
II -O EIE.Af'.m-H ~T A nEIP AMA T A

~E aut6 to xE<p6.AaLo JtaQOU(JL6.~OU!A.E 18 EQYa(JtnQLax6. JtELQ6.!A.ata (JE 1jJn<PLax6.

xuxAro!A.ata XaL AOyLXtl (JXEoLa(Jn. ~xoJt6C; tOUC; ELvaL va oro(JOUV JtQaxtLxtl E-

!A.JtELQLa (JtOV avayvro(Jtn aUtOV tOU 13L13ALou. Ta 1jJn<PLax6. xuxAro!A.ata tOOV JtEL-

Qa!A.6.tOOV aUtrov !A.JtOQOVV va xata(JXEUa(JtOVV !A.E E!A.JtOQLX6. oLaeE(JL!A.a oAoxAf]-

Qoo!A.Eva xuxAro!A.ata (ICs), ta oJtoLa 136.~EL xavELc; Jt6.voo (JE ELOLXEC; 136.(JELC; XaL ta

(JUVOEEL !A.E (JvQ!A.ata. H (JELQ6. tOOV JtELQa!A.6.tooV axoAOUeEL tn (JELQ6. tnC; avtL-

(JtOLXnC; eEooQLac; tOU 13L13ALou.

rLa va yL vouv ta JtELQ6.!A.ata XQEL6.~EtaL O E;tlC; 13a(JLx6c; E;oJtAL(J!A.6C; (JE X6.eE

eE(Jn EQYa(JLac;:

1. EVOELXtLXEC; AuxvLEC; tvJtou LED (Light- Emitting Diodes).

2. ~Lax6JttEC; Jtou va oL vouv (Jtl!A.ata AOyLXOV O tl AOyLXOV 1.

3. ~Lax6JttEC; tVJtOU XOU!A.JtLOV, !A.E ELOLX6. "xaeaQL(JtLx6." xuxAro!A.ata (debounce

circuits), OL OJtOLOL, x6.eE <poQ6. Jtou tOUC; JtLE~EL xavELc; xaL !A.Et6. tOUC; a-

<PtlvEL, oLvouv Eva !A.ovaoLx6 AOyLX6 JtaA!A.6 (to "xaeaQL(JtLx6" xvxAoo!.la

<PQOVtL~EL va aJtaAEL1jJEL tOUC; (JJtLVenQL(J!A.OVC; tLC; (JtLy!A.EC; Jtou to xou!.lJtL

JtQay!A.atOJtOLEL xaL !A.Et6. oLax6JttEL tnV EJta<ptl).

4. MLa JtaA!A.oyEvvtltQLa yLa xQtl(Jn (Jav QoA6L, !A.E tOuA6.XL(JtO ovo (Juxv6tf]-

tEC;: !A.La xa!A.nAtl (Juxv6tnta JtEQiJtoU 1 Hz yLa va 13AEJtEL xavELc; aQYEc; aA-

AayEc; (In!A.6.tooV, xQn(JL!A.OJtoLroVtac; tLC; LEDs xaL !A.Lav u1jJnA6tEQn (Juxv6tf]-

544
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,
ta, 3tEQL3tOU 10 kHz i] 3tEQLOO6tEQO, YLa va 3taQat1jQEL xavEL~ xu!A.atO-

!A.oQCpE~ OtOV 3taA!A.oyQ6.cpo.

5. 'Eva tQOcpoOOtLx6 t{1}V 5 Volt yLa chips TTL.

6. ELOLxE~ f36.0EL~ yLa Oti]QL;1j XaL OUVOEO1j t{1}V chips. OL f36.0EL~ autE~ xu-

xAocpoQouv !A.E oL6.cpOQa ov6!A.ata, 63t{1}~ 3t.X. "socket-strips", "super-
strips", "bread-boards, xA3t xaL Exovv 3toAAE~ !A.LxQE~ tQU3tE~ OE Eva tE-

tQ6.y{1}VO 3tAEy!A.a f3i]!A.atO~ 2,54 mm, !A.E ay<iJyL!A.E~ u3toooXE~ yLa axQOOExtE~
xaL ouQ!A.ata Ot1jv x6.eE tQu3ta.

7. LuQ!A.a !A.ov6, !A.ov{1}!A.Evo, yLa tL~ OUVOEOEL~, xae<iJ~ xaL !A.La 3tEvoa XL Evav

a3toyu!A.v{1}ti] xaA{1}oLou.

AQXELOL xataOxEuaotE~ oLaeEtOuv EX3taLOEUtLx6. "kits" 3tOU 3tEQLExouv 6Ao
tOV 3taQa3t6.v{I} a3taQaLt1jLO E;o3tALO!A.6. MLa EX3taLOEuLLxi] AOyLXi] !A.Ov6.oa 3tEQL-

Aa!A.f36.vEL AuxvLE~ tU3tOU LED, !A.Etay{1}yLxou~ oLax63ttE~, 3taA!A.OOLax63ttE~, !A.La

yEvvi]tQLa 3taA!A.<iJv QOAOyLou !A.Etaf3A1jti]~ ouxv6t1jta~, tQOcpoOOtLx6 xaL f36.0EL~

yLa ICs ("socket strip"). MEQLX6. a3t6 ta 3tELQ6.!A.ata e' a3tdLti]oOUV 3tEQLOO6tE-

QOU~ oLax63ttE~, AuxvLE~ i] f36.0EL~ yLa ICs.

E3tL3tAEov E;O3tALO!A.6~ 3tOU XQEL6.~EtaL, EL vaL Eva~ 3taA!A.oyQ6.cpo~ Ouo xava-

AL<iJv (yLa ta 3tELQ6.!A.ata 1, 2, 8 xaL 15), Eva~ AOyLX6~ avLXvEuti]~ (probe) yLa

t1jv avEuQEO1j ocpaA!A.6.t{1}v ota xuxA<iJ!A.ata xaL oL6.cpoQa chips.

Ta chips 3tOU ea XQ1jOL!A.O3tOLi]OOU!A.E ota 3tELQ6.!A.a"t'a ELvaL t1j~ OELQ6.~ TTL

7400, xaL ELvaL oAoxAi]Q{1}o1j~ !A.LxQi]~-xAL!A.axa~ (SSI) i] !A.EoaLa~-xAL!A.axa~

(MSI). Ta chips SSI 3tEQLExouv !A.£!A.OV{1}!A.EVE~ 3tUAE~ i] flip-flops, EV<iJ ta MSI E-

xtEAouv 3tLO 3tEQL3tAOXE~ AELtOUQYLE~. To Lxi]!A.a 11-1 OELXVEL ta 8 chips SSI

3tOU ea XQELaOtOu!A.E YLa ta 3tELQ6.!A.ata. Ta chips aut6. 3tEQLExouv aVtLOtQOcpEL~,

3tUAE~ OXI-KAI, OYTE, KAI, 'H xaL a3tOXAELOtLXOU-'H OUO ELO60{1}V, xaL 3tU-

AE~ OXI-KAI tQL<iJV xaL LEOO6.Q{1}V ELO60{1}v. LtO oxi]!A.a cpaLVOVtaL xaL OL a-

XQOOEXtE~ 3tOU aVtLOtOLXOUV Ot1jv x6.eE 3tuA1j. OL axQOOExtE~ t{1}V chips aut<iJv

aQLe!A.OuVtaL a3t6 to 1 {I}~ to 14. O axQooExt1j~ 14, 3tOU 01j!A.EL<iJvEtaL V cc' xaL o

7, 3tOU 01j!A.EL<iJvEtaL GND (ground-yEL{1}o1j), ELvaL autoL 3tOU 3tQE3tEL va OUVOE-

eouv OtO tQocpoootLx6 t{1}V 5V yLa va AELtOUQYi]OEL to chip. To x6.eE ELoo~ chip

EXEL tOV x~Lx6 tOU aQLe!A.6 -YLa 3taQ6.oELY!A.a to 7400 ELvaL aut6 3tOU 3tEQLEXEL

tL~ 3tUAE~ OXI-KAI Ouo ELO60{1}v.

rLa ta chips MSI, 1j AE3ttO!A.EQi]~ 3tEQLyQacpi] tou~ f3QLOxEtaL OtO f3Lf3ALo tOU

XataOxEUaOti] LOU~. O xaAutEQO~ tQ63to~ YLa va a3tOXti]oEL xavEL~ E!A.3tELQLa !A.E

ta E!A.3tOQLX6. chips MSI, ELvaL va !A.EAEti]OEL aut6. ta f3Lf3ALa t{1}V XataOxEua-

Ot<iJv, 63toU U3t6.QXEL 1j 3tAi]Q1j~ 3tEQLYQacpi] t{1}V EO{1}tEQLX<iJV, E;{1}tEQLX<iJv xaL 1j-

AEXtQLX<iJV xaQaxt1jQLOtLx<iJv t{1}V chips. rLa t1j OELQ6. TTL 7400, OL6.cpOQE~ EtaL-

QELE~ 01j!A.OOLEUOUV tEtOLa f3Lf3ALa, YLa 3taQ6.oELY!A.a: "The TTL Data Book for

De~ign Engineers", 3tOU ExoLoEL 1j Texas Instruments i] to "Logic Databook",

3tOU ExoLoEL 1j National Semiconductor .

Ta chips MSI 3tOU XQEL6.~OVtaL YLa ta 3tELQ6.!A.ata, ea ta 3taQOUoL6.0OU!A.E xaL



546

G.\'D2-input AND

7408

~XHMA Il-l

M£p1K6 chips SSI m~ cr£lp6~ TTL 7400, 11£ tOU~ Kro61KOU~ tOU~; tOU~ OKpo6EKt£~ tOU~ KO1 to crUI1f!O?O

trov nu?6Jv nou nEplExouv
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ea La E;TJYiloOU!!E 61toU La XQTJOL!!O1tOLOU!!E YLa 1tQOOLTJ ~OQa. TTJ AELLOUQYLa

LOU~ ea LTJV E;TJYOU!!E ava~EQ6!!EVOL OE 1taQ6!!OLa XUXAOO!!aLa 1tOU !!EAELiloa!!E

OLa 1tQOTJYOU!!EVa xE~aAaLa. OL 1tATJQo~oQLE~ 1tOU bLvoU!!E OE auL6 LO 13L13ALo

YLa La chips aULa ea 1tQE1tEL va ELvaL aQXELE~ YLa LTfV EXLEAEOTJ LroV 1tELQa!!a-

Lrov.naQ6Aa aULa, ELvaL 1taVLa1tQOLL!!6LEQO va oLa13a~EL xavEL~ LO 13L13ALo LOU

XaLaOXEUaOLil, OL6LL OLVEL AE1tLO!!EQEoLEQE~ 1tEQLYQa~E~ LOU~.

~av 1taQabEL y!!a LOU LQ61tOU JtaQouoLao1J~ aULOOV~ LroV chips MSI, ea 1tEQL-

YQa\jJOU!!E EOOO LO !!ELQTJLil QL1til~ 7493. AUL6 LO chip ea LO XQTJOL!!O1tOLilOOU!!E

OLO 1tELQa!!a 1, xaeoo~ XaL OE EJt6!!EVa 1tELQa!!aLa, YLa LTJ bTJ!!LouQYLa !!La~ axo-

AoueLa~ OuabLxOOv aQLe!!OOV YLa LTJV E1taAileEUOTJ LTJ~AELLOUQYLa~ oUVbUaOLLXOOV

xUXAro!!6.LroV. , ;,

~t.O ~xiI!!a 11- 2 (a) XaL' (13), \3AE1tOU!!E JtATJQo~oQLE~ YLa LO 7493 1tOU Exouv

1taQeEL a1t6 to 13L13ALo LOU XaLaOXEUaOLil. To !!EQo~ (a) ELvaL Eva bLayQa!!!!a LTJ~

EOroLEQLXil~ AOyLXil~ LOU xUXAOO!!aLO~ XaL LTJ~ OUVbEOil~ LTJ~ !!ELOU~ E;roLEQLXOU~

axQobExLE~. 'OAE~OL ELooOOL XaL E;oboL Exouv ou!!13oALXa OV6!!aLa, xaeoo~ XL E-

vav aQLe!!6 axQobExLTJ. ~LO !!EQo~ (13) 13AE1tou!!e LTJ eEoTJ LroV 14 aXQObEXLOOV

LOU chip XaL La ou!!13oALXa OV6!!aLa LroV aXQObEXLOOV. MEQLXoL a1t6 LOU~ a-

XQOOEXLE~ LOU chip OEV XQTJOL!!O1tOLOUVLaL OLO xuxAro!!a XaL yL' auL6 OTJ!!ELOO-

VOVLaL !!f NC (no connection-xroQL~ OUVOEOTJ). 'OLaV 13a~OU!!E LO chip !!Eoa OLTJ

13aoTJ, OL ouvbEoEL~ LroV OUQ!!aLroV yLvovLaL OU!!~rova !!E auL6 LO bLayQa!!!!a.

A1t6 LTJV 6.AATJ !!EQLa, OLa OXTJ!!aLLXa bLayQ6.!!!!aLa <iULOU LOU xE~aAaLou, ea

bELxvOU!!E La chips !!E !!Lq ou!!13oALXil !!oQ~iI, 61tro~ OLO ~xiI!!a 11-2 (y). O a-

QLe!!6~ LOU chip (7493) ~aLVELaL !!Eoa OLO ou!!13oAo. 'OAE~ OL ELooboL ELvaL aQL-

OLEQa XaL 6AE~ OL E;OOOL OE;L6.. Ta ou!!13oALXa OV6!!aLa LroV OTJ!!aLroV, 61tro~ A,

R 1 XaL QA, YQa~OVLaL !!Eoa OLO OQeOyOOVLO, EVOO O avLLoLOLXO~ aQLe!!6~ LOU a-

xQo6ExLTJ, 61tro~ 14,2 XaL 12, OTJ!!ELOOVELaL 1t6.vro OLTJV E;roLEQLXil OUVOEOTJ. OL a-

xQobExLE~ LQo~obooLa~, V cc XaL GND, ELvaL OL 5 X~L 10. To !!EyEeO~ LOU OQ-

eoyrovLou !!1toQEL va 1tOLXLAAEL, av6.Aoya !!E LO 1tAileo~ LroV aAArov ou!!136Arov

Jtou 1tQE1tEL va XroQEoouv. OL ELooboL XaLOL E;oboL li1tOQEL !!EQLXE~ ~oQE~ va

LO1tOeELOUVLaL XaL OLL~ E1taVro XaL XaLro 1tAEUQE~ LOU oQeoyrovLou, 61tOLE auL6

13oAEUEL 1tEQLOo6LEQO.

To xuxAro!!a AEL LOUQYEL 1taQ6!!OLa !!E LO !!ELQTJLil QL1til~ LOU ~xil!!aLO~ 7 -12,

!!E aouyxQOVTJ !!TJOEVLOTJ LOU XaeE flip-.flop 61t(1)~ OLO ~xil!!a -6 -14. 'OLaV TJ ELoo-

bo~ R 1 iI TJ R 2, iI XaL OL buo EL VaL 0 (LaOTJ oXEb6v y£LrooTJ~ OLTJV TTL), L6LE TJ

ELoooo~ !!TJbEvLOTJ~ LroV flip-f1ops ELvaL 1, bTJAaoil abQaVO1tOLTJ!!EvTJ. rLa va !!TJ-

bEVLOLOUV La flip-f1ops, TJ E;obo~ LTJ~ 1tuATJ~ OXI-KAI 1tQE1tEL va yLvELo, bTJAa-

bil XaL TJ R 1 XaL TJ R 2 va yL vouv AOyLx6 1 (1tEQL1tOU 3 !!E 5 V QJts OLTJV TTL).

naQaLTJQELoLE 6LL OL ELooboL J XaL K LroV flip-f1ops Exouv a~EeEL aOUVbELE~. Ta

XUXAOO!!aLa TTL Exouv LTJV LbL6LTJLa 6LL OL aOUVbELE~ ELooboL LOU~ 1taLQvouv

a1t6 !!6VE~ LOU~ LTJV LL!!iI LOU AoyLxou 1. naQaLTJQELoLE, E1tLOTJ~.. 6LL TJ E;obo~

QA bEV ouvbEELaL OLTJV ELoobo B EOroLEQLXa.

