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1. OBIIAA XAPAKTEPUCTUKA JUCCEPTALIUN

AKTYaJIbHOCTH PadoThl. I3BECTHO, UTO B HACTOSIIEE BPEMS MMOTYIPOBOIHUKOBBIE
JETEKTOPBI AECPHOTO U3ITYUEHUS IIUPOKO MPUMEHSIOTCSA HE TOJIBKO B SAEPHO-(DU3NUECKUX
HAyUYHBIX HCCIIEIOBAHUSAX, HO HAXOJAT MPUMEHEHHUE B PAa3IUYHBIX cpepax deroBeYeCKOn
NEATEIIBHOCTH, B YAaCTHOCTHU: T€OJIOTMH, MEAMIIMHE, YHEPreTUKE, apXEOJOTHH, OXPaHe
OKpY>Karollerl cpeapl, KOCMUYECKON allapaType, KpUMUHAIMCTUKE U T.11. B TO ke Bpems
perucTpauus pas3du4HbIX THUIOB  PAAUAlMOHHOIO (MOHU3UPYIOIIET0) H3Iy4YEHUs
IPOJOJKAET OCTABaThCA OCOOOM 3a7adyeil COBPEMEHHOI'O PA3BUTHS HAYKH U TEXHUKH,
CJIEIOBATENIbHO, MX MPAaKTHYECKOro npuMeHeHus. Cpeau HUX 0co00€ MECTO 3aHHMAroT
pa3paboTKN MOTYyNMpOBOAHUKOBEIX neTekTopoB (III1J1) smepHOro M3IydeHUs ¢ BHICOKUMHU
DHEPreTUYECKUM M TO3UIMOHHBIM Pa3pelICHUsMH, JUHEHHOCThIO CHUTHajla B HIMPOKOM
JIMana30He YHEPTUU I Pa3IMYHbIX TUIIOB MOHU3HPYIOMUX YacTul. OJHHUM W3 BaKHBIX
TEXHOJIOTMUECKUX U HAYYHO-TEXHUUYECKUX 3TAIoOB NOoJyueHus: BbiIcokodpdexTuBHbIX TIT1]]
CTPYKTYp  SIBJISIETCSI  NpaBWJIbHOE TIOHUMaHWE  (U3MYECKHUX, TEXHOJIOTMYECKHX,
KOHCTPYKLMOHHBIX PELICHUH HE TOJBKO €ro IIOJYyYEHMs, B YaCTHOCTH, IIpolecca
(opMHUpOBaHKS HA OCHOBE MOJYNPOBOJHUKOBBIX MOHOKPHUCTAJUIOB P-N, P-i-n CTPYKTYD, a
takke oSi-Si(Li) reTepecTpykTyp, HO U BaKHbl PACIIMPEHUS HAYYHOTO IMOHUMAHUS
IPOLECCOB COOMPAHUSA, HHIYLMPOBAHHBIX HOHMU3UPYIOIIMMH HU3TYYECHUSIMH HOCHUTEIH
3apsA70B B UYBCTBUTENIbHON oO0OsiacTu aeTekTopa U (OpMHUpPOBAHHMS HAa STOM OCHOBBI
aAMIUTUTYJJHOTO CIIEKTpa C BBICOKMM SHEPreTHUYECKHM pazpenieHueM. B sTtom Bompoce
0co00€ MECTO 3aHMMAEeT B KadeCTBE OCHOBHOI'O MaTepuala MOHOKPHUCTAILUTMYECKUN
kpeMHuid. CrieoBaTeNbHO, B HEM HEOOXOIMMBl PAa3BUTHA TAaKUX IMPOILIECCOB, Kak
muddy3uss 1 TOCIEOYIONINI MPOLECC KOMIIEHCAIIMM MPUMECHBIMU aToMaMu OOJbIIOTO
pabouero oObema Takux CTpyKTyp. IIpu »TOM o0co0oe 3HaueHHE HMEET MpPoIece
dbopmupoBaHus BbICOKOA((EKTUBHON TrpaHUlbl pasfena cTpykTypbl. C 3TOW TOYKH
3peHusl  BaXXHbl ~ HAYYHO-TEXHOJOTMYECKME  MCCIEAOBaHUsA MO  pa3paboTke
BbicOKOd(PdekTuBHBIX Si(Li) cTpykTyp, Kak ¢ p-n, p-i-n mepexomamu, Tak u aSi-Si(Li)
rerepenpexogamu. JlaHHBIA BONPOC OCOOCHHO Ba)XEH Ha HACTOsIIEEe BpeMs C
HeoOxoauMocThio pazpadbotku T1IT]] 60X pa3MepoB, B 4aCTHOCTH, C YyBCTBUTEIHHOM
IIOBEPXHOCTBIO hi (4] MaKCUMaJIbHO BO3MOJKHBIX JUaMETPOB HCXOJTHOTO
MOHOKPHUCTAIZIMYECKOTO  KPEMHHS, BBIIYCKAEMOW IPOMBIIIIEHHOCTBIO. Y CIENIHOE
peleHue 3amad 1o co3jgaHuio BbIcOKOdGdekTuBHbIX Si(Li) MeTeKTOpoB saepHOTO
U3ITy4eHHs OOJBIINX MIIOMIAIed U MPOTSKEHHOCTH YyBCTBUTEIBHON 00JaCTH BO MHOTOM
3aBUCUT OT MPABWIBHOIO TIOHMMAaHUS CBOMCTB MCXOAHOTO KpHUCTaia OOJIBIIOTO
IaMeTpa, U X pu3nyeckas CBsA3b C IKCILTyaTallMOHHBIMU XapaKTEPUCTUKAMU JIETEKTOPA.
Ot0 Tpebyer Oojee TIIyOOKOrOo TOHMMAaHHUS CBOMCTB HCXOJHOTO KpHUCTala |
YCTaHOBJICHHE WX POJIM Ha POpMUPOBaHUS BBICOKOA(D(PEKTUBHBIX JETEKTOPHBIX CTPYKTYP
TUINIa p-n, p-i-n mnepexonoB, a Ttakxke oSi-Si(Li) rerepomnepexonoB. Iloatomy Ttema
JMCCEPTAILMOHHOM pabOThI ABIISETCS AKTYaJIbHOI.

Crenenn U3YYEHHOCTH npoo0.JieMbl. N3BecTHO, 4TO pa3BUTHE
MOJTyTIPOBOJJHUKOBOTO MaTepUaIOBEICHUS OTKPbUIM IIUPOKHE BO3ZMOKHOCTH Pa3pabOTKH
NOJIyIPOBOJHUKOBBIX JIETEKTOPOB SAEPHOrO M3IYUYEHUs Pa3IMYHOrO HasHaueHus. Cpenu
JIETEKTOPOB SJIEPHOTO M3IY4YEHHs] Ha MOJYNPOBOJHUKOBBIX KpHCTaUIax 0co00€ MECTO
3aHUMAIOT KPEMHUU-JIMTUEBBIE NETEKTOPHl. B Hacrosmiee BpeMsi B MUPOBOW IMPAKTHUKE
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TAKOr0 TUIA JIE€TEKTOPBI Pa3BUTHI TOJBKO OTHOCHTEIBHO MallbIMU pazMepamu (Iuamerp
qyBCTBUTEILHON MOBEPXHOCTH HAeTekTopa B<50 mm, Tommmua paboueii obmactn W<2
MM) [1,2,3]. B To ke BpeMs uMeeTcst ocTpas HeoOXxoauMocTh pazpaboTtku II1J] 6ompmmx
pasmepoB (¥>50+110 MM, W>3+10 mm). OmHako MX CO3[aHHE HMEIOT HE TOJIBKO
dbu3nueckue, TEXHUYECKHE, TEXHOJOTUYECKUE OCOOCHHOCTM W  TPYJIHOCTH, HO
O0COOEHHOCTH TPOIIECCOB COOUpPAHMS 3apsiioB, KMHETHUECKUX IPOIIECCOB B OOJBIINX
obbemax uyBcTBUTENbHOM oOmactu IIIIJI. B stom Bompoce ocoboe MecTo 3aHUMaeT
dbopMUpOBaHUA HA KpHCTaUIax OOJBIIUX AUAMETPOB PE3KUX IUIOCKOMApaslIeIbHBIX IO
BCEH IUIOIIAM KpUCTAILJIa P-n, P-i-n Mepexoa0B, a Takxke aSi-Si(Li) reTepenepexo10B.

Cas3b AuccepTallUOHHON PpadoThl ¢ TeMatuuyeckumu miuaHamu HUP. Pabora
BbINIOTHEHA B Dusuko-rexHuueckoM uHcTUTyTe HIIO «®uszuka- Connue» AH PVY3 B
pamkax ['ocynmapctBennoii Hayuno-texuuueckoit IIporpammer AH PVY3. OcHoBHbIE
pe3yapTaThl OBUIM MOJYYEeHBI B paMKax MpoekToB DoHAa MoAAep KU QyHIaMEHTATbHBIX
uccienoBanuit AH PY3 Ne 06-06 «®Pusnueckue 0OCOOCHHOCTH  Ppa3pabOTKU
MOJIYNPOBOJHUKOBBIX CTPHUIIOBBIX JETEKTOPOB SJIEPHOIO H3IYYEHHS OPTOrOHAIBHBIM
nosiem» (2006-2007) u THTIT A-5-032 (I101/06) «Pa3paboTka HU3KOPOHOBON YCTAaHOBKHU
HA OCHOBE KPEMHHII-THTHEBOTO IETEKTOpa ¢ OONbuIoi miomanbio (1o 100 cm®) s
perucTpanuu ciabOMHTEeHCUBHOTO HOHU3HpPYIOIIEero u3nydenus» (2006-2008).

Heabo auccepranMoOHHON PpadoThl SBISETCA HCCIEIOBaHUE OCOOEHHOCTEN
dbopmupoBaHUs BBICOKOI(PGHEKTUBHBIX JIETEKTOPHBIX CTPYKTYp OOJBIIUX pa3MepoB C
ONTUMAJIbHBIMUA JJICKTPODU3UYECKUMU U PAJTUOMETPUUECKUMU CBOMCTBAMHU, a TaKkKe
M3yYEHHUE HOBBIX (DU3NUYECKUX MEXAHU3MOB BIUSAIONIUX Ha (OPMUPOBAHUE AMILIUTYIbI
HSHEPreTUYECKUX CIIEKTPOB B HUX.

3agaum uccie10BaHMA:
- pa3paboTKa TEXHOJOTMU TMOJYYEHHUSI BBICOKOAI((EKTUBHON TpaHULBl pa3zena

JNETEKTOPHBIX p-n, p-i-n 1 aSi-Si(Li) cTpykTyp O0NBIIKMX pa3MepoB;

- HCCIENOBaTh  JJCKTPOPU3NYECKHE U  PAAUOMETPUYECKHME  XapaKTEPUCTHUKU

JNETEKTOPHBIX CTPYKTYp Ha ocHoBe Si(Li) p-i-n u aSi-Si(Li).

- HCCIeoBaTh OCOOEHHOCTH TPaHUIlBI paszjiena U OapbepHbIX CBOMCTB aSi-Si(Li)
reTepOCTPYKTYpP OOJIBLINX Pa3MEPOB;

- U3Y4YUTh BIHSHUA Pa3IUYHBIX TUIOB HEOJAHOPOAHOCTH TMOTEHIMAla B
yyBcTBUTENbHOM 00nactu [1I1]] Ha a3 dhekTUBHOCTL cOOMpaHus 3apsiI0B B HEM;

- M3y4YUTh OCOOCHHOCTH HOBBIX (PU3UYECKHUX SIBJICHUN B UYBCTBUTEIBHOW 00JIacTH

[1I1/1, oOyciIOBIEHHBIX CBOMCTBAMH UCXOJAHOTO MOHOKPUCTANIMYECKOTO KPEMHUS,

O0bexkThl UM mnpeaMeT ucciaenoBaHus. OOBEKTOM HCCICIOBAHUS SBISIOTCS
nerexktopusie Si(Li) p-i-n, aSi-Si(Li) ctpykrypsl. [IpenmeToM ucciaegoBaHus SIBISIOTCS
bu3nUecKue MEXaHU3MBbI, OINpeAestonme (popMUpOBaHUE AMILTUTYIBI SHEPTETUUECKHUX
CIIEKTPOB B JETEKTOPHBIX CTPYKTYpax.

Metoabl  uMccleIOBaHUSI:  METOJbl  MCCIEJOBAaHUS  BOJBTAMIEPHBIX U
BOJIbT()apaHbIX ~ XapaKTEPUCTHK JETEKTOPHBIX CTPYKTYp; METOA  HCCIEIOBaHUS
doToHANpsIKEHUST B HEOJHOPOJHBIX Yy4YacTKax 4YyBCTBUTeNbHOM obOmactu Si(Li) p-i-n
CTPYKTYp, @ TAKKE CTPYKTYPHBIE UCCIIEIOBAHUS IPpaHUIbI pa3aena aSi-Si(Li).

