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JNlekuus 1

1 MonynpoBoaHWKoOBbIE MPUbOPHI



ITPOBOJIHUK — mMeeTr OOJBIIOEC YHCIO CBOOOIHBIX
3JEKTPOHOB, KOTOPhIE U CHOCOOCTBYIOT BO3HHUKHOBCHUIO
3JEKTPUUECKOr0 TOKa (cepedpo, Melb, allFOMHHHI).
OO0J1agar0T MajabIM COPOTUBIICHUEM.

N30JISATOP — marepuan, UMEIOIIMN MaJIO€ KOJIUYECTBO
CBOOOIHBIX  DJIEKTPOHOB. M30JIsTOp  OpPEHsTCTBYET
IPOTEKAHUIO DJICKTPUYECKOrO0 TOKA M HMEET OOJIbIIoe
COIIPOTHUBJICHHUE (CTEKJIO, pE3UHA, CYX0€ JEPEBO).

NOJIVIIPOBOJHUK — COICPKUT MO CBOOOJHBIX
3JICKTPOHOB, HO HMX KOJHWYECTBO MOXET BO3pacTtarb ¢
YBEIMYCHUEM  TEeMIEpaTyphl, YTO  MPHUBEACT K
YBEIIMYCHUIO IPOBOINMOCTH (repMaHHuii, KpeMHHH).




| loayripoBOAHUKN

HYucreie MoJIyIIPOBOIHUKNA B MOJYITPOBOIHUKOBBIX

IpuOOpax HE HCIIOJB3YKOTCS, TaK Kak O0O0JIagar0T
MajJoOM IPOBOJAMMOCTBIO M HE 00€CHeYMBAIOT
OJIHOCTOPOHHEU ITPOBOJIUMOCTH.

[ToynIpOBOJTHUK ~ MOKHO caellaTb  XOPOIIHUM
IIPOBOJHUKOM OJiarojapsi JIETUPOBAHUIO (BBEICHMIO
npuMecH). B 3aBUCMMOCTHM OT BBOJAMMOM NPHUMECH B
NOJYYCHHOM  MaTepuaje OyaeT WIH  HW3JIHIICK
CBOOOJIHBIX 3JCKTPOHOB (IMOJYNPOBOJHUK N — THIIA)
WJIH HEIOCTATOK CBOOO/THBIX 3JIEKTPOHOB
(MOJIynIpOBOAHUK P — THIIA).



B nmonynpoBOgHUK 100ABIISIIOT CACAYIOIINE TPUMECH:

aTOM MBIIIbsIKA AS
arom gocdopa P
aTOM CypbMBI SD

aToM Oopa (B)
atoM naAUA (IN)
atoM amroMuHus (Al)



Ecrnn K YyeTblpexBaJieHTHOMY repmaHumio ﬂ,06aBI/ITb NATUBAJNIEHTHbIE

cypbmy (Sb), wnn wmbiwbsk (As), wnu ¢ocgpop (P), TO
nonyvyaeTca rpuMecHasi 3/1eKMpPOHHas 351eKmporpo8oo0HOCMb.
X aTtombl B3aMMOOEWCTBYKOT C aToOMaMu repMaHus TOJSIbKO
YeTbIPbMA CBOMMMW 3NEKTPOHAMU, a NATbLIAN ANEKTPOH OHW OTAAaloT
B 30HY NPOBOAVMOCTM.
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i | IlosrynpoBOAHUK N-THUIIA

Ge OcCHOBHBIE HOCHUTEIIU:

AIICKTPOHBI
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Ge € Ge €OCHOBHBIE HOCUTEIIH: JIbIPKU

[IpruMecu Ha3bIBAXOTCA
AOHOpaMu




Ecii  4eThIpeXBaJICHTHBIM TE€PMaHUM  COAECPKUT MNPUMECH
TpexBaIcHTHBIX Oopa (B), win magus (In), nou amomuaus (Al),
TO MX aTOMBI 3aXBaTHIBAIOT DJICKTPOHBI aTOMOB I'€pMaHHSI U B
IOCJIETHUX 00pa3yrOTCs TBIPKHU.

I1os1ynpoBOAHUK P-THIIA

"~ OCHOBHBIC HOCUTEIIMN: ABIPKHU
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_____ L ~ HeoCHOBHBIC HOCUTEIIH:
Ge In ) ( @
————— < > . <\/ - ————- DJICKTPOHBI
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‘ p — N IIEPEXOA

Marepuvan n - TMna MaTtepuan p - TMNa

» IlonynpoBOJHUKHM  AE€IalOT MHOTOCIOHMHBIMH  (CJIOH
Marepualia N - TUIIA U CIOM MaTrepuana P — Tuia). ITH
CJIOM  YCTAHABJIIMBAIOTCA B  IJJACTMACCOBBIM  WJIM
METATIAYCCKUN KOPITYC). Mecto COCIUHCHUS
OJIYIPOBOJHMKA N - THNA U IIOJYOPOBOJHUKA P — THIMA
Ha3bIBACTCS P — N IIEPEX0JI0M




I Iporekanne TOka 9epe3 MOAYIIPOBOAHUK
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P-n mepexon mpu OTCYTCTBUM BHEIIHETO HAIIPSKECHUS.

