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1 Eicaywyn

Ta TpavdioTop KAvouv TOV KOOHO TwV NAEKTPOVIKWYV KOG Va TTEpIOTPEPOVTAI. Eival kpioipa
w¢ TNYR €Aéyxou Oe KABE oUyxpovo KUKAwMA. MepIKEG @opéc Ta PBAETTETE, AAAG TIG
TEPIOCOTEPEG QPOPEG eival KpUuphéva BaBid péoa oTo KAAOUTTE evOG OAOKANPWHEVOU
KUKAWWMATOG. Z€ auTO TO Jabnua, 8a oag TTapoucIACOoUE Ta BAcIKA TOu TTIo GuvnBIouévou
TpavlioTop yUpw atod Tn diacTaupwaon pe Tpavliotop dITOAIKAG diatapaxns (BJT).

2€ MIKPEG, OIaKPITEC TTOOOTNTEG, Ta TpavlioTop WITOPOUV va XPnoihotroinBouv yia Tn
onuIoupyia OTTAWY  NAEKTPOVIKWY  JIAKOTITWY, WNQPIAKAS AOYIKAG KAl KUKAWUATWY
evioxuong oAPOTOG. Z€ TTO00TNTEG XIANIAdWY, EKATOPMUPIWY, KON KAl dICEKATOUUUPIWY,
Ta TpavlioTop dlacuvdEovTal KAl EVOWMATWVOVTOI O€ MIKPOOKOTTIKA TOITT VYIia vd
ONUIOUPYAOOUV UVIHEG UTTOAOYIOTWYV, MIKPOETTECEPYAOTEG Kau AGAAa TTOAUTTAOKA IC.

O
C
B
E
d E
B
O
Tpav{iorop

KaAUtrTeTan o€ auto 10 NAdnua:

A@ouU diaBdacete autd To PABNUa, BEAOUPE va €XETE PIO €upeia KaTavonan Tou TPOTTOU
AeiToupyiag Twv TpavdioTtop. Agv Ba upaBUvoupe TTOAU 0T QUOIKA TWV NUIAYWYWVY 1 O€
1000UvVapa JOVTEAD, aAANG Ba euBaBuvoupe apKeTd O0TO BEPA WOTE va KATAAABETE TTWG éva
TpavdioTop PTTOPEI VO XPNOIMOTTOINBEI €iTE WG BIAKOTITNG EITE WG EVIOXUTAG.

AuTé TO pABNUa XwpileTal O€ pIa OEIPA EVOTATWY, TTOU KOAUTITOUV:

* 20pBOAq, akideg Kal KATaoKeun -- ECAynon Twv d1o0Qopwv PETAEU TWV TPIWV OKidwv
TOU TpavCioTop.

* EmékTraon tng avaloyiag vepou -- EmoOTpEéQoupe oTnv avaAoyia vepou yia va
ggnynooupe WG éva TpaviioTop Asitoupyei oav BaABida.

* Tpétrol Asitoupyiag -- Mia €mokOTTNON TwWV TEOOAGPWY TTIBAvVWV TPOTTWY AEIToupyiag
EVOG TpavdioTop.

» Eq@appoyég I AlakémTeg -- KukAwpara e@appoyng Tou  Ogixvouv  TTwg
XPNOIYOTTOIOUVTAI TA TPAVEIOTOP WG NAEKTPOVIKA EAEYXOUEVOI DIAKOTITEG.

* E@appoyég ll: EvioxuTég -- MMepioodTEPA KUKAWUATA £€QAPUOYNG, AUTA TN QOpd TTOU
OLiYVouv TIWG XPENOIYOTTOIoOUVTal Ta TPaAv{ioTOp YIO TNV €vioxuon Tng TtAongG r Tou
peUPaATOG.
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Ymrdpyxouv dUo TUTTOI BOCIKWY TpaviioTop eKEei £€¢w: DITTOAIKN dlacTaupwon (BJT) kai
etTidopaon 1ediou YeTAAAoU-o&e1diou (MOSFET). & autd 10 pdbnua, Ba emmikevTpwOoUpe
oto BJT, yiati civar eAa@pwg Mo €UkoAO va 10 Katavornooupe. Waxvovtag akdua
BaButepa oToug TUTTOUG TpavlioTop, uTTdpxouv duo ekdocelg Tou BJT: NPN kai PNP. @a
OTPEWOUE TNV €0TIOOT YOG AKOWN TTIO EUKPIVE TTEPIOPICOVTAG TNV TTPWIKN OUATNOT HOg
oto NPN. lMepiopioviag Tnv €0TioON PAG TTPOG TA KATW -- ATTOKTWVTAG HIO 0TABEPN
katavénon tou NPN -- Ba gival eukoAoTEpO va katavorjoouue 10 PNP () To MOSFETS,
OKOWN) ouykpivovTag TTwe diagépel atrd To NPN.

Mpiv epBaBuvoupue oe autd To padnua, Ba ouviIoTOUCAE IBIAITEPA VA PICETE YIA PATIA:

* Tdon, peUpa, avriotaon Kal vopog Tou Ohm -- Eicaywyr oTI¢ BACIKES apxEC TNG
NAEKTPOVIKAG.

* Baoikd oToixeia nAEKTPIKAG evéPYEIAg -- Oa MIAAOOUPE Aiyo yia TOV NAEKTPIOUO WG TN
por] Twv nAekTpoviwy. MAaBeTe WS péouv auTd Ta NAEKTPOVIO GE AUTO TO GENIVAPIO.

* HAekTPIKN 10XUG -- Mia atd TIG KUPIES EQAPPOYEG TOU TpavEioTop €ival n evioxuon -- N
augnon Tng 1oxuog evog onuartog. H atgénon tng 1oxUog onuaivel 6Tl YTTopoUuE va
QUENOOUE €iTE TO pEUMA €iTE TNV TAON, MABETE yIaTi o€ auTd TO OEUIVAPIO.

* Aiodol --'Eva TpavioTop €ival Jia CUOKEUR NUIaywywv, akpIBwg 6TTwg pia diodog. Katd
KATToI0 TPOTTO, gival autd TTou Ba étraipveg av oTolifdlate duo dIGdOUG PETAEU TOUG Kal
oéoarte TIG avodoug Toug PETatU Touc. H kartavénon tou wg Asitoupyei pia diodog Ba
BonBnael TToAU oTnv atTokAAUWN TNG AcIToupyiag evog TpaviioTop.

2 2UpBOAA, KAPQPITOES KOI KATOOKEUN

Ta TpavdioTop cival BACIKA OUCKEUEG TPIWV OKPOOEKTWYV. € HIa dlaoTaupworn HE
Tpavdiotop dITTOAIKAG diatapaxns (BJT), autég o1 akideg pépouv Tnv TIKETA GUAAEKTN (C),
Bdaon (B) kai Troptrd (E). Ta oupBoAa kukAwpatog 1600 yia 1o NPN 6o kai yia To PNP
BJT cival TTapakdaTw:

E
B NPN B PNP
E C

Ta ouuBoAa kukAwpuarog yia ra rpavliorop NPN kai PNP

H pévn diagopd petagu evog NPN kai evog PNP gival n kareuBuvon tou BéAoug otov
TouTtd. To BéAog oe éva NPN deixvel kal oto PNP &¢ixvel Tpog ta péoa. ‘Eva xproiyo
MVNMPOVIKO yia va BuudoTe gival:

NPN: Not Pointing iN
OmoBodpouikr Aoyikr], aAAG AsiToupyei!
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2.1 Karaokeun TpaviioTop

Ta TpaviioTop BacifovTal o€ NUIaywyoug yia va KAVOUV Ta Payikd Toug. ‘Evag nuiaywyog
gival éva UNIKO TTou dev gival kKaBapdg aywyog (OTTwG To XAAKIVO cUpua) aAAd ouTe Kai
MoVWTAG (O0TTWG 0 aépag). H aywyiudtnta evog nuUIaywyou -- TG00 €UKOAQ ETTITPETTEI OTA
NAEKTPOVIO va péouv -- eEapTdTal atrd PETARANTEG OTTWwG N Bepuokpadia fj n TTapouasia
TEPIOTOTEPWV ] AIYOTEPWVY NAEKTPOVIWY. AG BOUPE €V OUVTOMIO KATW ATTO TNV KOUKOUAQ
evog Tpavliotop. Mnv avnouxeite, dev Ba okdwoupe TTOAU BaBid oTnv KBAVTIKI QUOIKH.

2.2 'Eva TpaviioTop wg duo diodol

Ta TpavioTop cival gav TTPOEKTAON €vOG AAAOU £CAPTANATOS NUIAYWYWYV: Twv B100wV.
Katd katrolo 1po1To Ta Tpaviiotop cival pévo duo diodol pe TIG KaBddoug (1 TIG avodou)
TOUG OENEVEG PETALU TOUG:

C
NPN PNP

‘Eva rpav{iorop wg duo diodol

H &iodog 1mou cuvdéel TN Bdon Tou TTOUTTOU €ival onuAvTikr €0w, Talplalel Pe TNV
KateuBbuvaon Tou BEAoug aTo oxnuatikd cUPBoAo Kal oag deixvel TTpOG TTola KaTeubuvon 1O
pelpa TTpoopileTal va péel JEoW Tou TpavdioTop.

