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ABSTRACT

Nowaday , The digital signal processing was creating foruse increment. Because it has
exactly than analog signal. So that | Digital signal processing are expand to use.

People apply the digital signal processing to use with many work. Such as the
communicate on port , processing of high speed , measurement some works about industrial , etc.

This thesis create another handing of digital signal processing by build Boolean’s
function to find the object’s edge. And then , we condify them become digilalb.signal before they

show on the desk top of computer. That 1s your require the object ’s edge

I1



naanssudsema

= - ¢ w Ay o ' Yy v Yo s
Tﬂfﬂuwuﬁﬂ‘]_]lluﬁniﬂﬁqﬁg\iblﬂﬂaaﬂ lWinlﬂﬁUﬂ'ﬂ“!“@fﬂ1%1ﬂ TONFNTRNTINGY

v & a a o4 99 Y o o ya o =) cg [ dy dy o A A §
Weind Fagand f ldhidunuzihnnfitvaneain Bnnsdudeilegtnaiinziniesiion1yy
0o a a c{dw ya v YK g I~ [l
Tumsiiimetinust ITe3Tn90% Hazvens UV LW EAMLeE19g.
4 a [ ' { °
voueLNszAM 01915913y uma TuTagmsTaqumegaaninssunniiu 1l

o @ I~ g o a a o o/ dy
nuzihewiulsy Tewiaen1sNIINeIUUUT RV

'
a o LY

' Vo g { o 4 = Y
VONTIVVDUNTEAY AMWDUAZA M sudlungngs Aeivayunazdunsaiuaialy
= - ¢ @ ey
lumsvinImeruwus Ul
= = a

~ 9 A 4'4 Py v v Aa 9| o Y
uazmzamamﬁlma VIV UAUINDUS ﬂﬂ@ﬂ%?ﬂﬂUﬂﬂllﬂillﬂqﬂlﬂﬂJWW i)‘Ll‘V]ﬂ“ri

a a J @ dn/ o J
IMNNTUNWUTRU VU TN

Le

Ya o 1

i o~ do KX a a J @ 9/ '
ﬂmmuaxﬂsz T UD UWIHININGIUNUTRUY U FYIVINBULANNNI ZATUNNNTUY

g

AN AT

[11



YV
%
% T
UNAAEONMY NG I
UNAABONBOINGY 1|
AMANSTNYS M 11
VST v
AVSDRYANV TN, VIl
TVSUEN NN o T —— -+ 415215 eeerecerecians VIII
g .
T LR AL (1Y) D o R Y U W 2P, .. 1
[~ v 9 a a o
1.1 sfluanweerado U S aymniins. e 1
@ o a a 4
1.2 dagussaenvosdSynHwus 1
a a A
1.3 VO UIUAVOIUTURN TN e e 1
= a a 4
14 seazweeveadsganinns | D00 con e sl L 1
d' = o/
uni 2 YeuaBostigapidiiil A/ SRt N LU 30 e QY 3
2.1 M151seuIananINAIN 08 (Digital image processing).. ... 3
2.1.1 Digitization and-Standards | /... e Ll 3
2.1.2 Image enhaneement. ... ... o L 4
R 1 ¥ Imageanalysish§/___ . NG [l 77 . oSN I H 5
2.2 msmveumwdaeldeunmsyafu. 6
2.2.1 TN BN 01 cmm AL D . 7
4 @
2.3 09AUTENOUVD ST RN 11
2.3.1 ARQNMAANAWAUINWNIUUIMON 11
2.3.2 e uduazIaNaUMIUIUIUOY 11
Y
2.3.3 AU IMAIDANAWAUIMINNMWIAY 12
v
2.3.4 dyenaauiduasTandUMSIuIN_ 12
2.3.5 dyanmsnugliavesdygiaieianoaded S .
DN 3 HAPMIMIOMVOIDSK 15
3.1 @9NA2INTIVNEINY DSK 15

v



dllllal o
5.4 2NN ﬂﬁﬁﬁ‘i]']ﬂﬂ']iﬁ'mﬂﬂﬂ'w‘l(edge detection)

_______________________________________________ 45
4

uni 6 agdwamsneeee 46

usseayesw 47

NIANUIN

el a
Hava’

dgj 1 d‘ Y o U ¥ dl = I gj 1 Y o ¥ ! LS4 ¥
nansiiluenasanulidwiunislidanunenisfinyiintu eyl lldusyleviaunism
Lidnsdlla vy Bnnsnudlidaudalien uagdesdndisdveenarsynasandnsiluly

VI



=
UNN 4

A
UNN S

1508y (710)

Hin

3.2 A UUTEABUUDI DSK 15
3.3 DSK 815093 0Weos e 16
3.3.1 Host hardware Swmese 16

3.4 TLC 32040 AIC anSauasowaosla 19
3.5 uEuianelunuea Ut WOI DSK. 20
3.6 M3ADENIFOYAVDI DSK o 21
3.6.1 Commeafide™ oL e 22

3.6.2 Debugging Functions. .../ . . 23

745 MIINIERRUPESS A 208 NN\ 23
nanf e ogsiIUME R [ Ah \ N Bl N AN 27
411 [ AN 1SAQIUDS hard ware 4. e La gl 200 S L 27
42 gilnsalinlnsdrgnemdeniufTnen (Analog to Digital ) ... 28
4.3 qﬂﬂmﬁwﬂﬁaujmwmfmﬁ (Brueseneraion) W UM o\ . C A8 . 30
43.1 ﬁ’JuLLUﬂﬁﬂJﬂﬁdeﬁ ('Video Syne Seprator) . b Ll 32

432  dantufiadaanaimasd o oon L Ll 32

4.4 x¥po . LN SIS [, 74 S 0 4 S 34
4.5 9UnsdiA R Control Unit). oo T 36
4.5.1e¥adeyane Reset O 36

4.5.2 a¥radeyaas CE ( Chip Enable ) oo 37

453 adadenauuwinT (CLK ). 39

A5 ATV AGATBER. ... oo roecrremaiimmasemanessnesmanosonio RS S sowvdbassas 40

4.5.5 FQANMBUADTIW 42

4.6 myaetoyaldapsk 43
AN IO 44
5.1 iy ldnendsuswouga dedu Wnean 44
5.2 mwﬁ”lﬁwﬁqmﬂmsﬂﬁ“uﬁmm@mimﬁ’u ________________________________________________________ 44
5.3 i landeniniins iUy (threshold) 45



RABTI[TRERK

M~ v
A1 NN THI

2.1 Twaziduavesdyanunuaudumsnmuaz dyanuaududsianduniamuen 12

o o

b4
22 SwazBvavodyaamIauA LI e Ay eauduasiandunauada 13

2.3 SwazBvavesdyananunud s ludladusn R 13
2.4 s1Ua:15fmmmﬁ’q;muwmmuﬂmﬁumﬂmwwiuﬂaéﬁﬁaa ________________________________________________ 14
3-1 Sihple-step Pipeling FloW. s conmmesscnomsonmsssmemsssn st o s mma s oz 26
4.1 uanas e Ve sz IR IdR el e 29
4.2 HAAIAITIANINTIUDTTRYY I TS oo e 37
43 LEAAIPTIANNDTIVO TR CE. 38

VII



M 3tiymn (w5031)

s ez W
2.1 aARINSIAAYSINGATAT false contouring 4
2.2 HAAIMNTHIVOUVOIIAG e 6
5 3 HARINNEI06197 1% binary image TUASYVOUATN 7
2.4 uammimmaumwiﬂaﬁumiug%mmu 8connectivty. ... 8
2.5 LLﬁ'ﬂdfﬂﬁwWEJUﬂWWIWJmeﬁUQauLLUU 4-connectivity ... 9
2.6 LEAAINITHIVOUAIW IAYANNITUGAMVY 8-connectivity with noise reduce........ 10
2.7 memswwaumwimawmwg‘ﬁmmu 4- connectivity with noise reduce ... 10
3.1 TMS320C3X DSK Functional Circuit Diagram.._ . ... ... 17
3.2 parallel poyf FontrebRosister® OXWA ) (). = W =& mmmfommmr o RN omomennoneos 18
3.3 parallel goyf Stafus Registort @3RN/ Ld WNAS NI L1 7 QAN 18
3.4 MemogypmaD .8 PP +P°\ 21 | (R \ TG e M S WY 21
3.5 Tasepdamaiudoya. . o i g/ il § 2 \Y 22
3.6 Singldstep flofv diagram 7] 5 U/ £CEEla \\[ 37 Felooloelael ). o0 B R 25
4.1 uEon'laozunTuiaasmstaeIssang 28
42 naasnienlaozunsnvoimsilasdyanaenidenduitnen L o Lo 28
43 paauaa nlelunis Scan INVOITURNBMAIUIUOW. o L L 29
4.4 1. LLﬁﬂﬁﬁQﬁmmiﬂl vertical blank Qg Hamdud (i@ I S & A 30
4.4 . !,Lffﬂ\‘iaﬂﬁ’iyﬂﬁm hepizontal blaples ./ ANV A f. . A 31
45 V80N lADLINTUVBINIALBAFNANMTIA o 31
4.6 LARIIT A to D 1A TVIUONTYRNTIR o 33
47 WEAAINITORAMULUM MR e 35
4.8 Timing diagram VB4 & QYR 104 Vertical Blank 18¢ doya1e1 Odd._... ... 36
4.9 VIVTTQUAIDE RESCL. - oo oo oo 37
4.10 tha@d Timimg diagram U0 E”iytywm CE....cc.o. USRS 38
411 VVTHYRM CE 39
4.12 Timing Diagram YOIy M CLK L)
413 VTTURYIN CLK L e 40
414 wamemsnUamsR ey 40

VIII



o v A
msimnee (ri3031)

s (iegulfh) 1
4.15 NAAIYARNIURNY AAAFESS. ..........ocomemmmemmssssssrmsamomms s s s amarenonms s 41
4.16 LAAIMITMINUUDITEUUNT INCITUPt 42
417 WEAGIIVTOUIADS SN 42
4.18 1A Hard Ware UDQARIURNN 43

IX



| v Y a a J
1.1 anndluanveariivedsyaniinus
Fnens luaunsdszuiananImasnen (Digital image processing) 13 ldau
1 9 42‘ A =} @ a 9 o dy [
914n319u19nvY  esaniimaieumaialumsdszuranalvsiaEvuuanny
o = a a d?, & < & da/ 9
ginsoi lumsdszudanaiidse@niniwgevu Fan1smvea i unuuanielumuily
o o [ ] <} ' 4 v o
Uiz Tonilunate 9 8619 1wy mMsveuiivvesriuoua menfuveulidudaglunw aiunm
[ ' 1 =1 . va d 9
MUMEMIHANG UM IReN 1oz Tssnuda Tudd Wuduy
A Wyla 1o g 0 W a9y o o
msazalszananamomveun i Idiudududes shdeyaniwi lduhimsdiiom
4 < 1 1 a0 Y
flymianmife a1l nazeinsuigennduden nazuindeamsszuiananuy
= A . g ) ) sAa a 4
A5G 130 UL Real Time 1A wdealdoilnsaifiianusalumsiszinanagavuly
= & dy 9 9y o o g [}
9 (Fannwgaetuan A wnis1aIn 1 THannIvesansarI s 7 15y 29051 o
P o W oA o (1Y) o q ¥ ¥ Y
& pimihniiudszmamueuninldezsil daadunu Idun
. o . Aq w = s s A
Msinewanmsvesansyadui 1 lumsmveunmnilaguiiuesaniie

! { [~
Yszananamveunmdadusosnihanudendniu 18

Y d a a ¢
1.2 Yagiszanvessaaniinus

o BIN3OR AL AT INIATEIMIVEINNMENANNT VR WNNTYATY

a\

a d
1.3 voutunvosllsaninins

(Y]

Y
v A

a a J [ S 4 @ 1
Ysaaniinudniuiidhimasaniubnazadiunioamveunin nindyanuniwio

INNH01 CCD

a d

IS a 7
1.4 s1waz0envoalsyaninus
A R v ad o e 9 &
unit 2 nandeanuinaznguniunldlunisesnuuy nazauATEIIVOIN N
s/ o v y Ay Ao an o
fMeaumayaiu dailsznoudis A3 lesdumneIny mlizuionan naTaea HannIu
YOLNTH AITLAAU 1020RTENEVVBIAY UMW
UNi 3 NANDINANNITVOY dsk
Uil 4 NA1IDINITBBNNIL hard ware

UNH 5 na104nTea NI soft ware



UNN 6 NADINIITNAARIIATINUY
und 7 nandemsagipn

aq @
MANUIN N 29957 191U
MANUIN ¥ 19N A1TH1D4

v A Y a
NUITDD WO

dgj 1 d‘ Y o U ¥ dl = I gj 1 Y o ¥ LS4 ¥
nansiiluenasanulidmiunislidanunenisfinyintu eyl lldusyleviaunism

Lidnsdlla vy Bnnsnudlidaudalien uagdesdndisdveenarsynasandnsiluly



UNh 2

NOHHUAzHANMS

2.1 msszananamnadnea (Digital image processing)

o

a aa < . .. . .
mﬂuﬂmiﬂs:mawamwmmaammmqa (High-speed digital image processing) N1
va Yo ) ' d & 4 Ayyaa a
191391 Digital image processing IasuamaulauazgaianesesimsniuToad 1451ems
Aq Y v Y o [ a 4 a I'd
va ez ldegudrluaulszgnd wu asuWumesn N, Mwnamsunng, uazlseay

wva ] 1 v J 4 1 o 1 24
oa Tuiid nagvnd g aiunieneaTnsviad, msdemsdronm nazvuoudlulid delu

o Y v R A 9 o 9 s Ay
HIVOND vlij i]$ﬂaTJﬂ\uW@ﬂ'ﬂiJ!“Uﬂi]uluﬁﬁﬂﬂTiﬂTitl‘Ifﬂuuﬂgﬂ'lii_lingﬂm‘UE]\W]u

2.1.1 Digitization and Standards

(9

Y aa a8 e Ao & o o s
mantlasnmuwein smasnituavaen udednyisuiuduaunsn Tunsiszend
. @ < @ @
Image precessing 90z auAUNIWIUANY MY Raster (Aanmsatnumnludnyae Soefy
v Yoo
voududgamnmIuen gy Funnuuasae) vssaseivziimsannulu
@ | 9 I ) d A e 9/ Ao AR 9 1
ANy interlace Tavszaundunimiy 2 Jad Taaniswsspdunsnilaqanilaussydug
° Y a ' A £ 9 ||y a J o £y '
WmlinaanuaeieeIn1sai A la 9 wudun I 0613 linaiu ApuiImes LA Isa
I 4 : v R o g o y A
fo1yaf lideifles (Diseren) Tudasududeuudoyarivonoz s g
v PN 3 9 A dq w ' v a
umw_eznauilugg 4 sazgrunudeya arwanldlumsdumldvindium
AUAZIBEAYBININTIAR N (bandwidth) Tuszues mdadulvizedsznitaniuaziden
YBINNATADANALAIMWARINTT NUIBATINIAUNASII
' A Y RV~ @ :/I 2K 9 o Y a A
oA Agqudnnduilu ewnaen nazaniusdesiing aodulamwdu Tei
A0ansiInuaAfe §1UIUARNTZALAINATINVBAaz AmW tazmszRudlndfiga fu
@ § 1 ' 1o (% {a a [
dyanuomaenignld daulvadiuauvesseauiiidlulld (Grey levels) fio 256 (8 T) ug
4 1
dmsuesnueadesmstiosnii uaedtiesfivensuldie ¢ dn  drunmmeniams
J 9 1 9 a
wwndoz ldeg1ation 10 U
kY Yo a oy ' a a 7 . ) S e
mlgsnuimiesndt ¢ In vanmeziiadsngmsel false contouring dafitAaly
4 dda 4 Coy A o oy e q¥a
WunNNMsasy Grey level 961991 9 n30911m3 Ao laruuds szviliinanisaszlaa

[ 4 d
Tuszay meulad 191vinm



.q‘ a r. g 4
gz naasminas1ngn1al false contouring

BTSN NG NNT0 1Fnmuea CCIR 601 fie A wazdoas76idu A 25

sy uaazidudn it 720 98 uang gavivaseu laadu 7 256 szau

2.1.2 Image enhancement
YV v ' v
UoonsannislszuiananIn QﬂﬁﬂJﬂ%}!W‘sﬂ!WM Dynamic range YBININ AREAIN
@ q ¥ < a A Y (o 1 A Y ac A
enchancement ENQﬂl‘If!ﬂuﬂﬁ!@iﬂMﬁi@ N lﬂmmuau Llﬂﬂhlﬂ 2191909
A 9y 9 ¥ Sy A ' “ “
Local methods ﬂamﬂmmga 1nd ”]i!ﬂﬂ@’é)\iﬂﬁﬂizmu 195U TunsHlved 3x3 WNYA
9 =)
MWV NN ﬂﬂﬂTW

A Y W 7 v oad .
Grobal methods A9N13 1% VDHUANTNIINIA lumsdszuana 19125 histogram



2.1.3 Image analysis
@ ' L § @ I~
afionaziiuiifedesidrdyiaavesmsdszunn i ldadeaaundull1dly
9. i Y & o Y = = o wval) g
13514 Visual control M3 1daudiiiv ldinniiaade nsaiuauea Tuia 1dTsanm manenisz
P . 7 o q W 1 s <
aUnTal luaugAmImNIsy  NTEUIUMT bimodal tazmsdszgnafiayiliusudueuiu
o Y ald? [ 1A a él . =1
Mozl computer mmmﬂ’mﬂuﬂmuagﬂmmaﬂsmﬂwumamw Image Analysis U
wmmmuuﬁﬁﬁﬁmﬁqaﬁ@ Edge Detection and Shape Analysis
Edge Detection
Tumsiwzmanuiegniedumisvesiagniilugnm quaniaieehldfumnnd

= @ 9 < 2 qa o . . = ad
aafo anyuzueuduseugl (outine) i YouVeIIAY (edge of object) HnAwWITIuNs

