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Abstract

This thesis presents the new trend for designing the- digital system with VHDL language
and CAE tools. VHDL is an acronym for: VHSIC Hardware Rescription Language (VHSIC is Very
High Speed Integrated Circuit).- It is a hardware description language that can be used t6 model
a digital system at many levels of abstraction ranging from the algorithm level to the gate
level. The Complexity of the digital system being modeled could vary from that of a simple
gate to a complete digital elsctronic system. With high performance CAE tools(Mentor
Graphics, Viewlogic,or Neocad) make the development cycle of digital system faster and
easier. This project develops the prototype of tape recorder simulater. First, We. created the
VHDL model of tape recorder sinﬁulator, Compiled‘ and debugged. Until we got a complete
VHDL source code for the tape recorder simulator. Then, We have to simulate and. verify the
functional of the source code. Next, By using synthesis software tools,it converts the compiled
VHDL source code to the schematic diégram (digital circuit). With the schematic, We. do the
setting up on the FPGA (field programmable gate array XC3000,XC4000 family from XILINX) to
implement the-real working digital design. Finally we got the hardware prototype of the tape

. recorder simulator on FPGA.
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2.1.4.3.3.6 PPR (Partition, Place and Route) - Partitions,
Places, and Routes 1841} XC4000
2.1.4.3.3.7 MakeBits - 92@%14 configuration bitstream 1¥ifiu
LCA
2.1.43.38 MakePROM - azynisurlaeuiineeq
configuration bitstream(BIT) hifTuuiaiiaztiviil download
g PROM uardininlll4lunnevin daisy chain 189 LCA
device '
2.1.4.3.4 Design Verification
un1sinn1sdnans, ARTEIN static-timing, WY W1 in-circuit

verification Tﬂﬂlﬁﬂ?un?uﬁiﬂmﬂ
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2.1.4.3.4.1 XDelay - R2MNTUATIZIM static-timing. WAY
1] J i o

PMEUHATNMERZIB AR NI WAL daeiLNe
aanuul uasfRgunsnlddmiunmmmasivn

al Y-
performance 2NA9¢
2.1.4.3.4.2 LCA2XNF - viannsutasuiugas LCA Thiluudy
41l XNF(Xilinx Netiist Format) (e l4lun1sdnaaangiu

IaN

-l

2.1.4.3.4.3 BAX - azafnuiueiia XNF Aiflarrauinsees
ATINLAIGY
2.1.4.3.4.4 XDE (XACT Design Editor) - 14 lun1vinn1raan
WY LCA fasisiagfaanuuyias
2.1.5 N1791899 LASNIINAAAL i
4 g v . Yors \\ -
lun1sdraaeniminduuaznImagatii 11aLld tool Nildadn ViewSim veq
VIEWlogic 1lunsdnasemiditesgiuiaat efiasthulamiauiustesgiu
naiiFaenuuuld mainisdiseamaunsnasiinisiiaadliluyndunautes
:’l 1 o - ° d' 20
NMEANULLAIUS NTRANULILIAILIIENENET VHDL AUTNNIsMILATaAULLL
2.1.5.1 ViewSim Input
Talk) L ,
wiadfayaiiilu input AL Viewsim Aa
2.1.6.1.1 uudayanfivnanaiiu vsm Felsdunanidsunsy vsMm
-1 .
T84 VIEWlogic neluuiuilazisenavldiag wirelist 71 ViewSim
gaald
2.15.1.2 undayanifiuinana .vsm uas vii léiunaqn VHDL
Analyzer
J N o U ]
21513 uiudayafifiuane cmd ufludrdefideenuuiniied
M T UAE ViewSim vineu ‘
2.1.6.2 ViewSim Output
A9 ViewSim @iy outputs Aa
v alay
2.1.52.1 ulndiayaniiunana .wim {u waveform data stream

dmfuldlu ViewTrace
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2.1.5.2.2 A1 back-annotation A9zal ViewDraw

2.152.3 ﬁﬂqa-‘f;uﬁmaﬂnmmﬁwa

21524 ij’ﬂggﬂﬁ LAAIRENNLARRIRNN

21625 uiiiaatiufinnnsdnaeenisinem
2.1.5.3 NMIRIKNNIMMNIUNN hardware
1UNNIA8INITINUNY hardware & 9eiilunNAR99ssEMINe FPGA
board L application board u&a14TUsunan XChecker UN1$M1 FPGA

¥ H L
tonfiguration anuIAaeInamiu Tnenasi inputs Ml lsvionus

. udag outputs Hulmusiaannizaly

v 14
Tunreenuussuudeiaeniu nevdnluguds $6il

221 PNARIGULAAIAMS LU TIR TR e nULL (Design Idea)

2.2.2 m‘raanuuuﬁqmsmawqﬁmm {Behavioral Design)

2.2.3 NTRANULLNNNATATIN UaTn13daATIET {Logic Design and
Synthesis)

2.2.4 MIRANULLVINNILATN Lm_::n'msﬁ'muuﬁuuuu {Physical Design and
Prototyping)

2.2.5 N1391RDY URLNINAAAY (Simulation and Testing)

daluwsiazdunewiu Aasifunsld tools Wnireanuuuvinlfazann uasudaia

¥ v
AR lAdne mamiedigunravinnssautlasudle (Modify) iuneaulaqils
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A1 VHDL

unilazuusinlsriianauiusnetinee] 1891 VHDLIVHSIC Hardware

Description Langaugeliniimauiiuniatinls

3.1 nM¥1 VHDL

- VHDL tiau131nA191 VHSIC Hardware Description Langauge(VHSIC tiaxnann Very
High Speed Integrated Circuit) Lﬂummnauﬁqmaﬁzﬁuqqmigh Level Langauge) 'Tilxﬂ‘is'
afunamMainnurssssuLdraat aansaldeiinaifiidunmninanldvaneeesu fa
Wsire AT uRIEf RN AandutauresrsiLgnsnss SadlAFusise A Lnes
anﬂiznaur_‘fu@mﬂm:nuﬁauqu qUuuLza9nIm VHDL i astlavnauludan 2 dou
nnylur dauraq Sequencial Langauge WAL Concurrent Langauge Mslilsunsudnanim
VHDL snansnazidendlé 2 quuuusaniy wzlumsitnurasssunlaqdenasingg
W luLLL Sequential UAY Concurrent AEjSANIW HANAINEFANMA VHDL fgnunen
adunefemsdansaszinesuden dnseufuitelfiduszun i fantm vHOL
uananazimaguuuyloainsal Syntaxaedamenuds SaiinmmagaLANNIE
reviandrasimdiresmsinnulaviel sz tsunsudiidenidae VHOL Fag
u"mmﬁmmmtﬁﬁmutﬁ"ﬂmwmuqn'\?ﬁfmu aviulunns Compile azfin1ammagey
¥4 Syntax Ua% Simulation Semantics atilsfmuian s iuiasinusudeumnunely
aluniuasnginausirasniusinisFeufifesedaueassomsrfiatunsainan s
ToelidnduassasdnmmeariBeaionmn iessan fnim VHDL ssnuuuanlildean

ve P < - oot ' o v
Lunﬂﬂ FNUANAITNHIUTIALG NI UOIIITVNIUTUN ﬁluﬂ‘] URSHUTU.

3.2 dsrdRmnauidunntesnim VHDL

ALFRen1EnEilFNANTATINGg VHSIC T84 Department OF Defence(DOD)T8
avfgaudnilesniuiifiai vHSIC Chip watiinlFulassnriasiannlu
umz&uumﬂq 1nldnm VHDL Sauansinei lumsfiazasinanstinen Chip veqmu

v dv ° ¥ a ' ) v ] d' d' Y o o’ } 4
srtvgin liiAnanuansing uiasuiimbismnsauandaumauladlimuuasils
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3 :
¥ialv DOD Lﬁﬂﬁrum'lun'\r?;ﬁ%ﬁ'mmuaz-dﬂuﬂﬂgq‘lummﬁ’q FufisAnusaInIzEY
VHDL i'qLﬂummmg'm'lumiﬁézaﬁmﬂﬁqs‘fqﬁﬁ'm'manuuuﬁw] Farfu DOD Fenanilk
L/ 1BM, TEXAS INSTRUMENT waz: INTERMETICS 3 1iusniasfsimnnuazinmsa
RGBS VHDL Tualuil 1983 wiesnnifis VDL VERTION 7:2 inmsimmnuas
asnusundsiadarusmulul 1985 IdFunruaulaiuattennlugaamnsay
Tnenanazatiiaiiiiia VHSIC CHIP qqnuadm?ﬁﬁﬁﬂﬁtﬁnmnﬂgﬂu IEEE 189 VHDL
1l 1988 Memfnnifufifinmirunaentianuenunatesianim VHOL @adusan
amagaaunss, ininendaues DOD Afimntfulgauasanunamgaut iEge Tu-
A 1987 Snafedaiuiganiuludanes IEEE STD 1076-1987 wisanuznen1oss 1inlan
fivianaaiann ASIC CHIP 1 DOD tesalsAnadasdas VHDL Model wWiaxfiys TEST BENCH

RINNIRg LT R vusEn 1Y

3.3 AINAINAINTRINAE VHDL (CAPABILITY)
srdiadsrelfAepmmsnraudnnasiansn vHoL

33.1 e VHOL sansaldidudenansluntsuani@eusswinedudn cHIP fu
E{BANULLICAD Tools )

332 WidlunsdanaralumeuaniSeufagnrrsning CAE uaz CAD Tools fu
Source Code?84n111 VHDL #1120 14 Compile T4 Compiler&Simulator 'éuaneisia
uANFNeY |

3.3.3 nMAleTAuea aﬁuaqum?ﬂ?ammu Top-Down design URL Bottom-Up design
Whanauiu 2w

334 fanmiiesaueaily Generic Anliidanalulatsuladuvily usananada
meluladlaflFuns lussdeniy fannoaiuayunane 7 watulad)

335 ﬂﬁuﬁqum?ﬂﬂnuum?ﬁxuu Synchronuos UKL Asynchronous

3.3.6 sduayunreanuuursuudAaaTluvatewAlla 1T Finite State Machine,
Algorithmic 178 Boolean Equation

3.3.7 fianqe VHDL énunsagnuuasinaaiudinlalalaeuysediHuman Readable )
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338 e VHDL fusnamgrususesiog (EEE uns ANSI il Model fiaanutnilae
VHDL snansaiadautintiPortable) Titferzinlan Mfuszannsovingunidlmt
& (Reuse) .

3.3.9 1 VHDL svfuayugluninan@eune 3 pluny 1durd Behavioral Stye, Structural
Stye, Dataflow Stye' vieanunmiFeusuiu 3 suuL(Mixed Style)

3.3.10 eiuayun1reanuuutna g laeldaannanunsnees Component, Function.
Procedure UWQY Package

3.3.11 iisnuflusiasfnm Software Simulator (W12 Simulation Model @unsaidieuly
Taeldn1en VHDL uriu

3.3.12 gunTaiden Model Timunalisnda LifidadainlusniGesrunanes Model
(%uﬂgjﬁ'u Software Tools) '

3.3.13 a1N1T0931E Parameter MALARLTRATUMNIS LAY 11U Propagation Delay,
Min-Max Delay, Setup, Holding Time, Spike Detection &13gaagunelsnielusia
e

3.3.14 GENERICS dneilfizenunsoaiag Parameter 1afaivinnisaanuuy

33,15 Model TiaF1adnein1mn VHDL 1 Tileeusiazeineaiaidunainauyingu
urighaNsneRE Rtz Batads Model 194 Total Area Uag Speed 184
Model

33.16 N VKDL ilunmegildlaeSenuasfeanuumaneuie asudaduns
drefagihamadila faudidazinanungesing

3.3.17 Model Agf193UAMNT049 889 M NUlE InmsdrmulannmlEnmasey
lagnsninaedu Simulation Semantic #ae

3.3.18 N1988UIH Model Aatl Behavioral Style aunsaduaseiliiuseduasasinnls
(MRN8 Synthesis Guideline ‘

33.19 Sruananzafi Wimeaniundayaiia il VHDL Model ilunsean

-~ i ] ° 1 & :’; -l' t
wunluseAugenlisiaeAilaieinazaea Model hiliuanldadndls
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3.4 wannarailuaalaenisy VHDL(General VHDL. Modelling Principles)
H [ 2 [ -~ . & [ & J J
3.4.1 VHDLiunmnnlddmiueiunansinurassrfaurflupuinmefundiu
11418 Human Readable) TedanluntsaFisuaraenuunneastadssuiideioae
(Digital Hardware Syster, Circuit Board) uarguintnlsing a1ldefunarsuuisszun
wse atnefestnedan Teegluptivesusuiqunsaficomponent Blockiamifufivia
. ° -‘ . J . 5 o My v 1 - -l - ] '
n1191 agan1enieu nesaminnreenuuiniudalilFafausaiavtaieusas)
. - ] :: [ 4 A [ 4 vv d'
TulrasdneaBureyiniu (Textual Format) udanndnasemarinuauldaud
[ ] [ 3 J i)
Fainraaitll viansdaansiieWildansnnsaly
«© a . : -
Usrlagiadeqraentsld vADL i Tool ununisafssuusiuw MR
-‘} ] (-3 ay
wuilanau AReiainroegune Product ldea, Product Proposal, Product '
Specification flusnwuzlugluauiy Text aaniufitirlyl Compile ihagiaaainis
Y aantiufivianag Refine wiltaundiazlé Specification musiaanis Llands
Furldnanunsainisuddaillidrgmedanmniineilddnearlussdiness
i udari ey ssuudunsiesatl fersnuduwuiieiaivinuldes
zldinmsdnaasnininundaufesuds Wumsaanaiuazanldsnalunns
aFnssuvsiuuuulauan.
{lasaandanam VHOL Wunniifitlss@ngninge imasld VHOL efune
¢ [ é 1 aly = -l
anfauafinmeiniiden 2 Usenne Ae
3.4,1.1 181541 ( Easy To Understand )
3.4.1.2 anuzaunlylédng ( Modificable )
1 @1 (-4 : ° 4 1 H
nsdlalddafilslanielasiidtelinausdnduniassiassu Code MK
aanuuuidalaglidduselifaanuunmneiunaife dantmn VHDL e8une
maviamelushaguds dausndssnimiisfiReaniusisenisiunisaauulag
d. v v o4 ] o v } 754 d‘. ; 14
Hardware Mii#aanuuuudafinedn ndsannedeuudanudanianaatesasudle
Wiadassudnianiinisufsuulasmsudiaainisresssunvitesdieaniaiiunms

NNIULNEY

v
cad o~ o

nsciau? VHDL fusslamifife sanmniuaiusyuvdnnissine Widau

wh o uszthgefnmrsundneriianududeudullfedmada uasiivss

- d. [y ~ d' ‘ al v :
ANT NN TINANNTFNINAINANH
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eTop Down Design
eModularity
oAbstraction'
sinformation Hiding
sUniformity
Feazadinelszlamramannimsinehuwidedel uazuandituin
VHDL tusnelunmseenuunssuuides mwum’lurﬂuazi’u-h'ﬂu&u Wgudnlaler
dnauasuilyldieatinals
3.4.2 Top Down Design
lumsfrunssudsaerunalugitardudou drans vdedasn
unagnasssuLfazaenuuL e lugvesniinudateu rieufiaztias
suuiazeanwundandensas@aasaly ¢ VHOL tueunnal
3.4.2.1 afUNEMIVNIUTSNUAREAIU .
3.4.2.2 ARssvnITNNY
3423 dannudlauasfudpniminnusinie sl ildnsinnu
AaTifieams ﬁﬂuﬁq:ﬁ'\mmangmulﬁ'az@ﬂm%nm’lﬂ’tui?umausiﬂ‘lﬂ
nautlalufumeuiiasinlfianrnldanandinsliudleludasrasnsiammn
luszauat Silicon CHIP
3.4.3 Modularity
Modularity Aendnnislunisuandau ( Partitioning ) anfauafeaniiludau
deendnadlifanfinsinnurafauflugFenlsneudatanfaunidauden
asly -ﬁqowﬁzﬁ’uanv%quuﬂq:ﬂgj‘lugﬂ']Lﬁm(Flatten Designma"qmnﬁu RLFARRAN
dnu detinasn Weirmeenuunilag1d vHDL uihiimeinusssinzda
aunsaeiigldTatld Module 1a97siiaiAdt Function Wia Procedure) Saugaa
mMmuresdautemiuatdniey ﬁ'szmsuﬂmzuuﬁﬂ:ﬂanu.uu'lmg’q agnilu
dquﬂﬂﬂqf‘:ﬁﬂﬁdﬁﬂﬁiﬂmﬂ"ﬁm?uﬂ:dwﬁamsﬁﬂmﬁmﬁ'ﬂﬁ
Fan1m VHDL 1sznatidunndas Language Building Block #atlsznaltléae

75 Reserved Word WaLN1nNI1 200 Combination words
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3.4.4 Abstractior A
ATIENNIRTLLLTALAANULIL AT UNEMMMITUISRTSLILNANNAANAL.
- - o~ o 3 1 . -3 - v e o
afunafivimeimursssuiuetnle udnnmstiaziamudniusatwlngiaiu
UaNN? Modularity _
anEnmutisTeuaseiinseiinanmincuressssuul Teeld vioL Tu
waNErEALTaIN1sieN ROMREAD ONLY MEMORY)eSunaiaaldnmsvsdiigal
4 LA SR
UAAITN Address A19jTaiu DATA Wlu Address uiissauillisiavanlans
' ; o :
Address Line, Data Line ¥%@ Control Line mmmmmq&gmuh‘lﬂmmmm DATA
TanlirasAnivdty prumuAusnuininaniely wmzhdauiuasgndans
e lussAumiann TursAusaNaINIEIaINITIeTUNEN NN UTENd Ty Ty IlUARY
o J 1 :
Wumelu RoM Tums dantsdyqnumelugnidunielunmsiareuiiayavta
I\ W] X
Tsunsudayalu ROM drsesnizildeusrdayanietu ROM rmasuauslely
o ] : ° 1 3 J ] < 1
LAUNGUIUNT Az ihendalumiasauaudtyyinnialy Taeaaiiudnlu
wiazsAuiaHmInzan uananiull uesasiqailiasinliszuuisreenuuy
dresiamaunlalasnisidusslanives Abstraction -
3.4.5 Information Hiding
-‘ o - “ v 2 4’ J - °
IHBLPIMNITUTSARFULLLTEINT VHDL Audnasfunen1sinu
[ d « o 4’ :" k2D dl ; =) [
re9arfauafianile uwafumetasaenithazteunaazidaan iUl Module
1w Tner Taisfaamasliidan Module Bwqfmaineiuniall Information Hiding &
UrlanifAevinWssuufiaenuuinii grunsndanislddeuasaunsnguuasin
pdnlaléddirannds udnmastiazldaiuayuuanns Abstraction Agazaulame
<l 3 0 ] :: v :. ] - ]
azigealunisldeuninndrssanladissumiuargnaivausnedwlsinessedwls
thatiusu nsdeunuas@aanislu Modue ¥inldannaulavasfaanuuuaula
Wludauidrdyuan ndn ludaunlihanlaasdeulBuasdfeladls wu Ar
-~ 5 - - “ -~ . a‘ -f :
afune18 Nand Gate Huszgnilaiuantianaunidiuuedung Flip-Flop AUNLTEU
251NN Flip-Flop laifasaulaiaedn Nand Gate azinsuatinelsqssa
L t 1 [ g
Auneluatingle Tag Nand Gate arunsndautunudrenIndiiu1ilu LBRARY
4 . o X 1] L J 1]
gneanuLyl Flip-Flop srAugeiunieusisiadasiianss Input/Output 184 Nand

