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DIGITAL INTEGRATED CIRCUIT 



10.1 wowhw&e (loJ) 
Integrated Circuit (IC) 

?~a.r~im~diaaia~~ddlmu6? q ldbi 2 damn fla b.lw58n (monolithic) un: 
Iauim (hybrid) 4 ~ d ~ n i ' r ~ ~ i ~ a i ~ ~ n i  ~iiii ~u~u~~nuiainci~niwin~n 2 616a 
lulun (monos) adaii (single) L L ~ : ~ ~ I S H  (lithos) LL I I~~ I  SU (stone) fidu"uldu5in 
4 ri 
I~WUIUR?IU~I "YJ~~~UMUJ (of a single stone)" ~ a ~ a d a ~ d ~ x m ~ ~ d ~ ~ a n ~ ~ u u " u j i  
~ 8 u l a i l d ~ i n d a 3 n u ~ ' r d 6 ~ ~ ~ ~ 4 u d ~ u ~ ~ B ~ ~ ~  unxnitr3d ~~nznis~daudaniulu 
( u r ~ l j U W ? n d a a ~ ~ d ~ ~ ~ # ~ m u ~ a n )  t l j l ~ a t j u u t t ~ x m u ~ u ~ ~ ~ ~ n ~ 5 ~ a ~ t ~ u ~  ~IM% 
lauinla~tr j ldwmn%~di~ 7 uinuiu ~tdmun"ildnufi~nidm (mounting) k d w  

i llddttundld 7 l I W ~ l W V l ~ ~ i l u 9 u ? ~  (insulating substrate) ~ ? ~ ~ l ' r l ~ ~ ~ d ~ ~ l d W 6 1  
Imun?m~ia$~~uumd~nr 

Ad (: 
10.1 (a) LLnr (b) ~~trmw<il~n~a~3~jdtrj l~lmu~nn~tr~~i $11hl~6a T_I 10.1 

(a) lh4kUl~fiwfitfl l~lR5ld31?fal?f~$ (microprocessor) ?dild&l 2d 10.1 (b) l ~ ~ ? d l d C I ~  

'~uLL?Ju~~u^SV~ 





8 1 ~do~~in~aBiaui~~nnw~9udsdu~irlunis~iiJiut~ulusu"uu8 ~ ~ n n r a ~ n d  
x u  d i  uiua?nin$~~~~n~~n::d'.a1~1s~fiu~i3n~~1 unnnnuaanndirilyaadloQ~a nni  

MSI (Medium-Scale Integration) iGl~?~lnYl 12 64 l oo  llIwka3w 
LSI (~arge-scale integration) irdiu?urnnuinnii loo ~ n n i a 3 ~  

10.2 mr:gdedarrn 
Logic Intwated Circuit Family 

~aCsrn~ i i r iuo~~~utn~ is i ry  s ds::rnwfic1 m. #asmi? TTL. ECL. CMOS 

L L ~ :  I ~ L  $~'~d&nindn8.sda'tr~ ueiriau~uo~fii~n?iufi~~a~wssnd~~~1nd~~n'un'au 
a51h ~ l f i ~ n ~ ~ b ~ 3 w u i n i n a ~ ~ a Q w ~ s n B i a  7 ui 

1 0.2.1 DCTL (Direet - Coupled Transistor Logic) 



< w  Jd 
nsqn 1 Aiuy A VI$ B H ~ D  c il:~ilm (turn on) n n u ~ n w ~ s ~ l ' m u ~ u n ~ i h  1 

(R~yi~fiuns.inu?n) n'i~H'~oid~nbdwi~~a6udi~fo~1~*~n o doiuYn$anu~rfh 
nqm o nnuilainainCaaiu~rb ttaz ~ain'qnil:~lluplsmr G ~flwiawlaaaa 

bnnuuu DCTL ~)na~niuZ&wW~~~~a~ni~wanns:~~n (current hogging) 1 f l m 1 1  

gu~da~iln (turn on)  ~i lu~ui~sn  3a~qu1d6~~~uadqoudadil: ~fimnirnannszua 
~~u~wad?zi3adn'ufauoiaaa~nnuildi910iduainnis~ilm 

1 0.2.2 RTL (Resistor -Transistor Logic) 

~ ~ ~ 1 i a a t n i s w o n n c u ~ ~ i u i ~ n ~ n " t ~ Z M ' ~ u m l d l 6 ~ ~ u n i 3 1 B i i u  i h 
aynsuriuuda:tiuyn~un 'l6~a~fiu RTL ua 6 ~ @  10.3 ilryninimanns:~mqmil"& 

t: r an:shbiiuniubuunrunaonnngn~uiau k u u i l ~ r i i ~ ~ ; ~ w P i w ~ u n - ~ f l ~ ~ ~ ~ l a ~ ~ n  
d f i ~ a w i r ~ a ~ M ' ~ s : L i i ~ ~ u ~ ~ ~ n i s ~ ~ o ] n ~ u 3 ~ ~ ~ a  ni~dusi?6iuniwaynsu~~uYn 

A X w r  A X  du~dauvii~H'naiu~n~u~n~wa~u 84du~du~oin' ( fm-out)  aaaa4ilnuiloauaw 

@ 10.3 RTL UEILnV'l 

un:h t~ aqcla~ai tldxnis a ~ i l ~ w ' u ~ u d ' L ~ i f i n r ~ f l ~ a r i ~ m u a 4 ~ ~ ~ ~ ~ ~ ~  ~11tun8uda~ 
(discrete-circuit) u~i~ndiocarn:uriniqaharfiuld ilnainuuu@wsriu?dw 
RTL L L ~ ~ Z F O ~ U U ~  L ~ D o D L L ~ ~ L ~ ~ ~ ~ ~ o ~ J P & w ~ o ) . ~ o ~  I 



a( i i j t $w i~1~ '1~  RTL i(ii#a~3udh6q~a~ 3 d5rni5iio i$ws ~%rTuw*nbdi 
b r fi~du~a~dsh uaddeqrurnqfi ~wn~~nnimm~wnrfi$iiuniu~.jeiaat)n~ua~A~u~ 

uanfinaiu~3urlnao~n~iuB~~w~iria'Ifinniu~fludian~a~nai~ddiwiu ( I O W - ~ ~ S S  

filter) d~~Yii'Ifi~~ni~u~~n~n4~a~iu~nw'nd~n~n4 
C l  r uv(u~ainni ~nmnnrn~:uHiu~n~nmu~n~waio,niin'cil~1u6~]d~~ntliu R, 

'Iu@ i 0.3 ~~nr~ai?huniud~oat)n~ufiu ~un~i3d~nncn'adohJ 

1 0.2.3 RCTL (Resistor - Capacitor- Transistor Lqgic) 
~QITI&'IU~JW RTL ~~~~4n'i~uaa~'11uim~o~fi&umufi5f r~o4~irmnuBa~wai 

~l~r4i&unrmiu@5rdnu (stray capacity) BiD~[~nd~~q~~a:ni~d5::qEiiuCa$iiuniu 
.I r naadnaa~~~nr L ~ H  aaaufinih~1anriiC~~i'~niun~~~oiG~:I~~i'I~'~~~156a4ni5 

.I r f i f i ~ a u u i n ~ u  ~aanuln~%~nuf i f iJou~. j~5f i i iaudi~u~46m~~dn.~~4~~ RTL 1; 
nt3itllg~ RCTL 64i~~1.l 10.4 ~mUduhg&lTl L% (speed-up capacitor) Y~l~~#lf?!uflq 

rrouh 

n 10.4 RCTL uornn PJA 

1 0.2.4 DTL (Diode-Transbtor Logic) 
a~s~ann~natinr~~~tfuun'u~~a::naiu~~t#ul~~ii DTL kg 10.5 

