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MeEHIIKTI ’K9HE apaiac KapThlJIakl 6TKI3TIIITEP. P - N AYbICY.
KoHTakT11 noreHuuanaap aibipmachl. JKapTeluiali ©TKI3TIIITEPAET]
3apsiJi TaChbIMaJIIayIIbLIap IbIH MHKEKIIUACHI )KOHE DKCTPAKIIUSICHI

MEHLLIKTI XXaHE APAAAC XAPTLIAQK oTKI3MNLLTEPAIH, JOU3MKAAbIK KACHETTEPIMEH, P-N
AYbICYAbIH, Ty3IAY MEXAHMIMAEPIMEH, KOHTAKTIAI MOTEHLIMAAAAD OMbIOMACHIMEH,
COHAQM-QK XXAPTLIAQM eTKI3MLUTEPAET 3APIA TACBIMAAAQYLLLIAGPAbIH MHXEKLMACHI
MEH SKCTPAKUMACH! MPOLLECTEPIMEH TAHICTbIPY. XXAPTLIAQK oTKI3MLUTIK
KYPbIABIMACPAbIH XKYMbIC ICTEY MPUHLIMATEPIH TYCiHIM, OOAALLIAKTA SAEKTPOHABIK
KOMMOHEHTTEPAI (MbICOABI, AMOATAP, TPAH3UCTOPACAR) TAAAQY XKaHE KOAACHY YLLIH
KQXKETTI TEOPUAAbIK ODA3AHbI MEHTEPYI THIC.




1. MeHIiKTi K9He apaJiac :KapThbliiai eTKi3rimrep

Menwixmi acapmoinat emkizeiwmep (Intrinsic Semiconductors)

MeHIIIKTI KapThulail OTKI3TITEp — Oy XUMUSJIBIK Ta3a, SFHU KypamblHIa Oerme Kocmanaphl JKOK HeMece
ONlapIIblH KOHIICHTPALMSIChl ©T€ a3 MeJmepae OonaThlH >KapThUlail eTKI3riml Marepuangap. MyHaal skapThiiai
OTKI3TIIITEP/iH KJIACCHKAJBIK MbIcanaapeina kpemuuid (Si) xxone repmanuit (Ge) »karampl. Onap MEpHOATHIK KYHEHIH
IV ToOBIHIAa OpHaAjlacKaH JKOHE OJIAPIBIH Op aTOMbIHJA 4 BaJIEHTTIK 3JIEKTPOH OOIaIbl.

Temmepatypa aOcodIOT HONAEH JKOFapbl OONFaH  Ke3le, JKBbUIYJABIK JHEPTUSHBIH  OCEpiHEH  KehOip
SNIEKTPOHAAP BAJICHTTIK alMakTaH (BaJCHTTIK 30HA/IaH) OTKi3y aliMarblHA (OTKI3TIMITIK 30HAFa) OTIM, IEKTPOH-KEMTIK

KYIITAPHI
Ty3eai. SIrHu, Oip ANEKTPOH OTKI3TIMTIK aiMaKKa ©TKeH Ke3Jle, OHBIH OpHBI 00C
Kamaael — Oy 60c OpeIH KeMTiK aemn atajaabl. On a 3apsja TackIMalIaylibl pETiHAC KapacThIPbIIaIb.

DNEeKTPOH MEH KEMTIK — MEHIIIKTI 3aps]l TaChIMaJJayIIbLIap.
MeHnrikTi  KapThUlald  OTKI3TIMITE DIEKTPOHAAP MEH KEMTIKTEP/iH KOHIIEHTpAmusCchl TeH Oomanbl, cebedi
OpKalllaH KYIIeH naiaa 6o1aabl:

n=p=n;,
MYH/IaFbI:
N — 3JEKTPOHAAPAbIH KOHIIEHTPAIMSCHI, ) — KEMTIKTEPAIH KOHIICHTPAIUSICHI,
Ni — MEHMIIKTI TachIMaJIaylIbUIap KOHIIEHTPAIUSACHI, OJl TeMIeparypara TOyesal.

OHepeemuKanvly aumakmap ouazpammacyl.

MEeHIIIKT]I KapThllall OTKI3TIITIH HSHEPreTUKAJIbIK KYpPbUIBIMBI 3 HEri3ri alilMakTaH TypaJbl:
« Banenrrik anmax (Valence Band) — TomblK 3JeKTpOHIApMEH

TOJITHIPBIIFAH AlIMaK.