To chip 7493 !!1toQEL va AeL LouQYiloEL ro~ LQL!!1tL LO~ !!ELQTJLiI~, av XQTJOL!!O-
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.LlJL2JW~WWL.zJ.
B Rl R2 NC Vcc NC NC

(13) eto11 t(J)V axQOOt:xt<iJv

3tGvw OtO chip
(NC = xwQ(~ OUVOt:O11)

(y) ~XT]!!atlx6 OVf1j3o),o

(a) A~ayQal1l1a tOU EOWtEQ~XOU

xux).Wl1atO~

1:XHMA 11-2
a uetpmn, Plnn, 7493

A NC OA OD GND OB OC
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JtOL1]OOU!A.E "tTJV ELoooo B XaL "ta flip-flops QB, QC XaL QD. MJtOQEL ax6!A.a va

A.EL"tOUQY1]OEL (I)~ "tE"tQa!A.JtL"tO~ !A.E"tQTJ"t1]~, av XQTJOL!A.OJtOL1]OOU!A.E "tTJV ELoooo A XaL

TJ Esooo~ QA OUVOEeEL O"tTJV ELoooO B. rLa va A.EL "tOUQY1]OEL, A.oJt6v, "to xuxA.(1)!A.a

(I)~ "tE"tQa!A.JtL"tO~ !A.E"tQTJ"t1]~, ea JtQEJtEL va UJtaQXEL ES(1)"tEQLX1] OUVOEOTJ !A.E"taSU

"t(1)V aXQOOEX"t<i>V 12 XaL 1. OL ELooOOL !A.TJOEVLOTJ~ R 1 XaL R 2 (reset inputs) o"tou~

axQOOEX"tE~ 2 XaL 3. aV"tLO"tOLXa. JtQEJtEL va YEL(1)eOUV. OL axQOOEX"tE~ 5 XaL 10

JtQEJtEL va OUVOEeOUV OE Eva "tQO<pooo"tLx6 "t(1)V 5 Volts. OL JtaA.!!oL ELO6oou JtQE-

JtEL va E<paQ!A.OO"toUV O"tTJV ELoooo A (axQooEx"tTJ~ 14). EV<i> OL EsOOOL "t(1)V "tEOOa-

Q(1)V flip-flops A.a!A.f3aVOV"taL aJt6 "ta QA, QB, QC XaL QD (axQOOEX"tE~ 12, 9. 8

XaL 11, av"tLO"tOLXa). 6Jtou "to QA EL VaL "to A.L y6"tEQO OTJ!A.av"tLx6 bit.

To ~x1]!A.a 11-2 (y) OELXVEL "tOV "tQ6Jto !A.E "tov oJtoLo 6A.a "ta chips MSI ea

OU!A.f3oA.L'r,Ov"taL OE au"t6 "to XE<paA.aLO. E>a OLVOU!A.E, OTJA.ao1]. !A.6vo "to OXTJ!A.a"tLx6

OU!A.f3oA.o yLa XaeE IC. Ta OU!A.f3OA.LXa ov6!A.a"ta yLa "tL~ ELO6oou~ XaL "tL~ Es6-

OOU~ "tOU IC ea "ta OLVOU!A.E OU!A.<p(1)va !A.E "to OU!A.f3oA.LO!A.6 JtOU XQTJOL!A.OJtOLEL O xa-

"taOXEUaO"t1]~. H A.EL "touQYLa "tou xuxA.<i>!A.a"to~ ea EJtESTJYEL "taL !A.E ava<pOQa OE A.o-

YLXa oLayQa!A.!A.a"ta JtQoTJYou!A.Ev(1)v xE<paA.aL(1)v. H A.EL "touQYLa "tou xuxA.<i>!A.a"to~

ea EJtESTJYEL"taL !A.E "tTJ f3O1]eELa Ev6~ JtLvaxa aA.TJeELa~ 1] Ev6~ JtLvaxa A.EL"tOUQ-

yLa~.
A.A.A.a OXTJ!A.a"tLXa OU!A.f3oA.a yLa "ta chips JtaQOUOLa'r,OV"taL O"tO KE<paA.aLo 12.

EXEL JtaQOUOLa'r,OV"taL "ta OXTJ!A.a"tLXa OU!A.f3oA.a JtOU JtQo"tELvEL "to Ivo"tL"tou"to

rnNAKA>: II-I
Or.oKr.np(0)ptvo KVKr.OOpOIO nov XpElOZOVIOI OIO nElpopOIO

rQa<pLx6. ~uIJ./3oAa

7447

7474

7476

7483

7489

7493

74151

74155

74157

74161

74194

74195

7730

72555

/}.Laq>OQE~ 3tUAE~ LX. 11-1 LX. 12-1

A3tOXW6LXO3tOLT]tt'i~ BCD-OE-7-XO!!!!atLa LX. 11-8

/}.uo f1ip-flops tU3tOU D LX. 11-13 LX. 12-9(13)

/}.UO f1ip-flops tU3tOU JK LX.11-12 LX.12-9(a)

TEtQa!!3tLtO~ 6ua6Lx6~ aeQOLOtt'i~ LX. 11-10 LX.12-2

Mvt'i!!T] tuxaLa~-3tQoo3tEAaoT]~ 10x4 LX.11-18 LX.12-15

TEtQa!!3tLtO~ !!EtQT]tt'i~ QO3tt'i~ LX. 11-2 LX. 12 -13

noAu3tAExtT]~ 8-oE-1 LX.11-9 LX.12-7(a)

A3tOXW6LXO3tOLT]tt'i~ 3-0E-8 LX. 11-7 LX. 12-6

TEtQa!!3tLtO~ 3toAu3tAtxtT]~ 2-oE-1 LX. 11-17 LX.12-7(13)

TEtQa!!3tL tO~ OUYXQOVO~ !!EtQT]tt'i~ LX. 11-15 LX. 12 -14

TEtQ<x!!3tLtO~ a!!q>L6QO!!O~ xataxwQT]tt'i~ oALoeT]oT]~ LX. 11-19 LX. 12- 7 (13)

TEtQa!!3tL tO~ xataxwQT]tt'i~ oALoeT]oT]~ LX. 11-16 LX. 12 -11

Ev6ELxtT]~ LED 7 -XO!!!!atL<bv LX. 11-8

XQOVLOtt'i~ LX. 11- 21
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HAEX.QoA6y(1)v XaL HAEX.QOVLX£i>V M1]XavLx£i>v (Institute of Electrical and

Electronics Engineer) XaL .a oJtoLa oLvov.aL O.1]V .UJtOJtOL1]O1] 91-1984 tT]~

IEEE. Ta ou!.L~oAa yLa .LC; JtUAEC; SSI Exouv oQeoy£i>vLo °x1]!.La, 6Jt(1)C; 0.0 ~X~l1a

12-1. To JtQ6.uJto OU!.L~OAO yLa .0 IC 7493 cpaLvE.aL 0.0 ~x1]!.La 12-13. Aut6 to

OU!.L~OAO !.LJtoQEL va av.LXa.ao.1]oEL .0 OU!.L~OALO!.L6 .OU ~x1]!.La.oc; 11- 2 (y). Ta

JtQ6.uJta ou!.L~oAa yLa .a uJt6AoLJta chips Jtou XQ1]OL!.LOJtoLouv.aL o.a JtELQal1ata

JtaQoUOLa~Ov.aL 0.0 KEcpaAaLo 12. ~.1]V JtEQLJt.(1)O1] Jtou .a JtQ6.uJta ov!tBo}.a

JtQO.L!.L1]eOUV, !.LJtoQouv va XQ1]OL!.LOJtOL1]eOUV yLa .1] OXEOLao1] OX1]!.La.LXcbv bLa-

YQa!.L!.La.(1)v .(1)V AOyLX£i>v xuxA(1)!.La.(1)v.
on L vaxac; 11 ~ 1 avacpEQEL 6Aa .a chips Jtou ea XQELao.0U!.LE o.a JtELQa!tata

-!.La~L !.LE .0uC; aQLe!.LOUC; .(1)V av.Lo.oLX(1)V °X1]!.La.(1)V OE au.6 .0 xE<paAaLo.

EJtLJtQ60eE.a, O JtL vaxac; avacpEQEL .OUC; aQLe!.LOUC; .(1)V OX1]!.La.(1)V .ov KElfJa-

AaLou 12, 6Jtou JtaQoUOLa~Ov.aL .a L000UVa!.La JtQ6.uJta YQacpLXa ou!.L13oAa.

To uJt6AoLJtO au.ou .OU xEcpaAaLou OLaLQEL.aL OE 18 Ev6.1].EC;, 6Jtou XaeE E-

v6.1].a xaAuJt.EL Eva JtELQa!.La. O aQLe!.L6C; .1]C; Ev6.1].ac; av.LO.0LXEL 0.0V aQLe-

!.L6 .ou JtELQ6.!.La.oc;. To x6.eE JtELQa!.La XQEL6.~E.aL !.LLa JtEQLooo EQYao.1]QLov jtE-

QLJtou ouo E(1)C; .QELC; £i>QEC;, Ex.6C; aJt6 .a JtELQ6.!.La.a 14, 16 xaL 17, Jtou !tjtOQE(

va XQELao.ouv JtEQLO06.EQ1] £i>Qa.

~E au.6 .0 JtELQa!.la ea bOU!.lE .T] OELQ6. !.It.QT]OT]r; 0.0 buabLx6 OUO.T]!.la, xaeoo~

XaL .T]V aVaJtaQ6.0.aoT] bExabLxOu X{JJbLXOJtOLT]!.ltVOU OE buabLx6 (BCD).

XQT]OL!.lEUEL {JJr; ELOay{JJYil 0.0V EQYao.T]QLax6 E;oJtALO!.l6 XaL YLa E;OLXELoo(JT] ~E

.OV JtaA!.loyQ6.<po. H OXE.LXil uAT] Jtou ELvaL XQiloL!.lO va ;tQEL xavELr; 6.av X6.VEL

.0 JtELQa!.la, ELvaL T] uAT] .T]r; Ev6.T].ar; 1-2, yLa .OUr; bu(J.bLXOUr; aQLe!.lOU~, XaL

.T]~ 1-6, yLa .T]V aVaJtaQ6.0.aoT] BCD.

L1vaot"r7 Mt.(;!7Ja7J: To chip 7493 aJtOLE)1.EtLaL aJt6 LEoaEQa XULLaQa JtO1J AEyo-

VLaL f1ip-flops, 6Jt(1)~ <patvELaL OLO ~xil!.la 11-2. Ta XULLaQa a1JLa !.lJtOQOUV va

01JV6EeOUV ELOL JtO1J va !.lELQaVE OLO 61Ja6LX6 iI OLO BCD. ~1Jv6EOLE LO chip yLa

va )l.ELLO1JQYEt oav LELQa!.lJtLLO~ 61Ja6LX6~ !.lELQT]LiI~ 01Jv6EoVLa~ LO1J~ axQooE-

XLE~, 6Jt(1)~ 6EtXVEL LO ~xil!.la 11- 3. ~T])1.a6i1: 01Jv6Eo1J!.lE Eva ouQ!.la aJt6 tov a-

xQo6ExLT] 12 (Eso6o~ QA) OLOV 1 (Etoo6o~ B ). 01Jv6EO1J!.lE LT]V Etoo6o A (axQo-

6ExLT]~ 14) OE !.lLa JtT]Yil Jta)1.!.l<i>v. YEL<i>VO1J!.lE LL~ 6uo ELO66O1J~ !.IT]6EVLO!.lOU Rl

XaL R 2 XaL aJt6 LL~ LEoOEQL~ Es66o1J~ JtT]YatvO1J!.lE OE LEoOEQL~ Ev6ELXLLXE~ ).U-

XVtE~, o1Jv6EoVLa~ LO )l.LY6LEQO-OT]!.laVLLX6 bit LO1J !.lELQT]Lil -LO QA- OLT] OE-

sL6LEQT] )l.1JXvta. <111JOLXa 6EV JtQEJtEL va SEXaOb1J!.lE LT]V LaOT] LQo~o6oota~ tWV

5V OLOV axQo6ExLT] 5 XaL LT] YEt(1)OT] OLOV 10. 'O)1.E~ LL~ 01Jv6EOEL~ JtQEJtEL va tL~

XaVO1JUE UE LO LOOCDO6oLLX6 oBnouEvo.
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fiUaO1K6~ JleTpnTI'1~

Ava1jJtE to tQO<PO6OtLx6 XaL JtaQatTJQEL(JtE tL~ tE(J(JEQL~ Ev6ELXtLXE~ AuxvLE~.
O tEtQa!A.JtLtO~ aQLe!A.6~ (JtTJv E~o6o aU~aVEtaL Xata Eva XaeE <pOQa JtOU to

xou!A.JtL 6LvEL Evav JtaA!A.6. H !A.EtQTJ(JTJ JtTJYaLVEL ro~ to 15 XaL !A.Eta ~aVa (JtO 0.

MEta, aJto(Juv6E(JtE tTJv EL(Jo6o tOu !A.EtQTJttl (axQo6ExtTJ~ 14) aJt6 to xou!A.JtL

XaL (Juv6E(JtE tTJv (JtTJv JtaA!A.OYEvvtltQLa, tTJV oJtoLa QUe!A.L(JtE va JtaQayEL JtaA-

!A.OU~ (JtTJ xa!A.TJAtl (Juxv6tTJta -JtEQLJtoU Evav to 6EUtEQ6AEJttO. Kat' aut6 tov
tQ6Jto ea EXOU!A.E !A.La aut6!A.atTJ !A.EtQTJ(JTJ (JtO 6ua6Lx6. A~ (JTJ!A.ELroeEL 6tL to 6ua-

6LX6 !A.EtQTJttl ea tOv XQTJ(JL!A.OJtOLtl(JOU!A.E (JE EJt6!A.EVa JtELQa!A.ata yLa va !A.a~ 6LvEL

ta (Jtl!A.ata yLa tOV EAEyXO (Juv6ua(JtLxOOv xuxAro!A.atrov.

AJrEL"6vLa77 arov 1Ia)..uoy(!aq;O: A\J;E~atE tn a\JXv6tnta to\J QOAOyLOV ata

10 KHz, " XaL JtEQLaa6tEQO, XaL a\JvOEatE tnV E;oo6 to\J aE Evav JtaA!A.oyQ6.<po.

IIaQatnQELatE tnV E;ooo to\J QOAOyLOV atOV JtaA!A.oyQ6.<po XaL axEoL6.atE tnv

x\J!A.atO!A.oQ<p". Avo JtaA!A.oyQ6.<por; EXEL OVO xav6.ALa, a\JvOEatE XaL tnv E;ooo

QA atO 6.AAo xav6.AL. IIaQatnQELatE 6tL n E;ooor; QA avtLatQE<pEtaL !A.E tnV

X6.eE aQVntLX" aX!A." t(JJV JtaA!A.<bv to\J QOAOyLOV (onAao", 6tav a\Jt6 Jt6.EL aJt6 1

aE 0). OL OVO x\J!A.ato!A.oQ<pEr; 8a JtQEJtEL va !A.OL6."O\JV !A.E to oL6.yQa!A.!A.a XQOVL-

a!A.OV to\J Lx"!A.atOr; 7 -15 yLa to\J~ JtaA!A.ovr; XaL to Q1.

'Otav OL JtaA!A.oL !A.EtQnanr; Jto\J oLVOVtaL atO !A.EtQnt" Exo\Jv ataeEQ" a\JXv6-

tnta, t6tE n a\JXv6tnta tnr; E;6oo\J to\J JtQ<btO\J X\Jtt6.QO\J, QA, ELvaL n !A.La"

aJt6 tn a\JXv6tnta ELa6oo\J. ME tn aELQ6. to\J, to X6.8E XVttaQo OLaLQEL tn a\J-

xv6tnta tnr; OLX"r; to\J ELa6oo\J OLa OVO. 'EtaL, a\JvoALx6., O tEtQ6.!A.JtLtOr; !A.E-

tQnt"r; OLaLQEL tn a\JXv6tnta to\J QOAOyLOV OLa 16, atnV E;ooo QD. II6.QtE !A.E
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tOv JtaA!!oyQacpo Eva OLayQa!!!!a XQOVLO!!OV to'U QOAOyLOV XaL tmv tEOOaQmV E-

;6omv, to oJtoLo va OELXVEL tLI; OXEOELI; !!Eta;V to'Ul;. IIQooE;tE a'Ut6 va JtEQL-

Aa!!13aVEL to'UAaXLOtO 16 JtaA!!ovl; to'U QOAOyLOV. ME Evav JtaA!!oyQacpo OVo xa-

vaALwv, JtQoxmQOV!!E ml; E;tll;: IIQwta O'UVOEO'U!!E OtOV JtaA!!oyQacpo. JtaQatT]QOV!!E

XaL xatayQacpO'U!!E tLI; x'U!!ato!!oQCpEI; to'U QOAOyLOV XaL to'U QA. MEta, EJtaVa-

Aa!!13aVO'U!!E to LOLO yLa tT]V QA !!a~L !!E tT]V QB. !!Eta tT]v QB !!E tT]V QC. XaL

tEAol;, tT]V QC !!E tT]V QD. 'EtOL, tEALXa, O'UVeEtO'U!!E Eva OLayQa!!!!a XQOVL(J!!OV

JtO'U OELXVEL to QoA6L XaL tLI; tEO(JEQLI; E;6oo'Ul; !!E tLI; !!Eta;V to'Ul; OXEOELI;, XaL

to oJtoLo JtQEJtEL va EXtELvEtaL yLa to'UAaXL(JtO 16 JtaA!!oVI; to'U QOAOyLOV (JtOV

a;ova to'U XQ6vo'U.

