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ABSTRACT

Partial reconfiguration is the modification of specific hardware block
inside FPGA while other blocks are still running. Since partial reconfiguration process
requires a deeply knowledge about the structure of FPGA and is complicated.
Therefore partial reconfigurable ability is not widely deployed.

This thesis represents the process of partial reconfiguration design
including the related software. FPGA Spartan-6 is chosen because of its compact size
and low cost device. Spartan-6 structure supports the partial reconfiguration but the
official design tool is not provided.

This thesis has demonstrated the partial reconfiguration process using
Advance Encription Standard (AES) 128 and 192 bits. Both of them are presented
here to examine the partial reconfiguration performance and overhead. We has
evaluated the power consumption and resource usaged. The result of the
experiments show that the partial reconfiguration design consumes the resource
usaged more than regular one a little bit. Thus the power consumptions of both
designs are equally values. Finally the thesis presents the configuration download
wirelessly based on ZigBee standard. This shows that the partial reconfigurable

design is able to be applied on node in wireless sensor networks.

Kevworps: Partial reconfiguration, FPGA, Spartan-6
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fufianeluewitdio fifies Dream tools #ld5ULUy Script Adsdevhlinisldauesan

2. Mmsideuraszninafiud d1ulnalld33 Bus macro dudunisinunli
LUTs 1 gyinsdeusoidnfetudutaiudedoyaruin 4 9n uanamnduiinislézuuuy
Proxy dawnilaufu Bus macro wiazfinuavuin Bus Wiiies 1 9a sio 1 LUTs wazdd
N3RS eusowUY Core unifier Aavlduas Jbits oanuuuligldamnsaimue
R Bus macro tamudesnisiasdinsinilausnna

3. pagnaleWiisiefisosiunuiwenduasimunsasiunslinutueniidie
Virtex taazand19iull U PlanAhead $835Un15109U Virtex-4-Virtex-7 Lazsawaunas
GoAhead 5995UNBSTU Virtex-4-Virtex-7 59ulUfle Spartan-6

A auTAN59 Partial reconfiguration windunmaninisadisfiud
IﬂJiLmegﬂé’umagUqu U WUURLTGET (Single style), wuumaneiiuil (Multiple style)
LarwUU Module relocation fie @111502193995busundaiuilnufls flgoenwuuily

Reconfiguratble part



A15199 1-2 Tools @usUlUSIASULUY Partial Reconfiguration

¢ ed @ AMENUALUIUNTY
FINALIINTDITU
. 4 ATENA .
Partial N1SLYDUAD Y Multi Module
] ) ASLEAINE X 4 FPGA
Reconfiguration FIEHRAINNUN | 5, island | relocation
N9IvIIU
GUI Virtex-4-
PlanAhead Xilinx [10] Proxy logic . X x
floorplan Virtex-7
Virtual
Dream Tools [16] Script Virtex-5 v v
border
GUI
Jbits [17] Core unifire | Virtex-2 X v
floorplan
GUI Virtex-4,
OpenPR [18] Bus macro . x v
floorplan Virtex-5
GUI
Recobus builder [19] Bus macro Virtex-2 v v
floorplan
Ul Virtex-4-
GoAhead [20] Bus macro Virtex-7, v v
floorplan
Spartan-6

defiansunannauantAvesrenduisiamuauda wuin GoAhead fie
gandusmmunganfianlunisinldiauiluauise Wesanilquandinisuanina
Hu GUI wazsesdufunisldeiuuu Spartan-6 uanatndsarunsasinunnuands
msassiuildvansuuy

13 dnguszasA

1. wiedne33nsTusunsuieniidie wuu Partial reconfiguration

2. Wediuanuansavensumeslunlvannsausudswisas Usvaiana
Tusgauansauwastd wavaunsalusunsuasasiuiniusyuuinseveugesisany

1.4 wauLun

1. 99AWUULAEWAIUINITYI Partial reconfiguration UuLeWNILe wagld
gevdsresUsTh Xilink \undnluduneunisesnuuy

2. NISNAABUNITNI9IUBI5EUUTY1995081998 WU Full adder, AES
YUIRAY 128 Lay 192 Un

3. n1sUseyndldiuinsednawuigesiiats 1duinsgiu Zigbee Suds

[
Y

RHGUAVHE)




15  JumpuuazIsnisaniuay
1. AnwAuaiteyaninedvesiuine inug

AauURkardnyurlassaiungluvadeniiie

NI¥UIUNTT LLaz%u’umaumiﬁ'] Partial reconfiguration

wSeadle (Tools) Mieadenaysassunisii Partial reconfiguration
wATlANT5Y11 Partial reconfiguration UuleNHaLe wiazIu
wugesluawarIsn1sSudayarussuunIeYelany

2. 9ONWUU WaIW1 N399I Partial reconfiguration UWLeWAAL® Spartan-6

Tns1sndnvaslasiadiveniise dwmuizaudunisya
Partial reconfiguration

N1508NLUUIUABUNITHA Partial reconfiguration Taeld Tools
GoAhead 37uAU Xilinx ISE
DOALUULAYNAINIINATE NS UNAdUNA I NIRRT
¥IN9UL UV Partial reconfiguration
WAUIDNSIUSUNSHRTALeNidLe Taesyuuliany (Wireless)

3. MInAdeULayUIuUTINT5Y Partial reconfiguration

[

4. 30

nagoUAMANURN1IYI Partial reconfiguration aglusunsuaeas
fiariy

AasgimdeRana1awazUSUUTIALY
VAoUNSIUTUNTUINATARENTRD ’ussuuliany
eaeusTULTIIavEInlFUT ALY

MTenuatuauysal

1.6 lassadievasseanuinerdnug
Tuund 2 agnanfmauiuasnann1siinedesiunuide unil 3 asdiaue
TUADULAZNITOBNUUULNBYIN Partial reconfiguration UNLEN#HTLD UILAUBNATNADULAY

AFA15TIULNTUI995a90WAD  UNT 4 NANDINANITNAFBU N3BUNUIATITRNAANSALARN
nMnegey warluungarneaznanasurnadnauideniouiudalauouuz ey



uni 2
N UATUANNT

Tuuniindndmguiuazndnnisiifeatesiuenuided fasznaudae
Htessioluil

2.1 aoUnenssuleWiale Spartan-6

2.2 WuzidnslEaueWiIewuU Partial Reconfiguration

2.3 szuuLazlATIas1919956m35U Partial Reconfiguration

2.0 ASEUIUAININALISEMSU Partial Reconfiguration

2.1 @antUnenssueninidle Spartan-6

Field-Programmable Gate Array (FPGA) Lﬂuqﬂﬂ'ﬁﬂiﬁmmiagﬂiﬂﬂtﬂim
T Iureashiavald Tneflassadnielueniizieuszneulusie Configurable Logic Blocks
(CLBs) n138%192995 nen15TUsunsuasastutenfiziedunuieiis nsivuaAives CLBs
Theumuasin wazideusousias CLBs Aun1seanwuuIeasiisviuall

Spartan-6 tJunsznatenfiziovuinnatafindnlag Xiinx 5119y
Logic cells #aue 4.000-150,000 ﬁﬂaaﬁuagﬁuéumaaLQWW%La n18lu CLBs 1 4n
Usznauludie 2 SLICE fsnwuszneu 2-1 Tagazion SLICE fiegansin SLICEO uaziieg
&§au3n SLICEL &aszmring 2 SLICE Slilfideusafulnonse urvzideusaiu Switch matrix
ymhildendunauaziending ves CLBs yau

SLICEL

SLICEO

Switch matrix

Cin
awUsznau 2-1 153319 Configurable Logic Blocks (CLBs)
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AuauUAves SLICE Aa aneludszneuluaieg Look Up Table (LUT) wav
ireAusInTe Flip-flop dnwazaes SLICE wuadu 3 Usznn fenisnedi 2-1 Teun
SLICEX 10w SLICE 11m557u wazdlnalululenfidie uuuilass Ao SLICEL fquauda
WwillouAu SLICEX Lwiﬁﬂzuamﬁ’al,ﬁm Ao Wide multiplexer uay Carry logic Fwilwanunse
\Fousaszaing SLICE ludnvasuuasild wasiasun1shnuwenasuin wienasiiinisds
Aody Y 1MTEVIAU Laguuuiaty Ae SLICEM famand@miloufy SLICEL ufayd
ﬂmamﬁaLﬁm Ao 64 Bits distributed RAM Wwag 32 Bits shift register

M13199 2-1 AuaudRiugIuveminens SLICE melueniiadie

AMHNUR SLICEX SLICEL SLICEM
6 Input LUTs ° ° °
8 Flip-flops ° ° °
Wide Multiplexers ° °
Carry Logic ) °
Distributed RAM °
Shift Register °

anelu CLBs 1 yauszneuludie 2 SLICE Tasyn CLBs i SLICEX niladn
uaBninenandu SLICEL w3e SLICEM vhlsimsuth Tuenfizieduazdsenouludae SLICEX
U1 50% d3u SLICEL uag SLICEM 9zilegneay 25% wazlu 1 SLICE Usznaulusie
LUTs #1516 Buwn s1u7u 4 9a wag Flip-flop 8 ¥ Keifu CLBs 1 4n Usznovludae
SLICE 2 %, LUTs 8 4 wag Flip-flops 16 A uanaintuvinlu CLBs & SLICEM agsily
Tu CLBs finauas@ RAM uag Shift register uonann SLICE uda meluteiidiedlugadu
\Wu DSPA8 1Hur99sAaUAIUIN FeiFundn Multiply Accumulator (MAC) wunn 18x18
Tddusunisussuitanad g (Signal processing), Block RAM 4u1a 32 Bits Way
219959AN15d5yey1ad Clock (Digital Clock Management : DCM)

Haturuinveveonfidielduuieda fe Logic cells Faiduniaoile
INNITAIUIUTENING §1UU LUTs 590U Flip flops laelaiduisnisAiuaadiuau
Logic cell Ao Logic cell = 1.6 x LUTs L% Spartan-6 LX 16 3 LUTs Wavue Ao 9,112
¢l Logic cell = 1.6x9,112 = 14,579 \Judu

SLICE 1 gaUsenouluaie LUTs Wanue 4 4o lddydnwal A B, C, D
AmUsznau 22 fie vdenlaezunsudunawaziendnnves SLICE 1 ga laglunin Ao
SLICEX 04910 SLICE 13 3 wuv fduwanaziodnavdnimilouty udasdifiufudimiy
SLICEM Aagunadmiunisenudeudeyaadlumiieainudn Distributed RAM



— < p L A
Al6:1] P N B
B[6:1] 76 > C
. —=P
Cl6:1] » D
DI6:1]  —ad [ A0
BQ
N SLICEX @
SR —>
L » DO
CLK —p» Amux
Bmux
Cmux
l——3» Dmux

MwUsEna 2-2 laazunsudunn-to1innas SLICEX

nihfuazAauTRveBuUNRLNAYeY SLICEX Lansfin1sen 2-2

A15197 2-2 aSune

a

(3

”iy,zu'lmauwml,auamwmaq SLICEX

11

Hodyayra N Aa5UTY

Al6:1], B[6:1], C[6:1], D[6:1] | dunm | dryqyisudunmves LUTs A, B, C, D

CE dunm | Clock enable Fmthil enable dayayias
clock T flip-flop @ausag flip-flop Ul
dyaanduieaiu

SR dunm | Set/ Reset YTl set wae reset flip-flop
laedl flip-flop Nnddlddyayranduinednu

CLK dune | deysynsu clock mariu flip-flop

A B,C,D I9NA | 1WNHAN LUTs A, B, C, D snudsiu

AQ, BQ, CQ, DQ @19NA | 11ENRAN flip-flop 989 LUTs A, B, C, D
ANAIRNY

Amux, Bmux, Cmux, Dmux | 018w | 1818n»ann Multiplex Fadensewing

@19NRaN flip-flop fAuteIAwmaIN LUTS
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2.2 wuzinsldauenildewuy Partial Reconfiguration

Reconfigurable computing e S¥UUNISUSENIaNaRa usaudle
USuiasy funeunsinnu wieusuiasuies wielianunsaussaanaliivssansam
A N1 Reconfigurable computing é}’aqmﬁaqﬂﬂsajﬂﬁzmw Programmable devices
WU NHAL 1AuN15911 Reconfiguration UULeNAALE AB n1slUskATHlATIAS19e
1995h3neaadluenfidie n1slusunsursasadluienidielaeddansialuiendn
Full reconfiguration kagn1slusunsulaseadee1sanasianedsn1slu A TULNEIUIEIUY
\38A71 Partial reconfiguration

n1slusunsulaseadirsasaneluieniizielnedsmaldduduuuu
Full reconfiguration neds iedeenisTusunsinasfioanwuy wnfidiossyhnsiiunas
Buftoganeluimun udrairnsetualndaudldluswnsuaddy uwiidesneniidie
vnszgatuiguandinamislusunsunasindldlaglisniufostionisasdeunt
Heovua wazvazi et Tufineihauldaulnd Bennisldsensuuuuiin
Partial reconfiguration

Partial reconfiguration tJuwaluladlunislusunsulaseastavoa
2vsnelueniisie Tnsanunsadeniusunsuisasasuuiiuiiveneniidioifecuneiiudile
Turazfisasiuiidndureneniitiedinsihnueglasldldsunansenuainnislsunsa
vilienfidiedinudanguiunisldnuideanisuiuddsunisnitanuuisdulagi
udnduliaunsanganisyinaule defvesnisldieniiliewuy Partial reconfiguration e

1. anunituiinsesinse ldsndudedusunsuisasimunasiuusias
THEmslusunsunssduiudodosnmsldnumidu wu mevhew 1 9w feddsuuuuases
wansnaf 5 wuu Tunandisnetu seiuunuitesdodisunsaassie 5 wuu Aavmdofioud
1wy wdld3snsTusunsinsasinddraduiiuiialrausaiaulusuuduniunan
figoens uie Mnudideddiuil 5 @ avanaundeiies 1 @i

2. Wiiuaudangu (Flexibility) voaszuuaniansluvagsinany msz
aauiinislusunsmasssilurngyhauldnaeainat vldanunsousuiudsusnsauas
vosszuuldlurmsvhaulaghifesiinsfienssuuionuell 1wy svuuiifignsainaneiie
Fouderidheiu aunsnaiuarfanisuuuunisdemsielnsinaoadugunsaiusazuuy
Fanunisldaugunsnivmedu Tnglddndudomeganisinuresssuuifieadensauag
Fouretugunsaifulul, Mavszananadidesfuiudsusaneiivvesisasmuduns vie
auannminaenlurazldnu amisaadnedanaiiunisinnulaniuaumuizauiu
anndeuluvaiiy

3. 52881981n150W5WN5ua%1992995 (Configuration time) 483910
1591 Partial reconfieuration @1unsaanfiuiivesisasiddeiindnadclude 1 dewald
svoznaldlsunsuanenidiedszesnatesniiun



13

4. anni1sldnaeauld lnsdnfinisgaideondeauveseiilieqy
Usgnaulufendanuiideddauntueu (Static power) LLav‘wé’ﬂmuﬁﬁﬁuasjﬁ’umiﬁwmuﬁu
(Dynamic povver) Tuduvemdsuiildnuutueu (Static power) am'ﬁaamaﬂlmumﬁ]m
devuaituinsasidnasinldansadenldoniiziedfiaundnasdddndanuosnda
mmuwawumuagﬂum{lﬁnmu (Dynamic power) @a11150aaa3ld U nsdiidedld
lgiorinududeundlildiinudunasanat unuiiezfedusunsulvieniisie
THUszavBamgenasanadslindsnun fagldnslusunsulmiliianuussansaings
nzaideddaunindy delildmuilfienfizierisuiinanusadiads
Wunisaansldndanuas

Block1

Block0
Block3

AMWUIZNBU 2-3 dN1aIZNISVINIULUY Partial Reconfiguration

N151USWASUWUY Partial reconfiguration 3¥109lATIAS19UBILONAILD
Tnsnsutsguuuuituiinigludy 2 daw fo 1) Static part A HuifluenidiefignTusunsy
2995lundausnudn LﬁaL?uﬁwqwuazlajgﬂiﬂsl,l,ﬂsu%w waz 2) Reconfigurable part #ie il
TuenAiiefianuisalusunsuluiildluras e fifiondwinnu Fen1slusunsuwuy
Partial reconfiguration Wuitaesdutiazinaudesu nanie Weodoinisiusunsuaeas
Tudiuves Reconfigurable part L@V\lﬁ%La«’w%lﬁzﬁmwmawwﬁuﬁ Reconfigurable part
Wity wdalUsunsansastmladiulneisasdiuues Static part lddeddianmsianu

AmUsznaU 2-3 fedhevesnm fe Nuflvesenfisievanunlaeiidm Ao
it Static part uazdv1n Ao Nudl Reconfigurable part dmsuilsvanvesnin Ao 2995
foanuuuls Tneilursasiiunnsiiaiu 4 wuu wazisaswanianunsalusunsuuuy Partial
reconfiguration 1§ §16UN19%191Uv0952UY 13131nTUSWNTNI995AI U Static part
asenfiieudaunsvihny ndudlinusenuuuissiidesnislaenszuiunsoonuuy
sgldnanluiidedaly eldi995fideaniswdiazlusunsuisassinananeniie
dledeenisufudsudunrsasindarursalusunsurasiniiioonuuvadluiiud
Reconfigurable part Mufl Tneluaeivnisiusunsuaasing 2easvesiiufl Static part
fanavihaudnsslulaeliven wsesunnisyinau
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23 szuunazlaseadn92995a1su Partial Reconfiguration

NSEUIUNITIUAITIUTUATUIUY Partial reconfiguration JAMULANAI9AU
n15lUsunsuwuuUn@nde Full reconfisuration 1iiosa1nnisldesruuwuy Partial
reconfiguration finsuveiiufieanidu 2 dau Avrausieiy Sedefiansaninaiunsa
THadaula uazlianmsaldaudlalatie mslusunsuasaslueniidelidoyaiizonia
Bit stream file @¢ldu191nn3zUIUNITUATTURBUNITATIN99T TnsTidrdutunay
nslusunsuasasluleidionvuund Budunislusunsueniidieasidrglnualusunsy
(Configuration mode) il alaTensinn153wnslesdeavavdoyaisasiduiiilegnoy
nslusunsuaslui andudlonfeufiasTusunsuuda aslvandoya Bitstream 11y
i udazasuseadulvunnisldauund (User mode) evhaunansasitldlsunsy
waziilofoentslusunsuisasastuien@ifielsl fagnduindulutunouusn fe glvun
TU3unsu (Configuration mode) ffufie 9xfoslin1siiun uazavdeyalsasiAuneu
ileTUsunsansaslmivily

wilugruroanislusunsuwuy Partial reconfiguration YuwanA1afY Ao
avansalsunsnsasldlurasfenifiooglulnunnisléamund (User mode) wdaintdy
\flosa1nnnsTusunsuwUU Partial reconfiguration tudunslsunsunsasiaeldndnenns
avlutenidiesiefuloadsinsdunislusunsunuuunaildgunsaianatouen
Wudalusunsuae9s n15lUsUNIURUY Partial reconfiguration T4 9aya Bit stream
WU Partial bit stream @9ldanainnszuauntstunsuntsaiinsiasiifinuuansiiy
\dntfeaifu Bit stream wuvUnAvaly d1funislusunsuasasluteiidiesudumilouty
nslusunsuuuuUnd uidedeanislusunsusesadduesifidielnsiozlinduluglnue
TUsunsu (Configuration mode) vinlwausalusunsusasluilalnlidesinissiandaes
vieaudeyasasifusiomndounisTusunsa

awdsznau 2-4 Judiegiinisesntuussuulasaindlugainasaiely
wnfiFie fvilienfizioaiunsalusunsuuuy Partial reconfisuration Tnaazifiuinniely
L@Wﬂ%w%gmwaﬁuﬁaamﬂu 2 d2u fe Wudl Static part waz Reconfigurable part
Tudauves Reconfigurable part asiduitufilidmsuacasiigonisldaunazaiuise
Tusunsuenld fufidndau fe Static part asifufiuiilidmivasasildmugunisivsunsy
2995v09RuTl Reconfigurable part 52uTisam15021929a57i G0 slivineudy q Tnefinui

duilavgnlusunsuaeniidielanizasausn Wessuuihnuiuidmilaglignlusunsugidn

1%

Tnefiud Static part Uszneulumediudfey 2 @ fe
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Bit stream Control

— Reconfigurable

part

ICAP

Static part

awUsenau 2-4 Mseenuuulugalesiiialdaueni@iouuu Partial Reconfiguration

1. Control n3edauniunu imtiidanisideudedugunsalaiguen
diefudoyalndrsas Bitstream file) Tnoidulndrsasvosituil Reconfigurable part Wiy
u,azv‘imﬁ’]ﬁmu@umimﬂwaaa%aﬂuﬁuﬁ Reconfigurable part lunnsldauaseiu
aunsneenuuUAuild 2 sUuuy Ae eanuuulngldlugalnswawesiuiulugaianiy
na1fe Tulenate I8n1slusunsuasiaelininensatglueniidie guanleniidiaies
Ifeonuuuliilugalnsiwawes uazlugaanziidudnune Intellectual Property core
(IP core) nguanlildanu tnslugaianigsiminfinruaunislusunsuasasasluiiud
Reconfigurable part Inadosmunulugaanizdiunisdugalnswawoidndunis wie
sUuuufians e fl¥eusiniseenuuudiu Control Tnelésuuuuaeasidedndu
(State machine) Fsmnl4351 azdosronuuunisnuautuneunisiusuninsasadluiiui
Reconfigurable part #28#2f1431ut09 lnfivisansisifidoduazdodounnaneiy
Tanveinsidlugalnsiwawessiudulugaanie Ao ldaudendn waslaudanguiy
madeudedugunsalnguenlduinnin 1iesandl IP core Tildausmiunatssa wu
UART, SPI, Ethernet uag CAN bus 1ludu vibinisldonuligeennuiiideds fe azsesld
y¥wgnsumnnviliiuiiiansoldou deifunsBumierdosas dwiumsssnuuy
Tngld State machine fifoAninFesvenislinineinsiny szeonuvvunlilddmsu
anzenilusunsiasasviniiy vlvamsaasmineinsluduilisniuld uiiidesidn fe
lifinuBangulunsldnunss gndrfauliinuludnvusenzibu vnfesnsiia
vidouiunuanTRduardeuAly uazlsunsunsasil

2. Internal Configuration Access Port (ICAP) f 8 T,mg]a Lawwﬁﬁ@gﬂu
NfiFeutensrgavesfudn Xilink iind19id1fFamdieaiiudldsunsy
(Configuration memory) meﬂuwWﬁ%L@%QLﬂwﬂ’gEmemi’wﬂ'Lﬁuﬂaaﬂa’mﬂ”iﬁﬂﬁmmm
1% 1CAP e uflvisasnelueniidield Tnemsudladeyalumieainudn nslusunsanses
Tt T o 1un19 ICAP Fegninuidssyndldiunisidarulusunsuiaasiuy
Partial reconfisuration nanafie ICAP axvuthildursasaeluienfidiefiarusalusunsy
2v9sadluienfifiedefiels Fuduwuifnvesnisiusunsuwuu Partial reconfiguration
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Tnoquautives ICAP fidnwuzmauiu SelectMAP [11] Faduguuvunislusunsy
g guuvunilsiléfulasialy us ICAP azdiftaddunnsldauiitosniniesain ICAP
annsaldlusunsinsaslfiameiiuii Reconfisurable part withy

Tulenfilieusaznsznainmuandives ICAP unns1afy 1losainadud
YodqyIauinenfisierinliainmdaf 1ICAP veulduandraty nsluswnsuaeas
Tutenl@i3ianu ICAP dasldasasmuauiiadrsdunisluien@idiouinduy dsduluga
SelectMAP il Interface 1ausofugunsainisuenlagld Protocol JTAG ¥inlsanunsa
TUsunsueniidierunisgunsainteuenla amdsenau 2-5 Ae lnevunsuluga ICAP
Usgnevlusedunauaziondnaiiniiifudedeya wazdndrunilesiminfiniugy
nsfudatoya

1501  O[150]—
— CE BUSY |
—1 WRITE
— ax

mMwusznau 2-5 laesunsudunm-onnvesluna ICAP
v A o ] 1Y) Y a Yo -
nihnsinuresusiasdygaliesuiglidmisd 2-3

M13199 2-3 MNINTYIINUVDIBUNALAZLDANA Luna ICAP

qegeyad | Usziam wifinnsvinenu

CLK unm Clock Bumpdmiunsyamuwes ICAP dulewiidie
Spartan-6 T¥aaut57lailAY 20MHz

CE DUNM Chip select enable fio 11 ICAP vaudle Active low
0 = Enable, 1 = Disable

WRITE AU AIUANNTTEU / TBUTeYa
1 = 81utoys, 0 = Wyudeya

I[15:0] uNm dunntayavuin 16 Un

O[15:0] RN 1netayavun 16 U9

BUSY RN anuz msvhanilag Active high Wleagluaniug Busy

N1391191U%04 ICAP fdnuaginiloufiu SelectMAP fiTaunnsing Aa ICAP
wann1siIuvesdygiudasuin 16 On Wudadune () uazdaeidnn (O)
luvnueit SelectMAP T¥dauuusudadeyatduieniu (Bidirectional bus)
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fat U Timing diagram A15M 147UV D9 ICAP @11150919949310

Timing diagram ¥84 SelectMAP 1@ n15tlsudaya (Wrtite mode) Hd1dUn15v19714
PINNUTZNOU 2-6

PROGRAM_B \ /

(1) (5) (11)
CSI_B \

(2 (4) (12)

RDWR_B /
(6) (7) (8) (9)
D[0:n] /XByle OX Byte1xz-zx Byte nxz-:X/
(10)

DONE /

UG380_c2_08_042909

AMNUFENBY 2-6 Timing Diagram N15%1191U%84 SelectMAP [11]