I'mnmore3a wucciaenoBaHuMsi: B HacTosliee BpeMs HaOwpaeTr TeMmm B
npuOOPOCTPOCHUM HaHO(U3MKA, HAHOTEXHOJOTHMH, HAHOCTPYKTypa, TJ€ HadyWHAET
MPOSIBIISITBCS  HOBast (M3HMKA, KBAHTOBO pa3MepHble (HU3UYECKHE TMPOIECChl, HOBBIC
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SBJICHUS, MEXaHU3Mbl. B TOke Bpemsi ocTaeTcsi MOTPeOHOCTh B Pa3BUTHH IMOJIYyYEHHUS
MOJIyITPOBOTHUKOBBIX npudOpoB 00JIBIINX pa3MepoB, KaK Hanpumep,
dboTonpeoOpazoBaTesid COJTHEYHOTO U3ITYUYEHUS! B DJIEKTPUUYECKYIO, JETEKTOPHI SACPHOTO
U3ITyYEHUs], OTPAHUYUTENM W TMEpEeKItoYaTea OOJbIIUX JJIEKTPUUYECKUX MOITHOCTEH,
uMIitysibcoB U ap. Cpenu Hux ocoboe mecto 3anuMmarot [II1J] Gonbmiux miomanei u
00bEMOB, TaK Kak sIepHO-PU3MUECKHUE METOJbl IIMPOKO MPUMEHSIOTCS HE TOJBKO B
Hay4YHO-(QU3UYECKUX MCCIEIOBAHUAX, HO TaKX€ OHHM UCIOJIb3YIOTCS B DJHEPreTHKE,
re0JIOTUH, MEIUIIMHE, apXeoJoTuu, d3Kojoruu u T.a. Opnako, B paspaborke III1]]
OonpIMX TUIOHIaed U O00BEMOB MPOSBISAIOTCA OCOOCHHOCTH (u3nueckux 3 exToB,
CBA3aHHBIX C UX OONBIIUMHU pa3MepaMH, KOTOpble BIHSIIOT Ha (opmHupoBaHUE
BBICOKOA()(DEKTUBHBIX MPUOOPHBIX CTPYKTYP C MPOTHO3ZUPYEMBIMU XapaKTEPUCTHKAMHU.
HccnenoBanusi B 3TOM HaIpaBJIE€HUU SIBISIOTCS BAaXXKHBIMH B IIOHMMAaHHH OCOOEHHOCTEHN
(u3MYECKUX MPOLIECCOB, SIBICHUN B IPUOOPHBIX CTPYKTYpax OOJBIINX pa3MepOB.
OcHOBHBIE I10JIOKEHHUSI, BBIHOCUMBbIE HA 3alIUTY:

1. IIpemnoxeHHblE [TONOJHUTEIBHBIE TEXHOJIOTMYECKUE YCIOBHS Ui CO3JAHUs
neTeKTOpHBIX CTPYKTYp Si(Li) p-i-n, aSi-Si(Li) 60abII0# MUIOIIa M.

2. Mexanusmbl 0OpazoBaHusi B oOnactu oObemMHOro 3apsga Si(Li) p-i-n cTpykTyp
cnaza (OTOHANPSIKEHUS B BHJIE «IMbD» BBI3bIBAEMBIX HaIMUUEM J1€(DEKTOB, Kak
HanpuMmep, Tuna  (a3oBOTO  BKIIOYEHHUS,  MPUMECHBIX  IPELHUIIUTATOB,
HAaHOPa3MEPHBIX MPUMECHO-AE(PEKTHBIX KIACTEPOB U Jp., KOTOPbIE HECOMHEHHO
CYILLECTBYIOT B 00BEME pP-i-N CTPYKTYPHI.

3. 3aKOHOMEpPHOCTH JABWKEHUS YaCTHIbl B MPOTSHKEHHOW 00JIaCTH p-i-n CTPYKTYpP B
HEOHOPOTHOM MOTEHIIUATILHOM 10J1e, (HOPMUPYEMOTO ATOM 00JIaCThIO.

4. [erektopsl Ha ocHoBe aSi-Si(Li) reTrepocTpyKTypbl C HIPOTHO3UPYEMBIMU
ANEKTPO(PU3NIECKUMU U PaAMOMETPUYECKUMHU XapaKTEPUCTHUKAMU
o0ecreynBaeMbIMU 32 CYET TPUMEHEHUSI aMOP(HOTO CIIOSI.

HayuyHnast HOoBU3HA:

1. Ha ocHOBe wHcclnenoBaHHWU peEJIaKCAllMOHHBIX MPOLECCOB (POTOMPOBOIUMOCTH B
obnactu oobemHoro 3apsiaa Si(Li) p-i-n cTpykTypax, BBISBIEHO, YTO Ha OTIIEIbHBIX
ydacTKax 3TOW 00JIaCTM Ha BPEMEHHOM 3aBUCHUMOCTH MMITyJbca (POTOHANPSKEHUS
10CJIE COOTBETCTBYIOLIETO (POTOBO30YXKACHUS, HAOIIOJAeTCsl SpPKO BBIpAXKECHHAs
«IMay.

2. Ha ocHOBE NpOBEAEHHBIX AHAIMTHYECKUX PACUYETOB TPACKTOPUU JIBHOKCHUS
HOcHUTelNen 3apsana B 1 - oonactu Si(Li) p-i-n CTPYKTyp € y4€TOM BIMSHUSA HA ATOT
MPOLIECC HEOJAHOPOJHOCTH MOTEHIIMATIBHOIO MOl B HEM, TTOKA3aHO, YTO MPHU TaKUX
YCIIOBUSIX 3JIEKTPOHBI U JIBIPKU, TEHEPUPOBAHHBIE B PE3YJIHTATE MOHU3ALMU aTOMOB
AIEpHBIM  W3JIy4eHHEM, I[epeMelnaloTcss Ooljiee JIMHHOM TpPaeKTOpUEH 1o
HaIpPaBJICHUIO JJICKTPUYECKOro TMoJis B uyyBcTBUTEeNbHOU oOnactu IIITJ[. B
pesynbTate  coOupaemblii  3apsan  Opd QOPMUPOBAHUM  AMIUIUTYAHOTO
DHEPreTUYECKOr0 CIEKTpPa ONpPENEseTCS OTHOLIEHUEM BpPEMEHHM 3aJE€PXKKU K
BpEMEHHU UX cbopa.

3. Pazpaboranbl (U3HKO-TEXHOJIOTHYECKUE CIOCOOBI (HOPMHUPOBAHMS ONTUMAIIBHBIX
CBOMCTB 3JIEKTPO(U3NUECKUX XAPAKTEPUCTUK MU TMApPaMETPOB PaTUOMETPUUECKHUX
coiictB IIITJI Ha ocHoBe Si(Li) p-i-n ctpykTyp M aSi-Si(Li) rerepocTpykTyp
OOJBIINX Pa3MEpOB.



4. Iloka3zaHO, YTO JETEKTOPHBIE reTepOCTPYKTYpbl Ha ocHoBe aSi-Si(Li) aBmsroTcs
Oonee 3PpPeKTUBHBIMU MO UX OBICTPOJAEHCTBUIO U TOHKOTO MPHUIIOBEPXHOCTHOTO
(«MepTBOroO») CJI0S1 OTHOCUTEIBHO TPAAUIIMOHHBIX P-N CTPYKTYP.

5. OmnpeneneHbl SHEPTETUYECKHE CIEKTPbl M3rOTOBJIEHHBIX TETEPOCTPYKTYp MO [3-
vactunam DBK *V'Bi (Ep~1 MbB) Rg=38 k3B u no o-gyactunamu 22°Ra (E.=7,65
MsB) R,=65 «3B. CpaBHUTENIbHbIE XapaKTEPUCTUKU TMOKA3bIBAIOT, YTO
reTepOCTPYKTYpPhl ~ MOJYYEHHBbIE MO  pa3padOTaHHOW  TEXHOJOTUU  HUMEIOT
YIIYYLIEHHBIE CIIEKTPOMETPUUECKUE XaPAKTECPUCTUKH.

6. BbIsBIICHBI HOBBIE TEXHOJOTMYECKHE YCIOBUS MEXAHMYECKUX M XHUMHYECKUX
00pabOTOK, OCHOBAaHHbIE HAa JUHAMUYECKHMX TOJXO0JaxX, Uil (QopMUpOBaHUS
IJIOCKOIAPAJUIENbHBIX 1€TeKTOPHBIX Si(Li) p-i-n CTPYKTyp U reTeponepexo1oB aSi-
Si(Li) ¢ 607pIIMMY TUIOIMIAIIMU YYBCTBUTEIHHON TOBEPXHOCTH.

Hayynass W npakruyeckasi 3HAYUMOCTh Pe3yJbTATOB HccJel0oBaHusA. B
JMCCEPTAIMOHHONW pPaboTe pPAacCMOTPEHBI HOBbIE (DU3UYECKUE SIBJICHHS M IIPOIIECCHI,
KOTOpPbIE CBOWCTBEHHBI JIETEKTOPHBIM cTpykTypam Si(Li) p-i-n, aSi-Si(Li) OGosbmumx
pasmepoB. Co3gaHue TakuMX AETEKTOPHBIX CTPYKTYp CBsI3aHO ¢ Oosee MOAPOOHBIM M
rITyOOKUM TOHUMaHHUEM 3JIEKTPO(PU3NUECKUX CBOMCTB HMCXOJHOTO KPEMHHUS OOJIBIIOrO
JMaMeTpa, U YCTAaHOBJICHUEM HMX B3aMMOCBSI3U TPeOOBAaHUSAMH IMOJYYCHHUS HAa UX OCHOBE
BbICOKOd(PdekTuBHBIX Si(Li) p-i-n, aSi-Si(Li) cTpykTyp. DT Hay4dHbIE PE3yIbTATHl UMEIOT
3HAYEHUsI JJIsl IOHUMaHUs (PU3UYECKUX MPOIIECCOB JIJISl PA3JIMYHBIX MOTYTPOBOIHUKOBBIX
npuOOpOB OONBIINX PA3MEPOB, a TAKKE MPAKTUUECKUE 3HAUECHUS I COBEPILIEHCTBOBAHUS
UX XapaKTEPUCTHK.

Peanu3zanusi pe3yabraToB. Pa3paboTaHHBIC JETEKTOPHBIE CTPYKTYpPhl HMEIOT
MEPCIEKTUBBl B pelieHUU (yHIAMEHTAIbHBIX U MPUKIAIHBIX 3a7ad siIepHOU (DU3UKHU U
npuMmenenuu IIIIJ[ B kadyecTBe SKCIOPECCHOTO sIACPHO-PU3MUECKOTO METoja st
W3MEPEHHUSI UNCTOTHI BEILIECTB B PA3JIMYHBIX chepax.

Anpobauuss padorbl. OCHOBHBIE pPeE3yibTaThl JAUCCEPTAIMOHHON PabOTHI
JOJIOKEHbl W OOCYXJEHbl Ha CceMUHapax JabopaTopui  MOJIYIPOBOJHUKOBOIO
HarnpasiieHusT Pusuko-rexanueckoro uHetutyra HIIO «®usznka-Comnue» AH PVY3, a
TaK)Ke€ Ha CIECIYIONIUX PECIyOJMKAaHCKUX W MEXIyHapoAHbIX KoHpepeHuusx: «Current
Problems in Nuclear Physics and Atomic Energy», (Kyiv, Ukraine, 2008); «®wu3suka
TBepaoro Temna» W «HaHoMarepuanbel Uisi 3alllUThl MPOMBINUIEHHBIX M MOA3EMHBIX
KOHCTpyKIUi», (Ycrb-Kamenoropek, Kazaxcran, 2010); XVII MexayHapoIHON Hay4YHOU
KOH(EepeHIIMU CTYAEHTOB, acmupaHTOB M MoJjonbiX yueHblx «JIOMOHOCOB 2010»,
(Mockga, Poccusi, 2010); «Tabuuii dannapuunr non3apd myammonapu» (Camapkann,
V36exuctan, 2008); «Duszuka (paHUHUHT OYTryHTH PUBOXKHAA UCTECHIAOMIU ENUIAPHUHT
Vpuu», (Tamkent, Y36ekucrtan, 2010); «DyHaaMeHTaNIbHbIE W MPUKIAJAHBIE BOIMPOCHI
buzukny, (Tamkent, Y30ekucran, 2010).

Ony0uKOBaAaHHOCTH pe3yJabTaToB. [lo MaTepuanaMm auccepTaluu OmyOIMKOBAaHO
14 Hay4yHBIX paboT, U3 HUX 5 cTaTeil U 9 TOKIIAI0B B TpyJax KOH(DEPECHITUH.

Crpykrypa u 00bemM auccepraumu. Jluccepranysi COCTOUT U3 BBEICHUS, YETHIPEX
IJ1aB, BBIBOJIOB U CIIMCKa JuTepatyphl. OHa U3noxeHa Ha 123 cTpaHuIiax MAIIMHOMIUCHOTO
TEKCTa, COACPKUT 28 pUCYHKOB, 1 Tabnuil, 91 HauMeHOBaHU TUTEPATYPHBIX HCTOUHHUKOB.