MtT(?1la1l BCD: H avaJtaQ6.(Jta(JY] BCD XQY](JL!.1.OJtOLEL tO1J~ 01JaOLXOU~ aQLe-

!.I.OU~ aJt6 to 0000 (I)~ to 1001 yLa va (J1J!.1.BoAL(JEL ta OExaoLx6. 'i'Y]lpLa aJt6 to 0

E(1)~ to 9. To chip 7493 !.I.JtoQEL va AEL tO1JQYi1(JEL (I)~ !.I.EtQY]ti1~ BCD, av X6.VOU~E

tL~ E;(1)tEQLXE~ (J1JVOE(JEL~ JtO1J OELXVEL to Lxi1!.1.a 11-4. OL E;OOOL QB XaL QD

(J1JvOEOVtaL (JtL~ OUO EL(J60O1J~ !.I.Y]OEVL(J!.1.OU, R 1 XaL R 2. 'Otav XaL y] R 1 XC1L T]

R 2 yLvo1JV 1, t6tE XC1L ta tE(J(JEQa xuttaQC1 tO1J !.I.EtQY]ti1 !.I.y]oEvL~OVtC1L, C1VE;6.Q-

tY]ta aJt6 tO1J~ JtC1A!.1.ou~ EL(J60O1J. O !.I.EtQY]ti1~ JtY]yaLvEL OLaooxLx6. aJt6 to 0000

E(1)~ to 1001. O EJt6!.1.EVO~ JtaA!.1.6~ aAA6.~EL ty]v E;ooo (JE 1010, x6.vovta~ Et(JL

XaL to QB XaL to QD L(Ja !.I.E 1. A1Jti1 y] E;ooo~ 6!.1.(1)~ OEV ELvaL (JtaeEQi1, OL6tL

na).l1ot
ELO600\)

};XHMA 11-4
M"TnnTnC R~f)
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JtQOXaAEL tOv a!A.EaO !A.TlbEVLa!A.6 XaL t(J)V tEaaaQ(J)V X1JttaQ(J)V tO1J !A.EtQTlttl, oJt6-

tE TI E1;obo~ JtTIYaLVEL xatE1JeELav 1;ava ato 0000. 'EtaL, TI EJt6!A.EVTl ataeEQtl E1;o-

bo~ !A.Eta to 1001 ELvaL to 0000, bTIAabtl EXO1J!A.E !A.EtQTlaTI ato BCD.

~1JvbEatE to chip EtaL ffiatE va AELtO1JQYEL (J)~ !A.EtQTlttl~ BCD. ~1JvbEatE tTIv

ELaobo aE Eva xo1J!A.JtL XaL tL~ 4 E1;6bo1J~ aE A1JXvLE~. EJtaATIeEuatE 6tL TI !A.EtQTlaTI.

JtTIYaLVEL aJt6 to 0000 (J)~ to 1001 XaL !A.Eta 1;ava ato 0000.

AJtoa1JvbEatE to xo1J!A.JtL aJt6 tTIV ELaobo XaL a1JvbEatE !A.La JtaA!A.OYEvvtltQLa

a1JXv6tTIta~ 10 kHz tl XaL JtEQLaa6tEQO. IIaQatTIQELatE tTIV X1J!A.atO!A.oQ<Ptl a1JtOu

tO1J QOAOyLOU, xaeffi~ XaL t(J)V tEaaaQ(J)V E1;6b(J)v atov JtaA!A.oyQa<po, XaL XaVEtE

Eva AEJttO!A.EQE~ bLayQa!A.!A.a XQOVLa!A.OU JtO1J va bELXVEL tL~ XQoVLxE~ axEaEL~ a-

Va!A.Eaa a' a1JtE~ tL~ 5 x1J!A.ato!A.oQ<pE~. IIQoaE1;tE va EXEtE tO1JAaXLatO 10 JtaA-

!A.OU~ tO1J QOAOyLOU atTIv oe6vTl tO1J JtaA!A.oyQa<pO1J, xaeffi~ XaL atO bLayQa!A.!A.a

aa~.

Kv.uaTO.Uo(JqJEt; Es6Dov: 'Otav OL JtaA!A.oL !A.EtQt]at]1; Jtov oLvOvtaL atO !A.EtQt]til

ELvaL a1)VEXELI;, a1)t61; EJtavaAa!A.13aVEL a1)vEXOOI; tt]v axoAo1)eLa aJt6 0000 Eool; to

1001 XaL !A.Eta ;aVa atO 0000, XaL OUtoo xaeE;ill;. A1)t6 at]!A.aLVEL Jtool; t] XaeE!A.La

aJt6 tLI; tEaaEQLI; x1)!A.ato!A.oQqJEI; E;60O1) ELvaL !A.La JtEQLOOLXil a1)VaQtt]at] tO1)

XQ6vo1), !A.E JtEQLooo Lat] JtQOI; 10 JtaA!A.OUI; tO1) QOAOyLOU. A1)tEI; tLI; JtEQLOOLXEI;

x1)!A.ato!A.oQqJEI; !A.JtOQOU!A.E va tLI; JtQo13AE'i'O1)!A.E aJt6 tt]v axoAo1)eLa tOOV 01)aOL-

xOOV aQLe!A.OOV aJt6 to 0000 Eool; to 1001. 'EtaL, Jt.X., t] E;oOOI; QA (to ALy6tEQO
at]!A.avtLx6 bit) EXEL EvaAAaaa6!A.EVO1)1; aaao1)1; XaL !A.t]OEVLXa, EVOO t] QD (to JtLO

at]!A.avtLx6 bit) EXEL OxtOO !A.t]OEVLXa aXOAO1)eOU!A.EVa aJt6 ouo aaao1)l;. BQELtE

JtOOI; JtQEJtEL va EL VaL XaL OL aAAEI; ouo x1)!A.ato!A.oQqJEI;, XaL !A.Eta XOL ta;tE XaL E-

AEy;tExaL tLI; tEaaEQELI; tO1)1; atOv JtaA!A.oyQaqJo. LE Evav JtaA!A.oyQaqJo !A.E OUO

xaVaALa, O 13OALX6tEQOI; tQ6JtOl; va to XaVEtE a1)t6 EL VaL va EXEtE to QoA6L atO

Eva xaVaAL XaL, OLaOOXLXa, XaeE!A.La aJt6 tLI; 4 E;6oo1)1; atO aAAo.

AAAer; Me.(Jr1aeLr;: To chip 7493 !A.JtoQEL va !A.EtQ6.EL aJt6 to 0 !A.eXQL OLacpOQOU~

tEALXOU~ aQLe!A.OU~, OUVOeOvta~ x6.JtOLa 1'\ XaJtOLE~ (OUO) E;6oou~ OtL~ ELO6oou~

!A.1l0EVLO!A.OU R 1 XaL R 2. 'EtOL, av OtO Lx1'\!A.a 11-4 OUVOeOOU!A.E to R 1 OtO QA

avtL tou QB, JtQOXUJttEL !A.etQ1l01l aJt6 to 0000 ffi~ to 1000 -o1lAao1'\ 1 ALy6tEQO
aJt6 to 1001 (Jtou eXEL QA = QD = 1).

ME ta 6oa ;eQEtE yLa to JtW~ ta R 1 XaL R 2 EJt1lQEar,OUV t1lV tEAL)(1'\ !A.etQ1l-

01l, OUVOeOtE to chip 7493 etOL WOtE va !A.EtQ6.EL aJt6 to 0000 ffi~ to:

(a) 0101

(13) 0111

(y) 1011

K6.VEtE aute~ tL~ OUVOeOEL~ XaL EJtaA1leEUOtE t1lV axoAoueLa tffiV !A.EtQ1'\OEffiV,

EcpaQ!A.6r,ovta~ JtaA!A.ou~ !A.E to xou!A.JtL XaL JtaQat1lQWVta~ t1lV e;OOO !A.E tL~ EV-

OELXtLXe~ AuxvLE~. E6.v O !A.EtQ1lt1'\~ ;EXLV1'\OEL !A.E !A.etQ1l01l !A.EyaAutEQ1l aJt6 t1lV

tEALX1'\, OUVExLOtE va EcpaQ!A.6r,EtE JtaA!A.ou~ effi~ 6tou 1l e;ooo~ !A.TJOEVLOtEL.
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~E au't6 tO jtELQal.ta ea I.tEAE'titOOUI.tE 'tTJ AOyLXit OUl.tjtEQL<pOQ6. oLa<p6Qoov jtuArov:

7400 -'tEaaEQL~ 3tUA.E~ OXI- KAI 2- ELa6o(J)v (NAND)

7402 -'tEaaEQL~ 3tUA.E~ OYTE 2- ELa6o(J)v (NOR)

7404 -ESL aV'tLa'tQO<pEL~

7408 -'tEaaEQL~ 3tUA.E~ KAI 2-ELa6o(J)v (AND)

7432 -'tEaaEQL~ 3tUA.E~ 'H 2- ELa6o(J)v (OR)

7486 -'tEaaEQL~ 3tUA.E~ a3tO%A.ELa'tL%OU-'H 2-ELa6o(J)v (XOR)

OL axQOOEX'tE~ au'tffiv 't(J)v chips <patvOV'taL a'to ~xTj!A.a 11-1. rLa 'ta xaQa-

X't1jQLa'tLXa 't(J)V 3tuJ.ffiv TTL. f3A.E3tE 't1jv Ev6't1j'ta 2- 8. H uJ.o3tot1ja1j xuxJ.(J)!A.atwv

!A.E 3tUJ.E~ OXI- KAI aU~1j'tTje1jXE a'tL~ Ev6T]'tE~ 3- 6 XaL 4- 7.

I1{va"et; AATJ(}e{at;: XQr}OL!.tOJtOLELOtE !.tLa JtuAr} aJt6 xaeEva aJt6 ta JtaQaJtavoo

chips XaL 13QELtE tOV JtLvaxa aAr}eELa~ tr}~. rLa va tOV 13QELtE. ouvbEotE tL~ EL-

o6bou~ tr}~ JtuAr}~ OE bLax6JttE~ XaL tr}V E;ob6 tr}~ OE !.tLa EvbELXtLXtl Auxvta.

~UyXQLVEtE ta aJtotEAEo!.tata oa~ !.tE tOU~ JtLvaxE~ aAr}eELa~ JtOU bLvovtaL (J'tO

~xtl!.ta 2-5.

QA1~J ~na).l1ol
EtO6oou J-F

Q Bl~- .,F-:t

Fy~~
1:XHMA 11-5

Kul1atol1oP'PE~ 111a~ n6?n~ OXI-KAI

KV!taTO!tOQq1t~: rLa XaeE!.LL6. a3t6 'tL; 3taQa3t6.v(I) 3tU).E;, 3taQa'tTJQELa'tE 'tL; xu-

!.La'to!.LoQ<pE; ELa6oou- E'1;6oou 'tTJ; a'tov 3ta).!.LoyQ6.<pO. XQTJaL!.LO3tOLELa'tE 'ta OUO

).L y6'tEQO aTJ!.LaV'tLx6. bits Ev6; OUaOLXOU !.LE'tQTJ'tiJ (IxiJ!.La 11- 3) (I); ELa6oou; yLa

'tTJV X6.eE 3tU).TJ. rLa 3taQ6.oELyI.La, 'to IxiJ!.La 11-5 OELXVEL 'to xux).(1)!.La XaL 'tTJV a-

va!.LEv6!.LEVTJ XU!.La'tO!.LoQ<PiJ yLa 'tTJV 3tU).TJ OXI- KAI. I'tov 3ta).!.LoyQ6.<po OL xu~a-

'to!.LoQ<pE; EtvaL auvEX6!.LEVE; -EaEL; 6!.L(1); aQxEL va xa'tayQ6.'i'E'tE !.LLa 3tEQtob6

'touc.
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Kaf)var{;(!77a77 L!/,aOoa77r;: ~uvOEa'tE XaL 'tOU~ E;L aV'tLa'tQOCpEL~ 'toU chip 7404

a'tT] OELQ6.. H E;ooo~ ea ELvaL LOLa !.LE 'tT]V ELoooo, !.L6vo Jtou ea ELvaL XaeUO'tE-

QT]!.LEvT] OE axEaT] !.LE au'ttlv xa't6. 'to XQ6vo Jtou XQEL6.~E'taL 'to atl!.La yLa va OLa-

ooeEL oLa!.LEoou XaL 't(J)V E;L av'tLo'tQoCpE(J)v. EcpaQ!.L6o'tE JtaA!.Lou~ aJt6 'to QoA6L

a'tT]v ELoooo 'toU JtQffi'tou av'tLo'tQoCpEa. ME 'tov JtaA!.LoyQ6.cpo f:3QEL'tE 'tT]v xaeU-

o'tEQT]oT] aJt6 'tT]V ELoooo E(J)~ 'tT]v E;ooo 'tou Ex'tou av'tLa'tQoCpEa, XaL yLa 'tT] 8E-

'tLXtl XaL yLa 'tT]V aQVT]'tLxtl aX!.Ltl 't(J)V JtaA!.Lffiv. XQT]OL!.LOJtOLELo'tE 'ta OUO xav6.ALa

'toU JtaA!.LoyQ6.cpou yLa va f:3AEJtE'tE 'tau't6xQova 'tT]V ELaooo 'toU xuxAffi!.La't6~ !.La~

o'to Eva XaL 'tT]V E;ooo o'to 6.AAo. PUe!.LLa'tE 'tT]v oQL~6v'tLa o6.Q(J)aT] O'tOV JtLO !.LL-

xQ6 XQ6vo av6. uJtooLaLQEaT]. ~'tT]V oe6vT] oa~ ea JtQEJtEL va cpavEL T] xaeua'tEQT]-

OT] 'tT]~ eE'tLXtl~ tl 'tT]~ aQVT]'tLxtl~ aX!.Ltl~ 't(J)V JtaA!.Lffiv (av'tLa'tQE\j!'tE 'tT]V JtOALX6-

'tT]'ta 'tT]~ JtuQoo6'tT]oT]~ 'tT]~ oQL~6v'tLa~ o6.Q(J)OT]~ yLa va OEL'tE XaL 'tT]V 6.AAT]

xaeuo'tEQT]oT]). ~LaLQEo'tE 'tT]v OALXtl xaeuo'tEQT]oT] OLa 'tOU 6 yLa va f:3QEL'tE 'tT]v

xaeuo'tEQT]aT] av6. av'tLo'tQocpEa.

Otxov.uevtx61:111:a 1:11;- JrvA11;- OXI-KAI: XQTJaL!A.OJtOLELaLE Eva !A.6vo chip 7400

XaL aUVOEaLE LO ELaL <baLE va JtQay!A.aLOJtOLEL:

(a.) EVa.Va.VTLOTQO<pEa.

«(3) !!La. JtuATI KAI buo ELO6boov

(y) !!La. JtuATI 'H buo ELO6boov

(b) !!La. JtuATI OYTE buo ELO6boov

(E) !!La. JtuATI a.JtOXAELOTLXOU-'H buo ELO6boov «(3A. }:Xt'j!!a. 4-21).

}:E XaeEJ.l.L6. JtEQLJt1;ffiOTJ EJtaATJeEUO1;E 1;TJ oXEbLaoTJ f3QLOXOV1;a~ 1;OV JtLvaxa aATJ-

eELa~ J.l.E 1;OU~ bLax6Jt1;E~ XaL 1;TJV EvbELX1;LXij AuxvLa.

Kv"Aw.ua .ue JrvAe<; OXI-KAI: XQTJ(JL!A.OnOLOOV'ta~ Eva !A.6vo chip 7400 !A.E nuAE~

OXI- KAI, <p'tLa;'tE Eva xuxAro!A.a no'U va 'UAonoLEL 'tTJ (J'UvaQ'tTJ(JTJ Boole:

F=AB+CD

1. ~XEOLa(J'tE 'to xuxAO)!A.a. ~

2. BQEL'tE 'toV JtLvaxa aAT]eELa<; 'tT]<;F (Jav (JuvaQ'tT](JT] 'to)V 'tE(J(JaQO)V EL(J6-

OO)V.

3. ~UVOE(J'tE 'to xuxAO)!A.a XaL EJtL13E13aLffi(J'tE 'tOV JtLvaxa aAT]eELa<;.

4. Ka'tayQa\jJ'tE 'tT]V axoAoueLa a(J(JO)V XaL !A.T]OEVLXffiv 'tT]<; F, xaeffi<; OL EL(Jo-

OOL A, B, C XaL D JtT]YaLvouv aJt6 'to ouaoLx6 0 O)<; 'to ouaoLx6 15.

S. ~UVOE(J'tE 'tL<; 4 E'§6oou<; 'tou OUaOLXOU !A.E'tQT]'tiJ 'tOU ~xiJ!A.a'to<; 11-3 (J'tL<; 4

EL(J6oou<; au'tou Eoffi 'toU xuxAffi!A.a'to<;. ME 'ta ouo xaVaALa 'toU JtaA!A.o-

YQacpou, JtaQa'tT]QEL(J'tE 'tau't6xQova (J'tT]V oe6vT] 'tou<; JtaA!A.ou<; 'tou QoAo-
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yLOU JtO'lJ aJto'tEAouv 'tT]v ELoooo 'to'lJ !.I.E'tQT]'ttl XaL 'tT]V E;ooo F 'to'lJ X1J-

xAw!.1.a't6c; !.I.ac;. Ka'ta'tQ6.1j1'tE 'tT]V axoAo'lJeLa 6.oooov XaL !.I.T]OEVLXWV JtOU

f3AEJtE'tE, XaL o'lJyxQL vE'tE 'tT]v !.I.E a'lJ'ttlv JtO'lJ f3Qtlxa'tE O'tO (4), JtLO Jt6.V(1).

