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I'uraHTCKMii MHMKEKIUOHHBI MarHUTOPEe3UCTUBHBINA 3bderT Habmomaerca B rpanyaupoBaHHoit Co/SiOs
IIeHKe Ha MOXyHnpoBoAHHKOBON GaAs momnoxke B y3koM uHTepBane TemnepaTyp B6mmsu T = 300 K. Co-
TIacHO CYIIeCcTBYIOIell Teopuu mpupona sddeKTa cBA3aHA CO CTPYKTYpPoil U GU3MUeCKUMH CBOMCTBAMM WH-
TepdeiicHoro cnoa. MeTogaMu pedIeKTOMEeTPUM U MaloyTIOBOIO paccefHHA CHUHXPOTPOHHOrO M3IYy4YeHUA B
CKONIb3AMel TeOMETPUU M3YUeHO NIPOCTPAHCTBEHHOE paclpeeleHNe HAHOYACTUI KoGanrbTa B 06beMe rpaHyIu-
poBanHoit mnenku Co/SiO2 u Ha rpaHune pasgera rpaHyINpoOBaHHaA IIeHKa/IOIYyIPOBONHUKOBAA MOLIOMKA
(T'II/II). Moka3sano, uTo B 06beMe IIEHKY XapaKTepHOe CPeJHee PACCTOAHME MeK Iy IpaHyilaMu Kobaibra co-
craBasaer 7.3 HM. B To e Bpems, cpenHee paccToAHMe MexAy rpaHynamu Ha untepdeiice I'II/IIII cocraBaseT
32 HM IpU KMX BepTHUKalbHOM pa3Mepe mopanka 7.5 HM. [IkcnepuMeHTanbHble pe3ynbTaThl CBUAETEIbCTBYIOT
0 NOHM:KEeHHOH KOHIeHTpanuu KobarbTa Ha MHTep(delice U 0 TOYeUHOM XapaKTepe KOHTaKTa OCHOBHOI'O 006b-
ema mueHku Co/SiOz ¢ nommomkoit GaAs uepe3 OTHOCUTENLHO pa3peKeHHBIN CION (peppOMarHUTHLIX IPaHy
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KobanbTa.

BBenenue. B mocnemgHue ronel rpaHynIMpoOBaH-
Hble HAHOKOMIO3UTHI HA OCHOBe KoGambTa, obmagaio-
I[{e TUTaHTCKUM HHKEeKIUOHHBIM MarHuTOCONPOTUBIIe-
uvem ('MMC) npu KOMHATHO# TemmepaType, BbI3bIBa-
0T Gonburoit uHTepec [1-6]. ATo cBA3AHO ¢ UX HEOOIU-
HBIMU MarHUTHBIMH, DMEKTPUUYECKUMU U ONTUUECKUMU
CBOMCTBAMM U BO3MOKHOCTBIO IMIMPOKOT0 HKCHONh30Ba-
HUA B CIMHTPOHHBIX YCTPOMCTBAaX, TAKUX KAK CIHUHOBEHIE
VHJKEKTOPBI, CIIMHOBBIE OUOIBI U TpaH3UCTOPHI. fIBie-
HUe WHKEeKIMOHHOTO MarHMTOCONPOTUBIEHUA OCHOBaHO
Ha MOJaBIeHUY BHENIHUM MarHUTHBIM MONEM MHMKEKINU
CHUH-TIONAPU30BAHHOI'0 TOKA U3 T'PaHyIMPOBaHHO MIeH-
ku (I'9) B moaynposopsamyio (93) momnoxkky. ['pamy-
TUPOBAHHOM MIEHKOMN, MPU ATOM, Ha3bIBAIOT TUANEKTPU-
YeCKYIO MaTpUIly ¢ BHEIPEHHBIMU HaHOUYacTUIaMu dep-
pPOMarHuTHOrO MaTepuana.