OOemHeHHAas 30HA
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IIporekanue 3JIEKTPOHOB
noa JeUcTBUEM JIUPPy3un
IPOJOJKAETCS 10 TE€X IIOp,
IIOKa 1o 00€ CTOPOHBI P-N
nmepexoga He oOpasyercs
HeumpaibHaA 30HA WIN TaK
HA3bIBACMbIL  00COHEHHbLI
CJ10U uu 30Ha



P-N mepexo/1 IpH IPSIMOM HalpsLKEHUHU. bapbepHOe HaIlpsKEHUE

Hanps)keHue, y KOTOpOro

— NONAPHOCTb COBMaAaET C
NONAPHOCTbIO OCHOBHbIX HOCUTEJIEN,
Ha3bIBAETCH /IPSIMbIM.

[Ipy TPUIIOKEHHOM TMPSAMOM HAIPSKEHUNA OOCIHEHHbIN CJI0HU
HcYe3aeT U JJISKTPOHBI IMPOTEKAKT 4Yepe3 IpaHully pasaelia, T.€.
TOK CO3/1aBa€Mblii OCHOBHBIMM HOCHUTEIISIMM CBOOOJHO IIPOTEKAECT
yepe3 tnepexon. llameHue HanpspkeHUss Ha P — N Oepexone
HA3bIBACTCS OAPbEPHBIM HANPAINCCHUCM.

JlernpoBaHHBIM repMaHuid uMeeT OapbepHoe Hanpsbkenue 0,3 B, a
nerupoBaHHbIN kpeMmHuii — 0,6 B.



P-N nepexoo npu odOpamHoOmM HARPAIHCEHUU

| |

| | Hanps)keHue, y KOTOpPOro

| E p: > NONSAPHOCTb HE COBNaAaEerC

| (v
o—x| n i —° NOJIIPHOCTbIO OCHOBHbIX HOCUTEJNIEN,

<—-i | Ha3bIBAGTCA O06pPATHbLIM
| |
| |

ONEKTPOHBI  N-00JaCTM  MPUTATHBAKOTCS  «1»  HCTOYHUKA
HANPSOKEHNs, a ABIPKKA P-00JIacTH NPUTATHMBAKOTCA «-». llox
NENUCTBUEM Ungp YEPE3 MEPEXOJ NMPOTEKAET OYEHb HEOOIBIION
obpamubvlti MoK lypp, KOTOPBIA 00pa3zyeTcs JIBHKEHHEM
HEOCHOBHBIX Hocurenen Ilpyu moBelmieHHH Ungp BCE OOblee
KOJINYECTBO OCHOBHBIX HOCHTEIJIEN «BBITAJIKUBACTCS» BINYOb
oOnacrew.

Rogp >> Rpp



[lonynpoBOoAHUKOBLIE Anoabl

v' JTuo0om Ha3BIBAIOT IMOIYIPOBOIHUKOBBIA IPUOOP C OJHHM DJIEKTPOHHO-
JLIPOYHBIM MEPEXOJA0M U JBYMS BHIBOJIAMMU.

v’ TlonynpoBOAHHMKOBEIA AMOJ IO CYIIECTBY MpeACTaBiIseT coboil p-n
MEPEXOI.
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v' BAX mOKa3bIBACT, YTO MPSMOM |
TIP, MA

TOK B JIECATKA MWJLIUAMIIED 40,
MOJIy4aeTcss  NpU  OPIMOM

HAIIPSOKEHUU B JIECATHIE J10JIU 30}
BoJibTa.  lloaTtomy  mpsimoe 50
COIIPOTHUBJICHUE ObIBaeT '
OOBIYHO HE BBIIIE HECKOJIbKUY 10t
necsaTkoB OM. Uopp B -200 -150 -100 -5

v’ Tak xak Upgp >> Ugp, MO 9Miu A

HANpAMNCEHUA  ONMJIOJCEHbl 6

B
C

0 02 04 Uy B

PA3HbIX macumaoax.

Bcneocmesue pasznuyuus ° L -60

macumaoos nojaydiaemcs -80

U3I0M  KpUueou 6  Hauale K

OBP, MKA
KOOpOUHAm.
BAX nomynpoBOIHUKOBOTO

v' Ilpu wneusmennom macwmaoe nmona

xapakmepucmuxKa

npeocmasJisiem NAABHYIO

Kpugyro be3 uzioma.