'
o ad A

SmuaveunazITHOeRgaAn N5 threshold nw 1 lATasRNTIARATZA AN (grey level)
Ay A v i q.9 @ Ao % VoA g A W VoA o %
Aounidenidmualifmiuad sazdinimimuaituand selinauaeinunsiig
o o @ = o A @ v [ o8
you'lad nn'luifly 2 528U (binaty) Mataen thresholdyh 1dnane3T daverasu ineniiA1Ng
7 i A A =) a1 g A a
Amaued sraudimr Alsing lunw e dalasinsu uazau@duilu bimodal (Fruuioy
' q YA A & [ ¢ X ~ dy q Y & [~ :§I aa
2 o) Tihidennainenaleszsang 2 Anganga nsepaums i sz hinmaaudoiy ungun
o Y o faf Brre= W 8 &£ g o ] WS Yot
pazdsn wasvimindsuilufivzdeaiuasasailuveveosmn . aunsoi ldlas]1$3mna
[l b v [
. s 3 =< ol e U ~ !
morphological {iltering FrAUTUMT HAHATIUNANIR NS #8m3exclusive-or Haf 18
o { @ : . d v @ : 5
YT IMETII nszuuan s 1¥015 U558 median filter W15z gndnu 1900 binary image
am & Y ad &L 9w Al
MU INITMIVEUNINAATATIN local el neighbourhood operator NN

. A d‘” 9 J & Y :/, = 9
Sobel effect ANTIGN1TIN5A 2 g ﬂﬂ‘l’il&ﬂ‘lﬁﬂﬂl@ﬂllﬂ’)@ﬁ @ﬂq@hmmamgmuau

+1 +2 %1 +1 § @
0 0 0 N ()" 2
-1 -2 -1 +1 0 -1

9 9V Y
Operator a1z 11{Aag pixel output AOAAABINUNY Strength VOIVOUHUIAILIAL

v
VOUHUIUDU (Ev,Eh MNAIAY)NAIDINUY ﬂnJTi’JJJﬂHmJJQQE




6

5U112.2 1AAINIMVBLVDLIAY

Shape analysis
v ¥ o ' d dy 4 a g1 A
fﬂiﬁﬁNL’E’TH‘U@U‘U@\YJ@Q‘THﬂWWU'E)EJﬂ‘N‘VW]ENﬂTJLW?J5]&’1&1%1'.)!?13’];‘5‘11ﬂ@u‘ﬂi]$u1ﬂ1

Y 1w 9 Sl 4y A Ll aa & oA
AN UYIHvaNa Gluﬂ1§ﬂjzg‘Jﬂ@l!W@UU@@ﬂJ@yJﬁUstﬁuﬂ Shape analysis ﬂiﬂu?ﬁ‘ﬂu\aﬂﬁﬂ

UTnudayanetuieiag
< '

4y 4 9 a @ LY Al .S [ < 1
naiiufga lupmesinevevesianie tufn gdvuveatauouedislsiamma

a

v | v =) [

A H ' 9 o Y { g @ o ]
i himnzlumsthidigiogudoyaimny 13 W31 TAIMUANANALYDIF UMD

o) u

U 9/ 1

a U YV 9 o Y a 39 ' et @ PR P =
DIUDINTWHATINITDUDN ],‘Uulﬂ Tﬂﬂ ﬂmuﬂQ@’e‘)Nad111@gmgnawaammnmmma

Q

v’
[ IS

Chain code muiAengaiTududignla 7 wuvenvasing udaiatuamuduveuvesiag fga
‘U’@‘]Jl,m'az@ﬂﬁﬁ%Wd‘U@di}ﬁﬁﬂqﬂﬂzafiﬂﬂiﬂﬂ;l‘ff}ﬁﬂ‘ﬂ%i 8 N N.S,E,W NENW,SE,SW 161

Z q v 4 1 491’ o ) =) a 1 :/I 1 o 9 Y
vuasaldiiiswd 4 gaiugi Mlddeenisiiss 2-3 dmintude 1 yaven siliilsznda

& a g a
SuRulunsiny

YV = |
2.2 msrveumulaglynumsyaa
a g aal a a a E &R ' ]

aumayadu HuITs)szaninmg TUAITINVOVVRINIV LT B98N 15191

Tauaznisoeniuusane sy uaziidofnalvad1aniviloniI5ou
[ W or . ::i @ 9
Wy LA If statement” NFUGDU
4 =
2 ifaewiu Hardware 18 Taoass

3 Faamananlumadiiuiien



4.m51iy operator 1 1 luaumisieviadyausuniu nazmveuniwld

Tunaufelnu

2.2.1 MIMUVBUMN
[ =& o o o . . o Yy a o A o
nmMueaing #4ins digitized tazuas iy binary image liinaTagadiwu
¥
A a a

A ‘gl A o £ 9 a a o w dy
MNUAVII (MTD IQDAVIIVUNUAAT) GIT0ANTDINVADIN O UL 1 v1UaIal mw‘lugﬂzmuu

Q

o @ 9 ad a A o a " v o % A A
VUL TUHIVDUAIYIDTUDINDIN Nau‘lmmmmmmmz pixel Glmuﬂu*uammmq AU
1 9 ci' ::'Q [ . :/’ . . :: | . ‘:;
UNUDINGA 1 99 NAAND pixel YU (neighbourhood pixel) UU 9 11U background Hag pixel N
A = : <& @
Wﬂ?‘iﬂﬂlﬂUﬂfJuﬂu\i‘U@\n@Q
a Ay Y v =< '
INAUANTVIVD U DIWLHUNITUAINITTUNY 10 YNUUGY lﬂﬂumyumwm VS
o U a . :// ! o U ' . A A Y A
MMITUAY ANNDANUBY pixel UM 9 UAY neighbourhood U SIETRGN pixel MUY Jlyaun

0 ul o @
nazgnidaduiuveuuesdng

SIS S

PZ
P
Ps

: ' O & o Y JEIP AT Sy I

AU UIVUY pixel FIVSUN l“].lﬁW‘U@“UQﬂgl‘b’ﬁiNIﬂWGlTT?iJVUJH@lWiN!ﬂ'Ll*U@\i‘U@UWﬂuu 1anN19
2 2 Ay ' v < . .

aunwad oy amn law izl sgnaua18ve DN background 910 binary image LAY

Tu g

qii2.3 nananndI98190 19 binary image Tumsmvounm



=1 o % d"d
auNMITYAAUTIMIVNUUAD

Y < a i i .
#1 PP P,P,P, P PP, liaz P, 1ilu Yoynneinues pixel Nty azneighbour A
£J
819w naz E Aedeyanedinvesnmiviludumiadeidy p, aumstiidamauandanism

YOUNWILIL §-connectivity 1AHAGIZL)

gﬂ2.4 !lﬂﬂ\iﬂ1’511W@‘lJmWTﬂEJﬁMﬂTi‘UQame gconnectivty

&MY 4-connectivity (97920 P,, P, P,, itaz P, nnauns 1 uaz Idnaasgl

E:Po'(P1‘P3"D5°P7)



gUi2.5 naaems Ve uMINIATANNTUQAUIVY | 4-connectivity

= :/, ] Jd w { =Y =
aumsyaausie 2 aunsnlfldedwanysal funmdhiidyanasuniu Tunsdves

'
A4 o

y
AT A yauTUAU aumsaI ey hinnsatennes JasEnangadnuusunIuA e
AN g o o a W
ULl Wﬂcﬂvl@i)zllﬁﬂﬂ ﬁiyiymSumuaaﬂmn‘umwmauwnm 1@
A = 3 @ A Tt
lW@l@W‘ﬁuzﬁ\lﬂﬂi%ﬂﬂu@iﬂ@ﬁﬂiﬂﬂqﬂ!ﬂ@uleU‘UE’]‘U lﬂuﬁﬂﬂﬁj'ﬁlﬂ’lﬁ1u1iﬂﬂgllﬂﬂ!lﬂg

3911714 AU UNIUA VDY

% =

TaupnaNTEnan - gadmanusuniunazinveuiio . msdsingaeaadediy

g o Q

v Y
=}

. % a d?l { < '
Neighbour, 3adapanvzinaduluymg iunso uiaiu background W9 A AV0UIZAB
2 Y i g 1 & | 3 ! . ] i g
16191790 | neighbourhood MIUAUNTIMA object Houlvivzdoaiiodration 1 Pixel Milu
@ vy =)
Yo UVRIIAY 12 IdeTuNITUgAY
8-connectivity with noise reduce

E=P o(PoP,oP,oP, oPoPolP, e L)+ (PP, +P,+P, +P, +P, + P, +P,)

e

i1

S

HADNTAY

=



10

gﬂﬁZ.() uﬂmmsmmaumwimaummgﬁwmu 8-connectivity with noise reduce

E=P oe(PoP ol e P Y+ (PP +P,+ P+ A +F+P +F)

o Jda
Haansaagy

[y HEE e T

51f12.7 naasmsmveun M TaBauNITURAUIDY 4- connectivity with noise reduce

a1

a

aumsdesgaaaiie galdmveunmuazyiadyyusuniulunavdviiu Taons
{ g o 4 | ] :j Qy 1
iluaumsyadu mldaunsanfdoulihily Hadware Tavhidoanlasla q fadu mszan

' v K qW o 9 a dw 9 . < A a
ANUNYUDINU i]\‘lgl‘lfﬂﬂ"lcluﬂ1§ﬂ1u'3ﬂ!uﬂﬂ !WﬂUﬂuﬂﬁﬂ@\‘i“HWTIJWﬂ“BHWiJW]JJ



11

Jd [
2.3 0anilsznouvesdnan v
dygrusisazideanmdFaiuusedunszuaaduindsasuldawanuainsues

4 < (% :;I ' v o ]
nwil Ideaninoinuasainudyanunimiuszdesgnae s nudynpuniuaudumi

9 a/ é 4 a/ o \J
nazauduazianaudiadenesgaadeaun ldun doyananrunudwmrtanmn
dyanuaudu

o

& U @ a v a Jd
MIUUIUOUFI 150071 AYYIUIDIUDUADYIA (horizontal synchronous)
1 v
azanaulunuiueu Cdﬁ@l?ﬂr1’31 goTroUAnIUANY (horizontal blanking) ayyIMAIVAY

Jav a o 9

v 1
AUUUINUMUIUIAT FUT0037 1I05AR TR (vertical synchronous) @ IMALITUNEUA

E4
a

[ c;)// 5 J Ia @ . [ { o ™
AALMIANLIAT FAUTENI 1I0TAAANUANY (vertical blanking) Hay dyanmiivihmihisauigy

1 (% daw a J R A oA A o o ..
FNUITY Y IMNIBTARFIA FUTuna1 Baae ladawad (equalizing pulse)

2.3.1 GEYRNMAIUANFILAHI M AU WD

v

2 e 2 —, = A o v e o o )

AvNIIAUT AU () Yszanm 4.7 ps Audygnuniszauisaud g @i

@ 1 @ 4 @ 4 I~{ o a 4

gannoan (cutoff) yeevasanin) aehliuaiess mivedludyanasisaadunsadianiud

9 [ cs' d' [ d‘i Y a o :; 9 %

V941993 AT WAy desuumsnuanouluaiessy wielinanisviinun lddaziy
o ~ BAA B o ' —— B 2R A o K

Ay aUHoUIUN NI UBUNATNIUNY A UV MR AV U 0IAT BT UIIYN

v v " Y

ADIAUA Y BINWAYIINGINIATON IO U dRInHiasaesINiY Ty ueeTyou

@ Qy o [} % @ v @ o @ 5 I~ @ 4

daunasne Tasderunudynunmldlursanaviandumaouen Faduianzi

U =
it doyaonm

2.3.2 AURNMA VT HAZUANAUN UL IO Y

= @ '

U @ 4 a v a ¢ ]
ADAMITIAUNTTZAUGINBOTHOUANTIA  Uszannl- 2530% Heannlszuna
(3 % dy v Q/ Q/ ) - d’ o/ d’ o
12.05 LS Tasauiseduilazegluseavaneon vosnnaanin aalliunTessuiiied
o @ LY @ =® I~ @ @
Tifnaeanimaneen lusemeazandomenymueuds hifuuasve aduaziianduniamd
d’%’ P 9 o dy o @ a v a Jd & a v o
voulsngiuihiee dyaiativzdesiuny seiveouanden suanasllludyounim

ATerazianaumauuey 9 hilldyaunm



12

Period Time(LS)
Total line(H) 64
Horizontal blanking 12403
Horizontal sync pulse 4.710.2
Front porch 1.5£0.3
Back porch 5.810.3
Visible line time 52
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Period Time

Total field (v) 1/50 Hz = 20 ms

Vertical blanking 0.05v—0.08v 1150 1 — 1.6 ms
Each vertical sync pulse 29 s

Total of six vertical sync pulse 3H=192 s

Each E pulse 0.04 H=4.5 s

Each serration 0.07H=4.5 [Ls

Visible field time 0.92v-095v N30 18.4—19 ms
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9 " a A a Aad A gy ' 4%} @ 9
11’”\1@\3\lﬂlﬁu!!ﬁ\‘i%!ﬂﬂﬂ’]ﬂﬂ151’]@!ﬂﬂ@3@u 'J\W’Iﬂ%@ll‘ﬂ@ﬂWHﬁ"l\ﬂ‘Uuvlﬂﬂ@ﬂl@ﬂﬂ@ﬂ?uuualu
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First Field (Odd Field)

th

Line number : one to 1™ - half of 313"(312.51ines)

Line number Number of line(lines) signal
1,2 and 3or 1" half 2.5 Vertical sync pulses
302" hall’, 4 and 5 2.5 Post —vertical sync equalizing pulse
6117,1 8%0f 1" half 12.5 Blanking retrace pulses
18”01 1" half 10,310 292.5 Picture details
311,312 and 3 13%f 1"~ half 2.5 Pre-vertical sync equalizing pulses of 2"field
Total 312.5

! . [ o ] a o
15191 2.3 TwazavesdyaaaIuaNdiiinm luWaausn
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Second Field (Even Field)

d

Line number : 313"of 2n - hal

Line number

Number of line(lines)

signal

313 of 2" half’, 314 and 2.5 Vertical sync pulses

315

316,317 and 318 01 1" half 2:5 Post-vertical sync equalizing pulses

318"0f 2" half to 330 12.5 Blanking retrace pulses

331 10 623 of 2"~ half 292.5 Picture details

623,624 and 625 of 2" half 2.5 Pre-vertical sync equalizing pulses of 1" ficld
Total 3135

$ Y] ° ] A 4 4
M19197 2.4 TvazBvavesdyanuaIDaud Ui lulaanaed
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3.1 Aafinasnswineaiu DSK
luirdeiiszndnfadsfinsnsuifol iy TMS 32DC3X DSP Starter Kit ( DSK )
- INATIGIURAMNATII TMS 320C31 Him3 14 DSP Afimsuanananuugansiion
- nonlumsdszuaara 1§17 = 40 nS 5D MFLOPS , 25 MIRS
- wenuNse At aYUAsMIAAaBnY PC. Taun1saeiiy Port YINUIAZ I

a214 T™MS32DC31 lunsaanaduTdsunsy pC 1@dndas

=

9 2w o N\ ' & g R
- doyandudyn s Analog 9z IABHIUNG TLC 32040 594111 Analog Interface (
AIC)
Vo Hq v o Vo i
- maandsnlduasdyaInein Analog-to-Digital ( ADC) tazi/ada91n Digitol-
to-Analog (DAC ) vzaeaaauls1uens1 14 bit windeud lA180@51 20,000 fotede
BTN
= @ ' 1 Ay | a o a I . 9y A
- fimsnsesdygroase Wiy lnduazdsinuldaing - - anhdeeiseimihi
' 9 % a
@A 1My Yasuuvesdyaulasnisnseean e uym
o o @ AN v - o a o 9 a '
- ahaeldddn (RCA NIGNaTIIUEMSY Analog BUWN AN A IUISIMNTINISAB
Tavasanu luTas Ivluuazdiing
fodaung hilnsdeganemoiaziiee
%
- MIADVENY , TAENIMUARNUNIE TMS320C3 1 Pins d13150 1911 DSK dough for

Boards

3.2 dausznovved DSK

mﬂgﬂﬁ 3.1 HAAIDY Block diagram Y83 TMS 320C3X DSK Hard ware c‘iﬁdﬂud’m
ﬂizﬂauﬁugmﬁﬂizﬂaﬂﬂﬁw TMS320C31 DSP, TLC 32040 AIC , Expansion Connector ,
FLUVUAN |, gARAAD A Wos@ YU, LED 3 @ | F4n3 @0y WosA YL g1 DSK
1is pC nazansnAaaeny TMS320C31 drwnmsiisulilsnsy pC ﬁmmwmﬁwmmm
C3X ﬂzgndwiu"lﬂﬁd Expansion Connector éﬁﬂiZﬂﬂﬂ‘lﬂﬁ’mﬁ’m‘@ 32 pin UIU 4 MW, 11
pin UAoN@RAEIALITIAD 12 pin XDS510 #i TLC32040 AIC TinsAndeTavasedy TMS

320C3X
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' 2 { o ' o
F WosA ounsuFazdl Jumper block M9giin1sde DA 11910 TLC 32040 AIC Tlds woda
punsuazaellils DSK Daughter Card fisuaiono1ld wazdl TLC 32040 AIC Gaiiideio

