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OcHoOeHbIe ceoucmea
Mnos1yripoeoOHUKOS

nOﬂyI'IpOBO,EI,HVIKaMVI ABJTAOTCA XUMUNYHECKUNE

anemMeHTbl KpeMHui (Si), repmaHum (Ge), ceneH (Se),
Tennyp (Te) n HEKOTOPLIE XMMUYECKME COEOUHEHUS.

[1pn HU3KMX TemnepaTypax YUCTble NONynpPOBOAHUKA
He NPOBOOAT 3MEKTPUYECKOro ToKa, T.K. B HUX HET
CBODOAHbIX 3apaaoB. KpeMHUIN 1 repMaHnii UMEKOT Ha
BHELUHEWN 3NEKTPOHHON 000No4Ke rno 4 anekTpoHa. B
KpUcTansne Kaxabll U3 3TUX 3NEKTPOHOB NPUHAONEXUT
OBYM COCEOHMM atomMaMm, obpasys T.H. KOBANEHTHYO
CBA3b. JTU SNIEKTPOHbLI Y4aCTBYIOT B TEMSTOBOM
OBWXEHUN, HO OCTaAlOTCH Ha CBOUX MecTax B KpucTtarnne.



CTpoeHune Kpucrtasisla KPeEMHUS

Ba/sieHTHbIE 3/1EKTPOHbI
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[Mpy NOBbILLIEHUN TEMNEPATYPbl HEKOTOPbIE 3/IEKTPOHbI
NOKWUAAOT CBOM MECTa B KpUCTaJ/e.




Ob6bpa30BaHNeE n ABUXXEHNE 3JIEKTPOHOB U AbIPOK Py
MOBbILLEHHON TEMNEPATYPE B YACTOM
r10J1yrMpOBOAHMNKE
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Korga anekKTpoH yxXoauT CO CBOEero Mecrta B
KpucTtasnie, OH CTaHOBUTCA cBOOOAHOMN YacTULUeN U
OBUMXETCH B KpUCTaJslJie XaoTU4YeCKMU.

OcTaB/iIeHHOE 3/1eKTPOHOM MEeCTO Ha3bIiBakoT
«AbIpKON», Ha MecTo AbIpKMN NpUXoanT BaJIEHTHbIN
3/1EKTPOH, PACnosioXeHHbIN No6/n30CTN, NPU 3TOM
obpa3yeTcs HoBas Ablpka. Ha MecTto 3TOM HOBOW
AbIPpKN TaKXXe NpuxoauT 3JIEKTPOH, U T.A. Taknum
obpa3omM, AblpKa rnepemeLlaeTcs rno Kpucrtasany
NONYyNpPOBOAHMKA TaKXe XaoTU4ecKu.

[py NPUNOXEHUN K KPUCTAJITY BHELLHErO
3NEKTPUYECKOro Nonsa ABuxXeHne cBob60aHbIX
3/IEKTPOHOB U AbIPOK MPOUCXOAUT MO €ro
BO3JENCTBUEM: SJIEKTPOHbI ABUXYTCH K MJIOCY, a
ObIPpKU — K MUHYcCY. pun 3TOM Abipka BeaéT cebs
KaK yacTumua, 3aps>XeHHas NoJIOXUTENbHO.



HanpaBﬂeHHoe ABWW>XKeHWe 3J1IEKTPOHOB U
AbIPOK o4 AEeNCTBNeM SJIEKTPUHECKOIO
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KonnyecTtBo 3/1eKTPOHOB N AblPpOK B YNCTOM
NoaynpoBOAHUKE HEBEMNKO, U NO3TOMY TOK B HEM
oyeHb cniabbin. Anga yBenmnyeHns Koam4vecTBa
CBOH6OAHbIX 3apsSXXEHHbIX YacTUL, B MOYNpPOBOAHUK
BHeAPSATCS npuMecu. lNpu 3TOM UCMOJIb3YyeTCH
TEXHOJ10r1s, No3Bosdowad atomaM npmMecu
3aMellaTb aTOMbl KPEMHUS UM repMaHnNg B
KpUCTaJIN4eCKon peLléTke.

