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B Kypce 3J1eKTPOTEeXHMKH U3y4YarOTCsl CBOMCTBA
3JIEMEHTOB, 3aKOHBI U METOABI pacyeTa 3JIEKTPUUYECKUX
JTMHEMHBIX LICTICH, pacCMaTPUBAIOTCI OCOOCHHOCTH
Tpex(a3HbIX U HEIMHECUHBIX LICCH, IPOLECCHI B LICHH
IIPY BO3AECHCTBHUHY HA HEE U3MEHSIOIIUXCS HAIPSKEHUM,
a TAKKE MEPEXOIHBIE IIPOLIECCHI.

B Kypce 3JIeKTPOHMKH JAI0TCs CBEICHUS I10
YCTPOKCTBY Y IIPUMEHEHUIO MOJIYIIPOBOJIHUKOBBIX
3JIEMEHTOB B pa3INYHbIX IIPHOOpax.

CxeMOTeXHMKA — HAay4YHO-TEXHUYECKOE HAIIPaBJICHHUE,
OXBaTBIBAIOIIEE MPOOIEMBI MPOCKTUPOBAHUSA U
HUCCIIEAOBAHUSA CXEM BJIEKTPOHHBIX YCTPOUCTB
PATUOTEXHUKHU U CBS3U, BBIYMCIIUTEIBHON TEXHUKH,
ABTOMAaTHUKH U JIP. 00JIaCTEW TEXHUKH.



JJIEKTPOHHUKA

DJIeKTPOHUKA IPEACTABIISICT COOOM OOIMPHYIO 00JIaCTh HAYKH U TEXHHUKHU,
Oa3UPYIONIYIOCS HAa M3YYEHHM (DU3NYECKUX SIBJICHUN B IOJYNPOBOIHUKAX,
IWDJIEKTPUKAX, BaKyyme, rasze, miasMe W T.J., JJIS CO3JIaHUSl HAa MX OCHOBE
Pa3HOOOpA3HBIX U3JICIIMHI C JIEKTPOHHBIMHU KOMIIOHEHTAMM.

DJIEKTPOHMKA BONIJIA B CaMbl€ pa3IMYHbIE Cepbl HAIIECH JCSITEIBHOCTH,
00J1aCTh NPUMEHEHHUS PA3JINYHBIX JIEKTPOHHBIX YCTPOMCTB MPOCTO OTPOMHA —
OT HAPYYHBIX JJIEKTPOHHBIX YaCOB JIO TEJIIEBU30pPa U PAJAUONPUEMHHUKA; OT
3JIEKTPOHHOTO 3a)KMTaHUS B ABTOMOOMJISIX JIO CJIOKHEWMINHMX aBTOMATHYECKHUX
TEXHOJIOTHYSCKUX JIMHUM; OT OBITOBBIX HArpeBaTeIbHBIX MPHOOPOB (MUKPOBOJI-
HOBBIE M€YM ) JO CBEPXMOIIHBIX KOMITBIOTEPOB.

C mnoMOmpl CHEHUAJBHBIX JJIEKTPOHHBIX YCTPOMCTB MOXKHO MPHUIATH
AJICKTPOABUTATEIISIM JTIOOBIE JKEIaeMbI€ XapaKTEPUCTUKHU, 00€CIEYUTh HanOoJIee
OJIaronpusaATHOE MOPOTEKAHWE MEPEXOJHBIX  IIPOIECCOB, MpPeoOpa3OBaTh
NEKTPHUUECKYIO SHEPTUIO U3 OJIHOTO BHUJiA B JPYTOM U pEIIATh LIEIBbIN PsIJl TAKUX
3a7]a4, KOTOpbI€ JPYTMMHM cHocod0aMu JHOO BOOOIE HE pPELIarTCs, JHO0O
pelIaroTcsl CO 3HAYUTEIbHO OOJBIIMMHU 3aTpaTamMu. Pa3BUTHE 3IEKTPOHUKHU
IPOAOKAECTCS M B HACTOSIIICE BpEMH.



CB000OIHbIEC HOCUTEIH IEKTPUIECKOI0 3apaAaa

B TBepapIx Teaax aTOMBbI BEIIECTBA MOTYT 0Opa30BbIBATh KPHCTAJLJINYEC-
KYI0 PelIerKy, KOrja COCEAHUE arOMbl VYAECPKUBAKOTCI MEKATOMHBIMU
CAJIAaMU HA ONPEACICHHOM PACCTOSIHUU JIPYT OT JIPyra B TOYKAX PaBHOBECUS
3TUX CHWJI, HA3bIBAEMbBIX V31aMu KPUCTAJUIMYECKON perueTku. [loa nerncrBuem
TEIJIAa aTOMbl, HE HMESA BO3MOXHOCTU MEPEMENIATHCA, COBEPIIAKOT
KOJICOATENTbHBIE JIBMKCHUS OTHOCHUTEIBHO IIOJOXKEHHUS paBHOBecHs. [Ipu
MOIVIONICHUH SHEPrUU aTOMOM KaKOW-JIMOO 3JIEKTPOH MOKeT MEpPEeUTH Ha
OJIUH U3 00Jie€ BBICOKUX CBOOOJHBIX YPOBHEH, TUOO BOBCE MOXKET MOKHMHYTH
aTOM, CTaB CBOOOTHBIM HOCUTEJIEM BJICKTPUUYECKOTO 3aps/ia, a ATOM IPU 3TOM
MPEBPALLACTCS U3 HEUTPAJIBHOTO B MOJOKUTEIILHO 3aPSKEHHbBIN UOH.

Crnoco0OHOCTh TBEpPAOro TeJa MNPOBOAMTL TOK TOH JCHCTBHUEM
ANEKTPUYECKOTO IO 3aBUCUT OT HaJIM4Ws CBOOOJHBIX HOCHUTEIICH
AIEKTPUYECKOTO 3apsaa.

PaccMoTpuM cTpoeHHe MOJYIPOBOJHMKOBOT0 MAaTE€PHAJIa, IOJYyYUBIIETO
Han0oJIee MUPOKOE PaCIPOCTPAHEHHUE B COBPEMEHHOM AIIEKTPOHUKE.
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[ToynmIpOBOJIHUKOBBIE  MATEPHAIIBI

3dHUMAOT IIPOMCKYTOYHOC IIOJIOKCHHUC MCIKIY

M30JIITOpaMUA M TIPOBOJIHUMKaMU. K MOJyIpOBOIHUKAM OTHOCATCS 3JIEMEHThI 4 TPYIIIIbI
NEepUONYECKOM cucTemsbl aneMeHToB J[.M.MenaeneeBa, KOTOpble HA BHEIIHEH OOOJIOUYKE
UMEIOT 4 BaJCHTHBIX 3JEKTpOHA. THIWYHBIC TOJYyIPOBOAHUKM — repmanuii (Ge) u

kpemuuii (Si).

B kpucramie T1OJXYynpOBOAHUKA  aTOMBI
pACIIONIArarOTCsl B y3JIaX  KPUCTAJUIAYECKOU
PEIIETKHU, a IEKTPOHBI HAPYKHOU JIIEKTPOHHOUN
000JI0OUKH O0pa3ylOT YCTOWYHBLIC KOBAJIEHT-
Hbl¢ CBSI3M, KOIJIA KaxkJas Mapa BaJICHTHBIX
AJIEKTPOHOB TIPUHAIEKUT OAHOBPEMEHHO JIBYM
COCEIHUM aroMaM M 00pa3yeT CBSA3bIBAIOIIYIO
3THU aTOMBI CHJTy. Tak KaK y 3J€MEHTOB 4 TPYMIIbI
Ha HapY>KHOM AJIEKTPOHHOM 000JIO0YKE pacroJia-
TAalOTCS MO YETHIPE BAJIEHTHBIX AJIEKTPOHA, TO B
UJICAIBHOM KPUCTAJJIE TIOJYIPOBOJHUKA TMPHU
TeMIreparype abCOIIOTHOTO HYJSI BCE DJICKTPOHBI
IIPOYHO CBA3aHBI CO CBOUMM aTOMaMH, OTCYTCT-
BYIOT CBOOOJHBIC HOCUTENHU 3apsija U KpPUCTAILI
MOJIYIIPOBOJTHUKA BEJIET CE0s KaK JUDIEKTPUK.
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IIpu temneparype T>0K B pe3ynbrare yBeIWUEHHUST aMIUIUTYAbl TEIIOBBIX KOJI€OaHUIM
aTOMOB B y3J1aX KPUCTAJUIMYECKOM PEIICTKU IOIMOJHUTEILHONW SHEPTUH, IOMVIOIICHHON
KaKUM-JIHOO DJIEKTPOHOM, MOXKET OKa3aThCs IOCTATOYHO JIJIs pa3pbiBa KOBAJICHTHOM CBSI3U U
nepexoja B 30HY IPOBOJAUMOCTH, IJIE€ IEKTPOH CTAHOBHUTCH CBOOOJHBIM HOCHUTEJIEM
AIEKTPUYECKOTO 3apsija.

:6 : OOHOBPEMEHHO € A3TUM Yy TOIO aroma

TMOJIyIIPOBOJHUKA, OT KOTOPOIO OTHEIHICS
O- 5JIEKTPOH, O0pasyercs AbIpKa, KOTOpas
Ceodoonsili  rpencTaBiAsSeT COOOM EIMHHYHBIN ITOJIOKH-
HICKIPOR TepHBIA IEKTPUYECKHH 3apsi, CIOCOOHBIM

g ——— - nepeMeIarbCcsl Mo BCeMy O0bEeMY IIOJYIIPO-

-O-

- BOJHMUKA TMIOJ JEHUCTBUEM DIIEKTPUUYECKUX
TTOJICH.

Ceoboonas
OblpKa

Takum 00pa3oM, B HACAILHOM KpHUCTAJUIE IMOJYNPOBOAHUKA MPHU HArpeBaHUM MOTYT
00pa30BBIBATLCS IMAphl HOCUTEICH JIEKTPUUYECKUX 3apsJIOB «AJIEKTPOH — JAbIPKa», KOTOPHIE
0OyCJIaBIMBAIOT TOSIBJICHUE COOCTBEHHOM JJIEKTPUUYECKON MPOBOAMMOCTH MOJYIPOBOI-
Huka. IIporecc oOpa3zoBaHus mapbl «3JIEKTPOH — JbIPKa» HA3bIBAIOT reHepaunuei cBoodoa-
HbIX HOCUTEJICH 3aps/aa.
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ITocae cBoero oOpa3oBaHus Iapa «3JIEKTPOH — JBIPKa» CYIIECTBYET B TCUCHHUE
HEKOTOPOIr0  BPEMEHH, Ha3bIBAEMOI0  BPE€MEHEM  KU3HM  HOCHUTEJCH
JIEKTPUUECKOro 3apsaa. B TedeHwe 3TOro npoMexyTKa BPEMEHM HOCHUTEIU
YYaCTBYIOT B TEIUIOBOM JABHMKECHHH, B3aUMOJICMCTBYIOT C JJICKTPUYECKHUMHU U
MAarHUTHBIMH TIOJISIMU KaK €IMHUYHBIC JICKTPUYECKUE 3apsiabl, IEPEMEIIAOTCH,
a 3aT€M PeKOMOMHHUPYIOT (3JCKTPOH BOCCTAaHABIMBAET KOBAJICHTHYIO CBSI3b).

ConpoTHBICHHUE IOJYIPOBOJHUKOB CHJIILHO 3aBHCHUT OT HUX TeMIIepaTyphbl.
[Ipy oueHb HU3KOM TeMmeparype, OIU3KOM K  aOCOJIOTHOMY  HYJIIO
(-273C), oHM BegyT ceOs MO OTHOIICHHIO K DJICKTPHYECKOMY TOKY Kak
H30JIITOPHl  (IMAJICKTPUKH), MOTOMY YTO B HHX HET CBOOOJHBIX HOCHUTENICH
3apsaioB. Uem BbIIIE TeMmeparypa IOJYMNPOBOAHHUKA, TEM OOJbIIE B HEM
CBOOOJIHBIX AJICKTPOHOB U JBIPOK. [103TOMY CONpOTHBICHUE NOJTYITPOBOIHUKOB C
POCTOM TeMIIepaTyphbl YMEHBIIIACTCS, a JIEKTPOIPOBOJHOCTh YBEINYNBACTCS.

B 4ncTOM MOJIYNPOBOJAHUKE YHCIIO BBICBOOOJMBIIMXCS B KaXKIblii MOMEHT
BPEMEHHU JJICKTPOHOB PaBHO YMCIY 0Opasyromuxcsa AbIpok. OOIiee 4yucio ux
IIPU KOMHATHOW TEMIIEpaType HEBEIHUKO, II03TOMY COOCTBEHHAasl 3JJIEKTPO-
NMPOBOXHOCTD ITOJYIIPOBOJHUKOB MaJia.



11o1ynpoOBOAHHUKH M UX CBOMCTBA

DIIEKTPONPOBOJHOCTh TIOJYIIPOBOJHUKOB PE3KO YBEIWYMBACTCA NPUA BBEJICHUU B
HUX AaTOMOB HEKOTOPBIX JIPYTMX DJJIEMEHTOB. Takod TMPOLECC Ha3bIBACTCSA
JErHPOBAHMEM, a COOTBETCTBYIOIIUE MOJYIPOBOJHUKOBBIE Marepuhalibl —
JETUpOBaHHBIMU. B KauecTBe JErHpyONUX MPUMECEeH MPUMEHSIOT JIEMEHThl 3 U O
IPYII MEPUOAUUECKON CUCTEMBI 1eMeHTOB [[.M.Menneneena.

duaeMeHThl V' rpymmbl  (HampuMmep,
MbIIBIK AS, docdop P, cypema Sb) umeror
_{?: _6' Ceob00nbiti  TATH BAJIEHTHBIX JJIEKTPOHOB, IIO3TOMY IIPHU

| SRexmpon oOpa30oBaHMM  BaJICHTHBIX  CBSI3€H  OOUH
| JJICKTPOH  OKa3bIBACTCS  JIMIIHUM. Takue
:¢ MOJIYIPOBOAHUKHA ~ 00JIaJal0T  AJICKTPOHHOU
JIEKTPONPOBOAHOCTBIO, T. K. B  HHX
OCHOBHBIMM HOCHUTEISIMH 3apsijia SBIISIOTCSA
AJIEKTPOHBI.

OHM Ha3BIBAIOTCS MOJYIPOBOJHUKAMHU N-
THNA, a NpPUMECh, OJaromapsi KOTOpOW B
MTOJTYIIPOBOJHUKE oKazajics H30BITOK
AJIEKTPOHOB, HA3bIBAECTCS JOHOPHOM.
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DJIEKTPONPOBOTHOCTh MOJYIIPOBOJHUKOB PE3KO YBEIMYUBAETCS IIPU BBEICHUU B
HAX aTOMOB HEKOTOPBIX JIPYTHUX 3JIEMEHTOB. B KadueCTBE JETHPYIONMX MPUMECEU

IIPUMCHAIOT J3JICMCHTDI

J1.1.Menneneena.
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Ceoboonas
ObIpKa

ITPYIIT MEPUOAAYECKON CUCTEMBI 3JIEMEHTOB

JaemenTsl |l rpynnel (Hanpumep, uHIWM
In, G6op B, amomumauii Al) wumeroT TpHU
BAJICHTHBIX  JJIEKTPOHA,  IOJTOMY  MpH

00pa30BaHWM BaJCHTHBIX CBS3€H OJIHA CBS3b
OKa3bIBACTCS TOJILKO C OIHUM BJIEKTPOHOM.
Takue monynmpoBOJHMKH 001aJar0T ABIPOYHOM
AIEKTPOIIPOBOJHOCTBIO, T. K. B HUX OCHOBHBIMU
HOCUTEIAMHU 3apsa SABIAOTCS AbIPKUA. Ilon
IBIPKOM  TIOHMMAETCsI MECTO, HE 3aHSITOE
BJIEKTPOHOM, KOTOPOMY ITPUCBANBACTCS
ITOJIOKUTEJILHBIN 3apsi/I.

