
nmi 7 

? 4 ~ 3 ~ ~ P i l ? 6 ~ 3 1 ~ 1 ~ j  

MULTIVIBRATQR CIRCUIT $ 1  



' ~ a ~ ~ ~ i o l a a d n d i ? u i ~ ~ ~ a \ u u ~ ~ ; a u  q L ~ ~ ~ L L U U O I T S ~ ~ ~ T : H U  (combinational 
Y 

circuit) Baiguqa-~sfijljiiain'yn ru aru:\n q uuay'riujur?n%adsin ru ucu:nmiu q 
iviiJw n d i ~ l f i i ~ a ~ s a ~ n ~ ~ ~ ~ n a i u n i u i s n ~ u n i s ~ n i i  (memuryless) IUS:UY 
6iolaauan~inq:ds:nau6qu7aqsidudiia"q fi6oanis?~ssd~?u8uda~nq1~~5i~ii 
I?&i?u i iun~a-~ .n iuu~i i~a~s~in~ui%un (sequential circuit) 211 7.1 unnauwurnwnriaa 
(block diagram) 910~7~'34i%Lfl?~li%~a 

Inputs : Outputs 
Combinationrl 

circuit 
: Mcmory - elements 1 

a:duqin2diids:nau&qu7ai)sds:au un:Z#uhunqiu4i (memory ulemcnt) &da 
a~luSnacu:JaunEiII (feedback) B u ~ 1 ? ~ n ~ i ~ ~ i ~ ~ u ~ ~ n s & 4 ~ ~ i u i s n i i i u i a ~ a ~ i ~  
naa iaya3iunaadi~uoi?rii~unnniu: (state) dnailn q aaa~ass8maudua ida 
qaqs8in~uduaiuu'ayajiu~aaqiniuyn iuy~d i6 i~ur iunmu:3~3~uuaa  
~ u r i ~ u n ~ i u ~ i G ~ i ~ ~ ~ ~ ~ . ~ i s c u i ~ i i ~ i u s ~ a a f t i a i n ' ~ n  uo:dauIudi~iunisif~4uu 
pcniu:lu$ud~un?iuii6qu a w u m w n r i a ~ a a a ~ a - ~ s ~ i n ~ u i ~ u a ~ ~ a n a ~ ~ i ~ ~ i i ~ a i n ' ~ n  
\u~a~s~inaui4uai~uf;j~n'3uaaa~aiu~~iia:~niu:fi~~Cu~a~~ud~uiui amu: 
auinol (next state) aaa~u*lum1u4ifii~u~an'3uuaa~a~u~~~~a:ani~:3~~Cu&~u 

$ud?umiudu~aqs~in3~i~uaduniivl8uvlaau (flip-flop) xnsvl8uvlaau 
d~vif~jiudil~ (binary cell) Baai~isnI~ifiu+a~ajiuaaa 1 ijn 

l u u ~ d - ~ : n n ' l ? f i ~ ~ ~ ~ ~ a 5 3 ~ l ~ . j i ~ ~ ? ~ i ) 3 ~ ~ ~ ~ 7 L U ~ ~ ~ ~  (multivihrator circuit) 

s ~ n ~ d a  uon?ind~aq:ndiq~a?a'3~~a~Iaiu.nowo$6n 2qfin ;a h ~ u a ~ ~ i ~ a  
(monostable) iia : I 1 ~ 1  i!h (astable) h@r? USLW 03 M R S ~ ~ ~ S $ ~ U ? N ~ Q Q ~ N W ~ ~  (pulse) 

luqaqsGima a a q ' i i ~ d i d i l ~ ? ~ u a d ~ ~ ~ ~ ~ p ~ ~ . j l o ~  



1. ?dilS~¶J~L~lLfin ~iT69ltlsaLu~~WI~ (bistable multivibrator circuit) M ~ D V ~ U Y ~ D U  

(flipflop) daniua~atIu52 amua 
2. ? ~ . ~ T ~ ~ u H L R L ~ ~  Cdtlsa ~ u s a b j  (monostable multivibrator circuit) M%I% ~ f ia  

~ F I  (single-shot) &lnluaLaflus 1 Hnlu:: 
3. 7 d i l 2 i l ~ ~ L G I L ~ ~  . 3 h ~ l ' 2 L ¶ J . i ~ E l s '  (astable multivibrator circuit) M ~ D   gilt? 