JdderT MarHUTOCOMPOTUBIEHUA ObLI 0OHApy#eH Ha
rerepocTpykTypax GaAs / octpoBkoBas mieska MnSb
¢ mokpeituem Sb [7, 8], ma crpykrypax GaAs c rpa-
HynupoBanubiMu mieHkaMu Si03(Co) u TiO2(Co) [9-
11], na crpysrypax GaAs / rpaHyaupoBaHHas IIeH-
ka GaAs c HaHokmactepamu MnAs [12] u Habuaiogancsa
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TONBKO MNP HACTYIUIEHUU NABUHHOTO Mpollecca B MONY-
npoBofHUKe. ['paHynupoBaHHAA MIEeHKAa B 3TUX TreTe-
POCTPYKTYpax COIEepHUT HaHOYACTHUUBI (peppoMarHuT-
HOr'0 MeTallna U Ha WHTepdeiice ¢ MOTYTPOBOJHUKOM
COCYIIECTBYIOT Kak (eppoMarHuTHafA, Tak U Hedep-
povaruuTHas ¢assl. JtoT 3dhdert B [7, 8] OGbl1 Ha-
3BaH magnetoresistive switch effect, B [9-11] — sddex-
TOM MHKEKIIMOHHOT'0 MarHUTOCOTIPOTUBIEHUA, Ha3BaHUe
KOTOpOro (rUraHTCKOe WHMEKIUOHHOE MarHUTOCOIPO-
tusnenue, 'MMC) mbr Gymem ynmorpeGiasaTb B DaHHON
pabote. Donbmue 3uavenua I'MMC (10° %) obszanbi
nByM (arxTopam: 1) 06pa3oBaHuIO B IOIYIPOBOAHUKE
BOMU3u MHTep(eiica CIMH-NOMAPNU30BAaHHOrO oboralieH-
HOT'0 3NEeKTPOHHOTO CIIOfl, B KOTOPOM (opMuUpyeTcA Mar-
HUTOYIpPaBIAeMblii Gapbep, 2) MONOMHUTEILHONW 06paT-
HO# cBA3U, ofpasyiomeiica 6iaarogapa ObIpKaM, pokaa-
IOMUMCA B XOJe JNaBUHHOTO mpomecca. JIpIpku B ToO-
JyNpPOBOAHUKE JBUMYTCA BIONbL KaHAIOB ToKa (current
filament) [13-15], akkymynupyoTca B 06IacTu MOTeH-
uuanbHOro Gapbepa W NMOHWMIKAIOT ero BeicoTy [11, 16].
WN3-3a monomuTenbHoi 06paTHOM CBA3M Malble M3MeHe-
HUA BBICOTHI Oapbepa, BbI3BaHHBIE [JefiCTBUEM BHEIIHETO
MarHiuTHOTO MONfA, NPUBOAAT K GONbIIMM H3MEHEHUAM
ToKa B nmonynpoBogHuke. CoriacHo TeopeTUYecKoi Mo-
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zenu [11], obmacTh Hayalla pa3BUTUA JTaBUHOOOPA30Ba-
HUA B KaHalle TOKa XapakTepusyeTcA OONbIIKM Iepemna-
JIOM HanlpsAeHuf U KpaliHe KPUTHYHA K KOHLEHTPaluu
Y CIMHOBOH NOJAPU3alUy 3JMeKTPOHOB B oboraneHHOM
AJIEKTPOHHOM Cll0e, a TaK#e K KOHIEHTpaluu U Belu-
YUHe CNKWHA ABIPOK, KOTOpPble aKKyMYyJIUPYIOTcA BOIU-
3u uHTepdeiica. Tak Kak cBoiicTBa oboraieHHOr0 IeK-
TPOHHOT'O CJ0A B NOJIYNPOBOAHUKE BONM3U MHTepdeiica
onpenenfaOTcAa MaTepuanoM ['d, To oueHb BaKHBIM CTa-
HOBUTCA Bompoc 00 u3yueHuu Tex cioeB ['d, KoTopsle
HeIlocpeJCTBEHHO IPUMBIKAIOT K UHTep(delicy u popMu-
PYIOT BIIEKTPOHHBIN CIOM.

dpodunp moTeHUMANLHOU AMbBI 000TallEeHHOT0 AJeK-
TPOHHOI'O CIIOAl ¥ KOHI[EHTPAalKA 3MeKTPOHOB B HEM 0T pe-
IelfI0TCA KOHIIeHTpaliell SIeKTPOHOB B MOXYTPOBO/IHU-
Ke U pasHulei p; < fg MeMIY XMMUUECKIMU NOTeHIH-
alaMy MOXYNPOBOAHUKOBON NOMJIOMKHN [ty U INIEHKHU [ig
[16]. donb MaTpuub! (HanpUMep, AUAIEKTPUUECKON MaT-
punsr SiOy B retepoctpykTrype Si0O3(Co)/GaAs) cBo-
OUTCA K 06pa30BaHUIO MOTEHIUANbHOM AMBI B MOIYTPO-
BoJIHMKe BONM3U nHTepdeiica, a npucyTcTBUE (heppomar-
HUTHBIX HAHOYACTHUI| TPUBOJUT K MONAPU3ALUYN HIEK-
TPOHOB B 00pa3oBaBLIeMCA 3IEKTPOHHOM ciioe Graroaapsa
obMeHHOMY B3auMogeiicTBuiO0 Jyaepmana — KRutrensa —
Kacys — Hocunwr (QAKKU) ¢ d(f) snextponamu deppo-
MarHMTHOrO martepuana. Ecinu pasmep ¢deppoMaruut-
HbIX HaHouacTull D MeHbIlle TONUIMHBI INEKTPOHHOTO
cnofi he U heppoMarHUTHbIE HAHOYACTUILI PABHOMEPHO
nepeMellanbl Mo BceMy 0GheMy OUANEKTPUUYECKONH MaT-
puiel, To I'D MoMHO cuuTaTh OJHOPOJHON C XUMHUUYEC-
KAM MOTEHIHAIOM [bg = f;Xi + KfmXfm, TAE H; U
ffm — XUMUYECKUe NOTEHIHANbl, 8 X; U Xfm — KOH-
IeHTpaliy aTOMOB [UANEKTPUUYECKOM MaTpuisl u dep-
POMArHUTHBIX HAHOYACTHUI, COOTBeTCTBeHHO. Ecnu dep-
pOMarHUTHbIE HAHOYACTHUIBI HEPABHOMEPHO MepeMella-
Hbl B 0o6beMe QuaneKTpuyeckoir matpuubl u D > h,,
TOrga B MecTe KOHTaKTa rpaHyuna/dd pfm < [, Clle-
JOBATeNbHO, HET MHMKEKIUU 3MeKTPoHOB u3 ['d B I un
I'MMC sddekT oTcyTCTBYeT, B TO BpeMA Kak B MecTe
KOHTAKTa OudleKTpuueckaa matpuua/dd (u; > ps) —
HeT cBobomHbix 3nekTpoHoB U ['MMC adderT Takrmse
JKCcIepUMeHTANbHO pe3Koe MOHUMEeHUe
Benuunibl 'MMC nabaiomamock Ha reTepocTPYKTYpax
SiO2(Co)/GaAs npu HU3KKMX KOHLEHTPAUUAX TpaHyI
Co [11]. Teoperuueckaa Molelb TaKk#e TMpeacKa3bIBa-
eT OTCyTCTBHe dhdeKTa Npu Uy X [fy TPU GONBLIIUX
KoHIleHTpanuax ¢eppomarHetrura. OrcyrctBue 'MIMC
npu Gonbiux KoHUeHTpauuax rpauyn Co Habnioganoch
B Si02(Co)/GaAs [9, 11]. AHanorunyHoe ABIEHUE UMEIO
Mecto npu uccienoBanuu ['MMC Ha reTepocTpyKType
GaAs / ocrpoBroBaa mineHxka MnSb ¢ mokpsiTnem Sb
[8]. dpu yBenMYeHMM TONLUIMHBI OCTPOBKOBON IMJIEHKH

