d
unmn 10
Jesiaaienuuntaen

DIGITAL INTEGRATED CIRCUIT
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2. afuladnsmetinfcdgAldtuagidun oL faef TTL. ECL, oMOs
way 1L
1. afuednsuemdtaslefuviieendewnndwad fa uWu-w me
Wawrdslai mambsnflossinmeus wartavvasdygosunld

PH 428 69



10.1 Wendaaie (lod)

Integrated Circuit (IC)

svidedRasuddant o 18 2 dssemfia Taludn  (monolithic)  was
Tnsn (hybrid) Sadwmmdamidimange drh TdwdSnanaindmmendn 2 ffe
Tuluet (monos) wileds Wi (single) uaneBLE (lithos) wilar fu (stone) Aasiulaluddn
TN “$RIRWALT (of a single stone)” TEvadladussrmiliwanduteh
duleddeiesrenysddunafuduudofin  unswrdv  usemadandaniviv
wndumnionludiufimeven)  sheefumiasmuluiuafndfooudiny  dwmiu
Trinledafidrumafinens nune wilaeflumufems@in (mounting)  Fusm

WLHLENEATL 7 uupuﬂﬁlmmu {insulating substrate) Faumdauramuoluvi
Inummwiapuuumalane

dninlofusenrlilngin  AfeleBedhumuazmulugmdafiuaafiednb

Tnugnatbimiifidning  (chassis) 803 dwdulofilseumlevindindadiu
swmdagnitaadil Tt dmemsdmala:

1l 101 (a) uBE (b) uaRmnmIB N TR A T seeil nhwmdn 7100

(a) Alaludtn Wlnslunemmad (microprocessor) TUARAE P10 (b) dwaeeslad
Twwnlouda
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Womntadfowndnfaduwunlvnilumdfowenlwzuuddnmefind
puamasnominuassfosniiuddinge  wenenideddddyuedadfo e
Hanwiuied

Lodlnuemzuuulluiimiduisddursdunsunuindudazfunou
Amamdrsmefenfriuduios Dudu SEmsahaduiiNfaudng: $oh
Wedfmegn  masedummadassislaumednsindnofiosmwdiulanel gy
uwasdrduieduiiglunnmihdafonndsd  midendalaifianivioodiedu q
sumrhsesdslinivmudnilugemibiidafin  Taumalfledvilisrurnsasit
sudowdivllldnecldmadonda fuswmienuddd Yrunhdefieine

arautdlofmuemadudousaaiul fiail

§SI (Small-Scale Integration) Chle@Rfmawnrdioun 12 rmusdwidriu
(@v-chip Potudnsnchdfoon  letwladnlennraraeilattunTudsned
Tolom, dadimmu dudin gnedoayfomtui)

M5 (Medium—Scale Integration) H91WMirm 12 £ 100 meatw

LS1 (Large—Scale Integration) S4wairmannnh 100 innaindw

10.2 Ayznaledniin

Logic Integrated Circuit Family

lofarmitl§fueyfiumeumediy s vseumfle 1T, fawfl TTL, ECL. CMOS
wpe L Saedldnembirioly  wineuBussimenaddafesmmiseamilduton
withiu hausmfisennmredednsmea n an

10,2.1 DCTL (Direct—Coupled Transistor Logic)
102 usmeuarm 3 Suwrlviuy DCTL SosswmTmaRadl (dinect—coupled)
snvmemaeii Suwmenstfendalnuesifuwmemnudaned

""i!t

(dﬁw

U 102 woumEBuLy poTL
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w790 1 Aauwn A via B wIn C sedla (um on) nEMARRE AR 1
ayAdunrsnan  ilkenhmduusdiudmiorsn o deburmdoundu
arm o nrudawedimussie om unzenipandunin 1 Gadudeulvees
HELNN

yvuuy DCTL enafmuldimBwaeaamanannieud (curent hogging) 18 Iy
pemus@inatiugl 102 grivesfesamviuy DCTL Su M Snansny wwemy
Teudawd-sfnwmafinnnugndulaugaden iy um%um,iﬁummumnﬁwﬂq
Llpanfnfuludneneanifasuaradinmafsomnuiamed  szilvonvs
SunBladn  (um on) duduuan  fudullléRFnfseudeissfinmmanntiug
WuaweflseilosfusaudesammuismeiBusinmadn

