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EIZACQriKoO ZHMEIQMA

TPOIMO> XPHXH> TOY BIBAIOY

To BiBAio «Ievik& HAekTpoVIKGY, atreuBuveTal aToug Habntég Tng A” TaEng Tou
1o Kukhou Twv Texvikwv EtrayyeApaTikwyv Ekmraideutnpiwy (T.E.E.) kai n UAn TTOU
KOAUTTTEI, AKOAOUBEI TO avaAUTIKO TTPOYPAMMA, OTTWG €xel kaBopiabei atd To Mal-
SaywylIko IvoTitouTo yia Tov Topéa TNG HAEKTPOVIKIAG.

AtroTeAgital atté dUOo uépn. ZT0 A" HEPOG KOAUTTTETAI N Ocwpia Twv Mevikwy HAe-
KTPOVIKWYV Kal 010 B* M€pog avatrTuooovTal Ol EpYOOTNPIOKES OOKIOEIG Ol OTTOIEG
BaaoifovTal rdvw oTn Ocwpia Tou A" Mépoug. To pdbnua cival 6 wpeg TNV eLOOUA-
0a, 3 wpeg Bewpia kal 3 epyacTrpio.

H OAn atroteAeital attéd 8 kKe@AAaia, Ta OTToIa KAAUTITOUV TIG BACIKES YVWOEIG TWV
NAEKTPOVIKWYV OTOIXEIWV TOOO TWV AVOAOYIKWY OCO KOl WNPIAKWY. 2T0 KEQAAAIO 6
divovTal JEPIKES BACIKEG YVWOEIG OTA OTTTIKONAEKTPOVIKG aToixeia. O yvwaeIg TTou
TTapéxovTal ival BacikéS yia TNV ouvéxion atnv B” Taén, 6tmou Ba atrokTnBoUV Kai
ETTITTAEOV YVWOEIG TWV NAEKTPOVIKWY CUCTNHATWY.

KdaBe kepdaAaio TrepidauBavel Eva yvwaoTikG avTikeipevo. Eival dounuévo o eTTi-
MEPOUG evOTNTES KAl KABE pia atrd auTEG XWPIZETAI OE UTTOEVOTNTEG. TNV apXN ToU
KEQAAQiou UTTAPYEI WIa MIKPN €1I00YyWYN KOl OTn CUVEXEIQ TTApATIBeVTal 01 OTOXOI
TOU Kal Ol BACIKEG OELIOTNTEG, TTOU Ba TTPETTEI VA ATTOKTACEI O MABNTAG PETA ATTO TNV
OAOKANPWON TOU KEQAAQIOU. 2TNV CUVEXEIA AVATITUOCETAI N KUPIWG UAN.

MNa TNV KaAUTEPN €PTTEdWON TNG UANG, divovTal o€ KABE evOTNTA QPKETA TTO-
padeiyparta. Ze KG0e 2 ) 3 evotnTeG, diveTal pia TepiAnwn Tng didayBeiong UANG,
ME KATAYPO®PA TWV KUPIWTEPWY onueiwv. H TepiAnwn Tng evotTnTAG | TOU KE-
@aAaiou gival eda@io yia amropvnuoveuon. O1 epwTNAOEIG KAl AAUTEG AOKNTEIG
TTOU UTTAPXOUV PETA TNV TTEPIANWN KABE evoTnNTAG | KEQaAaiou atroteAolv dia-
OIKagieg EUTTEdWONG TNG UANG Kal CUVETTWG €ival edd@Ia yia eme§epyaoia Kat’
oiKov. 210 TEAOG OpPICHEVWYV KEQAAQiwV TTEPIANAUBAVETAI ICTOPIKA avadpopn
ME TIG KUPIWTEPEG I0TOPIKEG ECEAIEEIC KAI TOUG TTPWITOUG ETTIOTHOVES TTOU 00X0-
AnBnkav pe 10 BEPa.

2€ KGBe evoTNTA, KTOG OTTO TNV BEWPNTIKN £TTEEEPYATia, UTTAPXOUV KAl KOTO-
OKEUOOTIKA OTOIXEID, OTTWG XOPAKTNPIOTIKEG KAUTTUAEG KOl TTAPAUETPOI AEITOUPYIag
TWV NAEKTPOVIKWY OTOIXEIWY, OTTWG divovTal atrd TOUG KATAOKEUAOTEG. [epiocoo-
TEPQ TEXVIKA OTOIXEIO TTEpIAAuUBAvOvVTal GTa TTapapTAuaTa oTto TEAOG Tou BIBAiou,
61Tou divovTal QUAAGDIO KATAOKEUAOTWY Kal data sheets.



>¢ KGBe evotnTa cupTTrepIAapBavovTal opiouéva edd@ia Ta oTToia XapakTnpilo-
vTal WG eAeUBepa avayvwaoparta. Ta eAeUBepa avayvwaopuaTa TEPIEXOUV Uabnua-
TIKG Kal GAAQ OTOIXEIQ, TTOU OXETICOVTAI PE TO KEQAAQIO GTO OTTOI0 AVIKOUV Kal £X0UV
WG OTOXO TOV EPTTAOUTIOUO TWV EYKUKAOTTEDIKWYV YVWOEWV Twv padntwy. ‘ETol n
d16aoKaAia TOUg gival TTPOAIPETIKA Kal N avapopd o€ autd Ba TTPETTEl va Yivel he
TTPpwTOROUAIa Tou S1I6ACKOVTOG KABnynTH.

Katd tnv didaokahia, Yetd TNV 0AOKAAPWON Twv BewpNTIKAG UTTOO0OUNG KABE
evotnTag kai TTpiv O1e€ayBei n avrioToixn epyactnpiokr doknon -kKaAd Ba eival va
EMOEIKVUOVTAI OTNV TAEN TO TTPAYHUATIKA NAEKTPOVIKA OTOIXEIO TOU EPTTOPIOU- OTTWG
diodol, Tpaviiotop, BupioTop, LED, k.A.11. Na g&nyeital ka1 o TpéTTog Xpriong Toug
OTNV KOTOOKEUR KUKAWMATWY. AVTIKEIUEVIKOG OKOTTOG €ival VO KIVEITAI TO EVOIOQE-
POV TOU YaBnTr) atmd TTPAKTIKA ATToWn KAl va AUVOVTAI OXETIKEG ATTOPIEG.

EidikéTepa, OTO TTPWTA KEPAAQIA TWV NUIOYWYWYV Kal Twv d10dwv Ba ftav Xpn-
o1yo va TpoPAnBei BivreokaooéTta, n otoia deixvel pe TTadaywyikd TpOTTo TO @al-
vouevo NG dnuioupyiag Tng ema@rg PN.

‘Eva kaivoupyio d18akTIKO BIBAIO €ival TO TTPWTO OKAAOTTATI yia Tn ouvexr BeA-
Tiwon Tou. X& 6ooug kKaBnynTég d1dAgouv TO PBIBAIO KOl GTOUG PABNTEG TTou Ba TO
d1daxBouv, eTragicTal va agioAoyrnoouv Tnv TTpocTTdbeia auTr).

TéNog, Ba BEAAUE va EuXOPIOTAOOUPE OOOUG CUVERAAQVY PE OIaVONTIOTE TPOTTO
oTnv ouyypa@r| Tou BiBAiou autou.

O1 ouyypapeic

deBpoudpiog 2000
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ZTO KEPAAQIO QUTO

Ba 606¢i yevikr el0aywyn)

OTO QVTIKEIMEVO TNG ETMOTHPNG

TToU AéyeTal HAEKTPOVIKA
270 TEAOG aUTOU TOU KEPOAAQIOU O pabnTig TTPETTEN va:

® Mdbel pe 11 aoxoAeital n HAEKTPOVIKI Kal TTOIEG €ival O EQAPUOYES
me

® AvVOAUEI TIG OPOIOTNTEG Kal BIAPOPES PETAEU aVAAOYIKWY KAl Wn@lo-
KWV oNUATWY KAl KUKAWPATWY

® AvTmIAapBdveTal TV Xprion Toug oTnv Kadnuepivr {wn

Etcaywyn otV
HAEKTPONIKH




1.1 TevikéG apXEG NAEKTPOVIKAG

> € KABe Xwpo TTou {oupE Kal EpyalOPOOTE EXOUNE YUPW PG NAEKTPOVIKEG
ouokKeuég. To TNAEQwVO gival orjuepa NAEKTPOVIKO. H TnAedpacn atroTeAsiTal
atrd nAekTpoVIKG KukAwpata. To video, 10 FAX, 0 NAEKTPOVIKOG UTTOAOYIOTHG
gival PEPIKES aTTO TIG NAEKTPOVIKEG OUOKEUEG TTOU OUVOVTANE OTNV KABNUEPIVH

Hag qwn.

HAEKTPONIKH ovopddetal o KAASOG TNG EMICTAMNG Kal TEXVOAoyiag
TTOU A XOAEITAI ME TIG NAEKTPOVIKEG CUCKEUEG KOl TNV XPHOT TOUG.

H HAekTpovikh TTApE 10 dvoua TNG aTTd TO NAEKTPOVIO TTOU Eival O PopEag
01ad00NG Tou NAEKTPIKOU PEUPOTOG OTIG CUOKEUEG AUTEG. 2T GNUEPIVA ETTOXN
0 TEXVIKOG TTPETTEI ATTAPAITNTA VO yVWPICEl NAEKTPOVIKA, yia va gival o€ B€on va
A&ITOUPYAOEl, ETTIOKEUAOEI, CUVTNPAOEI KAl PUBUICEI OAEG QUTEG TIG NAEKTPOVIKEG
OUOKEUEG.

O1 NAEKTPOVIKEG TUOKEUEG XWPICOVTAl O€ OIKIOKEG - KATAVOAWTIKEG OTTWG
TnAEdpaon, video, evioxutng, c.d. player, K.A.TT. TNAETTIKOIVWVIAKESG OTTWG TN-
Aépwva (evoupuara, acupuara, Kivatd), TnAeopoiotutra (FAX), TnAepwvnTEG,
padid@wva aAAG Kal Opyava PETPNONG OTTWG PBOATOUETPA, AUTTEPOUETPA,
TTaApoypda@ol, BlolaTpikd OTTwWG Kapdloypd@ol, utrepnxoypd@ol K.A.TT. 210
oxAua 1.1.1 @aivovtal OpICPEVEG NAEKTPOVIKEG OUOKEUEG.

Zxnua 1.1.1 HAeKTPOVIKEG OUOKEUES

EIZArQrH >THN HAEKTPONIKH




O1 ouokeuég auTég aTToTeAoUvVTal ATTO NAEKTPOVIKA £€apTAUATA TTou Ba e¢e-
Tdooupe OTa €TTOPEVA KEQAAQIa. Ta NAEKTPOVIKA QuUTA £COPTHMOTA KOTOOKEU-
adovtal €ite g€ dIOKPITH POPPN, €ITE 0AV TUAUATA EVOG EVIAIOU KUKAWMATOG JE
TTEPIOTOTEPA ECAPTHMATA T OTTOIO TOTTOBETOUVTAI OTO 010 KEAUPOG TTOU OVOUd-
CeTal oOAOKANPWEVO KUKAwUA (0.K.)

O1 Baoikég apxég TNG HAEKTPOVIKAG, TTOU €ival OTNV OUCia EQAPPOTUEVN
®uoikn, SIETTouV TNV Kivnan Twv NAEKTPOVIWY HECA GTOUG aywyoug ) NUIoyw-
YOUG TwV NAEKTPOVIKWY £LAPTNHATWV.

H HAekTpovikn SIETTETAI OTTO OPICUEVOUG VOUIOUG Kal BewpriuaTa e Ta oTToia
aoXOAgiTal TO padnua KukAwpata ouvexoUug Kal eVOANACGOUEVOU PEUNATOG,
aAAG kai Ba avaAuBouv oTa eTTOPEVA KEQAAAIQL.

H HAektpovikn €ival évag KAGSOG Twy BETIKWYV ETTIOTNPWY O OTT0I0g ava-
mToooeTal Tayxutata. MNpiv amd 30-40 xpdvia n TNAedpacn ATav PIa CUOKEUN
oykwodNng, HE TTOAU peydAo BAPOG N OTToia KATAVAAWVE APKETH) NAEKTPIKN 10XU.
2AuEPQ N TNAEOPAON £XEI ETTITTEDN 0BOVN, MIKPOTEPO BAPOG, MIKPOTEPN KATAVA-
Awan, peyaAUTEPN €UKpPIVEIQ KAl TTPOCOETEG dUVATOTNTEG OTTWG TNAEXEIPIOUO,
teletext k.a.

Opoiwg 0 NAEKTPOVIKOG UTTOAOYIOTAG ATAV £va PnXavnua mmou KataAdupave
OYKO €VOG dwuaTiou, ATAV TTOAU apydg, dev €iXe YVAKN KOl EKAVE ATTAEG TTPA-
&eig. ZAuepa o HYY ptropei va TomoBeTnBei o€ pia ywvid Tou ypageiou epyaaiag,
gival TaxUTaTog, TTPOYPAUMATICETAI YIa va EKTEAETEI TUVOETEG TTPAEEIS, TTOAAEG
GAAEG AgIToupyieg Kal gival TTPoaITOg

>e Niya xpovia n e€ENIEN TNG nAekTpoviKiG Ba eival Tooo peydAn wote Ba
«@opdpue» éva TToAupnxavnua otnv dwvn, 1o otroio Ba gival Tautdxpova nAe-
KTPOVIKOG UTTOAOYIOTAG, KIVNTO TNAEQPWVO, EKTUTTWTNG, PASIOKOTETOPWVO Kal
TnAedpaon. Kai 6Aa autd pe v Borbeia 1ng ouyxpovng HAEKTPONIKHE r)
MIKPOHAEKTPONIKHZ TEXNOAOTIAZ.

1.2 AvoAoyikd Kal Yn@Ilokd ochpoTa

Avaloyiko €ival To GAA TO OTT0i0 CUVEXWG HETABAAAETAI ME TO XPOVO
Kall £X€1 OEWPNTIKA ATTEIPEG TIPEG.

Avoloyikd onuoTa TToU EKQPACOUV QUOIKA Qaivopeva gival n Bepuo-
Kpaoia evog dwpatiou, n Tiean evog doxeiou pe uypd n aépio, n TaxuTn-
T TOU QUTOKIVATOU, N TAon Miag TNyng Tdong K.A.m. Ovopddovral ava-
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Aoyikd yiaTi n Ty Toug gival avaAoyn Tou QUOIKOU @QAIlVOUEVOU TTOU TTOpI-
oTouv.

V, =10V
V23 V

3

Zxnua 1.2.1 KikAwpua diaipérn t1dong

‘Eva rapddelypa avaAoyikoU CrpaTtog ival n NAEKTPIKA TAON PIOG JTTOTOPI-
ag. ‘Eotw oém diaBEtoupe pia pmmarapia ovopaoTikg 1dong V, = 10 Volt. Mto-
poUlE va TTAPOUNE TTOAAEG TIUEG XPNOIKOTTOIWVTAG £va dIaIPETN TAONG OUVOE-
Oepévo 6T oTo oxAua 1.2.1.

Ortav n yeoaia Afyn Tou diaipéTn gival oTnv dvw Béon (1) ToTE:

V,,=V,,= 10 Volt.

2V karw Béon (3): V,, =V, = 0V.

Mo kGBe evdiapeon Anwn (2) Ba éxoupe: 0 <V,, <10 V.

Ta QUOIKG QaIvOpEVa eKPPAZoVTal E avOAOYIKA PEYEDN OTTWG VIO TTAPAOEIY-
Mo 0 Axog, n Bepuokpaacia Tou TTEPIBAAAOVTOG, N uypaadia, n Teon TNG ATUO-
oQaIpag, n duvaun Kai n TaXUTNTa Tou avéuou K.A.TT. H avBpwirivn opiAia, 1o
PAdIOPWVIKO OAUA, N €VTAoN TOU NAEKTPIKOU PEUUATOG AVTIOTOIXOUV O€ AVOAO-
YIKG ofjuaTa. Ta orpata gropouyv va TTapacTabouy pe didpopa axAUOTa OTTWG
NMITOVIKEG, TPIYWVIKEG 1) GAAOU €i60UG KAUTTUAEG. 2T0 OXrua 1.2.2(a) EIKoviCeTal
TO OfPa PBAYYoU evOG OUIANTH, OTTOU 0 KABE PBOYYOG £XEI DIOPOPETIKI) KUUA-
TOHOP®N.

210 oxAua 1.2.2(B) TrapioTaral £va nuiTovo TTou €ival éva appovikO oA YE
mepiodo T, TAdTOG A Kai auyvotnTa f = 1/T.

Ouol0oTIKd, KABE orfua YTropei va TrapacTadei Pe TTOAAG NUITOVIKG OrjuaTa.

(VW E/ISArQrH STHN HAEKTPONIKH




‘Evraon 'Hxou MAdTog

(@) T (B)

MA&Tog

(v)

Zxnua 1.2.2 Avaloyika onuara. (a) 2nua e8oyyou ouiAiag. (B) Znua nuITovogIidéS
(v) Padiopwviké onua diauéppwaong mAAroug.

TéNog oT10 oXAua 1.2.2(y) @aiveTal Eva padIoPwVIKO GAUA PE SIaUOPPwWon TTAA-
TouG (AM) TTOU €ival éva oUvBEeTO Cra.

WYneiakdé ofua gival To GAUA TTOU Traipvel HOVo SIAKPITEG TIMEG, OI
OTToiEg EKPPAloVTaIl ATTO CUYKEKPIJEVOUG aplBuoUg 6TTwg .. 1, 3, 7, -5,
8, -4 K.A..

‘Eva ynoiakd ofua ptropei va TTpoEABEl aTTd TO avTioTOIXO avaAoyIKO OTav
TO YETPIOOUNE OE OUYKEKPIMEVES XPOVIKEG OTIVUEG.

270 TTPONyoUuEvo TTapddeiypa Tou diaipéTn Tdong (ox. 1.2.1), av YeETpAuE
TNV TGoN o€ dIdAPopeS BECEIC TNG Peoaiag Awng Ba éxoupe pia akoAoubBia Td-
oewv Y. 1V, 1,5V, 2,3V, 6,5V, 8,1V, 9V ka1 10V. O1 apiBuoi auTtoi Trapictédvouv
wnoelokd ofuata. Ta wneiakd CrjuaTta JTropouv va TTApouV pia JEYAAn yKAPa
TIMWV.

210 oxfua 1.2.3 @aiveTal e KOKKIVN YPAMMI N OUVEXNG METABOAA TNG ava-
Aoyiknig Taong ato 0 - 10V, evw o1 DIAKPITES (WNPIOKES) TIMEG ONUEILVOVTAI PE
TTPACIVEG YPOMUEG.

FENIKA HAEKTPONIKA 11
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10
9
8,1
6,5
2,3
1,5
1
0

3 2 2 1 Ofoclg
peoaiag
Afyng

Zyxnua 1.2.3 KaumruAn peraBoAng raong, diaipérn 1aong

©a aoXoAnBoUE YE PIa CUYKEKPIYEVT KATNYOPIO WN@IOKWY CNUATWY TToU
Aappdavouv poévo 2 Tigég, TNV TR Aoyiko "0" kai Tnv TIPA Aoyikd "1" TTou ovo-
padovtal pmmitg (Bits). Ta wnelokd cAparta autd TTou gival JovAadeg f UNdevVIKA
gival TToAU XpAoiua d16TI uTropoUlv va TrapayxBouv TTOAU eUKOAQ, TT.X.
OIOKOTITNG KAEIOTOG - AduTTa avapuévn = Aoyiko "1"

BIOKOTITNG AVOIKTOG - AduTtra ofnot) = Aoyikd "0"
KUKAwpa TTou diappéeTtal atmo pedpa = Aoyikd "1"
KUKAWMa avoiktd = Aoyiké "0".

To wneiakd onpa Tou Aéyetarl Kai Aoyiko "1" €xel Téon +5V kal ovouddeTal
HIGH, evw 10 Aoyikd "0" €xel Taon OV kai ovouddletar LOW.

To ynoiakd crua PTTopei va TTpoéABel atrd pia ptratapia Kal éva dIakoTITn
OTTwG oT0 OoXNAua 1.2.4.

Zxnua 1.2.4.
Anuioupyia wneiakou onuarog

iVA EISArQrH STHN HAEKTPONIKH




KA&10TOG S10KOTTTNG

Vs =5V (hoyiko "1")

AVOIKTOG BIOKOTTTNG

Vs =0V (Aoyiko "0").

Ta wneiokd ofuata Twv dUo KaTta-
otdoewv Aéyovtal duadikd (binary) kai
gival Ta orpaTa Twv NAEKTPOVIKWY UTTO-
Aoyiotwyv (H/Y). To oxnua 1.2.5 atel-
KoviCel €va TEPUATIKO Kal Mid KEVTPIKN
povada H/Y trou emkoivwvouv PeTagu
TOUG Pe duadikoug wneiakoug apiBpoug

Zxnua 1.2.5

HAeKTPOVIKOS YTTOAOYIOTNS

0 kai 1.

1.3 AvaAoyIKA Kol Yn@IOKA KUKAWHOTO

Ta 6pyava TTou HETPOUV TIG AVAAOYIKES I wnela-
KEG TTOOOTNTEG AEyOVTal AVTIOTOIXO AVOAOYIKG 1 Y-
@IaKG opyava. Tnv TaxUuTnTa evOg OXAUATOG TN UE-
TPAWUE WE TO TAXUPETPO, TNV TTIECN PE TO JAVOUETPO
K.A.TT. Ta nAekTpIKA peyEBN TTou pag evolapEpouv
Ta JETPAME, TN MEV NAEKTPIKN) TAON YE TO POATOUE-
TPO, TNV £VTOON KE TO AUTTEPOUETPO Kal TNV 10XU JE
TO BaTTOUETPO.

To avoAoyiké TTOAUUETPO, OTTWG (aiveTal OTO
oxnua 1.3.1, amoreAsital ammd pia avaAoyikr} KAipo-
Ka TAoEWwV Kal N évoeign kabopiletan atrd Tn 6€on TNG
BeAdvag Tavw oTtnv KAipaka. Ovouadetal kal VOM.

270 Ynolakd PBOATOPETPO, OTTWG QPAiveETAl OTO
oxAua 1.3.2, o€ pia 086vn atreikovigeTal n TiuAR Tou
METPOUMPEVOU HEYEBOUG UTTO YOP®H apIBuNTIKWV
wneiwv.

KokAwpa givail gia didtagn 61mmou ocuvdéovrai
NAEKTPIKA oTOIXEiO O€E KAEIOTO BpPOXO.

Zxnua 1.3.1

Avaloyiko ToAUuETPO

Zxnua 1.3.2
¥neiakd moAUUETPO

FENIKA HAEKTPONIKA
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‘Eva atrAd nAeKTPIKO KUKAWMA, OTTwG autd Tou oxruaTtog 1.3.3, utropei va
amoreAeital amd pia nAekTpIkr Tyn (V), pia nAekTpikn avtiotaon (R) kai pia
Auxvia (A).

270 KUKAWMO PEEl NAEKTPIKO PEUPA TO OTTOI0 EKPPACETAI OTTO TN WETAPBANTA
| TToU N TIKA TOU £&APTATAI ATTO TN CUVOAIKN QvTIOTaoN Tou KUKAwuarog R, kai
NV 160N ™G TNYNG V,, 01twg dideTal ammd tnv oxéan (vopog Tou Ohm) (1.3.1):

v
—R— omou R =R+R, 1.3.1
K

Ooo peyahuTepn gival n avtiotaon Tou KUKAwParog R, 1600 pIKpdTEPO gival
TO pevya l.

AvTiBeTa £va wneiakd KUKAwA, O0TTwg autd Tou oxriuartog 1.3.4, dnuioup-
YEiTal av éva avaAoyikd CAUa JETATPATTEN 0€ WNQIOKO HECW EVOG avaloyikou/
wnolakou petatpotréa (A /D) kai akoAouBwg diafifacei yia emegepyaaoia o’
£Eva YneIako nAekTpoviko uttohoyioTh (H/Y).

ZAuUEPQ TTapaTnPEEiTal N TAON, €KEi OTTOU
UTTAPXOUV 01 KaTAAANAeg TTpoUTToBETElg, Ou-
OKEUEG TTOU TTOPadOCIakd ATAV avaAoyIKES va
METOTPETTOVTAI OE WNQIAKEG. XAPAKTNPIOTIKO
Tapadelypa eival 1o pick up (avaloyik ou-
OKEUR), TO OTI0I0O QVTIKATAOTABNKE OTTO TO
compact disk player (ynolakn ocuokeury). H

Sxripa 1.3.3 €TiTEUEN AUTOU TOU OTOXOU £yIve duvaTr agou
AvaAoyiké KUKAwa oxedIdoTnKav €I0IKA KUKAWUATA HPETATPOTIAG
avaAoyikoU OAUATog o€ Yn@iako Kal avTioTpo-
@a, yioTi OTTWG AVOAPEPAUE TO QUOIKA QaIVO-

Avahoyiko Ynoioko

A/D
Znua Znua

HIY

Zxnua 1.3.4 Yneiaké kUkAwua

VS EISACQrH STHN HAEKTPONIKH




peva ekppdlovtal pe avahoyikd onuara. Mepikoi ammo Toug AGyoug yia Toug
otToioug cupPaivel autod eival ol €EAG:
a. ZxedialovTtal EUKOAOTEPQ.
B. XpnoiyoTtroioUvTal Yn@IoKG OAOKANPWHEVA KUKAWUATA TTOU €ival TTOAU
@enva.
y. Ta wnoeiakd KUKAwpaTta PTropoUv va aTToBnkeUoouv Kal ETTECEPYO-
0Bouv TTANpoPopieS ypryopa Kal agloTmoTa.
0. YTapxel ueyaAuTepn akpifeia atrd Ta avaAoyikd KUKAWPOTA.
€. Mtropouv va TTpoypappaTIcBoUV yia OTToIadTTOTE ASITOUpYia.
oT. O1 mapepPoAEg kal 0 B6puBog eTTnpedlouv AiyOTEPO Ta WNPIAKA KUKAW-
para.

NMEPIAHWYH 1

® HAeKTPOVIKN €ival N ETTICTAWN TTOU AOXOAEITAI JE TO OXEDIATUO, KATAOKEUR
KAl OUVTHPNON TWV NAEKTPOVIKWY CUOKEUWV.

® AvaAoyiké ofpa gival To GHPa TTou JETARAAAETAI CUVEXWG PE TO XPOVO Kal
AapBavel TTapa TTOAAEG TIMEG

® Wneiako gival To orjpa Tou €&l SIaKPITEG TIMEG OTO XPOVO Kal TO duadIkd
WNOIOKO CRPa EXEl HOVO 2 TIPEG.

® AvoAoyikd Kal Yn@Iaka KUKAWMATA €ival autd TTou TTeCepydlovTal avTi-
oToIxXa avaAoyikd Kal yn@iaka oruaTa.

EPQTHZEIZ - AZKHZEIZ 1

1. A6 10 TTOPOKATW GHUATA TTolA €i-

; ; (B) MAdTog
vai GVG)\OYIKC‘ Kal TToId pnPIlaKa:

(a) MAdrog
(y) MMAdarog
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2. 'Evanuitoviké oAua éxelouxvotnta  AvaAoyiké orua KiukAwpa
f= 1MHz (10° Hz). Na eupebei n pE Auxvia
TTEPIOdOG TOU.

3. MNarti xpnoiyotrolouvTal TTEPICOOTE-  WN@Iakd orpa HAEKTPOVIKOG
PO Ta YNPIOKA CAUATA; YT1roAoyIoTrG
4. Ti gival Ta avaAOYIKG KUKAWUOTQ; WYnoiakd KUKAWPO Bit

5. Na yivel n owoTr avmigtoixion ota AvaAoyikd KUKAwua  Hpitovo
TTAPAKATW OTOIXEIA: MaAuodg

loTopikn Avadpoun

O 200¢ aiwvag xapaktnpiZetal wg o aiwvag NG HAEKTPONIKHZ. H avakd-
Auwn TnG Beppiovikrg d16dou atréd Tov A. Fleming 1o 1901 atreTéAede TNV aTTap-
XN TNG HAekTpOVIKAG eTTavdoTaons. H avakdAuwn €yive yia To OKOTTO TNG acUp-
MOTNG METAdOONG UNvUuaTog atmd Tnv AyyAia otnv ApepiKn TTpog emifeBaiwan
piag dAANG avakdAuywng Tou G. Marconi.

AKOAOUBWG PeAETABNKE N BeppiovikA eKTTOPTI atrd Tov Richardson kai 10
ETTOPEVO BAUA ATAV N eQeUpean TNG TpIGdou Auyviag 1o 1906 amd Tov Lee De
Forest. H Tpio®0g nAekTpovIKr Auxvia XpnoIUoTroIfenKe yia Tnv evioxuon aoBe-
VWV peuPaTwy. AkoAouBnae o Arnold To 1913 o o110iog BEATIWGE TNV NAEKTPOVIKT)
Auxvia TTopaTNEWVTAG OTI N ETTIKAAUWN TWV VNUATWY PE 0EEidIo £DIveE PeYaAUTEPN
evioxuan a1ré Ta JETAAAIKG VAUATA.

Tig emoOpeveS dekaeTieG BEATIWONKE N NAEKTPOVIKA Auxvia, TTPOOoTEBNKAV Kal
GAAa TTAEYPOTO ONUIOUPYWVTAG TNV TETPOSO Kal TTEVTOD0 Kal ATav axedOV TO ATTo-
KAEIOTIKO NAEKTPOVIKO EEAPTNUA EVIOXUTNG MEXPI TNV GvOKAAUWN TNG KPUGTAAAO-
01600u 10 1940 a16é Tov Russell Ohl kal otn ouvéxeia Tou Tpavliotop (Transistor)
10 1948. To TpaviioTop emTéAeTE pia deUTEPN €TTAVACTACN OTNV HAEKTPOVIK)
didovTag oTa cuoTAUATa KAAUTEPESG ATTODOCEIG, MIKPOTEPO BAPOG Kal OYKO Kal WI-
KpPOTEPN KaTaVAAWGOT I0XUOG.

TéAog Trepi To 1960 avakaAUu@Onke T0 OAOKANPWHEVO KUKAWUA TTOU OTTOTE-
Agital a1ré TTdpa TTOAAG TpaviioTop PECQ O€ XWPO POAIG 1 TETPAYWVIKOU XIAIO-
oToU (chip) Kal TO OTT0i0 aTTOTEAEI TNV KAPSIA OAWY TWV CHUEPIVWV NAEKTPOVI-
KWV OUCKEUWYV OTTWG O NAEKTPOVIKOG UTTOAOYIOTAG, N NAEKTPOVIKI TNAEOPAON,
Ta NAEKTPOVIKG TNAEQWVIKA KEVTPO K.A.TT.

(SM E/ISArQrH STHN HAEKTPONIKH




ZTO TENOG

auTtou Tou KepaAaiou

O HaBNTAG TTPETTEN VA

® —gxwpilel TOUG NUIAYwYoUg aTTd Toug aywyoug Kal
TOUG MOVWTEG

® [vwpiCel 6Tl OTOUG NUIAYWYOUG TO NAEKTPIKO PEUPQ
ogeileTal e dUO €idn QopEwyV, Ta NAEKTPOVIO Kal TIG
OTTEG

® [vwpilel TNV UTTaPEN (WVWV Kal CUYKEKPIPEVA TNG {W-
VNG ayWYINOTNTOG Kal TNG {wvng aBévoug

® [vwpiCel TNV €TTIOPOCN TOU EUTTAOUTIONOU PE TTPOCWi-
&€1G aTOV TUTTO QYWYIUOTNTOG TWV NUIAYWYWV.




2.1 Evdoyeveig nuiaywyoi
2.1.1 Aywyoi, Movwrtég, Hulaywyoi

21V kabnuepivr {wr ouvnBifoupe va diaxwpifoupe Ta UAIKE, CUPQWVA PE
TIG NAEKTPIKEG 1010TNTEG TOUG, O€ BUO KATNYOPIEG: O€ aywyoUs Kal O€ HOVWTEG.
EmimrAéov dexduaoTe OTI 01 aywyoi gival TEAEIOI Kal OTI Ol JOVWTEG gival €TTIONG
TEAEIOI. AUTEG Ol TTAPABOXEG €ival ApPKETA KAAEG WOTE VO KOAUTITOUV OAEG TIG
OTTAITACEIG TWV ATTAWYV NAEKTPIKWV KUKAWHATWY. METAEU TWV KOAWY aywywv
KOl TWV KAAWVY JOVWTWYV UTTAPXEI KAl pIa GAAN KaTnyopia UAIKWY Ol OTToiol Ogv
gival kahoi aywyoi kai dev gival KaAoi povwTEG. Ta UAIKA auTd ovouddovTtal GU-
BaTikd nuiaywyoi (semiconductors).
O1 nuiaywyoi diagEpouv aTrd Toug aywyous Kal Toug JoVWwTES KaTtd duo dla-
(POPETIKOUG TPOTTOUG:
a) O TpwTog aPopd To PETPO TNG EIBIKAG AVTIOTAONG TOU NUIAYWYOU. XTOUG
aywyouUg Kal Toug HoVWTEG N €1I0IKA avTioTaon e€apTaTal uévo atrd 1o
UAIKO Kkai ival Trepitrou 1x10® Qm oToug aywyouUg kal 1x10* Qm oToug
MovwTEG. AvTiIOETO OTOUG NHIAYWYOUG N €I0IKr AVTiIOTAON, YIa GUYKEKPI-
MéVo UAIKG 6TTwG To TTUpITIO (Si) ) TO apaevikouxo yaAAio (GaAs), utropei
va Kupaivetalr og euputata opia ammd 1x10° éwg 1x10% Qm avrioToixa.
‘ET01 o1 nuiaywyoi dgv gival kahoi aywyoi aAAd €TTiong dev gival ouTe
KOAOi HOVWTEG. 2’ auTO opeiAouV TO OVOUA TOUG.

B) O deutepog apopd Tn onuavTiki €€GpTNoN TNG €IBIKAG AvVTIOTACNG TWV
NUIAYWYWV atro Tn BEpPOKPATia N OTToia OPEIAETAI ATTOKAEIOTIKA, OTTWG
Ba doupe TTaPAKATW, OTOV TPOTIO WE TOV OTTOI0 KOBOPICETal N OUYKE-
vTpWon Twv eAeUBEpWV NAeKTpoViwy 0To UAIKG. ‘ETO1 yia KoIvEG Beppo-
Kpaoieg Asitoupyiag KUKAwpPaTwy, 0°C €wg 80°C, ol €I18IKEG AVTIOTACEIG
TWV AyWYWV Kal JovwTwy PeTaBaiAovTal eAaxioTa otav JeTaBAAAETaI N
Beppokpacia. ZTnv TEPITITWON TwWV PETAAWY TTapaTnpeEital alénon Tng
€I0IKNG avTioTaong pe Tn Bepuokpaacia. AvTiBeta n €18IKA avTioTaon Twv
NUIAYWYWV PETABAAAETAlI onuavTIKG PE TN BEPPOKPACIa KAl OUYKEKPI-
Méva EAQTTWVETAI EKOETIKA.

Ma va karavonBouv o1 NAEKTPIKES IBIOTNTEG TWV AYWYWY, TWV HOVWTWY Kal
KUPIWG TwV NUIaywywv Ba TTPETTEl va £€6TACOE N SO TwV OTONWY TOUG KAl Ol
OEOUOI TOUG JE TA YEITOVIKG ATOMA.

i HMIACQrol




O1 mAéov Koivoi nuiaywyoi €ival
1O TTUPITIO (Si) KaI TO yeppavio (Ge).
Autd Ta dUo oToIXEia BpiokovTal oTnV
TETAPTN OTAAN TOU TTEPIOdIKOU TTiVaKA
KOl €XOUV APKETEG 1010TNTEG TTOU €ival
KOIVEG JE eKEiVES Tou AvBpaka. ‘Exouv
TEOOEPA nNAEKTPOVIA OTNV  €LwTEPI-
Kl oToIfada kal k&b éva atrd autd
Ta NAEKTPOVIO CUVOEETAl PE €va nAe-
KTPOVIO aTTd KABE KOVTIVO YEITOVIKO
atopo, dnAadn oxnuaTifouv TEOTEPIG
opoIoTTOAIKOUG  deopoug. 'ETol KABe
AGTOUO ATTOKTA OKTW NAEKTPOVIO OTNV
eEWTEPIKN OTOIRAdA TTOU ETTITPETTEI TO
OXNUOTIOUO OTABEPWV BECUWY Kal TO
OXNMOTIOUO KPUOTAAAWY OTOUG OTTOI-
oug Ta dToua BpioKovTal O€ GUYKEKPI-
péveg BEoeIG.

210 oxNMa 2.1.1a oTeikovigeTal n
onuioupyia TwV OMPOIOTTOAIKWY  O¢-
OMWYV TTUPITIOU 1] YEPUAVIOU UE TN OU-
VEIOQPOPA TwV NAEKTPOViwV TNG €Ew-
TEPIKAG OTOIBGdAG €vy OTO OXAuaA
2.1.1 B ameikovicetal, o€ duo dIACTA-
o¢€lg, N doun KpuaTaAAou Toug. MpéTTel
va oneIwBEi OTI e avTioTolxo TPOTIO
dnuioupyoulvTal ol dUO YVWOTESG KPU-
oTaAAIKEG BOMEG TOU AvBpaka, O ypa-
@iTNG KAl TO OIOPAVTI.

Si
Si Si Si
Si
(a)
B)
Zxnua 2.1.1

(a) H dnuioupyia Twv TE00GpwWV ouoIoTTO-
MKWV OECLIWV lIE TUVEIOPOPG NAEKTPOVI-
wv Kai (B) avarrapdoTaacn Tou KpuaTdAAou
TUpITiIOU 1) Yepuaviou

OT1av 1a NAEKTPOVIO TNG £EWTEPIKAG OTOIRAdAG dEV PTTOPOUV VA ATTOMA-
KpuvBouv atod Ta dropa dev Ba utrdpxouv eAelBepa nAekTpovIa PEoa OTO
UAIKO Kl GUVETTWG OV gival duvaTh Kal n dIEAeuon NAEKTPIKOU PEUPOTOG HECA
atrd autd. Ze auTh AOITTOV TNV TTEPITITWON TO UAIKO OUUTTEPIPEPETAI OAV HO-

VWTNG.
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270 TTUPITIO KaI TO YEPPAVIO, AOyw HEYEBOUG Twv aTOUWY, N CUVOEDT TWV
NAEKTPOVIWV TNG EEWTEPIKNG OTOIBABAG PE TO ATOMO Eival XaAapoTepn. AuTd
£XEl WG aTTOTEAECA, o€ Bepuokpaaia dwuatiou, KATTOI aTTO Ta NAEKTPOVIA
VO OTTOPAKPUVOOUV pe Beppikd TPOTTO aTTd Ta dToua (BAETTE OYX. 2.1.2) KaI va
KIvnBoUv eAeUBepa p€oa oToV KPUOTAAAO TOU NUIaywyoU PEXPIS OTOU VO OU-
VAVTAOOUV KATTOI0 AAAO ATOUO aTTO TO OTTOIO AEITTEl Eva NAEKTPOVIO.

H kivnon 1mou ekTeAOUV auTé Ta NAEKTPOVIO Eival EVTEAWG TUXAia PE ATTOTEAE-
OMa TO HEGO NAEKTPIKG peUa HECA GTOV NUIAYWYO va gival undév. Av 0Tov nuia-
YWYO EQAPUOCTEi €va NAEKTPIKO TTEDIO, e TN BonBeia pIoG EEWTEPIKAG NAEKTPIKAG
TTNYAS, Ta eAeUBepa nAekTPOVIa Ba KivnBoUuv uTrd Tnv eTTidpacn Tou TTediou PE
atToTéAeopa va dIEABEI Eoa atrd Tov NUIAYWYO £va NAEKTPIKO peUQ.

To uNTPIKG ATOUO TToU €XEl XAOEl, AOyw BepUIKNG DIEYEPONG, £va NAEKTPO-
VIO TTaUEl va gival NAEKTPIKA OUSETEPO Kal ATTOKTA BETIKO gopTio. ETreidr 1o
ATOMO aUTO dev PTTOPEI va PETAKIVNOE, TO EAAEIUA TOU apvnTIKOU (OopTiou
pTTOPE Va avTioTaBuIoTEl pE "daveiouo” evog nAekTpoviou aTrd éva YEITOVIKO
AdTOMO, TO OTTOI0 OTN OUVEXEID Ba ATTOKTACEI BETIKO @opTio. AuTd PTTOPE va
eTTavaAn@Bei oTn ouvéxeia pe Eva GAAO YEITOVIKO GTOUO K.O.K.

¢ éva OpoyevEG UAIKO
OAa Ta dtopa Kal Ta nAe-
EAelBepo p P p .
AEKTPOVIO KTPOVIa gival idia Kal OTTwG
Si TTpoava@EPOnNKe TO EAAEIN-
Ma nAekTpoviou, dnAadn 1o
BeTIKO @OpPTIO, PETAKIVEITAI
ME Tuxaio TPOTTO, OTTWG TA
Si omq  €AeUBepa nAekTpdvia. Auto

Si +4 +4 +4 Si

TO "eAeUBepa" KIVOUUEVO

Si 4 4 * S BeTikd @opTio ovouddleTal
oA (hole).
H kivnon uiag otAg Ba
dlakoTrei Otav "eTmavacuv-
Si 4 4 s OeBei" pe €éva  eAelbBepo
si NAEKTPOVIO Kal aAANAOEEOU-
OeTepwBoUvV. AUTA N ETTOVO-
Zxnua 2.1.2

ouvdeon eival n déoueuon

Avarrapdaracn evog NAEKTpoviou GOEVOUS TTOU EXEl i i
TOU eAeUBEPOU NAeKTPOViIOU

aTToUaKPUVOEi Kai UTTopeil va KivnOei eAsUBepa
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atmd éva dtopo 1o oTroio €xel EAAsiypa nAekTpoviou. Otav e@apuooTei éva
NAEKTPIKO TTEdiO, N oTr) Ba KivnBei pe kareuBuvon avTiBeTn aTrd eKkeivn Tou
nAekTpoviou. 'ET01 o€ éva kaBapo nuiaywyo, Tou oTroiou OAa Ta dtoua eival
idla, TO NAEKTPIKO peUpa TToU TO dlappEEl, Kal JETPATal PE Tn BonBsia evog
QUTTEPOMPETPOU, £XEI OUO OUVIOTWOEG: €VOG PEUPOTOG NAEKTPOVIWY Kal €VOG
pevpaTog oTrwy. EmMITAéov o€ éva KaBapd nuiaywyo o aplBudg Twv eAeUBe-
pwV NAEKTPOVIWV €ival ioog pe Tov apiBuod Twv eAeUBepwyv oTTwv. ‘Evag T€To10G
nUIaywyog ovoudletal evBoyevig npIaywyog (intrinsic semiconductor).

2€ évav nNuUIaywyo n ouykEVTpwaon (apIBuog/KuBIKO eKOTOOTO) TwV EAEUBE-
PWV NAEKTPOVIWY Kal OTTWYV dev auéaveTal ouveXws Aoyw Beppikig dlEyepang.
O unxaviopdg eTavaouvdeang, TToU €ival avAAOyog TwV CUYKEVTPWOEWY TOUG,
o0nyei o€ PIa KATAOTAON I00PPOTTIAG OTTOU oI PUBOI YEveong Kal ETTAVACUV-
oeong e¢iowvovTal. Autr) n diadikaagia KaBopilel TIG CUYKEVTPWOEIS TWV NAE-
KTPOVIWV Kal TwV OTTWV O€ £va KaBapd nuiaywyo ot KABe Bepuokpaaia Kai
KOT ETTEKTACN TNV QywyILoOTNTa Kai €10IKr avTioTaon Tou o€ KB Bepuokpaaia.
Mpétrel va onuelwBei o1 o€ évav kKabapd nuiaywyo n avTioTaon eAATTWVETAI
EKBETIKA WE TN Bepuokpaaia.

2.1.2 EvepyelakéG (WVEG NHIAYWYWV

H TT000TIKA EpUNVEIa TWV NAEKTPIKWY, OTITIKWY KAl OTTTONAEKTPOVIKWY 1810-
TATWV TWV NUIAYWYWYV PTTOPEi va yivel yévo pe Tn BonRBeia g Bswpiag Twv
"evepyeloKWV {wvwv" (energy bands). MevIKOTEPQ 01 EVEPYEIOKES (UOVES HOG
EMMTPETTOUV VO KATAVONOOUNE KAAUTEPA TO Pnxaviopo TTou kaBopilel av €va
UAIKG Ba gival povwTAg, NuIaywyog f pétarro. O1 evepyelakég (uveg opifouv
TIG ETMTPETTOPEVEG OTABPEG, Ol OTToiEG PTTOPOUV va KAataAngBouv atrd nhe-
KTPOVIa O€ éva KPUOTAAAIKO i akOua Kal AUop@o UAIKO.

MNa va yivel katavonTr) n évvola TwV EVEPYEIOKWY (WVWV, XWPEIg TN XpAon
NG KPAVTIKAG QUOIKAG, Ba TTPETTEl va AGBoupe uttoywn 0TI 0€ £va ATTOPOVW-
MévVOo ATopo Ta NAEKTPOVIO KaTavEUOVTAl OTIG DIAPOPES OTIRAdES, OnAadr| K&be
NAEKTPOVIO BpioKeTal O€ Pia eVTEAWG KABOPIoUEVN EVEPYEIOKA OTABUN. € éva
ouoTnua TTOANWV aTéPwWY, OTTWG évag KPUOTAAAOG nuiaywyou 1 GAAOU UAI-
KoU, N aAAnAetTidpacon TTou TTPOKUTITEl ATTO TN MIKPER aTTO0TACN PETAEU TWV
ATOPWYV KAl TN oUVEICPOPd KABE aTtOuou e Eva ) TTEPICCOTEPO NAEKTPOVIA VIO
TN dnNUIoUPYia TWV XNMIKWY OEOUWYV £XEl WG aTToTEAEOUA TN dIATTAdTUVON TWV
EVEPYEIOKWY OTIBAdWYV KaI Tn JETATPOTTH] TOUG O€ EVEPYEIAKES (UOVEG.
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Eival yvwaoTd 611 o€ éva ATOouo 0 apIBuog Twv

oTIBAdwWV gival peydAog. O aplBuog Twy oTIRGdWV

TTOU €ival TTANPWG 1 MEPIKA KaATEIANPPEVOS OTTO

Zwvn AywyigotnTtog 3 , , ,

NAekTpOVIa e€apTdaTal aTTd TOV ApPIBUO TWV TTPWTO-

viwv Tou TTUpriva Tou atouou. Etriong cival yvwato

OTI N KAtdAnwn Twv oTIBAdWV Pe NAEKTPOVIA apXi-

Zdovn 2BEvous el oTTO QUTEC TTOU BpickovTal TTANCIECTEPA OTOV

TTUprva, dnAadn auTéG TTOU €xouv XaunAdTepn

21 AeGpEUpEVN ZGvn evépyela. AvtioToixa o€ €va KpuoTaAAIKO UAIKO Ol
XOUNAOGTEPEG evEPYEIOKES CWVES Eival TTARPWS Ka-

1n Aeopeupévn Zovn TEINNUUEVEG PE NAEKTPOVIA. Z€ pia TETola dwvn €va
NAEKTPOVIO dev PTTopEi va KivnBei d16TI OAeg o1 du-

Zxnpa 2.1.3 varéc BEoeig ival katelAnupéveg. ‘Eva nAekTpovio

AIGypauua eVEPYEIQKWY

Vv V6 UAIKOU Ba utropei va KivnBei pévo otav uttdpyouv eAeUBe-

peg Béoeig oe pia evepyelakn {wvn, dnAadn povo
otav YEPOG TNG eival KaTeIAnupévo pe nAekTpovia. Or evepyelakES {UVES Ol
oTToieg evepyelakd BpiokovTal uwnAdTepa ammod ekeivn Twv NAEKTpoviwy oBE-
VOUG €ival KEVEG.

O1wg o€ €va PEPOVWUEVO ATOUO PETOEU TwV OTIBAdWY UTTAPXOUV TO EVEP-
YEIOKA XAOHATA £T01 KAl JETOEU TWV EVEPYEIAKWYV JWVWV UTTAPXOUV Ta AVTIOTOIXO
evepyelakd xaopata (band gaps) 1 amrayopeupéveg {wveg (forbidden bands),
oTa o1oia &gV UTTAPXOUV ETTITPETTOUEVEG BETEIG yia nAekTpovia (BA. ox. 2.1.3).
2UVETTWG Ta NAEKTPOVIA KaTaAauBAavouv BECEIG UOVO OTIG EVEPYEIOKES CWVES KAl
ME evepyelakd GApaTa petafaivouv atré pia dwvn o€ AAAN, TTpdyua TTou YiveTal e
QATTOPPOPNCN EVEPYEIQS YIA VO PETAROUV O€ Jia uwnAOTEPN 1) PE EKTTOUTTR EVEP-
YEIOG YIa va JeTaROUV O€ PIa XOUNAGTEPN, EPOCOV EKEI UTTAPXOUV EAEUBEPES BE-
o¢iG. H evépyeia auTr utropei va gival BepuIknA ) va avTIOTOIXEl O QWTOVIO, OTTWG
TT.X. OTO QWTONAEKTPIKO QPAIVOPEVO KAl TN QUTOOYWYIMOTNTA OTaV aTToppodTal
EVEPYEIQ I KATA TNV EKTTOUTTA QWTOG OTIG d16d0ug LED.

ATTO OAEG TIG EVEPYEIOKES (WVEG O€ £va UAIKO, SUO TTapouaiddouv 1I01aiTEPO
evola@épov. AuTr TTou avTioToixei TN oTIBAdA Twv NAEKTPOVIWY GOEVOUG Kal
ovopddletal {wvn o0évoug (valence band) kal n auéowg €moPevn, N oTToia
QVTIOTOIXEI O uWnAGTEPN €VEPYEIQ, Kal OVOPAlZeTal {wvn aywylhaoTnTag
(conduction band). To eUpog K&Be evepyeiakoU XAOUATOG, TO OTTOI0 PETPATAI
o€ NAEKTPOVIOBOAT (eV) Kai To TToo00Té KATAANWNG TNG {wvng aywyiuoTnTag
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kaBopifovtal a1d 10 UAIKO. Me Baaon TIG evepyelakég QUVEG KAl TO XAOUOTA
evépyelag gival duvaTdg o ETTAVOKABOPIoUOG TwV OpWV HOVWTAG, NUIAYwWYOS
Kal JETAANO.

Zwvn
AywyIiuotnTog
Zwvn
EAetBepa Aywyipemrog
nAeKTPOVIa
ATtrayopeupévo
Xdaopa
E = 6eV E=1eV
Zwvn
>0évoug
OTég
Zwvn
>0évoug
(a) B) (v)
2xnua 2.1.4

Evepyeiakéc {wveg o€ éva (a) povwrr, (B) nuiaywyod kai (y) uérairo

TNV TTEPITITWON EVOG HOVWTH OTTWG TO dIaudvTi, BAETTE o). 2.1.40, n {wvn
00évoug gival TTARPWGS KATEIANUMEVN KAl TO EUPOG TOU EVEPYEIAKOU XAOUATOG
MeTagU Cwvng oBévoug kal aywyiuéTnTag gival yeydio (6 eV). ‘ETol dev eival
ouvarn n Bepuikn diEyepan nAekTpoviwv atrd T fwvn oBévoug aTtn {Wvn ayw-
YIMOTNTAG Kal TO UAIKOG gival un aywyiyo, dnAadn HoVwWTAG.

2NV TTEPITTITWON €VOG NUIaywyou OTTWG TO TTUpiTIo, BAETTE o). 2.1.4[B, TO
€UPOG TOU EVEPYEIOKOU XAOUATOG METAEU {WvNnG 0BEVOUG Kal aywyIUOTNTOG OEV
gival peydaAo (1.2 eV). 2’ auth Tnv TrepiTITwon gival duvarh n BepuikA dlEyepan
NAeKTpoviwv atrod Tn {uvn aBévoug oTn dwvn aywylhoTNTAg Kal To UAIKG €ival
MEPIKA aywyido, dnAadr nuiaywyog.

21NV TTEPITITWON €VOG PETAAAOU, BAETTE OX. 2.1.4y, TO EUPOG TOU EVEPYEIQ-
KoU XAopaTog YETAEU {Wvng 0BEVoUS Kal aywyIuoTnNTog €ival undevikd, dnAadn
uTTapXEl AAANAOETTIKGAUWN PETAEU Twy (WVWV. AUTO €XEl WG OTTOTEAECHA TNV
utrapgn TToAU peyadAou apiBuoU eAeUBepwy NAEKTPOVIWY Kal SIaBETIPWY EAEU-
Bépwv BEoewv oTn dwvn aywyiudTnTag, YEYovog TTou KaBIoTd To UAIKO TTOAU
aywylIdo, dnAadn PETaAAo.
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2.2 Hupiaywyoi Trpooyisewyv

O1 evdoyeveig NUIaywYoi £XOUV I0€G CUYKEVTPWOEIG NAEKTPOVIWV Kal OTTWY,
yI' autd 70 AOYO Ol EQAPHPOYEG TOUG €ival TTEPIOPICHEVES Kal KaBopilovTtal atmo
TO OTI n avTioTaor] Toug PETARAAAETal TTOAU €viova oTav peTaBdAAeTal n Bep-
Mokpagia A otav @wridovtal. Av o€ €vav evOoyevr nuiaywyo TTpooTeBEi pia
TTOAU HIKPF TTOOOTATA EVOG OTOIXEIOU TNG TPITNG 1 TNG TTEPTITNG OoudGdag Tou
TTEPIOBIKOU TTiVOKA, O NUIaYWYOS ATTOKTA TTpoouigelg (impurities). H diadika-
oia TpooBnkng TTpoouitewy ovoudletal EUTTAOUTIONOG (doping) Kal TO UAIKO
EUTTAOUTIONEVOG NUIaYWYOG (doped semiconductor). Z€ €va TETOIO NUIaywYo
OTTOU Ol TTPOCWIEEIS KABOPICOUV TIGC CUYKEVTPWOEIG TWV NAEKTPOVIWV Kal TwvV
OTTWYV, O NUIaYwYyog TTavel va gival evdoyevng. ETTeIdr) oI CUyKEVTPWOEIG TwV
NAEKTPOVIWV Kal Twv OTTWV KaBopidovTtal TTAEoV aTTd £vav EEWYEVH TTOPAYOVTd,
ONAadN TIG TTPOCMIEEIG, O NUIAYWYOS OVOUACETAI KOl EEWYEVAG NUIOYWYOG (ex-
trinsic semiconductor). To €idog Twv TTpoouitewv TTou Ba xpnoiyoTroindei Ba
KaBopioel av n cuykévTpwan Twv NAEKTPoviwy Ba gival peyaAuTepn aTro eKEivn
TWV OTTWV 1 AVTIOETA. ZTNV TTPWTN TTEPITITWON O NUIaYWYOGS KaAgiTal TOTTOU N
Kal oTn &€uTePN TUTTOU P, 116 TO YEYOVOGS OTI TA POPTIA TTOU AYOUV TO NAEKTPIKO
peupa gival nAekTpovia, dnA. apvnTika (Negative) ) ommég dnA. BeTika (Positive),
avTioToIXQ.

2€ éva TETOIO nUIaywyod ol TTPOCIEEIS KaTaAauBavouy BECEIS Twy ATOUWV
TOU UAIKOU Kal axnuaTiouv deapoug.

2.2.1 Huiaywyoi T0Tou N

O1 nuiaywyoi T0tTou N dnuioupyouvTal 6Tav o€ €va NUIAYWYO OTTWG TO TTU-
PITIO ] TO YEPUAVIO TTPOCTEDEI TTOAU PIKPr) TTOOOTNTA EVOG OTOIXEIOU TNG TTé-
MTTTNG opddag Tou TrePIodIKOU Trivaka. Ta oToIxEia TTou ouvhRBwg XPNOIKOTTOI-
oUVTal WG TTPOOHIEEIS Eival TO APOEVIKO, O PO POPOG KAl TO AVTIMOVIO EVW N
TTO0OTNTA TTOU ATTAITEITAI €ival TG TAENG TWV PEPIKWYV PJEPWYV OTO EKOTOPUUPIO,
onAadn o€ kGbe £va eKATOUPUPIO ATOUA TTUPITIOU 1] YEPUAVIOU UTTAPXOUV UEPI-
KA dTopa apoevikou | Qua@Opovu.

Ta dropa TNG TTPOCHIENS EVOWMATWVOVTAI GTNV KPUOTAAAIKA dopr| TOU nuia-
ywyou, kataAapuBdavouv BECEIG TwV OTOPWY TOU Kal OXNUATICOUV OUOIOTTOAIKOUG
OeopoUG PE TA YEITOVIKG aTopa. ETTeidr Ta dtoua tng TEUTITNG Opddag Tou TTEPIo-
OIkoU TTivaKka £XOUV TTEVTE NAEKTPOVIO 0T OToIRGdA 0B€voug, OTav KaTaAdBouv
Mia Béon oe €va dtopo Tou nuiaywyou Ba XpnoIJOTTOINCOUV Ta TEOOEPQ Via
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EAelBepo

Si NAEKTPOVIO
Si +4 +4 +4  Si
+ + + +
+ + + +
Si +4 +5 +4 Si
+ + + +
Sb
+ + + +
Si +4 +4 +4 Sj
(a) Si B
Zxnua 2.2.1

KouoTaAiko TAEyua yepuaviou O1Tou Eva ATOUO EXEI QVTIKATAOTAOEl ue éva dTouo
avripoviou. (a) Aoun dsouwv (B) Makpookorrikn Lopen

TO OXNMATIOPO OUOIOTTOAIKWY BETHUWY Kal Ba TTapayeivel adiGBEeTo Eva NAEKTPO-
VIO, TO OTToi0 Ba TrepIPEPETal YUpW aATTO TOV TTUPHVA TNG TTPOCMIENG. To nAe-
KTPOVIO auTd uTTopEi, o€ BepuoKpaacia dwuaTiou, va ATTOUAKPUVOED TTOAU TTI0
€UKOAQ aTTO OTI éva NAEKTPOVIO OTOV evOoyevr NUIaywyo (BAETTE OX. 2.2.1).

Emeidn o eviaoBevég oToixeio TTPOOHIENG "divel" aTov NUIaywyo NAEKTPO-
via, ovopadetal 86Tng (donor). ZTn ouvéxeia To AToUo TNG TTPOCHIENG lovideTal
Kol aTToKTA BETIKG PopTio. ETTEIdr N attoydkpuvon Tou NAEKTpoviou atrd 1o d0TN
gival TTOAU 1110 €UKOAN aTtrd OTI aTTd £va ATOUO TOU NIaywyou, o "daveliouog”
€VOG NAEKTPOVIOU aTTO KATTOIO YEITOVIKO ATOPO Ba gival SUoKoAOG. ETITTAéov N
mMBavOTNTa VO BpPioKeTal KOVTA €vag GANOG dOTNG TTou Ba uTTopouce UKOAT va
"daveioel" éva NAeKTPOVIO €ival apeAnTéa. AUTO €XEl WG ATTOTEAETUA TO BETIKO
QOPTIO VO TTAPAWEVEL aKivNTO OTO BOTN Kal OTOV NUIAYWYO VA KIVOUVTAI TO EAEU-
Bepa nAekTpdvia. BEBaia, n atropdkpuvaon NAEKTpoViwy atrd Ta dToua Tou NUIa-
YWwyou dev TTPETTEI va ATTOKAEICOEI AAAG TTPETTEI VO aNUEIWBET 0TI 0 apIBudg Toug
gival TTOAU PIKPOG 0€ OXECN KE TOV ApIBUO TwV NAEKTPOVIWY TTOU TTPOEPYOVTAI
o116 TOUG BOTEG. 'ETOI N TTPO0BAKN BOTWV £XEI WG ATTOTEAEGHUA VO UTTAPXOUV
TTOAG €AEUBEPA NAEKTPOVIA KQI TTOAU AiYEG OTTEG GTOV NUIAYWYO.
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Si

Si +4 +4 +4 Si
om
Si +4 +3 +4 Si
In — — — —
Si +4 +4 +4 Sj - - - -
(a) Si B
2Zxnuo 2.2.2

KpuoTtaAAiké TAEyua yepuaviou O1ToU éva ATOO EXEl avTIKATaoTaber ue Eva dropo 1voiou.
(a) Aoun dsouwv (B) MakpookoTTikn oppn

JUVETTWG, 0¢ éva NuIaywyo TUTTOU N TO NAEKTPIKG PEUPO PETAPEPETAI KU-
piwg a1Td €va €idOC POPTIWY, Ta NAEKTPOVIA, TA OTTOI0 OVOPAOVTaI KAl QOPEIG
mAg10vOeTNTAG 1] TTASIoWPN@iag (majority carriers). AvTiBeTa o1 OTTEG OTOUG NUIA-
ywyoug TuTTou N ovouddovTal popeig pelovoTnTag i pelownegiog (minority car-
riers). TEAOG, N aU&non TNG CUYKEVTPWONG TwWV BOTWV O€ £vVa NUIAYWYO EXEI WG
ATTOTEAEC A TNV AUENCT TNG CUYKEVTPWONG TWV NAEKTPOVIWV KOI CUVETTWG TNG
AywyIuoTNTOG TOU.

2.2.2 Huiaywyoi T0tT0U P

O1 nuiaywyoi Tdtrou P dnuioupyolvTal 6Tav g€ éva Nuiaywyo OTTwG, To TTu-
PITIO A TO YEPUAVIO, TTPOCTEDEI TTOAU WIKPF) TTOCOTNTA EVOG GTOIXEIOU TNG TPITNG
opadag Tou TTEPINdIKOU TTivaka. Ta OToIXeia TTou XPenoIKoTTolouvTal ouvhBwg
WG TTPoCyitelg gival To BOPIO, TO YAAAIO Kal TO ivBIlo €vw n TTOOOTNTA TTOU
aTTaITeiTal €ival, OTTwWG Kal GToug NuUIaywyous TUTTou N, TNG TAENG TWV UEPIKWV
MEPWV OTO EKATOMMUPIO.

Ta dropa TG TTPOOHIENG KAaTaAAUBAvVOUV BETEIC TWV OTOUWY TOU NUIAYW-
you. ETreidr) ta dtopa TnG TPITNG ouddag Tou TTEPIOdIKOU TTivaKa €Xouv Tpid
NAEKTPOVIa aTn OToIRAGda 0Bévoug, dTav KaTaAdBouv pia Béon evog atdpou
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TOU NuIaywyou, Ba xpnoihoTroijoouv 6Aa Ta NAEKTPOVIa 0BEVOUG yia TO OoXN-
MaTIoOuO opoloTToAIkwy deopwyv. ‘ETol Ba TTapaueivel Eva yeimovikd AaTtouo Tou
nUIaywyou, To oTToio Ba atraiTei éva NAEKTPOVIO yia va OxXNPaTioel TV TTARPN
OO TWV OKTW NAEKTPOVIWY OTNV €CWTEPIKH OTIBAdA TOU. TO ATTAITOUPEVO NAE-
KTPOVIO auTd Ba To "daveloTE" aTrd KATTOIO YEITOVIKO GTOUO TOU Nuiaywyou. To
NAEKTPOVIO TTou Ba KaTaAdBel, e auTd Tov TPOTTO, TNV Kevr) BEon Ba lovioel pe
apPVNTIKO (POPTIO TO ATOUO TNG TPITNG OuAdaAg Tou TTEPIOdIKOU TTivaka. H diadi-
Kooia auTr) QvTIOTOIXEl JE TNV «aTTEAEUBEPWON» PIAG OTTNG Kal ETTEIBN T ATOUA
auTa atrodéxovTal €va NAEKTPOVIO ovoudadovTal aTrodéKTEG (acceptors) (BAETTE
ox. 2.2.2).

H doun Twv deopwv evog atmodEKTN KAVEL TTOAU TTIO €UKOAN TNV OTTEAEUBE-
pwan PIag oTThg aTTd OTI UTTOPEI va oUUBEi o€ €va ATopo Tou NUIaywyouU o€ Bep-
pokpaaoia dwpatiou. To NAEKTPOVIO TTOU €XEl KOAUWEI TO EAAEIUPA TOU OEGOU
TTapapével akivnto atov atmodékTn. OTTwg cuppaivel TOug nuUIaywyoug TUTTOU
N €101 Kal 0TOUG NUIaYWYOUG TUTTOU P uTrdp)XouV Kail EAeUBEPa NAEKTPOVIA, TWV
OTTOIWYV OPWG N CUYKEVTPWON gival TTOAU PIKPOTEPN ATTO auTH Twv oTTwy. ETol
N TTPOCOAKN ATTOOEKTWV EXEI WG ATTOTEAEGHA VO UTTAPXOUV TTOANEG OTTEG Kal
TTOAU Aiya eAeUBepa NAEKTPOVIQ GTOV NUIAYWYO.

>¢ éva nuIaywyo TUTTOU P 01 popeig TTAEIoVOTNTAG Eival O1 OTTEG, EVW Ol QO-
peig peiovaTnNTaG €ival Ta nAekTpovia. TEAOG, n augnan TNG CUYKEVTPWONG TWV
QTTOOEKTWV O€ £V NUIOYWYO EXEI WG OTTOTEAETUA TNV aUENCN TNG CUYKEVTPW-
ONG TWV OTTWV KAl CUVETTWG TNG QywyILOTNTAG TOU.

Mia onuavTikr diapopd TTou UTTAPXEl METASU TWV ECWYEVWV KOl TwV EVOOYE-
VWV NUIaywywyv, givai n otabepr| Tiur) TG €10IKNAG avTioTaong o€ PIa EUpEia TTe-
pioxn Bepuokpaaciwy. AuTO TTPOKUTITEI ATTO TNV EUKOAIQ E TNV OTTOIO TTAPEXOUV
QOpPEIG oI BOTEG 1 oI aTTOdEKTEG O€ nuIaywyo TUTToUu N 1} TUTTOU P avricToixa.
TéAoG, O€ Ba TTpETTEl va TTAPAAEIPOEi N UTTAPEN TWV OPYAVIKWYV NUICYWYWYV Ol
OTTOIOI TTPOG TO TTAPOV JEV EXOUV EQPOPUOYES TTAPA JOVO O€ TTEIPAUATIKO OTA-
010, OTTWG OpICEVA TTOAUMEPH Ta oTToia pBopilouv, OTav epapuoaTei Tdon oTa
GKPa TOUG Kal TO XPWHa TOUG EQPTATAI ATTO TNV £VIACH TOU NAEKTPIKOU TTEdIOU
OTO EOWTEPIKO TOUG.

EKTOG Twv 0pyaviKwy NUIaywywy, UTTAPXOUV Kal oI AUOP@OoIl NHIaYWYOi,
OTTWG TO AMOPYPO TTUPITIO TTOU XPNOCIKOTIOIEITAI YIE TNV KATAOKEUT QWTOROA-
TAIKWY OTOIXEIWV T€ apIBUOUNXAVES Kal O AANEG EQAPUOYES XAMNANG KaTOVA-
Awaong.
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NEPIAHWYH 2

® ¢ KAOe UNIKO Ta NAEKTPOVIO KOTAVEUOVTOI OTIG EVEPYEIOKES {WVEG, Ol
oTr0ieg dlaxwpidovtal aTrd Ta EVEPYEIOKA XAoUaTa.

® H aywyiuétnta k&Be UAIKoU kabBopileTal atmd To eUPOG TOU EVEPYEIAKOU
XGopaTog PeTagl TnG duvng aB€voug Kal TNG wvng aywyluoTnTag.

e Me Tn BonBeia TG Bewpiag Twv evepyEIaKWY {WVWwV gival SBUVATH n KaTavo-
non Tou dIaXWPICHOU TwV UAIKWY 0€ aywyoug, NHIAYwYyoUg Kal JOVWTEG.

® 2TOUG NUIaYWYOUG TO NAEKTPIKO PEUUA UETAPEPETAI PE BUO €idN Popiwy, Ta
NAEKTPOVIA KAl TIG OTTEG.

o OI nuiaywyoi xwpilovtal oc e§wyeveig Kal evdoyeveig avaAoya Pe 10 av
TTEPIEXOUV TTPOTHIEEIG 1] OXI.

e OI Tpoopiteig xwpifovtal o€ dUO €idn, Toug OTEG, OI OTTOIOI AULAVOUV TN
OUYKEVTPWON TWV NAEKTPOVIWV Kal ATTOOEKTEG, O OTTOI0I AUEAVOUV TN OU-
YKEVTPWON TWV OTTWV.

e O nuiaywyoi TTou £xouv TTpoopielg dotwy, ovoudlovtal To0TTou N, evw
QUTOI Ol OTTOIOI £XOUV TTPOCUICEIS ATTODEKTWY, TUTTOU P.

® [1épav TwV KPUGTAAAIKWVY NUIAYWYWY UTTAPYXOUV Kal GAAOI, OTTWG Ol dpop-
(Ol KOl Ol OPYQAVIKOI.

EPQTHXZEIZ - AZKHXEIZ 2

a. Tutrou N
B. TutTOU P

1. MNoia oToIXEiQ TTPETTEI VO XPNOIO-
TTIOIOOUME VIO VO PETATPEWOUUE

Y. EVOOYEVNG
0. e€wyevng

€vOOYEVEG TTUPITIO O€ TUTTOU N;

2. MMola oToIXEia TTPETTEI VO XPNOIO-
TIOIOOUME VYIA VO PETATPEWOUUE
evOoyevEG yepuavio o€ TUTTou P;

3. lMoiol ival o1 @opeig TTAEIoVOTNTAG
o€ €va nuiaywyo TuTTou N;

4. Tolol gival oI QOPEIG PEIOVOTNTOG
o€ €va nuiaywyo TuTTou N;

5. Ze& TTupiTIO TTPOCTIBETAI TTOAU HIKPR
moaéTNTA YaAAiou. O nuiaywyog o
oT1Toiog Ba TrpokUYel Ba eivai:

I HMIArQrol

. Z€ yepUAvio TTPooTiBETaI TTOAU HIKPN

TToooTNTA PWOPOPoU. O NUIAYWYOG
0 oTToiog Ba TTpokUWel Ba eivai:

a. Tumou N Y. evOOYEVNG

B. TutTOU P 0. e€wyevAg

. Z€ TTUPITIO TTPOCTIBETAI TTOAU MIKPR

ToodéTNTA Yeppaviou. O nuiaywyog
0 oT11oiog Ba TrpokUYel Ba eivail:
a. tuttou N Y. EVOOYEVNG
B. Tdtou P 0. e€wyevig



ZTO KEPAAQIO

auTé Ba aoxoAnBouue

JE TN doun Kai AgiToupyia

TWV KPUGTAAAOBIOdWV. 21O TEAOG

TOU KEQOAQiou, 0 HaBnTrG TTPETTEN va:

® Mdb¢l kal KATaVOEi TO PNXAVICHO
O1dxuonG OTTWV Kal NAekTpoviwy o€ pia emragr) PN.

® Xxedladel TNV Treploxn amoyUuuvwaong,

® XuvdEel Tn 0iodo o€ opbr) Kal avaoTpopn TTOAWGCN Kail va
oXeDIACEl TN XOPAKTNPIOTIKA TNG KAPTTUAN,

® [vwpiCel TN Aeiroupyia Kal Tov TPOTTo oUvOEonG TNG d16d0U
Varicap kai Tng d16dou Zener,

e Xpnaolyotrolgi TNV diodo Zener o€ KUKAWATA
oTaBePOTTOiNONG TAONG,

® Epapuodlel Tn diodo PN yia Tapaywyr nuiavopbwuévng
Kal avopBwpévng TaoNG, KaBWG Kal 0€ KUKAWwUATA
waAidiopou, TToANaTTAaciacpuoU Tdong K.a.

KPYXTAAAOAIOAOI




3.1 Emaen / Aiodog PN
3.1.1 ®duoikn Asitoupyia

O1wg avagEpBnke aTo TTPONYOUHEVO KEQPAAQIO, Ol NUIAYWYOI UE TTPOCMIEEIG
gival dUo TuTTWV. OI NuIaywyoi TUTTou N £X0UV TTEPIOCTOTEPOUG OPVNTIKOUG PO-
peig, dNAadA £xouv TTepicoEeIa NAEKTPOVIWY Kal yia To Adyo auTtd ovopuddoval
TUtTou N (negative). AvTIBETWG o1 NuIaywyoi TUTToU P (positive) £€xouv Trepicoeia
BeTikWV Qopéwv A omwyv. O1 oTTéG ival EAAeIPN nAeKTPOViwy. APKETEG POPES
otnv BIBAIoypagia ol NUIOYywyoi PE TTPOCHICEIS ava@EépovTal WG TUTTOU P KOl
TUTTOU N.

Otav PIkpd KOPPATE NuiaywyoU TUTTou N €ABEI 0’ eTTA@N UE KOUMUATI NUIOYW-
you TUTTOoU P, TOTE dnpIioupyeital pia évwon PN i eragn PN n otroia atroteAei
£va NAeKTPOVIKG e€GpTNHA TTOAU Xprioipo kal ovouddetal 8iodog PN. Ta kouud-
TIO QUTA TWV NUIOYWYWV UTTOPET va PNV gival SIaQOPETIKA, aAAG uépn Tou idlou
KOMMOTIOU KPUOTAAAOU TTUPITIOU OTTOU OTN Mia TTAeupd €xel dnuioupynBei e
KaTaAANAo TpdTTo TUTTOC P, eviy 0TNV GAAN 0 TUTTOG N.

H emmaer) PN @aivetal oto oxnpa 3.1.1. To onueio Tng évwong TrapioTtaral
ME pia KABeTN dlakeKoPPEVN ypauun. To TuAua TUTTou N atroteAeital atrd BeTIKA
I6VTO TTEVTOOBEVOUG OTOIXEIOU KAl EAEUBEPT NAEKTPOVIA. YTTAPXE! ETTIONG MIKPOG
apIBUOG OTTWV. 2T0 TUAMA TUTTOU P uttdpxouv apvnTika 16vTa TpIioBevoug aTol-
XEIOU, APKETEG OTTEG KAl JMIKPOG APIBUOS NAEKTPOVIWV.

‘Evwon
- - - + + + i
= oTrég
= NAeKTPOVIa
- - - + + + + = BeTIKG 16VTa
— = apvnTIK& 16VTa
- - - + + +
P N

2xnua 3.1.1. Erapr) PN

R KPYZTAAAOAIOAOI




Tnv oTiyul NG dnuioupyiag Tng emagng PN, Ta nAekTpdvia atmod Tov nuia-
ywyo Tutou N TTOoU gupiokovTal KOVTA OTO onueio TNG €vwong Ba KivnBouv
TTPOG TOV NuIaywyo TUTTOU P e OKOTTO va eTTavacuvoeBoUV JE TIG OTTEG TTOU
uTTapyxouV ekei. ‘ETol dnuioupyeital eTTavacUvoean OTTwyY Kal NAEKTPOViwy oTa
OUo TuAPaTA, BEEIG KOl apIOTEPA TOU ONUEIOU ETTAQPNG KAl GTO HEV NUIAYWYO
TUTTOoU N dnpioupyeital Eva TUARO PE BETIKA JOVO 16VTA XWPIG NAEKTPOVIA, OTO
0¢€ nuIaywyo TUTTOU P dnuioupyeital éva TUAUA he apvnTIKA JOVO 10VTa, XWwPIg
oTTéG. AUTa Ta OUO TUNAMOTA €ival «OTTOYUUVWHEVO» ATTO TOUG (POPEIG TOUG
Kal atroteAolV padi TNV TrePIoX ATTOyUMVWONG OTTWG PaiveTal OTO OXMUa
3.1.2(a).

‘E&w a116 TNV TTEPIOXT aTTOYUUVWONG N O0OUr TWV NUIGYWYWV OeV £XEI OAAG-
&el kan atroteAeiTal atrd 16vTa Kal Yopeig. Autd cupPaivel SIOTI yia va PTTOPECEI
€va NAEKTPOVIO va eTTavOoUVOEBE e pia OTTA A avTioTpoQa, TTPETTEI VO UTTEP-
TNOACEI TNV TTEPIOXT| OaTTOYU- P ‘Evwon N
Mvwong n otroia OuwWG PE TN
OUYKEVTPWOT TWV IOVIWV O - - - + + +
auTryv, atroTeAei éva euTTddIo
Kal dnuioupyei Eva @payuo - - - + + +
Suvapikou. To Suvapiké
@paypoU TTapioTaveTal Ye V,
oTto oxnua 3.1.2(B) kai gival
MId dlag@opd duvapIKoU TTou
n TOAIKOTNTA TNG avTITIOETa
oTn S1IdXUC TWV QOPEWV.

H etragr) PN 1Tou dnpioup-
yNONKe Pe Tov TTIo TTévw TPO-
o Aéyetal iodog PN dioTi
a@rvel va DIEPXETAl NAEKTPI-
KO pelpa atrd autAv POvo
TTPOG Mia karelBuvon OTTwWG 0
Ba doupe oTn CUVEXEIQ.

Meploxn
(@) ATtroyUpvwaong

Auvapiké

B 0 ATooTaon

2xnua 3.1.2
(a) Mepioxn amroyuuvwong (B) Auvauikd gpayuou
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dopTio
(a)
+
0 AmréoTaon
‘Evraon
B
0
AméoTaon
AuvouIko
v)
VO
0 AméoTaon
Zxnua 3.1.3

(a). Karavopur @opriou (B). HAekTpik tredio.
(v)- Auvauikoé gpayuod.

RYA KPYSTAAAOAIOAO!

EAg0Bepo avdayvwoua:

To Oduvauiké @payuou
onuioupyeital ye Tov KATwoI
unNxaviouo:

2TnVv TTEPIOXT) aTTOyUuVW-
ong utr@pxouVv BeTIKG goprTia
arro TNV TAEUPd ToU NuIAyw-
you turmrou N kai apvnrika
popria a6 TNV MMAEUpd TOU
nuiaywyou tummou P. Me tov
TPOTTO QUTO TO QOPTIO TOU
nuiaywyou TToikiAAel avalo-
ya uE TNV amoaTacn amod To
Onueio EMaQNs Kal evw Ei-
val UNGEVIKO 0TV apxr Tou
nuiaywyou P 6co mAnoia-
Jouue MPOG TO OnuEio ema-
@ne, viverar apvntiko. Mera
70 onueio emapns yiverai
OeTiKG Kal KaToTTIV UnNoEVide-
Tal TaAI uéoa oTov nuIaywyo
Turrou N.