~ n i l l ~ ~ u l u v f n l d m ~ m u r n  (D, . D, D,, o,) ~ ~ & M ~ ~ ~ F R L o ~ ~ ~ u ~ u B Q I L ~ ~ ~  
4d'IM'~laGlu uan-uau M% uuwmn 613uvfn'Im~m A, e, c rras D Zn~unih ( am o) 
gm x '1 r i i au6ud~~u1~ + 0.7 v ~~~mnu~~~~wah%ftrn (turn off) Lwna vBE a a ~  

258 PH 428 

\ 



lmim D ~ .  D~ hiid 2 a h  &~u*LLw~& Cua~~M"u1~amnvuQfi~mai 
siinii + 0.7 v ~ r 3 o ~ ~ ~ ~ s i n ~ ~ : ~ u i i n m u ~ ~ ~ ~ 1 o ~ m  (off) ~uynv]noitdiatiifiiqtmi 
+ 1.4 v riauinm~+fi~0iilafiiwi50~001 (turn on) ~ ~ m v l m  x l u ~ d  10.5 ~Sufindmn 
aadmlan 3 6a (D,. D, Ira: ~ u l i i w t m o i a o ~ n v u ~ ~ ~ a a i )  via 0.7 x 3 = 2.1 v ~ i i a  
qmlu (ground) Y I U S A M V U ~ H L P I D ~ L ~ ~ ~  Anaid~uv$ImIam 4 Ca iiandnn i Calnb 
@u 6u6a ~nhmojlnim 2 6i 2 x 0.7 v = 1.4 v ~ ~ i i a x 6 u q d u  6ju"unmBh. 

x al- f:niitnndaao~~ilnua:iln~fimfluna~yn~6i + 1.4 v h~3'uaril.r DTL lu ld  10.5 

u ? w d ~ ~ ~ f i ~ a . n t u  + 0.7 v h~%~wa"tu@ l o r  10.3, 10.4 ~an~mdiuam~~vaw 
aardwwidmnau (noise spike) 61 + 1V 9~\d~i'Lsfl6~ain'~niirninadils DTL Lnn L L ~  

Cuaiildun'yatilf DCTL, RTL MTD RCTL 

DTL ~vui:~unisflfit~o#~~~uhTu3tn 'Id&tii~agunrcii~ot#udau9~n.rd 
hnlfiii~at~dd~fIucii^7nqa DTL ~ ~ ~ ~ n n u i t n % a i ~ ~ ~ n m u ~ ~ ~ n a r " ~ ~ n u ~ m T a m  - 

r w  a 
D, L n m t  i 0.1 ~t~dt iwudald wuudIfi~n8ni1 ~wnannu~n~a~~waui l~uni~~u 
A* ~tlw~rim.rrilm ~~lin'ynnrnuB~~a04 ~t~.~Cn'n~:rm~ddio~nif'~unimriau~iiinj 

1 0.2.5 TTL (Transistor -Tmdstoe Logic) 

~n ~fIummi~u~u6~~n~~m~~~n~uiilin DTL KJ@ 10.6 (a) m uitm?tLjun 
T ~ L  atw DTL 1 u ~ i o . s  u"ulnIon o, un:! u, rio+a~flu~niardasuaw np-pn 
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lu' TTL i ~ n i m ~ q ~  ~ru6~nunddi-i U ~ ~ U Q ~ L Q I E I ~ ~ C ~ Q ~  npn L ~ ~ I J ~ ~ x s I u ~ I M ~ ~  u bi( 

(multiple Input) P D J L L P u L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ D ~  4 G7 dd L~ULLOUUIW~U DTL Tn I ~ # ~ R R  WID+ 

, nmum (multiple emitter) UUW¶U~P~LRD~ npn n l f i l d 1 ~ ~ E ~ d  'ITL ~ Y L ~ ~ I ~ P L ~ Y  LfluLI 

pi 10.6 (a) TTL uuumn 
(r piuuuloiloa~ ITL Lnn 
(c) m uuu~nn&~ln~ndu-l~n ~ a 1 4  

fi DTL TTL' ~fhfiqa 414; ~~~6uwd.j~a\1ni~d~::~ndi~nn'Iuln ilaQ~~~~IaiTu8tnlu 
ninl5ldp~~~rn'u9iu~u~~iu~~un8ud~u t&i  DTL IU duIaQ ud~'ki+a4rniiou 

# A d d -  3 A *  
adid ITL ~ ~ o d 1 i n ~ ~ u ~ ~ ~ m a ~ ~ a u m ~ ~ 1 o ~ n i ~ ~ i ~ ~ ~ u o n u a ~ n i i ~ ~ ~ o ~ 1 a i  7 6-1 
i v t; Y rlr, wanbsin~~wulailid#n$i uonnnuu~uonuau'IM'wa6~~13i~qia~iu (substridte) dl 

1 q ~aanmiuunwtun: :L i~~~~~~% m ~~IIJLL~~CI DTL 10.6 (b) ~ ~ n m j l o ~  TTL 

LLuuLnn 
a d w  ITL lufl I 0.6 (a) ~fia~1dd~6tiiai'Iflu~idIJfiY"~1~n::~%aiin'~1~od 

tr Y 
ninlnanrlryq,nruslmnw (noise immunity) U D ~ ? ~ ~ ~ Q I ~ L % ~ L ~ ~ L L V J U - I E ] ~ ~ ~ Q J Y U ~ ~  



a ~ ~ ~ t a i d y n i  10.6 (c) &mi Indu-hn mdyn nwnakudanauna~d~ 
i 

3 Cu Aa Q,. D, liar o4 ina~1sluuuum'am6~oi~a~uw~'a~~l~~nrn'a~w~n'n~w~ L S  ' 
Indu k n  n i n i i ~ i u ~ n u 6 "  hBuynlmaa~ A. B. c. M% D L ~ ~ U ~ I L L ~ J ~ U ~ I  

o, ~ r n i l m  ~a:finidnan~Iln~mahm Q, i r t i w i i & ~ i I ~  Q,o~, tiiimnmoiaa~ Q, i~ 
Pian'u~oliiunnr~u~ao~ Q, k$u o4 ilnP;?u r n u 1 6 n s f i ~ d u d w a n ' w ~ ~ n S i ~ ~ 3 ~ ~ ~ ~ ~  

I d 8  

Gdnnau&a.ru R,. 03. D, ua:'hacn fi&~ifiyns~urn~~s&i.q~ o3 Yiimiiidnfiuifa 
snuti~mnmai (emitter folllower) ~IU; ~$M~~~IUMIMLUII L L R I $ ~ O ~ ~ U  D, ~ U C ~ ~ I U  
Y Ll- 

~ @ o u @ L W O +  (emitter impedance) 

