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1.OBIIIAA XAPAKTEPHC THKA JUCCEPTALIHH

AKTyanbHOCTL paGoTel. Pasenmie N0y PO BOAHHM KO BOH ONTO N EKIPOHHKH
BO MHOIOM CBA33HO HCUIEGNOBAHHEM MNOJYNPOBOJHUKOBbIX CIPDYKIyp B BUAE
TOHKMX TAEHOK, B O0COOEHHOCTH TOHKOIIEHOYHBX  MHOTOXNIEMEHTHBIX
NMPUEMHKKOB HITyYeHHil. K YHCTy TaKHX 3MEMEHTOB OTHOCUTCA H
MOy PO BONHH KO BEIE nnesKm, reHepHpyIoHe aHoMa BHO-6os Bl e
(oTonanpsxerna (APH) [1-10], penuumna xoTOpOH, BONPEKH 30HHOK TeOpHH,
NpEBRLINACT 3HAYCHHE INHPHHB! 3anpeuleHHOH 30HBI  COOTBETCTEY IOLIErO
MOJTy PO BOAHU KA.

K Hacrosmuiemy Bpemenu nonyuedpt APH-TUTEHIM KaK U3 JEMEHTAPHHKX
MO NPOBOAKHUKD B, TAK M K3 MOMYNPOBOAHH KOBBIX COENHHEHHH AsBs, A3Bs v ap.;
HCCQTGIOBaHbl  AMCKTPHICCKHME, (oToeKTpUUECKHE M ONTHYECKHE CBOHCTBEa;
NOKa3aHa BO3MOKHOCTh MCMON B30 BaHusa A GDH-neHoK Kak AarYM KO B MATHHTHOIO
oA, MOHM3HPYIOWIENO HINy4eHHs, mocTpoexs! NMpeoOPas0BATENb ONTHYECKOIO
U30OpakeHHS B WIEKIPHYECKMN noTenumansHbii penbed), ONTOJIEKTPOHHBIH-
Tp acopMaTOp HaNpsDKeHHn [ 1 ,6].

Ho, k coxaneHuio, ner reopuii A®H->(pexra ¢ YHETOM KOHIDETHOH
KOH(HTYpaUMOHHOH MOZETH, MMKpOCKOMMYECKAMH NZPaMETPaMH, Y CIOBHAMY
ocBeuleHn s, (O TOAMEKTPETHOTO c0CTOMHUA Ge3 BHEWHEN NOAIPH3YIOLIETO NONs,
OOLACHSIOWUE IKCIEHMEHTAN HTEIE nanHble ¥ MO3BOIIOMIME OMpEXEeHHs
NaPpamMeIpoB 3THX TUIEHOK. He ncenegopano Taloke WIMAHHME JISTHPOBAHHSA Ha
3pext aHOMAN BHO-6ONMMX (oToMarruTHLx HanpDKeHud (AOMH) B Taix
mieHkax. MconenosanHue amyyx BONpPOCCE AaeT CyLECTBEHHLIE DE3YIETaTHI,
TIPOACHSIOMME  MEXAHH3M  BO3nMiHoBenns APH-apdexra, obbicumonme
SKCIIEPUMEHTANBHBIE  Xapakrepucmi = AdH-mienok  (JIBX,  ymosas
38BHCUMOCTh, 3aBUCHMOCTE ADH 0T Tonumue,, BAX, CIEKTPAABHBIE) NO3BONSET
HaXOAUTL HOBBIE PEIIEHUS ux NpaKMMyeckoro NPHMEHEHHA. Bce 310 onpeaensier
AKTyaJIbHOCTL OAHHOW paboTy,

Crenenn  H3ydeHHocTH npoGaempr. Llenbit pAl Ba¥HLX BOMPOCOB,
Kacaioummxcia (GH3MKM 3TOTO ABNEHHs, pecmoTps Ha OONBIIOE YHTIO pador,
OCTAIOTCA HE1OCTATOUHO BLIACHEHH MY My AMCKY CCHOHHBIMH. K HuM oTHOCRTC S
TaKHe€ BOMPOCHI KK Meron ompepenenua MeXaHM3MOB A®DH-3¢bekra,
onpeneneHHe  XaPaKTEPHCTHYeciux MM KRpOTIZP GMETPOB A®H-nnenoxk,
pacnpenen eHie KOCOOCAMICHHEX ok no TONILMHE, TeOPHA ADH-3ddexra B
Moy NPOBOAHHKOBBX NileHkax o OZHOPOZHBIMH MIAKPOOONACTAMH, C p-n-p —
nepexoaaMil B CBAN C OHIpeTy by KDH(UIYPAUHOHHbIMI MOAGTAMH, TeOpHs
(O TOMEKTPETHOTO COCTOSHKg g nonynposogHMKax C AEMOEPOBCKHM MEXaHU3MOM
doToHaNp KEHKA, pazpabotia TEXHONOrUM nosydeHHs H IKCTEpHMEHTaNbHOe



usydyeHie (GOTOMEKIPETHOTO COCTOSHMSA B TaKMX ITUIEHKAX, TEOpHUA
(OTOATEKTPETHOTO COCTOSHHA B P-N — HEPEXOHBX CIPYKIypax C HByMs
mybokiMM ypoBHAMH, ONpENelcHHE M2paMeTpoB YpPOBHEH MpWINNaHHA
OTBETCTBEHHBX 33 (OTOWVIEKIPETHOE COCTOSHHE, (GOTOMarHHTHBI 3(dekT 8
axmedposaHibeX A@DH-edxax. Kpome 31010, Ny  NpakmMueckoro
NPUMEHCHUA M HCTONE30BaHHsA MneHok ¢ ADH-addexkrom TpedyroT cpoei
HaneHeiimeit paspaboTiu.

Cessb aHccepTaLHOBHON PaGoTHI ¢ TemaTHueckuvH Tanamu HUP.
Pabora Bomonuesa B (epraHCKOM NONUTEXHHYECIOM MHCTUTyTE B PaMKax
Fodbropxetroit HUP xadenp b1 «duaua».

Henb uccnenoBaHns 3awiovanach B paspaloTKe TEXHONOTHH MOMTYYEHHS
NerMpoBaHus U akTMBaluK A PH-IUTeHO K, HCCn eoBaHHK MX CBOMCTB C M0 MOLIHO
(oToanexTpHUECIX METONOB, MOCTPOCHHH TEOPHH, a TAloKe B CO3NAHHM Ha
0cHOBe A OH-11/1 €HO K 211 €MEHTO B ONTO NI EKTPOHH BIX IPHBOPHBX CTPY KTYP.

s nocrxenus 3toit uetu 6Gemm copMy TMpOBaH Bl CledyrOLMeE
OCHOBHEIC 3a4aYH HCCTSI0BAHHS: :

- papaOTKA TEXHONOTMM MOSYYEHHS MOMYNPOBOAHMKDBBX IUIEHOK C
A®DH-3pdextom, onHopomubx no ToammHe, ofnanaoumx (HOTOIEKIPETHbM
COCTO THHEM, BBICO KO¥i MarHHTOYY BCTBHTEN BHOCTHIO

- 03aHMe  MeronoB ompenenesus Mexawusmos A®H-sdexra,
OnpeneneHne X apakTepUCTHYECIHX MHKPONEpameTpoB, M3yuedHe OCHOBHLKX
Xapakrepuctnk A ®H-nnenok;

- coananue Teopuu APH-addexra B mosynpoBOJHMKOBEX [UIEHKAX C
LEeMOEPOBCKUM, P-N-p — MEPEXOUHBIMA MEXaHM3MAaMH B CBA3M C KOHKPETHBMY
KOHQHIYDPaUHOHH BIMM MOAEN MU NPH PA3THMHBIX O CBELILEHH X}

- co3naHHe TeopHH (OTOINEKTPETHOrO cocTosHUA €3 BHELHEro
TOASPHIYIOUIEro Mois B ONHOPOAHBLX MONYNMPOBOAHHKAX, B P-N — MEPEXOAHBX
CTpY KTypax ¢ A By Ms y60 kMMM YPOBHAMY,

- onpeaenenne napamerpoB rMyOoxix ypoBHeH, OTBETCTBEHHbBX 3a
doTomextpeTHo e cocTo sHMeE;

- pacwmMpenne myTell Bo3mosMoro npumenenns A®H-, AOMH- u
GoToanexpem b mwieHOK,

O0bexT W npeamer wuccnenoBaHus, OOBEKTOM  TEOPETHHECKUX
HCclenoBaHul  GoTOPONETAHUECKHX, (OTOVEKIPETHLIX  CBOWCTB ARMAIOTCA
DOy IPOBONHUKA C OAHOPOAHBIMH O6NaCTAMM, p-n-p — ¥ P-N — NEPEXOAAWH.
TexHONOHHECINE M IKCTIEDHMEHTAN bH bie MCCT EA0BAHN R IPOBENEH bl B IEHKaX Si
u CdTe kax Ha npencrasuTen six, ans KOTOpbX NpuHsaTel GoTonNGdy 3MOHHAA H
Oprepras  momenn  ADH-sdpdexra, cooTsercTeenso. POTOVEKIPETHOE



00CTOHHE UCCNeIo0BaHo B TieHkax Si:Ag, CdTe: Ag, poToMarHUTHEI 3¢QeKT B
CdTesSi.

Metogbl  MccnegoBadmii. lcotenoBaHHe — RIMSHHS — pasfiMIHbX
TEXHOJNIOTMYECKAX TpoHeccOB Ha (oToBONETaHuecKie, (OTONEKIpeTHbe
CBOHCTBA MNEHOK, IKCIIEPUMEHTAIEHbIE METOHBl CHATHA YINOBBX AHArpamM,
CNEKIPATEHBK, 3PCTEN—BOJIETOBLK, JIIOKC-BOJNBTOBLX H  pPeTlakCauHOHHBKX
X3DAKTEPHCTHK, PpeEUIEHHe YpaBHeHMS  HEeNnpepblBHOCTH, KHHETHYECKDTO
YpaBHEHHS, PO Bep KA BHINONHUMOCTH 3aKOHA B3aH MO 3aMECTUMOCTH.

OcHOBHbBIE N0JI0KEHN, BBIHO CHMbIE HA 32 IHTY:

1. MexauusM aHOManbHO-OONBIMX (OTOHANPSHKEHAN B MOJYMPOBOAHHKO BBKX
ieHkax M BbOOp MOAE@IM MOMET OBITh NpPOM3BEJEl HAa OCHOBE aHAIM3RA
CNEKTpal BH bIX 3aBH CHMOCTEH HabmonaeMbIX TRIT CHUM.

2. Teopnsa ADH-3dipekTa c neMOepOBCKHM MEXAHH3MOM B [10JTYTIPO BOSHH KD BBIX
[UIEHKAX B CBA3H C KOHQUIYPAIMOHHLIMM MOMETAMH, MHKDOCKONHYECKAMH
napaMerpaMu, y C10 BUsMH O CBELICHA .

3. OcobGennocm otoponbravdeckoro 3ddexra B nomynpoBOAHMKAX € p-N-p—
flepexofaMi NpH Heo AHOPOTHOM O CBELIICHHH. ‘ '

4. doToaNeKTpETHOE 00CIOsHME 0e3 EBHEIHEro NONAPH3YIOMEro Mnons B
MOJIy PO BOAHK KaX C OAHOPOAHLIMA MuKpoobGnacTavu (ADPH-new SitAg), p-n-
nepexoaMH ¢ By MA MyOo M yporiamMH (ADH-mnediu CdTe.Ag)

Hay4Hasi HOBH3HA: :

- OpEUTOKEH METoA  onpeneteHua Mexauamos A®H- a¢dexra,
OCHOBaHHBIi Ha HCCIEIOBAHHMII CMEKIPAIBHBKX 3aBMcuMoctell K3hduLMeHTa
nomowtens 1 AGH, B oTHuHe OT Npeabmy KX, KDTOpble ObMH NPHMEHHMBI
TOJIBKO B CTyHae CHJILHOIO NOBEPXHO CTHOIO NOTTIOLIEHH;

- HalileHo  SHaNWMTHYECKDE€  Bbp@KEHHE ANA  pacnpeneiceHnd
KOOOOCHKIECHHLX TNAEHOK MO TOMIUMHE, YCTaHARTHBAIOIEE CBA3b MEXAY
TONIIHHON M MECTOHaXOMNgIEHHEM paccMaTphBaemoli Toumd miedkd. [TokasaHo,
Y4TO pacnpeeeHe TOTUHH bl OCaKIaeMOi MieH KM OUeH b YYBCTBUTEIBHO KY My
OTKIOHEHHA MOJAOXKKA OT Hopmanu. C yBE&TIHUEHHEM YMia OTHIOHEHHA
YBEMTHYMBAETCS MaKCHManbHOE 3HE4EHHE TOMILMHBL, MAKCHMy™M TOMLHHBI
CABHIaETCA B CTOPOHY OonbluuX 3HaMEHMH LNMHLI MOAAOKKH; Hapyllaercs
CHMMETPHA OTHO CHTETLHO MAKCH M1 BHOTO 3H 84 €HH S TOLUHHBI,

- NoKa3aHo, 4To Ha popmupoBaHre APH-3ddexTa B nnenkax CdTe sHOCAT
BKNal KaK paviduMe NgpamerpoB p-n- W N-p-riepexonos, Tak H (axrop
aCMMMETPHU OCBELUEHHUA, B OTIMUHE OT M3BECTHBIX paboT, B koTopbx A®H
obwacHaAncannbo nepsoit, 11160 BTOPOH NPHUMHOIT;

o



TI0J1y [IpO BOAHM KD BbIX medkax. Ocoboe BHUMaHHe yneneno TCOPUH Y110 PO

OTCY'ICTBUA TaKOBOH B M ex iy upIx POTaX, x0T HMetoTCH MHOTOYH I eHp Ble
SKCiepuMenTan ke Aannste. Tlonyueno obmee aHatHTHYecKOE BEDaXeHHe, U3

abdexrrL Nowasano, uto ans peanusayun TNoGIenHero npu oceelnenun caerom
cnaboro nomomenus, FCHEPAIHH HEP aBHO BECH bix HocaTeneii no Bcemy 00bemy
(dd<<1, KL<<1) momxeio semonusmues H yciomie kD<<S, KOTOpoe sarngercs

mad)cpuuueurnuq;q:ywu, S - cropocts NTOBEPXHOCTHOH pexomOuHaiuu);
- MOKasaHo, 4TO0 npu nepexome k OCBCIMEHHIO CHJIBHO NOMOaeMeM

b

KL>>1, KOTOphiE panee cuuTanuch AOCTaTOUHBIMH, HO M KD>>S, KOTOp bIi
ABTACTCA Gonee KECTIMM U CBA3aHHBIM ¢ KOH KpCTHLIMH NapaMeTpamu MieHKy;

~ NMokasano, y7o B p-n-p-cipykrype u ADH-mnénke ¢ pP-n-p-nepexonamu
Habnronaercy ARICHHE, aHaTOMMYHOe aHomanrHomy s¢dexty nmembepa =
OIHOPOAHLX NOMYNPOBOAHMKAX, T.e. 3HaK FeHEpHpyemoro GOTOHANPHKEHHA He
3aBUCHT  OT ymia OCBellCHuA. 70T  spdexr Hassau aHO M1 bH bIM
$oT0 B ETanY ecia M 3pdexrom B p-n-p-crpy krype u A dH-néxe;

- DMONy4eHo aHanMTUueckoe BepaxeHHe INA (OTOHaNPAKEHHA B p-n-p-
CIPyKType n ADH-mdke ¢ P-N-p-Nepexoaamit Npu HEOJAHOPOAHOM OCBEIIEHNH,
3 HOTOpOro B wacom crywae NONYYAOTCH HOPMATBHEIE, AHOMAN bH bie
$oTo BN ETaNY ecigre addeTl n nepexom aHoMmanLHOTO ¢oTo BOABTAMY ECKOTO
3bdexra B Hopman bt B GTY4ae CUNIEHOTO MOBEPXHOCTHOO NOMIOLIEHH S CBETa,
NOBEPXHO CTHOH FCHCpaUMH  HEPaBHOBECHBIX  HOcuTeNell, OOBACHMOMmas
KCIEPHMEH TN EH bie P ey bTaTh! (ymosyio 3asucumocts AdH-addekra, JIBX,
3aBHcumMocTs AQH oT tomumnbl) 8 CdTe, B oTiHuHe OT Apy rMx padoT, B KOTOp b
TNOAHOCTHIO OTCy TeTBOBANO TEOPHn Y Mo Boit 3aBu cMocTH; JIBX 6 boamiuHeliHo#H.

" TokBaHa  BO3MOMMOCT: HabmioneHHs W paspalOTaHa  TeopHs
borowmexpemnioro  cocrommus  Ges BHEWIHEr0 MONAPU3YIOWEr0 NOAs B
[0y NPOBONHMKAX C OAHOPOAHBIMM OBNACTAMH, TIE NOATPHIYIOLWHMM daxropom
ABTACTCA paviMyuHe noaBM HeO Crell IEKIPOHOB W AbPOK, KOTOpas 06'5"0“’“‘?
IKCI €PHMEHTAN BH ble pesyabtarel B A®H-mneskax KPEMHHMA, J1ETHPO BaHH bIX
cepedpom;

- MOKA3aHO, 4TO ANs HabAoAeHUs (POTONEKTPETHOTO COCTOSHHSA, BpEMH,
3aTpanBaemoe Ha noboH npouece, NpHsoasitii K y BENHYEHNIO KOHLUEHTPauHu

'
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MEKTPOHOB (ABPOK) HA AKUENITOPHOM (HOHOPHOM) YpOBHE, NONHHO OBITE
HaMHOTO MEHELIE BpeMeHH JIFo60ro npouecca NPHBOAALErO K pexo MOUp aluy;

- paspaboTana Teopis (O TOVIEKTPETHONO COCTO THHA B NIOMYNPOBOAHHIEX C
p-n — nmnepexonaMM ¢ OByMd IIyGoKMMM  YPOBHAMH, 0ODBACHMOMad
OKCIEPHUMEHTAIEHBIE pesyabTaret B APH-mnenxax rteumypuma kanmus,
JeMpPOBAHHEKX cepebpoM, B KOTOPOM MOKA3aHO, 4T0 (OTOVEKIPETHOE
HaNpPSDKEHHE  PETAKCHPYET € JBYMA X&@DaKTEPHCTHYECKUMH B EMEHAMH.
Hauanweibil yyacrok, rae GoToNIEKIpETHOE HANP HKEHHE NANACT CPaBHMTELHO
6eicTpo, cooTeeTcrByer Gomee MenkoMy ypomio. Jlanee KOHLEHTpauus
HEPABHOBECHBX HOCHTENEH 3apARa, reHEepHpYeMbe TEIUIOM CO BTOPOTO YPOEBHS
Gonsie yem ¢ nepBoro H GoTOVTEKTP ETHOE HANPVKEHUE ONPENSTAETCS BTOPEM -
Gonee rmy6owimM ypoBHeM; HalileHbl KDHTEDHH YYacCTHfl KaXIOTO YPOBEHS B
CO30aHHH (QOTONIEKTPETHOTO HANpsKEHHS; NOKA3aHO, YTO KOFAA BDEMA HM3HU
ACKTPOHA HA JOKATEHOM YPOBHE, Gonelle BpEMEHH IHKH3HM CBOGOAHOTO
VIEKTPOHA, ONpEAEIsemMoro pexoMOnHaiuelt, yxonom 13 p-n — obnacti u Koraa
3TH BUIMYHHBI (OTHENEHO BIATHIE) NPEBBOLAOT BPEMS 3aXBaT2 Ha YPOBEHB
APUITHNEHHS, TO 3IT0T YPOBEHb YYACTByeT B CO3NaHHU (HOTOEKIPETHOTO
cocTosHHA. EQTi 310 yclomse BeMOIHACTCA 12 060MX ypoBHeil B EyXypoBHERoik
CHCTEMBl, TO B (GopMHpOBaHHH (DOTOMEKIPETHOTO COCTOIHHMA YUacTBYIOT ofa
yporHsi. TlpH BeMOAHEHMH ITON0 YCHOEMA TOALKD [ OAHOIO YPOBHS
(o ToTEKTP €THO € COCTO sTHHE 0By GTORTEHO TONBKO OJHMM YPOBHEM, XOTS CHCTEMA
OByXypoBHeBad. JIOKanH30BaHHbIE HA MACCHBHOM YPOBHE HOCMTENM 3apsna
NPaKTYECKH HE RIMTOT HA KMHETUKY (OTOHANPMKEHHS M He MPHUBOAST K
(IO TOINEKTPETHONY COCTOHHMIO;

- HallleH bl TEXHOJIOTHH eCiE peaiMbl Tonydenns AOH-wienok Siu CdTe,
MOCPEICTEOM JTervpoBaHisa Ag noctatouHol ruuentpaunn ( ~10'" em™ Ag B Si,
~10", ~10% cM? Ag B GdTe), nossonsowme peatusauny (PoTOI EKIPETHOTO
COCTO HUS G €3 BHELHErD MO APH3Y IOILETO NOJI;

- NpennoxeH ¥ papaboTaH METod ONpeaeTeHHs JHEPIUM HOHHM3AUMM,
KOHUCHTpauUWH  npumeceli  mybowix  ypoBHefi, OTBETCTBEHHBX  3a
(GOTOMEKIPETHOE  COCTOSHME C MOMOWILIO  PENaKCAUMOHHBX  KPHBBX
(poToMeKIpeTHoro M aHoManbHOTO  QoTOHanpskeHuit. Takum oBpasoM,
napameTpbl YpoBHEH onpenensioTcs HMEHHO ¢ MOMOILEO 3dieKTa, K KOTOpOMy
3TH YPOBHH NMPHBOAAT. DTO A3ET BO3MOIKHOCTB, B J@HHOM CiyYae, UCKIKYEHHS
Cy4yacB MPHIHCKM TOTO HAH MHOIO ABMEHHA K YPOBHAM, 33 KOTOpPLIE OHH
HEOTBETCTBEHH bl.