H evaAAayn tou popriou
paiverar aro oxnua 3.1.3.
(a). Me pabnuartikoug uro-
Aoyiououg umopei va Bpebei
Kai n éviaon Tou NAEKTPIKOU
mEGIOU TTOU UTTAPXEl KATA
UAKOS TNG TTEPIOXNS QTTo-
yUuvwong Kabwg Kai 1o Ou-
vauiké @payuou (oxnuara
3.1.3.(B).(v))-



3.1.2 ZupBoAiopdg d16d0U Kal XwPNTIKOTNTA @PAYHOU.

MNa va dnuioupynBei pia diodog PN, cuv-
OfovTal Ta AKpa Twv OUO0 NUIAYWYIKWY TUN-
MATWwV TUTTOU P KOl N g HETOAAIKEG ETTOPEG
Kol €101 dnuIoupyeiTal n Gvodog NS d1680u P N

oTnVv TTAeUpd Tou nuiaywyou P kai n kaBo- (@ IS\A;(;?p)r\']IKﬁ
00¢ Tng d16dou otnv TAeupd N. H diodog
PN oupBoAiCeTanl pe Eva BEAOG oTnv TTAEUpPd
P kai pia ypappn otnv mAeupd N yia Adyoug A K
TT0U Ba £ENYHOOUE TTIO KATW. (8)

O1wg avaeépbnke Tapatrdvw, oTnV

. . . 3 Zxnua 3.1.4.

TTEPIOXN ATTOYUUVWONG UTTAPXOUV apVNTIKA (a) Aiodoc PN
Kal B€TIKA @opTia, aTToTEAOUEVA OTTO 16VTQ, (B) To aUpBoAS .

oTa dUo TuAPOTa TNG. Ta gopTia auTd Cuv-
duadduevVa E TO BUVAUIKO pPayUOoU TTOU £TTIONG UTTAPXEI OTA AKPA TNG TTEPIO-
XS AQUTAG, dNMPIOUPYEI £va TTUKVWTHA TOU oTToiou N XwpenTikéTnTa dideTal atrd
TN oxéon (3.1.1)

MeTtaBoAr gopTtiou AQ

C.= - - = 3.1.1
T Alagopd duvauikou AV

H diagpopd duvauikoU TTou UTTAPXEl OTA AKPA TNG TTEPIOXNS ATTOYUNVWONG
eCaptdTal atrd TNV €EwTepIKn Téon V TTou TUXOV Ba epapuocBei oTa Akpa TNG
81080u Kai Tou duvapikou gpaypou V, aupewva pe Tn oxeon (3.1.2)

AV = (V.- V) 3.1.2

H xwpnTIKOTATA QUTr OVOUAZETAI XWPNTIKOTNTA ETTAPNAG 1} OTATIKA XWpPn-
TIKOTNTO @PAyHOoU Kal eEaPTATAI, OTTWG KAl 0 KABE TTUKVWTH, ATTO TV YEWME-
Tpia TNG TTEPIOYKNG ATTOYUUVWONG dnAadn atrd 1o Yrkog TnG L, Tnv emeaveia mg
S kaBbwg kal TN SINAEKTPIKA OTABEPA TOU NUIaywyou, €, CUPNQWVA PE TN OXEoN
(3.1.3):

T

S
= 6—
C L 3.1.3

H Tiun g xwpntikétnTag emagng C. kupaiverar atmmo 1-100 pF.
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3.2 Aiodog PN o€ opbn kail avaocTpo®n TTOAWON

2Tnv TTponyoupevn Trapaypago n emagrl PN Atav avoikt, dnAadrn dev
UTTAPXE €CWTEPIKA TAoN oTa dkpa TnG. Otav epapuoobei eEwTepikn Tdon oTa
akpa pIag d16dou, uTTdpxouv dUo TPOTToI CUVOECNG TNG TTNYNG: KATA TV 0pon
Kal KaTd TNV avdoTpo®n Qopda.

3.2.1 MéAwon katd Tnv opOn opd.

Mia diodog gival TToAwpEVN KaTd TV 0pB popd £Aav n eEWTEPIKN TTNYN €ival
ouvdedEEVN OTO KUKAWUA WOTE 0 BETIKOG TTOAOG TNG va gival oTo TUAPA P Tng
d1600u Kal 0 apvNnTIKOG TTOAOG TNG oTo TUAMA N Tn¢ d1dédou, OTTWG PaiveTal 0TO
oxnua 3.2.1 (a). Q¢ yvwoTdv g€ PI& NAEKTPIKA TTNYA UTTAPXEl JEYAAOG apIBuOg
NAEKTPOVIWV aTOV OpVNTIKO TTOAO Kal PEYAAOG apIBUOG BETIKWVY QPOPTiWV GTO
BeTIKO TTOAO. Me TNV aywyiun cuvdeon TnNG TNyng Me Tn diodo katd Tnv opbn
Qopd, Ta BETIKA QopTia atrd Tov BETIKO TTOAO TNG TTNYG TTNyaAivouv aTo Turua P
TNG O16d0U Kal Ta NAEKTPOVIA TTyaivouv aTo TURua N avTioToixa.

SUVETTWG Ta BeTIkG opTia Ba KivnBouv
atrd 10 BeTIKG TTOAO TNG TTNYAS TTPOG TO TUA-
pa P mng diédou. H petakivnon auth didel To
peUNA |, TwV OTTWV €VTOG Tou TUAWarTog P. H
Kivnon Twv NAEKTPOViWV aTTO TOV apvNnTIKO

I, TOAO TNG TTNYNG TTPog 1o TUAWA N NG d16-
(a) Vv dou Ba dwoel To peUpa NAeKTPOViwY | €VTOg
Tou TUAMATOG N, TO oTTOIO €XEI TNV IdIa POP&
ME TO peUPO TWV OTTWV AGYOU apvnTIKOU

i F (POPTIOU TWV NAEKTPOVIWV.
R Me Tov TPOTTO AUTO N CUYKEVTPWOT TwV
P N OTTWV OTO TUAMO P peyaAwvel, n TTEPIOXN
| ammoyUuvwong vyivetar oTevoTepn Kal opl-
OUEVEG OTTEG ME MEYAAN KIVNTIKA EVEPYEIQ
KATAQEPVOUV Va UTTEPTTNOACOUV TO PPAYUd
i duvapIKoU Kal va uttouve oTo Tufua N tng

Zxnua 3.2.1 i ; i )
0061 méAwon 51660y PN 01600u. H idia diadikagio cupPaivel Kal PE Ta
(@. V<V, BV>V, NAEKTPOVIA TNG TTEPIOXNS N TTOoU €1I0€pyoVTal
oTo TUAua P.

p n

+ o+ o+
+ o+ 4+
+ o+ o+

+ o+ o+

8) v

K/ KPYSTAAAOAIOAOI




0Ooo autdvel n eEWTEPIKN TAON TOOO N TTEPIOXN ATTOYUUVWONG YiveTal pi-
KPOTEPN MEXPI TTOU PNOEVICETaI Kal £XOUNE por) PEUUOTOG OTO KUKAWWA, TTOU
ovouadetal KateuBeiav pedpa f peUpa opBNg @opdg I peupa didxuong |
(forward current) kai £xe1 kaBiepwBei va éxel SielBuvon avTiOeTn AUTHG TWV
nAektpoviwv (ox 3.2.1.(B).

H Tyl TG €€wTePIKAG TGoNG TTou TTPETTEl va epappooBei otn diodo yia va
OIEABEI peUa OTO KUKAWWG TTPETTEN VA ival EYOAUTEPN ATTO TO SUVAUIKO Qpay-
pou Trou eival pepika dékata Tou Volt (Vz2V =0,1 yia yeppavio kai 0,5V yia
TTUPITIO). TO PEUMA EXEI MIKPH TIUA MEXPI I TAON TTOU AEyETal TAOT KAaTw@Aiou
i yovartog Vy, pyetd tnv otroia auédvetal ekOeTIKA. H TGon yovaTog yia Yev 10
yepuavio givai 0,3V yia d¢€ 1o TTupiTio €ivail 0,7V.

Ooov agopd d¢ 1o peUpa TOU EEWTEPIKOU KUKAWWOTOG QUTO givai:

3.2.1

l=1-1

610U | AéyETOI AVAOTPOPO PEUUA KOPOU Kall £ival TO PEUUA TTOU TIPOEPXE-
Ta1 ATTO TNV B€PUIKN SIEYEPON TOU NUIaYWYOU Kal N TIFMA TOU €ival TNG TAENG TwvV

MIKpOQUTTEP (MA).
To NAeKTPOTEXVIKO 1008UVANO KUKAWUA v, R
NG d16d0ou o€ opBr) TTOAWON QaiveTal oTO A K
oxfiua 3.2.2: ggggg I
2TOV TTOPAKATW TTVOKA avaypa@ovTal
ol TAoEIG PPAYMOU, KOTW@AIOU Kal N avTi- Zxnua 3.2.2
. . . P looduvauo kUkAwua diddou PN
otaon O166ou kKatd TNV 0pBry TTOAwON, V. = Téon yévaroc,
givar euTTopiou:
Tdaon @paypou V,, AvrtioTaon 31660u
Tdon yévarog Vy opOng gopdg, R
I5aviki 6iodog oV 0Q
Mn I5avikn diodog 0,1VGe 0,5VSi
5 _ 100 -1000 Q
(epTTOpiOU) 0,3VGe 0,7VSi

Mivakag 3.2.1. XapaktnpIioTIKES TIuES OI6OwV
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Mapadsiyua 3.2.1

Mia 16avikry 6iodog TrupiTiou cuvdéeTal o opbn TTOAWGN HWE TTNYN TAONG
V., =12V, kai avtiotaon @optou R =1 KQ.

a) Na oxedlaoBei 10 KUKAwUQ.

B) Na uttoAoyioBei To peupa TTou dlappéel TO KUKAWUA.

y) Na utrohoyioBei To pelpa, 6Tav n diodog dev gival IBAVIKN Kal £XEI

avriotaon R.=200 Q
Abon

Q)

V=12V R = 1KQ \'A

2xnua 3.2.3

B) Emeidn n diodog Bewpeital 1davikn éxoupe R =0, V= 0 ommote dev
£XOUNE TITWaon Taong oTn diodo Kal epapudlovtag 1o vouo Tou Ohm yia Tnv
avTioTaon eOpTou Ba £XOUE:

I =-
R, 1000Q
y) Na pn 1davikn 6iodo V, = 0.7 V kai R, = 200 Q oméTe £X0UpE TO €GNG

IG0BUVANO KUKAWUA:
I

F
V,=0,7V R =2000Q

V.= 12V R =1KQ \'A

Zxnua 3.2.4

V-V, (12-0,7)V
" R+R. (1000+200)Q

=9,4mA

RSB KPYZTAAAOAIOAOI




3.2.2 MéAwon KATd TRV avaocTpoPn gopd

Mia diodog PN eival TToAwpévn KaTtd TV
avaoTpo®n @opd €dv 0 BETIKOG TTOAOG TNG
€EWTEPIKNG TTNYNAGS €ival ouvOedEPEVOS E TO
TuAPa N NG 816d0ou Kal 0 apvnTIKOG TTOAOG
ME TO TUAMO P, 0TTwg @aivetar 010 OXNAUa
3.2.5(a). Metd TNV aywyiun ouvdeon, Ta Be-
TIKG QopTia atod Tov BeTikO TTOAO TNG TTNYNAS
gloépyovtal oto TuAua N, oav oTTéG, Kal £TTa-
vaouvoEovTal PE T NAEKTPOVIO TTOU UTTAP-
XOUV eKei O€ PeydAn ouykEvipwaon. Me Tov
id10 pnxaviopo, Ta NAekTpoVIa aTrd Tov ap-
vNTIKO TTOAO TNG TTNYAG EICEPXOVTAI GTO TUN-
Ma P kai eTTavacuvd£ovTal e TIG OTTEG TTOU
UTTAPXOUV €KEl O PHEYAAN OUYKEVTPWOT.

Me TIG eTTOVOOUVOETEIG QUTEG N TTEPIOYN
atroyUpvwong au&dvel d10TI dnuioupyouvTal
TTEPICOOTEPA  KOTTOYUUVWHEVAY» OETIKA Kal
apvnTika 16vTa (oX. 3.2.5(B)).

(a)

\Y

Zxnua 3.2.5
Avdarpopn méAwan d16dou PN
(@)V<V, B)V,>V,

(8)

Opiopéva NAEKTPOVIA TTOU £XOUV APKETA KIVNTIKA EVEPYEIQ BIOTI TIPOKUTITOUV

Q17O JIACTTO0N TWV BECUWY TWV ATOPWY TOU NuIaywyou, uTrepTTndoUV Kai TN

VvEa TTePIOXN aTTOYUUVWONG Kal €701 0TO KUKAWHA UTTApXEl pelua |, TTou AéyeTal
avAOTPOPO PEUPA KOPOU Kal gival TTOAU PIKPO (TNG TAENG Twv PA). To pelua
pTTOpEl va auénBei pe TTapoxn CWTEPIKAG EVEPYEIOG OTTWG BEPMIKN, NAEKTPIKA

1 QWTEIVI). ZUVETTWG:

21NV TEPITITWON TNG avACTPOPNG TTOAWONG TO VEO dUVAIKO @payuou givai:

V) =V, +V

3.2.2

20 OUVETTEIO TNG aUgnong Tou duvauIkoU @payuoU Kal TG alénong Tou uni-
KOUG TNG TTePIOXNG atmmoyUuvwang (L, >L), EAATTWVETaI N XwPNTIKOTNTA GPAYHOU

C, maipvovTag pia vea TIun:
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3.2.3

OTTOU S = €MPAVEIA TTEPIOXAS ATTOYUUVWONG.

H avrtiotaon tng d816dou Katd TV avaoTpo®n TTOAWON €ival yia TNV IBAVIKI
diodo R, = 0, gvw) yia 81680UG Tou eUTTOPIOU AapBAVE! TTOAU JEYAAEG TIUEG (UE-
pika MQ).

H ouvdeon mng 81660uU 0T0 KUKAWPA I00OUVANET PHE AVOIKTO KUKAWMA 1 JE
avtioTaon oAU YeyaAng TIUAG.

I5avikn diodog A K
A K

Mn 18avikn diodog A K

lMapadsiyua 3.2.2
Mia diodog PN cuvdéetal oe avaoTpo@n TTOAwaN We Ty 1dong V, = 12V
kal avtiotaon @opTou R = 10 KQ. H avtiotaon g di6dou cival R = 12MQ.
Na gupeBei T0 peUA TOU KUKAWUATOG.
Adon
D 12MQ

V=12V R=10KQ — 12V 10KQ

Zxnua 3.2.6 KikAwpua mapadeiyuarog

[ = V.12V
® R.+R  12MQ

R L

=1pA R;>>R,

KIl KPYZTAAAOAIOAOI




3.3 XapoKTnpIoTIKA KAUTTUAN Kal uBgia popTOU
3.3.1 XapakTnpioTIKA KApTTUAN 81660u PN.

O1wg avagEpBnke TTPONYOUUEVWG, KATA TNV 0pBr) TTOAwaon TNG dI6doU HE
TNV augnon Tng Tadong Ba UTTApXEl KAT apXn Eva PIKPO peUUA KOl HETA TNV TAON
yovaTog VV MIa ueEyGANn augnon Tou peupaTog. AvTiBeTa, KAT@ TNV AvAcTPO®N
@opd Ba uTTApXEl Eva TTOAU PIKPO peuua, axedoOv oTabepd, To oTroio Ba aufnael
ENAXIOTA TNV TIYA TOU PEXPIG OTOU N TAon Ba @BdAcel pia opICPEVN TIWN, TTOU
KoAgital Tdon didoTraong 1| Zener, ommoTe To PeUMA QUEAVETAI OTTOTOUO. ZUVE-
TTWG UTTAPXOUV TPEIG TTEPIOXEG OTN XOPOAKTNPIOTIKY KAUTTUAN I-V piag d16dou:
n TTepIoxn opBng ToAwaONG, N TTEPIOXA avaoTPoPnG TTOAWONG Kal N TTEPIOXN
d1doTTaong. 1o oxAua (3.3.1) @aivovTal TUTTIKEG XOPOKTNPIOTIKES TTUPITIOU Kal
YEpHaviou.

I,(MA)

30
25
Ge Si

20

15

1,(S1)=10nA
V,(Si) V,(Ge)
010203 04 0506 0708 Vi(volts)
2mA  V,(Ge) V,(Si)
1o(Ge)= 4mA
1mA
6mA
Si Ge

Zxnua 3.3.1.
XapakTnpIoTIKES
KautruAgs (1-V)
Si kar Ge.
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270 KABeTO Gova TrapioTaral To pedpa | oe mA, evw oTov opICOVTIO N TAGN
V, oe Volt. 2& kGBe onueio A TNG XAPAKTNPIOTIKAG, OTNV TIEPIOXN TNG 0pBNg
TOAWONG, UTTopEi va opiobei n duvapiki avrioTaon R; . wg 10 TNAIKO piag
MIKPAG METAROARG TNG TAONG YUpwW aTTO TO OnuEio A TTpOG TNV avTioToIxn YETO-
BoAn Tou pelpaTog. O1 ETABOAEG AUTEG gival 01 KABETEG TTAEUPEG EVOG opBoyw-
viou TPIYWVOU PE UTTOTEIVOUCO TNV EQOATITOMEVN TNG KAUTTUANG OTO &edouEVO
onueio A (ox. 3.3.2). Opicetai emiong n oTaTikn avrioTaon R. ;. wg 10 TINAiKO
TNG TAONG OTO ONUEIO A TTPOG TO AVTIOTOIXO PEUMA.

AV, V-V, V
F,ac = ne : RF.dc = RF =— 3.3.1
AL, L-1, I,
ID
IZ
A
la o Vo AV 0
| B
! AV, Al
_|D
0 V, V, V, A
Zxnua 3.3.2. 2xnua 3.3.3.
Auvauikn Kai oTatikn avrioracn opéng Avrioraon avaoTpopng @opdg.

popag

Me TTapduoIo TPOTTO OpieTal YPAPIKA KAl N avTioTaon avacTpo@ng go-
pdg N moAwong R, wg 10 TMAiKo Tng peTaBoAng Tng 1dong, ato anueio B,
oTnV avaoTpo®n TTOAWON TTPOG TNV AVTIOTOIXN UETABOAN TOU peUpaTog (oxAua
3.3.3):

R =R, =— 3.3.2

VI KPYSTAAAOAIOAOI




EAgU6spo avayvwoua:

H pabnuartikn oxéon tng mapamavw XapaKTNPIOTIKNS, XWPIS TNV TTEpIoxn OId-

oraaong, diveral armo ia EKOETIK auvapTnon:
1= 1 (e"7-1] 3.3.3

O1T0U q TO QOopTio TOU NAgKkTPOVIiou K n ataBepd Boltsman, T n amdAutn Bgppo-
Kpaoia Kai n oUVTEAEDTS 16avikoTnTag, n = 1 yia 1davikr 6iodo Kai n = 2 yia KaKNG
mmoiétnTag iodo. a mpayuarikés di6doug 1 < n <2.

2¢ Bepuokpaaia mepiBarrovioc ©=25°C n T=298°K r6t1e n oxéan (3.3.3) ammio-
rolgitar kai yiverai:(yia n=1)

Ip =1, (% -1) 3.34
omou |, eivar To avdaTpogo pedua kopou V, | givai n 1Gon ota Gkpa Kai 10 pedua
NG 01600V Kai e gival n Baan Twv VETTEPIWV AoyapIBuwy.

H xapaktnpioTikiy atnv 0p6n moAwaon UTTopEl va mpoaeyyiabei ue euBuypauo
TUAUQ. APKETEC POPES XPNOILOTTOIEITAI KUPIWS YIa ETTIAUCH QOKNOEWV, N TTPOCEYYI-
OTIKI) XOPOKTNPIOTIK KAUTTUAN 1 OTToia TTIPOKUTITEI QV TTPOEKTEIVOULIE TO TUNMA QUTO
OTO ONEIO KAUTTAS UEXPI va TUNOEl ToV Agova Twv Taoswy. To anueio Toung diver tTnv
140N yovarog Vv. ‘ET01 N XapakTnpIoTIKN arroreAgital amo dUo eubUypauua TuRuara
artnv TepIoxn NS 0p6ns moAwang, omwg gaiverar ato oxnua 3.3.4. H mepioxn g
avaoTpopngs eopdgs arroreAsital ammd GAAa duo eubBUypauua TunRuaTa:

loxuouv:

0<V,<V,=1,=0 |

1
V, <V =l,==—V
Y D D RF D
V, <V, <0 =1, :iv[,
RR
V, =V, S
-VD Vz 0 [
21NV TIPOCEYYIOTIK] KAUTTUAN 8 vV
Kail aTnVv 1mEPIOXN TNS 0pONS TTOAW- '
Ong IOXUEL:
1
R..=R..=R.= &
F,ac F,dc F E(p ((p) 3 3 6
onAadn éxer kAion 1/R., evw atnv
TTEPIOXN) TNS AVACTPOPNS TTOAWONS
I0XUel: Sxriua 3.3.4.
R = 1 337 lpoaeyyiaTIKi KaQUTTUAN d1650U.
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Mapadsiyua 3.3.1:

AideTal n XapakTnPIOTIKN KAPTIUAN piag &16dou. Na eupeBei n oTaTikn
avTioTaon oTo onueio A kai n duvauiki avTioTaon oTo onueio B.

I,(mA)
100
90
80
o Sxriua 3.3.5.
60 XapakTnpIoTiKh
50 B Al KauTtTuAn ¢ 6166ou
20 TOU TTapadeiyuarog
AV,
1,=30 A
20
0 Vp(V)
0,2 0.4 06 0809 1 1,2 141516
VA
AUon
H oTamikA avTtiotaon oto onueio A giva :
V, 0,6V _6x10"V
RF dcA =_A = ! = 5 = ZOQ
' I, 30mA 3x107°A

H duvapuikr avtiotaon oTo onpeio B eivar:

_(0,9-0.8)V _ 0,1v _ 1x10"v_
(60-40)mA  20mA 2x10°A

AV

- 2%
F, acB Al

R 50

B

3.3.2 Eulcia @opTou

>mnv mmapdypago 3.2.1 avagEpbnke OTl yia va eTIAUBEL éva KUKAwA TTou
TTePIEXEl Oiod0 o€ 0pBr) TTOAWOT, XPNOIKOTTIOINONKE TO I00OUVANO KUKAWUA TOU.
YTTapxel OwG Kal €vag deUTEPOG TPOTTOC VIO TNV ETTIAUCH TOU €V AOYW KUKAW-
MOTOG, O OTTOI0G Eival yPa@IKOG Kal OXI UTTOAOYIOTIKOG, Kal £XEl WG £ENG:

YAl KPYSTAAAOAIOAOI




2’ éva KUKAwpa ouvdéetal pia diodog D o€ opBry TTOAwaoN e TNy cuveXoUg
peupatog V. kai avTioTaon @optou R, . Aidetal TTioNg Kal N XAPAKTNPIGTIKN TNG
01660u (oxnua 3.3.6).

0 V, % %
() B

Zxnua 3.3.6. [pagikn emidluon. (a) KikAwpa (B) EuBeia pdprou
Av V, gival n 1don ota akpa Tng diddou Kai | To pedua Tou KUKAWUATOG,
epappolovtag Tov kavova Twy Tdoewv Tou Kirchnoff Ba givai:

Vi=\V,+V dmou V =IR 3.3.8

AvtikaBioTwvTag Ba givai:

V=V, +1.R = Vo=V~ IR 3.3.9

H oxéon (3.3.8) cival yia ypauuikn egiocwaon mpwTou Babuou Kai TTapioTa-
VEI TNV PETAROAN TnG TAoNg oTa dkpa Tng diddou V, cuvapTroel Tng peTapo-
ANG Tou pelpaTog | . ZXnuatkda n egicwon auTh TTOPICTAVETaI W pia euBeia
ypauun, n omoia ovouddetal eudeia @optou (oxnua 3.3.63).

MNa va BpeBei To onueio Toung TNG eubeiag eoOpToU We Tov dfova Twv Taoe-
wv, Ba mpémel va 1e6¢i oTnv oxéon (3.3.9), |, =0 omrdre:

V,=V-0-R =V 3.3.10

AnAadn, 1o onueio TOuAGg TNG €ubeiag @OpTOU PE ToV OPICOVTIO GEOVa TWV
Tdoewyv gival To onueio 61Tou N Téon yiveTtal ion pe TNV Tdon TNG TTNYNAS.
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MNa va Bpebei To onueio TopNg TNG euBeiag POpPTOU PE ToV AEovVa TWV PEUNA-
Twv, Ba TpeTel va 1eBei atn oxéon (3.3.9), V, = 0 omdre:

\/i=o+|DRL:>|D=i 3.3.11
RL

O1 mipég auTtég Trou didovtal oTig oxéoels (3.3.10) kai (3.3.11) rpoodiopilouv
TNV €uBtia pOpTOU TTOU XaPAxOnke ato oxAua 3.3.6. ZT10 idlI0 oXAUa PTTOPEi va
XapaxOei kal N XapakTNPIOTIKI) KAUTTUAN TnG 81600u. H TouA TG XOPaKTNEIOTI-
KNG ME TNV eubeia @oépTou gival Eva onueio Q TTou ovoualeTal onuEio nPEMiag
N onpeio Aeitoupyiag Tou KukAWwpatog. H 1aon V, kai 1o pedpa |, givar n 1don

Kal To peUa npeyiag Tng d16d0U avTioToIxa.

Mapadsiyua 3.3.2

Na eupebBei To onpeio Aeiroupyiag (V, 1) 070 kaTwdI KUKAWpa, otav di-
OETAI N XOPAKTNPEIOTIKR TNG d16dou oTo oxrua 3.3.7.

b I,(mA)
- R 3
V=10V L 4,5KQ
0,25
Vp(V)
0 1 4

Zxnua 3.3.7

Auon
2 xedlaloupe TNV eubeia @opTou. AuTr) Ba TEuvel Tov dfova Twv TACEWV
o710 onueio V, = 10V kai Tov Ggova Twv PEUUATWY OTO ONyEio

To onueio TOPAG TNG €UBEIOG POPTOU WE TN XAPAKTNPEICTIKA KAPTTUAN gival
T0 Onpeio Q, Tou oTToiou o1 cuvTeTaypéveg eivai |, V. Apa To onueio npeyiog
(Aerroupyiag) eivan V,, ~ 2,8Volt, I, ~1,6mA.
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I,(mA)

0,25 VD(V)

2yxnua 3.3.8 EUpeon onuegiou npeuiag (Asiroupyiac)

lMapadsiyua 3.3.3
MNa 10 TTapaTavw KUKAWMPA va uttoAoyioBouv ol Ioxeic oTn 6iodo Kal To
PopTO.
AUon
H kartavaAiokopévn 100G oTn diodo eivai:
Py=ly Vyo=16mMAx28V =448 mW.

H kartavaAiokopévn 1IoxUG oToV QOPTO Eival:

P =12"R =(16x10°¢x28x10°=7,168 mW x 10° = 7,168 mW
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3.3.3 Aiodol Eptropiou

H kataokeur) Twv di6dwv/emagwy PN yivetal ye SIApopeg TEXVIKES TTou Ba
avaAuBouv o1o pabnua TexvoAoyia HAekTpovikwy Alatdgewv. EvOeikTika ava-
@EpovTal N ETTOQPN PE AVATITUEN, N €TTAPA KPAUATOG, N MA@ dIdXUONG Kal N
avdaTTuén pe uEBodo etmitagng.

270 TTapdpTNUa Tou BIBAiou didovTal TEXVIKA QUAAADIO Twv dIGdWY OTTWG
TTEPIYPAPOVTAl OTTO TOUG KATaoKeuaoTEG. O1 TiéG TTou didovTal yia Ta Kupia
XAPOKTNPIOTIKG Twv d10dwV gival PEYIOTES TINEG avoxAg (ratings) TTépav Twv
OTTOiWV N i0d0g KATACTPEPETA:

MéeyioTo peupa 0pBnRg @opdg (I-,,.)
MéeyioTn Taon Kata v opdr) @opad (V; ,.)
MéyioTtn Téon Katd TNV avacTpoen gopd (V
MéeyioTo avaaTtpogo peupa l, I,

Méeyiotn 10x0g diodou P,

\Y,

RRM?’ BR)

SN

O1 diodol TTepiypdiovTal e opITPEVOUS KWwOIKOUG Ol OTTOiol TTPodIay paPouV
TO €i00G TOU NUIAYWYOU TT.X TTUPITIOU I yEPHaviou, TN OEIPA TTAPaywYynG, K.A.TT.
O1 kwdikoi auToi TTepIAauBAavouv ypaduuaTa Tou AaTivikou aA@apATou Kal apib-
MoUG. ZToV €TTOMEVO TTivaKa SidovTal EVOEIKTIKA TO XAPOKTNPIOTIKA OPICHEVWV
BI6dwWV:

AioSog L A) | V.. (V) v, (V) 1 I (A)
1N 4001 1 1.1 50 10pA
1N 3913 30 1.4 400 6mA
1N4148 2 1 100 25nA/20V
BAS20 0,6 5 200 100nA/150V
A15A 3 1,2 50 5HA
1N914 0,2 1 100 25nA/20V

MMivakag 3.3.1 XapakrnpioTiKa 6160wV eUTTopiou
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NEPIAHWH 3.1 - 3.3

Mia diodog dyel 6tav n Tdon Tou epapudleTal otV dvodo cival BETIKO-

TEPN ATTO TNV TAOTN TNG KABOBOU KOl CUUTTEPIPEPETAI TAV £VAG KAEIOTOG

01akoTTTNG. OTav n Tdon avodou eival apvnTIKOTEPN ATTO TNV TACN TNG

KaB6dou n diodog cival TToAwpEVN avaoTpo®a, Sev Ayel KOl CUUTTEPIPEPE-

Tl AV £VAG AVOIKTOG SIAKOTITNG.

Katd tn dnuioupyia emagng PN dnuioupyeital pia TTepIoXr TTou KaAEiTal

mEPIOXN ATTOYUHVWOTNG, PE BETIKA @opTia aTov nuiaywyo TUtTou N Kal

apvnTIK& QopTia oTov nuIaywyo Tutou P. H Tdon 1Tou dnuioupyeital atnv

TTEPIOXN ATTOYUPVWAONG OVOUAgeTal Taon gpaypou (V).

H xapakTnpIoTIKr) KaUTTUAN piag 816dou PN xwpiletal o€ TPEIG TTEPIOKEG:

a. epPIoXK opBRg Yopdg TTou xapakTnpiletal atrd BETIKA uIKpr Tdon Kai
BeTIKO peyaAo pedpa (MA R A) petd Tnv TGon Katw@Aiou 1 yovarog.

B. TrepIoX avaoTpoPng Popdg TTOU XapakTnpideTal atrd apvnTIKr Taon
KOl apvNTIKO YIKPO pelpa (WA nA).

y. mepIoXn SiIdoTTaoNg TTOU XapakTnpideTal atrd Tnv (apvnTikn) Tdon
Zener Kal ueyalo peupa.

H avriotaon ouvexoug peupatog piag d10dou PN egival pikpR Katd Tnv

opBn @opd Kal TTOAU HeydAn KaTd TNV avaoTpo@n @opd.

EPQTHZEIZ - AZKHZEIZ 3.1 - 3.3

3.1.1. Moéte pia diodog eival opBE TT0- 50V. Na gupeBouv ol avTioTd-
Awpévn; ggig opbAg Kkal avaoTpoeng
3.1.2. Mote pia diodog gival avaoTpo- Popdg.
@a TTOAWWEVN; 3.1.5. Av pia diodog peTpnOei pe
3.1.3. MepiypdywTte TNV dnuioupyia avaAoyIké WHOHETPO Kal TTa-
NS TTEPIOXNS ATTOYUHVWOTC. pouaiacel ueyaAn avriotaon

Kal Katd TNV opBr] Kal Katd TV

3.1.4. Mia diodog dlappéetal atrd . ) .
avaaTpogn @opd TI CUNBAIVEN;

pevpa 100 mA dtav gival opBa

TToOAwEVN Pe Tadon 2V kal atrd a) Eivai avoikTh
pevpa 5 pA otav eival avd- ) Eival BpayxukukAwpévn
oTpoPA TTOAWMUEVN MPE TAON y) Eivail eAattwpariki
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. Kd&be diodog 010 TTI0 KATW KU-
KAWPO  TTEPIYPAQETAl aTro  HIa
avTiotToon Kal uia Tdon Katw-
@Aiou. O diodor D, kai D, eival
diodol TTupITiou Kal €xouv VV1 =
sz = 0.7V ki R, = 20Q kai R,
= 30Q. Na gupebouv Ta peupaTa
oTIG d16doug 6Tav n avriotaon R
=1 KQ.

V=50V D D

Zxnpa 3.3.9 KukAwpa daoknong 3.6.

3.1.7. Na yivel n cwoTh avTioToiXion
METAEU TwV KATWO! OTOIXEIWV:
Taon epayuou
Tdon yovatog
Pedpa opBbng @opdg
Peuua avaatpopng opdag |

. Aiodog TTUpITIOU  KOTOVOAWVEI
IoOXU 5W ortav diappéctal atmo
pevpa 1 A pe TOAwon Katd Tnv
opdn @opd. Méon civai n téon
oTa dkpa TNG;

. H mtwon tdong ota dkpa piag
KaAng d16dou TTUpITIOU 0PBA TTO-
Awpévng givai:

l R
VO
VV

a.0,3V y. 0,3-0,7 V
B.5-7V 0.0,5-0,7V
ZNUEIWAOTE TNV 0PON TIYN.

3.1.10. £10 KUKAwPO TOU OXAMOTOG
3.3.6, n gicodog eivar V. =25 nu
(wt). Av n €€odog éxel TTAGTOG
V, = 25V, va JIKaloAoyroETE Ti
oupBaiver:
a. H diodog gival avoikTh)

VIl KPYSTAAAOAIOAOI

B. H avrioToon cival Bpayuku-
KAWPEVN
y. H diodog eival BpaxukukAw-
pévn
0. To B ka y.
3.1.11. Na oxedlaabei n xapakTnpIoTI-
KR piag 016dou pe Ta €EAG aTOI-

Xeia:
V=0 Vv =10 V_,=30 \Volt
I,=0 I,=2 I,=10 mA
V=50 V,=65 V=90 VoIt
I,=20 I,=35 I,=50 mA

Na Bpebei 1o onueio Aermoupyiag,
ME TNV YPaQIKN uéB0DO, av n dio-
00g eival ouvdedévn e opBN TTO-
Awon pe avriotaon R = 2000 Q
Kai Ty ouvexolg pedparog V, =
100 Volt.

3.1.12. Aivetal TO TTOPOKATW KUKAWMO
KOl N XOPOKTNPEIOTIKA TnG O16-
oou. Na utroAoyioBei To onueio
AgiToupyiag pe ypagiko TpoTro.

R=10000

V,= 4V D
1,(mA)
100
80
60
40
20

0 1 2 3 4 VoY)

Zxnua 3.3.10 KikAwpa doknong 3.1.12.



3.4 Aiodog peTaBANTAG XWPENTIKOTNTAG
(Varicap i Varactor)

O1wg avagépbnke otnyv Trapdaypago 3.1.2, n meploxr atmroyUpvwong Jiog OI16-
oou eTa@AG PN attoteAei éva TTUKVWTR JE "OTTAIOPOUG" Ta SUO TPAUATA TNG TTEPIO-
¥NG TUTTOU P Kai N TTou Trepiéxouv apvnTIkG Kail BTk gopTia avTioToixa. H xwpen-
TikéTTa C_ TOU TTUKVWTI QUTOU £&aptatal armo T diatoun S TG d1650u, TO WNKOg
L TnG TTEPIOXNS aTTOyUUVWONG Kal TO BINAEKTPIKO €, GUPPWVA Pe T oxéon (3.1.3):

== 3.4.1

AtrodeikvUeTal 0TI N XwpenTiKOTTa C. uETABAAAETAI QVTIOTPOPWG avaAoya TNG
TINAG TNG €EWTEPIKNG TAONG TTOU £papuoleTal oTa Akpa TNG O16d0u, OTavV CUVOE-
€70l 0 AvAOTPOPN TTOAWGON, CUPPWVA PE TN axéon (3.4.2) kai To oxAua 3.4.1.

& —— 342

N VAERY2

otrou K eival pia otaBepd n otroia e€apTaTal atrd TN YEWUETPIA Kal TO UAIKO
TOU nuiaywyou, V, gival 1o dUVOUIKG @payuou Kail V, gival n epappofouevn
avaoTpogn Taon.
H &iodog dnAadry, otav TToAwveTal ava- C, (PF)
OTPOYA, AVTIOTOIXEI hE Eva PETABANTO TTU-
KVWTI TOU OTTOIOU N XWENTIKOTNTA HETARAA-
AeTan pe TNV €EwTePIKA TAON, o€ avTiBeon
ME éva TTUKVWTI TOU OTTOIOU N XwpeNTIKOTN-
Ta €ival oTabepr] kal avegdptntn ommd TNV
epappoléuevn ota dkpa Tou TAON.

Ve(V)
H 6|c’>50g auThH oyopa{sT’al §|060g uf- Sxriua 3.4.1
TaBANTAG XwpPNTIKOTNTAG 1 diodog Bad- MeraBoAn ¢ xwenTKSTTas
pikatr (Varicap) i Varactor. d1660u Varicap
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EA&guBepo avayvwoua:
Edv dev umdpyer egwrepikn 1aon (V, =0), n oxéon (3.4.2) ypageTar:
K
C;r (0)=—==K=C;(0)-\}V, 3.4.3

Vo

AvTikaBioTwvTag TNV TIPN Tou K n oxéon (3.4.2) ypageTai:

_G(0)- Y, _ G (0) 3.4.4

C (V)=
T( R) \/V0+VR \/1+ Ve

VO

H oxéon (3.4.4) divel TNV TINA TNG XWPENTIKOTNTAG YE EEWTEPIKA (avVATTPO-
@n) Taon, CUVOPTACEI TNG APXIKNG TIUAG XWPIG EEWTEPIKN TAGN Kal Tou AOyou
TWV TACEWV TTNYNG Kal ¢payuou.

lMapadsiyua 3.4.1

AiveTal N XwpenTIKOTNTA XWPEIG €CWTEPIK TAon widg di6dou Varicap,
C,(0) = 1,6pF. Na eupebei n xwpnTikGTNTA TNG SI6B0U OTAV N EPAPUO-
(Opevn oTta akpa Téon TnG €ival 24 Qopég YeyaAUTEPN aTTO TO PPAYUO
duvapIkou TnG.

AUon
E@apuodovtag 1n oxéon (3.4.4) Ba Exoue:
1,6pF 1,6
C.(V,)= = —pF =0,32pF
(W)=~

A—| K H diodog Varicap oupPoAileTal pe €va BEAog
] oTnVv avodo Kal éva TTUKVWTA oTnv KaBodo TTou
Zxnpa 3.4.2. Seixvel 6T N diodog eival £vag PETAPRANTOC TTu-

2uuBoAicudg diddou Varicap
KvWwTNG (oxnua 3.4.2)

To 100duvapo KUKAwpa NG 816dou Varicap atoTeAeital atrd pia avriotaon
R, Tou gival n avtiotaon opbrig moAwaong, o€ aelpd pe TNV TTAPAAANAN ouvoe-
opohoyia TG peTaBAnTg XwpenTikotTNTag C_ Kal TNG avTioTaong avaoTpogng
@opdag N avaaTtpoPng moAwang R..
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H mipn Tng R, gival oAU pikpry (MepIka Cr

Qu), n ipn 1ng R, gival NG 1a8ng Twv MQ A K
evw n miun g C. Kupaivetal amod 1 £wg R,
ka1 200 pF. Re
21ov Tivaka 3.4.1 mrepiypd@ovral Exnua 3.4.3.
looduvauo kUkAwua diédou Varicap.
Varicap R (max) C,oetdon V, LIV,
BB 417 0,75 Q CT(M /Cmsv) =35 10 nA/28 V
2,7-75pF/7V
BBY 51 0,37 Q L 10 NA7 V
C./C, =175
17 pF/10 V
BB 119 1,5Q 50 nA/15V
CT4/CT10=1 ’3

OpPIoPEVA XapaKTNPIOTIKG 8100wV Varicap Tou UTTopiou:
Mivakag 3.4.1 Varicap eutropiou

EA&guBepo avdayvwoua:

H diodog Varicap epapudlerai atn diauépewan onuaro¢ kard FM. kaBwg¢
Kal o€ GAAES TNAETTIKOIVWVIAKES TEXVIKES VIO THV ETTIAOYT OUXVOTNTAG.

27 éva ouvrovi{duevo KukKAwpua LC, n ouxvornta ouvroviouou Siderai arrd 1n
oxéan (3.4.5)

f 3.4.5

1
2m/LC

Orav peraBaAAstal n xwpentikoTnTa, ueTaBAAAETal kail n ouxvoTnTA TOU OUVTO-
viouévou KukAwparog. Ortav o€ n xwpnrikotnta uerafaAAsral avrioTpopws ava-
Aoya e uia peraBaAouevn Taon, TOTE Kai ) ouxvOTNTA OUVTOVIOUOU aKOAOUBET
M€ TPOTTO avdAoyo Tnv ueTaBoAn tng Ta@ang. Autn n 1010TNTA XPNCIUOTTOIEITAI OTN
UETAGOON AaKOUTTIKOU anuarog ue Slaudppwan kard auyvornta (FM.). Me tov
i®10 TPOTTO ETIAEYETAI N TUXVOTHTA GUVTOVIGLOU £VOS PABIOPWVIKOU 1) TNAEOTTTI-
KoU OEKTN.

H suaiobnoia twv dekTwv autwyv gival TToAU ueydAn Kai yia HIkprn UETaBOAR
NG XWPNTIKOTNTAS UTTAPXEI LIEYAAN UETABOAR THS aUXVATNTAS KAl avTioTPO@A.
Armrodeikvieral Ot yia UeTaBoAn NG auxvornTag kara Af, n xwentikornta Oa pe-
TaBAn6ei kard AC omou:

AC~ 2-¥ 346
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lMapadsiyua 3.4.2

‘Eva ouvtoviopévo KUkAwpa og auxvornta f=100 MHz atroteAeital atmod
TTNVio Kal TTUKVWTH XwpnTikoTnTag C=75pF. Na utroAoyioBei n petaoAr) Tng
XWPNTIKOTNTAG, WOTE TO KUKAWWO va cuvTovifetal o€ AAAn ouxvotnta e
atmrékAion 80 KHz a11é Tnv apxIkr).

AUon
H oxéon (3.4.6) yiverai:

Af-C_ 2%x8x10*x75%10"?

AC= 2
f 100 x10°

=0,12pF

3.5 Aiodog ooTKU (Schottky)

EkT16g atrd di16doug Tou oxnuatifovtal he eTTag OUO0 NUIaywywy, UTTap-
XOuv Kal diodol pe emTagn HETAAOU Kal nuiaywyou TutTou N. Ta péTaAa ou-
MTTEPIPEPOVTAI NAEKTPOVIKA OV TOV NuIaywyo TuTtrou P. H diodog auTh kaAeital
diodog o6T1KU (Schottky) atréd Tov opwvupo epeuvnTr. H diodog Schottky TTa-
POUCIACEl XapaKTNPIOTIKA TTAPATTANCIA PE Pia aTTAL 8iod0 PN, aAAG €£xel apkeTd
TIAEOVEKTAATA.

> avTiBeon pe Tnv diodo PN, 6Tav TToAwveTal KaTd TV 0pBr popd, oI PopEig
TAEI0VOTNTOG TOU NuIaywyou TUTTou N, TToU gival Ta NAEKTPOVIA, EI0E€PXOVTAI
OTO WETAAAO Kal eviovovTal PE Ta eAeUBepa NAeKTPOVIO TOU PETAAAOU. Me Tov
TPOTTO AUTO dEV UTTAPXEI CUCCWPEUCN POPTIWV OTTWG CUUPAIVEI GTNV TTEPIOXN
atroyupvwaong piag d16dou PN. EtTropévwg o xpovog JwAG TwV NAEKTPOVIWY,
MEXPI TNV ETTAVOCUVOEDN TOUG UE TIG OTTEG, €ival EAAXIOTOG O€ avTiBean pe Tnv
0iodo PN .

Ortav pia diodog PN aAAdgel TToAIkOTNTA aTTO 0pOr O avaaTpoPn, TO ava-
OTPOYO PeUNA, OTIyMIOia €ival i00 PE TO peUPa 0PBNAG PoPAg. MeTd Ouwg atrd
OPITUEVO XPOVO, TTOU KaAEiTal XpOVOg aTroKaTaoTaong t, , 70 avaoTpoPo peu-
Ma yivetal TToAU piIkpd. H diodog Schottky eival pia 6iodog pe TTapa oAU pikpd
XPOVO aTToKaTACTAONG (TNG TAENG Nsec) Adyw TNG KN CUCCWPEUCNG POPTIWV.

H &iodog Schottky, yia Toug avwTtépw AGYOUG, XPNOIUOTIOIEITOI OTO WN@IAKA
KUKAWUOTa OTTOU ATTAITEITAI YPr)yopn METARACN aTTd TNV aywyihotnTa (0pdr 1To-
Awaon) oTnv atrokoTT (avacTpo@n TTOAWGN) Kal 0€ OIAKOTITOPEVA TPOPODOTIKA

YA KPYSTAAAOAIOAOI




(TraApOTPO@OBOTIKA) yia TOug iBloug Adyougs. ETTiong xpnoiyoTToIEiTal O€ EQapuo-

YEG XOUNANG TéonNg, yiaTi n eTTaer] JETAAAOU -nuiaywyoU TTapOUCIAdel JIKPOTEPO

@payuo duvapikou (0,3V) atrd tnv emagn PN (0,7 V) (Low power Schottky TTL).
To ouupolo Tng d16dou Schottky poidler pe 1o oupBoAo NG d16dou PN aAAG

£XEI OTO PHEPOG TNG KaBOdou TO ypduua S (oxAua 3.5.1):
H diodog Schottky cixe avakaAupBei ammd Tn

oekaeTia Tou ‘50 aAAG poévo yupw ota 1970, ue A «
TNV avATITUEN TWV OAOKANPWHEVWY KUKAWUATWY, Zxnua 3.5.1.
ApXIOE VO KOTAOKEUAZETAI KOl VO XPNOIUOTIOIEITaI 20pBoAo Bi6ou Schottky
EUPEWG.

3.6 Aiodog Zévep (Zener) Kal EQOAPHOYES
3.6.1 Aiodog Zener

Katd tnv avaaTtpoen TTOAwan piag d16dou PN pe EwTepIKr auveyr Taan, To
peupa TTou diEpxETal péoa atro Tnv diodo |, gival oAU pikpd. Ooo augdverai n
TINA TNG €CWTEPIKAG TAONG, TOOO augaveTtal (EAa@pd) Kal TO avaoTPOoPOo peUQ,
MEXPI MIa OpIouévn TIUR TNG TAoNG TTEPAV aTTO TNV OTToia TO PEUPA QUEAVETOI
atrétoua. H avaotpo®n autrh Tdon ovouddeTal Taon Zener TTPOG TIUA TOU ETTI-
OTAMOVA TTOU AVAKAAUWE TO OJWVUHO QPAIVOUEVO.

Mpdyuarti, ge TNV algnon TG avaoTpo®ng TAoNG AUEAVEl TO NAEKTPIKO TTe-
Oio kal Ta NAeKTPOVIa TTOU KIVOUVTal JECO OTh iod0 ATTOKTOUV APKETA PEYAAN
KIVNTIKA evépyela. ATTOTEAECPO auTou gival OTI G€ KATTOIA TIPA TNG TAONG TA NAE-
KTPOVIa OTTAVE TOUG OECHOUG TWV ATOPWY TOU NUIAYWYOU Kal aTTEAEUBEPWVETAI
MEYAAOG apIBUOG VEWY NAEKTPOVIWY TTOU CUPPBAAAEI 0Tn dnuioupyia 1I0XUpoU
peupartog. H trepioxr) TA0EwWV Kal PEUPATWY OTTOU CUUBaiVEl TO QAIVOUEVO
Zener, Aéyetal Trepioxn didotraong (breakdown) tng di6dou.

Av ot pia koivA 6iodo, OTTWG auTEG TTOU £EETACONKAV UEXPI TWPA, EQOPO-
00¢i avaoTtpopn Taon PeyoAUTeEPN atro Tnv Taon didoTracng, n diodog Kata-
oTpépeTal. [Na Tov Adyo autd, kataokeuadovtal €10IKEG diodol TTou AsIToupyouv
oTnv Teploxr didoTaong Kal Aéyovtal diodoi Zener kai xapakTnpifovral ammo
v Tdon Zener (V).

210 oxnua 3.6.1 (a) @aivetal N XapakTnEIoTIKA peupatog tdong (I-V) piag
d16dou Zener kai 1o oxiua 3.6.1 (B) eaiveral To cUPPOAO TNG BIGdOU AUTAG.
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Vo Z max VZmin‘ ZK

IZmin K

@ ()

Zxnua 3.6.1. Aiodog Zener (a) XapaktnpioTikn, (B) ZouBoAo

ATTO TNV KOUTTUAN @aivetal 6T HeTa atmd Tnv Tacn Katw@Aiou (V,, ) N eAaxi-
oTn 1aon Zener (V,, . ), N XOPOKTNPIOTIKA KAUTTUAN €ival axedov Eva eubuypau-
po TuNEa pe KAion 1/R,, dtrou R ival n avTtiotaon tng d1600u Kal IoxUEL:

Vv, -V

R, = szt 3.6.1

Zmax Zmin

H avtiotaon R, givai moAU pikpr) (0 - 500 Q). H 1don Zener, V, opiCeTal wg n
TGoN TTOU avTIoTOIXEI OTO peUpa |, oTToU:

l. = IZmax r IZmin 3.6.2
z

2

dnAadn To |, gival To NUIGBpOIoUA TWV AKPAiWV TIHWV TOU PEUPATOG TNG
o16d0u.

AvtiBeta, n eAdyiotn kal péyiotn Téon Zener dev dIOQEPOUV TTOAU PETOEU

TOUG Kal TTPaKTIKG V. ~ V, . ~V,

Y/ KPYSTAANAOAIOAOI




To 1000Uvapo KUKAwpa TnNg O16dou

v
Zener atroTeAeital amméd yia Tnyry taong V, K Re ’ A
oe oelpd pe avriotaon R, 6mmwg @aiveral ]
oT1o oxnua 3.6.2.
Ta XOPOKTNPIOTIKE Twv 3163wV Zener, Zxnpa 3.6.2.

, . . looduvapo kUkAwpua &166ou Zener
Ta OTT0IO TTPOdIaYPAPOVTAl ATTO TOUG KATA-

OKEUAOTEG, €ival Ta akOAouba:
a. Hraon Zener (V) n mipn g otoiag Kupaiveral atoé 2,4 £éwg kai 200V.
B. To péyioTo emiTpeméuevo pevuual 1 N PEYIOTN ETTITPETTOMEVN IO0XUG
P
y. H duvapikn avtiotaon g d16dou R, Kai
0. O ouvteAeoTrg Beppokpaciag a, o oTToiog dnAwvel To pubuo peTafo-
ANG Tng Taong V, pe T Beppokpaaia. O BepuokpacIakdg GUVTEAEDTAG
gival €ite apvnTIKOG, €iTe BETIKOG KAl EKPPACETAI € TTOOOOTO avd Bab-
poug Kehaiou (% / °C).
O1 Tigég NG Tdong Zener Twv d160wV Zener Tou EUTTOPIOU KUpaivovTal atTd
2,4 €w¢g 200V kai akoAouBouv Katd TTpooéyyion Toug Trivakeg E12 kal E24 twv
QVTIOTACEWV.

Zmax

Mapadsiyua 3.6.1

MNa 1n diodo Zener 1N5233, tou éxel a = 3,8 x 10/°C kau V, =6 V, va
gupebei n augnon g Taong V,, 61av n Beppokpaacia augnBei kard 6 = 50°C.

AGon

H ad¢non tng Tdong Zener yia auénon g Beppokpaaciag katd 50°C Ba
givar:

AV =V, xax0=6,0x0,00038x50=0,114 V.

Mapadsiyua 3.6.2

270 KATWOI KUKAWA va uttoAoyioBei To pelpa
l,, 6Tav n diodog Zener éxel Taon V, = 6,8 V, n
avtiotaon eival R = 950 Q kai n tédon NG TTNYNAS V, I, \Y
€l00dou eivar V, = 10 V kal yia TIg TIEPITITWOEIG:

a)R =0 B) R, =50Q
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AGon
E@appolovtag 1o vouo Twyv tédoewv Tou Kirchnoff 1o kKUkAwpa Ba eivai:
)R, =0

V-V, _10-6,8vV _ 3,2V
:= R 7" 9500~ 9500

I =3,36mA

B) R, =500

V-V 10-6,8V _ 3,2V
V= (R+R)L+V, 6 I, =~ 2 ] = OV 22V _ 3 omA
FRARJL AV, 0 L =gt = L (950+50)Q _ 10000

MapatnpoUye 61 N TiuA Tou |, dev peTaBaAAeTal onuavTika. Na oxolia-
o0¢i.

3.6.2 Xpon tng 81680u Zener yia otabgpoTtroinon Taong

O1 epappoyEg NG di6dou Zener gival TTOAES. H onuavTIKOTEPN OPWG EQap-
poyn gival n ataBepotroinan Taong. MoAAEG popég eival avaykn va UTTApXE! pia
oTabepn TAoN, aveEapTnTn ATTO TIG OTTOIEG PETAPBOAEG TWV TIMWV TWV OTOIXEIWV
TOU NAEKTPOVIKOU KUKAWMPOTOG. ZTaBepn TAON PTTOPE va XpeIaoBei TT.. €iTe WG
Tdon ava@opds o€ GAAa KUKAWUATA, €TE yia va TTpooTaTeudei £va euaiocBbnTo
Opyavo PETPNONG, OTTWG TO PMIANIGUTTEPOUETPO, ATTO UTTEPEVTATEIS Ol OTTOIEG UTTO-
pEi va gival KAaTaoTPOYIKEG.

‘Eva KAOOOIKO aTTAG  KUKAW-
Mo oTaBepoTroinong @aiveral GTo
! L oxfua 3.6.3.

270 TapaTrdvw KUKAwPa, n
i Lo TGoN OTa GKPa TNG avTioTaong
I @opTou R TrpETel va pével oTabe-
pr ave¢dpTnTa atmo TIG JETAROAEG
g 1aong V. 4 ng avriotaong R.
Sxfiua 3.6.3. H avTtioTaon @opTou utopei va ei-
KukAwpa oraBeporroinang raong val N avTioTaon €10050U EiTe PIOG
TPOPODOOTIKAG BIATALNG €iTE €VOG
opydvou pétpnong. Otwpolpe

R =0.

L KPYZTAAAOAIOAOI




E@apuodlovtag Toug VOUOoUG TwV TACEWY Kal PEUMATWY, KOBWG Kal TO VOO
Tou Qu (Ohm) 010 KUKAwPa Tou oxfuatog (3.6.3.) Ba 1oxUel:

V.
V=R+V, I=L+1, I =22, V=V, 36.3
L

AvTIKaBIoTWVTAG TIG TIHEG TwV | Kai | Ba givai:

V.
5= IZR"'R_ZR"'VZ 3.6.4

L

H egiowon (3.6.4) divel T peTaBoAR TNG Tong £I0630U TUVOPTHOEI TOU PEU-
MATOG Kal TaoNg TNG d16d0U Zener Kal TTapIoTAVEl YPa@IKA pia eubeia ypauun
TTAVW OTO JIAYPAUKA TNG XAPAKTNPICTIKAG KAPTTUANG TNG 816d0u. H euBtia auTr
KaAgiTal euBeia @oépTou, KAt avaloyia Pe 6T IoXUouV yia Tnv diodo PN.

>1n oxéon (3.6.4) 10 pévo oTabepd péyebog ival n Téon NG diddou Zener
V.. OAa 1a GMa peyedn umopouv va petaBdAovral. ‘ETol utrdpxouv ol €§ig
TTEPITITWOEIG:

a. H avriotaon @dptou R, 1} 10 pedpa @oépTou |, rapauével otaBepd Kai pe-

TaBAaMeTal n Taon €10680u V, kabwg Kai To peupa TNG d16d0U |,
B. H taon €i06dou V, rapayével otabepr) Kal peTaBaAlovral Ta peduata
@opTou |, kai di6dou |,.

ZTnv TTepiTITwon (a) TTou n avtioTaon gopTou R, Trapauével atabepr, N oxE-

on (3.6.4) ypdoetai:

vi=IZR+ﬁR+vZ;»vi= 12+ﬁ R+V, =
RL L
R = Vi-VZ
L+ V2 3.6.5
R

A6 TV €Ciowon (3.6.5) yttopei va uttoAoyioBei n avriotaon R.
H péyiotn iy Tng avriotaong R eival étav o apibuntg Tng oxéong (3.6.5)
MEYIOTOTTOINBEI KOl O TTAPOVOUOOTHG EAAXIOTOTTOINGEI. ZUVETTWG Ba £XOUE:
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V. . -V

Rmax — imax Z
L+ 3.6.6

RL
Me trapopolo TpoTTo utToAoyidetal n Tiur TG avtiotacng R . étav o api6-
MNTAG TNG ox€ang (3.6.5) eAaxioToTroINOEl KAl O TTAPOVOUAOTAG UEYIOTOTTOIN-

Osi.

R — Vimin - VZ
"L WV 367
Zmax R

L

Mapadsiyua 3.6.3

H 1aon g TNyng €106d0u V, Tou oxruarog 3.6.3 petaBaretal ammo V,
=15V péxpr vV, =25 V.Eav R = 10KQ ka1 V, =10V, R, =0, I, =1 mA,

va eupeBei N P€yioTn TiYn TNG v o€IpaG avtioTaong R.
Abon
Ta dedopéva eivar: 15V <V, <25V, V, =10V, |

L, =1mA R =0.
H oxéon (3.6.6) divel:

Vo - V. -
Ropm = —= VZ =% 101\(/) = 15V_3=7,5><103Q= 7,5KQ
IZmin +-F 10—3 + 3 2x10
R, 10x10

lMapadsiyua 3.6.4

270 KUKAWPA TOU TTponyouUpEvVoU TTapadeiypaTog, To peUpa ¢OpTOU TTPE-
el va Trapapével oTabepo | =75 mA. Aidovtal ol Tiuég: R=200Q,V, =75V,
L. =2mA, L, =30 mA. Na eupebolv n PéyioTn Kai eEAAXIOTN TIUA TNG TA-
ong €106d0ou V, WaTe To PeUa GOPTOU VA TIAPAMEIVEl GTABEPO.

Adon

Eteidr] 1o peupa @opToU TTapapével aTaBePO Kal N avTioTaon QOpTou
gival otaBepn, DIOTI:

Ll KPYZTAAAOAIOAOI




H oxéon (3.6.4.) ypdoeTau:

R
R,

V. =RI, + V, O1ou Yévo 10 peupa Zener YeTaBAAAETaN.

Emopévwg n eAaxIoTn kai n péyioTn Tipn g V, givai:

200

V.. =200%x2x103% +|=—+1
100

imin

x7,5=0,4+22,5=22,9V

200

V. =200x30x10°+|=—+1
100

i max

x7,5=6+22,5= 28,5V

MEPIAHWH 3.4 - 3.6

® H diodog Varactor ] Varicap cival pia 6iodog TTou TTOAWVETAI avaoTpoPa
Kl N XwPENTIKOTNTA TNG METABAAAETAI AVTIOTPOPWG avaAoya PE TNV £CwTE-
PIKA Ton TToU EQAPPOLETAl OTA GKPO TNG.

® H diodog Varicap avTioToixei pe éva peTaBANTO TTUKVWTH O€ avTiBeon
ME €éva oTaBEPO TTUKVWTI) TOU OTTOIOU N XwPNTIKOTATA TTOPAUEVEI OTABEPN.

® H diodog Schottky eival pia era@ni MeTAGAAOU Kal nuIaywyou Kal TO
TAeoVEKTNMA TNG atro Tnv era@r PN eival o1 xpeidletal TTOAU pIKPOTEPO
XPOVO yia va PeTaBei atTd TNV KATACTOON QywyInoTnTag (0pBnR TTOAwGOnN)
OTnV KATdoTaon amokoTig (avaoTpo®n TTOAwonN).

e H diodog Schottky xpnoipotroigital o€ Yn@IOKAd KUKAWHATA XOUNAAG
Tdong dI16TI N TAON @PAyPoU TNG TTEPIOXAG ATTOYUUVWONG gival MIKPOTEPN
atré auTh PIag Koivg di16dou PN (0,25 - 0,3 V).

® H 3iodog Zener AciToupyei oTnVv TEPIOXA dIAOTTAONG, TTOAWVETAI AVA-
OTPOYA Kal XapakTnpideTal atrd Tnv atroToun auénon Tou avaoTpo®ou peU-
MaTOG, OTav n Tédon oTa Akpa TNG GOACEl Pia opICPEVN TIUA TTOU AEyeTal
Tdon Zener.

® H diodog Zener ptropei va xpnoipyotroindei yia Tn otabgpotroinon 1d-
ong, 1TeIdn TTapéxel otabepr) TGon oTa AKPa TNG, AVECAPTNTA ATTO TN PETA-
BoArR otnv Tdon €106dou A TN PETABOAR TOU PEUPATOG POPTOU.
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EPQTHZEIX - AZKHZEIZ

3.4 - 3.6

3.4.1.

3.4.2.

3.4.3.

3.4.4.

3.4.5.

v, =

3.4.6.

Ti gival n 6iodog PeTABANTAG XW-
PNTIKOTNTOG;

AwoTe TN PETABOAR TNG XWpPNTI-
KOTNTAG Miag 81600u PETABANTAS
XwPNTIKOTNTAG PE TN PETABOAR
NG avaoTpopng TaoNG.

Mwg vyivetal n oTaBepoTToinon
TaoNG ye Zener;

Av o¢ éva oTaBepoTroinTh Tdong
ME Zener, n Tdon €1l0600uU TTaip-
VEI JIa EAAXIOTN TIUA, VO UTTOAO-
yIo6¢gi N peTaBOAr OTO GUVOAIKO
peUA TOU KUKAWPATOG, OTO peU-
Mo @épTOoU Kal Zener.

AideTal To KUKAwpa. H diodog Be-
wpeital 1davikA. Av R =1000 Q,
V, = 6,8V va utoloyioBouv 10
pevpaTa:

[, |

L’ "Zmin’ "Zmax"®

R =800Q

20-30V Vv, R

Na utroAoyIoBei n TIuA TNG Xwpen-
TikoTNTaG C_ 0ot pia diodo Varicap
étav n TP TNG XwPENTIKOTNTAG
Xwpig taon givar C(0) = 100 pF,
n 1édon @payuou V, = 0,7 V kai n
avrtiotpogn 1don V, = 8,3 V.

KPYZTAANOAIOAOI

34.7.

3.4.8.

3.4.9.

3.4.10.

Av pia diodog Zener peTpnBei pe
avaAOyIKO WHOUETPO Kal GUVOE-
B¢i o avaoTpoPn Gopd, n avri-
oTaon Tng eivai:

a. MoAU peydAn

B. Mndevikn

y. Mikpn.

Na yivel n owaoTr avTioToixion:
XwpnTiKOTATA 160U I
Varactor
Tdéon Zener
Petua @optou
Pedpa di16d0u I
AvaaTtpogn Taon C
AvdoTpogo pelua |
MNa ouvtoviopd evog padlopw-
vou otn ¢wvn FM (88MHz -
108MHz), xpnoiyotrolgital dio-
00G peTaBaAAOpEVNG  XwpenNTI-
koTNTaG. Na eupebei n Tepioxn
METABOAAG TNG XWPNTIKOTNTAG,
6TavV yIo OUVTOVIOPO Of€ Ou-
xvornta f = 100 MHz civai C =
100pF.

Na gupeBei 10 pelpa |, aTo KU-
KAWQ:

R

+ 20V

L1 ska

12V



3.7 E@appoyég Twv d16dwv

O1 epappoyég Twv d16dwV (KpuoTaAAo-
0160wV) gival TTapa TTOAAEG. XpnOIPOoTToIoU-
vTal T.X. OTa avaAoyIKG NAEKTPOVIKA Ku-

KAwpata cav avopBwrég, dnAadny cav

eAeyxouevol IOKOTITEG yia Tn diEAeuon N

OX!I TOU NAEKTPIKOU peupaTtog (Nuiavopbw-

on, TTAAPNG avopbwaon) Kal oTa Yn@Iakd

NAEKTPOVIKA KUKAWUOTA YIa TNV TTApAywVr)

TTOAMIKWY onudTtwy (waAidioTég). Etiong

Xpnoiyotrololvtal oTn padlouwyvia Kal TNV

TNAEOPOON yia TNV ETTIAOYR TNG GUXVOTNTAG

eKTTOUTTAG (Siodol peTABANTAG XwpenTi- Sxfua 3.7.1.
KOTNTOG) KABWG Kal yIo aviywaon TG TA- Aiodor o¢ diakpitr Hopr
ong (TroAAaTTAac106TAG TAONG).

MaAaidTepa o1 diodol KATaoKEUALOVTaV O€ BIAKPITI) HOVO Pop®r OTTWS @ai-
veTal 01O oxNpa (3.7.1) 6TTOU TO OXNKA Kal To PEyeBog Toug e€apTdTal atd Ta
XAPOKTNPIOTIKA TOUG (TAON, PEUMA, I0XUG K.ATT.)

Me tnv avdamTuén Tng NAEKTPOVIKAG TexVoAoyiag, Kupiwg peta 1o 1970, ol
diodol kataokeudadovTal Kal
uttd Hop@r] OAOKANPwWHEVOU
kKukhwpatog (I.C.) 10 otroio
TEPIEXEN 2, 4 1 Kal 8 B16doug 8)
€iTe aoUVOETEG UETAEU TOUG,
€iTe o€ oUVOETUOAOYIa KOIVIG 12 3 4 5 6 7 8
avodou 1 KoIvAg KaBddou N
Yépupag. Autég ol diatdEelg
160wV AéyovTal TTAPATASEIG
N Twivakeg S165wv (diode
arrays). 210 oxnua (3.7.2)

@aivovtal diodol yépupag n y , . @ 2 34
o€ dIaTdgn Kal O.K.

16 1514 13 12 11 10

Zxnua 3.7.2.
Aiarééeic 6160wy (a) Mépupa, (B) CA3141(RCA)
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3.7.1 HuiavépOwon

270 KUKAWPATA TTOU XPNOIPOTTOINBNKAY OTIG TTPONYOUNEVES TTOPAYPAPOUG
TOU KEPaAaiou, n TTNyA TAONG €10080U ATAV TTNYH CuvEXOUG TAONG N OTToia TTa-
pauével OTaBEPN WE TO XPOVO. ZUveXT TAOTN XPNOIKOTTIOIOUV OXEOOV OAEG OI NAE-
KTPOVIKEG OUOKEUEG.

O1 otaBuoi TTapaywyng NAEKTPIKNAG EVEPYEIOG TTOPAYOUV EVOAAAGOOUEVN
Tdon, n TIYA TNG OTToiag dev TTapapével OTABEPA WE TOV XPOVO OAAG PETOARAA-
Aetal. H evaA\aooouevn Taon €xel ONPOVTIKG TTAEOVEKTAUATA EVAVTI TNG OUVE-
¥0oUG, KUpiwg oTnv d1adIKacia JETAPOPAS aTrd Ta EPYOCTACIA TTAPAYWYAS TTPOG
T KEVTPA KATAVAAWGONG KOl XPNOIUOTTOIEITAl EUPEWG.

ATtraitoUvTal, GUVETTWG, NAEKTPOVIKEG DIATALEIG Ol OTToiEG Ba PETATPETTOUV
TNV evaAAaoaodpevn 1aon o€ ouvexn. O1 dIaTAeIg auTéG AéyovTal TPOPOSOTIKG
Kal Ba peAeTnBouv oTn B” TaEN. Ta TPO@OBOTIKA TTEPIEXOUV PETAEU TwV GAAWY
NAEKTPOVIKWYV CTOIXEIWY Kal TOUG AEyOUEVOUG aVOPOWTEG.

O1 avopBbwTég 1 avopBwTIkéES dIaTdtelg TrTapouaidlouy PIKpR avTioTaon otav
TTOAWBOUV KaTA TNV 0pBr POpPa Kai PeyaAn avtioTaon otav TToAwBoUv KaTd TNV
avaoTpogn @opd. MaAaidTepa agav avopBwTES XPNOIUOTTIOIOUVTO XNUIKA OTOl-
XEIQ 1 XNUIKEG EVWOEIG OTTWG TO OEANVIO, TO YEPHAVIO, TO OEIBIO TOU XaAKOU
KATT. ZAPEPA XpnoiyoTtrolouvTal Kupiwg diodol etaers PN di10TI n avriotaon
avAaoTpoPng PopdAg eival TTAPaA TTOAU PeyaAUTEPN aTrd TNV avTioTaon opBdng go-
pdg. (R, / R, =10.000 -1.000.000)

To amAouoTepo KUKAwpa avopbwong @aivetal oto oxnua  (3.7.3).
Omwg BAEoupe, amoteeital ammo Tyn evaAlAaooouevng taong V, nuito-
VOEIBOUG popPng e péyioTn TP (TTAarog V), cuxvornta f, mepiodo T kai

V=V _nu(2mft)

! i L
Y 0 T2 T 3T/2 t

m

Zxnua 3.7.3. KikAwpua ammAng avépbwaongs n nuiavopbwons

YA KPYSTAAAOAIOAO!




KUKAIKI] ouxvotnTa w=2trf, pia 1davikry diodo D (Vy = 0, R, = 0) kabwg kai pia
avTioTaon @opTou R, .

To KUKAwpa ovopdderal KOUKAwPa atmmrARg avopBwaong | nuiavopdw-
ong Kai n Tdon £§68ou V, Aéyetal nuiavopBwuévn Tdon.

Orav n 1aon €10600u £xel BeTIKA TIWA, dnAadn otav 0<V<V_ kai 0<t<T/2 n
0iod0g¢ gival TToAwpEVN KaTd TNV 0pBr @opd Kal CUVETTWG Ayel. ETreidn n diodog
Bewpeitar 1Idavik dev UTTAPXEI TITWON TAoNG OTA AKPA TNG Kal €101 OAN n TG0N
€1I0600U PETAQEPETAI OTNV £€€000. 210 oxnua 3.7.4(a) @aivovTal Ol KUPATOUOpP-
@EG TNG TAONG Kal TOU pEUPATOG £EOBO0U.

Orav n taon €106dou civar apvnTikA, dnAadn -V, <V, <0 kai oTnv nuiTe-
piodo T/2 <t <T, n diodog eival avaoTpo@a TTOAwWUEVN Kol SEv dyel OTTOTE

Vi
D
Vm
|L 0 T2 T 3T/2 2T !
Vi RV, |
(@) Vo
RL
t
0
VL
Vm
t
0
D v,
IL=0
v, : R, .
B !
Y

Zxnua 3.7.4. Taoeic Kai peUuaTa Kard tnv nuiavopbwon
(a) ©ctikn T@dan e10660u (B) ApvnTiki TGN €1I0660U
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TO KUKAwWa €ival avoikToé Kal To peUPa TTou dlappéel TO OPTO gival Pndév Kal
OUVETTWG Kal n Tdon €§6dou undevidetal OTTwg @aivetal oto oxnua 3.7.4(B).
Ta idia ocupPaivouv kai kata mn deuTepn (T < t < 2T), 1pitn (2T <t < 3T) K.A.TT.
Tepiodo.

ATTO TNV TTapatmavw avaAucn SIaTTIOTWVETAI OTI €XOUUE TAON Kal peUpa €€0-
Oou Pbvo KATA TIG NUITTEPIOOOUG BETIKNG TTOAIKOTNTAG TNG TAONG €£I00O0U Kal yia
TO AOYO auTO N Tdon ££6dou gival nUIavopBwHEV dnAadr PIco-avopBwuEvn.

Ortav n diodog dev eivai 1IdavikA Ba £XEl, WG yvwaoTo, TAaN yovartog Vy Kai pia
avTioTaon opBng @opdg R_ # 0. ZTnv TepITITwon auTr| To PEyIoTo pelpa £5650U
Ba eiva:

[ =Y 371
R: +R,
Kal n péyiotn téon £¢6dou:
v, -V,
Vi=I1,R = o R, 3.7.2

[ L

OT11W6 €ival yvwaoTo, éva GUVEXEC PEUUA ETPIETAI UE AUTTEPOUETPO GUVEXOUG
peupaTog (dc), evwy éva evaAAaCOOPEVO PEUNA PETPIETAI E EVO APTTEPOUETPO
evalaagoopévou (ac). To nuiavopBbwuévo pelpa TTapouaiddel dUo dIaPOPETI-
KEG TINEG OTAV PETPNOEI e Opyava cuveEXOUG Kal EVAAAOGOOUEVOU PEUUATOC Kal
TOUTO, OIOTI TTEPIEXEI KAI GUVEXN KOl EVOAAACOOUEVN OUVIOTWOA TOU PEUPATOG.
To id10 10xUEl Kal yia TNV nuiavopBwévn Taor.

H ouvexAg (dc) ouvioTwaoa Tou NUIavOPBwPEVOU PEUUATOG OpICETal AV TN
MEoN TiIUr Tou NuIavopBwuévou pelpaTog g OAn TNV TTepiodo 0 < t<T. Mg pabn-
MaTIKoUG UTTOAOYIONOUG BRIioKETaI OTI N TIMA QUTAG TNG CUVICTWOOG €ival:

—

I, =-"=~0,3181, 3.7.3

S
Vm
omou I, = =™ kou 1 = 3,1415...
RL

H ouvexng (dc) ouvioTwoa TnG TAong TToU UETPAEl Eva BOATOUETPO GUVE-
¥oug givai:

/Sl KPYSTAAAOAIOAO!




Vm
n

V, =

dc

~ 0,318V, = R

H evepydg (rms) Tiur Tou peUPATOG KAl TNG TAONG, TO PEYEBN TTOU PETPIOUVTAI
ME QUTTEPOETPO KOl BOATOPETPO EVOANACTOUEVOU avTioToIXa, didovTal aTrd TNV
oxéon:

I V.
=r=05I, V,=-2=05V 7.
rms 2 m rms 2 m 3.7.5

Mapadsiyua 3.7.1
MNa 10 KUKAwpa Tou oxfRuatog 3.7.3 didovrtar: MEyioTn Tiun (TIA Kopu-
¢ng) Ing taong ac nyng V=50V, avriotaon @optou R =100 Q, VV =0,7V,
R. =50 Q. Na eupeBolv n ouvexng 10N YOPTOU, TO CUVEXEG PEUHA QOPTOU
Kal n evepyog TIWN TOu NUIavopBwuEVOU PEUNATOG.
Auon
A6 TNV oxéon (3.7.1) £Xoupe:

_Vo-Vy _50-0,7 _49;3

I = = =329mA
R, +R. 100+50 150

ATTO TIG o)éoelg (3.7.3) Kai (3.7.4) £xoupe:
l,,=0318+1 =105mA

V,.=1,.°R =105mAx 100Q = 10,5V.

dc d

TéNog, n oxéon (3.7.5) divel:

| 329

| = n=_"-
Lrms 2 2

=164,5mA
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3.7.2 AirAq A NMARpNng AvépBwon

2NV TIEPITITWON TNG NUIavopBwuévng TAoNG, N CUVEXAG CUVIOCTWOO TOU
PEUPOTOG KAl TNG TAONG £€600U, OTTWG TTPOKUTITEI ATTO TIG OXEOEIG (3.7.3) Kal
(3.7.4), eivai pévo 1o 1/11 AToI TO0 31.8% TOU pEYIOTOU PEUPATOG KAI TNG TAONG
€l0660u avTtioTolxa. To PIKPO TTO00CTO AUTO O@EiAeTal GTO OTI N 5i0d0G TOU KU-
KAWMATOG Ayel HOVO KaTA Tn OETIKA NUITTEPIOOO Kal ETTOPEVWG UTTAPXEI pEUUQ
Kal Taon oToV @OPTO PHOVO KATA TNV NUITTEPiIodO auTr).

3.7.2.1 AirAQ avopBwon pe dUo (2) dibdoug

Mia Adon yia va auénBei To TTooooTd auTo, Ba gival va TTPooTeBE pia deU-
TEPN Bi0d0OG OTO KUKAWMG N oTToia va divel peUpa oTov QOPTO KATA TNV apvn-
TIKF] NUITTEPIOdO TNG TAONG €10080U. 'Eva TETOI0 KUKAWMA QaiveTal OTO OXMMA
(3.7.5). To KUKAwpa auTo TTapéxel TNV Aeyouevn SITTAR A TTARPN avopbwon.

VAF
A D, A Va
Il
V
" R, v, o T2 T 3T/2
Taon
AikTU0U r E
VBI’
Vm
I2
B
D2
0 T2 T 3772
-V

Zxnua 3.7.5. KikAwua oirAng n mAnpoug avépbwong, (a) KikAwua
(B) Kuuarouoppés eio6dou
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H tdon Tou dikTUOU (220V, 50 Hz) petaoynuatifetal o xapnAdTEPN TAON
o710 OguTEPEUOV TTNVIO TOU JETAOXNMUOTIOTOU, TO OTTOIO £XEI HETaia Afyn Kal TTa-
pEXEl BUO ioeg TAOEIG pE PEYIOTN TIMA V_ 0Toug dUo BPOXOUG TOU KUKAWHATOG.