61 A. B. c L L R ~  D Ijnns~6utjd U ~ ~ L L ~ Y ~ O ~ L ~ ~ L ~ D + ' P I ~ J  Q, ria+t~du\nIand 
qnh~~amm ayqim~nsan~dl~awiua~n +v,cjiu R, bhhuaaa~ o, iikn' o, ran 
&a Q, ~%dnknniarr R 3 ~ b i u ~ ~ ~ d ~ r l u ~ ~ a a m ~ ~ ~ r i t u a - d ~ o l ~ m a i  ~JOOIYBJ o4 
vi-iifliuitniln Qa Q, n~o,  finidnoaJinmoi (mdyn) $61lnn"8nd0a~Biim~mai 64it1.4 

naidyni~ ~fIun~s~&uh 

D, jiniiidfla~niildl~ o, 1183 Q, illo,w%u 7 riu 618dlto~di?d~ilnws"~lun'u 
~ m ~ i ~ S ; n a i u ~ 6 i o i i u 1 n n ~ ~ ] ~ ~ d ~ ~ ~  ~ ~ ~ : : ~ i i n n s r n ~ ~ ~ ~ u i n t ~ a r o n ~ ~ c l n u a a ~  
~ q q J ~ ~ ~ n a ~ ~ ~ n C ; n l ~ l d a ~ u  

cr d v- t :  ,,r X ~~wad~a~~s~nudmn6u-~w~nnwa~wun~ n~0u.l (pullup) t ~ a r  ' * i ~ a ~ ' ~  
(pulldown) ?JJS~U@ 10.2 CJ 10.5 118% 10.6 (a) d l ~ ~ l : 6 d ~ ~ ~ l ' i l f i ~  ~ J & l W ¶ ~ ? d ? 5 ~ ~ 6 l d  

iinnu4alma%dIjfla6iuni umaain'nimaf tflunin naidYin Cknaiuqlaiviynnn naidyn 
hy~iuuruo Qa~n'~nnnu4a~~o4r~n ~ m k ~ i a u & 9 1 ~ # a ~ ~ ~ a t c n u d ~ ~ m i ~ ~  
~ain'gnadi~noln% 6 ~ $ u ~ a i ~ n ~ ~ n & e r ~ o u ' i ~ m ~ ~ %  ad~~lnf.iuLita nain'ynns1u- 
4nnmaiiln (turn OM USviirn'ata~ou~sldnQol (open) ~ a r n a i u g ~ a ~ ~ y ~ 6 a ~ ~ s ~ q s u  
6~mssnq~ciiunaiu~iuniwnan~dn~mai k $ u ~ a i ~ ~ d d ' i 6 ~ n 8 d u  



~unidmu#iu ad5qd 10.6 (e) Q4 &d ~oilf~fllnd~dias3n&1 L L ~ I  Q, rfih ~fiu 
& A  A s~?aiudrim~aoi~iiinriu~61~oi~~nmi5dmd~oin'~n~#~d~diassnqd aiqndialnfiu 

cl&\6~ii ~ain'~nt~uun ~fiu-~wariol~~fimnaiu~mdi'Iuaniurq.~~~~zflniuzdi w nRirtd 
latTqwmmnaupnnma~ an:~91irummudio~~~oul~~bjlu~iu$mui~atii~ (~du 
miulnnnidorndu) uargnrid~~~s.~nilmu~iu%min'ynqad~n ~flu-lw n ddididi. 

4 
10.2.6 4 0 ~ f l  TTL (Schottky TTL) 
145s ITL ui~~iu#ndia\d~~n"a~#nflu~~~mo~#~iidiuania~~u~adanmu- 

8a~woslu?c~3 m Dm (turn on) 'ldjinimnad (clamp) ~iaIIad6u~~sd(i~nan~8n~mai 
~innisidilnn"~~w6u8km~aai~$u.~won"ilrviil#nmuQ~~moi6udia donmuilnuof 
gm (turn wnqm nm#asauq:ilo.~fiu~~an i#n~ma~innidu~.~~ufiufi Cqi'I'S~arn 
clcia~s:~iw~cyimm~lu3mn" ~ununrosdoiunonidn rmoin"nomnldriu~finn13unid 
iimm ri?rad mnijldauirau Iusrvurijmon d~ imn (r~nn?nnri?daad m n  qnia 
cn&u (cascade) gqM1 L ~ u ~ M ' ~  

1 d 1 ~ ~ ~ 5 n ( 1 0 d V l ~ ~ 8 f i L ~ 1 ~ ~  2 6 (bipolar-transistor) 2 d3:Lmi[dign6flLLdn.1d 
Y r au~wa ~aiaurdqm~odni$clua~6u~ei~~in wngad ~anidnsnulunnu~araai~6ao~ 
\uamaatQm h2d~rund~ilua~~sdddo'1)qiw~~'nmu~~~ma~nniu~~u6u6a dd 

a LkLri %Vln 7 T L  LLnS ECL (emitter-coupled logic) 

ams#oaA TTL ni%iuriYI.sqs TTL mmqiuhqdio.6 (c) unrlu6nis~Auhu 
d~nau6norha l a  #o~&~1lam~hn'unnu@~~ma~.~b~d~U"t~~~~zfim6ueili imlon 
pnia~#~srni i~nanrdn~nai f lu~u~6~i~1dio.7  ~ d o ~ o n ~ ~ n ~ a ~ ~ ~ a d w s i u ~ ~ ~ a o f ,  
iiu~~oiugdnlom~rQnlu~~~nn~u~~n::~ddwnddi~~ ~bonon~#nmoi i i~~~ddiudr* ' 

k~unndd~aoi l i lm (on) \mlomjlwn#rhniy 8~6~do~nnauGirhrilyi 2 rlqrnis 
m o j l d o m a ~ C ; l o  d.rrnisr~~n8~m~m~nmdf auoio~~uu~a~rn"1~~~~1au \d\d46nou 

" & A '  riulnauodidulmlonsssumi m~uuqdrilidsrjdauiiou (minority carrier) L L R S ~ ~ : ~  

RrRU (stored charge : 1 l ~ ~ ~ z ~ u ~ a ~ ~ ~ ~ & ~ i i a ~ 2 ~ I ~ T a m ~ 1 u 1 ~ s ~ ) ~ d a ~ r ~ u m i  n1TMluh 
rosd.irl~raucnuiunais(iilmIam~iuisn~m&~i~n~~'lmIa~&idsrzu ~I~JG! 
dsrnis#aaaQt ~ b d d i o ~ l ~ q ~ ~ i i ~ ~ m ~ 1 1 ~ ~ 6 0  Xnd~nniaul Jonaiimd~~u~iu~~an 
awSLodnCiiao~Blna~lmIa~ dannuB~~moflu~rlio.7 rQm (on) ru~~o;uirJsa$A 
+ 0.6 v ~ ~ ~ d ? i n ~ n ~ m n n ~ a ~ ~ ~ m ~ n ~ a m ~ ~ l ~ n \ u ~ ~ o ~ ~ ~ ~ ~ ~ d i ~ ~ s z u i z u  0.4 v i l$u 



10.2.7 ECL (Emitter- Cou* bg ic )  
ECL lJldfl~dll~1~6P CML (current-mods logic) aPl3641d 10.8 ddl: L$%'fi 

L ~ U ~ ~ ~ ~ V ~ ~ U L L U U ~ ~ L ~ ~ L S U L Q U ~  (differential amplifier) ~ ~ n 9 a ~ ~ ~ ~ i : ~ ~ \ u n i ~  
nh~r4uloln~uuIuTuiitn a6~iusl~dufi6i(u~~]d6@~&~8761~niu L L ~ : ? ~ F I ~ U  

niddfifli (1d 10.8 (b)) ~ ~ ~ v ~ ~ u Y o ~ ~ ~ ~ u L L ~ ~ ~ u J o ~ ~ w ~ ~ ~ ~ ~ ~  u 