Hayunas u npaxmiueckas 3HAMHMOCTE PESYNLTRTOB HCC/IEI0BAHMS,
[TonyueHHble 3KCnepUMEHTATLHbIE PE3YNLTATHl M TEXHONOFHYECKAE MPUEMB
H3MOTOWIEHHA, JierHpoBaHud, aKkTHBauMH naedok ¢ ADH-adpdexrom,



doToanextperrim cocromuen MOTYT G BITb HCTION K30 BaH B 1191 TOCIPOEHUSA psma
A4TiHIDB ¥ ONPEACTEHHT MX X&) AKTEPHCTHY ECKIIX MuKponapamerpos. Co3nato
YCIPOHCTBO 115 H3Mepenns Nepemeiesuit. JJamuk MarHuTHOTO MONs HA OCHO Be
MOYHEHHBX IUTEHOK MMEET BHICOKY O MarHUTOHY BCTRHTEN BHOCTD U JIMHEHYO
3P CTed- BONILTO BY 10 X @D aKTepUCTH Ky .

TexHonorus nonyuenus u MCTOAMKA HCCNENOBaHHA (O TONIEKTP ETHOO
COCTOMHMA 6€3 BHEMIHEro MONIPHIYIOWErD MONA MOIKET 6brh MpUMeHeHa AN
PZPHOOTIH  TEXHONOTMH M  uceTenoBaHMs 3Toro apdexta B Ipyrux
TIOMTY PO BOLHMKAX H 11O CTPO EHM S 3T EMEHTO B I1aAMSATH.,

Meton s onpenenenns X@PAKTEPHCTHH ECKMX MM KPONEP aMETPOB MOTY T 6 bITh
UCTION B30 BaHEL AT ONp enen euns nNgpametpos He Tosbio CdTe, HO M ApymHX
NOJMYNPOBOAHHKOBLIX  MUIEHOK (GdSe, CdS, Bi,Te;+Sb;Tes), B KOTOPBX
H&bntonaercs AOH-u AGMH -3pexrsr.

Memon onpenenenus Na2paMeIpos IyOoKiX ypoBHel, NpemToOXEHHbH B
Pab0Te, MONET 6bITh NPHMEHEN He TONbKO 18 HIyyenus napamerpon ty6oax
yposucih B nomynpoeogHukax ¢ $OTOMCKIPETHBIM COCIOAHHEM, HO U B
ONYAPOBOAHMKAX B KOTOPLX MryGokie YPOBHH RIHSIOT Ha DCIaKCALHOHHbIC
npoueccer.

Marepuans! aucceprayuu MOTYT OBITE MCIONE30BAHBI B Kypcax (HIMIM
fOTyIPOBONHHIOB  (0BeHHOCTH  (oTOBONBTaHUECKOrO  dpdekTa B p-n-p-
CIPYKIYPE NDH  pP&NH4YHBLX OCBELIEHHSX, OCOGEHHOCTH nemb ep-3didexra,
doToMarunTHbE  3dpext 8 nervpoBanHex mieHkax CdTe), mupo- u
HaHOJEKTPOHMKH (BOMIPOCHI pacTIpereneHns 0CAKIAEMBIX TUIEHOK MO TONILVHE,
Y4er KoH@uTypaunn Mupodo o eMeHTOB IIEHOK). ‘

Pmynsmm, NOJTyY€HHBIE B IMCCEPTAaUWH, Pa3sBUBAIOT HOBOE HayyHoe
Hanpamnenye «PoTomexTprUeciate H (oTO M eKTpeTH e 3(PEeKTH 6€3 BHEllHero
015 B OJTy PO BOAHM Kax ).

Peanmsaumsa pesynsmatos. [TomyyeHHbie pesyasTarsl ARIAOTCA OCHOBOM
And papBHOTK  GOTONPHEMHBLX YCIPONCTB B  HAy4YHO-NPOH3BOLCTBEHHBK
obbenntenusx AH PY3u apyrux NpuBOpPOCTPOMTEN BHbLIX OP rAHH3AUHSX .

AnpoGaumst paGoTul. OcHORHbIE pesynbTaThi NaHHON IHCCEPTALHOKHOH
p®oTtel  mowrambBanuch Ha wectoM  MexkgyHapOAHOM COBEMIZHMH  TO
hoToMeKTPHY ECKHM M OnTHUecIuM ABNexmam B TBepIOM Tene (Bapha, 1980), na
Mexay Haponkoli  ondepenumn no amopgHbiM nosynpoponHukam (["aGpoeo,
1984), na BTOpoM Mexaynapontom cemunape mo mMy6OKIM YpOBHAM B
nonynposonsniax (Tawkent, 1980), na VI-pecny6nukanckoil KoHQepentmu
Mostoaex Quakkos (Tawkent, 1981), Ha Pecny6naukaHCKOH LIKOJE MONOLBX
YUCHBX U CHEUMATHCTOB A KTy a bHbie npotaembl GU3HKH NOSY PO BOAHH KD B»
(eprana, 1982), Ha MexayHaponHom wioe — ceMUHEPE MONONBK YHE b



«Du3KKA W MaTEPHATOBEIGHHE MONYNPOBOAHUKIDE C MYGOKAMH YpOEHIMH»
(TawxenT, 1984), Ha MeXayHaPOOHOM COBELIEHUH MO (O TOVTEKTPHUECKHM U
onmueckiM AeneHuaM B TBEpAOM Tene (Bapha, 1989), na PecnyGmuiancioii
Hay4HO-NPaKTHY eCkOi KoHEp ey No cesAmenHoH 600-nemiio Mupso YiyrGexa
(Tynucran, 1994), ra MexayHapoasoii wHpep eHuns «Matepuanoseaesse
AIMa30MOAOOHEX H X&TBKDFEHHIAHBKX MOMYNPOBONHHKOB (Yepnorust, 1994), na
MexigtyHapoanoi koudepenuun «TBepROTenEHas aNeKIpOHHKa» (Hamamran,
1994), na MexmyHaponnoH wHdepenunyn «CoBpemMenHbie NPo6eMbl dusnK
TNO/TyNPOBOAHHIOB ¥ auaeKkpuioBy (Tawkent, 1995), Ha MexayHapoaHoit
wHbepenuun «[Ipobnemsr Teopemyeckoit ¢u3niet ¥ QU3NKK TBEPAOIO TEenay
(Byxapa, 1997), Ha HayuHO-TeopeTHu ecko# KOHGEp SHLMM 110 CBAULEHHOM 8-N1eTHIo
HesamicHmoctH Pecniybnnin Y3bewmcran (Deprana, 1999), ua Pecny6aukancoii
Hay4HO-NpaKTMueCkoi  KoHQepedunn  «McnonesoBaHWEe  HETp AUMIHOHHBK
METONOB TEXHWKM U Texuonorwii» (Geprana, 1999), Ha MewyHapOAKONH
whdepainnn  «®oro-, Tenso- u TEPMONVICKTPUUCCKHME  SBACHHA B
NoJlyMPOBOAHUIDBEX Mnenkax» (Deprana, 1999), na Hayuso-npakmmyeciom
CcMHHEpe-coBelaHuH  «[TpobneMbl MONYNPORONHHIDBOTO MaTepHao Bea eRM
(Anauxan, 1999), Ha MexayHaponHo# KOH(pepeHuuH «MHHOBAUMS-2000»
(Byxapa, 2000), na MexayHaponHoH woHdpep eHtuu «ITpo6aembl mpou3BoACTBa
nonu- W MOHOKPHCTAUIOB KPEMHHMA JUIA MHIPOMEKIPOHHKH H  CONTHEMHORN
SHeprexn» (Anmmwkan, 2000), na Pecriybnukancioit nayyHo-npakmyeckoi
kondepenunu npodeccopos ¥ mpenonasareneii  (Tamkewt, 2001), Ha
Mexmy HapoHoii xoHGeperumMK «B3auMoneiCTBIE HOHOB C nosepxHocrsto BUTT-
2001» (Mocksa, 2C01), na Pecrry6m ka cko i KOHpepeHuH «DyHIaMEH T bH bie
W npuxnagHeie eonpocsl ¢usnim» (Tawkenwr, 2003), va PecnyGnuianckoii
Hay4HO-TEXHHYeCKol xHGepeHunH «TIpuMeHeHKe NepeaoBEKX METOAOB TEXHH KU
H TEXHONOMMH MNpOM3BOACTBA M  uHQOpMamixi» (Peprana, 2003), wa
MexnynaponHoii koHdepeHuMu no «DOTOWEKIPOHHKE H NpHOOpPaM HOYHOIO
Binenum (Mocksa, 2004), Ha mexayuapomuoil KOHQEpEHIHN «TpoGsniemst
dy Haamen Tan o u npuicANHOH QU3 KM N0y NPOROAHK KO BY (AHAMNEH, 2005),
Ha  XIX  MexayHaponHo#H  HayuHO-TEXHHYeCKoii kOHGEpEeHIMH o
(oToMeKIpOHHKEe M NPUGOpPaM HOYHOIO BHIAEHHS (Mockea, 2006), ua
pecnybnu kaH cro it HayYHO-TeX HUY eckO i KHEp eHIHH «Onmueckie,
aKy CTHYECKHE M PalHOBONHOBbIE METONB! M CPEICTBA KOHTPOAA MPHPOMHOM
CpClbl, BCLIECTB, MaTepUanoe u uafenui» (Peprana, 2006), Ha MexayHaponHo
KOHPEPEHUNH N0 (POTOMEKTPHYECKHM W  ONTHYECKAM  SRIEHHIM B
NoNynpOBOAHMIDBLX  CTpy KTypax (DdepraHa, 2006), Ha 9 MexayHaOLHOI
KOH(EPEHUHH N0 MEKTPOHHKE W HHPOPMALMOHHBLIM M KOMMY HH KAUHOHH bIM
TexHonomam ( Kopes—Ysbewcran, 2008).



Ony6nuxoBaHHOCTE pesyJbTaTOB. [l0  MaTepualaM  AMCCEpTAlyH
onybnuBaHo 68 paboT, M3 HUX 41 B HayYHBK KypHAIAX.

CrpyxTtypa u 061em pa6o1oi. [y ccep Tauus COCTOUT U3 BBEAEHMS, BOCEMH
IN1aB, 3aK1I0YEHASA U CTHCKA UMTUPO BaHHOK JIMTEpatyphl H3 285 HauMeHO BaHUiA,

Ona conepxut 302 Crpanmibl MAIHHOMKMCHOTO TEKCTa, BKIIOYat 90 pUCYHKOB
11 tabnun.

2.0CHOBHOE COAEPX KAHUE AUCCEPTAIIUU

~ Bo BBeaennu 060CHOBaHA aKTy &l BHOCTE PadOThL, (OPMYAMPYETCH LETD H
OCHOBHbBIE 3ala4M, Hay4YHad HOBU3HA U NpaKTM4Yeckas UEHHOCTb, OCHOBHBIC
TIOSTO WEHM 51, BLIHO CUMBIC Ha 32l Ty , anpo0auns.

IlepBan mapa AuccepTaumu noceseHa 0630py nuTepatypul. OcHoBHOE
BHMMaHUE YASTEHO pa0OTaM, B KOTOPHX HCUIGIYIOTCA TEXHONOFHYecKkie
npouecchl nojiyueHus AQH- rigHoK, CIpyKIypHbIM HCCNENOBaHHAM, BOALT-
aMIepHBIM X gpaKTepHCTKaM, GoTomarnutHOMy 3ddexty, ¢oToINEeKTpETHOMY
cocrosuio B AQH- mnéawax. ChaenaH kpumideckii 0630p MOAGTHHBIX
npeacraBiednit o npupone ADH- sddekra ¥ ero ymomoii 3aBMCUMOCTH B
MOJTY NPO BOAHM KO BbIX 111 EH Kax .

Bo BTOpO# rnaBe onucana TeXHONOMMSA NOAYHEHUS H OCHOBHbIE CBOHCTBA
A®H- nuieHok KpeMHHA M TeTypuaa kaamus. OnperencHbl X ap aKTepHCTHY eckie
MH KpONap aMeTp bi IUNTEHOK.

TpH nosTyyeHuy II1eR0x Tep MUY ECKMM O CAXI CHHEM BEIECTB Ha MOUTONKY
BAXH bIMH X 3D aKTEPUCTMKaMH AR MOTC TONLIMHE IVTEHOK M pacnpeaeleHne moii
TOJILMHBI 110 AAHHE MUTEH KN . 31€Ch TPOBE/leH pacy eT PACTp elleJleH| s TOILUMHbI IO
IHHE IieH KM 404 obulero cayyas, KOraa nnockoCTh MOMTOAKM HEOB s3aren bHO
NapaneTbHa  WIOCKOCTH  HcCnapuTens. Jrta  3anada  NpencTaBiser
CaMOCTOATEN LHLET HHTepec He Tonbko mna ADH- mneHok, HO W mis
(eppoMArHUTHEX TUTEHOK, MNEHOK, WHMPOKD TPHMEHAEMbIX AJ1 OPHEHTALHH
AUAKMX KPUCTAVIOB W 1p., KOTOPbE MONYYAOTCA CHEUHATHHO KO OOY rOAHbIM
OCaMACHNEM HCXOLHOIO BELECTBA.

OGo3HauuB 4epes B yron HawIOHA NOMTONKM OTHOCHTENEHO HOPMATH, U
NpOBOAS COOTBETCTBY IOLME BBM MCIEHHUA, NOMYYaeM Pacrp el esleHHe TONUMHbI 110
JnuHE ITEH KM AN CTyYas HCNapU T ¢ Manol no BepXHOCTHIO
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~ TONIMHA [UTeH KN B TOUKE Hal UcapuTeneM, h — paccTosHHeE OT HCapUTET s A0
30# TOuKM, /| — paccrosHMe OT TOYKM B MOAIOXKE H HCIEPUTENEM HO
paccmatpuBaemoii Toumd; M, p - Macca H IUIOTHOCTL  Marepuana
KOHIEHCHPO BaHHOTO BELIECTBA.

Makcu My M Bbip 2xeH i (1) Habnlonaerca npH 3Ha4eHHAX % pasHbX
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0=0°(1), 30°(2), 45°(3)

Puc.1. Pacnpeacsenie ToAUmNHLI NPH BCAAPEHHH H3 HCMAPHTEA ¢ MAJOH NOBEPXHOCTHIO

U3 smux sbpaxeHndl cienyer, uT0 pacnipeneieHUe TOJIUMHBL OYEHb
4y BCTBATENHHO K YUy OTIGIOHeHHA (0) noanozaa ot HopManu. C y BeiuueHneM
yma 0 ysenuyuBaercds MakCUMal BHOE 3HAY eHHE TONWHHBI, MaKCHMy M TOILLHH b1
CABUracTCs B CTOpPOHY OGoAblWMX 3Ha4YeHHiT AAWHLI TIOMIOKKM; HapyiaeTcs
CUMMETPHH O THO CUTEN BHO MaKCH Man bHOTO 3Ha4 €HUA TONWWH B! (pUc.l ).



Omycemaerca cnoc6 ycipaHenua HEOAHOPOXHOCTH TONIMMHLI MO IIHHE
AQH-nneHx, NpH KOCOYTONHOM OCHKNEGHHH, NYTeM NOMOJHHTETLHOIO
RonbMeHKA. JTOT BONPOC ARIAETCS DEWAOMM LS NONYYEHHS IMIEHOK ¢
ONTMMAT BHO#H TOJIHHOMA.

J1s nonydenns MAEHOK PpaBHOMEPHOH TOMIIMHBI NPHGErLOT K HECKON bKUM
MpHeMaM. B OZHOM U3 HHX NPUMEHAOT pPSU HEOONLUMX MCNEpHTENed,
PACTIONOKEHHEX MO KOJBUY NEpAUIENBHO MOMIONKKE WIH OAHOTO HCTIZpUTENA,
Ep al1aeMOT0 BO KPY I OCH, MEPTICHAH Ky A IPHOH K TUIO CKO CTH OO MMM .

B apyro#i metonmke nosyuesns niIEHOK paBHOMEPHOH TOMUIMHBL NOOHKKY
EpAILaloT BOKPY I OCH, NEPIEHIH Ky IAPHOM €8 M0 CHOCTH.

v NpHeMB! He NPUMEHUMEI AN A ciydas ADH-WIEHOK, T.K. NpPH UCIaP CHHH
BLIICONHCAHHBIMA CTIOcOOaMu  crieldMyHAt CIpyKIypa C HAKTOHSHHBIMU
AGIAPUTHBIMM BLICTYNaMH, KOTOpas BOZHHUKAET MPH KOOOY OAHOM O CAXKIEHHH
Hapymaercs u AGH nouesaer.

HpyruM HemoctaTkoM WX MeTOmMK, BOOGUIE, ABTAETCH MpHMeHeHHe
MHOMMX HCGIgpuTenelf, YT0 TEXHHYECKM HC BCErAa BO3MOXHO a TeM Gonee
EpaleHu e v crraparens MAH NOANO kKM ¢ TOKOITPO BO{AMH.