[ |

ANSAINUATOF U UIUTEIIE SelectMAP way ICAP LANFNINY WAdIN1SE

e

[y 1

Wi UTBUS Y avIuTN TR UusENnINe SelectMAP fU ICAP 19 Ag

CsI B = CE
RDWR B = WRITE
D [0:n] = | [15:0] 58 O [15:0]

DONE = BUSY

MsUSHIINEIUIRNILA (1) Fyayie CSI B (CE) anwnsarinvun
Uu High fie Disable N15vi191uvasluga n3ofmunlu Low Aa Enable n19%1191u
voslugald lnglidswansenuivssvuuiiediudyyros ROWR B Tudunou (2)
Mnduduneu (3) Toggle Fryayos INIT B 1 clock cycle Lﬁ'aﬁmmsﬁwmuimm%u%’azﬂa
waelUsun517993 (Write mode) Funaudaun (@), (5) fvundayaie €SI B 1Ju Low fie
Enable nsvhauvedliga uay ROWR B = Low tilefsunlyida D [0:n] vivthiduduma
wisududoua antulutunou (6-9) dygraunfinidaunaziiudioyaudada D [0m]
Imaaiwﬂ’a;ganﬂﬁuaumﬁﬁuﬁuaaé’m@mmﬁm Lﬁaiuam%’aaﬂaﬁgwml,l,é’a deyeyad DONE
Fadutednnazidu High luduneu (10) ileuanslinsiuinldinandoyansuuda
antuluduneu (11), (12) arunsafmuadgyag1as CSI B = High .o Disable N1571197u
voslaga wag RDWR B = High ilerimualvia Do) idhuensum
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2.4 ASTUAUNSNIUONAWISEIMSU Partial Reconfiguration
AsEUIUNISRAILINITeNduIsifieldaonuuuisasansauisluenfizie
TNy auitanunsalusunsuuuy Partial reconfiguration SuiiAaLLANASTUANTHAW
AiSteuuuUnd (FUll reconfiuration) wieuidntdes fudundnnisinertiluianiloudu
Watails1esuIensEUIUATSTRINTERNLULIRSEN S ALl ldreduasielusunsy
WUU Partial reconfiguration Tagazesuieludiuiiinisiuifunisunnsisainduneu
AslUsuATILUY Full reconfiguration n1seenuwuuldeensinag Xilinx ISE 1uvenduisndn
FumouNITEENUUU (Software flow) LaAsFsnImUsznau 27 s1eaziden

¥
v A

LARLIUN DU AT

HDL Sources Top Static Reconfig Reconfig|  # ¢ [Reconfig
Static Module Module Module Module

Synthesize v v ¥ ! {

Metiists -
(EDIF or NGC) Top SM | RMA I avE | *** | aun

v Y v

e

Implement ——=

3 m

2

Design 2 %

RMB hit

S @
Design N %4 =t Y

| e
— | Implement  ——

Module
Constrainie | ———f Implemem —_—

Static

Canstraints

awUsznau 2-7 lnazlnsutunaun1seantuulusunsudmsu Partial Reconfiguration [2]

(1) HDL source #io Yunsusuduifuniseonwuuisasiaesnis
lnen15L188 U Hardware Descnptlon Language (HDL) (mﬁm’l‘ism Verilog 59 VHDL
Tun9vi1 Partial reconﬂgura’uon uu«’u LLUQﬂ’]’iVHmuWWJWUVI A® Static part Lag
Reconfigurable part Fafun1seonuuu HDL 9zUsznaulldne 3 dau Ao Top module
azeglu Static part iudidulugaduuuan, Static module Ao 1993fivanuuuli
oglu Static part Ingam13088NLUY Static module lévaneyaudandouse Static module
g0y 9 ﬁaaﬂLLUUHL%’]@T’wﬁ’anmUIu Top static @2ugAv18 Ae Reconfig module
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Hunsasildineuuuiuil Reconfigurable part §sn1sidsulusunsuasiidnvazmiloudu
nsfgulugaieasuuuung
(2)  Synthesize n3amsdaiaszainaasidunistrdeya HOL Wasudy
foyarsasienfiiordrlalilngazlaluduuy Netlist 1u EDIF, NGC iJusu Tun1svin
Synthesize 9z Wy N U151 3119 Static part 71U Reconfigurable part ln e d1%5u
Reconfigurable part @11150481N15%1 Systhesize wiaz1395kdog198ase TuAe 1 luga
Alalna netlist 1 Tod
(3) Constraints Ao N15AMMUATINNAVD9293 IneUnAudrazadislng
User Constraints File (UCF) dwfudormunvenaas wu fvuadunmeidwnitliidouse
fudiulaveseniidie Wusu Tuniseenuuu Partial reconfiguration n1siuuadediina
funnsrsluannnisesnuuutni Tneazladesninilsludruniseenuuu Static part 13enda
Static constraints Tnefilun1seenuuutuld Static constrains wuuwieaiu Feduause
#aaon UCF file a4 Static part iislddmsunisesnuuu Reconfigurable part fiwansnafiu
o wiidmSun1seanuuy Reconfigurable part azfimundedinveudazlugaweniu
AMTATNUATIINAVB 9935 LUNI1T8BALUY Partial reconfiguration HUaUANFI1IN
nsTusunsuilulnesimsimuadesiiaiaiuded
. Area group constraints f® nsfvuAfuTiioutassuing Static
part iU Reconfigurable part Inefinzsrinfiuil Static part lullwldmsnennsiismunlsnu
Reconfigurable part Mouluuazdermunvosnsimuniuiiss
- nsfmuaituiiss i munduiuiidmasuandumida SLICE 2
0 A8 Yud19E1y (Xmin, Ymin) Wagyuuuyd (Xmax, Ymax) uinued) lnglunisivun
SLICE fidondesnsaunguits CLBs laiamnsausnduld nanafe SLICE yudsdie Xmin
Jga1usadenliianig SLICE w@ve 1y Xmin = X20, Xmin = X2 10udu iwsglu CLBs
vzAmunli SLICE Fredoifuavguazvindioifuiavd nnsiden SLICE dreiloifuiavg
Tugudrearevinlifiud Reconfigurable part AsOUARUIY CLBs uaziduiieafulua
429710 Xmax gdvuaidu SLICE oA Faudu SLICE druvanlu CLBs vinlHiui
Reconfigurable part ﬂi@UﬂunTy\‘i CLBs
- ﬁw%’wmﬂsmaﬂivLﬂwﬁé’aqaﬂuﬁuﬁ Static part wintu 1wy
Global clock logic, Digital Clock Manager (DCM), Phase Lock Loop (PLL) sufiaBuwne
LDIANAAINALUBN LLamswmm‘wmwumﬂuauwmmewmmauaﬂm‘wm
. Partition pins A ® 0 Weudoszning Static part Wa e
Reconfigurable part Lﬁaﬁﬂuﬁgmé’w@ﬂumﬂ%amGiaizmwmwﬂuﬁuﬁ Static part e
Reconfigurable part uaﬂmﬂ‘f‘: Partition pins gﬂaﬂmﬂsﬂﬁmﬁﬁﬂuﬁuwmLLaSLmiﬁwWﬂa\‘i
il Reconfigurable part Lﬁa%’uﬁﬁauﬂaﬁuﬁuﬁ Static part
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(@) Implementation ludumeudldiauuandreiunisadieeas
Tutenfidielnedsyluilddenaiiiunszuiunis Synthesize unuduitelsiladoya
Native Circuit Description (NCD)

(5) Generating bit files iutumeuaniinvosnszuIunis vvehiiaihg
W&2925 Bitstream) wiioldlUsunsuaseniiaie Jumeutiits Static part uaz Reconfisurable
part W @1duvuiieafuuaidodidesiilunisdinuandonlodinduludiuves
Reconfigurable part fifndaal

. -g ActiveReconfig: Yes tdud1dslitloafunissiansiioaves
owittie Insunfudafdatarignasandu Yes oamnunfvnlvsunsulndsasioniidie
wihmSafieuiiownds hHasduimunteurzaiinasinl nsiidenenmdeilmiy
Yes wielmsiolusunsulngreastuiiudl Reconfisurable part udaeniizioarliSniios

Il. -g Binary: Yes Huddalunisadie Binary Configuration File
(BIN file) 1{10991n1d Binary azufiniamizteyaisas (Configuration data) Lilssegaifien
Fslulyld Bitstream ARdoyarsasdufeIfunsazidiuvesdoya Header fluanianme
Youa §elun15lUsunsuuuy Partial reconfiguration Liifanisdruiidaldlnduuy
Binary (BIN)

' o
IS 1 U v

WoNIUNIZUIUNSIMNALAT Aglala Bitstream vodiiuil Static part wag

¥ '

W& Binary ¥89fu?l Reconfigurable part @slufiiagi3onia Partial bitstream 2101w
anunsalusunsulvarsasasenideielivingunuy Partial reconfiguration e
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N159NLUULENNILBLNDLUSUASULUU Partial Reconfiguration

Wdetlarnan8ansTUIUNITUALTUABUNITOBNLUUTEUUN AU A
fiswavSondwihdesolli

3.1 m'iaaﬂLLUU’Nf\]iﬁuﬁ Static Part

3.2 nszuauNseenuUUlNEIs9sHuT Static Part

3.3 mseenuuvlulasinsiwawesluiuit Static Part

3.4 N3zUIUNSRNLUULHEI995HUT Reconfisurable Part

3.5 N1300NLUVIENT Reconfigure LOWAALE

31 ANSPRNUUUNAsAUT Static Part

nseenuuululenisieBuaindiuusn fe 1dlasiadiwesiiud Static part
Tnseuidedmunligldaruisadoudeduienidie welusunsutsasvasiiud
Reconfigurable part 1913 UART interface \iiosannifeusefuasufinmeslilnenss
Lidndudosihaasiudy wasdu interface fiugruesgunsaianinunaidu q duile
ligsenidlethluidendefugunsaidu q Inssairslugarsasludiuves Static part Tdnwae
lporunsudinwlszney 3-1 Snwazmanauresusazdiuds

)=

T T T T TT T T T
1 I
|
I
— o |[— :
2 :
— g | Reconfigurable :
[an] I
Part |
I
I
1 I
1 I
1 I
1 I
e e e e e 1
UART Link
E— UART > Control ICAP —> ICAP
Interface

AMNUSENBU 3-1 N1599NLUUMATAMSUNUA Static Part
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3.1.1 lu@a2935 UART Interface

2995 UART interface vimiinfinauaunisivdedoyasznitaeniiie
Augunsaintguanaielnsinaea UART Sudunaandayaiad Rx waziiendnaseiuluga
Control ICAP Tnedayaiifu Ao deya Partial bitstream nelute@izioduladl UART
interface dnagUulildan dududlddndudoseanuuuisasdiodaies ilornisie
Tayanildaulae UART Sudsteyadiaz 1 On ludnsiaanuiiasneg wu 9,600 bit per
second (bps), 115,200 bps wianiiiusu lis1dusesiinasdendetugunsainisuen
fignsndvinlanilodnin UART v1a1uwuy Asynchronous viililuifiduanadda 4 unfivue
Andansinau sndudesimualiilefunasiledaiinnsinaufianuiuiafy
AmUsEnau 32 wansliuiu State machine N15vi191uv0sluga UART interface
Buanaanuz Wait sedeyalagasiaaeuann Buffer Rx infideyaiiunmield mn Buffer Rx
fifoyavzddluanugdaly Ao Start bit ileBuduuAdeyaruin 8 Om andudrdaniug
Get bit ttegumfiazdn s1uau 8 Tn w3o 1 Tush anndudaniuy Stop bit faduanius
anvieestuneu dude ioavaniug Stop bit He¥uaglddoyansu 1 Tuvi Fandou
fasindeyalulfnudely anduasdndaniug Wait iosedeyalvaidnads

Start Bit
Load=0

Rx not empty

RxE
N Count <= B Bits

Wait Get Bit 0-7
Load=1
Finish=0 Count++

AMUITNBU 3-2 State Machine ANSV191UU89 UART Interface
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3.1.2  Tu@an3uAx ICAP (Control ICAP)

2993 Control ICAP vihutinfiaauauluga ICAP Tun1slusunsuiaasiud
Reconfigurable part 191971989 Control ICAP agvi191ulundoudu UART interface
tufe Weld¥udeyansuain UART udaagsindauues ControlCAP sfufl niwiszneu 3-3
wanslsfifiu State machine N13%1191u9849 Control ICAP 133n55UIUN159N@AUE Idle
sodoyadn UART leflifeyaidiuiazidnganius GET ID 00 fesae GET ID AA uay
GET ID FF auddu daidunis81udn Header woalald Partial bitstream w3z lulld
Partial bitstream Hufidoya 3 Tusinsniu Header fo 0x00 AA FF a1nduidnganiug
GET SIZE 1o 1ud1vu1nveslud Partial bitstream sz doyalusifl 4-7 Tulwd
Partial bitstream azvanlsimsuaunvesindiiy ievhnmssiudasy 32 9n azdhdanius
GET command tfesa1neenuuuliainisalusunsudieldsuuuy Binary uaz HEX
Tngn1vuali command = 01 nanlusunsulaeledlnd Binary wag command = 02
mnlusunsulagly HEX

Byte of AX < 4

Byte of data < Size

FINISH
Inactive
ICAP

GET DATA/
Active ICAP

Byte of Rx=4

Byte of data = size

command =01, 02

AMUsENau 3-3 State Machine AM5¥191Uv89 Control ICAP

Mntudgdaniug GET data iilesudeyaludlsunsulaeidesuteyansy
2'luvi vde 16 Tn agvins3enld ICAP (Activate ICAP) ilelsf ICAP vinenilneidnganiug
GET bit HIGH wag GET bit LOW fie nsthdeyadefuanitas 8 On n13usdeiu tielkasy
16 O uddsselUlluga ICAP waziem ICAP CE = 0 A A&3 ICAP chip enable Tagyiney
LUV active low Litedslsi ICAP [@eutieya Partial bitstream ldadluniisanudlusunss
( Configuration memory) f\]’mﬁ?uamuz GET data fiay active ICAP nn 9 16 Un ﬁ]uﬁff@aﬁa
asumnruIndildeulineunti edsdeyaly ICAP asuudadnganiug Finish iilevien
1519 ICAP (Deactivate ICAP) wagndulussaniuy IDLE Lileseiuteyasely



24

3.1.3 1u@a2937 Internal Configuration Access Port (ICAP)

ICAP Ao Tugatsasyimdifilusunsuiiufl Reconfigurable part uwn
Sudoyalwdlusunsy Partial Bitstream dwi¥ulusuddeldianiizie Spartan-6 fatiu ICAP
¥rufinnuddygiauiing 20 MHz luga ICAP ladausavinaulagdaieala Fatiy
m3muALNISTURaInazgnimuslag Control ICAP

3.1.4 Iu@afawinﬁsﬁau@iaﬁzmwﬁuﬁ (Bus Macro)

Bus macro Ao wasvimthilidense Lile3udidoyasening Static part uay
Reconfigurable part Ingnisadrsqgaidende Weidudunaednavesiiuiitu ndnde
flufl Static part Tumnmedwayavis wagiiudl Reconfigurable part fagiiBunniadng
Snyandeudndoudosznitefulagliiendnnain Static part Iousedudunnves
Reconfigurable part 4agte1Anma1n Reconfigurable part L%@miaﬁuﬁuwmm Static part
waileufuifudunisdeans (Bus direction) le3udsdayasenitatu lunisesnuuy
vueNdeldning ns SLICE ilorvuadudunmedwanesn Tnefosszysunia SLICE
flddusunmerdnasisluiufl Static part uas Reconfigurable part winlalfvuaazsily
fuviisnsidouselsignioailesan snvihnislusunsanaasaslu Reconfigurable part Tl
thufie 2sashimieudn myradumisazbiliduwmiafudmwalimumivesdunniedne
Wasuulaswayliannsosudsdoyald

Msfmusiumskazaiin1siiense (Place and route) ludnwaiides
frvuadiuvis SLICE wuvilldanunsaldwenduad Xilink ISE ¥inszuauns Place and
route I8laonss uiansavhinsuuulugaludnwaediFondt Macro WlUlE daduasiFen
Tugaild1 Bus macro 33n13a%19 Bus macro udloldiinuafiufl Static part uas
Reconfigurable part 1iud7 Ineidan SLICE 2 gailu 1 ¢ liyawsneglu Static part waz
anymoglu Reconfigurable part Wagwsay SLICE Iinvunauaudiniunisidau fe
Wourelodinnann Static part fUBUNAYBY Reconfigurable part Feiudoaiivun
Output pin Tu LUTs v84¢ SLICE Tu Static part Taseiu Input pin Tu LUTs 9939 SLICE
1u Reconfigurable part wazlunsndudiu wedesnsIdunmnain Static part \eusery
meﬁwmﬁua\‘i Reconfigurable part fi94n1%ua Input pin Tu LUTs w99 SLICE Tu Static part
T¥msefiu Output pin 1w LUTs vas SLICE Tu Reconfigurable part 1fie¥1n159310&un"
nsiWeusedayaias (Routing) s¥wineaes SLICE fanana

SLICE 1 gaUsznauluday 4 LUTs @ausanivuale 4 unaiedng
Fafu Bus macro 1 9 2¢lédyausuddioyarunn 4 9n uazain 1 CLBs Usznaulude
2 SLICE #au 1 CLBs a¥@1u150@313 Bus macro 4u1n 8 Oa wialudune 4 On uaz
101nA 4 Tn nmUszneu 3-4 wanslifiudnungnsdenrevesdayynusening CLBs 2 yn
Tnedi CLBs %waﬁaa@iuﬁuﬁ Static part Wwag CLB mwﬁaagisluﬁuﬁ Reconfigurable part
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uaN1Nll N19IENALKRUY CLBs TWlaen CLBs USIIUaUUDINUTA Reconfigurable part
eliundeiundmsunisldnuasnnasiaunign

AMUsENau 3-4 Bus Macro 110 4 Ug

Tnsead1asasianuadieonuuuluiudl static part Aldndnudu fe
29957181 udeall i olWldlusunsy Partial reconfiguration 16 9lunslderuasa
fdanunsnifiiniasfidosnislivionluiuil tatic part ueniniieanild Ineasas
Adudutuegldfinadenisirumensasiioonuuul’
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32 npszuaumsesnuuulndasasiuil Static Part

Wadeiinanfinszuiunisuaztuneuntsweniuaslun1soenuuuIeas
yoeiud Static part 1u3Teldanfuas GoAhead [20] sAufugaNFLag Xilinx ISE
AINTINVDIE T UTURDUN1TEDNLUURARIFININUTENDU 35 3UFURIENTEUIUNIS
Srmuaitud (Define reconfigurable area) TuteWfiSioszninaiui Static part Loy
Reconfigurable part 91nTuiinsEuIUNITAIMUAYTEAN2995 (Define reconfigurable
module) Tngsmuanufiuiinaylsesiney uwadursesluifuil static part wazreas
Tufiufi Reconfigurable part Jumaudnun Ao nMseanuuu1as (HOL desien) Tnswanfuas
Xilinx 97N TURIUNSEUINNNTEUATIZRIES (Synthesize) foyailsgnimnidinszuiunns
vunRuantiaTTesLaziiufl (Create configuration) L9y AMANTANITINIGUMILNIIS
m%’wmﬂs’awsmmﬁuﬁ' L‘ﬁaﬂmﬂ‘ﬁuﬁ Static part Wag Reconfigurable part ﬁg‘dLLUULLaz
AauanURN TR mﬂﬁ?uLﬁﬁﬂg{'ﬂizmumsmmwnmzﬁmumé’ummqmmL@‘V\Iﬂ%La
(MAP, Place and Route) tlaiilugnszurunisaiislidasas Generate bit file) wiaiy
1Wg Full bitstream fie lold29asituil static part Lag Partial (PR) bitstream Ao 1Wd1995
il Reconfigurable part

HDL design Define reconfigurable MAP

area (Start) Place and Route

A 4 A 4

Define reconfigurable

Synthesize (XST) Generate bit file

module

Xilipx ISE

Create configuration

BITSTREAM PR
GoAhead

AMNUSENBU 3-5 TUNBUNITBDNLUUIDSIAELaNALIS Xilink, GoAhead
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AM5UINTZUIUNITHALTUADUDBNLUUINATU T IUISne ldaondwas

GoAhead wag Xilinx ISE fin5gUUNITAININUTENBU 3-6 LAGUNAUBTURADUNSDUNU
WsuieulmiuIwAaznszUIUNIT AD NTZUIUNITOBNKUUIIDTAIUL

Define reconfigurable area

GOAHEAD

7T TN
wm
—+
Q
=
(@)
o8]
—
@)
@)
x~
)
o
x
o

'
[}
[}
{

Place&Route

Blocker

merging

Xilinx ISE
Synthesis & Placement

(XST,MAP)

HDL design & Synthesis

AWUSENBU 3-6 NT¥UIUNITODNLULTNwoTlfLISvasiud Static Part

ATLUIUNITNNNUL 5 TUundUnangalgganalls Xilinx ISE ey GoAhead
swasdeaiisil

(1) GoAhead Process vwthitdmuniiufinielueniisie Tnglwdaunis
\Ju Reconfigurable part 4aW w23 GoAhead @nunsnasnelwa Config Prohibit.ucf
Bulndfifdeya SUCE Agnadaldliiiui static part lHeuld Weidulildaudmiu
‘ﬁyu‘ﬁ' Reconfigurable part Lﬁﬁﬁ?u waraonALIs GoAhead @11150@3519 Bus macro VHDL
template MYulUsunsuniw VHDL e3urelaseadns Bus macro wazfldamunsaiivun
yu1M Data bus 994 Bus macro I¢f 91nHuasnslig StaticBlockerxdl W ulndiifidoya
sy Static part aunsolininensanlalithdueniitie elddmsutuneunisimun
dumansidensedyanas (Routing) 1uﬂ§aq@ﬁw

(2)  Xilinx ISE Process Synthesis and Placement ns¥UIUNIST
vmthitesnuuuasasiiasldiauluiiud static part Tngldeenduad Xilin ISE @eulin
TUsunsuA197 VHOL tilanalugaisasmudidesnisnieufuiidoya Bus macro VHDL
template Ail§anwenduis GoAhead mLTJuIm@a’mwﬁﬂu Static part Wiy uenaInti
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#oatindoyaann Config Prohibit.ucf 11533 15ly UCF file Awauduas Xilink a¥19l4

3

WotaSatunauni1seankuulAn VHDL wad Tdeanduls Xilink ISE ¥nssuiunsdunsiei

De

29958135 uagehuninsiaadulasnadweneniizie nadndveansyuiunisi
aziillalng Top map.ncd

(3)  Blocker Merging Process A® NSEUIUN1TVDI9ONALIS GoAhead
vinsUsEINaNAaRTURES Merge blocker dnwaizn3vinauyesdds fs nsirdoya
NCD file 7il#arn Xilinx ISE Audoya StaticBlocker.xdl 91nweNARIF GoAhead 11523y
vl NCD file Tndldafudayafiinunld wovindunaunis Routing Tnefiniweans
meluenidiefignasiuly (Prohibit) axgniesiulallildnulnensidendensnensimanil
dhefuudradadudyain (Netlish) Woulisesunmumaiioutunts Route ninens
wand¥neu ierdunistdosfuimineinsmaiiarlignyinnis Route 1630 Fady
mainTeundeudmiunszuIunT Routing @AThe ndunaulvililé NCD file fifidoyadn
w%’wmﬂiﬁamﬂﬂzﬂﬁ%’muqﬂﬁwmiﬁmumLé’umqmﬁl,%amiaé’zgzgﬂm (Route) 1InuAKA?
thufte Wl Reconfisurable part uwiszdeanizdufianunsaldnuls Fefife Static part

(4) Routing Process Aia n1saf1adunmadeudodyyinludnvuy
andumadounesnluli@ (Auto route) Tneviinisinundunisnisideusedyyiaein
Eﬁa:ua NCD file Fildandumen Blocker merging process nadnsald Ao NCD file (Top.ncd)
‘vﬂ,mmqm mq q fleenuuuld azgayinsimuadunanisilensevesudazdyaals
ATULAD mﬂuummiauawwm (netlist) fignasrslinouniinisiinszuauns Route
Tunell Fefitie Fyra (netlisH) Aldarnnisivundunianisdousesenitamdnens
flasauly (Prohibit) vievae Lﬁaaué’@gﬂméauﬁlﬂLLé”JmﬁaLﬁaﬂmaa’sﬂﬁ]iﬁﬁﬂﬂﬁﬁmum
dumamsideusetamzaiuiioenuuulily Static part i

(5) Bitgen Process As nszUIUMIgATNERDUElAlNdTuTugULUULWE
d1m5uTusunsuanenisie nszuIunIT Bitgen Vi ntifiad1alndr99s (Bitstream file)
Tae3udunadu NCD file wédwirnsasudu Configuration bitstream file uNuaNg bit
Faduguuuulnidianansalusunsuaseviidiolvivinauls

ziulaiinszsuiuniseanuuuldl9asuuy Partial reconfiguration
T¥5095ULe9#iTLe Spartan-6 vinlalaeldaonduas GoAhead wag Xilinx ISE v1191us01 U
Tneendus GoAhead ¥nszuaunsfInuaNud, MUUAUTEANLAEANANURVDII9TS
foanuuulfses¥uiunislusunsuuuy Partial reconfiguration 9n5¥UIUAI5IAANT
gandudiiuves Xilink lisessu dmsuhdedalusinauedunsunisesnuuulisesiu
funstinswawesunldusi Weifiuanuanunsoveseniidie
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33 nseenwuululasTnsivaiwesluiud Static Part

n13eeNLUUATIURLT Static part Uszneulude 2 diu fe 2sasniuau
A5TUsunsuluiudl Reconfigurable part waz29958y 9 AIUAINNABINITHOBNWUY
dmunuiseiidesnisfiuanuansolieniizievimihiduewuwe ualussuuiniedn
wulgeslians delasunfindnauweslunusznauludislulasneulnsataasiiniaf
uAuMITIIL Masudsdoya ddulafiunisesnuuuisastuiiuil Static part Tvihwehil
Juailoululasreulnsameslaoidenldlulaslnswagosiovuindidudiuuszuiana
Andnenfizie Xilink dflsdduarsawrsdndasudmsurmdimdululasinsivawos