H avatmapdoTtaon Tng di6dou gival Eva KAAO ONUEIo yia va EEKIVIOETE, AAAG aTTEXEl TTOAU
atrd 10 va givalr akpIfés. Mnv Baciete Tnv Katavonor oag yia Tn Asimoupyia evog
TpavdioTop 0€ AUTO TO POVTEAO (KOl PNV TTPOCTIOBACETE VO TO QVATTAPAYAYETE O€ €va
breadboard, dev 8a Asitoupyfoel). Ymrdpxouv TTOAAG TTapdaéeva TTpAyUaTa OE €TTITTESO
KBaVTIKAG QUOIKAG TTOU EAEYXOUV TIG OAANAETTIOPACEIG JETAEU TWV TPIWV TEPHOTIKWV.

(Auté TO povTéAO ceival XpAoiuo edv xpeldletal va Ookiydoete €va  TpavdioTop.
XpnoiyotroiwvTag Tn Aeiroupyia dokiuAg di16dou () avriotaong) ot éva TTOAUMETPO,
MTTOPEITE va PETPAOETE TOUG akpodékTeg BE kal BC yia va eAéyéeTte yia Tnv TTapouaia
QUTWV TwV "dI6dwV".)

2.3 Aopn kai Asitoupyia TpaviiotTop

Ta Tpaviiotop kKoTaokeudfovtal Pe Tn OToIBagn TPIWV OIAPOPETIKWY OTPWHATWY
NMIAYWYIKOU UAIKOU padi. & opiopéva atrd autd Ta OTPWHOTA TTPOCTIBEVTAI ETTITTAEOV
nAekTpovia (pia dladikaoia TTou ovopdletal "viomivyk") Kal o€ GAAa a@aipouvTtal T
NAEKTPOVIO (UE TTPOCMIEN "OTTEC" - N atroudia nAekTpoviwyv). 'Eva UNIKG nuIaywywyv PE
emMTAEOV NAEKTPOVIA ovouAdeTal N-TUTTOG (N yia TO apvNTIKO €TTEION T NAEKTPOVIA £XOUV
apvNTIKO QopPTio) Kal éva UAIKO JE T NAEKTPOVIQ TTOU £X0uV agaipeBei ovoudleTal TUTTOG p
(yra BTIkO). Ta TpaviioTop dnuioupyouvTal €iTE TOTTOBETWVTAG £€va n TTAVW aTTd éva p
Tavw atrd éva n €iTe To p TTAVW ATTO TO N TTAVW ATTO TO P.
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AmAomroinuévo didaypauua tng doung evog NPN.

Me kdTTolo KoUvnua ToU XEPIOU, UTTOPOUNE VO TTOUME OTI Ta NAEKTPOVIO UTTOPOUV €UKOAQ
va pEOUV aTTO N TTEPIOXEG OTIC KOPUPAIES TTEPIOXES, APKEI va €xouv Aiyn duvapun (téon) yia
va Ta wlnoel. AAA n por a1rd pia TTEPIoX p 0€ MIa TTEPIOXN N gival dSUOKOAN (atrauTei
TTOAAN Téon). AMNG 10 1810iTEPO PE éva TPAVEIOTOP -- TO HEPOG TTOU KAVEI TO JOVTEAO HOG
ME U0 BIGDOUG CETTEPATUEVO -- €iVal TO YEYOVOG OTI TO NAEKTPOVIA PTTOPOUV €UKOAA vVa
péouv atrd Tn Baocn TOTTOU p aTOV GUAAEKTN TUTTOU n, €pdoov n diacTaupwan Bdong-
EKTTOUTTOU €ival HEPOANTTITIKA TTPOG TA EUTTPOG (TTOU onuaivel 6T N BAon ival o€ uwnAéTEPN
Taon a1Td TOV TTOUTIO).

To 1paviiotop NPN éxel oxediaoTei yia va mTepva nAekTpovia ammd Tov TTOUTTO OTOV
OUAAEKTN (€TG1 TO CUUBOTIKO pelpa péel attd GUAAEKTN G€ TTOUTTO). O TTOUTTOC "ekTTéUTTE"
NAeKTPOVIG OTn BAcn, n otoia eAéyxel Tov apiBUd Twv NAEKTPOVIWY TTOU EKTTEUTTEI O
EKTTOUTTOC. Ta TTEPIOTOTEPA ATTO TA NAEKTPAOVIA TTOU EKTTEUTTOVTAI «CUAAEYOVTAI» ATTO TOV
OUAAEKTN, O OTTOI0G T OTEAVEI OTO ETTOUEVO TUAMA TOU KUKAWHATOG.

‘Eva PNP Acitoupyei pe Tov idio aAAd avTiBeto 1poTT0. H Bdon e€akoAoubBei va eAéyxel Tn
por| Tou peUPaTog, oAAG autd To pelpa péel TTPOG TNV avTiBeTn KaTeUBuvon -- aTmd ToV
TTOUTTO OTOV OUAAEKTN. AVTi yia NAEKTPOVIA, O TTOPTTOG EKTTEUTTEI «OTTEG» (EVVOIOAOYIKN
atroucia NAeKTpoviwy) TTou CUAAEYOVTal ATTO TOV CUAAEKTN.

To tpavdioTop cival oav pia BaABida nAekTpoviwyv. O TTeipog BAong sival oav pia Aapr) TTou
MTTOPEITE VO TTPOCAPUOCETE VIO VA ETTITPEYETE OE TTEPICCOTEPA I AIyOTEPO NAEKTPOVIO VO
péouv atrd Tov TTOUTTO OTOV OUAAEKTN. Ag e€eTloOUE TTEPAITEPW QUTAV ThV avaloyia...

This project has been funded with support from the European Commission. This publication [communication] 5
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I
| 1
B

Electron Flow

T &L |

H dopn evog NPN

L

2.4 EékTaon TnG avaloyiag Tou vepou

Av éxete dloBdocel TTOANG paBipaTta NAEKTPIKAG EVEPYEIAG TOV TEAEUTAIO KAIPO, EXETE
ouvnBioel og avaloyieg vepoU. Aéue OTI TO peupa gival avdAoyo Pe 1o puBud porg Tou
vepOU, N TAON €ival n TTiEaN TTOU CTTPWXVEl AuTOd To vePO YEoa atrd évav owAnva Kai n
avTioTaon €ival To TTAATOG Tou CWwANVa.

Resistance

A a
Voltage mpveen

1

More Less

Emékraon tn¢ avalAoyiag rou vepou

Aev amroteAei €KTTANEN, N avaAoyia Tou vepoU PTTopEi va eTTeKTaOE Kal oTa TpavioTop: éva
Tpaviotop cival cav pia BaABida vepol -- évag UNXAVIOWOG TTOU MTTOPOUME VO
XPNOoIuoTToINOOoUE Yia va eAéyEoupe ToV pubBuoé pong.

YTTapYXouV TPEIG KATOOTACEIG OTIG OTTOIEG UTTOPOUME va XPNOIUOTTOIcoUpE pia BaABida,
KaBepia atrod TG oTToieg £XEI OIAPOPETIKA ETTIOPACN OTOV pUBUS porG o€ Eva oUOTNUA.

This project has been funded with support from the European Commission. This publication [communication] 6
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1) EvepyoTtroinpévo -- BpaXUKUKAWMO
Mia BaABida PTTOPEI VO aVOoIgel EVTEAWG, ETTITPETTOVTAG OTO VEPO va péel eAeUBepa --

TTEPVWVTAG PEoA oav va punv UTTAPXE Kav n BaABida.
pes——————————

—

Transistor On

Tpav{iorop gvepyomoinuévo — BpaxukUkAwua
Ouoiwg, utd TIg KATAAANAEG OuVvOAKkeg, éva TpavdioTop JTTOpEl va  Holddel Je
BpaxuKUKAwMPG PETAEU TOU OUAAEKTN Kal TwV OKPOOEKTWYV EKTTOUTTOU. To pedua eivail
eAeUBepPO va péel péoa atrd Tov GUAAEKTN Kal £€w aTTd TOV TTOUTTO.

2) AtrevepyoTroinHEVO — AVOIXTO KUKAWMO

Ortav eival KA€IOTA, MIG EGAEIBG Hnoeei val oTaEaTn' o€l EVTEAWG TN PON TOU VEPOU.

Transistor Off

Tpavd{iorop amevepyorroinuévo -- AvoIxTé KUKAwua
Me Tov idlo TpdTTO, £va TpavlioTop UTTOPEI va XpnoiyoTroinBei yia va dnuioupynoel éva
avOoIXTO KUKAWMA PETOEU TOU GUAAEKTN KAI TWV OKPOOEKTWYV EKTTOUTTOU.

3) Fpappik6g ‘EAeyxog Pong
Me kdtrolo akpIfr] cuvToviouo, pia BaABida utropei va puBuioTel yia va eAéyXel pE
akpipela Tov pubBuo ponRg o€ KATTOIO ONUEIO HETAGU TTANPWGS avOoIXTOU Kal KAEIOTOU.