H peoaia Afyn Tou deuTePEUOVTOG TINVIOU TOU PETOOXNMOTIOTH (onueio IN)
OUVOEETaI UE TO £va AKPO TNG avTioTaong @épTou R, £vw To GAAO GKPO TNG avTi-
oTaoNG CUVOEETaI PE TIG KaBOdoug Twv d16dwv D, kai D, (onueio A). O1 diodol
BewpouvTal IBAVIKEG.

Katd tnv nuitrepiodo 0 < t < T/2, To anueio A gival BeTIKOTEPO aTTO TO onuEio
(V,r=+V_), ev 1o anueio B ival apvnTikdtepo amo 1o onueio I (V, =-V_). Autd
oupBaivel 16T Ta TUAiypaTa Tou SEUTEPEUOVTOG TTNVIOU TOU PETOOXNUATIOTH €ival
TUNlydEva pe avTiBetn @opd. H diodog D, dyel kai uTtdpyel peUa 0T0 KUKAWUA
AAETA kai eTTopEVWG Kal aTo @OpTO R, TTOU €ival To peupa NUIavopBwong e
péon mpn . =1 /2. H diodog D, dev dyel, yiari gival avaoTpo@a TTOAwUEVN.

Katd tnv nuimrepiodo T/2 <t < T \%
givar: V, =-V_, V. =+V . ETogévwg
n 8iodog D, dyel evw n diodog D, dev
ayel, dI0TI gival o€ avaoTpo@n TTOAW-

L

Vm
on. 'Etol, oto kKUkAwpa BAETB diép-
XETaI p’)supa L, Hs uaon’npn lge = Ir’n/2. . 7 ; - R
Etmropévwg uttdpyel Taon Kal peuua Sxriua 3.7.6.
OTO POPTO, OTTWG PAIVETAI OTO OXHaA Taon kai psdua eépTOU OTNV TTARPN
3.7.6. avopduwan

H péon miyn T avopBwuévng TaoNGS Kail Tou avopBwuévou pelpaTog dido-
vTal aTTo TIG oX£oelg (3.7.6) kai (3.7.7) avTioToixa.

v, =2n = 0,636V,
n

dc

3.7.6

I =£=%=0,636 I
R

Lo TRy 377

Apa, n péon Tipn (dc) Tng Tdong Kal Tou PEUUATOG OTNV TTAR PN avop-
Bwon gival diITTAdoia a1rd 6TI TNV NUIOVOPOWON.
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H avtioToixn evepyog (rms) Tiur TNG TAONG KOl TOU PEUNATOG TNV TTARPN
avopBwoaon eivai:

L Y 3.7.8
rms \/E’ rms \/E -0

Mapadsiyua 3.7.2

210 oxfua 3.7.5. ntaon V=50V, n avriotacn @optou R =100 Q kain
0iodog £xel TAON yovaTog V,=0,7 Vkai avriotaan opdrg @opag R.= 50 Q.
Na eupeBouv 1al,, V., |,

Abon

E@appolovtag Tig oxéoeig (3.7.6), (3.7.7) kai (3.7.8) Oa givai:

|, =0,636|_=0,636 x 329 mA =209 mA.

V, =1, R =209 mAx100 Q=209 V.

dc d

I, =2 = =14,
ms T 1,4142

3.7.2.2 AitTA avépBwon pe yépupa d16dwv

MNa tnv ARPN avopbw-
on, XPNOIYOTIOoIEiTal OAuE-

D
D, : pa ouxvd n diaTagn NG yé-
Ta ) )
Allgl'ol:lgu Vi Qupag 510dwv. H yépupa
5 5 0160wV aTtroTeAeital amod 4

016000UG OUVOEDEUEVEG OTTWG
oTto oxAua 3.7.7. Mg 10 KU-
KAwUa NG yEéQupag aTro-
@eUYETAI N Xprion TOU HETA-
OXNMOTIOTA PE peoaia Ajyn
TTOU €ival aveTTiOuunTn Adyw
KOOTOUG JETOOXNUATIOTH.

Zxnua 3.7.7.
TMAhpng avépbwan e yépupa d160wv

KPYZTAANOAIOAOI




Katd tn BeTiki nuimepiodo Tng 1dong €100dou, ol diodol D, kai D, dyouv
(KOkKkiva BEAN), evw ol Biodol D, kai D, gival gg atrokotr|. Kard tnv apvnTikn
nuitrepiodo Tng Téang oi diodol D, kai D, dyouv (UTTAe SlokeKOpUEVA BEAN), EVWD
o1 diodor D, kai D, €ival og arokorrr). ‘'ETo1 a1mé Tov @épTo R diEpXETal TTAVTA
pedua TNG aUTAG QOPAG Kal TIUAG ionNg YE TN PEON TP TTou JiveTal aTmo TNV
oxéon (3.7.7).

Kata tnv mAfRpn avopbwon pe yépupa n péon Ty 1600 NG T80ong, 000
KOl TOU PEUPATOG TTOPAUEVOUV Ol idIEG OTTWG Kal aTn TTArpn avopBwaon pe 2
01600ug, KaBwg Kal n evepyog TP Tng Téong (oxéoeig 3.7.6, 3.7.7, 3.7.8). H
yépupa d16dwv Ba avaAuBei otnv B” TaEN.

3.7.3 Avixveutg kopu@ng (PiATpo MukvwTn)

O1mwg ava@épbnke OTIG TTPonyouueveg Trapaypdgoug 3.7.1 kai 3.7.2, n
avopBwan gival pia nAekTpovikr diadikaaia yia Tnv eEopdAuvaon TG evaAAao-
oouevNG TAONG Kal TNV Trapaywyn ouvexoug. H Trapayouevn 1aon eival pev
ouveXNG aAAG Ox1 oTaBepr| Kal KupaiveTal pe dla@opeTikd TTooo dlakUpavong
aTnv nuIavopbwan kal atnv TTARpen avopbwaon. H kupaivouevn autr 1aon dgv
MTTOPEI VO XpnOoIYoTToinNBEi yia TNV TPoPodoaia NAEKTPOVIKWY CUCKEUWY, OIO-
TI dnuIoupyei TTPoPARPaTa BopuBou, BoPPBoU 1 TTAPANOPPWONG OE EVIOXUTEG,
TTOUTTOUG, OEKTEG K.A.TT. b

H trapattdvw diakupavon
TNG TAoNG UTTOPEI va eAATTW-

B¢i e TNV TOTTOBETNON KATAA- 220V y .
ANAwv @iATpwv. Ta @iATpa  50Hz ‘ Lot
gival NAEKTPOVIKEG BIaTALEIG

TTou €€opaAUvVouUV pia TGON,

QTTOKOTITOUV  QVETTIOUUNTEG Sxriua 3.7.8.

OUXVOTNTEG ONUATWY ETTITPE- PiATpo TTUKVWTT O€ KUKAwpa nuiavopbwaong
TTOVTAG VO TTEPAcOUV XPAOI-

MEG ouxvOTNTES. TOo ATTAOUCTEPO KOl OTTOUdAISGTEPO PIATPO Eival TO QIATPO TTU-
KvwTr. TotroBeTeiTal dnAadr) £vag TTUKVWTHG 0TNV £€000 TOU KUKAWUATOG NJIO-
vopObwaong f TARpoug avopbwaong TTapdAANAQ PE TNV avTioTaon ¢OPTOU OTTWG
oT1o oxnua 3.7.8.
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Katd mn BeTIKr nuItTepiodo TG Téong €10600U, O TTUKVWTAG QOpPTIZETal KAl
Taipvel T P€yioTn Tiur Tou, V_, oTnv Kopuen g 1dong £106dou. Otav n taon
EAOTTWVETAI O TTUKVWTHG apXilel va eKQopTieTal TTAVW OTNV avTioTaon QOpTOU
R . H ek@opTIoN TOu TIUKVWTH oUVEXiCETal KOl KATA TNV SIGPKEID TNG APVNTIKAG
NUITTEPIOOOU Kal OTAPATA JOVO OTNV ETTOPEVN BETIKA NUITTEPIOSO.

270 oXAua 3.7.9 n EKQOPTION TTOPIOTOTAI PE EUBUYPAUUA TUAKOTA, TG OTTOIX
&ekivouv attd TNV Kopu®rh TNG nuIavopBbwpEvng Taong Kai @Bdvouv PEXPI KA-
TTOI0 ONEIO TOU ETTOPEVOU NUIKUUATOG.

H kAion Twv euBUypappWY AUTWY TUNUATWY eEapTdTal aTrd Tn oTaBEPd XPO-
vou (T=CR) Tou TTUKVWTA KaI TNG avTioTaong. MNa dedouévn TIPA TNG XwenTIKO-
TnTag C, dlokpivoupue TIG akOAOUBES TTEPITITWOEIG:

a. Havtiotaon @oépTou cival TTapa TTOAU JeyaAn, BewpnTiké aTTeipn (R = «).
ToTe 0 TTUKVWTNG eV ekpopTiCeTal Kal N Tdon €£6dou TTapapével oTabepn
oe Tipn ki V, =V _(trepitrrwan ).

B. HoT1aBepd xpdvou Tng avTtiotaong kai Tou TTUKvwTr, T = CR, €ival TToAU
MeyaAUTEPN aTTd TNV TTEPIOdO TNG NUITOVOEIBOUG TAOoNG €I06d0U (T>>T ).
TOTE 0 TTUKVWTAG EKQPOPTICETAI TTOAU apyd Kal n KAion Tng eubeiag ekpop-
TIong €ival TTOAU pikpn (tTrepitrtwon Il).

y. H otaBepd xpovou dev gival TTOAU peyaAn kai gival CUyKpioiun PE TNV
mePiodo NG Tadong (1 > T). TOTE O TTUKVWTNG EKPOPTICETAI YPIyOoPa Kal
n TIUA TNG Tdong Tou oxedoOv undeviCetal TTpIv EavagopTioBei atrd TV
€TOPEVN BETIKN NUITTEPIOdO TNG TAoNg (TrepiTrtwaon 1lI).

Vv Eivalr Trpogavég o1l yia va

éxoude KkaAf avopbwon 6Oa

TTPETTEl VA TTPOTIUACOUME TNV

Vv Ve [ mepitwon | (V. = 0) 4 éotw

mv Il (V_> 0), omére n 1aon

t  gtodou (TG0N OTA AKpPa TOU

TTUKVWTH) TTANCIALEl TTEPIOTO-

TEPO OTNV TIMA KOPUPNG NG
nUiavopBwpuévng TaoNg.

0 T2 T 3T/2 2T

Zxnua 3.7.9.
Taoeig nuiavopBbwrr ue QIATPO TTUKVWTH

Taon kupdtwong, V,, gival Ta 6pia HECA OTA OTTOiA KUMAIVETAI N TAON
€§600u N n TAoN TOU TTUKVWTH.

V(B KPYSTAAAOAIOAO!




ATtrodeikvueTal OTI:
I
vV, =-%
<= 3.7.9
émou: |, = n péon miPn peduaTog £§680U
f = n ouxvéTtnTa TNG Téong €1I06dou
C = n XxwpenTIKOTNTA TOU TTUKVWTH.

Etopévwg, n ouvexng t1aon e€6dou eivai:

V=V, -2 3.7.10

O NuIaVOPBWTAG PE TO QIATPO TTUKVWTH TTOU £EETACONKE TTOPATTAVW AEYETOI
KQl aVIXVEUTHG KOPUPNAG £TTEION N TGO £€600U £XEl TIURA ion PE TNV KOpU®r] TNG
TéoNG avopbwang.

TNV TTEPITITWON TNG TTARPOUG avopBwaong, N KUPATWON gival JIKPOTEPN YIa-
Ti UTTGpYEl TGO £60B0U KAl KOTA TIG BETIKEG KA KATA TIG APVNTIKEG NUITTEPIOGDOUG,
OTTOTE O TIUKVWTHG €XEl OTNV BIABECT TOU TTOAU HIKPOTEPO XPOVO VA EKPOPTIOOET
MEXPI TNV ETTOUEVN QOPTION TOU. 2TNV TTEPITITWON AUTA Eival:

L 3.7.11
" afC

I
V. =% ka1 V. =V -
k2fC ac

Zxnua 3.7.10 V,
Taon e€600ou mARpoug

avopOwrn e PIATPO TTUKVWTH
T/2 T 3T/2 2T 5T/2

Ymédpyouv kai GAAa @iATpa e€opdAuvong Tng Taong OTIwG QIATPO TTnviou,
@iATpo TUTTOU M PE TTUKVWTH KAl avTIoTAoN 1} TIUKVWTEG Kal TTAVio, QIATpo TUTTOU
L k.a. aAAG pe autda dev Ba aoxoAnBouue edw.
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Mapadsiyua 3.7.3

MNa Tov TTAfPN avopBwTA Tou oxNUATOG 3.7.5 PE QIATPO TTUKVWTH, N Ué-
yiotn 1don ei06dou givar V=24 V. H 100N @OpTOU TIPETTEl VA £XEI PEON
mipn V,, =18 V kai 1o ouvexég peupa @optou |, = 500 mA. Av n auxvotnta
NG Tdong dIkTUOU eival f = 50 Hz, va eupebei 0 atraItoUuevog TTUKVWTHAG yia
IKAVOTTOINTIKN €EopAAUVON TNG TAONG £E600U.

Abon

A6 Tn oxéon (3.7.11) 6a givai:

I I I
V, =V -—d o d -y -y =C=
“©mo4fC T 4fCc ™

_ 500x10°A _  0,1A
4x50(24-18) 4x6HzxV

dc
aF(V, V)

m

= 4,1mF = 41004F.

3.7.4. Yah1BIOTAG

Mia dAAn evdiagépouaa epappoyr] Twv d10dwvV gival o YaAISIOTAG 1) TTe-
PIOPIOTAG TAONG. 2’ éva KUKAwMA WaAIdIopoU, n Tacon e€6dou TrepiopideTal
o€ Kamola oT1dbun kai euTTodideTal v avaTrTuxBei Tépa aTTd pia opiouévn
BeTikA N apvnTikn TiuA. Mia waAidiopyévn Tdon UTTopEi va XpnoiyoTroinOei
oav €vag Ynelokog TTAAUOG o€ Wn@Iakd KUKAWUATO i OTOV NAEKTPOVIKO

R UTTOAOYIOTH.
To kKUkAwpa Tou oxAuatog 3.7.11 eival
éva KUKAwPa BeTIKoU WoAIBIOTA Kal TTEPIo-

v, y ° A piCel TNV TaON €£600U O€ pIa TIUA KATW OTTO
A MIG OpIoUEVN OTABWN TT.X. KATW aT116 5,7 V, av
V,=5V.
‘EoTw OTI N TTNyN €10080U £XEI TAON
Zxnua 3.7.11.

V, =15 nu (wt) kai n Tipf g 180NG V, €ival
5V. Katd tn BeTIkA nuitrepiodo (0 <t < T/2), n
Tdon €£6dou akoAoubei TNV TAonN €100d0u, BIOTI BEV UTTAPXE!I PEUMA OTO KUKAW-
MO (a@ou n diodog dev ayel) PEXPI TToU N Taon €106dou yivetal V, > 5,7V. Tote
KUKAOQOpPEI peUua GTO KUKAWMA Kal €ival;

KUkAwua Betikou waAidiarh

WA KPYSTAAAOAIOAO!




V.-V, -V
I=#,VL=VA+V =5V+0,7V=5,7V 3.7.12
R Y
210 OoXAua 3.7.12 @aivovral ol Td- Vv, V,

O€Ig £10000U Kal £€600U.

To oxAua 3.7.13 divel TO KUKAW-
Mo apvnTikoU WoAidIoTr| kabwg kar 57 %
TIg TAOEIG €1I0080U Kal £§6dou. KaTd

15 \%

, ; ; 0 T2 T 3712
N OeTIKA nuITTEPIOdO TNG TAONG N
0iodog dev ayel Kal n Taon €£6d0u
IooUTal Pe TNV Téon €106dou. Katd
TNV aPVNTIKA NUITTEPiIOdO, N Téon TTe-
1opiCeTal o€ TipnN: VvV, > - V...
piopi¢ HA- Vo B Sxfua 3.7.12
Taoeic e10600uU Kai e€600U (KOKKIVH) BETIKOU
wakidiotn.
Vv, V,
R
VL
D
\V2 V,
' Ve - 0 T2 T 3T
_VB
(a) (B)
Zxnua 3.7.13.

Apvnrikog walidiotng, (a) KikAwua (B) Kuuarouopgés eicédou kai €6600u

Me ouvduaouo Twv dU0 TTaPATTAVW KUKAWMNATWY, OTTWG OEIXVEl TO OXNMO
3.7.14, dnuioupyeital évag SITTAGG YaAIBIOTAG.

O &ITTAGG WakIdIoTAG PTTopEi va yivel Ko JE 2 5168oug Zener GUVOEDEPEVEG
OTTwG aTo oxAua 3.7.15.
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Vi(v)

R
5,7
D, D,
Vv, \A
iy y 0 T2 T 3112
-5,7
Zxnua 3.7.14.

AiTASS walidioTng ue koivég 816doug (a) KukAwua (B) Kuuarouoper e€66ou

VL
R

VZ

z, !

Vv, Vi

z, 0 T2 T 3112

V22
Zxnua 3.7.15.

AitA6s wakidiotng e Zener, (a) KukAwya, (B) Kuparouopen eé6dou

VB KPYSTAAAOAIOAO!




Mapadsiyua 3.7.4

270 KUKAWMa Tou oXAuaTog 3.7.15 n yéyiotn TIUA TNG Tdong €10080u €ivai
V., =15 V. O1 diodol Zener £xouv v idia taon V, = 10 V. Aidetai R = 10 KQ.
Na oxedlaoBei n taon £§6dou V.

Abon

E&etdloupe TIG MO KATW TTEPITITWOEIG:

0<V <10V:  Tore n diodog Zener Z, Ayel dIOTI gival TTOAwEVN 0pBA,
gvw n Giodog Zener Z, dev ayel dIoT dev £xel PBACEI
oTnv 1aon didomaong. Emouévwg V, = V.

10<V.<15V. ToreV,,=10V,V, =0,7V.
ApaV =10,7 V.

-10 <V, <0: Tére kat’ avahoyia ye TNV MpwTn mepimmwon V, = V.
-15 <V, <-10: ©a 1oxvel V,, =-10V, V,, =-0,7V. ETopévwg
V, =-10,7V.

H 1don €€6dou @aivetal ato oxiua 3.7.16

Vi(v)
15

10,7

0 T/2 T 3T/2

-10,7

Zxnua 3.7.16 Taon €£6d0u mapadeiyuarog
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3.7.5. AiTAac100THG TAONG

2 € JEPIKEG EPAPMPOYEG, OTTWG TT.X. O€ TTAAUOYPAPO 1 o€ 086vn UTTOAOYIOTH, N
NAEKTPIKN 10XUG gival pIkpA aAAG XpeiddeTal aviywwaon TnG TAoNG TOU KUKAWNATOG
2, 3 1 Kal TTEPICOOTEPEG POPEG. TA KUKAWUATA TTOU AVUWWVOUV, Gpa TTOAAATTAG-
o1alouv, TNV Tadon Aéyovtal TTOANATTAOOI00TEG TAONG KOl GV N TAON BITTAACIA-
CeTal TO KUKAwPa AfyeTal SITTAAGI0GTAG TAGNG. 210 OXNUa 3.7.17 @aiveTal évag
JIMTAACIAOTAG TAONG Kl N TTPOKUTITOUCO KUWOTOUOP®H) £6000U V.

Zxnua 3.7.17 AimmrAaciaotn téong (a) KikAwpa, (B) Kuparopoppég

Kard v apvnTikn nuitepiodo n diodog D, TroAwveral opbd, evw n D, 10~
Awvetal avaaTtpoga. O Trukvwig C, oprifetal e TNV péyioTn Taon €1l0650U
V... Kata v apvntikn nuimrepiodo, n diodog D, dyel evw n D, eival avaoTpopa
moAwpévn. Or mukvwrég C, kai C, eival ouvdedepévol e oglpd Kal popTidovTal
€101 WOTE:

Vg, +V,,=V_ 3.7.13

To @oprTio Tou RdN PopTIouEVOU TTUKVWTT C, pETapépeTal aTov TTUKVWTA C,
Kal ETTOPEVWG:

V=2V 3.7.14

Cc2 m

H 1don auth tou mrukvwth C, epappodletal kal oTa GKpa TN avTioTaong
@opTou. Edv n avriotaon @épTou R, €xel peyahn Tiun, 161e N 010BepG XPOVOU
EKQOPTIONG TOU TTUKVWTH €ival JeydAn Pe ouveTTEIa N TAon €§680uU va TTapapé-
vel oTaBepn kal SiITTAdoia Tng Tdong £10630u.

EkT6¢ Tou dimTAaciaoTr Tdong, UTTAPXEl TPITTAACIACTAG, TETPATTAACIAOTAG N
TTOAAQTTAOCIOOTAG TAONG, AAAG UE TO KUKAWPOTA auTd 6’ aoxoAnBolue oTo B’
Kai [ €10G.

VB KPYSTAAAOAIOAO!




NMEPIAHWYH 3.7

o O epappoyég TwV SI0dwV gival ApKETES, EK TWV OTTOIWV Ol aTTOUdAIOTE-
pEG €ival n avopBwaon, o YaAiSiopog kai 0 TTOAAATTAACIAOMOG TAONG.

® AvopOwrikég diatdageig sival diata&eig 810dwv TToU XpnaolPoTTolouvTal yid
TNV €€oudAuvaon n kal otabepotroinon piag PeTaBaAAopevns i evaAAaocoo-
MEVNG TaoNG. AloKpivovTal O€ TPEIG KAaTnyopieg:
a. Huiavéepbwon
B. MARPN avépbwon
y. AvopOwon yépupag.

® TNV nUIavoeplwaon, n ouveXNG CUVIOTWOa TNG TAong £€6d0U gival To éva
TPITO TTEPITTOU TNG PEYIOTNG TIUAG TNG TAONG €10000U.

e X1nv TARPN avoépBbwon kai oTnv avoplwon pE yépupa n ouveXnig Ouvi-
OTWOa TNG Tdong 660U autdvel Kal gival Ta dUO TPITa TTEPITTOU TNG MEYI-
OTNG TINAG TNG Téong €100d0u.

e [1a Tnv emTTAéov €§opdAuvon TG TAdong €§680ou, XpnOIUOTTOIEiTAI TTU-
KVWTAG £COPAAUVONG, O OTT0I0G aTToTeAEl Eva @iATpoO.

o O WaAIBIoTAG aTTOKOTITEl AVETTIOUUNTA KOPUATIO TNG TAONG €10000U €VOG
KUKAWMATOG Kal PTTOPEI va UTTAPXEl BETIKA 1 apvnTIK WaAidion Tou on-
MaToG 1 Kal Ta dUo padi. O waAidiopog emtuyxaveral ue 8168oug PN R
81680ug Zener o€ KATAAANAN ouvdeaoAoyia.

o O diIrAaoc1aoThG TAoNG ival €va TTOAU XPproINo KUKAWUO Kal JE KATAAAN-

An ouvdeapoAoyia d816dwv dITTAacIdleTal n TGon £I00860U EVOG KUKAWUATOG.
YTapxel €mmiong TPITTAACIacTAG 1) TTOANATTAQCIOO0TAG TAONG.

EPQTHZEIX - AZKHZEIX 3.7

3.7.1. Moia givar n pyéon TiuAR NG TAONG D
€€0d0ouU nuiavopBbwTr Kal TTAAPN
avopBwr; 40V R =80Q
3.7.2. 10 KUKAWQ TOU OXAMATOG Va €U- me
peBoUV N GUVEXAG TIUA TNG TAONG
KAl N OUVEXNG TIMA Tou peupatog.  3.7.3. ZT0 avopBwTIKO KUKAwUO TOU
H diodog Bswpeital 1IdavIKr). oxnuatog 3.7.8, 0 TTUKVWTAG
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¢xel C = 50 yF. H péon miun tng

3.7.5. Na yivel n cwoTr avTioToixion:

TdoNg oTa AKPA TOU QOPTOU E€i- Méan Tipn tédong Vo
vai V=40V kai n péon Tiun Tou Méon TiuA pevpaTog Lo
pevparog @oprou eivar I, = 50 Evepyog Tiun tdong lye
mA. Na utroloyicBei n péyioTn Méyiotn TiuA Tédong Vv,
TINA TNG TAoNG €€6O0U. Evepydg Tiun peupatog \%
3.7.4. H evepydg TIuA TNG TGoNG £10650U Tdon yévaTog V.
oe éva dITTAaCIa0Th TAoNg Eivail
220 V2 Volt. Moon eivar n 16on
€€odoU;
FENIKEZ A2KHZEIZ EMANAAHWYHZ
1. To B€Aog oTov cupBoAIouS pIag Ol B. O diodol Varicap civai
66ou PN: ETTAPES NUIAYWYOU
A. Agixvel Tnv kdBodo NG d16d0u. Kl METAAAOU. PN
B. Agixvel 011 n TA0N PTTOPEI Va uE-
TaRGAAETal. y. H kpuoTtaAlodiodog
I. Agixvel 6Tl To peUpa PTTOPEi va XPNOIUOTIOIETaI VIO
HETABAAAETOL. avopbwaon Adyw Tng
A. Agixver Tnv digvBuvon TNS opBAg 1816TNTAG VO AYEl TIPOG
(POPAC TOU PEUPATOC. Mia kaTeUBuvan. PN
2. Mia diodog PN eival avdoTtpoga ®. H diodog Zener
TTOAWWEVN OTAV: XPNOIUOTTOIEITal VIO
A. H kdBodog eival apvnTIKOTEPN oTabepotroinon
NG avodou. Td0NG. PIRVAN
B. H dvodog gival apvnTikOTEPN TNG
KOBGd0U. €. O TUKvwTAG OTNV
. OUTe T0 (A) 0UTE TO (B). £6000 £vOG KUKAWHATOG
A. Kai 10 (A) kai 10 (B). amAig avopbwong
AVUWWVEI
3. 2nUEIWOoTE TO ypdppa = A, av 160N s A
KGBe TTpoTaon eival ZQXTH ry
NAOOZ. oT. ‘Evag dImAaciaoTrg
a. O1 diodol PN eivai Taong dITTAACIACEl TV
ETTAQEG TTUPITIOU 160N ££650U A

78
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Z T0 TEAOG

auTou Tou Ke@aAaiou

0 Uabntng Ba mpéTrel va

® Exel karavorjoel 1 doun Kai apxn

Agiroupyiag Tou diroAikoU TpavioTop

Ivwpicer 11¢ Baoikés auvdealioAoyies Twy TpavlioTop Kal va Kara-

VOEI TIS XAPAKTNPITTIKES PEULATOS BATNS KAl CUAAEKTN

® [vwpidel TN onuacia Tou I000UVaOU KUKAWUATOS

AiaBalel kail va Karavoei 1a TEXVIKG QUAAGSIa TwV KATAOKEUAOTWY

® Mrmopei va utroAoyilel Tnv moAwan evog TpavdioTop, o€ Eva KU-
KAwpa, Kai va mpoodlopilel To anueio Asiroupyiag Tou mavw oTnv
€uBeia popToU

® Xpnoiuotroigi 1o 1I000UVaL0 KUKAWUA O€ KUKAWUQATA EVIGXUTWYV [IE
ouvdeauoAoyia KoIvoU EKTTOUTTOU Kai va uttoAoyilel Tnv arroAaBn

® Eyel Karavonoel T doun Kal apxn Asiroupyiag Tou tpavqioTpo
eykapaiou trediou emapns (JFET)

® [VwpIilel TIC XQPAKTNPIOTIKES TTAPAUETPOUS KAl TIC XAPAKTNPIOTIKES
peUPOTOG aTTaywyou

® [vwpilel T0 I000UvVauo KUKAwua Kai va d1aBalel Kai Karavoei Ta
TEXVIKG QUAAGOIQ TwV KATAOKEUQOTWY

® Exel karavonaoel Tn doun kai apxn Asiroupyiac tou MOSFET kai va
Eexwpicel To MOSFET apaiwang ammé 1o MOSFET TTUkvwaong

® [Vwpilel TIC XAPAKTNPIOTIKES TTAPAUETPOUS KAl TIC XAPAKTNPIOTIKES
peUPOTOG aTTaywyou

® [vwpilel T0 I000UvVauo KUKAwua Kai va d1aBalel kal Karavoei Ta
TEXVIKA QUAAGOIa TwV KATAOKEUQOTWY

® Xpnoiuotroigi 1o 1I000UVaL0 KUKAWUA O€ KUKAWUQATA EVIGXUTWYV [IE
ouvdeauoAoyia KoIvAS TTNYNS Kai va uttoAoyilel Tnv ammoAaBn
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4.1 Aopn ka1 apxn Asitoupyiag Tou TpaviioTop
4.1.1 Aopn Tou TpaviioTop

To TpavdioTop €ival £vag KPUOTAANOG UE TPEIG TTEPIOXEG EPTTAOUTIOUEVEG E
TTPOOWIEEIS. AvaAoya Pe TOV TPOTTO EUTTAOUTIONOU, Ta TpavlioTop dlakpivovTal
o€ duo TuTToug, To PNP ka1 To NPN (ox. 4.1.1a kai B avtioToixa), 6TTou n o€ipd
TWV YPOUHATWY €KQPACEl TOV TUTTO TOU NUIaYwWYoU KABE TTEPIOXNAG.

EkTtroutrog Bdon SUAAEKTNG Ekmroutrég Baon ZUAAEKTNG
I [ [ [
pt+ n+ p n++ p+ p
Iy Iy
E Cc E C
B (a) B (B

Zxnua 4.1.1 Aoun kai KukAwpartiké ouuPolo evog tpavdiorop (a) PNP kai (B) evog NPN

O1 tpeig TreploxEg evog TpavioTop ovopdadovTal, avaloya e Tn Asimroupyia
TOUG, EKTTOMTTOG (emitter), Bdaon (base) kal cUAAEKTNG (collector). O ekTTouTTog
gival pia évtova euTTAOUTIOUEVN TTEPIOYT], OTO OX. 4.1.1 auTd TovileTal pe duo [+
+]. TpoopIoudG Tou gival va eKTTEUTTEI PopTia TTPog Tn Bdon. H Baon cival pia
TePIOXN AlyOTEPO EUTTAOUTIOUEVN, OTO OX. 4.1.1 auTd TovileTan e éva [+], Kal
gival TToAU AeTttr). To AETTTO TTAXOG TNG BACNG EMITPETTEI OTA TTEPICCOTEPA POP-
Tia, T OTTOIO EKTTEUTTOVTAI ATTO TOV EKTTOUTTO, va @BAvouv GTO GUAAEKTN OTTOU
Kol gUAAEyovTal. To eTTiTredo eUTTAOUTIONOU TOU GUAAEKTN €ival XOUNAGTEPO aTTO
QUTO TOU EKTTOMTTOU Kal aTTd auTod TNG BAong. ETITTALoV, €TTEION OTO GUAAEKTN
KOoTavaAwVETal JEYOAUTEPN 10XUG, OTTO OTI 0TN BACN KAl TOV EKTTOUTTO, N TTEPIO-
X1 TNV oTToia KaTaAauBAavel 0 GUAAEKTNG gival HeyaAUTEPN.

> KGOt TpavlioTop oxnuaTotrolouvTal dUo diodol, pia PeETagu PAong Kal
EKTTOMTTOU KOl o JeTAgU BAong Kal GUAAEKTN. I auTo 1o Adyo éva TpavdioTop
Molalel oav va atroteAeital atmd dUo dI6doug ouVOEDEUEVEG OE QVTIBETN POopPd.
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Emeidr) otn ouvéxeia Ba xpelaoBei va yivel apKeTEG POPES avapopd OE AUTEG
TIG 81600UG, aTod £dw Kail TTépa Ba attokaAouvTal yia Adyoug ouvTouiag: diodog
i €Ta@n eKTTopTroU (N TTPWTN) KO diodog R eTra@n cUAAEKTN (N delTEPN).

210 oxnua 4.1.1 Tapouaciadovral, OTIWG TTPoavaPEPBNKE, oI dUO BUVATEG
OOMIKEG TTEPITTITWOEIG VOGS TpavlioTop. To Tpaviotop PNP givalr To oupTtrAn-
pwuaTikd Tou Tpavdiotop NPN, €1TeIdr ol popeig TTAEIOVOTNTAG GTOV EKTTOUTTO
KOl GUAAEKTN TOU TTPWTOU €ival OTTEG, VW TOU OEUTEPOU NAEKTPOVIA. AUTO OU-
vetrayetal, 011 Katd 1 Aeimroupyia Tou PNP 1o pedpata Kal o1 TTOAWOEIG £XOUV
avTiBeTn Qopd pe Ta pevpara Kal TIG TToAwaoelg Tou NPN (ox. 4.1.1). H peAétn
TToU Ba akoAouBbnoel, yia va ammogeuxBei otroladrroTe oUyxuon, Ba eomiaoTei
oTo Tpavdiotop TUTTOU NPN.

To KuKAwpaTiké auupBolo evog Tpaviiotop PNP kai evdg NPN didovTal 6To
ox. 4.1.1a kai B avrioToixa. To BEAOG BpiokeTal TTAVTA OTOV EKTTOUTTO Kl OEIXVEI
TN CUUBATIKN QOPA& ToU NAEKTPIKOU peUpaTog. H @opd Tou BEAoug deixvel €TTi-
ong Tov N-tUtTou nuiaywyo. ‘ETol, oto ox.4.1.1a (PNP) 10 B€A0g deixvel TTpog
Tn Bdon, n omoia givar N-TUTToU, evw oTo OX. 4.1.1 B (NPN) 10 BéAOG Oeixvel
TTPOG TOV EKTTOUTTO, O OTT0I0g gival TTAAI N-TUTTOU.

Ortav dev e@apudleral TOAwaon o€ éva Tpavgiotop NPN, Ta eAeUBepa nAe-
KTpOVIa Tou eKTTOUTTOU dlayéovTal TTPog Tn BAcn Kal JEPOG TWV OTTWV TNG Pa-
ong TTPOG ToV EKTTOPTTO. To id10 cuuPaivel Kal YE Ta NAEKTPOVIO TOU GUAAEKTN
Kal YE MEPOG TWV OTTWV TNG Bdong. 'ETol dnuioupyeital pia TepIoXh GopTiwv
Xwpou (atroyUpvwong) o€ KABe eTagr), dnAadr) oTnV ETTAQr EKTTOUTTOU Kal TNV
ETTOQI TOU GUAAEKTN. KaTd PNKog KABE eTTaQr avatrTuooeTal éva gpdyupa du-
VaMIKoU, To oT1roio oToug 23°C €xel Tipn 0,3 V av o nuiaywyog gival yepudvio
kai 0,7 V av gival TrupiTio. Ta TpavlioTop yepPaviou £X0UV TTOAU TTEPIOPITUEVES
EQapMoOVEG, o€ avTiBeon Pe Ta Tpav ioTop TTUPITIOU, TWV OTTOIWV N XpAon Eival
eupuTaTn. AUTO OQEIAETAI OTO OTI T TPAVCIOTOP TTUPITIOU £XOUV EUPUTEPO OpIa
TAONG KAl PEUUATOG Kal Ta XOPOKTNPIOTIKG TOug €CapTwvTal AlyOTEPO ATTO TN
Beppokpaaia atrd o1 Ta avTioTolXa TwV TpavlioTop yepuaviou. I’ autd To Adyo,
oTn ouvéxela Ba dobei 1d1aiTEPN £upacn oTa TpavlioTop TTUPITIOU.

E1TeIdA o1 TPEIG TTEPIOKES EXOUV DIAPOPETIKA ETTITTEDA EUTTAOUTIOHOU Ol TTEPI-
OXEG QOpPTIOU Xwpou ekTeivovTal ae dlagopeTikd BAbog oe kaBe yia. ‘ETol, atov
EKTTOUTTO OTTAVTATAl MIKPOTEPO €UPOG TTEPIOXNG QOPTIOU Xwpou atrd OTI 0TNn
Baon (diodo eKTTOPTION) EVW MIKPOTEPO £UPOG TTEPIOXAS POPTIOU XWPEOU CUVA-
vTdTal aTn BAon a1To OTI 0TO GUAAEKTN (8i0d0 GUAAEKTN) (OX. 4.1.20).
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O1wg TTpoavagEPBNKe 0 TTPOOPICKOG TOU EKTTOUTTOU Eival VO EKTTEUTTE
@opTia TTpog TN Baon. MNa va gival autd €QIKTO, TTPETTEI N 0i0d0G EKTTOUTTOU va
gival opBa TToAwpévn. ETiTAéoy, yia va gival duvatri n cuA\oyr @opTiwv ato
TOV GUAAEKTN, TTPETTEI N BI0B0G CUAAEKTN va €ival avaoTpo@a TTOAWUEVN, OTTWG
OUuBaivEl OTIG TTEPICOOTEPES EPAPHOYEG.

EB

(a) (B)

Zxnua 4.1.2 lNepioxég popriou xwpou o Tpavdiorop NPN (a) xwpic méAwaon
Kai (B) ue méAwaon

210 oXAua 4.1.23 TTapouciGeTal va TpavCioTop OTO OTTOI0 £XEI EQUAPUOOTEI
TOAwoN. OTTwg BAETTOUNE, O€ Eva TTOAWNEVO TPAVioTOP TO EUPOG TNG TTEPIOXNG
(POPTIOU XWPOU TOU EKTTOUTTOU EAATTWVETAI, CUYKPITIKA JE AUTO Xwpig TTOAWON,
EVW TO €UPOG TNG TTEPIOXNAS POPTIOU XWPOU TOU CUANEKTN auEdveTal.

4.1.2 Apxn Aeitoupyiag Tou TpaviioTop

H Aeiroupyia evog Tpavliotop, 0TV OTTAOUCTEUUEVN TTPOCEYYION TNG, Ba-
OifeTal OTNV EKTTOUTTA QOPEWY OTTO TOV EKTTOUTTO Kal TN GUAAOYH Toug aTTd TO
OUAAEKTN. Ta va yivel autd KaAUTepa katavonTto, Ba egeTdooupe Eva Tpavdi-
oTtop TUTToU NPN (o). 4.1.3), 6TT0U Ba XPNOIUOTTOINCOUE T CUMBATIKA Qopd
TWV PEUPATWY. APXIKG Bewpou e 0TI N BiodOG EKTTOUTTOU €ival 0pOd TTOAwUEVN.
Orav n 1aon Baong-ekmoutrou (V) eival pikpotepn aré 0,7 V (yia tpavdioTtop
TTUPITIOU) BeV BIEPXETAI TTPAKTIKA PEUMA aTTO TN BACN TTPOG TOV EKTTOUTTO. Av N
Tdon Baong-ekrouTiou Eetrepdoel Ta 0,7 V Ba uttdpéel aioBNTr por] EAeuBEpwv
NAEKTPOVIWV aTTO TOV EKTTOUTIO TTPOG TN BAon kal eEAeUBepwy OTTWV aTTo TN
Baon TTpog TOV EKTTOUTTO.
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H Bdon, 6mwg €xel Adn avagepOei, armoTteAsital amd €va AeTTo oTpwua
nuiaywyou TUTTou-P, To oTToio gival AlyoTepO €UTTAOUTIOUEVO ATTO OTI O EKTTO-
MTTOG. EE’ dAAOU N eTTa@r] Tou CUANEKTR, OTTWG QaiveTtal oTo o). 4.1.3, eival ava-
oTPO®a TTOAWMEVN Kal TTEPIOPICEl onuUAvTIKA TO €UPOG TNG PAong. AuTd €xouv
WG atmoTéAegpa TNV auénon Tou TTOC0C0TOU TWV NAEKTPOViwV Ta oTToia o€ Ba
TTAPAEiVOUV OTO XWPO TNG PAong, aAAd Ba eIc€EABouv GTO XWPEO TNG ETTAPNS
TOU OUAAEKTN. To NAeKTPIKO TTESIO OTNV TTEPIOXN POPTIOU XWPEOU TOU GUAAEKTN
£XEI TETOIO POPA, WOTE va WOEI Ta NAEKTPOVIO T OTTOIO £XOUV EICEADEI TTPOG
TOV OUAAEKTN. ZTN OUVEXEID QUTA Ta NAEKTPOVIA CUAAEyOVTAl QTTO TNV ETTOQN
TOU OUAAEKTN Kail Bidouv TO pelpa GUAAEKTN (I.). ©a TTPETTEI va N GEXVAE OTI
UTTAPXEl Kal TO peUPa avaoTpopng TTOAwaoNG TNG 8I0d0U GUAAEKTR, TO OTTOIO
gival TTOAU pIKpO Kal o€ auTh TN @aon Ba 1o Bewpriooupe apeAnTéo.

N P N

\% V NAEKTPOVIO
OTTAG

Zxnua 4.1.3 MNéAwaon tou TpavlioTop Kai por Twv EAEUBEPWY NAEKTPOVIwY Kal oTTwv

Ta eAeUBEPa NAEKTPOVIQ, TO OTTOIO TTOPAREVOUV GTO XWPO TNG BAcng, padi
ME TIG EAEUBEPEG OTTEG, OI OTTOIEG EITEPXOVTAI OTNV TTEPIOXT TOU EKTTOUTTOU, Oi-
vouv 10 pedpa Baong (l;). ETedn 10 pedpa autod TTPoKUTITEl aTTé aAAnAegou-
OETEPWON EAEUBEPWY NAEKTPOVIWY UE EAEUBEPEG OTTEG, OVOUALZETal KAl PEUU
gmavaouvdeong (recombination current) ota TpavdioTop diIToAIKA (bipolar r)
BJT).

>1a TEPIoTOTEPA TPAVEIOTOP, TTEPICTOTEPO OTTO TO 95% TWV POPTIWY, TTOU
EKTTEUTTOVTAI OTTO TOV EKTTOUTTO, POAVOUV GTO CUAAEKTN Kail AlyoTEPO atTd 10 5%
TTapapévouv 0T Baon kal cupBaAAouv oTo pelpa TNG BAong.

Ma TN AsiToupyia Twv TPAViICTOP O AVAYVWOTNG TIPETTEI va BupdTal
TO EENG:
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1. Ze Kavovikn AsiIToupyia n €TTa@r EKTTOUTTOU €ival TTavTa opBd& TToAwEVN
Kal n €1Ta@r CUAAEKTN gival avaoTpo@a TTOAwUEVN. YTTAPXOUV KATTOIEG
EIBIKEG TTEPITITWOEIG, OTTOU N ETTAQPI CUAAEKTN €ival opBda TTOAwUEVD.

2. To peUpa CUANEKTN gival TTEPITTOU i00 JE TO PEUPA TOU EKTTOUTTOU

3. To pelpa Baong gival TTOAU JIKPO.

OtwpwvTag 10 TPAVioTOP WG KOPPBO SIATTIOTWVOUE, OTTO TOV TTPWTO VOO

Tou Kirchhoff, 611 To peUpa ekTTOUTTOU €ival i0O PE TO ABPOoICUO TWV PEUNATWV
Baong kal GUAEKTN

IE=IB+IC 411

To TT0000TO TWV EAEUBEPWY POPEWY TOU EKTTOUTTOU, TO OTTOIO QTAVEI GTO
OUAAEKTN Kail Bivel TO PEUPA GUANEKTN EKPPACETOI OTTO TO ouvTEAEDTN a . (DC
aA@a), o oT1roiog opileTal wg TO TINAIKO TOU PEUMATOG TOU CUAAEKTN TTPOG TO
PEUUA TOU EKTTOUTTOU

—

= ¢
I 41.2

GDC
To a, €ivar adidoTato péyebog, dnAadr «kabBapog» apiBusdg. Oco peya-
AUTEPOG €ival O OUVTEAEDTAG O, TOOO TTEPICOOTEPA NAEKTPOVIA PBAVOUV OTO
OUAAEKTN Kal TOOO MIKPOTEPO gival To peUpa TG Bdong. To peuua TnG Baong
pTTOpEi va eAaTTwBEel av N BAon yivel AeTTTOTEPN Kal JEIWOET O EUTTAOUTIONOG TNG.
BéBaia 10 a,,. Sev ptropei va yivel ioo pe T povada dIoTI aTo peupa NG BAong
OUVEICPEPOUV Kal 01 EAeUBePEG OTTEG TNG Bdong, oTa TpavlioTop TUTTOU NPN,
Kal Ta eEAeUBepa NAeKTPOVIA TNG BAong, oTa TpavlioTop TUTTOU PNP. AuTi N OU-
VEIOPOPA £XEI WG ATTOTEAECUA TNV AUENON TOU PEUPATOS BACNG XWPIG OPWG Kal
avTioToIXN augnon ToUu PEUUATOG GUAAEKTN.
Edv o¢ €va tpavlioTop auénBei n Taon NG 81080U EKTTOUTTOU Tou Ba augnBei
10 pedpa Baong I, kal auTto Ba £xel WG ATTOTEAECUA TNV AUENON TOU PEUPATOG
OUAAEKTN | ... MelpapaTika diamoTtwveTal, T UTTAPXE OXEaN (avaloyia) YETagUu
peUpaTog BAong Kal peUpaTog GUAAEKTN. T auTd To Adyo uttdpxel duvartdtnTa
€AEYXOU TOU PEUPOTOG CUAAEKTN PECW Tou pelpaTog Bdong. Eteidn 1o pedua
Baong sival pIKpd evw TO peUPa TOU CUAAEKTN PEYAGAO, opileTal évag OuvTE-
Aot o otoiog ovopaletal DC atroAaBi pevparog B ., WG TO TNAIKO Tou
PEUPATOG CUAAEKTN TTPOG TO peUpa Baong.

DC?
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I
Boc =% 413
IB

To B, eival adiaaTaro péyeBog, dnAadr) «kabapog» apiBuédg. O ouvTeAeaTr|g
Boc ONAwvel TTOoEG POPEG PEYANUTEPO PEUNA PTTOPOUE VO EAEYEOUNE OTO KU-
KAWHA TOU GUAAEKTN PJECW EVOG PIKPOU peUUATOS OTO KUKAwWa TNG Bdaong. MNa

dedopévo peupa Baong I, 7o peUPa CUAAEKTN TTPOKUTITEI OTTO TN OXEON
Ic =B L 41.4

IS1aiTepn TTPOCOXA TTPETTEI VO B0BEi 0N Xpnoiuotroinon Tng €¢.4.1.4. H 1a-
patrdvw egiowarn I0XUEl HOVO OTAV TO KUKAWUO TOU GUAAEKTN ETTITPETTEN TN DIE-
Aguon Tou peUPATOG ioOU A HEYAAUTEPOU QTTO EKEIVO, TO OTTOIO TTPOKUTITEI ATTO
TNV €6.4.1.4. Av T0 KUKAWPO TOU GUAAEKTN €TTITPETTEN TN DIEAEUON HIKPOTEPWV
PEUNATWY, TOTE TO ATTOTEAECUA TTOU £EAYOUME XPNOIPOTIOIWVTAG TV €€, 4.1.4
ev gival EpappoaIYo yia TO KUKAWPA pag. Mevika 1o B, Beixvel aTnv pagn v
OTTOTEAETUATIKOTNTA TOU EAEYXOU TOU PEUUATOG GUAAEKTN.

ATIO TG €€.4.1.1. - 4.1.3 TTPOKUTITEI, OTI N OXECN N OTToia cUVOEEl Ta BUO E-
YEBN B, Kai a, givar:

BDC
a =
bc 1+ By 415
n
— qDC
BDC _1-GDC 416

O ouvreAeoTig B, Yia TpaviioTop XAUNANG 1I0XUOG, £XEI TIMEG Ol
otroieg Kupaivovtal amd 100 éwg 300. MNa TpaviioTop 1I0XUOG Ol TIYEG
Tou KupaivovTal ammd 30 éwg 150. Ao Tnv £§. 4.1.6 cupTtrepaiveTal 6T
0600 TTEPICOCOTEPO TO O, . TTPOCEYYIi(El TN HOVASA TOCO aUiAvETal TO B .
ZuveTTwg ol pEBOBOI 01 OTToIEG XPNOIUOTTOIOUVTAI YIO TNV aUgNON Tou O
ETMITUYXAVOUV KAl TNV TAUTOXPOVN augnon Tou B .
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EA&guBepo avayvwoua:

Fia Tnv mepaITépw EAGTTWON THS CUVEIOPOPAS TwV EAEUBELWY POPEWV TNG
EPIOXNS TNS BAong oro peuua NS BAcng, Kai GUVETTWS yia TRV auénon tou
OUVTEAEDTH GAQa, N onuEPIV) TEXVOAoyia EXEI KATAQUYElI OTN XProN OlIQQOPETI-
KWV NUIQywywV yia Tov EKTTouTTo Kai T fdon. Ta rpavdiorop auta ovouddovrai
dimoAika Tpavliorop sreposmapns (heterojunction bipolar transistor). Eroi
XpnaoiuotroiouvTal oUVOETOI NuIaywyoi OTTwS Ta aTEPEA SlaAUuaTa TTUpITIOU-YEP-
paviou (SiGe) n apaevikoUyou yaAdiou-apyidiou (AlGaAs). lNpog To mapdv, aurd
1a T1PaVIOTOP EXOUV OXETIKA TTEPIOPIOEVES EQAPLOYES.

Emeidn orn Bdon gioxwpouv dUO TTEPIOXES PopTioU XWpou, NS 616dou Tou
EKTTOUTTOU Kai TNG 01000U TOU OUAAEKTN, Ta €AeUBepa @opria TnNg, NAEKTPOVIA
oT10 0x.4.1.3, mepiopilovral g€ éva oAU AemrTé KavaAl. H avrioracn autrou tou
kavaAioU Aéyetai karaveunuévn avrioraon r, Kai 1ai¢el onuaviiké poAo arn
Agitoupyia Tou tpavliotop o€ uwnAés ouxvornteg. Emiong onuavriké poAo orn
Agitoupyia Tou TpavlioTop O€ uWnAéG ouxvoTnTeS TTaifouv T0 LNKOS OIadPOLNG
TWV QOPTiWV OTO KaVaAl TnS BACNS Kail 01 TTAPACITIKES XWPNTIKOTNTES TwV OIO0WV
OUAAEKTN Kal EKTTOUTTOU.

Mapadeiyua 4.1.1

2€ éva TPOVCIOTOP PETPAKE PEUPA OUAAEKTN |, = 8,15 mA Kal peUla EKTTO-
ptou I = 8,20 mA. Na utrohoyioTei To peUpa BAONG Kal OI CUVTEAEDTEG O
Kal By

Abon

H €. 4.1.1 divel

lg=1z-1g
Apa
I;=8,2mA-8,15mA=0,05 mA
Bdoel Twv €. 4.1.2 kai 4.1.3, 0 ouvTeAeoTG . Ba gival

Ay = i—c - —g';g m =0.994
E 7

Kal 0 OUVTEAEDTAG B, Ba eival
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4.2 Baoikég ouvdeooloyieg TpaviioTop

(a) (B) )

Zxnua 4.2.1 Baoikég auvdeauoAoyies Tpavdiorop (a) koivou ektroutrou (CE), (B) Koivig
Baong (CB) kai (y) koivou auAékrn (CC)

TNV ammAoUoTEPN TTEPITITWON, YIa TV TTOAWON VOGS TPAVEICTOP ATTAITOUVTAI
oUo TTNyEG TAong, Mia yia To Bpdxo opbng TTOAwaoNg TNG 1080V TOU EKTTOUTTOU
Kal JIa yia TNV avaoTpogn TTOAWoN Tou Bpoxou TNG 81080U ToU GUAAEKTN (OXAHC
4.1.3). Emreidn otn ouvdeapoAoyia aut n BAon eival To koivo onueio ouvoeong
TwV OUO Bpdxwv n ouvdeopoloyia ovoudaleTal cuvdeooAoyia Kolviig BAaong
(Common Base). H ouvdeopoloyia koivrig BAong Teplypd@eTal CUVTONO WG
CB n KB kai Trapouaialetal oto oxAua 4.2.13, 6tmou, yia va doBei 1d1aitepn
Eugaan, n Baon éxel yeiwBei. O1 TTNyES xapakTnpifovTal Pe OeiKTES ATTd TO KOIVO
NAEKTPODIO Kal TOV OKPOOEKTN GTOV OTT0i0 guvdEovTal. ‘ETOl €xoupe Tig V, Kal
V5, O1 OTTOIEG GUVOEOVTAI PETAEU BATNG KAl EKTTOUTIOU KOl GUAAEKTN QVTIOTOIXA.

Mia GAAn TTEPITITWON oUVOEDNG TWV TINYWY Eival Tav ol BPOX0I £XOUV WG
KoIvo Tov eKTTOUTTO. AUTA n ouvdeouoloyia ovouddletal ouvdeooAoyia Kol-
vouU ektroutrou (Common Emitter, CE 1 KE) kai TTapoucidletal oTo OxrHa
4.2.1a. Or avrioToIxeg TTNYEG GupBoAidovTal wg V. kai V..

>Tnv TpiTN TTEPITITWON avrKel N ouvdeguoloyia koivou oUAAékTn (Com-
mon Collector, CC rj KX), otnv otroia o1 U0 Bpdxol £XoUV WG KOIVO GNUEIO TOUG
TO OUAAEKTN. H ouvdeopoloyia auth TTapoucidletal oto oxnua 4.2.1y, ol o¢
TNYEG oupBoAidovTal wg V. Kal V..

2¢ OAeg TIG ouvdeauoloyieg Ba TTpéTtrel va O06¢i 1IB1aiTEPN TTPOCOXN OTO
OTI, TOUAGYIOTOV OTO QVOAOYIKA NAEKTPOVIKA, N dio80g eKTTOUTTOU TTPETTEl Va
gival Tadvta opBd TrToAwpévn. ETTITTAE0V, Ba TTpéTTel N 8iod0g CUAAEKTN va €ival
avaoTpo@a TTOAWEVN.
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4.2.1 ZuvdeopoAoyia KOIVOU EKTTOMTTOU

H petaBoAr Tng cuvdeauoloyiag evog TpaviioTop atrd Koivr) BAan o€ KOIVO
EKTTOUTTO 1l KOIVO GUAAEKTN, Oev PETABAAAEI TNV e0wTEPIKA Tou AsiToupyia. Ta
pedpaTa Kal aTIG TPEIG TTEPITITWOEIG dIATNEOUV TIG POPES KAl TA JETPA TOUG, ap-
Kei va TnpnBouv Ta 6oa TTpoava@épOnkav.

270 oXNHa 4.2.2 TTapousIAfeTal CUVOECHOAOYIO KOIVOU EKTTOUTTOU. € QUTO
TO KUKAwpa uTtapxel n TNyn Vg, yia Tpogodoaia Tou Bpoxou Tng diédou Baong
Kal n TTNyn V. yia 1po@odoaia Tou Bpdxou TnG d16dou GUAAEKTN. H tmyn V,
TPEETTEl va TToAWwvEl 0pBa TN Biodo ektouTrou Kai n V.. Tn diodo cuMEKTN. Ol
avriotaoeig R, kai R, xpnaiuglouy yia Tov TTepIopIoUO TWV PEUPATWY O KABE
BpOxo. MeTagu Twv aKPOBEKTWYV eU@avifovTal ol TAOEIG BACNG-EKTTOUTIOU V.
KOl GUAEKTN-EKTTOUTTOU V..

BB

Zxnua 4.2.2 SuvdeouoAoyia Koivou eKTTOUTTOU

H XapakTnpIoTIK KAuTTUAN peUpaTtog Bdong kal Tdong BAong-eKTTo-
pTTOU AapBdvetar otav petaBaAAetal n Vo, kai yetpdatal o . H xapaktpioTi-
K pevparog BAong Polddel Je TNV AvTiOTOIXN XOPOKTNPIOTIKI OTTOIQ0ONRTTO-
T 01600V BIOTI PETALU BAONG KOl EKTTOUTIOU OXNUATICETAI TO ICOOUVAUO MIOG
atAng d16dou. H 8iodog apxidel va ayel 61av n 1aon ata akpa g (V) utrepPei

B

BE

0,7v

Zxnua 4.2.3 XapakrnpioTikn peuuarog Baong
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10 0,7V, yia TpavioTtop TrupItiou (0X. 4.2.3), Kai 0 €éAeyX0G auToU TOU YEYOVOTOG
XpnolgoTroleital TTOAU cuyxvd w¢ TTPwWTN dIATToTWon TNG OPOARG AsiIToupyiag
€vOG TpavdioTop.

Etreidn 1o pedpa Baong augdveral amrotoua yia V. > 0,7 V, BewpoUpe, OTrwg
Kai oTnv ema@n PN, 611 n 1ad0n petagu Baong eKTTOUTTOU TTApapével oTabepr], o€
TIuA V. = 0,7V, étav n diodog eKTTouTroU Ayel.

A0 10 BpodXO BAong, uTTopei va uttoAoyioTel pe TN BonBeia TnG e€iowong

I, = e Ve 4.2.1

O1 XapaKTNPIOTIKEG KAMTTUAEG CUAAEKTN AapBdavovTal, oTav JETARAAAETOI
NV, Kai eTpdral To peUpa GUAAEKTN | Slatnpwvtag oTaBepod 1o pevpa BAong
I, o€ 6An Tn didpkela TG PETPNONG. ETreidn 1o pelpa Baong ammoTeAei peTapAn-
T TTOPAPETPO, TO ATTOTEAECUA €ival va EXOUUE OPAVOG KOUTTUAWY (OX. 4.2.4)
KQI KGO XapaKTNPIOTIKI) KAUTTIUAN VO QVTIOTOIXEI O€ WIa TIWA Tou |5, n oTroia Kal
avaypd@eTal TTavw atro TNV avTioToIxXn KAUTTUAN.

I.(MA)

35pA
30pA
25pA
20pA
15pA
10pA
5pA
OpA
0 1 30 Vee(V)

Zxnua 4.2.4 XapakTnpIioTIKES KAUTTUAES OUAAEKTN

Kd&Be xapaktnpIoTIK PEUPATOG GUAAEKTN, yia pn Pndevikd pelpa BAaong,
TTAPOUCIALEl TO £EG YEVIKA XAPAKTNPIOTIKA:

® Otav n 1aan oUAAEKTN-ekTTOUTTOU gival undev (V. = 0 V), n diodog oul-
AEKTN Oev gival avdoTpo@a TTOAwMEVN Kal TO PEUPA CUAAEKTN €ival Kal auTd
pndev (I.= 0 mA).

o [0 TINEG TAONG GUAAEKTN-EKTTOUTTOU peTagu OV kai repitrou 1V, 10 peU-
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MO OUAAEKTN au&dveTal aTTOTOPO Kal OTn CUVEXEIQ OTTOKTA OoXEO0V 0TaBEPn
TIuR. H cuptrepipopd autr oxeTifeTal Aueca Pe TNV avdoTpo®n TTOAWGN TNG
01600U GUAAEKTN.

® [0 TIUEG TAONG OUAANEKTN-EKTTOUTTOU peyaAUTEPEG TOU 1V TO peUPa GUA-
AEKTN TTapaPEVEl TTPOKTIKG O0TaBEPO Kal dev EapTATAl ATTO TNV TAGN OCUAAE-
KTN EKTTOPTTOU. Z€ QUTA TNV TTEPIOXA TO TPAVIOTOP CUUTTEPIPEPETAI TTAEOV WG
TTNYr oTaBgpoU PEUUATOG.

® Otav n Tdon CUAAEKTN EKTTOUTTOU UTTEPREI KATTOIA TIKA, OTN CUYKEKPIME-
vn TTePITTTwon Tou ox. 4.2.4 1a 30 V, 10 peUua Tou GUAAEKTN auEdveTal aTTod-
Toua. AuTo o@eileTal aTnv diIAoTTacn TNG SI0O0U CUAAEKTN PE OTTOTEAECUA N
d1aTagn va avel va Aeitoupyei wg Tpaviotop. H TiuR TNG TA0NG GUAAEKTN-EK-
TTOUTTOU YyIO TNV OTToia KaTtappPEEl N 8iod0G GUAAEKTN QVaQEPETAl OTA TEXVIKA
QUAAGSIO WG Tdon S1doTTao NG CUAAEKTN-EKTTOUTTOU.

O1 xapakTnPIOTIKEG KAPTTUAEG PEUNATOG GUAAEKTN VOGS TpavdioTop Kabopi-
{ouv TEOOEPIG TTEPIOXES OTIG OTTOIEG N AgIToupyia Tou Tpav{ioTop TTAPOUCIALEl
ONMAVTIKES BIAPOPES aTTO TN Mia TRV GAAN.

Mepioxég AsiToupyiag TpaviioTop

e H mpwtn TepIoxn €ival n TePIOXA MIKPWV TAOEWV V. 0TV OTToia TO
PEUUA CUAAEKTN augdveTal atmdToa (TAON CUAAEKTN-EKTTOUTTOU pETagy 0 V
Kol TTepitrou 1V, ax. 4.2.4). AuTr N OTTOTOPA KEKAIUEVN TTEPIOXT TNG KAWTTUANG
KoAgiTal TrePIOXA KOpou (saturation region). Ze auth Tnv TepIoxr n diodog
OUAAEKTN Ogv eival avaoTpo®a TTOAWMEVN Kal N TAon OUAAEKTN-EKTTOUTTIOU
OUMBOAICETAl WG V oar

® H deuTepn TTEPIOXKN EiVal QUTA N OTTOIO AVTIOTOIXEI O€ TAON CUAANEKTN PETA-
€01V kai 30 V (0x.4.2.4). Z& auTtr Tnv TTEPIOXN N 8i0dOG EKTTOUTTOU gival 0pBda
TTOAWMEVN, VW N Bi000G CUAAEKTN gival avaoTpo@a TTOAWMPEVN. Z€ QUTH TNV
TTEPIOYN, TTOU €ival N TTAEOV ONMPAVTIKA, TO PEUPA CUAAEKTN kaBopileTal Jovo
atrd 10 pevpa BAong. AUTA avTITTPOCWTTEUEI TNV TTEPIOXN KAVOVIKNG AgIToUupyiag
NG dIGTAENG Kal yI' auTtd ovoudleTal evepyog TTEPIOXR (active region). Ztnv
mepIoxr) auTr| n SIGTagn cUPTIEPIPEPETAI WG TINYA PEUUATOG (I, = By - 15)-

e H 1pitTn TepIOXA €ival auTh, TNV OTToia N TAGN GUAAEKTN €XEI UTTEPREI
TNV Téon dIA0TTA0NG CUAAEKTN-EKTTOUTTOU. TNV TTEPIOXT AUTH, OTTWG TTpoava-
@EpONKe, N d1GTagn TTavel va AeItoupyei wg TpavioTop Kal OVOUAZeTal TTEPIO-
XN didoraong (breakdown region).
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® TENOG, UTTAPXEI KAl N XAPAKTNPIOTIKA N OTToia avTioToIxXEl o€ pevua BaA-
ong pNd&v. Ze auTr) To PeUPa GUAAEKTN €ival TTOAU PIKPO aAAG OxI HNOEVIKO.
H atrokAion autr o1té Tnv €€.4.1.4 opeileTal aTo OTI TO TpavioTop O¢tv givai
10avIKA oUoKeuUr], ol 6iodol Tou gival TTPAYHATIKEG KOl GUVETTWG UTTAPXOUV PEU-
MaTa dlapponG. AuTr N XapaKTNPIOTIKA pEUUATOG GUAAEKTN KaBopilel TO peu-
Ma atrokotriig oUAAEKTN (collector cutoff current, |, TTou TrpokUTITEl ATTO
BepUIKA TTapayOUEVOUS POPEIS Kal dlIappoEg). H TTepioxn n otroia kaBopileTal
aTTd AUTH TN XAPAKTNPIOTIKA ovopdadeTal TreploxXn atrokoTriig (cutoff region).

To tpavdioTop diappéeTal atrd £va Oxl PNOAPIVO peUPa GUAAEKTN Kal oTa
dKpa TOU avaTITuooeTal pia Taon V. n otroia Ptropei va: gival onuavTikn. I’
auTo 1O AGYO n 1I0XUG TNV OTIOIO KATAVOAWVEI PTTOPEI va €ival GNUAVTIKR Kal
Oev TTPETTEl va uTTEPPaivel TN PEYIOTN TIPA TNV oTToia Sivel 0 KATAOKEUAOTAG OTa
TEXVIKA QUAAGDIa. H 10XUG n oTroia KaTavaAwveTal o€ Eva TpavdioTop dideTal
a1ré TN oxéon

Po = Ve I 422

O akpiIfAg uttoAoyiopog Ba ETTpeTTe va GUUTTEPIAGREI Kal TNV 10XU N OTToia
KOoTavaAwveTal 0TO TPAvEioTop atrd TO PeUUA Tou Bpoxou Baong. Adyw Ouwg
NG MIKPAG TITwong Ttéong otn diodo ektroutTou (~0,7 V) kal Tou TTOAU pIKpoU
peUpaTog BAoNG, N 1I0XUG auTh gival TTOAU pIKpR Kol BewpnBeital apeAnTéa.

4.2.2 l0odUVapO KUKAWHO

H avdAuon kal 0 oXedIOONOG TV KUKAWMPATWY PE TpavdioTop aTtraitouv
TN YVWON TwV XAPAKTNPICTIKWY TOUG KaBwG Kal TNV Katavonon TNG CUUTTEPI-
QopAg Twv TpavlioTop o€ £va KUKAwa. MNa Tnv KaAUTEPN Katavonon Tng ou-
MTTEPIPOPAG Kal TNV EUKOAOTEPN UTTOAOYIOTIKH QVTIMETWITION £vOG TpaviioTop
o€ €va KUKAwQA, XpNOIMOTIoIEITal TO I000UVANO KUKAWA Tou. To 10080vauo
KUKAWMO £vOg TpavdioTop, OTTwG £yive Pe TN 8iodo aTo KEP.3, TTPOCEYYICel TN
oupTTEPIPOPA TNG didTagng oTo KUKAwa. Eival Trpogavég, ot €va atTAo 100-
OUVOHO KUKAWHO KOAUTITEI IKAVOTTOINTIKG TIG OTTAEG AEITOUpyieG TNG dIATAENS
KukAwpatog. Oco aufavovtal ol atraItioeig, dnAadr 600 TTepIocadTEPO BEAOUE
TO I000UVAUO KUKAWUA va TTpOCEYYiCel TNV TTpayUaTIKA AEIToupyia Tng dIdTagng
(TT.X. TNV aTTOKPION O€ XAUNAES KAl UPNAEG OuXVOTNTEG, TO BOpUBO KABWG Kal
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TN METARATIKA CUUTTEPIPOPA) TOGO TTIO TTOAUTTAOKO €ival TO I008UVANO KUKAWMNO
ToU Tpav{ioTop.

VBE Bdc IB VcE

VBE
0,7V o
() (B) (v)

Zxnua 4.2.5 (a) looduvauo kUkAwua evog TpavlioTop Kai ol I6AVIKES XQPAKTNPIOTIKES
peuparog, (B) Baong kai (y) CUAAEKTN

H atrAouoTepn TTpooéyyion evog TpavdioTop, N OTToia KAAUTITEI TOUAGXIOTOV
£va PEPOG aTTO TIG XAPAKTNPIOTIKEG TNG TTPONYOUUEVNG TTaPaypPd®ou, TTapouai-
acetal a1o o). 4.2.5a. To KUKAWMPG auTo TrepIAapBavel Tn diodo eKTTOPTTOU Kal
TNV TNy PEUMATOG GUAAEKTN.

H 1008Uvapn diodog BAong TTaPOUCIAfel CUPTIEPIPOPA OUOIA UE QUTH) TOU
1I000UVAOU KUKAWMPATOG TNG d16dou TTou €idape ato Keg.3, dnAadn apyilel va
ayel 6tav n 1éon Baong-ekmouTToU uTrepPei Ta 0,7 V Kai To peUPa QUEAVEl EVTe-
AWG aTTéTOMA, OTTWG YaiveTal 0T OX. 4.2.5B. AUTH N CUPTTEPIPOPA ECUTTNPETEI
T0 oXedI00TH OTaV aVOAUEl £va KUKAWUO OTO GUVEXEG, MIAG KAl KATA YEVIKO KO-
vova dexdpaaTte 0TI N Taon PETagU BAong Kal eKTTouTIoU eival V. = 0,7 V.

H 1c0d0vaun 1nyn peUpatog CUAAEKTN TTpooeyyiCeTal e Tn Bondeia Twv
I0QVIKWY XOPOKTNPIOTIKWY Tou OX. 4.2.5y. AUTEG OTTEIKOVICOUV IKAVOTTOINTIKG
TNV TTEPIOXN OTTOKOTTAG KaI TNV evePYO TTEPIOXN AEITOUpyiag Tou TpavdioTop, dev
KOAUTITOUV OUWG TNV TTEPIOXT KOPOU Kai TNV TrepIoxr didoTtraong. Eival rpoga-
VEG, TTAVTWG, OTI AQUTEG OI TEAEUTAIEG TTEPIOXEG AsiToupyiag dev TTapouaialouv
evolagépov. Oviwg otnv TTepIoxn didoTTaong n didtagn de AsiIToupyei wg Tpav-
CioTop. ETmiong, otnv TrepIoxr KOPOU TO PEUPO CUAAEKTN OV EAEYXETAI ATTO TO
pevpa Baong. Apa, av AngBei utrdwn 0TI N TAON CUANEKTN-EKTTOUTTOU €ival TTOAU
MIKPH, KOTOAAYOUUE OTO CUPTIEPACHA OTI JIa TTYA PEUMATOG GUAAEKTN WE TIG
XOPOKTNPIOTIKEG TOU OX.4.2.5 TTEPIYPAPEI IKAVOTTOINTIKG TN CUUTTEPIPOPA TOU
TpavdioTop.
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Mapadsiyua 4.2.1

Av aTo ox. 4.2.2 éxoupe V=15V, V .= 15V, R, =470 KQ ka1 R . = 3,3
KQ va uttoAoyioeTe To peUpa BAONG, TO PEUUO TUAAEKTN KO TNV TAGT CUAAE-
KTN-€KTTOTTOU, pe dedopévo 6T To B, = 100.

Abon
XpnoiyoTtroloUpe TO I000UVANO KUKAwPa Tou o). 4.2.5. Me Tn BorBeia Tng
€€.4.2.1. utrodoyiloupe 10 pelpa Baong:

Ve Vee _15V-0,7V _ 14,3V

I =
° R 470KQ 4,7x10°Q

= 30,4A

B

To peUpa cUAAEKTN diveTal atro TNy €€. 4.1.4

I = By L, = 100 x 30,4pA = 3,04mA

H 160N GUAANEKTN-EKTTOUTTIOU Ba UTTOAOYIOTEI ATTO TO BPOXO GUAAEKTN, TTOU
divel

V.. =V -l - R, =15V - (3,04mA) x (3,3KQ) = 15V - 10,3V = 4,97V

le -
H teAeutaia TiuA emBePaiwrvel, 61 TO TpavEioTOP AEITOUPYEI OTNV eveEPYO
TEPIOXN.

4.2.3 Avayvwon TEXVIKWV XOPOKTNPIOTIKWYV

270 TEXVIKO QUAAGDIO TWV KOTOOKEUAOTWY AVOPEPETAI O KWOIKOG apIBUOG
Kal 0 TUTTOG TOU TPav(ioTop. TN CUVEXEIQ ava@EépovTal KATTOIEG BATIKES EQOp-
MOVEG YIO TIG OTTOIEG £XEI KATAOKEUAOTEI N DIATAEN, TT.X. Ol EVIOXUTEG UWNAAG OU-
XVOTNTAG, TAAQVTWTEG Kal JETAAAAKTEG. 2T GUVEXEIQ TTAPOUCIAJOVTal Ol ATTOAU-
TEG MEYIOTEG EKTIUNTEIG, Ol OTTOIEG avagEpovTal cuvhBwg o€ Bepuokpaaia 25°C,
EKTOG av €mMonPaiveTal aANIWG. AUTEG aTTOTEAOUV QPAYUO VIO TIG EQPAPHOYEG
OTIG OTTOIEG KATTOI0G OXeOIA0TAG I ouVTNPNTAG £XEI TNV TTPOBECN va XpnoIuo-
TIOINOEI TO OUYKEKPIPEVO TpavdioTop. Mpétel va dobei 1dlaitepn TTpoooxh o€
QuTO TO onueio dI6TI 0O KATOOKEUAOTHG Oe PEPEI euBUVN yia TN AsiIToupyia TNg
d1dTagng 6tav yiveral eKTOS auTWV TWV opiwv. ETITTAé0oV, 0 avayvwaoTng TTPETTE
va €xel uttown, Om atrd éva aUvoAlo TpavdioTop, T1.X. TUTTou 2N3904 —uTtTopEi
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MEPIKA, O apIBPOG TwV OTToIWV €ival TTOAU JIKPOG— va AEITOUPYOUV TTEPQV QUTWV
TWV opiwv. AuTO OPWG, dev ATTOTEAEI YEVIKEUON TOU KAVOVA Yia Tuxaia €TTIAOYT.
O1 ammoAuTEG PEYIOTEG EKTIUAOEIG OE OTI apopd TIG Taoelg didoTTacng divovTal
aTTd Ta PEYVEDN:

V., : Taon didomacng 8168ou GUAAEKTN-BAcNg (11.%. 60 V)

Vieo © TAON OIGOTIAONG CUAAEKTN-EKTTOUTTOU (.. 40 V)
ME TN Bdon avoikTn

Vg © Taon didomaong 81650u BAGNG-EKTTOUTIOU (T1.X. 6 V)

> OTI aQopd TO PEYIOTO PEUMA KAl KATAVOAIOKOUEVN 10XU divovTtal aTro Ta
MEYEDN:

Il WMEyIoTO peUpa OUAAEKTN yia Bepuokpaaia TepiBailovTog (T,)

P,y MEYIOTN KATAVOAIOKOMEVN 10XUG Yia BeppoKpaaia
mepIBaAAovTog (T,)
Poe © MEYIOTN KATAVOAIOKOWEVN 10XUG Yia Beppokpaaia keAUgoug (T.)

O ouvreAeotrig ato DC amoAafr) peduatog, B, ouvavTdaral Kai pe aAAn
MOP®NA MIa Kal, avTi Tou B, Ol KATAOKEUOOTEG XPNOIKOTTOIoUV TIG h (UBPIBIKES
mapapérpoug) (h parameters). ‘ETo1 aTa TeXVIKA @UAAGDIA TO B, . CUVAVTATAI WG
hee- 2TV MPAgn, N DC atoAary peupatog dev Trapapével aTabepn Ye TO peUPa
OUAAEKTN. TT auTO Ol KATOOKEUaOTEG Bivouv TIREG Tou h . yia dIGQopEeg TIPEG
TOU PEUPOTOG CUAAEKTN. TN OUVEXEID aTTEIKOVICETal O TUTTOG TOU KEAUQOUG HE
TOUG aKPOOEKTES Kal akoAouBouv Ta Aeydueva oTaTika (static) kar Ta duvapika
(dynamic) xapakTnpIioTIKA.

NMEPIAHWYH 4.2

® To Tpav{ioTop atroTeAEITAl ATTO TPEIG OTPWOEIG NUIAYWYOU dIAPOPETIKOU TU-
ou (NPN fj PNP) kai pe 81a@OopeTIKO €TTiTTES0 EUTTAOUTIOUOU.

® XTn Asitoupyia Twv TpavdioTop Ta OTToia €CETACOUPE CUUUETEXOUV KAl NAE-
KTPOVIA Kal OTTEG KAl yI' auTd AéyovTal SITTOAIKG

@ [a va AeIToupynoel Kavovika £va TpaviioTop n 8iod0g EKTTOMTIOU TTPETTEI
va TToAwOei 0pBd, evw) n 8iod0g GUAAEKTN avdoTpoPa
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® O ouvTeEAEOTAG O EKPPAGEl TO TTOOOOTO TWV QOPTIWV TTOU EKTTEUTIOVTOI
aTTO TOV EKTTOUTTO Kal @BAvouv 0To GUAAEKTN. O . ival TIAVTa PIKPOTEPOG
™G povadag.

® O ouvreheamg DC armoAaBry peupatog B, dnAwvel TTOOEG POPEG HEYOAU-
TEPO pelpa gival duvaTov va eAEYEOUPE OTO KUKAWPO TOU CUANEKTN PECW
TOU pelpaTog BAong.

e O1 Bagikég ouvdeapoAoyieg evog TpavdioTop ival TPEIS Kal kaBopidovTal
atd 10 Gvopa TOU OKPOOEKTN O OTTOIOG gival KOIVOG. AUTEG €ival N ouvoe-
ouoAoyia koivou ekmropTtroU (CE), n ouvdeouoAoyia koivig Bdong (CB)
Kal n ouvdeapoAoyia koivoU ouAAékTn (CC).

® XT1n Acitoupyia evog TpaviioTop dIaKpivovTal TECOEPIG TTEPIOXEG, N TTEPIOXN
KOPOoU, N evepyOg TTEPIOYKT, N TTEPIOXH ATTOKOTIAG KAl N TTEPIOXK IACTTAONG.

4.3 NMoAwoeig Tou TpaviioTop

Baoikr) TTpoUTmé0eon yia Tn Asitoupyia evog TpaviioTop oTnv eveEPyO TTEPIO-
X1 a1TOTEAEI N E@apuoyr 0pBrg TTOAWONG OTN Bi0dO EKTTOUTTOU Kal avACoTPOPNG
TTOAWONG TN diodo CUANEKTN. TNa Tnv €TTiTEUEN AUTOU TOU OKOTTOU OTTAITEITAI
n €pappoyn KAaTGAANAwWY TAoEWV PETALU TWV OKPODEKTWY BACNG-EKTTOUTIOU
(Vge) Kai GUANEKTN-eKTTOUTTOU (V). 2T0 OX. 4.2.2 XpnoipoTroinénkav dUo egw-
TEPIKEG TINYEG 01V, Kal V. Kal Ta pedpaTa o€ kKabe Bpdxo TreplopioTnkav e
N BonBeia Twv avrioTdoewv R, kal R.. H xpnaipotoinon d0o tmywv yia v
TTOAWON €VOG TPAVEIOTOP XAPAKTNPICETAI PUE TOV OPO Auean TTOAwWON BAong Kal
gival 0 atrAoUoTEPOG, OXI OUWG Kal O TTAEOV CUN@EPWY TPOTTOG TTOAWONG TNG
ouvdeapohoyiag CE. Mpiv e€etacTolv AANOI aTTOBOTIKOTEPOI TPOTTOI TTOAWONG
Ba TpoodiopioTei Kal Ba peAeTNBEl TO onuEio Asitoupyiag Tou TpavdioTop OTN
ouvoeauohoyia CE.