(CICIC~) W ijaniuz~aiius 

7.2 diludaau 
Flip-Flop 

a~ilslua~~~~fiaCaGla~us~mainiar~iu~ai]uian~~::ia~ua 2 aniu:: iiui?oC 
2 ~ a i f i ~ n ~ ~ ~ u i i u r i u  ~4aEuni-1~flunouwBuruin"u tio 1 n'u o  is Q ~II  ij 

(14% Q*) ~~u~aauCnaiu~i~~o~~inriw~ainlri~aifi~na~d~mu::~~u~u~ny~viid 
l ~ i i n i s ~ d d u u ~ ~ d a a i u ~ ~ ~ ~ a l  

7.2.1 RS ~ ~ U ~ R B U  (RS FlipFlop) 
RS d f i ~ d a o ~  Zil (set) i b g ~  (reset) ' P I ~ u d a i l ~ ~ f i u i ~ ~ i  
L$W : min'wn Q ~ilu 1 

iaifiwn ij 13% o 

4311 : ~aifiwn Q ~i7u o 
~ain'yn ij ~ 4 %  I 

RS rl6utllailuda%d~mu~.a"w$7~~8.t~1ilr'dadil~6d~d 7.2 





1 Reset 

1 1  Forbidden 

R b 7 (Forbidden) 

( a )  NAND gate latch fb) L o ~ ~ c  lvmbol Ic) Truth table 



r d s  iialM"~Qi3smsviiait6'~1aa~as~d sas:tnji ~~sao~ui~~linauynln ihyn~6a~a .1  
~iuuinnsrddM"ioin'yn'~1aafit6i~ui~sacir"u~a iinriia~uynk~nauaauuu~nn~9u 

- 
i~sa6uq.r iain'yns:di &a S ~9uusa+iudi vii~~ddnrldudnau (Q = I. Q = o) 

d t: da A i9ui~.raBiu&s:i~unisi~Inda^udnau (Q = o, Ci = I) iuana ii LLn: S qa  
d~rlnauilmaajn'~niu:~3~riau~la"iM"u ns6 ii un: S i?iuui3a~iudi#aii3un9 
Lariiu i~aasin~9uniN"ulM"n"a Q un: ij i3ui~sanicqan"a$ 

0 1 1  

1 0 0  

1 1 ? (Forbidden) 

(6) 54n400 (b)  Symbol (cl 

7.2.2 fl6Dfi RS diiudnsu (Clocked RS Flip-Flop or Synchronous or 

Strobe or Gated RS Flip-Flop) 

(clock pulse : CP) ~viiilu ~ I I  7.6 ~i~nanE;Ow RS dfiurlnau & d q : n ~ ~ h a ~ ~ ~ d f i ~ -  
dnaioa:uaumn 2 vh ~a i f i~n~aa i~au~nnn"~da~o$~  o muidi$nbn<ndiflu o 

0 . A  d Inu lumu~nadi~ iuna~~5u~n s im: R iianRjnriaFfi9u 1 iaunsiniuyn s 
Un: R i ~ ~ l : l & < U a ~ ~ l g l l $ ~ l ~ l d ~ d G U d ~ O ~ l &  801~~L&llfind0 S = I. R = I 

in: CP = I ~ ~ a ~ d ~ ~ u d m u : l d  ~9u%In ( M i a  fiunii m8ui (clear)) 8uynba~3u 



~ain'~nAnajl id o ham:: wawnKan%adaanldd~i;a~::fiim~uiu (indeterminate) 

noiuzmadGuvlnauln' ndiaAa ~oi~zlnnmur~6aaiorfiiidX ~ua~n'ur3n ~ i a  
i~8~6wwn iiiuynlnsaCaiirii 1 ot$~iuniiriu n'audn&n~dorqn~aiaanli 

(a )  Logic diagrdrn I 1 1 1 indeterminate 

(c)  Characteristic table 

0 1 0 1  
0 1 I 
1 0 0 1  
1 0  
I 1 0 1  

I S R = O  
CP 

(b) Graphic symbor (d) Characteristic equation 

indeterminate 

1 0  

i@hdiuaanzian RS rlGurJnaurrnna6 7.6 (b) sa~6ui1$3 iuynfta 
s. R rra:: CP Buy CP 6u bi~n~aanuiu@ufliua~ux~rfln q unnaa$uvlGrlaeu 
niu M&.IN ~ ? ~ A ~ ~ w & ~ ~ M % . ~ ~ % I ~ # Y  (dynamic indicator) LL~:LL~FIJR?~UFI% 
iirl8uvlaauolaunuaaiaw~u3$~ (transition) aaaiuwnnKansins::6~6i (nszn o) 
tjszPiuna (olssn I ) 