Hamu paspabotan cnoc6 ycrpanenis HeoAHOPOAHOCTH TONLMHBI 10 ATHHE
A®H-mnensu, npu Ko ooy ronHoM ocaxaenuy. i 31oro MEXIY ucmapareneM H
MONJIOMKAMM B BAKYYMHOW KaMepe yCTAHARNTMBAEM METAIIHYECKYIO WITOPKY,
KOTOPYIO MOHO NeEpeMeliaTb C MOMOLUEIO MAarHMTA NapAUIEILHO NOBEPXHOCH
HcrouhHka. Ilo mocTMxeHun Onuanexawero K HCnaparenio KOHUA [AEHKH
ONTUMATEHOH TONLUMH Bl HAHHAEM [ BAraTh IITOPKY CO CKOPOCTEIO B 33BHCHMOCTH
OT CKOPOCTH OCKIEHHs BELLECTBA, 3aKpbBad TeM CaMbIM XOA MOCTYILIEHHA
MOJIEKY JTIPHOTO MYY KA K 3TO# YaCTH MOAJIONKKH .

Taum 06pazoM, M ocTaneHas 4acTh MNEHKM [OCTENEHHO AOCTHTHET
OnTUManbHON ToNUMHLL Hanpumep, B ONHOM M3 HAalIMX 3KCIEPHMEHTOB TIPH
OCKAEHHH NUIEH KM TTON Y ITIOM 60°, M pacCTOAHUH OT NOMLI0NKKHM A0 HCTTaPHTENa S
CM, W [nuke cnos 1,7 cM v nNpH BbGOpE ONTUMAN BHOM TOMUIMHBI KaK 1 MKM M
Pocre bananesxallero K HCNIAPUTENIO KOHUA MAEHKA 0O CKOPOCTHIO 0,04 MKM/MUH.
H omnanenHoro koHua 002 MKM/MHH. CKOPOCTh nepeMelieHns ITopku Gboia
pasHoO#M 1 MM/MUH,

Pesynerarel  mposenewHbX  JkCnepUMEHTOB N0 JIOMONHMTETEHOMY
honemennto ans 6 o6pasuos CdTe npusenenwr 8 Tabnuue (AnnHa obpasuos 1,7
™).

Buaxo, 410 npu npumenennn paspabotanoro cnocoSa y senuuenne AGH
nocmraer 30%. CHATHEM 3aBUCHMOCTH V zqy OT ANHHBI IVIEHKH N0 KA3AHO, 4TO B
TUIEHKAX C TPaNMEHTOM TONMWMHB Vagy PACclpeleneHo HEPABHOMEPHO, a B
TUTeH Kax , NOMYUEHH bIX BLILIEONMCAHHOM TeX HONMOTHEl PABHO MEPHO.



Tabnuua
BiansHue A0NOMHUTEN KO TO fonkmnedusa Ha ADH s nnenxax CdTe.

Howmep Vaow, B Vacu, B Jo6asounoe Vaan,

obpasita JIO IONBOIEHHA | MOCIe KOMBIICHHA B %
9 84 101 17 16 8
11 95 137 42 30,7
12 103 152 48 318
14 110 143 33 23
16 120 165 45 273
19 115 168 53 316

3Hanne XapaKTepuCTHYECKMX MHKponapamerpoB ADH-mieHok mo3sonser
YTOUHUTL NpEACTAaRIEHHs O MNpHpofe reHepauuu QOTOHANPDKEHUE B
MHIpO(dOTOVIieMEHTaX ¥ MO HMM B yacTHocti ADH-nnedka oweHHBaercs Kak
npubop W onpeaenserca obnacts e npumeseHus. OGBMHO NpH onpeaeIeHUH
X3P AKTEPUCTHYCCKUX MHKPONEPameTpoB I  HaXOMEEHHA  NOABUIKHOCTH
npuberator k ¢oToxomi-agexry, paciin(poBka PpesyNETaTOB KOTOPOrO B
TeHOYHBK 0Opasiiax CBA3aH bl 6ONEKMMH TpyAHOCTAMH. B paboTe nokasano, 4T
He obpamaich Kk (OTOXO/UIOBCKHM H3MEPEHMAM, C MOMOUILIO CrEKIPATHHEX
sasucumocreli AOMH- u AOH-3¢ddexroB ecTh BO3MOXXHOCTh ONpCASTEHHA
X3PAKTEPUCTMUCCKUX MHIOMapaMeTpOB TaXuX KaK MOABRDKHOCTh HOCUTENe,
mnna nuddy3ud, 4HTI0 MHKDOQOTOVIEMEHTOB, CKOPOCTH 10 BEPXHOCTHOH
peroMOHHaUMK.

Tpetbsi masa nocesllieHa MeTOAaM onpeaeiesHs MexaHusmoB A®H-
stdexra, uconerosanuo Qusnueckoit npupoasl A®H-3pdexra B mnenkax Siu
CdTe, Bonpocy EIMAHHA TOKO B OBEPXHOCTHOM yTeu ki 3apanoB Ha BAX AQPH-
IUIEHOK, 1MMHeTM4yeckuM mnpoueccam B nnedkax CdTe u  Si, pasnerenuro
mexanu3mo B ADH->ddexra Ha p-n — nepexonHoii M aHoMan bHbl AemBep-3ddexT
n Mex aiu3mam AOH-addexra B nenkax CdTe.

Tosenenue aHoMaTLHO-GonHUNX (POTOHANPAKEHRHA CK1a1BBAETCA U3 TPE&X
npoueccos: 1) renepauns HeparHOBECHbIX HOCHTEN € 3apsiia B MOy PO BOAHUKE;
2) NpOCIPaHCTBEHHOE paBAETEHHE AEKTPOHOB M ALPOK, 3)  Cy MMMpOBaHue
doToHanp xenuil, 06pasoBaHHBX B OTAENBHBX MHKpodoTOMeMenTax. [Tep bt
NpOUECC OCYLIECTRIAETCH KaK Npaeuno, Bo3aelicTeem cgera. Tpetuit mpouecc
OCYWECTRASICTCA B E€CTECTBEHHbIM OOpasom BO3HHKaOWIEH B mpolecce pocra,
XapakrepHo#t ans AO®H-nnedrxs, Garapee HOCNEIOBATENLHO BKIHOYEHHbK
MHipogoToanemenToB. Bropoit npouecc MOMKET ObITb OCYUIECTRIEH Ha




PakdHOrO pona Gaprepax Wik C momomso QoToanddysnonHOrO sddexra
(addexr Jlemb epa) B onsoponHbx MHKPODOTO W eMenTaX .

Hcecnenopanne 3aucuMOCTM Vaqu{0) INA CBEXSHANBUIEHHBX ILTEHOK
IpEMHHA MNpH paMMYHLX YMIaX MOCTYWIEHHA MONEKyNAPHOIO mydka Ha
TIOMUIOKKY MOKA3AN0, YTO HA BCEX IUIEHKAX aHOMANBHOE (JoTOHATP MKEHHE MMeeT
HHECPCHIO 3Haka doTonanpsvkeHus B nperetax 0+180°, mpuuem yron HHBEpCHH
NPaKTU4 €CKA COOTBETCTBY €Ty [Ty O CAXI EHH A U1 EH KH.

YcraHomIeno, 4T0 TepMoo6paioTka MIEHOK, NOMYYEHHBX NP 0,5 =60°
npyu Temmeparype 400°C mpuUBOAMT K CARMIY ymia HHBEDCHH 3Haka A®H B
CropoHy Goneumx yrnos ocsemeHus. Tawoii ¢ueir HabloAaeTcs B IUleHKax C
 Oue=45° mpu 300°C. Tepmmueckas 06paboTka MISHOK C O4=30° yie 200°C
TIPHBOIUT K CIBUTY yD1a HHBEPCHH 3Haka ADH, npuuem BennuMHa 31010 ¢mMra
Oonuute, yem B mueHKAX C 0,,=45°, 60°. O6paboTka npn Temmepatype 300°C
TNOoxasana, 410 B OTMYHE OT NPEABMNYMMX CTy4aes HHBEPCUA OTCYTCTEyeT. B
YOIOBLX AuarpamMMax Vae ) IUieHok, obpaSotansx npu 400°C Tawke ue
Habsmonaerca uneepcus. [Ipu caaTMM 3aBUCHMOCTH  V zqp(Ct) MPH OCBEmIEHHH
STHX TUIEHOK MOHOXPOMAaTUYeCKIM CBETOM u3 ofnacm xi>>1 onsTe BeIsBMIO
HHBEP CUIO 3HaKa (O TOHANP DHEHM .

- Takim 06pasoM, MeHss yron namedus MOJIEKYJISPHOTO MyYKa W pexmMm
O K T TENT BHOI TepMO0OpA6OTIM NONYHEHBI LIeHKH KpEMHHUA Kak C HHBECHel
3Haka QoToHanpmKkeHHs, Tak u 6e3 HHBEpCUH B OeNOM CBeTe, HO HMMeoIHe
MUBEP CHIO B CHITLHOTIOIMOLAEMO M MOHOXPO MATHH ECKO M CBCTE.

Viccnenoeanna  3aBucHMOCTH  Vag{() 1515  CBOXEHANLUTGHHBK M
TepMOOOp@OTaHHbLX MieHok CdTe noiasanu, 4o B TMX IVIGHKAX HHBEPCHS
3Haka AQH He nabmonaerca. [Tpu TepMooGpaGOTKe HMEIOMMECS 11Ba MAKCH My Ma
CABMFAOTCA B CEPEAMHY TaK, YTO yIIbl PH KOTOPEX HEDMIOAAETCA V o HMEIOT
APy MME 3Ha4 EHHA, YTO ARTAETCH Cy IECTBEHHBIM AN TepMOOBPadOTKA NPH NoKcke
HZUGONTLUIIETO 3HF EHHUA V . T2KMM 06PBOM, B TAKUX ClyHasX TepMoobpaboTry
HY }HO NPOBOANTDH COBMECTHO CY 110 BLIMH HCCN &R0 BAH W AMH .

Ipu onpenenennn mex aHuzMoB reHepaunn AGH MeToa0oM CHATUSA V pqu O)
HeobXonUMbIM y CToBHEM ABNseTCs Kd>>1. Ho 370 y ioBHE BLITONHAETCA HE AN
BCeX mieHox Ouenka 3HaYEHHS BETMYMHBI K C MPURIE4EHHEM CTEKTpan BHOM
3aBUCHMOCTM Vaon M ko3(dHMuMeHTa nomloweHns mnokasata, 4yto A®H
BbI3hIBACTCH WHMPO KO 06N1acThIO el 3Hay eHnii,

A®H ¢ ¢oToBonbTany ecxum 3pdexTom Ha Gapepe n poTonuG Gy suoHHOM
3ddekre B onHOpoAHBX MO THIY MHKPOOONACTAX [0S MKHbI [10-PABHOMY 3aBHCETH
OT ZLTHH bl BOSTHAI TARAOLLEND HATYYEHUA.

DoToHanpskeHue, reHepupyemoe Ha Gaphepax BO3pacTaeT no  Mepe
NpubnMAeHUs ryOHHBI NPOHH KHO BeHUA MOHOXPOMATHY ECKOTO CBETA K Inydukne
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sanerands 6zprepa. B KOpPOTKOBONKOROH O6GNacTH MUIMH BONH KO3GULMEHT
NOMIOILEHHS CBETA BEJIMK; TeHepauus MPOMCXOTUT B MOBEPXHOCTHOH o6JiacTH
WieHKd, TO0JTOMy  4acTb  BO30YXKEEHHBK  HEOCHOBHBX  HOCUTeneld
peroMOHHNPYIOT, HE ycnesaa noimi Ko Gaprepa. C mepexogoM B ANHHHO-
BOJIHOBY10 06512CTh KO3((PHLUMEHT MOITNOLIEHHS Y MEH BIUIASTC; NOMIOMEHHE CBeTa
H COOTBETCTBEHHO TeHepalus HEPABHOBECHBIX HOCHTENeH MPOHCXOAMT MO BCeH
TONIE MOMYMPOBOAHMKA PABHOMEPHO U ¢oToHampsbkeHue ranaer. ITostomy
cnextp ADH-3dpexra B TakiMX maeHKax NOMEH UMETh MaKCH My M. CrieKTp an kHast
saucumocte A®H-agdexra B mnedkax CdTe wuMeeT HMEHHO TaKYlO
3aKDHOMEPHOCTE, YTO CBUACTEILCTEY €T 0 63pbepHoit npupone A®H-3ddexra B
ITHX TUTEHKaX .

H3 camoro onpenenenns dotoauddysmonHoro sddexra xak spdexra
BO3HHKHOBEHHA (OTOHANDDKEHHA TIPH HEO AHOPOAHOM OCBEIEHHH ACHO, YTO OHA
MaKCUMAILHA MPH OCBELIEHHWH CUIIEHOMOMNIOUIAEMbIM CBeTOM. MIMenHo B 3TOM
CTy4ac CO3MaeTcd MaKCHMATBHLM [PaiHeHT KOHUEHTPaluH, HeoOXxomumbnl mns
InddysHoHHoro npouecca. C yBenMYeHMEM IUTHHBI BOJIHBI Y B&IMUHBACTCH
my6HHa MPOHMKHO BEHU s CBETA, OCTaBN A1 NPH ITOM MeHBlIlee MPOCIPAHCTBO M1
paspuvs Augdy3uu. Cnextp AdH-3tddekra B TAKHX TUIEHKAX MMEET MOHOTOHHO
Canaiomuii X apaKrep, HMes NpH 3TOM HauboN BUIMe 3HEY eHUS [TPH OTHOCHTE BHO
KpoTiMX mauHax ponH. Cnexp A®H->@dexra B nneuxax Si umeer mug
MOHOTOHHO canaowleil KPHBOH C MEPEXONOM B ATHHHOBOJHOBYIO OONaCTh, YTO
CBUAETENLCTEY €T 0 hoToAnGdysuonHo# Mopenu ADH-3dpdexra B 3THX mnenxax. |

[Ipy BemonHeHuu ycnoeus wi>>1 paboTaeT TONbLKD Ta 4YacTh IUIEHKH,
KOTOpas BO30YyeHa MOHOXPOMATHYECK!IM CBETOM, OCTalbHad HacTh IUIEHKH
OCTaeTcs NacCcHBHOM, BBUIOY HENPOHHKHOBEHHA (OTOAKTHBHOTO cBeta. Bosee
HaNEH bIE PE3YJ1 BTAThI ION3H bl ONyYarscs npu paboTe Beell TONLMHBI B UEIOM,
1.¢. npn kd<<l. [ina 3T010 Ciiyuas B obnactv cnana $HoTOHanpAKEHH 1, NOKA3aHo,
470 Onpeaen eHne MexaHu3Ma Mo xeT 6 biTh MPOoU3BEAEHO HA O CHOBE OMP e el eHH S
dyHxwmn dégrdV.

[Moxasano, uTo s Gap bepHoOlt Mo eTH

d fgx/dV =Ag+Bs k'
(5)
anna poroanddy 3MoHHo# MoAETH
d fgk/dV =Ap+ Bp K’
6)

rae Ag, Bg, Ap, Bp— nocrosunbie He 3aBucaLiue oT ko 3 dHLMeH Ta NOMOLLEeH 1.

—
o



Jluneiinaa samcumocts d fgx/dV ot k' B nnenkax CdTe CBHIETEN bCTRY €T
0 6aprepHoit Mogenu A®H-3¢dekra B 3mx mienxax (puc2).

Iapabonuueckan 3asucumocts o GyHruum ans nnedox Si npupoguT K
doToauddy suonno# Moxenu (puc3).

Hisa Gonee nonwoit u noapobHo# anpoGauum maHHOM Metonwkw
PaccMatpuBaHCE Taioke BUABI 310H Gy HKUMH Wis ek Ge 1 Bi,Te; + Sb,Te;.
Obpabomka aammpx MOKASLIBAET, YTO BMA 310/ (yHKUMH ANd IieHOk Ge
Napabonmseciuii (poroauddynonnas Moaens), a ans mneHok B Te; + Sb,Te,
MuHeliHeH (6apbepHat Monens).

BAX A®H-nnenok paga TIOJIy PO BOJHHUKD B HMEIOT JMHERHBET YYactok ¢
nocrenyrommum nepexogoM Ha CynepnunetiHyio 3asncumocts. B nuddy 3uonupx
obnacrax PacTpoCIpaHeHne HOCHTEN el 10 BCeM Hanp ar eHusM PaBHOBEPOATHO M
CTeN0BaTeNBHO B TAaKHX 06/1aCTAX MMEET MecTo YTeHKa 4epes HOBEPXHOCTh. Yyer
YTCIK 38D ANOB 10 BCEM HaNpPaBT eHUAM yBETHIHBAET TOK B CHCTEME, BCNI GICTRUE
3TOI0 TOK B ONHOM (B YaCTHOCTH B H3MEpAEMOM aMnepMeTpoM) Halpamn eHuu
yMesbinaercs. [ToxasaHo, 410 yTeu ka Biuser u Ha pua BAX p-n— nepexona, XoTa
P-Nl — Nepexon ABTAETCA 06,1aCTHO CHITLHBIX BHY TP €HHHX 1€KTPHY €CKIX Noc.

dlax/dv dyefav
28 v
20 L}
o, .
s 6
4
10
2
ns 3
¢ w0z 83 04 Kebem
[TTRT 0.75 é“-n“, o
Prc.2.3aBBc HMOCTD Puc.3.3asuc umocrs degr/dVv (')
degr/dV (") A wiguox Si

ans nnénox CdTe

Taxum obpasom, noxasano, 4To0 cynepruHeiiHocts BAX Henb3s cBR3aTh C
110 BEDXHO CTH bIMH Y T€4 KaMH TO Ka.

OGo3Ha4HB KOHUEHTPAUMIO M BenHuuHy ADH, B Haan b b MOMEHT (t=0)
paccMOTpenna yepe3 Ang, Vaewnp M B NPOH3BOMEHOE Bpemsa t yepes An, V gy,
NONMy4eHo  aHaMTMYECKDE BBIPAKEHME 108  3aBHCHMOCTH Vi) B
MOy IPOBOAHN KAX € p-N-Mepexoqamu



t
Viow =V oo eXP(" ;) )

rae
kT An
Viono =N——, 8)
q n
U onpeneneHo EpEMA *#HM3HH HEPABHOBECHBX HOCHTeleH B miedkax TeUTypuaa
kanmud (=13+20 ¢).

TMpHBOAKUTCA TAKKE PESy/LTATH! HCCTEAOBAHMA KHHETHKH AHOMATBHOTO
(oTOHANp KEHHA B MNOJYNMPOBOAHHKAX C ONHOPOAHBIMH MHKPOOONACTAMH.
O603ia4as KOHLEHTPAUHIO HEPABHO BECHBIX HOCHTENEH NPH t — o B X=0) yepes
Ang,B Xx=d Angy, NOMy4YHM

t
V= Vo(l —CXP(—;)) )
rae
b-1 kT 1
Vo= Nﬁ s (any—2n,,) (10)

N — yHCTo OAHOPOAHBX MUKpooGnacTeii, k — nocrosuHas Bonsumana, q — 3apsn
3MEKTPOHA, Ng — KOHUEHTP AU TEMHOBBIX HOCHTenell. O603Ha1as KOHIEHTPAUMIO
HEPABHOBECHbX HOCHTENel 'B HaMIBHBIT MOMeut (+=0) paccmoTpenus B x=0
yepes An g B x=d Ang A penakcauun (GOTOHANPDKEHHS MONYIHM
aHanorvuHoe sepaxerue (7), rne :

Vo =N ——(an,, - An,, )

BuaHo, 4T OTIMYHE COCTOMT THILE B 20CONMIOTHEX 3HaIeHHsX (OTOHAND DKEHHS.
Anpobauus nposeneHa ans mwiedok Si. Ha pucd NPHBEACHO HEPaCTaHHe H Crial

: . V.,
doTouanpskerns npu ADH- spdexre Ans MIEHOK Si B KOOpAHHATAX In 7 OV H
L

in?2 cooTReTCTBENHO. BHAHO, 4TO TEOPHS, B OCHORHOM, NPaBHIIBHO OMHCHIBACT

IKCM EPHMEHTAN H ble AiaHHbIe 1 9T T84 C.

