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ABSTRACT
In this project we’ll study in digital video . First we’ll study in video signal .Then we’ll make

analog to digital converter hardware. And then keep the digital data to RAM for using it in develop

program to show a still picture on the monitor
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® g IunNNNNeTEUN BT (Picture Information)

o dyguinlsznaunis 1alis (Line Sync)uas Handar (Field Sync)

o (Q, o L] ¥ (=3 ) G
o dygnawwasdnitiesiuhilduesdiugaimse

o dygnmfiaiassseIns 1 (Color Synchronizing)

e gy ialasNisuD (Chrominance)

® igyg 8yt (Luminance)
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zﬂ‘ﬁ 2.13 Composite Video Signal

O " E Y 0w >

H:

: The non-useful d.c. component

: The useful d.c. component integrated over a complete frame period

: The picture d.c. component over the active line period (T)

: The instantaneous value of the luminance component

: The instantaneous signal value with respect to the bottom of the synchronizing pulse
: The peak signal amplitude positive or negative with respect to G blanking level

: The peak amplitueds of chrominance components

The peak to peak signal amplitude

J : The difference between black level and blanking level (set-up)

K:
L:

The peak to peak amplitude of the color burst

The nominal value of the luminance component

M : The peak to peak amplitude of a monochrome composite video signal

S : The amplitude of the synchronizing pulse

Ty
Ty
Ty
Ty
Te
T,

uewlagaved LS uaz M sxgnlfiffunerldgndrededmivdaygreiale uazusmlagadign

:Duration of line synchronizing pulse
:Duration of line blanking period
:Duration of active line period
:Duration of breezeway

:Duration of front porch

:Duration of back porch

tivw 1Ay B,C,D,E,F,G,H uag T gnuaasnimmnodhulesiaudveni L
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Super VGA 185unmswammain VGA Suthiauva 1 svea finamidafiunnit vaa u
9 as a 3 ° bd 2 & a
ATUBATINITIING Y (Refresh Rate) Lazdunoumsianiludunsmila Fa Super vGa oz s
11N VGA Tao 185umsdsudsenimudr iy Tuualunisiaaa (Display Mode), Tntun

&, YUIAVDIMUIEA NI MNINAT

2.4.2Super VGA Min

VGA nsianeu Insimesinawannsalumsfiteaiuaussuunswila d1msy IBM pC
é a Y a o 3 4 1
Fuanlonswdauuy VGA 18Tnmswaniuuihi Super VGA &4 i lnssadeiuguntndido

o & =) 3 { 4
U A 9z3iN15 U5 UY5 98 (Heap) Tu Super VGA fnain VGA Falihunsuwesinnaudeathle

a o 9 s o dv
wadanz lenunisatl

2.4.3 msdFuilyenaeniifives Super VGA dlemisuiu VGA

Description Super VGA Standard VGA

More functionality 1024-by-768 16-color . 640-by-480 16-color
1024-by-768 256-color 320-by-200 256-color
8, 16, 24 bit-per-color DACs .6-bit per color DACs
4 Mbytes memory 3 256 Kbytes memory
Hardware cursor Software cursor
Larger and smaller fonts i
Interrupt capability :

Downward compatibility
Graphics accelerators

Faster 16-bit ISA, VL, PCI bus ) 8-bit ISA bus
Interface queue
Dual paging
Video RAM
Shadow RAM BIOS
. Linear address space -
Graphics accelerators

Smaller Single VLSI ASIC chip Chip sets
Higher level of integration Lots of support chips
4 megabit memory chips 64 Kbyte or 256 Kbyte
memory chips
Programmable clock chip Multiple crystal oscillators
Surface mount technology
Cheaper Large production runs
Shorter design cycles
Cheaper memory
Fewer parts

31 223 uanadnuaiziia lves Super VGA ifieifisusiu VGA
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ey

2.4.4 M35U301/39a7193153983 Super VGA
=4 1 4 i ) [
Super VGA aunsainoyauazdoyauuaniuiiindr VGA Fedmauinnnhisseuly

t ' o o o - 3 a & o 9 Y
18 ey iinamdoudulusasimsdssuiana 1024*768 91 24 IMT Feezasafiududy
A _ a a & a a ¥ a I =] ' o g g vad
320%200 1 8 Tnd Feszuudan Instadeedianaismnna10e 36 M1 msianusiInaiue
g Y ' ° a ey =Y é s ar LA o/
Judumiteanuuana,ns U inOuve sz uuNs e Fenrmduiuisauvaetayuia
a ' . & ' a & ¥ g
16 Inszannsnandnizse 1AoE19In (Wait-State) F9RnTiszuy 8 I deszvonlideyaiiiu
v v
o a v ° [ a aa o o o o
19U 2 afsmunsndieaensiiieu 1 ase Ansrisyvestianamus1ged My Super VGA fio
VL-Bus (VESA Local Bas) iz it PCIiflefias 1 185 u1lss Tomigegaanniavesneuiiuned
° T 4 a wn o 4
Super VGA sz linimiduiutsandiulumed§idneduns min foneiniilfuans
1 = s & < 1 o v L) N
yasveauifivarowesn sssziudaniiunoneavesms lnavesdoyatutenna s
: o aa = 1 . o é u‘: ] q” =) o o 1 s
M VGA Ao Insiaes, 299590 [o3ims e, minsoa s T isy @9 3 dautizlarmddysova
' o h & ' o { 2 '
YoInUIWAMNULTAIN (Display Memory Bus) Fenuatanuiutaaewaiiiandwag VDO

[} 1 & 1 1 =1 A J
RAM Memory 92 4780AANAI9 49 Super VGA Jusn Izl IS ARLNINAY

2.4.5 93n5¥NPVYRY Super VGA
4 P} 2 Y & o
M358 VGA fassuuns mnauna 13 4999A152nounIng §1Uues VGA, Super VGA 12

2 3/ @ -
Qﬂltﬁﬂﬂug 1 2.24A Vaaoes sUVYUBYNY Clock Oscillator, W VGA, Display Memory Video
A { é ’ Q’: d' s L
Output AAZBIAUsZNOUYRY SVGA taaslugiN 2.24B Feezsanvisgilnseildsunsifurye

1INasgIulu VGA

#1, NOTE: Clock and DAC may e incorporated onto Super VGA chip.
#2 NQTE: Some accelerators are on a second chip

{b) Super VGA Adapter
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2.4.6 Clock Oscillator

Clock Oscillator tthnialawes VGA daez fhrdisinnamdn sfin1udivesnaii
m'm.mﬂanun-u“hmw‘lﬁmumqmmmmmmmu 1‘unwmqmmmannwmqﬂn:m
VGA, nmnqua:m‘l‘nm:mqmvm:vuumm:n:.qlﬂwmwsmm mnﬂawuﬂaw-
wnuﬂsmm‘uawagaﬂaﬁmunamqmmsmﬂaaun'lus-uu mmnammqmmwnm
‘hmmma-muﬂm:wmmma.mammm ‘nm‘m amwaua {Data Rate) wqﬂmwuﬂgnu
innuiindeTuifiaunseuansiisenm Tuavvesgiingel vea e lindautuszuen
8811 CPU, CRTC ﬁuum1ﬂ'nua~mumawamq (Opatial Resolution) 1024*468 @ﬂ'n 8 1nd

#egn 1z ¥ 786432 Byte sivvonn mnmmuﬁmgmumnums Refresh 60 Afaie Tt

L R,

W % g o

B R —

Ndns1doyavediu 47,185,920 Byte Aot

Character Pixel
# Colors Resolution Re_solution Mode VGA Clock EGA Clock
16 40x25 360x400 0,1 28 MHz 14 MHz
16 80x25 640x200 0*,1* 25 MHz 16 MHz
16 80x25 640x350 0+,1+ 25 MHz 14 MHz
16 80x25 720x400 -~ 2.3 28 MHz 16 MHz
16 40x25 320x200 2= 3* 25 MHz T4 MHz
16 80x25 720%400 . 2+3+ 28 MHz. 14 MHz
4 40x25 320x200 4,5 25 MHz 14 MHz
2 80x25 640x200 6 25 MHz 14 MHz
2 - 80x25 720x350 7 28 MHz 16 Mtz
2 80x25 720x400 7+ 28 MHz .,
16 40x25 320x200 D ' 25 MHz 14 MHz
16 80x25 640x200 E " 25 MHz 14 MHz
2 80x25 640x350 F 25 MEZ 14 MHz
16 80x25 640x350 10 25 MHz 16 MHz
2 80x25 640x480 11 25 MHz -
16 80x25 . 640x480 12 25 MHz -
" 256 " 40x25 " 320x200 - 13 ~25 MHz, -
16 132x25 1056x400 * 40 MHz -
16 100x37 800x600 6A (VESA) 50 MHz -
16 120x45 960x720 - 50 MHz -
16 128x48 1024x768 = 65 MHz -
256 80x25 640x400 * 50 MHz -

* non-standard mode
— not an EGA mode

U7 2.25 mriuansnud A 1 unsuraaraveanisn
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2.4.7 ANUBAABIAVDY Super VGA
2. 4
Super VGA 92 5mMifi1 1tz Aua: Bonveddeinanasgiu VGA, nsnHnvensos

Terminal v:gniﬂ‘lw"‘h’f'ﬁuma’fﬁa‘lﬂ, S100zBonveaRi19mmy (Spatial Resolution) wgnuniald
84 1280*1024 g Tasfin1wazBunvesfaznanuih 32 fndegn dmsugann Software v
Turgmileunfubassuiinrunuddgydidioiu dervseniunnumieniue
19 lunsanwaiideansdwmiugilie: Bandwidth vesmhenimiiszuy

2.4.8 Spatial Resolution

Spatial Resolution fiad mm‘um‘gﬂ1utnmmviagﬂ'luuuwfwmgﬂ“lwmz finrmazdon

voagil hinrdhoanihiumnaninas Bonfiumndld wermbenaiiglezianues Soags
ez Boafiuaadld ( Displayble Resolution ) gﬂu1qn§qﬁw1a1nnjquﬁagj‘lmzuwﬁw
a1ue @ o ladeing 85 uy. d89n13 4000*3000 3 WimmANNTIARNIETL INRE
2048%2048 uazvemmanIaLEad A 10245768 g0 dmiuduimiesgundal e
dhinuaz BonficansouansiRuas Spatial Resolution danisli 1 $2ennuF 10099810
19zl Hannnwesseatn, Bandwidth, 524198390 ( Dotpitch ) enuaiiiidhasdas
wesen Wy nanve Ingjuazse eIz ( Finer dot pitch ) szvir I 1eden s s
wazBoannadn, Moniter 31U Rz duniamusvas Sun gy sedang Winaw
az@onvesgiiuanainzimdnsunue: Seveimsuanahsbifusiahumsly Ty
nadinns gUnnA 64%64 YL@z NIz UERIHAITL 10244768 gn fardlianueuesdhs 1024 9
$1138n11 Display Pitch taz1ABT 11423 byte AviduaAY, ﬁmfuyﬂ‘lwmw{q 2 Qﬂﬁ‘lné' fya
e gnIenasnvIniy Display Pitch Tunsdiasaddhuenfadeldderin iy Display Picth i
ngnifininly ety 640+430 g 24 Sn 923 640%3=1920 byte siotian Fafliaaail
vewene 1 lnajvesduin Super VGA 92 1¥ Display Pitch 2048 g0

2.4.9 Color Resolution

AIB: BunveIdnen 1mnA 9B 1T (Palette) Ao Non-Palette Mode 134 16 § w130 256
Tnund SediuTnuntng wdas 16 Avde 256 ﬂ'w:gmﬂéuwﬂuﬁﬁ DAC (Digital/Analog
Converter) 2 Efvfluns, B s od1ea: 8 Tnd dovuniwas Sonvesdey i 24 ﬁ;‘laﬂlﬂﬁﬂ

1 4 ) I3 N
AR AuAMeT 256 seauimniuiansauanslunamil lnon Tnuadeedl 15,16,24 indod

v Tnuah i Wnasgiues idasedy 8 imTnun

2.4.10 Palette Color
d M 16 A% 256 seaver Widhwamoud (Patette) Iunsdives 256 AFwiafoude: Sun

' N 1 A . v 4 {
NFmeid (Color Register), M31awuinInunudRug e Tuiudediedeenisuaoud

U < a a ¥ ! ¥
piNTINENNAINMIHaRaanIndIsesdoyagy dauves 256 Adeya
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> & U <
wheanuiiesissAudaug 0-255 iasnsgnld WTinmedd a1 0255 Widameides dlu
] 4 []
Joya 18 iin Faaztlsznen iy 6 finvesfiuns, Beaainidu viaiamesue ndoudoyadlu 24

] y ] . "o ] ¥ ' o
1in $97% 24 indleziige uad1 Ton Wifualde )z 2 5oz vt 18 Uindu 24 1n

2.4.11 Hi-Color
[ v E 4
f115U 15 inas 16 IndesSon1 Trun Hi-Color a9, @We2, 310U i tinmaiil

v 1 t
ueauwee 15 Ind Siiduse 14 5 In,8 %0219 5 Un,Sundld 5 1n daruiimd 15 0 Wilaly

is| w4 i3f 2l il w0l o[8[ 7[ 6] 5] 4] 3]2]1]o0

| @ Red j[ Geen  J( B )

U 2.26 uamamisinsvien 15 inded

74 16 Indezaady 15 Undiusf@ore: 19 6 in marzauyudee hiaenwdgalugan

Gy

1) 1l 3l e[ ufwf ol e[ 7] 6] 5] 4] 3210

(o= ) e )

JUN 2.27 ieasmishsvin g 16 finded

o 5 1 A - o
TuTnun Hi-Color vxAdwiugUs Wiflueawnnn weliive 5-6 indis1eziiia o
32-64 madg Lioawe ludndumih Tnuadamnneardimiunsinin T swaweduas
4 ad 4. . - ,
MW Super VGA szimudiignAsaiiganindoimunves 24 ind  Tnun Hi-Color vziinnug?

[ A 3 . ]
wnnddieven w Lisnunsauea 24 Ind 1AAe 1 Hi-Color 32 ¥ 1107

2.4.12 True Color
14 v
Tnua True Color vz 1472 24,32 finddegaiaza1a 256 madusaiuas,Moruazahdy wf

1 1 . 3 y % A -~
N lFser e duluGesvewnudiuas Yeyadisiinswann Hardware 32 index 1491

gAmHNIsINNeITUnTINAA
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7 s T s Ta s ) 2 1 1 1o
n i ' Blue (Red) )
n+i ( Green )
nez | Red (Blue) )

U7 228 urmsmiaidhsvier 24 Snded

7 | 6 I( RN\ /ZZZP
o | C Blue (Red) )
n+1 L Green )
42 ( Red (Blue) )
n43 ( Overlay j

JUT 229 uemenisdhavier 32 fineed

"l:iﬂ?“mm:gmﬂ‘mfumw’h:ﬁnﬁuum?uqziﬁuli‘lu Byte lunsryuss Fuavin R,G,B
%3990 G,BR Il G vzlﬂuﬁﬁagmqnaw dndy 32 imfezuanalugii 2.20 A R B veardudu

Wain'iduaies tundinenisansinilna

2.4.13 Graphic Mode
L d o 4 4 : (4
el igyfigalu Super VGA fomatitn Tuumlunisuamana 55 Tunfiez i Spatial

Resolution 1#aAnefun1ua: Bunvesd TR TINTINEE A1 199 Super VGA §4

ﬁ'luﬁ":fimuﬂ'[nnﬂ‘lmiq‘luﬂnﬁu naRnYes VESA faarsie
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Tarwta v e

o

W e e

--VESA Mode
Number Columns Rows Bits per Color
102 or 6A hex 800 600 4
104 hex 1024 768 4
106 hex 1280 1024 4
100 hex 640 400 8
101 hex 640 480 8
103 hex 800 600 8
104 hex 1024 768 8
106 hex 1280 1024 8
10D hex 320 200 15
110 hex 640 480 15
113 hex 800 600 15
116 hex 1024 768 15
119 hex 1280 1024 15
10E hex 320 200 16
111 hav L840 LI i<
114 hex 800 600 16
117 hex 1024 768 16
11A hex 1280 1024 16
10F hex 320 200 24
112 hex 6840 480 24
115 hex 800 600 24
118 hex 1024 768 4-
"11B hex 1280 1024 24

U 2.30 mranauamsinuay Tnunagrines VESA

13 Tulsunsy 4 Infnde 8 ndinilug munmnagues VGA 31 Tnun 15-16

Ad iy Tnam 8 In Safidosniiud 2 Bytes fianiuez e miugn 1 g0 Tnum 24 Tne

-
-~

indie:

=

u

[ v
Uinnasndesendronu 8 iin, 15 on, 16 ind ARz i umisoneige ly

Trun 24 finusas yadean1s 3 Bytes §1 3 Bytes i linansaudvasdiy 65536 18
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3.1 UHIRAKAZATIINGIN

} oga o ar
wjmnglumsesnuuuadunmAtnea 3a e (Digital Video) Mamstidayananins

*(Composite Signal) udniwndaiuTumizenrus iy Static udnhunlssuanameuaniesnumiaes
' noufianes Tmmzaaﬂuumqaﬂﬁ'ﬁaﬁymmws'Jué«ﬂﬂﬂﬂﬂé’dﬂﬁﬂgapﬂx RGB c‘*ﬁui‘luﬁfgﬂpmemaan
saquﬁfusym%ﬂﬂsﬁﬂduqxﬂ%‘uumui‘luﬁ':yiymﬁﬁﬂaawm 8 inlundasd udaTouTdsunsuniy
aulalénmn ¢ dlesnniidoyatidhidduiiuesdtsznouvesyanm @ixel) falszneusauiufunm
, #eozuansluTnun 6404480 19 el nuiindu 640480524 = 7372800 fim Taufigaunazyneziioad

¢ & ] A’l‘ a : o ¥ 3 1 o
Uszneudiu R, G, B #sdudazymiudavinmsnaudie 3 Slusasiduiuandiaiu

0 640

¢ RGB

t IMAGE

480

111 3.1 uanedeyavesi lundazgauusenn

W T emwwm e

3.2 nunalumsesaiuy
- P Y Jc’l’ a = o/ o s
Tmnlﬂmté"mmmmmuuveimnﬁuuumm1ﬂmsulaauuﬂaaszﬂuumﬂiytymmw e lu

a o - a 9 - aa v as P LY o (q’:
¢ asuwumesnwd Isuiinvindeyafiiiudiaea uAdgganwi lannindayge Tnsimiiudy
s L] L Q’: o H s - é s
Fygraeurnends liemnsouaamald Tasas muuﬁ'a:mm‘lan?anuﬂmmwmimsnﬁﬁmnﬂumgiym

o

- yﬂ as aa ] n’: a’: o @ o LY
amasuudyanaidtesaney Tﬂu“luwusnuwmzumtytymnmsmmuunmﬂﬂszﬂen‘lnag

b4 b 4 . 1 4 [}
Tugudyea RGB feund 3 nhdya 1 3 3 (R,GB) ifludyaraeuaeninlfouiiudeyadinea

v e

Taol4mnldsudygnueuneniludygudiasaninmiiage (Flash AD Converter) eIt lddeya
] Y v & a ' 2 A [ i
A 8 iin veurazd R,GB ¥ ldifiudeya 24 finddevilaganin dos 18deyaudaferiidond

° g ] o ) 2 i . { v o
b ssihdeyadunitu Blumisnud luneuiunes dusez14 8255 ievimiiidudusumesma
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1

usneNRImei in Az Boage

Video In AD Control
L]
Com posite .
. AD RAM
toRGB Computer
§
AD

U7 3.2 uaeuden lnex unsuvesitneain Te Tnosaw

o & Vv a—
anveamuiudoyanniinen
j dggnuninewaenganlasulvidudoyaninataea Tnons Ivuaunis @Sy (PCM:Puise
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y [ [ 1 4
Code Modulation) AvilfanInvssnnil ldndwinmsnfounladFusgivdausndn 2 #ifle
ﬁ [ K | + )
1) mudilslunsgudygansduidmania:Soavesnin win Wnndganmi i
\
of

a a ' Sy vy Y a1
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. aQ a, ¥ v 5 ' P ] 4 a
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e
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tnsmansaucan wsney A utus gt uuin Smminnuinivhu imusstures
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L4 1y < v pg ¥ . v a = I; o o ]
uesad e nauindeaiu lude i ididansandsusesdygia nusanuveamnugas
{nfezdosacsuin
a 3 o, ‘y ~ 3 4’4 v ¥ L=}
Unnawesdoyanineavsindumaizdaulsicassi fedmndeamnnuar Senuazniy
o a da v o1 . - o v o4 v g
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§

3.3 1UUT0IARInendAle
f-!y ¥ v . v v M e .
v IuTnssuiliResnuuy I¥manssndggpammInsimnTsdgepanins st
vgasuuetimefveinanimes 14 Sudggrammsnitinne dudygadluszuy NTSC nés
¥ - 3 A -
vnfinnfintumsiudifensedmundeulvveansrite, msesnuuuvesises saudims
“ U ¥ pré ' ' I N 4 vy R
wongUnssinly wenvniiluimasdiusenandeiugiuiersidi limainveesszyy Tne
a_ 4
arBondu
Tnssednuaensiusesszuuszssneudavavlszney 4 daufie

e L] (73 L% =
3.3.1 ulasdyenuewnaemiludygnednea
' mslﬂaﬂuﬁmmmamaaﬂhli‘lummmi‘lmmuminmﬂmmaq:vuu fygnamnezgainla

11?1flwagamwmmanmuu Tnoledwes cassis duledivimhiwlasdaye aewmasnii
fMneatuuuayvinn 8 Infifinnudigananefie: 1¥iumuinsudeeneTnsviend e
1 (DIP) wun 24 9 Tnseardanioluemesagil 3.3 Snisvivemated

graingdianTnsdin (vdfidhamnauiinnumegaal) ymsgudgansdungi
aFsuisuiiugg 256 g daalFoudm suiimthnSoud sudgeSuyniiduswasndus iy
Sradavesianoudonis 256 yaft Wirmun Buds ﬁagavfwuﬂmnﬁmﬂ?omﬁuu (uasin o n3e
12';’1'«171?114511143811 (D-FiipFlop) 14 256 o Insnssduh ludnuadrnSoudougad 1 dudh
Ardurasuyni 1 fie ﬁqxﬁmn‘lﬂwgmfu ARuasurimehAdhuSnTmned (Shift Register) i
‘hﬂwnﬂﬁ'mﬂpmmﬁm (mnﬂumviaﬁ'ﬁgmmmﬁmmw1~i‘:maumi’uua-mmnawaqgﬂﬂéuwi1
uu) MIMsuany (Latch) «’iﬂga‘l‘i’ﬂnm-wn'm.wagaqﬂ‘lmmumv (68 (Shift) vagauumm
'xzﬂ dha¥er (Encoder Logic Amray) tReulasdbyans 256 mesnuiludeyavinn ¢ iin @ainduiu
& ) mna'hJmmm1;1nnﬂmaf:m‘lvﬂﬂauﬂaaumﬂumuaﬂnrumu neud @9y 3 o

(Tri-State) e innde T/ tmmgnummmmuqn'lﬁﬂou CE, taz CE,

}
' 184 ca3318 Wmntinnislasdeyadiumuvnnuiiugiiy (Sequential Parattel

Technique) TnseiffomisinszAuasinussdggnannim liniuguiava: lumaiauvesdaumien 14
neandeaiis vnguTassafumetu anlleudggnenniin (1 18) uazvnaunuirde (1 19) dedu
2NIIBINNAYANII éqm]:i‘fﬁmﬁ1ﬁfﬂﬁ’ﬂgﬂgmmﬁm‘lﬁqﬁa1ﬂwﬂﬁ 2 mafie §, (Auto Balance) (8
(, (Sample Unknown) Mﬂffqﬂau":gnﬁ'ﬂ'lﬁagj‘lmi'naﬁn owTe 1 vesdygnoanind (lu 1 awnal)
Faransenugu W lnsldnnuqute aista ¢, uaz ¢, Iegnuazyrvsadagennitnifisn
Auguotad) i lfensantuguanudi lunisnlasdyanadoyaves cassig Wlfnunlasmn

mudggsnnimId mnguanudilunslunsmladygrenitld 2 357e

¥
b
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Functional Block Diagram

VM’
ANALOG
suppLy. 22 @1

Vin

s

VReF* 1, R

@_‘V"‘T

L
R=ZQE:

AA
YYY
A

AAA
YYY
P

AAA
YYY
X

AAA

L
R=2K

VREF-

[E 1R g

—aD—. 22 (SAMPLE UNKNOWN)

Voo
o1 DIGITAL
SUPPLY @

21 g1 o1 22
COUNT
256
0 Q D Q -
LATCH LATCH
1 256 256
COUNT
193
D Q D Q N
—tatcH| P LatcH
COUNT
129
D Q D Q —
*1iatcH| lLarcH
COUNT
65
D Q D a —
>*1iatcH] ) LatcH
COUNT
1
D Q D Q
CAB
(NOTE 1)
COMPARATOR #1 LATCH LATCH
1 11
———————— @1 (AUTO BALANCE)

TRI-
OUTPUT  STATE
REGIS DRIV OVER-
GISTER ERS oveR:
DQ
—] CLK
BIT 8
(MSB)
Da 5]
ENCODER
LOGIC CLK
ARRAY
BITY
DaQ
CLK
BIT6
D Q
CLK
BIT 5
DQ 5
CLK
BIT 4
D Q 4
o LK |
BIT3
D Q 3
CLK
BIT 2
D Q 2 |
] CLK
BIT 1
(LsB).
0 af++
o] ||
CE1

Vaa
ANALOG
GND NOTE 1. CASCADED AUTO BALANCE (CAB)
51U 3.3 uaRsuruAIns o luYel CA3318

¢

39




uswidoys \Boudaund

§
¢
4 nndnylonfuy NRELEA TN
§ wrerifoyu nn Saudnung
. hv e SAMPL SAMPLE
Mooy :nluq«{'mmef Vo £ v';“‘”

- -

g 92 oA } 2 fgoa A 112 2

BIRE wiRm ‘

]

[ {1o1]

i
v - . . - - ~ A
wiena  3oymiy X Jousini wyne  Jouawy { Faueiny
2Sns 5Cns _..l

( ()

o

.
r

JUN 3.4 urmamisnaugulu ca33is

TEN TR e W wm e o

nissenLULNTIBYAneunemes Inul¥ CA3318
' mus»zﬁuﬁlgﬂlmﬂ (Tap) U484 CA3318 21nQUANIS
Vo lN-1)/512] V.,
Taofi N fosnuuannedfl9waus 0-255
Tnzgaindeesmigluves ca3318 Tunnwinn szfiuml 3 yafte 192,120,65 uas V=5 Volt

' favhias "Rusduignumldendaiite

: Viarcisn =34 Vogy = 3.75 Volt

, Viarazm™ 12 Vepr =2.5 Volt

, Virr s = 1A Vg = 1.25 Volt

g dintim v, n@ﬂmaquﬁanuuumu (Voltage) At sand 1isiedrdn 34 Vegr» 12V,

£
14V, mamummgnmm‘lmw: muu"'lum'1am~i7'nmmqu:mu'humnmu daunnden

(Clock) ua~waﬂum-'ﬁa'ms‘luaﬂum.,mgﬂn 35

¢ 50K
Clock l ' et 1 (Auto Balance)
; Mo .
D
. L
Phase (1Y 2 (Sample Unknown)

-t

31N 3.5 uansdnuansnendenuas e

b4
o ' - . v o 4 '
* wifiuiien oK fumtaredhiudndng@vesnm (Exclusive OR Gate) faviudte ligoans

~ ) ] A 1
wisudsudygnanninmienden frenmaasnsid (Ground) de l¥nden luilowess Sunden

] < [ -]
Jevauyndafion Tng
i

40

—



|
E
1. 4 CE, ez CE, dhuniiWinaugudady 3 sons (To-State Driver) s Wegludnuaizientii

-

, 4y
(Active) napanat die hidesnisidndenniugunissiusen
2.0 V102V, Ghumaiisldmivieesdtasaluia o ca331s Seiefumasg o isneauas

.

4 .
flvnsansian

3. 0V, wz v, dumassisldmiusewnasnludaled CA3318 Vesagiumaiy’ld
CINEGH

. i‘_] q' ¥ (o 11 i1 11. QQQ ~ A ﬂ ~
i ANUTULUNITADIUINUNAINIY ﬂamaanua::tmaww ﬂmmaaanmnﬂuma DINU

* o ~ S 3 . Q B 2 J
Aygnamnatneann lsunudyguswasnduyndienilfifaderananduly
3

}
'
'3.3.2 udunedinadureununeslaoly 8255
F
' nqu{uarmaliain 8255
4 [] . .
Wi Tlswmwe fiiuuennindndedumiaoniiui Ta smsshdeya Wdu'ly
- ] F'd . 1 . E) ~ v < 4 o ]
wIissdeyalagesnvinvsheninusids #1 CPU s wzdesdindeiud sz nanne
i
uanﬂuf]aﬂﬁ'w WU N3 URTVe A nsuanewa nIvil RN CPU Tunugugiinaiang
W4 CPU dednne (Fuwsedadoya) Tﬂumummuunmammgnwammawmmm‘la’r"'lam
TTL vwefn iddiuneimdmsn cru I8 et 1908 TTL fidedianalostiuyu o
QA . v v s ¢ Y a 1 o P a vy
nsdindinus1dudedswe nnarsqnedn m3tzasnndeiugnsainsuennalsgn Sudes
[) 4’. ~ . P .’,' 1) [] 3
Wledmarliinnunarsiuaze vt ineinlunisesnwuries dneda iansansldou

3 E 4
wlasdnuse s lduand e lnndui eenuwn s dnfuguda ceu hurseqa

TRED e W T ey oy e

[] ~ 3 o 3 A 2% 3 e o
anqtuineda ledilszmm LsI Aviwthiidhume e 14 cru wofiiue ldazan et

“ 1 o4 o 3 a
Wmsfudedeyaiinnumindedsuas geennsaidsunlasiinvesnesn@induynih

( eniynvenne iyt WheTamsmiugues: CPU ee 81l ARt luns
3 ﬁ1‘1ﬂ1%’q1uu1ﬂﬁqﬂ§ﬂvfaﬁqﬁﬁ1ﬂ1§ﬂt§aﬂ_1‘lﬁ$18€ﬂ1&§maf 8255 ¥eeuTENBLma fedwuda
» leFwinf 8255 frgnosnuuuia: wdadiaide 1wy cPU wed sos0 eIINh

| ¥y cPU wefBuq Wiy

e I S P,

Rt S T

41

L T PN,



-

o W

T X A -~

iy P
tinyaIliaIAu

A, wl] va,
4 njnl
- uf] ra,
A, 3w {] sa
& » 0 W
a () aeser
oo »H o,
A, ":Io,
a n{J o
pc: »0 D:
<, »{] o,
<, n{] o,
", =0 o,
", 3o,
x, =0 Yo
<, wld e,
< »0 e,
r, 21 v,
- o
”m I m A
4 1 T

31 3.6 uansdunisnIA1g vea 8255

—_— sV
rowER{ M

GROUP
A

CONTROL

T

i T crour

K=

K= rowr K> 10
A PA,-PAu
()

[}
Gaour
A TS w
PORT C rc,-rC
LrPER 1 ‘
{4}

I

SUPPLIES aNo
B1-DIRECTIONAL DATA 8US DATA
D,-0,< 2 osus K
BUFFER

#0 g READ
W e WRTE

INTERNAL
DATA 8US LOVER

- GROUP
[

rortc K> 0
e

(X

!

)

I

GROUP™.
]

LOGKC

[CONTROL

GROUP
B

‘x

ror :>""ga°
S

31 3.7 gluemsunuiantoluves 8255

42



—

o

- v

———

[

T e

e e o

8255 vhuihile® Ls1 v 40 11 nnglii 3.6 MR U1 e 40 11 du
i 3.7 uomaursianoTues 8255 &1 8255 fiimesndmiudedeyainun 3 wesv idodei
fis AB uaz C Taowein C fivzutioonihy 2 daufle weiw C d1e (CLO) fiuwesv C Uy (CHI)
uam1nfi15’1§qﬁwa§n§nwai’wﬁ’«?qﬁmﬁwﬁﬂwqumsﬁnmvmwa{n ABuag C Taoms
Susdanein CPU wesniisunimeimaaugu (Control Port) weswnies 1vuiinerie CPU doq
mMsfmuadauazAs T THYBIMBIM A B tiag C viedesmsnlfoumlamannfidmuals
A1 CPU 9203 HIAIUAUNMNAIAIIT (Data Bus) 1v’t'ufiwa§nmuquf: mafmuasiai 14
lumsmvquweinienfiszadnluaousel tumalfiadesnunuszupdeainwaniugui

P A 3 E 4
Thnaudemmuaves 8255 filuldluTusunsuield cPu innisdeswanauguiindanedn

A g 4 o
muqumas:unuuﬁuﬁ’umqm

nihiinshaques 82ss
AN ves 8255 Annsautiseen’ldaad

CS (Chip Select) 11151%'&111%’11?nﬁ’mq,nmmnmuuanw‘«"a‘lﬁums:.ﬁ‘am'nz‘lv’r’ 8255 e
wio'lyl Taousdnit 185 uansn 0 svin 1 8255 FouredhiyszuuTaaagves CPU taznloy
flvzAndeiu cPU 14 uadufiuaesn 1 urztlandeseenminssuusaves CPU (asmsidiu
Hi-Z)

RD (Read Enable) ifundumniis Sudgyanusin CPU $1u1i183uaesn o uasvaiiu cs
deutfuaedin 0 #au 8255 swihmsdedeyavianesnii CPU Aesms@nsedaoiiu s cPU ma
aana

WR (Write Enable) fimthiinisihaumssduiun RD Aed i WR ii183uae3n 0 (s Aousiu

a89n 0 Aeiufin) 8255 szfudeyaninaidniaves CPU deeenluanesnii cPU Auald

" RESET flo1iimiinii Reset 8255 tiiolati 8255 1R ayqy1as Reset siunznduidg Tuuaduyn

L4 *
fAoynanesneziluduymnesy v RESET i lilledesmainduimoiusareqg e 8255
] 3
D,-D, AisndeyaitlilunisAndesudideyadu cpu lavl# Db, fiazdpudrfumériaves
CPU e 1 CPU dedoyasenlufanesnvmsefudeyaninwesndalsfun cPU snmie DD,
1 1 =y 1 A Q’:
A4, Aovweansai i lumsifenweini CPU doenisasdndedaodsiinnudiu 1y 1@vmun 4
=] 4

Ao 00 = WOIN A

01=woinB

10=m83nC

11 = wesnalugu

43



— e %

T S T e ey B v

I TR e M - v e e

i L ——

o & ' A y
PA-PA, undgnaveanein A Tu 8255 JazgnidenTaores A-A, uandloneiniign
v [ 3K H o 4 y a 4
wenlddeyadnqfegndari PAPA, TTE DD, (n3diiiliweim A Hihuduwnmein)
2 o ad ¢ e
13891 D-D, 11 PA-PA, (n3difuthue niynnesn)
PB-PB, 1ﬂuummmmmwam A Tu 8255 daszgrifienTaomve A A, Wuidvafiumedn A
ungwein B iiedfamssudedeynfineninmedn A Tuvnansd
PC,PC, Bumudaanmvesnen ¢ Sauvssenifiu 2 ngufle pC,-PC, na PC,-PC, Tnousiaz
N o o - [ P - o o 1 P
nquainsaueniuh1dlessas: nqurilierndhibuymmeimluvuzisnngunitutiv

wwiynnesn ldudmsmaumdonsdulasnisidendronsing AjA,

MII¥IN 8255
8255 Yutismsinuesmiiu 3 Tvua (Mode) aaufiufle

-~ U U é é Q" o
Trun 0 -l TnunBuynieienfymedislnedramils #aa 3 nenile AB oz C amisath

}
awmluTvuailld
Y P o . (] é 1 [ 7 - o o
Trua 1 duTnuaduymrSaiewiynedislaetrmitusufuuseeSdnasmsvoudhy

4
0NYULYB HandShaking 71015091 IAMNITWEIN A uae B vimiy
¥
Trua 2 : il Bi-Directional Aol IdisSuymuazioniymme mlunaufierfuazms i

¥ 4
U1y HandShaking t9ufieafiu Tnue 1 W lnusiils dmmzweim A Mty

i 4
mifmuaInuamsiniuees 8255 furinlalas cpu MmsdesianIuguAunm
E 4
dnfarndaws s nA1a (Control Port) 484 8255 SHAMUAUTIZINYINA 1 byte (56031 Control

L 4
Byte taz Tuitsaz1inve4 Control Byte (1 Byte=8 bit) HUBSANIUMINBIRNISYBIRUB IR AR

i & a o &
Tug1i 3.8 Faevedineldasii

44



T e w e o

CONTROL WORD

s

D,{D,{D,} D,{D,| D,

|

GROUP B.

PORT C (LOWER)
t = INPUT
0 » OUTPUT

PORT B
1« INPUT
o = OUTPUT

\______——.I o~ MODEo
1 = MODE 3

MODE SELECTION)]

=~ /- crRouPA

PORT C (UPPER)
1 = INPUT

0 « OUTPUT

PORT A
1« INPUT”

0 = OUTPUT

MODE SELECTION
00 = MODE o

o1 « MODE 1
1x = MODE 2

MODE SET FLAG

A1UV03 8255
-~ A © : -~
Un D,uaz D ianuminglumsiten Inuaveansin A Seerunsaianée 3 Tnue Tasassn

. ¥
# D, uae DS selianumunesail 00 = Tnua o

01 = Tnua 1
10 = Tvun 2
11=Tnun 2

45

1 = ACTIVE

17 3.8 umsnmminsvesudazinlusianugy

) L4 I3
iin D, Wuiinfiuansi luitidiusFanaunu (Control Byte) Raxiinasomstmua nuamsi

iin , duiluaein 0 munedetalinesn A vimhildhueninywesm uaduiuassn 1 wen A
P ) o 1
wiihibunnnesn Inflselinumnudion ¥ 8255 vanluTnun 0 vieTnua 1 iy

b d
313 Tu T 2 vuwesn A sedludunnuazieniynnesmlunaudinadu



] y
i D, ihuiinfiimunnisyinuweswedn ¢ uu (Pe -pe,) Sriniiduansn 0 wesn ¢ uusy

A S .

i riynnedn iadrdiu 1 ssdhiBuynnedn

t UnD, dutini g wmivdmun Tauamisinuveanedn B S1idluastn o ninsdiinedin B

rinlulnum 0 d1aedn 1 wzvioululvum 1
iin D, Bumsimuntinein B fuduwmiseniynnein d1 b, fuaedn o wihueniyn

woin i 1 sz dhuduyn

LT

' y
i o, duiinfiimunns duduymudenniynnednveanedn caw (PC,-PC,) S1iiniiihu 0

wittus iy wdd il 1 ez dubuyn
j

t v
nin¥ensianida ISA 191 PC Computer
. luileytiuniosneuiimesduyana(PC Computer) 1 19Muumsnats bid1es Hunisleaiume
p
) - A ' {
Atugafin,dmnssy niemsldnudiiifinm mdosmeuifameidnynna BM pe fhundes
\ aQ o4 a & Y 4 4 a o .
aduambig 16 In Feeenuuy i deunsaunsniuesovesssuuieiins: §ninmmsi
4 P o 1 [} { ' 4
e1uw%‘amuﬂmwm:mqmmi:uu‘lﬁ"(ﬂmwTﬂamf'{aﬂé‘anua:wafnmNqﬁﬁagwi'auua"ﬂmﬂﬁaq
y - S OV AH 4 d
IBM PC Tassndideseensesnuuylvaunsadesdedhiunies iIBM pC e 1 18n3sq

ﬂguﬁuma:’mmmﬁn’f&gamnmfﬂ A/D Converter idhund luniysn1ustiaz i W isaananie
4

nhwaie'lyl
]
§
b

fMumbvrhaquuaden ISA

; mulu 1BM PC Riimseenuun e unsamu@nasessume smadr i n1omas 1 Tnorn
) 1 . D). 4 . . .
adeafilsguuumiueia dmiundeamiasgunnunnieinsuiineinuynnafondenuy 1SA &
En . : cr ] Py [ 1
inazerdeniituauuiadiu 64 1 w2 41998z 22 0 e denfingiudroveinson
H '
vwdunTnglddnys B uimihauveswitimiieuean wuw Bio Asvimiduidiovssasonuidt 10 (i
: ¥ L4 4 3 A' 1 v =3 A ¥ o . » . '
NNNNTUNGVDIUNTD) TINvINogN A Y IIveInasnss Son Tno 1980wy A thinvhawinmdives
A 4 v A

1?1 (U A24 ABVIN AUV IUBIT S BAVIT 24 Gl ehousdnies)

! ' o -, I : s . ay v a ’

' LANIvBITasAMA BB LU Y BMNquLWULB A i Iinra eIt ume e
Er A = ] Iy o 3 A 1 [ 1 '
nun3sinenmImesduyanaminsansei1 Wazain dudyepafidendesuvindenmaril
izneudy wudygnomesionnse (Address Bus), 1indoya (Data Bus), omunudmsumsfoy
(@znssndeyaninmboniimionsdn 1o, dhudygnadmivnisvesume S wunaaes

h o~ o -~
gumasoln, Whuioyg e miuve DMA (Direct Memory Access), Q818§ 1U0a1 (Timing Signal)
éi]qqﬁ'mu:zuu1ﬂuﬁ"q;apmunm1mmm:§'wlmmiwm1ui1uag:ﬁ“q;qpmﬁmfmmmmm'nu

} 4
- 4 - A 1 o 1 l 1

RAWAIM (VO Check) wonvinududygnmariiudinden 15A fmunsadoaresuimaniaidiegie

+SV(DC), -SV(DC), +12V(DC), -12V(DC) ANMINIA 1 UL Sonved 1SA uerae 13 lugaldi 3.9

i

L
¥

AL



o g

e

}
b

TeAgygm Fofygm

GND ] 4 VO CHEK
« RESET DRV 4 €07
.SV -+ 506
“IRQS - S05 -~
-SVOC -H S04
« DRC2 H SD3
A2V By S02
REVERSED -H S01
- 12V - Sbo
GNO - s H- 810 A10-H 10 CH ALY
N - AEN
-SMEMR F -+ SA19
oW -H SA18
<R -+ SA37
-CACK3 -H SAtS
-DRO3 - SA1S
DACK1 - SAv4
«CROt - Sa13
[ -1 SA12
+ CLOCK 820 A20-H SAN
~IR07° -H SA10
«IROS -H SA9
~IRQS 1t -H SA8
~IRQ4 T by SAT
+IRO3 H - S48
-DACK2 H +H Sas 3
+TIC H- -4 SA4
BALE o H sA3
v =4 sa2
+0SC - -H SA1
+GND [ 1831 A3 = SAQ

U7 3.9 uamadumisuuaienyes ISA

NuazBsAhefuTyatanquLTden ISA
o v o @ 3 14 [ o 1 { o {
aanuANuLtaea ISA Tuawdyana udluifssadniummedyaadigisudiui e

. ¥
herumssdsudeyadimizennuiuaznein 1o winiu

A, A (Address Bus : ¥1 A31-A12)
b4 i d
g —d é o [-3 1 o
ndyanaia 20 vidifiuenivy mﬂa’fﬁmsumnuﬂuaﬂmsmmnuwmmmn‘iaqﬂmaf /0

i CPU Reantsdindedan Taudoyanaii A, wiisnivdwiosfiqa (LsB) taz A,, axfismivdiggeiiga
(MSB) thnsusueansa A A, fﬁui:m‘i'Nﬂ‘i81]’]14ﬂ']5EJ"lu/l%Uu‘\’l'ﬂgﬁﬁl!ﬂ‘l«i’lﬂﬂ'l’lilﬁﬂ?ilqﬂﬂiﬂf 1/0
gnimunlag CPU udluszninnsyuiums DMA vegnfmun Ty DMA-Controller (35198} CPU vy
gndneenmInszuY) sxiul&uennsd 20 iWuaunsadudueaas auesmien i 188 1| Mbyte
Aloaus OFCO0-OFFFEF dn3umséiasnnsamein 10 sxdenldifie 16 dufie A-A,, Fuzilide