*A- w n ~ i  10.8 (a) ~ ~ ~ y r n a u ~ ~ w ~ i l u  ov Zjl~rma%xia~~:$fii~ilu - 0.7 v ua: 
Y nsroajiimlmai~s~flu 4.3 G14.3kn = I mA Intlnaiu~uu101.1 n~:~r~u~:qn~~idLYi1 7 

8 4 4  r 4 ~ w t j  Q, LLR: Q~ Gduuwan~:~~~ 0.5 ma I~nIuI~nm~rda~~ad4i f i i  2kn sauwalg~fim 
+him I V  fl~Xldut~sin:nan~(in~maiajd 5 - I  = + 4 v  nmunimirhd~~unmuninir 
di~%j~~v(a~qu~#tladlfiuad~5qtlitl~3d~8u (Iinear amplifier) d i ~ % d i ~ ~ l d f t i m ~ ~  
aa~nli~iu6a~i?uluyn\i~~n"di ~uyi~:Gum~qnq~~ilu + 1 . 7 ~  Lutiaa~ Q, i:aid 
+I .7v, ke~imra~~aenu8tm~maisla.j$ud~~3unuuinmid 0 . 7 ~  Mia + I V  B f i m ~ m a i  
and Q, ~ s a y ' d  + I V  rduflu ua: Q, s:iln (turn off) an:tuava~u'u~flu I ~ V  (~mgu) 

a I '  

nandnaaiaa.s Q, ?rum +sv da~~in\djin~:rrda:n'i~M"~fimfinin%~ouI~nnaa~ 
nandn ns:u~n' jwaiu~inh~iwniu8fim~ma~ia~?:~~~~u~~amaa.jnan  in- 

Y a  I 

tmaiaad Q, n=i:r~~~uuni tiv14.skn = I -4 mA ~ i i lG~ f im f in i~nn~u  2kn  flu (214) 
& 

x (1.4mA) = 2 . 8 ~  njuu8n6q~~nantiin~maiva*~ Q, 4 4 t h  5 - 2.8 = + 2 . 2 ~  

nuy ~irrcu:2~u~nad~~5::6umssndita- I . o v  t~aann8jim rmaiiauil: 
miiruauan&~aiurduo (hmbnnu3naoiaCm npn) 8fim~ma~fifindn~y8~flu 
- 0 . 7 ~  d g t a  0 . 7 ~  dini~~unqaq Q, &iiriiadA ov njiu Q, i ~ i l m  (off) ~m:$fini 

Y nantiinwair4u + 5 . w  a w u  Q, %n5:unflou<d~umImtl~a67uniuZiimrmai ncrt'n 
A d  1 uum 4.3~14.3kn = I rnA ~ilM"~iim~nimnniouCa6iuniunan~8n~aaiaa Q, r5u 
2 v  6~Xldunanriinrmaia~( Q, G L ? ~  + 3 . o ~  

i 0.8 (a) * d w  r 0.0 (a) da~uitlcii ECL un: 
CML ; : ~ ~ u ~ i ? d ~ ~ d i 5 : n a ~ h a ~ n 5 i u 3 n ~ m a i d g ~ a ~ ~ a u 8 i i m ~ m a ~ r i u a ~  i d j i l a i i  

A 
ECL (emitter-coupled logic) ninii~iuvaj?.j'~~dua'n~~nn~:~~~1'Iu~6iuniu~k~~mo~ 
q n ~ ~ d 3 i n ~ n ~ ~ E I t ~ ~ % d ~ ~ n ~ ~ 3 ~ ~ R ~ i f i n 6 ; i ? ~ I d d  Cadr iu~uynp~ iad i  fiitli 

A r h.ifim.baadn.lt~~~~dud~~n'i~fl6~a~n~u~~dna CML (current-mode logic) m i n d  

~ ~ ~ 8 1 - $ a n r i ~ m a  10.8 (a) ~ tma#a~ tb~~d iw~a .~  ECL ddrilnnu3n~mai 
fla'lmiudii i;~h~~~wnC; ECL t~ua~~rnrni~:mmi~~%~.jqm &aor?ninimriad 
~ ~ l d ~ d ~ l n n 1 3 l ~ ~  (propagation &lay rime : PDT) P ~ ) u ~ u ~ Y % o ~  2 ~lh.4%41?l (a couple 

of nanoseco"ds) &i15 TFL ~1~1331~fi PRT d334114 LYhWId ECL ~ L ~ o l ~ l f l l ~ ~ ~ ~ ~ d  

u 2.0 V (nl~n'ldiU Ma1U aaa~uynrilu 2.7 v ~in:ni~~nidn~dnaa~#n~ma48a 2.8 L L R ~  

~ ? l u i ~ a ~ ~ s ~ ~ i u i s ~ o ~ n ~ t u ~ t ~ ~ a i ~ v l n ~ ~ ~ d ~ 4 c i i u ~ n ~ a ~ w " ~ ~ ~ ~ : ~ u ~ ~ q ~ d u d ~ n ~ i t l  

PI? 428. 



1 u A rl nndnun&~ind~ni.rdau5:6~~~~d6ud~~ui:~u~~n'a ECL ~ 6 n w m : : ~ a u ~ ~ ~ m u h  
11llLldd 10l$~Yl2 Di( 1" U ~ D ~ M ~ ~ L ~ @ D U W ~  w ~n'91~.J~flo"~Mf,d Ldu El ~ d ~ i l ~ ~ L f i p 1 ~ 1 ~  
Gnn~uoia6naannuu 

ECL a i ~ a a n ~ ~ ~ ~ ~ $ d r ~ l ~ ~ 0 1 ~ ~ a n ~ ~ 1 u ~ ~ u n 5 1 u Q d ~ m a ~ ~ ~ i ~ d % u i u n " u ~ u ~ n  
nnuQdaai6dpJ 10.8 (b) ol. 4.4 ~&8uynnnugn~aila~m55n lm: Q, tfJunnu- 

c v  r Bd~mami~aai?u b nwi-I u~caa .~  Q, iaatjn"~ldilau +v,, ~m:h61umuairm r m d  
& a  A hudaflugm6u d.~%m~~fidn"ua.r~5luy~ 10.8 (a) ndu~~a~a~n'uni5lfldilau 2 lrrndd 

v,, l&%uilin vcc un:: ~i3uninm rauqru~~f Imuni~lfl~~Iam D , . D, oia 1% ~3unnu- 
Qdaai  ~ ~ ~ m i ~ B ~ m ~ ~ a i d ~ a i d y n ~ ~ a n m n ~ i u & ~ a i $ ~ n  ~rn:~ia~sr6~lu"uao( 
nis~&ru ~iadnnir 2 wifiyn ;a D rLna E ~ ~ ~ i l u n a ~ ~ t ~ ~ u i a ~ . ~ n " u ~ ~ n : n " u  rn(iid 
aad?dldd~iluk&%ua~nn rniaaalnn (~m55nuan) l u a ~ ~ u r n s ~ ~ a n ? m ~ a i ~ ~ n  
Caatii~ldu slssnq~d A. B nia c villf i 0,. o, rnia Q, fii41%44d& D pi1 ~ ~ u d a u h  
oa~uamn luviiuatduanic rnsngad A. B v ia  c vi-il$ 0, 'laivii~iu fiilfi E pi lu 
dauhadaa m min~miu~3d'lu@ i 0.8 (b) ~ ~ ~ m ~ ~ n ~ : d ~ ~ ~ ( ~ o i i ~  9 y a ~5uyn L L ~ :  

mi% nd ~fIddM 

2 
10.2.8 I L (Integrated-Inljection Logic) 