Heo6XoaMMbiM YyCTOBMEM CHATHS YDIOBLX JAMarpaMM  OCBELIEHWEM
KOPOTKO BOSIHOBBIM MOHOXPOMATHHECKHM CBETOM SRNACTCA YCIOBAE CUIBHOID
nomowenus kd>>1. Tnedkn HEKOTOPHX [ONYNPOBOAHHKOB TEHEPHPYIOT
3HAYUTENBHbE  (QOTOHANPDKEHUS  NpH kd<<l. Tlo3romMy onpeneneiue
mexanusmoB A ®H-adiexra METOZOM YITIOBBX UAIPAMM B ITOM ClyHac Henb3A
IPOBECTH.

H7



1.0}

0.5

Puc.4. Hapacranue |p Y _ (,) u cnan In% (+) AHOMANLHOTO GOTOHANPSKERHS B
V,-v

naenkax (N16-3, V=150 B) kpemuus

OBocHoBLIBa? ¥ oONpenenss COOTHOMEHHE CKOPOCTEH TOBEPXHOCTHOM
PEXOMOHHAUMH C MOMOMILO  OTHOLIEHHI GoToMarHMTHLIX HanpsDkeHuii Ty
OCBCIIEHAY (POHTANEHON M THOIBHBX MOBEPXHOCTEH MOKA3AHA BO3MOMHOCTH
Pzenenns mexanusmos A®H-3ddexra Ha p-n— NEPEXOAHON M aHOMan B b
nemb ep-3ddext. Anpobauwis meTonmiu nposeena as wieHok CdTe.

Tpuunnoi npusonsueli kx AGH->dpdexty B mnenkax ¢ NEPHOANY ECKU MU
p-n-p-nepexonamu AR seTCs CTOXEHHE HECHKO MI€H CH PO BaHH bIX
boToHanpsmkenuii B p-n- u n-p — nepexogax. CuUuTaercd, 4TO paiTHuYHE B
SHF{CHUAX  reHepHpPYeMOTo  (OTOHaIPMKEHMS  BOHWKAET Nu6O  u3-3a
aCAMMETPUMHOTO OCBEIIEHHS P-N- M N-p — NEPEXONOB, NGO u3-3a paznuuus
NapamMe1po s ITMX nepexonos.

HUsyuas sasmcumocts Vaon OT yrna naxesus ceeta ans naeHok CdTe,
NOY4EHHBX NOA PANTHYHBIMK YITAMU OCAKIEHUS (pucS) nokasaHo, 41O Ha
dopmuposanne A®H-3¢¢ekra BHOCAT BIan Kak paxiHuue napaMeTpos p-n- u
N-p — Nepexonos, Tak ¥ $hakTop acHMMETPHHM OCBELLLEHH .

B uerBepToii maBse B pamkax neyxcioiiHoit moaenn A®H-3ddekra
PacCMaTpHBaeTC  BOMPOC O GyHKUMM  reHepauuw, A®DH-3dbdexr B

MONYNPOBOAHHKOBEX TUIEHKAX C pP-n— nepexofaMH M nembepoBCkas Moaens
ADOH-3ddexra.



VA ! /./" \
150} d\, /° \
200} //'\.\ °\

N /r\ e \\\

S

30 60 m) 150 9,1 a.cpod

30°(1),45°(2),60° (3).

Puc.5.Yraosas sasucumocts A®H-3¢pexra ana nagnok CdTe, nosyye nHEIX nps
Pa3AHTHBIX Yraax

Pazeutan B 370# rnaBe Teopus AODH-3pdexra sensercs Teopued
doToBonETAUY eCKOTO 3ddeKTa B NONYNPOBONHHKOBEX MHOTOCHOMHBX CTPY KIypax
CYueTom KOHKpeTHOH KoH (urypaunonHoli Monenu AGH-nnexw.

Beenenue nonsma 3¢ dexTMBHOTO MuxpodoTONIEMEHTA KAET BO3MOKHOCTh
nepeliTH OT CUCTEMb! ypaBHeHUii HAITPEPLIBHOCTA K AEyM YPaBHEHHSM TIPH p-n—
NEPEXOAHOH, K oAHOMY npu aemOepOBCKON M K TpeM YpPaBHEHMSM MPH p-n-p—
NepexoAHoH MOJAENM M B COOTBETCTEYIOUIMX BHP@OKEHHSX mnepeiii  OT
CyMMHpOBaHUA GOTOHaNpmKeHHH O BCEM VEMEHTAM K NPOM3BEIAEHHIO
reHepupyeMoro ¢oToHanpsmxeHua I¢pdexTMBHEM MHKPOPOTOFIEMEHTOM Ha MX
qHo.

Pasei'ra Teopus ADH-3ddexra B nonynpoBOAHMKAX C p-N— MEPEXONAMH
(puc6). Oco6oe BHHMAHNME YAETEHO Y IMOBO#H 3aBHCHMOCTH H NOKA3EHO, YTO B ITOM
cyyae He HabnionaeTcs i Bep cHA 3HaKa (o ToHanp MxeHu A (puc. 7).

JemGepoBckuii Mexanusm A®H-3dpdexra 6um npueneded notomy, YT
Hanpaenedue AM(Jy3MOHHONO NOTOKA HEPABHOBECHLX HOCHTENEH 3apsia
onpenetser 3Hak AOH u nosromy 'npu nepexoae OT OCBEIUEHUA OLHOH rpauH
JOEeHAPHUTHBIX BLICTYNOB K OpYro#i hoToHanp sikeHue MeHseT 3uak. Ho ananumiyeciu
3TV NpeANnoNoMEHHA He G bin paspaboTanbl.



\

=
’ \\\\\\\

N
=
o
=
=
Q"

Puc.6. OcpeuxHie NAeHKA ¢ P-N-Ne pexoaaMH

V, ot.exnf

— ~N w & w
——T T 1

.
k

W6 9 1307 150 o 180°

B1=60°, B,=30°(1), By=150°, B,=120°(2).

Puc. 7. Yriiosan 3aBrcamocts A®OH-¢dexra B N0y IPOBOAHHKOBBIX [LIEHKAX € P-n
— nepexonamMu

[Mosyueno aHanumHueckoe BepakeHue Ansa APH-3ddekra ¢ nemd epoecKM
MEX aHH3MOM B 3aBUCHMMOCTH OT MOABAXMOCTell HocuTenel 3apana (b), ckopocreii
MO BEPXHOCTHLX PeKOMOUHAMY Ha OCBeILaeMOii H ThUI BHBX [PaHAX HCHAPHTOB(S,,

S;), anuuel auddy3um (L), spemenn xm3un (1), irdhduunerTa anddynu (D),
CKOpPOCTH  reHepalM (g) HEPABHOBECHBX HOCMTENeH  3apsana, udcia
MH Kpo¢oToMeMeHTOB (N), yI71a 0CBELLEHH S TUTEH KM ()

(S,S2 + D]Shd +(S| +S,)Dchd -[(bn“ + p,,)+ g,r(b+ l)]—
V= (v AT b1, r) L LL
=(v-1)
g b+l [(s,s,+D)Shd+(s,+s,)Dch"]~[(bn,,+p,,)+g,r(b+1)]—
r L L L
-gr (b+|{(s +KD{DChd+S‘Shd) D(S:—w)]

_g;r(bn{(s, +KD)L +(S, —KD(Dch‘Z+SSh L)]

x

x




T bl [(S,S +- )Sh +(S, +S,)— ]-[(bn°+p°)+g,r(b+l)]—

g b+ [(s,s e )% +(8,+5,)" ch»-] [y + )+ g,7(6+1))-

x

(12)
-g,r(bﬂ{(s +:d)(2dzd +8,5h Z)-&-—(S, —xD)]
- g,r(b+l{(s, +w) +(sz w(—ch +5,Sh L)]
sin'(B,-B,)  Sina
=g <o < 12
8 =& Sin’ B, Sin*(8, -a) mpH 0<a<p, (12a)
_ Sin*(-8,) _ Sin'a
82780 szﬁz Sin’(a—/}z) [pH Blsasn (12 8)
g23=goSin(f—a) npu B2<a <Py (120
g24=goSin (- B2) (120)

Vi3 nomyyedHOro BHIp@KEHHA CNEIYET, YTO MPH PaBEHCTBE CKOpOCTEi
NOBEPXHOCTHBX PEeKOMOMHALKMH, KOT/IA NIEHKA OCBEIIALTCA C1a00 NOMOMEEMbIM
ceeToM (1d<<1), T.e. KOAa rexepauya NPOUCXOANT IO BCeli TONIHMHE U TIPH J1H000M
COOTHOMICHHN Meimy KD u Sy aHomaizHOe (OTOHANp sDKEHUE HMEET HHBEPCUI0
3HaKa (Hopman b aAeMo ep-3didex) (puc8 a). : '

G,/ g <& Gap/ 8o
03 -8
02} 16

- b =

O,I : —12

0 | ] | } I ! ] 0
_ 40 80 120 @, rpaa /L

0,1 -1-2

0,21 -4

03 A -6
= — -
.0_.1rE -

Pitc. 8. YriioBas 3aBHCHMOCTL HOPMANLHOTO (a), anomanbHOYO (b) &t npu aepexone or
aHoMaabROro K HopmaabHomy (c) AOH- ¢ bexry



M3 obwero sepaxenus cnenyer, yto NpH OCBEIEHUH 06PaBLOB, Y KOTOPLKX
CKOPOCTH MOBEPXHOCTHBX peKOMOWHaumMM rpaHeli paBsbl (81=8,y), ciabo
rnomomaemMeM (xkd<<l, xl.<<l) cpetoM mpH BbLMONHEHHH yaiosus KkD>>S,,
(o Tonanp sxeHue pasno Hynro.

. B ciyuae A0H-3pdexra, sozumkaomem fpH  BO3}EACTBHH cnabo
TIOTIOIACMOT0  MOHOXPaMaTH4eCKOIO CBETa, KOIA@ CKOPOCTh IOBEPXHOCTHOM
peioMOMHauHK ORHOH IpaHu Gomblie CKOPOCTH IOBEPXHOCTHOI pPekoMOMHaMH
IOpyro#f W Mnpu BENIONHEHHH YCNOBHA S, S; >>KkD B ymoORBOH# 3aBMCHMOCTH He
HabMioNaeTcA MHBepCHA 3HaKA ¢oronanpmxenns B npemerax 0+180°, Te.
Habn1onaeTcs aHoman kbl nembep-adext (puc. 8 8).

W3 obmero Bepawenus ciemyer Tawke, 4o HEPEXON K OCBEILEHHIO
KOPOTKD BOJIHOBEIM MOHOXPOMATHYECKHM CBETOM MPHBOAMT K MHBEDPCHH 3HAKA
¢GoToHaNpMKEHNSA, T.e. aHOMAIBH bii Rembep-spdext CTaHOBHTCS HOPMATBHBIM.
Ilpu 310M AIHHA BOMHBI 3TOTO KOPOTKOBONHOBOIO CBETA AONMHA 6 BITH TaKkMM,
4T06 51 BLMONHAAIOCH y cloBHEe KD>S| 5. CooHowenne KD>>S arisercs KpHTEpHEM
nepexona aHoMansHOro aembep-adexra B HOpManbHbii. Panee BbmonueHue
YCIOBHS  CWIBHOTO  MOBEPXHOCTHONO  nomomeHnsa (ki>>1)  cuutanocs
AOCTaTO4HEM. PesyNIbTars! IPOBEAEHHOTO 31€Ch aHATH3A aHATHTUYECKOTO Pact eTa
NOKA3RIBAIOT, YTO 3TO Y CIOBME AR AETCA JIMIIb HEOOXOAMMBIM, HO HENO CTATOYHBIM
(pucs ¢).

Ha ociose noydesnsx BbpameHHH KaKk NPHMEP PaCCIUTaHb! 3aBHCHMOCTD
OT TOJILMHbL, JIFO KC- BOSIBTO Bast 3aBu cHMOCTH A DH-addexra (puc9, 10).

. 05 L L5 2 253 35 4 45 5 difcu gl" b4l o 3
kK "'"';; T T T T T T T T T I| ﬁ h——]. W L
25 sk
20} 6F
- 2
sk L
1.0 2
2 -
0514 1
B [ — ] 1 1 1 1
PSP . 109 10% 10® 0" 4 nap
I 2 3 4 %3 6 7 8 9 10 di cm'c
—1nA d
=107 e 20,1 (1), 5(2), 10(3
& 7=0.1 (1), 5(2), 1003)
xoae OT
Puc. 9. 3amucumocts A®H-3pgexra o “ Puc. 10. Jme,:m:pl;q);:ﬁ:aﬂ :
TOAWKLI NPH  Tepexole OT AaHOManbiore AHOM2ILHOrO menbep-

nemGep-spderta K uopmanbomy (1), 2- HOPMAILHOMY MPU PAMIHYHEIX TOMIMHAX

3asnennmocTs ADH  ortnecenmoil k  aamme "1EHEH
naenkn

22



ConocrarneHne pacieTHEX U 3KCIEPHMEHTATBHBX 3aBHcumocTeli AGH ot
TONMUHHBI TUTEHO K [TOKA3EIBAET, YTO HA MPAKTH KE P €ATH3y eTcs CITydali aHO Mal BHOTO
nembep-3tidexra 1 nepexona aHoMan Horo xemb ep-addexra B HOpMATEHLEA.

B naToii rase paccmoTpet bl 0cobexHocrd (o To BONTETaHUECKOTO 3 deKTa B
NOJTY PO BOAHHKAX € P-D-P-T€P EXOXAMH NPH HEOAHOPOJHOM O CBELSHHH.

Tlpu paccmMoTpeHHH cTydas OIHOPOAHOIO OCBemeHHA obbema oGpasua
BO3MONMbIE  (usubecisie  dddexkrsi  MOIYT  HEBBUMARIATECA.  Ilo3TOMy
doroponkranueckit  addekr B p-n-p-CIpyKlype H  COOTBETCTBEHHO B
MHOTOCTOMHON CcIpykiype m™Hia ADH-redka paccMoTpeH And ciyuas, KOrga
reHep alns HepaBHO BeCH bIX HOCHTENEN Y MEH BIIAeTCA € TOJIIMHOM.

INony4exo obiuee aHATHTHIECKD € BLIP AKEHHE

kT 1

s, cin® L., "L'!-n,,u.‘-”" L2V 2
) Ta ol Ty %

{( 1) II"L""voseh‘;""#""""" e, 2 a" 22

<
i
=
ol
5
Iy
x

‘N L h
- gl (o)qLcl - hﬁ‘l hg’l
__K’Lf,—l kL, | 1-exp(xa@,,)sec L, +1 L
0)gL o, a, '
+g,:_2(L1)qT:[KL" + exp(—x, )cos echL—. - cth-z]+ . \
0)qL,; exp(-x(e,, + @
g.z(gz)q[,,, (KL,, exp(-xo, ) +exp(~ka, )clh——cosech ) &L, ’lp,f (l n* @)
L, _

o
x ["L.: —«L,, exp(-xa,;)sech -GLL:— h ‘hL_-:]}H o } H -

(Let, Lez, @py, ©0p2- AMuHbI AMGQY 30K K TO/ILIMHBE! NEPBOiE, M BTOPO# p-06aactv p-n-
p-nepexona, U;, U, - doToHANPMKEHHA, TEHEPHPYEMBIC HA MEPBOM H BTOPOM
0apbepax COOTBETCTBEHHO) H3 KOTOPOTO KAK YaCTHbIi Cly4al BHITEKAeT, 4TO
Habntonaerca HOpMa bH bift 0 TOBOJT BTAHY ECKHA addexr, KOTOp b
X@) aKTEepPHIYIOTCA TEM, 4TO B YMOBOH 3aBHCHMOCH V pqy HaOnI0M8ETCA MHBED CHA
(puc8 a). PaccunTans! ocHOBHBE Xxapakrepuci AQOH-adpdexra mns p-n-p-
nepexoaHoii moaenu (puc.d1,12).

PaccMoTped cnyualt OQHOPOAHOTO OCBELIEHHS H OQHOPONHON FeHepaluH no
obbemy ofpasua. U3 eepameHys (13), xak yacTdbii ciydall HEpasHOMEPHOTO
OCBElLIEHMs cleayeT, 4TO NMp# PaBHOMEPHOM OCBelleHHM Oarapen W3 N p-n-p-
CIDYKIyp C HAGHTHYHLIMH P-N-H N-P-NEPEXONAMM W  KBASHHEHTD &Il bH bIMH
obnacramu GoTOHANp MHKEHK € PABHO HYJIIO.

23
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1:)“ 10 u;” 10% \—ap_
[7)]
Z=0,1 (1);1(2);7(3)

Puc.11. JIBX nopmanshoro oToBoLTaHuECKOrO adexra B GaTapee
p-n-p — nepexoa0s

qul
kT
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0 ¥ 1 Ll 1 T L] T 1 ' | T
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gi107 22, g=10%2E-
M -C CAl" - C

Pue.12. 3aucumocts nopmaabHoro $porosoasTandeckoro 3bdexra B Garapee
p-D-p — IePeXoA0B OT TOAUUHDL! MJEHOK

@,

. B cryuae, wrna L,th :L,,zh? doToHanpsKeHHe He paBHO Hymo. M3

v} 2

fOJY4€HHOIO BBIpAKECHUA CICAYET TaKkKe, 4YTO (bOTOHal'lpﬂ)KeHPIC HE HMCEET
. ®,

N w o
HHBEp CHM 3HaKa, npuyemM  npu Lh—2> L ,th 7 U, >Uu, TipH
el e2
@, @,
L, th < L,zrh-L—' U, <U, 1 po3dnkaer AOH ¢ apymm — npoTvBOTIONO 3H biM
(4] €2
3HAKOM.

Taknm ob6pazoM. B p-n-p-cTpykTvpe W cooTsercTBeHHO B A®H-maenke
HaboRaeTCs ABNEHME aHANOTHHHOE aHOMATbHOMY 3diperTy aevbepa B OAHOPOAHBX
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MOy PO BOAHHKKAX , T.€. 3HAK FEHEPHPYeMOro GoTOHanpsDReHNA He 3aBHCAT 0Ty
ocBeteHus. 10T pdekT HasBaH aHOMANEHBM GOTOBONKTandeckuM IPPeKToM B
p-n-p-cipyktype(puca8 6).

Jlanee NOKa3aHO, YTO MEPEXOX K OCBEMEHHIO CHJIEHOMOMIOLIAEMEIM
MOHOXPOMATHYECKAM CBETOM MPHBOIMT K MHBEPCHM 3Haka (OTOHAUPDICHUA B
yDioeoii 3asucumoctu AOH-3ddexra:

v =N [ 14 Bika (14)
q &Dn ..

(puc8 ¢), T.e. aHoManbHBH (OTOBONETaMueckuil 3fdexT B p-n-p-CIpy KIype
CTaHO BUTCH HOPp Mall bHBIM.

Kak npumep paccuutans JIBX u sasucumocts AQGH adpdexra OT TONIIMHEL
TUTEHKH JULA 9TOTO cyyast (puc.1!,12). N

ComocTaRiesHe pacdembX X@PAKTEPUCTHK C  IKCIEPHMEHTABHLIMH.
NaHHBRMHM MOKa3biBaE€T, 4TO Ha MpaKIMke peanu3yercd cnyuai HOpPMETHHOIO
¢$oTo BONTBETAHY ecKOTO 2ddeKTa B p-n-p-CIpy KType.

