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Abstract

This paper presents the design and implementation of an image digitizer
together with a confroller that is designed by using a VHDL (VHSIC Hardware
Description Language) and synthesized on a Xilinx XC4003E FPGA chip. Comparing to
a commercially available image digitizer, this controller is easily modified to suit
particutar applications. It also consumes less PCB space. This image digitizer can
convert a video signal from a video camera into a digital image with 256X256 resolution
at 5 MHz sampling frequency. Subsequently, the image is stored in a 64 kByte RAM and
then transferred to a personal computer via a printer port, which is operated in an EPP

(Enhanced Paralfel Port) mode, for further processing.
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2.3.1.1  Front porch Hfnsnavindu 1.5 ’Luiﬂ‘ﬁmﬁtﬁuﬁmcyﬂmﬁagjs‘:wi'm
ﬁaqéuqﬂ%'ﬂzﬂﬁmw'lutwiastﬁumﬂmmzﬁqaG;m'aqﬁ'q;mﬁm Hs Heasinlidouaasnsash
wiaefiinnsLlfuszdunsedilFelussiumslinam (Blanking level) LﬁaéuQmﬁﬂyﬂnﬁw
raadunanaduriauusziaudngdisvesdeyyin Line sync. pulse
2.3.1.2 Line sync. pulse wiaWaduasdtytunnu Hs dasavinny 4.7 lulas

= =] © b 1 ' = -4 ot .
Fuizeasn Wnnenaanin luisasidussningirrasdaiasiasasiiiianig  synchronize

[
s

UILEY
1 ar ~ J o o
2.3.1.3 Back porch Hfoumanviniu 5.8 Tulasdunfidlugaananinn 1 duaziin
ar el ar ar ] nl ¢=\l §r k7 . . .
navivaiunuelumsaztinnduneuiac@uidngdayanin (Picture information) asaudu
noefaiudaunetinly
o/ 3 &
2.3.2 AQEUNUBINNIUING
ansnizaesdtyyiod Vs avansagldammmilszney 24 Taedyonne vs 8

cJ e = e . 1 e S Eae =
AMUDLYINGU 50 sndutaRaiiuAuaingL 20 fadiund

24 SIERZLALARIALARIAUNIA

c:i - 0 H =y
T4 1 awAliaaInnisnaasessddidnmrewasilscnaudaaduninanifaannnig

} a 1 & P & 1
Doannmisuunueudton 625 dulnsuieandly 2 HedreRadiduuarlafidugiad
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82 312.5 U Muandsauazasumsnonalundsiasudnalumisg 2-2

A1979 2-2 WARITIEATIBEARIAUTAEUNIA

viunaluianidua d19u (1du) Aoy

- it 1.2 wazrdausnanadid 3 2.5 - Fryeynmidarimanng

- AR et 3 uazidui 4,5 2.5 - Fynoudenelafedamierns
é’mufyﬁm%aﬁmmmrfl”’q

- i 6 B 17 uavAtausnan 12.5 - ﬁ’cyn;mumaﬁm?mé’uazﬁ’m

18 N&1
 risavdarnadii 18 Budud 310 292.5 - Aynunn
- R 311,312 aAausnaa iy 2.5 - dynrosdaonladedaausnaes

71313

3
b 5 e

CRTIATRTAG ATV RITIIG T KT QP EoT

Hasidg

Wunnalufladisug

41391 (LAU)

ooy

_ eirandarnadud 313 uasiud
314, 315

- 316,317 uazAdausneaiy
7l 318

- prandsraudun 318 Dadui 330

1 1] :J
- 1@ 331 DeaNusnaaadun 623
- ATanaudun 623 uazidui 624,

625

25

2.5

12.5

292.5
2.5

v
& ar

- FryNUBIIMAUUIAT

- dryounnidpoalstedaadaves
b7
ArytyrouEarinaanuas
: < L%
- Aeynnndnuaansaiduasiin
Na
- Aoty NN
- dynnudrnelafedaansnuas
Foynynidarmnaunsiadmii

Ramdud
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o’ & o o
msulasdyammitludyuiunanas

’luumﬁ%Lﬂunwnzﬁqﬁmé’nwuﬂmﬁm‘,cy'\mmmﬂuﬁmymnm?ﬁmﬂﬂmuﬁ’a
wannisiardaulsznaundnrasasasulssdryraimwiudyiufanas (Image
digitizer)  d@ufuniwanamuazmsaumesianesnruluinuan1ineuiuy - EPP
(Enhanced Parallel Port) tita I ifhuuannalunnsaanusn) image digitizer fvRLmATe

Tuimsalyl

Qs Qs [=7 ar "o,
3.1 wanniswdasdunnaunivitusuanunenas

LT o o

diasandryunnunuildanndasdala (Video camera) Wudtymnauuuues-
. . ¥ y « . v o

aan  (Analog signal) Aeiuninissiasnsfiudygnuniniideaniufasinnisudas

&yrynunawillfedlugUdugnmmanes (Digital signal) Wiedeyamedanaa@eounda

AvansmnieysAdneaithliiulumisa randiusnfedinlousy (video RAM) 18 ms

174 i

wiasdrynnomeusaantiiludygnnRdanas (Analog-to-Digital conversion) az1419a5h

Gandnasasutasdyymaeussaniiludyindanes  (Analog-to-Digital — Converter,

13 d ‘4 A :} 1 s
ADC)  widlasandynanmiihdynomiiaonadgeredauiviaiy 15,625
Aladsnduazoaidlunsnamanmluudazflasianlszanns 20 Sadsufidadly
o PP o g u A 2 - A

AEIRgann  usrlunsdimssiasnasivdayaninlilfanuasiBanueaningdadas

U&yymnfinmlunsgudayanmitiiannigefamduiu Aulness ADC Aldluns

wdasdtygninawaaidanldases ADC uuLurad (Flash ADC) dfianuidalunisutlas

FyruniRawmeadiuiunisnaanwlusiasfad uasdarnaiowimianalulaginig

= = - B o :] ° ]
drunsudngUnsainedidnnseiindlutlaqriuinliaeas Flash ADC #ifldmdeluia
= Ay e | ° A o g Py o p a

nannilsnailigainuasiinnudageuindaialinunedunisiiunaniidse@ninon
X
1N

3.1.1 AnuusmsiudayamuhInaauuIn 256X 256 ansanIw

[ [=3

o i i’/ nl g ] ﬂé
NIFNUIBY RN TUUTURAWINRINNFNIFIIYRIWINA 64X64 3ARANTWEN

v v
ar =

o s o o
WuauazdeafAsudwamsidianvnurmandadatanisinuaciuiouazsaianes
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o=l o ' o] o 3 @ w =t <f &
gunsoflfluadeniy  seanldfimaironlinadivfeyanmiinnussieanganniuag
narefiunsFunNauR 256X 256 9ARBNTN
Srwium L RAAREaTWA 256X 256 qananmiireninivdeyanwluusiaz
dunaadnuan 256 qauaziiudayanwdniou 266 Wsitlunlssney 3-1 GALL
= 4:’4’ o o LI 4=! [ =l
avdsanatnznsdmiunmaideyenwifldunuibifenisanuscbunedny
ynntnuaznissassaRldasiiouamindy 256 X256 vire 65536 lusivise 64 Ailalust

1 2 3 ---- 255 256

1100000009
200 I % w o & =5 ®

% 000000 0@

nwitlsznen 3-1 ugasdnuizmsiunndayaninaunn 266X 256 qaFBNTH

[ 4 [ 3
masafuiimissaes lumafunmazGuaniumdspuuieiagaduen-

i [ L4 o i o [ A [
wsad 0 gsamizaanudasisilFaomnaaniiaaudeinumispaangatannnien-

t v i ! ]
medd 255 anniuiainwladusielludumidhelegedndnssiuieninsai 256

o 53 4 o a’i’ 4 o i ' 4 & a
Taemansiuninll Faaludnordanuieiumiapead NgaTaenTaTLLBAATAT

65565 Wamea LN wdsenay 3-2

address 0 1 2 - - - 254255

6556356

nniseney 3-2 uansnasdaftuimbsrnudnumaiiudayanim

MR 256X256 RSB
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e [ 1
3.1.2 AnHUENSNLIaAMWAARAATUIA 512X512 QAR
i
nsiunwRAREaTR 512X512 aadanmiliremsiivdeyaniwluwsasidy
o g v s £ 5 PP = X
NIAAIUN 512 qauanivdagan wawu 512 Wi Teazlinmwiilasuaz@eauini

< e e o o o e = \ o o
’NL‘mf'];‘:ﬁ’lﬁi‘ﬂﬂ’lwﬂmmﬂﬂﬁ‘l‘ﬂm'}uﬂﬁ}'ﬂ\'ims‘ﬂ%uﬂwﬂﬂm!ﬂ\m’m@d ELAZWRUAIAITHAN

THunsdfiunwasflanamnondinisifiunmane 256X256 anstamuils 4 wiAeld
minoAudI TR 256 Alalud

£r
=

dniuemiddeilifendnyaismafiun wAanesung 256X 256 anslan wianes

Q &

wadwiunssrgnfldadusruunisnssaaudnluifidusanaiineldndedalalun

£ & A d§ e eaa o L k14 =l
38 3aaATana9a8 AR (‘%gﬂal VL‘BEME}EI, 2542) LRZUNABINITAIINFELBL AUBINN

i 5 [ ! A' ! 1 hid
gaufiannsnlfunlaauldlaanisiivamuisesdygrounfniussnnamisaiuin

il

[ (v =3 o o,
3.2 wann19eassaslasdaaunwiludauuaanas

oo [

TuiTzqiiuntswlasdyyroinniidanndednlavsalataadinaimi iy

aa an o . .
dynrndianastanmpaneadasnsoin b lsomiludweineg e dnaslesuog
HaMH (Image processing) ¥ian13aaatUluy (Pattern recognition) (s g13nsnsi

~a ql 3 € aps U]

IlaeldsanudredyyunmiludyynddnesdefiFand, Image digitizer whnauaz
dngseszi@onuss Image digitizer tengnafieAndminEaruIntvesi RNty

Y-
image digitizer NaUAK

3.2.1 Digitizer WiaenailgaFanfiunnssiuaanliudfinmuiindnmilauiy gy
I , o=l I
Frame grabber, Video digitizer Wi Video capture (asing Lﬂuqﬂﬂmwmmm digitize
=y A Gl . A v el
uanunwdale Widud g ruidnesléimunatd® (Real time) F@nunsn digitize
&y widnsaessilad aniy Digitizer 4%in Field grabber Agwnsn digitize Awld
=t I3 é ] 3 o g5 =l < ‘g'
WA ad oA aaviieredryynninnmniuiasa et araan T WRARIATININ
nsulasdrunraunniiudyyuRaneauunaatass (Real time digitization) dazaanld
ar A 1 oy, . o { A P s ] 4=1 « aes 1= 8
Frgindeddnladunwatamnnindeuitlilaelilinansenusenniign digitized ustiida
T A v ape 1 =

widaaldlunag digitize dgygoenawle 1 msyasdaatiaandn 1730 dund (luse

1 - o’ 1 ‘i 1 i
NTSC) wiatiaendt 1725 Aunft (lussuy PAL) uazdmgazseshiingentualusindned
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v [
Digitizer findafiunway Ay Real Time digitizer Ramunrdmiudyoinnimiisnann
whaefu insimhiTawrsaniufinn wuuumdndy (Video Cassette Tape Recorder, VCR)
= o o o He o ., “a s A A . .
Wasnanunsaiun iy ueananiifad] Digitizer anduavieAs Still-frame digitizer
:iv & 2 « ege = =’!’ 2 1 ﬂi ] :l/ (23 v
Tnanmnsiatniniufog  digitizer tiatarsaslinreulmluszudnsdunaunaiiunaw
diaeannasiaderlnasesinglunmazdarasiancnuifiess (Distortion) 1aanwiiuas
. , . . ,
322 anuazdanwaann (Resolution) usesnldszydnnuganiw (Pixels
Win Picture elements) 2840w Digitizer @nunsatiuld Taevialidwiu Real time
digitizer dinldFaauunmeBngdnia Wy anuaziBaannn 256X256 afanwiazi
AstIEd I 1 AMNREETHIURRNMIILIUBUWINGL 256 AatarAdunINNag
wuasiaii 256 1 Wi dwduiifaemsing (Matrix dimensions) azldanuaugu
. = o o o d’ L) ] 2
AB¢ (Binary number) ¥FafrulmaIEniAtasdnaialiiresdenisaanuuimiaig
aNFANATIa99aT T Still-frame digitizer 11195aA Biszyanuazigaarasntiihued
ennndansgasinaanly Digitzer wihifinsldniaaaauangmiuntsiiunvusas 1y
wilstianuanieghuarasrauiamasdmiufunImumg
Tmeinfiuda Digitizer Nivflewiasuamineidruiuuaniua (Display adapter) ¥
TAafinsszyfsdmnulinfinenluidazqaninitanansiednunisgunmluiiazqn
3 i ]
Gadnununisduamluusazqeiiazunuaasndn (ntensity) 2890 04 fumdsfiganam
g digitized 18 Taerdnuaubnfafldnnnwinludannugniiesrssnisugmanaanaaiiui
AI é’ 1§ :’/ I = H ) [T L) nl/ ar :’I o =y
fanmniuvniinanaeninianasfldasiianulndimasiunwiiutiuies ARl
dyd o g £ « eps 1 ar 9 dl < = dld 1 [l
fRsanunrodlusneueniesAnees Digitizer urazma liilasandmuaudaiiidrntay
danslirunaviadnuiinuesnas ADC Aldundunialdfnamszasas ADC s
fnnnnacldanunuraseasuBouday  (Comparator)  nnalunnnndniines  Taewioly
] =y 4 ' n’.’/ ] = Ld ] ] ar
fnnutini aailddaus 4 6 8 9 10 Da 11 DavintXldaruduluusdazaanwiviai 16
ot ° & AJ 1 1 ar '
64 256 512 1024 2048 szAUmNRIALTWMNANINAMNEN 2048 sedutanaunsnuas
= i 2 =l 3 £ =] I o 10 - =} L% k73 dl
amwdnldindiassnnnoramuduiiesid 16 seau wiswatanliaoudiusasniwi
munzgukaziduiienldiuifednon 8 aslaganwisiifissananameusilaening
1 1 1 !4 L = 1 :-" 1 =y &
wdaazlignnsougnanuuanssendnanwnliznunuiindesanwdas 911 Oafy
awinldduaudadaqanwiindy 8 Saldvinlaindcdidniiusesldnmuiniigaivil

cio ar ot J o< W ags A i’ 0 Y ] :j ] =y =
uazaraRdAtyantsznievwilfiine Digitizer Wdauudndegan s 9-11 Tnaxdl
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r v ege :J ° = ] ] B = F=y
219N Digitizer NidAunulindaqaninminiu 8 finunnits 2sas ADC 9wn 11 Tinay
[ L] o as A =% (-3
TFanuaasuFnfiauwiai 2048 flusniziinms ADC 1ue 8 finasldirugunsas
wWhaufauifes 256 fadesaiuia 8 wiminlismaessas ADC gandann