RCA 2 2 ﬁm?&mm”l%’ﬁm%uﬁ"ﬂgﬂym Analog Input 12¥ Output agjuu board

d Jd Aa d
3.3 DSK a15au13 duaesila
v v v v Y 0 '
C 3X DSK Suihaumuiidavesmsdeaisias i vazshimsisuTnandoyadids
@ A Ay A v a 14 7 o o Y
vndaanuaurieTdsunsudt Idiaienld msdadedemsnnguinais Midwwenday
o® = ' & n
ANAEINITUY /O s uNToMARTIME DSK board tazmsdeasluszuy aalumis
FoasvziiaiuTaold Parallel bus o4 C31 Fedayanuonaen 10 szgald unTosile vas
TLC 32 Analog Interface Circuit (AIC ) nazee 'l C3rem neTA AUNTU
3.3.1 Host hardware interface
‘& a o a " @ v .
nsnearsounaslananany C 31 parallel bus 164 host PC parallel printer
Y 1 A
port Y52n0UAIY 3 AIUAD
- programable array logic ( TICPAL 22V 10Z )
@ < b d%l v A ] 1 [ 9
- M35 UA152 Octai bus WU 2 511 Tumstanidagusy / o dyyIMale
tri — state output ( 74ACT 245)
programable array logic ( PAL ) %zgﬂﬁW%Wﬁ@ﬁu%xﬁa C31-gousUN LMoY
wosilaTavlddanu STROBE  A23 , A22, A21 iz A20 iniufiazinuid1g Address Uo4
C31
PAL WS N Ty BN | daia (TRI) A hiaunsadadeiumsdumesila
N 4 d D o
Taold PAL Ayt INT2 1az READY 9 - PALIAIRT oun13nazahimsnousia Address
104 Output : USER - IOR; USER _ IOW ;USER 10, USER_RAM , USER _ BOOT
1azdn 3 daa Output :READY- INT2 , 11az EN Wie dyanial DEMO atludniuz Hight
o 5 o & 2 ) w
Address 2 #1929111500A53 @ Output #40A9 USER _ 10 11az USER _ BOOT U135y LED
34
Bus Sudsdnynnaidoyasendne PC parallel printer port 1182 C31 parallel bus 113
A a o 1 a @
domsowaesarielunsn/asudynin 2 1wy
- 8 bit bidirectional mode ﬁaauiﬁﬂmﬂﬁﬂu%”uddﬁfgﬂgmumu parallel printer port
a d?/ & 1 @
52U UGz s asd
- Unidirectional printer ports 59931 %’@gamum 8 bit %WHﬁuﬁTﬁﬂﬂWiﬁd c31 Tuwmezi

[

o v ) v o A4
sosumsudasdoya 4 bicnin €31 llfsguidems
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] STRCHE
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vy 7723
2T
......... Ayt {*‘.SW
2 2 g ok ' LSRR ty]
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&
ER,

gﬂﬁ 3.1 TMS320C3X DSK Functional Circuit Diagram

@ v @ y @ ' @ . 1 <1
msmﬁmﬂgﬂﬁmﬁammu C31 394N parallel printer port PC %zmﬂmfﬁ’aymﬂu
) ' M . 9 = v 3 XK
AYWIUANY parallel port HAZURYATDIUL Register @Nzﬂ‘ﬂ 32 1z 3.3 dzuaad iy
AIUAN parallel port HazdoyaanIuzYed Registerifing bit  Taeld DSK host fuTal5ns)
Y1 o W A . Sy F w A gy P ~
(MTNUNANDAVTWYIVY printer port NO1TudyyUuFeNdTas vosa DSK amgili

3.1)

42517
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¥ 5 B3 3 & 1 i
CFse: X DER SMT SLCTIN IN_IT AUTSED FJS?:P.GBE
REZET HPETE
W R o) P W R
31Jﬁ 3.2 parallel port Control Register (0*¥37A)
i & q 4 2 B 5
BUSY AZK FAPER. BELECT ERFOR ALK, K3 kY
a [z (B3 10 ALK

g‘l]ﬁ 3.3 parallel port Status Register ( 0¥379 )

Sududaseiu €31 Tasmsihdyaaiadues INT - (@ou 0 mude 1 3 INIT

biti U LAY g parallel port Control Register ) -

ﬂizﬁu mode boot load wﬁamnfﬁﬁu load

dyd @
wiludyann Reset Y99 C31 1Az

Tlsunsuniaiinisdemisdeyanaziy /

9 @ 9 < A o =< 1] o &L A
Vo3aN189 C31 LA parallel  port n%ﬁluuwumu1”11Jmﬁmﬂﬂ’nmwm C31 ¥aNeU

Address G111 OXEFF000 ~OXFFFFFF , aattanlugili 3.4

T 9 [ aad a wva 3 2 dy
msaadoyaliie €31 1asmsdgianuduaeuai

1.

= o 4 4 R 1 4
myveudeyaiiu Byt iesziimanfasunagdaitun 1O - mapped vos
mEJ‘ISJ/’emuﬂhosl’s parallel port

mstudanaa MPSTB 9zan0diazsen1sgensy dua s MPSTB 12Qnou

a

[ o J ' § 4
masswan 3l Tasdunaniad INT2 , e luvmehiinisdems as

[ { o o 4
GenTesmatnlliseenussgdeya dyane INT2 iluidesmsmmzlums

AN 9 o Aa a 9 A ' ~ 5 o
Fuduussveyn lUdaningFendownzAeMIaunTE 1IN edRY
gpuvean1TUTIY0YaNARINg
v 9 [
C31 5391911 ONE —Wait =State 490158 WH03a1d 13189717 OXFFF000,
” £y o W 9
nIIneAIviea PAL i1 1@ Tag Address N1N1T host Interface ayIUNIEAU
( HPACK ), Tivimsdudaanas host error MIAMW LOW, Hagdudayay o
A . £ g o A S
READY 494 C31 flaa e hight ; suilunistlesnu €31 Alauysai luns
oy Y Hq v o g A v 9
IHUDYAIVINING host a9t Error (HPACK ) 1U1i/a C31 99UTUVD
= ) ) v 9 Y
yafioziflunis « Lock « nazazsemsasdeyaing

o

v v
msvudyaa HPSTB luaaiug Hight, Tuvmeh c31 iwihmsuaasdoya

@

v Y
(A5 9187 PAL @520 WLUOUMINAYLYDY HPSTB HagMsvudain READY

o g
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fanmzLow ved c31Taelilding Lock (B8a52 ) @0UTU Lock — bus
° ' <
nazaao c31 sxihimseruiuienay
dyd 1 A a g Z) [ @ =~ o W
nszuaumstniumiheinedugindusunsziansy 4 byte (Tosd1AUAY
v
dyantfeslnmn ) lumstedeyandazaii C31 1Ang byte 9123I1A7

AUIUATD 32 bit

o W A ¥ 2 o
ﬂﬁ(ﬂ'ﬁ]‘ﬂ?U‘U@Nﬂﬁ”ﬂ“ﬂ?’mﬂﬂWUﬂﬂdﬂu

1.

6.

1un1s host ifu%ﬁmsaﬁmmm HPACK tuinaraedn c31 1§ 1ams host
doamsdmsumsteliussy

C31 w‘%"uﬁmm one — wait — state ﬁﬂauﬁ’umﬂ%u%}gaﬁ OXFFF000
A300A3 e PAL ST Address Yoy 1M HPACK | fdudannn host s
error RAA MY Low , iaziudaya sl READY 199 C31 ficroug Hight Tuns

¥
9 12 o A

@ d Y @
Hostumsmeutoyadunds c31 fuveiinaauysal , ile l¥damns error

v
Y v IS

v
1iu 3t aunsnsug Idvdanni Idshinisdadoya liud

L1}

1319 host ABYST LAY HPIA Uzl PSTROBE Inaniug LOW uag host
o ' 9 d A A [ @ . a
dzahimgudeyn byte via’ll niehas 4 bit Tave 1dy parallel printer TRINA
madudaaaanalu host
o @ A o . = 9 A '
AsvuTn HPSTB Diaausill hight , C31 naziaasnavoyangneIu
4 a g /s Q/
PN PAL 92ATIVABVVOUNINAVUVRY HPSTB Iz a1 READY
v d d % 1
v C3MfiianIue Low aave €31 AvzdomTurcasdabie ldinsudau
J Y
GIBIELIal
d’y a A%‘ :/ :/' A I~ @ Y
AFELIUNTIIZIAATHEIRUATENANA 4 byte 50 8 yian ( lagrudiay
o . W 9 1 Ao 9 9 ' aﬂ: [
anudsaniies ldvinn ) szndenunsihiedeynlunaazais host iaaz

[ < i
byte 92590NUITIU 32 bit

WILIH TEHINNENAY load NEIUMTeY, C31 vz hidwdoyalu byte 4 3

Az 4 Y4 32 bit AMTN NMITIFUAY load 921518 1UTR10 91N EPROM

%
nazdbyte a1l 1y

3.4 TLC 32040 AIC hard ware interface

TLC 32040 Analog interface circuit ( AIC) ﬁﬁ@gj‘uu DSK Usznoaudie

4; . ] a J 4 [ '
- Channel 1987 , input/ output,, pudendumesvalunsnasugiuszying ADC

1ay DAC YU1A 14 bit

- fnls ADC i1z DAC 8a51M5ANAI09190INA 14 bit Tagliadmneeaselunis
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a1 20,000 AIDENABIUIM

7 a

- Fy e wnni Idnnmsaanses

o a G4

- msdeiudyana, 30 - anhdiees , msredudyyivduwniantaouh
9
SRy
k4
nsienvseedaann lnput Analog 174 DSK 9z@aReil TLC32040 AIC 184 €31
. 9 @ 1 =Y 5% s ' 1 o 1 a Y
serial port $11388 Hagiiamdmmuving 100 Tovu teneen Tdaann daniaded hild
fagony AIC nazl¥ny C31 Serial port Tu doughter board MIINUTIUIY pin wnldan 2 pin
v = o a o
910 €31 TUaruaun1sieg Reset nazdayamunitn lud Alc:
. . ~ % [ a ~ Y [
- C31 Timer 0 pin AFlumsdudyarminima vl Al
- C31 XFO dygyInl Reset Y843 AIC
@ . o v o gv/ X o dyd
Fuam Analog input output ¥ AIC 31 ll@edy RCA dan dadyanmiiilu
Line - Level NASINU (+7-3 peak) nazannti llee lds Audio line — level input , output
Y
UBNANGl ouput Fapniminnde Tasasanudring uaee hilnsuaasszduves
Y o < 1t @ v =, W o @ @
output Tfisinn Moty ouput a8nuINAABNNTHINANIT output 1A AIC 1AZAL
M y ] » @ Ao A Y 7 0 w A
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HARRIS

SEMICONDUCTOR

December 1993

CA3318C

CMOS Video Speed
8-Bit Flash A/D Converter

Features

+ CMOS Low Power with SOS Speed (150mW Typ.)
e Parallel Conversion Technique

« 15MHz Sampling Rate (67ns Conversion Time)

« 8-Bit Latched Tri-State Output with Overflow Bit
¢ +1 LSB Accuracy (Typ.)

« Single Supply Voltage (4V to 7.5V)

e 2 Units in Series Allow 9-Bit Output

« 2 Units in Parallel Allow 30MHz Sampling Rate

Applications

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

¢ Ultrasound Signature Analysis

¢ Transient Signal Analysis

» High Energy Physics Research

» High Speed Oscilloscope Storage/Display
e General Purpose Hybrid ADCs

¢ Optical 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 paralleled 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

(LsB) B1 [1]

CA3318C (PDIP, CDIP, SOIC)

TOP VIEW

\J

B2 [2]
B3 [3]
B4 [4]
85 [5]
BGE
87 [7]

[24] Vaa+ (ANA. SUP)
E 3/4R
22] Vgert

2—1] Vin

20| p
E PHASE

E] CLK

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 +1.5 LSB 15MHz (67ns) -40°C to +85°C 24 Lead Ceramic DIP

Pinout

(msB) B8 [8]
OVERFLOW [9]
1/4R [19]

(DIG. GND) Vss [11]
(DIG. SUP,) Vpp [12]

[17] Vaa- (ANA. GND)

E Vin
E VREF-
E CE1 5

13| CE2

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures.

Copyright © Harris Corporation 1993
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CA3318C

Functional Block Diagram

Vaat & Voo
ANALOG g2 @1 21 o1 o1 22 21 DIGITAL
SUPPLY 9 SUPPLY
L oUTPUT  STATE
—Qb— REGISTER DRIVERS OVER-
VREF* 1), R ngéﬁ
[zt Sodto a0 o B
CAB CLK
—>1
#256 BIT 8
R =20 || LATCH L LATCH (MSB)
256 256
X ?—-
ENCODER
"‘é@ﬁ LoGic | ¢ K
. COUNT § ARRAY
3 193 BIT 7
/4 REF a— Do-e- D Q DR —
@-'\Nv—‘- CAB D Q
e 2/ ®_ #193 Lok
b—>
b LATCH | 7] LaTCH Bite
‘?‘Q{‘ﬁ D Q
COUNT
R 129 b CLK
4 3 [ -I D Q D¥ -Q
/EF CAB BIT 5
.—fwv—c— #129
=300 D Q
Pl atcH | T Laten Ll cLk
BIT 4
COUNT D Q
D Q D Q o
CLK
. CAB 1l
#65 BIT3
> LaTcH | $7) LaTcH D Q
L fcLk
CO:JNT BIT 2
= D Q D Q »> D IQ
CAB
(NOTE 1) ] CLK
COMPARATOR #1 LATCH LATCH BIT 1
= 1 s 11 (LSB)
D Q
= 50K
| L] cLk
———>
CLOCK @1 (AUTO BALANCE)
LaD—» @2 (SAMPLE UNKNOWN)
Vaa
ANALOG
GND NOTE 1. CASCADED AUTO BALANCE (CAB)

DIGITAL
GND
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Specifications CA3318C

Absolute Maximum Ratings Thermal Information

DC Supply Voltage Range (Vpp or Vaa*). . ..ot -0.5Vto +8V  Thermal Resistance 0ya 0,c
(Referenced to Vgg or Vas- Terminal, Whichever is More Ceramic DIP Package. . ............. 58°C/W  11°C/W
Negative) Plastic DIP Package .. .............. 60°C/W -

Input Voltage Range Plastic SOIC Package. .............. 75°CIW -
CE2and CE1 yssmusssssmmunzyssans Vaa--0.5V to Vpp + 0.5V Maximum Power Dissipation. .. ....................... 0.67W
Clock, Phase, Vgeg-, o Ref. .. ... ... Vap- -0.5V to Vyu+ + 0.5V Operating Temperature Range (Tp) «............ -40°C to +85°C
Clock, Phase, Vgeg-, 14Ref. . ........ Vgg--0.5V to Vpp + 0.5V Junction Temperature
Vin 34 REF, Vgggt oo Vaa- -0.5V to Vpu- + 7.5V Ceramic Package: . . . . v oo s o wdiomm oo s o o wmsrona o o +175°C

Output Voltage Range, . . .............. Vgg - 0.5V to Vpp + 0.5V Plastic Package:. - « s s swowm v v s 0w s v oo o 500 wsen v o +150°C
Bits 1-8, Overflow (Outputs Off) ’

DC INpUt CUITENT .+ oo vvsonose « o womwrmmmanninne v v s srmieiivin o s o simins +20mA
Clock, Phase, CE1, CE2, V|, Bits 1-8, Overflow

Operating Voltage Range (Vpp or Vaat) ... ... 4V Min to 7.5V Max

Recommended Vs + OperatingRange .. ............. Vpp = 1V

Recommended V- OperatingRange ............... Vgg £ 1V

Storage Temperature Range ................. -65°C to +150°C

Lead Temperature (Soldering 10s). .. ....... ... .on.. +265°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only raling 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, Vaat = Vpp =5V, Vgep+ = 6.4V, Vgep- = Vaa- = Vgg, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified.

PARAMETER | TEST CONDITIONS [ N TYP | MAX | UNITS
SYSTEM PERFORMANCE
Resolution 8 - - Bits
Integral Linearity Error - = 215 LSB
Differential Linearity Error = - +1,-0.8 LSB
Offset Error, Unadjusted Vin = Vgere + 1/2LSB -0.5 45 6.4 LSB
Gain Error Unadjusted Vin = VRert - 1/2LSB -1.5 0 15 LsB
DYNAMIC CHARACTERISTICS Nogd
Maximum Input Bandwidth (Note 1) CA3318C 45 5.0 - MHz
Maximum Conversion Speed CLK = Square Wave 15 17 - MSPS
Signal to Noise Ratio (SNR) Fs = 16MHz, fy = 100kHz - 47 - dB
- RMSSignal Fg = 15MHz, fiyy = 4MHz - 43 B dB
RMS Noise
Signal to Noise Ratio (SINAD) Fg = 15MHz, fiy = 100kHz - 45 - dB
-___ RMSSignal Fg = 15MHz, fiyy = 4MHz y 35 : dB
RMS Noise+Distortion
Total Harmonic Distortion, THD Fg = 15MHz, fy = 100kHz - -46 - dBc
Fg = 15MHz, fy = 4MHz : -36 = dBc
Effective Number of Bits (ENOB) Fg = 16MHz, fy = 100kHz - 7.2 - Bits
Fg = 15MHz, fiy = 4MHz - 55 - Bits
Differential Gain Error Unadjusted - 2 - %
Differential Phase Error Unadjusted - 1 - %
ANALOG INPUTS
Full Scale Range, V,y and (Vrge+) - (VReg-) Notes 2, 4 ) 4 - 7 \
Input Capacitance, Vg ' ) - 30 - pF
Input Current, Vy, (See Text) Vin = 5.0V, Vgget = 5.0V - - 35 mA
REFERENCE INPUTS
Ladder Impedance 270 | 500 | 800 | Q
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Specifications CA3318C

Electrical Specifications At +25°C, Vaa* = Vpp = 5V, Vgge+ = 6.4V, Vggr- = Vaa- = Vss, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified. (Continued)

PARAMETER | TEST CONDITIONS [ mn ] 1P | max | uniTs

DIGITAL INPUTS
Low Level Input Voltage, Vo,

CET, CE2 Note 4 - - 0.2Vpp v

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

CE1, CE2 Note 4 0.7Vop s - v

Phase, CLK Note 4 0.7Van - - \%
Input Leakage Current, || (Except CLK Input Note 3 — +0.2 *5 HA
Input Capacitance, C - 3 - pF
DIGITAL OUTPUTS
Output Low (Sink) Current Vo =04V 4 10 - mA
Output High (Source) Current Vo = 4.5V -4 -6 - mA
Tri-State Output Off-State Leakage Current, Iz - 0.2 +5 HA
Output Capacitance, Co - @ - pF
TIMING CHARACTERISTICS
Auto Balance Time (¢1) 33 - oo ns
Sample Time (¢2) Note 4 28 - 500 ns
Aperture Delay -y 15 - ns
Aperture Jitter o 100 - ps
Data Valid Time, Tp Note 4 - 50 65 ns
Data Hold Time, Ty Note 4 2b 40 - ns
Output Enable Time, Tgy b 18 - ns
Output Disable Time, Tpg k 18 - ns
POWER SUPPLY CHARACTERISTICS
Device Current (Ipp + 1) (Excludes Iggr) Continuous Conversion (Note 4) - 30 60 mA