HEBO3MOMEH.

tdeppomaruuTHbie ocTpoBkr MnSb coenunamnuch mem-
oy coGoii. dpu TONUIMHE MOPAAKA MATH MOIEKYIAPHBIX
cnoeB mieaka MnSb craHoBuiach cmimomHon, u 3hdert
MarHiUTOCONPOTUBIEHUA Hponafan. BrimensnoxeHHble
TeopeTUUeCKUE U HKCIepUMeHTalbHble (AaKThl MPUBO-
OAT K BBIBOAY O TOM, uTo AnA cyinectBoBanusa ['MMC
Ba{HBI pa3Mephl (eppoMarHUTHBIX rpanyn D BGnusu
uHTepdeiica ¥ UX COOTHOLIEHWE C TOMIIUHON h, 3NMeK-
TPOHHOT'O CIOA.

3ajaua [gaHHOU paBOThI COCTOMT B HKCCIeJOBaHUU
CTPYKTYpPhI (eppPOMarHUTHOI TI'paHyIUPOBAaHHON IIEH-
ku SiO2(Co) B o6beme u Ha rpanuue pasgena ' /93
MeTogaMu pedIeKTOMETPHHN U MallOyIOBOTO pacCeAHUA
CHHXPOTPOHHOTO U3IyYeHUA B CKONb3AlIeil FeOMETPUHU C
HeNbIo SKCHepUMEHTAaNbHONH MPOBEpKU HANIUUUA U PONU
CTPYKTYPHBIX 0cOGEHHOCTell TpaHyIUPOBAHHOM MIEHKU
nas teopun 'MMC sdderra, paspaborannoii B [11, 16].

O6pa3sibI. JKcnepuMeHTaNbHbIe HUCCIeJOBaHUA
TNPOBOJUINCH HA TeTEepPOCTPYKTYpax rpaHyIupoBaHHAfA
IIeHKa/monynpoBogHuK, onucaHueix B [9, 11]. I'pa-
uynupoBanubie mieHku Co(zatr.%)/SiO, momyuamucek
MeTOJOM WOHHO-TYyYEeBOTO0 pACHBLIEHUA KOMIO3UTHOMN
KoGanbT-KBapueBoii mumenu [17, 18]. Kouuenrtpanus
z nHamouactur, Co B SiO, 3amaBamach COOTHOILIEHU-
eM miomaneii mumieHeil KoGanhbTa M KBapua u Gbina
paBaa r = 54 u 75ar.%. TonmuHa ucciegOBaHHBIX
rpanynupoBaHHbIX miaeHok — 40, 90 u 900HM - 3a-
naBamach B Mpollecce CUHTe3a 06pas3loB MO BpeMeHU
ocampenua Co u SiOs mnpu wu3BecTHONH CHKOPOCTU
ocaMieHUA. B KauecTBe NOANOMMEK HCIONb30BalINCh
nnacTUHbl nonynpoBonuuka n-GaAs Tonmunoi 0.4 MM,
opuentanueir (100), ¢ yIOeAbHBIM CONPOTHBIEHHUEM
PGars = 0.9—1.00M-cM u KOHIEeHTpauueil HocuTenei
3apaga ngaas ~ 10'° cm—3.

drcnepumeHT. HWM3mepenusa mnpoBoguiuchk B EB-
pomeifickoM IeHTpPe CHHXPOTPOHHBLIX HCCIel0BaHUM
(ESRF) ua muuuu ID10B (I'peno6an, ®panuus) [19].
TeoMeTpuA HKCIEPUMEHTA 3aJaBalach CKOIb3ALMM (TO
€CTh OUeHb MalbIM) YTIIOM NafieHUuA (; CAHXPOTPOHHOTO
U3IyYeHUs Ha MOBEPXHOCTb ofpasua ¥ ABYMA yriaMu
paccesiHMA ayf U (p, Kak TOKa3aHO Ha puc.l. dpu aToM,
u3MepAAd KOMIOHEHTY TepeJaHHOT0 WMOynkca @,
HepneHIUKYIAPHYI0 miockocTd I'd, MOMKHO MOTYyYUTH
uHbOpMAaNMIO 0 paclnpeleleHNU SIEKTPOHHOI MIOTHOC-
TH B HampaBJeHWM z, MOMNEPEeuHOM IIeHKe, B TO BpeMf
KaKk M3MepAA KOMIOHEHTY ()| B miockocTu obpasua
(z,y), MOMHO M3yuyaTb JnaTepalbHyI CTPYKTYypy I'J,
ee MOBEPXHOCTh U uHTepdeiic ¢ moanomKoii. Bemnuuna
KOMIIOHEHT MepeJaHHOr0 MMMYyIhca BhIpamaeTcA dyepes
yTibl DaJeHuA U paccefiHUA CIeLyIOMmUM 06pa3oMm:

2
Q:(p,az) = Tﬂ- (sinay + sina;) ,
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Iluc.1. TeoMeTpUA SKCIEPUMEHTOB IIOBEPXHOCTHOTO pac-
k; u ky — BomHO-
Bble BEKTOPHI NaJlalONIero ¥ PacCEAHHOr0 Iy YKOB, COOTBET-

CeAHUA CHUHXPOTPOHHOTO MU3ITyYeHUA.