A r ms5n 2 & (bipolar logic) 6~1ilflu~~3n~~mrnu~na I'L ~f~wnsmdria~auisin 
nisriil~ai?huniud~lflu~~a~~~n::I~na un~5uC?Kiumu 1 ii?ilflutuaan3whuciu 
c~ahumu~uri~k~~ns~dadraodw &~un~riia6d4dfiwniilu?~~3~~dn?iunui 

r Y ~~riunuuuun:rii~iu&~uriin'.~~d41nmn~ Iuamai~mn 1% r?Iub~diF1'ry~du~~u?n"11lu 
naui?aoiauimh haad I,L mn&iiiiu?u iooon~auinniidiuirnvh~iu6~u 
riiK~lv~hiioumi 3waa~ TL 1 oo tnn ~~na&auCwn h ~ t a u  ~vi?fiu Imudmiunwutiu 
~u?d~l5la4~?Iuddd1F1'ryih dwaa~ I,L i~au~::dubn~ni~lfl#n'~~~an~Gai~~~~~ 
~iwanbi?uaqwnA I'L ~u~dBa~ i iA j rd r~~ f iu4 lu In~~14  (miemwatt) aikdiuisn 

& n 5 u ~ d d r ~ r i i ~ ~ d ~ i 1 ~ ~ u o i a n i ~ u I a I a m ~ ~ i ~ ~ ~ ~ ~  eight-emitting diode) ddd5:naU 
a~~ud7uuam~wnaa~wi;bniiiada~~uu6~~1an~6 drfIudu.s&adi~n~~ 



~ l j  10.9 ( B )  ~ ~ U ~ ~ ~ ~ , Y Y U Q ~ W ~ ~ L U Y L L U U L ~ ~  

(h) flji\jlmn D m  

(c) ~~un#uud.ruau D C ~ L  

(d) ?JP~LC/UUL~~ULLUU I'L %61 (c) 

(c) niqfljia I ~ L  

(I) LLUUL~M~$ I'L 

.+ 6 

@ 10.9 (r) L L H ~ J ~ ? U ~ D J ' I ~ U U ~ ~ S S ~ ' L # L L U U L ~ M  LLR:@ (b) L ~ ~ U ~ E J R I L B L ~  
d lJ 2a~mIa DC~L @ (c) L ~ ] U ~ ~ U M ~ J ~ D J ~ J ~ ' T ' L M ~ I  (b) b1(l~aii$ud7u 1 Zu~1in~~uu~nn 

L ~ A Y A  ~ U # J  3 $2) R ~ ,  Q, tiat , mda;,,afi,w~~wh &mw~ivmu- 



(dd a Pfiraa.ruaua aai%u rrar ruai?w &I!% Q, LLR: Q, m ~ l m ~ ~ ~ u 6 q u ~ ~ u P n ~ a a i  
fi316w (data Q, IupJ (d) ) 4da-1 #ijsluna$ ua: I run Q, knaa~rGnraoi$ 
na~~i lnr~a%a~oada~~nuc1an~4n~na~~j  Q, LLR: Q~ I u ~ d  (c) &%hilumu R, ii 2 

w d  r 
r, nrlssnis nuln no rlsrnimdar~uuad~'~~oan%u~~inr~~uH~~aa o, ria: o, L L ~  ?I 

A a nw ~~udh6iuniu~namdi~~ninri~u~~iu"u ~ u $  (d) nnu& w aic~uu pnp o4 Yii 
MGIA a; auh i ~ n ~ u n i ~ i ~ f i i ~ ~ ~ u ~ ~ ~ n ' a n s r ~ ~ ~ u a a  R, Wadan'u\.rlflou +s v 
tt~viiiuISmaZrin uoiaoa o4 h~~umui~ri7uriucnnuinu1u uarnsa~r~4~uiuim 
(inject) rbid o4 ~rhnsrunYi~aiu~o~%uu ndnWa n 7 % ~ ~ f i $ ~ d i ~ f i ~ a ~ ~ % 8 ~  Liar 

4 nsr undidinii~rii k d i  nisf\aao.mntralu5nwzur ~#ud~fJudui~aa~aa~snu (in- 

tegratdd-injection logic) 

7~110.9 (d) L L ~ ~ J L L U U ~ ~ ~ ~ ~ Y D J  1 2 ~  I i i ~ a d i i m u l ~ q ~ ~ s  ~a1s6aanimmu- 
On~~aiaGm npn L L ~ :  pnp U U ~ W L C I U I ~ ~ ~  n~s~anuaan~r~dl ir i imrOu~q~~airau 
a i i h  DCTL anrrudia 7 ua:8iific@a$ei~a 7 pnnu~#~r~u~ada lun -~ ia taa i  

6au"uIug 10.9 (c) Q, ' ~ras Q a1~79Canx~~nwn4eiiariulin R, unmnutinraa$ 
f hndaai~Ln~:~rnmnmieii~a~u ( ~ u ~ n ~ i ~ ~ a n i a u  Q, LLRI 02) ~uvii'lM"njlu- 

~nani~n~mWiiins::~~n~~fi~~~a~~Siil~vi7~iuatiia~n~aaI I u f ~  10.9 (d) o3 ii 
sauda~un-ccw w a ~ d u ~ s a u ~ a ~ ~ u 7 d ~ ~ ~ ~ f i m ~ q ~ i ~ u  6n~uu~6aaad 1 2 ~  $aihu 
mnIunisfi%aiiaanl: o, aislbu pnp nnu4firaaj wauSia (lateral) lm~k p eia6qu 
n ~ ~ A L I  p l ~ U ~ ~ ~ ~ ~ ~  LLRZ o4 O ~ O ~ J U  npn I U M U ~ A S ~ U P  n Pit~h~ p 4067~1 n IU 
rru?Ra ~~uudunmaa$upr 10.9 (e) k~ndl~unaaa pnp ~ W U ~ R L O ~ ~ $ ~ ~ D ~ O ( ~ L ~ ~ ' I I ~ J  

n bur6uari1Ziiauoi npn nnuPn~sl~~~i?I~\rlaiu~6aan1s'Iu@ 10.9 (c) ~ i a a ~ i n  
tunr~nr8inaoidai?uflua~ naadneohoa pnp nnda~aai~fJwaimi~ua p uoa 
ruwaa npn nnu4n~aai6qu daiidu~dsnu~banis~du~~u~fiu dnnpn1sricao.r 
aiol i  raai?u ~ ~ a : n i s ~ ~ i u a a a n i ~ ~ ~ ~ d a ~ ~ ' ~ u ~ u ~ ~ ~ w n ~ ~ ~ n i m " ~ ~ I S  h diu 
d a n i s w ~ a u a u ~ ~ a 6 n a i i a . ~ i a s s n n + 1 ~ ~ ~ ~ c ~ ~ ~ n a ~  (rnerged-transistor logic) 

d w +I 10.9 (dl fial~Hma?Indi?~dl j 1 2 ~  t ~u~nn i ) ( l~a~s In~ I i r~ iau~nn~ ia  7 n\m 
nhulukr ~ h n  1% iiEuy1~1ifn ~ w r n ~ n ~ ~ d u ~ r o ~ ~ ~ i s )  undtai* 
2 Cu r ~ f i  L I ~ L  du 7 a i ~ J i ~ m d ~ ~ m n n ~ i n ~ ~ d i u ~ a n  riln r a a i u i n n j  
4 ~fJuLfaarlndd~rYiiaiu6au~nn~~~aiu8u~~ ua: I kdyn (ECL ir 2 ra~n'yn uei 