2. OCHOBHOE COAEP/KAHUE JUCCEPTALIUN

Bo BBeneHmu 00OCHOBAaHAa aKTyaJIbHOCTb MPOOJEMBI M TEMbI JUCCEPTALMOHHOMN
paboThl, cGOpMyNIMpOBaHBI LIEMM M 3aJayd, HaydyHas HOBU3HA M IpaKTUYECKas
3HAYUMOCTb PabOThl, NPUBEIECHBI OCHOBHBIE MOJI0KEHMSI, BRBIHOCUMBIE HA 3aILUTY.

B mepBoii riaBe npuBeneH 0030p JIUTEPATYPHBIX NAaHHBIX (DU3MUYECKUX OCHOB U
IOpUHLKIIA pabOThl MOITYIPOBOJAHHUKOBBIX JETEKTOPOB, a TAaK)KE CBOWCTBAX HCXOJHOIO
KPEMHHS.

Bo Bropoii riaaBe AuccepTallMOHHOW  pabOThl  OMUCAHBI  OCOOECHHOCTH
TEXHOJIOTHYECKUX CIOCO00B (hOPMUPOBAHUS JETEKTOPHBIX CTPYKTYp Ha ocHoBe Si(Li) p-i-
n u oSi-Si(Li) Oonpmux pa3mepoB. MexaHuueckas U XUMHUYecKas oOpaboTka
KPEMHHUEBBIX IUIACTUH Oonbiinx pasMepoB. [uddysus wu ngpeild HOHOB JUTHS
KPEMHHUEBBIX CTPYKTyp Oousbliol rwiomanu. OCOOEHHOCTH TEXHOJIOTHS TOIYy4YECHHUS
JETEKTOPHBIX TeTepocTpyKTyp aSi-Si(Li) OonbmIux AMaMeTpoB.

B nenom mexanuueckass oOpabOTKa KPEMHHEBBIX IUIACTUH Pa3IMYHBIX OOJBIINX

JTUAMETPOB (¢>50MM) A TOJIIIAH (W>1,5JW14)I[OJDKHBI ObUIH OOecIIeunBacTCs C

TOYHOCTBIO TUIOCKOTIapauieIbHOCTH uX Oosee 1+1,5%. Jlns coxpaHeHus u oOecredeHusI
ONTUMAJFHOW  TUIOCKONAPAJUICIbHOCTA  KPEMHHUEBBIX IUIACTHH TMPU  XUMHYECKOU
00paboTku TpedyeTcs o0ecredeHue B ATUX Mpolieccax paBHOMEPHOU CKOPOCTH TPaBJICHUS
OJTHOBPEMEHHO BCEH MOBEPXHOCTH WX OOJIBITION TUTOIIATH.

Jlnst iuddy3noHHBIX TporieccoB nosydenust [T 6oapiux pasmMepoB (@ >50 MM u

W>2 MM) HaMu ObLITM ONITUMU3UPOBAHBI TEXHOJIOTHYECKHUE YCIOBUS U PEKUMBI ITpoIiecca
temriepaTypHoil aupdysun. Jnddys3us mutus npoBoautces B Bakyyme. HanbuieHue nutus
Ha pasorpersie 10 300 — 500 °C kpeMHHEBbIE ILUIATHHBI IPOBOJUTCS B BAKYYMHOMH Kamepe
npu naeneun 107 Ttop. JIpeiip MOHOB JMTHSL NPOBOMMICS HAMH HA CIICIHAIBHO
pa3paboTaHHOW U U3TOTOBJIEHHOM Japeii(oBoil ycTaHOBKE. B CBsI3M ¢ 3TUM pexum apeiida
BBIOMpaJICs caenyromuM obpazom: Temmeparypa T,,=70+-80°C, HanpsKeHUEe CMeEIeHHs
100400 B B 3aBUCMMOCTH OT BEJIWYMHBI TOKOB YTE€YKM HA KaXJIOM KOHKPETHOM
KpHUCTaJLIE.

Jlist TITTJT Gonbmiux pazmepoB 0cob0e 3HAUCHHE MMEET IUIOCKOMApaIIETHOCTh pP-n
nepexoja Mo BCEH IUIONIAd €r0 YyBCTBUTEIHHOM MOBEPXHOCTH, a TaKXe IiIyOMHa p-n
Oapbepa, dhopmupyroriero aubdy3noHHBIM CIIOCOO0M. DTO CBA3aHO C TEM, YTO C OJHOMN
CTOpOHBI ToJIMHA JUPDY3MOHHOM 00JIaCTH JOJDKHA OBITh JOCTATOYHO TOHKOM
(«MepTBBIH CJI0I»), T.€. CIOK Ha KOTOPOM MOTEPU SHEPTUU 3apSKEHHBIX YACTHIL B HEM HE
y4acTBYIOT B (OPMHPOBAHUU AMIUTUTYIHOTO SHEPreTUYECKOro CIEKTpa U € Jpyrou
CTOPOHBI JIOCTAaTOYHO TOJICTOM s obOecneueHus sddekTuBHOrO p-n Oapwepa. Js
obOecrieueHns >PQGEKTUBHBIX YCIOBUM s (opMHpOBaHUS p-n Oapbepa U OAHOrO M3
BOKHOT'O PaJIMOMETPUUECKOTO MmapameTpa («meptBoro ciosi») III1J] Ha ocHose Si(Li) p-i-n
CTPYKTYp HaMH OBbUIM MPOBEIEHBbI HCCIEAOBAHHUS MO BHIOOPY ONTHUMAJIbHBIX TOJIIUH
muhy3roHHON 00J1aCTH 10 OKOHYAHMIO Tpoliecca Jpeiida MOHOB JUTHS HA TPeOyeMyro
(3agaBaeMyto) TonuunHy Si(Li) p-1-n CTpYKTYpBHI.

Ucxons w3 cinoxHOCTH  (OPMHPOBAHUS  BBHICOKOI(P(EKTHUBHBIX  TUIOCKO-
napaJyieIbHBIX TOHKUX P-N MEPEX0I0B, HAMH ObLTa pa3paboTaHa TEXHOJIOTHS MOTyYEHUs
rerepoctpyktyp oSi-Si(Li) mma I Gompmux pasmepoB. B oTiiMuuu OT TEXHOJIOTHH
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nonmyuenusi III1J] na ocnoBe Si(Li) p-i-n ctpyktyp, aSi-Si(Li) rerepomnepexoab! ObLIn
MOJIy4€Hbl METOJIOM ToIHOTO courrudoBanusa auddysnonnoin odnaactu (~300 mxm). Ha
OCTaBIIYIOCS 4aCTh KPEMHHUEBOH IUIACTUHBI, KOMIIEHCUPOBAHHOM METOJIOM Jipeiida HOHOB
auTus, ObutH popMupoBanbl aSi-Si(Li) reTepoCcTpyKTYpHI.

B Tperbeii TiaBe JUCCEPTALIMOHHONW pabOThl MPUBOAATCS  OCOOCHHOCTH
ANEKTPOGU3NIECKUX CBOMCTB JIETEKTOPHBIX CTPYKTYp Ha ocHoBe Si(Li) p-i-n u aSi-Si(Li)
OONBIIMX pa3MEpPOB, a TaKKe H3Yy4YeHbl CTPYKTYpHBbIE CBOMCTBA TpaHMIIBI pasjena
JETEKTOPHBIX TeTepocTpyKTyp aSi-Si(Li).

Hccnenoansl BAX nipu npuiiokeHUH HanpsbkeHus: oopaTHoro cMmerienus Ha Si(Li)
p-i-n CTPYKTYpBI, U3TOTOBICHHBIX Ha OCHOBE KPEMHHEBBIX IJIACTHH PAa3HBIX TUAMETPOB
(¢p=30—-100mm), a TakKe HMCXOIAHBIMU MApaMETPaMHU: KOHIICHTpAIMS KHCIOPOaa

pasnsitack N,=2-10"" cm™. Kpome Toro, Takske GbIT HCIOIB30BAH KPEMHHIA, IOy YeHHBIH
oecturenbHoM 30HHOM MaBkoil (b3I1) ¢ yaensHbiM conpotuBieHueM p=3000+-7000 Om-
CM U BpPEMEHEM XHU3HU HocuTeneit 3apsaa 1>500 mkc. Ilociie onpeneeHHbIX XUMUKO-
TEXHOJIOTUYECKHUX ONEpaIfii Ha MIacTUHAX OblIa rpoBeaeHa nuddy3us TUTUS HA OJIHY U3
ero CTOpoH B Bakyyme mpu Temmeparype T=450°C. Ilocie, anst KOMIEHcAIMu Beeil
TOJIIWHBI TIJIACTUHBI MPOBOJWJICSA Apeid HOHOB JMUTHS HA BCIO TOJIIUHY IJIACTUHBI.
Jpeiid nonos Li mposoxmnu mpu temneparype (80 + 90)° C 1 HampsvkeHHH 0GPATHOTO
cmemienuss  U=(100+400)B. 3arem Bech KpuUCTaUl  MOJBEPraeTcss  XHUMHKO-
TexHojornyecko oOpaboTtke. K TOTOBOM CTpyKType HANBUIAIOTCA METAUIMYECKUE
kOHTAKTHL, Al(~1000°A) u Au(~200°A) Ha n*-061aCTh U i-007JaCTH COOTBETCTBEHHO.

300

@
) 150 3)

]
100-\_‘_ I0))
24

1 (1)
//f 50 4
14

T T T
T T T
50 100 150 200 250 300 50 100 150 200 250 300
V,B

1-guametp 30 mym; 2-guametp 60 MM;
3-guametrp 100 mMm.

V,B
1-nuamerp 30 mMm; 2-guamerp 60 mm;
3-muametp 100 mm.

6)
a)
Puc. 1. O0paTHasi BeTBb BOJIbTAMIIEPHOM Puc. 2. BorbTdapagnas xapakrepucruxa Si(Li)
xapakrtepuctuku Si(Li) p-i-n ctpykTyp pP-i-n CTPYKTYp NpH NPHJI0KEHUH HANIPSIKEHUS

00paTHOro cMeneHust

Ha puc.l. npeacraBieHsl TUIMYHBIE BOJbTaMIEpHbIe xapakTepucTuku Si(Li) p-i-n
CTPYKTYp, U3TOTOBJIEHHBIX HA OCHOBE KPEMHHUEBBIX IIJIACTHUH PAa3HBIX IWAMETPOB. 31ECH
kpuBasgs 1 gns I ¢ nuamerpom 30 mMMm; kpuBas 2 auamerpom 60 Mwm; Kpuas 3
muamerpom 100 mMm. W3 pucyHka BHUIHO, YTO HApSAy C Majoll BEIMYMHON OOpaTHOTO
TOKa XOpOIIUM IIOKa3aTejeM Il CTPYKTYphl SIBISETCS BBICOKOE HaIpshKeHHE Mpooos,
CBHJIETEIBCTBYIOLIEE O TOM, YTO IIOBEPXHOCTh CTPYKTYPbI JOCTATOYHO YHUCTA.



UccnenoBanuss BOX B 3ToM pazaene Obu MPOBENEHBI HA TaKUX XK€ 00pa3iax, Kak
u aia BAX. Ha puc.2 npencraBieHbl BosibTdapaganbie xapakrepuctuku Si(Li) p-i-n
CTPYKTYP, U3TOTOBJIEHHBIX HA OCHOBE KPEMHHUEBBIX IIJIACTUH Pa3HbIX IUaMETPOB.

W3 pucyHka 2 BUJHO, YTO C YBEJIMYEHHEM TOJILIMHBI KOMIEHCUPOBAHHONW 00JIaCTH
3HAUEHUS EMKOCTM HACBIIIEHUS CMENIaeTcsd JIMHEHHO, B CTOPOHY YBEJIMYEHUS
HanpspKeHus: oopaTHoro cmemleHus. OTcrofa cieayeT, YTO YAEJIbHOE COINpPOTUBIICHUE
KOMIIEHCUPOBAHHOW 00JIaCTH Ul CTPYKTYP Pa3HBIX TOJIIMH JOCTATOYHO BHICOKOOMHOE U
IPUOJIM3UTENIBHO OJIMHAKOBOE.