10.2.2 RTL (Resistor—Transistor Logic)

fiywivasmawannrzuammrout ialinunldidfum e ddiumu 1 d
eymuiuudszBunud ksl RTL wa sl 103 dgwmawannszusgrdeit
mrefFEwmildusnwseansingadusin Aniudahlfussduwa-Sanmadgn
Viuiawzdiiinduinfuunimadonnudamed mﬂﬂmhﬁmmuuqnwﬂauﬂﬂ
wuilinaviliendndunmistu Foduuiuan (fn—out) varseTiuSaiady

b
73
SR

e

U 10,3 RTL uEIm

291 RTL  dunewsmeiisusrinbanefadhlefluliu 0 semmsmn 1960
unefumauansiaems  ssrugmiliFumeageilnmatuwosendushu
(discrete—circuit)  WiFrhgniimamnzuimInhaluled  Anesnuuufuinuings
RTL uaremuhideliouardioynanssriliiniouny
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pthalafimuness rL Affadufididgey s demifin Sdnmiddsindeh
fuwenivh wadlvequugll  danihihiAnmmeddunmulideayniuagitius
winfurnugiuynrammudawadnolinmududinsasenuiideiu  (low—pass
fiter) Aedivil¥nmTuuarncvasuwnindining

uwEmiiifinmnenssusdungrnnudaweignivilaufadwern r
Iuq 103 useddumuivaaynsufuwsvasmminraly

10.2.3 RCTL (Resistor — Capacitor — Transistor Logic)

danilwms /L duieussmomeshdmiild domrvmidneed
UssdhfuasauqU sl (siray capacity) #Bsgnussguasmulsgrudiinumu
nandnmafunsiun  dedudendhdoaemdmdumuasudiiadilfeediomns
mdatlinwnniu Mamusanihlremddiowafitondetednuinnisy rRTL 0
nemeifhu RCTL #3731 104 Tnudadgdnnihs (speed—up capacitor) Twmdnriveh

=l

=0 Dttt

i
E

74 104 RCTL uainm

fumuins dodwilfoeiuwuasanh wiiddumumaseaan uamm;a'am
samihramdfimdatuudnns rete Aliwendddsn rRTL Sadiud
Auasnnin

10.2.4 DTL (Ddode-Transistor Logic)

anmmrininefianiletfunfuusenmusnduledfe oL dipl s #
tnauinuiuwrilendhuewrm (. D, D, D) mufEMElREeiiuEuGAReT
Yl wen-uau vie uwwinm fsuwrlese: A, B, C uat D Susadudh (w7m o)
0 X seflusdiulsinm « 07 v usenmulsmedeeln (we off) wnE B
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vovdamatiiosrri o7 v desnlelen D, b, dntwaniwnduusedugs (wan 1)
atlsfienudhBumn A, B, € unt D Huseiugs (wran 1) Buwrlelarisdasdauas
sssddumuwdluesduludnensfrilfrudaneddn  dslueniyee
duusedudt (10 o) WannBuwniduarmn 1+ daduidoul veaouumuinn

i
T
5 L
€y . E:
N e G
& [y |ow
= [
| { 3
A F OE B

U105 DTL WWHITN

lalen D, D, i 2ethe dedwilusivn hnhliusemmidaned
dhrths 02 v dadhdmbsichmmdninote (off) Bwwrmndudipadisgan
+ 14V roufimnudsmefarmaninde (um on) wnzgm X Tug 105 Hudnden
vadalan 3 ¥ (D, D, uny walfinmedsamrudamed) winorx3=21v wmila
wﬁu (ground) wicimmudmeeddn Anmiduwrlelon 4 Sdnden 1 dlnd
i thufla dndeneedlalen 2@ 2x 07 v = 14V oflomdugeen Aniwrmiddi
vmwﬂﬂuiﬂmwhﬂnuﬂ'ﬂnmmﬂﬂuﬂﬂum + 14 v dmdinmy oo lu';u 10.5
aRuufutuinbzam « 07 v dnfinesdlugl 102 103, 104 wen Wa
YIAYGITUNMIL (noise spike) #i1 + 1v sElavhiliidenhynRnainaess pTL 1w ue
Susmailufiuees DCTL, RTL wi8 RCTL

prL maelumsahaloBunlalviin lidaaldquardwasudmguna
dwmdvahnadiduidngs bl wwwirmueefiaslinnudamafunulalon
D, FIMTH 101 goeliwuraly wutllisednimmenmidamediiltiaumeiy
fhduurimadmeniwmrudses! Insefanntusfidaamslumanauniing