B mecroii raaBe pasBuTa Teophs (OTOVIEKIPETHONO COCTOAHHA B
ONHOPOIHBX MONYNPOBOAHHKAX, TEXHOJOTHA MOJMyHeHHs H IKCIEPUMCHTATEHLIE
HCCTENOBaHHA (OTOVIEKIpeTHOr0  cocrosmus B AQH-nurenkax  KpeMHus,
NETHPOBAHHEX CepebpoM, Npewtoskena M anpobupoBaHa METOAUKA ONpEAS! A
113p aMeTpO By PO BH &if TPUIHITAHU . )

TMoKasaHa BO3MOKHOCTh H CO3AaHa TeopHs (HOTONTEKIPETHOO COCTOSHUA B
ONHOPONHEX TMONYNPOBOJHHKAX € OeMOGEPOBCKHM MEXaHH3MOM TeHepaunu
doToHanp sxeHns. DOTOVIEKTPET TAKOTO THNA MOKET GbITh COINAH, B OTIHIHE OT
TPANHUMOHHBX, Ge3 BHEWHEro MOfis, B PE3yNsTaTe OAHOMO MHWIL OCBCGMEHUA.
[Monspuzyowmm hakropoM, B AaHHOM CTyuae, ABIASTCA paBTHIHE 1041 BH 5KHO CTe
ATEKTPOHOB M ABPOK. '

POTOVEKTpETHOE COCTOSHHE B ONHOPONHBX MHKPOGOTOINEMEHTAX HA
ocose 3(ipexra [emGepa Habaionaerca npH HEONHOPOAHOH G0N FPHOM
reHepal VEKTPOHHO-ABPOYHBX N3, MOCIEIYIOUIEro UX paAEteHHd 3a Cier
PaVIMYUA TOABARHOCTEH FIEKTPOHOB M ABPOK W MPWIMNAHMA HEPABHOBECHBKX
HocuTenell 3apsna Ha myGowue ypoeHH. CyMMHpOBaHHE (0 TO T eKTP STH bKX
HanpskeHWii B MHOTOCIOHHOH CIpYyKType NPHBOAHT K HX Cy ILIECTBEHHbIM
3Ha4 CHUAM.

Pelas KMHETHYECKDE YPAaBHEHHE H HaxoAd [eMOEPOBCKOE HANpmieHHe
MHTErPUPOBaHHEM HanpskeHHOCTH nona [lembepa, monyueH 3aKOH 3aTyXanus,
KOTOp b B NpoCTEilIeM Cy4ae HMEET IKCIIOHeH LU AT BHBI BUA:

V= N—’ié—_—l-An,, exp(-7.//7,7'). (15)

gn, b+1

rne ‘T-BpeMs JiM3HH CBOOOMHOTO HOCHTENA,T— BPEMA XM3HH HOCHTENA Ha
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JIOKATBHOM YPOBHE, , T, — Bp€Ms 3aX BaTa Ha Y PO BeHb NPTHIGHHA.

lloxazano, 910 Ana HabmioneHHs (OTOVEKIPETHOTO COCIOSMHHA, BPEMS
3arpauMBaeMoe Ha noboit npollece, MPHBOAMIMY K yBEUYEHHIO KOHLIEHTPEHH
HEOCHOBHBKX Ha ypOBHE NMPWIMNAHMA AONAHO OBTh HaMHOTO MEHHIIE BpEMeHU
moboro  Apouecca MNPHEOAMMIET0 K pexoMOMHauuu., [lpd HaIHYMM B
TIONIYNIPOBOAHHKE HECKONBKHX KaHATOB yOBBaHHA KOHLEHIPALWM NOTHOE Bpems
%U3HK CBOGOJHOTO HEOCHOBHOTO HOCHTEIA MEHBUIE HAMMEHBIIETO M3 BPEMEH
MU 3HH, COOTBETCTEY IOUIEN0 KAXNAOMY KAHATY.

TlpuBenena TeXHONMOMMA NOAYYEHHS 1AEHOK C  (JOTONEKIPETHBM
COCTO SIHUEM: TEp MHIECKUM UCTIapeHneM Ag U3 amyHRoporo ¥ Siu3 murens BeO B
BaKyy Me 10° mm PT.CT., TNPeHMyUIECTBEHHO HAa CreKIsHHBIC TOMIOKKHI,
MpeNBAPUTENBHO 00paboTaHHEe B AUCTIWUIHPOBAHHON BOJE, aETOHE, CITHPTE H
NpOCY LICHHEBIC HA BO3AYXE W MpoTpeTLie B Bakyyme Ao 300°C. Turenb Harpesancs
nxoynesbM TemnaoM. [lomnoiem HarpesaloTcs meykod BMOHTHPOBAHHON B
NOANIOXKOACP HaTeNb. B nomnosaonepiarene ycraHowieHHOM HampoOTUB THIIIEHR
noMemaercs 7.8 nomnoxex, u oH BpaliaeTcs OT OAHOIO THUrensd K APYromy
CrieUHan EHO¥ pyd Koif. )

Ha crewisHuyio nommoxay, Haxopmmyiocs noa ymoM 45° OTHOGATE! HHO
Hopmaitu pasmepoM 510 MM’ npu TeMilepalypax BapHalMs KOTOPEK HaxOOUTCH B
nepeaenax 100:400°C nanvmsin Ag B Teuenne 5-10 c. Macca nanbmsemoit
TPHMECH NpH NMOMCKE OTITHMAN BHOH Macch! JlerupyoLIelf MpUMecH HaxoIMIoCh B
npenenax 001+020 oT maccel ocHoBHoro Bemectsa. Jlatee Temmepatypy
TIOJIONIHN M COOTBETCTBEHHO MUIEHKH MOAHUMATY O ONTUMATHHOMN TeMnep aTyphl,
¥ Tpn 31OM npoucxoauna auddysus Ag B Si. Haubonee onmmimansHoii

TeMnepaty poit okasanacs 350°C. Onmumaniioe Bpems nposexeHus Auddy mu mpu
350°C okasanoce parHEM 5 MuH.

Jina nposenexus M3MepeHuii NOMYUEHHHIM [UIEHKAM HAHOCHIH OMHUECKHE
KOHTAKTEI: OGBMHO 310 Ag WiH Qu, HaHECEHHbIC B CPABHMTETBHO HH3KOM Bakyy Me
WIH CepEGpsHas MacTa; B OCHOBHOM B KAYECTBE KDHTAKTO B MCIION 63y ETCA aKBalar.

Ipu 310M, B culy GONHINX 3HaY eHuit $OTOVMEKTPETHBIX HANPDHKEHHI KOHTAKTB
HE BUATH Ha X 3P aKTEPUCTH KN TUTEHOK.

Tnenka moaKIIONaEICAs K WIEKIPOMeTpy M OCBEWAETCA GelblM CBETOM B
TeieHHe HeckonbkX MUHYT. [locne Takodt  QoTonmomApH3auMy  1EKIPOBb!
3aKOPEFHBATHCh HA 3EMITI0, ¥ MNEHKA HECKDABKD MHHYT HaXOOWIaCh B TEMHOTE.
Koraa onun u3 anexiponos noniouaercs x A EKTPOCTATUH ECKOMY BOJIETMETDPY, B
HeM noAmIWIOCh  (OTOVEKIPETHOE  HanpskeHue, 3HAYEHHE KOTOPOTO,
YBUTHUMBAACE €O EBPEMCHEM, NOCIMIaeT MakcuMyMa W JAaiee HaiHHaeTes
MELJICHHAA P &TaKCaHsl ITOTO HaNp shHKEHHSI.

Benuunnamy, xapaxrepuayommm, ¢doToINeKIpeTHOE COCTOAHHE ARNOTCA,
ans Qusmin 3moro 3ddexra, 3HaueHue $OTOVEKTPSTHOTO HANpPKEHUA H
X@PAKTEPHCTHYECKOE BPEMA HM3HH HEPABHOBECHBIX HocuTeNell 3apana; 8 nuaHe
BO3MO¥HbX NPHMEHEHHUH ONATL-TAKY MaKCHMai LHOE 3Ha4eHue (0 TO A eKTPETHOTO
Hanp sDKEHUA U BD eMsl P&1aKCALHMY 3TOTO Halp KEHUS.



Hns nnenox Si:Ag MakcHManBHoOe 3HaTeHHe Vooyr250 B, Bpema perakcaumu
~220 Muu, BpeMs HU3HH HEPABRHO BECHbIK HOcuTen el 40+47 ¢ (puc.l3).
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Puc, 13. Penaxcauus GOTONICKTPETHOr0 HANPAREANSA B INIEHKAX SiiAg

1F 2

| — o ° [ [} * -
=l

Ik

i 1

= [ . ° * —
3 1

| I [} 1 1 1 1 1 1 L
3 gl 2

V=160 B(1),200 B(2)
Puc.14. Hzoonaku gotononapusannn nienox Si: Ag
Usyuerne 3asucumoctu €g(/t) ot fg/ nokasbiBaer, 4TO 3aKOH B3aHMO-
3aMECTHMO CTH LTS TUTEHO K S, 1ErHpOBaHH B CepefPOM NPaKTHY ECKM BBHIOTHAETCH
B MccnenoBaHHbX 06/12CTAX HHTEHCHBHOCTEN cBeTa (/) B BpeMenH (1) (puc.14).

[lpy ocBewleHWH B MieHKax KpeMHHS BO3CYMAIOTCA HEPABHO BECH bie
HOCHTE/M 38pAna, ¥ 4acTb U3 HHX OcCenaeT Ha mMyGOKMX YPOBHSX, COIMABACMBIX
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npumecsiMu cepebpa. Ilocte BbIKIIOYEHHA CBETa MPOMCKOIMT TEIIOBAA FeHepauHs
HoCHTeN e, JIO KAM30BaHHEIX Ha ITHX YPOBHSX .

IloxasaHo, 410 NO TemmeparypHol 3aBHCHMOCTH EBPEMEHH pelaKcaluy
GOTONMEKTPETHOTO  HAMPDKEHUS, XaPAKTEPHCTUYECKOTO BPEMEHH pelaKcalyH
BHOMATBHOIO (OTOHANDKCHHA B HENETMPOBAHHLIX [UIEHKAX CHATBLIX, Kak
MUHHMYyM, TpH ABYX D@3NHYHBKX TeMIIEpaTypax MOMHO ONMPEASTHUTH 3HEPTHIO
aKTY BaLUH 1 KOHLIEHTP ALHIO NIPYMeCceH.

3TMM METOIOM, NO-BUAMMOMY, MOMHO TAIOKE ONPEAENHUTL MapameTpb!
ypoeHeii MpHiunaHus B ofpasuax, B KOTOPLX OTCYTCTBYeT (GOTOIEKIpeTHOE
COCTOSHHE, HO OIMYTHMB! BIHSHHA MyOomX YpoBHell Ha pelakcauWOHHBD
npotiece.

Taxum obpasom, napamerps! yporiel ONpEAENSIOTCS UMEHHO C NOMOIIHO
3dpexra, k KOTOPOMY 3TH YPOBHH NPUBOAST. JTO NAET BO3MOMHOCTE, B 1GHHOM
cny4dae, HCKTIOUEHHA Cy4aeB MPUNHCKA TOrO WIW MHOIO SRNAHMA K YPOBHAM, 32
KOTOP bl OHH HEOTBETCTREHH bI.

YcraHORTEHO, 4T0 B MNeHkax KpemHMs (OTOVEKTPETHOE COCTOAHME
C03[12€TCA MPHMECAMH cepebpa 3HepruaMu akuBauku E-~0,33B 1 KoHuenTpauueit
102 M3, ,

B cenbmoii rmase pasEuTa Teopus (OTONIEKIPETHOIO COCTOSHHA B p-n-

NIEPEXOAHBKX CTpYKTypax ¢ AByMs riTy6orkiMM ypoBHAMH, TEX HOMOTHA TIOMyYeHHS,
IKCTIEPUMEHTANEHBIC HCUTENOBaHHA (OTOMEKIPETHOIO COCTOSHMS, METOAMKA
onpeacieHns nap aMeTpoB yposHeit npununaius A PH-nnedok Tennypuaa kaamus,
JIETHPOBaHHBKX CepebpoMm.
' DoToEKIpeTHOE COCIOMHHE 0€3 BHEWHEro MONAPH3YIONIEr0 nojs
HADMIONAICA B INIEHKAX PANA MOYNPOBONHHKOB TEHEPUPYIOLMX EHOMANTBHO-
Oonuune QOTOHaIPAKEHHA, NPUYEM B IUIEHKAX OOHHX MOMYNPOBONHHIDB
penakcaind GOTOHaNpMKEHUS NPOMCXOOMT C OIHUM XapAKTEPHUCTHYECKAM
BpEMeHeM penakcanud, B Apyrux asyma [11-14]. [Jina o6bacHedus 3mux
IKCIEPUMCHTAIBHBIX PE3YABTATOB, a Taioke A JAaTbHEHLIEr0 PasBHTHA TEOPHK
[11] norasana Bo3mMonw0CTs M paspaioTana TeopHs (OTOVIEKTPETHOTO COCTOSHH
BP-N-NMEPEXOAHBX CTPY KTypax € By MA Iy60oKIMH Y PO BH MM .

Pemas cucreMy MKMHETMYECKMX ypamieHuil, NONyueH 3aKOH 3aTyXaHuA.
TNoxasano, 410 B 4aCTHOM Cy4ae 3aBUCHMOCTh (POTOHAIPDKEHHS OT BPEMEHH, B
OCHOBHOM, ONIHCELIBAETCS BbIP AEHHEM

V=Vyiexp(-t/t* )+ Vpexp(-t/1¥ ) (16)
rae Vo, T,. » Voz, T; - MakCHMan i bte GOTOVIEKTPETHEIE HANPDKEHHA U BpeMeHa

pelaKcauuyu CBi3aHHbIE C MEPBLIM M BIOPLIMM YpOBHAMH. Paspalotana u

anpobupoBaHa METONMKA ONPEAENEHUS IMX BETHYMH (O PElaKCAMOHHbIM
KPHBLIM.

Onpenenebl yenorus, npu wTopbx B GopMUPOBaHUH (O TOIEKTPETHOTO
HaMPMKEHNS y4acTBYIOT 062 YpOBHA U YCIOBUS, NPH KOTOPLIX (JOTO EKTp ETHOE
CocTosH1E 06y CTOBTEHO TONTbKD OAHMM ypoBreM. Korma pems #ui3uu aexpona
Ha JIOKANLHOM YPOBHE, OOJNbUIE BPEMEHH HM3HU CBOGOAHOIO EKTPOHa,
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onpexensemoro pekoMOHHaIHEH, yX0IOM U3 p-n — 061aCTH B KOTAA 3TH BIHYHHBI
(oTaen®HO E3ATHIE) MPEBLILAIOT BDEMs 3aXBATA HA YPOBEHb NPWIKNAHKS, TO ITOT

YPOBEHb Y4acTByT B CO3AEHHH (OTONIECKIPETHOFO COCTOSHUA. Eciu 310 yonomie
" BBOIONIHSETCH Aig 060MX yposHeli AByXypoOBHEeBoi CHCTeMEL, TO B GOpMHPOBaHUH
(doToANeKIPETHOTO COCTOAHMA Y4acTBYIOT 06a ypomHa. IIpu BbIONHEHHH 3TOTO
YCI0BAS TOJBKO A1 OAHOIO YPOEHS (OTONIEKIpeTHOE coCTOMHMeE 06y UToRIEHO
TOJIBKO ONHMM YpDOBHEM, XOTH CHCTEMa HByXypoBHesad. JloKamH30OBaHHEIE Ha
MIaCCHBHOM YPOBHE HOCHTEIH 3apANa MPaKTHYECKH He RIHMOT Ha KAHETUKY
o TOHANp sHKEHHA U HE IPUBOAAT K (O TOIEKTP ETHOMY €O CTO SHHIO.

BeGop wmarepHana uccnerosanus oOyciomleH TeM, 4TO IA IVICHOK
Te/UTypHAa KaiMHU A NPUHAT p-n-nepexonxoi MexannsM AOH-3¢dexra u 10,910 B
cicreme CdTe:Ag 6bto oGHapyxieHo ¢orouexiperioe cocrosmue [13, 14],
KOTOpoe Xopowo ©OObscHAETCA pasBUTOR 31ech Teopuedl (OTOIEKIPETHOTO
COCTOSHUSA B P-n-NMEPEXOAHLX CIPYKTypax ¢ AByMs myGowumu yposdsvu. Ho,
OTCYTCTBHE, K COXANEHHI0, HEKOTOPhX 3KCHEPUMEHTANBHBLX MHaHHBX, HeE
no3B0WI0 o6oliTHCL €3 BOCTPOM3BEACHHA U PasPabOTKH TEXHONOTHH MOMyYeHHs
medok CdTe:Ag ¢ (GOTOWIEKIPETHBIM COCTOSHHEM, HPOBCACHUS H3MEPeHHil
PEMaKCAHOHH bIX X2PAKTEPHCTHK [PH PaTAYHLX TEMIIEPATYpax M KOHIIEH TP aldaX
npumeceii. [IpuseneHa TexHonors nonydesns mwiedok CdTe u nerwposanus
cepedpoM. OnpeneneHbl ONTUMANBHBIE PEXMMBL, NP KOTOPHX A0 BBAOTCH

NOCTaRMECHHbIC LIEMH.
LV, B—

Nel2-4 (1), 2[14]

Puc.15. Penaxcanus $poTodae KT peTHOro nanpsxenus B i nkax CdTe:Ag

MeTtoaHKa M3MEP EHUI Takas ke, KaK M B Gy 4ae MO €40 BaH NS M eHoK Si:Ag.

Ha ocHoBe nOCIpOEHHBLIX  HM300NAK  MOJKHO 3aKIIOUMTL, YTO 3aKOH
B3aMMO3aMECTHMOCTY, HEOOXOAMMOE M NOCTaTOYHOEe AnA  (POTOTEKTPETHOTO
cocrosHus Brnedkax CdTe:Ag sbmonHsercs.

Penakcaunonnas  KpHBas, MNPUBEACHHAT B MOMYJNOrapH(MUYECKUX
KOOpAMHATaX COCTOMT W3 NByX INHEHHbX YuacTO B (puc.l15). Hauan sibit yyactok,
rae GOTOMEKTPETHOE HANPDKEHHE NaNaeT CPaBHHTENLHO GLICTPO, COOTBETCTBY €T
Oonec MEIKOMY VpPOBHIO K ORNWCLIBACTCA. B OCHOBHOM, MEPBLIM ClaraeMbiM
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BEpKeHUA (16), XOT4 B PETaKCallHOHHOM TPOLIECCE Y4 ACTBY €T H BTOPOi YPOBEHb
ero BKal Bo6uiee GOTOIEKTP ETHOE HANP HKEHHE CP ABHHUTEN BHO MEHblLIE IEPBOTO.
Taxas CHTyauus MPONONXKAETCA N0 t = 7,, HAYMHAAL C KOTOpOro BKial obomx
ypoEHe#i onHOTO nopsaka (nepexomHad o6nacrs). Jlanee KOHUEHTPauns
HEPABHOBECHBX HOCHTENEH 32psa, IreHEpPHpyeMble TEIUIOM CO BIOPOIO YPOBHS
Gonuie, ueM ¢ neprOTO; KPHBas NEPEXOANT Ha BIOPYIO MPpAMYIO MV onpeaenserca
BTOPEIM Cl1araeMbiM B axenus (16).

Onpenenenbt 0CHO BHbIE X 3DAKTEPHCTH KA PEIAKCALMOHHOTO mpoliecca: Vo, =
54 B,V =16 B, 1) ~ 12 MHH, T, ~ 42 MuH.