Auto Balance (¢1) - 30 60 mA
NOTES:

1. Afull scale sine wave input of greater than Fg oox/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 Vgge+ should not exceed Vaa+ + 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

s ED DECODED DATA IS SHIFTED
COMPARATOR DATA IS LATCH LS

CLOCK (PIN 18
IF PHASE (PIN 19
IS LO

CLOCK IF
PHASE IS HIGH

FOXOXCE XX

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

CE2

—~—

Tois Ten

Tois Ten

BITS1-8 DATA DATA DATA
HIGH HIGH
IMPEDANCE IMPEDANCE

e
= ——=saaa—
OF DATA
HIGH
IMPEDANCE —
FIGURE 2. OUTPUT ENABLE TIMING DIAGRAM
AUTO AUTO
BALANCE PANE] BALANCE
CLOCK h:‘ £ SI:‘M‘_P.'L E
NO MAX 25ns 25ns 50ns
LiMIT MIN MIN MIN

DATA X

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 YP

DATA DATA
DATA N-1 N

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

FIGURE 3. PULSE MODE OPERATION
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Typical Performance Curves

40

e

35

30
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10
0
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L~

10 20 30
Fs (MHz)

FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY

8.0

Fg = 15MHz, F| = 1MHz

7.8
7.6

7.4

7.2

7.0

ENOB (LSB)

6.8
6.6 |pmmp—T"
6.4

6.2

6.0
40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90

TEMPERATURE (°C)

FIGURE 6. ENOB vs TEMPERATURE

1.20

1.08 /

0.96
"4

0.84 /
lNI/
0.72

0.60
0.48 |m=——

0.36
0.24 ]

NON-LINEARITY (LSB)

0.12

0 5 10 15 20 25
Fs (MHz)

FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY

NON-LINEARITY (LSB) Ipp (MA)

NON-LINEARITY (LSB)

28

27

26

. N
g ™
N

-50 25 0 25 50 75 100
TEMPERATURE (°C)

FIGURE 5. DEVICE CURRENT vs TEMPERATURE

1.00
Fs = 15MHz

0.90

0.80
0.70

0.60 INL b=

0.50 e

0.40

0.30

DNL

0.20

0.10

0
-40 -30 20 10 0 10 20 30 40 50 60 70 80 80
TEMPERATURE (°C)

FIGURE 7. NON-LINEARITY vs TEMPERATURE

1.00
Fg = 15MHz

\

s

1\
\

1.80

1.20 \
1.00 INL
0.80 N —
0.60 \ N
\ —

0.40 e — DNL
0.20

0

0 1 2 3 4 5 6 7
VRer (V)

FIGURE 9. NON-LINEARITY vs REFERENCE VOLTAGE
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Typical Performance Curves (Continued)

8.0
7.6
7.2 uFs = 15MHz
6.8 SN
o 6.4
(7]
= 60
8
Z s e
5.2 [
4.8
4.4
4.0
00 05 10 15 20 25 30 35 40 45 50
F| (MHz)
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 (o gy 1 1 " Tri-State Valid
3 B3 Bit 3 X 0 Tri-State Tri-State
4 B4 Bit4 X =Don't Care
5 BS Bit 5 |
6 B6 Bit6 Theory of Operation
7 B7 Bit7 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-
3 OF BV arfiow sists of the “Auto-Balance” phase, ¢'1, .and' the “Sample
; ; - Unknown” phase, ¢2. (Refer to the circuit diagram.) Each
0 /s R Refgmnce Ladden |, Paigt 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)
73 > i Dot CUpITEnable oL AN occurs during the low period of the clock cycle.
Low, See Truth Table. * The device requires only a single phase clock The terminology of
12 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 Vi Reference Voltage Negative Input used Fo connect .each of the first set of 256 commutating
- capacitors to their associated ladder reference tap. Those
16 Vin Analag Signal Input tap voltages will be as follows:
1 Vaa- Analog Ground
= — TR Vrap (N) = [(N/256) VRer] - (1/512) VRerl
ock Tnpu = [(2N - 1)/512] Vger
19 PHASE Sample clock phase control input. )
; When PHASE is low, “Sample Un- Where:
known" occurs when the clock is low V1ap () = reference ladder tap voltage at point n.
and "Auto Balance” occurs when the VRer = voltage across Vggp- to Ve +
clock is high (see text). N = tap number (1 through 256)
20 ! Ref Ladder Midpoint . .
2R ° erencé e 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 Viert Reference Voltage Positive Input switches. This balances the amplifiers at their intrinsic trip
>3 T Reference Ladder 2/, Point points, V\{hiCh is approximately (Vaa+ - Vaa-)/2. The first set
of capacitors now charges to their associated tap voltages.
24 Vaat Analog Power Supply, +5V
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At the 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 V|y will go to a “high” state at their outputs. All
comparators that had tap voltages lower than Vy will go to 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 buffers 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-
putregisters 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 '/,
'/, and /4 point trim.

Offset Trim

In general, offset correction can be done in the preamp cir-
cuitry by introducing a dc shift to \Vy or by the offset trim of
the op amp. When this is not possible the VReg- input can be
adjusted to produce an offset trim. The theoretical input volt-
age to produce the first transition is 1/2 LSB. The equation is
as follows:

Vin (0 to 1-transition) = 1/, LSB = '/, (Vrep/256)
5 VREF/512

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

If Viy for the first transition is greater than the theoretical,
then the 50Q pot should be connected between VRer-and a
negative voltage of about 2 LLSB'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,
Vin should be set to the 255 to overflow transition. That volt-
age is /3 LSB less than VRer+ and is calculated as follows:

VIN (255 to 256 transition) = VREF - VREF/512
= Vrer(511/512)

To perform the gain trim, first do the offset trim and then
apply the required V for the 255 to overflow transition. Now
adjust Vgeg+ until that transition occurs on the outputs.
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+10V TO 30V >— . +
INPUT [ _'JE
32 = 18Q
1 —Wv——l
CA3085E 5 VReF*

~7 (PIN 22)

+
4.7uF,

W I
:[TAN/lov

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

104F, TAN
(NOTE 1)
L 1.5K

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

1/, 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 '/4 points can be
driven by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vgge+ and Vggg-. The 1/2 (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 1/4 and 3/4 points can be set with inputs of 129/
512 and 385/512 x (Vgeg) and adjusting for counts of 192 to
193 and 64 to 65. (Note that the points are actually '/4,'/,
and 3/, of full scale +1 LSB.)

+10V TO +30V

3/4 REF
(PIN 23)

1/2 REF
(PIN 20)

1/4 REF
(PIN 10)

NOTES:
1. All Op Amps = 3/, CA324E
2. Bypassall reference points to analog ground near A/D with 0.1uF
ceramic caps.
3. Adjust Vge, 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/Bypassing

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 Vpp
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 Vot is derived from Vpp, a small (109 resistor or
inductor and additional filtering (4.7pF tantalum) may be
used to keep digital noise out of the analog system.

Input Loading

The CA3318 outputs a current pulse to the V| 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. Itis
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
partis -0.5dB down from fullscale for all these tests.
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4.7uF/10V TANTALUM

e o
—)———a—< +5V (ANALOG SUPPLY)

A = 3 Vaat BIT1 f—> ]
- —j|——1 3/4 REF BIT2 f—>
+4V TO +6.5V _
REFERENCE * VRer+ BIT 3 f——-b
u—]}-—] — Vin BIT 4 f—>
—3} 1/2 REF BIT5 DIGITAL
OPTIONALCAP | *F > { ouTPuT
(SEE TEXT) BTG
0.01pF L BHASE —
SEnae B € = CLK BIT7 sy
Vaa- BIT8l —
INPUT SIGNAL > '\ Vin OVFfy |
AMPLIFIER/BUFFER VREF 114 REF €
(SEE TEXT) e
al o e | A
= = CE2 Vop — +,, 3 C—3
I CA3318C S 47uF
TANTALUM/10V
G
+5V (DIGITAL SUPPLY) A =\ =

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

V,
AMP L
(°)
SIGNAL s I\ Vin OUTPUT DIGITAL
SOURJEY” L1 REF DRIVERS SYSTEM
VRer*
SIGNAL
GROUND >— <N
N/ REFERENCE
1€ TAPS
Vaat Vop
VREer-
Vaa- - Vss L
T T T T SYSTEM
> DIGITAL
l l J\ A GROUND
© ANALOG Vaa Vbp
SUPPLIES SUPPLY SUPPLY
FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING
1Vp.p
VIDEO 14
7 0.001pF
INPUT 750 P N 1
o 6§ = 10Q 16
5pF o | CA3450 —AA AID FLASH
= = T2 £y INPUT
3 13 21
121 ¢ 1 3390
4|3 10.001uF <
< < <
$ 100 3 750 3 110
1 e
NOTE: Ground-planing and tight layout il 0V TO -10V
tp | ig:n magt d - ot = OFFSET SOURCE
are extremely p < R5<1OQ

FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING THE CA3318
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CA3318C
TABLE 1. OUTPUT CODE TABLE
INPUT VOLTAGE
(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
i i i i i
i i i i i
i i i i i
1/4 Full Scale 1.60 1.28 0 0 ! 0 0 0 0 0 0 64
i i i i i
i i i i i
i i i i i
1/2 Full Scale - 1 LSB 38.175 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 + 1LSB 8.285 2.58 0 1 0 0 0 0 0 0 1 129
i i i i i
i i i i i
i i i i i
3/4 Full Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192
i i i i i
i i i i i
i i i i i
Full Scale - 1 LSB By35 5.08 0 ¥) 1 1 1 1 ) 1 0 254
Full Scale 6.375 5.10 0 i 1 ! 1 1 ] 1 1 255
Over Flow 6.40 Syl 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-
straints 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.

Clock Input

The Clock and Phase inputs feed buffers referenced to Vaa+
and Vaa-. Phase should be tied to one of these two poten-
tials, while the clock (if DC coupled) should be driven at least
from 0.2 t0 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 Vaat is greater than 5V.
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LM1881
Video Sync Separator

General Description Features

The LM1881 Video sync separator extracts timing informa- AC 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- <10 mA power supply drain current
tive going sync NTSC, PAL* and SECAM video signals with Composite sync and vertical outputs
amplitude from 0.5V to 2V p-p. The integrated circuit is also Odd/even field output

capable qf providing sync §eparatlon for Qon-standarq, Burst gate/back porch output

faster horizontal rate video signals. The vertical output is .

produced on the rising edge of the first serration in the Honzonltal sean ratgs o150 kHz
vertical sync period. A default vertical output is produced Edge triggered vertical output

after a time delay if the rising edge mentioned above does Default triggered vertical output for non-standard video
not occur within the externally set delay period, such as signal (video games-home computers)

might be the case for a non-standard video signal.

Connection Diagram

LM1881N
COMPOSITE Vee
e L
SYNC OUTPUT ! 8 B80Syl
0.1 puF
COMPOSITE
e ()
VIDEO |NPUI°__| |'-— 2 7 X 0DD/EVEN OUTPUT
VERTICAL
Do S =¥V
SYNC OUTPUT 3 6 Rser
680 k.
BURST/BACK PORCH
o)
! d P UTRUT
COMPOSITE I
VIDEO INPUT L
I
COMPOSITE I
SYNC OUTPUT
VERTICAL
SYNC OUTPU]'
BURST oUTPUT LI | 1 ] L ] U U 1 1

0DD/EVEN I
OUTPUT

DS009150-1

Order Number LM1881M or LM1881N
See NS Package Number MO8A or NOSE

“PAL in this datasheet refers fo European broadcast TV “Phase ing Line”, and not o Programmable Amray Logic.

© 2001 National Semiconductor Corporation DS009150 www.national.com
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LM1881

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

13.2V

3 Vep (Ve = 5Y)
6 Vpp (Vec 2 8Y)

Supply Voltage
Input Voltage

Output Sink Currents; Pins, 1, 3, 5 5 mA
Output Sink Current; Pin 7 2 mA
Package Dissipation (Note 2) 1100 mW
Operating Temperature Range 0°'C-70°C

Storage Temperature Range -65'C to +150°C

ESD Susceptibility (Note 3) 2 kv
Soldering Information
Dual-In-Line Package (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

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

Electrical Characteristics
Vee = 5V, Rger = 680 kQ; Ta = 25°C; Unless otherwise specified

Parariater Sonaititis Typ le-!-te(slsl?)(tje 4) Limli)te(sl\il%?e 5) (lgmlttss)
Supply Current Outputs at Vee =5V 5.2 10 mAmax
Logic 1 Vee = 12V 55 12 mAmax
DC Input Voltage Pin 2 1.3 Vmin
1.5
1.8 Vmax
Input Threshold Voltage (Note 6) 55 mVmin
70
85 mVmax
Input Discharge Current Pin 2; Vg =2V 11 6 HAmIn
16 HAmMax
Input Clamp Charge Current Pin 2; Vi = 1V 0.8 0.2 mAmin
Rser Pin Reference Voltage Pin 6; (Note 7) 1.10 Vmin
e 1.35 Vmax
Composite Sync. & Vertical lout = 40 pA; Vee = 5V 4.5 4.0 Vmin
Outputs Logic 1 Vee = 12V 11.0 Vmin
lour = 1.6 MA Vee =5V 3.6 24 Vmin
Logic 1 Vee = 12V 10.0 Vmin
Burst Gate & Odd/Even lout =40 pA; Vee =5V 4.5 4.0 Vmin
Outputs Logic 1 Vee = 12V 11.0 Vmin
Composite Sync. Output lour = —1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output lour = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output lout = =1.6 mA; Logic 0; Pin 5 0.2 0.8 Vmax
Odd/Even Output lout = =1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 Usmax
Burst Gate Width 2.7 kQ from Pin 5 to Ve 4 25 usmin
47 pUsmax
Vertical Default Time (Note 8) 65 32 psmin
90 pJsmax

conditions.

Note 4: Typicals are at T, = 25'C and represent the most likely parametric norm.

Note 5: Tested Limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 8: Delay time between the start of vertical sync (at input) and the vertical output pulse.

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test

Note 2: For operation in ambient temperatures above 25°C, the device must be derated based ona 150'C maximum junction temperature and a package thermal
resistance of 110°C/W, junction to ambient.

Note 3: ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 kQ resistor”.

Note 6: Relative difference between the input clamp voltage and the minimum input voltage which produces a horizontal output pulse.
Note 7: Careful attention should be made to prevent parasitic capacitance coupling from any output pin (Pins 1, 3, 5 and 7) to the Rggr pin (Pin 6).
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Typical Performance Characteristics

Rser Value Selection Vertical Default
vs Vertical Serration Sync Delay Time
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1400 SET Gate Time vs Rggr
NOTE: Refer o the Vertical Sync Outpul 1.0 1.0
saction under Application Notes. é
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Application Notes

The LM 1881 is designed to strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video
(increasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM 1881 operates from a single supply voltage between
5V DC and 12V DC. The only required external components
besides a power supply decoupling capacitor at pin 8 and a
set current decoupling capacitor at pin 6, are the composite
input coupling capacitor at pin 2 and one resistor at pin 6 that
sets internal current levels. The resistor on pin 6 (i.e. Rge)
allows the LM1881 to be adjusted for source signals with line
scan frequencies differing from 15.734 kHz. Four major sync
signals are available from the I/C; composite sync including
both horizontal and vertical scan timing information; a verti-
cal sync pulse; a burst gate or back porch clamp pulse; and
an odd/even output. The odd/even output level identifies
which video field of an interlaced 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,

DS009150- 11 DS009150-2

provide identification of video fields for memory storage,
recover suppressed or contaminated sync signals, and pro-
vide 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 1(a-e) 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 1(b), 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

www.national.com
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LM1881

Application Notes (continued)

on Figure 1(a). This threshold separation is independent of
the signal amplitude, therefore, for a 2V (p-p) input the
clipping level occurs at 11% of the sync pulse amplitude. The
charging current for the input coupling capacitor is 0.8 mA,
whereas the discharge current is only 11 pA, typically. This
allows relatively small capacitor values to be used—0.1 puF
is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst pulse
present throughout the vertical blanking period so that the
burst actually appears on the sync tips for three line periods
instead of at black level. A clean composite sync signal can
be generated from these sources by filtering the input signal.
When the source impedance is low, typically 75, a 6200
resistor in series with the source and a 510 pF capacitor to
ground will form a low pass filter with a corner frequency 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 threshold. Filtering
will also help if the source is contaminated with thermal
noise. The output waveforms will become delayed from be-
tween 40 ns to as much as 200 ns due to this filter. This
much delay will not usually be significant but it does contrib-
ute to the sync delay produced by any additional signal
processing. Since the original video may also undergo pro-
cessing, the need for time delay correction will depend on
the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internally integrating the
composite sync waveform (Figure 2). To understand the
generation of the vertical sync pulse, refer to the lower left
hand section Figure 2. Note that there are two comparators
in the section. One comparator has an internally generated
voltage reference called V; going to one of its inputs. The
other comparator has an internally generated voltage refer-
ence called V, going to one of its inputs. Both comparators
have a common input at their noninverting input coming from
the internal integrator. The internal integrator is used for
integrating the composite sync signal. This signal comes
from the input side of the composite sync buffer and are
positive going sync pulses. The capacitor to the integrator is
internal to the LM1881. The capacitor charge current is set
by the value of the external resistor Rggy. 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 horizontal sync
period. The equalization pulses will keep the output voltage
of the integrator at about the same level, below the V.
During the vertical sync period the narrow going positive
pulses shown in Figure 1is called the serration pulse. The
wide negative portion of the vertical sync period is called the
vertical sync pulse. At the start of the vertical sync period,
before the first Serration pulse occurs, the integrator now
charges the capacitor to a much higher voltage. At the first
serration pulse the integrator output should be between V4
and V,. 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-flop by the falling edge of the serration pulse
(remember the sync signal is inverted in this section of the
LLM1881). The “Q" output of the “D” flip-flop goes through the

OR gate, and sets the R/S flip-flop. The output of the R/S
flip-flop enables the internal oscillator and also clocks the
ODD/EVEN “D" flip-flop. The ODD/EVEN field pulse opera-
tion is covered in the next section. The output of the oscilla-
tor goes to a divide by 8 circuit, thus resetting the R/S
flip-flop after 8 cycles of the oscillator. The frequency of the
oscillator is established by the internal capacitor going to the
oscillator and the external Rggr. 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" flip-flop at the start of the
first serration pulse means that the vertical sync output pulse
starts at this point in time and lasts for eight cycles of the
internal oscillator as shown in Figure 1.

