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K BOITPOCY O BJIUAHUU TEMIIEPATYPbI U JIETUPOBAHUS HA
SJEKTPO®U3NYECKHUE CBOUCTBA CJIOUCTOIO
MMOJYITPOBOJHHUKA n-InSe

A.lll. AbaunoB, P.®. baGaesa*, H.A. ParumoBa, P.M. P3aes*, C.U. AMupoBa
baxunckuu I'ocyoapcmeennulii Yuusepcumem,
*Azepoationcanckuti I'ocyoapcmeennviti IkoHomuueckuti Yuusepcumem,

Hccneoosanvl 3asucumocmu  yOenvbHOU NPoOBOOUMOCHU U HOCMOAHHOU Xoana om
memnepamypbl U YPOBHA JNe2UPOBAHUS PEeOKO3EMENbHbIMU dNeMeHmamu  (Oucnposuem,
2A00NUHUEM U 20TIbMUeM) 8 KPUCIANIAX MOHOCeNeHUOa unous (n-InSe).

Ilokazano, umo oOHapydceHHble NpU SMOM AHOMAIUU, Npedcoe B8Ce20, CA3AMbI C
HaIuyuem 8 u3yuaeMvlx oopazyax Xaomudeckux KpynHOMAacumaobHblx 0eghekmos, Komopuvle
00yCN081UBAIOM 803HUKHOBEHUE 8 CBOOOOHBIX IHEPLEMUUECKUX 30HAX PEKOMOUHAYUOHHBIX U
opetighosvix bapbepos 011 c60OOOHBIX HOCUmenell 3apsoda.

B mnpencraBienHol paboTe ¢ LENbIO BBISBICHHUS OCOOCHHOCTEH AJIEKTPO(U3NIECKUX
CBOMCTB M BBISICHEHHs] MX (PU3MYECKOTO MeXaHu3Ma, B auanazoHe 77+600K skcrepumeH-
TaJIbHO UCCIIEIOBaHbl TEMIIEpaTyPHbIE 3aBUCMOCTH YJEIbHOW MPOBOAUMOCTH (G), TIOCTOSH-
Holt Xoia (R,), KOHIIEHTpauu (n) W TMOJBMKHOCTU (1) CBOOOJHBIX HOCHTENECH 3apsga B
YUCTHIX (CIICHUATBHO HEJICTHPOBAHHBIX), a Takxke ciabomerupoBanubix (10°+10"ar.%)
pPEeAKO3EMENbHBIMHU 3JIEMEHTaMU (TaJ0JIMHUEM, TOJIbMUEM U JUCIPO3HeM) oOpa3lax MOHO-
KpUCTAJLJIOB cesieHu1a nuaus (n-InSe).

N3yuaembie 0Opa3iibl CKajleHbl U3 MTOJYYCHHBIX TTO ONMMUCAHHOM B [ 1] METOMKE KPYITHBIX
MOHOKPHCTAIITNYECKUX CIUTKOB.

VYaenpHas TPOBOIUMOCTE () M MOCTOSTHHAS Xoiia (R,) U3MEPSUIHCh TPAIUIIMOHHBIM
TPEX30HJOBBIM METOAOM [2] B JOBYX HaNpaBieHMsX (IIPM HArpeBaHUU U IOCIEIYIOIIEM

. 1
oxJaxaceHuu). [1o mosy4eHHBIM 3HaYEHUSAM 0 U R, U3 BBIPOKECHUU 1 = R uu=R, o,
e

COOTBETCTBEHHO OIICHCHBI 3HAYCHHS KOHIICHTpaluu (Nn) W TOJIBMXKHOCTH ([) CBOOOJHBIX
OCHOBHBIX HOCHUTEJEH 3apsiaa (3IEKTPOHOB).

[Tpu u3MepeHusx TOK MpOTeKasl BJOJb CJIOEB, a MAarHUTHOE IO0Jie OBLIO HANpPaBICHO
MEPICHIUKYISPHO CIOSIM KPUCTAILIA.

TokoBbIBOASIIIME KOHTAKTHI CO3AaBAJIMCh MYyTEM IMPUIIAUBAHUS OOBIYHOTO Ipuros (Sn)
u (WIM) HaHECEHHWEM cepeOpsHON MacThl B OTKPBHITOM BO3AyXe. B HEKOTOPBIX CiTydasix
MCIOJIb30BAJIMCH TAK)Ke MPHKUMHBIE UTJI000pa3Hble BOIb(PaMOBbIE KOHTAKTHI.

Hcxonnoe 3Hauenue (6p) yaenbHON TpoBOAUMOCTH (3HaueHue ¢ npu 77K) cocraisiio
~2:10%+2:10° Cm /em u ~10°+102 CM /cM [Isl pasiM4HBIX YHCTHIX W JIETHPOBAaHHBIX
o0pa3ioB, COOTBETCTBEeHHO. (OKa3anoch, YTO MPU H3MEHEHWU YPOBHS JIETUPOBAHUS OT
10°ar.% no 10'ar.%, 3Hayenue oy cHayana (mpu pocte Np3s 10 107ar.%) ymeHbmaercs 10
~10°Cwm/cm, a manee yBeIuuuBasich, mpu Np3»=~10"'at.% coctaBmsier ~107CwMm /oM.

B pesynpTaTe mNpOBENEHHBIX HM3MEPEHHUN YCTAHOBJIEHO, YTO B O00JACTH HHU3KHUX
temneparyp (mpu T<200+220K) B obeux rpymnmax KpUCTaUIOB (KaKk B YUCTHIX, TaK U B
JIETUPOBAHHBIX) MOCTOSIHHAST XO0JUIa (COOTBETCTBEHHO KOHIIEHTPAIMsi OCHOBHBIX HOCHUTENIEH
3apsiia) IOYTH HE MEHSIETCS, a y/eJIbHas MPOBOJUMOCTD U MOABMKHOCTH CBOOOHBIX HOCHUT-
eJiel 3apsijia 1o aKTUBAIIMOHHOMY 3aKOHY YBEJIMYUBAIOTCS ¢ Temriepatypoit (puc.l). [Tpudem,
JUISL OJTHOTO W TOTO XK€ 00pasma 3HadeHus dHepruu aktuBauuu (Ag;) 3aBucumocrteid u(T) u
o(T) oka3bIBalOTCS MOUYTH OJMHAKOBBIMU, HO JJISi PA3IUYHBIX 00pa3loB B 3aBUCHUMOCTH OT
BEIMYUH Gy U Np3p MeHsieTcs B npeaenax ~0.05+0.15 3B. B obnactu BBICOKUX TeMIepaTyp
(mpu T>400+450K) ¢ moBbimenreM T KOHIEHTpaIus CBOOOTHBIX HOCHTENICH 3apsna Hu
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yaenbHas MPOBOAMMOCTh OOpa3lia yBETUUYMBAIOTCS 3HAYUTENBHO CHJIbHEE (10 AKCIIOHEH-
[IUAJILHOMY 33aKOHY), a MOJIBUKHOCTh OCHOBHBIX HOCHUTENEH 3apsijia -yMEHBIIAETCs MOYTH O
saxony p~T 2. TIpu 310M, Bo-IepBbIX, 3aBucumocty n(T) (wu 3aBucumocts R, ot T) u o(T)
MPOSIBIISIIOT AKTUBALIMOHHBIA XapakTep; BO-BTOPBIX, NI PA3IUYHBIX 00pa3loB KPHUBBIC
3aBucuMocteit n(T) u o(T) mocTrenenno cnuBaroTcs. Oka3anoch, 4YTO ¢ POCTOM HCXOIHOTO
3HAUEHUS YIEJIBbHOM NPOBOIUMOCTH (0,) IPU HU3KUX TeMmIeparypax 3HaueHue Ae; ans
3aBucuMocTH u(T) yMeHbIIaeTcs.
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Puc. 1. TemnepartypHas 3aBUCHMOCTb YACIBHOW MPOBOAUMOCTH (Kp. 1), moctostHHON Xoiuta (Kp. 2) u
MTOJIBYPKHOCTH CBOOOTHBIX HOCHTEJNEH 3apsiaa (Kp. 3) B UUCTHIX BBICOKOOMHBIX KpUCTAIIIAX —
nInSe. 6,=2:107 Cm/cMm.

B uncteix oOpasmax 3HaueHue Ag; mns 3aBucumoctedl n(T) m o(T) mpu BeICOKHX
TeMmmepaTypax OT BEJIMYMHBI Gy HE 3aBUCHUT M cOCTaBiseT ~1.22 3B, T.e. paBHsAeTCS MUpUHE
3alpeIleHHON 30HBI (£) M3y4aeMoOro NoJynpoBoaHuka [3, 4]. B omimume OT KPHMBBIX
3aBucuMocTH o(T), Ha kpuBbIX 3aBUcUMOCTH n(T) Takoi HEMOHOTOHHBIM XOJ B YKa3aHHOM
00J1acTH TeMIepaTypbl He HaOIr01aeTCs.

Oka3zanoch, uto JerupoBanus P390 Bauser numis Ha 3aBucuMoctd o(T) u u(T). Tpuuem
9TO BIMSIHHE, MPEXKJIE BCETO, OMPEACISETCS YPOBHEM JIETHPOBaHUS (3Ha4eHHEM Npzs), a OT
XUMHYECKON MPHUPOIbI BBEEHHBIX MPUMEcel He 3aBUCHUT. 3aBUCUMOCTD 3JIEKTPOPHU3NIECKIX
MapaMeTpoB, BEpHEE 3aBUCUMOCTH 0, U [, OT JierupoBaHusi P35 3aMeTHBIM 00pazoM MposiB-
nsieTcs B obnactu Hu3Kkux Temmeparyp (nmpu T<200-220K) u oHa IpUBOAUT TOJIBKO JIUIIH K
W3MEHEHUI0 3HaueHus 6. [Ipu nerupoBanun P32 Thn mpoBOAMMOCTH KPUCTAIOB CEJIEHHUA
uHIUS He MeHsercs. Kpome Toro, ycTtaHOBIIEHO, 4TO JerupoBanus P35 Ha 3aBUCHMOCTH
R(T) u n(T) mouru e Buuster. [Ipu Np3p<10°a1.% ¢ pocroM Nps, IpU MPOYHX OJAUHAKOBBIX
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YCIIOBUSIX 3HAUEHUH Gp U |L YMEHBIIAIOTCS, a UX TeMIlepaTypHasi 3aBUCUMOCTD - YCUITUBAIOTCS
(craHoBsiTCs OoJee pe3Koii), Mpu (10'3 <Np33<10")at1.% ¢ poctoM Nps, 3HAYCHUSA 0 U U
yBenuuuBarTcs, a 3aBucumoctd o(T) m w(T) ocnabnsrorcs. Bepnee, 3Hauenue Ag;
3aBucumocteit 6(T) u wW(T) B obmactu HU3KUX T ¢ Npsyy cHauana (10 Np»=107ar.%) yBemnu-
unBaercs (mo ~0.15+0.185B), a manee ymensimasich, Hakonern (mpu Np3»=10"'atr.%) mourn
paBHSIETCS HYJIIO.

AHanM3 TOMYyYEHHBIX IKCHEPUMEHTAIbHBIX PE3yNbTaTOB, MOKa3aJl, YTO MPU HUBKHUX
temneparypax (mpu T<200+220K) xak B BBHICOKOOMHBIX YHCTBIX, TaK U B cJaboJerupo-
BaHHBIX P30 kpucramiax n-InSe 3aBucumoctu 37EKTPOYU3UYECKUX IMAPaMETPOB OT
TEMIIEpPAaTyphl, a TaKXe OT YPOBHS JeTUpoBaHUA (OT 3HAYeHUSI Np3;) HE MOAUMHSIOTCA
COOTBETCTBYIOIIUM TEOPETUYECKUM MPEACTABICHUSIM 00 3IEKTPOPU3UUECKUX CBOMCTBAX
CTPOTO YIOPSIOYEHHBIX KPUCTAUIMYECKHUX IMOTYNPOBOAHUKOB [5]. [IpuueM oOHapyKeHHBII
B dKcriepuMeHTax xoJ 3aBucumoctd 6(T) He cBsi3aH M3MEHEHHEM KOHIICHTPAIIMH, a 00YCIIOB-
JIeH U3MEHEHHEM IOJBMKHOCTH CBOOOJHBIX HOCHTENEH 3apsna ¢ temmeparypoil. OHa He
BbI3BaHA TAK)X€ C HAJMUYUEM KaKHX-TO aKTUBHBIX MPUMECHBIX YPOBHEH B 3alpeIieHHON 30He
M3y4aeMOTo MOJIYITPOBOJIHUKA.

Oo6napyxeHHasi B 00J1aCTH BBICOKUX TEMIEpATyp CUIIbHAS 3aBUCUMOCTh G OT T cBs3aHa
JOMUHHUPOBAHUEM COOCTBEHHON NPOBOAMMOCTH H 00ycioBieH 3aBucuMocThio n(T) (wmm
R.(T)), a ne 3aBucumocTbhio u(T). UMeHHO 1O 3TO# mpuurHE B 00J1aCTH BRICOKUX TEMIIEPaTyp
kpuBbie 3aBucumocteit o(T) u n(T) (wnmm 3aBucumoctu R, ot T) mis pa3nuyHbIx 00pasloB HE
3aBUCHMO OT BEJIMYMHBI UX HUCXOJIHOM yIeIbHOW MPOBOAMMOCTH M YPOBHS JIETHPOBAHUS
CIIMBAIOTCA.

Takoke BBISICHEHO, YTO MCHOJB3yeMble pumecu P3D npu Npy,<10'ar.% He cosmaror B
Kpuctaimiax InSe kakue-TO 3JIEKTPOAKTUBHBIE JIOKaJdbHble ypOoBHU. [lo3TOMy mpu Takux
3HaUEHUSX Np3; B 3TOM MOIYNPOBOJHUKE HE HAOTIOAACTCS BIUSHUE XUMUYECKOW MPUPOIIBI
BBEJICHHOM NMPUMECH Ha AJIEKTPOPU3NUECKHIE CBOMCTRA.

[Ipennonaraercsi, 4to, KaKk W CKa3aHO paHee B [6, 7], BBICOKOOMHBIE KpPHCTAJLJIBI
MOHOCEJICHH/Ia WHIUS W3-3a HAJIWYHUS B HUX XAOTHYECKHX KPYMHOMAacHITaOHBIX N1e(eKTOB
MOTYT YIOBJIETBOPUTEIHHO OMUCHIBATHCS MPEJIOKEHHON B [§] AByXOapbhepHON dHEpPreTHIec-
KO MOJIENIbI0 YACTUYHO HEYMOPSA0UYEHHOTO (IIPOCTPAHCTBEHHO HEOJHOPOIHOT0) KPUCTAILII-
JIMYECKOTO MOJIYIPOBOIHUKA.

IIpn HU3KHX TeMmIepaTypax € pPOCTOM Np3; CTENEHb IIPOCTPAHCTBEHHOM HEOIHO-
poaHOCTH KpHCTauioB n-InSe<P33> meHseTcss He MOHOTOHHO— cHadana (10 Np3s=~107ar.%)
yBenuuuBaercs, a jganee (mpu Npp>107 a1.%) mocTeneHHO yMmeHbIIaeTcs. DTO, B CBOIO
ouepelb, COMPOBOKIAET HEMOHOTOHHOE M3MEHEHHE PAa3MEPOB U SHEPreTUHECKON BBICOTHI
CYUIECTBYIOIIUX B CBOOOJHBIX SHEPreTUUYECKHX 30HaX APeH(OBBIX U PEKOMOMHAIIMOHHBIX
OapbepoB.

OOnHapyxeHHass TpPU HU3KUX TeMIleparypax 3HauuTenbHas 3aBucumoctb o(T)
HEMOCPEACTBEHHO BbI3BaHA 3aBUCUMOCTHIO 1(T), a He HATMYMEM KaKUX-TO AJIEKTPOAKTUBHBIX
IIPUMECHBIX YPOBHEN B 3alpelleHHON 30HE HccleAyeMbIX KpucTtamuioB n-InSe u n-
InSe<P33>. B o0macTu BBICOKMX TeMIIEpaTyp H3-3a TEPMUUYECKOTO CTHpaHHS Iper(OBBIX
OapbepoB [9] aktuBanuoHHBIN pocT u ¢ T, 3amensieTcst 6osee cinadbiM (o 3akoHy p~T %) ero
CHazoM, BCIEIACTBUE JOMHHUPOBAHMS paccesHHs CBOOOJHBIX HOCHUTENEH 3apsjga Ha
aKyCTHUYECKUX KOJIEOaHUSIX PEIeTKH.

B u4mcThIX KpUCTalaXx C pOCTOM 3HAYEHUU G) OCIA0NIAeTCs HHU3KOTEMIIepaTypHas
3aBucuMOocThb o(T) u u(T), T.x. B 00pa3max ¢ BEICOKOW MCXOMHOH yIeTbHOU MPOBOAUMOCTHIO
KaK 9HCIIO, TaK U pa3Mepsl Ipei(hoBbIX 0aphEepPOB HE BEJIUKH.

B 3akmioueHue MOXKHO CKaszaTh, 4YTO M3-3a MPOCTPAHCTBEHHOW HEOJHOPOIHOCTH
BBICOKOOMHBIX (09 <10*Cwm/cM) umcteix u crmabosierupoBanHbix P3D  (Np3»,<10"'ar.%)
KPUCTAJIJIOB MOHOCEJICHH1a MHAUS B HUX HAOIIOJA0TCS Pl aHOMAJIUN 3JIEKTPOPU3NIECKIX
CBOMCTB. B 4acTHOCTH, IIpU HU3KHUX TEMIIepaTypax, XoTd Ry ocraercs MOCTOSIHHON, HO G —
3HAUYUTENbHO MeHseTces ¢ T.
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BJIMSIHUE NPOCTPAHCTBEHHBIX ®TYKTYALUII COCTABA HA
JEKTPOOU3NUYECKHE CBOMCTBA MOHOKPHCTAJLIOB
Cd Hg, .T.(0,22 < x < 0,40)

I'.C. Cenpsin, HM. tlykwpos*, ML.III. I'acanoBa*
Asepbatioxcanckun Unemumym Yuumenet
*Azepbarioncanckuti Texnuueckuil Ynusepcumem
E-mail:geneticsster@gmail.com.

Annomayusa: Cmamvsa nocéawjeHa IKCHepUMEHMANTbHOMY UCCIe008aHUIO  GNIUAHUSA
NPOCMPAHCMBEHHbIX — (yKmyayil — cocmaeéa — Ha — 2NeKmpogusuyeckue  C6OUCmea
monokpucmannos Cd Hg, T,(0,22 < x<0,40)

DKCNnepumMeHmanbHo UCCIe008aHO GIUsHUE pazmepos obpasya (monwunsl d ) Ha d7e-
kmponpogoornocms (o) koappuyuenm Xoana (R.). Yemanoeneno, umo ¢ ymenvuenuem d

INEKMPONPOBOOHOCHb U KO duyuenm Xonna mensemcss HeMOHOMOHHO. Dmu IKCNnepuMeHt-
ManvHble pe3yibmamsl NOKA3bIBAIOM Haluyue KPYRHOMACUWMAOHBIX HeOOHOPOOHbIX 0bndac-
metl BHympu KpUCmaiid, 4mo 00wbsaCHAemcs MOOeIbio KOHMPABAPUAHMHOU MOOYAAYULU 30HDbL.

Knwouesvie cnosa: Daykmyayuu npumecell, KOHMPABAPUAHMHOU MOOYIAYUU 30H,
CNeKmpanbHoe pacnpeoeieHue, NpoOCMpancmeeHnble GIyKmyayuy, OuHapHvle KOMNOHEHNbL,
K02 uyuenm Xonna, 21eKMponpo8OOHOCMb, KOHYEHMPAYUs, HOOBUNCHOCMb HOcumenell
3apsoa.
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W3BECTHO, 4TO BCE PEANIbHBIE TBEPBIE PACTBOPHI XapaKTEPU3YIOTCS POCTPAHCTBEHHBI-
MU QuyKTyanusiMu coctaBa. OHAaKO B JTUTEpaAType paccMaTpuBaiu (QIIYKTYallMH MpUMecei,
CBSI3aHHBIE CO CTATMYECKUM XapaKTEPOM paclpeliesIeHHil aTOMOB 10 y3JiaM pemerku [1, 2,
3], Momynupyrompe >HEPreTHYecKHe 30HBl KOBAPUAHTHBIM 00pa3oM, 4YTO MPUBOAUT K
U3MEHEHHIO JJIEKTPOHHBIX CBOMCTB TBEPIBIX PAaCTBOPOB JIMIIb IPU HU3KHUX TEMIIEpaTypax.
OKcIepuMEeHTalIbHbIE PE3YyNbTaThl MOJydyeHHbIE B [4, 5], MOKa3bIBarOT, 4To (GIyKTyanuu
COCTaBa, UMEIOIINE TEXHOJIIOTHYECKYIO IPUPOY, 001aJat0T OOJIBIIMMHU TPOCTPAHCTBEHHBIMU
pasMepaMM M aMIUIUTYJaMH, YTO MOXET IPUBECTH K 0Oojee 3aMETHOMY H3MEHEHUIO
AJIEKTPOHHBIX CBOWCTB MOJYIIPOBOJHUKOBOIO TBEPAOTO PacTBOpA.

B [6] obcyxnanu BinusHUE KPYITHOMACHITaOHBIX (DIyKTyaluid cOCTaBa, MPUBOASALINX K
KOHTpaBapuaHTHON Momynauuu 30H ((aykTyauuu, XapakTepHble pa3Mepbl (L)KOTOpBIX
MPEBBILAIOT JAeOPOMIEBCKYIO JIMHY BOJHBI M JJIMHY CBOOOJHOrO MpoOera HOCHUTENEH
3apsizia), Ha CIIEKTpalibHOE pacnpeeaeHne GOoTOUyBCTBUTEIbHOCTH MOHOKPUCTAILIOB.

[TokazaHo, 4TO B Takoil cucTeMe CIy4aillHbIX BapU30HHBIX MHKpOOIACTEH IBUKEHUE
HOCHTEJIEH 3apsga MOXKHO CUMTATh KJIacCU4eCKUM. IIpym 3TOM 3KCnepHMEHTanbHO YCTaHOB-
JICHO, YTO C M3MEHEHUEM TOJIIIMHBI U3y4aeMoro o0pasia MojoKeHHe MaKCUMyMa CIIeKTpalib-
HOTO pacnpeseneHus (poTonpoBOANMOCTH IO IIKaJe SHEPTUU MOJAI0IIEro (OTOHA MEHseTcs
noutu 80+ 130 M3B, 4TO COOTBETCTBYET uIyKTyanuu coctaBa moutu Ha Ax ~ 0,061 .

B Hacrosiee BpeMs y)Ke UMECTS HaJE)KHbIE TEXHOJIOTUYECKUE IIPUEMBI, TI03BOJISAIOIINE
BBIpAIMBAaTh MOHOKPUCTAJUIBI, MPHUTOAHBIC IS (DYHKIIMOHAIBHOTO HCCIIEOBAaHUS, TaK H
U3roTOBJIEHUsT NpuOopoB. OJHAKO B MOJYYEHHBIX OOpa3llax BCE BpeMsl CYLIECTBYET
MPOCTPAHCTBEHHBIE (MIIYKTYallMH 110 COCTaBY, KOTOPhIE UMEIOT pa3IMYHbIC IPOUCXOKIACHUS U
IPU ONpEAETICHHBIX YCIOBUAX 3HAUUTENIBHBIM 00pa3oM BIMSIOT Ha (pU3MUECKHE CBOMCTBA
caMoro MaTepuaja W XapaKTepPUCTHUKH MpuOOpoB HAa ero ocHoBe. OOHOW W3 NPUYHMH
BO3HUKHOBEHUS IIPOCTPAHCTBEHHBIX (piykTyauuit B MoHOoKpuctamnax Cd Hg, T, sBusercs
YIPYTOCTh IApOB PTYTU. DTO NPUBOAUT K TOMY, YTO 3HAYUTEIBHOE KOJUYECTBO PTYTH B
mporiecce pocTa MEepeXOAMT W3 JKUAKOW (assl B Ta30BYI0O M B IOJyYEHHOM oOpasie
HaOIIOAAI0TCA  3HAUUTENbHBbIE OTKIAHEHUS OT CTEXMOMETPHUYECKOro cocraBa. Bropoii
OCHOBHOH TNpPHYMHONH BO3HWKHOBEHHMS MPOCTPAHCTBEHHBIX (IyKTyanuii cocraBa B

moHokpuctamnax Cd _Hg, T, sBisercs Hajluyue IPUMECHBIX 3JEMEHTOB B OMHAPHBIX
komnoHenrax Cd Hg, T, (0,22 <x<0,40).

[IpenMeToM JAaHHOTO CTaThs SABISAETCS U3YyYEHUE BIUSHUS MPOCTPAHCTBEHHBIX (IYKTY
anuii cocraBa Ha 3JIeKTpou3ndeckue cBoricTsa MoHokpucramioB Cd Hg, T,(0,22<x<0,40).

Jlnst BBISIBIIGHUST HaU4Uusl (DIYKTyallMd B TBEPIBIX PAaCTBOPaxX CYLIECTBYET pa3iIMyHbIC
METObI, OMHUCaHHbIe B [7, §].

OnHUM U3 HUX SABISETCA M3YYEHUE 3aBUCHMOCTH 3JIEKTPO(PU3MUECKUX XapaKTEPUCTHK
MOJIYTIPOBOJIHUKA OT TOJIIMHBI HccieayeMoro obpasua. C menpio BIUsSHUSA (DIyKTyaluu
cocraBa Ha »JIeKkTpodusnueckue cBoiictBa MoHokpuctamioB Cd Hg, T, n-u p-tuma
npoBogumoctu npu 0,22 < x <0,40 HamMu TPUMEHSUICS 3TOT METOJ. B yacTHOCTH, SKCIEpH-
MEHTAJIBHO HCCIIEJ0BAaHO BIMSIHUE pa3MepoB oOpa3ua (TOIIUHbId ) Ha 3JIEKTPOIIPOBOJHOCTh
(o) (pucl), koapdunuent Xomna (R ) (puc2), BBIPALICHHBIX METOAOM 30HHOH IJIaBKU

yepes KuAKui temnryp, MoHokpuctamios Cd _Hg, T, npu 0,22 < x <0,40.
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1 1 1 1 1 \I7 VI\ Ul(y UI ! d,
Pucl. 3asucumocmo 31eKkmponpogooHocmu Puc2. 3asucumocmu xosgppuyuenma Xonna |Rx
(o) om monwuner o6pasyos Cd _Hg, T, . om momyuner d oopasyos Cd _Hg, T, x:1-0,22;2-
0,26,3-0,32,4-0,40 T=80x. x:1-0,22;2-0,26,3-0,32,4-0,40 T=80k.

N3mepenuss mpoBOAMIIUCH Ha JKCIEPUMEHTATBHOM YCTAaHOBKE M IIOCIE KaXIOTO
U3MEpEHUsl ISl YMEHbIIEHUs TOJIIMHBI 00pa3loB OHHM IMOABEPrajiuCh MEXaHH4YEeCKOU
obpaboTke. JlJisi CHUKESHHS BIMSHIS TOBEPXHOCTHBIX 3P (EKTOB Ha NU3ydaeMble 3aBHCHMOCTH
nepes KaxAbIM H3MEpeHHeM 00paslibl MOJBEpraluch XUMHYECKOH oOpaboTKe crepBa Ha
MOJIMPYIOLIEM, a 3aTeM Ha OPOMUCTOM TPABUTEISX.

B pesynpTaTe uccienoBaHUS 3aBUCMMOCTH AJIEKTPOPHU3NYECKUX XapaKTEPUCTHK OT
TOJILIUHBI, 00pa30B yCTaBJICHO, YTO C YMEHBIIEHUEM d AIIEKTPONPOBOIHOCTh U K03 Pu-
nueHt XoJjuia MeHsiercss HeMOHOTOHHO (puc.l u 2). C yBenmuuenuem X TMpU MOCTOSSHHOM
3Ha4eHUU d YUCIEHHblE 3HadeHus R U o yMmeHbuiaercs. HalineHHsle U3 3TUX 3aBHUCH-

MocTell KoHLeHTpauss N U NOJBMKHOCTb HOCHUTENEH 3apsiia (4, ) TakKe MOBTOPSIOT X0
3apucumMoctet R~ f(d) m o — f(d). DTn sKcepuMEHTalbHble pPE3yJibTaThl, a TaKXe
naHHbIE Pa0bOTHI [6], B KOTOPBIX HCCIEAO0BaIN (OTOAIEKTPUUECKHE CBOWCTBA MOHOKPHUCTAII-
noB Cd _Hg, T, 1pu 3THX K€ yCIOBHAX, IOKA3bIBAIOT HAJIIMYME KPYHMHOMCIIAOHBIX HEO.-

HOPOJHBIX O0JIacTeli BHYTPH KpPHUCTAIIA,00yCIOBICHHBIX (QIIYKTyallHid COCTaBa, 4TO
0O0BSCHSIETCS IPUBEACHHOM B [6] MOJIETBbI0O KOHTPABApUAHTHON MOIYJISIIUN 30HHI.
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7. EmmzapoB A.W., HWsanoB- Owmckmii B.H., Hekoropeie ocobenHocTn
HU3KOTeMIlepaTypHou mpoBogumoctu p—Cd Hg, T, ®TIIL, 1981,r.15,8.5, ¢.927-
930.

8. 3BepeB JLII., Kpyxkes B.B., Munsko ['"M., Pyt 0.3. Onpenenenue napameTpoB
JHEPrUUecKOro crekrpa mnomxymeramudeckoro Hg, Cd_ T, METonoM TyHHEIbHOM

crekTpomMeTpuu B MarHuTHOM moje. XKITD, 1981,8.80,c.1163-1179

JEKTPUYECKUMN CIIEKTP CoCr,S,Se,,

J.A. DiiBa3os, B.U. I'yceiinos, C.111. Kypoanos,U.51. Anumapaanosa
Asepbaiioxcanckuil I ocyoapcmeennviil I[ledazocuueckuti
Ynueepcumem

Ilokazano ,umo 6 memnepamypuou ooracmu (140 -+300)K 6 ummepeare uacmom
(0,065 +6) MI'I] Ousnexmpuueckue nponuyaemocmu & u &' CoCr,S,.Se,s ¢ ysenuuenuem

memnepamypol pacmym no saxony &, =a, +ay exp(-Ax,/kT). C ysenuuenuem uacmomoi

Habnwoaemcs yovlganue OUINEKMPUYECKOU HpoHuyaemocmu. Auanus noxasvieaem, ymo
OCHOBHBIM MEXAHUZMOM NOJIAPUSAYUL ABTAEHC OPUESHMAYUOHHAS NOJIAPUSAYUSL.
Knrouegwle cnosa: dnekmpuueckuii cnekmp, noisapu3ayus

B mnacrosmeit paboTte HpUBOJATCS SKCIEPUMEHTAJBHBIE PE3YIbTAaThl HCCIIEIOBAaHUS
AJIEKTPUUYECKOTO  CHeKTpa  (peppUMarHuTHOTO  MOJMKPUCTAJUIMYECKOTO  Marepuana

CoCr,S,Se, s B unreppaie temneparyp (140 +300)K u gacrot (0,065 +6) MI'LL. Uccneno-
BaHMS OBUTM TPOBEIACHBI PE30HAHCHBIM MeTonoM [1]. BwIsBIEHO, UTO B HMCCIeqOBAaHHOM
YaCTOTHOM 00JIaCTH C YBEIMYEHHEM YacTOThI AciicTBUTENbHAs (&) u MHUMas (£") yacTu
MMPOHUIIAEMOCTH YMEHBINAIOTCS, TPHU OTOM TPU CPAaBHUTEIBHO HU3KHUX YacTOTax

1

(w<1-5MTIL]) Temn yObIBaHHs o 3HAYUTEIHHO OOJIBIIE YeM MPU BBICOKMX YaCTOTaX.
@

! 14
TGMHepaTypHBIG 3aBUCUMOCTU & U &  HUJACHTUYHBI. XapaKTepHBIM ABJIIACTCA TO, 4TO OO

v ! 14
OTpEeIeNICHHOW TeMIlepaTypsl & # &  OCTalOTCA MPAKTUYECKH IOCTOSHHBIMU, a MpH
JalbHENIIeM yBeTMUeHUH TeMIlepaTypbl 00€ MPOHUIIAeMOCTH pe3Ko pacTyT. C yBelnueHueM

YaCTOTHI TEMIIEPATYpa COOTBETCTBYIOMIAS PE3KOMY POCTY £ CMEIaeTcsi B CTOPOHY BHICOKHX
Temrepatyp. XapakTep TeMIEPaTYpHOii M 4aCTOTHOM 3aBUCUMOCTH & u £ CBUIETENBCTBYET
0 peIaKCallMOHHOM NpHUpoJe AudeKTpudeckux norepb B CoCr,S;,Se .

AHanu3 NOIYYEeHHBIX [JaHHBIX IIOKa3bIBAET, YTO OSKCIEPUMEHTAJIbHbIE KPUBBIE
el =f(T) u g = f(T) Moryr ObITh ONUCAHBI CIICAYIOLINMH BBIPAKECHHSIMH:

o(I)=a; +a; exp( AE!) (1)
& =a, +a,exp(——),

2] 1 2 p kT

" " " AE"
g,(T)=a/+a, eXp(——kT ) ()

rJe a; ¥ a, NOCTOsIHHbIC 3HaueHus & u &" BIioth 1o 1}, u T, , COOTBETCTBEHHO.

B (1) w (2) AE'" u AE" »>HepreTHUecKHEe XapaKTECPUCTHKH IOJSPU3AIUN B
MNOCTOAHHOM W TMNEPEMCHHOM DJJICKTPUYCCKUX TI0JIAX, T.K. IO (1)I/I3I/I‘ICCKOMY CMBICITY

! 14
& OOBbIYHAsT DJIEKTPUYECKash TPOHHIAEMOCTb, a & - JAMAJICKTPHUYECKAas MPOHUIIAEMOCTb
9 9 "
CBSI3aHHAS C AMDJIIEKTPUYECKOM morepeit (& ~1g0) .
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! n
Cormacao (1) u (2) sKcrepUMEHTAbHBIE PE3yJabTaThl M0 & W & B KOOpAMHATaX
1 1
In(e] —a))=f (? u In(e) —a)=f T JOJDKHBI JIOKUTBCS Ha TPSMbIC, TAaHTEHCHI yriia

KOTOpBIX OyayT XxapakrepusoBath AE' u AE", coorBercTBeHHO. IIpemdKcroHeHaIbHbIe
kod(urments! B (1) u (2) ObITH ONpeneneHbl Kak OTPE3KU, OTCEKaeMble OT OPJIMHATHON OCH

. . 1 5
In(¢, —a,') mpu — — 0. HaiineHHblCe ONMCAHHBIM METOJOM BEJIMYMHBI IPUBEACHBI B

Tadyuie .
&' &"
f’ MITT ' "
a a, .107° tqo AE’, 5B a, al 1077 tgo AE", 58
0,065 30 46,77 2,79 0,240 22 11 3,2 0,276
0,20 24 12,70 2,83 0,244 12 5,6 2,89 0,249
0,50 20 9,24 2,89 0,249 6 1 2,78 0,239
1,00 12 8,23 3,01 0,254 3 0 2,81 0,242

Kak crenyer w3 TaOnmipl, dHEpPreTUdecKkue Xapakrepuctuku AE' u AE" mo mopsaky
BEJIMYMHBI PaBHbl M TPAaKTMYECKH HE 3aBUCAT OT 4YacToThl. Kodpduimentsr a wu

a, (i=1, 1), sxonsume B (1) m (2) ¢ yBeqMYEHMEM YACTOTHI yMeHbmaTCA. C yd4eToM
ckazanHoTo (1) u (2) MoryT OBITh 3aMKCaHbI B OOIIEM BUE CISAYIOITIM 00pa3oM:

(@)= a () +a)(w) exp(—%} . 3)

! 14
MoxHO TmOKa3zaTth, 4yTO0 & W & B OOIIeM cly4ae OIpEeAesioTcs CleAyIomuMU
BBIpOXXEHUSAMU [2]:

' E.—E,

&= 4

et i (wr) )

e = o +(8C—8m)-260‘[ (5)
Ey W 1+(a)r )

Cornacno (4) u (5) TemneparypHble 3aBUCUMOCTH TUAJIEKTPUUYECKUX MPOHULIAEMOCTEN g n
&" OymyT onmpenenaThcs COOTBETCTBYIONIMMH 3aBUCHMOCTSIMH BPEMEHHU pelaKcaIiuy (T) "
AIIEKTPOIPOBOAHOCTHIO (O') Marepuana. YacToTHas 3aBUCUMOCTh WX, IpH npounx OauHAKO-
BBIX YCJIOBHSIX, OyJEeT 3aBHCETh W OT MEXaHW3Ma IMPOBOJUMOCTH, T.K. B CIy4dae 30HHOTO
MEXaHu3Ma O # O'(a)), a TIPH MIEPECKOKOBOM MEXaHU3ME MPOBOJIUMOCTH O = O'(a)).