* [Npwn HEKOTOPOM 3Ha4YeHUN obpaTHOro

HanNpPsKeHUS BO3HUKaeT rnpobou
p-n rnepexoga, MNpM KOTOPOM OOpaTHbIX TOK
pPe3Ko BO3pacTaeTr 7 COMpoOTUBIIEHNE

3arnnparLiero Criod pe3ko YMEeHbLIaEeTCA.

Pasnunyalotr  arrekmpuyeckuu U merniosou
rnpobou p-n nepexopa. INEKTPUYECKNN rpobomn
(yyactok ABC xapaKrepuCTUKM Ha PUCYHKe)
apngeTca obpamumbiM, 1PN KOTOPOM He
NPOUCXOOUT pas3pyLUEHUS CTPYKTYPbl BELLECTBA.
[ToaTomy paboTa anoaa B pexmnwve
3N1eKTpUYeckKoro npobost gonycrmma.




« Obnacmu _mennoso2o npobossi COOTBETCTBYET
yqyactok CD BAX pagmopa. 3T0oT npobon
Heobpamuwm, T.K. OH conpoBoXagaeTcs
paspylleHMEM BelwectBa B  MecTe  p-n
nepexoaa.

« KonnyectBo TennoTbl, BblAENAOWENCA B
nepexoge OT HarpeBa ero obpaTHbIM TOKOM,
NpeBbILAET KONMMYEeCTBO TennoThbl, OTBOAMMOM
OT Hero. B pesynbTate Temnepartypa nepexoga
BO3pacTaeT, COMpPOoTMUBIIEHME €ero yMeHbllaeTCH
N TOK yBenuumBaeTcda. HacTynaeT neperpes
nepexona u ero TennoBoe paspyLlieHune.




Pabounn pexxum guopa

Ha pucyHke nOpHBEICHO YCIOBHO-Ipauue€CKoe
o0o3HaueHrue (YI'O) BBIIPSIMHUTENIRHOIO AHOAA C
0003HAYECHHUEM €r0 DJIEKTpoAOB: A — aHoo, K —
kamoo. llps MOl TOK MPOXOAUT TOrAa, KOrja aHo/I
AMEET TIOJOKUTEIbHBIU MOTEHIIUAI OTHOCHUTEIHLHO
katoga. CrnemoBaTellbHO, TPEYrOJbHUK  CIEOYET
paccMaTpUBaTh KaK OCTPUE CTPEJIKU, MOKA3bIBAIOIIUIA
YycioeHoe Hanpasierue IPsIMOTo TOKa.




 PexxuM 11oMa ¢ HArPy3KOi HA3LIBAIOT PAOOYUM .

e Tak KaK JTAO T oOJIagaeT HEJIMHEUHBIM
COIIPOTUBJICHHEM, 3HAUYCHHE KOTOPOTO M3MCHSCTCS
Opyd M3MEHEHMH TOKa, MOATOMY pacueT TOKa
IPOU3BOIAT IPaPUUIECKUM CIIOCOOOM.
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* U3sgectnnl E, Ry u BAX nuona
e OrnpeaenuTs TOK B LIENU U HAIPSIPKEHUE HA TUOJIC.

e (CormacHo 3akoHa Oma;
| =Ux /Ry =(E-Up) /Ry

Jlunuro Hazpy3xu 0OBIYHO
CTPOSIT MO JIBYM TOYKAM:

1. Ilpwm I =0 u3 ypaBHCHHS
nony4daem: E —-Up =0
i Uy = E, (Touka A4);

2. IlIpu Up=0, T0
| = E /Ry (touxa B).




[Ipr mOCTpOCHUM JIMHUK HArpy3KH U1 MaJlbIX 3HAYCeHUU Ry
TOYKa B MOXET 0Ka3aThCsA 3a IpeaeiaMu 4deprexa. B atom
Cay4dae CJICIYET OTJIOXKHUTh OT TOYKH A BIICBO IPOM3BOJBHOE
3HaUcHHE HampsokeHHsS (Touka C) M BBEPX OTJIOXKHUTH TOK,
paBubiii U / Ry, (otpe3ok CB). Ilpsimas, mpoBeaeHHAs depes
TOYKU A U B sSBAM€TCS TMHUEW HArpy3ku. KoopauHATel TOYKH
nepecedeHus 1 1ar0T UCKOMBIC 3HAUYCHUS IMapaMeTPOB LIETIH.