Onsa yBennyeHus koamyectsa CBOOOAHbLIX 3JIEKTPO-
HOB K MOJIYNpOBOAHWKY MOAMELUMBAKOT HEKOTOPOE
KOJINYECTBO NATUBANIEHTHOrO 3/1eMeHTa — MbllbsKa
(As). lNpu 3TOM 4 Ba/leHTHbIX 2JIEKTPOHa aTtoMa
MbllLbAKa 3aMOJIHAOT KOBAJIEHTHbIE CBSA3U, @ NATbIN
3/1eKTPOH OCTaéercsa ceoboaHbIM. [lpyn HanMunm
3/1eKTPMUYECKOro rnoJsisgd OH rnepeMellaeTcs B CTOPOHY
nntoca. Ecnm atomoB npuMecn A0CTaTO4YHO, TO B
KpUCTasisie npoTeKaeT 3Ha4YnuTeNbHbIN TOK.



BHenpeHne aToMOB MbllbSKa B
KPUCTANJINYECKYIO CTPYKTYPY KPEMHUS C
ob6pa3zoBaHuneM cBOOOAHbIX 3N1EKTPOHOB




[lpMecb, KoTopasi obpa3yeT cBO6OAHbIE /1EKT-
POHbI, Ha3bIBaAeTCH AOHOPHOW, @ NMONYNPOBOAHUK C
TaKOW NpMMechbto Ha3bIBAETCSA NONYNPOBOAHNUKOM N-
Tuna (OoT cnoBa negative — oTpuuaTenbHbIN).

Ona nony4vyeHnsa noaynpoBoaHMKa C AblPpOYHON
NPOBOAMMOCTbIO B HEr0 BHEAPSHT 3/1IEMEHT C TpeM4
3/1eKTpOHaMn Ha BHewHen 060n04Ke, HanpuMmep,
nHann (In), aNneKTpoHbl KOTOPOro MOryT 3ano/IHUTb
TO/IbKO 3 KOBaJ/lIeHTHble CcB43U U3 4. B pe3ynbTraTte
OKOJ10 aToMa uHAnsa obpasyeTcs AblpKa, a B
NonynpoBoAHMKE — AblpOYHas NPOBOANMOCTb.
Takasa npuMecb Ha3bIBaeTCs aKLenTopHOM, a
nonynpoBoAHMK — p-Tuna (OT cfioBa positive -
NOTOXUTENbHbLIN).



BHeapeHne aToMOB UHAUA B KPUCTas
KPpEMHUA C 0bpa3oBaHMEM AbIPOK
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pD-N Nepexos

Ecnu NnNoTHO CcCoeanHuUTb NoaynpoBOAHUKN P- U N- TUNOB, TO MeEXAy
HUMN obpa3syeTcs T.H. p-n nepexon, obnagatowmm 3amMmedaTesibHbIMU
cBoucTBaMU. [pu NPUNOXKEHUN K HEMY HAMNPSXEHUS TaK, YTo NJoC
HaXOAUTCS CO CTOPOHbI p-MOAYNPOBOAHMKA, @ MUHYC — CO CTOPOHbI N
(NpsiMoe BKIOUEHWME) 3/IEKTPOHbI NOMNAYT K MOJIOXUTENIbHOMY
3/1eKTpOoAY, a AblpKM — K oTpuuaTtenbHoMy. O4yeHb BaXXHO, YTO B3aMeH
ylwenlwmx 3apsa4oB ¢ 31eKTpo4oB B NoynpoBOAHUK 6yayT nepexoaunThb:
C OTPULATENbHOIr0 3/1EKTPOAA — 3/1EKTPOHbI, @ C MNOJIOXUTENBbHOro —
Ablpkun. 1oaTOMY Yepes3 nepexon byaeTt Tedb NOCTOSAHHbIN TOK.




[py 06paTHOM BK/IIOUYEHUWN HAMPSXKEHUS, T.€. KOrAa NoSIOXUTENbHbIN
3/1EKTPOA, HAaXOAUTCSA CO CTOPOHbI N-NOJIYNPOBOAHUKAE, @ OTPULIATESbHbIN
— CO CTOPOHbI p, 3apsafbl 6bICTPO YXOAAT: 3/1EKTPOHbI HA MONOXUTESb-
HbIA 3N1EeKTPOoA, AbIPKN Ha OTPULATENbHbIN, U Ha 3TOM NpPOTEKAHUE TOKa
3aKaH4YMBaeTCs, T.K. HEOTKYAa 3aMEHUTb YLWeAlIne Ha 3/1eKTpoabl

3apsaabl.

p n

IDTUM 06BbACHAETCSA TOT (PaKT, YTO NMpu 06paTHOM BKJTIOYEHUU TOK
yepes p-n nepexoq npakTndeckn He npoxoaut (Ha caMoM gene ToK
eCTb, HO BO MHOI0 pa3 MeHbllue, YeM MNpu NPSIMOM BKJIHOUEHNN). DTO
CBOWCTBO p-n nepexona nponyckaTb TOK B OAHOM Hanpas/ieHUU U He
NPOMNyCcKaTb B MPOTMUBOMNOJIOXKHOM LLUMPOKO UCNOJSIb3yeTcsa Ans
BbINMPAMAIEHUA NEepeEMEHHOr0 TOKa.