10.2.5 TTL (Transistor—Transistor Logic)
1L duarmidiiuduscdmuaenan DTL deql 106 () TTL wedaFun
T4 2997 DL Iugu 105 vidlelem b, une D, dehaduammeysesumes np—pn
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W T smsbstignumidtmnudaaedstia ope del¥iFBummmodu
(multiple Inputy veamwmmedurivlalons d fadhuuewerylu oo TTL sel¥Efiewed
WA (multiple emitter) LUNTIWEMPES npn MhiMeas TTL sutladonfeudoy

e -

T 10 (8) TTL wswim

i) ﬂuuuiuimm TTL i
1) TTL wwsainvedailindtu-Twa v

fu DTL TTL dwiethadidadunissmanlsegndmeluladlofuunlaluadnly
mmlfutgstmpulsauuendudn wih oL sediuled wiflliifedmilew
st TTL  Warmmmudnmedifatame nmunfudleffourilalommn 1 &
wadldwnuswlodfafinn uenemindleffiodlinaforugdogu (substrate) o
i‘uﬂnnmim_m:muﬁuﬁuﬁmmh L $dluinudl pTL U 106 (b) uemalod TIL

WU
2991 TTL Wgoe (a) diewsslaldhwldlumofofmneifodrines

MIURDARYLIMTUNTH (noise immunity) uﬂnﬂmﬁﬁnﬂihuﬂmﬂuvmﬂﬁﬁuﬁ
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anmadunfuinsiig 1os ©FwhnmesTl 106 (s) AaedhEni Suwy
189097 TIL finemanszuadiugerh oL Saflusvefhens T dnflmaanin
e Auneng 106 (o) seitwhehmtzneuiiu g Duuduudediv wu lalon
ungnrwdswed  Aidwifsgresmrefdefunlluiindafanldnnuianed
vislalemonmidndiunms - svmeiwdmendnnhdies Iedwdduasnimgn

sevmanimlugl 106 (o) Gorh Inois-Ina @b ivnzshulseneueivn
184 fi q, b, uar 0, FmenluuLuimileviaaguuizosindnilednenedu
s Twa mehamann st thdunrianas A, B, C. 38 D dususadiuem
0, willn uasdnéfinendnmedun o, m‘-’lﬂ'ﬁnﬂ'h'i 0,Da Slawadens 0, %
ﬂ'uﬁuqmﬁuum:mﬂm Q, finiu Q, ﬂnlhﬂ mﬂnn‘fﬁ.ﬁuﬂmﬂﬁﬂﬁﬁﬂﬁmﬂmaﬁ
dnlwnaviny R, 0,. D, untivan #aﬁumﬂﬂnhﬂmunﬁuf_u Q, Ymihitdud
wrEnned (eminer folower) el Rfwdndwmud uaeillwantu D, dwen
iﬂﬁ.ﬁhlﬂlﬂi— {emitter impedance)

f A.B.C unt D fusdugd wauszaeadinwatens o, renadulalond
qrﬂuuaﬁﬂ-:m ayglinssudlnasuan +v_ o R, AT 0, ¥ o, dn
ile o, LilmiTnnnnn-mu R, dvomateslunenmiuriun-anmed nlonyes Q,

vilfude @ o, dn dndfeaadinmed (b Slnddnduasifinmed dniu
m‘nﬁﬂﬁﬂmﬁumaﬁudﬂ

D, fwhdtinaulaild o, usx 0, demtan q fiu EnfsmasdirilDewdoniu
T‘"‘I"'Iﬂ'-'l'rﬂ".l'lluliﬂﬂ'ld'll-l'lﬂFITEIH‘L“ﬂﬂH fﬂzmnn‘r‘*uﬂﬂamnuaxﬂuamuuamm-t

Aryanmrunusnnitenalviian

maneidmamu ndiIwaAdeiidh Rl (pulup) uaz “Fame”
(pulidown) 23T 102 T2 105 Az 106 (a) Swwwedsnainiu Wit Tmet
fvrimmaidalidmmunondnisedidumaein  Jullamagevimanoim
fgpivene  doavhpmmudaeeils dwhisloudindifoouasmenlsgemeg
wwatermd  ddwenfynlgnissathimad  athdstmudeairmu
Fawmatln (um off Swhdiadousinddn (open) wazeu wnirdinalizgau
femsmngahuemadimmuneafinned muumﬂmhl'lﬁqnﬂa;
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Tumansedha 209131 106 (o) 0, Rsmiymasgrhassnd uae g, vhifadu
damudfinme fedenadneniyndidafomiyiigedensmegs  ennsniniy
witdldamhmuundts-TwadelfAnemudndiluamueguneamued  wadn
fodyqnmurumugnanss  nnedygumumudssdeslushwemudownsatin (g
rmaynnmaviemely)  ussgniusilaeenadmenymsadndis-lna - Saievh

10.2.6 ¥OAN TTL (Schottky TTL)