Flow Control

Fpauuikog éAsyxog pong Tpavdiorop
‘Eva TpavdioTop PTTOPE va KAVEI TO idI0 TTPAYHA -- va €AEYXEl YPAPUIKA TO pEUA HEOW
eVOC KUKAWMOTOG O€¢ KATTOIO onueio PETAEU TTARPWGS ATTEVEPYOTTOINUEVOU (OVOIKTO
KUKAwpa) Kal TTARPpWG evepyoTToinpévou (BpaxUKUKAwWHA).
A6 TNV avaloyia Tou vepoU pag, To TTAATOG evOG CwARVA gival TTAPOPOIO PE TNV AVTIOTAOT)
o€ éva KUKAwpa. Eav pia BaABida ptropei va pubuioel ye akpifeia 1o TTAATOG EVOG CWARvA,
T0TE €va TpavlioTop PTTOPEl va TTpocapudoel Pe akpifeia Tnv avriotaon PeTagy Tou

7
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OUAAEKTN Kal Tou TTopTToU. 'ETOl, KOTé KATTOl0 TPOTTO, €va TpavdioTop cival oav Hia
HeTaBAnTA, pubpI{éuevn avrioTaon.

2.5 EvioxuTikA loxug

YT1rapxel pia GAAN avaAoyia TTou PTTopoUpE va epuNVEUCOUNE o€ auTd. DavTaoTEiTe €4v,
ME TO EAaQPU yUpIoUa piag BaABidag, uTTopoUaaTe va eAEYEETE TOV PUBUO POAGC TWV TTUAWV
por¢ Tou ppayuarog Hoover. H dBAia TToodTNTA dUVAUNG TTOU PTTOPET VO AOKACETE yIa va
OTPIWETE AUTO TO KOUUTTI €€l T duvaTOTNTA Va dnUIoUpYAOEl hia dUvaun XIAIGOEG POpPEG
Io0XupoTEPN. ETrekTeivoupe Tnv avaloyia ota 0pid Tng, aAAd auTr] n 16€a HETAPEPETAI KAl
ota Tpavdiotop. Ta TpavCiotop cival 10IaiTEpa £TTEIdO PTTOPOUV VA €EVIOXUOOUV Td
NAEKTPIKA OAUATA, HETATPETTOVTOG VA OHA XAPNAARG 10XU0G 0€ éva TTAPOPOIO OFa TTOAU
uwnASTEPNG I0XUOG.

Mepitrou. YTTapxouv TTOAAG TTEPICOOTEPO O€ AUTO, AAAG auTo gival Eva KaAd YEPOG yia va
Eexiviioete! EAEYETE TNV €TTOUEVN €VOTNTA YA WIG TTIO AETTTOMEPN €€AYNON TNG AEIToupyiag
evog TpavdioTop.

3 TpoéTrol AsiToupyiag

2€ avtiBeon pe TIC AvTIOTACEIG, Ol OTTOIEG ETTIBAAAOUV HIa YPAUMIKA OoXéon PeTagU TGong
KAl peUPOTOG, Ta TPpavEioTOp €ival PN YPAPUIKEG OUOKEUEG. 'Exouv TEooepig DIaKPITOUG
TPOTTOUG AEITOUPYIaG, Ol OTTOIOI TTEPIYPAPOUV TO peUpa TTou Toug diappéel. (Otav pINGpe
yla por| peUPaTog Péow evog TpavlioTop, OUVROWG EVVOOUE PEUMO TTOU PEEI ATTO TOV
OUAAEKTN o€ évav eKTTOUTTO £vog NPN.)

O1 Téooepig TPOTTOI AsiToupyiag TpavdioTop gival:

» Kopeopoég -- To 1paviiotop Asitoupyei oav BpaxukUKAwPa. To pelpa péel eEAeUBepa
aT1TO CUAAEKTN O€ TTOUTTO.

» AtrokoTrn -- To TpavdioTop AsiToupyei oav avoixTo KUKAwa. Agv péel pelua atrd Tov
OUAAEKTN OTOV TTOUTTO.

* Evepy6 -- To pelpa atmd Tov CUAAEKTN OTOV EKTTOUTTO €ival avAAOyo e TO peUPa TTOU
péelr atn Baon.

* Reverse-Active -- OTtwg Kai n evepyn Aeimroupyia, To peUpa gival avaAoyo Pe TO peUua
Baong, aAAG péel avTioTpo@a. To pelpa péel aTTO TOV TTOPTTO OTOV CUAAEKTN (OXI1, AKPIBWG,
yla TOV OKOTTO yIa TOV OTT0i0 oXedIA0TNKAY Ta TPpAvioTOoP).

MNa va mpoodiopicoupe o€ TTola AsiToupyia BpiokeTal éva TpavioTop, TTPETTEI va SOULE TIG
Tdo€Ig o€ KaBeuia atTd TIG TPEIS aKidES Kal TTWG oxeTiCovTal JeTagu Toug. O1 Téoeig atrd TN
Baon otov ekmroutrd (VBE) kai omn ouvéxeia atmod 1n faon otov culAéktn (VBC) opifouv
TN A&IToupyia Tou TpavdioTop:
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Vec

AL

Acrroupyia tpaviioTop
To atrAOTTOINUEVO YPA@NUA TETAPTNUOPIOU TTAPATTAVW DEIXVEI TTWG 01 BETIKEG KAl APVNTIKESG
Tdo€IC 0 auTOUG TOUG AKPOBEKTEG ETTNEEACOUV TN ASITOUPYia. ZTNV TTPAYUATIKOTNTA, €ival
Aiyo TTio TTEPITTAOKO aTTd aUTO.

Ag doupe Kal TIG TEOOEPIG AsIToupyieg TpavioTop EEXxwpIoTd, Ba dIEPEUVACOUNE TTWG VO
Béooupe TN OUOKEUR O€ AQUTAV TN AIToupyia Kai T €TTidpacn £XEl OTn POr PEUUATOG.

Znueiwon: H mAsiopneia autig tng oelidag eoTidlel oe Tpaviiotop NPN. lMNa va
kKatavonoete WG Aeitoupyei éva Tpaviotop PNP, amAwg avaoTtpéyte 1a onuddia
TTOAIKOTNTAG A > Kai <.

3.1 Acitoupyia KopeopoU
O kopeopodg eival 0 évag TPOTTOg Acitoupyiag evog Tpaviotop. ‘Eva Ttpaviiotop o€
Ag1IToupyia Kopeopou AsiIToupyei oav BPaxUKUKAWPO HETAEU TOU CUAAEKTN KOI TOU TTOUTTOU.

AsgiToupyia kopsouou
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271N Agitoupyia KopeapoU Kai ol dUo "diodol" aTo TpavioTop £xouv TTOAWGCN TTPOG TA EUTTPOG.
AuTO onuaivel 6T To VBE mpéTTel va gival peyaAutepo atro 0, 6mmwg kai To VBC. Me dAAa Adyia,
10 VB TrpéTTel va gival uynAdéTepo ato 1o VE kai 1o VC.

Vg > VC
VB > VE

Eteidr) n dlaotaupwon atrd 1n BAcn oTov TTOPTTO HoIGdel akpIfwg pe pia diodo, otnv
TpaydaTIkOTNTa, N VBE TTpétrel va eivar peyaAutepn améd éva threshold voltage yia va
€10€AB¢g1 0 KOPETPO. YTTAPXOUV TTOAAEG CUVTOUOYPAPIES VIO QUTAV TNV TITWOT TAoNG -- Ol
Vth, Vy ka1 Vd gival Aiyeg -- Kal n TTpayuatiky TiuR TTOIKIAAEl HETAEU Twv TpavdioTop (Kal
OKOMN TTEPICOOTEPO avAaAloya ue Tn Beppokpaaia). [MNa TToAAG TpavlioTop (O€ Bepuokpaaia
dwpaTiou) utropoUpe va uttoAoyiooupe OTI auTr N TITwaon eival Trepitou 0,6V.

Mia &AAN TPOUAKTIKA TTPpayuaTIKOTNTA: Oev Ba UTTAPXEl TEAEIO QYWYINOTNTA PETAEU TOU
TTOUTTOU KAl TOU GUAAEKTN. Mia pikpr) TITwon tédong 6a oxnUaTioTel HeTaiu auTwyv Twv
KOUBwv. Ta @UANa dedopévwy Tou TpaviioTop Ba opiocouv auth Tnv Tdon wg Tdon
KopeouoU CE VCE(sat) -- pia 1édon amrd 1ov UAAEKTN OTOV EKTTOUTTO TTOU QTTAITEITAI VIO
KOPEOWO. Autr N TR gival ouvABwg Tepitrou 0,05-0,2V. Auti n TiwR onuaiver 61 1o VC
TTPETTEN VA ival EAaQPWGS PeYaAUTEPO aTTd TO VE (aAAG kai Ta dU0 akdun HIKpATEPA ATTO
VB) yia va 1€6¢i To TpavlioTop o€ AcIToupyia KopeoHoU.