B otnnuun ot texnonoruu nomyuenus [1I1/] va ocnose Si(Li) p-i-n cTpykTyp, aSi-
Si(Li) rerepomepexonbl ObUTM TOMYYEHBI METOAOM  IIOJHOTO  CONUIM(OBAHUS
mud¢ysuonnon odmactu (~300 mMxm). Ha ocraBurytocss d9acTb KpeMHHEBOH TMIIACTHHBI,
KOMIICHCUPOBAaHHOW MeETOJoM jpeida noHOB nuTHs, Obutn (GopmupoBanbl aSi-Si(Li)
rerepocTpykTyphl. Ha puc 3 npeacrasnens! npsmas (cMm. Puc. 3 a) u oOpaTtHas (cM. Puc 3
0) BETBM BOJBTAMIIEPHBIX XapaKTEPUCTUK TeTEPOCTPYKTYp Ha ocHoBe oSi-Si(Li) mpu
KOMHATHOHM TeMIEPATypE.
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a) mpsiMasi BETBb; 0) oOpaTHas BETBb.
Puc. 3. Tunu4nbie BoJbTaMIIepHbIE XaPAKTEPUCTHKH IeTepOCTPYKTYPbI HA ocHOBe a.Si-Si(Li)
NPH KOMHATHOM TeMIeparype.

o
o

10 15 20 25 30
Voltage, (V)

o

Ha puc. 4 a npuBeneHa mnpsmas BeTBb, a Ha puc 4. 0 oOpaTHas BETBb
BOJILTAMIIEPHOM XapaKTEpPUCTUKU B JIBOMHOM JiorapuMUUEeCKOM Maciutabe mpu
KOMHATHOM Temriepatype. M3 3Tux pUCYHKOB BHJIHO, YTO HpsiMasi U oOpatHast BeTBu BAX
UCCIIEyEMON NETEKTOPHOU CTPYKTYpPBI, COCTOAT M3 JIBYX SIPKO BBIPAKEHHBIX YYaCTKOB.
[Ipyyem BeIMYMHBI TOKOB, KaK HAa MEPBOM, TaK M HA BTOPOM YYaCTKax MpSIMOU U
obpatHoii BeTBM BAX 3HAuMTEIBbHO OTIMYAIOTCS IPH OJHOM M TOM XK€ 3HAYCHUU
HamnpspbkeHus: cMmenieHuss V. OTinuue B HMX BO3pPACTaeT C YBEJIWYEHHEM BEJIMYMHBI V.

1 o
KosdhdummenT BoimpsmiaeHus: K = % (V =const) Tako#l CTPYKTYpbl OT IPUIIOKEHHOTO
o6p

HaNpsDKEHUST U3MEHSIETCA CIIOKHOW — 3aKOHOMEpHOCThrO. Hampumep, K ~30+40 mpu
(V=1B), a mpu OOJNBIIMX 3HAYEHHAX HANPKEHHAX OH CTAHOBUTCS COOTBETCTBEHHO

paBHbiM 150 (V=10B) u 500 (V =30B). IIpoBencHHBI aHamM3 MOKA3bIBAET, 4TO Ha

NEepBbIX YydacTKax MpsMod u oOpatHoi BAX, TOK OT HampsiKEHUs OIUCHIBACTCA
CTENEHHBIMH 3aBHCUMOCTSIMU COOTBETCTBEHHO [ ~V* (2 =0,93) u I ~V* (2 =0,85). X0Ts B

HUX MEXAHW3M MEPEHOCAa HOCUTEIEW OJWHAKOBBIM, HO MPUPOJIA TMOSBICHUS HOCUTEIIECH
3apsja y HUX pasHble. B mpssMoM HampaBiieHUs TOK IEPEHOCUTCS, NWHKEKTUPOBAHHBIMU



HOCUTEISIMM U3 OMHUTTEpa, T.. U3 TrerepocTpykrypy aSi-Si(Li), a B 3amopHOM
HaNpaBJICHUH TOK B  CTIPYKType ONpeaensiercd COOCTBEHHBIMH  HOCHUTEISIMHU,
reHepHupyeMble P KOMHATHOU TeMIIepaType OKpY KaloIIel Cpebl.

Current, (uA)
3
1
Current, (uA)
3
-

; : : 16'1 1E>° 1;;)1
107 10° 10’
Voltage, (V) Voltage, (V)

a) mpsiMasi BETBb; 0) oOpaTHas BETBb.
Puc. 4 BoaibTamnepHbie XapaKTEePUCTHKHU IeTEPOCTPYKTYPHI B IBOHHOM JIOTapH(PMHYECKOM
MacmTade Npu KOMHATHOI TeMIeparype

Ha BTopom yuactke npsimori BAX B MexaHu3Me IEepeHoca TOKa, MO - BUINMOMY
OTIPENIEISIONIYI0 pOib urpaeT aud@ys3uss HEOCHOBHBIX HOCUTENEH, KOHIIEHTpaIus
KOTOPBIX HAMHOTO OOJIbIIIE, YeM KOHIIEHTpaIus 0a3bl (KOMIEHCUPOBAHHBIN JTUTHEM CIIOi)
Ha rpaHulle pasjaena rereporepexoaa aSi-Si(Li). Tak kak TommuHa 0a3bl COCTABIAET ~2
MM, TO OHA IIPHU UCCIEAYEMBIX NPHJIENIaX HAMPSHKECHUH MOJTHOCTHIO HE MOYJIMPOBAHA, T.€.
MOAABJISIONIAs YaCTh MHXEKTUPOBAHHBIX AJIIEKTPOHOB HE JIOXOMAT IO THIJIOBOTO KOHTAKTa
13-3a Iporecca peKOMOUHAITNH.

Bropoit yuactok oOpatHoit BAX mpeacrtaBiasier co0oif  TIPAKTUYECKH TOK
Haceienust oS1-Si(Li) rerepoctpykTypsl. [losiBIeHNE MOCTOSHCTBA TOKA OT HAMPSKEHUS
npu V>30B o3nauaer to, uto 0Si-Si(Li) rerepomepexod COACPKUT BeCbMa Mayro
MJIOTHOCTh TOBEPXHOCTHBIX COCTOSIHUM Ha TpaHUIEe pa3fefia U MOITOMY MPaAKTUYECKU
OTCYTCTBYIOT TOKH YTE€UKH, a oOpaTHasi BAX BXOJUT Ha HACKIILICHHUS.

UccnenoBanusi BHICOKOYACTOTHBIX BOJIbT(HAPATHBIX XapPAKTEPUCTUK MPOBOIUIUCH
st quarna3ona 1 MI' va npubope E7-12, a nst quanazonoB yactot 0,465 M -10 MI'n
Ha MOJIEpHU3UPOBaHHOUW ycTtaHoBKke JI2-7-1M. DT npubopsl obecrneurnBaiv aMIUTUTYTy
MEePEMEHHOT0 BBICOKOYACTOTHOTO CHUTHana He Ooniee 5-7MB. U3mepenus mpoBoauiauch
npu temrneparype T=300K, kak mnapaminenbHON, TaKk M MOCIEIOBATEIBHON CXeMe
3amemnienus. [lorpemHocts npu usmepeHun cocrabisuia He Oonee 0,1 pF. Ha puc.S.
IpUBEACHBI BOJBT(HApPATHBIE XAPAKTEPUCTUKH TETEPOCTPYKTYp 0Si-Si. DKCHepumMeHT
MOKa3aJl, 9TO BUJ BRICOKOYACTOTHBIC BOJBT(apaHbIC XapaKTEPUCTUKU T€TEPOCTPYKTYPHI
aSi-Si(Li), CymecTBeHHO 3aBUCUT OT YaCTOThI U3MEPUTEIHLHOTO CUTHANIA. TaKkoe pa3nnyue
B YaCTOTHOM 3aBUCHUMOCTH €MKOCTH reTepocTpykTypbl oSi-Si(Li), Haxopsuieics B
Pa3IMYHBIX PEXKUMAX, MOXKHO OOBSICHUTH CIEAYIOIIMM o0pa3oM. B ciydae pexuma
oborarnieHrss 00beMHBIN 3apsi/l B TPUIIOBEPXHOCTHOM 00JIaCTH KPEMHHMS CO3/Ia€TCs 32 CUET
MOATATUBAHUS K €r0 MOBEPXHOCTH OCHOBHBIX HOCUTENIEH 3apsiia.

N3 puc. 6 BUAHO, YTO rpaHUIIa pasjesia JOCTATOYHO Pe3Ka, C YETKUM BbIACICHUEM
4acTu cJiosi aSi 1 MOHOKpUCTaiia Si. DTO CBUAETEILCTBYET O TOM, UTO JCHCTBUTEIHHO,
rerepocTpykrypa aSi-Si(Li) sBnsercs 6osee >pPeKTUBHON TETEKTOPHOM CTPYKTYPOH, Kak
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M0 JJIEKTPOQU3UIECKUM XaPAKTEPUCTHKAM, TaK M 10 MOTCHIMAIBHBIM OaphepHBIM
CBOMCTBaM.

Tpanimier .51 St

a)
-35-30-25-20-15-10 -5 0 5 10 15 20 25 30 35

A%
1)- 0,465 MI'y, 2) - 1 MI'y, 3) — 3 MI'L, 4) — 5SMI'
Puc. 5. Boicoko4yacToTHBIE BOJIbT(apaJaHble Puc. 6. I'panunsi pazgena aSiu Si(Li)
XapPaKTePUCTUKHU reTepoCcTPYKTYP aSi-Si npu (CKAaHMPYIOUIUIA JIeKTPOHHbIH
KOMHATHOM TeMIlepaType MHKPOCKOI ¢ yBeaudenueMm 5000)

B yerBepTOii Iri1aBe AUCCEPTAIIMOHHON pabOTHl paccMaTpUBAIOTCS HUCCIIETOBAHUS
IPOLIECCOB MEPEHOCa U COOMpaHUsi HOCUTENEH 3apsjia, TeHEPUPOBAHHBIX IOTJIOIIEHUEM
HHEPTUY MOHU3UPYIONINX YACTHII.

B pabotax [4, 5] mpoBeaeHsl uccienoBanusi tonorpaduu curHaita ¢oto DJIC,
CBSI3aHHBIE C HEOJAHOPOIHOCTHIO 3JEKTPUUYECKOTO MOJs B 00sacTh 0OBEMHOIrO 3apsia
TePMAHUEBBIX PAJAUANMOHHBIX JACTEKTOpOB. IS KPEMHHEBBIX paTUAIMOHHBIX P-i-n
JETEKTOPOB OBUIM M3yUeHBI TOMOTpadusi aMITUTYHOTO CIIEKTPa METOJOM CKaHUPOBAHUS
KAUTMMUPOBAHHBIM TydkoM anb(a uactun [2]. B pabortax [6-9] paccmorpensl
OCOOCHHOCTH KOMIIJIEKCOB M MHOTO3aps/IHBIX IIEHTPOB aTOMOB MapraHila W HUKENs B
CHWJIBHOKOMIICHCHPOBAaHHOM KpPEMHUHU. BaXXHBIM B JTHX HCCIECIOBAHUIX SIBISETCS
YCTaHOBJIEHHE ()aKTOB HAJIUYMS B OMNPEIEICHHBIX JIOKAJIBHBIX 00JaCTSIX CYIIECTBEHHOIO
HEOJTHOPOJIHOTO pacIpeieieHHs IPUMECE B MOHOKPHUCTAIIaX KPEMHHSL.

B nuccepranuum paccMaTpuBaroOTCs pejakCalMOHHbIE MPOLIECChl HOCUTENEH 3apsiioB
B obnactu o0beMHoro 3apsana B Si(Li) p-i-n cTpykTypax.

Ha puc. 7 npuBeneHa TUNHYHAs OCHMJIIONPaMMa, YCTaHOBJICHHOTO HaMU Iipu OoJiee
JIETAIbHOM HCCIIEOBaHUH, peslakcalud (POTOMPOBOJMMOCTH B YUYyBCTBUTEIBHOM 00J1aCTH
Si(Li) p-i-n crpykryp. Ilo ocu aOcuucc OTIOKEHO BpeMms, MacIITaOMPOBAHHOE
Ims/10mm. A mno ocH opAWHAT TIOCTaBJICHO HAIpPsHKCHUE, MacIITaOupPOBAaHHOE
0,05V/10mm.

W3 ananu3a 1aHHOTO aHOMAJIbHOTO SIBJICHHS, KOTOPOE Mbl Ha3BaJIM KaK «sMay, B
dboToHaNpsKEHUU clefyeT cienytoniee. M3BeCTHO, 4TO B peslaKCallMOHHBIX Mpolieccax
(GOTONPOBOAMMOCTH TIPU HAJTWYUHU yYPOBHS NPHWIWIIAHUS B KPEMHHH, CIaJ B UMITYJIbCE
dboToHanpsKeHuss MOHOTOHHO yMeHblaercsa [10]. B pabote [11] mpoBeneno uccneno-
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BaHue BIMAHUA d(P(EKTa HACHIIIEHHS CKOPOCTU DJIEKTPOHOB HA IEPEKIIOUEHHE N -P-P
CTPYKTYpPBI B KBa3UHEHTpaJIbHBIM JiperipoBoM pexxume. OTMedeHo, 4To 3G(HEeKT HachIIe-

4,0 4

3,5

3,0 -

2,5

2,0 1

1,5 H

(T y+(1/r ), ms”

1,0 A

0,5

0,0 T T T T T T T T T T 1

0 1 2 3 4 5
t, ms
y=0,05V/10mm, x=1ms/10mm.
Puc. 7. Pesakcanus (poTONNpPOBOIMMOCTH B Puc. 8. I'paguueckasi 3aBUCHMOCTb BpeMeHH
o0J1acTu 00beMHoOro 3apsiaa Si(Li) p-i-n penakcauuu

CTPYKTYP.