Saeamsavesneinidios 10 ifufe A A, uazduenmsaii1dnuszdesegluzag 0200-03FE

D,-D, (Data Bus : U1 A9-A2)
o Jﬂ . . . A to @ Y A o ¥ o v o
NTYYIvUIUIYY Bi-Directional dtsivagfiviadeyavasszuumieimdhilumsderig
Yoynsznitenesn Vo funsesneufiumesdynna Tasiin D, seiifinfudingdiiiga (LSB) aziin

D, szilifimisdfggaiiga (MSB)

47



f
1
IOW (/O Write : 11 B13)

' adggpeddiue iz uenfiniiasin o S1gner$139uTny 8080 Bus Controller plistg
i11§fﬁaﬁtﬁn%¥1ﬂu‘lmﬁmmn1:l%awb’agamuumﬁn Vo e ¥iwedn VO fifluenmanmaiy
uafgmmuuuaﬂm:ﬂﬁmfufm'fay,a‘lﬂ 13 ez 10w TlazenfintuBansdiniiie nadives DMA
Controller vz ¥i1n138lad 8181 IOW (03 Tnefidusnmaniie guaitusansne: dusiuennsrvemiiy

artudafinedn VO i DMA Aeamswzswdoya

MEMW (Memory Wriite : 41 B11)
] ] [ 1 4
} mi‘fd‘.lmmﬁuwﬁmuaﬂﬁvlﬁaaim 0 %4 8080 Bus Controfter er3 19 ¥ lusznine lyflalums

4 1 -] o 1 - .’.' . [ d %
n"wu‘l’iagaaﬂuﬁmﬂmwmﬁueﬂmsﬁns»mumuaﬂmsﬁuuummmsﬁwmnmm’fagaﬁaguuua

]

3 y
foyallfiuty o Wwhaeanutes fudoyalusisvo unfuesdayane MEMW dimiuiu

E 4
3EHINNTZVIUNTT DMA 15U MEMW flve onfilisudofig

i
|
MEMR (Memory Read : 11 B12)

b

g P a 14 a ' a ' ) ' b
) vitidlueiynezenfiniasin o Tuszninlvfavesmssudeyaninunsanuiives
A ) 3 4 [ 3 - : > 1] o
cPU ma'lﬁwmummmﬁﬁuaﬂmmmmumuaﬂm:ﬁuuuﬁuaﬂmmuummsmq‘fagaaaﬂuwnm

L4
Poyatmiulusznitnszuiunis DMA 1 MEMR flazuenfilandu

i
A?EN (Address Enable : 41 A11)

.
a =

- y ] ' ] ; N [
dggadidhueniyniilflumsien i lsdaiidatulsnnaridyans: AEN ueafinii

B i 4
as¥n 1 1ty lefavensz uannis DMA

i
GAD (Ground Address : 41 B1, B0 @2 B31)

]

E

Y t 4
YA A UNS1IRUBesE LY

33.3 davuandayaisaIngan (Composite Signal) ifudeyanas RGB Tanld V7021

A o~ - A s A )
W ndgygnamn InnimmiseinndeinTenTeninmTainlindagai s1y (Composite

K
V- 1

Video) ¥y Tnoria Iimstumarnunanfedygaue wiyndudgyapamwi udsaidudo
i 3 & o~ .’ = o o~
wioszuuiilidamaueninn 4 why Uszneududyepauns,fuiidufdoe: dysasddnnia e
E ﬂ” A 4 -y ¥ o e a -
tgfiensainlumsldadesnuums ol Taoe: sudygasumdwwudyganmd s
(:Composite Video Input)
j



o

-

ADD
W Video ™ PAL Delay Linc R-Y Demod v
—I_.. +» R
By
Chroma Amp Matrix Y'G
} ADD _.&__S_’B
3 ' 180 Shift f #  B-Y Demod
Burst gate
PAL Switch
[
Color Killer
Bi-Stable
3
»  Oscillator
7.5kHz
[}
Phiase Shift |90

917 3.10 uaneufen laszunsuvesnisusndaya 1ol RGB 880910 Composite Signal

91031 3.10 azl?'umﬂﬁq;iym Video Amp Hudgyanan s Taouoniiu 2 dau daunilees
dudyanan v 1seiinig Summing fimagathe dyanednduminsdunvosiinnm Choma Amp
umilsszduniinim Burst szl iedu 1 Oscillator KAANIWE Carrier ponI AT AT UMK Y
indoadaiitn 1 lumsamadey Taseniynuesnia Burst #ndauez lnszquinin Color Killer #1
a1 iife Color Killer #ieufioziinal¥nin Choma Amp Wmsdadygudesnlyfinin PAL Delay Line

A 'y 3 4 L} H o 1
%3070 PAL Delay Line Hiozdhmiiimisanar'lyl 64 sec (1H) Taofidayana Choma fidanesuiaily 4

fufis
1 dudganaiidinim Adder yauy
2. drudgyanuiidinn Adder yadi
3. drvdygadidinin PAL Delay Line
4. dudygaiifinin Burst

49



! eFITUTIe

3V

Exid (14

N
YC533EEs il -
3. & |

‘ — il

80t u 001y

I 27 26 25 24 23 22 2 2 19 18 17 16 1S

M YY1
H
M

T g T D SONY Vo1 L

,
N EEE R 10k

t 2 3 4

3 4
= 500 gy e
-
18k 1
4r v d
s1zvour «SV OUT
iy § rox

RAsw 4

o000 v

T ‘
2vm L tos| oy 1 ’L_J
0u o1 0fu Wy OSYNC

5VITL
-t—o LRI
12v

) BMEFAIVRI Y R->RGBFa—4 G

U1 3.11 urAeesveImAuLn RGB Mldau

ilodgyaafirhu PAL Delay Line Tt Add fudyanl Choma aufiuils IRifudyea By
doudeya il PAL Delay Line daufireaszu Add nutfayey 1l Choma ﬁgmiw“m:wﬁauwh‘lﬂ 180
oarn 1ile'ly) Add fundaes 1Al udyeno R-Y mundnnisueassuy PAL

Fygnadiuii 4 sxluidrinn Burst et lunaumulfain Color Killer iazm Oscillator ¥1
a1 #ovhulenn Color Kilter ey 2 lale BIOS ¥ Video Amp e ninn TuhSudoggter
3 daudandndiedu

doygaiionfynyeanin Color Killer ‘6nfhun:um‘s‘n'lﬁwn’?‘lummﬁnﬁmu'fﬂuﬂzlﬁ'xmﬁnn
ity High uag Low adufu

A7UNM Oscillator 92 lA1uQUIHNIA Phase Shift v'nmum‘in:mn?;Tﬂu‘lﬁtmﬁwnﬂ'mﬂﬁﬁu 90
0471 1) Demod 11 (R-Y) 1 (B-Y) 1A (R-Y) Demod 110 (B-Y) Demod amd1dy iiieanimndesdany
1913 Modulate uudaier 90 eem dnfiudle Demod Muudae Ity in R-Y) fu (B-Y) ndeuiiey
1912995110 Matrix Tﬂumﬂﬁ'ﬂ:ﬁmnﬂuﬁfymm (R-Y) un¢ (B-Y) ‘lﬁ'ﬂ'tytmm (G-Y) mmfuﬁmtymvfe

ez | Summing Audyana v Ave I8 dya 0 RGB mudeans

50



3.4 dhuandyanadalaniy Sync. Separate)

N 7 R

mmmwsuunﬁq;q;mqmTﬂmrr'luTﬂmmu'lﬁ"h’r"lamwnmgapmmTﬂsuﬁma: LM1881
mmm:mwnﬁwﬂpmmﬂﬂmﬁwNqanmnaﬂgqnmmmlnm"lﬂ avlidygafinesntsldne e
Tmnﬂuma‘lw"‘lﬂnwapmmﬂmumwTﬂunmgupmm mw1"thmwsTuTummuama‘lw“lﬂwuq
ﬁmtymaawaunamﬂmmmmﬂmwm'1ﬂmzmmmz (eaTwourauuasing i e TRyl

{GH ﬁﬂ]m'lml'lﬂﬁﬂﬂa%lﬂﬂ‘lﬂiﬂﬂ‘ln 3 493 LM1881 las ﬁﬂgﬂﬁml’]ﬂiﬂﬂﬁllljﬁiﬂﬂiqﬂﬂ‘lﬂ 12 ili]\l‘lﬂﬁf

T lureida
|

]
313.5 daumnaasuguMNIaN
¥

) maﬂﬂ‘lummanuuummﬂmsmyﬂl:uﬂu'umgﬂ‘lu?laﬂuu'fﬂum'nmwammtgmnamﬂa
uuamnmuaamaunammuu&m.1ﬂugﬂusnﬂaqmw uazmseunue: Wiksilad famnidarh
A1 262.5 U (Gr9INIATFIL NTSC uugﬂmw L gthzilszneudiodulumnuewsiuam s2s )
uu'lum:aanuumswv'lmmm 512 97%256 wu etz IS5 nmmshenugite siigauaznzey

ﬂqusﬂmw‘lﬂmnnqﬂ Tned 15T nnugauazidu = s12+256 = 131072 byte = 128 kbyte

WuniaTsgndn T

L it hignsin

o ' R 4 : = =
N 3.12 ;mmlr’r'uﬁmilgnm'lﬂmamnﬂmuwmwmmﬁ'anmmmugm?q

—
“n
y—



-

r—y

/Preset _(___l

— A, w m

Ver.Sync. ' l l

Ver.Blank. I l
Hor.Sync. H H H ” || H H ” || || H H H ”

a o v <
¢ yusniezfudeya o

- e =M m

.
-

N
\ suAMNUFUYALSN

o s uenedyspemnvidestunsdidulunsfudoyayausn

: /PRESET__ | Q A b
', 74LS74 741574

, VERSYNG. [ S I«

i CcD : ch

‘ 7 3
{

“ VER.BLANK.

' HOR.BLANK.

t RAW

T

U1 3.14 1manesNesnuuunndge slugli 3.3
B
g ' - : . 1 o
; M3ssnUULNYIMNUGN U veImIsiusins iinsddygesdnuss wiEneen
< Py, Y a v v ¥ ¢ﬂ. < 7, o o

NNnBNNIMBS (Bedgygmneenuzadududeyai I sunsuluneunime?) wSiindunisTuan

{ [] 1
711910 P M Q (ve 74L5163) Favi1l Q1 wea Us a1 FomnofaiuTnuanisSouteyaastuus

i » 4 L y - i L
mpuen uazvi Iidenndeniiv: Whownlviidundendnduitdhnasladgyeaewasniiy
o a2 i . . . Y - v o 3 |1 ', 4 .o a
dygnaavasaud: i1 ed U7 ngmimsiuuas i IWnsiugmives hivioudedygaeeIveu

» 3

agariihe o (HureTmen) uazivled 7474 viverumry luTnunnisSouriniud ez QN

usB hAmugumningasauiudygie ENT Fave iy 1 wwizyrsiidudggemin (Lilyys

I

w
™~



'
Ims guindygsieeIsowiader) uaz ENP v iididiu 1 Iﬁﬂlﬂuﬂ'ﬁ,{lllﬂ"gﬂllﬁﬂ‘?ﬂl‘ﬁmﬂmﬁﬂﬂﬂlmu
dhedfu (3 3.13) G?q‘nzm'iﬂ‘la’f'mﬁnumpm Wiite Enatle Tnamsrumisvnsnnunievesdoygada
:la%' 7418123 TavezunudlaluseRdudagamimnming (e fitamaiig AND GHELELTINGE
Haft i1 1,2 989 U124)

B Fad CEP,CET it 1 vfagjﬁzlflun‘usﬁu‘lﬂl?uuq driinladiu o zdre BRanhaunh
CEP,CET vx(lu 1 wioud mstiugaey Sumsiivgadewdiusim 512 yudadiotiugaduidafo
nﬂﬂmuuummﬂmmm 256 wiuaz Wdggnannfimusnanaladyesonasndistneaty
manSnmsiutarads Tnose lefiiuwed 7415163 Thy 3 muuuu‘lmugﬂmum 51299
(16*16*2) Taodlovudiu 1111 ummmnma‘lﬂnﬂﬂu 0000 18z TC=1 Lz loriuiiu 512 udale 3
manuumummu 256 tefu (16%8*2) mauumuum Q1 Y83 U5 fazdiuo mw~m'1ﬂ‘lﬁﬂﬂumms
tazi i udaudun mmnumnﬂauwnnTmﬂm:wuwﬂuhnﬂmidm( 1->0)

' TuTnuantse1u (R/W=0) thaz 3o Output Enable (OE) 1 ten W (Active Low) Hun13g1u
foyathnonimes uaziinid U7 1?uvi1n1sﬁu=‘§w:émfu'[ﬂUmsTﬂiuﬂsuﬁqﬁﬁvﬁmaﬂmn
ffaummaﬁma‘lwm 2983 UL1A @ 0 vi1 16 U7 Tuans P Wléh Q uas CEP.CET flu 1 mammi‘lu
T‘nuﬂmsmu Arfu U7 941 0000(=Select R), 0001 (=Select G),0010(=Select B)mlise 9 uzuumm
fifhun1s Select B ‘a.,1flum:mawmmuwmu:umauaﬂ‘m 1 Tnodgyanas ENP (luTnuanise e vin

19 CD(Clear) 484 U9A 4 1 $aa=1ily? Q (4 0 f9rfuan 4 ¥e9 U13B 9xifini0 i 14 ENP %uagjﬂ“u

¥
a

Select B 881901 18z lumisvhaynaseesdedlddamenniininnouiamnes (Tnents Tsunsuman

4 o < <
asunme?) Tns R/W deaidlu 0 v Ben1ddaansaniinsinnsyiises

v 0
3

o v 2 4q Y o Qd A4uy

: lumssenuunrwsfudeyantoueniiu Suusnes degasEnds ¥nnms Tsunsuly

i !
ﬂaum manﬂumsm‘h« P 114 74L8163 yadadiv 0 memmumuwawagaaumn TuTnuamsdou
11% ENP 9zl 1 mtmﬂagagﬂuxnnﬂaqm:mu (mm:ﬂ 3.13) Tnugeine 4 484 U13B (d1uan 5 ﬂm
U13B tharzifiu 0 nasamz U7 e BivimafuiazmEudui Tnand e dhi0000) o ENT 1R
hﬂwuﬂmmum it 0 AeiinaeTwauadeniiu 0 mszaiun AND fumItuyRnUue: duny 128

) : . ] [ :
didrgaselfazriusemsts Q3 409 U11D i1t 0 Fevzrinn19lun1s Twan PE ussude'l fery
v E v o4 4
UBYa9ABiBe Hevziilu 1 aasanm
[ hiaanseviueuds 256 Whudanon I ENT du o Wiiloavindresnuuy Wniniudals

741.8163 Ros 2 rhulumenidi mita hliaunsatimmn OE,WE fouInan ldmiisunts 14
74L8163 $149% 3 # I8 Faimun Q1 luntsrimun OE.WE wazmssenuuni bisansarien 11 veq

|
UT1D ey PE ves U6 tiesiu 256 dhudaneunl3on i1z 9119 /PRESET fidoagiu

nguRameu/Aoun lSeri 1% PRESET luymasalmanlag
i

|

(o0
L



. 4 2 2 2
, dyget/WE dioidn TUsunsiniunersensin Q1 4o Us uaz WE viueedii 0 (munedadi

{ S > v .~ a "
Thunms@ow) mwizynidludygnamimmini @udyausnveamsium AND fuseSsewiadn)

E:

¥
1 o~

¢ 4 1
chaucfgyg e /O vxihi 1 Somnofa bild Tnummas s danlulnuamssnnhnz Suvnmanivgn

’ N . : 3 '
uazwtuiiv w1 Q1 ves U6 dhu 0 il Rw a0 uaevin ¥ /0E i 0 Faftunissudoyandh

¥

- 3 £ L A -~
flauRamesiasyinlst U7 Surimissiudunts Setect R,G,B tiaz ENP vzt 1 the i v sinuonmse

E ' L4 k4 4
A ~ o« i o ~ ' L [ 4
vudiennseufidiu Select R 1fls Aniulunisemosn W fwneaime fihune sudeyagnfvaia e
}

X ' “ ] ] t 4 - )
R,G,B udhsuriusingase Widiis i R,G,B figndiaiueen ldinouamed
3

L8

-

{
] - o o o o
l‘ujﬂj-'uﬁﬂvaa“ﬂ?ﬂﬂj]uﬂ““u”tnﬂuﬂzﬂ]1Tﬂ1uﬂ1u1§“ﬂ]ﬂﬂg1uQu“u”fﬂﬂ

' mMIdam s uduiuveg

dMSIMNINNUTIAN Y 519 TANI UL AIuMIuSAIsH BT IR YT (XMS)

<2

] ¥ ]
seghBume i nmanu@y 2Fh Haidu 43h Heddufiogniolulasnes HIMEM.SYS dadanafuidy

< o

y ¥
o o ) t ™ o - a o
mofiniiisuiinfe yafeifudlimanseden i nensasuRndudumedsniledtutug su

-

- Db Rpm

y b4 ]
o $wnuo@y-0Fh Hafis 430 e IiRosrn1sdiaisuvasdumsusSnisnthsn s LT 80

=

. 1 Y - { ¢ 1 ™ 4 o A - ) -~ -~ ' L%
W unsiFausfidesinnnsdiledsui Wl it suie vinus i s udasiasey

Do 2

=
o
—
=

e

: . ] Q' }Y) VY o d? o o [ 3o (] . Q’ -
dunsulunisdmunsisudulidmsidsud miuissansmibsmius iy

-

1. 319U nIsAnAIB e SIS umanoay 2Fh n3e hilasmas i lumaeiinsafy
e;unniv?';h’f'ﬁuﬁm1:§’8uma§fwﬁeﬁ%'uﬁmmam 2Fh wm‘hiﬁmsamfaﬂ'ﬂum1m1.'1~1ﬁ‘qna'n~a:ﬁfh
t?.‘l;x 0 w38 Octh

, 2. avsreuhinsAnmdinmamhon s el Taon1sdoavedumesin
MNu@y 2Fh #Asu 43 #addudes 0oh (imun 19 39ames Al Sty 43h was SSamed AL a1y
?Oh) winilmsanaeie: I eonu i son

! 3. FonldPumed fnnunoay 2Fh Hadsa 430 i&zﬁs’r’ﬁdau 108 e vBMAIsT TS
PRI RN VB Fouzdemidnonindumdiinmes BS tazioendnniisamed BX w1ez
{.hﬂ'm1:§ﬂqﬁ€uﬁﬂﬁu1ﬁmuﬂlﬂufh&"m’i'u‘ﬁgﬁuﬁﬁ,ﬂqﬁﬁu dmduidausely

t n3suIt lun e ssmbmnuiinuvessneidnuaadion it unstauthen sy
[] b 4
Yauniin wan i 15 unsdhdavsion ez dlunt handle vaemihon s umuin1sS tedvnns
'K a da ' a ) ' ) ' . a2 > [ v 2
sineunannem lisidufiesdemnui Tnsed e lussunidnumz ety fuk
[ . - ) 1 J d
3 vulfiansfenelfumsifmmbsanui Wilszdndnmnan i fusulunsdifide i
i H
[

t



i
’i [ 4 ' ° t !ﬂ o a wn o ﬁ‘ 9 y&’ a
Nuuragennisfumioaisiedeliiiuddu ssunlfidmsauseaduiodeyaliituiag
o d’ J r.] @ et t § & ] o A o
yeneiniusduiuiiediu1dlas lifinansenusemshiamiasanuiuitesnnTusunsufive
- ) t a ] ] a o ey o 1 A 4
Fuims hil&inuadumiinissnami ¥ szulfidnntaamsotodeyannd unmiamitaluss

[ M o ' o & o
wntanite Idawdesnts sewagiusoulumsiansmizsausuiuves1§sed

Ak
B

f
1 4 [] 13
1. t@effunMmiasa s wiNYeTe WRetuns faassnuasaus wuy lauida 1519809

A offwett
e

UNMUWANUTUNUVE WA T THINNABINTITUNDU LARMAINDS IS UL S U N Yeudendy

13

1 a d4'a a ° d
ufususudadediviadhuinuds
@ P d 3 A
2. iumie i doyandsnniivewds mewsaifiunielddeya luitufifises 1 18amdeants

e o l—:-ﬂwwi

[ o o o 1 ] - 1 1 - A&
Tasiumadeidudmivnsdedeya ualumslfmniurns hinswldinzuuenefiotoyaite

-

k4

v A A v 4 4 Yy oy o 4 ¥ ot . o
Uﬂﬂﬂu7‘1’l~31ﬂﬂﬂluﬂﬂmﬂ1ﬁ Ghlﬂ']iﬂ'lfﬂlﬂll‘ai]‘]u')uu’]ﬂ‘]'ﬂiﬂ"’lﬂﬁ'lﬂﬂ\?ﬂ']iﬁﬂﬁﬂ“ﬂ')ﬂﬂ'ﬂﬂ'B'ILTUJUU']U
i v ¥

1 ' = ] o A o ~ t 4 [} a
TaslidudwnsuInmibanusufiuves 151995 1z vedeanui Waoudoneu e dmusos
v, o a v o w qvd 4 4 d 4 4 a ' o @ 'y '
whoanuiviuvenoldiudrdaitaeaiuilaiuiinis dausSmsmibonuivivvooes ik luge
o o 43' ﬂ': ] - o v o 4’ o o 1
lﬂU'JﬂUW'N"ﬂuu‘Uuﬂ?‘]ﬂzﬂﬂ'ﬁﬂﬁﬂﬁ@ﬂﬂu?ﬂﬁ'ﬂ“‘i]'lwuﬂﬂ\iﬂﬁ'n
i

%
¥

& ' o @ ¥ ' 3l 4 2 Y A ' o o
3. AUNUYAIIUTINAY 'inﬂi‘lﬂ’lu”u?ﬂﬂq-lnVTNUG]IﬂSﬂﬁuuﬁ,? I[IRBIAUNUYAIININ ﬂﬂ‘iulg

' o o A 1
vunssuudmsu it lsunsuduldamae'ly

——

. J o B 1 v L4

; HanduuImsndsanusduiuveenawlofiniine

i

]

d o ¢ oo

409U 00h ADUNTUANIDS TUYDI HIMEM.SYS
oo

im'nt'm'hl AH=00h
Afiaeandu AX=AN859U

DX=0 -> Li'lddass HMA
DX=1 ->Aads HMA

E B -v-lvuj

:ﬁqﬁﬁu 08h nwwaRsA NS IR Timde
Al AH=08h

sdendu , AX=vwavsemisss v deta
| nua Jmiedlu Koyte

; BL=0 ->ma1ld
‘ BL=f19u -> ianufanaia
b DX=v11v8IMiea N S unAstiuiufise

4 o tal o
i ieefi Ingjfiga Hnsbauiiu Kbyte




d o ‘f - ' °
Handu 09h TOINUNNUHAWANIUD

sl AH=09h

' B DX=vuefigesnis Suriaoih Koyte
siidandy AX=0 -> Timuisoeesld

i AX=1->qmiinveeld

BX=3WaramAanaia@i)

- 2 dd
v DX=muguiAaveshiunineesld

AuMUIsAINE

AH=0Ah

s
=
Q.
s

—
(=l

1 4 '

v ) 'wﬂ L R
Ls
o Do
b d
z

DX=AEUAA U8R UNNABINITAY
\ A‘ \ ar t
fieendu AX=0 - ldawiroduld
L]
] AX=1 > auldd 159

¥ @ - P
BX=31aAIUHANDIA (ﬁ"lll)

|-

HadduoBn | owdeyasznitaminenaud

Amaaly AH=0Bh
DS:SEEAMNUINUIEANNIUSUAUYDS Structure
struct XMSblock {

long nbyte; //$auluvindesnisdwaiiuiavy)

L Rl o )

int shandle; /HBUIRAYBINUILATINIAUNT
} long soffset; /Aunyufudureamizsnrivunisiszowdoya
int dhandle; /U8NIAAVOINUAIN Q1M

long doffset; /AnnuusHAUYBIMIITRIINaun RS udeya

i'l!l! a i‘l =2 ' o oy a ﬂ ' o v
VTINAULTULIRAL u0”?J1Uﬂ§"u')ﬂﬂ?1uﬂ']ﬂﬂﬂ‘:ﬂ'ﬁﬂﬁﬂal u“u?ﬂﬁqquﬂ?ﬂﬂg

1 d\ t o 1 ] o A [l
11 1 Mbyte usn seoridnszdusdumimisarinaduvemion

=

M e o= Te W

#71u 1 Mbyte usn
4 -
(unsigned long)p; t4® p i pointer ¥UA far

Ll

Afidandy Ax=0 -> hicwsatodeyald

pa—

T o o
AX=1->nwdeyaladuss

| BX=3WaramAanatn @)




- e

e

[ d Y P ' °
Hr%u 0Ch AeafuNNUIsaL

Ayl AX=0Ch

, DX=AulguIRavesiuifidesnisdenduins

Pt t o ' d ° '
fMaIndy AX=0 - lumusodeadumueld
AX=1->fAeadunue1dduse
BL=s¥auaatnAanan @)

DX:BX=m1AuHusniasanu i usadusudu

P Mmoo m

d Hda °
| vesftunndonldduse

i Qs -3 a - ] o

#4115 0Dh Jaafoatuinuiaus

Vot

Km‘nm‘lﬂ AX=0Dh

(] a J d'ni'sl o
DX=AguiAavesinfinasinistanion

Eu ' @ [ o a
AnaInduy AX=0 -> lawisovaaienldduse

E AX=1-> Yaadenlddus
u

BL=sHaLaaInIuHANAIA (6"]37)

lnAsgIuNIsIEAINAIY VESA tazTisunsafild VESA

‘E VESA (Video Electronic Standards Assiciation) Humas FIUMTUTAINALUY Super VGA 11411.’
'VESA VGA BIOS huflsdduiudnTudumessumnoay 100 sududunedndmivnsuaawa
"Auveeneufilmes @Iuuse VESA-VGA BIOS ﬁf"\mum{uﬂzQm‘s’unl'x’f"[amhuﬁuma%’%’wnmman

v
o at

I o =S o« + o a ar “ a o T v
100 Herdu 4Fh Tifladdudenq 8 Heddu Tauszefioiledsuiiddny 4 gl

1. Wland 00h UrAiTI0AZIBEAYEY Super VGA
siidell  AF=4Fh
’ AL =00h
| ES:DI = Fhms%y-i’fmgaaﬂ%'ﬁme{ @Edoudluaudmuaies)

i struct VGAinfo {

' char  VESAsignature[4]; /1fAed “VESA”
E char  MajorVersion; /aveifusInia
t char  MinorVersion; /eiusa eI Ty
3 void far *OEMstr; /pureImia

long reserved; iy

57

oty mrm v v



= wwt e o e

T

o ————

B

mr

Ry

2

ey

L L,

e

T wm BT Wy afm Tmew  ow

unsigned far *VideoModeList;

unsigned Banktotal;
char  reserved2{232};

IR

0 o o
wuoay Inua dlususdveainans mawdy astud s OxFFFF

2. W% 01h asdedeunwImay Inua
aifidel)  AH=4Fn
AL=0lh
CX = ey Inuafigeenisasasaoy

/munoay Inuand
o o
/A IULLIANY

raald

v
ES:DI = snsaveyanaiane (iiouiluaudmuaies)

struct MODEinfo {
unsigned ModeFlag;
char  WinAflag;
char  WinBflag;

unsigned WinGranularity;

unsigned Winsize;

unsigned WinASegment;
unsigned WinBSegment;
void far (*WinFuncPtr)Q;
unsigned BI;L;

unsigned xres;

unsigned yres;

char  Xcharsize;

char  Ycharsize;

char Bitplane;

-

char = Bitperpixel;

58

=
/3 waziduaves Inua
/waziouarounsy A
/3 vazidoavounsy B
1 4 9/
JaszersEndeyalsn
o Y
Haluuusafudeyausn
rMuesdaal
)1 (mizodlu kbyte)
8/ P '
/ ewiadpyanauisoniy
' v A
Iretnaniiteeldgeqa
/adediu kbyte)
/anuuaveansy A
/MFAUUAYBUNTY B

' -a’ o A& n’ s
MmN Yuda ¥ U

. d o
/Aantunuan 5

i lusidedueny
/anuaziooaluunu x
/anazidvaluunu y
raunivesreud
/rawgaveseud
//AIUAURAUYDIN YUY
/A

riwuinn 4 lunsifu



= L

— o e Meots

I e e e R

T wm

errrey

—

® T rEwew .

-

-

/AN
char  Memblock: /i wmidiesdmsuld

Munmsuaaslulnua EGA

char  Memmodel; /rinueaeyan
char  Blocksiz: /naveatidiies dmsy
M umsuaasluInua
//EGA
}VESA_info;

° e ar ° -~ 1 '3 o a
UINT§IU VESA ﬂ1ﬂuﬁ1ﬂlllﬂilliI’NS‘Uﬂ'!TYI’N'N 2 M5uAD A Laz B LANTITADIVUINYY

wsden 14

15-5 41312 | 1|0 | Modeflag

o da ) 1 v
s ldiunesinesfideeylanis L

0=No, I =Yes

8 o -] - t
MWTSTﬂLﬂﬁiﬁﬂﬂuHiﬁ)‘lu 0=No, 1 =Yes

= [ o o .s’ -1 1
a5t Inuadonus lu Inuaiinse b

0=No,1=Yes

0=, 1=19

0 = Inuafmsnys , 1= Inuansifla

'’

7-3 |2]1]0| WinAflag 8z WinAflag

4 ’ .
l— snfieusaldlénselai 0 =No, 1 = Yes

| owdeyavinmsulanioly 0=No, 1= Yes

Weoudoyaaslumsuldnisly 0=No, 1 = Yes

au’ld

59



s e e T e

i ]

i e

g moe wom mm ma be s moamvoms e

W e e e

L Wy Mo wi Mmoo mw o e e e

L I

P

% gr mr S oy ww

MemModel AN MuUAAITAD

00h  InuaRIdnus

0lh  Yeyanmaia CGA 4 &

02h  Yeyanmyiia Hercules

03h  Yeyanmwila EGA/VGA 16 @
o4 wiledoyald 4 lust

0sh - wiledeyalds Tus

06b-0Fh 1314/

10h-FFh a9au 3dmiudnda Wndee1314)

3. Hanv 02n WasuInuasenw

aaell

4. a4 03n

ey

AMAINGY  BX = vu1utay InuasenIH

Jda { i 1
5. Han¥y 05h Handudea 00n 1o uLLIARiaeemIAane

f1fae

Warid 05h Hendaudon 01 wounLUHTlogy

aaslal

AH =4Fh

AL =02h

BX = wunuia Inuasaam in 15 dmuadz Wandeyalusensieli

aevaw Inuailvgriu

AH = 4Fh

AL =03h

AH =4Fh

AL =05

h

BH=00h

BL=0
=1

DX = ninsaviiied Iny

sy A
wlsuB

AH=4Fh

AL=05h

BH=01h

BL=90
=1

WSy A

wlsuB

60



1 -t o d o oy
AMAINAY DX = 'MJ'lUlﬁmﬂNﬁ‘i]ﬂﬂﬂuﬂ!ﬂﬂlﬂiﬂﬂﬂﬂ\!ﬂ'ﬁ'ﬂi’m

(R o o dar t -
* maanaunRTyuveniandunasHandusuie
AL =dFh il VESA-BIOS 8¢
AH =00h e ldduse

PY) 4 ] X
i Tuns 19914 VESA-VGA BIOS 1519z A9 19Hsidununuay 00h theasisaeuinisauaasnan
¥ . 1 - : o - -
1§amiegil VESA-VGA BIOS agfaovie i nieilinsiads BIos iy (fuTusunsusSiaud) uie

1o il Hadsusydant 4Fh nduL MmN ADS AL tazdnt 0 ndUN TS SmAes AR

& - Pr
! ({18A37309Y VESA-VGA BIOS Soudeuuds s1nzdsasisasuiwazisvaves Inuadideenis

] ‘.
andelaon1siSun1diendu 01b Feyadnqilduei U lunsdrdsmiauansma ldaudoents

|

o {1 4o Y el ] e

| dodunaiivirauleves VESA-VGA BIOS Aeflardumniay osh 1§ unsaevoms g
] P ‘o Ly a . Y do o 1 o

nIoldlunsidvuuuediu vensnsnzediuntsdumessnideGonldfedsusnanudas e
] ¥ , v
t LR J o a 4o ' o
Goaldlugdvesiadilendu 1l sndoyait I8Tuiledsu 010 sxfimmsafaddunuoay osn anl¥dae
: I '3 @ o A o 4o a @ 4
Fusrerhil lldmualiiuddieaddn TS oniledsu osh ununisfesvesumedSmienusiaia

A
Tunsineu

E : s 4 Q9 o - ]
\ Tsunsu VESA.CPP lumamuamin ldadafladduiugudmsvnsaadensaugainaie

HarFumsnalail

) 1 1 \ ) d o \d
® a9 opengraph0 Fuannse A Inuasen Ay ity 13 ludaus OLD_mode fi1

Inuasenmitegludu BIOS-Data Area ¥84521u (uiidmiuluInua VESA f1luInuase

o

. nmilse Wassfumnoay Tnuafinfel) udaSadondumedsnmnuny 108§ 47
Haridutou 00n Fafifie VESA-VGA BIOS arfs 00n tflensavamuntianaaima naeemiu
SunldSumedinmunsiay 108 Heridu 4Fh HerdFuden 010 ievedeuaTnuafidesns uas
fmuasisuduIiiudulsangiliuluga uduniladFudes o2n ifeidaTruaad
ABINTg

maw mie W

® a9 closegraph( uileriFunl¥ lussavssrenmanlnanaly dailedsusuaiiamn
L o [ r A‘ .Y a
widuistdudmivdeswrvazdoai ldnniledsy o1n ndu'l

e —

o eridu setdacO iiuileriFudmivia/ouslu Color-Lookup Table lasmsdisnuoay
asundemsud l'lufine Snnanoay ocsh udadeiswaiuae SomaziGuan Wi

Dl

1 d t 4
Woin 3Coh msdeismudvuia 8 dnudez 19ifios 6 Tndrarniu Sevlfisreamise

-3 -t . : 5J =t - o
fMruatiuaglisuasiindu ldiftssdos 64 szdu

o o m ®

® flaidu direct32K0), direct64k0), direct16m0 iiluilafsudminidtoyamiFaslumizonam
11Ma39iUge () AusiEnsud Ui 185zni19 0 9 255

P e wem mm

61

-



o A e

o e wm

334 &fmuan&’syegm%ﬂmﬁﬁ (Sync. Separate)

4 - L d LY A & L

P dmduesuwndeyesd Insda luTnsaneil 1819 e fuondyaaid Insirwed LM18s1
4‘[ Y Q ~ o ay a e Ay £ 5 o
Biossusndygas Inndrangeensindygiuninind1a Tauilidygnandeinisléie dygns:

L ow o4 . v { o d . ' 4
Tnavienlve 19 Indgygnass Tnsvasu Tnofidggnadivsriie Wi T Tumadaie 5Mid i s
wz a w A sl (3 v v Q o IQ’ a . o A’
dygrusessewiagiidasolivung ldaudeams (sefsewiauaigg mevhiodaaed

1 | 4 3

u?:ffq;q;mnas’ﬁﬁaq‘s‘qﬁﬁ'lﬁmmn 3 ¥93 LM1881 azdggnaneianauuann lniiv 12 vesled

T Tuarmida

P
¥

i
335 dwumaaiugqumIhiau

i a < a y s 3 v IS o
wnfnlumsesnuuuEuvInmsmgasaduvesgl luladbilnsnnnnddge snesana

! ny ﬂ.ﬂ < v a I Y 7 A ! 3 “ L)
whasnniiseiveniadetouusnez flugausnveamw tazmamunue: Wisaladfoamnhdanh
o I 3 . L
U 262.5 @ (19101935514 NTSC wugimin 1 gvztlse nsudrodulunnueusiau 525 @) i

2 ! R J - Y 3ok

vulunisesnuuume: limu 512 90256 W tiefiss ldnnumbeniiiesiigauasaseu

agugUnnidinniign Taodr i nougauas = 512+256 = 131072 byte = 128 kbyte

b

Wunelegnda T

L @uithigndn

-

B e ——

i i o A . L] . ! .
v U 32 uameduiiengnda I dlesnindnnumbsmus iesniinougaede

. s e Yo S e wE Mt



— o —r

/Preset l—l

-

Ver.Sync.

L
Ver Blank, ] [

W e WS ol o v e

Hor.Sync. H H U l_l U U U l...l U U U l_l U U
- d o 3
JauInAsTINUYBY [*-..
: .o 4
: Fusupugiyausn
4 a s o 9 [y a d ¢
17 3.13 nrmedygnaiifsatesiuneuau lumanudeyagausn
H
3
/
k]
&
[PRESET _ | 3 = .
} 74L574 74LS74
.
A Y
¥ MP CLK —> CLK
] cD cD
| ; :
l i
VER.BLANK.
; HOR.BLANK. N
RIW

o a o P
717 3.14 uaanssseenuuunndganuluglh 3.13

A e ol

1 o & ° ar -] [
mIsenuuuRIAURN ludmresmsiutiussinsdedgyanaisnuasniisneen
H - ¢ A o - v ow Y - a /. ad
InReuiuae’ @idgonuiveniesndududeyaiiis1 lsunsuluneufianes) wSidmiumsInaa
) o £ o < ) -
f1910 P g Q (vee 74L.8163) Favirld Q1 wea US il 1 FamunedudiuInuamsifoudeyanstuusy
o i o a -3 o o o )
fwnen uaziliidenadeniiv: Wluaniviiduadenvafuilfluasilasdya aoumnendy
' >
as Qay ('3 L] & o LY o ' o A L4 - (Y
dyanuRtaeauariilnled U7 ngavima ez dastugaiuee ivhemudedyanuseTasuia
4 ] ° o - ) °
iqﬁﬁ_lu 0 (Pusasiimse) uneinlwled 741574 femunrnz lu Tnuams@ouriniudessii Q s n

ar a ] o as é i ('3 ' LR ]
U9B Wudsauqumstuyaswiudyans ENT devziiiu 1 mwedefidiudgonunm (bildsaedin
} >

?

r

52

L3



e e

e

Fsa mmatucgmsawaunamm) uaz ENP vefia i 1 marﬂummuﬂqmwnw'l%nmmsaamm‘umq
ﬁu (zﬂn 3.13) Faee il 19vhdgyaa Write Enable Taumisiumsvosanunhevesdaanadaeled

E7 - * - ﬁ ar e da o o as - v a Jd
415123 Iﬁmzmummﬂumam UTAYYIUNTHINIUU AIDTARUUAIANY AND NUEBTFDUNATIA N

§n 1,2 v94 UI2A)

Fed cep,cET U 1 Yfefjﬂzrﬂumsﬁn'lﬂﬁ'aaq Srivatai 0 sxfre s niusun
CEP,CET vaiflu 1 wiouru mstugaenfiumniugateudiuimou s12 yaudadeiugaiuudaie
E/!ﬂ.lﬂléuﬁ'ﬁlf’f'ul‘ﬂu5'1u’3u 256 dunaz 19dyanauimussasuasdygnaewaeniuaiaealu
msnSnmsiiuudarass Taves 19 ledvued 7415163 Tae 3 Fuhulditugeinnu si2 g
(16*16+2) TaudetiuAu 1111 udamsiivsie vz 0000 uaz To=1 uazdloriuiiu 512 yaudalé 3
?’Jﬁ‘lﬂﬁ’ﬂlt”f'uﬁ'lu’m 256 181 (16*8%2) ierfunTLLA Q1 wes US Azl 0 Favzds iy Wneysiuned
L}azﬁ'l'lﬂ'l%"luﬂ'wéuq Famnudaddounn Inuans@ousiuTnuanisem (1-50)

] Tu Invanssm ®R/W=0) uselaon Output Enable (OE) iteafin (Active Low) ifun1seu
foyartrneniiuass uaginl U7 Suwhnstudeedudu lasns Tusunsudes SIS neenain
aauﬁameﬂﬁﬂﬁm 2 ¥o¢ U11A i 0 119 U7 Tnaann p lés Q uas CEP,CET ifiu 1 iilosnmiily
Truan1sgm Fetfu U7 9210 0000(=Select R), 000 1(=Select G),0010(=Select B) i liTeue tlﬁzﬂﬂﬂ%ﬂ
ﬁ'rflums Select B nvtﬂumnéeuﬁnmu'a-umusumuuan"lﬂ 1 Taodeyqias ENP (°lu1nmms'51m £
“ht CD(Clear) 49 U9A iffu 1 ezl Q ity 0 farfuan 4 vos U13B vzifhe 0 ¥l ENp 'uu'e)gfm
§e1ect B 84191AL2 uav“lumsmamﬂnﬂﬂﬂvﬂaahfrmmmmwnmnﬂanmmas (Tawns Tsunsuen

Qﬂﬂ‘ﬂ’llﬂﬂ‘i) Tav /W m'mﬁu 0 wmaﬂhaqxapmu'lwmmﬂﬂaummas
i
i

Tunseenuuuaessiiudeyanisuentiy Suusnez¥dygnasidnda1dnnts Tsunsuly
ﬁiauﬁamas"lﬂumiﬁﬂﬁ P T 74Ls163 Nndath 0 esudumisvesdoyaduusn T Tnuamsidou
{I’u ENP szt 1 Fuadeyagausniigesmnii @91n71 3.13) 1ggeInV1 4 Y8 UI3B (U1 S ves
G138 shusmili 0 ansamsry U7 shithnsfuuasadudud naadi sz 0000) o ENT
Tulnuans@ousziii o deleseiveusiadedithu o marealan AND funmsfugaiuuazidhuiiv 128
iduudagasie lufszudemsiz Q3 vea ULID i 0 Favzainnldlunis Tnan pE luseuss ) ey
Joyaszaniiles Feazilu 1 anvana
, U Tuamsaiuude 256 duudadeutd ENT i 0 1diflesnndreenuuyinrsiuduly
74LS163 1ivs 2 Fnfuluaeudud mitial v liamnsadmua OE,WE aiou Inaalamitounms 14
74LS163 $119u 3 #214% e mua Q1 TuntsAimua O WE uazmssenuuuf liamsoti 11 veq
U11D lderiu PE ves Us iiteriy 256 idundadoonlfon 14ms1z szai sl /PRESET fidesgriu

y - a ' 4 o :l'
reufianesifdoun ldah? PRESET Tuynsendouulag)
¥

W
w



v 4 4 o = H
! Fyanu /WE ey Tusunsiniufivsainn Q1 ves Us uag WE wusedu 0 (mnodaiuTnua
v v L4
msitiow) innzyefidudygnuamunniy Fwdgausnyeanisfua AND fuseiaeuriaden) dau
o J ] . ’
deyga /OE ey 1 Famnefalaily Inuantse
¥ ' 1 o a o Y a & ° v ﬁ ° Y
amluTnuamsemiuezisunnmsiuganaziduitudezyily Q1 ves Us il o il W
4
° 4 ' o o a e as
W 0 wazdih i /0E Wy 0 Fauilunsnemdeyadiil luneuRunesiarily U7 Suvhmeiudu
3 4 o o A al v o
173 Select R,G,B Ltz ENP 9ziilu 1 1o 1¥239311 Address fuillonnseudidiu Select B andls daviuly
ket L 4
msguntwen lufinenfunesiinszemdoyagaivatiuia R 6,8 udrssoiusgasie ludaneseu

f1R,G,B Myaideafuinesn ldneuiiuaed

ETR =

anufnusIniIsnNd uRNvenauasnsllsunsuldvien us ufive e
§

MITANITHUILA NN UNN VY

o ar ]

AMSUMULAW I UAN YOI 15198 TANIT A IUN I FIURTTUS NI HHIANN T URNvy (XMS)

aL-&a-

1 a [ & (4 J ' o { o
sogRdumed Swmunuiay 25 Hedsu 430 Hedduilognivlulasie? HIMEM.SYS Jodunmifionsy

o o do Sda Jo a1 -t - v a o o - -
dumesinHanguiinge gaflenduit amseson 18 lavasurudvasudumes snilefdudug su

>

E s o d’ =t 1 Y o 1 o . ] o A' 1]
M3 S MMy a 0Fh Heridu 430 eg iR 1015 T s uveeduns s is u oA L S ufiu v eIy

* }

do o

1 4 t 4 ¥ b 4 ) i d
W luns o tedenihmnsditediun 140 d lud st fuie v haududoasud 5 ef oy
: e v A @ 3 doasr o Qs a - [ a,
Tuaaulunsimuasusudu s siedsudmsuldanisniea s uiuvee gt

3 S : a da 4o 1] [ t { ar
1. A52900UNUNITARADwNe s Suiledsunytsiay 2Fk 50 i lasn1souarluaiseiasaty

Havd ¢ aa s e o et a o ° [ ' ot
ﬂ’nlﬂuQﬂl‘mﬂ‘Uﬂ‘]ﬂ']i‘lfﬂ“l“ﬂ@ii“ﬁ\iﬂ‘ﬁuﬂUTUL?‘11 2Fh “'lﬂ‘luﬁﬂ'ﬁﬂﬂﬁ\iﬂ11117”1“’1“‘391\1ﬂﬁ1'3931]ﬂ1[ﬂ“

",

"

0 M58 Octh

1 4 )
2. AsVABUMIINIARAIAINLT NI U AT U IonSe T Tasn1sdesvesumnas sy

Aot

.

ks

Yshwiay 2Fh Hleriu 430 HerFudes 0on (Amualiidanes AH Saudu 430 uns3Tmand AL faufly
- L4
a o d
don) mnfinisAadenes Ifaeenuuiiu son
- o 4o @ 8 A ' f o a
3. Sun1dBumes Swnuiuay 2Fh Hardsu 430 Aeddudes 100 tievesnssiedsuusaismiae
i P & - | ¢ o aa ¢ . t d S o o 1
AN uNuYeY FesdeRuFamUANTUN IS Yaimes ES azaoedidnnuiicnes BX 1519z

e ar { o ' a ¥ W f & o o ar
msarandun ldusuailua S udu I susdiedsu dmsuldaude’ly

P ]

nIsuds lumstaassmizsanuiuiuvrodanddnyusadoadfums Samiiearm s wuwy

Y

v »
Taurda uasn 16 lumsidfeaniaeanusnzidius handle voaniaga U WNUAINISE Toavssnits
Fo' y o da re 4 9 ' [y ' ° Y ' 24
Mrwsuaandes lidudufezdemswnlassadnveamhonui lussvuisnyarediels saf

>

a wa o o L 1 ° Vet a o ! A a9 del o A A
szuudianisfenesdiums ldmniasanui diidse @niamananindy s lunsdiifanud

54

» P TWE o



§

¥

amﬂumqqummiﬂunmummimmq'lmﬂumﬁu ssupliamsannsoaduiedeyaiituiing
1ucmemnuu15’mL'flu'wwnmmn'u'l?’t"[«fw"lmlwaﬂs'"ﬂ'uenafnsvu1m'nmuf:smuvwutN'inﬂ'[‘Umnsmnm
Wuims WlAnusdumismienuild ssunlfidmstarnnsefedeyanindumiamils s
“ o t 4wy Y o Y ' e & v o
andurmiamiisldawdesnts sresapifussulunsiamsmiaruiuiuene1dgedl

k4 [ v
, 1. spsiuimitua Ui uiuvee (uRediuns Saassuila iy lawisia 151889989

¥ ) . + ) .
wufimbaruiuinsnea s auiidesnsifoieu uasmdmusnsmiasaam s uiinvoedandy
! ' o d'a a ° ]
inendususudadeiviaduinudy
o @ 4 o A e

2. 1ifiuvSelddeyandanniisewds inemusofiunis ldeyaluiuifive 1 18nwdeens
Tagrnumeileddudmsunsiod lumsFausTastee insw1ddse séhodeyait
Tagimumsilsidudmivasdodeya udlunsFouTaste linswléhszuvewszdwdeyaite
o 4 v A& 4 y 9 o - Y a ' o a
isaniundnnaeisuiinla lunisiedeyadnmauunquismnsdeansiasemizvarmi ufivvee

[} | Yy ' o a o { 4 a ot & [} -
qﬁv'hm'mmumsmmsnmumwmmmmu l.?'lﬂ')iﬂzﬂﬂﬁﬂﬂﬁu‘t’ﬂ‘t’i’ﬂulﬂﬂﬂﬂu WaIUUIMS

1

Eoe o a o o v ayd A de & 4 4 - ' P Y "
mizgau v ldiuddeltaeaiuilafiuinis dauuinsmianuiuinvoes likh lugs
weafiuuMiuundnelimslaatoamizeanuimundindn

>
o

# 1 o ar =t o : t o {

¢ 3. Aumidaganuimdsnn I nunmisanus niuges iduuda isde st umntsnwifieed 3
l o o A 1

TWudszuudmsut lsunsuduldmas b

i
] '

A 1

J o a ] —_— Ao A4
*ﬁammmmmmnﬂummmmmﬂnmtmlwmuﬂa

Hari%u 00b FOUDWAIDS FUYE HIMEM.SYS
ﬂ;‘lﬁﬂ’\ﬂﬂ AH=00h
AMdIndu AX=AN703 Y

DX=0 -> l3i'ldAass HMA

E

4 v

' DX=1 -> AadA1 HMA

E o o [ } o A P &
ﬂamm 08h TIVHUHRNTUIYANUT UNVVS NI AR
anaaly) AH=08h

,{"' ‘l' l o | o Q’ d' - :
ﬂ:l‘ﬂfNﬂ’d‘U AX=YUT1AY99HUIUATTUS UNUYYIYNINADNY

nua Iniaondlu Koyte

: BL=0 -> w114

f BL=A19u" -> Harufianaia
;

DX=vu1rveerIANL S MimAsdlufufide

A A 1al s
Wiean Ingjfiga Tmisuilu Koyte




-

L.

