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PION, KAON ELECTROMAGNETIC FORM FACTORS IN THE FRAMEWORK
OF THE RUNNING COUPLING CONSTANT METHOD AND INFRARED MATCHING
SCHEME

S.S. AGAEV, A l. MUKHTAROV, Y.V, MAMEDOVA
Baku State University
370148 Baku, Z. Khalilov st 23

The pion and kaon electromagnetic form factors Fi (Q°) are calculated at the leading order of perturbative QCD using the running cou-
pling constant method and infrared matching scheme. In computations the asymptotic distribution amplitudes for mesons are used. The Borel
transform and resummed expression for Fir(0?) are found. It is shown that the Tunning coupling constant method allows one to estimate
power suppressed corrections to Fy (07 ). Comparison is made with the infrared matching scheme's result and with the experimental data.

Investigation of the infrared (it) renormalon effects in va-
rious exclusive and inclusive processes is one of the impor-
tant problems in the perturbative QCD [1]. It is well known
that all-order resummation of ir renormalons corresponds to
the calculation of the one-loop Feynman diagrams with the
running coupling constant s (-k?) at the vertices or, alter-
natively, to calculation of the same diagrams with non-zero
gluon mass, Both these approaches are generalization of the
Brodsky, Lepage and Mackenzie scale-setting method [2] and
are equivalent to absorbing certain vacuum polarization cor-

£ (0%)

D Ry

where °=-g” is the square of the virtual photon’s four-
momentum. Here ¢y is the meson M distribution amplitude,
containing all non-perturbative hadronic binding effects. In

rections appearing at higher-order calculations into one-loop
QCD coupling constant.

Unlike inciusive processes exclusive ones have additional
source of ir renormalon contributions [3-5], namely, integra-
tion over longitudinal fractional momenta of hadron consti-
tuents in the expression of the elm form factor, which genera-
tes such corrections.

In this work we consider light mesons (pion, kaon) elec-
tromagnetic form factor, which in the context of QCD has the
form
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(1) Ty is the hard-scattering amplitude of the subprocess

g3’ + ¥y~ — gF' and can be found using QCD.
At the leading order Ty is given by the expression

o= iGﬂ'CF 2 aS[QZ('I _ X)(l _ Y)] + im c i )
B =T 2 3 (I—x)(l-.Y) 2 Xy ’TE 3

One of the important moments in our study is the choice
of the meson distribution amplitude @, (x, 0°). Here for the
pion and kaon we use the asymptotic amplitudes

8 (x) =

and £,70.093GeV, £;=0.122 GeV are the pion and kaon de-
cay constants,

The QCD running coupling constant & ( 2) in Eq.(2)
suffers from ir singularities associated with the behaviour of

J3£,,,%(1 - %) 3)

as(éz) in the soft regions x—0, y—=0;x—1,y—->1. To

solve this problem in the context of the running coupling
constant method let us relate the running coupling & {A(¥ )

lo*rle)]™ = 5
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'in terms of as (07) by means of the renormalization group

equation {6)

a:(0°)
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a,(107) = @
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where @ (Q?) is the one-loop QCD coupling constant,
Bo=11-2n¢/3 is the QCD beta-function's one-loop coeffi-
cient.

As it was shown in the works [3-5], integration in (1) us-
ing {2) and (4) generates ir divergences and as a result for
Fi{Q’) we get a perturbative series with factorially growing
coefficients, This series can be resummed using the Borel
trausformation [7]

I du exp[— ﬁ%u_] B[Q" F, ](u), 5)
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where B{(?Fy] (u) is the Borel transform of the corresponding perturbative series.
When we take both of the variables x, y in Eq.(2) as the running ones, for B/Q°F,J (u) we find

go7F, Jw = t _ 1 £ 2 ©
" (1-vw? (2-w? 1-u 2-u

The Borel transform (6} has double and single poles at u=1,2 which are the ir renotmalon poles. The resummed expression
(5) can be calculated with the help of the principal value prescription [6]
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Fig. The pion elm form factor calculated using @4y (%) (3). The curves correspond to the following computational schemes: 1 - resum-

med expression (73, 2 - resummed expression (9),dashed curve 3 - ir matching scheme, short-dashed curve 4 - frozen coupling ap
proximation.

Here 11 (A) is the logarithmic integral

Qz . In the case with one frozen (for example,y) and one run-
li(i) = P V. I o ;A= Az (8)  ning (x) variables we get
J

f 72
[QzFM(QZ)]:es _ (16ﬂ.'f) .Il(/l) J.;(:f ) i _ % ©

The ir renormalen carried out analysis allows one to esti- I freezing one of variables {y) we can express O°Fy((Q?) in
mate power corrections to the light mesons’ elm form factor.  terms of moment integrals £, defined by the formula
Another way of such estimation is the infrared maiching sche~ a
me, in the context of which one explicitly divides power cor- £, (Q ) < j dkk? g ; ( k? ), (10)
rections from the full expression by introducing moments of F
a5 at low scales as new non-perturbative parameters [8]. By

r

After simple calculations we get



0°F,(0%) = 64nf§{(-g—]2f2(p) - (gyfq(ﬂ) + %“"— [2 - 2r(z,22) + T(3,42)] +

2

where =2 GeV is the ir matching scale, z=1n (Q/ JE M),
as(Q?/2} and I'(n, x) is the incomplete gamma function.
Results of numerical calculations for the pion are
shown in Fig. The similar results can be obtained also for
the kaon. In our calculations we take for non-perturbative

- 4r(2,22) + T(2,42)}+. .. }

I

£ (u=2GeV)=0.5, f£,(u=2 GeV)=0.347, As is seen,
Eq.(9) and ir matching scheme give approximately the same
results, exchuding a region of small ¢°. In general, the ir re-
normalon effects enhance the ordinary perturbative predic-
tions for the pion, kaon elm form factors approximately two

parameters £, (y) and f;¢u) the following values times, partly, explain experimental data [9].
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P{ON, KAONUN ELEKTROMAQNIT FORM FAKTORLARI DOYi$oN To’SIR SABIT! USULU VO
INFRAQIRMIZI INIKAS SXEMI CoRCivosiNDa

Pion ve kaon Fy(Q?) elektromagqnit form faktorlad: perturbativ KXD-nin esas yaxinlagmasinda deyigen to’sir sabiti fisulu ve
infraqirmmzn in’ikas sxeminin kémayi ile hesablanmigdir. Hesablamalarda mezonlanin asimptotik paylanma funksiyalarmdan istifade
olunmugdur. Usitn Borel ¢evriimesi ve yenidencemlenme ifadeleri taprimigdir. Gosterilmisdir ki, deyisen te'sir sabiti dsulu tistti
azalan diizeligterin Fy (0% ) -na verdiyi slaveleri giymetlendirmeye imkanverir. Infraqumuz in’ikas sxeminin naticoleri ve tecriibi
naticalarle miigayise apalirlnusdir.

U1.C. Araee, A H. MyxTapor, E.B. Mamenosa

MHOHHBIN, KAOHHLIN IIEKTPOMATHHTHBIE ®OPM-DAKTOPBI B PAMKAX METORA BECYIIEH
KOHCTAHTBI CBA3H H CXEMbI HHOPAKPACHOI'O OTOBPAKEHHWA

DNEKTPOMArHHTHNG dopM-BakTopsl NUOHA, KaoHa Fiy (C°) BHIMHCICHE! B MIABHOM npatamkeann neprypbaTneraoi KX © noMoweo
meToa Serywell xoHCTAHTH cBA3H M cxeMmu nHpakpacHoro oTobpasens, [IpH BRYHCISHNAY HCNOTBIOBAHBI ACHMITIOTHYSCKAS dyHKuwAH
pacripenencuna. Jina  Fi (QP) matinenr Bopenenckoe npeoSpazosauue n NPOCYMMHPOBAHHOS BhipasketHa. Tlokatawo, uro meroa Geryweh
KOHCTGHTEI CBS3H TIO3BONNET OUEHHTE BKNAN B Fiy(0°) CTEMEHHO-NIONABNEHNEX Nonpanok. [IpoReAeHD CpaRHEHHE ¢ PeayIhTATOM CXeMEl
HHGPAKPACHOTO OTOBPAKCHHA H C IKCTIEPHMERTANBHEIME NAHHBIMH,

Lama nocmyrnenun: 15.01.99 Pedaxmop: H.I". Jacagapos



FIZIKA

1999

CiLDV N 1

K BOIIPOCY O NEPEKTOOBPAIOBAHHH B KPHCTAJLIAX InSe, GaSe H Cd,;Hg.Te

IO.I'. HYPYJLUIAEB

Baxuncxuii Nocydapcmeennwiti Yuusepcumem um. M.A. Pacynzade
370148, 2. baxy, yr. 3. Xarunoea, 23

PaccMOTpeHH BO3MOMNHBIE MEXSHHIME! AedexTo0dpazonanus B kpuctannax InSe, GaSe n Cd,  Hg, Te.
Ha ocHOBe aHAMH3A IKCMEPHMERTANBHEIX PE3YNLTATOB M TCOPCTHHECKHX COOGPDECHUN 0KA3AHO, ¥TO JedexThl NPH PactMOTPEHHH
MOKHO DasuacAlTh Ha CACAYIOHIME THAR: COOCFBCHHBIC CTPYKTYPHBIC M HEKOHTPOMHPYCMBIE MPHMCCHHC, BBCICHHBIC CHCLMANBHBIM

NErupoBanHes, pagHalIoOHHEIE.

HakoIuieHHEIH X HacTOAIIeMY BpeMeHM GoNBmION 3Kcne-
pHMEHTANEHLIH Martepran [1-3] omHOdHAYHO CEMIETENHCT-
BYET O HATHMHH PAINUMHEIX THOOR COOCTBEHHEX TOYEUHRIX H
Makpockomiueckux nedexroe B InSe, GaSe w Cd, Hg,Te
(KPT), 0 BOIMOXKHOCTH CO3LGHUA B HHX pasiH4HBIX Aetex-
TOB MYIEM JETHpOBAKHA, TepMIYeckoii oOpaCoTkH H pagHa-
MOAHOTO 00NMyuenns, 4 Takke o6 onpeaenaiomedi posH mae-
(EKTOB B 3EKTPOHHBIX CBOHCTBAX ITHX MaTepHAIOB, OnHa+
KO 10 CHX MOP HET ACHOCTH B BOMPOCE 0 MeXaumime o0paso-
BAHMA B HHX KaK COGCTBEHHRIX, TAK M CHCLIMAILHO BBEACH-
HBIX AeCKTOB.

TMonyueHHBle HAMH, & TAKKe HMEIOIUHECH B MHPOBOMH
HaY4HOIH JIMTEpaType CBEICHHA N0 NICKTPOHHMM CBOHCTBAM
kprcramos InSe, GaSe v KPT no3eonsior BEIABHHYTE HEKO-
TOpHIE COOBpAkKEHNA © MEXaHHaMax o0pasosaHnA zedexrop
B kpucrawmax coenrennlit A’B® 1 KPT u 06 ux BAnARMY Ha
INEKTPOHHBIE CEONHCTBA ITHX MATSPHAIIOB.

ITpw 3ToM MOXHO KNaccadHLApPORaTh AedekThl MO CReTy-
IOLOAM TANAM: cOOCTBCHHBIE CTPYKTYPHBIS, HEKOHTPOIHpYe-
MbI¢ TPHMECHLIC, BECACHHEIC CICLIHANBHLIM NETHPOBAHAEM,
PAAHAIHONHBIC.

1. CofcrBeHHbBIe CTPYRTYPHEIC H HEKOHTPOJIHPYeMbIe
npumMecHnle AedeKThl.

CoBOKYITHOCTE NOMYUeHHEIX K HACTOMIEEMY BPeMEeHH JIKe-
NepUMEHTANBHEIX PE3YNBTATOR N0 (HHIMIECCKHM CRONCTBAM
MOHOKPHCTAILTOB coemumenuit A’B® co cnoucroll etpykry-
poll CBHAETENLCTEYIOT O HANHYAH B AMPELIECHHON 30HE 3THX
MATEPHANOB Pa3IWdHBIX JOKANBHEIX YPOBHEH, B YACTHOCTH,
mensox (o) B rmybokux () ypoBHell IPUIMNARHA, a TAKKe
IeHTpoB MeaneHHol { r) 1 6srcTpoli (5) pexombunanuu. Cor-
JACHO TTONYUeHHBIM HAMM H CYNISCTBYIOWHM B MHpOBOH
HaydHOH NHTEpaType HAHHBIM, B HCJETHPOBAHHRIX CIie-
IHATLHO KpHCTAIUTAX [nSe spepreTHueckue ruyGUHL 3ame-
rauHa «a-, f-,S- H r-EHTPOB COCTABMAIOT, COOTBETCT-
BeHHO, E, ~E- 0.053B: E, ,=Ec -0.34 3B; E5=E, -0.56 3B;

Eg=E,. -(340 3B; E, =E,+0.50 3B; a xOHUGHTPALKH COCTaB-
AT N,,I~9.T-10's om: Naz~2.4-10" oM N ~6-10" en”.
Hpn 77 K 3na4enna koadHLIECHTOB 3aXBaTa OCHOBHBIX H
HEOCHOBHBIX HOCHTENSH 3apafia r- H S-USHTPAMH PaBHBL
Yas = 107 oM?, 1o, =310 eM?, 3,510 Ton, 3, ~3-10% o’
B HenerMpoBaHHBIX cHEUHATbHO MOHOKpHcTaLnax GaSe
3TH ke TNAPAMETPHl MMET 3SHAYCHWA: E, =E,+0.153B;

E,, =E, +0.40 3B; Eg=E, 4055 3B; E;=~E. -0.58 3B;
Ee=E, -040 B; Npm510° oM™ N, #2510,

N210%em?; 10" oM?;

Yar=S 107" em?.

MoXHC npefnonokHTh, MTC BCE 3THE WEHIPH B MOHOKDH-
crannax InSe, GaSe u apyrux coemmennit A°B® co cnouctoit
CTPYKTYpO#H CBA3aHE! ¢ COGCTREHHBIMH Je()eKTAMH pELUeTKH -
BAKAHCHAMH, MEXIOYIeNbHBIMH 8TOMAMH H T.B. H Pas/IndHbl-
MH HEKOHTPONHpYeMbIMH NpHMecAMH. B  yacTHocTH,
npeofinafanue MEKTPOHHONH, 2 He AMPOYHOH POBOIHMOCTH
B MOHOKpHCTATNAX InSe ofycnosneno GonswmM WIGHTKOM
aTOMOB HHIIHA, ROIHHKAIOI{HM 33 CUeT NerKoNeTyuecTH cene-
Ha B [poliecce CHHTE3a i BHPALIMBAHKI. YacTh i3 HHX BMEC-
T ¢ 0CBODOAHBIIMMHACK U3 VINOB DEMICTKA aTOMAMH HHIMA,
HAaXODACE B MEKAOYIIHAX, 0OpalyloT ACHOPHBIE YPOBHH, a
OCTATBHAA 4acTh 0GYCNaBINBaeT HATHYHE B H3YYacMOoM Ma-
TEpBAIE BAKAHCHHA Ce/ieHa, ONHOBPEMEHKO B InSe CylecTRy-
IOT TAKKE B HEM&IOM KONHMECTBE BakaHCHH In. Baxancrn
KaK MHOMA, Tak H CeeHa HMEKT aKLenTOpHbIH XapakTep.
TTo3TOMY B HCXOHHOM COCTONHFH HENErMPOBaHHBIE CIIC-
UHMANBHO MOHOKPHCTAUIb] CENCHHAA HHAHA ABAAIOTCA Yac-
THIHO CAMOKOMIEHCHPOBAHHMMY. 00 3TOM CBUAETeNRCTBY-
10T HOMY4eHHDbIE Pe3yAbTaThL GOJIbIIOTD YHCHa paoT NO H3y-
YEHHIO SNEKTPOHHBIX NpoleccoB B MonokprcTaiax AR co
cmoncTofl cTpykTypoit.IlpeobnagaHie QupOMHOTO, 8 HE NIEK-
TPOHHOTO THMZ MPOBOIHMOCTH H B MOHOKPHCTAINTAX CENCHH-
H2 FAHA TOXKE MOXeT ObITh CBA3aHO ¢ COOCTBEHHBIMH g~
§eKTaMH KpHCTALAHYECKOH DEIETKH W HANMMHEM PasiHy-
HBIX HEKOHTPONMpYEMBIX Npumeceii.

Moa aeifictercM BHyTpHXpHCTaIHYcCKHX noneH, oGyc-
NOBNCHHLIX PalIHIHBIMH  MEXAHWHECKHMH pa3ynopafoye-
HUAMHA (CKOIVIEHHE H OTCIAHBAHEE SOCENHMX GIOEB OTHOCH-
TENLHO APYr - APYTA B OTACHBLHLIX JIOKANBHBIX YYacTXax M
T.l'[.), KaK MEKI0Y3EIbHBIE ATOMbBI, TAK H BaAKaHCHH pacnpe,ne-
nAoTCA 0o o0heMy KPHCTALIA TPOCTPAHCTBEHHO-HEOTHOPO-
IHe (npeofnafiaer HX JOKANH3ALHA B OTACNLHMX o0nacTax).
Te uacTH KpHCTaNAa, TA¢ OPSHMYRIECTECHHO NOK2NM3IOB2HEI
MEKHEOYIeNbHEIS ATOMEl, BeOyT ¢¢0A KaK HHBKOOMHAA Ma-
TpHua (HO), a Te wacTH, 8 KOTOPHX, NPEHMYILESCTBEHHO
NIOKANH30BAHEL BAKAHCHY MHAMA, CeNeHA (AKLENTOPH) - Kak
KpynHOMacmTabHee BLICOKOOMHBIE Brmouenns (BO). Ha
rpasuie 3THX ofnactell BosHEKaeT pexoMOHHAUMOHMENR
Gapeep. He HCKMOUACTCA TAKKE BOIMOKHOCTE BOIHHKHOBE-
Hug B HO ppeifionsix Gaprepor mng HocuTeneli 3apsama ¢
OTHOCHTENEHO MANOH BRICOTOH, 0fyCaoBNeHHOH nepakphiBa-
HUaM "XBOCTOR" ofnacvedt OOLEMHEIX (MPOCTPAHCTBEHHEIX)
3apAA0OB COCEIHHX peKxoMOuHALMOHHBIX Oapkepos. Hanuuue
ApeidoBEIX 0apbepOE NMPHBOAWT K YMCHLILICHHID MIHHBI
ambdysnn Hocutened sapana 8 HO marpuue, H ofpasen

%2107 oM’ 2107 on’;



pegeT celfif KAk CHCTEMA, COCTOAAS H3 NOCICI0BATENHHO
COeIMHEHHLIX NIPOBOIRAKOB ¢ PAVINYHEIM COTPOTHRIEHHEM.

ITpennonaraerca, 970 - H S— UEHTPH NOKAAH3OBAHE B
HE3KOOMHON MaTpuue, @ S M r-UeHTPH - B BEICOKOOMHLIX
pKMOYeHHAX. CleyeT OTMETHTE, YTO JIHILE TAKOS pacnpene-
NeHH¢ ROKANBHEIX YpoBHeH Moxer O0GecmeuHTh HH3KOOM-
Hocts HO u sticokoomMuocTs BO.

Hanmuure B 3anpemenHoll 20He 3THX MATEPHANOB ABYX
IPYAN PekoMOBHANMOHHEIX UEHTPOB (BACTpHX S- H Mea-
NEHHBIX r-LEeHTPOB} DOATBEPRAALTCA OOHApYyKeHHEM cyb-
naueiinoll obmacty #a JIAX cobereeaHol doTonpoBoanMoC-
TH, UK 1 TeMnepaTypHeIM ratieHueM goroToka [4]; HanmuHe
HEOCHOBHBIX MENKHX YpoBHel o -MpHIMnaHms - o0Hapyxe-
nuem TOM3, TCII, wupyusporannofi npumecHod goronpo-
BOAUMOCTEIO, A HANMYHE MNTy0oKUX ypoBKeH f-npruiananug -
obuapyxerneM 3¢dexTa ocrarouso otpauaTensioll GoTo-
NPOBOJHMOCTH.

2. NederTrl, 06ycnoBNERHEBE JETHPORAHHEM.

AHanM3 3KCHEPUMEHTANBHEIX PE3YNLTATOR HCCIEN0BAHHA
ENHAHUA JIETHPOBAHMA  DEOKOIEMENbHEIMH  3NEMEHTAMH
(P33) Ha PUIHKO-XHMHYECKHE H INEKTPOHHDIE CBOACTEA MO-
HOKpHCTALIOB coennneHnit A°B® (5] mo3sonser npemmono-
KHTb CHEIYIOUINIA MEXAHHIM BBEHEHHA M PasMELUCHUA NpPH-
MeCHBX aTOMOB, & Takke aedexroofpasoBanmdA, obycnos-
JIEHHOTO JIETHPOBaHHEM MOHOKPHCTAWIOB A’B® co cnouctol
CTIPYKTYpoi.

B 4acTHOCTH, OpeANoNaracTcd, 910 NPH OTHOCHTENBHO
MATOM TPOLCHTHOM COASPHKAHUH BBOIMMBIX npHMeceit (Ny)
HOHBI P33 BXOUAT B 3TH MaTepHANBl KaK MEXAOYIENLHLE
Toaeqtble AedekTel (fecdekTH BHEAPCHHA) ¢ AambHeHmed
MHrpangmeli NpH TeMVIepaType BLIPAIMBAHKA X HCXOAMLIM
ckomwrenHaM aedektoB. B pesyneTare 371010, ¢ ONHOM CTOPO-
HEl YBEWIHBAETCHA CTEMeHb CTPYKTYpHOit nedextHocTH, 4 ¢
zpyrofi - pacTeT MO PaIMEPy MAKPOCKOIHUECKAA HEONHOPOA-
HOCTE H YBENIMHBAETCA CTEMEHD NPOCTPAHCTREHHON HEO(HO~
ponHocTH. ECTeCTBEHHO, 4TO 3TO B CBOK OYepeds, LOJDKHO
MPHBECTH K YCUNeHHO (dieKToB, XapakTepHEIX MU CTPYK-
TypEO-NePEKTHEIX H TIPOCTPAHCTECHHO-HEO JHOPOJHBIX KPHC-
TATIOR, UTO H HAOMOMaeTCa B COOTRETCTRYIOILINX H3IMEpPEeHH-
.

[pu nansHelimen pocte Ny, HOHBI P33 zaMeniaioT BaKaH-
CHH KOMIMeHeHTa Tperhelt rpynnw (In uau Ga). B pesyne-
Tare, BO-NEPRHIX, NPOHCXOAHT BHYTPHCIOEBOE YNOPANOUECHHE
KPHCTANNOE, BO-BTODHIX, H3-33 3aMEHBl HOHA A HOHOM P33
YBEMHYHBAIOTCA MEXKCIOCBBIE CEA3H, YTO B CBOIO O4YEpenb
NIPHBOAKT K YMEHBIUEHWIO CTENeHH He(PeKTHOCTH, a TaKKe
IPOCTPAHCTBEHHON HEGAHOPOAHOCTH KpHCTAIOB, 0fyCmoB-
JEHHOH CKONBKECHHEM H CMELICHHEM COCCHHHX CI0EB OTHO-
catentHo Apyr apyra. Ilo-supemomy, H3-3a 3TOrO B NE-
THPOBAHHBIX OTHOCHTENbHO GoOMBWIHM koaudecTBoM P32
KPHCT&INAX NEKTPOHHBIC CBOHCTBA yike HAYHHAIOT [OXYH-
HATCA 3AKOHOMEPHOCTAM, XAPaKTePHEIM ANIA HPOCTPAHCTBEH-
HO-QAHOPOLHWX TNOMYNPOBOAHHKOE C COOTBCTCTBYIOIMHMHA
ROKATBHRIMH YPOBHAMA 8 danpemenHoli soue, B monkay npa-
BWILHOCTH 050MX Npe INOEKCHRHX MEXaHHIMOB BHEAPCHHA H
pasmelliens npuMecel P33 » kpuctannax coenunenuit A'B°
CO CTOHCTOH CTPYRTYpOL CBHASTENBCTBYET TAKKE H TO, UTO

voRnLH (1, =0.908 A, r; =0.81 A, r; =1.075 A) n xosa-

nenTELH (I, =1.60 &, £}, =148 A, ;=195 &) pamay-

¢l HCMONBIYEMBIX NpHMeceH, MeKAaTOMHBIE PacCTOAHHA
(A;-A3r=3.16 A, A;-Bere2.60 A), TomumHa ecTecTBennBIX
cnoes (~3.16 A), wowmfi (In™=092 4, Ga™ =062 4) n
xosancHTHE# (In'= 1.46 A, Ga* = 1.25 A) pagsyc A xomno-
HEHTA OKA3HBAIOTCA B GRATONPHATHHX AIS ?TCro COOTHOWE-
HiAx [6). Crneayer OTMETHTS, YTO H3-33 H3IOBANCHTHOCTH KC-
nomb3yeMbix P33 ¢ HHAHEM H ranmueM, BHeApeHHbIE B KPHC-
Tannkl InSe v GaSe npmmecnste aromel Dy, Go B Ho kak mpu
PASMEIEHAH B MEKIOYUIHAX, TAK TPH 3AMEINEHHH BAKAHCHIH
In wax Ga He JOMKHEI CO3MARATL HOBbE (OTIHUAOILKECT OT
COOTEETCTBYIOMIMX MEXAOYIENbHEIX ATOMOB WTH Bakascuil In
wm Ga) mpHMecHbIe YPOBHH. [IpH 3TOM MOMET MEHATECA
(yeenumupaTc OpPH  BHEAPEHMH M YMEHBINATECHS TPH
JaMelleHHH) JIHIIE KOHUERTPALMA COOTBETCTBYIOUIHYX NpH-
MECHBIX HEHTPOR,

Jlanee, npu jancHefDeM ROBHILEHWH Np, MpH GOARmINX
Ny BEeHeHHBIE aroMbl P32 HaUHHAOT y:Ke paclpefeniThe
TI0 BeeMy OOBEMYy H3YU2eMBIX KPHCTANNOB, T.K. CKOILIEHHS
TOUEUHRIX AedeKTOB YXe HaChIMEHH, YT0 MPHBOAMT K HPOC-
TPAHCTBEHHOMY YNIOPANOYCHMIO KpHcTanma. OmHako, TpH
3TOM OJHOBPEMEHHO HIYT Pa3NHYHbiE KOHKYpPHPYIOUIHE Npo-
ueccsi, Bo-niepeeix, aToMel P33 3aHHMaroT Bakancku In (uau
(a), H 3TC NPHBOIHT K YMEHLILEHHIO KOHLUESHTPAUMH akuen-
TOPOE M, COOTBETCTREHHO, HIMEHEHHIO YAENLHOTO CONPOTHB-
Jiennd Matepuana. 1lpraem mnd InSe u GaSe 370 H3MeHeHHE
HMeeT pasnHaHbif xapaktep. Bo-BTOpBIX, NOCTEREHHO CHH-
MAETCA NPOCTPAHCTBEHHAA HEOAHOPOAHOCTS KPHCTALIOB,

3. HedexTbl, BOSHHKAWILAE MPH PAAHANHOHHBIX
ofny"eHHAX,

Ilpn obxydennn pkBantamd B Kpucraanax KPT oGpasy-
FOTCA PAAHALHOHEBIC A¢PEKTH KaK AOHOPHOrO, TAK ¥ aKLern-
TopHOro THNa. Oanako, obpazopanite AedeKTOB AKLCIITOPHO-
ro THNA NpecCragaeT, H MO3TOMY, CTENEHE KOMMESHCAUMH B
KPHCTANAAX N-THNA YBEAHUNBALTCA,

[Ipn Temneparype OCYIIECTBAEHHA j-00MydeHHA NpomMC-
XOAUT BTOPHYHOE ABJICHWE MHTPALHA TOUEYHBIX PAAHANHOH-
HBIX Ae(EKTOR B CTOPOHY HCXOMHRIX MAKPOCKOTIHIECKHX He-
ofHopoAHOcTeH. B pesyapTaTe 31010 MPOHCXOIRT CKOIIEHHE
OEPRHYHLIX PAAHAHOHHBIX JedekToR. 3TOT nMpouece MoXer
obsacHATECE cnemyiomnpm obpasoM. [lpu wolmydeHun B
kpHctannax KPT BO3HHKa:OT TOUEUHHE PamHALMOHHLIC je-
¢$eKTEL KaKk ZOHOPHOTO, Tk M AKIEMTOPHOIO THMA. 3TH he-
¢dextel  oByclIOBNEHH BakaHcHel M MeXAOYIeNbHBIMH
aTOMaMH PTYTH, COCTBETCTBEHHO, T.e. o0pasomaHHeM je-
dektoB Mo Lpenxemo. B 3THX ke kpycTamnax 2o obIyaeHHa
CYILeCTRYIOT GONBIIWe CKOTUTEHUS COOCTBEEHHRIX HedekTon H
ITH CKOIUICHUS BOIHHKAIOT BCIENCTBHE HANTHYHA HEKOTOPOre
BHYTPHKPUCTALTHYECKOrO NOMA; Mocne o0yyeHuA non eii-
CTBHEM TOTO Ke BHYTDEHHETO MONf HAYHHACTCH MHIPALHA
CO3NAHHBIX )-KBAHTAMH PANMALMOHHBIX nedexToB. EcrecT-
BeHHE, 4YTO Gosee iEeKTHBHO H HHTEHCHBHO Oyaer ocy-
IIECTRAATLCA MUIpalys Gonee MOABIXHBIX TOUCYHHIX Achek-
T0B - JedexToB JoHopHOre THNA. Ilo BHOHMOMY, C 3THM H
CBA3AH TOT (akT, 4To Kak Oyaro npn yobimyqeHus npeoG-
MARIET BECACHHE B KPHCTAIIb PAIHAUMOHHLX NedeKTOB aK-
uentopHore THOA. TIpH OTHOCHTENBHO MANEIX Z03aX ofmyye-
HHA CKOMNEHHA ellle HE "HACKIMICHEL", TIOITOMY C POCTOM HO-



KL HYPYIUTAER

36) O0MyueHua (D,) oMn ypenuuupaioTca. 1Ipn HOCTHXeHHA
HEKOTOPOrO TPAHHEHOTO SHAYEHNHA D, CKOMICHHS YiKe HACH-
MAIOTCA M CO3JaHHBIE O00mMyueHneM aedexThl HauHBAIOT

(1]

[2]

B3]

PACTPEACIATLCS MOYTH PARHOMEPHO TO BceMmy ofbemy of-
pasna. 3T0 BNOMHE MOXET HMETh MeCTo, T.K. }KBaHTH! obna-
HAIOT BLCOKOH CNIOCOBHOCTLEO TPOHHKHOBCHUA B MATEPHAT.

A.Sh. Abdinov, A M. Guseinov, Yu.G. Nuruliaev,

Tepuankt”, 1981, 1. 19, 8. 11, c. 1811-1813.

O.M. Sadvkhov. Ohys. Stat. Sol., 1989, (a), 116, 11, [4] A.IL AB0unoa, B K. Mameooe, FO.I'. Hypynnaes.
p. k173-k177. OTIL. 1981. T.15.B. 2. C. 258-262.
AL Abdunos, FO.I'. Hypyanaee, I.C. Ceudnu, [51 ZA. Iskender-zade, O.M. Sadykhov, A.Sh. Abdinov.
A.I. Caowzos. JAH Az, CCP, 1988, T.XLIV, Me 4, Phys. Stat. Sol. (a), 1985, v. 92, Mo 1, p. 77-80.
c. 29-33. ' [6] A.LL AGouwoe, P.@. babaesa, F0.I. Hypynraes.
DA Jaumos, [IO. Awdepcow, H.B. Apucmosaq, “"Heoprammaeckue Marepnanst”, 1996, 1. 32, Ne 12,
JLIT. Boeenna, B.H. Cmadpees. "Heopranumeckue Ma- <. 1446-1448.

¥Y.Q. Nurullayev

InSe, GaSe VO Cdi«Hg:Te KRISTALLARINDA DEFEKT 9MO9LD GOLMOSING AlD

InSe, GaSe ve CdixHgxTe kristallannda defekt yaranmamn mimmkiin mexanizmteri nezerdsn kegirilmigdir.
Tecriibi neticelorin ve nezeri miilahizelolrin esasinda gosterilmigdir ki, defektlori agafidak: kimi tosvir etmok olar: mexsusi qu-

rulug ve idareolunmayan asqar defektlari; xiisusi agqarianma vasitasi ile yaranan vo radiasiya naticesinds yaranan defektlor.

Yu.G. Nurullayev

ON THE PROBLEM OF DEFECT CREATION IN InSe, GaSe AND Cd, ,Hg,Te

Possible mechanisms of defect creation in InSe, GaSe and Cd,.,Hg, Te crystals have been considered..
On the base of analysing experimental results and theoretical considerations it is shown that defects an be distinguished to following

types: proper structural defects and non-controlled impurity ones, involved by special doping defects radiation ones.

Hama nocmynrenus: 22.06.98

Pedaxmop: B.I. Tazues
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ELECTROFHYSICAL PROPERTIES OF SILICON CONTACT PREPARED WITH
AMORPHOUS METALLIC PbSb ALLOY

SH.G. ASKEROV, A.A. AGASIEYV, SH.S. ASLANOV, 1.G. PASHAEV
Baku State University
370148, Baku, Z. Chalilova st. 23

The clectrophysical properties of silicon, contact prepared with a{PbSb) amorphous metallic alloy have been investigated in the present
paper. The change of diode parameters due to the thermal annealing effect has been studied» 1t has been found that the propertics of the
Schottky diodes are sensitive to the structural changes of the metallic film. In. the case of Si contact with the amorphous film of metallic
alloys the dimensional dependence of the SD barrier height is weaker as compared to that of the metallic film with a polycrystalline structure.

Recently, great interest is shown in the Schottky diodes
{SD) based on the amorphous metal films [1-6]. The amor-
phous metals in a thin-film state can widely be applied in mi-
croelectronics when preparing the active and passive ele-
ments, Due to the lack of the boundaries of grains and grain
structure, the above materials are firstly attractive in terms of
diffusion barriers [3] in construction of integrated circuits on
the film structures with a multilevel metallization. Secondly,
such films allow to prepare the reliable, qualitative and ther-
mostable elements of integrated circuits [4].

However, with the change of the temperature in amor-
phous metallic films the structural changes which considera-
bly affect the diode parameters are observed [5]. In this con-
nection, the investigation of electrophysical properties of the
silicon contact prepared on the base of the amorphous metal-
lic altoy is of great interest.

The results of studying the electrophysical properties of
{PbSb)-nSi Schottky diode are shown in the present paper. In
[6] the Pb, Sb,o.-nSi Schottky diodes where x=2, 15, 52, 70,
87, 98 have been obtained and the dependences of the main
SDr parameters on the percentage of components in the alloy
at V>3kT/1 and V<kT/1 have been investigated.
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Fig. 1. Dimensional dependences of the barrier height before
(1) and afier (1°) crystallisation of the #{PbSb) amor-
phous alloy.

The alloy film structure was controlled by electron-micro-
scopic analysis in 3 transmission electron microscope. The n-
type silicon substrate with the /111/ orientation and the re-

sistivity of 0,7 Ohm-cm was used. The diode matrix consists
of 14 diodes with the SD areas from 100 to 1400 m> The
thermal annealing was carried out at temperatures from 323 to
523 K. The annealing time at all temperatures was 10 min.
After annealing at temperatures of about 453 K the main SD
parameters change abruptly. In our opinion, such a change of
the SD parameters is attributed to the change of the metal film
microstructure due to the thermal annealing [5].

The dimensional dependences of the barrier height of the
a(PbSb) - nSi Schottky diodes before and after crystallization
of the a(PbSb) alloy are shown in Fig.l. The barrier heights
of a(PbSb) - nSi Schotiky diodes were determined from the
current-voltage characteristic described by the known formula

where S is the coniact area, A, is the Richardson constant, @,
is the height of the barrier, V is the applied voltage, n is the
coefficient of nonideality. As seen in Fig.1, the contact based
on the oPbSb) amorphecus alloy has a weaker dimensional
dependence of the barrier height, and at the ransition of the
a(PbSb) alloy to the polycrystalline structure a rather wide
range of the change of the barrier height is observed. The
spread in the @5 value is due to the change of the metal struc-
ture.
The electron diffraction pattern of the (PbSb) alloy amor-
phous films after the thermal annealing is shown in Fig.2. As
seen in Fig.2, at 453 K the metal film transforms from the
amorphous state to a polycrystalline one, The electron micro-
scopic investigations of the film surface point to this fact
(Fig.3).

Thus, one can affinm that the change of the a(PbSb)-nSi
SD parameters due to the thermal annealing at temperature of
453 K is atiributed to the change of the metallic alioy film
structure. The electrophysical properties of the Schottky di-
odes are very sensitive to the structural changes of the metal-
lic film, In the case of the amorphous metallic film the dimen-
sional dependence of the SD parameters is weaker as com-
pared to that of the metallic film with a polycrystalline struc-
ture.
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Fig.2. The electron-diffraction pattern of the a(PbSb) films before (1) and after (1°) ctyswallisations.

(1
(2]

3]

(a) (b)
Fig 3 The electron-microscopic investigations of the a(PbSb) film surface before {a) and after (b) crystallisation.
MJ Kelly, A.G. Todd M.J. Sisson, D.K Wickenden. p-1630.
Electr. Lett., 1983, v. 19, Ne 13, p. 474-476. [4]1 D.K Wickenden, MJ Sisson, A.G. Todd and M.J. Kei-
Sh.G. Askerov, Sh.S. Aslanov, I G. Pashaev. Elektro- {v. Solid State Electr.,1984, v. 6, p. 515-518.
naya Tekhnika, ser. 10, Mikroelektronnye ustroistva, [51 ShG. Askerov, A.A. Agasiev, 1.G. Pashaev, Sh.S. As-
1989, Ne 6 (78), p. 46-48. fanov, Fizika, 1997, Ne 3, p. 60-62.
S.E. Homstrom, T. Lin, O. Thomas, P.M. Fryer, [6] 1G. Pashaev. Fizika, 1997, Ne 4, p. 64-66.

JM.E. Horper. ). Vac Sci.Technol.A,, 1988, v.6, Ne 3,
8.Q.Dsgeroy, A.A. Agiasiyev, $.5, Aslanov, .G, Pasayev

PbSb AMORF XOLITOSI 9SASINDA HAZIRLANMIS SILISIUM KONTAKTININ ELEKTROFIZIKI XASSOSI

Bu meqaleds oPbS8b) amorf metal xalitesi asasinda hazirfanmiy silisium kontaktinn elektrofiziki xassasi dyronilmigdir,

Termotablamanmn te’sirinden diod parametilerinin doyismesi tedqiq edilmisdir, Alnmugdir ki, Sotki diodunun xassesi metal
tebeqgenin struktur deyigmesindo hossasdir. Silisium esasinda hazirlanmig Sotki diodunun potensial geporinin hiindirliyiinin dlgi
asilihs tabagenin amorf struktur oldugu halda polikristal strukturia milqayisede gox zsifdir.

10



HLC. Ackepon, A.A. Aracues, LIL.C. Acnanos, H.I'. Iamace

SNEKTPOGHZAHYECKHE CBOMCTBA KOHTAKTA KPEMHHA, H3TOTOBJIEHHOTQ HA OCHOBE
AMOPO®HOI'O METAJLIHYMECKOT QO CILTABA PbSh.

B crarbe H3yueHH 3NeKTPOdHIHISCKHE CBOHCTPE KOHTAKTA KPeMHIIR, H3FOTOBNEHROTO Ha ocHope o PbSb) amopdroro metanmimeckoro
cnnapa. Hocnenonatel MaMeHeHist MapaMerpon B PE3yIETaTe BoINelCTEHA TEPMOOTKUM H MOXATAR0, w10 cBolicTea JIL yyscTeHTENEHE K
CTPYXTYDHLIM M3MEHEHUAM NIeHKH MeTanna. B cayvae koHTakta Si ¢ aMopdHON NICHKOH METANIHYCCKUX CITABOB MMEST MecTo Gonee
crafan pasMepHa 3ABHCUMOCTh BcoTH Gapeepa 1L, no cpapHeHMIO © IUICKKOH METaNa ¢ MONHKPHCTAMAKYCCKOH CTPYKTYpOl.

Hama nocmymaenun: 10.04.98 . Pedaumop: 3.A. Hexendepaade
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OCOBEHHOCTH CIIEKTPOB ®OTOOTKJIHKA 3IIHTAKCHAJILHBIX CJIOEB
n-Cd,Hg, ,Te.

[I1.0. SMHHOB, 3. K. TYCEHHOB, A.A. AJIHEB, A.A. PATKABJINA
Hucmumym @omoanexmponuxu AH Azepbaiioxcana,
370141, Baxy, ya. @. Azaesa, 555 nsapman

B pafore paccMOTpenbl BONPOCH METOMMKH BEIPAIHBAHUA BAPHICHHEIX MHTakCHansHbx cioes n-Cd Hg, Te (0 £ x < 1) » oco-
GenuoeTy criexTpoR ux hotooTeera. TTpeIcTABNSHO ONUCAHME OPHMHHANLHOID YCTPOHCTAEA ANS MHAXOCTHOH STMTAKCHE, NOIRONHBLIETO

MOMYHHTE MTAKCHANHHEIE CIOH C IEPRAIBHO TATEGH NOBEPXHOCTEIO.

fMoxasang, 9T0 B cnekTpax GOTOOTEETA HADLOAAIOTCA TPH O0MACTH MAKCHMYMOB, COOTRETCTRYIOUIMX 00NACTAM BAPHIOHHOH CTPYRTYDEHL
¢ TPAJHEHTAMH LWHPHHE! 3anpewreHnoll sorw 640 3B/, 80 aB/cm u 2,2 MaB/en. ToseseHne criekTpos $OTOOTEETA CHIBHO 3ABHCHT OT
BETHUMHE! H HANPABTEHHA VPHNOKSHHOTO SACKTPHUCCKOrd MOML, YTO MOXeT OLITh HCTMONRSOBAHO ANA PErymiHpOBAHHA CIEKTPATBHOH

yyRcTBHTENRHOCTH HEK-QoToIIpHeMHMKOB.

Tsepame pactsopm Cd,Hg,..Te, mepusa 3anpemenHo
30HH KOTOPBIX H3MEHSETCA ¢ HIMEHEHWEM "x", ABIMOTCA
GazoBpM MaTepyaioM Jna coinauus dorogerextopos MK-
Y3AYMEHHA CPEIHETO M JANBHEr0 AHAMA30H0B CIEKTPa.