1 i -3 AllJ\OnOIH~H ~YNAPTH~E.QN BOOLE

}:E au1;6 1;0 3tELQa!!a ea 00U!!E 1;TJ ()'XE()'TJ av6.!!E()'a ()'E !!La (),UV6.Q1;TJ()'TJ Bo01e XaL

1;0 AoyLX6 oL6.yQa!!!!a 1;TJ~ UAo3tOLTJ()'i)~ 1;TJ~. OL (),UVaQ1;i)()'EL~ Bo01e a3tAo3tOLOU-

V1;aL !!E 1;TJ !!Ee000 1;OU X6.Q1;TJ. 63t(»~ ELoa!!E (),1;0 KE<p6.AaLO 3. Ta AoyLX6. OLa-

YQ6.!!!!a1;a 3tQE3tEL va ()'XEOLa()'1;OUV XQTJ()'L!!O3tOLOOV1;a~ !!6VO 3tUAE~ OXI- KAI, 6-

3t(»~ E;TJYi)eTJXE ()'1;TJV Ev61;TJ1;a 3-6.

OL 3tUAE~ XaL 1;a chips 3tOU ea XQTJ()'L!!O3tOLi)()'oU!!E, ELvaL EXELva a3t6 1;a 1;OU

}:xi)!!a1;O~ 11-1 3toU 3tEQLEXOUV 3tUAE~ OXI -KAI:

7400 -OXI -KAI 2 -£La6orov

7404 -Av'tLa'tQocp£LC; (OXI-KAI !A.La.C; £La6oo'U)

7410 -OXI-KAI 3-£La6orov

7420 -OXI-KAI4-£La6orov

Av x6.3tOLa E(a060~ x6.3tOLa~ 3tuAT]~ OXI-KAI 6EV XQT]aL!A.O3tOLE(1:aL, 6EV 3tQE-

3tEL va !A.EVEL aVOLX1:0X"xA(J)!A.EVT] (aaUV6E1:T]) -3tQE3tEL va a"v6EE1:aL !A.E !A.La aJt6

1:L~ 6.AAE~ ELa660"~ 3t°" XQT]aL!A.O3tOLOUV1:aL. rLa 3taQ6.6EL Y!A.a, av XQELa'l;,6!A.aa1:E E-

vav aV1:La1:QO<pEa XaL !A.a~ 3tEQLaaEUEL !A.(a 3tuAT] 2-ELa66(J)v a3t6 Eva !A.LaoxQTjOL-

!A.O3tOLT]!A.EVO chip 7400, 1:61:E OL 6UO E(a060L 1:T]~ 3tuAT]~ 3tQE3tEL va a"V6EeoUV ftE-

1:a'f,u 1:'°"~ YLa v' a3tO1:EAEao"V 1:T] !A.(a E(a060 .0" aV1:La1:QO<pEa.

AOyL"6 L1Lay(!a.u.ua: kE a1Jt6 to !A.EQo,; tO1J 1tELQa!A.atO'; ;E"L Va!A.E !A.E Eva boa!A.E-

vo AOyLX6 bLayQa!A.!A.a. to o1toLo XaL a1tAO1tOLOU!A.E atTJ a1JVExELa. !A.E axo1t6 va E-

AattOOaO1J!A.E tov aQLe!A.6 tWV 1t1JAOOv xaL 1tLeav6v xaL tov aQLe!A.6 twv chips. To

AOyLx6 a1Jt6 bLayQa!A.!A.a bLvEtaL atO kxiI!A.a 11-6 xaL a1taLtEL buo chips -Eva

7400 XL Eva 7410. naQatTJQELatE 6tL OL avtLatQO~EL,; yLa tL'; ELa6bo1J'; x. y xaL

z. ~tLaXVOVtaL !A.E tL'; 3 1tUAE'; 1tO1J 1tEQLaaEUO1JV a1t6 to chip 7400. Av XQTJaL!A.o-

1tOLOUaa!A.E Eva chip 7404 yLa tO1J'; aVtLatQO~EL,;. t6tE to xuxAw!A.a ea a1taLtOu-

aE tQLa chips. E1tLaTJ';. 1taQatTJQELatE 6tL 6tav axEbLa1;;O1J!A.E x1JxA<i>!A.ata. bEV

XAELvO1J!A.E tL'; 1tUAE'; !A.Eaa aE fAJtAox. 61tw,; XaVO1J!A.E !A.E ta x1JxAOO!A.ata MSI.

AVtLatOLXLatE aQLe!A.OU'; axQObEXtOOV aE 6AE'; tL'; ELa6bo1J'; xaL E;6bo1J'; 6A(IJv
twv 1t1JAOOv xaL a1JvbEatE to xuxAw!A.a. tQo~OOotOOvta,; tL'; ELa6bo1J'; x. y xaL z

a1t6 tQEL'; bLax61ttE'; xaL EvOOVOVta,; tTJv E;obo F aE !A.La EvbELXtLXil A1JXvLa.

BQELtE (1tELQa!A.atLXa) tov 1tLvaxa aATJeELa,; tO1J x1JxAOO!A.ato,;.

BQELtE tTJ a1JVaQtTJaTJ Boole tO1J x1JxAOO!A.ato,; xaL a1tAO1tOLELatE tTJv !A.E TT]

I.tEeobo tO1J '1aOtT1. KataaXE1JaatE xaL to a1tAO1tOLT1I.tEvo xuxAwua. ywoic va a-
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JtoaUVOEaEtE to aQXLx6. EAEy;tE XaL ta OUO xuxAOOI.Lata, E<paQI.L6'c;;ovt6.~ tOU~

tL~ LOLE~ ELa6oou~ XaL JtaQatT1QOOVta~ tL~ OUO tOU~ E;6oou~. IIQEJtEL va OLaJtL-

atOOaEtE 6tL yLa xaeEvav aJt6 tOU~ 8 ouvatou~ auvouaaI.L°u~ t(1)V ELa6o(1)v, OL

OUO E;OOOL ELvaL Jt6.Vta OL LOLE~. Aut6 aJtOOELXVUEL 6tL to aJtAoJtoLT1I.LEvo xu-

xA(1)I.La aUI.LJtEQL<pEQEtaL aXQL1300~ 6Jt(1)~ XaL atO aQXLx6.

x

Fy

1:XHMA 11-6

i\ovlK6 616vPa\l\la vIa tO nt:!pa\la 3

1:vva(!1:1jae/'r; Boole: eEo)QEt(JtE tL~ E,§iI~ buo (JuvaQtil(JEL~ Boole (JE !A.oQ<Pil a-

eQot(J!A.ato~ EAaxL(Jt6Qwv:

F1(A, B, C, D) = (0, 1,4,5, 8, 9, 10, 12. 13)

F2(A, B, C, D) = (3.5, 7,8, 10, 11, 13, 15)

AJt}.OJt°"EL()'.E au.E~ .,,~ OUO (),U\laQ.1'J()'E"~ ~'O .TJ ~Ee000 .0U X6.Q.TJ. <I>.,,6.;.E £\la

()'u\l0}."x6 }.oy"x6 o,,6.yQa~~a xa" y"a .,,~ OUO ~a~L. ~E .£()'()'EQ"~ E"()'6o0U~ A. B, C

xa" D xa" OUO E;6o0U~. Fl xa" F2. Y}.OJt°"EL()'.E xa" .,,~ OUO (),U\laQ.1'J()'E"~ ~a~L,

XQTJ()"'~OJt°"00\1.a~ .0\1 E}.6.X"()'.O ou\la.6 aQ"e~6 chips ~E JtU}.E~ OXI-KAI. E6.\1

X6.Jt°"O~ 6QO~ XQE"6.~E.a" xa" ()'.,,~ OUO (),U\laQ.1'J()'E"~. aQxEL \la .0\1 U}.OJt°"EL()'E.E

~"a ~6\10 cPOQ6.. 'OJtO.E EL\la" ou\la.6, XQTJ()"'~OJt°"EL.E JtU}.E~, JtOU JtEP"(),(),EUOU\I
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OE I-I.LOOXQT]OL1-1.OJtOLT]I-1.Eva chips, wC; avtLOtQOqJEtC;. ~UVOEOtE to xuxAwl-1.a XaL E-

AEy~tE tT] AELtOUQYta tOU. O Jttvaxac; aAT]eEtac; YLa tLC; F1 XaL F2 JtoU JtatQVEtE

aJt6 to xuxAwl-1.a, ea JtQEJtEL va OU1-1.qJwVEL I-I.E tOUC; EAaxLOt6QouC; JtoU qJaLvovtaL

OtOv JtaQaJt6.vw oQLO1-1.6.

2:vt.tJl:Arj(!wt.ta:
<I>'tL6.~'tE Eva X6.Q'tTI yLa 'tTIv E~1'1~ O'lJv6.Q'tTIOTI Boole:

F =A'D +BD +B'C+AB'D

~UVOU6.O'tE 'tOU~ 6.aaou~ a'to X6.Q'tT] yLa va f3QEL'tE 'tT]V a3t),O3tOL T]!!EVT] !!oQq:J1l 'tT]~ a1J-

v6.Q'tT]aT]~ aE 6.eQOLa!!a yLVO!!Ev(J)v. ME't6., auvou6.O'tE 'ta !!T]OEVLX6. O'tO X6.Q'tT] yLa va

f3QEL'tE 'tT]v a3t),o3toLT]!!EVT] !!OQq:J1l 'tT]~ auv6.Q'tT]aT]~ F' E3tLaT]~ aE 6.eQOLa!!a yLVO!!E-
V(J)V. Y),O3tOLELO'tE XaL 'tT]V F XaL 'tT]V F ' , XQT]aL!!O3tOLroV'ta~ 3tU),E~ OXI -KAI, XaL

auvOEa'tE XaL 'ta OUO xux),ro!!a'ta a'tou~ LOLOU~ oLax63t'tE~ ELa6oou (a),),6. aE OLaq:JO-

QE'tLXE~ EVOELX'tLXE~ ),UXVLE~ E;6oou). BQEL'tE 3tELQa!!a'tLx6. 'tOU~ 3tLVaXE~ a),T]eELa~

't(J)V OUO XUX),(J)!!6.'t(J)V XaL OEL;'tE 6'tL 'to Eva ELvaL 'to aul.t.1t),1lQ(J)!!a 'tou 6.),),OU.

II -4 1:.YN/1 Y A1:.TIKA KYKJ\.QMA T A

~E a1J't6 'to JtELQa""a, ea (JXEOL6.(JE'tE, ea %a'ta(J%E1J6.(JE'tE %aL ea E).Ey;E'tE 'tE(J(JEQa

(J1JVO1Ja(J'tL%6. %1J%).ffi""a'ta. Ta JtQffi'ta ouo %1J%).ffi""a'ta JtQEJtEL va %a'ta(J%EUa-

(J'tOUV ""E JtU).E~ OXI- KAI, 'to 'tQL'to ""E JtU).E~ aJtO%).EL(J'tL%OU -'H %aL 'to 'tE'taQ'to

""E Evav aJtO%OOOL%OJtOLT]'tiJ %aL ""E JtU).E~ OXI -KAI. Y).L%6 (JXE'tL%6 ""E 'tL~ yEV-

ViJ'tQLE~ L(JO'tL""La~ ""JtoQEL'tE va 13QEL'tE (J'tT]V Ev6'tT]'ta 4- 9. H 1J).oJtoLT](JT] %u%A(j)-

",,6.'toov ""E 'tT] 13OiJeELa aJtO%OOOL%OJtOL T]'tiJ (J1J'1;,T]'tiJeT]%E (J'tT]V Ev6'tT]'ta 5 -5.

na(!at5f/'y1la .l'Xft5iaa11r;: ~XEbL6.0'tE Eva o"vb"ao'tLx6 xux)..00~a ~E 'tEOOEQL~ EL-
o6bo,,~, A, B, C XaL D XaL ~ia ESobo F. H F JtQEJtEL va EivaL 1, 6'tav 'to A = 1

~E 'tTIV JtQO'\}Jt6eEOTI 6'tL 'to B = 0, 1l, 6'tav 'to B = 1 ~E 'tTIV JtQO'\}Jt6eEOTI 6'tL 'to C

1l 'to D EivaL EJtiOTl~ 1. A)..)..LOO~, TI Esobo~ JtQEJtEL va EivaL ioTI ~E ~TlbEv.

1. 4>'tL6.s'tE 'tOV Jtivaxa a)..TleEia~ 'to" x"x)..00~a'to~.

2. AJt)..OJtOLEio'tE 'tTI o"v6.Q'tTIOTI 'tTl~ ES6bo,,:
3. ~XEbL6.0'tE 'to )..oYLx6 bL6.yQa~~a 'to" x"x)..00~a'to~ XQTlOL~OJtOLOOV'ta~ JtU-

)..E~ OXI-KAr XaL xQa'tOOVta~ 'tov aQLe~6 'toov chips o'to E)..6.XLO'tO b"va't6.

4. Ka'taOxE"6.0'tE 'to xux)..00~a XaL E)..Eys'tE 'tTI OOOO't1l )..EL'tO"QYia 'to" bLaJtL-

O'tOOvov'ta~ 6'tL OL O"Ve1lXE~ ~E 'tL~ OJtOiE~ 'to OQiOa~E 6v'too~ LOXUO"V.

Kv"Aw!1a IIAELO1jJ1fCPiar;: IIQ6%EL'taL yLa Eva 1jJrj<pLa%6 %u%A(J)!A.a 'tou oJtoLou rj E-

;obo~ ELvaL 1 E6.V rj JtAELO1jJrj<pLa 't(J)V ELa6b(J)v 'tOU ELvaL 1. AAALW~, rj E;obo~ EL-

VaL 0. ~XEbL6.a'tE, %a'taa%Eu6.a'tE %aL EAEy;'tE Eva %u%A(J)!A.a JtAELO1jJrj<pLa~ 'tQLWV

ELa6b(J)v, XQrjaL!A.OJtOLWV'ta~ JtUAE~ OXI-KAI %aL %Qa'twv'ta~ 'tOV aQLe!A.6 'tWV

chips a'to EA6.XLa'tO buva't6.



559Ev6~n~a 11 -4 ~uvl>uao~IKa KuKi\OOpa~a

revvrji1?ta Iaoitf1,{ar;: ~XEOLaOtE, XataOXE'UaOtE XaL EAEystE Eva x1JXA{JJf.la 3to'U 3ta-

QayEL Eva bit aQtLar; LOOtLf.lLar; yLa Eva tEtQa!.lJtLtO f.liJv'Uf.la. XQTJOLf.lO3tOLELO'tE 3tUAEr;

aJtOXAELO'tLXOU-'H (XOR). E7tEXtELVEtE to x1JXA{JJf.la 3tQooeEtoVtar; ax6f.la f.lLa 3tuATJ

a3tOXAELOtLXOU-'H, EtOL 3to'U va OLVEL XaL Eva bit 3tEQLttiJr; -LOOtLf.lLar; E3tLOTJr;.

n {'VQXQ~ Q).'leE{Q~
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1;XHMA 11.7

To chip 74155, auv6e6el1Evo Via heltouPVia aav anoKoo6lKOnOmtn~ 3-ae-8
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¥).oJroi1lG1l tlE AJrOXW<5LXOJrOL1lTrj: 'Eva O'lJvO'lJaotLx6 xuxAoo!.La £XEL tQEL~ ELO6.

OO'lJ~, X, y, XaL Z, XaL tQEL~ E;600'lJ~, £1' £2, XaL £3. OL aJtAOJtOLTJ!.L£VE~ O'lJVaQ.

ttlOEL~ Boole to'lJ x'lJxA<i>!.Lato~ ELvaL OL E;tl~:

£1 =XZ +x'y'z'

£2 =x'y+xy'z'

£,=xy +x'y'z

Y/..O3tOI,EL(JtE xal, E/..Ey;tE to (Juv&ua(JtLx6 aut6 xux/..00!A.a, XQTJ(JI,!A.O3toI,OOvtac; Eva

chip a3toxoo&I,XO3tOI,TJtt] -to 74155- xal, E;OOtEQI,XEC; 3tU/..EC; OXI-KAI.

To (JU!A.f30/..l,x6 &l,ayQa!A.!A.a tOu a3toxoo&I,XO3tOI,TJtt] xal, 0 3tLvaxac; a/..TJeELac;

tOu, qJaL vOvtal, (JtO ~xt]!A.a 11- 7. To chip 74155 !A.3toQEL va /..El, tOUQYt](JEI, OOC; '6L-

3t/..6C; a3toxoo&I,XO3tOI,TJtt]C; 2-(JE-4 t] ooC; a3t/..6c; a3toxoo&I,XO3tOI,TJtt]C; 3-(JE-8. rLa tT]

/..El,tOuQYLa 3-(JE-8, 01, EL(Jo&OI, C1 xal, C2 3tQE3tEI, va ELval, f3QaxuxuX/..00!A.EVE~

!A.Eta;u tOUC;, 63tooC; E3tL(JTJC; xal, 01, EL(Jo&ol, G 1 xal, G 2, 63tooC; qJaL VEtal, (JtO (JX~-

!A.a. To xux/..00!A.a ELval, 3taQ6!A.01,0 !A.E aut6 3tOU EL&a!A.E (JtO .~xt]!A.a 5 -12. H G Ei-

val, TJ EL(Jo&oC; E3tLtQE'i'TJC; xal, (JtTJv xavovl,xt] /..El,tOuQYLa 3tQE3tEI, va ELval, 0. Ta

(Ju!A.f3o/..a tooV 8 E;6&oov EL val, auta 3tOU &L VOvtal, (JtO f31,f3/..Lo tOU xata(JXEUa(Jt~.