Gate 11 e uldatinele uassslamiEnatingas Information Hiding ARatlesiu
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Foyameu lunsdifuananer VHDL Mode l1lfsfiau T n delyWanfmld
Wanudani VHOL 3uq Teenunnzuandng ena delulus VHDL renindudalal
Fasdesarsiasuuuulyl vinleleeiunneRumatlgldlusinsssunil
3.4.6 Uniformility |
Uniformility Whavdnnsainetineidaglunisefunassuy faennmr VHDL
Yu ddldinen Uniformility ¥Nneifian1zaine Module 1aessaludnrnisadnenu
Tae19nnm1 VHDL BUIDING Block vinlsfifsnnsdenssiidsuuunfinatnagy
nsldeia wi 801514 Comment aBune Wusu ¥inlinsWaiua Module 8uuge

o v t
nn1sidnladne

3.5 TEALTEINITBTLNETSULILEVEL OF ABSTRACTION)

niseanuuLilaaldnne VHDL Description filuaneiseauusiasseiufinunsanuasil.
Yodusinaiilifequunresnin vHOL 7 3 sfudedl

3.5.1 Behavioral Description

3.5.2 Dataflow Description

3.5.3 Structural Description

3.5.1 Behavioral Description

lﬂmzﬁuﬁtﬁumummﬁqm Tatina VHDL 1 ﬁ;ﬂuuuf'ztﬂum?ﬂﬁmﬂ
nisvinuetszuuadeiullsunsuranfiames Aedl Procedural Form uaz
Function Form d4laifaansnafumeazidtauaznasafremssutiay meldnnm
VHDL gﬂuuu'ﬁmm::a?'\w}'waﬁmmzuu'?;ﬁm'm'ﬁ'ui'ﬂumn'] Taenineanuuyli
rawmsuaadtrsuRslsnausatginsaiacisting inli VHDL,;ﬂuuuﬁmmzﬁu
gl AmnauasidauiailuasiumsetinefssuuialluiaGood
Documentation) )
3.5.2 Dataflow Description ,

uszaufinand Behavioral Aaugsamtinatesfayanalumicatiosuad
TUU Tmﬂﬁqnﬁm%ﬂ‘ﬁmﬂmsﬁ'ﬂmﬁ'ﬂqmzud'\mw:ﬂtiﬂﬂ']ﬁ'u fRaanuuLAzses

o ! ] ] 1 J -
Fnninaureanietieny uiaswitussgunnsasdiayafasdelian meagune
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Lt : ) o ; 1 a - . « -~ 1] 5
Tuszdn dllumnziuglindll wissmnziurziudwnatiavtadsanavindi
ol - : ] R & - —nll -l ol J
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Dataflow tunsaguneninminemsesszuylagniriuadasyassuing Register uay
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3.6.3 Structural Description - - s
unrefuneafauaslusesiusingn Tﬁﬂﬂﬁmﬂﬁi:mﬂ%uﬁaqﬂmnfuﬁia:
o i ] x [ 5 o A 1] J
saanasilfidussinauin srauflidussduiduamailaiefigansmsuans
) 2 i < - ¥ -
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dinlaldeniiga wimwrzdwiumsdassmninnuiisiainisiananiiasfoai
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3.6 &g
L ~ d’ 4‘ $7 4 « A4
3.6.1 N VHOL Aesanmieanuuusiamizinaldefuieniminiusasanfauafly
aglupnanunsaguminanimdialalel (Human Readable) ansnsnasuneléinanisds
FLULUATINININILIINATIZALINN, WATILAL Board UarguUnsalsing
J e 5 * . - o < o
3.6.2 wanaviniina VHOL 1lun1seenuuuuasiraninisinausesdnsioe s
£ 4 o "y v - o ° 1 e d v <4 4 o~
wikTadielildiaineaier iagmniniunauailiaais viveenaldidusiaunuuns
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3.6.2.1 N1 VHDL ayiy1s Iiisnaanuuy, A18ednaindal LasnagaussLy
Tneldnlunssnmmsrfugeauierzaunsasinn
3.6.2.2 N1 VHDL fisd@usnugiuningas VHDL Synthesis Guide axvinlil
ianunsaldseianten VHDL thildvinnnsa¥ranssrlalanld vHDL
Synthesis Tools
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3.6.2.3 wazdinte VHDL dlunnfinauusiluansegu IEEE 1076-1987
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Aang vizedeanuuuviailansnsaldnmmillunsirun Winiiauiuss

tymranudriuliidasly



24

cmalaad ¢ R .

3.6.3 VHDL figruantimnamirlimaansadeuiasudlessundeianeniaunalun).

uarfudfeuldetearaanmadauasiitlss@ninn failfe

N -~al «3 . .-»-v - .
3.6.3.1 Top Down Design 381131 M Minatumnesunanimineuresszuulalu
dnmnuzees Block Wt andinisiinsisidnsasnisitnuussudle I lggo
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auIFRNITERINTT (4. 22AU Block fisufazasdiniussdLssall
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3.6.3.2 Modularity J8neAiuengau (viemslszneudautian Tunn) srunfiiseen

wwuesnilugqudesidnean

3.6.3.3 Abstraction \Humaazienlu Module T983U1EN1MMUTEY Module HAN

J d' @ < > e v :’I
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Field Programmable Gate Array(FPGA)

4.1 §4nriU Programmable Gate Array
puiauThragaamnssndieansatindlutaqiuinliifiansiamuiany
aunsnzasqunsalfneninetivinliiansanmaanldans nsdulfaandasuuas
. Al e gal - - - 4 & Wy o X a

e lurusipeaiufimaiulssdnimnuassrduanudetaldredneasniigaiuniu
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4999199999994 VLS UA% IC standard HnTU TunsWRILARNAMNMALLLLA LU

. o - v ¢ v aa [N L3 Y LY
Logic Function fimsnzax tnaanuuuginsainwdupdneslanansuntanasuasnlious
N URSNNINARINATTIN ASIC {Application Specific Integrated Circuit)

Field Programable Gate Arrays (FPGA) \lu ASIC chip AMBuuAEMLILILLES
gate gaaNzaazimusiiFunsinulinNanusiaanisreld wsen FPGA Téisou
2audaRNaMuATEINIITNA CUSTOM VLSI iz ldmanualaud nnseenuuunisudsm, anaan
fazdesindniusieannata dauiludsslenibianimdnsasmuiuatiaman theenuuy

- 10 < ° [ :’/ v
WenusnmuARidunI I NIuLe9as Auiuniseanuuuasingld FPGAaINNTOREN
wuuasnaaeune s e 2-3 Suminiuassdununiseanutulaeld Custom gate

¢ - 4 o «
array T4 s vanaafing nswlaaulssudlsuuutiduiaetu aanuadssTonies
FPGA Tafildinanann liifantslseudadnldanadluatnamnn mndldananudeslu
Aﬂ, 2 73 o 4’ - &~ ‘(‘ 1 '
NMINREAUA [IFINAT MARLUIRINNTDENNARATUT, AaRA NRE (Nonrecurring

engineering cost) aqlUas

4.2 Field Programmable Gate Array (FPGA)
ARETU Gate array ¥l FPGA LisiasiiAnldanamefiuassifiFn Fabrication inerz
1 FPGA NnArilTanafraiimileuiulddnelunsndaiianeue adreriunisuds IC

standard NfUENN RN lneialyl
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| 43 Progrémmable Logic Device (PLD)

fidneouz  PLDs Taudaulnnjacldunudl SSsyMS! device ilsvanas 510 filuas
Az qzﬁmmzﬁémﬂﬂﬁfﬁ'\ ASIC fifinns11ia1L 200300 1y melupLD azilsznaudansg
X7189 AND-OR Gate Lﬂui';ugﬁu dadarimeessia PLD fReuautematnaay (fip-fop) ,

drurutes Bunn e wamsdensenislu

4.4 Standard Cell & Custom IC
2
nsu@auuLil daenasuianan Mark davduyn Layer luntsu@nyinlisiasdinnly
Ay uastianusrdrlumeiaun winadAs liuusiamiamigaunizdviunis

uﬁm'tﬁ'iﬁmumn'] standard.cell Wiselaaflunag high level building blocks

4.5 Gate Array

13114 gate array a%aq«-waaﬁn?mﬂnm‘ﬁ"ausia'nﬂwiame'ua: gate sinaidngiagl
ﬁuqu'lﬁﬁqﬁ'i"unwvhmuﬁmu‘h"ﬁ«aqmﬁqLﬂué’umauqmﬁqwmn?xmummam gate array
fmonumunuiuTes gate szunns 100,000 gate vidaunnndniu Mlsslomlssuno so-
90% Awiugunsaiidny uas 4060% dwiuginsallun) Anwclivileu IC standard
products, gate-array NA 1948 fixed cost LAY product cost NI4T gate array azUseudn

] 4 ° b ° ' ' J
hgaaduaumMsEAngInauinlsaldaeadimetl

4.6 Programmable Gate Array Architecture
Logic Cell Array (LCA) ifluRatlszAnduact i XILNX familnsnssunelundes

gate aray Taeialyl nnelufidnerousifuisEndaed logic block uazdansarilildag 1O
Interface block NNTLiaNFRTEWING CLB UaE 108 Yin#Taeitin Channel FHTewmeiny

TN row URE column  §in19ieu wmilaui Microprocessor 51 LCA azvinenulsmaald
Program-driven logic device Wl'f’l‘?iﬂm CLB,loB uﬁiawﬁn’\ﬂ%uﬁamﬂh {interconnection)
grinuualilu Configuration program viFaufiulAlu EPROM melu Lea Tilsunsuasgn load
g LCA lafinesaein (power-up) , TaemneAnds (command) Fuiludaumitrasnisin

System initialization
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sz@ninnaas LCA nuualas Avntad Logic daudsenauntagmaaiusiuasnig
Wsunsumadiansiesine ANMFT89 System clock rate gnrianusKat! toggle flip-fiop

dwmiunnlrzgnildlaeinluazagftszana 1/3 D 172 289 maximum toggle gate

4.6.1 Configuration logic block(CLB) ‘

Walandnnelu LCA Aawsiindaas CLB vanesia CLB wiazsntsenausat
Programmable combination logic UWRY Storage register #3UL8IN_9T Combinatorial
logic section gnunenldaF 19293 9mnu Boolean Function 184 Input @74 Register
$1A19N49U Combination ¥i9a Taeims9a N CLB Output @MNNTadLAs
Combination Logic Iaeissetiunag Feedback path

4.6.2 Input/foutput block(lOB)

HudauAnsatuaeasniauanaad LCA Tda¥rannaan Programmable input/output
device (I0Bs) 108 unazmagunsnltsunsuidatinadasslnaas iy input/output
WU 3 state 498 /O WULARINANIA LA Input a'\m?nm?unmlﬁi'é’nﬁv’qwﬁu
deyryanu TTL WAz CMOS threshold 194 10B Wiinzsiail filp-flop @runtaldiflu Buffer
AT Input Wi7a Output

4.6.3 Interconnect

ANEauEuraIn1Tle LCA mvhLﬂuqﬂnmﬁuﬂ;iﬁumﬂﬂmnm resource #1PH
agneludhdeiumsiiazarugunsdansningagesqanielu chip mflay
il gate array ﬁq11ﬂ nadausianielu LCA Usenaugag network 2 firmnaAana
vertical UAZ horizontal ¥38( row WAL column ﬁmﬁqafjtmdw CLB programmable
switch asvinsiense input WAL output 184 10Bs WAy CLBs: ﬁaﬁﬁﬂéfm?wdw
row fill cofumn RINNTN switch signal 91N path 'lﬂ?l:id"lug'w'r \ffil.long line a¥@ N
HAURAEA chip v?v;'auﬁﬁrymﬁ:m critical signak dagr Minimun delay ¥7er skew fia

£
u

4.7 anllmenssuLad LCA (Logic Cell Array Architecture)
/O block Alusunsunsvinaly Guedansausa CLB agjsaunenillinadansie

i1 Package pin ga9849 CLB vinmthfiidlussaslafidmusiasnisusausdldastlsunsunag



 Aeusanatuszuing resource Aiffagnsdarinungdn 2zudns block fine utuiaien
fynnausinaisasiussinginsallugium MSISS! package

Block logic function ﬁ'mmlugﬂuumm Program Look-up table w¥iafinnsinenu
MaraFelalnainasld Program controlled multiplexer mﬂ.ﬁausimzwhq Block a?w%u‘lﬁ
Treimsld Metal segment ideusiaru Warffunmirures LCA gninmualag
configuration program {&gN load W ldlu intemai configuration memory cell u‘ja Power gn
st LeA yaarainldTannnsdennefind (command) uanaaniitug LCA fdryeynm
paLguTis TR enanEuznnlaunsuaesld Program data 81 load Téludnmuz

serial Vi7a parallel %

» Q

CONFIGURATION
CONTROL

READ or e &

DATA r—-] T DQ

- .
77 4-1 Static Configuration Memory Cell

4.7.1 Configuration Memory
static memory cell Melu LCA gnasnuuuidlustindaiinnuidatalageuastiaaiu
t J 0
dyrunusunaulsa annuiuantes Memory meitu LCA Teldunseanuuindlu
\ e e v v v - v v o« o -

atindil varuldinaldanasiacte Sunaudunislusunesluuun@un
static memory ltimoanidenalaR, Aaotuminuiugs, iss@ninmgauasanuisa
nagauld a1n gUR 41 memory cell AugIuLsTnaLKIE inverter CMOS 2610 L

- caye o 0 - (7S o -f. al'
nendames Mdmiuduuasdinudoyaas Memory cell Tdazgnifieuianiziiia

. ) 4 ¥ :’; ]
4974 configuration WALQNEUIANIZITIERAAY Readback Wil sewdensidanu
Uni pass transistor azagjluan1e off Asaara i liliinasaniminues
Memory cell Teaseqatlifudausnsinefiviuataglddnan memory ialu Tagneu
uszdinuagAaanaan  memory cell output Q uaz Q ld7zé GND usz VCC e
nliiinarmuwiteuuazruANlAlatAse comparative load WAL sense amplify ¥
. ; 4 .

'lﬁ’mmwmﬁmmLﬁmrfmqqLumfa’\nTﬂNa%’Nﬂﬂq configuration memory cell lu

! dl ) ° LR ld’ Vs a x J - J
atinfingnaninlidn LCA lifinsldfunansenula atuiitiasanmanlaon .
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1} 1 o J
WLla984 power-supply BENTULN ,N1TUNINTZAETeNTA alpha NHAMIdNge T
1 [ . - 'Q : (]
memaasuAnuwiuaulunmaitulinadefananalad InsTu nastdramien
o 4 . , .
configuration data adluf LCA Miald 2 nefie 119 serial 2 38 uasna Byte-wide 3
ot . v . ~ N . . d’ Ver
1fi configuration logic naludpnizuen bit stream information aafusan
development software (aRaziiuly memory 'lﬁati’mqnﬁ'ﬂﬁqﬁﬂﬁmﬁﬂmmu
LA Wulillalumane@nirouzigu Synchronous, Serial 138 Daisy chain %
4.7.2 1/O Block
10B ustazsian Ut 42 azilusadansdansia Package Pin Meuandu logic 14
agjneilu 10B Usnaudat register Was direct input path neili 108 €43l
programmable 3 state buffer :ﬁdqn'l"ﬂéﬁﬂﬂ register 1i7e- direct output signal TUIU
9% configuration A1xAsaLdanT 10B ¥ineaw iluuut Inversion 14 n1zmauRx
o Q. ] i k . “
slew rate naINAANA 1LY high impedance Taeinae pull up resistor 191 Ineitaeas
A o o by . 4‘ o . o J
N1A input 8N input clamping diode Walunistlaanu electro-static URLERININRN
119977 latch-up SWAARAN input current 49ULAY input buffer 129 [0B AN
< 4-.I' J ] IJ [ o 1 74
threshold detection iaRaslUaRTY YU NAEIUENAAUNATHY pin package (11
w1el internal logic Ne1ly global input buffer threshold 3184 10B @unsnisunsulif
Fuinsvaudtycyind TTL uas CMOS 1/Q storage element QN reset FTMINTLIUNNT
configuration ¥FaTMULAYN RESET NAtycynrd active low 1w - dwmfunasld
' dl « . L - . . . o ) [
NUiLTeNa18INIA input ILFENH termination time- YiaEINT1 100 ms uazlimas
Usat\¥iaas (floating) Mnaasaaslu CMOS level @1arnalvitianng oscillation 1#
- Fepnainliiiadoyqnrunau (noise) Wunstiin 108 iannralusunsulvisenu
. . . J [} 1] t
high impedance pull-up resistor 40‘11’)&151:4%1 user I/O nlalildsalden deuida
malu LCA ailneasTatlaaiy electrostatic discharge N139LIARS. LCA ArTiNASH
174
aHsElaseds  flipflop loop delay 184 10B HAMsvanme 3 ns AT delay U it
Winrldenunnalu Asynchronous clock ftse@nEnang uaziunraspiiaiAy

- o
Tauriuau (metastable) Wiiaiign

W
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71l 4-2 Input/Output Block.