Y Y
| ¥
A s

%931 Microblaze Processor 318agtd8nilng
3.3.1 auaudAlulaslnswawes Microblaze

Microblaze processor iulslasinsiwaiwesindnlnouiem Xilinx §uan
lowiiidte TnefuwiAnfiazaidlulasinsiwaweslinieluendiie welsildmuausaiamn
ifiFlefenadeulusunsunwtugadu ¢, C++ ilaglisndudondoudaaniu HOL
Wiggeg1nie ag19lsin1u Microblaze lafladuansawiinieluienidiood19uiasy
wildnszuauniseanuuuasasiieadndum msldonussauanldinuisenuiluzluuy
P core Wulugarsasnileilildaulding wazamnsodvunseazidonvemingins
(Resource), Aaudfvadlulasinsiwawosle

Microblaze Wulalasinsiwawosvuin 32 On Uszutanamdanuy RISC
Tunmslfnusisiugldausatmuauandivedilasinaeaeesld uiazdundigld
lanansadmuala fe

- YUIA General purpose register 32 Ua

- qu7A Instruction word 32 9 Usenauluse 3 Mduuag 2

Addressing mode

- quA Address bus 32 Un

- Uszurawauy Single issue pipeline

- sos5unsvialaen1w C, CH+

dmsvuenmiloaniindraunil guaeligldarunsafimunauantils
puaudenis Ingluniatedldvasedldausnunanuauifsed
- $uvuead Clock 66 MHz
- Msideusioninu UART interface
- GPIO 1 port ¥ua 32 Un
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332 nsesnuuuaeslulasTwsiwawesluiuil static Part
lulastwsiwalses Microblaze wafloutfulugadlsasnis lnss1uide
1} Microblaze un8uraasluitudl Static part fintiiindn fo niiiivszananadoya
NBUNANIBUBNLATEUNAIIN Reconfigurable part, Uszaianateyaudidoantuioidng
Anguenu3aleimmlUds Reconfigurable part wagsimiisudoyalndasassiunis UART
interface tiladsdoyalndasaslifuluga Control ICAP sianiindlusunsuasasluiud
Reconfigurable part Ukuulassaiauanssianmusenay 3-7

Voo T Tt rm e T '}
1 I
1 I
/—\ 1
I
UART Link ‘ o o |—» i
Microblaze 5 R fieurabl I
) 2 econfigurable
g Part \
Processor «— P |— !
N |
T I
1 I
1 I
! 1
e e e e e e e e e e e e e e e e e - 4
Control ICAP — ICAP

AMNUTLNBU 3-7 NF9BNWUUINATINUN Static Part s7ufU Microblaze Processor

lassasslulasinsiwaes Microblaze Usgnaulumigdunniainassdiu e
UART link (Rx) waza1nluga Bus macro lnefidunnain UART Ae deyalndlsas
(Partial bitsream) 711#3U91n UART interface wagdndau Ao Suwna1n Bus macro
%ﬂLﬂuLmﬁwmmmwﬂuﬁuﬁ Reconfigurable part dmsutednmves Microblaze Hanaiu
fie Lo1mmdadoyasasluds Control ICAP telusunsNI9RTHAT IO FWARBRY Bus macro
iiodsondnaliisasluiiuil Reconfigurable part uenandulfifiudunaodnadeiu
gunsalnrguenlalagdinualiidu GPIO aun 16 Oa lnozunsudunmeidnmnves
Microblaze uanasaninusgneu 3-8
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IN [15:0] OUT [15:0]

—1 Rx Bus macro (OUT)

— Bus macro (IN)
Control ICAP

— | CLK

Microblaze Processor

aMwusznau 3-8 lnesunsuBunaednsvedluga Microblaze

whnsynnuvesurazdygalaeduglinmismisen 3-1

a Y ° a ¢ .
M15299 3-1 wThin1sviuTeBunALazLedNAlIa Microblaze

Foysynau Uszim wihiinsvinau
CLK uNm Ty RNNANNE 66 MHz
Rx DUNM Tuaraudoyarun 1 Jn 97 UART
Bus macro (IN) uNm BUNAIIN Bus macro
IN [15:0] uNm dunntayavun 16 Un
OUT [15:0] e | 1nedeyavuin 16 Un
Control ICAP wine | dyaateyavuia 1 dnludsluga Control ICAP
Bus macro (OUT) | tdne | @1diwmadlvifiu Bus macro

A bdauaunsanimuanuaudAves Microblaze lagn 15880 uu399s
Peripheral aelulnsieaisas Microblaze Fagjudn Xilinx léeanuuy Peripheral iianil
19U&7 WU UART controller, Memory controller 1Uusu ;ﬂ%muaﬂmimﬁaﬂ Peripheral
wa1tdudeusdefun1u Advance Extensible Internal (AXI) interface 1 Peripheral
wiaziad Address 1835109 Wladeina53enld Peripheral Tn 9 daeriinissinua
Funied198s (Address) ves Peripheral fu dmiuauidedizenld Peripheral 2 dau fie
GPIO dmvasradudunaiendnanesn way UART LITE dwiuilousdeiudyqyial R
1 UART interface nUseneau 3-9 wandliiiulassasnanisideusensas Peripheral #ng 9

PHNTIUsIuAU Microblaze



32

[ GPIO ]

AXI MAP

IXV

>
X

[ Microblaze ] [ UART LITE ]

nnUsznau 3-9 1Asaasnenisieune Peripheral AU Microblaze

¥

A3 1muald Microblaze vivninfiSuteyalidisasuadeialviulugs
& d

ﬁﬁmﬁ']ﬁiﬂnmﬁmws u,avﬁfmﬁﬂﬁ%’udqsﬁamaiijwwum Static part fiu Reconfigurable
part muuﬂmammm Microblaze wmwaaﬂLLUULﬂuﬂmamumwmLﬂuawmumiwmum
ity miaamwuLwauﬂﬂimmmsqmmmﬂiuLUaawmm vidoiiunnauAdy
wisliseaduiuaudesns
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333  nszuaumseenuuUlngssiufl Static Part fifinnsldau
Tulasiwsiaigas
nszuaunisoenuululasinsisawes Microblaze wiloldauituil static
part Bonldaondunad Xilink XPS, Xilinx ISE, Xilinx SDK waz GoAhead 3unausanua
wanasanmUsEnau 3-10 lnefinszuiumsdinlngiiseazidonmileutunsesnuuuitud
Static part kil Microblaze

————————————————————————————

f— R . | |
! _ Lo v ! ! !
! Hardware - ' ' Define reconfigurable ares | |
! Dec ; i:: HOL desicn ! ! !
1 252N 1 1 1 !
| - | ' |
i i i i i
: : ! : :.._ Create conficurati :
! o L 4 ! > Create confisuration :
Hilinx KPS ' e i
| | | Synthesize (XST) | | — !
_____________________ H | | wtANead |
i 1 ] i
i | ; L ISR

! T
i Hilinx 1SE ' I
] l : AP !
! LA i

_________________________ i

r H ! |
: . _ : ! Place and Routs i
! Import Hardware ! : !
> . | i i

1 acrried 1
: Description : i v E
I I | '

! ! TR ATE RAERA

i v i {—®  UPDATE MEM i
i . i ! i
! Software Desizn ! | :
| . | ! L4 |
: BrAM file ! i :
: : i Generate kit file '
1 i | !
| | . i
: Hilinx SDK : | Xilinx 1SE |
1 1 H !

AMNWUSLNBU 3-10 TUNBUNITENLUUINAISNT NS waLwaS Microblaze

NsEUAUNISTLNLAY Ao nTzuIun1TenuuUlATIai1e Micoblaze
(Hardware design process) Ll munanmautAves Microblaze nsvuILNSiFoiney
N1598NLUV2435 (HDL design process) uananiingzulunIsoenuUUgaNALISAIUAY
N15%197U Microblaze insuUIuN1T Import hardware description A N5 LU Y0Ya
AautAves Microblaze dmduilsusendunilisosfunsinuuuiiugunmauds
194 Microblaze filfeanuuu nmsidsurenduisliniun C fneulmassogluvemsiuag
Xilinx SDK wé wadwsilld @i .bmm file avgmiranideuaslumissninusives Microblaze
lunsguauns Update mem process naunsasalnaisasiunszuiunis Generate bit file
msthnssuaumIsariunouoenuuusldnussadinssuaunisfnmdsenoy 3-11
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Define reconfisurable area

GOAHEAD

FlacefRoute

Blocker

MeErging

Xilinx ISE
Synthesis & Placement

(XST,MAP)

| 1 y
Xilinx P RG  UPDATE MEM J
7 ,

SDK Frogram |

Hardware design

AMWUSZNBU 3-11 N5eUIUNTERNLUULNE2995 Static Part 521U Microblaze

Aseenuuuivianun 8 Tuneudiundiuliesuneiludensuntiuga
dmiuriteiiisesuaiiostunouiiiiniuded 3 Funousdl

(1) Xilinx Platform Studio (XPS) process A® AS¥UIUNITODNLUU
AnuaNTAves Microblaze THwovldnas Xilink XPS ifloimuanuanives Microblaze 19
mms’aﬁuaﬂammm dock Peripheral GPIO uag UART, ¥U1AUBY Program memory
wehihdudu defnusamunudaey mmsaas’]ﬂ,ma Microblaze wazilUlgausuiu
Tuganaasdu 9 vaarasluituil Static part Weeenuuurasimunasaudvinssuiums
Synthesis and placement l¢inadné fe lnlddaya NCD wiethluldlunszuaunsdnly

(2) Xilinx Software Development Toolkit (Xilinx SDK) process
N5¥UIUNTV0IONARIS Xilink ISE ¥in15i5enldweniduas Xilinx SDK 1ieindeya
N1599NLUVL995310 Xilinx ISE @319.ulassadeves Microblaze (Hardware platform)
Welvildsuaruisaimurlusunsuvululasinsiwawes Micoblaze Tngd1ad s
mwﬁauiﬂﬂmsuuuﬁugm Hardware platform #4817 &4 Hardware platform
Uszneuludedeyaiszyinlulasinswawesinineins (Resource) lalwlddns iy
YPIANLABAILT (RAM), Buwatosing (GPIO), UART 1ludu Tnedeyalusunsuiideudy
szgnaoulnduaziiuliuuy Memory program file TuvuziiedungI9IN0NKULIIRT
Wanuaudalurenduad Xiinx ISE n52UIUN15ABL A8 Blocker merging way Routing
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Feldosureliugrluiatensuntiil Woriunszuaunis Routing azvialilalng NCD
Fandoudiaviduneu Bitgen Wioadslndlusunsy (Bitstream)

(3)  Update MEM A9 A52UIUNITONANTKUIEAINIIVBY Microblaze
desniinisléau Microblaze Fadululasinsiwawed dufudounslusunsuanoniizie
939n001nN15IUsUNSNTUEIUVEY Program memory U89 Microblaze nluaae Imﬂﬁlﬁaga
TUsunsuu Microblaze l§a1ngansuas Xilinx SDK e Memory program file Tnglv&dl
azLuuaslu Block RAMs 989 Microblaze lagsad91984 Block RAMs a1alwd Top.ncd
Feldonuuuliaeunting anndurinduneu Bitgen ioad1alwalusunsy (Bitstream)
fanunsalusunsuaseniizie

é’ﬂﬁ?umiﬁﬂWﬂ%awaf Microblaze mﬂuﬁ’m%ﬁmmﬁuﬁ Static part
Wleifinanuamsaveseniidie Inveenuuululasinswaweslimihisudeyalndases
Welusunsy LLaz%’Uéwﬁaaﬁasdeﬁuﬁ Static part AU Reconfigurable part Wiy
thiauennauRfiuguiivilvisessumihfivandu Ssnahluldeuess flaunsusundeu
AaNURvaY Microblaze lamuanumanzay UaNINILEINTTUIUMTEENLUU NS 993
Partial reconfiguration 7ild@ansiui$ GoAhead waz Xilinx ISE Liiso5ufunszuiunis
88NLUUYBY Microblaze §378laUfudsenszuiuniseanuuulndisasuuy
Partial reconfiguration iuflsessufunsth Microblaze unldsusanluiiuil Static part
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3.4 nsvurumseenuuulngrasiudl Reconfigurable Part

A5¥UIUNI580NWUY Reconfigurable part fiduneundiefunszuaunis
29NLUY Static part wAd13fuRsIAlNdd195uTUsun5N Bitstream) F99z 14Uy v
Partial Bitstream File n1500nLUUAYAIUALURY Static part sedadldfufiyaieiy
aUsEneu 3-12 fie nsEUIuNsLazuReUNISeeNWUY Reconfigurable part Tiaviala

Define reconfigurable area

GOAHEAD

Place&Route

Routing

merging

Xilinx ISE

_____________

Synthesis & Placement

(XST,MAP)

Create cdnfiguration,

1 . 1
HDL design & Synthesis | Partial_cut.ncd :

Generate Bitgen —r
Empty —J

bitstream

AMNUTZNBU 3-12 NITUIUNITOONLUUNNTBNALITUBINUT Reconfigurable Part

[

nsvUIumswartumeudl 7 nszuiums fiveaiendal

(1) GoAhead Process A® AEUIUANS UL Reconfigurable part
WAZAIVUARILIIG Bus macro Befasfivuasiumia SLICE liasafudisinuadiwnyely
Tu Static part ﬁ]’lﬂﬁ?wﬁaﬁ/\lﬁu’s% GoAhead @3141W@ PartialBlocker.xdl %ﬁzqvﬁwa’mi
farursaldeuldluiiuenfieafuniseenuwuy Static part ¥aWAuI$ GoAhead
@519 Bus macro VHDL tay Config Prohibit.ucf Fenrseanuuuluy Reconfigurable part
niwensfignasauly (Prohibit) Ao ninensluiiudl Static part fismun
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(2)  Xilinx ISE Process Synthesis and Placement @® NSz UIUNTT
ponuuulugala9sfideanisliinguly Reconfigurable part Tneldwomdunas Xilin ISE
UYWAY Static part N1999NWUVALABIUN Bus macro VHDL 91n9ansiiig GoAhead
Hundslulugarsasiamuanazirdoyanineansiignasauly Prohibi) a1nlud
Config_Prohibit.ucf 11573 /U UCF file figanduad Xilinx a5198 uulnesnluda
deoenuuulugaieasvesszuuianuaudiozidignszuaunisdauasiziaens
(Synthesis & placement) 1 lwa Circuit design (NCD) maaimaaawaﬁaamwu Ao
Partial_map.ncd

(3) Blocker Merging Process Funeudnilnogenduad GoAhead
Faldiends Merge blocker wiflouru Static part #ie n1siveya NCD file (Partial_map.ncd)
filFangendnas Xilinx ISE Audeyaainlnd PartialBlocker.xdl aMnwevfuI$ GoAhead
mm:uﬁ’uﬁﬂﬁié’ﬁ@;ﬁaw%’wmmﬁ%ﬁwmﬁwmsﬁmumLﬁumaﬁzgzmm (Routing) Tnefl
w%’wmmﬁgﬂamuﬁ (Prohibit) lévinsideudeynminensidifefundaadudygyn
(Netlist) ioulidofuimunnouiioteafuninensmaililignyiinisfinuniduma
Fryaas (Routing) Tudumeusely mﬂﬂizmumiﬁﬁ]ﬂé’ﬁﬁaaﬂa%f\lé Circuit design (NCD file)
s‘ﬁqﬁuﬁﬁgﬂamuw (Prohibit) 13 @ Static part aggnyitnisAmvuaLdunisdayayins (Route)
lﬁwmLLé”JmﬁaLawwsﬁuﬁﬁé’ﬂﬂgﬂﬁmumﬁumqé’mmm (Route) M@ Reconfigurable part

(@) Generate Empty Bitstream Process A® n15a@3513 Circuit design
(NCD file) filsifitoyansasla 4 wafioufuadie Empty NCD file 91nturhnisasadulid
Bitstream 1y Empty bit Fadayaiargninlulilunszuiunisdusdely

(5) Routing process B NszUIUNITASINFUNINToUAOF Yy 1043995
Tnotnualinaduniadeudouvudalui@ (Auto route) 1Wuiieafunisineuly
Static part Imsﬂmauamﬂ NCD file 7il§annnszuauns Blocker merging Naa‘Wﬁ‘vﬂ,@ AR
Nﬁ]iwaamwul‘ﬂuwuw Reconfigurable part mammaumaammm mﬂuuauammm
(Netlist) mgﬂaiwlaﬂaumim Routing adeiids e dryynad (Netlist) Funudeude
n¥weansiiasauly (Prohibit) avue eaudyaindruidlundrmdofiosicesi
nsideusedyanas (Route) inzafioanuuulsluiluil Reconfigurable part Wity

(6) Cut out module process %umauﬁwsﬁaWﬁm% GoAhead 11411
Tneiian3udedds CutofffromDesign Ao A1dsaudeyanineans SLICE uaznisideuse
s (Route) fogueniiudl fitinualivianun esaindeya NCD file Aldfauasd
N1589UNTNEINT (Prohibit) LILdaLaANTNeINTUIIUTZLAN 18U BUFG clock, Bus macro
ursdruduiunislderudy g Netlst saufuse ‘mw Static part Wa g
Reconfigurable part ‘vnimuamﬁuumau Routing &gygynad Netlist mmummaq Fatudes
Bn1sfaialunssuIunist nadnse1nniseia Cut out module azld NCD file findou
dmsudunsunisadsinddmiuldsunsuaseniiaie
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(7)  Bitgen —r Process Aa nsxuUIuUN15as19l1a2995 (Bitstream file)
wiagldlndsuuuu Partial bitstream file @avinlalagldaaiand® Differential bitgen [17]

w&nn3 Differential bitgen Ao N15@314 Bitstream file (bit) Alsann1siUieuiiisuteya
sewinelidnans 2 9o udnfondeyaionizdrufiunndeiuszninmes 2 gadundoy
Wulwarsaslud dmsvanuidedenisivdlusunsuieasiuuu Partial Bitstream Ao
W&idsznouludieasasaniziiuil Reconfigurable part windu wazdeslifiicasues
Static part 52ud A& 7@ unisSwmenisiovanun nszlaeUnfudaAids Bitgen
vosmaNAu$ Xilink avai1alndas9s Bitstream Geusnainaziidoyarsasiiazlusunsundy
Fefldndeunadau fe n1sTienenfidioneisatialid Partial bitsteam lngldnmaudd
Differential bitgen 9¢141W&7495 Empty.bit U Partial_cut.ncd Taewdietilng Empty.bit
Fadulnditlaifrsasiulng partial cutncd wudildanndumeurouniing iunszuaunis
Bitgen-r waé’wéﬁlé’ﬁ]zl@ﬂﬂulWéﬁﬁﬁﬁagaNﬁLawWzﬁ’mﬁuaﬂﬁyuﬁ Reconfigurable part
Wity dufte Twduun Partial Bitsteam Fadusuuuulndfiannsalsunsuasoniizield
Fananunduazdiulginnisesnuuulndrsasvesituil Reconfigurable part
Liunnsnsfuainnszuiunseenuuulidrsasvosituil Static part wafldunowiiaiy fe
m'iéfmwiuaﬂﬁuﬁ Reconfigurable part LLaz%umua%WﬂWéNﬁ]iLLUU Partial bitstream
\isliiud Reconfisurable part fiosanunsalusunsinsastilalngliinssnuiiufisy uazvas
dosagluiiudifidivualivindy Wadedaluazinausiznig Reconfigure M uil
Reconfigurable part Inguausn1s Reconfigure Wuanedyaataziiuszuuliany
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3.5  N1599NWUUIGN1S Reconfigure LoWWILD

N15IUTWATUIIATUUU Partial reconfiguration Ha1AUNITRI9TUAIIAU
N151USWATULUY Full reconfiguration AMNUSENBU 3-13 LAAIA1AUNITIUTUATNINS
WU Full reconfiguration Suduiietnelwlifuvesa (Start) -> (Power on) uasaieniizie
ogluaniuy Configuration mode 91n1un121iIuanlnd19935 (Download full bit)
dlonniluasasawdrvesaazdnaniug User mode wagiduvhaiumuisasilusunsy

[ Full Bitstream file ]_' FPGA

Configuration Mode User Mode

Download
Start Power on Fulloit DONE

AMNUTENBU 3-13 a1PUnN15IUTLATUIATWUY Full Reconfiguration

NM5LUILATNIATUUY Partial reconfiguration Aaen1Ulnan99s 2 @1 A
Static part ez Reconfigurable part AT WUSzNOU 3-14 waasa1duUnIsIUTUATY
Sududienisanitilnan Static part neudsdidsunisiusunsumiloufunszuiunisves
Full reconfiguration dau1Lie1d1g User mode u&ra1u15an 171 inanlnda99s
(Download Partial bit) Wielusunsuitui Reconfigurable part

[ Full Bitstream ]_' FPGA
FPGA
| >

Configuration Mode User Mode

Download Download
Start Power on Full bit DONE Partial bit

AMWUIZNBU 3-14 §1AUN15IUTULATUINATUWUU Partial Reconfiguration
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NUITBUNAUDFULUUNITIUTUATUINDT 2 WUU AD NITLUTUNTNINAS
Wuanedyann RS-232 waznsiusunsuasasitussuuliansy (Wireless) shwazidunnsil

3.5.1 A15lUIHNININDIHIUEEFRYsyI8s RS-232
nslusknsuaeastagldanedygyinmuuinsgiu Serial RS-232 AoURNINDS
Helduoaiiufugunsaiifousiaiiu COM port MwUsznou 3-15 uansguuuunislsunsy
’Nﬁ]schuawﬁmmmimﬁﬁja@% (User reconfiguration) siagunsalionfidtan1unie COM
port device UuABLRIAOS N15IUTUATNATIEIENSIHpuRUASESlNANI1UNIS COM port

1
1
1
Micro-blaze :
Part i
MC I
, , I
User reconfiguration I
v
; ICAP
Control ICAP > CAl

AwusENau 3-15 laseaineguiuunisiusunsuneasiuanedayay o

LALVBINISIUILNTURNUAEd YY1 AD AIINNABIVDITDYARAZENT1LS?

lunsailvan uilitedrinluSesszeraedyaadninegiussana 50 #a

A

352  mMslusunIueasniuszuuliany (Wireless)

Welienfidiosesfunisldnudumuwesiunlussuuiadeinswuges-
15a18 (Wireless sensor networks) F4ladinsiauinosenludiureilisn1lushnTNgaTas
lWfiFielnsldnnsdeansniuguuuUIInIEIL Zighee protocol FufunnsgIunsiuds
Foyauuulians (Wireless) ildmdaaun iauiiaaad 2.4 GHz f8nsmsiudedoyalu
gn1AUsENIa 250 Kops dulufideudrunldfuszuuindediowuivesiians
(Wireless sensor network) ﬁm%‘uaﬁmLL’J%ﬁ%ﬁmﬂ%%UﬁﬁamuaLLUU Zigbee protocol i
l¥gunsal Xbee module

amUsEneau 3-16 fe sruudildeenuuulndlaedsunnidousaseving
N AALeAUL LY (User reconfiguration) Tnodruatedygraundunisdousariunisg
Xbee module W&71# Xbee module Fudatoyaszninsfuiieldlunisdetoyaaingld
(User reconfiguration) lUgsieW#idie Ineszuudsenauliaig Xbee module 2 4n
A1nualidiusneieudly (User reconfiguration) H1uvm 9 UART (Serial port) haz Xbee
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Fadaunsofulenfidienunis UART iedaanislusunsuisasieniidezdedeyaliiu

Xbee fhildeusioetiugldnuilodwioliiu Xbee Sndiidesyfuloniidio
iAuvesIEULE Ao annsnlusunsueniitieldainsrerinalaglifosd

angdsloyauazanansalusunsueniidielaviareyanseuiu

R R SR SR R By |
i i
| |

i ~
Micro-blaze t Reconfigurable
i i
i
¥s I Pa I 1
Wireless ! !
i i
Communicaticn s s

Y
LIART {
A
e Control ICAP > ICAR

User reconfisuration

¥bee

Mwusznav 3-16 lassaieguuuunislusunsuiasiiussuuliany

ﬁ]’]ﬂﬁﬂa'nmﬁ?u%l,ﬁuiﬁd’]mﬂ‘diLLﬂimaﬁ]iLLUU Partial reconfiguration
fiduneur1eiunisTUsLASH995WUY Ful reconfiguration W5 1¥n15Md MUY Partial
reconfiguration Lowfidiedesaeflu User mode riou Fvagvhannld TnefinisTusunsuadausn
21UsunsuI99s AT Static part Aou UATeLENIEN15TUSLATLI99THUT Partial
reconfiguration tngldlnslnaea UART wielkanunsaldauldiemsizaunsadouseu
poufinmasld ey USB u3e Serial uonantuanunsnifeudetuluga Xbee iile
sessunsihlvladusumeslunlaviui
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ANSNAFDUKAZIATIZRUTZANS AN

TuuniindnEdsnsmeaeunsiuessTUUTmalas Iyl Tenaae Uiy
199 5U1N (Adder) kag193T9ane3fiu AES encryption s1eagidunUsznauliaae
vtasmelud