& Otki3rimTik aiimak (Conduction Band) — smekTpoHgap epkiH Ko3Faja ajaThiH aiiMaK.



23 Teniieiv canbiaran aiimak (Forbidden Gap, Band Gap) — eki aiiMak apachIHIarbl SHEPreTUKAIBIK aiblpMa. KpemMHuii  yImid
Eg~=1.15B, repmanutii yuiian Eg~0.663B.
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Apanac scapmoinai emkizeiwumep (Extrinsic Semiconductors)
Apanac (Hemece JICTHPIICHTEH) »apThUlall OTKI3rimTep — OWI JKapThUIald OTKI3Till MaTepualjapra apHaibl KOCHalap €HIi3y apKbUIbI
OJIAPJBIH, DJCKTP OTKITIIITITIH aWTapibIKTaldl apTTBIPY TOCUTIHE HETI3JENreH marepuanaap. byn mporecc meruprey aem aranabl.
Kocmanapapiy TypiHe Kapai skapThijiail OTKI3TIIT €Ki TUITKe OeJIiHe i N-TUTITI )KOHE P-THIITI.
N-munmi srcapmuinai omkizeiu (Negative Type)

S-1111 ANEKTPOH OailllaHbICTIaFaH, )KOHE OT€ a3 SHEPTUsIMEH OTKI3TIIITIK
Ka ©T€ aJlaJibl — SFHU, TOK TaChIMaJIIayFa KaThICAIbI.

Byt skarmaiia 3JeKTpOHIap HETI3rl TachIMalIaylibuiap, ajl KeMTIKTep — KockiMia (minority carriers).
OHepreTuKalblK AuarpaMMajia JOHOPJBIK JE€HIel — OTKI3TIIITIK aliMaKKa
aKbIH OpHAJACKaH, COHJIBIKTAaH 3JIEKTPOHIAPAbIH OTKI3TIIITIK alilMaKKa 6Tyl )KeHLUT

p-munmi sxcapmwinai omkizeiw (Positive Type)
P-TUOTI >KapThUIall OTKI3TIII ajly YIIIH aKIENTOPJbIK KocIaiap
earizineni. bynm kocmamap — |1l Tonm amementrepi (Mbicanbl, OOp, WHJIHIA,

AIIIOMUHMIA), OJIApABIH 3 BaJIEHTTIK JJIEKTPOHEI Oap.
Kpemauiiniy 4 OaiinaHpIChiHA OOp aTOMBI T€K 3 3JIEKTPOHMEH KaTBICHIII,
O1p OalIaHbBIC TOJBIK OOIMaM Kajiabl.




By 97eKTpoH  KETICHEYHIUIINT  HOTWXKECIHJIE KeMTiK maijga  Oomajipl.
DNEeKTPOHAAp COJI KEMTIKTI TOATHIPY YIINIH KO3Fajialibl, ajl OyJl KO3FaJIbIC ChIPTTal

KEMTIKTIH KO3FaJIbIChl PETIH/IE KaPaCThIPbLIAIbI.

MyHa KEeMTIKTep — HEri3ri TachiMajifaylibuiap, ajd dJIEKTPOHIap —
KOCBIMIIIA.

OHepreTukaiblK JuarpaMMaja aklenTopIIbIK JEHIeld — BAJICHTTIK aliMaKKa
KaKbIH OpHajacaipbl, )KOHE BAJICHTTIK aliMaKTaH AJIEKTPOH aKLENTOPFa ©TKEHJIE
KEMTIK KaJaIbl.

2. p-n aysicy (P-n mepexon)

P-N aybicy — OYJI 3JCKTPOHABIK TEXHUKAIAFbl €H MaHbI3Ibl KypbUIbIMIapAsIH Oipi. On op Typmi Tunteri (P skoHe N)
XKapThllalh OTKI3TIIUTEpAiH OIp KpuCTal 1miHAe OaillaHbICybl  apKbUIbl  Ty3ijemi. byin  KypbUIbIM — HETi3iHEH
XKapThbUlal OTKI3rill AUOATAPABIH, TPaH3UCTOpJIaplAblH, KYH OarapesyapblHbIH >KOHE 0acKa /1a KONTEreH AJIEKTPOHJBIK
KYPBIAFBUIAPIBIH JKYMBIC 1CTEYIHIH HET131 OOJBIN TaObLIaIbI,

2.1. p orcone N munmi aumaxkmapovly my3inyi

N-TUIIT1 XKapThUIal OTKI3TIIITE HET13r TachIMaJaylIblIap — 3JEKTPOHIAP, APTHIK AIEKTPOHAAP JOHOPIBIK KOcmaiap

PKBLUIBI [Tak/1a 60J1am>1.u . o .