1
e o o P

X v sgw ‘J o ] 24 2o kg
wananil Digitizer #ilfemilutlaaiiudaiivieaiinfiansnsoldanndléifunwanas

uazstiaf Menuldiunwd Tag Digitizer gfiandaiiasilsznavsiaendas ADC wazming
o odaw o & 3 ' = = ¥ oA
AnAnildetney 3 gadmiunisdfiunwluiazdfe duny Adeouas@in@u uwavnis
FTT ! [y c‘!’ :: e = é’ & ar =4 = é’ =
digitze Wwsazqanmazifiaty 3 afuduiulasenansauwisuiuuisunuianiatum
azATULBYNIUA LS uAR ML Digitizer aflausniiazldnsas ADC uasmibeanudnduiu
diunmadwas 1 gaviniu lnanmildazilunweun Continuous-tone image tiaeann
Arpnnuidiaagann (Pixet-intensity value) Milululdrsgnunusiaaszdmn (Shades of
-~ - r o :,/ 1= o =R d‘ = & e 0 = 1
gray Win Gray level) fisnaiusiazanlilaufis@anedefinonuduiusivsunuiindesn
e enana udn
grwsulusniddaiifluntsa¥a Digitizer RMFUAWLIMNANFAIAURANRILTIR

peanninilaviniy 8 Daeliannsouansrfumlunsdassanwliiianun 256 sy

ar [t ar
3.3 dauilsznauuereaswdassuaunmiludunnufanas

ar " ar oo

Image digitizer lnealiagiidaulssnaumdnssuansluniwilssney 3-3 Ty

=l ] = ar e‘;
AVDHAUBIUARTAINTAIN

Vs
_> Se?;)i?;ior Hs
V‘ Y
ose |25 Tiingfef 01
Logic

v r v 4 Y

Composile Video Analog i) _l\ Host [ Host

Input from Input —> ADC Memory
Video Source Circuitry /| Interface 1| Computer

y

Awdsznau 3-3 uaasdauilssnaundnaas image digitizer tnesialal
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ar’ S

3.3.1 d9u2sasgunIUd

oot

UM (Analog Input Circuitry)
o oo \ N \ L
A ASLRTYYIuAWIIaN (Composite  video  signal)  angunsalindia

&

2

Anyonmunvsing 1 ndesila witasfulnsvimbetrraaiufinnwunimlngu dhsy
Lﬁﬂtﬂuﬁmmﬁmﬁunmlﬁﬁu Digitizer Tneiludaniionalszneudosdaufudynn (Signal
conditioner) e iiuundmesdoyananwiiiiuaiivmnsautaudngdounsas
ADC sl

ar oo

3.3.2 avasutlasdmnnausaanilugymiafanas (Analog-to-Digital
Converter, ADC)
nminfuasdyynimwsudatudy yanueueaan Withudyyumases

aaas ADC Al digitizer siniluziin Flash ADC Wiasannlfiantumsulasdy o
(Conversion time) MSafitanasanisnaanwlusasiad Feinslunisulasdoygyan
o
mwﬁ'«u::Qnmuau51’0&1ﬁ’margqmmﬁmmnﬁqwmsmLﬁmﬁmmﬂmuqﬁnﬂumuﬁmlﬂ uan
NiIRTeseRs ADC aviinasaszivanudimesnawluwiarannmuassinaes
Digitizer aAldna1niluinda 3.2
3.3.3 asasilindnniauning (Oscillator, Osc)
wuthinndiadoynanunfing (Clock) Wanamuasnslunisulasdoynn
’ = 2 ar :-.l/ & 2 A 1 -ci‘ o=
wauzaenifludynnmanaaliiingss ADC souAiMiATLANNIZLOUNIAN AR
5 Ey
Junalu Digitizer v lunszusumsd@suuazadeyafianaaanuioeau
3.34 29asuanduanniden (Sync. Separator)
] [} 1 o
dlasenlunsdedygranmitiiannndednlafe Wllusmnpuussuananaiy
3 o o = r w - o e ww o
anflunsdefaysuungredanauasanubsswivdeyeidaniudeyaniuld  luies
weafunisdfiunwaaneaasluimicaanudnfiddudaldmhaamudrgunsaiunni

17 e o 2 ot o :’J dﬂ! $r oy e‘«d‘ L o e L =£
nnmmmummummtﬁunmmmmfﬁunu muumﬂlwmﬂmam?mwmmﬂamnumnﬂ’ma

k1

o

Sfludedlddynidailunmetimmuadmlinmafiann  sssuendiyayradaiagn’d

¢ L4 61 . . L) &
datwifusndryynnuTarinasiuaien (Horizontal sync. signal, Hs) uasdoymynosde
YAUUIRS (Vertical sync. signal, Vs) aananndyqrunwsaniiialdairanaainsaniaung
waznadilfmisnnnddegludiumugunisfiunwianes
3.3.5 2923ATLANNTINLANAANEAA (Video Timing Logic)

A:l =3 17 sy 1
WudauimauainsziaunsTunisivdeyaRananainieas ADC aawbary

o or P . f . !
anlinsaiudauiihudiayanin (Picture information) ¥aaidunaausiazidu Insanadiy
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SBETBAL LIBRARY
; DF SONGRLA B

o . e.ll ar A L4 .:J
4RsRAANING (Logic gates) inlLlifi 292919 (Counter) WisNnwiNaF1uaALATaNISUDY
& T °© d‘ r:’/
uazmedslliuianaruAEaRsgnrrL ANty nBiieassdiy iy asaingauuen
fynrudaiuazdynyans clock amndausamadindyyrannfnidniivile
3.3.6 939AIUAN (Control Logic)
vrminfacuannisinsassudamioeaudiudrudunasiaiuiaTas
aaniamaiwdnialy Digitizer anunsaninszusuislumaduudayaninasmicaaaiudn
=3 t 9 & = [y & csl <5 & e ci' 2 as
wiadnudeyanridrgdeaudunaiivaiuebasnsufaunefuanineinandesiudaumcunu
RAIRITUN
3.3.7 #iegau4a (Memory)
o L% d‘ =3 e d‘ §r d’ L4 g ¥ &
whiiudynifanaaildaineeas ADC Waliannsaumusinunigesesd

dsensunluusiaziumilsl  namAswnauuidndeinisanuas@eareanIngung
256x256 Rafan At lfiaaadunrnaouauld 256 duwsrhurazidunm
= . =1 <@ o :.’I ] 4 ¢=J ] [ R
LHMUATBLATOIANMNINNY 256 qa  AxiumbaaniueilFRelinnewinty 64
flalud (IWaedsnaunn 1 Aauwdsiiumdosremdusy 1 lud) sauanslunin
senan 34 Geinlfgmnsadrefeinumisesasdlsznaunwidnnainumlis oy aalafils
Tagandunisdnerumibsrasmiaauan lusnwmdatiuuazin ldaunsodidieyaianeail

laasaspanfinmasifanisidaunalyls

ET— .
256 byte|  256*256=65.536 Iﬁ'umm'lwﬂwnfnm’a

byte (64 kbyte)

je—— 256 oyte —>

i

|

| fufuusenimgrms |

Memory q I
|

NYWLsEARL 3-4 WRAINNTANDIANUMLMIRaeRUsEnaLAH

f a ar = N ar
3.3.8 douduimasianuiaiasaanfalnasuan (Host Interface)
o add . 4 a  ed oy y e dg oy
winfiiansiasssmauentuiATasreniamesfine laufhadaysidanaaiiiul’
f o . v e o~ = P ° o a 5
Tumidosianmuan  nasfnsiaivimsesraufiawesfianusain bvanednuomide  nnsfinse
tunagfien ISA bus, d886 PCl uaznnanasmuunn (Parallel port) Wianaimbusiinas

(Printer port) s dvfusnidaiidannistusefmaiuirrasnanfamaiing inunig
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& AJ 4 <y o ar = 5 & 1 k73 = ]
wafnruuilasdaniarasnanianesludeqiuiniivafnaunuie Wl ldarunsnidensa
. . R R Y
Augunsainiauenvfeqiinsnizauuen (Peripheral device) aueldatinagsaan anvianasld

o 1=3 ] :Ja & o 4
Anuafan 1SA bus fililuidaaudaluiiagiu ussdaumslidauadan PCI Allaraeenn

' IJ =] -2 173 [y L= & [ £ iﬂy =
wnndudladeuiunisideurednrug nmsdunefinatunainuunuilazigen dvuams
° J ] [] L 1
Yn9uuLIL EPP Seasgandnnativasianluiadasiely
= o s
3.3.9 LATRIAANAILARIUAN (Host Computer)

RS idundssueanafia s Tomilusunifaoiunnedaly
34 nisaumasidanasaaurlulnunnisyinguuuy EPP

taqiiunisifwednmuureusfatrenfaseilumadausatuginsaineuani

Wildgunsnlsaumendaon  wisesfiud wiameed Mdudluniessnniuiissaniases
- ¢ o rid o4 X oa. : 5 =
penfiamaiadtlmiddanuainanfigen ddnsnisdiaten (Transfer rate) dayaiida
£ o 1 Iy ] ' 3 v H =~

Wy Twanshandygyiadayasesnadamnuduludanisadislendeyaliaasiong
L4 =] ° [ 1 Ly 53‘ 9 ar e é’ A ~ & &
mlinasimedasuuanlidsstonbnnay dvisandsetidennsdumeiiansin
gnululnuanisinuiuy EPP Sadlmaazdunissieliil

Tusanisineuuuy EPP  ilulusanisineniiuunilassasnaufagnaen
wunTre A ssanausewinatifiv intel, Xircom Wa Zenith Data Systems Guusnivum
NSRBI EPP azgninuuailunamsgu 1.7 (EPP 1.7 Standard) sextlull 1994

W
Tuuanqsvinemuiuy EPP fldgnasuhinnsgiuaes IEEE 1284 daiuvaanisyinauuuy
EPP Asil 2u1mg1ufemuanasinauuuy EPP 3n@sgan 1.7 uasivuanisvinauuLiy EPP
NsgM 1.9 (EPP 1.9 Standard) Geiidaunnsaidenasianisvineuresgiinenisauuan
Taeninfiluuanasirnuuuy EPP agfldnsnisdataudayatssinn 500 ilalusisadui-
\ ), o { o a{ 1
(KB/s) e 1.5 vizn 2 wnnzlusldafui (MB/s) Feansnsamlilneanfaueiffioy lunadin
2 . . ' 0

TNUHBRY NS Handshaking w5anas Strobing snndnacldranfusfiilugmamiianlu
nstimuANISN91MMLY Centronics

3.4.1 AnanlRMEsawIsaasiuuamMsiukLIY EPP
L] A °
AN 3-1  wassTauaswiiresdynndulramaianuuuy EPP Taa

WEneuiuuanIsin UL R § I (Standard Parallet Port, SPP)
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' X .
A1 3-1 ugaadauaswifaasdygrmduiuuanisinau EPP

91 (Pin) | SPP signal | EPP signal | In/Out Wi (Function)
1 Strobe Write Out | aean ‘0" uanstuuanasTe
a84n ‘1’ uaAsluuan1sany
2-9 Data 0-7 Data 0-7 | In-Out | tiadiasyauiiy 2 #iFivna (Bidirection)
10 Ack Interrupt in | ddunessi lnadadunessli
mum%mmé’ryqﬁm (Rising edge)
11 Busy Wait in | Wdwfuntsnn  Handshaking e
sernmenandluie EPP Ay
Lﬁaﬁfymﬂmﬂua@?‘m ‘0 Ltﬁzéuzgm
Lﬁ@ﬁrynpmﬂuﬂ@%n‘v
12 Paper Spare In | drsaeld (Lilflunng Handshaking)
outfend
13 Select Spare In g3aald (‘L;j'l‘ﬂum? Handshaking}
14 Auto Data stobe | Out | #8@n ‘0" uaasinfianslauthedays
linefeed
15 Error/Fault Spare in | d19291d (1dl9lunas Handshaking)
16 Initialize Reset out | aedn ‘0" ihdynyndian
17 Select Address | Out |®ean ‘0’ wassdniirnsiaudnouan
printer strobe g
18-25 Ground Ground GND | nsag

(ﬁm : Craig Peacock, Interfacing the Enhanced Parallel Port version 1.0)

naneias doyeuns Paper out, Select printer wax Error laldldlunnain

Handshaking  Aviufldemmsnldeonldedndase  douaniuzassdygrounanil

grnsag lAnTIaneivianeiauanianiue (Status port) 184iMHANTITANALILILMNAS T

34.2 wasaiidlunildsunsunadnaurululnsanisvineuwus EPP
Twuanisiuuun EPP asfinafmiifisifinannMumans i uLILINIRe § 16

ugnalunne 3-2 uasdyyrashumedmsieusndunmilszney 3-5
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wantnsd (Address)

&
ﬁ’e}wﬂ%‘m (Port name)

ARNdgY (Read/Write)

Base address + 0 wﬂﬁfm‘il'ﬂ:;]ﬂ (Data port} (SPP) White
Base address + 1 WASRADE (Status port) (SPP) Read
Base address + 2 wafnalAx (Control port) (SPP) Write
Base address + 3 HoFALaAMATA (Address port) (EPP) Read/Write
Base address + 4 w'm‘:m'fﬂuﬂa {Data port) (EPP) Read/Write

Base address + b

Tadszy (16/32 bit Transfer)

Base address + 6

Tals21) (16/32 bit Transfer)

Base address + 7

Talgey (16/32 bit Transfer)

(ﬁm : Craig Peacock, Interfacing the Enhanced Parallel Port version 1.0)

wineliR Base address unaninsadusiudruiunisiindedunednuuny Tae

Unfidnatiuaninsg 0x378

Daia Port

D7
Dé
D3
D4
D3
D2
Dl
Do

= Data 7
F——m Data 6
- Data 5
&~ Data 4
- Data 3
--—me Data 2
e~ Data 1
I Data 0

Status Port

D7 (— Busy
D6 [—— ACK

Conirol Port

D
Dé

Reserved
Reserved

D5
D4
D3
D2
Di
D0

[4—— FPE
— Select
o—— Error
ap—--— [RQ
Reserved
Reserved

D5
D4
D3
D2
D1
Do

—= Direction

| peSelect_Tn
- [NIT

- Butofeed

g Strobe

mvitlsznat 3-5 wanadtysyodiunainsjraswainau

3.4.3 WANN19¥IN Handshaking 2a9l#NANISYINIUNLL EPP

——mIRC Enable

nslfeunesmuunululuuanisvinuiuy EPP ialeudhadayatiusenliin

& . 1 ¥ & ar  as n'
ANUNENNIS Handshaking Fedeantsniienaldanfauafitludodanis Tnedrynnomldly

A3 Handshaking Acil 3 &ryrunnuRedoyoyins Write, Data strobe Way Wait danisTan

9 ‘:[' 1 o o ] = kg A
EI’]Em’slSLLUQ?‘E‘]_Iﬂ'I?WN’m‘BﬂﬂLﬂH 2 ANHCADTIUNITTLUADYR (Data) usaLARIAIE

(Address) uazraunssnudeyavidauaniass fesoasiduastelyil
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3.4.3.1 ‘i’aumﬂ%ﬂuﬂ?ﬂgﬁ (Data write cycle)

EPP Data Write

Wite \ /[
Data |

o =t 1%
nwilsenay 3-6 g ASRNBILTTINTAUNTITEULBYR

(ﬁm : Craig Peacock, Interfacing the Enhanced Parallel Port version 1.0}

anmlszney 3-6 uaaeeazEua ]