Takve mOayNnpOBOJHUKY TAKAKE HA3BIBAIOTCS
MOJYIPOBOJHUKAMM  P-THUIIA, a MPUMECH,
Omarogapsi  KOTOpOM B IOJYIPOBOJHHUKE
OKa3aJICsl HEIOCTAaTOK 3JICKTPOHOB, HA3bIBACTCS
AKLENTOPHOM.
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Ecnu MOHOKpHUCTaJI MOJYIPOBOJHUKA C OAHONW CTOPOHBI JIETUPOBATH IIPUMECHIO
p-THIIa, a C APYrod — MPUMECHIO N-THUIIA, TO MEXAY ATUMHU OOJACTSIMU C Pa3IUUYHBIM
TUIIOM IPOBOJUMOCTH oOpazyercs P-N-mepexoa. Hekoropeie abipku nuhyHAMPYIOT
B 001acTh N, a CBOOOJIHBIE JIEKTPOHBI — M3 00JlacTU N B obmacTh p. B pesynbrare
o0JIacTh P mMoJy4aeT HEOONBIIOW OTpUIATENIBHBIA 3apsia, a objacte N —
MOJIOKUTENBbHBIN. B TOHKOM ciioe mMexay oO0nacTsMu N U p CBOOOAHBIE JICKTPOHBI U
IBIPKM  PEKOMOMHUPYIOT, TMO3TOMY JTOT CJIIOM HMEET O4YE€Hb Majio CBOOOJHBIX
HOCUTEJIEH 3apsifia — €ro Ha3bIBalOT 00eAHEeHHbIM. OH JEHUCTBYET KaK NMOTCHIIHAIbHBIN
Oapbep, T.€. MPEMITCTBYET AUPQPY3UU JIBIPOK M DJICKTPOHOB, KOTOPHIE HAXOAATCS B
TOM MECTE B COCTOSIHUM JUHAMHUYECKOIO PAaBHOBECHSI.
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Ecinu npuiaoXuTh BHEIIHEE HANPsKEHUE K 3aKUMaM IOJYIPOBOAHUKA
TakuM 00pa3oM, 4TO TOouyka A (aHOJ) MMEET IMOJOXKUTEIbHBIN ITOTCHIA
1o oTHouieHuto K Touke K (katom), To OyaeT HaOIIOIAThCs YMEHBIICHUE
TOJIIIIMHBI OOCHEHHOTO CJIOSI M, KaK CJIEJICTBUE, CHU)KCHHUE IMOTCHIIUAIb-
HOro Oappepa, 4TO CHOCOOCTBYET IPOTEKAHWIO TOKAa 4epe3 P-N-mepexon.
DTOT TOK Ha3bIBACTCSA MPAMBIM.
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Pucynok 1 — p-n-niepexo H ero BONLT-aMIEpHAA XapaKTepHCTHKA

C yBelmYeHHMEM BHEIIHEr0 HaNpsiKeHMsi TOK 4Yepe3 Iepexod  Bo3pacTraeTr 1o
SKCIIOHCHIMAJILHOMY 3aKOHY JI0 TE€X MOp, ITOKAa BHEIIHEE HAIPS)KCHUE HE CTAHET PABHBIM I10
BEJIMYMHE IOTEHIIMAIBLHOTO Oaphepa, T.€. PE3YJbTUPYIOIIECEC HAMNpsKEHWE Ha TEepexofe CTaHET
PAaBHBIM HYJIIO, YTO YTO IIPUBEACT K BO3PACTAHHUIO TOKA, KOTOPBIM OTPAHUYMUBAECTCSA TOJBKO
COINPOTHUBIICHUEM MOJIYIIPOBOJIHUKOBOTO MaTepraa.

Ecii moJIipHOCTh BHEIIHETO HANPSKEHWS N3MEHUTH HA 00PATHOE, TO BEJIWYMHA MTOTCHIINAIb-
HOTro Oapbepa BO3pPACTAET U OCHOBHBIC HOCUTEIU OKaXyTCs OJJOKMPOBaHHBIMU. B 3THX yCIOBUSIX,
OJIHAKO, Yepe3 Mepexoji OyleT NpoTeKaTh HE3HAYUTEIbHBIM TOK, Ha3bIBAEMbIM OOPATHBIM TOKOM
UM TOKOM YyTeukH. IIpu Bo3pacTaHWM BHEIIHErO OOPaTHOTO HAIPSHKEHUS 3TOT TOK OCTaeTCs
MOCTOSIHHBIM, IOKa HaIpsKEHWE HE JOCTUTHET TOYKH Mpo0osi. B 3Toil TOYke IpHU ITOCTOSIHHOM
HaIpsKEHUH TOK OBICTPO Bo3pacTaeT. TOK yTeUKH CUIIBHO 3aBUCUT OT TEMIIEPaTyphI.
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OCHOBHBIE PHYUHBI BO3HHKHOBEHUS TOKA YTEYKH CIIEIYIOILIUE:
a) obpazoBaHHEe HEOCHOBHBIX HOCHUTEJIEH IIPU HArpeBaHUH, BO3JCHCTBUHM pa-
JUALUK W HAPYLIEHUSX CTPYKTYPhl KPUCTAJUIMYECKON pelleTKH. B aTHX ciyyasx

DﬁpﬂS}'IDTCH ACKTPOHHO-ABIPOYHLIC ITAPEI H HOCHTCIIH 3apiia, KOTOPLIC ABIAIOT-
CAd HCOCHOBHLIMH, {:BDGG,[[][D NPOXOIAT HEPE3 p-n 1EPEXOI, CMEIIEHHBIH B DﬁpﬂT-

HOM HallpaBJICHHH /4 OCHOBHBIX HOCHTEJIEH. DGPHEDEHIIHE NICKTPOHHO-
ABIPOYHBIX I14p IMIPpH HA'PCBAHHH ABJIACTCA Haubomee E}'MECTEEIIIIGﬁ HpH‘{HIIGﬁ
BO3pacTaHHA TOKA YTCHKH,

6} [TOBEPXHOCTHLIC TOKH YTCHKH ABJIAIOTCA CYHICCTBCHHBIM q}ﬂ.KTDpGM TOIBKO
HJ1A KPEMHHCBBLX HpHﬁDpﬂE? B KOTOPLIX TEIJIOBOH TOK YTCHKH BCCbMa HC3HAYH-
TCIICH. HGBEpJ{IIGETIILIﬁ TOK YTCHUKH HacTo DG}'EHDEHE][ 3aIpA3HECHHCM MMOBEPXHO-
CTH H B KOHCHHOM HTOI'C CHHMKACT ﬂﬁpﬂTIIﬂE COMPOTHBIICHHE MTEPEXO/A.
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OnucaHHbIE SABJIECHUS WILTFOCTPUPYIOTCS p |
BAX 1oJrynipOBOJIHUKOBOTO AXOJ1A,

IpUYEM MacTad 1Mo OCH TOKa IpU Iﬂ ———
MIEPEXOJIC YEPE3 HAYAIIO KOOPAUHAT PE3KO P

MEHSIETCS: IPSAMOM TOK OOBIYHO
M3MEPSETCA B MUJJTHAMIIEpax, a
O0OpaTHBIM — B MHKpOaMIIepax.

I
|
I
B e

Iﬂﬁp i Uﬂﬂp

B  ycnoBHoMm  rpaduueckom 0003HAYEHUH MONYNPOBOJHHUKOBOTO
AUO0Ja TPEYTOIBHHK ABISETCA aHOIOM, YepTodka — KatojaoMm. Ilpamoii Tok mpo-
XOJHT TOrAa, KOT/Ia aHO/ UMEET MOJI0KUTENbHEIH MOTEHINAll OTHOCHTENBLHO Ka-
Toja. CnenoBarenbHO, TPEYTOIBHUK MOKHO PACCMATPUBATh KaK OCTPHE CTPEIKH,
MOKa3bIBAIONICH YCIOBHOE HaMpaBieHHe npaMoro toka. MMeHHo B 3TOM Hamnpas-
JEHHM TPH MPAMOM TOKE JABHKYTCH JBIPKH, DJIEKTPOHBI 3Ke JABHIKYTCA B MPOTH-
BOTIOJIOZHOM HAIIPABICHUH.
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1Ho1ynnpoBOAHUKOBBIE THOIbI

B mponecce momauu HanpsKEHUS TUIFOCOM Ha P-TOJYIPOBOAHUK U
MHUHYCOM Ha N-TOJYNPOBOJHUK BHEIIHEE 3JICKTPUYECKOE TMOJIE€ OyAeT
HalpaBJI€HO IMPOTUB BHYTPEHHEIO JJIEKTPUUYECKOTO IOJIsA P-N-Tiepexona u
IPU JOCTATOYHOM HANPSIKCHUM 3JIEKTPOHBI MPEOAOICIOT P-N-TIEPEXOI, U B

IS THOJA ITOSBUTCS SIICKTPUUSCKHM TOK (mpsiMasi MPOBOAUMOCTb ).

IIpu nmogaye HaANPSKEHUSI MUHYCOM Ha 00J1aCTh € MOJYIPOBOJIHUKOM P-
TUNA WU TUIFOCOM Ha 00JacTh C MOJIYIPOBOJHHUKOM N-THUIA MEXIY JIBYMS
00JIaCTIMM BO3HHMKAET 00J1aCTh, KOTOpasi HE UMEET CBOOOIHBIX HOCUTEICH
NEKTPUUICCKOTO TOKa (oOpaTHasi mNPOBOAUMOCTBL). OOpaTHEIA TOK
MOJYIPOBOJHUKOBOIO JHO/ia HE paBEH HYJIIO, TaK KaK B 000MX 00JIacTsX
BCErJa €CTh HEOCHOBHbIE HOCUTENIM 3apsaa. g atux Hocureneun P-n-

nepexoq OyJeT OTKPBIT.
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Texnonoruueckuil npoLEecc cO3JaHHUA DIEKTPOHHO-ALIPOYHOIO Tepexoa
MOKET OBITH Pa3IMYHBIM: CIUIABJIEHHE (CIUIABHBIE AMOABI), TU(PQY3HsL OAHOrO
BewlecTBa B Apyroe (Aupdy3HOHHBIE THO/bI), AMUTAKCUS — OPUEHTHPOBAHHBIN
POCT OJJHOTO KPUCTAlJIa HA [MOBEPXHOCTH JPYroro (IMUTAKCHAILHBIE JAUOJbI) H
ap. [lo KOHCTPYKUMH 3MEKTPOHHO-ABIPOYHBIE MEPEXO/bl MOTYT OBITH CHMMET-
PUYHBIMH U HECUMMETPUYHBIMHU, PE3KMMH U IUIABHBIMH, TUIOCKOCTHBIMU M TO-
yeyHbIMH U Ap. OJHAKO [UId BCEX THIIOB [EPEX0/10B OCHOBHBIM CBONUCTBOM SIBJISI-
eTCsl HEeCUMMETPUYHAS HJIEKTPOIIPOBOIHOCTD, [P KOTOPOH B OJHOM HarpasJe-
HUM KPUCTAJUI IPOIYCKAET TOK, a B APYTOM — HE TpolyckaeT. Ha npakTuke Haxo-
AT MPUMEHEHHE TOYEYHBIE, IUIOCKOCTHBIE U TU((Y3HbIE AHOIbL.

B 3aBHCHMOCTH OT COOTHOILECHMII JTMHEHHBIX pPa3MEpOB BBIPAMIISIOLIETO p-i-
repexozia ¥ XapakTepucTUYECKON JTUHBI Pa3iinyaloT IVI0CKOCTHBIE U TOUEYHbIE JAUOIbL.
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Toueunwiti Ouod obpasyercs B MECTe KOHTAKTa HeOONBILOH IIACTHHBI MOJTY-
[IPOBOJHUKA U OCTPHS METAIIHYECKON NPOBONOKHU. JIMHEHHbIE pasMephl Iepexo-
J1a MEHbLIE ero MUpHHLL. brarogaps Manoii miomaau auoa odiagaeT Manoi em-
KOCTBIO Tepexona (menee | n®), oTHOCUTENLHO HEOOJIBIIMM BPEMEHEM Iepe-
KJIIOYEHHS (JEeCATKH HAHOCEKYH) M HUCIIONB3YETCS HA JIOOLIX 4acTOTaX BIIOTH
10 CBY. Manas muiowmans nepexoa onpeaessaer Takae HeOoMbLIOH 10myCTHMBIH
TOK (10 20 MA). Toueynble J10/bI 00BLIYHO BBINOIHAKOTCS HA OCHOBE TEPMaHUSL.

[Tnockocmuste cniaagubie OUOOb! UMEIOT TUIOCKHH AIIEKTPUYECKUI MEpexof,
JIMHEHHBIE Pa3sMEPLl KOTOPOTro (ONpelendiomue €ro IUIOMans) 3HAYHTENLHO
OOJIbILE MIUPHHBL p-R-TIepexofia. ITO 00YCIOBIMBAET OONBIIYIO EMKOCTD (eCHT-
KU IHKo(apai), 4eM y TOYEYHBIX, U OrPAHHYUBAET UCIOIL30BAHUE 110 YACTOTE
(He BbIlIE JecATKOB Kuiorepy). JomycTUMBIN TOK B IUIOCKOCTHBIX JHO/IaX HAXO-
JIUTCS B TIpeJieniax 0T JAeCATKOB MUJUTHAMIIEP [0 COTEH aMIiep.

Huchchysmvle Ouodsl U3rOTOBIAIOTCA MOCPEACTBOM AUP(Y3UH B MOTYIIPOBO-
HUKOBYIO TJIACTHHY MPUMECH, HAXOAIICHCS B Ta3000pa3HOM, JKUKOH WM TBEp-

noii ¢azax. Umeror manyro coOCTBEHHYIO €MKOCTh M MaJIO€ 3HAYEHHE MOCTOSH-
HOH BpeMeHH (10 HAHOCEKYH/L).
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Takum oOpa3zom, npu IOJI-
KJIIFOYCHUH TIOJTYTPOBOJHUKOBOTO
IMOJla B MPSIMOM HamlpaBICHUM
yepe3 HEro IpPOTEKaeT OOJBbIION
TOK, a Ipu OOpaTHOM MpH
|U| < |Ugsp| — TOK, mpoTekaro-
UKW 4epe3 p-N-TIepexol], KpanHe
Majl. OTO O3HAYACT, 4YTO MOIYy-
IIPOBOAHUKOBBIM JTHOA IPOILYC-
KaeT TOK B NPSIMOM HarmpasJie-
HUM (TIOJIO)KUTEIBHOM) W He
MPONMyCKaeT B OOparHOM HaI-
paBJjieHuU (OTPHUIATEILHOM), T.€.
JIEUCTBYET KaK BHIIIPAMUTE/Ib.

Uy
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Ha cxeme BHH3Y IpeACTaBIIEH OJHOMOIYIIEPUOAHBIN BBIIPSIMUTENL CO CITIaKMBAIOIIUM
KOHJICHCATOpOM. BO BpeMs IOJIOKUTEIIBHOTO MMMYJIbCAa HANPSHKEHUE HE TOJBKO IMUTACT
Harpy3Ky, HO M OJHOBPEMEHHO 3apsKaeT KoHJeHcaTop. Korma uMMITyiabC 3aKaHUYMBAETCH,
KOHJICHCATOP OTJA€T HAKOIUICHHYIO SHEPIHIO, CINIAKHUBAS CKAYKHW HampsoKeHUs. Yem Belle
€MKOCTh KOHJICHCATOpa, TeM OOJbllle HEPTrUU OH CMOXKET 3amacTh, M TeM OOJIbIle
HampsKeHue Oy/IeT IMOXOUTh Ha ITOCTOSIHHOE.




JIMOTHBIN MOCT

HecMoTpss Ha 3Ha4yWTENIbHBIE YCIEXHM, JOCTUTHYThIE B IpeoOpa3oBaHUU
NEPEMEHHOIO0 TOKA B MOCTOSIHHBIM MPEIBIIYIIAM SKCIIEPUMEHTOM, PE3YybTaT eIIé
Aajgek oT mujaeana. J[eno B ToMm, YTO 4acToTa MEPEMEHHOr0 TOKa JOBOJIBLHO HHU3Kas
(50 I'm), a HaBemMBaHUE CIVIAYKWBAIOIIUX KOHJICHCATOPOB MMEET CBOM OTpaHHYC-
HUs. J71s Toro 4ToOBI CYIIECTBEHHO YAYYIIUTh (OPMY BBIXOAHOTO CUTHAJa, HY)KHO
YBEJIUYUTH YACTOTY.

OmgHako B po3eTKax OHAa CTPOro (PUKCMpOBAaHAa M HE 3aBUCUT OT BHEITHUX
¢dakTopoB. OTpHlIaTe/IbHAS MMOJYBOJIHA HAMPSIKEHUS cpe3aeTcsl 1MojioM. [IoMeHSTh
€€ TOJSIPHOCTh COBCEM HECIOXHO — JOCTaTOYHO JIMIIb JOOABUTH HECKOJBKO
JIUO/IOB, COOpaB MOCTOBYIO cxeMy. Ha pucyHKke mpejcTaBieH ABYXIOJYINEepPHUO-
HbIil BBINPAMHUTE]b HA YETHIPEX AUOAAX, OOBSACHSAIOIIMM TO, Kak padoTaer
JIUOJIHBIN MOCT.