'O3tOOC; xal, (JtO ~xt]!A.a 5 -12, to 74155 XQTJ(JI,!A.O3tOI,EL 3tU/..EC; OXI -KAI, !A.E a3totE-

/..E(J!A.a TJ E3tI,/..EY6!A.EVTJ E;o&oC; va yLVEtaL 0, EVOO 01, U3t6/..01,3tEC; !A.Evouv (JtO 1. H

u/..o3toLTJOTJ tOU xux/..00!1atOC; 3tOU ~TJtELtal, E&i> ELval, 63t~ xal, TJ tOU ~Xt]!1atOC; 5-11,

!A.6vo 3tOU 01, 3tU/..EC; 'H 3tQE3tEI, va avtl,xata(JtaeOuv !A.E E;OOtEQI,XEC; 3tU/..EC; OXI-

KAI, 6tav XQTJ(JI,!A.O3tOI,OU!A.E to 74155.

H !",EtatQO1ttl a1t6 tov tva ~'lJa~Lx6 XW~LXa OtOV aAAo ELvaL O'lJV1]eLO!",tV1] (Jt()

"'1]qJLaXa O'lJOttl!",ata. ~E a'lJt6 to 1tELQa!",a ea OXE~LaOEtE XaL ea xataOXE'lJa(JEtl

tQLa tttOLa O'lJV~'lJaOtLXa x'lJxAw!"'ata !",EtatQO1ttl~. H !",EtatQO1ttl x(1)~Lx(1)v EXEI

O'lJ~TltTIeEL Otn Ev6t1]ta 4-5.

Kwotxat; Gray ae L\vaotx6 Kwotxa: ~XEOL(xO'tE Eva ouvouaa'tLx6 xuxAw!A.a !!E

'tEOOEQL~ ELO6oou~ xaL 'tEOOEQL~ E~6oou~ Jtou va !A.E'ta'tQEJtEL Evav 'tE'tQ(x!A.JtL'tO a-

QLe!A.6 xwoLxa Gray (IILvaxa~ 1-4) a'tov LOoouva!A.6 'tOU 'tE'tQ(x!1JtL'tO ouaoLx6 a-

QLe!A.6. YAOJtOLELo'tE 'to xuxAw!A.a IA.E JtUAE~ aJtOXAELO'tLXOU-'H (!A.JtoQEL va JtQay-

!A.a'toJtOLTJeEL IA.E Eva chip 7486). ~UVOEO'tE 'to xuxAw!A.a OE 4 oLax6Jt'tE~ xaL 4

EVOELX'tLXE~ AuxvLE~ xaL EAEy~'tE av AEL'tOUQYEL OWO't(x.

l:V.UJl).71(!W£1lr; wr; -Jl(!Or; 9: ~XEOLaOLE Eva ovvOVaOLLx6 xuxAw!",a ~E 4 ELO60O1J

nov naPLOLaVOUV Eva OEXaOLX6 'i'TJ<PLo OE XOOOLXa BCD XaL !",E 4 ES66ou~ no



561Ev6tnto II -5 MEtOtponts Koo6iKOOV

va &(vouv to au!A.JtAtlQ{JJ!A.a {JJ~-JtQo~-9 tou '/I1]CP(ou Eta6&ou. EJt(a1]~, &WatE Xat
!A.ta JtE!A.Jtt1] Eso&o Jtou va aVtXVEUEt tuX6v EacpaA!A.Evou~ XW&tXE~ Eta6&ou (4
bits Jtou va !A.1]V E(Vat '/I1]CP(O BCD), &(vovta~ Eso&o 1 aE JtEQ(Jtt{JJa1] tEtotou
acp6.A!A.ato~. XQ1]at!A.OJtOtE(atE oJtOta&tlJtOtE aJt6 ta chips tOU }:xtl!A.ato~ 11-1,
aAA6. EAaxtatOJtOtE(atE to auvoAtx6 aQte!A.6 t{JJv chips.

Evoei"r1/C; EJrra-Ko!l-!l-arLdJv: OL EVOELxtE~ autoL XQT)OLI!OJtOLOUVtaL yLa va OEL-

Xvouv Eva aJt6 ta oExa OExaoLx6. 'i'T)CpLa 0 oo~ 9 XaL EL VaL OL OUVT)eLOI!EVOL I!a~

aJt6 tL~ aQLeI!OI!T)XavE~ toEJtT)~ XaL ta 'i'T)CpLax6. QoA6yLa. ~uvtleoo~, to OEXaOLX6

'i'T)CpLo I!a~ OLVEtaL OE I!OQCPtl BCD. 'Eva~ aJtOXOOOLXOJtOLT)ttl~ BCD -OE- 7 -xol!-

l!6.tLa OExEtaL Eva 'i'T)CpLo BCD XaL JtaQ6.yEL tOv avtLOtoLXO XWOLXa yLa ta 7

XOI!I!6.tLa, 6Jtoo~ ELxal!E OELsEL JtaQaOtatLx6. OtO nQ6BAT)l!a 4 -16.

Vcc=5V

16
47{1.

14Vcc 13

12

11

10

9

a CAa

rl-:1 b

el-Ic
-

d

7 b

c

~ 3 b

10
c

8
d

7

A

B

C

ID

7447 d

e

2

~ e

2 f

II g

15
f

9

7730
14

GND

8

~XHMA 11-8

AnOK(i)OlKOnOmtl'1~ BCD-cr£-£mQ-KOjljlQtIQ (7447) KQl £VO£iKtn~ £mQ-KOjljlQtl6>V (7730)

To ~x1]!!a. 11- 8 6E(XVEL tLC; a.Jta.Qa.( tTJtEC; auv6EaELC; !!Eta.;U tOU a.JtOXro6LXO-

JtOLTJt1] Xa.L tOu Ev6E(XtTJ. To chip 7447 E(Va.L Eva.C; a.JtOXro6LXOJtOLTJt1]C; Xa.L o6TJ-

YTJt1]c; a.Jt6 BCD aE EJtta. XO!!!!a.tLa.. 'EXEL tEaaEQLC; ELa66ouc; YLa. to \jJTJCP(O BCD.

6Jtou TJ D E(Va.L TJ JtLO aTJ!!a.VtLX1] Xa.L TJ A TJ ALY6tEQO. To \jJTJCP(o BCD tTJC; ELa6-

6ou !!Eta.tQEJtEta.L atOv XW6LXa. EJtta.-XO!!!!a.tLWV. atLC; E~66ou~ a ro~ g. AutE~ OL
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E;OOOL 'to') 7447 ecpaQ!A.61;;ov'taL O'tL~ eLo6oou~ 'tou 7730 tl aAAou LOOOUVa!A.OU EV-

oeLx't1] eJt'ta Xo!A.!A.a'tLffiv. To chip au't6 JteQLExeL 'tL~ eJt'ta LEDs (Light- Emitting

Diodes) o'to eJtaV{fJ !A.EQo~ 'tou. O axQooEx't1]~ 14 eLvaL 1] XOLVtl avooo~

(CA-Common Anode) 6Ao)v 't{fJV LEDs. rLa va 'tQocpooo't1]eOUV OL eJtLAey6!A.EVE~

LEDs !A.e 'to o{fJo't6 Qeu!A.a, XQeLa1;;e'taL !A.La e;{fJ'teQLxtl av'tLo'tao1] 47 Q !A.e'ta~u

au'tou 'tou axQooEx't1] xaL 'tou V cc. A.AAoL JtaQ6!A.OLOL evoeLx'te~ !A.JtoQeL va Exouv

;teQLoo6'teQou~ axQooEx'te~ av6oou tl !A.JtoQeL va XQeLa1;;ov'taL OLacpOQe'tLXE~ 'tL!1t~

av'tLo'tao1]~.
<I>'tLa;'te 'to xuxA{fJ!A.a 'tou };xtl!A.a'to~ 11- 8. EcpaQ!A.6o'te 'ta 'ljJ1]CpLa BCD !A.e 'tta-

OeQL~ oLax6Jt'te~ xaL JtaQa't1]QeLo'te 'tL~ oexaoLxE~ evOeL;eL~ 0 O)~ 9. OL eLaoooL

aJt6 'to 1010 E{fJ~ 'to 1111 eLvaL axuQe~ oav xffiOLxe~ BCD. AvaAoya !A.e 'tov a-

JtOX{fJOLXOJtOL1]'ttl, au'tE~ OL eLOoOoL !A.JtoQeL va oLvouv xevtl EVOeL;1] tl!A.La EVOEL~Y]

X{fJQLI; v61]!A.a. IIaQa't1]QeLo'te xaL xa'tayQa'IjJ'te au'tE~ 'tL~ evOeL;eL~ yLa 'tou~ E~L a-

XQ1]OL!A.oJtoL1]'tou~ OUVOuaO!A.OU~ eLo6oou.

11 -6 ~XEl}JA1::H ME nOi\ YnJ\EKTE~

kE auL6 LO 3tELQaf!a ea (JXEoLa(JELE Eva (JUvOua(JLLx6 xux).(1)f!a XaL ea LO 1J).O-

3tOLEL(JELE f!E 3tO).U3t).EXLE<;. 63t(1)<; ELOaf!E (JLT]V Ev6LT]La 5-6. a 3tO).U3t).EXLT]<; 3tOU

ea XQT](JLf!O3tOLi](JELE ELvaL LO chip 74151. 3tOU <paLVELaL (JLO kxi]f!a 11-9. H E-

(J(1)LEQLXi] XaLa(JXEui] LOU 74151 ELvaL 3taQ6f!OLa f!E auLi] LOU kxi]f!aLO<; 5-16,

f!6vo 3tOU U3taQXouv 8 EL(JoOoL OEOof!Ev(1)v avLL YLa 4. AULES LL<; (JUf!f30).L'r,O1J!A.E

f!E D O (I)<; D 7. OL LQEL<; EL(JoOoL E3tL).°Yi]<;. C. B XaL A. OLa).Eyouv 3tOLa a3t6 LLI;

EL(J600u<; ea 00T]YT]eEL (JLT]V E~000 LT]V XaeE (JLLYf!i]. Y3taQXEL XaL f!La EL(JoOol; E-

VEQYO3tOLT](JT]<; (S -strobe ). a 3tL vaxa<; ).EL LouQYLa<;. 3tOU OL vELaL E3tL(JT]<; (JLO

kxi]f!a 11-9. OQL'r,EL LT]V LLf!i] LT]<; E~600u y (I)<; (JUVaQLT](JT] L~V EL(J60(1)v. H E~o-

00<; w ELvaL LO (JUf!3t).i]Q(1)f!a LT]<; Y. rLa xavovLxi] ).ELLOUQYLa. T] EL(JoOo<; S 3tQE-

3tEL va EL vaL (JLO O (YEL(1)f!EvT]).

1IQoDtayQacpEr;: MLa I!LXQi] avOOVUI!t] E'taLQELa EXEL 10 I!E'toXE~ XaL XaeE I!EtOX~

OLVEL I!La \jJi]qJo OE au't6v Jtou 'tt]v EXEL. TL~ 10 au'tE~ I!E'toXE~ 'tL~ Exouv 'tEOOEea

a'tOl!a, (J)~ E;i]~:

O x. w

0 x. x

0 x. y

TI XQ. z

1 !.lETOXil

2 !.lETOXEr;

3 !.lETOXE~

4 !.lETOXEr;

KaeEvac; aJt6 aULOUC; LOUC; LEoOEQLC; EXEL Eva oLax6JtLT] JtOU LOV XAEL VEL (f3Qaxu-

xuxAwlA.a) yLa va \jIT]<PLOEL NAI 1] LOV avoLyEL (aVOLXLOXuxAwlA.a) yLa va \jIT]<PL<JEL

OXI.
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eEAOuJlE va axEbl,6.aOUJlE Eva xuxAwJla Jtou va bELXVEI, LO auvoAI,x6 aQI,eJl6

LWV "'ilcpwv (JlELOXWV) JtOU "'TJ(JjL!;;ouv NAI aE oQl,aJlEvTJ "'TJCPocpoQLa. XQTJaI,JloJtoI,EL-

aLE Evav EVbELXLTJ EJtL6.-XOJlJlaLI,WV XI, Evav aJtoxwbI,XOJtOI,TJLil. 6Jtw~ ELbaILE aLO
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~x1l~a 11- 8, yLa va OELXVEL tOv aQLe~6 trov \jJ1l<ProV. Eav 6AoL \jJTJ<PL~ouv OXI,
t6tE O EVOELXtTJ<; JtQEJtEL va ELvaL xEv6<; (OTJ~ELroOTJ: O 7447 OLVEL XaL ta EJtt6.

XO~~atLa o13TJOta 6tav tOU O<bOOU~E tTJ ouaoLx1l ELoooo 15). Eav 6AoL \jJTJ<PL~ouv
NAI, t6tE XaVEtE <bOtE TJ EVOELSTJ va ELvaL 0. ~tL<; uJt6AoLJtE<; JtEQLJtt<bOEL<;, TJ Ev-

OELSTJ ELvaL O OEXaOLX6<; aQLe~6<; trov \jJ1l<Prov (~EtOX<bV) JtOU \jJTJ<PL~ouv NAI.

~XEOLaOtE to xuxAro~a Jtou ~EtatQEJtEL tL<; ELO6oou<; aJt6 tOU<; oLax6JttE<; tWV

tEOOaQroV \jJTJ<Po<p6Qrov OtO xataAATJAo OEXaOLX6 \jJTJ<PLo yLa tOv 7447, XQTJOL!!O-

JtOL<bVta<; tEOOEQL<; JtoAuJtAExtE<; 74151. MTJ XQTJOL~OJtOL1lOEtE 5 Volts xatEUeELav

aJt6 to tQO<poootLx6 oav to AOyLX6 1 -ELvaL xaAutEQa va XQTJOL~OJtOL1lOEtE tT]V

Esooo Ev6<; avtLotQo<pEa tOU oJtoLou TJ ELoooo<; EXEL yELroeEL.

11 -7 A0POI~TE}:; KAI AcJ>AIPETE~

~E aut6 to JtELQa""a ea xataOxEUaOEtE xaL ea E"'Ey;EtE bLa(j)OQa xux",00""ata a-

eQOLOtOOV xaL a(j)aLQEtOOv. To xux"'00""a tOU a(j)aLQEtTJ ea to XQTJOL""OJtOL1'1OOU~E

""Eta yLa tTJ OUyXQLOTJ tooV OXEtLXOOV ""EyEeOOv buo aQLe""ooV. rLa tOUC; aeQoLotE~

ELxa""E OU~TJt1'1OEL OtTJv Ev6tTJta 4-3, yLa bc tTJV a(j)aLQEOTJ ""E OU""Jt"'1'1Qoo""a OO~-
JtQoC;-2 OtTJv Ev6tTJta 1-5. ~tTJV Ev6tTJta 5-2 ELba""E Evav tEtQa""JtLtO JtaQaA-

"'TJ"'O aeQOLOt1'1 xaL OtTJv 5 -4 ""L"'1'1oa""E yLa tTJ OUyXQLOTJ buo aQLe""OOV.

HIlt -A8/?OtGirjt;: LXEOL(x.a1:E, Xa1:aaXEU(x.a1:E XaL EAEy;1:E Eva xuxAm~a T\~LaeQOL.

a1:t], XQT\aL~OJtOL<i>V1:ac; ~La JtuAT\ aJtOXAELa1:LXOU-'H XaL OUO JtUAEC; OXI-KAI.

1IA1j{!T/r;-A£J{!OLGi1jr;: ~XE6L6.0'tE, Xa'taOxEu6.0'tE XaL EAEy;'tE Eva xuxAw!A.a jtAt]-

Qouc;-aeQOLO'tiJ, XQT]OL!A.OjtOLffiv'tac; Eva chip 7486 XaL Eva 7400.

1Ial!6.).},1/).Or; A8l!OLaT1jr;: To chip 7483 ELvaL Eva~ 'tE'tQ6.!A.JtL'tO~ JtaQ6.AATIAo~

ouaoLx6~ aeQOL(J'ttl~. H E(JOO'tEQLXtl 'tOU OQY6.VOO(JTI ELvaL JtaQ6!A.OLa !A.E au'ttlv tOU

~xtl!A.a'to~ 5 -5. H eE(JTI 'toov axQooEx'tffiv qJaL VE'taL (J'tO ~xtl!A.a 11-10. OL OUO 'tE-

'tQ6.!A.JtL'tOL ouaoLxoL aQLe!A.OL EL(J6oou EL VaL OL A 1 oo~ A 4 XaL B 1 oo~ B 4. To 6.-

eQOL(J!A.a 13YaL VEL (J'tL~ E;6oou~ S 1 oo~ S 4. To xQa'tOU!A.EVO EL(J6oou EL VaL 'to CO

XaL 'to xQa'tOU!A.EVO E;6oou ELvaL 'to C4.