[Tocne mpocTeix npeodpazoBaHuit U3 (4) u (5) MOXKHO YCTaHOBUTH CIICTYIONIYIO CBSI3b
MEXIOY g'ne’:

@

4

£
B xoopaunarax ¢’ = f (—j , B cllydae IMPUTrOAHOCTH (6) MBI UMEEM NPSAMYIO, TaHIEHC yIia
@

1 . .
HAaKJIOHa KOTOPOTO PaBeH — M OTCEKAIOIIyl0 OT OPAMHATHOM OCH OTpPE30K PaBHBIH & .
T

Takas npsMoiMHEWHass 3aBUCUMOCTb HMMEET MECTO M OKas3anoch, 4to ¢, =20,4, a
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7 ~15-107" cex. Kak BuHO, B HalIeM ciydae BpeMs peNIaKCalliy IO TTOPSIIKY COOTBETCTBYET
OPHEHTAMOHHOMU HOJSAPU3ALUH.

TakuM o0Opa3oMm, HalM AaHHBIE MO3BOJAIOT 3aKIIOYNTH, 4YTO JOMHUHHUPYIOLIEH B
nonspuzauuu CoCr, S, ;Se, s ABISAETCA OPUEHTALMOHHAs MOJIIPHU3ALUSA U JCHCTBUTEIIbHBIE U

MHUMBIC HOUIJICKTPUYCCKUC IMMPOHUIAECMOCTU C YBCIMYCHUCM TCMIICPATYpPhl pPacCTyT, a C
Y6I)IBaHI/ICM YaCTOThI YBCIUMYHUBAIOTCH.
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HEJIMHEWHBIE CBOMCTBA, ONPEJEJISIOIIAE IPPEKTUBHOCTD
OTPAXXEHMUS ITPU YETBIPEXBOJIHOBOM B3AMMOJAENCTBHUH B InAs

M.A. MycaeB
Asepbatioscanckas 'ocyoapcmeennas Hegpmanas Axademus
m_musaver@yahoo.com

H3yuenvr ocobennocmu ompaxcenHus ciabou CUeHAIbHOU BOIHbL NPU YeMblPEX80IHOBOM
83aAUMOOCUCMBUU 68 CXeme C 08YMsl 6CMPEUHbIMU BOIHAMU 6 V3KO30HHOM NOLYNPOBOOHUKE
InAs na onune onnvl 10,6 MKM U u3MeEpeHbl KOHCMAHMbL HETUHENHO20 83AUMOOElCMBUSL.

HccnenoBanue 3aBucuMocTd 3(h(PEKTUBHOCTH YETHIPEXBOJIHOBOIO B3aUMOACUCTBUS R

2
OT UHTEHCUBHOCTH OIIOPHBIX BOJIH | MOKa3ano, 4To Mpu MajblX MHTEHCUBHOCTIX R~I", kak u
ClIeqyeT U3 TEOPUHU YETBIPEXBOJIHOBOIO B3aMMOACHUCTBHs, B Cpelax C HE3aBUCALICH OT

MHTEHCHBHOCTH HENHHEHHOH BOCIPHUMYMBOCTBIO TpeThero mopsaxa y” [1] N3 nonyuen-
HBIX Pe3yJIbTaToOB ONpeeneHsl BenuunHsl ¢ B InAs, KOTOpBIE NIPH BHIPOKICHHOM YEThI-

PEXBOJHOBOM B3amMojeicTBun coctaBuwim ~2,5-107 CI'CE. Ilokaszano, 9TO ;((3)3 3TOM
MOJIYIIPOBOTHUKE OOYCIIOBJICHA HEMWHEHHOCTHIO JABMKCHHSI CBOOOJHBIX JJIEKTPOHOB M3-3a

HenapaboIMYHOCTH 30HBI MPOBOAUMOCTH. MccenoBana 3aBucuMocts 7 OT KOHLIEHTpaluu
CBOOOJHBIX 3JEKTPOHOB N, U OT TeMmeparypbl. M3 3THX AaHHBIX oOmpeaeseHbl BpeMeHa
penakcaly 3JIEKTPOHOB B 30HE IMPOBOJMMOCTH 110 SHEPTHH T, , KOTOpbIE cocTaBuiIn ~10 1c
npu Ne~10"cm” 1 ~0,5-11ic mpu N>10"cem™.

[Ipn yBenmMueHWH HMHTEHCHBHOCTH OOHApYyKE€HO OTKJIOHeHHme 3aBucumoctd R(I) ot
KBQ/IPATHYHOM, ¥ 1pu MHTeHCHBHOCTH | >1-2 MBT1/cM® R CcTano yMEHBIIATHCS C POCTOM
MHTEHCUBHOCTU. VIHTEHCUBHOCTH, IIPU KOTOPBIX JOCTUTAETCSI MaKCUMYM 3 dexTtuBHocTH R,
OKa3aJIuCh NMPUMEPHO PAaBHBIMH MHTEHCUBHOCTSM, IPH KOTOPBIX MPOSBISIETCS HEIMHEHHOE
MOTJIONICHNE, 00YCIIOBIIEHHOE TPeX(OTOHHOW TreHeparuell cBOOOJHBIX 3JIeKTpoHOB. KoHc-
TaHTa HEJIMHEHHOro MoIIomeHus cocraBimsieT B InAs y,=0,14 cM’/MBT® u o0ycnoieHa

MOIJIOICHHUEM M3JIYUCHUA HA AbIPKAaX, BOSHHUKAIOMIUX B PE3YJIbTATC I'CHCpALlUU CBO60,Z[HBIX
OJICKTPOHOB. Tak xak cedyeHme IOIJIOIICHUA Ha AbIPKax B Y3KO30HHBIX ITOJYIIPOBOAHHKAX
SHAYUTCJIBHO MNPCBBIMIACT CCUCHUC IMOITIOMICHUSA Ha CBO60,Z[HBIX 9JICKTPOHAX, TO IJIA
3aMCTHOI'0 poOCTa IIOIJIOIICHUA Tpe6yeTC51 OTHOCUTECIIBHO MAJIBIE KOHLCHTPAIUK TCHEPU-

PYEMBIX CBO60,Z[HBIX OJICKTPOHOB, HEAOCTATOYHBIC JI 3aMCTHOI'O U3SMCHCHUS }((3) .
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Teoperndeckn paccMOTpeHa 3ajjaua O YETHIPEXBOJTHOBOM B3aUMOJICHCTBUU MPH TOCTO-
3)

SHHOM y'~ M C Y4eTOM JIMHEHHOrOo M HenuHeiHoro mnorjomeHus. s spdexTuBHOCTH
OTpa)KEeHHsI B OOPHOBCKOM MPUOIMKEHNUH TTIOTYYE€HO BBIpAKEHUE
2 2
2w Y 1—ex [— f(O{-f- I”‘l)]
R=| 2 01 | expl-20(a+y,1") P Y (1)
n—1
cn, a+y, 1

rac E —JINHa BSaHMOHCﬁCTBHH, () - 4aCTOTa M3JIY4YCHHs, C -CKOPOCTh CBE€TA, Ny—I10KA3aTEC/Ib

o In—l
IpeJOMIICHHUs, O - KO3(PPUIMEHT JMHEHHOTo moriaomeHus, Y, — k03¢ punment Henu-

HEHHOTO TOTJIONIEH s 0 HHTEHCUBHOCTH. [10/ICTAHOBKA HE3aBUCHMO U3MEPEHHBIX o, ¥ n
7, B (1) 1 comocTaBieHue pacuera ¢ SKCIEPUMEHTOM MoKa3asio xopoiiee cornacue (Puc. 1).

N3 (1) ompenenensl onTuManbHbIEe JUIMHA B3aWMOCHCTBUS l onm » AHTCHCUBHOCTh HAKa4YKH
Lyum ¥ MakcuManbHa TOCTHXKUMAs 2PPEKTUBHOCTH OTpaKeHus R,

0,46 a PEAE) S

/ [, ~3— =
onT B lonT P Maxc
o 2y, Vayia®

3

ray®

3ILGCBM = T - KOHCTaHTa XapaKTepHu3ylollas HEIMHEUHYIO CBA3b B3aUMOJICHCTBY-
cn

IOIHMX BOJH. [10JydeHHbBIE BBIPAXKEHUS
MOKA3bIBAIOT, UTO R,,. sABIgeTCA
Rt ®—1—300K XapaKTEepUCTUKOH Kaka0ro obpasia,
Tl A-1-TK onpeiensieMoii BenmuuuHamu o, ¥ u

O] m-2-300k 4ol
4 -2- 7K /% 0\ Y,B HeMm. M3MepeHuwe yKa3aHHBIX
| BEJIMYMH B psize o0pas3ioB InAs moka-
3aJ10, YTO MPH ONTUMAIBHBIX JJTHHAX U
L1 WHTCHCUBHOCTH M3JIyUYEHHS B OTOM
u, MaTepuaie 1ocTmkumMbel R>100%. Hc

[ J
’/{/ ] ﬁi CJICIOBAHO BIIMSHHE TEMIIEPAaTyphl Ha

/ o, y® u Y, ¥ coOoTBETCTBEHHO R4
A

s

E{

[Tony4yeHHBIE W3 AKCIEPUMEHTATBHBIX
/ /‘ JaHHBIX 3HadeHHs yP=pn B InAs
Tw

A
/ / CYIIECTBEHHO NPEBBIIAIOT 3HAYCHUS
4 I,ker x® B sTOM mOmympoBomHHKE, 00YycC-
12 10 — 1'00 " — 1'01 JIOBJICHHBIE aHT'apMOHHU3MOM I[BI/I)I(G:
HUSI CBSI3aHHBIX 3JIEKTPOHOB. C apyrou
CTOPOHBI, MOHO YyTBEpXKAaTh, YTO
Habmoaemoe otpaxkeHue npu UB He
CBS3aHO C TEHepaluel CBOOOIHBIX
HocuTeneil mpu Tpex(oToHHBIM B InAs
noryiomeHusi. B mpoTuBHOM ciiyyae,

BMECTO HaOJI0aeMOoi KBaJpaTHUHON 3aBUcUMOCTH R u [, HaOmronanock 0661 R ~ If. Bxian

TEIUIOBOTO MEXaHW3Ma HEIMHEWHOCTH B R, kak mokazanu oreHku, HesHaunTeneH (<0,05%).
Takum 06p8.30M, MOKHO TOPCANOJIOXUTb, YTO OCHOBHBIM MCXAdHU3MOM, OTBCTCTBCHHBLIM 3ad
orpaxxeHne mnpu UB B AITUX TOJYIPOBOJHUKAX, SBISIETCS HEMapaOOJIUYHOCTh 30HBI

Puc. 1. 3aBucumoctu R ot Il B oOpasuax InAs ¢
pasHbiME N (1- N =1 10"cem™ ,2-N=1,6 1017CM'3) nmpu
KOMHATHOW U a30THOM TeMIIepaTypax

3 o
npoBoauMocTu. Pacuerst ;(m( ), 00yCIIOBJIICHHOH, HEMapaOOTUIHOCTHIO 30HBI TPOBOAUMOCTH
B TIONYNPOBOJHUKAX, MPOBOAMINCH B KiIacCH4YecKor pabore [2]. DkcreprMeHTaIbHBbIC
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sHavenns y°) cubHO oTmHuUaroTcs ot pacuetHbX ¥, m poct ¥ B 3aBucHMocTH ot N, He
SABJIIFIOTCA MOHOTOHHBIM, KaK 3TO HJOJIKHO CJICAOBATH U3 TCOPHUMU. HpI/I HHU3KHUX KOHIICH-
tpamusx wocureneit, (N, €3-10"%eMm™>) @/ ¥ cocrapmser ~20+30, ¢ ypenuuenunem N,

oHo ymenpmaercss u mpu N. 21,6-107cM™ »9T0 orHOmeHme cocraBusier 4+6.

Makcumanbioe ¥*’=2,5-10"7 CICE B InAs HaGmiomanock B obpasue ¢ N =3-10%cm ™.

(3)

HaGmomaemoe  ormmune usMepenssix Bemmumd ¥ Yoty Moxker GbiTh cBsf3aHO cO

CIIeAYIOMMUM 00cTOsATENsCTBOM. CyIlecTByIOIIasi B HACTOSIIEE BPeMsI CX€Ma BBIYMCICHUS
HEJIMHEWHBIX ONTHYECKUX BOCIPUUMYHMBOCTEH OCHOBaHAa Ha PA3JIOKEHUS MAaTPHUIIbI
IJIOTHOCTH CUCTEMBI, COCTOAIIEH U3 BEILIECTBA U AIEKTPOMArHUTHOTO 10JIS, B Psij IO TEOpUN
BO3MYIIEHUN. JUJIg DIEKTPOHHOM MOJSAPU3ALMM I1APAMETPOM Pa3JIOKEHUS B TEOPUHU
BosmyuieHuil sasnserca E/E_ . Ilpu sTom mnpeneOperaercss u3MeHEeHHEM (yHKIMH

pacmpezeneHus IeKTPOHOB B pacCMaTpUBaEMOil cucTeMe.

VYdyer usmMeHeHus: QyHKIMM pacupeieNeHHs, ISl HEIMHEHHbIX OonTHYeCKUX 3(QeKToB
BBIPOXKJACHHOTO THIA B PAa3JIOKEHUU TMOJSAPU3ALMU 10 CTENEHSAM I0Jii TNPUBOIUT K
MOSIBJICHUIO TapaMeTpoB OTIMYHBIX OoT E/E, ¥ nake cymiecTBEHHO NPEBBIMIAIONINX €To.

IMeHHO € 3TMMH MapaMeTpamMH CBSI3aHO B TEOPUU BO3HHUKHOBEHHE OOJBIIMX U JaKe
"ruranTckux” HEJIMHEMHOCTEH NpHU B3aUMOJCUCTBUM H3JYYEHUS C BEHIECTBOM. Takum
oOpa3zoM, HaOmrofaronMecss OOJbINE HEIMHEHHOCTH MOXKHO paccMaTpHUBaTh KaK PEAKIUIO
BEILIECTBA HA MPOUCXOJSIINE B HEM IOJ ACHCTBUEM MO MaKPOCKOIMUYECKHE HU3MEHEHHS
(reHepanys HOCUTENEH TOKa B MOJYIPOBOIHUKAX, HACHIIIEHUS MTOTJIOIECHUS, U3MEHEHHE CHUC-
TEMbI YHEPTEeTHYECKHX YPOBHEH W NIp.) U CONMYTCTBYIOIINE UM HEOOpaTHMbIC W3MECHECHHS B
CHCTEME.

B uacTtHOCTHM, y4eToM JUCCHUIAIMM JHEPrusi CBOOOIHBIX JJIIEKTPOHOB 3a CYET
B3aUMOJCUCTBUS C KPUCTAIINYECKON PELIETKON, HOHAMHU IIPUMECH U AP. MOKET IPUBECTH K
CYLIECTBEHHOMY MPEBBIIICHUIO HEMTUHEHHONW BOCIPUUMYHNBOCTH, 00YCIOBIEHHOI Hemapabo-
JUYHOCTHIO 30HBI TPOBOANMOCTH.

JINTEPATYPA
1. Jdmutpue B.I'. HenunueiiHas ontuka u oOpaimieHHe BOJHOBOrO QpoHTa. M.:
duzMaTiur,
2003, 256c.

2. Yuen S.Y., Wolff P.A. Difference-frequence variation of the free-carrier-induced,
third-order nonlinear susceptibility in n-InSb// Appl. Phys. Lett., 1982, vol. 40, Ne6,
p.457-459.

TlIn;.\Dy,Te;, BORK MOHLULLARININ iSTILIKKECIRMOSI

H.I. Zeynalov, M.M. Zarbsliyev, A.H. Damirov
Sumqayit Doviat Universiteti

Miiayyan edilmisdir ki, TlInTe, birlosmasinda vo onun asasinda  Tlln;.DyTe, bark
mahlullarinda istilik asas etibart ilo qafasin istilik ragslorinin hesabina dasinir. Fononlarin
sapilmasinds asas rolu ii¢ fononlu proseslor (U-proseslar) oynayir. Tln;,.Dy.Te, bark
mahlullarinda Debay temperaturundan boyiik temperaturlarda fononlarin sapilmasinda eyni
zamanda U- proseslorla birlikdo N-proseslor va noqtavi defektlordan sapilma aktiv rol
oynayir.
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Odobiyyatda [1-3] TlInS,(Se,Te,)-TIDyS,(Se,Te,) sistemi todqiq edilmisdir. Miioyyon
edilmisdir ki, TlInTe,-TIDyTe, sisteminds 12 mol% hall olma oblastt mévcuddur. TlIn, Dy,
bark mohlullari, elaco do TlInTe, ilkin birlosmasi tetraqonal sinqoniyada kristallasirlar. Ilkin
kompanentlorin 1:1 nisbotindo dérdqat Tl,InDyTe, birlosmosi omolo golir. Torkib-elektrik
xassolorinin asililigimin dyranilmaesi gostordi ki, sistemin biitiin birlosma vo bark mohlullar
sirf yarimkecirici xarakters malikdirlor. TlInTe,-TIDyTe, sistemi birlosmo vo bork
mohlullarinin  kegiriciliyinin tipi vo asas yarimkecirici parametrlor toyin edilmis vo giiclii
elektrik sahosindo elektrik kegiriciliyi dyronilmisdir.

Istilikkegirmonin konsentrasiya asililigmin analizi, birlosmonin yaranmasi, istilik-
dasinmanin slavo mexanizmlori vo bork mohlullardan fononlarin sopilmasi vo basqa hadisalor
haqda miihiim malumatlar verir.

Bu isdo TlInTe,-TIDyTe, sistemi bork mohlullarinin anizotrop kristallarindan fononlarin
osas sopilmo mexanizmini askar etmok ii¢lin istilikkegirmonin temperatur asililifi todqiq
edilmisdir.

xh L+ Br/(m K)

1 1 L
100 200 300
g

Sokil. TlIn, Dy, Te, bork moahlullarinin x=0,01 (1,4); 0,05 (2,5); 0,09 (3,6) istilik selinin (001) miistovisina
paralel olan hal iigiin (1-3) vo perpendikulyar olan hal iiciin (4-6) (a), x"/x* nisbatinin x=0,01 (1), x=0,05 (2) vo
0,09 (3) (b) temperaturdan asililig1.

TlIn,,Dy,Te, bork mohlullarinin monokristallik niimunslorinin istilik selinin tobagoyo
paralel (x") vo perpendikulyar (x") istiqamotlordo istilikkecirmonin temperatur asililig:
sokildo gostorilmigdir.

Umumi istilikkegirmonin elektron toplanan1 Videman Fransin molum miinasiboting
osason qiymatlondirilmis vo TlIn, Dy, Te,-nin miixtolif torkiblori iiglin imumi istilik-
kecirmonin 1%-ni agsmamigdir. Ona goro do hesab etmok olar ki, dlgiilon komiyyatlor gofos
ragslarinin verdiyi payin hesabinadir.

Sokildon goriiniir ki, biitiin temperatur intervalinda bork mohlullarda anizotropiya
miisahido olunur. Molumdur ki, atomlarin nizaml diiziiliiso malik olan birlosmodon onun
osasinda bork mohlullara kecdikco istilikkegirmonin atom kiitlosindon asili olaraq adi
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ganunauygun doyismosindon konaragixma miigsahido edilir. Bu hal onunla olagodardir ki,
doyison torkibli qarisiq kristallar iiclin lokal ndqtovi defektlordon fononlarin sopilmosi
istiinliik toskil edir. TlInTe, birlosmasindo vo onun asasinda TlLInDyTe, bork mohlullarinda
istilik asas etibar1 ilo qofasin istilik rogslorinin hesabina daginir.

Fononlarin sopilmasinds asas rolu ii¢ fononlu U-proseslor oynayir. TlIn, Dy, Te, bork
mohlullarinda Debay temperaturundan bdyiik temperaturlarda fononlarin sopilmasinda eyni
zamanda U-proseslorlo yanagi N-proseslor vo ndqtovi defektlordon sopilmo aktiv rol oynayir.

ODOBIYYAT

1. 3apbamues M.M. Tsepabie pactBopsl 3amerienue B cucreme TlInTe,-TeDyTe,
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2. 3eitnanos I'.U., 3apbaimes M.M., Capnapoa H.C. Dnekrpodusndeckue cBOWCTBa
crutaBoB cuctemsl TlInTe,-TeDyTe, // Heopran.matepuansl. 1999. 1. 36, Ne§, ¢.913-
916

3. 3ap6amme M.M. Tsepasie pactBopbl TlIn;YbS,// Heopran.marepuanst. 2000.
T.36.Ne5., c.619-623

TIGa;«Gd,S; (0,01< x <0,03) BORK MOHLULLARININ ISTIDON
GENISLONMOSI VO iZOTERMIK SIXILMASI

M.M. Qurbanov, S.C. Mommadov, C.C. Bayramov, M.M. Qocayev
Sumqayit Doviat Universiteti

Baxilan isds TIGasS, birlasmasi va TlGa;.,Gd.S, (0=x<0,03) bark mahlullarinin istidon
genislonma va izotermik sixilma amsallarimn eksperimental qiymatlori verilmisdir. Istidon
genislonmoa va izotermik sixilma amsallarinin tocriibi giymatlari asasinda Debay xarakteristik
temperaturu, atomlararast orta kvadratik yerdayisma, Yunqg modulu, siiriismo amsalt v
Puasson amsali hesablanmigdir. Torkibdo qadolinium atomlarinin migdar: artdigca Debay
temperaturunun, Yunq modulunun, Puasson amsalinin azalmast, orta kvadratik
yerdayismanin  va  stirtisma modulunu qiymatinin artmasi atomlararast kimyavi rabito
qiivvasinin zaiflamasi ila alagalondirilir.

A"BY! tip kristallardan vo onlarin osasinda alinan bork mohlullardan praktikada genis
istifado edilir. Bu baximdan TIGaS, birlogmosi daxilinds qallium atomlarinin qismen
gadolinium atomlari ilo ovoz olunmasi noticosinds alinan bork mohlullar da hom nozori, hom
do praktik baximindan maraqlidir. Torkibs qadolinium atomlarinin daxil edilmasi qadagan
olunmus zonanin enino vo atomlararasi kimyovi olago qiivvasinin qiymatind tosir gostorir.

TlGa,,Gd,S, (x=0,01; 0,02; 0,03) bork mohlullarinin sintezi moévcud metodika
osasinda aparilmigdir [1]. Miixtalif torkiblorin rentgen qurulus analizi gostormisdir ki, alinan
bork mohlullar monoklin qurulusda kristallagir vo torkibdo gadoliniumun miqdar1 artdigca
qofas parametrlori do ganunauygun sokildo doyisir.

Sintez olunmus torkiblordon istidon genislonmo vo izotermik sixilma omsallarini
O0lgmok iiclin uzunlugu 0,03m vo diametri 0,005m olan silindrik formali niimunoslor
hazirlanmigdir. Istidon genislonmo vo izotermik sixilma omsallar1 genis temperatur
intervalinda (77+300)K moalum metodika asasinda olgiilmisdiir [2].

TlGaS birlosmasinin vo T1Gag99Gdo01S2, TIGagsGdo02S2, TlGage; GdopsS, bark
mohlullarinin istiden genislonmo vo izotermik sixilma omsallarinin temperatur asililiglar
sokil 1a vo sokil 1b-do gdstorilmisdir.
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2 010K
’
2
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10 T ! TéinZ/N
3,04-
a) A///’;
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Sokil 1. TlGa;.,Gd,S, bark mohlulunun istidon genislonmo amsalinin (a) vo izotermik sixilma
omsalinin (b) temperatur asililig.
1-T1G382; 2-T1Gal‘99 GdO‘OIS2; 3-T1Gal‘gng0‘ozs2; 4-T1G31’97Gd0‘0382

Sokillordon goriindiiyii kimi biitiin torkiblords istidon geniglonmo vo izotermik sixilma
omsallarinin temperatur asililiglarinin xarakteri T1GaS, birlogsmosinin istidon genislonmo (o)
vo izotermik sixilma (yr) omsalinin temperatur asililigr ilo tamamilo eyni aliir. Biitiin
torkiblorde o vo yr omsallarinin temperatur asililiqlarinda heg¢ bir anomaliya miisahido
edilmir. Torkibo az miqdarda ¢oki nisbatindo gadolinium atomlarinin daxil edilmasi o vo yt
omsallarinin artmasina sabab olur. Bu onunla slagolondirilir ki, T1GaS, birlosmosindo torkibo
ion radiusu galliumun ion radiusuna nisbaton boylik olan gadolinium (rGa=0,93A; er=0,96A)
atomlarinin daxil edilmosi, hom kristal qofosindo defektliyin artmasina, hom do atomlararasi
kimyavi rabits qlivvasinin azalmasina sobab olur. Bu halda iimumi kimyavi slaqade metallik
rabitonin rolu artir.

Istidon genislonmo vo izotermik sixilma omsallarinin  tocriibi qiymotlori osasinda,
odobiyyat [3,4]-do verilon emprik disturlarin komoyi ilo TIGa, .Gd,S,(0<x<0,03) bork
mohlullar {igiin bir sira istilik va elastiqiyyat parametrlori: Debay xarakteristik temperaturu

(49:19,3 VAV -a»; atomlararasi orta kvadratik yerdayisma
1
— — . 3.6
(JUZ =43.10" 14{%/;) +ﬂ/(A-t9)J; Yung modulu | E =% ; striismo  modulu

('u:2(1E )]; Puasson omsali (o =1—(E/3k)) hesablanmigdir. Hesablamanin noticosi
+o

cadvalds verilmisdir.
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TK TIGaS; TIGa, 99Gdo0:S2 TIGa, 9sGdg 0252 TIGay :GdoS2

0K | 7z, E.QPa o wQPa | 6K ‘/ﬁ E.QPa o nQPa | O.K IUz’ EQPa o | wQP | OK igz, EQPa | o | nQP
A A A A

80 | 298 | 0,138 | 373.6 | 0473 | 638 | 300 0,136 |S852 |0492 [503 302 | 0,135 | 592,6 | 0,501 | 994 | 305 | 0,134 | 6253 | 0,525 | 1624
90 | 285 | 0,146 | 3497 | 0475 | 792 | 297 | 0,143 | 5804 [0489 [652 298 | 0,140 | 590,3 | 0497 | 1092 | 299 | 0,138 | 6202 | 0,510 | 160.3
100 | 271 [ 0,158 | 3243 | 0480 | 803 _|283 | 0154 |5792 [0487 |703 284 | 0,152 | 5816 | 0461 | 1106 | 286 | 0,150 | 6193 | 0,502 | 159.2
120 | 259 0,169 | 2800 | 0482 |864 _|276 |0.162 |5613 0481 | 896 277 | 0.160 | 573.2 | 0452 | 1202 | 278 | 0,157 | 516,6 | 0,500 | 157,1
140 | 252 | 0,197 | 2356 | 0486 | 873 | 268 | 0,193 |[5547 [0.480 [97. 269 | 0,189 | 569.9 | 0449 | 1274 | 271 | 0,185 |510,7 | 0.496 | 150,0
160 | 234 0220 |241,7 | 0489 | 896|259 [0215 |5438 |0479 [998 261 0212 | 5251 | 0430 | 1306 | 262 | 0,208 | 500,8 | 0481 | 1498
180 218 (0251 | 2343 | 0501 | 903|247 [0246 | 5390 0461 | 1036 |248 |0244 | 5000 0,290 | 137.3 [249 [02d1 |499.1 |0480 [ 1363
200 | 205 10279 |2267 | 0512 | 9.6 234 | 0273|5217 |0452 | 1190 [237 |0270 | 4812 |0,255 | 140.1 | 238 [ 0265 [480.2 [0480 [ 1314
350 1171 10310 2005 | 0516 | 1017 221 | 0307 | 5032 |0449 | (212|224 |0303 |479.6 | 0,021 | 147.8 [225 [0299 [4703 [0473 [ 1302
300 1156 10243 [ 197.6 0519 | 1168 1209 |0340 | 4978 | 0425 |139,6 |210 |0336 | 4692 | 0,019 | (501 [211 | 0331 [462,6 |0470 | 1295
350 | 155 [0.345 | 1924 |0525 1269 | 192 | 0342 |4618 0410 | 1424 |193 [0339 [450,7 [085 |1575 [195 [0338 |452.8 |0.469 | 1106

Cadvoaldon goriindiiyli kimi temperaturun artmasi ilo €, o, E-nin qiymatlori azalir,

NVU? vo pnin giymetlori ise artir. Bu bir daha gdstarir ki, torkibinde gadoliniumun miqdart
artdiqca kristal qofosds atomlararasi kimyovi rabito qlivvasi zaifloyir.
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KOMIIVIEKCOOBPA30BAHUSA NOHOB KEJIE3A C MEJIAHUHOM
PACTUTEJIBHOI'O TPOUCXOKJIEHUSA

P.M. bBarupos, O.Ill. Baruposa, I'.A. Typa6oBa
baxuncxuii I'ocyoapcmeennuiii Yuusepcumem

Buvioenen menanun pacmumenvrnozo npoucxodicoenus uz Koxcypvl 60606 Visia faba u
UCCIe006aHbl 83AUMOOCICNEUSL NOJYYEHHbIX MENAHUHO8 C UOHAMU Jcene3d. YCcmanosieHo,
umo pacmumenvHble MEIAHUHbI CNOCOOHbI 00PA308bIBAMb KOMNIEKCbL C UOHAMU JHcene3a KaK
8 €20 08YX, MaK U 68 MmpexeaieHmHom cocmoanuu. llpuuem, npu 63aumooeticmeuu ¢ UOHAMU
Fe&’™ menanumvr ux wacmuuno oxkucnsiiom 0o Fe’™ ¢ nocredyiowum komniekcoobpaszosanuem
F&’* u Fe*. Benuuumvi napamempos I'P-cnekmpa uzyuennoeo obpasya xapakmepHuvl OJis
BbICOKOCNUHOBBIX KOMNIEKC08 uonos Fe’™ u Fe’™ ¢ okmasopuueckum nueanoHvim OKpyoice-
Huem. Ilpeononazaemcs, 4mo CcHOCOOHOCMb PACMUMENbHBLIX MENIAHUHO8 3PpeKmuHo
ceszbI6ams  npookcudanmuvie uonsl Fe’' moocem sensemcs 0OMUM U3 803MOMNCHBIX
MEXAHUIMO8 UX AHMUOKCUOAHMHBIX U NPOMEKMOPHBIX CEOUCS.

bruononumepsl —BBICOKOMOJIEKYJIIPHBIE MPUPOJAHBIE COEIUHEHUS, KOTOPBIE SBIISIIOTCA
CTPYKTYPHOM OCHOBOW BCEX JKHUBBIX OPraHM3MOB M PACTECHHM, U BBINOJHSIIOT KIIOUYEBbIE
GyHKIIMU B mpolieccax uX >kKu3HeneaTrenbHocTH. OQHUM U3 TaKUX OMOMOIMMEPOB SIBISETCS
MenaHuH. [log TepMHUHOM MelnaHWH MOHUMAIOT YEPHbIE, TEMHO-KOPUYHEBBIE (B HEKOTOPBIX
CIly4aeB JKENThle) Ype3BhIYAIIHO XHWMHUYECKH YCTOHYMBBIE IUTMEHTBI, HMEIOLIUE
nomMepHyto tpupoay. OHH 00pa3zyloTcsi B pe3yiabTaTe OKUCIUTEIBLHOW MOTMMEpU3allun
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TUPO3HMHA, TUOKCHU(EHIIATaHUHA U KaTeX0JaMUHOB Ha OelkoBoM MmaTpule. buonornueckas
POJIb METaHWHOB Pa3HOOOPa3HO U 3aBUCUT OT OpraHa, I7ie OHU JIoKanu3yroTes [1].

B nmocnemnee Bpemsi HAKONWIOCh PSII  BaKHBIX (DU3MKO-XMMHYECKHX CBOMCTB
MEJIaHUHOB  (JIEKTPETHBIE, MOJIYINPOBOJHUKOBBIE, JJEKTPOHHO U HOHHO-OOMEHHBIE,
KaTaJIUTUYECKHE, aHTHOKCHJAHTHBIC, AHTUBOCIOJIUTENbHbIE, AHTUTOKCUYHBIEC, AHTHpaaHa-
IIUOHHBIE, AHTUOITYXOJIEBBIE U T.[.), OJaroaps KOTOPHIM OHU CTAJIH 0OBEKTOM MPUCTAIBHOTO
HCCIIEIOBaHMs IIUPOKUX KPYroB HccienoBaTenei [2].

B namux panHux padorax ObUIM HCCIEIOBaHbI KOMIUIEKCOOOpPAa30BaHMS MOHOB JKele3a
¢ cunrerndeckuM L-JIODA-MmenaHnHOM, ¢ METaHONPOTEMHOBBIMU rpanynamu (MIIIY) riasa
IIO3BOHOYHBIX. BpICkazaHo mpenanosnoxenue, 4dro B ciaydae MIIIT nopasnenue wumu
MEPEKUCHOTO OKUCIIEHUSI JIUIHIOB CBSI3aHO B TIEPBYIO OYEPEb CO CBSI3bIBAaHHEM HOHOB Fe’”,
ABJIAIOILMXCS KaTaJIN3aTOPaMU IIEPEKUCHOTO OKUCIIEHUS] TUIUA0B [3].

[IurMeHTsl METaHUHOBOTO Psiia UTPAIOT BAXKHYIO POJIb U B PACTUTEIILHOM MUDE, II€ X
(GYHKIIUU CBA3aHBI IJIaBHBIM O0Opa3oM C 3aIIMTON KIETOK OT Pa3IMYHBIX MOBPENKIAIOIINX
(dakTOopoB BHEIIHEW cpenbl M B TMEPBYI oOyepeab cBeTa. MOKHO Mojarath, YTO
BBIIICYTIOMSHYTBIH MEXaHH3M SIBIISIETCS CYHIECTBEHHBIM U B Cllydyae MEJIaHHMHOBBIX
IIUTMEHTOB PACTUTENBHOIO IIPOUCX 0K IECHUS.

B Hactosmeit pabGote mpencTaBieHbl pe3yJabTaThl HCCIEJOBAHHUS METOJOM TaMMa-
pe3onancHoi crniekTpockonuu (I'PC) koMinexkcooOpa3oBaHUs HOHOB Kelle3a C MeJTaHUHAMH,
BBIJICJICHHBIMU U3 KOKYpBI 0000B Visia faba.

[TpoMbiThIe 600BI TMpEeABAPUTENBHO 3aMayUBaIM B JUCTUJUIMPOBAHHOM BOJAE IS
HaOyXaHUs, 4TO 00Jeryano CHATHE KOXKypbl. OTAENCHHYIO KOKYPY BBICYIINBAIM HAa BO3yXe
IpyH KOMHATHON TemrmepaType, a 3aTeM IIyTeM KHIISTYeHUusI KOXYphl ¢ OOpaTHBIM
xononuinbHUKOM B 0,5M pactBope NaOH B TeueHue 2-X 4acoB IKCTparupoBajd W3 Hee
MenanuH. [lomydennbiit sxctpakT noakuciasau 1IN H,SO, no pH 4,5, npu 3Tom U3 3kcTpara
BBINA/1ajl XJIOMbEBUAHBIN OCaJ0K YEPHOTO I[BETA, KOTOPBIMA OTIENSUIN HEHTPOGYTrupOBaHUEM
(4000 g, 20 muH.). 3areM ocaioK 5-6 pa3 NpPOMBIBAIM AUCTUIUIMPOBAHHOM BOJOH C
MOCIIEAYIOLIUM OCaXICHUEM IMIPH TeX ke 000poTax A0 HENUTpaIbHON peakIiy cyrepHaTaHTa.