PROGRAM-CONTRQLLED MEMORY CELLS
r Y Vi
ouT 3-STATE OUTPUT SLEW PASSIVE X
INVERT INVERT SELECT RATE PULL UP
4l L
B D—H
. +{p a B e
FILP
FLOP
R
I—— —| YO PAD
omscT Ng—rtL
w4 el
< D Q 4
FILP are
FLOP RO
or 3
Latch d
L
2K X
"R Y { I}—*'
—0Q lie
PROGRAM:
B_u O-mmm.m

4.7.2.1 10B output buffer fanwounii cMos compatible 4 ma source or

sink Fuftycy 08 high out CMOS %38 TTL compatible 1. 108 pin [f] &14120

muqun'm'nmu'nm output i1 configuration progranT bit 814120

fimuanisvineuees 108 THIWIETumaedneois 1du optimal output

register,logical signal inversion UQ% 3 state;slew rate: control 984 output

- J o 1 o«
4.7.2.2 Program controlled memory cell A9 a‘ﬂw 4-2 ATUANANHIUCANAN

seluli

4.7.2.2.1 logic inversion of output qnmuquTﬂu 1 configuration bit

usiay 108
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4.7.2.2.2 logic 3-state control 184UARL- (OB output buffer qnﬁwum
Tne configuration program bit Feauiflusatindln Buffer via
Laﬂnn’lﬂ%ﬂuﬁ'ﬂfaq 3-state interconnection (I0B pin__t) &1108
control signal Lﬂuhigh-, logic1 Q:ﬁ'ﬂﬁ buffer disable U low
]¢ enable buffer. |

4.7.2.2.3 direct or register output wenliusiay IOB register 1L
dyryrutaumiii trig ‘

47224 Wiuen output transition speed

4,7.2.2.5 high impedance pull-up resistor ddmiutiesiunie floating

Weldlsldeniuriaeu

4.7.2.3 a3Un139i197u /0
4.7.2.3.1 inputs
4.7.2.3.2 direct
4.7.2.3.3 flip-flop latch
4.7.2.3.4 CMOS/TTL threshold
4.7.2.3.5 pull-up resistor/opén circuit
4.7.2.3.6 outputs
4.7.2.3.7 direct/resistor
4.7.2.3.8 inverted/not
4.7.2.3.8 3 statefon/off
4.7.2.3.10 full speed/slew limit
4.7.2.3.11 3 state/output enable
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oaTAm :
at
. F
2
fro— P COMBINATORIAL
Il
L
or

V72N

TPET)

{GLOBAL REZET)

51l 4-3 Configurable Logic Block
4.7.3 Configuration Lgic Block (CLB)

4199 configuration logic block (CLB) ﬁﬁiﬂﬂﬁilﬂu array aziiiuaeAlsenay
wanlun1sa¥a user logic Tusn CLB azdmnaglusninzyey matix RauteuAas
IOB #a LCA msfa XC3000 31 64 logic block AmawagjTugul 8 row * 8 column
ganwF XACT development system Tl configuration UAMMNNT load A4
internal memory (afmuanIMeLazn i ensameluaes CLB Tugtuuy -
7147 CLB uAneAafidIuTeY combinatorial logic , flip-flop 2 fa uazdauAILANANE
U (internal control section) ﬂ"qzﬂﬁ' 33 l.l.a:g‘l.ﬁ"; 44 logic input [a,b,c,d UAY e] 11
con:1mon clock k] 3 11 ésynchronous direct reset input [rd]; WQLE1 enable clock [ec]
ﬁ'&wuﬁmmmqn‘lﬂmulﬁﬁfausiaﬁu CLB fhaiAeusias CLB § 2 output [X AT y]
i'qmmmsim%ﬁu interconnect network resource

Data input 184 filpflop Rragnneilu CLB 143Rn function F ua g dailu
output 284 combinatorial logic section vi7a block input,datain {di] flip-flop Y:I"si 2 fin
CLBuWazFaNan 141 asynchronous squfudaile enabled ualATu logic high &N

audadtymilandn clock inputs flip-flop Nnsia U CLB qn resetlng active low
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. .
input 91 RESET VTRTEWINNATN configuration wanandl filp-flop £19141 enable
clock [ec} FanMa il logic low azasanaziAsanliliaula clock uaz data
. d'v 2 N . . 1 : 4'
input NFULTNIAINEIU combinatorial logic section T4 user A1N1TOAL enable

. v < J ] ) a‘l’ v : o L)
fyqrumvanlfussi@annndansemsiiily uanainil user faananrniaen

. . J [ L

clock input (k) FIRBAAU sense nneilu CLB 8@ndae e routing wﬁmqummmm
181 CLB usiazsia d9ues combinatorial logic section 184 logic block 14 32 s 1
look-up table unasiiay implement 1 boolean function saulsgmnsnidanta’n 5
logic input WAL flip-flop netlu 2 fa 14i8an table address input propagation delay
193 combinatorial logic section wudazeann logic function uariinastlaeniu spike
free §MFU signal input variable ARERANTTHANMNTRATN logic function 2 daull 4
N q Y - 1 & W " . N o
input variable MifludasrausgLIN 4-4a vda signal function AU 4-4d Ta
function WiAw A4 7 variable ALl 3-4¢ UNAIULEY partial function 3 6 Aaurle
vi3a 7 funls aunsaaieldlaglden input varable (e) Tunashiazidanssndng 2

function 131 4 variable 7M1 2 function NN 4 variable

A
B Y
ox ] ANY FUNCTION
- OF UP TO 4 F
: % B VARIABLES B
c —
D ”
3 ] FG
MODE
A
B
x J  ANY FUNCTION
[ < OF UP TO 4 I
ar B VARIABLES
: J] :
E a
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A
8 N o —F
ax J ANYTLUNCT!ON F
a4 VARIABLES MODE
c J L—Q
D
b

. :', ANY FUNCTION
- P OF UP TO 4 -
L 3 VARIABLES
c g
2} }_ F
L ' u FGM
X . MODE
. 6
B
o ] ANY FUNCTION
I~y OF UP TO 4 ]
hi M VARIABLES

-

gﬂ‘l‘l 4-4 Combinatorial Function Mode

7171 3-4a combinatorial logic option FG aza¥waridu 2 Warduntisauls 4
Fausasiaridu fauds A feeldsuiuseuing 2 function Faudssiafi 2 vida 3
arunsadlusadenalsfild beax ¥ qy Mudssian 4 aulu D vde £ aLlsfld

1 4 § <
udausiazidan
i . . N . f-.r [-1 J o~
U7 4-4b combinatorial logic option aza¥weiiuaclsflAnd s fuils ade

- - o~
WA L@ANNAEAN 2 F9]R1N b,c,ax,ay



i . . . R < o o Ty
171 4-4c combinatorial logic option E azi@anszning 2 #rfduvile 4 faurls
L 4

: Tneviaglan input 149anRa AD uasiaullsarlsileiann b.e.ax.gy 8180 2 6

option 3 gn1snazaF e duNseentssauls 6 fle 7 &

4.7.4 meidauseneluiianunsaltsunsyle {Programmable Interconnect)

Resource N1eilu FPGA asdnatinnuazaanlunsdeusia logic cel
array ﬁhﬂtﬁ%’\'f}ﬂﬁ’u‘lﬁurﬁm«ﬁu (Path) fdaslunns@anlas Input URY Output 1Y
/O Block 14y Logic Block inaneitly Logic Network nMndeusenielusening
Block Usznavulidqe Metal Segment anuau 2 Layer aanuuufiAwingld Pass
Transistor 33gnArLANTat Configuration bit Trges/Aounlunidunindeusa
AT RE LI Network Anufiasns g1 7 uanenndeiisia Routing Net
qdanuaf Software development daeidanasluiieq Automatic Routing Tmeidm IuiRuae
£f4fl Option WiAIUN1IMY Interactive el lunasvia Design Optimization Input
194 108 (fludnreus Multiplexed gunsnidsunsuidan input Network 91N Segment
ﬁ':%ﬂWi gﬂﬁ URLNAT Routing Tunsfiag Access logic block input variable, control
input LAY block output resource metal 3 1HA émwmwazmn’lumsﬁq;L‘i'ausia
Netwo:kﬁh‘lf’:’luumelgﬂuuumumﬁuﬁﬂdm?ﬁqﬁ

® General Purpose Interconnect

® Direct Connection

® long line (multiplex busses WRY Wide AND gate)

4.7.4.1 General purpose interconnect .

MaidaNsawLIL General Purpose Interconnect Usenausatl Grid
Metal Segmient luuuIuay 5 W LASNIANIILUILIN 6 1Y agjszudng
row UAE column 184 CLB Uas 10B usiae Segment'Lﬂu high W78 width 184
logic block switching matrix Q:siﬂagjﬁﬂmmmuaia: Segment Faluuua
vauuazluwnidaefimansnssilunminisdansantelusswing Grd
segment Ll row Uag column Switch Hixl&gnlisunsuazagluanniilai

a4 L L - , sl
lusiaviala iedu nndansianialu Switching Matrix enansavinléivia
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WU Automatic wFalae Manuallaeld Edinet Wnnshiazideng dansienin

Fedns 1N 45 u.amgﬂuuumﬂ%ausiﬂshﬂmﬂ'lu Switching Matrix
— X '

Buffer uLLitAriasanuuutusi1elu General interconnect zone daeilef

a , oA i

INAN"T Isolation WAL Restoration ivaNiariLnlqenunineasdygyrninia

] JJ
WU Net NHIUIAEITT

g‘ﬂﬁ 4-5 Switch Matrix Interconnection Option.

Interconnection buffer ‘ﬂ'wéq'lﬁﬁ’tyryﬁmuﬂ"x’furiﬂuﬁﬁzl.ﬁumqn'm
U General Interconnect Segment  Bi-directional Buffer ﬁﬂzﬂﬂlﬂﬁ’]&ﬂﬁd
{ina1n Switching Matrix AMULIUY PIP ﬁu‘éu']'?iﬂfﬁmmn Matrices
aragnldeudngvteasnain Long line Software development aztilusia

RanfiAniees Buffer AuiiAn N s ansianitlu Network Resource Imsl
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SnlustA nrsAauinMamisaanluwsiag Path lRengnAMnIaEng

amluiRlag Development software

4.7.4.2 Direct Interconnect

nndausialntmse Direct Interconnect ) AauaaelugLifl 46 uanals
Lﬁuﬁqm?ﬁ;awiﬂﬁiiﬂnﬁwﬁmwﬁqm’lumﬂ%wiﬂ Logic Ua I/0 ﬁﬂgjﬁﬂ
fuddaeiu fyqnndumesming Block yitelliadn Block wisasd
Propagation ﬁﬂﬂﬂﬁﬂ uazlilald Resource 484 General Interconnect L@t
g mFuusas CLB 11 Output (X) avAaidininemsariLn Input (B) 984 CLB i
BENWNAIMTITUATLN Input (C) 189 CLB ﬁagjéhu‘i’w 91 Output (y) 8131
AGER RN \fiaflazlUdum Input(D) Vi‘agﬂu Block ANULU UATTN
Input (Al 17 Block Tiagiiuang madenselnasiinsdlunsdifdeans

AT UMM NN (Maximum Speed)

FG|

1 L
M
| 3]
'

B, R ik T

K o V/
l: ! | o ot
:GE_ GF hGG_

= e T

4_f L 4_-
HE HF: [

P

‘B
ET

4-6 CLB .X and .Y Outputs
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4.7.4.3 Long line

long line f-aztﬂulé'umqtﬁuﬂmﬁ’mmﬂmﬁ‘lﬂmu switch matrices
ua:ﬂf-gﬂﬂ?zmﬂ'ﬂé’ﬂ‘i’td%ﬂﬁd’rqumﬁﬁzﬁmLﬁumaai'ms::ﬂzmq‘lna']
vidadat/ 1 Signal § Minimum skew rate 7xwinalaMEMeVANET 98 Long
line mnluuuouauua:ums?q'ludauqquazm'mnf‘a’ﬁwm Interconnect area
UUsRY Interconnect column H 3 Lﬁu'luuww?quaz'luusiaz Interconnect row
azilidu Long line 2 unmluuIuey dryyans RiAsgnasiumwieng
dma1n Switching  Long line Anunsagnduléidng Logic Block ¥a 1O
Block Output $iae Column ﬂmaulﬁﬁuf‘:mqﬁﬂﬁﬁm skew rate a1y
dnuFulu Clock nndlensiauwyt Interconnection Long line  Buffer V;ﬂgj
HHAUTAEIL8Y LCA chip 411 Global Net Fednagdmium mputk) 1aq
Logic Block n1514 Global Buffer &m#Ldtycynne Clock vil¥ skew rate free
A1 fan-out guuUae  synchronous Clock 1‘3‘1511141/1{1‘] OB uav CLB
Configuration bit AT K Input aninsaidenliilu Global line vizailu
Routing Resource u aoue wuy Flip-flop CMOS Lmum'ml.?qqa

Buffer ﬁaf‘ﬂuﬁ'\umiwuﬁﬂudﬁwmqﬂ array Swe7idL Horizontal
long line @1317alUstN3N drive vertical long line & Buffer figail low skew
URT high fan out network ﬁqnm%Q%uTaﬂ Alternate buffer Long line 1':{
gnunsnidanidaiiedun (K) Input 189 Logic Block
4.7.4.4 Internal Busses

3 state buffer 16 awaglusumisfidaann cLB taulsf Logic asn
11# Horizontal Long line N1#% YU Logic 71 3 state buffer M lfgunTn
9L Multiplex function 14 3 State buffer anxramauANvidtyyI
11 11/818 Horizontal Long Line I@lasigadtynyney Logic low iinlildsenaau
AN a‘x’egﬂﬁ 472 meldenifiamaniaaents Drive fyqrnmanedtyoyrod
{1 Logic meadinniu wenanlddyryrnuanuan 3 state input Anadtyqyin
Logic {RenAufud Drive Ai1n input fi11l3ny) Logic high Favagesnas
buffer input QXM IAAANE high Impedance Seuaasliiiiuinlifinnede

Wele (Conflict) T¥MI14 Logic ¥eded Logic low Az buffer #aunzadul long
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line §aNgL 4-7b pull up register Milaousiacsmes Long line ite
fmuals Output AN High 1ita Butfer vanualalliseldaru e data 14
119 Input KeyryIuAILAN 3 state samn?i Control line 'lugﬂﬁq:ﬂgj'lu;ﬂ
Multiplexed (3-state busses) lunsdiiasdasrsinssfuilufimmiatioatu
n2dAudaTEudng control line uaNE #uidas conflict level 31.|'7;16 udn 3

state buffer long line UAY Pull-up resister

ZaDa.Ds.Dc...Dn

= I

gﬂﬁ 4-7a 3-State Buffers Implement a Wired-AND Function

Z=0aA +DaB+0DcC+..+DuN

ol

gﬂﬁ 4-7b 3-State Buffers Implement a Multiplexer

4.75 ATARRRDAATAIAIAAT (Crystal Oscillator)

gﬂﬁ 4-8 UAAITNAIUMUNTRY Internal high speed inverting amplifier q;\l
ananzovian 91 Crystal Oscillator n1eilu Chip 1 Feifldansisasiiu Auxiliary
Buffer T9agjynanauas Chip ifa Oscillator gnidsunsy azdadiduunaanudia
&tycynnu (Signal Source) 108 #LAw 2 iy axgnirisunsulviitlu Oscillator amplifier 619
gﬂﬁ 4-8 Fauriugunsnl Oscillator SANNEUAN29AT Oscillator ALFIAY active riewi
UMM configuration AzaNLgafifeRiasyinly Osaillator tuaglusniazaed me
L‘fﬂuﬁama'lmzaia'lﬁq?ﬂ Asadiarnunis Configuration 3R 1ugﬂﬁ 48
Feedback resistor R1 4914 Output UAY Input Bias' amplifier i1 Threshold Ain R
fnfupamziimlunnefiazan Load Hazifioud Crysta Wilaeiign 2942 Inversion
289 amplifier S9N R-C Network UAZ4aT AT-Cut Serial Resonant Miflmdityryos
360 a9FN éhift resistor R2 si'aﬂumuﬁutﬁ'mﬁu Output Impedance WL amplifier
L:‘jamwn'\smmu Phase shift, matching Crystal resistance 179911 Amplitude 1t

swing ag/luraLLIATiiMUA Voltage 71 Feedback ndLNfinatdnsauflaliidagn
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Y o ] - 3 &t GJ ':; '
piaslalatlddnedau c2/C1 Amplifier gnaanuuusie WdiLAMNTAWSA 1 MHz
i J ' 174 )
QU 1/2 199ANT CLB Toggle frequency tila luiiin1s1447u Oscillator invertor

108s Aldanansagnldaru User 1o Idmnning

INTERNAL EXTERNAL

l:oa

e
o

{
;

ALTERNATE
CLOCK BUFFER

XTAL1

LI

XTAL2
m L]

R1
AM——s
R2

My

eyl
Yi

= C1 c2

11

s———4

-t

u‘a‘ﬂ"v‘l 4-8 Crystal Osc-illator Inverter
4.7.6n151Usunsy (Programming)
4.76.7 mi*ﬁl*uﬁ'fu (Initialization phasé)
sy power-on-eset axgnnszgulivaemuiiafinnsane Iwlsy
ffu LoA e Voo isuiidnfi LA axinendléfiFn egluti 253 v
programmable I/O output buffer ALQN disable WAL high impedance pull-up
resistor At WitilumM User /O Pin 242 Time-out delay azgnaidaliivinanu

Wazald power supply AYVINAYW 24947 initialization state time-out (Useunnu
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1133 Ms) qniinuualag 14 bit counter Mty LCA 184 AMBNTI9R 4-1 Az
thudumannsaienialagey MOMI uaz M2 T master configuration
mode LCA azifludianiiin configuration clock (CCLK) m‘rﬁ:uﬁ'q:ﬁ'\
Configuration u Peripheral V78 slave Mode qzs’iﬂmmmm'lﬁmuwaﬁq{
yinl$#241901072 Inifialization 1@39@W1 Mode fine 11 LCA 11 Master
configuration Mode arfiaaanas Initialization state aan'y Taeld Delay time
4 Fin Faust 43130 mS L‘Tﬂiﬂﬁuﬁuﬂ'ﬁ daisy-chain slave devices v Baudf
91 Master aziFuae slave azdandanan Figure 18 UAANTN state sequence
i‘;'umuqm’hwm Initialization LCA Q:L‘E’Iﬁ Clear State WAIRINNT clear
configuration memory @iiFeufesuda o1 INIT ‘TI'\'I active low @:,Llﬂa_x‘l'lﬁ"ﬁﬂ
N7 Initialization state W¥tafaAuuds ndeanmiu LCA mﬂfmam&y:ﬁﬂm

i ) J J ! . ] . .
Low %19 RESET naufiazemuA1aIn Mode lines lﬁﬂl‘h"}ﬁ Configuration state

Mo M1 M2 Clock Mode Data
0 0 0 Active Master Bit Serial
0 0 1 Active Master Byte wide
addr = 0000
up
0 1 0 - reserved ' -
0 1 1 Active Master Byte wide
addr = FFFF
down
1 0 0 - reserved -
1 0 1 Passive Peripheral Byte wide
1 1 0 - reserved . -
1 1 1 Passive Slave Bit serial
FATIAN 4-1

4.7.6.8 Configuration data
] *
configuration data dusnavusnindansia resource Neilu LCA

Wann i LcA veuidumrifinufsiednts 94 data @813 load AnNAe




4 y o o
uaniiiadneWlif LCA vise memadenulaadiyyruaidaiCommand)iigy
uwnlunistlsunsivanspluuyidensuacumansay sluuuusias

1 - . 1 [ % ' - -
atihndendlngn select mode pin Tagmngnerudnunneunasidy
. o J # N -l x
configuration time FLIULILIYE data auazatiiugy serial W78 byte parale Tu
¢/l configuration mode
Configuration bit stream Fusuaae high preamble bit, 4bit preambie
o o
code URT 24 bit length count LHANTLUIUNIT configuration {3164 counter
u Lea azdniluauel uszFunasiullauwindudcua cock 189
configuration cycle WARY frame 994 configuration data NgalU1ef LcA nmalu
LcA azdmnsuaslviiilu data word usiar word fAx Load Wyl parallel 11 -
Vﬂuconﬁguration memory array N3 load configuration data 'ﬁzauqmﬁﬂ
| e ° . J .
current length count IMNL load length cout WAY MUY configuration data M
sans WWgnidieuasluuda internal user flip-fop axgn reset semdnenas
configuration e ldlunsuamanis configuration ) high during. configuration
(HDC) U low during configuration LDC Wae1 DONE/PROG @14 118 neue
AyryIUNEUANTENINNAT configuration 11 master mode 4%l LDC #
active low t#al41un1s Enable EPROM chip M&A1N configuration data 10
ﬁﬁﬁ’\ﬂqn Loaded (3tiiFatitdnAn Length count WAL Compare count WAl

< v

ol 1 e N < " .
tumwmanuisausae User I/O pin NRLLTH active

4.7.6.9 Master Mode

TUNIYINULLL Master Mode #9 LCA Q¢ Load configuration data
anlagarusmzuenidnanlaedalu® 3 Mode fiuansinaii 8 Mode
4 Internal timing melusaa i configuration clock (CCLK) tﬁaﬁ'aztﬂuyu
walunininien data '71'1‘31"134'1'/1'14 Serial Master Mode $L1t81 configuration
data HAUEANN9T data in (DIN) |90 synchronous source 19U Xilink serial
configuration PROM ,Parallel Master Low and Master high mode Futa1
parallel data 814N DO-D7 IaedNWUETY address 16 bit Aifnualae LCA

U7 49 uamsiaetinenssia Parallel Mode LCA 3uFUN address 0000 ua



N X d . . 2
\WnauFee ] AT Master low €91 Master High AazEufl FFFF uazazan

) ] i X P o . { o
ﬂ'lmmﬁﬂﬂ'] 2 mode naFrerunne il dewulam Microprocessors e

v
puinenludnirussing Ml dmFna Master high uaz Master Low dixa.