B nocnenxes spema mpH co3JaHME NpHGOPOB HA OCHOBE
MoHokpucTaos CdyHg, . Te wiHpoke nmpuMenseTcs miaHap-
Has TexHonorda. IlpH 1ol TeXHOMOTHH MOHOKPHCTAJUIhi
NOABEPTAKOTCA NPEUH3HOHHOH MexaHpveckolt oGpaborke, a
3T0 HEHIOWKHO YCNOWHSST TEXHONOrHHECKHMH mpoLece H
yXyAuwaeT (uanIeckHe cBoficTaa MarepHata. 3TH HepoCTaT-
KN YCTPAHAIOTCA NpHMEHeHHeM JMETAKCHANBHON TexHOM0-
run. JKngrodasuaa snnrakcua (KO} wapoko ucnonnsyer-
¢4 B TEXHONOruH cocauucHuil A’B’, a 5 nocnemnHe roms ee
npamenszoT 0 kK Cd;Hg, ., Te [1, 5].

B HacToAmeli pafoTe paccMOTPeHE HEKOTOPLIE BOMPOCH]
METOAMKHE BLIPATIMBAHKA BAPHIOHHEIX 3MHTAKCHANBHEIX Cl0-
en (3C) n-CdHg,Te {0 = x < 1)1 ocolcHHOUTH CrekT-
poB dotoadpderTa 3THX crnoes,

DnHTakcHa NPOBOAMIACE B BAKYYMUPOBAHHOIH KBapLIeBOi
aMITyJie H3 PACTBOPA, COACPIKAMIErD PTYTh U TEILTYp ¢ Manoili
pofarkoft kanmus. TIOANOMEAME CHYXKHNE MAACTHHH MO-
HoxpucTainAyeckoro CdTe, OpHeHTUPOBAHHOIC B ILIOCKO-
ct (111). IMoanokkH MEXaHUYECKH MOTHPOBANH H TPABHNH
B pacteope 8 % Br + 92 % HBr maa yaaneHns HapymeHHoro
ciroA.

O6mmi eua yerpolictea o XKD [6], HCMOARIOBAHHOTO
B paGoTe, npeacraeneH Ha puc.i. [NoamoxKy yCTAHABNHBANH
B ZIEDKATENE, COCTOAIIEM W3 BOPOHKH, pa3MeIeHHOl Ha eM-
KOCTH I pacmiiaBa, W TpikHMA B dopMe TiepeRepHyTOrO
CTaKAHA, DOKPHIBAOMIEIO BOPOHKY Mexay npobkoli aMmyns!
A CTAKAHOM YCTAHABNHBAAA KBaplessit cTOAOHK, NOATIHPAIO-
WA TpedKy aMayabl.

Hocne roMoredysaluy PacTBOpa H CHAXKCHHA TEMHepaTy-
pPbl 10 33HAHHOA f€4b ¢ AMMYNOH, pacnonoXkcHHOR B HeH
BEpTHKAILHO, moBopaumsann Ha 180 rpamycoe TTpn 2moM
pacTBOP-PacivIaB M3 €MKOCTH Nepe/MBancd B CTakaH d [1o-
KPbIBaN TMOBEPXHOCTH MOLIMEKH. JNHTAKCHIO NPOBOAHNH
opit TeMneparypax 490-520°C npu cxopocTH oxnaXmcHMHA
0,01-5 K/mnn,

Tlo okoBvYaHHH BRIpAMIHBAHHA MEYE NOBOPAaYHBANIH B
ofpaTHOM HANPABNSHHH, MPH 3TOM OCTATKN PAcTBOpa CIM-
BATHCE € NOBEPXHOCTH BHIPALIEHHOTO STHTAKCHATEHOTO C1oA
ofipaTHO B eMKOCTb M TOCTE OXMAXAEHHA aMITYNALL, 10 KOM-

Harno# TECMICPaTYpPhl INIACTHHE C JIHTAKCHANBHBIM CIIOEM
H3IRNEKAIACk H3 aMITyJH.

Kpord-LTAKAH

aMmid
pe3epbydp

PaCNA 3B

\

Puc. 1. Q0mui Bux yerpokicTea Ams XKP2.

BripanigHHMe CAOH MMeJH TOMMHHHN 20-60 MkM u 3ep-
KanbHO MNAAKYI0 NOBEPXHOCTE. PEHITCHOCTPYKTYPHHIH aHa-
JIN3 CTPYKTY], BMIOJIHCHHLIH Ha yoTanoBke "DRON-2" moka-
320, 4TO INHTAKCHATLHEIC CNOU HMENH MOHOKPHCTALTHYEC-
KYI0 CTPYKTYPY

MeromgoM CHATHA CNCKTPa ONTHYECKOTO NPCHYCKAHHA
npH nocnoiHoM crpasaveaday mpu 300 K (2] 6smn wayden
XapaKTep pacrnpemeNleHHA KagMHA Ti0 TonmmHe ( z) cnoep. Ha
pHc.2 npemcTapnel THOHHHBN Npodunt pacrpeneneHys Kan-
MEA B CTpYKTYpax. Kak PHOHO M3 pHCYHKa, MPH HCTICNB3O-
BAHHBIX PEeXHMAX BHIPAIIMBAHPA Ha TIOBEPXHOCTH 3MHTAK-
CHALHOTO oA x~4,15+0,16 (E,~0,06 3B) n pacter no Mepe
npHbapxeHua k rpannue pasaena CdTe-CdHg,.,Te. Anano-



THYHEle pelyNLTaTH GRINM DONyYeHEl pavee B paGorax [1,2].
KpHBYIO 3aBHCHMOCTH X ( Z) MOXHO pasdHTs HA TPH Y9acTka
C XapaKTepHMMH HAKITOHAMI. I YYacTkH COOTRETCTRYHOT
TpeM Y4acTxaM BapH3OHHON CTPYKTYPH €O CAEOYICIIMMH
TPAMEeHTaMH  E: AE’;’ 640 3B/cMm, AE%- 30 3B/cM,

AE, -2,2:10° 3B/cm.
3
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Pye. 2. Tanuusethi npofunk pacnpeteneHus KaaMug no Tot-
IIHHE SNHTAKCHANLHETX CNOEB. AE,I, AE, 7 AE,s- rpa-

AHCHTH MIFPHHE JANPCIICHHOH 30HB Ha COOTBETCT-
BYIOIIAX Y4ACTKAX BADHICHHOH CTPYKTYPEL

HamMepenua crexrpoz (OTOMYBCTBHTENBHOCTH [TPOBOAM-
A B JHamas3one TeMneparyp 77-775K u nnan soss 2-14 MM
TpH 3NeXTpUueckx nonsx 0-1,5 B/cm.

Ommieckne (In) KOHTAKTEH HAHOCHITM HA 3MHTAKCHAIB-
HY10 qacTb crpykTyphl CdTe-CdHgTe. CrpykTypy ocBemann
co croporst CdTe, MpHYeM YIKag T1OM0OCA CBETA HAMpABIA-
Jack B 061acTs, 6MM3KYI0 K ONHOMY U3 KOHTaKTOR. [IpH 3TOM
CO3JABANCA TPAAHEHT KOHUCHIPAIMH HEPABHOBECHBIX HOCH-
Tench W Rabmoganacs GoToRaAC.
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Puc. 3. CnexrpanbHag 3aBHCHMOCTE (DOTOOTKIIHKA BAPHIOHHOMH

CTPYKTYPbI TTPH PasHBIX TEMNCPATY PEX M HYICBOM CME-
1EHMM.

Ha puc.3 npencrapmeHtl CHEKTpanbHble 3aBHCHMOCTH
(OTOOTKNTHKA BApHIOHHBIX CTPYKTYD TPH HYJIEROM CMellie-
HAH H TPH pasHeIX TEMIEpaTypax, a Ha puc.d ApeacTarAeH
CTeXTp GOTOYYBCTEHTENLHOCTH NPH PA3HLIX NMEKTPHILCKHX
nonax ( mpu 90 K}.

Kax BHAHO M3 pHC.3 Ha cmexTpe GoTOOTKIWKE OPH Hyne-
BOM CMEINeHRM HMMEeIOTCA Tpu mHMKka B obmacta A=23-2,5
MKM, A=4-4,5 MM U 4=7-10 MkM. [Iporcxoxaerne kakaoro
H3 3THX [THKOB Ha Halll BICIAA, CBH3AHO ¢ HANHUHEM B 3an-
PemeHH0l 30He BapHIOHAON CTPYKTYPEI YKA3EHHLIX BBILUE
rpanyentoB AE,. Haumennnall 3 STAX IPagMeHTOB BRIPOXK-
Jaetcs yxe npA 93 K, mosroMy Tperiii mik, HabmogaeMuIi
npy 88 K, ¢ poCTOM TeMmepatTyphl Rcussaer,
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Pyc, 4. CnexrpaneHas 3aBRCEMOCTE GOTOOTKAKKA BApH3OHHOH
CTPYKTYPHI [P PA3HEIX SNEKTPHYECKHUX NOAIX
(T=87K).

Kak BIIKO U3 pHC.4, IPANOKEHHOE MEKTPHIECKOE TIONE
3aMETHO BJMAET HA COEKTPATBHYHO 33BHCHMOCTH. Tax, mpu
nongx 100-750 mV/em nak B obmacti 12,3-2,5 MKM ¢ poc-
TOM NORA MOCTENEHHO YMEHEMAETCH, BeMUHHa (OTOOTKNH-
Ka JOCTHTAET HYJICBOTO 3HAYCHHA, @ 3aTEM C¢ro 3HaK Me-
HAETCH HA NPOTHBOMOMNKHEIH. BTOpoH H TpeTHH NUKH ¢
POCTOM MNOJA TAKKE YMCHBIUAKITCA H NOCTCIIEHHC HCYE3d10T
(E~0,7-2,1 V/cm). OObACHHUTE NONYYEHHBE Pe3yAbTATLI
MOMCHO CJISHYIOINM 00pa3oM. CHEKTPANbHYIO 3a6HCHMOCTD
¢OTOTOKA MOKHO PACCHHTATE 110 PopMye

J, = |g(z)exp(-z / L)idz ,

Qq_._.n

roe g {z) -pyHxuna reHepawyu B ¢A0e TonLmHON 2, L.(z) -
Avpdy3sHorHO-npeidoran guHa. B HameM cTyvae Bech dua-
NasoH H3MepeHn# oxBaThiBaeTc cymmoil yHKkumni reHepa-
OHH g (2} Ha TPeX YYacTKaX CTPYKTYPH ¢ COOTBETCTBYHOLIH-
MH TPaaucHTaMH IHPHHbI 3anpelleHnoH 300, B ToXke Bpe-



M1, CYIIECTBEHHOE BINAHHE Ha $OpMY CNSKTPa OKA3RIBAET M
3aBUCHMOCTL L (z), KOTOpas Taloke HepaBHOMEpHA, M, B
CBOKY OUCPEAL, 3aBHCHT OT IDHTOXKEHHOIO 3MEKTPHYECKOTO
nond. Tlocneauam | onpezendaeTcd, Ha HALN BIDNAL, CYLIECT-
BEHHAA 33BHCHMOCTE CMEKTpa GOTOOTKALKA OT BETHYHHE M

TlomyseHHbie pesyIETATH [IOKAILIBAIOT, 4TG B CTPYKTY-
pax, aHANOTHYHBIX MCCNCNOBAHHEIM B paloTe, MOXHO Cy-
IIGSTBEHHO YTpaBaaTe dopmoil crexTpa $oToUyBCTBHTENE-
HOCTH H, TakuM 06pa3oM, co3aasaTh OTONPHEMHHEKH ¢ Pery-
JHpYyeMoil CEKTPANnLHON YYBCTEHTEIPHOCTHIO.

HATIPABJIEHHA INMEKTPHTECKOTO TONA.
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$.0, Eminov, E.K. Hiiseynov, 3.9. Oliyev, 8.9. Racabli
EPITAKSIAL n-CaHgi«Te TOBIQOLORININ FOTOCAVAB SPEKTRLORININ XUsusivyyoTLoRI

Megqalade n-CdaHg.sTe {# < x < ) varizon cpitaksial tebagelerinin yetigdirme iisullan ve toboqelerin fotohossasliq spektrlarinin
xiisusivyetlorine baxtlmuigdir. Gilzgii hamar sethli epitaksial tabsqeletin alinmasina imkan yaradan maye faza epitaksivast iigiin yeni
qurgunun tesviri verilmigdir.

Giéstorilmisdir ki, fotohassashin spektrindo li¢ maksimum bélgesi miigahide olunur, Bu maksimuwmlar varizon strukturanin qa-
dagan olunmug zonasimnin 640 eVism, 80 eVism vo 2,2 meV/sm gradientli bélgalerine uygundurlar. Fotohassashq spektrlerinin xasse-
leri tetbiq olunmus ¢lektrik sahesinin giymet ve istiqametinden gilicli dereceds asilidir ve bu da fotogabuledicilorin spektral his-
setmasinin nizamlanmasi Giglin istifade oluna biler.

Sh. 0. Eminov, E.K. Guseynov, A.A. Aliev, A.A. Radjabli
CHARACTERISTIC PROPERTIES OF EPITAXIAL PHOTOCALLING SPECTRUM o-Cd, Hg; ,Te.

Range of problems of methods of growth of varizone epitaxial layers of n-Cd,Hg,.,Te (0 < x <) and characteristic properties of their
photocalling spectrum are presented. The original device for liquid phase epitaxy ( LPE ) make a possible to prepared of epitaxial layers with
mirror smooth surface is described. '

It is shown that wavelength regions, where maximums of photocalling spectrum is observed is in agreement with regions of varizone
structure where gradient of energy band is 640 €V/ sm, 30 eV/ sm and 2,2 meV/ sm. The behavior of the photocalling spectrum strongly de-
pends on magnitude and direction of applied electrical Held and this fact can wse for regulating of spectral sensitivity of IR — photoreceivers.

Hama nocmyraenus: 11.01.99 Peoarmop: Jowc. Il A6dunoe
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AJMEKTPHYECKASI AKTHBHOCTD OXHOH H30JHPOBAHHON ANCIOKAITHNA

C.r. P3AEB
Hucmumym Qusuxu AH Azepbaiioncana,
baxy, 370143, np. I'. Awcasuoa, 33

Hccnenosana DC - npOBOHMOCTS BAGAL SIPa KPaeBoll IMCAOKALIMH B KPEMHHH H YCTAHOBICHO, HEHACEILIEHNSIE CBASH AApa COTRAOT
KYJIOHOBCKHE LIEHTPBE CO CRa50 NEPEKPHBAIOINTAMACR NOTCHUHANMLHEIMH SMAMH, NEPEKPLITHE KOTOPLIX TIPH onpenenetino noporosol pesi-
YHHE MEKTPHYCCKOTO noiA ( E =0,84-10° B/cm ) YCHIHBACTCA H MIPOBOSHMOCTE SApA CTAHOBHTCA MeTannuveckoi Ipk onpereneHHoN TeM-
TIEPATYPE NCPEKPEITHE CHUMACTCA M MPOBOAMMOCTD AlpPa CTAHOBHTCA THINCKTPHYECKOH, T.¢. AAPO KPacBOH AMCIOKANNH TIPETCPIICRALT (e~

PEXOI METANN - HIOMATOD.

[poBnema 2nmexTpAYecKkod AKTHBHOCTH A(EKTOB BO3-
HHKJI2 OOHOBPEMEHHO ¢ CO3AAHHEM MEPBOTC MOMYTIPORONHH-
KOBOTG TPAHIHCTOPE B eif NOCBANIEHB! MHOTOTHCIERHLIE TEO-
peTHUECKIEE H IKCTEPHMEHTAILHEIE HCCASTORAHNY.

[poBeneHHEIl aHANN3 HABECTHREX paloT no HCcraemoRa-
HHIQ MEKTPHYCCKY aKTHBHBIX fedektor {3AJ]) nokasbipaer,
4T0 OHH BCE, 03 HCKMOMEHNd, NMPOBOIWNHCE B TAKHX MOMY-
NPOBOAHUKOBEIX APHOODPAX H KPHCTAINAX, KOTOpble COMep-
KATH 0MHOBPEMEHRO HECKONBKO AedekTOR palIHUHOro BHA3
H THNZ, @ KOHTPOIMPOBANCA TONEKO ONMH BHI, T.&. H3YUCHRE
JMEKTPHMECKOH aKTHBHOCTH Kakux-mHGo fedexToB MpOROLH-
Noch g3 ydeTa HAEHYMA AcdexTOB Npyrore BHoa. B 3Tix
HCCIEAOBAHHAX HE YYHTEIBANIOCH TAK KE MECTO JIOKATHIALHA
AeQeKToR N0 OTHOWEHHMIO K AKTHBREIM o0NACcTAM mpubopa,
BAHAHHE HA HX OSAEKTPHMECKYK) AKTHBHOCTE BENHUMHEI H
HANPABICHAA 3JIEKTPHYECKOro IOAA, B3amMoaehicreie ge-
(EKTOB, a TalkKe QYHKIMOHANIbHbIE H TEXHONOTHYECKHE 0CO-
GerocTa npuGopa [1-4]. Tloaromy 0co6yI0 aKTYanbHOCTh
npro0peTacT NMpOBEICHHE HCCNEIOBANNE OTACABHRIX €TH-
HHYHBIX DAJ] © y4€TOM BBILICYKA3IAHHBIX OCOOSHHOCTEH,
KOTOpHIE¢ OPESACTARNAIOT GONBUTYH) HAYYHYI0 H MpakTHYeC-
KYIO OEHHOCTh,

Hs Boex n3BecTHRIX meexTOB B NOMYNPOBOAHHKAX,
JUCHOKAUHAM, BCASACTEAE HX WHPOKOTO PacpOCTPaHEHNA H
IHAYHTETLHOMNO BIAAHHA HA JICKTPOHHBIE MPOUCCCh, MOCBA-
LWeHO HanGONbIIee THCIO HCcAeqoBatui, OnHake, HeeMOTpP
H3d 2T0, pAm BONPOCOB, CBAIAHHHIX C OJICKTPHUIESCKOH
8KTHEHOCTEI0O  AKCAOKAUME, 00 DNpoBeleHHS HACTOAILHX
HCCIICAOBAHMEA OCTABANHCE HEpeLISHHBIMH. Tak, HCCIenoBa-
HHA IMEKTPUYCCKOH aKTURHOCTH QACKOKALMK B 3aBHCHMOCTH
OT MeCTa €¢ ROKWIF3aUUH B npnbGope Boobme He mposoaH-
NHCE! HE YCTaHOBNICHA JABHCHMOCTE M3MSHCHHA AEKTPHYCC-
KOl AKTHBHOCTH AMCAOKALHA KAK OT BENHYHHBL, TAK H OT
HaNpaB/eHA JNEeKTPHUSCKOTO NONA; HE BHIACHCH PAX CYle-
CTEEHHLIX BONPOCOB, CBASAHHEIX ¢ JHEPreTHYECKMM CIICKT-
POM JNUCHOKAUMIL: SBAASTCH JHM AMCMOKALMOHHEIA chektp
CHCTEMOI NOKANLHLIX ypoBHeH, oxHoMepHOl 30H0H K cHe-
TeMoli HeckomekpX 30H? Kakopa wHpHHa 31X 30H? Hems-
BECTHA CTeMEHS NOKAMHIALINH IMEKTPOHOB B AHCNOKALMOH-
HRIX COCTOAHMAX, W KAK OHA H3MEHAeTCA nof ActicTeHeM
AEKTPHIECKOTo NoNs. Kak BIHAET 3apaaoBoe coCToAHME 2O~
Pa IHCIOKALMU Ha ee 3HEPTeTHUSCKHH CHeKTp W HpoBOAHM-
MocTh. KpoMe TOro, He M3ydeHa 3aRHCHMOCTH 3apAA0BOrO
COCTOAHIS AAPA AHCNOKAUME OT BENWIHHB! H HANpPABNEHMA
3MeKTPHYECKOTO NMONA, He BHIACHEH POAL NPHMECHOH aT™Mo-
chepsl B HeKTpHUeckoll aKTHEHOCTH OUCTOKAIMH, OTCYTCT-
BYIOT 3KCTIEPHMEHRTATRHEIE METOAR ONpeAeNeHHA HOPMEL No-

TeHIHaNbRoTO aphepa MPOCTPAHCTBEHHOTO 3apARa AHCIIOKa-
LFH.

Hepemiennocts ykasannux nponem ofbacrAeTCA OTCYT-
CTRHEM KOMIACKCHWIX HCCAEAOBaHEI, OXHOBPEMEHHO Y4H-
THBRIOMMX Bee (akTopel, ONpeNeIMmOMMe 3NEKTPHYECKYIO
AKTHBHOCTb IedekTOB B MONYNPOBOAHMKOBHIX NpHGOpax:
KOHUEHTPaUHs; THI, ¢OpPMA; OPHEHTALHA, BlaEMoAcHCTBHE
JedexTon; MECTO NokanMzAUMU B npubope; HanpasncHue H
BEHYHHB BHELIHErO 3NEKTPHIECKOTO 1ons;  yHKUHO-
HambHEIE ocobenruocTH npubopa.

HAannas paboTa noceaImeHa pelIeHiIO 3THX BOMPOCOB.
HcermeJoBaHHS NPOROIMITHCE HA HTTHTAKCHANLHO-NBAHAPHBIX
KPEeMHHEBBIX p-n Nepexonax, paspaloTaHALIX HaMH Ha Gase
TCCTOBRIX AUEEK CepUHBIN MHTSTPANLHEIX ¢X6M H H2rOTOB-
JIEHHRIX HA NPOMBHNISHHONH TexHonoruH, O6muli BUT Jkcne-
puMeHTAMLHEIX ofpasuos mpueeneH B [1,3]. [Ipexne uem
MPUCTY(IHTE K H3YYeHHIC BNUAHNS OeieKTOB HA MIEKTPOM-
HBEIE MPOLECCH B HCCNEAYEMbIX D-N CTPYKTYPAX U3 AHANM3A
BAX u BOX, ncroms3ys uzBecrdsie $OpMyIs! H yIHTEIBAS
TeXHONOTHYECKHEe OCOGEHROCTH U3rOTOBIeHHA o6panon,
GbUid  ompefeneHb: HX OCHOBHEIE  SJIeKTpodIMueckue
NapaMeTpeL.

C LenbK YCTaHOBNEHHA KOPPENAUHA MEXTY NapaMeTpa-
MH p-0 CIPYKTYD M AedeKTaMH OLIN HCMOML30RAH MHPOKHI|
KIACC IKCTICPHMENTANBHBIX METONOB, OCHOBAHHEIX HA pa3-
JIMMHBIX 3NEKTPOPH3HYECKHX, IMEKTPOHHO-MAKPOCKOMHYEC-
KHX H METAANOrpadiHMecKyX fBneHusx: avanu: BAX, BOX u
TCT; meTonsl pacTpoBOR B MPOCBEYMBAIONIENH 3NEKTPOHHOMN
MHKpockonuu (POM, ITOM), penakcaLHOHKEOM CHEKTpocKo-
nau rayGoknx yposueit (PC I'Y), MeTantorpadun.

Henons3ys nepedHcneHHble METOMB, HCCTENOBAHA INEKT-
PHYECKAA AKTHBHOCTb AHC/IOKALAH B KOHTPONHPYEMBIX YC-
NCBHAX, T.¢. YUMTHIBAIHCH TUN, (JOpMa, HATHYHE IPHMECHOM
aTMOG(epEI, MECTO JIOKAIM3ANKEH B IPAGOPE M €10 (PYHKLIRO-
HaJlbHBie 0COOSHHOCTH, B3AUMHAA OPHEHTALHA JICKTPHYEC-
KOIo MOJNA W AHCAOKAUHH, YTO MO3BCAHAC HCKITKMHTE CTATH=
CTHYECKRI Pa3bpoc HIMEPACMBIX BENMYHH H OMHOZHAYHO HH-
TCPIPETHPOBATEL NOMyYCHHbIS pe3ynbIaThl. H3 uccienoranna
WEKTpIYecKoi 2KTHBHOCTH ONHOH JHCAOKALMH,
BRACNEeHHON M3 MHOXKECTBA OHCHOKaUMi B p-n nepexoie, B
32BHCHMOCTH OT (OPHCHTALHHM BHELIHETQ 3EKTPHYECKOTO
DOJIA MOKA3AHO, 4TO €¢ AKTHBHOCIL MPOABIACTCA B pai-
NHYHBIX (popMax. YCTAHOBNEHO, YTO B NEPNEHAMKYIAPHOM
nofe AApo AHCNOKAUMH (¢3 mpumecHoO# atMocepm Hrpaet
PONE NeHePALHOHHO-PeKOMORHALMOHHBIX LEHTPOB, KOTOPLIE
00yCNIOBIMBAIOT TIOBBIMLIGHHEIE TOKH YTEYKH H YMCHBINAIOT
HanpAxeHne npoboa p-n nepexoza [1,2]. Ha puc.1 nokazams
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kpusple TCT p-n nepexomor ¢ oaHol kpaesoil BTOPHYHOMN
nucIokalMedt, NepneHAHKYNApHOH FOMEo Cog 00BLeMHOTo 3a-
pana (CO3). Ha ockope aHani3a THX KPHRHX NOKATaHo, 4TO
Kpaepas TMCTOKAIMA B KPeMHHH CO3RACT IIy6oKHe LeHTPH
ONOHOPHOIO THNA W ONPEfeNeHEl MX OCHORHLIE MapaMeTphl:
sHeprua akTHeanuu (0,38 3B); koHUeHTpaLMA (5-10"5 em™y;
cevenne 3axeara ( 10%%cm®); kosdpuument smuccuu
(5,33-107 ¢!). Beicora noTeHupanLHoro faphepa [UTHHAPH-
Yeckoro NPOCTPAHCTBEHHOrO  3apaaR,  OKPYKAIOUIEero
OUCTOKALUHID, W KO3PPHIHEHT 3a0OMHEHHA HEHACHIIIEHHEIX
cBa3eit fapa NMuHEHHO H3MeHMIOTCR ¢ moneM. OnpexeneHa
dopMa xpuBOH DOTEHUMANBEHON SHEPTHH BIAHMONCHCTBAA
KpaeBoli JMCHOKAUMH ¢ HOocHTeaAMH. IlokazaHo, 4To InmekT-
POHHEIE COCTOSHHMS HEHACHIIICHHEIX cBfieli aapa kpaeBoil
OKCROKAUHKH B KPeMHEM oOpasyloT SHEPreTHYECKYH 30HY
mwpaHod  ~ 0,007 3B, B xXoTOpPOH MNOTHOCTE COCTOAHMM
JKCNOHEHLUMANLHO DACTET OT €€ KPaeR K CEepeluHe W Mak-
CHMYM MTOTHOCTH MPHXOIMTCA Ha YPOBEHE E, + 0,38 3B.

o

Pue. 1. TepMOCTHMY THPOBAHHEIE TOKH NP PASAHYHLIX BERH-~
YHHAX 00PaTHOTC CMEMEHHA Uz HA P-1 TIEPEXOAE € 0/~
HoW akTHBHOH aMcroKaumel Ug=0,2,3,4.5 B, cooTserct-
BEHHO, A1 KPHBLIX -5, CKOpOCTE Rarpepatia oSpasna

0,35 rpane.

Hceenenopana DC-mposoanMocts BIONL fOpa Kpaemoi
AUCNOKAINH B KPEMHEH W YCTAHOBJIEHO, YTO HEHACLIIEHHLE
CBA3A AAPA COINAHOT KYNOHOBCKHE LEHTPH co cnafo nepe-
KPLIBAIOLIHMHCH MOTEHUHANELHLIMU 9MaMH, NEepeKphiTHe KO-
TOPHX TPH ONPEASTEeHADH NOPOTOBON BENHTHHE ANeKTPHIEC-
Koro nons (£ =0,34-10° B/em) yeunvBaered W NpoBOLHMOCTS

AApa CTAHOBUTCA MeTannnyeckod. [IpH onpeneneHHofl TeM-
HepaType NePEeKPHITHE CHUMAESTCA H TTPOBOAMMOCTD AAp3A CTa-
HOBHTCH AHIMEKTPHUECKON, T.e. 41po kpaeBoll IUCIOKAIMH
apetTeprepaeT mepexon MeTamn-w3omarop [2-4]. Temnepary-
pa repexona MEeTAN-MIOISITOP YBENUYURAETCA € POCTOM
MMEKTPHYESCKOrO NONA {PHC.24) H YMEHBIIASTCA C YBEeNAYEHH-
EM CTEeNeHd ZAMONHeHMA HEHACHIUIEHHBIX CRA3ell 4apa
(psic.20).

5

0.

o 15 4 m
Tk

Puc. 2. TemnepartypHas 3aBUCHMOCTSE TORS T BIONE AHCTOKANMU
a) - OpH PANIAYHETX 0OPATHEIX CMELEHHNX HA p-n Tiepe-
xoxe Un=1,2,3,4.5 B, COOTBETCTBCHHO /18 KPHBHIX 1-5;
) - oT TOKA 38pAIKH Aucnokaunn. Kpnsem 1-5 coorser-
CTBYIOT CRSIYICLIAC IHAYCHHUA NPAMOTO TOKA: 1-107%,
1-107, 110, 1-10°* A. Beawrnna toxa I npuseacHa p
OTHOCHTCARHLIX CAHHHIIAX, OAHOMY ACACHHI> COOTBETCT~
pyer ok 2,5 - 10°'° A.

15 0

Ha0monaemutii nepexon MeTaNI-H30I8TOp OGBACHAETCH
CHITBHBIMH KOPpeMsLUcHHMMA 3ddeiramu. Xabhapaorckoe
BRIAMMONEHCTRHE MEKTPOHOB MPHMBOIHT ¥ pacllernieH
THACIOKANHOHHOH 30MK Ha MOAHOCTEI) SANONHEHHYI) H
MYCTYIO, BCAENCTBHE Yero NMPOBOTHMOCTH ANpa CTAHOBHATCH
THANeKTpIYeckoil. OnpeneneHa 3HepreTHUeckas CTPYKTYpa
JHCTIOKAIMOHAOH 30HK B KDEMHHRK. ’

[11 C.I. Pzaes, A.I. AGovanaes. MukpoanekTporuka, 1984,
T. 13, B. 3, C. 260-263.
[2) C.I.P3aes. 3T, cep. "Matepnansl”, 1991, B. 7, ¢.23-26.
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[3] C.IPsaee, 3.17.Haxmedos PTT,1993,8.4,c.1038-1042.
[4] S.G.Rzayev. Second Intermal. School-conference
PPMSS® 97, Chemivtsy, 1997.



85.Q. Rzayev

1ZOLo EDILMIS TOK DISLOKASIYANIN ELEKTRIK AKTIVLIY]

Silisiumda izole edilmis tek qiraq dislokasiya boyunca DC-kegiriciliyi tedqiq edilmisdir ve milsyyenlagdiritmigdir ki, dislokastya-
mn dzayinds doymamig rabiteler bir-birini zeif biirilyan Kulon merkezleri yaradir. Elektrik sahosi miloyyon hodds  (£=0,84.105
Vism) ¢atdigda biirlime artr ve dzeyin kegiricitiyi arib metalik olur. Mileyyen temperaturda bilrdme aradan gabor ve kegiricilik
dielekirik xarakterli olur, ye'ni dislokasiyanmn Szoyinde metal-izolyator kegidi migahide olunur.

S.G. Rzayev
ELECTRICAL ACTIVITY OF THE ONE ISOLATED DISLOCATION
There have been investigaied DC-conductivity alone edge dislocation in Si and its established that nuclews broken bonds give rise 1o
Coloumb centres with weakl y overlapping potential well-overlap of these wells at ceriain threshold quantity of eleciric field
(E =0.84.10° V/ cm) reinforces and conductivity of nucleus becomes metal. At temperature overlap takes off and nucleus conductivity beco-

mes insulator, i.e. nucleus edge dislocation undergo metal-insulator transition.

Hama nocrynsenun: 26.10.98 IPedaKmop.' B.M. dcxepos
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NEKTPOIPAGHYECKOE UCCHENOBAHUE HOBOH ®A3bI Gagsln;zsS;

M.I.KA3YMOB,I'.X .FYCEﬁHOB, A BMAT'EPPAMOB, I.I'. AJTHEB
Hrcmumym Ouzuxu AH Azepbatioxcana,
370143, baxy, np. I" [{xcasuoa, 33

H3 OTAENRHEX IEMECHTOR CHHTESHPOBAHM KPHCTAMAB GagsIn 7553 H N0 JAEXTPOHOIPAMMAM OT TEKCTYPh! YCTAHOBNEHR! CCAYIOWIE
NAPAMSTPH MOHOKIHHHOH pemreTkn: a=6,552 A, 5=3,783 A, =12,621 A, £#=99,997°, np. rp. C2/m.

Hisectao, 410 8 cucveMe Gayyln,Sy (0<x<0,5) cuntesn-
POPAHO M BRIPALICHD MHOIQ COSAHRECHHHA CO CTPYKTYPHBIMH
mamu  TTOTTII, TOTTN, TOTH, TOTILOO,,
TOTI, 001, TOTIL; [1-8]. O u T - okTa»apsl H TeTpadapE,
cooreercTeenHo, II - mycroff, I} a II; - 4acTwdHO
sanoAncHAbe (MecHee 1/3, npuieM, HAZO HMEThH BBAXLY, YTQ
31a wadpa otHocHTea K xakamM [I(T) u [HO) mosmumaM
OTOGALHO, T.€. OHM HE CJIATAIYTCA) MOMHIOPHYCCKHE CHOH.
Hactosamas paQora aBnaserca pesyAbTaTOM TPOJLOJLKar0-
HIIXCA HCCAENOBAHHE B 3TOM HANPABJICHHA,

Kprcrannw Gag 3510y 755; CHHTEIHPOBAHE M3 OTACABHBIX
afeMeHTOB. TeKcTypHpOBaHHEIE OOpasUl NPHPOTOBRGHL]
IyTeM OCAKISHMA MHKDOKPHCTAITHKOB H3 CYCIISH3HH B BOAS
HA HEMTYAOHZHYIO IUTCHKY, NOKPLIBAIOLIYI0 METAIHIECKYIO
ceTky. DnexTpeHorpadHueckHe NCCASAOBAHHA NPOBCHCHE]
Ra anekTpoHorpade SI-400, (2L4=39,4 MM-A ).

Puc. 3nexTponorpaMma ot Teketypst GagzsIng 758;.

Ha prec. mokasaHa 2NeKTPOHOrpaMMa OT TEKCTYP 3TOTo
coennueHsl, [eoMeTpHS pacrmonoweHnns pedAekcoB Ha
MANOH OCH 9JUIHTICOR  YKA3hiBaeT HAa MOHCKIHHHOCTL
kpucra™eckolt pemerkd. B Tabmmue 1 npureaeHs
reoMeTpH4ecKHe napaMerprl 2R, 2D, d W HHTEHCHBHOCTH
kaxkaore pednexca, rie d - MERIUTOCKOCTHOS PacCTOAHUE,
Diy: - B MacoTabe LA, paccTosiias Mexay yuiaMH 0OpaTHOH

PCUICTKH H IUNOCKOCTH, COOTB@TCTBY[O]]IEﬁ IUTOCKOCTH

MN¢HEH.
- Z 2 /2
Dpxs = (Rhxy = Rpy) +
Fhe¢ Ry, - Manag oCb SJUIMRCA, Ry - PagUyC-BeKTOPHI
pebnexcos [9].

Hcnoneays >TH RaHHEle, OTPEACTEMb! napaMerphl KpH-
CTANHYeckoH pelleTkKH:
2g =314 uMm; Zp = 1/3g = 1,06 MM; b = 3,7834;
20/2Rye = tg(90-F); Ry = Rsp/3; 90-F = 9,997
B =99997% .= 124294, ¢ = ¢, /sinf =12,621 4
cn = 2AL/2q ; a = 6,552 A, rne g - B MaciuTabe AL,
paccToRHIe Meway ywiamum hkl uw hk(1+I) ofparHoi
PELICTEH.

Tabnuua 1
No Tone. 2R 2D hkl dsm:_
ke, | reop.
1. 00cn
2| opor  [10355] 843 | 845 103 3,805
3|  cwmn  |12,52]1056 1057 103 }3242
0. O.cn. 10,415 010 3,783
1, | cpencuen. | 12.198] 6.35 | 6,34 012 3,230
1. CHITLH. 12,076] 1,10 | 1,06 | 110(201) | 3,263
2. CHITER. 12,216 2,15 | 2,12 | 200(111) | 3,225
3.| cpemcumen. [12,744] 422 | 423 | 111 (202) | 3,092
4, 00cn 14,073 7,31 | 74 | 112(203) | 2,300
5| cumm  |14,709] 847 | 846 | 202 (113) | 2,679
6. Ocn. 15,894] 10,53 [ 10,57 | 113 (204) | 2,465
7. Ocn 16,757 | 11,671 11,63 | 114 (203) | 2,351
8. Ocn 18,2291 13,70} 13,74 | 114 (205) | 2,161
9.{ oa. 19,054 14,78 | 14,79 | 115 (204) | 2,068
10. CHITBH, 20,7501 1691 | 16,91 | 115 (206) | 2,899
I Gen. 13,014| 8,45 | B46 212 2,187
2. CpeIH. 19,0841 10.54 ] 10,56 214 2,065
0. Qcn. 18,039 301 2,184
i cpers. 19.107] 6,30 | 6.34 301 2,062 |
0.| 0.0.chnsn. (20,830 020 1,892
.| epern |22,836) 948 | 9,51 |0,23312) [ 1,722
2. 0. cn 24,3765 12,66] 12,68 | 0,24 (313} ] 1,616
1. o, 24,017110,56] 10,57 123 1,634
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HP. Amupacnonos. ©.I0. Acados, 5A. Maxcumos,
BH. Monuanos, AA Mycaes, HI. $ypmanosa.
Kprctannorpagus, 1990, T, 35, Buin. 2, ¢. 332-336.
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BB 3ggeun. DnexrpoHorpadua M CTpYKTYpHaa

KpucTainorpadmsa rAHECTLIX MaTepHalos, M., Hayxka,
1964, c. 312.

M.H. Kazimov, G.H. Hiiseynov, 9.B. Maharramov, [ H. Dliyev

GagasIng s5:-YENI FAZASININ ELEKTRONOQRAFIK ToDQIQI

Ayr-ayn clementlerdon GaosIni,sSs kristallan sintez olunmuy ve teksturadan alinmig elektronogramlar esasmda monoklinik
qofosin @=6,552 A, b=3,783 A, c=12,621 & , #=99,997° parametrlori vo faza qrupu C2/m te’yin olunmusdur,

M.G. Kyazumov, G.G. Guseinov, A.B. Magerramov, 1.G. Aliev

ELECTRON DIFFRACTION INVESTIGATIONS OF NEW PHASE OF Gag;;sIn, 75S;.

From separate elements (ag scIn; 158+ crysials have been synthesized and determined following parameters of monoclinic lattice:

Hama nocmynaenus: 14.09.98

a=6,552 A, b=3,783 A, 12,621 A, #=99,997° and space group C2/m by clectron diffraction patterns.

Pedaxmop: P.B. Hlagusade
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OB OAHOH CYTIEPCUMMETPHYHON 5U(2) xU (1) xU’ (1) MOJAEJHA
SJEKTPOCJIABOTO B3AMMOJAENCTBUA

O.T. XAJIHJI-3AAE
Jabopamopus Adepruix uccredosarti
Huemumym Qustixu AH Azepbaiioxcana,
370143, baxy, np. I’ Qxcasuoda, 33

Pabota nocBAICHA TIOCTPOCHHIO H HCCNSAOPAHHIO CYNECpeHMMMeTpERHOR SU(2) xU(1} XU’ (1} Monens 3nekTpocnaboro B3aNMo-
heferens. PaccMOTpeH BONPOC CROHTAHHOTO HAPYIIEHHS CYNEPOMMMETPHH, NOMYIeHE! BRIPANCHHA NN MAcs KanHGPOBOYHBIX, XHITOBCKHX
B0J0HOB H HX CYNSPrApTHEPOB, 8 TAKIKE THAEP3aPAROE XUITORCKMX MOk,

HecMOTpa Ha BREYATIAIOIMUE YCTeXH CTAHRAPTHON Mome-
JIH, OHa COOCPXHT PAN TEOPETHYSCKHX HEAOCTATKOB (TpobGne-
Ma HEpapXHH, Mpofinema ceMeiicTs H T.14.) 1 TpelyeT BRIXOA
3a ¢¢ paMKH. CyTIEPCHMMETPHMHBIE TEOPHH AAKOT HIETAHTHOE
pemenne npoGnemt nepapxuH. Takol ke noaxon pelieHus
npoGeMbl HepapxAH HALICA CBOE PA3BHTHE B CYNEPCTPYH-
HeIX Teopinx. B pabote [1] 6bimo nokaszato, 4to ecnn kannb-
poBodHat rpYMna EzxEz WIH SO(32), To Takad TeopmA
cBof0oAHa OT aHOMANHH, H OHa BKIOYAeT B ¢elA BCS BHOM
B3aHMOIOEHCTBH, B TOM YHcAe U TpasHTano. Jdanee rpynna
Ey HapywaeTca 00 Eg ¢ N=1 noxannsoil cynepcuMmerpHeii.
B HHIKOIHEPreTHYSCKOM Npedelic rpynna Eg COASPAAT, N0
kpaiieli Mepe, OAMH JonmoanHTeAbHEH U(1) daktop [2].
Beneacrere 3TOTC NpEACTABNACT ONMPENENCHHBIN HHTEpEC
. IOCTPOSHHE H HCCIEAOBAHHE HHIKOIHEPreTHYOCKHX CYTICp-
CHMMETPHYHHX SU(2)xU(1)xD’ (1) Mogenel. Dromy
BONpoCy DOCEAILECHH psn paboT [3-9].
|

+ gﬁ[’ (1 + Q1)|H1|2

Hactosntas pa6ora nocesAleHs OHON U3 BOIMONKHOCTEH
NOCTPOSHAA  cymepcuMMerpmdHoll SU(2) xU{1)xU’ (1)
MOJIENH 3nexTpocnaboro p3auMoneficramii.