Kommnekcel  MOHOB — Keje3a € MEJIAHMHOM — IOJydald  MHKYyOMpOBaHUEM
cBeXxeBbIIeieHHoro Menanuaa (18 mr cyxoro Beca) B 8 mi pactBope *’FeSO, (pH 6,0) c
KoHneHTpanuen 0,23Mr/mi mpu KOMHaTHO#M Temmeparype. Bo n3bexxanue oKuciIeHUs HOHOB
Fe’* B cmaGokucioii cpexe B HCXOXHBIA pACTBOP JIOGABISUTH  THAPOKCHIAMHH
(NH,OH),-H,SO,), cHUIbHONPENsATCTBYIOIIETO areHra oOpa3oBaHHWS  OKHUCIOB  WJIU
THIPOOKUCIIOB jkene3a. IIpenBapuTeNbHBIE OMNBITHI IOKa3ald, 4YTO T'MAPOKCHWIAMUH HE
BOCCTaHaBuBaeT MenanuH. PactBop “'FeSO, momy4anu pacTBOpEHHEM METALTHYECKOTO O
Fe B pasz6asnennotii (0,1-0,2M) H,SO, («XY») B ©HEPTHOU cpefe.

['P-criekTphl perucTpupoBalii Ha YCTAaHOBKE 3JIEKTPOJWHAMUYECKOTO THIIA B PEKUME
MOCTOSTHHOTO YCKOpeHHsI. VICTOUHMKOM pPE30HaHCHBIX Y-KBAHTOB ClIyXuM wu3oton > 'Co B
Mmatpuue Cr.

I'P-criekTpbl HM3ydeHHBIX HamHu cucreM °'FeSO, +menanun npu Ttemmeparype 80K
npeacTaBieHa Ha puc.l, a B Tabn.l mpuBenensl mapamerpsl ux I'P-cniekrpoB. McxomHblii
pacTBOp M CyNEPHATAHT IMOCJE OCAXKICHUS UMEIT aHajloruuHble ['P-crieKTpbl —3TO YeTKUid
AyOJIeT ¢ mapameTpamu, XapaKTepHbIMHU /st BBICOKOCTHHOBBIX (BC) KomruiekcoB noHos Fe*'.
Ocanok umeer cinoxubli ['P-ciektp, cocTosiuuii, mo kpaliHel mepe, U3 4-x mapiualibHbIX
CIIEKTPOB: JIBYX 1yOJIETOB M JABYX CEKETETOB C YIIMPEHHBIMU JMHUAMU. LleHTpanbHbIi MeHee
WHTEHCHUBHBIA TyOJIET, TOJIsI KOTOPOTO cocTaBisaeT ~22% oT obmiero crekTpa (1o IIoIIa )
xapakreper st BC komruiekcoB Fe*'. Oriinuust mapamerpoB 3Toro ayoiera, B MepByIO 04e-
pens KP, o mapamerpos Fe’" B ncxomHoM pacTBope yKa3bIBaeT Ha KOMILJIEKCOOOpa3oBaHUE
nonoB Fe** ¢ menanuHamu. Bojice MHTEHCHBHBIA LEHTpalbHBIA y3kuii ayomer (~37%)
XapakTepHbl s mapamMarduTHeIX BC komiuiekcoB uoHOB Fe’'. TlapaMeTphbl CEKETETHBIX
NapUHAIBHBIX CIEKTPOB (~41%) Takyke XapaKTepHbI AJI1 HOHOB Fe’”.
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Ckopoctb, MM/c

Puc.1. I'P-criekTpbl m3y4eHHBIX 00pa3noB npu Temieparype 80 K.
a) Ucxoamsiit pactsop ° FeSOy ; b) Kommiekc “FeSO, + pacTHTENbHbIH MeTaHHH

Tabauya 1.
[Tapamerpsr ['P-cniekTpoB n3ydeHHbIX 00pa3ioB npu temmepatype S80K. A —ucxoaHbIii
pactBop *’FeSO,; B — cynepuarant nocie ocaxaenus; C —komiieke ~’FeSO, pacTUTEIbHbIH
MeJIaHUH

Ne O6pasiisl Fe™ Fe''(1) Fe''(2) Fe''(3)
ncC KP HcC KP ncC KP H,g,. ncC KP | H,
MM/C MM/C | MM/C MM/c | MM/c | MM/c Tn MM/C | MM/C | ¢
Tn
1. A 1,37 3,33
2. B 1,36 3,35
3. C 1,34 3,22 0,56 0,83 0,58 | 0,16 | 50,2 | 0,51 | 0,14 | 55,
5

Takum 00pa3oM MeENaHWHBI PACTUTEIBHOTO IPOMCXOXKACHHUS  CIIOCOOHBI OOpPa30BBIBATH
KOMIIJICKCBI C MOHAMU JKECJIC3a KaK B €TI0 ABYX, TaK U B TPCXBAJICHTHOM COCTOSAHUU, ITPUYCM,
TIpU B3aMMOEHCTBIH ¢ HoHaMi Fe’' MemaHWHBI MX YaCcTHYHO OKHMCIAIOT 10 Fe’' i moMumo
noHOB Fe’ CBA3BIBAIOT MOCIIEAHNX. 3HAYEHHE TaPaMETPOB BCEX MapUualbHBIX [ P-crieKTpoB
YKa3bIBAIOT HA OKTAdIPUYECKOE JIMTaHIHOEe OKpykeHue MOoHOB Fe*' m Fe’' B kommiekcax.
CrnenoBaTenbHO, IO OTHOIICHUIO K HOHAM jKeJie3a MeJTaHWHA BCTYIMAIOT KaK JIUTaH bl c1aboro
I10JI4.

OnHOBpEeMEHHOE MPUCYTCTBUE MATHUTHOM M JyOJIETHOHN MapaMarHUTHBIX KOMIIOHEHT B
['P-cniekTpax, MO BHAMMOMY, CBSI3aHO HEOJHOPOJHBIM pAacIpeiesICHUEM Kelle30CBsA3bIBa-
HOIUX HEHTPOB B MMOJIMMEPE MCJIIAHUHA.
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OcHOBHas 4acTh KOOPJAMHHPOBAHHBIX MOHOB Fe'" pacmoioskeHsl 10CTATOYHO GIIU3KO
JIpYT K IpyTry (HampuMep OHU BXOAT B COCTaB MOJHUSAAEPHBIX (N>2) KJIacTepoB) |, Ojarogaps
OBICTpOM penakcaruu 00yCIOBICHHONW 3(P(PEKTUBHBIM CHUH-CIUHOBBIM B3aMMOJICHCTBHEM
HaOmomaroTcss  AyOneTHele  mapuuaibHble  [P-cmekTpbl. Hamuume — MarHuTHBIX
pEllaKCallUOHHBIX CIIEKTPOB YKa3blBa€T Ha TO, YTO YACTh KOOPAMUPYIOIIUX IIEHTPOB B
MenaHuHe o00ocobneHa. Jlpyrumu ciioBamMH B Cllydae JIOCTaTOYHO pa3JieIeHHBIX B
IPOCTPaHCTBE HOHOB Fe'" CIMH-CIIMHOBOE B3aMMOIEHCTBUE CHIBHO OciaabuTes. IIpu HU3KUX
TeMIIepaTypax Takke OyAyT TIOAABJICHbl CIHH-PEUICTOYHbIE pelaKcalli W M TaKhX
CTPYKTYp OyayT HaONIOAAaTbCS peNaKCAllMOHHBIE MapiuanbHbie ['P-criekTpsl ¢ pa3MbITO
cBepxToHkoi cTpykTypoit (CTC).

Cekcrer ¢ monem 55Ta coorBercTByeT MOHaM Fe’', CBsI3aHHBIM C KapOOKCHIBHBIMH
rpynmnaMu, cekcrer ¢ MeHbluM noneMm (~50Tn) cooTBeTcTBYeT CTpyKTypam, rie B
koopauHauu ¢ Fe'" mapsngy ¢ COO™ -rpymmaMu yd4acTBYIOT TakKKe aMHHO- MM UMHHO
TpyNIibl MelaHuHa. MOJeKyabl BOJbI, BXOJSIIME B COCTaB IOJMMEPOB TaKXKE MOTYT
y4acTBOBaTh B KOOPIWHAIIMK C HOHaMH jkene3a. Mousl Fe** o0pasyioT ¢ MeaaHuHAMH
MOHOSIIEPHBIE KOMIUIEKCHI, MIPH 3TOM LEHTPHI CBSA3BIBAHUS JTOCTATOYHO YyJAJEeHBI APYr OT
Apyra.

Hcxons m3 momydyeHHBIX JaHHBIX MOXKHO TOJararh, 4TO CIIOCOOHOCTb PACTUTEIbHBIX
MelTaHUHOB 3()(HDEKTHBHO CBSI3BIBATH MPOOKCHIAHTHBIE HOHBI Fe’" MOKET SBIATHCS OJHUM U3
BO3MOXKHBIX MEXaHMU3MOB X aHTHOKCHJIAHTHBIX U MMPOTEKTOPHBIX CBOMCTB.

JIUTEPATYPA

1. bopmeckas M.U., BacunseBa C.M. PaspuTue mnpeicTaBieHUH O OHOXUMHUU U
(bapMOKOJIOTHH MEJIaHUHOBBIX MUTMEHTOB. Bompockl MeauuuHCKoi xumun — 1999,
Nel, c.5-16.

2. JlonnoB A.E., OctpoBckuii M.A. AHTHOKCHIAHTHasT poOJb OSKPaHUPYIOLIUX
IIUTMEHTOB TIJIa3a-MEJIaHUHOB U OMMOXPOMOB U (PU3MKO-XHMUYECKHE MEXAHU3MBbI MX
neiictBusi. — B kH. «XuMudeckass U Ouoyoruueckasi KMHeTHKa. HoBble TOPH3OHTHD»,
M.: 2005, 1.2, ¢.155-174.

3. bBarupos P.M., Hacupo 32.®., baruposa O.Ill., Typaboa I'.A. HccnenoBanue
B3aMMOJICMCTBUSI HMOHOB 3Kejie3a ¢ MenarocomamMu. Tpyael V  MexayHapoaHOU
HAyYHO-TEXHHUYECKOU KOH(epeHInu «AKTyanbHble pobieMbl ¢pusznkm», baky, 2008,
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3JABUCUMOCTDb XAPAKTEPUCTHUK COJTHEYHbBIX 2JIEMEHTOB AMOP®HOT'O
METAJIVIMYECKOI'O CIIJIABA OT BBICOTBI BAPBEPA p —n IEPEXO/JIA

HI.I'. AckepoB, M.H. Araes, B.I'. Cadapos,
ML.I'. I'acanoB, ®.b. AOnypaxmaHoBa
baxunckuu I'ocyoapcmeennulii Yuusepcumem
Mahammad.hasanov(@rambler.ru

Uccneoosanvr conneunvie Inemenmur (C3) ma ocHose p — n nepexooa ¢
Memaniusayueu u3 amopguozo memannuueckoeo cnaasa AlgNiy, u  3asucumocmo
appexmuenocmu KpemMHUEBbIX COTHEUHbIX DJIeMEHMO8  Om B6blCOMblL NOMEHYUATbHO2O0
bapwvepa (BIIB) p —n nepexooda. /{na cHudcenus nomepb OmMpajiceHuu om no8epxHoCmu Ovliu
ucnonvzosarvl npoceemusowas nokpvimusa (OCC). U3 cuamoix nacpyzounvix BAX u C-V
Xapakxmepucmux onpeoenenvl kodppuyuenm nonesnoeo oeucmeus C.O. (kno) u BIIB
COOMBEMCMBEHHO. YCMaHO8IeHa HEKOMOPAs 3a6UCUMOCTb MeNHCOY VEeTUdeHUeM GeIUdUHb
BIIb u nosvuuenuem K.I1.J]. C.
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B coBpeMeHHOI CONMHEYHOW SHEpreTMKe 0co00e BHUMAHHE yHeseTcs pa3paboTke
BBICOKOA()(DEKTUBHBIX COJIHEYHBIX 3JEMEHTOB, KaKUMHU SIBJISIOTCS MOHOKPHCTAJUIMYECKHE
KpeMHHeBbIe cosiHeuHbIe deMeHThI (C.0) [1-3]. OcHoBHas 1enb AaIbHEUINX pa3paboTOK —
cHmxenue croumoctu C.3. [3] 3a cueT COBEPILIEHCTBOBAHUSI TEXHOJOTUM UX U3TOTOBIICHHUS,
nosbimienue KI1J] u ymenbmenue padoueii mosepxuoctu CO.

Hamu Obutn HMccnenoBaHbl 3JEMEHTHl HA OCHOBE p—Nn Iepexoja U3 p-Si , MOKPHITHIE
MIPOCBETIISIFONIUM TTOKPBITHEM C TiepeMeHHBIM cocTtaBoM Si0, (x=1+2) u Ag metaimuzarueit
[4]., u snemeHT, MOKpHITHIH (ochopcumukataeiM cteknoM (PCC) m meraumzanueil U3
amoppHoro Metammueckoro cruiaBa AlgNi, [3-5]. Bce oOpasubl umenn Ha paboueit
MOBEPXHOCTH OJMHAKOBBI PUCYHOK KOHTAKTHOW CETKH, HO C pa3iNuHbIM maroM. CHSTBHI
Harpy3ouHble BAX wucciaemyeMbix sjeMeHTOB (puc.l), W3 KOTOPBIX pacCUMTaHa K.IL.II.
COJTHEYHBIX 2J1eMEeHTOB [4]. 13 CHATBIX BONBT—(apaTHbIX XapaKTEPUCTUK PACCUUTAHA BHICOTA
MOTEeHIUaILHOTO Oapbepa p —n nepexona C.3. (puc.2)

Bo Bpems wusMmepeHuili cosnHeuHas OaTapes OCBellajach MPOrpagydpOBAHHBIM
MMUTAaTOPOM COJTHEYHOTO M3JIY4YeHHsS] C PpEeryJHMpOBaHHOW HWHTEHCHUBHOCTHIO MOTOKA.
MHTEHCHBHOCTH TOTOKA M3MEHsUIOCH B mpeaenax ot 30 - 10° mo 0Vt/cm®. Bee usmepenus
MIPOBOAMIINCH IPU KOMHATHBIX YCIIOBHUSIX.

ITpu ocBeniennoctu F=450 L, Opu11 mOTyYeHbI CAeyIOIUE TaHHBIE:

ITapameTpsl
3JIEMEHTBI 77 , % Ls,ma Uy V Dy, .8
I snement 18,3 14,3 0,86 1,3
II snement 16,9 13,85 0,9155 1,25
III snemenT 10,17 14,5 0,472 0,45

rae 7] - xoaddurnment nonesnoro aecteus CO
I; — TOK KOPOTKOTO 3aMbIKaHUS
Uyx — HanpsHKEHHE XOJ0CTOr0 X01a
®p — BpICOTA TOTEHITMAIBHOTO Oapbepa p — n mepexoia

a)
3
f
4
2
t : : i t 0 | L e . T
o o0l 02 03 04 05 06 TW 0 ol 0203 0405 0607 08 08 Uw
Pre.l . Harpysouran BAK smenenTa Ha
DCHOEE ) — 11 IEPeX0Zals Si—pc Pue 2 Harpyzourras BA =menesToE Ha OCHOEE 1 - 11
anrop detoi AlgHNigy MeTammzarpes mepexoga E Si—p ¢ cepebpaHof MeTANIIG aTTHel IpH
mpe F = 450Lx F =430 Lx, ¢ pasmrmioi o KpEITHEN IO &) XHOC TH

[Tpu uccnenoBaHuU CHEKTPATBbHOM YyBCTBUTEILHOCTH OOHApYXKEHA UTO CIEKTpajbHas
YYBCTBUTEIBHOCTh COJIHEYHOTO DJIEMEHTA IMaJaeT KaK IpPU OCBEIIEHHH CBETOM OYEHb
KOPOTKHX BOJIH , TaK U JUIUH BOJIH , OJTU3KHUX K MOTJIOUICHUIO.
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Puc.4 . CiektpanbHas XapaKTepUCTHKA COJTHEYHOIO 3JICMEHTAa Ha OCHOBE p-N MEPexoja U3
p —Si ¢ MeTauM3aIMel u3 aMopPHOro Mertaumdeckoro craBa  AlgNi,, .

HuTtepBan 4yBCTBUTENBHOCTH 3JIEMEHTA HA MAJAIOLIYI0 JTYYUCTYIO SHEPTUIO HAXOAUTCS
B obnactu ot 0,34MKk 110 1,08MK, a MAKCUMYM 9yBCTBUTEIBLHOCTH JJIEMEHTA IOCTUTACTCS TIPH
0,7MK, 94TO XOpOIIIO COrIACyeTcs ¢ TEOPETUUECKUMH JAHHBIMU JIJIi KPEMHHUEBBIX COTHEYHBIX
anemeHToB [1, 2]

B mocnennee Bpemsi BO3poc MHTEpeC K COMHEUHBIM 3ieMeHTaM (CD) ¢ mpuMeHEeHHeM
aMmop(HBIX MeTayumnyeckux crutaBoB. [[ns xopomero kadectBa C.D. He0OX0auMO, YTOOBI
BennurHa Oy ObLIA MO0 BO3MOKHOCTH BBIIIE. J[J151 JaHHOTO MOTYIPOBOJHUKOBOTO MaTepuaa,
XapaKTEePU3yeMOro OIPEACICHHOW IIUPUHOW 3aIlpEIeHHON 30HBI, IPU IPOYUX YCIOBHUAX
BBICOTA MMOTEHIIMAILHOTO Oapbepa OyJeT TEM BBIIIE, YeM MEHbIIE BeTUYMHA OOPaTHOTO TOKa
HEOCHOBHBIX HOCHUTEJICH, MJTH KaK €IIe Ha3bIBaIOT, 00paTHOTO TOKA HAChImeHus [ 1].

W3 cka3aHHOrO JIETKO BHJETh, YTO JJs OOECIeYeHHs BBICOKOTO 3HaueHUs Dg
HE00X0AUMO TPUMEHST U3roToBieHust C.D. Takoi MOIyNpOBOJHUKOBBIN MaTepHuai, KOTOpOi
uMen Obl Majlloe YMCIO HEOCHOBHBIX HOCHUTellel Toka B TemHOTe. Ilocrnemnee ycioBue
BBITIOJTHSIETCS, BO MEPBBIX, €CIIM MaTepHall UMEET OOJIBIIIOE YUCIO OCHOBHBIX HOCUTENIEH TOKa
KaK B p-, TaK U B N 00JIACTAX, T.€. €CIIU MaTepual B CHIILHOE CTETICHU HACHIIIEH JOHOpAMU
WIM aK[enTopamMH, W, BO BTOPHIX €CIH MOJYIPOBOAHHK UMEET O0oyiee IIHMPOKYIO
3ampeleHHyo 30Hy. OHAKo, NMpyU NPUMEHEHUSM MaTepHUAIOB C OTHOCHUTENIBHO IIMPOKON
3ampenieHHorM 30HOM, kadectBa C.D. yxyamaercs, HeECMOTpss Ha pocT Pp. YxyauieHue
KayecTBa OOYCJIOBIEHAa TeM, 4TO (OTOHBI C MaJiol DJHEpPruel He MOryT co37aBaTb
3IEKTPOHHO— JABIPOYHBIE MapHhI.
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OCOBEHHOCTH NEPEKJIOYEHUSA C 3AJEPXKKOM B TBEPIBIX
PACTBOPAX TlIn;Nd,Te,

M.M. 3ap6aaueB, Y.M. AraeBa, J.I'. Mamenos, I'.M. /lamuposn
Cymeaumckuti I'ocyoapcmeennvlil Ynusepcumem
zarbalievmm351(@mail.ru

Kak Opimo otmMeueHo B pabotax [1-4] 3amemeHreM 4acTh aTOMOB HMHIMSI aTOMaMHU
penKo3eMeNbHBIX 37eMeHTOB B coequHeHusix TlInS,(Se,, Te;) momydeHbsl psii TBEpABIX
pacTBOPOB C HHTEPECHBIMH CBOMCTBAMHM. B 4YacTHOCTM BOJBTaMIIEpHBIE XAPAKTEPUCTUKHU
tBepabiX pactBopoB TlIn, Ln,S,(Se,Te,) comepxar ydqactku ¢ oTpunareabHbiMu quddepeH-
uuanbHbiMu  conpotuBieHusMu (OJIC), ucnonp3zoBaHue B mpubopax KOTOPBHIX MO3BOJISET
pelmars MHOTME TEXHUYECKME 3a/ladyd, HEIOCTYIIHbIE KJIAaCCHUUECKON TpaH3UCTOPHOU
JJIEKTPOHMKE. JEKTPOHHBIE 3JIEMEHThI—HerarpoHbl, OC B KOTOpPBIX BO3HHMKAaeT 3a CYET
(U3MYECKUX TPOIECCOB B CAaMBIX JJIEMEHTaX, (HampuMep, TyHHEIbHBbIE, HHKEKIIMOHHO—
MIPOJIETHBIE, JIABUHHO—TIPOJIETHBIE JHOJbl, THUPUCTOPHI, JIABUHHBIE M IOTEHUMAIBHOTO
HEYCTONYMBBIE TPAH3UCTOPHI) U SKBUBAICHTHI HETATPOHOB, CBOMCTBA KOTOPBIX 0OYCIIOBICHBI
CXEeMaTU4ecKo peanuzanuell (Harpumep, TPAaH3UCTOPHBIE SKBUBAJIEHTHI P-N-p-n CTPYKTYP,
CXEMbl TPAH3UCTOPHBIX YCUJIUTENEH U TEHEpPaTOPOB HA MOTEHUUAIBLHOTO YCTOWYUBBIX
TpaH3ucTopax). B HacTosiee Bpemsi Haubojiee UHTEHCUBHBIE MCCIIEJOBAHUS MPOBOASTCS B
HaIlpaBJI€HUN CO3JaHUs W TPUMEHEHHUs MOJYIPOBOJHUKOBBIX HEraTPOHOB. 371€Ch YETKO
BBIPHCOBBIBAJIMCH JIBA OCHOBHBIX HampaBjeHHs: 1) HerarpoHsl Ha 0aze MOTyNPOBOJHUKOBBIX
CTPYKTYp, MCIIOJB3YIOIIUX (hPU3MYECKHE MPOLECCH B p-n Mepexoje; 2) HeraTpoHbl Ha Oaze
(bu3MYECKUX MPOIECCOB B MOIYIMPOBOAHUKOBBIX KPUCTAIUIAX PA3IUYHBIX CTPYKTYp. AHAIIN3
pE3yNbTaTOB MHOTOYHMCIIEHHBIX WCCIICJJOBAHUMA TMOKA3bIBAET, YTO S-AMOABI 00JamaroT
HaMHOTO OOJIBITUMH (PYHKIIMOHATHHBIMU BO3MOKHOCTSIMH, YEM JIPYTHE MOIYIPOBOAHUKOBBIE
npubopsl. OHM MOTYT OBITH HCHOJB30BAHBI B KAYECTBE, ONTOIIEKTPOHHOTO MEPEKII0YaTes
dboToTpUrTEpOB, TPUITEpA, T'e€HEpaTOopa pEeJaKCAlMOHHBIX M TapMOHUYECKHX KojeOaHuH,
PE30HAHCHOI'O U MAapaMETPUYECKOI0 YCHIIUTEINS, IOPOrOBOr0 MCTOYHUKA CBETA, IOPOTOBOIO
JJIEMEHTa, JJEeMEHTa NaMSITH, JOrH4eckoro jsjieMeHTa U T.1. OcCoOEHHO MHTepecHbIe
BO3MOYKHOCTH TIPUMEHEHHUS S-ITHOJ0B OTKpPHIBAIOTCA Onarofapsi OONBLION BHYTPEHHOM
WHIYKTUBHOCTH, KOTOpas, KaK M3BECTHO, OTHOCUTEIBHO TPYAHO peaau3yercs B
MUKpPOdJIeKTpoHHKEe [5]. Tak Kak TpaH3WUCTOPHl Ha OYEHBb OONBIIMX YaCTOTaX CTAHOBSTCS
MOTEHI[MATbHO-HEYCTOMUUBBIMHM, TO TPHU OMNPENEJIECHHBIX Harpy3kax MeEXAy d3JEKTpoAamMu
TpaH3uCTOpa HAOIIOAAETCS OTPUIATENIbHOE JUHAMUYECKOE COMPOTUBICHUH, T.€. TPAH3UCTOP
[I0 CYIIECTBY CTAHOBUTCS HEraTpOHOM. /lMHaAMHuYeCKHE HEraTpoHbl MMEIOT OTPHULIATEIbHOE
3HaY€HHE OCHOBHOro nuddepeHnalbHOr0 MapaMeTpa B HEKOTOPOM  OMpPENEICHHOM
JMANa3oHe YacTOT. Y CTaTMYECKUX HEraTpOHOB HAa OCHOBHOWM XapaKTEPUCTUKE (BOJBT-
amnepHas 1711 R-HeraTpoHOB, KyJnoH-BosbTHas ajisi C-HeraTpoHOB U BeOep-amnepHas ams L-
HEraTpoHOB)  HaOJIOJaeTcss  MajalolMid  y4acTOK, TIA€  3HaueHHe  OCHOBHOTO
nuddepeHINaTBFHOTO MapaMeTphl ABIISETCS OTPULATENIbHbBIM.

HecmoTpss Ha HekoTOpHE 4YMCIO pabOT, MOCBSIIEHHBIX HCCIEIOBAaHMIO MEXaHHU3Ma
mporiecca MepeKIoYeHuss B TBEpAbIX pacTBOpoB cucteM TlInS,(Se,Te,) —TILnS,(Se,Te,) B
HUX MPAKTUYECKU HE 3aTPOHYTHI BOMPOCHI Pa3BUTHSI HEYCTOMUMBOCTU TOKA BO BPEMEHU, UTO
U SIBJISIETCS LIETIBIO JAaHHOW paboTHhI.

B HavanpHOM 3Tamne JUIMTEIBHOCTh Pa3BUTUS HEYCTOMYMBOCTH TOKA, MPOUCXOIAIIAS B
TEUEHUN BPEMEHU 3aJI€PKKHU tg, 3ABUCUT OT MPHUIOKEHHOIO HANpPSKEHUs V4, IPOBOJAUMOCTH
o, Temneparypbl T u reomerpun oOpasua [7, 8]. Ilo 3Toif mpuyMHE HM3yYeHHE IMPOLECCOB
pPa3BUTHS HEYCTOWYMBOCTH TOKAa BO BPEMEHH tq AN TUIeHOK crutaBoB cuctemsl TlInTe,-
TINdTe,, Tonmuuoi 2-10MKM HpPOM3BOAMIOCH MPU TAaKUX YCIOBHSX, KOTJa W3MEHUJIACh

113



Fizikanin miiasir problemlori VIII Respublika konfransi

TOJIBKO OJTHO U3 BEJIMYWH MPHU MMOCTOSHHOM 3HAUEHUU JIPYruX. B 4acTHOCTH, 3aBUCHMOCTH t4
OT TOJIIIMHBI ObUIA MOJIyYeHa IPU OJIMHAKOBOM JJISl Pa3IMYHBIX TONIIMH nojie Eq.

W3 aHanm3a TOCBSIIEHHBIX MPOOJEMBbl BO3ZHHUKHOBEHHIO 00BeMHOTO 1uddepeHIu-
QIIBHOTO COMPOTHUBJICHHUS] MOXKHO CJIENIaTh BBIBOJ O TOM, YTO TOJIEBBIC WA TEPMUUYECKUE
3G EeKThl SABIAIOTCA TMOCTABIIMKAMH HOCHUTENIEH TOKa, HO (OPMHpPOBAHHE YdYacTKa C
OTpUIIATEeNILHBIM HakJIoHOM KpuBod S-OJIC mpoumcxoauT 3a cueT TOKOBBIX 3((HEKTOB.
HerictButenbHo, Bo3HUKHOBeHHE OJIC BO3MOKHO TOJIBKO B CIydae HAIMYMS MOJIOKUTEIb-
HOW O0OpaTHOW CBS3UM MO OJHOMY TapaMeTpy, HampuMep POCTy IUIOTHOCTH TOKa,
YBEIMUMBAIONIEMY IUIOTHOCTh TOKa. VHBIMH CJIOBaMH, W3MEHEHHS, MPOUCXOJSIINE B
Marepuanga I0J] JCUCTBHEM KaKoro-in0o BO30OYXKAEHUS, JOHKHBI AITO BO30OYXKICHHE
ycunuBath. [lockonbky mnsa Habmoaenus S-OJ[C o6paser gomkeH ObITh BKIFOYCH B PEIKUM
3aJJaHHOTO TOKAa, POCT MPOBOJAMMOCTH MaTepuana, OyJaeT MPUBOANTHh K CHIKCHHYIO TOJIS U,
CIIeZIOBATENIbHO, K YMEHBIIEHUIO MPOBOJUMOCTH M HCUe3HOBEHHIO d¢pdekra. YToObI
n30exaTbh 3TOr0 MPOTUBOPEUEHS, aBTOPHI MOJEBBIX MOJENEH MPUBIEKAIOT JOMOIHUTEIbHBIE
MEXaHU3MBbl, HalpuUMep CYy>KE€HHE O0JIaCTH CHUJIBHOTO TOJIA, YTO MO3BOJIAET COXPAHUTH
MOPOTOBYIO HAMPSHKEHHOCTD TMOJISI U TOK NP CHIDKEHUU TAJICHUs HAMpsDKEHUS Ha oOpasiie.
ITpu sTom Ha kKiemMax oOpasma aedctButenbHO mnosiBisiercss S-OJIC, no Takoe OJIC He
o0nanaeT oOBEMHBIM XapaKTepOM, CJIEIOBATENbHO, HE MOXET MPUBECTU K IIHYPOBAHHIO
TOKa, TaK Kak JJi1 BO3HUKHOBEHHUS LIHYpa BBICOKOW IIOTHOCTH TOKa HEOOX0IWMO (HO
HegocTaToyHo) uTo0bl MexaHusMm S-OJIC Mor peann3oBaThcs B KKIOM OTIEIHHO B3SITOM
MUKpooObeMe oOpasna. Kak u3BecTHO, 000 MOTYITPOBOJHUKOBBIM MaTepHUal COJACPKUT B
cebe BCTPOCHHBIX O0OJIacTel C pa3IMUHBIM HabopoM (u3nyeckux mapaMmeTpoB. B Takom
Marepuaie S-OJIC Bo3HuKaer B yacTu oObeMa MaTepHaia, yCWIWBas IEPBOHAYAIHHYIO
HEOJAHOPOJHOCTb.

N3ydyennass B paboTe 3aBUCHMOCThH JIUTEILHOCTH BPEMEHH 3aJIEPKKH OT TOJIIUHBI
00pa31oB MpU MOCTOSHHOM 3HAUYEHUU MPHUIIOKEHHOTO IMOJs MOKa3bIBAET, YTO JJIUTEIBHOCTh
HAYaJbHOTO 3Tama pa3BUTHS HEYCTOMYMBOCTH TOKa MPSIMO MPOIMOPLHOHANbHA TOJIIUHE
obpasna d. M3 sToro criemyer, 4To Ha HA4aJIbHOM JTale CBOETO Pa3BUTHS HEYCTOWYHUBOCTH
BO3HHUKAET JIOKAJHHO Ha HEOOIbIIOM oTpe3ke Ay = A/ <<d u B pajbHEUIIEM paclpoCTpaHsisi-

€TCSl Ha BCe MEXDJIeKTpoaHoe paccrosinue. Unes o jmokanpHOoM pa3Butun OJIC panee Obuta
BhickazaHa B [9] m wucnomb3zoBana npu pacuere ty(V). B [10] mpemnokeH MexaHU3M
MEPEKIIOYCHUs], OCHOBAaHHBIA Ha IMOCIEIOBATEIFHOM MPO0OE MHUKpPOIMOAOB. Tak Kak
TOJIIWHA ITJICHKU d 9TO JJIMHA IYTH, a BEChb NPOLUECCC IMPOUCXOAUTH B TCUHCHHUC td, TO CKOpPOCTb
o 0
pacnpocTpaHeH s HEyCTOMYMBOCTH TOKA B MEXKAIEKTPOIHOM MIPOCTpaHCTBE V' = d / t, .

OcTaHOBHMCS KaueCTBEHHO Ha HEKOTOPBIX BOIIPOCAaX HAYaJbHOIO 3Tala pPa3BUTHUS
HeycTOWYMBOCTH ToKa. [lomaraem, uro B oOpasile HWMEIOTCS JHMHHUM TOKa C Pa3IMYHOM

IJIOTHOCTEIO. B Tewenue ¢, 3a cuer V,~E,d nokampHO (110 KOOpAMHATE) TOK B OJHOW M3

HUTe Ha yuactke Al Bo3pacTaer, qocturaer kputuueckoro s mepexoxa k OJIC, u
muddepeHIraibHOe COMMPOTHBIEHUE JAHHOTO Y4aCcTKa HUTH CTAHOBUTCS OTpULIATeNbHBIM. B
3TOM cllyyae MaJeHHe HamnpsbkeHns Ha Al yMeHblIaercs, YTO HPUBOAMUT K
nepepacnpeneneHuo  Vy. Bospociiee B IpyroM MeCT€ NPOAOJIBHOE IOJE CTUMYJIHPYET

BO3pACTaHUE IUIOTHOCTH TOKa JI0 KPUTHUYECKOTo j,, W mpouecc mopropsierca. Ilpu stom

ycinoBusi (hopMUpOBaHUS IIHYpa B JIOKAIBHOM 0OO0JACTH, MO-BHAMMOMY, HE BBIOJHSAETCS
BCJIEICTBHE MaJIOro MONEPEYHOro ceueHust TokoBoi HutTH [7, 11]. Ilponecc pazsurus muypa,
sBisttouics cuencreueM Hanuuusst OJJC U CBSI3aHHBIM C NEPeMEHOM 3HaKa MOMEepPEeYHBIX

nosel HauuHaerca B KoHue f,, a Bpemsa passutha OJIC B oKanbHOH 007aCTH MHOTO

0
MEHBIIIEC BPEMEHU 3a[IepiKKU: I, <<I,.

HccnenoBanue 1o BAUSHUIO TOJIIMHBI INIEHKU HA BPEMEHU 33/I€PKKH CBUACTEIIbCTBYET
0 TOM, YTO, KpOME MOMEPEYHOro Pa3BUTHs (PIYKTyallud TOKA UMEET MECTO U IMPOJIOJIbHOE
pacnpoctpanenue o6nactu  OJIC, mnpoucxoxasmme B TEUCHHE d/ v’.  OcHOBHBIE
3aKOHOMEPHOCTH Pa3BUTHUS IJIEKTPOTEPMUUYECKON HEYCTOMUMBOCTH C KaHAJIOM MOIPOOHO
paccMmotpensl [12, 13].
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HccnenoBanneM 3aBHCHMOCTH CKOPOCTH PAaCHpOCTPAHEHUSI OOJIACTH OTPULIATEIHLHOTO
g depeHIaTbHOTO COMPOTHUBIICHUS. OT BEJIMYMHBI MPUIIOKEHHOTO MOJIsi ObUIO BBISBIEHO,
YTO C POCTOM NpPHIOKEHHOro mons V'yBennumBaeTcs MOYTH HA MOPAIOK. XapakTep
saBucuMocTd  V,(E) MOXKHO OOBSCHUTE TeM, YTO Ha v’ (E) cyliecTBEHHOE BIHSHUE
OKa3bIBa€T CpEeAHEE 3HaueHus MpuwiokeHHoro mnojsd. C  pocToM  HaNpsSKEHHOCTH
IPUIIOKEHHOTO TIOJIs pasHuia Mexny V,/d u monem E,, HCOOXOIUMBIM sl TOCTHXKEHUSI
KPUTHYECKOW TUIOTHOCTH TOKAa, YMEHbIIAeTCs M TpeOyeTcs MeHblnas npuOaBKa IMOJIs, YTO
COOTBETCTBEHHO YCKOPSET IPOIECC TOCTIKEHUS ], .

N3ydyenneM BIMSIHUS HAOpPsDKEHUS U TEMIIEpATypbl Ha JAJIUTENBHOCTD 3aJE€PKKH OBLIO
YCTaHOBJIEHO, YTO C POCTOM HANpPSHKEHHOCTH BHEUIHETro TMOJs W TeMIepaTyphl 00pa3iibl
JUIUTENILHOCTH 3aJIepKKH YMEHBIIIAeTCsl MO 3KCIOHEHLUUAIBHOMY 3aKoHYy: f, =7,exp(-T).