MNa va TTpoodioploTei To onueio Asitoupyiag Tou TpaviioTop PeTABAANOUPE
TNV 160N TG TTNYNG V,, Kal TNV avrtiotaon R, 0To KUKAwa Tou ox. 4.2.2. Autd
Ba £xel wg amotéAeopa TN WETABOAN TOU PEUPATOG CUAAEKTN |, KAl CUVETTWG
N WETABOAR TNG TAONG GUAAEKTN-eKTTOUTIOU V.. TO GUVOAO Twv Ceuywv (I,
Vz) 0piCel, oTo SIAYPaPHa TWY XAPAKTNPIOTIKWY PEUPATOG OUAAEKTN, TNV DC
guBceia @opTOU.
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Zxnua 4.3.1 Eubgia popTou Kai ETTIAOYES aonueiou Asitoupyiag Tou TpavdioTop

To emBuunTo onueio Asitoupyiag Q evog TpavdioTop OTO CUVEXEG opileTal
até 1o Geuyog (I, V) Tavw oTnv eubeia gopTou.

Ortav Aeitoupyei éva TpavdioTop Kal HETORAAAETAI TO peUpa BAong To onueio
Agitoupyiag Q aAAGlel cuvexwg BEan KIVOUREVO TTAvVw OTNV euBeia gopTOU, IKO-
VOTTOIWVTOG TIG OXEOEIG:

Ortav 10 pevpa Baong auéaveral To onueio Q PETAKIVEITAI TTPOG T OPICTEPK
Kal TTANCIAZel TNV TTEPIOXT KOPOoU evw OTaV TO peUua BAong EAATTWVETAI, TO
onueio Q kiveital TTpog Ta O€IG Kal TTANCIACEl TNV TTEPIOYT| OTTOKOTTAG. ETTEIdn
aTraiTeital To TpavdioTop va AsIToupyei oTnv evepyo TTEPIOXN, TO ONEio AgiToup-
yiag Q dev TTPETTEl va EICEPYETAI OTNV TTEPIOYXT) KOPOU I TNV TTEPIOXT] OTTOKOTTAG.
‘Er01, mavw otnv eubtia popTou opifeTal KAt eKTiUNGN £va akpaio onueio Q,,,
TO OTT0I0 AVTIOTOIXEI O€ UWNAG peUpa GUAAEKTN Kal éva GAAo akpaio onueio Q,,
TO OTTOIO QVTIOTOIXEI O XAPNAO peUUa GUAAEKTN (BAETTE OX. 4.3.1).

O kaBopIopog TwV oToIXEiWV ALITOUpyiag evog TpavlioTop PTTOPEI va Yivel
€UKOAQ aKOAOUBWVTAG TIG TTOPOKATW ATTAEG ETTIAOYEG:
® [1poadiopIouOG TNG eubeiag OPTOU ATTO TIG CUVTETAYUEVEG %,O

C
(0, Vo), Bewpwovtag, OTI N TAGN KOPOU CUAAEKTN-EKTTOUTTOU Eival TTPAKTIKA

MNOEV

Kal
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® EkTiunon Twv Béocwv Q,, ka1 Q

e TotroBéTnon Tou onpeiou Asitoupyiag (npepiag) Q ato Yéoo TNG aTTéaTACNS
Q, ka1 Q,

® [1poadiopiopog Twv (I, V) atmd TN XapOKTNPIOTIKA PEUPATOG GUAAEKTN

® YTIoAoyIopOG Tou pelpaTog BACNG HECW TOU B, Kal

e Emhoyn Twv V, Kal R; €701 WoTe n BAon va dlapéeTal atrd TO ATTAITOUPEVO
pedua

‘Eva onpavTikd TTPoRANPa 1o o1roio guvavTdral oTa SITTOAIKG Tpav{ioTop €i-
vai, 0TI 10 B, ToIKiAAEI aTTé TpavEioTop o€ TpavgioTop. ‘ETol ouvaviwvtal dia-
KUPAVOEIG Je AOyo €wg kai 3:1 aTov idio TUTTo TpavlioTop, PE ATTOTEAECUA N
TTapatravw PEBodOG va gival dBUoKoAo va epapuoaoTei. ETimAéov, n 6iodog ek-
TTOUTTOU TTaPOoUCIAdel Ta idIa BEPUIKG TTPOPRANMOTA PE OAES TIG KOIVEG DIGOOUG,
onAadn og opbr TTOAwGN N TAON OTA AKPA TNG EAATTWVETAI KOTA TTEPITTOU 2,2
mV/°C. To TeAeuTaio £X€1 WG ATTOTEAEC A YIa CUVEXT augnon Tou PeUPaTOG BA-
ONG Kal KATA CUVETTEID TOU PEUPOTOG GUAAEKTN OTaV aufaveTal n Beppokpaaia.
To TeAIKG atToTéAeoua gival N oAioBnon Tou onueiou Q Tpog Ta deid (ox. 4.3.1)
Me TEAIKN KatdAngn otnv Treploxr képou. OTtav eAatTwveTal n Bepuokpaaia, n
Tropeia Tou Q eival avTiBeTn pe TEAIKR KATGANEN OTNV TTEPIOXT OTTOKOTTAG.

Ta mpoBARuaTa autd, KaBwg Kal n emBupia yia peiwon Tou apiBuol Twv
TTNYWV QVTIMETWTTICOVTAI PJE TO KUKAwpa Tou o). 4.3.2, T0 otroio ovouadeTal
TOAWGON e BiaipéTn TAONG.

H cuvdeapoloyia TOAwoNG Tou 0X.4.3.2 YEIWVEI TO apIBUO TWV TINYWV aTTo
OU0 o€ pia. AuTO €TTITUYXAVETaI PE TN BorBeia Tou diaupéTn TAONG UE TIG AVTIOTA-
oeig R, kal R,. EmimmA¢ov, n avriotaon R n omoia apepBAAAeTal aTo KUKAwPA
TOU EKTTOMTTOU KAVEI TO KUKAWUA OVECAPTNTO TOU B, TOU TPAVEIOTOP KOl PEIWVEI
onuavTiké Tn Bepuikf oAicOnon.

2€ OTI agopd Tn xapaén kar eKPeTAAAEUON TNG €UBEIOG POPTOU, TO KUKAWMO
ME DlaIpETN TAONG DIOPOPOTIOIEITAI KAI O CUVTETAYUEVES AEITOUPYIaG TOU TTPOC-
dlopiovTal wg €EAG:

( VCC O
R.+R.’

@ E

KAl (Ol Vcc )

Kal To onueio Asitoupyia HEow Twv €EAS ATTAWY BNUATWY:
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+
VCC

Zxnua 4.3.2 MNéAwaon pe diaipétn TGONS Kal avrioTacn OTov EKTTOUTTO
a. YTToAoyIouog TnG Tadong Baong péow Tou dialpéTn TAoNG:

R
V.=—2 .V
B R1+R2 @c 4.31

B. YToAoyiopog Tng Tdong ekmouTtrou (V.= 0,7 V yia TpavdioTop Tupi-
Tiou):
Ve = Vg - Vie

432
Y. YTTOAOYIONOG PEUPATOG EKTTOUTTOU:
V.
I =_F 433
E RE

0. YTToAOYIOPOG peUPATOG CUANEKTN BEWPWVTAG, OTI TO PEUPA CUAAEKTN
€ival TTPOKTIKA i00 JE TO PEUPA EKTTOUTTOU:

I =1 4.3.4
€. YTTOAOYIOPOG TAONG OUAANEKTN:
V.=V, -I.-R. 4.3.5
OT. YTTOAOYIOWOG TNG TAONG GUAAEKTN eKTTOUTIOU V!
Ve =V -V 4.3.6

Omwg mapatnpouue 10 B, OV epPaviCeTal GTOUG UTTOAOYIOUOUG WE OTTOTE-
Agopa auth n ouvdeopoloyia va gival avegapTnTn Tou B,.. To xpeialetal pévo
av Béhoupe va uttoAoyiooupe To pelpa Baong |,.
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Mapadsiyua 4.3.1

270 KUKAwpa Tou oy. 4.3.2 didovral V.= 20 V, R, = 82 KQ, R, = 18 KQ,
R, =1KQkal R, =2,2 KQ. Na utroAoyioeTe T peUpaTa Kai TIG TAOEIG GTOUG
kOuBoug Tou KukAwparog av B,. = 100.

Abon
AkoAouBwvTag Ta BAPATA TNG TTPONYOUNEVNG TTAPAYPAPOU UTTOAOYICOU-
Me Tnv Tdon Baong,
_ R, _ 18KQ
VB - 'Vcc -
R, +R, 82KQ+ 18KQ

=18 L 20v=0,18x20v = 3,6V
100

20V =

TNV TAON EKTTOUTTOU,

V=V, -V, =3,6V-0,7V =29V

TO PEUMA EKTTOUTTOU,

TO PEUMA OUAAEKTN,

TNV TAON OUAAEKTN,
V=V, -l,- R, =20V- (2,9mA) x (2,2KQ) =20V -6,38V =13,62V

TNV TAON OUAAEKTN-EKTTOUTTOU,

Vg = V.-V, =13,62V-2,9V = 10,72V

Kal To pedua Baong,
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NMEPIAHWYH 4.3

® H gubgia @OPTOU XAPAOTETAI OTIG XAPAKTNPIOTIKEG (I, V ) EvOg Tpav(i-
aTop

® H gubBeia @opTou kaBopilel TO cuVOANO TWV TIPWV TIG OTToiEG AauBdvel To
PEUPA CUAAEKTN Kal N TAOT CUAAEKTN-EKTTOUTTOU £VOG TpavioTop.

e To onueio Asitoupyiag Q evog TpavdioTop opileTal eTavw OTnNV €ubeia
POPTOU ETTI TNG OTTOIAG KaI KIVEITAI KATA T SIAPKEIQ TNG AEITOUPYiag TOU

e lpoBAruara, 6mwg n diacTopd Tou B, N 0AicBnan Tou anueiou Aeitoup-
yiag pe Tn Bepuokpaaia Kal N Yeiwon Tou apiBuol Twv TTNywv eTTIAUOVTAI
ME TNV TTOAWON PE dlAIPETN TAONG

4.4 KOkAwpa evioXuTn HE TpaviiocTop
4.4.1 KUKAWMO eVIOXUTA TPAVEiOTOP ME KOIVO EKTTOUTTO

To KUKAWMO €VOG EVIOXUTH ME KOIVO EKTTOUTTO TTAPOUCIACETAI OTO OXAUa
4.4.1. To KUKAwHQ atroTeAEl Evav evIOXUTH 0€ GUVOECHOAOYIO KOIVOU EKTTOUTTOU
01071, o€ OTI aPopd Tn POr| CrKATOG Kal TOUG BPOxoug eVOAAACTOUEVOU, TO NAE-
KTPOBIO TOU EKTTOUTTOU Eival KOIVO, JEOW TNG APECNG i EUUECNG (UE TTUKVWTH)
ouvdeang Tou aTn yn. MNa va yivel EUKOAa KaTavonTr N AEITOUPYia TOU EVIOXUTH
Bewpoupg, OTI N oUVOETN avTioTaon TwV TTUKVWTWY gival TTOAU pikpr, dnAadn
OTI CUMTTEPIPEPOVTAIl WG BPAXUKUKAWUA YIO TO EVOANACCOUEVO KOl WG QVOIKTO
KUKAWWA YIO TO OUVEXES. Ocwpoupe TTioNg, OTI N TTNYR €1I00YWYNG EVAAAQCOO-
Mevng Téong (YevvnTpIa OAPATOG) €XEl MNOEVIKI ECWTEPIKNA avTioTaON.

To onua V, epapuoletal peTagu Baong Tou Tpavdiotop kal yng. H auvdeon
yivetal péow Tou Tukvwt C,. H rapepBoAr| Tou TrukvwTh gival atmapaitnTn yia
va unv aAAoiwBei N ouvexng ouvioTwaoa Tng Taong (V,) Tng Baong.

O EKTTOUTIOC «YEIWVETAI» YO TO EVOAAACTOUEVO OTjua PEow Tou C Kai €701
emTuyxaveral n ouvoeapoloyia CE yia o evaAAaocaduevo. H evaAhacoopevn
OUVIOTWOO TNG TAONG CUAAEKTN PETAQEPETAI OKEPQIA OTNV QVTIOTOON POPTOU
XWpIg va uttdpel aAAoiwan Tou onueiou Asitoupyiag Q Tou GUAAEKTN aTTd TNV
mapoucia Tng R, . O1 mukvwrég C, kai C, ovouddovtal TTUKVWTEG 0Ugeugng, SIOTI
MEOW auTwV yiveTal N ouleuén HETAEU YEVVATPIOG CHATOG KAl EVIOXUTH KOBWG
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Kal evioxuTr Kal @opTou. O TukvwTg C, €TTEION YEIWVEI TOV EKTTOUTTO YIa TO
eVOANAOOOEVO, ovouadeTal TTUKVWTAG atrdleutng i diappong.

cC

Zxnua 4.4.1 Evioxurig ue tpavdiorop o€ ouvdeauoAoyia CE

H avdAuon 0To ouveXEG €XEl TTAPOUCIAOTEN OTNV TTPONYOUMEVT TTAPAYPAQPO.
‘0Ooo agopd TNV avaAuaon aTo eVOAAACOONEVO, TO I000UVANO KUKAWUG TTAPOU-
olaeTal 010 oXNHa 4.4.2

Zxnua 4.4.2 To AC 1000Uvauo KUKAwUA TOU EVIOXUTH ToU Ox.4.4.1

MapaTtnpoupe, OTI TO IC0BUVAUO KUKAWMO €XEI TTPOKUWEI ATTO EKEIVO TOU OY.
4.2.5 6tou n diodog £xel avTikaTaoTadei ue TNV Icoduvaun avriotaon Mg P - r,
610U n avrigTaon r, SideTal aTTo TNV,

_26mV
o= 441
C

To pedpa | eival e mA kai 1o atrotéAeapal(r,) oe Qu.
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H r, TpokUTITEl aTTO TNV TTPOCEYYIoN XOUNAOU OAPATOG N oTToia aiveTal
OTN XAPOKTNPIOTIKA €10600u Tou 0X.4.4.3. Na 10 evaAA\acoduevo dev Xpnoliho-
TrolgiTal TTAéov T B, aAAG TO B, To oTToio KaAeiTal AC atroAar| peUpaTog Tou
TpavdioTop Kal opileTal wg To TTNAIKO TNG METABOANG PEUPATOG GUAAEKTN TTPOG
TN YETOBOAN peuuaTog BAong.

IE |E DSS

Gs

EVEPYOG
Ve Ve TTEpIOXN

(a) (B) )

Zxnua 4.4.3 XapaktnpioTikr ei0060u Tou evioxuth: (a) AC taon mmou epapudlerar
ueTaéu Baong Kai ekroutrou, (B) 10 peUua TTOU ONUIOUPYEITAI GTOV EKTTOUTTO
kai (y) utroAoyiouog e r,

270 1000UVANO KUKAwUaA, oxAua 4.4.2, n avtiotaon Tnv oTroia TTapoucIAadel
n Baon (ry) ivar B-@opég peyalitepn TG r, (rB =B - r). Zv avrioTaon aut)
ouvdeovTtal TTapdAnAa ol R, kai R,. ZTnv €600, ol R, kai R auvdovTal rapdA-
AnAa kai dlappEovTal atmod To PV TNG TINYAG B - i,

MapakoAouBwvTag Tnv TTopeia Tou onuarog diammoTtwvouue 61 n AC
TAON, N OTToIa £EQAPPOCETAl OTNV €i0000 TOU EVIOXUTH TTPOKAAEI £€va peupa
iy TO omroio diappéel Tn Siodo ekTrouToU. To pevua AuTo €ival i0o TTPOg

=0
o 442

To pelpa auTd evioxueTal, AOyw Tn aTroAaBnS peUUATOS ToU TpaviioTop, Kal
0TO OUAAEKTN ep@avigetal éva AC pelpa i, TO OTToio dideTal aTro TNV £§iowan

i =B 4.4.3
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8 AC

50 Peupa
0 Eioc6dou
6
30
25
4 20
AC' 2 10
Psl’Jua Lo
E¢o6dou
0 5 10 15 V

CE

AC
Taon EE6d0ou

Zxnua 4.4.4 Xapakrnpiotikn ioédou-s€6dou. lMNapouaidlovrar n AC eubesia
@OpTOU KaI TO anueio Asiroupyiag Q

Av n 10000vaun avtioTaon £€6d0U, N OTTOIa TTPOKUTITEI ATTO TNV TTAPAAANAN
ouvdeon Twv R, kai R, givai r, T0Te n 10N 0Ta GKPA TNG KOl GUVETTWG OTA
dkpa TnG avTtiotaong eopTou Ba eival,

: . r
UL=|c'rL_B'|B'rL=r_'Ui 444
=

Maparnpouue OTI, OTaV £QAPUOLETAl hia TAON oTNV €i00d0 TOTE gp@avideTal
I TGon U, aTnv £50d0 Tou evioXUTr|. OI TACEIG QUTEG £XOUV PETAGU TOUG dlago-
pa @daong 180°, dnAadn n KupaTopop®r oAPATOg 0N £€€000 €ival aveCoTPAUUE-
vn 0€ 0X€0N PE QUTH TNG €1I0080U.

> évav evioyUTr) evOIAQEPEl APECT N OXEON METAEU TAONG £€0BOU Kal TAoNG
elo6dou. I autd 10 Adyo opileTal pia atroAafn) (kEpSOG) TAONG TOU EVIOXUTH
A, wg TnAiko NG AC 1d0Ng £66dou (v ) TTpog TV AC Tdon €106d0ou (), AToI:

(=

A =_L =
Ui

Vv

445

(D-‘ |l_-‘

2NV TTERITITWON KATA TNV OTToia 0 TTUKVWTNG C_ OE YEIWVEI TOV EKTTOUTTO, N
oxéon n otroia divel Tnv atmoAafn yiverai:
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A = U_L = rL
Y u o +R; 446
ka1 n AC avriotaon tTng Bdong yiverai,
g = B'(re + RE) 447

ATTO TN PEAETN TwV 8. 4.4.6 Kai €8. 4.4.7, 6TTOU 0 OpOG R €ival TTOAU peya-
AUTEPOG TNG 1, DIATTIOTWVETAI OTI, OTAV aaipeiTal o TTUkvwTg C. n avrioTaon
Baong autavetal, evw n ammoAapry Taong peiwveral. H petafoAn ota duo autd
MEYEDN €ival oNUAVTIKN.

270 oxNpa 4.4.4 TTopousIAdeTal N XapaKTNEIOTIKA €£080U Tou evioxuTh. Na
10 evaAlaoodpevo n AC gubBeia @OPTOU TIPOKUTITEI ATTO TNV I, Kal £XEl dlao-
PeTIKN KAion atmd Tnv DC euBcia @opTou, aAAd diEpxeTal TTAAI aTTd TO GnuEio
Q. EmimAéov diakpiveTal n avaoTpo@r ¢Aong PeTaiu oAuaTog £1I00d0u Kal ofy-
poTog €€GO0U, dNAAdH TO EAAXIOTO TOU PEUPATOG EI0080U QAVTIOTOIXEI O€
MEYIOTO TNG TAONG £§660U KAl AVTiIOTPOPa.

Mapadadesiyua 4.4.1

270V evioxuT Tou oxnuarog 4.4.1 didetan V. =20 V, u= 10 mV, R, = 82
KQ, R, =18 KQ, R.=1KQ, R.=2,2 KQ kai R = 4,7 KQ. Na utrohoyiaTei n
avtiotaon Baong, n atroAan kai n Taon £€6dou, 6tav o TTukvwTg CE eivai
ouvOEedEPEVOG OTO KUKAWA Kal OTav £XEl ATTOCUVOEDEI.

Abon
To TTapov TTapPAdEIYUa XPNOIKOTIOIET VIO TO CUVEXEG TO iDI0 KUKAWUA HE TO
Tapddeiypa 4.3.1. 'ET01 XpnoipgoTtroloUue oToIXEia Tou TTapadeiyuatos 4.3.1,
OTT0U £X0UHE BN UTTOAOYIOEI TO PEUUA CUAAEKTN | = 2,9 mA.
Apa,

Kai n
¢ = Re'R _2,2KQ x4,7KQ
Y R.+R, 2,2KQ +4,7KQ

= 1,5KQ
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Me tov C_ ouvdedepevo aTo KUKAwA N avtioTaan Tng Baong eival,

r,=B-r,=100x8,6Q= 860Q

n atroAapr Taong €ivai
A=Y= 19000 40 4
u r,  8,6Q
Kal n Tdon €6dou
u =A,-u =174,4x10mV = 1,744V
Xwpig Tov C_ n avrioTaon Tng Baong eivai

f, = B-(r, +R;) =100 x (8,6Q +1000Q) = 100, 86KQ

n atroAapr Taong €ivai
U

u_ . _ 15000
Ui

A, = = ~
r,+R; 8,60 +1000Q

\

1,5

Kal n 1aon e€600ou
u =A,-u =1,5x10mV =15mV

4.4.2 100dUVapOo KUKAWHO pE UBPIBIKES TTapapéTpoug h

H trepiypa@r] Tou 1I008UVANOU KUKAWUOTOG £VOG TPAvEioTOP YIO TO CUVEXEG
£YIVE OTNV TTAPAYPAPO 4.2.2. TNV TTEPITITWON Tou EVOAANACCOUEVOU, N avAAu-
on TTOAUTTAOKWY KUKAWPATWY TTapouaidlel TTOAEG popEG OUTKOAIEGS. I auTd To
AGYO xpnaoipoTToloUvTal Ta I008UVANG KUKAWUATA, T OTToia €ival TTEPICTATEPO
QTTAOUCTEUMEVQ.

MNa va xapaxOei 10 1008UVap0o KUKAWPO KATTOIOU KUKAWMOTOG (TT.X. EVIOXUTH
ME TpavdioTop), TTPETTEI TTPWTA va XapaxBei To 1008Uvapo KUKAwUa Tou idlou
TOU Tpav{ioTop, EQOCOV auTd AeiIToupyEi oTn YPApHIKA TrEpIox. O TTpoadio-
PICHOG TOU I00OUVANOU KUKAWMATOG VIVETOI PE TOV TTOPOKATW TPOTTO.

i .
1 |2

loodUvapo
U KUK)\UJ’}.IG U
TETPATTOAOU

Zxnua 4.4.5 KikAwpa evog tpavdiotop kamoiag ouvdeauooyias we TETPATToA0
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Ocwpoupe KAt apxAv OTI UTTAPXE! £va KUKAWMGA, TO OTTOIO yIa TO evaAAao-
OOMEVO €xEl TNV id10 CUMTTEPIPOPA E QUTAV TTOU €XEI TO TPaVioTOp Kal OTI TO
KUKAwMGa auTo Bpioketal TOTTOBeTNPEVO O€ éva KouTi. ETTITTAov Bewpouue OTI
QUTO TO KOUTI €XEl TEOOEPIG AKPODEKTES (BAETTE 0X.4.4.5), OnAadN cival Eva Te-
TPpdT1ToAo. ETeIdr 10 KUKAwPa autd, o€ 0TI apopd TNV €QApUOYA TACEWV N
OIOXETEUOT PEUNATWY, £XEl dUO €10000uUG, TIG 1 Kal 2, ovoudletal diBupo. O
TTPOCBIOPICHOG TOU I00BUVANOU KUKAWMNATOG UTTOPE va yivel e T BorBeia Twv
EVAANAOOOUEVWY TAOEWY U, KAl U, KOI TWV PEUMATWY i, Kal i, Twv £1063wV Tou.
Me Tnv KaTAAANAN €1TIAOY Twv PEYEBWY TTOU £QAPUOOVTal Kal EKEIVWV TTOU
METPWVTAI TTPOCBIOPIZETal TT.X. TO Z 1I000UVANO KUKAWUA (BIOXETEUOT TWV PEU-
MATWV Kal PETPNON TwV TAoEWV), TO Y 16000UVOUO KUKAwUA (EQapUoyr Twv
TACEWV KAl HETPNON TWV PEUMATWYV) K.A.TT.

Av yia Tn xdpaén Tou I00OUVAUOU KUKAWMATOG TOUu Tpav(ioTop £PapUO-
oBouv n 1Gon u, Kal To PeUa i, Kal HETPNBOUV N TAoN U, Kal T pedpa i, TOTE
utroAoyidovTai ol TEooEPIG UBPIBIKES TTAPAUETPOI KAl TO I00OUVANO auTO Afye-
Ta1 uBPIBIKO 1I003UVaMO.

21NV TTEPITITWON Tou UBPISIKOU I00BUVAUOU Ta ETPOUMEVA YEYEDN, BNAadN
n 10N U, Kai 70 pedua i,, Ba eGapTwVTal atrd TV TAOn U, TToU £QapUOeETal oTNV
€i00d0 2 Kal To peUHA i, TTOU JIOKETEUETAI OTNV €i0000 1, HEOW TWV TTAPAKATW
e€lOWOEWV:

i +hy,u,

u, = hyiy

: : 448

i, = hyi, +h,,0,

O1 UBpPIOIKEG TTAPAUETPOI £XOUV OE GUVTOUIO TIG £EM1G £VVOIEG KAl GUBOAI-
OpougG:

h,, h, Avriotaon £10650u pe BpaxUKukAwpévn Tnv €500

h,, h_ Aéyog peTa@opdg avaoTpoPNG-TAONG HE AVOIKTO KUKAWUA
oTtnv gicodo

h,, h, Adéyog peTa@opdg opBoU-pEUNATOG HE BPAXUKUKAWUEVN TRV
£§odo

h,, h, Aywyiuotnra eg680uU P aVOIKTO KUKAWHA 0TV £i0050
XPNOIPOTTOIVTOG TOUG VEOUG CUMBONIGUOUG oI e§iowaels (4.4.8) ypd@o-

VTal: 0
u, =hj +hu,

i, =hi, +hyu,

449
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Avdloya pe 1o €idog ouvdeapoAoyiag Tou TpavlioTop TTPOCTiOeTaI Evag deU-
TEPOG O€ikTNG: TO € yia KE, 1o b yia KB kai 1o ¢ yia cuvdeouoloyia K.

2UpQwva JE TIG CI0WOEIG (4.4.9) Kai TIG £VVOIES TWV UBPISIKWYV TTAPANETPWV
70 1008UvVapo KUKAwa £106d0u Ba TrepIdapBavel pia nyn taong, Ty h u, ouv-
dedepevn Oe OeIpd pe pia avrioTtaon, Tnv h, Tnv omoia diappéel To pelua i,. To
I00dUVapOo KUKAwa £§000u Ba TrepIAauBaver pia Tnyr| peduarog, TNy hi,, mma-
PAMnAa oTnv otroia gival ouvdedepEVN N aywyIpoTNTa £66d0U, h . To TTANPEG
1008UVaNO0 KUKAwPa £10000u-££000U TTapouaidletal oTo o). 4.4.6. E¢etalovTag
Ta TTOPOTTAvW dlammoTwvoupe OTl: To uBpidikd KUKAwpa g106dou gival To
10000vapo katd Thevenin (oTa0gpAg TAOEWG), eV TO UBPISIKO KUKAWM
€§o6dou gival To 1I00d0vapo katd Norton (oTabepng evidoewg). ETropévug
10 TTARPES UBPISIKO 1I008UVaO KUKAWUA gival MIKTO (UBPISIKO) Kal TTEPI-
Aappadvel éva katd Thevenin kai éva katd Norton 1I0080vapa KUKAWHATA.

Zxnua 4.4.6 lNAnpeg uBpidiké I00d0vauo KUKAwua

MNa éva TpavioTop To OTT0IO €ival o€ ouvdEeToAoyia Kolvou ekTTouTTou (KE)
TO 1008UVapO UBPISIKO KUKAWHA, UE TIG TTAPAUETPOUG h Kal Toug OEIKTEG TTOU
QVTIOTOIXOUV, TTapoucidletal aTo axfpa 4.4.7. O1 OEiKTEG TWV TACEWV KAl PEU-
MATWV €xouv avTikaTtaoTabei, To 1 pe b 1o otoio avTioToIxEi oTn BAon Kai T0 2
JE C TO OTTOIO QVTIOTOIXEI OTO GUAAEKTN.

E E
Zxnua 4.4.7 [NAnpes uBpidiké 1I000UvVauo KUKAwUa evos TpavlioTop as ouvdsauoAoyia KE
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H xpnoiyotroinon Twv h-TrapauéTpwy yia Tov UTTOAOYICHO TNG atroAafrig
TAONG £VOG EVIOXUTH OUVOECUOAOYIOG KOIVOU EKTTOUTTOU (OX. 4.4.1) gival atTAn.
O utroAoyIopdg Eekiva aTTd Tov OpIGHO TNG TTOAARNG, ONAAdK TO TTPWTO PEPOG
NG e€iowaong (4.4.5) 0
A, ===

Uy 4410

OTNV oTToia EKPPACOUUE TNV TACN €I00D0U U, CUVOPTACEI TNG TAONG £6000U
U, Kal Tou peUpaTog €10000U i,. TEAIKA n ammoAaBn Tdong Tou evioxuTth dideTal
atré TNV e€iowoaon,

— -hferL
"~ h, +(hh. -heho ) 4.4.11

ie’ "oe fe' re

A

To apvnTikd Tpdonuo otnyv (€. 4.4.11) dnAwvel dlagopd eaong 180° petagu
OAUATOG £€600U KOl GAMOTOG £10GJ0U.

TENOG 01 UBPIBIKEG TTAPAPETPOI TWV TPAVEIGTOP TTAPEXOVTAI OTA TEXVIKA QUA-
AGdI0 TWV KATAOKEUAOTWV.

lMapadeiyua 4.4.2
ZT0V EVIOXUTH| TOU oXApaTog 4.4.1 didetarh_=1KQ, h _=2x10%,h_=120
karh =25 pANV. Avu =10 mV, R = 2,2 KQ kai R = 4,7 KQ, va uttohoyioTei
N atroAafr Taong kai n Téon £E6d0u.
Abon
270 TTapoV TTapddelyua Ba EXxoupe
= R R, _ 2,2KQ x 4,7KQ -
Y R.+R,  2,2KQ+4,7KQ
XpnoigotroiwvTtag Tnv egicwon (4.4.11), xwpig 10 apvnTiIkOG TTPOCNUO,
Ba £xoupe

1,5KQ

A - 120 x 1500 _
Y 1000+(1000><25><10'6 —120x2x10'4)x1500
120 x 1500 120 %1500

=180

~1000+0,001x1500 1000

Kal n Taon e€6dou
u =A,-u =180x10mV =1,8V
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NMEPIAHWYH 4.4

>¢ évav evioxuTt CE 10 onua epapudletal otn Bdon kai AauBdaverar amo
TO OUAAEKTN PECW TTUKVWTWYV oUdeuéng.

O eKTTOUTTOG TOU TPAVEIOTOP PTTOPET VA «YEIWBEI» yia TO evOANACTOUEVO
ONMa HEOW EVOG TTUKVWTH a1rodeudng.

2¢ évav gvioXuti CE €xouue atroAafrn peuparog kai atroAafn tdong
MEYOAUTEPN TNG HOVADOG

>¢ évav gvioxuTth CE éxoupe kal atroAaBn 10X00¢ n oTToia opileTal WG TO
TNAIKO TNG 1I0XU0G TOU OAUATOG £€£0O0U TTPOG TNV 1I0XU TOU OfHOTOG E100-
dou. H amoAaBn 1oxuog gival, €TTiong, ion Ye TO YIVOUEVO TwV aTTOAABWV
Tdong Kal PeUPATOG.

H pn XpnoIgoTtroinon TTUKVWTA atréeudng GToV EKTTOUTTO £XEI WG OTTO-
TEAEOPA TNV EAATTWON TNG aTToAABAG TAONG KAl TRV augnaon TNG avTioTaong
NG Baong.

H AC guBcia @opTou KaBopileTal atrd TNV avTioTaon GUAAEKTN KOl TNV QVTi-
oTaon eopTou, dnAadn £xel diapopeTikn KAion atrd Tnv DC gubeia @opTou.
H AC euBcia @bpTou Tépvetal e T DC euBeia poépTOoU O0TO ONnuEeio AeiIToup-
yiag Q.

To uBpIBIKG 1008UVapO KUKAwHA evOg TpaviioTop atroTeAsital atrd éva

KUKAwpa €106dou katd Thevenin kal éva KUKAwpa e€6dou katd Norton.

To uBpPI18IkS 1008UVAO KUKAWPGO XPNOIKOTTIOIEITAI Yia aTTAOUCTEPN KAl EU-
KOAOTEPN €TTIAUCT €VOG KUKAWMATOG pE TpavlioTop, CUPQWVA PE Ta OTOI-
XEia Tou TEXVIKOU QUAAQSIOU TWV KOTAOKEUGOTWV.
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EPQTHZEIX - AZKHZEIZX 4.1 - 4.4
4.1. H diodog ektrouTrou gival ouvrBwg
a. OpBa TToAwpEvn +20V
B. AvaoTtpo@a TToAwpévn
y. Agv Ayel 1,2 KQ
0. Aeitoupyei otnv Trepioxy dId-
oTaong oy 820KQ
4.2. Ta éva TpaviioTop TO OTTOI0 A€l-
TOUPYEl OoTnNV evepyd TTEPIOXNA, N
0i0d0G TUAAEKTN ival
a. OpBa TToAwpévn Zxnua 4.5
B. AvaoTtpoga TToAwuévn
o AT i Lo 4.8. 'Evag evioxutig CE Acitoupyei
0. Neitoupyei otnv Trepioxny d1a- . .
Q. oTNV evepyod TTEPIOXN
IO . oTnv TTEPIOXT KOPOU
4.3. H atmmoAan) pelpaTtog evog Tpavdi- i i
aTop, og cuvdeapoloyia CE, gival Y. omy TTEpIOXI”] GTTOKOT"]';
. . O. X1nv Teployr didoTracng
ion TTpog 10 Adyo ! i
0. TOU PEOATOC GUAAEKTN TTPOG TO 4.9. Ztov ewoxum’ CE o TukvwTAg
PEGLIA EKTIONTIOU C. OUUTTEPIPEPETAI WG
B. TOU PEUNATOS GUANEKTN TTPOC TO a. AvoIKTO KUKAWMA yIa TO EVAA-
peUUa BACNS AoooOpEVO
y. Tou peUpaTog BAong TTpog To B. BPaxUKUKAWUQ yIa TO CUVEXEG
PEUA CUAAEKTN Y. QVOIKTO KUKAWUA yIa TV TPO-
0. TOu PEUPATOG EKTTOUTIOU TTPOG (0d00ia TOU KUKAWUATOG
TO PEUMD OUAAEKTN 3. BpaxukUkAwpa yia 1o eval-
4.4. Na oxedidoere kUkAwpa CE oTo AaooduEvo
omoio va 1oxuer: Vg = 20 V, 410. Stov evioxuty CE n mapouaia
VCC= 30V, IC =8 mA, VCE= 8 V kai TOU TTUKV(,JT(] CE
Boc = 100. a. au€dvel TNV atroAaBn Taong
4.5. Na xapdgete v eubeia eopTOU B. eAaTTWVEI TNV aTTOAABH TéONG
OTO TTOPOKATW KUKAWA. y. au€dvel TNV atoAaBn peluo-
4.6. Av n 1don GUNEKTN eAaTTWBEN OTO T0G
+10V 1 Ba oupBei otnv eubeia . dev eTmnpeddel TN AsiToupyia
(pc')pTou TOU KUK)\(A')UGTOQ g dok. TOU gv|o’xu'|'r']
4.5.
4.7. Av n avriotaon OUAAEKTN OITTAQ-
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olooTel TI Ba oupPei oTnv gubtia
@opToU (aok. 4.5)
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4.5 TpaviioTop eykdpoiou trediou etra@ng (JFET)
4.5.1 Aoun

To TpaviioTop gykapoiou mediou ema@ng (Junction Field Effect Tran-
sistor, FET), yvwoT6 kai wg JFET, eival éva povotroAikd TpaviioTtop. AuTto
o@eiAeTal OTO YeYOvOG OTI Baailel Tn AeiToupyia Tou o€ éva PJOVo €i00G PopEwy,
OnNAadr o€ NAeKTPOVIa | O€ OTTEG, O€ avTiBeon YE TO KOIVO TpaviioTop TToU
ovoudadetal kai dITToAIKS Kail N Aeitoupyia Tou BaagifeTal kal ata dUo auTd €idn
PopEwV.

Amraywyog (D)

MUAn MUAn MUAn

Mnyn (S)
S S

(a) (B) (v)
Zxnua 4.5.1 Apxn (a) karaokeuris evog JFET, e (B) dUo mUAeg 1 (y) pe pia moAn

H apxn kataokeung evog JFET Baaietan otnv €mmAoyr] evog TUAPATOS NUIa-
ywyou, T1.X. TUTTou-N, 0To OTT0i0 TTPOCTIBEVTAI GTIG BUO TTAEUPEG TOU TTEPIOXES
TUTTOU-P (BAETTE OX. 4.5.1). H OUYKEVTPWON TWV TTPOCMIEEWV OTIG TTEPIOKEG TU-
TToU-P gival TTOAU wnAdTEPES aTTO auTA Tou KavaAiou. K&Be pia atrod TIg TTEPIOXES
TUTTOU-P KaAgitan TrOAN (gate). Ta duo dkpa Tou TuRuaTog TUTTou-N ovouddlovTal
avTioToIXa TrNYN (source) Kal atraywyog (drain), Evw TO TUAKO TOU NPIaYwYoU
TUTTOU-N, TO OTT0IO PBpPicKETAI AVANECT OTIG TTEPIOXES TUTTOU-P, ovouddeTal Ka-
VvaAi ) Siaulog (channel). Avahoya pe Tov TUTTO TOU nuiaywyou Tou KavaAiou
opiCetal ka1 o TUTTog Tou JFET. 'ETo1 uttdpxouv JFET n-kavaAiou A p-kavaAiou
(n-channel | p-channel). ‘Eva JFET pmopei va €xel pia pévo 1UAn, av evw-
vovTal ol dUo TTEPIoXES TUTTOU-P. ¢ avtiBetn tepirtwon 1o JFET Ba €xel duo
TTUAEG (TETOIEG NAEKTPOVIKEG OIOTAEEIG XPNOIMOTTOIOUVTAl O€ EI0IKA KUKAWMOTO
METAAAQYNG cuxvoTNTag oToug OEKTEG). ETTeidn eival repiocdtepo diadedoué-
VEG Ol DIATALEIG PE MIa TTUAN, o€ auTég Ba eTTikevTpwOEi Kal n avédAuon TTou Ba
akoAouBnael.
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YTapxel avaroyia petagu Twv JFET kai Twv dimoAikwyv TpavdioTop. Adyw authg
NG avaAoyiag, TToANoi TUTTOI TTou TTEPIyPAgouv KukAwuata JFET TpoépyovTal ammo
TOUG QVTIOTOIXOUG Twv OIMTOAIKWY TPav{ioTop, TTOU £X0UV OTTAWG TTPOCOPMOOTEI
yia Tnv Trepimrwon Twv JFET. H avTioToixia Twv ovopdTwy Kal Twv UPBOAWY Twv
aKPOOEKTWYV TTapouaidletal atov Tv.4.5.1. ATTAG TTapddelyua autig TNG avTioTol-
Xiag aroteAei 0 oUPBONOHGG TWV CUVEXWY PEUUATWY ToU ekTToUTIOU |, TNG BAONG
| KO TOU GUAAEKTN |, TLV DITTONKWY TPAVEIOTOP HE EKEIVO TWV GUVEXWY PEUNATWY
NG TNYNG I, TNG TTUANG |, Kai Tou atmaywyou |, Twv JFET.

AimroAik6 TpavdiioTop JFET AimroAik6 Tpaviiotop | JFET
Ektroutrdg Mnyn E S
Baon MUAn B G
2UAAEKTNG Atraywyog C D

Mivakag 4.5.1 AvrioToiyia ovoudrwv kai ouuBoAICUWY aKPOOEKTWY
oimmoAikou 1pavdiorop kai JFET

() S (B) s

Zxnua 4.5.2 KukAwpartikd ouuBoAa JFET (a) n-kavaAiou kai (B) p-kavaAiou

To KuKAwpaTikd ouuBolo evog JFET tmapoucidletal ato oX. 4.5.2. MNa pvn-
MOVIKO BoriBnua TTpéTTel va BewpnBei, 0TI N AETTTH) KATAKOPUPN YPAUM avTI-
OTOIXEI O0TO KavAAl. H TTnyr Kal 0 atraywyog cuvoEovTal JE AUTH TN YPOPUN.
EmimAéov, To BEAOG TNG TTUANG Seixvel TTPOG Tov NuIaywyo TUTTou-N, 6TTwG oTNV
Koivhj diodo. ‘ETol, av 10 BEAOG deixvel TTpog To KavaAl To JFET eival n-kavaAiou
(ox. 4.5.2a) evw, av éxel avTiOeTn KaTeUBuvON, gival p-kavaAiou (0X.4.5.23).
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4.5.2 Apxn Asitoupyiag

H Aeimoupyia evog JFET BaaoiCetal otnv eragn TTUANG-kavaAiou, n otroia oTo
€€ Ba ovoudletal eragn ) 6iodog TTUANG yia Adyoug atrAdTnTag. H TTEPIOXN
QOPTIOU XWPOU TNG ETTAPAG £XEI WG OTTOTEAEOUO TN MEiwon TNG dlaTounG Tou
KavaAloUu Kal GUVETTWG Tn METABOAN TnG avTioTaong Tou, BAETTE oxrjua 4.5.3a.
‘ET01 peTaaAovtag Tnv TTOAwaon TnG 81600u TTUANG, HETARAAAETAI TO €UPOG TNG
TTEPIOXNG POPTIOU XWPEOU TNG ETTAPNG KAl CUVETTWGS N AVTIOTAON TOU KavoAiou
apa eAéyxetal To peUpa 1o otroio diappéel To JFET. O 6pog emidpaon trediou
OXETICETAI PE TNV TTEPIOXN POPTIOU XWPEOU TTOU dNUIOUPYEITAl OTNV ETTOQH TTUANG.

D D Dss
N
N G V=0
Voo
N GG Evepyog
S TEpIoxn
S
Vo Vs BVies

(a) (B) )

Zxnua 4.5.3 (a) lNepioxés popriwv xwpou, (B) kavovikn méAwon JFET
Kai () XapakTnpIoTIKI KaUTTUAN pe0UATOS OTNV KATtaoTaon BeaxUKUKAwUEVNS TTUANG

Tummkd KUKAwpa TTOAwoNg evog JFET kavaAiou Tuttou-N TTapouciadeTal
o710 oxfua 4.5.33. 210 KUKAwPa xpnoiuoTrolouvTal duo TTnyég Tédong. H TpwTn
ouvoEeTal PETAGU aTraywyou Kal TMyng NV, Kal TTapéxel v Tdon arrayw-
you V.. H deutepn ouvdEeTal HETAGU TTUANG Kail TTNYAG NV, Kal TIApEXEl TV
Tdon mUANng V. H V, moAwvel avaoTpoga Tn diodo TTUANG pe atroTéAeoua
T0 peUHA TTUANG |, va gival TTapa TTOAU PIKPO Kal CUVETTWG N avTioTaon £10650uU
Tépa TTOAU peyadAn. EmmmAéov, n tédon TG TTUANG dIapop@WVEl, OTTWG TTPoa-
vaQEPBNKE, TNV avTiotaon Tou KavaAiou. 210 oxXAua (4.5.4) TTapoucidleTal hia
YPOQIKH TTAPACTACN TWV XOPAKTNPIOTIKWY PEUPATWY atraywyou |, cuvapTicel
NG TAONG aTTaywyou V¢ yia dIGQOPEG TIUEG TNG TAONG TTUANG. H opoidtnTa Tng
ME TN XOPOKTNPIOTIKY KAUTTUAN GUAAEKTN Twv SITTOAIKWY TpavdioTop gival aglo-
onueiwTtn. MNa PIKPES TIMES TNG TAONG aTTaywyoU TO PEUMA OTTOYWYOU auEdvel
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aTréTOUA Kal YiveTal axeddv opI{OVTIO GTNV EVEPYO TTEPIOXH. AVAUETQ OTN Vp Kal
VDS(maX), TO peUpa aTmaywyou gival oxedov o1abepo.

Ortav n 1don amaywyou yivel TTOAU peyaAn kai utrepBei Tnv Tiun BV,
gival n Taon KoTapPEUONG UE YEIwPEVN TNV TNy, To JFET, 60Tmwg @aivetal 1o
oxnua (4.5.3) kai (4.5.4), katappéel. Ommwg kal ata dITToAIKA TpavdioTop, N
EVEPYOG TTEPIOXN EKTEIVETAI KATA PAKOG TOU (OXEOOV) 0pIOVTIOU TURPOTOG TNG
XAPOAKTNPIOTIKAG KAPTTUANG. Z& auth Tnv Trepioxn 1o JFET Acimoupyei wg 1Tnyn
PEUNATOG. 2€ KABE KOUTTUAN pEUUOTOG ATTAyWwyYOoU CUVOPTHOEl TG TAONG ATTa-
ywyou SloKpivouuE Ta €EAG:

TTOU

| V=0
DSS
VGS1
VGSZ
V_(off)
VGSB s
0 Vv Vv

Zxnpa 4.5.4 XapaktnpioTIKES KAQUTTUAES arraywyou

Katdotaon BpaxukukAwpévng muAng: Otav n tédon NG TTUANG pNdevI-
oTel, TOTE N TTUAN Kai N TNy BpaxukukAwvouv. H katdoTtaon auTr) ovopadeTal
KOoTdoTaon BPAXUKUKAWMEVNG TTOANG KAI OE QUTH) AVTIOTOIXEI TO «pEUPA ATTO-
ywyouU oTnV KatdoTaon BPaxUKUKAWPEVNG TTUANGY.

PeUpa atraywyou oTnv KatdoTaon BpaxUKUKAWPEVNG TTUANG: 210 OXNA-
pa 4.5.3y o1 deikTeg Tou | AapBavovtal até TNy ékepaacn "atmd Tov amaywyo
(Drain) Trpog Tnv TTNyN (Source) pe BpaxukukAwpévn TTUAN (Shorted-gate)". Ta
QUAAGDIO TV KATAOKEUAOTWV divouv To | . uéoa aTtnv evepyd Trepioxn. Eival
TTOAU Baociké va Buudral o avayvwoTng 1o EAG: ETeIdr otnv evepyo Trepioxn
N KautroAn eival oxedov emrimedn, 10 | o, TTPOOEYYICel TTIOAU IKAVOTTOINTIKA TO
peUUA TOU OTTOYWYOU O€ OTTOIOBNTIOTE ONUEIO TNG EVEPYOU TTEPIOXNG OTNV KO-
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TGoTO0N BPaXUKUKAWPEVNG TTUANG. ETITTAEOV, ETTEION TO | o AVAQEPETAI OTNV
KOoTaoTaon BPaxUKUKAwWUEVNG TTUANG, €ival TO PEYIOTO peUUQ aTTaywyou TTou
ptropei va €xel To JFET o€ kavovikn Asitoupyia. OAeg o1 GAAeG TIUEG TNG TAONG
TTUANG €ival apvnTIKEG Kal TIPOKAAOUV PIKPOTEPO PEUUATA ATTAYWYOU.

Tdon ouptrieong: H tdon ocupTtrieong (pinch-off voltage) VID gival n Tédon
atraywyou TTavw aTtrd TNy oTToia To peUua aTraywyou YiveTal TTEPITToU 0TaBEPO,
oTnVv KaTaoTaon BpaxukukAwuévng TTUANG. OTav n 1don atmmaywyou yivel ion
Vi Vp, TO AyWYIUO KAVAAI yiveTal eEQIPETIKG OTEVO (CUPTTIECETAI) KAI OI TTEPIOXEG
QOpPTIoU XWpou oxedov epdrtovTal. Av n Tédon amaywyou augnBei ki dAAo, TO
pevpa Tou atraywyou Ba auénBei eAdxIoTa yiaTi TO €UPOG TOU AYWYIUOU Kava-
AIoU gival TTOAU pIkpO Kail Oev peTaBAaAAeTal TTapd eAdxioTa. H tdon cupuTtrieong
Xwpiel TN xapakTnPIoTIKh evog JFET e dUo TTepIoKEG: TNV evepyo TTePIOXN,
n otroia IoxU€l OTAv N TAon atmaywyou gival JeyaAUTePn TNG TAONG CUPTTIEONG,
Kal TNV WHIKA TTEPIOXA, N oTToia IoXUEl OTav N TAon aTTaywyou gival JIKpOTEPN
NG Téong cupuTtrieong. H TeAeutaia Aéyetal kKal wIKr &10TI G° AuTAV TO PEUPO
TOU aTraywyou givail, oxXedov, avaloyo Tng Tiong atmaywyou, dnAadn IoxUel o
VOUOG Tou Qu, Kal TIPOKTIKG 8ev e€aPTATAI ATTO TNV TACON TNG TTUANG. ETTITTAéov
N WUIKA TTEPIOXN QVTIOTOIXEI OTNV TTEPIOXT KOPOU Twv SITTOAIKWY Tpav{ioTop.
21NV WUIKA TTEPIOXN N AVTIOTAON PETAEU TWV OKPODEKTWY OTTAYWYOU KAl TTNYAS
uTtroAoyiceTal TTOAU eUkoAa aTTd TNV £€icwaon

Vv

Rys =7 — 4.5.1

DSs

Tdon amroko1rng TTUANG - TTNYNAG: O XapaKTNPIOTIKEG aTTaywyoU poldlouv
ME TIG XOPOKTNPIOTIKEG CUANEKTN Twv OITTOAIKWY TpavlioTop. MNa mTapddeyua
oT1o oX. 4.5.4 divovTtal o1 XapakTnpIoTIKEG evog TutmikoUu JFET. H uywnAdTepn
XapakTNEIOTIKN diveTal yia V= 0V, yia kardoTaon BpaxUKUKAwPEVNG TTUANG.
H 1G&on cupTtieong eival repitrou 4 V kai n 1édon katappeuong Trepitou 30 V.
Omwg @aiveral a1o oxrua 10 | o €ival 10 mA. Otav V= VGS(Oﬁ), otTou VGS(Oﬂ)
gival n Taon a1rokoTrng TTUANG-TTNYNG (gate cutoff voltage), ol Tepioxég @opri-
OU XWPOU EPATITOVTAI KOI GTTOKOTITOUV TO peUpa ammaywyou. Egdoov n 'V, eival
n Téon atraywyou, n oTToia TTEPIOPICEl TO PEUUO OTNV KOTAOTACT BPOXUKUKAW-
MEVNG TTUANG, TTPETTEN VA IOXUEI

FENIKA HAEKTPONIKA 115




“Vas(off) 45.2

Mepikd @UAAGDIO KATAOKEUAOTWY dev avagépouv v V,, aAAG T V
O1 dUo auTég TAOEIG gival apIBUNTIKA i0€G KAT ATTOAUTN TIUA.

GS(off)"

D

DSs

\Y 0 \Y,

GS(off) GS

Zxnua 4.5.5 XapaktnpioTikn dlaywyiuotnTag

XapaKTnEIoTIKA SIaywyIinoTnTag: H XOPAKTNEIOTIKA SIaywyINoTNTOG
(transconductance curve) evog JFET gival n ypa@ikh TTapdoTacn Tou peUPATOS
atraywyou ouvapTtioel Tng Tédong TTUANG (BA. ox. 4.5.5). levikd n xapaktnpi-
otk dlaywyiuétnTag otroloudntote JFET €xel Tnv idia poper, dnAadn cival
TuAMa TTapaBoAis. Auto ogeiletal oTnv apxn Asiroupyiag Twv JFET. H xapa-
KTNEIOTIKA dIaywyIuoTNTAG TTEPIYPAPETAI ATTO TNV £CiCWOnN:

2

V

Iy = Ings * (1' Vv = ) 453
GS(off)

n oTroia PTTopEi va xpnaoipoTtroinBei TTpooeyyioTIKA yia kaBe JFET. Me 1n Bo-
NBeia NG €. 4.5.2 cival duvatdv va UTToAoyIOTEN TO peUpa aTTaywyouU yia KABe
TIMA TNG TAoNG TTUANG TV €ival yvWwOTO TO PEUMA ATTAYWYOU O€ KATAOTAON YEI-
WHEVNG TTUANG, BNA. TO PEYIOTO PV TOU ATTaywyouU, Kai n Taon aTToKOTTAG TNG
TTUANG-TTNYAG. AGyw TNG TTaPABOAIKNAG JOP®AS TNG KAPTTUANG autrg Ta JFET
ovouadovTal Kal dIaTAEEIG TETPAYWVIKOU VOUOU.
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4.5.3 AvAyvwon TEXVIKWV XOPOKTNPIOTIKWYV

Ta @UAANGDIa TWV TEXVIKWVY XOpaKTNPIOTIKWY Twv JFET poiddouv e ekeiva
Twv dIToAIkKwv TpavlioTop. ‘ETol o€ k&Be TTivaka dlakpivovTal Kot apXAv Ol hE-
YIOTEG EKTIMNAOEIS (Maximum ratings), Ta oTATIKA Kal SUVOUIKG XOPOKTNPIOTIKA,
OnA. ouvexoUg Kal EVOANOOCOUEVOU, Ol XAPOKTNPIOTIKEG KOPTTUAEG KAl TA pn-
XAVIKA XOpaKTNPIOTIKA, OTTwG To €idog keAUpoug Tou JFET TTou e€etdloupe.
270 TTOPAPTNHA TTAPOUCIAZETAl QVTIYPAPO PEPOUG TOU TEXVIKOU QUAAadiou Tou
JFET MPF102, 10 oTr0i0 KaTtaoKeudleTal atrd TTOAAEG ETAIPIES.

270 TEXVIKO QUAAGDIO ava@EPETal 0 KWOIKOG apIBUOG Kal 0 TUTTOG Tou
JFET. ZTn ouvéxeia ava@épovTal KATTOIEG BATIKEG EPAPUOYEG VIO TIG OTTOIEG
£XEl KATaokeuaaTei n dIATagn, OTTWG Ol EVIOYXUTEG UWNARG ouxvoTNTAG, TAAQ-
VTWTEG KAl JETOAAGKTEG. 2T OUVEXEIQ TTAPOUCIAOVTal O ATTOAUTEG PEYIOTEG
EKTIMNOEIG, Ol OTTOIEG avapépovTal ae ouvhnBwg o€ Bepuokpacia 25AC ekTOg
av eTmonuaiveTal. AUTEG ATTOTEAOUV QPAYHO VIO TIG EQAPUOYEG OTIG OTTOIEG KA-
TT010G OXEDIAOTAG ] CUVTNPENTAG €XEI TNV TTPOBECN va XPNOCIUOTIOINCEl TO GU-
ykekpipévo JFET. ZTn ouvéxela atreikovideTal 0 TUTTOG TOU KEAUQOUG HUE TOUG
OKPOJEKTEG Kal akoAouBoUV Ta xapakTnpioTIKG auvexoUg (static) kal evaAao-
oouevou (- dynamic), 61Tou diakpivovTal N TaoN aTTOKOTIAG Vg o, TO peUUA
BpaxuKUKAwPEVNG TTUANG | s, N TAON KATAPPEUONG TNG BIGSOU TTUANG-TINYAG
BV ;g KATT. ZT0 XOPOKTNPIOTIKA VOAAACTOUEVOU BIaKPiVETAl N dlayWYINOTNTA
g Ol TTOPACITIKEG XWPENTIKOTNTEG KATT. TEAOG, KABE TEXVIKO QUANGDIO, OTTWG
EXEI TTPOAVAPEPBEI, TTEPIEXEI KAl TIG XAPAKTNPIOTIKEG KAUTTUAEG OUVEXOUG Kal
evaAaoaooduevou.

Mapadsiyua 4.5.1

210 TEXVIKA XapakTnploTikd Tou JFET MPF102, To oTroio gival n-kavaAiou
Bpiokouue OTI TO AvACGTPOPO PeUA TNG TTUANG TOU €ival;
lgss = -2 NAYIOQV  =-15VKaI V =0V

Moia €ival n avtiotaon TTUANG-TTNYNG, dnNAadn €ilcédou TnNG didTagng yia
TO OUVEXEG;

Abon

H avTiotaon €106d0u yia TO CUVEXEG €ival:
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Re = % =7,5x10°Q = 7500MQ

To atroTéAeopa auTO PTTOPEI va OUYKPIBEI PE TNV avTiaTolxn avTioTaon
€1I0600U, YIa TO OUVEXEG, EVOG DITTOAIKOU TpavlioTop atrd Tn BAon Tou OTToiou
OlépxeTal peupa 1 pA:

Rge = 0.7V _ 700KQ
1pA

H ouUykpion &¢ixvel Tnv uttepoxn, o€ OTI apopd Tnv avTioTaon €106d0u,
Twv JFET wg mpog Ta dimmoAikd TpavdioTop.

lMapdadsiyua 4.5.2

O Tivakag XapakTnPEIoTIKWV evog JFET divel: |, = 25 mA Kal Vp =4V.
Molo €ival To p€yioTo pevpa atraywyou; Moia gival N Tdon amokoTTAg TNG
TTOANG-TMYAG;

AUon

MNa k&6¢e TiuAR TNG Tédong TTUANG, To peUPa aTTaYWYOU TTPETTEI VA BPIOKETaI
METACU Twv opiwv:

0<I,<25mA

Otav n 180N TNG TTUANG €ival undév, To peUua atraywyou aTToKTa Tn Wé-

yloTn TIPA
I, =25 mA

H 1don atmmokoTrAg TTUANG-TTNYAG €ival ion e TV Tdon cuuTrieong, aAAd

ME avTiBeTo TTpdOoNPo. AQou n Tdon cupTrieang eival ion TTpog 4V Ba £xoupe
VGS(off) =-4V

Mapadsiyua 4.5.3

XpnaoiyoTtroiwvTag Ta dedouéva Tou TTapadeiyuartog 4.5.2 va uttoAoyioeTe
TNV avTiotaon Tou JFET oTnVv wWIKN TTEPIOXT.

Abon
H avtioTaon yia 1o ouvexEéG oTnV WHIKA TTEPIOXN €ival ion gival pe To TTN-

Aiko Tng Tdong ouuTTieEoNG TTPOG TO UEYIOTO peUua atraywyou. Apa,

4v
R,.=——=160Q
B¢ 25mA

118 BYVxiel




NEPIAHWYH 4.5

‘Eva JFET amroteAcital a1rd €va TUAPA nuiaywyou Tutrou-N i TUTTou-P, 10
0T1T0i0 ovopdletal kavaAl. Ta dUo akpa Tou KavaAloU ovouAdovTal Trnyn Kai
ATTOYWYOG. 2TIG dUO TTAEUPES TOU KavaAloU UTTAPXOUV eTTAPEG TUTTOU-P av
10 KavAAl gival N-TUutTou 1 T0TTou-N av 10 KavaAl gival P-TUTTOU, OI OTToiEg
ovopadovTal TTUAN R TTUAEG, av AsitoupyoUv avegapTnTa n pia atrd v
AAAN.

YTapxel avTioTolXio HETAgU Twv NAEKTPOdIWVY TrNYR, TTUAN KAl ATTayWwyog
TwVv JFET pe 1a nAekTpodia eKTTOUTTOG, BAon Kol GUAAEKTNG TwV DITTOAI-
KWwv TpaviioTop.

H 1rOAn, pe TNV TTEPIOXN POPTIOU XWPOU, TTEPIOPICEI TNV EVEPYO dlATOUN TOU
KavaAiou. H avtioTaon Tou KavaAiou r} To peUua TTOU TO IappEEl, UTTOPEI va
eAEyxeTal av TTOAwOEi avaoTpopa n eTagn TTUANG-TTNYAG.

270 OMAVOG TWV XAPOAKTNPIOTIKWYV PEUUATOG-TAONG ATTAYWYOoU CUVap-
THOE€I TNG TAong TTUANG evog JFET, diakpivovtal Ta €AG:

A. To peUpa atraywyoU TNV KATAOTAON PPaXUKUKAWMPEVNG TTUANG, TO
OTTOIO €ival TO PEYIOTO PEUPA TNG EVEPYOU TTEPIOXNAG.

B. HTtdon cuptrieong (V,), n omoia gival n Taon amaywyou Tavw aTro Tnv
oTToia To peUua atraywyouU yiveral TTPaKTIKG oTaBepd, aTNV KATAOTOON
BpaxukukAwPEVNG TTUANG.

I HT1don amokotnig TUANG - TTNYNAG (VGS(Om), yIQ TNV OTTOia ATTOKOTITETAI
TO pelpa ammaywyou kai gival apiBunTikd ion Pe TRV TGO CUMPTTiEONG,
aAAG pe avTiBeTo TTPdONO.

A. H wuikA TepIoxri, OTnV oTToia TO PEUPA ATTAYWYOU TTPOKTIKG OevV £E0PTA-
TaI ATTO TNV TAON TNG TTUANG.

H XapaKTnpIoTIKA S10yWwyYIHOTNTOG TTAPEXEl TN dUVATOTNTA UTTOAOYICUOU

TOU PEUPATOG ATTAYWYOU YIa KAOE TIPR TNG TAoNS TTUANG OTAV gival yvwoTo
TO peUua aTTaywyouU 0€ KATAOTAON YEIWPEVNG TTUANG KAl N TAON ATTOKOTTAG
TTUANG-TINYNAG.

FENIKA HAEKTPONIKA 119




EPQTHZEIX - AZKHZEIZ 4.5

4.5.1 Na amavtioete av éva JFET: a. Mpappiki
a. Eival diaragn mmou eAEyxeTail B.Opoia pe TN ypa@Ikh TTapa-
aTro Téon oTaon PEUPATOG - TAONG HIOG
B. Eivai didragn mmou eAéyxeTal avtioTaong
atré pelpa Y. Mn ypauuikA
y- Exel TToAU pikpr| avrioTtaon 0. 0Ommwg pia  XopPOKTNEIOTIKA
€10600U peuPaTOg aTTayWYoU
3. ‘Exel TToAU yeydAn avtiotaon 4.5.5 XTOV TIiVOKO XOPOKTNPIOTIKWY
€10600U Tou JFET 2N3819 &idovral Ta
4.5.2 H 0N evog JFET eAéyxer: €8NG: lgs = 2 NA 0E Vg = 15 V.
a. Tn diatopr Tou KavaAiol Na uTroAoyioeTe TNV avtioTaon
B. To pelpa Tou aTraywyoU €I0600U YIO TO OUVEXEG.

4.5.6 Tia 10 idl0 JFET divetan €mmiong
6m otoug 100AC €xoupe | = 2
pA oe V= 15 V. Na utroAoyioe-
TE TNV avTioTaon €l06dou yia To
OUVEXEG.

4.5.7 e éva JFET é€xoupe | oo = 20 mA
kar V=5 V. Na UTTOAOYIOETE TO

y. OAa ta TTponyouueva
453 H 0diodog TUANG-TINYNG €vOG
JFET Trpétrel va givai:
a. OpBd TToAwpévn
B. AvdoTtpopa TToAwuévn
y. Eite avdoTpoga 1 opBbd TToAw-

pévn . , .
. , ) eNaxI0TO pelpa aTTaywyou, TO
0. Kamc’x aTtro TIG TTAPATIAVW TTE- UEYIOTO pEOUA aTTaYWYOU  Kal
PITITLGEIS TNV TAON OTTOKOTING TTUANG - TTN-
454 H xapaktnpioTiKr OIaywyIuoTn- VAC.
Tag givai:
4.6 MOSFET

To MOSFET (Metal-Oxide Semiconductor FET) civai kai auTr pia didtagn
n otroia £x€I TTNYRA, TTUAN Kol atmaywyo. Ze avTtiBeon opwg pe 1o JFET, n TUAN
gival NAEKTPIKA pOVWHEVN WG TTPOG TO KAVAAI hE aTTOTEAECUA TO peUPa TTUANG
va gival TTapa oAU PIKPO, ave¢dpTnTa aTTd TN QOPd TNG TAoNG TTOU £PAPUO-
CeTan PeTagU TTUANG Kai TTNYNAG. QG PHOVWTIKG, XPNOIUOTTOIEITAI éva TTOAU AETTTO
OTPWHA BI0EEIBIOU TOU TTUPITIOU, TO OTT0IO TTOPEURAAAETON JETAEU TNG WETAAAI-
KNG TTUANG Kai Tou nuiaywyou. H aeipd d1adoxrg Twv OTPWHATWY KaBopilel Kai
1O 6vopa NG dIdTagng.

iPIl TPANZISTOP




ATTaywyog

MOAN YméoTpwua
Sio
MnynA

Zxnua 4.6.1 Aourn MOSFET r10mmou apaiwong

To MOSFET koAeital kai IGFET (Insulated Gate FET), etreidry n TTUAN €ival
povwpévn. 2’ éva MOSFET o 1utrog Tou kavahiou kaBopiletal atrd 1o €id0g
TWV QOPTIWV, NAEKTPOVIA | OTTEG, TO OTTOIA JETAPEPOUV TO PEUUA OTTO TNV TTNYN
oTov amaywyo. EmmAéov Ta MOSFET xwpidovtal o€ dUo katnyopies: Ta MOS-
FET 101TOoU apaiwong (Depletion mode) kai Ta MOSFET TUTrou TTUKVWONG
(Enhancement mode), avaAoya pe Tov TpOTT0 Asitoupyiag Toug. O TpATTOG KaTa-
okeung Twv MOSFET avagépeTtal aAhou (Texvoloyia HAekTpovIKwv AlaTagewV)
Kal atraitei €18IKG epyacThpia, EpyacTtipia MIKponAeKTPOVIKAG.

4.6.1 MOSFET T10TTOU 0paiwong

To MOSFET apaiwong atroreAcital atmd €va TuApa nuiaywyou Tuttou N.
210 Gkpa auToU TOU TUAMATOG OUVOEOVTAI Ol OKPOOEKTEG TTNYNG KAl OTTaYW-
you (ox. 4.6.1). H epapuoyn piag Tdong Yetagu Trnyng Kal atraywyou, OTTou o
ATTayWYyOg ouvoEeTal OTO BETIKO TTOAO TNG TTNYNG, £€avaykadlel Ta nAekTpovia o€
por| atroé Tnv TTNyA TTPog Tov atmaywyo. To MOSFET, avtiBeta pe ta JFET, €xel
Mia povo trepioxn P, n otoia ovouddletal utréoTpWHa (substrate). H tTepioxn
autn Treplopicel Tn dlaTopur Tou KavaAioU PE aTTOTEAECUO VO TTAPAEIVEl Eva
TTOAU AETTTO OTPWHA TO OTTOIO ETTITPETTEI OTA EAEUBEPO NAEKTPOVIA VA KIVOUVTAI
atré TNV TTNyn oTov atmaywyo. ‘Eva TToAU AeTrTo upévio diogeidiou Tou TTupiTiou
aTToTiBeTan TNV AvVTIBETN TTAEUPG TOu KavaAiou (oX. 4.6.1) Kal TTAvwW O€ auTod
ToTToBETEITAI N METAAAIKA TTUAN.
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Zxnua 4.6.2 MOSFET rurmmou apaiwong Le (a) apvnTiky 1don otnv miAn
Kai (B) ue Betikn 1@0N oTNV TTUAN

210 OoXAua (4.6.2a) Tapouacidletal éva MOSFET TUTTOU 0paiwong 0To oTT0io
EXEl EQOPUOCTEI Wi apvNTIKA TAon oTnv TUAN. H TNy 1dong V,, UTTOXPEWVEI
Ta NAEKTPOVIA va PETAKIVOUVTAI ATTO ThV TINyr OTOV aTraywyo péoa ammod 1o
AETTTO KAVAAI, TO OTTOIO BpiokKeTal HETAEU TNG TTEPIOXNG P Kal TNG TTUANG. H ap-
vNTIKA Tdon TToU €QapPOLeTal TNV TTUAN aTTwOEl Ta NAEKTPOVIA TOU KavaAiou,
ME atroTEAEapa TNV EAATTWON TNG TTUKVOTNTAG TOUG KOI CUVETTWG TNV EAATTWON
TOU peUpaTog atraywyou. AuTh N Asitoupyia ovouddetal AeiIToupyia apaiwong
(depletion mode). Otav n 1@don TNG TTUANG YiveTal TTEPICTOTEPO QPVNTIKN EAQT-
TWVETAI TO PEUUA TOU OTTAYWYOU Kal OTAV YiVEl GPKETA apPVNTIKN TO PEUPA QUTO
atrokOTITETAI. ETTEIdN N TTUAN €ival NAEKTPIKA POVWHPEVN WG TTPOG TO KAVAAI,
gival duvarn n epappoyr BeTIkNAG Tdong (oX. 4.6.23).

Mia B€TIKr) TAON OTNV TTUAN £XEI WG ATTOTEAEG A VA TTPOTEAKUOVTAI NAEKTPO-
via TTPOG TNV TTAEUPA TNG TTUANG KOI CUVETTWG VA AUEAVETAI N TTUKVOTNTO TOUG
péoa oTo KavaAl. AuTh n Asitoupyia ovouddetal Asitoupyia TTOKVwong (en-
hancement mode). 'ETo1, T0 KavAAI, av Kal TTPAKTIKG dev aAAGlel BIOOTAOEIG,
YiVETQI TTEPIOCTOTEPO AYWYIUO PE ATTOTEAEOUA va auEnBei To pelpa atraywyou.
H duvatétnta Tepaitépw auénong Tou peUPaTOG atraywyou PE epappoyr) Be-
TIKWV TAoEwV aTnVv TTUAN diagopoTrolei Ta MOSFET apaiwong atd ta JFET.

To peupa TNG TTUANG €ival aueAnTéo Kal oToug dUO TPATTOUG AEIToUpYiag.
‘ET01, Kal oTig OU0 TTEPITITWOEIG, N AvTioTAoN £10080U TNG TTUANG €ival TTOAU
MeYAAn, atmd 100 péxpr 10" Qu. ZupymAnpwpaTikd oToixeio evog MOSFET
N-kavaAiou gival To MOSFET P-kavaAiou.
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Zxnua 4.6.3 KukAhwparikd ouuBoAa MOSFET rumou apaiwang N-kavaAiou
(a) ue aKkPOOEKTN UTTOOTPWUATOS, Kai (B) XWPIS aKPOOEKTN UTTOOTPWUATOS

>10 oxAua (4.6.3a) dideTal TO KUKAWUOTIKO oUPBOoA0 evodg MOSFET TtUTTOU
apaiwaong. H TTOAN €xel TN pop®n OTTAICUOU €VOG TTUKVWTH. AgEIG aTTO TNV TTUAN
UTTAPXE! JIO AETTTA YR, N OTToia TTOPICTAVEl TO KAVAAL. To BEAOG TOU UTTO-
oTpwpaTog dgixvel TTpog 1o N-T10TTOU NUIaYWYO, OTTOTE N dIATAgN AUTH €ival Eva
MOSFET N-kavaAioU. ZTIG TTEPICTOTEPES TTEPITITWOEIG O KATAOKEUOOTAG OUV-
Ol EOWTEPIKA TO UTTOOTPWHA PE TNV TTNYH, OTTOTE EXOUME WIA DIGTAEN TPIWV
OKPOJEKTWV OTTWG OTO OXAMa 4.6.3p.

I.(mA)
Vas(V)
6 3
+2 Mokvwon
0
2
-1 Apaiwon
-2
0 -3
5 10 15 Vo (V)

Zxnua 4.6.4 XapaktnpioTiKn pEULATOS ammaywyou Taong amaywyou-mnyns

O1 xapakTnpIoTIKEG atraywyoU evog MOSFET N-kavaAiou trapouacidloval
OTO OXAUA (4.6.4). Oa TTPETTEl VA TTAPATNPACEI KAVEIG OTI 01 KAPTTUAEG TTOU Bpi-
OKOVTOI GTO AVW TUAKA TWV XOPOKTNPICTIKWY AVTIGTOIXOUV O€ BETIKEG TINEG TNG
TAONG TTUANG, O1TOU €x0oupe Acitoupyia TTUKvwong (V.. > 0V). H xaunAdtepn

GS
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KQUTTUAN yia Tnv oTroia To peUua ammaywyou eival oxeddv undév avTioToIxEl
O€ TA0N TTUANG ion We TNV Taon amokoTing (Vg = VGSM)). O1 KaUTTUAEG yIa TIG
OTT0iEG N TAoN TTUANG PpiokeTal HETAEU TNG V, Kal TOU Jnd&v avTioToIXouv o€
Aeimoupyia apaiwong (Vg <0 V).

IS1aiTepn TTpoooxr Trpétel va 6008¢gi oTo yeyovog om ota MOSFET TUTTOU
apaiwang To I, s Oev gival TTAov To péyiaTo duvard peupa. OTwg @aivetal oTo
oX. 4.6.4, UTTAPXOUV XAPAKTNPIOTIKEG Ol OTTOIEG AVTIOTOIXOUV OE OETIKEG TINEG
™G Ve 2TN A€IToupyia TTUKVWONG TO peUUA TOU OTTAYWYOU €ival JEYOAUTE-
po TOU |- Ta MOSFET TUTIOU 0paiwaong XpnaoluotrolouvTal EUKOAd, yiaTi dev
aTTaITOUV OTTWOOATTOTE TACON TTOAWGONG. ATTO TN XAPAKTNPIOTIKA SlaywyINoTNTAG
evog MOSFET TtUTTou apaiwong, n omoia divetal oTa TEXVIKA QUAANAdIa Twv
KOTOOKEUAOTWY, UTTOPOUNE EUKOAQ va ETTIAECOUNE TO onuEio Asitoupyiag Q TG
diaragng. Mia TéTola TTEPITITWON WUTTOPET VO QVTIOTOIXET OTIG TIUEG V. = OV Kal
ly = loss ME ATTOTEAETUA TNV ATTAOUCTEUON TOU KUKAWHATOG TTOAWGNG.

‘ExovTtag 6Aa autd uttowyn, utropoupe va Troupe o1 kiBe MOSFET 10 o1roio
UTTOPE] VO AEITOUPYNOEI EITE PE Apaiwon &iTe P TTUKVwWOoT ovoudletal MOSFET

TUTTOU apaiwaong.

GS(off)

Epapuoyéc MOSFET apaiwonc

Ta MOSFET rUtT0U 0paiwons xpnoioTolouvTal KUPIWS OTa avaAoyIKa nAe-
kTpovikd. Or gvioxutéc ue MOSFET t101TOU Qpaiwans eival TTapouoIol [UE TOUG
evioyutéc ue JFET kai yi’ autd 10 AGyo umopei va akoAoubnbesi n AC avaAuon,
n oroia xpnoiuorroicital ota JFET. EmimrAéov, emmeidn éxouv otnv €iocodo Toug
Hovwuévn v 1TUAn, EMITUYXAvouv TTOAU UWNAES avTIOTAOEIS £10000U. TEAOS
eMeIdn n avrioracn Tou kavaAiou uetaBaAAerarl ue tnv 1aon tng muAng, Bpiokouv
Epapuoyn o€ kukAwuara auroudrou eAéyxou ammoAaBng (AGC). Emreidn euga-
vidouv un undevikéd pedua ammaywyou yia UndeVIKN Taan muAng ovoudlovrai Kai
MOSFET kavovikd og karaoraon ON (normally on MOSFET).

Mapadsiyua 4.6.1

270 dITTAavo KUKAwpa dideTal OTi I = T0mA kai VGS(Oﬁ) =-4 V. lMNoia givai
n téon PeTagu ataywyou Kal TTyRg otav n Téon UANG gival undéy;
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Adon

470 Q
To MOSFET Acitoupyei wg 1mNnyn
PEUUATOG ME OTTOTEAECUA QUTO VO
KaBopilel TO pevua TToU dloppPEEl TO s = 10MA
KUKAwpa. EmmmmAéov emmeidr] n 1don Veson = 4V 20v

TNG TTUANG €ival undév, To peUpa ATTa-
ywyou Ba eivai ioo e |, dnAadn 10 Vg
mA. ‘Etol n 1don petalu atraywyou
Kail TTnyn¢ Ba ival ion pe
Vs =16 V- (10 mA)-(1KQ) =
16V -10V=6V

Edw Ba mpétrel va doB¢i 1diaitepn TTpocoxn. Na va i1oxUel 0 TTapaTTdvw
uttoAoyiopog Tpétrel To MOSFEET va Asitoupyei oTnv evepyo Trepioxr), dnAa-
0N n 1aon PeTagu amaywyou kai TNyNg (V) TTPETTEN va gival ueyaAlTepn NG
Taong ouptieong (V,).

Etreidn

Ve = -VGS(off) =4V <V, =6V
I0XUEI OVTWG O TIAPOTTAVW UTTOAOYITUOG.