3.2 AsiToupyia AITOKOTIAG

H Aeiroupyia atmokoTAg €ival To avtiBeto Tou Kopeopou. ‘Eva Tpavdiotop o€ Asitoupyia
QTTOKOTTAG €ival OTTEVEPYOTTOINKEVO -- OEV UTTAPXElI PEUNO CUAAEKTN Kal ETTOPEVWG OEV
UTTAPXEI PEUMA eKTTOUTTOU. MoIdCel oxeddV pe avoIxXTO KUKAwUA.

C

.

BO——— OPEN

s

E

AcgiToupyia amrokomnig
MNa va utrel €va TpavdioTop oTn AEIToupyia aTToKOTTAG, N T&on BAong TTPETTEl Va gival JIKPOTEPN
aTrd TNV TAON TO0O0 TOU EKTTOUTTOU 600 Kal Tou GUAAEKTN. To VBC kai To VBE mrpéTrel va givai
Kal Ta dUo apvnTIKA.
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Vc> Vs
VE> VB

TNV TTpayuaTikotnTa, To VBE utropei va eivar omroudnmrorte petatu OV kai Vih (~0,6V) yia va
emMTEUXOEI N AcITOUPYia OTTOKOTTAG.

3.3 Evepyn Asitoupyia

MNa va Acitoupynoel o evepyn Asitoupyia, To VBE evdg Tpavdiotop TTRETTEI va gival
peyaAUTepo atrd 1o undév kal To VBC Tou tpétrel va gival apvnTiko. ‘ETol, n 1don Baong
TPETTEN va gival PIKPOTEPN aTTO TOV CUAAEKTN, OAAG peyaAUTeEPN ATTO TOV TTOMTTO. AUTO
onuaivel emTiong 0TI 0 CUAAEKTNG TTPETTEI VA €ival JEYAAUTEPOG ATTO TOV TTOUTTO.

Ve > Vg > VE

2TNV TTPAYUATIKOTNTA, XPEIACONOOTE PIA UN MNOEVIKR TITWON TAoNg TTPOg Ta EUTTPOG
(ouvtopoypagia Vth, Vy 3 Vd) amé ™ Bdon otov moutté (VBE) yia va "avoiouue" 10
TpavlioTop. ZuvhBwg, auTth n Tdon eival Trepitrou 0,6 V.

3.4 Evioxuon og evepyn AsiToupyia

H evepyn Asitoupyia gival n Tmo 10xupr AsiToupyia Tou TpavgioTop €TTEION WETATPETTEI TN
OUOKEUN O€ eVIOXUTH. TO peUPa TTOU EI0EPXETAI OTOV TTEIPO BAONG evioXUEl TO peUA TTOU
€I0EPXETAI OTOV OUAAEKTN KOl £€w aTTd TOV TTOUTTO.

H ouvtopoypagia pag yia 1o kKEPdOog (OUVTEAEOTAG evioxuong) evog TpavdioTop cival B
(utropeite emmiong va 10 d¢ite WG BF ) hFE). To B ouoxeTidel ypauuIKG TO pEUUO CUAAEKTN

(IC) pe 10 pevpa Baong (IB):
Ic = plg

H tmrpaypaTiki TIM Tou B TToIkiAAEl avaAoya pe 1o TpaviioTop. ZuvABwG cival yipw oTO
100 aAAd pTtropei va kupaivetal amd 50 €wg 200...akopa kar 2000, avaloya pe TO
TpavioTOP TTOU XPNOIKOTTOIEITE KAl TTO00 peUa TTeEpvAEl atTd auTd. Edv To TpavdioTop cag
gixe B 100, yia TTapadeiyua, autd Ba oriuaive OTI €va pelua €l06dou 1 mA oTn Baon Ba
pTTOpOoUCE va Trapdyel peUua 100 mA HEow TOU TUAAEKTN.
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MovréAo evepyrn¢ Asitoupyiag. VBE = Vth, kai IC = BIB.

Ti yiveTal ge 10 pelpa eKTTOPTTNG, IE; ZTNV evepyn AciToupyia, Ta peUPATA CUAAEKTN KAl
Baong csioépxovTal otn cuokeur Kal o IE Byaivel. TNa va CuoxeTiooupe To peUPA TOU
EKTTOUTTOU HE TO PEUMA TOU OUAAEKTN, €XOUME MIa GAAN oTaBepn TIWA: a. To a eival To
KEPOOG peUATOG KOIVAG BACNG, CUOXETICEI auTa Ta peluaTa we £EAG:

IC = O{IE

To a gival cuvABwWG TTOAU KOVTA, aAAG PIKPOTEPO aTTO, 1. AuTO onuaivel 6T To IC givail TTOAU
KOVTd, aAAG AiyoTepo attéd 1o IE o€ evepyn Asitoupyia.

MTTOpEITE VO XPNOIUOTTOINCETE TO B YIO VO UTTOAOYIOETE TO A | TO QVTIGTPOYO:
/8 —_ Q
(1-a)

B

O{=5+—1

Av 10 B €ivan 100, yia TTapdadelypa, autd anuaivel 6T To a gival 0,99. ‘ETal, €dv 10 IC civa
100 mA, yia rapddeiyua, 1o1€ 10 IE €ivan 101 mA.

3.5 AvTioTpo®n evepyn

AKPIBWGS OTTWG O KOPEOWOG €ival To avtiBETO TNG OTTOKOTTAG, N QVTIOTPOYn €vePyN
AgiToupyia eival To avtiBeto TNG evepyng Aeimoupyiag. ‘Eva TpavdioTop o€ avtioTpogn
evepyn Acitoupyia Ayel, akoun Kal evioxuel, aAAG To pelpa péel TTPOG TNV AvTiOETN
Kateubuvaon, atmmd Tov TTOUTTO OTOV CUAAEKTN. TO HEIOVEKTNPO OTNV QVTIOTPOYN €veEPYR
Aeitoupyia gival 611 T0 B (BR o€ auTtrv TNV TTEPITITWON) €ival TTOAU PIKPOTEPO.
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MNa va BéoeTe £va TpavdioTop o€ AVTIOTPO®N EvEPYN AEITOUpyia, N TAOT EKTTOUTTOU TTPETTEI
va gival JeyaAuTtepn atrd Tn BACn, N oTToia TTPETTEI VA gival HEYAAUTEPN ATTO TOV CUAAEKTN
(VBE<O0 ka1 VBC>0).

VC<VB<VE

H avtioTpogn evepyr Acimtoupyia dev gival ouvhBwg PiIa KATAoTAoN OTNV oTToia BEAETE va
odnynoete €va Tpavdiotop. Eivar KaAd va yvwpilete OTI uttdpxel, aAAG oTTavia €Xel
oXedIOOTEI O€ P EQapUoyn.

4 YxeTIKG pe To PNP
MeTd atré 6Aa 6oa £xoupe PMIAROEI 0€ AQUTAV TN OgAida, €XOUNE KAAUWEI JOVO TO HICO TOU
@aopatog BJT. Tiyiveral ye Ta Tpaviiotop PNP; Ta PNP Asitoupyouv TToAU 61w Ta NPN
-- £X0UV TIG iDIEG TEOOEPIG AsIToupyieg - AAAG OAa avaTpétrovTal. MNa va YdBeTe o¢ Troia
Aeitoupyia Bpioketal éva Tpaviiotop PNP, avtioTpéyTe 6Aa Ta cUPBOAA < Kai >.
MNa trapadeiyua, yia va 1e0ei éva PNP oe kopeopd, 10 VC kai o VE mpétrel va gival
uwnAoTepo atrd 1o VB. Tpafdre Tn fdon xapnAd yia va evepyotroioete 1o PNP kai va 1o
KAveTe YNAOGTEPQ ATTO TOV CUAAEKTN KaI TOV TTOUTTO YIA va TO ATTEVEPYOTTOINOETE. Kal, yia
va Te0ei éva PNP oe evepyn Acitoupyia, To VE Tpétrel va eival oe upnAdétepn 1don atrod 1o
VB, 10 otroio TTpéTTel va gival uywnAdTepo atrd 1o VC.
2uvoyicovTag:
. . Aeitoupyia Acgitoupyia
ZX£0€IG TAONG NPN PNP

VE<VB<VC Evepyd  AvrioTpoa
VE<VB>VC Kopeoudg  AtTokoTm

VE>VB<VC Atrokotrp Kopeouog
VE>VB>VC AvrioTpoga Evepyd

‘Eva aA\o avtiBeto xapaktnpioTikd Twv NPN kai PNP givalr n katetBuvon tng porg Tou
PEUPATOG. Z& KOTAOTAOEIG eveEPYoU KOl KOPEOUOU, TO peupa o€ éva PNP péel amd Tov
TTOUTTO OTOV CUANEKTN. AUTO onuaivel 6Ti o TTOUTTOG TTPETTEN va gival o€ uywnAdTePN TAON
aTtrO TOV OUAAEKTN.