2]
e,
{4

4 ]
BIRUNMUILAE

fai¥u 09h
Aty AH=09h
E DX=111afidesns fimiaedlu Kbyte
ATfidandy AX=0 - lumuisoeseld
! AX=1->am15090914
{‘[ BX=sWaaruAana1a@il)
L ' DX=musuiAnvesuAinI0e1d
]
Harf% 0AR Aumiaganuh
Aifierel) AH=0Ah
i DX=fUaUAA VORI AY
ffidendy AX=0 -> lirunsnAuld
: AX=1->auldduss
. BX=3verA1uAana1n (i)
[4
Her9 0Bh nwteyaszrantisnu
Arfictalal AH=0Bh
E DS:SEAWMHINIAEAM S UA LB Structure
i struct XMSblock {
:' long nbyte; //ﬁmw"luﬁ"?{é’fmmsdw(nﬁmmd)
. int shandle; /UBUIARYBINUWAINSIIRUNI
H long soffset; /@MU TBIMIIBATIS RN s dwdera
E int dhandle; /At8UIRRVRINILAMU ST aTeMS
long doffset; //AutmisFudussamissamsnlaenniiersudeya
b
dildiuswdaiin o mnefmniwnwiridesmsAaseiiumizsnimiifieg
‘ T 1 Mbyte tsn sreedidnszduddumiimionuiidaduvesniasaan
‘ 71U 1 Mbyte usn '
(unsigned long)p; Lfliﬂ p i pointer ¥1A far
| Arfidandy AX=0 > lignnsonwdeya’ld

AX=1-> teteyalddud

BX=s%aanuRanain @)

-y



o cromre e

Aefiu och feanufiniieaus

AX=0Ch

amnas
b 4 [
DX=flsuiRavesiufindsnisasadumus

|4
v oas o 1 -1 * 1
AMnaendu AX=0 -> lumunsoaeadunusld

d o o d
AX=1->asadunueladuss

[

BL=yWallaaeaduiRanaia (4 13)

-

DX:BX=AMWunuinisanus ududuisudy

I Jd4 e d
vesunndealdduse

C e
x

{
3 o
L #ari%u 0Dh
fnaaly AX=0Dh

U -y Z a:d‘ Y g
DX=ﬂ'Illsulﬂﬁ'u@\ﬁ‘lﬁﬂﬂﬂﬂﬂﬂ'ﬁﬂﬁﬁ’ﬂﬂﬂ

-1 y 1 ] e
asasaiiunnusa

ANaandy AX=0 -> lumutsotasion ladude

Ax=1->1aadenlddu5s

BL=s#auarasnuidanaia (61i)

e

MATFIUNSUTAINANYY VESA uazlilsunsufily VESA
VESA (Video Electronic Standards Assiciation) 1{luu1asgunisuaassauuy Super vGA Tugyl

W A s

b VESA vGA BI0S ifluilefdudindn lusume s sumuimay 108 Sudiusume SSndmsunisuaadna
- Y 1 d' o 1 1 - ar
FUYBIABNNIADS FIUYBI VESA-VGA BIOS At muavuszgaun ¥ lasdmidumas sununuay

i

X & & o a v o 9 _ o ar

¢ 10n Heriu 4Fh Hiladdudenn 8 Herddu TagszeSuoiensuiiddn 4 Hefdugad
!

B

1. Wadh 00h R WAzIBuAYE Super VGA

’ arfidaly  AF=4Fh

AL =00h

ES:DI = ﬁ1ﬂ1s§ﬁagaﬂﬂ§ﬁxnp§ Qinuduauimuaisg)

|
E struct VGAinfo {
I char  VESAsignature[4]; //ﬂ'm\i‘ﬁ “VESA”
: char  MajorVersion; /auITFUYeINIIA
d c¢har  MinorVersion; Jeriyuaue sy
void far *OEMstr,; /Foiuveimia
long reserved; e’y

o ey

57



o

-

unsigned far *VideoModeList;

unsigned Banktotal;
char  reserved2(232];

iy Inuanil

° dd
SATHIULLIRANAY

sl

e N = M mem o e

-

R T e

|5
o ' oo d 9
'H!J'lULﬂ'UI‘HSJﬁ tﬂumwwamﬂmmmumn aqmué’w O0xFFFF

2. Wad¥u 01h  asvcreunuigny Tnua
arfidall  AH=4Fh
AL=01h
X = nueav Inuafigesnisasaeany

»
] a o o o
ES:DI = aimsyveyaaaiaegd @ilvuduaudmuaieg)

struct MODEinfo {

e

L

LR

- Ty, Her

unsigned ModeFlag;
char  WinAflag;
char ~ WinBflag;

unsigned WinGranularity;

unsigned Winsize;

unsigned WinASegment;
unsigned WinBSegment;
void far (*WinFuncPtr)(;

unsigned BPL;
unsigned xres;
unsigned yres;
char Xcharsize;
char  Ycharsize;

char  Bitplane;

char Bitperpixel;

58

/S wazidvaves Inua
/15 WazIBUATEUNSY A
/15 wazduavesy B
/fseuzsenIdeyausn
ngalunussfudeyausn
#Munweddaly
/1 (e kbyte)
anadeyaiiamsadie
iretwdeiitediqga
/iy kbyte)
AFRUAYBUNTY A
MMTAUBUAVDUNTY B
e N AN
/R Funneay 5
s luviReduainu.-
/mvazidualuuny x
/mnuazsaluunu y
raunievesoud
/ATmgevesoud
/A MUIUHAUYBINUY
/anuin
Himandndi ¥ umsdy



L

— e mm e

— e e

e e g

ALHRT

char  Memblock; mnauiidesdmsvld
Munsuaasiulnua EGA
char  Memmodel; /iiaveatoyanin
char  Blocksiz; /mavesiiiesdmsy
MNFlunsuaasluTnua
//EGA
}YVESA_info;
WIAs§ M VESA Amualiiidsusessumsriam 2mdsufie A uas B uamiaeisiifive
wsudeanld
15-5 403)2] 1|0 | Modeflag

V -y A 1 ] 1]
L awsaldfuresiineinaoagldnielu

0=No,1=Yes

s ilwes defunde’ly 0=No, 1= Yes

- '3 o o G’ P (]
dmstiaes Inuadaenusulnuaiinse 1y

0=No,1=Yes

0=vmé1,1=%
0= Inuadaonys , 1= Inuans A

asm'l3

7-3 12{1]0| WinAflagllae WinAflag

t 4
l— wsutiaunsolfFlanse 1 0 =No, 1 = Yes

___ smdeyaninmsulanie’ll 0=No, 1 = Yes

Woudoyaaslursuldnielso=No, 1= Yes

asu'd

59



L

RN e 1% e

L L

R A

e hrehom

L I

At do o A’d
MemModel YUAMNNMNURAIUAD

00h  InuaRasnus

0lh  Yoyanmeiia CGA 4§

02h  Yeyanyiia Hercules

03h  Yeyanmeila EGA/VGA 16 &
04 witedoyald 4 luf

osh - wiledeyalds lu

06h-0Fh T5i1%

106-FFh ar93u Bdmindnaa @ndseTaild)

3. yan¥u 02h
A’y

4. Wandu 03n

aasly

VA W
. AnMNNaY

o
WasuInuasonm
AH = 4Fh
AL =02h

BX = nuoiay Inuaeam dn 15 fmuadiee Waudeyalusende lai

aau0 s Tnuailsgiiu

AH =4Fh

AL =03h

BX = vuuiay Inuasenin

s i P Y 1
5. Wan%u 05h Handueden 00h  WAsULLIANABINISARAB

ey

AH =4Fh

AL =05h

BH = 00h

BL=0 (HsuA
=1 MsuB

DX = MuUaiued vy

and 0sh Wanduden 01 asuowLeAilagiv

Ay

AH = 4Fh
AL=05h
BH=01h
BL=0 IsuA
=1 MsuB

60



o™ vemr—r— — ¥

41 o o |
Wendy DX =wansayudilegiuvesdsuiideanisnny

-

‘ * fenduinasgiueayniidie: Heddudesie

AL=4Fh il VESA-BIOS 8§

{ AH=00h vianulde 1§

' Tums 19911 VESA-VGA BIOS 51uzdes1¢iledsminuay 0on ilenseaeuiiminuanina
o

] y $ o,
n,L\%'amagjﬁ VESA-VGA BIOS agidaow3e'li n3efinisdnds BIOS mudxn (HuTusunsusdnusd) nie

Yinmndl Handesaan 4Fh ndunImnSvaaed AL uaz e 0 ndunIMINIInmes AL

¥

4
disn3neeel VESA-VGA BIOS Souiesudl s1azdewsisseusisa: Boaves Tnuaiidents
anae TnsnisFunlddensi otn deyarnai Wi W iFlumsdifamfawernwa idadens

: detfanaiivitenleves VESA-VGA BIOS fleflaidimuamy osh A1 lunsseuaiumiad
3ol lunsudnundiis venvinginzeidumssumedsndieGon ¥ feisumnanudamien
1?0011‘;’11431]1194971?;{#1461?14'16’1' vindoyai Wiledsi o1h exTanisdnsdsimunuay osh g
-s‘iqls1awmmd’lﬂﬁmuﬂ‘lﬁﬁuﬁﬁ;ﬂqﬁi?u'lﬁ't'i‘qnﬂaﬁs'r’u 05h tnuMseevesmes I wienI 50§
Tunisvinu
Tulsunsa VESA.CPP ‘lumﬂmnmfu'iﬁﬁ%’wﬂqﬁi?m{ugmﬁmiun1sﬁn9ian1s’ﬂuﬁmnaﬁe

Hagaarto il
o ilarisu opengraph() ButnATE 1M1 Tnuneen iy U fu4 s inls OLD_mode 1

Tnunveninile §luei1u BIOS-Data Area v045z 1t (e wdululnun VESA filuTnunse

b 4 )
awitee hiasaduniminoay Tmusnutase) wdiTiSondume s wraisay 10 Hafiehe 4Fh

o $ 5 o as A 4 -~
i Hafigudos 00h $afifie VESA-VGA BIOS Harieiu 00h iensiemauminueninandnin
3 s U o L) d 3
vuFonlyeumeiinmngamy 1o Aeidu 4Fn Hardudes o1h ovedeyaTvamiinesnts
o v 4 o“ e ' { PR &
) uazfimuamGuduldiudnugsanaildluluge wdrSenfleddudos o2n tedla Tvua
Ay
mufidenis

- U { Q .'4 1 - A {

® #afiTu closegraph() Wuiledvuin 1 lusenvesvenmaunlndnialy daniladsuduaiian
; ndhiladsusmiudaneseaz Boad Ideniadeu orh ndu'ly
o Haiefu setdac() uHensud minlaunn114 Color-Lookup Table Tasmsdanmuisay

asnidsanisud v ltine fnvneme ocsh 1B svadun, Sonmiiduan Wi

4 ) v A’: ) o ) ) z -
N8N 3COh MsHaneuiiving 8 inuwe: 19 e 6 inaramiie S ldmense
E 4
fivunduny,Bnuasihtuldmeiday 64 sedu
< -~ . . . P - .y tey '

' ® Handu direct32k(), direct64k(), direct1 6m() Wuranud miulddoyaidasluminoniy

' .

A TIAUR (xy) aneidniudn Wiin Wsenine 081 255



UN 4

MINA[DAUACHANITNAADY

Wansnaans ludmveesuendygunmsmidudyyu RGB

UM 4.1 Juaanimiesisnig

&

!{ ’

| |
o okt R -
_‘.. u. x,f ,w.!‘ll ”1. .wlv.i'.[‘ 1l '.- i 1. o

307 4.2 pluoasdyanunms ioududya s R

62



i A.’|l fl Ll o Lttt N ool
"‘J"aﬁ:('fl \ i MR

1

e M

/"

Loy dudhd i 4 W™ By Aot ot
H“-’l,““”{" i ML ot ?l 1 Y Tl

as

11U 4.4 plnaasdyanunmsauniivuiudan e B

O]



217 45 iluarasdagnuaws iy dudaana Syachronous

A o d' v = o o
31U 4.6 3Uuaasdaa RGB finen 1dvennis Insviend

64



TRV TR T Y U R Y e e
be Rias 4 B
w A48

17 4.7 glnaasdygransenninemiynvesmamlasdyanuouneniduaiaeaiioudy

dyygy i R Neenninssuendaygamwsauuiludyaie RGB

-4 4 aa o
17 4.8 Juansdygruiieennneniynussmaulasdyaaeuaeniudtaeafivudiy
dygugesyounadn

65



ek, DI WS L

4
'

NOSLIRSUIEN SHSIESES CISSEch WENSCOIEoN PSS RIEA: SUtevarcasats o S Y Y

s . . i 5 v Y Dap
P e e )

b B BMgey
[ M.{ | & - BB ! amyiit de

{ (h;,l‘l('b’l

SN

G,

4 o ' 4 o s - o
1N 4.9 glueasdygailasguisAiivusudyaiunesanadan

o

: THE Trea
o Sky
3 g hwikm‘:
i g ¥ ine
m? ’ ;

O Bidg®
By

B LR

SENPmE TRY T TTYYD

- o = o o o A
17 4.10 puasdygueesseuiadeniiouiudyananesafaden

66



1 412 JUuaeamssuTisunsudaenin Color Bar

67



S S

— o

o e

i o o aa
AN 4.1 werasranisnaasamsuiasdyauTrame 0-5.2 Tadltifludeyadtaea

V-in data from A/D (min) data from A/D (max)
5.2 11111111 11111111
5.1 11111100 11111111
50 11110111 11111111
4.9 11110011 11111100
4.8 11101100 11111000
4.7 11101000 11110011
4.6 11100100 11101111
4.5 11100000 11101011
4.4 11011011 11100111
43 11011000 11100100
4.2 11011000 11100011
4.1 11010100 11011100
4 11010000 11010111
3.9 11001011 11010011
38 11001000 11001111
37 11000000 11001000
36 10111011 11000100
35 10110111 10111111
34 10110000 10111000
33 10101100 10110100
32 16100100 10101011
3.1 10100000 10100111
3.0 10011000 10100000
29 10010000 10011011
2.8 10001101 10010111
2.7 10000100 10001100
26 10000000 10000111
25 01111100 01111110
24 01110111
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23 01101110 01110111
22 01101010 01101111
21 01100100 01101011
20 01011011 01100100
1.9 01011000 01011100
18 01001111 01010111
L7 01000111 01001100
1.6 01000000 01000111
15 00111100 01000100
14 00111000 00111111
13 00110000 00110100
1.2 00101011 00110000
1.1 00100000 00101011
1.0 00100000 00100100
09 00011000 00011111
038 00011000 00011011
0.0 00000000 00000000

69




N5
a 4
wnasluagingel
!
'y =% a o 3 av LY 1 & ]
Tumshlsyiinuiaseldszauilymludiuves HARDWARE uaz SOFTWARE Ao ludqu
v 1 L4 b4
193 HARDWARE viuwsznevlifian 5 daniudillymasil dansssuondyapanmuiudygye
& ¢ v ' o ) o vy ¢dq Yo ¥
RGB Wuledivei v7021 mdeyabildSeiidhilamsien I8 uazgUnsaiildfussmaeon
i o (3 2 Ao @ 1 o ¥ v 4
Tudmvesnes AD  tuezlisesfiveiflymunminusszonilumsnaasscsmsizdelfinios
[} o Y g é é
LOGIC ANALYZER Famlfh1dTednfudoamitoudelandoulusunsumaneudeiinanisnaans
1] }4 1 * 3 v
awunh 4 Imsdsuvessildifosninaussau ihitloud luswdudugasumu ldadilg
eaaamdeuling memsud v I8 Tasludndide sSumefiaduaonfiunes  dagrauas
o 1 L4 4 o/ 4 L4 $ oy J 1 L
Yoyanniafesiuiviesiweudtymisosdyaas umufifadu Tuduvenssuondyau
v []
SYNCHRONOUS iuhiliflymiluntsnaassiinanmiiosnts  drunisideyadmmimesneum
L ]
v lunanies luamsavmsideyadh lduamand o 18 Tasdsuslu BIoS vesnsuiune 1%
a H n‘: / v s
wosavuuhamluTvuua BPP luduves SOFTWARE wumsuaaswalulvmia VESA Nilymidy
inTesnouRameid i iamsn oSy Inuamsvhedt 640%480+24 18 (Tvi 0x112) (¥UIRAY?
¥
AuluTdseaiih i iannsauaasnmennin 1dniudeanis
y
Tumsesnuuvluseuusmiuidmsniugumsiudinzld  SOFTWARE  ugmsvianudae
L4 v 1
SOFTWARE fiavuanuidymiamesnuesaeuiumesiau iy dosinisudlvlaolé HARDWARE
' =1 ] v o ' = @ 1 1
vwlumsauguuazius lumissanuinisuenineundataly SOFTWARE iflusadediodoyaidh

. a P 7 T e oA 'Y a g s a 9 v
U'ﬂﬂﬂﬂ“'ﬂ'ﬁmaﬂiﬁz‘Wﬁ@ﬂﬂ'lwnuuithJﬂ@\ﬁJNaﬂi'Sqﬂﬂﬂ']ﬂﬂ'ﬂllli?‘l]@\?wa77]1]']”']5')‘[1@\3@35

70



t o A YV A
HUIaDD 13083

o a a o a o o d M
e VUNA i]’li.li{]ll, “ﬂ’ﬁﬂ'm"uﬂﬂﬁﬂulﬂailﬂﬁ” ﬂ;ﬂ!.‘l’lwdl:‘mﬂﬁglﬂ‘!m,2539

1 [ a o o
o affanisadraudursesiudt , ngunwna: Fibagadu 2539
o “nuWeuTdsunsuneFdmsuiennssy” unrinedomaluladumuas  AJaMw 2539

© Richard F.Ferrado “Programmer ‘s Guide to the EGA , VGA and SVGA cards”: Addision- Wesley

Plubishing Company ,Inc ,1994
"o Phillip E. Mathision “Pratical Digital Video with Programming example in C”,1994

® Arch C. Luther “ Digital Video in the Environment .” : MaGraw-Hill ,1991

® Bradley Duck Kliewer “ EGA/VGA A Programmer’s Reference Guide » MaGraw-Hill ,1990

| o qudnd nrimudsuz « nquiuacUfd Insvien{@szuu PAL” Sidagadu 2521

J ® Nelson Johnson “ Advanced Graphics in C:Programming and Tecrnique” : McGarw -Hill, 1987

o o -] o
' o Tom Hogan “s3uteya PC dmfuTilsunsuiues » : dagadu 2521

[ S

T e gy



L

NMANUIN

dy [ dl Y o L v dl = ] gj 1 Y o ¥ €Y Y
wnanstiluenasianulidmsunisidaumenisnwivintu leugelvmiluldusslomisunise

[ 3 Q’I a gj ¥ af vou d’l ¥ ¥ a = ¥ :.JI dld o v
Lidnsdilag veau Snvienudlvidaudasionuazdotdneddisdivesenalsynasaniinisiiluly



—-

LAt ~ir

D
R22
s
R 1193 -
] _|TL_ |
= =] o —
o5 L c
X
n
] g
ok
SYNC j ]
8
Vi
-
[Tk
S Nawber Reviskoa A
: |
; A
cosaBune o p_ ) . s!vl..l_i N 3 ™ s @







_ _ 4 8
,‘/___./ me
o /.cr. 5
— ™
THESE g, TR0
<
By
Vuito by =
7
—
L .
18 K2 sk
K1
o ; ;
P s | Wi
et e Yl ¥ | He ||
s Ly CA3CES Fraa
n
= Pt A
1] o
2
3
4
s
6
7
& -
&
23 { o]
|
|
|
B
|
A
% Revision
T Sheet_of
[ DrwnBy
[ : ‘ :







e

/,
W ///i/é:
=1 \\“\\%“
N

A
s

:
)
, =

e = e oo
o 2 ’: \§: “ :‘ © 0.001uf
vsyne | 3 \ 3___1 \&&
o L2 ' N a‘r
=d P4 RAAAG ) o
N7 3
‘;.'E (W (@ ~
S . 'y - a(be
o % ~
‘gy\ &o&
%}y A/ . @Q)o
3;_'- Y \Q ™
Ya3nan



@ :»—L—ﬁ
: FLH BN e i g%ﬁ
..J =J :Z T_ .8 L.J e
Ly 7 s e
RN N :_ﬁ = %. —qu#’ﬁﬂu bt —ﬁ 'T'J o
P B ¥pag 3s=s 5AgAg W TR TR
dgeeg #2808 | Aceeq “gees [
: HEH M L L X
¥
T
: ELE- ¥ f' sapRg ssaz)s (- :j £
- dese8 i
— 4 r : g
g.
BRERS

33



LLAN%

d l

SR UL '
I-\-‘

'!'!111*:{1" n&!rﬂ"

[ vaaa] mlfm]

o Jl' |

| — -

' mnﬂ




= 3 Bl [ofafalw g
"L|‘ 00 foYo) foYo] foYel
§[oagpg sxxx | Heapgg =exa’ | Hwaggg =z | Hoaggg waxafl | Blwaggy wasaff
2 8| 8l
dge¢eq de8eR ageee 38R28 48828
[ I | L |
H’-'LF‘ il JEENE i ST R I SN
TR i
zrz2zEzREARELLRAE pEab>222R23uEER22 Z2EE>22R5%3E2ER2R
W T T
8 g § ggwgugey 8 % 3% ggzeemes A 2 8 & uguvsges 8
g il
A N Yy R
= S S
B % Ll J 3
[ CGMISERTAN
flee wsaaze p plesazzzzazz IR
ggERBEEE pgEERREE geEERERE
; S

DATA OUT TO PARALLEL PORT




< Stat

Initial VESA

Initial Control Circuit

Inport RW

Py
R

R
AR
\[T

Reset RAM Address

line=I

ine+1

Inport R,G,B

vden laozunsuuaaImMsNuYes
Tsunsamuu il xms

Display
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/// e
<# o dot 35712

dot=dot+1

dot=0, line = line +1

M

line >256
F
-

close VESA Mode

“END
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/unnunxnxan Program Testing Digital Video Capture without XMS sssxsxmssssnxswx/

#include <dos.h>

#include <stdio.h> .
#include <conio.h>

#include <stdlib.h>

#include "vesa.cpp"

void main(void)

unsigned int dot,line;
unsigned char R,G,B.Rw:
apengraph (0x112); //Initial VESA mod 640%480%24

outportb(0x378,0xff);
while(lkbhit())

//Initial Control Circuit
outportbh(port+2,0201); ~/Reset
outportb(port+2,0x05); ~//Clock+Reset
outportb(port+2,0x02); //Preset
outporth(port+2,0x06); //Clock+Preset
outportb(port+2,0200}); ~/“/not sending Reset,Preset

RW=inportbh (0x379); " sAWait for READ Mode
while ( (RW&0xz10) | =0%00)
{

RW=inporth{port+1);

outportb (port+2,0x01); ~//Reset Address of RAM
outporth (port+2,0x05);: ~/7and Load P of U7
outportb(port+2,0x00); ~/not sending Reset

for (line=D:1line<256;:line++)
for (dot=0;dot<512;dot++)

{

R=inportb (0x37B);

outportb (0x37A:;0x04);: ~/out clock for trig counter te go to
outportb(0x37A,0x00); ~//next pixel and for U7 to select R,G,B
G=inporth (0x37B):

outportb (0x374,0x04):

outporth (0x37A,0x00):;

B=inporthb (0x37B).

outportb (0x37A,0=x04):

outportb (0x37A,0x00):

direct16m(50+dot,50+1line,R,G,B);

}
}

}
Closegraph():
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Initial XMS
v
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Set handle and offset of XMS

v
Initial VESA

v
Initial Control Circuit
v
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Inport RW

RW=0
T

Reset RAM Address
Y

y

_ line=line+1 }

Inport R,A,B dot=dot+1
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i

Write line to XMS

line>256
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Read XMS 1 line
v

Display
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dot=dot+1

4

il

ine+1 } dot>512 E

Read XMS 1 line

Free XMS
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Close VESA Mode
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/ennunensnanens Program Testing Digital Video Capture with XMS swssanxs/

#include <dos.h>
#include <stdio.h>
#include <conio.h>
#include <stdlib.h>
#include "vesa.cpp"
#include "zms.cpp”

#define port 0x378

void main(void)

{

unsigned int dot=0,line=0;
unsigned char R[S512],G([512],B[512]:
unsigned char RW=1;

unsigned long of fR,offG,offB;

int handleR,handleG,handleB.i;
unsigned long step:

if(1XMSinstalled())

printf ("No installed HIMEM.SYS and EMM386.EXE"):
abort():

handleR=XMSalloc (200):
handleG=XMSalloc (200):
handleB=XMSallocg (200):

of fR=FP_OFF (& ffR);
of f3=FP_OFF (&offG) ;
of fB=FP_OFF (&of£B) ;

opengraph (0x112);

outportb (port,0xff);
outportb (port+2,0x00);

while (/kbhit ())
{
sound (1000} ; dselay(100): nosound();

outportb (port+2,0x01); ~~initial counter
outportb (port+2,0x05);
cutporth (port+2,0x02);
outportb (port+2,0x06);
outportb (port+2,0x00);

RW=inportb (port+1); . s/swait for READ Mode
while ( (RW&0x10) | =0x00)

{ RW=inportb{port+l):

}

outporth(port+2,0x01); ~/Reset Address of RAM
outportb(port+2,0x05); ~sand Load P of U7
outportb (port+2,0x00);

/RRARABRABEAREXE Rocoiyve #HEERERERENEEENERER/
for(line=0.step=0:1ine<256;line++,step+=512)

{
for{dot=0;dot<512;dot++)
{

R{dcot] = inportb(port+3):

outportb (port+2,0x04); /* CLOCK PULSE =~/

outportb (port+2,0x00);

G[dot] = inportb(port+3);

outporth (port+2,0x04); /* CLOCK PULSE »~/

cutportb(port+2,0x00):

B[dot] = inporth(port+3):
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outportb{port+2,0x04); /= CLOCK PULSE =~
outportb(port+2,0x00);

}

XMSwriteoff (R.handleR,512L, (long) (of fR+step)):
XMSwriteoff (G,handleG,512L, (long) (offG+step)):
XMSwriteoff (B,handleB,512L, (long) (offB+step)):

}

P 212231 2T 22 Display HRARRBRABEEARVERRRRRNNS

for (line=0;line<256;line++)

for(line=0,step=0;1ine<256;1line++,step+=512)
{
XMSreadoff (R,handleR,512L, (long) (of fR+step)):
XMSreadoff (G,handleG,512L, (long) (of fG+step)):
XMSreadoff (B, handleB,512L, (long) (of fB+step)):
for(dot=45,i=0;dot<468;dot++,i++)
directlém(50+i,50+1line,R{dot],G[{dot] B[dot]):

¥

XMSfree (handleR);
XMSfree(handleG);
XMSfree(handleB);
closegraph():
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#include <dos.h>
#include <bios.h>
#include <conio.h>

struct MODEinfao

{
unsigned ModeFlag:
char WinAflag:
char WinBflag:
unsigned WinGranularity:
unsigned Winsize:
unsigned WinASegment;
unsigned WinBSegment:
void far (*WinFuncPtr)():
unsigned BPL:
unsigned xres:
unsigned yres;
char Xcharsize;
char Ycharsize;
char Bitplane:
char Bitperpixel:
char Memblock:
char Memmodel ;
char Blocksize;

JVESA_info:

struct VGAinfo

{
char VESAsignature[4]:
char MajorVersion:
char MinorVersion:;
void far =*0OEMstr;
long reserved;

unsigned far *VideoModelist:

unsigned Banktotal;

char reserved2[242]:
JVESA:

int OLD_mode:;

int OLD_bank=0;
long LinearVideoRAM;
int VESA_mode;

int VESA_xline:

int VESA_page:

int VESA_frameread;
int VESA_bank:

int VESA_size:

#define VESA framewrite O

#define OK 1

#define ERR O

#define directpixel(x.y,R.G,B) \ (*Directpixel)(x.y.R.G.B)

int opengraph(int mode);
void closegraph (void):

int getbitperpix(void):
int getxres(void):

int getyres(void);

int getxline(void):

int getbanktotal (void):
int getbanksize(void):;
int getbankoff {void):

void setbankread (int bank):
void setbankwrite(int bank}:
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void putpixel(int x.,int y.int color):
void setdac(int index.int R,int G.,int B):

woid direct32k(int x.int y.,int R,int G.int B):
void direct64k(int x,int y.int R.,int G,int B):
void directlém(int x.,int y.int R,int G.,int B):

s7/7///7painter-to-function,write RGB data to VideoRAM///////// /707777777777

void (*Directpixel}(int.,int.,int.,int.int);

s/r77//7pinter-to-function, far-call bank routine///////// /07777777777 /777777

void fdr (#setbank)(void):

SISOV PSSP0/

int opengraph(int mode)
OLD_mode=peekb(0,020449); //store old mode in OLD_mode/”

_ES=FP_SEG((void far =)&VESA): sscheck VESA compatible//
_DI=FP_OFF ((void far =*)&VESA):
_AX=0x4f00:

geninterrupt (0x10):
if (_LAX != 0Ox4f) return ERR; //VESA not support//////

_ES=FP_SEG((void far #*)&ESA_info);
_DI=FP_OFF{(vaoid far =*)&VESA_info):
_CX=mode;

_AX=0x4f01;

geninterrupt (0x10);
if (_AX != 0x4F) return ERR; /Mode not support///s

s00 s s 22Tnitial DATA/ A/ /d/ i/ i/l PSS LSS S LSS )7,

VESA_mode=mode ;
VESA_xline=VESA info.BPL:
VESA_page=VESA_info.WinGranularity:

srrsssrsssssset shift value for putpiRel/ / s/ /rr/r /i i s i i/ if s S S S

switch (VESA_info.WinGranularity)
{

case 1: VESA_bank=10;
VESA_size=0x03ff;
break:

case 2: VESA_bank=11;
VESA size=0x07ff;
break:

case 4: VESA_bank=12;
VESA_size=0x0fff;
break:

case 8: VESA_bank=13;
VESA_size=0x1fff:
break:

case 16: VESA_bank=14;
VESA_size=0x3fff;
break;

case 32: VESA_bank=15;
VESA_size=0x7fff:
break:

case 64: VESA_bank=16;
VESA_size=0xffff:
break:

defult:return ERR:
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E.//////////Adjust to standard for some éard////////////////////////////////

} switch(VESA_mode)
{ case 0x110:
case 0x113:VESA_info.Bitperpixel=15;
}

GO A b8 N TS g AT VY Vo3 S 1Y I PII I I IV I I IV 0000000000

switch (VESA_info.Bitperpixel)

case 24:Directpixzel=directlém:;
break:
case l6:Directpixel=direct64k:

break;
case 15:Directpixel=direct32k:
i default:Directpixzel=direct32k:

}
setbank=VESA_info.WinFuncPtr;
V. sssss077//5et frame number for b o1\ VISP G IV I I I I IV IOV I PP P00 0P
| if {VESA info.WinAflag&2)

VESA_frameread=0;

1 else
VESA_frameread=1;

'
207002277/0p80 VESR MOAQR/ S/ /177 /P IFL SIS ILL TSI ILSTFIIS SIS SIS SIS S

4 _BX=mode;

| CaX-0xzaf02:

' geninterrupt (0x10);

if(_AX != Ox4f) return ERR: /77/Can't open video mode////

setbankwrite (0):
return OK:

}

/////////////////////////7////////////////////////////////////////////////

void closegraph(void)

_AL=0LD_mode: ss//Testore old modes//srss /s s

' _AH=0;
geninterrupt (0x10):;

/////////////////////////////////////////////////////////////////////////

! int getbitperpix(void)

{
E return (int)VESA_info.Bitperpixel:

int getxres(void)

return VESA info.xres:

i }

int getyres(void)
{

return VESA_info.yres;
}



int getxline(void)

return VESA_info.BPL:

}
int getbanktotal (void)
{
return VESA.Banktotal;
}
int getbhanksize(void)
{
return VESA info.Winsize:
}

int getbankoff (void)

return VESA_info.WinGranularity:

}

SIS LSS LSS SIS LSS S LSS SIS,

void setbankread(int bank)

_DX=bank;
_BL=VESA_frameread;
_BH=0:
{*setbank) () :

}

void setbankwrite(int bank)

_DX=bank:
_BL=VESA_ framewrite;
_BH=0:
(*setbank) ()
}

void setdac(int index.int R.int G.int B)

outportb (0x03c8, (unsigned char)index): s/7//8et Index/// /770777

outportb (0x03c9, (unsigned char)R): s7//5et 18 bit DAC/ /77
outporth (0x03c9, (unsigned char)G):;
outportb (0x03c9, (unsigned char)B):

}

SLLS LSS SIS SIS S S S S S S SSSSS7

void putpixel (int x.,int y,int color)

{
if (OLD_bank !=
((LinearVideoRAM=(long)y*(long)VESA_xline+(long)x)>>VESA_bank)
) setbankwrite (OLD_bank=LinearVideoRAM>>VESA_bank):
pokeb (VESA_info.WinASegment,LinearVideoRAMEVESA_size, (char)color):
}

LIPSO SIS S S S S SISSISESSSSSSSSLSSSSSSSSSSSAASSSS

void direct32k(int %.int y.int R,int G,int B)

{
if (OLD_bank (=
({LinearVideoRAM=(long)y*(long)VESA_xline+((long)x<<1))>>VESA_bank)
)} setbankwrite (OLD_bank=LinearVideoRAM>>VESA bank):
poke (VESA_info.WinASegment,LinearVideoRAMGVESA size,
( (R&Ox£B) <7 | ((G&OrEB<K2) 1 (B>>3)))):
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void direct6b4k{int x.,int y.int R,int G.,int B)

{

if (OLD_bank !=

{ (LinearVideoRAM=(long)y*(long)VESA_xline+{(long)x<<1))>>VESA_ bank)
) setbankwrite (OLD_bank=LinearVideoRAM>>VESA bank):
poke(VESA_info.WinASegment.LinearVideoRAMSVESA size,

{ (R&Ox£B)<<B| ((G&0xfc<<3) | (B>>3)))):

void directlém(int x,int y.int R.int G.,int B)

{

}

if (OLD_bank i=
({LinearVideoRAM=(long)y*(long)VESA_xline+((long)x*3))>>VESA_bank)
) setbankwrite (OLD_bank=LinearVideoRAM>>VESA_bank):

pokeb (VESA_info.WinASegment ,LinearVideoRAMEVESA_ size, (char)B):
pckeb (VESA_info.WinASegment ,LinearVideoRAM&VESA size+1, (char)G):
pokeb (VESA_info.WinASegment,LinearVideoRAMSVESA_ size+2, (char)R):
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#include <dos.h>

struct XMSblock

{

long nbytes:

int shandle;

long soffset:

int dhandle;

long doffset:
}:

struct XMShlock XMS_dat;

void far ((*XMSentry))(void):

sEnnenxnnunxxxs Error Code for generate USe XHEAEEARRXEXARELXREREFEXXREXANE/

int XMS_ERR:

char *XMS_E80="Functicn no implemented™\0":

char *=XMS_EB81="VDISK was detected\0";

char *XMS_E82="An A20 error occured\0":

char *XMS_EBE="A general driver error\0":

char *XMS_EBF="Unrecoverable driver error:\0":

char *XMS_E90="HMA does not exist\0":

char *XMS E91="HMA is already use\0":

char *XMS_E92="DX is less than the /HMAMIN=paramster\0";
char *XMS_E93="HMS is not allacated\0";

char #*XMS_FAQ="All extended memory is allocated\0";
char *XMS_EAl1="All available extended memory handles are allocated\0";
char #XMS_EA2="Invalid handle\0";

char *XMS_EA3="Source handle is invalid\0";

char #*XMS_EA4="Source offset is invalid\0":

char *XMS_EAS="Destination handle is invalid:\Q":;

char =XMS_EA6="Destination offset is invalid\0":

char *XMS_EA7="Length is invalid\0":

char *XMS_EA8="Move has an invalid overlap\0":

char *XMS_EA9="Parity error occured\0";

char *XMS_EAA="Block is not locked\0":

char *XMS_EAB="Block is not locked\0":

char #XMS_EAC="Block lock count overflowed\D";

char *XMS_EAD="Lock failed\0":

char *XMS_EBO="Only a smaller UMB is available\0":

char *XMS_EB1="No UMB's are available\(0":

char *XMS_EB2=-"UMB segment number is invalid\0":

char #XMS_E00="No error occured\0":

char #=XMS_EFF="Invalid error code,Error code is not known\0":

/EEREERRREREEXAEEXERAXEER Doclaration Sechion 6% 59863565 5 5 365 5 3603 39 3696 36 36 3 36963696 3 %6 6 K/

char far *XMSerr(void);

int XMSinstalled (void):;

int XMSleftecon (void):

int XMSleftall (void):

int XMSalloc (int Kbyte):
unsigned long XMSlock(int handle):
int XMSunlock(int handle):

int XMSfree(int handle}:

int XMSrealloc(int handle,int newsize):

int XMStransfer(struct XMShlock =XM):

int XMSread (void far #str.int handle.long n):
int XMSwrite(void far *str.int handle,long n):

int XMSreadoff (void far =*str,int handle,long n.,long offset):
int XMSwriteoff (void far =str,int handle,long n,long offset);
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char far *XMSerr(void)

switch (XMS_ERR)
{
case 0z00:return XMS_E00:
case 0x80:return XMS_EB80:
case 0x8l:return XMS_E81;
case 0x82:return XMS_E82;
case 0xBe:return XMS_EBE:
case 0x8f:return XMS_ESF:
case 0x90:return XMS_E90:
case 0x91:return XMS_E91:
case 0x92:return XMS_E92:
case 0x93:return XMS_ES3:
case Oxal:return XMS_EAO:
case Ozal:return XMS_EAl:
case 0OxaZ:return XMS_EAZ:
case 0xa3:return XMS_EA3:
case Oxa4d:return XMS_EA4;
case 0OxaS:return XMS_EAS:
case OxatG:return XMS_EAb:
case 0Oxa7:return XMS_EA7:
case 0Oxa8:return XMS_EAS:
case 0xa9:return XMS_EAQ9;
case Oxaa:return XMS_EAA;
case Ozxab:return XMS_EAB:
case Oxac:return XMS_EAC:
case Oxad:return XMS_EAD:
case (Oxb0:return XMS_EBO:;
case 0xbl:return XMS EB1:
case 0xb2:return XMS_EB2:

}
return XMS_EFF:
}

/3 33 36 36 36 336 363 36 3 36 3 36 I 9696 36 IE 696 3 26 I6 36 36 336 36 I 36 3 96 I I 36 36 36 96 IE I I6 I I 36 3 636 36 I 96 I 36 IF I 26 I I IE I 36 6 I 3¢ I IE I I XWX

int XMSinstalled{void)

{
void *int2f;
int2f=(void =)getvect (0x2f):
if ({(unsigned long)int2f)==0x00000000UL || (*(char far #)int2f)=='\xcf')
return 0:
_AX=0x4300; s/7Bsk for Version of HIMEM.SYS
geninterrupt (0x2f);
if (_AL!=0x80) s71f it”s installed it”11 return §0h
return 0:
else
_AX=0x4310; //Request for pointer to extend memory service
geninterrupt (0x2f);
XMSentry=(void far (*)()) MEK_FP(_ES,_BX):
sA%hen we request Int 2Fh Function 43h Subfunction 10h
s/7it"11 give back Segment value to Register ES and Offset value
/7ta Register BX
}
XMS_ERR=0;
return 1;
}
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int XMSleftcon(void) //Reporting memory that left in system
{

register int temp:

_AH=0x08; //Find out extend memory left in system
{(*XMSentry) ():

temp=_AX:

XMS_ERR=_BL:

return temp:

}

/*******’&*E***ﬁi*l*********************l-l**{**II*II**“*-‘iﬁ**i******l**l*!iﬁ/

int XMSleftall {void)

{
_AH=0x08;
{*XMSentry) ()
XMS_ERR=_BL:
return _DX:

}

/*-I--l*!-«l-******INI-********l*****’*************]‘*****I**i**l***'****************/

int XMSalloc(int Rbyte) //Reserve memory for the value we want (in kbyte)

_DX=Kbyte; //5ize of memory we want (in kbyte)
_AH=0x09; //Reserve the memory
(*XMSentry) ():
if (_AX==0)

XMS_ERR=_BL:

return 0; //1f AX=0 then can not reserve

7//1f AX=1 then can reserve
}

XMS_ERR=0;
return _DX: //Handle value of reservable memory

}

/-!!*l*******'iI**********i-‘********l*****l****I-*I-************Iﬂl&**iﬁ*l******/

unsigned long XMSlock(int handle)

_DX=handle;
_AH=0x0c: //Locking the memory
(#XMSentry) ():
if (_AH==0)

XMS_ERR=_BL;

return OUL; /7/1f AX=0 then can’t lock position of memory

</1f AX=1 then can lock position of memory
}

return(unsigned long)MK_FP(_DX,_BX):
#/DX:BX = Position value of the first linear memory that it can lock

}

/*****llﬁi*li**&**il-*******l*l****i**********I-I-***I-I**************{*******I—*/

int XMSunlock(int handle) //Release locking memory

{

register int temp:

_DX=handle; /s/Handle value of memory that want to release
_AH=0x0d ;
(*XMSentry) ():
temp=_AX:
XMS_ERR=_BL:
return temp: /s/1f AX=0 then can not release memory
/71f AX=1 then can release memory

}

/**&****l-l**!l»*********l*lI*!i***Il****’*i**************l*l***I—********!&***/
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int XMSfree(int handle) //Return the memory
{

register int temp:

_DX=handle; #/Handle value of memory that give back
_AH=0x0a;

(*XMSentry) ():

temp=_AX:

XMS_ERR=_BL:;

return temp: //1f AX=0 then can not return
/s1f BX=1 then can return

/*IE!***'*!I*******l****'I*********{-****!******l**il*l’*iili**l*i***l***!&'I*II-/

int XMSrealloc(int handle,int newsize)

{
register int temp:
_BX=newsize;
_DX=handle;
_AH=0x0f ;
(#XMSentry) ()
temp=_AX;
XMS_ERR=_BL:
return temp:
}
/**«l**l*lﬂl***l*-l'***************i*l********i*************!***i****i***i******/
int XMStransfer(struct XMSblock #*XM) //Transfer data between different
7//type of memory
{
register int temp:
_DS=FP_SEG(XM): //First position of memory for
_SI=FP_OFF (XM): //8truct XMSblock{
_AH=0x0b: s long nbytes:
(*XMSentry) () Vo4 int shandle;
temp=_AX; V4 long soffset;
XMS_ERR=_BL: Vs int dhandle;
return temp: Vo4 long doffset;
Vo4 }:
}

/-I"Iv*l**il***I***l*****!*********l*****!I-**********l****!l**l*l’****l****l&l*/

int XMSread{void far *str.int handle,long n)

{

XMS_dat.nbytes=(unsigned long)((n>>1)¥<1); .~/ Define number of data that
sswant to transfer

XMS_dat.shandle=handle;

XMS_dat.sof fset={unsigned long)0: //0ffset=Position of linear memory
#7in the first 1 Mbyte

XMS dat.dhandle=0; //Handle=0 means memory that want
7/7to contact in the first 1 Mhyte

XMS_dat.doffset=(unsigned long)str:

return XMStransfer (&XMS_dat):

/*********I‘*!l*****ii***i*******&******************li*****{***l***********I*/

' int XMSwrite(void far *str,int handle.long n)

{
XMS_dat .nbytes=(unsigned long){(n>>1)<<1);
XMS_dat.shandle=0;
XM5_dat.soffset=(unsigned long)str:
XMS_dat.dhandle=handle;
XMS_dat.doffset=(unsigned long)0;
return XMStransfer (&XMS_dat):



/**i!**“iﬁ***i*l*il****’*l—***********I*&*****!****I***i******‘!*************/

{

}

int XMSreadoff (void far =str.int handle.long n,long offset)

XMS_dat.nbytes=(unsigned long)((n>>1)<<1);
XMS_dat.shandle=handle:;

XMS_dat .sof fset=(unsigned long)offset;
XMS_dat .dhandle=0;
XMS_dat.doffset=(unsigned long)str;
return XMStransfer(&XMS_dat):

/*ili***'***!l**‘*I-I-***I--II'***I!I*i*i****!’***’*****I-**********5*************/

{

}

int XMSwriteoff (void far *str,int handle.long n,long offset)

XMS_dat.nbytes=(unsigned long)((n>>1)<<1):
XMS_dat.shandle=0;
XMS_dat.soffset=(unsigned long)str:
XM3_dat.dhandle=handle;
XMS_dat.doffset=(unsigned long)offset:
return XMStransfer(S&XMS_dat):

/i**‘!**l*****l****l****&****l***************!******ﬁ****l**’l****'l*!******/
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t #include <dos.h>
#include <bios.h>
#include <conio.h>

* struct MODEinfo

{
unsigned ModeFlag;
char WinAflag;
char WinBflag;

—

unsigned WinGranularity;
unsigned Winsize;
unsigned WinASegment;
unsigned WinBSegment;

' void far (*WinFuncPtr)();
unsigned BPL;
unsigned xres;

I unsigned yres;
char Xcharsize;
char Ycharsize;
char Bitplane;

{ char Bitperpixel;
. char Memblock;
char Memmodel;

char Blocksize; !
+ )VESA_info;
struct VGAinfo
{
char VESAsignature[4];

§ char MajorVersion;

N char MinorVersion;

, void far *QEMstr;

} long reserved;

i unsigned far *VideoModeList;
unsigned Banktotal;
char regerved2[242];

{ }VESA;

-

+» int OLD_mode;
int OLD_bank=0;
long LinearVideoRAM;
int VESA_mode;

¢ int VESA_xline;
int VESA_page;

" int VESA_frameread;
int VESA_bank;

{ int VESA_size;

#define VESA_framewrite O
#define OK 1
#define ERR O

int opengraph{int mode);
: void closegraph(void);

* int getbitperpix(void);
int getxres(void);

int getyres(void);

int getxline(void);

int getbanktotal(void);
int getbanksize(void);
int getbankoff(void);

Rak]

void getbankread(int bank);
void setbankwrite(int bank);

void putpixel(int x,int y,int color);
void setdac(int index,int R,int G,int B);



i

¥

#define directpixel(x,y,R,G,B) \ (*Directpixel)(x,y,R,G,B)
' void direct32k(int x,int y,int R,int G,int B);
void direct64k(int x,int y,int R,int G,int B);
void directiém(int x,int y,int R,int G,int B);

//////pointer-to-function,write RGB data to VideoRAM////////////
b void (*Directpixel)(int,int,int,int,int);

//////pinter-to-function, far-call bank routine////////////1/1///
f void far (*setbank)(void);

¥

JIVLTITIIIITEEILILLLIILI2000770000007070000000087107000070171117
int opengraph(int mode)
L §

OLD_mode=peekb(0,0x0449); //store old mode in OLD_mode//

_ES=FP_SEG((void far *)&VESA); //check VESA compatible//
_DI=FP_OFF((void far *)&VESA);
_AX=0x4£00;

% geninterrupt(0x10);
if (_AX I= 0x4f) return ERR; //VESA not support//////

i _ES=FP_SEG({void far *)&VESA_info);
_DI=FP_OFF((void far *)&VESA_info);

¢ _CX=mode;

; _AX=0x4£01;

geninterrupt(0x10);
if(_AX I= 0x4F) return ERR; //Mode not support////

[171777777/77/xnitial DATA////1/1111117000101070177177711011717
VESA_mode=mode; \
VESA_x1line=VESA_info.BPL;
VESA_page=VESA_info.WinGranularity;

B B % T

L

[///111/////set shift value for putpixel//////////[//1111/1/
switch(VESA_info.WinGranularity)

-

case. 1: VESA_bank=10;

. ’ VESA_size=0x03ff;

i break;

case 2: VESA_bank=11;
VESA_size=0x07ff;
break;

case 4: VESA_bank=12;
VESA_size=0x0£fff;
break;

case 8: VESA_bank=13;
VESA_size=0x1fff;
break; .

. case 16: VESA_bank=14;
VESA_size=0x3fff;
break;

case 32: VESA_bank=15;
VESA_size=0xX7fff;
.break;

case 64: VESA_bank=16;
VESA_size=0xffff;
break;

defult:return ERR;

T W
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v//////////Adjust to standard for some card//////////1///

13

b

- W wmen e

L )

L

switch(VESA_mode)
{ case 0x110:

case 0x113:VESA_info.Bitperpixel=15;
}

////1/////set pointer-to-function///////////111117/1/171171117
switch(VESA_info.Bitperpixel)

{
case 24:Directpixel=directlém;

break;
case l6:Directpixelx=directé64k;
break;
case 15:Directpixel=direct3zk;
default:Directpixel=direct32k;

}
setbank=VESA_info.WinFuncPtr;

/////1////set frame number for read/////////11//771771111/171/
if(VESA info.WinAflags2)
VESA_frameread=0;
else
VESA_frameread=1;

///géigééé?pen VESA mode////i////////////////////////////////
AX=0x4f02;
geninterrupt(0x10);
if(_AX I= 0x4f) return ERR; ////Can't open video mode////

setbankwrite(0);
return OK;

void closegraph(void)
_AL=OLD_mode;  ////restore old mode/////////

_AH=0;
geninterrupt(0x10);

}
int getbitperpix(void)
return(int)VESA_info.Bitperpixel;
}
int getxres(void)
return VESA_info.xres;
}
int getyres(void)
return VESA_info.yres;
}
int getxline(void)
{
}

return VESA_info.BPL;
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)

int getbanktotal(void)

return VESA.Banktotail;

' int getbanksize(void)

{
}

return VESA_info.Winsize;

E;.nt getbankoff(void)

}

return VESA_info.WinGranularity;

void setbankread(int bank)

"}

i

K

3
13
k

]
3

_DX=bank;

_BL=VESA_frameread;
_BH=0;
(*setbank)();

void setbankwrite(int bank)

{

_DX=bank;
_BL=VESA_framevwrite;
_BH=0;

(*setbank)();

}
void setdac(int index,int R,int G,int B)
{

outportb(0x03c8, (unsigned char)index); ////8et Index////1/11/

outportb(0x03¢9, (unsigned char)R); ////set 18 bit DAC/////
outportb(0x03c¢9, (unsigned char)G);
outportb(0x03¢9, (unsigned char)B);

i
LIITLILTII7 000000700070 000 00800000017 7010700001777771117117717117

void putpixel(int x,int y,int color)

if (OLD_bank !=
((LinearVideoRAM=(long)y*(long)VESA_xline+(long)x)>>VESA_bank)

) setbankwrite(OLD_bank=LinearVideoRAM>>VESA_bank);
pokeb(VESA_info.WinASegment,LinearVideoRAM&VESA_size, (char)color);

void direct3zk(int x,int y,int R,int G,int B)

{

if (OLD_bank [=
((LinearVideoRAM=(1long)y*(long)VESA_xline+((long)x<<1))>>VESA_bank)
) setbankwrite(OLD_bank=LinearVideoRAM>>VESA_bank);
poke(VESA_info.WinASegment,LinearVideoRAM&VESA _size,
((R&Oxf8)<<7]((G&Oxf8<<2)](B>>3))));



*void direct64k(int x,int y,int R,int G,int B)
{
: if (OLD_bank I=
((LinearVideoRAM=(long)y*(long)VESA_xline+( (long)x<<1))>>VESA_bank)
H ) setbankwrite(OLD_bank=LinearvVideoRAM>>VESA_ bank);
! poke(VESA_info.WinASegment,LinearVidecRAMSVESA_size,
y ((R&0x£8)<<8| ((G&0xfc<<3) [ (B>>3))));

¥

i void directiém(int x,int y,int R,int G,int B)

{
if (OLD_bank !=
((LinearVideoRAM=(long)y*(long)VESA_xline+((long)x*3))>>VESA_bank)
) setbankwrite(OLD_bank=LinearVideoRAM>>VESA_bank);
pokeb(VESA_info.WinASegment,LinearVideoRAM&VESA_size, (char)B);
pokeb(VESA_info.WinASegment,LinearVideoRAM&GVESA_gize+l, (char)G);
pokeb(VESA_info.WinASegment,LinearVideoRAM&VESA_size+2, (char)R);

}

' void main()

int x,y,r,g,b;

r=0;

g=0;

b=0;

opengraph{0x111);
. wvhile(lkbhit())

{
E for (r=0;r<256;r=r+10)
for (x=1;x%x<639;x++)
y for (y=1;y<479;y++)’

{

//direct32k(x,¥,r,d,b);
//direct64k(x,y,r,q,b);
directlém(x,y,r,qg,b);

¢ //r=r+10;

b=r+20;

g=b+20;

}
//getchQ)au
closegraph();

LT
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CA3318C

CMOS Video Speed
8-Bit Flash A/D Converter

Features

. CMbS Low Power with SOS Speed (150mW Typ.)
» Parallel Conversion Technique

* 15MHz Sampling Rate (67ns Conversion Time)

+ 8-Bit Latched Tri-State Output with Overflow Bit
* +1 L.SB Accuracy (Typ.)

* Single Supply Voltage (4V to 7.5V)

* 2 Units in Series Allow 9-Bit Output

« 2 Upim in Paralle! Allow 30MHz Sampling Rate

Applications

* TV Video Digitizing (Industrial/Security/Broadcast)
* High-Speed A/D Conversion

+ Ultrasound Signature Analysis

* Trapsient Signal Analysis

* High Energy Physics Research

. Hiéh Speed Oscilloscope Storage/Display
* General Purpose Hybrid ADCs

. Opiical Character Recognition

* Radar Pulse Analysis

* Motion Signature Analysis

* uP Data Acquisition Systems

Description

The CA3318C is a CMOS parallel (FLASH) analog-to-digital
converter designed for applications demanding both low
power consumption and high speed digitization.

The CA3318 operates over a wide full scale input voltage
range of 4V up to 7.5V with maximum power consumption
depending upon the clock frequency selected. When oper-
ated from a 5V supply at a clock frequency of 15MHz, the
typical power consumption of the CA3318 is 150mW.

The intrinsic high conversion rate makes the CA3318 ideally
suited for digitizing high speed signals. The overflow bit
makes possible the connection of two or more CA3318s in
series to increase the resolution of the conversion system. A
series connection of two CA3318s may be used to produce a
9-bit high speed converter. Operation of two CA3318s in par-
allel doubles the conversion speed (i.e., increases the sam-
pling rate from 15MHz to 30MHz).

256 paralieled auto balanced voltage comparators measure
the input voltage with respect to a known reference to pro-
duce the parallel bit outputs in the CA3318.

255 comparators are required to quantize all input voltage
levels in this 8-bit converter, and the additional comparator is
required for the overflow bit.

Ordering Information
PART NUMBER LINEARITY (INL) SAMPLING RATE TEMPERATURE RANGE PACKAGE
CA3318CE +1.5LSB 15MHz (67ns) -40°C to +85°C 24 Lead Plastic DIP
CA3318CM +1.5LSB 15MHz (67ns) -40°C to +85°C 24 Lead Plastic SOIC
CA3318CD +1.5LSB 15MHz (67ns) -40°C to +85°C 24 Lgad Ceramic DIP
Pinout
CA3318C (PDIP, CDIP, SOIC)
TOP VIEW
(LSB) B1 E [24] VA4 + (ANA. SUP)
B2 [2] 23] 3/4R
B33 22 VRee+
B4[a 121] Vin
B5|5 120] p
I G ] PHASE
B7{7 CLK
(msB) B8 [7] Vaa- (ANA. GND)
v OVERFLOW [ 3] Vin
1/4R [io] VRer-
, (DIG. GND) Vss [11 CE1
(DIG. SUP) vwé 73] CE2

CAUTIOPi: These devices are sensitive to electrostatic discharge. Users should foliow proper I.C. Handling Procedures.
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Functional Block Diagram

Yaxy ANALOG Voo
‘ 22 o1 o1 g1 21 B2 21 DIGITAL
24— suppLY suppty —112]
Vin 4 TRI-
OUTPUT  STATE
REGISTER DRIVERS OVER-
VRer} 4, R J, COUNT FLOW
256
E(LA,A,A, : D Q D Q N 0 a j—@]
CAB
¢ #256 g BIT 8
R=20% LATCH LATCH MSB
t 3 1 256 | P 256 (MS8B)
\ ) D a 8 |
ENCODER
"'QQ_ LoGIC | $—f CLK
. . c?g;n ARRAY
YREF ¥ b a b Q BIT7
E-w—y : #1493 oa
=7Q b CLK
> =2 -
. $r LATCH LATCH BIT6
. -0 b q
COUNT
{ >3 129 b oLk | |
REF ¥ 1 -0 a D a -
2 CAB BITS
@—‘Wv—t \ #129
=300 DQ
, 3k *rarcu| 1] arch ] oLk
qb
' 4,.@ BIT4
::R COsléNT DQ
4,REF ¥ ¢ D Q D Q > CLK
. 4 CAB o
x40 Q@" #65 BIT3
i 2k ™ Larcn] T Latck p
Vin 2 S CLK
16 ®_ ]
[€] COUNT BIT 2
RE2KS ¢ D Q b af—
yR=4RE » DQ
VReF- A 1 CAB
[ 0oTE Lo
1 COMPARATOR #1 LATCH LATCH BIT 1
, 1R e 11 (LSB)
!
D
! =850K Q
3 VA'AY N CLK )
CcLOEK —————» 1 (AUTO BALANCE)
PHASE &5
=] | B2 (SAMPLE UNKNOWN)
LC L3
Vaa-
ANALOG CE2
- GND NOTE 1. CASCADED AUTO BALANCE (CAB)
£
Vss
DIGITAL
oup 111
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Specifications CA3318C

L

Absolute Maximum Ratings

DC Supply Voltage Range (Vpp ofr Vaa+). - oo ... ... -0.5V to +8V
(Referenced to Vgg or Vaa- Terminal, Whichever is More
Negative)

Input Voltage Range

CE2andCET ..................... Vaa- 0.5V to Vpp + 0.5V
Clock, Phase, Vgee-, o Ref. . ..... .. Vaa- -0.5V to Vyu+ + 0.5V
Clock, Phase, Vgge-, 4Ref. . ........ Vgg- 0.5V to Vppp + 0.5V
Vine MM REF, Vet .. .. ... ... Vaa- -0.5V to Vpu- + 7.5V
Output Voltage Range, . .. ......... «...Vgg-0.5Vto Vpp + 0.5V
Bits 1-8, Overflow (Outputs Off)
DCinputCurrent ......... ..o, +20mA
Clock, Phase, CE1, CE2, V, Bits 1-8, Overflow
Operating Voltage Range (Vpp or Vaa#+) ...... 4V Min to 7.5V Max
Recommended Vaa+ OperatingRange .. ............. Vop 1V
Recommended Vu- Operating Range ............... Vg 1V
Storage Temperature Range ................. -65°C to +150°C
Lead Temperature (Soldering 10s). ................... +265°C

Thermal Information

Thermal Resistance 64a 0,c
Ceramic DIP Package............... 58°C/W  11°C/W
PlasticDIP Package ................ 60°C/W -
Plastic SOIC Package . .............. 75°C/W -

Maximum Power Dissipation. . ........................ 0.67W

Operating Temperature Range (Tn) .........:...-40°C to +85°C

Junction Temperature
CeramicPackage ....................ciiinnn.. +175°C
PlasticPackage.............. ... . ... +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage fo the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Electrical Specifications At +25°C, Vyu+ = Vipp = 5V, Vger+ = 6.4V, Vg - = Vaa- = Vs, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified.

PARAMETER | TEST CONDITIONS [ mN | TYP | MAX | UNITS
SYSTEM PERFORMANCE
Resolution 8 - - Bits
Integral Linearity Error - - +1.5 LsB
Differential Linearity Error - - +1,-0.8 LSB
Offset Error, Unadjusted Vin = Vrer- + 1/2LSB -0.5 45 6.4 LsSB
Gain Error Unadjusted Vin = Vgept - 172 LSB -1.5 0 1.5 LsB
DYNAMIC CHARACTERISTICS
Maximum Input Bandwidth (Note 1) CA3318C 25 5.0 - MHz
Maximum Conversion Speed CLK = Square Wave 15 17 - MSPS
Signal to Noise Ratio (SNR) Fs = 15MHz, fiy = 100kHz - 47 - dB
- RMS Signal Fg = 15MHz, fiy = 4MHz N 43 - dB
RMS Noise
Sigpal to Noise Ratio (SINAD) Fs = 16MHz, fjy = 100kHz - 45 - ds
=___ RMSSignal Fs = 15MHz, fiy = 4MHz - 35 . - dB
RMS Noise+Distortion
Total Harmonic Distortion, THD Fg =15MHz, fjy = 100kHz - -46 - dBc
. Fg = 15MHz, fyy = 4MHz - -36 - dBc
Effective Number of Bits (ENOB) Fg = 15MHz, fiy = 100kHz - 7.2 - Bits
Fs = 16MHz, fijy = 4MHz - 55 - Bits
Differential Gain Error Unadjusted - 2 - %
Differential Phase Error Unadjusted - 1 - %
ANALOG INPUTS
Full Scale Range, Vyy and (Vreet) - (Vrer-) Notes 2, 4 4 - 7 v
Input Capacitance, Vy - 30 - pF
Input Current, Vi, (See Text) Viy = 5.0V, Vgget = 5.0V - - 35 mA
REFERENCE INPUTS
Ladder Impedance | | 270 | s00 | 80 | a
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Specifications CA3318C

Electrical Specifications At+25°C, Vyu+ = Vipp = 5V, Vge+ = 6.4V, Vger - = Vaa- = Vs, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified. (Continued)

PARAMETER | TEST CONDITIONS | MIN | TYP | MAX | UNITS
DIGITAL INPUTS

Low Level Input Voltage, Vg, -

CE1, CE2 Note 4 - - 0.2Vpp v

Phase, CLK Note 4 - - 0.2Vpa \
High Level Input Voltage, V|

CE1, CE2 Note 4 0.7Vpp - - Y

Phase, CLK Note 4 0.7Van - - v
Input Leakage Current, I; (Except CLK Input Note 3 - +0.2 +5 pA
Input Capacitance, C, - 3 - pF
DIGITAL OUTPUTS
Output Low (Sink) Current Vo =0.4V 4 10 - mA
Output High (Source) Current Vo =4.5V 4 -6 . mA
Tri-State Output Off-State Leakage Current, lgz - 0.2 5 pA
Outgug Capacitance, Cq - 4 - pF
TIMING CHARACTERISTICS
Auto Balance Time (¢1) 33 - oo ns
Sample Time (¢2) Note 4 25 - 500 ns
Aperture Delay - 15 - ns
Aperture Jitter = 100 - ps
Datg Valid Time, Tp Note 4 - 50 65 ns
Data Hold Time, Ty Note 4 \ 25 40 - ns
Output Enable Time, Tgy - 18 - ns
Output Disable Time, Tpg - 18 - ns
POWER SUPPLY CHARACTERISTICS B
Devijce Current (Ipp + 15) (Excludes Iggg) Continuous Conversion (Note 4) - 30 60 mA

Auto Balance (¢1) - 30 60 mA
NOTES:

1. Afull scale sine wave input of greater than F¢ oci/2 or the specified input bandwidth (whichever is less) may cause an erroneous code.
The -3dB bandwidth for frequency response purposes is greater than 30MHz.

2. Viy (Full Scale) or Vgep+ should not exceed Vy,+ + 1.5V for accuracy.

3. The clock input is a CMOS inverter with a 50kQ feedback resistor and may be AC coupled with 1Vp_p minimum source.

4. Parameter not tested, but guaranteed by design or characterization.

Timing Waveforms

COMPARATOR DATA IS LATCHED DECODED DATA IS SHIFTED

TO QUTPUT REGISTERS

CLOCK (PIN 18)
IF PHASE (PIN 19)
IS LOW
¥
CLOCK IF SAMPLE AUTO SAMPLE
PHASE IS HIGH N BALANCE N+2

]
FXOXXCE XXX

FIGURE 1. INPUT TO OQUTPUT TIMING DIAGRAM
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Timing Waveforms (Continued)
4

b

CE1 '
] J N

CE2

—e]

Tois

Ten
e}
b Tpis Ten

£ BITS1-8 DATA DATA DATA
HIGH HIGH
IMPEDANCE IMPEDANCE
HIGH
IMPEDANCE

FIGURE 2. OUTPUT ENABLE TIMING DIAGRAM

o owm

AUTO
BALANCE

AUTO
BALANCE

SAMPLE
N+1

SAMPLE
N

CLOCK

50ns
MIN

25ns
MIN

NO MAX 25ns
LiMIT MIN

DATA ]’(
'

FIGURE 3A. STANDBY IN INDEFINITE AUTO BALANCE (SHOWN WITH PHASE = LOW)

. AUTO AUTO
BALANCE BALANCE
CLOCK SAMPLE SAMPLE SAMPLE
N N+1 N+2
500ns 25ns
MAX MIN TYP
f DATA DATA
' DATA X N1 N

FIGURE 3B. STANDBY IN SAMPLE (SHOWN WITH PHASE = LOW)

t FIGURE 3. PULSE MODE OPERATION
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Typical Performance Curves

¥
i

40 28
1} \
35 .
E 27
3
30
_ - 26
« Lo
- z N
8 / 8 \
o = 25
i g \\
18 ' 24 \
10
0 10 20 30 8% 25 0 25 50 75 100
Fg (MHz) TEMPERATURE (°C) ~
3
FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY FIGURE 5. DEVICE CURRENT vs TEMPERATURE
8.0 1.00
E7 | Fg = 15MHz, Fy = 1MHz Fg = 15MHz
78 0.90
H
7.6 0.80
74 % 0.70
— R0 -
% 7.2 r 060 33 INL e
o 70 g 0.50 —
] Z
Z 58 2 o4
4
6.6 0.30
g DNL
5.4 0.20
6.2 0.10
80 30720 10 0 10 20 30 40 50 B0 7080 80 040736726 40 0 10 20 30 40 50 80 70 80 80
TEMPERATURE (°C) TEMPERATURE (°C)
FIGURE 6. ENOB vs TEMPERATURE FIGURE 7. NON-LINEARITY vs TEMPERATURE
’
1.20
fos 100 (= Tommz
: 1.80 ;
0.96 / \
_ g 1.60
2 b4 / D 440 \
4, INL/ 3 " \
r 4n > 120
Z 0.0 & N
< v 1.00 INL
g ] b W
S5 048 £ o.s0 -
z 1] 1
o 036 3 o060 \ k
z DNL z \ p—
0.24 0.40 [ ——— DNL
0.12 0.20
0 0
0 3 10 15 20 25 h Y > 3 7y 5 3 7
, Fs (MHz) Vrer (V)
FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY FIGURE 9. NON-LINEARITY vs REFERENCE VOLTAGE
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4
Typical Performance Curves (Continued)

8.0
. 7.6
7.2 uFg = 15MHz
6.8 |—T™ .
o 6.4
/2]
= 5o
—~
il 5.6 \
5.2 —
48
4.4
4.0
00 05 10 15 20 25 3.0 35 40 45 50
Fi (MH2)
FIGURE 10. ENOB vs INPUT FREQUENCY
Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME DESCRIPTION CE1 CE2 B1-B8 OF
1 B1 Bit 1 (LSB) Output Data Bits 0 1 Valid Valid
2 B2 Bit 2 (High = True) 1 1 Tri-State Valid
3 B3 Bit 3 X 0 Tri-State Tri-State
4 B4 Bit 4 X = Don't Care
5 B5 Bit 5
6 B6 Bit6 Theory of Operation
7 B7 Bit 7 A sequential parallel technique is used by the CA3318 con-
8 B8 Bit 8 (MSB) verter to obtain its high speed operation. The sequence con-
) OF Overfiow sists of t:1e “Auto-Balance” phase, q31, ?nq the “Sample
1 - DT Unknown” phase, ¢2. (Refer to the circuit diagram.) Each
10 /4R Ry{Agnag)adder 7, PRIM conversion takes one clock cycle*. With the phase control
11 Vss Digital Ground (pin 19) high, the “Auto-Balance” (¢1) occurs during the high
12 Voo Digital Power Supply, +5V period of t_he clock cycle‘, and the “Sample Unknown” (¢2)
13 CEs Tr-State Output Enable Input, Active occurs during the low period of the clock‘cycle.
Low, See Truth Table. * The device requires only a single phase clock The terminology of *
14 CE1 Tri-State Output Enable Input Active ¢1 and ¢2 refers to the high and low periods of the same clock.
High. See Truth Table. During the “Auto-Balance” phase, a transmission switch is
15 Veer- Reference Voltage Negative Input used fo connect 'each of_ the first set of 256 commutating
fl - capacitors to their associated ladder reference tap. Those
16 Vin Analog Signal Input tap voltages will be as follows:
i Yas ] Analog Sround Viap (N) = [(N/256) Vee] - (1/512) Vger]
TAP = REF} ~ REF.
19 PHASE Sample clock phase contro! input.
When PHASE is low, “Sample Un- Where:
known” occurs when the clock is low V1ap (n) = reference ladder tap voltage at point n.
and “Autr? Balance” occurs when the VRer = voltage across Vggg- to Vggp+
clock is high (see text). N = tap number (1 through 256)
20 LR Reference Ladder Midpaint . . .
2 : adder idpoin The other side of these capacitors are connected to single-
21 Vin Analog Signal Input stage amplifiers whose outputs are shorted to their inputs by
22 Vger+ Reference Voltage Positive Input switches. This balances the amplifiers at their intrinsic trip
23 3R Reference Ladder 3/, Point points, which is approximately (Vaa+ - Vaa-)/2. The first set
Y Vi Analog Power Supply. 75V of capacitors now charges to their associated tap voltages.

6-37




CA3318C

At thg same time a second set of commutating capacitors
and amplifiers is also auto-balanced. The balancing of the
second-stage amplifier at its intrinsic trip point removes any
tracking differences between the first and second amplifier
stages. The cascaded auto-balance (CAB) technique, used
here, increases comparator sensitivity and temperature
tracking.

In the “Sample Unknown” phase, all ladder tap switches and
comparator shorting switches are opened. At the same time
Vin is' switched to the first set of commutating capacitors.
Since the other end of the capacitors are now looking into an
effectively open circuit, any input voltage that differs from the
previous tap voltage will appear as a voltage shift at the
comparator amplifiers. All comparators that had tap voltages
greater than Vi will go to a “high” state at their outputs. All
comparators that had tap voltages lower than V) will goto a
“low” state.

The status of all these comparator amplifiers is AC coupled.
through the second-stage comparator and stored at the end
of this phase (¢2) by a latching amplifier stage. The latch
feeds a second latching stage, triggered at the end of ¢1.
This delay allows comparators extra settling time. The status
of the' comparators is decoded by a 256 to 9-bit decoder
array, and the results are clocked into a storage register at
the end of the next ¢2.

A 3-stage buffer is used at the output of the 9 storage regis-
ters which are controlled by two chip-enable signals. CE1
will independently disable B1 through B6 when it is in a high
state. CE2 will independently disable B1 through B8 and the
OF byffers when it is in the low state.

To facilitate usage of this device, a phase control input is pro-
vided which can effectively complement the clock as it enters
the chip.

Continuous-Clock Operation

One complete conversion cycle can be traced through the
CA3318 via the following steps. (Refer to timing diagram.)
With the phase control in a “low” state, the rising edge of the
clock ‘input will start a “sample” phase. During this entire
“high” state of the clock, the comparators will track the input
voltage and the first-stage latches will track the comparator
outputs. At the falling edge of the clock, all 256 comparator
outputs are captured by the 256 latches. This ends the “sam-
ple” phase and starts the “auto-balance” phase for the com-
parators. During this “low” state of the clock, the output of the
latches settles and is captured by a second row of latches
when the clock returns high. The second-stage latch output
propagates through the decode array, and a 9-bit code
appears at the D inputs of the output registers. On the next
falling edge of the clock, this 9-bit code is shifted into the out-
put registers and appears with time delay tp as valid data at
the output of the tri-state drivers. This also marks the end of
the next “sample” phase, thereby repeating the conversion
process for this next cycle.

Pulse-Mode Operation

The CA3318 needs two of the same polarity clock edges to
complete a conversion cycle: If, for instance, a negative
going clock edge ends sample “N”, then data “N” will appear
after the next negative going edge. Because of this require-
ment, and because there is a maximum-sample time of
500ns (due to capacitor droop), most pulse or intermittent
sample applications will require double clock pulsing.

If an indefinite standby state is desired, standby should be in
auto-balance, and the operation would be as in Figure 3A.

If the standby state is known to last less than 500ns and low-
est average power is desired, then operation could be as in
Figure 3B.

Increased Accuracy

In most cases the accuracy of the CA3318 should be suffi-
cient without any adjustments. In applications where accu-
racy is of utmost importance, five adjustments can be made
to obtain better accuracy, i.e., offset trim; gain trim; and /,,
11, and %/ point trim.

Offset Trim

In general, offset correction can be done in the preamp cir-
cuitry by introducing a dc shift to Vjy or by the offset trim of
the op amp. When this is not possible the Vggg- input can be
adjusted to produce an offset trim. The theoretical input volt-
age to produce the first transition is 1/, LSB. The equation is
as follows:

Vin (0 to 1 transition) = '/, LSB = 1/,"(Vggr/256)
= VREF/51 2

If Vi for the first transition is less than the theoretical, then a
single-turn 50Q pot connected between Vzgp- and ground
will accomplish the adjustment. Set V) to 1/2 LSB and trim
the pot until the 0-to-1 transition occurs.

If Vi for the first transition is greater than the theoretical,
then the 50Q pot should be connected between Vgge- and a
negative voltage of about 2 LSB's. The trim procedure is as
stated previously.

Gain Trim

In general, the gain trim can also be done in the preamp cir-
cuitry by introducing a gain adjustment for the op amp. When
this is not possible, then a gain adjustment circuit should be
made to adjust the reference voltage. To perform this trim,
V| should be set to the 255 to overflow transition. That volt-
age is '/; LSB less than Vgeg+ and is calculated as follows:

VIN (255 to 256 transiﬁon) = VREF - VREF/512
= \/REF(511/51 2)

To perform the gain trim, first do the offset trim and then
apply the required Vyy for the 255 to overflow transition. Now
adjust Vgee+ until that transition occurs on the outputs.
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+10V TO 30V > oo 1+
INPUT T
* 3, == 180
1 —M——l
CA3085E 3 o—> VREF*

” (PIN 22
6] (NOTE 1)1 )
5K <

il

7
4 | oTfTow ]'+4.7;1F,
p TAN/OV
104F, TAN 3
(NOTEN) S
1'5K.JL

NOTE: Bypass Vgert to analog GND near A/D with 0.1uF ceramic
cap. Parts noted should have low temperature drift.

FIGURE 11. TYPICAL VOLTAGE REFERENCE SOURCE FOR
DRIVING Vgep+ INPUT

11, Point Trims

The ', ', and %/, points on the reference ladder are
brought out for linearity adjusting or if the user wishes to
create a nonlinear transfer function. The '/, points can be
driven by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vpgr+ and Vgeg-. The '/, (mid-)
point. should be set first by applying an input of 257/512 x
(Vrer) and adjusting for an output changing from 128 to 129.
Similarly the ‘I4 and 3/4 points can be set with inputs of 129/
512 dnd 385/512 x (Vgge) and adjusting for counts of 192 to
193 and 64 to 65. (Note that the points are actually /",
and %/, of full scale +1 LSB.)

Veger 5100 Jy H1ovTo 0V
(PIN 22) S 3t 1_—,|__— g A
+
' IOT:>1 cw 28, MWA—> (PIN 23)
L1 b 5
1K N7 ot 1/2 REF
IOT«’T cw oI A (5N 20)
g 10
1K < 100
> 8 114 REF
'071:1 CW o !; >_—"—~W—’ (PIN 10)
51093:_ |
NOTE‘S:

1. All Op Amps = 3/, CA324E

2. Bypass all reference points to analog ground near A/D with 0.1uF
ckramic caps.

3. Adjust Viggg, first, then '/, 3/, and '/, points.

FIGURE 12. TYPICAL 1/4 POINT DRIVERS FOR ADJUSTING
LINEARITY (USE FOR MAXIMUM LINEARITY)

9-Bit Resolution

To obtain 9-bit resolution, two CA3318's can be wired
together. Necessary ingredients include an open-ended lad-
der network, an overflow indicator, tri-state outputs, and chip-
enable controls—all of which are available on the CA3318.

The first step for connecting a 9-bit circuit is to totem-pole
the ladder networks, as illustrated in Figure 13. Since the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage may be required.

The overtlow output of the lower device now becomes the
ninth bit. When it goes high, all counts must come from the
upper device. When it goes low, all counts must come from
the lower device. This is done simply by connecting the
lower overtlow signal to the CE1 control of the lower A/D
converter and the CE2 control of the upper A/D converter.
The tri-state outputs of the two devices (bits 1 through 8) are
now connected in parallel to complete the circuitry. The com-
plete circuit for a 9-bit A/D converter is shown in Figure 14.

Grounding/By passing

The analog and digital supply grounds of a system should be
kept separate and only connected at the A/D. This keeps
digital ground noise out of the analog data to be converted.
Reference drivers, input amps, reference taps, and the Vpa
supply should be bypassed at the A/D to the analog side of
the ground. See Figure 15 for a block diagram of this con-
cept. All capacitors shown should be low impedance 0.1uF
ceramics and should be mounted as close to the A/D as pos-
sible. If Vaa+ is derived from Vpp, a small (10Q resistor or
inductor and additional filtering (4.7uF tantalum) may be
used to keep digital noise out of the analog system.

Input Loading

The CA3318 outputs a current pulse to the Vjy terminal at
the start of every sample period. This is due to capacitor
charging and switch feedthrough and varies with input volt-
age and sampling rate. The signal source must be capable
of recovering from the pulse before the end of the sample
period to guarantee a valid signal for the A/D to convert.
Suitable high speed amplifiers include the HA-5033,
HA-2542; and CA3450. Figure 16 is an example of an ampli-
fier which recovers fast enough for sampling at 15MHz.

Output Loading

The CMOS digital output stage, although capable of driving
large loads, will reflect these loads into the local ground. It is.
recommended that a local QMOS buffer such as
CD74HC541 E be used to isolate capacitive loads.

Definitions
Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion sine
wave is applied to the input, it is sampled, and the output is
stored in RAM. The data is then transformed into the frequency
domain with a 4096 point FFT and analyzed to evaluate the
dynamic performance of the A/D. The sine wave input to the
part is -0.5dB down from fullscale for all these tests.
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13
Signal-to-Noise (SNR)

SNR is the measured RMS signal to RMS noise at a speci-
fied inp:ut and sampling frequency. The noise is the RMS
sum of all of the spectral components except the fundamen-
tal and the first five harmonics.

Signal-to-Noise + Distortion Ratio (SINAD)

SINAD js the measured RMS signal to RMS sum of all other
spectral components below the Nyquist frequency excluding

DC.
I

Effective Number of Bits (ENOB)

The effective number of bits (ENOB) is derived from the
SINAD data. ENOB is calculated from:

ENOB = (SINAD - 1.76 + Vorp)/6.02
where: Vgogpgr = 0.5dB
Total Harmonic Distortion (THD)

THD is the ratio of the RMS sum of the first 5 harmonic com-
ponents to the RMS value of the measured input signal.

+6.4V REF = VRert OF }——up NC
: +5V e Vap+ Vpp f———¢ +5v
s Vaa- BITS8
. - A
) VIN1
* Vin BIT1
0V TO 6.4V
: L., o
PH
CE2
CET
MID-POINT
6.4V REF DRIVER v Y Vss
' > ':L_—D
f VRer+ Vop j—’s"
= A CER
V, CE1
o il V) v .
4 Vin OF S BIT9
8IT8 BIT8
BIT 1 BIT1
; 45V el Vpp+ cL ¢ CLOCK
' Vaa- PH < PHASE
A F VREF- Vss

H.