2w L wwapwinanlluilinmudameflWhourmedndudormu.
gaweTlwnems TIL D9 (uen on) Bifmaeaedl (dame) Aotloafusswurandnmed
yinnfimlndussiudinmadifumessildnnuiawedind  dovnudmwnad
D0 (um off) wewmsnEPErsieelinriuneadneofnmeugdwiud  Sotliom
wihsswindygueoudafuauasundunendnnadiaonndosfufinmaunds
Femidhmearmidaimneay lussuuftnes Salim Maznaimaam) qneia
wi (cascade) Tgwituiidedhy

amwrineamTudnwed 2490 (bipolar—transision) 2 Urzwildgndnuyas
fudainsusiigweaimmbdufinnnuatesnmiaeaslunrudsmadidony
lwamede ¥ 2 vemilidwsdddaygelimusmefnmudiniud &
\#uri Wil TTL WAe ECL (emitter—coupled logic)

awrdenfl TTL efwfnss TTL smagwlugl 10s () undufimaitaem
dsenaufneths flo deaflelandriunmidmseRdidwhwisehingadh Tl
gnefadaewiuneadnmadtuwadipl 107 enesdnmafvemnudsnad
fussiugelelamazgnivuesnfunarlifinefiddy  Wereadinnodilusesidr
Friwnrndsmedln (on) leloniuafidiy  Mlldemmnmnai@idy 2 dsems
sadlalonsfinilde  wmaandendislanisoudewloneiu8feen  1al98Rnou
udfrauathlulalansrmm Rnfuiiifusegamilon (minority carrier) unzilaey
fuAN (stored charge : UnqsanfeLsryrhuliolulalonussudonrm)  mawely
seasrgaemmneemariinlonsunsndinfifihnilalondeivisqazan  Auld
Jremasesdaduifesmmesdeniinlonfie  dndanadoulalanstadiuuslvueg
assiaundnsfeedlslen Wanmudawedlunl 107 O (on) wevesTuazayh
+06v  dasmndndanadardonilslondegrluuenmsflriminmod v wini
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AndvasnonidninafSaliemlalshnd usegnumsedf « o2 v Redunmudmmedfalsl
Bu uarmsnondulududanmele om Wishiunhudledudud

+Kmv

ov
-

gl 107 manauifudonfinlendaliomfummilmne it

10.2.7 ECL (Emitter— Coupled Logic)
ECL UATmaufly CML (current—mode logic) inswiapl 108 damziiuh

Esarmlvurudnesudun (differential amplifier) 98 TE0nRmanesalume
ahadulofunlaluiin  wwduermduirifursdendudiiuwm  wasedlu
malGR (108 () Ssnmemaduimuaniivisemsdis

8V

[ i
L L
LT | +EB
+ 48 a0
L)
EJ,,., T S
o] e F1or
"'H?“T’ ﬂ-‘huqnl a
(o 1] o |
. ali|o] 8 | 1
jl & gl @ i
4 F ila|o| o i
L] i ol o |
J sfrfe] & § v}
afefa] o | 0 |
i

7 108 () weTmesheaudidarudondild Bcuiouy unsTeRuuTIdy
(b) ECL {CML) Ma-sammlwmalfiif wnemmonnasde
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ynql 108 (a) dua@iBundiu ov Sfewedtisassiiidu - o7 v uaz
nezunidnmadasdu 3 vk = 1 ma Tauemamanns nssuatlargnudar
fug 0, was 0, Friudafinazud 0.5 ma Inalulvanusinedifaiia 2k Sadualifin
fndan 1v ﬁa&mﬁuznnmﬁnma{aqﬂ 51 =+4v  arwmaieuiduamumd
mwi'wjﬁmﬂmmﬁuaﬂﬂmﬁwmﬂLiﬁlﬁu (linear amplifier) dmwdLnumIRTnes
wanhawiuBuwnligefvh  mfvdverngadu + 17v waes o, ey
+1.7v. Teuifnesshmadtnmefrasidaduswsannhilo.v win +1v  Elnmed
184 Q, ﬂzaq“ﬁ +1V uriu use @, 350A (rn off) mmiwsrasiuiu oV (Jnfu)
aaafnwadend Q, 3l +5v dasnlsfintuaiseil¥ Aindndrdaslnanes
noadinmadih  nesuAvmmenddwmuiinmaihiasinalulnaatasneaidn-
wafses 0, naswatlilen 6viaakn = 1.4 ma ilWAedndanadan 20 dw ko)
* (1.4mA) = 2.8V fauuindranandinmedens Q, Sadu 5 - 2.8 = + 22V

anyFhaneibuadugaedunsndife - Lov  Wesnnddinmeinixae
muwsmnnimmedee  (@mfurmudaeedtin opn)  Sdaweifdndauy@id
-0V #fn0av dnhwaras o, Sy ov dalu o, $alin (o uazdidng
raafinmaiu +50v el Q, funrustiouimuslepddwnuifiowed neE
Afieh 43via 3k = 1 mA  WlFAndndanedanddwmuaeadnnedees Q, du
2v dndueanifneedees o, Sulu + 30v