[lonynpoBogHUKOBLIE AMOAbI

[lonynpoBOAHNKOBbLIN AMOA4 — 2TO p-n nepexoa,
BCTaBJ/IEHHbIN B repMeTUYHbIN Kopnyc. Anoabl
npeAHa3sHa4vYeHbl A5 BbINPSAMIEHNUS NepeMeHHOoro
ToKa. OCHOBHbIMKN XapaKTepUcTukKamm nosiynpoBoa-
HUKOBbIX AMOA0B ABMAKTCA paboyas 4acToTa,
NpAMON TOK N 06paTHOe HanpsXxeHue.

—P> - obo3HaveHue anMoaa Ha cxemax,

e —BbICOKOYACTOTHbIN AMOA, NPUMEHSETCS B
PAANOYCTPONCTBAX,
——{@=— - HWM3KOYaCTOTHbI/ MasZIOMOLLHbIN Anoz,
npuMeHsieTcsd B 6/10Kax NMUTaHUA NMPOMbILLUIEHHOW U
6bITOBOW paanoannapaTtypsl,
-HM3KOYACTOTHbIXA MOLLHbIA AnoA,
NPUMEHSIETCH B BbINPAMUTENAX
NPOMbILLJIEHHbIX YCTAaHOBOK




TpaH3UCTOpPbI

[lonynpoBOAHUKOBbIE NMpMbopbl, NpeaHa3HaYeH-
Hble ANSA YCUIEHUS SNTIEKTPUYECKNX CUTHAJIOB ,
Ha3bIBAlOTCA TPAH3UCTOPaMM.

TpaH3UCTOpP COCTOUT U3 TPEX CJZIOEB
nonynposoaHUKa — p-n-p nnn n-p-n. OH nmeet 3
BbIBOAA: KOJI1EeKTop, aMuTep u baasy.

N306paxkeHne TpaH3NCTOPOB Ha CXeMax:
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T™MN N-p-n TN p-N-p



PaccMOTpMM NpOoTEKaHMEe TOKa B TPAH3UCTOpPEe Tumna p-n-p npu
OTCYTCTBUU UCTOYHMKA HaNpsXXeHuns B uenun asmmtep — 6asa.
Hanpsh>xeHue oT 6aTtapeu bl nogaércsa Ha nepexon KONNEeKTop —
6a3a (p-n nepexon) B pexxmme obpaTHOro BKKOYEHUS, NOITOMY
AbIPKN N3 KOJiNeKTopa ObICTPO YXOAAT Ha OTpUUATE N bHbIN 3/1EKTPOL,
U TOK MpeKkpawaeTcs, T.K. HET UCTOYHUKA ANd NONOoJIHEHUS AblpKaMu

Konnekrtopa. B uenu amutep - 6a3a Toka HeT, T.K. TaM OTCYTCTBYET
MCTOYHUK HAlMNPAXEHUA.

amutep  Gasa  KOMeKTop
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[Job6aBuM B npeabiaywyo cxemy batapeto b2 3HaUMTEIbHO MEHbLUEro
Hanpsi)XxeHusa, yeM bl. BkirodveHne aton 6aTtapen no OTHOLIEHUIO K p-Nn
nepexoay smutep — 6a3a npsmoe, NO3TOMY AbIPKU B IMUTEPE NOUAYT B
CTOpPOHY 6a3bl. HO T.K. ToNLWMHA 6a3bl O4eHb Masia N SN1EeKTPOHOB B
HEeW HEMHOrO, AbIPKM U3 a3MUTEpPa NepeceKkyT ba3y Kak 6bl N0 MHepunmn
N nonagyT B KONNEKTOpP, a Aaliblwe 3TN AbIPpKK NMOonayT NO KOJINEKTopy
K oTpuuaTesibHOMY a5iekTpoay. KonnyecTBy AbIPOK MOCTOSIHHO
NOMNOJNIHAETCS C MONOXUTENbHOr0O 3/1eKTpoAa aMuUTEpa, NOS3TOMY TOK B
uenu 6yaeTt HenpepbiBHbIM. BefiniynHa TOKa 3aBUCUT OT HaNPSAXKEHUS
batapeu b1.