Hanee npeamaractcs MeToAMKa ONpeneneHds NapamMeTpoB YpOmied
NpWIANZHKA Ha OCHOBE M3yUeHH s P &TaKCAlHOHHBX X apakrepHcTu k A DPH-3¢dexra
¥ (OTONEKIPETHOTO HANPSKEHMUS, KAK MHHHMYM DA IBYX TeMnepatypax B p-n-
MEPEXONHBIK CTIPY KTy pax ¢ By M [Ty GO KiMH YPOBHAMU.

Tak, Halinensoe 3HaueHHWe 3HEDIMHM aKMBAUMM NEPBOTO YPOEHA PABHO
Es 1,18 3B, a wuuentpauus npumeceli Mi=35 -10'® cM>. Sueprust akmvBauuu
mpomgpomn okasanoch paeHoii Es135 3B, a wHueHTpauMa npHMeced
M=210"cm?.

B Bo:MDii mmaBe paccMaTpuBAIOTCA BOMPOCH! PACHIMPEHHs BO3MOJMHEBX
npumMerenuii A DH-nnenok.

3aua4a cO3NEHMA NaTIMKA MAarHHTHOTO TONA NpHBENa K paspaboTke
TCXHONIOMMK noNydeHus, akmiBauHd ADMH-mIeHOK W 9KCTIep HMEHTAIEHOMY
Heatenosannto xapakrepactuk A @MH- addexra B ITHX TUTeHKaX .

Jinst ymebllienus CKOPOCTM NOBEPXHOCTHOM pekoMOMHAUMM, a 3HEYHT H
MOTEPH Ha pekoMOMHAUMIO, MPOBEAEHA aKTWBALMS NMPUNOBEPXHOCTHBX oGnacrei
oKpyxaiomux 3¥pxa nnenok CdTe, nernpoeanneM KpeMmHHEM, MCIONBZYS TO
OOCTOATEN bCTBO, 4TO KOIDGULHMEHT AUy 3MM NPHMECHBX ATOMOB MO TPaHKUAM
3¢ped HaMHOIO Gonbille yem no ofbemy. B BakyyMe /s HaNbBReHHs TENUTypUaa
kanMus H KpEMHUA yCTaHORIEHE Ba THrend. CHatana Ha MOANOKKY Ocaxiaerca
KpemHuii, a 3ateM B TevenHe 40 mun. CdTe. [Tocie 3T0r0 Temneparypa NOLIONEK
nogaumanace 10 240°C (onTMMan BHas TeMnepaTypa aKkTU BaUMK) W J1epkanach ~20
MHMH. 01 ocyluecTBieHUs Auddys3nH KpeMHHS B TASHKY TeljypHAa KAIMHA.
BeisicHeno, uTo HanGonee onmaman b B sierca 0,2+0,5% Maccs! J1erupyiome
NpUMecH KpEMHH S OT MacChl TeTypyaa KaaMH . A KTH BUpO BaHH bie A @ MH-mnex m
CdTe reHepupyioT (oTOMAarHHUTHbLIE HanMpsHKeHWA KaK NHHEHHO 3aBHCAlME OT
HHTCHCYBHOCTH CBETA, TaK M uMeiolme cyOnuHeiiHyio obGnacts M obnacts ¢
HaCBILUICHHEM. 3P CTeA-BONLTOBLIE XaDAKTEPUCTHKH aKTHBHpOBaHHbX AOMH-
mienok CdTe umetor nuuelinbit xapakrep. MaruuTouy scrBUTenEHOCTE ADMH-
mwiesok Cd Te noxoaunano 6 MB/3.

Tawim of0pasom, ¢ NOMOIKO AKTMBALMH OCHOBAHHOM Ha OC0GEHHOCTIX
mbdy3uu B NOJHIPUCTAHYECCKUX  CIPYKTypaX  MOMHO  YBETHUHMTL
MarHuTouy BCTBM Ten bHoCTh A D MH -nneriok Cd Te.

Bbico kast yy BCTBHTEN BHO CTh, IMHEAHOCT 3P CTEM- BOJIBTO BbIX XaPaKTEPHUCTHK
TNIO3BOAKNH, NOCTPOUT AATYMK MArHUTHOTO TONA HA OCHO BE MONYUYEHHbX TUIEHOK.
MMpy 310M 6 BITH MCNON K30 BAH BI N1 €H KU, J1£0 KC~ BOJI 5TO Bast X@paKTEepHCTH Ka KO TOP biX
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6LICTPO BBXONMT Ha HacEUIEHHE, YTO obecnieanBacT HeTy BCTEMTENRHOCTE 3THX
OaTIK KO B K M3MEH EHHIO O CBELIEHHOCTH.

Bem mocipoed Taloke AaTHMK NepememeHuil. B pamkax 3todf 3anaum
OCHOBHOE Y GIIHE OBIIO HaNPARIEHO HE TONBKD HA MOMydeHHE IUTEHOK C BEICO KM
A®H, HO ¥ Ha TO, 4T06b OH GBI PaBHOMEPHO pacnipeneled Ha BCEM ydacTke
MEQI EKTPOJIHOTO PacCTOAHHA. TEXHONOTHS MOMyueHHS TNEHOK ¢ PABHOMEPHOI
TonmuHoH onucada B miIl. [TocTpoeHHEl NatIMK MMeeT NMUHEHHbBE CHIHAT Ha
BBIXOZI€, Wy BCTBUTRTEHOCTE 25 B/MM H MpOCTa 10 KOHCIPY KUKH.

Ha ocuose usyueHus (OTOVEKIPETHBX CBOVCTB INEHOK KPEMHHA H
TEUTypHla KaAMMS, NETHPOBAHHBKX CepeGPOM MOCIPOEHHI ABA THNA ATEMEHTOB
TMaMATH: JIEMEHT NaMATH CBETa H J1EMEHT NaMATH 1 eKTp U4 eCKO 10 NOM AL

[Toxasana BO3MOKHOCT ONPEIEACHHS YPOBH A ¥HAKOCTEH ¢ oMo ursto A DH-
MIeHO K

3.3AKJIIOYEHUE

1. Hconenosanbl M anpoOGHPOBAHBI TEXHONOIMYECKHE METOAB COJIAHMA
NOJIy NPOBOAHHKDBLX IUTEHOK, obGnanaoumx A®H- addextoM, nozsonmoume
MosTyaTh CIPY KTyp bl C BbICO KD# OXHOPOAHOCTHIO 710 TOJILMHE, BOCIPOA3BOAUMbIE
110 CBOHM X3PaKTEPHCTH Kam H 0banaiowwye BLICO KO MarHATOqY BCTBH T BHO CTHIO.

2. [lpewtoxen u anpoGHPOBAH METOX ONpeENEN eHus X 2D aKTEP HCTHY ECKUX
MHKpOMZPAMETPOB MIEHOK C MOMOLIKO CHCKTPANbHLIX 3aBHcHMOCTeH ADH- u
A®DMH- 3¢dekros.

3. Halinedo  ananumiyeckoe  BHP@KEHME INA  PAaChp e eHUS
KO OO CAJMII CHHBX TUIEHOK 10 TOJILUHHE, Y CTaH aRTH BAIOIIEE CBS3b MEMNLY TONNMHOMN
M MECTOHaXOMJIEHHEM paccMaTpuBaeModi TOMKM TieHiM. [lokasaHo, 49TO
pacnpeaenenie TOMWMHLI OCANUIAEMOH IUIEHKH OYeHb YYBCTBHTENEHO K yMIy
OTIOHEHHA TOMNOKKA OT HOpManu. C  yBelUYeHUEM ymia OTKIOHEHMS
YBETHYMBACTCA MAKCHMATLHOE 3HZMEHHE TONUIMHBL, MAKCHMYyM TONILUHHbI
CABMracTCs B CTOPOHY OONBUMX 3HAYEHWH [UIMHEI MOLNOXM; HEpYIAeTcs
CHMMETPHA O THOCH TENTHBHO MAKCH M&T BHOTO 3Ha4 €HH A TONLUMH b,

4. Hcoremosanue creKIpanibX  3apucumocreli  AGH-  sddexra
O3B0 RET ONPEAETHTL MEXAHU3MbI M BLIOOP MONETH JUIs OMKCaHHA HaBMIONaeMBIX
ARN EHUiA,

5. ToxasaHo, 4TO onpeneieHne COOTHOIEHH S CKOpOCTeH 110 BEPXHOCTHOIA
pexoMGHHaUMK ocBetlaeMOH M THLITLHBIX MOBEPXHOCTEH C mMomomno ADMH-
dpdexta B obnacn kd<<laaer BO3MOKHOCTb paziencHMs MexaHusmos A DH-
- 3thdexra nap-n- nepexonHoH 1 aHOMANbHbIL AeMbep- 3ddexr.

6. Tokasano, yt0 Ha Qopmuposaiie ADH-apdexra B meniax CdTe
BHOCAT BRIl KaKk paxiM4Yhe NMapameTpoB p-N- H N-p-Nepexonos, Tak H (aktop



aCHMMETDHM OCBElICHHA, B ODIHYME OT M3BECTHBX pabOT, B KTOphX AGH
o6bsacHsm e NKu60 neproii, 1MG0 BIOpO# MPUUHHOIA;

7.  YcraHORTEHO, YTO KMHETVKA HEDACTAHHA W CMaNa aHOMalBHOMO
(oTOHaNpsDKEHMA B NOMYNPOBOAHMKAX C  OZHOPOAHBIMM Mu KpooBnacTamu
OMWCBHIBAIOTCA BEP WKEHUAMH, HICHTHYHBIMH BB DKEHHAM JUTA p-N- NEPEXONOB,
OTIHIA%Ch JIHII b 3 COJIIOTH BIMH 3HEY GHUSAMH.

8. Tlomyyeso aHaIMTHYECKDE BBPAKEHHE JUIA  TEHEPUPYEMOTO
2HOMATEHOFO (OTOHANpsKEHHA C P-D- NEPEXOAHBLIM MEXaHH3MOM, U3 KOTOPOIO, B
HacTHOCTH, caenyer, uTo B ymoro# 3asuciMmocy ADH- addexra otcyrterey er
HHBEPCHA 3HAKa Kak Npu ocBeuwleHHH OeNbM, TaKk M NPH MOHOXPOMATHY ECKHM
CEETOM M3 06/1aCTH CHILHOTO 110 BEDXHOCTHOTO MO MIOLIEHUS.

9. PapaboTana Teopus AGH- apdexra c 1eMOEPOBCKM MEXaHH3MOM B
NONYMPOEOAHUKXOBEK TUeHkax. OQcofoe BHHMaHHE YAE1€HO TEOPHU YITIOBOf
3aeucuMocn AQH kax ocHomuol xapaxtepuciiu A DH-3ddexra, Bsumy
OTCY TCTBHA TakOBOH B mpeabyymwX pafoTax, XOTd MMEIOTCH MHOTOYHCIEHHbIE
SKCTIEPUMEHTAN BHEIE JaHHbie. [Tonyueno ofliee aHAIUTHHECKDE BBPAKEHUE, M3
KOTOPOIO KaK 4YacTHuii CTyyali nONy4aOTCH HOPMATEHLIA, aHOMATBHBH Ziemb ep-
addexrrr. IMoxasano, uto Ans peanu3auvy NOCTEAHEr0 MpPH OCBEIMIEHHH CBETOM
ctaboro nomomenns, TeHepauHy HEepaBHOBECHLIX HOCHTENEH Mo BceMy obbemy
(sd<<], KL<<1) nomiato BbmONHATECS H yaTORME KD<<S, KOTOPOE ARIAETCA Gonee
JECTKHM H 3aBHCHMEIM OT KOHKPETHBIX NapaMeTpoB mieHid. [TokasaHo, u1o npu
TIEPEXOKE K OCBELIEHHIO CANBHO NOMOILEEMbIM MOHOXPOMATHYECKUM HIIy4eHNneM
aHOMTEH I Nembep-3idexT mepexonuT B HopMan b bii. [10KA3aHO, 4TO MPH ITOM
JONAHO BHIIONHATECA He TONLKO KI>>1, KL>>1, KOTOpHE paHee CHUTATHCH
AOCTaTouHEMH, HO M KD>>S, KOTOpbSi ABAACTCA Gonee HECTKHM U CBAIAHHEIM C
KOH KD €THBIMH TapaMeTp aMH TUTEHKH.

10.  TMokasano,uTo B p-n-p-cipykrype u ADH-néH ke ¢ p-n-p-nepexonamu
Habn1onaerca ABNEHUE, aHalorHuHOe aHomansHoMy dbdexry nembepa B
OLHOPOAHBEX MOMYNPOBOAHMKAX, T.6. 3HAK FEHEPHUPYeMOTO (OTOHANDLKCHHS He
33BHCAT OT yma oceewleHHs. 10T JpJEKT HassaH  aHOMATBHLIM
¢oToBonsTaHueCKMM SddexToM B p-n-p-cipykiype n AQ®H-mnéike. Momyueno
SHATHTHYCeCKDEe BhpaxeHHE w1 GOTOHanpsKeHHs B p-n-p-Cipykrype n ADH-
MIEHKe C p-n-p-nepexofavy NpPH HEONHOPOAHOM OCBEUEHMH, H3 KOTOPOTO B
HaCTHOM <Clyyae MONyYaOTCs HOPMATBHbLE, aHOMalkHbiE (OTOBOMNLTAUYECKHE
addexrst u mepexon anoman OO (o TO BONETaKY eCKOTO 3¢ipeKTa B HOPMATBH B B
Cly43e CHNBHOIO MOBEPXHOCTHOIO MOMIONIEHHs CBETA, 10 BEPXHOCTHOM reHepaunH
HEPABHOBECHBIX HOCHTeeH, OOBACHAOWAA IKCIIEPUMEHTANEHEIE PE3YNETaThi
(ymoeyio 3aBucumocrs A®H-3ddexra, JIBX, 3asucumocts AOH oT ToALMHE) B
CdTe, B 0mHuKe OT ApymX paboT, B KOTOPLX MONHOCTLIO OTCY TCTBO BATH TEOPUH
ymosoi 3aeucumocTd A DH-3¢dekra; JIBX Gbu1a nuHeAHOM.
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11. Tloxasasa BO3MOXHOCTE O6pacOBAHHS M  Co3qana TEOPHA
(O TOMEKTPETHOTO COCTOSHHSA B NOMYNPOBOAHHKAX C neMOEpOBCKHM MeX aHH3MO M
reHepaiiy (OTOHANPSDKEHUS, II€ NONAPUIYIOWMM (PAKTOPOM BN seTCA paznuaue
TIOABHOCTEH WEKTPOHOB H JLPOK, H B P-N- NEPEXOAHBX CIPYKIypax C AByMs
my6oximu ypoBHAMM. BoiicHeHa pofb Kax@moro ypomHs B ¢opmMupo BaHMH
doToanextperoro Hanpsorenus. IMokasano, 4o doToAMeKTpemoOe Hanp ;oKeHU e
peTakcupy T ¢ 1By M X 3DAKTEPHUCTUY ECKHMH BpeMenamu. Hauan b yuactok, rae
(oToaMeKIpeTHOE HANDMKCHHE NMANaET CPABHMTENEHO 6HICTPO, COOTBETCTBY €T
Gonee men oMy YpoBuio. Jlanee KOHLEHTPAUKMS HepaBHOBECH bIX HOCHTeNCH 3@ ana,
reHepHpyembie TEIIOM 00 BIOPOTO ypOoRds GOnulle 4YeM C MEPBOMO W
GO TOVTEKTP €THO € HANP DICHHE ONP EAETHETCA BTOPHIM - Gonee IMy60 KM ypORHEM;
HalfileHbl KDUTEPHH YYaCTHA KKOOIO YPOBHS B COZAAHHM ¢oTomexIpemoro
Halp SRSHH ; 10 XA33HO, 4TO KDIAA BPeMA HH3HU VIEKTPOHA Ha JIO KA BHOM YPOEHE,
Gonnie EpeMeny »u3uH CBOGOMHOTO ATEKTPOHaE, onpeaengemMoro pexoMoHHaMei,
YXOAOM H3 p-n — 00NaCTH H KOTAA 3TH BETHUMHBI (OTASNEHO B3SITBHIE) NP ERLOLAIOT
BpEMs 3aXBaTa Ha YPOBCHb NPMIHNAHNA, TO 3TOT YPOBEHDb YHaCTBy €T B 00 JAAHHH
¢oToanektpemoro cocrosmui. Ectn 310 ychomve BemMONHZETCA A 060MHX
ypoEHeli [ByXypOBHEEROW CHCTeMBl, TO B (OpMMpOBaHMM doToanexTpemoro
COCTOSHH 1 YUacTBy 10T 06a yporia. [IpH BeNMONHEHHH FTOTO YCIOBHS TOJIBKO IJIA
ONHOTO yYPOBHA (OTOFEKIPETHOE COCTOSHHE OOYCIOBIEHO TONBKD ONHHM
YPOEHEM, XOTH CHCTEMa ABYXypOEHeBad. JIo KaTu30 BaHHBIE Ha NaccH BHOM ypoBHe
HOCHTENH 33psia MPaKTMUeCkM HE BNUSIOT HA KMHETHKY (OTOHANDMKEHHS U He
MPHBOASAT K GOTOVTEKTPETHOMY COCTOHHIO. '

TToxasano, 470 Bpems, 3aTpauuBaemoe Ha nobok mpouecc, OpUBOASIHMI K
YBETHYEHNIO KOHUCHTPAUHH VIEKTPOHOB (ABPOK) HA AKIENTOPHOM (moxopHO M)
YPOBHE, NONHHO GBITh HAMHOIO MEHBILE BPEMEHH J11060T0 npouecca TPHEBOASILENO

KpexomOHHauuu.
12. Halimenw TexHOMOIWYECKHE pexaiMel - nosydenus AOH-mneok Si u
CdTe, nopencTeom nempoBaHus Ag NOCTAaTOYHON KOHLEHTP ALK (~10'

cm”® Ag B Si, ~10', ~10” oM® Ag B CdTe), nozsonsiomme peanusauum
doToaexpeoro cocosHMA G e3 RHEIHEro NONAPH3YIOWEro Nofis.

Mokazano, uto B nermposainex A®PH- iwnenkax KpEeMHHS M Tenypuaa
KaaMHS BBIOIHAETCA obM3arenHbii ANd (GOTOVTEKTPETHOMO COCTOAHHMA 3AKOH
B3aH MO3aMECTHMOCTH.

13. Tpeanoxesa MeToAHka onpenencHus SHEPIUH  2KTWBAUMM W
KoHUEHTpauuH npumeceil B AOH - menkax ¢ aeM6epoECckIM MEXaHH3MOM H Bp-n-
NEPXONHBX CIPYKTYpax C AByMA MyGoKIMH YPOBHSAMM, OTBETCTBEHHBLX 34
doTo3NEKTPETHOE COCTO AHME C NOMOMILIO PENaKCALMOHH B KpHBBIX .

Tawim 06pazom, napametp bl ypoBHeli ONPEIENTOTC HMEHHO C NOMOLILO
3¢dexTa, K KOTOPOMY 3TH YPOBHII APHBOLAT. 310 ARET BO3MONHOCTb, B AAHHOM
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Ciy4ag, HCKIIYEHHA CTy4aeB NPUIMCKY TOTO HAH HHOIO SENEHUS K YPOBHAM, 3a
KOTOPbie OHH HEOTBETCTBEHHEL

YeraHomeno, 410 B nedxax Si GOTOMEKIPETHOE COCIOSHHE CO3maeTcA
TMpUMECAMU Cepebpa sHepMsamMu akmieauuu E- 0,33B ¢ xoHuertpauneii 10'° e u
Bienkax CdTe npumecamu cepebpa sHepavM axuBauuu E~1,18 3B, E-135 3B
¥ KOHUEHTp ausvH 3,5:10" cm® 1 2-10%° em™ cooTBeTCTBEHHO.