~d 7.6 (c) ~ ~ ~ o l l V ~ ~ L ~ ~ ~ ~ i n Y ~ ~ v t ~ ~ l : : ~ ~ ~ ~ l V d ~ ~ 1 U ~ ~ d ~ ~ d ~ ~ ~ ~  lnEI 
d d  w 

Q ~uiuftanrnuailil?uic Q (t+ 1) r~unoiuzauinn~ksinw~naa~w'adr~a"a 
o i n n i ~ . r n a i u i l i ~ s o . ~ ~ ~ u ~ ~ ' ~ w ~ ~ ~ i s n w C i r ~ u m S u a ~ ~ r i j w ~ ~  7.6 (d) rda 

A 6 Mifiuni.inniu::auinn %a ~durl~d%u~ataoiu::dil~Y'u~~aa~uy~ ais 6unauni;.d 
iinunisr~nn~ni7wma~awiaiuaaflfiuda011 ~oiw:d~daismna~i~ln'M"~na.~rrnu6au 
mtadnuiu x luoijw rda.silin~uaisr&c r via o f!"L nanis SR = o diadlau 
a~r~uhu~~~aadnunisnniuzauiflm&~u daia#-i i  s sraa R r4u 1 wiauriu 
l i l X  



(a) Lagic diagram with NAND gates 

$P 

(b) Graphic symbol 

- - 

Q ( I  + I)=D 

(d) Ch~ractcristic cqu8ticn-I 

D vlfiudnou$u D snqin Data ij~ulj~~unisdawiu~oya~vl6udnau D 
# w A m  

ddu~anusiAu~iuqin RS vl8uvinauoa"~ duiuf ia ~ m n s ~ ~ i n a u y ~  R BaiiXnn 
i iu~uiuynnjlf indaduav~a ~~udnauairnduianR~iuni1 mn~6in D unnd 
(gated D-latch ; latch WEl E ~ ~ % D M ~ J ~ D J ~ ~ D U ~ R B U )  

o~J'Lu2d 7.7 (b). (c) (d) aiwiidiU ~nnnunisnniu:nu~mo1~,~~~'t~41~niu::au1maslaa 
X d  I A n  vlftuvlaourir~lunnrnnauwn D i h ~ a a  njor"u~8udaauairnd8avi~anm (Delay) 

saaCy nrd m5~li?annid~4uduivoa~a D kiudaau6~~1 

\ 

192 pH 428 



7.2.4 JK diiudnou (JK Flip-Flop) 
JK dBudnau~4uninl?~li?.~ RS ~ B u v l n a u ~ i i n ~ f i ~ n ~ p t i ~ u ~ ~ a  R -= I .  

s = i w5aunic tiiuimQuidMu 3~d8EldRa~ Euyw J un:: K d=izwqinsiiu 
luyw s m:: R An i3n un~indui (ii4,n) dvliiuvlnau (lu JK vlduvlnau J MUILIOJ 
L ~ W  im:: K ~uiuiiilmGui) LAO J = . I .  K = I w?auCu dGudnau~rti5mfld~ 
nmuznauwdwu~ua~timw~~un'ilu~d6uyw CuAa h16u o = I vlfiuvlnau~:: 
aiafldd o = o an::~uwi~nFiunit 

n6an J K  ~ G I J Y ~ ~ D I J L L ~ ~ O J E I $ U ~ J  7.8 (a) ~aiIIyw o ~~aua~~flujuyw K 

an:: CP ~6a41driudnau~n~ma"ufl~da.~~1n"onw"nd iii o n'auvlCizuii?u 1 l u  
viiw331Gu2Cu~airiyn Q* aaun $rill J ~cnr: CP ~6a~~d8udnnu~n dn6~un~;anri~d 
iii oo. r i i lu~Ci~u~4u 1 

C'P 
(b) Gmphic symbol 

( a  \ Logic diagram 

K 
Q(lA 1 ) -  J Q ' + K I Q  

(d)  Characteristic equation 



7.2.5 T ~ ~ U ~ R O U  (T Flip-Flop) 
T d~udnau L $ ~ ~ ~ ~ L L U U M ~ J ' I I ~ ~ ~  JK d 8 u d a a u ~ ~ & ~ u W w ~ ~ u ~ ~ ~ b 6 ~ a  f i ~ d  