u‘f:tmmmﬁﬂwuu‘mnmaﬁaw 108 (a) TheeT 108 (a) Wefned ECL umg
oML sedwinstilsznouferwdaee SRadadanidnmadiuey  Sefiden
ECL (emitter—coupled logic) mmhnvanssdudmemsfinmudluddmomidinmes
gnefindnmmmudameiiarmndaweiindmils  SuagiuBuwngmied %o
rsfindrnnseumduiidniliiddosndunilefie oML (current=mode togic) T
sasdndfrondnmedlum 108 () uansdiofdasfuees EcL ddsifivnutamed
wlnduin ddusesed eoL dwsmrmbsrmemadigem  Fuommmmi
Sudasnmael  (propagation delay time ; PDT) B¢/ IududLmd 2 wiwiuf (a couple
of nanoseconds) 9T TTL IAT§uEl PDT Ustim 4 whead ECL dunwdimaunds
~ wmadwnidhe 27 v ussmsumissasrenlinmedfo 2auaz 20 v muddL wne
o L pwdnssticsnnssnundfianiyndunilafdnnaissfissfassiute i
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pRsundmnfimafawsduussiuionnstud Bl Adnunsdunilafinly
et 2 54 Tnefituniladunsimdonfsodndunilaiane  Soildifnmma
Bangjuradnaanuuy

gcL  anwaanuuuldifrifusrmioudam nndamafdiluswududunm
rmudrmaideql 08 ®) 0, 0, 0, Suduyrmmdameidmein usr o, dunTu-
dawediheleny dunerhwmn @, weadilelleu +v,  ussdndumudiineed
fararugein Seudinaeslugl 0 @) Yoldedestumaldinton 2 unds
Vg WLsawn v uazdumssessgompiiinemiliislon o, b, dadhidumu.
gawmad Whmudfnwafanhpdeaseudneniy  wasfednTzduduas
madau Waswind 2 @viyn fa D usr E Sudureawoudeasiuuseiu wiha
vanmsdaiuldfouann wisseem  (dwssnon)  Suagiumadengaioninn
dathagu armngsd A, B wia c ¥ 0,. 0, wio o, yiruddld b dh dudauls
vamaim luimaadaiu asmgsit A, B win ¢ vild o, lsivhaowm vl e gadin
Haulreasaaim mﬂmmm".rq'luw 108 (b) usmETITUTEENAa Y TRIEUWN UaE

el A

10.2.8 I'L (Integrated—Imjection Logic)

m1In 247 (bipolar logic) MbtaulaBneianilefia 1L dwerinfinatsnan
marthdaddumdddluesuadinan  unduddurme 1 SRl luueadwiusin
dndmuiiuiduasdefvasin  dnfumerhdefaddfuadivsedadanamn
wintaduuashaufomddwihens:  IwrneddandDudddgduwinilu
ranfowatowalng Swese 2L wmBaiiiian 1000 winanmiansoawdng
rddwihiiound Swees TTL 100 m wasdredendhfauoniu Tnefirnamuiwiu
Tnedlefdudedhegia Sweaa AL Samanzealumsil A dfuumindafawuy
ﬁﬁmnaﬁ:umqnwﬁ AL fuwfesmdlwiiodalorind (micowart) uddamann
sansudlwihehgdshdudamiulalonuifane  (ight—cmiting diode) 2nisnay
aylushmuanaaresiimiedouvudinesld Adwidnsiatoniis

2997 'L Sussansnnidams oo mdlaeldesfuunimnudswed
Usznay Mg 109
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in) Afalmy Do
fe) uanfusimee poTL
) 29 nfeuhluu fooses @
iey T L
ity wsnirld L

&

7105 (@) usmsdseBITEL LR TIN L uumInn uneql (b Dusuacdon
209371E DeTL U (o) Endmnilisansetlugy ) Tnevifusam 1 Susnuuwon
udszda (ks 3 ) &afi R, 0, uet 0, ssiemnduduasamits dunerimeue
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gawmedfiaineadnug waswshn fniu 0, usr 0, MwnuuiEvTUEmWed
fadn (@afe Q, gl @) a1 1 Bflwumed uae 1 wa Q, fnemdnineds Favin
pendnmehaseRumunaadnmedees Q, unz Q, WM (o) Midurm R, §2
wio# fe demaviladuuvsenstusdwiuwsees o, uwae 0, unednlsznn
wissdwdrdumulvandmiumariawniniy lug @ novddwaduy pp 0,
wihfimidawiu  SEwidumaiwihfdwums inseusad R, fadofulwilow +s v
wimulimeBfinmedue: o, Ffwmuiiarhufmanmog waenseusfdudn
(inject) g O, WwdAnTUMhOUIITLIL nemfe nesusgedmudaT g uae
nezusdhdmiuideh  mileramssududnrasduildufinsesdortmil  (in-

tegrated —injection logic)