A 0 iaiviln~uddw~~uanauwijw~daad6n~ain'rin~f,~) aliidsiimiuuuu wa aiovi8u- 
r i a  Y dnauaiuisnafi&unis~%augianiu~ui auirauaaa mnauu n ~duwupiu l w  

nids:qnd MSIILSI nis~%a~~amuIwfins:Yiiuw~w ~ i a ~ ~ w i ~ q a ~ i i d y ~  10.9 (f) L L ~ J  

I*L LLwwinn o5 im: Q, ilslilmniailmlmu A un: B Q, ~4wln~naa~naa~#nigla#hu 
~~' l~iai~~naaaaww~nn flu W 6TJ ' 

10.2.9 W'88fl P LlnZ NMOS (P and NMOS Logie) 
~a~glrndndi~ui~~h8d~um~#nnw%ai61ai'p1~m 2 $7 (bipolar transistor : nnw- 

~a~61aiiiiwin:ds:~~dw~~#nglsaw~~a:~an (hole) ) L ~ ~ ~ U P I ? U ~ U ~ U  atiids~gliu\ 
MOSFET (Metal Oxide Semiconductor Field Effect Transistor) ~ ~ w ~ w h u ~ ~ n a i : ~ ~ ~ n i s a i i ~  

V  A t :  t: 4 laiaglrsnalii~^u~ ~w~i~uinn~auiu~~n:sl'~6iuniuT:wnm 6~uuil~ri i~mn~iui i~if iw 
aa~sl'~6iwn~w~n~mnssumin".~~d& 6a~wnsiaaa I ~ L  deidiuuduu6uoh6iwnlu 

Y r i u  
~'KiJJmliLfi'I MOSFET iIJBad L U D W U D U U ~ ~  6 d ~ ~ i ~ i f   US^? JIS~&~.~~~LIULLWM~W 

du?nil& ?ails MOSFET I $~ iWB~wnq~4a~i i~~~s~uIawl& ni~~$auda~:niid$~d?~ 
iiilu&~uLwjl:glsdlIJglsdul 

cddt: d wilr MOS nmu%aiglaiii 2dmnn ~~~nni~m~#nmw3a~glamusnmu~aGm 

MOS %h n Lin: p Y M ~ M L & W ~ ' ~  riunii nauwflwunii MOs (Complementary 
U A d V  d  

MOS :CMOS) iiiii CMOS $1 wa~diuu ~fiuun'uglssnlugls:qnn'~ ~iuiCuu~am~in: 
~8ws:qaglssnijiuinnii ~ ~ ~ r n ~ i ? d d g l s s n ~ ~ m u a u n a u w ~  wumiriau (nuiufid 
MOS nn~3n~wai'11Qm n ni039n p aliidmadid~f,duu3w ihI8a 2 adid) 

@ 10.10 iiampli~u~aaaiiwu~nndii~~mu MOS nnu3n wohGm p l$8d mglii 

'td%h61~1~\~94il3 ' I ~ ~ d W l a l I & ' l ~  MOS ~9?~%aiglEI$ 3 d i ? ~ ~ ~ $ ~ d ' l ~ g l ~ ~ n  bEJ 
d U  d usnndrfiufi~iwniwTnnm n i w a n a a ~ n ~ i i d ~ ~ i [ ~ ~ ~ i l s i s l u ~  ~ ~ n : g l i u ~ i ~ i f i w  

W e 4  d u  V  1% MOS Bu~~~di6an'~1i~a~nn~uani~:30~ (quiescent) mu~add6aa~mgli~niw 
~ u V ~  ~ d f l d ~ i r ~ ~ d ~ ~ f i ~  (enhancement-mode) ~ ~ ~ l f ~ U ~ l i i l I ~ ~ 1 ~ ~ ~ ~  (depletion) 

~~rn :a l fmk i f i~ rn rn~~mn~a i la  (on or off) heuu6ufiouniairuifiu6uyn 6 d h  
d dca lvidau 2 h (dual polarity) ~ ~ d d l i f l ~ 6 E i ~ ~  U L ~ U L M ~ W R ~  JFET d 4 8 a l f i V l n l ~ ~ ~ a ~ ~ ~  

~ U % ~ ~ U ~ ~ ~ ~ U ' I J ~ ~ @ T X I  fi1 -V,, 10.10 ~fll.4 - 12V 



i 

Yildlu '(turn an) LLEI: ov idd?ii[$~i[i~ildl~ (tA om ~~m~~4um55nuan 641%~ 
uv ~ a m m  1 Lm: - 1 2 ~  Waann o "(tda3acqinrii~umI~'. 1 ~fiv~~s~oiuuan) 61 A. B ~ i a  c 
lug 10.10 ad$ -12v (Pmn o) l u v n * r a a i  i ii? aiauinmii:liln (on) 6 d h  
Lirmiu6iuniueiinnnid~)an (drain) d 4 M  (mum) Yi-fiw"~~idVyI~%In& OV (m3m 1) 

da A. B un: c 1414 ov min~miui5~7u 
711 r o. i o ~~amdi~ruu~n~adi~~gud~mamuan (viariuua ~nvassnnu wnrrnn 2 

~~uud~9u~an~'nudriu) 

F a  poutin b*: I 0 Y (tar* p-chsml wlhlwamt ws off 1 
O * - t 2  V t t u n p - m o r n 1  wd#nmnucnY)) on) 

@ 10.10 WOS UUULnW l l ~ t 0 1 1 3 l 4 ~ 7 ~ 9 j ~  



. iolqds:~n'o~i~ad.j~~)~~nn vliiuvlnou mia#uhubu q lusruuftiaon Wa 
nisw~anis~d~uur~dnd~~sd~u~ai~yn~d8auima~niu~ua~lu  aadmnnu Eiu~flu 
nis~au~uaddanis~dn"uu~~dn~s:6u~i~d6uii~y~dLfluuia iu l u l d  i o. i i mihyn 1 &find?$ r:rdn"uu~rdnc?in o 8.s +5v aiaqin +5v {a o auo$Tuduyn pl (a) nis 
FCiarl~Bw~~uur3~nn'Inunis~iTa~iaila s, d~ sI Liln ~aiYivp~~ilu +5v v ia  sI On 
~aihynrilu ov I u ~ d  (b) klad S ,  Q ~ L L ~ U ~ ~ U ~ ~ U ~ ~ L ~ P ~ O ~ L L Y Y  2 & o, udliiwn~du 
Itl?riup~ (a) l up~ (c) n n u 4 n ~ a a 8 ~ ~ u  2 Agn~rnu&w n n u i i ~ ~ ~ a n i r u u ~ . ~ n ~ a . ~  . 