IpennonoxuM, 4TC HEKOTOpas YacTh runmepapsma Y,
TONACTOYH-XHITCOBCKUX Toeh ofycnaenmeaeT B3aHMoneli-
CTBHE ¢ GO30HHRIM TIONIEM @, 2 TAKKE C erc (epMHOHHLIM
napreepoM A’. JIpyrad 4actb rHnepzapafa Y, Onpelened-

Had Kak Y, = 2 O- Y, ofyclaBanBaet B3anMONeHCTREE CO

BTOPEIM GOIOHHHIM TIONEM fi, W ero giepMHONHLIM [1apTHE-
pom A”PaccMoTpyM cyval, KOTAA CyNepeuMMETPRA Hapy-
LIeHA IBYMA W20RyGIeTaMn H, = I,Hj = {5}, #8)u
H30CHHrIeTOM N ][4 THNep3apsacB TONACTOYH-XHMITCOB-
Ckux mnoneli npumeM ofo3HaweHHMA: AMA  H-Y;=0,
(Yz==1-Qp) ; A Hz - ¥1=Q, (Yo=1-0;) K MM N-Y;=0y
{Y;=-Qy). B 3TOM cimydae ckalApHbiil BOTEHIMAA HMeeT
BHA.

1 - v =
SAolmen, + min) + ool + ol + out?) +
+(1-o )l - QNINI"]} + M

+ Ihlsin;Hij' + h2|2 + hz(lelz + |Hz|2)|N|2

Buifupaa BakyyMHBE CpefHHE XATTCOBCKMX ToJell B

BlHze
() = (“’1 /&)(I,O), (1) = ("2 4 ‘E)(Orl)' (N} =0,m
YCIOBHA MHUHAMANBHOCTH CKATAPHOrO moTeHmHana (1),
HMEeEM
2 + QZ 2 + (l - Q )2 2
tgl, = g 29 2! 92 @

P+ Qfgl + (14 Q)gl’

rae tgéi=vy/ v, OTNHAHBIE OT HYIA MHHHMYM MOTEHLIIANA
(1) noKasMBAET, 4TO KAK CYREPCHMMETDHA, TAK H KanuGpo-
BOYHAL CHMMETPHA CIIOHTAHHO HAPYLIEHB!.

Baanmozetictsue kanaGpoBOYHBIX GO30HOB C XHUITOBCKH-
M TIO/AMH OPUBOMHT K TOMY, 9Te mons W* , npuoSpetaior

Maccy mp = g‘?(vf + vZ)/ 4. NpeoSpasosanne nosneii
by, @, ¥ i, B (UsHMEcKHE NOMA Ay, 31, W 2, BHDASHM

yepes YIIH 3i1epa, 2 HMEHHO PACCMOTPHM MPENCTARNCHNHS

3
A, b,
Zm = a,|,
Zgy C,

rae CG=0;(&} O, (&) Qs(n). Hanee paccMOTpIM Cirydaki
BPAISHMA &=7/2. ITO YCNOBHE OPUBOAMT K CHCHYIOLIEMY
COOTHOIMEHHIO

- sin’ n
tob = QI + sin®p @

¥z

rac sin f}'=g2/gar gﬂ_(gf + gg) Hna Maco

HeHTPaNbHEIX BEKTOPHEIX Z; H Z,-5o30HoB HMeeM (Mose A,
ocTaeTca BesMaccoBeiM);



2.,2.,2 2 OtMeTHM, YTO MOABIYACH BbIpakKeHMAMH (5) J1erko
2 m, 2 4 goVIVZ(QJ + Qz) 4 y pa
= 5 ’ = P 7 ,(4) MOXHO MOxas3ate, my, > Mg .
+ cos” 8 4 vi + v
Teneps paccMOTPHM MAcChl YHIMYECKMX CRAMAPHLIX 60-
/2 30HOB, BOTHHKAIOIMY B MpejnokeHuol mogenmu. Ilpencra-
rge cos 8 = 99, Vi 5,, § = (gzgg + gfgg)] . BHM XHTTORCKHE 110414 B BHIE
Ycnopnaa (2) u (3) NO3BONAOT ONPENSIHT THNEP3APAHbI RATN Hf Hé
XHITOBCKHX monel H; v H; Hy = |2 Hy, = Yy 2|08 N
2 2
) A3 7z
0 = - 1-23in° 1 cos 28 (1 N ctg2ﬁv) , Huaronanmama noteHumana (1) ocymecranserca ¢
2sin® @ ) NOMOImBIC BbIpaKeHuid, npuseacuutix B [9). B aroM ciryvae
cos? 7 ( , ) NONYYacH, UT¢ B DPSINCKeHHON MONCTH HMEIOTCA 3apAkeH-
Q; = - o sinl 0 1+ tg by HHe H® W YeThipe HEHTPANBHEIX Ho {iw1+4) XHITOBCKHX
| 6030HOB, HMeeM
2 _ w2 L om? 2_£h2(vz+vz)+2+22
mH: - mux mzz 7 mH:o -_ 4 7 1 2 mzl mzz rd
ml, = 1 [hz(vz + VZ) + mz] m, = m?, = hz(vz + vz) + _ O m?
= 1\v1 2 2, ) 7 s = = a4\ 2 z
" e = o, + 0] ™
|
s mace cynepnapTHEpOR KanHOPOBYHBIX O030HOB, B 3aKmMOYEHHM DNEPeuYHCHHM OCHOBMHIC pE3YNETATH
MOABJBNOLIHXCA B MPSLICKEHHON MOJETH, HMeeM npeanoxerHoli Momera. B Mogenu  mmeerca  oguH

Geamaccormil xanu6porounLIt MynsTHIter {7, y), cocron-
m,. = &mw sin @, , m,, = &mw cos 6, , i u3 Maliopanoackore depmuona (poTuno) u doToHa.
1 r

,m; = m YeThipe  MacCHBHBIX — MYALTHINETA [H P WL W ),

m =m 2

a5 2
(v, %, w*) (55, 2, 2,)ul62, 2,, 2,) . cocronmum
H3 peabHOTO CKajApHoro monA, JapakoBckoro depMnosa H
xanubpoBounore mosid. Kpome toro, MMeeTcA MacCHBHBIN
mynsthnner (HS, HS, ﬁ), COCTOSINMIA H3 JBYX CKAandpoB H

OTMETHM, 4TO B MPEANOXEHHOR MONENH Takke WMeercd
CynepnapTHEP XHUTTOBCKOro §030Ha MACCH!

2
m§ = h71 . (vf + vg) onuore Jupakosexors depmuona.
[1] MB.Green J.HSchwarz. Phys. Lett,, B149, 117, 1984, B116,16,1982.
[2] F. del Aguila et al. Nucl.Phys.,, B272.413, 1986; B284, [6] T Inmami, C.S5. Lim. Nucl.Phys., B207, 533, 1982,
530, 1987. [71 TG. Rizzo. Phys. Rev., D34, 143§, 1986.
[3] P. Faver Phys. Lett., B64, 159, 1976; B69, 489, 1977, [8] V. Barger, K. Whisnans. Phys. Rev,, D36, 3429, 1987,
[4] 8. Weinberg. Phys. Rev., D26, 287, 1982, [91 @.T Xawur-zade. Tpenpunt MNe315, HDAH Asepb.
[5] R Barbieri, S. Ferrara, P.V. Nanopoulos. Phys. Lett,, CCP, Baxy, 1989,
F.T. XJlil-zada

ELEKTROZOIF QARSILIQLI TOSIRLORIN SUPERSIMMETRIK su(2)xU(1)xU’ (1)-MODELI
Elektrozeif garsiigh tesitlerin supersimmetrik SU (27 xU¢1} xU° (1)-modeli qurulmus ve tedqiq edilmisdir. Supersimmetri-
yamn spontan pozulmasi baxibmig, arahq, hiqgs bozonlarm, onlanin supersimmettiyalarmmm kiitleled ve higgs bozorlann
hiperyiikleri d¢iin ifadalar alinmmigdie.
F.T.Khalil-zade
ABOUT THE SUPERSYMMETRIC sU (2} xU (1)xU’ (1) MODEL OF ELECTROWEAK INTERACTIONS

The possibility of construction of the supersymmetric SU (2} xU¢1}x0U7 1} model of electroweak interactions have been consid-
ered. Spontaneous symmetry breaking have been investigated and the masses of the gauge, Higgs bozons and their superpart-
ners and the Higgs fields hypercharges have been calculated.

Hama nocmynnenun: 29.11.98 Pedmwemop: HT. Hweapapos

21



FIZIKA

1999

CiLDV Nl

SJEKTPOPHINYECKHAE CBONMCTBA SMIUTAKCHAJIBHBIX ITEHOK Pby..Sn,Se

XJ. JKAJTWIOBA, H.P, HYPHEB, H.B. PAPAJUKEB, M.H. ABAVJLJIAEB, EK. TYCEHHOB
Hucmumym Pomosznexmponuxu AH Azepbaiioxcana,
370141, 2. bawy, yn. . Azaeea, 355 xe-n

Ha noancskkax BaF; nomyuenw smrraxcnamisie mndaxi Pby,,Sn,Se (0,03 < x £ 0,07) ¢ noHMEKeHHoA KOHUCHTpAUMEH, NETHPOBAKHRIX
In (Nip2 0,3 Bec %). CTpYRTYPHOS COBCPINCKCTBO NASHOK KOBTPOIUPOBANOCE 2ICKTPOHOIPAPHICCKAM H PCHITCHOANGPAKTOMETPHYECKHM
Merofamy, B wirepsane remneparyp 77-300 K Hocrenosans! TéMreparypHsie 3apucuMocTH kooduiumenta Xomna v atex nndsxax. B
TAEHKAX N-Pbygg;Sng orSe (0 2:10'° em?, g 3-10% en®/B-cex) oGuapy®ken aHOManLHMI X0A TEMNEPRTYPHON IABUCHMOCTH N0CTOAHHOMN
Xonna Rx (T) 06yCTOBACHHBIA HATHYHEM NPHMECHOTO KOHOPHOIO YPOBHA, HAXOAAWIETOCS Ha CTyfnHe £~6.40,02-0,03 3B) 8 sanpementok

30HC HCCNCIYCMOIO MAaTcpHana.

OnurakcuansHue MigHkn Pbi,Sn,Se, nomyusBve wH-
POKOE TIPAKTHYECKOS IPHMEHEHHS B CIECKTPAJIBHOM AWANazo-
He 8-12 MEM [1] MAPOKO KCIOAB3YIOTCA B ONTOMICKTPOHHKS,
Haumyytrne pesynsTaTel NOCTHTHYTHM HAa NOLNOAKKAK W3
ceeeckonororo BaF; [2,3], xortopmilt mpospasen B »ToMm
CNICKTPANIbHOM JHAMA30HE, HMEST XOpOWYIo MEXaHHHECKYIO
NPOYHOCTE H XHMBYEeCKH HHepTeH. B [4], na ocHoBe anHTaK-
CHaNbHBIX MABHoK Pby45n,Se (0,062 < x £0,070) Harotosne-
Hbl BHICOKOKadecTBeHHBbIe QoToanonn! ¢ Gapeepom IloTTRN,
Mepexomu GopMAPOBATHCE HAHGCCHHCM CNOCE CBHHLIA Ha
mAtHkd Pby.,Sn,Se, noaydeHHble BaKyyMHEIM HATBUICHACM
Ha ckoael BaF;. KoueHtpauuwa Eocutencit B cmodAx
Pb.,Sn,Se cocranama (2-6)-10"7 e mpu 77 K. Omnako o
$OTONPOBOAHMOCTH MOHOKPHCTANLAOE HAH MHTAKCHAMLHBIX
WISHOK TBepHoro pacteopa Pb.,Sn,Se B ofnacTi cocTagos,
COOTBETCTBYIONIMX IVIHHAM BOAH 8-12 MKM, A0 HacToAweroe
BpSMEHH, TO-BHOHMOMY, He coobmanocs, Ilpmumma
JaKMo4acTed B CPABHHTENBHO BRICOKHX ITPH.'MCCHHX KOHLICH-
tpamix (210" ¢m™) momywaemeix ofpasuos, BBMAY TOrO,
Y10 OHY KPHCTAITHIYIOTCA ¢ OTKJIOHCHHWEM OT CTEXMOMET-
pan. B page pabot [5,6] Hccnenopainey MOHOKPUCTANLIL] H
aNUTAKCHANBHHE Mk Pb, Sn.Se, B KOTOPEIX HMEHOTCA
HAHHBIE N0 MX IMEKTPOPHIHIECKHM H (OTOMCKTPHICCKIM
cpoficTeam. OfHAKO, XAPAKTEpP MEXAHHIMOB paccesHHS HO-
cuteneil Toka B 3THX MarepHarax OKOHYATENbHO HE BHIACHEH.
B cBasa ¢ pHLICHMIOKEHHBIM, LUeNLIO HacTOoRmel paboThl
ABNANOCEH TIONMYdeHwe MIHTARCHANLHMY ROk PbSnSe ¢
noHmkeHHoH KkoHUeHTpauMell HocuTenedl Toxa B HMceneno-
BAHHE KX 7eKTpodHIecKuX CBOMCTB. { IeMLI0 CHIDKEHHA
KOHISHTpAUMH HocHTeAeli TOka A YMEHbIIeHHs BakaHcHii 3
NON METANNA, SANTAKCHANLHLE MNSHKH GLITH MOMYYeHH H3
3apaHee CHHTEIHPOBAHHBIX H JICTHPOBAHHEIX WHIHEM 06pa3-
moe Pb,,Sn,Se Ha auanexTpHueckoil nomnoxke BaF:{111}
METOMIOM MONEKYNAPHO-ny4eBofi anuTakcHi. lepes npouec-
COM HAMLLTCHAA MOONONKKH, ANA OUHIIEHHS MOREPXHOCTH OT
BOIMOXKHLIX 3arpA3HeHHNA, OTKMTATHCE NPH PajHBIX TeMIle-
paTypax.

Iina nomyveHEn HHGOPMALIH O TIPOLIECCAX pacCesHHA
TOKAa HOCHTENEH, HCCNEROBaHbl MIEKTPOPIIHIECKHE CBolCT-
Ba MHTAKCHANLHBIX MIEHOK Pb,,Sn,Se (x=0,03-0,07), nern-
POBAHHBIX In C pa3NAYHBIMH CTEMEHAMH KOMIIEHCAUMH H
OAHOPONHOCTH. TLHEHKH N-THMA APOBOAHMOCTH HOMYYATHCH
nernposanreM Pb,,Sn,Se nHanem (Gonee 0,3 mec %) npu
n3fbiTKe cBepxcTexHoMeTprdeckoro Se. Temneparypa ocax-
nenus (420-450) 1 0,5°C, paGouce AaBICHHE OCTATOUHBIX Ta-
308 B ycraHoBke 1-2-107 ITa, TONUIMAZ NOMYMEHHBIX UIEHOK

cocTapnana 1-1,5 Mxm. KpreTawummmeckylo CTpyKTYPY INEHOK
HCC/ICZ0BANH METOAMY JIECKTPOHOTPAdHH H PEHTTEHORR(-
PAKTOMETPHH. ’

Puc.l. 3nexkTpoHOrpaMMa INHTAKCHANBHBIX MACHOK
Pby, g3 81 075e.

¥

PASy

wlr, 5t

7 i 7

&

Puc.2. Temneparypian 3aBHCHMOCTD TIOCTOSHHOH Xoana 214
n-Pbg,e33ng g7 8¢,

Ha puc.| npueemena 3EKTPOHOrpaMMa Ha OTpaMEHHE
NOBEPXHOCTH 3MHTAKCHANBHBIX ITeRoK Ha Pb..SnSe nern-
poeatHEIX In. TINEHKA HMEIOT MO3aHYHO-MOHOKPHCTAIITIYEC-
KYIO CTPYRTYPY ¢ wockoctsio pocta (F11) ma. IT(111) nonn.
TNomymupHea KPHBOTO KAYaHHA PEHTIEHOBCKOH AHGpaxiUUH
W;,:=180-200", B cmyuyae menerMposavHoi In mNEHKH
Pb,.5n,Se cTpykTypa nnéHok MeHee COBepIIeHHA, O HeM
MOXHO CYOHTE RO TIOHBJICHHIO MEXIY IyroBuIMH peduexca-
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BJINAHHE OTXKHUI'A HA BO3AYXE H B BAKYYME HA ITOBEPXHOCTHOE
H OBBEMHOE COIIPOTHBJIEHHE Cu,0

3.H. 3AMAHOBA, JL.A. AJIHEBA
Hucmumym Qusuxu AH Asepbaiioxcana,
370143, baxy, np. I [Pycasuoa, 33

BEICOKOTEMIICPATYPHbIM OKHCICHHEM NONYUEHE! CIHODasHBIC 0OPAsIEL 3AKHCH MELH ¢ YACABHBIM COTIPOTHBICHHCM p=l+2-10" Om-oM.
HecnezoBano BAHAHRC OTAHIA HA BO3AYXe MpH 500°C u B pakyyme npr 1020°C na nosepxHocTHOE Rt 00BEMHOE YISHBHOE CONPOTHRICHHE
Cu,;0. Yeranosneno, wro saexrpruyeckic MapaMeTpsl oaHodatHex ofpajuoe CiO B pesyauTaTe OTHHIA HA BOOYXe H B Bakyyme cnabo
H3MENAIOTCH, HabnonaeTea CTAGUNEHOCTE COCTABA H BNEKTPHIECKHX NAPAMETPOR.

Brenenue.

B cBS3M ¢ NOUCKOM ASWIEBRIX (oTonpeobpaloBarenei
BBICOKOTEMNCPATYPHBIX CBEPXNMPOBOIHHKOE B NOCHCEHHE
roIBl HATEPEC K 3AKHCH MEAH HENPEePhIBHO Bo3pacTaeT {1-3].
(aHako, Bompock! herpajaumi napaMerpos Cu;0O B 3a-
BHCHMOCTH OT YCJIOBHI MTOTY9eRHa A 06patoTKH, HX BIAAHAA
Ha XapaKTepyYCTHKH Npabopos, co3manHEbX Ha ocHoBe CulD
OCT2I0TCA B LIEHTPE BHUMaHWA. B Hactoswme#t cratbe Heche-
OyeTC# BIHAHHE OTXHIA HA BO3AYXC H B BAKYYME Ha YISNb-
HOe conpornBickne CuyO.

DKcnepaMeHT H obcyKICHNE,

COrMacHO NHTEP2TYPHEIM JAHHBIM 3AKHCh MEIH ABNACTCA
THITHYHBIM  DHIPOYHBIM  MONYNPOBOAHHKOM HECTEXHOMET-
PUMECKOrO COCTaBa ¢ M3OBEITKOM KHCIOPOIA, YTO NPHBOANUT K
0ODpasOBAHIIO KATHOHHBIX BAKaHCHHU H IICKTPOHHBIX ABIPOK
[4]. Hedexrnrle noAynpoOBOAHHKH HCCASIOBATHCE HAMH H
panee |5-7|. Omnodasneie obpasupt Cu;O GbutH NMOMydeHL!
HaMH N0 TEXHOIOTAH, omucatHoil B paGote [8) mpencHmem
RECKONLKHX MIMCHCHHH B MPOACHAHTENBHOCTE OKHCICHHA.
Tax xax npn nonyacaur Cu,O pasMepbl 3¢peH 3aBHCAT 0T
pa3sMepoB KPHCTALIOB HCXOAHOH Meay [9), miacTHHKM Meau
(Mapxu M1) pasmepamu 1 oM x 1 oM x 0,8 mw unmgopanmuce,
AOMHPOBAIHCH, TPABHWINCHE B pajbapneHHol azoTHoH Kue-
JOTe, PGMBIBANHCE B AHCTAVTHPOBAHHON RO, IPOCYIIMBS-
SHCh, A 33TeM OTKUranHch B BakyyMe (10 mm pr.cr.) mpu
temneparype 1025-1035°C 3 waca ¢ mocaemylomm mef-
NEHHEIM OXJIAKACHHEM B TeueHHW 16 wacop. ITomywenHrre
obpasupt B0 udbexamme pearmme  CuO ¢ KoHe-
TPYKIGIOHHEIMM MATCpPHANAMH I[IeYH TIOMCmANHCH B Khap-
HeByIo TpYOKy W OKHCASTHCE Ha Bo3gyxe npu  1040° C w
tedenne 4 wac. 30 moumyr. Cnoft CuO, obpasyiompuiica Ha
noBepxAocTH Cup0, umerommii depuptft uBeT, ynananca
MEXAHIECKH WG oBKol H nonupoekoil.

OO0beMHOe B NMOBEPXHOCTHOS YOSABHOS COTIPOTHRISHHE
Cu,O Gemno maMepeHo ABYX30HAOBLIM MeTOAOM. Bo Beex
CUydadx HIMEpPeHHA Ha obpasihl HAaHOCHICA omMwdeckull
KOHTAKT ¢ MOMOLLULID Ag-macTsl. Mcxonusie ofpasnel pMenH
CleIVIONMe  3HAYEHAS  YASNBHOTO  COMPOTHBICHHA!
Pron.=142:10* OM-eM, p,0.=1,5+4-10* OM-cM. 3aHimKeHMHEIE
JHAYCHUA 0,00 (B 1+2 pasa) MOTyT GEITH CBA3AHBI ¢ XEMO-
copbuuel xHcIopoia Ha NOBEPXHOCTH, KOTOPAs 3ABHCHT OT
TEeMNCPaTYPHBIX pesiuMor 00paGoriu. JEna Hccnegosanus
BJIHAHUA TeMNEpaTypHHX 0oO6paloToKk Ha BOIIYXE H B Ba-
KyyMe Ha yoelsHoe comportaeneHue CuO, RaMH NMpHMeHT-

JIKCh Pa3HBIE pexHMbl. KaK H3BECTHO, ODKHI Ha BO3AYXe [IPH
500°C ypesHuHBaeT KOHUEHTPALHIO Kucnopoda B CusQ, uro
TIPHMBOIHT K POCTY KOHUCHTPALMH OCHOBHBIX HocHTeseH [10].
HaMmu Mcnonb3osaHbl HMCXOOHBIE  O0pa3lbl, HMEBLING
Pron.=2:10" OM-cM H 2,5, =4-10* OM:CM, KoTODEIE NONREPTH
OTXHTY Ha BO3IyXe fIpH 500°C B TeueHHH 4-5 yacos. 3areM
ofpaiiel cpa3zy aKaMHBAJIMCE MYTEM TIOTPYXEHMA B JHC-
THINHAPOBAHHYKO Boxy. Takod pexxuM 06paboTKu NPHBOIHT K
VYMEHLIIEHHIO M [OBEPXHOCTHONO K OOLEMHOIO YASALHOMD
COMPOTHRIICHHS: £, =10:10° OMcM, p.5.=3,5:10° Om-cm,
YTO MO-BHIMMOMY CBA3AHO ¢ YRENKUEHHEM YHCMIA BHEApEH-
HBIX 2TOMOB Kucnopona B peuretke Cu,O.

o Muenury asTopos [11] maGuTox KMCIOpOAa B KPHCTa-
Jmrueckoi pemerke CuyO, BEpOATHEE BCEro, CBA3aH € aTo-
MaM¥ KHACNOPOAA, RUSAPEHHRMH B KPHCTALNMMECKYIO pe-
TIETKY, HO He ¢ BAKAHCHAMHE PETYIAPHEIX HOHOB MEOM B 3TolH
pelieTke. BO BpeMa  BHICOKOTEMMEpaTypHoll obpaboTku
kprcTaiop Cuy( POHCXOINT 33XBAT JMEKTPOHOB HPpEry-
NAPHBIMH ATOMAMH KHCIOPOAA OT PETYRAPHHIX HOHOB MEIH
3a CYET TeIOBOi SHEPTHH:

O+Cu"+AES O +Cu™

rae O - upperymapHu atom kucnopoaa; Cu’ - peryaspusrii
HOH Memu; O - MpperynspHbilt HOH KHCIOPOIA (ATOM KHCNo-
pona, 3axearupmruil snektpod o1 uona Cu’); Cu™ - pe-
TYNSpHBIH MOH MEHEH, HOCHTENs MEKTPOHHON Asipru; AE -
9HEPTHA AKTHBALMH Opollecea.

[No skcmepHMeRTANBHEIM TaRHEIM aBTOPOB [11] 3Heprua
BHEAPEHHA KHCAopona B pewerky Cu,O pasna 0,5 3B, a
AMEKTPONPOBORHOCTE KIMEHAETC B JABHCHMOCTH OT JAB-
TIEHHA KHCTIOPOAA B ORPYKAIOLIEH Cpefie o 3aKOHY!

o=const-Po,’’ (2

Hna ymaneHHa Kucaopona ¢ NPHIOBEPXHOCTHEIX CROSR
HexogHee O6pa3’lpl NOMEMAanuch B KBAPLERYHD AMITYTY H B
pakyyMe 10™ MM PT.CT. B 2aKpHITOM 00EEME OTRATATHCE TIPH
1020°C B Tedenun 3,5 waca ¢ NOCHSMYEIOINMM MeNeHHLIM
oxiaxaeReM B TteueHHH 18 wacos. [locne Takoro
OTXHIa yIeNnLHoe COMPOTHRIEHHE VBENHUHIOCE:
Pros. = 2,6/10°0OM-cM, 6= 6,5:10° Om-cM, 9TO MEI CBA3EI-
BaeM ¢ JedHUHTOM KHCNOpoJa. DTH 3HAUEHHA YAENEHOrO
COTIPOTHBNCHHA HE COMNACYIOTCH ¢ Pe3yALTaTaAMB aBTOPOB
[12], cornacHo KOTOPHIM MOCNE TAKOr0 OTHEUra YIENEHOE
compoTHeaeRHe Cu,0O jonkHO ORUIO  YBENMYHTECHE 1O
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~10":10" Om-cM. B cBexmEx obpasmax MONyYeHHBIX
asropamu [12] nocne npeSBaHNL Ha BOIAYXe B Tedeune 30
MUHYT YAETbHOE COMpOTHENEHHE Majiane Ha NopAOoK, a B
TEUeHHH Yaca - Ha 2 mopsnka. Tlo-eupaMoMy, 3To 00BdAc-
HAETCA TeM, HTO ¥ HMX 00pa3zuEl BO BpeM® OTKUTA HaXOAH-
JWCh NOA NOCTOAHROM OTka4koH, H3OBITOUARIA KHCTOpOX
YAQAANCA, 4TO0 NPHBOIHAO K YBCHHYCHHIO YIO€NbHOTO COIIPO-
THBICHHA Ha §-7 NOPAIKOB, a IPH BEIHOCE Ha BO3AYX HX
YASHbHOS CONMpPOTHBACHKS ObIr0 HecTaGHABHBIM H M3IMEHS~
70Ch O BpemeHeM. B HameM ciryyae ofpasibl HAXOOWIHCH B
3AKPHTOM O0beME H BO BpPEMA ODEKHTa OCBOGOAMBIIHICA
KFCIOPON CO3/aBall ONpPEAC/ICHHOS PABHOBECHOS AAB/ICHHE,
OpH KOTOpoM YyIelnsHoe conpotemienne (u,O yBeawvmea-
nock B 2,6-3,2 pase, oaHaxo, nopanok (10*) octasancs, xak n

B MCXOOHEIX 0Opajllax W He MEHAACHS CO BpeMeHeM Ha
BOZTYXE,

BLIBOALI.

1. BeeneHHe KHCIOpoAa (OTKAT Ha Bo3ayxe 0o 500°C) u
BHBEACHEE KMCITOpoaa (OTHNr B Bakyyme o 1020°C) mame- -
HACT TOMPKO KOIPPHIHEHT B 3HAYCHUAX YASIBHOIO [OBEpPX-
ROCTHOTO H o0BeMHOro conporuenesna Cu,O, a nopasox
(10*) ocTaeTcA HEMSMEHERIM, KaK ¥ HCXOAHAIX 00pasLOs.

2. TMoaoGpan onrAMANBHEIN BEICOKGTEMOEPATYPHEIH pe-
KHM TNOMyucHHAA oOHOopa3HbIX obpasues Cu,O co craGmib-
HbIMH 3NEKTPHMECKHMH [apaMeTpaMi.

[11 A.A Camoxsance, T.H. Apbyacea, H.A. Bunanun,
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E.N. Zamanova, L.O. Oliyeva

Cu:0-NUN SOTHI Vo HOCMI MUQAVIMOTING HAVADA VO VAKUUMDA TABLAMANIN To'SiRi

Yiiksok temperaturly oksidlegme yolu ilo xilsusi milqavimeti p=1+2-10# Om-sm olan birfazall CuzO niimuneleri alinmugdir.

Havada 500°C-de ve vakuwumda 1020°C-de tablamanin CuzO-nun sethi vo hecmi xiisusi milqavimnetine te'siti Syronilmigdir.
Mileyyen olunmugdur ki, birfazah Cu2Q nimunalarinin elektrik parametrlori havada ve vakuumda tablama neticesinde zeif dayigir,
terkibin ve elektrik parameirletinin stabilliyi miigahida olunmugdur,

E.N. Zamanova, L.A. Alieva
INFLUENCE OF THE ANNEAL IN AIR AND VACUUM ON THE SURFACE AND VOLUME Cu,O RESISTANCE

The one phase Cu,O samples by high temperature oxidation with electric resistivity /=1+2.10* Ohm-sm are prepared. The influence of
the anneal on the surface and volume electric resistivity of Cu,O at 500°C in air and at }020°C in vacuum is investigated, It is established,
that electric parametres of the one phase CuyO samples, annealed in air and vacuum, have very small changes,

Hamea nocmynrenus: 15.03.99 Pedaxmop: P.B. lapuaade
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MNOJAPH3AIIHOHBIE ®OTOJAETEKTOPH HA OCHOBE CJIOHCTRIX
NOJYINIPOBOJAHHKOB

H.M. MEXTHEB
Aszepbaiioncancran I'ocyoapemeennas Hegmanas Axademus
baxy, 370601, np. Azadnwmiz, 20

HconenoBaHusMe ANEKTPHUECKHX H (GOTOINEKTPHYECKHX CBOACTE [ETEPOTEPEXO/O0R HA OCHOBE COHCTHIX MONYIPOBOAMMKOE GaSe u
Tpotiex coenunennlt CdSnP; i CdlnySey yoTaHOBICHB NPHHLKIIEI PAa3ACIcHHA HEPABROBECHWX POTOHOCHTENEH rereponepexonom. OGHa-
pysena cMeHa apefidororo xapaxtepa Toxa GoToAnIpok Ha AnddysHoRHEIH NpH BeicOKHX YPOBHSX B03CyRAcHus B ITI GaSe-CdSnP, Bui-
ABNEHHET AHA3IOTPOANA HOTOOTKNHKA NpH ochetieHKK [Tl muneHHO NONAPHIOBAHHEIM CRETOM OGLACHAETCH COKHOCTHIO BANCHTHHIX 30H

Y3KOI0HHBIX NAP [STEPONCPEXONOB,

B paGorax [I-3} 6buim npuBeacHs! pe3y/abTaTH IO HCCie-
JOBZHHIO JIEKTPHISCKHAX H POTOINEKTPHIECKHX CROFCTB re-
TEPONEPSXONOE HA OCHOBE CJAOHCTHIX NOMYNPOBOAHHKOB
GaSe w Tpoliurix coeanueHnit CdIn;Se; n CdSnP;, cospan-
HBIX METOAOM MOCAAKHM HA ONTHYCCKHI KOHTAKT. B Hacros-
mefl paboTe MPUBOIATCA pesylsTaThl Wccneaosanui goTo-
3NEKTPHUECKHX CBOMCTE 9THX 3¢ TCTCPONEPEXOAOB NpH 00~
Ny9eHdH eCTeCTBCHHLIM H NONAPHIOBAHHEIM HITYUCHHAMM.
TTapaMeTpst 0OpaiHOB H TEXHOMOTHH HX HINOTOBNEHHS aNa-
Jorwunsr  [1,2]. IHupumbi 3anpemenntix 3oM  Cdln,Se,
(&, =1,78 aB) n CdSnP; ( &;, =1,17 3B} menpue, uem GaSe

(%; =2,04 3B ) u B rerepoctpykrypax GaSe BRINOMHACT

poNE MHPOKO3OHHOH napsl M3 IRepreTHYecKol 30HHOH
AMATpAMMEL rerepoliepexonoB GaSe-CdSnP; [1] cnemyer,
YTO KOHTAKTHAA Pa3HOCTh NOTCHUMHAIOB (@,p;) €O 3HAYCHHEM
0,67 B nomHOCTEIO JIOKAann3yeTci B IIAPOKO3OHHOM nape
GaSe #» suHepreTHuecKmil paspelR B BaNeHTHOH 30He
(4E,~0,16 3B) HaMHOrD MeHbllIe, YeM B 30HE MPOBOAUMOCTH
(AE.~1,0 2B). B rereponepexone GaSe-CdIn;Se; paspriper
BAaNeHTHON 30HE H 30HLI NPOBOTHMOCTH TIOYTH pPAaBHEHI
(4E ~0,60 3B, AE, 0,83 5B ).

Ha puc.]l npupeneHa 3saBucuMoctes otosae TTI
p-GaSe-CdSnP; 0T UHTEHCHBHOCTH BHEIIHET0 HIMyde-
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Pue 1. 3apucumocts doroans I'Tl GaSe-CdSnP; ot mrwescup-
HOCTH OCBEHICHHA: & K 6 COOTBATCTRYET SHepreTHIeckol
304HOH Zuarpamme, xorga HOTOIAC Vi pasHu H GOMbILEe

Yrpn +

HHA TPK OCBEIICHHH co cTopoHH GaSe, DHepran nagaroionx
GoTOHOB, TPH ITOM, COOTBETCTBYET 0GNACTH MpPO3PATHOCTH

GaSe 1 00nacTH CIABHOTC MOTAOIIEHUA kpHCeTannoe CdSnP,
{A=1,04 MKM).

Kak cnesyer w3 pac. 1, MpH MATSIX KOTHUECTBAX (JOTOHOB
dorosac pacTeT no 3aKoHY Vu~1nJ, MPEACKAIRIBAEMOMY
IrofHOH TeopHel, A DPH  OTHOCHTENRHO  GONBIINX
KONHyecTBax - HaGnonaeTcd TeHASHIES K HACBILIRHHIO,
OxHako, kak caeayeT W3 pmc.l, (oTo3ac xomocroro xona
OpONOMKaeT BO3pAcTaTh © YBSIHYCHHEM MHTCHCHBHOCTH
OCBOINCHHR H TOCHEe ROCTIKEHHA 3Hadenma V,=0,67 B,
COTNACYINETOCA €O JHAYCHHEM (@, [1]. Habmonaomutics
H3IOM B 3aBHCHMOCTH Vy~f (L), MOXET OOBACHATBCA CMe-
HoH ApelidoBoro xapakTepa Toka GoToabpoK w3 CdSnP; mpu
Vp<@upn (pHC.12) Ha JMPPy3HOHNBIH TIPH V3> @y, (PHC.16).
HAngdeperuyarbHoe CONPOTHBAEHKE KAK MPH NPAMOM, Tak i
00paTHOM CMELUCHHAX NPH CWIBHOM OCBELEHWA H U<V,
CTAHOBHTCA MCHBLIE, 4eM TeMHOBOS CONPOTMEIEHHE
MoHokpucTannos GaSe, noaToMy orpaHmHBalomxmM Tok ['T1
p-GaSe-n-CdSnP; sBnserca conpormsnenme cnoa GaSe.
[ockonkiy GOTOHOCHTENH TPH OCBELICHHH FeHEPHPYIOTCA B
CdSnP;, To npuuuHOll NOBBILICHAA NPOBOIUMOCTH CJIOA
GaSe sBrfieTCA WHNCKIHA ABPOK IETCPONCPEXOAOM, WLIA
KOTOpPRIX AE, HMeeT ACBONLHO HiaKoe 3uadcHue (~0,1 3B).
Beneactsre 3Toro, B 000HX MATepHANAX [ETEPOCTDYKTYPH
obpazylores npHneraomue K IWIOCKOCTH paspcna oGaacTH,
o0OralieHAEle  OCHOBHBIMA  HOcHTeRaMu. Ilocieanee
CXeMaTHUECKH Noka3aHO Ha pHC.16 B, Xak BHAHO, NO3BOMAET
AOMYUHTh GOTOOTKIIHK, MPeBHINAICUIHA KONTaKTHYIO pas-
HOCTh MOTEHNMAN0B Kak K B ciydae ['TI p-GaSe-n-InSe [4],

CriekrpanbHoe pacnpenenesse doTosac M
GaSe-CdIn,Se, u GaSe-CdSnP, np1 oceemeHHY ¢O CTOPOHM
GaSe  npencrarnedo Ha puc.2. Kak BRANO, CHEKTPHI
PoTOCTKINKS TeTEPOTEpEXONoB NPOIBANIOT 3deKT "oxHa" ¢
YETKHMH IPAHHLAMH, COOTBETCTBYIOIIMMH 3HEpPrusM (GoTo-
HOB, PABHLIM LIMPHHAM 3aNPEUIEHHEIX 20H KOHTAKTHPYIOUIHX
MaTepHaioB. Koria SHEprHS CBETOBOTO KBAHTA HMEET

3Makenus £, <hw<g, U £ IHPHHLI 3anpemen-

HbIX 30H Y3IKO3GHHOM H IIMPOKOZOHHON NPk, COOTBETCTREH-
HO, OH ApaKTHYeck# Ge3 nornomeHns NpoXoanT uepes GaSe
H NOFAOLLACTCA B Y3KO30HHOM MarepHane BOIMIH TPanHIel
pasacaa,

Poxaennsie RocHTe n B npeaene AHGOYIHOHHON LHHEL
HOCHTeNCH 3apafa oT fepexolla KOMNEKTHBHDYIOTCH IHEPre-
THYECKHM GapbepoM U BHOCAT BiJad B GOTOIAC, @ BIMPOKO-
30HHBI{ MATCPHAN BEINOJNHACT POJAb OHTHYSCKOTO (QRIBTPA.

CBET C DHEprHed hv2e, NMOTAOWAETCH WHPOKOIOHHEIM

rog £ 2
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MATEPHANOM H B $OTOIAC BHOCAT BKNAJ JIHIOG (HOTOHOCHTE-
N1, TEHSPUPOBAHHEE HA PAccTOAHHH auddyanonHoil AnHHL
OT TpaHMLE! pasfena. [lostomy Halmopaetca pesknili crmazm
$oroanc npk hvss, U hv>e 4, » F BEHHEL $OTOIYBCTBH-
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Puc.2. CriexTpankHoC¢ pacnpeneneae doroaac I'TT
GaSe-CdSnP; (1) n GaSe-CdlnaSeq (2) npa I K.
Oceemierue co ctoponsl GaSe.

TENRHOCTH onpenensercd AuddyIHOHHEIM NOTEHUHANOM B
KOKAOM KOMIOHEHTEe reteponapisl. B pexmMe XonocToro
xona (OTOOTRET OTIPEAeNAETCA COOCTREHHBIM TeTeponepexo-
AOM W RITHAHHEM (GOTONPOBOIWMOCTH Sa3bl MOXKHO NIPeHeO-
peus. ECnH CcKkavyox B BaJERTHOH 30HE Man H #He MEmAasT
NPOTEKAHHK) HCOCHOBHBX HOCHTEIEA M3 IEPBOTO MOMY-
TPOBOAHKKA BO BTOPOH 4epes Bepexon, IOTHOCTh NOBEpX-
HOCTHBIX COCTOAHMHA HA IPAHULIC pasAcNia MANA H HE CHHXKAST
BPSMEHH AH3HH KaK BHYTPH, TAK M OKONC 00SJHEHHOTO CIIOA.
[Mpa 3TOM ANMHHEOBONHOBaA TpaHHUA cCHeKTpa $oTo3AC
OMpeneNACTCA BEAWHMHON £ , @ OTKAHK B KOPOTKOBOHOBOI

JACTH CIEKTPa JABHCHT OT DIMPHHE! 3anpellcHHoN 30HBI M
TOJMYHE ITHPOKO3OHAOTO NOYTIPOBOXANKA,

Hanmine mDoBEpXHOCTHRIX COCTOSHHE B MAQCKOCTH
COTPAKEHHA TeTeponap BLI3HIBACT NOMONHHTENLHYIC PEKOM-
Sunaumo #a TPaHHLE pa3zena, IPUBOAAMIYIO K YMeHBLICHHIO
kBaHTOROMU >pexTiBHOCTH oToOTKNMKA. MHOTOKpaTHOE
yMeHpIIeHHe 3G(peRTHBHOCTH pa3feNeHHA (PoOTOHOCUTENE
PeaTBHBIM FeTEPONEPEXCAOM MCKIIIOYAET BOIMOXHOCTE MPH-
MEHeHHA X B kauecTBe QoTonpeoOpasorareneli. OnHaxo, m3
pHc.2 BHAHO, uTO (orosac rereponepexosa GaSe-CdSnP; B
IWHpokoll  o0AacTW  M3MEeHEeHHS YacTOTH CBeTa He
YMEHRITAeTCH, YTO BHAMMO, OOVCNOBNCHO COBEPLICHCTEOM
reTepOrpalHLBl ¥ HECYNIECTBCHHHM BAHAHHEM NOBEPXHOCT-
HBIX COCTOAHHH Ha pa3nencHre QOTOHCCHTENEH reTeponepe-
X0f0M. BRIISYKA3aHHOS ABNAETCA CYLUECTBEHHBIM NpPEHMY-
IMECTBOM CRONCTLIX NOMYNMPOBOJHHKOR H METOAA NOCAAKH Ha
ONTHIECKAT KOHTaKT NPH CO3EaHHA reTeponepexonor|1,5].

28

[pu obmyweunn FI1 GaSe-CdSnP, nuueitno nopspuso-
paHHbIM ceetoM (JITIH) anadenne ¢oroorkirka saBucT
TAaoKe H OT B3aHMHOTO HANPABACHHA ONTHHMECKON OCH KpHE-
Tata CASNP; 1 MEKTPHICCKOTO BEKTOpa M3NydeHnA = . Ha
pHC.] NpeACTABACHEI CHEKTPh GOTO3AC NPH HOPMAIBHOM
maaeHnu ectecteeHuoro {kp.1) u JIITM B oproroHaneusx imo-
nspmsanmax Bl € (kp.2)m ELC (xp.3), rie C onrideckan
ock kprcranra CdSnP,,

“r
i
’ -
48
o |~ 1
. 12
HERN
E - '0
g“' s
E d-m
a8
uF ,
7 F 1 'l i L '}
i 13 18 17 19 M
2

Puc.3. Cnextp Goroane (1-3) m poronnecxpomzma (4) [T g
GaSe«CdSnP, npy oceemenn co croponsl GaSe ec-
TecTReHHBIM (1) # TOMSPUIOBANKEIM cretom 2 - E || &
R3I-ELC.