Edv cioTte e€avTAnuévol o€ evvoloAoyIKE TTpAyuaTa, KAVTE éva Tagidl oTnv ETTOPEVN EVOTNTA.
O KaAUTEPOG TPOTTOG yIa va PABETE TTWG AcIToupyei Eva TpavdioTop €ival va TO €CETAOETE
O€ TTPAYHATIKA KUKAWPATA. AG OoUUE PEPIKEG EQapPUOYEG!

5 EQappoyég I: AIOKOTITEG

Mia o116 TIG TTI0 BEPENIWBEIG EQAPUOYES EVOG TPAViOTOP €ival N XPrian TOU yia TOV €AEYXO0
TNG PONAG 10XU0G 0€ AANO PEPOG TOU KUKAWHATOG -- XPNOIYOTTOIWVTAG TO WG NAEKTPIKO
O1akoTITN. OdnywvTag To €iTe 0€ AcIToupyia OTTOKOTTAG €iTe o€ AcIToupyia KopeopoU, TO
TpavlioTop UTTOPEl va dnuioupynoel To duadikd €QE eveEPYOTTOINONG/ATTEVEPYOTTOINONG
€vOG OIOKOTTTN.

O1  diakoTITEG  TpavioTop  €ival  KPIOIJO  OTOIXEId  KATOOKEUNG  KUKAWMATWY,
XPNOIUOTTOIOUVTal VIO TNV KOTAOKEUR AOYIKWV TTUAWY, Ol oTroieg ouvexifouv va
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ONUIOUPYOUV MIKPOEAEYKTEG, MIKPOETTEEEPYAOTEG KAl GAAA OAOKANPWHEVA KUKAWMOTA.
MapakdTtw eival pepik& TTapadeiypuaTa KUKAWUATWY.

5.1 AlakOTTTNG TPOAVioTOP

Ag doupe To TTI0 BePeAIWdEG KUKAWPA BIakOTITH TpavioTop: évav d1akéTTn NPN. Edw
xpnoiuotroiouue éva NPN yia Tov éAey_xg evog LED IULpr])\r']g 10XU0G:

M i

Control = 5V - ON
Control = 0V ~ OFF

—

GNI GNI

GND

‘Evag diakomrng NPN

H gicodog eAéyxou pag péel oTn BAon, N €6000G CUVOEETAI UE TOV CUAAEKTN KAl O TTOUTTOG
dlarnpeital oe oTaBepr] TGON.

Evw évag kavovikdg S1okOTITNG Ba aTTaIToucE TN QUOIKA avaoTpo@r] EVOG EVEPYOTTOINTA,
QUTOG 0 BIAKOTITNG EAEYXETAI OTTO TNV TAON OTOV TTEipO BAoNG.

‘Evag  akpodéktng /O pikpoeAeykTt, OTwg autoi oe éva Arduino, JTTOpEi va
TIPOYPAMUATIOTE Va TTNyaivel ynAd i xaunAd yia va avapel ) va atrevepyotrolei 1o LED.

Otav n tdon otn Bdaon civar peyaAutepn amd 0,6 V (i 6,1 ytropei va eivail 1o Vth Tou
TpavlioTop 0ag), T0 TpavCioTop apyilel va KOPEOTEI Kal PJOoIAZEl e BPAXUKUKAWMPA PETAEU
TOU OUAAEKTN Kai Tou TToutrou. Otav n 1don otn Bdon civar pikpdtepn amod 0,6 V, 1o
TpavioTop €ival o€ AsITOUPYia ATTOKOTING -- Dev pPEEl peUUA ETTEIDN POIAZEI PHE QAVOIXTO
KUKAwMa petagu C kai E.
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[ CONTROL MWW Q2

Control = 0V ~ ON
Control = 5V ~ OFF

D1 M1

Aiakomrrng xaunAng mAsupdg
To Tapatmdvw KUKAWHPA ovOPAZeTal dIAKOTITNG XAMNAARG TTAEUPAG £TTEIOA O DIAKOTITNG --
T0 Tpavliotop pag -- Bpioketalr oTn xaunAn (yeiwon) TTAeupd TOU KUKAWMATOG.
EvaAAakTIKA, MTTOpOUME va  Xpnolgotroifooupe éva  TpavCiotop PNP  yia  va
onuIoupynRooupe évav dIoKATITN UWPNAARG TTAEUPdQ

Mapdpoia pe 170 KUKAwPa NPN, n Bdon civar n €icodog pag kKal O TTOUTTOS gival
ouvoedepévog pe oTtaBepn Tdon. Auth TN @opd, WOTOCO0, 0 TTOUTTOG gival depévog WNAd
Kal TO QOopPTio OUVOEETAI PE TO TPAVEIOTOP OTNV TTAEUPA TNG YEIWONG.

AuTé TO KUKAwPa AsiToupyei €§icou KaAd pe Tov dIakoTrTn TTou Baaoidetal oe NPN, aAAd
UTTApXEl pia TEpAoTIa dIapopd: yia va EVEPYOTTOINCETE TO POPTiO, N BAcon TTPETTEl va gival
XOUNAR. AuTo ptropei va TTpoKaAéael ETTITTAOKEG, €10IK& Av n uwnAn Tédon Tou QopTiou (To
VCC ¢ival 12 V 1mou ouvdéetal pye tov oo VE o€ autrv Tnv ikéva) gival uynAoTepn
a1rdé TNV uYnAn Tdon TG €10680u eAEyxou pag. MNa TTapddelyua, autd To KUKAwpa dgv Ba
AeiToupyouaoe av TTpocTrabouoare va XpnoiyoTroinoeTe éva Arduino TTou Acitoupyei 5V yia
VO OTTEVEPYOTTOINOETE £vav KivnTApa 12V. Ze auTrv Thv TTEPITTTWON, 8a ATav aduvaro va
ATTEVEPYOTTOINOETE TOV BIOKOTITN £1T€10r TO VB (0UvOean e Tov akpodEKTN EAEyxoU) Ba
fTav mavra pikpoTePo atrd 1o VE.

6 AvTioTdoeig Baong!

Oa TapatnproeTe OTI KOBEVA aTTO AUTA TO KUKAWMATA XPNOIYOTTOIET hIa avTioTaon OEIpag
METAEU TNG €10000U eAEyxOU Kal TNG BAong Tou TpavdioTtop. Mnv EexAoETE va TTPOOBECETE
autrv TNV avriotaon! ‘Eva tpaviiotop xwpig avriotaon otn Bdon ivai cav éva LED xwpig
avTioTaon TTEPIOPICUOU PEUMATOG.

OuunBeite 6T, Katd KATTOIO TPOTIO, €va TpaviioTop cival amAwg éva (elyog
d1aouvoedepEvwy B16dwv. Kavoupue TTOAwoN TTPOg Ta EUTTPOG T 8iod0o eKTTOUTTOU BACNG
yla va gvepyoTTolfjooupde 10 QopTtio. H diodog ypeidlstar povo 0,6 V yia va avayel,
TEPIOTOTEPN TAON ATTO AUTO Onpaivel TTEPICOOTEPO pelpa. Mepikd TpavlicTop UTTOPOUV
va éxouv TiuA pévo 10-100 mA peUpaTtog TTou va diappEel atrd autd. EAv TTapéxeTe peupa
TTAvwW atTd TN PEYIOTN OVOPACTIKN TIPM, TO TPAViOTOP YTTOPEI VA EKPAYEI.
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H avtiotaon ocipdg petagu NG TTNYNS AEyXOU Pag Kal TNG Baong Treplopidel To pelua
oTtn Bdon. O k6uPog ekTTOoUTTOU BAoNG UTTOPEl Va TTAPEl TV UTUXHA TITwon Tdong 0,6 V
Kal n avriotaocn PTTopei va pigel Tnv uttdAoitmn tédon. H Ty g avriotaong kai n 1don o€
auTAv Ba puBuicouv To pela.

5V 5V

N N
t)mA R2 +
1UOQ§ ov

R1 2N39%121
omay, 1kQ) +
= 3.7V
+0V-— e
LJmA
GND

Mia Baoikn avrioraon

H avTioTaon mpétrel va gival apkeTd YeydAn yia va epIopidel aTTOTEAECUATIKA TO peUQ,
OAAG apkeTd PIKPR yia va TPo@odoTEl TN BAon PE OPKETO pelpa. 1TmA €wg 10mA eival
ouvnOwg apkeTd, aANG eAéyEte TO @QUANO Bedopévwy Tou TpavdioTop Cag yia va
BeBaiwBeite.

7 Wneiakn Aoyikni
Ta 1pavioTop UTTOPOUV va OuvVOUACTOUV Yia va dnuIoupyAoouv OAEG TIG BePeNILIOEIG
Aoyikég TTUAeG pag: AND, OR, kai NOT.

(Znueiwon: Autég Tig pépeg Ta MOSFET cival o mBavéd va xpnoigotroinbouv yia Tn
onuioupyia Aoyikwyv TTUAWV atrd Ta BJT. Ta MOSFET eivai 1o atrodoTIKG atrd TTAEUpdg
I0XU0G, YEYOVOG TTOU Ta KOBIOTA TNV KAAUTEPN ETTIAOYN.)