Mapadsiyua 4.6.2

270 KUKAWO TOU TTPONYOUEVOU TTOPAdEIYUATOS HETARBAANOUNE TNV avTi-
otaon amé 1 KQ og 4,7 KQ. Av n 1don 1TTUANG givar undév tmoia Ba givai n
Tdon PeTagu atmaywyou Kal TTNyNG;

Abon

Ag utroBéooupe 61 To MOSFET Acimoupyei wg Tnyn pevpatog. Eteidn
yia V=0V 10 pelpa amaywyou eival 10 mA, guverrayetail OTi n 10N Je-
TagU atmmaywyou Kal TTNyngs Ba eivai:

V, =16V - (10 mA)- (4,7 KQ) =16V -47V =-31V

Autd Suwg gival aduvaro, €TTEIdN N TAoN ATTaywyou dev UTTOpPED va €i-
val apvnTikA. [T autd 10 Adyo TTpéTTel va akoAouBnBei diagopeTIKn TTopEia.
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O mrapatrdvw uttohoyiopog deixvel EekdBapa 611 10 MOSFET dev Asimoupyei
oTnV evePyo Treplox aAAG TNV WHIKA TTEpIoXH. ‘ETo1 uTToAoyiCoupe Tnv avri-
otaon Tou MOSFET yia 1o ouvexég:

2V wuikn Tepioxny To MOSFET Asitoupyei wg avtiotaon, n otmoia ouv-

OéeTal o€ aeIpd Ye Tnv avtiotaon Twv 4.7 KQ kai dnuioupyei Eva diaipétn

TAONG. XpNOIYOTTOIWVTAG TO YVWOTO TUTTO TOU dIaIpETN TAoNng UTToAoyioupe
TNV Taon PeTagu atraywyou Kai TTNyng.
400Q2 y 400

=— > _ x16V=——x16V =0,0784 x16V =1,255V
5 4700Q + 400Q 5100

4.6.2 MOSFET T10TTOU TTUKVWONG

‘Evag aAAog Tutrog MOSFET, o otroiog e@apuoleTal katd KUpio Adyo oTa yn-
QIoKA KukAwpaTa, eival To MOSFET 100U TTUKVWong (enhancement mode
MOSFET). Auté To MOSFET Acitoupyei aTroKAEIOTIKA e TTUKVWON KOl ETTITPETTE
TNV TaUuTéXPOVN OAOKApwan aTo idio ToITT, diatdfewv N-kavaAiou kai P-kava-
ANloU pe attoTéAeopa Tn dNUIoUPYIa CUCTNUATWY CUUTTANPWUATIKWY OTOIXEIWV
KaIl CUVETTWG TwV KUKAwPATwY CMOS (Complementary MOS). Mpétel va eTmion-
MavBei 6T N avaTrTugn TNG MIKPONAEKTPOVIKAG OTOV TOUED TWV WNQPIOKWY KUKAW-
MATWYV, Kal EI0IKOTEPA TWV PIKPOETTECEPYATTWV, Ol OTTOIOI TTEPIEXOUV TTEPICTOTEPO
a1ré éva ekatoupupio MOSFET og kaBe wnoida, opeiletal oata MOSFET TUTTOU
mUkvwong. EmmAéov, MOSFET TUTOU TTUKVWONG XPNOIKOTIOIOUVTAl KOI O€
EQAPUOYEG 10XUOG e didpopeg ovopaaoies oTwg V-MOSFET (Siliconix, Temic),
T-MOSFET (Motorola), HEXFET (IRF), KA., av@Aoya ue Tn BeATIOTOTTOINUEVN
dour], TNV oTToia £XOUV ETTITUXEI DIAQPOPOI KATAOKEUAOTEG TOUG.

H dopn Twv MOSFET TUTmrOU TTUKVWONG dla@épel atmd auth Twv MOSFET
TUTTOU apaiwong. € auTA TO UTTOOTPWHA EKTEIVETAI JEXPI TNV ETTIOTPWON TOU
oce1diou (BAETTe oxNUa 4.6.50) e aTTOTEAETUA VA PNV UTTAPXEI KAVAAI PHETAEU
TTNYAS KAl aTTaywyou aAAG JOvVO Jia dour n ottoia polddel pe duo diddoug ouv-
0edepéveG avTiBeTa PeTAlU TOUG.
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(a) ATTaywyog (B)

DD

MoAn YméoTpwua

GS

Sio
Mnyn

Zxnua 4.6.5 Aouri MOSFET rarrou mukvwong (a) doun kai (B) kavovikn moAwon

MNa va yivelr karavont n Aeimoupyia evég MOSFET tUtTou mmUkvwong Ba
TIPETTEI KOT APXNV VA £QAPPOCTOUV Ol KAVOVIKNAG TTOAIKOTATAG TTOAWOEIS TNG
TTUANG Kai Tou atraywyou (BAETre oxAua 4.6.5.6). Apxik& Bewpoupue OTI n Taon
TNG TTUANG €ival pndév, dnAadr 6Tl £X0UUE KATACTAON PPaXUKUKAWMNEVNG TTU-
ANnG. 2’ auTr TNV TTEPITITWON TO peUPa O€ PTTOPET va BIEABEI aTTO TNV TNy OTOV
atraywyo dI6TI agevog To P-TUTTOU UTTOOTPWHA £XEI TTAPA TTOAU Aiya eAeUBepa
NAEKTPOVIA Kal aQETEPOU N Bi0dOG UTTOCTPWHATOG - ATTaywyou gival avaoTpo-
@a TToAwpévn. ‘ETOl oTnV KaTAoTaoN PPaxUKUKAWMPEVNG TTUANG TO peUa Tou
atraywyou eival apeAnTéo.

(@ b ®) I,

Vess>0
VDD |

RD D(on)
Ves2> 0
Ves1 >0
VGS(th)

0 Voo Vos 0 VGS(th) VGS(on) Ves

Zxnpua 4.6.6 (a) XapaktnpioTIKES KQUTTUAES atTaywyou Kai
(B) diaywyiudrnrag evoc MOSFET 10tTou TUKVWwong

Ma va uttdpéel peuua atraywyou TTPETTEI VO UTTAPEOUV NAEKTPOVIO GTO UTTO-
oTpwWa, OnNAadK TO UTTOCTPWHO VO UETATPOTIEN - £€0TW TOTTIKA - o€ N-TUTTOU
WOTE VA PNV UTTApXouV ol 8iodol UTTOOTPWHATOS - TINYNAG KAl UTTOOTPWHATOG
- ATTaYWYOU. AUTO ETTITUYXAVETAI XAPIG OTO YEYovOg OTI N TTUAN oxnuaricel éva
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TTUKVWTH JE TO uttéoTpwia. ‘ETol, av epapuooTei pia apketd "uwnAn" BeTIKA
Tdon oTnV TTUAN TOTE 0 OTTAIOUOG TNG TTUANG, TOU TTUKVWTHA TTUANG - UTTOOTPW-
MaTog, @opTileTal BeTIKA. AUTO €XEl WG ATTOTEAEGHUA VO CUCCWPEUTEI apvnTIKO
@opTio, ONAadr NAEKTPOVIO GTO UTTOOTPWHA. To QopTio autd cucowpelETal
OTNV TTEPIOYXI] TOU UTTOCTPWHATOG, N OTToia BpioKeTal akpIBWS KATW aTTd TO Ag-
TITO OTPWHA Tou 0&eIdiou TNG TTUANG KaAUTITovTag OAn Tn diadpoun amod tnv
TNYN MEXP! Tov atraywyo. 'ETol dnuioupyeital, TOTTIKA, €va TTOAU AETTTO OTPWHO
OTO OTTOIO N CUYKEVTPWON TWV NAEKTPOVIWY gival HEYOAUTEPN OTTO EKEIVN TWV
oTTwyv. To oTpwua autd CUPTTEPIPEPETAI WG TUTTOU-N Kal N TTapoudia Tou aTTo-
KOBIOTA TNV aywyIuOTNTO KOl CUVETTWG TO NAEKTPIKO peUMA, PETOEU TTNYAG Kal
atraywyou. Av, oTn ouvéxela, au&nBei n BeTIKN Tdon TNG TTUANG, Ba auénBei kal
N TTUKVWTNTA TwV NAEKTPOVIWY OTO UTTOOTPWHA. AUTO Ba £XEl WG ATTOTEAEC A
TNV augnon Tou peupaTog atraywyou (BAETTE axnua 4.6.6). ETreidry 1o KavaAl
givalr N-tutTou, n didtagn Ba eival MOSFET mmokvwong N-kavaAiou (n-channel
enhancement mode MOSFET).

To uréoTpWAa gival P-TUTTOU KOl JE TNV TTOPOUTIia TOU I0XUPOU NAEKTPIKOU
ediou £va AETTTO OTPWHA QUTOU, TO OTTOIO EQATITETAI TOU OTPWHATOG O10EEIdioU
TOU TTUPITIOU, YETaTPETTETAI OE N-TUTTOU. AUTO TO AETTTO OTPWHA, TO OTTOI0 OAAG-
Ce1 TUTTO aywyIPOTNTAG, OVOUACleTal OTPpWA avaoTpo®ng N-TUTTou (inversion
layer).

Ataywyo '
(a) YWYOg ®) Atraywyog

MOAn MoAn

Mnyn Mnyn

Zxnua 4.6.7 >ouBoia MOSFET rurmrou mukvwong (a) N-kavaAiou kai (B) P-kavaAiou

H eAdyi0Tn TG0N TTUANG-TTNYAG, N OTToia TTPOKAAE TNV EUPAVION TOU OTPW-
paTog avaoTpo@rig N-tUtrou ovouddletal Tdon katwgAiou (threshold voltage)
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KOl ONUEIWVETAI PE VGS(th). ‘ET01, 610V N TGon TNG TTUANG €ival pikpdTePN atmo TRV
Tdon katw@Aiou To MOSFET eival avoikto. AvtiBeta, otav n tdon g TUANG
gival geyaAuTepn atro Tnv 1aon katw@Aiou, To MOSFET dyel.

270 OoXAMa 4.6.6a TTapouciadovTal Ol XOPAKTNPIOTIKEG PEUUATOG OTTAYW-
yoU CuVvOopTACEl TG TAONG atraywyou-Trnyng via dIdQopeg TIMEG TNG TAONG
TTUANG. H xaunAdTtepa eupiokOuevn KaUTTUAN avTIoTOIXEI O TGon TTUANG ion
ME TNV TAON KaTtw@Aiou (VGS(th). ‘ET01 61OV n TA0N TTUANG €ival PIKPOTEPN TNG
Tdong Katw@Aiou 10 pelpa atraywyou eival oxedov undév. AvtiBeta, otav
n 140N TTUANG €ival peyaAutepn atmd tnv 1don Katw@Aiou To MOSFET ayel
Kal TO pevpa atraywyou kabopifetal amd TV Tdon TUANG. ZTIG XapakTnpl-
OTIKEG TOU OXNMOTOG (4.6.6.0) TTAPATNPOUUE PIO CUUTTEPIPOPAG AVTIOTOIXN ME
autl Twv MOSFET apaiwong, dnAadr pia epioxry 61Tou 10 pelua augavel
QTTOTOA (WHIKK TTEPIOXN) KAI WIa TTEPIOXT] OTTOU TO PEUMA TTAPAMNEVEI OXEOOV
oTaBePO (evepyOg TTEPIOXA 1 TTEPIOXN TTNYNG PEUPOTOG). 2€ aUTO TO onuEio
mpétrel va TTpocéfoupe 1o 0TI ot MOSFET TrUkvwong dev utrdpyel Tdon
oupTTiEONG, aPoU 0 auTd dev UTTAPXOUV TTEPIOXES POPTIOU XWPOU, Ol OTTOIEG
va evwvovTal, aAAa TTepioxy avaoTpo@rs. I’ autd 1o Adyo XpnoldoTroiciTal
d1apOPETIKG aUPPoAo, TO V!, yia TNV TAON ATTaywYOoU TToU XWPIEl TNV WHIKA
atrod TNV evepyo Trepioxn. H 1aon autr uttoAoyiletal atrd Tn OxEon

Ve =1, R 4.6.1

210 oxAua (4.6.6B) TTapouciAGeTal N XOPAKTNPIOTIKA OlaywyINoTnTag, N
otroia kai oTnv Trepimmwon Twv MOSFET mmUkvwong atroteAei y€pog piag To-
paBoAng. H TTapaBoAn apxicel, OTTwg avapéveTal amo Ta TTapaTTavw, amod 1o
onueio VGS(th). Edw Trpétrel va 606¢i 1diaitepn TTpocoxr oto o1 ota MOSFET
TTUKVWONG dev UTTAPXEI | AVTi QUTOU OI KATAOKEUQOTEG Bivouv OTOUG TTiva-
KeG KGO didragng 10 pelua atraywyou ID(On) yia 0edopévn VGs(on) yla KATTOoI0
oneio, To oTToio BpiokeTal APKETA UPNAAGTEPQ ATTO TNV TACT Katw@Aiou. 'ETol,
ota MOSFET tUkvwong ol TTapaueTpol | Kal VGS(th) Twv MOSFET apaiwong
QVTIKOBIOTWVTAI JE TIG TTAPAPETPOUG ID(On), VGS(OH) Kal VGs(th).

21V katdoToon PpaxukukAwpévng TTUANG To MOSFET TtUTTOU TTUKVWONG
Bpioketal o€ kataoTaon off, emeidr) dev uTTdpyEl KavAAl JETALU TTNYAS KAl ATTa-
ywyou. AuTO €X€l WG ATTOTEAETUA OTO KUKAWMATIKO GUUPBOAO TO KavaAl va &n-
AwveTal Pe pia SIOKEKOPPEVN YPAUUNA Kal, KOTA auTd Tov TPOTIO, VO JIaPEPEI
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amo ekeivo Tou MOSFET apaiwong (oxnua 4.6.7). 210 oxfpa 4.6.7 dideTal
KAl TO KUKAWWPATIKO oUpBoAo evog MOSFET tmukvwaong P-kavaAiou. 2’ auTh
TNV TTEPITITWON TO UTTOOTPpWHA gival N-TUTTOU, N TAoN KATW@AIOU apvnTIKN
Kal To pelpa amaywyou péel o€ avtiBeTn kareuBuvon atd auth Tou MOS-
FET N-kavaAiou.

2¢ KGBe TUTTo MOSFET, apaiwong f TUkvwong, TTapePPAAETal PETA-
€U TNG TTUANG Kal Tou KavaAioU €va AeTTTO oTpwpa di1o¢gidiou Tou TTUpITioOU.
AT116 10 TTéXOG TOU OTPWPATOG ToUu S10EIdiou TOU TTUPITIOU Kal TN OINAEKTPIKA
avToxr Tou UAIKoU (107 V/cm) cuvettdyetail 0TI n Tdon TTou €QapudleTal OTnV
TTUAN PTTOPEl VO KupaiveTal o€ KATToIa OpIa, T OTToia av LeTTepacTouV TO
MOSFET kataoTpégetal. Ta 6pia t1dong TTUANG kaBopilovtal e 10 VGS(
kal otnv mepiTTwon Tou VN10 €ival VGS(maX) =+40 V.

To povwTikG oTpwua Tou dlo&eldiou Tou TTUPITIOU TNG TTUANG UTTOPEi va
KataoTpagei Kal ammd aAAoug Alyotepo TTpoPaveig AOyoug, EKTOG aTTO TNV
emPRoARN uwnAng Taong. H tomoBétnon i n ammopdkpuvon Tou MOSFET atrd
€va KUKAwa, To oTroio dn TpogodoTeital, YTTopei va odnynoel otnv ava-
TTUgn METABATIKWY TACEWV UWNASTEPWY aTTd TN VGS(maX). Ettiong 1a nAe-
KTPOOTATIKA QopTia TTou evaTroTiBevtal otnv TTUAN evog MOSFET otav 10
mdaoouue, YTTopoUV va avaTTuEouv TAOEIG TTOU UTTEPRaivouv Tn VGs(maX). r
auTto Tov Adyo Ta MOSFET 1rpooTartelovTal Je aywyipho OaKTUAidI, To oTToio
QTTOPOKPUVETAI HETG TNV TOTTOBETNON TOUG I HETOPEPOVTAI OE AYWYIUO OAKO
Kal ToTToBeToUvVTal OTTO TEXVIKOUG, Ol OTTOI0lI TTATOUV O€ YEIWPEVO QYWYIHUO
0dT1Tedo 1 PEPOUV aywyIuo PBpaxIOoAl TO OTToiO gival £TTIONG YEIWPEVO.

max)

4.6.3 Avayvwon TEXVIKWV XOPOKTNPIOTIKWYV

Ta @UANGDIO TWV TEXVIKWY XapakTnpioTIKwy Twv MOSFET poidlouv pe ekei-
va Twv JFET. ‘ETol diakpivovTal o1 P€yIoTeG ekTIUAOEIS (Maximum ratings), Ta
XOPOKTNPIOTIKA OUVEXOUG KAl EVAAAAGOONEVOU, 01 XOPAKTNPIOTIKEG KAWTTUAEG
Kal Ta JNXavIKA XapakTneIoTikA, dnAadr] To €idog keAUgpoug Tou JFET 110U €&¢-
TAlOUE.

270 TEXVIKO QUAAGDIO avagEépovTal ol KwdiKoi apiBuoi kai o TUTTog Twv MOS-
FET. ZTn ouvéxeia ava@eépovTal KATTOIEG PACIKEG EQPAPUOYEG YIa TIG OTTOIEG
£XOUV KOTOOKEUAOTEI Ol CUYKEKPIPEVEG DIATAEEIG. 3TN CUVEXEID TTAPOUCIAovTal
Ol aTTOAUTEG PEYIOTEG EKTIUAOEIG KAl O TUTTOG TOU KEAUQOUG, av €ival KOIVOG, JE
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TOUG OKPOJOEKTEG KAl AKOAOUBOUV TO XOPOKTNPIOTIKG ouvexoUg (static) kal eval-
Aaoaodpevou (dynamic). Ztnv Trepittwon Twv MOSFET uttdpxel pia emTmTAéov
TTAPAPETPOG, N YEYIOTN TAoN TNG TTUANG.

Epapuoyéc rwv MOSFET mukvwanc

Ta MOSFET ruUtrou mUKVWONS XeNOILOTTOIoUVTAl O€ avaAoyiKa Kal KUPIwS
o€ wneiaka nAektpovika. O T1pOTTOC KATAOKEUNS TOUS ETITPETTEI TH EUKOAN OAo-
kAnpwaon MOSFET P kai N-kavaAioU, L€ armmoTéEAEOa TNV KATAOKEU CGUUTTAN-
pwuarikwv oiardéswv CMOS. 3¢ avaloyikd@ KukAwuara xpnaiporroiodvral yid
TNV KATAOKEUN TEAEOTIKWV EVIGXUTWYV, OTTwS TT.X. 0 TLC251 (Texas Instruments)
kai o0 CA3130 (HARRIS). 2ra yneiaka nAEKTPOVIKG Ta ouvavriaue OE LUVAUES
RAM kai ROM oe uikpoerreéepyaotés 8-64-bit kKA. Emeidr) ol d1a0TA0EIS TwV
MOSFET mukvwonc givail TToAU UIKpES ETTITOETTOUV T OUVEXT aUénan TnS KAiua-
Kag oAoKARpwaong emituyxavovrag urrepuwnAn kAiuaka oAokAnpwong (ULSI,
Ultra Large Scale Integration). Q¢ mapadeiyua Ummopouus va EXOUNE TO OTI ON-
HEPa oTa guTTOpIKG oAokAnpwuéva KukAwuara (Pentium Il, 350MHz) to urikog
kavaAiou, énAadn n arréaraon uetaéu Tnyng Kai armaywyodu, ivai TnG 1aéng Twv
0,25 um kai exmiuarar on mpiv aro 10 2010 n 1exvoAoyia Ba emiTUxel TNV Kara-
OKEUN EUTTOPIKWY KUKAWUATWY UE UNKOS KavaAiou UIKpoTepo Twv 0,15um. Eva
dAAo mAcovékTnua Twv MOSFET mUKvwaong givai n pikpn KaravaiAwan 1ox0og
TOUG, N OTToIa OTa WNQIAKA KUKAWUATA -UVAUES Kal UIKOOETTEEEQYATTEC- LUETPA-
Tar w¢ Joule/bit. Auth n WIKPN KATavaAwan 10x00¢ ETETPEWE TNV KATAOKEUN
QOPNTWV UTTOAOYIOTWV IGXUPNS UTTOAOYIOTIKNG IKaVOTNTAS, OtTwe o Pentium |1,
EQAPLOYEC O€ TNAETTIKOIVWVIAKOUS OOPUPOPOUS, THV KATAOKEUN KIVNTWYV ThHAE-
QUVWV KATT.

Ta MOSFET mUukvwaong dgv XpnaoioTrolouvral UOVO O EQAPUOYES XaunAng
1oxU0¢. Mia GAAn Tepioxn epapuoywy ivai ol epapoyés 1Ioxuog. Erar ta MOS-
FET mukvwong epapuolovial o€ LETATPOTIEIC TAONS, ATTO OUVEXH OE EVaAAaOo-
oduevn (inverter) kai xpnaoiuorrolouvTal € TTAALIOTPOPOAOTIKA, HOVAOES E600U
evioxutwv 1aéng B n AB uwnAng 1ox00¢, KA.
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Mapadadeiyua 4.6.4 4700

Na utrohoyioete TNV
TaoN PeTagu atraywyou Kal

. loss = T0MA
mnyns oto MOSFET Tou oI- 20V
TAavoU KUKAWMATOG, OTavV Voson = -4V
N Tdon TUANG €ival pndév. Vs

Adon

Emeidi n tdon UANG gival pIkpdTEPN TNG TAoNG Katw@Aiou kai To MOS-
FET eival TUTTOU TTUKVWONG, CUUTTEPAiVOUE OTI N dIdTagn dev Ayel Kol CUVE-
TIWG To peUA TOU atraywyou gival undév. Apa

V=20V

Mapadsiyua 4.6.5

270 KUKAWPO TOU TTPONYOUNEVOU TTOPOdEIYUATOG, VA UTTOAOYIOETE TNV
TAoN atmaywyou - TTNyNg éTav N Taon TUANG €ival 5 V.

Abon

Ytrobétoupe 611 To MOSFET Acitoupyei oTnv evepyod trepioxri, dnAadn wg
TTNYN pevpaTog. Eteidn n tédon tng TTUANG €ival ion pe Tn VGS(On), TO pelpa
armaywyou Ba givar 1 mA. 'ETol n 1don atmmaywyou - TTNyng UtToAoyideTal wg
24[e

Vs =20V -(1mA)x (3,6 KQ)=16,4V

H 1aon V', utrodoyiCetal armoé Ty €€. 4.6.1:

VL= (1mA)x (1KQ)=1V

MNa va kpivoupe av eival cwaoth n utéBeon 611 To MOSFET Acitoupyei
TNV €vEPYO TTEPIOYKT) OUYKPIVOUUE TIG SUO TACEIG Kal SIATTIOTWVOUE OTI

VDS > VlK

Apa n apxIkA uTTeBean gival CwWaTA.
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NMEPIAHWYH 4.6

® >1ta MOSFET petagu mUANG Kai kavaAioU TTapePBAAAETal AETTTO OTPpWUa
d10&g1diou Tou TTUPITIOU, OTO OTTOI0 OPEIAETAI N TTOAU UWNAR avTioTaon €100-
dou Tn¢ dIaTagn..

e Ta MOSFET, avaloya pe TO av TO UTTOOTPWHUO EKTEIVETAI 1 OXI MEXPI TO
oTpwpa Tou dlogeldiou Tou TTUPITIOU TNG TTUANG, Xwpilovtal ce MOSFET
mmOKvwong kal o€ MOSFET apaiwong avrioToixa.

o Ta MOSFET apaiwong ptmmopouv va AsitoupyoUlv o€ apaiwon Kal o€ TTU-
Kvwon €TTeidn eivar duvartr n epappoyrn BETIKWY Kal apvnTIKWV TACEWV
oTnVv TTUAN TOUgG.

® H Acitoupyia Twv MOSFET apaiwong poidler pe aut twv JFET. 'ETol
UTTApXEL:

A. 1O pEUPA ATTAYWYOU OTNV KATAOTAON BPAXUKUKAWMEVNG TTUANG,
povo Tmou ota MOSFET apaiwong dgv gival To PéyioTo pelpa

B. n 1don ouptrieong kai

. n Tdon amokoTrng TTUANG - TTNYAS

e H Acitoupyia Twv MOSFET mrukvwong diagépel amo auth) Twv MOSFET
apaiwong. & autd Ogv UTTAPXEl TTEPIOXH QOPTIOU XWpPou aAAd TTepIoXn
avaoTpo@ng. I’ autd 10 Adyo dev €xel vonua To pevua aTTaywyou oTnv
KatdoTaon BPaxXUKUKAWWEVNG TTUANG Kal N TAON CUUTTiEONG, TTapd HOvo n
Tdon KatTw@Aiou, n OTTOIO AVTIOTOIXEI TNV TAGN ATTOKOTTAG TTUANG - TTNYNAS

® H XapaKTNPIOTIKH SIOyWYINOTNTAG TTAPEXEI TN dUVATOTNTA UTTOAOYICHOU
TOU PEUPATOG ATTAYWYOU Yia KABE TIPR TNG TAoNng TTUANG.

® H 130N 1mou €QappodeTal aTNV TTUAN PTTOPET VA KUMAIVETAI HETA O€ OPIOE-
va opla. MNMépav auTwyv TWV OpiwV KATAOTPEPETAI TO HOVWTIKO OTPWHA TNG
TTUANG Kai ouveTtwg 1o MOSFET.

EPQTHZEIZ - AZKHZEIZ 4.6

4.6.1. 'Eva MOSFET tUmou apaiwong y. Mia avtiotaon
A€ITOUpYEi KUPiWG WG: 0. 'Eva MOSFET TtUTTOU TTUKVW-
a. Eva JFET ang
B. Mia TTnyr peuuaTog 4.6.2. MNMoia o116 TIG TTAPAKATW SIATAEEIG
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£pepe eTTavAOTACT OTNV TEXVOAO-
yia Twv UTTOAOYIOTWV (MIKPOETTE-

4.6.4. Na uttohoyioete Tnv TGON QTIO-
ywyou - TNy Tou dITTAavou Ku-

EEPYAOTWV, HVNUWYV KATT) KAWMATOG

a. To JFET

B. To MOSFET T10TT0U Qpaiwong sV

y. To MOSFET tUTTOU TTUKVWONG

0. To dITToAIK6 TpavlioTop 10KQ

€. H diodog L ea
4.6.3.H 1aon Vg, €v6g MOSFET V Y

N-kavaAioU kai TUTTouU TTUKVWaNG S

eivar:

a. Mikpdtepn atmo Tnv Téon KaTw-

@Aiou 4.6.5. Av, oto 010 KUKAwpa, n Téon

B.lon pe TNV 10N KaTtw@Aiou
y. MeyaAUTepn atmé VDS(On)
0. MeyaAuTepn ato m V

TTUANG yivel -1V, méon Ba eivai n
Téon amaywyou - TTNYAG;

GS(th)

4.7 Evioyxutég ue FET

Ta JFET kai Ta MOSFET, o€ avtiBeon e ta dImmoAIka TpavdioTop, €ival dia-
TALEIS OTIG OTToiEG TO PeUA TOU aTTaywyoU eAEyxeTal Pe TN BonBeia Tdong n
otroia epapudletal oTnV TTUAN. To yeyovdg auTd, o€ ouvOuaopd Kal e TNV TTOAU
uwnAn avtiotaon €10000uU ETTITPETTEI TN XPNOIKMOTTOINGT] TOUG YIA TNV KATAOKEUN
€I0IKWV evioXuTwv. Mépa, dpwg, atmmd auTég TIG dIaPopES, N avdAuon Tou &vi-
oxuTt ye JFET ) ye MOSFET eival Trapoyola he auTr] TTou 860nKe yia Tov evi-
oxuTr Je dITOAIKO TpavdioTop. 'ETol uTTdpxouVv TpEIG BaoIkEG oUVOETOAOYIEQ
ol: a) KOIVRAG TrNYN¢ (common source, CS), B) koiviig TTUANG (- common gate,
CG) kai y) koivoU atraywyou (common drain, CD).

4.7.1 AC povTtého Tou JFET

MNa va karaokeuaoTei Evag evioxutig ye JFET 4 MOSFET 6a mpétrel kar’
apxnv va karavonBei o TpOTTog Asitoupyiag TnG SIATALNG yIa TO EVAAAACOONEVO
KOl 0T OUVEXEIQ O TPOTTOG ETTIAOYNG TOU anuEiou Asitoupyiag Q, OTTwg EyIve yia
Ta SITTOAIKA Tpav{ioTop

KaBe FET €xel pia AC TTapauETPO TTOU OVOPAZETal S1aywyIMOTNTA KOI GUU-
BoAiCetal pe g,_. MaBnuarika opideTal wg:
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Al

In = AV,

4.7.1

6tou Al givar n uetaBoAr) Tou peUPATOG aTTaywyou n otroia £Xel TTPOKANOEi
amé pia eTaBoAr AV ¢ Tng Tdong TUANG, 6Tav n TGon aTraywyou-Tryrg ival
oTabepny. H povada pétpnong NG diaywyiuoTnTag gival To avtioTpopo Tou Qu
TTOoU ovopdadleTal {AUEVS (siemens, S) pe UTTOTTOAAATTAACIO TO PIKPOCAMEVS (US).
MaAaidTepa xpnaoigotrolodTav N povada Mw (mho), n otroia TTPOEKUTITE OTTO
TNV avtioTpo®n ypaer Tou Qu (ohm). ‘ETo1 0 avayvwaoTtng PImopei akoua va
OUVaVTNOEl O€ TEXVIKA QUAAGDIO KATOOKEUAOTWY TN Mia 3 TNV GAAN povada
METPNONG TNG SlaywyINATNTAG. ETTITTAEOV, 0 avayvwoTng YTTOPET va OUVAVTAOEI
Kal T0 gUpPBoAo g, avTiTou g, .

D 25 @
< 7.
20 £ 20 Veseon Vos= 10V 3
2 I,= 10pA g, 3
— 'S o
A 15 15 52
10 IDSS
4
r 10
5 InssY 9y VDS: 15V 3
5 Vge= OV
B
Ve A 0 2 4 2
Ves(V)
5 4 -3 2 1 0

(a) (B)

Zxnua 4.7.1 (a) pagikos mpoodiopiouds ng diaywyiuorntag Kai (8) XapakTnpioTiKA
SlaywyIuoTNTAS Kai PEUUATOS aTraywyou arro 1o TexVIKO puAAGdio evos JFET (MPF102)

H diaywyiudtnta yivetal Mo €UKOAQ KATAVONTH HECW TNG XOPOKTNPIOTIKAG
KOMTTUANG TNG SiaywyIpoTnTag, TToU €IKOViCeTal oTo oXnpa (4.7.1a.) AuTtd @aive-
Tal kaBapd ot n dlaywyipotnTa g, didetal ammd Tnv KAIGN TNG XAPAKTNPIOTIKAG
NG dlaywyiuotnTag. MNa va uttoAoyioTel, AoITév, n diaywyIuoTnNTa TTPETTEI VO
An@Bouv duo yermovika onueia, .x. Ta A kal B 4 Ta [ kai A, Ta oTToia va TTepi-
AapBavouv evdidueoa 1o anueio Q. H diaipean Tng petaBoAng Tou |, Tpog Tn
peTaBoAn g V Sivel o g . 210 idl0 OxNua TTapatneoupe ATl N KAion TG Ka-
MTTUANG Kal GUVETTWG N dlaywyIhoTNTa auédveTal OTav augaveTal To PEUPA aTTa-
ywyou. AuTO oQEeiAeTaI OTO YEYOVOG OTI 000 QUEAVETAI TO PEUMA TOU aTTaywYyouU
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au&dvetal Kal N PeTaBoAr Tou yia idia peTaBoAr Tng Tdong TTUANG. H e€dptnon
TNG dIaywyIuOTNTOG aTTO TO PEUNA TOU ATTAyWYOU, KAl GUVETTWG TNV TAon NG
TTUANG, diveTal atrd OAOUG TOUG KATAOKEUQOTEG OTA TEXVIKA QUAAGDIa Twv JFET
kot MOSFET. 210 oxiua (4.7.1B) mapoucidletal n XapaKTNPIOTIKI) PEUUATOS
atraywyou Ttou JFET MPF102, otnv otroia €xel evowpatwOei kal n e€aptnon
NG dlaywyIuoTnTag aTrd TNV TAon TTUANG. 'ET01, av yvwpifouue 1o pelha atra-
ywyou, Bpiokouue atrod 1o idlo oXAua Kal TO JETPO TNG dIaywYIUOTNTOG.

‘Exovtag dedopévn T diaywyiuotnta, dnAadr 1o Pabud eAéyxou Tou peu-
paTog atraywyou atrd Tnv Tdon Tng TTUANG, €ival duvarh n avTiKaTaoTaon Tou
JFET e 10 povtéAo evog atrAoU 1I000UVaNOU KUKAWPOTOG, TO OTTOI0 TTaPOUCId-
CeTal oTO OXNMa (4.7.2).

MUAn
Atraywyoég

V Res 9 Ves

GS

Mnyn

Zxnua 4.7.2 looduvauo KUkKAwua evog JFET, 1o omroio Asiroupyei atnv evepyd mepioxn

H avtiotaon Tng TUANG (Rs), OTTWG TTpoava@EpBnke gival TTOAU peydaAn.
‘ET01, TTOAEG OpEG TTapaAeiTTeTal aTTO TO I00OUVANO KUKAWUGO JE OTTOTEAEC A
TO KUKAwa €i106dou Tou MOSFET va eival avoikTo.

To KUKAwGO Tou oxfuaTog (4.7.2) avtioToixei o€ éva JFET 10 oTT0i0 AciToup-
yei oTnv evepyod trepioxr]. OTTwg €xel NdN avagepdei, TNV evepyod TTEPIOXT Eva
JFET ocuptrepipépetal wg TTnyn peupaTtog. ‘Etol, n AC ouvioTwoa Tou peUaTOg
amaywyou, i, Ba dideTal amméd Ty egicwon:

o =9n " Vos 472

OTToU U, gival n AC 1don petagu mUANg kai nyng. Avapeoa otnv TUAn
KaI TNV TTNyr UTTApxel N TTOAU JEYAAn avTioToon TG avaoTpo@a TTOAWMEVNG
d16d0u TTUANG TINYNG R ¢ (BAETTE TTapddelyua 4.5.1). To GUYKeKPIPEVO OVTEAO
OTTOTEAEI PIa TTPOCEYYION KAl PUTTOPEI VO XPNOIUOTToINBEl HOVO yia XAPNAES Oou-
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XVOTNTEG, OTIG OTTOIEG Ol TTOPATITIKEG XWPENTIKOTNTES TWV dIGdWV TTUANG-TTNYAS
Kal TTUANG-aTTaywyou dev TTaifouv poAo.

Vi
R, C
10kQ 10pF
Ce
10uF
R,
22KQ
Rs
: 220KQ R Cq
1KQ 10uF

Zxnua 4.7.3 HAektpoviké didypapua evos evioxuth ue JFET,
o€ aguvdeauoAoyia koivrig nyngs (CS)

4.7.2 AvdaAuon evioxuti pye JFET

210 oxnua 4.7.3 didetan évag evioxutig pe JFET ouvdeopoloyiag Koivrg
mnyNs (CS) kai Bewpoupe 611 T0 JFET Acimoupyei oTnv evepyo Trepioxr).

H Aermoupyia Tou JFET wg aToIXEioU EVIOXUTH OUVOECUOAOYIOG KOIVAG TTNYNS
Katavoeital elkoAa. Otav epappoletal pia AC taon (u,) otnv TUAN Tou JFET,
167e avarrriooeTal pia AC Tdon Yetagy mUANG-TyNg (- ). H TeAeuTaia mmpo-
KOAEi 01O pelpa Tou amaywyou pia diakupavon, dnAadn siodayel pia AC cuvi-
otwoa. To AC pelua Tou ammaywyou diappEel TNV avTiotaon Tou ammaywyou R
ME aTTOTéEAECUO Va avaTrTuooeTal oTa dkpa TnG pia AC téon, TTou gival n 1aon
£g000u U, .

Av augnBei n Taon TTUANG-TTNYNG auéAveTal Kal TO peUUA aTTaywyou e aTTo-
TEAEOUQ VO EAATTWVETAI N TACN aTTaywyou. AvtiBeTa, av eAatTwOei n Tdon 1u-
ANG-TTNYAG EAQTTWVETAI KAl TO PEUMA ATTayWYOU JE ATTOTEAETHA VO AUEAVETAI N
Tdon atmmaywyou. Av n Taon €I0600U gival NUITOVIKN TOTE n BETIKA NUITTEPIOdOG
TNG TAoNG €10000uU divel TNV aPVNTIKI NUITTEPIOdO TNG TAONG ££0O0U. ZUVETTWG
0 €VIOXUTAG ouvdeopoAoyiag koiviig TTNyng (CS) mpokaAei avaoTpo®r @daong.
Me avTioToixo TPOTTO aTTodEIKVUETAI N N GAAAYT @ACNG OTOUG EVIOXUTEG KOIVOU
atraywyou Kal KOIVAG TTUANG.
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g Vv

m " GS

Zxnua 4.7.4 looduvauo KUKAwua tou evioxutn ue JFET
o€ aguvdeauoAoyia koivrig nyng (CS)

H Aermoupyia Tou JFET o€ evioxuTr} ouvdeopoloyiag KoIVAG TTNYAS MEAETATAI
€UKoAa e TN BorBeia Tou 1I00dUvVaUoU KUKAWWATOG. MNa Tn xprion autou Tou
I000UVANOU KUKAWWOTOG Ba TTPETTEl va AdBoupe uttown OTI yia T0 evaAAaCO06-
MEVO:

® n Tnyn gival yelwpévn péow Tou Cg

® 1 TTUAN CuvdEETal OTNV TINYT ONPATOG (U,) Eow Tou C

® n avTioTaon POPTOU CUVOEETAI OTOV ATTAYWYO YEow Tou C

® 1 avTioTaon Tou atmaywyou gival cuvdedepévn 0N yn, HEOW TNG TTNYNS

Tpo@odoaiag V , n otoia Bewpeital IBAVIKT).

Me 1n BonBeia auTwy KATaA)yOUHUE GTO IGOOUVAUO KUKAWUGA TOU EVIOYXUTH
TTOU TTOPOUCIAZETaI OTO OXAUa (4.7.4).

ATT6 T0 1008UVapOo KUKAwpa uTroAoyiCeTal n avrioTaon €106dou R Tou gvi-
oxutn ion pe v 1I0080vaun avtiotacn Twv TTapaAAnAa ouvdedepévwy R, Kal
R... ETeidn ouwg oTig TEPIoaOTEPEG TTEQITITWOEIG N AVTIOTAGN €10600U TOU
JFET eival ToAO peyaAuTepn amo v R, (R, >>R,), n avriotaon €ic6dou TeNI-
Ka kaBopiceTal atmo Tnv R..

GS

~R, 4.7.3

21nv £6odo oI R kai R, gival auvdedepéveg TTapdAAnAa oTroTe n Taon 50dou
(u)) Ba gival ion pe TO YIVOUEVO TNG TIMAG TOU PEUHATOG TNG TINYAG PEUUATOG
g, " Vg €T TNV I0000vVauN avtioTaon Twv R, kai R, Aol

R, -R
VL =(gm.UGS)RD+RL

4.7.4

D L
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ZUVETTWG N atroAan 1 kEpdog TaoNng A , n otroia opideTal atrd 1o TTNAIKO TNG
Tdong £¢6dou TTPOG TNV TAoN €100d0uU, Ba dideTal atrd TNV £gicwan:

A =i=-g ﬁ
Yoy, ™ R, +R,

4.7.5

OTTOU TO APVNTIKO TTPOCNKO OQEIAETAI OTNV avaoTpo® @ACNG TTOU TTPOKU-
mrTel petagl AC 1aong atmaywyou kai AC 1aong TTUANG-TTNYNG.

2NV TEPITITWON KATA TNV oTToia Oev UTTAPXEl O TTUKVWTAG Cg, n TInyn Tou
JFET 0Oev voeital ouvdedepévn otn yn. Tote N AC 1don peTagl Tng TTUANG-TTNYNAS
gival IKPOTEPN aTTO TNV TAON €10000U. ZUYKEKPIPEVA Eival ion Pe TN dlagopd TNG
1G0NG €106d0u peiov TNV AC TA0N, TTOU avaTTTUooETal KaTd PrRKkog TG R, dnAadn

Ugs = U - (gm' UGS)' R, 4.7.6

2 QUTA TNV TTEPITITWAN, Yia AGyoug atrAeTnTag, N dlaywyiuoTnTa g, UTopEi
va avTIKaTaoTaBei atrd TNV
— —gm
1+g,-R

S

I 477

Kal va akoAouBnBei n TTponyouuevn diadikagia UTToAoyIoHOU.

Mapadadsiyua 4.7.1

210 KUKAwpua Tou oy. 4.7.3 divetal 611 1o JFET Acimoupyei otnv evepyod
Tepioxr, N Taon 106dou gival u, = 20 mV kai n diaywyiyotra g = 4000 pS.
Na utroloyioTei n ammoAaBn kai n Taon €5080U U, .

Auon
Emeaidn R, = 10 KQ kai R = 22 KQ, n 10080vaun avtiotaon Ba gival

R,-R, _ 10KQx 22KQ
R,+R, 10KQ+ 22KQ

d L

= 6,88KQ

ZUVETTWG n atroAan Kai n Taon e€6dou Ba eival avrioToixa

A, =-g, ReR_ -40001S x 6, 88KQ = -27,5
R, +R,
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Kal U, =A, -u, =-27,5x20mV = -550mV
O1T0U TO TTANV dNAWVEI AVOOTPOPH PACNG.

Mapadeiyua 4.7.2

Na utroAoyioTei n ammoAafn kai n Taon e¢6dou oo TTapddelyua 4.7.1 étav
dev umrdpyel o TukvwTng C.

AUon

A@oU dev utrapxel o TTukvwTng Cg n Tyr| Tou JFET dev gival yeiwpévn.
‘ET01 Xpnoipotrolouue Tny idia péBodo 1miAucang Tou TTPoARUATOG OVO TTOU
avTiKaBioToupE Tn dlaywyIpoTnTa g, e QUTA TTou pag divel n €6.4.7.7

g = 9. _ 4000 x10°S _
" 1+g,-R,  1+(4000x10°S)x1000Q
-6
- M = 800 x 10°S = 8004S
ZUVETTWG N aTToAafn Kai n Tdon e€6dou Ba gival avTioTolxa
A, =-g,- ReR -800uS x 6,88KQ=-5,5
R,+R,

Kal - U, =A, -y =-55-20mV=-110mV

\

To ANV dnAwvel avaoTpo@r| eaong.

FENIKEZ AZKHZEIZ EMANAAHWYHZ

4.8.1 Na utoloyioTei n 1G0n OUAAE-  4.8.2 Av 10 B, MeTOBANBei amd 25
KTN-yng OTO KUKAwMA TOu OY. ¢wg 300, Troia Ba gival n YéyioTn
4.8.1 av B, = 100. Kal TTola N eAGXIOTN TAON GUAAE-

KTn-yne.
4.8.3 AvV g, = 0,25V, va utrodoyi-
R, 1.2Ka o€TE TNV TAoN BAong WaoTe
820 KQ VCE = VCE(SAT)

+20V

+12V
4.8.4 %710 KUKAWWMA, TOU EVIOXUTHA

(Zx. 4.8.2), va uttoloyioeTe TNV
Sxniua 4.8.1 TAON OTOV EKTTOMTTO.
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4.8.5

4.8.6

4.8.7

4.8.8

4.8.9

4.8.10

4.8.11

18KQ
120KQ
2l 8,2KQ
Zxnua 4.8.2
270 KUKAwWPO TOU €VIOXUTA

(Zx.4.8.1), va utroAoyioeTe TNV
TAON OTO OUANEKTN.

3210 KUKAwpa (Zx. 4.8.2) va
UTTOAOYIOETE TO ONuEio AelIToup-
yiag Q Tou TpavdioTop.

Av 10 B, TOU TpavdioTop WETO-
BAnBei amd 30 £wg 10 300, Ba
METAKIVNOEI TO onueio AeiToupyi-
ag Q;

Av dimmAaciacTei n  avrioTa-
on €KTTOUTIOU, VO PBPEiTE TTPOG
TTol0 KaTEUBUvOon Ba PeTakKivn-
B¢i 10 onueio Q.

Na uTtroloyioere Tnv atmoAan
TAONG Kal TNV Taon ££6d0u Tou
dimAavou evioxut (V,= 10mV).
Av OTOV TTPONYOUMEVO EVIOXU-
™ (oX. 4.8.2) cuvdéooupue TTa-
pPAAANAa oTtnv 8,2 KQ €vav Tru-
KVWTR MEYAANG XwpnTIKOTNTAG,
va UTTOAOYIOETE TN VEQ TIMN TNG
atmmoAafng Taong Kal TNG Taong

€€od0u.
[Na 1o JFET 2N3823 didetai ol TI-
HEGH 1o = 20mAKal Vg = -8 V.

Na uttoAoyioete TNV TIPN TNG R
OTNV WHIKA TTEPIOYXT.

48.12 MNa 10 JFET J300 Oidetar OTI

les = 49 MA Kal lg o = -7 V.
Na uttoAoyioeTe TNV TIPr Tou
peUPATOG OTTAYWYOoU YIa TIG
€€NG TAOEIG TTUANG: -6 V, -5V,
-4V, -3V, -2V «ka -1V.

4813 Na uttoloyiceTe Tnv TGON O-
TTaywyou-Trnyng tou ox.4.8.3

KUKAWPATOG.
+20V
10KQ
l.=3mA
-2V -
VGS(off) =-4V
Zxnua 4.8.3

48.14 Av, oto ox. 4.8.3, n tdon TG
TTUANG yivel -1V va uttoAoyioeTe
TNV Téon amaywyou - TTNyAG.

48.15 Av, oto ox. 4.8.3, n 1édon NG
TTUANG vivel OV kai n téon 1po-
@odociag amaywyol aufndei
ota 25 V, va uttohoyioete TV
Tdon amaywyou - TTNYAG.

4.8.16 Av, oto ox. 4.8.3, n avrioTaon
arraywyou yivel 8,2 KQ, va utro-
AoyioeTte TNV TdON amaywyou -
Myng.

4817 Av o1o KUKAwua, oyx. 4.8.3,
n avriotacn yiver 15 KQ, va
UTTOAOYIOETE TNV TACN OTTAYW-
yOuU-TTUANG.

4.8.18 lMNoia €ivar n tédon ammaywyou -
TINYNG TOU KUKAWWATOG TOU OX.
4.8.4;
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4.819. Av, oTto 0. 4.8.4, n 1don TTUANG 4.821 Na uttoAoyiceTe TNV TAON ATTO-
auénbei ota + 3V kai n Tdon Tpo- ywyou - TTNYAS TOU KUKAWMATOG
@odociag amaywyou augnBei Tou 0. 4.8.5.
ota +30 V, va uttoloyiocete TNV 4.8.22. Av, oTo ox. 4.8.5, n avriotaon
Tdon amaywyou - TTNYAG. Tou amaywyou yivel 15 KQ, va

4.8.20. Av, oto oX. 4.8.4, n avriotaon UTTOAOYIOETE T VEQ TIPA TNG
TOu aTmaywyoUu auénbei kai yi- TaOoN ammaywyou - TyAG.
vel 33 KQ, 1rola Ba eivail n 1don +20V
amaywyou - TTyng;

10KQ
+20V
VGS“M =1V
1,5KQ loon = TMA
Ves(on) =3V
*2v Ry = 5000
le =1 MA
+3v Vasen = -2V Sxripa 4.8.5
4.8.23. Av, oTto oy. 4.8.5, n 1don NG
Zxnua 4.8.4 TTUANG Yvivel +15 'V, troia Ba eivail

n T@don amaywyou - TTNYAG;

loTopikn avadpoun

H mreipauarikn avakdAuwn e IKavoTnTag vioxuong 1Iox0og oc uia oidraén pi-
wv nAektpodiwv, n orroia onuepa ivair yvwoth w¢ Tpavdiotop akidag, amd Toug
W. Brattain kai J. Bardeen oric 16 AskeuBpiou 1947, ara epyaartipia g Bell Tele-
phone (BTL), amoréAsae Tnv agetnpia ¢ emavaaTacns g 1exvoAoyiag nuiayw-
ywv. 2115 23 lavouapiou 1948, o W.B. Shockley ékave uia emavaoTartikiy avakGAu-
wn, n oroia 0dnynaoe arn dnuioupyia Tou TpavdioTop emapns. H avakdAuwn autn
nrav n BswpnTikn epunveia TS Asimoupyiag Tou 1pavyioTop emapns Kabwgs Kai Tou
Tpavdiorop akidwv. H Bswpia Tou amoréAeae tn Baon Tng 1EXVoAoyiag KaTaoKEUNS
TwVv TpavyioTop KaBw g ETTIoNS Kai TS avarmTuéng 1NS NAEKTOOVIKAG.

To mpwro 1pavlioTop emapns dnuioupynbnke tov AmpiAio tou 1950 Kai 10
UAIKO TTOU XpNOIUOTTOINONKE ATAV YEPUAVIO.

To 1951 o W. Shockley avakaAuwe 1o FET emagng (JFET) 1o omoio kara-
okeudoTnke 10 1952. H mpwrn avakoivwon tng dnuioupyiac tou MOSFET éyive
Tov louvio rou 1960.

TéAocg dev Ba mpérrel va TTapaAn@Bei n avak@Auwn Tou OAOKANPWUEVOU KUKAW-
parog amd tov J.S. Kilby 1o 1958 otnv Texas Instruments, n omoia amreréAeoe nv
agpopun yia TV mEPAITEPW EEAIEN TNG LIKPONAEKTPOVIKAS Kail TO GNUEPIVO OTAOIO
auikpuvang twv tpavdiorop, JFET kai kupiwg Twv MOSFET.
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ZTO TéA0C

auToU TOU KE@aAdiou

o uabnrng Ba mpérel va:

® Exel kKaravonoel 1 doun Kai apxn
Agiroupyiag 1ng 61060U TEOOGPWYV TTPWTEWYV

® Eyxel karavonoel 1 doun Kai apxn Asiroupyiag
TOU EAEYXOUEVOU avopBwTn TTUpITIOU

® [vwpilel Ta d1apopa €idn eAcyxOuEVOU avopBwrr TTUpITiou

® [vwpilel TIC BACIKES TUVOETLIOAOYIES KAl KUKAWATA TOU
eAeyxouevou avopBwrr TTupITiou

® AiaBalel kai va KatavoeEi Ta TExVIKG puAAadia Twv
KATAOKEUAOTWY

® Eyxel karavonoel 1 doun kai apxn Asiroupyiag tou DIAC kai
TRIAC

® Mropei va epapudler Ta TTapaTmavw o€ ATTAG NAEKTPOVIKA
KUKAwuata

LXTOIXEIA HMIATQI'QN TEXXAPQN ETPQXEQN




5.1 Huiaywyoi P-N-P-N
5.1.1 Aopn Kal YEVIKA XOPOKTNPIOTIKA

O nuiaywyog P-N-P-N 1 8iodog P-N-P-N, gival évag kpUoTaAAOG e TEGOE-
PIG EMTTAOUTIOEVEG TTEPIOKEG, DUO TUTTOU N Kai dUo TUTTOoU P, 01 0T10ieC EVOAAGC-
oovtal d1ad0xIKa (ox. 5.1.1). To axog Kai 1d1aiTEpa TO ETTITTESO EUTTAOUTIOUOU
Ola@EpPEl o€ KABE TTEPIOYKI KOl CUYKEKPIUEVA €ival TTOAU uwnAd OTIG OKPOiEG TTE-
PIOXEG KAl TTOAU XaUNAG oTov evOIGuETO Nuiaywyo TuTTou N. H diodog P-N-P-N
ovopddetal kai 6iodog Shockley.

KdaBodog

KdaBodog

Avodog

Avodog
(o) (B)

2xnua 5.1.1 (a) Aoury di66ou P-N-P-N kai (8) KuKAwuaTiké didypauua

To nAekTpGBI0 TO OTTOI0 CUVOEETAI GTOV AKPAIo NUIaywyo TUTTOU P ovoudde-
Ta1 dvodog (A). AvtioToixa To NAEKTPODIO TO OTTOI0 CUVOEETal oTOV aKpaio N-TU-
TTOU NMIaywyo ovopdadetal kdBodog (K) (ox. 5.1.1 B).

Baoikd xapakTnpIioTIKO T600 auTAG TNG OOPNG 000 Kal OAwY Twv GAAwv do-
Mwv ol oTroieg Baaifovral g€ auTh €ival TO QAIVOUEVO TNG ECWTEPIKNAG ava-
TPOPOdOTNONG, avadpacong, (internal feedback) Tnv otmoia Trapouacialouv.
H avatpo@oddtnon auTr] o@eiAeTal aTToKAEIOTIKG GTn doprA Toug, dnAadn Tnv
aAAnAouyia TwV TTEPIOXWYV KABWG Kal TwV SIOCTACEWY Kal ETTITTEOWYV EUTTAOUTI-
OMOU TWV TTEPIOXWYV AUTWYV. H E0WTEPIKN avaTpo@oddTnan avaykadlel auTeég TIG
dIaTALEIG va AeIToupyouv Jovo o€ OU0 aTabspég karaoTaaoeig, pia aywyiun (ON)
Kal pia pn aywyiun (OFF). Ztnv katdoTtaon ON n avtiotaon g d16dou eivai
MIKpSTEPN TwV 10 Q evwo otnv katdoTtaon OFF n avrtiotaon tng 816dou Kuuai-
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vetal amo 1 MQ €wg 100 MQ. 'Eva emITTAéOV XAPOKTNPIOTIKO QUTWVY Twv dia-
Tagewv gival OTI Kal OTIG U0 OTABEPES KATAOTATEIG TOUG N KATAVAAWGT 10XUO0G
gival TTOAU pIKpH, YEYOVOG TO OTTOIO TIG KAVEI IBICITEPA XPIOIUES OE EPAPPOYEG
eAéyxou TnG 10XUOG.

Ortav, Aormmdv, pia diodog P-N-P-N ouvdebei o€ pia Tnyn €101 woTe n dvo-
00¢ TNG va ouvdebei oTo BeTIKG TTOAO TTNYNAS Kai N K&GBodog TNG GTOV apPVNTIKO
TTOAO TNG TTNYAG, TTapouaidlel TIG U0 OTABEPES KATAOTACEIS aywyiuoTnTag. H
TTOAWON auTH KaAgiTal opBry. Z& avdoTpo@n TTOAwaN n diodog CUUTTEPIPEPETAI
OTTWG MIa TUTTIKA 8iod0g pe TTOAU XauUNAG peUpa KOPOU Kal O€ UWNAEG TAOEIG
gdgaviCetal n Taon didotaong (V) (0x. 5.1.2).

Mepioxn
opOng TOAwonNg
IH
Ver g
0 Vv, Veo Vi
Mepioxn
avaoTpoeng
TOAWONG

Zxnua 5.1.2 XapaktnpioTiKi KaUTTuAn peduarog-tédong diédou P-N-P-N

Emeidn n diodog atroteAsital atmd 1E00Epa OTPWHATA POIACEl OOV VA OTTOTE-
Aeitar ammé Tpeig 816doug D, D, kai D, (o). 5.1.1) ouvdedepéveg oe aeipd. O1 D,
kai D, €xouv Tnv idla diebBuvon kai n D, ival avrioTpoga ouvdedepuévn. OTav n
diodog ouvdebei péow avtioTaong oTa Akpa PIag TTNYAS KAl EQapPooTEl opon
moAwaon ol diodol D, kai D, TroAwvovTal opBd evw n D, ToAwveTtal avaoTpoga.
AUTO €x€l WG OTTOTEAETUA N ECWTEPIKA EQAPUOZOUEVN TAOT VA EPQAVICETAI, OXE-
d6v OAn, ata akpa TG D, kai To peupa, To otroio diappéel Tn diATagn gival PIKPO.
AUgnon NG Tdong TNG TTNYAS €XEl WG ATTOTEAECUA PIKPA aUgnaon Tou peUPATOS
NG didragng. OTav n Tdon TNG TTNYNGS UTTEPRE pia TIPRA, N oTToia ovoudleTal opdN
Taon diaotraong (firing ) breakover voltage) kai cupBoAiCetar e V), 10 pelpa
auéavel atréToa Kai N Tdon oTa aKpa TNG dI0B0U EATTWVETAI OXEDOV akaplaia
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(Zx. 5.1.2). Ze autA TNV Tdon okavdaAiopou n diodog petafaivel ammd TNV KoTa-
otacn OFF atnv ON. To peUpa To OTT0i0 AvTIOTOIXEI OTNV TACN OKavOAAIGHOU &i-
vai 1o |,. H Trepioxn aTnv otroia n diodog Bpioketal og karaaTtaon ON ovopdgeTal
EPIOXN KOPOU Kail Aéue OTI TOTE N didTagn £xel pavoaAweei (latched).

Av o1n cuvéxela eAatTwbei n Tdon ota dkpa Tng d16dou, N didTagn TTapa-
uével otnv kataotaon ON £wg 6Tou To peUpa eAaTTwBei atnv TiPn |, TTou ovo-
padeTal pevpa ouykpdTtnong (holding ry latching current). To pedpa |, €ivai 10
eAaxIoTO pevpa yia va diatnendei n katdotacon ON. 210 pedua ouykpdTNOoNg
avTIoTOIXEI N TdoN ouykpatnong V...

5.1.2 Apxn AsiToupyiag

K K
|K |K
n
| |
B p X * NPN
IC1 Qz
p n
Ql
Q, n PNP
L, o,
p
l, I
A (a) A @

Zxnua 5.1.3 (a) looduvaun doun uiag d166ou P-N-P-N kai (B) ic0d0vauo KUkAwua

H Aeiroupyia Tng d16dou P-N-P-N gival duvatd va €gnynBei pe Tnv avaywyn
NG O€ €va KUKAWMA OTTwG auTd Tou oxnuatog (5.1.33). To KUKAwPa auTtd TTpo-
KUTTTEl aTTO TO dlaXwpPIopo TG 816dou P-N-P-N o€ dUo TufiuaTa €101 WOTE OTO
éva va £xoupe pia diadoxr oTpwudtwy P-N-P kai oto dAAo N-P-N (ox. 5.1.3a).
KdaBe tunua avmigToixei e éva 1pavdiotop, 10 P-N-P a1o Q, kai 10 N-P-N 010
Q,. H mepioxn tumou N trou eivar n Baon Tou Q, eival 0 GUAEKTNG Tou Q, Kai N
Teploxr Tutrou P Trou gival n Baan Tou Q, gival 0 GUAEKTNG Tou Q. 'ETol 10 peU-
Mo GUAAEKTN Tou evOG «TpavdioTopy €ival peuua BAong yia 1o GAAo (0. 5.1.3B)
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dnuIoupywVTag £va Bpoxo o oTroiog &ekivd aTto Tn BAcn Tou Q,, Trepva amméd 1o
OUMNAEKTN Tou Q,, T Bdon Tou Q, kal TO GUAAEKTN Tou Q, Kal KATaAr el TIAAI OTn
Baon Tou Q,.

Me Bdon Ta TTapatdvw, n XapaKTNPIOTIKI) PEUUATOG-TACNG EPUNVEUETAI WG
€€nG. Otav n 1aon ota akpa NG d16dou P-N-P-N eival undév, ta tpaviiotop
O¢ev dlappéovTal atmo peuua Kal BpiokovTal o€ katdoTtaon OFF. AuédvovTag Tnv
Tdon oTa dkpa TNG 816dou, N 8iodog CUANEKTN-BACNG KABE TpavlioTop TTOAWVE-
Tal avaoTpoa. ‘ETol, To pelpa, To o1roio diappéel kABe 5iodo CUAAEKTN gival TO
peUpa KOpou (avaaTpo®ng TTOAWGCNG) TO OTTOoIO €ival TTOAU PIKPO Kal OV UTTOPEI
va digyeipel To oUoTNA.

AuTo €xel wg atToTéAeopa n diodog va Trapapével otn katdotaocn OFF. H
oopn TG d16dou P-N-P-N givail TEToia WWOTE T XAPAKTNPIOTIKA Twv TpavioTop
va petaBaiAovTal ge TNV Tdon CUAEKTN-eKTTOUTTOU. ‘ETO1 61OV N TAoN OTa AKPa
NG 01600uU P-N-P-N uTttepBei Tnv 1don okavoaAiopoU TOTE T XOPAKTNPIOTIKA
TwV TpavlioTop Kal To PeUPa KOPOoU KABE B1600U CUAAEKTN-BAONG ival TEToIO
WOTE Va ETTPEYEI OTOV AvaTPOoPodOTNONG va odnynoel Tn diodo P-N-P-N o¢
kataoTacon ON.

H emoTpogn amd tnv kardotaon ON oTtnv katdotacn OFF eival duvarn
povo oTav Ta peduara, Ta oTroia Ta dlappEéouv Ta TpavlioTop, €ival PIKPA Kal
Ol XOPAKTNPIOTIKEG TwV TpavlioTop £xouv AAREl TIG BETEIG, TIG OTTOIEG €XOUV O€
XapNAEQ Tdoelg. Autd aupuBaivel 6tav n Taon ota dkpa TNG 816dou P-N-P-N kai
TO PEUMA TNG £XOUV YiVEl JIKPOTEPA TNG TACNG CUYKPATNONG Kal TOU PEUUOTOG
OUYKPATNONG, QVTIoTOIXA.

Mapadsiyua 5.1.1
210 dITTAQVO OXrKa n Taon TNG TTN-
YAS peTaBaAAeTal atrd 0 €wg 20 V. Z¢
Trola TAon Ba apxioel va diEpxeTal peu- 1KQ
pa atré 1o KUKAwpa; Otav n 160N NG
TTNYNS €ivan 15 V 11010 Ba gival To peu-
Mo To otroio Ba diépxeTal Ao TO KU- ' V=10V
kKAwpa; Mola Ba gival n eAaxioTn Tdon l,=4mA
TNG TINYNAG TTPIV va PNOEVIOTEI TO peUpa
ToUu KUKAwpaTog; Na BewproeTe ape-
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AnTéa TNV TITWOTN TaoNg oTa dkpa TNG d16d0U OTaV BPIOKETAI O€ KATAOTOON
ON.
Adon

H diodog P-N-P-N £xel 1a £§1G XapakTNPIOTIKA: Taon okavdaAiopou V,
=10V kai pedpa ouykpdatong |, =4 mA.

Eteidn) amo pia diodo P-N-P-N otnv katdotaon OFF dev di€pxeTal peu-
Ma, n TTwon 1aon atnv avrtiotaon 1 KQ Ba gival undév pExpr va Eekivioel
n pavddAworn. Zuvettwg yia 0V <V < 10 V 10 pelpa Tou KUKAWMPATOG €ival
pNndév. MNa V > 10 V 10 pelpa Tou KUKAWPOTOS Ba givar un pndeviko. Apa Ba
apxioel va dIEpxeTal peUPa atrd To KUKAwa 6tav n Téon Tng TTNyng utrepei
10 10 V.

21V katdoTaon ON n diodog P-N-P-N 1rapouaciddlel TToAU pikpr avTioTa-
On. ZUVETTWG TO peUa Tou KUKAWMATOG Ba kabopileTal atrd Tnv avtiotaon
1 KQ. Apa, 6tav V =15V 10 pedja Tou KUKAWPaTog Ba rpoadiopileTal atTd
TOV VOuo Tou Qu

o}

H diodog P-N-P-N petaBaivel otnv katdoTtacn OFF étav 1o pedua, 10
oTroio TNV dlappEel Yivel JIKPOTEPO TOU PEUPATOG oUYKpatnong |,. ETreidn n
diodog cival akoun otnv kataataon ON 1o pelpa Tou KUKAWPOTOG Ba Ka-
BopileTal atoé Tnv avtiotacon 1 KQ. ‘ETo1 n atraitouuevn 1aon Tng TNyng 8a
TTPOCBIOPICTEI ATTO TOV VOO Tou Qu:

V=I-R=(4mA)x(1KQ) =4V

5.2 EAegyyopevog avopBwrtig trupitiou (SCR)
5.2.1 Aopn Kal YEVIKA XOPOKTNPIOTIKA

O eAeyxopevog avopBwTng TTupITiou 1| BupioTop (Silicon Controlled Rec-
tifier ) thyristor, SCR) eival kai autdg pia didTagn 1e00dpwy oTpwUATWY. Exel
TNV id1a Baoiki dopr pe Tn diodo P-N-P-N, pévo 1mou €xel TpoaTeBei éva Tpito
NAEKTPOOIO N TTUAN (gate), To otoio €xel ouvdeBEl Ue TO EVOIANETO OTPWUO
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nUIaywyou TUTToU P (0X. 5.2.10) ye ammoTéAeopa O eAeyXOPEVOG avopBwTAG
TTUPITIOU va €xel Tpia NAeKTPOdIa, TRV Gvodo (A), TNV KaBodo (K) kai Tnv TTUAN
(G) (ox. 5.2.1y).

K K
I I
n
lg le, ls s, A
G P Q G NPN
le, Q,
p n a
!
Q g PNP
IBl |Bl G
p K
lA IA
A A

(o) (B) (v)

2xnua 5.2.1 (a) looduvaun doun, (B) 10060vauo KUKAwa Kai
(v) KukAwpuariké didypauua evog eAcyxouevou avopbwrr mrupitiou (SCR)

Ovopddetal eAeyxOpEVOG avopBwTAG SIOTI GTNV avAaTPOoPn TTOAWGOT CUMTTE-
PIPEPETAI OTTWG Mia Koivry 8iod0g evw oTnv opbr TTOAwaon gival duvaTtdg o Ka-
BopIopog Kal EAeyX0G TNG TAONG OKAVOAAIGHOU JECW TOU PEUPATOG TNG TTUANG.
H €€dpTtnon Tng Tdong okavOaAIouoU atro To peUpa TTUANG QaiveTal GTO XU
(5.2.2). Baoiko XapaktnpIioTIKo TnG diaTagng gival 611 é1av 10 peUpa NG TTUANG
gival undév 101 T0 SCR cupTtTepIpEpeTal wg diodog P-N-P-N. Otav diapiBaoTei
€va BeTIKO pelpa péoa atrd TNV TTUAN TOTE N TAoN OKAVOAAIGHOU EAQTTWVETAI
Kal N eAATTwon €ival TOOO PeyaAUTEPN 000 PEYAAUTEPO gival To pelpa. MNa ue-
YAAEG TIMEG TOU PEUPATOG TTUANG (I, 0TO OX. 5.2.2) n 70N okavdaAIopoU gival
1600 pIKp woTe To SCR va TTapoudidlel hia XapakTneIoTIKA PEUUOTOG-TAONG
Opoia pe autr Twv d10dwv. AvTIBETa, yia apvnTIKEG TIWEG TOU PEUPOTOG TTUANG
N T1éon okavoaAiopou auédvel. Ze éva SCR n 1don ouykpdtnong Kai 1o pevua
OUYKPATNOoNG eV e€apTWVTAl ATTO TO PEUPA TTUANG.

TENIKA HAEKTPONIKA  [IRILe)




Zxnpua 5.2.2 XapaktnpioTIKES PEUUATOS-TATNS EVOS EAEYXOUEVOU avopBwrh TTUpITIOU
yia OIAQOPES TIUES TOU PEUUATOS TTUANG

5.2.2 Apxn Asitoupyiag

H epunveia 1N Aeitoupyiag Tou SCR BacileTal aTn cuuTrepIPopd TnG d16dou
P-N-P-N. Omrwg mpoavapépbnke, To SCR eival yia didragn tecodpwv oTpw-
paTWY, 6TTWG N diodog d16dou P-N-P-N, atnv otroia €xel TrpooTeBEi pia eTTagn
oTo evdIdueco P-tUtrou oTpwia. To 10000vVapo KUKAWMA TTOPOUsIdleTal OTo
ox. (5.2.1a) kai (5.2.1B). ‘ET01, 6TAV TO pEUPQ TNG TTUANG €ival undEv TOTE N Al
Toupyia Tou SCR eival idia pe autr) Tng 8166ou P-N-P-N, dnAadr) Baciletal oTa
peupara K6pou (avaaTpoPng TTOAWGCNG) Kal TN METARBOAN TWV XOPAKTNPIOTIKWY
TWV TPaAvZioTop TOU 1I000UVANOU KUKAWHATOG. ETTedr) ueTagu TmiANG kai kabo-
dou oxnuartieTal yia atrAn diodog, apkei va e@apuoaTei pia Taon 0,7 V yia va
apxioel va ayel 1o Tpavdiotop Q, Kai Kard cuveTTela Kai 1o Q;, dnAadr) 1o SCR.

H trapouacia Tng TTUANG TTapéxel Tn duvatoTnTa dIOXETEUONG PEUUATOS OTO
TpavgioTop Q, Tou 1I00dUVApOoU KUKAWUATOG. ‘ETal, av dloxeTeubei peuua l ; otav
10 SCR BpiokeTtal o€ katdotacn OFF 16te givan duvarr) n €vapn tng diadika-
oiag pavdaAwaong. Zmv kardotaon OFF 1o pedpa | TpooTiBetal oo pedua
TOU OUAAEKTN Tou TpavdioTop Q,, To oTroio eival To peUpa Képou Tng dibdou
TOU OUAAEKTN. To aBpoioua Twv duo peupdtwy didouv To peUua Baong Tou Q,.
ZUVeTTWG To PETPO Tou |, Ba KaBopioer TNV TGoN 0TV OTToIa TA XAPAKTNPIOTIKA
Twv TpavlioTop cival TéETola woTe va ekivroel n diadikagia pavddAwaong. Eivai
TTPOPAVES OTI N TIUA TNG véag Taong okavOaAiopou Ba gival PIKpoTeEPN aTro
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€KEivn, N oTroia avTioToIXEi o€ uNdevIKG peupa TTUANG. OTtav To pelua NG TTUANG
gival TTOAU JeyaAo 10 Q, AyEl «OUVEXWGY» UE ATTOTEAETUA N TAON OKAVOAAIGHOU
va gival TTdpa oAU pikpr) kail To SCR va Bpioketal o€ katdotaon ON yia TToAU
MIKpEG Tao¢€Ig. Edv To SCR éxel petapei o€ kataotaon ON, TTapauével ¢” auTiv
akOua Kal av PndevioTei To peUua TNG TTUANG.

+
VCC

Zxnua 5.2.3 Turmmiko kKUkAwpa méAwong evéc SCR

Ortav 10 pelpa TUANG €ival apvnTIKG, TO CUVOAIKG pelja Bacng Tou Q, Ba
MeIwBEl pe atrotéAeapa va ammautnOei peyaAuTtepn Tédon ota dkpa Tou SCR yia
va IKavoTroinBouv ol GuvBAKeG ol oTroieg Ba odnyroouv Tn didTagn o€ KaTdoTa-
on pavdahwaong. H epapuoyn apvnTikoU peUPATOG TNV TTUAN aTToTEAET 1EBOSO
ecavaykaopévng petapaong evog SCR amd tnv kardotaon ON o€ katdoTaon
OFF.

Ma va dioxeTeuBei éva peupa oTnv TTUAN evog SCR aTtraiteital n xpnoiyoTroin-
on NyYAS Tdong Kal avTioTaong TTEPIOPICHOU TOU PEUPATOG TTUANG, A@OU UETA-
&0 TTUANG Kol kaBodou uTTdpxel diodog, n ottoia TToAwveTal opBda. ‘Eva TUTTIKO
KUKAwua TToAwang SCR mapouacidderarl ato ax. 5.2.3. Oravriotaoeig R, kai R
TTEPIOPICouV TO peUpa TTUANG kKai SCR. 'ETol1 n Tdon €106d0u yia va eTTITeEUXOEi N
pavdaAwon Tou SCR utroAoyiCeTal atrd TNV oxEon:

Vi=VrtLRe 5.2.1
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otou V. gival n Tdon okavdaAiopou (trigger voltage) kai |, ival To pedpa
okavdaAiopou (trigger current) Tou SCR. Ta oToixgia autd TTapEXOVTAl OTA TE-
XVIK& QUAAGDIO TWV KOTOOKEUAOTWY. 2T0 KUKAwWa Tou 0. 5.2.3 To SCR Ba pe-
TaBei otnv kKatdotacn OFF povo otav n téon NG TTNYAS EAATTWOET TOOO WOTE
TO peUpa, 10 otroio dlappéel T0 SCR yivel pIkpOTEPO TOU |, i UNdEVIOTEN N TAON
NG TNYNG.

+VCC +V

cc

Zxnua 5.2.4 dwro-SCR (a) xwpis kai (B) pe pubuIlduevo eTTiredo okavoaAng

5.2.3 AAMol TUTTOI SCR

Mépav Twv cuvnBiopévwy SCR, Adyw TG onpavTIKAG GUUBOAAG TOUG aToV
ENEYXO TNG 10XUOG, €XOUV KaTaoKeuaaTel kal GAAol TUTTol 6TTwg SCR oTa oTT0ia
0 OKaVvOOAIOHOG ETTITUYXAVETAI E QWG, N OIOKOTT AEITOUpYiag Ye TTAANO oTNV
TTUAN Kail 0 eEAeyXOUEVOG BIAKATITNG O OTTOI0G OIaBETEI OUO TTUAEG. 2T GUVEXEIQ
Ba yivel olvtoun avagopd o’ autoug Toug TUTToug Twv SCR.

PwT0o-SCR

To @wT0-SCR (photo-SCR) ) pwTto-evepyottoioupevo SCR (Light-Activated
SCR, LASCR) 1| pwTto-BupioTop (photo-thyristor) Trapouaialetal oo oy. 5.2.4.
Ta wTo-SCR £x0uv TTapABupo aTTd TO OTTOI0 UTTOPE Va EI0EABEI TO WG Kal VO
dnMIoUpYNOEl, OTTWG OTIG GWTOBIOGdOUG, TO KATAAANAO peUa okavdaAiouoU. To
QwTOpeUpa eTayetal otn diodo Baong Tou Tpavdiotop Q2, ox. 5.2.1. Otav 10
@wTO-SCR pavdaAwBei, TTapapével aTnv katdotaon ON akopa Kal av OIaKOTTEl
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N TTaPoxr ewTog. To eTTiTed0 TNG £VIAONG TOU PWTOG YIa TO OTTOIO ETTITUYXAVE-
Tal 0 OKAVOAAIoHGG Tou ewTo-SCR pubpifeTal ye Tn Ponrbeia eEwTePIKAS pub-
MI(OPEVNG avTioTaong, N otroia cuvdéeTal PeTagu TTUANG kal yng. H avTiotaon
OIOXETEUEI PEPOG TOU PWTOPEUNATOG GTN YN KAI PEIWVEI TRV QwToguaiodnaia
Tou SCR.

Ta ewTo-SCR Bpiokouv epapuoyég oe xwpoug otou 1o SCR TTpéTTel va
gival TTAwTO Kail va BpiokeTal o€ TTOAU uwnAG duvapikd wg TTPOG T yn ToU CU-
OTAMATOG EAEYXOU TNG 10XUOG. ‘ETOl atToQeuyeTal N XpAonN YETAOXNUATIOTH Yia
TNV 00rynon TTOAPWY TNV TTUAN, OTToTE aTToPEUYoUE TO TTPOBANUa 611 n dIn-
AEKTPIKRA avToxH METALU TTPWTEUOVTOG KOl OEUTEPEUOVTOG EVOG UETAOXNMATIOTH
gival memepaapévn. ETITTAEoV, N YETAPOPAE QWTOG WE OTITIKA VA ETITPETTEI TV
TOTTOB£TNON TOU NAEKTPOVIKOU CUOTAMATOS EAEYXOU TNG 1I0XUOG OE ONUAVTIKN
atréoTacn ato 10 QwTo-SCR.

+
VCC

ABCD -V

Zxnua 5.2.5 KukAwpua kai Asiroupyia S1akKOTTTN, TTOU EAEYXETal aTTd TNV TTUAN

A10KOTITNG O OTT0i0G EAEyXETOI OTTO TNV TTUAN

O d10KATITNG TTOoU eAéyxeTal atrd Tnv TTUAN (Gate-Controlled Switch, GCS 1
Gate Turn-Off, GTO) £xel oxediaoTei e 0TOXO va PETARAIVEI OTNV KATAOTACN
ON pe epappoyn BeTIKWYV TTOAPWY GTNV TTUAN Kal étav BpiokeTal oTnv KatdoTa-
on ON va petaBaivel otnv kataotaon OFF ue epapuoyr apvnTIKWV TTOAPWY
oTtnv TUAN, Xwpig va atraiteital n eAATTwon Tou PeUPATOG OE ETTITTEdO XOUN-
AéTEPO TOU PeUPATOG CUYKPATNONG. AUuTOg 0 TUTTOG SCR XpNOIYOTIOIEITOI O€
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WneIakd CUCTAPOTA, OTTOU UTTAPXEl N duvatotTnTa SIOXETEUONG BETIKWYV Kal
apvnTIKWY TToAPwyv. ETTiong XpnoiyoTtroicitTal o€ cuoTruata OTTou aTTaITEITal N
€E0IKOVOUNON EVEPYEIQG Kal N TPOPOdOoaia yiveTal atrd ouvexEg, OTTWG TT.X. OTa
QAQG TWV QWTOYPAPIKWY UNXAVWYV TA OTTOIO JETPOUV TNV EVTOCT QWTICHOU TOU
QVTIKEIUEVOU TO OTTOIO TTPOKEITAI VO pwToypanOei. Ekei To GCS diakoTTTel TRV
TTapoxr pPeUPATOg OTn Auyvia (pAag) TNV KATAAANAN OTIYUE KAl €E0IKOVOMEITaI N
EVEPYEIQ N OTTOIO Eival ATTOBNKEUPEVN WE HOPPT] UWNANG TAONG O€ £vav TTUKVW-
. 'ETO1 atro@elyeTal n eTTava@opTion TOU TTUKVWTI KOI CUVETTWG N €EAvTANCN
TWV PTTOTOPIWV.

EAeyxopevog S10KOTITNG TTUPITiOU

O gAeyxopevog diakotrTng mupitiou (Silicon Controlled Switch, SCS) éxel
TNV idia doun e 10 SCR, poévo TTou 0° auTtd €xel TTPooTEBE pia akdun €TTa-
on (ox. 5.2.6). H didragn autnh €xel U0 TTUAEG TNV TTOAN KaB6dou (- Cathode
Gate) kai Tnv TOAN avodou (Anode Gate).