_Tlsunsudaulifnesadioysi Base address+4

- doyeynns Write aziianfluaadn 0 (ugasdang luluaannside)

- ‘i’l’ﬂuuﬂw%mﬁtﬁuﬁmmﬁmﬁﬂgaﬁh 7 1 (Data lines 0-7)

- §tytyny Data strobe azgndsaanun (Wusedn '0) ddeyeynou Wait luasdn
0" (Gusaumsdeudeys)

- Host azsensaaniil (Acknowledgement) Tasisaaunddeyyiod Wait aziily
aaan ‘1’ (Lﬁwqmmumsﬁqmu)

- fynynnu Data strobe aznautiuaedn 1’

v
- Augasaunsidoudeya

3.4.3.2 FaUNSTEULARIASE (Address write cycle)

EPP Address Write

Write  \ /
Addr Strobe \ /
Wall ﬁ

Data

AWLSENAL 3-7 LAAAN IS Ia9TaUNNTAE ULAALATE

= \
(Winn : Craig Peacock, Interfacing the Enhanced Parallel Port version 1.0)
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anavilsenen 3-7 uamesessdnaldd]

- Tlsunsudendlufiwesnuamnsa Base address+3

- Feynynnu Write aziianfluasdn 0 (uaasdragluluuanisidam)

- u,amLﬂ?ﬁw%NQQﬁtﬁuﬁmmﬂmﬁﬂga%q 7 1&u

- &tynunns Address stiobe azgndsaanan (Wiaedn 0°) tdayeuncs Wait i
/AN 0’ (L‘ﬁ@ G:u?aumﬂ%uuﬂmm?ﬂ)

- Host azsanisaauiulaasaaundidrynyins Wait asifluaedn 1’ (Lﬁﬂﬁqmmu
N9971911)

- &Yty Address strobe aznauifhiasdn 1’

Fugaseumedenaniag

3.4.3.3 ‘i’aumﬁ@i'luf’ag’ﬁ (Data read cycle)

EPP Data Read

Write

Data Sirobe \ )
i \
VDala X X:l

[ata read an this edge

nvilszna 3-8 uamadnEITIBsELNNTENIaYA

(ﬁm : Craig Peacock, Interfacing the Enhanced Parallel Port version 1.0}

anmLsEney 3-8 udnuneasBua

- Wlsunsudendluiinasndesyst Base address+4

- fytyntu Data strobe azgnadseanui (Husadn ) drdryaynns Wait iluasedn
0 (WaGuseunssndeya)

- Host azsanisnenfulatsaaundndynynn Wait aviiluaadn 1’

- dayaszgnanuanandeya

- &tyoyou Data strobe azitluae’dn 1’

4 i &
- Augasaun1eanutays
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3.4.34 nganulaninsd (Address read cycie)

EPP Address Read

Write

Addr Sirobe \ ’
i \_
Data X Xj

Data read on this edge

AwlsEn®ll 3-9 UEAIRN U IBNTALINTTETULAMATE
(ﬁm . Cralg Peacock, interfacing the Enhanced Parallel Port version 1.0}
annmlsnen 3-0 ugneeaz@as sl
- Tlsunsuidensls Finefnuaniasafl Base address+3
- §rycynnd Address strobe azgndsaana (Wuasan ) ddtymyoe Wait 1y
ABAN 0’
- Host agsanmisnaviuinasaaundrdryyns Wait aziilusadn '1°
- waparRargneTaInINdaya
- dtytunns Address strobe aznduiiiuaadn 1!

v
- FUGAIDUNIBIUUDALASH

dgwiuluunnisineauuun EPP wamsgy 1.7 &tyanal Data strobe WAy
Address strobe #unsagnassanunlagliinilusiassalidynynos wait hiaadn 0 wsivia
Tuuanasfinauuy EPP dmsgu 1.7 uarluuamsinemuuy EPP uamegnu 1.9 Sl
passaaunIndtuaIoe Wait uasdn 1 ifiaRugasaunisinny
Twddsiazldwefnrundulmansnnemuny EPP lunisBumefiiany
- - s T, ey o ' ° o ok g =
wraanenfanadinalaudradeyandnesiiiulumbatanudnen  Anhasldiiesay

namnulunisgdayadwaiaaunyiniu
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ngRANBUL9ATHL Y tga_;'lmmmﬂu SUTUTTUARANAR

45 U -2 men =4
Tuunilaznaananissaniuuasasiasdryyrninmtludyyruhaneavie
Image digitizer uazﬁomuquﬁﬂgjlugﬂaammu FPGA (Fleld Programmable Gate Array)
Q o ar b = ] 44! - o 2 RN
dnfuutasdunnnunivannsasialasuiluduyriniwansar idunimianasauns
256X256 qagianviiifhnlnenudnsnussansnsneunnianesiilaaeie
AauAaAastun e ML luIRNANITNN9ILL EPP (Enhanced Parallel Port) tHatin
- il lunusiegitieades Tae Image digitizer Hasnuuuuazairshuiamddeiiaciinan
nsinunasdaulsznaundninileunt Image digitizer 4@ wiudtynnunawanng
Tnelilusidouiifiandindatiosnssan FPGA dwiutludansuanlunssuaunisdiaunin
AARBRAINUEAMNAIUTHIAZNTTLINNFEUNHRARERAIMIINEAINA LG ATad
=3 & d} = -él) g k74 o dl 0 ¥4 1 ! wr
panfamef  deinaouauiiazdaeinlinmaliunaeussssansaninlfetnsmnuaaassi
y & o , o ' ;
sUNINF I RUNMTaTNA9RaLEIas RN (Printed  Circuit Board) tlesauiien/Fay

-l or v eue J ° | u'z ar =1 =J W ok =} £ b c’:l’
WLy image digitizer Mt Tanviall dasassdaafariingatadalil
41 matumansaslasdyarumwiludyuafines

1’3
Image digitizer Wanddaiiasgneanuintaunsoiumuidneasindyg i
amavamiiilauasBuntunn 256X256 AARBNTHUAYANNITITNMHAIREATULARS
A‘-‘i =5 ~ N . o Z
vasaspanfiomaflugduninédeyanwatin BMP (Bit Map File) Taafinisvinenuwa

wilm 2 Tuuaie
4.1.1 Tmuansifiautayaniw
Tvmﬁm?ﬁﬁmuﬁtﬂu%ummﬂunW?L%sm‘i’fﬂu“amwawmﬂm’mémm ner Image
digitizer azu digitize ﬁ’:yq_,mmmmflaL'j’hszﬁfunmmmﬁcyaﬁmmwmuLﬁuﬁ 32 ¥sa
dryyns Hs gnii 32 Welifiladidngnisnamanawlunsasileduesdynominsauss
azgadunsieniimiiislansudunudunanaonn 256 umadideans
4.1.2 Twuannsdiudaganin
"LmJmmsﬁnaquﬁtﬂu%umau’lun'}?fjﬁud’fﬂHﬂmwmnumﬁmﬁué’ﬂLLsuLfi’i’ﬂgjLfﬁ:ﬂ\a

27
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paufamafitumeiaruululvuanisineunuy PP Tnedayaniwasgmifiudlulvg
dayasfialunis (Binary file) ufadahuulsuihiliénwaiin BMP Fielslaaiilunnsld
awnmsiell aummiReniiindeyaniluaiin BMP Hiflessniiusiiun e
ataunimaelasernzlunisldeonnn Windows warluileqiufiisunsufienansoulas
Iadeyasialundiiwénneiin BMP Idatiazeanuarsandataelsunsaildlisan
fidad bin2bmp.exe

4.2 dauidsznavaaveasidasduanunmiludunnunanes

LV - o or

Image digitizer Nasnuuuaztszneudiagaundnianum 5 doussugalaasunsy

5 4

Tnasonlunavwlsznau 4-1 Teanunrnesunedastiniuasnisineslundazdauld sl

0SC
A ek

y

Composite RAMAdr
video Signal | sync, o> —/

| Separator | Vs | o
WE

CE
OE

o]

Signal
Condltioner

—> ADC

nwsenay 4-1 uwdaslaazunsuinesaneed Image digitizer

4.2.1 asasuandqunnden (Sync. Separator)
3 a} - 5 . +
Hmifnendty oyroudainatuuauas (Horizontal sync. signal, Hs) uas@nyoyio
v 1Y
Farinuuar (Vertical sync. signal, Vs) asnandtyorasnansaniaelddnyoindeiis

kit o ] o A 123
aasdgniilunnsafruenmsanisunauazaadiilimbearnudusiilasannisdiy
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%ﬂﬁgaﬁf‘émﬂaawﬂqam'm%ﬂLLm'ﬁﬁLﬂuﬁ’fﬂalﬁnﬁfmmmﬁmmmmmLﬁumwﬁgns’fﬂﬁ
pNRIALMIALE ATy NN lnddsiiaenidismsmunef LM1881 a0y
National Semiconductor Lﬂwma‘tmnﬁ’ngcyﬂm%aﬁ%qLﬂuﬁﬁﬂu‘lﬁ’ﬁmméﬁmaLLaxﬁm AN
suanmnsasiumssnon 42 wadlaezunsumeluasassalunalszney 4-3 4
Funnn@aiaidasil 2 dyornfedynne Vs uazdygios Composite sync. AR

Usenaudnedynyan Vs dyunndaaladuasdtyyin Hs anudisieeanas

LM1881N

Yeo

COM E
Fosit 1 8 O 5-12v

SYNC OUTPUT®

0.1 uF

COMPOSITE
VIDED mpuro——“_ 2 7 XTT & ODD/EVEM OUTPUT

3 6 Rsey
680 kN

YERTICAL
SYNC QUTPUT

BURST/BACK PORCH

r“ 4 5 Q ouTPUT

nawlsznal 4-2 wanseasrunendrynnodariiues LM1881

SUFFLY

. 3 onre
CLPSHITE gy e )
SN } ~
arta !
wHyr e 2
p:
LR T L6/ LR
5E0R ;
}_oi. o ime
3 [
+ = P
HILE 1 ohd @
T3 oK

SPALITIR
PHARAE
CURRENT,

N
VIFTRLL
SIKC c

5 JURST 6ATES
() 1AL FORCH
CLAME

i &

nwilsznay 4-3 uaaslaazunsunislueassasssuendrygrodeiiues LM1881
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422 asaswlasdunnuuausaaniiludyanuianas (Analog-to-Digital
Converter, ADC)
smirdnlasdyyronansndaiudyyineussenfiiudyaymianes
deliedlugUsesieyaidnasfiennsaiuiFlumbsradusild dawandoyinnam
dhideysiflmniigeteiiaoudiviniy 15625 Aladsmdieduiludedldasasilag
drunynusurseniludynuflnesuuuurat (Flash ADC) Walfinandildluntsuas
Aruryny (Conversion time) L%‘qﬁ'fgm uazfieamafiunaanealilssiimn 266 suivds
iupuaEesfidsmedmiinmanai fafdadenidarssan Flash ADC saain
EXAR ef MP8780 awa 8 ﬁmuazﬁm'mﬁlumsﬁ’mu@qqm 20 wnnudsed ln

-

dyonounwsanidludygioBumelions  Fash  ADC deaisnddounsasiliu

&nyeynau (Signal conditioner) Seflemsaeng (Gain) winu 2 wirlaedenldasasu e

Fauwed LM348 Wwediudyynunvernliionaussiiiminsaunaudaundanasiy

o

awdszneay 4-4

T
olu‘_L“L‘ru
(g

= ¢l

L,,,, __MPRIE0 1
10K AVDD 34—
F—IAVDD  AGND 3 ——1— e s
IAGND  AVDD 32— =

[ AVDD  VREF 21 I
—5 VREF. L

F—o NN og2 15—
l—aak  ofwis—
£ D7 D217-
D5 DI 1
30 D§ D2 15—

JiD4 D114} [ X
12DVPD PO B Wi ;)Ek
[ - -

c Ml c

DIDESDDIDID] B}

Mn

- T

TS PR
- B '
A . e oo = oo R — - - A
1 Do haeXed =T e
CRe: | OMYDOCU-ITHESSCIRUNT-TADC SCHb 2 By:
1 2 3 4 5 i 6

Alsznay 4-4 wame39as Flash ADC wazgqy Signal conditioner
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d . ,
&yoyraunmsanithudaunssstiudygrougrrsduamasandiygnn Vin dou
i - - [ . .
drygrnan@inmeannad 5 winnedsedgnilaudhfandtyye CLK Weimuadnsnag
o 4 o a
whaeeyayanu Inensamsinemuadyyinmauaniandtygan OET wluasdn ‘0’ uazan
Foyoyrew OE2 uandn 1 davandynne vrer+ Galunssdfudindallidnlszanng 2.964
Taasiuazandryanne vref- WA uuguelaoad

4.2.3 qeasniiadnnunRng (Oscillator)
0 2 e}‘ o L] d; d &
Rt indindygnnunfing (Clock, CIk) et wiadng luniswdasdiyano
wauzaaniudynniAdnealfifines Flash ADC 19u¥9AILANNIELIUNITAN AATY
W age :,/ e 3 § :I/ c‘i’ d" c:!‘ 0
el Image digitizer Waluluuanisdauuasdudayanm velldiasndauidudays
AW (Picture information) Tudtyeytne Hs ustazgnasiideanawviai 61.2 Tulashinfivay
k24 1
fAdoFaenafivduudeyanwluusiasdunimmiiiu 256 ganm dsfudtyans Clk A
4 Ll 4 r o
Withenadumsdudunnoddle (Sampling frequency) Assasiinsadivyiy 6 wnnz
Band (256 qanw/51.2 tulasiundl) wailananiiy 200 unhidunil Geazaianees
douiilnnendrianeancnd 20 wnnz@sadanininundiugamsdingldaerssau
wef 74F74 uazifiovinWiGumedsiludndiiludiayanwansdynyins Hs uiazdtynnnias

dryeunau Hs lunisaoupinssswsddapimaslunmidseney 4-5

204Gz +5
it 1
e @ "l -
Q
2 D A Q 5 2 D A Q 5 PpHMHz Clk
L7) l_ L %3
! > 2 i ! 2 4e3 lox 2 bok
4LS4 W a4 8 Tpt- 8 §p-Y
T 147 7414
T
Cs

o a J -
nwdsznay 4-5 ugasasasnuliadiyrannfiniannd 5 winnzdend

1 v
ilasandasnmssnindyonne Hs 2 gnasiiduviai 59.2 Tulasiuniisaiiag

Radoyegnns Cik Wanua 206 gn (59.2 lulasinii2oo unliduni) fnwilsznew 4-6
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Hs

L L]

fe————— 58.2us —mrrmrr— P

UW_D{UUU!_S JUULUUL

200 ns

l———— 206 Clks ———————»]

a A =y é’ i
nwilsznel 4-6 uaasRuudy s AniatusswIAty I Hs

424 FAUALTAYRNMWWIORUIEATINTINGH (RAM)
L4 &8s dl o Ly d‘ b1 d‘ A 3 (3
i Audygruddneaiiliannidas ADC ieunusAIuresIAtsney
nwlasazdunislfuszinlfennmlaudhedeyadindiriieraufiamefld  dwiunas
= k73 1 ° ) = ] [3 n}d o & <
\denliuthamuatdasfinnsaniinnagesmiceamininiianuduiusiuanuasibon

dll 2 ] v A 32/ d ar = e -31’21 & el =]
‘ﬂmmwmmﬂLmnmﬂﬂum'luuwum dnuiuan@daiidasnnnnunmiilaouszian