FIGURE 13. USING TWO CA3318s FOR 9-BIT RESOLUTION
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L J—

-

R i JEE— -

o

4.7uF/10V TANTALUM . +

F—QI———i < +5V (ANALOG SUPPLY)
A—3 Vaa+ BIT 1 ——> )
- =3} 314 REF BT 2 f—os
+4V TO +6.5V _
REFERENCE * Vrert BIT 3 f—p -
0—3'—J —1 Vin BIT 4
- 1/2 REF BITS5 , DIGITAL
OF(';IONAL cap T3 % ¢ ouTPUT
EE TEXT) BIT6
0017 e PHASE I
CLOCK «_ = a7
SOURCE > —{¢ CLK —
Vaa- Brsl
INPUT SIGNAL Vin ol 5 |
AMP(I.SIEIEE$IEBxl:Irl;FER VRer- VAREF Qg
Al o —1° Vss —
= = CE2 Voo
[

CA3318C

+5V (DIGITAL SUPPLY)

[
/

FIGURE 14. TYPICAL CIRCUIT CONFIGURATION FOR THE CA3318 WITH NO LINEARITY ADJUST

AMP l_ Vin To
SIGNAL o, p Vin OUTPUT DIGITAL
SOURCE ? l / REF DRIVERS SYSTEM
4 VRer*
SIGNAL
GROUND >— —1
REFERENCE
16— taps
VAA"' VDD -
VRer-
VaA- Vi
b J.J. b3 2 =
< <
TT 3 T SYSTEM
> DIGITAL
A L A A GROUND
ANALOG * Vaa Vbp
SUPPLIES SUPPLY SUPPLY
FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING
—Wy—— v
75Q PAA
Vep )
e 14 7 0.001pF
75Q 1 8 l
I s = 100 16
5pF CA3450 AAA A/D FLASH
= = T2 INPUT
3 13 2
2 <390
3
4 ﬁ 10-001uF 21
< >
:: 100 >750 ;: 110
1 1*——{(—_——0
NOTE: Ground-planing and tight layout _4' 0.1 L g\é;gé':os\:)URCE
are extremely important < Rg< 100

FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING THE CA3318
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TABLE 1. OUTPUT CODE TABLE

I INPUT VOLTAGE
b (NOTE 1) BINARY OUTPUT CODE
Vrer VRer
CODE 6.40V 5.12v MSB LSB ] DECIMAL
DESCRIPTION V) V) OF B8 B7 B6 B5 B4 B3 B2 B1 COUNT
Zero 0.00 0.00 0 0 0 0 0 0 0 0 0 0
} 1LSB 0.025 0.02 0 0 0 0 0 0 0 0 1 1
2LSB 0.05 0.04 0 0 0 0 0 0 0 1 0 2
[ ] * L ] * [ ]
f L ] ® L ] L] [ ]
[ ) * L ] L]
;
1/4 Full Scale 1.60 1.28 0 0 1 0 0 0 0 0 0 64
I L ] [ ] ® * *
[ ] L] L ] ® L ]
E L L ] L ] * *
1/2 Full Scale - 1 LSB 3.175 2.54 0 0 1 1 1 1 1 1 1 127
1/2 Full Scale 3.20 2.56 0 1 0 0 0 0 0 0 0 128
1/2 Full Scale + 1 LSB 3.225 2.58 0 1 0 0 0 0 0 0 1 129
[ ) L ] L ] [ ]
N . . . .
[ ) L ] * *
3/4 Full Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192
; * [ ] L ] * L ]
i * L ] * [ ] L ]
& * ® L ] L ] *
3
Full Scale- 1 LSB 6.35 5.08 0 1 1 1 1 1 1 1 0 254
Full Scale 6.375 5.10 0 1 1 1 1 1 1 1 1 255
Over Flow 6.40 512 1 1 1 1 1 1 1 1 1 511

NOTE! 1. The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage.

¥

Reducing Power

Most power is, consumed while in the auto-balance state.
When operating at lower than 15MHz clock speed, power
can be reduced by stretching the sample (¢2) time. The con-
straingts are a minimum balance time (¢1) of 33ns, and a
maximum sample time of 500ns. Longer sample times cause
droop in the auto-balance capacitors. Power can also be
reduced in the reference string by switching the reference on
only during auto-balance.

F

Clock Input

The Clock and Phase inputs feed buffers‘referenced to Vs +
and Vpa-. Phase sholild be tied to one of these two poten-
tials, while the clock (if DC coupled) should be driven at least
from 0.2 to 0.7 x (Vaa* - Vaa-). The clock may also be AC
coupled with at least a 1 Vp_p swing. This allows TTL drive
levels or 5V QMOS levels when Vs + is greater than 5V.

-
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APPLICATIONS OF THE CA3085 SERIES MONOLITHIC
IC VOLTAGE REGULATORS
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¥

The Harris CA3085, CA3085A, and CA3085B monolithic
IC's are positive-voltage regulators capable of providing out-
put currents up to 100mA over the temperature range from -
55°C to +125°C. They are supplied in 8 lead TO-5 type pack-
ages. The following tabulation shows some key characteris-
tics and salient differences between devices in the CA3085
Serigs.

age stability. If necessary, filtering of the inherent noise of the
reference-voltage circuit can be accomplished by connecting
a suitable bypass capacitor between terminals 5 and 4.

Terminal 6 (the “inverting input”® in accordance with opera-

tional-amplifier terminology) is the input through which a

sample of the regulated output voltage is applied.
COMPENSATION AND

EXTERNAL INHIBIT
VIN (V|) VOUT (Vo) MAX. MAX LOAD UNREGULATED CURRENT
RANGE | RANGE | lgyr(lo) | REGULATION INPUT (V) @ sooster @ @
TYPE v ) {(mA) (% Vo)
CURRENT
CA3085 7.5-30 18-26 12 0.1 01 SOURCE
CA3085A 7.5-40 1.7-36 100 0.15
R
CA3085B | 75-50 | 17-46 | 100 0.15 CIREL |
O
*This value may be extended to 1060mA; however, regulation _8‘5
. ge [~}
is not specified beyond 12mA. §E
In addition to these differences, the range of some specified @
performance parameters is more tightly controlled in the
CA3085B than in the CA3085A, and more in the CA3085A
than in the CA3085.
suasmma@ Vaer @ & INV é CURRENT
This note describes the basic circuit of the CA3085 series v INPUT LIMITING

devices and some typical applications that include a high
current regulator, constant current regulations, a switching
regulator, a negative-vottage regulator, a dual-tracking regu-
lator, high-voltage regulators, and various methods of provid-
ing current limiting, A circuit in which the CA3085 is used as
a general-purpose amplifier is also shown.

Circuit Description

The block diagram of the CA3085 series circuits is shown in
Figure 1. Fundamentally, the circuit consists of a frequency
compensated error-amplifier which compares an intemnally
generated reference voltage with a sample of the output volt-
age and controls a series-pass amplifier to regulate the out-
put. The starting circuit assures stable latch-in of the
voltage-reference circuitry. The current-limiting portion of the
circuit is an optional feature that protects the IC in the event
of overload.

Terminal 5 provides a source of stable reference voltage for
auxiliary use; a current of about 2501A can be supplied to an
extemal circuit without significantly disturbing reference-voit-

FIGURE 1. BLOCK DIAGRAM OF CA3085 SERIES

The collector of the series-pass output transistor is brought
out separately at terminal 2 (“current booster”) to provide
base drive for an external p-n-p transistor: this approach is
one method of regulating currents greater than 100mA.

Because the voltage regulator is essentially an operational
amplifier having considerable feedback, frequency compen-
sation is necessary in some circuits to prevent oscillations.
Terminal 7 is provided for if external frequency compensa-
tion is necessary. Terminal 7 can also be used to “inhibit"
(strobe, squeich, pulse, key) the operation of the series-pass
ampilifier.

Brief Description of CA3085 Schematic Diagram

The schematic diagram of the CA3085 series circuits is

shown in Figure 2. The left-hand section includes the start-

ing circuit, the voltage reference circuit, and the constant-

current circuit. The center section is basicaliy an elementary

operational amplifier which serves as the voltage-error
¢

Copyright © Harris Corporation 1992
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amplifier controlling the series-pass. Datlington pair (Q13,
Q14) shown in the right-hand section when controlled by an
.. appropriate external sensing network, transistor Q15, serves
to provide protective current-limiting characteristics by
diverting base drive from the series pass circuit. For opera-
tion at the highest current levels, terminals 2 and 3 are tied
together to eliminate the voltage drop which would otherwise
be developed across resistor R5.

VOLTAGE-REFERENCE,
STARTUP AND VOLTAGE-
CONSTANT-CURRENT ERROR SERIES-PASS AND CURRENT-
CIRCUITS AMP (OP AMP) LIMITING CIRCUITS
: A n |~ A - | o A .
VN Ds I * D,
UNREG a
INPUT Q2 |“e 45,
Ry G 3500
40k
p
COMPENSATION
Dz o | K% AND EXTERNAL
INHIBIT
oy Ds o KQis
:‘,FE Q14 cyRRENT
Dy - FJeida, Q5 BOOSTER
Ry & Re
153 1.5k
Qq
Ds | j" ats REGULATED
: OUTPUT
i g
Veer® | V- ©!
i INV. | CURRENT

ALL RESISTANCE VALUES [ =F INPUT | LIMITING

AREIN Q SUBSTRATE |

FIGURE 2. SCHEMATIC DIAGRAM OF CA3085 SERIES
Voitage Reterence Circuits

The basic voltage referenced element used in the CA3085 is
zener diode D3. It provides a nominal reference voltage of
5.5V and exhibits a positive temperature coefficient of
approximately 2.5mV/°C. If this reference voltage were used
directly in conjunction with the error-amplifier (Q5, Q8, etc.),
the' IC would exhibit two major undesirable characteristics:
(1) its performance with temperature variations would be
poor, and (2) its use as a regulator would be restricted to cir-
cuits in which the minimum regulated output vdltages are in
excess of 5.5V. Consequently, it is necdssary to provide
means of compensating for the positive temperature coeffi-
cient of D3 and at the same time provide for obtaining a sta-
ble source of lower reference voltage. Both temperature
compensation and the reduction of the reference voltage are
accomplished by means of the series divider network con-
sisting of the base-emitter junction of Q3, diode D4, resistors
R2 and R3, and diode 5.

The voltage developed across D3 drives the divider network
and a voltage of approximately 4V is developed between the
cathode of D4 and the cathode of D5 (terminal 4). The cur-
rent through this divider network is held nearly constant with
temperature because of the combined temperature coeffi-
cients of the zener diode (D3), Q3 base-emitter junction, D4,
D5, and the resistors R2 and R3. This constant current
through the diode D5 and the resistor R3 produces a voitage

drop between terminals 4 and 5 that results in the reference
voltage (= 1.6V) having an effective temperature coefficient
of about 0.0035%/°C. ... . -

The reference diode D3 receives a currant of approximately
620pA from a constant-current circuit consisting of Q3 and
the current-mirror* D6, Q1, and Q2. Current to start-up the
constant-current source initially is provided by auxiliary
zener diode D1 and R1. Diode D2 blocks current from the
R1-D1 source after latch-in of the constant-current source
establishes a stable reference potential, and thereby pre-
vents modulation of the reference voltage by ripple voltage
on the unregulated input voltage.

Voltage-Error Amplifier

Transistors Q5 and Q6 comprise the basic differential ampii-
fier that is used as a voltage-error amplifier to compare the
stable reference voltage applied at the base of Q5 with a
sample of the regulator output voltage applied at terminal 6.
The D5-Q4 combination is a current-mirror which maintains
essentially constant-current flow to Q5 and Q6 despite varia-
tions in the unregulated input voltage. The Q8, Q8, and D7
network provides a “mirrored” active collector load for Q5
and Q6 and also provides a variable single-ended drive to
the Q13 and Q14 series-pass transistors in accordance with
the difference signal developed between the bases of Q5
and Q6. The open-loop gain of the error-amplifier is greater
than 1000.

Series-Pass and Current-Limiting Circuits

In the normal mode of operation, or in the cumrent-boost
mode when terminals 2 and 3 are tied together, the Darling-
ton pair Q13-Q14 performs the basic series-pass regulating
function between the unregulated input voitage and the reg-
ulated output voltage at terminal 1. In the current-limiting
mode transistor Q15 provides current-limiting to protect the
CA3085 and/or limit the load current. To provide current-lim-
iting protection, a resistor (e.g., 5Q) is connected between
terminals 1 and &; terminal 8 becomes the source of regu-
lated output voltage. As the voltage drop across this resister
increases, base drive is supplied to transistor Q15 so that it
becomes increasingly conductive and diverts base drive
from the Q13-Q14 pass transistor to reduce output current
accordingly. Resistor R4 is provided to protect Q15 against
overdrive by limiting its base current under transient and
load-short conditions.

Because the CA3085 regulator is essentially an op-amp
having considerable feedback, frequency compensation
may be required to prevent oscillations. Stability must also
be maintained despite line and load transients, even during
operation into reactive loads (e.g., filter capacitors). Provi-
sions are included in the CA3085 so that a small-value
capacitor may be connected between temminals 6 and 7 to
compensate the regulator, when necessary, by “roiling-off”
the ampilifier frequency-response. Terminal 7 is also used to
externally “inhibit” operation of the CA3085 by diverting base
current supplied to Q13-Q14, thereby permitting the use of
keying, strobing, programming, and/or auxiliary overioad-
protection circuits.

F
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Applications
A Simple Voitage-Regulator

Figure 3 shows the schematic diagram of a simple regulated
power supply using the CA3085. The ac supply voltage is
stepped down by T1, full-wave rectified by the diode bridge
circuit, and smoothed by the large electrolytic capacitor C1
to provide unregulated dc to the CA3085 regulator circuit.
Frequency compensation of the error-amplifier is provided
by capacitor C2. Capacitor C3 bypasses residual noise in
the reference-voltage source, and thus decreases the incre-
mental noise-voltage in the regulator circuit output.

Ti: STANCOR TP3

CA3085, A, B
BLACK
WHITE GREEN
oo
120v
60Hz
BLACK
LAC 1N3193

FIGURE 3. BASIC POWER SUPPLY

Because the open-loop gain of the error-ampilifier is very
high (greater than 1000), the output voitage may be directly
calculated from the following expression:

(R2 + R1)

m (EQ. 1)

Vo= Vrer

In the circuit shown in Figure 3, the output voltage can be
adjusted from 1.8V to 20V by varying R2. The maximum out-
put current is determined by Rgg; load-regulation character-
istics for various values of Rgg are shown in Figure 4.

When this circuit is used to provide high output currents at
low output voltages, care must be exercised to avoid exces-
sive IC dissipation. In the circuit of Figure 3, this dissipation
control can be accomplished by increasing the primary-to-
secondary transformer ratio (a reduction in Vy) or by using a
dropping resistor between the rectifier and the CA3085 regu-
lator. Figure 5 gives data on dissipation fimitation (V; - Vg vs.
lg) for CA3085 series circuits. The short-circuit current is
determined as follows:

oo VEE 0.7
sc= =

Rsc Rsc

amperes (EQ. 2)

The line-and-load regulation characteristics for the circuit
shown in Figure 3 are approximately 0.05 percent of the out-
put voltage.

et <

INPUT VOLTAGE (V4y) =15V
OUTPUT VOLTAGE (V+) = 10V
AMBIENT TEMPERATURE (T,) = 25°C
Rge=0
2 o0
* \ \ 5Q
é 2.1
3 \ \
e
8 <2
=
Q
S 03
S .
AE | Slllg i [c,
N v - (. ] ©
a4 | |
0 20 40 60 80 100

LOAD CURRENT (I,) - mA
FIGURE 4. LOAD REGULATION CHARACTERISTICS FOR

CIRCUIT OF FIGURE 3
: g —
> 40V — OPERATION WITHOUT
L \ HEAT SINK
S 25 T~ —— OPERATION WITH 1
s - HEAT SINK
K '\ AN \
S 2 ~
, INPUT VOLTS
5 20v NN Vi =20
B )5 \ ]«
£ 50V
2 NS
s (Vi) = 10V
(7]
5 s —
>
5 0
Q.
2 0 20 40 60 80 100
OUTPUT (mA)

FIGURE 5. DISSIPATION LIMITATION (V; - Vg vs Ig) FOR
CA3085 SERIES CIRCUITS

High-Current Voltage Reguiator

When regulated voltages at currents greater than 100mA are
required, the CA3085 can be used in conjunction with an
external n-p-n pass transistor as shown in the circuits of Fig-
ure 6. In these circuits the output current available from the
regulator is increased in accordance with the hgg of the
external n-p-n pass transistor. Output currents up to 8A can
be regulated with these circuits. A Darlington power transis-
tor can be substituted for the 2N5497 transistor when cur-
rents greater than 8A are to be reguiated.
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FIGUI;E 6A. WITH SIMPLIFIED SHORT-CIRCUIT PROTECTION

UNREG.
\{}

- O

FIGURE 6. HIGH-CURRENT VOLTAGE REGULATOR USING
n-p-n PASS TRANSISTOR

A simplified method of short circuit protection is used in con-
nection with the circuit of Figure 6A. The variable resistor
Rscp serves two purposes: 1) it can be adjusted to optimize
the base drive requirements (hgg) of the particular 2N5497
transistor being used, and 2) in the event of a short circuit in
the regulated output voltage the base drive current in the
2N5497 will increase, thereby increasing the voltage drop
across Rgcp. As this voltage drop increases the short circuit
protection system within the CA3085 correspondingly
reduces the output current available at terminal 8, as
described previously. It should be noted that the degree of
short circuit protection depends on the value of Rgcp, i.e.,
design compromise is required in choosing the value of
Rscp to provide the desired base drive for the 2N5497 while
maintaining the desired short circuit protection. Figure 6B
shows an alternate circuit in which an additional transistor
(2N2102) and two resistors have been added as an auxiliary
short circuit protection feature. Resistor R3 is used to estab-
lish, the desired base drive for the 2N5497, as described
above. Resistor Ryt now controls the short circuit output
current because, in the event of a short circuit, tha"voltags
drop developed across its terminals increases sufficiently to
increase the base drive to the 2N2102 transistor. This
increase in base drive results in reduced output from the
CA3085 because collector current flow in the 2N2102 diverts
base drive from the Darfington output stage of the CA3085
(see Figure 2) through terminal 7. The load regulation of this
circuit is typically 0.025 per cent with 0 to 3A load-current
variation; line regulation is typically 0.025%/V change in
input voltage.

Voltage Regulator with Low V, - V Difference

In the voltage regulators described in the previous section, it
is necessary to maintain a minimum difference of about 4V

between the input and output voltages. in some applications
this requirement is prohibitive. The circuit shown in Figure 7

-#4%..can deliver.an output current in the order of 2A with a V- Vg

difference of only one volt.
2N4036
O +
> 10K >3
> > R2
! REG.
Vo

D1 &
pp/NO14s 2RI

FIGURE 7. VOLTAGE REGULATOR FOR LOW V- Vg
DIFFERENCE

It employs a single external p-n-p transistor having its base
and emitter connected to terminals 2 and 3, respectively, of
the CA308S5. In this circuit, the emitter of the output transistor
(Q14 in Figure 2) in the CA308S5 is retumed to the negative
supply rail through an extermal resistor (Rggp) and two
series-connected diodes (D1, D2). These forward biased
diodes maintain Q6 in the CA3085 within linear-mode opera-
tion. The choice of resistors R1 and R2 is made in accor-
dance with Equation 1. Adequate frequency compensation
for this circuit is provided by the 0.01uF capacitor connected
between terminal 7 of the CA3085 and the negative supply
rail.

il Y

Figure 8 which shows the output impedance of the circuit of
Figure 7 as a function of frequency, illustrates the excellent
ripple-rejection characteristics of this circuit at frequencies
below 1kHz. Lower output impedances at the higher fre-
quencies can be provided by connecting an appropriate
capacitor across the output voltage terminals. The addition
of a capacitor will, however, degrade the ability of the system
to react to transient-toad conditions.

1000 ) RURAD N 0 o R 10 O 0 1 S 0
— INPUT VOETAGE (V4)) = 15V
| OUTPUT VOLTAGE (V+g) = 10V
AMBIENT TEMPERATURE (T,) = 25°C Pl
gloeo -
w
S
5 Vi
o 10
w
[+ 4
e,
o
a
0.1 ]
0.01 0.1 1 10 100 1000
FREQUENCY (kHz)

FIGURE 8. OUTPUT RESISTANCE vs FREQUENCY FOR
CIRCUIT OF FIGURE 7
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High Voltage Regulator

Figure 9 shows a circuit that uses the CA3085 as a voitage
refetence andregulator control device for high-voltage
power supplies in which the voltages to be regulated are well
above the input-voltage ratings of the CA3085 series circuits.
The external transistors Q1 and Q2 require voitage ratings in
excess of the maximum input voltage to be regulated,
Series-pass transistor Q2 is controlled by the collector cur-
rent of Q1, which in tum is controlled by the normally regu-
lated current output supplied by the CA3085. The input
voftage for the CA3085 regulator at terminal 3 is supplied
through dropping resistor R3 and the clamping zener diode
D1. The values for resistor R1 and R2 are determined in
accordance with Equation 1.

+ O o

UNREG V,

-
(.5.120V) 4.7Kn5; ?Rz
REG
2N3904 .
Yy
10V-15V K

FIGURE 9. HIGH VOLTAGE REGULATOR
Negative Voitage Regulator

The CA308S5 is used as a negative-supply voltage regulator
in the circuit shown in Figure 10. Transistor Q3 is the series
pass transistor. it should be noted that the CA3085 is effec-
tively connected across the load side of the regulated sys-
tem. Diode D1 is used initially in a “circuit-starter” function;
transistor Q2 “latches” D1 out of its starter-circuit function so
that the CA3085 can assume its role in controlling the pass
transistor Q3 by means of Q1.

+ © O+
2N3908 | o0 N
ai 10KQY 21KQ
IN914 < <
2N3906
' D1
+ R~ 5uF
NREG
U\? 12K REG
' $R < s Vo
< 4.7KQ 3
Rz $
AAA -
Yy
2N21:§ A G 3
S W77,

FIGURE 10. NEGATIVE VOLTAGE REGULATOR

Operation of the circuit is as follows: current through R3 and
D1 provides base drive for Q#, which inrfiim provides base
drive for the pass-transistor Q3. By this means operating
potential for the CA3085 is developed between the collector of
Q3 (terminal 4 of the CA3085) and the positive supply-rail (ter-
minal 3 of the CA3085). When the output voltage has risen
sufficiently to maintain operation of the CA3085 (approx.
7.5V), transistor Q2 is driven into conduction by the base drive
supplied from the 1KQ-12KQ voftage divider. As Q2 becomes
conductive, it diverts the base drive being supplied to Q1
through the R3-D1 path, and diode D1 ceases to conduct.
Under these conditions, base-current drive to Q1 through ter-
minal 2 of the CA3085 regulates the base drive to Q3. Values

-of R1 and R2 are determined in accordance with Equation 1.

The circuit shown in Figure 11 is similar to that of Figure 10,
except for the addition of a constant-current limiting circuit
consisting of transistor Q4, a 1KQ resistor, and resistor Rgcp.
When the load current increases above a particular design
value, the corresponding increase in the voltage drop across
resistor Rgop provides additional base drive to transistor Q4.
Thus, as transistor Q4 becomes increasingly conductive, its
collector current diverts sufficient base drive from Q3 to limit
the current in the pass transistor feeding the regulated load.
With the types of transistors shown in Figures 10 and 11,
maximum currents in the order of 5A can be regulated.

*g

+ Q2 e

> >
2N3306 at 10m§: 5=1m
' D1 2N3906
IN914
T
UNREG
REG
YIS (tnlle >12KQ Vo
T4TKQ >
>
Q4 2
‘ -
N3904
1KQ <
< a3 (7%) 3 -
Rscp 2N5497 PASS TRANSISTOR

FIGURE 11. NEGATIVE VOLTAGE REGULATOR WITH
CONSTANT CURRENT LIMITING CIRCUIT

High-Output-Current Voltage Regulator With “Foldback”
Current-Limiting (Also known as “Switch-Back”
Current-Limiting)

In high-current voltage regulators employing constant cur-
rent limiting (e.g., Figures 6 and 7), it is possible to develop
excessive dissipation in the series-pass transistor when a
short circuit develops across the output terminals. This situa-
tion can be avoided by the use of the “foldback® current-limit-
ing circuitry as shown in Figure 12. In this circuit, terminal 8
of the CA3085 senses the output voitage, and terminal 1 is
tied to a tap on a voltage-divider network connected
between the emitter of the pass-transistor (Q3) and ground.
The current-foldback trip-point is established by the value of
resistor Rgg.
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FIGURE 12. HIGH OUTPUT CURRENT VOLTAGE REGULATOR
WITH “FOLDBACK"” CURRENT LIMITING

The protective tripping action is accomplished by forward-
biasing Q15 in the CA3085 (see Figure 2). Conditions for
tripping circuit operation are defined by the following expres-
sions:

VBE(Q1 5= (voltage at terminal 1) - (output voltage)

R1
= [(Vo +ILRsc) TRI+R2 ] Vo (EQ. 3)
R1
it ——————=K, then
R1+ R2
Vseas) = (Vo + ILRsc) K- Vo = KV + KItRsc - Vo
and therefora
Vo +V, - KV,
Rsc = o+ Veg(ais) - KVo 20 g

Kl

Under load short-circuit conditions, terminal 8 is forced to
ground potential and current flows from the emitter of Q14 in
the CA3085, establishing terminal 1 at one Vgg-drop [=0.7V]
above ground and Q15 in a partially conducting state. The
current through Q14 necessary to establish this one Vgg
condition is the sum of currents flowing to ground through R1
and [R2 + Rg¢). Normally Rgc is much smaller than R2 and
can be ignored; therefore, the equivalent resistance Rgq to
ground is the parallel combination of R1 and R2.

The Q14 current is then given by:
VBE(Q15) _ VBE(Q15) _ 0.7 [1 3+ 0.46]
REQ R1R2 1.3x0.46
R1+R2

2.06mA

l14 =
(EQ. 5)

This current provides a voltage between terminals 2 and 3
as follows: Q

Vo.g = lg14 X 250Q = 2.06 x 103X 250 = 0515V (EQ. 6)

The effective resistance between terminals 2 and 3 is 250Q
because the external 500Q resistor R3 is in parallel with the
intemal 500Q resistor RS5. It should be understocd that the
Vo3 potential of 0.515V is insufficient to maintain the exter-
nal p-n-p transistor Q2 in conduction, and, therefore, Q3 has
no base drive. Thus the output current is reduced to zero by
the protective circuitry. Figure 13 shows the foldback charac-
teristic typical of the circuit of Figure 12.

10 INPUT VOLTAGE
(V) =15V

g CURRENT TRIP

rs SET FOR 1A

2

w

g

s

[=]

>

[

-

-9

B

© o 2mA

OUTPUT CURRENT (Ig), (A)

FIGURE 13. TYPICAL “FOLDBACK"” CURRENT-LIMITING
CHARACTERISTIC FOR CIRCUIT OF FIGURE 12

An alternative method of providing “foldback” current-limiting
is shown in Figure 14. The operation of this circuit is similar
to that of Figure 12 except that the foldback-control transistor
Q2 is external to the CA3085 to permit added flexibility in
protection-circuit design.

Under low foad conditions Q2 is effectively reverse-biased by
a small amount, depending upon the values of R3 and R4.
As the small amount, depending upon the values of R3 and
R4. As the load current increases the voltage drop across

* Ryip increases, thereby raising the voltage at the base of Q1,

and Q2 starts to conduct. As Q2 becomes increasingly con-
ductive it diverts base current from transistors Q13 and Q14
in the CA3085, and thus reduces base drive to the external
pass-transistor Q1 with a consequent reduction in the output
voltage. The point at which current-limiting occurs, ltnp, is
calculated as follows:

Veg(as) = voltage at terminal 8 - Vg (assuming a low vaius for Rypyp)

+ O

4 Q1 2N5497
PASS
TRANSISITOR

S

>
> Rmp
3
UNREG O +
V| b
3
REG
t Vo

FIGURE 14. HIGH-OUTPUT-CURRENT VOLTAGE REGULA-
TOR USING AUXILIARY TRANSISTOR TO
PROVIDE "FOLDBACK'" CURRENT LIMITING
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! VBE(QQ),; voltage at terminal 8

4
Ré
"R3+R4
R4
"R3+R4

) v
%

; X

= [VO""LRTRIP"'VBE(Cm ] [

R4
K , then the trip curmrent is given by:
R3 + R4
Veeiaz) - KIVo + Veganl + Vo

KRrrip (EQ.7)

In the circuit in Figure 12 the load current goes to zero when
a short circuit oceurs. In the circuit of Figure 14 the load cur-
rent is significantly reduced but does not go to zero. The
value for Ig¢ is computed as follows:

VeE(Q2)

VeE(z) + [ +lg2) ] R1 = Veg(ar) + IscRTaip

\§ss(02) + [

Isc= -
k

Figure 15 shows that the transfer characteristic of the load

curreht is essentially linear between the “trip-point” and the

“short-circuit” point,

VeE(q2)

“+ IB(QZ) ] Rt =VBE(Q1)

Rrap (EQ. 8)

— e

i 3
' 10
k2
w 8 bk
g
"=
a6t
>
54l
g
3, | INPUT VOLTAGE (V) = 15V
CURRENT TRIP SET FOR 500mA
3
i L 3

P 0 100 200 300 400 500
. OUTPUT CURRENT (mA)

FIGURE 15. TYPICAL FOLDBACK CURRENT-LIMITING CHAR-
ACTERISTIC FOR CIRCUIT OF FIGURE 14

H!g}\-Voltage Reguiator Employing Current “Snap-Back”
Protection

In high-voltage regulators (e.g., see Figure 9), “foldback” cur-
rent-limiting cannot be used safely because the high voltage
across the pass transistor can cause second breakdown
despite the reduction in current flow. To adequately protect
the pass transistor in this type of high-voitage regulator, the
so-called “snap-back® method of current fimiting can be
employed to reduce the current to zero in a few microsec-
ontis, and thus prevent second-breakdown destruction of the
device.

The circuit diagram of a high-voltage regulator employing
current “snap-back” protection is shown in Figure 16. The
ba'sic regulator circuit is similar to that shown in Figure 9.

The additional circuitry in the circuit of Figure 16 quickly
interrupts base drive to the pass transistor in event of load
fault. The:point of current-trip is established as follows: -

\
lup = BE@1) (EQ. 9)
Rsc
Qs
2N4036 Rsc .
AAA O
LA AL -
a at Itnz
+o $ A'A'A' P >
UNREG
v, -
N
> 33KQ Q3 REG
Qs 2N403s| | v,
2N3904 >
b 74 Q2 b2
EY Y 2N3904 b )
$33Ka
S1 >
(NC) -

FIGURE 16. HIGH-VOLTAGE REGULATOR INCORPORATING
CURRENT "SNAP-BACK” PROTECTION

Thus, when a sufficient voltage drop is developed across
Rge, transistor Q1 becomes conductive and current flows
into the base of Q2 so that it also becomes conductive. Tran-
sistor Q3, in tum, is driven into conduction, thereby latching
the Q2-Q83 combination (basic SCR action) so that it diverts
(through terminal 7) base drive from the output stage (Q13,
Q14) in the CA3085. By this means, base drive is diverted
from Q4 and the pass transistor Q5. To restore regulator
operation, normally closed switch S1 is momentarily opened
and uniatches Q2-Q3.

Switching Regulator -

When large input-to-output voitage differences are neces-
sary, the regulators described above are inefficient because
they dissipate significant power in the series-pass transistor.
Under these conditions, high-efficiency operation can be
achieved by using a switching-type regulator of the generic
type shown in Figure 17A. Transistor Q1 acts as a keyed
switch and operates in either a saturated or cut-off condition
to minimize dissipation. When transistor Q1 is conductive,
diode D1 is reversed-biased and cusrent in the inductance
L1 increases in accordance with the following relationship:

Y

i = ¢ [vat
%

(EQ. 10)

e
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T i
<
IR Vaee
AAA
ey b
1 R1 R REG
Vazr Vo

>~
- o> 4

4 ItON torr
o — t
' FORWARD DROP OF D1

i
' FIGURE 17B. VOLTAGE AT POINT Vy
An,

Iuax

FIGURE 17C. INDUCTOR CURRENT I,
AV

I" ~,_ /7
N

REG. Vo Vrer

FIGURE 17D. OUTPUT VOLTAGE

FIGI:!H'E 17. SWITCHING REGULATOR AND ASSOCIATED
WAVEFORMS

Where V is the voltage across the inductance L1. The current
through the inductance charges the capacitor C1 and supplies
currént to the load. The output voltage rises until it slightly
excéeds the reference voltage Vi At this point the op-amp
removes base drive to Q1 and the unregulated input voltage
V1 i “switched off”. The energy stored in the inductor L1 now
causes the voitage at V, to swing in the negative direction and
current fiows through diode D1, while continuing to supply
curfent into the load R. As the current in the inductor falls
below the load current, the capacitor C1 begins to discharge
and Vg decreases. When Vq falls slightly below the value of
Vgér, the op-amp tums on Q1 and the cycle is repeated. It
should be apparent that the output voitage oscillates about
VREF with an amplitude determined by R1 and R2. Actually,
the, value of Vrer varies from being slightly more positive than
Vrer when Q1 is conducting, to being slightly more negative
than Vger when D1 is conducting. The voltage and current
waveforms are shown in Figure 178, C, and D.

Design Example

Th_e following specifications are used in decomputations for
a switching reguiator:

t Vy=30V, Vg =5V, lg = 500mA,
switching frequency = 20kHz,
output ripple = 100mV

¢

If it is assumed that transistor Q1 is in steady-state saturated
operation with a low voltage-drop, the current in the inductor

is given by Eq.10, as follows: s
t1
vV,-V
1 I "0
i = EJ'th = (—q——]tON (EQ. 11)

)

When transistor Q1 is off, the current in the inductor is given
by:

L= (Vo + Voi1) topr

EQ. 12
= ( )
From Equation 11,
-V 1V
L= Vi-Vo) 1 Vo (EQ. 13)

if imax is 1.3 I, then during t,, the current in the inductor (i)
will be 0.5A x 1.3 = 0.65A, therefore, A = 0.15A.

Substitution in Equation 13 yields

(30 - 5) 1
L= : . 1.4mH (EQ. 14)
0.15 (20x10% 30
Current discharge from the capacitor C1 is given by:
| c dv
AN o
[ Av Ac At
Thus, Aig= C orC=
At Av
Sincs i = iLand At = topp, then
Aij
e Ailorr (EQ. 15)
Av

Substitution for the value of iL from Equation 13 yields.

)- torr

(v,-vo ) 1 Vo
L1 = Ik v,

Av

C= (EQ. 16)

1
The total period T = toer+ ton, and T = -f—Therefore,

1
(EQ. 17)

For optimum efficiency t,, shouid be

\'/ \'/ 1
_9._)T( 0 )__
V| V' f

Substitution for t, in Equation 18 yields

1 f Vo \1 1 Vo
= .- e R a— 7 — 1 - —
foFF= 7 ( Vi )f f( m

(EQ. 18)

(EQ. 19)

11-59




Application Note 6157

Substitation for t,,, in Equation 16 yields

WVi.Vo) 1 Vo 1( vo)

e,
A
e

PR 2 U

e

3 Av

Cx (EQ. 20)

Subsﬁt}:ﬁon of numerical values in Equation 20 produces the
following value for C:

30-5 1 5 1 ; 5 )
1.4x10° " 20x10° © 30 ~20x10° " \ a9
C= =T =63uF

A switching-regulator circuit using the CA3085 is shown in
Figurd 18. The values of L and C (1.5mH and 50mF, respec-
tively)‘are commercially available components having values
approximately equal to the computed values in the previous
design example.

2N4038

Vi
0 vo
0.01uF
40V =
- 0.7 v6 (m + m)
UMT = 0% VREF,
i 12 IL(MM) R1

FI:GURE 18. TYPICAL SWITCHING REGULATOR CIRCUIT
Current Regulators

The CA308S series of voltage regulators can be used to pro-
vide a constant source or sink current. A regulated-current
supply capable of delivering up to 100mA is shown in Figure
19A . The regulated load current is controliéd by R1 because
the current flowing through this resistor must establish a voit-
age difference between terminals 6 and 4 that is equal to the
intemnal reference voltage developed between terminals 5
anq 4,
UNREG. V;

?

t 0.001uF

-

v o e

. REG.), =
FIGURE 19A. CURRENT REGULATOR

UNREG. _
NEG. V() ©

" (B)
HIGH-CURRENT REGULATOR
FIGURE 19B. HIGH-CURRENT REGULATOR

FIGURE 19. CONSTANT CURRENT REGULATORS

The actual regulated current, reg I_is the sum of the quies-
cent regulator current and the current through R1, i.e.,

reg Iy = louescenT + Int

Figure 19B shows a high-current regulator using the CA3085
in conjunction with an external n-p-n transistor to regulate
currents up to 3A. In this circuit the quiescent regulator cur-
rent does not flow through the load and the output current
can be directly programmed by R1, i.e.,

Veer

Regl. =

With this regulator currents between 1mA and 3A can be
programmed directly. At currents below 1mA inaccuracies
may occur as a result of leakage in the external transistor.

A Dual-Tracking Volitage Regulator

A dual-tracking voltage regulator using a CA3085 and a
CA3094A is shown in Figure 20. The CA3094A is basically an
op-amp capable of supplying 100mA of output current. Specifi-
cations for the CA3094A appear in datasheet fils number 538.

The positive output voltage is regulated by a CA3085 operating
in a configuration essentially similar to that described in connec-
tion with Figure 3. Resistor R is used as a vemier adjustment of
output voltage. The negative output vottage is regulated by the
CA3094A, which is “slaved” to the regulated positive voltage sup-
plied by the CA3085. It should be noted that the non-inverting
input of the CA3094A and the negative supply terminal of the
CA3085 are connected to a common ground reference. The
“slaving” potential for the CA3094A is derived from an accurate
1:1 voltage-divider network comprised of two 10KQ resistors
connected between the +15V and the -15V output terminals. The
junction of these two resistors is connected to the inverting input
of the CAB094A. The voltage at this junction is compared with
the voltage at the non-inverting input, and the CA3094A then
automatically adjusts the output current at the negative temminal
to maintain a negative regulated output voltage essentially equal
to the regulated positive output voitage. Typical performance data
for this circuit are shown in Figure 20.
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' MAX. loyr = 100mA
CA3085A .
vtmm,n' 444, VOLTAGE - +15V.
(NOTE 1) REG. Q p————O REG.
9 % OUTPUT
b
1 OK.Q < :
0. 0056;11-' 1 sv 9. °‘PF
b 150%
> o COMMON
© RETURN
200KQ
, T 003
I o-15V REG.
¥ QUTPUT
V- INPUT o o=
(NOTE 2) %
\A4
AAA
\AA
1to1|<n
REGULATION: . ¢
AVour
MAX. LINE = X 100 = 0.075%/V
[VOUT(INITIAL):, AV )
AVour
MAX. LOAD = X 100 = 0.075%/Vgyr
["our ( lNlTlAL)] AViy (I, FROM 1A TO 50mA)
NOTE:

1.. V+ Input Range = 19V to 30V for 15V Output
2. V- Input Range = -16V to -30V for -15V Output

:FIGURE 20. DUAL-VOLTAGE TRACKING REGULATOR

The basic circuit of Figure 20 can be modified to regulate dis-
similar positive and negative voltages (e.g., +15V, -5V) by
app}opn‘ate selection of resistor ratios in the voltage-divider
network discussed previously. As an example, to provide
tracking of the -15V and -5V regulated voltages with the circuit
of Figure 20, it is only necessary to replace the 10KQ resistor
connected between terminals 3 and 8 of the CA3094A with a
3.3{KQ resistor.

Regulators With High Ripple Rejection

ngen the reference-voltage source in the CA30857 is ade-
quately filtered, the typical ripple rejection provud‘ed by the cir-
cuit is 56dB. It is possible to achieve hlgﬁer ripple-rejection
performance by cascading two stagés of the CA3085, as
shown in Figure 21. The voltage-regulator circuit in Figure 21A
provides 90dB of ripple rejection. The output voltage is adjust-
able over the range from 1.8V to 30V by appropriate adjustment
of resistors R1 and R2. Higher regulated output currents up to
1A can be obtained with this circuit by adding an extemal n-p-n
transistor as shown in Figure 218.

UNREG.
Vi

90dB RIPPLE REJECTION
LINE REG. <0.0001%/ V;

LOAD REG. <0.1% Vg FOR LOAD CURRENTS UP TO 50mA
Vo RANGE FROM 1.8V TO 30V

FIGURE 21A. VOLTAGE REGULATOR WITH HIGH RIPPLE
REJECTION

FIGURE 21B. HIGH-CURRENT VOLTAGE REGULATOR WITH
HIGH RIPPLE REJECTION

The CA3085 As A Power Source For Sensors

Certain types of sensor applications require a regulated power
source. Additionally, low-impedance sensors can consume sig-
nificant power. An example of a circuit with these requirements,
in which a CA3085 provides regulated power for a low-imped-
ance sensor and the CA3059 zero-voltage switch, is shown in
Figure 22, Terminal 12 on the CA3059 provides the ac trigger-
signal which actuates the zero-voltage switch synchronously
with the power line to control the load-switching triac. Specifica-
tions for the CA3059 appear in datasheet file number 490,

RL

AAA

IN4001

1000
120V
60,

FIGURE 22. VOLTAGE REGULATOR FOR SENSOR AND ZERO-
VOLTAGE SWITCH
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A

The CA3085 As A General-Purpose Amplifier

As described above, the CA3085-series regulators contain a
high-gain linear amplifier having a current-output capability
up to 100mA. The pramium type (CA3085B) can operate at
supply voltages up to 50V. When equipped with an appropri-
ate radiator or heat sink, the TO-5 package of these devices
can dissipate up to 1.6W at 55°C. A very stable internal voit-
age-reference source is used to bias the high-gain amplifier
and/of provide an extemal voltage-reference despite
extreme temperature or supply-voltage variations. These
factors, plus economics, prompt consideration of this circuit
for general-purpose uses, such as amplifiers, relay controls,
signal‘-lamp controls, and thyristor firing.

As an example, Figure 23 shows the application of the
CA3085 in a general-purpose amplifier. Under the conditions
shown, the circuit has a typical gain of 70bB with a flat
regponse to at least 100kHz without the RC network con-
nected between terminals 6 and 7. The RC network is useful
as a tone control or to “roll-of the amplifier response for
other reasons. Current limiting is not used in this circuit. The
network connected between terminals 8 and 6 provides both
dc and ac feedback. This circuit is also applicable for directly
driving an external discrete n-p-n power transistor.

FIGURE 23. GENERAL-PURPOSE AMPLIFIER USING CA3085A
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| CA3085, CA3085A
HARRIS g
% sfmconoucroa CA3085B

Positive Voltage Regulators from

April 1994 1.7V to 46V at Currents Up to 100mA
Features Description
* Upto 100mA Output Current The CA3085, CA3085A, and CA3085B are silicon monolithic integrated

circuits designed specifically for service as voltage regulators at output

* Input and Output Short-Circuit Protection voltages ranging from 1.7V to 46V at currents up to 100 milliamperes.

* Load and Line Regulation............... 0.025% ) ) !
. . . . . A block diagram of the CA3085 Series is shown. The diagram shows
* Pin Compatible with LM100 Series the connecting terminals that provide access to the regulator circuit
Adjustable Output Voltage components. The voltage regulators provide important features such
as: frequency compensation, short-circuit protection, temperature-
: : compensated reference voltage, current limiting, and booster input.
Ap P lications These devices are useful in a wide range of applications for regulating
« Shunt Voltage Regulator high-current, .switching, shunt, and positive ar'wd negativg voltages. They

are also applicable for current and dual-tracking regulation.