CnenoBarensHo, ¢ poctoM T (T>300K) v* = d/z, exp(T).

JIUTEPATYPA

1. 3ap6anueB M.M. Heopranmueckue matepuansi, 1999, 1.35, Ne5, c. 560-564.

2. 3apb6anmueB M.M. Heoprannueckue marepuainsi, 2000, 1.36, No5, ¢. 619-623.

3. 3ap6anueB M.M., Mamenos O.1"., Axmenoa A.M., 3eitnanos [.11. Heopranuueckue
matepuainsl, 2007, 1.43, Nel2, c. 1611-1615.

4. 3apbamnes M.M., Mamenos D.I'., Harues A.b., CapmapoBa H.C. Tpynsr mexn.
koH(pepennun «HaydHo-TeXHUYECKUH mporpecc U coBpeMenHas apuarus» 2009, 1.1,
c. 322-324.

5. ®wmnok H.A. Tpyast 11T M3IIIT, 2001, c. 31-33.

6. Kacumos @./1., ununtok H.A. Marepuanst MHTK, 2004, c. 381-383.

7. Cannomupckuii B.b., CyxanoB A.A. 3apyOexHas paauodieKkTpoHuka, 1976, 1.9,

c.68.
8. Koctemres C.A., Maxuns JI.H. ®TII, 1975, 1.9, c. 2296.
9. Chakravetry B.K. J.Non-Cryst. Sol., 1970, t.3, p.317.
10. Opemikun I1.T., CemenoB B.A., 3omorape B.®., Murpodanos O.B. 13B. By3os
CCCP, ®usuka, 1969, 1.3, ¢.85.

11. Cradeer B.U., Buxkynmua .M. TlonynpoBogHUKOBBIE TPHOOPHI M MX NIPUMEHEHHUE,
1974, 1.28, c.23.

12. CyxanoB A.A. MukposniektpoHuka, 1978, 1.7, c.455.

13. Cyxanos A.A. ®TII, 1978, 1.12, ¢.2338.

Tly,01Gagy MONOKRISTALINDA PYEZOREZISTIV EFFEKTIN
TODQIQI

Z.M. Zeynalov, I.I. Qasimov, V.C. Riistamov, S.M. Abdullayev
Gonca Doviat Universiteti

Pyezorezistiv effekt biitiin yarimkeciricilordo miisahidos edilir. Cilinki, deformasiya, yoni
atomlar arasinda mosafonin doyismosi elektronlarin dala funksiyasinin bir —birini 6rtma
doracasinin doyismosing sobab olur. Bu iso son noticado yarimkegiricinin qadagan olunmus
zonasinin enind vo xiisusi miiqavimating tosir edir. Pyezorezistiv effekt gorginlik tenzoru vo
elektrik miigavimoti tenzoruarasinda slagenin toyin edilmosi yolu ilo tosvir edilir. Umumi
halda pyezomiigavimat tenzoru 4-cii daracali tenzordur vo 81 komponentlidir. Amma, qofas
simmetriyast asili olmayan komponentlorin sayini hiss olunacaq qador azaldir. Tl 1Gag g9 Se
heksaqonal sistema aiddir vo asili olmayan komponentlorin say1 5-dir.
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Deformasiyaya nozoron pyezohossasliq omsali (K ) niimunonin kristallografik oxlara
gora istiqgamotlonmosindan asilidir. (K )—6l¢iisiiz kemiyyatdir, vahid deformasiya naticosindo
miigavimatin nisbi doyismosini xarakterizo edir. Kicik deformasiyalar ii¢iin:

K:£:1+2,u+HeEe
R-¢

4 -Puasson omsali, f,-xiisusi miiqavimotin doyismosi ilo deformasiya arasinda
miitonasiblik omsali, E,-Yunq moduludur vo kristalda istiqamotdon asilidir. 2z hoaddi
niimunanin uzununa dartilmasi naticosindo kasiyinin enina sixilmasi ilo slagedardir. Yarim-
kegiricilor tigiin pyezomiigavimatin qiymsti boyiikdiir vo H ,E, vurugu asas rol oynayir. [1]

Tl 0 GageeSe monokristalinin elastiklik sabitlori yiiksok simmetriya istigamotindo
ultrasos dalgalarinin yayilma siirotinin 6l¢ililmasi naticosindo toyin edilmigdir. [2]

Bu verilonlar asasinda biz Tl 0;Gag g9 Se —nin pyezohassasliq omsalinin dl¢lilmasini vo
miixtolif faktorlarin ona tosirinin dyronilmosini garsiya magsod qoymusug.

Monokristallar Bricmen —Stokbarger iisulu ilo alinmigdir. Olgmo iiciin niimunolor
miistovi paralel giizgii lizlii diizbucaqli paralelepiped soklindo hazirlanmigdir. Bu niimunalor
xiisusi qurguya yerlosdirilir. Onlara sabit vo dayison tozyiq (gorginlik) vermok miimkiindiir.
Qurgunun imumi goriiniisii sokil 1-do gostorilmisdir. Sokil 1-do I formali icliyi olan
doyison corayan dolagidir. Icliyin bir hissosi kosilmis, bosluga giiclii sabit maqnit (2)
yerlosdirilmisdir. Maqgnitin digor ucu silindrik ¢askada sixilmis vo Gtiirlicii ¢ubuq (3)
vasitosilo [] formali (sokilli) xomutla (4) sort olagolondirilmisdir. Xomut sabit tozyiqi ling
(6) vasitasi ilo niimunays otiiriir. Lingin qollar1 nisbati 1:10 — a borabordir.

By

- 2

Sokil 1

Lingin diger qolundan ¢okisi malum olan yiiklor (7) asilir. 8—silindrik qab, {izerindo 4
vo 5 xomutlar1 olan oxla vo harokatsiz boru sokilli tutqac (9) daxilindo harokot edo bilon
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cubugla sort baglidir. 10 nliimunenin tutqacinin baghgidir, baslhighorokoti daxili ¢ubuga
birlogdirilmigdir. 11—-verici pyezikeramikadir. 12—elektrod rolunu oynayan iki miistovi
paralel kecirici siiso arasinda sixilmig niimunadir. 13 —qobuledici pyezokeramikadir.

Miixtolif temperaturlarda 6lgmolor aparmaq t¢iin tutqgac (9) bashigla (10) birlikdo
kriostata yerlosdirilir.

Niimunads dayison deformasiya iki yolla yaradilir:

a)Verici pyezokeramikani doyison elektrik sahasi ilo hoyocanlandir-maqla;

b)1-dolagina doyison corayan vermoklo.

Bunun naticasinds sabit maqnito (2) isarasi doyison qilivva tosir edir. Bu qiivvo otiiriicii
elementlor — 3, 4, 8 vo 10 vasitosilo totbiq olunan niimunoys otiiriiliir vo onda doyison
coroyanin tezliyino borabaor olan doyison deformasiya yaradir.

Qobuledici pyezokeramika (13), ovvolcodon dorocolonmis vo niimunonin doyison
deformasiyasini qiymatlondirir.

Kristallarin elektrik kegiriciliyi kigik yiik rejimindo ol¢iilmiisdiir (R L <=R,, )

Yuxarida gostarilon tisul Tl p1Gag g9 Se monokristalinin pyezorezistiv xassalarini [001]
kristallografik ox istigamatindos totbiq etmoyo imkan vermisdir.

Olgmolor xiisusi miigavimatlori miixtolif olan niimunolordo  aparilmisdir
(2.4-10° +4-10°Om - m)

Molum olmusdur ki, kristalin [001] oxu istiqgametinds sixilmasi p -nun azalmasimna
sobab olur. Bu p-do Tl GayeSe moxsusi qiisurlarin olmasi [3] naticosindo yaranan
akseptor soviyyolorin ionlasma enerjisinin azalmasi ilo izah edilo bilor [4]

Qeyd olunmusdur ki, nlimunanin x{isusi miiqavimati artdiqca, pyezo-hassasliq yiiksalir.
Bu noticoni onunla izah etmok olar ki, elektron—fonon qarsiliqht tesiri yarimkeciricinin

elastiklik modulunun onun leqiro olunma doracesindon asililigina sabab  olur.
Yiikdasiyicilarin konsentrasiyasi artdiqca, elastiklik modullar1 vo pyezohassasliq azalir.

Pyezohassasliq amsalinin sabitliyi, yoni %-nin &- dan (vo ya P-don) asilihiginin

genis intervalda xotti olmast Tly;Gag 99 monokristalindan texnikada boyiik pyezohassasligi
olan material kimi istifado etmoyo imkan verir.

Beloliklo, aparilan todqiqatlar noticosinde pyezohossasliq omsali 10* —10° olan
yiiksok hossas yarimkecirici pyezorezistiv = strukturlarin  yaradilmasinin - miimkiinliiyii

gostorilmisdir. Bunlar 10~ —107" tortibinds olan nisbi deformasiyalar1 qeyd etmayo imkan
Verir.
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ASAGI TEMPERATURLARDA Ag,S BIRLOSOSININ TERMOELEKTRIK
HORIKOT QUVVOSININ OYRONILMOSI.

S.M. Abdullayev, V.S. Zarbasliyeva, N.I. Quliyev, T.K. Hiiseynova.
Goanca Déviat Universiteti
Azarbaycan Doviat Aqrar Universiteti

Asagi temperaturlarda (<100K) Ag,S birlosmasinin termoelektrik harakat giivvasi (o)
oyranilmisdir. Ilk dafs olaraq miiayyan edilmisdir ki, termo e.h.q. (ox(T)) artma maksimumu
fonon istilikkeg¢irmasinin maksimumu ilo miigayisada daha asagi temperaturlar torafo
(~16~18 K) dogru siiriisiir. Ag>S birlagmasinda istilik dasinmasinda biitiin fonon spektri
istirak edir. Bu isa o demoakdir ki, digor kristallardan forqli olaraq Ag>S birlogsmasinda
defektin olmadigini gostorir.

Yarimmkegiricilordo o—termo elektrik horokot qiivvosi (termo e.h.q.) on ¢ox molumat
dasiyan kinetik omsallardan biridir. Termo e.h.q. yiikdasiyicilarin kimyovi potensialin
saviyyasi, sopilmo mexanizmi va elektronlarin effektiv kiitlosi kimi miihiim parametrlorini
toyin etmoyo imkan verir. Yerimkegiricilordo termomaqnit hadisalori termoelektrik bolmasin-
do xtisusi yer tutur. Ona goro do, elektrik termoelektrik hadisolorinin todqiqi zamani miithiim
kinetik omsal kimi ermo e.h.q. dyronilmasi bdyiik ohomiyyat kosb edir [1]. Mohz buna gora
do yarimkegiricilorin elektrik xassolorinin todqiqine termo e.h.q. miitloq daxil olur. Ag,S
yarimkegirici birlosmasi az 6yronilmis yarimkegiricidir vo otaq temperaturundan asagi tempe-
raturlarda bu birlosmonin termo e.h.q. barodo molumat yoxdur. Bizim garsiya qoydugumuz
mogsad T<100K temperaturlarinda Ag,S birlogsmasinin istilik kegiriciliyinin todqiqi oldugun-
dan termo e.h.q.—nin do homin intervalda todqiqi moagsadouygun hesab edilmisdir. Ona gore
ki, bu temperaturlarda Ag,S—dos fononlarin desiklorin sayini artirmasi effektini gozlomak olar.

Belo todgigatin Ag,S birlosmosindo aparilmasina maraq ondan iroli golmisdir ki, bu
birlosmo asag1 temperaturlarda ¢ox kicik elektrik kegiriciliyi vo desiklorin boyiik effektiv
kiitlasi olan desik kegiriciliyino malikdir. On agdro do artma hadisosinin nozori osaslarina
baxarkon p—Ag,S birlosmasinds fononlar torafindon desiklorin giiclii artmasini gézlomak olar.

Termo e.h.q. Olgmolori a(T)-istilikkecirmo omsalimin 6lgmolori ilo eyni zamanda
aparilmigdir. ap(T) -nin Slgmalorinin naticalorinin eex(T)—nin naticolori ilo miiqayisasi zoruri
oldugundan [2] ap(T) vo &p(T)-nin temperatur asililiglar1 eyni diaqramda gostorilir. Homin
diagramlardan goriiniir ki, 100K — don baslayaraq temperaturun azalmasi ilo termo e.h.q.
qiymati kaskin artir, ~16~18K temperaturda maksimumdan kecir. Lakin & —in maksimumu
daha yiiksok temperaturlarda (~30K) yerlosir. Siibhasiz ki, a—nin belo boyiik artimi fononlarin
desiklori artirmasi effekti sortlonir. Eyni zamanda moalumdur ki, bu temperaturlarda diffuziya
termo e.h.q temperatur artdiqca artmal1 yox, azalmalidir [3]. Ona gore ds tocriibade miisahido
olunan termo e.h.q. fonon termo e.h.q.—o; hesab etmok olar. alinmis naticolordon belo ¢ixir
ki, p—AgS birlosmosindo ax(T) vo @x(T) maksimumlar1 ayrilirlar. Daha doqiq desok ap
maksimumu, cex(T) maksimumlari ilo miigayisado (~30K) daha asag1 temperaturlarda yerlosir
(16~18 K).

Taocriibadon aldigimiz naticolor gostorir ki, hagigaton do desiklorin effektiv kiitlosi, desik
qazinin yaranmasi vo uzundal@ali fononlarin tr tam relaksasiya miiddatinin, boyilik qiymati
Ag,S birlosmasindd fononlarin desiklori giiclil artirma effekti yaradir. Maksimumdan avval vo
sonra o(T) iizro alinan naticolor Xerrinqg [4] nozariyyesi ilo uygunlasir. Ilk dofs olaraq,
mioyyon edilmisdir ki, ox(T)-nin artmasimin termo e.h.q.—nin maksimumu, fonon istilik
kegiriciliyinin maksimumu ilo miiqayisads daha asag1 temperaturlara torof siirtigmiisdiir. Bu
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notico Ag,S —do istilik daginmasinda diiz sorhad sopilmasino godor sorbost gagis yolunun
uzunlugu (l F) uzundalgali fononlarin sarbost qagis yolunun orta uzunlugundan (lyr) xeyli

kicik (l_ (! g) olan biitiin fonon spektrinin istirak etmosine uygun golir. bu iso o demokdir ki,

Ag,S birlogsmosindo, artma effekti askar olunan digor kristallarla miiqayisodo defektlor
yoxdur. Bu defektlordon, sorhod sopilmosi temperaturunadok spektrin uzundalgali hissosinin
sopilmasi bas verir.
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SERIUM VO SAMARIUM ELEMENTI iLO ASQARLANMIS p-SnSe
BIRLOSMOSININ TERMOELEKTRIK XASSOLORI

V.9. Abdurahmanova, B.A. Tahirov, S.S. ismayllov
AMEA Fizika Institutu
narimansoltanov@gmail.com

Isdo serium (Ce) va samarium (Sm) element atomlart il> asqarlanmis p-SnSe kristalinin
(300-800)K temperatur intervalinda termoelektrik xassalori tadqiq edilmigdir. Miiayyan
olunmugdur ki, Ce.Sn;,Se va Sm,Sn;,Se torkiblorinds (x<0.050 at%) asqar migdarinin
artmasina uygun timumi istilikkecirma amsalimin qiymoatlori miitonasib azalir. Bu azalma
alava sapilma morkazlorinin yaranmasi ilo izah olunur. Miiayyon olunmugdur ki, Ce=0.05
at%-li, Cey9sSnggsSe niimunanin termoelekrtik effektliliyi yiiksakdir (£Z=2.26 T ! ) va
termoelektrik material kimi termogeneratorlarin hazirlanmasinda istifads oluna bilor.

Termoelektrik materiallarin alinmast vo enerjinin bir formadan digerina ¢evrilmasini
tomin etmok miiasir elm vo texnikanin on miithiim mosalolorindon biridir. Hazirda bu sahado
olan elmi todqiqat islori xeyli artmigdir [1, 2]. Bu sahodo aparilan todqiqat islori sirasina
nadir torpaq materiallarinim (NTM) istiraki ilo olan yarimkegirici termoelektrik
materiallarida daxildir [3,4]. NTM istiraki ilo alinan termoelektrik materiallar bir torofdon
yiiksok temperaturlarda isloyon termogeneratorlarin radiasiyaya qarsit davamliligini [4] digor
torofdon yiiksok temperaturlarda isloyo bilon yeni xassoli yarimkecirici maddoslorin
alinmasina vo onlarin xassolorinin dyronilmosing, totbigine imkan yaradir [1]. Bu
gostorilonlori nozoro alarag NTM-dan olan Ce(serium) vo Sm(samarium) metallar1 ilo
asqarlanmig p-SnSe yarimkecirici termoelektrik materiallar1 alinmig vo termoelektrik
xassolori Oyronilmisdir. Bu mogsadls hor iki elementlo eyni miqdarda asgarlanmis Ce.Sn,Se
vo Sm,Sn,_Se sistemlorindon x=0.005; 0.025 vo 0.050 at%-li niimunslori alinmis vo T=(300-
800)K temperatur intervalinda elektrik kegiriciliyi o, termo e.h.q-a, istilikkegiriciliyi-y
todqiq edilmis vo termoelektrik effektliliyi qiymotlondirilmisdir.
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Gostorilon torkiblor ampulalara doldurulmus, vakuum (P~0.1Pa) yaradilaraq baglanil-
digdan sonra vibrasiya edici qizdiriciya yerlosdirilmis vo temperaturu 4 saat miiddetinda
T=1100°S-ys galdirilmis, 3 saat saxlanildigdan sonra birbasa havada soyudulmusdur. Bundan
sonra niimunolorin har biri istigamotlonmis orimo zonasi iisulu ilo (AT=150dor/sm vo
v=3mm/saat) monokristallar alinmigdir. Niimunolorin bircinsliyini tomin etmok maqgsadi ilo
T=620°S-do, t=142 saat miiddotindo domloms aparilmigdir. Bundan sonra niimunalorin fiziki
vo kimyavi analizi (rentgenoqrafik vo DTA) aparilmigdir. x=0.25at% Sm olan niimuns istisna
olmagla digor niimunolorin analizi niimunolorin stexiometrik torkibloro uygun oldugunu
tosdiq edir. Niimunolorin parametrlorinin 6l¢iilmosindon alinan ilkin giymaotlor (T=300K)
cadvalda verilmisdir.

Ln X P(n) - U o 102y 10°7
at% (sm™) orm tsm™t sm*/V-san mkV/K Vt/sm-K (T
0 0 3.76-10"* 97 163 430 18.7 0.96
Ce 0.005 3.4.10" 62 114 441 17.2 0.72
Ce 0.025 -1.1-10" 186 105 -382 15.4 1.76
Ce 0.050 -1.48-10" 217 98 -364 12.7 2.26
Sm | 0.005 — — — — - -
Sm | 0.250 -1.4-10" 328 146 268 15.9 1.48
Sm | 0.050 -1.0-10" 162 98 225 14.7 0.71

Cadvaldon goriindiiyli kimi hor iki sistemdo, torkiblords agqarlarin migdarinin artmast
ilo x>0.025at%-don baslayaraq kegiricilik tipinin doyismosi miisahido olunur. Digor torofdon
codvoldon goriindiiyli kimi torkiblordo asqar komponentlorin miqdar1 artdigca verilmis
temperaturda istilikkegirmo amsalinin qiymati azalir. Torkiblorinds istilikkecirma omsalinin
qiymatinin azalmasi alava sapilms morkozlorinin yaranmast ils izah olunur. Termo e.h.q-o-
nin vo R-Holl amsalinin isarslorindon goérundiiyli kimi x>0.025at%-1i niimunalorin elektrik
keciriciliyi isarasini miisbotdon monfiyo doyisir. Buradan goriindiiyii kimi alinan torkiblor
qisman kompensasiya olunmus yarimkegirici termoelektrik materiallardir.

Cadvaldon goriindiiyli kimi x>0.050 at%- Ce olan niimunanin termoelektrik effektlili-
yi Z~2.26-10°T" torkibindedir. Praktik baximdan bu niimuno termoelekrtik generatorlarin
hazirlanmasinda istifado oluna bilor. Ona gors ilk ndvbado Ceg9sSnggsSe vo uygun olaraq
Smy ¢sSnpgsSe torkibli niimunolorin termoelektrik parametrlorinin temperatur asililiglar
Oyronilmisdir. Alinan qiymatlor asasinda grafiklori qurulmus vo sokillorinds gostorilmisdir.

Sokil la-da Ceg¢sSnggesSe niimunosinin termoelektrik parametrlorinin  temperatur
asililiglar1  verilmisdir. Qrafiklordon goriindiiyii kimi; o(T) asiliigt T=(300+560)K
temperatur intervalinda sabitdir vo T-un sonraki artiminda a=360mkV/K-don, T=800K-do,
0=205 mkV/K-o godor monoton azalir (1a,1-ci ayri). 2-ci ayrido o(T) asililig1 verilmisdir.
Qrafikdon goriindiiyii kimi o(T) ayrisi T=(300+560)K - o godar monoton artir vo T-nin son-
raki artiminda nisbaton zoif artim miisahido olunur (T=(680+780)K). Uygun olaraq timumi
istilikkecirmo omsal1 todqiqat apardigimiz temperatur intervalinda dlgulorok hesablanmis vo
3-cii qrafikds gosterilmisdir. Alinan ilkin noticalors gors Z=o’c/y kriteriyasina osasen niimu-
nanin Z-termoelektrik effektivliyi hesablanmis vo alinan qiymatlor 4-cii qrafikdo verilmisdir.
Qrafikdon goriindiiyii kimi T=(500+700)K temperatur intervalinda Z=(2.45-2.72)-10°T"
giymatlori arasinda doyisir. Basqa sozlo desok nisboton yuxari temperaturlarda torkibin Z
effektliliyi qismon yaxsilasir.
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Sakil 1a. Ce ¢sSnggsSe torkibli niimunonin termoelektrik xassalorinin
temperatur asililigt: 1-a, 2-c, 3-y, 4-Z

Sokil 1b-do SmygsSnp9sSe niimunosinin termoelektrik parametrlorinin temperatur
asililiglart verilmigdir. o(T) asililigt T=(300+480)K terperatur intervalina godor monoton
artir vo a=360 mkV/K maksimal qiymaotini alir. T-nin sonraki artiminda monoton azalma
miisahido olunur vo T=800 K-do a=180 mkV/K-o qador azalir. Uygun olaraq o(T) asililig1
da Oyronilmisdir vo T=(480+520)K temperaturda minimumdan kecorok ododi qiymsati
monoton artir. x(T) vo Z(T) asililiglar1 da toyin olunmusdur, burada mogsod todqiq olunan
torkiblorin praktik ohomiyyot kosb edib-etmoadiyini miioyyon etmokdir. Qeyd edok ki,
Smy0sSngesSe  torkibli niimunonin termoelektrik xassolorinin temperatur asililiglarindan
goriindiiyii kimi (sokil 1b) kinetik amsallarinin temperatur asililiglar1 temperaturdan asili
olaraq miixtolif formada doyisir. Cox ehtimal ki, buna sobab torkibindo olan miixtslif név
dislokasiyalarin olmasidir. Bu torkibin do termoelektrik parametrlorin qiymaotlorindon istifado
edorok Z-termoelektrik effektliliyi toyin olunmus va 4-cii qrafikde qiriq xatlorlo gostoril-
migdir. Qrafikdon goriindiiyii kimi T~(480+500)K temperatur intervalinda Z-termoelektrik
effektliliyi kifayot qodor boyiikdiir vo texnoloji prosesi daha da tokmillogdirmoklo yiiksok
keyfiyyatli termoelektrik material almaq miimkiindiir.

Beloliklo tocriibadon asagidaki notico alinmisdir. Ce vo Sm metallart ilo asqarlanmis p-
SnSe bork mohlullarindan: riitubats, radiasiyaya davamli vo genis temperatur intervalinda
isloyo bilon n-tip yeni torkibdo yarimkegirici termoelektrik material alinir.
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Sakil 1b. Smy y5Sn 95Se torkibli niimunanin termoelektrik xassalorinin
temperatur asuiligi: 1-o, 2-c, 3-y, 4-Z
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O MEXAHM3ME PEKOMBHUHALIMU HEPABHOBECHBIX HOCUTEJIEM
TOKA B MOHOKPUCTAJIJIAX Culn,S,.

A.I'. I'yceiinoB, B.M. CaamanosB, A.A. AXMe):[*, P.M. Mawmenos,
A.3. Maromenos, P.C. /I:xapapisbi
baxuncxuii 'ocyoapcmeennwiii Yuusepcumem, *A3ep6aﬁ09fcaﬂc1<uﬂ Texnuueckuti
Ynueepcumem
rovshan63@rambler.ru

Ha monokpucmannax CulngSg evipawennvix memooom meoneHHO20 OXNaNCOeHUusi pacniasa

npu NOCMOSHHOM 2padueHme memnepamypbl, U3y4eHvl MeXaHuzmbl PeKOMOUHAYUU HePABHOBECHBIX
HOocumeretl moKa, 2eHEPUPOBAHHBIX NPU PASHBIX YPOGHAX Onmuyecko2o 6030yicoenus. Tloxkazano, yumo
2nyOuHa 3ane2anus yposHeu NpUIUnanus, 00YCIO0GICHHLIX OMMANKUBAIOWUMY YEHMPAMU PEeKOM-
ounayuu pasna 0,16 3B, a epems peraxcayuu bumonexyaapHoul pekomounayuu cocmasasem 400 mxc.
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BBenenue. IlomynmpoBOIHUKOBOE COEAMHEHHUE CO CTEXHOMETPUYECKOH (opMyron
CulnS; xpucrayumsyercst B CTpyKType KyOM4YecKoi mmuHenu (IpoCTpaHCTBEHHAs IpyIIa

142d) wu wumeer 25 % KOHUEHTpalUld BaKaHCW B KaTHOHHOW monpemerke [1]. B
3aBHCHMOCTH OT PEXHMa CHUHTE3a W BBIPAIMBAHUSA MOHOKPHUCTALIOB coenuHeHun Culn,S,

BCTPEUAIOTCA KaK «HOPMAaJbHBIN», TaKk W «WMHBEPCHBIH» BapUaHThl IIMUHEIEBON
KPUCTANTUYECKOW CTPYKTYpPBI, KOTOpBIE CYIIECTBEHHO OTIHYAIOTCA M0 (U3HYECKUM
cBoiictBaM. Ha (oHe orpomMHO# KOHIIEHTpaIlM aHMOH-KATHOHHBIX BaKaHCHH, (U3MUECKHE
CBOIICTBa CMII’ISSS HC UCIIBITBIBACT CUJIBHOTO BJIMAHUA CO CTOPOHLI MOCTOPOHHUX ATOMOB,

T.€. YYXKEPOJHbIE MPUMECH B HHUX SIBIAIOTCS SJIEKTPUUYECKH HEAKTUBHBIMU [2]. Du3MKO-
XUMHYECKHE CBOMCTBa coenuHeHus Culn,S; wuccienoBaHbl HE Ha JOCTAaTOYHOM YPOBHE,

OJIHAKO, BBISIBIICHHBIC B HUX OCOOCHHOCTH MPOSIBHJIM WHTEPEC JUIsl U3TOTOBJICHUS Pa3IMUHBIX
¢doronpeodpazoBaTeneil U HEMEHTOB ONTOAIEKTPOHUKH [3—8].
AHHOH-KaTHOHHBIC BaKaHCHHM B KPUCTALIMYECKOH CTPYKTYpE MOIYIPOBOIHUKOBBIX

coemunennii Tuna A’ B/ C;" urparot 60/1b11y10 poib B OPMUPOBAHUU (U3MUECKHX CBOHUCTB.
B vacTHOCTH, BBISIBICHHOE CHIIbHO-TIOMHHECIIUPYIOILEE CBOMCTBO MOHOKPUCTAILIOB Agln.S,

CBSI3aHO C pEKOMOMHAlMEH HEepaBHOBECHBIX HOCUTENEH TOKa JOHOPHO-aKIENTOPHBIMU
YPOBHSMH, 00YCIIOBJICHHBIMH BaKaHCHUSIMH aHUOHOB M KaTHOHOB KPHUCTAJUIMYECKON CTPYKTY-
pst [9, 10]. I[TonoGHBIE 0COOEHHOCTH PEKOMOMHAIIMN HEPAaBHOBECHBIX HOCUTENEH TOKa MOTYT
OBITH OOHAPY)KEHBI TAK)Ke M B IPYTUX NPEACTABUTENSAX JAHHOTO THIA COCTUHEHHH, B TaKHX
kak CulngS.

B nannoil paGoTe mpeacTaBieHBl pe3yibTaThl U3MEPEHUH TEPMOCTUMYIUPOBAHHOTO
Toka (TCT) m kuHeTHKH (OTOTOKA MPU Pa3HBIX YPOBHAX OMTHYECKOTO BO3OYKICHUS
KpHUcTasia.

Meroauka skcnepuMmenTa. Cunre3 coenuHenus Culn,S; NpoBOIWICA NPSAMBIM

CIUIABJIEHUEM 3JIEMEHTAPHBIX KOMIIOHEHTOB B3STHIX B CTEXMOMETPUYECKOM COOTHOIIEHUH, B
KBapLeBbIX ammyinax. Ilpomecc cuHTe3a MpoBOAWICA C YYETOM TOIO, YTO B COEIMHEHUU
IPUCYTCTBOBAJIA cepa, 00JIafaomas BBICOKUM JABJICHUEM HACBIIIEHHBIX MapoB, 3HAUY€HHUE
KOTOPOT'0 PE3KO MOBBIIIAETCA NPU TeMIepaTypax npesbimaromux 600 °C. AmMIyna ¢ IuXTon
IoMenlajgach B MOJOCTh €YU TakKUM 00pa3oM, 4yTOObl 4acTh aMIyJbl pacloJiarajach BHE
nosoctu neud. Ilocne sToro Ttemmeparypa mnogHumanack a0 600 C. Jansueituree
MOBBIIICHUE TEMIIEPATYPhl MPOU3BOIUIOCH CO cKopocThio ~50 K/gac. Ilo mepe moBbIIeHus
TeMIIepaTypbl 4aCTh Cepbl KOHIIEHTPUPOBAJIACh B XOJOJHOM KOHIIE aMIyJbl. TakuM o0paszom,
IpU JIOCTMKEHUU KOHEYHOW TeMIepaTypbl HEOOXOAMMOW JUIsi 0Opa3oBaHMs COEIMHEHHS
CulngSy (1087°C) ocHOBHas YaCTh cephl BBLIA COCPETOTOUCHHA B XOIOIHOM KOHIIE aMITyIIbI

B JKMJIKOM COCTOSIHMM, M TOJIbKO HEOOJbIIas €€ 4YacTh BCTYyNaja B peakiHio obpa3ys
coequHenue. [1o Mepe peaknum amirysna modTanHO BBOAMIIACH B II€Yb CO3/1aBast yCIOBHS JUIS
[IOZJa4YXA HOBBIX IOPLMI Cephbl BCTYNAIOIIEH B peakuuio. B KOHEYHOM HTOre BCs aMiryjia
OKa3ajlacb B 00JacTH BbICOKHMX TeMmmeparyp. [locime 3Toro oHa BbLAEp)KHBaANach IpU
temneparype 1100 OC B Teuenue TPEX YacoB U MOJABeprajgach BUOPAIIH.

Monoxkpuctamnsl CulngS,; BpIpalllMBAIMCh METOJOM MEUICHHOTO OXJIAXKIECHUS pacIula-

Ba MPHU TIOCTOSSHHOM TpaJlieHTe TemiepaTypbl co ckopocthio 0,4 K/gac. Ha momydeHHBIX
MOHOKPHUCTAJUIaX IIPOBOJUIN PEHTIEHOCTPYKTYPHBIN aHAJIU3.

Jst uzmepenust TCT, ucciemyeMbrit 00paser B KpHOCTATe OXJIKIAJICS 10 JOCTATOYHO
HU3KUX TEeMIIepaTyp, MPU KOTOPHIX MPOU3BOAMIOCH ONTUYECKOE BO30YXKICHHE HOCUTEIEH
3apsna. 3aTeM MpU YBEIWYSHUHU TeMIiepaTyphl co ckopocThio 0,23 K/cek co3maroTcst ycmoBust
JUISL TIepexojia HOCUTENe u3 BO30YKICHHOTO COCTOSIHHSI B PABHOBECHOE U PETUCTPUPYETCS
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TOK, BBI3BaHHBIN PEJIaKCAlMIOHHBIM IPOLIECCOM 3TOrO Tepexona. [l BeIsICHEHHsT MeXaHU3Ma
peKOMGI/IHaL[I/II/I HCPAaBHOBCCHBIX HOCHTeNeH npu BBICOKHX YPOBHAIX OIITHYCCKOT'O
BO30Y)KJICHYsI, OBUTM MIPOBEICHBI UCCIIET0BaHMS (POTONMPOBOANMOCTH MOHOKPHCTATHYSCKUX
o6pa3noB Culn,S; npu BO30YXICHUU JIA3EPHBIM U3IIy4E€HHEM.

Oo6cy:knenne pe3yabTaToB. Pe3ynbTaThl peHTTE€HOCTPYKTYPHOTO aHAIN3a [TOKAa3all, YTo
MoHOKpucTaiibl CulngyS, 00nanaroT KyOM4ecKOl CTPYKTypol «HOPMAaJabHON» IIIMHHEIH C

MapaMeTpamMu >SJIEMEHTAPHON SYEHKH pPaBHBIM

0
(10,6204 0,005) 4 .

KpuBbie TepMOCTUMYITUPOBAHHOTO TOKa B
obnmactu Ttemmeparyp (77+400)K mpu paszHbIX
YPOBHSIX ONTHYECKOT'O BO30YXKIEHHUS MPEICTaB-
neHbl Ha puc.l. Ha Bcex KpuBBbIX HaOIHOgaeTCS
onuH MakcuMyMm nipu T=249K. /{ns onpenenenus
rIIyOUHBI 3ajeraHusi HSHEPreTHUYECKUX YpOBHEH
KCII0b30BaJIOCh BeIpaxkeHue [11]:
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wiomaau orpanndenHoi kpuboit TCT, b —ckopocTh Harpesa.

[IpoBeneHHBIC pacyeThl MOKa3ajdd, YTO TIYOMHA 3ajieraHus YPOBHEW MPHUIIMIIAHUS OT
JTHA 30HBI TTpoBOUMOCTH cocTaisieT 0,16 »3B. KoHueHTpalus 31eKTpOHOB, PACCUUTAHHBIX
o tromaau kpusoil TCT cocrasiser~2-10"cm>. DddhexkTHBHOE ceueHre 3aXBaTa HOCUTENEH

S = 1072 CM2, CJIeI0BATENbHO, IIEHTPHI 3aXBaTa HOCUTENEH SBISIOTCS OTTAIKUBAIOIIUMU.
Ha puc. 2a npuBeneHa kpuBas pelakcalui HEpaBHOBECHOH (POTOMPOBOIUMOCTH KPHC-

taioB Culn S, npu cpenHed HMHTEHCUBHOCTH b b »

Bo30yxmenus (I ~1-10%kp-cm?c"). Kax BHIHO,
HaOIoaeTcsl HajauuuMe B KpHCTaJIe IIEHTPOB
OBICTPBIX M MEUICHHBIX peKoMOWHanwmii. Bpems
peirakcanun GBICTpLIX LHCHTPOB COCTaBJIACT
400mkc. B 3aBUCHMOCTH aMIUTUTYIHBIX 3HAYCHHI
($oTOTOKA OT WHTEHCHBHOCTH CBeTa Jiasepa

(A =0,535MKM), B MoHOKpUCTauiax CulnS, npu

1 1 1 1 1

t, 0,5 mc/ne

Igly, B OTH. ex

300K (puc. 2), HabmomaeTcss 3aBUCUMOCTh THIIA

102 103 102
1, KBaHT-cM ' -¢!