Wt

A vD1 - VD4




JInoqHBIN MOCT

[Ipy mosIBICHUM IOJIOXKHUTEIbHON moiyBoJHBI auoabl VD2, VD3 okaxytcs
BKJIIOUECHHBIMU B MPSIMOM HampaBieHUU U OynyT OTKpbIThl. VD1, VD4 — 3aKkphITHL.
[TomyBosiHA CBOOOJHO MPOXOJUT K BBIXOAY BhIIpAMUTENA. Korma HanpskeHue
CMEHHUT MOJSPHOCTb, IIapbl IMOAOB ImoMeHstoTcss Mmecramu — VD1 u VD4
otkpororcs, VD2 u VD3 3akpororcs. OtpuniarenbHas MOIyBOJIHA TOXE MPOUACT K
BBIXO/1Y, HO IIOMEHSET MOJISIPHOCTh. B pe3ynabTare moiay4duTcsi BCE TO K€ UMITYJIbCHOE
OJIHOTIOJISIPHOE HaNpsDKEHHWE, HO YacToTa €ro yBeauuuTces BaBoe. OcTaHeTcs
100aBUTh CIVIAXKHMBAIOIINN KOHJICHCATOP M MMOCMOTPETh, YTO MOTYIUTCH.

o ¥

JIByXHONYyIIEPUOAHBIN  BBIIPIMUTENL CO CITI&XKUBAIOLIUM KOHJIEHCATOPOM Ha
M300paKCHUU TIOKA3bIBAET, YTO MEPEMEHHOE HAMNPSIKEHUE MPEOOpPa30BaHO B
NOCTOSHHOE C MYJbCAlUsIMH, KOTOPbIE MOXXHO yOparh C MOMOIIBIO (pUIBTPOB. Takas
CXEMa, COCTOSIAs U3 YEThIPEX AUOAO0B, CTaJIa KJIACCUYECKOW U TOJIy4yusia Ha3BaHUE
JIMOTHOT'0 WJIM BBINPSIMUTEJIBHOI0 MOCTA.

vD1 - VD4




JInoaHBIN MOCT
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anMDE H DGpﬂTl[DE COIIPOTHBJICHHE THOMAA MMOCTOAHHOMY TOKY {Cﬁ’.‘ﬂfﬁul{&?—
CKoe conpom HHJ-IE?HHE?} BbIPpAXKACTCH CACAYIOINIHMH COOTHOIICHHAMH

— L'rupﬂ / J[‘rup 0s ruﬁp - Um’:-pﬂ / J[‘runﬁnr.r 0.

rup

[Ipsmoe u obparnoe Jdudghghepen-
YuaibHble CONPOTHUBIEHUS (COIpO-
THBIIEHUE TI0 IEPEMEHHOMY TOKY):

rmuh- np — ﬂt"rup J’l Y ..

ps
Faug. op — AUssp [ Al oip.

B 3aBHCHMOCTH OT TOro, Ha KakoM
yugacTke BAX pacrnionokeHa 3ajaHHas
pabouasi Touka, 3HAYEHHE CTATHYECKO-

[/ TO CONPOTHBICHHA  MOKET OBITh
¥ MeHblIIe, paBHO WK OOMbINE 3HAYCHUS
JUHAMHYECKOro conpotusienus. Cra-
THYECKOE COMPOTHBIIEHHE JHO/A BCE-

rja MOJIOKHUTENLHO, B TO BpeMs Kak

Pucynok — OnpeaencHue cTaTHYECKOTO H JIMHAMHYECKOE MOKET OBITh U OTpHLa-
AHHAMHYECKOTO CONPOTHBRICHHH no BAX TEIILHBIM.
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[Ipsmoe u oOparHOE CONMPOTHBIECHHE AHOAA MMOCTOSIHHOMY TOKY (Cmamuue-
CKoe conpomueienue) BbIpakaeTcs CICAYIOMMMH COOTHOLICHUAMM:

rllp = np 0 / J{up 0 rﬂl"}p = obp 0 / fuﬁp 0. [OM]

[IpssmMas u oOpaTHas NPOBOAHMOCTh JHUO/IA:

e Inp[} _ . Iﬂﬁp[}
np — ’ obp — .
Ul'[p 0 Uﬂﬁp 0

[Cm]

[Ipamoe u oOparHoe oudghghepen-
Yuaibhble COMPOTUBIICHUS (COMpo-
THUBJICHUE 10 [IEPEMEHHOMY TOKY):

Fand. np = A(-’rur} / A-{up; [OM]
> Fand. obp = ﬁuuﬂp / Muﬁp.

U

np

Kpyruzaa BAX npu npsMoM 1 00paTHOM
IIOJK/IFOUEHNHN THOA:

AL Al
S =—™®.g —_0° [Cu]
P AU, % T AU,
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Ha anekTponpoBoHOCTL [MOTYIIPO-

BOHUKOB 3HAYUTENILHOE BIIUSHHE OKa-
3pIBacT Temneparypa. [lpu noeeimennn
TEMIIEPATyphbl YCHIIMBACTCS TeHEpaLus
nap HOCHTENEH 3apsa, TO €CTh YBEIIH-
YHBACTCSI KOHLIEHTpalMs HOCHTENEH H
MPOBOAUMOCTEL PACTET, [TOITOMY CBOM-
CTBA  IOJIYIIPOBOJAHHMKOBBIX  THO/IOB
CHILHO 3aBHCAT OT TEMIEparypbl. 10
MoKaszblBaloT BAX, H3MEpEHHBIE IIpH
pazIMYHBIX TeMIleparypax.
[ IpsiMOH TOK MpH HATPEBE IHO/1a PACTET
He Tak OBICTPO, Kak oOparHbli. ITO
OOBsACHAETCA TEM, YTO IIPSMOIN TOK BO3-
HUKAeT 3a C4eT NPUMECHOH MPOBOIH-
MOCTH, a KOHLEHTpaLHsi MMpUMeceH He
3aBHCHUT OT TEMIIEpPaTYpLL.

$ 1
np
/
/
/
!
20 °C
UUEF' Ur{p
>
e
I 20°C
50 °C
™.
Inﬁp
Pucynok - Bnuanue reMnepatypsl Ha BAX
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Ilpn HekoTOpOM 3HAa4eHHH OOPATHONO HANPMKEHHSA BO3HUKAET npobou p-n-
nepexoja, Mpu KOTOPOM OOpaTHBI TOK pe3Ko BO3pPACTAET U COMPOTHBICHHE 3a-
MUPAIOLIEr0 ClIof pe3ko yMmeHbliaerca. Cleayer pazauyarbh 20eKkmpuyeckuli u
meniosou npoboil. INeKTpUYecKuid npodoii (y4acTok abe) aBigercs 00paTHMbIM,
TO ecThb NpH TOM Npoboe B Nepexoje He MPOUCXOAUT pa3pylIeHHe CTPYKTYPSI
nonynpoBoguuka. [Ipu snexkrpuyeckom npoboe oOpaTHBI TOK yBEINYHMBAECTCS
MPHU MPAKTHYECKH HEM3MEHHOM 00OpaTHOM HANpsKEHHH U MPH YMEHBIIECHHH Ha-
npsxkeHus paboTocnocoOHOCTh AMOAA BoccTaHaBiuBaercs. [Ipu Ternnosom mpo-
0oe pocT 00paTHOTO TOKA COMPOBOKIACTCS YMEHBIICHHEM HAIPSKEHUS.

OobnacTi TenyioBOoro npodOosi COOTBETCTBYET Y4acTOK 62. TerioBoil mpodoii
HeoOpaTHM, TaK Kak OH COIMPOBOKIACTCA Pa3pyLICHHEM CTPYKTYPbI BELIECTBA B
MmecTe p-n-niepexoaa. I[lpudnnoii Tennosoro npodos ABNAETCS HAPYIIEHUE YCTOI-
YHBOCTH TEIUIOBOTO PekKHMA p-n-Tlepexoja. ITO 03HAYAET, YTO KOJIIMYECTBO Tell-
JIOTBI, BBIJEISIONIEECS B MEPEXOe OT HArpeBa ero 00paTHBIM TOKOM, TPEBBIIIAET
KOJIHYECTBO TEIUIOThI, OTBOAMMOE OT mepexoja. B pesynbrate Temmneparypa nepe-
XO/1a BO3PAcTaeT, COMPOTUBIEHHE €T0 YMEHBIIAETCS U TOK YBEIMYHBACTCH, YTO
MPUBOJNT K MEPErPeBy Mepexo/ia U ero TEMI0BOMY pa3pyLISHHUIO.

&

I . MA

np?

—— - —

ST MA

- obp?

—————— meopemuyeckan BAX

peansHan BAX

Teopernueckas u peansnas BAX nuona

B pexume anekTpuyeckoro npodos padoTaoT crienuaibHble JHOALI — CTadu-
JIMTPOHBL; JUIS POYMX BUJIOB JIMO/IOB PEKUM NIP0o00s ABIAETCS aBapHiiHbIM. Ecin
pu npodoe TOK B LEMH HE OTPAHUYHTh, U0 BBIXOJUT U3 CTpod. B Takux npu-
Oopax mpH yBeJIUYEHHH (10 MOJIY/II0) 00paTHOTO HANPSKEHUS MPAKTHYECKH cpa-

3y HAYMHAETCA TEIUIOBOM Mpo0oii.



CTaOMIUTPOHBI

CTaOMJIUMTPOHOM HA3BIBACTCS MOJIYHOPOBOAHHUKOBBIM JHOJ C TOYHO
3aJJaHHBIM OOpaTHBIM NPOOMBHBIM HaNPsKEHUEM, CIa00 3aBHUCSIINAN OT
BEJIMYMHBI TOKA.

I rnp t
T > T, 17| T
7 Al oU
AHo Katog .J-l /
UC'I' max U-:'r min y
U

np




Cradoucropsl

Crabucrop - 5TO NOJYNPOBOJHUKOBBIM MO, HANPSDKECHUE HA
KOTOPOM B OO0JIaCTH IPSIMOI0 CMEILICHMS CIa00 3aBUCHUT OT TOKa B
3aJJaHHOM  €r0  JIMana3oHe ¢ KOTOPBIM MPEAHA3HAYECH I

CTAOMIU3alN HAIPS>KCHUS.

Inp

Craduam3alrro IMOCTOSIHHOTO
HapsOHKEHUSA MOXKHO TaKXKe Clmax
MOJIy4UTh IIPU HCIIOJIb30Ba-
HUM JOUOJIA, BKJIFOUEHHOIO B
IPSIMOM HAIIPpaBJIEHUU, UCTIO-
Nb3ysl JUJIsL OTOM e KPYyTOU
y4aCTOK  MPSIMOU  BETBU

BOJIBT-aMIIEPHOU XapaKTepu-
ctuku (BAX).

1.

CT min
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1
m . Z‘S Pucynok — [lpumepsl
Dl — YCIOBHBIX Tpaduueckux H3o0pakeHHH
U . MOTYIIPOBOIHHKOBEIX TPHOOPOB

Honynposodnukoesimu cmadbwiumponamu (6) HA3LIBAIOTCA U0,
HpEeAHAZHAYCHHBIC [JI5 cTaOMUIIM3aluH HAIIPAMKCHHA.

)
)

%
1) K)

B cxemax ,II,B}/I'IDI[HPHD?’I ETEIﬁI-’IJ'IHSEiLIHH HAlIpAKCHHA  TIPHMCHACTCA

cuMMempuynolil cmaduiumpon ( 6).

Bapuxanamu (2) Ha3plBAIOTCSA IOIYIPOBOJHHKOBBLIE JHO/bI, B KOTOPBIX
HCIIONIB3YETCS 3aBUCHMOCTE EMKOCTH p-7-TIEPeEX0/a 0T 00paTHOro HalpsKEHHS.



Bapmcar[ AHOL B “ KaT oa

Bapukan — momyIIpoBoIHIKOBEIT A0, padoTa KOTOPOTO 0CHOBAHA Ha 3aBHCHMOCTH OaphepHOIt
eMKOCTH P-1 TIepexofia 0T 00paTHOTO HATPAKEHIE. BapHKarel MPHMeHAF0TCA B KauecTRe HIIeMEHTOR C
3TeKTPIHYe CKH VIIPARIIIeMOiT EMKOCTEIO B cXeMaX ITepe CTPOIKH YacTOTH KoleOaTembHOTO KOHTYpa, AeTeHIE H

VMHOKEHILI UaCTOTEL, UaCTOTHOIT MOAVITALINI, VIIPaBIIeMBIX (pasoppaInaremeit i ap.

[Ipi 0TCY TCTBHI BHEIIHETO HATIPI/KEHILI B P-N-Tiepexofie CVINeCTBVIOT IMTOTEHIHATILHELT Oaphep I
BHY TPeHHee 3TIeKTpIrie cKoe Tome. Ecii K THOY MPITOANTE 00paTHOoe HAIIpsKeHIe, TO BEICOTA 5TOTO
MTOTEHIHATEHOTO Oaphepa VBemUHTCA. BHellHee odpaTHOe HaIPs/KeHIe OTTAaIKHBaeT STeKTPOHEI B MY Ok
n-007acTH, B pe3yiabTaTe Uero MPOHCXOIHT pacImipeHIie 00eqHEHHOT 00IacTH p-n-Tiepexona, KOTOPYE0 MOKHO
TIPeCTARUTE KaK MPOCTETIIITT ITI0 CKIIT KOHIeHCaTop, B KOTOPOM 0OKITaTKaMIL CITY/KaT TPaHIIEI 00TacTIL.
B TakoM cayuae, B COOTBETCTBIHI ¢ (POPMYTION AT €MKO CTH IO CKOTO KOHIeHcaTopa, ¢ POCTOM PacCTOSHIL
MeKTY 00KITaKaMI (BEI3BAHHOIT POCTOM 3HAUEHIEI 0OPATHOTO HATIPSKEHII ) EMKOCTE P-N-TlepeXoaa OvaeT
VMEHBIIATLCA. JTO VMEHBIIeH e OTPaHIIeHO T TOMIIHOT 0a3kl, Jarmee KOTOPOIT MepeXol pacumIpATLCI He

MoxeT. Io TOCTILRCHITI STOIC MITHIIMYMA € POCTOM OGPHTHC}FO HaITPARCHITA E€MKOCTE HE H3MEHAETCA.
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B.-::puh‘fmu,-uu (.’.’) Ha3bIBAIOTCH IMOJIYIPOBOAHHKOBLIC AHO/LI, B KOTOPLIX
Wl
(’g HCITOJIB3YETCA 3aBHCHMOCTDL EMKOCTH p-n-licpexola oT ﬂﬁpﬂTHﬂ'Tﬂ HaTIPSAZKCHHA.

Pucynok 8 — Bonbr-thapannas

XapaKTEPHCTHKA BAPHKATA _&| |_ _ﬁ_
2) d)

Use

p
» (OcHOBHOH XapaKTepHUCTHKOH BapHKama CIYKHUT BOJLT-

(papagHas xapakTepUCTHKA (PUCYHOK 8) — 3aBHCUMOCTH €MKOCTH BapHKamna OT
3HAYEHHS MPHIIOKEHHOTO 00PATHOTO HATIPAKEHHUA.

K mynnerstsivm OTHOCAT THOMBL, Y KOTO- A7
pBIX 3a CYET TyHHENBHOTO 3(dexra HA nps- P
moii BetBH BAX (pucynok 9, obmacts 1)
CyLLIEeCTByeT 0O0NacTb C OTPHLATEILHBIM
JupdepeHIHaTEHBIM COTIPOTHBIIEHHEM (00-
nacTs 2). B obnmactu 3 BAX npubop nomiHo-
CTBIO BBIXOIUT U3 Ipodos U BeleT ceds Kak
OObMHBI [HOM. YcioBHOE Trpaduyeckoe
0003HAYEHHE MPE/ICTARICHO HA PUCYHKE 0.
[lo cBoeMy Ha3HAUEHHIO TYHHEIIBHBIE JHOMIbI
MONPA3IENAOT HA VCUWIUMEIbHbIE, 2CHEPA- Pucynok 9 — BAX TyHHensHOro AHoja
MOpHbLE, NEPEKTIOHAIOUUE.

Odnacme ‘IE Odnacme 2 5 Ddnacme 3




Obpawennvivmu (PUCYHOK ) Ha3bl-
BAlOT TMOIYIPOBOJAHUKOBBIE JHOJBI, B
KOTOPBIX BCIEACTBHE TYHHEIBHOTO H(-
(pekTa NOPOBOAMMOCTL IPH OOpaTHOM
HAIpPSKEHUH 3HAYUTENBHO OOJblIe, YeM
npu nopsmom. BAX oOpamuennoro auoaa
npeacrasieHa Ha pucyHke 10.

Hamuaiowue ouodst (pUCYHOK — 3) —
[OJTYTIPOBOIHUKOBLIE JHO/BL, H3TYyYaKOLIUe
13 p-n-niepexofa keaHTel dHepruu. [lo xa-
PAKTEPUCTHKE H3IYUYEHMs JEIATCSH Ha JIBe
TPYILIBL: ¢ M3TYYEHHEM B BHIMMOM o0nacTy
CHEKTPA — C8emoouodst; TUOALI C W3ITyde-
HHEM B HH(pakpacHOH o0IacTH crHekrpa,
NOMy4YHBLINE HazBaHue HMK-0uodet.

Domoduodsl (PUCYHOK i) — TIOIY-
MPOBOJHUKOBBIE OB, TIPHHLIMI JICHCT-
BHS KOTOPBIX OCHOBAH HAa MCIOJIL30BAaHUH
BHYTpeHHero (ororddexra — renepau
B MMOJYTIPOBOJAHUKE M0 AEHCTBHEM KBaH-
TOB CBETa CBODO/IHBIX HOCHTENEH 3apsa.

/o
S b By

3)

np

np

Pucynok 10 — BAX obpawmennoro auoaa

Onmpon (onmonapa) — NOITYTIPOBOIHH-
KOBBII IPHOOP, coeprKallivii HCTOYHHK W3-
JY4EHUS W TMPHEMHHK WTy4eHUs, 00BeIH-
HEHHBIE B O/THOM KOPITYCE H CBSA3aHHBIE MEK-
oy COoOOH ONTHYECKH, AWEKTPHYECKH WIH
OTHOBPEMEHHO OOEHMH CBA3SIMH (PUCYHOK K).

' .
& &B

u) K)




CucremMa 0003HAYEHUAX THOI0B

Jma MapKHPOBKI MOMYIIPOBOIHIIKOBEIX AIOTOB IICIIONB3YeTCS OyKBeHHO-INI(ppOBad
CIICTeMa YCIIOBHBIX 0003HAUEHIIT.