HUS CKOPOCTH CYIIECTBEHHO 3amemiseT mposieT JIMHOBCKOM BOMHBI [12] 31€KTpOHOB
yepes 0asy n'-p-p°  CIPYKTypHl, CIIEIOBATENbLHO HAOMIONAETCA PE3KUH  CIaj.
[Ipennoxenusiii B padote [12] mexanusm 6ojiee 4eM MOJIXOIUT K OOBSICHEHUIO MOSBICHUS
«SIMBI» B 00JIACTH CTaja, €CIIM MPEANojaraTth, 9To 3alpelieHHON 30He KPEMHHMSI UMEIOTCS
CKOIUICHUSI TJIyOOKOJIGKANMX peKoMOMHAIMOHHBIX IieHTpoB [13]. Torma Bpems
penakcaluy UMeeT JIBe cocTaBisitoniue [14]

11,1 @.1)

T Ty 7,
Torna cIiaa HaIIpsAKCHUA 110 BPEMCHHU OIIPCACILACTCA (1)OpMYJ'IOI71

1 1
U=U,e o ] 4.2)
31ech r,- BpeMs pellakcalliy, MPU OTCYTCTBHHU TIIYyOOKOJEKAIUX PEKOMOWHAIIMOHHBIX
IIEHTPOB, 7,- BPEMs pellaKCalliu, KOoraa padoTaroT TOIBKO ATH IIEHTPHI.
Ucnonb3yst  SKCIEpUMEHTAJIbHBIE  PE3YJbTaThl,  ONPEIETUM  BPEMEHHYIO
3aBUCUMOCTH 7,. lIpexne Bcero, ananmusupyem (ynkiuio U B Toukax sKCTpeMyma, Te
nepsas nmpousBoAHas U mo t Oyner paBHa Hy0. Ha 3Tux Toukax umeer MecTo

(ﬂj :ﬁ(iﬂj. 4.3)
dar ), 1\ 7,

3neck t; 3HaueHue t, rae Habmoaaercss MUHUMYM GyHKIUU U. DKCIIEpUMEHT MOKa3bIBaET,
4TO (pyHKIMOHANIBbHAs 3aBUCUMOCTh U OT BpeMeHH t UMeeT B TpeX TOUKaX 3KCTpEeMalbHOE
3HaueHUe. DJTO O3HauaeT, uTto sMnupuueckas (opmyna U sBisercs KpUBOW Tperen
crenenn. @opmyna (4.3) onpenenset ycnosus, riae pynkuus U uMeeT U30KINHY, PaBHYIO
HYJI0. AHaNu3upys pa3ivudHble BAapUAHTHl AMIUPUYECKUX (OPMYJ, OMHUCHIBAOIIMX
3aBucUMOCTh U OT BpeMEHHU t MPUXOJUM K BBIBOJY, YTO OTHOCUTEIBHO YIOOHBIM K
pacyeTy sBIseTCs cieayomnas hopmyia
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2 3
U t—t t—t
—IH(U—MJ =¥ +k2( l—k kj +k3( tk kj . (4.4)

3neck k, u k; 3aBucaT ot mapamerpoB pyHkiuu U B TOUKax 3KCTpeMyMa

Yo =V Yo— W1 . . L, — 1 U
k, = - Dk, =y, -y, +ky; a=—%; y=In] —|.
3 2( 1) ( 1) 2= Yo~ N 3 i y ( j

iio

Torna yy=0, Tak kak B Hauane cnaga U=U.,. O6o3HauuM yepe3 y, zln[UL] npu t=ty, t;-

iio

COOTBCTCTBYCT MHHHMYM HAIIPSAKCHUA, tz-MaKCI/IMYM t. Hawano cuera BpEMCHHA

o

ONpEZICTICHO B TOYKE cnajaa, modtomy t;=0. y, = h{LJ npu t=t, nosygaem, 4to k, u kj

onpeaensoTcs GopmynamMmu
3
Ly, L+

Yis kazﬁyz__kyl' (45)

_ln[Lj _ {L . ij, (4.6)
Uss Ty T4
TO U3 (4.4) nmoxyyaeMm, 4ToO

2 3
BRI RN it/ ISP i 4.7)
o T L L

['pacduueckast 3aBUCUMOCTh 7, OT BpEMEHHU MIPUBEJICHA HA PUCYHKE 8.

Orcroia BHIHO, 4YTO MO Mepe NpUOIMKEHHs, KpUBas MaJCHHUS B HMITYJIbCE
(GOoTOHANpPsKEHUsT TPUHUMAET MHUHUMAJbHOE 3HAUEHHE, BPEMsS pellaKcallii HayuHaeT
YMEHBIIAThCS, KOT/1a CKOPOCTh YMEHBILIEHHUS 7, IO BPEMEHH JI0 ONPEAEICHHOIO 3HAUCHHS,
onpeaesiemoro 1o ¢opmyiie (4.3) naaenue GOTOHATIPSKEHUS TOXOIUT 10 MUHUMATBHOTO
3HaueHus. [Ipum 3TOM 7, HauyMHaeT BO3pacTaTh 0 OINPEACIIEHHOIO MAaKCUMyMa, IOCIE
3TOro HaOJIOJAeTCsl KBAa3UCTAllMOHAPHOE 3HauyeHWe BpeMeHu penakcanuu. Kak Obuio
BBIIIIE OTMEUEHO, YYET YPOBHS MPHJIMIIAHUS HE J1aeT SKCTPEMAJbHBIX TOYEK B 00JIaCTH
criaga wummynbca QotoHanpspkenus [10]. boiee ToYHBIM pacdyeT JIUHAMHYECKHX
XapaKTEPMCTUK N'-p-p* CTPYKTYp, NPY NOMOLIM JIMHOBCKUX BOJH JUIS JIEKTPOHOB TOXKE
JTa€T MOHOTOHHBIN craj (OTOHANpPsKEHU 1o BpemeHu [11].

Hanusiii 3¢ exT, 00ycnoBICHHBIM HaJTUYMEM B YyBCTBUTEIbHOU oOnactu Si(Li) p-
1-n JI€TEKTOPOB E€CTECTBEHHO WMIPAET BAXKHYIO POJIb B MpoOIlecce coOMpaHus 3apsana u
CJIeI0BAaTeNbHO B (POPMUPOBAHUU MCTUHHOTO 3HEPreTHUECKOro crekTpa. B To sxe Bpems,
JaHHBIN >PGEeKT MMeeT CcamMOCTOSATEIbHBIM (PYyH/IaMEHTANbHBI MHTEpEC, Kak SBIICHHE,
MPOUCXOISIIECEe B JIOKAJTHLHOM HEOJHOPOTHON O0O0JACTH KPHUCTAIIMYECKON PEIIeTKH C
HOBBIMH (DYHKITHOHAIBHBIMU TTPOIIECCAMH.

JleiicTBuTENnbHO, OOJIEE IOJTHOE, BCECTOPOHHEE U MPaBUIIbHOE TOHUMAaHKE Mpoliecca
coOupanus HOCUTENEH 3apsaa B 00iacT 00BEMHOTO 3apsa J000To (HYHKIIMOHATBEHOTO
HA3HAYCHUS TPUOOPHBIX CTPYKTYP MO3BOJHUT CYIWUTh CTETEHh WUCTUHHOCTH BEJIMYHMHBI
U3MEpPAEMBIX XapakTepucTHK. VccrenmoBanue GU3MYECKUX TMPUYHMH, TPUBOASIIAX K
BO3MOXKHBIM ~ HMCKQ)XCHHUEM  HJICAIbHOCTH TPUHIMIIA pabOThl TOTO WM  HMHOTO
(YyHKUIHMOHATIBHOTO Ha3HAYEHUS MOJYIPOBOJHUKOBOM CTPYKTYpPBI, IPEIACTABISET UHTEPEC

Tak kak

13



Ul pa3pabOTKU MAaTeMAaTHYECKOTO KOMITBIOTEPHOTO MOCIMPOBAHUSI M TaKUM 00pa3oM
dbopMupoBaTh HUCTUHHYIO KapTHUHY (BEJIMYMHY) HCCIEAyeMoro o0bekTa (mpolecca).
JlaHHBIII BOIPOC PACCMOTPEH ISl TMOJYIPOBOJHUKOBBIX JIE€TEKTOPOB HOHU3UPYIOLIUX
u3nydeHnii. OOBIYHO TPU PACCMOTPEHUU PaOOTHI JIETEKTOPOB YUYUTHIBAIOTCA 3aKOHHO-
MEpPHOCTH TPOLIECCOB B3aUMOJCHUCTBUSL 3apSKEHHOW YACTHUIBl C KPHUCTAJUIMYECKON
pEelIeTKON JeTeKTopa, a paccesHue (B TOJICTBIX JE€TEKTOpax) YUYMTHIBAETCA KaK e€e
B3aMMOJICCTBHE, B OCHOBHOM, Ha TOUYEYHBIX JePeKTax (3apsuKCHHBIX WM HEHUTpPalbHBIX)
Wi (poHOHAX.

AHaTUTUYECKOE OMNMHUCAaHWEe, H3-32 €r0 CIOXKHOCTH, B OOJBIIMHCTBE CIIydacB
HEBO3MOXXHO WU PEIICHUE ypaBHEHUW JBUXKEHHUS HOCUTENEH 3aps/ia B TaKUX YCIOBHUAX
BO3MOXKHO TOJBKO TMPHUOIVMIKEHHO WJIM YHUCICHHBIMH METOJaMH, 4YTO HWMEET CBOU
HegocTaTku. OHU HE MO3BOJISIIOT BCECTOPOHHE aHAIM3MPOBATH JBUKEHUE YACTHUIIBI U K
TOMY K€ MOTYT CoJiepKaTh HH(GOPMAIINIO, BEI3BAHHYIO BBIYMCIUTEIHHBIMUA OIIHOKAMU, a
3TO 0OCTOATENHCTBO YACTO 3aTPYHSIET MOHUMaHUE (PU3UYECKOM CYyTH paccMaTpUBAEMBIX
ABJECHUN. TeOopeTHUEeCKUM >K€ aHAIN3 MOJCJIEH JETEKTOpA SBISIETCS HETPUBHAIBHOMN
3ajauyeil O0COOCHHO IS TOJICTOTO JIETeKTOpa, B KOTOPOM HE paccMaTpuBaercs
(Y4uTBIBa€TCS) MPOIIECC PACCESTHHUSI.

Pemienne ypaBHEHUsT JBWKEHHS B HEOJHOPOJAHOM IOTEHIMAIBHOM MOJIE,
comepxariee edeKT, Mbl paccMaTpUBaeM KakK CyYMMY HE3aBHCHMBIX JpPYyr OT Jpyra
pelIEHUd B HEOJHOPOJHBIX NOTEHUMAIbHBIX IOJISIX CaMOMl CTPYKTYypbl M TMOJ,
co3/1aBaeMoro Je(peKToM, paccMaTpuMBaeMbIii KaK TOYEUHBIA HCTOYHUK TMOTECHI[HAJIA,
MOMEIIECHHBIA BHYTPb CTPYKTYphl. Takasi MOCTaHOBKA 3aJa4ll COOTBETCTBYET MPHUHIIUITY
CyNEepHo3UullMM  TOTEHIUaNbHbIX  Tosie. Creayer  OTMETUThb, UYTO  OCHOBHBIC
3aKOHOMEPHOCTH JIBHXKCHUS YaCTUIl B HEOJJHOPOJIHOM MOJIe CTPYKTYPhI onucanbl B [15], u
TOT/a 3ajada TOJIydeHHUs OOIIEro peleHusl 3aKI4YaeTcs B MOJYyYEHUU U PEelIeHUU
YpaBHEHHSI JBUXKEHUSI B TI0JIe, CO3/1aBa€MOr0 TMPUMECSIMU WU Je(PEeKToM, U €ero
CYMMHUPOBAHMUS C PEIICHUEM YPABHEHHS IBUKEHHUS YaCTUIIBI B CAMOM CTPYKTYpE.

B Ttex xe paborax [15] moka3zaHO, YTO TOTEHIIMAT DJJICKTPUYECKOIO IO B
HEOJHOPOJHOM CTallMOHAPHOM MOTEHUUATIBHOM TMOJI€ CTPYKTYpbl C pacnpeicieHHbIM
MOTEHIIUAJIOM ONUCHIBAETCS BEIPAXKECHUEM:

U, y) =%y (Upax =Upin)/lodo =Kg, - x-y (4.8)
rae: ly,d, — JIMHA W IIAPHUHA HCCIEIYEMOM CTPYKTYpHI, kg, - KOO(DOUIHMEHT
pacopeneneHusl MOTeHIUala CTPYKTYPbl, U, .. ,Upin — COOTBETCTBEHHO MAKCHUMAaJbHOE U
MUHUMAJIbHOE 3HAa4Y€HUs TMOTEHIMala Ha KOHIaX »dJekTpona Ha y=d, (dmekTpom ¢
pacrpeneleHHbIM TOTEHIMAaaoM). 3HAaueHHs TMOTEHIMana Ha »3iekTpojae npu  y=0
IIPUHUMACTCI 3a IIOCTOSIHHOC 3HAYCHUC (U(x,O):const.), OTHOCHUTCIBHO KOTOPOTO
ONPEACIISIIOTCS 3HAYEHUSI OTEHIIMAa Ha 3JIEKTPOJIE C PACIPEAEICHHBIM MTOTCHIIMATIOM.