CTBEHHO. 3HAa4YeHHHA YTIOB (tj, &f U { ONPENEIAIT Beld-
YUHY KOMIIOHEHT [epefaHHOro ummyibsca Q., Qy 1 Q; B
cucTeMe KOOPAMHAT, Te HalpaBleHUA T U Y HAXOOATCA
B IJIOCKOCTH IJIEHKM COOTBETCTBEHHO BJONb U IeEpIeHIN-
KYyIAPHO MajaiolleMy IIyUYRY, HalpaBleHue 2 MepueHguKy-
JIAIPHO IIOCKOCTH ILIEHKU

Qg ar) = \/Qip,00) + Q2lpag), (1)

2
Qz(p,ayp) = Tﬂ- (cosay cosp — cosa;) ,

2T .
Qy(p,ayp) = Y COS Qrf SIn Y.

B pednexToMeTpuuecKOM SKCIEpUMEHTe U3MepA-
J1ach MHTEHCUBHOCTH PacCcefiHUA CUHXPOTPOHHOI'O U3IY-
YyeHNA B HampaBlIeHUM oy = a; U ¢ = 0 B 3aBUCHMOC-
T OT BEIWUMHBI yria MafieHufd ;. W3MepeHUA mpo-
BoAMIMCh ¢ mydkoMm pasmepom 1 x 0.1 mm? (y x 2)
¥ IIMHOA BomHBI (oToHOB A = 1.56 A. Jlma peruct-
palluy OTpaeHHOro MyuYKa WCIONb30BalcCA TUHENHHBIN
MO3MIMOHHO-UYBCTBUTENLHBINA AeTekTop mBraun-50M,
MO3BOJAIOMINI HEe TONBKO U3MEPATH IMONE3HBIN CUTHA,
HO U OJHOBPEMEHHO OMpeNelfAThb YpPOBeHb (GoHA, KOTO-
PBIif BIIOCIEACTBUM BHIUUTAICA. JOlyuyeHHAd TakuM 00-
pasoM KpuBaf 3epKanbHOro orpaxenusa R((Q).) cBA3bI-
Balach C OJHOMEPHBIM pacHpefeleHUeM 3IeKTPOHHON
IJIOTHOCTU B Tiy6uHy o6pasua p(z) mocpeacTBOM Mo-
IenupoBaHua mo Merony Japparrta [20], HaspiBaeMoro
TaKkme MeToIoM cioeB. [laHHBI! MeTOX OCHOBaH Ha MoO-
JenbHOM pa30ueHUM Bceil TONIMIMHBI 06paslla Ha ompe-
JeleHHOe KONMYECTBO JTaTepalbHO OJXHODPOLHBLIX CIIOEB,
Ka[JIbIfi U3 KOTOPBIX XapaKTepu3yeTcA TONIIMHON h;,
MOCTOAHHBIM 3HAUEHUEM 3JIeKTPOHHON MIOTHOCTU p; U
IIEPOX0BATOCThIO ;. Janlyuliag MOJeNlb ONpeJelfaeTcaA
noa6opoM HeoOXOZMMOTo KONUYEeCTBa MOJAEILHBIX CIOEB
U UX MapamMeTpoB [ MaKCUMAlThHO yIOBIETBOPUTEND-
HOT'0 COOTBETCTBUA HKCIEPUMEHTANbHBIX JaHHBIX U pac-
4  Ilucbma B JRIITD
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yeTHO! KpuBoil R((Q),) no MeTony HauMeHbIIMX KBaxpa-
TOB.

de3ynbTaThl pedIeKTOMETPUUECKOTO SKCIepUMEHTa
HpeAcTaBIeHbl Ha pUC.2, re u3obpaseHa 3aBUCUMOCTh
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Muc.2. MeprexrToMeTpUA CUHXPOTPOHHOTO U3NYUEHUA OT
rerepocTpyKTypbl Au/SiO2(Co75ar.%)/GaAs. Ircnepu-
MeHTalbHble [JaHHBIE MMOKA3aHbl TOUKAMU, CILUIONIHON NH-
HUell [peACTaBleHa pacyeTHasd KpPUBafd, COOTBETCTBYIO-
masa MOZEIbLHOMY pPaclpeleleHHUI0 3IeKTPOHHOM MIOTHOC-
TH, NpPEeICTaBIEHHOMY Ha BCTaBKe C HaHECEHHBIMM 3Haye-
HUAIMY 31K TPOHHOMN IOTHOCTH A YUCTHIX KOMIOHEHTOB
obpasna