IlepBbIit 2aeMeHT — OyKBa UM Iippa, XapakKTepisyeT HCIOIb3YeMBI MaTepra.
['(1)—repmamni (Ge), K(2) — kpemmini (S1), A(3) — rammii (Ga) 1 ero coemImHeHIId.
(4) — 1mmni (In) 11 ero coeaimHeHIIL

Bropoii saemeHT — OyKBa, XapakTepiryeT (PYHKINIOHATBHOE HazHAUeHIle II0Ja:
[ — BemIpAaMuTenBHEIL, B — Bapukarr, M — TyHHeIbHBII IT oOpareHHslil, C — cTadImITPOH
11 ctaducTop; JI — mr3myuarommi cBeTOIIION,

Tpermii snemeHT — 1upa, XapakTepisyeT HazHadeHIle [IIOAa 11 COACPIKIIT
IH(pOpMAINIO O CHeINIANbHEIX HapaMeTpax Anoma. Hamprimep, ama anomoB rpyrmml [
| — BeImmpsMuTeTbHEIE ManoMoImmHble (ToK 10 300 MA), 2 — BEIOPAMITENIbHBIE CpeIHell
MomHOCTH (ToK g0 10 A), 3 — mmomel OommImoil MomrHOCTH (Tok cBeIme 10 A);
4-9 — Mol IIMITYIIBCHEIE C Pas3/ITMHEIM BpeMeHeM BOCCTaHOBIIEHILL

YerepToiii 1emeHT (23 1mipphl) — MOPIIKOBBIT HOMep pa3padOTKH (711
CTAaOIIITPOHA — HATIPSDKEHIIe CTaOIUII3ALIII B A€ CATHIX JOTIIX BOTIBTA ).

IIaTeiilt 3MemeHT — OyKBa, XapakTepirzyeT TPYIIY MIOAOB C  Pa3ITMHBIMII
TapaMeTPaMIL



[locnegoBaTtenbHOe U NapannenbHoe coegUHEeHUA

[Ipu BeIIpsIMIIEHHH DOJIEe BBICOKOTO, YEM IPEAEIbHOE I OJUHOYHOTO JTHO-
3, HANIPSKEHUS! MOJKHO COEJMHHUTEL JAHOJbI MOCIEA0BATEILHO, YTOOB 00paTHOE
HaMpsKEHUE HAa KaxkI0M JIMOJe He MNpeBbIalio npeaensHoro. Ho Beienctsue
pa3dpoca 0OpaTHBIX CONPOTHUBIEHUI Y Pa3INYHbIX IK3EMIUIAPOB AHOI0B OQHOIO
M TOTO K€ THUIIA HA OTAENbHBIX JH0JaX 00paTHOE HANPSKEHUE MOKET 0Ka3aThCs
BBILIE [IPEJENLHOrO, YTO NOBJIEYET Npoboil AM010B.

P P P Hns toro 4robel oOpaTHOE Ha-

- = - [IPSKEHHE  pacnpeie/suioch  paBHO-

MEPHO MEKIY IUOJaMH HE3aBUCHMO

VDT VD2 VD3 OT MX O0OpaTHBIX COIPOTHBICHHH,

DI Dl DI MPUMEHSIOT [IYHTHPOBAHHE JHOJOB

pesuctopamMu  (pucyHok ).  Compo-

Pucynok - [locnenosarenshoe coequnenne quogos  THBICHHA Ry, PE3UCTOPOB JIOMAKHEI

ObITb  OJIMHAKOBBl W  3HAYUTEIILHO

MEHbIIIE HAUMEHBIIETO U3 00PAaTHLIX COTIPOTUBIEHUH 1HuoA0B. OaHako Ry, HE JTOJK-

HO OBIThH CIIMIIKOM MAJILIM, YTOOBI YPE3MEPHO HE BO3POC TOK MPH 00paTHOM HAIps-
JKEHUU, TO €CTh YTOOBI He YXY/LLIWIOCH BLIIPSIMICHHE.




[lapannensHoe coequHeHHe AUOA0B (PUCYHOK ) MPUMEHSIOT B TOM CIydae,
KOT/J1a HYKHO TIOJYYHTh MPAMOI TOK, OOJIBUIMI TPEJIeIbHOTO TOKA OAHOTO JHO/A.
Ho ecnu auoapl 0JIHOTO TUMA MPOCTO COEAUHUTH MAPAIIEIbHO, TO BCIEACTBUE
HEOJUHAKOBOCTH BOJIbT-AMIIEPHBIX XAPAKTEPHCTHK OHM OKaXyTCS PazIM4HO Ha-
rPYKEHHBIMH H B HEKOTOPBIX TOK Oyzer Oonblie npeaensHoro. Paznuuue B nps-
MOM TOKE Y OJTHOTHITHBIX THOJ0B MOXKET COCTABIATE JAECATKH MPOIEHTOB.

[IpakTidecku peako BKIKOYAIOT NapauiebHO 00b- 0
e Tpex AMUOJIOB. Y PaBHUTEIILHBIE PE3UCTOPBI C COIPO- ‘
TUBJIEHUEM B JIECATHIE JOMH WIIH €IUHUIILI OM OOBIYHO
MoAOHPAIOT IKCIIEPUMEHTATBLHO JI0 TMOTy4eHHs B pado- R
4yeM pEeKUME OJMHAKOBBIX TOKOB B auojax. Muorna
BKJTIOYAIOT YPABHUTE/IBHBIE PE3UCTOPBI C COIMPOTHBIIE-

HUEM, B HECKOJILKO pa3 OOJBLIMM, 4eM TMPAMOE COIpO- E EVWE EVE?
TUBJICHUE JTMOJIOB, YTOOBI TOK B Ka’K/I0M JHOJIE OIpe/ie-
JIsUICs TIaBHBIM 00pasoM conporusieHdeM R,. Ho B —¢

ITOM  ClIyHac IPOHCXOIHT JOIOJIHHTCIBHOC IIdCHHC
HAlTpsAXKEHHA Ha Ry-, [IPEBLILIAIONICE B HECKOJIBLKO pa3s
[IPAMOC HAIIPAZKCHHC THOO0B, H K_Hﬂ,, KOHCYHO, CHHAKA-
eTcs. BEcaM HexenaTelbHO BKIIOYATH YPAaBHHTCIIBHBIC PCIHCTOPLL, TO HAO0 ]'[D,[[DG-
parh JHOALI € IIPHMEPHO OJHHAKOBBIMH XAPAKTCPHCTHKAMH. OﬂIIﬂI{G PEKOMCHIAYCT-
CA 110 BOSMOMKHOCTH HE lTpHﬁ-E‘IHTL K Napalic/JIEHOMY COCAHHCHHIO THOO0B.

Pucynor -~ llapannensnoe
COCIHHCHHE JTHO/10B



Tpau3ucTopsnl

Tpan3ucrop — 3TO KOMIIOHEHT JJEKTPUYECKON II€NH W3 IOJYIPOBOJHHUKOBOIO
Marepuajia, OObIYHO C TPEMS BBIBOJAMH, CIIOCOOHBIM OT HEOOJBIIOIO BXOIHOTO
CUTHaja YOpaBJIsATh 3HAYUTEIBHBIM TOKOM B BBIXOJAHOM I€MH, YTO MO3BOJISET
HCMOJIB30BATh €0 ISl YCUJICHWS, TeHEPUPOBAHUSA, KOMMYTAIlUM M IMPEOOpPa30BAHUS
JICKTPUUECKHUX CHUTHAJIOB. B HacTosilliee BpeMsi TPaH3UCTOP SBISETCS OCHOBOM
CXEMOTEXHHUKHU ITOAABIISAIONIETO OOJIBIIMHCTBA 3JICKTPOHHBIX YCTPOMCTB U MHTErpalib-
HBIX MHKPOCXEM.

Pa3znuuaror gBa BUJa TPAH3UCTOPOB: YHUIIOJISAPHBIE (I0JIeBbI€) U OMIIOJISIPHbIE.

B OMIOJSIpHBIX TPAH3UCTOPAX HOCUTENSIMU 3apsAJIOB SBJISIIOTCA W JJIEKTPOHBI, U
IBIPKM, T.€. YAaCTUIBI C DJIEKTPUUECKUM 3apsAJoM OO0OMX 3HAKOB. bUMOSIpHBIN
TPAH3UCTOP YIIPABIISAECTCS U3MEHEHUEM TOKA.

B yHunmoJsipHbIX (I0JIEBbIX) TPaH3UCTOPAaX OCHOBHBIMHU HOCHTEISAMHU 3apsia
MOT'YT OBITh YaCTHIIBI TOJBKO KaKOTO-IMOO OJHOTO 3HAaKa, T.€. JIMOO AIEKTPOHBI, JINOO
neipku. [loseBoit TpaH3UCTOp, B OTIUYME OT OHMIIOISPHOTO, YIIPABISCTCS HaIpsKe-
HHEM, a HE TOKOM.

B HacTosimiee BpeMs B aHAJOTOBOM TEXHUKE JIOMHUHUPYIOT OWUMOJISIPHBIC
TpaH3UuCTOphl. B 1U(dpOBONl TEXHUKE, B COCTABE MHUKPOCXEM (JIOTHMKa, IMaMsITh,
IIPOIIECCOPBI, KOMIIBIOTEPHI, MHM(pPOBas CBA3b W T.II.), HAIPOTUB, OHIIOISPHBIC
TPAH3UCTOPHI ITOUYTH IMOJTHOCTHIO BHITECHEHBI IOJIEBBIMU.



bunoJasspHbIe TPAH3UCTOPLI

BHITOMAPHEII TPaH3HCTOP — TPEXITOMEO CHEIIT ITOMYIIPOBOIHITKOBHIH MPHOOP C
TBYMA p—n-TiepexogamMi. OH COCTOHT M3 UepeIVIOLIIMXCA oOIacTeill IOMYIIPOBOI-
HITKQ, IMEIMHX 3MeKTPOIPOBOJHOCTE PA3THUHEIX THIIOB.

B 3aBHCHMOCTH OT ITOCIEOBATENEHOCTH YepeIOBaHHA - H p-00macTell pas-
TIYAROT TPAH3HCTOPHL H—p—H- 1 p—h—p-THIIOB. Ha IpaKTiKe HCIIOMb3VIOTCA TPAH3H-
CTOPHI 00OHX THITOB, ITPIHIIL AeHCTBIA HX OJMHAKOB. OCHOBHEIMH HOCHTEILAMH 3a-
pAla B TPAH3MCTOPe #—p—H-THIIA ABIAKOTCA SMEKTPOHEL, a B p—h—p-TPaH3UCTOPe —
TEIPKHN. TaK Kak B KPEMHIH 3TeKTPOHBI 0071a1a0T OONbIIell MOJBIAHOCTEI0, UeM
ITEIPKIL, TO Yallle HCIOMb3VIOT TPAH3ICTOPHL 1—p—H-THIIA.
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Puc. VeipoicTBo n-p-n-Tpamsucropa (a), cro cxemarmucckoc m3o0pawkcHue (6) M cxXema 3aMCLICHHA (B).
YerpoiicTso p-n-p-TpaHaucropa (1), cro cXcMarudcckoc H3oOpakcHue (1) H CXEMa 3aMCILCHHA (e)




bunojsspHbIie TPAH3UCTOPLI

npn pop

[TeHTpansHad 00nacTs TPAH3HCTOPA, HA3bIBaeMAad 6a3o0ii, 3aKIHUeHa MeKIY
Kotekmopom N smunmmepom. ToMIMHA 6a3kl Mala H He IPeBHINIAeT He CKOIBKIX
MIKpOH. [Tepexo Mex Ty 6a30i M SMITTePOM HA3EIBAETCI M uUNNIepHbLM, & MeK-
Iy 0a301l H KOTIEKTOPOM — KOLTeKINOPHBIM.

CTpyKTypa peambHOrO TpaH3HCTOPa

-y
-

HeCHMMeTpHYHa (pHc.). ITmommas
KOINEeKTOPHOT O Tepexojia 3HAUNTeILHO
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bunoJasspHbIe TPAH3UCTOPLI

KaxkIp0i 13 p—n-TiepexofloB TPAH3UCTOPa MOKET ORITh CMEINEH OO0 B IIP4-
MOM, THOO B 0OpaTHOM HAIpaBleHHAX. B 3aBHCHMOCTH OT 5TOTO PA3MHYar0T Ye-
TEIPE PeKNMa PabOTH TPaH3HCTOpa.

1) akmuenotii (ycunenuA). OMITTEPHENT Iepexof CMEINEH B IIPAMOM
HAITPABIEHHH, a KOMIEKTOPHBIIL —B 00PaTHOM,

2) omceuru. Oba mepexofa CMelleHE B 00PaTHOM HaIIPAaBJIEHILIL

3) Hacotnerua. O0a mepexo/a CMeIleHH B IIPAMOM HaIlpaBIeHH,

4) ureepcrotil. SMUTTEPHBII TePeX0]] CMeIEH B 00paTHOM HAIlpaBJIEHHIL,
a KOJUTEKTOPHBIIT — B IIPAMOM.

PaccmorpiM mofipo0Hee Kai[EIl H3 pPeAMMOB PadOTH TPaH3MCTOpa Ha
TIpHMepe MpHdopa rn—p—n-TIHIIA.



bunoJgspHbIe TPAH3UCTOPLI

AKTHBHBIN pexknM. Tak KaK SMITTEPHEIN ITepexXol CMeIléH B IpAMOM Ha-
IIPaBIeHHH, TIPOHCXOINT HH/KeKINLA HOCHTe el I3 sMuTTepa B 0a3y. ITocKoIMbKY 00-
TacTh SMHUTTepa JeTHPOBaHA CIUIbHee, ueM 001acTh 0a3kl, IOTOK 3IeKTPOHOB IIPeos-
TajaeT HaJ MOTOKOM IBRIPOK. I13-3a Mamoii TOMIMHEI Oa3bl MOUTH BCe 3TeKTPOHEL
mpoiigda 6a3y, JOCTHrarwT KollleKTopa. TOoIbKO Malad oI 3JeKTPOHOB PeKOMOHHH-
pveT B 0aze ¢ AIpKaMi. KoIeKTOPHELI ITepexo] CMelléH B 00paTHOM HaIlp aBIeHHH,
MIO3TOMY 3TeKTPOHEI, JOCTHTIINE KOIEKTOPHOTO Tepexo/ia, BTATHBAR TCA ITOTeM ITe-
pexojia B KOTeKTop. [IpOHCXOMIT sxempaxyia SMeKTPOHOB B KOIIIEKTOP.

ToxH TPAaH3IHCTOpPA, pﬂﬁUI'ﬂIOI[[EI'D B AaKTHEHOM pPEeAEHME, CBA3ZAHEI COOTHO-

TI1E HFL SN
I =al,, I =1 +1_.

K

MHOKHTeTb ¢ HA3BIBAKT KO3 QuiieHInom nepeda4qil moxa smumiiepa.

Y HHTeTpPaTbHBEIX TPAH3HCTOPOB o.= (0.99-0.995.

" Sy

X

MHOKHTeTb [} HA3HIBAKT K03 P uyuennom ycuneHus moxa bazvl. Tak Kak
BellMUHHa ¢ OMH3Ka K 1, TO P MoXeT IMPHHIMATE OONBIINe 3HAUeHHT. [ HHTe-
TPATBHEIX H—p—h-TPAH3HCTOPOR OHO cocTarIdeT oT 30 mo 200.



bunoJasspHbIe TPAH3UCTOPLI

Taxmm oOpazoM, paboTa OHIIONIAPHOTO TPAH3MUCTOpa B aKTHBHOM peKIMe
OCHOBAHA Ha COUETAHIH IPOIeCCOB MHKEKIIH HOCHTENel Uepe3 OMNIH Iepexo/ n
cOOMpaHIA HX Ha APYToM Ilepexojie. K OHIIeHTpaIig MpHMeceil B SMITTepe 3HAUIL-
TeTBHO OONBIe, UeM B 0a3e H KoTekTope. I103ToMY 3MeKTPOHHAA COCTaBILIIOINAL
TOKA H—p—n-TPAaH3HCTOpa ABMATCA IMpeoONafgaroineii. B aKTHBHOM peIMe TOK
KOJIIEKTOpa VIIPABIAeTCA TOKOM 3MHTTepa (IIH HampAKeHHEM 3MHTTePHOTO Ie-
pexofa) H MOYTH He 3aBICHT OT HAaNMpAAKeHHI Ha KOIUIEKTOPHOM IlepeXoje, II0-
CKONBKY ITOCTIeTHIIT CMeIlleH B 00paTHOM HalpaBleHNH. AKTHBHEII peKIM ABIA-
eTCA OCHOBHEBIM, eCIIH TPAH3HCTOP HCIIONB3VeTCA 1A YCHIeHILA CHTHATOB.



bunoJasspHbIe TPAH3UCTOPLI

PesxiiM oTceukH. ITHAEKIHA OCHOBHEIX HOCHTENE B 00MacTh Oa3kl HaOMk0/1a-
eTCA B TOM CIIYUage, eCI SMHTTEePHEIT IIePeX0]T CMEIEH B IIPAMOM HaIlpaBIeHHH. Ecim
Hanpsxerne Ug, MeHBIIe IIOPOTOBOil BemyiHEl (0.6 B 19 KpeMHHEBEIX TPAH3HCTO-
POB), 3aMeTHOIT HHKEKIIIT HoCHTeNneil B 0asy He HadmromaeTcs. [Ipusrom [, =1 =0.
CreIoBaTeNbHO, TOK KOMIEKTOpA TAKAKe PaBeH HYMR0. TakimM o0pa3oM, LA peknMa
OTCEUKH CIIpaBeTIBEI YCIOBHA: Uy, < 0.6B mmt [ =0.