2l 109 (d) udmmuuddyrer PL Lindwmilnmg andisimmau
fawatelia npn uat pop wWdwlriu mimwentesnreudliiafudgmimdon
prdly  DCTL  whzwady n uasBiinmadeng q grradhilvsaedaws-Eiamed
i Awdlug 109 () Q, uz anafn T L TIn R, watnTuddwes
dmileafamsumanniwiady (Hasmnemsuandidy 0, wae o)) swilinau-
iﬁmuiﬁnﬁwﬂﬂﬂﬂmsuﬂmﬂLﬂum&ﬂ\itzﬁmundquﬂm'l# g 109 () 0,
savvnE-Bimne i medadrddifatgmin  Snuuvileses L s
anlumasfisfiomny o, e19du pap nrudmead aoudn (ateral) laedl p dadhu
n diody p iy use 0, 2l npn Tuuwaddeed » viodny p dadny o u
WHIRY uuuﬂuamaﬂ'm;ﬂ 10,9 () HUNATIUETRY prp YTUEFWETHD N IIRTES
n Swdniudinmed npn nrudmwmeisdulumadiFaemlugl 109 © Waswn
wauaziinwmedahiniuay readnwedses prp nrudaweddivemiee p 189
wire! apn vTMdmAaiioy affinlumafidsemaduiein  Unngmsdiees
monwehy  sesmrggwesamrdademeludumarennimmetily AL G
demminunzdfadnahehmrsrmnu8nmedniu (merged—-transistor logic)

09 (@) dwsesindarh P @umefimeatlwmdlimfiawnmens q #l#

nersoudn davn AL SGwdien Bimamsdanruduuesdormm  uaeiemivm

284wl P Bwe esfenbpuonrhssshueeadnsefinnniiasmes
0, WudsnnfflasinudaunmiiivaiwBumm uay 1 v (ECL # 2 Wi ud
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wniwrviaduwifsmeamismdeasBnantymis ahddfimauun wa viavwiu
wasusunoshdaumafoudamuluinenesseeamuuy L ﬂtﬂuﬂupu u
mtrzynd MsiLsi madosdamelutinssinuin Wadudoheql 109 (1) udng
L wwwinn 0, uaz 0, sudlaniadelan A usx B o, Dulwamsonandnmadin
Mmmﬂwﬂ-umuuummﬂu A daqu

10.2.9 AIIN P (az NMOS (P and NMOS Logic)

lednsminanuudimuslfnrudawodeiin 267 (bipolar transistor : NTIU-
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10.2.10 AYIN CMOS (CMOS Logic)
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defdwndnalaemsdondale s, de s, Da @vhywdu +sv via s, Tn
wfidu ov Tup (v) #ied s, grumidhenmudaweduy 2 42 o, uiliuaduy
wentugl (@ Inql (o) noudswmetuuy 2 fagnunudny rudsmefuuudaadn
4R n (n-channel enhancement-mode transistor) Q, WA wmunas R, ¥
rovdsmeduiuuidniu o, #dEduddums  Suwnfmnzauaelfiovhmilen
o Wi +5V Wwidiu ﬂammiﬂﬁ'ﬂuw (u), (b) WBE (c) APUuvuTIHA dle 5
I (closed) Emeldswriddviilu r, do o, Wa (on) Emdldshuridalu r, o
0, @ (on) Hmaldsiurhddlu o, de s, @n (open), 0, use 0, livham (of ¥ 3
nvslifimsfunidsaridalwih

wadlupl 1011 (d) dlosind s, m (open) S, Tm (closed) wanimnasiivn
+sv uasdn s, On, s, D el ov emudifigranasioliimlda
ddwiilhievhmargaviarn  Samflowinedupl 011 (@ 7§ omMos dmies
sudwidladwimagfl ov o, laivhow (of) uae O, Yham (on) Faibwianiymile
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funeinsitugl o (o) dwmsiudewed Wil o ()

wae (c)

7 10.12 UANIIHIT CMOS HEITM O, uae Q, du MOS nrudmmaieiin n
lusnefl 0, e g, duehin p Sumn A uaz B Fedsewie +v, (@390 1) une
IwFU (A7IN 0)

T
; : T— 2
= Q| —" x—-—-n-":c. a 8 |
P 3 =T
= 8| vt ! o 1 o
i T -
45 Laig
1% T
i ™ 1
T 1092 ) CMOS UBTW (h) HRIEINBFrh