Ao ~1%, tne a=0,5. DT0 U3BECTHBIN ClydYaii
OoumornekynsipHoil  pexomOuHanuu. Heboinbiioe
yBennueHue HakiaoHa JIAX mpu [0CTaTOYHO
OOJBIINX  HWHTEHCHUBHOCTSIX, TI0O  BHJIUMOMY, Puc. 2
CBSI3aHO C JIOKAJILHBIM HarpeBoM oOpasiia B IoJie
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CBETOBOM BOJIHBI.
3akioueHue. MeTOIOM MENJIEHHOTO OXJIAXACHHUS pacilaBa MpU MOCTOSTHHOM
IPaJUEeHTE TEMIIEPATypPbl, BBIPAIEHBI MOHOKpUCTAIUIBI coenuHenus Culn.S,. Onpenenena

KpUCTAIJUIMYECKass CTPyKTypa U ee mapamerphl. [loka3aHo, 4TO MOJy4eHHbIE MOHOKpPHC-
TaJJIbl 00J1a/1al0T «HOPMAJIBHONY» KyOmueckoil cTpykrypoil. M3 kpussix TCT ycraHoBieHO,
YTO TJIyOWHA 3aJIeTaHus OT JHA 30HBI TPOBOJMMOCTH YPOBHEH nmpunaunanus cocrasiser 0,16
5B, a HeHTpbl 3axBaTa JIEKTPOHOB SBISIOTCS OTTaJIKUBarOIMMU. HepaBHOBECHBIE HOCUTENHN
3apssia peKOMOMHHUPYIOT uepe3 ObICTPhIE U MEIJICHHBIE YPOBHHU, a (POTOTOK MPOMOPIIMOHATICH
KBQIpATHOMY KOPHIO W3 HWHTEHCHUBHOCTH CBeTa. MexaHu3M OBICTpOl peKOMOMHAINN
COOTBETCTBYET CIydar0 OMMOJIEKYISIPHOU PEKOMONHAIINH.
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SnSe VO CeSnSe; MONOKRISTALLARINDA HOLL-FAKTORU

S.P. Mommadova, R.F. Mommadova, S.S. ismayllov, C.l. Hiiseynov, G.9. Qarasova
Azarbaycan Dovlat Pedaqoji Universiteti
minevver@box.az

Isds, malum konsentrasiyali SnSe, CeSnSe, yarimkecirici monokristallarinda holl-
faktorunun—ry, yiikdasiyicilarin r -sapilmo mexanizminin temperatur asitliligindan alinan
naticalorin qisa xiilasasi verilmisdir. Miiayyon olunmusdur ki, T =(77—220)K temperatur

intervalinda pg,q, =2,1-10"%sm™ vo Peesnse, =79-10"sm™ konsentrasiyali niimunalords

Holl -yiiriikliiyii, holl-faktorundan asili olaraq miirakkab formada dayisir.

Molumdur ki, yarimkegirici maddoslorde Holl omsalinin qiymati

RH(B)=% (1)
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diisturu ilo hesablanir. Burada g-elektrik yiikii, n-yiikdastyicilarin konsentrasiyasidir.
Miitonasiblik omsali 7, (B)-Holl faktoru adlanir [1,2]. Holl-faktoru

(W) 1
r,(B)= : 2)
"7 (B 1+ 4B
kimi ifado olunur [2, 3]. Burada ,UH(B) Holl yiirtikliyt, ,U(B ) i1so ylkdasiyicilarin dreyf
yiiriikliyii adlanir. Zoif magqnit sahasinds yiiriiklilys gore ry(B)-sapilma mexanizminin

doyismasi r, (B) mexanizmi ilo list-listo diislir vo [2, 3]

n (B)= Ty (B)= ry = <P>/<>? (3)
kimi ifado olunur. Burada t sopilmodo yiikdasiyicilarin relaksasiya miiddstinin xarakterizo
edir vo hissaciklarin enerjisindon 7=17y& kimi baglidir. Burada s -iistlii komiyyot 6z névbsindo

sopilmo mexanizmindon asilidir. Klassik giiclii maqnit sahosindo 7, (B)z((,u‘1 X ,u))_1 \)
r,(B)=1 olur [2, 3].

Buradan goriindiiyli kimi tocriibado verilmis yarimkegirici kristalda Holl yiiriikliiyiini
vo onun temperatur asililigmi toyin etmokls, miixtalif sopilme mexanizmlori tigliin Holl-
faktorunun giymatini toyin etmok miimkiindiir.

Tacriibonin analizi va natica. Tocriibodo, konkret olarag SnSe vo nadir torpaq
metallarinin istiraki ilo olan CeSnSe, yarimkegirici monokristallarinda yiikdasiyicilarin holl
yiiriikliyliniin vo Holl-faktorunun temperatur asililifi analiz edilmigdir. Holl yiirtikliyt
¥ H(B):T(B)RH(B) diisturuna osason toyin olunmusdur (mogalodo qgrafiki gostorilmomisdir).
Bu diistura osason zoif maqnit sahasindo vo B—0 sorti daxilindo Ry-omsali toyin edilmis vo
temperaturun verilmis ndqtolorinds niimunslorin elektrik kegiriciliyini 6l¢gmoklo p,, -omsallar
hesablanmis vo uygun olaraq r, -holl-faktorunun temperatur asililiglar1 hesablanmigdir.
Hesablamalar, SnSe maddosi ti¢iin P;,=2,1-10"%sm™ vo CeSnSe, maddosi li¢iin P,,=7,9-10"%sm"
konsentrasiyalt niimunolori i¢iin aparilmigdir. (1) vo (4) diisturlarina osasen r,, -holl-
faktorunun grafiki qurulmus vo analiz edilmisdir. Alinan qiymotlor -sokli 1-do gdstorilmisdir.
Qrafikdon goriindiiyii kimi SnSe kristali liglin r,, -holl-faktorunun qiymati (sokildo 1-ci ayri)
temperaturdan asili olaraq miixtolif formada doyisir; T=(77-120)K temperatur intervalina
qader 1, =1,22-don 1,88-0 godor artir vo temperaturun sonraki arttminda monoton azalir vo
220K-ds 1,12 olur. Buradan goriindiiyli kimi miixtalif temperatur intervallarinda
yiikdastyicilarin sopilmo mexanizmi doyisir. Belo ki, 77K temperatur otrafinda (r, =1,22)

polyarizolosmis fononlardan sopilmo; T=120K temperatur otrafinda; (T=110-140)K ionlagmis
asgarlardan sopilmo bas verir vo temperaturun artmasi ilo ionlasmis asqar morkozlordon
sopilmo akustik fononlardan sopilmo ilo ovoz olunur [2, 4].

R

22

18

1,4

1 | | | | I | l |
80 100 120 140 160 180 200 220 T, K

Sakil 1. 565 va CelBnley kristallarimnda Holl faktoranan temperatur asililigy.
1-p- 3nfe; 2-n- Celnle;
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Qrafikdon goriindiiyii kimi CeSnSe;-monokristalinda Holl-faktorunun maksimal qiymo-
ti nisboton yuxar1 temperatur intervalina dogru (T=160-190)K siiriisiir vo maksimal qiymati:
y=1,94 olur. (sokildo 2-ci oyri): T=(77-140)K temperatur intervalinda deformasiya olunmus
potensialindan vo ionlagsmis asqar morkozlordon qarisiq sopilmo bas verir. T=(160-190)K
temperaturunda ionlagsmis asqar morkozlorin hoyocanlanmasindan sopilmo {istlinliik toskil
edir. Temperaturun artmasi ilo bu sopilmo névii geyri-polyar optik fononlardan sopilmo ilo
ovoz olunur [4].

Beloliklo, verilmis yarimkegirici maddoslordo yaranan,

1) Yiikdasiyicilarin yiirtikliiylinii vo impulsun relaksasiya miiddstini toyin etdikds holl-
faktorunu doyismaesi nozers alinmalidir.

2) Tacriibadon alinan holl yiirtikliiyli holl-faktorunun funksiyasidir vo bu parametrlori
6lemokls verilmis maddo {igiin olava informasiya aldo etmok miimkiindiir
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SnSe KRISTALININ ELEKTRI KECIRICILIYINO
ELEKTRIK SAHO GORGINLIYININ TOSIiRi

A.D. Ibrahimova, S.S. Ismayilov, A.C. Nasibli
Azarbaycan Déviat Pedaqoji Universiteti

Isds, SnSe monokristalimin elektrik keciricilivine va yiikdasiyicilarimin yiiriikliiyiina
elektrik saha gorginliyinin tasiri Oyranilmisdir. Miiayyon olunmusdur ki, elektrik saha

gorginliyinin béhran giymatindon (E, = 3,7 - 10° :) boyiik sahalarda SnSe monokristalinin

elektrik keciriciliyi va yiikdasvyictlarimin yiiriikliiyii artir. Buna sabab kimi giiclii sahalorda
ionlasmis asqar markazlardan sapilmada yiikdasiyicilarin konsentrasiyasinin va yiiriikliiyiin E
saha gorginliyinda zorba ila ionlagma zaman isti yiikdagvyicilarin hesabina artdigi gostorilir.

Odobiyyat materiallarindan malum oldugu kimi kifayot qodor giiclii elektrik sahalorindo
yilikdastyicilarin dreyf siirotinin sahodon asilililifi geyri xotti doyisir vo bir ¢ox hallarda
doyma hallar1 miisahido olunur. Daha giiclii elektrik saholorindo iso zorbo ilo ionlagma
hadisasi bas verir. Praktikada her bir yarimkeg¢irici madds iiclin ona moxsus giiclii elektrik
saho gorginliyino kegid qiymotini, basqa sozlo boéhran gqiymotinin (E,) toyini boyiik
ohomiyyat kosb edir. Ciinki giiclii saholor, yiikdastyicilarin enerjisinin relaksasiya prosesini
va yliksak enerjilords yaranan isti vo ya qizmar elektronlarin sopilmasi haqqinda informasiya
oldo etmoays imkan verir. Hor bir madds ii¢lin E,, qiymsti miixtalifdir vo onun kristallik
qurulusundan, energetik zonanin formasindan, anizotroplugundan, onda olan asqarlarin
tobiotindon asilidir [1, 2, 3].

Mosolon Ge kristali E, = 6 - 10° : giymotinds elektron vo desiklorin dreyf siiroti 6zii-

niin doyma halina kegir. £ =3 - 10° : giymatindos iso monfi differensial miigavimot yaranir

vo onda olan asgqarlarin tobistindon, asqarlanma doracasindon asili olaraq genis temperatur
intervalin1 ohato edir [4]. GaAs kristalinda, miixtalif temperaturlarda dreyf siirstinin E saha
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garginliyinds asililig1 dyronilmisdir [2, 4]. Miisyyon olunmusdur ki, temperaturun artmasi ilo
yiikdasiyicilarin dreyf siirotinin doyma hali E sahasinin kigik giymotlorinds bas verir [4, 5].
Cox boyiik sayda yarimkegiricilor tigtin elektrik sahssinin bohran giymati toyin olunub veo

Ey=(10°-10°)V/m tortibindadir [5]. Se —elementi iigiin E, = 10% —dir. £, qiymati yiikdasty1-

cilarin dreyf -U; vo istilik diffuziya v, qiymatlorinin toyini madds haqqinda slave informasi-
ya oldo etmoyo imkan verir.

SnSe birlosmasinin energetik zona qurulusu ¢cox miirokkobdir [5]. Bu kristal {igiin Ej-
qiymati vo daha giiclii sahalorin onun elektrik kegiriciliyine, yiikdasiyicilarin yiiriikliiyiing
tosirinin dyronilmosi maraq kosb etmisdir. Mogalodo bu sahado aparilan todqiqat islorindon
alinan ilkin naticalor verilmisdir.

Tacriibonin aparilmasi. SnSe monokristallar1 qabaqcadan adi {sulla, P=0,1Pa
vakumda vo T = 980°C temperaturunda sintez edilmigdir. Bundan sonra daxili
diametri & = 8 mm olan ampulaya doldurulmus vo Bridcmen- Stokbarger qurgusunda
monokristallar alinmigdir. Torkiblordo homogenlik yaratmaq iigiin {ifiiqi voziyyotdo qizdirici
icorisino yerlogdirilmis vo T = 620°C temperaturunda, 72 saat saxlanildigdan sonra
cixartlmigdir. Rentgenfaza vo DTA torkiblorin stexiometriyaya uygun oldugunu gostorir.
SnSe monokristali ortorombik qurulusda kristallagir va p- tip termoelektrik materialdir [5].

Tadgiqat figiin P, = 1,3+ 10%sm™ vo P, =2,1-10"sm™ niimunalori gotiiriilmiis vo
onlarin qalvanomagqnit xassalori (77-350)K temperatur intervalinda 6lgiilorok hesablanmigdir.
Olgmolor miitloq stasionar rejimdo, kompensasiya tisulu ilo aparilmisdir. Olgmoalor zamani
buraxilan xotalar 3,2%4 -don ¢ox olmamisdir.

Tacriibadon aliman qiymotlorin analizi. Tocriibolor T = 77 + 350K temperatur
intervalinda aparilmisdir. Gostorilon niimunslorin elektrik kegiriciliyinin —G; yiikdasiyicilarin
konsentrasiyasinin —p; ylriikliiyiiniin bir ne¢o temperatur noqtolorindo elektrik sahosinin £
gorginliyindon asililig1 dyronilmisdir. Bu birlogsmonin miixtslif konsentrasiyali niimunalorinin
gostorilon vo digor kinetik parametrlorinin genis temperatur intervalinda zoif elektrik vo
maqnit saholorindo aldiglar1 qiymotlori haqqinda [5] odobiyyatinda genis molumat
verilmisdir. Yuxarida gostordiyimiz kimi N1 P = 1,3 10%sm™ vo N2, P, = 2,1- 10%¥sm ™
niimunslorinin  elektrik  kegiriciliyinin —o, u- yirikliyiinii, E saho gorginliyindon
[¢(E)vs w(E)] asilihglari dyronilmis vo alinan ilkin giymotloro osason onlarin qrafiklori
qurularaq analiz edilmisdir. Alinan qiymsotlo la, b qrafiklorindo verilmisdir. Qrafiklordon
goriindiiyii kimi zoif sahoalords elektrik keciriciliyin saha asililiglar £,- qiymatlorine qader
sabitdir (Sokil 1a, 1 vo 2-i oyri).

] (Om'l-sm'l)

120 —

100 —

80

60

40 | 1 1 [ [ I | | l 1 l |
1 2 3 4 5 L]
E, 10%(V/sm)

Sakil 1a. 3n3e va Celndeg kristallanmda ele ktrikkegi.ricili%rin E saha garginlivindan
asthlizn 1-Pyo=1,310%sm¥; 2 Poe=2,1-10%sn
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E=E, qumgtlsrmds is9 o(E) asililiginda artma musahlda olunur. Bu artim 1N-li nlimunado
E, * 3-10° : 2N-li niimunads iso E, * 3,5- 10° — — qiymatlorinds bag verir. Digar toraf-

don artim siirati 1-ci niimunodo 2-ya nozoron daha s1g:ray1$1a artir vo toxminon £ =~ 4 - llD“" -

giymotlorinds ¢ (E') asililiginda qismon doyma halina kegid musahlda olunur. Hor iki niimuna
liciin ortalasdirilmis sahonin bdhran néqtesi E, & 3,3 - 10° ; tortibindadir. 1b soklindo
homin niimunoslordo yiikdasiyicilarin yiirtikliiyonin E sahasi-ﬁr.(risn asihiligr gostorilmisdir.
Qrafiklordon goriindiiyii kimi saho gorginliyinin E = 3,75 - 102 : qiymatlorinds U(E) asilili-
g1artir vo E & 5 - 101 _:r—“ qiymaotindon bdyiik sahodo p yiiriikliiyli monoton artimdan konara
cixaraq 0zlinii doyma halina yaxinlasir.

1600 —F(mzmsm)

1400 =

1200

1000

800D [

600 —

400

1 1 1 1 | | 1 | |
1 2 3 4 5 1]
E, 10° (Vism)

Saldl 1h. 3nde va Celindey bristallarnda ylmzldu;nm E zaha garginlivindan asililif
1-P3=1,310%em™, 2 Pry=2,1-10P em?

200

flkin hesablamalar géstorir ki, sahanin Ej, bdhran ndqtesinde n boyiik giymotlorinda
o(E)-nin qiymatinin vo eyni zamanda U(E)-nin artmasi bilavasits E,- qiymotindon asili
olaraq isti ylikdasiyicilarin daxili bir enerji seviyyasindon digorine kegidi hesabina bas verir.
a(E)vs U(E) qiymotlorinin yaranmasi isa zorba ilo ionlagma ( Ziner effekti) hesabina qizmar
ylikdasiyicilar yaranir ki, buda sopilmonin intensivlogmosi noticosindo ylikdasiyicilarin
yurikliyiini zaifladir.

[lkin noticolorin keyfiyyatco analizinden miioyyon olunmusdur ki, E; - qiymatindon daha

boyiik sahoys kecid intervalinda (E, % 3.3 - l-D‘" - ; E, < E=3 ?5—) niimunolordo isti

elektronlar yaranir vo yiklorin yenidon enerji sav1yy919r10n9 ke¢idi hesabina onlarin
konsentrasiyast ve yuriikliiyli gimon artir. Bu sobobdon o(E)ws U(E) asililiginda artim
miisahido olunur.
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Gd,GaySb (0<x<0,1) SISTEM ORINTILORIND® ELEKTRIKKECIRMO
VO NERNS-ETTENQSXANZEN EFFEKTININ TODQIiQi

I.S. Dadasov, ©.N. Quliyev, .M. Mommodov, Q.D. Sahsuvarova
Azarbaycan Dovlat Pedaqoji Universiteti

Gd,Ga,.Sb (0<x<0,1) sistem arintisindo GaSb asasinda bork mohlul sahosi agkar edilmis
dir. Bozi niimunalords elektrikkegirma otaq (T=300K) va genis temperatur sahasindo dyronil-
misdir. Yiikdasiyicilarin sopilmo mexanizmi doqiqglosdirilmosi iiglin Nerns-Ettensxanzen
effekti dl¢iilmiisdiir.

Gd,Ga,,Sb (0<x<0,1) sistem orintilorinin GdSb-GaSb kosiyindo GaSb osasinda alinan
bircins nliimunslorin elektrikkegirmasi otaq temperaturunda (T=300K) vo genis temperatur
100-+-1000K intervalinda dyronilmisdir. Secilmis Gd, o GagoSb, Gdy13:Gage;Sb vo Gd,psGagesSb

niimunolorinds elektrikke¢irmo hom otaq, hom do genis temperatur (100+1000K) saholorindo
arasdirilmisdir.

F—8—% T
MI'E —Q—Q‘r‘.‘._ 3
HE . g el
= -GSt

-Grdp p1Gap gesh

-Grdp psap o7t

-Gdp psCrap g5t

ﬁgﬁ ﬁh—%\& |

10

105 TE

wakil 1. Eleltrikkegirmanin temperatur asihliz

GaSb-GdSb kasiyinde GaSb osasinda alinan bark mohlul sahasindo olan niimunado
T=300K-do torkibdon asili olaraq ¢ = 14 = 200(0m m)" qgiymoti doyisir. Elektrikkegir-
monin Olgmolorindon alinan naticolors asason qrafik qurulmusdur vo sokil 1-do verilmisdir.
Homin niimunslorde 300+520K temperatur sahasinds elektrikkecirmo avvalca az, sonra iso
¢ox azalma nozoro carpir. Bu niimunolordo 520+750K temperatur arasinda elektrikkegirmo
siirotlo azalmasi bag verir. 750+820K temperatur intervalinda elektrikkegirmonin artimi

x=0,05 vo x=0,06 niimunoslordo artim miisahids olunur, otrafinda bag verir. Bu da yarimkegiri-
cido moxsus kegiriciya xas olan xiisusiyyatdir (n=p).

Sokildo Gd,Ga,.Sb sistem arintilorinin vo GaSb niimunasinin enino Nerns-Ettengsxanzen
omsalinin temperaturdan asililiq qrafiki verilmisdir (sokil 2).
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0,2 _

0,1 _|

Q"10*SGSM

I- o -Gdsb
2- O —GdoquaO,gng
3— . -Gd()q()3Ga()~97Sb

]
100 T.K
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WHITE LIGHT EMITTING DIODE BASED ON InGaN/GaN

R.B. Jabbarov, S.K. Orudjov, R.M. Ismailov, I.Dj. Djumaliyeva

We report the optimization of the InGaN/GaN Multi Quantum Well (MQW) Light
Emitting Diode (LED) grown on a patterned sapphire substrate (PSS) by metal organic
chemical vapor deposition (MOCVD). We report the electro-optical parameters of elaborated
prototype of white LED lamp obtained by Chip on Board (COB) system.

Sumaqait State University
osamir@yandex.ru

Key words: Solid State Lighting, Phosphors, LEDs

Introduction. One of the promising avenues to limit future electricity shortages is
through lighting. Optoelectronic devices working in the short-wavelength region of the
visible spectrum have seen tremendous development over the past 20 years since basic
material issues of GaN and its related alloys like hetero-epitaxy on foreign substrates and p-
doping could be mastered (see, e.g., [1]). Among them, GaN and its alloys with InN and AIN
have attracted strong attention since the successful commercialization of bright blue/green
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light-emitting diodes followed later by the demonstration of injection lasers. Today, GaN-
based nitride semiconductors form the material base for modern solid state lighting (SSL).
III-Nitride semiconductors have significant applications for solid state lighting (SSL) and
lasers. The InGaN quantum wells (QWs) employed as active region for nitride light-emitting
diodes (LEDs) covers the wide spectral regime from near ultraviolet to near infrared. SSL
based on semiconductors LEDs —which features high emission quantum efficiencies, long
lifetime, and harmless constituent atoms-could be an attractive option to replace traditional
fluorescent lamps and incandescent bulbs. Therefore, realizing advanced LED based SSL
with controllable color emission would be the ultimate goal of lighting technology. The
present work consist is growth and optimization of InGaN MQW blue LEDs for SSL within
the blue-pumped phosphor architecture [2-5].

Experiments and Results. The purpose of the current work is the investigation and
optimization of the growth of InGaN/GaN multiple quantum well (MQW) and LED
structures on these GaN/sapphire templates by MOCVD. For the today the radiant efficiency
of InGaN blue chip reaches, but final light output reduces suffering from the inevitable Stokes
loss and optical loss as scattering and absorbance in the package. The rest is lost to heat,
which is dissipated through the package to the ambient. But regarding the operating current, it
needs to require careful attention, because the quantum efficiency of InGaN LED drops with
increasing current density. It is important to decide a suitable operating current range in
accordance with chip design, although the range is much expanding than before. In 2020,
LED lighting efficiency is expected to be over 200 Im/W. But to achieve that, there are many
intermediate steps that have to be taken, for example, increasing light extraction from LED
devices, improving packaging, finding better infrastructure, and discovering highly efficient
LED phosphors. However, the external quantum efficiency (EQE) of LEDs drops rapidly as
current density increases in InGaN/GaN multiple quantum well (MQW) LEDs. For high
power application of LEDs, the injection current is increased and efficiency droop becomes
an unavoidable problem. The loss of InGaN LED efficiency at high operating currents is
relevant to both multichip and phosphor-converted white LEDs, and has been a topic of active
investigation. To accomplish this we have employ two new techniques. One is to use an ITO
contact as a p-type electrode, because the light generated in the active layer could exit into the
resin with much lower optical absorption at the electrode. The other method of reducing
absorption we used patterned sapphire substrates (PSS), with effectively scattered the
emission light from the active layer. We have fabricated high luminous efficacy white LEDs,
using patterned sapphire substrates (PSS) and indium-tin oxide (ITO) contact as a p-type
electrode. The refractive index of nitride films is higher than those of the sapphire substrate
and the resin, about 60% of the emission light from the active layers propagates in the thin
nitride films. In a conventional blue LED, a translucent electrode such as Ni/Au is used as a
p-contact electrode. The transmittance of this electrode is only 40%, and the optical
absorption is very high. As a result, the electrodes absorb some of the propagating light
whenever it is reflected at the electrode. Because a large number of reflections occur in the
thin nitride films, the optical absorption at the electrode is significant. Therefore it is
important to reduce the number of reflections on the electrode and the optical absorption of
the electrode in order to improve extraction efficiency. In this case compare with the case of
flat sapphire substrate, the propagating light can more efficiently exit into the sapphire
substrate. The density of the propagating light in the nitride films will significantly decreased
and the quantity of light reflected at the electrode will significantly reduce. As a result,
extraction efficiency will considerably enhance.

Figure 1(a, b) shows the cross-sectional structure of a phosphor conversion white LED
lamp consisting of a blue LED die and a yellow phosphor. The LED die is mounted in the cup
on the lead frame and coated by the yellow phosphor. The LED die and the phosphor are
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packaged by a resin formed into the shape of an optical lens. This device produces white light
by mixing the blue emission from the LED die with yellow fluorescence from the phosphor,
which is excited by the blue emission of the LED die, as shown in figure 1(b). The commonly
used yellow phosphor is YAG phosphor prepared by us with combustion method (with
shorter preparation time and lower sintering temperatures). YAG phosphor has very high
wavelength conversion efficiency, high thermal stability, high material toughness and a low

production cost.
White light

H Y Y B Y Y H

Yellow )
o Phosphor
L= pold Wire
T LEDI Chip
|
I I Yellow
LED Chip Phosphor

" Lead Frame

B: Blue Emission from LED Chip
Y : Yellow Fluorescence
(a) (b}

Figure 1 (a) The cross-sectional structure of a phosphor-conversion white LED lamp using a
blue LED die and yellow phosphor, (b) emission mechanism of the white LED.

Fig. 2 shows the schematic image of the InGaN/GaN MQWs LED. The LED structure
consists of a Si-doped n-type AlGaN layer, an InGaN/GaN MQWs active region, a Mg-doped
p-type AlGaN layer, and a Mg-doped GaN contact layer. The ohmic metallization of Ti/Al
(500/ 500 A), Ni/Au (35/35A), and pad metals of Ni/Au (150/500A) was performed by e-
beam evaporation. SiO, film was deposited by RF sputtering. Windows for the LED structure
were formed by conventional photolithography and wet chemical etching. Then, the
InGaN/GaN MQWs LED was grown by MOCVD.

A major activity will be the development of new phosphor materials activated by Ce
and their implementation onto GaN-based LED chips and studies of white LED’s properties.
Figure 3(a, b) shows the SEM image and Photoluminescence (PL) spectra of YAG:Ce®*
phosphor. The broad emission peak is attributed ~557nm, excitation rang ~(430-490)nm. CIE
1931 Chromaticity coordinates is (0.442, 0.537).

TM (Ni/Au)
Mg-GaN
Mg-AlGaN
Al | siAlGaN

3+

Ni/Au

S0,

n-GalN
u-GaN

TT T YT TP P YT T YT T T R P TR RY YT R T P Y T T VY

sapphire

Figure 2. Side view of the InGaN/GaN MQW LED structure.
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Figure 3. (a) SEM image of YAG:Ce®" phosphor prepared by combustion method,
(b) PL spectra of YAG:Ce®" phosphor.

Phosphor conversion white LEDs were fabricated by combining blue LED as an optical
pumping source with post-heat-treated YAG:Ce’" phosphor. The phosphor were mixed with
transparent silicone gel (1:10wt%), and coated onto the lead frame with blue chip with
maximum emission at about 465nm. Highly efficient, tightly-matched LED die material is
bounded to a thermally conductive substrate and encapsulated with a precision applied
phosphor coating. We achieve high performance, because we use a bigger LED chip area
which has been optimally distributed across the substrate surface to enhance optical efficacy
and reduce current density. In addition the electronic configuration of the die (chip) elements
has been arranged to keep drives current low, thereby reducing the power dissipation further.
Not only does this technique result in high luminous efficiency, it also ensures that heat is
spread more effectively across the substrate surface resulting in lower junction temperature
and longer life expectancy. LED based street lamps with high brightness and performance
have been identified as one of the solutions for next generation energy saving lighting sources
in city lighting, especially in road lighting applications which provide suitable illumination
for safety driving at night. Energy saving is not only a major driving force but also an
enabling technology in today’s global crisis of costly energy policy, especially, the capability
of using other energy sources such as solar and wind energy to directly drive LED lighting
modules is a plus for adopting this potential light source. The performances of fabricated
white LEDs prototype lamp were investigated by GONIOPHOTOMETERS SYSTEM and
INTEGRATING SPHERE (Figure 4). The CIE coordinate of white-LED lamp is 0.35, 0.40.
The correlated color temperature (CCT) is 4755K.

Fig. 4. Electroluminescence spectra of fabricated LEDs lamp.
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BHYTPU30HHOE IOI'JIOIEHUE SJEKTPOMATHUTHOI'O
MN3JIYUEHUSA KBAHTOBBIMU HAHOCTPYKTYPAMM C
AHU30TPOITHBIM MAPABOJIMYECKHUM IMMOTEHIIUAJIOM
KOH®ANHMEHTA.

P.3. UbaeBa
Hncmumym @uzuxu HAHA Azepbatioscana
raida_ibayeva@hotmail.com

Pa3zBura Teopus MoriomieHus cBera CBOOOAHBIMHM HOCUTENSIMH B CBEpXpeLIeTKax M3
KBaHTOBBIX TOYEK C aHU30TPONHON MapabOIMYecKON MOTEHIMAIbHOM sSIME€ NP PacCesHUU
HOCHUTEJIEH Ha NOJISIPHBIX ONTHUYECKUX (POHOHAX.

bnaronaps cTpeMuTeIbHOMY MPOTPECCy MOJYNPOBOAHUKOBOM HAaHOTEXHOJIOTUH MOTYT
OBITh MOJYYEHBI Pa3IMYHbIC HU3KOPA3MEPHBIE CHUCTEMbI, TAKUE KaK IOJyIPOBOJAHUKOBBIE
CBEpXpEIIeTKH, KBAHTOBBIE SIMbI, KBAHTOBbIE ITPOBOJIOKU M KBAaHTOBBIE TOUKH. C peanu3aiuen
HEPBbIX KBAaHTOBBIX TOYEK OKOJIO JBYX AECATHIETHH Ha3all, MHOTO YCUIMH OBbLIO MOCBSILEHO
X u3yyeHHio. MHTepec K HMM BBI3BaH TE€M, YTO 3TH TaK Ha3bIBAEMbIE «HCKYCCTBEHHBIC
aTOMBI» MOTYT OBITh H3TOTOBJIEHBl UM HAcCTPOEHbl TakUM oOOpa3oM, 4TOObl OHM HMENIH
KOHKPETHBIE XapPaKTEPUCTUKH. DTO BAXKHOE CBOWCTBO, Kak ¢ TOYKM 3pEHHS BO3MOXKHBIX
IPUMEHEHHH, TaK U AJI U3y4eHUsI OCHOBHBIX KBAHTOBBIX SBJICHUH.

CoBpeMeHHass HAaHOTEXHOJIOTHS MO3BOJISIET W3TOTABIMBATH KBAHTOBBIE TOUYKU pa3JIHy-
HbIX Qopm. [TosrynnpoBOAHUKOBEIE CBEPXPEIIETKH KBAHTOBBIX TOUEK ITPUBJIEKAET BCe OouIbLIEe
BHUMAaHHE B CBA3H C UX BO3MOXKHBIMHU NIPHUMEHEHUSIMU B pa3IMYHBIX ycTpoiicTBax. CyliecTBy-
€T 3HAYUTEIbHBIH MHTEpPEeC K HCCIENOBAaHUIO IEepeHoca 3apsia B CBEpXpelleTkax u3
KBAHTOBBIX TOYEK, KOTOPBIH OYEHb Ba)KeH JUIs MOHUMaHUS 3(P(EKTUBHOCTH pabOThI 0OJIb-
IIMHCTBA YIOMSIHYTBIX YCTPOMCTB.

B Hacrosimeit paboTe NpOBENEHO HCCIEIOBAHUE TOTJIOMICHUS AJIEKTPOMArHUTHOTO
U3IY4YeHUs CBOOOJHBIM 3JIEKTPOHHBIM Ta3oM, B3aUMOJECHCTBYIOIIUM C KOJEOaHUSIMU
PEILIETKH, B CBEPXPEIIETKAX U3 KBAHTOBBIX TOUEK.

N3BecTHO, 4TO ABMIKEHHE JIEKTPOHA B CBEPXPEILETKaX SIBJIAETCS OFPAaHUYEHHBIM U YTO
SHEPreTUYECKUN CIEKTp KBAaHTYeTCSd Ha JUCKPETHBIX YPOBHAX. MBI IpeamojaraeM, 4To
KBAHTOBAHHWE MMEET MECTO B z —HampaBieHue. Mbl paccMaTpuUBaeM 3JIEKTPOH-(POHOHHOE
B3aMMOJICHCTBHE B CBEPXPELIETKAX M3 KBAHTOBBIX TOYEK C MEPHOAMUYECKUM MOTeHIanoM U
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(z) mepuwonma d Bponws z-HampeieHus [1]. Ilpeamonaraercsi, 4TO SJIEKTPOHHBIM Ta3 B
CBCPXPCIICTKAX W3 KBAHTOBBLIX TOYCK OrpaHUYCH AHU30TPOITHBIM HapaGO.HI/I‘-IGCKI/IM
MOTEHIHAJIOM CIICAYIOIIHM 00pa3oM:

V(xy)——(wx +@%) (1)

rae m’->bdekTHBHAT Macca M, U (,9aCTOTHI KOH(AaHHMEHTa B X M y HamNpPBJIEHHAX,

COOTBETCBEHHO. B mpHOMMKEHWH CWIBHOH CBsI3W [aMUIbTOHHMAH MJiE HOCHUTENS B

CBEpXpeEIIeTKaX U3 KBAHTOBBIX TOYEK MOXKET OBITh 3amucad B Bue [2,3]
2

(P + ) m" p.d

—* : 2)
2m

rae A -IIUpUHA MUHU3OHBL HOpMaHI/ISOBaHHBIe CO6CTB€HHH€ GYHKIIUU  AJIEKTpOHA

W . (r) u cobcrBenHble 3HaueHus E, ,(k, )B 30HE MPOBOJUMOCTH 33Jal0TCSs, COOTBETCBEH-

H =

HO, B BUjE [4]

W ()= \/—‘1’ ()F. (1), (2), 3)

E, (k)=(n+ E)ha)x +(1+ E)ha)y +%(1 ~cosk,d)=¢,,+e&(k.), 4)

rJe uepes n(: 0,1,2,...) 51 l(= 0,1,2,...) 0003HaYCHBI HHIEKCHI YPOBHEH 3JIEKTPOHHBIX MOJ30H,
k_-KOMIIOHEHTa BOJIHOBOI'O BEKTOpa B z -HampasieHuu, ¥, (x) u?t, (y)- coOCTBEeHHBIE (DyHK-

UM HPOCTOrO0 TapMOHUYECKOrO OCLMILIATOPA, &, (z) Oo3HauaeT OJIOXOBCKast (hYHKITUS

CHJIBHOM CBSI3H B Z-HallpaBJICHUHU U Lz - HOpMaJInu30BaHHAA IJIMHA B Z - HAIIPABJICHUH.

PaccmaTpuBaemblii mporiecc MOTJIONICHHsI CBETa CBOOOIHBIMH HOCHTEISIMU TPHU ydac-
THH (POHOHOB PACCUMTHIBACTCS BO BTOPOM TMOPSAKE TeOopuu Bo3MylneHHH. Kosddunuent
MOTJIOLIEHUS OMPENIesieTCs IPU 3TOM H3BECTHOU (hopmMyIioit 5]

R
a==—2 W/ (5)
nyc
T7e & -AMINEKTPUYECcKasl MOCTOSHHAS, 7, -9nuCiI0 (DOTOHOB B MOJE M3IyYeHHS, [, QyHKIUSA
pacmpeneneHus CBOOOMHBIX HOCHTENCH, W, - BepOsSTHOCTh TIEPEXoAa oOIpenensemMas
cnenyromen hopmyoi

W"?/qﬁ(

rac E,’ u Ef 0003HaYal0T HAYaJIbHOE U KOHEUYHOE COCTOSHHE OHCPIUH JJICKTPOHOB, COOTBCT-

A 8(E, ~E ~n-no, )+ | fIM_|i)[ 6(E, - E - 1Q+ha, )] (6)

CTBEHHO, 7€) - sHeprus GpoToHa, @, - sHeprust HoHOHA, U < f |M i|i> -SIBJISIFOTCSI DJIEMEHTaMU

MaTpHIBI Iepexo/ia OT HAYaIbHOTO COCTOSIHUS K KOHEYHOMY COCTOSIHUS JUTS B3aUMOACHCTBHS
MEXy JIEeKTpOHaMH, (POHOHAMH U (OTOHAMHU.