¢ Current Regulator

« Switching Volt R lat The CA3085A and CA3085B have output current capabilities up to
witching Voltage Hegulator 100mA and the CA3085 up to 12mA without the use of external pass

¢ High-Current Voltage Regulator transistors. However, all the devices can provide voltage regulation at

« Combination Positive and Negative Voltage Regulator load f:urrents greater than 1q0mA with the use of sui?able external pass
transistors. The CA3085 Series has an unregulated input voltage rang-

¢ Dual Tracking Regulator ing from 7.5V to 30V (CA3085), 7.5V to 40V (CA3085A), and 7.5V to
50V (CA3085B) and a minimum regulated output voltage of 26V
Vin Vour MAX MAX LOAD (CA3085), 36V (CA3085A), and 46V (CA30858B).
¢ | RANGE | RANGE | Ioyr | REGULATION
TYPE v V) (mA) (%Vour)
CA3085 | 75t030 | 1.81026 | 12 0.1 Ordering Information
(Note 1) TEMPERATURE
CA3085A | 7.51040 | 1.71036 | 100 0.15 PART NUMBER RANGE PACKAGE
CA30858 | 7.5t050 | 1.71046 100 0.15 CA3085, A, B -55°C to +125°C [ 8 Pin Metal Can
NOTE: CA3085E, AE, BE -55°C to +125°C | 8 Lead Plastic DIP

1. This value may be extended to 100mA; however, regulation is
notespecified beyond 12mA.

Pinouts Functional Block Diagram
CA3085, A, B, E, AE, BE (PDIP)
- TOP VIEW UNREGULATED |
: CURRENT COMPENSATION AND
hd CURRENT meuT (v @ soosTer @ D “EXTERNAL INHIBIT
our 1] 81 Lmit
CURRENT
BOOSTER L2 [7] coMPANHIBIT | current
v 3 5] - SOURCE
{3 5]V
, V- :l REF d ng \
STARTING A
creurt | |8MELcE
¢ /
CA3085S, AS, BS (CAN) 0
TOP VIEW REGULATED
CURRENT ouTPUT
LiMIT
! out COMP/INHIBIT
CURRENT IN-
BOOSTER
v+ v SUBSTRATE (7 NV 6 CURRENT
' N BeF v-o Veer ) € INPUT ® mmine
¥ V-

AUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.
opyright © Harris Corporation 1994 7.31
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Specifications CA3085, CA3085A, CA30858

Absolute Maximum Ratings Thermal Information

Supply Volage . ............iiiiiiiii i 47,0V Thermal Resistance 0,a 0,c

Unreguiated Input Voltage Metal Can (Without Heat Sink) ... ... 156°C/W 68°C/W
CABDBS. . ..ttt e e 30v Plastic DIP Package .............. 155°C/W -
CAB0B5A. . ..ottt 40V Maximum Package Power Dissipation
CA3085B. 4 . ittt e 50V Plastic DIP (Without Heat Sink)

Storage Tetperature Range ................. -65°C to +150°C UptoTa=55°.....cciinniiiiins e 630mwW

Junction Temperature. . .......oovviiiiiinnnnnn.. +175°C Above Tp=55°C............ Derate Linearly at 6.67mW/°C
PlasticDIP Package . ..............c.coiivinnn... +150°C Metal Can (With Heat Sink)

Lead Temperature (Soldering10s).................... +265°C UptoTe=585%C. .. it 1.6W

Above Tg=55°C............ Derate Linearly at 16.7mW/°C

CAUTION: Stressas above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the devica at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Operating Conditions
Operating Voltage Range. . . ................... +1.7Vto +46V  Operating Temperature Range .. .............. -55°C to +125°C

Maximum Voltage Ratings

The following chart gives the range of voltages which can be applied to the terminal listed vertically with respect to the terminals listed
horizontally. For example, the voltage range between vertical Terminal Number 7 and horizontal Terminal Number 1 is +3 to -10V.

TERMINAL
NUMBER 5 6 7 8 1 2 3 4
5 - +5 Note 1 Note 1 Note 1 Note 1 Note 1 +10
-5 0
- - Note 1 Note 1 Note 1 Note 1 Note 1 Note 1
7 - - - +3 Note 1 Note 1 + (Note 2)
-10 -103 0
8 . - - - - +5 Note 1 Note 1 Note 1
-1
1 - - - - - +10 0 + (Note 2)
- (Note 2) - (Note 2) 0
2 - - - - - - 0 + (Note 2)
- 0
3 - - - - - - - + (Note 2)
0
4’ - . - - - - - Substrate
and Case
NOTES: *

1. Voltages are not normally applied between these terminals; however, voltages appearing between these terminals are safe, if the specified
voltage limits between all other terminals are not exceeded.

2. 30V (CA3085); 40V (CA3085A); 50V (CA3085B)

) Maximum Current Ratings

TERMINAL
NUMBER Iy (MA) lout (MA)
5 10 1.0
! 6 1.0 -0.1
: 7 1.0 -0.1
8 0.1 10
1 20 150
2 150 60
3 150 60
4 - -
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Specifications CA3085, CA3085A, CA30858

DC Electrical Specifications T, = +25°C, Unless Otherwise Specified

CA3085 CA3085A CA3085B
TEST
PARAMETERS | SYMBOL CONDITIONS FMIN | TYP | MAX I MIN | TYP | MAX | MIN| TYP | MAX | UNITS
DC CHARACTERISTICS .
Reference VeRee | Vv =15V (Figure 3) 1.4 1.6 1.8 1.5 1.6 1.7 15 1.6 1.7 \'%
Voltage
Quiescent lquiescent § V'in = 30V (Figure 3) - 3.3 45 - - - - - - mA
Regulator Current
V¥ Ny = 40V (Figure 3) - - - - 3.65 5 - - - mA
V* = 50V (Figure 3) - - - - - - - 4.05 7 mA
Input Voltage ViN(range) 7.5 - 30 7.5 - 40 75 - 50 \
Range
Ma)qmurr; Output VO(MAX) V+|N = 30, 40, 50V 26 27 - 36 37 - 46 47 - \"
Voltage . (Note 1); Ry = 365Q;
Term. No. 6 to GND
(Figure 3)
Maximum Output Vominy Vi = 30V (Figure 3) - 1.6 1.8 - 1.6 1.7 - 1.6 1.7 \'
Voltage
Input- Output | Vin-Vour 4 M o s 4| - s [as]| - 48 v
Voltage
Difterential
Limiting Current I | VN =16V, - o 120 -] 96 J 120 -] 96 | 120] ma
F V+OUT = 10V,
RSCP = 6Q (Note 2)
(Figure 6)
Load Regulation IL=1to 100mA, - - - - 0.025 | 0.15 - 0.025 | 0.15 § %Vour
(Note 3)I RSCP =0
I =1 to 100mA, L ! . - 0035 | 06 - | 0035 06 § %Vour
Rgce =0,
Ta = 0°C to +70°C
I =1to 12mA, - |o.003| 01 - - - - - - | %Vour
Rscp =0
Line Regulation IL=1mA, Rgcp =0 - ]0025] 01 - 10025100754 - |} 0.025| 0.04 %N
{Note 4) .
' I_=1mA, Rgep =0, - joosa o015 - | o004 ] 0i - {004 | 008] %V
Ta = 0°C to +70°C
Equivalent Noise Vyoise | Viin=25V | Crer=01] - 0.5 - - 0.5 - - 0.5 - mVp-p
Output Voltage (Figure 10)
CRrer = - 0.3 - - 0.3 - - 0.3 - mVp-p
0.22uF
Ripple Rejection V' n=25V, | Crege =0 - 50 - - 50 - 45 50 - dB
f=1kHz
' (Figure 11) CREF = - 56 - - 56 - 50 56 - ds
2uF
Output Resis- IO VHn =25V, f=1kHz - 0.075 1.1 - 0.075 0.3 - 00751 0.3 Q
tance (Figure 11)
Temperature VREFv VO IL =0, VREF =1.6V - 0.0035 - - 0.0035 - - 0.0035 - °/o/°C
Coefficient of (Note 4)
Reference and
Output Voltages
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USING HARRIS HIGH SPEED A/D CONVERTERS

Author: Phil Louzon

Introduction 0.5mm
B e d

Table, 1 shows tf.19 wide range of high-speed ADC's avallab!e COMPONENT / SIGNAL LAYER m

from Harris. Maintaining the accuracy of these converters in 03

a high-speed environment can be quite a challenge. This GROUND LAYER —

note will point out considerations for board layout, grounding, 0dmm

power management, and suggest various support circuits. pove MyeR

Board Layout, Ground and Power SOLDER LAYER 3mm

Considerations

The cost of multilayer boards has decreased to the point
where they are now commonly used with high-speed mixed
signal circuits. This technology enables the use of solid
ground and power planes which will result in the lowest
impedance possible while minimizing any shared imped-
ances. Figure 1 illustrates the sequencing of the layers used
on the HI1276 evaluation board. The dimensions called out
were those required to achieve 50Q microstrip for the signal
lines.

FIGURE 1. HI1276 EVALUATION BOARD LAYERS

There are many board layout techniques that can be used
on & mixed signal board to keep digital noise from corrupting
the analog signal path. The ground layer should be sepa-
rated into an analog and a digital ground with an eighth of an
inch spacing between them to minimize coupling.Analog
components should be separated from the digital compo-
nents. This is simplified if the converter has separate analog
and digital supply and ground pins making it fairly obvious
where to locate the components in relation to the ADC.

TABLE 1. HARRIS HIGH-SPEED CONVERTERS

CONVERSION INPUT

TABLE BITS SPEED LOGIC LEVELS BANDWIDTH TECHNOLOGY
CA3304 4 25 MSPS - CMOS 13MHz CMOS Flash
CA3306 6 | 18MSPS CMOS 9MHz CMOS Flash
HIS5701 . 6 30 MSPS CMOS/TTL 20MHz CMOS Flash
CA3318 8 15 MSPS CMOS 2.5MHz CMOS Flash
HI5700 8 20 MSPS CMOS/TTL [ 18MHz CMOS Flash
HI1175 8 20 MSPS CMOs 18MHz CMOS Two-Step
HI1176 8 20 MSPS CMOS 18MHz CMOS Two-Step
HI1386 8 75 MSPS ECL 150MHz BIPOLAR Flash
HI1396 8 125 MSPS ECL 200MHz BIPOLAR Flash
HI1166 8 250 MSPS ECL 200MHz BIPOLAR Flash
HI1276 8 500 MSPS ECL 300MHz BIPOLAR Flash
HI5800 12 3 MSPS TTL 20MHz,, BICMOS Two-Step

Copyright © Harmis Corporation 1993




Applilcation Note 9214

Position the componsents and signal lines over their corre-
sponding analog or digital ground plane. This will minimize
inductive loops, and theéreby reduce ringing and magnetic
coupling into sensitive analog areas. It also results in a cer-
tain measure of high frequency decoupling on the supply
lines. Route all controlled impedance signa!l lines on the
component layer minimizing the number of through holes.
The holes will make it difficult to maintain a controlied imped-
ance and will tend to generate additional noise on the board.
Additional power or noncontrolled impedance signal lines
could be run on the solder side. Pay particular attention to
the analog input and reference traces to the ADC. Route
them so as to minimize capacitive coupling from any digital
lines. Unexpected frequency components in a spectrum plot
for the ADC might be caused by digital noise coupling onto
the analog traces. it is especially critical for the ECL convert-
ers with multiple Vyy pins to equalize the line lengths to these
pins.

The analog and digital grounds should only be tied together
in one place. The choices are under the ADC, at the edge of
the board, or back at the supplies. When the system has a
single ADC then the best place is usually under the ADC. A
wise decision in the prototype phase of a design is to allow
for all three choices so the optimum scheme can be deter-
mined. Do not tie the grounds together back at the supplies
and under the ADC. This will create a ground loop and gen-
erate additional noise. If the system has muitiple ADC's, then
treat each one as an analog part, and group it close to the
other analog components. Tie the grounds together either at
the edge of the board or back at the supplies.

Avoid mounting high-speed converters in IC sockets. Their
parasitic resistance, inductance, and capacitance will usually
degrade the performance of the part. Instead use “Pin Sock-
ets” Amp Part No. 5-330808-3.

Ali the parts in Table 1, except the CA3304 and CA3318,
have evaluation boards available. Copies of the layout are
provided with the documentation that comes with the board,
and it is suggested that it be used in a system design to get
the best performance from the part.

Vi o— FB L—a
A +—Lr AvCC

;wus ; 0.1uF

ADC

° | greeun |
Vo T L] T pvce

lw;w ;OJHF

AGND  DGND

FB - FERRITE BEAD (FAIR RITE 2743001111)H_

FIGURE 2. SUGGESTED POWER SCHEME

Again, in the interest of keeping digital noise out of the ana-
log signal path, the ADC should have separate analog and
digital supplies. Figure 2 shows a suggested scheme for
bypassing the supplies. Each supply is bypassed to its

respective ground. A 10pF tantalum cap is usually placed at
the edge of the board to keep any low frequency noise from
getting on the board. Since a bulk capacitor will-look induc- *
tive at higher frequencies, an additional 0.1uF chip cap is
placed at the ADC supply pins. The fermite bead performs
two functions. First, it will damp the resonant circuit formed
by the 10pF cap, the parasitic inductance of the trace to the
power pin of the ADC, and the 0.1uF cap. And, if system cost
constraints do not allow separating the analog and digital
supplies, then the bead will keep the digital noise off the
analog supply.

The HI1175 could latchup if at power up thers is a time skew
between the analog and digital supplies. Therefore, do not

separate these supplies or insert a ferrite bead between
them, but instead tie both to the +5V analog supply.

POWER SOURCE #1

N\

Ld
[ & MOTHERBOARD
::1 50Q /
+Vcc 2]
POWER SOURCE #2
\ +Vee #2

P

AAA

>
> 1500

FIGURE 3. REMOTE POWER SUPPLY CONNECTIONS

Figure 3 is a suggested scheme for bringing power to a
motherboard with remote power supplies. The analog and
digital grounds are tied together at the edge of the board
along with earth ground. Allow for a large number of ground
connections to the board to minimize voltage drops across
the backpiane. Notice the use of twisted pair lines to mini-
mize the inductance of the supply lines. The 150Q resistor
ensures that the power supplies have a reference to earth
ground at all times and is large enough to prevent ground-
loop currents.

Try to avoid using switching power supplies whenever possi-
ble. The large spikes, 100mV or more at about 100kHz,
found on these supplies have frequency components that
can extend into many megahertz. Since the PSRR of the
ADC will tend to rolloff significantly from its DC value, thers
can be a reduction in the overall signal to noise ratio (SNR)
of the converter. If it is necessary to use a switching power
supply, then filter its output with commercially available DC
power filters. A linear regulator could also be used to provide
a certain amount of isolation on an analog supply.

ey
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References

A number of factors must-be considered when designing a
reference for a converter. Accuracy must be maintained over
the temperature range of the ADC, and the noise it gener-
ates must not degrade the SNR of the converter. The refer-
ence voltage terminals for a flash converter are typically
subjected to intemal transient currents during conversion.
Theretors, it is Important to drive the ADC reference pin from
a low impedance source and to decouple thoroughty
between the Vgpee+ and Vrgg- pins. The reference must also
be abje to drive the low impedance of the reference ladder
(as low as 76Q for the ECL flash converters).

Figlre# is a reference circuit capable of producing a positive
and a negative reference voltage of about 4V that has a
40ppm/°C drift over temperature. The positive side of the ref-
erence could be used with the CMOS converters, while the
negative side could be used with the ECL parts. The feedfor-
ward and feedback resistors of the op-amps would be scaled
for the required reference voltage.The HI1166 and Hi1276
have the provision for bypassing the Rs parasitic resistance
using the sense pins (Vrrg and Vggg). All the other flashes
do not have this opticn, so they would close the feedback
loop at the converter referencs input pin.

J FLASH
Var Rs
; AAA
vy
§
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3 Vers 23
+5 3.9KS> REFERENCE @
LADDER [
2K :t
y 12K ] Vras <
A AA AdA
- Yy vy
l _L+ 2K
0.1 AAA N AAA
10uF vvy \AA
ic l l 10 l Vs R
) s
3.9K ;
AAA
ey
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I
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3
. FIGURE 4. FLASH REFERENCE CIRCUIT
}
i I l
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' Vour  Vre +15 +15
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| REFpy

¢ FIGURE 5. HI5800 REFERENCE CIRCUIT
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The CA3306 has an intemal 6.2V zener that can be used to
generate the_reference voltage for the part. However, this
techmque is"not recommended for converters with greater
than 6 bits of resolution, because of the noise generated by
the zener diode. For these parts, a bandgap reference such
as the ICL8069 should be used.

The infernal reference for the HI1175 and HI1176 are resis-
tors to +5V and ground that in combination with the refer-
ence ladder sets Vgpr to 2.6V and Vgg to 0.6V, These
voltages are specified at a nominal supply and will be very
sensitive to the actual supply voltage used in a system.
Bypass the Vir and Vg pins heavily in order to ensure that
powsr: supply noise does not get into the converter refer-
encs.

The HIS800 12 bit sampling converter has an internal 2.5V
20ppm/°C reference. If a user decides to provide an external
reference, then they will be faced with various problems. The
drift of the reference over temperature must be fow, and it
also must be capable of driving the 2002 input impedance
seen ‘at the REFyy pin of the HISB00. Figure 5 is a recom-
mended circuit for doing this that is capable of 2ppm/°C drift
over temperature. Notice that in this case a REF101 is used
to supply the reference voltage capable of 12 bit perfor-
mance. A slightlty cheaper REF102 can be used if a larger
T¢ can be tolerated.

Analog Input Buffers

In general, the analog input to an ADC needs to be amplified
or buffered for the following reasons: to adjust gain and off-
set, to sink any spurious clock kickback generated during the
convarsion process, to drive the ADC's input capacitancs, or
to maintain circuit bandwidth.

Ry

AAA
Yy

ADC

Vour | Vin

R
Vorrser —AWA—¢ \
E
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Vin

FIGURE 6. NON INVERTING AMPLIFIER

Figure 6 is an example of a high input impedance nonin-
verting amplifier that will level shift an input to an offset
determined by Vogpger: The gain can be calculated from:

[ 5 ] [ - J
\; =l 1tae XV =] ——— |xV
ouT R1”R3 IN Ry+Rg OFFSET
Ay||Rs = il
. 1+Ag

Figure 7 is an example of an amplifier that will also offset the
input depending on Voerser; but, in this case, the input will
be inverted and the input lmpedance is'équal to the ‘value of
R1. The equation for the circuit gain is:

R R
v - 2 2
ouT ( RJ INT ( ) OFFSET

3
Ry Ay
vm % | ""‘f
ADC
"
v A
OFFSET vy VOUT VIN

/

FIGURE 7. INVERTING AMPLIFIER

These circuits could be used to level shift unipolar inputs to
the +2.5V range of the HI5800 or translate them up to the
levels required by the H11175 and HI1176.

Several factors need to be considered when selecting an
amplifier to drive an ADC. First, the DC performance of the
amplifier must match the desired system accuracy. Refer to
references 1, 2, and 3 for an excellent discussion of the dit-
ferences between voltage and current feedback op-amps
and the DC accuracy that can be expected of them.

TABLE 2. BANDWIDTH APPROXIMATIONS

APPROXIMATE BANDWIDTH
INPUT SIGNAL REQUIRED
Pulsating DC Rate Of Change (V/s)/1V
Sinusoidal 1/Period

Complex Periodic 20/Fundamental Period

Single Event 1/Puise Width

Table 2 shows some of the first-pass approximations of the
required bandwidth for a given type of input signal. The
nyquist criterion would then set the minimum sampling rate
at-twice the bandwidth.

There are a number of reasons why the bandwidth of the
input circuitry to the ADC is usually much wider than these
approximations. All applications will suffer a loss of dynamic
rangs as the input to the ADC approaches the -3dB band-
width. In CCD or muxed input applications (pulsating DC) a
wide bandwidth system will settle faster to a new input and
recover quicker frorn an overrange. Signal distortion of base-
band (sinusoidal) or pulse signals (complex pericdic) will be
avoided if the input is operating over a fiat portion of the sys-
tem frequency response and has a zero phase shift over its
entire frequency range. A more realistic goal is a phase shift
that is proportional to frequency. That is, the second har-
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monic should be delayed twice as much as the fundamental,
the third three times as much, and so on. When this eccurs,
all the frequency components will end up having the same
amount of time delay resulting in a signal that is only delayed
slightly in time and can easily be adjusted for.

For a single pole system, the attenuation factor and phase
shift at a particular frequency relative to the f 54 can be cal-
culated from:

ACh) = ! (1) and o(f) = atan(f—f—-) @).

14 (f_f__)Z -3dB
-3dB

Taking these error terms into account, the complete equation
for a sinewave including the effects of the system would now

be:
A xsin(mt+ atan(f f ))
2 -3dB

vty =

1+ S
: -3dB

Once the phase shift has been calculated the corresponding
time delay at frequency f will be:

_ 9@
D~ 3soxt"

In equation 1, when f equals 4MHz (video) and the attenua-
tion A(f) is one 8 bit Isb (0.4%), the required small signal
bandwidth {545 would be 40MHz. The corresponding phase
shift at 4MHz would be 5.7° and the time delay is 4ns. Con-
sult the datasheet for a particular op-amp to find out if it will
provide the desired gain flatness and phase response over
the required bandwidth. Keep in mind the signal levels
required for a full scale swing to the ADC and at what level
the bandwidth for the op-amp is specified. There are many
ways to spec the bandwidth of a converter, but the important
point is its accuracy at the desired operating frequencies.

Figure 8 is a model for the analog input circuit for a typical
flash converter. The inductance L inciudes the lead induc-
tance of the part and the inductance due to the Vy trace on
the board. Resistor R includes the output resistance of the
op-amp.

OP-AMP

" OPTIONAL

FIGURE 8. FLASH INPUT CIRCUIT

The circuitry driving the analog input of one of the 8 bit ECL
flashes must drive 255 bipolar comparators. Each compara-
tor will have a parasitic .capacitance formed by a reverse
biased p-n semiconductor junction. The capacitance will be
a nonlinear function of voltage and temperature. Nommally,
the ADC analog input would present a total capacitive load

(Ciny) which would also vary depending on the state of the
comparators intemal to the converter. However, the design
used in the Harris ECL converters has minimized this effect
and the resulting kickback on the analog input.

The circuit in Figure 8 can be optimized for a particular ECL
flash and board layout by the proper selection of resistor R.
Too low a value for R will cause peaking in the frequency
response and too high a value will result in a loss of band-
width. The process to select the correct value for R will
involve plotting the bandwidth for the total system at a num-
ber of different values of R. In some cases additional band-
width can be gained by adding Ropt and Copt but it will
require a more complicated selection process. A user should
refer to the evaluation board available for a particular ADC
for a suggested layout, op-amp, and component values.

The input capacitance (Cy) for a CMOS flash depends on
the state of the convert clock signal. For example, the analog
input capacitance of the HI5700 is typically 60pF during the
sample phase and 15pF during the auto-baiance phase. The
charging current for these capacitors will generate a current
pulse that is present at the input at the beginning of every
sample and auto-balance period. The peak current transient
is dependent upon the applied voltage, input ¢apacitance
during sample phase, and the driving source impedance.
Ideally, the input to the ADC should settle fast enough in one
sample period so the accuracy of the conversion is not
degraded. These transients can be quite large for the CMOS
converters and is the primary reason why a wide bandwidth
buffer is always recommended to drive the analog input to
these parts.

The circuit depicted in Figure 8 can be tuned for the best
settling time for a particular CMOS ADC by the proper
choice of R and will occur when:

i ﬂk]
R=2x/z]

Since the values for R and L are hard to quantify, the calcu-
lated value wili probably have to be adjusted a few ohms
one way or the other in an actual system before an opti-
mum value is found. An R of 27Q was determined to be
appropriate for a HA5020 driving a HI5700 mounted on its
evaluation board. The HA5020 is a good choice for an op-
amp to use with the family of CMOS converters.

The settling time for the above circuit, neglecting L, can be
calculated from Tg = 0.69 x N x R x C. N is the desired reso-
lution. This equation applies only to CMOS converters with
switched capacitor inputs. If the flash is the 8 bit HI5700, and
A is equal to 27Q, then the settling time would come out to
9ns, well within the sample time of the HI5700 running at a
20MHz encode rate.

An op-amp with adequate slew rate, full power bandwidth
(FPBW), and drive current should be selected to drive an
ADC. The minimum required slew rate can be calculated
from: SRy = 2 X 1t X Vpgak X FPBW. An HI1276 500 MSPS
converter with a 2V reference would have a Vpeak equal to
1V and the required FPBW would equal 250MHz (nyquist).
The minimum slew rate needed from the op-amp would then
be 1571V/us.
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The minimum required output drive current is a function of
the maximum slew rate, termination load impedance, and

Jev feedbaclegurrent, if any. Given the required .slew rate, the

minimum output current needed from an amplifier just to
charge the HI1276 input capacitance load of 20pF, is found
by:

_ OQutputCurrent _ |

SRuin = CapacitorLoad C

iy = SRy XC = (1571%106) x (20x10-12) = 31mA

The HFA1100 is one of a family of high-speed op-amp and
buffers that have sufficient slew rate and output current to
drive the analog input of the Harris family of ECL converters.

The overall system performance at a particular frequency
will not be degraded if the harmonic distortion of input circuit
to an ADC is less than that of the converter. Given that the
dynamic range for a perfect 8 bit converter is 50dB, for a
0.5dB reduction in the overall system distortion, the amplifi-
ers contribution must be less than 58dB. A 3dB reduction
would result if the harmonic distortion of both the ADC and
amplifier were equal. Sometimes it is difficult to-get from the
amplifier's data sheet a clear picture of what distortion to
expect at the particular levels and frequencies the user will
be operating. The gain flatness spec can also be used to
give an indication of the op-amp linearity. For example, for 8
bit accuracy the op-amp should have a gain flatness of
0.2dB out to the frequency of interest.

An ampilifier circuit driving an ADC must also minimize the
totaf RMS noaise voltage that it generates or it will reduce the
system SNR. The objective is to keep this noise less than
o/ (V12) (q is the LSB size), which is the theoretical RMS
quantization noise of the ADC.

A2
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AAAA
2K
t v,
Ry - i HI5800
y KK Inn
HA284% A
Rp Vior | '
| +
667
Inp
¢
' vy = (18(nV))/JHz
; Inn = np = (2PA)/JHz
FBW = 20MHz

FIGURE 8. OP-AMP NOISE MODEL

Figure 9 is a HA-2841 op-amp driving an HIS800 with the
voltage noise (Vi) and current noise (ly) sources modeled.
The equation for the'dptal s najserover the bandwidth of

interest is:
vr0T = ,1.57 X Faw X

J( (vN)zx(1 +:_f)2+ (n,) 2% (INN)2+ ()2 (lNP)zx(1+%)z

Where:

Vrort is the total rms noise voltage at the input to the ADC.
R, is the feedforward resistor.

Ry is the feedback resistor.

Rp is the noninverting input resistor.

Vy is input voltage noise spectral density.

Inn is the inverting input current noise spectral density.

Inp is the noninverting input current noise spectral density.
fgw is the bandwidth over which the noise is to be integrated.

Note that Iy and Inp are equat in the case of voitage feed-
back op-amps but will not be for current feedback op-amps.
If the small signal bandwidth is not given for the converter,
then use its full power bandwidth for fgy. For the values
given in the figure, Vyor is found to be equal to 180uV. This
is about a factor of two less than the 352uV of quantization
noise for a HIS800 12 bit ADC with a 5V range. Keep in mind
that the amount of quantization noise is inherent to any ADC
given its Isb size. Overall the HA2841 a good choice for driv-
ing the HI5800.

The circuits in CCD or muxed input applications must pro-
cess large signal puise type waveforms. In order to get the
highest throughput possible, they must slew and settle
quickly so, as depicted in Figure 10, the ADC can then accu-
rately digitize the analog information.

cCcD
OUTPUT

ADC
ENCODE

I TL

FIGURE 10. TIME DIVISION MULTIPLEXED SIGNAL

Op-amp settling time is made up of two parts. Initially the
signal must slew until it enters a region where small signal
analysis takes over. For a single pole frequency response,
the error will then decay with a time constant determined by
the small signal bandwidth of the op-amp. The settling time
in an actual system is very much a function of the circuit par-
asitics and the overall frequency response of the circuit. As
such, it is difficult to calculate an accurate number before-
hand. Reference 2 has a more thorough discussion of set-
tling time and the calculations involved. The extremely fast’
settling time' of the HFA family of op-amps (11ns to 0.1%)
make these parts very useful in these types of applications.
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Additional large signal time domain converter specifications
such as overvoltage recovery time and transient response
time become important in these apphcatlons Transient
response is a difficult test to perform especially to the 12 bit
level. Howaever, as in the case of the HIS800, if the converter
is tested close to nyquist then its input will see full scale
swings on altemate samples giving an indication of the over-
all settling time of the part.

This note has tried to give soms of the important consider-
ations when selecting an op-amp to drive a high-speed ADC.
it is advisable to breadboard up an application circuit on an
evaluation board provided by Harris for a particular ADC and
verify the performance with the converter.

Increased Accuracy

Adjustments can be made to the converter offset, gain, and
linearity in applications where accuracy is of upmost impor-
tance. The triming of an HI5700 will be used here as an
example. However, the techniques are the same for all the
CMOS and ECL flashes as long as the relationship of the
output codes to the input voltage is noted.

Offset correction is trimmed first and is usually done in the
preamp driving the ADC (Figure 6 and Figure 7). Another
method to produce the desired offset is to adjust the lowside
the low side of the reference (Vggr. for the HI5S700). What-
ever method is used, a voltage 0.5 LSB up from the desired
Vger. is applied to the input and the offset is trimmed until
the code 0 to 1 transition occurs.

Gain correction is timmed next. It can also be done in the
preamp circuit, but a better choice is in the reference circuit
by adjusting the fullscale reference voltage to the ADC
(Vrer. for the HI5700). The 2k pots in the referencs circuit of
Figure 4 can be used for this purpose. A voltage 1.5 LSB
down from the desired Vpgr, is applied to the input and the
gain is timmed until the code 254 to 255 transition occurs.

Linearity errors in a flash converter can many times resuit in
a bowed transfer curve rather than a straight line through the
endpoints. If taps on the reference ladder are provided, the
user can make external adjustments to reduce this nonfin-
earify and improve the AC performance. Figure 11 illustrates
a transfer curve with these kinds of errors before and after

adjustment of a midpoint tap.
i
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FIGURE 11. LINEARITY ADJUSTMENT

Vrer

Figure 12 is a circuit that might be used to drive the midpoint
tap of a flash. The op-amp will isolate the resistors R from
the ladder impedance allowing improved performance over
temperature. The values of these resistors are not critical as
long as they match well and do not load down the reference
source. If the resistors do not match to 0.5% then it might be
necessary to replace them with a potentiometer and adjust
the tap voltage to one-half the voltage between Vggg, and
VReg.- This adjustment should be made after the offset and
gain emrors have been timmed. The capacitor value shown
is that recommended for the HIS700. Consult the datasheet
for the value suggested for a particular flash converter. if the
flash has the 1/4 and 3/4 taps available, as in the case of the
HI5700 and the CA3318, the resistor string can be modified
to generate the required tap reference voltages and the
appropriate buiffers added to drive the taps.
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FIGURE 12. DRIVING THE REFERENCE TAP

Linearity adjustment can improve the performance of the
HI5700 and CA3318. This technique is not useful for the
ECL flash converters because they already have linearity
correction on the chip and therefore-have excslient INL num-
bers to begin with.

Another use for the ladder taps is to implement a nonlinear
transfer characteristic for the converter. A companding ADC
will reduce the midscale voltage from its normal value to
increase the SNR for low level signals.

Digital Inputs and Oulputs

Table 1 shows that the Harris family of high-speed convent-
ers has a wide range of logic families. Consult the datasheet
to make sure the input and output logic levels and clock
speeds are compatible with the accompanying logic. In order
to minimize noise, use the slowest logic family that will still
work.

There are a number of reasons for placing a data latch or
buffer in close proximity to a converter. First, it could drive
the large load capacitance normally seen on a digital buss,
which can cause large digital power supply transient
currents. For example, if all bits of an 8 bit TTL converter
change simultaneously and the riseffall time of the outputs
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are 5ns and the load capacitance is 15pF, the resulting
transient current is 120maA. If the supply has a significant
impedance, the resulting noise may not be adequately
rejected by the PSRR of the ADC. In order to get the
required isolation the supplies for the buffer must be
separate from the supplies on the converter. A ferrite bead,
in some cases, might be sufficient to provide the required
isolation between the supplies.

The buffer or latch could also be used to isolate the ADC
from a busy data buss. Depending on the design and layout
of a converter a significant parasitic coupling may exist
between the digital outputs and the analog circuitry. A buffer
or latch would shield the converter from the buss noise and
avoid the resulting reduction in SNR.

The rise and fall times of the digital logic for the ECL flash
converters will approach tns. This will infer a corresponding
interface bandwidth of 350MHz. In order to attain these
spee‘ds a 50Q system is used and usually requires micros-
trip or stripline techniques in the board layout.

The HI1386 and HI1396 have single ended digital outputs.
Place buffers close to the part to minimize line lengths and
ringing. The Hi1166 and Hi1276 have differential digital out-
puts'for the best noise rejection at the high data rates. Refer
to references 4, 5, and 6 for additional information on high-
speed board design.

It is, possible to run the ECL family of high-speed flashes
parts off a single +5V supply instead- of the normal -5.2V
supply. This will not effect the performance of the part but, as
shown in Figure 13, the analog input levels and digital output
levels will be changed. If an op-amp from the HFA family of
parts is used to drive the input, then its supply voitages will
have to be skewed to get the output swings required. The
digital output levels can be translated to TTL levels by using
a positive ECL logic family (PECL) provided by Motorola.

Vpca VRr = 45V —\

—— VOH = +4V

L. -
Vpg = +3V - VoL = +3.3V

¢ GND

FIGURE 13. POSITIVE ECL LEVELS

querence 7 and Reference 8 have more information on
using this logic family.

When running the ECL parts at the normal -5.2V supply the
ECL logic levels can be translated to TTL levels using parts
provided by Motorola and Texas instruments. Tl provides a
wide range of parts that includes buffers, transceivers, and
latches. Reference 7 and Reference 9 have a complete list-
ing of the parts available from these vendors.

Extraneous digital noise should be kept out of the convert
clock source in order to minimize the timing jitter on this line
and the resuiting reduction of the signal to noise ratio (SNR)
of the ADC. Given a 250MHz input frequency to an Hi1276

and an ms jitter (ta) of 2ps on the clock source, the SNR
that can-ba expected.only due to the effects of timing jitter
can be found from:

1
SNR = 20 x log(m)

1
2x1x250x 108 x2x10-12

SNR = 20x|og( ):50dB

It is not a trivial task to design a clock sourca with 2ps of jitter
and in this case it might be beneficial to use a highly stable
discrete bipolar sinewave crystal osciilator with heavy filter-
ing to remove as much wideband and narrowband noise as
possible. Figure 14 is a circuit that can be used to convert a
sinewave from the clock source to the ECL levels required by
the converter.

FIGURE 14. CLOCK CIRCUIT

In the interest of keeping out any digital noise, the convert
clock source should be treated as an analog circuit and as
such grouped with the other analog components. Be careful
not to let this clock couple into the other analog circuitry.

Many times an application requires that a high sample rate
ECL converter be interfaced to slower TTL DSP or buffer
memories. Figure 15 is a circuit that can be used to demux
the ECL digital data out of a converter effectively cutting the
output data rate in half. This reduction in data rate can be
extended by adding additional latches and the appropriate
timing signals.
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FIGURE 15. DATA DEMUX CIRCUIT
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Antlaliasing Filters
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FIGURE 16, ALIASING EFFECTS

Figure 16 shows the effect of sampling a bandlimited signal
at less than nyquist (fs/2). The shaded area are signals at
frequencies that were not in the original information but have
been aliased into the baseband and will now limit the overall
dynamic range of this system to 30dB. If this was intended to
be a 12 bit system, then the dynamic range is significantly
less then the desired 74dB. An antialiasing lowpass filter
would be used to modify the roiloff from fa to fg/2 so that the
aliased signals would now be below 74dB in the baseband.
Several considerations need to be taken into account when
desiining the filter. The designer must know the required
passband flatness, the rolloff rate of the transition band, the
final attenuation, and the phase characteristics. The lower
the sampling rate, the steeper the rolloff has to be, the more
poles required by the filter, and the greater the complexity of
the filter design.

There are a number of types of lowpass antialiasing filters
and each one has certain characteristics. A Butterworth filter
has the flattest response near dc and has a moderately fast
rolloff. This filter emphasizes constant amplitude versus con-
stant phase shift therefore, the pulse response would have
overshoot. A Chebyshev filter has a rapid attenuation above
the cutoff frequency with some passband ripple. It has a
squarer amplitude response than the Butterworth but less
desirable phase and time delay. The Cauer (Elliptical) filter
surpasses other filter designs for critical amplitude applica-
tions. It's very sharp rolloff rate with some ripple has’ the
squarest possible amplitude response with poor phase and
transient response. The Bessel filter has an optimized phase
response over a wide input frequency. The passband
response is not as flat as the Butterworth and it has a mod-
erate attenuation rate. This filter is most useful for pulse
applications since it avoids overshoot/undershoot. Refer-
ence 10 gives an excelient discussion of these and other
considerations in choosing an antialiasing filter.

Passive filters are usually recommended for higher fre-
quency filters (>200kHz). They will have impedances of
around 50Q to 100<L If the signal source can drive the filter,
and the ADC has a high input impedance, then place these
filters directly ahead of the converter so the output noise of
any buffer circuit will also be band limited.

Active filters are useful below 200kHz. Keep in mind the con-
siderations that have already been pointed out whgg select-
ing an op-amp to use with this type of filter. i

HI5800 Step Input Applications

In order to get the best performance in muxed or CCD appli-
cations that use an HI15800, the step input to the converter
should be timed correctly. As shown Figure 17, the overall
digital system should be quiet during the time the HIS800 is
doing its final pass to 12 bit accuracy (tg o tc). The prefarred
time to switch the input is between t, and tg because it
allows about 200ns for the input to settle to 12 bits prior to
the HI5800 sample-and-hold acquisition time. If the input is
switched at tc, then the overall conversion time of the
HI5800 has to be extended to let the input to settle and still
allow for the acquisition time of the sample-and-hold. Con-
sult the HI5800 datasheet for the exact timing values.

it is difficult to find muxes that will settle to 0.01% accuracy in
less than 200ns. The HI-508 is a 8 channel single ended
mux that will settle to 0.01% in typically 600ns. The acquisi-
tion time of the HI5800 would have to be extended by 400ns
to accommodate the mux settling time which would
decrease the system throughput rate to 1.3MHz.

If the user wants higher throughput, they will have to settle
for fewer channels. The HI-201HS is a four channel mux
which will settle to 0.1% (10 bits) in typically 180ns. Another
choice is the HA-2444. 1t is a selectable four channel opera-
tional amplifier with a settling time of 120ns to 0.1%. If very
high switching speeds are required, then DMOS switches
can be used. Siliconix provides a series of high-speed
DMOS switches in the DG6XX series that will switch in about
25ns and can be driven by standard TTL logic. Since 12 bit
settling times are highly dependent on the board layout and
numerous other factors, it is unlikely the user will be able to
calculate an exact number for the throughput of a particular
system from data sheet information.

Input Clamping

There are various reasons for clamping the input to a con-
verter. In muxed input application the converter might be
subject to frequent over range conditions as the mux
switches from channel to channel. A clamp circuit that limits
the input to small overranges would protect the converter
and also significantly reduce the amount of time it would take
the ADC to recover from the overrange. The analog input to
the converter could also be severely overdriven if the sup-
plies to an input buffer come up before the suppiies to the
ADC. The obvious solution to this problem is to power the
input circuitry off the same supplies as the ADC. However,
many flashes can operate at input levels that are above the
maximum output voltage capability of an op-amp operated at
the same rails that power the converter. Therefore, the input
op-amp must operate off different supplies and the situation
exists for power sequencing problems. The HI1175 is sus-
ceptible to this effect, and therefore it is recommended the
input be diode clamped to Vpp and GND.
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Application Note 9214

tap = ta = APERTURE DELAY (~20ns)
tmq = IRQ HIGH TIME (~200ns)
tacq = SAMPLE AND HOLD ACQUISITION TIME (~130ns)

tcony = CONVERSION TIME (~333ns)
t = FIRST PASS (~56ns)

tg# SEGOND PASS (TO 12 BITS ~133ns)

| tconv =]
CONV { : p————
tao
< tra > taca—>]
IRQ ACQUISITION ACQUISITION
TIME N TIMEN +1
fe—tp —e——— 13
Ons 56ns 188ns
ta ts te
325‘6 N-2 DATA X N-1 DATA x N.DATA

FIGURE 17. HI5800 TIMING

k

Figure 18 is a circuit that might be used to clamp the input to
the voltages set on V+ and V-. These voltages could be the
rails of the converter or the reference circuit in Figure 4 could
be used to generate the required voltages. Resistor R should
be calculated to limit the current to a safe level through the
clamp diodes and the analog input of the flash. As discussed
in the op-amp, section the value of this resistor should be
kept as small as possible to maximize circuit performance.
The diodes will add a voltage dependent capacitance at the
input to the flash which will put an additional load on the op-
amp drive requirements.

- FLASH
1N5712 x
. R
OP-AMP —Mr Vin
INST12 2
Ve

FIGURE 18. INPUT CLAMP CIRCUIT

The analog input to the HIS800 can be clamped to 2.5V . It
shouid NOT be clamped to the supply rails because these
levels on the input will damage the part. The positive clamp
voltage can be derived from the HIS800 +2.5V reference out-
put but it should be buffered by an op-amp because the ADC
reference is not designed to sink large clamp currents.
Another op-amp can be used to invert the +2.5V to generate
the negative clamp voltage.

(10

An elegant solution to the clamp problem for the ECL con-
verters is to use an HFA1130 clamped amp. This op-amp
has the electrical characteristics of the HFA1100 with the
addition of two pins, Vy and V\_, which can be used to set the
level at which the output is clamped. The clamp pins are a
high impedance so they can be driven by simple resistive
divider circuit or a DAC.
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CA124, CA224, CA324,
LM324, LM2902

Quad, 1MHz, Operational Amplifiers for

HARRIS

SEMICONDUCTOR

November 1996 Commercial, Industrial, and Military Applications
Features Description
3
 Operation from Single or Dual Supplies The CA124, CA224, CA324, LM324, and LM2902 consist of
) . four independent, high-gain operational amplifiers on a
* Unity-Gain Bandwidth................. 1MHz(TYP)  single monolithic substrate. An on-chip capacitor in each of
* DC iloltage (711 | PR . 100dB(Typ) the amplifiers provides frequency compensation for unity
gain. These devices are designed specially to operate from
* Input Bias Current..... seeeesianaaaes 45nA(Typ)  either single or dual supplies, and the differential voltage
90t VOIAAE . -« oo oo e enenns omv range is equal to the power-supply voltage. Low power drain
* Input Oftset Voltage (Typ) and an input common-mode voitage range from QV to V+
¢ Input Offset Current -1.5V (single-supply operation) make these devices suitable
- CA224, CA324, LM324, LM2902............. 5nA (Typ) for battery operation.
«CA124 ... .. ..civiiniic e o 3nA (Typ) ordering Information
* Replacement for Industry Types 124, 224, 324 PART
. NUMBER TEMP. PKG.
Applications (BRAND) | RANGE (°C) PACKAGE NO.
* Multivibrators ggg;zw 55t 125 |14 Ld SOIC M14.15
* Oscillators CA0124M96 | 5510125 | 14.Ld SOIC Tape and Reel | M14.15
* Transducer Amplifiers (124) :
« DC Gain Blocks CA0224E -40t0 85 |14 Ld PDIP E14.3
CA0224M -40t0 85 }14 Ld SQIC M14.15
(224)
Pinout CA0224M96 | -40t085 |14 Ld SOIC Tape and Reel | M14.15
(224)
CA124, CA224, CA324, LM2902 (PDIP, SOIC)
LM324 (PDIF) CA0324E 0to 70 14 Ld PDIP E14.3
TOP VIEW CA0324M 0to70 |14 Ld SOIC M14.15
\J (324)
ouTPUT 1 [ 1 E] OUTPUT 4 CA0324M96 | 01070 |14 Ld SOIC Tape and Reel | M14.15
(324)
NEG. NEG.
+ euTt L2 A 3] npuT 4 LM324N 0t070 |14LdPDIP E14.3
POS. PCS. P
,  INPUT 1 3 12 INPUT 4 LM2802N 40to 85 |14 LdPDIP E14.3
LM2902M -40 t085 |14 LdSOIC M14.15
. v+ [4] [11] v (2902)
POS. g 0] POS. LM2902M96 | -40 to 85 |14 Ld SOIC Tape and Reel | M14.15
INPUT 2 INPUT 3 (2902)
NEG. s - 3 Y NEG.
INPUT 2 2 3 INPUT 3
outrut2 [7 EI OUTPUT3

e

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |C Handling Procedures.
Copyright © Harris Corporation 1996
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CA124, CA224, CA324, LM324, LM2902

Absolute Maximum Ratings

SupplyVoltage ....... " &% ... ..., P 32V or +16V
Differential InputVoitage. . .......coooiviiiiiiiiiiatn 32v
InputVoltage. . ........cineviieeiiinnnaeans -0.3V to 32V
Input Current (V) <-0.3V,Note 1) .........cveninnnnts. 50mA
Output Short Circutt Duration (V+ < 15V, Nota 2). . ... .. Continuous
Operating Conditions
Temperature Range
CAI24. . ..o -55°C to 125°C
CA224,LM2902 .. .....ciiiriinienannnns -40°C to 85°C
CA324,LM324 . ... ... i iiieiiii it rvaae 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 3) By PCW)
PDIP PACKAGE + « + e eeeeeeereeernanierenns 100
SOICPackage. . ..covvivnnrenanaanionnennn 175

Maximum Junction Temperature (Dig) .................. 175°C

Maximum Junction Temperature (Plastic Package) ........ 150°C

Maximum Storage Temperature Range ......... -65°C to 150°C

Maximum Lead Temperature (Soldering 10s)............. 300°C
(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in *Absoluta Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above these indicated in the operational sections of this specification is not implied

NOTES:

1. This input current will anly exist when the vottage at any of the input leads is driven negative. This current is due to the collector base junction of
the input p-n-p transistors becoming forward blased and thereby acting as input diode clamps. In addition to this diode action, there is aiso lateral
n-p-n parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level
(or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action is not destructive and normal cutput
states will re-establish when the input voltage, which was negative, again retumns to a value greater than -0.3V.