F el g 1 kd A - &
9RANH 256X256 qasenwinimitaacudfliasiiaun 64 Alalud wenanaun
1 @ P e U LI 1 ] §s <R . = 4' 5 =i ] o
miganuddafafinsdtilednandine (Access time) andnedediasRenagiuiunis
WunlueAasiassoeduiu Tnembaanudaidanadlusiin Static RAM (SRAM) %358
4iin Dynamic RAM (DRAM) flé detlia SRAM azfimnudaunnndausifisnagandnatin
DRAM
1
TsnAdaiidanfmiganudtusuuuy SRAM wad 62256 4unm 32 Aialusil
4 = | e = = o o é = < = 9 o =t 1 9
wadhiaiaiy 70 wliduiiaau 2 Midianuduiamedmiunisduustuiays
I or L4 o o ﬂi o 4 3 i}’
nmuazilsanldgain dwdunszunumsfudeyamwiisenadasiumunbmeanamig
& Jﬂr ' =£ ]
azgnasupulaefaaunfiasnaniasiatyl
4.2.5 g]";ﬂ‘:ﬁﬁzﬁlugﬂ‘}a%ﬁ‘m FPGA (FPGA Controller)

o ¥ , . ,
wmirfimugunszuaunisialunisdinudeyanmasniaarnudusiuasey
fayanmanmissanadusidigneinnnurssamreniiameflulnuamsinu

é 2] =< 4 & u:i’ 1 =1 U L
EPP Beazldindsafiamsinauiazmseanuuuspruguiladwavdanluiadasialyl
43 NTAANUULAAILAN

dautlsznavfiflanudnAtgPgalunisauigunisinanaes Image digitizer iRe

o 1 & 1 n{ .l‘; =3 24
famaiAN  (Controller) eazinntimasupuianszuaumsiuvuansiiswiayanmuee
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nssuaumsluluianisgndeyaniw  Tneazgneanuuuliicenusniudoussamdnsingg
ar A tl t [} g i
fanlfndmanudafedieatuluuansd@eodeyanmiarsunuasl¥dngyin Hs waz s
L~ é 1% & r hd é u ]

AnpRsuandyyrndanireaiauennsg e anuduen  uasiiieeg liuuanisanu
fayanmsanuguaslddyan Data strobe anwafmauululnuanisineuuuy EPP
Tunrairaueamsauny nanalaaagdpensefuenasalfimiseaindiusy nsinden

] hd = [ o € 1 < A 1 EJ o
wdgAnuausuuaznisdeiunefmaumiadanwidsoa il Ifnussdluwiies i
AYLIRNITINLEY

431 Tassasrameluzesidaniunn
Tassa¥anglumesiasuauildeanuuudenanddunmlszney 47 aslsney
Fardaundniannn 3 danRedauindiaueninsalimistaudusy daunsiwaediva
fumigaruausuwasdouncugansai gy oliwasaaunululwuanisitauuy

o

3 s 25 :J R4 ] s o = d"’
EPP ﬂ'msuuu'mLLﬂ::mﬁ‘mmummumazeiqwanmﬂlummu@uu U

Clk

- _FPGA Controller
Y .

|

ADCDatal

Vs
Hs

RAM1

Y Y v V¥ -\;

~ Address Dita Wait

Stro Str.1 he Write | 3 TC RW VPCDa!a

EPP Printer Port

nwlsznau 4-7 ugaslanaiumealusssiauny

4.3.1.1 dautuilauasinsdlivulaaanudiusy (RAM Address Counter,

RAMAdrCounter)
viufiafanenasadiuen 16 dnldmbaanudusulnaiieadiuluunms

Asudinyanwiarunuaziddtyon Hs uaz Vs anssasuendoynnnidaiuasdyano
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Cik anawsiuiladygannfinlumsaivuwennss wiilesgulnuantsarudieayanim
o & A L
papuRNAclddoyoe Data strobe  atnwasmunuluniradruamnss  Sedouilay

dsznaudlsdoutien 3 dowsanivilsznay 4-8 Aa

Reset
vs | |  Z— e
y > starent{ | | d
s N o 7] HorAdr Lo
A ci ' L
' ) CCk
v d CikSel- -
RAMAdrCounter

Clk Data Strobe
mmwisznay 4-8 wamsdauniiiateniasd biniagacuanusy

n. dousirednanalisaniuFunisyiney (Start Count
Generator, StartCniGen)
Muthiaiednygne startent (start count) Walfdaunersil (Counter) Gu

nsnelulunantsdousrandoyanmianilszney  4-9  Taefidugn RW
- ! A - 1
(Read/Write) Galudtymnidsinannwesmuunululuuanisdreniuy EPP 109iATad
- [ o A { <g
ApuRameiliuFcannatafa

Clk |Reset

¥ F
Vs StartCntGen
wstartent
Hs startent
rstarient —
RW |

nwitlsznay 4-¢ uansdouaidygnnulinaniuGuniminnu

Y

3

-J = 3 4 1
- wadnyonne RW luaadn 1 uansdn Image digitizer ey luluuanig

Wendayanm dryayand wstartent (write start count) azdidnfluaedn ‘' Adaudied
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oy Vs 'lumiﬂz%ﬁmmﬁ”rynﬁmmwmuL%J"]muam’hejﬁmﬁLﬂwﬁ@gﬂmmm
dynynd Hs ijﬂ'ﬁ 32 nampedieifyyin Vs WnnasinlfAadoynans vetartdel
(vertical start delay) SuftevnlfiFamevistnatll 1.73 faddund (@innamen 1
fusunsudau StartCntGen siawils vdelay (vertical delay) fazL‘F;nmmwﬁ'rmwmﬁngcyﬁm
Clk auAsy 8000 gnuasiiissmnlumuiaansasdyains Hs 1 gn (1 H = 64 lulasduni)

=Fidyunns Clk v 296 gnisiwaainisdliawiniu Cik 8000 gn/Clk 296 gn =
27.03 H = 1.73 Ag@duni) Lﬁ’r}mi'm‘}ﬁ’]ﬂﬁ‘u%ﬁmﬁcym’lm vstartent (vertical start count)
Tuilesedunnme Hs Wureldfuandlnazunsimianan (Timing diagram) lunw

igznen 4-10

64 us
Hs 1 1H Hs 32

H
Vs 1:240 Us :)l

=3.75H
vstartdel ]
(vdelay=8000 Ciks=27.03 H}
vstaricnt < 1.73ms > |
b 2,002 ms >

=31.28 H

mwdszneu 4-10 e lpasunsuniananaasdny o vstartdel Uae vstartent

d = o = .
dlefldonn Hs gni 32 dhunfiasfiadtyenal hstartdel (horizontal start
d L4 =y, i I = ‘Q‘ A
delay) annWiRanaminsnasaldan 5.8 lulasiuniiteasGuntsgudaunidludeys
- e , & Jup ! o -
mwasrpiissanteaeaniianiiudiuiGondt Back porch 9a3dyauuninassaazionn

A U ] ¥
gaadtyyrninsaniiinaldisunihiiudgs (@nnauuan o Tusunsudau StartCntGen

siautls hdelay (horizontal delay) fmﬁummmﬁqmuﬁmnpm Clk auasL 28 gn (28X200
A = 5.6 Tulasduai) ﬁﬂlﬁ’wwﬁfuﬁluﬁ'uﬁﬁ’tyfmm Clk g}nﬁ 29) Wiamiraaasy
fasvinldidtynyns wstartent (write start count) fiAaluaedn 1" daudtyeyand rstartent
(read start count) azflauiluasin ‘0" Lﬁﬂ%@ﬂmé’mmmmum mendaginess (Exclusive
OR gate) farlddyaytnu startent Hanfluasdn 4 m'lﬁmuwwﬂ’nﬁiumsﬁumuﬁLﬂui’f@
gﬁmwﬂ?ﬂﬁ%"\qLLfammamm@nm%u (Rising edge) 183dtytynns Clk Wuduau 256 90

nw daguasudnuuudedtyyine wstartent auiluaedn o' inlidtygns startent
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Duasdn 0" aGunisguaanddoyanwasdayoin Hs gnsialilaundrazasudnunu 256

Wunwaaudndtnasinsunmananlunmwisznau 4-11

Hs | [« 59.2 us >
hstartdel € 57 us »
(hdelay=285 Clks)
wstaricnt
> e s5l4us——
586 us (257*200 ns)
(28 Clks)

nvitlszney 4-11 ugaslapzinsunienanasdtyuin hstartdel Laz wstartent

- Lﬁ'@ﬁryaﬁm Rw (lusa@n ‘0" uamadn Image digitizer nnenuag uluuanisgnu
dayann drynns wstartent aziidniuaedn 0 daudiyyne rstartent axildniluaadn
ok Lﬁﬂﬁ’qﬁmﬁ’cycquﬁhummmnsiﬂg%ﬂ@faé‘rﬁﬂz’l,ﬁ’fﬁzycy'am startent Rilanilusedn 1 * g
Tdauassniusialdl

a1, daurRendyunanfnilddanasasiiy (Clock Selector,
ClkSel)

ynwihiaandtyoins Clk Wdaumasii (Counter Clock, CCik) tneildtyaytn
rRwW dlufiRanidudenii nanaa

- Lﬁfaﬁtynym RW lugasn ‘1 dquﬁ%l"ﬁﬁnvjryﬂm Clk annaasttindryn
wfnuiludtyuind CClk (CClk=Clk)

- Lﬁﬂﬁ’tyﬂ;ﬂm RW fluaadn 0’ muﬁ@x‘l"ﬁﬁ’ﬂ;mm Data strobe A nwWaFnIINN
dudtyeynos coilk Taelidyans CClk SAnwindudtymynos Data strobe fanemuda
(CClk=not Data strobe) Lﬁmmmq'«wﬁmzﬁummaumﬁwmﬁ’ﬂgrg'ma CClk

A. 47U2999%Y (Counter)
i fiaiuemasadiue 16 ﬂmlﬁumﬂm’mﬁﬁmmﬁﬂﬁmmﬁm startent f1#n
ifuasan ‘1 Inusvdsznaudas 2 das Aa
(1) asaiuiaiiinnaniasaniaaua (Horizontal
Address Counter, HorAdrCounter)
F a5 ueaLATENILLALEY (Horizontal Address, HACM) 414 8 fmdle



37

druoynnu startent ddnfluaedn 1° Sadiasfrusmarasunsinitadudtyniludauiiiln
‘4 i
Foyanwanudzyyns CClk Mldangdan ClkSel auas 256 ganameie 1 dunwudaiags
L =§ ﬂ: L ::' [ 25 o ar A i =
Wansiufie dunniuafaluluazasdedyaunne up_enable Tiiudoueasiuianiiiin

wantasAnIa el
ar 4 &
(2) 29asuLNanIlALAALATEANIaLUIAS (Vertical Address

Counter, VerAdrCounter)

e HeALATEN LI RG (Vertical Address, VAdr) a1 8 1n laaay
[RudnRazuilimudyoins up_enable g anennsdauasLtaiiuduaudtyans Hs
As 256 Wuudonasdsdunnne TC (Terminal Count) Aeildnandn 1’ aanuiendn
gomizdnaiaiunsaiaasiasalimieanadusiluiliadesdyginnmudoues
asiindniie Gumeudtyoynns Hs uilasfsiall Taanaelugauaes VeradrCounter el
dowdandyoynifidn (VResetSelector, VResetSel) Fandnandanmlsznay 4-12 4

wwtinaFadoyeynos VReset tadidaniatiu lnendla

Vs Reset up_enable
y Y v
RW »| VResetSel VReset} VAdr
» TC
VerAdrCounter

nwdsenan 4-12 ugasdauaFdyyandidniialiludou VerAdrCounter

- Fryeynos RW {luaedn “1° dyeyans VReset asdlanwiniudtygans vs el
= o ¢ o A =] ] &
fsnnshdanetindefidnygane ve luusarfladidnan

- Foyryaos RW ifluan@n 0 dyayans VReset axiidiluaedn 1t iheldifianis

imnsviunndeynns Reset annmevenwinhy
4.3.1.2 dounisdunasindnunuaganatnsy (RAM Interface) Fmtii
N, deuamass (RAMAddress, RAMAY) §muau 16 nfil#aindau RAMAdrCounter
Wimiagpanudusuralubmians Seuazendayanin
9. dediayaRanasiiliainaeas ADC (ADCData) 4119 8 nldmdanaruduanile

atflubmsnndieudeyann
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A Sudayaianeasanmbyaindausy (RAMData) 219u 8 ndalw wiaananfn-
woflulvanisaudiayanin

A, afdyanurauausiteiniaaindiusy i dygins RAMCE (RAM Chip
Enable), RAMWE (RAM Write Enable) Waz RAMOE (RAM Output Enable) Immi"ifaﬂgﬂu

(1) Imuanaiisudayann dynasuguasiidneaizinaniszneu 4-13

je— 200 ns —»

Clk m l J___l
ravce | [ 1 L1 ]
RAMWE 7 J—I ‘ { [ l

RAMOE

nwilszney 4-13 uamdnynuasunuiiient uluanisidoudayanm

@ Twuannsamdiayanin dyqrumuguasianmusianmlsznay 4-14

oo 1 [ 1 (71 [ [,

RAMCE

RAMWE

RAMOE

awtlsznay 4-14 ugaedyyrnmounuileat inuanisenideyann

dasanlumadaildmbsmnidusunng 32 flaludfiuen 2 ffwdawk
#rynyns CE Ru9u 2 ﬁtycyﬁm%'qﬁﬁﬂ RAMCET 1ig RAMCE? iialsfmissnanasnususia
gauhaguiunnuineduanns RAMCET  azianiv Lﬁﬂﬁmﬂﬂﬁqﬁ’mqa@m (Most
Significant Bit, MSB) 294 RAMAdr (RAMAGr15) fianiluaadn 0" iavnlimiasaus
Wi 1 mMauazdn e RAMCE2 aufhueaiividlelln MSB 189 RAMAGr fidh
fuaadn 1 Wevaliwhsndausuinn 2 fem dandygnduaansaldsonmls
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4.3.1.3 doumdupumsassdyginlinesaaunlulnuanisineu
U1 EPP (EPP Signal Control, EPPSigCnti)
dawnlunslddtyanee Data strobe anwefmauiadudiyyrns CCk 1ha

aFranaainsg Wthaanuswslubramssnudayanwiiaifludaedidyoyns. - wait
& A Lr oy . 2 o
aqnnasueniludrynuseusuie iiianng Handshaking andennasyaswesarunily
o : A ar L (3 o
Tuuan1sRAuLLL EPP SemassiBuaigaiumainuaeseiarnuluinuanimiem
1 2 ir T ]
wuy EPP dnanalineuniniinge daludouliteiwihaivdygins wait naufinied

&yt Write Lay Data strobe amnwafnauusaninysenay 4-15

EPRPP Dala Read

Write

Data Sirobe \ ]
Wall / \_

Data | X Xj

Data read on this edge

nandszney 4-15 wamdnyonns Wait adidtyynns Write uaz Data strobe

(ﬁm : Craig Peacock, Interfacing the Enhanced Parallel Port version 1.0}

432 msaanwuuadntuAningldI9assan FPGA
Twanddaiifemuguasegiughmsmaulssinn . FPGA  Taaidanidasassn