(data byte) AQNEMLLLIUIUYNT Read Clock (RCLK) uazdadinllnelu

Wuy Serial Te¢l Configuration Clock

BV
HIGH or
[
= | Mo M1 PWRDWN
OPTIONAL
5 KOh ~——— DAUSY-CHAINED
—— ([ — DOUT ——————» LCAs WITH DIFFERENT
— M2 CONFIGURATIONS
— HDC
GENERAL-
A15[— -
PURPOSE< —q RCLK Al4 EPROM
uservo ) | ' b S
PINS INIT A13 { X
— A12}—---{LARGER}
1 OTHER
: ANf—---
: /O PINS
\, 771 A10 A1Q
RESET ———q RESET A9 A9
_~— D7 - LCA A8 A8
L— D6 - A7 A7 D7~
— D5 AB A8 D6
L.— D4 A5 AS D5—
L~4 D3 Ad AL D4F—
L—1 D2 A3 A3 D3
L~ D1 A2 A2 02—~
L—1 DO Al Al D1~
A A0 N
D/l"—]:4q Ot
CE
PR /8 ) [}
I 7
DATA BUS
AO-AT6 A
X___ADDRESS X
{OUTPUT) o
Do-D7 N-1BYTE XX0(_prROM_+ BYTEN_] BYTE N+1
w —
S

bouT
(OUTPUT)

X 08 ot 018 -1 07 ot BYTE N1 D0 ot SYTE N

uﬁ.lﬁ 4-9 Master Parallel Mode
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4.7.6.10 Peripheral Mode

Peripheral Mode iHlunnsderinudiayalntieiinig Load wunl byte
wide ANMULARIE Microprocessors interface FagUfl 410 usmenssiauLL
peripheral Write Cycle Processor QN Decode 41N é’rurg'\tu writ strobe
(WS) 39 active low ua 2 &eyayans active low (CSO,CS1) Lazdtyayn
active high (CS2) tindtyeyrnisingg mdqﬁ'lﬂ‘lﬁqné’mmu Logic AfaannIaz
.ﬁmﬁiﬂﬁunﬁué’mmﬁmﬁﬁmm? LCA asFudiayn 1 byte tinun19e1 DO-D7
n° write cycle UsAY byte LN Load vt Buffer Register mn&u LCA /Y
nliadtycyans Configuration Clock Anassinilagauaannalu uazin
ndeganuuL Parallel dayaiizudntaanulél Siave ﬁsiﬂﬂqjuuuwnw
11 Data Out {DAT) 111 Output Logic high ﬁtﬂ READY/BUSY ua&manng
Load WSiRY SByte i@3anFantiay Load byte Insisialuadnei Master Mode

Peripheral Mode 214 l4tiluuuyl Lead device Wia Daisy-chain device

CONTROL ADDRESS DATA

9 —6v
SIGNALS [ sus
lL lsmm
MO M1 PWAR 9
T own
D07 cax OFIoNAL
DAUSYCHANED
~— LCAs WITH DIFFERENT
[~ ADOAZCS AT CONRGURATIONS
. i cs0 (-3l
H Loax: M
H HOC GENERAL-
Lea e p— {_rurrose
< '_—-—-—-———ém USER \©
S————— {52 ‘o PINS
A, omer| | :
ws :
L uoms{ ;
+ ROYEUSY =
1]
N
1 -
RESET
m
&
=, LI NN
0007 X X
co w7 N7 N/ N\ S
oour X X o X 2 X =

AOYRBUSY . — 7
51171 410 Peripheral Mode
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4.7.6.11 Slave Mode

.Lﬁugﬂuuums Load Configuration data azhmﬁq Tnel Data Azl
sanlugluuuaynsy Serial Iaaiinng Synchronization input clock FaAti
ANUENIG Slave Mode aratjlugtluas Daisy-chain Tl Data in 184
LCA avsiaril Data Out 184 LCA ﬁsiﬂﬂgjﬁﬂuuﬁ"\ﬁ Clock AlHluzzLIaMRLN
anguinsaindnlu Peripheral wia Master Mode data a1agaunanntalnshls

[ & i ; - (-1
afvTanamaitunituiiAei s

4.7.6.12 Daisy-chain

XACT development 1 wiLiadraftycyanusing Feazanandu
Configuration 184 LCA Wsiaemaly Daisy-Chin éqﬂ?znﬂu‘lﬂﬁoﬂ preamble,
length count AMFLATNAY Bitsteram Fanuafigasaiaiuuaniudauy Bit
Fuelal Device waiL Daisy-Chain udaandt Load preamble UWRY length Tilel
Daisy-Chain uaa Load Device LCA ﬁwé’nﬁqzﬁ"u Load 181 Configuration 1
Wldaulagas 1N Data Out il High QU Load Device, Load bitstream AT
AN Bitstream data faztiueaniydenn Data out Faflariawdu Hint
atjaantulia LCA siasialyl guinsal Load Device falérniilia - Configuration
Clock (CCLK) Aati [Rayianis Synchronization ﬁ‘l:ﬁﬂﬂﬁfﬁ Down streami LCA
data qzqnﬁputﬁﬁ‘lﬂﬁm Pin ¥azaumthass CCLK uag Shift s DoUT

28UMRITR COLK

4.7.6.13 Special Configuration Function

nailu Configuration data uana nazUsenausae User Logic
function uazmsdexsanitluudadalszneudan diuvesteyaiilimunu
o wensmiudn Wur Ny sosiatd

® [nput Threshold

® Readback disable

® DONE Pull-up resistor

® RESET timing
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® QOscillator frequency
o i &
Werffudnesiugnatugalag Configuration data bit igna¥eliulaeg
XACT development system software Fanruaunisilin bitstream generator

process

4.7.6.13.1 Input Threshold

feufLauANe Configuration q:éuqm LCA Y)n#azil Input
threshold 284 TTL compatible WANAYRINTLAUNINNL configuration
Auqmaaud Input Threshold Azl cMos 1 TTL Tufasiuay
nunslusunsy nsl4 TTL compatible: fiaeld supply Rntunadan
WL Threshold shifting AdesniiuAe Threshold 48917 PWRDWN
U direct clock Azl CMOS W@xanaufiTLuN:
Configuration %éu%}ﬂ User I/O Pin uﬁiﬂ:ﬂmn‘m%ﬂmlﬂu high
Impedance pull-up ‘il'ﬂ:ga‘lu Configuration Program @1 :1savin 1 108
QN Pull-up resistor (RltHiu Input Load tlaart Input ag/luanay

aael (Floating) a1 User 0 viulufl#denu

4.7.6.13.2 Readback

fayanielu LCA @nsnsnazaiuaanyn (Readback) 18 &1
reullsunsy Bitstream ¥raMum Option 1WN3¥n Readback a1y
17 Readback ﬁLm‘l":'r?v'ﬂv'l'\mi*ma‘oqaﬂum'mqnﬁawﬂq
Configuration #‘tﬂﬂmmﬁﬂﬂ viralddmFunmaaay Internal logic
souzivinns Debug n14t@an (Option) 1unAsvia Bitstream Readback
113 wuu Hun
® Never uN1eiiiv vianTaliilinas Readback
® One-time MDY WAl Readback udsanAaridu

Readback lluda 1 Ay

®  One-Command e 14AndY Readback IéAudaenslifite

A
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YUUNT Readback drunranszinlaiaalisacldan User
O pin a7 Tiitenusion MOM! uaz COLK winfuidns3umu
12 Readback vilélaenegadiyryntusarmiin (low to high) W
21 MO/RTRIG (Read Trigger) 11 CCLK Input azsiasdusaadryqym
Logic mnmﬂu'an'lum?ﬁ@: Readback Configuration data 88NN
18 saumndieesdtyeyrns CCLK 3 gnusnazd Dummy data @an
saunihresdtynuglsatl Azug data 98NNARTN M1/RDATA
(Read data) atinAddtyryrndazanlugy Invert maas Logic 0 u
Configuration avllAtEu 1 11 Readback logic 1 Miduiu uazusias
Frame 184n17 Readback audl start bit 1 bit { Logic 1 U lumilau
iU Configuration dats Uazaeil 1 Stop bit (I Logic Lilu 0 Bit 7 3 184
Dummy data findnanndneduatanann1@ddlu Start bit 189 Frame
Wsn data frame YN frame qzﬁmqndquﬂanmwuumﬁﬂw?;q:éu
RATILAUNS Readback RIANNTILAMANTAL Mode select LAt
CCLK pin nellfaagntnsn®

IUINTT Readback qvsaniatantILlaqLiu (Current state]
193 Internal logic Block Storage element UWaranNINCTad | LAY Q 184
I0B usiazsia %Hamdq'ﬁqzqnmmﬁﬂﬁu Configuration bit 11
AuniRlilaieyamsnidhulsslanise XACT development
systern TUNTAZATIAGELANIN N3V TS Logic Meilusi

LCA

4.7.6.14 Reprogram

t
3 . Il - J
LCA configuration Memory gnansadieudldlndgnaila soueh
mdsinemeglussuy nnsGusuiiazianag Reprogram vinlslae I
&oyoyrnuzaumi low to high) rlufien DONE/PROG lunttiiazas Noise
- o v e .. .
NI AL bl 5ryty'm11auumwmquqnmﬂ‘ﬂﬂ Internal timing generation

: o - O
naulssannd 2 cycle e luiila Wianns Reprogram (Fu#AUTUIY USER
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Programmable /O [¥gn Disable Winauaiuy high Impedance Pull-up resistor
LCA aznduidngantne Clear state uae Configuration memory AzQn Clear
faufaginng Reprogram

N1 Reprogram aeidaulunjaznseinlaeidyogro Low il
DONE/PROG ijﬂ LCA ?u’zfﬁ’ruryﬁru low AUNIIUIUNTT Reprogram ALLATR

Ay

4.7.6.15 Done Pull-up

DONE/PROG T fididnso open-drain |/O pin U@AIN LCA Y
agluan 1A (operation stateln? pull-up internal resistor AINNTD
v lalaeld XACT development system 1un1sin Makebit 11 DONE/PROG
289 LCA MRNEIfafifauLL Daisy-chain #nx1sasadaniiléiialiinns

Reprogram WiaNfiuianus

4.7.6.16 DONE Timing

4991981(timing) ¥89 DONE Status Signal mmsnmuqu‘laﬁaﬂm? '
(@anfi Makebit program Tunnsfialif COLK iRmduriavitandaftal
Output activate (#) Figure 20) mwazmn'lum?muquﬁﬁﬂ?ﬂﬂ'nﬁmm'a*
AALAN external function tulyl enable PROM vifamdasinanszuylaglu

Wait state

4.7.6.17 Reset Timing

\wmiauriL DONE Timing 42919817 Release dtycyntu Reset Nt
W aunsnauAnlalaeld Makebit program lumsiazld coLk Rmuriau
ieieRaz 1 Output activate (FeqLlii20) 1 Reset Hazinmantay User
programmable flip-flop 121 1uazay Latch oAty Logic low szwdnanisvin

Configuration

4.7.7 UsL&NENIN (Performance)
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4.7.7.1 Device Performance
dlei -~ aidag 1 & -, v [ %
LCA NHlsz@vanmyaTuegiuTUIUNINER ARIEALILIUNIE
HAm CMOS high-speed static Memory Ust@n8nanees Device 2139 inla
; i . . ooy
INUUIL AN Minimum Propagation delay 484 logic.element Y1R731L&1 toggle
frequency 184 flip-flop aniflusadntss@ngnmingsures LCA nsdase
ansnaneed toggle performance UgAINI9FIaMa U Figure 26 flip-flop Output
v Mo , . i o
Q azgnélaundulély Combinatorial logic e liTludtyeyrns Q iieRaziiy
Toggle flip-flop
_sz@ndnnges LCARuwaRgnAmualataaiees Critical Path B
29U, fixed timing 284 logic URY storage’ element 11 Path 1114 timing 13
ANANAUSALNNT Route Network A1 Timing Worst-case asuandlu
Performance data \fauanltf User n+1u agldldpnuanuisney device 141
gug/a XCAT development EAIUNIAT Worst case path {ae19A actual
- [
Impedance WaY Loading Information Figure 27 uﬂmgﬂuuumnﬂaumw

fiMUA system performance MUANKHUZHT

4.7.7.2 Logic Block Performance
Use@nBnanees Logic block uamslviiulaann Propagation time
. . el [ . L oa

1N interconnectpoint Y1 input 184 conbinatorial logic fi% output 124 block Tu
Interconnect area #9141l @NBNMTaY combinatorial (HluaasaNn special
logic function IWF1EI N IREIUALLL  table look-up Timing AzuANANLlE
#9194 combinatorial logic AaLZAUIRY storage element &MMFLZIUTEY
combinatorial logic function iy data input 484 storage element AN critical
. i - v, .
timing Ae data setup muNeataai clock edge u Flip-Flop element
A1 delay AMNUNANTEIR clock T4 output 184 logic black WlWAN critical
- a & . ,
timing 'nmd'ryrgwmuﬂmu‘iﬂﬂ storage element loading 8N logic block /¥

[ - - I d' ] h T Y4 ] § :‘r - J
gninimiistuiiasiaidiniy Network 1Tunslug)winiu des@ninmluFes

a . X ' . y -
AMULTITEN logic block TUBYNITNINIUTN supply voltage uacqUuu
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4.7.7.3 Interconnect Performance
L) 4!’ ' : [ . d'd 1
Usrdninneesnsidensaduagiunig routing resource NilaginIsl
i - ; o~ J J L4
WlunsissaFrmaaueasdoygrunielu LCA Afinarunudadnesiu
1uf§‘ﬂ~111ﬂx1Programmable Interconnect direct Interconnect aziilun12iiausie
| ¢_af { . ) ]
ﬁﬁflmjﬂ #u Long Line dailu Single metal segment WAz liARINsu
musngalanatalaneusiaz i high capacitance Atynyrufidusing
. = 1 . v v
programmable switch RCNA1 Impedance 194 switch saudinlu@aauansnn
ANAMHFINUNIUEITNALSEBNENIWLRY General purpose interconnect W
z 1 i Ld H L
IUAHNUITUIU switch LATRIUIU segment ‘711‘3’ {TUIULDN buffer WU
bidirection WA¥ATUAUcading LUNNIAUTEATYQIaMNANIe U path U
TunasAnuate worstcase U general interconnect ot XACT developrhent

software HUINENIY element Yiauua

478 B3LNEMEATINATNMAUUAR LT Pin description
4781 nqumildnumninnnsiidu 1o ves user Ll
® VCC
fdnuan 2 e 8 11 Tusiuunaresiadesiadnduin +15v Te

NnanazFasse Ay

® GND :
o o -S -é' [ - ~ Ve L4
d3MUU 2 BN 8 91 TUBENUTUATAIFIN AN GND NNTIRTHN

salviasy

® PWRDWN
- ) .
tiil logic low il (1w CMOS input) azugnMRrantelu

FPGA Vianua usidhasaninnasgnidsunsuienly fipflop ynsiavn reset .
output Yneaagfluaning 3 state input ne1gniviiiu logic high udasy
andeyey e Input Asaidann firn PWRDWN 1iu logic 0 Vee 1aazanan

' i J o «af 5
wagitlszanmn >2.3v lla PWRDWN nduidinganna logic inafe LCA ay
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Fusiuineuiian DONE i LoW ludaaasn 2 cycle 184 clock nalu 1
MHz 72w379n17 configuration 17 PWRDWN azgiaaiilu high d1td141vise

' & e
Ny vee

® RESET
" d' ; - v J ] -4 1 d. «l N
i input 1 row Beiiutiafl 3 atiedae AauRiaziinas configuration
59 LCA 11 RESET asgnyin ity Low lumiaaiaaing configuration aan
1] avazazmzadauseiuradln Vee uas time out cycle W@airiau 1iia time-
out cycle UAY reset IAALALARY szAUdYQINNT M Y11 3 azgnaidiaun
Wannisidannualunasin configuration CCLK
4 o ’ W i n 4’ ¥
TEVNIWNINA configuration configuration clk quiilu output Luﬂﬂq'lu
. . : S
master mode %99 peripheral mode usiziily input Luﬂaq'lu slave mode
, : e o
LUINNIINA readblock CCLK azLilu clock input AMMTLLRAU configuration
data 984 LCA Wsiazfn CCLK duatasaaansaiindnialuiuy Dynamic
b - 3 v ] - i d .
1 LCA Low time ansiiimtulfatinlviin 2-3 microsecond tia il input
CCLK azsiassianiyl high 18117 intemal pullup resister a¥nseAU high 181