A A A A
Ql
P P Q A
A, A, ¢
N N N
AG
P P P
KG KG
N Q, N K Q, Ks
G
K
K K K

(a) (B) (v) (%)

Zxnua 5.2.6 (a) Asitoupyikn doun, (B) 1c0d0van doun, (y) 1000Uvauo KUKAwUa Kai
(6) KuKAwuartiké Sidypauua evos eAsyxouevou diakorrTn mmupitiou (SCS)

H mpwTn cuvdéeTal Ye Tov evOIAPETO NuIaywyo TuTTou P, dnAadn Tnv TTUAN
Tou Tpavdiotop Q,, Kai n deUTEPN CUVOELETAI UE TO EVDIAUECO NUIaywyS TUTTOU
N, dnAadn v TUAN Tou Tpavdiotop Q, (ox. 5.2.6B kai y). &' autr) Tn dIATagn
n yerapaon amod kardotacn OFF o€ katdotaon ON TTpokaAcital pe BETIKOUG
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TTaAPoUg oTNV TTUAN KaBOdoU Kal Pe apvnTIKoUg TTOAUOUG oTnv TTUAN avodou.
AuTé ogeileTal 0TO yeyovog OTI HECW TNG TTUANG KaBodou apxilel va Ayel, wg
yVwaoTov, 1o Tpavdiotop Q, v PECW TNG TTUANG avodou Kal e epapuoyn Ta-
ong XapNAGTEPNG aTro TNV Avodo (apvnTIKOS TTAANOG) apXilel va dyel To Tpavdi-
otop Q,. Kai oTig dUo TrepITITwaelg n diatagn odnyeital ge pavddiwaon.

Mapadsiyua 5.2.1

270 KUKAwpa Tou ox. 5.2.3 didetal V.= 0,7 V, . =5 mA, |, =8 mA, R =1
KQ, R.=100 Q ka1 V.= 20 V. Na mpoodiopiaTei n taon £§6dou V,, 6tav 10
SCR civai o€ katdotaon OFF. Na uttoAoyioTei n Taon €106d0u yia TNV oTToia
10 SCR petapaivel atnv katdoTtacn ON. Moia Ba TTpéTTel va gival n Tdon Tpo-
podoaiag yia va petafBei To SCR og kardoTtaon OFF, 6tav otnv KatdoTaon
ON 10 SCR diatnpei ota dkpa Tou téon 0,7 V.

Adon

21V kataotacn OFF 1o SCR dev dyel pe amotéAecua n TITwon 16ong
oTa akpa NG R, va gival undev Kal GUVETTWG N Taon €50dou va gival 20 V.

MNa va petaBei otn kardotaon ON, dnAadn yia va eTTiITeUXOei 0 OKavOaAI-
OMOG, Ba TTpéTTel N Taon Kal To peUa TNG TTUANG va gival ioca PE TIG avTioTol-
XEG TINEG okavOaAIouoU, dnAadn

V.=V +1 -R,=0,7V+(5mA)x(1KQ)=07V+5V=57V

To SCR omnv katdotacn ON diatnpei ota dkpa Tou TITWON TACNG
V,=0,7 V. Zuvemwg yia va petaBei otnv kardoTtacn OFF Ba mpéTel 10 peu-
Ma va eAaTTwBEi oTo pela ouykpdTnong, dnAadn

Vec=V, +1 -R,=0,7V+(8mA)x (100 Q)=07V+08V=15V
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5.3 ApxEg AsiToupyiag Kal XapaKTNPIOTIKA
TwV Nraiok (DIAC) kai Tpaiak (TRIAC)

5.3.1 Aopn ka1 Asitoupyia DIAC

n2 n2 n2 p1’ ON
p1 p1 p2
n2 n1’
n1 n1 0 v
p2’ OFF
p1 p1 p1 n2 OFF
ON

(o) ®) (v) (5)

Zxnua 5.3.1 (a) Apxn karaokeung, (B) TeAikn doun, (y) KUKAwuartikd auuBoAo kai
() XapaKTNPICTIKN peUaTog-raong evog DIAC

‘Eva DIAC cival yia ap@idpoun didragn. H dour Tng poiddel oav va €xouv
ouvdebei duo diodol P-N-P-N trapdAAnAa kai avtiotpoga (ox. 5.3.1a). To
atroTéAEOpa PIag TETolag ouvdeong (ox. 5.3.1B) cival pia didragn Tng oTroiag
TO apIoTEPO PEPOG, BIadlovTag atd TTAvw TTPOG Ta KATW, PoIdlel pe pia dio-
00 N-P-N-P (dnA. pia avdoTtpo@a TotroBetnuévn diodo P-N-P-N) kai To d€16
pe pia 6iodo P-N-P-N. To kukAwpaTikd ouuBolo 1ng di6dou DIAC tTapouacid-
Cetai oTo OY. 5.3.1y. MNépav autou Tou CUPPBOAOU UTTAPXOUV Kail AAAQ.

To amotéAeopa auTtAg TNG OOUNG €ival PIO CUPMETPIKA CUUTTEPIPOPA OE
OTI aQOopd TN XOPAKTNEIOTIKA PEUUATOG-TAONG. 2& KABE TTOAIKOTNTA N apXn
Aeiroupyiag Tng d16dou DIAC eival 6poia pe autr} TG d1odou P-N-P-N. Otav
n Taon ota akpa Tng utrepPei v Tdon didoTraocng V,, dev £xel vonua va
XPNOIYOTTOIoUHE TTAEOV TOV O6pO 0PBr)) TO AVTIOTOIXO TUAUA TO OTTOIO BpioKETAI
utroé 0pBr TTéAWaonN apxicel n diadikacia pavodAwong waoTe n didTagn va pe-
TaBei otnv kardotaon ON. Otav n didragn Bpioketal otnv KatdoTtacon ON kai
TO peUQ, TO OTTOIO TN dIAPPEEl, EAATTWOEI KATW TOU PEUMATOG CUYKPATNONG
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16T1E N didtagn petaBaivel otnv kartdotaon OFF. Autd cupBaivel og otroladn-
TToTE TTOAIKOTNTA, OTTWG YaiveTal OTO OX. 5.3.10

O1 diodol DIAC xpnaoiuotroliouvTtal TTOAU ouxva O0Ta KUKAWPATO oAicBnong
@aong yia Tn okavddaAn diatagewv TRIAC oTov €Aeyxo 10XU0G eVOAAACOOE-
vou.

5.3.2 Aopn kai Asitoupyia TRIAC

2 A2
A, n2 02 A, n3 G G
AZ
nl
A1
A
p1 n4 °
Al Al
(o) (B)

Zxnua 5.3.2 (a) Aoun kai (B) kukAwpartiké ouuBoio evog TRIAC

Kai to TRIAC cival pia apgidpoun didragn. H doury Tou gival Mo oUvOeTn
o€ OX€ON ME TIG TTPONYOUUEVEG. 2T0 OX. 5.3.2a Trapouciaderal n doun auth, N
otroia atroTeAsital TTAéov atrd TévTe eTTagES P-N. 210 apioTepd TURUa UTTap-
Xel pia diadoxn nuiaywywv N-P-N-P evy o1o 8€€16 pia diadoxr nuiaywywv
P-N-P-N. Ta dUo Tufuara autd og ouvduaoud pe v TTUAN (G), n otroia gival
ouvoedEEVN PE Eva aveEAPTNTO TUAKA NUIaywyd TUTTOU N Kai JE ToV NuIaywyo
10TT0U P (P, 070 0X. 5.3.20), oxnuartifouv dUo SCR. AuTd pe Tn ogipd Toug gival
ouvdedepéva TTAPAANAG Kal E AVTIBETEG POPEG KAl ETTIONG EXOUV EVWUEVEG TIG
TTUAEG TOUuG. AvaAoya pe TNV TTOAIKOTNTAG TNG TAONG, N oTToia e@apudleTal OTa
akpa Tou TRIAC, gival duvarh n evepyotroinon Tou evog 1 Tou dAAou "SCR".

‘Eva TRIAC, 6mmwg Trpoava@épOnke, ival pia augidpoun didragn. 'Etol dev
€Xouv vonua ol €vvoleg avodog kal kdBodog, OTwg oto SCR, kal yI' autd ol
Baaikoi akpodekTeG aupBoAifovTal wg A, Kal A,. H povn kai Bacikni diagopo-
TT0iNON N OTToIa UTTAPXEI METAEU TWV OKPODEKTWY AUTWV Eival 0TI O OKPOOE-
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KTNG A, atroTeAei T0 anpeio ava@opdg. Qg Tpog autéd epapuodeTal n 1aon oTnv
TTOAN KOl WG TTPOG aUTO PETPATAI N TAGN GTOV aKPOdEKTN A . Me atrAd Adyia, o
aKPOJOEKTNG A, TTaiCel pOAO avTioTolxo pe ekeivo Tng kaBodou ota SCR. MNa va
petaei éva TRIAC amé v kardotaocn OFF otnv katdoTtacn ON, n 1diaitepn
dopr| Tou emPBAAel epappoyn BeTIKNG TGang atnv TUAN &Tav 0 akPodEKTNG A,
gival BeTIKOG Kal apvnTIKr O6Tav 0 OKPOJEKTNG A, gival ApvNTIKOG WG TTPOG ToV
A,. 'Eva TRIAC emavépxetar atnv karaotacn OFF étav 1o peupa 10 otroio 10
dlappEel yiveTal JIKPOTEPO TOU PEUUATOG GUYKPATNONG.

5.4 E@apuoyn Twv avwTtépw yia Tov EAEyXO
TNG 1I0XU0G

YTrépxel €vag onuavTikog apiBPOg EQApPOYWY, Ol OTTOIEG ATTAITOUV TOV EAEY-
XO TOU peuuarog TTou dlappEel Eva KUKAWMA. 2’ QUTEG TIG EQAPUOYEG TTEPIAAUPBA-
vovTal N NAEKTPOCUYKOAANGN LETAAAWY, 0 EAEYXOG QWTIOUOU, O AEYXOG KIVNTHA-
pwv, Kal dIAPopEe AAAEG BioPNXaVIKEG EQapPoyES. O EAeyXOG TOU PEUPATOG, TO
OTT0i0 TPOPODOTEI £va POPTO, UTTOPEI KOT apxrVv va emTEUXOEi pe dUO TPOTTOUG:

® UEoW TNG TGoNG TPOYOBOTIag, OTNV ATTAOUCTEPN TTEPITITWON PECW TOU
OeUTEPEUOVTOG TOU PJETOOXNUATIOTH TPOPOdOTIag, A

® g TNV TTOPEPPOAR, O€ oeIpd e TO KUKAWUA, MIOG EAEYXOUEVNG avTioTa-
ong.

SCR

SCR

AA.

K.E. V K V, nuwt

Zxnpa 5.4.1 KikAwpa eAéyxou ioxuog ue SCR
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Kai o1 dUo AUoeIg Ouwg BewpolvTal PN ETTITUXEIG, OIOTI N TTPWTN XOPOKTNPI-
CeTal atrd UYPNASG KOOTOG eV N O€UTEPN OTTO XAKNAN aTTéd00N, APOU CNPAVTIKO
TT0000TO 10XU0G datravdTtal oTnv avriotaon. H xpnoiyotroinon Twv SCR kai
Twv TRIAC peivouv onpavTiké 10 KOOTOG TNG d1adIKaaiag EAEyXoU Tou peU-
paTog.

‘EAeyxog pe SCR

Av oTnv dvodo evog SCR epapuooTei pia NUITOVIKE Taaon, n didTagn puTropei
va petapei otnv katdotaon ON povo oe kaBe OeTikh nuiTTepiodo. H petdpa-
on otnv kardotaon OFF Ba yivetal aTo TEAOG TNG CUYKEKPIUEVNG NUITTEPIGOOU.
21NV apvnTikr nuITTepiodo To SCR dev Ba Acimoupyei.

270 0X. 5.4.1 TTapoucIadeTal ToO KUKAWPG EAEyXOU 10xU0G e éva SCR. To KU-
KAwpa atroteAeital aréd 1o SCR, v avriotaon @optou (R), 10 KUKAwUA AEY-
¥ou (K.E.) ka1 Tn &iGragn diakotrtn (A.A.), n otroia utropei va gival pia diodog
P-N-P-N 1} pia diodog DIAC. To KUKAwpa eAEyxou Tpo@odOTEl PE TTAAPOUG, Ol
oTroiol peTa@épovTal oTnv TTUAN Tou SCR otav utrepPouv Tnv Tdon didoTracng
NG 01600u P-N-P-N 1} Tng &16dou DIAC. Otav petapepBei évag TTaAudg otnv
TTUAN kai To SCR petafei otnv katdotaon ON, 16Te N Téon oTta dkpa Tou SCR
Ba undeviatei kai Ba diEpxeTal pevpa |, péoa ammo v R, .

1.0 v 1.0 %
0,5 0,5
vV, VSCR
L VH
0,0 0 1 2 3 4 5 6 7wt 00 0o 1 2 3 4 5 6 7wt
¢ ¢
0,5 Vo 0,5
-1,0 -1,0

(a) (B)

Zxnua 5.4.2 Kuparouop@ég taoswy (a) Tpopodoaiag Kar ata GKpa Tou pOpTou Kal
(B) Tpopodoaiag kai ota dkpa Tou SCR
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O1 KupaTopopPES TWV TAoEWY TPOYodOaiag aTa Akpa Tou GOPTOU Kal OTa
akpa Tou SCR trapoucialovtal oto oX. 5.4.2. MNapartnpoupe 611 To SCR peTo-
Baivel otnv kardoTtaon ON, dnAadr ayel, yovo aTtn dIdpKeIa TNG OETIKAG NUITTE-
pI6doU. 2Tn dIGPKEIa TG APVNTIKAG NUITTEPIOdOU Oev Ayel, Apa Eival o€ KaTd-
otaon OFF. Av 0 TTaAUOG OKavOOAIoUOU EQAPPOCTE OTN XPOVIKA OTIYMH, TTOU
avTioToIxEl o€ ywvia @, To SCR petafaivel otnv kardotaon ON kai n Téon kai
TO peUUa OTA AKPO TOU POPTOU auEdvovTal apuéowg (o). 5.4.2a) evw n Téon oTa
akpa Tou SCR undeviCetal (ox. 5.4.2B). To SCR petaBaivel otnv KatdoTtaon
OFF oTo 1€A0G TNG NUITTEPIGOOU Kal TO peUua Kal n Tédon oTa dkpa Tou Qpop-
Tou pndevidovTal Ewg 6Tou, 0TN BIAPKEIQ PIag BETIKNAG NUITTEPIOdOU, EQAPUOCTEI
oTnv TUAN Tou SCR £vag TTaANog okavoaAiouoU.

2€ OTI agopd Tov £AEyXO TOU peUPATOG POpToU, £TTEIdN oTo SCR 1O pelpa
EXEI OUYKEKPIPEVN QOPA, JOVO N MEOT TIMA TOu peupaTog Ba kabopileTal atmod
TN ywvia okavdaAiopou ¢. Oco peyaAdTepn €ival n ywvia ¢ 10060 TTIo pIKpr Ba
gival n péon TP Tou peuparog, d10T To SCR Ba dyel (ON) eTTi AiydTEPO XPOVO.

wt
ON

(a) (B)

Zxnua 5.4.3 (a) KikAwua kai (B) kuparouopen 1éong aro gopTo

To KUkAwpa Tou oX. (5.4.1) pelovekTei o€ OTI a@opd TNV arddoaon dIOTI PTTO-
pei va Asitoupynoel povo oto 50% piag TTePIGdOU. ZTNV TTEPITITWON KATA TNV
otroia TTPETTEl va AsiToupyei o€ OAn Tn SIGPKEIA TNG TTEPIODOU XPNOIUOTTIOIEITAI
TO KUKAwpPa Tou 0). 5.4.3 § éva TRIAC, 1o otroio 8a gulntnBei otV £TTOUEVN
TTapAypaQo.
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270 OX. 5.4.3 XpnOIYOTTOIEITAI MIO YEQUPA avopBwaong PE «POPTO» TO OU-
omnua: SCR, avtiotaon @oépTou Kal KUKAwua gAéyxou. Me autd TOo KUKAWPQ
o1o SCR gpapudletal N TTARPWS avopbwpévn TAan, N OTToia CUPPWVA UE TO
oxX. 5.4.3a éxel pOvo OeTIKEG TINEG. AuTO Bivel 0TO KUKAwWa Tn duvatdétnta va
Aeitoupyei ato 100% TnG TTEPIGOOU.

‘EAeyxog pe TRIAC

O éAeyxog pe TRIAC &¢ diagépel onuavTiKa atro Tov EAeyxo e SCR. H povn
d1apopa TTou UTTAPXEl OPEIAETaI OTO Yeyovog Ot To TRIAC €ivail pia ap@ITroAIkn
OIATagn Kal CUVETTWG UTTOPEI va Agitoupyroel TOoo oTn BETIKY 000 Kal OTnV ap-
vNTIKA NUITTEPINdO. O €AeyX0G TNG PACNG EQPAPHOYNG TOU TTOAPOU OKAVOAANG
o¢ éva TRIAC emituyxaveral ouviBwg pe 1n BonBeia evog DIAC, piog kal autod
givar pia ap@irmoAikly didragn. Adyw TnG ap@IroAIkAg Asimoupyiag Tou TRIAC
ETMTUYXAVETAI O EAEYXOG TNG EVEPYOU TIMAG TNG TAONG I TOU PEUUATOG OTO POP-
TO MEOW TNG ywviag okavdaAiopou @. Ommwg kal oto SCR, 600 peyaAuTepn
gival n ywvia ¢ 1600 TTI0 PIKPN €ival n evepyog Tiun Tou pelpaTtog 0161 To TRIAC
Ba ayel (ON) etri AiyéTtepo xpovo.

‘Eva KUKAwPa eAEyxou TNG evepyou TIMAG PEUMATOG, TO OTToI0 dIappEEl TNV
avtioTaon @optou R, Tapouaiddetal oTo o). 5.4.4.

A1

TRIAC R

DIAC

AC

A2

Zxnua 5.4.4 KukAwpa pubuiong evepyou Tiung 1aong (peuparog) aro épro R,

270 KUKAWMa Tou OY. 5.4.4 n kaBuoTépnon @daong ¢ kabopiletal amd Ta
oroixeia R, C,, R, kai C,.. O mmukvwrrig C, @opTiCel pe kaBuaTépnan Xpovou Kal
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otav n Tdon oTa dkpa Tou uTTeEPREi To dBpoicua TG TAoNg oKavdaAIouoU Tou
TRIAC ouv v 1d0n diactacng Tou DIAC o C, Ba ekgoprTioTei péow Tou DIAC
kol ouvettwg e€avaykadel To TRIAC va petafei otnv kataotaon ON. H ywvia
kaBuaTépnong ¢ augdavel 6oo augdvel n avtiotaon R, . ZUVETTIWG N evepydg TiUn
NG TaoNng oTa dkpa g R, eAartwveral 600 augaveln R,.

Mapadsiyua 5.4.1

210 dITAavo KUKAwa Side- A R,
Tal R, =12 Q, R, =68 KQ, R,
=2KQ,C=1uF, V.=80V,n R, TRIAC
1don didotacong Tou DIAC €i- v R,
val 35 V kal n Taon Kai peupa c
okavdahiopou Tou TRIAC 1V DIAC
kai 10 mA. Na uTttohoyioeTe:
A) lMolo Ba eival To pelpa
10 otroio diappéel To TRIAC étav Bpioketal otnv katdoTacn ON.
B) Moia givai n eAdxiotn Tdon Tou TTUKVWTA C, TTOU TTPOKOAET OKav-
daAioud Tou TRIAC.

Abon
A) Bewpoupe 61 n Tadon oTa dkpa Tou TRIAC eival undév otav BpiokeTal
o¢ katdotaon ON. ‘ETor:

B) O mukvwtig @opriCel péow g R,. MNa va yiver okavoaAiouég Tou
TRIAC Ba Trpétrel n Tdon ota dkpa Tou DIAC va utrepBei Tnv tdon didoTra-
ong. Emeidn n tédon okavdaAiopou Tou TRIAC cival 1V kai n 1don didoTra-
ong Tou DIAC 35V Ba €xoupe:

Vo=V, +V,=35V+1V=36V

AuTn gival n eAdxiotn Tédon n otroia TpokaAei okavdaAioud oto TRIAC.

YA STOIXEIA HMIAFQIQN TESSAPQON STPQSEQN




NEPIAHWYH 5

H diodog P-N-P-N civai pia diaragn n otmoia eppavifel eowTepIKA (BETIKA)
avaTpoPodoTNan A avacUleutn, UE ATTOTEAECHA VO £XEl DUO BUVATEG KATA-
oTaoelg Asitoupyiag, Tnv kardoTtacn ON kal Tnv kataotaon OFF.

® H diodog P-N-P-N petafaivel amo tnv katdotaon OFF otnv katdotaon
ON 6T1av n 1édon oTa dkpa TG utrepPei TNV 0pBn Tdon didoTTacng.

® H &iodog P-N-P-N petaBaivel amd tnv kKatdotacon ON oTtnv Katdotaon
OFF 6tav n 1d0n ota dkpa TG eAATTWOEN Kai yivel yIkpoTEPN TNG TAONG
OuyKpdTnonG.

® To SCR poidcel pe mn 6iodo P-N-P-N aAAd £xel €va emmITTAéov NAEKTPODIO,
TNV TTUAN. H TTOAN TTapéxel Tn duvatotnta YETAROAAG TNG 0pBR¢ Tdong did-
aTTaonG.

® Me epapuoyr BeTIKWYV TTOAPNWY, TO peUa TWV OTTOIWV UTTEPPAaivVEl TO PEU-
Mo okavdaAiopou, otnv TTUAN 10 SCR petafaivel atnv katdotacn ON. H
emoTpo®n otnv kataotaon OFF yivetal 6tav n 160N ota dkpa Tou EAATTW-
B¢i kau yivel HIKPOTEPN TNG TAONG CUYKPATNONG.

e To DIAC cival pia ap@itroAikn Sidrtagn kai atroTeAei To avTioToixo NG d16-
oou P-N-P-N. Z1o DIAC éxoupe tnVv 1don didoTraong, JIoG Kal Oev UTTAPXEI
opBn TTéAWaON, Kal TNV TAon OUYKPATNONG.

e To TRIAC cival kal auTtd pia ap@ITroAIK S1dTagn Kal aTToTeAEl TO avTioTol-
0 Tou SCR. O1 TraApoi o1 omroiol odnyouv 10 TRIAC oTtnv kataotacn ON
gival BeTiKoi 6Tav 0 AKPOBEKTNG A, €ival BETIKOG WG TTPOG ToV A, KOl apvnTI-
Koi 0Tav 0 A, gival apvnTIKOG WG TTPOG TO A,

AXZKHZEIZ 5
5.1. Mia diodog P-N-P-N ptropei va  5.2. MNa va petafei otnv kardotaon ON
XPnoigoTroinBei wg pia diodog P-N-P-N mpétel va epap-
a. avtioTaon MOOoETE
B. evioXuTtAg a. éva BeTIKG TTAAPO oKavoAAnG
y. O10KATTTNG B. éva pIKpO pelua
O. TTnyn 1oxU0g Y. Jia Téon diaoTraong
Na ONUEIWOETE TO CWOTO. . évav avaoTpoo TTaAPO OKavdaAng
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Na onueIwoeTe TO CWOTO.

‘Eva SCR petafaivel otnv Katd-
otaon ON pe

a. opBr) Tdon didoTTOoNG

B. TTaAu6 oTnVv TTUAN

y. Tdon didoTaon

0. peUua OUYKPATNONG

Na onueEIWoETE TO CWOTO.

210 OImTAavé KUkKAwpa n diodog
Bpioketal og katdoTaon ON. Av ¢’
QuTA TNV KOTAOTACON N TITwon Td-
ong ata dkpa tng givail 0,7 V, TToia
TIPETTEl VA €ival n TAoN TNG TTNYNG
yla va PETaREl OoTnV KATGOTOON
OFF.

8.3k

5.4.

1KQ

Vg, = 10V
I, = 4mA

5.5. Z10 dImAavo KUKAwa gival R, = 56
Q,R;=27KQ, V=15V, =2
mA, |, = 2 mA Kkai n TITwon Taong

+
VCC

Y/ STOIXEIA HMIAFQIQN TESSAPQON STPQSEQN

5.6.

5.7.

5.8.

oT1a akpa Tou SCR oTnv katdoTaon
ON kain V, givai 0,7 V. MNoia givai n
Téon €€6dou 6tav 10 SCR Ppioke-
Tal og kardotaon OFF; lMoia gival
n 1don okavoaAiopou TTUANG Tou
SCR; Av n V. HeiwBei £wg 6T0U TO
SCR petapei otnv kardotaon OFF,
Trola Ba gival N TIA oTnv oTroia Ba
OuMBEi auTo;

Av oTnv TTponyouuevn GokKnon
UTTOOITTAQCIAJOUE TIG AVTIOTACEIG
Kal €xoupe | = 1,5 mA, toia Ba &i-
vai n 1don n otoia Ba TTPOKAAETEI
okavdaAiouo Tou SCR;

270 KUKAwWQ Tou OITAavou oxr-
parog didetal R, = 12 Q, R, = 39
KQ,R,=1KQ,V=60V,C=1pF,
Tédong didotraong DIAC 32 V kai
Téon okavddAng TTUAng TRIAC 1
V. Av 10 TRIAC Bpioketal o€ KaTA-
otacon ON Trolo gival To pedua, TO
omoio diappéel TNV R ;

TRIAC

C DIAC

>tnv aoknon 5.7, av 1o TRIAC éxel
oTa dkpa Tou Téon 1 V otav dyel
Kal To peUa CUYKPATNONG gival 50
mA, TTola TTPETTEl va gival n Tdon
NG TINYNG WaTE va UeTaREl aTnv
kataoTtacn OFF.



ZTO KepaAaio auto

6a 60600V opiguéva Bacika

orolxéeia TN OTTIKONAEKTPOVIKNG,

OnAadn ng EMIOTHING TTOU LEAETG dIaTaéelS

Kal AEITOUPYIES TNS NAEKTPOVIKNG O€ OUVOUAOUO

€ OTITIKES OIaTAéEIS Kal AsIToupyieg. 2To TEAOG TOU

KEQaAaiou, o Labntic TPETTEN va:

® Exel Karavonaoel Toug unxaviouous NG QWTOEKTTOUTTHG
Kail TOU QWTONAEKTPIKOU PaIVOUEVOU.

® [vwpilel Tnv Karaokeun 1ng 61000u pwroeKTTouTINS (LED).

® AvmiAauBaverai 1 XpHRon gwroewpearwy OTws n
pwroavrioraon n ewrodiodog¢ (Anwng),
70 pwroTpavlioTop Kal GAAES pwTodIaTdéels

LTOIXEIA OIITIKOHAEKTPONIKHX




6.1 Pwrotrnyég
6.1.1 dwToeKTTOUTIA
Mrtropei va 00¢i £vag opITHOG yIa TO QWS WG EEAG:

Ddwg ival To €idog TNG evépyelag, To otroio digyeipel TO PATI TOU Av-
OpwTTou pe cuvétTela va BAETTOUE Ta SIA@OPA AVTIKEIMEVA.

O1wg gival yvwaTo a1md TNV QUAIKK, TO QWG €ival 0PaTH) NAEKTPOUAYVNTIKA
aKkTIVOBOAia (oUpewva pe TV Bewpia Tou Maxwell) Tou oTroiou TO PACA KATO-
AauBaver pia TTeploxn avaueoa aTnv UTTEpUBPN 0paTO Kal TNV UTTEPILWON OKTI-
voBoAia. O1 cuxvoTNTEG Kal 0Ta PAKN KUPATOG didovTal oTov akdAouBo Trivaka:

AkTIvoBoAia 2uyvornta (f) Mnkog kUuatog (A)
YTépubpn 10% - 3,85 THz 0,17cm - 790 nm
Oparn 385 -789 THz 790 - 390 nm
YTIEpIdNg 789 THz - 10" THz 390-0,5nm (5A)
1THz = 102Hz 1A (Angstrom) = 10-"°m
Mivakag 6.1.1.

MeTtagu NG auyvotnTag (f) Kal Tou prikoug KUpaTog (A) TNG NAEKTPOUAyVNTI-
KNG aKTIVOBOAIOG IoXUEI N oXEaN

C
fF=S 6.1.1
A

610U € = TayUTNTA Tou PWTOS = 3 X 108 m/sec

2€ KABE €va PRKog KUPATOG TOU 0paToU QACHUATOG, AVTIOTOIXE Kal éva "Xpw-
pa". Autd Ta xpwuata gival Ta KUpIa Kol attoTEAOUV TA YVWOTA XPWMHATA TNG
"ip1d0¢g", Ta o1Toia SidoVTal OTO TTAPAKATW OXMHA (UOVADEG UAKOUG KUPATOG O€
A, ouxvémntag ot Hz):
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20 1,50 x 10"
UTTEPILDOEG

3900 7,69 x 10
IWOES
4500 6,67 x10"
‘O Kuavo
4900 6,12 x 10™
= TTPACIVO
) 5800 517 x 10™
KiTpIVO
Q " 6000 5,00 x 10%
o TTOPTOKOAI
6200 4,84 x 10"
epubpo
7800 3,85 x 10
uTTéEPUBpO
107 3,00 x 10"

MIKpOKUpaTO

Zxnua 6.1.1 Ta kUpia xpwuara

To avBpwTtrivo pdT dev eival €€’ ioou guaiobnTo 0° 6Aa Ta XpwuaTa. H pe-
yaAUTEPN euaioBbnoia Tou gival o€ PRKog kKUupartog 0,55um =550nm 1Tou avrkel
OTNV TTEPIOXH TOU KITPIVOU XPWUATOG KOl N MIKPATEPN OTO BIOAETI KAl OTO KOK-
KIVO.

21NV PeTddoon €IkOvVAg XPNOIUOTTIOIOUVTAl 3 TTEPIOXEG XPWHATWY Ol OTTOIEG
QVTIOTOIXOUV 0TO KOKKIVO (R), TOo TTpdaoivo (G) kail To ptrAe (B) atmd Ta oTroia
onuioupyoulvTal Kal Ta GAAa 4:

Zxnua 6.1.2 [NpooBerikn uéBodog avamapaywyns XPwUATwWY
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H onuepivi TexvoAoyia pe TG ueBOdoUG PEIENGS TwV XPWUATWY, £XEI dnuIoup-
yAoel XINGOEG ) Kal EKATOUPUPIA XPWHATWV.

Emeidn n €kgpaon TnG OTTTIKAG akTIVOBOAiag o€ ouxvoTtnTa divetal atrd TTOAU
MeEyGAoUG apIBuoUg, OTTWG PaiveTal TTIO TTAVW, XPNOIKOTToIEITal CUVABWG N €K-
@pPOon 0€ YAKOG KUUATOG.

H akTivoBoAia, €ite gival uttepilddng, r} opaTr, ) uTTEPUBPN aTToTEAEITAI ATTO
@WTOVIA, dNAadH aTTEIPOEAGXIOTO "TTAKETA" QWTEIVIG EVEPYEIQS (OvouadovTal
Kal KBAvTa QwTog), T OTToia £X0oUV dICUTTOCTATN MOop®r, OnA. gival Kal UAIKG
owuaTidIa aAAG £XOUV KOl KUUOTIKF) CUPTTEPIQPOPA.

Ta @wTOVIO £XOUV EVEPYEIQ:

omou h =6,62 x 10** J sec 1rou kaAeital aTaBepd Tou Plank,
f = guyxvéTtnTa TOU YWTOG O€ Hz.

H exTTOuT QWTOG | PWTOEKTTOUTIA YiveTal atrd TA UAIKA CWHATA KATW
Q110 OUVONKEG OTTWG:

A) Aéyw TnG uPnANRGg BepoKpaaiag TTou eupiokovTal OTTwG o AAIOG (6000°
C), 10 pwtoBoATdIKO T6E0 (3000° C), dIATTUPA CWHATA OTTWG Ol AAUTTTAPES TTU-
pakTwaong (=2000 -2500° C), k.a. O1 QWTEIVEG QUTEG TTNYEG KOAOUVTAI BEpUEG
NY£ES PWTOG.

B) AOGYyw NAEKTPIKWYV EKKEVWOEWYV TTOU QVOTITUCCOVTAI EVTOG TWV QEPIWV
N aThwv. O QWTEIVEG TTNYES OVOUAoVTal KOI YUXPES TTNYES @WTOG. H aTral-
TOUPEVN EVEPYEIQ VIO TNV QWTOEKTTOUTTH AauBaveTal atrd nAekTpika TTedia. Té-
TOIOU €I00UG TTNYEG €ival O CWARVES BIAPNUICEWS EUYEVWV agpiwy (VEOV, KpU-
TITO K.ATT.) A oI AauTITPES aTpwy udpapyupou (Hg), vatpiou (Na) udpoydvou
(H,) KA.

N Aoyw @BopIcHoU, PO EPOPICHOU, XNHIKWV aVTIOPATEWV Kal GAAWYV
@aivopévwy. O QWTEIVEG TINYEG QUTEG gival YPUXPES Kal N QWTOROAIQ Toug
OQEIAETaI OE ATTOPPOPNOT PWTOVIWV I TIPOCTITWON NAEKTPOVIWY PEYAAUTEPNG
EVEPYEING. ZTOV QBOPIoHO N EUTEPOYEVAG OKTIVOBOAIQ dIaPKEI GO Kal N TTPwW-
TOYEVAG EVW OTOV QWOQOPIOUO N eVEPYEIA aTTOdIOETAI APYOTEPA KAl YIA JOKPU
XPOVIKO dIGCoTNa.

PWTOROAES 1IBIOTNTEG EXOUV KOl UEPIKA €i0Nn Tou {wiKoU BaalAgiou 6TTwG ol
TTUYOAQTTIOEG, MEPIKG €idN 1XBUWV, TO TTAQYKTOV K.
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Mapadsiyua 6.1.1

Mola gival N cuxvoTNTa Kal N EVEPYEIQ PWTOVIOU TTOU £XEI KAKOG KUUATOG
A=100 A. Aidoviar 1 A=0,1nm=10"m

Tayxutnta wTéc=c=3 x 108 m /sec

1eV=1,6x10" Joule.

AUon
H ouxvéTnTa Tou gwTtoviou dideTal atrd Tnv oxéon (6.1.2):
c 3x10%m/s . .
f=—=""_""—"__""=3x10"sec’ =3x10"°Hz
A 10°%x10"m

H ouxvoTnTa auTr avrkel oTnv UTTEPIWON aKTIVOBOAIa.
H evépyeia Tou pwrtoviou dideTal atTd TNV oxéon (6.2) kai givai:

E,=h f=6,62x107Jsecx3x10"Hz=19,86 x10" Joule

_19,86x10"

22O R —124,1 eV
®"71,6x107 ‘

Mapadeiyua 6.1.2

Méoo €ival To PKog KUPATOG GWTOVIOU, TTOU N EVEPYEIQ TOU gival
E,=4,13¢eV;

AOon
H oxéon (6.1.2) ypdoeTai:
E -19
E, =h-f=f=-2= 4’1332/ 4’13X1’6_3f10 I =10°He
M h 6,62x10°*" Jsec 6,62x107* Jsec

H ouyxvotnTa autr avrkel oTnv utrePILON akTIivoBoAia.

6.1.2. Aiodog PwroekTTouTrRG, AévT (LED)

Otav pia diodog TToAwveTal opbd, TOTE aTTEAEUBEPLIVETAI EVEPYEIQ. KovTd
oTNnV TTEPIOXN "aTroyUuvwong" YiveTal ETTavacUvOEon OTTWV Kal NAEKTPOVIWV
KOl OUVETTWG eKAUETAI evEpyEIa. 2TIG DIOGBOUG avopbwang n evépyela eKAUETAI
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uTTo Pop®r BepuoTnTag evw oTiG 8168oug @wtoekTTouTriig LED (Light Emit-
ting Diodes) n evépyeia eKAUETaI UTTO HOPQT PWTOG. AUTO OQEIAETAI OTO UAIKO
KOTOAOKEUAG TOUG.

Aywyodg ouvdeong
LED roimr

Kdromrtpo

AKPOBEKTEG

(a) (B)
Zyxnua 6.1.3 LED. (a) >0uBoAo, (B) Karaokeun

To XpWHa TNG EKTTEPTTOUEVNG PWTEIVAG AKTIVOPBOAIag PTTopEi va gival KOKKI-
VO, TTOPTOKOAI, KiTpIVO, TTpdoIvo, UTTAE. Ta LED ptropouv va eKTTEUTTIOUV Kal OTO
utTépuBpo. H TTEpPIoyKT Tou @AcUaTOG OTO OTToio eKTTEUTTOUV Ta LED e€aptaTal
a1T6 TO UAIKO KATAOKEUNG TWV TO €i00G KAl TN CUYKEVTPWON TWV TTpooui¢ewy. H
£VTOON TOU QWTOG TTOU EKTTEUTTOUV €ival avaAoyn Tou peUPaTog opBbnRg Qpopdc
g d16dou (I.). Ta €idn Twv NUIaYWYWV TTOU XPNaIUoTTolouvTal yia Tig SI6B0UG
LED civai GaAsP (Apoeviko - Pwo@opouxo IMadAAIo, KOKKIVO 1) TTopTokaAi), GaP
(Pwoopouxo-IaAAio, TTopToKaAi 1 TTpdaivo), GaAs (ApaoevikoUxo-I'dAAIo,
utrépuBpo), GaAlAs (ANoupivio- Apcevikouxo FaAAIo, AQuTTPO KOKKIVO), TTPO-
o@arta SiC (KapRidio Tou Mupitiou, utrAe) A Trpdogata GaN (AlwTouxo-IaAAIo,
MTTAE).

210 OoXAMa 6.1.3 @aiveral To cUPPBOAO TNG d16d0U PwToekTTOUTIAG LED 110U
Ta BEAN OEIXVOUV TNV EKTTOUTTH QUTOG.

O1 kataokeuaoTéG Twy LED A Led divouv pepikd@ fj 6Aa atré 1a akdAouba
XOPOKTNPIOTIKA:

A. YAIKO KOTOOKEUNG

B. Xpwua owtog

I". MAkog KupaTog (A)

A. Mion ywvia ewTeivig 6¢oung (0)
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E. Taon opbrg modwang (V) o opbo petpa I 1 0pBS péyiaro |

21. MéyioTto 0pB0 pevpal,

Z. dwTEIV) A OXETIKA QWTEIVH) £€vVTaON

H. Méyiotn 1ox0g P, .,

270V KATWO!I TTivaka didovTarl didgpopor TUTTol 8160wV LED Kkal Ta xapaktnpl-
OTIKA Twv OTTWG didovTal aTrd TOug KATAOKEUAOTEG (Siemens, Toshiba, Helwett
Packard, Philips, Motorola, Telefunken k.a.)

FMAX*

ToTOG YAIKO Xpwya Mrkog Mior) Opbn dwreivn
Kopatog | Twvia Taon ‘Evraon
(A, nm) (8°) (Vo V) (mcd)
YR14P GaP Kitpivo 590 110 2,8/10mA 1/10mA
H313-6 | GaAlAs | Kokkivo 650 60 2,2/10mA 5/10mA
Q313-5 | GaAsP | T[loprtok. 610 40 2,8/10mA

TIL221 | GaAsP | Kokkivo 640-700 50 1,5/0,1mA 0,2/4mA
1,6/20mA 1/20mA

LG3341J GaP Mpdaivo 570 40 2,0/10 mA 4-32/

10mA

HLMP GaAsP | Kitpivo 585 60 2,5/4mA 4,5V

1620 5/10mA 13mA

LU5351J GaP Kitpivo/ 635/565 50 2/10mA 4-32/

Mpdoivo 10mA

LB5410 SiC MTTAe 480 35 3,7/20mA 6/20mA

MLED92 | GaAs | Ymépubpo 900 110 1,5/100mA

MMivakag 6.1.2. XapaktnpIioTIKES TIuéES 0160wy LED.
Omwg @aiveTal At Tov TTOPATTAvVW TTIVOKO N KOVOVIKH TAon AEITOUpYiag HIoG

d16dou LED eivar kata péco 6po V. = 2 V. H miun augavetal étav petaaivoupe
o116 10 UTTEPUBPO (1,5V) TTPOG TO UTTAE (3,7V) KAl TO KAVOVIKO PEUUa AEITOUpYiag
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YIQ OPKETA IKAVOTTOINTIKF) QWTEIVHA £VTOOT EKTTOUTTAG ival ueTagu 10 kai 20 mA. To
MEYIOTO peUpa AIToupyiag, yia TiG TIEPIoaOTEPEG d16douG LED, eivai I, = 50 mA.
ZUVETTWG N PEYIOTN 10XUG Ba eivai P, = 100 mW. OAa auta mrpémrel va Aaupavo-
vTal UTTOWN KaTd Tov oXedlaopd KukAwuaTog e LED yia va pnv KataoTpagei.

Ymépyouv didgopol uEBodOoI TTPoCTACiag Twv EVOEIKTIKWY AUXVIWV OTaV €i-
val ouvOedEPEVEG OE NAEKTPOVIKO KUKAwMa. Mia péBodog ouvioTatal oTnv ev
ogipd ouvdeon piog avtiotaong R kKatdAANANG TIPAG, €T01 WOTE va BIEPXETAI
atré 10 LED petpa pikpdtepo ato 1o peyioTo (2xfiua 6.1.4 oxéon 6.1.3):

Zxnua 6.1.4 KikAwpa ouvdeopodoyiag LED

_Vi-V%

I
: R

6.1.3
MNa ouvdean duo d16dwv LED ev TtTapaAAiAw Ba £xouue TO TTAPAKATW KU-

KAWQ: |

0

Zxnua 6.1.5 20vdean 2 LED ev mapainiw
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Otav n TTNyn 1dong €106dou gival evaAAaccoouevou peupatog n 6iodog pw-
TOEKTTOUTTAG TTPOCTATEUETAI UE OUVOEDT) €V O€Ipd Miag d16dou PN kail avtioTa-
ong R 6mwg @aivetal oo oxfua 6.1.6

e 6.1.5

ac vV

Zxnua 6.1.6 20vdeon LED pe mmnyn evaAAaocooduevng raong

lMapadsiyua 6.1.3

270 KUKAwpa Tou KukAwpatog 6.1.4 givar: V. = 14 V, R =600 Q. Na gupe-
Bei To peUua Tou dlappéel TNy diodo, otav n Tdon o0pbNg Yopag eival V. =2 V.

Adon
To pelpa 0pbRGg Yopdg TNG divdou eivail;
[ = Vi-V. _14V-2V _ 12V

i = = =20mA
R 600Q  600Q

Mapadeiyua 6.1.4

Av aT1o TTapaTrédvw TTapAdEIyUa N EAGXIOTN TIUr Tou 0pBoU PeUPOTOG HIOG
d16d0u LED, yia @wreivi €vdeign eivar | =5 mA kal n péyiotn yia va unv
kataoTpagei givar I =50 mA, va eupeBouv Ta 6pia dlakUupavang TNG avri-
otaong R yia ac@aAn Asitoupyia.
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Adon
ATIO TNV oxéon (6.1.3) €xoupe yia Tnv avtiotaon R:

R=Vi-VF
I

.
OméTe n eAAXIOTN TIUA TNG avTioTAoNG €ivai:

V-V 14V-2V 12V

R =
meoI 50mA  50mA

= 240Q

Fmax

ATIO Tnv idia e€iowaon, n péyioTn avriotaon Ba givai:

_ V-V _14V-2v 12V

max = = 24009
I 5mA 5mA

R

Fmin

Apa n avtiotaon R kupaivetal ota €€Ag 6pia: 240 Q <R <2400 Q

H diodog LED xpnoipoTrolsital o€ TTOAEG NAEKTPOVIKEG CUOKEUEG OQV EVOEI-
KTIKA Auxvia Asitoupyiag ) BAGBNG. Mia rpaaivn LED deixvel ouvriBwg opain
AgITOUpYia TNG CUOKEUNG, EVW HIa KOKKIVN Ogixvel cuviBwg BAGRN A atTAwg Ael-
Toupyia TnG auokeung. O1 utrépuBpeg LED ypnaoipotrolodvTal ouxva yia EAeyX0
NAEKTPOVIKWY CUOKEUWV aTTO PAKPIG OTTWG €ival TO TNAEXEIPIOTAPIO TNG TNAES-
paong, Bivieo A NxnTikoU cuoTtAuarog. Mia dixpwun LED ouvnBwg d¢gixvel pe
KABE Xpwua TIG SIOPOPETIKEG KATAOTACEIG EVOS ONUEIOU EAEYXOU TNG GUOKEUNG
OTTWG PIKPOTEPO 1 HEYOAUTEPO peUA 1 TAON K.A.TT.

O1 diodoI PWTOEKTTOUTIAG XPNOIUOTTIOIOUVTAI O€ TTEPITITWOEIG XAKNANG TAoNG
Kal 10XU0G KOl £€XOUV TO TTAEOVEKTNHA EVOVTI TWV AUXVIWV TTUPAKTWONG OTI N
OIGpKEIa OPOARG AgIToupyiag Toug gival TTapa TTOAU peydAn (10.000 - 100.000
WPEEG). TL.X. pe peupa 2 - 10 mA kai Téon 1,5 - 2,5 V, dnAadr| 10xXU poAIg P =
3 - 25 mW utrdpyel oxedov n idla pwrelvr] €vOeign TTou Ba £3Ive Pia Auxvia TTu-
PAKTWONG PE 1I0XU

P =6V x 150 mA =900 mW

Mia xprioiun epappoyn Twv LED eival n atreikévion Twv deKadIKWwV apiBuwyv
0-9 o€ pia pikpry 086vn 1 vTIoTTAEN (display) TTou aTToTeAgiTal aTTO 7 QUTI(OPEVA
pe LED Tunuata (7 segment display) 61rwg deixvel 10 oxfiua 6.1.7.
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(a) (B)
Zxnua 6.1.7 ATTEIKOVIOTNS EMTTA TUNUATWY

Ta 7 LED €xouv koivry dvodo kal 7 diakekpiuéveg kaBodoug (a,b,c,d,e,f,g).
H koivr] avodog cuvdéeTal pe Tov BETIKO TTOAO TG TTNYNG TPOPOodOaTiag, TTou
gival ouvnBwg +5 V, evy ol kaBodol ouvdEovTal JECw 7 avTIoTAoEWV Kal 7 dia-
KOTITWV PE TNV yN. Z€ QUTA TNV TTEPITITWON O ATTEIKOVIOTAG OVOUAZETAl KOIVAG
avodou. e TTEPITITWON TToU N KABodOoG gival KolvA Kal ol Gvodol cuvdEovTal
MéOW 7 avTIOTACEWV KAl 7 SIOKOTITWY e Ta +5 V, 0 aTTEIKOVIOTAG OvOudde-
Tal KOIVHG KaB6dou. O1 avTiIoTAoEIG XPNnOIKOoTToIoUvTal YIa va TTpoaTaTteubolv
ol diodol atrd peydAa peUpaTa TToU TreplopidovTal ouvnBwg og 20 -25 mA. H
TIMA TWV AvTIOTACEWY £EQPTATAI ATTO TNV TACON TPOPOdOCiag Kal To peUA TTOU
TTpoKeITal va S1EABEI aTTd TV 8iod0 PWTOEKTTOUTTAG. MpéTTel va emonuaveei ot
mépav Twv emTd LED utrdpyxel ouvABwg Kal €va akoua yia TNy uttodIaoToAr,
SIAXWPIOHO TWV AKEPAiWV aTTO T BEKABIKA Wnoia.

a
AloyeTevovTag peuua o€ dU0 £wg 7 d16doug Ba
QwTIoB0UV Ta AVTIOTOIXO TUMMOTO WAOTE VA TTPO- b
KUyouv o1 apiBuoi 0-9. ‘Etol, av diEABel pelua 9
atrd TIG wTodIBdOUG a, b, g, e, d Ba TTpokUWEl 0
apIBu6S 2, euPavICOPEVOG E TNV HOPYN: e g
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Mrtropouyv, emmiong pe KaTAAANAOUG CUVOUACHOUG Va ATTEIKOVICOOUV Kal Ke-
@oAaia ypdaupaTta 1 AaTivikoi xapakthpes 0TTwg A, B, C, D, E, F, B, C k.a.

H atreikdvion autr] Twv OeKadIKWY apIBPWY XPNOIUOTIOIEITAI YIa TIG EVOEIEEIG
TWV NAEKTPIKWV PeYEBWY O€ wnelakd opyava PETPNonG, OTTWG AUTTEPOUETPO,
BOATOPETPO, CUXVOUETPO K.A.TT.

Av ouvduacBouv 2, 3 f§ 4 aTTEIKOVIOTEG 7-TUNPATWY UTTAPXEl N duvaToTnTa
va PETPNBOOUV NAEKTPIKEG TTOOOTNTEG EKPPACUEVES WE 2 1 3 | 4 wnoia (digits).
MepioodTEPQ OTOIKEIO VI TOV EVOEIKTN 7 TUNUATWY Ba ©0BoUv oTo PAdnua NG
B’ Tagng "Wneiakd HAekTpovikd".

Mapadsiyua 6.1.5

Na oxedlaoB¢ei KUKAwpa evdeikTn 7 TUNUATWY TO 0TT0i0 Ba atreikovilel Tov
apiBuod 6. H niun TG t1dong Tpo@odoaiag ival 5 V Kal To JEYIoTO peUa TWV
LED eivar I, =25 mA.

AUon

MNa va oxnuaTioBei o apIBudg 6 Ba TTpETTel va QwTIoBoUV Ta TUAUOTA a,
f, g, c, d, e, dnAadr Ba TTPETTEl va KAEIOOUV TO KUKAWHATA TWV AVTIGTOIXWY
LED péow 1wV SIOKOTITWY Kal avTIoTAoewy 6TTwG Qaivetal oto oxAua 6.1.7.
O1 TIgEG Twv avTIOTACEWYV TTPOCTACIag Ba uttoAoyioBouv pe Bdon TNV TIYNA
TNG TGoNG TPOYODdOTIOG KAl TO PEYIOTO PEUNA:

R=—F-=—-—=200Q
I 25mA

R =200Q
a
b
c

Koivr) advodog

d
e
f 5V
g

R =200Q

5
2xnua 6.1.8 Amreikovion tou dekadikou apiBuou 6
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2TOV TTOPOKATW TTiVaKa &ivovTal ATTEIKOVIOTEG i} EVOEIKTEG 7 TUNUATWY JE TO
XOPOKTNPIOTIKA TOUG.

TOTTOG Xpwua Opbn MéyioTn dwreivA MnAkog
Tdon AvdoTp. ‘Evraon Kopatog

Ve (V) Taon Vg, (V) mcd / mA A (nm)
TLR312 Kokkivo 2 V/15mA 3 0,11/5mA 700
TDS515 Mpdoivo 2,4/20mA 6 2,8-5,6 565

/10mA
HDSP3903 | 'Evtovo 2,6-3,5 & 4,8/ 20mA 635
Kokkivo /100mA

MMivakag 6.1.3 EvOeikTes 7 Tunuarwyv

6.2 To WTONAEKTPIKO QAIVOUEVO

270 KEPAAala 2 kal 3 ava@EépOnKe OTI yia TNV ATTOPAKPUVON NAEKTPOVIWV
atrd PETOAAG 1] NUIGYWYOUG, aTtaiTeiTal va O0OEi apKETR EVEPYEIA WOTE VA EAEU-
BepwBoUV Ta nAekTpdvIa autd £€w aTtd TO UAIKG. H evépyeia auTr ptropei va
gival S10pOpwV HOPPWV OTTWG:

A. HAekTpIKA evépyela

B. @¢puiknA evépyeia

I. HAekTpOpayvNTIKY evépyela

A. XnuIKn evépyela.

H evétnTa auth, avagépetal oTnv PETOROAR TNG aywyIhoTNTAS TWV UAIKWY,
OTav TTPOCTTITITEl QWG OTNV ETTIPAveEIa auTwy. H dpdon auth ogeileTal 01O Pw-
TONAEKTPIKO QAIVOMUEVO.

MNa 10 opatd ewg Ta ewTovia £xouv evépyeia 1,6 eV - 3,3 eV kal apke-
Ta peEYaAUTEPN VIO TO UTTEPIWOEG. H evépyeia TTou aTTauTeiTal yIa va QUYEl Eva
NAEKTPOVIO ATTO TOUG OUOIOTTOAIKOUG BECOUG TTOU TA CUYKPATOUV UE TO ATOUO
TOU KaBapou nuiaywyou eivai 0,72eV yia 1o yepudvio (Ge) kai 1,12 eV yia 10
TTupiTIO (Si).

ETTopévwg n evEpyeia TTOU £XOUV T GWTOVIA OTO OPATO KAl TO UTTEPILDEG
QWG KABWG Kal o€ TURPO TOU UTTEPUBPOU, Eival QPKETH yIa va ATTOOTIACE! TA
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NAEKTPOVIa aTrd TNV OecpuoUg 0Bévous. ‘ETol, e TNV TPOCTITWON TWV QWTO-
viwv, Ta NAeKTPOVIa 0BEVOUG TOU NUIGYWYOU OTTOPPOPOUV EVEPYEIQ KAl PETA-
mNdoUV atod TNV {wvn 0B8évoug oTnv {WvN aywyiuoTNTAG, UTTEPTTNOWVTAG TNV
atrayopeupévn quvn. Auto €xel wg atroTéEAeapa Tn dnuioupyia eAeUBepwVY nAe-
KTPOViWV Kal OTTWV TTOU CUVEICPEPOUV OTNV aywyIpoTnTa. AuTd €XEI WG aTTOo-
TEAEOUQ TNV aUENON TNG TTUKVOTNTAG TWV EAEUBEPWY POPEWV KOl CUVETTWG TNV
augénon NG €1I0IKNG aywyIhuoTNTAS TWV NUIaywywv, dnAadh Tnv EAATTWON TNG
€I0IKAG AVTIOTAONG QUTWV.

H petammdnon auTth Twv NAEKTPOViIWY, PE TNV ATTOPPOPNCN TWV GWTOViWY,
@aivetal oTo oxfua 6.2.1

dwtdvIo

Zwvn aywylgotntag

ATtrayopeupévn qwvn

Zwvn cBévoug

Zxnua 6.2.1 To PwronAekTpikd Qaivouevo

To Trapatmdvw yeyovog, Adyw TnG augnaong tng €I0IKNAG aywyIipgoTNTAG Hag
ETMTPETTEI VA KATAOKEUAGOUE €I0IKEG OIATACEIS TWV OTTOIWV N AywyIuoTNTA AU-
Eaveral A eAaTTWVvETal avAAoya Je TNV EVTOoN TOU TTPOCTTITITOVTIOG GTN ETTIPA-
VEIO TOUG QWTOG Kol ovOuddovTal, YEVIKA, QWTOdIOTAEEIGS.

6.3 Dwropwparig, PwrodlaTagelg

O1 QuTOPWPATEG XPNOIYOTTOIOUVTAI TTAPA TTOAU G€ OTITIKONAEKTPOVIKEG
EQAPUOYEG OTTWG TT.X. VIO TNV AViXVEUON KWOIKWY apiBuwv og trpoidvTa (bar
codes), OToUg CapwWTEG EIKOVWY (Scanners), yia avixveuon eAoyag (fire detec-
tion), o€ ouvayepuoUg, g TTPOCAPUOCTIKA (interfaces) cuokeuwy, EAeyxo atrod
Makpid (telecontrol) TNAedpaaong, Bivreo, NXNTIKWY CUCTNUATWY K.A.TT. O1 pwTO-
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OIaTALEIG DIOKPIVOVTAI € PWTOKUWEAEG, PWTODIOO0UG, PWTOTPAVEIOTOP, PWTO-
QvTIOTACEIG, OTITIKOUG OULEUKTES (optocouplers), oTITIKOUG SIOKOTITEG K.ATT.

O1 pwTtodioTagelg kartaokeuddovtal he TTAAOTIKO 1 METAANIKO TTEPIBANUQ.
21NV pia TTAeUpd UTTApxEl «TTapaGBUPO», aTTd YUOAI ] TTAQOTIKO, VIO VA EI0EPXE-
TAI TO PWG. ZTIG TTAPAKATW TTapaypAaPoug Ba eEeTacBOUV UEPIKEG POVO QWTO-
olatdgeis.

6.3.1 dwroavTiIoTAOEIG

O1 wToOVTIOTACEIS Eival AVTIOTAOEIG Ol OTTOIEG KATAOKEUALOVTaI OTTO €101-
KoUG nuiaywyoug Ottwg oeAivio (Se), Beiouxo kaduio (CdS), evwaoelg Tou po-
AUBBOU Kai Bgiou K.a. ZTIC @WTOAVTIOTACEIG EAQTTWVETAI N AVTIOTACT TWV, OTAV
OTNV EMIQAVEIQ TWV TTPOCTTECEl PG KATAAANAOU PAKOUG KUPATOG.

O1 pwTroavTioTdoelg ovoupddovral kai LDR (Light Dependent
Resistors)

H apxikr Tiyr) TnG avtiotaong Twv gival apketd peydin (MQ) kai peiwveral
ME TNV £VTOON TOU QWTOG TTOU TTPOCTTITITEI OTNV ETTIPAVEIQ TOUG, OTTWGS PAIVETAI
oTo oxAua 6.3.1.

10°  R(Q)

102 1 104 ®(Lux)

Zxnua 6.3.1 MeraBoAn tng avrioraong ue v éviacn Qwreivig akTivoBoliag

To oUpPoAO TNG YwToAVTIOTACONG €ival:
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Zxnua 6.3.2 Gwroavrioraon

Ta KupIOTEPA XAPAKTNPIOTIKA TWV QWTOAVTIOTACEWV Eival:

A. H miyij Tng avriotaong étav dev QwrtiCeTal (Tiur) okOTOUG).

B. Ta 6pia petaoAig Tng avtiotaong, 6tav QwrideTal.

I. O xpdvog TTou aTraiTeital yia va AGBel n avriotaon Tnv TEAIKH TIWA TNG.

A. H péyiotn 1éon 1Tou epapuoleTal OTnNV QWTOAVTIOTOON.

E. H XwpnTikdTNTQ TNG.

Mia koivy ewtoavTioTaon Tou gutropiou gival TG etaipeiag RCA 4442 kai
XpnoidoTrolgital Kupiwg yia diakotrTeg On -Off.

6.3.2. dwTodiodoI

O1 pwrodiodol cival emapég PN oTig o1roieg epappoletal avaoTpo®n TTo-
Awan. Y16 avaoTpo®n TTOAwGON UTTAPXEl €va TTOAU JIKPO peUua TToU dIappEEl
TNV 6iodo, BAETTE KEP. 3, KAI YIO TN CUYKEKPIUEVN TTEQITITWON KAAETaI pEUPQ
okoTtoug (dark current), | ;. Otav TTpoaTéael Pwg dnuIoupyoUVTal POPEIG (OTTEG
KOl NAEKTPOVIA) PETA OTNV TTEPIOXH OTTOYUUVWONG Kal TO avaoTpo®o peUUa
au&dvel. To emmiTAéov peUpa KaAgiTal peupa uttd wTiIcuo (light current) ) ew-
16peupa (Photocurrent) kai cupBoAidetar pe |, 7 1.

To pwToépeUHa gival avAAOyOo TNG EVTAGCTG TOU TTIPOCTTITITOVTOG (PWTOG.

Ta xapakTNEIOTIKA Twv wTodI6dWYV TTou TTPoadIopifovTal aTTd TOUG KaTa-
OKEUAOTEG €ival:

A. Twvia pwTtevig 6éoung.

B. Pebpa okotoug (1)

I MéyioTo urkog Kuuatog (A )

A. EuaioBnaia pedpatog (MA/Lux A PA / knpio A A/W) 1} dwTdpeupa (Ip, )

E. Xwpnmikétnta (C)
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2T. Méyiotn avdaoTpon téon (V

Rmax)

Méyiotn euaioBnaoia TTapouaialouv o1 pwTodiodol OTo £yyUg UTTEPUBPO PWG
(850nm-950nm).
270V TTivaka 6.3.1 didovTal Ta XapaKTNPIOTIKA OPICHEVWY QWTOBIOdWY TOU

gUTTOpPIOU.
ToTOG Mion Peupa Evaic®. MéyioTo Méyiotn | XwpnTiko-
Fwvia | okoToug Peuuatog Mnkog avaoTp. Nt PF
0 nA MA Koparog Tdon
SFH 205 60 2/10V 2,5/ 950 32V 72/0V
0,5mW/cm?
BPX61 55 2/10V 70nA/ Lux 850 32V 72/0V
TPS708 30 10pA/ 1,5/ 850 20V 50/10V
10V 0,1 mW/cm?

MMivakag 6.3.1. XapaktnpIoTiKa gwrodiodwV

Mapakdtw Oivetal To oUUBOAO TNG PWTOdIGdOU Kal N oUVOECN TNG HWE TO
KUKAWPA ouveXoUG peUATOG. 2T0 id10 KUKAwUA TTApousIAgeTal uwToypagia
QWTOdI6d0U OTTOU BIKPIVETAI TO «TTAPABUPO» OTO EUTTPOCBIO TUAUA TNG.

()

+V

(B)

(v)

2xnua 6.3.3 (a) 20uBoAo, (B) Zuvdeon o€ kUkAwua, (y) Eikéva
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270 TTAPAKATW OXNHa SiVETAI N XAPAKTNPIOTIKI) KAPTTUAN TAOEWG-PEUUOTOG
NG PwTodI6doU BPW20, yia dId@OopEeS TIUEG QWTEIVAG OKTIVOBOAIOG.
[

8 100

2 .
8 1 mW/cm? Qper]
N TTOAWON
3 0,5 mW/cm?

=3

g 10 0,2 mW/cm? ®e=0

o

g 0,1 mW/cm? oy \%
S 0,05 mW/cm? AvdoTpogn
< ToAwon

' 1 A=950nm

e
_= 0,1 1 10 100 [0)

AvaaTpogn 1aon V (V)

Zxnua 6.3.4 KaumruAeg 1aong - pevuarog, o€ avaoTpo@n moAwaon, g ewrodiddou BPW20

6.3.3 dwroTpaviiocTop

To @wTtoTpaviioTop cival avTIOTOIXO O€ KATAOKEUN KOl AEIToUpyia PE TO
Tpavliotop emagng. 'Exel éva «mmapdBupox» TTou Tou divel TNV duvaTtoéTnta va
MTTOpEl VO QWTICETal N ETTOQN PACNG-CUANEKTN. TO QWTOPEUUA TNG BIGBOU CGUA-
AEKTN evioxUeTal Kal €101 TO QwToTpaviioTop €xel 100-500 @opég peyaAuTepn
QwToguaioBnaoia atrd TNV ewTodiod0o KAl OUCIACTIKA QVTIOTOIXEN JE Hia pwTodio-
00 Kal £va eVIOXUTH pEUPATOG.

MNa Toug TTapaTrdvw AGYOUG, TO GWTOTPAVEIOTOP UTTOPEI VA AEITOUPYNOEI
ME 1 Kal Xwpig va uttapxel TTOAwaon otnv Bdon. 1o oxfiua 6.3.5 didovrai Kai ol
0Uo TpoTTOI OUVOEONG PWTOTPAVIOTOP 0€ KUKAWWA, KaBWG Kal To GUUBOAO Tou.

Cp

+V,

cc

CE

BB

(o) B) (v)

Zxnua 6.3.5 dwrorpavliotop o€ ouvdeaoAoyia KoivoU EKTTOUTTOU
(a) 20uBolo, (B) Me méAwaon atnv Baon, (yv) Xwpic méAwaon
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Xwpig wTIOPO UTTAPXEI Eva JIKPO PEUPA BIaPPONG aTTO TOV GUAAEKTN OTOV
ekTrouTIO (I, ). To pelpa GUAAEKTN diveTal oTnv egiowon 6.3.1, otav UTTAPXEI
TOAwaonN oTnv Bdon kai oTnv €¢icwan 6.3.2, é1av dev UTTAPXE.

Icp = BIb + (B +1) cho 631

Icp = (B +1) cho ’(Ib = 0) 632

To |, €ival TO avaoTpo@o peUpa BAcewg GUANEKTN, Kal B gival n evioxuon
PEeUUATOG BAONG - GUAAEKTN.

Me ToV QWTIOO, TO AVACTPOPO PeUpa |, AUEAVEl XAPIG TO GWTOPEUNA TNG
81650u GUAAEKTN. ‘E0TW 6T N augnon auth Tou peuparog eivai |, Téte 10 pedua
TOU OUAAEKTN Ba givai:

I, =(B+1)(Iy +1,) 6.3.4

yla TNV TTEPITITWON XWPIG TTOAWGN TNG BACNG TTOU €ival Kal n ouvnBEaTeEPN
KOl OIKOVOMIKOTEPN.

O1 diagpopor TUTToI PwToTPaviioTop €ival euaiabnTol GAAOI OTNV OPATH OKTI-
voBoAia, dAAol oTnv uTrEPuBpPn Kal GAAOI OTNV UTTEPIWDN KAl OTIG OKTIVEG X.

>TOV TTaPaKATW TTivaka didovtal opIoPEVOI TUTTOI WTOTPAVEICTOP YE TA XO-
POKTNPIOTIKA TOUG.

TuTmog Pelpa Mnkog Mion MéyioTn PwropEUpa Képdog
OKOTOUG KOpatog | Twvia | Taon CE CE (mA) Petparog
I/Ve Mey. (nm) ° Vieo (V) loce ! locs
BPY62 | 5nA/35V 850 8 50 11/1000Lux 420-670
BPX43 | 20nA/25V 880 5 50 15/1000Lux 430-640
BP103 | 5nA/35V 850 55 50 1,8/1000 Lux 530-800
TPS601 | 10nA/30V 850 20 40 4mA/ AVOIKTA
1 mW/cm? Bdon

Mivakag 6.3.2 wrorpavliorop
O1 XapaKTNPIOTIKEG KAUTTUAEG TOU QTOTPAVEIOTOP OPOIAOUV WE TIG KOUTTU-

A&G TOU TpaVEioTOpP ETTAPAG Kal divOuv TO QWTOPEUNA, |, UVAPTATEI TNG TAONG
OUAAEKTN-EKTTOPTTOU WE TTAPAPETPO TO QWTIONS o€ Lux.
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6.4 AAAeg PwrodiaTagelg

Ymrdpxouv Kal GANEG QWTOdIOTAEEIC EKTOG QUTWY TTOU avagépBnKav TTou
XPNOILOTTOIoUVTAI €ITE WG AIOBNTAPEG, EITE yIa EAEyXO aTTO POKPIA, A YIO NAE-
KTPIKI] ATTONOVWON KUKAWPATWY OTTOU UTTAPXEI OJWG OTTTIKI) OUVOEDT).

TETOIEG OTTTIKONAEKTPOVIKEG SIOTAEEIC I PWTOBIATALEIS €ival Ta PWTOBUPI-
oTop, pwrodiac, pwrotriac, n 6iodog Laser, N @WTOKUWEAN, 0 OTTTIKOG aloOnTh-
POG, OTITIKOG BIAKAOTITNG Kal TEAOG O OTITIKOG OUCEUKTNG (- optocoupler).

O oTTIKOG ouleUKTNG ) OTITOKATTAEP (Optocoupler) uTTaPXEl OTO EUTTOPIO O€
Hop®n OuoIa PE EKEIVN TwV OAOKANPWHEVWY KUKAWMPATWY, OnA. pe 6 i 8 Troda-
pakia (pins), kal atroTeAeital atmod éva utrépuBpo LED kai éva gwTtotpaviioTop.
To wToTpav{ioTop UTTOPEI Va £xEl AKPODEKTN BACNG yia epappoyr TTOAWONG
f va unv €xel.

Tétola optocoupler KUKAOQOPOUV OTO EUTTOPIO ATTO BIAPOPES ETAIPEIEG OTTWG
Ta CNY13, 4N25 -28, 6N135-136 k.a. 210 oxfiua 6.4.1 ¢aivetar 10 4N25 pe
TOUG OKPOBEKTEG TOU KA TIG GwTOdIATAEEIS TOU.

1 6

IC
2 5
3 4

(a) (B)
2xnua 6.4.1 Onrmikooueuktns 4N 25 (a) Eowrepikd kUkAwpa, (B) Eikéva

Me Tnv xpnoigoTroinon oto KUKAwa evog optocoupler atmopovwveTal NAe-
KTPIKG N €i00d0g Kail N £6080G TOU KUKAWMATOG Kal UTTAPXEI JOVO OTITIKF) OUVOE-
on. H Aeimoupyia Tou €ivai n akdAoubn:

H &iodog pwrtoektrout|g (LED) mToAwveTal opbd (akpodékTeg 1,2) Kai TO
kateuBeiav pedpa | petarpémeral og utrépubpn akTivoBoAia amo 1o LED tou
EKTTEPTTETAN KOl AapBaveTal atrd 1o wTtoTpaviioTop (akpodékTeG 4,5,6). H akTi-
VOBOAIa aQuTr PETATPETTETAI O€ NAEKTPIKO PEUA KOl PEUYEI ATTO TOV CUAANEKTN WG
l. (aKPOBEKTNG 5).

UKV STOIXEIA ONTIKOHAEKTPONIKHE




To pevpa autd €€6O0U gival EVIOXUUEVO O€ OXEON PE TO PEUPA €1I00O0U Kal O
Aoyog | /I (ovopdadeTal kai Aoyog petagopdg peupatog, CTR) ptropei va ¢Bdoel
TINEG pEXP! Kau 1000.

O1 oTmrTikoi GuleUKTEG, Ol OTToIOI XPNOIPOTToIoUVTal O€ PeydAo BaBud otnv
ouyxpovn UIKPONAEKTPOVIKH, Ba TTepypa@olyv Kal Ba avaAuBoulyv TTEpIcOOTEPO
otnv B” kan " Taén.

NMEPIAHWYH 6

® H ekTTOPTI QWTOGC | PWTOEKTTOUTIN YiveETal KATW aTTO €I0IKEG OUVONKEG
OTTWG: UYNANG Bepuokpaaiag, NAEKTPIKWY EKKEVWOEWY, GBOPIoUOU, Pw-
OQOPICHOU, XNUIKWY QVTIOPACEWY, K.A.TT.

o DWTONAEKTPIKO QAIVOUEVO Eival TO QAIVOUEVO KOTA TO OTTOIO EKTTEUTTO-
VTal NAEKTPOVIA ATTO TNV ETTIQAVEIQ EVOG UAIKOU 1) JETARGAAETAI N aywyIUO-
TNTA TOU OTAV OTNV ETTIPAVEIN TOU TTPOCTIECEl WG, ME KOTAAANAN evépyeia
PWTOViWV.

® H atmoppdenaon gwtoviwv TTpoodidel evEpyEIa oTa NAEKTPOVIA VOGS nNUIa-
ywyou yia va heTatrndrjoouy ato Tnv wvn abévoug atnv {wvn aywyIhoTn-
1ag. ‘ETo1 dnuioupyouvTal eAeUBepa NAEKTPOVIO KOl OTTEG UE QTTOTEAET A VA
augnBei N NAeKTPIKA aywyIiuoéTNTA TOU.

® H diodog pwroektrouTtri g (LED) cival pia €181k diodog TTou KATaoKeUd-
CeTal atrd €101KoUG NUIaywyoug o0TTwg GaAsP, GaP, GaAs, Sic Kal EKTTEUTTEI
QwrTeIvn evépyela (opath, uttéEpuBpn) oTav diappétal aTrd peUua opObAG TTo-
Awong.

® H évraon Tou wTtog TTou extépTTEl €va LED €ival avdAoyn Tou pelpaTog
TTOU TO dIappEel Kal N ouvhBng opBr) Tdon TTou aTraiTeiTal eival Tepitrou 2V.

e H diodog LED xpnoipotroigital yia atreikovion apiBuwyv o€ eI0IKA KUKAW-
MOTa TTOU KaAOUVTAI EVOEIKTEG 7 TUNMATWY Kal atroteAouvTal amo 7 LED
ME koivy dvodo A kaBodo.

e H @wroavTioTaon &ival £vag QUTOPWPEATAG TTOU N TIKI TNG JEIWVETAI OTAV
OTNV €TMQAVEIA TNG TTPOCTTECEI PWIG.

® H @wt0odiodog cival pia diodog n o1roia TTOAWVETAI AVACGTPOPA Kal dlappé-
€TAI ATTO NAEKTPIKG peUPa OTAV QWTICETAI N ETTIYAVEIA TNG.
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e To pwroTpaviioTop ouolalel Ye 1o Tpaviiotop emagns. Otav QwTioTEl N
ETTIPAVEIQ TOU EPPAVICEI OTOV GUAAEKTN TOU EVIOXUPEVO TO PWTOPEUMA TTOU
onuioupyeital. To pwToépeUpa gival avdAoyo TnG €vTaong Tou QwTog.

® X¢ éva pwTtoTpavdioTop, dev gival atrapaitntn N TOAwon g Baong Tou.

o O ouvduaopog piag 816dou @wToekTTouTAS (LED) Kai evog gwrtotpavdi-
OTOp ATTOTEAEI Jia TTOAU Xprioiun wTodIGTALN TTOU OVOUAETAI OTTTIKOOU-
{eukTNnG (optocoupler). O optocoupler xpnOIUOTTOIEITAI VIO VO ATTOUOVWVEI

NAEKTPIKA TNV £€000 Kal €i0060 BUO KUKAWUATWYV.

EPQTHZEIXZ - AZKHZEIZ 6

6.5.

6.6.

6.7.

6.1. Avagépete ueBOOOUG PUITOEKTTO-

MTTAG.

Ti €ival TO QWTONAEKTPIKO QaIVO-
MEVO;

[oon evépyeia TTePIEXEl Eva Qw-
TOVIO;

Mwg o1 diodol LED ekmméutrouv
Pwg;

>xedIa0TE KUKAWMA, PE eVOEIKTN
(display) 7 TpnudTwy, T0 OTTOI0 Va
atreikovicel Tov apifuo 9.

Moia gival n dilagopd TG PwTO-
01600u atd pia diodo eTTAPNG
PN;

AideTal 1o KATWOI KUKAWUQ TToU

6.2.

6.3.

6.4.

6.8.

6.9.

Na utroAoyicBei To OAIKO peUua
TOU KUKAWHOTOG KOBWG Kal Ta
pevpata Twv LED.

Av n diodog LED Tou +12V
OXAMOTOG £XEI TITWOON
Td0Ng 2,5V, va eupebei

R

TO peUPa TTOU TNV dlop-
péel (R=950 Q).

Ortav pia LED ekmréptrel

O€ PAKOG KUPATOG L
A =5650 A, i eivai n
PWTEIVA OKTIVOBOAIQ;

A. Opati

B. YmépuBpn

I Y1repiwdng.

atroTteAeiTal amd duo d16doug
QwToekTTOPTIAG (LED) Kau givai:
V=12V, V_, =V, =16V,
R, =5,2KQ, R, = 10,4 KQ.

6.10. Na eupeBolv armé Tov Trivaka
6.1.2 o1 TUTTOI KQI T XOPAKTNPI-
OTIKG TwV KOKKIVWYV LED.

A6 Tov Tivaka 6.3.1 va eu-
pPeBOUV Ta XOPAKTNPIOTIKA TNG
@WTOdIOdOU HE TNV HIKPOTEPN
XWPITIKOTNTA.

6.11.
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ZTO Ke@dAaio auté Ba 606ouv

OpPICUEVA OTOIXEIQ WNPIAKWY NAEKTPOVIKWY,

n yvwan Twy omoiwyv givar amrapaitntn. Tn

ONEPIVI ETTOXT], OXEOOV OAES OI NAEKTPOVIKES

OUOKEUEG armoTeEAOUVTAIl KATd Eva UEYAAO EPOG TOUS

arrd wneiakd NAEKTpovikd KukAwpara. O KOoUOoS yUpw Uag TEIVEl va

ViVEl WnQIakog, LE TIC WNQIAKES THAETTIKOIVWVIES, TOUS WNPIAKOUS

NAEKTPOVIKOUG UTTOAOYIOTES, TIC WNQIAKES TNAEOPATEIS Kal BIVIEOKA-

UEPES, TA WNPIAKA KIVNTA TNAEQWVA K.A.TT.

270 TéAOG TOU KeQaAaiou o uabnrig Ba mpémel va:

® Mmopei va emeényei Tnv Asitoupyia tou 1pavlioTop g€ KABEOTWS
KOPOU Kal KABETTWS QTTOKOTTHS

® [vwpilel Ta ouaThuara apibunans 0ekadiko, SUAGIKO Kal OKTAGIKO Kal
TN JETATPOTIN) ApIBUWY aTTo TO £va GUCTNUA OTO AAAO

® [vwpicel Ta Aoyika auuBoAa, 1n Aoyikr) cuvapTnan Kai Toug TTiVAKES
aAnBeiac Twv Bacikwy AoyIKWV TTUAWV

® Xpnaiuorrolei Ta aroixeia tng dAyeBpag Boole yia avamruén amAwv
Aoyikwv ouvaptioewv

® JyedIddel KUKAwpuata e Aoyikég TTUAeS kai LED

® AvrikaBioTd KGBe TTUAN Kai uAotroiei KABe AoyiKO KUKAwUA U6Vo uE
muAeg NAND

® Emeényei Ta Asitoupyikd diaypauuara Twv BAGIKWY TTUAWY O€ 0Ao-

KAnpwyévn HopQn

EIXATQI'H XTA YH®IAKA HAEKTPONIKA




7.1 To TpaviicTop O€ SIAKOTITIKN AEITOUPYiQ

O1wg avagépinke oto 1° KepdAaio, wn@Ioko gival To Orfua To OTToI0 TTaip-
VEI DIOKPITEG PYOVO TIPMEG KAl OTA WNPIAKA NAEKTPOVIKA TTaipvel povo dUO TIUEG,
Mia upnAf (HIGH, H) kai pia xaunAni (LOW, L). Ztnv uwnAn TIuA avtioToixouue
1O AoyIKS "1" evy 0Tn XaunAr ouvhABwg 10 Aoyikd "0".

O1 ynoiokég TINEG auTéEG AéyovTal AOyIKEG, DIOTI UTTOPEI va avTIoTOIXOUV
o€ AAAEG QUOIKEG A TTPAYMOTIKEGS. T1.X. TO AoyikO "1" pTTopei va avTioToIXEl o€
TTPAYMOTIKN TIUA +5V, vy T0 Aoyikd "0" uTTopEi va avTIoTOIXEl O€ TTPAYUATIKA
TiuR +0,5V. Ze dIaQOpPETIKA TTEPITITWON, TO AoyIkO "1" uTTopEi va avTioToIixEl o€
TTpayuaTikn TR +10V, evw 10 Aoyikd "0" oe rpaypaTikn Tin -10V. Yrdpyouv
Kl GAAEG TTEPITITWOEIG AvTIoToIXiag TTou Ba e€€TaCO0UV TTAPAKATW.