How Rger affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph is “Rser Value Selection vs Vertical Serration
Pulse Separation”. For this graph to be valid, the vertical
sync pulse should last for at least 85% of the horizontal half
line (47% of a full horizontal line). A vertical sync pulse from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement (the serration pulse is the
remainder of the period, 10% to 15% of the horizontal half
line). Remember this pulse is a positive pulse at the integra-
tor but negative in Figure 1. This graph shows how long it
takes the integrator to charge its internal capacitor above V;.

With Rset too large the charging current of the integrator will
be too smallto charge the capacitor above V,, thus there will
be no vertical synch output pulse. As mentioned above, Rger
also sets the frequency of the internal oscillator. If the oscil-
lator runs too fast its eight cycles will be shorter than the
vertical sync portion of the composite sync. Under this con-
dition another vertical sync pulse can be generated on one of
the later serration pulse after the divide by 8 circuit resets the
R/S flipflop. The first graph also shows the minimum Rger
necessary to prevent a double vertical pulse, assuming that
the serration pulses last for only three full horizontal line
periods (six serration pulses for NTSC). The actual 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 relate to each other. The
Horizontal line is 64 ps long, or 32 ps for a horizontal half
line. Now round this off to 30 ps. In the “Rggy Value Selection
vs Vertical Serration Pulse Separation” graph the minimum
resistor value for 30 us serration pulse separation is about
550 kQ. Going to the “Vertical Pulse Width vs Rggy” graph
one can see that 550 kQ gives a vertical pulse width of about
180 ps, the total time for the vertical sync period of NTSC (3
horizontal lines). A 550 kQ will set the internal oscillator to a
frequency such that eight cycles gives a time of 180 ps, just
long enough to prevent a double vertical sync pulse at the
vertical sync output of the LM1881.

The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually long and has no
serration pulses. With a very long vertical sync time the
integrator has time to charge its internal capacitor above the
voltage level V. Since there is no falling edge at the end of
a serration pulse to clock the “D" flip-flop, the only high signal
going to the OR gate is from the default comparator when
output of the integrator reaches V,. At this time 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 V, as a reference input. This will retrig-
ger the oscillator, generating a second vertical sync output
pulse. The “Vertical Default Sync Delay Time vs Rgey” graph
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Application Notes (continued)

shows the relationship between the Rggy value and the
delay time from the start of the vertical sync period before
the default vertical sync pulse is generated. Using the NTSC
example again the smallest resistor for Rggy is 500 k2. The
vertical default time delay is about 50 ps, much longer than
the 30 ps serration pulse spacing.

A common question is how can one calculate the required
Rser With a video timing standard that has no serration
pulses during the vertical blanking. If the default vertical sync
is to be used this is a very easy task. Use the “Vertical
Default Sync Delay Time vs Rger” graph to select the nec-
essary Rger to give the desired delay time for the vertical
sync output signal. If a second pulse is undesirable, then
check the “Vertical Pulse Width vs Rggr" graph to make sure
the vertical 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

START OF FIELD 1 (ODD)

EQUALIZING ]  SERRATED

END OF FIELD 2 (EVEN) |=~—
WBED PULSES

& BOTTOM OF PICTURE
BURST \—"*——'—'

o]

ARNE

- | )3

VERTICAL BLANKING INTERVAL:

VERTICAL PULSE

4—»1—5—»45-»1—7—»4—8—»*9-»4-]0-»4—2Z-><<21 - <— \

end of the vertical sync period, similar to starting the vertical
sync pulse after the first serration pulse. A VGA standard is
to be used as an example to show how this is done. In this
standard a horizontal line is 32 ps long. The vertical sync
period is two horizontal lines long, or 64 ps. The vertical
default sync delay time must be longer than the vertical
sync period of 64 ps. In this case Rggr must be larger than
680 kQ. Rger must still be small enough for the output of the
integrator to reach V, before the end of the vertical period of
the input pulse. The first graph can be used to confirm that
Rser is small enough for the integrator. Instead of using the
vertical serration pulse separation, use the actual pulse
width of the vertical sync period, or 64 ps in this example.
This graph is linear, meaning that a value as large as 2.7 MQ
can be used for Rger (twice the value as the maximum at
30 ps). Due to leakage currents it is advisable to keep the
value of Rggy under 2.0 M. In this example a value of 1.0
MQ is selected, well above the minimum of 680 kQ. With this
value for Rgey the pulse width of the vertical sync output
pulse of the LM1881 is about 340 ps.
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FIGURE 1. (a) Composite Video; (b) Composite Sync; (c) Vertical Output Pulse;
(d) Odd/Even Field Index; (e) Burst Gate/Back Porch Clamp
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LM1881

Appl ication Notes (continued)
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FIGURE 2.

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 in alternate
fields. For a composite video signal that is interlaced, 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 “even field". The “even field" or “field 2" has
a complete horizontal scan line 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 leading edge of the
second equalizing pulse of the vertical retrace interval. Fig-
ure 1(a) shows the end of the even field and the start of the
odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figure 2). A capacitor is
charged during the period between sync pulses and dis-

charged when the sync pulse is present. The period between

normal horizontal sync pulses is enough to allow the capaci-
tor voltage to reach a threshold level of a comparator that
clears a flip-flop which is also being clocked by the sync
waveform. When the vertical interval is reached, the shorter
integration time between equalizing pulses prevents this
threshold from being reached and the Q output of the flip-flop

is toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect as
an equalizing pulse period, the Q output will have a different
polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an odd/even field index
is generated. Pin 7 remains low during the even field and
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 ps long, is also the black level reference
for the subsequent video scan line. The LM1881 generates a
pulse at Pin 5 that can be used either to retrieve the chroma
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 internal capacitor starting on the

trailing edge of the horizontal sync pulses. Simultaneously
the output of Pin 5 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
applications which require high horizontal scan rates in com-
bination with normal (60 Hz—120 Hz) vertical scan rates.
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Application Notes (continued)

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrier, and retrieval of the color burst for color
synchronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lever
allows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the
rising edge of the first vertical serration in the sync wave-
form. This means that individual lines within the vertical
blanking period (or anywhere in the active scan line period)
can easily be extracted by counting the required number of
transitions 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 T.V.
receiver 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. Usually lines 10 through 13 are not
used which leaves lines 14 through 21 for inserting signals,
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 delete vertical interval test signals
(VITS) while lines 14 through 18 and line 20 can be used for
Videotex/Teletext data. Several institutions are proposing to
transmit financial data on line 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 desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 3 puts out a singe 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 transi-
tions are counted using the borrow out of the desired number
of counters. The final borrow out pulse is used to turn on the
analog switch (CD4066BC) during the desired line. The fall-
ing 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 line 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 pulse (invert the field index output to select
the odd field). A single counter is needed for selecting lines 3

to 14; two counters are needed for selecting lines 15 to 253;
and three counters will work for up to 2046 lines. An output
buffer is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 4 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 low pass filter (10 k2, 10 pF) providing black level
restoration at the video output when the output selected
line(s) is not being gated through.

www.national.com
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LM1881

Typical Applications
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FIGURE 3. Video Line Selector
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Typical Applications (continued)
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LM1881

Physical Dimensions inches (millimeters) unless otherwise noted
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform
into the body, ar (b) support or sustain life, and can be reasonably expected to cause the failure of
whose failure to perform when properly used in the life support device or system, or to affect its
accordance with instructions for use provided in the safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 180-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208 Fax: 65-2504466
Email: support@nsc.com English Tel: +44 (0) 870 24 0 2171 Email: ap.support@nsc.com

www.national.com Francgais Tel: +33 (0) 141918790

National does not assume any rasponsibility for use of any circuitry described, no circuit patent licenses are implied and National raserves the right at any time without notice to change said circuitry and spacifications
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HIGH-SPEED IDT7025S/L
8K x 16 DUAL-PORT
w  STATIC RAM

Features ¢ IDT7025 easily expands data bus width to 32 bits or more
* True Dual-Ported memory cells which allow simultaneous using the Master/Slave select when cascading more than
reads of the same memory location one device
¢ High-speed access ¢ IS = H for BUSY output flag on Master
— Military: 20/25/35/55/70ns (max.) M/S = L for BUSY input on Slave
— Industrial: 55ns (max.) * Interrupt Flag
— Commercial: 15/17/20/25/35/55ns (max.) : On-chip port arbitration logic

¢ Low-power operation Full on-chip hardware support of semaphore signaling
- IDT7025S between ports

Active: 750mW (typ.) ¢ Fully asynchronous operation from either port
Standby: 5mW (typ.) ¢ Battery backup operation—2V data retention
— IDT7025L ¢ TTL-compatible, single 5V (£10%) power supply
Active: 750mW (typ.) ¢ gvaitljalglletin 8:-pin PGA, Flatpack, PLCC, and 100-pin Thin
Standby: 1mW (typ.) uad Flatpac _ _
+ Separate upper-byte and lower-byte control for multiplexed | * Industrial temperature range (-40°C to +85°C) is available
bus compatibility for selected speeds

Functional Block Diagram

RAWL —— RWR

D) i e
=) =

LB le o= ! LBr

OFEL i 9} OER
1/08L-1/O15L a— L 1/08Rr-1/0O15R

e} 110

IOoL-IOn. = Cunial S —— JOWR-IOTR
BUSYL " ¥ A BUSYR

AL 73 Address @ MEMORY <‘_——_—> Address AR

Aol — Decoder ARRAY Decoder AOR

ARBITRATION

GEit———" INTERRUPT [«—CEr
TE_L%‘————* SEMAPHORE  |[=——OER

R LOGIC [ RMWR
- T 1 [T -
SEML _ SEMR
N2 M/S INTR®

2683 drw 01

NOTES:
1. (MASTER): BUSY is output; (SLAVE): BUSY is input.
2. BUSY outputs and INT outputs are non-tri-stated push-pull

APRIL 2000

©2000Integrated Device Technology, Inc. DSC 2683/8



IDT7025S/L

High-Speed 8K x 16 Dual-Port Static RAM

Description

The IDT7025 is a high-speed 8K x 16 Dual-Port Static RAM. The
IDT7025isdesignedtobeusedas astand-alone 128K-bitDual-Port RAM
oras acombinationMASTER/SLAVE Dual-Port RAMfor 32-bit or more
word systems. Usingthe IDT MASTER/SLAVE Dual-Port RAM approach
in32-bitor widermemory system applicationsresultsinfull-speed, error-
free operation withoutthe need for additional discretelogic.

This device provides two independent ports with separate control,
address, and 1/0 pinsthatpermitindependent, asynchronous access for
reads or writes to any location in memory. An automatic power down
featurecontrolled by Chip Enable (CE) permitsthe on-chipcircuitry of each

Military, Industrial and Commercial Temperature Ranges

port to enter a very low standby power mode.

Fabricated usingIDT's CMOS high-performance technology, these
devices typically operate on only 750mW of power. Low-power (L)
versions.affer batterybackup dataretention capability withtypical power
consumption of 5004W from a2V battery.

The IDT7025 is packaged in a ceramic 84-pin PGA, an 84-pin
Flatpack, PLCC, and a 100-pin TQFP. Military grade product is manu-
facturedincompliance with the atestrevision of MIL-PRF-38535 QML,
makingitideally suitedto militarytlemperature applicationsdemandingthe
highestlevel of performance and reliability.

- - - 1 2 3
Pin Configurations("%?
fd 22480230 2 addya
oy 888585850 8BEE REAMLEC <2
ninininizinininininininl imEminin
1110 9 8 7 6 5 4 3 2 184838281807978777675
I/OBLU 12 74 [JATL
1osL ] 13 73 [ A6L
ot 14 72 [ AsL
o 1s 71 [JA4L
o1zt [l 16 70 [[1A3L
o317 69 [1A2L
GND[ 18 68 [JAT
io1aL 19 1DT70254 o F 67 [JA%
1015L [ 20 ;2212‘(‘:‘) 66 [1INTL
vee 021 65 [1BUSYL
GND[22 84-Pin PLCC/Flatpack 64 [ JGND
lioor [ 23 Top Viewts) 63 [ M
101R 24 62 [JBUSYR
102r 25 61 [JINTR
vee 26 60 [Jaor
iosrC]27 59 [Jar
10ar [ 28 58 [JAzr
osr ] 29 57 [JAsR
1osr 30 56 [JAaR
1orrR 31 55 [1AsR
losr [ 32 54 [TJA6R
5334 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 63
EEEjEjEjEiN el SN E s N SR
T ¥ v ¥ ¥ x O X @O @@ oo g e x 2683 drw 02
S oo Tz ouEZIEWEE Y 23
825555060l a@bEE <2< n !
=282 28°"% ) R g;:ggd;Jo#JJUy’EJJJaJs
- §28 a0
:ﬁﬁﬁﬁ%ﬁggﬁ%bﬁsk%%ﬁ<<<222g
N/C 1100999897 9695 94 93 92 91 90 8988 87 86 8584 8382 8 79 7877 7‘?5:N/C
N/C 2 742 NC
N/C =3 73 NC
N/C =4 72 NC
1/010L =45 71 AsL
1/011L =6 70— AdL
1/012L =7 69— AJL
1/013L =<8 68— A2L
GND =9 67— A1L
1/014L =410 IDT7025PF 66— AOL
/0151 =411 PN100-1¢4) 65— INTL
vee =12 § 64— BUSYL
GND =313 100-Pin TQ;P 63 GND
1/O0R =414 Top View! 2 MS
1/O1R =15 61— BUSYR
1/02R =16 0= INTR
vee =417 59 AOR
NOTES: 1/03r =18 58— AIR
1. Al Vce pins must be connected to power supply. 1/04R =19 57— AR
2. Al GND pins must be connected to ground supply. :;82‘; zi‘: :2’:2
3. J84-1 package body is approxumalely 1.15 in x 1.15 in x A in. NG =22 sEaNC
F84-2 package body is approximately 1.17 in x 117 in x 1 in. N/C £23 532 NC
PN100-1 package body is approximately 14mm x T4mm x 1.4mm. N/C =24 523 N/C
: ; : = =
4. This package code is used lo reference the package diagram. NIC =256 27 28 2030 313293 3435 3637 38 39 40 41 42 43 44 45 46 47 48 49 s Ve

5. This text does not indicate orientation of the actual part-marking.




IDT7025S/L
High-Speed 8K x 16 Dual-Port Static RAM Military, Industrial and Commercial Temperature Ranges

Pin Configurations(%3 (con't.)

63 61 60 58 55; 54 51 48 46 45 42
1| yor | vos. | wos | voa | voo | OB | SEML | TBL | AL | AL | A
66 64 62 59 56 49 50 47 44 43 40

10 | yoroL | WosL | WosL | WOsL | MOw | UBL CEL AL | AL AsL AsL

67 65 57 53 52 41 39
09 | ot | 1osL GND Vce RAWWL AsL AdL
69 68 38 37
08 | yo1aL | HO12L AsL AL
72 7 73 33 35 34
07 | yo1sL | 1OtaL Vcc‘ BUSYL | Aol INTL

IDT7025G
75 70 74 G84-3(4) 32 31 36
06 | yoor | GND | GND ALl bdy GND | MS | Aw
Top View(®)

76 77 78 28 29 30
05 | ot | loO2R | Vec AR | INTR |BUSYR
79 80 26 27
041 yosr | 1oaR A2R A1R
81 83 7 1 12 23 25
03 | yosr | HOTR GND GND | SEMRr AsR A3R
82 1 b 5 8 10 14 17 20 22 24

021 oer | 1OsR | 1/010R | 1/O13R | 1O15R RWR | UBRr A11R AsR A6R A4R

84 3 4 6 9 15 13 16 18 19 21
01 | 1osr | VO1R | WO12R | 11014r | OER | [BR | CER | A1r | AR | AgR ATR

A B C D = F G H J K 5
Index 2683 drw 04
NOTES:
1. All Vce pins must be connected to power supply.
2. Al GND pins must be connected (0 ground supply. .
3. Package body is approximately 1.12 in x 1.12 in x .16 in. Pin Names
4. Th@s package code‘ is_used (o rergrence the package diagrar_n‘ Left Port Right Port Names
5. This text does not indicate orientation of the actual part-marking. e —
CEL CEr Chip Enable
RIWL R/We Read/Wiite Enable
OEL OEr Output Enable
Aot - A2l AOR - A12R Address
I/OoL - VO5L /O - VO15R Data Input/Output
SEML SEMR Semaphore Enable
UBL UBr Upper Byte Select
[:1 [Br Lower Byle Select
INTL INTR Interrupt Flag
BUSYL BUSYR Busy Flag
wS Master or Slave Select
vee Power
GND Ground

2683 il 01
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IDT7025S/L
High-Speed 8K x 16 Dual-Port Static RAM

Truth Table I: Non-Contention Read/Write Control

Military, Industrial and Commercial Temperature Ranges

Inputs® Outputs
CE RIW OE UB LB SEM 110815 11001 Mode
H X X X X H High-Z High-Zz | Deselected
X X X H H H High-Z High-Z Both Byles Deselecled
L L X L H H DATAN High-Z Wrile to Upper Byte Only
L L X H L H High-Z DATAN Wiile to Lower Byte Only
L L X L L H ‘ DATAN DATAN | Wrile to Both Bytes
Do ZWY YO FACED TR VIR T i Qo Y 5/&%%‘5" PO AL I8N K A
L H L H L H High-Z DATAout | Read Lower Byle Only
L H L L L H DATAouT DATAouT | Read Bolh Byles
X X H X X X High-Z High-Z Outputs Disabled
2683 bl 02
NOTE:

1. Ao — Atz # AR — Ar.

Truth Table Il: Semaphore Read/Write Control!"