FPGA waf XC4003EPC84 lumszna XC4000E 289133 Xilinx (easBuaiiaaiy
aonilnenssuI09RTN FPGA sansogliluniaruon ) Fuduiilesuwsnaenas
gunsndiudnifleld lunmmaseulfaandoul fiinsiaasiennnaluladlulas
fdnnsaiind  gudinalulafididnnselinduazranfomefivieriiviiamama  dwiuns
Geullsunsuiftesanuunosassuasldnns  VHDL (VHSIC  Hardware Description
Language) Lmwﬁnm?ﬂﬂmmumnqwjéﬁ'q (Top-down design) Faseasinadenfudy
AAUNITRRUNINEBNULLUEMI LR399 FPGA sonTasaduaiiy (Source code) w84
Tsunsuliuamalumanuan n uar 7 Amdldiy tﬂﬂﬂ’m’]ﬁ‘ﬂLLﬁﬂGtM@ﬂIﬂtlﬁiﬂﬁé’lﬁU%ﬂ

(Hierarchy) 78annsaenuLifarquadelidnanivnasc@ansassdacingabludrlwida



40

4.3.1 lunmusenai 4-16

CONTROLLER

RAMAdrCounter RAMinterface EPPSigCntl

StartCniGen CikSel Counter

HorAdrCounter VerAdrCounter

VReseiSel

Ly

nwilsznat 4-16 wasalugaluusiazarfuduledniseanuULRI AILAN

Tnaldavassau FPGA

annaseaniuuinauAning 1999439393 FPGA $aniUdIusa999asuanmineeny
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1’/ ‘J ot et
A1519 4-1 udmenzagudtyrianuaililuy Image digitizer fudtynyruanssinaiuay

49U Image Digitizer

A9UAIAAN XC40003EPC84

d9u dadman | Fadoynow 41 (Pin)
1. asasusndoyaynided Vs Vs 35
Cs Cs 51
2. 1997 ADC ADCData0-7 ADCData0-7 § 36,47,38,39.40.44.45.46
3. 2amsnfindyyn Cik Clk 13
wnfinn
4. WUBANATUSN RAMAdI0-15 RAMAdr0-15 10,9,8,7,6,5,4,3,
84,83,82,81,80,79,78,77
RAMWE RAMWE 68
RAMOE RAMOE 67
RAMCE1 RAMCE1 70
RAMCE? RAMCE?2 69
RAMADCO-7 RAMADCO-7 | 57,68,59,60,61,62,65,66
5. iafauuuivuanig Write EPPWrite 15
NIUULY EPP Do-7 PCData0-7 20,23,24,25,26,27,28,19
Wait EPPWait 17
Spare TC 18
Data strobe EPPDatastrb 16
Reset Rw 14
Address strobe Reset 29

4.4 ﬂﬁ?ﬂ%’]\iﬂ@%ﬂ’?d@iﬁ‘]ﬁ‘}lﬂﬂ AFDUNITVNIIU

fRdeifaiunnmsfindiiny 2 vefadwiumasaunisinnusesioasuay

s epe A kd e :’Q’
wazIrULeINgEaY Image digitizer Alamenuuulied

- uafm PCB1 Usenaudiaenaeas Flash ADC waravasiemdyyindanidansly
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amtlsznat 4-17 Taagnnsng Schematic diagram a8999aslsitunintlsenat A1 AnaA

HUIN A

e -

Mwusena 4-17 wamaLaian PCB1 dnufunisnagay

- uafa PCB2 Usrneudinadiunasnsassan FPGA auamiuilafiyonauniing
wiranudnwsnuazdauTamainmuiusalundsney 418 Teednansng

Schematic diagram 1842937 14 WATHAISENOU A2 AMNNAKNLN A
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52 HANINARRLAIAILAY

° [ g f < ] =J A o
dwmfunmaseufpiunuiizeRiansanenisiateddaygy o itnaadaaty

4 2r A ar 2 nf -
msnrumaaiindnaesharguilfeenuunlifwanslummlszsney 5.3

0S¢
Clk
Y _ w—_k Ii
o ator [ADCDBEDA . |RAMAd0-15
Separator —l/ : —l/
T RAMCE1 ",
- F ontrolle > RAM
.. . _FPGA Controller RAMCE2
vs | T | RAMWE
v o =
ADC Hs RAMO ,
L MDala0-7 L

S = P.
RLN&JD.P Epp Whit TC{ | PCDatad-7
Repet lite patdsttb v ¥

EPP Printer Port

nwilsznay 5-3 wamdtyn dlunImageLnIsININIaIRIALAY
Iﬂﬂﬁ:yiy'umx%mumﬁlﬂummmmnﬁf}muauﬁﬁuﬁ
- Aoy Vs ay Hs anasasiandoyoyrosdart
- &nygynns Clk A 5 wnnz@sndanasasniiliad g omniting
- dnusyna ADCData A1n99a3 ADC
- &oyeunoe RW 1&tunyane Reset anwaimauny
- &ryeynnu Reset Wdtyny s Address strobe anuainyunw
- &tycy o4 EPPWrite Uay EPPDatastrb a1 nwainmunu
m:mma'a'um?ﬁ'mu%maam%@hﬁumms‘ﬁﬂu‘j’f@zﬂamwawﬁfm ATNAUSH
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wun EPP i
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Azgratd Yy oAl

- ftyryntu RAMAGI0-15 iauamasadiunm 16 TnRaselinisgaudiuss

- Ayty ALY 19U RAMWE, RAMOE, RAMCET Uaz RAMCE?2

- &tytynns RAMData0-7 %W‘fﬂqﬁmmqﬁ’uﬁmmm ADCData0-7 ana3as ADC
mfmaw@mmwammﬂﬂfmmmﬁ‘u Tmﬂmfanu.ﬁmﬁmmqmmammm A% 1 uay 8
A RAMData0 111 RAMData7 u&s ADCData0 it ADCData7 BnuaIfi

- fryryu TC ijﬂéuqmmsa%’wmemmluiuummsﬁﬂu

dmiunareafyyins  RAMAAIO-15  fildannnisnaganadeanansnifieuiung
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HACHINE 1 )= Timing Waveforms
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ClX
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stertent [1)
RAMAZA ﬁ

RAMAG EPOD 1 O ey i
RAMASHE %{slﬁmun MW!-W&?%WW&M%W&W%
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RAMAr Junnannn—

RABALS | O Oy I

RAHASrE I S WS e DU
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up_tnable
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- AYUNd RAMAdr8-15

FACHIRE 1 |- Tining Mveforss
Harkers

Accumutsle of{

Tine/oty [ 5.000. ms Delay Sample pericd = 209.0 us

up_enabls
RAHA&R
RAAc) IFF
RAHAZAO
RAMAGAL B
RAMAZH2 [
RAHAGr{3

RAHAGr14

Aussnay 5-5 uaaadtynynts RAMACre-16 aaglulmuanisiiie

- dtynyne Clk {Ch) uazdryy1d RAMWE (Ch2)

Tek Run: 250MS/s Sainple
[ F i
R e e e N R T ]
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» jlﬂ IWLVJ [MJ \mjﬁlm 4L-99?'ZI’M 'Z
3 i i - - . - : - - - ow signa
IR et et S e e e - i - Y amplitude
S R S S S ch Freq
..................................................... 4.9932MH2
: : . : : Low slanal
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S R E - : i - } }

W 500V Che o0 VM 200Rs ChT T 2.0V 30 Jun 2000
18:02:40
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- KLy RAMWE (Ch1) uaz&nyuntd RAMOE (Ch2)
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-- Function : FPGA Coniroller for Image digitizer
-- Inputs : CIk, Reset, RW, Vs, Cs, EPPWrite, EPPDatastrb and ADCData
-- Outputs : RAMCE1, RAMCE2, RAMWE, RAMOE, EPPWait, TC, RAMAdr and PCData

-- Input/Output : RAMData

Library IEEE;
use IEEE.Std_Logic_1164.all;

entity Controller is

port (Clk,Reset, RW rin std_logic;
Vs,Cs rin std_logic;
EPPWrite, EPPPataStrb tin std logic;
ADCData :in std_logic vector(7 downto 0};
RAMData rinout std logic vector(7 downto 0);
RAMCEI,RAMCE2 EPPWait zout  std logic;
RAMWE,RAMOE,TC rout  std logic;
RAMAdr rout  std logic wector(15 downto 0);
PCData cout std logic vector(7 downto 0));

end Controller;

architecture Struct of Controller is
component RAMAdrCounter

port (Clk,Reset, RW vin std logic;
EPPDatastrb, Vs,Cs vin std_logic;
HAdr,VAdr rout  std logic vector(7 downto 0);
TC :out  std logic);

end component;

component RAMIinterface

poit (CHk,Reset, RW tin std_logic;
HAdr, VAdr,ADCData :in std_logic vector(7 downto 0);
RAMData :inout std_logic_vector(7 downto 0}
RAMCEL,RAMCE2 rout  std_logic;
RAMWE,RAMOE rout  std logic;
RAMAGr rout  std logic vector(15 downto 0};
PCData rout  std_logic vector(7 downto 0) };

end component;

component EPPSigCntl

port (EPPWrite,EPPDataStb :in std_logic;
EPPWait rout  std jogic);

end component;

signal hadr_sig  :std_logic vector(7 downto O);
signal vadr_sig  std_logic_vector(7 downto 0);

begin
Unitl:RAMAdrCounter -- Main Part I

port map{ Clk => Clk,
Reset => Reset,
RW =>RW,
EPPDataStrh => EPPDataStrb,
Vs =>Vs,
Cs => (s,

HAdr => hadr_sig,



VAdr =>vadr_sig,
TC =>TC});

Unit2:RAMInterface -- Main Part 11

port map( Clk => Clk,
Reset => Reset,
RW =>RW,
HAdr => hadr_sig,
VAdr =>vadr_sig,

ADCData => ADCData,
RAMData =>RAMData,
RAMCE] =>RAMCE],
RAMCE2Z =>RAMCE2,
RAMWE =>RAMWE,
RAMOE => RAMOE,
RAMAdr => RAMAAJr,
PCData => PCData);

Unit3:EPPSigCntl -- Main Part 111
port map( EPPWrite ~ => EPPWrite,
EPPDataStrb => EPPDataStrb,
EPPWait =>EPPWait),

end Struct;

configuration CFG CONTROLLER of CONTROLLER is
for STRUCT

end for;
end CFG_CONTROLLER;
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-- Function  : Generating 16 bit Address to RAM and TC Signal for Monitoring Controlier’s Status in

- Both Operation Modes

-- Inputs : Clk, Reset, RW, EPPDatastrb, Vs and Cs

--Quiputs  : HAdr, VAdrand TC

Library IEEE;

use IEEE.Std_Logic_1164.all;

entity RAMAdrCounter is

port { Clk,Reset, RW 1in std logic;

EPPDatastrb,Vs,Cs :in std logic;
HAdr,VAdr :out  std logic vector{7 downto 0);
TC :out  std_logic);

end RAMAdrCounter;

architecture Struct of RAMAdirCounter is

component StartCntGen
port (Reset,Clk, RW
Vs,Cs
Startent
end component;

component ClkSel

port (RW,Clk tin
EPPDataSirb :in
CClk Tout

end component;

component Counter
port {CClk,Reset,Vs,RW
StartCnt
HAdr, VAdr
TC
end component;

vin std logic;
rin std logic,
rout  std logic);

std_logic;
std logic;
std_logic);

:in std logic;
tin std logic;
rout  std logic vector(7 downto 0);
rout  sid logic);

signal startcnt_sig : std logic;
signal cclk sig  :std logic;

begin

Unitl:StartCntGen
port map{ Reset
Clk
RW
Vs
Cs
Startent

Unit2:ClkSel
port map(RW
Clk
EPPDataStrb
CClk

=> Reset,

=> Clk,

=> RW,

== Vg,

=> (s,

=> startent_sig);

=>RW,

=> Clk,

=> EPPDataSirb,
=>cclk sig);



Unit3:Counter

port map{ CClk =>cclk_sig,
Reset => Reset,
Vs =>Vs,
RW =>RW,
StartCnt => startcnt_sig,
HAdr => HAdr,
VAdr =>VAdr,
TC =>TC);

end Struct;

configuration CFG_RAMAdrCounter of RAMAdrCounter is
for STRUCT

end for;

end CFG_RAMAdrCounter;
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-- Function  : Generating Startent Signal to Counter Part

-- Inputs : Reset, Clk, RW, Vsand Cs :
-- Output : Startent
Library IEEE;
use IEEE.Std_Logic 1164.all;
entity StartCntGen is ,
port (Reset,Clk, RW :in std logic;
Vs,Cs ‘ :in std_logic;
Startent :out std logic);

end StariCntGen,
architecture Behav of StartCntGen is

signal hs_sig : std_logic;

signal vstaridel_sig : std_logic;--vertical start delay signai
signal vstartent_sig : std_logic;--vertical start counter signal
signal hstartdel_sig : std_logic;--horizontal start delay signal
signat wstartent_sig : std_logic;--write start count signal
signal rstartent_sig : std_logic;--read start count signal

signal vdel sig : integer range 0 to 87001;--vertical delay
signal hdel sig : integer range 0 to 285;--horizontal detay
begin

hs_sig <= not Cs; -- Converting Cs into Hs for Using in Counter

--Generating rstartent Signal in Both Operation Modes
procl:process{Reset, RW)
begin
if (Reset="0"} then
rstartent_sig <='0";
else
if (RW="0") then
rstartent_sig <='1"
else
rstartent_sig <='0",;
end if
end if:
end process;

--Geenerating vstartdet Signal after Occurring Rising Edge of Vs in Each Field
proc2:process(Reset, RW,vdel_sig,Vs)
begin
if (Reset="0"} then
vstartdel sig <='0";
elsif (RW='0") then
vsfaridel sig <=0
elsif (vdel sig>87000) then
vstartdel sig <='"0;
elsif rising_edge(Vs) then
if (RW="1"y then
vstartde! _sig <='1";
end if}
end if;
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end process;

--Generating vstartent Signal after Counting for 8000 Clks (delay about 1.73 ms)
proc3:process{vstartdel_sig,Clk)
variable vdelay : integer range 0 to 87001;
begin
if (vstartdel sig='1") then
if rising_edge(Clk) then
if {vdelay<=87000) then
vdelay := vdel_sigt+l;
vstartent_sig <="0';

if {(vdelay>8000) then
vstartent_sig <='1"
end ify
else
vdelay =0;
vstartent_sig <="(0";
end if;
end if}
else
vdelay =0;
vstartent_sig <='0"
end if}

vdel sig <= vdelay;
end process;

--Generating hstartdel Signal after Occurring 32th Hs
procd:process{vstartent_sig,hdel sig.hs_sig)
begin
if (vstartent_sig='0") then
hstartdel_sig <='0"
elsif (hdel_sig=285) then
hstartdel_sig <='0';
elsif falling_edge(hs_sig) then
hstartdel_sig <="1";
end if}
end process;