O1 2 AoyIKEG TIUEG aVTIOTOIXOUVTOI O€ QUOIKEG TTOOOTNTEG TTOU UTTOPEI Va TTa-
paxOouv eite atTd TNV £€000 WIAG YEVVATPIAG TTAAUWY, €iTE atTd TNV £€£000 £vOG
O1akOTITN (KE@AAaio 1°, ox. 1.2.5.) Zav Aoyikd "1" Bewpeital To Avappa piag Ad-
MTTOG, TO KAEIOIMO €VOG BIOKOTTTN, N UTTapén TAONG ] PEUUATOS O £va KUKAWUQ
K.a. AVTIBETWG, OTav N AGuTTa gival oBnoTh, o SIOKOTTTNG AVOIKTOG, OEV UTTAPXEI
pelpa 0’ éva KUKAwPA, K.A.TT. N KaTAoTOoN JTTopPEi va BewpnBei aav Aoyiko "0".
O Trivakag 7.1 &eiyvel TIg DIAQOPETIKES TTEPITTTWOEIG Aoyikou "0" kai "1".

Noyikoé "1" Noyikoé "0"
KAeio1ég dIaKOTITNG AVOIKTOG BIOKOTITNG
NQPTTO avauuévn NAapTTa oBnoTn
>waoTr) TTpoTaCN NG&Bog TrpéTOcn
AANABeIa Wepa
Peupa o1o KUKAwua Ox1 peuua 010 KUKAWPO
NAI OXI
Aiodog ayel Aiodog d¢ev ayel
TpavcioTop ayel TpavdioTop dev Ayel
Mivakag 7.1

>uvnBwg 1o AoyIko "1" avTioToIXEl O€ TAaN +5V, evid TO AoyIkS "0" avTIOTOIXE
o€ 1aon OV (TTL cuoTtruara).
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Ta duo autd Aoyiké wneoia, "0" kai "1", kahouvtal PTG (bits), atmd TIG Aé-
&eig prdivapu viitQitg (binary digits) i duadikd wneia kai atroteAouv, 6TTWGS Ba
€€eT000Ei TTAPAKATW, OTOIKEIQ EVOG VEOU Kal TTOAU XPrOIKMOU CUCTAUOTOG TOU
duadikoU apiBuNTIKOU CUCTIHUATOG.

H xpnoipotroinon Tpavdiotop g€ CUVOECUOAOYIa KOIVOU EKTTOUTIOU, PTTOPET
owael Aoyiko "0" kai "1", 6tav To TpavioTop AEITOUPYEI OTIG TTEPIOXES TOU KOPOU
Kal TNG aTTOKOTTAG.

O1wg avapépbnke 010 KEQPAAAIO 4, KGBe TpavlioTop, o€ GuvOETOAOYiIa KOI-
VOU EKTTOUTTOU, UTTOPEI VO AEITOUPYNOEI O€ TPEIG TTEPIOXES (EVEPYOS, OTTOKOTTNG,
KOPOU) avaAoya JE TIG TIMEG TWV TACEWY Kal PEUUATWY €10000U Kal ££000uU.

H 1repioxn atmokoTrig €ival n TEPIOX TwV XOPAKTNPIOTIKWY ££000U TOU
TpavgioTop I, V. yia pedpa Baong |, = 0. H armokot cupBaivel otav n dio-
00¢ BAONG-EKTTOUTTOU €ival avAOTPOPA TTOAWMEVN KAl ETTOPEVWG OEV UTTAPXEI
peupa oUANEKTN, | = 0 ) n 1Gon emmaeng BE eivar pikpdtepn amé 0,5 V (Tutmiki
mepiTITwaon). TéTe 10 TpavioTop dev AYEl, AVTIOTOIXEI W€ AVOIKTO OIAKOTITN, Eival
eKT10G (OFF) ka1 ekppdlel To Aoyiko "1".

H 1repioxn képou civail n TePIoXH TWV idIWV XAPAKTNPICTIKWY ££600U OTaV
N 160N GUAAEKTN-eKTTOUTIOU, V., €ival TTOAU pikpn (= 0,4-0,5V). H Trepioxry KO-
pouU XapaKTNPIZeTal aTTO TTOAU PIKPOTEPO PEUPA CUAAEKTN OE OXEON UE TO PEUUA
oTO onueio Aeitoupyiag Tou TpavdioTop. ToTE TO TPAvioTOP AYEl, AVTIOTOIXE JE
KAEIOTO BIOKOTTTN, €ival evTog (ON) kal ekppalel To Aoyiko "0".

270 oxAua 7.1 @aivovTal o1 TTEPIOXEG KOPOU Kal ATTOKOTTAG OTIG XOPOKTNPI-
OTIKEG |, - V. €vOG TpavdioTop.

Me katdAAnAeg ouvdeopo-
Aoyieg ptTopei éva TpavdioTop g ] ]
> EVEPYOG TTEPIOXN
o¢ ouvdeopoloyia Kolvou ek- >
TTOuTTOU, va peTafei amé tnv §1
TTEPIOX OTTOKOTING KOTEUBEI-
av OTnv TIEPIOXH KOPOU Kal
QVTIOTPOPA KOl OUVETTWG VO
dnuioupyroel aAAnAouxieg Ao-
yikwv "0" kau 1%, dnAadh yn- 0 V=1V mepioxn amokorrg Vep(V)
Qlaka onuata, 1.x. 001101,

010011001 KA. 2xnua 7.1 [Nepioxés kK6pou-ammokoTTis TpavlioTop
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7.2 ZTolXEia oUCTNUATWY apiBunong - Aekadiko

O avBpwTrog xpnaolhoTTolouoe avEKaBey aplBuNTIKA CUCTAUATA IO VO JE-
TPAEI TIG TTOOOTNTEG TWV AYABWYV KAl VA KAVEI apIBUNTIKES TTPALEIG OTTWG TTPO-
oBeon, agaipeon K.A. 1. To o diadedopévo apiBunTikd cuoTnua ival To de-
Kad1ko yiati xpnoigotrolei 10 wnoia (voupepa), 60a Kal Ta dAXTUAA TWV XEPIWV
Tou avBpwTtrou. O1 HETATPOTTES Kal o1 aieg Twv ayaBwv uttoAoyidovTal EUKOAO
ME TO BEKadIKO oUOTNA.

‘Eva KIANG €xel 1000 ypauudpia, éva péTpo utrodiaipeital o€ 100 ekaTtooTd 1
1000 xiAiooTd. O1 AyyAoodgwveg xpnaolpoTrololcav To dwdEKAdIKO cUCTNHO
pétpnong. Mia Trdouvt (pt) €xel 12 ouyyiég kai éva TodI (foot) €xel 12 ivioeg
(in). A6 10 1960 XpnoiyoTroicital To d1EBVEG auoTnua Povadwy (S.1) kar 6Aa
Ta KPATN XPNOIKOTIOIOUV TIG idlEG povAdeS PETPNONG Kal Ta TTOAATTAdCIO KAl
utroTToAAaTTAGCI0 TOug TTou BaaidovTal 0To deKadIKO oUCTNA.

To dekadik6 ouoTnua €xel Baon Tov apiBuo 10, dnA. xpnoiuotroiouvtal 10
yneia, ta 0,1,2,3,4,5,6,7,8,9. Ta wnoia autd étav ToTroBeTnBOUV TO £va SiTTAa
OTO GAAO, PTTOPOUV va aXnNUATicouv dIYRPIOUS, TPIWAPIOUG I TTOAUWPIOUG
aplBuoug, Tr.x. 12, 345, 5647 k.A.11. H Béon kaGBe wnoiou o’ £va TToAuWn@Io
ap1Buo deixvel kal Tnv agia ) Tn BapuTnTa Tou. To TeAeuTaio OeEIG Wn@io deixvel
TIG MOVADEG, TO ETTOUEVO TTPOG Ta APIOTEPA OEiXVEl TIG DEKADES, TO ETTOUEVO EKA-
TOVTAOES K.ATT.

IM.x. 0 apIBudg 356 €xel 3 eKATOVTADEG, 5 OEKADES Kal 6 JOVADEG.

MepIKEC POpPEC OTO WNPIo TwV PHOVAdWY Kal oav JEIKTNG YPAPETAI O APIBUOG
10 yia va degigel 611 0 apIBPoG gival dekadikdg. ‘Evag dekadikdg apiBudg ava-
AUgTal o€ ABPOIoHa TWV YIVOUEVWY TOU KABE wn@iou Tou pe dUvapn Tou OEKa
Uywuévn o€ ekBETN, avaAloya Pe TNV BapuTnTa Tou KABE wniou:

Movadeg = 100, Aekddeg = 102, EkatovTtadeg = 10?

XiNiadeg = 103, Aéxka XINGOEG = 10* K.A.TT.
‘ETo1 0 apiBuog 8543, ) avaAueTal wg £gAG:

(8543),, =8x10° +5x10% +4x10" +3x10° 7.1.1

Maparnpeital 011 0 peyoAUTEPOG €KBETNG TwWV Suvduewv Tou 10 gival
MIKPOTEPOG KATA 1 TOU APIOPOU TWV YNPiwV Tou apIBuoU, T1.X. EKBETNG (3)
= ynoia (4) - 1.
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‘Evag 6ekadIkdg apiBPog avaAleTal e Tov TTI0 TTAvw TPOTTo, aAAG o1 duvd-
peig Tou 10 ivar Kal apvnTIKEG:
My 1,135=1x10°+1x10*+3x102+5x 103

MNapdadeiyua 7.2.1

Na ypapei 0 dekadIkOg apiBuog 71356,675 avaAuTikd.

AUon

To kdBe wnoio Tou aplBuoU €xel kai pia BaputnTta (agia) Kal EKYPAeTal
ME Pia duvapn Tou 10, avaAoya e Tn B€on Tou. To 7 €ival oTnv 570¢0n Kkal
n Baputnta Tou givar 10°* = 10* = 10000. Opoiwg To wneio 1 gival otnv 4"
Béon kal ekPpadel XINAOEG, To 3 ekPpadel ekaTovTades K.A.TT. 'ETa1 0 apIiBuog
YPAQETAL:

71356,675=7x10*+1x 103+ 3 x 102+ 5x 10* + 6 x 10° +
+6x10"+7x102+5x 103,

EkT6¢ ammd 10 dekadikd auoTnua Tou €xel Baon 1o 10, BewpnTiKE uTTO-
pei va uttdpyxouv OUCTAPOTO PE BACN OTTOIOVONTIOTE QUOIKG APIBPO TT.X.
2,3,4,6,7,8,12,14,16... ATTO Ta OUCTHPOTA QUTA, TA TTIO XPHOIKA TTOU XPNOlIJo-
TToI0UVTal OTOUG NAEKTPOVIKOUG UTTOAOYIOTEG, €ival To duadiké ue Baon T10 2,
TO OKTAdIKO e BAon To 8 (2°) kal To dekaeggadIKO e BAan Tov aplBusd 16 (24).

7.2.1 Auadiké cuoTnpa apidunong

To dekadikd oUOoTNWA, TO OTToI0 £XEl OEKa Wn@ia, dnAadr O€ka dIAPOPETIKESG
KaTAOTACEIG, OEV UTTOPE VO XPNOIUOTTOINGE yIa TOUG UTTOAOYIGUOUG KOl TNV €TTE-
gepyaaia onNuaTWY 0TOUG WNPIAKOUG NAEKTPOVIKOUG UTTOAOYIOTEG TTOU OTTOTEAOU-
VIOl aTTO WYN@IaKA KUKAWPATA U0 KataoTdoswy. ‘Eva katdAAnAo apiBunTiké ou-
oTnua gival To Suadiko 1 Prrdivapu (binary) cuoTnua, 1o otroio €xel Bdon 1o 2
Kal eTTopévVwg 2 yneoia 1o "0" kai 1o "1", Ta oTT0ia OvopddovTtal ummiT (Bit).

O1 duadikoi apiBuoi ptTopei va gival OTTwg Kal oI OKadIKoi, povowr@iol, di-
wreiol A ToAuynoiol. H 6€on k&Be wneiou deixvel kail TNV agia Tou atov apiBud.
To TeheuTaio de€id wnoio eival To Yneio Twv Povadwv (2°) To £TOPEVO TTPOG
aploTePd gival To Yn@io Twv duddwv (2), PeTd Twv TETPAdwWY (22), oKTAdwWY
(2%), Bekaegadwy (24) K.A.TT.

TENIKA HAEKTPONIKA — IRKeHH




‘Evag teTpawn@iog duadikdg apibudg ypdeetal kat avaAoyia Tou dekadikou
apiBuou, étrou n BapUTnTa TOU TTPWTOU Wneiou gival SUvaun Tou OU0 UWwEVN
oTov apiBuo 4-1 = 3, dnAadr) £xel OKTADEG, TETPADES, OUADES Kal UOVADEG.

Mn.x. 1011, =1x2>+0x2> +1x2" +1x2° 7.21

Edv 0 duadikog apiBuog trepiExel Kal OekadIkG ynoia, TOTE 01 BUVAEIG TOU 2
gival apvnTikéG, ONAadH UTTAPXOUV UICEG Povadeg (211), TETapTta povadag (22),
Oydoa Jovadag K.A.TT.

Mx. 110,011, =1x22+1x2'"+0x2°+0x 2"+ 1x2%2+1x 23,

To TTpwTO apIoTEPA Wn@io kK&Be duadikou aplBPoU, AéyeTal TTEPICOOTEPO
onuavTtikoé yneio (MSB, Most Significant Bit), evw 1o TeAcuTaio de€id ovo-
paceTal Aiyotepo onpavTikd ywneio (LSB, Least significant Bit) kai €xel Tn
MIKpOTEPN agia. ZTov TTapatravw duadiko apiBuo sivat MSB = 1, LSB = 1.

‘Evag oktawn@iog duadikog apiBuog (8 bit),mm.x. 10110101, Aéyetal prd-
iT (byte), evw €vag TeTpawn@iog duadikdg aplBudg, .x. 1101, Aéyetal viptrA
(nibble).

O1 NAeKTPOVIKOI UTTOAOYIOTEG XPNOIKOTTIOIOUV VIO TN UETAPOPE OEBOPEVWY,
KOBWG Kal yia TN PVAPN Toug opdadeg atmod bits Tou ovopddovial youopvt
(word) kai atroteAouvTal ammo 1 1 2 A 3 A 4 bytes, dnAadn 8bit, 16bit, 32bit A
64bit avtioToixa, avadAoya PE TNV APXITEKTOVIKI) TOU UTTOAOYIOTH).

loTOPIKG O TTPWTOS WNPIAKOS UIKPOETTEEEPYAOTNS TTAPOUCIAaTNKE T0 1971
arro v eraipgia INTEL, ue kwoikn ovouacia 4004, kai gixe Aé€n twv 4 bit. 21-
HEPQT O TTPOCWTTIKOI UTTOAOYIOTEG Exouv Aééeic Twv 16 1 32 bit, evw o1 otaBuoi
epyaaoiac (workstations) éwg kai Aééeig Twv 64bit.

7.2.1.1 Merarpotry duadikouU apiBuoU oe deKASIKO

H petatpotrr) duadikou apiBuol og DeKADIKO YiVETAI PUE TOV UTTOAOYIOUO TNG
agiag Tou, Bdoel TG e€iowong (7.2). O1 agieg utroAoyidovtal BAcel Tou TTivaka:

Wneia |B |B | B | B, B, [B |B |B |B |B,|.B

n 6 5 4 3 2 1 0 =i, -2 -n

lpﬁ(gpii%u 2n 26 25 24 23 22 21 20 21 2-2 2

Adia ... | 64| 32 | 16 | 8 4 2 1 ]05]025

Mivakag 7.2.1.
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‘Evag duadikog apiBuog 1.x. 10101110 pmopei va petatpatrei o€ deKAdIKO
ME TOV KATWOI ETTOTTTIKO TPOTTO:

Auadikog 1 0 1 0 1 1 1

Oéon 7" 6" 5 4n S 2" 1n

ASia yneiou 27 2E 2° 7z 22 2z 2t 2°

Aekadikog 128 0 32 0 8 4 2 2=>
AekadIKOG =128 +32+8 +4 +2 =274,

Mivakag 7.2.2.

H petatpotri) evog duadikoU aplBuol o dekadIKO EUPICKETAI AV TTPO-
o0éooupe TIg agieg KABe Wyn@iou Tou apIBPOU TTou gival povada (1).
Edv o duadikdg apiBuog repléxel kal Oekadika wneia Ba givai:

Auadikdg 1 1 o 1 , 0 1 1

! Lo ! l !
Agia Wneiou 8 4 1, 0,25 +0,125
NeKaBIKOC 8+4+1+0,25+0,125

= 13,375. Apa: 1101, 011, = 13,375

O Trivakag 7.2.3 didel Tnv avTiaToixia getagy dekadikwy Kal SUAdIKWV apIBuwv

até 0-9.

Aekadikég| O 1 2 & 4 5 6 7 8 9
Avadikég | 0000|0001 | 0010 |0011|0100 | 0101 {0110 | 0111 | 1000 {1001

Mivakag 7.2.3.

7.2.1.2 Metarpotry dekadikou apiOuou o€ duadikd

Ma va petatpatrei Evag deKadIKOG apIBPOG o duadIkO, XPNOIKOTIOIEITaI N
HEBODBOG TWV BIadoxIKWYV dlaipéaewy dia 2. AlaipoUue Tov apiBuo dia dUo, HEXPI
va TTPOKUYEI akEPAIO TTNAIKO KOl ONUEILVOUUE TO UTTOAOITTO TO OTTOIO OTTOTEAEI
TO AlyOTEPO ONUAVTIKG WNnio Tou apiBuou (LSB), dnAadr) To yneio Twv Pova-
Owv. Av 0 apiBuog sival Cuyog, 1ote LSB = 0, av gival povog 161e (LSB) = 1.
21N ouvéxeia dlaipoupe To TTNAIKO TNG TTPWTNG diaipeong dia 2 Kal To UTTOAOITTO
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aTToTeAEl TO Ynoio Twv duddwyv. Zuveyiletal n diaipean Tou TTNAIKou dia 2 Yéxp!
va Bpoupe TNAiko 0. To uttdéAoiTro Tng TeAeuTaiag diaipeang auTrg aTToTEAEI TO
TTEPIOOOTEPO oNUAvTIKO wnyio (MSB).

M.X. 0 BeKadIKGG APIBUOG 57, ) METATPETTETAI O€ DUADIKG WG EGNG:

57/2 = 28 e uttéhoItio 1 (LSB)
28/2 = 14 e utéhoitio 0
14/2 =7 ME UTTOAOITTO 0
7/2 = 3 pe uttoAoimmo 1
32 = 1 je uTtOhoimmo 1
1/2 = 0 geumoromo 1 (MSB)

O duadikéG apIBUOS YPAPETAI PE TTPWTO WNPio TO TEAEUTAIO UTTOAOITTO, ON-
Aadnf To MSB kai TeAeutaio To LSB. AnAadn o apiBuog gival 6UTTITOG:
57,,=111001,
MNa eTToAABeuan, JETATPETTETAI O OUABIKOG 0€ OEKADIKO Kal Eival:
111001, =1x2°+1x2*+1x2°+0x 22+ 0x 2+ 1x2°=57

Mapdadeiyua 7.2.2

Na petarparrei 0 dekadIKOg 36, o€ SUABIKO apIBuO.

Auon

MNa va Bpebei 0 duadikdg apIBUOG yivovTal GUVEXEIS dIaIPETEIS Bla 2 PEXPI
TO TTNAIKO VO yivel O.

36/2 = 18 peumdhomo 0 (LSB)

18/2 = 9 ME UTTOAOITTO 0

9/2 = 4 ME uTTéAOITTO 1

4/2 = 2 e uttéhoimmo O

202 =1 pe uttéhoimmo O

172 = 0 pueutohoimo 1 (MSB). Apa o duadikdg eivar 100100,

7.2.2 OkTadIk6 oUoTnpO apidunong

270 oKTOadI1KO ouoThua, n Bdon civail To 8 kal Ta wneia eival 0,1,2,3,4,5,6,7.
O1 okTadikoi apiBuoi éxouv, 6TTWG Kal Ta GAAa apIBuNTIKG CUCTHPATA, JOVADES
(89), okTadeg (8), e&nvraTeTpddeg (82) KA. To okTadiKO oUOTNUA XPNOIUO-
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TTOIEITAI OTOUG NAEKTPOVIKOUG UTTOAOYIOTEG, TTOAAEG QOPEG avTi Tou duadikou
ouoTAPATOG, BIOTI XPNnolhoTTolouvTal AlydTEPa Wn@ia. ZTov Trivaka 7.3 dideTal n
QVTIOTOIXiIO METAEU TWV TPIWV CUCTNPATWY, OEKadIKOU, SUadIKOU Kal OKTAdIKOU
yla Toug apiBuoug 0-15.

AekadIkOg| Auadikog | OKTadIKOG | Aekadikog | Auadikdg | OKTaSIKOG
0 0000 0 8 1000 10
1 0001 1 9 1001 11
2 0010 2 10 1010 12
3 0011 3 11 1011 13
4 0100 4 12 1100 14
5 0101 5 13 1101 15
6 0110 6 14 1110 16
7 0111 7 15 1111 17
Mivakag 7.2.4.

KdaBe ok1adIKOG aplBUOGS £xel 0TO KATW PEPOG TOU AlyOTEPOU ONUAVTIKOU Wn-
@iou Tou (LSB) 10 Beiktn 8, T.X. 0 aApIBUOG 137, cival TPIYPNPIOG apIBUOS Tou
OKTadIKOU GUOTHHATOG.

‘Evag okTadIKOG apIBUOG HETATPETTETAI OTOV AVTIOTOIXO OeKadIKO, UTTOAOYIo-
vTag TNV agia Tou KABe Wneiou Tou Kal TTPOCBETOVTAG, KAT avaAoyia TNG PETA-
TPOTTAG Tou duadikoU ae dekadIko (oxEan 7.2:)2

364, =3x8>+6x8 +4x8°=
3x64+6%x8+4x%x1= 7.2.2
192+48+4 =244,

H xpnoiyotroinon tou okTadikoU cucoThuaTog dev gival Tuxaia. O apib-
MOC 8 eival pia dUvaun Tou 2 Kal CUuykekpigéva 8 = 23, AnAadn kdbe wn-
@io evog okTawn@iou apiBuou arreikovidetal ye 3 wneia duadikou apiBuou.
(7g =111, 77, = 111111, 777, =111/111/111, K.A.11.).

H perarpotri) evog okTadikoU apiBuol o€ Suadikod yiveTal av yia KaBe
Yn@io Tou oKTadIKOU apIBuOU ypagEei 0 avTioTolXog TPIYnPIog duadikdg

ap1Ouog.
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M.x. 57, =5|7=101|111=101111,
763, = 7‘ 6‘ 3= 111| 110| 011=111110011,

Me TTapOuoIo TPOTTO YiveTal Kal N UETATPOTTH £vOG SUADIKOU O€ OKTADIKO
ap1Buo6. Av o0 duadikog aplBuoGg €xel 31 6 7 9 ... wnoia, gival EUKOAN N YETOTPO-
T ToU yiaTi Ba €xe1 0 avTioTolxog OKTadIKOoG 1 A 2 ) 3... wneia avTioToixa. Av o
OUadIKOG apIBPOG €xel 1, 2, 4, 5 7... wnoia, TTpooBEToupe TOOA PNdEVIKA TNV
apxrn Tou aplBuou péExP! va éxel apiBud wneiwv TToAAatTAdaolio Tou 3.

Mn.x. 100110,=100 | 110 = 46,
1100110 = 001100110= 001 | 100 | 110 = 146,.

Mpaypar: 146,=1x82+4x8'+6x8°=102, ,
1100110,=1x25+1x25+1x22+1x2' =64 +32+4+2=102, .

TEAOG N PETOTPOTTA €VOG deKAdIKOU apIBoU o€ OKTadIKO, YiveTal PJE GUVE-
Xeig diaiptaeig dia 8. M.x. 0 apiBudg 435, pETATPETTETAN:

435/8 = 54 pe uméAoITTo 3 (LSB)
54/8 = 6 ME uTTOAOITTO 6
6/8 = 0 ME UTTOAOITTO 6 (MSB). Apa 435, = 663,

MNa emmaArBeuon Ba civar: 663, =6 x 82+ 6 x 8' + 3 x 8°= 435,

lMapadsiyua 7.2.3

Na yivel HeTaTpOoTIr) TOU OKTAdIKOU apIBuoU 767, o€ dekadIKS Kal oe dua-
OIKO.

AUon
767,=7x82+6x8"+7x8 =448 +48 +7 =503,

767, = 111/ 110/ 111,
Mpdypar: 111110111, = 256 + 128 + 64 + 32+ 16 + 4 + 2 + 1= 503, .

7.2.3 Ap1OunTIKEG TTPAEEIS OTO BUADBIKOG OUCTNHA

H mmpdoBeon oto duadikd ouoTnua, Yiveral OTTwg Kal 0To dekadIkd oUoTn-
pa. O évag aplBudg ypagetal KATW aTTd ToV GAAO Kal TTPOCTIBETaI KABE Wn@io
XwpIoTd, apxifovtag atto 1o wnoeio pe tn Aiyétepn agia (LSB). Otav mpooTiBe-
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vTal 2 povadeg, emreidn 1o dBpoicua gival 2, TTou gival heyaAuTepo ato Tn Bdon
Tou duadikoUu cuoTAuaTog, ypdeetal 10, dnAadr dBpoioua 0 Kal KpaTtouuevo 1
TO OTTOIO TTPOCTIOETAI YE TA APECWS €TTOPEVA Wngia. To idlo cupPaivel Kol PE
ToUuG OekadIKoUg apiBuoug étav TTpooTiBetal 9 + 9 = 18. To dBpoioua ivail 8 kai
UTTAPXEl Kal kpaToupevo 1. 'ETol o1 duvaToi cuvduacoi yia Tnv TTpdabeaon givail:

+1 Kpatoupevo
0 0 1 1 1
1

|

|

|
+
— —_—

N
o
RN
o
N

Ma dieukdAuvaon, ypdgeetal ditTTAa oTn duadikr TTPOCBEDN Kal N avTioToIXN
oekadikn. IM.x.
1 111
0011 — 3 101101 — 45
+ 1010 — +10 +110101 — +53
1101 — 13 1100010 — 98

H a@aipeon duadikwyv aplBuwyv yivetal OTTwg Kal N aaipecn deKAdIKWYV
apiBuwv. 'ETol diokpivovTal ol €§AG TTEPITITWOEIG:

-1 Aavellduevo

0 1 1 0
0 1 -0 -1
0 0 1 1

1011 — 11 —»101111 — 47 1101 — 13
-0000 — -1 —-101101 —» 45 1011 — 11
1010 — 10 — 00010 — 02 0010 — 02
H agaipean duadikwyv apiBuwy PTTOPE va Yivel Kal ue GAAO TPOTTO.

M.x.

A@aipgon apiBuwyv TPpaAyHATOTTOIEITAI AV TTPOOTEDEI OTO HEIWTEO TO
OUUTTAPWHO TOU AQAIPETEOU.

YT1dpyxouv 2 GuuttAnpwuaTa evog apiuou, a) To CUPTTANPWHA Tou apiBuou
wg TTpog TN Bdon (B) Tou apiBunTikou CUCTAPATOS Kai 3) TO CUPTTANPWHA WG
TTPOG TO PEYAAUTEPO WN®io Tou apiBunTIkou GUCTAUATOG, dnAadr wg TTpog (B-1).
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270 OeKAdIKO oUOTNUA UTTAPXEI TO CUPTTARPWHA £vOg apiBuou wg mmpog 10
Kal TO CUPTTARpwUa Tou aplBuol wg Tpog 9. Kar' avahoyia, oT1o duadikd ou-
OTNHA UTTAPXEI TO CUUTTARPWHA evOg duadikoU apiBuol wg TTpog 2 Kal To oU-
MTTAApWHa Tou duadikoU apiBpou wg TTpog 1o 1.

IM.x. To ouuTrAfpwua Tou dekadikou aplBuou 6 civai:
wgmpog 10: 6=10-6=4
w¢ TTPOG 9: 6=9-6=3
To cupTTAfpwpa Twv duadikwy apiBuwy 0 kai 1 givai:
=2-1=1
2-0=2

wgG TTPOG 2: 1
0

wg Tpog 1: 1=1-1=0

To cupTrARpwWHAa, wg TTPog 1, Tou duadikoU apiBuoU 1 gival To 0 kai
ToU SuadikoU api1Buov 0 givail 1o 1.

Bdaoel Tou avwtépw, yia va Ppebei To CUPTIARPWHA WG TTPOG 1 EVOG Tro-
Auygn@iou duadikou apiBuou, evaAAdooovTal ol B£0€Ig TwV AoOCWYV Kal Jn-
devikwyv, dnAadn 1o 1 yivetal 0 kai 1o 0 yiverai 1.

To cupuTTAfpwWHa wg TMPog 1 evog apiBuou A TrapioTartal Ye TTauAa TTAvw
oToV apIBuo, (Z\)

Mapadeiyua 7.2.4

Na eupebolv Ta CUUTTANPWPOTO WG TTPOS 9 Twv apiBuwv 35 kal 143
TOU OeKadIKOU GUOTHMATOS KAl TO GUUTTANPWHOTA WS TTPOG 1 Twv apiBuwv
110110, 01011010 ToU duadIKOU.

Abon

Na 10 dekadIkd oUaTNUA TO CUUTTARPWHG Tou 35 Ba Bpebei av agalpedei
0 apIBuog atrd 1o 99, eTeIdn €ival dIYAPIOG, VW TO CUUTTARpwWUA Tou 143
Ba Bpebei pe TNV agaipeon amd 1o 999, eteIdn eival TPIYAPIOG. ‘ETol:
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35=99-35=64 , 99 999
143 =999-143 = 856 35  -143
64 856

MNa 10 duadiké oUCTNUA, TO CUUTTANPWHG TWV APIBUWYV BPICKETAI JE QVTI-
kataoTtaon Twv 0 ye 1 kai Twv 1 pe 0. ‘ETO!N:

110110 =001001 ka1 01011010 =10100101

Mapakdatw Ba 606¢i 0 TPOTTOG agaipeons dUAdIKWY aPIBUWY JE TN XPN-
OIJOTTOINON TOU GUUTTANPWHOTOG TNG Wovadag. MapartiBetal miong kai n
agaipeon Tou avtioToixou OekadIkou apiBuou yia ouykpion. MNpocBéTovtag
TO CUUTTAAPWHC TOU AQAIPETEOU OTOV PEIWTED, Ba TTpOKUYEl Eva ETTITTAEOV
yneio, To o1Toio TTPOoYavwg Ba eivail 1, dIOTI To aTTOTEAETUA TNG TTPOCBEDNG
gival peyaAutepo Tou 1111, 1) peyaAutepo Tou 99, . H povada auTr TpooTiBe-
TaI OTO ABPOICHA Kal £TC1 TIPOKUTITEI TO aTToTéAECUa. ..

11 1

1011 — 1011 1M1 - 11
-0101 — +1010 5 - +9
10101 6 105

~a —

| #

0110 6

Mpayuar: 110, =6, .

NMEPIAHWYH 7.2

® To dekadiIké oUCTNUA ApiBUNONG XPNOIUOTIOIEITAI ATTO TOV AvOPWTTO ETTEI-
On €ivai 1o TTIo0 KaTavonTo.

® O nAeKTPOVIKOG UTTOAOYIOTHG XPNOIYOTIOIEl TO Buadiké cUaTnua, TO OTT0I0
€ival KUKAWPATIKO TO TTIO aTTAG gUOTNA apiBunong.

® XpnolhoTroigital TTiong 1o OKTAdIKO Kal 18iwg 1o 16-e§adikd auoTnua cav
evOIAPETO PETAEU avBpWTTOU - UTTOAOYICTOU KOl KUPIWG Yia TIG JOVADES €l-
06d0u-e§660u.
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® H petatpotrn] evog dekadikoU apiBuol o€ duadikd 1 okTadiké apiBud
TTpayuaToTrolgiTal d1a ocuveXwyY OlalpécewyY Tou OeKadIkou apiBuou dia 2 N
dla 8 avrioToixa.

® H perarpotri] evog SuadikoU ) oKTadikoU apiOuou oe deKAdIKO TTpayua-
TOTTOIEITAI E TOV UTTOAOYIOUO TNG aiag OAwv Twv wneiwyv kal dBpoion Twv
ETTIPEPOUG QEIWV.

® H mpooBeon duadikwyv apiBuwyv yivetal kar avaloyia tng Tpodcheong
TWV OEKADIKWV.

o H a@aipeon duadikwyv apiBuwyv PTTopEi va yivel ue TN XpNoIKoTToinen Tou
OUUTTANPWHMATOG TOU apIBUoU WS TTPOG 2 | W¢ TTpog 1.

e To cupmmARpwHa £vog apiBuol wg TTpog 1 BpiokeTal av avTikaTaoTabouv

Ol JOVABEG YE PNBEVIKA KAl TO UNOEVIKA YE HOVADEG.

EPQTHZEIZ - AZKHZEIZ 7.2

7.21.

7.2.2.

7.2.3.

AvOQEPETE TIG DIOPOPEG PETAGU
OekadIkou kail duadikoU ouaTH-
MaTOG.

lNati xpnoiyoTtroigital To SuadIkO
oUoTNUa OTIG AEITOUPYiEG TwV
NAEKTPOVIKWYV UTTOAOYIOTWV;
Avagépete TOV TPOTTO PE TOV
oTtToio yiveral N agaipean dua-
OIKWV apIBUWYV PE TNV XPNol-
poTToinon Tou GUMTTANPWHA-
TOG WG TTPOog 1.

7.2.7.

7.2.8.

7.2.9.

Na petarpatrouv ol duadikoi
apiBuoi 100111 kar 1110 o¢
OKTadIKOUG Kal Ol OKTadIKOi 56,
Kol 34, o€ duadikoug.

EkTeAéoTe TIG TTAPAKATW aPaIpE-
o¢€1g 070 dUadIKO oUCTNHA:

1011 11100101

-101 -1110110

Na yivouv ol TTapakdtw agaipé-
O€IG JE TNV XPrON TOU GUUTTAN-
PWMATOG TNG POVAdAG (WG TTPOG

7.2.4. Metatpéyete TOUG OUADIKOUG 1).
apiBuoug 1001, kau 10011101, 1111 10110111
o€ dekadIKoug. -010 -01101011
(283, N UET,GTPGWOUV Gl () 7.210. Na petaoTrpatouv o1 &eKadIKOi
apiByof 1,5, 25,5, 64, 145, 3, apiBuoi 158, 83, 408, 5. ot
o€ dUadIKOUC apIBUOUC. OKTBIKOGC 0o 10
(218, 22 TOELE BEEeIEhs el 7.211. Na petarparouv ol  duadikoi

HOUG avTIOTOIXOUV Ol OKTODIKOI:

753, 156, kai 234,

8
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apiBpoi 1010,011,, 10011011,
o€ OeKadIKOUG.



7.2.12. Na gupebolv Ta GUUTTANPW- ii) 0 oKTadIKOG aPIBUOG 52702,

pata wg mpog 1 Twv duadi- o€ OeKadIKO,
Kwv apiBuwv 10011011, & iii) 0 5ekadIKOG apIBudg
110101,0110, 323,203, , o€ duadiko.
7.2.13. Na yivouv ol TTapakdTw TTPd- 7.2.15. NaBpebouv Ta cUPTTANPWHO-
&eig: Ta WG TPOG 9 Twv apIBuwyv
i) 101010 ii) 1010101 88,, 642,
+101111 - 0101110 7.216. Na Bpebolv 10 CUPTTANPW-
7.2.14. Na petatpatmouv: pata wg mpog 10 Twv apib-
i) o duadikog apiBuog 11001, pwv 125, 32, .
o€ OEKADIKO,

7.3 ZTOIXEiO AOYIKWYV CUVOPTACEWYV Kal
GAyeppag Boole

7.3.1 Auadikég oUVapPTHOEIG

Ava@épBnke TTPONYOUUEVWG, OTI 0T WN@IOKA NAEKTPOVIKA UTTApXOuV 2
apiBuoi 0 kar 1 A duo kaTtaoTdoelg on - off A 2 CUVBAKES KUKAWMATOG QVOIKTO
- kKAe1oT0. O1 gicodol Kal o1 £€£0001 TWV YNPIOKWY KUKAWHPATWY UTTopouV va Xa-
POKTNPEICB0UV aTTd TIG OUO QUTEG KATAOTACEIG KOl ETTOUEVWG VA TTapacTabouv
OUMBOAIKG pE PETARANTEG aTTO ypduuaTta Tou AaTivikou aA@apATou oTTwg A, B,
C, D, F, X, Y k.A.1T. o1 omroieg AauBavouv dUo poévo AoyikEG TIMEG, T AoyIKNA
TR "1" kai T AoyikA Tipn "0".

O1 Moyikég auTég PeTABANTEG uTTOpOUV va ouvouacBoUv PETAEU TOUG Kal VO
oxnuaTioouv AoyikEG ouvapToElS. 'ETaI YTTopEi va UTTApXOUV OUVAPTACEIS TNG
HopoNG:

F=A+BC, G=AeB, X=A+C, H=AeB+CeD KAT

OTr0U TO OUPPBOAG +, @, ? Ba opicBouv TTapakdTw.

O1 Aoyikég ouvapThoElg akoAouBouv opIopEéVoug BaaikoUg VOUOUG Kal Kavo-
VEG, Ol OTToi0l aKOAoUBOoUV pia dAyeBpa TTOAU atTAoUaTEPN ATTO TNV KAACTIKN
GAyeBpa, oTnV OTToia Ol TTOPAMETPOI KAI Ol CUVOPTHOEIS €ival ouvexeig. H GA-
veRpa auTr) ovoudletal aAyeBpa Boole kai avatrtixOnke armod 10 pabnuariko
George Boole (1815-1864).

H aAyeBpa Boole, 6TTwg kai kaBe dAyeBpa, akoAoubei opiouéva agiwparta
Kl BewprpaTa Kal £XEI KAl CUYKEKPIMEVES HOBNUOTIKEG TTPAEEIS Kal I01OTNTEG.
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7.3.2 Baolika adiwpaTta Kal Tpageig aAyeppag Boole

KdaBe petaBAnT otnv GAyeBpa Boole €xel 2 mipég Tig "0" kai "1" i} High kai
Low A Nai ka1 Ox1. Z1nv emmegepyaaia Twv AoyIKwv cuvapTioewy Ba Xpnoiuo-
mroInBei n "BeTikn Aoyikn" dnAadn :

"0" — QVOIKTO BIOKOTITN — Low— Oxi
"1" — KAEIOTO BIOKOTITN — High—  Na

EVW N apVNTIKA AoyIKA gival avTiBeTn TG TTPONYOUUEVNG.

O1 Baoikég Tpdteis TG aAyeBpag Boole sival Tpeig:

A. NoyikA TTpagn KAI (AND) ry Aoyikiy oUgeugn e oUPROAO (o).

B. Noyikr) pdén H (OR) 1 Aoyikr) d1ageugn pe aUPBoAo (+).

I. Aoyikn 1pagn OXI (NOT) ) Aoyiko cupTTAfpwa Pe OUPPBOAO (-).

Av TTOPOCTACOUNE TO OTTOTEAEOUO MIAG AOYIKAG TTPAENG PE TV METARANTA
Y kai TiIg peTaBAnTég pe A,B,C, Ba 10xUel yia KABe Aoyikr TTPAEN Kal PIa AOYIKN
ouvapTtnon, 6TTwG:

Mpdagn AND Y=A-B
MpaénOR : Y=A+B
Mpdagn NOT Y=A

otTou o1 peTafAnTég A kai B Traipvouv povo TiG AoyikEg TinEG "0" kai "1™,
Ta Bswpruara Bepeliwong TG dAyeBpag Boole tnv otmoia akoAouBouv ol
AOYIKEG PETABANTEG, €ival Ta akOAouBa:

1. MoAAatrAaciaopog  (AND) AeA=A
Ae0=0
Ae1=A

2. Mpbécbeon (OR) A+A=A
A+0=A
A+1=1

3. ZupTAfpwWHa (NOT) AeA=0
A+A=1
(A) =A

4. AvtipeTaBeTIKA 1316TNTO A+B=B+A
AeB=BeA

VIR EISAFQrH STA WHOIAKA HAEKTPONIKA




5. EmipepioTikn I316TNTO

6. Oswpnuara De Morgan)

7.3.3 Mivakag AAnBegiag

>

>
+

>
°

W w
I ]
> p
+ °

wl ol

o(B+C)=AeB+AeC

O mivakag aAnBeiag eival £vag Trivakag o otroiog TrepIAauBAvEl OAEG TIG
OUVOTEG KOTOOTAOEIS TwY PETARANTWY PIOG AOYIKNAG ouvapTtnong. MNa va oxn-
MamioBei €vag TTivakag aAnBeiag, ypdgovtal o€ 0TAAEG OAEG 01 ETABANTEG Kal
OUUTTANPWvOVTal Je OAOUG TOUuG duvaToUg oUVOUACHOUG TwV PeTaBANTWY. Ka-
TOTTIV UTTAPXEI N OTAAN TNG AOYIKNG ouvapTNong A AoyIKNG TTPAENG.

IM.x. Na Bpebei o mrivakag aAnBeiag Tng ouvdptnong F =A + B.

H ouvdptnon F €xel 2 peTaBAnTég e106d0u A kai B, dpa éxel 22 = 4 duvaTolg
ouvOIOOUOUG AOYIKWV TIMWV Kal 0 TTivakag aAnBeiag ivau:

MeTtaBAnTEG 2uvdpTtnon
A B F=A+B
0 0 0
0 1 1
1 0 1
1 1 1
Mivakag 7.3.1.

Mtropei va ypa@ouv TTOAAEG ouvapTroElig oTov idlo TTrivaka aAnBeiag
wadi. O k&Twer Trivakag divel TIG cuvapTAoeic D = A e B, E = A + B Kai
H=AeB. ZxnuaTtifovTal TOoEG OTAAEG OOEG €ival Kal Ol PETARANTEG:

(1) (2) 3) 4) (1)e(2) () +(2) (3)e(4)
A B A B AeB A+B AeB
0 0 1 1 0 1 1
0 1 1 0 0 1 0
1 0 0 1 0 0 0
1 1 0 0 1 1 0
Mivakag 7.3.2.
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O1 apiBuoi ag TTapévOeon TTavw atrd Tov TTivaka, dSnAwvouv Tov aplBuo KaBe
OTNANG KaBwg Kal TIG TTPAEEIS TTOU TTPETTEN VA Yivouy, yia va BpeBouv o1 KaTa-
OTAOEIS TWV AoyIKWYV cuvapTrioewy. I.x. yia va eupebei o Trivakag aAnBeiag Tng
ouvdptnong E = A + B, TIpéTrel va TTpooTeBoUV Ol apiBuoi KABE YPOUUAS TwV
otnAwv (3) kai (2).

H péBodog Tou Tivaka aAnBeiag ptropei va atmodeitel Ta Bewprpata TG AA-
veBpag Boole 6tmwg €tTiong, ye Tov TTivaka aAnBeiag, Pmmopouue va uttoAoyi-
OOUE TIG TINEG KABE AOYIKAG ouvapTnOoNG. ZTNV TTPAEN, dnuIoupyouvTal OTHAEG
yla KGO pEAOG TNG €iowang Kail av ol OTAAEG AUTEG, yia KABE Tiur) Twv PETARAN-
TWV 1 yia KEBe duvaTr KATdoTaon, CUUTTITITOUV, QUTO OTTOBEIKVUEI OTI IOYXUEI N
e€iowan. To TTapakdaTw TTapadelyua avaAuel Tn diadikaaia.

Mapadsiyua 7.3.1

Na amodeixBei pe TTivaka aAnBeiag 1o Bewpnua Tou De Morgan:

AeB = A+B
AOon
Anuioupyeital Trivakag aAnBegiag o o1roiog TTepIAaUBAVEI OAEG TIG aTTapAi-
TNTEG OTAAEG yIa TN dnuioupyia Twy dU0 PEAWV TNG avwTEpw egicwang, on-
Aadr| Tic OTAAEC A, B, A, B,A+B, AeB, AeB.

(1) (2) @) | 4 | B+@) | (1)e(2) (1) (2)
A B A B A+B AeB AeB
0 0 1 1 1 0 1
0 1 1 0 1 0 1
1 0 0 1 1 0 1
1 1 0 0 0 1 0

Mivakag 7.3.3.

A6 Tov Trivaka 7.3.3. @aivetal 61 n 5" kai 77 oTAAN €ival akpiBwg ol
idieg, Gpa Tpdyuar 1oxUel To Bewpnua Tou De Morgan: Ae B = A + B. Me
TTOPOUOIO TPOTTO UTTOPOUV va atrodeixBouv Kal Ta BewpruaTa Tou TTOAAG-
TTAQCIaopoU, TNG TTPOCBECNG KAl TOU CUUTTANPWUATOS, OTTWG QAiVETAI OTOV
Tivaka 7.3.4.
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A| A|AeA | A+A| A0 [Ae1 | A+0 | A+1 | AeA | A+A

0|1 0 0 0 0 0 1 0 1

1|0 1 1 0 1 1 1 0 1
Mivakag 7.3.4.

7.3.4. AmrAotroinon AoyiIKwvV OUVapTAOEWV

Metd Tnv ammodeign Twy BewpnudTtwy TG dAyeBpag Boole, Bswpeital TTAEov
OTI auTtd IoXUOoUV KAl UTTOPOUV va XpnoIUoTToinBouv yia Tnv atmmodeign i atmlo-
1T0iNoN AGAAWYV BeWPNUATWYV 1) AOYIKWV EEICWTEWV.

M.x. Na atrAotroin®ei n mapdotacn H=Ae (K + B).

XpNOIYOTIOIWVTAG THV ETTINEPIOTIKN 1I810TNTA KAl TO BEWpPnUa Tou TTOAAATTAQ-
olaouou, Ba ivai:

H=AeAeB+AeB+AeB=0+AeB=AeB

MNa eraAnBeuon, ptTopei va ypagei o TTivakag aAnBeiag yia kdBe pENOG TNG

e€iowongc:

A B A A+B Ae(A+B) AeB

0 0 1 1 0 0

0 1 1 1 0 0

1 0 0 0 0 0

1 1 0 1 1 1
Mivakag 7.3.5.

lMapadsiyua 7.3.2
Na atrAotroinBei pe 1ig oxéoeig TG dAyeBpag Boole, n kaTwoOI TTAPA-
oTaon:
X=A+AeB+AeB.
Auon

XpNOIUOTTOIWVTOG TTPWTA TNV ETTIMEPIOTIKNA 1816TNTA, Ba ival:

X:A+K.(E+§).
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Metd, xpnoipotroiwvTtag Tnv mpocBeon (B + B = 1), Ba civai:
X=A+Ae(l)=A+A=1= [X=1
H peraBAnry X AauPdver tnv Aoyikn niun "1" mavrore, aveéaprnra
TwV TINWV Twv peraAntwy A kai B.

Mapadsiyua 7.3.3
Na atrAotroin®ei n TTapdotacn: E=AeBeC+ AeBe C+AeB
Auon

Epappdlovrag Ta Bewprpata Ba eivar: 3
E=A-B-(c+c)+A-B=A- B+AOB=BO(A+A)=B:

E=B
To atroTéAeopa autd anuaivel OT, OTToIEG TINEG AauBdvel n ueTaBAnTA B

TIG iB1EG €x€l Kal N PeTaBANTA E avegaptitwg Twv Tipwv Twv A kai C.

lMapadsiyua 7.3.4

Na atrAotroinBei n mapdortaon: G = (A ° 5)

Adon

E@appolovtag 1o Bswpnua De Morgan yia Tov TToAaTTAaciacuo Ba ei-
val:

G=(AeB)=A+(B)=A+B
lMapadsiyua 7.3.5
Na atrAoTroin®ei n ouvdapTtnon, epapuolovtag Ta Bewprpata De Morgan:
F= (K+AoB)o(K+B)
Adon
Oa 10X0oUV: F— AeA+AeBeA+AeB+AeBeB—
=A+0 +AeB+AeB—
F=A+Be(A+A)=A+B
H egiowaon autr deixvel 0TI N TIUA TNG ouvapTnong €§apTdTal Povo

atmo 10 3eUTEPO TTAPAYOVTA TOU YIVOUEVOU (K + B) Kal 6xI a1rd Tov
MPWTO.
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NEPIAHWYH 7.3

o OI AoyikéG CUVAPTAOEIG Eival CUVAPTATEIS AOYIKWY YETARANTWY KAl Aap-
Bavouv TIg AoyIkEG TIpEG "0" kan "1".

o O Baoikég Tpdageis Tng dAyeBpag Boole cival n Aoyik TpocBeon (H',
OR), o Aoyikog TToAAaTTAaaioopog (KAIL, AND) kai n Aoyiki avTioTpo@r i
oupTmAfpwua (OXI, NOT).

e O mivakag aAn@egiag piag AoyiKAG ouvapTnong cival évag TTivakag TTou
TTEPIEXEI OAEG TIG BUVATEG KATAOTACEIG MIOG AOYIKAG ouvapTnNoNnG.

o H amAotroinon Twv AoyIKWV CUVAPTACEWY TTPAYHOTOTIOIEITAI €iTE YE TNV
xpnoiyotroinon Twv BswpnpdTtwy TG aAyeppag Boole, eite kataokeuddo-
VTOG TOV TTivaka aAnBeiag Tng AoyIKNG ouvapTnong.

EPQTHZEIZ - AZKHZEIZ 7.3

7.3.1 Me v Bonbeia Twv mvakwv 7.3.5 Me v Bonbeia Twv TVAKWY

aAnBeiag, eTTaAnBevaTe 611 I0XU- aAnBeiog atodeiEte av ol TTapa-
OUV Ol OXEOEIG: KATW TTApaoTAOEIG Eival iOEG:
i)A°(B+C):A°B+A°C i)AoB+KoB+Zo§:K+B
i) (A+B)=AeB —_—
ii =

7.3.2 AmAoTTOINOTE TNV TTAPACTACN: ) (A CBHBO A) RO
F=(AeB+C)eA =AeB+AeB

7:3:3 Opoiwg: _ i) XeYeZ+XeZ+YeZ=
G=AeB+AeB+AeB

=X+Y+Z.

7.3.4 Ooiwg: AeB+AeB

7.4 MNoyikég MNMUAeg

Ta ynelokad KukAwpaTa atroteAouvTal amd Aoyikég TTUAEg, dnAadr) oTol-
XEIWON AoyIK& KUKAWPATA Ta OTTOia TTPAYUATOTTOIOUV TIG AOYIKEG TTPAEEIG TNG
aAyeBpag Boole, dnAadr) Tou TTOAAATTAGGIOCOUOU, TG TTPOCOEoNG, KAl TOU OU-
MTTANpWHaTog. O1 AoyIkEG TTUAEG €ival AOYIKG KUKAWUATA UE TTOAAEG €10000UG
aAAG e pia pévo £€odo.
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7.4.1 Aoyikn MNMOAn KAI (AND)

H mroAn KAI (AND) mrpayuatotrolei Tn Aoyikr TTpdaén Tou TToAAaTTACIacoU
0Uo 1 TTepIoadTEPWY PeTapAnTwy. OvopdoBnke KAI &10TI TTpéTTel Kai o1 dUo
METaBANTEG €10000U TNG AoyIKAG TTUANG va £xouv TNV TIUA 1, yia va €xel n €£0006
TiuA 1. OTtav n pia r kai o1 dUo petaBAnTEG el06dou eival 0, ToTE N £60d0¢ ival 0.

Av ol eicodol Tng AoyIKAG TTUANG gival dU0, UUBOAICOUEVEG UE T YPAUUaTa A
Kal B, kai n €€000¢ pe 10 ypauua Y, 10T N TTUAN AND cupBoAileTal Je Tn Aoyikn
ouvapTtnon:

Y=AeB 7.4.1

O Trivakag aAnBegiag Tng TTUANG AND &U0 €166dwv €ival o KATwo:

A B Y=AeB
0 0 0
0 1 0
1 0 0
1 1 1

Mivakag 7.4.1. Nivaka¢ aAnBeiag muAng AND duo ei066wv

Av ol eicodol gival Tpeig, A, B, C, kai n £€€000¢ Y, TOTE 0 TTivakag aAnBegiag Kai
n AoyIkr) ouvdpTnon Tng givai:

Y=AeBeC
0

RlRP|IRP|[RP|IO|lO|O|O| >
PR |lO|O|R|RPR|O|lOC|
R|O|lR|OIFR|O|FR|O| O
Rr|lO|lOjO|lO|O|O

Mivakag 7.4.2. [10An AND 1piwv ei06dwv
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To ouuBoAo NG TTUANG AND @aivetal oTo oxnua 7.4.1 (a) otav £xel 2 €100-
ooug kai a1o 7.4.1 (B) 61OV £XEI TTOANEG €10GDOUG.

A A
AND Y B AND Y
B z

(o) (B)

Zxnua 7.4.1 0uBoAa uiag muAng AND, (a) 6Uo eigédwyv (B) moAAwv eI06dwv

XpnoIyotrolwvTag AAyeBpPa dIOKOTITWY, OTO TTOPAKATW KUKAWUA TOU OXN)-
poTog 7.4.2., n AMdutra A Ba avdwel poévo otav o dIakdTTnG A kai o dIakéTTnG B
gival KAEIoTOI.

Zxnua 7.4.2 Ev oeipd KUkKAwua ue SI0KOTITES

H 1m0An AND pe dUo e106d0ug attoteAei epapuoyn Twyv d10dwv PN kai ytro-
pEi va TTpayuartoTroinBei xpnoIPoTToIwVTag U0 8IGdOUG Kal Hia avTioTaon OTTwg
@aiveral oto oxniua 7.4.3. Otav kai o1 dUo gicodor A kai B gival low (YelwpEVES),
16TE 01 Biodol dyouv Kai €TTEIBN N TITWON Taong oTig d10doug eivail 0,7 V, n €€o-
00¢ Y Bewpeitarl yeiwpévn (LOW). Av pia atrd Tig e106doug 11.X N A gival LOW,
TOTE QUTHA Ayel Kal ETTOPEVWG N £6000¢ gival Low ave¢apTnTa atrod To yeyovog OT
n B €ivai High kai emopévwg n avtiotoixn diodog dev Ayel.

Ortav kai o1 duo gicodol gival High (+5V), 101€ dev diyouv, dev UTTAPXEl PEUPT
oTnV avTioTaon, €MOUEVWG OUTE TITWaON TAoNg ¢° auThv Kai n £€0d0¢ Y eival
High (+5V). Mg Tov idio TpoTTo 0UVOEoNG TWV BI0dWV PTTOPOUE VA UAOTTOIN-
ooupe TTUAeG KAI TpIwov 1} TTEPICTOTEPWY €1I000WYV cuvdEovTag 3, 4,... DIGdoUG
avTioToIxQ.

H 110An AND uttdpyxel o€ oAoKANPWHPEVO KUKAWMG TTOU TTEPIEXEl 4 TTU-
Aeg AND, pe kwdikd apiBud 7408, Tto otroio Treplypdgetal o€ data-sheets

FENIKA HAEKTPONIKA 209




+5V

B
Zxnua 4.7.3 NMoAn AND 2 eic6dwv e 61660ug

eTaipelv 61w N National Semiconductor, Fairchild, Motorola k.A.11. kai T0-
paTiBeTal 0TO TTAPAPTNHA. To OAOKANPWUEVO £XEl 14 akpoOEKTES (1 AKPODEKTN
yeiwong (GND), 1 akpodéktn Tpogodoaiag (V ), 4x2 = 8 ei06doug, 4 x 1 =4
€€000UQ) (0X. 7.4.4.)

7408

1 2 3 4 5 6 7

A B, Y A B Y, GND

1 1 1 2 2

Zxnua 7.4.4 OAokAnpwuévo kKUkAwpua 7408

Mapadsiyua 7.4.1

Na utrohoyio6¢gi n €€0do¢g Y piag TTUAng AND otav n eicodog A = 011101
Kai n gicodog B = 101011.

Adon

KdaBe wneoio Tng €€600u uttoAoyileTal av TToAAaTTAacIacBouv Ta avTioTol-

X0 Wnoia Twv €1060WV KAl CUVETTWG Eival:
Y =AeB =001001.

Mapadsiyua 7.4.2

Na oxediaoBei To KUKAwpa TTou TTpayPaToTToIEl TNV AOYIKA ouvapTnon:
G =AeBeCeD xpnoiyomoiwvtag TTUAeG AND dU0o 1000wV
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Adon
H avwTtépw ouvaptnon atroteAeital amo 4 106d0uUG Kal, yia va oxedia-
00B¢i pe TTUAEG 2 €1000wv, Ba xpnaiyoTtroinBouv 3 TTUAeg AND 81611 n cuvap-
TNON YPAYETAl WG EEAG:
G:(A-B)O(COD) =EeF

H 1n 10AN AND trpayuatotroigi Tnv ouvéptnon E = AeB.

H 2" r0An AND Trpaypatotroiei Tnv ouvdptnon F= CeD  kai
H 3" mUAn AND Trpaypatotrolei Tnv ouvdptnon G = EeF.

H oxediaon @aivetal gTo TTapakaTw oxnua 7.4.5.

E
AND
B
G
AND
C
F
AND
D

Zxnua 7.4.5 KikAwpua mapadeiyuarog

7.4.2. AOI'lKH NMYAH OR (H")

H 10An OR (H") mpayuatotrolei TNV Aoyikr TTpocBeon Kal ekpadeTal atmo
TNV AoyIKr} cuvdapTtnon:
Y=A+B 742
Ovopadletal TTUAN OR (H") yiaTti n €¢odog Y ivar "1" ( High), étav n Eioo-
00o¢ A givar "1" (High) H™ n eicodog B civai "1" (High). O tivakag aAnBeiag Tng
TTUANG OR diveTal TTapakdaTw:

A B Y
0 0 0
0 1 1
1 0 1
1 1 1

Mivakag 7.4.3. lNivaka¢ aAnBeiag muAng OR
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To oUpPoAo (+) ival xapakTnpioTIKO TNG TTUANG OR oTnv dAyeppa Boole.
210 oxNpa 7.4.6.(a) @aivetal TUAN OR 2 €1060wv, evw oTto oxAua 7.4.6 (B)
TTUAN 3 €106dwV:

A A
OR Y =A+B B OR Y =A+B+C
B C

(a) (B)

Zxnua 7.4.6 ZupBoAiouds muAng OR (a) duo eig6dwy, (B) Tpiwv EI060wWV

H MUAn OR 1coduvapei, otnv dAyeppa SIOKOTITWY, PE DIAKOTITEG £V TTAPOAA-
AAw 61T0U GTO KUKAWHa N £€000¢ eival High, dnAadr avdpel To L.E.D. edv évag
I TTEPICOOTEPOI DIAKOTITEG €ival KAEIOTOI (ZxAua 7.4.7).

Zxnua 7.4.7 Aiakorrreg ev mapaniw

Mapadeiyua 7.4.4

Na utroAoyio8¢ei n £€€000¢ piag TTUANG OR dUo €106dwv, 6Tav
A=0110010 kar B =0011010.

Abon
H €€0d0o¢ Y Tng TTUANg OR civai:
Y =0111010

Ta avTioToixa Xpovika diaypdupaTa Twy YETARANTWY €10080uU Kal €6O0U
paivovTal oTo oxnua 7.4.8.
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0110010 A

OR 0111010
0011010 B

Zxnua 7.4.8 Xpovika diaypaduuara peraBAnTwv

lMapadsiyua 7.4.5
Na TrpayuatotroinBei pe TTUAEG n cuvdpTnon
Y=(A+B)eC
Adon
H Aoyikr] ouvapTnon atroTeAcital atrd 3 PeTABANTEG O1 OTTOIEG TUVOEOVTAI
ME 2 AoyiKEG TTPAEelS. MNpayuaTtoTToioUhe TTPWTa TNV AOYIKA TTpoc0son -
TagU Twv PeTABANTWY A Kail B pe pia TUAN OR:

G=A+B

Katotmmv mTpayuaTtotrolioUue Tov Aoyikd TTOAAATTAQCIAOHO PETAEU TwV
peTaBAnTwy G kai C, ye pia TTUAn AND:

Y=GeC
H oxediaon Tou KUKAWUATOG gaiveTal oTo oxrpa 7.4.9.

A

OR G=A+B

B

AND Y- GeC

Zxnua 7.4.9 KukAwpa mapadeiyuarog

H 11UAn OR ptropei va kataokeuaoBei pe di6doug, OTTwg Kai n TTUAn AND,
OuVvOEDENEVES OTTWG OTO OXa 7.4.10, 6TTOU N AVTIOTOON TOU KUKAWUATOG OUV-
OéeTanl PeTagu TnG €€60ou Y kal NG yAS (pull down resistor). Eival eUkoAo va
dlammoTwOei N AeItoupyia TNG TTUANG, OTToU N £€000¢ eival High €dv pia ato TIg
€10600UG R Kkal o1 duo eival High.
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Y A Y Y A Y
B B
B o]
B c

(a) (B)

Zxnua 7.4.10 NuAn OR e d1660ug (a) 2 gioodol, (B) 3 eioodor

H UAn OR kataokeualetal UTTO Hop@r] 0AoKANpwuévVou KukAwuatog (IC),
Tou 7432, 10 oTroio TrepiExel 4 OR TTUAeG 2 €100dwv. (Quad -2 input OR Gates)
Kal gaivetal oTo oxnpa 7.4.11.

V.. B ALY B ALY

cc 4 4 4 3 3 3

14 13 12 11 10 9 8

7432

1 2 3 4 5 6 7
A, B, Y, A, B, Y, GND

1 1 2 2

Zxnua 7.4.11
OAokAnpwévo KUKAwpa 7432

Mapadsiyua 7.4.6
Na oxediaoBei KUKAwpa TTou va UAOTTOIET TNV ouvapTnOoN:
Y=A+B+C

ME TTUAEG 2 €1000WV.

Abon

H ouvaptnon ypdgetar: Y =A+B+C=(A+B)+C=X+C

2UVETTWG N Aoyikr cuvdaptnon Y uAotroigital pe 2 TTUAeg OR 2 €1000wv.
H 1rpwTtn uAotroiei Tnv ouvdptnon X = A + B kai n deUtepn TNV ouvapTnon
Y = X + C 6mwg @aiveral oto oxniua 7.4.12.
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OR X=A+B

OR Y=X+C

Zxnua 7.4.12 >xediaon Aoyikng cuvaprnonc Y =A+ B+ C

H trapatrdvw Aoyikr) ouvaptnon eival TUAn OR Tpiwv eI06dwv.
H evoupudtwaon Tou Mo TTavw KUKAWPOTOG, XpnaiyotroiwvTag 1o O.K.
7432, gpaivetal 010 OXNHa 7.4.13. PE TIG ATTAPAITNTEG CUVOETEIG.

+5V
4 13 12 11 10 9 8
7432
1 2 3 4 5 6 7
A
B Y
C
Zxnua 7.4.13

lMapadeiyua 7.4.7

Na oxediaabei n Aoyikr) guvapTnan Tou TrapadeiypaTog 7.4.5 ue d0elTEPO
TPOTTO, XpnoipoTrolwvTag TTUAeg AND kai OR.

Adon
XPNOIYOTIOIWVTAG TNV ETTIMEPICTIKN IBIOTNTA B €XOUE:
Y=(A+B)eC=AeC+BeC

To deUTEPO PHENOG TNG AOYIKNG OUVAPTNONG OXEOIACETAI XPNOIUOTIOIWVTAG
1 11UAN OR ka1 2 TUAeg AND, 61Twg gaivetal o1o oxnua 7.4.14.
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A AND  AC

OR Y=A-C+B:-C

AND BC
Zxnua 7.4.14 KikAwua mapadeiyuarog
KaTaokeuaaTiKG TO KUKAwPO Tou oXAuaTog 7.4.9. ival attTAouaTepo BIOTI
xpnoigotroiei 1 TTUAN OR kai 1 TUAN AND, dnAadn pia TTUAN Aryétepn atrd

auTé Tou oxAuartog 7.4.14.
H evoupudtwon sivar n akéAoudn:

VCC VCC
+5V
14 13 12 11 10 9 8 14 13 12 11 10 9 8
7408 7432
1 2 3 4 5 6 7 1 2 3 4 5 6 7
A
c Y
B

Zxnua 7.4.15 Karaokeun KUKAwparog mapadeiyuarog

7.4.5 AOI'IKH NMYAH NOT (OXIl)

H Aoyikr) TTUAN NOT (OXI) TTpayuaTtoTTolei TNV OPWVUPN TTPAEN TTou £XEI Ao-
YIKr} ouvdpTnon

Y=A 7.4.3.

Kal dnAwvel 0TI N €£000¢ €ival avTiBeTn 1} CUPTTARPWHA TNG £l06dou. O TTiva-
Kag aAnBeiag gival o ak6Aoubog:

VAN EISAFQrH STA WHOIAKA HAEKTPONIKA




A Y=A
0 1
1 0

Mivakag 7.4.4. lNivakag aAnBeiagc NOT

AnAadn étav n gicodog eival Aoyikd 1 (HIGH) n €éodog eivail Aoyikd 0 (LOW)
Kail étav n €icodog gival Aoyikd 0 (LOW) n £€odog eivar Aoyiké 1 (High). H TTUAn
NOT kaAeital kal avaoTpo@éag (inverter).

H Aoyikr Trpagn OXI cupBoAideTal e Eva Tpiywvo TToU TNV KOPU@PF) TOU EXEI
éva PIKPO KUKAO OTTWG 01O oXAua 7.4.16.

1l
>

A Nnor Y

2xnua 7.4.16 >uuBoAiouds muoAng NOT

H 1mOAn NOT (OXIl), avTiBeta pe TIg GAAAEG AOYIKEG TTUAEG, £XEI UOVO pia
gicodo ka1 pia £§0do.

Av ouvdEéooupE ev OEIpG 2 avaoTPOYEiG, TOTE N ££0d0¢ Ba ival n idia Ye TNV
€icodo, 6TTWwG Qaivetal aTo oxAua 7.4.17. H Aoyikr} ouvdaptnon Tng €£6dou Ba
eivai;

ol

Y=G+A=A 7.4.4

>
®
1
|
<
1
9]
1l
>

NOT NOT

Zxnua 7.4.17 AirrAn avaotpogn

H 110An NOT kartaokeudletal UTTO Pop®r] OAOKANPWHEVOU KUKAWMNATOG
(O.K.), T0 otroio TrepiExel 6 TTUAeG NOT (Invertres). 'Exel TNV KwdIKr) ovopaacia
5404 1) 74 04 avaloya Tnv Bepuokpacia pe 14 akpodEKTES (- pins) : 6 gicodol,
6 £godol, 1 Tpogodoaia (V = +5 V) kai 1 yeiwon (Gnd). To O.K. 7404 @aive-

Tl OXNUATIKG SIdypappa aTo oxnpa 7.4.18 (a) Kal Og TIPAyUATIKr) HOP®A OTO
oxnua 7.4.18 (B).
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7404

A, B, A, Y, A Y, GND
() B)

Zxnpa 7.4.18 OAokAnpwuévo KUkAwua avacTpogéwyv (7404).
(a). Aidypappa, (B) Mpaypatiké O.K.

XpnoipotrolwvTag Tig AoyikéEG TTUAeG OR, AND, NOT, eival duvartdv va uAo-
TT0INBEl OTTOIAdATIOTE AOYIK CUVAPTNON KAl OKOAOUBWG VO KOTAOKEUAOOEi TO
avAAOYOo AOYIKO KUKAWUA, OKOAOUBWVTAG TOUG KATWO! KAVOVEG:

i) Mpwrta dnuioupyoUlE TO CUPTTANPWHATH TWV HETABANTWY XPNOI-

potrolwvTag TTUAEg NOT

ii) Merd uhotroioUpe Toug AoyikoUg TTOAAATTAOCIOCHOUG HE TTUAEG

AND.
iii) AkoAoUBwg uloTtroloUpe TIG AoyIkéG TTpooBéaeig pe TTUAeg OR.

lMapadsiyua 7.4.8

Na oxedlao8ei N Aoyikr) GUVAPTNGN: Y = A« B+ C » D XPNOILOTIOIDVTAC

ouvduaopoug atro TUAeg AND, NOT, OR.
Adon

H AoyikA ouvaptnon Y TTpokUTITEN aTTd AoyIKA TTPO0BEDN 2 TTapayovIwy,
Ol oTToi0I TTPOEPYOVTAl OTTO AOYIKOUG TTOAAATTAOCIOCHOUG TwV PETARANTWYV
€1I0600U TNG OUVAPTNONG Kal dia HETABANTA gival aveoTpauévn.

ZUVETTWG N Aoyikn ouvdpTtnon uAotroleital pe 2 TUAeg AND, pia TTUAn
OR kai pia T0AN NOT, 6TTwg 010 oXAua 7.4.19.

VAR EISAFQrH STA WHOIAKA HAEKTPONIKA




AnD  A°B

B
Y=A+*B+Ce*D
NOT OR
c

c C*D

AND
D

Zxnua 7.4.19 >xediaon Aoyikng cuvaprnonc Y =A+ B+ C

Mapadsiyua 7.4.9

Aiveral n Aoyik ouvaptnon: F = AeBeC+AeC D

Na oxedlacBei To KUKAwA TTou TNV UAOTTOIET, XPNOIKOTIOIVTAG AOYIKES
TUAeg AND, NOT, OR.

AUon
AvaAuovTag TnVv Aoyikr) auvaptnon F, Taparnpoupue oT yia va oxedIaodei
TO KUKAWQ:
i) AtraitoUvtal 3 avaoTPOPEIG yIA TO CUPTTIANPWUATA TWV PETARANTWV
B, A, C.
i) Atraitouvtal 2 Aoyikég TTUAEG AND 3 €100dwv yia Ta yIvopeva
AeBeC kai AeCeD
i) Xpeiacetal 1 TOAN OR yia Tnv AoyikA TTpdoBeon (+) Twv dUO TTapa-
YOVTWV.
AkoAouBwvTag Ta 3 avwTépw BrNOTa, TTPOKUTITEI TO KUKAWWO TOU OXNA-
paTog 7.4.20.

NOT
A A _
5 anp AtBeC
B
NOT
c _ _
F=A+BeC+A+CeD
OR
AND 3
NOT AeCeD
D

Zxnua 7.4.20 \oyiké KUKAwpa Tou rapadeiyuarog 7.4.9.
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7.4.4. Noyikiy MoAn NAND (NOT AND)

2TIG TTponyoupeveg Trapaypdaoug emeénynoaue Tig TTUAeg AND, OR, NOT
TToU €ival ol BacIkEG TTUAEG TTou dnuioupyouv 6Aa Ta WN@Iaka KukAwpaTta. Mia
TETAPTN XPNOIKN TTUAN €ival n TUAN NAND n oTtroia €ival TO GUPTTARpWUA TNG
AoyIKNAG TTUANG AND.

AuTth dnuioupyeital edv ouvdiéooupe o€ ogipd pia TTUAN AND kai pia TTUAN
NOT kai gupBoAietal 61TTwg n TTUAN AND pe éva KUKAO OTO GKPO TG TToU On-
AWVEI TNV Gpvnon.

AND NAND

Zxnua 7.4.21 ZupBoAiouds muAng NAND

O mivakag aAnBeiag Tng Aoyikng TUANG NAND ¢@aivetal oTov Trivaka
7.4.4. ka1 n AOyIKr) ouvapTnon givai:

Y=A°'B 7.4.5
A B Y
0 0 1
0 1 1
1 0 1
1 1 0

lMivakag 7.4.4. lNivakag aAnBeiag muAng NAND

H 110ANn NAND ¢ival TTOAU €UxpnoTn Kal JTTOPOUKE VO KOTAOKEUACOUE TIG
TUAeG AND, OR, NOT xpnoiuyotroiwvTtag povo TuAeg NAND. lMNa tov Adyo autod
n TTUAN NAND Aéyetal TTUAN YeEVIKAG XPARONG 1 TTAYKOG IO TTUAN.

>1a TTapakdTw oxnuata 7.4.22. (a), (B), (y) divovtal ol avTIGTOIXIEG TWV TTU-
Awv NOT, AND, OR pe ouvdiaopoug TTuAwv NAND.

YA EISAFQMH STA WHOIAKA HAEKTPONIKA




Y:K A
NAND
NAND
(a) A*B=A+B
A NAND
NanDp A°B Vo iTE _
NAND B NAND

(B) (v)

Zxnua 7.4.22 YAorroinon Aoyikwv mmuAwv uévo ue NAND

Katd Tov avTtioTpo@o TpOTTo, UTTopei va uAotroindei n AoyikA TTUAN NAND pe
d1a@popoug ouvduaapoug Twv TTUAWY AND, OR, NOT.

Kartaokeur] TUANC NAND a1ré muAsc NOT kai OR.

H Aoyikr) ouvdptnon tng TTUANG NAND ptropei va avaAuBei pe Tov akdAouBo
TPOTTO, av Xpnoiyotroindei o vopog Tou De Morgan:

Y=A*B=A+B

Emropévwg n Aoyikr TTUAN NAND pTtropei va KOTaoKeuaoBei xpnaoIpoTTolw-
vtag 2 TOAeg NOT kai pia TUAn OR, 6TTwg @aiveTtal ato oxAua 7.4.23.

A A
NOT

wl

NOT

Zxnua 7.4.23 YAorroinan Aoyikwv mmuAwv uévo ue NAND

7.4.5 H Aoyikn TUANn NOR (NOT OR)

H AoyikA TUAN NOR eival ouvduaouog tng TUANG OR kai Tng TTUANG NOT.
To oupBoAo NG gival To idI0 pe auTd TNG TTUANG OR aAAd TTpooTiBeTal évag pi-
KPOG KUKAOG TToU dnAwvel TV apvnon. To cUPPBOAO TNG Kal n AoyikA ouvapTnon
paivovTal 0To OXNMa:

FENIKA HAEKTPONIKA Ml




7400

1 2 3 4 5 6 7

GND
Zxnua 7.4.25 To oAokAnpwyévo 7400 (NAND)

NOT OR
B B NOT

Zxnua 7.4.24 Noyikn muAn NOR (a) 20uBoAo, (B) Noyikn auvaprnon

O Trivakag aAnBegiag Tng TUANG NOR eival 0 akOAouBog (ZnUEIwWVETAI Kal N
TTUAN OR yia cUykpion):

A B OR NOR

0 0 0 1

0 1 1 0

1 0 1 0

1 1 1 0
Mivakag 7.4.5

H £€od0¢ Tng Aoyikiig TTUANG NOR egival HIGH pévo étav 6Aeg ol gioo-
do1 Tng givar LOW.

H 11UAn NOR pTropei va rapactaBei povo pe TTuAeg NAND wg akoAoUBwg:

H uAotroinon auth TrpokUTTTEl he Bdon Tnv dAyeBpa Boole, av xpnaoipotrol-
riooupe 10 Bewpnua Tou De Morgan:

Y=A+B=AeB

YYYR EISAFQMH STA WHOIAKA HAEKTPONIKA




>

NAND

NAND G-ATE

03]

NAND

7402

Y, A, B Y, A B, GND

1 1 1 1 2

Zxnua 7.4.27 OAokAnpwuévo kUkAwua 7402(NOR)

ATTO TN ox€on auTth TTPOKUTITEl OTI B XPNOIUOTIOINCOUNE 4 AOYIKEG TTUAEG
NAND, 1701 5U0 Pe BPaXUKUKAWMEVEG €1I0000UG VIO TO GUUTTANPWUOTA TWV El-
o6dwv A kai B, pia yia Tnv cuvdptnon G = A + B kai pia yia To GUPTIARpwUa
g G.

H mOAn NOR kataokeuddetal uttd Jop@r] OAOKANPWHEVOU KUKAWUOTOG JE
14 okpodékTeg. Eival 1o O.K. 7402 kai éxel 4 TUAeg NOR, OTTWG paiveTal oTo
oxnua 7.4.27.

NEPIAHWYH 7.4

e H mmUAn AND (KAI) dUo g1060wv gival HIGH (Aoyikd 1) 161€ Ko pévo 161E
orav KAl o1 8Uo gicodol Tng ival HIGH (Aoyiko 1).

® H 1wUAn OR (H’) o €106dwyv civalr HIGH (Aoyikd 1) 6tav n pia eicodog H”
n GAAn gicodog H” kai o1 dUo padi eivar HIGH.

@ H mwUAn NOT (OXI) divel £€000 TO CUPTTAAPWHA TNG £1I0050U.
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e H mUAn NAND civai To cuptmAfpwpa TG TTUANG AND Kai o Trivakag aAn-
Beiag eival avtioTpo@og autou TnG TTUANG AND.

® H 1moAn NOR c¢ival To cupttAfipwpua 1NG TTUANG OR Kai o Trivakag aAnBeiog
€ival 0 avTioTpoYog.

® KdaBe Aoyikr TTUAN ptropei va uhotroinBei povo pe mUAeg NAND. ‘ETol n
TTOAN auTh KOAEiTal TTUAN YEVIKAG XPAONG.

FENIKEZ AZKHZEIZ EMANAAHWYHZ 7

7.51

7.5.2.

8

754

7.5.5.

7.5.6

224

Na oxediacbei Eva Aoyiko KUKAwa
TO OTToi0 Va divel WG £€000 AoyIkO
"1", Otav OTTOIECONTIOTE AT TIG
TPEIG €10000UG TOU KUKAWMATOG
£XOUV TIur AoyIko "1".

XpnolpotroiwvTag Ta  Bewpruara
NG AAyeBpag Boole, va atrAotroin-
Bouv o1 TTI0 KATW CUVAPTHOEIG:

i. H=(A+AB)e(A+B)
i. F=AeB+CeA+BeC

ii. J=AeB+AeB

Na oxediaoBei Aoyikd KUKAwUa TO
otroio va divel €080 povo otav Ei-
val HIGH pia ] duo gicodor atré Tig
TEOOEPEIG.