[Tonme TOYEYHOrO MCTOYHUKA PACCMATPUBACTCA KaK CUMMETPUYHOE TIOJE C
pacrpeieIeHHbIM MOTEHIIMAJIOM, B KOTOPOM €r0 MOTEHIMAJI OMUCHIBAETCS PAaBHOOOKHUMHU
runepOoiamMu, aCUMOTOTAMHM KOTOPBIX SABIAIOTCA ocu X u Y. Pemienue ypaBHEHHS
JBW)KCHUSI YaCTUIIBl B HEOJAHOPOAHOM TMOTEHIUAIBHOM TI0JIE TOYEYHOTO HMCTOYHUKA B
TaKOW TMOCTAHOBKE paccMarpuBaeTcs BrepBble. OOBIYHO paccMaTpUBAIOTCS KaK MOTEpPHU
HOCHUTEJIeW 3aps/ia 3a CYET PEKOMOMHAlMK WM 3axBaTa (MpUIMIAHWS) HA JIOBYIIKAaX.
YpaBHEeHUE OIS TOUEUYHOI'O0 UCTOYHUKA [ 15] MOKHO 3anucath B BUJIE:
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Us(x,y)=*kg - xg - yg =Fkg - (x =xg0) - (Y = ¥s0) (4.9)
rie: kg =WUnae —Upin)/1* ks = Uy —Upin)/1-d- ko3 PuimeHT pacrnpeneneHus
noTeHuuana mo ocsiMm X u Y, [, d — JAJWHA U HIMPUHA HCCIAEAYEMOM OOIacTH MO,
Upax »Umin- COOTBETCTBEHHO 3HAa4Y€HHs] TMOTEHIMAJIOB B OKPECTHOCTH TOYEYHOTO
UCTOYHMKAa M Ha KOHIAX HCCIEAyeMOil o0JacTu ero moiis, xg,ys - KOOPIWHATHI MO
TOYEYHOTO MCTOYHUKA, (x—xg0)-(y—Yygo)- NPUBEACHHBIC KOOPAWMHATBHI JJII TOYEHYHOTO
UCTOYHUKA U Xy, yso- KOOPAUHATHI PACMOJIOXKEHUS nedekta (IpUMEecHu) B CTPYKTYpE.
Otcroma ciemyer, 4ro Ha (HOPMHPOBAHUS AMIUTUTYJHOTO SHEPTrEeTHYECKOTO CIEKTpa B
Si(Li) nerektopax OyayT BIMATH NOTEPU HOCHUTENIEH 3apsloB HE TOJBKO 3a CYET
peKoMOMHAIIMU WM 3axBaTa Ha JIOBYIIKaX, HO M H3-3a YJJIMHEHUS TPACKTOPHH HX
JIBUKCHUSI, CIIEOBATENbHO, TAaKO€ SBJICHHUS OOYCIaBIMBAIOT BPEMEHM 3aJCPKKU K

BpEMEHU COOpY HX.

B OonbmimHcTBE CiiydaeB HambOojee CYIHIECTBEHHBI JBa BHUJAa H3MEPEHHI:
ompeNeseHue OHHEPrUM YacTUll M U3MEepeHue ux Tnoroka. MHorma Heobxoaumo
pPEruCTpUpPOBATh TPYMIMBl YaCTHUI[ MaJIOM HHTEHCHUBHOCTH B MPUCYTCTBUU OOJBIIOTO

KOJIMYCCTBA APYI'UX 4aCTUIl C OYCHb OJIM3KUMH OHCPIUAMUA.

=
"“9 g 5
Z‘ F z ; _QOTBi
| |
[ | 1- 38 KoB
17 no |65 koB | 38 ko
l il | ﬁ T
|
i i : ;
MU W 1)
o H:’ l"‘ M‘,l g ‘IF_ Mgt o ot Wi’ L
e e Y - : e
1000 1626 1000 1750
Homep KaHana Homep KaHana
. 226 . -
a) DHEPTeTHYECKHH CIISKTp 110 O-4aCTUIl ~ Ra 6) sHepreTHUeCKHii ciekTp mo B-uactui *' Bi

Puc. 9. JHepreruyeckue cneKTpbl reTepocTpyKTypbl Ha ocHoBe a.Si-Si(Li)

Ha puc. 9 a,0 mokazaHbl 3HEpPreTUYECKHe CHEKTPbl JETEKTOpa MO O-4aCTULAMU
*Ra (E,=7,65 M3B) R,=65 ¥3B T.e. R,<1% 1 mo B-uactumam DBK *’'Bi (Eg~1 M>B)
Rg=38 k3B T.e. Rpg>1%. Kak BuaHO H3 JHepreTMdeckux crexTpos oSi-Si(Li)
reTepoCTPYKTYp M1 o — dactur ~Ra (E,=7,65 MbdB) nauHbi (axktop Bimser
HE3HAUNUTEIHbHO, TaK KaK B JTOM Ciy4yae TJyOMHA TOTJIONIEHUS 0 — YacTHI[ O4YeHb
masenbskoe (0,25 MkM), a Jutst B — 9acTHIl, BIUSHUE CYIIECTBEHHOE, TaK KaK B ATOM ClTydae

riryOuHa mpojiaéra JOXOIUT 10 2 MM.

Takum o0pazom, Hamu ycraHoBieHo, uyTo B [II1/] Gonpmmx pazmMepoB MOMHUMO
TPAJAULIMOHHBIX MEXaHU3MOB IOTEPU 3apsla - NPOSBIAIOTCS SBICHUS W3MEHEHUs UX
TPACKTOPUN JBWIKEHUS U OTPULATENIBHBIE KUHETUYECKHE IIPOLECCHI, CBSI3aHHBIE C
HaJIMYMEM HEOJHOPOJHOCTEH TMOTeHUMasa M aHoOMalbHOro »¢d@dexrta B HUMIYJIbCE
(bOoTOHANpsKEHUsT B BUJIE «SIMbD» B UYBCTBUTENIbHOM MpoTskeHHOCTH obOmactu [II1]]
OoonpmMx pasmepoB. KoTopbie U3MEHAIOT BpeMs MpoOera OTHOCUTENBHO BpeMEHU cOopa
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HOCHUTENICH 3apsija, CIeAOBaTeNIbHO, (OPMUPOBAHUS AMIUTUTYJAHOTO SHEPTETUYECKOTO
CIEKTpa.

B KkoHIle TiaBbl TakXe U3y4YEeHBl XapakTepucTuk aAerpaganuud Si(Li) p-i-n
JETEKTOPOB OOJBIIUX pa3MepoB. B Tabmuile npeacTaBieHbl MCIBITAHUS IMapaMeTpPOB
JNETEKTOPHBIX CTPYKTYp 3a YKa3aHHBIM NEpHOJl: HaydalbHbIE 3HAYECHUSI MapamMeTpOB
JETEKTOPOB MPUBEJICHBI B YUCIUTENSAX U Tocie 18 MecsieB B 3HameHaTensX. Kak BUgHO
U3 TaOmuIBl  TMOKa3aTeld  TOJIIMHBI  YYBCTBUTENBHBIX  O0JacTel  M3MEHWIUCH
OTHOCUTEIBHO HAYyaJdbHbIX HE3HAUMTENBHO, a TAaKKE YTO TEMHOBOW TOK JETEKTOPHOMU
cTpykTypbl Nel yBenmuuuics. OTo OOYCIOBIEHO W3-3a YXYAIICHUS TMOBEPXHOCTHU
CTPYKTYpbl. T€eMHOBBIE TOKH OCTaJIbHBIX JIETEKTOPOB MPETEPIEIN TAKKE HE3HAUUTEIbHbIC

nm3mMenenua. Ilokasarenu

CMKOCTH

BCCX  JICTCKTOPOB

HU3MCHUIINCH

JOMYCTUMOI0. DHEPreTUUYECKUE PA3PEIICHUS IOYTH HE H3MEHWIHCH.

Wcnerranus nerpaganuu Si(Li) p-i-n 1eTeKTopoB

B Ipenenax

HaumenoBanue napameTpoB Howmep ctpykrypa
1 2 3 4

TonmuHa 4yBCTBUTEIBHBIX 900/900 900/850 900/700 900/900
00J1aCTh. MKM
JlnameTp 4yBCTBUTENIBHBIX 50/50 50/50 50/50 50/50
00J1acTh (BXOJIHOT'O OKHA), MM
Haumensimme/manbosbImme 40+80/40+80 | 40-+80/40+-80 | 40+80/40+80 | 40+80/40+80
3HauYeHUs paboyero
Hanpsbkenus, B
OnrtumanbHOE HapsHKEHUE 60/60 60/60 60/60 60/60
JIETEKTOPOB, B
TeMHOBOM TOK, MKA 0,8/3,6 0,6/0,5 1,2/0,9 6,2/5,2
Emkocts, n® 376/520 370/480 360/550 320/580
OHepreTu4ecKkuii 3KBUBAJICHT 36/38 30/28 34/36 58/65
myma, kaB
DHepreTuyecKue pa3perieHus 45/52 38/38 42/45 62/55
1o [3-4acTUIIbI 27gj ¢ Eg=1M»>B

3. 3JAK/IIOYEHUE

1. Pa3zpaboTaHa TEXHOJIOTMSI CO3[@aHUsl NETEKTOPHBIX CcTpykTyp Si(Li) p-i-n, aSi-
Si(Li) cTpyKkTyp ¢ OOABIIMMU MJIOWAASMHU YyBCTBUTEIBHON MTOBEPXHOCTH.

2. YcTaHOBIIEHbl ONTHUMAJIbHbIE HAayYHO-TEXHOJIOTMUECKHE CIoco0bl (HOopMHpO-
BaHUs BBICOKOA((EKTUBHBIX OapbepHbIX cBOMCTB B Si(Li) p-i-n CTpyKTypax u
aS1-Si(Li) rerepocTpyKTypax ¢ ONTUMAIbHBIMHU TOJIIIMHAMHU UX BXOJIHOIO OKHA

(«MEPTBOTO CIOS»).

3. UccnenoBanbl penakcamuoHHbie mporiecchl doTonpoBoaumoctd B Si(Li) p-i-n
cTpykTypax. [loka3aHo, 4To Ha TaKMX CTPYKTypax Ha BPEMEHHOU 3aBUCUMOCTHU
UMITyJIbca (DOTOHAINPSIKEHUST TIOCIE COOTBETCTBYIOIIETO (POTOBO3OYKICHHUS
HAOJIIOJIaeTCsl SPKO BBIPAXKEHHAs] «sIMa». YCTaHOBIEHO, YTO OOPa30BAHMIO
«IMBD» B oOyiacTu cmaga (hOTOHAIMPSHKEHHUS OTBETCTBEHHO HAIWYUE NE(PEKTOB,
Kak Hampumep: (a3oBbie BKIIOYCHHS, TMPUMECHBIE NPEUUNUTAThl, HaHOPa3-




MEpHbIE TNPUMECHO-ACPEKTHBIE KIAcTepbl W Jp., KOTOpPble HECOMHEHHO
CYILECTBYIOT B 00BEME P-i-N CTPYKTYPHI.

4. TlokazaHo, 4TO uccieAoBaHWe MPOOJIEMbl JBUKEHUS YacTHIBl Ha TpaHUIIE
pasziena JBYX CIUIOLIHBIX cpell PU3NYECKUX YCTPOMCTB MOXHO paccMaTpHUBaTh
€€ Kak 3aJladyy O JBWKEHUHU YAaCTUIBl B HEOJHOPOJHOM IOTECHLIHAIBHOM MOJIE,
dbopmupyemoro 53toii oOnacteio. I[lomydyeHHBIE ypaBHEHUS JABUKEHHUS B
HEOAHOPOJHOM TMOJIe, B KOTOPOM TOYEYHBIH HMCTOYHHK pPACCMATPUBACTCS B
KauecTBe Je(deKTa, U UX aHAJTUTHUECKHE PEIICHHs, HA OCHOBE KJIACCHYECKOTO
MPEJCTABIICHHS, TO3BOJSAIOT MPOBOAUTH TPACKTOPHBIM aHalM3 YacTUIIBl B
Pa3IUYHBIX 00JIACTAX W TaKUM O0pa3oM yTBEPKIATh, UYTO AJICKTPOHBI U JIBIPKH
Ir€HEPUPOBAHHBIE B pPE3yJlbTaTe€ HWOHM3ALMU AaTOMOB SIAEPHBIM H3IyYECHUEM
MEePEMENIAIOTCSA 10 HAIPAaBJICHUIO 3JEKTPUUYECKOTO IMOJISI B YYBCTBUTEJIBHOU
obmactu IIITMA. ITpu sToM coOupaemblii 3apsia OyIeT ONpEaesITCS OTHOIICHHEM
BpPEMEHU 3aJIeP>KKU K BpEMEHHU cOopa uX.