Pesxum Hacelmenuda. Ecan ofa mepexofa CMeINeHEl B IIPAMOM Hallpaple-
HHH, HOCHTETH HHKEKTHPVIOTCA B 0a3y KakK M3 SMHUTTepPa, Tak H M3 KOIIeKTopa.
B 3TOM pekimMe TOK KOMIeKTOpa He 3aBHCHT OT ToKa 0a3el. KoIeKTOpHEIN IIee-
XOJ OTIHpaeTcd, eClIH HalpsKeHHe Komnekrop-6aza U < —0.4 B . IIpn 3T0M Ha-
IpLKeHie KOMIEKTOP-3MHUTITEP He IIPEBEIINAeT HANpPLKEHNe HACHIIEHN:

-
|

| i " ] - T 2 | e
U_=U__ .3HaueHHe U HaxoauTcA B mmpefenax 0.2-0,3 B.

KIHAC
PeXHMEI OTCEeUKH H HACHIIIEHIA ﬁI]I[DJIJF[pHLIE{ TPaH3HCTOPOB ABIIAROTCA OC-
HOBHBIMII, KOI'Td OHIL pﬂﬁ OTAOT B KIIFHOUYEBBIX H JTOI'HYECKIIX CXEMAX.



bunoJasspHbIe TPAH3UCTOPLI

HBepCcHBIN PeKHM. HIOIOMAPHEIN TPAH3UCTOP ABIAETCA CHMMETPHUHEIM
MPHOOPOM B TOM CMBICIIE, UTO OOIACTE MOMYITPOBOHIKA C OJHIM THIIOM ITPOBO-
IIMOCTH PacIoiaraeTca MeA Dy IBYMA 00IacTAMH ¢ IPYTUM THIIOM IIPOBOTHMO-
CTH. [103TOMY TPaH3UCTOP MOXKHO BKIFOUHTH TaK, UTO KOIIEKTOPHEIN IIEPEXOJ
CMeEIIIEH B MPAMOM HAIIPABIEHMHH, a SMHTTEPHEI — B 00paTHOM. [IpH 3TOM 3MHT-
Tep HIPaeT Polb KOMIEKTOpa, a KOMIEeKTOp — SMITTepa. Takoi pekiM padoTkl OH-
IIOTLAPHOTO TPAH3MCTOPa HA3BIBAKT uHeepcHoim. OIHAKO KOMIEKTOP H SMHITEP
H3TOTABNINBAIT HEOMMHAKOBEIMH, C TeM, UTOOR  HAmOONBINEE  YCILIEHIE
TOCTHTATIOCH B AKTHBHOM peXKIMe. B HHBePCHOM peiKHMe YCHIeHHe TPaH-
3UCTOPA HEBETMHKO. TaKoll peKIM HCIIONB3VIOT B HEKOTOPHIX ITH()POBEIX CXEMAX.



bunoJsspHbIe TPAH3UCTOPLI

TpaHsucTOp, B CXEMY BKIKYAKT Tak, YTO OJHH M3 €ro BBIBOJAOB ABIAETCA BXOIHBIM, BTOPOI —
BBIXOTHBIM, a TPeTHI — oOmHM Ad BXOOHOH M BBIXOOHOM Iereil. B 3aBHCHMOCTH OT TOrO, Kakoil
3IIEKTPO ABIAETCA OOIMIHM, Pa3 U T TPH CXeMbl NOJKTHOYeHHA OHMOJIAPHOT0 TPAHIHCTOPA:

* ¢ obmeii 6a301i (OB). - T
* ¢ 00muM KonexkTopoM (OK), d K D
: =}
- - Y — B \
* ¢ o0mM SMHTTEpOM (O3). - ~ = =
S S g 5

S 2

b Q Q r

CxeMa BKIIOUEHHA TpaH3HCTOpa ¢ obImeli dazoli XapakTepH3yIOTCA YCHIEHHEM T10 HaMpAKeHHIO,
OTCYTCTBHEM VCIHIEHHA TII0 TOKY, MaldbiM BXOIHBIM COIPOTHBIE€HHEM H OOMBIIHM  BBIXOJHBIM
cOTIpOTHRIIeHHeM. Takad cxXema BKIHUEHHA He JaeT 3HAUHTeNbHOro VCHITeHHA, Ho 00NnajiaeT XOpoIHMH
1aCTOTHBIMH H TeMITIEPaTYPHBIMH CBOTIC TBAMIL

(CxemMa BKJIIOUEHHA TPaH3HCTOpPa ¢ 00LIHM KOJLIEKTOPOM Xap aKTePH3VIOTCA YCHIIEHHEM 10 TOKY,
OTCYTCTBHEM YCHIIEHHA IO HAPAAEHHIO, OONMbIIHM BXOTHBIM COMpPOTHBIEHHEM H MaJbIM BBIXOOHBIM
COTIpOTHBIIEHHEM. TakaA cxXema dYallle Has3bIBaeTcd SMHUTTEPHBIM MOBTOpHTENEM, T K. Ko3(pHIHEHT
VCHIIEHI 10 TOKY MOYTH TakoH /K€, KaK U B cxeMe ¢ 03,

Harbomnbmee pacripocTpaHeHHe TOTVIILUIA ¢XeéMa BKIIOUYEHHA ¢ oOIIHM IMHTTepoM. B cxeme
BKJIIOUEHHA TpaH3HCTOpa ¢ 0O0MIHM SMHUTTEpOM odecIiedHBaeTed YCHIeHHe 110 HalpAKeHH 0, 10 TOKY, T10
MOIMHOCTH. Takad cxXemMa HMEET CpedHHe 3HAYeHHA BXOJHOIO H BBIXOJHOIO COMPOTHBIEHHA I10
CPaBHEHHIO O CXeMaMH BKIKUeHHA ¢ o0mell 6a30fl 1 o0miM KomnekTopoM. K 70 cTOHMHCTBAM CXE€MBI ¢
03 MOKHO OTHECTH YA0OCTBO IMTAHHA €€ OT OJHOTO HCTOYHMKA, I10CKONBKY Ha 0a3y H KOJIEKTOp
TOJAKTCA THTAKIHE HapAkeHHA OoJHOTO 3Haka. K HeJgocTaTkaM OTHOCAT XyJAILIHE YacToTHBIE H
TeMIIepaTypHBIE CBOMCTBa (HarpHMep, B cpaBHEHHH co cxemoil ¢ OB). C MoBbIlIeHHEM YacTOThI
VCHIIEHIH € B cxemMe ¢ 0D CHIDKaeTcA.



bunoJasspHbIe TPAH3UCTOPLI

[Ipu nwodoil cxXeMe BKIKUEHHA TPaH3HCTOpPa, MOJAPHOCTh BKIWYEHHA HCTOYHHKOB TMHTAHHA
nolkHa ObITh BbIOpaHAa Takoil, UT0O SMHUTTEpHBII Mepexorn (riepexon 3-B) Obll BKIKUEH B IIPAMOM
HaIipaBJIeHHH, T€. OTPHLIATENbHBII 3a#4HM HCTOYHHKA [MHTAHHA Halo TPHCOEIHHHTh K 0O0mMacTH n, a
MOJoAKHTeIbHBIT — K oOmacTH p. TakiM ke oOpasoM kosnekTopHbelii mepexon (B-K) gomkeH ObITh
CMelleH B 0OpaTHOM HarlpaBleHHIL DTo O3HAUaeT, YTO KOJMEKTOpP P-n-p-TpaH3HCcTopa MpHCOoeqHHAeTC K
OTPHLUATEIBHOMY 3 aAKHMY HC TOUHHKA [MUTAHHA, 8 KOJUIEKTOP N-P-N-TPAaH3HCTOPA - K IIOJOKHTENTLHOMY.

(:,11} ABHHTCJIBHBIC XapPdKTCPHCTHEIT CXEM Ha GI'H'IDHH]J'HBIE TPpaH3HCTOpax IMPpHBCICHBI B 'Tﬂﬁﬂ]'IL[EZ

ILapanpeTp Cxema O3 Cxema Ob Cxenma OK
Kos(ppuimeHt yeiteHHa | JecArk-coTHH HenmHoro MeHnIie 1 HecATRH-COTHH

10 TOKY

Kos(ppuimieHt yeimeHHa | JecATKH-CcOTHH HeCATEIH- COTHH HemHoro MeHbIIE 1

I10 HaIpP AACHITH)

Kos(pprmmieHt yeirmeHnd | COTHH - JeCATKH ThICT MecaTKH- COTHH MecATKH-COTHH
IO MOIITHO CTH

BxogHoe compoTieiIeHHe | CoTHH OM - eqHHMIIBI KOM | ETHHINIBI-TeCATKH OM HecATEH - COTHH KOM

BrxogHoe corpoTHeieHHe | EAHHHIBI - JecATkH KOM | CotHH KOM - emHinIb MOM | CotHH OM - e THHHIBI KOM




bunoJasspHbIe TPAH3UCTOPLI

PaccMoTpHM TpaH3HCTOP, BKTHOYEHHEIN II0 CXeMe ¢ OOLIMM SMHITEPOM
(puc.). Haspamme «cxema ¢ OOLIMM SMHTTEPOM» OOBACHAETCS TEM, UTO IMHT-
Tep ABIAETCA OOLIMM A BXOMHOM H BEIXO/HOI

I mereil. BXOMHEIMII BelMYIHAMH ABILIFOTCI Ha-

<K npaxemre Gasa-svmrrep U, 1 Tok Gassl I, a

. I BELIXOMHEIMI — HaNpaKeHHe KOIIEKTOP-3MITTED

B, VT U, U_ HTOKKoWIeKkTopa [, .
Us, l 3 PaccMOTpHM  BOIBT-aMITEPHEIE XapaKIepH-
| J CTHKH OHITOJLIPHOIO TPaH3HCTOpa M VKakeM Ha

HIIX 00IIacTH OTCEeUKH, HACBIIIEHHA H VCILTCHHA.
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I
30 T
20 T
10 T
| > Bxoonaa xapaxmepuciuxa OHITOIAPHOTO
U.(] E-’rﬁa

TpaH3HCTOPa — 3TO 3aBHCHMOCTE TOKA 0a3sl [, OT
HapAKeHH I Oasa-sMuITep Uy, ITPH (PHKCHPOBAHHOM 3HAUEHNH HAITPTKEHNT KO-

TEKTOP-3MHTTEP Us: L
Is = f(Usg, JU,, = const.

BxomHad xapaKTepHCTHKa KpeMHIIEBOTO OHITOMAPHOTO TPaH3HCTOpa IOKa-
3aHA Ha puc. ECIH  SMHTTEpPHEII  Iepexo]] CMeINEH B MPAMOM HallpaBle-
HHH, TO BXOTHAA XapaKTe pHCTHKA IT0X0Ka Ha IMpAMYyI0 BeTBh BAX mona.



bunoJjsipHbIe TPAH3UCTOPLI

Bovixoonoii xapaxkmepticinuxori HA3EBAOT 3aBHCHMOCTE TOKa KOIIeKTopa [/,

OT HANpAKeHIA KOIWIeKTop-3MuTTep U, IpH (PHKCHPOBAHHOM TOKe Oa3HI:

I, = fU, g =const.

K

BEIXOJHAd XapaKTepHCTHKA IOKa3aHa Ha PHC.
OOnacTe OTCEUKH JI€ KHT HIKe KpHBOI [, =0.

B obOmactn HACBIIECHIDT BCIIM'YIHA HAITPAARCHITA

' Hacwimenme
bl{a CTOIIF MalIa, YTO CTaHOBITCA II{ MA A ICBHIIEHHE

He JOCTATOUHOIT A CO3/AHHI 00PaTHOrO \ A pewmn
CMeIIeHHA HAa KOILIEKTOPHOM IIepexoie. ]
B pekIMe HACHIIEHIA TOK KOLIEKTOpa
He 3aBHCHT OT TOKa OA3Hl H BCe BETBH
BEIXOJTHOII XapaKTePHCTHKIL CIIHBAOTCA
B OJTHY.

Is=40 MKA

Ig= 20 MKA




bunoJasspHbIe TPAH3UCTOPLI

B aKTHBHOI 001acTH TOK KOMIeKTOpa OueHb CIad0 3aBHCHT OT HANPIKeHH
KOJDIEKTOpP-3MIITTep H IIPOIIOPIIOHANeH TOKY Oa3kl, a BeTBH BHIXOTHOI XapakTe-
PICTHKH PACIIONOKeHE ITOYTH TOPH30HTATRHO. OT0 O0BACHAETCA TeM, UTO KOI-
TeKTOPHEOT Iepexo] cCMelléH B 00paTHOM HampaBleHIH. Takim o0pa3oM, B aK-
THBHOM peKHMe OIIIOMAPHEIN TPAH3HCTOP BeJET ce0d KaK HCTOUHHK TOKa, VIIPaB-
TIAeMEII TOKOM Oa3Hl.



TpaH3uCTOP KAK YeThIPEXIIOJICHUK

[Ipu pacdeTe -SIEKTPUUECKUX UENEH OWUMONSPHBIA TPAH3UCTOP MOXKHO
MPEJICTABUTH B BUJIE YETHIPEXITOIFOCHUKA:

I,

Il L
— -
0

7 | B T

o
Ih
U¢ TUI;’} b D UI{’JT Ue

5
-

J1g pacd€ra YETBIPEXIOIIOCHUKOB TPUMEHSIOTCS Z-mapameTpbl (MMEIOT
pPa3MEpHOCTh CONPOTHUBIICHHS), Y-TIapaMeTphl (pa3MEepHOCTh IMPOBOAUMOCTH) U h-
napaMeTpsl (CMEIIaHHas Pa3MEPHOCTD).

[Ipu pacu€re ycunurenerd Ha OWNOISPHBIX TPAH3UCTOPAX HAMOOJbIIECE
pacIpocTpaHeHHe MOIYYHUIN N-mapaMeTphl, CBA3BIBAIONINE TOKH M HAIIPSHKCHUS C
MOMOIIBIO CIIEAYIOIIEN CUCTEMbI JJUHEUHBIX YPABHEHUM:

Uy = hyly + hyoUs
lo = ho1l] + hooUs



i l2 I,=h, U, +h,,U
F— &
U, =h,I +h,I
1 711 122 UlTon,n, BbIKD,ﬂ,TUz
G &

SHaUeHHA KO3()(pHLHEHTOR B VpaBHEHUAX 111 h-TmapaMeTpoB HMEKT CIeqVIOMII BH:

* hy, =U/I, npnU, = 0 — BX0qHO0€ COINPOTHEIEHHE PH KOPOTKOM 3aMBIKAHHH Ha
BBIXOJIE.

* h,, =L,/U, npu I, = 0 — BBIXOAHAS MPOBOJIMOCT MPH XOTOCTOM XOZIE BO

22

BXOIHOI LEINH;

* hy, =U/U, mpu I, = 0 — Ko3ppuLIIeHT 00PATHOIT CBA3M IPH XOMOCTOM XOf€
BO BXOOHOI LIS,

* h,, = L/, mpn U, = 0 — ko3pPuilieHT mepegavun ToKa OPH KOPOTKOM

sdMBIKAHHH Ha BBEIXOIC.



TpaH3uCTOP KAK YeThIPEXIIOJICHUK

Uy = hyn 1) + hoUs
lo = holy + hooUs

[TOCKOJIBKY ISl YCWJIMTEJNISI BXOAHBIMA W BBIXOJHBIMU CUTHAJIAMU SBIISIFOTCS
IPUPAIICHUS COOTBETCTBYIOIIMX TOKOB M HANPSHKCHUW, 3AMUIINEM 3Ty CHCTEMY

ypaBHEHHH B criefyromieM BUIe: (A U; = by Aly + hyo AUs
Al = hoy Al + hoo AUs
[IpupaBHuBas k Hymto Al; (peXUM XOJIOCTOrO Xoja Ha Bxoae) u AU, (pexum
KOPOTKOTO 3aMBIKaHHS Ha BBIXO/IC) MBI CMOKEM PACcCUHUTATh N—T1apaMeTphl:

hio = AY, ,  hoe = Ab :
AUy |ar =0 AUs |ar, -0

hi = AV, , ho = Al -
Al AU, =0 Al AU, =0

CrmemyeT OTMETHTH, YTO €CIM H3MEHCHHE BEIMYMHBEI PaBHO HYIIO, TO JTa
BEeIIMUMHA HE HM3MCEHSCTCS, T.e. MapamMeTpel hy, W h,, PpPACCUMTHIBAIOTCS IIPU
IIOCTOSIHHOM 3HAa4eHHMH TOKa Ha Bxoje ([; = const), a mapameTpsl hyq 1 h,; — TIpu
IIOCTOSIHHOM 3HAYCHWH HanpsbkeHus Ha Beixoae (U, = const).