Hcnonbs3ys BOMHOBBIE (YHKIUH, 3aJaHHBIE BBIpAXEHUEM (3), MaTpUYHBIE HJIEMEHTHI
3JIEKTPOH-(OTOHHOTO B3aUMOJICHCTBUSA MOTYT OBITh 3alMCaHbl KaK

- y
(nrk =eMS;§kzd)(m°j (65,00, ®)
(S

rae V —00beM KpucTaia. 31ech Mojie H3TYICHHS ITOJISIPU30BaHO0 BAOJb Z- HAMIPABJICHHS, & -
BEKTOP MOJISIPU3AIINHN TTOJISI U3ITyYEHUSI.

OyYHKIMSA pachpeleeHus] SJEKTPOHOB JUISS HEBBIPOXKICHHOTO JJIEKTPOHHOTO Ta3a
MOJKET OBITH 3aIlMcaHa KaK
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2n,,de” smh(

Dy sinh( —20)
2k 2k, T E o
fO(EnlkZ)z £ eXp (_ lk'j

k,T
M 7’1’7 B

re n,, -4UCIIO BJIEKTPOHOB HA €IWHHULY IMHBI U M (a; c¢; x) —KOH(IIO’HTHAs THIep-
reoMmerpuueckas GyHkuus [6],

(), x,

M(a,c;x) = z(c) o

Ji1st B3aUMOIEHCTBHSI DJIEKTPOH- MOJISPHBIA ONTHYSCKUN (DOHOH MBI UMEEM

1 1 N;
2 2 . F _ o
CPOL - 272'6 ha)o{gw go } POL — qz b

30CCh &, U &, -BbICOKOYACTOTHASA M CTATHYCCKaAA MUDJICKTPUYCCKUC IMOCTOSHHBIC ITOJIYIIPO-

BOJHHKA, COOTBETCTBEHHO. Kak 00bIuHO, SHEpTHUsl POHOHA B3ATA /i@ , =hw, = const

-1
N, =|expl 220 |y Ny =N,, N =N,+1
K,T

rae N, IHICHIBAET YHUUYTOKEHHE U POXKIeHNE (POHOHA.
e N, (N, ) onuceiae OKEHHUE U pOKIeHUE (OHOHA

Hcnonp3yst MaTpUUHBIE 3JIEMEHTHI 3EKTPOH-POHOHHOE B3aUMOIEHCTBUS <k;n'l’ Vik,

BBIICYIIOMAHYTBIM HpoHecCaM MOKHO BBIYHUCIUTH KOS(b(bI/II_[I/IeHT IOrJIOMCHHUE CBETA
CBO6OI[HBIMI/I HOCUTCIIAMU.
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FOTOKECIRICILIYIN RELAKSASIYASI METODU ILO GaS LAYLI
YARIMKECIRICI KRISTALLARINDA TUTULMA MORKOZLORININ
VO SOTH HALLARININ TODQIQi

N.I. Hiiseyinov, Y.M. Mustafayev, F.Q. 9sadov, T.B. Tagiyev
AMEA, Radiasiya Problemlari Institutu, Baki, Azarbaycan
farganasadov(@mail.ru

Miiasir yarimkegiricilor texnalogiyasi dorinliyo goro asqarlanmis strukturlar osasinda
hazirlanir, hansi ki,yarimkegiricilorin xassolorini lazim olan dorinliys gador effektiv doyismo-
sini tomin edir. Bu mogsadlo gagis mosafasi kigik olan yiiklii zorragiklordon istifads olunmasi
moagsado uygundur. A’B® birlosmali yarimkegiricilordo radiasiya defektlorinin yaranmasi
genis Oyronilmisdir, ancaq birlosmo atomlarinin dorinliys goro paylanmasi vo onlarin radiasi-
ya defektlorinin yaranmasina tasiri ¢ox az todqiq edilmisdir. Molumdur ki, atomlarin geyri

137



Fizikanin miiasir problemlori VIII Respublika konfransi

borabor paylanmasi cihazlarin fiziki xassolorino giiclii tosir edir. Odur ki, komponentlorin
kristalda dorinliys gora paylanmasinin tadqiqi boylik maraq kasb edir va olduqca aktualdir.

Isdo 140keV enerjili H," ionu ilo 1.10" va 5.10"cm™ dozada implantasiya olunmus GaS
monokristalinin struktur doyismasini Rezerford oks sopilmo vo igigin kombinasiyali sopilmo
metodu ilo todqiq edilmisdir. Todqiq olunan GaS monokristali Bridjmen metodu il1 alinmis vo
xiisusi miiqavimiti ~10°omsm tortibindo olmusdur. Todgigatda (ROS) enerjisi 1,5MeV olan
He"' ionundan istifado edilmisdir. H," jonunu implantasiya etmok iiciin Van-de-Qraafa (tip
AN2500) siirotlondiricisinden istifads edilmisdir.Implantasiya dozas1 1.10"°-1.10"sm? torti-
bindo olmusdur. Eksperimentin noticolori SIMNRA 6,05 proqrami asasinda hesablanmigdir.
GaSmonokristalinda enerjisi 1,5MeV olan He™'—in rezerfor oks sopilmosinin energetik spektri
verilmisgdir. Spektrdon goriindiiyli eksperimentin naticalori modellogdirmodan alinan natico-
lorlo iist-listo diisiir. Sopilma spektrinin naticolorindon goriiniir ki, kristalin torkibi {i¢ elemt-
don ibaratdir: Ga, S, O. Eksperimentdonmiioyyon edilmisdir ki, sothdon 40nm dorinlikdo
Ga(38%), S(42%) va O(20%) toskil edir. 40nm-don yuxar1 derinlikds isa qallium vo kiikiir-
diin miqdar1 berabardir(50%, 50%), GaS monokristalinin gostorilon istigamatde todqiqi
miihiim elmi ochomiyyat kosb edon saholordon biridir. Molumdur ki, soth hallari, onlarin ener-
getik paylanmasi yarimkegiricilorin xassoalorino tosir edon miihiim amillorindon biridir. GaS
layli yarimkegiricisi vo bir ¢ox parametrlorino goro miihiim perspektiv totbiqi gozlonilon
A'""BY! birlogmolardon sayilir. Buna goro do yarimkegirici asaslt miixtalif yonlii cihazgayirma
sonayesindo GaS layli kristalinin kinetik soth vo soth yani parametrlorinin idars olunmasi
miasir dovriin aktual problemlorindon biri hesab edilir. Nozori vo praktiki baximdan GaS
layl yarimkegiricisinin Perspektivdo bu yarimkegiricinin siialanmasnin tosiri ilo parametrlo-
rinin idars olunmasina ehtiyac duyulur.

Yarimkegirici kristallar asasinda hazirlanmis cihazlarin fiziki vo texniki xassolori onla-
rin kinetik parametrlorindon ¢ox asilidir. Buna gora do yarimkegiricilorin kinetik parametrlori-
nin todqiqi, onlarin xassalorinin va perspektiv totbiq istigamatlorinin miimkiinliiyii ii¢lin bas-
langic vo vacib tadqiq morhalolorindon biridir. Belo ki, yarimkegiricilorin bir ¢ox praktik
istifadasindo, o climlodan onlarda fotoelektrik, elektrik, liiminessensiya va injeksiya hadisale-
r1 zamani yarimkegirici monokristallarin yiikdasiyicilarinin rekombinasiya mexanizimi boytik
rol oynayir.

GaS layh yarimkeciricilori miixtolif stialanma detektorlari, o ciimlodon ¥ vo rentgen
stialarinin  qiymatlondirilmasi detektorlarin hazirlanmasinda perspektiv materiallardan biri
kimi shamiyyat kasb edir. GaS yarimkegirici osasinda hazirlanacaq bels cihazlar lazimi fiziki
vo texniki xassolorini ham do otaq temperaturunda saxlaya bildiyinden, onun xassolorinin
tadqiqi ve idars olunmasi bu kristallara maragin artmasina sabab olmusdur.

Qeyd etmok lazimdir ki, bir ¢ox yarimkegiricilorin, o climlodon, GaS monokristalinin
fiziki vo texniki xassolori qadagan olunmus zonada mdvcud olan lokal soviyyelorin tobiotin-
don, halindan, yerlosmosindon vo konsentrasiyasindan asilidir. Cosaratlo demok olar ki, stasi-
onar volt-amper xarakteristikas1 vo termostimulio coroyan spektri geyd olunan parametrlorin
toyini olunmasi iigiin kifayot gqodor informasiya vermir. Ona gorodo GaS monokristallarinin
fiziki xassolorinin fotokegiriciliyinin relaksasiyast metodu ilo todqiqinin vacibliyi miiasir
dovriin todqiq oblastlarindan biri hesab olunur.
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GaS monokristalinin kinetik xarakteristikalarinin tadqiqi zamani bu yarimkegirici LED
impuluslari ilo 1s1qlandirilmigdir (t,=10°san). Yarimkegiricido impuluslu isiglanma zamani
yaranan potensial doyismasi genis zolaqli giiclondirmadon sonra osillografla qeyd olunmus vo
geyd olunan fotosiqnal kompyuterds analiz olunmusdur. Ol¢ii metodikasinin zamana goro
ayrdetmo miiddati 10® saniyodon az olmadigindan 10°-102 saniyo zaman intervalindaki
signallarin geydiyyat: miimkiin olmusdur.

Toqdim olunan igdo layli yarimkegirici GaS monokristallarinda rekombinasiyalar
mexanizmi, tutulma morkozlorinin rekombinasiya parametrlorinin elektron kegidlorinin
Oyronilmosi magsadils stasionar vo kinetik todqiqat tisullarindan istifado edilmigdir.

Bu todqgigat metodlarindan istifado edorkon bir daha tosdiq olunmusdur ki, GaS
monokristallarinda kinetik proseslor zamani bir ne¢o ndv rekombinasiya tutulma morkozlori
osas rol oynayirlar. Bu rekombinasiya tutulma morkozlori siirotli (s) vo yavas (1)
xarakterlidir.

NOTICO. Toqdim olunan isdo yarimkegiricini monoxromatik impuluslu isiglandiriima-
st zaman1 amola golon fotopotensialin gqeyds alinmasi metodu ilo layli GaS -in yiikdasiyici-
lariin yagsama miiddoti Ol¢lilmiisdiir. GaS -in layli monokristali {i¢clin udulma markazlorinin
energetik soviyyosindon asili olaraq yiikdasiyicilarinin yasama miiddoti 10°-107san interva-
linda oldugu miioyyon edilmisdir.
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SOTTKI DIODLARININ ELEKTROFIZiKi PARAMETRLORINO
OLAVO ELEKTRIK SAHOSININ TOSIRI.

N.N. Hasimova, 9.R. Aslanova
Baki Doviat Universiteti

Miiasir mikroelektronikanin va nanotexnologiyamin inkisafi ilo alagadar olaraq
diizlandirici va omik xassalora malik metal —yarimkegirici kontaktlarin ham tatbigina hom da
tadqiqina xiisusi diqqat yetirilir. Son illor metal nanokompozit materiallar asasinda
hazirlanan diizlandirici metal —yarimkegirici kontaktlarin (Sottki diodlari) elektrofiziki
xassalorinin genis tadqiqi naticasinda miiayyan edilmisdir ki, Sottki diodlarinda (SD) metal
elektrod daxilinda xiixtalif tabiatli metal nanohissaciklor yerlasdirmakla onlarin potensial
¢aparlorinin  hiindiirliiyiinii, idealliq amsallarini va digar elektrofiziki parametrlorini
tonzimlomak miimkiin olur [1].

Kontakt materiallariin tobistindon vo hazirlanma texnologiyalarinin se¢imindon asili
olmayaraq real metal-yarimkegirici kontaktlar bir qayda olaraq kontakt sothi boyunca elek-
tron emissiyas1 baximindan geyri-bircins olur. Kontakt sothi bircins olsa bels, kontakt sothi
ilo onu ohato edon metal vo yarimkegiricinin sorboast sothlori arasinda yaranan potensiallar
forqi hesabina real SD geyri-bircins olur. Bu iso o demokdir ki, real SD-lar bir-biri ilo elektrik
olagosindo olan parallel qosulmus vo lokal potensial ¢oporlorinin hiindiirliikklori forqli olan
mikro- vo nanokontaktlardan ibarst olur. Belo mikro- vo nanokontaktlar arasinda kontakt
potensiallar forqi vo miivafiq elektrik sahslori yaranir ki, bu olave elektrik sahalorin
intensivliklori ¢ixis isi kicik olan hissocik sothindon ¢ixis isi bdyiik olan hissaciyin sothineg
dogru yonolir vo yarimkegiricinin kontaktalt1 hissosindo yerlogir. Digor torofdon, real metal —
yarimkecirici kontaktlarda kontakt sothi ilo onunla bilavasito tomasda olan metal va
yarimkegiricinin sorbast sothlori arasinda potensiallar forqi yarandigindan periferiyya
boyunca kontaktalti hissodo olava elektrik sahasi yaranir. Bu soboblordon real $SD-lordo bas
veran elektron proseslorinds olavo elektrik sahasi foal rol oynayir [2].

Todqiq olunan niimunslorin voltamper xarakteristikalarinin todqiqi naticosindo miioyyon
edilmisdir ki, SD -lords coroyan axini termoelektron emissiyasi mexanizmi ilo miioyyan
edilir. Onlarin VAX-1 termoelektron emissiya nozoriyyosino goro asagidaki diistur ilo tosvir

olunur [2]:
[=8AT ex;{—%j{ex;{ii—;{j—l} (1)

Real SD-lordo Adg osason olava elektrik sahosinin tosiri ilo toyin edilir vo ADy =+gU
olur vo qU >> kT 5dondikds onlarm diiz istiqgamatds (U>0) I-V asililigi

o qU
I, ~ SAT? exp| — —22 |exp| ~— 2
F p( kT} p(nkTJ (2)
olur. Bu diisturlardaki isaralor adobiyyatda timumon gobul edilmis isarolordir.

Aprilan tadqiqat zamani kontaktlarin periferiya parametrlorini toyin etmak ii¢clin molum
[2] metodlarlardan istifade olunmusdur. Diizlondirici kontaktin periferiya corayan sixligt J;
asagidaki ifado ilo toyin olunur :
— JL —_ NI 1_! 2
)r L — 5 — w71 1.
L NL;-L, 3)
Kontaktlarin periferiyasinin uzunlugu L olan MYK-nin va corayani I asagidaki kimi ifads

olunurlar:
I, =IL 4)
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MYK-larin {imumi coroyaninda periferiya coroyanlarinin K paylar1 asagidaki kimi ifado
olunurlar:
K= ITLIOO% (5)
Tacriibado alinmis naticolora osason yuxarida gostorilon diisturlardan istifade edorak
gorginliyin miixtalif qimotlorindo coroyanin kontaktin diametrindon asililig1 qurulmusdur vo
gostorilmisdir ki, 0,1, -0.1, -1 vo -5V gorginliklordo coroyan diametrin 6lgiisii 6mkm-don
100mkm-a gadar artiqca corayan artma xarakteri miixtolif olur. Belo ki, corayanin diametrdon
asililigt 0,1 va -0,1V giymatlotindo kvadratik xarakter dasoyir vo -5V giymatlorindo iso xotti
xarakter kosb edir. Bu iso o demokdir ki, bu halda coroyan osason periferiya coroyanindan
ibarot olur. Aparilmis tocriiboloro uygun olaraq periferik coroyanin kontaktin umumi
corayaninda olan payinin kontaktlarin diametrindon asililig1 agagidaki sokildogdstorilmisdir.
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Sakil.1. Cu-nSi Sottki diodunun periferiya coroyaninin kontaktin umumi
corayaninda olan faizlorls payinin kontakt diametrindon asililig1.

Aparilan totqiqat zamani1 miisahido olunmusdur ki, Cu-nSi kontaktinnin diametri 6mkm
-don 100 mkm-o qadar artiqca periferik coroyanin kontaktin timumi coroyanindaki pay1 azalir
vo totqiqatin -5V qiymotindo gostorilon pay sifir faizo qodor enir. Tocriibo zamami oldo
edilmis naticalordon istifade olunaraq kontaktlarin potensial ¢operin hiindiirliiyii asagidaki
ifads ilo hesablanmisdir
54T?

®; = kT In 6)

Alinmig naticalor aydin goriiniir ki, olava elektrik sahasinin tasiri hesabina kontaktin diamet-
rinin kicik intervalinda (10-100mkm) potensial ¢oparin hiindiirliiyii diametr artdigda koskin
sokildo artir. Diametrin sonraki intervalinda bu artim zsifloyir vo demok olar ki, sabit galir.

Iy
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JEKTPUUECKHE CBOMCTBA AgSbSe,

C.C. ParumoB, A.A. CaaguHoBa
Hucmumym @usuxu HAH Aszepbatioscana
sadiyar@mail.ru

IIposedeno uccredosanue memnepamypHuix 3asucumocmeii Kodgguyuenma Xoana u
anekmponposoonocmu  AgSbSe;, ¢ memnepamypuom unmepeane 80-350K. Ob6mapyrceno
MAKCUMyM HA meMnepamypHou sagucumocmu ko3¢ guyuenma Xonna 6 oonacmu 150K.

TpoitHoe coeaunenne AgSbSe, momydyaemMoe Ha OCHOBE JIBYX OMHApHBIX COEIMHEHUI
tuna Ag,Se u Sb,Se; U3BECTHO Kak TEPMOIIEKTPUUECKUN MaTepHall C HU3KOW PelIeTOYHOM
TerIonpoBoAHOCTHIO [1]. M3-3a Gombiioro 3HaueHus yaenbHOW uyBcTBUTENbHOCTH S/k (TIe
S-xoadunmienT Tepmodac, k-KOIPHUIUEHT TEIIIONMPOBOJHOCTH) 3TO COCTUHEHHE MOXKET
OBITH MCIOJIB30BAHO B KAUECTBE UYBCTBUTEIHHOIO AJIEMEHTA B Pa3JINYHBIX MpeoOpa3zoBaTesix
uHppakpacHoro wusziaydeHuss [2]. TepmonnekTpuyeckue CBOMCTBA 3TOTO COEIAUHEHHS
HCCIIEIOBAaHO HEAOCTATOYHO.

B nanHoli paboTe MpUBOIMTCS PE3yNbTaThl M3Y4YEHUs TEMIEPAaTypHOH 3aBHCHMOCTH
kod(durmenta snexkTponpoBogHOCTH U A dekra Xomra. CHHTE3 COeAMHEHUS OCYIIEeCTBIISLII-
Csl CIUIABJIEHUEM HUCXOJHBIX KOMIIOHEHTOB B CTEXMOMETPHUUECKOM COOTHOUIEHMM C MOCIEay-
IOIUM MEIJICHHBIM OXJIaKaeHueM. [lomydeHHble 00pasibsl UMETH CepeOpHCThId OJIecK
HEMHOT'MM KOJINYECTBOM IIOP.

OKCHepUMEHThl MPOBOJIUINCH YETHIPEX30HAHBIM METOJIOM B TEMIIEpaTypHOM HHTEp-
Bate 80-300K. MccnenoBaHHbIM 0Opasen; uMesl p-TUI MPOBOJMMOCTH C KOHIICHTpAaLUeH
HOCHUTeJIeH 3apsia n=5,6. 107em™.
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Puc.1. TemmnepatrypHas 3aBUCHMOCTH 3JIEKTPOIIPOBOTHOCTH

Ha pucynkax 1 u 2 npencraBieHbl MOJy4eHHBIE SKCIIEPUMEHTaIbHbBIE pe3ysbTaThl. Kak
BUHO U3 pHC.]l TemmeparypHas 3aBUCUMOCTb 3JIEKTPOIPOBOJHOCTH C POCTOM TeMIIEPATyphI
pacret u B obnactu 320 K npoxoaut yepe3 MakCUMyM U Janee yMeHblnaercs. Takas Temie-
paTypHasi 3aBUCHMOCTb 3JIEKTPONIPOBOJHOCTH XapaKTepHa AJis 00paslioB ¢ JIPOYHOUN MPOBO-
TuMOCTBI0. C pOCTOM TeMIIepaTyphl 10 Mepe MPUOIIKEHHsI K COOCTBEHHOM 00J1acTH TIPOBO-
JUMOCTH DJICKTPOHHBIN BKJIAJ B MPOBOJUMOCTh YBEIIMYUBAETCS M MPOMCXOAUT CMEHA 3HaKa
MPOBOAMMOCTH. JIJis TOATBEpXKACHHUS CKa3aHHOM MBICIM HaMu Oblla HCCIeIOBaHA |
TeMIIepaTypHas 3aBUCUMOCTh K03 duimerTa XoJsia.
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Puc.2. Temneparypnas 3aBucumocts koddduienra Xoa

Ha puc.2 npeacrasiensl SKkcepuMeHTaIbHbIE AaHHbIe 0 3¢ dekty Xomna. Kak BuaHO
U3 puc.2 TemreparypHas 3aBUCUMOCTh K03 duuumenta Xomna NpoxXoJuT 4epe3 MaKCUMyM B
obmactu 150K. B o6mactu 80-150K ¢ poctom Temmneparypsl koddduimenT Xoia Bo3pacTa-
€T, 1ajiee IPOoXos Yepe3 MakCUMyM, yMeHbInaercs. [lonobnas TemnepaTypHasi 3aBUCUMOCTb
kod(durmenta Xomna 010 00HapyxkeHo B coeauHeHussx AgSbTe, u AgBiTe, B ob6mactu
180-200K [2, 3]. OOnapyxeHHEe MaKCUMyMa MOKHO OOBSCHUTH CIEIYIOIIUMH JIBYMs
MPEOI0KEHUAMU:

1. ITpucyTcTBHEM B 3TOM COE€IMHEHWH BTOPOW MOJ30HBI B BAJIEHTHOH 30HE. C pocTOM
TEeMIIepaTypbl Bce Ooublliee KOJIMYECTBO ABIPOK MEPEXOIUT B MOA30HBI U dPPeKTUBHAS
KOHIIGHTpALUsl ABIPOK Y4YacTBYIOIIEE B IPOBOJMMOCTH yMEHbIIaeTcs. BceiencTBue 3Toro
3HayeHune kodduuuenta Xoita Bo3pactaeT. Jlanee ¢ pocTom Temreparypsl Bce OOJbIle B
MPOBOAMMOCTH  Y4YacTBYET, OJJEKTPOHbI M CHOBa 3HadeHue kod3ddumuenta Xomna
YMEHBIIIAETCS 32 CUET MOABHKHBIX AJIEKTPOHOB.

2. C nanuuueMm BTOpoil dassl p-Ag,Te. B p-Ag,Te Ha TemneparypHOil 3aBUCUMOCTH
HabrogaeTcss MHBepcHs 3Haka Koddduuuenta Xoiia okono 60K. B 3aBucumoctu ot Koiu-
4yecTBa BTOpO# (azbl TeMriepaTypa MaKCUMyMa CMEIIAETCS B TY WM IPYTYIO CTOPOHY.

UccnenoBanue apyrux 3¢hdexToB gact Oojee MCUEPIBIBAIOIINA OTBET Ha NMPUUUHY
MIPOXOXKJICHUS Yepe3 MaKCUMYM.
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FROM 3D SUPERCONFORMALINDICES TO 2D PARTITION FUNCTIONS

Sh. Jafarzade'’and E. Asgerov!
'Institute of Radiation Problems, Azerbaijan National Academy of Sciences,
> Physics Faculty, Baku State University
Shahriyarjafarzade@gmail.com

The Standard Model is a theory of elementary particles which combines all fundamental
interactions (except gravity) in nature. This theory was checked by a large number of
experiments and it works quite well. However the Standard Model have some problems as
dark energy, dark matter, neutrino oscillations, hierarchy problem, quantum gravity and etc.
In order to get rid of some of these problems one needs to study beyond the Standard Model.
One way to do that is study of supersymmetric theories. Supersymmetry is a symmetry of a
given theory which connects fermionic degrees of freedom to bosonic ones. We know that in
our world the number of fermions and bosons are not equal to each other, therefore
supersymmetry is broken in nature [1, 2].

In order to check that the supersymmetry is broken or not, in 1982 Witten introduced
the topological invariant (now called the Witten index) of a theory

Liritren=TTH=0 —1) F

where( —1) ¥ is the Fermion number operator and H is the Hamiltonian. The trace is taken
over all states with H=0 in the Hilbert space of the theory. The index computes the difference
between the numbers of bosonic and fermionic ground states.

Recently Romelsberger [3] and independently Kinney et al. [4] introduced the so-called
superconformal index which is a non-trivial generalization of the Witten index in a way that it
respects all symmetries of the theory

.:_1:.FE-EEE:E*}I_[}EEFL'
I(Fy, ., fd="Ti[ i=1
where € and @' are supercharges,F: are generators for global symmetries, fi are additional
regulators corresponding to global symmetries.

Superconformal indices of three-dimensional theories have attracted much attention
recently [5-9]. The equality of the superconformal indices for supersymmetric dual theories in
three dimensions leads to the new unknown integral identities for basic hypergeometric
functions [9]. Roughly speaking the three-dimensional index has the form of integral over the
following infinite products

- x‘lqi_Tm“

E—Tr

I, [#L.2] =0 1-xg 3
We consider the following three-dimensional duality found in [9]

3 1 1 2 1
> §om o[ Jralmate. ligbnatne ] [ fo.43¢.]
med i=1 = Li=1
There is a reduction procedure from the three-dimensional index to the two-dimensional
partition function proposed in [5]. From the perspective of special functions this reduction
brings basic hypergeometric integrals to integrals over Euler's gamma functions
im {q%.q). (1—q)t-s [s)
7=1(g%.q)-" © =It]
Using this reduction procedure we try to get new complicated integral identities for
ordinary hypergeometric functions and study relations between 3d and 2d supersymmetric
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dualities. Note that physical aspects are not our main focus, instead, we aim at connections
between physics and very interesting mathematical structures.
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HEKOTOPBIE MATHUTHBIE CBOMCTBA TBEPIBIX
PACTBOPOB CUCTEMBbI FeSb-MnTe

C.A. Anues*, C.C. AnueB**
*Azepbauoxcanckasn I'ocyoapcmeennas Mopckas Axademus
** Azepoatioscanckuii T'ocyoapcmeennbiii
Apxumexmypno-Cmpoumenvuviii YHueepcumem
sabir.eliyev.1950@mail.ru

Coennnaenne 3d mepexoMHBIX MeTaUIOB ¢ 3neMeHTamu 4-oii rpymmbl ( Fe,Se,Ca)
Tabauiel  MeHzeneeBa OTIWYAIOTCS OONBIIMM pa3zHooOpazueM (PU3UUECKHX CBOMCTB.
[lenneiinee coyeTaHue MOTYNPOBOJHHKOBBIX W MAarHUTHBIX CBOMCTB JellaeT WX HE3aMEHU-
MBIMH MaTepHajlaMu B psiJia 3JIEKTPOHHBIX YCTPOUCTB.

B 00bI4HBIX TOTYITPOBOIHUKOBBIX MaTepuaiax Tumna Ge u Si He 001aJarouX MarHuTo
YIOPSAAOYEHHBIMU COCTOSIHUSIMH, JJIEKTPOHHAsi Koppemsius cinabas W OHHU 00IanaroT
LIIMPOKON »HEpreTuueckoil 30HOH. CuibHas JIEKTPOHHAs KOPpEIsaUus MNpUAAET 3TUM
MaTepuaiaM HOBBIE JIEKTPUUECKHNE U UHTEPECHBIE MarHUTHBIE CBOMCTBA [ 1;2].

B nurepatype msydeHHe 3IEKTPOHHON MPOBOIMMOCTH B XaJIbKOTCHHIAX MEPEXOIHBIX
METaJUIOB B OCHOBHOM MPOBOJMINCH B OTACNBbHBIX 00pasnax (NiO, MnO,CoO; u deppurax)
U HE B IIUPOKOM TEMIIEPATYpPHOM HHTEpBaje, YTO HE MOXKET MPOSCHUTH OOIIeH KapTUHBI
SHEPreTHYECKOr0 COCTOSHUS HOCUTENEH TOKa. YUHUTHIBAsK BBIIIECU3IIOKEHHOE HaMU HCCIIE0-
BaHbI COSAMHEHHUSI MMEPEXOAHBIX MeTaioB Ha ocHoBe MnSb, MnTe, MnO u FeSb. Onny u3
TaKuX CHCTeM 00pa3yroT TBEpAbIe pacTBOpbl cucteMbl (FeSb).-(MnTe),, Ha ocHoBe MnTe
[3].

C momomipio peHTreHorpapudeckoro, AUPGEPEHINATEHO —TEPMUIECKOT0, MHKPO-
CTPYKTYPHOTO aHaJU30B M U3MEPEHHS MUKPOTBEPAOCTH M TIOTHOCTH coeamHeHus (FeSb),-
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(MnTe),, mnocrpoeHa jauarpaMMa COCTOSHHUSI M YCTaHOBJEHa, 4YTO B HUHTepBaje
0<x<0,25 monyuensl TBEpABIE pacTBOpPHl Ha ocHOBe MnTe. M3mepenus mnokaszanu, 4ToO

MHUKPOTBEPOCTH CIIJIABOB B 3aBUCUMOCTH OT cojaepxkanus cocraBa MnTe u FeSb cunbpHO u3-
MEHsSEeTCs. 3aBUCHUMOCTh IUIOTHOCTH IOJIyYEHHBIX CIUIABOB OT COCTaBa I1OKa3bIBAa€T, 4YTO B
00J1IaCTH TBEPAOI0 PACTBOPA MNIOTHOCTh OCTAETCS MOYTH IOCTOSHHOM, YTO HEJb3s CKa3aTh 00
obmnacTu AByX(a3HbIX 00pa3LoB, I MPOUCXOJUT HEKOTOPOE €€ YMEHBIICHHE, B 3aBHCUMOC-
T oT KonnuectBa MnTe u FeSb.

HccnenoBanue yka3aHHbBIX (PU3MUECKUX CBOMCTB MOKa3bIBaeT, yTo Mn B pemérke FeSb
MOXKET HaXOAUTCS B 3apsHKEHHOM COCTOSHHM Mn™, 3aMeHHB aTOM jKele3a KOTOPOM
COOTBETCTBYET JJIeKTpOHHAas KoHpurypamust 3d’.Jlnst Takodl SIEKTPOHHONW KOH(HTYpauu
XapaKTepHO OTCYTCTBHE pAaCILEIUICHUs] DJHEPreTHYECKOrO0 COCTOSHUS KPHUCTAUINYECKUM
MoJIEM, TaK Kak €€ OpOMTaNbHBI MOMEHT paBeH Hyit0. ClieayeT OTMETUTh, YTO HOHBI Mn*?
HaXoAATCs Ha OOJIBIIMX PACCTOSHUAX APYr OT Apyra U oOMEHHbIE B3aUMOJCHCTBHE MEXITY
HUMH TpPaKTU4YeCKH OTCyTcTByeT. Kak m3BecTHO 3 mpaBuia XyHAa, NMpH 0O0pa30BaHUH
KPUCTAJNINYECKON PEHIETKU JIEKTPOHHBIE COCTOSIHUS U3MEHSIOTCS BCIEACTBHE BHYTPUATOM-
HOM CBSI3U DJIEKTPOHOB, PACLICIUIAIOLIETO ACUCTBUSI KPUCTAUIMYECKOTO IOJISI PEIIETKH U
HaJU4Ms yCIOBUH ISt MAarHUTHOH ((heppo U aHTU(HEPPOMArHUTHOMN ) CBS3M CITMHOB COCETHUX
atomMoB  T.A. [Ipn oOpa3oBanum TBEPABIX pacTBOpoB B cucrteme FeSb- MnTe oOpasyercs
HECOBEPUICHHAs KPUCTAUINYECKas peléTka. [IoBplmenHoe conep:kaHne Maprasua MpuBOIUT
K TOMYy, YTO TeMIlepaTypHas 3aBHUCHUMOCTb MAarHUTHBIX BOCIPUMMYMBOCTEHN (c&)yke He
nog4uHsAeTCs 3aKkoHy Kropu, B TO ke Bpems Kak B 00JaCTH BBICOKMX TEMIIEPATyp SKCIEpH-
MEHTAJIbHBIE JAHHBIC IOAYMHSAIOTCA 3akoHy Kropu-Belicca. Mexay MarHUTHBIMU
MoMeHTaMu atoMoB Mn u Fe, oGpa3yronmx Kiactep, CyIIecTBYeT OOMEHHOE B3aMMOIeH-
crBue aHTH(eppomarHuTHOTO 3Haka (MnTe) u deppomarautHoro 3uaka (FeSb), koropoe u
o0ycnoBiuBaeT Oosiee pe3koe M3MEHEHUE BEIMYMHbI MArHUTHOW BOCHPUUMYMBOCTU IPU
MOHMKEHUU TemmepaTrypbl. OTMETUM YTO B OOJIACTH BBICOKMX TEMIIEPATyp BOCIPHHUMYH-
BoCcTh MOHOB Mn u Fe momuumnsitorcst 3akoHy Kropu —Beiicca. CoriiacHo Teopur MOJEKy-
JSIPHOTO TIOJISl XapaKTepUCTUUECKash TeMIlepaTypa JOJKHA OBITh MPSIMO MPOMOPIHOHAIBHO
OTHOIICHHIO KOHIIEHTPALlMM MOHOB MApraHIla M Keje3a. YUYUThIBas BBINICYKA3aHHOE, TAKKe
MPOBE/ICHO HCCIENIOBAaHME HEKOTOPBIX KHHETHMYECKHX IapaMeTpoOB B OO0JIACTH TBEPABIX
pactBopoB cuctem FeSb- MnTe.

W3 3HaueHnii MarHUTHOM BOCIIPUMMYMBOCTH ONpezesieHbl Touka Kiopu a1 HEKOTOphIX
obpasmnoB cucteMm FeSb- MnTe u e€ 3aBucHMOCTb OT cocTaBa. Y CTAHOBJICHO, YTO YBEITHYCHHS
MnTe no 25% B FeSb npuBomut k ymensiienuto Touku Kropu, a ot 25% mo 60% wmom.
MnTe B FeSb octaércst mouTu moCTOSTHHBIM, a 3aT€M PE3KO IMaj1aeT.

Takum 00pa3oM yCTAaHOBJIEHO, YTO MHUKPOTBEPIOCTh HCCICIOBAaHHBIX COCIWHEHHN B
3aBUCUMOCTH OT conepkanust MnTe u FeSb cunbHO m3mensiercs. Mi3mMeHeHne MarHUTHOM
BOCIIPUMMYHMBOCTH MOAUYUHAETCS 3akoHy Kropu, a NMKHOMETpuYecKass IUIOTHOCTh IIpU
temnepatype 300K He uzmensiercs.

JIMTEPATYPE

1. Kurrens «BBenenue B ¢pusuky TBépaoro tene» Mocksa Hayka, 1978r.

2. M.A. AmumxanoB, A.M. Kynues, I'.11. CadapanueB «llomyuenue u uccienoBaHue
TpoitHbIX cuctem» AMEA «Xaborlor». Fiizka — riyaziyyat vo texnika elmlori seriyast,
fizika vo astronomiya 2005 il, Ne2, s.118

3. HOILII. Mdamamos, A.M. KynueB, A.A.AnueB «MarHutHoe cBOWCTBAa TBEPIBIX
pactBopoB cucteMbl FeSb- MnTe» U3zpectus [lemarornueckoro YHuBepcurera. baky
Nel, 2012r, c¢1.92

146



Fizikanin miiasir problemlori VIII Respublika konfransi

MUXTOLIF TOBIOTLI DEFEKTLORIN A" B", A)B!” TIPLI
YARIMKECIRICILORIN TERMOELEKTRIK XASSOLORINO TOSIRI

Y.Q. Nurullayev', B.S. Barxalov , E.S. Qarayev’
*Baki Doviat Universiteti, ¥ *AMEA-nin Fizika Institutu
Nurullayev.yusif @ ramler.ru

Bork cisim elektronikas1 iiclin perspektivli olan miirokkab yarimkeciricilor vo bork
mohlul kristallar1 qismon nizamsiz qurulusa malik defektli kristallardir. Bu tip kristallarda
moveud olan hom moxsusi vo ham do miisyyon tisullarla yaradilan defektlorin yaranma
mexanizminin dyronilmasi hom elmi vo hom do praktik shimiyyato malikdir.