EAEy;'tE 'tTI AEL'tOUQYLa 'toU 7483: ~UVOE(J'tE 'tTI YELoo(JTI XaL 'tTIV 'tQoqJooo(JLa.

(JUVOE(J'tE (J'tL~ 'tE(J(JEQL~ EL(J6oou~ A Eva (J'taeEQ6 ouaoLx6 aQLe!A.6 -Jt.X. 'tov

1001. (JUVOE(J'tE 'tL~ 'tE(J(JEQL~ EL(J6oou~ B XaL 'to xQa'tOU!A.EVO EL(J6oou (JE 5 OLa-

X6Jt'tE~ XaL (JUVOE(J'tE 'tL~ 5 E;6oou~ (JE EVOELX'tLXE~ AuxvLE~. K6.VE'tE !A.EQLXE~ JtQO-

(JeE(JEL~ ouaoLxffiv aQLe!A.ffiv YLa va OLaJtL(J'tffi(JE'tE av 'to 6.eQOL(J!A.a XaL 'to xQa-

'tOU!A.EVO E;6oou ELvaL au't6. Jtou JtQEJtEL va ELvaL. BE13aLOOeEL'tE 6'tL 6'tav 'to

xQa'tOU!A.EVO EL(J6oou EL VaL 1. TI E;ooo~ L(JOU'taL !A.E A + B + 1.

A(Jf!OLar1jr;-Aq;aLf!t'rT/r;: H O.Q)O.LQEOT] buo b'lJO.bLXWV O.QL8!1WV !1JtoQEL Vo. yLVEL

JtQoo8E'tov'tO.~ 'to !1ELW'tEo !1E 'to O'lJ!1JtA. 1'1QW!1O. -W~ -JtQO~ -2 'to'lJ O.Q)O.LQE'tEO'lJ. To
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5

-

Vcc16
1484

A4

83

A3

82

A2

8J

At

aJ

C4

IS
S4

2
S37

7483
6

8 S2

II 19

SI

GND

12

~XHMA 11-10

To chip 7483: tEtP6llmtO!; 5ua51K6!; aepol<Jt1'1!;

o1J!J.JtA i)Qw!J.a -WC; -JtQoC; -2 !J.JtoQEL va f3QEeEL JtQooeEtovtac; 1 OtO o1J!J.JtA i)Qw!J.a -

wC;-JtQoC;-l. 'Etol, Yl,a va f3QOV!J.E to A-B, JtaLQVO1J!J.E to o1J!J.JtAi)Qw!J.a twv bits

tO1J B, to JtQOOeEtO1J!J.E Ota bits tO1J A %al, JtQOOeEtO1J!J.E %al, to 1 !J.Eow tO1J

%QatOU!J.EVO1J EI,O60o1J. ~tO ~xi)!J.a 11-11 f3AEJto1J!J.E Eva %v%Aw!J.a JtO1J !J.JtoQEL

va %a.VEI, i) JtQ60eEO1J i) a~aLQEO1J. 01, tEOOEQI,C; JtUAEC; aJtO%AEI,Otl,%ou-'H 01J-

!J.JtA1JQOOvo1JV ta bits tO1J B 6tav M = 1 (O1,6tl, x EB 1 =x'), EVOO ta a~t'JVO1JV a!J.E-

ta.f3A1Jta 6tav M = 0 (Ol,a to x EB 0 = x). 'Etol" 6tav 1J "EJtI,Aoyi) tQ6Jto1J (mode)

AEl,tO1JQYLac;" M ELval, 1, t6tE to %QatOu!J.EvO EI,O60O1J CO ELval, 1, to B 01J-

!J.JtA1JQOOVEtal, %al, 1J E'1;oooC; I,OOutal, !J.E to A 01JV to o1J!!Jt:At'JQw!J.a-wc;-JtQoC;-2

tO1J B. '0tav to M EL val, 0, to %QatOu!J.EvO EI,O60O1J EL val, 0, to B !J.EVEI, a!J.Eta.-

f3A1JtO %al, 1J E'1;oooC; ELval, to A + B.

~1JVOEOtE to %u%Aw!J.a tO1J aeQol,ott'J-a~aI,QEt1J %al, EAEy'1;tE av AEI, tO1JQYEL OW-

Ota.: TQO~OOOtELo'tE to otaeEQ6 aQl,e!J.6 1001 Ot1Jv ELoooo A %al, 01JVOEOtE tl,C;

EI,O60O1JC; B %al, M OE 5 Ol,a%6JttEC;. Ka.VEtE tl,C; EJt6!J.EVEC; JtQa.'1;EI,C; %al, YQa.",tE to

a.eQol,o!J.a %al, to %QatOu!J.EvO JtO1J f3YaL VEl, %a.eE ~oQa.:

9+5 9-5

9+9 9-9

Q + IS Q- lS
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I
14

KQatOUIJ.EVO
E~60o\JAQL9116~

ELO60ou

A

3

I ~

1
AQle1!6~
~6bov

S
"

AQl.eJ!O~

EI.OOOOV

B

9

-=D~

::)D-'-

=D2

=D"-
13 12

E3tLkoylj

tQ6Jtou (Mode )

keLtO\JQYta~ M -

M = O yLa JtQ60efOTJ

}.I = 1 yLa aq>atQt:oTJ

1;XHMA 11-11

T£Ip6!lmIo<; AepoluIi1<;-A'PolpEm<;

BE13aL())eELLE 6LL %aL6. LT]V JtQ6(JeE(JT] LO %QaLOV!!EVO E;6oou ELvaL 1, 6Lav LO 6.-

eQOL(J!!a ELvaL !!EyaAvLEQO aJt6 15. EJtL(JT]C;, 13E13aL())eELLE 6LL av A ~ B, T] a<paL-

QE(JT] oL VEL LO (J())(JL6 (eELL%6) aJtoLEAE(J!!a A -B %aL LO %QaLOV!!EVO E;60O1J EL-

VaL 1, EV<iJ, 6Lav A < B, T] a<paLQE(JT] oL VEL LO (Ju!!JtA 1]Q())!!a -())C; -JtQOC; -2 LO1J

B -A , %aL LO %QaLOV!!EVO E;6oou EL VaL 0.

IVyUl!til]r; MEyEeovr;: LVy%QL(JT] OVO aQLe!!<iJV ELvaL T] JtQ6.;T] !!E LT]V oJtoLa OLa-

JtL(JL<iJvELaL %aL6. Jt6(Jov O tvac; aQLe!!6C; ELvaL !!EYaAvLEQOC;, L(JoC; 1] !!L%Q6LEQOC;

aJt6 LOV 6.AAo. L\vo aQLe!!OL A %aL B !!JtoQovv va (JUy%QLeOVV E6.V %6.VOU!!E LT]"

a<paLQE(J1] LOUC;, A -B,~ 6Jt())C; (JLO Lx1]!!a 11-11. E6.v T] E;oooC; S L(JOVLaL JlE JlT]-

oEv, L6LE A = B. E6.v LO %QaLOVJlEVO E;6oou C 4 = 1, L6LE A ~ B. KaL E6."

C 4 = 0, L6LE A < B. I1Qocpav<iJc;, T] (Juve1]%T] A > B ea L(JXVEL 6Lav C 4 = 1 XaL

S~O.

rLa va 13y6.AOUJlE La aJtOLEAE(JJlata LT]C; (JVY%QL(JT]C; JtQEJtEL va (JU!!JtAT]Q<iJ(JO1JJlE

LO %v%A())Jla LOU Lx1]!!aLOC; 11-11. XQELa'r,6Jla(JLE Eva (JUVOUa(JLL%6 xv%A())Jla JlE

5 EL(J6oouC;, La S 1 ())C; S 4 %aL LO C 4, %aL !A.E 3 E;6oouC;, LLC; X, y %aL Z, ())C; E;TjC;:
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A=B (5 = 0000)avx=

A<B (C4=O)y= av

(C4=1 XaL S~OOOO)z=l A>Bav

A"T6 TO (J"VO"a(JTLX6 xuxA(1)!A.a !A.JtoQEL va JtQay!A.aTOJtOLTJeEL !A.E £va chip 7404

XaL £va 7408. ~XEOLa(JTE TO XaL !A.ETa (J"VO£(JTE oA6xATJQo TO (J"yXQLT1'1 XaL EA£ySTE

av AEL TO"QYEL (J(1)(JTa. ~OXL!A.a(JTE TOV !A.E To"AaXL(JTO OUO ~E"YaQLa aQLe!A.OOV YLa

XaeE!A.La aJt6 TL~ TQEL~ (J"Ve1'1XE~ Es6oo".

11-8 FUP-FLOPS

~£ a1Jt6 to 3t£LQa~a ea cptLa'§O1J~£, ea £Aty'§o1J~£ XaL ea ~£A£ttloo1J~£ tTJ A£L-
to1JQYLa oLacp6Q(1)v x1JxA(1)~at(1)v flip -flops. H £O(1)t£QLXtl xataOX£1Jtl t(1)V flip -

flops 01J~TJttleTJX£ OtL~ Ev6tTJt£~ 6-2 XaL 6-3.

MaviaAwirjr; SR: IIQ6xeL'taL yLa 'to 13a(JLx6 flip-flop, 3tOU a3to'te)..eL'taL a3t6 ouo

a)..)..TI)..o(Juvoeoel.1.tve~ 3tu)..e~ OXI- KAI. Ka'ta(Jxeua(J'te tva 'tt'tOLO 13a(JLx6 xu-

x)..W1.1.a flip-flop XaL (Juvot(J'te 'tL~ OUO eL(J6oou~ 'tou (Je oLax63t'te~, XaL 'tL~ OUO

e~6oou~ (Je eVOeLX'tLxt~ )..uxvLe~. Ba)..e'te 'tou~ oLax63t'te~ (J'tTI et(JTI 'toU )..OyLXOU 1

XaL l.l.e'ta, (J'tLyI.1.LaLa yuQL(J'te 'toU~ -'tov xaetva ~ex(J}QL(J'ta- (J'tO )..oyLx6 O XaL

l.l.e'ta al.1.t(J(J}~ ~aVa (J'tO 1. BQeL'te 'tov 3tLvaxa a)..TleeLa~ 'tou xux)..<iJ1.1.a'to~.

Flip-flop t"vJt'ov RS: <f>'tLa'i;'tE Eva f1ip-f1op RS I-I.E QoA6L, XQTlOLI-1.O1[OLOOV'ta~ 'tE-

OEQL~ 1[UAE~ OXI- KAI. ~UVOEO'tE 'tL~ ELO6oou~ R XaL S OE OUO oLax61['tE~ XaL

'tTIV ELoooo QOt:OyLOU OE Eva XOU!A.3tL. E1[aATIeEUO'tE 'to xaQaX'tTIQLO'tLX6 1[Lvaxa

'tou f1ip-f1op.

Flip-flop 'fvJrov D: KataOXE'U6.0tE Eva flip-flop tuJto'U D f.lE QO)..6L, f.lE 4 JtU)..E~

OXI-KAI.. A'Ut6 f.lJtoQEL va yLVEL f.lE f.lta JtaQa)..)..ayi] to'U x'Ux)..ffif.lato~ to'U

};xi]f.lato~ 6-5, w~ E'§i]~: A<paLQEotE tr)v JtU)..r) S. };'UVOEOtE tr)v E'§ooo Tr)~ JtU)..r)~ 3

Otr)V ELoooo tr)~ JtU)..r)~ 4 Otr)V oJtoLa aQXLx6. o'UvoEovtav r) Jtu)..r) S. ~EL'§tE 6tL

a'Uti] r) JtaQa)..)..ayi] to'U x'Ux)..ffif.lato~ ELvaL LOOOUVaf.lr) f.lE to aQXLx6 xux)..Wf.la,

f3QLoxovta~ tr) o'Uv6.Qtr)or) Boole tr)~ E'§6oo'U tr)~ Jtu)..r)~ 4 OtL~ OUO JtEQLJttffi-

OEL~. KataOXE'U6.0tE a'Ut6 to xux)..wf.la XaL EJta)..r)eEUOtE to xaQaXtr)QLOtLX6 to'U

JtL vaxa.

Flip -flop Aq;t'V1:77-2,,).afJov: Ka'ta(JXEUa(J'tE Eva flip -flop 'tU3tOU JK, aqJEv'tTJ-

(JxAaf3ou, lA.e QoA6L, XQTJ(JLIA.O3tOLffiv'ta~ Eva chip 7410 XaL 6uo 7400. ~uv6E(J'tE

l:'L~ EL(J66ou~ J XaL K (J'tO AOyLX6 1 XaL 'tTJV EL(Jo60 QOAOyLOU (J' Eva xoulA.3tL.

~uv6E(J'tE 'tT1V XavovLx1'1 E~o60 'tOU f1ip-flop aqJEv'tT1 (JE IA.La Ev6ELX'tLX1'1 AuxvLa
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xa\, tYJV xavov\,xil t;ooo tou tlip-t1op axA.af3ou ae !.t\,av aA.A.YJ evoe\,xt\,xil A.uxvLa.
II\'tate to xou!.tJtL xa\, !.teta acpilate to, tta\, mate va JtaQaxteL tva~ (xa\, !.t6vov
tva~) eet\'x6~ JtaA.!.t6~. IIaQatYJQeLate 6t\, O acptvtYJ~ aA.A.a~e\' 6tav O JtaA.!.t6~ a-
vef3aL ve\, ato A.oy\,x6 1, xa\, 6t\, O axA.af3o~ axoA.oueeL autil tYJV aA.A.ayil 6tav o
JtaA.!.t6~ JtEcpte\' ato !.tYJotv. EJtavaA.af3ett to !.teQ\'xt~ cpoQt~, JtaQatYJQmVta~ tL~
OUO evoe\'xt\'xt~ A.uxvLe~. E;YJYeLate Jtm~ !.tetacptQeta\' YJ xataataaYJ aJt6 tT]V eL-
aooo atov acptvtYJ xa\, aJt6 tov acptvtYJ ato axA.af3o.

AJtoauvotate tYJV eLaooo QoA.oy\'ou aJt6 to xou!.tJtL xa\, auvotate tT] ae !.tLa
JtaA.!.toyevviltQ\'a auxv6tYJta~ 10 kHz iI JteQ\'aa6teQo. IIaQatYJQeLate t\,~ xu!.tato-
!.toQCPt~ tou QoA.oy\,ou, tOU acptvtT] xa\, tou a)(A.af3ou !.te tvav JtaA.!.toyQacpo ouo ~
teaaaQwv xavaA.\,mv. Bef3a\'weeLte 6t\, T] xaeuattQYJaT] !.teta;u tWV e;6owv tOU
acptvtYJ xa\, tOU axA.af3ou \,aouta\, !.te to JtA.ato~ tOU JtaA.!.tou tOU QOA.OyLOU.
<l>t\,a;te tva O\,ayQa!.t!.ta XQov\,a!.tou. JtOU va oeLxve\, t\,~ axtae\'~ ava!.teaa atL~
xu!.tato!.toQCpt~ tOU QoA.oy\'OU xa\, twv e;6owv twv tlip.t1ops acptvtYJ xa\, axA.a-

f3ou.

Ax.uoJrv(!oD6r11ro Flip-flop rvJrov D: KataOxEu6.0tE Eva ax~oJtuQoo6tT]to

f1ip-f1op tuJtou D: (JtUQOOOtOU~EVO OtT] eEtLxil ax~iI), XQT]OL~OJtOL<i>Vtal; E;L

JtUA.EI; OXI- KAI. ~UVOEOtE tT]v EtOOOO QOA.OyLOU OE Eva XOU~Jtt, tT]V EtOOOO D

OE Eva oLax6JttT] XaL tT]V E1;ooo Q OE ~La EVOELXtLXil A.uxvta. K6.VEtE to D va

LOOutaL ~E to ou~JtA.ilQ(1)~a tOu Q. AEt1;EtE 6tL T] E1;ooOI; tOU f1ip-f1op aA.A.6.~EL

~6vo 6tav E~cpavt~EtaL T] eEtLxil ax~iI tOU JtaA.~ou tOu QOA.OyLOU.

BE/3aL(1)eEttE 6tL T] E1;ooOI; OEV aA.A.6.~EL 6tav to QOA.6L EtvaL OtO A.oyLx6 1 ~

Oto A.oyLx6 oil 6tav aA.A.6.~EL OtT]v aQvT]tLxil XatEUeUVOT]. ~UVEXtOtE va aA.A.a-

~EtE tT]V EtOOOO D, EtOL JtoU va LOOutaL OUVEX<i>1; ~E to ou~JtA.ilQ(1)~a tT]1; E1;6-
oou Q.

AJtoouvOEotE tT]v EtOOOO QOA.OyLOU aJt6 to xou~Jtt XaL OUVOEOtE to OtT]v

JtaA.~oyEvviltQLa. TQOcPOOOtEtOtE tT]V EtOOOO D aJt6 tT] ou~JtA.T]Q(1)~atLxil E1;ooo
Q' -~E aut6 tOv tQ6Jto ea JtQEJtEL T] E1;ooOI; va aVtLO1QEcpEtaL OtT]V X6.eE eE-

tLxil ax~iI tOU QOA.OyLOU. naQatT]QEtOtE ~E Evav JtaA.~oyQ6.cpo Ouo xavaA.L<i>v

XaL XatayQ6.\jJtE tLI; xu~ato~oQCpEI; tOu QOA.OyLOU XaL tT]1; E1;6oou Q XaL tTJ

XQovLxil tOUI; oXEoT]. AEt1;tE 6tL T] E1;ooOI; aA.A.6.~EL ~E tT] eEtLxil ax~iI tOU QO-

A.OyLOU.