7.9 (a) ~ d 9 b r f i u i i ~ n u n i ~ ~ a 1 ~ u Y w n " d ~ a d ~ a d  JK d~u~nau~i~da~da~a"6aun'~il:: 

1urn.r bnrfin (toggle) ~jard6uuaniu:: daCn6ac1~nEII~ti~i~ra::iu~n T rgu 
I . &  & 

m5.m 1 d f i ~ d a ~ ~ i l ~ u ' ~ ~ i n ' ~ n b d d ~ ~ ' b d b ~ ~ c 1 ~ ~ ~ ~ ~ ~ 6 ' 1 1 i l d ~ ~ b b ~ b 8  kulumu~nd I 

( a )  Lopic diagram 

T ,+$ ,y Q 1 

1 0  1 
1 1 0  

CP Qtt-t  i)@ l)=TQ'+T'Q 

(b) Graphic symbol (c)  Characteristic table (d)  Characteristic quation 



Clock or toggle 
input 

Clock 

0 

h Low 

J 5 J - u -  Low 

High 

5 - U - u - L  
LOW 

(8) (b) 

2d7.10 L ~ ~ U Y  L ~ U Y  ~~~1)11~6wyn~~n::roin'ynslna T d~udaou 

6-1 oti-14 7.1 ~ rm in~ i~d~aa8~y i~ba1w*~na~n  T dGuviaau Ada deariu 4 ci? d a  
&4~nI,$l T ddiiudnaufi9umfl~121sl6 2000 Hert~s 

3ivi-1 - 16aaain T d~uviaau i +J i ~ r iw~anq iu i i u~n  

7.3 nisn7nlnoidSudaou ' 

Triggering of Flip-Flops 

nniu:maaddiiuviaau~ioldI~lem~~~~uuudaa~~n~~aa8~yioriu~n nis 
d P  gr ~df;uu~idnadiniddtlniinsn~nai (trigger) un:nsiw%h m~luundidMi~i3unis 

d d 

nhmaiv(dudnau ddiiudnauariia~u@7., ua: 7.5 wlsunjia:4aimsiin dGudaau 
t: C n  dc; d 

(asynchronous flip-flop) uu~a~nl~9l~n~na991uPl~bdun1~bd~~u~bda~~:6uUa~8Q~l~ 
d u 

(signal level) s:6u~in~/i?d6aana"u~~i11,suol~"uaa~u ( 4 a ~ a  o di~5"qaps$bfua 
a 1 dicl~C~luudduvlnau) riau6nin~nai~~6m~di?:~nilou~~u~~Ttiavi5udaau 

d u a  dmiu i l~and~udaauM"ui :~n~~n~na i&~~w"a8  (pulse) ~adhusincii~suoluna o 
d u d  n&$uId~arii 1 &nJ ngannncl~k q n"sm6uui~dinumuna o dqanni$aud 

nisilauGndquns:6a1,finnnu8$~an~~oiilvjn~9uhds:nauin~w Qa~aaai8u 
nisAnwriiaId 

sinuwumvmdaa~d 7.1 i r  d u i i w i s h n ~ u  den! ~8uniailauntYus:vliia 



~ ~ ~ s r n w n ~ s r a u u n r b u d 7 u n 7 i u i i ~ a ~ ~ u ~ a a u  i 8 ~ ~ l ~ ~ n d l 7 ~ ~ l l d ~ ~ ~ ~ ~ f i ~ ~ 7 1 8 . 1  
13 iafiu3&~ fii ~ a i n ' ~ ~ a a ~ d ~ d a a u  rii~~i1~iuu~i1~a~Iuaa::A ~ain'~waa~7~q3~33nd3::au/ 

dailau{iuynua~dluvlnaugnd~i~i~ddnnnrn5anrjad i1qvnuaai~rn~::~~ni 
irplwmn~iln~niil6~iiaifi~naa~d~iu~~auu"~~disu5uidllnduui~n~~uniiw"n~5u~~ 
~::nKu{ o dalfii~ri1~d8udnau5a~i~aai~d~~aa~ni~iiw~~qim (signal propagation 