Kak cnegyer u3 pHCyHKa, B 00NacTH MOTJOIIEHHS CBETA
KpHcTaLiaMH GaSe, GOTOOTKIHE HE 3aBHCHT OT MOMAPH3a-
MM H3IYSEHHA, HeCMOTPA Hi AHH3GTPOMMIC 3JEKTPOHHBIX
cocroanuit GaSe [6]. B paccMOTpeHHOM reOMeTpHH Hanpas-
JIEHHE PacmpoCcTPaHeHAA CBETAa [APALICHBHO ONTHISCKON
ocH kpuctana GaSe, a NMOREPXHOCTH CJIOA NOCISHHETO
mioTponsaa [6]. Cywmecreennad arnsoTponna HOTOOTKIHKA
Habmomaetca B OONACTH  KPaesoro  NOrMOICHHS
Monokprcramiamy  CdSnP,. Tlpu  3TOM  3aBHCHMOCTH
HOTOOTENHKA OT YINa & MeKIY ONTHYECKOH OCHIO KpHCTAWTA
CdSnP, H JNEKTPHYECKMM  BEKTODOM M3IYYCHHA E
COOTBETCTBYET 3aKoHy Mamoca

V=V cos?0+V;sin®0

rome Yy W V, 3AaYeHbe (GOTOO3IC NPH OPTOrOHANBHEIX OISk
pwsamnax El| Cu ELC.



Koadppuuuenr ECTECTBEHHOTO doronneoxporsmMa  aHA3OTPOMMO (OTCAKTHEHOTO normomenna ITl MoxHO
$OTOOTKANKA, BHMACKCHHEIN Ha OCHOBE Py=Vj-V,/Vj/+V; , oOBACHATH peanmsaliell NepexofoB Ha pacmEIVICHHEIX MOX
npeactasneH Ha prc.3. Kak cremyer m pucyHxa, B ofmacTH  BIAMHHEM XPHCTALIHMECKOIQ NOJA BAMCHTHRIX NOJ3OH.
srepri ¢ororoe 2,0+ 1,35 3B sHauenne P, uuuroxkno MER3OHHEIE Tepexolk! B HEHTPe 30HHI LpHnumosHa ¢ Hau-
Mano, a npA hv<1,35 oB sHauenws P, nonowurensHm M ¢ MeHbiel sueprueii (A-nepexon) » CdSnP; paspetuertl npeu-
POCTOM DMIMHE! BOJHB pacter. MakcuMansnoe 3HaueHue P;  MYIIECTBEHHO [UTA CBETA ¢ INMEKTPHISCKHM BexTopoM El| & .
{0,90) cooTReTcTBYET SHeprim hyv=1,17 3B M sBiAeTCH pe- YMeHbweHWe P; npH poCTe IHEPIHH POTOHOB BHI3BAHO TEM,
KOPOHMM MIA Be¢X THHOB Oapecpos Ha ocHope CdSnP;. wro B u C-mepexomst B CdSnP, paspemesnl, npeu-
OTMETHM, 9T YKa3aHHOC 3HAYCHHC >HCPIHH COOTBETCTBYET  MYILECTBEHHO, miA kBanToBc E LC [7).

4acToTe GoTOHOB Nd-majepa M YKA3IWBacT Ha [CPCICKTHEB- 3HAYEHHA KPUCTALIHIECKOTO (d,.) ¥ CONH-OPOHTANBHOTO
HOCTE MpuMeneHn paccmorpentiore Il B kagectse aeTek-  (A,,) pacmennennit BaneHTHON 30HE! OLECHEHHEIE HA OCHOBE
TOPa IAHEHHO NOMAPUIOBAHHONG HIMYICHHUS. , IKCMEPHMESHTANLHBIX KPHBBIX H KBa3HKYOHUECKOH MOIEIH,

HonspusatiHoHHAs 3ABHCHMOCTE (JOTOOTKIHRA PacCMOT-  yioRNETBOPUTENBHO COMNACYIOTCA C AUTEPATYPHLIMH JAHHBI-
permoro [Tl obycnosneHa aHH3OTPOMMEH YHEPreTHUECKOTO  ngy [7,8].
cnektpa CdSnP,.  Haseermo {7}, wro  CdSnP, TToApHIAUMONEAY  TYBCTBUTENLHOCTh  (OTOOTKIIHKE M
Rpﬂcrammye'rcsl B pellleTke Xanbkomuputa (Op. IPyAma  crexmp doTonneoXpoHIMa reTeponepeXonos
b c!) H ABIAETCA NPAMOIOHHMM nNoyynpobonnukoM. Hamu-  p-GaSe-n-CdInySe, B ykasaHHOH Bbile reOMETPHM OCBeLIE-
uHe TETPATOHATHHOTO CKATHA KpHCTAUTHUecKol pemerxku HA HE OTANHaAcTeA OT $OTOMTECOXPOHIMA ONHOPOAHEIX KPHC-
§=2-c/a =0,05, rae "a" B "¢" nocTosHHKIE peweTky, npy VOB p-CdIn;Se, [9).
nepexofe OT chHanepaTa K XANbKOMHPHTY CNOCOGCTBYET
BOZHHKHOREHHIO BHYTPHKPHCTAINHYECKOrO NOMA M pacmien-
JSHHIO TPEXKPATHO BHIPOXIASHHOTO COCTOAHHA BaneHTHOMH
30HEI cpanepura [7).

OCHOBLIBASICE Ha pacyeTax 30HHOl cTpykTypul CdSnP,,

[11 HAM Mexmues, FO.B. Pyos, 3.K) Canaee. Mukpomex- [6] HM Mexmues, FO.B. Pyds, 3.40.Canacs. OTII, 1978,

TpoHMKa, 1985, Ne 3, c. 271-273. T. 12, Ne 8, ¢. 1566-1570.
[2] HM Mexmues, P.H Mexmuesa X.B. Fezance. OTII, [7) LL. Shay, JH Wernick. Therary chalkopirit semicon-
1936, .20, Ne 2, c. 389, ductors, Pergamen Press, 1975.
[3] HM Mexmues, fO.B. Fyob, 3.10.Canaes, I'B. AGdyn- [8] I A Meogedwxun, K.Q Qsesos, 10.B.Pydw. OTII, 1976,
#ges. AsTopckoe chun. Ne 1195864, 1. 10, Ne 11, c. 2081-2084.
[41 B.JT Baxymenxo, B.I Tazaes. OTII, 1982,1.16,¢ 10, [91 T.I . Kepumosa, H M. Mexmues, 3.3 FNyceiinos, &.P.A0-
c. 1825-1827. acancea, IK) Canaes. ©TII, 1983, 1. 17, MNe 6,
[3] Al Kaswimzade. Astopedepar QOKTOPCKOH Auccepra- c. 1169-1173.
v, Baky, 1986.
N.M. Mehdiyev

LAYLI YARIMKECIRICILOR 9SASINDA POLYARIZASIYA FOTODETEKTORLARI

Anizotrop GaSe, CdSnP, CdlmSe, monokristallan esasnda hazirlanmis  heterokegidlerde isifin te'siri ile yaranan
vikdagiyicillarin  heterokegid vasite ile yanlma prinsipleri tedqgiq edilmigdit. Yiksek heyecanlagmalarda GaSe-CdSnP,
heterokegidinde kontakt potensiallar forqinden bdyik giymete malik foto ¢.h.q. misahide olunmas: fotodegiklorin corayamn dreyf
tabiatinin diffuziya ile svez olunmasi ile elagelendirifir.

GaSe-CdSnP, heterokegidini xetti polyarizasiya olunmug isigla heyscanlandirdigda foto e.h.g.-nin anizotroplugu ve yuksak
fotopleoxroizmi (0,90) amsali CdSnP;-nin valent zonasmm miirekkeb quruluga malik olmas ile izah olunmugdur,

N.M. Mehdiyev
POLARIZATION PHOTODETECTORS ON THE BASIS OF LAYERED SEMICONDUCTORS

The principles for the separation of the nonequilibrium photocurriers by the heterojunction have been established by means of research
of electric and photoclectric properties of heterojunction on the basis of layered semiconductors GaSe and threefold compound CdSnP; and
CdIn,Se,. Change of drift character of a current photehiole on diffusion is found out at high levels of excitation in hetergjunction GaSe-
CdSnP,. Revealed anisotropy of photoresponse at illumination, heterojunction by linearly polarized light is explained by complexity of
valence band of narrow band of hetergjunction pairs.

Hama nocmynsenus: 18.12.98 Pedarxmop: Juc I Abdunoe
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ON THE SURFACE WAVES IN THE SOLAR PHOTOSPHERE

M.B. KERIMBEKOV
Shamakhy Astrophysical Observatory
Azerbaijan Academy of Sciences
Observatory, settl. Y. Mamedaliyev, Shamakhy

The regular structures similar to the chains and clusters on the Solar Photosphere are investigated and mechanism these origin are pro-

posed.

Scrutinising direct pictures, obtained by the method of
cinematography, one may find the structures similar to the
chains and clusters. The same configurations may be ob-
served in high. Photosphere in the line: H,-1 A, etc. The con-
figurations differ from each other due to their shapes and
sizes,

Their considerable length may be due to two mechanisms
of the origin (waves and Percolation processes). In this paper
we'll discuss the first one. Recently, it was indicated that at
the frontiers of supergranulaes there were small-scale spin
waves (1 < 107) cm [1]. The explanation of this phenomenon
is very difficult from classical point of view. That is why we
to turn to the quantum mechanical interpretation.

According to the last one solar plasma parily degenerates
at the level under the surface where the n is equal
10"+10%' em charged particles per em’ and Tis = 10* K. Here
the distance between particles are r =10+100 Az , where

h
Ag=—=10"+10", (r=A;) and orbites are overlapping. It
4
leads to the origin of collective processes in the continuum
[2] and to the arrangement of magnetic momenta M, in
"domains” The value of M, may be of order: |

e2

2
P = (E] = .
h rh?

Coulomb cross-section of the collision is &, = 10 cm’.

'9e ‘9i

CZ

And in the result we have effective cross-section o,=P-a,
=10? cm®. The process occurs on the free-path
* 1 3 -
1" = = 10"cm (if n ~ 10%"); the spin-waves must
no,

be 10+100 times less than 1~ ie. 2,=10°.10° cm. Let as find

A
=2 > 10°s (where
gl

the life-time of the domain t: ¢

D . . . P
9 = L—‘“, Dy is the coefficient of magnetical diffusion:
h
8 -r + md_c 7 Ot
J'.Z‘n,:—'"_"“3 =10emr, = —S =1lcmd, =10 —;

g
L, - the height of homogenous atmosphere = 107 cm) The
frequency of spin wave is very low: @ < 10 sec”’, Qur ob-
servations of the Density wave and Rossby waves show the
same period: T~1 day (pictures 1-3).
On the other hand partly degenerated plasma in the photo-
sphere may be at frontiers of the Density and Rosshy waves.

Ly
‘ge

4t is magnetic permeability,

The "domains”, located previously at the same levels un-
der the surface came up to the photosphere due to the mecha-
nism of E. Parker [3]. Analyses of dispersion relationship
show that the shortest part of spin wave is most energetic
(6~ Sgeoup~A 12 A5Y = Agapy ). But what is the longest

wavelength? To answer on this question let us consider the
electron - ion interaction leading ¢o the broadening of the spin

wave spectra. The potential of the interaction is
MM . :
= "‘—3i; where r, is the mean distance between the
]
. er, . ,
particles. And M, ; = —= §, ;. The interaction occurs
Lo

during the interval r between subsequent colli-

e,d
sions, The probability of spinslip (of the M) may be described
by the formulae [2]

e.?

2 2
= . =1 0_1 €
19,

kT

2
mye

It is why we investigate short waves in the Solar Photosphere
[1,2] and particularly logarithmic waves (the Density waves).
Our pictures (1-4) show the arrangement of the tiny pores
(&&= 3"-5") along the logarithmic spiral {(1-4). In the picture la
we have 15 points; the spiral has the radius r ~ &, (g -
polar angle; k=cotgug tio~arccos M7'; M»1(Mis num-
ber). This case has been discussed in details in our paper [I].
In July 1989 we observed the evolution of the Density wave
from m=4 to m=0 ("m" is the number of branches} during ~ 1
day In the pictures (la, Ib) the spiral transformed into the oval
with diameter = 96" (~10° em). This shape of the configura-
tion does not account for the well-known Rossby wave. The
center of the oval has the latitude =~ 23°N.L. In the South
hemisphere we observed the Rossby-wave during the 2122
July,1989; Picture 2. Here we see 1/2 = 108" (1 mm = §"),

There is a spiral of the shock wave in the granulation
field, picture 3, (Ilmm = 1"). The length of the spiral arm is
25",



a b
Fig. 1. a). Two branches of the Density wave (m=2); b}. The last stage of the evolution of the Density wave (nr=0).

Fig. 2. The wave of the Density. from the film June, 15™. Fig. 3ti| Ros.:;hby wave (1/2 half of the wave); December
219 =22, 1989,

a b
Fig. 4. Filtrogramm of the upper photosphere Hy+ 0,2 A, We see the arrangement of the Moustaches of A.B. Sevemy along the loga-
rithmic branches. August 7%, 1957.

In the picture 4 we see spiral waves in the upper Photo-  sphere. Those § henomela are of great importance due to the
sphere (Hg - 0",2). fact of the emerging regular structures from irregular ones,
These illustrations of the regular geometrical structures on The author thank G.M. Seidov and A. A. Rumyantsev for
the chaotic background of the Photosphere are only part of the valuable advises.
observational data. In the following paper we'll discuss the
phenomena of the delicate and fragile “chains" in Photo-
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GUNOS ATMOSFERINDS SOTH DALGALARI

fik defo olaraq miiellif tarafinden Giines atmosferinda miisahide olunmus requlyar hendesi strukturlarnn tobioti miizakirs edilmis
vo onlarm amala gelma mexanizmi xatti va zerbo dalgatan ile elagelendirilmisdir.

M.B. KepumGexon
O [TIOBEPXHOCTHBIX BOJIHAX B COJTHEYHON ATMOCOEPE

OQUCYHUIBETCR NPHPOAA PETYAAPHEIX MeOMETPHHECKMX CTPYKTYD - LCNOYCHHBIX H KIACTEPHRIX, HAOMOOASMEIX ABTOPOM B aTMochepe
Connua. [peanoxcH MeXaHu3M HX BOHUKHOBCHHA HA OCHOBE JIMHEHHBIX H YAapHbIX BOH, .

Hama nocmyrrenun: 23.20.98 Pedarmop: P.P. Tyceiinoa
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PE3OHAHCHBIE AKIIEINITOPHBLIE YPOBHH B IOJTYIIPOBOMHHUKOBBIX
CIINIABAX Biy.,Sh,, JETHPOBAHHBIX OJIOBOM

b.A. TAHPOB
Hucmumym Dusuxu AH Azepbaiidxcana,
baxy, 370143, np. I Jocasuoa, 33

[lporeneto IKCICPUMEHTANLHOE HCCIICIOBAHHE TEMTIEPATYPHBX IAMUCHMOCTCH KOHUECHTPALHH JIEKTPOHOB MPH IMAPOCTATHIECKOM
Aapnekun B cruiasax Biy.,Sby (x=0,09; 0,15) s uwrepsane remneparyp 77 S T < 130 K. HaMepeHns NpoBeACHE ¢ TOMOLBIO 2TEKTPOMATHIT=
HOrO BLICOXOHACTOTHOTO MArHHTONIA3MEHHOre Merona. O6uapyieno, 1m0 B crnane BiygShy s neruposansoro 1o 10° ar.% Sn xoAueHTpaLs
HOHM3MPOBAHHOH MPHUMECH TIOBBHNIACTCA C POCTOM TEMTEPATYPL, 3 B criase Bijg Sboge OHA YMEHBIIAETCS TPH YBETHYEHHR ARBRCHEA H
TEMIICPATY PRI, 110 OOLACHACTCA NEPEPacNpeseicHUEM INECKTPOHOB MEXY I0HOMH NPOBOXHMOCTH H KBA3HIOKATRHLIMH AKLENTOPHEM YPOR-

HEM.

Haubonee akTHEHBIME TIPUMECAMH aKUENTOPEOTO THIIA B
BHCMYTE M cTnamax Bi,Sb, ssamorcs Gmokaiiimne & Hemy
JeTbIpEeXBaNeHTHEIE 3MeMeNTR Sn U Pb, koTOpEIe N0 cpaRne-
HHIO € NISCTHBAJICHTHHIMH 3McmerTamu [1] otmmaloTcsa Go-
Nee CIOKHO# CTPYKTYPOH BaCHTHOH 30HEL.

Hi3 pana axcnepuMeHTOB CAEAyeT, UTo Kak JOHOPHBIE, TaK
H dKLICNTOPHBIE NPHMECH HOHA3HPOBAHLI YKE HpH HH3KHX
TEMOEPATYPaX, MPHMECh JIHOIL HEIHAUMTENBHO MCKAKEET
30HHBIH CTIeKTp CILTaBoB, A NPUMECHKIE HOCHTEINN NPOCTO 3a-
NONHAIOT COOTBCTCTBYIOWIHE 30HB [2]. Oanake B paforax
[3,4] ofmapyxeH MakCHMYM Ha TEMNEPATYPHOH 3aBHCHMOC-
TH YHCNBROTO COMPOTHRICHHA, KoTophlfi ofbACHARCH
BIMAHHEM DPHMECHBIX COCTOAHHH Ha 30HABIH cnekip. B
pabore [5] wHccnemoBanuch Gaprdeckne  3aBHCHMOCTH
KOHUEHTPAUHH H TOABIKHOCTH JCKTPOHOB B CINTABaX
Bigo1Sboce B BiygsSby s, Nerupopanntix onosom mpu 77K,
KOTOpEIe MOKa320H, YTO AKUSMTTOPHEIE COCTOAHMA 2ABUCAT OT
CTPYKTYPHE H TapaMeTpeB BaneHTHol 3oHH. Kak Guino
nokazado B [6], pocT TeMmmnepaTypsi TPHROAMT, Kpome
OUERHAHOTG H3IMEHEHHA KOHIGHTPAUMH H TOZBHSKHOCTH
HOCHTeNCH 3apAfia, M K HEKOTOPOMY  H3MEeHeHHIO
JHEPTETHYECKOTO CMEKTPA, KOTOPOE MOWKET NOBTAATL Ha
AKUEATOPHBIE COCTOAHMA R CTUIaBax Bi,.,Sb,. ITostomy

MPEOCTABIACT  HHTepeC  CPAaBHEHME  TEMNEPATYPHBIX
3aBMCHMOCTEH  ANEKTPOGH3HYECKUX  [IADAMETPOB  3TAX
CIUIABOB.

HsMepeHHa TeMIepaTypHHIX 3aBHCHMOCTEH KHHETHYEC-
KHX [apaMeIPOB HOCHTSACH 3JapAma NPOBOSHINCE ISk~
TpoMarHutHyME BY marsmromiasmennnivy {OMIIB) mero-
IamMH [7], oGranaroiaME pAZoM NpeHMYLHECTB TIPH HCCAS0-
BAHUAX AHHIOTPOMEBIX MaTepuanos Bi,Sb,, B wvactHoCTH,
3TAa METOJHKA HCKTOYAET (OTPEWHOCTH H3Mepenuil, o6yc-
JIOBJIEHHLIE JNEKTPHICCKHMH KOHTAKTAMH H BIHAHMEM (op-
ME 06pasua. HaMepeHns DpoH3BORHAKCH B AHATIAIOHE Yac-
Tor 0,1425 MI'y ¢ ApHMeHeHHeM CKPEWHBAIOUIHXCA KATy-
meK HHEYKTHBHOCTH. DQ{EeKTHBHAS KOHNEHTPELHA 3NeK-
TPOHOB I OTIpeARTANACE 110 OTHOINEHWIO £, /B, roe £, u B, -
COOTBETCTBEHRAO JACTOTa M MACHUTHAA MHIYKIMA, COOTBET-
CTBYIOINAS MAKCHMYMY MEPENaBacMoro Ha HRAMEAMOHHYIO
XaTyWKy CHrHANA.

B nactosuie#i paGore NMpefCTABNEHEl PEIYNBTATH HCCle-
AOBAHUA TEMIEPATYPHHIX JapucaMocTell addexTiRHCH KOH-
LEHTpALUHH EKTPpOHOB B crmapax Bip,Sh, ¢ x=0,09; 0,15,
NETHPOBAHHKIX ONOBOM, B YC/IOBUAX BCECTOPOHHErO CHATHS
1o 0,8 I'fla. OmmeTtiM, yTo cmaB Biy gsSby (s MpA aTMOChep-

HOM JaBIRHWH H HUIKHX TéMneparypax NpeacTaBnaeT cofoi
RpAMO30HHMH NONYNPOROAHMK ¢ MMHHMANEHON Mensio B L
TouKe 30651 Bpunmosna (3B), a B cimase Bigy,Sby oo B6mMIN
MOTONKA BANEHTHOMN 30HE B L TOYKe HMeeTCA APYToH dxeTpe-
MYM BANCHTHOMH 30Hel B T TouKe (3B).
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Pue. I 3asucaMoct MdpexTHEHON KOHUESHTPALIH HOCHTENSMH

3apAna 0T TEMNEPATYPH B ciinase Big gsSbg 15, nerupo-
panHOM Sn:1-0 ar.%Sn;2-5-10"* a1.% Sn; 3-10" ar.%Sn.

Ha puc.1 npenctannensl 3aBncHMOCTH 2dhdekTHBHOH KOH-
UEHTpaUHM 3NCKTPOHOBE OT TEMICpaTypel [Ui  CILIABa
BigssSby, s neruposanoro no 10° at.% Sn npu arMocdep-
HoM pasneHuy. [To s¢dexTHBHOI KOHUeHTpauAn 1 4 mpn
YBECTHBIX TApaMeTpax JHEPTETHUSCKOTO CMEeKTpa HOCHTE-
neif 3apAaa MOXHO ONEHHTh KOHLEHTPALMIO HOHWIHPOBAH-
Hoi IpHMECH: Na =P+ Pp+ P-n; 30ech Py, Pz U P - KOHLICH-
TpauHH OBIPoK B I, T W 2'Toukax 30Hs! Bpuumossa (3B). Jlma
casa BipSb, ¢ x=0,15 napamerpsl >HepreTHueckoro



EAJAHEOD

¢IeKTPa XOPOILO MIBECTHH MPH HHIKMX TeMneparypax 18]
Kak 6uno TiOkaszaHo B [9], SKCTIEPUMEHTANBHAA H TEOPETH-
yeckas JABUCHMOCTH N * (T} crunapoB Biy.Sby, nocneauat n3
KOTOPHIX PaCCUMTaHa B DPEATONONEHHE HE3ABHCAMIEX or
TeMMePaTyYpsl NApaMeTPOB IHEPTCTHUECKOTO CMEKTPa HOCH-
Tenei 3apAna, Giu3ku B oGnacTy TEMNepaTyp 77-100K. Bel-
me §30K JKcrepHMEHTANbHEIE W pacieTHbIC 3aBHCHMOCTH N
ot T 3HAYMTENBHO PACXOLATEA, YTO YKa3biBacT HA SHAUUTE/b-
HOe M3IMEHEHHE JHEPIETHYSCKOIO CTEKTpa HocuTene
zapuia. TTo3TOMY aHANIH3 TEMICPaTYPHEIX sapucuMocTett 2-
(heKTHBHOH KOHLEHTPAUUH C/leAyeT OTPAHWHHTD oGNACTRIO
Temmepatyp 77-130K. OueHka KOHUEHTPAIH HOHHIHPORAH-
HOH nprMecH B 3TOM 06AaCTA TeMNePaTyp NoKka3ana, UTo OHa
BO3pACTAET NPHMEPHO BABOE W14 obpasliop ¢ PazNHYHBIM
ypoBHeM JermpoBanus. Ha pesynbTathl pactera MOWXET
[OBJIHATE TEMNCPATYPHAA 3a8HCHMOCTD 1eH Eg, ocobeHHO
A CANBHONETHPOBAHHLIX 06pasioR, A1 KOTOPEIX YPOBEHB
®epmp GNM30K KO AHY 30HB! MPOBOAHMOCTH. Tak Kak
BCECTOPOHHEE  CHKATHC  MCHACT sHAueHHe Eg . TO
NpeACTaBNACT HHTEpEC  CpPaBHEHHE 3aBHCHMOCTEH
3exTHBHOH KOHUCHTPAIMH SMEKTPOHOB n’ (T) TON BO3-
ACHCTBHEM THAPOCTATHYECKONO RAANSHHS, acolieHHo KOTHa
Eg Gmuska x wymo. Ha puc.2 NpeacTaBNeHb! 3aBHCHMOCTH
n'(T) AanA BiggsSboys+Sn MpH PasmiIHLIX  HABJICHKAX.
BRIKO, Y10 OHW MOMOOHEI 3aBUCHMOCTAM 17 (T} mpn
atmocQeproM napnenuu. OfpaTuM BHHMaHHE, YTO npy
P=0,62 I'Tla 3savueHne Eg; fnmiko k HymO {opn T=77). Cpae-
pese aaphcaMocTedi n”/ (T) NerHpoBAHHBIX W coOCTBEHHOTD

CILNABOB TIOKA3BIBAET, YTO MW MpH 5TOM NARNCHHA
KOHLIEHTPAUHA HOHH3NPOBAHHON NPHMECH PacTeT.
Py
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Pue. 2 3apncumocts 2(dexTnBnOl XOHLISHTPALHH HOCHTE-
neti sapsafa oT TEMNEpaTypel ANd Big gsSho, 15+
+5.10°° a7.% Sn NpH pARUTHYHEX JHAYCHHNX AaB~
newus: 1- 10° Tla, 2 - 0,3 T'Tla, 3 — 0,56 Tla.
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Hefo/hinas BapHaUMA NapamMeIpoB IHCPreTHYECKOTo
creKTpa (HampuMep, HIMEHCHHE 3hphexTHBHOK MAcCH 2~ fbi-
POK FHePreTHHECKOTO PACCTONHEA MEKITY AHOM JOHL npoBo-
NMMOCTH M TIOTONKOM BAIEHTHOH 30MBL B L' TOUKS Eiz ) ne
BAMAET Ha PeAYALTATH PacueTa, MOITOMY MOKHO MONAraTh,
YTO KOHIEHTPALHS HOHHIHPOBAHHOM MpHMecH neficTeuTent-
HO pacTet B YKasaEHOM 061acTh TeMneparyp. JaMeTiM, 4TO
npu pasneruH P=0,62 I'Mla u T=77K cnnas Biy 3sSbes nepe-
XoAuT B Geclienepoe COCTOAHKE, CACHOBATCIBHO AKICNTOP-
HEle YPOEHH B L (£C/TH TaxOBBIE CYIIECTBYIOT) CTAHOBATCA
pe3oHaHCHEIMA. OKAKO, Kak MOKHO YBHACTL K3 puc.2, 310
He OTpaKaeTC Ha 3aBHCHMOCTAX n’ (T). Moxno oxHaath,
YTO 1A AKUETITOPHEIX COCTOANHH, CBAIAHHBIX ¢ L IKCTPEMY-
MaMmyi, BLINONHEHO YCJOBHS CHWIBHOTO  JICTHpOBaHHA
-10° ar%Sn)

Ha puc.3 NPEICTABNCHbI 3ABHCHMOCTH apexTuprOH
KOHLEHTPAlMK OT TEMNEPATYPR A CTaBa Bigg1Sbooe He-
ruporasrore 1o 1,5.10 ar.% Sn mpu aTMocepHOM AaBfe-
uAl. OEHKa KOHLEHTPAUAH HOHH3HpPOBaHHOH TPHUMECH B
obnacT# Temrepatyp 77-130K moxasana, 4T0 0Ha Hé 3aBHCHT
OT TeMIepaTyphi.
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Pue. 3. 3apucumocTd 3 KTHEHOH KOHUEHTPAUNH MK~
TpOROB B BigeiSboge , ACTHPOBAHHOM Sn:
1.0 ar.% Sn; 2-10* a7.% Sn; 3-1,5-10% a1.% Sn.

Ha phc.4 NpeAcTaBneHs! 3aBUCHMOCTH 1t (T) BNA cona-
Ba Bigo1Sboge © pamriHLIM YPOBHEM Sn TIPH PaiiHiHbIX
JHAMEHUAX THAPOCTATHISCKOTO AABJICHUA. Bunaro, Y70 NpH
P=0,07 TTla >dpexTHBHAA KOHUEHTPALIMA INEKTPOHOB J€TH-
poBaHERX 06pa3nos BHILE, 9eM MPH aTMOCEpHOM [aBne-
BHn 1o T=100K, a npu GoJee BLICOKHX TEMIEPATypax - HA-
e, T.6. B NernpoBaHHMIX 06pasuax B OTIHUKE OT HENCTHPC-
BaHHOro B MHTepBane Temneparyp 77-100K B GapiiecKnx
3aBHCUMOCTIX >((eKTHBHEIX KOHUECHTpalni HabmogaeTca
MaKCHMYM, STO YKaILRaeT Ha MEPEPACTPEAL/ICHAS INEKTPO-
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Pyc. 4. 3aBHCHMOCTH 3D PEKTHRHOA KORUCHTPAIHH BOCHTE-

AcH sapaaa ot TeMueparypsl Ans Bij opSby oo, TerH-
POBAHHOM Sn MPY PAIAMYHEIX IHAYCHHAX TABICHHA:
O-10% a1.% Sn,®- 1,510 ar.% Sn; 1 - 1,4 -10% I1a,
20,04 I'Tla, 3-0,32Tla, 4 - 0,07 [Ta.

t
100

K

HOB MeXHy 30HOH MpORGOWMOCTH H aKNEeNTOPHEIMK
cocrosAnsmMu. TIpH Temnepatypax eeme 100K mermerca
XapakTep OGapHYecKPX 3aBHCHMOCTeH n’ (T): Hcuezaer
MAKCHMYM K 3aBHCHMOCTH OT P, OHH CTAHOBATCA NOXOGHEIMH
AHANOTHIHWIM  3ABHCHMOCTAM U1  cmnaBa  BiggsSbys
3aMETHM, 9TO cME€HA Xapakrepa GapuueckuX 3aBHCHMOCTENH
n’(P) nnm cnmaea BiyeSbeos ¢ pasmmHBIM  ypoBHEM
JNETHPOBAHHA  NPOMCXONHT TIPH  OHOM  SHAYCHAW
TEMIEPATYPEL YBenHdeHue TeMnepatypsl ot 77 no 100K ue
MOXET CYMIECTECHHO MOBJHATE HA HOHHIALMIO OTAENRHLIX
AKUETTOPHBIX ypoBHeH B 3anpeleHHOH 30HE.
JleHicTeHTENEHO, YPOBeHD PEPMHA NPH TAKOM TORLILEHHH
TEMINEPATYPhl MEHACTCH NHIOBP BAa | M3B B COOCTEEHHOM
cruiase. [To3TOMY MOXKHO MPEANCNOXHTh, YTO CMEHA XapaK-
Tepa 3aBHCHMOCTH 1 ' (F) npH T=100K cea3ana ¢ H3MeHe-
HHEM 2HEPreTHYSCKOTO CTICKTpA HOCMTENEH 3apana, Bepo-
ATHO Wen B,y JleHcTBHTENBHO, pH gaeneHuH P=0,07 I'Tla,
Koraa HabmonaeTca MakcHMyM > dexTaBRON KOHUSHTPAUHN
2MCKTPOHOB B JACTHPOBAHHBIX O/10BOM 06pasuax Big o) Sbyos
npr 77K, E;; H3MeHAeTCA Beere muib Ha [ mas. TIpuMepro
HA TAKYID JHEPrHIO E,; YMCHBIIAETCA M [IPH HOBHIMICHHH
Temnepatypsl or 77 ge 100 K [10]. MosroMy, Kak u mpu
YBENHGCHUH [ABMEHHA, AKLCITOPHEIC YPOBHH ¢ POCTOM
TeMOEPATYPLl CTAROBATCA PEIOHAHCHLIME.

JTH pe3ynLTaTL! NO3BONKAN CACIATh 3AKMOYEHAE, 4TO B
cnnasax BiSb, cymectByloT axuenropemie ypoemu, a wx
BIHARHE HA TeMNepaTypHb¢ M GapHieckue 3JABHCHMOCTH
sexTERHOI KOHIIEHTPALMH H IMKAOTPOHHOH
MIOAPIDKHOCTH ONPelenfeTcd COCTABOM CTUIARS.

[1) 111 bodios. AuM3oTponnd SNBICHAH TEpeHOCa B
CILI4BAX BHCMYTa C AKUEIITOPHBIMH HDIMCCAMH H €C
HIAMMOCBA3P €O CIPYSTYpoH 30H BONH3A  ypoBHA
Depmn. AsToped. kaud,. auc. HopoculOupek,1970.

HE. Bpanom, X. Jummmax, AT Honomapes OTT,
1971, 1.13, 8.10,, C.2860-2872.

f1.I1. Booion, B.Y. Fapbaxcuy. OcobeHHOCTH AeHCTRHA
mpumMecell B BHCMyTe. [lomymeTannel M y3KO30HHBIG
OOMYNpOBOJAHMKH  NOA  BAHAHHEM  BO3acticTeHIL
Kuuuses, 1983, C.26-49.

b.A.Taupos, H.C.Tommues, MI Hlomaxmunckudl,
Hapectua AH Asep6.CCP, 1977, n.u.
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Pu3. C6., 1973, 1.13, Ne d, ¢.535-543,
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KOTD, 1982, 1.83, Ne 6, ¢. 2152-2169.
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inski, Turkish Journal of Physics, v.18, n.2.
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AA Llyseman. PapgHotexunka # anektpoHnxa, 1976,
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c.478-484.
B.A. Tahirov
QALAYLA ASQARLANMIS YARIMKECIRICI Bii.Sbx XOLITOLORINDS REZONANS AKSEPTOR
SovIYYOLORI

lsde qalayla aggarlanmig BiixSbx (0.09 < x < 0.15) xolitolorinde hidrostatik tezyiq altinda elektromagqnit maquitoplazma dalgala-
nimn dispersiyasimn tedqiqi naticesinde, elektronlarm konsentrasivasimn temperatur asihhgi analiz edilmigdir. Gésterilmisdir ki,
102 at.% Sn soviyyesine geder asqarlanmis BiosiSboos, BiogsSbo,15 xslitelerinde 77-100K temperatur intervalinda elektronlanin kon-
sentrasiyasmm temperatur asthlifinin xarakteri mixtolifdir. BiosiSboos xelitesinde ionlagmiy ionlann konsentrasiyast tezyiqden
asihidir ki, bu da rezonans akseptor seviyyasinin emele gelmesile slagadardir.
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EA. TAHPOR

B.A. Tairov

THE RESONANCE ACCEPTOR LEVELS IN SEMICONDUCTOR ALLOYS OF Bi,.Sh, DOPED RY Sn

There have be¢n carried out experimental investigation of temperature dependences of effective electron concentrations in Biy,Sb,
(0.09 < x < 0.15) doped by Sn under the hydrostatic pressure in temperature range 77 € T €130 K. The measurements are conducted by
electromagnetic high-frequences magnetoplasma method (EMPW). It is found that in Big 58by, 5 alloy doped up to 107 a1.% Sn the
concentration of ionizing impurities increases with temperature, and in Bigg Sbogs 2lloy doped up to 15-10"* at.% Sn it decreases from
pressure and temperature which is due to redistribution of charge carriers between condustion band and quazilocal acceptor levels,

Hama nocmynnenusn: 24.02.97 ' _ Pedaxmop: C.A. Anues
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MAGNETISATION OF NANOPARTICLES OF MAGNETITE WITH MAGNETIC
DIPOL-DIPOL INTERACTION IN DISPERSE MEDIUMS

R.A, ALI-ZADE
Institute of Physics of Academy of Sciences of Azerbaijan,
H. Javid av. 33, Baku, 370143

The potential of magnetic dipol-dipol interaction of magnetite nanopaticles has been desctibed by expression:
2
2 mH 1 - . . o .
Byeq = - 3 oth — = ——| .Magnetisation and magnetic susceplibility expressions for magnetic dipol-dipol interacting
drp,r - kT mH

kT
systems of magnetite nanoparticles has been obtained. Magnetisation and magnetic susceptibility curves determined by experimental and by
means of obtained equations are good agree. Initial magnetic susceptibilities determined by numerical differentiation of experimental mag-
netisation curve and by means of obtained equations are 0.112, 0.0945 correspondingly. It has been established, that magnetic dipol-dipol
interaction help to formation of chains of magnetic nanoparticles, along external magnetic fields line and magnetisation oceurs by the method

"parallel" mechanisi magnetisation of chains.

1, INTRODUCTION

Investigation of the magnetisation of samples -I and -II
(samples -1, -II are medium of magnetite nanoparticles with
average geometrical size of nanoparticles 9.48 nm and 7.77
nm correspondingly) obtained from the experiments and cal-
culated by means of Langevan equation showed, that at mag-
netisation region H=0-300 kA/m they don't agree and value
of (Maxp. “Mineor,) /Moxp, =AM/ Mep,  changes in interval
0.945-0.055 and 0.458-0.056 for samples -1, -II correspond-
ingly. The dependence AM (2} on tension magnetic field has
been investigated by means of the square root method and it
has been shown, that at weak magnetic field it increases, at
middle field it is hyperbolic correlation and it increases with
decreasing of magnetic field. The dependence AM(H) on
concentration of magnetite nanoparticles is parabolic. Ex-
perimental and calculated initial magnetic susceptibilities of
samples -I and -II at magnetite nanopatticles concentration
0.007, 0.0047 correspondingly are equal to 0.112, 0.0423 and
0.0102, 0.00011. Maximum magnetic diameter of nanoparti-
cles of sample -I calculated by means of experiment is

iz
[ d = [%ﬂk—T] ] and theoretical magnetic sus-
” -

ceptibilities obtained from expressions of the difference
geomeirical size and nonmagnetic layer (d=d,~0.83% nm) are

17.569, 8.0303, 16.73 correspondingly,
The cormrelation of energies of external magnetic fields

{Em-y=mi) and magnetic  dipol-dipol interaction
2
m
Eqyy = 3 showed, that at  concentration
r
= 35 @, = (EQT where r, is magnetic
Pn 4m, = r ’ e

radius of nanoparticles, r is distance between centres of mag-
netite nanoparticles) E,.o=En » and it is sufficient at weak
and middle magnetic fields. Numerical analysis of correlation
of energies of external magnetic field and magnetic dipol-
dipol interaction of magnetite nanoparticles at changing ten-

sion of external magnetic field in 0-300 kA/in has been car-
ried out. It is established that at weak and middle magnetic
fields magnetisation occurs by the expense magnetite
nanoparticles in large size and shown, that at weak and mid-
dle magnetic fields the correlation value is significant and
equal to 11.24, 2.57 correspondingly for medium-I at concen-
tration of magnetite nanoparticles ¢,= 0.007, 0.0048.

Numerical calcnlation of magnetisation and initial mag-
netic susceptibility of our mediums on the base of expres-
sions indicated in [1-3] showed, that these value is essential
less than (0.04235) [1] or more than (0.194) [2}.

2. RESULTS AND DISCUSSION

Taking into account the results of analysis of experimental
and calculated magnetisation we established, that magnetic
dipol-dipol interaction of magnetite nanoparticles and the
magnetic dipol-dipol energy depend on the orientation of
magnetic dipoles, which depend on external magnetic field
value. We suggested, that dipoles of all magnetic nanoparti-
cles are oriented to along external magnetic field line even at
weak magnetic fields and the dependence of energy magnetic
dipol-dipel interaction of magnetite nanopaticles on the orien-
tation of particles and of external magnetic field values in
first approximation is determined by Langevan equation:

2
2
Ed“d - - m th ﬂ - i
dru,r k mH
kT

This expression has been substituted in statistical sum of
system of magnetite nanoparticles, that statistical sum consists
from the production of two statistical sums. The first part of
statistical sum is statistical sum of noninteracting magnetite
nanoparticle system, obtained by the Langevan equation.
Second part of statistical sum is:



2
2
pis] mH 1
32 = Iex z 3 cth — — — 5.
. amuyt kT mH
2
kT

The second part of statistical sum has been expanded in
Taylor’s set and taken into consideration first two terms. Af-
ter integration over all volume and consideration the integral
for two interacting particles, we take into account, that num-

ber twice interactions in unit volume is equal to M)%l .

2
at N=>1 to N? , and then we obtain:

1

my
th— « —
¢ T mH

2= 1e 2 “

FRY]

ﬂ#of —
kT

Last configuration integral has been taken in the centre of
one of interacting nanoparticles and use following formulas

¢2 = —kT1n22,M2 = _dw ’120 = dM
dH dH H=0

and ¢,~NV, for obtaining following expressions for addi-
tional terms of the magnetisation and initial susceptibility of
| interaction of medium of magnetite nanoparticles;

i

VM :
M2=le¢ﬁLln(4 f::thm—H—i - e M L
3 Mo H m kT  mi kT kT  mH
kT

1’20=2 22

In fig. The magnetisation curves obtained by 1 - experi-
ment, 2 - Langevan equation and 3 - considerated additional
term are presented. Numerical analysis of magnetisation ex-
pression showed, that at changing magnetic field in 0-
300kA/m, AM/M.,,, changes at 0.836-0.026 and 0.109-0.053
for samples -1 and -1I correspondingly. Additional term of the

M, 10* A/m
0.40

0.30

!‘-l:‘IIIljlllli'll'Y]

4

0.20

40,

Ly

magneusahon is sufficient at weak and middle magnetic fields
and at large magnetic fields it leads to zero. Initial magnetic
susceptibilities are determined by above mentioned expres-
sions are 0.0945 and 0.0189 for samples -1 and -1I corre-

spondingly, The suggested model is the generalisation one of
models of pair sphere 1], effective volume [2).

00

Fig. Magnetisation curves of sample-I obtained by 1 - experiment, 2 - Langevan equation and 3 - additional term.
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The maximum of the additional term of the magnetisation  magnetic nanoparticles taken part in magnetisation increase.
has been determined by Nuton method and it has been shown,  Certain section of magnetic susceptibility curves of magnetite
mH nanoparticles is responsible some size or near size of magnet-

that at x=1.566 (-’{ = _) the additional term of mag-  jte nanoparticles. Decreasing part of curves is characterised
kT by small size magnetite nanoparticles in magnetisation. Mag-

netic dipol-dipol interaction assisted to formation of chains,

! ; | of magnetic nanoparticles which construct along external
centration of magnetite. The values of experimental and cal- magnetic fields line and consequently magnetisation of me-

cuiated magnetii field correspondin to maximum for sam-  gium oceurs by the "parallel mechanism method of the mag-
ple-l are 1.19-10° A/m and 1.25-10° A/m correspondingly. netisation of chains.