Vidla pin Wiléignsie

® DONE/PROG (D/P)

DONE ilutn open drain output g configuration '/:I:\i“/‘;ﬁn?ﬂwﬁ
internal pull-up register Lﬁaﬂuqun'r: configuration éﬂqﬂ 2995078l LCA /g
a1uluLIY synchronous 11 DONE gnldsunsulviiilu high 1 cycle Fanda
vitarieufi output saz active wdsanndl Lea TignTusunaululndinile &1
ﬁmﬂﬂﬁlﬂuﬁ-:ﬁuﬁmrmmﬂqn high to low inls¥ LCA Bunszuaunas

R ,
Reconfiguration fiataqliuuluy

® MO/RTRIG
aouzagfli Mode 0 11 input 97# Fanritimn M1,M2 gnenuddialy

Y -l

Aauianuua Mode NasFulunisiangssuaunas configuration il
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4 . oLy o
mslaeuutlaaseAuandtyryruann Low-to-high Metinaeannfinssunu
N9 configuration onaieduluuda aevinlfinanszuaunis Readtrigger uay
(3#unszLIUNNT Readback Configuration data nneilu LCA aanun 19 CCLK

iy clock 1@aNn option 1¥inng readblock Aillamaua¥ag bitstream

® M1/RDATA

wuziieg]lu Modet 11 input wifaniun M1,M2 azgnetusai
T iariauin Mode lunnefiasEunsruannas configuration druaunarlaidl
n17l4 Readback M1 @uNzsaaInT s vide vee IAlaamse draslinasld
YLAUNNT Readback M1 azfiadsaflAINFIUNnIU 5K aensnavda Vee
Lﬁﬂ'l'i'mumm RDATA output ﬂﬁﬁ@: active low read data na“qmnﬁudum?
configuration iaadusnazifiy output @115 Readback data
47.82 MmN Aeus: 1 dindh User 1O Pin 14
® M2

TEMINNTELUNNT configuration 91 Input ﬂﬁﬁﬁ:ﬁ Pull-up resister
ag) MUFNALTY MOM1 qzqndﬁumﬁauﬁfazﬁl‘uﬁqmﬂﬁﬂn Mode 1
m?ﬁﬁzt’i'un?zmun'\? configuration MAYRINNTLLAUNIT configuration NAU

"uludn wiignidu User 110 14

® HDC
3 al . ) . " . dl YV
aiiazfiantaziilu high sswdnanasin configuration auanliidn
anusiifaiangrLauNe configuration Helai@uga w&IINNAT configuration

udaanilazgnldiiu User /0 Pin

e |DC
d!’ - 3 ° . . 4’ Y
aiiasiianiazili Low ssmdannain configuration Wivauan1igdn
anusiifainnag configuration £l:ig%a MAIRINNINT configuration 11TiRY

gnlditu.user /0 pin 16 LDC fifisslamilanianizatiagialu Master



Mode Tun1siaziandtyrynnd Low 11 enable EPROM configuration Usinea

. . c v -1 v Yl .
1N program comgiguration Lﬂﬂummuqmmqn'h.liun?u'lnumtﬂu high

® |NIT
e Output 9% active low TENINaNINITIN Power initialization

microprocessor udneouzeeq wire and 14 slave mode URE hold-off signal

¥
U master mode #84a1N configuration a4y user 1O pin &

® BCLKIN
\fluzn CMOS direct level clock input buffer AisuaaAULIN

® XTL1
ailddmiy user 0 milgnldenuiluoutputamplifier duFu

Ty crystal AINNITNIEIUAN

® XTL2
& ; o I
17 user /0 rign1deuidiy Input 184 amplifier lunsiiavsiadiy

crystal nN1giuan

® (S0,CS1,C82,wWs
1 input 71 4 11 ugazesdyeyans 3 17132 active 7 logic high,8n

1144 active 71 low 1‘3’2‘31M5"ﬂﬁ’muﬁ,conﬁguration ‘data peripheral Mode

® RCLK |
TEMINNTTN master parallel Mods configuration RCLK |eniitia
&tycynnd ‘read' AWMU external dynamic memory NEUBN UAIIIN

configuration @FaFtFatntiargnldiiiu User 110 pin

& RDY/BUSY
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$eWiNg peripheral parallel mode configuration 21l & uiLuanddn
. v d' v v () d' -t o~ o o~
chip WiaafiazFudayaluludsielifissdeussgsiaiu ndisannszuaums

configuration FeruFeaanilaz il User 1O pin

® DO0-D7
unguaasdryyruduiugaiudayslu Mode parale
configuration byte 14 master parallel URY peripheral Mode MAIRINNTLLAY

N1 configuration (aFagutiazgnldidu 1o Pin

® AQ0-A15
' X aw )
§EM919 master parale mode 11dEyYIy 16 UK output

address 6731 configuration EPROM usanemantignldiiu User 1/0 pin

(]

¢ DIN.
FENINNIINI configuration U slave %78 master serial configuration
ailddmsuiugn Data 0 input MAIRINNTLLAUNTT configuration L@aRU

eHaziilu User 1/O pin

® DOUT
2ewd9NFLUUNNS configuration TH A ULV output duFu
serial data 6410614 pin serial data input 494 slave FasiallludnrUzIeg

daisy-chain UAIRINNTLLAUNAT configuration (@Fagu iU User /O

® TCLKIN

(111 Direct CMOS-level input g global clock buffer Mﬁﬁlﬂu
Use 1O pin 1 athelsfimmu TCLKIN msnzitaz\ddmsu Input global clock
UKL global clock AY9axtilu clock &N chip Un# pin facWdwminiy

clock input &L chip Aurestricted user /O pins /O pin A1RQLGN
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L’4 " ' .
program Wity Input U8 Output AN configuration 11 nrestricted LKLY
AirsaRlFngtnii weak-pull-up resister 50K daaziilu active 10 power-

up uavdaAd active AUN91RLALNNT configuration

4.8 Logic cell array family
4.8.1 XC3000
4.8.1.1 ATMUANIUY (Features)
48.1.1.1 UssAnsnmgaldandldfiaanud 70-100- 125 Mhz Twlul
4:81.1.2 1l Genration 7 2 184 FPGA
® |/O function
® Digital logic function
® [nterconnection
48.1.13 flanInanssuneufidangu _
® fiuau Gate neilusia 2,000 T4 9,000 Gate
o funnuaNIRIANI Register Uay I/O
® A1 fanout g
® 1 3 State bus Nty
® yvnuiudnyeyand TTL Uge CMOS
® { Oscillator amplifier usia
48.1.1.4 hundnirfiinsgu
! o Udndausn i cmos 14matuladl Static Memory
o rrAvEnwiiauwintuntsld TTL ssymis
® IunmAaaauINisIUUSD 100%
® guTaiden Configuration Mode &
o j Development software 9281 1UN1REUN (XACT development
software)dny sl

®  §1M190 capture HaaTlS

® ﬁ Automatic Place/Route
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® inmIdaednNaT uasumguala

o sildutlaluniseanuuli

o { library UWRY user macros

® smeAuanmATasgIuaa 1A

® 11 XACTOR In-Circuit Verifier

o Jummgusasuindiayaresin PROM
48.1.2 MeEaviden (description)

LCA m3e@ XC3000 Logic cell array (LCA) family sznavlidaeng
asagANAATIIILLNLAELIsE RN puEavgu, uaznistlauney
& user array architecture Lﬁﬂﬁumf-ﬂﬂ configuration program ﬁasjmﬂ'lu
uazdamtlsrnaufiamnsaliunanuiie 1Widamamusiainisld 3 uuy Ae
|0B, array of CLB, Wansanelumuarufiasniseesld logic function
uaz mMadeusanialugnimuadas Waunmfeghunbamnudi nely
7 LcA Tlsunsail Load ifing Memory Télumaner quuuumNA MUY
auﬁ'l'ifmui‘ﬂmnéuqnumﬂgj'lu EPROM 438 ROM N1tiuanyseanaaguy
floppy disk , Hardisk Al&nnelu chip Hdaufismiidaelunng load Tusunsy
wnsmluFdadneiwidaszan (powsr-up) LCA RTLA XC3000 fitivana
uuulfiRensuannsnizaseNIua, Mg, JULLLTaFa T, Uy

e s

Basic Logic Configurable Max No. Program
Array capacity Logic User of Data

(gates) Blocks I/Os PADs (Bits)
XC3020 2000 64 64 T4 14,779
XC3030 3000 100. 80 ’ 98 22,176
XC3042 4200 144 96 118 30,784
XC3064 6400 224 120 140 46,064
XC3090 8000 320 144 166 64,160

A9A 4-2 WiSrufiBurunares XC3000 LCA family
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4.8.2 XC4000
4.82.1 ALANKMUY
48.2.1.1 {4 Generation 7 3 184 FPGA

o {l Flip-Flop \lusuauuin

o lunmdmiifurasnimivudianafiagug
o { ultra-fast RAM lusia

o lifunuiiFesnizaniiiags

® i wide edge decoder

® Interconnect line tuuuL Hierachy

® @70l 3-State Bus maluls

U :'J"mm?mﬁﬂﬁﬂé’muﬂmd’mrqué’;ﬂ

48212 ﬁamﬂmmnﬁumﬂ'luﬁﬁmmju

e illogic biocks uag 10 blocks Attlsunsw'l&

e i interconnect USY wide decoder filLlsuns/lé

4.8.2.1.3 MNTEUAUNIT sub-micron TR CMOS &

e iTlogic uaz interconnect MilANNGag

o fndeusin

4.8.2.1.4 AUUANHIUTNN System-Oriented

® ?‘Elsﬁ"umﬂﬂg']u IEEE 1149.1 Tun19n boundary-scan logic

o gusnlsunsuan output slew rate 16

o guznlusunsulef input 1 pull-up w8 pull-downResister 18

o UWinszua output ¥oust 12:24 mA (udausidu)

4.8.2.1.5 117 config Iaenstuamieufindaya Binary

o hisimdmnuailumstilsunsada

¢ I mode Tunslsunsuli@an 6 modes

48216 #Tsunsu XACT Development System fiinanuLu PC
‘38677486, NEC PC, Apollo, Sun-4, Way Hewlett-Packard 700

series



° mu'\snﬁmiaﬁ'ummnw%ﬁ'w]‘lﬁ 19U VIEWlogic, Mentor
Graphics U8 OrCAD )

® I automatic Place and Routing V;ﬂm

® il Interactive Design Editor ‘/ﬁ‘i’l’éﬁu?um?ﬁﬁ optimization

e i 288.macros, 34 hard macros, RAM/ROM compiler

4822 Tuaidum

LCA maxna XC4000 tlsznavlilfatiasas logic AilAanamunuiugy, &
prvEaveu, nsidsunsuantiinensanged CLBs firafunislul
dsr@nsninuanlidinasuuy Hierachy, Wazn17sie 10Bs ﬁﬂfj?ﬂuqﬁw .

ol .
Q8N"T perimeter
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un¥ 5
messgnaldau

Tuumilasinauenireenssunidesaee Tﬂﬂmnﬁ?ﬂﬂnuumﬂu;ﬂl.ﬁﬂ'l(ﬂattenI
Eesign) '
5.1 WAHAAIUNATESNLLIL
5.1.1 JeszuuiBeoiar
SUdassmMIaLTessesiufinm
(Tape Recorder Simmulater.)
5.1.2 ARUANLTR
5.1.2.1 isuuazfu@En Tagtihg memory iy lusivin
5.12.2 Waiudeeausuuga azfaiinsuanann
5.1.2.3 finsnrendunnEusulg

5.1.3 WHUEINITMINIUY

&
LED diplay

Tape
Recorder
Simulator
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. X
5.1.4 NS

5.1.4.1 N19IAUNAL { PLAY(back) MODE)

5.1.4.1.1 thadyia /PLAY = 0-1ﬁ1ﬂé’rum'\mmﬂmtﬂumum-l?xu Tl
vindia 56.1.4.1.2 sia S laildlresundrsilusta

5.1.4.1.2 sirdiaxafigniuegu memory aenlulsy D/A

5.1.4.1.3 1N AM T 1

6.1.4.1.4 naulilvindia 6.4.1.1 Tuai

5.1.4.2 n1a1ufin@e (RECORD MODE)

-

5.1.4.2.1 {i&Avia /RECORD = 0 'lﬁ?aﬁturqumﬂmtﬂwaum%u
lalvindia 5.1.4.2.2 sin g1l lElseaundraniuate

5.1.4.2.2 tirdiayaain AD lifiulu memory

51423 L'Wlll AM :ﬂru 1

5.1.4.2.4 naulunnde 54.2.1 ndd

5.1.4.3 N1eNTANSY (REWIND MODE)

v - e v x
5.1.4.3.1 {&AviT /REWIND = 0 Wradayryriunfnatluzeuau
luvinde 5.1.4.32 Aa H Ul isaqundtaniduaia
51432 W AM =0

5.1.4.3.3 nauluninda 1 Tud

5.1.5 ANTNNIINNIULRIAT Y

[PLAY /RECORD /REWIND MODE
OFF OFF OFF No Operate
OFF OFF ON REWIND -
OFF ON OFF RECORD
OFF ON ON REWIND
ON OFF OFF PLAY
ON OFF ON PLAY
ON ON OFF PLAY
ON ON ON PLAY

P
ANTHN 5-1
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5.2 nseanuuufquIsenanIs VHDL

. - o ; ] o
l?’ﬂ(;l’ Block Diagram f1a43euLl uaznImInLiiassii ﬂﬂ1ﬂlﬂqzﬂﬂﬂﬁ?ﬁ¥qd source

- 5 (v dv
code TAtlTURDUMNIT

5.2.1Entity Design

o

191929370 Block Diagram 399zl port fiefd
5.2.1.1 Input port Usznausas
- SW (/RESET, /PLAY, /RECORD, /REWIND)

- CLK (clock)

- /DIE (Data In Enable)

- ADS (Analog to Digital Select)

- DIy - Dlg (Data In 8 bits)

5.2.1.2 Output port Usznausias

- [DAS (Digital to Analog Select)

- /READ (Memory Read)

- IWRITE (Memory Write)

- AM1q - AMg (Address Memory 20 bits)

- LED (Play mode indecater, Record mode indecater, Rewind mode

indicater, Memory full indicater)

5.2.1.3 InfOut port

- DMy - DM (Data Memory 8 bits)

5.2.1.4 entity declaration

entity TapeSim is
port ( signal clk, reset, DIE : in vibit;

signal SW : in vibit_vector(2 downto 0);
signal DI : in vibit_vector(7 downto 0);
signal DM : inout vibit_vector(7 downto 0);
signal DO : out vibit_vector(7 downto 0);
signal AM : out vibit_vector{19 downto 0);
signal LED : out vibit_vector(3 downto 0);
signal WRITE, READ, DAS, ADS : out vibit);

end TapeSim;
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5.2.2 Architecture Design

. . X . . " X
Jannsinuilassueiini i lunseanuuy laaiiduneusatl

5.2.2.1 N9 88Y Flow chart

START

PC=0
Full =0
AM=(Q
DM =0
DO=0
DAS = 1
READ = 1
WRITE = 1

LED = SW&Full

RESET ='0"

VL

z
o

Rising Clock

ﬁ
)

Full=0

<>g

No

Rising Clock

¢
b

Yes. Rising Clock

—3F

G
N

£
S
31
N



PC=0
_Full=0
PC_Full=0 /[ -

s 0,

<
&

7§ 53
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Rising Clock

Yes

DO =DM
DAS =0

Rising Clock

Yes

DO=0
DAS =1
READ = 1

1l 54
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Rising Clock

[+]
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PC ="FFFFF"h Yes
No
v -
PC =PC + 1 Full = 1
No

No

‘8
=0
N
o



5.2.2.2 31N Flow: Chart #ditiuifly State Diagram ‘&

-~ S0 - Reset Mode
~PC_full =0
-PC=0
-Ful=0
~ READ =1
- WRITE = 1
-DAS =1



-ADS =0
-AM =0
-DO=0
-~S1 - No Operate Mode
~S82 - Rewind Mode
-PC=0
-Full=0
- PC_full =0
- 83 - Play Mode
-READ =0
~AM = PC
-S4 -DAS=0
- DM = DO
-S5 -~-READ =1
-S8 -~-DAS=1
-DO=0
-S9 - Record Mode

-3891 -ADS=1

-S92 -ADS=0

-S13 ~-DM =Dl
-AM = PC
-WRITE=0
- ADS =1

-S14 -WRITE =1
-~ADS = 0
-S15 - IF PC = “FFFFF"h THEN PC_full = 1
ELSE PC_full = 0
- S16 - PC = PC+1
~-S817 -Full =1
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5.2.2.3 381U Timming Diagram &gl

PLAY MODE
LK

PLAY |

READ |

AM
DM
DAS
DO
RECORD MODE
CLK
REC
ADS

DIE

Dl

WRITE |

AM
DM

REWIND MODE

CLK

REWIND |

AM

nnpnhhnhhnhnn,
MED ™) €3 —
N W Y >

i

1%&1%_111%11[_1111&1
NSOM S8 4 S9eN +S1p
{11 A\ [
j———A/D convert ime——)
Invalid ) Valid Valid
- |
Invalid PC Invalid Jeod  Invalid
=l
Invalid v Invalid A= |nvalid
IR

B
=
&



70

5.2.2.4 NWUA state WITlUAN binary
Q1N state diagram AMUINRIUIU state FUNAT 27 states 42

0914 binary atietiat 5 bits (KPR UUATIRAT binary 184 stata A1 A9

The

SO0 = “00000
S1 = *00001"b

S2 = *“00010'b
S3 = “00011"b
S4 = “00100D
S6 = “00101°b
S6 = “00110'b
S7 =*00111"b
S8 = “01000"b

S91 = “01001°b
S92 = *10010™b
S93 = “10011"b
594 = “10100”b
S86 = “10101"d
S10 = “01010b
S11 =*01011"b
$12 = “01100°b
S13 = “01101"d
S14 = 01110
S156=%01111"D
S16 = “10000°b
S17 = “10001"b
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5225 Aenutlumandlgsad
SW Full PC_full STATE NEXT STATE
111 X X S1 s1
1X0 X X s1 S2
XXX X X s2 s1
0XX 0 X 1 s3
XXX X X s3 sS4
XXX X X sS4 S5
XXX X X S5 S6
XXX X X S6 S7
XXX X X s7 s8
XXX X X s8 S15
101 0 X S1 '$91
XXX i X $91 S92
XXX 4 X $92 s93
XXX X X S93 S94
XXX X X S94 $95
XXX X X S95 S10
XXX X X S10 s11
XXX e p s S12
XXX X X S12 S13
XXX X X s13 S14
XXX X K S14 S15
XXX X 0 S15 516
XXX X 1 S15 S17
0XX X X S16 s3
11X X X s16 S1
101 X X S16 S95
XXX X X S17 s1