d d 
delay) ~ n n ~ ~ ~ ~ ~ i ~ l f i ~ n ~ n n ~ l d 7 ~ ~ 7 ~ 1 2 1 ~ J w " ~ d  (pulse duration) 5Brnu.~ iwaI f i i i~1 l  
i i l&"d~ i7n i~ l i7~ i~~u i : :au  ~aIdm"?rnsb~~i~nirl%~~3nd~u"ildmdu~~"~d8udaau 
~mdiijinm~ci7~dirill~iauinnhmi7~~7niaa~w'nd i5d4ni if iunini~i l~rni i~~7::  
i~niniri3aun~un"iiavi-I%fi~~u~nauI~ia~nd~n~~~i unuflq:: l ~~d7~ l?n ia~~w 'nd  

n~anw'adais~fluairmn ~Janu d 7.1 i n.1iu3$~~9mu7nQuiaiiGa 
91ilUU7n (positive edge) lLaannu~%~rd9mn~!~1 'IYEIUau (negative edge) 

Positive pulse Negative pulse 

Positive- Negative- 
edge edge 

Negative- Positive- 
edge ed8e 



A ~riiiu 8ani-inaudalno h? (capacitirc cbupling) l ~ d h ~ 9 5  RC (resistor-capacitor) 

Id~+ihn&nluwnmoddGudaa~~ ?~o&~w8~1w"ad~anu 7 (spike) ~ialiid5udaau 
olausuadoianis~d6uuuda.~$aw~~04<~afi~yn muu?naa~GaA8w~oiaa~q~' 
RC IiiGaA~~~la~%i(nu?n (positive spike] L L ~ % ( ~ D U ~ U ~ $ G ~ ~ L L M ~ U ~ ~ Q ~ R Y  (negative 

ui: io c 
spike) ~ ~ U ~ ~ Q U ~ ~ ~ ~ ~ ~ ~ U U ~ ~ M W ~ W R E I L L M ~ ~ ~ ~ M M ~ J  ~La~~nnin~na?mu%a8 
r n a u ~ n 6 ~ 6 ~ ~ R a ~ i i Z ~  ~ n ~ ~ r n ~ ~ a o ~ n m i n n o S a n ~ " ~ a u ~ a ~ w ' i 3 d ~ ~ a  n i~ lhn~o la i -  
a l ~ d  d % J d a ~ ~  (master-slave flip-flop? 

7.3.1 U ~ R ~ B O / - I ~ R ~  dahdal~ (Master-Slave Flip-Flop) 
A c uia~olaj-a~add5udaau~~\~~1ind5udnou 2 ~77 ~ ? F ~ M M J L ~ M U I ~ I ~ ~ ~ ~ $  in87 

~ ~ u n ~ a d  G~aciu~du RS snRlolai-~i~d d5udaau lug  7. r 2 ianbn~a'ad CP 

~qu o, ~aidynaaaiuiicil~moi~fl~ 1 : ~ d a ~ ~ i n n $ a n ~ ~ ~ w m ~ ] ~ a ~ a d d 5 u d a a ~ ~ S ~  1 

d5udaaummmriinu (enabled) %k.;ifiyw Q = Y. Q* = Y*  hwnnwaivlGudaau 
~ri~lulsovil4lu (disabled) iWS1:: CP = 0 Lda CP = 1. +a\a~3lnJll~U0ndddd~4 R 

LLn: s s~gndatjuiauaidBu4n~~p , ~~~ldd~;daauq:1ifi74i'umnuLii$ CP = I 

anz~aifiywra~lu6q1~cilai = o &a CP ntYuIdii+ii o l~criln, ananaivlbuvlnau 
~:Iirivii~iu 4 4  aunisi~a~riuiuy n~ inn iu~an~ i~ i i ~+ iu i  mdd5udaaust.%f ayn 

' 

~inuiawaivi5udaou (d0udlE]~#dR84a~dflni~:iR~1~n"~) 



uin~oloirlturlnaul:~~nt~n::~d$u~ Y L ~ U  I n~nrld8uvlnau~d!nisaaufludd 
lwn: CP D~JUIUL~U o da CP nniidd o. C~nnnma~mai?:qnd~kiiu~du"~n~nd 
~iiIiiraifiyn o - i ~ Y J  ~ n ~ 4 i i u . y  nniuuaniia s ~ a ~ ~ i n ~ m a i i u a i ~  LLIBLIUA ~qai 
~ ~ u ~ r i u A ~ " n d a u n u  vljd~wsirl6a CP o i u  ~ q ' ? u i ~ ~ ~ a f t i ~ i d i u r ~ n :  
iuyn s unr R ldiwndauic sunsa6~nKanoiI~d~iiui 6~xlduui~aai-nmvl- 
vlftuvlnau~a~~dd6~~infi?nd~aifiyn~advlftudaau L L ~ Z ~ O ~  n~uyn6~unn"amw"nd 
ih~~u??i'u uanilind iuyn s ~ a i ~ u i ~ i n m i f i ~ n r n a ~ i f l ~ m a ~ - f i ~ n d ; n ~ q ~ d d  $4 