?f%Jl n (n-channel enhancement-mode transistor) 4 LLn:LL~~di?8il~?'ll~'I~nFl R, hi?u 
'nnu%araoi~uu drnriu o, QP1~Ouit16iumu ~uynGt ~aui:eu~:lii~ain'~n~di 
o ain +sv dultl?ni, d~maiiqc~slupJ (a). (b) un: (e) ri@iiuui?unir do s, 
iln (closed) fini=i\#di~lr-M~flilu R, da 0, lliln (on) GniA#i iur i i~~Iu R, da 
0, Lila (on) iinisI#.3'iurii&lu Q, S, ~?tm (open). o1 LIR: 4 WYiidiu (off) 3 

?~~sliirnisk~dmriin'.jl~fli 

?d?du@ 10.1 I (d) doklad S, Lon (open) s3 QA (closed) ~oin'ynq:jidi 
+ 5 v  L L R : ~ ~  s, iln, s, $61 ~~in'yn~:iFii ov n ~ i ~ d i 6 ~ 1 0 e ~ ~ ~ s ~ i i a \ d i n i = i ~ ~ d i u  . . 

riin'djlrlfli~ii1oin'yn;3:~\j~"sah ~caiiaun'ua\jss~u@ i 0.1 I (el 41% CMOS imms 
~edu i ido iuyna id  ov Q, iivii.riu (off) Lmz viiaiu (on) 6afu~ai f i~nj id i  
+ 5 v  dacnn oi ~dvh~iui~i8ns:od~n~in&mnp1ad~vl~ou~ilu'\j~m%7~ idld8 
ni.rliiriiFkl&h daiiuynotd ++s Q, n ' i~ iu  Q, ~ ~ & ? d " ~ u .  6dfiu~oin'~nddi ov 
r&oe?ln Q, ~ d ~ l c l u ? d ? d d ~ d ~ ~ # ~ 1 n ' d ~ ~ ~ l  un Lhl3:L~fih\~n (leakage current) 

odidsfiaiu ~bo~nnniad~~ns~6u~d~~1~u".jiln9~~~~~d~::inis~#n'in'd~dfl1~d~"id 



$a~nnnnu~aao~~~ao~vi i~iuy1s' iQ5~ (panty on) dn~7~8tlvh b;?~la~wn&-iik 
&l$AtdImu CMOS 4~~ilu~R'%u~omqiud : nqiu6fi~p6ddio~msrii8~uin lwnswn 
aodsrmniwiiau (duty-cycle) 4 d ~ t l u ~ d & h 1 & n ~ n i ~ G ~ a ~ \ d  ud~nnu6lu.m 
1 MHz CMOS L i u ~ ~ l i u # a ~ ~ u n i ~ l l 9 d k d & ~ 1 8 a ~ ~ i a n i i  T l l  

t k m ~ n ~ ~ l u $  10.1 I (e) 1bu2dwEufiol~naf rdu6vr6uadls$ 10.1 i (b) 

LLRS (c) 
\ 

&a Q, un: viisiu (0") i~ui~~rvii~~~~u&oldm Ok15d 10.12 (b) nsd~dwhfimdo 
A LLR: B ~&.m~~.ln 1 n s ~ n  1 G(iuvlnfiriwdM' Q, ua:: Q, Wviiriu (off) &~!uiiu~: 



uannn#a'olaa.n~~5 CMOS {l#rii~v(3il(au~i#a CMOS kmuisnn'wiulu 
dqdus~d'uflaud?dn%tmn 3 6 t  i s  v Iuvnr:A~~~sa~i~durii~i~4 1.1 v -qdnd6 

A viiciuii?a~s~fiu 3 R 9 l e  v mrnsnIfi~uviiad sv aiiauasrqnas5nau q ~ i i r  
nida~da&d+au (interface.) n'u?d~5du uam?in6aid# CMOS \f in'idiu{ + 15V LI(D 
irnid~qnh~~563aanlQw~un'~-qdnSflia::uidan (analog) 6~t'duaadi~aud (opera- 

r a  & A 
tianal amplifier) ~dflaw~d6uqin * ISV ~ t a ~ l i n  CMOS I C ? ~ ~ ~ m a ~ w ~ i l a u r i i 6 t ~ i n  
15v niidailau 5v iaCnilauc~5dCuiucii~t1~ri CMOS ~adi~tnis~j.m~%lunisvii~i~ 

l W d  ?~ndndi~ui~~h~:~flu~i~amaat CMOS dwiu q ir 2 d5:ni.r iiani5l#riiddl(au 
Q d U  ua:~fi;naiuclui~~riu'91ad?.~il5' I~l~~.jdi '~~~~~dd q driiclw CMOS nuaade Wa 

r & riidiu~iau$i~#i atii~'I~aiudnirw'6~1ui~w~luhini~a%~ -CMOS (1~~i jmmh~~u'11u 
L ~ u  SOSIMOS (silicon-on-sapphire MOS) ~t~%&5lL%nil CMOS Nlaqlu 2-4 L Y i l  

10.2.1 1 R3rfl 3 atllu: (Three-State Logic) 

U d L$I&JU&~I L5flnil mII 3 dn1Ut. (three-state or tri-state gate) 



CND GND 
7404-Hex inverten 7400+usdmpIe 2-input NAND p t a  

10 102-Qwdrupk 2-input NOR pm 10107-Triple exchuivcbR/NOR gates 
(b) EEL p t e s  

VDD NC 
14 13 12 1 1  10 9 8 

I I 
L 

1 

1 

[ 
I I I l i  

1 2 3 4 5 6 7  
NC Vm 

4002-Durl binput NOR p t a  

(c) CMOS gates. 



mn 3 dmus I~~oiriynao~~nn~9w 3 nrnur6o 

I) i d  (tow-level state) d o n n u 4 n ~ ~ ~ / ~ ~ d i ~ I u T n ~ ~ ~ - ~ w n  Yii~iu 
(on) LLR~~Y~UUI~Y/IJIU (off) 

2) ~~~IIw:?:~u+I (high-level state) ~ O M ~ U B ~ ~ L O ~ O ~ K ? U U ~ U ~ ~ L ~ ~ U - I w n  Y~IJIU 
(on) ~rnshd~daiyii~iu (off) 

3)  noiuadmufimdonnd~~~ao~~no~luln~~ulwnIivii~iu (off) nrnuad 
HI~c~IcL~~~? J ? ~ ~ Q ~ M ? ~ ~ ~ R ~ U ~ ~ ~ ~ ? I N C ~ ~ J  &rilI~ni.r~$o;eidmu~~sdv~l~ L E I I ~ ' ~  n 
vniu5unniu ~~uniu+au 

A 
~d 10.14 (a) ~ f l u ~ h w d v o a m m i r l d o i  3 nnlu:: (three-state buffer gate) 

iuvmuqu c irriiq~~nwfiidiu (enabtc) ~~ndxwqfifi~Ots1J'~~do%ni huiitairiyn 
~viauiuyn dniuynmunuiidi&i i loin'yn~s~~ilu?~?s~ h4iiw"miu~mp (~h 
nniuan'alu) kdaidiictt~riidEu~n Lnn 3 nniuauidndid~~~?iula"mq~da~u~n 
mu?uiiriiqd i ~ ~ i ~ q a h ~ p l  10.14 (0) 1rduiiri?~nau~8n 1 2 1 5  ar$fltyryrinlroi ?J 

1.4 v ~ ~ d i a i i ~ u n m ~ ~ u r l a ~ a ~ i ~ o i f i ~ n  uas8nadvwrwouan~ii~nnn'idiu (enable) do 
c Zrildl 

wil$ub~aoi 3 nmw u n w w  10.14 (c) nm~fiwroi 0, Q,, Q, nomm#mtii~ 
. ~uvpmuqu n n u ~ t ~ ~ 1 5  Q, 44 Q~ namn8~riuiuynbbyn rio~~~du3d~1?~fl~iu~wn 
m ~ ~ ~ & ~ o ~ ~ $ o u e i a f i u ~ a u I n ' I a m  D, nnuQ~~ao i  Iaiyiuiu (turn OM dn 
i?~uvmuqu c iinniuatih7=:fi~h dd~~dnku?flrnlom Dl cimautl uar$gn#a< 
aod Q, kdoodriu Q, flaiir~#unidriin~:t~~~&a~dun'u r nu i~~ou Id i  Q, l i l iwa 
eioniniinuao~mn mifin Y k ~ u n ' ~ # ~ l ~ a d ~ u ~ n  A di8u 