Analysis of curves of magnetic susceptibility of medium
obtained by numerical differentiation of experimental curves ACKNOWLEGMENT
of magnetisation and by analytical differentiation of expres-

sion obtained by us correspond with each other. Analysis of Author thanks te Dr, A.NBuryakev from Physico-
this curves showed, that magnetisation don't occurs uniform,  Chemical Institute of Russian Academy of Sciences in Mos-
that it's related with dispersity of system or magnetic dipol-  cow for preparation and let of samples, to Dr. M.M. Mayorov
dipol interaction of magnetite nanoparticles. At initial part of  from Institute of Physics Latvian Academy of Sciences for

and at magnetisation it is approach to average value of mag-

netic moment of medium, At magnetisation time quantity of

netisation has maximum. The valuie of maximum is linear
function of magnetic moments and parabolic function of con-

{11 A. Hann. Phys. Kondes. Materials, 4, 19635, 20-32, [3] A. Aharoni. 1EEE transactions on magnetics, 23, 1987,
[2] W.F. Brown. J.Appl. of Physics, 38, 1967, 1017-1018, 1853-1855,

R.D. Oli-zada

MAQNIT DIPOL-DIPOL QARSILIQLI TO’SIRD3 OLAN NANOOLCULU MAQNETIT ZORROCIKLORININ
DISPERS SISTEMLORDO MAQNITLosMosS1

Nanedlgiilii magnetit zerrociklerin dipol-dipol garsihgh t2°sir potensial

2
2
dmp,r kr mH
kT

tonliyi vasitesilo ifade olunmusdur. Magnit dipol-dipol qargitigh te’sirde olan magnetil nanozerrecikler sisteminin magnitlogme ve
magnit hessash tenliklori almmgdir. Eksperimental va bu tanliklerden alinmig magnitlegme ve magnit hessashi syrileri yaxs
uyfunlagirlar. Eksperimental maqnitlegme ayrisinin adadi differensasiyasinda va bu tanliklerden alinmag sistemin baglangic maqgnit
hassashif uygun claraq 9,112 va 0,0945 baraberdir. Gosterilmisdir ki, maguit dipol-dipol garsiligh te’siri magnetit nanozerracikler
zencirinin xarici maqnit sahesinin gqlivve xotleri istigametinde yémelmesine kémeok edir vo magqnitlosme nanozerreciklerinin
“paralel” maqnitlesme mexanizmi ile bag verir.

P.A. Ann-3age

HAMAFH]NHBAHHE HAHOYACTHIX MATHETHTA C JHIIOAb-AHIIOJIBHBIM B3AHMOJAEACTBHEM B
AUCNIIEPCHBIX CPEAAX

TloTeHUmAN MArHKTHOMY AHIOAB-AEIONEHONO BIAMMOACHCTEHA HAHOYACTHL MArHETATA ONHCAH BRIPKCHHEM
2

2
m cth mH 1

drppr’ kr  mH
kT
[loayyeHns ypaBHSHHA HAMATHMYMBAHHA H MATHHTHOM BOCOPHMHMYHBOCTH CHCTEM HAHOMACTHLL MATHETHIA € MATHHTHRIM JHRONL- 14
NOAEHBIM BaaumMoacHeronem. Kpuasic HaMArHHINBAHNA 1 MATHATHOW BOCIIPHHMYHBOCTH, OLIPEACTEHHEIS SKCICPHMEHTANEHO H C NOMOLUER
MOTYUEHHEX YP4BHEHWH cormacyiores. Hauantumte MarHuTHole BOCTIPHHMUHBOCTH, OTPEJENEHHEE 4HcneHHoHd Anddepernpaupeit
IKCIIEPHMEHTANLEHOR KPUBOH HAMATHAMHMBAHHA H ¢ MOMOILEIO NONYYEHHLIX YpaBHEHHH pasuel 0,112 1 0,0945 cooteercTRenHo. JlokazaHo,
YTC MArHHTHOE JHIOIL-AHNOABHOE B3aMMOACHCTBIE NMOMOract o0pa’oBaHHIC LEMOYEX HAHQYACTHLE MATHETHTA BAONb CHAOBEIX JHHHi
BHEIIHEr0 MATHUTHOTO NMOMAA Y HAMATHHYHBAHHE MPOHCKXOIHT 10 "MAPANNeIsHOMY” MEXAHIIMY HAMATHHYHBAHUA LECTOUCK.

Eyg = -

Hama nocmynsenua: 09.11.98 Pedaxmop: P_P. Nveetinos
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HCCIENOBAHHUE JEKTPOOUIHYECKHX CBOHCTB JOKAJNBHBIX
AHCJTOKAITMOHHBIX CTPYKTYP

O.A. AT'EEB, A.lll. MEXTHEB, HM. MYPAZIOB
Azepbaiioscanckoe Hayuonansnoe Aspoxocmuvecxoe Azenmemeo
370106, bary, np. Asadnwie, 159

B.B. IETPOB, M.O. IOXOAHIA
Tazanpozcxuti I'ocydapemeennviti Paduomexuuveckuii Yuusepcumem,
nep. Hexpacoscxuti, 44, I'CIT-174, Tazanpoz, Pocmoeckas o6a., Poccus

B pabote paccMaTpHBaloTcs BOOPOCKL, CBA3AHHDIE ¢ DOPMHPOBAHHEM NOKANRHEIX PA3YIOPANOUEHHBIX CTPYKTYP H TIOATPEPAIEHHEM HX

JHMCiokaunoHHoR ipapoast.

Brinonnena oueHKa BAHAHUS PekHMOR 0GpaBOTKH Ha CTPYRTYPY NOKANEHLIX AMCNOKAMHOHHBIX cTpykTyp (JIAC).
IIponeneHHENE aHANH3 3aKOHOMEPHOCTEN NNacTHYEcKoH TedopMAIINY B KPEMHKEnoH OAT0NKE NO3BONHN PA3paboTaTh METOAMKY, ¢ N0~
MOH[EI KOTOROH GBI OTIPCACICHB JNEKTPOPHIHYECKHE NapaMerpy JITC. '

Ho nmocneanerc BpeMeHn pasBHTHE MHKPOIIEKTPOHHON
TEXHOJNOTHH 10710 N0 MYTH NOMydeHlA 1 nenoassosanrs 8 HC
MOMYNPOBOAHUKOBLIX MATEPHANOB, CORESPKAIIHYX MHEHMANL-
HYH) KOHLEHTpawuo fedekToR U qucaokalpit, uto ofecneun-
BATO MAaKCHMATLHYIO CTAOMALHOCTE M HANCHKHOCTL MapaMer-
pog.

OnHako B MOCHENHREe BPeMA 3aMETHO BO3POC WHTEPEC K
H3YYeHHFO CBOMCTB MedreKTHBIX CTPYKTYP. C ONHOH CTOPOHE
370 ofyCTORNEHO TEM, YTO MCCNEAORAHNE TAKHX CTPYKTYD
JaeT BOIMONHOCTE PACHIHPHTE CYMIECTRYIONIME APEACTARNE-
HHA 0 (M3MMECKUX MEXAHK3MAX TIPOTEKAIOMAX B HHX Npo-
uecco. C npyroff CTOPOHKI, CAONHOCTE H MHOrO00paszie AB-
JieHH# H 3GGEKTOR B ITHX CTPYKTYPAX NO3BONAIT CO3MABATh
HA HX OCHOBE AKTHBHME TMPHOOPSHI H, TEM CAMEIM, YBETHYH-
BaTh PYHKUHOHAISHBIE BOIMOKHOCTH eAMHHIB 00beMA MHK-
POMTEKTPOHHBIX YCTPOICTS.

OcoOpilft MHTEpEC ¢ 3TOH TOYKNM 3PEHHMA NPEACTABMAIOT
CTPYKTYPH, COACPKAILHE JIOKAIBHBIC SHCIOKALHOHHbIE WIH
Aetexrhsie ofnacTn, Yepemyomueca ¢ (e3MUCAOKALMOHHDI-
MH Y4aCTKAMM, CONEPXKAlHMH MHHHMANBHOS KOJIMECTBO
aedextor. HenonpioBaHue TakuX CTPYKTYP NOIBONAET MOMTY-
4aTh PYHKUHOHANEHOS YCTPOHCTEO HA AHCTOKaUHOHHOH Yac-
TH CIPYKTYPH H cXeMy 00paboTKH M YCIITCHHA CHIHANA Ha ee
fesaucnokaMHOHHBIX yuacTKax. HemanopaxkHeIM (akTopoM
LPH 3TOM ABASTCA NOBHIICHHAA PaXHAlUOHAAA ¢TOHKOCTD
HEYTOpANOUeHHBIX CTIPYKTYD.

OrpaHpyenns 8 HCNONBIOBAHHH TAKAX CTPYKTY]P CBA3AHEL
€ BOIMONKHOCTBIC MX MONYUEHHS 110 NPHEMASMOMY TeXHONO-
THYECKOMY MApLIPYTY H C BOCTIPOM3BOAMMOCTLKY XapaKTe-
PHCTHE. YCJTOBMIO BOCNPOM3BONHMOCTH Pe3VILTATOB, NpeXk-
Ae BCEro, OTREYAIOT NHREHHABIC HecOBEPIIeHCTEA MOHOKPHC-
Tan1a — HHCIOKAMHA, BCIIBACTRHE HX BechMa BOJIbIoN cra-
GHIBHOCTH, 2 TAKXE IHAMHTENRHOTO BIHAHHA Ha SMeKTpHYeC-
KHe CBOliCTBa B 00bEME KPHCTAILNA.

B xadectBe cnocoGoB MONYYEHHA MOKANBHBIX AMCIOKA-
OROHHBIX <TPYKTYp (JIIIC) panes HCHONB30BANMCh METOIM
TpexTodeuHoro usrufa w noxkansHol mnactHueckol aedop-
MAUXH ¢ MOMOLBC HHACHTOpa. OCHOBHHIM HEHOCTATKOM
ITHX CcHocoGOB BBEICHHA ANCIOKAUFH B NOMYNPOBOIHHKO-
BRI KPHCTALT ABAACTCA MX HECOBMECTHMOCTh ©O CTaH-
HAAPTHBIM TEXHONOTHYCCKAM NpPOLECCOM H3TOTOBJICHHA NOJY-

NPOBOAHHKOBLIX HHTErPANLHMX cxeM. HoBBIM MeTOOOM, N03-
BOARIOUINM NOMYTHT JIOKANEHRE THCNOKAIHOHHBIE CTPYKTY-
p5l H He HMEIOMHM YKA3aHHOTO BBING HEZOCTATKA, ABIACTCA
meToa OeicTpoli Tepmmmeckodt obpaborku (BTO), nokansno
OKHCACHHBIX KPeMHHEBLIX MNACTHH.

CymHocTs TexHomoruu gopmaporakna JIIC ¢ nomomeio
BTO 3axkmouaeteqa b cnemytowieM. Tlpu Guictpoli TepMimec-
kol oOpaboTie cucTemsl ieHka SiO,—nomnoxka, HI-3a He-
COOTBETCTRHS (PU3KHUECKHX XAPAKTEPHCTHK MATEPHANOB (TeM-
NEPaTYPHLIA KoyhOUIHEHT NiHHeHHOr0 paciHpeRUd, MOIYIL
YUPYTOCTH, ko3(hdumaent TlyaccoHa) M HaaHuuA Temepa-
TYPHOIO rpaqHeNTA B CHCTEMe BOIHMKAIDT TEPMOYIpYrHe
HanpsikeHHs. KpoMe Toro, HEpORHOCTH MOBEPXHOCTH TIEHKH
(xpad, cTYOEeHbKY, MeCT2a M3rUGOR) ARASIOTCA KOHUEHTPATO-
PaMH MEXaHMYECKHX HaOpikeHuil. MexaRuueckwe Hamps-
WEHHA B NOIOKKE PENaKCHPYIOT ¢ 06pa3oBaHneM MHCIOKa-
uni B Ciygae DNpepbilIEHAA Tpeneiia mactiasocts [1].
TaxuM 00pasom, H3MeHAs pexHmbl BTO N10KanbHo MackHpo-
BaHHBIX MNOLIOKCK, MOXHC BO3OCHCTBOBATH HA IIAPaMSTPbl
JIAC (wioTHOCTs ANCAOKALMH, JIOKATHIALHNIO ).

Ja bopmuposanna JIAC dcnonB30BANHCE KPEMEHEBBE
nracTHnbsl KO®-4,5 opuentauun (100) co cnioem TepMutec-
KOro Okiena TommuHod 0,5 MEM, B KOTOpOM ¢ TIOMOLIEID
doromwrorpaguu Guin cozasH HaGop TecToBEIX Aueek. HX
TONOJICTHS, NPHBA3AHHAA K KPHCTATNOIpADWMECKHM Ranpas-
NeHHAM HA NOBEPXHOCTH IUTACTHHLI, (XEMATHYECKH d3obpa-
MeHa ma puc. 1.

ITocsne arore merozom BTO wa ycranoaxe HTO-13MB
[2] Bsin copMuUpoBAHET NOKANEHEIE AedeKTHBIE CTPYKTYPL.
Tepmuueckas 06paGorka MPOBOMHNACE B PAIMMHEIX PeKH-
Max npH TeMnepatype ETO 800-1300 °C.

JleTantHble MCCNENORAHUA MPOBOIWAHCE HA BNEMEHTAX
TecToRo# Auekku 4 ¥ 10 (300%90 Mxm” 1 290x90 mrm’ coor-
BETCTBEHHO), HCXOAA W3 CNEAYIOMHX coobpaxkennii; reomer-
PHUECKHE PaIMepLI CTPYETYP AOMKHK 65T OAHHAKORLIMH U
CTPYKTYPBI JOJUKHB! OMTh PACHONIONKEHH B3aHMHOTEPIEHIH-
KyASpHO, OCTaNbHEIE INEMEHTR TECTOROH AYetKH HCTIONL30-
BAIHCE ANnA H3YHMEHHA BAHAHHA OpPHEHTALWH 3NIEMEHTa, €ro
TeOMETPHHMECKHX Pa3MEpOB H POPMB] Ha IIGTHOCTD AHCIOKA-
UH# ¢ MOMOLIBIC METALNOTPadHEL
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Puc. 1. Tononorns Tectosoii aueficy.

Boatr-amnephsie xapaxtepHcTHiH JIIC Himepanuce ¢
NOMOIIEIC MPICKHMHEIX BONB(PAMOBEIX 30HAOR HZ YCTAHOB-
Ke, Mmo3BOIMOIEl MIMEHRTE TEMNEPATYPY B IHAMAIOHE
(+20 — +100) °C.

C noMomeio MeToa MeTauiorpadit GG YeTaHoBIeHo,
YTO MAOTHOCTE THCTIOKALML BOIPACTAET ¢ YRENHUSHUEM TeM-
nepatypsl 06paloTkW, ONHAKD, ONHOBPEMEHHG C YTHM YBEIH-
YHBACTCA HX pacnoizaHHe B OOMACTH, NMOKPHITHIE OKHCHOM
nnenxol. C 3Tolt TOUKH 3pECHUA ONTHMANLHEIM ABIIAETCA Pe-
#iM BTO T=1000 °C, NockobKy HMEHHO 3TOT PeXMM T103-
BOJACT HONYYHTE HaWOONBIIY) TUIOTHOCTD JHCHOKaLHH
2107 oM MNpH NOKANHIALMH WX CTPOrQ B OKHAX INICHKH
okucaa. MMenno ofpasun, npoweaine o0paboTky No 3TOMY
PexuMy, H HCCACOOBAIHCE B JANBHEAIIEM.

H3MepeHHMEe NpH KOMHATHONW TEMNEPATYpe BONBT—aM-

TNEPHBIC XAPAKTEPHCTHKH CIPYKTYp 4 H 10, 1MoABEprHyTHIX
BTO no ORTHMANbHOMY PEXEMY, IPSACTABIEHH HA. PHC, 2,

Puc. 2, BompT-aMnephbie xapakrepHoTakn cTpykryp 4 1 10;
| - erpyxrypa 4; 2 — crpyxtypa 10; 3 — BAX Gesamncno-
KAUROHHOrO KpemAna K34, 5.
BAX cTpykTypel 4 nmeer OaprepHnifi xapaktep, a BAX
CTpYKTYpeL 10 — oMHueckHil xapaktep. [IpH 3TOM ConpoTHE-
NeHHe CTPYKTYP 4 n 10 Bbile, 4eM y Ge3anCIOKAlHONHOMO
KPEMHHA, YTO FOBOPHT 0 3aXBaTe OCHOBHBIX HOCHTENEH 3apA-
03 ¥ aKUEnTOpPHOM ACHCTBHM CTPYKTYPHLIX HECOBEDIICHCTE,
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370 monreepXAaeT NPSANONOKEHHE O DHCITOKALHOHHON
npupole aedeKToB, BBOAMMEIX ¢ NoMowbis BTO, u
COrnacyeTcd ¢ HIBECTHEIMH npencTaBneHmaMn [3.4] ob
AHMIOTPOMHH TNPOBOAAMOCTH MpH HAMWNAH B KpuCTALIE
NIPEHMYIISCTREHHO OPHEHTHPOBAHHBIX JUCTIOKaLMH.

H3gecTHo, 4TO KkpeMEmit o0nagaer aumsoTponHer
CBOHCTB, B Ne{EKTh ANCAOKALHOHHOTO THITA PACONONKEHE] B
KpHCTatorpaduaeckoit mnockocrd (111} B kprcrannorpa-
drueckoM Hanmpapnewuyn <110> [4]. 3ro, B coueraHuu ¢
OpHEHTaIHeNH TUIOCKOCTH KpeMHMEBOH nmnactuHnl — (100), u
KpHCTAICrpadHYeCKHMH HANPARMEHAAMM ANHHHLIX rpaHel
Tectomeix cTpykTyp ( [110] m { 220] ), moseonser cmenats
BEIBOA, YTO JAHCIIOKALHH NPHCYTICTRYIOT B o0neme JITIC b BH-
e moNmynerenk Paz’HOro AHAMeTpa, Nexalidx nperMymect-
BeHHO B Wiockocra (111). OcofenHocTn dopMupopanus Ta-
KHX JACIOKAUHOHHEIX KOR(HTYPaHmiA TOAPOGHO paccMoTpe-
Hbt B [5].

TakuiM o08pa3om, aHanu3 KPHCTAUIHYECKOH CTPYKIyph
JIIC no3BoNseT NPEANONOKHTE, YT OHH NPeACTABNSIOT CO-
0olf KBa3HMONMMKPHCTATHYECKHE TOKANBHEE OGTacTH, HWIH
obnact#t ¢ raGopom Gapeepob, CPOPMHDOBAHHEIX IPEHMY-
IMeCTBeHHO 60° aucnoxkamuammy [4].

Henonmesys ato nipeanonoxeHwe, aia aHanusa BAX
CTPYKTYPH 4, JIHHUH TOKa B KOTOPOii HanpaBleHbl [IPEHMY-
LWECTBECHHO NONEPEk NHCIOKAIHOHHEIX TPYOOK, NPHMEHANACH
MEeTOLNKA, HINMOKCHHAA B [6,7], 4To Mmo3BonMno OMpeaenuTh
pan anekTpodusmecKnX napameTpon JIZIC,

Meronnka ocHoBaHa Ha amanase BAX waGopa Guxprc-
Tanice ¢ GapeepHeiMH cnoamd THoA Llotren, ofycnosnen-
HbIX TIONIHBIM 3AITONTHEHHEM AKUECTTOPHRIX MOBYLIEYHBIX COC-
Tosnuil Ha rpawnuax sepen. Teopersmecxas BAX ‘rakoi
CTPYKTYPH Npemnonaraer Hamuuue npyx obmacreil; muneli-
Hofi (qU<xkT) w axcnoHeHumanmpHoli (qU2xkT), tAe x —
yucno GapeepHeix cioer. [lpuuem sxcrnoHeHIManbHas 3aBE-

CHMOCTDL Habmopaerea B HOOPAWHATAX
1{1/(1 - 42%0%)) = £(v - av?), e a = 3:];:’

a8 @ — BEICOTA [IOTEHWHATLHOTO 0apbepd IPaHHLEL TepeH.

AKanus sxcriepuMenTansHol BAX anemenTa 4 o npuge-
EeHHOH MeTOAHMKe MOIBONMN OMPERENATA IHAYEHHE BBICOTEI
Oapnepa, BHOCHMOTO THCNOKALMCH, KOTOPOE OKa3aI0Ch pap-
HaM 9,7-10° 3B, yr0 XOPOLIO COTTIACYETCA ¢ PEIVIIBTATOM,
NOMYMEHHLM B [5].

JUIA OUEHKM IUIOTHOCTH MOTPAHHYMBIX COCTOSHMH Ha
Gapeepax N, H KOHUEHTDALMH OCHOBHBIX HOCHTENEH 3apaaa B
obweme JIIC Ny B [8) npegnaraercd HCNONL3OBATE HESABMCH-
MBI¢ 3HAYEHHA MOABHXHOCTH OCHOBHBIX HOCHTE 1B JapAana L,
B 06weme JIZIC. Ionaras g = 1450 ov™B ¢! [5] nomyqaem
N, = 510° oM™, N, = 2,8-10" em®. TTockonsky B mcxozwom
KpeMEHH N, = 3-10' cM, TO monyueHHble 3HAYEHWA ABHO
yKaseleal0T Ha oOeaHenue obnema JEJIC OCHOBHLIMH HO-
CHTENAMH 3apAia 33 CYET MX 3aXBaTa Ha MOTPaHHYHEIE COC-
TOSHHA, MAOTHOCTh KOTOPBIX BENAKA.

QuUEHKa TOKA HACKILIEHHA (sz9-10" A) H NPOBOAMMOCTH B
OMHYECKOH ofnacti BAX (22-10™ ¢M) ykassiBaeT Ha UTYHTH-
poBaKHe JIJIC o6keMOM KpeMHREROH NOLTOKEN.

Tposoas pambHeOMH  aHANMI, MOXHO ONPENEAHTH
CTCMeHb  3AROJHEHHMA £, JHEPreTHMECKHH  YPOBCHb,
BHOCHMBITT IHCOKANHAMY B 33OPEILEHHYIO 30HY KDEMHMA Ep
H CKOPOCTh pekOMOHHALHN HocuTeneH Vi [5]. DTH sHaveHHA



coctazmna £ = 15107 B, = 0,39 3B, V. = 8.10* cm/c, n
NOHOCTHIO KOPPE/IHPYIOT ¢ IPHEEASHHBIMH B [5).

Ouenka Toka HachieHHa (=0,5 MA) B npoBoIHMOCTH B
oMirgeckodt o6nacty BAX (+0,02 Om ') ykaswBaer na myn-
tHpoeaRKe JIIC 06beMoM KpeMHHEBOH MODROKKH.

Taxym o6pasoM, pacHeT H aHanH3 $rYAAAMEHTANBHBIX
dmumeckux napamerpor JIIC moATEEpRAAET MX AMCTOKa-
HHOHHYIO TIPHPONY, M DOJHOCTREG COMMACYETCH & CYIIECTRYIO-
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" Puc.3. JanHcHMocTs poBoanMocTH JIZC ot TeMuepatypel
(Ccnnowas MHEHA — OPH TIOIOMKKTENEHOM CMETICHIH;
TIVHKTHPHASA — FIPH OTPHIATENEHOM CMEILEHIN)

4) AnA CIPYRTYPHE 4; 6) Ana crpyrryphl 10.

ekl TeOpHElH 3apAREHHRIX THCIOKAUMHA B MOMYTIPOBOAHHKO-
BREIX kpucTannax [8].

H3 OTHOWEHMS COMPOTWR/ISHHI B3AHMHO-TIEPNSHAMKY-
JAPHBIX CTPYKTYP MOKHO OLCHHTH IUIOTHOCTL NHCAOKALIA
[3] B JIAC: ona cocrasmma 3.34:10° ¢m, uro cormacyercs ¢
JAHHBIMH MeTaTnorpadHyeckHX nceneEOBaHME.

TemnepaTyphat 3aBHCHMOCTR TPOROAHMOCTH CTPYKTYP 4
H 10 (pHc.3) o6HapyXMBAET POCcT NPOBOTAMOCTH C YRETHYE-
HHEM TEMMEPATYPH], YTO CBA3AHO ¢ HaiH4MeM rIyboKHX
YpoBHeit 3axBaTa B 3anpeleHHolt 306e kpemuus [4]. B Ges-
AMCTOKAUHOHHOM KpeMHHH g HexopHoll mnactuHsl K3d-
4,5 ¢ poCcTOM TeMIEPaTyPhl B 3TOM HHTEPBANE JOMKHO Hab-
JHOJATHCA CHIDKEHHE TMPOBOMHMOCTH, CBA3AHHQE ¢ YMEHBILE-
HAEM TIOJBHKHOCTH NPH PacceAHHH HA (OHOHAX PEIETKH
[4].

PacgeT 3HepriH aKTHBALMK YPOBHE( 3aXBaTa N0 HAKNOHY
1

{;

“] man 3nauehue 0.4 »B, 9ro

3ABHCHMOCTH In &

COOTBETCTBYET NONYyYEHAOMY paHee K3 ananusa BAX,

OcsenieHde NOKANEHLIX AMCIIOKALHOHHEIX 0BMacTeit Ge-
JIBIM CBETOM MPHEBOHHT K HEZHAYMTENEHOMY YBENHUCHHIO TO-
K3 NPH MpsSMOM CMEIeHHH (Ha ~3%), 4 Ipi oSpaTHOM cMe-
MIEHHH REIMYHHA Toka Nub0 OCTaeTcd HeMiMenHof, nnfo
yMeHburaeTcs (Ha ~2%). 310 Take NOATEEPKIAET HAnHUHe
6GapsepurIx cnoee B JIZC n rryGokux ypopeedi 3axeata, Ko-
TOpPEIE, 3ATIONHAACH TEHEPHPYEMBIMHA CRETOM HOCHTENAMM TO-
Kd, NOBHIIAIOT BEJHYAHY Oapeepa, CHUXAA TeM CaMbIM
ofpaTHhi# ToK [6].

TposenenHble HCCISAOBAHAA MONHOCTHHO MNONTBEPIATH
OHCOKAIHOHHYIO NPHPOLY BBOIMMBIX A¢dexTeR (aHM3OTPO-
NEA NpOBOAHMOCTH, OapbepHBIH XapaKTep BONbT-AMNESPHEIX
XApaKTePHCTHK, aHOMANbHAA TeMOEPaTypHad 3JABHCHMOCTB
OPoBOAMMOCTH, 3Ha4CHHA (YHUIAMCHTANGHBIX NapaMETpoB
JIAC). D10 mosponser yTBEpXAAaTh, YTO oTpaboTaHa Tex-
HOTOTHA NOMY4¢HHA NOKANBHBIX AHCIOKAUHOHHMX CTPYKTYD,
KOTOpan MaKCHMaNbHO COBMECTHMA CO CTAHOAPTHON MHKPO-
3eKTpoHHOH TexuoaorneHt u noseonAeT popmuposars JIAC
¢ Heobxoaumoit KoHpuIrypauueli  napaMeTpaMa.

Braroaapa 3ToMy, NOKasHBIE AHCIOKALMOHHBIE CTPYKTY-
psl MOTYT GbiTh HCTIOAE30BAHB! B TexHomorun UC kak Goko-
Bas HIQMAUAA 3AEMEHTOB, paXHALMOHHO-CTOHKNE COTIPOTHR-
NeHIs, CEHCOPH! PASNHUHBIX HE/IEKTPHIECKHX BeNHYUH, rpa-
HULTH ¢ OBBIEHHOH CKOPOCTHIO PEKOMOHHALMI, B KANECTBE
obnactell HAA NOKATBHOTO TETTEPUPORAMHA TOYTHEIX fg-
dexToB u3 pabouux cTpyxkTyp HC 3 T. 1., 4TO MONET 3HATH-
TENBHO NOBMCHTL HYHKIIHOHATRHEIE ROIMOXRHOCTH HMC.
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0.A. Ageyev, A.§. Mehdiyev, N.M, Muradov, V.V, Petrov, M.O. Poxodi

LOKAL DISLOKASIYA STRUKTURLARININ ELEKTROFIZIKI XASSOLaRININ TODQIQI

Ide lokal nizamsiz strukturlarm, onlarm dislokasiya tobistinin tosdigi ile formalagmas meselolarine baxihr,

Lokal dislokasiya strukturlanimin (LDS) strukturuna iglonme rejiminin te’siri giymeatlendirilmisdir.

Silisium tebeqelerinds plastik deformasiyamn ganunauygunlagdintmig analizi, metodika hazirlamaga imkan vermigdir ki, bunun
da sayasinds LDS-nin elektrofiziki parametrlari to’yvin edilmigdir.

0O.A. Ageyev, A.Sh. Mekhtiev, NNM. Muradov, V.V, Petrov, M.O. Pokhodi

INVESTIGATION OF ELECTROPHYSICAL PROPERTIES OF THE LOCAL DISLOCATION STRUCTURES

In this article the problems connected with formation the local defects structures and confirmation their dislocations nature are
considered.

The evaluation of influence of modes of processing on a structure of local dislocations structures (LDS) is executed.

The conducted analysis of regularities of plastic deformation in a silicon substrate has been allowed 1o apply to the analysis of the voli-
ampere characteristics LDS a technique, with the help of which electrophysical parameters LD'S have been obtained.

Hama nocmynrenus: 25.09.98 " Pedaxmop: M.H. Anteq
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KHHETHKA ®O0TOIIPOBOAUMOCTH B Cd,Hg,..Te NOA AEUCTBHEM
MONEPEYHOI'O MATHHUTHOT'O MTOJIA

I.C. CEHJIUIH, O.M. CAIBIXOB, P.M. HCMAHJIOB
Kaxuncroe Butcwiee Boenno-Mopcroe Vuunuuye,
2. baxy, 153, yn. Haxumosa

SxcnepumenTancno Ha Mouokprctannax CdHg,..Te H3ydeHo BAHAHHE MAMHETOKOHLEHTPATHONEOTO 3idexTa HA NPOLece PENAKCALNIH
foronpororsMocTi. [lomyuesnnnie pe3ynLTATH OGBEACHAKTCS PasNyuHeM CKOPOCTEl MPOLRCCOR MeHEpANTH-PeKOoMOHHAITHE B O0LEMe W HA
NIOBSPXHOCTH NONYNPOBOAKHKA O/ BITHAHHEM NONCPSMHOr0 MATHATHOFO NOAA,

B nocnenune rogrl npefMeToM IIHPOKOTO HCCAEAOBAHHA
B UeNdX WSYJCHEA W TIPAKTHUSCKONO TNPHMGHEHMS CTAIH
NONyNpoBOAHUKORLIe  Tpolinnie coemunpenua Cd Hg,.,Te.
OcoffeHHO HHTEHCHBHO H3YQAIOTCA €T0 SNEKTpHUecKHe H
¢$oTOMEKTpHIeCKRe CBOWCTBA. AHAIH}  JIHTEPATYPHBIX
BAHHEIX TIOKA3BIBALT, YTO GONLINAA H9acTh padoT NOCRALIEHA
Mareprany ¢ x=0,18+0,22, rtorma xax cooSwenuli ana
Cd,Hg,.«Te ¢ x 20,25 ropasno Measme [1-4).

B paGote [1] 6ur0 noka3aHo, 4TO MPM ACHMMETPHIHOH
06paboTKe NPOTHBONONCKHBIX TNoBepxHoCTeH ofpasua p-
Cdg;Hgo sTe, Ha muddy3soHHoe pacTexaHHe, cO3aHHOE Ha
OZADM H3 TpaE¢H HepABHOBSCHBIX Map HocHrenell 3apana
HaKNafEaeTCA MX Apeiid B momepevHOM TOKY HanpaBneHHH,
CKOPOCTE H HAMPABJIEHHE KOTOPOTC ONpefleNdeTcs Bemmii-
HOM U 3HAKOM 3JIeKTPHYECKOro H MarHHTHoro mosei. B pe-
SYALTATe ITOr0 BpeMA penaxcaall ¢oToTOKa B TNACTHHE
NOAYNMPOBOSHAKA, TONMIAHA KOTOPOTO cpaBHMMa C nnhdyin-
OHHOM JNHHON HOCHTeNel 3apana, onpenensercs He TONBKO
BpEMEHEM XHIHH HEOCHOBHIX HocMTelel B ofbeMe KpHc-
TALIA, HO B CKOPOCTAME TOBEPXHOCTHOH pexoMOHHAINH Ha
NMPOTHBOMOMOACHLIX TPAHAX, 4 TAKKE BEIMYMHHOH M 3HAKOM
IEKTPHYECKOre H MArHATHOTO MOACH,

Hacrosmana paloTa OOCBALEHA 3KCNEPHMEHTAIBHOMY
HCCNEJOBAHHIO ASHCTBHA TMOMSPEHHOTO MATHHTHOTO NIOJIA Ha
KHHETHKY droToNpoBOAMMOCTH MOHOKPHCTAILIOB
(0,25 £ x < 0,3) n ¥ p-THNOB NAPOBOMHMOCTH, ¢ UENLID
BBISICHEHHA BOIMOKHOCTH YTIPABACHHEM T, = B 3TOM NOMY-
NPOBOAHHKOBOM MaTepHAILE.

* H3ydaembie HamH OOpasLBl BHIPE3WIHCH H3 KPYOHMX
CIHTKOE MOHOKpucTaLB Cd Hg,, Te x=025 n x=0,3,
BHIPALIEHHHX METOACM TBEPAOTENbHCH PEKPHCTAIHIAINY H
mMend pasmepst 3 x 1 x 0,1 mm’. HaMepeHHbIE ¢ NOMOIIBIO
sthdekTa Xoma KOHUSHTPAUHA H RAOABHKHOCTE HOCHTedeH
sapiga npun T=77K oxazamich papHbIMH 44 n KM p-
CdoasHgorsTe  ng510"  em?,  u~1,5010°  cmia-cex,
2=2-10" oM?, 4 #2,5-10° cM¥B-cex, a s n-CdgsHg,sTe
n&310" oM, 1.22:10° cM/Bcek, COOTBETCTREHEO. B
KAMECTBE CHMBHONOMIOIAEMOI0 HITYMeHUR HCTONB30BANCA
OKI Jir-126 A=0,63 MxM H 3,39 MxM. IIng GopMHpPOBAHWA
KOPOTEHX HMNYJTBCOR M3MYMeHUA MDHMEHAJCH 3NEKTPOONTH-
yecknil Mogynarop MJI-4, KOTOpEIH NHTANCH OT TeHEPATOPA
I'5-54 mpn 3toM QpOoHTEl HAPACTAHHA U CMAAa HMIYILCOB
cpeta cocTanand 4-10%. IMockombky cofcrBenHoe BpemA
CNasa MMITYJIBCOB M3TYHCHIA HAMHOTO MEHbINE, MeM co0eT-
BEHHOE BPeMf JKM3HH HEOCHOBHBIX HOCHTENSH TOKA, TO Bbi-
LICOTIHCAHHAA YCTAHOBKA MO3BOAACT HEROCPEACTBEHHO € K-
paHa ocLorpada HabmoaaTh KpHBBIC penakcaumn ¢oro-

nposogumoctH. [Ipn  HeoGXoAHMOCTH  penakcallzOHHLIE
KPHUBEI¢ 3JANMHCBIBAKOTCA HA ABYXKOOPDIHHATHOM CaMOITHCIE
NAC-021 M.

pn acummerpraHol obpaboTke nopepxHocTeit obpasia,
EnA ofecnedeHun MHHHMANLHON CKOPOCTH NOBEPXHOCTHOH
PeKOMOMHAUNN (S} Ha OCBemaeMmoif IPaHu, YKA3aHHAA
CTCPOHA ONTHYSCKH NONHPOBANach B TPapHNach B SpoMucTo-
KMCTOTHOM  NOJHPYIOLIEM  TPABHMTENE, COOTBETCTBEHHO,
NPOTHBOMONOXHAS [PaHb (S,,,) - TOABEPraiack TOABKO
NONHPORKE AMMAZHOH NacToH,

56 4 2 2 4 ¢ 8

Pauc. 1. 38BACHMOCTE BPEMEHE PENAKCAINE T OT HAIPIKEH-
HOCTH MAarHHTHOIY NN H, M1PH Pa3AMIHBIX TEMNE-
parypax T, K: |-80; 2-125; 3-170; 4-220.

MarrxTHoe moNe  BApBHPOBANOCE € MOMOIIBIO
IMeXTpoMareuTa npakrideckd or 0 aeo § k3. IlpH Beex
M3MEPEHHTX B AMamasoHe Temnepatyp 80-300 K spimonnanca
Junelinsill pexxnm GoronposomrmocTH (An<<ng).

Ha pnc.1 npHBefeAE! 3aBHCHMOCTH BpeMeHH peflakcalHi
OT HANPAKEHHOCTH MAarHHTHOTO TIoNA 7 (H), onpeasneHnbie
M3 KPHBLIX penakcaumH, aan obpasnon Cdg,sHge2sTe B mirre-
peane Temneparyp 90-300 K. Kax sugno, ¢ yBeTHYEHHEM
MarHHTHOr0 TONA (MOMOKMTENbHOe HANpaBAeHMe ), npw
(UKCHPOBAHHOM HANPARIEHHN H 3Ha%eHUM 3IEKTPHYECKOTO
NOAA BPEMA PERAKCAIMY YRETHYMBACTCH, 97O COOTRETCTRYET
HAKOTNNEHHID TMeHepUPOBAHHEIX CPETOM HOCHTENeH TOKa Y
HEOCREUIEHHOH TPAHH € S, MPHYEM © YBETHUEHHEM TeMITe-
paTypsl, HauuHat ¢ 95 K XOA KpMBLIX HMEET paznuuHBI



XapakTep, a npe T=125 K npHpamierne ppeMeHy pelakcalin
IOCTHIEeT MAKCHMANLHOTO IHaYeHnT (kpupas 2). C nancHel-
NN YRETHUSHHEM TeMIepaTyph BmioTe a¢ 300 K sasuch-
MOCTH T {H) mMeroT Oonee momoruii xapakrep. [Ipu mpoTuro-
MONOKHOM HANPABNEeHHH MATHHTHOMO MOAA (OTPHIATENEHEIS
aHaueHEd H), NpH KOTOPOM OCYLIECTRASETCS BRHIHOC HOCHTE-
el TOKA HA OCBELIAEMYIO IPaHb € S, BpeMs DeNaxcalliu
YMEHBITASTCA M B paifoHe H=2.5 K3 nocTHraeT MHHHMATLHOIO
IHAYEHMA, UTO OOYCNOBAEHO KOHEMHOCTHIY MHHHMATLHOTO
3HAYEHHA CKOPOCTH MOBEPXHOCTHOU pexoMOHHALIAU HA OCRe-
mremMol rpand. B cyvae cHMMETpIHOH 06paboTkM MoRSpX-
HOCTEH (S.=5.,) MMHUMYM 7 JOIKEH pachofaraTici B
Touke H=0. C panpHefiaM yBeNEvesHeM MarHWTHOTO MOas
BpPEMA PENAKCAlIKH HAYHHACT YBeTMMMBATRCH, ITO MO-BHAH-
MOMY CBA33HO C TEM, YTC eciH Gbl Ha onHOH M3 MOBepXHO-
CTEH CKOpPOCTE NOBEpXHOCTHOH pexoMOUHanMR Grina 651 pas-
Kd HYJIK), TO NPHA HAKOIUTEHHH HocwTeneH Ha 1ol rpaHd 5=0
¢ YBCIHMCHHEM MATHHTHOTO [OJIA H acHMIOTOTHYECKH CIpe-
MHIIACh O K 0OBCMHOMY EPEMEHH KAIRH,

-6

Puc.2. 3aBHCHMOCTD BPCMCHH PEaKCaltHl T 0T HANPAXKCH-
HOCTH MarHKTHOro nous A, npa =50 K.
E, Bfem: 1-0; 2-30; 3-40; 4-60.

Ha puc.2 npeacTasneHs! 3aBACHMOCTH 7(H} npH pasnHy-
HBIX JHAUSHHAX HANPHKEHHH CMeENEHHA (PHKCHPOBAHHODO
Hanpasnennst wry obpasuoe p-CdysHgy 7sTe mpu Temnepa-
Type 90 K. B naAHOM cirydae ¢ YRE/IHUYEHHEM MATHHTHOrO
nojd 8 060HX HaNPARNESAASX BpEMA PeNakCallHi yBe/THUHEA-
€Tes, ONHAKO AN H=0, ¢ YReMMYeHHeM 3HAYEHAA INEKTPHUe-
CKOTQ MO, MPH 2aNaHHOM 3HAYeHHH H BpeMs penakcaltid
YMEHLHIZeTCH MOYTH B 2 pala.

)

Hud
e 8

&

-8

¢ &
Puc.3. 3apucuMocTs T(H) 114 n-Cdg ;Hg, - Te npu paznuunbx
Temneparypax. TK: 1-80; 2-120; 3-190; 4-215; 5-250.

3KCIepAMEHRTANbHBE KPHBbIE 3ABHCHMOCTH T(H) ONA n-
CdysHgosTe » uaTEpBaNe TeMnepatyp 100-300 K mokazaHk
Ha PHC.3, OTXYa XOPOLIO BHAHO, YTC C YBSJIHYCHHEM TEMIIe-
paTyphl MPH 320AHHOM 3HAYCHHH H, H3IMEHEHHE BDEMEHH pe-
JIAKCALMA MaKcHMAanbHbl mpH T=2135 K, xoTopas cooTBETCT-
BYET HEPEXORY OT NPUMECHOH 001acTH OPOBOAMMOCTH K
coGcTBEHHOA B MaTepHalaXx AAHHOTO COCTABA.

[lomyyeHnrle IKCTIEPHEMEHTANBHBIE PE3YNETATH MOKHO
O0BACHHTD ¢ MOMOMBIO H3MCHEHEA OTHOIICHHA TEMIIOB FeHe-
pauiH H peKkOMOHHALINH HOCHTENEH TOKa HA TIOBEPXHOCTH H B
obbeMe KpHCTANNA NOA ACHCTBAEM MOTICPEUHOT) MATHUTHO-
o Mons.

[11 AlUA6owmos, P.PAzaes 3FO.Caraes, IC.Cendmu.
&TII, 1982, 1.16. 5.4, c.880-883.

(2] A.LLAGownos, P.PAzaes, 3.10.Canaes, IC Ceudmu.
JAH A3.CCP, 1963, 1.39, 8.10. ¢.39-43.