se?ml&7unanndliu75u 

nniu:: ~aifiynA~~aumn~a~nn"an~"nd 

7.3.2 l~lh ~ U Y M  (Direct Input) 

d 8 u d n a u ~ ~ a d l u ~ d o a d a ~  ui~n&iiiuynft ~rratAu~bildriadn ~ i a  
lf l&J~d~Ydnall ~uy~6L.%!n41 lGIdnwiL8Vl (direct preset) L L R ~ L ~ L ~ B L I ~  (direct 

d u d  
clear) iuyn  r~di6n'ilfidbudaauodd~niur ~3umun ~sif6auA~~iq:i i~fiunisIi i  
d~udnauviwiu rdu & ~ L ~ ~ $ ~ U L L W D ~ ~ ~ ? ~ T ~ Y U ~ ~ Q ~ ~ ~ Q I ~ ~ ~ L ~ ~  nniu:aaddftudaau 



7.4 ~ ' ~ ~ ~ ~ ~ ~ ~ ~ C I I I B I ~ ~ Y U ~ ~ O . I Y J ~ ~ U ~ S B O U  
Flip-Flop Excitation Table 

6 1 l 4 1 ~ ~ ~ f i P l ~ ~ ~ 6 1 1 ~ ~ ~ ~ 1 : ~ i l 4 d h ~ 8 i l ~ 6 ~ ~ ~ n 6 1 7 ~ 1 ~ ~ n Y ? q ~ ~ ~ ~ ~ l ~ ~ d 6 ~ d ~ ~ ~ ~ ~ d ~ : :  

1ll~ci1~uuanfiafi~1J"~w1a~~snaa~d6~~n~~~rn::n1ni1a1~aaa~u aliia~si;mi~d6udaau 
dad'lu2dla8du u~a~Ru~na~i.i~~n"n~~::~nwi:aaaddudnaudiaaanl~~lin~ 
6aaima 7.2 i u W w ' l u q ~ ~ u i u ~ ~ i ~ y n ~ r ~ n i  t  ~ ( t )  auiua~fimu:il~l?ljw Q ( t+ i )  

8anrnu:aui~a~FiJ~lindnGa~$adrrn"~ 



Flip-flop excitation tables 

Q(t) Q(t+l)  

0 0 
0 1 
1 0 
1 1 

S R Q(f) Q(t+l) 

0 X 0 0 
1 o 3  c! 1 
0 1 1 0 
X 0 1 1 

J ;.K 

0 X 
1 X 

X 1 
X 0 

(a) RS (b) JK 

Q(t) Q(t+l)  
0 0 
0 1 
1 0 
1 1 

( 4  D , (dl T 

D Q(t) Q(t+ 1) 
0 0 0 
1 0 1 
0 1 0 
1 1 1 

T 
0 
1 
1 
0 



7.5 ~ u ~ w H ~ w ~ G R G ~ ~ ~ ? I u J ~ @ ~ ~ "  
Monostable Multivibrator or Single-Shot 



la) . 



il:dunnpI 7.17 41 ? ~ ~ ~ ~ . ~ ~ 6 n ~ n n d ~ ~ a n d i ~ n " u ? ~ i l s r l ~ u d a a ~ ~ u ~ 1 ~  7.5 

ols~C(inis~dnudalplul36a~ c ~mfi~ivlnaa~uuu~nndi?i 2 diasi:s:diuninma4 
Ouynn~Inudni &awiriv(n Q dl, rodqn ~ J B J  ~??ujyaiin~iu~dllluu~~11a.~ 
?~il.iil:inlrinmwa~~~udilun~a~~n~mna~6uyna~~s:6u~~~~6udi ~ain'yn Q 