Inputs Outputs

CE RIW OE UB LB SEM 110815 11007 Mode

H H L X X L DATAouT DATAouT | Read Semaphore Flag Data Out

X H L H H L DATAouT DATAouT | Read Semaphore Flag Data Out

H T X X X L DATAN DATAN Write 100 inlo Semaphore Flag

X T X H H L DATAN DATAN Write /00 into Semaphore Flag

L X X L X L — i Not Allowed

L X X X L L Not Allowed

NOTES: e

1. There are eight semaphore flags written to via 1/Oo and read from I/Oo - 1/O1s. These eight semaphores are addressed by Ao - A2.




IDT7025S/L

High-Speed 8K x 16 Dual-Port Static RAM

Absolute Maximum Ratings("

Symbol Rating Commercial Military Unit
& Industrial
Vierd® | Terminal Voltage 0.5t +7.0 -0.510 +7.0 v
with Respect
to GND
TBIAS Temperature -55 1o +1256 -65t0 +135 °C
Under Bias
Ts1G Storage -55 10 +125 -65 o +150 °C
Temperalure
lout DC Output 50 50 mA
Curent
2683 thl 04
NOTES:

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may
cause permanent damage lo the device. This is a stress rating only and
functional operation of the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect
reliability.

Military, Industrial and Commercial Temperature Ranges

Maximum Operating Temperature
and Supply Voltage(*?

Grade GND Vee
Ambient Temperature
Military -55°C lo +125°C ov 5.0V + 10%
Commercial 0°C lo +70°C ov 5.0V + 10%
Industrial -40°C lo +85°C ov 5.0V + 10%
NOTES: V 2683 bl (6

1. This is parameter TA.
2. Industrial temperature: for other speeds, packages and powers contact your
sales office.

Recommended DC Operating
Conditions

2. Vrerm must not exceed Vcc + 10% for more than 25% of the cycle time or 10ns - -
maximum, and is limited to < 20 mA for the period over VTerm > Ve + 10%. Symbol Parameter Min. | Typ. | Max | Unit
Vee | Supply Voltage 4.5 5.0 5.5 \
GND. | Ground : 0 0 0 v
- VH | Input High Vollage i | 22 — | 60P | Vv
Capacitance!" (Ta=+25°C,f=1.0mhz) e S
= - Vit |Input Low Vollage 0501 — | 08 | Vv
Symbol Parameter Conditions® | Max | Unit 3 g
2683 bl 06
Cn Input Capacitance Vi = 3dV 9 pF NOTES: ,
1. ViL > -1.5V for pulse width less than 10ns.
Cout | Output Capacitance Vout = 3dV 10 | pF 2. VTerm must not exceed Vee + 10%.
2683 bl 07
NOTES:
1. This paramelter is determined by device characterization but is not production
tested. For TQFP package only.
2. 3dV references the interpolated capacitance when the input and output signals
switch from 0V to 3V or from 3V to OV.
DC Electrical Characteristics Over the Operating
Temperature and Supply Voltage Range (Vcc = 5.0V £ 10%)
70255 7025L
Symbol Parameter Test Conditions Min. Max. Min. Max. Unit
[ILi] Input Leakage Current® Vee = 5.5V, Vv =0V to Ve — 10 — 5 HA
|iLo| Oulput Leakage Current Vout= 0V to Vce = 10 — 5 pA
Vol Output Low Voltage loL = +4mA — 0.4 — 0.4 Y
Voi | Oulput High Voltage loH = -4mA 24 i 24 = v
2683 th 08

NOTE:
1. AtVce < 2.0V input leakages are undefined.



IDT7025S/L
High-Speed 8K x 16 Dual-Port Static RAM

Military, Industrial and Commercial Temperature Ranges

DC Electrical Characteristics Over the Operating

Temperature and Supply Voltage Range"® (vcc=5.0v £ 10%)
7025X15 7025X17 7025X20 7025X25
Com'l Only Com! Only Com'l & Com’l &
Military Military
Symbol Parameter Test Condition Version Typ? | Max | Typ.® | Max | Typ.® | Max | Typ® | Max | Unit
lcc | Dynamic Operating CE = Vi, Outputs Open COML s | 10 310 | 170 310 160 290 155 265 |ymA
Current SEM = ViH L 170 260 170 260 160 240 155 220 [I
(Both Ports Active) f = fanx®
MIL & S =2 = - — 160 370 155 340
IND L = — == = 160 320 155 280
Ise1 | Standby Cument CEL = CEr = Vi com'L S 20 60 20 60 20 60 16 60 | mA
(Both Ports - TTL SEMR = SEML = Vi L 20 50 20 50 20 50 16 50
Level Inputs) f = faax®
MIL & S = — = — 20 90 16 80
IND L — = == == 20 70 16 65
Isez | Standby Curent CEn = Vitand CEs = vi® COML S| 105 190 | 105 190 95 180 90 170 | mA
(One Port - TTL Active Port Outputs Open, L] 105 160 [ 105 160 95 150 90 140
Level Inputs) ha®
SEMR = SEML = Vi MIL & S 5 - - = 95 240 90 215
IND L e = = — 95 210 90 180
IsB3 Full Standby Current CE and CEr >Vee - 0.2V, COM'L S 1.0 15 1.0 15 1.0 15 1.0 15 mA
(Both Ports - Vin > Ve - 0.2V or L 0.2 5 0.2 5 0.2 5 0.2 5
CMOS Level Inptts) Vin< 0.2V, f= 0%
SEMR = SEML > Ve - 0.2V MIL & S = - - . 1.0 30 1.0 30
IND L =4 == == = 0.2 10 0.2 10
Ise¢ | Full Standby Current CEn < 0.2V and coMm'L g 100 170 100 170 90 155 85 145 | mA
(One Port - CEe- > Ve - 0.2v8 L | 100 140|100 | 140 90 130 85 120
CMOS Level Inputs) SEMr = SEML > Ve - 0.2V
Vi > Vee - 0.2V or VN < 0.2V MIL & S S =5 ~ = 90 225 85 200
Active Port Outputs Open, IND L X 57 % - 90 200 85 170
f= faax®
2683 bl 09a
7025X35 7025X55 7025X70
Com'l & Com, Ind Military Only
Military & Military
Symbol Parameter Test Condition Version Typ.? | Max | Typ.® | Max | Typ® | Max | Unit
lcc | Dynamic Operating CE = Vi, Outputs Open comL S| 150 | 250 150 | 250 — = | mA
Current SEM = Vi L 150 210 150 210 == e
(Both Ports Active) f = fuax®
MIL & S 150 300 150 300 140 300
IND L 150 250 150 250 140 250
Ise1 |Standby Current CEL = CEr= Vi comL S 13 60 13 60 — — | mA
(Both Ports - TTL SEMR = SEMc = Vi L 13 50 13 50 o -
Level Inputs) f = fuax®
MIL & S 13 80 13 80 10 80
IND L 13 65 13 65 10 65
Ise2 | Standby Current CEa = Vit and CEs" = Vin® CoML S| 8 155 85 155 - — | mA
(One Port - TTL Active_Port Ouputs Open, L] 8 130 85 130 - —
Level Inputs) f=a®
SEMR = SEML = Vi MIL & S 85 190 85 190 80 190
IND L 85 160 85 160 80 160
Ise3  |Full Standby Current CE and CEr » Vee - 0.2V, comL S| 10 15 1.0 15 — — | mA
(Both Ports” - Vin > Vce - 0.2V or L 0.2 5 0.2 5 = ==
CMOS Level Inputs) VN < 0.2V, f= 0"
SEMR = SEMu > Vee - 0.2V MIL & S 1.0 30 1.0 30 1.0 30
IND L 0.2 10 0.2 10 0.2 10
Ise¢« | Full Standby Current CEn < 0.2V and comL S 80 135 80 135 s s mA
(One Port - CEw" > Vee - 0.2v L 80 110 80 110 - -
CMOS Level Inputs) SEMR = SEMe » Ve - 0.2V
Vi > Vee- 0.2V or Vin < 0.2V MIL & S 80 175 80 175 15 175
Active Port Outputs Open, IND L 80 150 80 150 5 150
f= fax®
2683 tb1 09b
NOTES:

1. 'X'in part number indicates power rating (S or L)

2. Vec =5V, Ta = +25°C, and are not production tested. lcc dc - 120mA (TYP)

3. AUT = fwax, address and l/O's are cycling at the maximum frequency read cycle of 1/trc, and using "AC Test Conditions” of input levels of GND to 3V.
4. =0 means no address or control lines change.

5. Port "A" may be either left or right port. Port "B" is the opposite from port "A".

6. Industrial temperature: for other speeds, packages and powers contact your sales office.



DAC0800/DAC0802

General Description

The DACO0800 series are monolithic 8-bit high-speed
current-output digital-to-analog converters (DAC) featuring
typical settling times of 100 ns. When used as a multiplying
DAC, monotonic performance over a 40 to 1 reference cur-
rent range is possible. The DAC0800 series also features
high compliance complementary current outputs to allow dif-
ferential output voltages of 20 Vp-p with simple resistor loads
as shown in Figure 1. The reference-to-full-scale current
matching of better than 1 LSB eliminates the need for
full-scale trims in most applications while the nonlinearities
of better than +0.1% over temperature minimizes system er-
ror accumulations.

The noise immune inputs of the DAC0800 series will accept
TTL levels with the logic threshold pin, V,c, grounded.
Changing the V, ¢ potential will allow direct interface to other
logic families. The performance and characteristics of the
device are essentially unchanged over the full £4.5V to
+18V power supply range; power dissipation is only 33 mwW
with +5V supplies and is independent of the logic input
states.

NNational Semiconductor

8-Bit Digital-to-Analog Converters

June 1999

The DAC0800, DAC0802, DAC0800C and DAC0802C are a
direct replacement for the DAC-08, DAC-08A, DAC-08C,
and DAC-08H, respectively.

Features

Fast settling output current:
Full scale error: 11LSB
Nonlinearity over temperature:  +0.1%

Full scale current drift 10 ppm/"C

High output compliance: =10V to +18V
Complementary current oufputs

Interface directly with TTL, CMOS, PMOS and others
2 quadrant wide range multiplying capability

Wide power supply range: +4.5V to 18V

Low power consumption: 33 mW at £5V

Low cost :

100 ns

Typical Applications

DIGITAL INPUTS
MSB

DAC0800

Cc
i V= 0.014F vt

Ordering Information

LS8
B 82 B3 B4 B5 B6 BT BE

7 8 8 10 11 12 Q

FIGURE 1. £20 V,., Output Digital-to-Analog Converter (Note 5)

1V

oy T020 Vpp

DS§005686-1

Non-Linearity Temperature Order Numbers
Range J Package (J16A) (Note 1) | N Package (N16E) (Note 1) [ SO Package (M16A)
+0.1% FS 0'C<To<+70C DAC0802LCJ | DAC-08HQ | DAC0802LCN| DAC-08HP DAC0802LCM
+0.19% FS -55"C < To <+125°C | DAC0800LJ DAC-08Q .
+0.19% FS 0°C < T, <+70°C | DAC0B00LCJ | DAC-08EQ | DACO800LCN) DAC-O8EP DAC0800LCM

Note 1: Devices may be ordered by using either order number.

© 1999 National Semiconductor Corporation DS005686

www.national.com
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Absolute Maximum Ratings (Note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage (V* = V)
Power Dissipation (Note 3)

(V14 to V15)
Reference Input Common-Mode
Range (V14, V15)
Reference Input Current
Logic Inputs
Analog Current Outputs
(Vg= = —15V)
ESD Susceptibility (Note 4)

Reference Input Differential Voltage

+18V or 36V
500 mW

V™ to V*
V™ to V*
5 mA

V™ to V™ plus 36V

4.25 mA
TBD V

Electrical Characteristics

The following specifications apply for Vs = 115V, lrer
characteristics refer to both oyt andloyr-

Storage Temperature
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Conditions (Note 2)

Min Max

Temperature (T)
DACO0800L -55 +125
DAC0800LC 0 +70
DACO0802LC 0 +70

-65"C to +150°C

260°C
300°C

215°C
220°C

Units

=2 mA and Ty < Ta < Tiax Unless otherwise specified. Output

DAC0802LC DAC0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Nonlinearity 10.1 10.19 %FS
t Settling Time To £ LSB, All Bits Switched 100 135 ns
“ON" or “OFF", TA=25'C
DAC0800L 100 135 ns
DAC0800LC 100 150 ns
tPLH, Propagation Delay TA=25'C
tPHL Each Bit 35 60 35 60 ns
All Bits Switched 35 60 35 60 ns
TCles Full Scale Tempco +10 150 +10 50 ppm/'C
Voc Output Voltage Compliance Full Scale Current Change -10 18 -10 18 A
<14 LSB, Rgy7”20 MQ Typ
lesa Full Scale Cumrent Vpee=10.000V, R14=5.000 kQ 1.984 1.992 2.000 1.94 1.99 2.04 mA
R15=5.000 kQ, TA=25'C
lgss Full Scale Symmetry lpsa—lgs2 +05 4.0 F +8.0 HA
Izs Zero Scale Current 0.1 1.0 0.2 20 PA
lgsr Output Current Range VvV =-5V 0 20 2.1 0 2.0 241 mA
V™=-8V to -18V 0 2.0 42 0 2.0 42 mA
Logic Input Levels
Vi Logic “0" V=0V 0.8 0.8 v
Vin Logic “1" 20 20 \Y
Logic Input Current V=0V
I Logic “0" -10V<Vy$+0.8V =20 -10 -2.0 -10 pA
Iy Logic “1” 2V<Vys+18V 0.002 10 0.002 10 pA
Vis Logic Input Swing VvV =-15V -10 18 -10 18 \Y
ViHR Logic Threshold Range V=115V -10 13.5 -10 13.5 \
l1s Reference Bias Current -1.0 -3.0 -1.0 -3.0 PA
dl/dt Reference Input Slew Rate (Figure 11) 4.0 8.0 4.0 8.0 mA/us
PSSlgs. | Power Supply Sensitivity 4.5v<v*<iBY 0.0001 0.01 0.0001 0.01 %l%
PSSlgs- -4.5V<vT<18V 0.0001 0.01 0.0001 0.01 %l%
Irer=1MA

www.national.com




Electrical Characteristics (continusd)

The following specifications apply for Vg =

characteristics refer to both Igyt and loyr-

£15V, lngr = 2 MA and Ty < Ta € Truax

unless otherwise specified. Output

DAC0802LC DACO0800L/
Symbol Parameter Conditions DAC0800LC Units
Min Typ Max Min Typ Max
Power Supply Current Vs=15V, Irgr=1 mA

I+ 23 3.8 23 38 mA

I= -4.3 -5.8 -43 -5.8 mA
Vs=5V, =15V, Irgr=2 MA

I+ 24 3.8 24 3.8 mA

- -6.4 -78 -6.4 -7.8 mA
Vs=£15V, Igge=2 MA

I+ 25 38 25 38 mA

(2 -6.5 -7.8 -6.5 -7.8 mA

Po Power Dissipation 15V, Igge=1 mA 33 48 a3 48 mwW
5V,-15V, Iggrp=2 mA 108 136 108 136 mwW
+15V, Iggr=2 mA 135 174 135 174 mw

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electical specifications do not apply when operating

the device beyond its specified operating conditions.

Note 3: The maximum junction femperature of the DAC0800 and DAC0802 is 125'C. For operaling at elevated temperatures, devices in the Dual-In-Line J package
must be derated based on a thermal resistance of 100°C/W, junction-fo-ambient, 175'C/W for the molded Dual-In-Line N package and 100'C/W for the Small Oufline

M package.
Note 4: Human body model, 100 pF discharged through a 1.5 ki resistor.

Note 5: Pin-out numbers for the DACOBOX represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

Connection Diagrams

Dual-In-Line Package

U

THRESHOLD |
CONTROL Vi c—] @

a
Tour —

1S compensaTioN
15
—VREF(-)

14
—VREF(+)

Top View

DS005686-13

Small Outline Package

vt 1 T 16[—8g LSB
Veer() <2 15}-8;
Veer(=)—3 14 —8g
COMPENSATION—{ 4 13|—Bs
THRESHOLD CONTROL, V, ¢ —5 12|18,
lour =16 11f—=By
v 7 10}—8,

lour—18 9|—B( MsB

DS005686-14

Top View

See Ordering Information
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Block Diagram (Note 5)

E—O
—o0
H—oz
H—o=
H—o=
—o

58
L L

" Tu
I 1

BIAS

NETWORK

4 =*—lonn

1 o
o4

| O—1—4
o4

To49%
o—4

o144

l 1
g |3 LTS

) S S
SR IR

15
Vagrl) O=

DACOS

1% 1

comr v=

Typical Performance Characteristics

Full Scale Current LSB Propagation Delay vs lgs
vs Reference Current
450 l
6 [Ta= T 10 Taax] 2 " 1
= L ALL BITSHIGH l: % 50
= & LIMIT FOR @ h
= el -vieisv e W i
& 3
Y B 2 g§
3 s LSB =78 nA
o B 2 |
£ 2 Tl 1iss 19
= 2 i |[[1Ls8=1.0.a
31 + 5 i
@ PN Lt R £ Lt
o X Sy —5V =t
Yty ly - v—w f LI
0 | i 00102 0050400205 1 2 5 10
0 1 2 3 4 5 Igs ~ OUTPUT FULL SCALE CURRENT (mA)
Ingr — REFERENCE CURRENT (mA) PO 6ot
DS005686-22
Reference Am o
p Logic Input Current
Common-Mode Range
vs Input Voltage
4
16 | TA"TminTO Tmax
s [ ALL BITS “ON" F-:
E on ol
P
=1} =
- [
R =
2 3 = -5V V=15V o
= | I IgeF = 2 mA =
= 16 2 Ll
5 ; | 'I " = \
12 &1 mA1+— o
3 REF S 4,
o M 1 =
04 IRef = 0.2 mA —| T
T s -
4 ]

-14 10 -6 -2 2 6 W0 14 18
V15 - REFERENCE COMMON-MODE VOLTAGE (V)

-12-10-8-6-4-202 4 § 81012141618

V; - LOGIC INPUT VOLTAGE (V)

DS005686-25
DS005686-26

Note. Positive common-mode range is always
(V4) - 1.5V.

