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DEVELOPMENT OF DIGITAL ELECTRONICS 
I 
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1.1 ~raomonunaozwidon 
Digital and Analog Methods 

riau~il:~iin~iu~VYililn'u^?Q6~man ~ a ~ ~ % i ~ i l ~ a i u u ~ n 6 i 7 ~ ~ a ~ 5 Q ~ 8 m a a  LL~:?Q 
o:uidanriau 6~iRimaarnmub~n~~munid~vi7d~~%Tmu~sllb~u\ido~da~ (discr~te 

x r 
' units) (~du u7ua. Qu. $19) kuaiil~uuda:ariqu rn:an~uas~~dqu~~a~~amdiiuqu 

I Y a  Y +.stlam nn:aiil~iinim~nrnriq u~rnaiunb 

Swnidms;l%ilu ~ i w u o : u i i a n u n u ~ ~ a ~ ~ ~ c t a i u i s o ~ m ~ ~ m u ~ ~ ~  ~ d u  h a 6  
1 a4 

(volt) n~iu5iuvnu nimuu 5:u:m.s ~9u5u ao-uiiannhunwnmupdr (ana~og~) 

~mu~~~aaadi~~~~~~n?lu~~u~~uius:nii~aa~il9~n'uni~~~nu~1a~il~.s ku"ulu?l 
a r e:u~daniiuqu i 5 ai~l%rmunimyu i so at~iaaarauu~aai (meter) nianqiudn 

aad&lulia61fii rnaionqiuuid rrnui:fiuvunlnn nim~naiilnsauii\flmunisu7nnis 
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n15?mnqiul, n?iud. L ~ L %  nn:nai 0a~m?ah~%7"md$~imw~n,d . . (liunii 
o r u  o r d a .  Y.W . tor I 

scale-type meter) ~ a " ~ m v i 1 i ~ ~ ~ d  L ~ ~ B I ~ T ~ I S I M X ~ ~ ~ L ~ U ~  . . (pe~cnt):~~3a3~~na . , da umu 
%ar#u(iadio~aiLnisn:~s:uim j l i ~ i ~ ~ ~ o i v i ~ M " ~ # u , ~ 3 a 1 ~ ~ ~ 1 i l t i i i i l ~ ~ 1 ~ i j m ~ a 1 m l 6 ~  

A r 41 u ilnnni~iiu67hai k rd~:nwiisdiu,"i~m%m~.j& ' i lwrni ~ d u 6 k " h h m ~ ~ ~ a  
u u m a a  ' 6 i I i a uarujimni\aiuw.s rwnads:n~uhdab 



(a) Analog Volt-Ohm-Meter 

- -- 

(b) Digital Volt-Ohm-Meter 



1.1.2 nlfflU0dlnu 

ililglju$6+li~ao ~~~:aru~~on~flun1.i~1~ui~1un".jfiu Iu~~uuAiplan ( p l 1 . 2 )  

@ n f f u a ~ u i ~ ~ n ~ : ~ n d d l l r ~ u ~ a d l ~ o n r n i . i u n u ~ ~ a u w ~ ~  dut~uu8~ploni3:~ndd 
d t; 

~ l u 6 d u n n l ~ d L ~ U J ~ ~ L L ~ n 1 ~ ~ 1 u ~ f l ~ u u ~  ~d~~~~ (multiple channel) tlEld$ElqR 

niai.in;islmu~~nAur~uu~Gu A tta~ B 'LuZ1l 1.3 fiuni.i~~llntuauw Rpn~w"duiiu%b 
a 

8iaan (6ilad : digitizing) ~~~~4.1ddCiiu~a~jyn~aGwf ~ir~~u1~68rni ln6~6 .~:LIU L ~ M U  

riuniini.i~a~~w6n~rnuni.iat~da3ni (time division multiplexing) L W ~ Z  tmi9n tadu 
%ZM<lddEld A LLnZ B 

(a) Waveform 

(b) Numbers Transmitted 

TDM ~ s P ~ ~ ~ u ~ ~ ~ ~ J ~ ~ A T J ~ ~ L ~ Y Y ~ ~ M ~ ~ E ] ~ ~ ~ ~ ~ ]  1.3 (b) 441#57ntf7 