2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc-

tion of the device.

3. 8,, is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Vvalues Apply for Each Operational Ampliifier. Supply Voltage V+ = 5V, V- = 0V,

Unless Otherwise Specified

CA124 CA224, CA324, LM324 LM2902
TEST TEMP.

PARAMETER + CONDITIONS (°C) | MIN TYP | MAX | MIN | TYP | MAX § MIN | TYP | MAX JUNITS
Input Offset . 25 . 2 5 - 2 7 - - - mv
Voltage (Note 6)

Full - - 7 . - 9 - - 10 mVv

Average Input | Rg =0Q Full - 7 - - 7 - - 7 - /]
Offset Voltage
Drift
Ditferential Input Full - - V+ - - V+ - - V+ v
Voltage (Note 5)
Input Common | V+ =30V 25 ] - V+-1.5 0 - V+-15 - - - A
Mode Voltage
Rangé (Note 5) V+ = 30V Full 0 - V+ -2 0 - V+ -2 - - -

V+ = 26V Full - - - - - - 0 - V+ -2 \
Common Mode |DC 25 70 85 - 65 70 - - . - dB
Rejection Ratio
Powe{ Supply DC 25 65 100 - 65 100 - - - - dB
Rejection Ratio
Input Bias li+ori- 25 - 45 150 - 45 250 - - - nA
Current (Note 4)

I+ or k- Full - - 300 - - 500 - 40 500 nA
Input Offset Iy - - 25 - 3 30 - 5 50 - - - nA
Current

I+ -4 Full - - 100 - - 150 - 45 200 nA
Average Input Full - 10 - - 10 - - 10 - pPAC
Offset Current
Drift

3-18
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CA124, CA224, CA324, LM324, LM2902

Electrical Specifications values Apply for Each Operational Amplifier. Supply Voitage V+ = 5V, V- = 0V,

Unless Otherwise Specified (Continued)

CAi2d

"CA224, CA324, LM324 LM2902
TEST TEMP.

PARAMETER CONDITIONS cc)y | min | Typ [ max | min | TYP | max | miN | TYP | max Junmrs
Large Signal  |R 22k V+=15v | 25 | 94 | 100 - 88 | 100 . . . . dB
Voitage Gain (For Large Vp Swing)

‘ R 22kQ,V+=15V | Ful | 88 . . 83 . . 83 - . d8
(For Large Vg Swing)
Output R =2kQ 5 ) o | - Jveas] o | - fwasl - | - | - | v
Voitage
Swing High |Ru=2kQ,v+=30v | Ful | 26 . . 26 . - . . . v
' Lavel
Ry =2kQ, V+ =26V Full - - - - . - 22 . - v
] -
RL=10kQ, V+=30v| Ful | 27 | 28 . 27 | 28 . 23 | 28 - v
" Low |R_=10kQ Full . 5 20 - 5 20 . 5 100 | mv
Level
Output Source |Vi+=+1V, V=0V, | 25 | 20 | 40 - 20 | 40 - . . . mA
Current Ve =15V
Vit =1V, V- =0, Ful | 10 | 20 ’ 10 | 20 - 10 | 20 . mA
V+ =15V
Sink | Vi+ =0V, Vi-= 1V, 25 | 10 ] 20 \ 10 | 20 . . . . mA
b V+ =15V
' Vit =0V, Vj-= 1V, 25 12 50 3 12 50 - - - . pA
Vo = 200mV.
V=1V, Vp# =0, Ful | 5 8 \ 5 8 > 5 8 .
V4 =15V
Crosstalk f= 1 to 20kHz 25 2 A L AN "\ Gt . . . dB
) (Input Referred)
Total Supply  |R =0 Fal - 0.8 2 ! 08 | 2 ; 07 | 12 | ma
Current ™
Ry = o0, V+ = 26V Fal |- - 3 . ¢ . . 1.5 3 mA
NOTES:

4. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the
current is essentially constant, independent of the state of the output.

5. Thé input signal voitage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage.

6. Vo= 1.4V, Rg = 0Q with V+ from 5V to 30V, and over the full input common mode voltage range (OV to V+ - 1.5V).
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CA124, CA224, CA324, LM324, LM2902

1

Schematic Diagram (One of Four Operational Amplifiers)
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Typical Performance Curves
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CA124, CA224, CA324, LM324, LM2902
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Typical Performance Curves (Continued)
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February 1995

&National Semiconductor

LM1881 Video Sync Separator

b -

General Description Features

The LM1881 Video sync separator exiracts timing informa- @ AG coupled composite input signal
tion including composite and vertical sync, burst/back porch | >10 kQ input resistance

timing, and odd/even field information from standard nega- m <10 mA power supply drain current
tive going sync NTSC, PAL*, and SECAM vidéo signals with i Composite sync and vertical outputs
amplitude from 0.5V to 2V p-p. The integrated circuitis &ls0 g (Odd/even field output

capable of providing sync separation for non-standard, fast- u Burst gate/back porch output

er horizontal rate video signais. The vertical output is pro- N

duced on the rising edge of the first serration in the vertical ' Horizontal scan rates to 150 kHz
sync period. A default vertical output is produced after a ™ Edge triggered vertical output

time delay if the rising edge mentioned above does notoc- ® Default triggered vertical output for non-standard video
cur within the extemnally set delay period, such as might be signal (video games-home computers)

#he case for a non-standard video signal.

Connection Diagram

LM1881N
v
COMPOSITE ()
fo S—— i) 5~
SYNC OUTPUT ! 2 S-12v
COuPO: 0.1 uFf
MPOSITE
PAERERNN N PN
VIDEO INPUTO__”—'— 2 7 XV 00D/EVEN OUTPUT
VERTICAL
@———-‘-‘
' SYNC QUTPUT 3 S 3o Rser
BURST/BACK PORCH
v ()
9"‘ 4 s ouTRUT R
COMPOSITE |
YIDEO INPUT —WA" ll “ ) o
§
. COMPOSITE l I I
SYNC OUTPUT L ¥
VERTICAL
SYNC OUTPUT |
BURST outeuT 1 1 U U U U | | |
QDD/EVEN
; OUTPUT
i TUH/9150-1
Order Number LM1881M or LM1881N
5 See NS Packiage Number MOSA or NOBE
b
E
3
i
L 3
*PAL in this refers to i v “Phase / g Line”, and not to Programmabile Array Logic.
E ‘D1995 National Sermiconductor Cororation TUH/950 RAD-8I0M11S/Primad n U. S. A.

1ojeiedas 2uAs O3PIA L8BLNT



Absolute Maximum Ratings

If Miitary/Aerospace specified devices are required,
piease contact the National Semiconductor Sales
Office/Distributors for avallabiilty and specifications.

Supply Voltage 13.2v
input Voltage 3Vpp (Voo = 5V)

t 6Vpp (Veo 2 8Y)
Output Sink Currents; Pins 1, 3,5 5mA
Output Sink Current; Pin 7 2mA
Package Dissipation (Note 1) 1100 mW
Opergting Temperature Range 0°C - 70°C

Electrical Characteristics
Vieo = 5V; Rset = 680 kN; T = 25°C; Unless otherwise specified

Storage Temperature Range —65°Cto +150°C
ESD Susceptibility (Note 2) 2kv
Soldering Information
Dual-in-Line Package (10 sec.) 260°C
Small Quttine Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

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

Tested Design Units
E Parameter Conditions TP | Umit(Note3) | Limit(Note4) | (Umits)
Supply Current OutputsatLogic1 | Vog = 5V 5.2 10 mAmax
. Voo = 12V 55 12 mAmax
DC Input Voltage Pin2 13 Vmin
¥ 15
. 1.8 Vmax
Input Threshold Volitage Note 5 55 mVmin
¥ 70
. 85 mVmax
Input Discharge Current PiNZ; Vin = 2V 6 #Amin
1
. 18 pAmax
Input Clamp Charge Current Pin2; Vi = 1V 0.8 0.2 mAmin
Hsgf,Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
£ 1.22
1.35 Vmax
Composita Sync. & Vertical | lout = 40 pA; ' AT IV 40 . Vmin
Omplilts Logic 1 Voo = 12V 11.0 Vmin
' lout = 1.8 mA Voo =5V a6 24 Vmin
Logic 1 Voo = 12V 10.0 Vmin
Burst Gate & Odd/Even louT = 40 pA; Voo = 5V 45 40 Vrmin
Outpits Logic 1 Veg = 12V 11.0 Vmin
Composite Sync. Output lout = —1.6 mA; Logic 0; Pin 1 0.2 08 Vrmax
Vertical Sync. Output loyt = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output lour = —1.6 mA; Logic 0; Pin 5 0.2 08 Vmax
Odd/Even Output loutr = —1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Vertidai Sync Width 230 190 psmin
i 300 psmax
Burst Gate Width 2.7 k@ from Pin 5 to Vg 4 25 p#smin
i 4.7 psmeax
Vertiéal Default Time Note 7 65 32 psmin
. 20 psmax
NenkI:For peration in above 25°C, the device must be derated based on a 150°C D anda th

G of 110° C/W, junction to amblont.
Note 2: ESD susceptibility test uses the “human body model, 100 pF discharged through & 1.5 kil resistor”.
mE&Typ(ahdeJ = 25°C and represent the most kkely parametric norm.
Note 4: Tected Limits are guaranteed to National's AOQL (Average Outgaing Quality Level).
Note 5: Relative difference between the input clamp voltage and the minimum input voitage which produces a horizontal output puise.
Note & Caretul attention should be made to p parasiic
Note 7: Delay time betwean the start of vertical sync (at input) and the vertical cutput pulse.

f

upling from any output pin (Pins 1, 8, 5, and 7) to the Rger pin (Pin 6).

e



Typical Performance Characteristics
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Application:-Notes

The LM1881 i3 designed to strip the synchronization signals
from video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video (in-
creasing signal voitage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM1881 operatss from a single supply voitage between
5V DC and 12V DC. The onty required external components
beside power supply and set current decoupling are the in-
put couwpling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signais are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync pulse; a burst gate
or back porch clamp pulse; and an odd/even output. The
odd/gven output ievel identifies which video field of an inter-

laced video source is present at the input. The outputs from.

the LM1881 can be used to gen-lock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or 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-¢)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(), is simply a repro-
duction of the signal waveform below the composite 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
voltage to strip the sync signal, which is then buffered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed
line on Figure 2(a) ). This threshold separation Is indepen-
dent of the signal amplitude, therefore, for & 2V (p-p) input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging curent for the input coupling capacitor is
0.8 mA, whereas the discharge cumrent is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0,1 pF is generally recommended.

Normaily the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excéssNe video pesking, 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 blanking period so that the burst
actually appears on the sync tips for three line periods 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, typically 752, a
62010 resistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filter with a comer fre-
quency of 500 kHz. This bandwidth 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, effectively taking it below the comparator threshoid.
Fittsring will also help if the source is contaminated with
tharmal noise. The output waveforms will become delayed

P S W
from between 40 ns to as much as 200 ns due to this filter.
This much delay wilt not usually be significant but 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 time delay cormection will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by intemally integrating the
composite sync waveform (Figure 3). To understand the
generation of the vertical sync pulse, refer to the lower left
hand section Figure 3. Note that there are two comparators
in the section. One comparator has an intemnally generated
voltage reference called V4 going to one of its inputs. The
other comparator has an internally generated voltage refer-
ance called V3 going to one of its inputs. Both comparators
have a common input at their noninverting input coming
from the internal integrator. The intemnal integrator is used
for integrating the composite sync signel. 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 charge current is
set by the value of the extemal resistor Rget. The output of
the integrator is- going to be at a low voltage during the
normal horizontal lines because the integrator has a very
short time to charge the capacitor, which is during the hori-
zontal sync period. The equalization pulses will keep the
output voltage of the integrator at about the same level,
below the V4. During the vertical sync period the narrow
going positive pulses shown in Figure 2 is called the serra-
tion pulse. The wide negative portion of the vertical sync
period is called the vertical sync pulse. At the start of the
vertical sync period, befors the first Serration pulse occurs,
the integrator now charges the capacitor to & much higher
voltage. At the first serration pulse the integrator output
should be betwsen V4 and Vy. This would give a high level
at the output of the comparator with V¢ as one of its'inputs.
This high is clocked into the “D” flip-fiop by the falling edge
of the semration 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 gats, and sets the R/S flip-
fiop. The output of the R/S flip-flop enables the internai
oscillator and aiso clocks the ODD/EVEN “D" flip-flop. The
ODD/EVEN fisld puise operation is covered in the next sec-
tion. The output of the oscillator goes to a divide by 8 circuit,
thus resaetting the R/S flip-flop after 8 cycles of the oscilla-
tor. The frequency of the oscillator is established by the
intemal capacitor going to the osciliator and the external
Rset. The Q" output of the R/S flip-flop goes to pin 3 and is
the actual vertical sync output of the LM1881. By clocking
the “D” fiip-flop at the start of the first seration pulse
means that the vertical sync output pulse starts at this point
in time and lasts for sight cycles of the internal oscillator as
shown in Figure 2.

How Rgqt affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph’is “Rget Value Selection vs Vertical Serration
Pulse Separation”. For this graph to be valid, the vertical
sync puise should last for at ieast 85% of the horizontal half
line (47 % of a full horizontal line). A vertical sync pulse from
any standard shouid mest this requirement; both NTSC and
PAL do mest this requirement {the serration pulse is the
remainder of the period, 10% to 15% of the horizontal
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Application Notes (continued)

half line). Remember this pulse is a positive pulse at the
integrator but negative in Figwe 2. This graph shows how
long 4 takes the integrator to charge its internal capacitor
abova V4.

WﬂH‘R,.g too large the charging current of the integrator
will be too small to charge the capacitor above V4, thus
there will be no vertical synch output pulsa. As mentioned
abovéd, Rye aleo sats the frequancy of the internal oscillator.
If the oscillator runs too fast its eight cycles will be shorter
than the vertical sync portion of the compositeé sync. Under
this condition another vertical sync pulse can be generated
on one of the later semration pulses after the divide by 8
circuit resets the R/S flip-fiop. The first graph aiso shows
the minimum Rget Necessary to prevent a double vertical
puise, assuming that the semration pulses last for only three
full horizontal line periods (six serration pulses for NTSC).
The gctual pulse width of the vertical sync pulse is shown in
the “Vertical Pulse Width vs Rget" graph. Using NTSC as an
example, lets see how these two graphs relats to each oth-
er. The Horizontal line is 84 us long, or 32 us for a horizon-
tal haif fine. Now round this off to 30 ps. In the “Rge Value
Selection vs Vertical Serration Pulse Separation” graph the
minimum resistor value for 30 s serration pulse separation
is about 550 k2. Going to the "Vertical Puise Width vs Reet"”
graph one can see that §50 k{} gives a vertical pulse width
of about 180 ps, the total time for the vertical sync period of
NTSC (3 horizontal lines). A 550 kit will set the intemal
oscifiator to a frequency such that eight cyclses gives a time
of 180 us, just long enough to prevent a double vertical
sync pulse at the vertical sync output of the LM1881.

The LM1881 also generates a defauit vertical sync pulse
when the vertical sync period is unusually long and has no
serration pulses. With a very long vertical sync time the inte-
grator has time to charge its intemal capacitor above the
voltage level V2. Since there is no falling edge at the end of
a s?naﬂon pulse to clock the "“D" flip-flop, the only high
signal going to the OR gate is fromthe defauit comparator
when output of the integrator reaches Va. At this ime the
R/S flip-flop is toggled by the default 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 period, then the falling edge of the vertical sync {posi-
tive pulse at the “D" flip-flop) will clock the high output from
the comparator with V4 as a reference input. This will retrig-
ger the osclilator, generating & second vertical sync output
pulse. The “Vertical Default Sync Delay Time vs Rge”
graph shows the relationship between the Rge: value and
the delay time from the start of the vertical sync period be-
fore the default vertical sync pulse is generated. Using the
NTSC exampie again the smaliest resistor for Rggt is 500
kSx. The vertical default time delay is about 50 ps, much
longer than the 30 us serration puise spacing.

A common question is how can one calculate the required
Ragt With a video timing standard that has no serration puls-
eg during the vertical blanking. If the default vertical sync is
to pe used this is a very easy task. Use the “Vertical Default

SEAR

Sync Delay Time vs Raet” graph to select the necsssary
Rset to give the desired delay time for the vertical sync out-
put signal. If a second pulse is undesirable, then check the
“Vertical Puise Width vs Rget” graph to make surs the verti-
cal output pulse will extend beyond the end of the input
vertical sync period. In most systems the end of the vertical
sync period may be very accurate. In this case the preferred
design may be to start the vertical sync pulse at the,end of
the vertical sync period, similar to starting the vertical sync
pulse after the first semration pulse. A VGA standard is to be
used as an example to show how this is done. In this stan-
dard a horizontal line is 32 ps long. The vertical sync period
is two horizontal lines long, or 64 us. The vertical defauit
sync delay time must be longer than the vertical sync peri-
od of 64 ps. In this case Regt Must be larger than 680 kfl.
Rset must still be small enough for the output of the integra-
tor to reach Vy before the end of the vertical period of the
Input puise. The first graph can be used to confirm that Regt
is small enough for the integrator. Instead of using the verti-
cal serration pulse separation, uss the actual pulse width of
the vertical sync period, or 64 us in this example. This graph
is linear, meaning that a velue as large as 2.7 M} can be
used for Rggt (twice the value as the maximum at 30 ps).
Due to leakage currents it i3 advisable to keep the value of
Rget under 2.0 MQ. In this example a value of 1.0 MQ is
selected, well above the minimum of 680 k(1. With this value
for Reey the pulse width of the vertical sync output puise of
the LM1881 is about 340 ps.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be useful in frame memory storage appli-
cations or in extracting test signals that occur only in alter-
nate fields. For a composite video signal that is interlacsd,
one of the two fields that make up each video frame or
picture must have a half horizontal scan line period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field” or “field 1". The “even field”
or ““field 2" has a complete horzontal scan iine at the end of
the field. An odd field starts 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 vertical re-
trace interval. Figure 2(a) shows the end of the even fisld
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figwe 3). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulsss is enough to allow the
capagitor voltage to reach a threshold level of a comparator
that clears a flipflop which is also being clocked by the sync
waveform. When the vertical interval is reached, the shorter
integration time between equalizing pulses prevents this
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. Application Notes (continued)

; threshold from being reached and the Q output of the flip-
* flop is toggled with each equalizing pulse. Since the half line
'peﬁodatﬂneendofmeoddﬁeldwillhavamesameaffoct
as an equalizing pulse period, the Q output will have a differ-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulss, an odd/even field in-

" dex is generated. Pin 7 remains low during the even field

end high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In a composite video signal, the chroma burst is located on
the backporch of the horizontal blanking period. This period,
approximately 4.8 us long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
a puise at Pin 5 that can be used sither to retrieve the chro-
ma burst from the composite video signal (thus providing a
subcarrier synchronizing signal) or as a clamp for the DC
restoration of the video waveform. This output is obtained
simply by charging an intemal cepacitor starting on the trail-
ing edge of the horizonta!l sync pulses. Simultaneously the
output of Pin § is pulled low and held until the capacitor
charge circuit times out—4 ps later. A shorter output burst
gate pulse can be derived by differentiating the burst output
using a series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normat (60-120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of intsrest-
ing applications to be developed. As mentioned ebove, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrler, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
el allows identification of -the appropriats field ensuring the
correct read or write sequence. The vertical puise output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individual lines within the vertical blanking
period (or anywhere in the active scan line period) can easi-
ly be extracted by counting the required number of tran-
sitions in the composite sync waveform following the start of
the vertical output pulse,

The vertical blanking interval is proving popular as a means
to transmit data which will not appear on a normal F.V. re-
ceiver screen. Data can be inserted beginning with line 10
(the first horizontal scan line on which the color burst ap-
pears) through to line 21. Usuatly lines 10 through 13 are
not used which leavss lines 14 through 21 for inserting sig-
nals, which may be different from field to field. in the U.S.,
line 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
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delste vertical interval test
signals (VITS) while lines 14 through 18 and fine 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial datg on fine 17 and cable
systems use the available lines in the vertical interval to
send decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later will be the start of line
14 in either field. At this point simple counters can be used
to select the dasired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded 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 the
result to the line select inputs. The falling edge of the
LM1881's vertical pulse is used to load the appropriate
number into 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 usad to tumn on
the analog switch (CD4066BC) during the desired line. The
falling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circuit, as shown, will provide a single line output for
each field in an interlaced video system (television) or a
single line output in each frame for a non-interlaced video
system (computer monitor). When a particular iine in only
one field of an interlaced video signal is desired, the odd/
even field index output must be used instead of the vertical
output puise (invert the field index output to select the odd
field). A single counter is needed for selecting lines 3 to 14;
fwo counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output but{-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 5 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used to gate the video input’s black level
through a iow pass fitter (10 k2, 10 uF) providing biack level
restoration at the video output when the output selected
line(s) is not being gated through.
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systems which, (a) ere intended for surgical impiant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the iabeling, can
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HEX INVERTER

SN54/74LS04

5-1

: HEX INVERTER
5 Voo
¢ LOW POWER SCHOTTKY
. [14] [13] [12] [#t] [ro] [9] [e]
L e b
i >0 >0
J SUFFIX
. CERAMIC
¢ L] L2] Ls] La] Is] Lef [2] CASE 632-08
b GND 14N
!
E
4
N SUFFIX
, PLASTIC
: CASE 646-06
%
4
13
D SUFFIX
soic
CASE 751A-02
E
i
f ORDERING INFORMATION
I» SN54LSXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD  SOIC
GUARANTEED OPERATING RANGES
synib:bi Parameter Min Typ Max Unit
Vee Supply Voltage 54 45 5.0 5.5 v
74 4.75 5.0 5.25
TA ' | Operdting Ambient Temperature Range 54 -55 25 125 °C
1 74 0 25 70
IoH Output Current — High 54,74 -0.4 mA
loL ' Output Current — Low 54 4.0 mA
. . 74 8.0
f
]
L v
FAST AND LS TTL DATA




SN54/74LS04

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specified)

. Limits
Symbol ‘Parameter Min | Typ | Max | Tnit ~ ‘fest Conditions
¥
Vil | Input HIGH Vottage 20 v Ellljlanrs:;::ed Input HIGH Voltage for
54 0.7 T Guaranteed Input L Lngmypjtﬂm“ge_lpr
-065 | -1.5 \' Voo =MiN, iy =-18 mA
54 | 25 | 35 v ¢ = MIN, Iy = MAX, VN
74 27 35 Vv V[ELDGI fﬁ%u“i"aﬁe .
54,74 0.25 | 04 v loL =4.0mA
74 0.35 05 \' loL=8.0mA
20 HA Voo =MAX,ViN=27V
0.1 mA | Voo =MAX,ViN=7.0V
I " | Input LOW Current ~04 | mA | Voc=MAX, VIN=04V
log | Shor Circult Current (Note 1) -20 -100 | mA | Voo =MAX
* | Power Supply Current
| Total, Output HIGH 24 m
ApaR ey it
. Total, Output LOW 6.6
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C)
' Limits
Symboi Parameter Min | Typ | Max | Unit ~ Test Conditions
tpLH : Turn-Off Delay, Input to Qutput 9.0 15 ns Vee=50V
tPHL | Turn-On Delay, Input to Output 10 15 ns CLa8 pF
L]
H
:
+
4
£
H .
¥
5
k

L

FAST AND LS TTL DATA
5-2




RETRIGGERABLE MONOSTABLE
MULTIVIBRATORS

These dc triggered multivibrators feature pulse width control by three meth-
ods. The basic pulse width is programmed by selection of external resistance
and capegitance values. The LS122 has an internal timing resistor that aliows
the circuits to be used with only an external capacitor. Once triggered, the ba-
sic pulsé width may be extended by retriggering the gated low-level-active (A)
or high- -level-active (B) inputs, or be reduced by use of the overriding clear.

Overriding Clear Terminates Output Pulse

Compensated for Vg and Temperature Variations

bC T'nggered from Active-High or Active-Low Gated Logic Inputs
Retnggerable for Very Long Output Pulses, up to 100% Duty Cycle
Internal Timing Resistors on LS122

3
%

‘ SN54/74LS123 (TOP VIEW)
. (SEE NOTES 1 THRU 4)
1Rext/ 1 - 1
E Voo Cext Cext 2 CLR 2B 2a

' ol [l [ [s] %], G [l [

@ nl
) oH L

£

€ CLRa‘ —~ Q

L] L2] [sf Le] [s] Lel [7] [&]
1A 18 1 1Q 2Q 2 2 GND
CLR Coxt PRexy
Cext

SN54/74L.5122 (TOP VIEW)
(SEE NOTES 1 THRU 4)

Rext/
VCC Cexl NC Cext NC Rm{ Q

[14] te] [re] [1] [ro] [o] [e]

L

AN 1
i I mt
¢ Q
£
C ) _
ClR Q'I
\ -

Al A Bl B2 CLR Q GND
NG — NO INTERNAL CONNECTION.

NOTES:

1. An extemal timing capacitor may be connected between Cgyt and Rgyt/Cext (positive).

2. To use the internal timing resistor of the LS122, connect Ript to VG Q.

3. For jmproved pulse width accuracy connect an external resistor between Rayt/Caxt and
Ve with Ripy open-circuited.

4. Toobtain variable pulse widths, connect an extemal variable resistance betwsen Rint/Ceaxt
and Voo

I

SN54/74LS122
SN54/74LS123

RETRIGGERABLE MONOSTABLE
MULTIVIBRATORS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
16 S0IC

) CASE 7518-03

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06.

D SUFFIX
14 SOIC

1 CASE 751A-02

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

—

FAST AND LS TTL DATA
5-1
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SN54/74L.5122 « SN54/74L.5123

LS122
: FUNCTIONAL TABLE
i INPUTS OUTPUTS
CLEAR A1 A2 B1 B2 | Q Q
L X X X X | L H
X H H X X L H
X; X X L X L H
X, X X X L L H
H L X T Hln|
H, L X H T nil
H X L T H |l | u
H X L H T r
H. H d H H |l | r
H l l H H ! wr
H: $ H H H I L
T L X H H || 1r
™ X L H H |JL ! 1r
TYPICAL APPLICATION DATA

The output pulse tyy is a function of the external compo-
nents, Cextand Rgxt or Cextand Rintonthe LS122. Forvalues
of Cgxt = 1000 pF, the output pulse at Vg =5.0 Vand VRG =
50V (see’i Figures 1, 2, and 3) is given by

tw = K Rext Coxt Where K is nominally 0.45

If Cext i6 on pF and Reyt is in kQ then tyy is in nanoseconds.

The Cekt terminal of the LS122 and LS123 is an interal
connection to ground, however for the best system-perfor-
mance Cgyt should be hard-wired to ground,

Care should be taken to keep Rgxt and Cgxt as close to the
monostable as possible with a minimum amount of inductance
between the Rgx/Cext junction and the Rgxi/Cext pin. Good
groundplane and adequate bypassing should be designed
into the system for optimum performance to insure that no
falge triggéring occurs.

It should be noted that the Cgyt pin is intemally connected
to ground on the LS122 and L8123, but not on the LS221.
Therefore, if Cext Is hard-wired externally to ground, substitu-
tion of a LS221 onto a LS123 socket will cause the LS221 to
become non-functional.

The switching diode is not needed for electrolytic capaci-
tance application and should not be used on the LS122 and
LS123.

To find thé vaiue of K for Cgyt > 1000 pF, refer to Figure 4.
Vatiations on Vi or VR can cause the value of Kto change,
as can the temperature of the L8123, L8122, Figures 5 and
6 show the behavior of the circuit shown in Figures 1 and 2 if

4

%
-
b
.

LS123
FUNCTIONAL TABLE
INPUTS OUTPUTS
CLEAR A B Q Q
L X X L H
X H X L H
X X L L H
H L O I T W
H d H o 1r
T L H |JL

separate power supplies are used forVoc and VRC. Ve is
tied to VRC, Figure 7 shows how K will vary with Vo and
temperature. Remember, the changes in Rgyt and Cext with
temperature are not calculated and included in the graph.

As long as Cgyt = 1000 pF and 5K < Rgyt < 260K
(SN741.5122/123) or 5K < Rgyt < 160 K (SN54L.5122/123),
the changse in K with respect to Raxt is negligible.

If Caxt < 1000 pF the graph shown on Figure 8 can be used
to determine the output pulse width. Figure 9 shows how K will
changeforCgxt<1000pFif Vccand VR are connectedto the
same power supply. The pulse width tyy in nanoseconds-is
approximated by

tw =6 + 0.05 Cgyxt (pF) + 0.45 Rgxt (kQ) Caxt + 11.6 Rext

In order to trim the output pulse width, it is necessary to
include a variable resistor between Vo and the Rgyt/Cext pin
or between Vo and the Rgyt pin of the LS122. Figure 10, 11,
and 12 show how this can be done. Rgyt remote should be kept
as close to the monostable as possible.

Retriggering of the part, as shown in Figure 3, must not
occur before Cext is discharged or the retrigger pulse will not
have any effect. The discharge time of Cgyt in nanosecondsis
guaranteed to be less than 0.22 Cgyt (pF) and is typically 0.05
Cext (PF).

For the smallest possible deviation in output pulse widths
from various devices, it is suggested that Cext be kept
2 1000 pF.

¢ FAST AND LS TTL DATA
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SN54/74LS122 « SN54/74LS123

GUARANTEED OPERATING RANGES

Symbol ) Parameter Min Typ Max Unit
Vee Supply Voltage 54 45 5.0 55 Vv
* 74 475 5.0 5.25
T ! Operating Ambient Temperature Range ’ 54 -55 25 125 °C
¢ 74 ) 25 70
io . | Output Current —High ~ 54,74 1 -oa mA
oL ¥ Output Current — Low 54 4.0 mA
\ ’ 74 8.0
Rext External Timing Resistance 54° 5.0 180 kQ
\ . 74 5.0 260
Coxt External Capacitance 54,74 No Restriction
Rgxt/ngt Wiring Capacitance at Rgyt/ Cgyt Terminal 54,74 I I 50 ] pF
k
¢
WAVEFORMS
£
;
' RETRIGGER _
’ PULSE  (See Application Data)
%
H BINPUT
P
i
¥ QOUTPUT
3
1 fe w > QUTPUT WITHOUT RETRIGGER
#
! 7
i EXTENDING PULSE WIDTH
i
B
B INPUT
L]
! CLEAR INPUT CLEAR PULSE
§
1]
t OUTPUT WITHOUT CLEAR PULSE
% QOUTPUT
A OVERRIDING THE OUTPUT PULSE
¥
£
!
1%
{
j

oy
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; SN54/74L.S122 « SN54/74LS123
]
DC CHAH;ACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Symbol | ‘Parameter Min Typ Max Unit ™~ Test Conditions
Guaranteed Input HIGH Voltage for
Vi Input HIGH Voltage 2.0 \ All Inputs
54 0.7 Guaranteed.Input LOW Voltage for
74 0.8 All Inputs ’
-065 | -15 v Vo = MIN, Iy =-18 mA
* 2% o3 V| Vo =MIN lon = MAX, v
74 27 35 v or or Trath Table
54,74 0.25 0.4 v loL = 4.0 mA
74 0.35 0.5 v loL =8.0mA
20 HA Voo =MAX, ViN=27V
0.1 mA Voo =MAX, ViN=7.0V
it input LOW Current -0.4 mA Voo =MAX, ViN=04V
los Short Gircuit Gurrent (Note 1) -20 -100 mA Voo = MAX
Ls122 11
xr LS123 20
Note 1: Not more than one output should be shorled at a time, nor for more than 1 second.
AC CHARACTERISTICS (T4 =25°C, Voo =5.0 V)
Limits
‘Parameter Min Typ Max Unit™ Fest Conditions
' i 23 33
Propag: loQ g
Propaga A% Q 32 45
-Propagation BtoQ 23 44
‘Progagation Deley BTo = R
Propagation Delay, Clear to Q ) 28 45 D
Propagation Delay, Ciear to Q 20 o7 K
Wmin |-AorBtoQ 1 118 200 ns
wa AtoBtoQ 4.0 45 5.0 ps
AC SETUP REQUIREMENTS (Ta = 25°C, VoG =5.0 V)
Limits
Symbol ‘Parameter Min Typ Max Unit ™ Test Conditions
tw Pulse Width 40 ns
i
;
¥
&
&
3
3
3
¥
'
£
k
i FAST AND LS TTL DATA
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: SN54/74L.S122 « SN54/74LS123

2
Vi v, Vi
* Ve VRC Vee 9 ce RCg QTCe
o o
: o 3 i
‘; L————I-;C ;;t-. 1 01 uF Cext [ I 0.1pF
' = > l G Rext VCC
Cet Rexf VcC ClR  Cen
Cot  QF—0 Pou B2 Ql——o0 Py
: CLR LS122
N 1/2 L8123 B
¥ B A2 -
' o b——o ' QF—o°
lnh A GND Q Pin Al GND
51 51Q
T S + i Il
! Figure 1 Figure 2
b
¢
Pin \ / \ / \ {
H
:
i \/
P
. RETRIGGER
Figure 3
¥
]
10
5K < Rgyi S 260K
% T
4
I3 =
a &
ud
' Z
5 o
] P-4 .
t 2 \
}
) 2
K w
* 3

0.01
\

Bl

0.001

03 035 04 K 045 05 055

Figure 4

e o o W
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| SN54/74L.S122 « SN54/74LS123

055 I 055 y T sy T : 0.55 |
* VRg=5V cc= Coxt = 1000 pF
Cog= 10005F / \% Cext = 1000 pF oy TP
05|+ V.4 05 \\ 05
K1+ %% // K \ K —) 0°C \\
L o%;// g N\ r BT —— .
045 0.45 N 0.45 3
/ / rd ok — 25°C r—|
/ o 10/ / \\ 70°C | ——
70 | 125°C \ -
04 A’/ P NN . 125°C
Z-immE N
35 L& 0.35 .
0 354.5 5 55 45 5 55 035 45 5 55
§ Vce VRC vVce=VRe
]
. Figure 5. K versus Vg¢ Figure 6. K versus Ve Figure 7. K versus Vo and VRe
:
{
:
}
b 100000 =
k _ ~ L
P
{ wi —
¥ A
Rgxt=260kQ 11~ ’///1 LA P
\ 15000 Roxi=160kQ L T~ el A
! — AF(\‘EV /I 47[
i £ o L~ 7 P
. E L g - '/ Py
% 1 7
E tt_n‘j L Be LA L~ P A
. = 10 e ot
5 s - II -z
& & = AV b >
! 8_ il L \ o~
- _—-——/ I //
* 1// \\\
L 1(X) AVA S VAWY
- — \\\\\\\\:\\_ Rext=8°kn
AV \\\: Rext =40 kQ
A\
Rgxt=10kQ
' \- Rgyi=5kQ
' 1 1]
i 103 10 100 1000
. Cext: EXTERNAL TIMING CAPACITANCE (pF)
k
} Figure 8
]
3
FAST AND LS TTL DATA
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SN54/74LS122 « SN54/74LS123

0.65
%
\ Cext =200 pF
-55°C
\ \
06 — 00 TS
\__ \
%
\Wm\\
0.55 I ———
———
125°C
05
45 475 5 5.25 55
Vog VOLTS J
Figure 9
Vee
. Rext
REMOTE
PIN7 o » f:z“- -
OR15 J_ <
1 Cext
PING
OR14 "~
4

Figure 10. LS123 Remote Trimming Circuit
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SN54/74LS122 » SN54/74L.5123

o Voo
PIN9 &~————— OPEN )
»S Roxt
Rext ® REMOTE
PIN130——-———‘———4\NV-——-———--—-——J-

-~ Cex‘{

PIN 11 o=————9

Figure 11. LS122 Remote Trimming Circuit Without Rext

Vee
S Rext

. S REMOTE

PING e

PIN13 ‘ﬁ.

PIN 11

Figure 12. LS122 Remote Trimming Circuit with Rint

" il
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BCD DECADE COUNTERS/
4-BIT BINARY COUNTERS

The LS160A/161A/162A/163A are high-speed 4-bit synchronous count-
ers. They are edge-triggered, synchronously presettable, and cascadable
MSI buudmg blocks for counting, memory addressing, frequency division and
other applications. The LS160A and LS162A count modulo 10 (BCD). The
LS161A and LS163A count modulo 16 (binary.)

The LS160A and LS161A have an asynchronous Master Reset (Clear)
input that overrides, and is independent of, the clock and all other control
inputs. The LS162A and LS163A have a Synchronous Reset(Clear) inputthat
overrides all other control inputs, but is active only during the rising clock

edge.

{ BCD (Modulo 10) | Binary (Modulo 16)
Asynchronous Reset LS160A LS161A
Synchronous Reset LS162A LS163A

. Syn&ronous Counting and Loading

e Two Count Enable’ Inputs for High Speed Synchronous Expansion
¢ Terminal Count Fully Decoded

s Edgé-Triggered Operation

¢ Typical Count Rate of 35 MHz

e ESD > 3500 Volts

CONNECTION DIAGRAM DIP (TOP VIEW)

Vcc TC Qs CET PE
Fﬂﬂﬂ[ﬂﬁe’lﬁﬂlwll l
NOTE:
k The Flatpak version
* has the same pinouts
) ¢ (Connection Diagram) as
the Dual In-Line Package.
*MR for LS160A and LS161A
-{ *SRfor LS162A and LS163A

SN54/74LS160A
SN54/74LS161A
SN54/74LS162A
SN54/74LS163A

BCD DECADE COUNTERS/
4-BIT BINARY COUNTERS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 620-09

N SUFFIX
PLASTIC
CASE 648-08

D SUFFIX
SOIC
> CASE 751B-03

ORDERING INFORMATION

SN54LSXXXJ Ceramic
SN74LSXXXN Plastic
SN74LSXXXD SOIC

PIN NAMES LOADING (Note a)
HIGH LOW
PE , Parallel Enable (Active LOW) Input 1.0U.L. 0.5 U.L.
Po- P3 Parallel Inputs 0.5 U.L. 0.25 U.L.
CEP. Count Enable Paraliel Input 05U.L. 0.25U.L.
CcET Count Enable Trickle Input 1.0UL 0.5 UL
CcP , Clock (Active HIGH Going Edge) Input 0.5 U.L. 0.25 U.L.
MB ; Master Resset (Active LOW) [nput 0.5U.L. 0.25 U.L.
SR Synchronous Reset (Active LOW) Input 1.0U.L 05U.L.
Qp~Q3 Paralle! Outputs (Note b) 10 U.L. 5(@2.5)U.L
TC ¢+ Terminal Count Output (Note b) 10 U.L. 5(2.5) U.L.
NOTEé:

a) 1 TTL Unit Load (U.L.) = 40 pA HIGH/1.6 mA LOW.
b) The Output LOW drive factor is 2.5 U.L. for Military (54) and 5 U.L. for Commercial (74)
Temgerature Ranges.

LOGIC SYMBOL

9 3 4 5 6

L] ] ]
_— EI;E Py P4 Py Py
10 ——] CET TC}—15
2—0C

‘R Qp Q1 Q2 Q3

14 13 12 A
Vcc— PIN 18
GND=PIN8

*MR for LS160A and LS161A
"SR for LS162A and LS163A

i FAST AND LS TTL DATA
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' SN54/74LS160A » SN54/74LS161A
SN54/74L.S162A « SN54/74LS163A

i

5

STATE DJAGRAM
1 S160A « LS162A

FUNCTIONAL DESCRIPTION

The LS160A/161A/162A/163A are 4-bit synchronous
counters with a synchronous Parallel Enable (Load) feature.
The counters consist of four edge-triggered D flip-flops with
the appropriate data routing networks feeding the D inputs. All
changes of the Q outputs (except due to the asynchronous
Master Resetin the LS160A and LS161A) occur as a result of,
and synchronous with, the LOW to HIGH transition of the
Clock input (CP). As long as the set-up time requirements are
met, there are no special timing or activity constraints on any
of the mode control or data inputs. el

Three control inputs — Parallel Enable (PE), Count Enable
Parallel (CEP) and Count Enable Trickle (CET) — select the
mode of operation as shown in the tables below. The Count
Modeis enahled when the CEP, CET, and PE inputs are HIGH.
When the PE is LOW, the counters will synchronously load the
data frorh the paraliel inputs into the flip-flops on the LOW to
HIGH transition of the clock. Either the CEP_or CET can be
used to inhibit the count sequence. With the PE held HIGH, a
LOW on either the CEP or CET inputs atleast one set-up time
prior to the LOW to HIGH clock transition will cause the
existing output states to be retained. The AND feature of the
two Count Enable inputs (CETeCEP) allows synchronous
cascading without external gating and without delay accu-
mulation over any practical number of bits or digits.

The Terminal Count (TC) output is HIGH when the Count
Enable Trickle (CET) input is HIGH while the counter is in its
maximum count state (HLLH for the BCD counters, HHHH for

&

LS161A « LS163A

LOGIC EQUATIONS

Count Enable = CEP « CET ¢ PE —
TC for LS160A & LS162A=CET ¢ Qp e Qs Q2+ Q3
TCfor L§161A & LS163A=CET+ Qg+ Qe Qp ¢ Q3
Preset = PE « CP + (rising clock edge) X
Resst = MR (LS160A & LS161A)
Reset = SR ¢ CP + (rising clock edge)

(LS162A & LS163A)

NOTE:

The LS160A and LS162A can be preset to any state,
but will not count beyond 9. if preset to state 10, 11,
12, 13, 14, or 15, it will retum to its normal sequence
within two clock pulses.

the Binary counters). Note that TC is fully decoded and will,
therefore, be HIGH only for one count state.

The LS160A and LS162A count modulo 10 foliowing a
binary coded decimal (BCD) sequence. They generate a TC
outputwhen the CET input is HIGH while the counteris in state
9 (HLLH). From this state they increment to state 0 (LLLL). If
loaded with a code in excess of 9 they return to their legitimate
sequence within two counts, as expiained in the state
diagram. States 10 through 15 do rof generate a TC output.

The LS161A and LS163A count modulo 16 following a
binary sequence. They generate a TC when the CET inputis
HIGH while the counter s in state 15 (HHHH). From this state
they increment to state Q (FLLL).

The Master Reset (MR)_of the LS160A and LS161A is
asynchronous. When the MR is LOW, it overrides all other
inputconditions and sets the outputs LOW, The MR pin should
never be left open. If not used, the MR pin should be tied
through a resistor to Vg, or to a gate output which is
permanently set to a HIGH logic level. _

The active LOW Synchronous Reset (SR) input of the
LS162A and LS163A acts as an edge-triggered control input,
overriding CET, CEP and PE, and resetting the four counter
flip-flops on the LOW to HIGH transition of the clock. This
simplifies the design from race-free logic controlled reset
circuits, e.g., to reset the counter synchronously after
reaching a predetermined value.