>xed180TE AOYIKO KUKAWUA TTOU VO
TTAPIOTAVEI TNV CUVAPTNON:
F=AeBeC+AeB

Na atrodeixBei o1l 1oxUel n TTapa-
KATW OXEON, XPNOIUOTIOIWVTAG TOV
Trivoka aAnBeiag:

(X +Y)® (X +Y) =X

Aivetal 0 kaTwOI Trivakag aAnBeiag
Miag Aoyikig ouvdptnong F.

EIZAFQrH >TA WHPIAKA HAEKTPONIKA

75.7

7.5.8

7158

Fr P O O O (O X
P O O + r O |o <
P O Fr O Frr O P O |N
P O O kP O LB O |Oo T

Na ypagtei n Aoyikry ouvdptnon,
XPNOIUOTTOIWVTAG TIG AOYIKEG META-
BAnTég XY, Z.

>e ynoioko O.K., og kdtrola €ic0d0
peTpdpue t@don 2,5 V. H 1d0on autn
eivar Aoyiko "1" kai yioi;

Na ypa@tei n ékppacn Boole piag
TTUANG OR 5 €1068wv.
KataokeudoTe 10 AOyIKO KUKAwUO
yld TNV TTPAyUaTOTIOINON TNG OU-
vapTtnong

G=A+BeC

xpnoipotroiwviag TTUAeg NAND.
AwoTte 10 AoyikO Sidypauua Tou



KUKAWMOTOG 0AG KOl CUUTTANPW-
OTE TOV MO0 KATW TTivoKa aAnBei-
ag.

[k [k [P |O |0 |lO|lOC >

P | |O|O|F | |O|lO |
P (O |k O O |k | O

7.5.10

7.5.11

7.512

7.5.13

7.5.14

O wm>

> 0|

Av €xete 4 mUAeg AND U0 €106-
dwyv, oxedlidoTe pia TTUAN AND 5
EI060WV.

Moo Aoyikry TTUAN pTTOpPEl va
ovopooBei “pepikd i 6Aa”;

H 1Aeupd Tng €€6dou OTO KU-
KAwpa Tng TUANG AND eivai
(euBeia, KukAI-
Kr), TRiywvo, JUTEPN)

Na ypa@Tei av Ta KATwOI oAoKAN-

PWHEVA KUKAWMOTA Sla®EPOUV
KOl TTWG, WG TTPOG TIG AOYIKEG
OUVOPTAOEIG OTOUG QAKPOOEKTEG
TOUG: 7400, 7408, 7432 ka1 7404.
[pdwTe KalI aTmAOTIOINOTE TNV

>|

F

7.5.15

7.5.16

7.517

7.5.18

7.5.19

aAyeBpIkr) ékppaan Boole yia 1o
Aoyiké didypauua Tou oY.

Na oxediacBouv Ta Aoyikd dia-
YPAUMOTO TWV TTAPACTACEWV
XWPIg va yivel ammAotroinon au-
TWV:

i) (AeB+CeD)e(A®B+D)
iy AeB+C)®(AeBeC)

>xed1doTe Aoyika diaypdppaTa
yia TNV UAOTToinoN Twv AOYIKWV
TTOPOCTACEWY, XPNOIMOTIOIWVTAG
povo TTuAeg NAND.

i) F=AeBe(C

i) G=A+B+C

>xedIdoTE Aoyl diaypdupaTa
yia TNV UAOTTOINON TWV TTAPOKA-
TW AOYIKWV TTOPOOTACEWY, XPN-
OIJOTTOIWVTAG HOVO TTUAEG NOR:
i) F=A+B+C

i) F=(A+B)®(C+D)
(YTédeign: MNapte 2 @opég TO
OUUTTApwHa TG  TapdoTa-
ong.)

Bpeite TNV oAyEBPIKA €kPpaan

Boole Tou Trapakdtw Siaypaupo-
TOG:

Me Tnv BorBegia Twv atrapaiTnTwy
TTUAWV OXedIGOTE KUKAwWA TTOU
va UAOTTOIEI TNV oUVAPTNON:

FENIKA HAEKTPONIKA
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G=XeYeZ+XeYeoZ+ 7.4.21 Na kaTaokeuaoBei uovo pe o-
XeYeZ Aeg NAND n Aoyikr) ouvaptn-

7.4.20 Na ammodeixBei n oxéon: on _
A+AeB=A+B F=XeY+XeY

YL EISAFQMH STA WHOIAKA HAEKTPONIKA




Zro TéAOC
auTtou Tou KEpaAaiou

o pabnrng Ba mpérel va:

Exel karavonoel Tig O1aTdéeIS O OTTOIES
ovoudalovral TEAEOTIKOI EVIOXUTES

Kail TNV apxn Asiroupyiag roug

Mvwpicler 1I¢ apxéS AsiToupyiag kai T xpHRon evog
TEAEDTIKOU EVIOXUTH

® Aiakpivel Ta Opia TouU I0AVIKOU TEAEOTIKOU EVIGXUTH aTTO TOV

TTPAYUATIKO TEAECTIKO EVIOXUTH
Eivail o€ 6éon va amo@acilel TOTE XPNOIUOTTOIE TNV TTPOCEYYITN
TOU 10aVIKOU TEAEOTIKOU EVIOXUTH

® AiaBalel Kai va KaTavoei Ta TEXVIKG QUAAGOIa TwV KATAQOKEUAOTWY
® [vwpilel TIC BACIKES apxES avaTpoPodOTNONS aTa BATIKA

KUKAWUOTA LIE TEAEOTIKO EVIOXUTN

® AIaKpivel T AIToupyia ToU avaoTPEPOVTOS ATTO QUTH TOU Un

avaaTPEPOVTOS TEAEOTIKOU EVIOXUTH
Eivai o€ 6éon va oxedIGlel ammAG KUKAWUATA UE avaaTpéPovra

Kal N avaocTpéQovra EVIoXUTH




8.1 XapaktnpioTikd Tou TeAeoTIKOU EVioXUTR
8.1.1 levika TrePi EVIOXUTWV

O 18aVIKOG TEAEDTIKOG EVIOXUTAG €ival KOT apxnVv évag evioXutng. Auto on-
Maiver T, yia va yivel katavonTh n AsITtoupyia Tou Ba TTPETTEl TTIPWTA VA EXOUV
KaTavonBei Ta Bacikd XapaKTNEIOTIKA Kal Ol ApXEG AEITOUPYIOG TWV EVIOXUTWV.
‘ETO1 EEKIVANE PE PIO CUVOTITIKA TTOPOUCIiAcH auTWV, £€0TW KAl YIa OTTAR UTTEV-
Bupion.

O evioxuTig (amplifier) €ival pia a11é TIG ONUAVTIKOTEPES BaBUIOES 1 DOMIKA
OTOIXEIO TTOU XPNOIKOTTOIOUVTAl OTA AVOAOYIKA NAEKTPOVIKA. TNV atTAOUCTEPN
Hop@r €xel 0TnV €i0000 BUO AKPOBEKTEG, OTA AKPO TWV OTTOIWV EQAPPAZETAI N
Téon (onua) eic6dou. ‘Exel, emiong, atnv £€£000 dU0 aKPOOEKTES, OTA AKPA TWV
otroiwv AapBaveral n téon (onua) e€600u.

2TIG TTEPICOOTEPEG TTEPITITWOEIG, O EVIOXUTHG QVTIUETWTTICETAI oAV éva Jal-
po kourTi (black box), To oTT0i0 TTEPIYPAPETAI ATTO £VA TTEPIOPITUEVO GUVOAO TTO-
pauétpwy. Mia atré auTég eival n €apTnon Tou orPaTog £€600U aTTd TO ORUa
€1I0600U. 2TnV aTTAOUCTEPN TTEPITTTWON BeWpPOUUE OTI N OXECON METAEU TOUG gival
YPOAUUIKA, dNAadr OTI TO orpa €€600U gival avAAOyo TOU OrHATOS EI00S0U.

Mia GAAN QVTIPETWTTION TWV EVIOXUTWYV BacieTal OTov TPOTIO ATTOKPIONG
TOUG O€ OAPATA TO OTTOIA AVTIOTOIXOUV O€ OUVEXEIG | EVOANAOCOOUEVES TAOEIG.
OvTwg, KATTOIO! EVIOYXUTEG OTTOKPIVOVTAI E BIAPOPETIKO TPAOTTO OTAV OTNV €i00-
00 TOUG EPAPMPOOTEI MO OUVEXNG i MO evOAAaooOuevn TAon. Kdrrolol GAAol
EVIOXUTEG OTTOKPIVOVTOI DIAPOPETIKA O€ SIAPOPETIKEG OUXVOTNTES TNG EVOAAAOC-
oduEVNG TAONG N OTTOI EPAPPOZETAI OTNV €I00DO TOUG.

ATIO TO OUVOANO TWV TTAPAUETPWY EVOG EVIOXUT, IOIQITEPO EVOIAQPEPOV TTO-
pouaiddel n atroAafr) Téong A peUPATOG, N OUVOETN avTioTaon €iI66dou, N oUV-
Betn avrioTaon €€6dou Kai n atrdKPIoN CUXVOTNTAG.

H amroAaBn ) kéEpdog Tdong (voltage gain) opieTal wg 1o TTNAIKO TNG ToNg
€§000U U, TTPOG TNV TAON €I06d0U U, RTOI
u0

A =0
Ui

v 8.1.1

H 1don €106d0u ptropei va gival atmAn f diagopikn. O1 Toelg £56d0u U, Kal
10600V U, QVOPEPOVTAI HOVO OTA AVTIOTOIXA OrATA EI00B0U Kal £56B0U Kall dev
TTEPIAQPBAVOUV TUXOV TTOAMWTEIC A TACEIG avTIOTABUIONG.

YA TEAESTIKOI ENISXYTES




EkTOG ammod Tnv atroAafn) Taong uttapxel Kail n atroAafn f kéEpdog peupa-
TOG (current gain) kaBwg kai n amoAafn A kEPSOGg 10XU0G (power gain) ol
OTT0iEG OpidovTal avTIoTOIXA.

H ol0vBeTn avrioTtaon €106dou (input impedance), | amAwg avTioTaon ei-
oodovu, gival N avTioTaon TNV oTToia TTaPouUaIddel oTnv €icod0 TOU O EVIOXUTNG.
H ouvBeTn avTtioTaon 10000U CUUTTEPIPEPETAI WG AVTIOTOON YOPTOU CE OTTOIA-
ontote TNy onuartog cuvdebei oTnv €i00d0 Tou evIOXUTA Kal €TTNPEACEl TN
METa@OPA CNPATOG ATTd TNV TINYr QUTH OTOV EVIOXUTH.

H ouvletn avriotaon £§6dou (output impedance), 1 amAWg avtioTaon
€€0d0U, gival n avTioTaon TNV oTToia ekdnAwvel aTnv £€000 TOU 0 EVIOXUTAG 6Tav
OUVOEETaI PE JIa avTIoTaON QOPTOU 1) ETTOPEVN BaBpida. H acuvBetn avrioTaon
€€000U €TTNPEACEI TN dUVATOTNTA BIOXETEUONG PEUMATOG OTO KUKAWMA £E0B0U.

H amokpion ocuxvorntag (frequency response) Tepiypd@el TNV aTToAaBn)
TAONG TOU EVIOXUTA GUVAPTACEI TNG OUXVOTNTAG TOU OAUATOG EI0GO0U.

Mépa atTd QUTEG TIG TECOEPIG BACIKEG TTOPAUETPOUG UTTAPYXOUV Kal TTOAAEG
GAAEG, o1 OTTOIEG aTTaITOUVTAI OTAV BEAOUME VO TTPOdIaYPAPE TTANPWGS £VAG EVI-
oxutng. EmimmAéov, Trépa atmd auTtd Tov atrAd EVIOKUTH UTTAPXOUV Kal EVIOXUTEG
ME TTEPICOOTEPEG EI00DOUG, OTTOU TO Orua £€0d0uU gival avaAoyo Tou aBpoioua-
TOG | TNG SIOPOPAG TWV CNUATWY TWV EI00OWV, 1 KAI EVIOXUTEG E TTEPICOOTE-
PEG aTTO pIa £E6O0UG.

AvTigeTwTTIOVTAG TOV EVIOXUTH WG £va JaUpo KOUTI, JE TIG TTapaTtravw Ba-
OIKEG TTOPAUETPOUG Kal AEITOUpYieg Kal AauBAavovTag uttdoywn Tnv apxr Tng ava-
TPOPOBOTNONG, €ival dUVATH HIA TTPWTN KATAVONGN KOl GUVOTITIKA JEAETN TOU
TEAEDTIKOU EVIOXUTH, OTTWG OKOAOUDEI.

) 2 7 .
Eiocodog O¢TIKN TdoN
Tpo®odoaiag

. 3 6
Eiocodog ‘E€0d0g

4
ApvnTikA 140N
TpoYodoaiag

Zxnua 8.1.1 KukAwuartikd oUuBoAo TEAETTIKOU evioxuTh,
TOTT0BETNUEVO OTO KEAUQOG (package) autoU
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8.1.2 TeAeoTik6g Evioyutng (TE)

‘Evag onuavTikog apiBuog eVIOXUTIKWY KUKAWMPGTWY BaagifovTial o pIa
aTTo TIG PACIKOTEPEG HOVADEG TWV OUYXPOVWYV NAEKTPOVIKWY. H povada auth
ovopddletal TeEAEOTIKOG €vIOXUTAG (operational amplifier ), cuvtoueupéva,
op-amp). To «TeAEOTIKOG» (operational) TTnydadel amd 10 yeyovog 0TI auTdg
0 EVIOXUTNG, OPXIKG XPNOIYOTTOIOUVTOV OTOUG avOAOYIKOUG UTTOAOYIOTEG YIa
va EKTEAEI HaBNUATIKEG TTPALEIG, OTTWG TTPOCOEaN, apaipean, oAoKANpwan,
TTapaywyion, K.d.

O TEAEOTIKOG EVIOXUTAG €xEl OUO €10060U¢ Kal uia é€0do. ATTaiTouvTal €TTIONG
OUo emmITTAé0ov aKPOOEKTEG yia TNV Tpopodoaoia Tou. H Tpopodoaia evog TeAe-
OTIKOU EVIOXUTA UTTOPEI va yivel €ite e TN BonBeia piag Yyovo TTnyAg Taong €iTte
Me TN BonBeia dUo TTNywyV, OTTOTE Ol TACEIG Ol OTTOIEG TPOPOOOTOUV TOUG QVTI-
OTOIXOUG OKPOOEKTEG Ba €ival CUUUETPIKEG WG TTPOG TN «yN» TOU KUKAWMOTOG.
EmmAéov, ptropei va uttdpyouv Kal GANOI OKPODEKTEG OI OTTOIOI VA ETTITPETTOUV
TNV TTPOCTTEAOC OTO E0WTEPIKO KUKAWUA TOU TEAEOTIKOU evioxuTr. ‘ETol otnv
EANAXIOTN OPPN) TOU £vVaG TEAEOTIKOG OTTAITEN TTEVTE AKPOOEKTEG KO TOTTOBETEITAI
o€ éva KEAUQOG OKTW OKPODEKTWY, Ol OTToIOI €ival dlIaTETAYUEVOI O€ BUO OEIPES
(Dual In Line, DIL8), katd TnVv k&Ttown TTou Qaivetal aTo 0. 8.1.1.

2Ta NAEKTPOVIKA SlaypappaTd, yia va atto@euxBei n TTOAUTTAOKOTNTA TOUG,
ouvnBwg dev TTapouaidlovTal OAEG Ol TTAPATTAVW AETTTOUEPEIEG OTTWG Ol AKPO-
OEKTEG TPOYPODOCTIAG Kal TO KEAUPOG OTO OTTOIO €ival TOTTOBETNHEVOGS €VaG TEAE-
OTIKOG EVIOXUTAG.

Ala@opd Tdoewyv €1I0650U MoAikéTnTa TAONG £§660U
> >
Viy > Vg V>0
> <
V>V, V,<0

Mivakag 8.1.1. NoAikotnTa ¢ 16dong €660u ouVaPTNOE! TWV TATEWV EI00O0U

O TeAEOTIKOG EVIOXUTAG €VIOXUEI KOl ETTECEPYACETAI TN OIAPOPE TWV GNUATWY
TTOU €QAPUOLETal OTIG BUO €10000UG Kal YI' aUTO TO AOYo AEUE OTI O TEAEOTIKOG
EVIOXUTAG €xel Slapopikn gicodo (differential input), BAETTE oy. 8.1.1. ETTeidn
0 TEAEOTIKOG EVIOXUTAG €TTECEPYACETAI TN DIAPOPA TV ONUATWY TWV EI0O0dWV
TIPETTEI O XPAOTNG VO YVWPICEl TTOIA €I00D0G AVTIOTOIXEI OTOV AQAIPETN KAl TTOIN
oToV a@aIpeTén, dnAadn TToio ofpa agaipeital atmd Trolo. ' autd 10 Adyo ol
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gioodol Eexwpifouv PETALU Toug e Ta onueia (+), TTou oupBoAilel TN Aeyopevn
un-avaoTpépouca giocodo (non-inverting input, NI) kai (-), TTou cupBOoAICel TN
Aeyoduevn avaoTpépouoa gicodo (inverting input, |). ETeidf o1 6pol pn-ava-
OTPEPOUCa KAl avaoTpEPOUCa €i0000G UTTOPEI va TTPOKOAOUV OUyXUOn, WG
TTPOG TO OVOUA TOuG, Ba 0Bl AUETWGS TTAPAKATW EKTEVETTEPN ETTEENYNOT TOUG.

Av n un-avaoTtpé@ouca €icodog gival o BETIKA atmd TNV avaoTpEéPpouca
TOTE N £6000G TOU TEAECTIKOU €VIOXUTH €ival BeTIKNA. Av n avaoTpépouaa gico-
00¢ €ival TTI0 BETIKA aTTO TNV PN-avaoTPEPOUCT TOTE N £€000G TOU TEAEGTIKOU
EVIOXUTA €ival apvnTiKr. XpNoIUoTIoIwvTag To aUUBOoAO V(+) yla TNV 140N TToU
EQAPPOCETal OTN IN-avaoTPEPOUTa €i00d0 Kal TO V(_) ylQ TNV TAan TTOU EQAPUO-
{eTal oTNV avaoTpEPouca €icodo, Ta TTapaTTavw cuvoyilovTtal oTov TTiv. 8.1.1.

Ta TTapatrdvw ek@paldovtal akpIBEoTePa Pe TN SIOTUTTWON OTI TO ONPa £E0-
dou TTapouacialel diagopd edons Ag = 0°, dnA. gival CUPPACIKO, PE TO OAUA
TNG UN-avVaoTPEPOUCOG £1I0000U Kal TTapouaiddlel diapopd pdang A = 180°, ue
TNV AVOCTPEPOUCQ €i00d0.

8.1.2.1 I1davik6g TeAeoTIKOG EVIOXUTAG

H xpnoipotroinan evog TEAEOTIKOU EVIOXUTH, OKOMG KAl AV OQUTOG QVTIJETWTTI-
CeTal WG Paupo KouTi, atTaiTei KaT AAYIOTOV TN yvwaon Aiywv BaciKwy TTapapé-
TpwvV ToU. lNa va d1euKOAUVBET akOua TTEPICTOTEPO OTOUG UTTOAOYIOUOUG TOU O
oxeQI00TAG 1 0 CUVTNPNTAG TWV NAEKTPOVIKWY KUKAWUATWY, KaTagelyel ouxva
oTn XPAOoN Tou atTAouaTepou duvaTtoU POVTEAOU Tou, TTOU Eival O 1I8AVIKOG TE-
AEOTIKOG EVIOXUTAG.

XapaKTNPIOTIKI TTAPAUETPOG ZupBoAo MéyeBog
AvrtioTaon gl0660u R 0
AvrioTaon £§6dou R, 0
ATtroAapn Tédong A, 0
ATTOKpION ouxvoTnTag (€UPOg Wvng) BW 0
TéAela 1I000TABUION V,=00¢mavV, =V

Ta xapaktnpIoTikG dev uetafBaAAovral ue Tn BepuoKpaoia

Mivakag 8.1.2. XapakTnpIoTIKES TTAPALIETPOI IOAVIKOU TEAEOTIKOU EVIOXUTH
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O xapaktnpioTiKES Tou TTiv. 8.1.2 opilovTal wg €ENG:

e AvrioTtaon €106dou: OpileTal wg 10 TTNAIKO TNG TAoNg, CAPATOG, N OTToIa
eQapuoleTal oTnV €i00d0, TTPOG TO PEUPA TO OTTOIO AUTH ETTAVEI.

e AvtioTtaon €§6dou: OpileTal ammd 1o KaTd Thevenin KUKAwua £¢6dou, dn-
Aadn €ival n avriotacn n otroia CuvOLETal O€ OEIPA PE TN «KYEVVATPIAY Of)-
MaToG £€600U.

o AmroAafn Tdong: Opiletal wg 10 TTNAIKO TNG TAoNG £€6d0U TTPOG TN dlago-
PA TWV TACEWV TWV EI0OOWV.

o AmoOKpion ouxvoTntag R eUpog Jwvng: Opilel Tnv €€dptnon TnG arro-
AaBng atmmd TN cuxvoTtnTa Kai Kabopilel TNV TTEPIOX) CUXVOTATWY (EUPOG
{wvng) oTNV OTToIa O TEAECTIKOG EVIOXUTNG €ival TIPAKTIKA XPHOIWOG.

O 186avIKOG TEAETTIKOG EVIOKUTNG EXEI TIG XAPAKTNPIOTIKEG TTAPAUETPOUG TTOU
TTapouaiadovTal atov miv. 8.1.2. Av Kal oTnv TTpA¢n dev UTTAPXOUV TETOIOI TeE-
AECTIKOI EVIOYUTEG, TO ONUEPIVO ETTITTEDO TEXVOAOYIOG ETTITPETTEI TNV KATAOKEUN
EVIOXUTWY, TWV OTTOIWV APKETA XAPAKTNPIOTIKA TTANCIAJOUV ONUAVTIKA auTd
Tou TTiv. 8.1.2. AUuTO £€apTdTal dueoa aTTd TO TTEDIO TWV EQAPHOYWV YIA TIG OTTOI-
€G O KATAOKEUQOTAG £XEI OXEDIAOEI TO CUYKEKPIPMEVO TEAEDTIKO evioyuTr). ‘ETol
UTTAPXOUV TEAECTIKOI EVIOXUTEG TWV OTTOIWYV N avTioTaon €100dou gival 1TQ ATol
10"2Q (kwdIk6g LF351), dAAoI o1 OTT0i0I UTTOPOUYV VA TTAPEXOUV OTNV ££000 TOUG
pevpara Tng Té¢ng Twv 13A (Kwdikog LM12), dpa n avtiotacn €€60ou va Bew-
peiTal apgeAnTEQ, Kal AAAOI 01 OTTOIOI £XOUV £va TTOAU PEYAAO €UPOG (VNG GUXVO-
TATWY, T.X. 1200MHz (KWwdikog CLC449).

XapPOaKTNPICTIKN TTAPAUETPOG Z0upoAo MéyeBog
AvrioTaon €106d0u R, 2MQ
AvrtioTaon ££6dou R, ~75Q
AtroAafr) Tdong A, 200. 000
ATTOKpION ouxvoTnTag (EUPOG CUWvNG) BW 1,5MHz
Ta xapaktnpioTika perafaAdovrai Aiyo ue 1n Bsprokpaaia

MMivakag 8.1.3. XapakTnpIOoTIKES TTAPAUETPO! EVOS TTOAYLATIKOU
TEAEDTIKOU evioxuTh (TT.x. Tou 741)
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8.1.2.2 Mpaypatikog TeAeoTIKOG EVIOXUTAG

O TTpayuaTiKOG TEAEGTIKOG EVIOXUTAG €ival QuTOg TTOU XPNOIKOTIoIETal OTNV
mp&én. Eival cuvABwg £va oAokAnpwuévo KUKAwpa, TO OTToiol AEyETaI KAl JO-
voAIBiko, eTTeIdN gival £§ OAOKAPOU KOTOOKEUAOUEVO O€ PIa Wwneida TrupiTiou,
oTnv otroia dev gival SuvaTog 0 SIaXWPIOUOS TWV ETTINEPOUG GTOIXEIWV.

Ta XapakTNPIOTIKA TOU TTPAYUOTIKOU TEAEOTIKOU EVIOXUTH) TTOIKIAAOUV onua-
VTIKG o116 TUTTO O€ TUTTO (ONnA. aTmd KWAIKO 0€ KWAIKO) avaAoya e TNV Euea-
on TNV oTroia €xel SWOEl 0€ OPITUEVA OTTO QUTA O KATAOKEUAOTAG. Mevikd, o€
£va TTPAYMATIKO TEAEOTIKO €VIOXUTH N atroAafn €ival TTETTEPACTPEVN, OTTWG Kal
n avtioTaon €10080u, To EUPOG (wvng Kal OAa Ta UTTOAOITTA OTOIXEIQ TOU, OTTWG
@aiveral aTov Tv. 8.1.3, TTou avagEpETal o€ Eva auvnNBITUEVO TEAEDTIKO EVIOXU-
TR O OTT0I0G €XEl TOV KWOIKO 741.

Ma Toug TTapaTrdvw AGyoug OTav XPNOIKOTIOIEITAI £VOG TTPAYMOTIKOG TEAE-
OTIKOG EVIOXUTAG, N UttOBean OTI TTpooeyyidel Tov 1I0aVIKO TTPETTEN va YiveTal PE
Baon TIG ATTAITACEIG TOU KUKAWMATOG GTO OTTOI0 TTPOKEITAl VO TOTTOBETNOEI Kall
va Asitoupynoel. ‘ETol, 0 TTOAEG TTEPITITWOEIG ATTAITEITAI N yVWon Kal GAAwWV
XOPOKTNPIOTIKWY TTOPAUETPWY TOU TEAEOTIKOU EVIOXUTH, EKTOG OTTO AUTEG TOU
miv. 8.1.3, KaBWG Kal OPICUEVWY XAPAKTNPICTIKWY SlaypauudTWY Ta OTToia TTE-
pIEXOVTOI OTA TEXVIKA QUAAGSIO Twv KaTaoKeuaoTwy. Ol OnNUAvTIKOTEPEG XO-
POKTNPIOTIKEG TTIAPAUETPOI VOGS TPAYMATIKOU TEAECTIKOU EVIOXUTH, TTEPA OTTO
QUTEG TTOU TTEpIAapBavovTal oTov v 8.1.3, €ivau:
® To peupa TOAwoNG €1065wv (input bias current) |, Auté IcoUTal pe TO

NUIGBpoIoHa TwV PEUPATWY TTOAWONG TwV U0 £1000WV TOU TEAEGTIKOU.
® To pedpa arooTdduIong 1068wy (input offset current) | Auto 1couTal pe

N S10QOPa TWV PEUPATWY TTOAWONG TWV dUO EI0OdWV.

® Htdon amootaduiong e106dou (input offset voltage) V,, Ekppagetal amd
TO METPO TNG TAONG TTOU TTPETTEI VA EQAPUOCTEI HETAEU TWV €E1000WV Yia va
pNdevioTEl N Taon €€6d0U.

o O Adyog améppiyng koivou Tpotrou (CMRR), (Common Mode Rejection
Ratio) Metpdrai ammd tnv amoAafr] Tdong mmou ekdnAwveTal éTav Eva onua
EQPAPUOLETaI TAUTOXPOVA Kal OTIG OUO €10000Ug. AnAadr], eKQPAlel EuPeca
TO KATA TTO00 ATTEXEl O TEAETTIKOG EVIOXUTNG QIO TN ouverkn V, = 0 étav
V,=V.
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® O puBuoég petaBoAng Tng Tadong €€6dou (slew rate). AnAwvel Tn PEYIOTN
TaxUTNTA PE TNV OoTToia PTToPED va PeTaBAAAETal N Téon e€6d0u.
Mia ouykpion PeTaEU Twv OPOEIBWYV XAPOKTNPIOTIKWY TTOPAUETPWV
€VOG TTPAYMATIKOU Kal €vOG 16aVIKOU TEAECTIKOU EVIOXUTH TTAPOUCIAleTal
otov Triv. 8.1.4

XapoKTNPIOTIK TTAPAUETPOG I5avikég | Mpaypatikég | Movadeg
AvrtioTaon gl06d0u © 2 MQ
AvrioTaon ££6dou 0 75 Q
ATToAar) Tdong o0 200.000 -
ATTOKpPION ouxVvOTNTAG (€UPOG CWVNG) © 1,5 MHz
Peupa méAwong ei1c6dou 0 80 nA
Peuua amootdBuiong €106d0u 0 20 nA
Taon ammooTdduIong €10650u 0 2 mV
NAGYoG atroppIYng Koivou TpOTTouU 0 90 dB
Pubuég petaBoAng taong e€6dou 0 0,5 V/us

lMivakag 8.1.4. 20yKpion TwV XapaKTNPIOTIKWY TTAPAUETPWY I6AVIKOU
Kal TTpayuatikoU TEAEOTIKOU evioxuTr (TT.X. Tou 741)

H TARpNg Trepiypa®r evog TTpayuaTikoU TEAETIKOU eVIOXUTH TTEPIAAUBAVEI
Kol GAAEG XOPOKTNPIOTIKEG TTAPAUETPOUG. AUTEG TTOPOUYV Va agloTroinBouyv aTrd
Evayv EUTTEIPO TEXVOAOYO OTAV ATTAITEITAI AETTTOPEPNG UTTOAOYIOHUOG VIO EKUETAA-
Aguon OAwV Twv dUVATOTHTWY TOU TEAEOTIKOU EVIOXUTH.

KAeivoupe pe Tnv Traparrpnan Ot n ammoAaBn Tdong A, evog TTpayuaTikou Te-
AeoTIKOU evIoXUTA €ival Sra@opikn atroAafr) Taong. 'ETol, pe Bdon tnv €€.8.1.1,
TO oAua £€600U Ba gival avaAoyo TnG dIaPopag Twv oNUATWY £l06d0u, dnAadn)

V, =A,(V,-V) 8.1.2

OTTOU Ol OEIKTEG (+) Kal (<) ava@EéPOoVTal GTN UN avoaTPEPOUTA KAl TRV AVAoTPE-
pouoa €icodo, avTioToIXA.
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Mapadsiyua 8.1.1

2N MN-avaoTpEéPouca €i00d0 e€VOG TEAEOTIKOU EVIOXUTH €QAPUOLETAI
180N 2 PV otn 0¢ avaoTtpépouca 1uV. Av n (diagopikn) atmmoAafr) Taong
eival 80 000 va utroAoyioTei n Tdon aTnv £€£000 TOU EVIOXUTH.

Adon

XpnaoiyotroioUpe Tnv EE. (8.1.2), 6TTOU TWpa £X0UME

V=V, -V=1uv

Apa

V,=A, xV, =80000x1uV=8x10*x10°V =8x 102V =80 mV

Mapadeiyua 8.1.2
MeTa&U Twv dUO €1000WV EVOG TEAETTIKOU EVIOXUTR EQAPUOLETAI TAON
V,= 20 pV kai oTnv £6000 Tou eugavi¢etal Tdon 4 V. Na utroAoyioete Tn (d10-
@opIKA) atroAafr) TAong Tou TEAECTIKOU EVIOXUTH.
AGon
ZeKIVWVTOG atrod Tnv EE. (8.1.2), £€xoupe
v, 4V 4V

AV = = = = =2. 105 = 200.000
V. 200V 2-10°V

NEPIAHWYH 8.1

® O TeEAEOTIKOG EVIOXUTHG £xEl DIAPOPIKN €i0000 Kal To oAua £€6dou gival
avaAloyo TnG dIapopdg Twv dUO ONUATWY £1I00d0U.

® O 18avVIKOG TEAEOTIKOG EVIOXUTAG XPNOIKOTIOIEITAI WG JIa GUVHABWG IKavo-
TTOINTIKN TTPOCEYYION YIA TO OXEDIAOHUS KOl TNV KATAOKEUR ATTAWY KUKAW-
MATWYV

® H yxpnoiyoTroinon Twv TTPAYHMOTIKWY TEAECTIKWY EVIOXUTWYV TTPOOTTAITE
TNV KATAVONOon TNG d1a@opdg Toug atro Toug I0AvVIKOUG.

e H 1Afpng a&lotroinon Twv TTPAYUATIKWY TEAECTIKWY EVIOXUTWVY OTTQITEN TN
YVWon OAWV TV XOPOKTNPIOTIKWY TTAPAUETPWY TOUG.
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EPQTHZEIZ - AZKHZEIZ 8.1

8.1.7

236

Méoa €idn ammoAafng ouvaviw-
VTal O€ €vav EVIOXUTH, ATTAO 1) Te-
AEOTIKO;

>& 11 Bl0QEPOUV PETAEU TOUG O €i-
00001 €VOG TEAEOTIKOU EVIOXUTH;
Mati xpnoigotroigital n €vvoia
TOU 1BQVIKOU TEAEOTIKOU €EVIOXU-
™;

Moia cival Ta Bacikd xapaktnpi-
OTIKA €vOG 10avIKOU TEAEOTIKOU
EVIOYUTN;

Moieg eival o1 Baoikég dlapopég
METOEU TWV IBAVIKWV KOl TwV
TIPAYUATIKWY  TEAECTIKWYV  EVI-
OXUTWV;

Eival duvatév va xpnoigotroinei
OTTOIO0ONTTOTE TEAEOTIKOG EVIOXU-
TAG TOU EUTTOPIOU GE OTTOIODNTTO-
TE EQaPHOYN;

‘Evag TEAEOTIKOG EVIOXUTNG EXEI
atmoAafn Tdong 100 000. Av n
T@0N oTnV £€€0d0 ToU gival 1V, n
Tdon €10000u €ivai

a. 10 yv

TEAEZTIKOI ENIZXYTES

8.1.9

B.2mV

y. 10 mV

0.1V

2NUEIWOTE TN OWOTH aTTavTn-

an.

O TeAEOTIKOG EVIOXUTAG 741 €xel

a. atmoAan téong 100 000

B. ouvBetn avrtictaon €lcédou
2 MQ

y. olvBeTn avrtiotaon €&6d0u
75Q

0. OAa Ta TTOPATTAVW

2NUEILOTE TN CWOTA ATTAvTNOoN.

‘Evag TEAEOTIKOG €EVIOXUTAG EXEI

atroAafr Tdong 200.000. Av atnv

€i0060 TOU €QOPUOOTEI pIa TAoN

12 pV va utroloyioTei n Téon €€6-

dou.

8.1.10 O TeAeoTIKOG evioXUTAG 741 éxel

atmoAafr)y Taong 100.000. MMoia
gival ol TAo€Ig €I0000U av OTnV
£€€0d0 petpwvral Taoeig 0,1V, 1V
kar 10 V;



8.2 BaoiKG KUKAWMATO JE TEAECTIKO EVIOXUTH

H uywnAA atmoAaBny Tdong (avoiktou Bpdxou), n Ateipn avriotacn €ilc6dou
Kal N undevikn avtiotaon £€600U evOS 1I6aVIKOU TEAECTIKOU EVIOXUTH ETTITPETTOUV
TN oxediaon peydAng TTOIKINIOG KUKAWUATWY Yia TNV TTITEAECN BIAPOPWY NAE-
KTPOVIKWYVY AEITOUPYIWV.

Ta TepIc0OTEPA ATTO TA KUKAWMATA auTA Bacifovial oTnv EQAapuoyr| apvn-
TIKNAG avaouleugng i avatpo@odoTnong NETAgU €600V Kal TN avaoTPEPOUCAS
€10600u ToU TE. AQOU 01 TEAEOTIKOI EVIOXUTEG £XOUV BUO €1I0ODOUG, TNV AVaoTPE-
(POUCQ Kal TN IN-avaoTpEPouaa, 0 GUVOUACHOG EQAPPOYNG OHaTOG EI0Od0U
Kal avaTpo@oddTnong Tou oRuaTog £€6dou divouv Tn duvatotnta oxediaong
OUO BACIKWY KATNYOPIWV KUKAWMPATWY, TTOU €ival TO KUKAWMPOTA PE Hn-ava-
oTpépouca avarpopodoTtnon (non inverting feedback) kal KuKAwpaTa e
avaoTpépouoca avatpo@odoTtnon (inverting feedback). O TUTTIKOI evIOXUTEG
Ol OTTOi0lI KATAOKEUAOVTaI JE QUTOV TOV TPOTTO OVOUAlOovVTal QvVTIOTOIXO MNn-O-
VAoTPEPWYV £VIOXUTAG (-non inverting amplifier) kol avaoTpé@wy EVIOXUTAG
(inverting amplifier) kai Ba TTEPIYpa@OUV avAAUTIKA QPECWS TTAPAKATW.

Zxnua 8.2.1 KUKAwua un-avacTpépovrog EVIOXUTH
A,, =AmoAapr) raang avoiktwy Bpoxou (Open loop)

8.2.1 Mn avaoTpé@wyV EVIOXUTAG

To KUKAWPO VOGS IN-0vACTPEPOVTOG EVIOXUTH TTAPOUCIGeTal 0To 0. 8.2.1
Boolk6é XapaKkTnPIOTIKO AUTOU TOU KUKAWWPATOG €ival n €Qapuoyr Tou TTpog
gvioxuon ONPOTOG OTN UN-AvaoTPEPOUCa €i0000 Kal N avaTtpo@odoTnan Tro-
0o0ToU Tou OAUATOG £€600U OTNV avaoTpEéPouoa €icodo. H avaTpopoddtnon
givar apvnTikr dI0TI TO avaTPOPOdOTOUUEVO CAUA aQalpEiTal atrd Tn Orfua €l-
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06dou. O 6pog pn-avacTpEPwyV eVIOXUTAG (non inverting amplifier) TrpokuTTTEl
atrd 10 0TI N dIaPopPd PAcnG PETALU arjuaTog €000V Kal GAPATOG £1I0000U Ei-
vai 0°, adpa N KupaTopop®r €1l0000u dev avaoTpEpeTal oTnv ££0do. ETmiong, n
epappolouevn avaTpoPodoTnaon ovouddleTal Pn-avaoTpépouca (non inverting
feedback) kat’ autr) Tnv avaTpo@oddtnon n diagopd eAacng PETAEU OrUaTOG
€E000U Kal orjuaTog eilc6dou eivail OA.

OT1wg €idaue oTa TTponyouueva, n amoAafr Taong avoikTou Bpoxou, dnA.
XWPIG avaTpo@oddTnan, eVOG TEAEDTIKOU EVIOXUTH €ival TTOAU YeYAAn (TUTTIKA,
A, = (100 000). lMNa Tov TTpoadiopioud TG atroAafng Tdong Tou Pn-avaoTpé-
(POVTOG EVIOXUTI], N OTT0ia €ival ion ue TN Aeyouevn ammoAafn kAgiorou Bpoyxou
A, Tou TEAETIKOU, pTTopoUlE va akoAouBriooupe Tn peBodoAoyia TTou ouvnbi-
{eTal OTOUG EVIOXUTEG JE avaTpopoddTnon epyaldouevol wg €Eng: Agou n Taon
NG MIog €10000u U, eival ion pe 10 orjua eil06dou (V,) kai n 1aon tng AAAng
€10000U U, gival ion pe TNV TGon avatpo@odotnong, N Taon PETagu Twv duUo &l-
0OdWV TOU TEAETTIKOU EVIOXUTA gival n u, = U, - U,. H Tdon autr ovouddetal rdon
N onua opdaAuarog (error voltage 1 signal). H taon €§6dou v, gival avaioyn
QUTAG.

Apa 0Tn PnN-avooTpEéPouca €i00d0 ToU TEAEOTIKOU evioxuTh (ox. 8.2.1) n
Tdon Ba givai

= 8.2.1

evw, Baoel Tou diaipetn 1aong (R, R,), 0TNv avaoTpEépouaa €icodo Tou TEAEDTI-
KoU evioxuTn n Téon Ba civai:

u,= U, 8.2.2

R, +R,

1

AT 1ig E€ (8.2.1) kau (8.2.2) TrpokUTITEl OTI N attoAaf TAONG TOU AVOOTPE-
QOVTOG evVIOXUTH Oa givai:

U
A=A =0=
A% CL Ui R

=1+ B 8.2.3
R
e A, =Amolapn Taong kAeioTou Bpodxou (Closed Loop)

‘Eva onuavTikd cupttépacpua trou e€dyetal atmo Tnv €. 8.2.3 cival 611 oT0
MN-avaoTPEPOVTA EVIOXUT N atToAar) Taong autou, A , eival peyaAuTepn A 10
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TIOAU ion Tng povadag. HA Ba mpoaoeyyidel Tn povada pévo av n R, gival ToAd
peyaAUTepn amd TNy R, kai Ba yivel ion Tpog Tn povada av n R, ammopokpuveei
N amoouvdebei amo 1o KUkAwpa (R, = = A n R, BpaxukukAweei (R, = 0). Otav
n atroAaBn Téong ivai ion pe TN povada To KUKAw PO ovopdaleTal akoAouBnTig
Taong (voltage follower), 81611 n Téon €£660u TTAPAKOAOUBEI CUVEXWGS T€ TIUNA
TNV Téon €10600u.

TEAOG ONUEILVOUE OTI O PIN-QVOCOTPEPWV EVIOXUTAG £XEI OAES TIG 1IO10TNTEG
TTOU OQEIAOVTaI OTN PN-AVOOTPEPOUCA avaTPoPodOTNoN. AUTO CNUAIVE:
® Meiwaon Tng amoAaBnig (amo A, oeA)
® Au¢non Tng ouvBeTNnG avTioTaong 10660u
® EAGTTWON TNG oUVBEeTNG avtioTaong e€6dou
® Aug¢non Tou gupoug {wvng

LOG (A)

oL
3dB BW
1/B

CL

-6dB/oct

L
0 f f f G,

oL cL T

Zxnua 8.2.2 ATTOKpIOnN Katd auxvornTa Kai EUPo¢ {wvng TEAETTIKOU EVIOXUTH
yia tnv amoAapr) avoiktou Bpoxou (A ) kai kAeiaToU Bpdxou (A.,)

H auénuévn miun Tou 0pous QUvng CUXVOTATWY EVOG QVOOTPEPOVTOG EVI-
OXUTH OQeiAeTal OTNV £TTIOPACH TNG AvaTPOPOdOTNONG OTO €UPOG {Wwvng Tou
TEAEOTIKOU €VIOXUTH, OTTWG QaiveTal OTO OX. 8.2.2. ZnuUelwoTe OTI N atToAafn
TAONG AVOIKTOU BPOXou eVOG TEAEOTIKOU EVIOXUTH TTAPAUEVEI OTABEPH EWG IO
ouxvotnra f, , oTn ouvéxeia de apxidel va eAaTTwveTal e pubuo Trepitou 6dB/
oct. Auto onuaivel 611 n atroAaBn utrodiTrAaoidderal yio Ka0e diTTAaciaoud
NG ouxvoTtnTag. H f ovopddetal ouxvotnTa katw@Aiou fi atmrokotmg (cutoff
frequency) kal ekQpAlel TTEPITTOU TO EUPOG {WVNG TNG ATTOAABAS avoikTou BPo-
¥xou Tou TE. 2’ autrjv Tn ouxvoTtnTa n atroAafn €xel ehartwBei oo 0.707 (-3dB)
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NG ApXIKNG TIUAG TNG. H ouxvotnTta yia Tnv otroia n amoAafn yiveral ion pe
TN povada cupPoAicetal pe f. Orav epapudlerar avarpopodornan n amrohapr)
KAEIOTOU BPOXOU EAATTWVETAI EVW QUEAVETAI N AVTIOTOIXN OUXVOTNTA QTTOKO-
NG, f., NTOI TO €UpPOg duvng TNG aTTOAAPNG. Z€ KABE TTEPITITWON TO YIVOPEVO

NG aTroAABrG X TNV GUXVOTNTA ATTOKOTING €ival ioo pe f, dnA.
Ao oo =Aq fo =f; 8.2.4

AuTé aTToTeAEl Kavova eKTiUNONG TNG ETMIdPAONG TNG ETTIAOYNAS KATTOIOG OTTO-
AaBNAGg 01O €UPOG (WVNG TOU KUKAWHATOG.

Mapadsiyua 8.2.1

210V KUKAwpa tou 0x 8.2.1 n 1aon e106dou eival 10 mV, evw R, = 9 KQ
kal R, =1 KQ. Na utrodoyioTei n amroAaBn 1aong KAEIoTou Bpdyou Kai n 1don
€€000U TOU KUKAWMATOG.

Abon
Ao TnVv EE.8.2.3 éxoupe

_ R +R, _ 9KQ+1KQ _ 10KQ _

a 10
R 1KQ 1KQ

2
Apa n Téon €6dou Ba eival

U, = Ag- U, =10x10mV =100mV

Mapadsiyua 8.2.2

2€ éva pn-avaoTpépovTa evioxuti pe TE (ox. 8.2.1) epapudletal oTnv
gioodo Tou orfua 10 mV. Av atnv £€€odo Tou To cAua TTPETTEl va gival 1V, Kal
R, =1 KQ va utoloyiotein R,.

Abon

A6 Tnv EE.8.2.3 €xoupe
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Apa
A, =1+1% =100
CL R

2

KOl CUVETTWG
R, =99 xR, =99 KQ

Mapadsiyua 8.2.3

‘Evag TEAEDTIKOG eVIOXUTAG (TT.X. 741) €xe1 atToAafr TAoNG avoikTou Bpo-
xou 100000 kai guyvotnra f.= 1,5 MHz. Av pyéow avarpo@odotnong (o
KUKAWQ PN-avaoTpEPovTa eVIoXUTH) eAaTTwOEi N atroAapry kai yivel 100, va
UTTOAOYIOTOUV N OUXVOTNTA OTTOKOTTAG TNG ATTOAABAGS avoIKToU BpdXou Kai N
ouxVvOTNTA OTTOKOTIAG TNG OTTOAARBNG KAEIGTOU BpOXOU.

Abon
Eival yvwoTé omi
Ao for = Ag-fu=1;
Apa:
6
fo=r JL5xI0THz g
A, 10
Kall
6
f = T _15x10°HZ _ 400001, = 15K Hz

8.2.2 AvaoTpEéQPWYV EVIOXUTAG

To KUKAwPa evOG avaoTpEPOVTOG EVIOXUTH TTOPOUCIAdeTal 0To 0X.8.2.3.
Baoikd xapaktnpioTikO auTtoU TOU KUKAWUATOG €ival N EQapuoyr Tou CAPATOS
0T QVOOTPEPOUOA £i0000 HECW Hiag avTiotaong R, (avtiotaon eicaywyng). H
avaTpo@odOTNaN aTTo TO CAKA EEG00U PETAPEPETAI KAI QUTH OTNV OVAOTPEPOU-
oa €igodo péow piag AANg avriotaong R, (avrtiotaon avarpo@oddotnong). H
avaTpo@odOTNaN Kal 0” AUTAV TNV TTEPITITWON €ival apvnTIKH.

FENIKA HAEKTPONIKA — [RYKH




O 6pog avaorpépwy evioxutnic (inverting amplifier) TTpokUTITEl OTTO TO OTI N
d1apopa @acong uETagU ofuaTog 600U Kal oUaToS £1I00d0uU gival 180° poipeg.
270 KUKAWwUGa aoKeital avaoTpé@ouaa avaTpo@odoTtnon (- inverting feedback).
O 6p0og auTdG TTPOKUTITEI ATTO TO OTI KT QUTH TNV avatpo@odoTnan n diapopd
@aong PeTagy oAuaTog £€600U Kal OAPOTOG avaTpo@odoTnang €I00d0uU Eival
180° poipeg.

Zxnua 8.2.3 KUkKAwpa avaoTpéPovrog eVIoXUTH

H amoAafr) Taong otov avaoTpépovta evioxuTn (atroAaBn KAsioTou Bpod-
¥0u) utroAoyiCeTal TTOAU eUKOAa pe BAan TNV TTapaTtripnon OTl Je TNV (apvnTikn)
avaTpo@odOTNON O TEAEDTIKOG VIOXUTHG TTpooTrabei va undevilel mn diapopd
OUVOMIKOU PETAEU Twv dUO0 1000wV Tou. Apa ETTEIBN N UN-avaoTpEPOUTa Eioo-
00¢ gival yeiwpévn, Ba TTPETTEI KAl N AvOOoTPEPOUTA €iI00D0G VO CUPTTEPIPEPETAI
oav va BpiokeTal 6To dUVAUIKO TNG YNG.

O umroAoyioudc tng ammoAaBng yiverar wg €€AC: Av epApUOCTE pia TAOT €100-
dou, U, METAGU Tou eAeUBepoOU dkpou NG R, kai Tng yng, Ba diEABeI atto Tnv R,
éva pevpai. To pedua Ba dideTal atmd Tn oxEon

8.2.5

) |_c

2 2

Emeidn navriotaon €10680u Tou TEAEGTIKOU £VIOXUTH €ival TTOAU JeyaAn (Bew-
pNTIK& ATTEIPN), O TTPWTOG Kavovag Tou Kirchhoff emBdAel 611 To pedua 10 oTToio
Ba d1EABer amd TNV R, Ba eival ico pe auto To otroio diEpxeTal atmo Ty R,. Zu-
VETTWG N Taon €§0dou V, Ba TpETTel va £Xel TETOIX TIUN WOTE VA IKAVOTTOIET TNV
e€iowon

0-uy, _ Yy
R, 8.2.6
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A@ou 1o peupa i oTig EE. 8.2.5 kai €. 8.2.6 cival 1o idl0, Ta deUTEPQ PEAN Ba
gival ioa, ommoTE TTPOKUTITEI OTI N ATTOAARH] KAEIOTOU BPOXOU TOU AVOOTPEPWVTOG
evioxuTn Ba dideTal atrd TNV €KQpPacn

U _

ACL =4
Ui 2

8.2.7

A |__?U

To apvnTikd TTpdonuo dnAwvel diagopd eacng 180° peTagu Taong €100d0u
Kal Tdong ££6d0u.

MpooekTiKA TTapatipnon Tng EE. 8.2.7 pag odnyei 010 cUpTTEPOCUA OTI O
AVACTPEPWYV EVIOXUTAG €XEI aTTOAAPH TAoNG N OTToIA, KAT oTTOAUTN TIUF MTTOPE]
va gival €ite peyaAdTepn NG HOvAadag f Kal JIKPOTEPN TNG povadag. Me dAAa
AdyIa, 0 avaOTPEPWYV EVIOXUTAG UTTOPEI va evioxUEl TO Orua 1) va e€aoBevilel To
onua, avaloya Pe TNV £TmAoyn Twv avriotacewv R, kal R,. Téhog, n ammoAaBn
Taong Ptropei va yivel undevikn av £xoupe R, = 0Q.

AuTr n cupTTEPIPOPG gival apKETA SIOPOPETIKI ATTO EKEIVN TOU PUN-QvVAOTPE-
(POVTOG EVIOXUTH, GTOV OTT0I0 N atroAafr Téong cival yeyaAuTtepn r ion TG yo-
vadag, dnAadn o evioxuTng dgv UTTopEi va e€aoBevioel To orua.

TEAOG ONMEILVOUPE OTI O AVACTPEPWYV EVIOXUTNG £XEI OAES TIG IBIOTNTEG TTOU
ogeilovTal aTNV avaoTpEPOUTa avaTpo@odoTnaon. Auté onuaivel:
® >0vBeTn avriotaon €100d0u ion pe TNV R,
® EAGTTWON TNG oUVBETNG avtioTaong e€6dou.
® Au¢non Tou gupoug {wvng.

lMapdadeiyua 8.2.4

2TO EVIOXUTIKO KUKAwua Tou 0. 8.2.3 n 1don €ic6dou eivar 10mV, evw
gxoupe R, =10 KQ kai R, = 1 KQ. Na utroAoyioTei n atmoAafr) (kAsiotou Bpo-
XOU) TOU EVIOXUTH KaI N T&on €€600uU.

AUon

ATTS TNV €€.8.2.7 £xoupe

dpa n 1aon £€600u Ba eivai

FENIKA HAEKTPONIKA 243




Uy =Ag " U= 10 x 10 mV =100 mV

ME aAAayn eaong 180°.

Mapadsiyua 8.2.5

2¢ évav avaoTpépovta evioxuth pe T.E. (ox. 8.2.3) epapudletal otnyv €i-
0000 Tou onua 20 mV. Av atnyv £50d0 Tou To onua givar 1V kai R, =1 KQ,
va utroloyioTein R,.

Abon
Ao Tnv EE. 8.2.7 €xoupe

ZUVETTWG
R, =50 xR, =50KQ

8.2.3 AAAA KUKAWMOATA PE TEAECTIKOUG EVIOXUTEG

2TIG TTPONYOUHEVEG TTAPAYPAPOUGS avaAUONKaY Ta KUKAWMPOTA TEAEGTIKOU
EVIOXUTH TTOU AEITOUPYEI WG avaoTPEPWY | WG PN-QvVACTPEPWY EVIOYXUTAG.
Koivo aToixeio autwyv Twyv dU0 KUKAWHATWY ATAV N XpNnolyoTroinon povo
NG MIAg €10000U yia TNV eQapupoyn Tou onuartog. Mépav autwyv Twv dUo
BaoikwVv KUKAWUATWY UTTApYXOoUV Kal TTOAAG GAAa Ta oTToia eKTEAOUV pabn-
MaTikEG TTPAEEIG (operations) kal diIkaloAoyoUv Tnv ovouacia autig Tng Ba-
OIKNG MOVADAG TwV avaAoyIKWV NAEKTPOVIKWY, K.a. OTTwg TTpoava@EpBnke
aAAOU, 0 TEAEOTIKOG EVIOXUTNAG UTTOPEI va XPNOIUOTTOINBEI yia TNV eKTEAEDN
HoBnuaTiKWwy TTPpAagewy, 0TTwG dBpoian, agaipean, oAokARpwaon, dilagopion,
K.a. 210 TTapov Ke@AaAaio Ba oTaboupe oe BUO POVO ATTO QUTEG TIG TTPACEIS
Kal Ba e€eTdooUpE Ta avTioToIXa KUKAWPaTa. H TTpwTn TrepiTTwaon 1ou Ba
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egeTaoTel €ival ekeivn 0TNV OTToIa O TEAEOTIKOG EVIOXUTNG EKTEAEI aaipean.
H deUTepn cival ekeivn TNV OTTOIa O TEAEOTIKOG EVIOXUTAG EKTEAEI TTPOCOEDT.
Ta oxeTIkK@ KUKAwpata ovopadovtal a@aipéTng Kal aBpoioTAG, avTioToixa,
€xouv 0g wg €ENG:

Zxnua 8.2.4 KUKAwua a@aipétn evioxutn

A. To kUkAwpua Tou aaipérn evioxuT (difference amplifier) TTapouaiadera
oTo o). 8.2.4.

O1wg @aiveral atmmd 170 OXAUA, TO KUKAWUO auTd TTPOKUTITEI ATTO TO GUV-
Ouaouod evog avaoTPEPOVTOG EVIOXUTH (AVw TUAPA TOU KUKAWHPOTOG) Kal EVOG
MN-avaoTPEPOVTOG EVIOXUTH (KATW TUAMA TOU KUKAWPATOG). AUTO £XEI WG QTTO-
TEAEOUQ va UTTApXOUV dUO €ic0d0I OTIG OTTOIEG EQPAPPOLOVTal AVTIOTOIXO ONHOTA
U, Kai u,. H 1aon £56d0u 010 KUKAWUA TOU aPaIpETn evioxuTr SiveTal atmo Tnv
e€iowon:

u=Ag-(Y-U,) 8.2.8

O1T0oU N atroAaRn KAEIoToU Bpdxou dideTal atod Tnv e¢icwan
A=+ 8.2.9
Ze Evav aQaipétn evioxuTtn ol 00 avTioTATEIS OTIS £10000U¢ (R,) mpémel va
givar idieg kabwg kai ol aAeg duo (R,), yia va amrogedyovrail Ta pofAnuara 1a
OTTO0ia TTPOKUTTTOUV UE TNV TACN avTiIoTABUIoNS Kai To pedua eil0660u. H armoAafn

TaonN¢ OV EMNPEALETAI AV XPNOILOTTOIOUVTAI OIAPOPETIKES AVTIOTAOEIS OE KABE
gicodo apkei uwgs o Aoyos R/R, va eivai 0 idiog.
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Zxnua 8.2.5 KukAwua aBpoiarn evioxuth 11V EI000wWV

O apaIp€TnNG eVIOXUTAG KAT apxnVv AEIToupyEi OTTwG £vag d1a@opikog evi-
oXUTAG, OnAadn n téon €€6dou cival avaAoyn NG d1IaQopdg Twv TACEWV TTOU
epappolovTal oTIG €10000UG Tou. Mapduola gival Kal n ECWTEPIKN AEIToupyia Tou
TeAEOTIKOU evioxuTh) EC. 8.1.2, 0 oT10i0g £X€1 EVOWPOTWHEVO TNV €i0006 TOU
évav dIo@opIkO evioxuTh. MNMap’ 6Aa autd o evioXUTHG Tou 0X%.8.2.4 dev ovoud-
Cetal drapopikog evioxutng (differential amplifier) aAAd a@aipéTng evioyu-
TAG (difference amplifier). H diagpopotroinon autrh TPokUTITEl atmd T0 id10 TO
KUKAWWQ, OTO OTT0i0 YiveTal Xprion avaTpo@oddTtnang kai diaipéTn Taong OTIG
€10600UG, Kal aTTd TO OTI N AvTiIoTaoN TWV €I000wV KabopileTal atrod TIG XPNol-
MOTTOIOUUEVEG QVTIOTACEIG. 'Eva GANO KUKAWWG, O AeyOUEVOG OUVTEAEOTIKOG
1 opyavoAoyikdg evioxuTig (instrumentation amplifier) xpnoiyotroigitar wg
KOIVOG BIOQOPIKOG EVIOKUTHG. 2’ AUTOV N avaTpo@odOTNon GUVTEAEITAI ECWTEPI-
KA Kal n avTioTaon Twyv eiI000wV ToU TTPOCEYYICeEl auTr] TwV I0AVIKWY TEAETTIKWV
EVIOXUTWV.

B. To kUkAwpa Tou aBpoioTr] evioXuTA (summing amplifier) Tapouciade-
Ta1 010 o). 8.2.5. O abpoIoTAG EVIOXUTAG TOU OXNMATOG QUTOU EXEI TPEIG EICO-
Ooug Kai n Asitoupyia Tou BagifeTal oTOV avaoTPEPOVTA eVIOXUTH. ABPOIOTEG
EVIOXUTEG JTTOPOUV VO KOTOOKEUOOTOUV KAl JE PN-AVOOTPEPOVTEG EVIOXUTEG. O
apIBuGG TWV €1I000WV Kal OTIG U0 TTEPITITWOEIG €ival ATTEPIOPIOTOG.

2TO OUYKEKPIUEVO KUKAWMO EKPETAAAEUOUOOTE TO YEYOVOG OTI N QVOOTPE-
QOoUCa €i0000G CUUTTEPIPEPETAI TAV VA £XEI TO OUVAUIKO TNG KN-OvaOTPEPOU-
oag, dnAadn pundév. ‘ETol, atmod Tov TpwTo Kavova Tou Kirchhoff mpokutTer 61

WL TEAESTIKOI ENISXYTES




TO ABPOICHA TWV PEUUATWY TWV EICOBWV TTPETTEI VA €ival i00 YE TO pEUPA TOU
Bpoxou avatpo®odotnong (i , + i, + i, + ... = i). Epappodovrag autd utroloyide-
Tl N TAon €€6dou, n otroia divetal aTo TNV €¢AG e€iocwon:

R

u = Reoy 4 Ry +Rely
0 R, 1 R, 2 R, 3 8.2.10

Emeidn o1 Adyol Twv avTioTAcEwy TNG TTapaTTavw oxEong Kabopidouv TIg
QVTIOTOIXEG ATTOAABEG TAONG OTNV AVOOTPEPOUCA AvATPOPODdATNOT, CUUTTE-
paivouue 0TI 0T0 KUKAWMPA Tou o). 8.2.5 cival duvatr) n emAoyh EEXWPIOTAG
atroAaBng Taong yia kK&Be eicodo xwpioTd. ‘ETol n €€. 8.2.10 utTopei va ypagei
TTIO TTAPOCTATIKA WG EEAG:

Up = '(Au1'U1 +AL Ut AL U3) 8.2.11

To apvnTikd TTPOcNUo atmAd dnAwvel avacTpor edaong kard 180° (ava-
oTpo®N TTOAIKOTNTAG) O0TO TEAIKO aTTOTEAEOA TNG GBpoIoNG.

Mapadsiyua 8.2.6

e évav agaipétn evioxutn (ox. 8.2.4) ol avTIOTAOEIS TOU KUKAWMOTOG
eival R, = 100 KQ. Av 0T un-avaoTpépouca £i00do QapuoleTal Taon U, =
25 mV kal oTnv avaoTpépouoa Taon u, = 10mV va utroloyioeTe TNV TAON
otnv €€0do.

Abon

Baoel 1ng EC. 8.2.9, n {nToupevn atroAafn} TAONG TOU aQaIpETN EVIOXUTH
Ba cival

A <Ry _100KQ ..

Apa, katda Tnv EE€. 82.8, n 1aon €€6dou Ba cival

U, =Ag - (U-u) =10 x (25 mV -10 mV) =10 x 15 mV = 150 mV
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lMapadsiyua 8.2.7
>e €vav aBpoloTr) evioxuTh (oX. 8.2.5.) oI avTIOTACEIG TOU KUKAWUOTOG
eival R, =100 KQ, R, =56 KQ, R, =22 KQ kai R, = 220 KQ. Av oTIg £10680uUg
Tou e@appodovTal Taoeig u, =25 mV, u, = -15 mV kai u, = 10 mV avrigToixa,
va uttoAoyioeTe TNV Tdon £€6d0U.
Abon
H 180N €€6d0U £vOG 0BPOIoTA PE avaoTpEPOoUca avaTpoPoddTnon dide-
T atro TNV €€. 8.2.10. Apa n 1don €£6dou Ba gival

R, R, R,
Uy =-[=Feu + —Feu, + —Fou,

Rl R2 R3
V,=- (ZZOKQ x25mV + 220K0 X (-15mV) + 220K0 X 10mV)
100KQ 22KQ
n
Uy =-(2,2%25mV +3,93x (-15mV) +10x 10mV) =
= -(55mV - 58,95mV +100mV)
Apa TENIKA: Vo =96,05mV

NMEPIAHWYH 8.2

® YTrapxouv duo Bacikd €idn apvnTIKAG avaTpo@odoTnong, Ta OTToia Xpn-
OIJOTTOIOUVTAI OTOUG TEAEOTIKOUG EVIOXUTEG: H pn-avaoTpé@ouoa avaTpo-
@odO6TNON KAl N AVACTPEPOUCA avaTPOPodOTNON.

o O1 avTioTOoIXOI EVIOXUTEG TTaipvouv TO Ovoud Toug aTrd To €id0¢g TNG avaTPO-
@0dOTNONG, dNAQDI EXOUME TOUG MN-OVOOTPEPOVTEG EVIOXUTEG KAl TOUG
AVOOTPEPOVTEG EVIOXUTEG.

e H apvnTikf avaTtpo@od6Tnon HEIWVEI TNV atToAdfr Taong aAAG augd-
VEI TNV avTioTaon €l0600u Kal TOo VP0G UVNG TOU EVIOXUTH.

® H apvnTiK avaTtpo@odoTnon UEIWVEI TNV AvTioTaon £€600U TOU TEAECTI-
KOU €VIOXUTH.

® X £vav TEAEOTIKO eVIOXUTH (UE I XwpPig avaTpo@odoTnaon) To YIVOUEVO aTTO-
AaBR x e0pog Jwvng armoteAei Baoikn TTapaueTpd Tou (f) kar emTpETEl
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va TTpoadiopifoupe TO €UPOG dwvng yia KAOE TIuR TG atmoAaBng KAEIoTOU
Bpoxou.

® 2TOV MN-aVaOoTPEPOVTA EVIOXUTH TO ofua 000U €ival CUMEPATIKO lE TO
Oorfua €1006d0u.

® 2TOV MN-0VOOTPEPOVTA £VIGXUTA N avTioTaon £I0080U TOU EVIOXUTH €ival
ion JE TNV avTioTOOoN €1I0000U TOU TEAEDTIKOU EVIOXUTH.

® 2TOV OVOOTPEPOVTA EVIOXUTH TO arjua €£0d0U £xel Siagpopd gdong 180°
ME TO Ofua €106d0U.

® 2TOV aVAOTPEPOVTA EVICXUTA N avTioTaon €l0000uU TOU EVIOXUTH €ival ion
ME TNV avTioTaon el0aywyng (avtiotaon n otroia TapeuPAAAETaI OTNV €ioo-
00 (-) Tou TeEAEOTIKOU €vioxXUTR), Gpa ouvrRBwg eival YIKPr) o€ oUYKPION HE
TNV avTioTaon €10600U TOU TEAEDTIKOU EVIOYUTH.

EPQTHZEIX - AZKHZEIZ 8.2

8.2.1. Ti¢ival 0 yn-avaoTpéPwy evioxu-  8.2.7. Mg Tn pn-avaoTpépouca ava-

TAG Kal TToIa €ival Ta XapakTnpl- TPOQOdOTNON, N E€AATTWON TNG

OTIK& TOU atmoAafng Taong TTPOKOAE pia
8.2.2. Ti eival 0 avaoTPEPWV EVIOXUTAG augnon atnv:

KQI TTOI0 €ival Ta XapaKTNPIOTIKA a. Taon €¢6dou

TOU B. T6on opdApaTog
8.2.3. Ti givai 10 yivopevo atmohafng 1d- y. Tdon avarpo®oddTtnong

ong e1Ti TO €UPOG dWVNG Kal O€ TI 8. Téon g10650u

XPNOIYEUEL. 8.2.8. 'Evag aBpoIoTAG ival éva KUKAW-
8.2.4. T eival 0 aQaIpETNG EVIOXUTAG Kal Ja oTo OTT0i0:

TTo1é €ival Ta KUpIa XapakTnpIoTI- a. n Taon €¢odou eival ion pe 10

K& TOU. aAyeBpikd dBpoioua Twv TaoE-
8.2.5. Tieival 0 aBpOICTAG EVIOKUTAG Kal WV TwV 1060wV

TToIa €ival Ta KUPIa XapaKTNPIoTI- B. n Téon €¢o6dou cival ion pe TN

KA TOu. S10popd TV TACEWYV TWV €100-
8.2.6 Tl6oo1 TUTTOI OPVNTIKAG AVATPO- dwv

@oddéTNONG  XPNolyoTTolouvTal y. €ival duvaTév KABe €ic0dog va

OTOUG TEAEOTIKOUG EVIOXUTEG: £x€el OIAQOPETIKN atroAapn) Ta-

a. évag ong

. 800 8. n 1don €&6dou eival TTavTa Oe-

Y. TPEIG TIKA

0. T€00EPIG
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8.2.9.

8.2.10.

8.2.11.

8.2.12.

8.2.13.

250

‘Evag a@aipétng eival €va Ku-

KAwpa oTo OTT0iO0:

a. n 1aon €¢6dou gival ion pe 10
aAyeBpiké dBpoicua Twv T4-
OEWV TWV 1000wV

. n TGon €€6dou eival ion Pe TN
Sla@opd Twv TACEWV TWV ElI-
o6dwv

y. €ival duvaTév va XpnoIuoTToin-
Bouv Tuxaiol cuvduacoi avTi-
OTAOEWV OTO KUKAWHA TOU

0. n Tdon €£6dou gival TTAvTA Op-
VNTIKA

O un-avaoTpEPWV EVIOXUTAG
Tou 0X. 8.2.1 éxel R, = 19,8 KQ,
R, =200 Q ka1 R =10 KQ. Av n
atroAaB Tdong avoiktou Bpo-
xou Tou T.E. €ivar 40.000 va
uttoAoyioeTe TNV atmoAafn Ta-
ong KA&IoToU Bpdxou.

2TOV €VIOXUTA TNG TrponyouUe-
vng d&oknong va UTTOAOYioETE
TO peUpa TO OTIOIO BIOPPEEI TNV
avTioTaon @OpPTOU AV EQAPHO-
oTel OTNV €i0000 TOU €EVIOXUTA
Mia Tdon 1 mV.

O avaoTpépwy EVIOXUTAG TOU
ox. 8.2.3 &xal R, = 49,8 KQ kai
R,=200 Q. Av n amohapn 1adong
avoIKTOU Bpodxou eival 20000 va
uttoAoyioeTe TNV aTToAafr) Taong
KAEIOTOU Bpdxou.

O uN-avaoTPEQPWY  EVIOXUTAG
Tou Ox. 8.2.1 éxel R, = 9.8 KQ
kal R, =200 Q. Av n amoAapn
Tdong KAeloToU PBpdyou eival
8000 va utroloyioete TNV ATTO-

TEAEZTIKOI ENIZXYTES

8.2.14.

8.2.15.

8.2.16.

8.2.17.

8.2.18.

Aapn téong avolikTou Bpdxou.

Aidetar Ty tdong 10mV kai
BéAoupe va  KATOOKEUGOOUWE
€VIOXUTA 0 oTroiog Ba divel oTnv
€€000 TOU TAon -200 mV. Na
TTPOCBIOPICETE TO €iDOG TOU €ViI-
OXUTA Kal Tnv amoAafry Taong
KAgI0TOU Bpdxou.

‘Evag TEAEDTIKOG EVIOXUTAG EXEI
yivouevo atroAafig tdong et
€Upog qwvng 10° Hz. Av n atro-
AaBry Taong KAeioTOoU PBpoxou
gival 125 va uttoAoyioeTe 10 €U-
POG CWVNG TOU EVIOXUTH).

O avooTpépwy EVIOXUTAG TOU
ox. 8.2.3 éxe1 R, = 12 KQ kai R,
=120 KQ. Av oTtnv €icod6 Tou
epappooTei Tdon 100 mV va
uTToAOYioETE TNV TAON £§6d0U.

>¢ évav abpoloTh evioxutn (o).
8.2.5) o1 avTIOTACEIG TOU KUKAW-
parog gival R, = 80 KQ, R, = 64
KQ, R, =20 KQ ka1 R,= 400 KQ.
Av 0TI £10000UG TOU £QapPUOLo-
viai Taoeig V, = 15 mV, V, = -25
mV kai V, =8 mV avrigToixa, va
uttoAoyioeTe TNV TaoN €§6d0U.

>e évav aBpoloTh evioxuTh (OX.
8.2.5) o1 avTIoTACEIG TOU KUKAW-
patog cival R, =40 KQ, R, = 64
KQ, R, = 80 KQ ka1 R.= 400 KQ.
Av 0OTIG €£I0600UG TOU £PAPUOLO-
vial 1doeig V, = 15 mV kai V, =
8 mV, va uttohoyioeTe TNV TGON,
V, WoTe n 1éon £66d0u va unde-
VIOTE.



8.2.19. Ze évav a@aipéTn evioxutn (ox. 8.2.20. Ze évav a@aipétn evioxuTth (OX.

8.2.4) o1 avTIOTAOEIG TOU KUKAW- 8.2.4) o1 avTIOTACEIG TOU KUKAW-
parog eival R, = 150 KQ kai R, = parog eival R, = 100 KQ kai R,
12 KQ. Av oTn un avaoTpé@ou- Av OTn PN-avaoTPEPOUCA Ei00-
oa €icodo epapuodeTal Taon V, b0 epapuodetal Tdon V, =15 mV
=40 mV kal 0TV avaoTpEPOoU- Kal OTnVv avaoTpépouca TAon
oataon V,=22 mV va utroloyi- V, =12 mV va utmohoyioeTe TNV
oeTe TNV Tdon oTnv £€£0d0. R,waoTe n 1aon oty £¢odo va ei-
val 0.3 mV.

loTopikn avadpoun:

Ta mpwra Bruara ta oroia odrynoav arn cUAAnwn 1nNs 16éag Tou TEAECTIKOU
evioxutn avayovrai oto 1928, érav o H. S. Black mpoomd6nos va karoxupwaoel
e matévia « Evav Vioxuth UE apvnTiKh avarpo@odornan» Kai n 16éa tou Bswpn-
Onke we uIa GAAN avéQIKTn TPéAQ NS ETTOXNACS TOU.

O 6poc¢ TeAeaTikOS evioyuTns 666nke armoé Tov J. R. Ragazzini kai Tou¢ ouvep-
YATEC TOU O€ Uia Katnyopia evioxutwy 1o 1947. 21nv gpyacia mou dnuoagisucav
TTEPIEYPAQPAV T AEIToupyia TETOIWV EVICXUTWYV, Ol OTToioI Xphaoiuorrolouoav oia-
(POPOUC TUTTOUS avaTpopodornong. Tn gpyaadia Toug gixav Baagiosl o€ LUEAETES oI
orroigg gixav yivel 1o 1943 kai 1944 yia 1o EGvikd ZuuBouAio Epsuvag kai Auuvag
(NDRC).

To mpwro Brua meOo¢ TNV KATeuBuvon NS UAOTTOINGNS TWV TEAEOTIKWY EVIGYU-
TWV EYIVE OTIC apxéS TNS Oekaetiag Tou 1950 amrd tnv G. A. Philbrick Researches
Inc, n oroia KATAOKEUAOE TOV TTPWTO ELTTOPIKG OIABETIUO «OAOKANPWLIEVOY» TEAE-
OTIKO EVIOXUTH UE TPIOOOUS AuxVies. O OUYKEKPIIEVOS TEAETTIKOS EVIGXUTNS XPNOI-
potroiouce dUO0 OITTAEC TPIOOOUS AUXVIES.

O mpwrog TEAEOTIKOS evioxuTnS LE OIKPITA nuIaywyIKa aToixEia (tpavlioTop
Kai 61600U¢S) karaokeudoTnke arrd 1nv Burr-Brown Research Corporation kai tnv
G. A. Philbrick Researches Inc 1o 1962.
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— ATTANTHZEIZ AZKHZEQN -

KepdAaio 1°:

1

2
5

(a) ynoioko, (B) avaAoyiko,
(Y) wnoioko,

T=1usec,

Avaloyiké orjua - Hpitovo,
Ynoeiakd onua -bit-raApog,
Wnolokd KUKAwpa - HAe-
KTPOVIKOG YTroAoyiotng, A-
VOAOYIKG KUKAWUA - KUKAW-
pa tédong.

KepdAaio 2°:

21
2.2
23

(B). ()
(@), (6)
(®)

KepdAaio 3°:

3.1.4
3.1.5
3.1.8
3.1.9
3.1.10
3.1.1
3.4.5

3.4.6
3.4.7
3.4.9
3.4.10
3.7.2
3.7.3
3.74

R, =20K, R_=10MQ,
(v)
5V,
(v),

(v)

lg X 25mA \V, x 55V.
| . =222mAl
mA, | =6,8mA,
C, = 33,3pF,
(v),

76pF < C < 116pF

| = 1mA

V, =18V, 1, =225mA,
V_=45V,

V,, = 440V.

9,7

ZMIN ~

KegpdAaio 4:

41
4.2
43

(@)
(B). (v)
(B)

4.4
4.5

4.6

4.7

4.8
4.9
410
4.51
4.5.2
4.5.3
454
4.5.5
4.5.6
4.5.7

4.6.1
4.6.2
4.6.3
464
4.6.5
4.81
4.8.2

4.8.3
484
4.8.5

OpiCetan a1 1a onpeia (20
V, 0 mA) kai (0 'V, 16.7 mA)
OpiCetan atoé 1a onpeia (20
V, 0 mA) kai (0 V, 8.3 mA)
OpiCetan atoé 1a onpeia (20
V, 0 mA) kai (0 'V, 8.3 mA)

B), (v)

(v)

7,5x10°Qn17,5GQ
7,5x10°Qn7,5MQ
EAaxioTO pevpa Topéa artra-
ywyoUu 0 mA

MéyiaTo peUua atraywyou
20 mA

Taon atmmokoTAg TTUANG-TTN-
yng-5V

(a), (B)

(v), (9)

()

75V

VDSSAT

18,4V

Otav B =25 101E V. = 19,6
V kai 6tav B =300 1018 V
=15V

B =100, V. =135,7V

V_ =297V

V.=1347V
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48.6 Q(13,47V, 0,36 mA) KegpdAaio 7°:
4.8.7 Emeidn umapxel n R, 10 on- 7.210 236,123, 640,4,,
peio Asitoupyiag dev Ba pe- 7211 10,375, 38

10°

TOKIVNOEi. 7.212 01100100, 001010,1001,,
4.8.8 Tpog 1a degia (uynAdTepa 7.2.13 1011001, 0100111, 1101110
V) 7.2.14 101000011, 00011001111,
489 A =22,V ,=22mV. 7.215 11,357,
4810 A,=251,V,=251V. 7.216 875, 68, 8644
:':':; gogozenA 367 mA 827 mA o2 A(B+C),
14,7 mA, 23 mA, 33,1 mA 733 B+A _
avTioToIxa. 734 AeBrAeB
4.8.13 13,8V 756 F=XeYeZ+
4814 10,1V XeYeZ+XeYeoZ
4815 14V 7.5.8 Y=A+B+C+D+E
:'g':g ;07’40’ 7514 F=AeBeC+AeC
4818 20V . o
4819 20V K“g_“;f” (80()'
4820 20V
8.2.2 (d)
4821 39V 823 24V
4822 0,1V ’
4823 015V 8.24 1pV, 10uV, 100pV
8.2.5 150uV
KepdAaio 5°: 821 (B
51 (y) 8.22 (a)
52 (y) 8.2.3 (), (V)
54 47V 8.2.5 99,8
55 15V,6,1V,0,81V 826 001mA
56 27V 8.2.7 249
57 49A 8.2.8 49,7
58 16V 8.2.9 AvooTpépwy eVIOXUTNG,
-20
KegpaAaio 6°: 8.2.10 8000 Hz
6.7 |,=2mA,I|,=1mA, 8211 1V
l,= 3mA, 8.212 -78,75 mV
6.8 1=10mA 8.213 -30,4mV
6.9 (A) 8.214 225mV
6.1 TPS708 8.215 1MQ

PEY TEAESTIKOI ENISXYTES
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