DS005686-2

Reference Input
Frequency Response

12

10 fresmissic ] { H
8 R 500 l
@ 6 FALLBITS N 1 ‘T
N AT
isly 3 15 = OV
=
25l o
r—— Hi
=7 L N
< 1§ = 1 A HH
& -8 ;\
-10
-12 4
R, 1 |

0.1 02 Rae! R 5 10

FREQUENCY (MHz)
DS005686-24

Curve 1: Cc=15 pF, V|N=2 Vp-p centered at 1V.
Curve 2: C¢=15 pF, V|y=50 mVp-p centered at
200 mV.

Curve 3: C=0 pF, Viy=100 mVp-p centered at
0V and applied ﬂ\rougv\ 504 connected fo pin
14.2V applied fo R14.

Vi — Vic vs Temperature

26
24
22
2
18
[ s
14
12 :
1 |
0.8 f—f—t-1--4-
0.6
04

|

|
1 1 'ﬁ
-50 [] 50 100 150
Ta - TEMPERATURE (e
DS005686-27

VTH - Vic W)
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Typical Performance Characteristics (continued)

Output Current vs Output Output Voltage Compliance Bit Transfer
Veltags (outut Vollage vs Temperature Characteristics
Compliance)
" o 2 o “ T T
T [ALLBITS “ON" Tp = Tyyn TO TMAX BT I N N AN AN AN [ttt T
T __*_* ,1 o fod = 2z 12 [lRep=imA 1 1
T = [FRY) N £ 81
£ ~15V 5V 2 SHADED AREA INDICATES; -
£ ? Ingg =2 mA S g | PERMISSIBLEOUTPUT & L | z
= REFS = VOLTAGE RANGE FOR Z 08
E 16 E 4 [ -V -1V IRgp S2mA. 3 2 I
- = 5 08
2 & Ige = 1 mA 5 0 |—J FOROTHER -V OR Ipgr, 3—1—] H T
& REES L = SEE FIGURE 8 E F¥T i
3 08 | ] o RNRRRRRR e o4 =
: " & : [V
= e IRer = 0.2 mA p- NANANANNY i P |
. U T = -1 IS B - o WLTTTIN
-0 0 %0 100 150 ~17-10-8-6-4-20 24 6 8 101214 1618
-4-10 -6 -2 2 8 W0 W T - TEMPERATURE (°C)
Vg - OUTPUT VOLTAGE (V V| - LOGIC INPUT VOLTAGE (V)
DS005686-29 DS005686-30
Dsggtegd Note. B1-B8 have identical transfer
characteristics. Bils are fully switched with less
than 2 LSB error, at less than £100 mV from
actual threshold. These switching points are
guaranteed {o lie between 0.8 and 2V over the
operating femperalure range (Vic = 0V).
Power Supply Current Power Supply Current Power Supply Current
vs +V vs -V vs Temperature
[} ]
7 ALL BITS HIGH OR LOW MAY BE HIGH OR LOW N 1Y
: | = 1 ALE ! 'vu:li"u' N bas -4 2, [atsirswichon Low
REF 2 M = 1REFT2 nr[—r
E s - é i c X REF ., |
g z 1 TRl 4 !
2 9 AN - —— E rv =V s =15V ]
a & 1= WITH Iggg = 1 mA 425 -
2 4 | - I 2 I
& > 1 1Y i} F ] i
2 1 R 1-WITHIqgp=02mA | | H
< — " 4 T
w [ I B S 2 T < EEE
s 2 It £ 2 Ve e 3 3 V=15V
= £ | g% v
= VI l r < &l I l - ajb
T 0 * 1 RN
0 2z 4 6 8 1012 14 16 18 20 0 -2 -4 -§ -8 -10-12-14-16-18 -20 50 S0 100 150
Ve — POSITIVE POWER SUPPLY (V) V.~ NEGATIVE POWER SUPPLY (V) Ta — TEMPERATURE ('CI
DS005686-31 DS005686-32 DS005686-33
Equivalent Circuit
MSB 1ss
v Vio 81 B2 83 4 5 B6 7 [
13 1 ?S 13 1 1 9 10 n 12
Y
? Ve ? ?
4
" 1 i 1 J. ¥ 1 T H
Ya 7
e o 1 {T} {’} : {r} : {T} ErigicH | ™
Vaerol 168 :
camp 16 |‘/ | n 14 }jlll e i Ia na [Vib1]
H 16A B8A A 2A A 4A pL) A | )
A
1[ i % R ‘T 2R } m \} 2R R } R \l ‘1
R " R 2R R
DACU8
1
v
DS005686-15

FIGURE 2.
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Typical Applications

REF
—"VReF
“Vaer v
Aner
(R14)

e D REE 1, 285
S~ "Rpgr 256

Io + To = Is for all logic states

For fixed reference, TTL operation, typical values are:
Vgrer = 10.000V

Rrer = 5.000k

R15 = Rper

Cc =001 pF

Vi ¢ = 0V (Ground)

Hipge ¥2mA
—_—

VWV~
LowTe

a5k DACO¥00

\
(| N
=
=
3

DS005686-21

FIGURE 4. Recommended Full Scale Adjustment
Circuit (Note 5)

DIGITAL INPUTS

S 6 7 8 8 10 1112 4
. 5

DACORDS

mse Lss
B1 B2 81 B4 B6 B6 B7 B8

080056365

FIGURE 3. Basic Positive Reference Operation (Note 5)

43
At
“Vags O—O0—AW—1
-— =
DS005686-16

-V 255
ks = Rk, 23
Rpgr 256

Note. Rger sets Is; R15is for bias current cancellation
FIGURE 5. Basic Negative Reference Operation

(Note 5)
DIGITAL INPUTS
Nse
81 82 B3 B4 85 86 BY B3 €9
IngF = 2 mA Ot DAC0800
7}
DS005686-17
B1 B2 B3 B4 B5 B6 B7 B8| IomA | I;mA Eo Eo
Full Scale 1 1 1 1 1 1 1 1 1.992 0.000 -9.960 0.000
Full Scale-LSB 1 1 1 1 1 1 0 1.984 0.008 -9.920 | -0.040
Half Scale+LSB 1 o 0 0 0 O 0 1 1.008 0.984 -5.040 | -4.920
Half Scale 1 o 0o 0 0 O 0 O 1.000 0.992 -5.000 | -4.960
Half Scale-LSB 0o 1 1 1 1 1 1 1 0.992 1.000 -4.960 | -5.000
Zero Scale+L.SB o 0o 0 0 O 0 0 1 0.008 1.984 —-0.040 | -9.920
Zero Scale o 0 0 0 0 0O O O 0.000 1.992 0.000 -9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 5)

www.national.com




Typical Applications (Continued)

p—Q +10000V

“Ingr * 2 mA O—r DACO800
g

DS005686-6

B1 B2 B3 B4 B5 B6 B7 B8 Egs Eo
Pos. Full Scale 11 1 1 1 1 1 1]-9.920 (+10.000
Pos. Full Scale-LSB 171 1 1 1 1 1 0]-9.840|+9.920
Zero Scale+LSB 1.0 0 0 0O O O 1/[-0080]|+0.160
Zero Scale 1.0 0 0 O O O O/f 0.000 |+0.080
Zero Scale-LSB o 1 1 1 1 1 1 1]+0.080| 0.000
Neg. Full Scale+LSB [0 0 0 0 0 0 0 1| +9920-9.840
Neg. Full Scale 00 0 0 0 0 0 01+10.000 |-9.920

FIGURE 7. Basic Bipolar Output Operation (Note 5)

5k
VREeF =10V O—AVAV—
-5 2X
Ofp = B, %
X v""( 5 zso)
where X s the Input code and
AL = R = Rrer

DAC0800

DS005686-18

IfR = ﬁL within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8 Eo
Pos. Full Scale 1} ‘CREESHR L ARBSHEPA i +9.960
Pos. Full Scale-LSB AN ) e s e e R L MR
(+)Zero Scale 1 SOV |0 B 0f VBl +0.040
(=)Zero Scale Q NN 1 =0 | 70040
Neg. Full Scale+LSB | 0 -0 0 0 0 0 0 1] -9880
Neg. Full Scale DAL SO W S 0 |8 A JIE45 5650

FIGURE 8. Symmetrical Offset Binary Operation (Note 5)

R
—VVW—
lo
240
4
Eo
DAC0800 3—0 170 +1¢5- Ry

2 | _ 255 |

= BES = 256 REF

i — i —
DS005686-19

For complementary output (operation as negative logic DAC), connect inverting input of op amp to -|[; (pin 2), connect Iy (pin 4) fo ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 5)
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Typical Applications (continued)

DACOBI0

"VREF

ARef OPTIONAL RESISTOR
FOR DFFSET INPUTS

Rin
"
ol —
Agq ~ 200 DACO800
s B
.4
15
l 16

NO CAP

DS005686-10
Typical values: Riy=5k,+V =10V
FIGURE 11. Pulsed Reference Operation (Note 5)

“VReF

IREF

iN

ViN—L—

DAC0800

[

(a) lrer > peak negative swing of Iy

DS005686-11

£o
O 0T0-1s R

AL

DS5005686-20

For complementary output (cperation as a negative logic DAC) connect non-inverting input of op am to -Ig (pin 2); connect Ig (pin 4) to ground.
FIGURE 10. Negative Low Impedance Output Operation (Note 5)

rmos

| iyt v
TTL o1t | S 15V l = N
Vpg s 14y
| | nan
| a 8.1k | "
l Vic VLC‘ "
QVic [ zz:q:x 0.2 01 l
= l = — I -5V 10 -10V
b ' + weowos T 10K ECL
Vin=2av VIk= SV [ Vo s i3V

N1y

INAL4G

DS5005686-9

Vig 2V g t 1.4V

15V CMOS, HTL, HNIL

Viy = 7.6V

Note. Do not exceed negative logic input range of DAC.

FIGURE 12. Interfacing with Various Logic Families

Ruer
Wrer O—VWA—— 14
RIS DAC0300
(OPTIONAL)

v O—WW\—

N =Po— 15 ARgr « RIS
HIGH INPUT -
IMPEDANCE

DS005686-12

(b) +Vrer must be above peak positive swing of Vy

FIGURE 13. Accommodating Bipolar References (Note 5)
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Typical Applications (Continued)

0.1 uF
FOR TURN “ON", V| =27V ‘ |
FOR TURN “OFF*, VL =07V 'L ©
SuF &Y
- |'__L
e —
MINIMUM & Tk =
CAPACITANCE \§ 0.1 uF
HP5082:2600 - o= — 04V
SCHOTTKY DIODES |
Voo Vout o
0.3V 1 X PROBE o
VIN —]—-o.w
o]
N AREF 5 6 7 8 8 101112
Vrer O— VW14
DACD800
DT
R15 vy
15
13 3 16

]
e

0.14F 0.1 uF
-
15V ~15V
DS005636-7
FIGURE 14. Settling Time Measurement (Note 5)
5V ST0P
b} l CONVERSION
cLocK FREE
RUN
Ts 10 2
EVOT‘L vee CLK 3 ace
0M2502 7
0.014F by 0
! GND
Q0 01 02 O3 04 05 Q6 07
= 3 [a s Ts T [rizfaa]re
LS O————4@
: 15V P
8:BIT DIGITAL IANNPI‘AJL'uc
WORD
(‘: R4 R
et 39M sk
10fo s |76 |5
7 86 85 B4 63 B2 MSB \ 2
i i
DAC0800
1944
v-  comr VLo
] 16 1

0t uf (L
- -15v

Note. For 1 ps conversion fime with 8-bit resolution and 7-bit accuracy, an LM361 comparator replaces the LM319 and the reference current is doubled by
reducing R1, R2 and R3 to 2.5 kQ2 and R4 to 2 MQ.
FIGURE 15. A Complete 2 ps Conversion Time, 8-Bit A/D Converter (Note 5)

DS005686-8
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0.785
[19.94] MAX

16 9
h(\(‘\hhhhﬂw

Physical Dimensions inches (millimeters) unless otherwise noted

10.202)
ALLLEAD TIPS

Molded Small Outline Package (SO)
Order Numbers DAC0800LCM,
or DAC0802LCM
NS Package Number M16A

t
0.220-0.310
[5.59-7.87]
ooy / PO U U U OO
Flo.sdl ‘ ’ 0.005-0.020
R T0.13-0.51] TP
0.037 £0.005
fo— (i
S1655 - (0.94013] 1Y 0.290-0.320 _|
[6 13] < o |~ 0.055£0.009 1yp [7.37-8.13]
MIN TYP [14010.13] GLASS SCALANT
| 0.020-0.060pp AL
0.200 ] [ losi=152 7 6 1
[5.08]) 14.57]
MAX TYP t J 0.010£0.002 qyp
F | ‘ [03‘55‘0]“'“ v 10.25 £ 0.05]
; !
0.125-0.200 I~ | !
s e 900 40 9504 50
[3.18-5.08] e L TYP
0.080 e ¥
12,080 A3 o okebk | e310-0410
BOTH ENDS — (46 10.08) P 17.87-10.41] J16R (8¢ 1)
0.10040.010 [yp
[2.54 £0.25]
Molded Small Outline Package (SO)
Order Numbers DAC0800LCM,
or DAC0802LCM
NS Package Number M16A
0.386-0394
(9.804-10.00)
1% 15 W12 oW i)
‘l A2 44
0 728-0.244 3
5.791-6.138) Q v
i o0 000 i1
LEAD ND 1 1 FEN I ¢ 7 L]
IDENT 0010 yax
(0.254)
£.150 -0 157
3.810 -3 988)
0010-0020 ., 0.0 008
02540 508 x5 (1.346-1.753) 0.004-0.010
8" MAX TYP (0.102-0.254)
ALL LEADS
i | Ve i
a T T 01 (< T PLANE
0.00_ 0.0 T ' o Lum 00140020
@207 -0.784) - %:;L::—g, 0.356) {r2m) — o
TRRRLL LRSS 0.004 TYP ALLLEADS e 0008
| B L )
(0203) MIGA PEV

www.national.com




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740 - 0.780

1 (18.80-19.81 ) - ’.‘1090
{2.286
;_E#__ HE
I 0.250£0.010
| (6.350%0.254
PIN NO. 1
IDENT
OPTION 01 OPTION 02 0.065
0.13040.005 0.060 40 TYP 0.300 - 0.320 {1.651)
s0zzo. 1275 [~ sz TP "\I'\ OPTIONAL {7.620-8.128) r“ {
0.145=0.200 !
(3.663-5.080) t J’ f
95°*5° 0.008-0.016
9004 4° TYP TS et
o [ e ™
) 0.125-0.150 l‘_ 0.030£0.015 7.112
(3.175-3.810) 1 ™ (0.76220.381) MIN
0.014 =0.023 0.100£0.010 40,040
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HM62256B Series

256k SRAM (32-kword x 8-bit)

HITACHI

ADE-203-135F (Z)
Rev. 6.0
Nov. 13, 1997

Description

The Hitachi HM62256B Series is-a CMOS static RAM organized 32,768-word x 8-bit. It realizes higher
performance and low power consumption by employing 0.8 pm Hi-CMOS process technology. The
device, packaged in 8 x 14 mm TSOP; 8 X 13.4 mm TSOP with thickness of 1.2 mm, 450 mil SOP (foot
print pitch width), 600 mil plastic DIP, or 300 mil plastic DIP, is available for high density mounting. It
offers low power standby power dissipation; therefore, it is suitable for battery backup systems.

Features

e Single 5.0 V supply: 5.0 V£ 10%
e Access time: 55 ns/70 ns/85 ns (max)
e Power dissipation:
— Active: 25mW (typ) (f= 1 MHz)
— Standby: 1.0 W (typ)
e Completely static memory
— No clock or timing strobe required
e Equal access and cycle times
e Common data input and output
— Three state output
e Directly TTL compatible all inputs and outputs
e Battery backup operation



HM62256B Series

Ordering Information

Type No. Access time Package
HM62256BLP-7 70 ns 600-mil 28-pin plastic DIP (DP-28)
HM62256BLP-7SL 70 ns

HM62256BLSP-7 70 ns 300-mil 28-pin plastic DIP (DP-28NA)
HM62256BLSP-7SL 70ns
HM62256BLFP-7T 70 ns 450-mil 28-pin plastic SOP (FP-28DA)
HM62256BLFP-5SLT 55 ns
HM62256BLFP-7SLT 70 ns
HM62256BLFP-7ULT 70 ns S
HM62256BLT-8 85 ns 8 mm x 14 mm 32-pin TSOP (TFP-32DA)
HM62256BLT-7SL 70 ns
HM62256BLTM-8 85ns 8 mm x 13.4 mm 28-pin TSOP (TFP-28DA)
HM62256BLTM-5SL 55ns
HM62256BLTM-7SL 70 ns
HM62256BLTM-7UL 70 ns

Pin Arrangement

I 1 A P | [ sl = £
HM62256BLP/BLFP/BLSP Series
A14[ |1 ] Vee
PN 27 JWE
A7 L S]8 26 ] A13
A6 |4 25| | A8
A5 [ |5 24 A9
A4 [_|6 23 ] A1
a3 [ 47 22| ©E
a2 []8 21 ] A10
a1 ]9 20 TS
A0 [_|10 19 [ ] vo7
yoo[__| 11 18 || 1106
o1l 112 17 ] 105
yo2[ |13 16| 1/04
Vgg [ 14 15[ 1103
S
(Top view) ‘J
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HM62256B Series

Pin Arrangement (cont.)