AvTioTpo@éag

AkoAouBei éva KUKAwpa TpavioTop TTOU UAOTTOIET £vav PETATPOTTED 1) pia TTUAR NOT:
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Edw pia uywnAn 1don otn Bdon Ba evepyotroioel 1o TpavdioTop, To 0TT0i0 Ba oUVOETEl
QTTOTEAEOPATIKA TOV OUAAEKTN e TOV TTOPTTO. Agdopévou OTI O TTOUTTOGC CUVOEETAI
ateuBeiag pe 10 €6agog, 0 OUAAEKTNG Oa ceival etmiong (av kal Ba eival eAappug
uwnAoTEPOG, KatTou yupw oto VCE(sat) ~ 0,05-0,2V). Edv n cicodog eival xaunAn, atmd
TNV GAAN TTAEUPd, TO TpavlioTop POIACEl JE AvoIXTO KUKAWHA Kal N £€€000G¢ oUpETal PEXPI
10 VCC

(AuTn gival pia BepeAiwdng dlapdpewon TpaviioTop TToU OVOUAZETAI KOIVOG EKTTOUTTOG.
MepioodTEPA yia auto apydTepa.)
VCC

GND

‘Evag perarpomréag Karaokeuaouévog amo Tpavdiorop.
NMuAn AND
Edw eival éva Ceuydpl TpavdioTop TTOU XPNOIKOTTOIoUVTAl yia Tn dnuioupyia uiag TTUANG
AND 2 £1068wv:

Edv kdamoio tpavliotop cival atrevepyoTTroiNuévo, TOTE n €6000G OTOV GUAAEKTN TOU
0eUTepou TpavlioTop Ba TpaBnxTei XaunAd.

Edv ka1 Ta dUo Tpavdiotop cival "on" (o1 Baoeig kai o1 U0 YnAEG), TOTE N ££0d0G TOU
KUKAWMATOG gival €TTiONG UWNAR.

VCC

GND
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2-input AND gate built out of transistors.

MoAn OR

Kai, TéAog, €dw €ival pia TTOAN OR 2 £106dwv:

€ autd TO KUKAwA, €av Kkdtolo (1 kai Ta duo) A kal B eival uynAd, 10 avTtioToIXo
TpaviioTop Ba evepyotroinBei kal Ba Tpafr&el TNV £6000 WNAA. Edv kal Ta dUo TpaviioTop

gival atrevepyotroinuéva, TOTE n £€£000¢ EAKETAI XAUNAG HECW TNG QVTIOTAONG.
VCC

GND

I1uAn OR 2 g1068wv karagkeuaouévn amo 1pavdiorop.
Mé@upa H
H vépupa H cival éva kKUkAwpa Tou Baciletal o€ TpavlioTop, IKavo va odnyei KIvnTriPEeS
1600 deI60TpOPa 600 Kal apiaTepdoTpoPa. Eival Eva atrioTeuta dNUOPIAEC KUKAWUA --
KivNTAPIa dUVANN TTiIoW atTo auETPNTA POPTTOT TTOU TTPETTEI VA JTTOPOUV VA KIVOUVTAl TOOO
TTPOG Ta UTTPOG 600 KAl TTPOG TA TTIoW.

Baoikd, pia yépupa H eival évag ouvOuaopog Tecodpwy TpaviioTop HE dUO YPAPUEG
€106d0u Kkal dUo €6doUG:
VCC VCC
N

[

MOTOR
OUTA .l QUTB B
GND GND
This project has been funded with support from the European Commission. This publication [communication] 18
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Mmopeite va pavréwere yiari ovoualsrai yépupa H;
(Znueiwon: ocuvABwg utTdpxouv TTOAANG TTEPICTOTEPA OE PIa KAAOOXEDIAOUEVN YEQUPa H
TTou TrepIAapBavel diodoug flyback, avriotaoeig Badong kal okavdaleg Schmidt.)

Edv kai o1 duo gicodol £xouv Tnyv idia Taon, ol ££0d01 Tou KIvATHPa Ba £€xouv TV idia TaoN
Kal 0 KIvnTHpag dev Ba ptropei va TreploTpépetal. AANG eAv ol duo €icodol gival avTiBeTEG,
0 KIVNTAPAG Ba TTEPIOTPAPE TTPOG TN Mia A TNV AAAN KateuBuvon.

H vépupa H éxel évav TTivaka aAnBeiag mou Yolddel Aiyo pe auTo:

ilooaog Elooﬁog ‘Eo80c A 'E€odoc B Elc‘x,:;t:’]%u&/on
0 0 1 1 ZTaudtnoe (ppévo)
0 1 1 0 AeCI60TPOYOGS
1 0 0 1 ApIOTEPOOTPOPOG
1 1 0 0 ZTaudtnoe (ppévo)

8 TaAavTwTég

‘Evag TaAavTWTAG €ival éva KUKAwPA TTou TTapAyel éva TTEPIODIKO Orjua TToU TOAQVTEUETAI
METOEU uWnAAG Kal XaunAng taong. O1 TOAQVTWTEG XPNOIUOTTOIOUVTal G€ OAA Ta €idn
KUKAWMATWY: atré 1o ammAd avapBoofrioipo evég LED péxpl Tnv Tapaywyr evog GAPOTOG
poAoyioUu yia Tnv Kivnon €vOg JIKPOEAEYKT. YTTapyxouv TroAAoi TpdTTol yia va
ONUIOUPYACETE éva KUKAWMO TOAQVTWTH, CUPTTEPIAAUPBAVOUEVWY KPUOTAAWY XaAadia,
op-amp Kal, QUOIKA, TpaviioTop.

AkoAouBei éva TTapddelypa TAAAVTEUSOUEVOU KUKAWUATOG, TO OTT0I0 OVOPAdouNE aoTadn
TToAUdOVNTH. XPNOIJOTTOIWVTAG avAdpaarn, NTTOPOUNE va XPNOIKOTTOINCOUUE éva (EUYOG
TPav{ioTOP YIa VO dNUIOUPYNOOUUE BUO CUNTTANPWHATIKA, TOAQVTEUSUEVA CHATA.
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R1

LED1

Q1

i

GND

TaAavrouusvo KUKAwua

EKTOG a116 Ta OUO TPpAVEioTOP, O TTUKVWTEG Eival TO TTPAYMATIKO KAEISi 0€ auTO TO KUKAWUA.
Ta katmrdkia evaAAakTIKG @opTiovTal Kal atmro@opTifovTal, YEYovog TIOU TTPOKOAEI
EVAAAAGKTIKG EVEQYOTTOINON KAl ATTEVEPYOTTOINGN Twv dU0 TpaviicTop.

H avdAuon tng Asimoupyiog autoU TOU KUKAWMOTOG €ival pIa €EQIPETIKA HEAETN TNG
AeiTroupyiag 1600 Twv KatTakiwy 600 Kal Twv TpaviioTop. ApXIKd, ag uttoBéooupe 0TI TO
C1 eival TAApwg @opTiopévo (armobnkevovTtag pia taon Trepimmou VCC), 1o C2 cival
atropopTiIouévo, To Q1 cival evepyotroinuévo kal To Q2 cival armrevepyorroinuévo. Na Ti
oupuBaivel yeTa atmd auTo:

Edv 10 Q1 cival evepyoTroinuévo, 10T€ N aplotepr] TTAdKka Tou C1 (010 oxnuaTiké)
ouvoéetal oe trepittou OV. Autd Ba emtpéwel oto C1 va eKQOPTIOTE JECW TOU
OUAAEKTN Tou Q1.

Evw 10 C1 ekogopTiCetal, To C2 @optifel ypryopa HECW TNG avtioTaong
XOUNAGTEPNG TIWAG -~ R4.

MOoAIg To C1 ekopTioTei TTARPWG, N Be€IG TTAGKA Tou Ba TpaBnxTei HEXPI TTEPITTOU
0,6 V, 1o otroio Ba evepyoTtroifoel 1o Q2.

2€ auTto TO onpeio £xoupe avtaldéel kataoTdaoelg: To C1 gival ammogopTiIopévo, TO
C2 civali @optmiopévo, 10 Q1 cival amevepyormoinuévo kai 10 Q2  eivai
gvePyoTTOINKEVO. TWPA KAVOUUE TOV idI0 XOpO atTd TNV AAAN.

H evepyotroinon Tou Q2 emtpétmel 010 C2 va eKQOPTICETAl JEOW TOU GUAAEKTN TOU
Q2.

Evw 1o Q1 civai atmrevepyoTtroinuévo, To C1 utropei va gpopTioel ypriyopa JEow Tou
R1.

MO&AIg To C2 atropopTioTei TTAHPWG, To Q1 Ba evepyoTroinBei {avda Kal ipaoTe TTAAI
OTNV KATdoTaon TTou EEKIVIOALE.
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MrTropei va gival DUOKOAO va TUAIGEIG TO KEQAAI oou. MTTopEiTE va BpeiTe Eva GANO EQIPETIKG
demo auTou TOU KUKAWUOTOG EOW.