14.  Tlomyuennbic IKCTIePHMEHTAIEHbIE PESYNETAThl H TEXHONOMMYECKHE
NpHEMBI H3TOTO KT €HMA IWTeHOK ¢ ADH-, AOMH- 3¢dexramu U GoTOITEKIP ETHBIM
COCTOSHMEM MOITYyT GHITE HCMNONE0BAaHEI JAS MOCIPOEHHA PsNa AATIHIOB H
UTEMEHTOB ONTOWTIEKIPOHHBK Y CIpoficts. Co3naHO YCIPOHCTBO ANA M3MEpeHHs
nepememenuit. JlaTiuk MarHHTHOTO 104 Ha OCHOBE MONYUEHHBKX ILTEHOK HMEeT
BBICOKYI0O ~ MArHMTOYYBCTBMUTENEHOCTE M JIMHEHHYI0  3DPCTE-BONETOEYIO
X@paKTepuCTH iy . [TOCTPOEHEI ABA THNA ATEMEHTO B NAMSTH: /IEMEHT NMaMSTH CBETa

H JNEMEHT NaMATH JIEKTPHY ecKOTO Nnons. [TokazaHo, uTo ¢ noMomuo APH-menok
MO %O H3MEPHTDH YPOBECH b MU A KO CTel .

CITACOK IR TUPOBAHHOM JTUTEPA TY Pbl

1. Aawpomsy DH., Macros D.M., Mupsamaxmysos T.M. u 1p. AHoMansio
Son umre doToan exrpuueciuti u $hoToMarHHTHE 3¢¢EKTHI B NONYMPO BOXHU KD BbIX
miédkax// 5. GOTOWEKIpUYECKHE ABIEHHA B NOTYNPOBOJHHKAX W
oo anexIponnka, —TamkenT. Man. ®AH, 1972.-C.143-229.

2. 0208 IO.M. [IMonynporoaHUiOBLE TIEHKA C ZHOMATEHO GOMELMMY
GoToHanp sxeHH AMH : Apropedauc. ... xaua.gus.-mar.Hayk —Tawkedr.: OTH AH
PVY3,1965,-22 . '

3.  MupsamaxmymoB T. AHOMILHO  BHICOKDE dooHanpmKEHHE B
TONYyNPOBONHHKOBLIX IUIEHOYHBIX CHCTEMAax M MPHHUMIILI C031aHHUA HOBBKX
ONTOFIEKIPOHHLX NpPUGOpos; Jc. ... mok.du3—Mar.Hay k—~Deprasa.: Deplld.
1978 -321c.

4. Wawpor H. KnHeka u xapakrepuciueckie speMena AdH-abdexra B
NMOMYNPOBOAKHIDBLX MIEHKAX C MHKPO- p-n-mepexoaamu; Juc. ... KaHA.Gu3.-
Mar.Hay k. ~Tawxken.: ®TH AH PY3,1970.-125 c.

5. MacroB 3.M. U ceneno Basue ‘ano Man sHO 6051 51O TO ¢doTomarnuTHOIO 3dhexra B
IWICHKAX Tennypuna kaamus; Jluc. ... kana.Qus.-maruay k —TauwkeT.: @TH AH
P¥3,1973.-110 c.

6. Abmynnaes H. AnoManmible ¢uanuecide sBIEHHS B MHOTOGEDBEPHLIX
TUICHOYHBX CIpYTypax B YCIOBMAX BHEWHbX Bo3nefcTeuil; Juc. ... NOKr.Qu3.-
marHay k. —TamkeHT.: TTTY.1991,-333 c.

7. Jowaxor KM. Mexanusm A®H-addekra B NONUKPUCTANIUYECKHX
nonynpo soaHu kax //OTT1. ~Can kr-Terepbypr, 1990. -Ne7(24).-C.1251-1258.

34



8. Arapes BH. Crenanoea HA. K Teopud 3(geKTa aHOMATEHOIO
(OTOHANp sDKEHH A B MHOTOCTONHBX CIPYKTypax ¢ p-n-nepexonamu// ®TI . —Canxr-
[Terep6ypr, 2000.-Ne4 (34) -C. 452-455.

9. OraxoHoB C.M. AxoMansHbe GOTOeKIpHueckMe  ARIEHHA B
T0/Ty PO BOAHHKO BBIX CTPY KTypax M3 CoeauHeHuit A, Bs ¢ nryGo kMM pHMECH BIMH
ypoBiaMy: Aproped. AMc. ... A0KT.QH3.-MaTHay K, -Tamkent: ®TH, AH PY3,2006.
-33c.

10. Arepes BH., Crajees BM. HecraunoHapubii oToMarnuedi 3¢gdext 8
MHOTOCIOHHBX CTPYXKTypax ¢ p-n-nepexonamu//DTI1. —Cauxr-ITerepbypr, 2000. -
NB (34)~C.1103-1104.

11. Aaupomry OM. DoToIMEKIPETHOE COCTOSHHE B MONYNPOBOAHHKAX C P-N-
nepexonamu// OTTI. ~Can kr-ITerep6ypr, 1970. -Ned (4) -C.745-753.

12. Kopanecit [TH., Ulnelinep AJI @Pomoexipemnsit shdekr B
nomynpopaHuKax. —Jlbop: Buwa mwona, 1977.-150 c.

13. Oprames [x.D. omononspusauus B AOGH-mieskax Ternypuaa Kagmus
(GdTe:Ag) ¢ Muipo n-p-nepexonamu / OTI1. —Cankr-Ierepbypr, 1978. -Nel (12).-
C.171-174. .

14. ®puawis B.M., Mupsamaxmypos T. Oprames k.. PoToATEKIpETHOE
cocrosHHe B AOH-menkax CdTe, axmaupoaaﬂum cepebpom// JKHUITDHK. —
Mockea, 1978.  -Ne5.-C327-330.



4. CHHCOK OIIY RJIMKOBAHHBIX PABOT

B xkypuanax:

1.Habues ' A. O Mexanusmax a@dexra aHoMan sHO-6on sIux GOTOHENp DKEHUH B
medkax CdTe//TTL. — Cankr-Ilerepbypr, 2009. -Ne7(43).-C926-927.

2. Hebnes [A. Onpezenedne MexaHU3MOB TreHepauu¥ (OTOHANDMKEHNS B
NIOMYNPOBOAHHIOBEX IVIEGHKaX C MOMOIUBI0 CEKIPAIBHBX  3ABHCUMOCTEH
ko3¢¢uurenTa nomomenns n ¢poToHanpsxeHus//OTI. —Canxr-Ilerepbypr, 2009.
-Ne7(43).-C924-925.

3. Habuer I".A. GoToMEKIPETHOE CO CTOAHME G €3 BHEIHETO MO APH3YIOLIET0 MON s
B TepMOOOPaOOTaHHBIX TNEHKaX KpEeMHHA/Y KpauHCKHH (u3nueckuil mypuan. —
Kues, 2008.-Ne12(53).~C.1175-1177.

4. Hdbues I''A. Ocobersoc (OTOBONETaHueCKOTO 3((EKTa B MHOTOGIONHBK
NOJTY PO BOZHHU Kax c p-n-p-nepexomamMu i HEONHOPOAHOM
OCBeIleHHHN//PU3N ECKad MHKESHEPUA MOBEPXHOCH. -XapLioB, 2008 -Ne3-4(6). -
C202-209.

5. Habuer I'A. O6 yclOBAM KBa3sUCTaUMOHZPHOCTM ANA (OTONIEKIPETHOTO
coctosmus/ EcTecTBeHHBIE M TeXHHueckue Hay k. —Mocksa. 2008. —Ned(36). -
CA46-47.

6. Habues 'A. Kunemika AQH-addexta B NOTYNPOROAHMKOBBX FUIEHKAX C
OZHOPOAHbIMM MuKpOdoTOVMEMeHTaMH// EcTeCTBEHHBIE M TEXHMUECKHE Hay kM.
—Mocksa. 2008 .- Ned(36) ~C43-45.

7. Habues " A. Texuonoms nofydeHHs AaTYMKA MAarHMTHOTO TOJN HA OCHOBE
mnesok CdTe// Eastern-European journal of Enterprize Technobgies. —Xapbiose,
2008-4/6(34). -C45-47.

8. Habues ' A. Onpexneneine napameTpoB ypo BHell NPWIUNAHHUS, OTBETCTBEHH X
3a (oToMeEKIpeTHOE COCTOSMHME B MAEHKAX TenaypHaa kanmus// dusnyeckas
HHKEH €PH 1 N0 BEPXHOCTH -X p bKO B, 2008.-Nel -2(6) -C.89-92.

9. Mup3aepa 3 1., Habues A, Oprawos K.M. ®omoanekiperoe cocrommue Ge3
BHEUIHEMO NOASPHIYIOWErO MOAA B OXHOPOAHLX MOMYNPOBOAHKMKAX // (DU3HY eckas
WHXCH epU A NOBEPXHOCTH. —X ap bKO B, 2008 -Ne1-2(6)-C65-70.

10. Habues I'A. Teopua A®H-spdexra ¢ neMOEPOBCKHM MEXaHH3MOM B
MOy NpOBOAHH KD BbIX TLNeH kax // PU3MyecKas HHIKEHEPH A N0 BEPXHOCTH. —X P BKO B,
2008 -Nel-2(6)-CS51-58.

11. Habues I''A. doTomeKIpeTHOE COCTOAHHE §€3 BHEWHENO NOJSPU3YIOLEND
nons 8 edkax Si: Ag// Mucema B XKT® ~Cankr-TerepSypr. 2007 —Ne20 (33)-C.
14.

12. Nabiev G.A. Determination of capwre levels parametrs responsible for
phowelectret state in cadmium telluride films/ Proceedings of SPIE. ~Wash ington,
2007.-V 6636. -P321-324.



13. Nabiev G.A. About mechanisms of anomalous photovoltage effect in CdTe
films// Proceed ings of SPIE.~Washington, 2007.-V 6636.-P251-252.

14. Habues [A. Adomansubii QoroBospranueciuit 3¢dexr B p-n-p -
ctpy Kty pe//EcTecTBeHHbIE H TEXHHUECKME HaY k. - MockBa2006 -Ne5 - C26-28.

15. Habnes T'A. AHomanmHbil QoToBONbTaHuecknit 3ddexr B p-n-p -
c1py 1y pe//HayuHo-rex Huu ecknit xypHan DeplTH. —deprana, 2006. -Ne2. -C.13-
17.

16. Habues I'A. Onpenenennie napamerpoB ypoERHed NPWINNEHAA B IIEHKAX
TeUTypUaa KaqMHMs, JICTHpPOBaHHBX cepedpom/HayuHo-TexHHYCCKHA KypHaN
OeplIH. —Deprana, 2005.-Ne3.-C.15-18.

17. Habues T'A. Onpepencine napamerpoB ypoBHeHd NPHIMNaHHA B M&ikax
KpEMHHUA, NEer¥poBaHHBKX cepebpom/Hayuno-TexHudeckuil xypuan OepllM. —
Depraiua, 2005. -Ne2,-C.10-13.

18. Habues I'A. O6 ycioBuM KBasMCTAUHOHEDHOCTH Ans (HOTOIIEKIPETHOIO
cocTo sHu #//H ay yHo-Tex HHu ecknit xypHan ®epllH. —Peprana, 2005. -Nel. -C82-
83.

19. Hebnes ' A. doToeKIpemHoe COCTOMHUE B P-N-NEPEXOAHEX CIPYKTypax ¢
AByMa nTy6ormu ypordsmu//HayuHo-TexHudeckuil xypHan deplld. -Deprana,
2004.-N4. -C.11-15.

20. Habues T[.A. dowanekipeTHoe COCTOAHHE B OJHOPORHBIX
nomynpo BoaHH kax//Hayuro-TexHuuecknit sxypuan ®eplTH. —deprana, 2004. -Ne3.
-Cl11-15. :
21.Habues ' A. Kunetnka aHoMan sHOTO (O TOHANPMKEHHS B TIOMY NPOBOAHUKAX C
OIHOPOAHRIMH MM KpodoToanemerTavu//HayuHo-TexHHueckuit sxypHan DepllH.
—dreprana, 2004, -Ne2.-C.131-132.

22. Habues I A. Penakcauns aHoManeHoro GotoHanpsoxeHus B iuedkax CdTe//
Hayuno-Texnuueckuii sypran Oeplld.—Peprana, 2004. -Nel .—C.106-107.

23. Hebues [A. AdH-3(pdexr B NONYNPOBOAHMIOBHIX MNEHKAX C
noTeHuManbHbMH 6 aprepavu//Hayuno-Texnuueciuit xypran GeplIH. —Peprana,
2002.-Ne4.-C3-7.

24.Habues I' A. Y cTpoiicTBO 1% H3MED EHHA TMHEAHBX NEpEMELIEHHH 1 Y IOBbX
NOROPOTOB Ha ocHoBe A®H-nnexow/HayuHo-Texnnueckuil xypHan DepllH.
—®eprana, 2002.-Ne2.-C96-97.

25. Habues [.A. [uckpumunaums  mexaHusmoB A®H-3pdexra B
NONYNPOBONHUKOBLIX [UIEHKAX Ha p-M-NepexoAHoil M anomanbhbii Aembep-
s¢dexr// Hayuno-rexnuueckuii aypuan ®epllh. —Deprana, 2002. -Ne3. -C.106-
107.

26.Habues I A. doromexipers bii a(dext Ge3 BHeluHero noNAPH3yIOLEero Nons B
mneHkax Si:Ag/H ayuno-texunueckuii xypHan ®epllU. —deprana. 2001. -Ne2, -
C94-96.



:27. Habues T A. Coexipansible XapaKTepHCTHIM ADH-3¢dexra 3
'nonynpoaommmsm Tuien kax //H ay WHO- TeXHUT eCrui Ky pHan @eplTH. —~Deprana,
2001.-Ne3.-C.17-23.

28.Habues " A. GoToanexipemn it 3ddexT 6e3 BHewHEro NOAAP K3y JIOILIErO NONS B
mredkax CdTe:Qu// Hayuno-Texuuueckuit sypran depllH. —Deprana, 2001, -Nel ,
-C83-84. ‘

29. Habuer 'A. O wmexaHuIMax A®H-3ddexra B nnedkax CdTe/Hayuno-
TexHU4eckuit xypHat ©epllH.2000. —Deprana, -No3 4. -C.110-111.

30. Habues I"''A. ®doToMexTpeTHOE COCTOMMUE B Tep MOOBPabOTaHHBIX TUTeH Kax
KpemMHu//H ayuHo-TexHHY eckuil JxypHaN ®eplIH. 2000. —Deprana, -No2. -C.112-
114.

31. Habues T'A. Teopus A®DH-3ddekra s MONYMPOBOAHHKOBLIX IUTEHKAaX C
nemMOepOBCIMM  MexX aHn3moM//H ay uHo-Tex Huy eciaiii wypHan @eplld. —Deprana,
2000. -Nel. -C.13-18.

32. Hebues T'A. TexHonorus nomyuenus nnesox CdTe ¢ YBEOTHYEHHEM M
PaBHOMEpHO-pacipeneneHtsM (o ToHanpskernem//H ayuHo-Texunueckuit sy pHan
PDeplTi.1999. —®eprana, - Nel .-C98-100. '

33. Hebuer T'A. K onpenereumio uncia MHKpOodoTOINEMEHTOR B A®DH-
mnexkax//Hay ano-TexHuueckuit sxypuan deplTH. —~®eprana, 1998. -Ne3 /4. -C95-
97.

34. Habuer I'A. Pacnpenenenue KOCOOCAMICHHBX IUIEHOK IO ToNmmHe/
FetnoTexnuka, —TamkeHT, 1998.-No3 .-C.82-84.

35. Habues ' A. Onmpenenenne yposss »ummocreii ¢ nomowro AGH-meHok
Hayuso-Texuuu eciatii xypran deplTH. - deprana, 1998.-Nel .-C98-100.

36. Habues I'A. Bnusmue TepmoobpaboTkn Ha YITOBy10 3aBucHmocts ADH-
addexra B mnenxax Si/fY 36ekcramii du3uyecknit Ky pHan-TawkeHT, 1996. -
Neq . -C.84-86.

37. HabueB I A. Yrnoeas 3aBucHMOCTb A®H-3ddekra B mosynpoBOAHKKD BBIX
NeHKax ¢ p-n-nepexonavu//y s6exckuit duanueckuit »ypHan. —TaukeHT, 1995. -
Nel - C38-40.

38. Habues [ A. MHOrocI0/iHBIE CIPYKIypbl Ha OCHOBE TE&Iypuaa KaaMus c
BBICO KO¥ MarHMTO4YBCTBUTEN BHOCTHO/M3BecTss AH PY3, cep.d.-MH. —TalliKeHT,
1989. —Ned -C.79-81.

39. Xawmmoe I, Habuer I'A. Ymiosas 3aBHCHMOCTH AD®H-3¢dekra B
NOTypoBOAHUIDBEX fUleHkax /M3sectus AH PVY3, cep.p-Mu. —TamkenT,] 988. -
Ne6 . -C59-63.

40. Habues [ A. BamsHMe RNOBEPXHOCTHOM yTed K 3apanoB Ha BAX

nonynpoeoaHKBbX AHonos/M3sectus AH PY3, cep.p.-mm. ~TaukenT, 1988. -
Ne5.-C.84-86.

38



41.A6nyHazapoB A ., Hbues " A. AOMH-3ddexr B HEWTOPEIX
AONYNpoBOAHMKO BLKX [UTeH kax /M 3sectia AH PY 3, cep .§.-M. —TamkenT, 1982. -
Ne2.-C68.

B Tpyaax v cGOpHHKaX Te3HCOB, Z0KJI2AaX MEKAYHAPOXHBIX KOHdepenumii:

42. Nabiev GA. The phoio—electret state in homogeneous semiconductors//
Proceedins of YCEYC. Korea and Uzbekistan.2008.-P330-334.

43, Habuer ' A. Onpeaenesue napaMerpoB ypo BHEH NPHITHIIAHHS, O TBETCTBEHH BIX
3a ¢oToexpemHoe cocroanue B mnéHkax CdTe. XIX MexmyHapogHas HayqHO-
TexHHYeckas KOH(epeHUMA N0 GOTOVIEKTPOHHKE H NpHOOpaM HOYHOIO BMAEHHSL.
Tezmota. -Mockea. 2006 - C.210-211.

44, Habnes I'.A. O auckpuMHHaMY Mexanu3moB A PH-adderra B mienkax CdTe.
XIX Mexa1yHaponHal HayuHo-TeXHHdeckas KoH(pepeHurs no (o ToVeKIpoHNKE U
npu6opam Hounoro sunedus. Tez ok, -Mockea. 2006.—C214 -215.

45.Habnes " A ., TemaSoesa A P. AOH-3ddexr B noaynpo BOMIHHKO BbIX IUTEHKaX C
6apuepHbM M NeMOepoBCKUMM  MeX aHH3MaMH//QOTOMEKTPOHKHKA W npuboph!
Hounoro Buaenus: Tesuchl MexayHaponHoi MHpepesuuu. THL PO OIVII
“HI1O” “Opnon™. —Mocksa. 2004 . —-C.170.

Nabiev GA., Teshaboeva A.R. Features of APV Effect in Semiconductor Films
with Dember and Barrier Mechanisms/XVIIl Internasional Scientific and
Engineering Conference on Phowelectronics and Night Vision Devices. —Moscow.
2004.-P.154-155. '
46.Habues A . DoToexTpetHbit ek 63 BHEmHero noaApH3yoLEro nons B
TI0AY PO BOAHHKD BLIX T1/1€H Kax //QO TOIEKTPOHKKA H NPUGOPEI HOYHOTO BHACHUA:
Teauckt MexTyHapoaHoit kondepenuun. FTHL PO OI'VIT “HIIO” “Opuon”. —
Mockea. 2004 .—-C.160-161.