MHTEHCHUBHOCTH OTpPAMEHUA CHUHXPOTPOHHOTO W3IyUe-
HUA OT BelIWUYWHbI NMepefaHHoro umnyikca R(Q,) onsa
obpasua Au/SiO»(Co75ar.%)/GaAs ¢ pacueTHoit TOI-
muHoit ' 40um. [aAa mpemoTBpallleHUA OKUCIEHUS
'Y Ha Bo3gyxe Ha MOBEPXHOCTb MIEHKU GbLl HaHe-
CeH CIIOW 305I0Ta, BBIMONHAMNINA Tak#e poibh KOHTAK-
Ta npu usMmepenun 3pdexra F’UMC. dxcnepuMmeHTaTD-
Haf KpuBafg [JOCTATOYHO XOPOIIO almpoKCUMUpPOBanach
MoJenbio, comepaineit 3 cmoa u nomnomky. [lna o6-
paboTku pedIeKTOMETPUYECKUX JAHHBIX UCIOIh30BaICH
nporpaMMHbIii Kof, paspaboraunnsiit J. TonepBeprom u
B. JlepurmnazoBbiM, He BKIIOUAIONINI TpeABAPUTENbHYIO
KOPPEKIINIO SKCIIePUMEHTANbHBIX JaHHBIX Ha MEHAIOMIY-
I0CA B MalbIX yIiax najeHu mionaab 3acBeTkU obpasiia
My4YKOM pafualiu, a Tak#xe HOPMUPOBKY o6Ieil HHTeH-
cuBHocTH R((),) HAa MHTEHCHBHOCThH NAMAIONIEr0 Myd-
Ka. BMmecTo 3Toro maHHble HOPMMPOBKM 3aKjaibIBalOT-
cAi B MOJArOHOYHYIO Mojenb. BcnencTBue uero pediek-
TOMEeTpUYEeCKUe [NaHHbIe, MPeICcTaBlIeHHbIe HA PUC.2, He
umeroT o6erysoro miaro R(Q.) = 1 B o6unactu yriaos
0 < a; < a,. 3HayeHNA NOATOHOUYHBIX MAapaMeTPOB A
KamI0ro Clod NMpUBeJeHkl B Tabnule. Ja BCTaBKe puc.2
npecTaBleH HKCIEePUMEHTANbHbIA TPOGUIL AIeKTPOH-
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HO{ MJIOTHOCTY B HAaNpaBIeHWM Z, MONYYEHHBIA MO pe-
3ynbTaTaM moaronku. M3 puc.2 u TabmUIbl BUJHO, UTO
IEPBBIH CI0i1 COOTBETCTBYET TEXHUUECKOMY CIIOIO 30J10-
Ta. BTopoit cioit cooTBeTcTByeT Goinbilieit YacTu TpaHy-
nuposanHoit mueHkn SiO2(Co) ¢ Tonmuuoit hy = 34.4 um
U NpPakTUYEeCKM HOMMHANbHBIM MPOIEHTHHIM COMAep#ia-
HueM KoGanbTa 77at.%, OMUIAEMBIM B COOTBETCTBUU
C TexHomorueii cuHTesa obGpasua. JauGonbIINii UHTe-
pec B paccMaTpuBaeMoii MOJeNH TNpelcTaBifeT coboii
JIONONHUTENbHBIN NHTep(elcHbIN coil Ha rpaHuUlle pas-
zena I'd/33 rommuuoit hy = 7.3um. Ero amekTpon-
Haf MIOTHOCThH 3aMETHO MEeHbIIIE ANEKTPOHHOMN MIOTHOC-
TH BTOPOrO ClIOf, YTO, KaKk NpeacTaBifAeTcA Hauboiee
BEpPOATHBIM, 00YCJIOBIEHO MEHBIINM COJEPKaHUEM dac-
Tul KobankTa, a uMeHHo 29 aT.%. dpu 3ToM obLiasa Tol-
muHa “o6benuHeHHoro” cinod I'd oxasbiBaeTcA paBHOIM
41.7 HM, 4YTO HaXOOUTCA B XOPOIIEM COOTBETCTBUHU C pac-
4eTHOM TONMIMHON NPY U3rOTOBIEHUU o6pa3ua (fad ay4d-
IIero BOCTIPUATUA MONHO MONkE30BaThCA PUC.5, KOTOPBIH
ZeranbHO GyNeT WHTePIPETUPOBAH HUIKE).

ITapamMmeTpbl MoJeny, UCNONb30BaBIIeiicA AJIA
annpokcyuMalUM 3KcNepUMeHTalbHO
pediaerToMeTpHUUYecKoil KPUBO

Croii TonmuHa, [InexTpoH. i, HM
HM [JIOTHOCTH,
e/A-3
Au ho = 5.2 3.5 0.6
I'll Si02(Co) h; =344 1.8 0.45
JIOMOIHUT. hs = 7.3 1.1 0.9
coi

HccnemoBanua cTpyKkTypbl I'd B naTepanbHOil mioc-
KocTH (z,y) NPOBOLUINCH METOLOM PacCefHUA CUHXPO-
TPOHHOT'O0 HU3IYyYeHUA B CKONb3fAlleil reomerpun. B
AKCMEepUMEHTe HCIONb30BalNCA KONIMMUPOBAHHBINA Iy-
4YoK (DOTOHOB C [IMHOIN BOJHBI A = 0.95A u pa3mepoM
0.1 x0.1 MM2, nagamounii Ha ToBepXHOCTh obpa3ia mox
yraomM «; = 0.32°. HHTEeHCUBHOCThH paccefiHUA U3Me-
pAlack JBYMEPHBIM MO3UIMOHHO-UYBCTBUTEIbHBIM JIe-
tekTopom MARCCD-133. IlenTpanbHasa 4yacTh AeTeK-
Topa GblNa 3alIuieHa clelualbHbIM MOrIOTUTENEeM MH-
TEeHCUBHOCTHU TMPAMOIO M 3epPKalbHO OTPaMEHHBIX MyU-
KOB. JOTOK paguanuy NMPOHUKANI B INIEHKY Ha KOHeY-
HylI0 ri1ybuny L,, rie pacceuBalcs Ha HEOTHOPOLHOCTAX
BHYTDeHHell CTPyKTyphl mineHku. [my6una L, 3aBucuT
OT BENUYUHBI (; ¥ 3HAUeHUA MHAeKca pedpaKIuu Be-
mectBa n = 1 — § — i3, BellleCTBEHHAA Y4acTb KOTOPOro &
CBA3aHA C 3NEKTPOHHOI IIOTHOCTBIO p Kak 2m8 = A2r.p,
rie re — KIacCUUECKUil paguyc BIeKTpoHa. B obumem

ciiydae 3aBUCUMOCTb L, OT «; BblpaaeTcs cleyOLuM
o6pazom:

A
Lp(ai) = s

oy [2 (Via? — ) + 45° - /(e — )

roe o, = V26 - YTOJ NOJMHOTO BHELIHEr0 OTPasKeHud OT
noBepxHocTH obpasna. Kak BugHO U3 gaHHOU GopMYyIIbI,
MeHfIl 3HaueHUe yria NMaJeHUA «;, MOMKHO KOHTPOIU-
pyeMbIM 06pa3oM MeHAThb ryOuHY NPOHMKHOBEHUS, N0-
Tydas TeM caMbIM JOCTYI K IPUIOBEPXHOCTHBLIM CIOAM
o6pa3sia, HaXoJAMIMMCA Ha pa3Hoil I1ybuHe OT MOBEPX-
HOCTH.

ManoyrnoBoe paccesiHue B CKOIb3AIeH FeOMETPUU
uMeeT pAR oco0eHHOCTEl MO CpaBHEHUIO C Kiaccuuec-
KUM MeTOJOM “Ha MpoXo;IeHue”, Korja MOTOK paaua-
MY NajaeT Ha NOBEPXHOCTh obpa3la NpakTUUecKy Iep-
neHauKynApHo. B uwacTHocTH, pacnpeieneHue WHTEH-
CHBHOCTH IO YTy oty TIOJBEPKEHO BO3[eiCTBUIO NHTep-
(hepeHnMM Najaiolieil 1 pacceAHHON BOJH, BO3HUKAIOIIEH
Ha MOBepPXHOCTU obpaslla Uy Ha rpaHulle pasjena ABYX
cnoeB BHYTpH Hero. B paGote [21] 6buto nokasaHo, 4To
B OONbIIMHCTBE cly4yaeB MHTep(PepeHIIUOHHBIN 3pderT
onuchiBaeTcA JoOMHOMeHneM ¢(yHKuuu pacceanusa S(Q)
Ha (peHeneBcKue K03QdunMeHTHl npoxomaenua T; ¢:

2
2a,-,f

Tiz,f(ai,f’c’%) = 5
Qif 4 /ai s — a?

W3 ypaBHenus (2) X0opouo BUIHO, YTO B paclpeleieHun
WHTEHCUBHOCTHU paccefiHuA MPOUCXOOUT YCHUIEHUE CUT-

3)

Hala BIOJNb JMHWUM, COOTBETCTBYIOWleH af = a., B TO
BpeMA Kak B o0nacTu oy < (. MHTEHCUBHOCTL IIpaK-
THUYEeCKM paBHA Hymo. B o6meMm Bupae monHaa QyHRIUA
paccefiHUA ONUCHIBAETCA BbIpaKEeHHUEM

S(Q) = S(ai,af,QO) =

= |F(ai, a5, @) - Iai,ap,9) - T (i) - Tf (), (4)

roe F(a;,af,¢) — dopmparTop paccesHns B GOPHOB-
CKOM mpuOauKeHUN (MCIONb3yEeMbIi B KIACCHYECKOM
ManoyrioBoM pacceanun), I(a;, oy, ) — uHTEpbhepeH-
nuonHaad ¢yurnua. @Oywrnuu F u I npexacraBif-
10T co6oit pypbe-06pa3bl GOpPMbI OTAENLHOI paccenBaio-
[1eil yacTUIbl U NapHOA NPOCTPAHCTBEHHON KOppeldalun
MeM Iy YacTUIlaMH, COOTBETCTBEHHO. J0ATOMY MO MO-
JOKeHUIO IM(PaKIUOHHBIX NHKOB B IPOCTPAHCTBE MM-
nyiabeoB Q(a;, af, ) MOMKHO ONPefedUTh XapaKTepHY O
CTPYKTYPHYIO NEPUOAUYHOCThL d B MIEHKe B pealbHOM
IPOCTPAaHCTBE.
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Iuc.3. IByMepHbIe KapThl MalyTI0BOI0 PaCCEAHNA CHHXPOTPOHHOI0 U3y YeHNA B CKonb3Ameii reomerpun S(a; = 0.22°, ay, ¢)
nas obpasmoB SiO2(Cob4 at.%)/GaAs Tommunoii 'l (a) 90 um u (b) 900 um. IIyHKTHpOM BbImeneHa 4acTb AU(PAKIMOHHOTO
KOIbIla, BOSHUKAIOMEro U3-3a PacCeAHUA Ha TPeXMepHoi cTpyKType NepKoIMpYIOMUX YacTHull kobarbTa B ocHOBHOM cioe 'l
(h1 ua puc.2). Crpenramu ML mokasaHo paccesiHMe Ha MOHOCIOE YacTWI[ KobalbTa, HaXOOAIMUXCA B MHTepdeiicHOM cioe ¢
o6eqHenHol KoHueHTpanueii (h, Ha puc.2). Crpenku SR mnokassiBaioT Ayddy3HOe paccefiHue OT MOBEPXHOCTU 06pasloB B
HanpaBlIeHUU 3epRaibHoro orpasenud. llITpuxossie nuauu Ci, C2 u C3 NoKa3bIBAIOT MONOMEHUA CPE30B Ha pacrpeeleHun
WHTEHCUBHOCTHU, MpeJCTaBIeHHBLIX HA pUc. 4 B BUAe OJHOMEepHBIX KpuBhIX. Cepble MPAMOYTOILHMKHU 3aKpBIBAIOT 061acThb
IeTeKTopa, B pealbHOM BKCIIepUMeHTe 3allUIeHHY0 MOTIOTUTeNeM OT MPAMOro U 3epKalbHOr0 MyYKOB BBICOKONW MHTEHCHB-