~:t~n?kifiiij:n'u~~~~6~q~ d~~unimfiunir$u\ri G h ns1u43unnn~ldddiA u u 

~ain'ynaa~~nnhi 1 il:r~nlojldEj8uynraPrnn 2 lnu c aru:$nimna4~ahiTuliur~ 
@:6uasd6un~ ?~il.ril:fin~ajinrnu"vfi~~~"u!a Q = I .  6 = o 2d 7.17 (b) ~nmd 
$n6uaadYrylru nna6utsaodo RC (RC junction) ~~!~:6uilin~~1ddi$n G 

A Y 
ldi$:hdi ~~~~~~~~~~~~~~h v, 69udin~hnai = 6 (time constant = 6) 

~~diu?ml&illndiua~ R LLR: C I~~JS'I 6 = RC d ~ i i n ~ ~ a ~ a a i d ~ ~ ~ ~ ~ u i s a o  
Y da RC il:au~~iluns:nLj[dn'i~M"~~uu~nn 2 n'l~iu lnudd~~ain'yn Q Id+:6u 
d c 

o3a6udi ¶J l d u n l 3 8 u ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ 6 ~ 5 ~ ~ J 3 ~ i l 3  VlfiJillTld?~ L?al T h ~ d  T L ~ U  

d46guaaaa.s L?8i&$u6U R LLR: C h~liu~~~fia$a~~i~?~ilsinaiu8uw"~i6~d 

eiaoii.1 7.2 il~?in~dnduw"adqa~~ain'yn Q ilina~il'14~~fia$aol6~2d7.17 ~ i a  
~ r y i m ~ d d i ~ ~ u n i n ~ n a ~ ~ u ~ n ~ ~ ~ ~ ~ ~  loo kHz a~il.r$@ R = 10 kn,  c = 

100 pF 
- 4  0 

~ B M I  ilin T = 0.7 RC 

T = 0.7 (10x10~)  ( 1 0 0 ~ 1 0 - ' ~ )  

-(put 
Low 

U 
0 . 7 ~  rc 



7.6 o ~ a w d n ~ n ~ ~ ? n n a o ~ i i a ~ n i r ~ i i u ? n r ~ q q ~ w o u ' n n "  
Astable Multivibrator 

A w m  r ~ u e n r w n m i n n u ~ ~  w o i  Q, vihiu Q, o o ~  ~~~dciwrulwo~nnu3a woi 
dl d ~1:auqtadi~~ondTd~uu~Qun (exponential) ~linTiiau1nRY -vcc 04 +vcc rd o 

asanir~uaqdfid (+v,,)~" nnu9araaf  Q, fi~:viiaiu (turn on) dqanaid Q, 

oa~Gqistwil6il incii~a~ R, ria: C, d o  Q, iidiu ~ ~ ~ ~ 6 u n o ~ r f i n ~ ~ a f ~ : a n n ~ ~ i n  
+vcc Odn& o h a d  nuriud~uaaad Q, a n n n  (v,,)~~ 6 ~ ~ 1 C i i d s : u i ~  vCc iqad 
64u"u Q, Good dwaa id  Q, aaLIBA6qin R,, aa: c, ~ ~ j ~ l i n d ~ s ~ ~ i ~ r ~ a m ~  

Y 
Q, uugaOa (+v,,)~~ n n u 3 a ~ a o f  Q, ~zvi ia iu  Q, f l~roavi  amuni.ini-~:k~riru 
d;o~rdu6aaonslrm~~iid~ni~i3ou~~sd6u +v, $7.20 L L R ~ ~ ~ I ~ A U L U R  noadnnof 



- - 0.7- = 0.584 x 10' 
(10 x id) (120 x 10-l~) 

= 584 kHz PldU - 
.~msnFiilnluqd 7.19 Bia~dennnuQauai dl R , .  R,. R, daIG~~ri Iv i i  

h n u ~ d r n a ~ 6 u ~ ?  (saturate) dl p ?Ja~nnu~n~@ai6ad ~0u6dd (&a R l  = R ~ )  

R, P ' -  
Rc 



d v v  
rilaci1.a 7.4 ~ ~ a i d i d a ~ l d ~ ( n ~ ~ a ~  R, nlaln iii R,  flu loo k n p ay's:aii~ 