5. Iloka3zaHo, YTO AETEKTOPHBIE T€TEPOCTPYKTYPHl HAa OCHOBE 0Si-Si(Li) sBIsIOTCS
6onee 3PheKTUBHBIMU O UX OBICTPOJEHCTBUIO U TOHKOTO MPUITOBEPXHOCTHOTO
(«MepTBOroO») CII0Si OTHOCUTEIHHO TPAJUIIMOHHBIX P-N CTPYKTYP.

6. OnpeneneHbl SHEPTETUUECKUE CHEKTPbl U3TOTOBIEHHBIX FETEPOCTPYKTYpP IO [3-
gactunam DBK *'Bi (Eg~1 M>B) Rg=38 k3B u no a.-gactunamu *Ra (E,=7,65
MsB) R =65 k3B. CpaBHUTENbHbIE XapaKTEPUCTHKU IIOKA3bIBAKOT, 4YTO
reTePOCTPYKTYPhI MOJYYCHHBIE IO pa3pabOTaHHON TEXHOJOTUM UMEIOT YIyd-
[IEHHBIE CIEKTPOMETPUUECKUE XapaAKTEPUCTHUKHU.

CITMCOK MCIIOJIb30BAHHOM JINTEPATYPHI

AxumoB IO.K.,, MHUrmatees 0O.B, Kamuaun AN, Kymnupyxk B.OD.
[TonynpOBOHUKOBBIE JETEKTOPHI B  OKCIIEPUMEHTAIBHON ¢usuke. - M.:
Oneproaromusaar, 1989. - 271 C.

AsumoB C.A., Mymunos P.A., lllamup3aes C.X., SAdacoB A.A. Kpemuuii-nutuesbie
JETEKTOPHI siepHoro uznydeHus. — Tamkent: ®an, 1981. — 257 C.

Pamxkamos C.A. HccnenoBanue ocoOSHHOCTEH CO37aHUs KPEMHHM-TUTHEBBIX P-1-T1
JIETEKTOPOB OOJBINON TUIOMIAAN JUISI PETUCTPAIMM HOHU3UPYIOIIETO HU3ITyUYCHUS
Majoi akTuBHOCTH. ABtoped. [uc. ... kana.pu3. — mar. HayK. —laIlIKeHT:
Tamly. 1991. - 16 C.

Crpokan H.b., Tucunexk H.U., ApanacreB B.®. // [Ipubopsl TeXHUKA SKCTIEPUMEHTA.
- Mocksa, 1968. - Ne5. - C.211.

AdanacbeB B.®., Ctpokan H.b., Tucuex H.U. // IIpubopbl TeXHUKA SKCTIEPUMEHTA.
- Mocksa, 1970. - Ne2. - C.66.

AronoB K.C., baxaasipxanoB M.C., 3uxkpunnaes H.®., Unues X.M. ®uzuueckue
ABJICHUS B KPEMHHMM B KpalHE HEpPaBHOBECHOM coCTOsSIHMM. - TamkeHT: ®AH,
2008.-341 C.

baxagpsipxanoB M.C., ArnoB K.C., MasnsnoB I'.X., McamoB C.b. Otpunarensnoe
MarHeTOCONPOTUBJIEHNE B KPEMHUHU C KOMILJIEKCAaMU aTOMOB Mapranua [Mn], //
OTTII. — C.ITerepOypr, 2010. -1.44. Beim.4. - C.1181-1184.

17



8. baxanmpipxanoB M.C., AwnoB K.C., Masnsnos ['.X., 3ukpwuiaee H.D.,
HurmanxomxaeB C. AkTMBanus HAaHOKJIACTEPOB aTOMOB MapraHia B KpeMHHH //
HAH PVY3. — Tamkent, 2009. - Ne3-4. - C.58.

9. baxansipxanoB M.C., AronoB K.C., Ap3ukynoB 3.Y., Cpaxes C.H., Tom6oes T.V.
TepMuueckue CBOICTBA KpPEMHHSI C KIIAacTepaMu aroMoB Hukens // W3Bectus
Bricimx YuebOusix 3aBenenuii. ®usuka. — Mocksa, 2008. - Nel11/3. - C.170-172.

10.AponoB J[.A., 3aiitoBa B. ®oTtoMarHuTHbI 3¢dekT U (OTONPOBOAUMOCTH B
MOJTyTIPOBOJTHUKAX MPHU BBICOKUX YpOBHSX BO30OyxkaeHus. — Tamkent: ®AH, 1987.
- 241 C.

11.MuanakanoB T.T., Jleeuamreiin M.E., TaamgoeB A.I'., FOpkoB C.H.Ocobennoctu
JIMHAMMYECKON UHKEKIUH U MIPOLECCOB MOAY/ISALUU 0a30BOr0O CIIOS B MOLIHBIX N'-
p-p’ crpykrypax // ®TIL — C.Ilerepbypr, 2007. — 1.41.- Bem.11. — C. 1401-1407.

12.Dean R.H. // J.Appl Phys. — 46, 585 (1969).

13.KapaxanoB C.)K. CBoiicTBa TOUHO KOMIIEHCUPOBAHHBIX NOJIYITPOBOAHUKOB // DTII.
— C.Iletepoypr, 2000. — 1.34. BBITL.8. — C. 917-922.

14.PriBkur C.M. @OTO3IEKTpUUECKHUE SBJICHUS B MOIYNPOBOAHUKaX. — Mocksa: ['oc.
N3na. ®uz-mar. Jlut., 1963. — 494 C.

15.Fedulov V. 1., Zakhidov R.A., Anarbaev A. Particle in nonuniform potential field of
photovoltaic devices // Applied Solar Energy. — New York, 2009. — v.45. N3. —
PP.157-161.

4. CIIMCOK OIIYBJIMKOBAHHBIX PABOT

. Mumimov R.A., Kanyazov Sh.K., Saymbetov A.K. Relaxation process features of
photoconductivity in p-i-n structures. // Semiconductor physics quantum electronics &
optoelectronics. — Kiev, 2010. -V.13. — No.3. — PP.258-260.

. Fedulov V.I., Mumimov R.A., Saymbetov A.K. Particle in the structure with the
inhomogeneous potential field and the point source // Uzbek journal of Physics. —
Tashkent, 2010. — V.12. — No.3. — PP.127-131.

. Caitm6eToB A.K. OcoOeHHOCTH HJIEKTPODU3UYECKUX XAPAKTEPUCTUK JIE€TEKTOPHBIX
rerepocTpykryp aSi-Si // Jloknaasl AkagemMun Hayk PecrnyOnukm Y30ekucTaH. —
TamkeHnT, 2010. Ne5. — C. 24-26.

. MymunoB P.A., Pampxanos C.A., CaitmberoB A.K. [ToaynpoBOIHUKOBBIE TETEKTOPHI
AJIEpHOro M3NydyeHust Ha ocHoBe aSi-Si // HoBble TexHonoruu. — Kpemenuyr, 2008. -
Ne3(21). - C.9-12.

. MymunoB P.A., CaiimbetoB A.K., PamxamnoB C.A. BpemeHHas pgerpanamus
HU3KO(OHOBOM ycTaHOBKM Ha ocHoBe Si(Li) mgerekTopoB Ooibion rmiomamu //
Hoxnanel Axagemun Hayk PecnyOnuku Y30ekucrtan. — Tamkent, 2008. - Ne6. - C.25-
217.

. CaitmOetoB A.K. KpeMHUH-TUTHEBBIE IETEKTOPHI SIACPHOTO H3ITYUYCHUS OOIBIIMX
pasmepoB. // XVII MexnyHnapoanas KoH(pepeHIUs CTyASeHTOB, aCIIUPAHTOB U MOJIOABIX
yu€HbIX «JlomonocoB 2010» 12-15 anpens 2010. — Mockaa, 2010. 2-tom. — C.288.

. Caitm6etoB A.K. Bonbrdapagnas xapakTepucTuka JETEKTOPOB SIEPHOTO U3ITYYCHUS
Ha ocHOBe rerepocTpyktyp oSi-Si. // XI Mexnaynaponnas koHdepenmus Dusmka
TBEPJIOrO Telda U MEXKIYyHapoIHbId cuMno3uym HaHomaTepuanbl Uisi 3alIUThI

18



IIPOMBILUIEHHBIX U MOJA3EMHBIX KOHCTpYKIMi 9-12 nrons 2010. - Ycrp-KameHnoropck,
2010. — C.466-467.

8. CaitmbetoB A.K., Kyp6anoa M.H., Pamxanos b.C., Py3zubaes O.M. Crpumnossie
JNETEKTOPHl SIACPHOTO M3JIydyeHUss Ha ocHoBe oSi-Si. // XI MexayHapoaHas
koH(pepenums  Duszmka  TBepAOTO TeNa M MEXKAYHAPOJHBIM  CUMIIO3UYM
Hanomartepuanbl ajis 3aliUThl TPOMBIIUIEHHBIX W TMOA3EMHBIX KOHCTPYKIUN 9-12
utoHs 2010. - Yers-Kamenoropcek, 2010.- C.468-469.

9. Muminov R.A., Saymbetov A.K., Radjapov S.A. Nuclear radiation Si(Li) p-i-n
detector with extension sensitive (10 mm) region. // 2-International Conference Current
Problems in Nuclear Physics and Atomic Energy 9 — 15 June 2008. - Kyiv, 2008. -
PP.83-84.

10.Muminov R.A., Saymbetov A.K., Radjapov S.A., Pindurin Yu.S. By low-temperature
method. // 2-International Conference Current Problems in Nuclear Physics and Atomic
Energy 9 — 15 June 2008. - Kyiv, 2008. — P.84.

11.MymunoB P.A., Pampkanos C.A., Caitm6etoB A.K. IlomynpoBOAHUKOBBIE E€TEKTOPHI
OONBIIMX pa3MEpPOB Ha OCHOBE TeTepocTpykTyp oSi-Si //  MexayHapoaHoi
koH(pepeniun DyHaameHTanbHbIE W MPUKIAAHBIE BOMPOCHl (usuku 24-25 HOAOps
2010. - Tamxkent, 2010. - C.252-253.

12.MymunoB P.A., PamkanoB C.A., CaiimberoB A.K., ITunmropun FO.C., 3usByainHOB
P.C., PamxanoB b.C. YcranoBka juist onpenencHusi 00beMHOM aKTUBHOCTH PaJioHa B
Bo3nyxe M Bojxe Ha ocHoBe Si(Li) gerexropa // MexnyHapoaHOHl KoH(pepeHIun
@yH/ITaMEHTAJIbHBIE W TPUKIAAHbIE BOMNpPOCH (usuku 24-25 wHos0pa 2010. -
Tamxkent, 2010. — C.253-254.

13.CaiimbeToB A.K. OcoOEHHOCTH penaKkCcalMOHHBIX MPOLECCOB (POTONPOBOIUMOCTH B P-
i-n crpykrypax. // ®uzuka dhaHUHUHT OYTYHTHM PUBOXKHUAA UCTEHAOMIU EIUIAPHUHT
Ypuu» PecnyOnuka €m onvmiiap Ba UKTUIOPJIM TajladalapHUHT WUIMUN aHKyMaHu 8-9
anpens 2010. - Tamkent, 2010 — C.171-176.

14.CaiimbetoB A.K. TlomynpoBOJHUKOBBIE NETEKTOPhI HAa oOcHOBe  aSi-Si. Tabuwmii

dannapauar nom3apd myammonapu PecnyOnmka €m onmmuiap  MIMUN-aManuit
amxymanu 12 centsop 2008. - Camapkann, 2008. — C.112-113.

19



PE3IOME

nuccepranuu CaiimbeToBa Axmera KyansimbaeBuua Ha TeMy: “OcoOeHHOCTH
BJIMSIHUSI TPAHMIIBI pa3jiena U IPOTSHKEHHOCTH 00J1acTi 00BEMHOI0 3apsija Ha
ANEKTPOPUZNYECKUE XAPAKTEPUCTUKU JETEKTOPHBIX CTPYKTYpP” HA COMCKAHUE YUEHOMN
CTENEHU KaHauAaTa (PU3NKO-MaTeMaTHYECKUX HAyK M0 CIELUAIbHOCTH
01.04.10 — dusuka MoayIpPOBOTHUKOB

KiroueBbie ciaoBa: quddys3us nutus, apedd HOHOB JUTHS, p-i-n CTPYKTYP,
reTEPOCTPYKTYpa, FpaHuLa pa3ena.

O0BeKTHI uccaenoBaHuA: U3rotToBiaeHue aerektopubix Si(Li) p-i-n u aSi-Si(Li)
CTPYKTYp OOJBIIMX Pa3MepOB.