L3

[31 Al A6ounos, P.P.Azaes, I'CCeudnu. JAH As.
CCP.1982, 7.38, 2.7, ¢.18-20,

[4] 3.XKIyceinos, ©.H Kasues, A.K Mavwedos, T.C.Cerdmu,
IAH As. CCP, 1984, 1.40, p.4, ©.39-42,

H.S. Seyidli, 0.M. Sadixov, R.M. {smayiloy

Cd:HgixTe MONOKRISTALLARININ FOTOKECIRICILIVININ KINETIKASINA ENIND MAQNIT
SAHOSININ T3'SIRI

Tacriibi olaraq Cd<HgixTe monokristallatinda fotokegiricilivin relaksasiya prosesine magnetokonsentrasiva effektinin to'siti
dyrenilmigdir, Alinrms tecriibi neticeler enine maqnit sahesinin te'siri altinda yarimkegiricinin hecminds ve sethinde bag veren
generasiya - rekombinasiya proseslerinin slic'atlorinin mixtelif ciir deyigmesi ile izah olunur,

H.S. Seidly, O.M. Sadixov, RM. Ismailov

KINETICS OF PHOTOCONDUCTIVITY IN Cd, Hg,.Te MONOCRYSTALS UNDER THE INFLUENCE OF CROSS
MAGNETIC FIELD

In this work the influence of Magneto concentrational effect on the curves of photoconductivity relaxation has been experimental by
investigated in Cd,Hg,.,T¢ with x=0.25. Obtained experimental relation rates of charge carriers in the surface and in crystals volume under

the influence of cross magnetic field.

Hama nocmynaenus: 01.03.98
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OCOBEHHOCTMH PACTIPENEJEHHSA IINTOTHOCTH 3APAAO0B HA CBA3AX
B CTPYKTYPE CEJIEHHMIA IAJNIHA

T.P. MEXTHEB
Hucmumym Dusuxu AH Azepbatidxcana
370143, bary, np. I IPicasuda, 33

Heenegopans! pacnpefeneHyd NAGTHOCTEH 3MEKTPOHHOIO 3aDANA HA CBAIEX B KPHCTAARHUCCKON CTPYKTYpPe CENSHHIA TAIMA H HX

UWIMCHCHHS B YCOOBHAX OMHOOCHOTO AABNCHHS, HANPARAEHHOMO

HHTEDNPETAUNS NOMYUCHHBX PE3YIBTATOR.

B pabotax [1-4] omyOaHKOBaHEI XOPOIIO COTNACYIOIHMECA
PE3YABTATEL Pacie¢TOB METOOOM NCCBAOTIGTCHUMANA 30HHOMK
CTPYKTYpHI cencinga ramwmad. Tam e Grutn onyOnnxosatb
CBSJIGHHA ¢ DPAcIPeA¢eHHAX IUIOTHOCTH 2NEKTPOHHOTO
3apAga, H3 KOTODEIX CHEACBATO, YTO0 B MCKCIOCBOM IPOCT-
PAHCTBE HMeeTeA Cnaboe CRA3KLIBAHNG ATOMOB CEICHOB ABYX
coceAHuX caoes. B pabotax [5-7] GbUIH NpHBEACHE!I OLCHKH
BeIHYHE KyAOHOBCKOTO H BAHACPBAANECORCKOTO BIaHMONeH-
CTBHA MGKIDY CHOAME H CASAAH BLIAGHA, UTO BKIAA DIIEKT-
pPOHHON KOMMOHEHTEL B MEXCN0EBOE BIaMMOAeHicTBrRe ABNA-
€TCA CYMECTBEHHBIM H, NO-BHANMOMY, UTpaeT Mamylo, HO
JHAYMMYKY pONb B Mpoliecce BOIHAKHOBEHHS NONHTHNOB
CeMenua ramiiA. YueT BRIAN3 MEeKTPOHHOR KOMMOHEHTEI
CTAHOBHTCA OCO0EHHO BaKHBIM, KOTAA B PE3YNLTATE SKCIIE-
PHMEHTOB TIPOH3BOAMTCH Bo30yxkaAeHWe kpucrawna GaSe M
MPOKCXOJNT 3aTIONHEHHE 3MEKTPOHAMY ero 30HW NPOBOIH-
MocTH. HiyueHre xapakTepOB pacrpefelieHBi IUOTHOCTH
3apanoB As naTolt ¥ wectoft rpyrn 308 {0503HAUEHHA 30H
cM. B paborax [1,4]) ykaseipaeT Ha HX POOCTBEHHOCTS.
Mlectas rtpymma no OTHOWEHHIO K MATON SRNASTCA
guTHcEMinIRAloNIell no (Ga-Ga) BHYTDHCIOEBOH CBA3ZA M
cnaGoceasuiBatoe no (Se-Se) Mexnmy cmosmu. HisecTHO
TAKKS, 49T0 NpA ZedopMalusX KpHCTAIMYECKOH pelieTKH
CE/ICHHIA rajuidd B HANPABNEHHH NEPNEHIUKYNAPDHOM NNOC-
KOCTA CH0EB OCHOBHbIE HIMEHEHHA 30HHOH CIpYKTYphI
BOSHMKAKOT HA HEPreTHHECKHX YPOBHAX IATOH M WECTOH
TPYNI 30H, QOPMHDPYEMEIX P—COCTOAHWAME Ga H Se B s-
cocTofAHuAME Ga [1,4] (AHe 30Hb NPOBOAMMOCTH W [IOTOJICK
BAMEHTHON 30AK, MECTAA K IATAA rPyIlbl 30H).

B nactroxuwel paGoTe NpHBEACHE! JAHHBIE TCOPETHYSCKHX
ACCIEIOBAHH N0 pacTpeAc/ICHIAM IUIOTHOCTEH 3apAnoB Ha
CBAAX B KPUCTANAHMECKOH CTpYKType CeNeHAmA TaNiHd,
BOSHAKAIOLIAX NPH ¢KAaTHH H PACTAXEHUH BHYTpHcAocBOH
(Ga-Ga) u mexcnocroli (Se-Se) cpaseil {mpocTpancTBeHHAA
TPyNOa CHMMETPHH H mapamerp “a” kpuctaummeckoll pe-
LIETKH OCT2IOTCA HeM3MeHHHIMA). Kpome Toro, B HactrotieH
paboTre He yuHTHIBaIOTCA AeHOPMALHOHHBIC H3IMEHEHHA
saneHTHOrO yraa {Ga-Ga-Se¢). Taxas MomennHag CHTYalMa
MOeT HabnI0JaThca NMpU OAHOOCHOM, NEpNeRAHKYAIPHOM
TUIOCKOCTH CIIOSE, CHATHH B pacTAKeHHH kpucranna GaSe.

Bce komMyecTBeHHEIE BLIYHCNEHHA NPOH3BOAWIHCE HA
OCHOBE 30HHBIX PaCYeTOB, BHNOMHEHHEIX METOAOM ICER-
JonoreHupana [1-4]. Moneneusie ncepgonoTeHIMan Ga H
Se cTpounuch N0 MeTOIMKe, IpeokeHHoH B pabore [8), ¢
HANGHEHTTWM  YTOUHEHHEM TOArOHOYELIX K03hhAIMeHTOB.
3HAMCHHA MAPAMETPOR KPHCTALIBYECKOH CTPYKTYpH! ObINH
BEGpaHb! M3 paboThl [9].

NEPREHARKYNAPHO fIOCKOCTH  cnoes. TIPHBOAHTCA  BOIMOXHAX

PacnpepencHne MIOTHOCTH 3apAAa CTPOMNOCH MO BhIpa-
ACHHIO

pE) = e[dk y'(E. 2}y, (% 2)

€ HCNIONIL30BAHKEM MeToI2 0co0LIX Touek [10].

XapakTepHCTHKH 30HHOM CTPYKTYPEI M DacTpefeseHus
3APAAOROE MIOTHOCTH MOKHO NETKO CBA3ATH, HCMOAR3YA
NOHATHE TIOKANBHON TINOTHOCTH 3apana [4]:

N(E, E) = i;ﬁ (2 - ) p200),
rae o = IN(r, E)dE;
Ve

Vg — 00nacTb IREPTrRH 3JAHATHIX BAICHTHMX COCTORHHH.

CyMMHpPOBAHHE TIO k MpOA3BOINTCA B NMpeAcnax mnepeoit
soHB Epanmosna,

BoIpaiceHHe NMO3BOAAST HAMTH THCTOTPAMMY ILTOTHOCTH
cocToAHUll ¢ BECOBMIMH KO3pPHUHEHTAMH, PABHBIMH MAOT-
HOCTH 33pAfia B PacCMaTpHBaeMoii TOUKe I', KOTOPYIO Pacmo-
JIaTalOT B XAPAKTEPHEIX TOYKAX CBA3CH WM MecTax pacnono-
>KEHAA ATOMOE.

AHAIH3 THCTOTPAMM  JIOKANBHON [UTOTHOCTH  3apATA
nepaofi rpYNNLI BAMSHTHLIX 30H NOKA3aM, YTO ITO COCTONHUE
HOCTATOMHO MPOTAKEHHO B IOCKOCTH XV H HCKLEEHO MO OT-
HOWIEHMO Kk cfepuyecky CHMMETPHUHHM $-COCTOTHHAM.
XapakTepHa ¢opMa DHKA TOKAIbHON TUIOTHOCTH 3apija.
Ecni Gu OH oGpasORLIBANICA MPOCTO  KPHMCTANNITIECKHM
PACILIEMIEHHEM HEB3AMMONEHCTBYIOMMX COCTOSHHH, TO OH
HonxeH OpA ObITB CHMMETPWYHEIM, Tak KAk AMIDTHTYIH
NINKOB, HA KOTOphle PAaCUICTINAETCH HCXOHHOE COCTOAHME,
OMpeAENENock O TONRKC NIOTHOCTRIO 3apAna. ACHMMETpHS,
KOTopad Hab/BoAaeTcy B NUKe AOKansHoH INIOTHOCTH 3apaja,
YKa3BIBACT HA TO, YTC OH 00pazyercd cnaboCBAIAHHBIMY COC-
TOAHMAMH. Hawe npeanonokeHne NoATBepk1acTCa TEM daxk-
TOM, YTO B TOYKE PacnofiOKEHHA aroma aMmiMTyIa 3MexT-
POHAOH INTOTHOCTH BBIIUE [UIA AHTUCBASHIBAIOLIETO H, CRSHO-
BaTebHO, 00NCE BBICOKOIHEPTETHICCKOr® COCTOAHHA, NMpH
KOTOPOM JMEKTPOHE JIOKANH3YIOTCA HAa CBA3IbIBACMBIX aTO-
max. Jing chAMBLBANOLICIO COCTOAHHA ¢ MeHblucH sHepruedl
JICKTPOHH JIOKANH3YIOTCA Ha CBAIH BAC ATOMHBIX OCTOBOB.
Taxnm obpazoM, AaHHAA acHMMETPHA TTHKA JIOKaTbHOH IoT-
HOCTH NPAMO YKA3LIBAET, WTO CBA3AHHBIMY OKASEIBAIOTCA
UMEHHO Gskattutie aToMbE CETEHOB COCEAHHX CNOEE.



To oGcToATENECTREO, WTO B THCTOIPAMMAX JOKANEHOM
MNOTHOCTH 3apAOa MAKCHMYMEL, COOTBETCTBYIOIIHE BTOPOH U
TpeTheH TPYMNaM, MPRCYTCTBYIOT HE TOMLKO B MECTaX pac-
nonoxeHAA atoMoR Ga ¥ Se, HO 1 HA WX CBS3AX, YKA3HEBALT,
YTO NPOHCXOXIEHWE STHX TPYNIN HEMbIA CBAILIBATE CO CBA-
39MH, 06paIoBAHHLIMH TONRKO YHCTHIME HIH e TONBKO TH-
OPHAHO0BAHHEIMA ATOMHBLIMW OpOMTANAMH. AHANH3 THCTO-
rpaMM NMO3ROIAET MPeMICKHTE CICAYIOUYI0 cXeMy. Monexy-
JNAPHBIA TEpM CBA3AHHOTO COCTOSHMA, OTHocaiMicE K
MONEKYJIe CEEHHAA TAUIHA, NpH COMIKEHHN C Ipyro# Mone-
Kynoi oGpasyeT IBa COCTOAHHSA, H3 KOTOPHX CBA3LIBANIEE,
Gonee HAZKOIHEPreTHYECKoe (Bropas rpymma), SydeT oTHO-
CHThCA k0 BeeMy cnoto (Se-Ga-Ga-Se), u aHTHCBA3MBAIOWEE,
BBICOKCIHEPTETHYECKOE (TPETBA TPYIIA), NPeACTABIACT IO
CYIIECTBY CBAAHHOE COCTOAHHE OTAGIBHBIX MOJCKYN Cene-
HMIA FaJLas,

AHanHM3 MakCHMYMOB JIOKANBHOH NROTHOCTH 3apAfa,
COOTBETCTEYIOWNX YeTBepTOH IpyNne BANCHTHBIX 30H CBHAS-
TENLCTBYET 0 HAIMYHH CBASHBAICIMUX H aHTHCBAIHIBAIOMIHX
COCTOAHMIA BHYTPH rpynmsl. KpoMe T0T0, CTAHOBHTCA SCHBIM
Tor $aKT, 4TO 3Ta TPYNN2 BHOCHT HAHOOABIUNE, OTHOCH-
TeNBHO APYTHX TPYIN, BKAAL B KOBANEHTHLIA 3apAn MeKcno-
€BOro MpocTpakcTsa. [Tocnemuee kak 6yATO BCTYMAET B Mpo-
THBOpEUHE ¢ TeM (aKkTOM, YTO HIMEHEHME MEXCIOSBOro
MPOMEKYTKA NPH ONHOCCHOR NEpREHANKYNApHO CAOI0 Je-
dopmanut cnabo BRAMAST HA JANCTIEPCHIO 30# YeTBEPTOH
TPYIEL B HampaBaeHAR A 3086 BpwimosHa, OfHako, 3TOT
pesyNBTAT 4BIAETCA CIEICTBREM TOTO, WTO COCTOAHHE OKA3LI-
BaeTcA NPOTKEHHBIM B IUIOCKOCTH XY {T., cnoes).

Ha ncex rucTorpaMMax NOKATHHOW TIIOTHOCTH 3apina
Nerko o0HapYHUTE CHONXHYIO CTPYKTYPY, COOTRETCTRYIOIIYH)
AATO¥ rpynne 30H (NOTONOK BaneHTHOH 30HbI). Cnaban Ha Se
H CBAIH CENCH-TALIHA BHYIPH cCniod, OHa npxoOperaer
DOMHHMpYIOUIMN xapaktep Ha Ga # (Ga-Ga) ceazm.
HeGonbiuas acHMMETPHIHOCTh CTPYKTYPH NO3BOILIET HpEA-
DIOMOMKHTS, 4TC 0Ha POPMHPYETCA COCTOSHHAMH, KOTOPhIS HEe
ABAAIOTCA HUCTO cBAZbIBAOMMA. C Apyroli CTOPOHEL, Xapak-
Tep pachpefeneHHil 3apAZoBOA MNOTHOCTH WECTOH rpynmb
{IHO 30HBI NPOBOJUMOCTH) ABHO YKA3HBAECT HA €€ POACT-
BEHHOCTH ¢ NATOH rpynrofi. OHa aHTHCEA3BIBarOWRaA no (Ga-
Ga) cBa3n 1 ¢nabo cha3biBalomad no {Se-Se) Mexay croamu,

Becaem obozpaychnn; (Ga-Ga) — cBa3b MekOy aToMamin
rannnes BHyTpH ¢niog; (Ga-Se(1)) — cBA3p MexAY FALTHEM U
cencaoM BEytpn  cmos; (Se(1)-Se(2)) - cBmB Mexay
SmpkalilinMin  aTOMAMA  CEMEHOB HBYX COCEIHMX CHIOEB.
HsMeHeHHA IJIHH paceMaTpHBASMEIX cBA3eill MpRBeneHL! B
Tabmune 1:

TaGnuua L
Dnuka (Ga-Ga) Mana (Se-Se) Qfo3HadcHHA
CBA3H, B MeXCAGCBOH BapRaHTOB HA
cpagu, B & PHCYHRAX

2,58626 3.90800 u
245874 3.85211 .
234716 3,72457 ¥
2,39498 363634 A
2,26746 3,55054 X

Ananui nyGAHKyeMBIX B HacTOALIEH paboTe pacnpencne-
HHH IUIOTHOCTH SACKTPOHHOIC 3apAna Ha CBA3AX 0OpH
H3MEHEHHAX DAcCTOAHIN Mexxy atomamd (Ga-Ga) BHYTpH 1
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(Se-Se) mMewury CnOAMH  YKa3LIBAET Ha
HaGmonaemnie ocobeHHOCTH:

Creyiole

VMeHbIReHHe (YBEAWHEHME) PacCTOAHHA MERTY
(Ga-(Ga) BHYTpH CAOA MPHBOOAT K COOTRETCTREHHKIM
HIMEHEHUSAM B 3ADAAOBON UIOTHOCTH MEXTY 2TOMS-
MH rannnes (puc.1a) o cnaboMy yRemMUeHMIO
(YMeHBIIEHHIO) IIOTHOCTH 3apAia Ha ¢BA3H (Se-S¢)
MeXIYy cnoAMH (puc.16). IlonokeHne MakcHMyMa
TUIOTHOCTH 3apAia B PaCCMATPHBACMBIX CBAIAX He
MEHAETCH;

YMeHbleHHE  (YBCNHMEHME) DPACCTOAHHA  MEKIY
(Se-Se) Mexmy CNOAMH MPHROIHT K COOTBETCTBCH-
HblM HM3MEHEHHAM B PACNpEdcicHHH 3apsfoBOii
[IOTHOCTH MEXTY HEMK (pHc.3a) » cnafoMy yBeiH-
YeHH) (YMEHBIEHHIO) [IOTHOCTH 3apAfa Ha CBAIH
{Ga-Ga) saytpn cmoa (puc.36). INonoxenne makch-
MYMa NAOTHOCTH 3apafa B pACCMATPHBAEMBX CBA3AX
He MEHAETIA,

VMeHElIEHHE (YBeNMuCHHE) PacCTOAHHA MEXAY
{(Ga-Ga) BHyTpH cnoa wiH (Se-3¢) MexIy CnosMu
NPUBOAUT K CYHIECTBEHHOMY TiepepaclpelefcHAI0
TINOTHOCTH 33pAAa B CBAIAX aTOMA TALIHA € ATOMAMH
cenenon Omwkaiinero okpysenns (puc.2a6). Hab-
JIOfAeTCH CMELIEHHe MONOXKEHHA MaKCHMYMa pacr-
peAereHHd NNOTHOCTH 3apama Ang (Ga-Se(1)) ¢cpasm;

PaccmoTpaM 3TH ocofennocTH Gones neranbao

1. ¥YmenpmieHue (YBeTHYEHHE) PACCTOANUA MEXLY
(Ga-Ga) BHyTpH cnos.

3ta cBA3b CTPOro HANPaBAEHA BAOAL OCH Z MEPNISHOMKY-
JApHoit WRockocTH cnod. JedopMalld KpHCTaNNa B AaHHOM
HAPABNCHHNW HE TPHBOAWT K PasOpHEHTAUHAM CBA3CH
(Ga-Ga), (Ga-Se(1)) n (Se(1)-Se(2)).

Ipy yMeHbllleHHY WIH YBEIMMEHHH DACCTOAHHA MEKIY
aTOMaMH [ALTHA HaGMofaloTca COOTBETCTBEHHLIE  H3Me-
HEHHA PaCTIpSOSNeHHA 3apanoscd ANOTHOCTHM Ha CBA3H,
CHILHEIE HIMCHCHHA B DAaclpeAceHHAX IOTHOCTH 3apARa
oAk cpAsn (Ga-Se(1)) m cnalme H3IMEHEHMA pacnpene-
JICHWA TUIOTHOCTH Ka cBa3n (Se(1)-5e(2)). Pacmpencaenve
3apaaa Ha cBask (Se(1}-5e¢(2)} HMeeT BHA MEPEBEPHYTONO
KyTIoNia ¢ HeGOMbIIHM TAATO B MHHAMYME, PAacloflaraloiM-
ci B LeHTpe cBa3W. Hanmmane mmato ofycnaoBmeHo nepek-
pBITHEM BONMHOBBIX (yHxusi aroMos ceneHoB. K coxane-
HHIO, TOMHOCTh pAacueToB He MO3IBONAET 3ahHKCHPOBATH
ouens ¢nabuiii MakcHMyM B oeHtpe B, HaMeHenwa
3apANOBOH NIOTHOCTH Ha cBA3H (Se(1)-Se(2)) npoucxomsT B
npoTHBOdale K U3MEHEHWAM 3APAAOBOI MIOTHOCTH HA CBAM
{Ga-Ga), 10 ecTt yMeHBUNeHHS (YRENHYEHHE) paccTOSHUA
MeXIy ralUAMH BHYTPH CNOA, TIPHBOOAMIEE K pocTy {cnaay)
TUIOTHOCTH 3apana Ha 3Toll cBA3M, MPHEOMHAT K YMEHBIEHHIO
(yeenmuesnio) 3zapina  Mexry OnuwaifinpMu ceneHamu
COCENHUX C/0eR (MEXCIOLROE TPOCTPANCTRO),

Bonee WHTEpPeCHO PA3BUBAIOTCS MIMEHEHHA HA CBAIH
(Ga-Se(1)). IIps YMEHBILICHHH PAaCCTOAHHA MEKTY aTOMaMH
ranmmves Ha cBa3H (Ga-Se(1)) naOmonaerca mocnegoBaTeiib-
HOE CHIKCHHE IVIOTHOCTH 33pAid B MAKCHMYME ¢ ONHOBpe-



LE.MEXTHER

MCHHEIM €0 CMElIcHHeM B CTOpPOHY aToma ceneda. Janee,
M3MEHEHMS AOCTHFAIOT HEKOTOPOTO MHHUMYMA, COOTRET-
CTBYIOLIETO PAcCTOSHMIO MeXIY aTOMaMH TanineR, Ompe-
ACNEHHOMY H3 PEHTTEHOBCKHX HCCACXOBaHHH. 3atem mpo-
mecc HAET 5 OOpaTHYIO CTOPOHY — BOBHHKACT MAKCHMYM,
KOTOPbIH 10 MEPE POCT2 B HEM ILIOTHOCTH 3apANa CMELASTCH
B CTOPOHY OT CEJICHA,

O6muno Takol >bdekT HaGnlomaerca NpH pajopHeH-
TALMAX MCKATOMHBX cBasel. TTocnelHue MPMBOAAT k H3Me-
ACHHAM BO BIAMMOACHCTBHMAX &TOMOB KPMCTAIHYECKON
CTPYKTYPHI H, CTCIOBATE/ARNO, CTENCHH HX FHOpHIHIALHH,

B faHHOM cmyuae HET PA3OPHEHTALMH CBA3H, HO H3MCHE-
o peHel (Ga-Ga) ©BA3H  EPUBOIAT K HCKaMCHHAM
FAIIHEROrO TeTpasfpa, M, CACAOBATENLHO, OYAyT BAHATE HA
CTemeHs THOpHAH3AIMH ramms,

2.  VMeHpIDeHHe (YBeTHYeHNE) PACCTOAHNA MEXKIY
(Se-Se) mexay enoaMu

Hedopmanua xpuctanna GaSe B HanpaBNeHHH MepHeH-
JVKYIAPHOM TITOCKOCTH CM0B NPHMBOAMT, MPE&KAE BCEro,
BCHENCTBYE CNABOCTH MEKCIOEBOT® RIAHMONENCTBHE, K
H3MEHCHHIO BEHUMHLL MEXKCIINEROMD MPOMENKYTKS K, ClIeA0-
BATENBHO, PACCTOAHHNA Mexny OMDKaMNUMH ATOMAMA Cefe-
HOB IBYX COCEIHHX C10¢B, [IpH He oYeHb BOoNBIINX IHAUEHN-
AX AeOpManHy HIMEHEHHA TapaMeTpa “a” CTPYKTYPhl Ma-
JIBl, H, BCIEOCTBHE 3ITOTO, MX MOXHO He YYHTHIBATH, KAK H
H3MCHEHHAMH JJIHH CBR3€it BHYTPH C/I0A H BCEX BAJEHTHHIX
yraos, kpoMe  (Ga-Se(1)-8e(2)). 1y TOYKY 3peRHs nol-
TBEPXKAAIOT TEOPETHYECKHE H IKCHCPHMEHTANLHLE AAHHME
N0 3HAYeHIAM HehoPMALHOHHBIX NOTCHUHMATOB.

Density charge (rel. unit)

0 025 0,5 075 1

rel, Jenght Ga-Ga

a

Hsyuenne HabmojaeMbIx WIMeHeHUN pacnpeneseHMA
nnoTHoCTH 3apAaa B (Ga-Ga), (Ga-Se(1)) u (Se(1)-Se(2))
CBA3AX CTPYKTYPHI CENEHHAA FANMA YKASHIBACT HA CXOXKECTD
C M3MEHEHHSMH, KOTOPHE MEl OGCYRHIN B NMEPBOM MYHKTE
(cpaHnTe puc. 1-3). 3aMeTHM, YTO HIMEHEHHE BATTEHTHOIO
yraa (Ga-Se(1)-5¢(2)) Re JOMKHO NPHBOMHTL K CMEIISHIEO
ODONOWEHHS MAKCUMYMA [UIOTHOCTH 3apsia HA CBAIH
(Se(1)-5e(2)), a BAHAET TONBKO HA €10 Benuumuy. C Apyroi
CTOPOHB, NIPEANIONIOKEHHE 00 HCKDKEHHN MANNHEBOTO TETpa-
3Apa, B YCAOBMAX HCNOMABIOBAHHON ANA pPacueToB MONETh
(M3MEHAETCA TONBKO MEXCNOEEOE PACCTOAHHUE), HEBOIMONKHD,

Moxk#0 npeAnoNnoAHTb, YTO B ACHCTBHTENBHOCTH MPONC-
XOOHT HE H3MEHCHHE BaneHTrHOre yriaa {Ga-Se(1)-5e(2)), a
pasopueHTauni ceazu (Se(1)-Se(2)). Mocnenmsa HomxcHa
OpOABKTLCA B BHAE WIMEHEHUH B pacnpeicneHHAX DIOTHO-
CTH 3apsAa BONHZH aTOMOB CEICHOB M, B Y4CTHOCTH, B Ham-
PABJICHHH OT ATOMA& CCJICHA K aTOMY TalIHA, chrabo BAHAA Ha
pacApeneNieHHA IUIGTHOCTH 3apAZa BOMN3H aTOMOB TALHMA H
B neHTpe <Ba3H (Ga-Ga),

ACHMMETPHA NHKa NOKANLHON IUTOTHOCTH YMEHBIIACTCA
NpH oTkoHeHHsX ATHHM (Se(1)-Se(2)) ceasu ot HekoTOpOH
ONTHMANBHOMN BENHYHHEI, COOTBETCTRYIOMEH 3HAYESHMIO, ON-
PElLNEHHOMY H3 PeHTTeHOCTPYRTYPHEIX  HCCAEAOBAHHIN.
Taxum obpasom, aelcTBUTeNBHO HAGMIONASTCA pa3OpPHEHTa-
wis (Se(1)-Se(2)) cpasu.

NonyueHrnie AawHbie MoryT GHITE HCNONBIOBAHH TPH
HIYUEHUH CIIOHCTRIX kpuctamios rpymmsi AMBY, a rakxe B
TeX pacueTax KofMeGaTeNBHBIX CTMEKTPOB 3THX MATEPHANOB,
AT KOTOPEIX HeoOXGAHMO HMeT: NONEYIe HHQOPMallIo o
KAPTHHAX W XapaKTepax pacnpeueneﬂmi HWIOTHOCTH 3apAaa
Ha CBAZAX B HAX.

Sef2)

180

Density charge (rel. unit)
8533885 3

[=]

0,25

05
rel. lenght Sef1)}-Se(2)

0,75 1

6

Puc. I(a, 6). [INOTHOCTH INERTPORHOTS 33pANa BAOIE cBazell (Ga-Ga) (a) n (Se(1)-Se(2)) (6) B 38BHCHMOCTH OT PACCTORHNA MeXTY

TannNAMH B KpHcTanmHeckol cTpykType GaSe.
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Puc. 2 (a, 0). TInOTHOCTH ANEKIPOHHOC JapA/Ia BAOIS cBa3d (Ga-5e(1)) 3 3aBUCHMOCTH OT paccToauuit Ga-Ga (2) i Se(1)-Se(2) (6) B
KPHCTANTHHECKOH CTPYKTYPC CeNeHHaa FA/UIHA.

$ei1) Se{2}
160 220 T ey 253
180 18D
=1
g 120 ¥ o0 § 160
HA a
3 100 % 140 140
= 1 : .
g &0 2120 § 0.
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o
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20 “1 4
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(] 025 05 0TS 1 o 025 05 07 1
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Puc. 3 (g, &) [InoTHOCTR SRERTPOHHOTO 3ApA0a BOOSTE el (Ga-Ga) (a) n (Se(1)-5Se(2)) (6) B 3aBUCHMOCTH OT paccToOAHNA
Se(1)-Se(2) B kpucTANNHIecKol CTPYKTYpE CENCHHAA TanNHL.

[1] £ Depeursinge. Il Nuovo Cimento, 1981, v. 64B, Ne 1, [5] T.P. Mexmues, B.I1. Paduornos, AM Aaues. TIncoma

pp. 111-150, KT, 1991, 1.17, BBIN. 2
[2] In “Electrons and Phonons in Layered Crystal Struc- [6] T.P.Mexmues B.C Punnescxuii, BX. [meiimupaiibep.
ture”, by .J. Weiting and M. Schluter, 1979, Holland, Hoxa. Ar AzepB. CCP, 1980, 1. XXXVI, Ne3, ¢, 16-20,
USA, England . {71 T.P. Mexmues. Fizika, 1997, 1. 3, N 2.
{31 TR Melhtiyev, A. Aliyev. Satellite conference of the [8) O.B. Kowemanmunos, ILK. Hacubyanaes, M M ITana-
XXX annual meeting of Europian high pressure research xo6. PTIL, 1977, 1.11, B.5, c.881-885.
group, Baku, 1992, p. 23-25. [#] A Kukn, A Chevy, R. Chevalier. Phys. Stat. Sol. (a),
[4] T.P. Mexmups. JlokTopckaa auccepTanus “XuMHIccKad 1975, v.31, p. 469475,

CBA3b M SHEPIETHHECKHE CNCKIPH! noantunok cenensaa  [10] D.J. Chady, ML Cohen. Phys. Rev. B8, 1973, p.5747.
raymuna” Baky, 1992, c. 346.
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LEMEXTHEER
T.R. Mehdiyver

HALLIUM SELENIDIN STRUKTURUNDAKI RABITOLORDO YUKLOR SIXLIGININ PAYLANMA
XUSUstYYOTLORI.

Hallium selenidin kristallik strukturundaki rabitelorde elektrik yuklari sixhjinin paylanmas: va laylara perpendikulyar olan bir-
oxly tezyiq seraitinde onlarnn deyismesi tadqiq olunmuydur. Alman neticelerin miimkiin interpretasiyasi verilmisdir.

T.R. Mekhtiyev

FEATURES OF DISTRIBUTION OF DENSITY CHARGES ON BOUNDS IN STRUCTURE OF GALLIUM
SELENIDE

The distributions of density of an electronic charge on bounds in crystalline structure of gallium selenide and their change under condi-
tions of single-axis pressure directed perpendicularly to a plane of layers are investigated. The possible interpretation of the obtained result is
given.

Hama nocmynaenun: 01.03.98 Pedaemop: @M. Fauwunzade
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BIMAHHE ©OTOBO3IBYKAEHNA HA NPOITECC JEDEKTOOBPAZOBAHUA
IIPHA INTEKTPOHHOM OBJIYYEHWH 'EPMAHUA

P.C. MAJIATOB, A.H. AJIHEB, I'M. TACYMOB. A.A, ABIYPPATHMOB
Cexmop Paduayuonnex Hecredosanuii AH Asepbaiidncana,

370143, Baxy. np. I'. oicasuda, 31°

OBHapyxeno, Tro GoToBO3GYRICHNE BO BPEMSA OGMYNSHUS repMaHHA HNeKTpOHAMH ¢ snepruelt 4,5 Map npuBogwT X CYIIECTBCHHOMY
HIMEHEHMIO 3apAA0BOTD COCTONHEA PANHALHOHHEIX Aetektos. HIMEHEHHS 3apANOBOF0 COCTOSHWS MOIBIDKHEIX ABEKTOR W KMHETHKH
HepeKTHRIX peakUnl, BCCACTBRE M30EITOUHON KOHUCHTPALIME HEOCHORHSIX HOCHTENEN 3ApAa, PACCMATPHBAIOTCA Kak HauGonee BEPOSTHERIE

MpHUHHE 0bHApYKeHHOro HexTa.

B Hacrosmiee BpeMA WIHPOKO HCHOMs3yerca MOIHpHKa-
s CTPYKTYPE! M NMPANOBEPXHOCTHEIX C/IOCE TPEPHBIX TEN
MyTeM BO3MEHCTBHS NMEeKTPOHAMH, HOHAMH WIH fatepHLIMU
aygamu [1-3]. OHa no3ponseT 1erko yOparaaTh KONHYSCTEOM
W pactipeneneHHeM HHKeKTHPOBAHHBIX aToMoB. [pakTine-
CKH BO BCEX TEOPETHYECKAX MOJENAX, PAIBHTHIX K HACTOSIIE-
MY BPEMEHH, MPH CMHCARHNA MEXARAIMOB AedexToofpasosa-
Hus MpA o0JyYEHHH NONYNPOBOAHMKOE, NPENONAraercs,
YT0 COCTONHHE 3MEKTPOHHOMH MOACACTEMD! KPHCTANAA MOXeT
CYUIECTBEHHO BIIHATD Ha KHHETHKY 00pa3oBaHKa A nepepacn-
peaencaMA pagualHOHHBIX achexTon [3]..

B nocneanre roObl MoABAAOCH HECKONBKO palor [3-5], B
KOTOPHIX GELIO MOKA3aHO, 9TO CBETOBOE BO3GYHACHHE B Npo-
LeCCe MOHHOH MMILTZHTAUMHE NPHBONMT KAK K KOMHYECTBEH-
HBIM, TaKk M K KaYeCTBCHHBIM H3MCHCHHAM B CBONHCTBAX
cnoes. Mexanmim pnuanna GoTososGyxnenns mpu obmyye-
HHH BEICOKOIHEPreTHUCCKHMH YacTHLAMH Ha $OpMHPOBAHHE
pamHAUMOHHLIX AeeKTOB B NOIYNPOBOSHHKAX B HACTOAINEE
BpeMA OKOHYATENLHO HE BLIACHEH, 9TO, B YACTHOCTH, CBAIaHO
€O CROXHLIM XapakTepoM cHCTeMBl nedextos, ofpazyio-
UMXCA B MomgHpuKaumn cTpykryp. [TostoMy B HacToAmei
pafore Gpna NpeINMPUHLTA NONBITKA COHAPYKEHHA BAMAHMA
doropo3bysesus Ha aedexroobpazoBakne 80 Bpems
SNEKTPOHHOTO ODIyueHHd.

MeToAHKA IKCTIEPHMEHTA,

Hecneposanucs niacTHHBl MOHOKpHCTALIHYeckoTo Ge
N-THNA NPOBOAKMOCTH, MPOHICAHE XHMHKO-MEXaHHYECKYIO
o0paboTky. Ilocne o6paboTin NOBEPXHOCTH OOPaA3LOR MYTEM
TEPMHEYECKOTO HANBIEHHA 300Ta GOPMHPOBANHCE NHOIR
IHoTTeH, OMHIECKHE KOHTAKTS ¢ ThIALHONH CTOPOHEL, A Tak-
#e¢ K n-coi0 B ofpasuaX H3TOTABAMBANKCH MYTEM BTHPaHWA
nactei. O0My<geHne ekTpoHamu ¢ 3Hepruett 4,5 MaB npo-
BOIENOCE HA JTHHEHHOM FMITYTbCHOM Yokopwrene. Hoza 06-
NygeHus BO BCeX JKCMEpHMEHTax coctammsia 10'%:10%ca’.
Yacre ofpasuos BO BpeMA OONYHMEHHA TCKTPONAMH OCBe-
WAnAck CEETOM PTYTHOH Jlamnkd. [T1oTHOCTE MOLLIHOCTH CBE-
TA Ha MOBEPXHOCTH OGpA3LOB, NPHHYAHTENRHO OXJTaK-
HABITHXCA BO Bpems ofmyucnna, He mpessinana J00 K,

Msyyenne napaMeTpoR ry0OoKHX YpoBHER, COOTBETCT-
BYIOIIKX BBOJAMMLIM pPAIHALAOHHEIM fAedekraM, TnpoBo-
aunoce Meroxom DLTS [6] B awanasoHe TeMmneparyp
100+-300K. Hamepennt BonbT-(apajiHbiXx XapaKTepHCTHK
NOKAa3amH, YTO KOHLEHTPALHA cBoSOAHEIX HocHTereH 3apana
OIRHAKOBA NG Beelt TOMIMHE KPHCTATNA.

IKCREPUMENTANILHEIC PEIYABTATE H HX obBcymaenne.

Ha pnc.l npuBenern xapakrepuute cnextpsl DLTS ans
obpaiuos, ofsmyuermx B TeMiote (kpusas 1) W npu oc-
BelleHHH (kpuBas 2), O6mwmit pag cnextpor DLTS n-uwix of-
Pa3noR, OOMYHEHHBIX B TEMHOTE, XOPOIIO COMIACYETCH ¢ Omu-
CAHHEIMH B AMTEPATYPE ANA AHATOrHUHBLIX KPUCTALIOBR, HTO
TIOZBOMAET HASATHGMIHPORATE AeteKThl, 00yCNaBIUBAIOLIHE
aroT cmektp [7]. Kax Buamo W3 puc.l, 8 cmektpax DLTS
HaGMOJAlOTCA [Ba MHKA, COOTBETCTRYIONIHE NedKTAM <
IHCPTETHYECKHMMU tonoXkeHusIMH E.-0,18 3B u E +{,28 5B,
3HaYeHNA SHEPIHA aKTHBAUAM (E,), CeYeHMH 3aXRATA HOCH-
TefeH (G,) ¥ KOHUEHTpalM# PAmHANHOHHMIX IeEeKTOB No-
NYY€HB! N3 3aBUCHMOCTeH Appenuyca (7] And ckopocti
TEPMO3IMHACCHM {puc.2).

-2 F

L 4 n

150 —
150 300 T) K
FPuc. {. Cnexrput DTS n-Ge, 00nydeHHRe 30eXTpOHaME npy
293K 0 =10%cM> U =5V, r =20 mc,
Po=300 MBr/cM%; 1 - 8 TEMHOTE, 2 - OGS H3OXPOHHO=
TO omkira; 3 - mpH $oToro3GyRICHNH,

0o

Penakcauua emkoctd, B chyuae N<<N, rme N, -
KOHLEHTPAUAA JOHOPOB, N - KOHIEHTpalus rmyGokix
YpoBHeti, onpeneneTcs ClieayIONEM BHPAKEHHEM:



ct) = 4 cexp(—— E) ,
7

ric Ac - yMEHBIIEHHS €MKOCTH Npn t={, 00yCIOBICHHOE
HMITYABCOM HHKCKIHH, KOTOPBIH B ¢iiyyae uiGpoca snekrpo-
HOB ¢ ryGOKOIo YPoBHA oNpeleaeTca o Gopmyne:

= exp [(5, - B )kr.

voe N

n

n o

03

02

Puc. 2. TemMneparypHas 3JaBHCHMOCTh CEOPOCTH TCPMOIMHCCHH
socrTeneh 3apana ¢ yporHeH Ep, U, Hi, 1 - B remnoTs;
2 - noene u3oXpoNHOro oTHHra; 3 - npu dororoaGyx-
JEHUH,

B ocHoee Meroga DLTS nexHT MIMEHCHHe pPasHOCTH
eMKOCTEH ¢ C(E;)} W C(t;) In% OBYX OUKCAPOBAHHEIX
MOMEHTOB BPEMEHHM C; H t» E 3aBHCHMOCTH OT TEMIEpa-
Typbi. OnpegenyM HopManM3OBaHHKMY cHrHan DLTS B BHae
S{t)=fc(tl)-c(t2)]/Ac, Torma AN IKCNOHCHUHANE-
HOH penaxcalsi HMEeM:

exp (— E‘-) — exp [— t—z] )]
T T

Taxim ofpaloM, 3aaBan ONPSACNCHHBIC 3HAICHAA £; M
t 2 MOXHO BRIAETHTE SMHCCHIO MEKTPOHOB, IPONCXOMALLYIO
¢ NAHHOM CKOpOCTBIO, B BHIE OMPEAC/ICHHOrO IAKA HA 33BH-

S(t)

camocTs S (t). [IpApaBHHBas  NPOH3BOAHYK  HYIMO,
t, -t
nomydaeM 7, = ~A———2—  CXOPOCTB IMHCCHH BIEKT-

In(t,t,)

POHOB, COOTBETCTBYIOULAA MAKCAMYMY CHrHana, HaGmonae-
MOTO NPH TEPMHATECKOM CKAHHDOBAHWM KPHCTANAA, HCTTONE-
3yeTCA INA ONPEIENEHHA SHEPreTHYECKOTO NONOXKEHNA Thy-
Gokoro ypoBaA. OQUEHKH CEYeHHS 3aXBaTa HEKTPOHOB onpe-

IENAIMCh BHIDAXEHHEM T,=VO,n, Ioe o3=2-10"7 oM’

»
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0;=2-10%7 cM?, a KOHUEHTPALAN PaTHALHOHHKIX Ae(EKTOB
no $opmyne [4) cocrapamor N;=8-10" cm™, N~10" on,
EmMkocTHhie W3MepeHns B ZMaNAsoHe Temmepatyp 80+300K
DIOKA3aNmH, YT¢ KOHUSHIPaUMA pafHALMOHHNX ASPeKTOB o
CeleHHsA JaXBaTa HOCHTENEH YMEHBIIAIOTCH DpH OGmMydcHHH
BO Bpema (oToBO3GYKACHHS, uTo 0fycaopaeno ¢oroomkn-
TOM.

Has onpemeneHns oGracta TemnepaTypHol craSmmeRo-
CTH PATHALHOMHEIX A¢(eKTOB GBUTH MPOBEACHHL H3OXPOHRME
OoTKHrH 0Gpasuos (no 20 MUHYT), conporoxnanmuecs DLTS
H3MEepeHUeM BelMYMHEl KOHUEGHTPALtH?  PajHAlEOHHEIX
nedextop (puc.3). VCTANOBNEHO, UTO OTHKHI PANHALHOHHEIX
nedekToB nponcxomut B Avanazone 400+450 K. H3 cpaste-

fo #

Sop 550

wo  yso
T,A
rlac,
Pyc. 3. 3aBHCHMOCTE KOHUECHTPALIWH PALHALIHOHHBIX fe(exToR
OT TeMNEpaTypal 2( MEHYTHONO OTxHra nocne ofuryve-
s anextporamu (3 = 107 e, =203 K); 1,2 - npu
obmyyenuu 3 TemHote; 1,2 - npu ofmyuenuu noa ek
CTEHEM GOTOB0IGYHICHNN.