(modulator) d l ~ ~ u ~ m ( l 7 1 ~ 6 ~ 1 ~ 1 ~ ~ ~ ~ ~ 1 n d l ~ n ' ~ d 7 ~ ~ L L 0 i ~ = : d 3 ~  dawh$aiui.innu 
r i  ua 

~ u ~ n u n q i u 6  wndttadonddwidd i~dd,wiu~~uu$fiun~ini.i~n~bw~n~munis 
i 

LLddfl31~0 (frequency division multiplexing : FDM) $J TDM LLRZ FDM ~~~njlLdIu 
ilJ-qlju di~ lni . id~ci iu#~lqn~8ud 
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(b) Frequency Division Multiplexing 
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1.1.3 9Sflflf3'2flqU 
ccc Y t :  s:uunqu?un&na~luuGGwaa~~a::a::uiflan ~u~zuuAkanQ~a-i lua::~~um 

gnI.iiaanu19inuailwBj aidfi (motor shaft) u~nadiuniaaaru'u dtriildldiuu~iuu 
~ u c i i ~ a r i ~ d ~ n 8 a l m u ~ ~ n ~ u ~ u  (controller) uaz~wcyrun~ iu t jmwa~mn" t~u~~~n~a~ f i~~  +. 

cici u 
aad$q~dliuuduu (comparator) ~ L ~ M ~ ? I ~ ~ ~ ~ ~ S ~ I . I ~ ~ ~ C ~ ~ Q M " ~ ¶ ~ ~ ~ ~ ~ ~ L L ~ : : M M ~ ~ ~ ~ T ~ : :  
a4 ~ u s b r i ~ n ~ ~ u ~ m ~ a ~ m ~ a a ~ ~ ~ $ ~ ~ u u ~ a a A G ~ a a w " a d  wdaua+lwaSl~~ndauld 
lufitmmaf! auieau ~~anmmiurjmwaim luviiuaa ~biuqriu r t i ~ h x u u n m  ?ulu~~uu 
azuiflan ~ ~ ~ i r u n ~ i u i i m w r n m ~ : : ~ - ~ ~ ~ ~ J m u n i ~ ~ ~ ~ u u  B~IJ ~~~~6ufkml6 (pick-off 

X m  
voltage) ~ULLU~UYIBGNYIU~ (controller voltage) ~~Ei?~~4~ i run~ i~Qmwaimu q::84 

~ ~ ~ ~ B I D ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ M ~ ~ M " ~ M B . I ~ Z ~ N L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~  
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Controller 

aa:nimquaad~dmu3~aG~aai (potentiometer) L ~ D U W U ~ ~ U ~ U L ~ ~ I  nnmn RU L L I ~  

d~ci9li lnfiaadii~ma$~ja~uGin~~ (chart recorder) 



1.2 d ~ ~ ~ 8 s n n w h ~ ~ i 0 d ~ ~ ~ t ~ f t u ~ t w o a  
History of Digital Computing 

1.2.1 gnn'a (Abacus) 

ds:Qnian6euKu n6iaii uyud~iuamImu~im~a~vlu~uadu~uw~ 1 
& bn~odvlanu~in~ 1 2 b n f a d ~ ~ i u d i ~ ~  2, Y ~ Y  6141 anAm (abacus) ~~adb~'ln!naia 

A W K  
M ~ I U ~  asqusl ~ d ~ n n i s ~ ~ ~ n ~ n d ~ u i u ~ u ~ u e ~ . ~  iinywuauu annin~~a:I'lGu<wui 
s:uu.undn~rriu~dsaafid~nfimuu'b~:fiud~u ~nfimpn<mb~wniu q n~uuedmriau, 
3u. %u lddnuq dnuiiinisia~udb daIfi2nilm~ndoudI~Imu~asx 