Tparzucmop & elde o—" —
AKMUSHOCO YeMblPDeXNONIOCHUKA . U \ / U
1 - 2
© -1 0
Pu3nyeckHi cMbic] h—mapamerpos: =

1. ltq— COITPOTHRIIEHHE TPAH3ICTOpPa Ha BXOJHBIX 3aAKIMAX IIO IIBP'EMEHHOﬁ

CDCTHBHHEUI[[EfI TOKa, OM, OIIPE IEIACTCA B PEKIIME K.3. co CTOPOHEI BEIXOMA
Al

h . =
11 An

(npu U, = const),

2. Ity — TMIPOBOIMOCTE TPAH3HCTOPA HA BRIXOAHBIX 3a)kMMaxX TPaH3HCTOpa,

CwMm, ompenensdeTcd B peknMe X . X. CO CTOPOHEI BXOJaA
by, =A/AU (npul;=const);

3. Ity; — Ko3(ppHIHEHT Iepegayuil TOKa CO BXOJAa HA BBEIXOJ, OIpeaendeTcA

B pexnMe K.3. CO CTOPOHEI BEIXOJA:
(h3106= O hy10s = D) *"'31 =AI/A L (npu U, = const);

4. Iy, — Ko3(ppranreHT BHYTPEHHEI 0OpaTHOIT CBA3H, ITOKA3BIBAET, KaKasd yacTh
BBLIXO/JHOT'O HAIIPSDKEHILI Yyepes 37IeMeHT BHYTPEeHHEH CBA3M II0IaaeT Ha BXOoX (OII-
pefengerc B pexrMe X.X. cO CTOPOHEI BXoJa H 00BIuHO hj; =107~ — 10%),

1'}12 =AU /AU» (npu I;= const).



bunoJisipHbie TPAH3UCTOPLI

h-mlapaMeTphbl MO3BOJAIOT B pacdyeTax HMCIOJIb30BaTh 0DODIIEHHYIO
CXEeMY 3aMElICHHA TPaH3HCTOopa.,

I, h
g L

e S

lUl hjalJ5 69 1/hay @9
haly | U

Puc. 1, OboduieHHas cxeMa 3aMellieHns OMNOIAPHOro TPaH3HCTOPA

VpoiienHele (npeHedperaeMm /i;>) cXeMbl 3aMelleHHs TPaH3MCTOPOB
s h-mapaMeTpoB OYIYT UMETh BH/I, IPEACTABIIEHHBIH HA pUC. 2.

B — K 35— K E hie 2

T Ty o el T T T,

SIS | ST RS P S

U 1/ha ha uls

- -:_ﬁ E K I
Cxema O3 Cxema OB Cxema QK

Puc. 2. CxeMbl 3aMElEHUS TPAH3IHCTOPOB B A-niapaMerpax



bunoJsspHbIe TPAH3UCTOPLI

[Tepexonx oT h-mapameTpoB cxeMbI ¢ 0OIMM IMUTTEPOM K h-TlapaMeTpam
CXeMbI C OOIIel 0a30iM WM C OOIIMM KOJJICGKTOPOM MOKHO OCYIIECTBHUTH
0 CIEeAYIOUM (popMyIaMm:

h-mmapaMeTpHI cXeMbl | h-TTapaMeTphI CXeMBI ¢ 00Imell | /-mapaMeTphl CXeMEHI ¢
C OOIITIM 3MUTTEPOM 0a3oIl OOMINM KOIITIEKTOPOM
h
113
hy,. g = My =My
by, hps = Sl By =1= Iy,
] L+ hy,, + 5y, + AR, ]
— (P, + AR,
21
s, b5 = : 3 g =14 Py, )
hy,
h, By = = h =h
27 220 27K 2
=<3 l - ;?12.3 —|_ ;?213 -|_ Ah'ﬂ ok 222
Ahy =y, - hyyy = By, - Iy,




CxeMa BKIIO- | DKBHBaJIeHTHAd 7IeKTpHUecKad | YIpoIneHHAd SKBHBAJISHT-
YeHHT TPaH3H- cxeMma (h-mozems) Had 371eKTpHIecKasd cxeMa




bunoJjsipHbIe TPAH3UCTOPLI

Ha ceroaHAmHII JeHb O1 IMOJAPHDBIE TPAH3HCTOPBI IMOIYUILIHI CaMO€ IIHPOKOE pacripoCcTpaHEHIIC B
AHAJIOTOBOI A1 CKTPOHIIKE. Hame Bcero Hx HC IMOJB3VIOT B KaUu€CTBE VCILT ITenei B JHc KPETHBIX LICITIX
(cxemax, COCTOAIINX 3 OTIENbHbIX 3JIEKTPOHHBIX KOMITOH €HTOB).

Taxxke HEPEIAKO  OTHACIbHBIC OHII0 JAPHBIC  TPaH3HCTOPBI  HCIIOMB3VHOTCA  COBMECTHO €
HHTETP aNnbHBIMI (C OCTOAINMMIT IT3 MHOIHX KOMITIOHEHTOB Ha OJHOM KpHCTalIe TIOMTIPOBOIHI Ka)
AHAIOTOBBIMIT IT LII I(l)])OBbIM[ I MHKPOCXEMaMITL B 3TOM BO3HHKaeT He0OXOIMOCTD, HariprMep, Korfia
HY/KHO YVCHIHTH CJI aOBIIT CHIHAl Ha BBIXOJAE H3 I'IHTCI"[)ZIHI:HOﬁ CcXeMbl, OOBIYHO He€ pacrioararwIn eil

BBICOKOIT MOIIHOCTBIO.
CwurHan ¢ BbiCOKOW aMNNuTya0M
(dbopma 1 yacToTa CUrHana He MeHSKTLCA)

CurHan ¢ HU3Komn @
aMnnNuTyaon
B ,/'/\\ ".\‘/\\\A
v [\/\’ KoxTponnep —
8xon 8bIXOQ
TpaHsucrop B KavecTee Tpahaucrop B KavyecTtse
ycunurens ANEeKTPOHHOro nepexknyaTens

B o6nacTi i) poBoIT HIEKTPOHHKH, ITOJIEBbI€ TPAH3HCTOPBI MPAKTHYECKH TMOJHOCTBIO BBITE CHILIH
OuromApHble OnmarofapAd MHOTOKPAaTHOMY TIPEBOCXOJACTBY B SKOHOMHYHOCTH. BHYTPH apXHTEKTYpbI
JMOTHKH TIPOLIECCOPOB, MAMATH, H JAPYIHX Pa3snHYHBIX LH(POBBIX MHKPOCXEM, HAXOAATCA COTHH

MHITHOHOB, H JakKe MIULTHapAbl IMOJIEBBIX TPAH3HCTOPOB, HIPAIIHX POJIb 3NEKTPOHHBIX TEPEKIOUa-
Tenerl.



TpaHaucTopsl
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I1loJieBbI€ TPAH3UCTOPLI

IToneeoii mpanzucmop (I1T) — MOTYIIPOBOIHIKOBEII IIPHOOP, B KOTOPOM pe-
TYIHPOBaHHE TOKAa OCYIIECTBIAeTCA H3MEHEHIEM ITPOBOIMOCTH IIPOBOIAIIETO
KaHala ¢ IMMOMOINBI0 ITOMEPEUHOr0 AMEKTPHUECKOTO T0NA. B oTiniumne oT GHITOILI]-
HOTO TOK II0JIEBOTO TPAH3UCTOPa 00VCIOBIEH IMTOTOKOM OCHOBHBIX HOCHTEIEH .

DIeKTPOMIEL IONEBOr0 TPAH3UCTOPA HA3RIBAKT tchiokom (I1), cmoxom (C) 1
3ameopom (3). YIIpapILArollee HalpoKeHIe ITPHKIAJEBAETCA Me& Ty 3aTBOPOM I HC-
ToKOM. OT HaIlpLKeHNA MeKTY 3aTBOPOM H HCTOKOM 3aBICHT IIPOBOJHMOCTE KaHa-
1, ClIeJ0BaTelbHO, H BelIMUHHA TOKa. TakimM o0pa3oM, IOTIeROIl TPAH3HCTOP MOKHO
paccMATpPHBATh KAK HCTOUHIK TOKA, VIIPABILAeMELI HAIPAIKEHIEM 3aTBOP-HCTOK. Ec-
IO aMILTHTYA H3MeHEeHHA VIIPABILAIOINETO CHTHATA JOCTAaTOYHO BelNKa, COIPOTHE-
TIeHHe KaHalna MOKeT H3MeHAThCA B OUeHb OONBIIMHX Mpefienax. B 3ToM cIyyae Imole-
BOIl TPAH3HUCTOP MOKHO HCIIOTB30BaTh B KaueCTBE AMeKTPOHHOT 0 KIFOUA.

C P-kaHanom C N-kaHanom C P-kaHanom C N-kasanom
S~ S
~ P
3 ( T‘ ) , 1T “* ) -



I1loJieBbI€ TPAH3UCTOPLI

[To KOHCTPYKIHH II0eBbIe TPAH3MCTOPH MOKHO Pa30HTh Ha IBe TPYIIIHL:
¢ C VIIPABIAFOIIHM p—n-TIePe X0 IOM,
¢ C MeTAJITHUYeCKHM 3aTBOPOM, H30IIPOBAHHEIM OT KaHala JH3IeKTPIKOM.

TpaH3HCTOpPE BTOpPOro BHAA HaspiBatroT MJIII-TpaH3ncTOpaMd (MeTaml —
MI3IEeKTPHK — IIOMYIIPOBOAHIK). B OONMBIIIMHCTBE CIyUaeB MIIEKTPHKOM ABIACTCA
IBYOKHCh KpeMHHA S10;, T03TOMY OOBIYHO HCIONB3VeTcd Haspanme MOII-
TPaH3HCTOPH (MeTall — OKHCel — TIIONVIPOBOJAHHK). B coBpemeHHBIX MOII-
TPaH3HCTOPAX LA H3TOTOBIEHIT 3aTBOPa YacTO HCIIONE3VETC A TIOMMKPHC TATITITUECKIIT
KpeMmrii. OpHako Hazearme M Ol -TpaH3nCcTop HCITOMb 3VEOT H A TAKHX IIPHOOPOB.

[IpoBomIMOCTE KaHala ITONEBOTO TPAH3HCTOPAa MOKET OBITH 3IEKTPOHHOI
WIH JEIPOUHON. ECIH KaHan nmMeeT 3IeKTPOHHYIO IIPOBOJHMOCTE, TO TPAH3HCTOP
HA3RBAKT n-KaHATEHEIM. TPAaH3MCTOPEL ¢ KaHATaMH, HMEIIIHMH JTEIPOUHVE IIPO-
BOIMMOCTB, Ha3IBAkT p-KaHATBHEIMIL. B MOII- TpaH3ncTOpax KaHal MOKET ORITh
00eTHEH HOCHTEIAMH W o0oramiéH HMH. TakuM o0pa3oM, IOHATHE «IIOTeBOI
TpaH3UCTOP» O00BeIHHAET IIECTh PA3MHUHBIX BHIOB IOTYVIIPOBOTHHKOBEIX IIPHOO-
POB.



I1loJieBbI€ TPAH3UCTOPLI

1-TKUN3 p-TUNa

e

TpaHzaucTop € yNpaBnAkLWWM P — T NEpEXOOoM >

C

MAl-TpaH3ucTop C BCTPOEHHBIM KaHaNom |

MAl-TpaHzucTop € MHAYUWMPOBAHHLIM KaHaNomM

!
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Puc. YcnoBHble rpaduyeckiie 0603Ha4eHMA NoNeBbIX TPAH3NCTOPOB



I1loJieBbI€ TPAH3UCTOPLI

MOII-TpaH3HCTOPEI HAXOAAT I POKOE MPHMEHEHHE B COBPEMEHHOM 3MEKTPO-
Hike. B page odmacTeil, B TOM UHCIE B IT(POBOIM AMEKTPOHIKE, OHH IIOUTH ITOIHO-
CTBE0 BBITECHII OHITONAPHEIE TPAH3UCTOPHL. DTO OOBACHAETCA CIIETYEOIIIMIL IPI-
UYHHAMH. BO-TIEPBELY, ITONEBEIE TPAH3HCTOPEL HMEIOT BEICOKOE BXOJIHOE COITPOTHBIIE-
Hie M 00eCIevBa0T Manoe moTpednenie sHeprim. B o-BTopeix, M OII-TpaH3HCTOPED
3AHIIMAIOT HA KPHCTANIe HHTETPAThHON CXEMEI 3HAUMTENFHO MEHBINVIO IDTOIIATE,
yeM OHIOMApHEIE. I[03TOMY ILTOTHOCTH KOMITIOHOBKH 3leMeHTOB B MOII-
HHTETPATRHBIX CXeMAX 3HAUMTETHHO BEHIIE. B-TPETRHX, TEXHOIOTHH IIPOM3BOJICTRA
HHTer panbHEIX cxXeM Ha MOII-Tpan3mcTopax TpedyI0T MEHBIIET0 YHCIAa OIEPAIIL,
yeM Te XHOMOTMH H3ToToRIeHIA I1C Ha OHIIONAPHEIX TPaH3HCTOPax.



IlosieBbI€ TPAH3UCTOPHI C YIPABJISIOIIUM P-N-MepPexoaoM

CTIpyKTypa IIONEBOrO TpaH3HCTOpa C KaHAIOM #-THIIA IIOKa3aHa Ha
prc. 1, @ Hapuc. 1, 6 IpHBEIEHO €T0 YCTOBHOE Irpadieckoe 0003HAUEHHE.

Py S S S S S S
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Puc. 1



IlosieBbI€ TPAH3UCTOPHI C YIPABJISIOIIUM P-N-MepPexoaoM

Kaxar Me&Ly cTOKOM H HCTOKOM (popmmpyeTcd 13 crado oGoramgHHoro mo-
IYIIPOBOJHNKA n-THIIA. [IBe 00IacTH 3arBopa COfiepKaT CIIBHO OOOTalEHHBII I10-
ITYIIPOBOJHHIK p-THITA. ITPHHITHIT JefICTBHA IONEBOTO TPAH3HCTOPA C VIIPABIAFOIIIM
p-n-TIePexoioM OCHOBAH Ha IM3MEHEHIH IIPOBOIIMOCTH KaHAIa 3a CUET I3MeHeHILT
€T0 IOIEPEYHOr 0 ceueHId. MeXKTy CTOKOM M HCTOKOM BKIFOUAETCA HAIPIKEHIe Ta-
KOIl TOIAPHOCTH, YTOOBI OCHOBHEIE HOCHTENH 3apafia (JMEKTPOHE B KaHATE 1-THIIA)
TIePeMEINATHCE OT HCTOKA K CTOKY. MeXkIy 3aTBOpOM H HCTOKOM BKIFOUEHO OTPHIIA-
TelIbHOe VIIPaBILIOLee HAPAAeHHe, KOTOpoe 3alpaeT p—n-lepexof. UeM Goblie
5TO HaNpAKeHIe, TeM INHpPe 3Ol PAroLnt cIoH H y&Ke kKaHan. C yMeHEBIIeHHeM I10-
IIEPEUHOr O CEUEHTLT KAHANA eT0 COIPOTHBIEHHE YBEMUIBAETCA, A TOK B IEIIH CTOK —
IICTOK YMEHBIIAETCA. DTO IO3BOIAET YIIPABILATH TOKOM CTOKA C ITOMOIIBI0 HalpsTKe-
HIA 3aTBOP-HCTOK U, . IIpH HEKOTOPOIl BEMUIHE HANIPIKEHHT 3aTBOP-HCTOK 3aITH-
PAFOIITII CIIOH IIONHOCTEI0 IePeKPRIBAeT KaHaN, UTO IMPHBOJNT K YMeHBIIEHHIO IIPO-
BOIMMOCTH KaHana. HampsxeHme U, ., IPH KOTOPOM IepeKpERIBaeTCA KaHAN, HasH-
BAKOT Hanpaxcexiem omceyxu W 0003HaYawT U . {14 n-KaHAIBHOIO IIONEBOIO

TPAH3HCTOPA HAITPAKCHIIC OTCCURI OTPHITATCIIEHO.



IlosieBbI€ TPAH3UCTOPHI C YIPABJISIOIIUM P-N-MepPexoaoM

PaccMoTpHM BONBT-aMIIepHEIE XapakTepHCTHKH IIT. BXoIHEIe XapakTepH-
CTHKH V ITOTEBEIX TPAH3HCTOPOB OTCYTCTBYVIOT, TaK KaKk BXOJTHOI TOK PaBeH HYIIO.
BEIXOJHEIE  XapPakKTePHCTHKH  IONEBOTO  TPaH3HCTOPAa C  VIIPABILIFOIIIM
p—n-IIePexoIoM H KaHATOM n-THIIA ITOKAa3aHEl Ha pHC. 2.  Ha BEIXOTHOII Xapak-
TEPHCTHKE MOKHO BRIIENNTE TPH 00IacTH — OTCEUKI, THHEIHVI (TPHOJHVI) H
HachImeHnd. B miHeiHOM o6macTH B AX TpeICTaRIART MPAMELIE, HAKTOH KOTOPEIX
3QBHCHT OT HAIIPAKEHILA 3aTBOP-HCTOK U, . MHHHMaTbHOE COIPOTHBIEHHE KaHa-

Ta JOCTHIAcTCA, KOI'Ta HAIIPAKCHIIC L"'EH =0, TaK Kak IMMPOBOIAINAA HAaCTh KdHdllad

B 3TOM CIyUae HMeeT HanOONEIIee cedeHHe. TakmM o0pa3oM, B IIHEHHOI o0mac-
TH IIONEROH TPAH3HCTOP MOKHO HCIIONIL30BATh KaK Pe3HCTOP, COMPOTHBIEHHE KO-
TOPOTO PeTYIHpPyeTcA HallpAAKeHHEeM 3aTBOPaA. | 4
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IlosieBbI€ TPAH3UCTOPHI C YIPABJISIOIIUM P-N-MepPexoaoM

B o0macTH HaCBHIIEHHA BeTBH BBIXOJHOI XAPAKTEPHCTHEIL PACIIONOKEHDI
IIOUTH I'OPH30HTATBHO. OTO 00BACHAETCA TEM, UTO IIPH VBEIHYUCHIIT HAIIPAKCHILA
CTOK-HCTOK U, 001acTh IIEPEKPHITILL KaHalIa BOIIM3H CTOKA pacHmipAeTCA H CO-

cH
IIPOTHBIICHIIC KaHAId VBCIIHYHBACTCA.