Yarimkegirici materiallarda yaranan defeklori asagidaki kimi qruplasdirmaq olar:
struktur defektlori, idaro olunmayan asqar defektlori, xiisusi olaraq daxil edilmis asqar

defektlori, radiasiya defektlori, termik defektlor. A)B)" tipli birlogmalor qrupuna aid olan
As,Se, — As,Te, birlosmolori monoklin qofas qurulusuna malik kristallar olub P2, /n—C;,
faza qrupuna aiddir. Har iki birlosmonin qurulus tipi D olub Pb,, —D,’ qurulusda kristalla-
sir. Bu qurulusa hamginin Sb,Se, vo Bi,S, tipli birlogsmolor do aiddir. A4s,Se, vo As,Te; bir-
logsmolorin strukturu (010) miistovisino paralel miistovilor togkil edon vo aralarinda zoaif Van-
Der-Vaals olaqoesi olan As,S, laylarindan ibarotdir. Lay 4s,S, vo A4s,Te, birlosmolorilarda
As atomu 3 kiikiird S e atomu ilo ohato olunmusdur. Laylar arasinda atomlar giiclii kovalent
rabitododir. A4s,Se, vo As,Te, birlosmolari bir-birindon 2 4s atomu vo {i¢ kiikiird Se(7e)
atomunun kristal qofasde diiziiliisii ilo forqlonir [1]

Hom A4s,S; vo hom do As,Te, birlosmolorinin fiziki xassolori ilo bagli molumatlardan
aydin olur ki, bu kristallar osasinda daha yiiksok effektli termogevricilor hazirlamaq
miimkiindiir. Bu moagsodlo miixtalif torkibli (x=0,1; 0,3; 0,5; 0,9) As,S, — 4s,Te, kristalinin
termoelekrik xassolori 100-500K temperatur intervalinda todqiq olunmusdur. Bu tip
birlosmolor siisovari kristallardir. As,S; birlosmoesinds qadagan olunmus zolagin eni 2,5eV-
dir. As,S;-don forqli olaraq As,Te, kristalinin qadagan olunmus zolagin eni 1,0eV olub
yiikdastyicilarin konsentrasiyasmin 1,8-10° sm™ qiymatindo yiikdastyicilarinin yiiriikliiyiinii

170sm*/v-san tartibindadir.
Todqigat zamani1 miixtolif torkibli niimunalor ii¢lin miioyyon olunmusdur ki, torkibindo

As,Te, komponentinin baxilan intervalda artmasi ilo termoelekrik horokot qiivvosi ZSmTkV -

don 75 mIl;V -9, Holl amsalinin iss 0,155m3‘K'1-d9n O,7sm3 K'a godor doyisir. Bu halda Holl

omsalina goro hesablanmis yiikdasiyicilarin konsentrasiyas: toqriboan 3 dofo azalir vo
niimunonin torkibindo 7e atomlarinin artmasi ilo biitiin intervalda yiikdasiyicilarin konsen-
trasiyast azalir, amma uygun olaraq termoelekrik horokot qiivvesi artir. Alinan tocriibi
naticolordon bir daha aydin olur ki, As,S, — 4s,Te, sistem bark mohlul birlosmosinin qada-
gan olunmus zonasinda dorin vo dayaz soviyyolor vardir. Algaq temperaturlarda gadagan
olunmug zonadaki dorin soviyyslor qismon kompekso olundugundan bu birlogsmoalor algaq
temperaturlarda yiiksok olurlar. Temperaturun artmasi ilo dorin asqar soviyyeleri tadricon
bosalir vo yiikdasiyicilarin konsentrasiyasi doyisir.
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Odobiyyatdan [2] molumdur ki, halkogen osasli termoelekrik materiallarda miioyyon
tobiotli defekt morkozlori olan qismon nizamsiz qurulusa malik defektli kristallardir. Bu
kristallara vurulan miixtolif faizli konar element asqalar1 konsentrasiyanin miioyyon
giymatindo defekt morkozlorinin bir qismini kompenso edorok kristalin qofos qurulusunda
miioyyan doyisikliklor yaradir Bu kristallarin qadagan olunmus zonalarinda miixtalif tipli
lokal soviyyolor: dayaz ¢ vo dorin £ —yapisma soviyyelori, asta » —vo siirotli S —rekombi-
nasiya morkozlori mévcuddur. Alinan tocriibi naticalr vo adobiyyat molumatlarindan istifade
edorok avvolcadon asqarlanmamis /nSe kristalinin qadagan olunmus zonasinda olan «,
soviyyalori, homginin », S - rekombinasiya morkozlorinin enerji dorinliyi hesablanaraq asagi-
daki qiymotlor alinmigdir: E, =E —-005¢eV; E, =E;-034eV; E;=E;-056e¢l;
E,=E,-040elV; E =E +0,50el . Hesablamalardan bu morkozlorin konsentrasiyasi
iigin N, =9,7-10%sm™; N, ~2,4-10"sm™; N, ~6-10"sm™ qiymotlori, osas vo qeyri-
osas yiikdastyicilarin 7 - vo S - markozlori torafindon zabt olunma omsallari iigiin iso maye
azot temperaturunda uygun olaraq y, =10"sn?, y, =3-10"sm’, y, =10"sm’,

V=31 0'°sm> qiymatlori almmisdir.

Layli qurulusa malik kristallarda mévcud olan bu morkozlor qofosin moxsusi defektlori
(vakansiya, diiyiinloraras1 atomlar vo s.) vo idaro olunmayan miixtolif agqarlarla olagodardir.
Mbohz n— InSe kristallarinda elektron kegiriciliyinin iistiinliik togkil etmasi torkibdo indiumun
arthg ilo olagodardir. Indiumun bu artighigit »n— InSe kristalinin sintez vo godyordilmo
prosesinda selenin tez uguculugu ilo baglidir. Bu atomlarin bir qismi diiyiinlerarasi araliqda
yerlasarok donor saviyyaler, digor qismi iso materialda selen vakansiyalar1 yaradir. Eyni
zamanda n — InSe kristallarinda az da olsa /n vakansiyalari mévcuddur. Hom indium, ham
do selen vakansiyalar1 akseptor xarakterlidir. Ona goro do adi halda xiisusi agqarlanmamis

n— InSe kristallar1 6z-6ziino gismon kompensa olunmus olur. Bu fakt layli 4°B°¢ kristalinda
Oyranilon miixtalif elektron proseslorinin todqiqi zamani bir daha tasdiq olunur.

Miixtolif mexaniki tosirlorlo yaranan kristal daxili sahslorin varligi hesabina, hom
diiylinlor arasi atomlar, hom do vakansiyalar kristal daxilindo fozaca geyri-bircins paylan-
digindan ayri-ayr1 oblastlarda onlarin lokallagmast miioyyon tstiinliik togkil edir. Bu halda
kristalda diiyiinloraras1 atomun lokallagdigi hissolor 6zlorini algagomlu matrisa (AO), indium
vo selenin (akseptor) iistiinliik toskil etdiyi lokal hissalor iso 6zlorini yliksokomlu fazalar (YO)
kimi aparir. Bu zaman oblastlarin sorhoddindo rekombinasiya ¢opori yaranir. Bu halda
alcagomlu oblastlarda qonsu rekombinasiya c¢oporlorinin  foza yiiklori oblastinin
“quyruglarinin” bir-birini qismen 6rtmasi naticasinda nisbaton kicik hiindiirliiklii dreyf ¢opor-
lori yaranir. Dreyf ¢aparlorinin varligi algagomlu matrisada yiikdastyicilarin diffuziya derinli-
yinin kigilmasino sobab olur vo yaranan belo hissolor 6zlorinin bir-birino ardicil qosulmus
miixtalif miiqavimatli kegirici kimi aparir.

Bu kristallarin gadagan olunmus zonasinda cold S - vo asta 7 -kombinasiya morkazlo-
rinin varligit moxsusi fotokegiricilin likks-amper xarakteristikasinin subxatti oblasti ilo,
fotocoroyanin infraqirmizi vo temperatur sonmosi ilo; dayaz yapisma soviyyolorinin varhigi—
foza yiiklori ilo mohdudlagmis coroyan, termostimullagmis kegiricilik, induksiyalanmig agqar
fotokeciricilik hadisasinin todqiqindo miisahido olunur.

A’B® tipli layl kristallarda asqar atomlarin nisboton asag1 miqdarlarinda asqar ionlari
kristala daxil olaraq gofosdo diiyiinlor arasinda noqtosi defektlot (daxil olma) soklindo toplanir
vo sonradan temperaturun doyismosi ilo bu defektlor kristal daxilindo 6z yerini doyisir.
Noticodo, bir torofdon hom kristalin struktur defektliyi coxalir, digor torofdon iso makroskopik
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geyri-bircinsliyin Olgiilori artir. Tobii ki, bu mexanizm 6z ndvbosindos, uygun arasdirmada
fozaca geyri-bircins kristallarda miisahido olunan struktur-defekt xarakterli effektlorin giiclon-
masinag sabab olur.

Asqar atomlarin sonraki artimi zamani onlar kristaldaki {igiincii qrup element
komponentlarinin (/1 vo Ga ) vakant yerlori torafindon tutulur. Noticads, ilk halda kristalda
laylar aras1 nizamliliq tadricen barpa olunur va birlosmado ionun nadir torpaq element ionu ila
ovoz olunmasi hesabina laylar arasi olago giiclonir, bu iso 6z ndvbosindo kristalin defektlik
daracasinin, homginin onun fozaca qeyri-bircinsliyinin azalmasina sabob olur. Kristalda
nisboton boyiik konsentrasiyali nadir torpaq element asqar atomlar1 daxil edildikdo yaranan
yeni elektron xassolori, qadagan olunmus zonasinda uygun lokal soviyysalori olan fozaca
bircins kristallarin elektron xassolorine giiclii tosir edir. Bu miilahizalor kristala daxil edilon
uygun asqarlarin ion radiuslari, atomlar arasi maesafo, tobii laylarin qalinligi, birlosmade
komponentlorin ion vo kovalent radiuslarindan asilidir.

Layl kristallarda « - vo § - morkozlori alcagomlu matrisada, f- vo r - morkozlori iso
yiiksokomlu fazalarda lokallasirlar. Lokal soviyyolorin kristal daxilindo belo paylanmasi
(lokallagmasi) kristallar1 algagomlu va yiliksokomlu edir. Toklif olunan bu model asqarlanma-
mis A°B° tipli qeyri-bircins yarimkegirici birlosmolordo bas veron elektron hadisalorini
keyfiyyatco kifayot qodor yaxsi izah edo bilir.

Cd Hg, Te kristalinda ilkin lokal markazlor vo fozaca qgeyribircinslilik ¢ox gliman ki,
torkibdo civo, kadmium vo diiylinlor arasi (akseptor tipli), 7e- atomlarinin, diiyiinlor arasi
kadmium va civo, hom¢inin Hg (donor tipli) defektlorinin varligr ilo baglidir. Belo nogtovi
defektlorin omolo golmosi hor seydon oavval civonin daha tez ugucu olmasi ilo olagodardir.

Cd _Hg, Te kristallarinda y - stialanma kristalda hom donor vo hom do akseptor tipli

radiasiya defektlori yaranir, lakin akseptor soviyyolor lstiinliik toskil etdiyindon n- tip
Cd _Hg, Te kristallarinda kompenso doracesi artir.

Cd Hg, Te kristalinin miixtolif dozal1 y - kvantlar vo siirotli elektron seli ilo siialandi-

rilmas1 onun kinetik parametrlorine miixtalif ciir tosir gostorir. Bu tosir slialanma noticesindo
Cd _Hg, Te kristalinda hom donor, hom do akseptor tipli noqtovi radiasiya defektlorinin

yaranmasi ilo olagodardir. Bu defektlor kristal qofosdo civo atomlarmin vakansiyalari vo
diiylinlor aras1 civo atomlart ilo bagli noqtovi Frenkel defektloridir. ©dabiyyatdan [3]

molumdur ki, Cd _Hg, Te kristallarinda siialanmaya qodor moxsusi defektlorin klasterlori

movcuddur vo bu klasterlor hesabina kristal daxilinds lokal elektrik sahslori tasir gosterir.
Kigik siialanma dozalarinda yaranan noqtovi defektlor kristal daxilindo miqrasiya edorok
kristal daxilindos iridl¢iilii geyri-bircinslilik yaradir. Tobii ki, yiiriikliiyl kifayot qodor yiiksok
olan donor tipli noqtovi defektlor kristal daxilindo daha effektli vo intensiv miqrasiya edir.
Cox giiman ki, y -stialandirilmig kristallarda miixtalif nizamsizlig-larin otrafinda donor tipli

radiasiya defektlorinintoplanmasi da mohz bununla oslagodardir.
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ASTANA OTRAFI OBLASTINDA KATOD TOZLANMASININ ENERGETIK
ASILILIGINA SOTHIN QEYRI-BIRCINSLIYININ TOSIRi

S.Q. Isgarov, R.A. Haciyeva
Baki Doviat Universiteti

Katod tozlanmasi —neytral vo ya agir atomar zorraciklorls bork cisimi bombarduman
etdikdo bork cisim atomlarinin sothdon qopmasi hadisasidir. Bu hadiso 100 ilo yaxindir
ki,0yronilir.Tozlanma prosesi ilk dofo qaz bosalmasi borusunun katodunda miisahido
olundugu ii¢iin bu hadiso katod tozlanmasi adlandirilmigdir.

Katod tozlanma hadisasi fozlanma amsali (S) ils yani bir ionun ¢ixartdigi atomlarin say1
ilo xarakterizo olunur. Bu smsalin tocriibi giymotleri ¢ox genis diapazonda (10°-den 10°
atom/ion qador) doyisir. Tozlanma omsalinin qiymeti hom bombarduman edon ionun, hom
bombarduman olunan hodofin fiziki parametrlorindon, hom do texnoloji parametrlordon
asihidir.  Tozlanma omsalinlin ionlarin enerjisindon asililign S(E) bu prosesin osas
xarakteristikasidir. Tocriibi todqigatlara géro miixtalif enerji oblastlarinda bu asililiq miixtolif
diisturlarla ifads olunur [1]:

a) astana otrafi oblast Eg<E<200 eV {i¢iin :

S=ki(Ep-Eo)’ (1)
b) alcaq enerji oblastt 200<E,< 1000 eV iigiin:

S= ka(Ey-Eo) )
Burada
E, - 1onlarin enerjisi;
E, -astana enerjisi;
ki,k, -miitanasiblik amsallaridir.

Astana enerjisi E¢- ionlarin o enerjisine deyilir ki ondan algaq qiymatlorde tozlanma
hadisosi bas vermir. Ion enerjisinin algaq (200-1000 eV) qiymotlorindo energetik asiligin
nazari vo tocriibi naticalori bir-birini tasdigloyir vo ziddiyyst togkil etmir. Astana otrafi
oblastda (0-200 eV) S(E) asililig1 polikristal sothlor ii¢lin geyri-xattidir. Bu oblasda nozori vo
tocriibi noticolor arasinda ziddiyyotlor var. Belo ki, Vilhelmin nozori hesablamasi S(E)
asililig1 tiglin kvadratik [2], ©sgorov vo Senanin [1] tocriibi naticolori bu asililiq i¢lin kubik
natico alinmigdir. Monokristallik sathlor tictin S(E) asililig1 astana otrafi oblastda xottidir.

Bu zidiyyotlori aradan galdirmaq ti¢lin sothin mikrostrukturunu nozoros almaq bu
maqalonin asas moagsadidir.

Isdo forz olunur ki, polikristallik soth bir ne¢o borabor saholi kristallitlordon toskil
olunubdur. Bu kristallarin har birinin astana enerjisi miixtalifdir. Yoni bombarduman olunan
lokal sothlorinin astana enerjisi miixtolifdir. Ionlarm enerjisi artdiqca tozlanmaya qosulan
sathin nisbi sahasi artir:

dw=df/F=BdE 3)
Burada F-bombarduman olan sothin {imumi sahosidir, df- astana enerjisi E, —ilo E,+ dE,
intervalinda doyigson kontaktinin com sahasidir. - kontakt sothinin astana enerjisino goro

paylanma funksiyasidir vo asagidaki diisturla ifads olunur :
B=1/F* df/dE 4)
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Sakil 1. D6rd mikrokristallitdon toskil olunmus sathin
hesablanmig S(E) asililig1

Sokil 1-do dord mikrokristalitdon togkil olunmus sothin S(E) asililgi gostorilmisdir.
fonlarin enerjisi 20 vo 30eV arasinda olanda yalmz bir mikrokristal tozlanir. fonlain enerjisi
40eV ¢atanda hom birinci, homdos ikinci mikrokristal tozlanir. Enerjisinin sonraki artimimda
digor mikrokristallarda tozlanmaya qosulur. Biitiin bu hallar sokil 1-do gdstorilmisdir. ©gor
bombarduman olunn soth ¢oxlu mikrokristalitlordon toskil olunarsa ,onda bu qiriq xotlor
kosilmoaz oyriya gevrilor. Bu oyrinin analitik ifadesini tapmagq {igiin sokil 2-do +/S-nin E,-don
asilig1 gostorilmisdir.
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Sakil 2. Katod tozlanma amsalinin kvadrat kokiiniin
ionlarin enerjisindon asililig1

Sokildon goriiniir ki, S(E) asililig1
S=k’ (E,~Eq)’
diisturu ilo ifado olunur. Bu iso onu gostorir ki, astana otrafi oblastda tozlanma omsali S-in E,-
don asilig1 geyri-xatti olub, kvadratik ganunla doyisir. Bu doyismonin osas sobabi sothin geyri
bircins olmasidir.
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SOTTKI DIODUNUN DESILMOSINO MIKROSTRUKTURUN TOSIRI

S.Q. Isgarov, G.F. Agakisiyeva
Baki1 Doviat Universiteti

Sotki diodu (SD) metal- yarimkegirici kontaktlarinda bas veron elektron proseslori
osasinda isloyir. Metal- yarimkecirici kontaktinin bir elektrodu monokristal Y/k, diger
elektrodu polikristal metal toboqodir. Metal tobago polikristallik struktura malik olduguna
g0ra bu igdo mikrosrukturanin Sottki dioduna tasiri dyronilmisdir.

SD volt-amper xarakteristikas1 (VAX) oks istigamotdo miixtolif formalara malikdir.
VAX-1n “kaskin” vo “yumsaq” desilmoys malik olan molum formalari ilo yanasi, desilmo
oblastinda “bir qat”, “iki gat” sinmaya malik (sokil 1) VAX da miisahido olunur. VAX-1n bu
formalar1 da diqqoto layiqdir vo zonnimizco oks istigamotdo SD VAX-in molum formalar
arasindaki olagoni basa diismok {i¢iin acar rolunu oynayir. Moasalo ondadir ki, p-n keg¢ido ma-
lik cihazlardan forqli $D-da kontaktin toraf miigabillorindan biri adoton metallik polikristalik
toboqgo olur. Belo ki, polikristallarin ¢ixis isi sothin koordinatinin funksiyasi oldugundan me-
tal-yarimkegirici kontakti (MYK ) geyri bircins olur vo bunu tadqiqatlarda nazara almaq la
zimdir. Bu sobabdon do MYK geyri-bircins modeldon [1] istifado edilmisdir. Bu modelo asa-
son iimumi kontakt miixtalif baryer hiindiirliiklorine, desilmo gorginliyine vo kontakt sahasina
malik olan ¢oxsayli elementar kontaktlarin paralel birlosmasi kimi baxilir. Bu modelo uygun
olaraq toqdim olunan VAX-lar arasindaki slagoni asagidaki iisulla yaratmagq olar.

A

U U U U 1 U Us

-

-y -y | & |
Sokil.1. Sottki Diodunun oks istiqgamatds tocriibi VAX-lart

Ogor “a” tip VAX-1 desilmonin sel mexanizmino malik ideal SD-nin oks budagi olaraq
gotiirsok, onda ‘b’ tip VAX-1 bels paralel birloglmis miixtalif parametrlora (baryer hiindiirlii-
yii, desilmo gorginliyi vo kontakt sahosi) malik iki, “v” tip VAX-1 iso paralel birlogsmis ii¢
diodun oks corayanlarinin comi kimi tasavviir etmak olar. Aydindir ki, diodlarin say1 yetorin-
co ¢ox oldugda Sottki diodunun oks coroyanlarinin hondosi toplanmasi noticosindo “q” tip
VAX alargq.

Yuxarida deyilonlori analitik sokildo do ifado etmok olar. Bunun iigiin hesab etmok

lazimdir ki, kontaktin miixtalif bircins hissalori miixtalif sahalors malikdir.

Uu — U 0
-

e

iifi kRt 1 du

=Yt

Sakil. 2. Sottki diodunun desilmasinin handasi mexanizmi
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Forz edok ki, dw=df/F -desilmo gorginliyi U vo U+dU intervalinda doyison kontaktinin nisbi
sahosidir:
dw=pdU (1)
Burada F -kontaktin {imumi sahasi, df- desilmo gorginliyinin U vo U+dU intervalinda dayison
kontaktinin com sahosidir. B- kontakt sothinin desilmo gorginliyino goro paylanma
funksiyasidir vo agagidaki diisturla ifads olunur :
B=1/F * df/dU (2)
Sadolik {iglin forz elomok olar ki, kontakt sothi desilmo gorginliyino goéro borabor
paylanir. Bu o demokdir ki, oks gorginliyin artmasi ilo desilma prosesindo istirak edon kontakt
sahasi miitonasib olaraq xotti artir. Yoni paylanma funksiyas1 oks gorginlikdon asili deyil,
sabitdir. Tam kontaktin inteqral coroyani ii¢iin dI/dU miinasibatini o ilo isaro edok. Onda
yuxarida sorh edilon hondosi mexanizmino asoson sokil 2-don goriindiiyii kimi oks gorginliyin
artmasi zaman o kegciriciliyinin artmasi desilmo prosesindo istirak edon sahonin artmasi ilo
olagolidir. Bu artimi bels ifads etmok olar:
do=0cdw 3)
Burada & ( -desilmo oblastinda desilon birinci elementar diodun differensial kegiriciliyidir.
Sadolik ti¢lin tosovviir edok ki, elementar diodlarin differensial kegiriciliklori bir birino
borabordirlor. Yoni qiriq xotlor bir birino paralelilor. Differensial kegiricilik oks gorginliyin
artmast ilo artir. O zaman (3)-don alariq;
c=0collpdU (4)
Burada o -on az desilmo gorginliyino malik olan elementar diodun kegiriciliyidir. Uygun
riyazi omoliyyatdan sonra alariq:

G=0CotC ()B (U-Uo) (5)
Nohayat, oks istigamatli VAX iiciin asagidaki ifadoni yazmagq olar:
I= 64 (U-Up)+ 5 o B (U-Up)* (6)

Diistur (6)-dan goriiniir ki, tam kontaktin oks istigamotdo I(U) asililig1 kvadratikdir.

Sokil 3- do SD-nun ‘yumsaq’ desilmoys malik VAX-1 logarifmik miqyasda
gostorilmisdir. Sokildon goriindiiyii kimi miixtolif hissolordo VAX-in meyli miixtalifdir vo
vahiddon boyiikdiir.

n=1.8

I, mkA

n=1.8

1 2
10 ==U-U,,B 10

Sakil 3. Oks istigamoatds SD-nun logarifmik masstabda VAX-1.

Beloliklo, bu noticoyo golmok olar ki, Sotki diodunun VAX- nin miixtalif formaya
malik olmas1 metal-yarimkegirici kontaktinin geyri bircinsliyin naticosidir. Basqa sozlo SD

153



Fizikanin miiasir problemlori VIII Respublika konfransi

‘yumsaq’ desilmosi gorginliyin artmasi ilo oks coroyanin geyri xotti artimi iimumi kontakt
omolo gotiron elementar diodlarin oks coroyanlarinin hondosi cominin naticesidir. Sotki
diodunun ideal VAX-a malik olmasi toxunma sorhoddinin bircinslik doracosinin yliksok
olmasi ilo baglidir. Eksperimentlor bu fikrin dogru oldugunu tamamils tosdiqlayir.
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Eu ATOMLARININ 77Ln X" Tlin X" 9SASINDA ALINAN BORK

MOHLULLARIN
TERMOELEKTRIK XASSOLORINO TOSIRI

N.S. Sardarova
Sumgayit Doviat Universiteti
nailya-sardarova@rambler.ru

Miiasir elektronikanin inkisafi praktik totbiq sahoslorine malik yeni yarimkegirici
materiallarin axtarisini vo onlarin fiziki xassolorinin genis intervalda dyronilmasini tolob edir.
Bu baximdan torkibinds lantanoidlor olan bork mohlul kristallar1 daha perspektivli sayilir [1].
Bu tip bork mohlul krisallarina yaranan maraq ilk ndvbado onlarin elektrik vo istilik xassolori-
nin tadqiqinds praktik moqsad iiclin shamiyyati olan yeni effektlorin miisahido olunmasi ilo
baghdir.

Soyuducu elementlorin hazirlanmasinda adoton praktik mogsodlor iigiin daha ¢ox
bismut, siirma vo tellur komponentli halkogen bark mohlul ssasinda hazirlanmis termogevrici-
lordon istifado olunur. Belo termoelektrik materiallarin keyfiyyst omsalini artirmaq {igiin
mioyyon faizli konar element asqarlarindan istifado etmok miimkiindiir. 9dobiyyatda [2] bu
moagsadlo lantanoid elementlorinin shomiyyoti gosterilir. Bu baximdan 77InSe, - TIEuSe, sis-
temi oasinda bark mohlul kristallarinin alinmasi v onlarin fiziki xassalorinin todqiqi xiisusi
ohomiyyato malikdir. Amma belo sistem asasinda alinmig bork mohlul kristallarinin polikris-
tal nlimunalari praktik magsadlar {igiin alverisli deyil. Ona gors do bark moahlul kristallarinin
monokristallarininin alinmasi vacibdir.

Torkibindo lantanoidlor olan bork mohlul kristallar1 kifayot qodor yiiksok orimo
temperaturuna, boyiik mexaniki gorginliya, yiiksok termoeffektliyo malik kristallar olub genis
temperatrur intervalinda 6z yarimkegirici xassolorini saxlayir. T/Ln X)" vo Tiln X)' tipli bir-

losmoalora daxil edilon Lrn vo In atomlan iigvalentlidir vo onlarin ion radiuslari yaxindir.

o
Mosolon, indiumun ion radiusu 0,92 4, hantanoid qrupundan olan yevropiumun ion radiusu

o o o
0,91 A, disproziumun ion radiusu 0,908 4, gadolimiumun ion radiusu 0,810 4, holmiunun
o
ion radiusu 1,075 A tortibindadir. Ona gora do TILn X" tipli birlosmalords indium atomlari-

nin tadricon lantanoid atomlart ils ovoz edilmasi yeni yarimkegirici xassali vo daha genis fizi-
ki xassolora malik birlosma va bark mohlul alds etmok miimkiindiir.
TlInSe, - TIEuSe, sisteminin birlosmo vo bark mohlul monokristallar zona oritms tisulu

ilo ilkin 77, In, Te vo Eu elementlorinin, havast 107 Pa tozyiqo qodor sorularaq agzi aridilorok
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baglanmis kvars ampulada alinmigdir. Tarazliq halinin alinmasi {igiin qarisiq tizorindo 900-
1000 K temperaturda 160-200 saat termik islonmo aparilmisdir. Kristallarin alinmasinda,
tomizlik doaracasi 99,999% olan 77, 99,999% olan in, 99,999% olan Eu va 99,999% olan Se

elementlorindon istifado olunmusdur. Monokristallar 1-ci sokildo gostorilon qurguda
alimmugdir.

Alinan kristallarin monokristallig1 rentgenoqrafik tohlillo miioyyon olunmusdur. Kris-
tallarm rentgen tohlili DRON-3 qurgusunda aparilmigdir. 2-ci sokildo 7lln, oo Euy, 5, Se, bark

maohlulunun monokristallarinin rentgenoqrami verilmisdir. Rentgenoqrafik tahlildon miisyyen
olunmusdur ki, alinan birlosmolor ilkin 77/nSe, birlosmasino uygun olaraq tetraqonal sinqoni-
yada kristallagir vo qofes parametrlori torkibinde Eu atomlarinin artmasi ilo artir vo
TlIn, Eu Se, bork mohlul kristallar1 7//nSe, birlogsmosindo indium atomlarinin miioyyon qay-

dailo Eu atomlari ilo ovoz olunmasi ilo alinir. Alinan tetraqonal sinqoniyada 2 struktur vahi-
di vardir.

a 0
3 3
1 A -
4
o o 2
5\0 o]
o 0
i
7\& 0
o
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o o
o o
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o o
o o
o o
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H K
o o ol |
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o o B EEE

Sokil 1. Monokristalin alindi1g1 durgu. Sagda niimuns boyunca
temperaturun paylanmasi gostarilib

Tadqiqat naticasindo todqiq olunan T//nSe, - TIEuSe, sistemi ti¢lin uygun konsentrasiya
torkibinin 0+15 mol % intervali iiclin hal diaqrami qurulmus vo miioyyon olunmusdur ki,
TIEuSe, birlosmasinin maksimum hall olmasi 11 mol %-dir vo TlInSe, - TIEuSe, sistem bork

mohlulunda ilkin komponentlorin 1:1 nisbetindo torkibinde 77,/InEuSe, kimi dordqat
birlogmolor yaranir.

TlIn, Eu Se, bork mohlul kristallarinin osas xarakterik xiisusiyyoti onun kristal

qofosindo yliksok konsentrasiyali stexiometrik bos tutulmamis yerlorin olmasidir. Belo
tutulmamis yerlorin konsentrasiyasi~10"-10*sm” tortibindo olub, qadagan olunmus zonada
miixtolif tobiotli lokal soviyyolor vardir [3]. Materialin yarimkegirici xassolori bir sira
xaraterik parametrlordon—yiikdasiyicilarin - sopilme mexanizmindon, qadagan olunmus
zonanin qurulusundan, kristalda istilikke¢irmonin mexanizmindon koskin asilidir. Bu
xarakterik komiyyatlor todqiq olunan materiali digor materiallarla miigayiso etmoyo, onlarin
uygun xassolori arasindaki forqi askar etmoya vo noticado bu materiallarin totbiq sahasini
miioyyanlogdirmaye imkan verir. Bu xarakterik parametrlor niimunonin qadagan olunmus
zonasmin eni, yiikkdasiyicilarin effektiv kiitlosi, yiikdasiyicilarin konsentrasiyasi, onlarin
yiiriikliiyti kimi komiyyatlordir.
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Todqiq olunan bork mohlul kristalinda istilikkegirmo vo termoelektrik komiyyatlor
arasindaki olaqoni miioyyon etmok mogsadilo bork mohlul sisteminin miixtslif torkiblori ii¢lin
istilikkecirmo, elektrikkeciricilik termoelektrik horokot qiivvasi genis temperatur intervalinda
todqiq olunmusur.

Sakil 2. Tl[no 99 Euo o1 Se2 bark mohlulunun monokristallarinin rentgenoqrami

Qadagan olunmus zonanin eni kegiriciliyin temperatur asililigiin yliksok temperatur
intervalinda toyin olunaraq miioyyon olunmusdur ki, torkibdo asqar atomlarin artmasi ilo
nlimunsnin gadagan olunmus zolagin eni azalir. Bu iso desiklorin konsentrasiyasinin artmasi-
na dolalot edir. Zona nozoriyyosino goro qadagan olunmus zonanin eninin azalmasi vo ele-
mentar qofosin parametrlorinin artimini valent zonada uygun soviyyalorin parcalanmas ilo
olagodardir. Otaq temperaturundan yuxari temperaturda yiikdasiyicilar osason akustik fonon-
lardan sopilir.

Temperaturun artmasi ilo avvalca kegiriciliyin miitloq qiymati artir vo 500 K-do yuxari
temperaturlarda iso temperaturun sonraki artiminda moxsusi kegiriciliyin yaranmast ilo
todricon azalir. Todqiq olunan kristallar iigiin termo e.h.q.-nin temperatur asililiginin miirok-
kob xarakteri kristalin qadagan olunmus zonasinin olmasi ilo slagadardir. Konsentrasiyanin
artmasi ilo ikinci hodd artdigindan yiiksok konsentrasiya intervalinda tam termo e.h.q. artir.
Agir desiklorin konsentrasiyasinin sonraki artiminda iso termo e.h.q. temperaturun artmasi ilo
azalir va naticodo maksimum miisahids olunur.

Miixtolif torkibli 77//n,  Eu Se, bark mohlullarinin monokristallar niimunslords 80-400
K temperatur intervalinda istilik kegcirmo omsalinin temperatur asililigi todqiq olunmusdur.
Miioyen olunmusdur ki, temperaturun artmas ila istilikkegirmo omsal1 azalir. Istilikegirma
omsalmin ododi giymati do torkibdon asilidir. Istilikkegirmonin elektron komponentinin
nozors alinmayacaq doracads kicik olduguna gora todqiq olunan kristallarda istilik enerjisinin
fononlarla verilir.
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TlIn, Ln X, BORK MOHLUL KRiSTALLARINDA
ELEKTRON HADISOLORI

N.S. Sordarova
Sumgqayit Doviat Universiteti
nailya-sardarova@ramler.ru

Yarimkeciricilor fizikasi vo bork cicim elektronikasi qarsisinda duran vacib amillordon
biri d’praktik ohamiyyatli yeni yarimkecirici materiallarin alinmasi vo onlarin fiziki
xassolorinin hortorofli todqiqi vacibdir. Bu sahodo on perspektivli materiallar lantanoidlor
osasinda alinan bork mohlul kristallaridir. Mohz bu baximdan bork mohlularin fiziki
xassalorinin todqiqi maraq kosb edir. Ona géro do 71/nS, licqat birlosmolori osasinda bork
mohlullarin alinmasi va onlarin fiziki xassalorine nadir torpaq elementlorinin tasirinin tadqiqi
xiisusi shomiyyato malikdir. ©dobiyyatdan [1] molumdur ki, torkibindo lantanoidlor olan belo
birlosmo vo bark mohlullar yiiksok orima temperaturuna, boyiik mexaniki borkliys malik olub,
qisman yuxari temperaturlarda belo 6z yarimkegirici xassolorini saxlayirlar.

Isdo 0,01; 0,03; 0,05at.% Eu asqar atomlari ilo asqarlanmis 7IInS, — TIEuS, sistemlo-
rinin bork mohlullarinin monokristallari alinmis, onlarda yiik vo istilikdasinma hadisolorinin
mexanizmi 0yronilmisdir.

Alinan kristallarin monokristallig1 rentgenoqrafik tohlillo miioyyon olunmusdur.
Kristallarin rentgen tohlili DRON-3 qurgusunda aparilmigdir. 1-ci sokildo todqiq olunan
TlIn, oo Euy o, Se, niimundlorindan biri {igiin rentgenoqrami verilmisdir. Rentgenoqrafik tohlil-

don miioyyon olunmusdur ki, alinan birlogmolor ilkin 7//nSe, birlosmosino uygun olaraq

tetraqonal sinqoniyada kristallasir vo qofos parametrlori torkibindo FEu atomlarinin artmasi
ilo artir vo TlIn,_ Eu S, bork mohlul kristallar1 7//nS, birlosmosindo indium atomlarinin

miioyyan qayda ilo Eu atomlari ilo ovoz olunmast ilo alinir. Alinan tetraqonal sinqoniyada 2
struktur vahidi vardir.

Sakil 1. 7in 0.90 Bt 0132 bsrkii;léhlulunun monokristallarinin rentgenoqrami

157



Fizikanin miiasir problemlori VIII Respublika konfransi

Isdo homginin T/InS, — TIEuS, sistem orintilorinin torkibindo nadir torpaq elementlorin
miqdarindan asili olaraq alinan birlogsmalorin fiziki-kimyovi xassolorinin kompleksinin tadqiqi
do aparilmis, 7/InS, —TIEuS, sisteminin hal diaqrami qurulmusdur (sokil 2). Mikrostruktur,

diferensial-termik vo rentgenofaza analizlorinin noticolorino osason 7} 1InS>-TIEuS,
sistemlorinin hal diagraminda bork mohlul oblastt miisahido olunmusdur. Miioyyan olunmus-
dur ki, otaq temperaturunda 7/EusS; birlosmosindo 7 1InS> 9 mol %-2 kimi, hall ola bilir.