d 4 v t :  
8n6m16~n~~u$n4 -~  ~s~ulans~b~snl~naass'w~ s riouniaw ma imzlinic 

ndi~n51~av~~~lu$s1~bba::babQu ~unssbamassd 20 ~do~a9nis~n (Arabic 

number) n a i ~ ~ f l u d ~ u ~ ~ ~ n t i i ~ ~ ~ w ~ n i ~  ~n6h~d~finlfluqIsd ~ ~ ' ~ L C ~ U I L L ~ ~ ~ Y O P  

mani6inluqI~d riilfi~nu~iuhno~n'wail~u'bd~~uui~ nisFiuwuan6n~fiduJa~Qu 



(a) Japanese Model 

(b) Chinese Model 

1.2.2 ~ ~ ~ ) 1 ~ 1 f l l 3 % 0 ~ ~ 0 ~ ~ ? 1 9 1 6 f  

lu9 16 14 -JaIh L u L ! ~ ~  (John Napier) (in6wmnmMniia0l ~6uwuaani%aJ 
(logarithm) Yii[$~d6~un~m~fl~1i~~uub~d~au~ibli5n~iuaw~~muiiu Jan (logs) 

~3paazui~anbmusssuaiG nsiiqiia ~ u L ~ M ~ E u ~ ~ E ~ ~ P I o ~ ~ ~ u ~ M B ^ ~ ~  

t~~ui lrn~win~.h  rufiufl&Fiuwuiirm~i8cnaadi~%~ini'i~w~~i~i%~bnfa~ia 
d d ~ r i a  (rods) ~ian5:gn (bones) 4  B i iud5~na~~~u lhu~u~a~1Cm L%~EI~"~MI,I,~Ju 

u u  t; 
k y J i . 7  ni~~#bn~ad~a~udns::~n~::~n~anun:.il'm&ud~m~cndad~idu~s~adn~::~n 
haci i~~duh211 1.8 Gaia~ni'iqrn 642 Kau 72 n5zv~;?n4u 6.  4, 2  qn$ad$qida jcia 7 
n'iqn i Kd@ 



usni~Guagm 642 h u  7 kuliuaiunsrgn 1 nauibumd 7 6~rtt1ma~u~d 1.8 

~r~aiiuAiaaul6 4494 ~fi8a~naii~~n~1~n~1~n~~i~du'a~n'nn"m~dbmu5abuCfi bmunis 
fi?imidi~lau ~m6aagruhia l o  (rwnrmriinjgru6qu 70ldld 7) $aldiWar?J~ 44940 

Y w w  daldnrudi.ru 2 b m u i ~ r ~ u q h  ~ ~ h ~ a u a n w a n ' w ~ ~ a ~ a o ~ u ~ ~ i m a u ~ $ i r ~ u c i i o l a u  
qn;ii~ ~l j~ i?dnsd~udr~u~in~da~uds~5~f l i~a (Ol i  t tdf i~~ur~uarr~ma~M'~f l~n~i8~ 
~6uqw"un"y^?5auiniTqurntaa$a6iuqrum'i6u 

M&w?~$u 15 9 1632 %L$LIU JDLW% (William Oughtred) ~flfl&Plfll~Pl(Oli 
naC~nqnl6dadajdn& ga (slide rule) 4~ ~ J M " ~ L ~ u L ~ ~ ~ J $ D ~ ~ J ~ ~ ~ M ~ ~ ~ ~  kd$ 
aani~uaaa ruduil4u~Cnw'u~iu 

9 1642 ~und diF(mn (Blaise pascal) Gn^?nnmamiandhmn uar.rhr$uu 
i a niauniaai ~finrniu~uriruadtauannan'udCarna~~iq 7 lM'5miaa~~qilrardut$iiu 

rng rulaiq r4u.s I 9 ~ ~ ~ d n ~ ~ r n & ~ 6 i u ~ r u & ~ b ~ r d i ~ ~ ~ n i s u a n  (pl 1.9) mntaa<ns 
a Y a  ikhrna1~6qu s rf iui udarrfiuiu' l o  du udd~l i i~u~durn~o~u~luna Cuaiuiso 

nmh d d  k s i i ~ a ~ d ~ a n ~ i l 8 & a ~ ~ u i ~ ~ A a u d l d ~ ~ R a ~ u 6  



9 1670 UISOU flWll*l3lEld ?nLa% daM duitnd (Baron Gottfried Wilhelm von 

Leibniz) ~f1~6~l~lflmjm? L~D~$~~&flz"la be1f ~a'%l~LiEJnl L R ~ B ~ ~ ~ R : L U C ~ I U ? N  