4.1 KUEINNITINNUTBITEUY

4.2 \3esilelun1smadeusyuy

4.3 Nanngaun1aankuy Bus Macro

4.4 wansvnaeUWRIIVesiuT Static Part

4.5 MsnnEeUENiELvesiiufl Reconfigurable Part

4.6 a3Unan1IvAday

4.1 WU IANTTY1191UVB952UU (Measurement Unit Test)

NuITenadeuvueNRiTIelnrazTIsIuNE 3 dau Ao ninendildadng
19951uLaN A e (Resource utilization), MA91UAYLALYB 995 (Power consumption)
wazaldlUsunINaees (Configuration time)

4.1.1 nsldninens (Resource Utilization)
n$nensenfisiefildsiesunisnaaeuusenaulusiesiuau Look Up
Tables (LUTs) , Register, Clock resource, 31U3UN1U38AIUTT RAM memory, 31UIUaUNe
@1FNe waslugaianiz 1w Phase Lock Loops (PLLs) tlusiu

4.1.2 mMaeugyide (Power Consumption)
ﬁwé’mugfgL?iaié’mﬂﬂﬁﬁ’m’;mimaﬁﬂﬁaﬁLﬁ'm%’aq W AAdy e
YIRA, ﬁT’]U’JUVl%JWEﬂﬂiLLGiaSIJizLﬂ%ﬁgﬂi“g\‘i’m, Bunmordnn Wusu FaruSasneda
Fosuusfieldmerunamdsny wwmnulssnnuemsnensimised 4-1

A1519% 4-1 AWUSWNAIDNYLUIAUUTELNNVDINSNYINT
JaAwds UsTnNNsnens

Vccint ® Control Logic Blocks (CLBs) e

® | Fdudoyeyiau (Signal routing) Y1991

Vccaux " Tugadnnsdeyay1aiuniing Wy PLLDCM

VecoXX ® Output buffer siavalng XX = Voltage 10 (1.8, 2.5)

42
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4.13 afildlusunsuaeas (Configuration Time)

naldlunistusunsulngaeas Bitstream) R30I N EEINVEINTTIN
Partial reconfiguration G’ﬁﬂ%Lﬁﬂﬁﬁu%ﬁwWﬂﬁlﬁiﬂmﬂim&ﬁﬁau%ﬁ Static part 35019
TUsunsuluiluit Reconfigurable part N5UUUNSIUIHNTNRT 2 JULUU e ASIUTUNTY
29slneideuselenfifieduanedyyin RS-232 waz n1slUsunsuIsasinedousaniy
Xbee

(1) nslusunsuasastaedeuseleniizioseanedyaia RS-232 81y
nslvaveslidrsasianindszneu 4-1 Budu Tusunsulndrsas (Bitstream file) gnasann
AoLMBSHILTNG UART Tnefudsdogauuy Serial idmsnisiudstoya Baud rate wirdy
115,200 T sio3unt (bps) fetfu Tu 1 3unft ansnsadsdeyald 115,200 T vilvuuudio
299 UART @8 115,200 bps (115.2 kbps)

Bit stream Reconfigurable
file —» UART —> ICAP —> Part

FPGA

AWUIENaU 4-1 arnunsusunsusasiasanedygyin RS-232

§afudnuidoyadedoliduluga ICAP iiolUsunsuaadui
Reconfigurable part Anaud@ves ICAP module fig Sudstoyawuuruiuvuin 16 Un
Snsmsfudsdouatueg fuauidyguuiniiiia ddumuidedldanud 25 MHz
yilwsnsnssudedeyaves ICAP agfl 25 MHz x 16 = 400 Mbps An51471 4-2 A3UTI891Y
yunateyaiifuds uardnsmsiudstoyaues UART uag ICAP

A51971 4-2 YuaasaTINsiudsteyausazliga
1192993 wradoya (Un) | uuunini
UART module 1 115.2 Kbps
ICAP module (25 MHz) 16 400 Mbps
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HIUUFIUNITOAIUIULIANUNITIUT NSNS ENAD LA LA AN ALE NIV
TunSTUSHATUVNAURNASINVDIIA BT EIUA L
- szeznandslayaain UART TUds ICAP

UG (bit) ) UG (bit)

WYL yart icap(s): o o v
- EJG]i'm']ii‘Uﬁ\‘IsU@%a (bpS) 115.2 KbpS

- srgznandloyadn ICAP ualusinsuas Reconfigurable part

ualnd (bit) ) kg (bit)

Se|cap () = —
P 9A131N133UdUYa (bps) 400 Mbps

2 n1slusunsunsasineiloudoniu Xoee d1dun1sdsdonauant
fanamUszneu 4-2 (3uduann Bitstream file dsfoyaainaoufiatmosriun1e UARTL
dgsruuiudadoyalians (Wireless Communication) lufiil Ao w1msgiunsdsdoya
LUY ZigBee protocol 91ntudayagndsdaliiu UART2 Sudeyaudadssoluluga ICAP
\ielUsunsuasituii Reconfigurable part

Wireless

UART1 —> o
communication

Bit stream file

Reconfigurable

FPGA

AMWUILNBU 4-2 a1nunisiusknsuenieuulsane

[ [ 1

dasnisiudeteyavesusazlugauansdanisnsil d-3 UART waz UART2
a111505uald 7801 9,600 bps A3 Zighee anunsasuadldlaiiiu 250 Kbps Fasaia
UART1, UART2 laiaunsalddnsinasdedayaninnda 9,600 bps lansizazvinlvideya
v1sdumgly 1esandedifnvessninnisiudadeyadie Zighee wanldanu UARTL,
UART2 7189511598991 9,600 bps dswalvdeyauisdiugymioimsiziile UARTI
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detoyauuan Zigbee lanunsounazdsiadayalyl UART2 laviu Asludnsinisudstoya
UART1 wag UART2 gnindabildaulegaan 9,600 bps it

M13197 4-3 IUALALERTINTSUdTayaULsarLuna

1192993 wadoya (Un) | uuunini
UART1 module 1 9,600 bps
Wireless communication 1 < 250 Kbps
UART2 module 1 9,600 bps
ICAP module (25 MHz) 16 400 Mbps

A131150A1UIUNANLUNNSTUT NS LRSI AN N IrUatun I USWATY
WINHUNATINYDILIANNN 2 dIURail

- szemmdteyadn UARTL lduasevielany wazdewialuds UART2

ualng (bit) ) e lng (bit)

seuEaUart wireless(S) = — v 1 v
- 9311133 UAUaYa (bps) 9,600 bps

- szemiadlayadn ICAP uaalUswnIuas Reconfigurable part

UALNA (bit) ) Yualud (bit)

J8uEMcap () = —
P PRTINTTIVENURYA (bps) 400 Mbps

42  w3ssiiolunisnagau (Tools)
\m3esladmsunisesnuuuLaradeuLlIUTE S uaeEIY Ao 15ALIS

lawn tevfidlensena Spartan-6, UB3A XBee dm¥unisdeansliany Wireless)

AUTENALISAMSUDBALUUBISALITILLENATLe A Xilinx ISE, GoAhead

4.2.1 UBIANAADILBNNILD
nsnaaeuni1sveulduesaeniitie Spartan-6 SP601 [21] Fufuvedn

UseLnm Evaluation kit lagldianidiagu SPARTAN-6 LX16 CSG324-2C Hvuin Logic cells
Uszanae 16,000 Cells wazUszana 2,300 SLICE anaudRd1fgyvosuasn SP601 Laun

- JTAG USB configuration

- DDR2 memory 128 MB

- Serial (UART) to USB

- 200 MHz oscillator

- 4 LEDs, 4 push buttons, 8 Bits /0O pin
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4.2.2 Udin XBee
lupavesn XBee Usenaulusivdiunan e lulasaoulnsaaosuayieas
A4 Radio Frequency IC viuthiidudiiudsdygiadutieninud 2.4 GHz auansgu
Zigbee protocol LLazﬁaumaLWaﬁm%’UL%amﬁaﬁuqﬂﬂiaﬁu q H1un1e UART emdseil
1% XBee module 1 XBee PRO 528 LU XBee series 2 Lfiuflaidun1s¥in Mesh network
Tneguilldannsadeulusunsduld aansaldldianznssimun Parameter ieafuszuy
wothewinty

4.23  wanAuf Xilinx ISE

Xilinx ISE Ao #enduIsves Xilink Fudugudnoniidie ielvldny
WNATLD A1U1TADONUUUINTITAUITIAENITITEUTBNALITAIBAI1Y1 Hardware
Description Language (HDL) léufi VHDL, Verilog #owdwa$ Xilinx ISE ¥1n15iUasuann
Tsunsufidoude HOL Wudeyafianuisaadraduisasaddueniifie uenandeuidels
seuranisageulneldgandulstes Ao Xilinx xpower analyzer Lﬁaﬁwmmmﬁgzgl,?m
W&11uve929957MlUTUNTHALENTATIe LAz Xilinx FPGA editor tial3angn15eiumis
waznsidouseszritnsasmelueniidie

4.2.4 «aNAWLI3 GoAhead
gofuI3 GoAhead Wuvondurifieanuuulasauisevesuniine sy
University of Oslo (Ui0) wial4lunszuaunislusunsuiaasiuuy Partial reconfiguration
Tngyondursarusawanswaidu Graphic User Interface (GUI) Tigldiiulassadieves
NI wazaunsanIuafuautRnIsyin Partial reconfiguration 6

4.3  WANAHRUNIIBNWUY Bus Macro

AMsepnwUUdILEpusasEMInaitufl Static way Reconfigurable part 130
Bus macro 9¥31A91zRanAuden slduiunniondwnuosrsasludiud
Reconfigurable part vt aliiianisidaruninensidogrunuizan fof1munves
151800 Bus macro Ao foadansunta SLICE UShawouwesfiuil Reconfigurable part
dmdunuideiifosnisoonuuuly Bus macro faun 36 On nanfe Tuwn 36 U0 waz
W09, 36 O deudesimua CLB $1uau 9 4 (CLB 1 ¢ 1# 4 Bumn 4 1o1viwm) Tneiden
SLICE fiogAnfuluwuiunuits (Y axis) wazld SLICE 2 4a finndulubuawnuueu (X axis)
Wlevindu 1 ¢ 1 18en SLICE sumadl X11Y13 Aagldigfu SLICE fumisil X13Y13 uay
lovlulda1u SLICE siuvnis?l X11Y13 2zegflu Static part @31 SLICE dussd X13Y13
3¥0¢lu Reconfigurable part 115U Bus macro ¥asau fazidan SLICE Adaly
Tuuuaunuis (Y axis) fo SLICE fruniefl X11Y34 waz SLICE #iuvisii X13Y34
UATU 9 YA CLB vil¥Ala Bus macro vu1a 36 Un LAHANAAOUNITINAILNUINGIRN
99NLUU Bus macro aenmysenau 4-3
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Static

part

AMNUIZNBU 4-3 Bus Macro 1U1A 36 U#

911N UsENoU 4-3 WUKNAN15219799509 Bus macro 3u1a 36 n
Gewuludud Static part Usenauludae CLB 1w 9 9o Sdunisideudeluds CLB 9 4n
Tuilufl Reconfigurable part Tugadsnanazgniluldmududiunilswesnisoonuuulg
29937 Static part ey Reconfigurable part

Htesslunaninenunansmageulnewtmuiadestd

(1)  FenuRanadeUUenislevesiiufl Static Part

(2)  FNUHANITIAEBUULEWTEI0vaefiuTl Reconfigurable Part

44  mansMadEUULENRSIeLT Static Part

ﬂ’]iV]ﬂﬂ@Uﬂ?ﬂNQﬂéf@ﬂﬂi%‘U’JUﬂﬁ@aﬂLLUUlWﬁ’N‘\]'ﬁﬁuﬁ Static part
wadwsills Ao Foyaainludqra9s Native Circuit Description (NCD) @ea1an3afiansan
Fnwnizn13119unt e sasLasdumalonionsaslutesfiie nadniignios
geanszuIUnsenuuUlgees fe NuillueniSiedowdadu 2 dnuszneulddeiiui
Static part waz Reconfigurable part Tnefiuit Static part Usznauluaigidasaiugy
AslUsunsufiudl Reconfigurable part safildnanaliudaluund 3 wasfiud Static part
llanunsaadradudendenienssaslusunisiiudl Reconfisurable part Id 11439
nAFoUNsTUIUNToeNWUUlNG LT Static part 2 WU fie

(1)  wavesounszUINnMsoonLUUlEI9asiiufl Static Part wuuUni

(2)  manadounsruIuMseenuuUlidasiud Static Part fiinnsldanuy
lulaslnsiaiges
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4.4.1 WaNAFIUNITUIUNITRBNLUULNA299INUT Static Part WuuUn@
HANITVAFBUAIINNABIVDINTEUIUNITRONKUUINE 199NN Static part
LUUUNAUSENBULUAIE NANISITIAILALIIATHALLAUNIUYBUAD, NANISLENSNYINT

(%
=]

ONAALe UaTNANARRUANMANUGEY T18azidunllAs
4.4.1.1 §aMTINFLUNLNRTazIduUnIaaudeluonidLe
N152 190U UIVDIATUALLAUN T OUADIIATLIULO NN Lo ANAaNS
AINNUTENDU 4-4 Fanudiuil Static part @1115019 WM IAgNABY La9RINEIY
Ieimwualinui Reconfigurable part agustiunatavesiuiviaviun dunaladiriunamnan
| Y] a v o vd Ay A a o . a
wlignanidunionnasle q wazlanmualinundreilefniu Reconfigurable part Ao
Bus macro wiulsdn Bus macro agsywineiiud Static part waz Reconfigurable part

Bus macro
¥

ICAP Control, UART
interface

AMUTENBU 4-4 1As9ad1eaeasiud Static Part Tuievfidie Spartan-6

WuNdna1n Reconfigurable part Aa luga ICAP Control Fal¥ausaiy
UART interface Wagituiidiuanyng Ae luga ICAP aguuvina19uaaniivieriadain ICAP
< Ay a . o o v I dy a v 1
Julugadeasiigudn Xilink fmuauilagfmualiegluiundna
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4.4.1.2 wan15ldniwens (Resource Utilization)
HANAADUNITOBNLUUINATIUNWUN Static part TEnTne1nIAIRn197199 4-4

Usznaulumeauiuns I uwardndIun1s 9 uTeIns neInsLaazUsEny

A15197 4-4 nslinSnennsienidie Spartan-6 LX16 vesitufi Static Part

nSnensenisie | shuauilden | shuaurenun | dadaunsidau (%)
Clocks 3

Logic 346 9112

Register 260 18224

IOs 16 232

915197 4-4 1unan1siansne1nsenidieve919asiuf Static part
Fanudadrunsitaundneinsunazusetanlidiiu 10% laaaniznsnains SLICE logic
TFuminiu 4% AeUNITEBNRUUINATIUN Static part dadeNuiliazningnsieniive

P 2 v = o vy a4 A Ao ) ] 2 X A . ' P a
Weatdntesdevinliinasiundmsuldsudunug Reconfigurable part ag9LEInaNaE
sossuivIasTUInlveyle

4.4.1.3 HaNAARUMANIUELEY (Power Consumption)
nannasulaAIi1deeugayide (Power consumption) U843335URN U7
Static part WagT18azBenMANUgYEsAMTULNEITIBUARLUTLNNLARIAINITIN 4-5

AN5197 4-5 MasugayLde (Power Consumption) ¥@ataniiale Spartan-6 LX16

WHASTE | 4390U (V) | Maseu (W) | nszualn (A)
Vccint 1.2 0.0084 0.007
Vccaux 2.5 0.0075 0.003
Vcco25 2.5 0.005 0.002
Vccol8 1.8 0.002 0.002
HATIMANUGYEY 0.024

910157197 4-5 L unanismaaeuinasugydevedi99siiui Static part
wudMdenugade sty 24 fadTnd Asuniseanuuuasitug Static part llald
Masnugadesniiullaudesidaimansenuvesidaugydenmun
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442 wavedaunsTUIUNIsENUUINE29asNUT Static Part fifins1deau
lulaslnsiwdiwas
wami‘wmaaummgﬂéfawaqﬂizmumiaaﬂLLUUVLWéNﬁﬁuﬁ Static part

Fifllulasinsivaiges Microblaze Usznaulusie nan1sneiuninasiasiduniaiouss,
panslivinennseniitio unsnanaaoudhdsnugnds Meandoaisil

4.4.2.1 NaNIFINAILRUTIATLASIEUNI LT oNAB UL NAILE
N9 AN UIVDII9TUALLAUNI U0 UAD99TLULON AT LD ANadns
AININUTENDU 4-5 FINUIINUT Static part @111503190141U995MAgNADY Fanaladn
X A . ' Y = v o v Ay A4 a o
U7 Reconfigurable part liignanidunieanneasta q wazlanmualiiuiigrededniu
. P < Yo I 1 d"l A .
Reconfigurable part Ao Bus macro 1 ula11 Bus macro BYITENINNUN Static part

lLe¥ Reconfigurable part

Reconfigurable

AMmUsENBU 4-5 1As9adna Static Part 7iia Microblaze Tuievizie Spartan-6

#ufinaau191n Reconfigurable part gnritnunaliilu luga Control ICAP
Fegeusenuluga ICAP USaRNYIIaN waziufmieimualululasinsiwawes
(Microblaze) y1amun
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4.4.2.2 HaMsnsnens (Resource Utilization)
N1990NKUUNATIUNUT Static part Fedlulasinsiwaigas (Microblaze)
Tonansldanunsnenns (Resource) LaAIRINISIN 4-6

A19199 4-6 N15lENTNEINTNAILD Spartan-6 LX16 vosiudl Static Part Aulwsiwalses

nSmensieniisie | sruauildey | shusuievan | dadaunisldeu (%)
Clocks a4

Logic 1,538 9,112 16

Register 1,738 1,8224 9

Memory 158 2,176 7

IOs 16 232 7

PLLs 1 2 50

€

917015199 4-6 Wunanislansnennsluiiuf Static part Niin1sisenld

(%
Y

Microblaze wusnidadiun1sidarunsneinslagianig SLICE logic WinAU 16% A9y
nseenuuUlYNun Static part 3n151997u Microblaze vinlildvninensunnulsdinange
NSNBINININ 80% dusunisesnuuulduiiudl Reconfigurable part

3

4.4.2.3 HaNAAOUMANIUENLEY (Power Consumption)

HANAADUAI8 991Uy Hy (Power consumption) 2992995 Uil u
Static part fululasinsiwawes (Microblaze) lngs18azld8nMNE1Ug Y dEYDIUNE T
uazUsELAMUER sl 4-7 wuidssugadesauinty 192 fadind

M19197 4-7 AMdanuands (Power Consumption) U84 Static Part fiu lulasinsigaiges

UMaedne | useau (V) | mdeu (W) | nssudln (A)
Vccint 1.2 0.036 0.030
Vccaux 2.5 0.12 0.048
Vcco2b 2.5 0.0325 0.013
Vccol8 1.8 0.0036 0.002
HATINAS LAY 0.192

andiuldinszuiuniseenuuulndrsesiildesnuuulifauuunivasuuni
flslaslnsiwawessiue namsviewannsavianldgndes nadwsannlwdrsasileviili
WunsuUaiuiiveewfisiedanudaiudl Reconfisurable part azldfuiuiilds
lighaasle q mseenuuuiiufl Static part Welimsilulasinswawesinsauge sl
ATwEINIYasHud Static part Wlamudaveufunisiluldnuannty
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ag19lsAny nstlulastuswatwasunldsiusrevinlaiinisldnswenns
WnTudsmalvitundmsu Reconfigurable part anas warilAAdsnuaadeiiudugui

45  msvedeulenfiziavasitufl Reconfigurable Part

N1IVAABUAIINGNFBINTEUIUNITEBNLUU A9 3T Reconfigurable
wadwsills Ao Foyaainludraas Native Circuit Description (NCD) @ea1an3afiansan
Fnwarnsnaiuntwenssiazidunaiendetsesluleniidie nadwiignsieaves
nszvruNMIeaniuUlndans Ao wasiamuniioanuuusiosegluiiuil Reconfigurable part 7
fsualivindu uasidelusunsnsasaneniidieudafesaunsnvhauldgndes uazanuis
Tusunsuldlneiuil Static part dansvhaueg

iAdsEudunaaunTivesiiuil Reconfigurable part lngaanuuy
19350819478 D 2995 AND gate 2 4A LAz1933 OR gate 2 YA lagFudunmnainUy Button
switch waglowmarafuMasn LED nanisnaaay Ao Susuaiufiensas AND gate duna
NadwsT LED denanisvinatugndes f\ﬂﬂﬁ?ul,ﬁ’e]%ﬂﬂ’e]‘U’J"ﬁu‘U‘Uﬁ’mWiﬂiﬂiLLﬂiQJNﬁ]ﬂﬂﬁlﬁ
Imﬂ,umLﬂumawmmimmuwmm 34lUsuNT32995 OR gate Asiiuil Reconfigurable part
nadws Ao LoWfiTleAEua1n1993 AND gate 12933 OR gate ad3gnios 1ntuauide
yadoUNsTUIUMIDaNUUUlNEaTTiuT Reconfigurable part wnduntsmndeudil

(1) wmaauﬂizmumsaaﬂLLUUlWé’Nmﬁuﬁ Reconfigurable Part
AIYITUINDENY

(2) wmaauﬂizmumiaaﬂLLUUlV\IéNﬁ‘ﬁ”uﬁ Reconfigurable Part
A1829395 Advanced Encryption Standard (AES)

451 manadaunsTuIunsoanuuulngsasitufl Reconfigurable Part

#2829935U2N (Adder 8 Bits)

1995U3NLav 8 Ua (Adder 8 bits) Anelulsasuszneulunae Full adder
J1U7U 8 YA mamiwmaa‘ummgﬂé’awmmzmumaaaﬂLLUUIWéawsﬁuﬁ'
Reconfigurable part Usznauludie nan1531381unuI99shaziduniadause,
HAN1TIININYINTIONATIE UazNanAdauAINGIugNIds nFaufiulUIsuEUNanNaAdaY
fumseonuuulndrsasuuuund (Full reconfiguration) seasidendlsit

4.5.1.1 HanAaauNsLINIneInsYaaeniiale (Resource Utilization)

nan1sldnsnensesrsasuinildnssuruniseanuuulndrsasuuuunf
Full reconfiguration kagnszUIUNITEONLUUINAI995ULUU Partial reconfiguration
WARIR R399 4-8



53

A5199 4-8 NSNS NINTLENNILDVDI9ITUIN 8 TR

. s SruunSwensildeu (%)
NINYINTLANNALD
Full reconfiguration | Partial reconfiguration
Logic LUTs 8 (0.08%) 32 (0.35%)

ne13197 4-8 1 Junanaasunisldnineinsvesisasuan 8 dm wui
N32UUN1500nLUUINA2995UUU Partial reconfiguration T4g1uaUNINEIATUINATY
nsruIunsUNG LiesunanndnensunsdIuvesiuil Reconfigurable part gniinluld
u Bus macro dmiuideuseiiuil Static part way Reconfigurable part

4.5.1.2 NaNAFUMANUGYLEY (Power consumption)

Adsnugapdeveniasuan 8 Jn Aldnszuiunsooniuulidrsasuuuund
Full reconfiguration kagnszUIUNITEONLUUIWAI995UUU Partial reconfiguration
Lanafan31eTl 4-9

A13199 4-9 MANUENLEYI9ATUIN 8 Tn

o Masa gL (W)
L8NR8
Full reconfiguration | Partial reconfiguration
Vccint (1.2V) 0.0072 0.0072
Vccaux (2.5V) 0.0075 0.0075
Naiamﬁﬂﬁﬁﬂﬁuquﬁa 0.0147 0.0147

91nA15197 49 Wunanaaeuidinugyidsvesnsasuan 8 9n nuin
NS¥UIUN1T88NLUULNAI995UUU Full reconfiguration LagNSLUIUNITEBALUU
Partial reconfiguration lésasildidanugapdewintu fe 14.7 Sadiad (mw)

aziiulainnssuiuniseenuuulnd199suuy Partial reconfiguration
Wil Reconfigurable part finsldmsnennsienfizieninnitniseenwuulidrsasuuy
Full reconfiguration (flasandedldnineinsursdruiduicas Bus macro ileudsdaya
sywinailuit Static part waz Reconfigurable part 9g13lsinu nanaaeuAIiaUgayde
vaarsasfieaniuulneiis 2 38 wuiAiidanugydewinty ddunssuiunsesnuuulig
2993WUY Partial reconfiguration wiidmdnensildifinduuandneinsmandu lidewa
nsgnuiuAMSInugeLde
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452 wmansAgaUNITUIUNISEenuuUlNE9asiuf Reconfigurable Part
#2872935 Advanced Encryption Standard (AES)
WennaouAI1NgNFoIvoInTEUIUNITeanLUUlNE1995UUY
Partial reconfiguration N Reconfigurable part Feldnnasunisiiaudie9959 3
aududounnty fifeinauonuifanisoonuuisueaslualussuuindotiswuires
BFanelagldieuwosTuaiiamsausulasaiisendnuifiesls

\eannszuuiaiotnewumesliasgmitluldedsnavnaasluanig
wndeuvaneUszan W wietiswuweiiihgannigli, indetsmuiseidganiay
fufivrmualng manidudu Faduldiluansuedeumaniu asinauegeinnin
seuu AU WU SEUUIATEUI8TATDY NIolwURSluALdEN1Y WIellauAeIn1TUSU
szuulimnganfuanmwandon fidusuwoiluafiviudeulassailimnzan iy
anmzwandeulaiuszuunietslimezs uwuimadunsiawisugesiualuouan

fidelvanuauladeswesaiiudasadolunisivddeyaveaniotie
wuweslFameiahunAnsuwesTusiiannsauudsulassaiesauas Tnefmualil
szuuanuUasndiglunisivdadeyalagldrasidisiateyalnsesiunisldau AES vuinad
128 uaz 192 9n teWfidleanunsaidenldaees AES usazuuuldluvaeiiidsirausiili
anunsUfuBsuldnuanmewindouvngiuy

(1) ileszuvegluaniizifesnisanulasndsvesdoya awnsadsy
mMadhsafiuuuy AES 192 S tieliteyadianuuaendunin AES 128 Tn