HOCTH

da pwuc.3 TpeacTaBIeHbl IBYMepHbIE KapThl WUH-
TEHCUBHOCTU  MaloyrioBOr0  paccefHUA  CHHXPO-
TpoHHOro uamyudenusa S(wj,op,p) [IA 00pasLoB
SiO2(Cob4at1.%)/GaAs ¢ Tonmunamu ' 90 u 900 um,
nonydeHHble npu yriae nagenusa «; = 0.32°. Har
BUJIHO, XapaKTep paccefHUA Ha AByX obpasmax uMeeT
o61IyI0 0cO6eHHOCTh — Hanuuue AUGPAKIMOHHOTO KONb-
Ia, BBIJEJIEHHOr0 TO4Ye4YHOil nuHueil. WHTeHCHBHOCTH
KoJblla ycuileHa Npu ay = a., = 0.22°, B To BpeMA Kak
HUKHAA YacTb KOJbIA OTCYTCTBYET, Kak U CIeyeT
u3 ypaBHeHus (2). Domo6HOE KONBIO TMOABIAETCA
IpU pacceAHNWU Ha TPEXMepHON W3OTPOMHON CHUCTEME
pacceMBaioOIUX LEHTPOB (4acTul KobanbTa B JAHHOM
clIyuae), HaxONAWMXCA Ha paccTosHumu di = 2m/Qq
IpYyT OT Apyra, rae (Q; — AMamMeTp KOlbla, BhIPaMeHHbIH
B eMHUIAX MepeJaHHOro MoMeHTa uMmnynbca. OTMme-
TUM, 4YTO paccMaTpUBaeMble KOHIEHTpPAaUU YacCTHUIl
KobanbTa HaXOOATCA 3a INPEIelNoM YPOBHA MepKOIA-
uuu (X¢m > 38aT.%), mOdTOMY OGHApyseHHOe HaMH
MeKUacTUUHOe paccTOfiHue di [ONMHO PaBHATBLCA UX
pa3mepy, a cpaBHUTeNbHO Goibliad mWupuHa Audpak-
IMOHHOI'O0 KOJbIa MOMeT OBITh WHTepHpeTHpPOBaHa
Kak cleJcTBUe Heu3Ge:HOTO B ATOM cioyuae pasbpoca
yacTull mo pasMmepy. Jpyroii ofuieii ocoGeHHOCThIO
pacnpegenenusa S(a;,af,p) BaA IByX o6pasloB fB-
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nfeTcA NUHUA OUGPY3HOTO paccefiHMA B 3epKalbHOM
HampaBJeHUH, TO ecTh BIOAb ay nNpu ¢ = 0. Ja puc.3
oHa nokasaHa crpenkaMu SR (Specular Reflection).

'maBHBIM OTINMYMEM B pacnpefeleHUN UHTEHCUBHOC-
TH paccefHus oT 06pasuos ¢ TonmuHoi 90 HM (puc.3a)
u 900uM (puc.3b) sABuIfieTcA HanWuyWe B [EPBOM CIy-
yae cnenudUIecKoro pacceAHuA, XapakTepHOro ANd Mo-
HOCJIOEB HAHOOG'LEKTOB, MPOCTPAHCTBEHHO YNOPANOUYEH-
HBIX BHYTpHU cinos [22, 23]. Jaunas ocoGeHHOCTb MpoO-
AIBIAETCA Ha puc.3a B BHUe IBYX IeNOUYeK MaKCUMYMOB
WHTEHCHUBHOCTH, 0603HaueHHbIX cTpenkamu ML (Mono-
Layer) u moBTopsiomuxca BIOIb oy mpu ¢ = +0.25°
Jpu 3TOM pacCTOAHME MEKAY LeNoYKaMy B Halpabille-
HUU ( OTpeJenfeTcA BUJOM UHTepepeHIMOHHOM dYyHK-
nuu I, cBA3aHHOW C pacCTOAHUEM MEMIY paccenBare-
JAAME B MOHOCJIOE B INIOCKOCTH (Z,y), a pacnpenelneHue
MaKCHMMYMOB UHTEHCUBHOCTHU BIOIb (i 3aBUCUT OT pas-
Mepa OTAeTLHOTO paccenBaTeNf B HaPaBlIeHUU z U BUJA
ero gopmdarTopa F. J03TOMy IO ¢-KOOPAMHATE Iep-
BOTO MUHMMYyMa B Ienoukax ML MoHO OLEHUTHL BBI-
COTY pacceWBaTens Hag ypoBHeM momnoxku. CoriacHo
OaHHBIM, NPEICTaBIEHHBLIM Ha pUcC.3a, OHA COCTAaBIAET
5—6 HM.