L L U U L ~ U ~ M W D U  (stepped reckoner) u"R?l%~l%l5~~Ufll~?~ ctu MI3 LL~EMl3lrl 

6dupn 6ar6uiwsaa rnfa~~iu~ru~%anad~.6"buel~1ass~d 20 

1780 I ~ L B ~  %I? LL9Cmrnh (Joseph Marie Jacquard) .61?d%~eld6w"~~l 

w~aanorji&du$~ baiu~sornu~~u~uludsan~~'uuaeiias~s:fim&aunis~fisb~ns~~mu~~ 



IuQ i so I L Y I L L ~ ~ J  mfaa<nmu;&~uuIw~a~~amaqmai~nssuIu~hi m ta~<ns 
U P  $I 

drnuisnn?uquiFTu6iu'b6 12.000 i8ulunai du2riu miaanaGigm4uunuC~~~iau 
~2iuii!6~dduuudaamsi~i~u~na"ufi 1 j m ~ ~ e i ; ~ $ ~ r i l % 6 ~ 3 u i ~ d ~ u ~ i i u a a i u ~ n  
nauA?mai I yuiuiia~arn I !aiir;vuiuilamu o 

~d!n?iu~i~u1ndqmnu~da"bueli~~1s"nau~a ~mo%aaelmasd I 9 !a mian' 
LLUULUI (Charles Babbage) ~?lincl6klell~mi~2q~nl)'d 3 : ~ l ~ q  1812 LLR: 1822 LYIIIJ~U~U~ 

mfaajnsdunii m~aa<nsnaiuuandia (hifference engine) ~~aa"'il?d=i:aa6!unis 
6iuacum.namanricmeliami aiaha ~ ~ u ~ m u d n  q lu4 I 81 3 irmi!~~~iiisarlyau~ 

L 

Iln~annu~anqalwu~b~~nalu~~sS8.J%1~ (The Royal Society) l l%haLfl~a.~nR%4~%4 
kui' i if l~mai (register) uuim 20  fin 7 k ~IM%L~U$?L~V ~~a:RFi?urj~Wr~a~iw"~w 
~~~6~uqr1assnluniser~mauinu~ana'ia8aun ~8nnisa%halfu!dlu~ I 822 

~riujn~n'iaiuddd luil 1833 aiGauiuw?Aa o*~nfa~<ns'i wn:jis0 (2d 1.10) 

~ ~ f a ~ ~ n d d s : n a ~ i i l u ~ ~ a u n a i 8 . ~ ~ 1 ~  1000 ~ n d A  (II)UO-location memory) L L ~ R Y  U M ~ J  

daiuisn~&~~i?au!6~a so ~iTnluKa6u w f a ~ d \ h & n n i s n ? u ~ J n u ~ ' i l s ~ ~ i z ~ u a J  
uqnniia 



~~uu~uilmidub 187 1 L ~ ~ I ~ H S Y ~ J  ~ 6 1 ~ a ~ i a ~ a ~ ~ 2 i ~ ~ ~ ~ u i ~ d ? u ~ ~ i $ ~  LN¶Z 

q d n f i a  JU$UIJJ ~Ba j iu3  u athd~fiaiu~u3~maa.j ~mIudi1.j Tdn~nfu (program) 
I x n1fLfi~h;n (storage), M~3UL~361 f iV I  (arithmetic unit), ~ u V ? I  LLn::LEIl~n ~WluL~u 

~nu~.j~u3iurlnn%h~aan~aufi3 L Q I ~ ~ ~ ~ ~ M ~ # . ~ M ~ F I  

Iuil 1876 ~ ~ L $ U N  naud8u (William mompmn) Cfinmfi i~nhbjnrp &f?n 
r A 

h 4 1  aaSm Lngu (Lord Kelvin) ~ W W D L U I ~ ~ ~ ~ D ~ ~ L ~ ~ ~  L ~ f ~ 4 L ~ m ~ ~ ~ L L ~ n l f  
614 lvlda LSULQU~ (*tiai equation) ~Girnmant~m~~m~il::  b\d& ~mn%ondh 
~~~~uudriiaiu\kk~~a.jilinw'~uini~~~a.j~nnTuTndu'.jIJJ~~~~~alu~~~u"u lug 1930 