--Generating hstartent Signal after Counting for 28 Clks (delay about 5.6 us)
proc5:process(hstartdel_sig,Clk)
variable hdelay : integer range 0 to 283;
begin
if (hstartdel sig='1") then
if rising_edge(Clk) then
if (hdelay/=285) then
hdelay := hdelay+1;
wstartent_sig <='0",
if (hdelay>28) then
wstartent_sig <='l";

end if}
else
hdelay :=;
wstartent_sig <='0";
end if}
end if}

else



wstartent_sig <='0;

hdelay = 0;
end if}
lidel sig <= hdelay;
end process;

-- Generating startent Signal from wstartent xor rstartent
Startent <= wstartent_sig xor rstartent_sig;

end Behav;

oo FEEFRkkdekk kg ok ok kR kR R R RR | [] C]ksel Part Rk Rk kR dkRr Rk kiR _

--Function  : Selecting Counter Clk (CClk) from Clk {(Write Mode) and Data Strobe (Read Mode)
-- Inputs : RW, Clk, and EPPDatastrb
-- Qutput : CClk

Library IEEE;
use IEEE.Std_1ogic 1164.all;
entity ClkSel is
port (RW,Clk Tin std_logic;
EPPDatastrb : in std_logic;
CClk rout  sid logic);
end ClkSel;
architecture Behav of ClkSel is
begin
process{RW,Clk,EPPDatastrb)
begin
if (RW="1") then -- Write Mode
CClk <=Clk; -- CClk equals Clk
else -- Read Mode
CClk <= not EPPDatastrb; -- CClk equals inverted EPPDafastrb
end if}

end process;

end Behav;
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-- Function  : Generating 8 bit Horizontal Address (HAdr) to RAM and up_enable Signal to
-- VerAdrCounter

-~ Inputs : Reset, CClk and Startent

-- Qutputs  : HAdr and up_enable

Library IEEE;
use IEEE.Std_Logic_1164.all;

entity HorAdrCounter is
port (Reset,CClk  :in  std logic;

StartCnt zin - std logic;
HAdr rout  std logic vector(7 downto 0};
up _enable :out std logic);

end HorAdrCounter;

architecture Behav of HorAdrCounter is

function increment({val:std_logic vector) return std_logic_vector is
-- normalize the indexing
alias input ; std_logic vector{val'length downto 1) is val;
variable result : std_logic vector(input'range) := input;
variable carry : std_logic :=="'1";
begin
for i in input'low to input’high loop
result(i) := input(i} xor carry;
carry = input(i) and carry;
exit when carry = '0%;
end loop;
return resulf;
end increment;

begin

-- Generating HAdr and up_enable after Occurring startent="1'and Rising Edge of CClk
process(Reset,StartCnt,CCik)
variable HAdr_out : std_logic_vector(7 downto 0);
variable upen  : std logic;

begin
if (Reset='0") then
HAdr out := (others=>'0");
upen =0
else

if (Startent='1") then
ifrising_edge(CCIk) then
if (HAdr out<"11111111") then
HAdr out :=increment(HAdr out);

upen ='04
if (HHAdr out="11111111") then
upen ='1"
end if}
else
HAdr out = {others=>'0");
upen :='04
end if}

end if;
clse



HAdr out := (others=>'0");
upen :="0}
end if}
end if}
HAdr <=HAdr_out;
up_enable <=upen;
end process;

end Behav;
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-- Function  : Generating 8 bit Vertical Address (VAdr) to RAM and TC Signal to Printer Port

-- Inputs : Reset, RW, Vs and up_enable
--Cutputs  : VAdrand TC

Library IEEE;
use JEEE.Std_Logic 1164,alL;

entity VerAdrCounter is
port { Reset,RW,Vs:in  std_logic;
up enable :in  std_logic;

VAdr :out  std_logic vector(7 downto 0);
TC :out  std logic);
end VerAdrCounter;

architecture Behav of VerAdrCounter is

function increment(val:std_logic_vector) return std_logic_vector is
-- normalize the indexing
alias input : std_logic_vector(val'length dowato 1) is val;
variable result : std_logic vector(input'range) = input;
variable carry : std_logic 1='1%
begin
for i in input'low to input'high loop
result(i) ;= input(i) xor carry;
carry := input(i} and carry;
exit when carry ='0;
end loop;
refurn result;
end increment;

signal Veount_sig : integer range 0 to 320;
signal vreset_sig : std_logic;

begin

-- VResetSel Part for Generating VReset signal
VResetSel:process(RW,Vs)
begin
if (RW='1") then
vreset_sig <= Vs ;-- VReset Equals Vs When Controller Operates in Write Mode
else
vreset_sig <='l";-- VReset Equals 'l' When Confroller Operates in Read Mode



end if}
end process;

-- Generating VAdr after Occuring Rising Edge of up_enable
procl: process(Reset,vreset_sig,up_enable)
variable VAdr_out : std_logic_vector(7 downto 0);
variable Vcount  : integer range 0 to 320;
begin
if (Reser="0"} then
VAdr_out := (others=>'0");
Vecount :=0;
else
if (vreset_sig='1"}) then
if falling_edge(up_enable) then
if (Veount/=320} then
if (Vcount<255) then
Veount = Veount+1;
if (VAdr_out<"11111111") then
VAdr out :=increment(VAdr out);
else
VAdr_out = (others=>'0");
end if}
else
Veount = Vcounttl;
VAdr out = (others=>'0");
end if;
else
Veount =0,
VAdr out := (others=>'0"),
end if}
end if}
else
VAdr_out ;= (others=>'0";
Veount :=0;
end if}
end if}
VAdr <= VAdr_out;
Veount_sig <= Vcount;
end process;

-- Generating TC when vcount_sig>255
proc2:process(Veount_sig)
variable terment : std_logic;
begin
if (Veount_sig>255) then
terment ='1';
else
terment =="'0";
end if;
TC<=terment;
end process;

end Behav;
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-- Funtiong  : Generating HAdr (from HorAdrCounter), VAdr (from VerAdrCounter) to RAM
-- and T'C to Printer Port

-- Inputs : Reset, CClk, Vs, RW and StartCnt

-- Outputs  : HAdr, VAdrand TC

Library IEEE; :
use IEEE.Std Logic 1164.all;

entity Counter is
port (Reset,CCik,Vs,RW :in  std logic;

StartCnt cin std_logic;
HAdr,VAdr sout std logic vector(7 downto 0);
TC rout  std logic);

end Counter;
architecture Struct of Counter is

component HorAdrCounter

port (Reset,CClk :in  std logic;
StartCnt tin std_logic;
HAdr sout  std logic vector(7 downto 0);
up enable :out std logic)

end component;

component VerAdrCounter
port (Reset RW. Vs :in std_logic;

up_enable  :in  sid_logic;
VAdr zout std logic vector(7 downto 0);
TC :out std logic);

end component;

signal upen_sig : std_logic;

begin
Unitl:HorAdrCounter
port map{ Reset => Reset,
CClk => CClk,
StartCnt => StartCnt,
HAdr => HAdr,
up_enable  =>upen_sig);
Unit2:VerAdrCounter
port map{ Reset => Reset,
RW =>RW,
Vs =>Vs,
up enable  =>upen_sig,
VAdr =>VAdr,
TC =>TC);

end Struct;
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-- Function : Interfacing RAM, i.e.

- - Sending 8 bit Data fiom ADC (ADCData) in Write Mode

-- - Sending 16 bit Address (RAMAdr) from RAMAdrCounter and Control Signal

- {(RAMCEI1, RAMCE2, RAMWE and RAMOE) in Both Operation

- - Receiving § bit Data from RAM (RAMData) to Printer Port, Operated in EPP Mode

-- Inputs : Clk, Reset, RW, HAdr, VAdr and ADCData

-- Outputs : RAMCEL, RAMCE2, RAMWE, RAMOE, RAMAdr and PCData

-- Input/Output : RAMData

Library IEEE;

use IEEE.Std_Logic 1164.all;

entity RAMInterface is

port { Clk,Reset, RW in std logic;

HAdr,VAdr,ADCData in std_logic vector(7 downto 0);
RAMData : inout std_logic vector{7 downto 0};
RAMCELRAMCE2 :out std_logic;
RAMWE,RAMOE :out std_logic;
RAMAdr : out std_logic vector(15 downto 0);
PCData :out std_logic vector(7 downto Q) );

end RAMInterface;

architecture Behav of RAMInterface is
signal ce_sig : std_logic;
begin

-- Generating RAMAdr from HAdr and VAdr
RAMAGr(7 downto 0)  <=HAdn;
RAMAdr(15 downto 8) <= VAdr;

-- Sending ADCData to RAMData when Controller Operates in Write Mode
WrProc:process(Reset, RW,Clk,ADCData)
begin
RAMData <= (others=>'0");
if (Reset="0") then
RAMData <= (others=>'0");
else
if (RW='1"y then
RAMData <= ADCData ;
clse
RAMData <= (others=>'Z");
end if}
end if;
end process;

-- Receiving RAMData to PCData when Controller Operates in Read Mode
PCData <=RAMData when (RW="0" and Reset="1"} else (others=>'0");

-- Generating RAMCEI and RAMCE2
ce_sig <= VAdi(7); _
CEcnt:process(Reset, RW,ce_sig,Clk)
begin

RAMCE! <='{0;

RAMCE2 <=0

if {(Reset='0") then

RAMCE! <='1%



RAMCEZ <='1"

else
if (RW="1") then -- Write Mode
if (ce_sig="0") then
RAMCEI! <=not Clk; -~ RAM1I works
RAMCEZ2 <='1%
else
RAMCE?2 <=not clk; -- RAM2 works
RAMCEI <='1%
end if;
else -= Read Mode
if (ce_sig="0") then
RAMCE1 <='0"; -- RAMI works
RAMCE?2 <='1';
else
RAMCE2 <='0; -- RAM2 works
RAMCE! <='1";
end if;
end if;
end if;

end process;

-- Generating RAMWE and RAMOE
WEOECnt:process{Resct, RW,Clk)
begin
RAMWE  <=04
RAMOE <=0
if (Reset="0") then
RAMWE <=0
RAMOE <=0
else
if (RW='1"} then -- Write Mode
RAMWE <= not clk;
RAMOE <='1};
else -- Read Mode
RAMOE <=0}
RAMWE <="1% .
end if}
end if}
end process;

end Behav;

__ ek ok e ookl ole ke e o kol ok sk ok I[I EPPSIgCntl Pal‘t *****fﬁ********************$*$$ _—
--Punction  : Controlling Wait Signal Generation to Acknowledge EPP-Mode Printer Port

-- Inputs : EPPWrite and EPPDataStrb

-- Qutput : EPPWait

Library IEEE;
use IEEE.Std_Logic_1164.all;

entity EPPSigCntl is

port { EPPWrite, EPPDataSitb tin std_logic;
EPPWait rout  std_fogic);



end EPPSigCntl;
architecture Behav of EPPSigCatl is
signal eppwait_sig : std_logic;

begin

eppwait_sig <= EPPWrife nand (not EPPDataStrb);
EPPWait <= not eppwait_sig;

end Behav;
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AMANUIN [ Tm«ﬂ%’ﬂaLms’amﬂmﬂn?wwug'm%aqaqssfm FPGA

PLD (Programmable Logic Device) Lﬂu@ﬂn?cﬁﬁmmmLﬂ‘ﬁlﬂuuﬂmmﬁnwm:
n1488an (Logic characteristics) Tasgunsnlléimunanudiasdiasms Fathafitugsiian
mmaﬂnmﬁﬂszmwﬁﬁmﬂnmimn PAL (Programmable Array Logic) tntinnaluginand
tsznatunaaifUIsunNRHLLEAUA (Arrays of AND gates) famnsahlsunsdduazunn
ffmesnaLuLess (Arrays of OR gates) laiansnsatsunsuld  wesndeasgind
(Switch matrix) azifhudaiRenBunnued PAL lﬁﬁ’u‘ﬁmmmuméﬁﬁummmmmmmuﬁ?ﬁa
assefusnTIanAuLLesERTwi uanann PAL ufadtignsafuEnAegnsainan
CPLD (Complex Programmable Logic Device) Tneilsznaudiasusinniaa (Macro cells)
snmdniianunsntlsunsumsdessassuinafild  taatflfuAngunsaiven  CPLD
uaeFEg AMD, Lattice, Xifinx (s

éw%’ugﬂnmﬁﬂwqmwsmu FPGA (Field Programmable Gate Array) R¢
lsenaudatnarnfunIaaanuaan (Arrays of logic blocks) fannsaidausadiefuite
a¥umsinamesaedniifuteunasiimafiaugundiginsalvan PAL uaz CPLD Tne
1999593 FPGA ansnsaisaemilu 2 szunmas

1. Fine Grained FPGA iszneuinavdansudawmeivieunlasesuuinian
RTUNN

2. Coarse Grained FPGA isznaushausiaswarunalugindd

gmFunnetu Macro Celis azilsenaudaagauesdvian (Flip Flops) use
A199  LUTs (Look Up Tables) itagialardumainamauueetintuaaanty
{Combinatorial logic function) uazAzHdAnd (Switches) wiadafwaniges (Multiplexers)
fivnlFananenlfnmatasss livanwanagLuu Tneunlangausangaazgnidonsedi
Fautugannassouii (Combination) Tasmssndainduasiussnduas Metal lines fignunen
Waulaseunsdanes, Fuses/Antifuses vsadafiwdnigas

wananitasgiunelutenaan  FPGA  aunsautieanithalszansne
ndnunimalladf il

1. tlszian PROM/EPROM/EEPROM/FLASH based FPGA 28774 FPGA
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ssinmiissasmeluazgnitsunsimiasuauazanaaansallsunaninlldlaediuiusiinges
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Thssairdndutiials Wy 99ia E (Erasable) Aeg1unsnaulsl didm EE (Electrically
Erasable) Asavdiat Wi wiasiia PROM AallsunsuldiRaseiadion

2. 1lsz1nn Anti-Fuse/Fuse based FPGA {ngl Fuses azgnanasuwibatinining
fdnunizadta PROM Aesnansalilsunsylfifieniadion uitlfedludumnanasmai
gnANIN

3. 1szLan Static RAM based FPGA latl SRAM cells azgninvusliilufia
Adiaflariiu (Function generator) titedaaaifli Combinatorial fogic uazazgnlfaavnu
SaRwangesuasniwennsluntsiausa (Routing resources) #4949993 FPGA 1szinmil
@zLﬂuﬁﬁanmnﬁqm

druuliAdei e, FPGA tssian Static RAM based FPGA #8313
Xilinx Tmﬂﬁfﬂﬁﬁ?ﬂﬁugmmqﬂlummqq%mu FPGA 93138 Xilinx Aalunwiszneual

wazigauisenanAd Ay fail

D D \ €17 CI G G O e Oy O
O RO0 .
WO {Jt}i}ﬂc}rﬁé
] 1 - ABGO00 8
PROGRAMMAMBLE sOOBa000na;
R alugnuuielninly HO BLOCKS
INTERCONNECT §{3€}QQQ£}D£}§
gﬂﬂﬂﬂf}ﬂﬁﬁg
L GO0 000 e
exn £xp GO B0 G Gx Gx3 G

TEET]
e

LOGIC BLOCKS

N

5 [ .
nwilsnen a1 uamlaseaiaiug e luIa99995290 FPGA 18315 Xilinx

1. Configurable Logic Block (CLB}
CLB vialsaugiueessassan FPGA 1anfiim Xiink Tunmwilszney a2 az
ilsenaudondaniafiaidudiunu 3 foRe F, G, H Function generator 1aevia F uaz G

o A=1 & =y
Function generator aifhuiftnufanaasusi (RAM blocks) luantmsgrnn 4 Lauasdn