Ipo 350

HHA mOMyYeHHBIX AaHHbX DLTS a0 n nocae oTkura MOXHO
CleNarh BHIBOZ, YTO JOBYWKH E; # H; - OAHON DPUpOAM K
HIEHTHPANMPOBATL MX Kak A- UEHTP. DTO NOATBEPXIACT H
Pe3YNLTATH HIOXPOHHOTO OTHHIA, JOKAILIBAOWIETO, YT 00~
AacTh TeMNepaTypHoH cTalMNBHOCTH NOByHIEK E; B H,
COBMANACT H HE IPOTHBOPETHT THTEPATYPHBIM ARHHbIM.

H3 puc.t (kprBad 1 W 2) BUARO, 9TO B CiIydyae MOACBETKH
BO BpeMa obnydeHHA MEKTPOHAMH YMEHBIIASTCH KONHYE-
CTEC pajHaUHOHHbIX AedeKTOB, BHOCAHX [IIyOOKHS YPOBHH
B JAUPCIICHHYIO 30HY, HAa YT0 YKAJBIBACT YMCHBIIGHHE
ammuTygh mika DLTS. Ono ofycnomaeHo QoToomichrom
PaAHALHOHHEIX AediekToR,

MoxHo npeanonokHTs, 9T0 RApYIIEHHE KPHCTALIH-
HeCKON CTPYKTYpPEl MPOMCXOAMT Nof  neficTBEeM ABYX
KOHKYPHPYIOLIMX MEXAHHIMOB — PasyNopAAOuU¢HHA H OTHKH-
ra. B noiesy 3roro nmpeamonoskeHHA CBHASTENLCTBYET TOT
thaxT, YTO NpPU NOACBETKE KOHHEHTPALMA PALHAUHOHMEIX Ac-
PexToR yMeHpwaeTea. Tlo-pHauMOMY, HabmomaeMull doro-
OTXKHAT BHIIRAH Tepeaadeldi SHeprHd, ocBoboxaaeMoli tpu
pexoMOHHALHH 3NeKTPOHHO-IALPOYHOH Mape B obaacTy obe-



€MHOTO 3apsna (aedextam). B peaynprare Takoit nedext mMo-
KeT rlepeﬂ'm B HOBOE TIONOXEHHe PABHOBECHA B KpHCTaN-
Imyeckoli pelrete. 310 B CBOKO OUePEs MOXET NMPHRECTH K
HIMCHCHHI) 3apANOBOK» COCTOSHIA, H B KOHEUHOM CuUere K
HabmoNacMOMy YMEHBIIEHUIO YMCIA 3MEKTPUMECKH aKTHR-
HBIX KOMILIEKCOB,

Taknm o6pazom, GoToro3GykaeHNe BO BpeMa obmyieHns
FePMAHUA MEKTPOHAMH ¢ sHeprHed 4,5 M>B mpumonur k
PanHAHOHHO-CTUMYNHpoBaHHOH mudpdysnn  npumeceit w
nedexTon, B pe3yETaTe Hero MPOHCXOAHT OTHHI PANMaLE-
OHHbIX JedexToR.

[11 TA  JAwcagapes. “PanualliOHHO-CTHMY/IMPOBAHHAR
ouddyiua B NOIYNPOBOAHHUKAX”, DHEPrO-aTOMHIZAT,
M.,1991.

[2] A K. Arnaxsepoues, MA. Baxupos, P.C. Madamos,
HA. Kabynos. ®TIL, 1991, ¢.177-180.

[3] C.H. Banowpes, B.H Mopoxosuy, H.M. Omenvanoscxan
OTII, 1992, 1.28, Nel 0, c.1823.

[4] P.C. Madamos, I'MFacymes, T.5. Tazues, AH. Anues.
"Fizika", Baxy, 1997, Ne 2, c.1-3.

[5]1 B.B. Apmamvonos, M.A. Banax, A.B Hemucos, B.H. Mopo-
xogun, ©TII, 1992, 1.26, No12, c.2083-2090.

(6] JI.C. Bepuan, AA. Jlefedecs “EMKOCTHAS CIIEKTPOCKO-
masd [AyGoKMX UEHTPOB B8 NONYMPOBOEHAKAX”, JI,
Hayxa, 1981, ¢.176.

[7] A.B. Danilm, ynn. Erokhin, V.N. Mordkovich Nugl.
Instrum. Meth.Phys. Res. 1981, B59/60, ¢, 985,

R.S. Madatov, AL Sliyev, Q.M.Qasimov, A.A. Dbdiirrshimov

GERMANIUMDA DEFEKTLORIN SM3L3GOLMD PROSESING FOTOHOYDCANLANMANIN VO
ELEKTRON SUALARININ BiRGO To'SiRt

Miisyyen edilmisdir ki, germanium monckristahim enerjisi 4,5 MeV olan elektronlarla giialandiran zaman ona igiq gialan ila
te'sir ctdikde radiasiya defektlorinin azalmasi milsahide edilir. Defekilerin yilk halinm ve konsentrasiyasinn deyigmesi qeyri-esas
yitkdagiyicilanin rekombinasiyasinin bag vermasi naticesinde, miisahide edilen effektin asas sobobi kimi gotiiriilir.

R.S. Madatov, A.L Aliyev, Q.M. Qasimov, A.A, Abdurragimov

THE INFLUENCE OF PHOTOEXCITATION ON THE DEFECT FORMATION PROCESS AT THE ELECTRON
IRRAPIATION OF Ge

It has been observed that the additional photoexcitation at the electron irradiation of Ge with 4,5 MeV by electrons leads to the essential
change of radiation defect concentration. The effect is discussed in terms of radiation mobile point defects and changes in the kinetics of
defect reactions due to high concentration of minority charge carriers.

Hama nocmynnenus: 22.10.98 Pedaxmop: M.K. Kepumos
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HCCJIEJOBAHHE JIEKTPONIPOBOJHOCTH CJIABO JEFTHPOBAHHBIX TUTIEHOK
NOJAKPUCTAJVIHYECKOI'O KPEMHHS

O 1. KACHMOB, M.P. PATHMOB, ®.©. KACHMOBA, HM. MYPATTOB
Azepbatiocancroe Hayuonanvroe Aspoxocmuveckoe Azenmemao,
370106, baxy, np. Azaonwe, 159

HccneaoBaHHEM — TEMISPATYPHBIX W

YACTOTHBIX  3ABMCHMOCTCH

SNCKTPONPOBOAHCCTH  CHA0ORErHPOBAKHBIX  MVICHOK

nonmkpHeTanmueckoro kpemana (ITK) pasauunoll MHKDOCTPYKTYDH YCTAHOBNSHO, 10 HAPHAY ¢ GaphepHOll NPOBOAAMOCTSIO Yepes
IPAHMLIB! 3¢PEH HMEET MECTO H TIPLIKKOBLIH MEPEHOC 3apANa IO JIOKAMHIOBAHHLIM COCTORHHAM MEHICDEHHBIN NPOCNOeK B MIHPOKOM

IWarasone Temnepatyp. okazano, uro B [IIK ¢ pasMepos 3epeH 0,

5 MEM ¥ xoHICHTpAUMEA cBOGOIHBIX HOcHTeneH B ofneMe 3epen

nopanxa 10% cM™ MPBIKKOBAS NPOBOAMMOCTS OCYLIECTBIACTCA BILIOTE A0 KOMHATHEIX TEMIIEPaTY).

Kax u3pecTHO, npu ONACAHMK 3nekTponposoanocTh TIIIK
PACCMATPHBACTCA KaK UYCPEAOBAHRE MOHOKPHCTANTHYSCKHX
3epeH ¢ MEK3ePEHHbIM NMPOMEXKYTKAMH TONBIHHON B HeCKONb-
KO JSCATKOB RHTCTPEM, MATSPHAN KOTOPHIX caHTaeTca aMmopd-
uetM. COTJIacHO MOJENH cerperald npamecedt [1], konmeHT-
pai coGOINEIX HocHTenel B 00beMe 3¢PeH MPH YPORHSIX
NETHPOBAHHA 1O 10" cm” Beerna MeHLITe, UeM KOHIUCHTPALHA
B MOHOKPHCTAIHYECKOM KPEMHHH € TAKMM XK€ YPORHeM
neruposaniA. HeHachlmenAsie ¢BaA3K Ha rpaHuLiax sepen (3)
CO3HAKDT TMYGOKHe YPORHH 3HeDTHH B 3anpellieHHO!N 30He,
jaXBAT HOCHTENeH Ha KoTopble 00pasyeT mnoTeHlanbHEE
6aprepst, orpaniumHpaomme nporomaMocts TMNK [2]. Tl
KONHYECTBEHHOTO OMUCAHuA (aphepHOTG MEXAHWIMA MPOBO-
IUMOCTH OBLIUHO HCmoNssyerca Hnu KH(dyIHOHHAL MOOENb
(3], Wi Momens TepModNeKTPOHHOH MitccuH [4]. TIpH sToM
CYHTAETCA, YTO MPOXOKACHHE ToKa 9epes ['3 ocylecTRISETCA
HanOapeephoii IMHCCHER, 2 YePe3 MEXIEPCHHBIE MPOMEKYT-
KM, pa3fe/AfiollHe 3ePHA B HANPABIECHHH, NEPHCHINKYMAPHOM
NPOXOEICHAI) TOKA - TYHHEABHBIM Tiepexonom. B [5] Gsuna
¢lleNaHa NONBITKa o0BEAHHEHIA dTHX OBYX MoaeacHi Ha ocHO-
B¢ TEPMOIMUCHOHHO - AndrbysuonHoli Teoprn. [Ipu nocneno-
BAaTCABHOM YueTe BAHAHMA I'3 Ha NepeHoc japaza monydeHo
obobwentoe Bupakenue ama cratHeTHdeckoli BAX onmwo-
MepHOI LENOYKH OAHHAKOBLIX GHKDHCTANNOE, CYLNECTBEHHO
HOBEIM B KOTOpPCM HABJIACTCA YUYCT 3IaBHCHMOCTH KOHIIEHT-
pauMK HocHTeNeH B o6beMe 3epeH OT MPAIOKEHHOIO HAanpA-
MeHIA

Onnako B paMxax SapbepHoll MOISH He YYHTLIBASTCH, BO-
MEPRLIX, BOSMOKHOCT: NPOXOKACHHA TOKA N0 MENGEPEHHLIM
NPOMEXKYTKAM BAOND HAMPARIEHHA 3MEKTPHYECKOTo Nony, a
BO-BTOPAIX, NOCKOALKY HaJIMuUe CUyGOKHX NOBYIUIEK CBFIAHO
¢ oBopEaHHLIMU CBAIAME Ha I3, TO GCTAETCA HEMOHATHRIM
CYUIECTBOBAHHEM HBYX YporHel rmyfokux RoByllek C 3Hep-
ruaMi axTuBanMe 0,12 u 0,44 3B, oOHapyxeHnnXx B II[IK
pasmTHYHBIMH ABTOpaMY [6,7].

HecnenoeanueM mposogumoctH IHIK B 32BUCUMOCTH OT
pa3Mepa 3epHa H CTENEHA NerupoBaika B (8] tiokasaHo, 4To B
menkozepHucTX [TIIK npr Heskux Temneparypax NOMHMO
GapbepHoit MPOBOOMMOCTH HaOMIODAeTCA H TIPLIKKOERIN Me-
XAHH3M TIEPEHOCA (10 JIOKANH30BAHHbIM B MEKICPEHHBIX Mpo-
MEKYTKaX COCTOAHAAM, XAPAKTEpHIYIOIMHMCS, B OTIHMEE OT
GapeepHOTo MexaHm3Ma JHHEHHON 3aBHCHMOCTLIO TOKA OT
HANPAXKEHHOCTH NonA. [JleficTBHTeNbHO eCH KOHLISHTPALHA
cBoOOMAEIX HOCHTENEH B 3¢pHAX MeHbiNE KOHLEHTPALMH
HOBEPXHOCTHBIX COCTOAHNI Ha MX TPAHRIAX, T¢ o0eauernmil
cnofi pacnpocTpaHAeTca Ha Bech obbeM 3epHa. B s1oM cimydae

npeobnmazaomelt  Gyser NPOBOAHMOCTE N0 MEW3EPEHHRIM
NPOMeXYTKaM, NpeACTABITOImEM coboli amopHmi Mare-
pHAN ¢ KOBAREHTHBIMH CBA3AMH, B KOTOPOM TPOBOAHMOCTE,
cornacuo [9), oCYMECTBIAETCA DIABHLIM 00paloM Mepecko-
KaMH 110 NOKaNH3IOBAHHLIM COCTOSHIAM.

C Lenbo BhIFBIEHHA (HIHIECKHX MEXGHHIMOB MEKTPO-
NIPOBOAHOCTH HAMM HCCTIEAORANIHCH TeMIepaTypHBIe 3aBHCH-
MOCTH OpoeoAuMocTH AByX Tumos IIIK co cpenmeM pas-
MepoM 3eper 0,5 v § MM NpH TONMMHE THIeHKH 10 MkM.
MMK n-THNa NpOROAMMOCTH, NerHpoBaHHEE GochopoM Ro
koHueHTpaupd 10" ov”, nomysamucs 3 mpouecce BoccTa-
HOBJIEHAA TETPAXNOpPHEA KPEMHHA BOIOPOIOM [P TEMIC-
parype 1200°C Ha npommiwneHHOH YcraHoBKe YHOC-1.
KoauerTpauus ¢eofonHux HocuTenel B ofineme 3epen IMIIK,
BHTHCIICHHAS ¢ NOMOWb K3MepeHsit C-V xapakTepucTHK
MOTI-CTpYKTYp Ha MX OCHOBE, N0 METOAHKS ONHCAHHOH B

[10), 6una 1,4:10" u 9,810" oM ana menxosepuuetiX U
KPYTIHO3¢PHHCTEIX TUIEHOK COOTBETCTBEHHO.
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Puc. I. TemneparypHaa 3aBHCHMOCTE NPOBORHMOCTH B MOT=
TOBCKHX KOOPAHHATRX OV MEIKO3EpPHHETbIX {1) H
KpynHosepaucTriX (2) MK,

Pesynetatht m3Mepenwii B koopauwnarax lgo or T ~/¢
npusencHn Ha puc. 1. Kak BHAHO u3 rpadHka, B HHTEpBaTe
temneparyp 133+253K mna xpynaosepuuctsix IMIIK sapuch-
MOCTE MPOBOAHMOCTH OT TEMASPaTYphl B HCTIONLAYEMBIX
KOOPAMHATAX AuHElHA, a4 3T0 03HAYACT, 4TO HMEET MECTO
MPLUKKOBEIE MeXaHW3M nepenoca no gopuyite Motta
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N¢ - mnoTHOCTE cocToAnuit BOm3n ypopua depmu, a - pagu-
YC IOKAAH3ALMNI, 8 X - NogToarHas bonbipsana,
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Puc. 2. YacTOTHAS 3ABHCHMOCTE MPOBOIHMOCTH MEKOIEP-
nuteteix FITTK npu xomMuatTHo!H TeMmeparype.

f, '

B vKajaHHBIX MHTEpPANaXx TEMMEPATYp SHEPrHa
AKTHRALAH, OMpPEeNeHHad U3 IaRUCHMOcTel TgoroT T2 coc-
TARNANA ANA MENXOIEPHHCTEIX W KPYWHOIEPHHCTHX MICHOK
0,14 1 0,05 3B cOOTBETCTREHHO.

Onpeaenas U3 rpadukoB T, Kak HAKIOH 3aBHCHMOCTEH
Igoor T Y% n nonctasnan  dopmyry (2), MPHAEMAN TIPH
3ToM &=10 A, mofywaeM 3HAYEHAA MIOTHOCTEH JOKa-
JM30BAHHBIX COCTOSHUN N AT MENKOIEPHHCTHIX [NEHOK

210" 2B 'en”, a ana xpynuoseprucToix 3107 3B oM™,
MamepeHns 9acTOTHBIX 32BHCHMOCTEN MPOBOIHMOCTH NPH
KOMHATHON TEMIEpaType mOKAZanM, 4YTO MPOBOAHMOCTh
MEMKO3EPHHCTRIX IUIEHOK HOMIHHASTCA 3aKOHOMEPHOUTH
o{w) =" ? (puc.2), uro xapaKTepHO NS MPLKKOBOTO Me-
XaHH3Ma fiepeHoca Hocurenel Toka. [IpopoouMocTs XpymHo-

3ePHUCTON TNMeHKH B OManasore wactor (0,510 MIn or
JacTOTHI HE ZaBHCENa.

Kax nokasanu NpoBeAcHHbC Y4CTOTHBIE U TEMIEPATYDHEES
HIMCPCHHA, NPBIKXOBAA [POROIHMOCTD HabmoJaceTcs B
meaxoseprmctix [MMK no sakony T Y B mmpoxom
HHTCPBAC TEMIEPaTYp BINOTH [0 KOMHATHbIX H Bbhuue. B
KPYNHO3EPHHCTBIX IUIEHKAX NOA0OHBIA XapakTep NMpBIXKOBO}
OpOBCAEMOCTH HaOmozancd npu GoNee HUIKUX TeMmepary-
pax. Jto o0BACHAETCA, MO-BHAEMOMY, TeM, YTO BCJICACTBHE
fonce passHTOH MOBEPXHOCTH IPAAKED 3€peH, KOHUEATPAIMAA
MOBEPXHOCTHRIX COCTOAHYMA B MENKO3SPHHCTHIX TUICHKAX
MHOTO Qoutblie, 9eM B KPYMHOSCPHHCTBIX, HTO MPHBOAMT K
nonatoMy ofeqrenmo ofneMa sepen CBOGONRBIME HOCHTEA-
MM TOK3 B HHX ZAKCE NPH BHICOKHX Temnepatypax. [loaoSnmit
Xapakrep mpsrikopoii npopoauMoctd B IMIIK  pabmoaanca
Talke M aBTopaMu [8], oanako TONEKO TPH HA3KHX TeMnepa-
Typax, NpUdeM B OTIHYHE OT HAMMX o0pasloB co cnabeiM
YPOBHEM JIErHpOBaHHA, B Yka3aHHON pabore ucnoapsosanuce
MOMHOCTEEY HEMErHPOBAHHEIE IUICHKH CO CBEpXMeNkol MHK-
PoCTPYKTYpOit. _

Ha ocHOBE MOAYMEHHEIX PE3YIETATOB H NHTSPaTypHLIX
DAHHBIX MOXHO CHENaTs BHBOA, Y10 OAaroZapa Mex-
3epeHHBIM aMopiHbIM Mpocaotikam B mnenkax [MIK napagy ¢
BaprepHEIM NPHCYTCTRYET H NPLIKKOBLIN XapakTep NpoBOaH-
MOCTH, 4To HaubGonee Apko MposRIfeTCA OpH cHaboM YpoBHe
MerupoRaHHa W MemkHX 3epHax. IIpm onpenieneHHBIX COOT-
HOLUCHHAX KOHUEHTPAMIE HOCHTeNel! Toka B 00BeMe 3epeH H
MOBEPXHOCTHBIX COCTOAHMH HA HX IDAHMIEX MPEXKOBLIA Xa-
PaKTep [POBOAAMOCTH MOXET CTATh NPeotnafaionmM.

CreyeT 0TMETHTb, WTO NOSYMEHHBIR DPEIYILTAT IPEACTAB-
NA€T H TMpakTH4YcCKH AMTEpEC, MOCKOMBKY N0 TEXHOJIOrHH
NCKaNbHOTG BhipaluBanna [11] moryt ObiTh COPMUpPOBaHE
MK A IWieHKH MOHOKPHCTAIIHYECKOr0 KPEMHEA ¢ KOHLEH-
Tpaupei 10'¢ oM, KOTOpPAIE IIHPOKC NPAMEHAIOTCA B MHKpPO-
3MEKTPOHHKS B NMPOH3BOACTBE HHTETPANBHBIX CKEM.
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ZOIF ASQARLANMIS

POLIKRISTAL SILISITUM TOB3QOLORININ ELEKTRIK
KECIRICILIYININ TBDQIQ1

Zeil agqarlanmis mixtelif' mikrostrukturlu silisium tebeqelerinin elektrik keciricilivinin temperatur ve tezlik asililign tedgiq

edilmigdir.

Gésterilmigdir ki, kegiriciliyin baryer mexanizmi ila yanagi sigrayis mexanizmi de méveuddur. Miisyyon olunmugdur ki, de-
neciklerin Slgiisii 0,5 mkm, ve serbest dagiyicilarm konsentrasivasi 104 sm- olan silisium tabeqgelerinde sigrayis kegiricilik hetta otaq

temperaturunda bels miigahide olunur,
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F.J. Kasimov, MLR. Ragimov, F.F. Kasimova, NNM. Muradov

INVESTIGATION OF ELECTRIC CONDUCTION OF LIGHTLY DOPED POLYCRYSTALLINE SILICON FILMS

The investigations of temperature and frequency dependences of electric conduction slightly doped polycrystalline silicon films with
various microstructure are showed, that hopping conduction along intergrain layers take place side by side with the barrier conduction across

grain boundary.

Hama nocmyraenun: 25.09.98 _ Pedarxmop: Jwc. I AGounce
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INTERBAND ELECTRON RAMAN SCATTERING IN SIZE-QUANTIZED FILMS
OF INVERSE SEMICONDUCTORS

T.G. ISMAILOV, R.A. NAZANLY, M.A. BAGIROV
Institute of Physics of Academy of Sciences of Azerbaijan
H Javid, av. 33, Baku, 370143

The interband clectronic Raman scattering in size-quantized films of semiconductor with inverted band structure within the scope of the
two band Kane model is studied theoretically. Both the resonance and nonresonance cases are considered in detail. Calculations show, that
the spectra of the scattered light exhibit sharp peaks due to the size-quantization. The polarization rules are established. The magnitude of the
<ross sections suggests that it is possible to observe this effect in an experiment.

The investigation of the low-dimensional systems is of
widening interest because of their large possibilities of appli-
cation in micro- and optoelectrenics [1-3]). Typical represen-
tatives of such systems are the quantum-confined low-
dimensional semiconductor systems. The size decreasing lead
to the reconstruction of the electron spectrum what mares
possible to fabricate new systems with different electronic
and optical properties [2].

It is established that the inelastic light scattering is the
sensible method of the investigation of elementary excitations
of low-dimensional electron system [4]. It turned out that also
as in the three-dimensional case one could separaie the one
particle excitation from the collective one. This peculiarity
gives a possibility of study of energy level structure and col-
lective electron-electron interactions.

The resonance Raman scattering of light involving the
electron wansitions between the discrete size-quantized
levels was observed in GaAs-Ga,.,AlAs heterostructure  [4-
6). In [7] the interband electron Raman scattering (IERS) in
inverse layer of MDS structure is considered. In [8) IERS
involving the valence size subbands as intermediate states in
size-quantized thin semiconductor films with the simple band
structure is investigated. It should be noted that the scattered
light energy changes in the narrow interval that is equal to the
difference of two nearest subbands. However the account of
the realistic band structure and wave functions of the semi-
conductor can lead to many quantitatively new processes with
the different frequency intervals for the scattered light [9,10].

Lately the great success are achieved in technology of the
thin layers and structures with two-dimensional electron gas
based on narrow gap semiconductors as well as semiconduc-
tors with inverted band structure [11]. The unique properties
have an spin superlattices [12], In these structures one can
manage the energy intervals by different ways. The investiga-
tions of Raman scattering on two-dimensional electron gas in
above mentioned structures are great interest both the theo-
retical and practical.

In the present paper the IERS on size-quantized levels in
the semiconductors with inverse band structure is investigated
(for simplicity the thin films case is considered). It is shown,
that owing to the size-quantization the peaks appear in the
spectrum of IERS and the scattered light frequency changes
in large interval.

In fig.1 the band structure of o-Sn type inverse semicon-
ductors near the £ point of the Brillouin zone in the case of
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Fig.1. The band structure of zero gap semiconductor near the
I point in the case of size quantization and possible
IERS process.

size-quantization and possible IERS process are shown. The
incident photon of frequency of a1, excites the eleciron from
the light hole subband (1} to the conduction subband (gl
Simultaneously the electron from the heavy hole subband (k)
drops back to the hole created by the first tramsition in the
subband (1) and emits the photon of frequency of @;. The
frequency shift @=am, -, is equal to the excitation energy of
the particle-hole pair created in the scattering process.

This process first has been considered by Burstein, Mills
and Wallis in bulk inverted semiconductors [10].
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The general expression for the differential cross section d?s @ 2
(DCS) per unit frequency, per unit solid angle can be written o~ = r} 51' E a6tk - B, + £}, D)
in the form: e
1 (fle; pr)(rleoa ) < r)(rlez EIJ.)
Ay = — 2)
m, : | E;, - E, + ho, E, - E, - ho,

|

Here r, = 92/ myc® s the classical radivs of elec-
tron; P is its momentum in crystals; 1, r, £ refer to the
initial, intermediate and final states of electron;
E., E,., E, are the corresponding electronic energies;
&,, & and @,, w, are, respectively, the polarization vec-

tor and frequency of the incident and scattered radiation’s. |

n22

For rather thick films, when the number of crystalline
layers is large, one can calculate the spectrum and wave func-
tions of band electrons in k5 approach [8,13]. In the model
of an infinitely deep potential well at the two-band approxi-
mation we have [14]:

E, (kl) = E, + ———-l—m + E’n? n, = 1,2,3,... << N, ()
my,
h2?r2 —
2
E = 2—%‘?, V=(,h, 1), ki =(k,k,b0), )
where ' Here d is the thickness of the film, £, is the difference of
¥z =Yz energies between the extreme of conduction and valence sub-
'flm = i— 3P ( 1) Ch{’?jﬂ ) bands, m is the algebraic effective mass that is (+) for the
m, o, n (fmﬁ ) conduction band and (=) for the valence band.
1 7 3 ﬁ‘” ( _ e h(:m g 3;3) Usixlg the spectrum (3) and found wave functions for arbi-
= ( 1f2) trary Kk for the complicated matrix element (2) in the zz
m, m, zn S h znf polarization case (when the incident and scattered radiations
1 1 m, are polarized parallel to the z axis) we have the following
— =B === expression;
m, m, m, |
2 mg 2 k.l. J. g}
[A.° = |2, + Bl Gpn + 4% —2|a, + B, )
o 3n? S
[ h =
where
B2k -
Ay, = |& +hw, + —= +g|nZ - —=nil},
- m,
3252 . -1
L 2 c .2
By, = |6g — hwy + he + 2. + ao[nc - Enh] (6)
T [_1 3 .,c-,,h] 2"11;11}I > _ m, , x’n}
Py = (=D nj" ke Toge ki + a2
o
2 my, ,2 7 anz
k, = thy 1 d? ’
I
h

Substituting () and (6) in to (1) for the DCS we get finally:
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Z = ¥ D;"c’lag’c + By.|'Di6,, +4-|al, + B, Dz} é(p,) 1)

0, D, <0 2 . m hix?
(D,) {1, D, >0 ! o[ ' m, " 0 2m d? ’

20,22 e 2 2
P! = LMo @ , D, = Tocay LTS P &,
327n’® @, zt  he ha + gn? - n?)
=

[sg + ko, + ho + sg(n,f - nj)]—z,

$°
"

BY, = [eg - hay, + Zho + g)fn? - n?)’

o 0 o 0 ¢ _ g0 ¢ _ po
Ay = Ay - 5ncnh’ By, = By, - 5;:0%1 Ay = Ay e Jnln_,,’ By By anlnh
1 1 1 o ¢ o 0 e &
V) T H,. = A, + By, H, = A, + B,
Ht mnc |".-“l

A like the bulk case, when two different geometries take ICan‘ying out the similar calculations for the other geometries
place (the cubic symmetry is supposed) [3], in the thin film we have {as for as the quantitative behavior of DCS in xy
case there are four geometries: xx, xy, xz, zz | geometry is similar to xx case, we give below the expressions
only for xz and xx geometries);

2
= = = o’ By + = (A DI+ 2.2 42D | |5 +
104w 4 ”.'_E‘h | ( hc) 2 ( hc) 1 2 .y (7a)

+ 2 [(Agc + Bgc)z + 2 (th)z]DZ + 8- !D.'a‘lf’c’“h b(DI)

2 : 2
dsﬁv‘:lz {re’ ‘13(th D, + Bacly _ 2D, | 16, ., +
df2dw 8 n 4 ¢ 2 el (7b)

+ 2. [5 Aml Y + @y - 2- HﬂhHﬁc] D, + 4+ |Dy + D[o.en, }9(131) ,

b, = _Eﬂ_z ' B”IT"can"i"h D, = & T AMT"‘;"; 0, -
ha o ;z"[l + ;5'0(11h - )/ﬁw]y ho o 7 [1 + Ea( nﬁ)/ha)]”

It is seen from (7) that in the case of zz polarization there
are both the process with An=n,-n,=0 and the processes In the nonresonance case DCS beginning from the thresh-
with dn=nz-n,=1, 3, 5.. old initially increases. Then having reached maximum DCS
In dependence on pump enecrgy there are two cases: reso- begins to fall till the value corresponding to the transition
nance (h wy>&;) and nonresonance (% an<s,). For the energy between second subbands of conduction and heavy
both cases the scattering begins from the threshold n.=n;=1, hole bands. Next with tendency of further decrease the fol-

that corresponds to the transition energy between first sub-  lowing peaks appear and for w=my DCS is zero. ’
bands of conduction and heavy hole bands In the resonance case the different resonance frequencies

correspond to the processes with An=c and with An#=o:
o, = r’lopd’ 8
o /21, ® o (dn = 0) = (hwa - sg)/2 Q)
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hoy(dn # 0) = e, - 5, - &,(a? - nZ)J2 (10)

The energy distance between this resonances is

drw, = -|50(n§ - nj)/ZI

The condition (10) completely coincides with the reso-
nance condition in the bulk case [10], that is the conse-
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Fig.2. The dependence of DCS vs. & @ in the resonance case
(hop>ey) .
quince of the use of two-band Kane model where m_=m; and
{m./m,) —0. But condition (10} strongly depends on thick-
ness, effective mass and subband numbers.
In fig2 DCS vs. hwin the resonance case (5 wy>5,)
for the process with An=0 is shown. For parameters the

following values a chosen: ha,=0.37 eV, £~03 eV,
m=0.03m, , m=0.4m,, =200 A, The dependence of DCS on
h o for different thickness for the same process and for the
same parameters is given in fig.3,

Rur (a¥)

Fig.3. The DCS vs. A @ for the different thickness in the reso-
NAICE Case,

As distinct from zz geometry the additional processes
with dn=n.-n,=2, 4, 6... arise in xz and xx geometries,

It should be noted that the obtained results can be applied
to two dimensional in double heterostructure 151 is a case in
a point. The obtained expressions may be useful also for
analyses of [ERS specira in superlattices.
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T.H. Ismayilov, R.®. Nazanh, M.A. Bagwov

INVERS ZONA QURULUSLU YARIMKECIRICI NAZIK LOVHOLORD®O ISIGIN ZONALARARASI
KOMBINASIVALI ELEKTRON S9PILMas1

Maqalada ikizonah Keyn modeli ¢argivasinde invers zona quruluguna malik yarmkegirici nazik lovhelerde isigm zonalalaras
kombinasion clekiron sopilmesi nezeri olarag tadqiq edilmisdir. Gostarilmisdic ki, isifin sepilme spektrinde 6l¢i kvantlanmasi ile
olagedar koskin maksimumlar (pikler) omele gelit, Polyarizasiya asihiliqlari miloyyenlogdirilmigdir. Diferensial effektiv kesiyin
tortibi bu effektin eksperimentde miigahide olunmasimnm miimkiinliyiini géstorir.



T.I". Hemannos, P.A. Hazannel, MLA. baripos

MEAXKIOHHOE SJAEKTPOHHOE KOMBHHAITHOHHOE PACCEAHHE CBRETA B TOHKHX ILNERKAX
HHBEPCHBIX IIOAYIIPOBOJHHKOB

B paMkax aByx3oHHOH MogenH Kefika TCoperuyeckH HECNCIOBaHO MEKIOHHOE IMCKTPOHHOE PaMaH-paccesHHE B Pa3MEpPHO-KBRHTOBAH-
HBIX MNEHKAX TOMYNPOBOAHHKCB ¢ HHBEPCHON 30HHOW cTpyxTypoil. Paccmorpenm kax pesonaHcHBIN, TBK H HEpEIOHAHCHEBIE cAy4aH.
[Moxaiano, 49TO COEKTP PACCEAHHONO CBETA COACPHMHT pe3kHe nvkH, OOYCROBIEHHLIE PpasMEPHEIM KBAHTOBAHHEM. Y CTAHOBAESHE
DORAPU3AHOHHEIE 3aBHCHMOCTH. [Topanok anduhepeHUMANLHBIX 3PHEKTHEHRIN cedeHHH YKAIEBAST HA BOIMORHOCTE IKCNCPHMCHTANBHOTO
nabmognenna aroro xpdekra.

v

Homa nocmynneaun: 24.09.98 - Pedoxemop: © M. Fawum-3ade
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PbTeos:Seo s EPITAKSIAL TOB3QOLORININ BOYUMO XUSUSIYYOTLORI

R.N. NOBIYEV, H.R. NURIYEY, S.S. FORZOLIYEV, M.I. ABDULLAYEV
Azerbaycan EA Fortoelektronika Institutu,
370141, Baki, F. Agayev kiig., 555-cf kvartal

Parametrlori fotohessas elementler hazirlamaq iigiin yararh olan PbTeq5:8e0 08 epitaksial tobaqesinin milkemmalliyi kondensasi-
va siir'atindan asihdir. Tebaqenin elektrofiziki parametrlerinin kompensasiya edici menbenin temperaturundan (TT:) asthhf dyre-

nilmis vo géstoritmisdir ki, T1e-un artmasi ile yiikdagiyicilaom sixh {n} kigilir, yiinikliiyd (z) ise artir.

Son dévrlerde clmi edebiyyatda ArvBwvi biclegmeleri vo
onlarin berk mehlullart asasinda izoperiodik quruluga
malik heterokegidlerin ahnmasina xiisusi shemiyyst verilir
f1-4]. Bu meselenin helli iiciin figgat, dordqat (PbSnTe,
PbTeSe, PbSSe, PbSnTeSe ve b.) berk mehlullarin tetbigi
zoruridir ve onlar asasinda izoperiodik heterokegidler,
coxlayh strukturlar alinmasi boyik ¢lmi ve praktiki
shemiyyeot kesb edir.

Hazrk isin meqsedi p-PbesSnn 1 Te-n-PbTeo.0:8e0,08 ke-
¢idinin ikinci terefi olan n-PbTeo9Ses 08 bark mehlulunun
yiiksek kristallik mikemmellivae ve elekirofiziki pa-
rametriore malik epitaksial tebegelerin bdyiime xisusiy-
yetlerini tedqiq ¢tmekden ibaretdir,

Meselenin bu ciir goyulugu, cpitaksial tebogelerin
kristallik qurulugunun ve elekirofiziki xasselerinin hetero-
kegidlerin parametrlorine béyilk te'siri ile slagsdardir.

Qalinh@ 1-3 mkm olan PbTeneSesss epitaksial teba-
gelerin qaliq tezyiqi 2-10-¢ Torr olan umiversal vakuum
qurfusunda molekulyar destelerin kondensasiyasi isulu
ile béviidiilmiisdir, Tobegelerde yikdasiyicilarin konsen-
trasiyast kompensasiya edici Te buxarlan menbeyinin
temperaturu ifo tonzimlenmigdir. Altlq kimi KCl mono-
kristallarindan istifade olunmugdur. Buxarlandirma, qra-
fitdon ve kvarsdan hazirlanmig Knudsen oyuqlarmdan
aparilmgdir. Menbe kimi evvelceden sintez olunmus ve
kicik hisselore xirdalanmms (xetti Olgiileri <i,8 mm)
PbTea9Sco0s bork mehlulundan ve xitsusi texnologiya [5]
ile temizlenmis Te-dan istifade olunmugdur.

PbTeesSco0s epitaksial tobegelerini tedqiq etmek
igiin KCl althg iizerinde miixtelif goraitlorde ¢okdiiril-
miig niimunslerden istifade olunmugdur. KCI althf epi-
taksial tebegs ¢dkdirilmemigden svval p=2:106 Torr va-
kvumda 400°C-de qisamiiddetli (10 deq.) termiki ¢'mala
meo'ruz qalmgdir. Bundan sonra temperatur 380°C-ye en-
dirilmig ve epitaksial tebaqanin ¢okduriilmesi prosesi apa-
nimigdir. Althfin goebul edilmig 380°C temperaturu tacrii-
bi iisuila taptlmig vo epitaksial tebagelerin ¢okdiirilmesi
iigiin en optimal giymetdir,

Lazimi clektrofiziki parametrlerin elde olunmas: figlin
yiksok kristallik milkommelliye malik ¢pitaksial teboge-
lorin alinmasi en miihiim gertlerden biridir. Bunun d¢in
kristallik miikemmelliyin yiikseldilmesini te'min eden
sartlorden sayilan epitaksial tobagelerin alinmasimin opti-
mal} siirstinin segilmosi miithiim ehemiyyet kesb edir.

Epitaksial tebagelerin kristallik mikemmelliyinin
onun ¢Skdiiriime siir'etinden asihligi DRON-3 rentgen-
difraklometrinde alinmmyg difraksiya osyrilorinin 1/2 hiin-
diirliiviitndeki enini (W,,;) tedgiq etmeklo 8yronilmigdir.
Bele ki, sok.1-den gdnindiiyil kimi menbsnin temperatu-
nmun {T,) azalmas1 ile (bu eyni zamanda c¢okdirme
siiratinin (&) azalmas1 demokdir) W,,, odadinin qiymeti
azaht ve T,=730°C-da (4,=8M/san) W,,,=776 minimum

giymetini alir, Cokdiirmo silr'etinin sonraki azalmas: ile
W, ,-nin biyiimesi miigahide elunur.
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Sok. 1. @ /2-in menbenin temperaturundan asihhg.

B
Sak. 2. Epitaksial tabegelerin elektronmikroskopik gori-
niigi. A) 6=1454/5an. (x15000); B) 6==8A/san.
{x15000).
Alinmig neticelerden bele gerara gelmek olar ki, en
yiiksek miikemmalliye malik epitaksial tebageler ¢okdiir-



mo siir'stinin &=8A/san qiymetinde alimr. Bu notice 6zii-  edilmigdir. Epitaksial tobaqelerin boylimesi zamam
nii elektronmikroskopik tedgiqatlarda da gosterir. Belo kompensasiya edici Te menbeyinin temperaturunu ten-
ki, MRGM-100 elektron mikroskopunda gokilmig gekil-  zimlemekle artig Pb atomlan kompensasiya olunur. Tem-
lerden goriindiiyit kimi biyiik ¢okdiirme siistlerinde mii-  Peraturun artmasi ile sistemde igtirak eden alave Te-un
sahide olunan elave fazanin migdan siir'stin azalmasi ila  migdan arur ve bdyilmekde olan epitaksial tebaqade n-
azalr ve alinmus tebegelorin sethinin hamarhf artr tip yikdagiyicilann miqdart azalmaga bagslayir. Bele ki,
($ek.2). Cokdiirme siir'atinin daha kigik qiymetlerinde ise  kompensasiya edici Te menbeyinin temperaturu 200°C-
ayri-ayn kristallik bloklarm yaranmasi migahide olunur.  den 250°C-ye qeder arurdigda vikdagiyicilann kon-

Alinmg tebeqelerin elektrofiziki xiisusiyystlorinin ted-  sentrasiyasi N(n)=3510" sm-den 0,6-10!7 sm--a geder, yii-
qiqi gosterir ki, onlarm yikdagiyicilanmin yiinikliyiy do rikliyii ise z£(n)=05-1.10¢ sV san-dan 1.2-1 4104 sV

tebagenin ¢okdiiriilme siiretinden asihdir ve siir'stin san- s s .
. L ey ye qeder deyisit. Alnmig PbTen 5e00z tebegelerinin
azalmasi ile arur. Bele ki, g¢bkdiriime sir'stinin parametrleri, fotohessas p-n heterckegidlerin ahnmas

é=145A5san qgiymetinde yikdagtyicilann ylrikldyinin  jiciin yararhdir. Homginin qeyd ctmeliyik ki, bu geder
#4644 sm¥V san oldufu halda 6,=8Afsan sir'stinde yiksokkristallik - mikemmelliye ve elektrofiziki

H#=9624 stn?(V san olur. parametriere malik toboqe KCl dielektrik monokristal
Yiksek fotohassashiga malik fotoelementlerin alinmast  iizerinde alinomgchr.
iigiin istifade olunan tebegelere goyulan teleblerden biri Yuxanda deyilenlerden bagga, alinmug teboqelarin

de onlann ylikdagiyicilanonin  konsentrasiyasiin  qiy-  mithiim xisusiyyeti onlann sethinin gizgii parlaghgina
metidir ki, bu da N¢n}=0,5-1-10'7 sm™? intervalinda olma- malik olmasidir ki, bu da hemin tebegelerde fotoclement
Ldir. Lakin avvelki tecriibelerden goriindiiyii kimi epitak- matrisass hazirlanmasinda planar texnologiyanm tetbigi-
sial tobeqelorin mitkemmolliyine baxmayaraq, onlarda ne imkan verir.
yikdastyicilann konsentrasiyasi 3-5-1017 sm- intervalinda Tocriiboleri yekunlagdiraraq belo bir neticoys gelmek
olur. olar ki, lammi miikkemmaelliye ve elektrofiziki parametrlore
Epitaksial tebogelorde yiikdagtyicilarm konsentrasiya- Malik PbTeonSeo0s epitaksial tebegelori althfin tempe-
stm1 lazimi hadde gatdirmagq iigiin onlann byiimesi prose- raturunun 380°C, ¢bkdiirme sir'stinin 8A/san ve kom-
sinde elave kompensasiya edici Te menbeyinden istifade pensasiya edici Te menbeyinin 240°C giymetinde alinir.