Nabiev G.A. Photelectret Effect witout the External Polarizing Field in
Semiconductor Films//XVIIH Internasional Scientific and Engineering Conference
on Photoelectronics and Night Vision Devices. - Moscow, 2004, - P.147-148.

47. Nabiev GA. Phowelectret effect in homogeneous semiconductors/8 th
International Conference Solid State Phusics: -Almaty,2004.—P243-244.

48, Habunes I A. BnusHue nonHoit 60ombapaupoBxi Ha ceoiictea AO®H-nneHox
kpemuns// BUM-2003 .Marepuan bl MexxayHaponuoit koHd. -Mocksa. 2003. -C83-
85.

49. Habues I'.A DotoaneKTperHoe COCTOSHHE B [UIEHKAX KPEMHHUS C MPHUMECHIO
cepebpa/Hamanran Jagnar Yuueepcutety Hamui axGopomapu. —Hamanran,
2001. -Ne3.-C76.

50. Habunee " A. Yrnosas 3asicumocts AOH-3pdiexra B nnenkax Sv/Hamanran
Jaenar Y unsep cuTeTd WaMuil axGopomapu.—Hamanran,2001. -Ne3.-C66.

51. Habues NA. K Teopuu (OTOMEKTPETHOMD COCTORHHA B mnenkax GaAs ¢
UMIIGHTHPO BAH bIMH  HOHaMH NHTHA/B3aU MONEHCTBHE MOHOB C MOBEPXHOCTHIO!

39



‘Marepuan b1 natHanuaToi MEXIyHapoaHo# wHpepeHuun. BHUIT-2001. -Mockea.
2001. -T2.-C.159.

52. Habues I'A. O mexaHusme redepaunds AGH B nmomynposomHKKOBBKX
wienkax//Texuuka ¢aunapu Ba XXI acp moban myammonapu. Pecniy6nuka
NpoeCccop-y KHTY BYUNaDHHUHT W MU-aMan uii aHXMyMaHH TyIUIaMH. 3-KucM. -
Tawxent, TATY.2001.-C.120.

53.Habues " A. Poroanextp e i 3¢dext 63 BHeUHEro NOAAPH3Y IOMEro Nojid B
mieikax CGdTe:Cu. Texuuxa amnapu sa XXI acp rmoban MyamMonapu:
Pecrry6nnka npodeccop-y KTy BN GPHHHHT WiMHIi-aMan uii AHKY MaHH Ty IU1aMH.
—Tawkeut. TATY. 2001.3-rmcm.—C.104-105.

54. Habues T A. 3neMeHTH NaMaTH Ha OCHOBE ILTEHOK Si. TMpo6nemst
TIPOHBOACTBA MONH- M MOHOKDUCTALIOB KPEMHHS [IA MUKPOVICKIDOHHIM H
CONTHEMHOMA 3HEpremki. Marepuan bl MEXIAYHQPOAHON IOHODEPEHUMH. —AHINHOH.
2000.-C58.

55. Hebuer I'A. JlaTymi MaruuTHOrO nons Ha ocHoBe mneHok CdTeSi/
HHHo Baum #2000 Xanapo wnmuit aHxy MaH Tesucnapu - Byxopo,2000.-C344-345
56. Hafuee TA. O OHCKpHMHHAUMM  MexauusmoB ADH-agdexra B
MOy PO BOAHMKOBEX TU1eH Kax// DOTO-, TEH30-U TEPMOITEKTPHUECKHE SRIEHHS B
TIOTYPOBOAHMIOBEX IUfeHKkax. Te3. MOKI. MewmyHapoaHoH IOHepeHuuH. -
Peprana. Gepl'y.1999.-C.14.

57. Ha#bues TA. O wmexauusme AQH->pdexta B nNOAYNpOBOAHM KO BLX
$oTONpeoGpasoarensx //TeXHIKA Ba TEXHOMOTHSHUHT HOZHbaHABHIA y CynnapunaH
dofinananmw: Pecrty6nuka wn muii-avan uii KDH(Ep eHUM T MaTepHannapH. -Deprana.
1999.-C.112.

58. Habues T'A. Vmoras 3aeucumocts A®H-a¢pexra B TepMouGpaboTaHHBX
MICHKAX  KpemHHA. AKryanbHple npoGmembl (U3MKM  MOMYNPOBOAHHKD BbIX
npu6opoe. C6. Tpy 0B MEXRYHaPOIHOH KOHepeHLmH. - TawkenT. 1997.-C51-52.
59. Habues I' A. Teopus A®H-3¢dexra B NONMYNPOBOAHUKOBLX TIEHKAX C p-Ti-
Tiepexonamy//SlpyM yTiasruunap Ba AUIEKIPHINZD PUIUKRCHHUHT XOMPIV 2aMOH
My aMMOJ 2pH X AN KapO WITMHIT aH )y Man Tesucnapu. - TawkenT. 1995.-C37.
60.Habuer ' A. Teopus AGH->pdekra B 0Ty NPO BOAHM KO BbIX NTEHKAX C p-
-nepexonamu//Mupso VayrGek TasannyauuuHr 600 HWuMrMra GarvuuiaHras
Pecybnuia unmmit-amanuii  1ondepenuus nosmanapu Tesncnapu. -Iyaucron.
1994 1-k1cm. 94 6.

61. Habner I''A. Yroras 3asucuMOCTh A®H-3ddexra B NONYMPOBOAHH KD BbX
naekkax//MenaynaponHoe coselwane no GOTOVCKIPHUECKHM M ONTUYECKAM
ARICHUAM B TBepnom Tene: Tes.noki. -Bapua. 1989.-C79.

62. Habuen I''A. Criextp bl GO TOBONETaHUECKOTO 3¢)EKTa B MONY PO BOAHHKD BbX
mneHkax —Mockea, 1988.-22 c.-Jlen. 8 BHHUTH 14.06 88 Ne4677-B88.

40



63. Hebues I''A. Bnusuue NOBEPXHOCTHOHW YTEHKH 33DANOB Ha AEKTpHY eCKU €
X3 aKTEPHCTHKH NMONYNPOBOAHHKOBBIX NpHGopoB. —Mockea, 1987. -7 c¢. -Ilen. B
BUHHTH 10.11 87. Ne7879-B87.

64. Habues T'A. AOMH-neki Tenmypuna kanMus C BBICOKOH MarHHMTO-
4y BCTBH TN bBHOCTHIO . —~Mockea, 1987. -9 ¢. -len. B BUHUTU 23.0987. Ne6822-
B87.

65. Habues ['A. K onpenenenmio XxapakrepucTHieckux MUKponapametpos AdH-
IWieHoK/PU3Mka TNONYNPOBOAHHKDBLIX FEPEMYHBX MNpeobpazoBatenell W MX
NpHMeHCHHE A Tenno qu3uy eCkiX uamepenuii. - TamkenT. 1984.-C.107-112.

66. Habues T.A. [lpcipumuHaus Mexanuamoe AODH-apdexra B
NONYNPOBOAHHKOBBX ~MneHiax /AMOpP(QHBIE MOMYNpoBOAHUKH-84: Marepuansl
MexayHapOaHOH WHG. -[abporo. 1984.-C.150-152.

67. Habues T'A. Cnextpsi A®H->bdexra B muienxax xpemMuuA/AMOpdHBR
noMynpo BOAHK kH-84 : Matepuan bl Mexny HapoaHo# wH. —abpom 1984, -C.147-
149,

68. Abnynasapos A., Uramberos I'., Habnes I'A. AOMH->¢bdexr B miexxax
Tennypuaa kanmusa//Tlomynposogunis: C6Hayu. 1p. TawlTIH. -TamkenT, 1981 -
C.131-135.

4



Pu3nka-MareMaTrKa (a1 apu 10 KTOPH WIMMI [1ap KacHT2 TaTab rop Habues
T'ynavian A6ay kyuay3ueaaaunr 01 .04.10 — spum YTrasruwiap guankacy
uxmucocrurv 6yinda “Sisa Cd Te kamamnapuaa aHoMan-karta o To Ky aHHUII Ba
TAIKH Ky 010 84M MaiiioHCH3 GoTOMEKTIpeT XoMam XoAUCanapy” MaB3y HaarH
JUCCep TallM ACHHUHT

PE3IOMECH

Tasnsu cyanap: ADK, nembep doTokyunanumm, KaniaMil aDHHHT KATHHUK
Oyiinua TaKCHMOTH, HOCHMMETPHK EPHTWIMIL, aHOMan doToMarHHT X0AKca,
(o ToAN eKTp €T XONATH, PIAKCALN S YUK 2PH.

TamuKkoT 06bekTiapu: 6up »uHCM, p-n-, p-n-p — ywunapu 6ynran
KynKaTiawid Ty sunmanap; Si, CdTe, Si:Ag, CdTe:Ag, CdTe:Si Kamnamnapu.

Momuur  wvakamm: Ad®K-kamawnap  onum, YJ@HH  JerHpsaul,
daonnawmupui, XycycHsmapy aliHHKCA, TAUIKH KyTONOBMM MaliIOHCH3 t03ara
KkenaguraH (OTONIEKTPET XoMamiHH (GOTOMEKIPUK ycynnap Guian yprauuu,
HA3ZPUACHHH AP AMIL, YJ13D aco CuAa oNTONIEKTPOH Ky pilMaiK achobnap spamui.

TankHkoT meToANapu: TepMHK Oymnarwi, Nervpnaw, ¢aomnamtdpul,
KyumMmia §TKa3MINra acOCTaHraH TeXHONOTUK yCysnap, Gypuak Junarpamman ap
yoym, ADK-xoauca crieKipaapuny ypranui, penakcauu s YH3HIJIZPHHH YpraHuiu,
Y3y KCHTH K Ba KWHETH K TEH 1 aMal 8DHH €HIL.

OnuHraH HaTwkanap Ba  ynapHmur smraaam:  ADK-xomuca
MEXaHH3MHHH aHHKTA ycynH Tawiud smanrad, Gypuyak ocmMaa ¥TKasuwnrad
KamnawiapHHHT KATMHITHK 6F#iM4a TakCUMOTUHHHT aHanMTHK HAOAAcH KenTHPHG
uynkapunrad; CdTe kamamnapupa AdK-xonuca MEXaHH3IMITZPH aHMKIaHTaH:
nembep, p-n-p —Mexanuswiu xamamnapaarn AdPK-xomuca Ha3apHsacCH Huwiab
YHIOUIraH; GUp MMHCTH BA MKKH HYKYp CATX/H apai ALiMaiy p-n — ymunana
GoToMEKTP €T XONATH HABAPHACH HUIAD YHKAATAH, TALIKH KyTOnoBuM MaliaoHcu3
doToaneKIper Xosam kysamunauuras Si Ba CdTe kamawiapy ONHIU
TEXHONOTUACH HUUIZD YMKWNTEH, YYKyp CATXNapHHHT MapaMETPapHHN aHMKIall
Y <y Taking KWIHHIAH Ba WL a0 YMKMIraH.

Ama il axaMuni: AOK-xonucanu xarnamnap onuu, apanauiMa KHpUTHIL,
Gaoanawmpuw kabu TEXHONOTHK Kapaéunap Ba Tadpuba Harxanapu karop
ONTOVICKTPOH KypHIMANZD SPATHIL BA YJIZDHUHT MU KDOTIap aMeTpS1 2DHHH aHM KN all
MMKOHHHH Oepany.

Tat6uKk >TM0 napakacy Ba UKTHCOAMit caMapaJopiauIu: OfTHHIaH
Haizanap Y3P BA  unmmuit-uuwnab YuKapUIl OupnammManapuaa Ba 6Golwka
acbobcoanuK TawKMAOTapHAA EPYFIMK Kabysn Kunruy KypHAMaTapHHH Hunab
4HKaD ML y4yH acoc 6ynazu.

Kynnaunm coxacu: spum yTrasruunap dusnkacu, ronka Kamamnap
TEXHONOTHACH, APHM YTKAa3ru4Adp OMTOMEKIPOHWKACH, ApMM Y TKAsrMunapaa
HyKyp CaTxap CnekTpoCKonH AcH, achobooanuk, Gy3macaan Hazopar KMIMLI.
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PE3IOME
auccepTauny Habuesa lynamiana A6y ky Hiy HIly 3uBHY @ Ha TEMY :
«OdexTr aHO M bHO-GON BLIMX (PO TOHANP DKEHHI U o TO I EKTp ETH X
CoCTO HuUM 6€3 BHELIHEro NoMsPH3y IoLIero Nons B nesxax Siu Cd Te»
Ha COMCKaHME Y eHOH CTeneHH 0 Kropa PH3HKO-MATEMATHY ECKUX HAY K
1o cnieunan sHocm 01.04.10.— ¢pu3snka nosynpo BOAHHIO B

Kiiouesnbie cniosa: AQH, nemGeporckoe (oTonanp mienue, pacnpenetedne
IUICHOK NO TONUIMHE, CHMMETPHA OCBELICHHA, FHOMATHHLEL (OTOMarHHTH b
addexr, GoToNEKTPETHO € 0O CTO AHHE, P CITAKCALHHOHH BIE KPHBbIE.

O6bexTbl MCCNEA0BAHMA: MHOTOCIOHHEIE CIPYKTyphl C ORHOPOIHBMH
TOJTy PO BOHK KO BBIMH MM KPOGONaCTAMH, p-N-, P-N-p — nepexojaMu; MueHi Si,
CdTe, Si:Ag, CdTe:Ag, CdTe:Si.

Deav paGomsi: papaboTka TexHONOMME MOMyueHHs, JICTHPOBAHHA W
axTv BaltMH ADH-nneHok, HcaTeoBaHHM UX CBOMCTB, 0006 eHHO hoToATEKTEPHOTO
COCTO SHUA 6€3 BHENIHEro NONAPH3YIOWEro NOs, C NOMOLIKO (O TOVTEKTPHY ECKUX
MCTONIOB, NMOCIPOEHHH TEOPHH, & TAKKE B CO3MaHHM Ha ocHobe ADH-mrenok
ONTOITEKIPOHHBIX NPHOOPHBX CIPY KIyp. ’

MeToabl BCCTEIOBAHMA: TEXHOMOIMYECKHE METOLBL, OCHOBAHHEIE Ha
TEP MUY ECKO M UCITap CHHH, JIETHPO BAHHH, aKTH BaLIUH IIPHMECIMM, ZOTIONHUTEN BHBIM
DOMbIICHHEM; METOX YDIOBbX AHapaMM; H3yuenHe criekrpoB APH-addexra;
H3yueHHe pETaKCallHOHHLX KPHBLIX; PpEIEHWE YPaBHEHHs HenpepbBHOCTH,
KUHETUYECKO M0 ypaBHEHH .

[Tosryuentbie pesyoTa Tl 1 HX HOBH3HA : IPEANOXKEH METON OMNp e EHHA
MexaHnimMoB  A®H-s>ddexra; HaliIeHO aHAUIMTHYECKOE BLP@KEHHE AIA
PacpeaeneHra K COOCAKICHHEX TUTEHOK MO TONIUHMHE; ONPEAen eHbl MEX aHH3MBI
A®H-3¢dexra B macnkax CdTe; paspaborana Teopua ADH-abdekra B mienkax ¢
AeMOEPOBCKHMH MEXAHM3MOM; B IUIEHKAX C P-N-P — MEPEXONHBIM MEX ZHUIMO M;
papadboTana  Teopus  POTOMEKIPETHONO  COCTOSHHA B OJHOPOAHBIX
NONY MPOBOAKHKAX ; B P-n — NEpexoAax € ABy MA [1y60 KMMH yPOBH IMH ; pasp aboTaHa
TeXHONMIOMs nosryueHus mnetox Si u CdTe ¢ GoToVEKTpETHEIM cOCTO tHHEM €3
BHEIIHETO  MOJSPHU3YIOIIETO  MONA; MPEINoXNEHAa METOAHKA OnpeleneHus
nap ameTpo s ry6o KX ypoBHeii.

llpaxTHuecian 3HAYHMOCTL:  TOJIYYEHHBIE  IKCIIEPUMEHTaN bH ble
PE3yNLTaThl ¥ TEXHONOMMYECKHE NMPHEMB! H3TOTO BA EHUA, J1ETHPOBAHH i, AKTH BALMH
mneok ¢ A®H-3pdekTom, (GOTOMEKTPETHBIM COCTOSHHEM MOTYT 65ITh
HMCIO 630 BaH bl A5l NOCTPOEHHA PA1a ONTOMEKTPOHHBX Y CTPOHCTE ¥ ONp enen eHKA
HX X AKTEPHCTHY ECKUX MH KpONapamMeTpos.

CrenenHb BHeApeHHA M JKOKOMHYecKaR I(eKTHBHOCTB: NOJTyY EHHbIE
PCynbTathl SRAMOTCE OCHOBOH Ans paspaboTiv (OTONpHEMHBX YCIpOHCTB B

HaYYHO-TPOH3BOACIBEHH bIX obbennHennx AH PY3 H apymx
NpHOOPOCTPOHTEN BHBIX OPraHy3alN X .

Obnacts npumeHeHHsi: (U3MKA MONYNPOBOLHWKOB, TEXHONOMMA TOHKUX
TUICHOK, NONYNPOBOAHMKDBAA ONTONEKTPOHHKA, CNEKTPOCKONHA  MIy6OKUX
YPOBHE! B NONYNPOBOAHK Kax , NPHOOPOCTPOEHHE, HEpa3py LAIOLMNI] KOHTPON b.
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RESUME

Thesis of Nabiev Gulamjan Abdukunduzivich
on the scientific degree competition of the doctor of sciences
in physic and mathematic on specialty 01.04.10 — semiconductor
physics subject:
“Effects of anomal big photension and photoelectret statements without external
polarizing field in the Siand CdTe films”

Key words: APV, Demberov phototension, film distribution for thickness,
asymmetry lighting, anomal photomagnetic effect, photoelectret state, relaxative
curves.

Subjects of research: multilayers structures with similar semiconductors
microareas, p-n-, p-n-p-transitions; Si, CdTe, Si:Ag, CdTe:Ag, CdTe:Si films.

Purpose of work: developing technology of obtaining, allyimng and
activation of APV-films, mvestigation their properties investigations, especially
photbeletret state without external polarizing field, with the help of phowelectric
methods, theory construction and creation of optical-electronic devices on the basis
of APV-film.

Methods of research: technobgical methods based on thermal evaporation,
alloying and impurities activation, additional predeposition, the method of angular
diagrams; investigation of APV-effect spectrum, relaxative curves investigation;
solving contnuity equation and kinetic equation.

The results obtained and their novelty: te method of mechanisms
discrimination of APV-effect is offered, the analy tical expression for the distribution
of film thickness at an angle deposited was found, the mechanisms of APV-effect in
CdTe-films were defined, the theory of APV-effect in the films with demberov
mechanism was worked out, in films with p-n-p-junction mechanism. It has been
worked out the theory of photelectret state in similar semiconductors, in p-n-
transitions with two deep levels, the technology of getting Si and CdTe films with
phowelectret state without external polarizing field and has been suggested the
method of parameters defition in deep levels.

Practicalvalie: it was obtained experimental results and technological ways
of manufacturing, alloying and activation of films with APV-effect, photoelectret
state can be used for making a number of phowelectronic sets and their
characteristic microparameters defm ition.

Degree of embed and economic effectively: the obtaned resulls are the base
for development of photoreceiver devices in scientific — technical associations of
Academy of Science of the Republic of Uzbekistan and other instrument making
organ izations.

Field of application: semiconductors physics, the technolbgy of hin films,
semiconductor opwelectronics, spectroscopy of deep levels in the semiconduciors,
instrumentmak ing industry and nondestructive check.
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