(2 dlesruvegluannsiiviosdsfoyauiniu nsdrsiadeyaiidudeon
yinlildnanfudseyaunuiunuiendmarendsnuiigadouiniu feduaiuise
Waswsasisialimnzaugy mndaldaes AES 192 9a Wasuiduias AES 128 On
Weuddamdanann

(3) ilesruudesszinanadoyaidudouturinlildnainuuiuiu
dioliszuuinuiifuausnanszoznailudinvesnisdistadoyaninifnliaees
AES 192 O 1wWasuidu AES 128 T Alda1Uszunanatiosndit waviieszuy
Lidesuszananadoyaiidudoundrfarmisaddsudululd AES 192 §a ileliszuy
faruaendogeiu

sziiuldindiaaaaudf Partial reconfiguration @1u15aUssynAly
fusetnowuweslianslfszuuiinnudangusesiuiunsldauaiiuszansamgean
NUATHlANA@DUNITINIUAI829958ane37in Advanced Encryption Standard (AES) %3
195 stadoyaddldfdauin 128 On waz 192 O 1esenunanaaeunsldminenns
wITTLe, AATeridenugyds wazsienuvuiaveslidlusunsunseuduwseuiiioy
nanageuiun1seanuUUlna19aslnedund Full reconfiguration
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4.5.2.1 Advanced Encryption Standard (AES)

219951d13%adeayauuy Advanced Encryption Standard (AES) [22] vUu
isUUﬂﬁL“ﬁﬁﬁaﬁgﬂﬁmumIm National institute of standards and technology lagl435
Lsﬂ’ﬂiﬁauuﬁu%mmwﬁﬁﬁaLLUU Rijindael Imaﬁavl,ﬁﬁ’ﬂiﬁa%’auaﬂ%u’qaz 128 Um (16 Lu)
PefY (Key) mmmmq 9 fio 128, 192 uaz 256 U nszurumstunisdisagnuuaduseu
wiazsoufinmsvhauiimilousy nwusznau 4-6 LLamﬂfwmumsmmumamuwmmm

nsisasinssuIunsius Al uuseu Immuagﬂwmmmﬁé
WU AgUUIR 128 U6 197U 10 59U (Preround-Round10), Agaunn 192 4a v1191U 12 50U
(Preround-Round12) 50U kagAgauIn 256 UM 141U 14 50U (Preround-Round14)
Tnsfizuantumeunaifiusuiuds (Key expansion) Sswuinvesfsiiivazuegfusuau
soUTvhau uazusazseulidanesfiunmsieulszneuie 4 dw fie

Plain text Plailh text
) ( ) KO
[ SubByte Preround —
| AS v .
p N Round 1 —
Shift Rows ‘ ] g s
) ’ - N K2 8
l Round 2 «—| 3
( N \_ ) - q>)\
. 4
MixColumns .
‘ / . .
l :
Round ki Kn
ound key
—»[ AddRoundKey ] [ Round N ]4—
One round Cipher text

AMNUTENBU 4-6 NTTUIUNITYINGIUYDIDaNDSNU AES

(1) SubByte Ao Gunauiltinfeua Plaintext uunuiidaodoyasin
M519 S-box Fafumanuueniisdnadrstulaglddanesiiu Multiplicative inverse

(2)  ShiftRow fa FunouitifoyaunFesdiuludnuas Matrix 4xd ud
¥nsideu (Shift) Sﬁaaﬂauﬁiamm Tnefiuand 1 a]zla,igm?iau woal 2,3, 4 aLdou (Shift)
MU 1, 2, 3 ¥dn AWAIRU
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(3)  MixColumns fie nstindeyafiazaodutives Matrixdxd fildungau
fu Matrix A1madt nadnsildaziinisuinuazmsqa Tunisidrstaasdmunliuan fie XOR
wagN13AR Ao Polynomial term vinlwila Matrix yalvial

(4)  AddRoundKey %umauﬁ%ﬁﬁaaﬂaLwiazﬂaé’mﬁsuaa Matrix 11 XOR
U Key fimsefiunadunitu Tned Key tuldunandunounisin Key expansion

nszUILMSIE ez dusuIuTeURNTLINYRIAE (Key) TnoiSudaus
Preround warluseugavingagsinnszuaunaduudliviiduves MixColumns Lieiada
nsvuIuNTTavnaylédoya Cipher text ududeyaignidnsiaud:

4.5.2.2 HaMIIFIUMLNRTLazduINsilense (Place and Route)

NaN13219 UL 9eTLaEIEUNIN I oudenslulen e ldteya
91nlWa Native circuit design (.ncd) @1%5U935 AES 128 Um Lag193s AES 192 Un
wansfanmUszneu 4-7 tnefuitlunseudmasy Ao Wufl Reconfisurable part Ailgimnun
Vdwuiiufiuennsou fe Static part

Reconfigurable part Reconfigurable part

AES 128 AES 192
AMWUTENBU 4-7 NMINELNLSLazLoNsodyqInd 2995 AES 128 waz AES 192 U

1 [

NAMNUIENOU 4-7 LHUNANITI MU TUaELEUM LT aNAD
U997995 AES 128 Un waz AES 192 U wud139939na1ebiludunienign

Y

AVl

>

d

4 A

ABd AB
1

WU7 Reconfigurable part T9RUARIUTIDONLUULAZII9T AES 192 Ta Hauialugn?
2995 AES 128 Un
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4.5.2.3 HANAEBUNISIININYINTVBUaNATLD (Resource Utilization)
NANAABUNISHINSNEINSA8TUEWAILD N158DNWUUIIS AES JUAAE

128 n A1835n1500nwUULN&2935UUU Full reconfiguration wag Partial reconfiguration
WARSAIRITIN 4-10

A15199 4-10 NM1stEnswe1nsn18luLeNNevedI99s AES 128 Un

. o SuunsnensilFy (%)
NINYINILINNWILD
Full reconfiguration Partial reconfiguration
BUFG (clock) 1 (6%) 1 (6%)
Logic LUTs 1,054 (11%) 1,417 (15%)
Register 688 (3%) 822 (4%)
Memory 4 (1%) 4 (1%)

a5 4-10 Wunanegeumsldninernseniizievesnses AES 128 Jn
WU1I135n1508nLUUINA2995UWU Partial reconfiguration Tdnswennsieniidtelagianiy
SLICE logic 11nn27LuU Full reconfiguration @1%5Un1599nLUU99S AES 2u1nAg 192 U
Iananagounisldnsnensaelumeniiziesmnsed 411

A15199 4-11 NSNS NeINSLULENATLD V893995 AES 192 Us

. s SruuNIneNsAIFY (%)
NINYINTLANNILD
Full reconfiguration | Partial reconfiguration
BUFG (clock) 1 (6%) 1 (6%)
Logic LUTs 1,289 (14%) 1,681 (18%)
Register 819 (4%) 941 (5%)
Memory 4 (1%) 4 (1%)

a5 4-11 Wunaneaeunslininenseniizievesnsas AES 192 Jn
WUI135N1900nULUUINA2995UWU U Partial reconfiguration TdnsweInsuInnIILUY
Full reconfiguration Tagtanay SLICE logic Wulieaiu AES 128 On dudunauiain
niwensunsdrugnléifu Bus macro iWousasemineiiufl Static fu Reconfigurable part
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4.5.2.0 NanNeFUMANUGYIEY (Power Consumption)
o w I a ] [ (3
HAN1INAAB ARG YL HE V813995 AES 128 U dmsuniseanuwuulng
1995UWUU Full reconfiguration wag Partial reconfiguration @11190WANLIITIBAELDYA
MANUGYLHLVDIUARZUNAIIIULARINT AN51991 4-12

M13199 4-12 MANNUGYLAEYDI3995 AES 128 Un

o MasugyLds (w)
LAY
Full reconfiguration | Partial reconfiguration
Vccint (1.2 V) 0.0084 0.0084
Vccaux (2.5 V) 0.0075 0.0075
Total 0.015 0.015

LLazwa‘mmaaUﬁwé’amugigl,?mﬁuamﬁ AES 192 Tn dmsuniseaniuulng
1995UWUU Full reconfiguration wag Partial reconfiguration @11190WANLIITIBAELDYA
MANTUAALVDIARLUNEITIBUARININTIN 4-13

M13199 4-13 MENUYLAEYDI995 AES 192 Un

o MasugyLds (w)
LLARN18
Full reconfiguration | Partial reconfiguration
Vccint (1.2 V) 0.0084 0.0084
Vccaux (2.5 V) 0.0075 0.0075
Total 0.015 0.015

91NA15199 4-12 wazans1eil 4-13 1unanaasuidsnugnidevesses
AES 128 uag AES 192 U muad1du wuiiniseenkuulndisaswuy Full reconfiguration
uae Partial reconfiguration fAnindsugadesauwiifu Ao 15 Gad¥ed Fefunis
TUSUATN U Partial reconfiguration wiinaglanswensuinnia Full reconfiguration w
niwenawatilifinanssnuiuensidanuaydevenias
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4.5.2.5 wanagaeuauInlng193s (Configuration File Size)

HANAADUIUIALNAI199913 D Bitstream file 9992995 AES 128 U6 was
AES 192 9w Aildnszuauniseenwuulndl995wuu Full reconfisuration wa e
Partial reconfiguration wanafssn3197i 4-14

ﬂﬂiﬂﬁﬁ 4-14 vualna Bitstream ¥992935 AES 128 Way AES 192 O

. nlna2935 (KB)
Useinnvaslndneas
AES 128 AES 192
Full bitstream 453.40 453.40
Static bitstream 453.41 453.41
Partial bitstream 118.8 141.05

910915197 4-14 1 unadndauinlnd1995 Bitstream file) V037995
AES 128 uaz AES 192 §m fisanuuu Full reconfiguration Wag Partial reconfiguration
WU bid1995 Full Bitstream dafunadnivesniseanuuy Full reconfisuration wazlng
2499 Static Bitstream FaJunadnsvesnisosniuy Partial reconfiguration fvunalndifes
fu luvnuzfilnga995 Partial Bitstream flvuaudnninfiou 4 wi

4.5.2.6 waveaaaualun1slusnIneaTaseidie (Configuration time)
HaVAFDULIAlUNSTIUTUATUINTAIBIE U YU RS-232 LazlUThnTnngas
M Zigbee protocol lngldluna Xbee HaN1INAGOULAAININNTIN 4-15

A1519% 4-15 a1 ATNUTLNTI995 AES 128 wag AES 192 adluteniiaie

aa Time (s)
5N15IUSUATH9S
AES 128 + ICAP | AES 192 + ICAP
Huaedy I RS-232 1nnsy 8.25 + 0.0023 9.80 + 0.0028
BJWI@J@@ Xbee (Zigbee protocol) 99.0 + 0.0023 117.54 + 0.0028

NA15797 4-15 Junanaaeuiiailunislusunsaiens AES 128 n uas
AES 192 30 nudanfildlusunsudiuanedygyiraddinatesndn 10 3und luvasiinn
TUsunsuruluna Xbee lHaanegeiley 100 Jui

NANSNAFEUNUIN9TeEede Ao 2995U3N 8 Dn wazeasiidudouty
A9 AES 128 U waz AES 192 U fnaansluTufianiabieniu nadnsn1591999958131750279
Tuiludl Reconfigurable part lémudismuals nanageunisldnsnernsnuintldninenns
UINNIINITBDNUUUNATHUUUNG Full reconfiguration uinanaaauaAIm&Iugydenudn
fiini&snugadeiniuisasiivenuuy Full reconfiguration
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4.6  d3unaniIInagaay

MnHaMINAFRUNUIINIEUIUNseenwUUlNEasLT Static part duse
vrauldgneas nadnsvasiiuil Static part n131192995uasdun B ensdaldutiud
wowitdiduaesdan e fudl Static part Usgnaulufensasmuaunsiusunsy dudlaes Ao
Nuft Reconfigurable part Feduilasfuiiuilladhifhaesle Woneaeunszuiunmsesnuuy
Inidaaasitudl Static part fafululasinswawes aunsavianldgniestuiu wadwsiild
#o lulnslnaisaiwesasegluiiuil Static part fioonuuuly nanaaounslivinensvesiiudi
Static part wuReslgnIweInTUTENIL 20% ﬁﬂﬁmﬁaﬁwmmﬂiumm 80% 1Admsu
IﬁjﬂﬂuLUuwuw Reconfigurable part Wag Nammaaumaﬂmuamaawmﬂ ‘W‘LJ‘V] Static part
fanidsnugaidedestaaylidmwansy mumamamuawLaaiawwmmauaWWma Lz
mmmaamugwaammumammﬂmmlm‘[ﬂﬂmwamas agnslsfmuituil Static part
Aflalaslneamedsuliifivauaiuisavesfiuil static part wandsdulasianiz
nssessunsihlulddusueesiualussuuinistisugesiians

PINKANIINAGEUNTEUIUNTTe0NWUULNE1995 L7 Reconfigurable part
nudramsnieulignies nadwsuosiiudl Reconfigurable part #isasogsing e
299507N 8 O uaga9asiidudou Ae AES 128 O way AES 192 §n @111909197493
wazdumadeusaianyluitul Reconfisurable part fifmualiviiu nannaeunisldnu
n¥neInsvotuaarlvandaieuisufunszuiuniseonuuulndisasuuuund
Full reconfiguration wugndinasldnswennsuinnninilesainitudl Reconfigurable part
finsnernsursdrurimiiidu Bus macro dwiusudsdoyasevineiud luvnefinanaaay
A1daugyideve91995Uanuas AES lelTeuliisudun15e9nUUUITUUY
Full reconfiguration WudndAAaeugeyLdeLyiniu Flsmsuimdnennsildunnniniu
LifinansenuiuAmidwuagids nanaaauruInlndaasnuidd IWdaeasiudl Static part
fluwnlndifsasulndrsasiieonuuulag Full reconfiguration wivaziieafulndlsaswuuy
Partial Bitstream fuu1aidnndnde 4 i1 efisudulnda93s Full bitstream 84
ns0enRUY Full reconfiguration vhldlamuinanfildlusunsuasasnuiinislusunsy
Wuaedygaldinaitoenii 10 Tundl wazlusunsuriu Xbee Tdategnetoy 100 Tuni
Faduluaudianaly Lﬁaqmﬂmi%’uﬁvﬁ’agasjmmaﬁzgfmmﬁé"m']m%’ua’qqm'jﬁmumq
Xbee faUszana 12 wh MalszsznalUsunsuduiuegiumunalidsasiduiiy
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ayUnan1sIdeuazUalauauue

w§19n7lEAN¥ITUADUNITOONLUUIIITUUY Partial reconfiguration
vwmewiidie fseazBeaund 2 s 4 dwmsuluuniasnaniimsasunanssteiaueuus s
e sufsdymuargUassaiiiatulunsihinedns
51  @5Unani1sivy

uiteluinerfinusild dnaustunounislusunsuisasioniiie
WUV Partial reconfiguration Taeldien#3ie Spartan-6 iflvunidnuazldiidelas
e luussgndliifumuweslunluszuuindediswuwesliany sgrdlsinudediin
Y04n151Y Spartan-6 Ao ¥aWAWITVRIENEN Xilinx baiT095UNITOBNLUUINITHUY
Partial reconfiguration TutaWisie Spartan-6 a1nJaynadenann suidedsaiaue
NIYUIUNITODNLUY Partial reconfiguration Ingltwonsiiig GoAhead sauAUgaNALITUD
{uAn Xilink WagnaaeunszUIUNITLFBBALUUMEIRTUINGENIY wazdsasitsta AES
TnEAT19A0UAINYNFBIUBINATVALINIIY TedsinNTaNssiumnssluenidie
wiaufudnseninmslaninensiasAaanuanidy nansmaaaunuin

(1) dlolevi3iegnlusunsu1995UUY Partial reconfiguration a11130
vhaldegisgnies sadianunsalusunsunsasluiiudl Reconfigurable 4114 Taerinumng
WOTNOUNIY RS-232 wazszuuwnsesvieliany

(2) ﬂ']'imwi"]l,l,uiiqawasuaqﬁuﬁ Static part ey Reconfigurable @11158
Mohumislnefidumnonsasegluiuiifiimueld uasvinldogagnios

3)  mslgaunsneinsntegluleniite wWud1 N1598NKUUINATAY
N3¥UIUNT Partial reconfiguration l4M3neINIUINNIINITORNKUUMIENTEUIUNITHUUUNE
fes91n nineinsudrugninlulfidu Bus macro iledeanssenineiiudl Static uas
Reconfigurable part

(@)  Adsnugayidsreniasnuit 2aasiivenuuulanszuiunsuni
uazdaRsTioenuuulngnszUIUNNS Partial reconfiguration flAidsnugapdeminiu

NNHaNTITnUILeNAeansavhauldgndemansasiignlusunsude
AS2UUNT Partial reconfiguration 1y fiAnuaenndaniunguiifuasnad aunsathun
finudusumeslunluszuuiaioteimuesliaefiguandinissuasudueddsd
Tuauian uonantudideldvauigenduisdimivennuuulsasdisnszuaunis
Partial reconfiguration lagWarulildaudng dnsflananiua elvyaaaiialy
flidudusestirnudiladednifnflasasenidioamsailuliss lowdld
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52  dedninvesauily
5.2.1  Uszannuleauanlusunsy (Configuration Memory)

USZLanmuI8AI 10319030 W NI Spartan-6 AR UIYAIINITILUU
Static RAM based lagialudoyareasiusunsugmiivlily static ram 1engndnglyl
i fidioazgninsialisasianuaniely defunisdnenfizieunldeuuuy
Partial reconfiguration ﬁi’?L‘fJuﬁ‘ﬁuﬁ Static part Aesanelnnasaian

ogslsfinnu Tnsviludusinazeanuuuliueiasasidionidieagniely
srfimadeusesyninuenfidietunineausiuszan Flash memory 13 iavindhiindu
Program memory na13fe wlefin1sselnliuesnieas iidegnwaliinnulnum
Configuration mode Wy JTAG, Master SPI L‘ﬁaiﬁ Configure ﬁ’JLmI(ﬂﬁlﬁﬁjaaﬂa’Nﬁ]ﬂﬁﬁ]’m
Program memory ﬁ;ﬂ%ﬁuﬁﬂlﬂuwﬂmmmﬁw flash memory ﬁaﬁunnw%&ﬁwﬂﬁ%w%mm
faiesfiag Configure faiasdagraasiituiinly afioudnsasianundansegluieniisie
fauwnasnendnglil

Fiananiiiunuszgndldfuniseanuuuisas Partial reconfiguration 16
Tnoilegdldoonuuuasasluiudl static part lafaudalduiinaslundasaiiud
Flash memory atfnaanunisalivilviuesaleniidiengadneluviesiondies toniidio
weuToya2993970 flash memory Fafuasasiudl Static part ileFusuhaudnads

5.2.2  AUNABvadlNHa293

lnfidloannsanaseumugniasvadlidsasldfedies Feaanuz
Augndosvedlidrsasazegludni 0 15un91 CRC_ERROR @sldannnszuaunig CRC
Tnegludinvesiiames Status Jadudamosvun 16 On siwmihilAudeyaaauzves
lowfidieiledinislusunsuieas InsfiudazdaAvaraaiuzuansisiy dmiuniseuan
338985 Status @U150M970 Readback H1UNIINBSH SelectMAP, JTAG 534189 ICAP

atalsiny N1InsIaaeuANgnAedvedlidInns dmsunslusunsuiuy
UnflEusiuainaniug Configuration mode lovinsidsuteyaatiumissaudlusunsy
FudndeRianarnvestoya tovfidieazlidhganiuy User mode iileiuyinanu vinlotglday
SuslatataRianainyiudl win1slUsuNIULUY Partial reconfiguration tan#idiedesatly
an1ug User mode naudsaziligudoyanialusunsuieasl gldausssuinadeianain
n&1a1n2ssinuudnadndlidulunniidesnts dedu azfuléddnimsaasy
Augndaiietesiulsasinauiinnaialaeds Readback Limunzauiunislusunsy
WU Partial reconfisuration l8@adudosiavesdded

uanantudedidniesninugniesvesisasdnusenianis de
\esnauideldfvuslvsudedoualndrsasituszuuliarsunsgiu Zigbee protocol
Tngldsrugunsal Xbee module Fsgunsnifianunsndmungluuvudidnisiiauls
2 3ULUU A APl mode, AT mode Balusiuiedidenlduinsgiu AT mode 1iasan
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annsaldauliig sunvuddalidudou egralsinim nsldau AT mode fifodnin
Fesesanugniesuesteya Ao dsdsimihfidedeyalaglifinsnseaeuinileiuansaiy
foyaldgniomieli danalvenaifansdlndrensfieniieldiuiindefianain 1wy
Toyaliasu deyauisdiumely Wudu

0813l5A7 Tod1faiToanisldauuuy AT mode aunsadiudsalelag
WasugUuuudmdadu APl mode @9iinszuaun1s Checksum LitensiaaeuAILgnAeIves
Toyafizuds

53  dUslauauuy

Ang1nus T ILAUDT U ULALNTFUIUNITEDNULUINITULLENTATIE
Spartan-6 WU Partial reconfiguration gflaulatiinerinuslulday amnsathlunaaoy
warilulgldase venanduditaulatiinendinusin@neidoifesaiuisnuiuuss
Tudsdiusing q ol

(1) Waulfienfiioarusautsiuil Reconfigurable part léunnia

¥
&

1 fud Tnsausadenldlvunsursasaduiiuiilafuiinidd lusazieafuiuiiau
Hansvhanueg mawmunivilienidiedarudangusionisinluldn

(2)  Wauiidn1slusunsuaeasituil Reconfigurable part Inglnslnnoa
u 9 delvnislusunsunsasinldiEatuuny UART protocol Fadunisdoasuuuoynsu
Altlundde wu Inslaneaiifudstoyanuuuuu iy

(3)  AnwInszuIuNIRTIEeuANgnfedvedlidrssiluunsuLyy
Partial reconfiguration sielsassutunmailuldiuese
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1. AsPansvanAuI$ GoAhead

FoNALIS GoAhead ponLUULATTAVITUIABTNITE91n UrANE e
Universtiy of Oslo (UiO) SunoumsAndedine

1.1, annulnangenduls GoAhead anniuladvesiuideann
The Faculty of Mathematics and Natural Sciences dlUiEed
“http://www.mn.uio.no/ifi/enslish/research/projects/cosrecos/goahead/Tool_Download/”
niuman Download Ine Zip IW&Alativuauszana 70 MB

12, wanlildan zip il§ Feazldlnanesie GoAhead arnduldin
Tnawesninanlineilu ¢\

13, f19uAA1 Environment variables 193353uu Tnedluiindnea

My computer > Properties %ﬂﬁﬂgwﬁwhd System T"den Advanced system setting
Aglantimng System properties AN NUsENOU A-1

| Compuer Name | Hardware | Advanced | System Protection | Remate
You must be logged on as an Administrator to make most of these changes.

Peformance
Visual effects, processor scheduling, memory usage, and virtual memory

User Profiles
Desktop settings related to your logon

() ||

Startup and Recovery |
System startup, system failure, and debugging information |

(St

ok J[ comoel |

AMNUSENBU N-1 WA System Properties
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1.4.  31nduAdnEen Environment variables 3gUs1n 19
AN MUsENaU n-2

cygpath C:\EDA\CygwinPor table \App\Cygwin bin @
GOAHEAD_HOME  C:\GoAhead
NO_XILINX_DAT... HIDDEN

PATH %GOAHEAD_HOME%; %XILINX%\bin\n... ~
(o) (it ) (o)
System variables
Variable Value E
asllog Destination="le E
ComSpec C:\Windows\system32\cmd.exe
[| | FPNo_tosT c... NO
NUMBER_OF P... 8 -
H Lok J[ concel |

AMWUSENBU N-2 9IRS Environment Variables

1.5, fmum Environment variable ¥8swaik1$ GoAhead lngadnuy
New Tusias User variables for Win7 lagfinnunli Variable name: GOAHEAD HOME uas
Variable value: C:\GoAhead Asnmysgnau n-3

AMWUSENAU N-3 NMSAUUA Environment Variable 1899935 GoAhead



70

16.  a1ntusnisinun Path variable Tngl¥ndniden PATH lugas
Variable 31ndumdnyu Edit Wa3v11n154W U Variable ¥ 09 GoAhead 1o & ld
%GOAHEAD HOME%; W & ¢ % GOAHEAD HOME%\CygwinPortable\App\Cygwin\bin;

Linthgadsnindsenau n-d

,

Variable name: PATH

Variable value: %GOAHEAD _HOME %6} %eXILINX % \bin\nt64

OK | Cancel

AWUSENBU N-4 N5ufial Path veswensias GoAhead aslu Window Path i

17 dlefstunoutl fl¥arunsaFonlderugeniuad GoAhead lHuda
Tawarursasunldarugendulslaniunis C\GoAhead > GoAhead.exe 1308035 Ao
$uri1u Cormand line Taeidla Command promt aMnduRius GoAhead agUsngwiieng
PaNINUsENBY N-5

Fil Edit Commands Macro UCF Help
w | Al Ties View |

=L 4 Tile Filter View Options = Macros: Ly

Command Trace | Emor Trace | Output | UCF | VHDL | Input |

AMNUSLNBU N-5 NUIPNTUAUTENALIS GoAhead
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1. msﬁmé?waﬂﬁtwi‘ Partial Reconfiguration for FPGA (PReFF) Tool
1{l0991ng3F81fiuansEUIUA15YI Partial reconfigurable 2995815AUA3
Tuefifileduiiaugaenn wazdudeuluniseonuuy eswndunisudlanssuiunis
panuuuiAn virlddesuily USuasuduus vioquandAvesnszuiunisiiy uagld
o1lflag GoAhead Fufurendsfindnuilelidmiugiviide Fedesinimg anudnle
Tunseurumsesnuuuimuanfuegied ilmduniseniiyaearluannsaldauasn
vo41aWfiFiouun Partial reconfiguration ¢ eiiugideisldoonuuuuasiamungonduag
Wisltyanavialuau1sneenLuy Partial reconfigurable 2sasaniauasllaglaionniin
Partial Reconfiguration for FPGA (PReFF) A ® gonAuIsAiIndfindly
Fruusuazdenldnurendwisiiisadestunszuiunisia Partial reconfiguration fie
Xilinx ISE Wz GoAhead tneuannarlu Graphic User Interface (GUI) Tigldauanuise
Ml Faznintu tumeunsfindarensiuag PReFF fseasiBondial
11 fdelaswivanlvgiaulaannsaniivangseduisldlaednlud
https://drive.google.com/folderview?id=0BxHZ3RsiATzvMWIVbjBJb2d40008&usp=sharing#list
12, deaniilnanudaueniid zip azldivames DISk neluasdlg
dmsuiings 9105l Double click TWd Setup.exe avUsIngUiIAe A wUsENOU B-1
MntuaBnta Next

Welcome to the InstallShield Wizard for
setup_PReFF

|| The InstaliShield(R) Wizard will install setup_PReFF on your
computer. To continue, dick Next.