B 00macTH HACHIIEHHA IOTEBOH TPAH3MUCTOP VAOOHO MOJEIPOBaTh Tiepe-
TATOUHOI XapaKTePHCTHKON — 3aBHCHMOCTBI0 TOKA CTOKa /, OT HAIPsUKeHHA 3a-

IBOP-HCIOK D'an IIPH ITOCTOAHHOM HAITPAKEHIIH CTOK-HCTOK:

I.=fU, U, =const.
IlepenaTounas XapaKTePHCTHKA n-KAHATHHOTO IIONEBOIO TPAH3HCTOPA C
VIIPABIIAIOIIIM p—n-Tle PeXOIOM MOKa3aHa Ha PHC. 3.
[IpH HyTeBOM HANPSKEHHH Ha 3aTBOpe TOK CTOKA HMEET MAKCHMATHHOE
3HAUeHIle, KOTOPOe HA3HIBAIOT HavamHoty I . TIPH YBeTMUeHHH HAIpSAeHIIS

CHa4d"®

3aTBOP-HCTOK TOK CTOKa YMEHBITACTCA H IIPH HAIIPAKCHHIH OTCEUKIH Uu_m CTAHO-
BHTCSA ONH3KHM K HYIIIO.



I1oJieBbIe TPAH3UCTOPHI ¢ YIPABJIAKOIIMM P-N-Iepexoaom

B o0macTH HacHIIEeHHA BeTBH BRIXOJHOI XapaKTePHCTHKI PAacIIONOKEHEI
MOYTH TOPH30HTAIBHO. DTO 00BACHAETCA TeM, UTO IIPH VBelIHYeHHH HAallpsoKeHN T
CTOK-HCTOK U/, 00IacTh IepeKphITHA KaHala BOIM3H CTOKA PacIIHpAeTca H CO-
IIPOTHRIIEHHE KaHATa YBeTHUHBAEeTCA.

B o0macTH HachOIeHHA ITONEBOH TPaH3HCTOP VAOOHO MOJAeIHpPOBaTh Iiepe-
TATOUHOI XapaKTepPHCTHKOH — 3aBHCHMOCTBI0 TOKA CTOKa /_ OT HaIpIKeHId 3a-
TBOP-HCTOK U, IIPH IIOCTOAHHOM HallPAAKEeHHH CTOK-HCTOK: I.=f(U, JU., =const.

[lepegaTouHas XapaKTepHCTHKA H-KaHAILHOTO IIONIEBOTO TPaH3HCTOpa C
VIIPABIAFOIIHM p—H-TIePeX0I0M IT0Ka3aHa Ha PUC. 3.

[Ipn HyleBOM HaIpAAKeHHH Ha 3alBOpe TOK CTOKa HMeeT MAaKCHMAIBHOE
3HAUeHHEe, KOTOpOe HA3BIBAKT HadyamvHuim I . . [IpH yBeIMUeHHH HalpAKeHIA
3aTBOP-MICTOK TOK CTOKA yMeHBIIaeTcAd H IIPH HalpIKeHHH oTceuku U/ . CTaHO-
BHTCA OIMM3KHM K HYIIIO. I
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I1oJ1eBbI€ TPAH3UCTOPHI ¢ YHIPABJIAKOIIMM P-N-Iepexoaom
PexHM OTCeuKH:
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JIMHETHEIN peXHM:
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BAX moneBOro TpaH3UCTOpPa HA VYACTKE, COOTBETCTBYIOIIEM IIHHEIHOMY
peEIMY, alTPOKCHMHPYeTCI BEIpakeHHeM
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IlosieBbI€ TPAH3UCTOPHI C YIPABJISIOIIUM P-N-MepPexoaoM

IloBeeHIIe p-KAaHATHHBIX IIONEBEIX TPAH3UCTOPOB OIMICHIBAETCA TAKHMH Ke
ypaBHEHHAMH. CIenyeT YUecTh TONBEKO, YTO AMd p-KaHAnbHEIX [IT HampoxeHnd
HMeEIOT APYIVIO MOMApHOCTE, T.e. U . >0, aU_ <0.

B aXHEIM ITapaMeTPOM IIOIEBOT0 TPAHSHCTOPA ABIAETCI KPYVIIUZHA XaAPaKie-
pucmuxi, oNpeaendeMad KaKk OTHOIIEHHEe NPHpPAIeHIA ToKa cToka A/, K IIpHpa-
IIIeHII0 HAIIPCKeHMA 3aTBOP-HCTOK AU,

KpyTH3HA TTONEBEIX TPAH3HCTOPOB C VIIPABIAROIIIM p—h-TIEPEX0IOM MOKET
I3MeHAeTCa 0T 1-2 MA/B y MaTOMOITHEIX TIPHOOPOB 10 efumm A/B y CHIOBHX
TpaHsHCTOpoB. MakcHMambHOe 3HAUEHHe KpyTH3HA mMeeT npH U, =0.

C vyBelDMYeHNEeM HAIpAKeHHd Ha 3aTBOpe KPYTH3HA YMEHBINAETCI M IIPH
U,, =U, . CTAHOBHTCI PaBHOH HYIIIO.



I1lon1eBbIE TPAH3UCTOPbI C THAYHHUPOBAHHBIM KAaHAJ10M

ApyvruM  THIIOM TpaH3HCTOpa € H3O0MHPOBAHHEIM  3aTBOPOM  ABIIETCA
MOIT-mpanzucmop ¢ unoviyupoearnnvim Kaialom. CTPYKIVpa TPaH3HCTOpa ¢ HHIY-
IPOBAHHBEIM KAaHATIOM n-THIIA IIOKa3aHa Ha puc. 4, a. Hapuc. 4, 6  1pmeBeaeHO
ero YCIOBHOe Tpa)HUecKoe 0003HAUEHIIE.
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MOII-TpaH3HCTOPBI

C HHOVIOHPOBAHHBIM KaHaJIOM

CA E_ 3

Puc. 5

Kanat BO3HHKaeT TONBKO IIPH II0J[aye Ha 3aTBOp Ha-
TIPSDKEHIA OIPeIeIeHHON ITOMAPHOCTH. [IpH HYIeBOM HAIPsSKeHHH KaHal OTCYTICT-
ByeT. [IpH 3TOM MeX Yy CTOKOM H HCTOKOM BKIIFOUEHEI JBa 0OpaTHO CMEIeHHBIX p—
n-niepexofa. OJHH p—n-Tiepexol o0pa3yeTca Ha TPaHiIle MeXTY MOMIOKKON H CTO-
KOM, a JAPYTOIl — MeJKIY IIONIOKKOIL I HCTOKOM. Taxim oOpa3oM, IIPH HYIIEBOM Ha-
IIPSUKEHII HA 3aTBOPE COIPOTHBIEHHE MeXTY CTOKOM H HCTOKOM OYEHB BEIHKO, TOK
CTOKA HITUTOKHO MAll I TPAH3HCTOP HAXOUTCA B COCTOSHIIH OTCEUKIIL.

Ecm Mexnay 3aTBOPOM H HCTOKOM BKIKUEH HCTOUHHK HAaIPIKeHId
(pEC.5), TO sIeKTpHUYecKoe II0Te 3aTBOpa BEITATKHBAeT JBIPKH H3 IIPHIIOBEPX-
HOCTHOI'O CJIOA IIOJIOKKH H IIPHTATHBAET B 3TOT CIIOI 3MeKTPOHEI. B pesyinsrare B
O0IIacTH MOIOKKH, IPHMBIKAKOIIEN K 3IeKTPHKY, oO0pa3yercsA ITPOBOIALLIIIT
KaHan p-THIIA. Takoil KaHall Ha3BIBAKOT uHOViupoearnHvim. C YBEIHUYEeHHEeM II0I0-
AHTeTbHOTO HAIPAKEHHA 3aTBOP-HCTOK U, pacTeT KOHIEHTPAIHA 3TeKTPOHOB B

KaHale, CICTOBATCIIbHO, VECII'WIBACTCA €10 ITIPOBOJHMOCTD.



IosieBbIe TPAH3UCTOPHI ¢ HHAYUMPOBAHHBIM KAaHAJIOM

Ecmn MeXIy CTOKOM H HCTOKOM IIPHIOKEHO MOTOKHTENFHOE HAPAKEHIE,
B MHIVIMPOBAHHOM KaHATe BOSHHIKAET TOK CTOKA. ETO BENMUIHA 3aBUCHT KaK OT
HampoxeHHa U, , Tak H OT HAPsUKeHIA CTOK-HCTOK U, . HampakeHHe 3aTBopa,
TIPH KOTOPOM ITOABTIAETCA 3aMETHBIN TOK CTOKA, HA3BIBAT Hopozoevim M 0003Ha-
yaroT U, . lloporosoe HanpsaxeHe MOII-TpansHcTOpa ¢ HHIYITHPOBAHHEIM KaHa-
JIOM n-THIIA OMOKHTENEHO. ET0 BEMIUIHA 3aBHCHT OT TEXHOIOTHH H3T OTOBIEHIA
I COCTABILIET 1A COBPeMEHHEIX HHTerpambHEIX MOlI-TpansucTopos 0.5-1.0 B.

UeMm OoIbINEe HAMpPAKEHIHE 3aTBOP-HCTOK IIPEBEMIAET IIOPOTOBOE, TEM
0ONBIEe KOMMYECTBO HMEKTPOHOB BTATHBAETCA B KAHAN, VBEIHUIBAL €r0 IIPOBO-
JUMOCTE. ECTH IIPH 3TOM HAIPSTKEHHE CTOK-HCTOK HEBETHKO, IPOBOJIMOCTE Ka-
Hama MpoIopIIoHaTbHa pasHocTH U, —U,.



IosieBbIe TPAH3UCTOPHI ¢ HHAYUMPOBAHHBIM KAaHAJIOM

EcIn HampakeHIe CTOK-HCTOK IIPERHIINAET HAMpAXCeHlUe HACHIUjeHIUA
U,..=U, —U,, TpaH3UCTOP MePeXOUT B PeKMUM HACHINEHII H POCT TOKa Ipe-
KpamraeTcsa. OOBACHAETCA 3T0 TEM, UTO HaINPLKEHIe MEKJY 3aTBOPOM H MOBEpPX-
HOCTBI0 KaHATa YMEHBINAETCA B HANPABIEHHH CTOKA. BOMH3H HCTOKA OHO PaBHO
U,,. @ B OKPeCTHOCTH CTOKa — pasHocTH U, —U . IlosTOMY IpH YBETHUEHIH
HampdaxeHnd U, ceueHIe KaHama YMeHBIIAETCA II0 HAIIPABIEHIIO K CTOKY, a €TI0
CONPOTHBIEHHE YBeMHuMBaeTCcA. 1IpH 3HaYeHHAX U_, ., MPeBLINIAIIX HaIpsKe-
HIHE HACHIOIEHIL, KaHAT MePeKPHBAeTCA H TOK CTOKa 0CTaeTCA MPAKTHYECKH HeH3-
MeHHEBIM. OUeBHJTHO, UTO KaKJoMy sHaueHmio U, >U, COOTBEICIBYET CBOE 3Ha-
yeHIe HalPsUKeHILT HacBIIEHIA.



IosieBbIe TPAH3UCTOPHI ¢ MHAYHMPOBAHHBIM KAaHAJIOM

CeMellCTBO BRHIXOTHBIX XapaKTepHCTHK TPaH3HCTOpa ¢ HHAYIHPOBAHHEIM Ka-
HATIOM II0Ka3aHO Ha pHC. 6.  Ha BBIXOJHBIX XapaKTepPHCTHKAX MOKHO BEIJIEHTH
IMHEMHVI (TPHOJHVI0) 00IacTh, 00TacTH HACBIIEHHA H OTCEUKH. I'paHiia MexIy
TIMHEITHOM 001IacThE0 H 00IACTHIO HACKIIIEHTL IT0Ka3aHa Ha PHC. 6 ITYHKTHPOM.
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IosieBbIe TPAH3UCTOPHI ¢ MHAYHMPOBAHHBIM KAaHAJIOM

B pexmve orceuxn U, <U,, I =0.0O01acTh OTCEUKH PaCIOI0KeHA HH-
K€ BETBH BEIXOJHOI XapaKTepPHCTHKH, COOTBETCTBYIOIIEH HapsaKeHHw U =U,,.

7 _— T TT . -
B mixeitHOM (TpHOJHOM) pexmMe U, >U,, a HallpsoKeHHe CTOK-HCTOK He

3

IIPERBIIIAET HANPAKEHNE HACBIIEHNA = . .
LICH DHaI: = LEH - OU :

Pexmy HacemmeHa MOII-TpaH3ncTOpa ¢ HHIVIIHPOBAHHEIM KaHATOM BO3HIKA-
eT, Korjga U, > U, a HanmpsoKeHIe CTOK-HCTOK ITPeBHIIIaeT HallpsUKeH e HaChIIIe I

(jcr{ = L’Hm — [jm _LII] .

B o0macTH HACHIIIEHHA BETBH BBIXOJHON XapaKTePHCTHKH PacCIlONOKEHE]
IIOUTH TOPH30HTATHHO, T. €. TOK CTOKA IIPAKTHYeCKH He 3aBHCHT OT HaIlpIKeHHI
U, . TaxmM oOpaszom, B pexrmMe HachmmeHId kKaHan MOII-TpaH3mcTOpa HMeeT

BEICOKO€ COIIPOTHBIEHIE, a TPAH3MCTOP SKBHBAIEHTEH HCTOUHIKY TOKA, VIIPaB-
T1eMOMY HaIpsKeHHeM 3aTBOP-HCTOK.

O0nmacTe HACHINEHHA ABIdeTcAd padouyeil, eCIH TPAaH3HCTOP HCIIONb3VeTCA
U1 VCIDIEHHA CHrHAMOB. OOIAacTH OTCEUKH H IHHENHAsA HCIIONb3VIOTCA, KOIJa
TpaH3HCTOP paboTaeT B peKHMe KIF0YA.



IosieBbI€ TPAH3UCTOPHI ¢ MHAYHMPOBAHHBIM KaHAJIOM

[Tepegarounas xapaxktepucrnka MOII-TpaHs3mcTOpa ¢ HHAVIIHPOBAHHEIM
KaHAIOM ITOKa3aHa Ha puc. 7.  IIpH HylIeBOM HalpKeHI Ha 3aTBOPE TOK CTOKa
PaBeH HYTHK. 3aMETHBII TOK ITOABILAETCA TOI/A, KOTJla HAIIPsKEHIe 3aTBopa Ipe-

BEICHT IIOPOTr'OBO€E 3HAUEHHE Uu. I
C
2.0 F
1.5F

1.0 ¢

Puc. 7 -
0 0.5 | 1.5 2 2.5 U

['eomMeTpHyecKkHe pa3Mepsl KaHala SBIAIOTCA BaXHBEIMH ITapaMeTpPaMId
MOII-TpansncTopa, ONpeJeIFOINIMII €ro SIeKTPHUeCKHe XapaKTepPHCTHKI.
OT pa3MepoB KaHama 3aBHCHT IUIOINAML, KOTOPYIO 3aHIMAaeT TPaH3ICTOP Ha
KpHCTaIle HHTerpalbHol cXeMel. [[MiHa KaHalla COBPEMEHHBIX HHTETPalbHBIX
MOII-TpansncTopos coctapnger 0.06—1 mxM, a mmprHa — 0.2—-100 MEM.
TommmHa MIsIeKTpHKa, H30IIPYIOIIETO 3aTBOpP 0T KaHamta, paBHa 0.002-0.05 v



IosieBbIe TPAH3UCTOPHI ¢ MHAYHMPOBAHHBIM KAaHAJIOM

MOII-TpaH3HCTOPEL ¢ HHAVIHPOBAHHBIM KaHATOM ABILIFOTCA JOMITHIIPVIOIIH-
MI 3lIeMeHTaMI COBPeMeHHBIX CBepXOOIBIIX HHTerpambHbIX cxeM (CBIIC). TexHo-
nmoruf M3roroBineHHd CBHC mpHHATO XapakTepH30BaTh MHHHMATHRHON IIHHOI Ka-
Hama L . .CTaHJapTHEIMI SBILTIOTCA TeXHOIOITH, odecreur Baromme L . < 0.1 MKM

Brreyariarolngeii ABIAeTCA AMHAMIKA CHIDKEHIA MHHIMAIBHON IHHEI KaHama
MOII-Tpan3ucTopos: 1.5 MxM — B 1985 roxay (mpoueccop Intel 286), 1.0 mEm B 1989

(Intel 386),0.8 mxm —B1991 (Intel 486),0.25 mxm — B 1998 (Pentium II), 0.18 mxm
— B 1999 (Pentium III), 0.13 mxm —B 2002, 0.065 mxMm — B 2006 T.