P-TUITI XKapThlJail OTKI3TIIITE HETi3rl TachkIMajjaylibuiap — KEMTIKTED,
SFHU aKIEMTOPJIBIK KOCIaJIap 3JIEKTPOH KETICIIECYIIIITH TYFbI3aIbl.

Erep Oip >xapThuiaif ©TKI3TiII KPUCTAJUIABIH O1p >KaFblHA JIOHOP, aJl €KIHIII »aFblHA aKIENTOp KOCHajJapblH €HT13CE,
OHJIa OYJ1 aliMaKTap apachiHa P-N aybICy naiiia 0oIaibl.

2.2. Tughgpy3zus npoyeci

p-n ayepicy maiija OoiFaH COTTE, €Ki aiMaKTBIH HET13I1 TachIMajaayliblIaphl Oip-OlpiHiH aiiMarblHA Kapail Ko3fajia
OacTalian:

N-aiMakTarbl  BJEKTPOHIAp —  P-aMaKkKa  Kapal  KbUDKHUIBI

(3IIEeKTpOHIAPABIH YKOFAphl KOHICHTPAIMSIChIHAH TOMEHTe Kapaii), p-aliMakTarbl KEMTIKTep — N-aiiMakka
Kapau KO3raJiajbl.
byn mpomecc auddysus menm aragaabl — SFHA  TachIMaAaylibLiap

KOHIIEHTPAIUS ailbIPMAIbUIBLIFBIHAH KO3Falabl.

2.3. exomnencayusnanzan 3apaomap dxcane mockaywulnowvik aumar, (depletion region)




DJEKTPOHIAp MEH KEMTIKTEp ©3 alMarblH TacTall, KepIIijec aiMakkKa 6TKEHE, ojlap
pekombunarmsitanaaer — sFaA O1p-0ipiH OeTapanTaHIBIPAIbI.
Hotuxecinne:
& N-aliMaKTarsl JOHOP MOHAAPBI (OH 3aPSTHI, SIEKTPOHAPBIH XKOFAITKAH) OPHBIH/A Kaslaibl,
% P-aliMaKTarbl aKIIEIITOP HOHAAPHI (Tepic 3apSAATHI, APTHIK JICKTPOH aJIFaH)
1a KO3FajMai KaJiaspl.
By KosranMaiThIH 3apsaTap Kabarbl P-N TyHicy aliMarbIHIa TYPAKThI ILIKI 9JIEKTP OPICIH TyIbIPajibl KOHE
TOCKAYBLI/BIK KAOAT /eIl aTajaThliH ailMaK Ty3LICAi.
Tockaybuiasik ariMak (depletion region) — Oyur aiimakTa 00cC 3apsi TachkIMaJIayIIbLIap JKOK, SFHA TOK ©T¢ aJMaIbl.
2.4. lwiki anexmp epici dcone mene-meHoiK
K03FaHMaﬁ KaJIFaH 3apANTapaaH TybIHIaraH 1K1 DJIEKTP epici'
X3 N-aiiMaKkTaH KEJTeH JJIEKTPOHIap/ibl P-afiMakka OfaH dpi eTyre Keleprikacaiisl,
% P-aliMaKTaH Ke/IreH KeMTIKTepre 1¢ N-aiiMakka eTyre Keiepri 0omasr.
Ocmnanma a1 y3usTHBI TEKEUTIH TeTe-TeHIIK OPHANIbI, SIFHH

< TaceiMangaymbsuIap AbIH TaOUFru KO3FaJIbICBIH TEXCHTIH OaliaHbIC MOTCHIMAbI (KOHTAKTLI
TOTeHIIMAa) maiaa 0osabl.
& byt norentmanieiH MoHi ramameH 0.6—0.7 B (kpemanii ymrin) xone 0.3 B (repmanuii yIiris).

2.5. p-N ayvicyoviy Ouo0muvlK Kacuemi

< P-n aybIcy Oip OaFrbITTHI OTKI3TIIITIKKE U€ 001 Ibl, SIFHU OJ:

+ Tik (Typa) KepHEey KOChUIFaHa — TOK ©TKI3€e/Il,

Kepi kepHey KOCBhUIFaHJa — TOK OTKi30ei i (TeK oTe a3 TOK — Kepi TOK arajibl).
Typa xocsiny (Forward bias):

< p-aiiMak OH KepHeyTe, N-aiiMak Tepic KepHEYTre KOChUIAIbI.