2

UDYR 1 10 {16X1 RAM) %w:tﬁquﬁmmmq Combinatorial {Combinatorial behavior)

y04Bumm dom H Function generator axfidunmanuou 3 fa ((nsnienvivmaasis F.usy
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G Function generator Wazanaunanteuanaadnuden) Tag CLB anunsnaiedaridunis
) & =l oy :,’ o gv =l = L) s O o &
RruauneiaGeesduneie 9 fiv wanannilfeiivatdaeiaan 2 dadwiunu
L] k5
wwimpresiaiuiafaidutannenlfiuldednedass (Din) SAUNNIIANUN IR TR T LY
3t (Set/Reset circuitry) #ag dmsLiandimaes CLB axll 4 fiafie Y, YQ, X uaz XQ lag
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nwsenay /2 uandaninasunsuetnsdneuas XC4000-Series CLB

2. Input Output Block (IOB)
d214 108 Hazifludauiivnlfineassin FPGA grunsaRnseiuen (Pin) wse Pad I

annwlszney a3 ugaudaninezunsuatnedieed Xiink 10B lumszna XC4000E Av
Wdn 1 wer 12 gnnsoreiudyyndegnisuenaassanld luwia 108 =zl Fiip
Flops ﬁLﬂu%uvgmvmﬁ?vgmm::ﬂ’vhﬂ@sfﬁtﬂu%uvgmmﬁﬁ!m fvFudneniAues 108 i
&ALt
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amtsznau a3 ugasufeninazunsuatinedreysd Xilinx 0B lumsza XC4000E

3. douidansafignnsalisunssld (Programmable Interconnects)

doudeadamelunndauazanan Metal segment eflqaadndeiilusunsaly
(Programmable switching points) Tmﬂﬁﬁﬂﬁmzm?ﬁﬂuﬁmg’i 3 alomdndan

- Single length fines AU AR s AR AEn G
aAndnegsiing CLB wiazuden

- Double length lines AU AR AR Rt R
wirndeindRagszuing CLB 41uam 2 ufien

- Long fines Thadildasaduniages Metal interconnection segment RN
ﬂfnmmLm::mmnr’mﬁ’wumﬁ;m‘gméﬂﬁu Tntifl Global buffer fxsniLIEumaUUIR

WRudienszanedtynunfinuasdynyans high fanout au
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NARNIN a1 drurunSnansmelueasaeassan FPGA tuad XC4003E
TumssQa XC4000E rasuFen Xilin

A9 A1 uaasseunineannenieluassy FPGA waf XC4003E uliaudeuiuiued

Aulunszna XCA000E
Max Logic | Max. RAM Typical Number
Logic Gales Bits Gate Range CLB Total of Max.
Device Cells {No RAM) |{No Logic) [{Logic and RAM}'] Matrix CLBs |Flip-Flops} User QO

XC4003E 238 3,000 3,200 2,000 - 5,000 10% 10 100 360 80
- |XCA005EXL 466 5,000 6,272 3,000 - 9,000 14 % 14 196 616 112
XC4006E 608 6,000 8,192 4,000 - 12,000 16X 16 256 768 128
XC4008E 770 8,000 16,368 6,000 - 15,000 18«18 324 936 144
XCAG10E/XL g50 10,000 12,800 7,000 - 20,000 20x20 400 1,120 160
XCA013EXL 1368 13,000 18,432 10,000 - 36,000 24 % 24 576 1,536 182
XCA020E/XL 1862 20,000 25,088 13,000-40,000 | 28x28 784 2,016 224
XCA4025E 2432 25,000 32,768 15,000 - 45,000 32x32 1,024 2,560 256
XCA028EX/XL 2432 28,000 32,768 | 18,000-50,000 | 32x32 1,024 2,560 256
XCAQ3GEX/RL 3078 36.000 41,472 22,000 - 65,000 36 x 36 1,286 3,168 288
XCA044XL 3800 44,000 51,200 | 27,000-80,000 | 40x40 1,600 3,840 320
XC4052xL 4558 52,000 61,952 |} 33.000-100,000 | 44x44 1,936 4,676 352
XC4062XL 5472 62,000 73,728 | 40,000-130,000 | 48x48 2,304 5376 384
XC4085XL 7448 85,000 100,352 | 55,000 - 180,000 | 56x56 3,136 7,168 448

- Max values of Typical Gata Range include 20-30% of CLBs used as RAM.

MARYAN A2 Pinout 784293559X FPGA 115 XC4003E lunszna
XC4000E 124135 Xilinx

A9 A2 WEAY Pinout 9949977898 FPGA tUas XC4003E

Pad Name PC84 Pad Name PC84
VCC p2 |vce P11
10 (A8) P3 | GND P12
/0 (A9) P4 | IfO, PGCKT (A16) P13
11O (A10) P5 | O (A1T) P14
1O (A11) P6 | 1f0, TDI P15
11O (A12) P7 | 1O, TCK P16
/O (A13) P8 | IO, TMS P17
/O (A14) P9 | IO P18
/O, SGCK1 (A15) P10 | VO P19




AN9I9 R2 UARY Pinout 1849939798 FPGA 1waf XC4003E (sia)

Pad Name PC84 Pad Name PC84
Vo P20 | 1O P47
GND P21 |10 P48
vee P22 | 1O P49
0 P23 | 1O P50
Vo P24 | 1/O, SGCK3 P51
HO P25 | GND P52
o P26 | DONE P53
1o P27 | vCC P54
o P28 | PROGRAM\ P55
IO, SGCK2 P29 | 110 (D7) P56
0 (M1) P30 | /O, PGCK3 P57
GND P31 | O (D6) P58
{ (M) P32 | 1O (D5) P59
vee P33 | O (CSOY P60
1 (M2) P34 | 1O (A10) P61
/0, PGCK?2 P35 | /O (D4) P62
O (HDC) P36 | VCC P63
/O (LDCY) P37 | GND P64
o P38 | 4O (D3) P65
o P39 | 4O (RSY P66
Vo P40 | /0 (D2) P67
VO (INIT) P41 |10 P68
vCe pa2 | 110 P69
GND P43 | 1/O (RCLKY), RDY/BUSYA P70
e P44 | 4O (DO,DIN) P71
o P45 | /0, SGCK4 (DOUT) P72
e P46 | CCLK P73
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NS A2 LEAY Pinout 9849935593 FPGA \Waf XC4003E (sa)

Pad Name PC84 Pad Name PC84
VCC P74 I/0 (A3) P80
O, TDO P75 O (Ad) P8t
GND P76 11O (A5) pg2
11O (AD, WSY) P77 /O (AB) P83
/O, PGCK4 (A1) P78 I/O (A7) P84
O (CS1, A2) P79
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MANLIN @ Data sheet 18929Rsuandn Bt iuas LM1881

February 1995

NNationa,l Semiconductor

LM1881 Video Sync Separator

General Description Features

The LM1881 Video sync separalor extracts timing informa- AG coupled composite input signal
tion including composite and vertical sync, burst/back porch >10 k6t input resistance

timing, and odd/even fietd information from standard nega- <10 mA power supply drain curent
tive going sync NYSC, PAL®, and SE_CAM video §igqa!s with Composiie sync and vertical oulpuls
amplilede from 05V fo 2V p-p. Th‘a integeated circuit is also Odd/even field output

capab!e of prowdmg sync‘sepa:ahon for n'on-siandarq, fast- Burst gate/back porch output

er horizontal rate video signals. The vertical oufput is pro- .

duced on the rising edge of the first serration in the vertical Honzon-tal scan rat‘es to 150 khz
sync period. A default vertical oulput is produced afler a Edge triggered vertical ouiput

time delay if the rising edge mentioned above doss not oc- Detault triggered vertical culput for non-standard video
cur within the extermally set delay period, such as might be signal (video games-home coraputers}

the case for a non-standard video signal.

Connection Diagram

LM1881N
COMPOSHTE Veo
-
syhe oytpr O ¢ 8 |0 5-12v
0.t uf
COMPOSITE
0
vioza meur O———F—1 2 ? ST 000/ EYEN QUTRUY
VERTICAL
syne ouTpUT O 3 6 By
660k
BURST/BACK PORCH
——0
E 4 s QUTRUT

v:;?;"&ﬁ:zﬁ'u‘ﬁ s Lnnnnpn

COMPOSITE l l l I "I ‘I '|

SYNC QUTPUT
VERTICAL
SYNC QUTPUT

aurst ourpuT || 1 | I | | U U

0DD/EVEN
OUTPUT

L/H/8150-1

Order Number LM 1881M or LM1881N
See N3 Package Number MOSA or NOBE

TPAL in this dalashest relers lo Ewopean broadcast TV standard “Phase Alleraating Line”, and 710t to Prograrmable Array Logic.

1535 Katonal Sericondcitr Coporaion. TUHALSD ARD-BXM 15/ Printed UL 5. A

lojeledag oUAS OapIA 188N
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Absolute Maximum Ratings
it Milltary/Aerospace speciiied devices are required,
please conlact the HNatlona! Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage
Input Voltage

Output Sink Currents; Pins 1,3, 5

Quiput Sink Current; Pin 7

Package Dissipation (Note 1)
Operating Temperalure Range

i3.2v

3 Vpp (Voo = BY)
6Vpp (VoG = 8V}
SmA

2mA

1100 mwW

0'C — 70°C

Electrical Characteristics
Voo = 5Y; Rset = 680 k(Y Ta = 25°C; Unless othenvise specified

Slorage Temperalure Range —65°C1lo +160°C
ESD Susceptibility (Note 2} 2kY
Soldering Informalion
Dual-ln-Line Package (10 sec.) 260°C
Small Culline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Msthods and their Effect on
Product Retiability” for other methods of soldering surface
mount devices.

Tested Design Units
Conditl;
Parameter nditlons TYP | yimit(Noted) | Limit(Noted) | (LImits)
Supply Cuerent Qutputs at Logic 1 Voo = 5Y 5.2 10 mAmax
Voo = 12 55 12 MAaY
DG Input Voltage Pin2 1.3 Vmin
15
1.8 Viax
Input Threshold Voltage Note 5 70 558 mvmin
85 mvmax
Input Discharge Current Pin 2; Vg = 2V 1 6 pAmMin
16 pAmax
input Clamp Charge Current Pin2; Viy = 1V 08 0.2 mAmin
Rget Pin Reference Voltage Pin &; Note 6 1.22 1.10 Vrin
i 1.35 Vimax
Composite Sync. & Verlical louT = 40 uA; Vo = 5V 4.5 4.0 Vmin
Outpuls Legic 1 Voo = 12V 11.0 Vmin
lour = 1.6 mA Ve = 6Y 36 2.4 Vmin
Logic 1 Vee = 12V 10,0 Vrin
Burst Gate & Odd/Even loyy = 40 pA Voo = 5V 4.5 4.0 Vmin
Quiputs Logic 1 Voo = 12V 11.0 Vmin
Composite Sync. Oulput lout = — 1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync, Cutput loyt = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output lour = —1.6mA; Logic0; Pinb 0.2 0.8 Vmax
Odd/Even Output lour = — 1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Verlical Sync Width 230 180 usmin
300 ESmax
Burst Gate Width 2.7k from Pin 6 to Voo 4 25 psmin
4.7 HSNEX
Vertical Default Time Mole 7 32 SN
65
90 psmax

Mote 1: For operalion in ambient temperatires above 25°

rasistance of 1107 CAY, juncton to amdienl.
Mote 2: ESD susceptbiity test uses the “human body model, 100 pF Fscharged theough a 1.5 kil resistoc’™
Note 3: Typicals are at Ty = 256'C and represent tha most IXely parametns nomm
Hole 4: Tested Lirits are guaranteed to National’s AQOL {Average Outgoing Qualily Level).

Hote 5: Relabive difference between the input clamp vollage and the minimum input vollage which produces a horizontal output puise,

Note &: Carefid attention showid Do made to pravent parasitic capatitance coupling from any output pin (Pins 1, 3, 5, and 7) to the Rger pin (Pin 6).
Mote 7: Defay time betwean the start of vedical sync {at input} and the veeical pulput pulse.

C, the device must be deraled based on a 150°C maximum junction temperatre and a package thermal
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Typical Performance Characteristics

Ropr VALUE (kst)

Ropy (ML)

Rget Value Selection
vs Vertical Serration
Pulse Separation
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Application Notes

The LM1881 is designed 1o strip the synchronization signals
from composiie video sources that are in, or similar fo, the
N.T.5.C. format. Input signals with positive polarity video (in-
creasing signal vollage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V {p-p} can be accommodated.
The LM1881 operates from a singis supply voltage hetween
5V DC and 12V DC. The only required external components
heside power supply and set current decoupling are the in-
put coupling capacitor and a single resistor that sels internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
i5.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a verlicat sync pulse; a burst gate
or back porch clamp pulse; and an odd/even outpul, The
odd/even outpul levetidentifies which video field of an inter-
laced video source is present at the input. The cutpuls from
the LM1881 can be used to gen-leck video camera/VIR
signals wilh geaphics sources, provide identification of video
fields for memory slorage, recover suppressed of contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
lines.

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(a-g}
which shows a portion of the composiie video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC QUTPUT

The composile sync outpul, Figure 2(b). is simply a repro-
duction of the signal waveform below the composile video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
voitage to strip the sync signal, which is then buffered cut 1o
Pin 1. The threshotd separation from the clamped sync tipis
nominally 70 mV which means that for the minimum input
tavel of 0.5V {p-p}, the clipping fevel is close fo the haliway
point on the sync puise amplitude (shown by the dashed
line on Figure 2{a) ). This threshold separalion is indepen-
dent of the signal amplifude, therefore, for a 2V (p-p) input
the clipping level ocours at 11% of the sync puise ampli-
tude. The charging current for the inpul coupling capaciter is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This alfows refatively small capacitor values 1o be
used—0.1 pF Is generally recommended.

Normally tha signal source for the LM1861 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst pulse pres-
ent throughout the vertical bianking period so that the burst
aclually appears on the sync tips for three line pericds in-
stead of at black level, A clean composite sync signal can
be generated from these sources by filtering the input sig-
nal. When the source impedance is low, fypically 760, a
6201 resistor in series wilh the source and a 510 pF capaci-
for to ground wilt form a 1ow pass filter wilh a comer fre-
quensy of 500 kHz. This bandwidih is more than sufficient to
pass the sync pulse portion of the waveform; however, any
subcarrier content in the signal will be attenuated by almost
18 dB, efiectively faking il below the comparator threshold.
Filtering wili also help if the source is confaminated with
thermal neise, The output waveforms vill become delayed

from between 40 ns 1o as much as 200 ns due to this filler.
This mech delay will not usually be significant bul it does
contribute to the sync delay produced by any additional sig-
nal processing. Since the original video may also undergo
processing, the need for lime delay correction will depend
on ihe lotal system, not just the sync siripper.