ﬁ’l‘i"ldd 5-1
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5.2.2.6 Architecture declaration

- Architectural beha\)ioral description

architecture main_control of TapeSim is

constant one : vibit_1d (18 downto 0) :=
B"000_0000_0000_0000_0001";

constant PC_MAX : vibit_1d (19 downto 0) := B*1111
MMM 1111111

Finite State Machine Aligment

constant S1
constant S2
constant S3
constant S4
constant S5
constant S6
constant S7
constant S8
‘constant S91

constant S92 :
constant S93 :
constant S94 :
constar;t S96:

constant S10 :

constant S11
constant S12

constant S13:

constant S14 :

constant S15

constant S16 :

: vibit_1d(4 downto 0) := B"00001";
: vibit_1d(4 downto 0) := B*00010%;
: vibit_1d(4 downto 0) := B*00011%;
: vibit_1d(4 downto 0) := B*00100";
: vibit_1d{(4 downto 0) := B*00101";
: vibit_1d(4 downto 0) := B"00110%;
: vibit_1d(4 downto 0) := B"00111%;
: vibit_1d{4 downto 0) := B*01000";
: vibit_1d(4 downto 0) := B"01001";
vibit_1d(4 downto 0) := B*10010";
vibit_1d(4 downto 0) := B*10011%;
vibit_1d(4 downto 0) := B*10100";
vibit_1d{4 downto 0} := B"10101%;
vibit_1d(4 downto.0) := B*01010%;
: vibit_1d{4 downto 0) := B"01011";
: vibit_1d(4 downto 0) := B"01100;
vibit_1d{4 downto 0) := B"01101";
vibit_1d(4 downto 0) := B*01110";
: vlbit_1d{4 downto 0) := B*01111";
vibit_1d(4 downto 0) := B"10000%;
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constant S17 : vibit_1d(4 downto 0) = B"10001";.

constant table : vibit_2d (0 to 27,14 downto 0) := (
-- SW,Full,PC_full | State | Next_state

— No Operate —

B"111XX_00001_00001%, — S1 => S1
B*XXX1X_00001_00001",

— Rewind State —————

B"1X0XX_00001_00010", -- 81 =>S2
B"XXXOXXX_00010_00001", — S2 => S1

——— Play State e

B"0XX0X_00001_00011", -- ST => S3
B*XXXXX_00011_00100", — S3=>S4
B*"XXXXX_00100_00101", -- S4 => S5
B*"XXXXX_00101_00110%, -- S5 => S6
B"XXXXX_00110_00111", - S6 => S7
B*XXXXX_00111_01000%, - S7 => S8
B*XXXXX_01000_01111%, — S8 => S156 — to N1

—— Record State —_—

B"1010X_00001_01001%, -- S1 => S91

B"XXXXX_01001_10010%, - S91=> S92
B*"XXXXX_10010_10011", — S92=> S93
B"XXXXX_10011_10100", - S93=> S94
B*XXXXX_10100_10101", - S94=> S95
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B*XXXXX_10101_01010%, — S96=> S10
B"XXXXX_01010_01011%, —-S10 => S11
B"XXXXX_01011_01100%, -S11.=> S12
B"XXXXX_01100_01101", ~§12 => S13
B"XXXXX_01101_01110%, --S13 => S14
B"XXXXX_01110_01111", --S14 => S15 - to N1

j— N1 —

B"XXXX0_01111_10000", --S15 => S16
B"XXXX1_01111_10001%, 818 => §17

B"0XXXX_10000_00011", —S16 =>S3
B*"11XXX_10000_00001%, —~-S16 => S1

B"101XX_10000_10101", ~S16 => S95

B"XXXXX_10001_00001"); --S17 => S1

signal htbl :.vibit_1d (9 downto 0);

signal state, next_s : vibit_1d.(4 downto 0);
signal PC : vibit_1d (19 downto 0);

signal Full, PC_full : vibit;

signal Din : vibit_1d (7 downto 0);

signal Disp : vibit_1d (2 downto 0);

begin

pla_table (htbl, next_s, table);
htbl <= SW&Full&PC_full&state;
LED <= Disp&Full;
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main: process
bsgin.
wait until (prising (clk) or (reset = '0')};
if reset = ‘0’ then ‘ .
state <= S1; — start state at S1
PC_full <="'0"; ”
PC <= B"0000_0000_0000_0000_0000";
Full <= '0";
READ <= "1}
WRITE <= '1;
DAS <= "1y
ADS <= '0Y;
DO <= B*0000_0000%;
DIn <= B*0000_0000";
Disp <= B"000%;
else
state <= next_s;
if state = S1 then Disp.<= B*000%;
elsif state = S2 then PC <= B"0000_0000_0000_0000_0000";
Full <= '0%;
PC_Full <= '0";
Disp(0) <= '1";-
elsif state = 83 then AM <= PC;
READ <= '0%;
Disp(2) <= '1%
elsif state = S4 then DO <= DMI;
DAS <= '0";
elsif state =S5 then READ <="'1";.
elsif state = S8 then DO <= B*0000_0000";
DAS <= '1%
elsif state = S91 then Disp(1) <= "'1";
ADS <= "1/,
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elsif state = S92 then ADS <='0";
elsif state = S13- then AM <= PC;
DMO <= Din;
WRITE <= '0";
ADS <="'1";
elsif state = S14 then WRITE <="'1";
ADS <= '0%
elsif state = S15 then if PC = PC_MAX then PC_full <='1";
else PC_full <= '0’;
end if;
elsif state = S16 then if PC(19) = '1' then
PC <= addum(PC{18 downto 0), one);

PC(19) <= '1%
else
PC <= addum(PC(18 downto 0), one);
end if;
elsif state = S17 then Full <='1";
end if;
if DIE = '0' then DIn <= DI;
end if;
end if;

end process;

‘end main_control;

5.4 mmﬂﬁuuummmmwn uaznsdaATei

NFBBNULILNINATATIN UAaSNRAUATIEN 1#1R81UNa1Source Coden i VHDL
wludiaya il ViewSynthesis anfuneufiing Tnevindatl

5.4.1 Funlsunsu ViewSynthsis

C:SOMWANG> VHDLDES.

VHDLDes - V2.21; Workview 4.1.3 062292, 3000 Series

¢ Copyright 1986,1992 by Viewlogic Systems, Inc.

1: VHDLDes> _



5.4.2 \@8n technology library

TeRersainenn Auauenild, dauau cLBs Afald uazaudaluns
mavauaITisTILARINT (931N Data Sheet 194 FPGA) anszuLfvinnseenuuil
Faensldian 1O awum 68 11 duan CLBs Aidlsvancy 2,200 10 A
fyqyruuiing dezunty 64 KHz iaaidand3iuas xc4003 -6 mmraniuald

technology library 483 X4000

1: VDHLDes> technology X4000

- readiné library file C:>WORKVIEWASTANDARD\X4000.SML
Processing Viewlogic X4000 Library, Version - 2/22/93

Library ‘X4000’ is in database.
543 w’qn']?mmqaauszﬁaﬁuwumm VHDL
2: VHDLDes> vhdl tapesim.vhd

>> Compiling <tapesim.vhd> ...
- analyzing ENTITY tapesim at line 28 ...

0 errors

0 warnings
-- analyzing ARCHITECTURE main_control of ENTITY tapesim at line 39 ...

0 errors

0 warnings

0 errors

0 warnings

>>> VHDL analysis done.

Design is in database.



78

5.4.4 MNTAUATIENAIATIN
3: VHDLDes> synthesize’

-— Date : Sat Apr 29-17:03:17 1995
-—— Module Name : TAPESIM

-—- Library Name  : X4000

-—— Output Directory : .

-—- Operating Voltage: 5.000000

----- Operating Temp :25

--— Process : TYPICAL
----- Logic Type : MIXED
-——- area/speed Factor: 1.000000
--—- Package : DEFAULT

996 96 36 36 96 36 9 36 3 3 I B K I 30326 0 I I 96 3036 36 B I 96 I 3626 I 36 I A NN NN

Output Drives

KERFHERNFRREERRLRERXRRERRRRERERRERRERREXRRREERR

Output Drive Output Drive
rise  fall rise ~ fall

DO7 0.0000 0.0000 DOS6 0.0000 0.0000
DO5 0.0000 0.0000 DO4 0.0000 0.0000
DO3 0.0000 0.0000 DO2 0.0000 0.0000
DO1 0.0000 0.0000 DOO 0.0000 0.0000
DMO7 0.0000 0.0000 DMOS6 0.0000 0.0000
DMO5 0.0000 . 0.0000 DMO4 0.0000 0.0000
DMO3 0.0000 0.0000 DMO2 0.0000 0.0000
DMO1 0.0000 0.0000 DMOO 0.0000 0.0000 ‘
AM19 0.0000 0.0000 AMI18 0.0000 0.0000
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AM17 0.0000 0.0000 AM16 0.0000 0.0000
AM15 0.0000 0.0000 AM14 0.0000 0.0000
AM13 0.0000 0.0000 . AM12 0.0000 0.0000
AM11 0.0000 0.0000 AM10 0.0000 0.0000
AM9 0.0000 0.0000 AMS 0.0000 0.0000
AM7 0.0000 0.0000 AMS 0.0000 0.0000
AM5 0.0000 0.0000 AM4 0.0000 0.0000
AM3 0.0000 0.0000 AM2 0.0000 0.0000
AM1 0.0000 0.0000 AMO 0.0000 0.0000
LED3 0.0000 0.0000 LED2 0.0000 0.0000
LED1 0.0000 0.0000 LEDO 0.0000 0.0000
WRITE 0.0000 0.0000 READ 0.0000 0.0000
DAS 0.0000 0.0000 ADS 0.0000 0.0000
AR REREEEREERRR R IR R RRRERNERRRRERRR R RN RN
Input Loadings
B T T T T T T T T T s

Input Load Input Load

CLK 78.000 RESET 1.000

DIE - 9.000 Sw2 3.000

SW1 1.000  SWO 1.000

DI7 1.000 DI6 1.000

Di5 1.000 Dl4 1.000

DI3 1.000 Di2 1.000

DI 1.000 DIi0 1.000

DMI7 1.000 DMI6 1.000

DMIs 1.000 DMI4 1.000

DMI3 1.000 DMI2 1.000



DMI1

1.000

80

DMi0

1.000

HREFEREEELEEEERRRREEREREREEEEERLERRRRREREREEEEE

Timing Report

3 %969 3 3 3 % 3 3% 9 % X I N KK W E XXX W8I H RN K E KR

Output Delay Required
rise  fall rise  fall
AMOMEM 7.00 7.00 <none> <none>
AMTMEM 700 7.00 <none> <none>
AM2MEM 7.00 7.00 <none> <none>
AM3MEM 7.00 7.00 <none> <none>
AM4AMEM 7.00 7.00 <none> <none>
AMSMEM 7.00 7.00 <none> <none>
AMGMEM 7.00 7.00 <none> <none>
AM7MEM 7.00 7.0 <none> <none>
AMSMEM 7.00 7.00 <none> <none>
AMSMEM 7.00 = 7.00 <none> <none>
AM10MEM 7.00° 7.00 <none> <none>
AM11MEM 7.00 7.00 <none> <none>
AM12MEM 700 7.00 <none> <none>
AM13MEM 7.00 ° 7.00 <none> <none>
AM14MEM 7.00 7.00 <none> <none>
AM15MEM 7.00 7.00 <none> <none>
AM16MEM 700 7.00 <none> <none>
AM17MEM 700 7.00 <none> <none>
AM18MEM 7.00 7.00 <none> <none>

Load

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



AM19MEM
READMEM
READSET
DOOMEM
DOOCLR
DO1MEM
DO1CLR
DO2MEM
DO2CLR
DO3MEM
DO3CLR
DO4MEM
DO4CLR
DOSMEM
DOSCLR
DOBMEM
DO6CLR
DO7MEM
DO7CLR
ADSMEM
ADSCLR
DASMEM
DASSET
DMOOMEM
DMO1MEM
DMO2MEM
DMO3MEM
DMO4MEM
DMOSMEM
DMOSMEM
DMO7MEM

L1_PC_EOMEM

7.00
6.00
1.00
6.00
1.00
6.00
1.00
6.00
1.00
8.00
1.00
6.00

- 1.00-

6.00
1.00
6.00
1.00
8.00
1.00
5.00
1.00
5.00
1.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

7.00
6.00
1.00
6.00
1.00
6.00
1.00
6.00
1.00
6.00
1.00
6.00
1.00
6.00
1.00
6.00
1.00
6.00
1.00
5.00
1.00
5.00
1.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00
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<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<nonhe> <none>
<none> <none>
<nonhe> <none>
<none> <none>
<none> <none>
<none> <none>
<npone> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>

<none> <none>

1.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0



L1_PC_EOCLR
L1_PC_E1MEM
L1_PC_E1CLR
L1_PC_E2MEM
L1_PC_E2CLR
L1_PC_E3MEM
L1_PC_E3CLR
L1_PC_E4MEM
L1_PC_E4CLR
L1_PC_ESMEM
L1_PC_E5CLR
L1_PC_E6MEM
L1_PC_E6CLR
L1_PC_ETMEM
L1_PC_ETCLR
L1_PC_ESMEM
L1_PC_ESCLR
L1_PC_EOMEM
L1_PC_E9CLR
L1_PC_E10MEM
L1_PC_E10CLR
L1_PC_E11MEM
L1_PC_E11CLR
L1_PC_E12MEM
L1_PC_E12CLR
L1_PC_E13MEM
L1_PC_E13CLR
L1_PC_E14MEM
L1_PC_E14CLR
L1_PC_E15MEM
L1_PC_E1SCLR
L1_PC_E16MEM

1.00
6.00

1.00
7.00

1.00

" 8.00

1.00
9.00

1.00
10.00

.LOO

11.00
1.00
12.00
1.00
13.00
1.00
14.00
1.00
15.00
1.00
16.00
1.00
17.00
1.00
18.00
1.00
19.00
1.00
20.00
1.00
21.00

1.00
6.00
1.00
7.00
1.00
8.00
1.00
9.00
1.00
10.00
1.00
11.00
1.00
12.00
1.00
13.00
1.00
14.00
1.00
15.00
1.00
16.00
1.00
17.00
1.00
18.00
1.00
19.00
1.00
20.00
1.00
21.00
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<none> <none>
<none> <none>
<norie> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <L<none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> xnone>
‘<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <nonhe>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>

<none> <none>

50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0.
1.0
50.0
1.0
50.0
1.0 -
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0



L1_PC_E16CLR
L1_PC_E17MEM
L1_PC_E17CLR
L1_PC_E18MEM
L1_PC_E18CLR
L1_PC_E19MEM
L1_PC_E19CLR
L1_DIN_EOMEM
L1_DIN_EOCLR
L1_DIN_ETMEM
L1_DIN_E1CLR
L1_DIN_E2MEM
L1_DIN_E2CLR
L1_DIN_ESMEM
L1_DIN_E3CLR
L1_DIN_E4MEM
L1_DIN_E4CLR
L1_DIN_ESMEM
L1_DIN_ESCLR
L1_DIN_E6MEM
L1_DIN_E6CLR
L1_DIN_E7MEM
L1_DIN_E7CLR
L1_DISP_EOMEM
L1_DISP_EOSET
L1_DISP_E1MEM
L1_DISP_E1CLR
L1_DISP_E2MEM
L1_DISP_E2CLR
L1_FULLMEM
L1_FULLCLR
WRITEMEM

1.00 1.00
22.00 22.00
1.00 1.00
23.00 23.00
1.00 1.00
20.00 21.00
1.00 1.00
3.00 3.00
1.00 1.00
3.00 3.00
1.00 1.00
3.00 3.00
1.00  1.00
3.00 3.00
1.00  1.00
3.00 3.00
100 1.00
3.00 3.00
1.00  1.00
3.00 8.00
1.00 1.00
3.00 3.00
1.00 1.00
5.00 5.00
1.00 1.00
5.00 5.00
1.00 1.00
5.00 5.00
1.00 1.00
5.00 5.00
1.00 1.00
6.00 6.00

.8

<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <none>
<none> <naone>
<none> <none>
<none> <none>
<none> <none>
<noﬁe> <naonex>
<none> <none>
<none> <none>

<none> <none>

<none> <none>

<none> <none>

50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0



WRITESET 1.00 1.00 <none> <none>
L1_PC_FULLMEM 20.00 21.00 <none> <none>
L1_PC_FULLCLR 1.00 1.00 <none> <none>
L1_STATE_EOMEM 6.00 6.00 <none> <none>
L1_STATE_EOSET 1.00 1.00 <none> <none>
L1_STATE_E1MEM 8.00 8.00 <none> <nhone>
L1_STATE_E1CLR 100 1.00 <none> <none>
L1_STATE_EZMEM 7.00 7.00 <none> <none>
L1_STATE_E2CLR 1.00 1.00 <none> <none>
L1_STATE_ESMEM 7.00 7.00 <none> <none>
L1_STATE_E3CLR 1.00 1.00 <none> <none>
L1_STATE_E4AMEM 6.00 500 <none> <none>
L1_STATE_E4CLR 1.00 1.00 <none> <none>
DO7 100 2.00 <none> <none>

DO6 1.00 200 <none> <none>

DOs 1.00 200 <norie> <none>

DO4 1.00 2.00 <none> <none>

DO3 1.00 2.00 <nome> <none>

D02 1.00 200 <none> <none>

DO1 - 1.00 200 <none> <none>

DOO 1.00 2.00 <none> <none>
DMO7 h 1.00 1.00 <none> <none>
DMO6 1.00 1.00 <none> <none>
DMO5 1.00 1.00 <none> <none>
DMO4 1.00 1.00 <none> <none>
DMO3 1.00 100 <none> <none>
DMO2 1.00 1.00 <none> <none>
DMO1 1.00 1.00 <none> <none>
DMOO 1.00 1.00 <none> <none>
AM19 1.00 1.00 <none> <none>
AM18 1.00 1.00 <none> <none>
AM17 1.00 1.00 <none> <none>
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50.0
1.0
50.0
1.0
50.0
1.0
50.0
1.0
§0.0
1.0
50.0
10
50.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
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AM16 100 1.00 <none> <none> 1.0
AM15 1.00 1.00 <none> <none> 1.0
AM14 100 1.00 <none> <none> 1.0
AM13 100 1.00 <none> <none> 1.0
AM12 1.00 1.00 <none> <none> 1.0
AM11 1.00 1.00 <none> <none> 1.0
AM10 1.00 1.00 <none> <none> 1.0
AM9 1.00 1.00 <none> <none> 1.0
AMS 1.00 1.00 <none> <none> 1.0
AM7 1.00 1.00 <none> <none> 1.0
AMS6 1.00 1.00 <none> <none> 1.0
AMS 1.00  1.00 <none> <none> 1.00
AM4 1.00 1.00 <none> <none> 1.0
AM3 1.00 1.00 <none> <none> 1.0
AM2 1.00 1.00 <none> <none> 1.0
AM1 100 1.00 <none> <none> 1.0
AMO 1.00 1.00 <none> <none> 1.0
LED3 100 200 <none> <none> 1.0
LED2 1.00 2.00 <none> <none> 1.0
LED1 200 1.00 <none> <none> 1.0
LEDO 1.00 200 <none> <none> 3.0
WRITE 200 1.00 <none> <none> 1.0
READ 200 1.00 <none> <none> 1.0
DAS 200 1.00 <none> <none> 1.0
ADS 1.00 200 <none> <none> 1.0
Total Delta 000 0.00
Max. Delay 23.00 23.00
Min. Delay 1.00 1.00

3 % 3 3 B I I 9 K K 3 KK K KK KWK H KR WA IR I
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Gate Usage Summary

393 36 2 0 3 3 36 W 6K R I I AN B IR WA NI I I IR

Cell Count Area/Cell Cell Count Area/Cell
MX4000:FD 28 0.00 MX4000:FDR 45 0.00
MX4000:FDS 5 0.00 X4000:AND2 72 0.25
X4000:INV 657 0.00 X4000:NAND2 122 0.256
X4000:NAND4 2 0.76 X4000:NORS3 7 0.50
X4000:NOR4 2 0.75 X4000:0R2 130 0.25
X4000:0R3 9 0.50 X4000:0R4 5 0.75
X4000:XOR2 2 0.25

Total Cells : 486 Total Area : 96.25

369 309 309 I 3 I 9 e e 3 e W I e I I I 0 I 6T 00 I I W I I A6 I I I IR R R

Netlist Statistics

690 30 39 3 3% B I I 3 3 A I A3 K I I I I I W 2 I R e A I I N R

Maximum level of gates = 21 Total number of nets = 508
Maximum pins per net = 79 Average pins pernet = 3.056
Maximum load per net = 78.00 Average load per net = 1.97

5.4.5 @3 19UNN wirelist
4: VHDLDes> wire

Netlist (WIR) file was generated for ‘TAPESIM’.
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5.4.6 aFudNMeutaansdurey
5: VHDLDes> report

Report (RPT) file was generated for ‘TAPESIM’.