Hean padoThI: WCCIICIOBAHNE 0COOEHHOCTE dbopMupoBaHus
BBICOKOA(D(EKTUBHBIX JETEKTOPHBIX CTPYKTYp OOJBIIUX pPa3sMEpPOB C ONTUMAaTbHBIMU
ANEKTPOPU3NYECKUMU U PATUOMETPUYECKUMHU CBOMCTBAMH, a TaK)K€ H3YYEHHUS HOBBIX
(bU3MYECKUX MEXaHU3MOB, BIUAIONIMX HAa (OPMUPOBAHHME AMIUIUTYJBI SHEPTETUUYECKUX
CIIEKTPOB B HUX.

MeTtoabl  HWCCJIEIOBAHUSI:  METOAbl  HMCCIEAOBAaHUSA  BOJIBTAMIIEPHBIX U
BOJIbT(ApAJHBIX  XapaKTEPUCTUK JIETEKTOPHBIX CTPYKTYp; METOJ  HCCIEIOBaHUS
0COOEHHOCTH (OTOHAMNPSDKEHUS B HEOJHOPOJHBIX YYaCTKaX YYyBCTBHUTEIILHOW 00J1acTH
Si(Li) p-i-n cTpyKTYyp, a TaK:Ke CTPYKTYPHBIE UCCIEA0BaHUA rpaHulibl pa3zaena aSi-Si(Li).

Ilonydyennble pe3yabTaTbl W WX HOBHM3HA: -pa3paboraHbl  (puU3MKO-
TEXHOJIOTUYECKHE CIOCOObI (POPMHUPOBAHUSI ONTUMAIBHBIX CBOMCTB JIEKTPOPU3UUECKUX
XapakTepUCTUK U mapameTpoB paauomeTrpudeckux cBoiictB IIIIJ[ Ha ocHoBe Si(Li) p-i-n
cTpykTyp u aSi-Si(Li) rerepocTpykTyp OOJBIIUX pa3MEpOB; -HA OCHOBE HCCJIEAOBAaHUU
penakcauroHHBIX mpoueccoB (poronpoBogumoct B Si(Li) p-i-n CTpyKTypax, BBISBIEHO,
YTO Ha OTACIBHBIX ydacTKax 3TOM 00JacTH, Ha BPEMEHHOM 3aBUCHMOCTH HMITYJIbCA
dboToHANPSIKEHUSI TOCIE COOTBETCTBYIONIETO (HOTOBO30YXKACHUS HaOJI0AaeTCs SPKO
BBIpDAKEHHAs «IMa»; -HA OCHOBE IMPOBEJICHHBIX AHAIMTUYECKUX PACUETOB TPACKTOPUU
JBIKEHUS HOCUTENeH 3apsiaa B i - obmactu Si(Li) p-i-n CTpYKTyp € y4eToOM BIUSHUS Ha
3TOT MPOLIECC HEOAHOPOAHOCTH MOTEHIUAIBHOTO TOJISI B HEM, MOKAa3aHO, YTO MPH TaKUX
YCJIOBUSIX BJEKTPOHbI W [IBIPKHA, T€HEPUPOBAHHBIE B PE3YyJbTAT€ HOHHU3ALMM aTOMOB
SAIEPHBIM HM3JIYyYEHUEM, MEpEMENIatoTcs 0oJiee JUIMHHOW TPAeKTOPHEH MO HaIpaBJIECHUIO
AIEKTPUUYECKOTO T0JIS B UyBCTBUTENbHOM oOmacTu TTIT/].

IIpakTHyeckasi 3HAYUMOCTD: TOJIYYEHHbIE JETEKTOPHbIE CTPYKTYphl Si(Li) p-i-n,
aSi-Si(Li) Oonplux pa3MepoB UMEIOT 3HAYEHUs JJI1 TOHUMaHUS (PU3NYECKUX MPOLECCOB
JUISL  Pa3lIMUHBIX TOJYIPOBOJAHUKOBBIX MPUOOPOB OOJBIIUX pa3MEpOB, a TaKkKe
MPaKTUYECKUE 3HAUCHUS I COBEPIIICHCTBOBAHUS UX XapaKTEPUCTHUK.

CreneHb BHeApeHHsi W JKOHoMHYecKassh 3(PPEeKTUBHOCTH: PE3yJbTaThl
WCCIICIOBAaHUM HalLIM NpuMeHeHue B ontumm3anuu cBovctB Si(Li) IITJ] npu BbITON-
HeHun X/moroBopHbIXx padbor ¢ OAO «Y3KTXKM”, OAO «Y3b6ekxumami”, ¢ OOUIUM
¢dbunancupoBanueM ~20 MITH.CyM.

O06s1acTh NpPUMEHEHMSI: WCCICIOBAHHBIE JETEKTOPHBIE CTPYKTYpPbI, HMEIOT
MEPCTIIEKTUBHI B PEIICHNH (PYHIaMEHTAIbHBIX U IPUKJIAIHBIX 33724 SIEPHON (PU3UKH.
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duszuka-maTeMaTHKa (paHIapyu HOM30AH Japaxkacura tanadrop CaitmberoB Axmer
Kyanpim6aesuaauHr 01.04.10 - spumyTkazruunap Gu3ukacu UXTUCOCIUTH Oyiinya
“Xaxmuit 3apsiJi COXaCUHUHT Y3YHJIUTH Ba OYIMHUII YEerapaCUHUHT JAETEKTOPIU
CTPYKTypaJsiap 3JIeKTpO(PU3UK XapaKTepUCTHKATIAPUTra TAbCUPUHUHT Y3Ura XOCIUTH
MaB3yCHJIaru AUCCEPTALUSICUHUHT

PE3IOMECH

Tasnu cy3aap: nutuii nuddysuscu, mutuil MoHIapu apeidu, p-i-n CTPYKTypa,
TeTEPOCTPYKTYpa, OYIMHUIL Yerapacu.

Tagkukon od0bexkTHapu: katta ymuamnu aetekropiu Si(Li) p-i-n Ba aSi-Si(Li)
CTPYKTypalapHU UILIa0 YUKAPHIIL

NmHuHr Makcaam: ontuMai 3JIEKTPOPU3UK XaMmla paAuOMETPUK XYyCycHsTiapra
3ra KaTTa ya4amiid FOKOPHU CaMapaid JETEKTOPJIHM CTPYKTypajapHH HILIA0 YMKHIIHUHT
y3ura Xoc XyCyCHSTJIapW, UIYHUHTJEK, SHTM (U3UK MEXaHW3MIJIAPHUHT ylapaaru
HHEPreTHK CIEKTPJIap aMIUTUTYJACH a0 OYIuiIura TabCUPUHU YpraHuijiad noopar.

Taakukoa MeToAIapU: JETEKTOPIU CTPYKTypajap BOJbTaMIlep Ba BOJbT-(Papaja
XapakTepucTukanapuuu ymuam ycmyonmapu; Si(Li) p-i-n cTpyKTypanap Ce3rupJIurHHUHT
Oup KUHCIM OyiMaran coxajlapuaard (POTOKYWIAHUII XYCYCHSTIAPUHU TATKUK ITHIII
yciryou, myHuHTAeK aSi-Si(Li1) OV IuHUIT yerapaCHHUHT CTPYKTYpaBUi TaIKUKOTIIAPH.

O/iMHraH HATHKAJap Ba YJApPHUMHI SIHrWIMrm: karra Ymuamiu Si(Li) p-i-n
ctpykrypa Ba aSi-Si(Li) rerepoctpykTypamap acocumarm SAYJ[  paamoMeTpuK
napameTpiapy Ba 3JIEKTPO(U3UK XYCYCHUATIAPUHHU ONTHUMAN XOCWJ KUJIUIIHUHT (DU3UK-
TEXHOJOTMK  ycyuapu  unwiad  umkmigua.  Si(Li)  p-i-n cTpykTypanapaaru
(OTOYTKAa3yBUAHIIMK Kapa€HIAPUHUHT pelaKcalurs TaAKUKOTH acocHja ymy0 COXaHHHT
anoxyaa Kucmiiapuaa (HOTOKYUYJAHUII UMITYJIbCUHUHT BaKTHMHUYAJIUK OOFIAHMIIMIA MOC
KeJyBUM (OTOKY3FaMIIAaH KEeWHWH aHuK UoAaliaHraH “Ypa” Ky3aTWIUIIM aHUKIAHIM.
Si(Li) p-i-n cTpyKTypanap i-coXacuard 3apsiji TallyBYMIAPUHUHT XapaKaT TPAeKTOPHUsICU
yHAAru Oup >KMHCIW OYIIMaraH MOTEHIMA MalIOHHUHT Oy 'kapaéHra TabCUPUHHU XUCOOTa
oJiraH XoJija ymi0y MapT-MIAPOUTIArH SIPOBUN HYpPJAHUII TabCUPHUAATH aToOMIap
VOHM3ALMACH HATHMKACHA TEHEPALMSUIAHTaH SIEKTPOH Ba Temmkiap 1Yl ce3rupimk
COXAaCHHUHT DJIEKTp MaWJoHM HyHanummu OViinad aHyaruHa y3yH TpaeKTopusi OuiiaH
apaJlaliIg YTKa3uiIral aHaJTuTHK XUco0-KUTOOIap acocuaa Kypcatud 6epuiim.

AManuii axamusiTu: onvHrad karra ymdamiu Si(Li) p-i-n, aSi-Si(Li) gerexropmau
CTpPYKTypayap, Karra ya4amiid Typiaud XWil SpUMYTKa3ruuiau acOobmapaa pyil OepyBuun
¢uzuk  Jkapa€HIapHU ~ TYNIYHWIN,  I[OYHUHTACK  YJIAPHUHT  XyCYCHSTIApUHU
MyKaMMaJIJTAIITUPUIIAA aMaJIAA axaMUsATra rajgup.

TaTOuk 3THII JAapakacu Ba MKTHUCOAWNA caMapaJOpJIMIM: OJIMHTaH HaTuxKajap
yMmymmii  kpiiMatn ~20  wmuH.cyMmpaH  uoopar  OAXK  «V3KKYUMK», OAX
«V36eKKknMeMalr» OUIaH TY3WITaH Xy KaluK mapTHoMazapuan 6axapumaa Si(Li) Y]]
XYCYCUSTIAPUHH ONTUMAJUTAIITAPHUIIIA Y3 TAAOUKUHU TOTI/IH.

Kyunanwamm coxacm: TagkuK OJTHITAaH Ba WINUIA0 YWMKWITAH JIETEKTOPIU
CTpYKTypayap sapo ¢u3MKacu amMayiuii Ba (QyHIaMEHTal MacalallapuHu CYHuIIa KaTTa
UCTUKOOITA Jra.
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RESUME

Of the thesis of Saymbetov Ahmet Kuanishbayevich on the scientific degree-competition
of the doctor of philosophy in physics - mathematical sciences on a specialty 01.04.10 -
semiconductors physics on subject: “The features of influence of interface and spatial
charge of extended region on electrophysical characteristics of detector structures”.

Key words: diffusion of lithium, drift of lithium ions, p-i-n structure,
heterostructure, interface.

Subject of research: manufacturing of the large size Si(Li) p-i-n and aSi-Si(Li)
detector structures.

Purpose of work: investigation the features of formation of the large size high
efficiency detector structures with optimal electrophysical and radio-metric properties as
well as study of new physical mechanisms of influencing for formation their amplitude of
energetic spectra.

Methods of research: method of investigation of current-voltage and volt-capacity
characteristic of detector structures; method of investigation of features of photovoltage in
nonuniform area of the sensitive regions of Si(Li) p-i-n structure, as well as investigation
of the structure research of aSi-Si(Li) interface.

The results obtained and their novelty: physic-technological methods of
formation structures with of optimum properties of electrophysical characteristics and
radiometric properties of semiconductor detectors on the base of Si(Li) p-i-n structures and
aSi-Si(Li) heterostuctures with large area are developed; on the base of investigation of
relaxation photoconductivity processes in Si(Li) p-i-n structure have been carried out that
on the some regions of these area was pronounced a “well” on time dependence of
photovoltage’s impulse after corresponding photoexcitation is observed; on the basis of
analytical calculations of the trajectory of carriers transport in 1 — area of Si(Li) p-i-n
structure where take into account the influence on this process of inhomogeneous potential
field it has shown that under such conditions electrons and holes generated as a result of
ionization of atoms by nuclear radiation moved forward longer trajectory in electric field
direction in sensitive part of semiconductor detector.

Practical value: researched detectors structures Si(Li) p-i-n and aSi-Si(Li) have
possess for understanding of physical processes in various large size semiconductor
devices as well as practical value for improving of their characteristics.

Degree of embed and economic affectivity: results of investigations had
application for optimization of properties of Si(Li) semiconductor detectors at fulfilling
contract work with OJSC «UzCRHRM», OJSC «Uzbekchimmash» with total financing
around 20 million sum.

Field of application: investigated detector structures have prospects for developing
of fundamental and applied problems of nuclear physics.
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