VERTICAL SYNC OUTPUT

A verticat sync oufput is derived by infernally integrating the
composite sync waveform (Figure 3). To undesstand the
generation of the verlical sync pulse, refer to the fower left
hand section Figure 3. Note that there are two comparators
in the section. One comparator has an internally generaled
voltage relerence calted V¢ going fo one of its inputs, The
other comparator has an internally generated voltage refer-
ance called Vp going to one of iis Inputs. Both comparalors
have a common inpat at their noninverting input coming
from the internal integrator. The internal integrator is used
for integrating the compaosite sync signal. This signal comes
from the input side of the composite sync buffer and are
positive going sync pulses. The capacitor to the integrator
is internal to the LM1881. The capacitor charga current is
set by the value of the external resistor Rggy. The culpul of
the integrator is going fo be at a low voltage during the
normal horizontal lines because the integralor has a very
short time to charge the capacitor, which Is during the hori-
zontal sync pericd. The equalization pulses wilt keep the
oulput voltage of the integrator at about the same lovel,
betow the Vy. During the verfical sync perod the narrow
going positive pulses shown in Figure 2 is called the serra-
tion putse. The wide negative portion of the vertical sync
period is called the verlical sync pulse. At the starl of the
vertical sync period, before tha first Serration pulse occurs,
the integrator now charges the capaciter to a much higher
voltage. Al the first serration pulse the integrator owviput
should be between Vq and Va. This would give a high level
at the output of the comparator with V1 as ong of its inpuls.
This high Is clocked into the “D" flip-flop by the falling edge
of the serration pulse {remember the sync signal is inverted
in this section of the LM1881}. The Q" output of the "D”
flip-flop goes through the OR gate, and seis the R/S flip-
flop, The oulput of the R/S fiip-flop enables the internal
oscillator and also clocks the QDD/EVEN “D" flip-flop. The
ODD/EVEN field pulse operation is covered in the nexi sec-
tion, The output of the oscilfator goes to a divide by 8 circuit,
thus resetling the R/S flip-ilop alter 8 cycles of the oscilla-
tor. The frequency of the oscillator is established by the
inlernal capacitor going to the oscillator and the external
Rget. The “Q" output of the R/S flip-flop goes to pin 3 and is
the actual vertical sync oulpu of the LM1881. By clocking
the "D flip-flop at the start of the first serration pulse
means that the vertical sync cutput pulse starts at this point
in time and lasts for eight cycles of the internal oscillator as
shown In Figure 2.

How Rgg affects the integrator and the infernal oscillator is
shown under the Typical Perforrnance Charactleristies. The
first graph is “Rgqy Value Selection vs Vertical Serration
Pulse Separafion”, For this graph to be valid, 1he vertical
sync pulse should fast for at least 85% of the horizontal halt
line (47% of a full horizontal line). A verticat sync putse from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement (lhe serration pulse is the
remainder of the period, 10% o 15% of the horizontal
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half line). Remember this pulse is a positive pulse at the
integrator but negative in Figure 2. This graph shows how
long it takes the integrator to charge its internal capacitor
above Vi,

WITH Rgg too large the charging cirent of the integrator
will be too smalt to charge the capacilor above Vy, thus
there will be no vertical synch output pulse. As mentioned
above, Rget also sels the frequency of the internal oscillalor.
If the oscillator runs teo fast its eight cycles will be shorter
than the verlical sync portion of the composite sync¢, Under
this condition another verlical sync pulse ¢can be generated
on one of lhe later sesration pulses after the divide by 8
circuil resets the R/S flip-flop. The first graph also shows
the minimum Rggy Necessary fo prevent a double vertical
puise, assuming that the serration pulses last for only three
fult horizontal fine periods {(six semation pulses for NTSC).
The actual pulse widih of the vertical sync pulse is shown in
the “Vertical Pulse Width vs Rgey” graph. Using NTSC as an
example, lets see how these two graphs relate to each oth-
er. The Horizontal line is 64 ps long, or 32 us for a horizon-
tal half line. Now round this off o 30 ps. In the "Rgy Value
Selection vs Vertical Serration Pulse Separation” graph the
minimurm resistor value for 30 ps serration pulse separalion
is about 550 k. Going to 1he "Verlicat Pulse Width vs Rget”
graph ona can see that 550 k0l gives & vertical pulse width
of about 180 ps, the total time for the vertical sync period of
NTSGC (3 hodzontal lines). A 550 kil will set the internal
osciltator 10 a frequency such that eight cycles givas a time
of 180 ps, just Jong enough to prevent a double verlical
syn¢ puise at the verticat sync output of the LM1881.

The LM1881 also generales a default verlical sync pulse
when the vedical sync period is unusvally fong and has no
serration pulses. With a very long verficat sync time the inte-
grator has time to charge its internal capacitor above the
voltage level V. Since there is no falling edge at the end of
a serralion pulse to clock the “D" flip-flop, the only high
signal going to the OR gate Is from the default comparator
when oulput of the integrator reaches V. At this time the
R/S flip-lop is toggled by the defaull comparator, starting
the vertical sync pulse at pin 3 of the LM1881. If the default
vertical sync period ends before the end of the input vertical
sync perod, then the falling edge of the vertical sync (posi-
tive pulse at the D™ flip-flop) will clock the high cutput from
the comparator with V¢ as a raference input. This will retrig-
ger the osciilator, generating a second vertical sync culput
pulse. The “Vertical Default Sync Delay Time vs Rgey”
graph shows the relationship between the Hgey value and
the delay time from the start of the vertical sync pericd be-
fore the delault vertical sync pulse Is generated. Using the
NTSC example agaln the smallest resistor for Rgey is 500
kfl. The vertical default time detay is about 50 ps, much
longer than the 30 us serration pulse spacing.

A common question is how can one caleulate the required
Rget with a video timing standard that has no serration puls-
os during the vertical banking. I the default vertical sync is
to be used this is a very easy task. Use the “Verlical Defavlt

Sync Delay Time vs Rgay” graph to select the necessary
Rspt 10 give the desirad delay time for the verlical sync out-
put signal. It a second pulse is undesirable, then check the
“Vertical Pulse Width vs Rgoy”" graph fo make sure the vertl
cal cutpul puise will extend beyond the end of the input
vertical syne period. In most systems the end of the vertical
sync period may be very accurate. In this case {he preferred
design may be 1o starl the verlical syr puise al the end of
the verticat sync period, similar to starling the verical sync
puise after the first serration pulse. A VGA standard is to be
used as an example to show how this is done. In this stan-
dard a horizontal fine is 32 ps long. The verlical sync period
is two horizontal lines long, or 64 ps. The verlical default
sync delay lime must be longer than the verlical sync peri-
od of 64 ps. In this case Rge must be larger than 680 k(1.
Rget must still be small encugh for the oulput of the integra-
tor to reach Vy before the end of the vertical pericd of the
input pulse. The first graph can be used 1o confirm 1hat Rggt
ig small enough for the integrator. Instead of using the verti-
cal serration pulse separation, use the actual puise widih of
the verlicat sync period, or 64 ps in {his example. This graph
is linear, meaning that a value as large as 2.7 M{} can be
used for Rgey (twice the value as the maximum at 30 ps).
Due to leakage currents it is advisable 10 keep the value of
Rger under 2.0 Mf. In this example a value of 1.0 M is
selected, well above the minimum of 680 kf1. With this value
for Rger the pulse widih of the vertical sync output pulse of
the LM1881 is about 340 ps.

ODD/EVEN FIELD PULSE

An unusual feature of L1881 is an oulput level from Pin 7
that identifies the video field present ai the input to the
LM1881, This can be usefu! in frame memory storage appli-
cations or in exiracting test signals that occur only in alter-
nate fields. For a composite videe signal thal s interlaced,
one of the two fields that make up each video frame or
picture must have a half horizental scan line period at the
end of the vertical scan—Il.e., at ihe bottom of the plclure.
This is called the “odd fietd” or “field 1. The "even field”
or "field 2" has a complete horizontal scan line at the end of
the field. An odd field starls on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the verical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the L1881 again integrates
the composite sync waveform (Figure 3). A capacitor is
charged during the pericd between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulses is enough 1o allow the
capacitor vollage to reach a threshold tevel of & comparators
that clears a llipflop which is also being clocked by the sync
waveform. When the verdical interval is reached, the shorfer
integration time between equalizing pulses prevents ihis
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threshold from being reached and the Q output of the flip-
ftop is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect
as an equalizing puise period, the Q output will have a differ-
ent polarity on successive fields, Thus by comparing the Q
polarity with the vertical culput pulse, an odd/even field in-
dex is generated. Pin 7 ramains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

in a composite video signal, the chroma burst is lecated on
the backporch of the harizontal blanking period. This period,
approximately 4.8 ps long, is also the black level reference
for the subsequent video scan fine. The LM1881 genesates
a pulse at Pin 5 that can be used either 1o retrieve the chro-
ma burst from the composite video signal {thus providing a
subearrier synchronizing signal) or as & clamp for the DO
restoration of the video waveform. This output is oblained
simply by charging an infernal capacitor starting on the trail-
ing edge of the horzontal sync pulses. Simultaneously the
cutput of Pin 5 Is pulled low and held until the capacilor
charge circuit fimes cut—4 ps later. A shorler oulput burst
gale pulse can be derived by differentiating the burst oulput
using a series C-R network. This may be necessary In appli-
cations which require high hosizontal scan rates in combina-
tion with normal (60~ 120 Hz) veclical scan rales.

APPLICATIONS

Apart from extracting a composile sync signal free of video
information, the LM 1881 oulpits allow a number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DO restoration of
the original video waveform for display or remodulation on
an B.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding intoe R.G.B. components. For
frame memory storage applications, ihe odd/even field lev-
el allows identification of {he appropriale field ensuring the
correct read or write sequence. The verlical pulse output is
particutarly useful since it begins at a precise time—ihe ris-
ing edge of ihe first vertical serration in the sync waveform.
This means that individual lines within the vertical blanking
period {or anywhere in the active scan ling period} can easl:
ly be exiracted by counting the required number of fran-
sitions in the composite sync waveform foltowing the start of
the verlical culpul pulse.

The verical blanking interval is proving popular as a means
to transmit dafa which will not appear on a normal T.V, re-
ceiver screen. Data can be inserted beginning with line 10
{the first horizontal scan line on which the color busst ap-
pears) through to Fne 21, Usually fines 10 through 13 are
not used which leaves lines 14 through 21 for inserling sig-
nals, which may be different from field o field. In the U.S.,
fine 19 is normally reserved for a vertical interval reference

signal (VIRS} and line 21 is reserved for closed caption data
for the hearing Impaired. The remaining lines are used in a
nurmber of ways. Lines 17 and 18 are frequently used during
studic processing to add and delete vertical Interval test
signals (VITS) whila lines 14 through 18 and fine 20 can be
used for Videotex/Telelext dala. Several Instilutions are
proposing 10 transmit financial data on fine 17 and cable
systems use the avaifable lines in the vertical interval to
send decoding dalta for deserambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sideen
positive or negative transitions tater will be the start of line
14 in either figld. At ihis point simple counters can be used
to select the desired line(s} for inserlion or deletion of data.

VIDEQ LINE SELECTCR

The circuit in Figure 4 puts out a single video line according
to the binary codead information applied to line select bits
b0-b7. A line is selected by adding two to the desired line
number, converting to a binary equivalent and applying ihe
result 1o the fine select inputs. The falling edge of the
1LM1881's vedical puise is used to load the appropriate
number info the counters (MM74C193N) and to set a start
count latch using two NAND gates. Composite sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters, The final borrow out pulse is used to furn on
the analeg switch {CD40668C) during the desired line. The
falfing edge of {his signat also resets the start count latch,
thereby lerminaling the counting.

The circuif, as shown, will provide a single fine oulput for
each field in an interdaced video system (lelevision) or a
single line output in each frame for a non-interfaced video
systemn {computer monitor). When a parlicular line in only
one field of an interiaced video signal is desired, the odd/
even field indax oulput must be used instead of the vertical
culput pulse (inverl the field index oulput to select the odd
field). A single counter Is needed for sefecting lines 3 to 14;
two counters are needed for selecting lines 15 to 263; and
three counters witl work for up 1o 2046 lines. An output buff-
ar is required to drive low impedance loads.

MUETIPLE CONTIGUOUS VIDEQ LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 5 will select a number of adjolning lines
starting with the line selected as in the previcus example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of conliguous culput lines. The back porch pulse output
of the EM1881 is used lo gate the video inpul’s black level
through a low pass filter (10 k2, 16 uF) providing black level
restoration at the video oulput when 1he output selected
line(s} is not being gated through.
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Typical Appiications
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NIANUIN 9 Data sheet 4242935 Flash ADC 125 MP8780

FEATURES

- 1% MHz Input Bandwidth (=03 dB}

. SNA ~44dB@Fin2.4MHz

— 1210 5.0 Volts (Poak to Peak) [nput Range
~ 1/ LEE6 Dynamic DNL at 14 4 MHz

~ ¥4 LSD Rynamie DNL ot 17 7 Ml

- Moncionie, Mo Missing Codes

. Lateh Up Free CMGT Technology

.. High EED Ppotector = 2000 Vdts Min mum

MP8780

CMOS

8-Bit Video
Analog-to-Digltal Converter

BENEFITS

- Oplimized Combination of Performyice,
Power, Packaging ard Gost for Video Digitizirg
Applicationg

- Exeoliery: Video Digitizing Performance

- Smalier Boasd Space

- Lovier Syslom Powe

GENERAL DESCRIPTION

The HPO780 k& a COMOS Sbit high speed
Analog-o-Digital Converter dosighad antd spocifled fer
applicatiens In imaging and video digizing. Viih Signal
to Moiso Ratie groater than 44 dB In the Video Input
Bandwidik and encede rates up le 20 Mz, the MPE789
cacily nmiecls tho requirerrente nceded 1o digitize
standard American and Evrossan vdeo signals,

A fast dighal interface simplifes zonneclion fo most
modotr 25P and GPU chips,

Caratul dosign and tayo.s have teduzed stati sensitivity,
while our propretey [shup flee prosess vivally
ol minates the need lor many of e diode protection
sthemos used i the past,
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ELECTRICAL CHARACTERISTICS
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CHARACTERIZATION CHARTS
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#include <stdio.h>
#include <dos.h> /* Required for Delay Function */

#define PORTBASE 0x0378 /* for the PC LPT1 */
#define STATUS PORTBASE+]
#define CONTROL PORTBASE+2
#define EPPADR PORTBASE+3
#define EPPDATA PORTBASE+4

main{void)
{
FILE *outfilep;
clrscr();
/1 Save PCData into data.bin //
outfilep=fopen("c:\WbinZbmp\idata. bin","w");
if (outfilep==NULL) printf("Cannot open filein");

/* Write Process ¥/

outportb{ CONTROL,0xCdY; /* RW=1, Start to Write Process ¥/
inportb(EPPADRY); /* Reset Active ¥/

printf{"\nStart to Grab Image");

while (((inportb{STATUS)&0x10y=—=0x00); // Wait Until TC=1 //
inportb(EPPADR); /* Reset Active */

/* Read Process and Saving Data */

outportb(CONTROL,0xCO); /* RW=0, Start to Read Process */
inportb(EPPADR); /* Reset Active */

while (((inportb(STATUS))&0x10)==0x00) // Wait Until TC=1 //

{
pute{(chat)inportb(EPPBATA), outfilep);

¥
inportb(EPPADRY); /* Reset Active */
fclose(outfilep);
printf("wThe End";
return{0};
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