II 
MuLWl q0 (Vannevar Bush) L L ~ . ~ ~ ~ ~ ~ ~ L ~ ~ ~ ~ ~ L I U ~ ~ ~ C ~ ~  (Masachusetts Instituteof 

u Y 
Technology) Imdn.j~vuidannaufi~rma~mtlaikffu~iuain~~uu~a.jnaud8~ 

lub 1887 ~ l l a j ~ ~ u u  l l ~ ~  ~na%d (Herman Hollerith) ~ndi%i~Vi.jdi~ndiu::~u 
dasm~~u1J'I4~b. f i 3 U i I h  (Bureau of Census in Buffalo, New York) L~~.j?inni5di~:~~ 

df~~u'm L ~ i ? l d 1 ~ % ~ 1 ~  L~157'~fi6t.j 1 IU 3 ~~a.jdiu::~udf:%inu 1880 L&ldf ~0ln5 
d Y arlvturu 26% iiaiu dauiaan~a~jnflirj~1uiui~n~~~6nniu~-1~~ud~undaaa~ 

IBM (International Business Machines) ~~~d~din5uljsf~ili=:~u'.jn.jf4nn'u~ir3ia 
eran ~naSnd 



(a) Hollerith Pantagraph Punch 

( b )  Card Reader 



luq 1937 IEl?l%l LO%. klmu (Howard H. Aiken) W k l l ~ l ~ ~ N ~ ? l ( Y i l ~  d3Yn0u 
b: d ~2u~n~edviinisll?ndee~bliu~u 78 ~ n $ e ~ n ? u ~ d n u l d 3 ~ ~ n 3 ~  b ~ i % ~ ~ u ~ ~ u u ~ n n a d ~ ~ ] u b u  

d Y W I  

(piano roll) L ~ ~ B J U ~ % ~ ~ ~ U ~ T Y ~ D ~ ~ ~ ~ L ~ ~ O ~ ~ I ~ ~ W ~ ( Y ~ ~ ~ ~  ?Lfl6 (relay) L ~ ~ $ E I - D . I I ? U L ~ ~ ~ ~ ~  

iisau~2ni 300 inG7uii I+ri i f i~u 4 riifij;i ~kn-.vCn 5 diu i u n i i  Mark I 4dau 
ne~niurme~fi~.igs~ini~uns~W;~duqn~~nmxibannQ~4 2 

6'4 w lug 1946 Wimenne~~~~l~ml~~aanqs&ls&liniel  (vacuum tube) 16qnGwui 
2 6 G a 6  
37-4 Ins LI. lW3filWa3 LElnlflm (J. Presper Eckert) LL~V'IDGU 6 ~ ~ 5 3 .  N 1 1 d  (John W 

Mauchly) L L C ~ ~ U L ~ U U ~ R ? ~ S S U C ~ $  (Moore School of Engineering) N ~ l ~ ~ i m ~ l ~ ~  L W W ~ M I  &iI 
d Y ,  

(University of Pennsylvania) ~ ~ n l ~ 3 ~ d U 2 1  ENIAC (The Electronic Numerical Integrator 
d I 

And Computer) (i??J 1.12 ~ n ~ a ~ ~ i ~ m e u E i ? u m a a m ~ y ~ i n i ~  18,000 mnen 1,~n:fii~i3n 

viiniw2n 5,000 nQd ~ iaqru  soo nkiaiuiCi 



%u$ 1948 IBM a%d SSEC (Selective Sequence Electronic Calculator) d X ~ l ~ E l 6 ' 2 ~  

maanijryryimd 12.500 man LTIU~EIUG~ ~a+i~faa~~sniI#Ids~~nsui~6~]a~ 
?I I ss I n n u ~ ?  L P ~ ~ ~ L ~ ~ ~ ~ L L T ~ I W ~ ~ W I ~ " ~ B ~ % # ~ ~ : B J ~ I W ~ ~ ~ ~ ~ ~ ~ R S ~ J ~ U  