1200
1000
800

600

TIInS, 20 40 60 80 TIEuS,
mon% TIEuS,
Sokil 2.T1InS, — TIEuS, sisteminin hal diaqram1

Bu gofos hondosi baximdan oktaedr, kimyovi baximdan iso tetraedr olan iki struktur
vahidinden toskil olunmusdur. 7IS, /nS kimi birlosmolords kristallik qurulusun formalasma-
sinda oktaedrdo birvalentli tallium vo indium ionlari, yarimkegirici xassolor iso osas etibarilo
tetraedrdo tigvalentli tallium, indium ionari ilo miioyyan olunur. 7IS —71,S, tipli qofoslords

yarimkegirici parametrlori 1daro etmok mogsadilo tallium atomlar1 lantanoid atomlar1 ilo ovoz
olunur. Bu birlogsmalordo lantanoid atomlar1 adaton iigvalentlilik gdstorir vo onlarin ion radi-
uslart 3 valentli indium ionlarinin radiusuna yaxindir. Ona goro do T7IS gofoslorinds uygun
ovozlomo hoyata kecirmoklo yeni birlosmo vo bork mohlul almaq miimkiindiir [2] Bu

birlosmolords halkogen atomlarinin xarici elektron tsbaqosi 77 -un 6p', indiumun 5s*5p' vo
lantanoidlorin 5d'5s’- elektronlar1 hesabina neytral arqon, kripton vo ksenon kimi tamamlanr.
Alman TIInS; birlosmosinin kristallik qurulusunun tohlili gostordi ki, S-in koordinatinin ciizi
doyismosi zamani T [InS>,-nin struktur motivi 7IS-nin struktur motivini tokrarlayir. Bu
sistemlordo miisahido olunan digor birlogsmalarin rentgenoqrafik todqiqi gostordi ki, onlarin
hamis1 7IS birlogsmasi kimi tetraqonal sinqoniyada kristallasir. Miioyyon olunmusdur ki,
TlInS, —TILnS, bork mohlullarinda lantanoidlorin konsentrasiyasi artdiqca lantanoidlorin
valent elektronlarinin bir qismi kollektiv hala kegir. Naticads elektron qarsiliql tesiri dayisir
Sokil 3-da TIInS,-TIEuS, sistemindo elementar qofss parametrlorinin torkibdon asililigi
gostorilmisdir.
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a, B A

S
7 _///,O__’g—/—‘ll”CL _______________ ©
)
| L/ '
7/
5 10 50
TUIISZ Mon%o T]Eusz

Sak. 3. TlInS,-T1EuS, sistemindoe elementar qofos parametrlorinin torkibdon asililig:

Tlin; Ln.X> bork mohlullarinin (X-S va Te) arintilarinin sintezindo vo monokristallarin
alimmasinda asagidaki amillors xiisusi diqqget yetirilmisdir.

1.Birlosmonin torkibindoki selen va kiikiirdiin yiiksok ugma qabiliyyatino malik olmast;

2. 9rima temperaturunda arintilorin giiclii buxarlanma vo kondensasiyast;

3. Nadir torpaq elementlorinin torkibs qatilmasinin alinan maddslerin hom fiziki
xassoaloring, hom do orima prosesinin 6ziino tosiri.

TlIn, LnX, bork mohlullarinda yiik vo istilikdasinma hadisolorini vo termoelektrik
xassolori todqiq olunmusdur. Bu mogsadls tadqiq olunan Tl/nSe, —TIEuSe; sistemlarinin bark
mohlullarmin  elektrik  kegiriciliyinin, Holl va termoelektrik omsallarinin  100-700K
temperatur intervalindaki temperatur asililiglar1 arasdirilaraq kegiriciliyin asgar vo moxsusi
oblastlar1 asrar olunmusdur. Miioyyon olunmusdur ki, T>500K intervalinda temperaturun
artmas1 ilo kecirici zonaya kegon yilikdasiyicilarin saymin koskin artmasi hesabina Holl
omsalinin azalmasi bag verir. Temperaturun bu intervalinda termoelektrik horokot qiivvosi

650"V _4on 200V
K K

-9 godor azalir. Toadqiq olunan birlagmolar {igiin qadagan olunvus

zonanin eni ii¢lin alinmig qiymotlor konsentrasiyanin n >/ 0% m™ sortindo bu birlogmolor iigiin
parobolik dispersiya ganunun 6donildiyini tosdiq edir.

Termo.e.h.q., istilikkegirmonin vo Holl omsalinin agqar vo moxsusi oblastlardaki tocriibi
giymatlorino osason molum sopilmo mexanizmlori halinda [3] todqiq olunan niimunolordo

yiikdasiyicilarin effektiv kiitlolori hesablanmisdir. Miioyyon olunmusdur ki, mohlullarin torki-
binds lantanoudlorin miqdarinin artmasi ils kristalin qadagan olunmus zonasinin eni, hal six-
liglar1 vo ytlikdasiyicilarin effektiv kiitlolori doyisir. Biitlin temperiitur intervalinda niimunalor
p-tip olmusdur. 4-cii sokildo Tl/n;..Ln.X; bark mohlulu iigiin kegiriciliyin temperatur asililig1
gostorilib.

Oyrilorin asag1 temperaturlu hissolorindo asqgar kegiricilik, ~400K don yiiksok
hissalordo iso moxsusi keciricilik miisahido olunur. Miioyyon olunmusdur ki, 7//n; .Eu,S,
bork mohlullarinda ~500K temperatura kimi elektrik keg¢iriciliyi ¢cox kicik meyllo artmaqda
davam edir. Belo asililiq asqar zona iizro kegiriciliklo olagadar olub, kvazimetallik gedis
adlanir. Bu hissodon sonra elektrik keciriciliyinin nisboton koskin azalmasi miisahido olunur
vo bu azalma torkibdo yevropiumun artmasi ilo daha koskin hiss olunur. Buna sobab agqar
morkozlorin tiilkonmosi vo noticodo yiikdasiyicilarin konsentrasiyasinin sabit qalmasi ilo,
onlarin gofasdon sopilmaleri naticesinde yiirliklilylin mohdudlagmast bas verir ki, bu da
elektrik keciriciliyinin temperaturun artmasi ilo azalmasina gotirib ¢ixarir.
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Sak. 4. TlIn,;_Eu,S, bark mohlullarinda elektrik kegiriciliyinin (O )
temperatur asililiglari: 1-x=0,01; 2-x=0,03 vo 3-=0,05

Temperaturun sonraki artiminda elektrik kegiriciliyinin eksponensial artimi ilo moxsusi
kegiricilik oblasti miisahido olunur. Daha dogrusu, temperaturun kifayst qodor boylik
qiymatlorinds yiikdasiyicilarin istilik enerjilori qadagan zonasini kegmoyo imkan verir.
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ZnO NAZIK TOBOQOLORININ MAQNETRON TOZLANDIRILMASI
USULU iLO ALINMASI VO SOTH MORFOLOGIYASININ TOTQIQI

9.5. Abdinov, R.V. Valiyev
v.rusif@gmail.com

Son 10 illorde ZnO-in yarimkegirici kimi bir ¢ox elmi todqiqat qruplar torafinden arag-
dirilmasiin sahidi olmusuqg. Yarimkegirici ZnO nazik tobogolori yiiksok, elektrik, fotoelek-
trik, optik, kristalliq xassalarina, elektron yiiriikliiyuns, ultrabondvsoyi oblasta yaxin genis qa-
dagan olunmus zolaga malik olmasi, homginin, maya doyarinin ucuz olmasi va xiisusi ilo zo-
harsiz madds olmalarina gore hazirda optoelektronika vo fotonika cihazlarinda genis totbiq
edilir.

ZnO heksaqonal kristallik qurulusa malikdir. GaN-don forqli olaraq ZnO bdoyiik
monokristal parca kimi mdvcuddur [1]. Masalon, GaN sapfir iizorindo yetisdirilir, ~16%
bdyiik qofos uygunsuzlugu ilo yayilmis deffektlorin boyiik konsentrasiyasina (10°-10° sm™)
gotirib c¢ixarir [2]. Optoelektronikada nitridlorin son ugurlar1 ilo ZnO GaN iigiin altliq kimi
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hesab olunur [1]. ZnO-in GaN-don digor iistiinliiyli ZnO-in nom kimyavi asilanmaya hossas
olmasidir [3]. Bundan slave ZnO-in qadagan olunmus zolaginin enerjisinin doyisilmasi MgO
vo ya CdO-in arintilori ilo aldo oluna bilor [3].ZnO-0 Mg olava etdikdo gqadagan olunmus
zonanin enerjisini artirir, Cd olavo etdikdo iso qadagan olunmus zonanin enerjisi azlir [3].
ZnO-in kegiriciliyini idars etmok halads aktual masalalordon biri olaraq qalir.

Amount = 65536

Average value = 15.9534nm
Maximum = 37.9089nm
Minimum = Onm

Median = 15.2058nm
Ra=5.02037

Rms = 6.30952nm

Skew = 0.542542 :
Kurtosis = 0.136864 )
Projected Area = 1.0029 (um)®

Histogram
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Sakil 1. 2%-1i oksigen miihitindo 300°C althq temperaturunda
alinmis ZnO nazik tobaqesinin AFM tasviri vo parametrlari

ZnO-i digor yarimkegiricilordon forglondiron xiisusi keyfiyyatlori agagidakilardir.
¢ 3.44eV genis qadagan olunmus zona enerjisi

¢ Genis eksiton olaqgo enerjisi

¢ Boyiik pyezoelektrik sabitlor
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e Giiclii liiminessensiya

e Adsorbsiya novlorinin istiraki ilo soth kegiriciliyinin giiclii hossasligi
e Polikristal ZnO-in giiclii geyri-xatti miiqavimati

¢ Boyiik geyri-xatti optik amsallar

e Yiiksok istilik kegiriciliyi

¢ BOyiik monokristalin miimkiinliiyti

e Nom kimyavi agilanmaya davamliliq

e Giiclii siialanma va s.

Isdo ZnO nazik tobogolori magnetron tozlanma iisulu ilo inert miihitdo miixtolif
temperaturlu (otaq temperaturu, 200°C, 300°C vo 400°C) 2x2 sm 6l¢iilii kvars altliglar tizorin-
do alinmigdir. Nazik tobagalorin qalinligi 100-145 nm intervalinda doyigmisdir. Hom tomiz,
hom do Al-la asgarlanmis ZnO nazik tobagolorinin optik xassolori, sothin morfologiyasi vo
rentgenstruktur analizi aparilmisdir. AFM analizi gostorir ki, althgin temperaturundan asil
olaraq ZnO nazik tobogolorinin strukturu, soth morfologiyasi vo optik xassalori koskin doyisir.
Belos ki, AFM todgiqatlar asasinda miioyyon edilmisdir ki, 300°C temperaturlu altliglar izo-
rindo hom oksigensiz, hom do oksigen miihitindo (2-6%) alinmis nazik tobogolordo polikris-
talliklik daracasi avvalca artir sonra is9 azalir va 6%-lik oksigen miihitindon sonra demak olar
ki, amorf qurulus niimayis etdirirlor. 300°C temperaturlu altliglar tizorindo 2%-li oksigen mii-
hitindo kristallagma doracesi maksimal olur. Bu ciir nazik tobagalarin optik buraxma omsali-
nin qiymoti do altligin temperaturundan asili olaraq doyisir. Belo ki, 300°C temperaturlu
althqlar lizorindo alinmis nazik tobagolorin udma sorhaddi daha koskindir. Spektrin h<3,6eV
oblastinda nazik tobagolorin optik buraxma amsalinin qiymati 70-80% intervalinda doyisir ki,
bu da onlardan giinas enerjisinin fotogeviricilarinds soffaflagdirici tobago kimi istifads etmaya
imkan verir.Altigin 300°C temperaturunda 2%-li oksigen miihitinds alinmig ZnO nazik tabo-
gosinin AFM tosviri vo parametrlori asagidaki sokilds tosvir olunmusdur.

Spektrin h<3,6eV oblastinda nazik tobogolorin optik buraxma omsalinin qiymoati 70-
80% intervalinda doyisir ki, bu da onlardan giinos enerjisinin fotogeviricilorindo soffaflas-
dirict tobage kimi istifado etmays imkan verir. Oksiegnsiz miihitdo elektrik kegiriciliyi
maksimal olur. Lakin oksigen miihitinin faiz miqdar1 artdiqca elektrik keciriciliyi azalmaga
baslayir.

Isdo buraxma spektrlorinden istifado edilorak (h)"“=f(h) asililiglar1 asasinda ZnO nazik
tabagalarinin qadagan olunmus zolaginin eni hesablanmigdir (3,35 eV).
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Tln,_ Eu.S, BORK MOHLUL KRISTALLARININ
TERMO-ELEKTRIK XASSOLORI (x=0.1;0,3; 0,5)

G.9. 9zizli, E.S. Qarayeyv,
Baki Doviat Universiteti
Eldarsq56(@mail.ru

Eu asqarlart vurulmus miirokkab torkibliTlIn,_ Fu,Se, bark mahlul sistemi olunaraq
miiayyan olunmusdur ki, torkibda ilkin kompanentin 1:1 nisbatindo Tl,In EuS, torkibli

birlagsmasi yaranir. Isdo x=0,1; 0,3; 0,5 torkibki T lIn, _Eu S, bark mohlul kristalinin elek-

trikkesiriciliyi, termoelektrik horakat giivvasi 100 +500K temperaturr intervalinda tadqiq
olunmugdur. Miiayyan olunmusdur ki, torkibdo Eu asqaratomlarimin artmast ilo niimunanin
qadagan olunmusg zolagin eni azalir, naticads yiikdasiyicilarin konsentrasyasi dayisir.

Elm v texnikanin miiasir inkisafi praktik ohomiyyatli yeni yarimkegirici materiallarin
alimmasin1 vo movcud yarimkeciricilorin fiziki xassolorinin otrafli dyronilmosini tolob edir. Bu
baximdan torkibinds lantanoidlor olan bork mohlul kristallar1 xiisusi shomiyyoto malikdir. Bu
mohlullarin istiin cahati o onlarda ilkin komponentlarindo miisahide olunmayan effektlorin
onlarin asasinda alinmig miirakkob torkibli bork mohlul kristallarinda yaranmasi ilo baghdir
[1]. Bu baximdan 7/InS, - TIEuS, sistemi 2asinda bark mohlul kristallarinin alinmasi vo onla-

rin fiziki xassalorinin tadqiqi xtisusi shomiyyoto malikdir. Belo sistem osasinda alinmig bark
mohlul kristallarinin polikristal niimunalari bir sira praktik toloblori yaxsi 6domir. Ona goro
do belo bork mohlullarin monokristallarinin alimmast vacibdir. Bu moqgsodlo isdo

TlIn, Eu_S, bork mohlul kristalinin miixtalif torkibli monokristali alinmisdir. TlIn; Eu,S,

monokristallarinin zona aritma lisulu ilo yetisdirilmosi gokil 1-do gostorilon qurguda aparil-
misgdir. Bu tisulla monokristallar yetisdirilorkon igorisino madds doldurulmus ampula (15)
horakatsiz (1) dayaqglarina birlogdirilir. Qizdirict (3), (6) stativi ilo (5) dayagina birlogdirilorok
ampula boyunca (4) arabacigi vasitosilo (1,7 +5,6)- 10° m/saat siirotlo horokot edir.

Arabacigin horokoti SD-4(14) sinxron miihorriki vasitasilo tonzimlonir. 9lags (10) mexanizmi
ilo yaradilir. Arabacigin harakot etdiyi (7) relsi vo onunla alagodar biitiin sistem (9) 6ziiliina
mohkom birlasdirilir. Oziil iso 6z ndvbesinde divara mdhkom baglanir. Onlar arasindaki olaqo
(8) mexanizmi vasitosilo hoyata kegirilir. (9) 0Oziiliiniin (8) mexanizmi ilo olagosi elo
yaradilmigdir ki, onun vasitasilo sistemi istonilon bucaq altinda nizamlamaq miimkiin olur.
Bununla da eyni qurguda oridilmis zonanin istor iifiqi, istarse do saquli vaziyyatds horokot
edo bilmasi tomin edilir [2].

Bircinsli TlIn, Eu,S,(Se,) monokristallarinin yetisdirilmasi {i¢lin on effektiv tisul xiisusi
halda zona oritma lisulu olmugdur. Sonuncu tsulun effektivliyi asagidakilarla slagodardir: bu
kristallar kifayot qodor termik dayaniqlidir, arimo ndqtosindo nisboton kicik buxar tozyiqino
malikdir, maye fazada yaxs1 hall olan agqarlara, miisbot istidon genislonmoe amsalina malikdir
vo orta temperaturlarda oriyirlor. TlIn, Eu,S,—nin geyd olunan iisulla alinmig monokristallart
diizblicaqh paralelopiped formasinda olub, tobagolors ayrila bilir.
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Sok.1. Zona aritma tisulunun sxematik tasviri

Torkibo daxil edilon Ln vo In atomlart T/Ln X)' vo TlIn X" tipli birlosmolordos tigva-

o
lentlidir vo onlarin ion radiuslar bir-birino yaxindir. Masalon, indiumun ion radiusu 0,92 4 ,
o
lantanoid qrupundan olan yevropiumun ion radiusu 0,91 4, disperziumun ion radiusu

o o o
0,908 A, gadolimiumun ion radiusu 0,810 4, holmiunun ion radiusu 1,075 4 tortibindodir.

Bu baximdan 77Ln X gl tipli birlosmolords indium atomlarinin todricon lantanoid atomlar ilo
ovoz etmoklo yeni yarimkecirici xassali vo daha genis spektral xassoloro malik birlosmo vo
bork mohlul kristallar1 oldo etmok miimkiindiir.

Kristallarin alinmasinda, tomizlik doracasi yiiksok olan 77, In, Eu vo S elementlorin-

don istifado olunmusdur. Alinan kristallarin monokristallig1 rentgenoqrafik iisulla miioyyon
olunmusdur. Almman birlosmolor ilkin 7//nS, birlosmosine uygun olaraq tetraqonal
sinqoniyada kristallagir vo gofos parametrlori torkibindo Eu atomlarinin artmasi ilo artir.
Tln, Eu_S, bork mohlul kristallar1 7//nSe, birlosmosindo indium atomlarinin miioyyon
qayda ilo Eu atomlari ilo avaz olunmasi ile alinir.
TlInS, -TIEuS, sistemi l¢iin uygun konsentrasiya torkibinin 0+15 mol% intervali li¢iin hal
diagrami qurulmusdur ($aki/ 2). Miioyyon olunmusdur ki, 7/EuS, birlogsmasinin maksimum
hall olmasi 11mol %-dir. Diaqramdan goriindiiyii kimi 77/nSe, - TIEuSe, sistem baork
mohlulunda ilkin komponentlorin 1:1 nisbetindo torkibinde 77,/nEuS, kimi dordqat
birlogmalor do yaranir.
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Sokil 2. T/InS, - TIEuS, sistemi iigiin uygun konsentrasiya torkibinin

0+15 mol % intervali tigiin hal diagrammnu

Todqiq olunan 7/In, Eu S, bork mohlul kristallarmnin osas xarakterik xiisusiyyoti

kristal gofosindo yliksok konsentrasiyali stexiometrik bos morkozlorin olmasidir. Belo
tutulmamus yerlorin konsentrasiyasi ~10"-10*sm™ tortibinds olub, qadagan olunmus zonada
miixtolif tobiotli lokal soviyyslor vardir .

Odobiyyatdan [4] molumdur ki, materialin yarimkegirici xassolori —ylikdasiyicilarin
sopilmo mexanizmindon, qadagan olunmus zonanin qurulusundan, kristalda istilikkeg¢irmonin
mexanizmindon koskin asilidir. Bu xarakterik komiyyetlor todqiq olunan materiali digor
materiallarla miiqayiso etmays, onlarin uygun xassolori arasindaki forqi askar etmoyo vo
noticodo bu materiallarin totbiq sahosini miioyyonlosdirmoys imkan verir. Bu xarakterik
parametrlor niimunonin qadagan olunmus zonasinin eni, yikdasiyicilarin effektiv kiitlosi,
yiikdastyicilarin konsentrasiyasi, onlarin ytiriiklilyii kimi kemiyyatlordir.

Tlln, Eu_S, bork mohlul sistemini xarakterizo edon istilik vo elektrik komiyyatlori

arasindaki olagoni miioyyon etmok magsadilo todqiq olunan beork mohlullarin sisteminin
miixtolif torkiblori {igiin istilikkegirmo, elektrikkeciriciliyi, termoelektrik horokot qlivvosi
genis temperatur intervalinda todqiq olunmusdur.

3-cli sokildo miixtolif torkibli 7//n,_ Eu S, bork mohlullarinda termoelektrik horokot

qiivvasinin temperatur asililig verilib.
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Sokil 3. Miixtalif torkibli 7//n,_ Eu S, bork mohlullarinda elektrik kegiriciliyinin
(a) va termoelektrik harokat qiivvasinin (b) temperatur asililig

Kegiriciliyin temperatur asililiginin yiiksok temperatur intervalinda qadagan olunmus
zonanin eni tayin olunmusgdur. Kegiriciliyin temperatur asililigindan o(7") goriiniir ki, torkib-

do Eu atomlarmin artmasi ilo niimunonin moxsusi kegiricilik oblastina uygun qadagan olun-
mus zolagin eni azalir vo noticodo desiklorin konsentrasiyas: artir. Miisahido olunan
effekt:qadagan olunmus zonanin eninin azalmasi vo elementar qofosin parametrlorinin artimi
valent zonada uygun soviyyslorin pargalanmasi ilo alagodardir. Otaq temperaturundan yuxari
temperaturlarda yiikdasiyicilarin sopilmosi osason akustik fononlardan bas verir. 3-cii
sokildon gorlinlir ki, temperaturun artmast ilo termoelektrik horaket qiivvesinin qiymati
ovvoalco miitlog giymatca artir vo 500+1000 K intervalinda maksimuma ¢atir vo temperaturun
sonraki artiminda moxsusi kegciriciliyin yaranmasi ilo todricon azalir. Konsentrasiyanin
artmasi termo e.h.q. artir. Agir desiklorin konsentrasiyasinin sonraki artiminda ise termo
e.h.q. temperaturun artmasi ilo azalir vo noticodo maksimum miisahido olunur.
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SJEKTPUYECKHUE CBOMCTBA SKCTPYJIUPOBAHHBIX OBPA3IIOB
TBEPJOI'O PACTBOPA Biy 7Sby3Te;z93S¢e¢,07, JETHPOBAHHBIX ATOMAMMUA
PEAKO3EMEJIbBHOI'O METAJIJIA TUCITPO3US
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Hccneoosanvl anekmpuueckue ceoucmea 6 WUPOKOM UHMep8ane memMnepamyp
80+300 K sxcmpyouposannvlx obpaszyos meepoozo pacmeopa Biy;Sb; ;Te; 93S8ey 07 p-muna,
JIe2UPOBAHHBIX AMOMAMU pedKo3emenbHo2o dnemenma (P33) oucnposzus Dy 6 konuuecmee 00
0,02 am. %. Ilokazano, umo npumecu P32 HeMOHOmMOHHO 6IUAIOM HA BEIUYUHY
K02 huyuenma mepmo-30¢ o u I1eKmMpOnPOBOOHOCIU G UCCIE008AHHBIX 0OPA3YO8.
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TBepabie pacTBOPHI HA OCHOBE TEJUTYPHIOB BUCMYTA U CYPbMBI IIMPOKO MPUMEHSIOTCS
B TBEPIOTENBHBIX DSJEKTPOHHBIX OXJIATUTENAX, paboTarommx B 00JIacTH TeMIeparyp,
OJM3KMX K KOMHATHOW. BMecte ¢ TeM, BeayTCsl MCCIIeIOBAaHUSA, CBSI3aHHBIE C pa3pabOTKOM
TEPMOIIEKTPUUYECKUX MaTepuanoB 1isi  d(hQekTuBHONW padOThl  TEPMOIIEKTPUICCKHIX
npeoOpazoBareneit mpu temmneparypax Hmwke 200K. [lepcnekTMBHBIMH MaTepuagaMu TpH
HU3KHUX TeMIepaTypax sBISIOTCS TBepable pacTBopbl Bi, ,Sb,Te; Se, ¢ 3ameniennem aromoB
(Sb—Bi) u (Se—Te) B 06enx moapemerkax Bi,Tes [1, 2].

OnHUM W3 MyTe MOBBIMICHUS TEPMODIEKTPHUUECKUX XaAPAKTEPUCTUK TEPMOIICKTPHU-
YeCKUX MaTepHalioB /JJisi KOHKPETHBIX HHTEPBAJIOB TEMIIEpATyp, SIBISETCS JIETUPOBAaHUE
MpPUMECSIM, KOTOPbIE MOTYT MPHUBOAUTH K 3aMETHOMY YBEIHUYCHHIO (DIYKTyaluidi Tepmo-
ANEKTPUYECKUX CBOMCTB, CBS3aHHBIX CO CTAaTHCTUYECKUM XapaKTEpOM pacrpeiesieHus
IIPUMECHBIX aTOMOB B pEIIETKEe MaTpuLbl [3, 4].

Panee HamMu ObLTO MCCIIEIOBAHO BIUSHUE JIETUPOBAHMS IKCTPYAUPOBAHHBIX 00pa3oB
BiysSb,sTe; p-tuna u Bi,Te,;Se,; n-tTuma atomamu penko3eMelnbHbIX 3yeMeHToB (P3D3)
mucnposuss Dy u camapus Sm B konnuectBe 10 0,02 at.%. bplno mokasaHo, 4To mpuMecH
P33 cunpHO BIUAIOT HA BEMWYHHY KOX(P(GUIMEHTA TEPMO-3]C 0, dIEKTPOINPOBOJHOCTU G,
Kod(puimenTa TEIIONMPOBOIHOCTH Y B TepModJiekTpuueckoi dddextuBHocTr Z [5]. Takxke
ObUIO yCTaHOBIIEHO, YTO KoHueHTparms npumecu 0,01 ar.% sBusercs onTUManbHOM Uist
TEPMOIIEKTPUYECKUX TapaMeTpoB TMpHU KOMHATHOW TeMmIeparype, MNpUYeM YBEIUYEHHE
TEPMOIIEKTpUUYeCcKOl A PekTUBHOCTH Z, B OCHOBHOM, OBLIO CBS3aHO C TEM, 4YTO MpHU
BBEJICHUU MPHUMECH B pPE3yJbTaTe HCKAKEHUH KPUCTAIUIMYECKONW pPEIIeTKH MPOHCXOAUT
yBeIMUEHUE paccessHus (OHOHOB, UYTO TPHUBOJUT K YMEHBIICHUIO PEHICTOYHOU
COCTABJIAIONIEH TEIJIONPOBOAHOCTH M YBEJIIMUECHUIO MmapameTpa Z. Kak u3BeCTHO, MOTydyeHHe
0o0pa3IoB AKCTPYAUPOBAHHOTO MaTepuaga CBS3aHO C TMPOBEAECHUEM IEJIOro  psja
TEXHOJIOTUYECKHX ONepanui, TakuX Kak: CHHTE3 TBEpPAOro pacTBOpa HUX MCXOJHBIX
KOMITOHEHTOB, pa3MeJbUeHHE CHHTE3MPOBAHHOTO CIUIaBa JI0 COCTOSIHHUS TIOPOIIKA,
U3rOTOBJICHHE M3 TIOJYYEHHOTO IOPOLIKa METOJIOM TOpSYero IpPeccoBaHUs OpUKETOB,
IKCTpPY3uM (BBIAABIMBAHHE OPUKETOB, HATrPETHIX /O IUIACTUYHOTO COCTOSIHHS, Yepe3
OTBEPCTHE TUAMETPOM OMM).

DKCTIepUMEHTAIBHO OBLIO YCTAHOBJIEHO, YTO HA XaPaKTEPUCTUKH IKCTPYIUPOBAHHBIX
MaTepUajIoB JJIs TEPMODIEKTPUUECKUX IMpeoOpa3oBaTeseil SHEPruu CYIIECTBEHHO BIHSIOT
Takre (aKTOpBl, Kak JaBICHHE W TemIepaTypa JKCTPY3UH, pa3Mep HYacTUI[ UCXOIHOTO
MOPOIIIKa, TEMIIEPATypa U BpeMsl OT>KUTa MOJIYyYEHHOTO TEPMOAIEKTPUIECKOT0 MaTepHara.

B dactHOCTH, B Marepuane C MEIKO3EPHUCTBIMU KPHUCTANIUTAMH HUMEET MECTO
MHOTOKpPaTHOE yBEJIIMYEHHE KOHIIEHTPAMH OJJIEKTPOHOB. OTXKHUT SKCTPYIUPOBAHHBIX
MaTEpUaIoB TMPUBOAUT K BOCCTAHOBIICHHWIO KOHIIGHTPAIIMHM DJICKTPOHOB 10 HMCXOJMHBIX,
ONTUMAJIBHBIX 3HA4YEHUU mepen dKcTpy3uei. [loaToMy onTUMHM3anMed TEXHOJIOTHYECKUX
MIPOLIECCOB C y4YeTOM (HU3UKO-XUMHUYECKHX TEXHOJIIOTHMYECKUX OCOOEHHOCTEH JKCTPYIHUPO-
BaHHBIX MaTE€pUAJIOB, HAIPUMEP MPOBEACHUEM OTXKHIa, MOXKHO YBEIUYUTH 3(H(PEKTUBHOCTH
TEPMOIJIEMEHTOB M3 JKCTPYJUPOBAHHOTO MaTepuaja W TOBBICUTh CTaOUIBHOCTH WX
MapaMeTpoB Kak B TMPOLECCEe HUX H3rOTOBJIECHUS TEPMODJIEMEHTOB, TaK U B MpOIECcCce
SKCIUTyaTaluy NpuOOpPOB HA UX OCHOBE.

TakuM 00pazoM, ONTUMHU3ALUS ITAPAMETPOB TEPMODIIEKTPUIECKIUX MATEPHATIOB MOKET
OBITH IPOBEJICHA KaK BapbUPOBAHUEM COCTaBa U KOJIMYECTBA MpUMeECeH, TaK U ONTUMHU3aLUEl
TEXHOJIOTUYECKHX MPOIECCOB, OTHUM U3 KOTOPBIX SBISETCS OTHKHUT.

B mHacrosimieir pabGore mnpuBeNeHBbl pe3yNbTaThl W3YUEHUS BIUSHUSA JIETHPOBAHUS
aTOMaMHu peako3eMenbHoro Mertamwia auctposus (Dy) TepMosnekTpudeckue CBONCTBA
o0pasmoB TBepioro pactBopa Bi,;Sb, ;Te, 0;Se,(; p-Tuma, 1erupoBaHHOTO aTOMaMH JTUCTIPO3HS
konuyecTBe A0 0,02 at.% Dy.
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Jnst monmydenusi oOpa3noB ObUTM MCTIONB30BaHbl Teuryp Mapku "TB-Y", Bucmyt -"Bu-
0000", cypbema -"Cy-0000", cenen -"CBY-1", mucnposuit -"IMM-1". Peakiusi cunTresa
NPOBOAMJIACH B OTKAYaHHBIX aMITyJax ¢ OCTaTOYHBIM faBieHueM ~ 107 ITa. KoMmoHeHTBI
TBEPAbIX pacTBOpPoB U P33, B3sAThIE B pacyETHBIX COOTHOLIEHUSX, CIUIABIISUIACH IPU
temrnepatype 1300K B oTkauaHHBIX KBaplIEBBIX aMIlysiax. TemrepaTypa B oObeMe Iedu
noBbImanack co ckopocteio 100K/u ¢ mpomexyrounsiMu Beiaepxkkamu mpu 700K u 900K B
teduenne nonydaca. [Ipu moctmwxenun 1300K poct TemmepaTypbl HmpeKpamaics U amiysia
BBIJIEP’)KUBAJIACh B TEIJIOBOM II0JIe B T€UEHHE 6 4, MPU HENPEPHIBHOM IEPEMEIINBAHUHI
BelllecTBa B Hell kKauanueM. OTKUT TpoBoauiics B Bakyyme ~ 107I1a mpu temmeparype ~600K
B TeueHne 100 wuacoB. TepMmoaneKkTpuueckue MapaMeTpbl o00pa3loB HU3MEPSIIUCh B
HamnpasjieHuU B uHTEpBajie Temneparyp 80-300K.
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Puc.1. 3aBucumocTtb K03 hHUIIMEHTA TEPMO-JIC 0. U1 00pa3IoB TBEPJOro pacTBOpa

Big7Sby 5Te;,935€0,07 , TETHPOBAHHBIX aTOMaMH PEIKO3EMEIBHOTO METaIa AUCTIpo3ns, aT.% : 1- 0; 2 -
0,001; 3 -0,0025; 4 -0,005; 5-0,02.

termik islonmodon avvaol P
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450 x4 - 4000
350 4 3000
250 + 4 2000
150 4 1000
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70 120 170 220 270 T.K

Puc.2. 3aBucumocth K03 PUIIMCHTA TEKTPONPOBOTHOCTH G JUIs 00Pa3lioB
TBEpAOTO pacTBopa Big;Sb; 3Te,935€0 07, IETHPOBaHHBIX aTOMaMu peKo3e-
MEeIBFHOTO MeTajia Juctposus, at.% : 1- 0; 2-0,001; 3-0,0025; 4-0,005; 5-0,02.

Ha puc. 1 u 2 npeacraBieHbl, COOTBETCTBEHHO, TEMIIEpaTypHbIE 3aBUCUMOCTH K03 du-
[MEHTa TEPMO-3/IC 0 ¥ JIEKTPOIPOBOJHOCTU G JJISl SKCTPYAUPOBAHHBIX 00pa3llOB TBEPAOTO
pactBopa Big7Sb;3Tes03S€007, Kak HENIErMpOBaHHOTO, TaK U JIETMPOBAHHOTO aTOMaMH
PEeIKO3eMEeNIbHOTO MeTaJljla JUCTIPO3Us B pa3uuHbIX KoHIeHTparusax (0,001; 0,0025; 0,005 u
0,02 at.%).
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W3 pucyHKoB cieayer, YTO B HCCIEIOBaHHBIX TBEPABIX PAaCTBOpax 3JIEKTPONPOBOJ-
HocThb B MHTepBaie Temneparyp 100+300K c ymeHblIeHHEM TeMIepaTypsl pacTeT U B
JAHHOM  TEMIIEpaTypHOM  MHTepBaje  OOHAapyKMBaeT  METAUIMYECKUH  Xapakrep
MPOBOIUMOCTH. Takoe MOBEACHHE XapaKTepHO i YaCTHYHO BBIPOXKICHHBIX MOJYIPO-
BOJIHUKOB, I'JIé YYaCTBYIOT JiBA MEXaHU3Ma PAcCesHUs HOCUTENEeH 3apsja: Ha 3apsuKeHHBIX
MPUMECSX U TEIUIOBBIX KonebaHuax pemetku. KoadduuumeHT Tepmo-3ac o ¢ yMEHbIIEHHEM
temneparypbl nagaer. Ilo 3Haky ko3dduuueHTa TepMO-3IC  YCTAHOBJIEHO, YTO
UCCIIeIOBaHHbIE 00pa3ibpl  007aal0T MPOBOAMMOCTBIO JIBIpOYHOro THma. Heobxoanmo
OTMETHTh, YTO KaK BUJHO U3 PUCYHKOB, 3aBUCHUMOCTb 3JIEKTPUYECKHUX IapaMEeTPOB TBEPAOIO
pacTBopa OT KOHIEHTpALMU MPUMECEH AMCIPO3US HEMOHOTOHHA: 3aBHUCHMOCTH YJIEIbHOU
JIEKTPOIIPOBOIHOCTH OT KOHILIEHTPALMM IIPUMECe AMCIPO3Us MPOXOIUT Yepe3 MaKCUMyM
npu KoHuentpanun 0,005 at.% Dy. Takyro 3aBUCUMOCTb MOKHO OOBSICHUT T€M, YTO aTOMBI
Dy B uccnenoBaHHOM TBEPJOM PacTBOPE UIPAIOT POJIb AKIENTOPOB M MPU KOHIEHTPALUAX
npumecu 10 0,005 ar.% Dy npuBoaAT K pocTy KOHLIEHTpPALMM IBIPOK U TEM CaMbIM K
MOBBIIIEHUIO 3JIEKTPONPOBOAHOCTH. B TO ke Bpems, MpU KOHLEHTpaLUAX NMpUMecH OoJblie
0,005 at.% Dy c pocToM KOHIEHTpanuu Ae()eKTOB B 00pa3lax YCUIMBAETCS paccesHue
HOCUTENIeH 3apsjia M HaOmojaeTcd MaJeHUue HJIEKTPOIPOBOJHOCTH 00pas3loB 3a cyer
MPEBAJTMPOBAHUS YMEHBIICHHUS MOABMKHOCTH 3apsijIOB, YTO MOJATBEPKIACTCS U3MEPEHUSIMHU
kod(durmenta Xoia U MOJABMYXHOCTA HOCUTENCH 3apsia.
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