FJjp-flops ae chips: To chip 7476 JtEQLEXEL OUO f1ip-flops tuJtou JK a<pEvtT)-

(JxA6.J3ou. !.LE EL(J6oour; clear (!.L1l0EVL(J!.LOU) xaL preset. To ~xi]!.La 11-12 O(VEL tT)

eE(J1l t{JJv axQooEXtwv. xaewr; xaL tov Jt(vaxa AELtOuQY(ar; tou. OL tQELr; JtQWtE~

YQa!.L!.LEr; tOU Jt(vaxa OE(XVOUV Jtwr; AELtOUQYouv OL a(JuyXQOVEr; E(JOOOL preset

xaL clear. AutEr; E(vaL avE~6.Qt1l'tEr; aJt6 to QoA6L xaL ta J xaL K xaL (JU!.LJtEQL-

<pEQOvtaL (Jav 'to !.LavtaA{JJti] SR (ta X (Jtov Jt(vaxa OE(XVOUV aoL6.<pOQEr; (J1JV-

ei]xEr;). OL tE(J(JEQLr; tEAEUta(Er; YQa!.L!.LEr; tOU Jt(vaxa JtEQLYQ6.<pouv t1l AELtOUQYLa

!.LE QoA6L -6tav OL E(JOOOL preset xaL clear xQatLoUVtaL xaL OL ouo (JtO AoyLx6

1. ~av tL!.Li] tOU QOAOyLOU OE(XvEtaL Evar; JtaA!.L6r;. ~t1l eEtLx1l ax!A.1l tou JtaA!A.ou
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a)..)..6.'r,EL to f1ip-f1op tOV a<pEvtTJ XaL (JtTJV aQVTJtLxtl a)..)..6.'r,EL O (JX)..6.f3o~, xaeffi~
XaL TJ E;ooo~ tOU chip. 'Otav J = K = 0, TJ E;ooo~ OEV a)..)..6.'r,EL, 6tav J = K = 1, TJ

xat6.(JtaaTJ tOU f1ip -f1op avtLatQECf!EtaL, X)..jt. AOXL~6.qtE tTJ )..EL touQYLa Ev6~ ajt6

ta OVO f1ip-f1ops Ev6~ 7476 XaL OELtE av axo)..oueEL 6vt(J)~ tovjtLvaxa )..ELtOUQ-
,

yLa~.

v cc = a~QOotxtT1~ 5

GND = axQobtXtT1~ 13

nt"axa~ A£LtOVQYta~

Eloobol 'E;obol
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1:XHMA 11-12

To chip 7476: ~uo flip-flops tunouJKa<pevtn-aK?6~ou

To chip 7474 JtEQLEXEL OUO ax!A.oJt1JQoo6t1lta flip -f1ops tuJtO1J D (8EtLXil~ ax-

!A.iI~). !A.E ELO60O1J~ preset XaL clear. To ~xiI!A.a 11-13 OLVEL t1l 8Eo1l tWV axQooE-

xtWV xaL JtEQLYQ6.<PEL t1l /..ELtO1JQYLa tWV preset, clear xaL tO1J QO/..OYLOU. 'OJtO1J

Ot1l 8Eo1l tO1J QO/..OYLOU 1JJt6.QXEL Eva BE/..o~ JtQO~ ta EJt6.VW. a1Jt6 OELXVEL ax!A.o-
Jt1JQoo6t1lt1l /..ELtO1JQYLa 8EtLXil~ ax!A.iI~. ~OXL!A.6.0tE Eva aJt6 ta flip-f1ops xaL OL-

YO1JQE1JtELtE 6tL /..ELtO1JQYEL Ou!A.<pwva !A.E tOV JtLvaxa.



570 KE<pllr.olo 11 EpyOOIOplOKli nElplll10IO
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J:XHMA 11-13

To chip 7474: 66o eEtlKQ oKIlonupoo6mro flip-flops r6nou D

11- 9 AKoJ\OYeIAKA KYKI\!1MA T A

~E a"t6 to nELQa~a ea (JXEOLa(JEtE, ea IptLa~EtE XaL ea OOXL~a(JEtE tQLa (Juy-
XQova, aXO).OUeLaXa x"x).w~ata. KaL (Jta tQLa x"x).w~ata, XQTJ(JL~OnOLEL(JtE
flip-t1ops tuno" JK an6 to chip 7476 (~xi)~a 11-12), xaew~ XaL OnOLE(Joi)nOtE
nU).E~ E).axL(JtOnOLOUV tov o).Lx6 aQLe~6 tOOV chips. H (JXEoLa(JTJ (JuyXQovoov a-
XO).O"eLaXWV x"xAoo~atoov xa).UIptTJXE (JtL~ Ev6tTJtE~ 6- 7 XaL 6-8.

Mei(!17ir1r; Jr(!Or;-ia-1Iavw/KaiW .ue EJrii(!etP17: ~XEbLa.O'tE, Ip'tLa.;'tE XaL bOXL!.La.-

O'tE Eva bL!1JtL'tO !.LE'tQTJ'til 3to'U va !.LE'tQa.EL 3tQO~ 'ta E3ta.V(1> iI 3tQO~ 'ta xa.'t(1>. MLa

ELoobo~ E3tL'tQE"'TJ~, E, xaeOQL~EL xa'ta. 3t6oo O !.LE'tQTJ'til~ AEL'tO'UQYEL iI 6XL. 'O'tav

E = 0, O !.LE'tQTJ'til~ abQaVO3tOLEL'taL XaL 3taQa!.LEVEL O'tTJV 3taQouoa 'to'U !.LE'tQTJoTJ,

3taQ6Ao 3tOU EIpaQ!.L6~ov'taL OL 3taA!.LoL 'to'U QOAOyLOU o'ta flip-f1ops. 'O'tav E = 1.
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1l !!ELQ1la1l Ej[I,LQEj[ELal, xal, !!I,a OEULEQ1l ELaooor;, 1l x, xaeOQL~EI, L1lV XaLEUeUVa1l

L1lr; !!ELQ1la1lr;. 'OLaV x= 1, LO xuxA(1)!!a !!ELQaEI, j[QOr; La j[aV(1), axoAOue<i>vLar;

L1l aEI,Qa 00, 01, 10, 11 xal, ~ava aj[6 L1lV aQx1], 'OLaV x= 0, LO xuxA(1)!!a !!E-

LQaEI, j[QOr; La XaL(1), o1lAao1] 11, 10,01,00 xal, j[aAI, aj[6 L1lV aQx1]. M1l XQ1lal,-

!!Oj[OI,1]aELE LO E aav aj[ayOQEULl,x6 LOU QoAoyl,ou -axEOl,aaLE LO axoAouel,ax6

xuxA(1)!!a !!E LO E xal, LO X aav El,a6oour;.

L\/'ay{!a!l!la KaTaaTaaeWV: ~XEOtaOTE, XaTaOXEUaOTE Xat OOXt!1aOTE Eva axo-

Aouetax6 xuxAoo!1a Jtou va axoAOUeEL TO OtayQa!1!1a XaTaOTaOEOOV JtOU oL VETat

OTO ~xtl!1a 11-14. OVO!1aOTE A Xat B Ta OUO t1ip-tlops (A TO JttO oTJ!1aVttx6). x

TTJV ELooOo xat y TTJV E;ooo.

1:XHMA 11-14

filQypa!l!la KataatQaE6)V yla to nEiPa!la 9

~uvbE(JtE tt1v Esobo tOU flip-f1op B (Jtt1v Et(Jobo X XaL 3tQO13A.E\jJtE tt1v axo-

A.oueLa xata(Jta(JEOOV 3tOU ea 3tQOXU\jJEL 6tav EcpaQ!A.O(JtEL to QOA.6L. E3taA.t1eEU(JtE

6tL to xuxA.00!A.a 6vtoo~ 3tEQVaEL a3t6 aut1'1v tt1v axoA.oueLa Xata(Jta(JEOOV XaL

bL VEL tL~ 3tQo13A.E3t6!A.EVE~ Es6bou~.

1:xe{){aaT/ Me1:[!T/1:rj: ~XEbLaa'tE, <p'tLa'S'tE XaL bOXLIJ.aO'tE Eva IJ.E'tQTJ'til Jtou va

JtatQVEL bLaboXLXa 'tLC; E'Silc; xa'taO'taOELC;: 0,1,2,3,6,7,10,11, 12,13,14,15

XaL IJ.E'ta 'SaVa JtaAL aJt6 'to 0. naQa'tTJQEtO'tE 6'tL OL xa'taO'taOELC; 4, 5 XaL 8, 9

bEV XQTJOLIJ.OJtOLOUV'taL. O IJ.E'tQTJ'tilc; JtQEJtEL va EXEL au't6IJ.a'tTJ EXXtVTJOTJ, bTJAabil

av 'to xuxA(J)IJ.a aQXtoEL aJt6 IJ.ta aJt6 'tLC; aXUQEC; xa'taO'taOELC;, ea JtQEJtEL, IJ.E'ta
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aJt6 OQLO~f,VOU~ JtaA~ou~ TOU QOAOyLOU, va ~ETaqJf,QETaL OE f,yXUQE~ XaTaOTo.-

OEL~ yLa va OUVEXLoEL aJt6 EXEL OOOOTa.

LlOXL~aOTE av to xuxAoo~a AELTOUQYEL OOOOTa, cr)Aaci] av r) axoAoueLa fA,E-
TQi]OEOOV EL VaL auTi] JtOU JtQEJtEL XaL EaV O ~ETQr)Ti]~ EXEL auT6~aTr) ExxL vr)or). rL ,

auT6 TO TEAEmaLo, qJEQTE JtQWTa TO xuxAoo~a OE ~La aJt6 TL~ aXUQE~ XaTaOtO.-

OEL~, XQr)OL~OJtOLWVt(J.~ tL~ ELO6cou~ preset XaL clear, xaL ~Eta EqJaQ~6otE Jta"-

~OU~ xaL. CELTE avo ~EtQr)ti]~ ~JtaLvEL OTr)V axoAoueLa TOOV EyxuQoov xataotO.-

OEOOV.

11-10 METPHTE~

~E a1Jt6 to JtE(Qa!!a ea ~tL6.sEtE XaL ea OOXL!!6.0EtE oL6.~OQa x1JxA<i>!!ata !A.E-

tQYJt<i>v, QLJt1]~ 1] o1JYXQ6vmv. To1J~ !!EtQYJte~ QLJt1]~ tO1J~ 01J~YJt1]oa!!E OtT]V

Ev6'tYJta 7-4 XaL tO1J~ OUYXQOVO1J~ OtYJV 7-5.

MeT(}17T1jr; PLJT1jr;: <l>LL6.~LE Evav LELQ6.IJ.JtL LO 01JaOLx6 IJ.ELQT1L1] QLJt1]C;, XQT1(JL!!O-

JtOLOOVLac; OUO chips 7476 (Ix1]IJ.a 11-12). I1JvoE(JLE 6AEC; LL<; EL(J60O1J<; (a(Juy-

XQOVO1J) preset XaL clear (JLO AOyLX6 1. I1JVoE(JLE LT1V EL(JOOO JtaAIJ.OOv IJ.ELQT1(JT1~

(JE Eva xo1JIJ.JtL xaL OOXLIJ.6.(JLE avo IJ.ELQT1L1]<; AELLO1JQYEL (J(J)(JL6..

AAA6.~LE LO IJ.ELQT1L1], EL(JL JtO1J va IJ.ELQ6.EL JtQo<; La X6.L(J) avLL JtQO<; La Jt6.vw

xaL IJ.EL6. OOXLIJ.6.(JLE LOV xaL (JL YO1JQE1JLEL LE 6LL o x6.eE JtaAIJ.6c; IJ.ELOOVEL LT1 !!E-

LQT1(JT1 xaL6. 1.

2'VYX{JOVO~ MfT{J7/TiJ~: <I>'1:L<J.s'1:E Evav '1:E'1:Q<J.!lJtL '1:0 buabLx6 OVYXQOVO !lE'1:QT]tij,

XQf]OL!lOJtOL<i>V'1:a~ bVO chips 7476 XaL Eva 7408, XaL boXL!l<J.O'1:E av AEL'1:0UQYEL

OWO'1:<J..

L1e"aD£,,6t; MeT(!7/TJjt;: LXEbl.6.0.E Eva OUYXQOVO !.tE.Qt].iI BCD JtO1J va !.tE.Q6.EI.

aJt6 .0 0000 E(1)C; To 1001, xal. !.tE.6. Jt6.AI. aJt6 .t]v aQXil. XQt]OI.!.tOJtOLELo.E bvo

chips 7476 xal. Eva 7408. <I>.L6.;.E .0 !.tE.Qt].iI XaL boXL!.t6.0.E tOV av axoAo1J8E(

.t] o(1)o.iI OELQ6.. EJtLot]C;, 13QEL.E av EXEL a1J.6!.ta.t] ExxLvt]ot]. rl.a .0 oxOJt6 a1J.6,

<pEQ.E .0 !.tE.Qt].iI bLaboxLx6. OE XaeE!.tL6. aJt6 .I.C; E;I. axQt]OL!.tOJtOLt].EC; xa.ao.6.-

OELC;, !.tEo(I) .(1)V EI.o6b(1)v preset XaL clear, xal. !.tE.6. E<paQ!.t60.E JtaA!.tOUC; xal. bE(-

.E av 0 !.tE.Qt].ilc; <p.6.vEI. .EAl.x6. OE !.tl.a aJt6 .I.C; EyX1JQEC; xa.a(J.6.oEI.C;.

.1va{)tx6r; M£T(}TJT1jr; .u£ 1Ia(}a).,).,TJ).,TJ <P6(}T(1JaTJ: To chip 74161 ELvaL Eval; tE-

tQ6.!.LJtLtOI; OUYXQOVOI; 01JaOLX61; !.LEtQ1]tijl;, !.LE JtaQ6.AA1]A1] cp6Q1;roO1] XaL a(Juy-

XQOVO !.L1]OEVL(J!.L6. E(Jro1;EQLX6., !.LOL6.~EL !.LE 1;0 xuxAro!.La 1;01J Lxij!.La1;OI; 7-19. H

eE(J1] 1;roV axQ00EX1;WV cpaL VE1;aL (J1;0 Lxij!.La 11-15. '01;aV EVEQYOJtOLEL 1;aL 1] EL(Jo-

001; cp6Q1;ro(J1]I;, OL 1;L!.LEI; 1;roV 1;E(J(J6.QroV ELO60rov OE00!.LEvrov !.LE1;acpEQOV1;aL (J1;a

1;E(J(JEQa E(Jro1;EQLX6. flip-flopS, QA rol; QD (1;0 QD ELvaL 1;0 JtLO (J1]!.LaV1;LX6 bit).

YJt6.QXO1JV OUO ELo000L EJtL1;QE1jJ1]1; !.LE1;Q1]01]~, p XaL T, JtO1J XaL OL OUO JtpEJtEL va
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ELvaL 1 YLa va 3tQOXroQiI(JEL (~EtQiI(JEL) O ~EtQT}til~. O 3tLvaxa~ AELtOuQYLa~ ELvaL

3taQ6~OLO~ ~E tOv IlLvaxa 7-6, ~E ~La ~6vo E;aLQE(JT}: T} <p6Q'tro(JT} (Jtov 7461, E-

VEQYO3tOLELtaL ~E tOV avtL(JtOLXO axQooExtT} (JtO 0. rLa tT} <p6Qtro(JT} 3tQE3tEL E3tL-

(JT}~ T} EL(Jooo~ ~T}OEVL(J~OU va ELvaL 1, EVro T} tL~iI trov ouo EL(J6orov ~EtQT}(JT}~ EL-

VaL aOLa<pOQT}. Ta E(JrotEQLXa flip-flops tou ~EtQT}til 3tUQOOOtOUVtaL (JtT} eEtLXil

ax~iI 'tou QOAOyLOU. To xuxAro~a AELtOUQYEL ro~ ~EtQT}til~, 6tav a<pEv6~ ~EV T}

EL(Jooo~ <p6Qtro(JT}~ ELvaL 1, a<pEtEQou OE OL EL(JOOOL ~EtQT}(JT}~ p XaL T ELvaL XaL

OL OUO 1. Eav E(Jtro XaL ~La a3t6 tL~ p XaL T yLVEL 0, t6tE OL E;OOOL ~Evouv a-

~Eta~AT}tE~. To xQatOU~EVO E;6oou yLvEtaL 1, 6tav XaL OL tE(J(JEQL~ E;OOOL OE-

oo~Evrov ELvaL 1. IlaQtE Eva chip 74161 XaL E3taAT}eEU(JtE 3tELQa~atLXa 6tL oou-

AEUEL 6vtro~ (Ju~<prova ~E tOV 3tLvaxa AELtOUQYLa~.
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MT)bEVIO11.6~ E;6bwv
cl>6QtwoT) bEbol1.tvwv EIO6bo\J

MttQT)(JT): E3t6I1.EVT) b\Jablx1\ tll1.1\

'E;obol aI1.Etcif:$).T)tE~

~XHMA 11-15

To chip 74161: 6ua61K6~ Il£tpntfl~ nap6??n?n~ ID6otfi)anc
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.1.EL1;tE Jt<i>~ Eva chip 74161, !A.a'r,L !A.E !A.La JtuAtJ OXI-KAI ouo EL{J60(1)V, !A.JtO-

QEL va AELtOUQY1]{JEL (I)~ OUYXQOVO~ !A.EtQtJt1]~ BCD (otJAao1] Jtou !A.EtQaEL aJt6 to

0000 (I)~ to 1001). MtJ XQtJ{JL!A.OJtOL1]{JEtE ttJV EL{JOOO !A.tJOEVL{J!A.OU. XQtJ{JL!A.OJtOELOtE

ttJV JtuAtJ OXI-KAI YLa ttJv avLxvEu{JtJ ttJ~ !A.EtQtJ{J.tJ~ 1001, OJt6tE XaL ea JtQO-

xaAEL ttJ ~6Qt(1){JtJ tOU aQLe!A.OU 0000.

