a@nt can be obtained using tikEOWER Estimator (XPE)
or XPOWER Analyzer (XPA) tooland adding the quiescent plus dynarmigrent

consumption.
Table16 Power Supply Ramp Time

53 t72%..- ; o —— fot ——'—— 171 Ze

Values for VIL and VIH are recommended input voltages. Values for IOL and IOH
are giaranteed over the recommendagxrating conditions at the VOL and VOH test
points. Only selected standards are testedes€ are chosen to ensure thdt
standards meet their specifications. The selected standards are tested at a minimum
VCCO with the respective VOL ardOH voltage levels shown. Other standards are
sample tested.

Takle 17 Power Supply Ramp Time
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