5.4.7 4319602912

6: VHDLDes> viewgen

7: VHDLDes> quit

W
5.5 NTENUULNNNENN LasnIATaesiuLLL

nIsaaNUULNAINIENINIL 18192 ld Viewdraw 7% port mapping Udqgsialy

. il ton M\ 4
XACT vinnrsurlaelviifuuils bit stream (WNevinaeg EEPROM anmiufiasviniaTessuuuy

6.5.1 N1 port mapping

41N data sheet 103%1] XC4003 1119214 1/0 pins iavuaRiausalddeg 61

e, YV o .‘
pins L31@1N1T0 mapping xaemr1an 52

Input Pin. Output Pin. InOut Pin
signal Pin No. signal Pin No. signal Pin No.
RESET P26 AMO P77 DMO P65

CLK P27 AM1 P78 DM1 Pg6
DIE P19 AM2 P79 DM2 P67
SWO0 P23 AM3 P80 DM3 P68
SWi P24 AM4 P81 DM4 P69
SwW2 P25 AM5 P82 DMb5 P70
DIo Pa4 AM6 P83 DM6 P71
DI P45 AM7 P84 DM7 P72
Di2 P46 AM8 P3

DI3 P47 AM9 P4

Di4 P48 AM10 PS5




Input Pin. Output Pin. InOut Pin
signal Pin No. signal Pin Na. signal Pin
DIs P49 AM11 P6
Di6 P50 AM12 P7
DI7 P51 AM13 P8
AM14 P9
AM15 P10
AM16 P13
AM17 P14
AM18 P15
AM19 P16
D00 P35
- DOt P36
D0O2 P37
D03 P38
D04 P57
DOs P58
D086 P59
DO7 P€0
LEDO P39
LED1 P40
LED2 P61
LED3 - P62
WRITE P17
READ P18
DAS P20

-
M5 5-2
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un1¥in port mapping i iaTanmNgieInad Taenninaudnnisues Top-
. 1 4 v . x ol o | o
Down Design 11314998 131958 9d9UTRY top: level TUNIATAL HANMULARTEITY

socket IC Fe@emiflusource Codens VHOL I8wail

. =

2: —File - :socket.vhd _

3: — Designer : Mr.Somwang Piyapaneerut
4: - Last update : 24/04/95

5:

6:

7: Library synth;

8: Use synth.stdsynth.all;

9:

10: — Entity Declaration — Declare Ports
11:

12: entity socket is

13: port ( signal clk, reset, DIE : in vibit;

14: signal SW : in vibit_vector(2 downto 0);
16: signal DI : in vibit_vector(7 downto 0);

16: signal DM : inout vibit_vector(7 downto 0);
17: signal DO : out vibit_vector(7 downto 0);
18: signal AM : out vibit_vector(19 downto 0);
19: signal LED : out vibit_vector(3 downto 0);
20: signal WRITE, READ, bAS, ADS : out vibit);
21: end socket;

22;

' 23: — Architecture behavioral describtion
24: architecture struct of socket is

25:

26: - Component Decalration -
27:

28: component TapeSim

29: port ( signal clk, reset, DIE : in vibit;



30:
31
32:
33
34:
35:

signal SW : in vibit_vector(2 downto 0);

signal DI, DMI.: in vibit_vector(7 downto 0);

+ signal. DO, DMO : out vibit_vector(7 downto 0);
signal AM : out vibit_vector(19 downto 0);
signal LED : out vibit_vector(3 downto 0);
signal WRITE, READ, DAS, ADS : out vibit);

36: end component;

37:

38: signal DMIn, DMOut : vibit_vector (7 downto 0);

39: signal DMS : vibit;

40:
41: begin
42:

43: DMS <= not WRITE;
44: DMIn <= not DM;

45: DM <= B"ZZ7Z_7777" when (DMS = '1%)

46: else DMOut;

47:

48: U1:Tapesim

49: port map( clk => clk,

50:
B1:
52:
63:
54:
55:
56:
87:
58:
59:
60:
61:

reset => reset,
DIE => DIE,

SW => SW,

Dl => DI,

DMI => DMiIn,
DMO => DMOut,
DO => DO,

AM => AM,

LED => LED,
WRITE => WRITE,
READ => READ,
DAS => DAS,

90
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62: ADS => ADS);
63: end struct;

17 YO Tudaniily flatten T iassisautaslietlugl in wFa Out it
aanusvind 4346 ezl wire Tiitsimsuadlsiidu 10 Snafs udainnas
wlaeswasuuunis VHDL Tuhidlufansas (ufleunmnineanuuulugausassssmn
sielulun1surlaedeneasluifu bit stream aznszyiniLuia socket AngUft 26
OBFT q:ﬁmﬁd’tytmmﬁmmuau OBUFT Wit 3-state anandtyqyrosfiimasn
Ly dynyrnd DM silmanuduiusiudoyan WRITE iesiiandyogyin
ﬁmmuQu {flaiFun Viewdraw udaimazilaay component AN @IUYEY CLBS (1]
\{lu component Tudauzaq 108s (Agiletrznaw) !

6.5.1.1 BUFT.1 w/@eniuilu \X4000MOBUFT. 1

5.5.1.2 INV.1 aetudli \X4000\8UF, 1

5.5.1.3 BUF.1 (/eI \X4000VBUF 1
anviuyinnnay port fdlu component 11 \SOMWANG 187 add 9 component AH
49 2.14243-2.14244
6.6.2 nswlaaunuiaaeasiiuuiy bit stream

{F8in XDM (Xilinx Design Manager) amAld Xmake Tun1sutlaauituaneas

\luuia bit stream U7 69 ludumaunIm Xmake

I VIEWDRAW-LCA

g

gﬂﬁ 5-9 NTAT Design Automatic 1aeilf Xmake 184 XILINX
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v ]
W3RAZVIULL manual i1 Tnefifuneudegui 510

VIEWDRAW-LCA-

g

/\;@gﬂ\
Unl

UaHpY

ol

Bits

o

31]'7! 5-10 N198974 Manaul Design
2\ oo ) =, G . d
Ui le: MakePROM afwuiunasiliitsunsuasg EEPROM (Rag¥raiataq

sauvusiely

5.5.3 MeaFiATaULLIY
¥ -ﬂ. [ :: o 1 4 } K 4
NIEFNATEIAULLLNY 1P1REAP U293 NN TUAYL sznada iy
Tnegdnvinlarnuiildafradu 3 wneas An k9997 XC4003, UKINAT O UaY

UKNNRT Memory

5.6 N7/ UALTININAKAL .
4 L d 1] : :’I )
Ui 611 uasamenaetuasnageuluusiavdauresiunauniseenuuy Tnedu
1 4
AAUNTTARNULUATUIIENENINNNI VHDL 1 2214969 VHDL Analyzer innnsa$auiuuny

ana “vsm’ lufiaya il Viewsim antiuafrauia “TAPESIM.CMD™ flu command
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file iHaldluntrdnaamAaiguna thiduRaudeudugunaildeanuuuly via

fnwousil luyniussuiiemdeiianans

Design Idea
- Finite State Machine.
- Timing.
- Transition Table.
Behavioral Design ¢ Syntax Analyser
3
VHDL Source Code-
Logic Design .\
. A < Logic Simulator
{Viewlogic)
Y
Wirelist, Netlist, Schematic file.
Physical Design e Device Simultion,.
(FPGA Xilinx) . Final Testing.

b,

FPGA Module

Chip & Board

Uil 511 medaadludausineg
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6.1 nsufflasmurlad
. v a . v o
nmaufledaudaniy imassafiasnesinlugoulanresiuneuntseanuuuils

¥ o

L4 v v
uniifRaniasiniauanisdautaduAtuse uNITeaNLLULFAMUITENEN1 VHDL

6.2 NsufilasaulanisesnuuuFaussENENIE VHDL

3INNPBNLLLIFALITNENTN VHDL 189Lm7t 5 11 i31aswuda dauntsineny
1849 PLAY Mode Himineudin dwmgﬁumm?{qnﬁm Wusngfl 61 uasdIUNTINI
189 REWIND Mode thninuadnefums reset 1219281 FSM state 1 2 fia nmzaniu

FsM Agnsiaaiflusugui 62

S UL AL UL UL
e b AL -
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5 Dyt g, ,..
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RECORD MODE
w AR RRARARL
- &
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WRITE - -
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|

31]7‘! 6-1 Timing Diagram
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u‘a‘ﬂfn‘ 6-2 Finite State Machine:
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d. o X
Source Code NM®1 VHDL fiviamsuflaudaiisatl

— File  :tapesim.vhd _
— Designer : Mr.Somwang Piyapaneerut
- Last update : 25/04/95

—~ clk =clock

-~ [reset = system reset.

-- [DIE = Data In Acknowledge.

«« SW = 27 1 0

- /PLAY /[REC reset

-- DI = Data in 8 bits (MSB7-LSB0)

i~ DM = Memory Data Bus 8 bits

- DO =Data Out 8 bits

~ AM = Memory Address Bus 20 bits
- LED = 3 2 1 0

- PLAY REC ready Full

- /WRITE = Memory Write

-~ /READ = Memory Read

- [DAS = D/A Select or Output Ack.

-- ADS = A/D Select of Start Converting

Library synth;
Use synth.stdsynth.all;

- Entity Declaration — Declare Ports

entity TapeSim és
port ( signal clk, reset, DIE : in vibit;
signal SW : in vibit_vector(2 downto 0);
signal DI, DMI : in vibit_vector(7 downto 0);



signal DO, DMO : out vibit_vector(7 downto 0);
signal AM : out vibit_vector(19 downta 0);
signal LED : out vibit_vector(3 downto 0);
signal WRITE, READ, DAS, ADS : out vibit);

end TapeSim;

— Architectural behavioral description

architecture main_control of TapeSim is

constant one : vibit_1d (18 downto 0) := B*000_0000_0000_0000_0001";
constant PC_MAX : vibit_1d (19 downto 0) := B*1111_1111_1111_1111_1111%;

-- Finite. State Machine Aligment

constant S1 : vibit_1d{4 downto 0) := B"00001%;
constant S2 : vibit_1d{4 downto 0) := B*00010%;
constant S3 : vibit_1d(4 downto 0) := B"00011%;
constant S4 : vibit_1d{4 downto 0) := B'09100“; \
constant S5 : vibit_1d(4 downto 0) := B*00101%;
constant S6 : vibit_1d(4 downto 0) := B"00110%;
constant S7 : vibit_1d(4 downto 0} := B*00111%;
constant S8 : vibit_1d(4 downto 0) := B"01000%;
constant S91 : vibit_1d(4 downto 0) := B"01001";
constant S92 : vibit_1d(4 downto 0) := B"10010%;
constant S93 : vibit_1d(4 downto 0) := B*10011%;
constant S94 : vlbit_1d{4 downto 0) := B"10100*;.
constant S95 : vibit_1d{4.downto 0) :=B"1010.1%;
constant S10 : vibit_1d{4 downta 0} :=B*01010%;
constant S11 : vibit_1d(4 downto 0) := B"01011";
constant S12 : vibit_1d(4 downto 0) := B"01100%;
constant S13 : vibit_1d(4 downto 0) := B*01101%;
constant S14 : vibit_1d(4 downto 0} :=B"01110%;
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constant S15 : vibit_1d(4 downto 0) := B"01111%;
constant S16 : vibit_1d{4 downto 0) := B®10000";
constant S17 : vibit_1d(4 downto 0) := B*10001";

constant table : vilbit_2d (0 to 25,13 downto 0) := (
=~ SW,Full,PC_full | State | Next_state

- No Operate —

B*11XX_00001_00001", -- S1 => S1
B*XX1X_00001_00001",

— Play State eem

B"0X0X_00001_00011", — S1=>S3.
B*XXXX_00011_00100%, - S3 =>S4
B*XXXX_00100_00101", - S4 => S5
B*XXXX_00101_00110%, - Sb => S6
B"XXXX_00110_00111", - S6 => S7
B*"XXXX_00111_01000", --S7 => S8
B"XXXX_01000_01111", -- S8 =>S15 - to N1

— Record State e

B*100X_00001_01001", - S1 => S91

B*XXXX_01001_10010", -- S91=> S92
B"XXXX_10010_10011*, — S92=> S93
B*XXXX_10011_10100%, — S93=> S94
B*XXXX_10100_10101", — S94=> S95
B*XXXX_10101_01010", - S96=> S10
B"XXXX_01010_01011", ~-S10 => S11
B"XXXX_01011_01100", -S11 =>S12
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B"XXXX_01100_01101", --S12 => S13
B"XXXX_01101_01110", ~S13 => S14
B*XXXX_01110_01111%, -S14 => S15 - to N1

B*XXX0_01111_10000", --S15 => S16
B*XXX1_01111_10001", --S15 => S17

B"0XXX_10000_00011", --S16 => S3
B"11XX_10000_00001", -S16 => S1

B*10XX_10000_10101", ~S16 => S95

B*"XXXX_10001_00001"); -S17 => S1

signal htbl : vibit_1d (8 downto 0);

signal state, next_s : vibit_1d (4 downto 0);
signal PC : vibit_1d (19 downto 0);

signal Full, PC_full, sreset : vibit;

signal Din : vibit_1d (7 downto 0);

signal Disp : vibit_1d (2 downto 0);

begin

pla_table (htbl, next_s, table);

htbl <= SW(2 downto 1)&Full&PC_full&stats;
LED <= Disp&Full;

sreset <= raset AND SW(0);

main: process

begin
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wait until (prising (clk) or (sreset = '0'));
if sreset = ‘0’ then.
state. <= S1; -- start state at S1
PC_full <= '0";
PC <= B"0000_0000_0000_0000_0000";
Full <= '0";
READ <= '1";
WRITE <= '1";
DAS <="'1";
ADS <= '0';
DO <= B"0000_0000";
Din <= B"0000_0000";
Disp <= B*000";
else
state <= next_s;
if state = S1 then Disp <= B"001";
elsif state=S3 then AM <= PC;
READ <= '0%
Disp(2) <= '1";
Disp(0) <= '0";
elsif state =S4 then DO <= DMl
DAS <= '0';
elsif state = S5 then READ <="'1";
elsif state = S91 then Disp(1) <="1';
Disp(0) <='0";
ADS <= '1
elsif state = S92 then ADS <= '0';
elsif state = S13 then AM <= PC;
DMO <= Din;
WRITE <= '0%
ADS <="'1"
elsif state = S14 then WRITE <= '1";
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ADS <= '0"
elsif state = S15 then if PC = PC_MAX then PC_full <= '1%;
' else PC_full <= '0";
end if;
" elsif state = S16 then if PC(19) = "1’ then-
' PC <= addum(PC(18 downto 0), one);

PC(19) <= "1";
else
PC <= addum{PC(18 downto 0), one);
end if;
elsif state = S17 then Full <= '1%
end if;
if DIE = '0’ then Din <= DI;
end if;
end if;

end process;

end main_control;
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ADC0808/ADC0808C/ADC0809C

~% National
Semiconductor

ADCO0808, ADC0809 8-Bit uP Compatible A/D Converters

With 8-Channel Multiplexer

General Description
The ADC0808, ADC0809 data acquisition component is a

-monolithic CMOS device with an 8-bit analog-to-digrtal con-

verter, 8-channel multiplexes and microprocessor compati
ble control logic. The 8-tit A/D conventer uses successive
approximation as the conversion technique. The converter
features a high impedance chopper stabilized comparator, a
256R voltage divider with analog swatch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signais.

The device eliminates the need lor external zero and full
scale adjustments. Easy interfacing to microprocessors is
provided by the latched and decoded multplexer address
inpuls and laiched TTL TRI.STATES outputs.

The design of the ADC0808, ADC0899 has been oplimized
by incorporating the most desirable aspects of several A/D
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence,
excellent long-term accuracy and repeatabiity, and con-
sumes minimal power. These leatures make this device
ideally suited o0 applications from process and machine
control 1o consumer and automotive applications. For 16-
channe! multiplexer with common oytout (sample/hold port)
see ADC0316 data sheet (See AN-247 for more informa-
tion.)