Ba nrdnf vsu6 ;tLL?n I (Sperry Rand UNIVAC I) d 3 3 l 0 E l ~ i ? ~ ! n k l m ~ d d 6 a ~ l  LLR:: 

mnanijryryinin (g  I . I  3)  IflutlicintliuzIud~::~~tis d i ~ ~ ~ l 3 d i ~ ~ ~ ~ d ~ ~ " d l ~ ~ ~ ~ ~  
1950 

fla3J%2LolEIi UNIVAC d (Universal Automatic Computer) L ~ ~ T : T $ R u R ? ~ P  

naar~qLmaiiu~iu4aujndIf luf i~~~u LLMI e N l A c  n n I d s ~ ~ n s ~ i n u ~ n r i ~ 8 d i ~ n ~ ~ i  
!dad$ UNIVAC ~%~u~f in~adds~~ns~wd~6~ la~n iu~za  ~ d ~ d ~ ~ ~ n s u d 6 a d n i ~ n i ~ - i s n  

id  1.13 UNIVAC I 

ENIAC L ~ U E  ~8nn~a~ndnaufiq~olai~i iu~d m4aausn ~mmirrui&u~niaa 
Gild 7 ~ ~ ~ l ~ b l l ~ ~ ? ! ~  EDVAC, SEAC. Whirlwind I ~ I M %  UNIVAC I LLFIE IBM 650 L ~ U  

m~o~ insusndn%ah~fun isw~m naa-rfiqmai~miid~3wnsu~qwai~ninn (tint 

generation computer) % ~ M ~ l n ~ n q Q Q l n i ~  



A u . 3195s uN1vAc I qnw~miumnnii 1s n + a ~  ~ u f Y M i i d &  IBM rwmuw~m 
nauh rma$di~%lflui%wifid LLR: inI6r#i~ynni~fiY'~~iuTmuc1au~7 rwa$ 

~un?~f iq  1950 i i n in l~ :Ra fnnd~cd  (transistor) ~u&hhtirnriiiawal.~ 
Ijluauimdrfin un:naiuciidn0e itriimr4)unaufia~wni~nCtaa~ i#n'nnd~aa$ 
r ~ u a ~ ~ d . r r n a u u n u ~ n a ~ ~ ~ ~ i n i ~ l ~ ~ i a u i m l ~ ~  nniqd nn:innutauqd 

~unail 196s ln~~~%~~~n:s:uuni~~i~iu~a~ni3ufiaimafl6%nis~'a~'ilmtl 
A v 

~ # ~ J . J ~ L % I L ~ %  fla4 : Ic : Integrated Circuit) n ~ i ~ ~ f i u n a ~ ~ ~ ? ~ m a $ y n ~ a i u  ~fumas 
IBM luaynsu 360 

di~<unau*i? ~maiyn6dr#i~m~im~un~~ss'13 I 970 &ai?~i?d .~ ' l ra4$d .~)~n~u 
n'id~ud3ui1~uin (Large Scale Integration : LSI) ~~n:5:uuniniidiu(au3auuin 

nim'aruiaadhlc1sl1~5r¶n~'11ai (micrdpmssor) I i ; l l ~ 8 q w m ~ n n u ~ a ~ ~ m n s '  
Y 

dd6iniswGdulnsc1au~aaai (micrommputcr) 3~ ninii~Gu3maa~~nr~mnhc 
qin r6uirnu8u~~ 

il~?uirimsw8mnoufl?aai%u 7 sfin auimdid 7 ~u$d.rudm$adn'iuaru 
auinnst.~fli Id-~uidauimrin6Tds~~n~'11ai (multiprocessor) ~uimGa~II'i~iu ( ~ d  1.14. 



$ 1.15 PDP-WA f i ~ f l i l U ~ 7 L ~ l i l ~  