; MODE SELECT TABLE

*SR | PE | CET | CEP | Action on the Rising Clock Edge (-I")

TPy
IxTTxTr
T T Xr X
X I XX
X I XX

RESET (Clear) *For the LS162A and
LOAD (Pp - Qp) LS163A only.

COUNT (Increment) H = HIGH Voltage Level
NO CHANGE (Hold) L = LOW Voitage Level
NO CHANGE (Hold) X = Don't Care

) FAST AND LS TTL DATA
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SN54/74L.S160A « SN54/74LS161A
SN54/74LS162A » SN54/74LS163A.

GUARANTEED OPERATING RANGES

Symbol Parameter Min Typ Max Unit
Vo | Supply Voltage 54 45 5.0 55 v
3 74 4.75 5.0 5.25
Ta . Operating Ambient Temperature Range 54 -55 25 125 °C
74 25 70
loH Output Current — High 54,74 -0.4 mA
oL Qutput Current — Low 54 4.0 mA
. . 74 8.0
i
LS160A and LS161A
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
‘Symbol Parameter Min | Typ | Max | Unit Test Conditions
i Guaranteed Input HIGH Voltage for
ViH | input HIGH Voltage 2.0 V- | Al inputs
on 54 0.7 Guaranteed input LOW Vottage for
t [; A g 74 0.8 A" InpUtS
ViK -085 | =15 | V | Voc=MIN, Ijy=-18mA
54 25 35 A Voo =MIN, | = MAX, V =V]H )
i 54,74 025 | 04 vV | loL=40mA
ik
g 74 035 | 05 V| ioL=80mA
. Input HIGH Current
MR, Data, CEP, Clock 20 | pA | Voo=MAX, V=27V
% ] PE, CET .40
A MR, Data, CEP, Clock 01 | mA | Voo =MAX,ViN=7.0V
, PE, CET 0.2
) input LOW Current
L ¢ MB, Data, CEP, Clock -04 | mA | Voc=MAX, ViN=04V
PE, CET -0.8
los : Short Circuit Current (Note 1) -20 -100 mA | Voo =MAX
' Power Supply Current
Icc ¢ Total, Output HIGH 31 mA | Vog =MAX
’ : Total, Output LOW 32
Note 1: Not more than onse output should be shorted at a time, nor for more than 1 second.
]
i
{
3
i
i
;
.
i
3 -
¥ FAST AND LS TTL DATA
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LS162A and LS163A
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
Limits
Bymbol ‘Parameter Min | Typ | Max | Unit | Test Conditions
Guaranteed Input HIGH Volitage for
\/ ;‘ input HIGH Voltage 20 v All Inputs
54 0.7 = | Guaranteed Input LOW Voitage for
= on | TEl| Annpuis e
-065 | -1.5 | V | Voc=MIN, jy=-18 mA
54 25 3.5 Vv
74 | 27 | 35 -
54,74 025 | 04 vV | lgL=40mA
74 0.35 0.5 Vv loL =8.0mA
Input HIGH Current
i Data, CEPR,_Clock 20 pA | Voo =MAX, ViN=27V
| PE, GET, SR 40
' Data, CEP, Clock 01 | mA | Voo=MAX, VN=7.0V
E PE, CET, SR 0.2
q Input LOW Current ___
W ! Data, CEP, Clock, PE, SR -04 | mA | Voo=MAX, V|y=04V
H CET -0.8
los Short Circuit Current (Note 1) -20 =100 | mA | Voo =MAX
P Power Supply Current
icc - Total, Output HIGH 31 mA | Voo =MAX
Total, Output LOW 32
Note 1: Nof!more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Tp = 25°C)
Limits
Symbol | ] Barameter Min | Typ | Max | Unit | Test Conditions
IMAX Maximum Clock Frequency 25 32 MHz
tPLH Propagation Delay 20 35 5§
PHL ° Clock to TC 18 35
tPLH Propagation Delay 13 24 Voo =50V
PHL & Clock to Q 18 27 o CL=15pF
PLH Propagation Delay 9.0 14
tPHL CETto TC 9.0 14 ns
PHL MRorSRtoQ 20 28 ns
E
L4
{
¢
, E]
FAST AND LS TTL DATA
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SN54/74LS160A » SN54/74LS161A

E

3

1

AC SETUP REQUIREMENTS (Tp = 25°C)

SN54/74LS162A » SN54/74L.S163A

Limits
Symbal Barameter Min | Typ | Max | Unit"] Feat Gonditions
twCP * Clock Pulse Width Low 25 ns
W, MR or SR Pulse Width 20 ns
s : . Setup Time, other* 20 ns
g Setup Time PE or SR 25 ns Voo =80V
th ¢ Hold Time, data 3 ns
th Hold Time, other 0 ns
Yec | Recovery Time MR to CP 15 ns
*CEP, CET or DATA
i
DEFINITION OF TERMS

SETUP TIME (tg) — is defined as the minimum time required
for the correctiogic level to be present atthe logic input prior to
the clock transition from LOW to HIGH in order to be recog-
nized and transferred to the outputs.

HOLD 'l:'lﬂAE (th) — is defined as the minimum time following
the clock transition from LOW to HIGH that the logic level must
be mair;tained at the input in order to ensure continued recog-

!

3
¢
¢

nition. A negative HOLD TIME indicates that the correct logic
level may be released prior to the clock transition from LOW to
HIGH and still be recognized.

RECOVERY TIME (tyg¢) — is defined as the minirmum time re-
quired between the end of the reset pulse and the clock transi-
tion from LOW to HIGH in order to recognize and transfer
HIGH Data to the Q outputs.

AC WAVEFORMS
i
k]
g — tw
-ty (Hy >~ (L TRREIA S &

- [ 13v [ 13y QTHERCONDITIONS: trec QTHER CONDITIONS:
— 1 PE =MR (SR) = H 13V PE=L
—% PHL

Q , 13V 13V A o

¢ Qg-01-02-0g ey
§

Figure 1. Clock to Output Delays, Count
. Frequency, and Clock Puise Width

E

et

LI I

Figure 2. Master Reset to Output Delay, Master Reset
Pulse Width, and Master Reset Recovery Time

.

FAST AND LS TTL DATA
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; SN54/74LS160A « SN54/74LS161A
SN54/74LS162A « SN54/74LS163A

Lo

AC WAVEFORMS (continued)

4
k

COUNT ENABLE TRICKLE INPUT
TO TERMINAL COUNT OUTPUT DELAYS CET ]L 13V J( 13V

The pasitive. TC pulse occurs when the outputs are in the fe—f tp fo—s] tpy

(Qp * Q1 */Q2 * Qg) state for the LS160 and LS162 and the

(QpeQqe Qz Qg) state for the LS161 and 1.5163. TC __j 13V ‘M
Figure 3 OTHER CONDITIONS: CP = PE = CEP =

%
)
CLOCK TO TERMINAL COUNT DELAYS

cp 1.3V 1.3V 13V
The positive TC pulse is coincident with the output state ]4—-] tPLH b tpHL
(Qq * Q1 + Qo » Qg) state for the LS161 and L5163 and
(Qg * Q1 * Qo ¢ Q) for the LS161 and LS163. TC _—_%~ 13V JEl.av
Figure 4 OTHER CONDITIONS: PE = CEP = CET = MR =H

v P 13V [ 13v
SETUP TIME (t) AND HOLD TIME (t) 15(H) 1l )T_.
FOR PARALLEL DATA INPUTS —>e- y(H) =0 —>re- (L) =0
7 7 Lo TN

The shaded areas indicats when the input is permitted to PoePyePaePy 13V 13V 13V
changs fof predictable output performance.

¢ QoeQieQ2e 0 / \

Figure 6 OTHER CONDITIONS: PE =L, MR =H

%
-
g SETUP TIME (tg) AND HOLD TIME (tp) FOR
' COUNT ENABLE (CEP) AND (CET) AND
PARALLEL ENABLE (PE) INPUTS

The shaded areas indicate when the input is permitted to
change for predictable output performance.

E
¥
i
B
cH 13V 13V P 13V 13V 13V
tell. ts(H) 1M |
‘ 7}/(5)/ : Sl T e o | e =0
SRorPB 13v 3‘ 13V cep /, Y - 1.3V
] PARALLEL LOAD COUNT MODE 1(H) L)
(See Fig. 5) {See Fig. 7) s —le tp(H)=0 ® —>te- ty{l)=0
— 777 AR RN ALY
Q RESPONSE TO PE X X CET 13V 13V \ i3V 13V
i RESET COUNT OR LOAD COUNT HOLD HOLD
Q RESPONSEM Q X

OTHER CONDITIONS: PE =H, MR = H

Figure 6 Figure 7

: FAST AND LS TTL DATA
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SN54/74LS32

£
3
b
3
§
%

QUAD 2-INPUT OR GATE
LOW POWER SCHOTTKY

Ao
<
Q
(o]

. l'l): | ‘ 2' - J SUFFIX
. CERAMIC

Lol 2] Le) [ad 18] Lel [7] CASE 632-08

o e Te

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
SOIC
CASE 751A-02

' ORDERING INFORMATION

SN54LSXXJ  Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

-

GUARANTEED OPERATING RANGES

‘Symbbl Parameter Min Typ Max | Unit
Voo ¢ Supply Voltage 54 45 5.0 55 A
74 4.75 5.0 525
Ta ! Operating Ambient Temperature Range 54 -55 25 125 °C
74 0 25 70
loH ® | Outpyt Current — High 54,74 -0.4 mA
oL Output Current — Low 54 ’ 4.0 mA
74 8.0
1
b
3
FAST AND LS TTL DATA
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SN54/74LS32

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

Limits
Symbol ‘Parameter’ Min Typ Max Unit™ Test Conditions
Guaranteed Input HIGH Voltage for
ViH sinput HIGH Voltage 2.0 Vv All Inputs
..... 54 0.7 Guaranteed Input LOW Vottage for
iz s it = 74 0.8 All Inputs .
-0.65 -1.5 \' Vo =MIN, iy =~18 mA
54 25 35 v = MIN, Iop = MAX, Viy = V)
74 27 35 Vv Oi' Vﬁirhﬁr ff&%&e i +H
54,74 0.25 0.4 Vv loL=4.0mA
74 0.35 0.5 \ loL =8.0mA
) p 20 BA | Voo =MAX, ViN=27V
0.1 mA Voo = MAX, Viy=7.0V )
iL 4 dnput LOW Current -0.4 mA Voo = MAX, Vi =04V
log Short Circuit Current (Note 1) ~20 ~-100 mA Ve = MAX
Power Supply Current
Total, Output HIGH 6.2
%mm 4 ‘H}A i "%ﬂ%ﬁ%q"“*““ﬁ*
Total, Output LOW 9.8
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta = 25°C)
Limits
‘Symbol | ‘Parameter Mih Typ Max Unit ~ Yest Conditions
toLH | ‘Turn-Oft Delay, input to Output 14 22 ns
PHL Turn-On Delay, Input to Output 14 22 ns
3
3
1
i
13
i
B
3
¥
f
' L3
3
3
¥
H
3
{ FAST AND LS TTL DATA
i
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DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

"The S£N54/ 74LS74A dual edge-triggered flip-flop utilizes Schottky TTL cir-
cuitry to produce high speed D-type flip-flops. Each flip-flop has individual
clear and set inputs, and also complementary Q and Q outputs.

Information at input D is transferred to the Q output on the positive-going
edge of the clock pulse. Clock triggering occurs at a voltage level of the clock
pulse and is not directly related to the transition tinie of the positive-going
pulse. When the clock inputis at gither the HIGH or the LOW level, the D input
signal has no effect.

LOGIC DIAGRAM (Each Flip-Flop)

SN54/74LS74A

DUAL D-TYPE POSITIVE
EDGE-TRIGGERED FLIP-FLOP

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 632-08

N SUFFIX
PLASTIC
CASE 646-06

D SUFFIX
soic
; CASE 751A-02

-ORDERING INFORMATION

SN54L.SXXJ Ceramic
SN74LSXXN  Plastic
SN74LSXXD SOIC

1
SET(Sp) O o—{
S DZ: (10)
' Q
5(9)
CLEAR (CD) 0—
1(13)
CLOCK ©
. 3(1) z
Q
. 6(8)
Do
, 2(12)
¥
%
Y
: MODE SELECT — TRUTH TABLE
IR S INPUTS OUTPUTS
OPERATINGHIODES, =
- ‘ Sp Sp D Q Q
Set ' L H X H L
Reset (Clear) H L X L H
*Undetérmined L L X H H
Load i (Set) H H h H L
Load "0" (Reset) H H { L H

* Both outputs will be HIGH while both Spy and Cp are LOW, but the output states are unpredictable
itSpand CD go HIGH simultaneously. i the levels at the set and clear are near Vj_maximum then
we eannot guarantae to maet the minimum level for Vo

H, h = HIGH Voltage Levs!

L, I = LOW Voltage Leval

X =Don't Care

i, h (q) = Lower case letters indicate the state of the referenced Input (or output) one set-up time
pgor to the HIGH to LOW clock transition.

;
t

LOGIC SYMBOL
4 10
&
2—{p S0 Q}—5 12—D SD Q}—9
3—{cp 11— cp
oo OP6 ¢ Op—8
¢
1 13
Voo =PIN 14
GND=PIN7

T

5-1
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SN54/74LS74A

y
GUARANTEED OPERATING RANGES

| | Symbol Parameter Min Typ Max Unit
| | vee Supply Voltage 54 45 5.0 55 v
' 74 475 5.0 5.25
Ta Operating Ambient Temperature Range 54 -55 25 125 °C
§ 74 0 25 70
loH : | OutputCument— High 54,74 -0.4 mA
loL . | Output Current— Low ) 54 40 mA
74 8.0
DC CHAiRACTERISTlCS OVER OPERATING TEMPERATURE RANGE (uniess otherwise spacified)
‘ : Limits
Bymbol | ‘Parameter Min | Typ { Max | Unit™ Tesi Conditions
« Ve Input HIGH Voltage 20 v gﬁnrgg:seed Input HIGH Voitage for
S il Guaranteed Input LOW Voltage for
74 0.8 All Inputs i ’
-065 | -15 | VvV | Voo=MIN, jy=-18 mA
e | e
54,74 025 | 04 v loL =4.0 mA
74 035 | 05 v loL =8.0mA
\ Input High Current
Data, Clock 20 pA Voo =MAX, ViN=27V
1&@]‘& . Set, Clear 40
' g::f‘bf:gfk 03 1 ma | vec=max viy=70v
Input LOW Current
WL Data, Clock -04 mA Voo =MAX, VIN=04V
Set, Clear -0.8
los * Output Short Circuit Current (Note 1) -20 -100 mA Voo = MAX
lce Power Supply Current 8.0 mA Voo = MAX
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
| AC CHARACTERISTICS (T = 25°C, Voo = 5.0 V)
‘ ' Limits
Symbol | ‘Parameter Min | Typ- | Max | Unit™
tMAX 25 33 MHz
?ELH{ ] 13 25 ns
tonr; 25 | 40 [ s
AC SETUP REQUIREMENTS (T, = 25°C)
Limits
Symboi | ‘Parameter Min | Typ | Max | Unit'| ‘Tast Conditions
W(H) Clock 25 ns Figure 1
twi(L) Clear, Set 25 ns Figure 2
i — I =
B Data Setup Time 'I:ié?;,‘l Z‘g n:_ Vec =50V
th : Hold Time 5.0 ns
. =
FAST AND LS TTL DATA
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SN54/74LS74A

AC WAVEFORMS

A

cp ;

< thil) "I

o) T e—— iy —

//////{

/1.3V \

th(H)

ts(H)
Wi

: }Z 13V

" i
PHL fuax tPLH—
Q 13V 13V
tPHL
tPLH
B 13V 13V
Q

“The shaded areas indicate when the input is parmitted to change for pradictabie output performance.

Figure 1. Clock to Output Delays, Data
Set-Up and Hold Times, Clock Puise Width

— tw
SET
13V 13V
re——tw
CLEAR
\ 13V 13V

PLH tPHL

13V 13V
Q

* 1PHL tPLH
¢ 13V 13V

Figure 2. Set and Clear to Output Delays,

Set and Clear Pulse Widths

FAST AND LS TTL DATA
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OdTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

The: SN54/74L.S240, 241 and 244 are Octal Buffers and Line Drivers
desigéed to be employed as memory address drivers, clock drivers and
bus-opented transmittefs/receivers which provide improved PC board

density.

e Hysteresis at Inputs to Improve Noise Margins
o 3-State Qutputs Drive Bus Lines or Buffer Memory Address Registers
¢ Input Clamp Diodes Limit High-Speed Termination Effects

f
LOGIC AND CONNECTION DIAGRAMS DIP (TOP VIEW)

_ SN54/74L.5240
Ve 2G 1Y1 2A4 1¥2 2A3 1Y3 2A2 1¥4 2A1

; ?Emmmmmwmm
1
Y 4¢¢j

[Zébmmmmmmm

1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND

SN54/74L.5241
Voc 2G 1Yl 2A4 1Y2 2A3 Y3 2A2 1Y4 2A1

[=][s] el Ile][wile]e] ]
i
Lifle]leflallsle]lz &l ]lw]

1G 1A 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND

~ ey

! _ SN54/74L.5244
Voo 2G 1Y 2A4 1Y2 2A3 1Y3 242 1V4 2A1

+_[olle][e][ ][]l ][1a] 1] (2] [

L

%{7%7
Lodiaflsflsaflsleflzilel]s[[10]

1G 1A1 2v4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND

LA

SN54/74LS240
SN54/74LS241
SN54/74L.S244

OCTAL BUFFER/LINE DRIVER
WITH 3-STATE OUTPUTS

LOW POWER SCHOTTKY

J SUFFIX
CERAMIC
CASE 732-03

N SUFFIX
PLASTIC
CASE 738-03

DW SUFFIX
SOIC
CASE 751D-03

ORDERING INFORMATION

SNB4LSXXXJ  Ceramic
SN74LSXXXN  Plastic
SN74LSXXXDW SOIC

FAST AND LS TTL DATA
5-1



SN54/74LS240 « SN54/74L.S241 ¢« SN54/74L.S244

F
{
§ TRUTH TABLES
' SN54/74LS240 SN54/74L.S244
. INPUTS INPUTS
P | 16,26 D 1G, 2G D
! L L H L L L
L H L L H H
) H X @ H X @
]
¢ ) SN54/741..5241
¢ INPUTS N Rl INPUTS
. 1G D bt 2G D
! L L L H L L
L H H H H H
¥ H X 2) L X t4]
N H = HIGH Voltage Level
14 L = LOW Voltage Level
X = Immaterial
] Z = HIGH Impedance
,
)
GUARAI‘;TEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
vVee Supply Voltage 54 4.5 5.0 6.5 v
74 475 5.0 5.25
TA E Operating Ambient Temperature Range 54 -55 25 125 °C”
: 74 0 25 70
lOH ; Output Current — High 54, 74 -3.0 .mA
, 54 -12 mA
74 -15*
loL Output Current — Low 54 12 mA
74 24
—
i
E
¥
4
1
¥
3
%
]
¢
¥
{
}
+
¢
FAST AND LS TTL DATA
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SN54/74LS240 « SN54/74L.S241 ¢« SN54/74LS244

o N

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

J Limits
Parameter Min | Typ | Max | Unit | Test Conditions
Input HIGH Voltage 20 v 2,‘,‘?;:3:‘;“ Input HIGH Voltage for
54 0.7 Yo Guaranteed Input LOW Voltage for
74 0.8 Wwi®] All Inputs
Hysteresis 0.2 0.4 A Voo =MIN
Input Clamp Diode Voltage -0.65 | -1.5 \) Voo =MIN, iin=~18 mA
. |5474| 24 | 34 V. |Vog=MIN,IgH=-30mA
54,74 | 2.0 V | Voo =MIN, igy = MAX
54,74 025 | 04 vV lloL=12mA
QR EDWNOAgY ™ F
: 74 0.35 0.5 \ loL=24mA
lozH Output Off Current HIGH 20 pA | Voo =MAX, VoyT=27V
lozL 1 Output Off Current LOW -20 | pA |Voc=MAX,Voyr=04V
. 20 MA  [Voo=MAX,VIN=2T7V
e 04 | mA |Voo=MAX, ViN=7.0V
i Input LOW Current g -0.2 mA | Voo =MAX, ViN=04V
log * Output Short Circuit Current (Note 1) | —40 -2256 | mA |Vpogo =MAX
¥ Power Supply Current
. Total, Output HIGH 27
e | Total, Output LOW | LS240 44 » RALLLL 2%
e . LS241/244 | TR AYees WK
Total at HIGH Z- LS240 50
: LS241/244 54
Note 1: Not more than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (Ta =25°C, Vo =5.0 V)
. Limits
Symbol ‘Parameter Min | Typ | Max | Unit™ Test Conditions
tPLH Propagation Delay, Data to Output 9.0 14
tPHL L5240 12 18 ns
tPLH ' Propagation Delay, Data to Qutput 12 18
PHL |, LS241/244 12 18 ns
tpzH Output Enable Time to HIGH Levsl 15 23 ns
tpzL Output Enable Time to LOW Level 20 30 ns
Pz | Output Disable-Time trom LOW Level 15 | 25 | ns CL =50pF,
tPHZ Output Disable Time from HIGH Level 10 18 ns éf@gefﬁ -
k
4
f
' FAST AND LS TTL DATA
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VE

Vout

SN54/74LS240 « SN54/74L.S241 « SN54/74L.S244

AC WAVEFORMS
1.3V 13V
Vee
1PLH {PHL
13V 13V RL
Figure 1 SW1 !
TO QUTPUT
UNDERTEST
5kQ
- C* swe
Figure 2 L
13V " 13V SWITCH POSITIONS
tpzL Pz { SYMBOL SW1 sw2
13V ; 13V tPzH Open Closed
05V ] J tpzL Closed Open
PHZ Closed Closed
Figure 5

- PHZ

2VoH
| =13V
05V

.

FAST AND LS TTL DATA
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SN54/74L.S08

Vo

1] [rs] [re] [or] [ro]

Q

]
=]

QUAD 2-INPUT AND GATE
LOW POWER SCHOTTKY

E

)

Ex

J SUFFIX
CERAMIC
' L L2] La] e L[] [e] |z CASE 632-08
t GND
F
i‘
N SUFFIX
. PLASTIC
CASE 646-06
K
. D SUFFIX
: Solc .
| CASE 751A-02
[
' ORDERING INFORMATION
t SNB4LSXXJ  Ceramic
SN74LSXXN  Plastic
% SN74LSXXD  SOIC
GUMTEED OPERATING RANGES ]
Symbél Parameter Min Typ Max Unit
Voc ' | Supply Vottage 54 45 5.0 55 v
, 74 475 5.0 525
TA Operating Ambient Temperaturé Range 54 -55 25 125 C
! 74 0 25 70
loH ' | Output Current— High . 54,74 -0.4 mA
tlo. ¢ | OutputCument—Low 54 4.0 mA
74 80
4
t
1
¢ FAST AND LS TTL DATA
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SN54/74L.508

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

: Limits
Symbol ‘Parameter Min | Typ | Max | Tnit ™ Test Gonditions
Guarantsed Input HIGH Voltage for
VIH : input HIGH Voltage 2.0 v Al Inputs
54 07 Y
W | Fompw e Guarsiticed Input LOW Volage for
il el - e S s 74 0-8 " Inputs

ViK Input Clamp Diode Voltage

-0.65 | -1.5

Vo =MIN, iy =-18 mA

VoG S N O A N = Y

74 27 35

orViper Tr Sie

v

\

v

v

\' loL=8.0mA
HA
mA

54,74 0.25 04 loL =4.0 mA
74 0.35 0.5
o TG EEE 20. VoG = MAX, ViN =27 V
W« | R EhreREE
Faniisad . g::m A kS, BT . 0.1 V, C C =M AX, VlN - 7_0 v
I | InputLOW Current -04 | mA | Voo=MAX, Viy=04V
log  + | Short Gircuit Current (Note 1) -20 =100 } mA | Vog=MAX
Power Supply Current :
i Total, Output HIGH 4.8 mA
"&g&mf L g
Total, Output LOW 8.8
Note 1: Not r':nore than one output should be shorted at a time, nor for more than 1 second.
AC CHARACTERISTICS (T = 25°C)
) Limits
Symbol, "] ‘Parameter Min | Typ | Max | Unit ‘Test Conditions
tpLH {4 Turn-Off Delay, input to Output 8.0 15 ns Voo =50V
tPHL Turn-On Delay, Input to Qutput 10 20 ns ’
¢
4
#
1
§
i
k
¥
;
f
FAST AND LS TTL DATA
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! HM628128B Series

¢ 1 M SRAM (128-kword x 8-bit)

HITACHI

5 ADE-203-243E (Z)
Rev. 5.0
Nov. 1997

Description

The Hitachi HM628128B is a CMOS static RAM organized 131,072-word x 8-bit. It realizes higher
density, higher performance and low power consumption by employing 0.8 um Hi-CMOS shrink process
technology. It offers low power standby power dissipation, therefore, it is suitable for battery backup
systems. The device, packaged in a 525 mil SOP or a 8 mm x 20 mm TSOP or a 600 mil plastic DIP is
available.

Features

‘s Single 5 V supply: 5.0 V+10%
e Accesstime: 70/75/85 ns (max)
«» Power dissipation
— Active: 50 mW/MHz (typ)
¥ — Standby: 10 tW (typ) (L/L-SL version)
o Completely static memory
— No clock or timing strobe required
f» Equal access and cycle times
‘s Common data input and output
— Three state output
e Directly TTL compatible all inputs and outputs
»» Capability of battery backup operation (L/L-SL version)
— 2 chip selection for battery backup

-

-

B i

e



HM628128B Series

Fa

i

Ordering Information

Type No. Access time Data retention current Package

HM628128BLP-7 70 ns 50 pA 600-mil 32-pin plastic DIP (DP-32)
HM628128BLP-8 85 ns 50 pA

HMB628128BLP-7SL  70ns 15 pA

HM628128BLP-8SL 85ns 15 pA

HM628128BLFP-7 70 ns 50 pA 525-mil 32-pin plastic SOP (FP-32D)
HM628128BLFP-75 75ns 50 pA

HM628128BLFP-8 85 ns 50 pA

HM628128BLFP-7SL 70 ns 15 pA

HM628128BLFP-75SL 75 ns 15 pA

HM628128BLFP-8SL 85 ns 15 pA

HM628128BLT-7 70 ns 50 pA Normal-bend type 32-pin plastic
HM628128BLT-75 75ns <50 pA 8 mm x 20 mm TSOP (TFP-32D)
HM628128BLT-8 85 ns 50 pA

HM628128BLT-7SL 70 ns 15 pA

HM628128BLT-755L 75 ns 15 pA

HM628128BLT-8SL 85 ns 15 pA

HM628128BLR-7 70 ns 50 pA Reverse-bend type 32-pin plastic
HM628128BLR-8 85 ns 50 pA 8 mm x 20 mm TSOP (TFP-32DR)
HM628128BLR-7SL 70 ns 15 pA

HM628128BLR-8SL 85 ns 15 pA

$

¥
3
:
¥

YT e e e

-
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HM628128B Series

P

, Pin Arrangement
| HM628128BT Series (Normal Type TSOP)
A1 1
etz O e
HM628128BP/BFP Series =K 30 (2 CS1
sk A=
Nc[_|1 e 32 Ve cs2 6 27 = 582
A6 ]2 st[Jats 415317 2RI
A14[]3 30 Jcs2 N6 9 24 v
¢ a8 10 23 B %
A12[ 4 29 |WE Ala T 11 22 £ Yot
w7 s s AlzS] 12 21 B oo
A6[_|6 27 [_]A8 A6 14 19 (2 A1
As[|7 26| A9 ﬁi’%lg P EM
A4 |8 25| ]A11 (Top view)
A3[ ]9 24 ]OE
10
:f E o ;2 %g% HM628128BR Series (Reverse Type TSOP)
A0 []12 21 [ Jvo7 = 1g 17 g A3
yoo[ |13 20| /06 QSE 14 BN
vo1 [ 14 to[Juos A7 513 2 B
o2 o Elvos  Aeglio % B st
Voo LR ) sea o EBW
y AE 7 26 [0 1104
(Top view) CS2 16 27 3 105
WE g 28 =3 /06
pHEE BBl
A9 2 31 A1 ]
A1 O 32 10
(Top View)’
Pin Description
‘Pin name Function
\ AOto A16 Address input

- e

/00 to VO7 Data input/output
CST Chip select 1
‘CS2 Chip select 2
WE Write enable

OE Output enable
NC No connection
Vee Power supply
Vs Ground

T W it

- o

m
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HM628128B Series
i

* Block Diagram

i
'

LsB )
A8 o— WVee
A13 o— —0Vgg
A4 o—
A5 o—— :
A6 0— Row . Memory matrix
A7 o— decoder ) 512 x 2,048
A12 o——
At4 o—]
A15 © ’_lfr
MSB S
o N
o0 : Column /O 3
input Column decoder
data y
control l E]
1107 o ™ Z‘? Z#
l'SBAo Al A2 A3 A10A11A9 Al6 sl
: 1
e » A8
cs2o0——m— ~
5T Timing pulse generator
WE o0 Read/Write contro!
OE©

-

R ks

HITACHI




HM628128B Series

&

: Function Table

WE CST cs2 OE Mode V. current VO pin Ref. cycle

L X H  x x Standby oo lepr Hghz  —

. X X L X Standby lsas dsat High-2 —

L H L H H Output disable I, High-Z —

i+ H L H L Read fee Dout Read cycle

L L H H Write fee Din Write cycle (1)

L L H L Write loc Din Write cycle (2)

i Note: x:Horl

;

: Absolute Maximum Ratings

! Parameter Symbol Value Unit

+ Supply voltage relative to Ve R 0510+ 7.0 v

: Voltage on any pin relative to Vg Vi ~0.5"" to Vg, +0.3% A

, Power dissipation Py 1.0 W

;Operating temperature range Topr 0to +70 °C

! -Storage temperature range Tstg -55 to +125 °C

" Storage temperature under bias Tbias -10 0 85 °C
Notes: 1. V;min: 3.0V for pulse half-width <30 ns

. 2. Maximum voltage is 7.0 V

. .

" Recommended DC Operating Conditions (Ta = 0 to +70°C)

" Parameter Symbol Min Typ Max Unit
Supply voltage Vee 4.5 5.0 5.5 \

g Ve 0 0 0 v
|nput high voltage Vi 2.2 — Ve +0.3 \')

- Input low voltage A -0.3* — 0.8 v

' Note:

Mo etk mm rwwr o

1. Vg min: ~3.0 V for pulse half-width < 30 ns

HITACHI



'HM628128B Series

]
:DC Characteristics (Ta = 0t0 +70°C, V=5V £ 10%, V4, =0 V)

Parameter Symbol Min Typ® Max Unit Test conditions
Input leakage current 1 —_ — 1 UA Vin =Vgs 1o Ve
"Output leakage current o] —_ — 1 RA CS1=Vv,0rCS2=V, or
; OE=V,orWE=V,,
. Vo =Ves 10 Ve
_Operating current lec e 15 25 mA CS1=V,CS82=V,,
) Others =V /V, l,o =0 mA
Average operating current |, — 35 70 mA Min cycle, duty = 100%,
L1

6§T = V“_, CSQ = vmy
Others = V,/V,, l,c =0 MA

— 10 20 mA Cycle time = 1 ps, duty = 100%,

g

lo=0mA,CST<0.2V,
: CS2>V,. ~0.2V,
» Others =V, /V,.
' V2V =02V,V, <02V
Standby ¢urrent lea —_ 1 2 mA CS2=V, or
CS1 =V, CS2=V,
. Isay — 2+ 100"  pA 0V<sVinsVq
: (1)ovV<CS2<02Vor
; (2)CS1 2V —-0.2V,
! CS22V,-02V
: lSBI AW 2':3 50t3 ]J.A
Output high voltage Va — — 04 Vv lo. =2.1 MA
Output low voltage Vo 24 — - A low =—1.0mA

‘Notes: 1. Typical values are at Vo, =5.0 V, Ta = +25°C and not guaranteed.
' 2. This characteristic is guaranteed only for L version.
3. This characteristic is guaranteed only for L-SL version.

]
‘ Capacitance (Ta = 25°C, f = 1.0 MHz)
i

Parameter Symbol  Min Typ Max Unit Test conditions
,Input capacitance*’ Cin — —_ 8 pF Vin=0V
Input/output capacitance*' Cy —_— — 10 pF V=0V

ENote: 1. This parameter is sampled and not 100% tested.

N —

HITACHI
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' HM628128B Series

¥
K

% AC Characteristics (Ta = 0 to +70°C, Ve =5.0V 110%)

L3

¢ 'Test Conditions

¢ Input pulse levels: 0.8 V024V
e Input rise and fall time: 5 ns
i ® Input and output timing reference levels: 1.5 V
t  Output load: 1 TTL Gate and C; (100 pF) (Including scope and jig)

Read Cycle
f HM628128B
) -7 -75 -8
' Parameter- Symbol Min Max Min Max Min Max Unit Notes
: Read cycle time tac 70 — 75 — 8 — ns
Address access time it — 70 — 75 — 85 ns
;E Chip selection to output valid teor — 70 — 7% — 85 ns
b teos — 70 - 75 - 85 ns
Output enable to output valid toe — 35 — 35 — 45 ns
' Chip selection to output in low-Z t 10 6okt U o 2151105 v wonsl | 2.3
' VA M0 — 10 — 10 — ns
Output enabie to output in low-Z to 5 — 5 o 5 e ns 2,3
;Chip deselection to output in high-Z ., 0 25 0 25 0 30 ns 1,2,3
L 0 25 0 25 0 30 ns
Output disable to output in high-Z to 0 25 0 25 0 30 ns 1,2,3
Output hold from address change ton 10 — 10 — 10 — ns

Ty

-
o e rem e e
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HM628128B Series
Write Cycle
HM6281288

; 7 75 -8

lgarameter Symbol Min Max W#Min Max Min Max Unit Notes
“Write cycle time tuc 70 — 76 — 8 — ns

Chip selection to end of write tew 60 — 60 — 7 ~— ns &
Address setup time tae 0 — 0 — 0 — ns 6
Address valid to end of write taw 60 — 60 ~— 75 — ns

Write pulse width tue 50 — 8 — 8 — ns 4,13
Write recovery time 0 — (0] —_— 0] —_ ns 7
YVﬁte to output in high-Z tonz o] 25 0 25 0 30 ns 1,2,8
Pata to write time overlap tow 3 — 30 - 35 — ns

Data hold from write time tou 0 — 0 — o] —_ ns

Output active from end of write t o 5 — 5 - 5 — ns 2
Outpyt disable to output in High-2 L 0 25 0 2 0 30 ns 1,2,8

Notes: 1. t,5, to and ty,; are defined as the time at which the outputs achieve the open circuit conditions
and are not referred to output voltage levels.
2. This parameter Is sampled and not 100% tested.

3. Atany given temperature and voltage condition, t,, max is less than t, min both for a given
device and from device to device.

4. A write occurs during the overlap of a low C8T, a high CS2, and a fow WE. A write begins at the
latest transition among CS1 going low, CS2 going high, and WE going low. A write ends at the
earliest transition among CS1 going high, CS2 going low, and WE going high. t,, is measured
from the beginning of write to the end of write.
t.. is measured from the later of CST going low or CS2 going high to the end of write.
t\s is measured from the address valid to the beginning of write.

7. t,mis measured from the earliest of CS1 or WE going high or CS2 going low to the end of write

cycle.

: 8. During this period, /O pins are in the output state; therefore, the input signals of the opposite
phase to the outputs must not be applied.

E 9. If CS1 goes low simuitaneously with WE going low or after WE going low, the outputs remain in
a high impedance state.
10. Dout is the same phase of the latest written data in this write cycle.

& 11.Dout is the read data of next address.

1 12.1f CS1 is low and CS2 high during this period, I/O pins are in the output state. Therefore, the
input signals of the opposite phase to the outputs must not be applied to them.

13. In the write cycle with OF low fixed, t,,, must satisfy the following equation to avoid a problem of
data bus contention.
twe 2 tow Min + ¢, Max

o wm e ey %

o o

L e e e
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HM628128B Series

- Timing Waveform
1

4 e
Read Timing Waveform (WE = V)

} Address >< Valid F:;dress §<

= NNk AT,
/S IR BE NN\
o ITUNRE KT,

i oz
' Dout High impedance < Valid data % X}___

- o et

HITACHI

m W v
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HM628128B Series

Write Timing Waveform (1) (OE Clock)

|

Address

(23]

Ccs2

Dout

L i T ol o

Din

}( \:alid address %{
/777 7F NN
INAMARARRANS ATLITTTTTT
[T x\\\\\\\\\\\\
IR AN T ITTTTT,
> > > > > > > > High impedance

tow

ton

(R remm YOORHIRRX

. A

10
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HM628128B Series

* Write Timing Waveform (2) (OE Low Fixed)

i

Address

- e

> .. . A X -

PR S

81

CSs2

Dout

Din

‘>‘< Valid a;idre?s ;7<
ANANAAN H77/7777777
T JTRTTRRTNT

e\ S S
S UL ol s

tow | ton

12

Valid data

0000

N Y

T T

— e e

HITACHI
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HM628128B Series

¥

' Low V¢ Data Retention Characteristics (Ta = 0 to +70°C)

Parameter Symbol Min  Typ* Max Unit Testconditions™

. V¢ for data retention Vor 2.0 — — \ QV<Vin< Vg

(1) 0V<CS2<02Vor
(2) CS22V~0.2V

e

P T

CST2V,-02V
Data retention current locon — 1 50" PA  Ve=8.0V,0VSVin< Vg,
i (1)0V<sCS2<02Vor
. (2) CS22V . —-0.2V,
CS1 2V, ~-02V
. locon — 1 157  uA
thp deselect to data teon 0 —_ — ns  See retention waveform
retention time
_Operation recovery time ta 5 X 7 ms

"Notes: 1. This characteristic is guaranteed only for L version, 20 pA max. at Ta = 0 to 40°C.
2. This characteristic is guaranteed only for L-SL version, 3 pA max. at Ta = 0 to 40°C.

< 8. CS2 controls address buffer, WE buffer, CST buffer, OE buffer, and Din buffer. If CS2 controls
; data retention mode, Vin levels (address, WE, OE, CST, I/0) can be in the high impedance state.

if CS1 controls data retention mode, CS2 mustbe CS22V,~02Vor0V<CS2<0.2V. The
: other input levels (address, WE, OE, 1/O) can be in the high impedance state.

! 4. Typical values are atV,, = 3.0 V, Ta = +25°C and not guaranteed.

o ™

o mam e w e

; HITACHI
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HM628128B Series

e

Low V. Data Retention Timing Waveform (1) (CS1 Controlled)

tcor Data retention mode

Veo
45V

Eem—————————TeL N

22V

i — AN %
f g%T__/ ST Voo - 0.2V

E
L

)

14

{Low V. Data Retention Timing Waveform (2) (CS2 Controlled)
t

tcor Data retention mode tn

1 AVCC
45V

€S2

SN Al

1 Vbrz .

¥

oY 0V<CS2502V 3%
ov

13
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' HM628128B Series

Package Dimensions
4
HM628128BLP Series (DP-32)
E Unit: mm
]
3
41.90
32 42.50 Max -
oo oMo aOonnCnn:-m
<2
) Qi
o
| St [ 60 [y A5 R Iy B [ i ) UUO OO agn Y
! 1.20 35
2.30 Max 8 15.24
78 (00 CN W\
)
. £le
‘ | —22 0.25* 011
" 2544025 0484010 =3 0267005
o ARARAERN 0°—15°
Hitachi Gode DP-32
JEDEC —
EIAJ Conforms *
Weight (refarence value)} 5.1 g
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'* HM628128B Series

Package Dimensions (cont.)

' HM628128BLFP Series (FP-32D)
£
1 Unit: mm
20.45
20.95 Max
S2 nnnonoononoonoont 17
o
™
P R
O
1 UUudggouuuoronoD 16
3 wl¢ L 14.14+0.30
=2 olQ
« N O
\ NN
X IiliiitilTigilin A cil Moy Lz i\
! r e 3
LeTomo] & ! s 020 |
n
¥ el
¢ 0.40 + 0.08 o
5 {’ ‘{ 0.15 @[
! A2
0.38:+024 Hitachi Code FP-32D
JEDEC Conforms
i Dimension including the plating thickness EIAJ —
§ Base material dimension Weight (referencé value)| 1.3 g
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'HM628128B Series

t

L

Package Dimensions (cont.)

HMG628128BLT Series (TFP-32D)
H
1
g 8.00 Unit: mm
b 8.20 Max
i 32 17
3
x
o
1 16
0.22 £ 0.08 0.80
0.20% 0.06 0.08 @ [~
0.45 Max . 20.00+ 0.20
. ) J 0° —¥ 5° 1
' 0.50+£0.10
3 g 8 T -
3 HE
g HiH o H
; - =& 2 Hitachi Code TFP-32D
(=} S © JEDEC Conforms
$ Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 0.39g

e
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HM628128B Series

. Package Dimensions (cont.)

i
HM628128BLR Series (TFP-32DR)
.
. 8.00 Unit: mm
3 8.20 Max
17 32 X
o ]
®
v <
i3 r
: H 0.80
~ :‘Q_}' p S0-WZ000 D ¥ o9 V) o F LY
o |, =
! L —F 0°~5°0.501 0.10
8 o
+
2 Hitachi Code TFP-32DR
(= JEDEC Conforms
t Dimension including the plating thickness EIAJ Contorms i
Base material dimension Woaight (reference value)| 0.39 g
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HM628128B Series

When using this document, keep the following in mind:

1. This document may, wholly or partially, be subject to change without notice.

2. Allrights are reserved: No one is petmitted to reproduce or duplicate, in any form, the whole or part of
this document without Hitachi’s permission.

3. Hitachi will not be held responsible for any damage to the user that may result from accidents or any
other reasons during operation of the user’s unit according to this document.

4. Circuitry and other examples described herein are meant merely to indicate the characteristics and
performance of Hitachi’s semiconductor products. Hitachi assumes no responsibility for any intellectual
property claims or other problems that may result from applications based on the examples described
herein.

5. No license is granted by implication or otherwise under any patents or other rights of any third party or
Hitachi, Ltd. :

6. MEDICAL APPLICATIONS: Hitachi’s products are not authorized for use in MEDICAL
APPLICATIONS without the written consent of the appropriate officer of Hitachi’s sales company.
Such use includes, but is not limited to, use in life support systems. Buyers of Hitachi’s products are

‘ requested to notify the relevant Hitachi sales offices when planning to use the products in MEDICAL
APPLICATIONS.
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E
sRevision Record
‘Rev. Date Contents of Modification Drawn by Approved by
:0.0 Oct. 5, 1994 Initial issue M. Higuchi K. Yoshizaki
1.0 Dec. 20,1994  DC Characteristics M. Higuchi K. Yoshizaki
| foc max: 15 mAto 25 mA
loce typ: 5 mA to 10 mA

f leee Max: 10 MA to 20 mA
2.0  Mar.20,1995 Low Vcc Data Retention Characteristics M. Higuchi K. Yoshizaki
; Addition of note 3: typical values at V. =3.0 V,
: Ta = +25°C and not guaranteed
f3.0 Aug. 10,1996  Change of format M. Higuchi K. Yoshizaki

Addition of HM628128B-10/10SL Series
¥ AC Characteristics
¥ Change order of note.
:1.‘0 Jul. 1, 1997 Addition of HM628128B-75 Series M. Higuchi K. Imato

DC Characteristics
; Vo Test condition: —0.1 mA to —1.0 mA
5.0  Nov. 1997 Change of Subtitle
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