—

|

HM62256BLT Series
OE 10O 32 [ A10
A1 EH 2 31 (2 CS
NC & 3 30 9 NC
A8 & 4 29 [ 1/07
A8 & 5 28 [ 1/06
A13E] 6 27 (= 1/05
WE C 7 26 [ 1/04
Vec H 8 25 [ 1/03
A4 ] 9 24 [ Vg
A12 T4 10 23 N MQ?2
A7 47 1711 22 [TWOY
A6 ] 12 21 [ 1/00
A5 ] 13 20 [ A0
NC ] 14 19 [ NC
A4 15 18 A1l
A3 ] 16 17 A2
(Top view)
HM62256BLTM Series
OE 22 21 = A10
A11 ] 23 Al =
A9 ] 24 19 [ 1/07
A8 [ 25 18 |1 1/06
A13 & 26 17 [ 1/05
WE 5 27 16 [ 1/04
Voo & 28 15 [ 103
Atd T4 1 O 14 [ Vss
A12 1.2 13 i1 | /O
A7 ] $ 12 [ /01
A6 ] 4 11 [ 1/00
A5 [J=b6 10 [ A0
A4 [} 6 9 [ A1
A3 [ 7 8 A2
(Top view)
L W S
Pin Description
Pin Name Function
A0 to A14 Address input
1/00 to 1/107 Data input/output
CcS Chip select
WE Write enable
OE Output enable
Vee Power supply
Vs Ground
-
NC No connection

HITACHI
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HM62256B Series

Block Diagram

—0V¢e

© Vgg

(MSB) A120—
A5 O]
A7 o—1 & .
o— tri

A6 Roi Memory Matrix

AB © Decoder

A13o— |

Al4o— i

N a

(LSB) A3 O—— ——

1100 o—rjj
Input Column Decoder
Data
y Control

107 oy L)
e 81875 7L 616

A2({ A1 A0A10 A9 A1
(LSB) (MSB)
1

CSo Timing Pulse Generator

WEo———— - Read/Write Control

OEo —1
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HM62256B Series

Operation Table

WE CS OE Mode V. current  1/0 pin Ref. cycle
x H x Standby lser oot High-Z —
H L H Output disable | » High-Z —
H L L Read les Dout Read cycle (1)to (3)
L L H Write lee Din Write cycle (1)

L L Write lee Din Write cycle (2)
Note: x: HorlL
Absolute Maximum Ratings
Parameter Symbol Value Unit
Power supply voltage relative to Vg Ve —-0.5t0 +7.0 \
Terminal voltage on any pin relative to Vs Vs =0.5*" to V¢+0.3* ; v
Power dissipation Be 1.0 ' w
Operating temperature range Topr 0to +70 o
Storage temperature range Tstg -55 to +125 {e
Storage temperature range under bias Tbias -10to +85 = -- ‘&

Notes: 1. V; min: =3.0 V for pulse half-width < 50 ns
2. Maximum voltage is 7.0 V

DC Operating Conditions (Ta = 0 to +70°C)

Parameter Symbol Min Typ Max Unit Notes
Supply voltage Vee 4.5 5.0 5.5
' V& 0 0 0 V
Input high voltage Vi 2.2 =3 Ve 0.3 V
Input low voltage A -0.5*' — 0.8 Y

Note: 1. V, min: —3.0 V for pulse half-width <50 ns

HITACHI



HM62256B Series

DC Characteristics (Ta =0 to +70°C, V=5V £ 10%, Vi =0 V)

Parameter Symbol Min Typ*' Max Unit Test conditions
Input leakage current J1ul = — 1 HA  Vin =V to Ve
Output leakage current [lol - — 1 pA  CS =V, orOE=V,orWE=V,,
Vio = Vss 10 Ve
Operating current loc = 6 15 mA  CS =V,, Others = V/V,,
lo =0 mA
Average HM62256B-5 lee — = 60 mA  Min cycle, duty = 100%,l,0 = 0 MA,
operating CS =V,, Others =V /V,
current
HM62256B-7 - — 33 60 mA
HM62256B-8 (. — 24 50 mA
locz = 5 15 mA  Cycle time =1 ps, l,o = 0 mA,
CS =V, Viu=Vee, Vi =0
Standby current e = 0.3 2 mA CS =V,
Meoi — 0.2 100 pA  Vin20V,C82V,-02V

-3 0 WI50Z DR
N - A W2 RS0 Ve A

[SBi

Output low voltage e o~ — 0.4 V loo =2.1 MA

Output high voltage ] 2.4 — — \ low ==1.0 mA

Notes: 1. Typical values are at Vo, = 5.0 V, Ta = +25°C and not guaranteed.
2. This characteristic is guaranteed only for L-SL version.
3. This characteristic is guaranteed only for L-UL version.

Capacitance (Ta=25°C, f= 1.0 MHz)

Parameter Symbol = Min Typ Max Unit Test Conditions
Input capacitance*' Cin — — 8 pF Vin=0V
Inputioutput capacitance*' G, — — 10 pF Vie=0V

Note: 1. This parameter is sampled and not 100% tested.

HITACHI



HM62256B Series

AC Characteristics (Ta =0 to +70°C, V.= 5.0 V£ 10%)

Test Conditions

e Input pulse levels: 0.8 Vto 2.4V
e Inputrise and fall time: 5ns
e Input and output timing reference levels: 1.5V
e Output load: 1| TTL Gate + C, (50 pF) (HM62256B-5)
1 TTL Gate + C, (100 pF) (HM62256B-7/8)

(Including scope & jig)

Read Cycle

HM62256B

-5 -7 -8
Parameter Symbol Min  Max Min Max Min Max Unit Notes
Read cycle time - 55 o 70 — 85 —— ns
Address access time b \ — 55 - 70 — 85 ns
Chip select to access time taas f— 55 - 70 — 85 ns
Output enable to output valid {54 < 35 — 40 — 45 ns
Chip select to outputin low-Z ] 5 Y4 10 = 10 — ns 2
Output enable to output in low-Z toz 5 — 5 — 3] — ns 2
Chip deselect to output in high-Z ez 0 20 0 25 0 30 ns 1,2
Output disable to output in high-Z tonz 0 20 0 25 0 30 ns 12
Output hold from address change ton 5 = 5 — 5 —= ns

HITACHI



HM62256B Series

Write Cycle

HM62256B

-5 -7 -8
Parameter Symbol Min Max Min Max Min Max Unit Notes
Write cycle time twe 55 — 70 — 85 — ns
Chip selection to end of write tew 40 — 60 — 75 — ns 5
Address setup time ‘f,\s 0 - 0 — 0 — ns 6
Address valid to end of write Lt 40 — 60 — 75 — ns
Write pulse width twe 35 + 50 — 55 — ns 4,13
Write recovery time Lia 0 i 0 — 0 — ns 7
Write to output in high-Z tome 0 20 0 25 0 30 ns 1,2,8
Data to write time overlap o 25 =t 30 — 35 - ns
Data hold from write time Lo 0 o 0 — 0 — ns
Output active from end of write t o 5 — 5 - 5 — ns 2
Output disable to output in High-Z tonz 0 20 0 25 0 30 ns 1,2,8

Notes: 1. teum towz @nd 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. Address must be valid prior to or simultaneously with CS going low.

4. A write occurs during the overlap of a low CS and alow WE. Awrite begins at the latest
transition of CS going low or WE going low. A write ends at the earliest transition of CS going
high or WE going high. t, is measured from the beginning of write to the end of write.
tow is measured from CS going low to the end of write.
t,¢ is measured from the address valid to the beginning of write.
tws is measured from the earliest of CS or WE going high to the end of write cycle.

During this period, 1/O pins are in the output state; therefore, the input signals of the opposite

phase to the outputs must not be applied.

9. If CS goes low simultaneously with WE going low or after WE going low, the outputs remain in
the 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.

12.1f CS is low during this period, /0 pins are in the output state. Therefore, the input signals of the
opposite phase to the outputs must not be applied to them.

13.1n the write cycle with OE low fixed, t,,» must satisfy the following equation to avoid a problem of
data bus contention.
twe 2 tow MiN + ty,,, max

@ N @& o
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HM62256B Series

Timing Waveform

Read Timing Waveform (1) (WE = V)

tre
Address — Valid address >—
taa
> tacs /
s e /17 /
| /
ton
toLz
oF \ 5{ B
tonz
tcHz
High impedance
Dout Valid data <X>———

Read Timing Waveform (2) (WE = V,,;, CS= V,;, OE=V,})

tre 1
Address > Valid address )
< fan N ton
ton :

Dout <><>< Valid data
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HM62256B Series

Read Timing Waveform (3) (WE =V,,,, OE=V,)*

3 tacs
[} %
t
«CLZ tenz
Dout hig MpEdaTEY < Valid data e
Write Timing Waveform (1) (OE Clock)
twe
Address 7< Valid address >Z
taw twr
o= i \
tew
s ML/ &
*9
tas twe
e ! /
tonz
Dout QA High impedance
tow bon |
Din gl Iy Valid data >k><><><><
10
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HM62256B Series

Write Timing Waveform (2) (OE Low Fixed)

twe
Address ( Valid address (
- tew twr
CS ot 'l
*9
e taw
!z ton
e ws OO gy /
twiz fow -
‘ 0 11
Dout \
; % !
fow | ton
12
i High'i d /\/ \
Din I IR CogCco Valid data >\A/

11
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HM62256B Series

Low V. Data Retention Characteristics (Ta = 0 to 70°C)

Parameter Symbol Min Typ*' Max Unit Test conditions*®
V. for data retention Vor 2.0 _ 55 v CS =2V, —-02V,
Vin 2 0V
Data retention current lecsa — 0.05 30*? HA Ve =3.0V, Vin2 0V
- CS2V,-02V
leson — 0.05 10*° HA
lsenn — 0.05 B pA
Chip deselect to data teor 0 — — ns See retention Waveform
retention time
Operation recovery time R b A 7 ms
Notes: 1. Typical values are at V.= 3.0 V, Ta = +25°C and not guaranteed.
2. 10 pA max. at Ta= 0 to +40°C.
3. This characteristic is guaranteed only for L-SL version, 3 pAmax. at Ta = 0 to +40°C.
4. This characteristic is guaranteed only for L-UL version, 0.6 pA max. at Ta =0 to +40°C.
5. tge = Read cycle time.
6. TS controls address buffer, WE buffer, OE buffer, and Din buffer. |f CS controls data retention

mode, Vin levels (address, WE, OE, 1/0) can be in the high impedance state.

Low V¢ Data Retention Timing Waveform

Data retention mode

12
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HM62256B Series

Package Dimensions

HMG62256BLP Series (DP-28)

Unit: mm
35.6
8 36.5 Max
i O e e e Y e e e o Y N A i 0
@ x
©
=
D ola
%
[ ] e T Ny = )T
1 1.2 1&
4 15.24
1.9 Max ©
=
o / \
-
n /’|\ I
) iy
= i '\‘:.
¥ ojes 08
o~ la—
D7 bHR
Hitachi Code DP-28
JEDEC —
EIAJ Conforms
Weight (reference value)| 4.6 g
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HM62256B Series

Package Dimensions (cont.)

HM62256BLSP Series (DP-28NA)

Unit: mm

36.00
37
28 32 Max 15
i o T e e e Y s e Y o O s O o B
g
o
D ‘r: (=
0 N
o 5 o )
! 1.30 11
_ 2.20 Max «
T S 7.62
L ] E——
gy B lO. A}
el = ) P |
b W 0.25 005
H B )
2.54+0.25 0.48 £0.10 : i
i 1 R 0°-15°
Hitachi Code DP-28NA
JEDEC ==
EIAJ Conforms
Weight (reference value)| 2.2 g
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HM62256B Series

Package Dimensions (cont.)

HM62256BLFP Series (FP-28DA)

Unit: mm
18.00
18.75 Max
28! I0NO0NOOANNNANTS 2
o
RA
©
(e}
X
| TOUOUTOOOO0O0 . 8| wis 10050
1.12 Max 8 ks =
P |0 g0 M.
olo
I 0°-8°
1.00 £ 0.20
oS =
Hitachi Code FP-28DA
JEDEC Conforms
Dimension including the plating thickness EIAJ Conforms
Base material dimension Weight (reference value)| 0.82g
15
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HM62256B Series

Package Dimensions (cont.)

HMG62256BLT Series (TFP-32DA)

8.00
8.20 Max
32| ppnnonnonnonnnn) 17

Dimension including the plating thickness

Base material dimension

0.17 £ 0.05
0.125 £ 0.04

Unit: mm

14,00+ 0.20 050
m L‘% OG " 50 N
(=} 0.50+0.10
o
.

1)

o Hitachi Code TFP-32DA
JEDEC Conforms
EIAJ Conforms
Weight (reference value)| 0.26 g

16
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HM62256B Series

Package Dimensions (cont.)

HM62256 BL'TM Series (TFP-28DA)

Unit: mm

8.00
8.20 Max

21 nonoonoongnnn 18

0.80
0.63 Max . 13,40 +0.30
2l 02L283 )
i ’ e —— — 0\
x < ow 3 0.50 + 0.10
[ fa 1= s b
= [ 0.10 Slo 77
= +i|+ )
N wo §i
. ek Hitachi Code TFP-28DA
olo JEDEC —]
Dimension including the plating thickness EIAJ -
Base material dimension Weight (reference value)| 0.22g

17
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HM62256B Series

When using this document, keep the following in mind:

|. This document may, wholly or partially, be subject to change without notice.

2. All rights are reserved: No one is permitted 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.

HITACHI

Hitachi, Ltd.

Semiconductor & IC Div.

Nippon BIdg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100, Japan
Tel: Tokyo (03) 3270-2111

Fax: (03) 3270-5109

For further information write to:

Hitachi America, Ltd. Hitachi Europe GmbH Hitachi Europe Ltd. Hitachi Asia Pte. Ltd.
Semiconductor & IC Div. Continental Europe Electronic Components Div. 16 Collyer Quay #20-00
2000 Sierra Point Parkway Dornacher Stralle 3 Northern Europe Headquarters  Hitachi Tower
Brisbane, CA. 94005-1835 D-85622 Feldkirchen Whitebrook Park Singapore 049318
USA Minchen Lower Cookham Road Tel: 535-2100
Tel: 415-589-8300 Tel: 089-9 91 80-0 Maidenhead Fax: 535-1533
Fax: 415-583-4207 Fax: 089-9 29 30-00 Berkshire SL6 8YA
United Kingdom Hitachi Asia (Hong Kong) Ltd.
Tel: 01628-585000 Unit 706, North Tower,
Fax: 01628-585160 World Finance Centre,

Harbour City, Canton Road
Tsim Sha Tsui, Kowloon
Hong Kong

Tel: 27359218

Fax: 27306071

Copyright © Hitachi, Ltd., 1997. All rights reserved. Printed in Japan.
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HM62256B Series

Revision Record

Rev. Date

Contents of Modification Drawn by

Approved by

0.0 Sep. 10, 1993

Initial Issue Y. Saito

K. Yoshizaki

1.0 Mar. 23, 1994

DC Characteristics Y. Saito
leey TYp: —/—/—/— mA to 33/29/26/24 mA

K. Yoshizaki

2.0 Oct. 31, 1994

Deletion of HM62256BLT-7/10SL/12SL Y. Saito
Addition of HM62256BLTM-8/7SL/8SL(TFP-28DA)
AC Characteristics

Addition of note 12
Low V. data retention characteristics

Vg max: —to 5.5V

Note 2: 20 A max at Ta = 0 to +40°C

to 10 pA max at Ta = 0to +40°C
Deletion of description; (only for L-version)

K. Yoshizaki

3.0 Jun. 19, 1995

Change of format M. Higuchi
Deletion of HM62256BLP-8/10/12/8SL/10SL/12SL
Deletion of HM62256BLSP-8/10/12/8SL/10SL/12SL
Deletion of HM62256BLFP-8T/10T/12T
Deletion of HM62256BLFP-8SLT/10SLT/12SLT
Deletion of HM62256BLT-10/12/8SL
Deletion of HM62256BLTM-8SL
Addition of HM62256BLFP-4SLT/5SLT/7ULT
Addition of HM62256BLTM-4SLT/5SLT/7ULT
Features

Fast access time: 70/85/100/120 ns

to 45/55/70/85 ns

DC Characteristics
typ: 33/29/26/24 mA to —/—/33/29 mA

max: 60/50/50/45 mA to 70/60/60/50 mA

¢ typ: 0.3/0.3 pAto 0.2/0.2/0.2 LA

max: 100/50 pA to 100/50/10 uA

Addition of note 3
AC Characteristics

Change order of notes.

Test Condition

Addition of HM62256B-4: 1TTL Gate + C_ (100pF)

(Including scope & jig)
- min: 70/85/100/120 ns to 45/55/70/85 ns

tA max: 70/85/100/120 ns to 45/55/70/85 ns
s Mmax: 70/85/100/120 ns to 45/55/70/85 ns
t,e max: 40/45/50/60 ns to 30/35/40/45 ns
te, min: 10/10/10/10 ns to 5/5/10/10 ns
t0 .z max: 25/30/35/40 ns to 20/20/25/30 ns
toy min: 5/5/10/10 ns 5/5/5/5 ns
t,c Min: 70/85/100/120 ns to 45/55/70/85 ns
tcw min: 60/75/80/85 ns to 35/40/60/75 ns
t. Min: 60/75/80/85 ns to 35/40/60/75 ns
tye Min: 50/55/60/70 ns to 30/35/50/55 ns
tynz Max: 25/30/35/40 ns to 20/20/25/30 ns

C(‘I

t

K. Yoshizaki

HITACHI
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Revision Record (cont.)

Rev. Date Contents of Modification Drawn by Approved by
3.0 Jun. 19, 1995  AC Characteristics ] M. Higuchi K. Yoshizaki
tow min: 30/35/40/50 ns to 20/25/30/35 ns
tonz Max: 25/30/35/40 ns to 20/20/25/30 ns
Low V.. Data Retention Characteristics
Addition of note 4.
tecor typ: 0.2/0.2 pA to 0.05/0.05/0.05 pA
max: 30/10 pA to 30/10/3 pA
4.0 Nov. 29, 1995  Ordering Information (HM62256BLFP-4 Series) M. Higuchi K. Yoshizaki
Addition of note (Under development)
AC Characteristics
Test Conditions
HM62256-5/7/8:1TTL Gate + C_ (100pF) to
HM62256-5:1TTL Gate + C, (50pF) and
HM62256-7/8:1TTL Gate + C_ (100pF)
5.0 Jul. 9, 1997 Change of format M. Higuchi K. Imato
Deletion of HM62256B-4 Series .
6.0 Nov. 13,1997 Operation Table
Correct Error
DC Operating Conditions
Correct Error
DC Characteristics
Correct Error
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