EmAéyovTag ouykekpipéveg TIEG yia Ta C1, C2, R2 kail R3 (kai diatnpwvTag Ta R1 kai R4
XOUNAQ), JTTOPOUNE VA OpicOUME TNV TaXUTNTA TOU KUKAWMATOG TTOAUdOVNTA HAG:

f=

In(2) - (R2C1 + R3C3)

‘ETol, pE TIG TIMEG YIO TO KATTAKIO KAl TIG QvTIOTAOEIG puBuiopéveg ota 10uF kai 47kQ
avTioToIXa, N ouxvoTNTa TOU TAAQVTWTH Pag ival Trepitou 1,5 Hz. Autd onuaivel 611 K&Be
LED B8a avaBoofrivel repitrou 1,5 QOPEG TO DEUTEPOAETTTO.

Otrwg ptTopeite AdN va deite, UTTAPXOUV TOVOI KUKAWHPATWY €KEN €W TTOU XPNOIYOTTOIOUV
Tpavliotop. AANG POAIG kal PeTG Biag fUuoape Tnv emi@dveia. Autd Ta TTapadeiypaTa
Ogixvouv Kupiwg TTwg 1o TpavlioTop UTTOPEI va XPNOIMOTIOINGE o€ AEITOUpPYiEG KOPETHOU
KAl atToKOTTAG WG OIOKOTTITNG, aANG TI yiveTal pe Tnv evioxuon; Qpa yia TepicooTepa
TTapadeiyuaral

9 E@pappoyég ll: EvioxuTég

Mepikég aTrd TIG TTI0 IGXUPEG EQapUOYEG TpavlioTop TTEPIAANBAVOUV EVioXUOT): HETATPOTIA
evOG ONPATOG XaUNANG 10x0U0¢ o€ ofiua uwnAdTepng 10xU0G. OI evIOXUTEG PTTOPOUV va
augnoouv TNV TAon £vOG OUATOG, TTAIPVOVTAG KATI aTTO TNV TTEPIOXNA MV KOl JETATPETTOVTAC
TO O€ £€va TTI0 XPNoIWo eTTitredo mV 1 V. 'H ytropouv va evioxUoouv To pelua, XPACIKO yia
TN METATPOTIH TOU WA TOU PEUUATOG TTOU TTAPAYETAl ATTO PIA wTOdi0d0 O peUNA TTOAU
UWnAOTEPOU HEYEBOUG. YTTAPYXOUV aKOMN KOl €VIOXUTEG TTOU AdPBAvouv pelpa Kal
TTapdyouv uwnAdTEPN TAON ) avTioTpo®a (ovouddovTal avriotaon trans kai diaywyiuétnTa
avTioToIXa).

Ta tpavdiotop cival Baoikd ocuoTatikd TTOAWY KUKAWMPATWY evioxuong. YTTApXeEl yia
arreipn TTOIKIANIQ evIOXUTWV TpavdioTop ekei €6w, aAAG €UuTUXWG, TTOAAOI aTmd auToUg
Baoifovral og pepikd amd autd Ta TTOo TTPWTOYova KUKAwPaTta. Ouunbeite autd 1a
KUKAWMATa Kal, EATTICOUNE, YE Aiyn avTioToixion TTPOTUTTWY, V UTTOPEITE VO KATOAVONOETE
TTIO TTEPITTAOKOUG EVIOYUTEG.

10 Koivég diapopwoeig

Tpeig atmd Toug TTI0 BEPENIBEIG EVIOYXUTEG TPAVEIOTOP Eival O KOIVOG TTOUTTOG, O KOIVOG
OUAAEKTNG Kal N KOIvr) BAon. € KABe pia atrd TIG TPEIG DIAPNOPPWOEIG, £VAG ATTO TOUG TPEIG
KOUPBouUG gival Povipga ouvdedepévog o€ Jia Koivh Taon (ouvhABwg yeiwon) Kal ol dAAol dUo
KOuBol givai gite €ico0dog gite £€080G TOU EVIOXUTH.

10.1 Koivog Exktroptrog

O koIvog TTopTTog €ival pia ammd TG 1o dnUOo@IAEiG diaTtdgelg TpavdioTop. e autd TO
KUKAWQ, O TTOUTTOG OUVOEETAI JE WIa TAON KOIVI) TOO0 OoTn BACn G000 KAl GTOV GUAAEKTN
(ouvABwcg yeiwaon). H Bdon yiveral n €i00d0¢ OrjNaTog Kal 0 GUAAEKTNG YiveTal N £€£000C.
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m mOUH—‘U[
R

I " Voltage gain

INPUT ~— L Current gain
| Inverter

Common Emitter

Koivog Exmoumoés
To KUKAWPG KOIVOU EKTTOUTTOU gival BNUOPIAEG €TTEI0N €ival KATAAANAO yia evioxuon Taong,
€I0IKA o€ XaunAég ouxvotnTes. Eival 1davikd yia Tnv evioxuon Twv onudatwy fixou, yia
Tapddeiyua. Edav €xete éva pikpd onua €icdédou 1,5 V amd aixurp o€ kopupn, Ba
MTTOPOUCATE VO TO EVIOXUOETE 0€ TTOAU UYPNnASTEPN TAON XPNOIUOTTOIWVTOG £va EAAPPWG
710 TTEPITTAOKO KUKAWMA, OTTWG:

e [

. i
.-"\__,. " 3

Koivo KUukAwpa ekmroutou

QoT1600, uia 18I0ppubuia Tou KoIvoU TTOPTTOU €ival OTI AVTIOTPEQPEI TO ORUa €I00d0U
(ouykpiveTe TO e TOV PETOTPOTTEN OTTO TNV TEAEUTAIA ogAidal).

10.2 Koivog ouAAéKTNG (AKOAOUBOG EKTTOUTTWIV)

Av déooupe Tov TTEIPO TOU GUAAEKTN O€ HIa KOIVI] TAOT, XPNOIKMOTTOINCOUNE Th BAc WG
€i0000 Kal ToV TTOPTTO WG £€000, £XOUNE Evav KoIvO GUAAEKTN. AuTr n diaudpewaon eivai
ETTIONG YVWOTAH WG AKOAOUBOG EKTTOUTTWV.

Common Collector

T IJ l
| INPUTY P * Current gain
~ * Voltage buffer

QUTPUT >

Koivog ouAAékrng
O koivdg oUAAEKTNG Oev KAVEI Kapia gvioxuon Tdong (oTnv TTPAYMATIKOTNTA, N TAoN
€€odou Ba civar 0,6 V xaunAdtepn ammd Tnv Tdon €106dou). MNa 10 Adyo autd, autd TO
KUKAWMO PEPIKEG POPEG OVOPALETAI aKOAOUBNTHG TAONG.
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AUTO TO KUKAWMA €XEI HEYAAEG DUVATOTNTEG WG EVIOXUTAG PEUMATOG. ETTITTA(OV, TO UYPNAS
KEPDOG PEUPATOG O CUVOUOOHO HE TO KEPDOG Povadag Tiong KaBIoTA auTd To KUKAWUA
éva efaipetikd buffer taong. ‘Eva buffer 1dong eutrodidel éva KUKAwua @opTiou aTrd
QveTOUUNTES TTAPEUPBOAEG OTO KUKAWA TTOU TO OONVYEi.

MNa mmapddeiyua, edv BéAaTe va TTapadwoete 1 V oe éva @opTtio, Ba ptropoucare va
OKOAOUBNOETE TOV €UKOAO TPOTTO KAl va XPNOIMOTTOIRCETE évav dlaipéTn Tdong i Ba
HTTOPOUCATE VA XPNOIPOTIOINOETE £vav akGAouBo TTopTroU.

5V BvW

vy
RL>>R2~ Vout=1V 43"'k§:5 1
47SR] 22k
R2==RL ~ Vout= sV = 01 = 2
ﬁlﬁ.lm [ 4|:_4 | Vout TR 9k 5v-0.6V
— =1V

) GND

GND GND GND

Koivo kukAwpua guAAékTn
KaBwg 10 popTio yeyaAwvel (1TTou, avtiBeTa, onuaivel 0TI n avtiotaon gival JIKPOTEPN), N
€€000G Tou KUKAwMOTOG dlaipétn Téong eéPTel. AANG n 1don €€6dou Tou akoAouBou
EKTTOUTTOU TTapapével oTabepr, avegdptnta amod 1o @opTio. MeyaAutepa @opTtia dev
MTTOPOUV VA «POPTWOOUV» €vav aKOAOUBO EKTTOUTTOU, KOBWG ITTOPOUV VO KUKAWOOUV UE
MEYOAUTEPEG OUVOETEG avTIoTAOEIG EEOO0U.

10.3 Koivij Bdon

Oa WIARooUE YIa TNV KOIVA BACT yia va TTapEXOUE KATTOIO KAEITIUO O€ QUTHV TNV EvOTNnTA,
aAAG auTn gival n Aiyétepo dNPOQIANG aTTd TIG TPEIG BACIKES DIANOPPUICEIG. € £vav KOIVO
evioxuTl BAong, o TTOUTTOGC gival N €i00d0g Kal n £€£000¢ CUAAEKTN. H Bdaon cival koivA Kai
oTa duo.