[mK1 epic a3aibin, TOCKAYbIT Ka0aThI )KOMbIIa OacTaiIbl.

- 3apsiz TackIMalIAYLIbLIAP TOCKAYBULIBI OTill, TOK JKypeai. Kepi kocbuty (Reverse bias):
» P-aiiMax Tepic, N-aiiMaK OH KepHEyre KOChUIAIbI.

- [mK1 epic Ky1ieieni, ToCKayblil Ka0aThl KEHEHUE/I].

X3 Herisri tacsiManmaymisuiap Oerenel, TOK TEK azaraH  KOCBIMIIIA
TachIMaJIIAyIIbIJIAPMEH O TE/I.
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p-n ayeicy aiMarbIlHAAa TOTCHIMAJIAP aWbIpMachl KaJlbINTacaabl, OHBI KOHTAKTLII TIOTEHITHAT JICTI
aramJipl.
< By moreHman aibIpMackl 3JCKTPOHIAPIBIH P-aiiMaKKa, KEMTIKTepIiH N-
aliMaKKa ©TylH TeKEeH/I1.
< Tene-TeHiKk KYHIHE CHIPTKBI TOK KYPMEH/IL.
KoHTakTili MOTEHIMAIABIH  IIaMackl TeMIepaTypa MEH KocHajap KOHIEHTPAIUsAChIHA TOYEIIIi:
Vii=(KT/q)*In((NaNg)/ ni?)
MYH/IaFbI.
Vi — 1IIKI HOTEHIHA,
Na,Nd¢ — akuenTopiap MeH JTOHOpPJIAp KOHIICHTPAIUACHI, Ni — MEHIIIKTI
TachIMaJIJIAyIIbIIap KOHIIEHTPALIUSICHI,
Kk — BombliMaH TYpaKTHICHI,
T — abcomroT Temmieparypa,  — 3JIEKTPOH 3apsiIbl.

4. 3apsia TachIMaJ Ay IbLIAPABIH HHIKEKIHACHI sKOHE IKCTPAKIUSICHI

Hnorcexyus (Injection)

Nmxexkuss —  CBIPTKBI  KepHEY  OepuUireHne a3  MeJIepIeri TachIMalIayibulap/ibl aybICy
aliMafrbIHa CHT13Y.

Mpicaibl, P-N aybicyFa TiKelied kepHey OepuIreHie:

% P-aliMakTaH KeMTIKTep N-aliMaKKa eTe/l,

< N-aliMaKTaH 3JEKTPOHAAp P-aliMakka eTel. by KyObUIbIC MHKEKIMUIAHFaH

TOKTHI TyFbI3asbl. Dxcmpakyus (Extraction)

DKCTpaKIus — KEPICIHIIE, Kepl KepHey OepuIreHe:
< [mki epic TackiManAaymibuUIapAsl  OalIaHBIC aillMarblHAH  CBIPTKA HIBIFAPAIbI,
- Herisri TaceiMasiayiibuiap Kepl kapai Ko3faja aJiMaisbl,
> Tok OonmMmaipl HEMece eTe a3 — Kepl KaHbIFy TOTHI.
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KopbITBIHABI:

Kaprputaii  eTk3rimTep (QuU3MKackl — 3aMaHayu
AJICKTPOHMKAHBIH, 1prerachl. byn nekuusaa 013 >kapThuiaid
OTKI3TIIITEPAIH, TYpJEpiH, Kocmajap apKbUlbl OJIAPIbIH
KacHUeTTepiH 0Oackapy MYMKIHAITIH, COHJai-ak  p-n
aybICyIbIH TY3UTy MEXaHU3MIH OHE OHBIH TOKTHI OIip

OarbITTa OTKI3Y KaOUIETIH KapacCThIPABIK.

byn YFBIMIAP — XKapTeuian OTKI3TIII
KYPBUIFBUTAPABIH (IO, TPaH3HCTOp JKOHE T.0.) KYMBIC
NPUHIUOTEPIH  TYCIHYAIH  HETi3l  OodbIll  TaObLIaibI.
AJIBIHFaH OuTiMIEp ci3zepre OosamakTa 3JIEKTPOHBIK
cxeMaliap MEH KYPBUIFbUIap/Ibl TAJI/IaY,
xobajay doHe KOJIIaHy OapbIChIH/IA YJIKEH MailJaChlH TUT13€/].
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