80 3 4  150 

- 4  0 1 
qm ~innaiudirw'ub p > - 

Rc 
didaud~(nraa R, diEldl6andi p = w u i ~ n  

7.7 wo~rdwdwin~naf 
Schmitt Trigger Circuit 

c v 4  " aii~ldn~n~n~s~aaa?~1~IIs::~d6~unis~7"id~d~du ?dqsdjinniur 2 finiu? 
msahunic du~ii~a6uaa~s~n~.r~us~mairf;rnrnu iYqj~~iomin~naidiar"~a.~ils 
aii~lkinma~i~d~d~d~flu~~'id6u~~uu~~~ins:u~fi~u &~ni.rlrl~uu~~dndatiid~i q 
ai iaLinmai~~ua~~slaol 'as:6u8~~qim (level sensitive) ~:imdfi~ii:~aifiynd 
s:6uaadn&maf 2 dl da sr6uninmsididi (lower trigger level : LTL) UR:JY~U 

ninmaiditd (upper trigger level : UTL) a d l ~ i d i u ~ a ~ ~ q i f l l ~ u ~ n i i n i s ~ d d ~ u  
r~drlzlda h 1 ~du i16u1d86 (sinusoidal waveform) ~~nxlfiraifiyn L~~ULLUY RGwaa 
12lus:oTu~~sdoTuiud ~fi UY ~vlin"u m55n o aiaassn 1 aiaaiqniiain~iuaddi ~ a i f i ~ n  

A L % ~ ~ ~ ~ ~ ~ U ~ L I I $ U U  (rectangular) 
+ve 
4 



S ~ n B u I u S ~  7 .22  ~ 8 u ~ ? a d 1 ~ 0 a d ~ ~ i 6 y n 9 i n 0 ~ ~ l ~ n ~ n ~ n a ~ ~ d i ~ u ~ d n ~ u  
2'. ' ~ L V A U U ~ ~ T E ~  (square wave) I U ( I I U U ' W D U Y M L ~ ~ U G ~ ~ ~ U ~ ~ ~ G  F T J L ~ R ~ ~ ~ ~ U ~ V O J  

d ucr ia16yn~8uarii~iiu?riun?iudCu~~ ~~sim~n'ynn~~luuauuan~~a::~aua~wsd~~ 
Input 
signal 

iisdPiuwi6ynaa~aGa6w%maid 2 6-1 ;a icmu::i~ (]OW state) vnxnrnu::!d 
ucl I 

(high state) ~6a~ai6~~a~di~'ia6u~ni~::614ii~u&aia~duCu~nlvlaniuinnii UTL 
04 I x 

(v,,) idniiau dan' i~ i ia~n6ninma~~t?~l f l~~~mu::~d~ba::nd~~nniui lu~s::~~ 
Cuynana~R~Fiidinii LTL (vT-) dniiau rai6ynii~ra5~i~4na"uIdu"dnniu::di 
i~ud'rzluy~ 7.23 iinndaini'lfi~j0ld6dnd13 

n?iuiwndi~'i:vlii~i~s;16~ UTL (vT+) iia:: LTL (vT-) Liunii Bn~na?&~ 
(hysteresis) i ~ a i ~ ~ a a n i ~ ~ ~ ~ a ~ s i ~ i l ~ ~ ~ w i n i n i l ~ ~ n  ~ i O i ~ V j i ~ ~ ~ n a % n i i ~ ? u i f l n ~ a u  
v i i I i i i ~ I ' i l $ i  ifinainisn~~ldarii~~~~c%l~~s~dqm~~ina"i 8t1ma4%nC~aj1.1sdusri 
idu a1d~i~a~a6~8~~im~yn'1u~~nsrfii~a~i:: [ G 3 d i ~  ~du8imada 148.1 (modem)] 

hish 

low 

F'H 428 



D d8udaau (Data M% Delay Flip-Flop) ~ n u i ~ ~ u m ~ d i d a u ~ a ~ n  dFiudaau 
a ic~dnr i?~nmt~n iu~~ lu~ : :u : : i ~n i ra~n~an  

T d8lIdn~u (Trigger M% Toggle Flip-Flop) ! R U C G ~ U ~ ~ ~ L ~ ~ L I U ~ ~ ~ ~ U : : ~ D J  
t: ddc. ~aiviynld~9umuCiuynn~~nuauw,~1~Ciui i a v i i l ~ i ~ Y ' ~ n $ ~ ~ ? i u 6 r a ~ 8 u ~ n  



0 12 I6 20 30 40 48 62 
p scc 

@ 7.25 ~~?'lu'%I 7.7 

I 
!dlUam (peak value) 10 V wa"11ii0l6njn~naii LTL = 2V. UTL = 4V, HOIUY 41 