~UVOE{JtE xaeEva aJt6 ta tE{JOEQa xuxA<i>!A.ata tOU ~x1]!A.ato~ 7-20 YLa ttJ OTJ-

!A.LouQYLa Ev6~ !A.EtQtJt1] modulo 6. eu!A.tJeELtE 6tL tJ EL{Jooo~ ~6Qt(1){JtJ~ EVEQYO-

JtOLELtaL !A.E to 0, OJt6tE xaL aJt.aLtELtaL JtuAtJ OXI-KAI.

11-11 KATAXD.PHTE1: OAIreH1:H1:

IE a1J't6 'to 3tELQa~a ea ~EA.E't1]aO1J~E 'tTJ A.EL'tO1JQYLa 'trov xa'taxroQTJ'tOOv oA.LaeT]-

aTJC;. ea XQTJaL~O3tOL1]aO1J~E 'to chip 74179 3tO1J ELvaL tvac; xa'taxroQTJ't1]c; oA.taeT]-

aTJC; ~E 3taQ6.A.A.TJA.TJ cp6Q'troaTJ. rLa 'tO1JC; xa'taxroQTJ'ttc; oA.LaeTJaTJC; ~LA.1]aa~E a'tT]v

Ev6'tTJ'ta 7-3 XaL YLa ~EQLXtC; ECpaQ~oyEc; 'tO1JC; a'tTJv 7-6.

O)..ox)..1]/?w.uEvOI; KaTaxW/?1]Till; O)..{a(J1]a1]l;: To chip 74179 eLvaL Eva~ 1:e1:Qa-

!.LjtL1:0~ Xa1:axroQT]1:1l~ OALoeT]OT]~ !.Le jtaQaAAT]AT] ~6Q1:WOT] XaL aouyxQOVO !.LT]beVL-

0!.L6. Eoro1:eQLXa !.LOLa'l;eL !.Le 1:0 ~x1l!.La 7-9, !.L6vo jtou 0 74179 eLvaL !.Lov6bQo!.L0~,

bT]Aab1l !.LjtoQeL va OALOe1l0eL 1:a bebo!.LEva !.L6vo jtQo~ 1:T] !.LLa xateUeUVOT]. To

~x1l!.La 11-16 beLxveL 1:0U~ axQobEx1:e~ 1:0U chip, xaeoo~ XaL 1:0V jtLvaxa AeL1:01JQ-

yLa~ 1:ou. H ajtA1l YQa!.L!.L1l eAEyxo1J !.Le 1:T]V ovo!.LaoLa SH/ LD (oALoeT]0T]/~6Q1:rooTI

-shift/load) xaeOQL'l;EL 1:T] OUYXQOVT] AEL 1:ouQYLa 1:0U xa1:axroQT]1:1l, '01:av

SH/ LD = 0, T] Et00bO~ EAEyxou EL vaL 01:T]V Xa1:ao1:aoT] ~6Q1:rooT]~ xaL 1:a bEbo!.LE-

va 1:rov 1:EOOaQrov EL06brov !.LE1:a~EQov1:aL 01:a 1:EooEQa EOro1:EQLXa flip-flops, QA

Ero~ QD. '01:av SH/ LD = 1, T] Et00bO~ EAEyxou ELvaL 01:T]V Xa1:ao1:aoT] oAtoeT]OTl~

xaL T] jtAT]Qo~oQta 1:0U xa1:axroQT]1:1l OALOeatvEL bESLa ajt6 1:0 QA jtQo~ 1:0 QD.

H 1:L!.L1l 1:T]~ OELQLax1l~ EL06oou 01:0 QA xa1:a 1:T] oLaQXELa 1:T]~ oALoeT]OT]~ xaeo-

QL'l;E1:aL ajt6 1:L~ EL06oou~ J xaL K. OL ouo Et0000L OU!.LjtEQL~EQov1:aL 6jtro~ tO J

xaL 1:0 aV1:to1:QO~O 1:0U K OE Eva flip-flop 1:ujtou JK. '01:av xaL 1:0 J xaL 1:0 K

ELvaL 0, 1:0 flip-flop QA !.LT]OEvL'l;E1:aL !.LE1:a 1:T]v oALoeT]OT]. '01:av xaL OL OUO EL00-

OOL EL vaL LoE~ !.LE 1, 1:0 QA yt VE1:aL LoO !.LE 1 !.LE1:a 1:T]v oAtoeT]OT]. OL Ouo aAAE~

ouve1lxE~ yLa 1:L~ EL06oou~ J xaL K (OEV oELxvoV1:aL 01:0V jtLvaxa AeL1:0uQYLa~) a-

V1:LO1:0LXOUV 01:L~ jtEQLjt1:000EL~ jtOU T] Esooo~ QA 1:0U flip-flop EtvaL aV1:Lo1:QO~TI

1l a!.LE1:a/3AT]1:T] !.LE1:a 1:T]v oAtoeT]OT].
O jtLvaxa~ AEL1:0UQYLa~ YLa 1:0 74195 OEtxvEL 1:T]v jtEQLjt1:rooT] AEL1:0UQYLa~ 1:0U

xa1:axroQT]1:1l. '01:av T] EL0000~ !.LT]OEVLO!.LOU jtaEL 01:0 0, 1:a 1:EooEQa flip -flops !.LTI-

bEvL'l;ov1:aL aouyxQOVa xwQL~ va ajtaL1:EL1:aL T] XQ1l0T] QOAOyLOU. OL OUYXQOVE~

AEL 1:0UQYtE~ EVEQY°jtoLOUV1:aL ajt6 1:T] eE1:Lx1l ax!.L1l1:ou QOAOyLOU. rLa va ~oQ1:W-

00U!.LE 1:a OEoo!.LEva EL06oou, T] EL0000~ SH/ LD jtQEjtEL va yL VEL 0 xaL !.LLa eE1:LxT]

axllil 1:0U jtaAllou 1:0U OOAOVLOU va El1qJavLO1:eL. rLa 1:n OE~La oALoeT]OT], tO
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SH/ LD nQEnEL va ytVEL too ILE I. OL E;OOOL J XaL K nQEnEL va EtvaL OUVOEOE-

.ILEvE~ !.I.E'ta;U 'tOU~ yLa va ano'tEAEoouv 'tTJ OELQLaxtl EtOOOO.

'E;ObOl
bebol1tv(J)'V

n ("a)(a~ A£~to\JQY(a~

1:XHMA 11-16

To chip 74179: Katax6>pmn~ o?faenan~ \lE nap6??n?n <p6pt6>an

EX'tE).Eo'tE E'Va 3tELQa!!a 3tO1J ea E3tL13E13aL<i>oEL 'trj ).EL'tO1JQYLa 'tO1J 74195.

L\.EL;'tE 6'tL 'to chip EX'tE).EL 6).E~ 'tL~ ).EL'tO1JQYLE~ 3tO1J qJaL'VO'V'taL o'to'V 3tL'Vaxa

).EL'tO1JQYLa~. nEQL).a13E'tE O'tO'V 3tL'Vaxa ).EL'tO1JQYLa~ 'tL~ OUO 01J'VetlXE~: JK = 01

XaL JK = 10.

Mei(!1/i1]~ .1axivMov: 'Eva~ ~E'tQ1]'til~ oax'tu"'tou EtvaL Eva~ xux"'Lx6~ xa'ta-

x(1)Q1]'til~ o"'toe1]01]~, 6Jtou 'to oil~a aJt6 't1] OELQLaxil E'1;,ooo QD 'l;,ava~JtatvEL O't1]
OELQLaxil EtOOOO. ~UVOEO'tE 'ta J XaL K ~E'ta'1;,u 'tOU~ yLa va OX1]~a'ttoE'tE 't1] OEL-
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QLax1l eL()'obo. XQr]()'LI.LOJtOLeL()'te tr] ).eLto1JQYLa cp6Qt(J)()'r]~ YLa va bOO()'ete (),to l.Le-

tQr]t1l tr]V aQXLx1l tLI.L1l 1000. Met6. bOO()'te Jta).I.Lou~ QO).OYLOU, OO()'te to Eva bit

a1Jt6 va aQXL()'eL va X1Jx).oCpoQeL XaL e).Ey;te tr]V xat6.()'ta()'r] tO1J xatax(J)Qr]t1l

l.Let6. aJt6 x6.ee Jta).I.L6 tO1J QO).OyLOU.

'Eva~ l.LetQr]t1l~ baxt1J).Lo1J l.Le avtL()'tQOcp1l O1JQ6.~ XQr]()'LI.LOJtOLeL to (),1JI.LJtA1l-

Q(J)I.La tr]~ ()'eLQLax1l~ e;6bo1J QD yLa va tQOcPobOt1l()'eL tr] ()'eLQLax1l eL()'obo.

cI>tL6.;te Evav tEtOLO l.LetQr]t1l, l.Lr]bevL()'te tOV XaL JtQo/3).E\jJte tr]V axo).o1JeLa xa-

ta()'t6.()'e(J)v aJt6 tr]V oJtoLa ea JteQ6.()'eL. EJta).r]eeu()'te tr]V JtQ6/3).e\jJ1l ()'a~, JtaQa-

xo).O1JeOOvta~ tr]v xat6.()'ta()'1l tO1J l.Let6. aJt6 x6.ee o).L()'er]()'r].

KaTaxW(}TJT17~ OAia()TJaTJ~ .UE A VaO(}aaTJ: IIQ6xEL taL yL<i Evav xataxwQr]til oAt-

oer]or]~ tOU O3totou tQO~OOOtOU!A.E tr] OELQLaxil ELoooo !A.E Xa3tOLa OUVaQtr]OT]

Xa3tOLOOV a3t6 ta bits tOU EaUtOU tOU. ct>tLa;tE Evav tEtOLO tEtQa!A.3tLtO xataxw-
Qr]til, 63toU r] OELQLaxil tOU ELoooo~ tQO~OOOtEt taL a3t6 to a3tOXAELOtLX6 -'H tWV

ouo tEAEutaLoov E;6ooov QC XaL QD. IIQof3AE'!JtE tr]V axoAoueta tOOV xataot6.-
OEOOV tOU xataxooQr]til, av aut6~ aQXLOEL a3t6 tr]V ABCD = 1000. E3taAr]eEUOtE

3tELQa!A.atLXa tr]V 3tQ6f3AE'!Jil oa~.

A.u<pi<5Qo.uoC; KaTaxWQ1lTrlC; OAia(J1la1lC;: 074179 ""jtoQeL va OALOeaLveL !A,6vo

jtQo~ ta OesLa, ajt6 to QA jtQo~ to QD. ELvaL o1Jvat6v, 6""w~, va XQT]OL""OjtOL-

tioo1J""e tT]v jtaQaAAT]AT] cp6QtwoT] YLa va jtetuxo1J""e xaL aQLOteQti oALoeT]oT] ajt6

to QD jtQo~ to QA. A1Jt6 yLvetaL o1JvoEovta~ tT]V Esooo tO1J xaee flip-f1op

OtT]V eLoooo tO1J aQLoteQou tO1J flip-f1op xaL XQT]OL""OjtoL<i>Vta~ tT]V eLoooo e-

AEyxo1J -cp6QtwoT]~ (J)~ EAeyxo aQLOteQti~ oALoeT]oT]~. H eLoooo~ D ajtoteAeL t6te

tT] oeLQLaxti eLoooo yLa tT]v aQLOteQti oALoeT]oT].

~1JvoEote tOV 74179 oav a""cpLoQo""o xatax(J)QT]tti oALoeT]oT]~ (jtO1J 6",,(J)~ oev

ea ExeL jtaQaAAT]AT] cp6Qt(J)oT]). TQocpoooteLote tT] oeLQLaxti eLoooo tT]~ OeSLa~

oALoeT]oT]~ ajt6 Eva oLax6jttT]. ~1JvoEote tT]v aQLOteQti oALoeT]oT] oav ""etQT]tti

oaxt1JALo1J, oT]Aaoti tQocpoooteLote tT] oeLQLaxti eLoooo D ajt6 tT] oeLQLaxti Esooo

QA. MT]oevLote tOV xatax(J)QT]tti xaL ""eta eAEyste tT] AeLtO1JQYLa tO1J, OALOeaL-

vOvta~ ""La ",,6vo ""ovaoa ajt6 to oLax6jttT] jtO1J tQocpoooteL tT] oeLQLaxti eLoooo.

OALOeeLote OesLa tQeL~ ax6""a CpoQE~ xaL tQoCpoooteLote ""e O ajt6 tOv oLax6jttT]

oeLQLaxti~ eLo6oo1J. Meta OALOeeLote aQLOteQa. MLa xaL ",,6vo ""La ""ovaoa jtQt-

jteL va ""EveL oQatti xae' 6AT] tT] OLaQXeLa.

A.u<Pi{)(!o.uor; KaraxW(!17rrjr; OAia()17a17r; .ue na(!aAA.17A17 11J6(!rWa17: O 74179 fA.Jto-

QEL va fA.EtatQaJtEL OE afA.qJLoQofA.o %atax(J)Qt]ttl oALoet]ot]~ fA.E JtaQ6.AAt]At] qJ6Qt{J)-
at], E6.V XQt]aLfA.OJtOLtlaOUfA.E %aL Evav JtoAuJtAE%tt]. ea XQt]OLfA.OJtOLtlaOUfA.E to chip

74157 Jtou EL VaL Eva~ tEtQ6.fA.JtL tO~ JtoAuJtAE%tt]C; 2- aE-1 , fA.E Ea(J)tEQL%tl OQY6.V{J)-
at] 6Jt(J)C; auttl tOU ~xtlfA.atOC; 5-17. H eEat] t(J)V a%QOOE%tWV qJaLvEtaL atO

~xtlfA.a 11-17. IIaQatt]QELatE 6tL t] ELaoooc; EJtL tQE,\!,t]C; atO chip 74157 %aAEL taL

atQo13oa%OJtL%tl (strobe ).



577Ev6~n~a II -II Ka~ax(a)pn~t!; OfliaOnans

"E~obol

bEbol1tv(lJ'V

n(vaxa~ AEL'tOVQY(a~
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EJtL).Oy1\ t(JN £LO66(JN B

O
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1:XHMA 11-17

To chip 74157: Tetpan?l6~ no?lun?lEKm~ 2-oe-1

~XEOL6.O'tE Evav a~<pLoeo~o xa'taxOOe1]"tl oALoe1]o1]t; ~E Jtae6.AA1]A1] <p6e'tooo1].

Xe1]OL~OJtOLOOV'tat; 'to 74179 XaL 'to 74157. To xvxAoo~6. oat; JteEJtEL va EXEL 'tLt;

Ei;,tlt; 01Jva't6't1]'tEt;:

1. Aovyxeovo ~1]OEVLO~6.

2. L\Ei;,L6. oALoe1]o1].
3. AeLO'tEetl oALoe1]o1]. '~;" ,."C"...",

4. nae6.AA1]A1] <p6e'tooo1].

s. ~vYXQovo IA.1]OEVLOIA.6.
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<I>tL6.;tE Evav nLvaxa YL' autE; tL; 3tEVtE ).EL tOUQYLE;, (J 1.\.(LQttlaEL tOOV ELa6-

OOOV !.LTIOEVLa!.LOU, o).LaeTIaTl;/ <p6QtooaTI; <p6QtooaTI; XaL QO).OYLOU tOU 74179 XaL

E3tL).OYtl; XaL EVEQYO3toLTIaTI; tOU chip 74157. ~uvOEatE to xux).00!.La XaL E3ta).TI-

eEUatE tOV 3tLvaxa ).ELtOUQYLroV 3tOU <ptL6.;atE. XQTlaL!.LO3tOLELatE tTIV ELaooo

<p6QtooaTl;, YLa va oroaEtE aQXLxtl tL!.Ltl atOV xataxooQTlttl, XaL aUvOEatE tL; aEL-

QLaxE; E;6oou; atL; xat6.).).TI).E; aELQLaxE; ELa6oou; OUtoo; roatE va !.LTI X6.vo-

VtaL 3t).TlPOqJOpLE~ xa't6. tTI OL6.pxELa 'tOOV O).LaetlaEOOV.