WARNING: This program is protected by copyright law and
international treaties.

AMWUSZABU -1 NS Setup BT GoAhead
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13, azUsngniisig license agreement fanmusenau v-2 iiaen

| accept the terms in the license agreement 31ntUAAN Next

Please read the following license agreement carefully.

To add your own license text to this dialog, spedfy your license agreement file in the Dialog
editor.

Navigate to the User Interface view.

Select the ment dialog.

Choose to edit the dialog layout.

Once in the Dialog editor, select the Memeo ScrollableText control,
Set FileName to the name of your license agreement RTF file.

After you build your release, your license text will be displayed in the License Agreement dialog.

e

@) I accept the terms in the license agreement

(") I do not accept the terms in the license agreement

InstallShield

[ <Bak | Next> || cancel |

ANWUITNBU -2 MUENS Setup BaNALIT GoAhead

1.4, 2NUUAAN Next JULASINTZUIUNISTINUALLADN UM
InstallShield wizard completed slanmusznau @-3 ladn Finish

InstaliShield Wizard Completed

The InstaliShield Wizard has successfully installed
setup_PReFF. Click Finish to exit the wizard.

AWUSZNBU -3 NS Setup BNWALIS GoAhead
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WotaSansyuiunisinasayls Shortcut vosmanARISIUMEN Desktop #i9

ANANUsENBU U-4

AMNUSENaU ¥-4 Shortcut Ya9waNAWIS PReFF

Wegldaruadin lcon voewanfuls PReFF 9zUsinguiidalusunsy

LARIAININUSZABDU -5

" i Partal Reconfiguration for FPGA (PReFF) tool
l SelectBoard Option  Help

|
l
!

| Define Area | Static Design | Partial Design | Dowload to FPGA |

Define Save Path
[some | [ cost ] |
Top Left
X: 4 v  Min.-Max. (14 - 48)
Y: 19 w»  Min.-Max. (5- 64)
Bottom Right
X: 52 v Max. (55)
Y: 35 - Max. (65)

h — Ef_i

AMWUSENBU U-5 MRS UAUTDIIaNAWIS PReFF Tool




AMANUIN A
N5IYUYaNAWIS Partial Reconfiguration for FPGA (PReFF) Tool
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nsldarugandunas PReFF Tun1s Reconfigurable Lo W 3Loag Ao
¥muddudy Ao msmruafiui Reconfigurable area > nMseaNWUURNUT Static design
> N1588NLUUAUT Partial design > N5 Reconfigure L3 1o (Download to FPGA)
swasdenilil
1. astviunitud Reconfigurable area

WagensLas PReFF Laafunilnsn Ao N Define area AD N15AIAUA
Nt Reconfigurable part vasewiisielneunu Define area Yumeuiinel

11 afuliawmesdmsuifudeyanadnéildainnsviinszuiunig
Partial reconfiguration design Imaﬂaﬂﬂu Browse 11 Define save path %Ui’mgﬁﬁﬂﬁi’m
Browse folder flanmusznau a-1 anntiudonlnlawmesfidenis Inedefnusvasnisadne
Tnlawediiu Ao Felnawmosardesiniu urssalild vndudefmunaiaudliinadu oK

I

. Color2 =
L cpu-z
.. hyperterminal
|, OpenOffice.org 34.1 (en-US) Installation Files
.. Outlock.com
L. paththai
i, PESTN 2013 PATCH61
I print screen
\. recobus
|. reconfig_pheripheral_lab
I Terminal20100630
L test
» ). TEST_FPGAeditor
4| | Test_program
\. Reconfig
J. Static
test2
I UGT43_design_files
I UGT44_design files
I, update

m

Make New Foider | [ ok || canca |

AWUsENaU A-1 tnasdmsuiruslnamasiialAunadns

nniudinnlglulvawesnlatmvuall ssdulnawesiiinduun fe Static
wag Reconfig Inainas
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12, fnuesiundsiiud Tutes Define reconfigurable area MLy
snfuitufidvasy lnewdnmsivueiiud fe Lﬁaﬂ SLICE Tuton#die 2 4n lag SLICE wn
Avualiduduniaguuudie (Top left) ‘U’eN‘W‘L!‘Vl Reconﬁgurable part LLag SLICE anym
Avualimdusunuguaianan (Top right) yoeituil nsidendiunis SLICE Juaziden
Tudnvazuaiuasnedud Inonedutiniounu X Usznoulusiofiunusias 5-55 way
Tuwuaued vdeunu Y Uszneulugresundedaud 5-64 dermunvesnisidendiunis
SLICE fi#tsi

- SLICE sjuuudne (Top left) f\]ymmiaLﬁaﬂlﬁéTyﬂLLﬁiﬁTWLLwﬂﬂ 14-48
ldaunsadendiundsfiainia 14 Im Lummnmumwaﬂwuw Reconfigurable part
gnirvualildidu Bus macro Fatu azdoadl SUCE fdnfuveudiudrovosiiud
Reconfigurable part \ieviudu Bus macro

- yuravesiuilutuiveuy deslvuiauinndt 9 wiae wWeswin
finsimun SLICE 9 9 vimihfidu Bus macro Feuntsimunsiuiis wnu y ve SLICE
ALYUS Top left Waznl y ¥09 SLICE #uis Bottom right fiouaniu 9 e Fuly

gonduasilamvun SUICE fannsadenldliugy Alalidndudesiiaszi
fefles uagiilornuazmnwenldnsliuanwansnlifuiwinalue nidiefgld
@enuuaituil ndeufuiruasuduinraufinUsEney A-2

Define Reconfigurable Area
Top Left
14 x»
L) iz i9
E B X: 14 - Min-Max. (14-48)
]
EE B
& & B Y: 19 - Min-Max. (5 64)
= =
= &
- - Bottom Right
= B
= - X: 52 - Max (55
= B
g E
= = Y: 35 - Max (85
£ £
=
z s
: ] Use MICROBLAZE Processor \GonudPrm ‘

AMNUIZNBU A-2 NITAUAATLAUIIUN Reconfigurable Part

waEnINHLERBIN1TeRNRUUNUT Static WlY Microblaze processor lvimgin
\ion Use MICROBLAZE Processor
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1.3, defunuaiuiiadaudilinaUn GoAhead process Faidun1sien
N1391191UY03eNAKIT GoAhead WiBUAUAIWNY 9 TugUuuy Command line @avinlw
U51nuiisne Command Prompt slan1mysenay a-3

(m C:\Windows\System32\emd

AddBInchrbrimitVLRrgexp Temp |ate=C: \GoAhead\Macros\V5_SLI X_Hlocker.xd1 PrijP
\d+ SliceNumberPattern=0 FamilyRegexp=Virtex5; )
ﬂddBlu(kPrPulll}livr Regexp (le)f(IANm)I(CIRl)I(G(IK)](K!LP_HIRL)I(K[IPImH]

AddBlockerOrder DriverRegexp=L(H|V)\d+ SinkRegexp=BEG\d ConnectAll=False EndP
irtex5;

HAddBlockerOrder DriverRegexp=MID_(N|5)\d+ SinkRegexp=IMUX_B\d+ ConnectAll=Fal
Nlegexp=Virtex5s; )
BAddE lockerOrder DriverRegexp=MID\d+ SinkRegexp=IMUX_B\d+ ConnectAll=False En
Virtex5;

AddBlockerOrder DriverRegexp=MID\d+ SinkRegexp=.* ConnectAll=False EndPip=Fal

AddBlockerOrder DriverRegexp=END_(N|S)\d_\d$ SinkRegexp=.* ConnectAll=False i
Virtexs
AddBlockerOrder DriverRegexp=END\d$ SinkRegexp=.* ConnectAll=False EndPip=Tru

AddBlockerOrder DriverRegexp=LOGIC_OUTS\d+ SinkRegexp=\dBEG_(S|N)\d$ Connect
ami lyRegexp=Virtex5;
Add8¥ocker0rder DriverRegexp=LOGIC_OUTS\d+ SinkRegexp=\dBEG\d$ ConnectAll=Fal
egexp=Virtex5;
SetBRAMDSPIdentifierRegexp Width=1 Height=1 LeftRightHandling=False ButtomLef
ami lyRegexp=Spartan3 IgentifierReqexp:ABRAMR\d+C\d+;
SetBRAMDSPIdentifierRegexp Width=3 Height=4 LeftRightHandling=False ButtomLef
ami lyRegexp=Spartanb ]gentifiPerqexp (AMACCSITE2) | (ABRAMSITE2);
SetBRAMDSPIdentifierRegexp Width=3 Height=4 LeftRightHandling=False ButtomlLef
ami lyRegexp=Virtex4 Ident1ifierRegexp=_(ABRAM_) | (ADSP_);
SetBRAMDSPIdentifierRegexp Width=3 Height=4 LeftRightHandling=False ButtomLef
ami lyRegexp=Virtex5 IdentifierRegexp=(ABRAM_) | (ADSP_);
SetBRAMDSPIdentifierRegexp Width=3 Height=5 LeftRightHandling=False ButtomLef
amilyRegexp=Virtex6 IdentifierRegexp=(ABRAM_) | (ADSP_);
SetBRAMDSPIdentifierRegexp Width=3 Height=5 LeftRightHandling=True ButtomLeft
mi lyRegexp=Kintex7 IdentifierRegexp=((ABRAM_) | (ADSP_))(L|R)_ X'
SetCLBIdentifierRegexp FamilyRegexp=Spartan3 IdentifierRegexp=
SetCLBIdentifierRegexp FamilyRegexp=Spartan6t IdentifierRegexp ﬁ(l[
SetCLBIdentifierRegexp FamilyRegexp=Virtex4 IdentifierRegexp=ACLI
CLBIdentifierRegexp FamilyRegexp=Virtex5 IdentifierRegexp=ACLB;
SetCLBIdentifierRegexp FamilyRegexp=Virtex6 IdentifierRegexp=AC
SetCLBIdentifierRegexp FamilyRegexp=Kintex7 IdentifierRegexp=ACLB
SetCLBIdenti rRegexp FamilyRegexp=Artix7 IdentifierRegexp=ACLB;
SetInterconnectIdentifierRegexp FamilyRegexp=Spartan3 Ide t1f1ervqoxp AINT_(
setInterconnectIdentifierRegexp FamilyRegexp=Spartan6 IdentifierRegexp=AINT_(
SetInterconnectIdentifierRegexp FamilyRegexp=Virtex4 IdentifierRegexp=AINT_(
SetInterconnectIdentifierRegexp FamilyRegexp=Virtex5 IdentifierRegexp=AINT_(
SetInterconnectIdentifierRegexp FamilyRegexp=Virtex6 IdentifierRegexp=AINT_(B
SetInterconnectIdentifierRegexp FamilyRegexp=Kintex7 IdentifierRegexp=AINT_(L
SetInterconnectIdentifierRegexp FamilyRegexp=Artix7 IdentifierRegexp=AINT_(L]|
LoadFPGA FiloNamer(:\GoAhan\Dovicpﬁ\xchleb.binFPGA;
Reset;
ClearSelection;
AddToSelectionXyY UpperLeftX=14 UpperLeftY=19 LowerRightX=52 LowerRightY=35;
ExpandSelection;
StoreCurrentSelectionAs UserSelectionType=PartialArea;
AddLibraryE lementFromXDL XDLMacro=C:\GoAhead\Macros\BM_S6_L4_R4_double.xdl
ue;

awusEnau a-3 ntisineiusingulenatu GoAhead Process
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s

1.4. w1619 Command Prompt Sun1svinautasaaslndaies nadns
laazegluliamesala

nladenliludunsuneunt lnglulWames Static avladeua
AenNUsEneu A-4

Output
J microblaze_code
| BM_S6_L4_R4_single.nmc
.| Busmacro.ucf
|| Static.ucf
& BusMacro_static
W com_icap
& Control
9 tep

| StaticBlocker

11 KB
15 KB

7 KB

AMNUSLNBU A-4 Naawslulwames Static ¥a991NYN91U GoAhead Process

Tng a7l

- BM_S6 L4 R4 signle.nmc Aa lnldan3uddaves Bus macro

- Busmacro.ucf fie Tdfifuuasiuvitsves Bus macro Tuievidie

_ Static.ucf Ao g UCF vesitudl Static part 3sluitazsmun UCF
dmsuuesn SP601

- BusMacro_static.vhd @ lld VHDL 80nuwuu3995 Bus macro

- Com icap.vhd #a lnad VHDL NM30nuuui9asniunu ICAP

- Control.vhd #a lild VHDL nsesnuuuiasdmiudadeyaliiuies
AN ICAP

~ Top.hd fie 1§ VHDL #ildeanuuuasasluifudl static

- StaticBlocker.xdl A T DL #lfidudeyalunszuiunisvesmeniuas
GoAhead

- Microblaze code fia ldan1w1 C \@sulusunsuniuau Microblaze
dwiugueuluga UART
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dwsulnawnes Reconfig atladayaninmusenay a-5

Output
BM_S6_L4_R4_single.nmc

Y BusMacro_partial
__| partial.ucf

a partial

4| PartialBlocker 4/2/2558 15:22 DL File

AMUszNaU A-5 nadnslulwalnes Reconfig 1893117119114 GoAhead Process

Tnelnidilsisised]

- BM_S6 L4 R4 single.nmc Ae lnldan3uddaves Bus macro

- BusMacro_partial.vhd e lé VHDL n1598n1u1193 Bus macro

- Partialucf 9§ UCF vesitui Reconfig part

~ Partialvhd e W& VHDL #ldeonuuunsaslufiuil Reconfig

- PartialBlockerxdl e Twd XL filfidudoyalunszuaunsves
WA GoAhead

MNNa91NNAUN GoAhead Process wasbilanadnsluaasnnaitiesiu
folnAnmuRanan Jedswalilianansavinaunsunslula Tinsiageunisasamig 9
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2. mseanuuUUNUfl Static Part

AMseonLUURUT Static part Tdmenfuas Xilinx ISE uazaendur$ PReFF
Suduanadreiusianlag Xilink ISE fitunousil

21, Waldsunsu Xilinx ISE anntuadis Project T ludi File > New
project axUsINguiARInmMUsENOU A-6 HetenazfruaiulsTiarTuiin wazfuun
lutes Top-level source type 1Uu HDL 91niun; Next

Create New Project

Specify project location and type.
Enter a name, locations, and comment for the project
Name:
Location: C:\WORKVAES\AES 192systemcase
Working Directory: | C:\WORK\AES\AES 192systemcase

Description:

Select the type of topevel source for the project
Top-level source type:

HDL B

Mare Info . Cancel

AMWUTENBU A-6 LUSHATU Xilinx ISE

22, Mmuaquandivesueiaoniidie Aezldeu lagazdodmun
SwazBundal

- Family : Spartan-6

- Device : SC65LX16

- Package : CSG324

- Speed : -2
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Waninuatasa azlasaninusznau A-7 99ntULAen Next > Finish azle
Project indeuldnusoly

UONAINUAILIT0AIMUALA Evaluatio development board : Spartan-6
SP601 Evaluation platform Ay wusznau A-8

AMnUsznau A-8 MuunAuaudRvaIuasnn Platform
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ndsantuagliniiedusion fifslaifidoyala q 1¥inn1s Import file 7
Sndudmsuituil static part Tudumeudnld
23, lunhenswendwi$ Xilinx ISE 17 Project > Add Copy of Source
Fanmusznou A-9 mntulidenlndilaannisadrslunszuiunis GoAhead Process
%Q%’e}@jl‘lﬂ?\lama% Static Tagi@anlud Static.ucf, BusMacro_static.vhd, com_icap.vhd,
Control.vhd, top.vhd iag BM_S6 L4 R4 single.nmc

[ NewSource...
(&] Add Source...

Hierarchy =

Yo
Manual Compile Order

Import Custom Compile File List...
The viel

fles to
comma
theDe:  Force Hierarchy Reparse

Disable Hierarchy Reparsing

Uses Cleanup Project Files...

i
&
=
&
@
m

Archive...
Generate Tl Seript...

Design Goals & Strategies..

L Design Summary/Reports

Design Properties...

P2 No Processes Running

No single design module is selected.
M Design Utilities

BRI

AnUsznau A-9 nsiiulndluganaunls Xilink ISE

24, wadnsnae31nlaviinag Import teyauIudI9EUIINg
fanmszneu a-10 Faaziiulsdluga Top Uszneuluselugades 2 du fe Bus macro
uaz Control mnglddosniseenuuuiiisidy Whilalndluga Top udaansariiuviowdly
2433 AMUFABINTS

— " ; - - FR= T T
DPEd . sobxval o f -2 23|F 2502, rpELQ
_____ »Oax & e
] | Wew: & 16 tmoh [ smulation = 68 =signal PR data IN, PR _data OUT, ST daca IN, SI_daca OUT : scd
: - 69 signal ICAP_IN,OQUT Tx,CLE200: STD_LOGIC:
im 70 signal LocallEDs,scatusLED : 5TD_LOGIC_VECTOR(3 downto 0):
6} - 71
—| & écag 72 begin
oh top - Behavioral (C 73
= it [l Inst BusMacro - BusMacro - Behavioral (C] « 74 Inst_BusMacro: BusMacro
& i [R] instControl - Control - Behavioral (Chstati{ — | 75 BORT MAP(
a [ CH\static\Static.uch Al 76 Data_IN => ST_date_OUT ,
B s 77 Data_OUT => 5T _data_IN
78 1k
- % 18
“ B0 instControl : Control
— Bl Porc Map ( CLE =» CLE_F,
@ ez Data_in => UART_RX,
[+ ] 83 Status  => statualED
— B4 b
L) F—— F— v it :
86 GPI0_LED <= LocallEDs when (GPIO SWITCH(0)='0"') else Status

AMWUIZNBY A-10 BoUALIS Xilinx ISE vdannlaiiudayald
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25 fi999108n15149 Bus macro Mmadudndudesnsaiiuiin laglud
Process > Process properties Tuta9 Category 1%dan Synthesis option a1niuluiate
Switch Name > -keep_hierarchy Tldan Yes asnmiusznau a-11

citem“ [ Switch Name Property Name Value
_ Options -opt_mode Optimization Goal |Speed E
ons S—— . T = r
Xilinx Specific Options -opt_level Optimization Effort |Normal E
-power Power Reduction [
-iuc Use Synthesis Constraints File &
-keep_hierarchy Keep Hierarchy \"es E
-glob_opt Global Optimization Goal | AliClockNets E
-rthview Generate RTL Schematic \"es I E
-read_cores Read Cores &
-sd Cores Search Directories [Z| E]
-write_timing_constraints Write Timing Constraints M

AwUsznau A-11 AMuuaAuaNURATURBY Synthesis LSILAL

2.6.  lenLuulEsaual vinseuiunsaselnasasiaeluf Design tab
Aan Synthesis — XST > Implement Design wnlifivaranainazladininysznou a-12

»
{, | Processes: top - Behavioral
2 % Design Summary/Reports
— @ Design Utilities
?{: c7] g User Constraints
= | B P2\ Synthesize - X5T
“ | 2 22\ Implement Design
& PE) Translate
= P2\ Map
# P4\ Place & Route

E
)  Generate Programming File

5] % Configure Target Device
€% Analyze Design Using ChipScope

MMWUTTNBU A-12 NTEUIUNNSASINAI99500 9N A5 Xilinx ISE

I9LaSan Tz UIUN1T90 Nk UUNTHA N UlURwO NSRS PReFF §9ndaqnn
Meanuuuitunualinaly Next iieluds Static design tab
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2.7.  wi1m19lu Static design tab wa@nsAsnINUsEnay A-13
Usznaulumag UCF config wag Generate bistream Imglu UCF config avuansloiiiu UCF
data vesiuil Static part Alda1unsa Copy UCF dananaluasnalud .ucf lunszuiunis
ponuuy  lae Xilinx ISE 1# @eluiidlisniudedld iosarndeyafemuagniiulily
Static.ucf a7

| SelectBoard  Option  Help
 Define Area | Static Desion | Partial Desion | Dowload to FPGA |

UCF configure
Copy UCF data that generate from GoAhead and paste in Xlirc UCF Static part design

3 PROHIBIT = "RAl
ROHIBIT = “RA

3 PROHIBIT = £
CONFIG PROHIBIT = "RAMBE X1Y17

AMNUTENBU A-13 %tiE19 Static Design
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2.8.  JunoumaNIden Select static part F9azdoudenludilnaines
nlaoonwuuludumnauve Xilin ISE lngman Select static part 92U51nNUI61

fannUsenau a-14 Tundlannunatelnawmasnasnalusanly fs static antuadn OK

L EDA
* . Factory_Test_Install
* b GoAhead
& 4 inetpub
L Intel
L. LABSOFT
I. Modeltech_pe_edu_10.3b
b MSOCache
v 4 MyPrograms
* 4 partial
* 4 PerfLogs
» 4 Program Files
I Program Files (x86)
\. ProgramData
L SiLabs
&

4. ipcore_dir
4. iseconfig

(i iearo

(o< J[ comcn ]

A wmUsENaU A-14 wiheng lanat Select Static Part

29. Aentid ncd lnsadndu select .ncd file avUsIngumng
fanmusgneou a-15 Wdenlna ncd Aildarnnszuiunisadielae Xilinx ISE process

Fevolvaaznseiutielng Top module Ingluniifde s top

I » Computer » Local Disk (C:) » static »

= | #3 | Seorcr stotic

B Desktop
& Downloads
% Dropbox
& OneDrive

3 Libraries
& Apps
| Documents
o Music
=] Pictures
B videos

% Computer
& Local Disk (C:
s Locat Disk (D
o Local Disk (E:

i Network
1 BLUE-PC
1= WINT-PC
1% WSN-PRINT

#d, Homegroup .

Orgenize = New folder

Name
& _ngo
b _XmEgs
L ipeore_di
L iseconfig
4l Mew Folder1
L planAhead_run_1
). planAhead_run_2
\. planfhead run_3
b adre_auto 0_xdb
owst
R PAR stress
& PAR stress_guide
R PaR stress.map
Rop
X@ top - Copy
@ top_blocked
& top_complete
G top_guide
& top_map
& top_routed

File name top

- [ @&
Date moddied Type Size

File folder
File folder
File folder
File foldes
File folder

File folder

578 KB
878 KB
S13KB
1528
152 KB
KB

2345%8
152 KB

93 KB
AT KB

AwUsENaU A-15 wiee Lenady Select .ncd File
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2.10. Jemmualrdasuuailviadnlu Generate bitstream 95U3104)
#ee Command Prompt Jutitesumdslunisasnalng Bitstream @1wsuiufl Static part
oS UE5 T UANINARINNUTENBU A-16 FILUAAINA Bitstream generation is complete.

### Generate the complete bitstream

C:\static>bitgen top_routed.ncd top.bit -d -w -g Binary:Yes
Release 14.5 Bitgen P.58f (nt64)
Copyright (c) 1995-2012 Xilinx, Inc. All rights reserved.
Loading device for application Rf_Device from file "6s1x16.nph' in environment
C:\ X3 11nx\14.5\ISE_DS\ISE\.
"top™ is an NCD, version 3.2, device xcbslx16, package csg324, speed -3
"%H_SG_L4_R4_5inqle" is an NCD, version 3.2, device xcbslx16, package csg324,
speed -3
Opened constraints file top_routed.pcf.

wed Feb 04 15:35:15 2015

INFO:Security:54 "xcbs1x16" is a WebPack part.

WARNING:Security:42 Your software subscription period has lapsed. Your current
version of Xilinx tools will continue to function, but you no QOnger qualify for
Xilinx software updates or new releases.

Creating bit map...

Saving bit stream in "top.bit".
Saving bit stream in "top.bin".
Bitstream generation is complete.

C:\static>#data2mem
‘#dataZmem’ is not recognized as an internal or external command,
operable program or batch file.

C:\static>PAUSE

Press any key to continue . . .

INFO:webTalk:4 - C:/static/usage_statistics_webtalk.htm]l webTalk report has
been successfully sent to Xilinx. For additional details about this file,
please refer to the WebTalk log file at C:/static/webtalk.log

webTalk is complete.