[ paduueckuii pacyer HE
TpeOyeTcs, ecau

Ry >> R,. B aTom ciryyae
JOITYCTAMO MpEeHEOpEUb
COIIPOTHUBJICHUEM JUOAA U
ONPEACIATh NPUOINAKECHHO
Tok 110 opmyie | = E / Ry,

A



OnpeneneHre HEKOTOPBIX IMapaMETPOB

IOJIYIIPOBOJHHUKOBOTO JIMO1A

conpomueieHue nOCMOAHHOM)Y MOKY 6 NPAMOM
CMeuleHuu.

Ro=Upp / lipp;
conpomuenenue npu 00pamuom CMeujeHul.

Ro=Uogp ! logps
conpomuenenue Ouood NePemernoM)y MoKy

(Ouphepenyuanvroe)
Ri = AUpp [ Al p;
kpymusna BAX ons npsmozo moka
S= Alyp [ AUpp .



B

OCHOBHbIE THINIBI NOJYIIPOBOAHUKOBBIX AHOI0B

HACTOAIIEE BPEMSI HAWOOJIBIIEE PACHPOCTPAHCHUE MOJYUHIIH
KpeMHHEeBbI€ BHIIPSIMUTEIBHBIC TUObI, KOTOPHIE UMEIOT CIICAYIOLINE
npeumyuiecmea:

BO MHOTO pa3 MeHbIlee (110 CPaBHEHHUIO C T€pMaHUEBLIMHM) OOpaTHBIC
TOKH IIPU OAMHAKOBOM HaNPSKECHUH;

BBICOKOE 3HAUYEHHE JOIMYCTUMOI0 OOpaTHOIO HaMpsHKEHUS, KOTOPOE
nocturaet 1000 ... 1500 B, B To BpeMs KaKk y T€pMaHHUEBBIX JIMOJIOB
oHo Haxoautcs B npeaenax 100 ... 400 B;

v pabOTOCIOCOOHOCTh  KPEMHHEBBIX  AMOLOB  COXPAHSAETCS  IIPH

temreparypax ot —60° mo +150° C, repmanueBbix — auiib oT —60° 10
+85° C (mpu Ttemmeparype Bbimie +85° C B TIepMaHHUH PE3KO
BO3pacTaeT TEpPMOICHEpallus, 4YTO YBEJIMYHMBAeT OOpaTHBIM TOK H
MOKET IPUBECTU K OTEPE AUOJOM BEHTUILHBIX CBOMCTB).

OIHAaKO B BBIIPSIMUTEIBHBIX YCTPOMCTBAX HU3KUX HAIPSIKECHUN
BBITOJIHEE ITPUMEHATh T€PMAHUEBBIE TUOMbI, T.K. KX COINPOTHUBIICHUE B
IpsIMOM HampabjieHud B 1,5 ...2 paza MEHbIIIE, YEM Y KPEMHHUEBBIX,
pU OJUHAKOBOM TOKE HArpy3Kh, YTO YMEHBIIAET MOUIHOCTD,
paccemBaceMyt0 BHYTPH IUO/IA.



OcHogHble I1eKkmpuyuecKue napamempol

BBINPAMUMEIbHBIX OU00086

v | ip max — MAKCHUMAJIbHBIN MIPSIMON TOK;

v’ Upp — MajieHne HaIpsOKEHUS P MPSIMOM CMEIICHHUN
Y 33JJaHHOM IIPSIMOM TOKE;

v logp — TOK Yepe3 AMOJ P 0OPaTHOM CMEILECHUH U
3agaHHOM U ypp;

v Ugygp max — MAKCUMAJIbHOE 00paTHOE HANPSHKCHUE,

v’ Af — mnama3on 9acTor, B peiesiax KOToporo
BBIIPSIMIIEHHBIA TOK HE YMEHBIIIAETCS HIKE
3aJJaHHOI'0 3HAUYCHMUSI.



e Ilo 3HAYCHUIO BBITIPAMIICHHOTO TOKAa
BBITTPSIMUTEIBHBIC JUOBI ACIST HA OU00bl MALOU
(Ip < 0,3 A), cpenneit (0,3 A < lp <10 A) m
oomnwioit (lp > 10 A) mownocmu.

B 3aBUCUMOCTHM OT CTPYKTYpPbl pPa3jidyvyaroT
moueyHvle U NA0CKOCMHble NUOJIBL. Y TOYEYHBIX
IUONOB JIMHEHMHBIE PA3MEPBI, OIPEACISIIONINE
IIoIAaAb p-N  mepexona, Takue XK€, KaK U
TOJIIMHA CaMOro II€pexojia, UM MEHbIIE €e. Y
IUIOCKOCTHBIX OUOJOB 3TH Pa3MEPhl 3HAUYUTEIBHO
OO0JIBIIIE €T0 TOJIIIUHEI.