[h} MITHRNTT

gl Q, Ut O, Yiom (on) duarviinilueindle daqul 1042 (1) nefduiiifngte
A uaz B dhuesin 1 w3 1 Aduwndaiinald 0, uar @, livhaow (of) dnduiiuaz
viddiuefinddn fufio 1 A = B =1 Wi C = 0 mTermwEH 1002 () usRsRrTE
Urpanee ) tesMany  nmIeemEaisisssiuhioetioeileind daly
dumann +v Timedu  AntwnndsBufnnssuaflvannenduilandmiu
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wanandafivasies cmos AlFmadWiiaud oMos Swmusovauln
shusdullantienfonn 3 feie v Tuensfomduduioud 11 v qunmid
viemwionisadu 3 e e v sansoliwiemd sy mfleunsenansindu g i
marsdanleiia (interface) funaThu uenanilasld omos Wihaoudl +isv e
fmmseyndhaaritrealinuriugunadieswfion  (analog)  Aatuaetuea]  (opers-
tional amplifier) Fotlouuseiuain + 15v Wi omos Bedihtudlatlauridan
15v mhdletlon sv Sainflowusedurmgun oMos dedasmademidlumavinm

anfinAmauimaediwidefees omos fisun 8 2vmems Aemalidation
uagliramouiveanstlefmdmividwmila g Aiwvue cmos Adfedu @
vomsauded  sdleimuimeieomeldaimeede omos  WEdemdudatu
1 SOSMOS (silicon-on-sapphire MOS) 83l¥anT5rd oMos WINTH 2-4 I

10.2.11 ATIN 3 ADTME (Three-State Logic)

Wasinanwiyneas TIL w2 Tuuuulndls-Tee Talmansoviundos
derlld Sommaharmetaind Sorlfdassioanipmsurmain g wy T Teda-Tve

whdnuruld Ferd im 3 @0T4E (three-state or tri-state gate)

272 _ PH 428



Fee Fee

14 13 1 11 W 9 | 4 13 T o1l 1mo9 |
L I ILri 1 rJI i
T T 1_% !_T)’-’j T
1 F i} ] 1 & T I | 3 [ 3 § 7
GHD GHD
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¥een Vi
& 15 4 13 12 11 W # 1 15 M ¥ 12 11 [ [] L]

1 ] T L ]

1 ) & L] & T B 1 r 3 4 5 & T F |
Feet Fir Voo NC Fre
10102 =Chusdnsple I-input HOR e 10197 - Triple exchusive-ORNOR e
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Yoo NC MC NC
4 3 12 11 1o b | 13 15 14 I3 11 11 19 ¥
] 1 i 1 ] i
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i 3 Ao Diaviwnesanmiv 3 soedie

1) FHETEAUE (low-level state) WavmwdswmadmaluinituTwa v
(on) uaedUWlEYIIM (off)

2) AMMETEALE (high-evel state) WanTdmmaddululndtau-Tna o
(on) uaedsaliviion (om

1) smuefimadfindanmuismeisslulndbdwalavian o amusf
asdnliifmerdaviesmusiinmedngs  doildmadondalnunssasioniy
wiudunadiumuTa

7 10.14 (a) IndyAnuoioaainmivivad 3 dmu (three-state buffer gate) Wla
Suwnmugy C Afgurmhian (enable) wasUmewoidhidhiWmanind Taefiamivn
mffeudunn  SoBwwneunuledd  vwmedwnsdn Svildmadngs v
auefisn)  IaglidilaflarfiBumn  1m 3 aosunaathdWenadmgadlagiuwn
runufirigs Ashotheql 1014 (b) smfiwhinaneadin g 299 ayfdydned 2
wivdmiuuandudnwefioniyn  uasBramaieunsnsiiomium  (enable) e
¢ disiwh

weitufmmed 3 smue uwemaiiql 1014 (0 ruBamed Q, 0, 0, Femeliasu
Buymuny nrvdmmed 0, v o, AemAdaviuBwdaya renatwsesindisdnn
TIL waniassdoudatuielalon b, rrwdawed o, Libvhau (um o e
fuwpnmuny © famuedusdush Sadioarilsilelon D, vhnwus uacBiowed
w01 0, fwisayiu o, AlidWwmabnszuafuduiu melddaulell o, laiiiua
samavietannn @i Y Seluruteyafidumn A wiiu
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=
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ilaBunnemunuilsedugs nudawed o, om (um on) dnszudlvan
Vee Hillon D, vildnmudmwed o, Sudh usduiwemes o, smeilfisohri
wndwniarmulawed o, Sdadnnruussiuanataimidlalan wio o9y useiu
sil vl @, 0, Laivhau (e off) iWlassintlannh undusdaalalan (v, ) 29 A
nmidnfudwneifdigeildfnmefies o, Tulfmmudawed o, wee o))
Yaviau dinfuria o, uez o, Tulnfu-Inafdiviou wazienfwneananiewd
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fachéySunilozaanm 3 smueivenufie  nawmissaimmilairm i
(enable) azemnd1 Warmlivha (disable) fsvsmunarilfimdmiamanso
sm unzimindmildimasmhaudnedviy  iilivhauedydamuzans
fngeriowimindunila@ohon  Wuldumandasmumsdifimasstueninlu
Vi