[To 3akoHY OMa
HanpsaXXeHue Ha R
paBHO IR , N OHO
HaMHoro 6onbLlue

O = HanpsxeHua 6aTapeu

amuTep 6aza  konnekrop

B1. Takum obpasom,
TPaH3UCTOP YCUInBa-
eT HanpsiXXeHue,
noJaHHOE Ha BX0oA4
aMuTep-6aza. 1o
HanNpsi>)XeHne MoXeT
OblTb U MEepeMeHHbIM,
Hanpumep, oT
MUKPO@OHa.




[lo6baBuM B npeabiayLlyo cxeMy MUKPOdoH M, KOTOpbIN
reHepupyeT nepeMeHHoe HanpsXXeHune B TakKT CO 3BYKOBbIMMU
KonebaHmnsamn. Tenepb HanpsXXeHne Ha nepexoae amutep — 6asa
byaeTr nepeMeHHbIM (TOYHee — NySibCUpyrowWwmnM). TakmM xe byaeTt u
TOK B LEnu KOJINEKTOp — IMUTEP N, COOTBETCTBEHHO, Harnps>XeHune
Ha pe3nctope R, NpuU4yéM, oHO byaeT 3HauuTeNnbHO bonblle no
BE/IMYMHE, YEM HanpsiXXeHune, BblaaBaeMmoe MMKPOPOHOM, T.e. byaeTr

YCWUJIEHO.

amuTep 6asza  konnekTop
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Mbl paccMOTpenn OAUH TUM TPaH3UCTOPOB,
OJHAKO UX HAaMHOro 6onblle, MPpUYEM, MHOIME U3
HMX OT/INYAOTCA MO NPUHLUKUNY AENCTBUSA U
XapakTepuctukam. O6WmnmM y HUX aBnseTcs
NpUMEHEHUE NoNyNnpPOBOAHNKOB. Ha pucyHke
NOKa3aH BHELWHN BN HEKOTOPbIX TPAaH3UCTOPOB.




[IpuMeHeHne TpaH3nCTOpoOB

TpPaH3NCTOPbI LULMPOKO NMPUMEHSIOTCS AJ1IS YCUNEHUS
CUrHaNo0B M CO3AaHNA CUCTEM aBTOMATUYeCKOro
yripaBNeHNS B PaANOCTAHUMAX, paANONPUEMHUNKAX,
TeneBnsopax, MarHUTooOHax U MHOMMX APYrmx
YCTPOMCTBAX HAay4yHOro, NpoMbILLIE€HHOro n 6b6ITOBOIO
Ha3Ha4yeHus.




3aKnrn4yeHune

Mbl paccMoTpenu npuMeHeHmne noaynpoBOAHNKOB
Onsi co3gaHns TonbkKo Hanbonee pacnpoCcTpaHEHHbIX
npnbopoB — AMOAO0B N TpaH3UCTOpPOB. KpoMe Hux
CYLLEeCTBYET ellé MHOXeCTBO NpnbopoB, B KOTOPbIX
MCNOJ1b3YIOTCS NONYNPOBOAHNKN: CBETOANOAbI,
TUPUCTOPbI, CTABUNNTPOHbI, BapuKanbl, COTHEYHbIE
6aTtapen, 60nbLIOe KOIMYECTBO pa3dHOOb6pa3HbIX
MUKPOCXEM U MHOIoe agpyroe.

Ocob60ro ynoMmHaHus 3ac/ly>XmBaeT NpuMeHeHune
NosynpoBOAHUKOB AN NMpou3BoAcTBa 60/1bLUNX
MHTerpanbHbiX cxem (BUC) ana komnbioTepos. BUNC
CO34aETCH Ha OCHOBE KpucTasila KpeMHUda nnu
repMaHuns, Ha KOTOPbIN C NOMOLLbK CreunanbHbIX
TEXHOJIOMMM HAHOCATCA MUITMOHbI TPAH3UCTOPOB U
APYTrUX 2JIEMEHTOB MUKPOCXEMBI.



KOHTpOJZibHbIE€ BOMNPOCHI

1. Kak nameHsaeTca npoBoANMOCTb
NoslynpoBOAHMKA C MOBbILLIEHUEM
TeMmnepaTtypbl?

2. KaKkylo Ba/lleHTHOCTb MMEIOT 3/1EMEHTHI,
MCroJib3yeMble A5 AOHOPHbIX NMpuMecen K
noslynpoBOAHUKAM?

3. [Ana Kakux uenem ncnosib3ytoTcS
NoslynpoBOAHNKOBbIE ANOAbI?

4. ns Kaknx uenem Ucrnosb3yrTcs
TPaH3UCTOPbI?