[INPUT p— < U/\U OUTPUT
T l * Voltage gain

* Current buffer

Common Base

Koivip Baon
H koivAl Bdon civar cav Tov avTiekTTouTTo-akOAouBo. Eival évag agIoTTpeTTiG eVIOXUTHG
TdoNg KAl TO peUpa €10080U gival TTEPITTOU i00 e TO PeUPa €660V (OTNV TTPAYHATIKOTNTA
TO peUpa €106d0u gival EAAPPWS PEYOAUTEPO aTTO TO PEUPA £EODOU).
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To KUKAwWA KOIVAG BAong AsiToupyei KAAUTEPA WG evdidpeon HVAMN peupaTog. MTTopei
va TTApel peuua 1l06d0U 0€ XauNAR oUvBeTn avTioTaon €10600u Kal va TTapadwaoel To idlo
peupa o€ £€£000 uwnAdTEPNG oUVBETNG avTioTaoNG.

10.4 ZuvoyilovTtag

AUTEG 01 TPEIG DIAUOPPUICEIS EVIOXUTWY BpiokovTal aTnv Kapdid TTOAAWY TTIO TTEPITTAOKWYV
EVIOXUTWV TpavdioTop. KaBéva atmd autd €xel epapuoyEég OTTou AGUTTEL, €iTE evioXUOUV
peuua, Tdon f buffer.

Koivég Ektroptrdg Koivog ZulAéktng  KoivAq Baon

Képdog Taong Meoaio XaunAo YwnAd
Tpéxov KEPDOG Meoaio YynAo XaunAé
AvTioTaon €l06dou Meoaio YwnAd XaunAo
AvTioTaon ¢6dou Meoaio XaunAod YwnAd

11 EvioyxuTég TTOAAATTAWYV OTAdIWYV

Oa PTTopoUCaUE VO GUVEXIOOUUE yia T MEYAAN TTOIKIAIQ eVIOXUTWYV TpavlioTop eKei £Sw.
AkoAouBouv pepikd ypriyopa Trapadeiyuata yia va d€igeTe TI ouppaivel 0Tav ouvOUACETE
TOUG TTAPATTAVW EVIOXUTEG VOGS OTADIOU:

NTdpAivykTov

O evioxutng NTapAivykToV TTEPVA €vav KOIVO CUAAEKTN O€ €vav AAAO yia va dnuIoupynoel
évav evioxuTh aroAafig uynAou pelpaTog.

VCC

o OUTPUT

1

GND

Multistage Amplifiers
H 1don €£6dou eival Trepitrou n idia pe Tnv Tdon gl06dou (ueiov trepitrou 1,2 V-1,4 V),
OAAG TO KEPDOG PEUATOG gival TO YIVOUEVO BUO KEPBWYV TpavlioTop. AuTd gival B2 --
mavw arréd 10.000!

To Ceuyog Darlington gival éva eEQIpeTIKO epyalcio edv XpeldldeTal va odnyeiTe peyaio
POPTIO JE TTOAU HIKPO peUpa €106D0U.
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11.1 Al0@OPIKOG EVIOXUTNG

‘Evag d1o@opIKOG eVIOXUTAGS agalpei dUo orfjpaTa €106d0ou Kal evioXUel auTr] Tn dlapopd.
Eival éva KpioIuo HEPOG TWV KUKAWPATWY avadpacng, OTTou N €i0080¢ GUYKPIVETAI JE TNV
£€000, yia va TTapaxBei pia eEAAOVTIKA ££000C.

Edw eival n fdon Tou d1agopikou eVIOYXUTH:
+V

$-oCVOUT]

VIN-

!

-V

AiapopIkOg evioxuThiS
Auté TO KUKAWMPO ovopdadetal €mmiong {edyog HME MpaAKplid oupd. Eival éva Ceuydpl
KUKAWMATWY KOIVOU €EKTTOUTTOU TTOU CUYKpivovTal PETAEU TOUG yia va TTapdyouv Wid
dlagopikr £€£0do. Auo gicodol epapudlovtal oTig BAocelg Twv TpaviioTop. N £€£0d0¢ eivai
Mia d10QOPIKI TAON OTOUG DUO CUANEKTEG.
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11.2 Push-Pull Amplifier

‘Evag evioxutig push-pull eival éva xprioigo "TeAIKO oTddIo" o€ TTOAAOUG €VIOXUTEG
ToAaTAwY  oTadiwv. Eival €évag evepyeiakd atmodoTiKOG evIOXUTAG 10XUOG, TTou
XPNOIUOTIOIEITAI CUXVA YIa TNV 081ynan JEYAQWVWY.

O Baoikodg evioxutig push-pull xpnoiyotrolei éva Tpaviotop NPN kai PNP, kai Ta duo
OIAUOPPWHEVA WG KOIVOUG GUANEKTEG:

O evioxutng push-pull dev gvioxUel Tnv T1aon (N Tdon €€6dou Ba eival EAaPpPwWS PIKPOTEPN
aTTo AUTHV €VTOG), AAAG evioyUel To peupa. Eival 1diaitepa XpAoINOo o€ DITTOAIKG KUKAWUATO
(auTtd e BeTIKEG Kal apvnTIKEG TPOPODOTiEG) eTTEIdN UTTOPEI TOOO va "oTTpwéel" pelua OTO
@opTio atrd TN BETIKA TTapoxr Kal va "Tpapnréel” peuua Tpog Ta £€€w Kal va 1o Bubicel oTnv
apvNTIKR TTAPOXH.

Edv £xete dITTOAIKA TTapoxn (i akdpa Kal av dgv £xeTe), To push-pull gival éva eEaipeTikd
TEAIKO 0TAdIO O¢ évav evIOXUTH, TToU AsiToupyei wg buffer yia To @oprio.

VCC

GND
Evioxurric Push-Pull
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11.3 H tomroBéTnon Toug padi (Evag Asitoupyikdg EvioxXutig)

Ag doupe éva KAQOIKO TTOPAdEIYUA VOGS KUKAWUATOG TPavCioTop TTOAAATTAWY oTadiwyv:
évav evioxutl Op. H kavétnTta avayvwpiong Koivwy KUKAwWUATwy TpavlioTop Kal n
Katavoénon Tou oKoTroU Toug PTTopei va aag Bonbrioel ToAu! Edw eival To KUKAwa péoa
o¢ éva LM3558, éva atmAd op-amp:

INPUTS

Ta eowrepIiKd evo¢ AsitoupyikoU svioxutrry LM358. AvayvwpilseTre KATOIOUS EVIOXUTES;

Ymapyel oiyoupa 1repIoadTEPN TTOAUTTAOKOTNTA £DW ATTO O,TI UTTOPEI va €ioTe £TOIMOI va
agopolwoeTe. QOTO00, UTTOPE VA BEITE PEPIKES YVWOTEG TOTTONOYIEG:

e Ta Q1, Q2, Q3 kai Q4 atroteAolv 10 OTAdIO €106d0U. Moidlel TTOAU pE KoIvo
OUAAEKTN (Q1 kol Q4) o€ dIaPopIKO EVIOXUTH, OWOTA; ATTAWG QaiveTal avatoda
emeidr) xpnoiyotroiei PNP. Autd ta tpavdiotop fonBolv 01O OXNUATIONO TOU
olapopikoU oTadiou I00S0U TOU EVIOXUTH.

e Ta Q11 ka1 Q12 amoteAoUv pépog Tou delTepou aTadiou. O Q11 eivar évag KoIvog
OUAAEKTNG Kal 0 Q12 gival évag Kolvog TTouTrdg. Autd 10 {euyog TpavdioTop Ba
atroOnKkevoel To0 Ofpa amd Tov CUAAEKTN Tou Q3 kal Ba TTapéxel upnAd KEPDOG
KaBwg 10 onpa TTnyaivel oto TEAIKG OTAdIO.

e To Q6 kai 1o Q13 ival yépog Tou TEAIKOU oTadiou Kal Ba TTPETTEI va QaivovTal OIKEIX
(e101ké& av ayvonoete 10 RSC) -- gival éva push-pull! Autd 1o 0TASIO ATTOUOVWVEI
TNV £€€000, EMITPETTOVTAG TOU VA 0dnyei heyaAuTepa gopTia.

o Ymdpxouv OIGQOoPEG GAAEG KOIVEG DIAPOPPUICEIG EKEI YIO TIG OTTOIEG OEV £XOUE
MIAAoel. Ta Q8 kal Q9 €xouv dlapopPwBEi WG KATOTITPO PEUPATOG, TO OTTOIO ATTAWG
QVTIYPAQPEl TNV TTOCOTNTA TOU PEUPATOG TTOU DIEPXETAI ATTO TO éva TpaAvEioTop OTO
AaAAo.

MeTtd até auTr) Tn cuvTpIPr oTa TpavdioTop, dev Ba TTepIYEVANE va KATOAGBETE TI cupBaivel
0€ auTO TO KUKAWHA, aAAd av PTTOpEiTE va apXioeTe va avayvwpileTe KOV KUKAWMWOTA
TpaviioTop, €ioTe 0TO CWOTSO dPOUO!
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