AMWUsENBY A-16 119 Command Prompt LileainUy Generate Bitstream

211 wadwénldazgniAviilulaines ~/Static/Output AAldiivualy
Tuduneuniseenuuuiiudl Fanamuszneu a-17 laglwddld e top.bit dududeya
Bitstream 7@ 11150 Reconfigure FPGA 1 waglvld top routed.ncd Faudulndiivans
Mneuvtasagntsfinuadunsly FPGA 994393 Static part fldanunsndalnddls
lngenlduas FPGA editor

top.bit
& top_routed

AMNUSLNBU A-17 WanadnsNlAna991nsy Static Process



88

3. msaamwuﬁuﬁ Reconfigurable Part

nseenuUUuil Reconfigurable part Tdaamsiunag Xilinx ISE uwazaenfuas
PReFF Sudiuadrsiusnlmidnadilnaganduas Xilinx ISE a1ntiu Import file A5y
dmduiiui Reconfigurable part il

31 luntidrsgenduad Xilinx ISE 1U# Project > Add Copy of
Source... anulFAen W7 1#a1n GoAhead Process lulWainos Reconfic Tneandonlvg
partial.ucf, BusMacro_partial.vhd, BM_S6 L4 R4 single.nmc

32, Wadwsuaeanldviinis Import Yeyauuwdiazdsang
fin1nUsznou A-18 %ﬂ%Lﬁulﬁ’jﬂmQa partial 891 Top module Usznauludae
Tugages Ao Bus macro mingliFesnisoonuuuiiisidu Tdelndluga partial uéamnse
diuviFeudluesldmudenis

[l ISE Project Navigator (P38 - Cilpad

ST Edit View Project Source Process Tools Window Layout Help

5 &
J..%\.-i._-r DD X[0a| » BR,RA =m0z AR PEL T
| Desicn D 8Xx § 17 Data_OUT : OOT 1 sctor (36 downto 0)
| ) | view: & {8 Implementation © 5 Smulaton 18 ):
e =| 19 END coMPONENT:
&l Hierarchy 50
| ] poril 21 signal PR_data _IN, PR _data OUT, ST data IN, ST data OUT : std
|2 O xcbsbd6-2c 22
::‘:.ul ot ) | 23 .signal CLEin, CLE25 : =td logic ;= '1';
—1 # (4 Inst_BusMacro - BusMacro - Behavioral (C) « 24 =
= ] i Chpartialpartial.ucf 25 begin
E‘ 4 26
_ % 27 Inst_BusMacro: BusMacro
e : 2 BORT MAP(
- * 20 Data_IN => PR_data_OUT ,
* 30 Data OUT => PR _data IN
= 31 )z
Q| =
/] 33 instBUFG25 : BUFG
—| 34 port map ( I => CLRin,
35 0 => CLK25 );
36

AwUsznau A-18 nidnewensiinag Xilinx ISE 1 Import Jada39asidnun

Wesenuuulasaual vnssulrunisasrelnalsasiangluf Design tab Adin
Synthesis — XST > Implement design minldiidefianainaglaninimisgnay a-19

&gj Hierarchy |
Al B partial 7=
= [ xcbshdf-2cs5g324

H\ = En‘}] partial - Beh | {C:\p; Rpartial.vhd) |

= i | Inst_BusMacro - BusMacro - Behavioral (Cf «
&l "y Chpartialpartial.uch |

(2 -]

“ (] "

#2 Mo Processes Running

Processes: partial - Behavioral

OO0 3 ¥ ¥

X Design Summary/Reports
3 g Design Utilities
1) User Constraints
i Pty Synthesize - XST
= P24y Implement Design
& 02D Transiate
i P\ Map
& 0 Place & Route
(] P

AMWUTTNBU A-19 NTEUIUNITASI9INE199500 3RS Xilinx ISE

1HEAV «

ing File |
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dlaasanszuiunisesnuuuiasudlindulufivendus PReFF Fandsann
fleenwuy Static Design wabvinaUy Next \ielUds Partial design tab

33, wU17191u Partial design tab LansAIAINUTENBYU A-20
Usznaulunae UCF config Wag Generate bistream group laelu UCF config group
azuansliifiu UCF veailudl Reconfieurable part A ldau1sa Copy UCF dandnn
TWadelnd ucf lunszurumseenuuulag Xilin ISE 18 Feludidlisndugodd e
Hoyaviammngiiulily partial.uct wé

SelectBoard  Option  Help
Do Arsa | Sai Desgn]| Paril Dooon | Dawioadio FFGA|

UCF configure
Copy LICF data that generate from GoAhead and paste in Xiir UCF Partial part design

st_BusMacro/instBusMacro - 2 _by o hea -

Inst_BusMacro inst BusMacro 7", # genes | 4 =
ST “Inst_BusMacro instBusMacro
“Inst_BusMacro inst BusMacrod™ L
ST “inst_BusMacrm./inst BusMacro6” LD = ¥ " - LY |E
INST “inst_BushlacroinstBusMacro 7™ LOC = 5 >, y =
ST “inst_BusMacr AnstBusMacro8” LOC = "SLIC
INST “inst BusMacro inst BusMacroS™ LOC = “SLIC
Generate Bistream

)

Generate Parial Bistream
N )

AMNUIZNBU A-20 NUKNS Partial Design
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JupaumRpul Ao nsaeninamesiilgeenuuy Reconfigurable part

Taggandws Xilinx ISE ludunounaunin lagn1sadn Select partial part 93U31n4)
maeRan nUsenau a-21 tnglundnuualiasialilulnawmes Partial

L xmasgs

I sdept

b cygwin
) Dev-Cpp
4 Downloads
A EDA
4 Factory_Test_install
. GoAhesd
)i inetpub
A Intel
i LABSOFT
b Modehtech_pe_edu 1030
L MSOCache
b MyPrograms
4 | partial
. _ngo
L _xmsgs

L. ipeare_dir

|\ ieconfig

4 Call of Duty- Modern Warfare 3

[ Make tiew Poder |

o J[ comn |

AMNUSZNBU A-21 NiEIaEen Partial Design Path

[
v

YUNBUR

3.5.

[

au1Aan Select .ncd file tiiotaantwad .ncd Ala

91NN13N58UIUN1T8519IWE2999U09 Reconfigurable part AIAINAINUTENBU A-22

Ingazlaen .ncd NnseiUTe Top module Fsluiniinuali Top module ¥ Partial Aeiiu

Azidenlild partial.ncd

[ Openm  — - |
e N I
L » Computer » Local Disk (C:) » partial » - |47]I| Seorch partinl Pl
Organize = Mew folder =+ [ @&
F T B pame Date modified Type Size
. Recent Place: ) _ngo File folder
Bl Desktop b _amsgs File folder
& Downloads 1. ipcore_dir File folder
42 Dropbox |, iseconfig
& OneDrive ) xdnx_auto_0_xdb File folder
b st File felder
4 Libraries & partial FPGA Editor Docy.., 25 K8
& Apps & partial_blocked 1,770 KB
¥ Documents X partial_cut 14 KB
o Music & partial_empty 1 K8
i Pictures B partial_guide 25KB
B videos X partial_map 20 KB
& partial_routed 1,181 KB
% Homegroup X tmp a7 KB
B amnter
File name: partial ~ |NCDfile -
o) (e
v 1 .
AMNUIENBU A-22 #UIR19 Select .ncd File
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36, \lefunAsuLdIAdn Generate partial bitstream 9¥U51n]
WT1819 Command Prompt duuiteSudslunisadalnd Partial Bitstream
FannUsznau A-23 dlawadansyuiunisazdiudeaning Bitstream generation is complete
Ao ansoasalnasasladnie

C:\partial>bitgen partial_cut.ncd -d -w -g ActiveReconfig:Yes -g CRC:Disable

- Bitgen P.58Ff (nt64)
Copyright (c) 1995-2012 Xilinx, Inc. All rights reserved.
l 0z llilng device for ap ylication Rf_Device from file '6:.]x_l_6.r1ph' in environmer
\X1T1nx\14 S5\ISE_DS\ISE\.
"partial™ is an NCD, version 3.2, device xcbslx16, package csg324, speed -

Thu Feb 05 11:04:14 2015

INFO:Security:54 "xcbs1x16" is a WebPack part.

WARNING:Security:42 - Your software ,ub-(ripilun period has lapsed. Your curr
version of Xilinx tools will continue to function, but you no QGngpr qualify
Xilinx software updates or new releases.

Creating bit map.
Loadlnq bitfile partldl empty.bit...
partla _cut.bit”.

partial_cut.ncd; rip= OfoFFFrFr

Saving bit stream in "partial cut.bin".

Bitstream generation is complete.

FRBGLES LGB ARG BRI RG SR B BB F VSRR G PR G R R BB P R F B I IR SRR U B IR R B R LSRR B I B
### Add Comload header and footer to the bitstream

C:\partial>od -A n t x1 partial_cut.bin r "[:Tower:]" "[:upper:]"’
>partial_com.hex

C :\partial>PAUSE

Press any key to continue .

INFO:WebTalk:4 - C: /part1a|/usaqe statistics_webtalk.html webTalk report has
been successfully sent to Xilinx. For additional details about this file,
please refer to the wWebTalk log file at C:/partial/webtalk.log

wWebTalk is complete.

AMWUTENBY A-23 1R Command Prompt tiesu Partial process

37 wadwsiildazgniAulilulnawesildmmunliludunounisesniuy
fludl F9azaglu ~/Reconfig/Output nadnsusznovludelnddanindsznau a-24
Tne partial_com.hex fie HEX file 914 Reconfigure Tuiudl Reconfigurable part Wag
partial_routed.ncd Aa LWALAAINITAINUALAUNIUALAITINATLNUIVD 3995
Tuiudi Reconfigurable part

partial_com.hex

g& partial_routed

AMNUSLNBU A-24 NAGNSINNNNSSU Partial Process
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4. 015 Reconfigure 1@WNILG (Download to FPGA)

n&9a1niasatunounisadng Partial design uda AAN Next 9x1d1g
Download to FPGA tab A4 AMnUsenau A-25 115 Reconfigure FPGA %L‘s"umﬂﬁuﬁ Static
part Nou NN Reconfigure ol Reconfigurable part 16

SefectBoard  Option  Help
[ Defiog prea | Sitc Design | Posal Dosigr | Dowized o FPGA

Drowrload Static Btsman

Fun IMPACT M

Download Partial BRstream
Select COMFodt - oM

i
|

Select Baud Fiste 9600 - Sicpbea- 1

Select HEX file Send HEN e

AnwUsEnau A-25 RN Download to FPGA

1. adnUu Run IMPACT Xilinx liteilawenduas Xilinx ISE iIMPACT
nadnsazlanannUszneu A-26

(@ Fie Edit View Operstions Output Debug Window Help —®lx

DAE AR =2 &%
MPACT Flaws 08 x
Boundary Scan |
SystemACE
Create PROM File (PROM File Format... |
 [8] WebTalk Data

Right click to Add Device or Inatislize TTAG chain
MPALT Processes 08 x|
Awailable Operations sne |

) Boundary Scan
Console 08 x

Welcome to iMPACT

AMPACT Versiont 14.5

/f =%+ BATCH CMD : setMode -bs

44 === BATCE CMD : secMode -ba

/4 **= BATCH CMD : setMode -ba

/{ *** BATCH CMD : setMode -bs

_':i:m Easw“},waw

Mo Cable Connection | Ma File Open

AMWUTLNBU A-26 WiNRNawan@kIs Xilinx ISE iIMPACT
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a1ndulu IMPACT Flows 1 adn i Boundary scan w2 lU

File > Initialize Chain ieAunIleNNTeNIAdUTaudaiuABNNIADS NINE lisauasn
SP601 wardalliuuesaua nadnsazlmeoniidie Xilinx xcéslx16 Aunmusenay A-27

I3 File Edit View Operations Output Debug Window Help

DPH G=pxld =T 4%
MRACTAoms “‘:""_:implmmmmm1mm
# =9 Boundary Sean R,
&) SystemACE b i 4
Create PROM File (PROM File Format...
il [E] WebTalk Data L]
P
bypass
ToO.
MPACT Processes »O8x
Available Operations are:
% Boundary Scan

J.' .I.NFOIWI\CF::L'-‘TT -
Reading C:/Xilim/14.5/ISE_DS/ISE/spartané/dace/xcéslxis.bed. .
3 INFO: iMPACT:501 - '1': Added Device xc6elxlé succesafully.

done.

PROGRESS END - End Operations.
Elapsed Time = 0 mec.

Jf *** BATCH CHD : identifyMPM

4 [t

“o&x

4 [gm

d
[ conson [@ Erors [ Wameon |

‘Configuiation |Platform Cable USB (6 MHz | [usb-hs

ANUSENBU A-27 Widamanduas ISE IMPACT wleviinis Initialize Chain

4.3.

aanuItugUleniadie ntuden Assign new configuration file...

sgusingniindaliidenind bit adunadndfioglu ~/StaticOutput Tnelu

awdsznau A-28 198 Top.bit 9antuna Open

Lo ¥ Testprogram » Static » Output

w |4y W Seorch Output

Crganize = New folder

& F - Hame Date modified
4 Recent Place:
B Deskiop

& Downloads 5‘

|| topbit 423558 1535

%# Drophox
& OneDrive

4 Libraries
& Apps
+| Documents
o Music
il Pictures
. Videos

File name: top.bit

Type

BT File

= A ®

45 kB

AUSENBU A-28 188N Bitstream File Wufi Static Part
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4.4.  @wusieunlvindnunsuleniiaie Lden Program wanfkIFILNINING
Reconfigure L@ #idte w1nind1L5a9zUsinguinaienindsznau A-29 lnadudoniy
Program Succeedded

@ File Edit View Operstions Output Debug Windew Help = [l

DPE B XxnmXx =0,z

MPACT Fiows 08 x

c Boundary Scan
=| SystemACE
Create PROM File (PROM File Format... |
WebTalk Data

MPACT Processes 08 x|

Available Operations are:

= Program

=p Get Device ID

=b Get Device Signature/Usercode
= Read Device Status

= One Step SVF

=p One Step XSVF

=P Read Device DNA ey Boundary Scan

MwUsEnau A-29 e Reconfigure OWRATLBLAS]

Tuaazd wrideaiuisariinuldudiniunisesnuuulasluiud
Static part lnggeenuuuldimualyiuansa ON LED1-LED4 uuuasn

4.5.  Reconfigure A Reconfigurable part a¥dedaya’99361uNI9
UART COM port laggldvinnisiivuanungiay Comport lutes Select COM Port wae
vz ddldannsausuasu Baud rate 16 Seinvunlild Baud rate msii Ao 9,600 bps
niupan Connect nadnsagldfnndsznou a-30

Downioad Partial Btstream

Select COM Pot com3 - Databis: 8 - Connect | [rsconnect |
Select Baud Rate 95001 - Stopbis: ! v
Select HEX e Send HEXHe |
< BACK

AMwUsEnau A-30 NsiEaumanu Com Port
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a6.  nduidenlndfideanis Reconfigure Tnamdn Send.HEX file
zUsnguisennysenau a-31 lidanlndiiedlu ~/Reconfig/Output Faduld
WENA .hex 1NUAFN Open

S | ¢ Users » Win7 » Desktop » Test program » Reconfig » Output

Organize = New folder =+ [ 8
B Desktop *  MName 2 Date modified Type Size
@ Downloads
47 Dropbox
& OneDrive

| partial_comhex A28 1159 HEX File 8KB

4 Libraries
& Apps
| Documents
J Music
= Pictures
B videos

) Homegroup

™ Computer
&L Local Disk (C:
. Local Disk (D: -

~

File name: partial_com.hex i I,HEXHI! —
| open | | Cancel |

AMNUSTNBU A-31 NUwNwaen HEX file

47. \llemAdn Open oWALITALLTU Reconfigure LoWAJtalne
LERIAn1UL Reconfigure AINTNUIZNOU A-32

Downiload Partial Bitstream
Select COM Port COM3 - Databits: © - Conrect Disconnect

Select Baud Rate : 9600 - Stopbits: 1 ¥

Select HEX file - C:\Users\Win7\Desktop' Test_program'\Recorfig\Output \part Send HEX file

AMNUTENBU A-32 @01ULVUY Reconfigure 29A5UBINUY Reconfigurable Part
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48. ileLd@sansrulung Reconfigure azldnasdn1ue COMPLETE

AINTINUTENBU A-33

Download Partial Btstream
Select COMPot:  com3 - Databis: & - Connect

Select Baud Rate : 9600 ~ Sopbits: 1 -

Select HEXfle ©  C:\Users\WWin7\Desktop'\ Test_program\Reconfig\Output \part Send HEXfile

N covpLETE!

MWUsENau A-33 @n1ugiile Reconfigure 2935¥89UT Reconfigurable Part L@Sadu

5. M5l991u Microblaze &1%3un15¥i1 Partial Reconfiguration
Microblaze aggniiuluiiuil Static part fedunszUIUNITILRLANILYIN

TunszUIUNITRONRUUNUT Static part i1ty Iagladrslusian Xilin ISE Tuiindavin

Tupaunre Ul
51.  luntdinnsgenawas Xilink ISE Lden Project > Add new source

MaInInUsEnau A-34 Tuges Select source type T#idan Embedded processor wiouiu

AMNRUATDIINUUNA Next > Finish

Select Source Type

_Sedact source type, file name and its location.
[ BMM File

&4 ChipScope Definition and Connection File

§ il Implementation Constraints File

4 P (CORE Generator & Architecture Wizard)

T MEM File

] Schematic

User Document
Verilog Module
Verilog Test Fidure
gl VHDL Module

™y VHDL Library File rarme:
|#] VHDL Package

S VHDL Test Bench microbiaze_mel
8 Embedded Processor Location:

C:\statictest Esa)

| ¥ Add to project

[ moreinfo | et ][ canca ]

AMWUSENaU A-34 AN New Source @1nsuas1e Microblaze
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52.  weldusagiinisadisluga Microblaze Tusn laagdongensiuag
Xilinx Platform Studio (xPS) 1it o 1% 14 s 1ud 1 munamauTives Mcoblaze
Fanmuszneu a-35 lagAnduduimunnuautAvesaniuiidimualily Xilink ISE
f\]’mﬁ?u l@en Single microblaze processor System Wag Optimization strategy : Area
niuAEn Next

Board and System Selection
| Select a target development board and a System Template.

Board

@ Create a System for the Following Devel Board (Pre-selected Device Info)

Board Vendor  Yiinx [*] Boardtame Spartan- SP601Evaluation Platform [w]  Board Revision |C
Create a System for a Custom Board

Board Configuration

Architecture [spartant —] Device Iechish 16 -]' Reference Clock Frequency [200.00

Package |:5‘i::‘ EJ Speed Grade -‘ T i z Reset Polanty -ﬂ:e High 3 " Use Stepping

Select a System

Single MicroBlaze Processor System System Information

Dual MicroBlaze Processor System This system consists of one nstance of MicroBlaze with external memory and
‘commonly used peripherals such as UART, GPIO, TIC, Ethemnet etc. Peripherals are
connected on a shared AXT interconnect, while DOR memory is connected on 8 AXI
interconnect configured as a crossbar. Click Next to madify the default system.
Custom boards do not have default peripherals and need to be selected on the:
next page.

Optimization Strategy

@ Area

W

“The 5P601 board enables hardware and software developers to create or evaluate designs targeting the Spartan-6 XCE5LX 16-2C5G324 FPGA.
The board features indude a DDR2 memory controller, a paraliel inear flash, a Marvel Alasia PHY device (B3£1111) for tri-mode Ethernat
communications at 10, 100, or 1000 Mb/s, general purpose 1/0 (GPIO), and a Siicon Labs CP2103GM USE-to-UART bridge device.”

[ Moreinio | (o> ] [ ]

AMWUIZNBU A-35 NUIE1S Base System Builder 31ngan@las Xilinx XPS
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53, awntuiimuaamaush Peripheral Afosnisldau luiididenld

@1y RS-232 UART fetuludos Include peripherals for Microblaze 0 2 gLl 89

RS23 Uart 1 d1m3ulugadu 9 1faanfilugaudindn Remove nadndazld

fanmdszneu a-36 egalsfniy mingldsnudesnisldnudiudu 4 amisandnidon
I¢iduitu aanduadn Finish ileliwondiaiiinis Generate Tiddayafiieatostonun

€

e Cache, and Peripheral Confi

Configure the processor(s). To add a peripheral, drag it from the "Avaiabie Peripherais” st to the Induded Peripherals ist. To configure a core
parameter, dick on the peripheral.
Processor Frequency 66 MHz E]
Processor Configuration |
Select a Processor microblaze_0
micromeae) | Enable Fioating Point Unit Fi
Local Memory Size BB 3
Instruction Cache Size fera [~]
Data Cache Size fexe B
Select and Configure Peripherals
Asllalis Petphmrnl Included Peripherals for microblaze_0 Select Al
|Puipheral Names | Core Parameter
= 10 Devices
GPIO_HDR resides Baud Rate 19600 -
Push_Buttons_4Bits e} Data Bit Width 53 5
IIC_EEPROM | <Renove | Ufhﬂmet 4
QSPI_FLASH i =
Linear_Flash anity None B
MCB_DDR2
Ethernet_Lite
=) Internal Peripherals
a0_bram_ctrl
aa_timebase_wdt
axi_timer
NOTE: There &5 no cachesble memory in the system
AMUsENBU A-36 NVUA Peripheral Microblaze
P o < [ ¥ 1 v 1
5.4. LBNINTT Generate LAFALAIY L‘U’]QMﬂ’W\’Nﬂ’]WUi%ﬂ@U A-37

Tayausgnauludae Bus interface tab wanaliiiuniseudaseninsdugasig
WU Bus interface WUU AXI wae LMB, Port tab wandliiiudunmoidnnvaudazlugg,
Address Tab uanssumisastugainuluniieaud



| Businterfoces | Ports | Addresses

1B B Name

axidlite 0
icroblaze_0 dimb
microbloze_0_ilmb

[+ microblaze_ 0

[ microblaze_0_bram_block

T 1| & microblaze_0.d_brom,_ctrt

k| & microbloze_0_i_bram_ctr

[ debug_module

[#- RS232_Uart_1

clock_generator 0
proc_sys_reset_0

Bus Name

IP Type

7r avi_interconnect
1r Imb_v10

¢ Imb_v10

1r microblaze

¢ bram_block

2 Imb_bram_if_cntir
¢ Imb_bram_if_cntlr
¢ mdm

W axi_uartlite

# clock_generator

IP Version
106.2
200.b
200.b
8.50.2
1.00.2
310.c
310.c
2102
102.a

¢ proc_sys_reset 3.00.a

AnUsznau A-37 MvuaAauta Microblaze lagwendwas Xilinx XPS

55,  mmuaauaudfves Microblaze laafiansaunluuny Bus interface

99

Ll@en microblaze 0 A@nw11t88n Configure IP %Ui’mgwﬁ’]@i’m XPS core configure

fannusznau a-38 Inglutes Select configuration Tdaen Minimum area telulgdiun
2/ = Y a oA ! 3 va ! dy 26 ¥
Wogfan waglvindnliiion Enable debug agalsfiniunmandimant gldaiuisa

Wasuwlasla a1ntune OK

Micro3laze

[ I| Maximum Performance

m Maximum Frequency

Configuration Wizard

Welcome to MicroBlaze Configuration Wizard

» Select a predefined configuration in the list to the left. Information
about the selected configuration is shown below. Each prediefined

o ES e

«To modify the configuration, cick on the Mextbbutton, cick on I
Advanced'to drectly access parameters in a tabbed interface, or dick
on OX'to accept the configuration and dose the dialog.

[ select implementation to optimize area (with lower instruction throughput)

| A Linus with MMU [ Enable Debug
164 e e ] Use Instruction and Data Caches
f v ow-end Linux w ] ot
| O\j Typical [7] Use Memory Management
Frequency Al
L SRAM L
Area = - !
o
Performance  mmmc——————————— mmi__l:‘_:
WARNING:EDK - Debug kept enabled, debug bus connected. If manually disabled, MDM must be removed from the system. —‘l
dl|
o) ) e |

AwUsEnau A-38 MvuaRuanUR Microblaze
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56. nduUN1TINUI Bus interface Tvadanitdan clock generator 0
AaNYINGeN Configure IP WivaiMuafuaudAvas Clock generator 9¥UsIngni6N9
FINMUIZNBU A-39

e mrl e I =

Component Instance Name | dock_generator 0

User IHDL x| 2

Input Clock Frequency (Hz) BO00C0000

Required Frequency (Hz) BOO000000

Required Phase o

Required Group HONE T|

Buffered meE o] |

Show All Ports

Clock_generator configuration can be edited in the following configuration dislog.
Use of direct editing will overwrite the original dock wizard settings.

The dock wizard can be launched from the Hardware -> Launch Clock Wizard menu.

AwusEnau A-39 nihdaivuaraEuUR Clock Generator

Tsitumedinmuas Clockgenerator iisuanlassimuadl CLKOUTL 14
ANA Required Frequency (Hz) = 200 MHz 1&5audinm OK

57.  nnuald dgoia CLKOUTL 18w External output Tneadn
Eenunu Port 9antunden clock generator 0 azwiudn CLKOUTL tudsladldimunnedn
Tmdnidonilu External Port : clock generator 0 CLKOUT1 pin slanmusenau A-40

- clock_generotor 0
External Ports::CLK_P I
LN External PortszCLE_N 1 LK
proc_sys_reset_0::Slowest_sync_clk P 4
microblaze 0_iimb:LMB_CLK
microblaze 0_i_bram_ctriz[SLMB]:LMB_Clk
microblaze_0_dimb:LMB_CLK
pExs microblaze.0_d_bram,ctrz[SLMBJ:LMB_Clk E &
microblaze_0:[DLMB:ILMB:M_AXI_DP:M_AXI_[P]:CLK
axidlite 0:[5_AXI CTRLE:INTERCONNECT _ACLK
RS232_Uart_1:[S_AXT}:S_AXI ACLK
CLKOUTL External Ports::clock_generator 0_CLKOUTI pin 0 CLK
RST External Ports:RESET f£1 RST
LOCKED proc_sys_reset 0:Dem_locked f0

AMNUSLNBU A-40 AMuuUALA CLKOUT1 LfJu External Port
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daduningldarundnglu External ports 9gifiudinluga Microblaze
ANDIANINUA 6 YA FanMUsENoU A-41

Name Connected Port Direction Range Class Frequency(Hz)
= External Ports
CLEN clock_generator 0:CLKIN L1 &l CLK [=] 200000000
CLK P clock_generator_0:CLKIN 71 [=] CLK [+] 200000000
" rd m
RESET proc_sys_reset_0:Ext_Reset_In 4 ﬂ U
- clock_generator 0zRST 1 L g M
RS232 Uort _1_sin RS232_Uart_1:[uart_0]:RX L1 [+ NONE =
R5232 Uart_1_sout RS232_Uart_1:uart 0}:TX o [+l NONE [«
clock_generator 0 CLKOUTI pin clock_generator_0:CLKOUTL o [=] CLK [=] 200000000

AwUsznau A-41 dunnieananesaluga Microblaze

vurildoldimunauanifivesluga Microblaze 1a§aud Tillnwovduas
XPS wanaulugalusianlusonadunas Xilinx ISE

58 winlassadng Template wagni15idounodyyia Microblaze
laglaanluna Microblaze_mc 98UsIn96 anuseneu A-42 luunu Processes liidian
Generate top hdl source Wieadna Template U84 Microblaze 78 VHDL

View: @ @Implementaﬁm O simulation

Hierarchy
|| @ ] statictest
| = £3 xcbshl6-2csg324
= munn top - Behavioral (C:\statictest\td
@ [ Inst_BusMacro - BusMacro - B¢
@ [y instControl - Control - Behavio|
"t Ci\statictest\static.ucf

IRIRIEN MO

-~ microblaze_mc (C:\statictest\micrc

< i » |

2 MNo Processes Running

: Processes: microblaze_mc |

+ Design Utilities
Manage Processor Design (XPS)
(] Generate Top HDL Source

L) Export Hardware Design To SDK ...
() Export Hardware Design To SDK ...