Y 

A 
hp~t 

I ( 

(c) CimUt d m  for Ilm thrcsltatc inwrter of (b) 

21j 10.14 mn 'ITL 3 d n w  

da6uynnau?uP~adiu~~ nnu@rtaai Q, riidiu (turn on) irnssudvnnn 
Y d  8 v, wiu\dam D, vii l~~nu8~~olo$ Q, i!iu~ usdnii~u~aod Q, acuauumdin'u 

uuriuniormnd~~moi Q, &~ahmnhu~dhumnns!au~~d~m~oo1 o.ov usdoiu 
"id viilq ~~\ ivi idiu (turn O ~ O  ~dotnnilaunii rrswYunioddom (v,,) 2 $7 4 

r r i v  ~ a m ~ ~ u a ~ u ~ u ~ n t i i m i n ~ ~ i ~ ~ t r ~ B ~ o l ~ ~ ~ ] % o ~  Q, drjWinnu4nrslaf Q, (unr 4) 
t; t; \aivii~iu 6huun.r Q, LLRI Q~ ~ulnd~-I~nG~\a.ivii~iu ~~nr~o i4ynaa~ad~~awqi  

hmhua.sls~dm lmuLidinai~#mloidynqjwn 



4 9 9  r 0.3 ~nlmrraudro~~ovoc9odwnrrpaslrrn 
Characteristics of IC digital Logic Family 

d~~mu~nn?inm1ur~u~iudan1~~1~2iuni~~11u~n~ ~rnnnuim~p~~~nujii iaiiuau 
n ~ : ~ ~ a ~ i i d u d ~ ~ l ~ u ~ ~ a ~ ~ n n ~ n ~ ~ ~ 9 u m ~ : ~ n l a ~ ~ ~ 3 n ' u  uidn&I#drh IMBVI~~ 
(loading) ~ ~ n ~ f i ~ i i  rr~u- t a l i  fiid~diuinnnaiusi~dii nvo~  rnn~a~d.~niuisn 

u r  u u  Ilauiiuaun3: r r a d i i i  rn rnunii~urutauu~:~~nvii~iuatii~ rvui::nu an:ndiaii 
A u  

CuTana3~nm (overload) ta.;.!moJLn~~n~ni~~u~aa~Lnn~u 7 mai~fi&n'u 
trsinr8uynI#~inS?inrnniuyn &~~unis~%audaodn:~~~3fiuni~~~~~~nnaa~rnn 
nanibnnu'nii du~ty~d1~%ms:~nvd~ 7 aaaow6Baonuim~yu r f l undo~J~~ an 
iiuaug~qnaodirandil6diws'~ rrdn: rai6y n a a ~ a ~ w  61 riiuniidilnang~qnh 
t t h a ~ ~ n : v i i ~ i u i r n ~ m  L ~ S ~ : ~ J ? ~ ~ ~ R I U I S I I ~ ~ ~ ~ ~ ~ I ~ J ~ T M ~ ~ ~ ~ J ~ I S ~ ~  u ~ u r a i i  
Aa ~ ~ ~ ~ ~ J ~ J ~ ~ ~ ~ J ~ ~ ~ ~ ~ M ~ C I ~ M " L ~ ~ ~ ~ ~ ~ ' U ~ ~ I ~ ~ Y ~ P ~ ~ J L ~ ~ ~ ~  L L ~ ~ : L L R ~ J ~ ~ ~ L ~ ~ ? I  

10.3.2 0 1 3 ~ # d l ~ ( i l ~ 4 ~ d f l l  (Power Dissipation) ' 

# u  a ~ a r i i A ' ~ ~ a u ~ ~ n n b i a ~ n i ~ ~ b i ~ ~ a n i ~ v 7 7 ~ i u  winirrmo.rm?ur~an~di?ulin?iCd 
(miiiiwatt : rnw) L L ~ : L L M ~ ~ ~ I ~ J ~ L ~ ~ ~ ~ I I ~ T J  7 Gai?wdunuwiniirola~fi~i~~mut~1~ 
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rii~'ddd'LM"n'umnin91'q~dd t t s l ~ r u ~ f l ~ s ~ n u n d ~ d i t l ' t ~  (power supply) ddd'LM"~~u 
mn IaQAi i  4 ~nnilrdiO~ni$lIdiu111#~q~n~~~ri~d1tlI~uin~~ilu 4 ~vii~a~~nnwinrfiq 

u i uL: riin~n~an~~udu3:uu~ddii0wnu~n#~~im~~riin'~~~~dn:~a~'Lfl1] 

10.3.4 uouue~~~inaql~aufl?~ (Noise Margtn) 

dni) dtyqliumnauii 2 aftm 8q~q~rumn?u~~uu DC ~iinainnim"mwi~daa~5:fiu 
~~3~8uY'uaoJdiyrylfU aQ!tyryl~¶JnqUt~~u AC &$ad4u (ramdom pulse) &~iil~i/~197n 
8qjqjiruaa~ni.rt43ad$u q ~ ~ 8 u 8 ~ ~ i ~ ~ ~ n 7 u ~ d ~ u i u ~ ~ 8 r y r y i ~ i m ~ d d i o ~ n i ~ b  
dlaufiu (superimpose) u~dryry~ui'L8d~ ~iiuni'1aiu1~n6i miudiuirnaa ca ~adq::vii 
~iu~~;ociitrii~~a6a~u~rnw~~aaluao~8~(ryiru~un~u~~udo~di6r~'Lunis~.r:~n~ 



7TL NlQ15$7U I 0  10 10 0.4 

QRA TTL 10 22 3 0.4 

horn6 TTL H 20 2 10 0.4 

fiin'jrdAiiiou 
ECL 25 25 2 0.2 

CMOS 50 0.1 25 3 



n i s  

44n 





10.1 ncQaann$wu' LSI io:1&4 sduonui 3 4a 
Y 

10.2 ~ d a I w ~ ~ n i ~ f l . j ~ u  (pullup) UR: ha4 (pulldown) l[u?.jw WL h i 1 1 0 4  2 od1 . j~  

tioad~ 
I .  ~.jatuiuni~fim?.jas~ruuTn~flu-fwa 
10.4 ~ i l ~ ~ . j ? 5  ECL kifl?l~L%@ 
10.5 @ 10.12 i~nm CMOS uornn waonuvu CMOS ~iuumn 
10.6 w03uiutv~wah~15 m ~fiudfiuuni(uin 
10.7 I o ~ u ~ ~ : ~ a n 5 r n ~ ~ ~ ~ ~ ~ u ~ n d . j i ~ ~ r ~ u - ~  s ~ a z f i ~ ~ ~ ( o ~ ~ n n i r r v ~ u - ~ i n '  10 

- & A  ~ . j u n m . j ~ a n ~ ~ i n r ~ o i n ' ~ ~ ' ~ ~ o . j ~ c u ~ ~ n n d i ~  ~fiu?niuisnl[36v~u~n~o.j lnnsu 
so CU 

I 0.8 ~.ja~uiurvqwal[un~s~fii.~~nn 3 cinlur 
10.9 ?~oIuiu6ninam:raC~~o.~IoQut~~ CMOS 

s1nmv.j 10.1 s.j d f  ~ ~ $ ~ U ~ ~ I ~ # E I L ~ U ~ I E ) J I E I ~  uuuln8 m~ LLR: CMOS 