Features

= Resolution—38-bits

= Total unadjusted error—+ ¥, LS8 and +1 LSB

® No missing codes

® Conversion tme~—100 uS

& Single supply—S Voo .

B Operates ratometrically or with 5 Vpg or analog span

adjusted voltage reference

8-channel muitiplexer with latched control I6gic

n Easy. interface 10 all microprocessors, or operates
**stand alone”

® QOutputs meet T2L voitage level specifications

¥ OV to 5V analog input voltage range with single S5V sup-
ply

® No zero of full-scale adjust required

®m Standard hermetic or molded 28-pin DIP package

® Temperature range —40°C to +85°C or -55'C to
+125°C

u-Low power consumption—15 mW

u Latched TRI-STATE output
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Absolute Maximum Ratings (vctes182) Operating Conditions (votes12 2)

<oy Voltage (Vee) (Note 3) 65V Temperature Range (Note 1) . TminsTasTuax

\aage at Any Pin -0.3V1o (Ve +0.3V) ADC0808CJ ~S55CLTas +125°C
Excest Control Inputs ADC0808CC., ADCOB0BCCN,

vaage at Control Inputs -0.3Vio +15Vv ADCO0B0SCCN =40°C<TaS +65°C
(START, OE, CLOCK, ALE, ADD A, ADD 8, ADD C) Range of Vcc (Note 1) 45Vpo 6.0 Vpe

Sivage Temperature Range —65°Cto +150°C

pa-Aage Dissipation at Tp = 25°C 875 mW

Leps Temperature (Soldering, 10 seconds) 300°C

Electrical Characteristics
Converter Specifications: Vcc=5 Vpc=Vaer+. VRer(-)=GND, TuinSTa< Timax and foi i = 640 kHz unless otherwise
siaied. 3

Symbol Parameter. Conditions Min Typ Max Units
ADC0808
Total Unadjusted Error 25°C % LS8
(Note 5) Taan 10 Tpax =Y. LSB
ADC0809 {-- .
Total Unadjusted Errar 0°Cto70°C 1 LS8
(Note 5) Tain 10 Tieax 1Y, LSB
’ Input Resistance From Ret{ + ) to Ref{-) 1.0 25 Kk
Analog Input Voltage Range | (Note 4) V(+)or V(-) GND~0.10 Vec+0.10 Voc
Vagg(-) Voltage, Top of Ladder Measured at Ref{ +) Vee Ve +0.1 v
Vegp(. 3+ VY 2
_ﬁuz_““u Voltage, Center of Ladder Vee/2-0.1 | Vo2 | Veg/2+0.1 v
vags ) Voltage, Bottom of Ladder Measured at Ref(—) -0.1 0 A
te, Comparator Input Current f. = 640 kHz, (Note 6) =2 *0.5 2 nA

tElectrical Characteristics
Digital Levels and DC Specifications: ADCOB08CJ 4.5V<Voo<5.5V, —-55CSTo<+125°C unless otherwisa noted
AJCC828CCJ, ADCO80BCCN, and ADCOBCICCN 4.75<Vgg<5.25V, —40°C<Ta < +85°C unless otherwise noted

Symbol | Parameter [ condtions | s T wp | wmax ! s
ANALOG MULTIPLEXER
incey 1y OFF Channel Leahage Current Vec =5V, ViN= 5V,
Ta=25C 10 200 nA
. T 10 Tmax 5 1.0 pA
bazeg oy OFF Channel Leakage Current Vee =5V, ViN=0,
Ta=25C -200 ~10 nA
T 10 Tmax -1.0 pA

CONTROL INPUTS

Yy Logical “1” Input Voltage Veg—1.5 v
Yy Logical “0" input Voltage 1.5 v
N Logical “1" Input Current | vin=1sv 1.0 pA
{The Contro! Inputs)

(ENEN Logicaro" Input Current Vin=0 -1.0 pA
(The Controtl Inputs)

ks | supplyCurrent foyk = 640 kHz - 0.3 3.0 mA

g

260800QVv/080800QV/80800QV



ADC0808/ADC0808C/ADC0809C

Electrical Characteristics (continved)
Digital Leveis and DC Specifications: ADC0808CJ 4. SVSVccss 5V, —55°C<To<+125°C unless otherwise noted
ADCO0808CCJ, ADCOBO8CCN, and ADCOBOICCN £.75< Ve 5.25V, =40°C<Ta < + B5°C unless otherwise noted

Symbol I Parameter | Conditions l Min [ Typ | Max ] Unlt?;
DATA QUTPUTS AND EOC (INTERRUPT)

Vout(1) Logicat “1" Output Voltage lg= -360 pA Vo 04 v

Vout Logical 0" Output Voltage 10=16mA 0.45 v

VouT(o) Logical “0" Output Voltage EOC lo=12mA 0.45 v

lout TRI-STATE Output Current Vo =5V 3 pA

Vo=0 -3 sA
Electrical Characteristics
Timing Specifications Vec = VRer(+) = S5V, Vaer(-)= GND. t, =t =20 ns and T4 = 25°C unless otherwise noted.
Symbot Parameter Conditions Min Typ Max Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
{WALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
1y Minimum Address Set-Up Time (Figure 5) 25 50 ns
tn Minimum Address Hoid Time (Figure 5) 25 50 ns
o Analog MUX Delay Time Rg = 0N (Figure 5) 1 2.5 nS
From ALE
tH1. 140 OE Control 1a Q Logic State Cy =50 pF, Ry = 10k (Figure 8) 125 250 ns
tim. oM OE Control to Hi-Z Cy = 10 pF, Ry = 10k (Figure 8) 125 250 ns
te Conversion Time {o = 640 kHz, (Figure 5) (Note 7) 90 100 116 nS
fe Clock Frequency 10 640 1280 kHz
teoc EOC Delay Time {Figure 5) 5 0 8+2 uS Clock
y Periods
Cin Input Capacitance At Control Inputs 10 15 pf
Cout TRI-STATE Output At TRI-STATE Outputs, (Note 12) 10 15 pF
Capacitance

Note 1: Absolute manmum ratngs are IN0Se values beyond whuh the ke of the dewice may be mmpaved.

Note 2: At voilagés-are maasurod with fa<0ect In (NN unlees oty s coecficd,

Note X A zenct doda erists, internaily, from Veg 1o GNO and has & typal treakdown voltage of 7 Voc.

Note 4: Two oncNp dmdes are hed 10 each analog input wihuch wifl forward conduct for analog Input voltages one dode d*op Delow g ound of ong Su3d Crod
gredie’ than the Vorn supply Tne spec 2llows 100 mV fonward thas of orther dooe Thes means thal as Iong as the 3naldg Vi G0ws N0 92C06d the Suppry voage
Dy More than 10C mV, the output coda will be comect. To actueve an asohss 0Voe 10 SVpc MOt YORRGS (ANGE wil! tTherelore reGuwe 3 Munnurt: sudply volage of
4 300 Voc over temparature vanations, wutal tolerance and toadng.

Note S: Total unacs error inch affset, full-scale, kneanty, and multdiezer errors. See Fipare 3. None of these AIDs 10Quees & 2000 Of tull-sCaie adiust
However, d an lll 2010 cOdo is deswed for &N ANAIG NPUL CINer Than 0 OV, of @ & namow full-scale 5pan ewsts (1 example: 0 5V 10 4 5V full-sca'e} ine re’erence
voltages can be austed 10 schieve thus. See Fgwe 12,

Note 6: Comparator mput Cusent i5 8 bias current inlo or out of the chopper stabizred comparator. The Das curent vanes dvectly waih clock frequency ad has
Wile lemperature dependence (Figure 6) See paragraph 4 0

Note 7: The cutp.ts of the data regisior are updated one clock Cycte be‘ore D niing edge of EOC.
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functional Description -~ -

suttiplexer. The device contains an &-channel single-end-

o4 analog signal muitiplexer. A particular inptnt channel is
wcied by using the address decoder. Table | shows the
oot states for the address lines to select any channel. The
»45-e5s is latched into the decoder on the low-to-high tran-
auon of the address latch enable signal.

) TABLE |

—

SELECTED ADDRESS LINE

ANALOG CHANNEL

INO
IN1
IN2
IN3
IN4
INS
IN6
IN7

IXTrmrIXIrr|om
XrXIrrTrIr|>»

b = i i A ol ol N s (2]

CONVERTER CHARACTERISTICS

The Converter
1he heart of this single chip data acquisition system is its 8-
i aralog-to-digital converter. The converter is designed

to give fast, accurale, and repeatable conversions over a
wide range of temperatures. The convertar is pactitioned
into 3 major sectons: the 256R ladder network, the succes-
sive approximation regisier, and the comparator. The con-
verter's digital outputs are positive true.

The 256R ladder network agproach (Figure 1) was chosen
over the conventional R/2R ladder because of its inherent
monotonicity, which guaranteas no mussing digital codes.
Monotonicity is particularly important in closed loop leed-
back control systems. A non-monolomic relationship can
cause oscillations that will be calastrophic for the system.
Additionally, the 256R network does not cause load varia-
tions on the referencs vcltage. .

The bottom resistor and the top resistor of the lazder net.
work in Figure 1 are not the same value as the remandet of
the network, The ditference in these resistors causes the
output characteristic 1o be symmetrical with the zero and
full-scale points of the transfer curve. The first output tran-
sition occurs when the analog signal has reached + ' LSB
and succeeding output transitions occur every 1 LSB later
up to full-scale.

The successive approximation register (SAR) performs 8 it-
erations to approximate the input voltage. For any SAR type
convertar, n-iterations are required 10r an n-bit converter,
Figure 2 shows a typical example of 8 3-bit converter. In the
ADC0808, ADC0809, the approximation lechnique is ex-
tended to 8 bits using the 256R network.

CONTROLSFAOM S A A,
1

REF{s) O—p

"y
ot

%R

256R

A

" SN—

10
. COMPARATOR
INPYT

REF(~) O——d

TL/HI5872-2

FIGURE 1. Resistor Ladder and Switch Tree
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Functional Description (continued)

The A/D converter's successive approximation register
(SAR) is reset on the positive edge of the start conversion
(SC) pulse. The conversion is begun on the falling adge of
the start conversion pulse. A conversion in process wiit be
interrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the end-
of-conversion (EQC) output to the SC input if used in this
mode, an extemnal start conversion pulse shoul? be applied
after power up. End-ol-conversion will go low between 0
and 8 clock pulses after the rising edge of start conversion.
The most important section of the A/D converier is the
comparator. It is this section which is responsible for the
ultimate accuracy of the entire converter. it is also the

= FULLSCALE

" 1DEAL CURVE ©  ERAROR - 1/2158
s
o
-
- 108
>
§ ot .
° = NOMLINEARITY « 117 LS8
g oe) oy

- NONLINEARITY = -1/2 LS8
o81] -
= }=- ZERO ERAOA « ~1/8 LS8

i

000 Vin
078 1A 23 1A B 53 3 IR

Vin AS FRACTION OF FULL-SCALE

FIGURE 2. 3-BIt A/D Transfer Curve

ERAOR

INPUT OV
VOLTAGE

QUANTIZING {']

T

comparator drift which has the greatest influence on ¢
repeatability of the device. A chopper-stabilized comparaty
provides the most effective method of salistying ail the con,
verier requirements.

The chopper-stzbilized comparator converts the DC ingyy
signal into an AC signal. This signal is then fed througs: |
high gain AC emplifier and has the DC level restored. Thy
technique limits the dritt component of the ampiifier siney
the driftt is 8 DC component which is not passed by the A
amplifier. This makes the entire A/D converier extromel

.insensi:we 10 temperature, long term drift and input otfse:

emors,

Figure 4 shows a typical error curve for the ADCOB08S g5
measured ysing the procedures outlined in AN-179,

INFINITE RESTLUTION

{s PERFECT CONVERTEA

1ie 12158 1DEAL'3 01T CONVERTER
w roraL_, 7
S i | ukaswsten T 4

EAROA 1
5w -1s8
g ALSOLUTE
3 m ACCURACY
Em -121s8
QUANRTIZATION
[ L] EAROR

000 Vin
(318 13143 51 4 I8

Vin AS FRACTION OF FULL-SCALE

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve

REFERENCE LINE

FIGURE 4. Typlcal Error Curve
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connection Diagram

Timing Diagram
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ADC0808/ADC0808C/ADC0809C

Typical Performance Characteristics
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Applications Information
OPERATION ”

1.0 RATIOMETRIC CONVERSION

1 ADC0B08, ADCOBOS is designed as a complete Data
Acquistzon System (DAS) for ratiometric conversion sys-
inms. In ratiometric systems, the physical variable being
mecasured is expressed as a percentage of full-scale which

" s not necassarily relatad to an absolute standard. The volt-

age input 10 the ADCOB08 is expressed by the equation

Ym _ Ox

Vis=Vz Omax—Dmin

Vin = Input voltage into the ADC0808

Vi = Full-scale voltage =5

vz = Zero voltage

Ox = Data point being measured

Dwax = Maximum data limit

Owin = Minimum data limit
A good example of a ratiometric transducer is a potentiome-
ter used as a position sensor. The position of the wiper is
duectly proportional to the output voitage which is a ratio of
ine fuli-scale voltage across it. Since the data is represent-
od as a proportion of full-scale, reference requiremaents are
greatly reduced, efiminating a large source of error and cost
for many applications. A major advantage of the ADC0808,
ADC0809.is that the input voltage range is equal to the sup-
ply range so the transducers can be connecled directly
scross the supply and their outputs connected directly into
tho multiplexer inputs, (Figure §).

m

Ratiometric tansducers such as potentiometers, strain
gauges, thermistor bridges, pressure transzucers, eiz., are
suitable for measuring proportional relationships; however,
many types of measurements must be relerred 10 at abso-
lite standard such as voltage or current. This means a Sys-
tem reference must be used which relates the tuli-scale
voltage 1o ther standard volt. For example, if
Vee = Vage = 5.12V, then the fuli-scale range is draded into
256 standard steps. The smallest standard step is 1 LS8
which is then 20 mV,

2.0 RESISTOR LADDER LIMITATIONS

The voltages from the resistor ladder are compared to the
selected into 8 times in a8 conversion. These voltages are
coupled to the comparator via an analog switch tree which
_is referenced to the supply. The voltages at the tog. center
and bottom of the ladder must be controlied to maintain
proper operation.

The top of the-ladder, Ref( +), should not be more posttive

than the supply, and the bottom of the ladder, Rel(-), R

should not be more negative than ground. The center of the
ladder voltage must alse be near the center of the supply
because the analog switch tree changes from N-channel
swilches to P-channel switches. These limitations 2-e auto-
matically satisfied in ratiometric systems and can be easily
met in ground referenced systems.

Figure 10 shows a ground referenced system with a sepa-
rate supply and reference. In this system, the supaly must
be trimmed to match the reference voltage. For instance, if
8 5.12V is used, the supply should be adjusted to the same
voltage within 0.1V.

4
I
-~

*
£

Vee
L REF(e}

GIGITAL
ouTPuT
PROPORTIONAL
TO ANALOG
wrut

LT

ToYin ViN
Opyt= V—-—REF - —VCC
473 sVec @ VRpr 2525V

158

=
1

ADCoscS

* Ratiometric transducess
TL rie8€72-7

FIGURE 9. Ratiometric Conversion System-
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ADC0808/ADC0808C/ADC0803C

Applications Information (cowinueq

The ADCO808 needs less than a milliamp of supply current
$0 developing the supply from the reference & readily ac-
complished. In Figuwe 11 a ground referenced system is
shown which generales the supply from the re‘ecence. The
butfer shown can be an op amp of suthcient dive to supply
the milliamp of supply current and the desirec bus drive, or #
a capacilive bus is driven by the outputs a large capacitor
will supply the transient supply current as seen in Figure 12,
The LM301 is overcompensated 10 insure stability when
loaded by the 10 uF output capacitor.

]

—

The top and bottom lacuer voltages cannot exceed V,
and ground, respectively, but they can be symmetrically jegg
than Ve and greater than ground. The center of the lagq,
voltage should always be near the center of the supply. The
sensitivity of the converter can be increased, (i.e., size of
the LS8 steps decreased) by using a symmetrical referancy
system. In Figure 13, a 2.5V reference is symmetrically can.
tered about Vcc/2 since the same current flows in idenyzy
resistors. This system with & 2.5V reference allows the LS3
bit to be half the size of a SV reference system.
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FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
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3.0 CONVERTER EOUAT!O_NS
The transition between adiacent codes N and N+ 1 is given
by

Vi = {(Vusr(.. Vrer(- ”[zse 5‘2] Vrus} *Vagr(-) @
THe cénter of an output code N is given by:

N

v'.{Nn:r(.rVneaql[z—“]:Vnz}‘Vasﬂ-) @
The output code N for an arbitrary input.are the integers
wiihin the range:

Vi =V -
N-—z‘-—:-s—‘(—,—AzSG:AbsoMoAccuuy )
V.g;(-,—V.gn_,

where: V) = Voitage at comparator input
VRgF(+)= Voltage at Ref(+)
“VReF(-)™ Voltage at Rat(~)
V7ug = Total unadjusted error voltage (typically
VREF({+)*+512)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is caused by the peri-
odic switching of on-chip stray capacitances. These are
connectad alternately to the output of the resistor ladder/
switch tree network and to the comparator.input as part of
the operation of the chopper stabilized comparator.

The average value of the comparator input current varies
directly with clock frequency and with V)y as shown in Fig-
ure 6.

It no filter capacitors are used at the analog inputs and the
signal source impedances are low, the comparator input
current should not introduce converter errors, as the tran-
sient created by the capacitance discharge will die out be-
fore the comparator output is strobed.

i input filter capacitors are desired for noise reduction and
signal conditioning they will tend to average out the dynamic
comparator input current. It will then taka on the character-
istics of a DC bias current whose etfect can be pred:cted
conventionally. .

T

*060800QVv/080800QV/80800QV




ADCO808/ADCOBOBC/AD_COSOQC

Typical Application
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“Address laiches needed for B08S and SC/MP nterfacng the ADCOS08 to & microprocessor

MICROPROCESSOR INTERFACE TABLE

PROCESSOR READ WRI INTERRUPT (COMMENT)
8080 MEMA MEMW INTA (Thru RST Circuit)
8085 RD WR INTR (Thru RST Circuit)
2-80 RD WR INT (Theu RST Circuit, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMA*$2¢R/W | VMA«$eR7W | [ROA or IAOB (Thru PIA)
Ordering Information
t TEMPERATURE RANGE —40°Cto +85°C ~55'Cto +125°C
Eror * Y, Bit Unadjusted ADCO808CCN ADC0808CCJ ADC0808CJS
£ 1 Bit Unadjusted ADCOB0SCCN -
Package Outline N28A Moided DiP J28BA Hermetic DIP J2B8A Hermetic DIP
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