10.3 dnumzauiRvodlodddsnealuniznaniin
Characteristics of IC digital Logic Family
dnymeaifradefuuuAineaunfssnFvuduulaomPinneiaanon
sugniluudinemazgn winfwed (purameter) fichdigfinmehuazFoufvuiude
urn-ia! maldswriddnh mwmbedlawnmue uwertevrssdyTumn

10.3.1 thu-10M (Fan-out)

winiaiidwmniwefezydmaulnaninesgidaenivnesannmann |
fulsulnernnemuifmnedeminivmemsand  Inassnaspudifinaifioiuom
nausihdvdmiuiunrmeamindmiduesnaloddinin vedilddn  Inands
(loading) Wnudth wi-enl dldrneandatheniwnasanmdmilamanen
Howinounszunrriin fufurinfwiuinesmyeinuathamnzan uszndrh
sdacadlmen  (overdosd)  EWhmsanmilsneisBumeirming - fefuedaiy
urnzBuliidnnimiuen - Falunmadasdeudazdudumsfisivantann
ngmawesinddhaigddmivnenemilan  tensiteonanmgy  dung@aiman
mangagnrndnaniilidmivudosieniynsansss  fufinwndidlwangagnil
ubnamshaudewms  mnsstlimnmliowihdrilveedoimald  uruenm

fio dnougegrensBuwniicanTolfideusiaiuenimmounld uneusnadfia
Jeszyinyafudadduldhuiundasfnmuu-eniseann  doaseds

Liwarisuild tnaduloneflvesm  tnmmouseuiudngs  wiadWied
randigrldidadnemuminiclumsdusrmlidsdudmitinansan 1

10.3.2 milwmdldfh (Power Dissipation)

fomdalloufirmdsamilditematon  wndwetiiuanifufladiad
(milliwatt : mw)  uazuumEiinldliade q  Fwsiunmiwnfiwedillildnads
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mddditurmindmils udszurmwrhdnnunasiinly (power supply) fddliiy
v 1a808 4 innsedaanitldhemidannunssnivandy 4 wvhesannusazda

fdar el szl sfausnnimeesnarhdfudaslofl 4y

10.5.3 MIHMIATOINANIUN (Propagation Delay)

fanamimfsrammudfudmiumaussesdygrosndusnludieim
dedymgmaaaiminfvualaet  dygnoshwmdisd famewmilduwmaus
wnduwndientyn  Funtanmeuiimaniaatdssnmukeam  winfned
FilusmafenTuiu? (nanasecond : ns) Tns = 107" 5

mmmbhailamnmaimuneannt  Aasmnneaamniadiainms
wiEwRsy  femdariuetieynan  Sygnadasdiuminniusmeanssiieesd
whylagriwnvireiuataynarimen  dedanidmaanidiiiumadui
vy uwiasmeidlimonihdlasnmasiduadan q  wesRTreadaadli e
AreayniuiuilaefigaluseniaBuymiaenim

10.3.4 YOUYDIAYIMIUNIY (Noise Margin)

ﬁﬂu'Hﬁuﬁ'rig-:qwumﬁmqnmwmﬂqmnﬁuﬁmmmﬁuﬂnwﬂqaﬂiman
wdlailFiiansuldesuairlidasmadaeniymansas  lidl¥inmiouia
Und) dygnerumiud 2 1lie dygnasunmve pe Seanmadanillrasseu
usaMadyn I SyisTumwiy AC AeWaday (ramdom pulse) Faraifiman
Aygrmvasmidindiu g dnfudygsrumuionsfadyopudonlsifoamsds
Foury (superimpose) LAy A lEFIfumImInG  AmaEmsnTotanR TR
sldahnhdafialusmmusdenmesdyyaumuduidasdglumaissgnd
Hnuian  savmesdygomumuusmednuiied (v uasumudiygnoisumusnnitae

danmaanromemuld
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miTd 10 Anenerlfvadedluesenantn (Fathy)

1adly Wi milde monbaflern smusesdygnn

NIRRT rivdalwih e TUNIH

: (mW) (ns) (v)

TTL dAT§% 10 10 10 0.4

doml TTL 10 n 3 0.4

Hoafl TTL 16 20 2 1 0.4

mdslwihian

ECL 25 25 2 0.2

CMOS 50 0.1 25 3
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