A wUsznau A-42 luga Microbaze Tu Xilinx ISE
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naansIzlavauaninMUsENoU A- 43 FsUsenauluniulin Template uag

Y
[

Taansinlugaluwensefiudyaadu Top module

A

COMPONENT microblaze mc
PORT (
R5232 Uarct 1 sin : IN =std

RESET : IN
CLE P : IN
CLE N : IN st =
RS232 Uart 1 : OUT std_logic;

clock generator 0 CLKOUT1 pin : OUT =ud_logic
b:

END COMPONENT;

actribute box type : string:
atcribute box type of microblaze mc : component is "user biack box";

Inst_microblaze mc: microblaze mc FORT MAF(
R5232 Uarc 1 sout => ,
R5232 Uart 1 sin => ,
RESET => ,
CLE P => ,
CLE N => ,
clock generator 0 CLKOUT1 pin =>»

MnUsenau a- 43 Template luga Microblaze

59. iteyansaesdiuldlilu Top module wazvinisiiousadayayn
MuNMUsENey A-44 tnefl Bunme1dnaued Microblaze anunsausuldsulanumanzay
s udeal clock generator 0 CLKOUT1 pin faadiaufiu CLK200 ity

106

107

108

109

1l0 Inst_microblaze mc: microblaze mc FORT MAP(

111 R5232 Uarc_1_scut => UARI_TX,

112 RS232 Uart_1_sin => UART_RX,

113 RESET => RESET,

114 CLX P => CLK P,

115 CLK N => CLK N,

ile clock generator 0 CLKOUTI pin => CLE200

117 | 3

1is

119

120 LocallEDs <= 5T data_ IN(3 downto 0):

121 5T _dacta OUT (3 down 0)<= GPIO BUTTON:

122 ST_data OUT (35 downto 4) <= ST data IN(35 downto 4):
123

o e e e e B e e e e o e e
125 end u e

P L e T e P e e o e e

AwUsenau A-44 nsiweusiedyyinvedluga Microblaze

5.10. deudluiadauds agwiudnluuny Hierrachy asiiluga Microblaze
Wirunegly Top wdd Tuneudaui Ao vianszuiunisasielndlsasineadn
Implementation design LWBLILN1T Synthesis > Implementation flinwUszneu A-45



= | . . e ™ Bl Ginidaks
5] | Hierarchy
()| @ € statictest
— | & £ xcbshdb-2csg34
ob = P
& @ [y instControl - Control - Behavioral (C:\std
E A Inst_microblaze_mc - microblaze_me {C¢
3 "] C\statictest\static.ucf
)
£ ‘ .ll!
B | B2 MNoProcesses Runing
71 | Processes: top - Behavioral
1~ ] L Design Summary/Reports
—| @ Design Utilities
Ix @B User Constraints
— | @ P2\ Synthesize - XST
“ | 2 Ta4y Implement Design
= Pt Translate
€2  Generate Post-Translate Simulation...
w 0L\ Map
@ P21\ Place & Route
)  Generate Programming File

AMWUTENBU A-45 YINSEUIUNITESINE99S
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5.11. ﬁﬂﬂﬁ'uﬂaﬂmmaa Microblaze 1d®on Export hardware design to
sdk without bitstream flan1nUszneou A-46 Wieisenldgonduis Xilinx Software

Development Toolkit (SDK) dw§uideul@nlusunsuiilsinauuu Microblaze

i« |E B |82 |5 |29 G

H AV

Design 08 X

|View: @ 1} Implementation [ Smulation
Hierarchy
& @ statictest
= (3 xchshdb-2csg324
& [wloh top - Behavioral (C:\statictest\top.vhd)

® instControl - Control - Behavioral (C:\sta
Inst_microblaze_mc - microblaze_mc (C:

Ci\statictest\static.ucf

4| " L3

'( Running: Export to SDK w/o bitstream

Processes: Inst_microblaze_mc - microblaze_mc
E ¥ Design Utilities
View Processor Design Log (XPS)
)  Create Schematic Symbol
[&]  View HOL Instantiation Template
&  Menage Processor Design (XPS)
2  Generate Top HDL Source

Export Hardware Design To SDK without Bi...

2  Export Hardware Design To SDK with Bitstr...

] E Inst_BusMacro - BusMacro - Behavioral | =

4

©0|% ¥ ¥ 3|

AMwUsENau A-46 Senldwanauwls SDK

szUsnguiaalinimun Workspace fanmiszneu a-47 liaiiulan

TUswnsu Ieglvrasranawmastmil i nwerdulnawasiusian antunm OK
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Select a workspace

Xilinx SDK stores your projects in a folder called a workspace.
Choose 2 workspace folder to use for this session.

Workspace: Ci\statictest\workspace -

["| Use this as the default and do not ask again

[ ok || conce |

AMWUsENaU A-47 NUIASAAUA Workspace
512, vinsasslusiaalaalufl Project > New Project 98Usngniimng

A nUszneu A-48 Timuuade Project name MNIABINTT 31AUUNA Next

Application Project
Create a managed make application project.

Project name: |
Use default location
Location; | C\statictest\workspace Browse...
Choose file system: | default -
Target Hardware
Hardware Platform [microbhx;:_mc_hw_platform
Processor [miaobkzq_ﬁ

Target Software
0S Platform |standalone

Language @C () Ces

Board Support Package @ Create New

Use existing

AMnwUsenau A-48 a@s19lusianluganiwls SDK
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513, nuang Template dusuidulassadniasusuvesnisadrslusunsy
fannUsznau A-49 Tviden Empty application %39 Hello world a1niuna Finish

Create one of the available templates to generate a fully-functioning i s
application project.

Available Templates:

IrEmB Eﬁllcatmn Let's say 'Hello World in C,

Memory Tests
Peripheral Tests
SREC Bootlcader

I/:JI

Finish | | Cancel |

AMNUIZNBU A-49 Anua Template SUAUVDILUTLAT

Wiagluunu Project explorer azwiuindiivainasiiuunfinindszney A-50
Tndnluglu src folder agiaaluld ¢, .h Iaslunilidenly Template hello world fatiu
#andu main() aveglulng helloworld.c

4 [ microblaze_me_hw_platform
L@ systemoml
a5 test
il Includes
FRY -
L] helloworld.c|
[n platform_config.h
L] platform.c
\hl platform.h
T Iscriptdd
+ [M) test_bsp
.1 BSP Documentation
| libgen.options
& Makefile
| System.mss

awusznau a-50 lassasslusiaalu Xilinx SDK
#naanifnlu Microblaze code.c unuiily Hellowold.c w3slulwdfiAu
fladu main) Havue 9ntunA save Wevinsaoulng antunalasenduld SDK wéa
nauludsenaias PReFF
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514. Yumouvesvonduld PReFF lunszuaunis Define area,
Partial design ua Download Suwmiloutiu usaziislunszuaums Static desien Tnetiiy
g elf ludoq select elf FalWddazo ¢lu workspace/project name/Debug/ .
Tunmdszneu A-51 Ideenuuulusianie test fatulu Workspace aviililawnasde test
uazneluagdilg elf

.:m‘, s ,i.

8 | woropace » 1o » Dabug » 50 EXET )

Organize = New folder E A 9

47 Dropbox * Name ° Date modified Type

& OneD
ks M sre 18/2/2558 13:58 File folder

8. bops f || testelf 18/2/2558 13158 ELF File

4 Libraries
& Apps
;‘, Documents e
o Music
liel] Pictures
H videos

03 Homegroup

™ Computer
£ Local Disk (C:
(. Local Disk (D:
cu Local Disk (B = ¢ | I L4
File name: microblaze - iELFflie 'J

[ Open ] | Cancel |

AnUseEnau A-51 nsiaantng elf

515. denldd bmm lnelndazeglulusian Xilinx lidanlig
edkBmmFile bd.bmm fannidsenau A-52

—_— — e ———

(I toclDsk ) » s » 0 BT
Organize = Mew folder =+ [l e
43 Dropbax ' Name = Date modified Type
& OneDri
& T 4 _ngo 18/2/2558 13:44 File folder
L _xmsgs 18/2/2558 1345 File folder
—e A iseconfig 14/2/2558 13:39 File folder
4 Libraries _ = =
& | microblaze_mc 187272558 13:46 File folder
;zf’ . workspace 18/2/25561353  Filefolder
3 ents |8
jM ST R L dcauto 0 xdb 18/2/25581345  File folder
iy P.USII: b st 9/2/2558 1505 File folder
| Pict
;' \f'ld e | edkBmmFile.bmm 18/2/2558 13:44 BMM File
_| edkBmmFile_bd.bmm 18/2/2558 10:21 BMM File
% Homegroup
Il ™ Computer
ﬁ Local Disk (C:
a Local Disk (D:
s Local Disk (& = < [; i ] o
File name: edkBramFile_bd.bmm - ESMMEIQ v]
[ Open I I Cancel I

_———
AwUsenau A-52 N1saenina Bmm
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5.16. 8n3euUoyanIuLAIAGN Generate bitstream LiaFufA1aAIY
Adslunisad1alng Bitstream azUsIn 11619 Command Prompt $un1591197U 11a39
N5z UNgUTdatenInlsEneu A-53

C:\statictest>bitgen top_routed.ncd top.bit -d -w -g Binary:Yes
Release 14.5 - Bitgen P.58f (nt64)
Copyright (c) 1995-2012 Xilinx, Inc. All rights reserved.
Loadlng device for application Rf_Device from file '6sIx16.nph’ in environment
:\Xi1inx\14.5\ISE_DS\ISE\.
" is an N(B, version 3.2, device X(b,]xlb, package csg324, speed -2
an NCD, version 3.2, device xcbslx16, pd(kagv csg324,

r,[u'(‘d - = F
Opened constraints file top_routed.pcf.

Wed Feb 18 16:11:10 2015

INFO:Security:54 - "xcbslx1l6' i1s a webPack part.

WARNING:Security:42 - Your software subscription period has lapsed. Your current
version of Xilinx tools will continue to function, but you no longer qualify for
Xilinx software updates or new releases.

Creating bit map.

bav1ng bit ;tream in top bit"
Saving bit stream in "top.bin".
Bitstream generation is complete.

C:\statictest>dataZ?mem -bm C:\statictest\edkBmmFile_ bd bmm -bt C:\statictest\top.bit -bd (
st\workspace\test\Debug\test.elf tag microblaze 0 -o C:\statictest\MBbitstream.bit

\aldtlttt;t -PAUSE
; any key to continue .
webTalk:4 C ftatlctL~L/qugo statistics_webtalk.htm]l webTalk rg:urt has
been successfully sent to Xilinx. For additional details about this fi
please refer to the WebTalk log file at C:/statictest/webtalk.log

webTalk is complete.

AMNUSZNBY A-53 %i1E19 Command Prompt @n3uAdsas1slg Bitstream

517. Wadn$a1nn15uA1&9 Generate bitstream agluldawned
Define path /Static/Output Usgnaulumelud .nec way bit Asnmusznau a-54

» Test_program » Static » Output

Organize = Include in library » Share with = Burm New folder 5= .

i
Favorites Name te modified Type
_ Recent Places top.bit 11 BIT Eile

B Desktop W, top_routed

& Downloads

%3 Dropbox

& OneDrive

i Apps

AMWUTLNBU A-54 NAGNSINNNNSATIITUAIES Generate Bitstream

ndugldauausalsunsulidasiadnsdaseniideiieliviaule &
NIEUIUNNTANILIMan9Rsasanidelnasuteiwallumdsnaunind
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Abstract—This paper presents the implementation of partial
reconfigurable circuits remotely based on Field Programmable
Gate Arrays (FPGAs). This feature enables the flexibility and
resource utilization. Partial Reconfiguration (PR) has been
introduced in a recent day in order to modify the implemented
logic in Field Programmable Gate Arrays (FPGAs) while the
device is running. By using this, the circuits are able to be
changed or modified according to the current functions.
However, the developer is required the specific and deep
knowledge about the FPGA structure and design tools. Thus the
partial reconfiguration feature is not widely used. This paper is
therefore introduced and d trated the develog t process
of partial reconfiguration. This will make the developer to
understand and is able to follow up the design methodology
easily. In addition, we will analyze the bencfit of using partial
reconfiguration feature. The remote partial reconfiguration has
also been introduced to apply in wireless sensor networks. This
allows us to reconfigure the circuits wirelessly depending on its
function at that time.

Keywords—partial r ble, FPGA, Sp 6

L Introduction

Partial Reconfiguration (PR) has been introduced in a
recent day in order to modify the implemented logic in Field
Programmable Gate Arrays (FPGAs) while the device is still
operating. This feature enables the flexibility and resource
utilization. By using this, the circuits are able to be changed or
modified according to the current functions. However, the
developer is required the specific knowledge abour the FPGA
structure and design tools. Thus the partial reconfiguration
feature is not widely used. This paper is therefore explained
and demonstrated the design flow of partial reconfigurable
implementation. This will make the developer to understand
and is able to follow up the design methodology easily. In
addition, we will analyze the advantages of using partial
reconfiguration feature.

There are some research works applying the reconfigurable
device in wireless sensor networks reported in [1-3] in order to
increase the flexibility and computational resources. However,
it is not a partial reconfigurable technique. Thus the wireless
sensor node which is able to partial reconfigure remotely has
been introduced. This allows us to reconfigure the circuits
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suited with each situation or environment of wireless sensor
network system leading to achieve the energy cfficiency.

Although the partial reconfiguration has been introduced
and launched a commercial tool since 3-4 years ago, it is not
widely used because of the imitation of design tools. Xilinx
announced PlanAhead[4] to support the partial reconfigurable
FPGA. However, PlanAhead only supports some FPGA
families such as Virtex4 — Virex7, Artix-7 and Zynq'™-
700[5]. Those FPGA families are expensive and power
hungry. Thus we have reviewed and demonstrated the design
flow of the partial reconfiguration based on the low power and
cheap FPGA, Spartan-6 LX16. Moreover, the first prototype
of remote partial reconfigurable node is introduced to apply in
wircless sensor networks.

The rest of this paper is organized as follows: the related
works are explained in Section I1. The partial reconfiguration
design flow and implementation are deseribed in Section 111
In Section IV, the experiments are reported. Finally, we
conclude in Section V.

1. Relared Works

We have explored the partial reconfigurable FPGA based
on Spartan Families, The fast startup design flow based on
Spartan-6 has been proposed in [6]. Their design flow based
on Xilinx-PlanAhead was the process to generate firll hit file
and partial bit file. They also improved the speed of design
process by starting the process with partial bit file instead of
the full bit file, Meanwhile, the research work in [7] presented
cPCAP (compressed Parallel Configuration Access Port)
module which was the interface between BRAM memory and
ICAP (Internal Configuration Access Port) and was used to
control the partial reconfigurable area. In |8], the authors
proposed the partial reconfigurable tools and demonstrated
successfully on Xilinx Spartan-6. Their tool is independent
and does not need to connect with Xilink EDA Tools. It was
able to re-implement the logics in the partial reconfigurable
area whilst the static reconfigurable area was remained
performing. The partial reconfiguration was applied in
wireless sensor networks for power management algorithm by
choosing the hardware component corresponding (o their
functions [9]. This research work used the microcontroller
and Xilinx Spartan-6 to demonstrate their works. In [10], the
partial reconfigurable tool for Xilinx Spartan-6 was proposed.
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The concept of this tool was to change the static design to be
partial design. For example, two static designs were
multiplexed to perform.

The research works explained above are different based on
the design flow tools. For instance, PlanAhead is a Xilinx tool.
Unfortunately, it does not support Spartan to reconfigure
partially. Dream Tool [11] was proposed to deal with the
routing method after the static and partial parts were placed.
Unfortunately, this tool only supported Xilinx Virtex-3, JBits
Tool [12] was developed using JAVA to implement partial
reconfiguration. It was easy to use via GUI showing a
floorplan. But again, only Xilinx Virtex-3 was supported.
OpenPR tool [13] collaborated with Xilinx PlanAhead and
supported Virtex-4 and Virtex-5. Recobus-Builder [14] was
similar to JBit tool and supported Virtex-2 and Spartan-3. The
last tool we have reviewed was GoAhead [15] which was
developed from Recobus-Builder by including the
communication part between static and partial parts. GoAhead
supported Xilinx Virtex-4, Virtex-5, Virtex-6, Virtex-7 and
Spartan-6. We are planning to apply low power Xilinx
Spartan-6 in our wircless sensor networks works, thus
GoAhead tool is chosen to use it in this paper. The detail of
Spartan-6 and GoAhead ool will be described in the next
section.

1.

In this section, we will explain the architecture of Xilinx
Spartan-6 and how to reconfigure it partially using GoAhead
tool. For partial reconfiguration, the FPGA structure is divided
into static part which will perform all the time (not be
interrupted by another part) and. partial part or dynamic part
which will be reconfigured only within the partial area. As you
can notice, there are two parts running on the FPGA. Thus
there will be a connector. Bus macro is one type of the famous
connector working likes 'O port. Moreover, we need to
activate the clock if both static and partial parts share the
master clock.

Spartan-6 Partial Reconfiguration

A, Spartan-6 Architecture

Spartan-6 [16] is a FPGA chip of Xilinx Spartan family
working as same as the others. The circuits is converted to
Bitstream file and then downloaded onto FPGA via JTAG and
serial cable. Xilinx provides the design tool beginning with
HDL code or schematic to synthesis, place and route before
the Bitstream file is generated, FPGA contains a sea of CLBs
(Configuration Logic Blocks) whilst a CLB has two columns
of SLICE. LUT (Look up Table) and storage element (Flip-
Flop) are located in each SLICE, There are three types of
SLICE. SLICEX (generic), SLICEL (similar to SLICEX and
contains wide multiplexer and carry logic) and SLICEM (as
same as SLICEL including 64-bit distributed RAM and 32-bit
shift register in each LUT), Normally, one CLB must have
SLICEX and either SLICEL or SLICEM. One SLICE contains
four LUTs and eight Flip-Flops. Thus one CLB will have eight
LUTs and sixteen Flip-Flops together with wide multiplexer
plus carry logic or 236-bit distributed RAM plus 128-bit shifi
register depends on having SLICEL or SLICEM,

Apart from CLBs, FPGA has many special modules such
as DSP48, 32-bit Block RAM and DCM (Digital Clock
Management). In this paper, Spartan-6 LX16 15 used. Thus we
have 2278 SLICEs, 32 modules of DSP48 and ICAP (Internal
Configuration Port) which is the most important module to
reconfigure partially. ICAP only exists in Spartan-6 and Virtex
tamily.

B. Godhead Tool

GoAhead tool [15,17] has been developed by the
researchers at University of Oslo. Its advantage is able to open
the floorplan of FPGA on GUIL Thus it is easy to define the
area of static and partial part in FPGA as shown in Fig.1.
GoAhead can open XDL (Xilinx Design Langauge) which is a
file format of Xilinx floorplan.

Fig. |. Floorplan of FPGA on GoAhead GUT

The process will start from defining the partial area and
not allow the static part to be placed m this area. Then we will
generate the bitstream file following the flow as shown in
Fig.2. After the partial area 1s defined on GoAhead, the Config
Prohibituef is generated. The SLICEs in that area is
completely reserved for partial reconfiguration, The next step
is to design and generate Bus macro VHDL which will be
explained later on. GoAhead will produce the last file,
StaticBlocker.xdl. This file contains the area information for
static part when the routing process is activated. The regular
static design can be designed and implemented by HDL, Then
every file is combined using Xilinx ISE and produced
Top_mapncd file. The Top map.ned file will merge with
StaticBlocker.xdl file and route to connect between static and
partial part. Top.bit and Top.ned files are generated at the end.
We will use Top.bit to download onto FPGA.

Hus macro VHOL g, &
+ +
Static MDL Static.uct

Fig. 2. Static part design fow
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System architecture after we combine the static and partial
part. The partial communicates to the static part via Bus
macro. The UART link is used to interface between FPGA and
outside world to download bitstream. However, ICAP is the
interface port connecting to partial part. Thus there must be a
converter called UART_ICAP linked between UART and
ICAP.

. Peripherals in Partial Reconfigirable System
As we have shown the system architecture in the previous
section, the necessary peripherals are described here.

a) UART ICAP is a converter receiving a data from
UART and flow data sending it to the ICAP. The state
machine for control ICAP 10 write data which sending from
UART also implement in UART_ICAP,

b)ICAP is an another type of SelectMAP using to
interface between a regular area in FPGA and partial part.
ICAP has two functions, read and write 16-bit data. We can
control these functions of ICAP using state machine or
HWICAP which is a Xilinx IP Core. However, we require
additional microcontroller in case of using HWICAP.

¢) Bus macro is an mterface port between static and
partial part. The SLICEs of both static and partial part have to
be declared as the /O of static and partial part. The output
pins of LUT in the SLICE of each static and partial part has to
be the same. If we want to use one SLICE, the bus macro will
have 4 1/O due to one SLICE contained 4 LUTs. In this paper,
we ecreate 16-bit Bus macro. So four SLICEs are used as
shown in Fig.3. The pair of four SLICEs are aligned in y-axis.

Bus macro

Fig. 3. 16-bit Bus macre communication

Up to this process, the full bit file is ready to
download onte FPGA. We have tested the process using
Spartan6LX 16 FPGA or SPA01 development board. The bit
file has been downloaded via JTAG. We found that the partial
part is leave as a blank area as shown in Fig.4, Whilst the
necessary peripherals such as UART _ICAP, ICAP and Bus
macro are located in the FPGA. Now the system is ready to
support partial reconfiguration. The partial bit file will be
downloaded via UART _ICAP.
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Fig. 4. The system of partial reconfiguration in Floorplan

D, Partial Part Design

The partial part design is similar with the static part design,
The output files are partial.bit and partial.ned. Normally, we
can design the partial part using VHDL or Verilog. In this
paper, we use YHDL to design the circuits in the partial part.

IV, Experiment and Results
We have designed 8-bit full adder to partial part for testing
the design flow, UART_ICAP, ICAP and Bus macro and to
analysis the design overhead. The Spartan-6LX16 or SP6(]
development board is chosen in this experiment.

A. Resource Usage

In order to analysis the resource overhead, the 8-bit full
adder has been designed and configured in both full
reconfiguration (original) and partial reconfiguration. We
found that partial reconfiguration is able to generate the
hardware or resource overhead about 4-time in case of 8-bit
full adder implementation as shown in Tablel. Whilst the
number of the internal signals are not different. The logie
overhead came from the necessary peripheral such as Bus
macro, UART_ICAP and ICAP.

B. Configuration File

The size of bit file in a regular reconfiguration system is
454 Kbytes whilst the partial bit file is very small or depends
on the size of circuits in the partial part as shown in Tablell.
Thus the partial circuits or partial bit files are capable to store
on board memory or memory in the microcontroller, The
microcontroller will download the partial bit file onto FPGA
when it requires that circuits.
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TABLE L. RESOURCE USED IN SPARTAN-6LX 16

Type of configuration
On-CHIP resources Full reconfiguration Partial
reconfiguration
Logic B 32
Signal 27 36

TABLE IL SIZE OF BIT STREAM FILES

Configuration design File size (.bit, KB}

Full reconfiguration bt file 454

(bit file in a normal FPGA)

Partial bit file 4

. Power Consumption

Apart from the resources, we would like to show the power
consumption when the partial reconfiguration is applied
shown in Tablelll. There is not an overhead of peripheral for
partial part in term of power consumption.

TABLE [l POWER CONSUMPTION

Power (W)
Sources Full reconfiguration Partial
reconfiguration
Vecint 0.0072 0072
Vecaux 0.0075 (0075
Total 0.0147 L0147

V. Conclusion & Future Work

This paper demonstrates how to reconfigure the circuits
partially on Spartan-6 using GoAhead tool using 8-bit full
adder successfully. We measure the time since the device has
got the bit file and start to reconfigure via UART (115200 bps)
and ICAP. It takes 0.28 s to complete this chain. There is a
little hardware overhead (peripheral module). Whilst the
power consumption of those peripheral modules will not affect
to the power dissipation in FPGA. Thus. the partial
reconfiguration 1s capable to apply in wireless sensor node for
energy efficiency. The necessary cireuits are in FPGA at the
time we want (o use. There will not have the wasting modules
consumed the power. In future, we have plan to use internal
microcontroller (MicroBlaze) on FPGA w0 conwrol the
reconfiguration partially.
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