B 2016 roay amepuKaHCKMe yyeHble co3aanu (8 nabopatopum aHepretukn CLLUA) cambliid
ManeHbKUM B mmupe paboTaowmi TpaH3nCTop pasmepom nopaaka 1 Hm.

YMEHBIIEHHE TeOoMeTPHUYeCKHX pasMepoB MOII-TpaH3HCTOPOB COIMPOBOK-
TAeTCsA CHIUKEHHEM padOouHX HaIPAKEHMII. DTO BEI3BAHO CIeXYIOIIMMMH ITPHYIHA-
MH. BO-TIepBEIX, IIPH YMEHBIIEHII PasMepPOB KaHATa YMEHBIIAeTCAd H TONIIHA
JHINEKTPHKA, H30IMPYIOLIEro 3aTBOp OT KaHana. A HCKIFYEHI BEPOATHOCTH
IpodOs BENHUMHY IIOPOrOBOrO HampsKeHHd U, CHIKAXT. BO-BTOPEIX, MOII-
HOCTh, IOTpedindemMad TPaH3MCTOPOM, IIPOIOPLIHOHANBHA KBApaTy IDITARILETO
HanpsokeHrid. [1o3ToMy BemTulHA HAIPSKEHHI ITHTAHII coBpeMeHHEIX CBHC
YMeHBIaeTCA OBICTPee, YeM IIOPOTOBbIe HaIlPIKEHILA.



IosieBbIe TPAH3UCTOPHI ¢ HHAYUMPOBAHHBIM KAaHAJIOM

B coBpeMeHHOIT HHTeTpanbHOIN CXeMOTeXHHKe IMHPOKO HCIONB3VIOT IOoNe-
Bhle TPaH3HCTOPH ¢ KaHAmaMH OOOHX THIIOB ITPOBOJMMOCTH. Y p-KaHATBHOTO
MOII-TpaH3HCcTOpa TOIOKKA HMeeT 3IMeKTPOHHYK IPOBOIMMOCTE, a OOMacTH
CTOKA H JICTOKA — JRIPOYHVID. Y TAKHX TPaH3HCTOPOB ITOPOTOBOE H padodlie Ha-
TPSTKEeHILI HMEOT 00PATHYI0 MOMAPHOCTH IO CPABHEHHIO ¢ H-KAHATBHBIM:

U, <0,U,<0,U_,<0.

DONEeKTPOHHEBIE CXEMEBI, B KOTOPHIX HCIIONB3VeTcA coueTaHme MOII-TpaH-
3UCTOPOB ¢ KaHATaMH n- H p-THIIOB, HA3HBAKT xommiemexmapHoimi (KMOII).
XoTa TexHOTOrHA M3ToTOoBNeHHI KMOII-CTPYKTYp cIOXkHee, UueM Ielled, cofiep-
KAIMUX TOTRKO n-KaHAIBHEIE TPAH3HCTOPH, HAMHUHE TPAH3HCTOPOB ¢ KaHATaMH
PasHBIX THIIOB IIPeJIOCTABIAET Pa3padOTUMKAM HHTETPATBHEIX CXEM JOIIOJIHH-
TeTBHbIE BO3MOKHOCTH. B HacTofIlee BpeMI KOMILTEMEHTAPHEIE CTPYKTYPHL CTATH
TIPe0o0IaIAr0INIMI KaK B IH(POBEIX, TaK H AHATOT OBBIX HHTETPATHHBIX CXEMaX.



I1ojieBbI€ TPAH3UCTOPHI C BCTPOCHHBIM KAaHAJIOM

Ctpvkrypa MOII-TpaH3ncTopa ¢ BCTPOEHHBIM KaHATIOM h-THIIA IIOKa3aHa Ha
puc. 8, a. Hapmuc. 8,6  MIpHBeIEHO ero YCIOBHOe I'padpuyeckoe 0003HAUEHIIE.
[Tomroxka (KpHCTAT KPeMHIA p-THIIA) CAIVAHT 14 CO3JAHNA HA Hell KaHana n-
tHia. Y MOII-TpaH3HCTOPOB HMeeTCA JOIOMHHTENbHBIH BEIBOJ OT ITOJTOKKH.
MeTanmiyeckiil 3aTBOP OTJENeH OT IONYIPOBOJHHKA CIOeM H3TeKTpHka. O0-
TACTH CTOKA H HCTOKA JIETHPOBAHEI CILTbHEe, YeM KaHAT, H 0003HAUYEHEI n" .
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IlosieBbI€ TPAH3UCTOPHI C BCTPOCHHBIM KAaHAJIOM

B kauecTBe IH3IeKTPHKA HCIOIB3VETCS CI0I ABYOKHCH KPEMHHS TONIMHHOM
0.002-0.05 MKM, BEIpAITHBAEMEII HAa MOBEPXHOCTH KPEMHHA n-THIIA.
IIpu momave OTPHLATENEHOIO HANPAKEHHUT HA 3aTBOP METATHUECKHI JIeK-

TPOI 3aTBOpa 3apsKaeTcd OTPHLATEIRHO. Y IPHIEraromieil K AHIIeKTPHKY II0-
BEPXHOCTH KaHana oOpasyercd oOemdHeHHEIN cimoi. IllmprHa 00eIHEHHOTO CI04

3aBHCHT OT HampsikeHHA U . Takol pe:kuM padoTsl MOII-TpaH3HCTOpa, KOrJa

KOHIIEHTPAaLld HOCHTEIEH B KaHale MeHEIe PaBHOBECHOMH, HA3RIBAKOT pexclMoM
o0eoHerA. 1IpH HEKOTOPOH BeTHYHHEe OTPHUATEIBHOIO HampskeHHI U, KaHal
IIOTHOCTRI0 IEPEKPRIBASTCA OOeTHEHHEIM CII0eM H TOK IpeKpamaerci. JTO Ha-
NPSUKeHHe HA3BIBAKOT HanpaxceHuem omceyvxu MOII-TpaH3HCTOpa ¢ BCTPOSHHEIM
KaHa;Io0M H o003Ha4yaT U __.

Tox MOII-TpaH3ucTOpa ¢ BCTPOSHHBIM KaHATOM IIPH HYJIEBOM HANPSLKEHHH
Ha 3aTBOpe HMEeT HeHVIEeBOe 3HAaueHHe, Ha3BIBaeMoe HayaloHoim [ Ecin

CHaT®

Um = (), JHCIIO JJICKTPOHOE B KaHAIC VBCIHYHBACTCA. ITO IMIPHEBOIHT K VBCIHYIC-

HHIO IIPOBOJUMOCTH KaHala. [akoH peXHM padoTEl TPaH3UCTOpPa C BCTPOSHHEIM
KaHaJI0M, IIPH KOTOPOM KOHIIEHTPAIIHA HOCHTeIel B KaHalle QOIbINe PaBHOBECHOI,
HA3EIBAKOT PedClUMOM 0002alljeHA.



I1osieBbI¢ TPAH3UCTOPHI C BCTPOCHHBIM KAaHAJIOM

TakuM odpaszoM., MOII-TpaH3HCTOpP ¢ BCTPOSHHBIM KaHAIOM MOXKET pado-
TaTh KaK B pexnMe 00eIHEHHT, Tak H B PeXHMe 00O0ralleHHd, IMPH IIOT0KHTENb-

HOM HamnpskeHHH U, . BBEIXOOHEIE XapakTepHCTHKH MOII-Tpan3ucTopa ¢ BCTpo-
€HHEIM KaHaIOM n-THIIA ITOKA3aHEL Ha PIC. 9.
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I1osieBbI¢ TPAH3UCTOPHI C BCTPOCHHBIM KAaHAJIOM

[TepenaTounas xapakreprcTuka MOII-TpaH3HCTOpa C BCTPOEHHBIM KaHAIOM

MOKa3aHa Ha puc. 10.

HauanpHOe 3HaueHHe TOKa CTOKA
MOII-Tpan3ucTOpa ¢ BCTPOSHHEIM KaHa-
JIOM OIpenendeTcsa BEIPaKeHHEM

W
Ime.! :au('DELID'

31eCh Il — IPHIIOBEPXHOCTHAA IIOJBHA-

HOCTE HOCHTEIIEH. CL'J_ VAcIbHAd SMKOCTh

3aTBOp-KaHaL /I1HHA KaHana L paBHa pac-
CTOAHHIO MeXIY 001acTAMH CTOKa H HC-
TOKa, a IHpHHA I — TOPOTAKEHHOCTH
3THX 007acTex.
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I1oj1eBOM TPAH3UCTOP KAK YeThIPEXIOJICHUK

[Ipu pacu€re FIEKTPUUECKUX LEIMEN IMOJEBON TPAH3UCTOP MOXHO MNPEICTABUTH B
BHUJIE YETHIPEXITOJIOCHUKA 1 OMMUCHIBATH C TIOMOIIBIO Y-IIapaMeTPoB.

I 2

L =Y1,Us + YU, 7= | L =Y5,Up + Y550,
UITonp, Bbl)(O,L'I,T 2
G —

3HayeHUs KOA(P(HUITMEHTOB B ypaBHEHUAX Y-TIapaMETPOB UMEIOT CJICAYIOMIUN BU/IL;

I
Yi1 = U—1 npu U, = 0 — BXogHasi NPOBOAUMOCTD ITPU KOPOTKOM 3aMbIKAHUU HA BBIXO/IE;
1

I «r
Yip = U—l npu U; = 0 — mpoBOaAUMOCTH O0PATHOM MeEpPeaavYu MpU KOPOTKOM 3aMBIKAHUU

Ha BXOJE;
I \od
Yo = U—z npu U, = 0 — mpoBOAUMOCTH NPSAMOM Mepeaavyu IIpyu KOPOTKOM 3aMbIKAHUU HA
1

BBIXOJIE;

I
Yy, = U—Z npu U; = 0 — BBIXOAHAS MPOBOAUMOCTD ITPU KOPOTKOM 3aMbIKAHUH Ha BXOJIE.
2



I1oj1eBOM TPAH3UCTOP KAK YeThIPEXIOJICHUK

{ 1 = Y11Ug + Yi2Up;
12 — Y21U1 + Y22U2.

[TOCKONBKY I YCWJIMTENS BXOAHBIMM W BBIXOJHBIMH CHTHAJIAMU  SIBJISTFOTCSI
NpUPANICHUS COOTBETCTBYIOIIUX TOKOB W HANPSHKEHWM, 3aIlMIIEM OTY CHCTEMY

YPaBHEHUH B CIEAYIOLIEM BUJE: { Al; = Y{{AU; + Y;,AU,;
Alz — YZlﬂ.Ul + Y22AU2.

[IpupaBHuBass k Hymw A U; (peKUM KOPOTKOIO 3aMbIKaHMS Ha BXOJE) H
AU, (peXuM KOPOTKOTO 3aMbIKAaHHS Ha BBIXOJI€) MOKHO PAacCUMTaTh Y —TapaMeTphI.

T Al Yoy = Al |
AU, |av,=0 AUs |av,=0

Yll = i ) Y'.Zl = Alz .
AU, |auv, =0 AU lav, =0

[Tapametpel Y;, © Y,, pacCUATHIBAIOTCSA IIPU ITOCTOSIHHOM 3HAYECHUU
HanpspkeHus Ha Bxoxe (U, = const), a mapameTpsl Yy, u Y,; — IIpH IOCTOSHHOM

3HaYCHHMM HanpsbkeHus Ha Beixone (U, = const).



I1oj1eBOM TPAH3UCTOP KAK YeThIPEXIOJICHUK

S
5 Al o Ab | C
AU, AU, =0 AU, AU, =0 3 m

. Al oy, Ak | ~—
11 AUI AU, =0 ) AUI AU, =0 1

ITonmeBol TpaH3UCTOP OOBIYHO IOJKIIOYACTCS MO cxeMe ¢ o0muM ucrtoxkom (ON),
JUIs1 KOTOpOM Y —T1apaMeTphbl PaCCUMTHIBAIOTCS CIACIYIOIINM 00pa3oM:

Yi1 = nmpu Ucy = CONSt — mpoBOAMMOCTH YTEYKM BXOJHOIO 3arBOpa IIpU

AU3y
KOpOTKOM 3dMBbIKAHUU HA BBIXOﬂe;

Yi, = npu Usy = CONSt — mpoBOAMMOCTL OOpPATHOM MepeaayM Npu KOPOTKOM

AUcy
3dMBbIKAHUHU HA BXOJIG;

Al
Yo = AUC =S npu Ucy = CONSt — KPYyTU3HA TIOJIEBOTO TPAH3UCTOPA MPU KOPOTKOM
34U
3aMbIKAHUM Ha BBIXOJIE;
Al¢ _
Yo, = 1y pH U3y = const — BIXOAHAS MPOBOAUMOCTD IIPA KOPOTKOM 3aMbIKAHUU
CH

Ha BXOJIE.
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Puc. CxeMa ycHIuTeIa Ha II0JIEBOM TPaH3HUCTOPE,
IIOJIKJTFOYEHHOM II0 CXeMeE ¢ OOITHM HCTOKOM (a),
I cXeMa 3aMeIeHHS YTOro MOJIeBOr0 TPaH3HCTopa B Y -mapaMeTpax (0).

OrMmeruM, 4TO B CIPABOYHHKAX 1O [OJEBLIM TPaH3UcTOpaM oOLIYHO NPHBOAATCA HE
BCE, @ TOJIbKO HEKOTOPbIE H3 PACCMOTPEHHBIX XapakTepucTHK. Beerpa npuBoaurcs 3HaUeHUe
KPYTH3HLL S, BMECTO BXOAHOM ITPOBOAMMOCTH WHOIAA NPUBOAATCH TOK YTEYKH 3arBopa U
BXOJHAd €MKOCThb, @ BMECTO NPOBOAMMOCTH oOparHoil mepeja4yn B OOJILIUMHCTBE Cly4daes
NPUBOJMTCA TaK HasbiBacMasg npoxoaHas eMmxocts C, T. €. eMKOCTb C 3aTBOpAa HA CTOK (MK
Ha KaHan). J{ng MOWIHLIX [OJEBLIX TPAH3UCTOPOB, paboTalomwMX B KIIOUEBOM pexuMe, 00 bIy-
HO NPUBOJAUTCS 3HAYEHHUE COIPOTHBIIEHUA OTKPLITOrO KaHana, MAKCAMAanbHLIH TOK CTOKa H

lipeaenbHOEC HAlPsKEHUC HA CTOKCE,
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Puc. CxeMa yCUJIUTENS Ha IMOJIEBOM TPaH3UCTOPE (a),
IpoCTeiInas cxema 3aMelleHUs OJIEBOro TpaH3uctopa (0)
U YIPOIIEHHAS YKBUBAJICHTHAS CXeMa JJICKTPHIYCCKOM IEIH YCUIUTEIIS.

Puc. (0) u (B) mojiydaroTcs Ipu OPEAIOI0XKEeHUU, 4To Y11 = Y1, = Y,, = 0.
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Pue. Verpoiicrso yuHnonspuoro TpaH3HCTOpa ¢ H3ICJHPOBAHHBIM 34aTBOPOM {a) H € YNPaBASIOLIHM
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I1losieBbI€ TPAH3HCTOPDI

[IpakTyeckoe TPUMEHEHUE TIOJEBbIX TPAH3UCTOPOB OrPAHUYUBAIOT
CJICAYIOIIME UX HeOCTATKH:

* BaxnHeumi MHUHYC — 3TO MOBBIIMIEHHAA 4YYBCTBUTEJIABHOCTHL K
CTATUYECKOMY IEKTPUYECTBY. TOHKHM CJIONM OKCHUAA KPEMHHUS JIETKO
MMOBPEKIACTCI  BICKTPOCTATUUECKUMU  3apsaaamu, 1modtomy MOII-
TPAH3UCTOPbl MOTYT BBIMUTH M3 CTPOS JAXE IPU NPUKOCHOBECHUM K
npuOOpy HaAIICKTPU30BAaHHBIMU pyKaMu. (COBPEMEHHBIE YCTPOMCTBA
IPAKTUYECKU JIMIIEHBl ATOr0 HEJOCTarka Ojarogaps KopIlycaMm,
CIIOCOOHBIM MHHHUMHU3UPOBATH BO3JACUCTBHE CTAaTUKH. TakKe B HHUX
MOT'YT HHTETPUPOBATHCS 3alllUTHHIC YCTPOMCTBA MO THUITY CTAOMIUT-
POHOB.

* [losBIeHHE HECTAOMIBHOCTH PA0OTHI IPHU HANIPSIKECHUN NIEPETPY3KHU.

 Pa3spymenue CTPYKTypbl, HauuHass oT Temueparypel +150°C. VYV
OMIIOJISIPHBIX TPAH3HMCTOPOB KPUTHUECKOM SBIIsIeTCS OoJiee BbICOKAs
temmneparypa +200 °C.
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