[11 AL Mexmues, MH. Huxonaes, ®.3. Papadxces, Superlattice and thin films Simp., Boston, Dec. 1-6,
A Faaandapos, T.H. Aaues. OTII, 1986, 1. 20, Ne 8, 1986, Pishburgh (Pa) 1987, p. 199-204,
c.1388-1391. [4]1 HP. Hypuce, P.H Hafiues, 3.4. Axmeoos. Baxy,
[2] Mochizuki Katsum, fwata Hirckazu, Isshiki Minoru, "Duka-93", 1993, ¢.95,
J. Cryst. Growth., 1991, v.115, n.14, p.687-691. [5] H.P. Hypues, P.H. Habues, P.A. Bataes. YcTpoiicTso
[3] L.Salamanca-Yung D.L PartinJ. Heremans, E.M. Dres- /IS TEPMMMECKOTO HANLUTCHAA TNEHOK W criocod Haro-
selhous. High resolution transmission electron microsco- ToBNeHHA Wenaparena. Ast, ¢pig, CCCP, Ne 1478658,
py of PbTe/Pb,.Eu,Se,Te,., heterostructures. Interfaces, 1987.

P.H. HaGuen, H.P. Hypues, C.C. ®apsanuen, M.H. AGaynnaen
OCOBEHHOCTH POCTA SITHTAKCHANBHBIX TNEHOK PbTe;s;Seg 0

PaspaGoTaHa TCXHONOTHA NONYYCHHA INHTAKCHAILHLIX DACHOK PbTey0mSep 0 © napaMeTpamMy, NPHTOIHBIMH I/IA HIFOTORICHHA HA HX
oCcHOBE (FOTOYBCTBHTENRHEIX 2ncMeHToB. TToka3aHo, YT0 cTeneHE COBEPIIEHCTRA NACHOK PbTeq g;5€) of 3ABHCHT 0T CKOPOCTH KOHICHCALIHM.
H3yucHa 3aBHCHMOCTE IMEKTPOHIHUECKHX NAPAMETPOE NNCHOK OT TeMIIEPATYPh KOMNEHCHPYIOINETD HCTOMHUKA Napos Teanypa {Tp,) n
NOKAsaHo, YTO C yeeaHueHueM Ty, kOHUEHTPaliHA HocHTeAeH 2apaaa (n) yMeHBITAeTCo, 2 HX NOABHXHOCTE BO3PACTALT.

R.N. Nabiyev, H.R. Nuriyev, 8.8. Farzaliyev, M.1. Abdullayev
GROWTH PECULIARITIES OF PbTeq 02500, EPITAXIAL FILMS
The technology of cpitaxial films production with parameters svitable for preparation on its basis of photosensitive elements are
presented in this paper.
It is shown that the degree of perfection of PbTegg,Seq 05 films depends on the condensation speed.
The dependence of electrophysical parameters of films on temperature of compensating sours of Te vapors have been tested and shown

that concentration of carrier (n) decreases and their mobility increases at the increasing of T,

Hama nocmymrenun: 09.06.98 Pedaxmop: P.B. IHaguzade
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INJECTION-CONTACT PHENOMENA IN SINGLE CRYSTALS OF InSe, GaSe AND GaS

Yu.G. NURULLAYEY
Baku State University,
370148, Baku, Z. Chalilov st., 23

The current - voltage (1-U) characteristics of high - resistivity InSe, GaSe and Ga$S crystals have besn investigated. The observed peculi-
arities of the 1-U characteristics are interpreted using the space-charge-limited current (SCLC) theory and the two-bartier model. It has been
shown that the barriers considerably affect the charge carrier transport process only at relatively low temperaures and voltages. With increas-
ing temperature or injection level, due to increase of free charge carrier concentration, the above battiers are gradually eliminated leading to

the quasi-uniform state of the samples.

in this paper the results of studying the infection-contact
phenomena - the space-charge-limited, currents (SCL.C) in the
single crystals of A;Bs compounds, i.e. indium and gallium
selenides and gallium sulphide, have been presented.

The cumrent-voltage (I-U) characteristics of high-
resistance InSe, GaSe and GaS single crystals with the resis-
tivity of 10°-10"" Ohm-cm were investigated. The samples
studied were of a sandwich-type structure, ic. a single-
crystalline layer of a semiconductor with thickness of 0.03 -
0.20 mm between two indium metailic contacts deposited so
that the current passed along the "c" axis perpendicular to the
natural cleavage planes of crystals. To obtain the reproducible
data the I-U characteristics were taken after establishing of
the steady-state values of current.

The I-U characteristics of InSe (curve 1), GaSe (curve 2)
and GaS (curve 3) crystals at 77 K are shown in Fig 1. The
current through the samples initially increase according to the
exponential law and further the power sections J~U with
n=1.0; n=2.0, n=m>2 for InSe, GaSe and n=1.0; n=2.0;
n=m>2 for GaS are observed.

10°}
10}
~ 407 |
M

e
=S, I

0 0 00 0 {f‘

Fig. I. Current -voltage characteristics of InSe (1), GaSe (2)
and GaS (3) crystals. =77 K.

Such a dependences are evident for the fact that the
space - charge - limited currents place main role in charge
transfer.

Based on the Lampert's theory for the SCLC [1], the con-
centration (N,) and the depth (&,) of trapping levels as well as
the density (r2p) and the mobility (4) of the charge carriers
were estimated from the power regions of the I-U characteris-
tics. It turned out that although the values of N,, 11, and zat
T > 200 K obtained in such a manner are in good agreement
with those obtained from the Hall measurements, the discrep-
ancy between them becomes greater with the temperature
decrease. At T<120 K the values of N, obtained from the
SCLC some times proved to be equal to ~ 10* cm™ and even
more that arouses great doubts. This fact allows to assume
that at relatively high temperatures in samples studied the
charge carrier transport is determined by SCLC at a monopo-
lar injection. With decreasing temperature in addition to
SCLC, the other competitive mechanisms, which in the final
analysis become predominant are assumed to affect the
charge carrier transport process.

When extending the regions of a sharp increase in the I-U
characteristics for different temperatures, they must intersect
in a single point with the coordinates:

V.

J, = N, ue 7; 8
d2

U, = Ne >y @

where ¥, is the density of states in valence band, d - is a dis-
tance between the contacts, ¢ is a diclectric constant of a se-
miconductor. As a result, the values obtained from (1) and (2)
are N,=7.5-10"cm>; N,2=1.6-10" {(cm-V-s) ' ;N,23-10em™.
The investigation of temperature dependence of the cur-
rent density at different voltages has shown that the course of
the J(T) dependence is considerably defined by the U value
(Fig. 2). At U<U,_,, where J(U) obeys the exponential law,
the dependence of 1g Jon 10°%/T consists of two straight-
line parts. The activation energies determined from the slope
of the initial low-temperature regions are 0.07; 0.06; 0.05 eV
and about 0.02; 0.36; 0.56 ¢V for InSe, GaSe and GaS, re-
spectively. With increasing U in InSe crystals the first region
disappears gradually and the dependence of 1gJon 10*/Tisa
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GaSe and Ga$S as the U value increases the (7) dependence
in a low-temperature region becomes more and more less
pronounced and the slope of the dependence of 1gJ on 10°/T
in a high-temperature region remains nearly unchangeable.

10°/T K

Fig. 2. Temperature dependence of the current density in
InSe (a), GaSe (b} and GasS (c) single crystals. g, \*
(a)1-02;2-1.0;3-10;4-20;(b)1-0.1;2-1.0;
3-40:4-10;{(c)1-5.0,2-20;3-100; 4 - t50.

A correlation of results obtained from photoelectric, Hall
measurements and the I-U characteristics for one and the
same sample allows to conclude that the observed depend-
ences of 1gJ on 10%T and the [-U peculiarities in high-
resistance InSe, GaSe and GaS crystals can be interpreted
only by the use of the SCLC theory and two-barrier model
developed for macro-inhomogeneous semiconductors. Ac-

65

cording to this model high-resistivity crystals as whole consist
of low-resistivity (LR) matrix with in a random way distrib-
uted high-resistivity (HR) inclusions, and in their interface
potential barriers (eg.) of recombination type exist. Also in
HR regions the potential barriers of drift type create due to
overlapping of the space charge of the adjacent LR regions.
At the same time shallow, a- and S-trapping levels, as well as
fast S- and slow r-centres of recombination exist in the for-
bidden bands of these crystals. In so doing S-centres and a-
trapping levels are localized in LR, and r-centers and S~
trapping levels are placed in HR inclusions. In particular, it is
assumed that at low temperatures, when U<U;_,, the current
density is J ~ _éxp(— k—i), where eg@ is the effective
height of the drift barrier equal to the activation energy of the
current determined from a low-temperature part of the de-
pendence of 1gJ on 10°/7. With ingreasing temperature due
to increase of majority charge carrier concentration, the
height of the barrier, eg, and decreases and at relatively high
temperatures the drift barriers disappear, ie. the condition
characteristed of quasi-homogeneous semiconductor is pro-
vided. Under the given conditions, in this part of the J(T)
dependence the current through the sample is determined by
the impurity conductivity. The impurity activation energy
values determined from the slope of the J¢T) dependence
curves for InSe, GaSe and GaS are 0.20; 0.36 and 0.56 eV,
respectively. But in InSe crystals the eciuilibrium charge car-
rier concentration {n) is high, (10"-10" cm’®). Therefore, in
the given conditions, the current through the samples of InSe
crystals is mainly determined by these carriers and the J(T)
dependence is described by a single straight line with a slope
equal to the activation energy of impurity levels. In GaSe and
Ga$S crystals at U>Us., the drift barriers become negligible.
However, in this case, the J (T} dependence consists of two
parts, i.e. the low- and the high-temperature regions. In a
low-temperature region the J depends on 7 much weaker,
while in a high-temperature region with increasing 7' it also
increases and the activation energy is equal to 0.36 and 0.56
eV for GaSe and GaS, respectively. This situation is probably
due to the fact that at relatively high temperatures the equilib-
rium charges carrier concentration increases and considerably
exceeds the injected carrier concentration, Therefore these
carriers and increases with temperature [2) mainly determine
a total current density.

As at low T some part of the charge carriers the
concentration of which has been determined from the Hall
measurements, iy, is localized in high-tesistance regions and
is almost not involved in the charge carrier transfer in the
SCLC conditions, the concentration n, determined from the
SCLC theory will be less than ng With increasing T' the
barriers at the boundaries of low- and high-resistance regions
"disappear" and hence the discrepancy between ny and n,
decreases. Within the framework of the suggested model at

=]

relatively low temperatures w -2 3 pg<p and with
ng

increase of 7, ny approaches ng and the discrepancy between
arand g, also disappears.

The drift barriers considerably effect the charge carrier
transport process only at relatively low temperatures and ap-
plied voltages. With increasing temperature or the infection
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plied voltages. With increasing temperature or the infection
level (as the applied voltage increases), due to increase of free
charge carrier concentration, these barriers gradually disap-
pear. As a result, the sample converts to electrically quasi-
uniform state [3, 4].

Based on the above considerations. It is assumed that the
discrepancy between the values of N, i and n, determined
from SCLC at low rather attributed to a spatial non-
uniformity erystals stodied.

[11 A Lampert, P. Mark Injection currents in solids. Mos-
cow, 1973, p416.

[2) A.Sh. Abdinov, A.G. Kyazim-zade, A.A. Ahmedov. FTP.
1976. v.10. p. 2299.

[31 A.Sh. Abdinrov. A.G. Kyazim-zade, N.M. Menhdiyev,
M D. Khomutova, A G.Sharipov.FTP,1974,v.8.p. 2283,

[4] A.G. Akhundov, A.Sh. Abdinov, NM Mehdiyev,
AG. Kyazim-zade. Problems of dieleciric electronics,
Tashkent, 1974, p. 127.

Y.Q. Nurullayev
InSe, GaSe VO GaS MONOKRISTALINDA INJEKSIYA - KONTAKT HADISOLORI

Isde yiiksek omlu InSe, GaSe ve Ga$ kristallarm volt-amper xarakteristikalan (VAX) éyronilmigdir. Alnan neticeler hecmi
yiiklarle mehdudlasmis cereyan nezeriyyesi ve ikigat ¢eper modelinin kémeyi ile izah olunur,

Mileyyon olunmugdur ki, ¢eperler yalmz asafi temperatur ve gerginliyin kigik qiymetlerinde kegiriciliye nozera alinacad
doracade te'sir gisterir. Temperatur vo ya injeksiya artdigca yilkdagiyialann konsentrasiyasinin artmasi naticesinde bu gopor
tadrican yox olur ve niimune kvazibircins hala kegir.

HO.I'. Hypyanaes

HIKEKIMHOHHO-KOHTAKTHBIE ABJAEHHA B MOHOKPHCTAJJIAX InSe, GaSe H GaS

Heenenobari! crarndeckide BOSLT-AMICPHBLIE XAPAKTCPUCTHKH BRHICOKOOMHEIX kKpHcTanob InSe, GaSe w GaS. HaGnoaaemure ocoben-
HOCTH BORET-AMIIEPHLIX XAPAKTEPHCTHK HATEPNPETHPORAHL! ¢ OpHaieueHued Teopui TOO2 u asyxlapreproit monem. [Nokazano, wro 6a-
pLeph! OKABHBAIOT 3HATHTEABHOE BAHAHNHE HA MPOULCE TOKOTPOXOKACHHA NHIBL MPH OTHOCHTENLHO HMIKHX TEMNEPATYPAX H HAPIKEHHAX.
C pocToM TEMIEPATYPhl HIIH YPOBHE HHKCKLHMH H3-32 YBERHHCHA KOHUCHTPAINH ¢BOGOANBIX HOCHTENReH 3apAaaa 5TH GapLepsl NOCTENCHHO
CHHMAIOTCSA, B PESYAETATE JEr0 00pasubl NEPEXOAAT B KBASHOAHOPORHOE COCTOTHHE.

Hama nocmyraenus: 22.06.98 Pedowmop: B.I. Taziee
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BJIMSTHUE I''TYBOKHX YPOBHEN HHKEJISI HA IPOENBHOE HAIIPSDKEHHE
BBICOKOBOJIbTHBIX KPEMHEBEBBIX p'-n IEPEXOJAOB

3.C. TAIITBI['OB, J.A. IKA®APOBA, III.A. ATHXAHOBA, A.A. BAWPAMOB
Hucmumym Ouzuxu AH Azepbationcana,
baxy, 370143, np. I Ixcasuda, 33

Hccnenopano BIMSHEE NPUMECH HEKEMS B Si HA JNMEKTPHUeCKWEe CROMCTRE BEICOKOBOAKTHEIX p'en nepexomos. Tlokazauo, 4ro ipu
BLICOKHX KOHUCHTPAUHAX HHKEIA RaOMOJACTCA TIPCUMNHTAUKA MEKAOYICALHLIX ATOMOB HHKEIN, YTO MPHBOAAT K CMATMEHHIO o0paTHOH
BETHH aonnaunepuoﬂ KAPAKTCPHCTHERH, TIpH M&IBIX FOHUCHTPALHAX HAKCHA HaGRIOORCTCA HEMOHOTOHHAN TEMOCPATYPHAR JABHCHMOCTD
HANPSOREHHA oG0S p*-n nepexoaa, CBA3SNHAA ¢ Nepesapamkoli ruySokux ypoevell mMkena b cioe ofbeMHOrO 3apana.

1. Bregenne

B nAacroamiee BpeMs IS HANOTOBMEHWA TPHOOPOE €
3a1aHHBIMH  2JIEKTPHYECKHMH CBOWCTRAMH WCNONBIYIOTCA
NPHMECH ¢ ITYGOKHME YPOBHAMH (I'Y) B 3anpelucHHOMH 30He.
OnHot 13 npuMecel, WHPOKO NPHMEHAKMUEHCS B 10JY-
NPOBOIHHKOBOH WICKTPOHHKE, ABNACTCA HHKeb. [IpoHKKkas B
00beM KPEMHACBOH ITACTHHH B MPOLECCS BHICOKOTEMNEPa-
Typrofi mapdysHH, aroMBl HHKeNd pPacnollaraloTed B
MOXAOYIIMAX B HeHTPanbHOM COCTOAEHM. B 3aBuciMocTH OT
yenoBui o0paboTkH (T ypp., CKOPOCTH OXANOCHNA) ONPEAC-
NeHHad 9acTb aToMoB (~0,1%) MONeT 3aHAT, BaKAHTHHIC
Y36 PEUISTKH, TNPOABIAA  [pH ITOM  MMEKTPHYECKYIO
akTHBHOCT: [1]. MakchMManbHas KOHLEHTpaWus ICKTPOax-
THBHBIX ATOMOB HWKeN® & yInax (npu panuod Th,.)
JOCTHTAeTCA NpH pe3koM oxJaxncHuu (3akanke} ofpasnos
Nacte BHICOKOTeMNepaTypHoll obpabotkn. TIpH BEICOKHX
KOHUSHTPAUMAX BEGACHHOTO HHKENA BOIMOXKHO Taioke
CKATLTMBaHHE MEXIOY3eNEHEIX aTOMOE B TPelHITHTATH
Gomnmux pazmepor [2]. B [3] nokazao, urto rmybokHe
YPOBHH TMPUMECH 30JI0TA MPHBOIAT K CHIKEHHIO Manpsmke-
Hug npoGos n'-p muomok. B [4] Ha npumepe 301012 A Mean
paccMoTped Apyroil addexT ETHAHNA MpUMecH Ha O0paTHLIe
BAX nuonoB. B [5] nccnemosanoce Bavanme 'Y Tep-
MHueckix flegexTor Ha npoGHeRHoe Hanpaxenwe (Il,)
BLICOKOBOJBTHEIX NHOHOB HA §aze  n-Si. YeTanorneHo, 4To
BO3HHMKAIOMIYE BO BpEMA BHICOKOTEMIEPATYPHOH Xudipysnu
LY cymecTseHHO H3MEHAIOT Uy, NPHBOIA K HEMOHOTOHHON
JMBHCHMOCTH U, OT TEMIEPATYPH. MakcHmanbHan KOHUSH-
Tpatea TepMoaedeKTOR NMPA 3TOM cocTasrna ~10 cu. Us-
1a Manioro cevenns =107 cm® 3T 'Y HONTH HE BIHMANH Ha
BPEMA XKH3HH HCOCHOBHMX HOCHTEREH. Onupaich Ha TO, 4TO
HANPAKECHHE NPOOOS HOAOE DABHO

2
_ &
" 29N,

i B o011eM CTyuae 3aBHCHT OT KCHUSHTPALHY POHHIOBAHHBIX
yposue 8 CO3, roe N;=N,+N,, aBTOpH CBA3QTH HanHOS
ABTCHNE ¢ NepesapAakodl rryGoKux ypoBHeH TepmonedexTos
B CO3.

Hensio zanso#t paGoTs! gaiseTcA HCCMeNOEAHHE BIHAHMA
PANTHYHBIX COCTOAHUE APHMECH HHKETA B KPEMHHH Ha Npo-
OHBHOE HANPAKEHHE BRICOKOBOALTHRIX THOAOB.

2. O4pa3uE N METOARI H3MEPEHHS.

Hexonasie cTpykTyphl 6nlnu mrotosnensl auddysHei
Gopa B n-Si, sHpawmenHsii MerozoM Yoxpamckoro ¢
YOeNBHRM CONPOTHRIEHWEM o=5 H 50 Om-cM. TMoryuenune
p-n Nepexoasl MMeAH "EecTKHE" o8paTHHIE XapaKTePHCTHKH
€ YETKO BHIP2KEHHEIM YYacCTKOM FMaBHHHOIO Npofosa ofpeM-
HOTO XapaKkTepa H BPEMEHEM HH3HA HEOCHOBHBIX HOCHTENE
=30-40 wmxc. OOpeMHBIH Xapakiep mpofos KOHTpO-
JIMPOBANCA C TIOMOUIBI JIA3EPHOTO CKAHHPYIOLIETO MHKpO-
ckofa [6]. BeeneHue HUKEAA B P~ NepeXol OCYIISCTRIANOCH
EHQOYIHOHHBIM CNOCOGOM W3 HAMBUICHHOTO HA OAHY H3
CTOPOH IUIaCTHHBE! METAJLIMYECKOTG HUKeNa. [oToBbe CTpyK-
TYPB € HEKEIIEM, a Talke KOHTPONbHEE (€3 HHKENA HMENH
dopMy awcka mnomazbio ~1,0-1,5 cM%, ¢ TOPLOB KOTOPBIX
Onumi cHATH GackH ¢ Nocnexyowmm Tpasnernem 8 CP-4 [7].
Cnextp 'V koHTpONBHBIX B MCTHPOBAHALIX HHKeNeM oGpa3-
LOB CHHMATH ¢ TIOMOWILIO METOAd HECTAHOHAPHOH eMKOCT-
Hofi cnexrpockonnn (HECI'Y) [8]). Konuentpanmo Menxux
Ny B TyOokmx N, ypoBHeH oOnpefemAnH H3 H3MepeHHH
polibtdapanneix  xapaktepuctik  (BAX) npu cootserct-
BYIONHX TeMTiepaTypax, Uy, b nirepnane 77-300 K usmepann
€ MOMOMIBIO HMIYILCOR HANPSKSHHA CHHYCOHBANBHON dop-
Mbl AnHTemsHOCTEIO 10 Mc ¢ uacToToft morTopenua ~ 1 '
ObbemHoe paclipefefeHHe ATOMOB HHKENd B JIHOAAX
Habmodanocs ¢ NOMOWBIC HH(PAKPacHOTO MHKPOCKONA
MHK-4.

3. Pe3y;ILTaThl H3Mepenuii B 00cyKIeHHA.

H3MepeHHA [POBOAWNHCH HAa IMOJAX IBYX MapTi,
OTAHYACIIMXCH  COACPYKAHHEM MpPHMEcH HHKenma. Juons 1
mapTHH, ¢ OombiiMM copaep#aHNeM HHKENA, ObUIM H3rO-
TOBNEHBL M3 N=5i ¢ o=5 OM-CM, 8 THOIEI [ napTHH, ¢ ManbM
COOEPXKAHMEM HMKERS - H3 n-5i ¢ o=50 Om-cM. BaeleHue
HeoOXOMUMOH KOHUGHTPADWH HHMKEIA OCYLIECTBALIOCH
noatopoMm Tg.se. KoHueHTpaunw wenxoif u riayGoxoit
npHMecH Wik AHoaos | n [ napTae npreeneHs 8 Tabnnue.

TaGnnua.
Magrus | pucxoamoe | N oM™ | No(Alew™ [ N (A), o
| 5 Om 9.9+10M 5+100 2104
] 50 Om 9.8+10" | 9.6+10" 8+1012

Crexrpet HECT'Y Auo0/10R, 1eTHpoBaHHbIX Hitkesiem [ 1 11
NAPTHH, NpHBEAEHH Ha pHCYHKe (kpueaa 1), Ha cnexrtpax
BHIHE! (B2 MUKA, COOTRETCTRYIOMIME [V HEKeNA ¢ JHEPrUAMH



HoHWIauMu  E; (A)=E_-0,20
COOTBETCTREHHO [9].

Muomst [ mapmas ¢ N~10" eM® umenw "markue"
obparieie BAX. 3apMCHMOCTE Log=1 (U} UMENA CTEMEU-
Hoti xapaktep ¢ kosdduuHentoM y=3, YT0 CBUACTEILCTRYET
0 IUIABHOM pacnpeneneHHH npuMec 8 CO3. 3navenue sHep-
THH AKTHBANMY AE YPOBHS, OTBETCTBEHHONO 32 MEHEpAlMIo,
onpefeNeHHOe WX TEMMepaTypHoll 2aBHCHMOCTH Toka NOpH
pasmHIHBIX U, Nexur B uereppane 0,15-0,26 3B. AE,
OMpeIeNeHHad TaKxke W3 'reMnepa'rypHoﬁ 32ABHCHMOCTH Bpe-
MEHH XH3HH HEOCHOBHBIX HOCHTenel, coctagna ~0,14 »B.

W E (B)=E-04]1 3B,

30

Puc. TemnepaTypHad 3aBHCHMOCTS U, p*-n Tiepexoaos
(E-koHTpOnBHOIG, F- C MAINM cOACPKAHHEM HHKENA)
n cnexrpur HECTY nHoA0B © HEKENEM OpH pazHeD
& (1 - 86791 mc, 2- 8,=1,82 mc).

Kak »isio, Hafl IeHHEIe 3HAYEHI SHEPIHH aKTHBAOHH He
CORNANAOT ¢ E; 1% I'Y auxens, momyseHHsx wz HECTY n3-
mepernii. Kak 6H70 yra3aHO BHIIE, IPH GORLIHMX XOHIEHT-
paudsX Hukenb crmocobed CKAMN¥RATLCS B NPEUHTIHTATEL
HpyeM pazMepel H KONHMECTBO MX I2BMCHT He TOMLKO OT
KOHIEHTPAHH NPAMECH, HO H OFf CKOPOCTH OXNaOKAEHAA
nocne BTO. JeficreurensHo, B Auonax I mapTvw ¢ Markoi
obpatHoit BAX ¢ nomowexy HEK MHKpOCKOMa OwITH

oGHApYXEHE] NPELMHTATH HUKSNA pasMepoM Ao 10 MxM. B
miomax I napram ¢ N~10" cM” mnabmomamuch peskue
obpaTebie BAX ¢ BBIPAKEHALIM YUACTKOM JNABMHHOTO
npobod. U, KOHTPONRHEIX 00pasios AAHHOH mapTHA
MOHOTOMHO PacTeT ¢ TeMniepaTypodl (kpuBas E), uto cesiano
¢ yBennueRueM E., npn mIMeHeHNUH IIHHEI CBOGOIHOIO
npobGera Hocureneti Toka [10]. Onmrako, TeMneparypHas
IABMCHMOCTE U, JHOMOB C HUKENeM HEMOHOTOHHA (kphBasg
F). Ilpe cpasueHun 310l kpHROH co cnexrpamun HECTY
MOXHO 3aMETHTb, UTO YYACTKH YMeRBIIEHHA [}, ¢ pocToM T
COBMAMAIOT C TEMTIEPATYHEIM AHATATOHOM TNepelapaikd I'Y
A H B. lpusencuruie Ha pucyHKe cnextpsl HECTY Huxens
CHATHL IIA ABYX OKOH CTPOGUPORAHKA, MPH XOTOPRIX £,=91 ¥
1,82 mc, coorsercTeRenno (kpuseie 1 ® 2). BugHo, uro
HAyal0 YMEHRIEHUA U, OT T COBNARAET C MakKCHMYyMOM
{INKOB Ma KpuBolt 1, a KOHen - ¢ MakCHMYMOM MHKOB HA
KpuBoit 2. EcnM ydecTs, 910 HOHM3auma ['Y npoucxoaur no
3aKOHY N'=N, [1-exp(-1/8)J [8], rae 7 - uETEpBan
BPEMEHH HADACTAHHA OOPAaTHOTO CMEIICHHA N0 BENMMUHEL
Uype € - TOCTOAHHAL BPEMCHM Nepe3apankn [V B MakCHMYMe
NHKOB, TO KORLEHTPALMA HOHM30BAHHOH rmyGokolt npHMecH
JARHMCHT, B ODIlEM CIyuae, OT cooTHOWeHHA 7/8. Jna
NMPHHSTEIX B HalleM SKCMePUMEHTe 3HAaYeHWl ~ 5 Mc
N'=N,=0,05 ipu 8,=91 Mc H N'=N,=0,95 npu 4,=1,82 mc.
Takum 06palomM, NPOBENICHHEIE ACCNENOBAHUA HOIBOIAIHA
YCTAHOBHTS, 9TO Xapakrep H3MeHeuus U,, BEICOKOBOJIBTHEIX
p-h OEpeXofIOR 3ABHCHT OT ocoDeHHocTell B MOBeXeHHU
npuMecH Hukend. TIpH REICOKHX KOHUSHTDAHMAX HHKeIs,
ofpazyiolecds B GOMSIIOM KONMHYECERBE, TPEIHIHTATHI
NPHBOIAT K CMAMMEHHIO o0paTHeX BAX anoaos. CMAriesne
obpatHbix BAX nHonos MoxeT GHITh PE3YIbTATOM CHIBHOTO
HApYIICHHA OAHOPOAHOCTH 3neKTpideckoro noma B CO3
NPEMHLUMATAME HUKCAN. BKIal reNepalHOHHOMO TOKA vepes
I'Y Hakena vesHaymteaeH. [Ipy ManbiX KOHUEHTPALMAX HH-
KelA ofpasoBaHie MEKIOYISABHBX NPELRTIHTATOB HE3HAYA-
TENEHO H OHOAM HMEIOT Xopomryie ofparHyio BAX ¢
BBIPAMEHHEIM YYacTKOM naBRHHore npoboa. Omgwaxo Ha-
nawgne B CO3 I'Y Hukens DpHBOOHT K HEMOTOHHOH TEMITEpa-
TypHOIl 3aBHMcUMOCTH U, ¢BAJaHHOM ¢ mepesapankoii I'Y
npkena. [lpm 3ToM cnegyer yunTHIBaTh, 910 TNpoboii
APOHCXOMHT B NOKANBHBIX OONACTAX JAHOAA ¢ MAKCHMANBHOH
spderTiBHON KOHNEHTpaLHEHN HOHH3OBAHHBIX LEHTPOB, YTO
MOXET GBITH 00YCnOBNERO NPMCYTCTBAEM mphMecH ¢ [V

[11].
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E.S. Taptiqov, E.©. Caofarova, 5.0, Olixanova, A A, Bayramov

NIKEE, ATOMLARININ YARATDIGI DBRIN SoViYYOLORIN YUKS®K GORGINLIKLI SILISIUM p*-n
KECIDLORIN DESICi GORGINLIYD TO'SIRI

Nikel agqarmun yilksok gerginlikli silisium p*-n kegidlorinin elektrik xasselorine to'siri tedqiq edilmigdir, Gdsterilmigdir ki, nikelin
konsentrasiyasi yilksak olduqda nikel atomlan qefasin diyiinleri arasinda yerlegir, bu da volt-amper xarakteristikasinin oks
istigamatde yumsalmasina sebeb olur. Nikelin konsentrasiyas agag oldugda ise p-n kegidde goarginliyin temperaturdan asthhginda
geyri-monotonlug ve degilmo miisahide olunur. Bu ise yiiklonmis tebeqelerde nikelin dorin seviyyelorinin yeniden yiiklenmesi il
alagadardir.

E.S. Taptygov, E.A. Jafarova, Sh.A. Alihanova, A.A. Bayramov

INFLUENCE OF DEEP LEVELS OF Ni ON THE BREAKDOWN VOLTAGE OF HIGH
VOLTAGE SILICON p*-n JUNCTION

An investigation has been made of the effect of nickel impurity in silicon on the breakdown voltage of high-voltage diodes. At high
concentrations of nickel the precipitates formed in concenrations of nickel nonmonotone temperature dependence of the breakdown voltage
due to charge exchange of nickel deep levels in the space charge layer has been observed.

Hama nocmynaenur: 14.09.98 Pedarmop: 3. H. Herenoeozade
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PHYSICAL PROCESSES IN ENERGY CONVERTERS ON THE BASE
OF InSe-GaSer,S; HETEROJUNCTIONS

A.G. KYAZYMZADE, V.M. SALMANOV, E.T. MURSALOV
Baku State University,
Z. Khalilov, str.23, Baku, 370145

AA. AGAEVA
Azerbaijan Oil Academy,
Azadlig, av. 20, Baku, 370601

The InSe-GaSe,.,S, heterojunctions were prepared by the method of the optical contact. These structures have the prenounced diode
characteristics (k~19° for x=0.2 at =2 V) and photosensitivity in the region 490-1040 nm. The efficiency changes between 2.36% (GaSe)

and 1.62% (Ga$8),
1. Introduction,

It is known that compounds GaSe and Ga$ crystallize in a
layer structure and form a continuous series of solid solutions.
Wide-band monocrystals of solid solutions GaSe,.,S, possess
the high photosensitivity and are perspective materials for
creation of sources and receivers of a radiation in the visible
spectral region. At the same time it is known that the photo-
sensitivity of diode structures is much more than the photo-
sensitivity of one and the same material. Therefore, making of
photosensitive diode structures on the basis of given crystals
is necessary for extension of possibilities of their practical
applications. However, it is known that making of usual p-n
Junctions on the basis of solid solutions GaSe,.,S, is impos-
sible in practice, because they possess, as a rule, by the con-
ductivity of the p-type and it is not possible to change the
type of the conductivity of these crystals by means of the dop-
ing. Therefore, the creation of hetergjunctions (HJ) or rectify-
ing comtacts metal-semiconductor on their base is the only
one way of making diode structures. However, as far as we
know, there is no information on receipt and investigation of
similar structures. Works [1,2] are the anly exceptions which
advise on receipt and investigation of HJ in the system
GaSe.S-InSe by the method of fusion of the low-
temperature component InSe on high-temperature compo-
nents GaSeo 4Sos [1] and in the system GaSe,, ¢Sp i~InSe by the
method of optical contact [2]. The errvor of the lattice constant
of single crystals InSe and GaSe,.,S, (in particular at x=0,6)
is 10%. Therefore, we can expect that HJ, manufactured by
the fusion method, possesses the large concentration of
boundary states and their properties, in the main, are detet-
mined by a state of the interface. For removal of this problem,
we made (as in {2]} HJ in the system InSe-GaSe,;.S, by the
method of the optical contact [3-5], when matching of lattice
parameters and thermal coefficients of contacting materials is
not necessary.

Present work devotes 1o results of investigations of some
electrical and photoelectrical properties of HJ in the system
InSe-GaSe,..S, manufactured by the method of the optical

contact.

2. Experimental method.

For making of HJ, single crystals n-InSe and p-GaSe;.S,,
(x=0; 0,2; 0.4, 0,6; 0,8; 1.0) were used, which were obtained
by the method of slow cooling at the constant gradient of
temperatures. Concentratien of charge carriers at 300 K was
n=10"-10" em™ in used crystals of InSe and p=10"-10"cm™
in crystals of GaSe,. 5,

HJ were manufactured by the following method. At first,
plane-parallel layers of InSe with a thickness 100-200 um and
GaSei.,S, with thickness 50-100 pm were made by means of
spalling from big ingots. _

Then cuted surfaces of given layers were in the close con-
tact. The struchure is kept between two plane layers under the
pressure of the order of 10 kG/cm® during few hours for re-
ceipt of the durable contact. Then surfaces of contacted crys-
tals are coalesced because of intermolecular forces. Strength
of such contact does not yield the volume strength of layer
crystals.

Ohmic contacts to layers InSe and GaSe).,S, were manu-
factured by fusion of the indium. Ohmage of contacts was
preliminary controlled of volt-ampere characteristic (VAC)
symmetric structures In-InSe-In and In-GaSe, S,-In. Surface
sizes of manufactured HF were of the order of 3x3 mm’,
Surface of contacting crystals preliminary was not undergone
by any chemical treatment.

3. Experimental results and their discussion.

Volt-ampere characteristic of all manufactured HJ pos-
sesses by the obvious diode character (Fig.1). Rectification
coefficient is k~10° or x=0.2 at =2V and smoothly de-
crease, with the increasing of x. It is connected with the in-
crease of the volume resistance of the layer GaSe,,S, with
the increasing of x that restricts the current in the forward
direction. Analysis of VAC at different temperatures shows
that at forward bias are described by the exponential depend-
ence at relatively low voltages

I=Io (eﬂ fu-IR) _.1)



where IR is the voltage drop in the volume resistance of
samples, which may be determined from the linear section of
VAC.

Fig i. The current-voltage characteristic of InSe-GaSe, 5,
heterojunction for different x; 1-0.2, 2-0.6, 3-1.0.

Cbserved direct bias of VAC for the system InSe-
GaSey sS4 at different temperatures shows that forward cur-
rents mainly correspond to the recombination-tunnel mecha-
nism [6]. Tunnelling of holes with participation of acceptors
ceatres in GaSey ¢Sp, with the position depth AE=0.4eV is the
weak point in the process of the tunnelling, This position
depth was determined from the temperature dependence of
the parameter I,. Dependence of the type I~U" (where n22)
are observed at relatively high voltages. It may be explained
by the injection of charge carriers in GaSe,.,S,. Reverse bias
of VAC correspond to the exponential dependence at rela-
tively high voltages

where Vg, is the contact potential difference, B is some con-
stant.

According to [6], this fact testifies on the tunnel mecha-
nism of a transfer of charge carriers through HY.

+ It is known that photoelectrical properties of HJ are de-
termined by peculiarities of an energetic zone diagram. How-
ever, it is necessary to know values of the contact potential
difference (CPD) for construction of such diagram for HJ
under study. As monoccrystals GaSe,.,S, have a relatively
large volume resistance, then definition of CPD on a value of
the cumrent voltage of the cut-off is not accurate. Therefore,
we have determined the CPD on a saturation of photo-emf at
the irradiation of the structure by a flash of the pulsed lamp
with the duration ~3-107° s. In this case, the relaxation of the
photo-emf corresponds to the exponential dependence with
one constant on time of the order of 107107 s.

Positions of Fermi levels were estimated from investi-
gation of the temperature dependence of the conductivity of
contacting materials. Energetic zone diagram was created on
the basis of the Anderson model [7]. Values of zones breaks
also were determined in the conduction band (AE,) and in the
valence band (AE,) (Table). This table also presents values
(AE,) and {(AE,), calculated on the basis of quantities of elec-
tron affinities and widths of forbidden zones of monocrystals

ra

InSe (¥ =4.6 eV, F~1.2 eV) and GaSe,,S,. There are not

values of electron affinities for crystals GaSe 8, in litera-
ture, Therefore, we determined these values on the basis of
known electron affinities of monocrystals GaSe { y =3.4eV)
and GaS ( x =4.0 eV) [8], taking into consideration that posi-
tions of zones boundaries linearly change with the increasing
of . According to the table, the experimental and caleulated
values (AE.) and (AE,) are in a good conformity. Thus, the
boundary of manufactured HJ is sufficiently perfect and their
zone diagrams satisfactorily correspond to the ideal Anderson
model (Fig. 2). It is interesting to note that AE =0 at x=0,3
The height of the barrier for holes is Jess than for electrons
one for all values x. Therefore, we can suppose that mono-
crystals GaSe,. S, effectively inject holes in InSe and transfer
of minority carriers occurs from InSe in GaSe,.,S, at x>0.3
by means of tunnetling through the "spike" in the valence
zone.

1.2

1.1

TnSe

a)

Fig.2. The encrgy band diagram of InSe-GaSe, S, hetero;unc-
tions a) x=0, b) x=0.4,

According to presented diagrams, at x<0.3 structures of
energetic zones of the interface of HJ promote to an effective
separation of non-equilibrium carriers at absorption of a light
both by monocrystals InSe and GaSe,.,S,. However, the ap-
pearance of the energetic "spike” in the valence zone at x>0.3
hampers processes of transition of minority holes in GaSe,.,S,
at light absorption by monocrystals InSe. Therefore, accord-
ing to experimental observations, photosensitivity decreases
with the increasing of x in indicated systems in the absorption
region of InSe, For example, Fig.3 presents spectral distribu-
tions of photosensitivity of investigated HJ at the irradiation
from GaSe,..S,.

Table
X Calculated Values | Experimental Values | A4 (nm)
AE., (eV) | AE., (eV) | AE,, (eV) | AE,, (eV)
0 1,20 -0.40 1.20 0.40 600-1060
0.2 1.08 -0.13 1.10 -0.15 560-1060
0.4 0.96 0.14 1.0 0.10 520-1060
0.6 0.84 0.50 0.30 0.53 430-1060
1.0 0.60 0.90 0.65 0.85 450-1060
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Fig.3. The dependence between the photoelectric voltage and
the wavelength light in InSe-GaSe, S, heterojunctions
for different x: 1-0, 2-0.2, 3-0.6.

Regions of the spectral sensitivity 44 at different values x
are presented in the table. We can sec that the long-wave
boundary of the spectrum corresponds to the width of the
forbidden zone of monocrystal InSe for all values x. At the
same time, short-wave boundaries of spectra are restricted by
the region of the strong absorption of monocrystals GaSe,S,.
In this case, the light is absorbed in surface region of
monocrystals GaSe,.,S,. Thus, minority carriers do not reach
the region of HJ, because of a small diffusion length of given
carriers in layer ¢rystals, Therefore, separation of photocarmi-
ers does not occur between phases.

Measurement of the junction capacitance (C} as a function
of reverse bias (V) can be used to determine the built-in volt-
age (V) and the effective doped concentration {~;) near the
junction. This relation can be written as [9):

1/C%=2(V4-V) /S qeeol;

where § is the junction area, g is the fandamental unit charge
and &, £ are the permitivity of free space and semiconductor
material, respectively.

The variations of 1,/C versus V for InSe-GaSe;..S, het-
ercjunctions are given in Fig.4. From the plot of figure, we
find v, (0,5; 0,75; 1) and Ny (8.5-10” cm®; 7,2:10%m;
6,210 cm™) for x=0; 0,4; 0,6, respectively.
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Fig.4. 1/C% versus v plot for abrupt InSeGaSe, S, hetero-
junctions for different x; 1-0. 2-0.4, 3-0.6.

The variation of current density versus the applied voltage
under iflumination power density P=100 mW/cm’ for a InSe-
GaSe|.,8, heterojunctions show that by the variation of the
value of x from x=0 to x=1 the efficiency changes from
2,36 % to 1,62 %,

The photoclectric parameters of these heterojunctions ex-
hibit the high stability under illumination.
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A.H. Kaznimzada, V.M. Salmanov, E.T. Miirsalov, A.A. Afiayeva

InSe-GaSe1xSx HETEROKECIDLOR! OSASINDA ENERJI CEVIRICILORIND®O FizZiKl PROSESLOR

Optik kontakt isulu ilo InSe-GaSeixSs heterokegidlori hazitlanmigdir. Hazirlanmig heterokegidler yaxsi ifade olunmus diod
xarakteristikalanna (x=0,2 torkibi iigiin U=2V olduqda k~10% ve genig intervalda (490-1040 nm) fotohassashia malikdir. Faydah is

emsah 2,36 % (GaSe) ve 1,62 % (GaS) intervalinda deyisir.
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AT. Kaaeim-aane, B.M. Caamanos, 3.T. Mypeanos, A.A, Araepa

OHIHYECKHE ITPONECCHI B IIPEOBPAIOBATENAX 3HEPTHH HA OCHOBE
TETEPOHNEPEXOIOB InSe- GaSe, .5,

MeTogom ONMTHYECKOrC KOHTAKTA OWNH MITOTOBNCHH reveponcpexomtl InSe-GaSe,, S, HiroromneHHbe cTPpykTypsl 061a08:0T ApKo
BLIPKEHHEIMH AHONHEIMH XaPaKTepHCTHEEMH (k~10° mpn U=2B ars cocrapa x=0,2) H GOTOUYBRCTARHTENEHOCTLIO B IIHPOKOM IHATEAMOHE

490-1040 nM. KoadpHUHEHT Nonc3Horo AcHCTBIA MCHAETCA B HRTCpBANE 2,36 % (GaSe) u 1,62 % (Gas).

Hama nocmyrrenun: 18.12.98 Pedaxmop: 3.H. Hexendepsade
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