Hnsa Toro uToGbl Gollee HArIAMHO MPENCTABUTHL pac-
npefeleHU MHTEHCUBHOCTYM MO YTy ¢, Ha puc.4 mo-

4*



852 H. A.I'puropreBa, A. A. BopobbeB, B. A. YiieeB u ap.

KasaHbl CeYeHWA NBYMEPHBIX KapT, cHelaHHble NpPU
ay = a. (mrpuxoBsle muuun C; u C3 Ha puc.3) u

0, 0,

-2 -1 0 1 2
¢ (deg)

Muc.4. YrioBble 3aBUCUMOCTH MHTEHCHUBHOCTU B CEYEHUAX
nByMepHoro pacupenenenusa S Bpons nunuit Ci, C2 u Cs
(puc.3) maa obpasuoB SiO3(Cob4 ar.%)/GaAs TommuHoi
'l 90 u 900 M

mpu ay = 0.87° (wrpuxosasa munua Cs) AaA obpasmoB
SiO2(Cob4at.%)/GaAs ¢ Tonmuuamu I'd 90 u 900 HM.
dpu stoM nuHuA Cs MPOXOAUT uUepe3 MAKCUMYM BTO-
poit ocuuanAnuu GopmdarTopa BAOIb Oy U He HCKa-
JKeHa TeHbIO OT mornoTtutend. Kak BuAHO, monokeHue
U IIMPUHA MUKOB, COOTBETCTBYIONUX AU(DpPAKIUOHHOMY
KONbIy [OiA OBYX 06pa3loB, COBNAJAIOT, YTO T'OBOPUT
00 MIOeHTUYHOCTU aHcaMOneil pacceMBalOMUX YacTHUI B
ATUX obpaslax B ocHOBHOM cioe I'd Tommuuoit hy. Xa-
paKkTepHOe MeKYacTUYHOE PAacCTOAHME B 3TUX aHcaMob-
aax paBHO di = 27/Q1 = 7.3 M. B TO e Bpems, o6pa-
3en TonmuHo# 90 HM DeMOHCTPUpPYET NOMONHUTENLHOEe
paccefiHue Ha aHcambie paccerBalOIUX YacTHIl C Mepu-
OAUYHOCTBIO d2 = 27 /@2 = 32 HM.

dasznuune BUJA MaloOyTIOBOro paccefiHud OiuA obpas-
nmoB ¢ toamuuoit I'd 90 u 900 HM, oueBMOHO, CBA3AHO
C COOTHOIIEHWEM STUX TONLIMH U TIyOMHBI IMPOHUKHO-
BeHUA DPEHTreHOBCcKoW BomHbl Ly, JIna cocraBa 54%
KobanbTa 1 46% oxcuma KpeMHUA MapaMeTphbl, BXOMIA-
mue B BoIpaseHue (2), MMeIOT clelyloumye 3HAYEHUS:
§=6.03-10% 3=19-10"7, a. = 0.22°, a; = 0.32°.
CoOTBETCTBEHHO, pacyeTHOe 3HaueHWe TIyGUHBI TPO-
HUKHOBeHUA cocTaBifeT ~ 350 HM, uTo Goabiie 90 HM u,
B TO e Bpemda, meHbuie 900 HM. Jo3TOoMy B ciyuae
“roHroro” obpasmua TommuHoi 90 HM MBI BUAUM pacce-
fIHMEe He TONbKO Ha OCHOBHOIM YacTH MIEHKHU, 3aHATOU
TPeXMepPHOi1 CTPYKTYPOil YacTuIl ¢ nepuojoM d; U TOJI-
IMUHOM hy, HO U paccefiHNe Ha ABYMEpHOU CTPYKTYype
uHTep(deiicHOr0 MOHOCIOA ¢ BHYTpPeHHei naTepanbHOM

MepPUOJUYHOCTBIO do ¥ TONMINHOM he. B ciayuae ke “Ton-
ctoro” obpasua TommuHoit 900 HM peHTreHOBCKad BONHA
HOJHOCTBIO PaccerBaeTCA HIU MOIIOUIaeTcA B BepXHeil
HOJIOBUHE [IEHKU, XapaKkTepu3yeMoil pa3aMepoM dp, B TO
BpeMA KaK 0coOblif cloit Ha uHTepdeiice ¢ MOANOMKON
He BHOCUT HUKAKOT0 BKJIajla B paccefiHUe.

TakuMm o6pasoM, HUCIOTb30BaHHE KOMOMHAILUU DKC-
NepUMEHTOB M0 MAaloyTIOBOMY pacCefiHUIO B CKOJIh3f-
meii reoMeTpun U pedIEKTOMETPUM MO3BONAET Mpel-
JOMUTb TPEXMEPHYIO MOJEIh CTPYKTYPhI HCCIeJOBaH-
HbIX rpaHyiaupoBaHHbix mueHok Si0»(Co) Ha mopmomke
GaAs, cxemaTuuecku moxaszanHyio Ha puc.5. Cormacuo

MMuc.5. Momenb CTPYKTYyphl HCCIENOBaHHBIX T'pPaHyINpPoO-
BauHbIx mieHok Si0»(Co) Ha nogmoxke GaAs, nony4yeHHas
Ha OCHOBe KOMOWHAIMK 3KCIIEPUMEHTOB 110 MajoyTJI0BOMY
pacceAHUIO B CKOIb3AlIelH reoMeTpuu U pedieKToMeTpUun

npelcTaBleHHbIM B paboTe JaHHBIM, B OCHOBHOM 00beMme
NIEeHKU XapaKTepHoe paccTofHue d; Mex Ay rpaHyiaMu
KobanbTa B MI060M NPOCTPAaHCTBEHHOM HaNpaBIEeHUU B
CpPelHEM COCTaBJIfAET 7 HM, B TO }Ke BPeMfA pacCcTOfHUE
d> MemJay rpaHyramMu B uUHTep(deiicHOM cloe cyIecT-
BeHHO Gonble — mopAAKa 32 HM. JpU ATOM TOIIIU-
Ha ho uHTepdeiicHOrO cloA paBHa pa3Mepy OJHOU rpa-
HYyJbl BIOIb HaIpaBleHUA Z U COCTaBifAeT NopAlKa 5—
7 HM He3aBUCUMO OT TONIUHLI h; OCHOBHON NIEHKH.
B sToil cBA3M cymiecTBeHHOe 3HaUYeHHEe KMeEET BOINPOC
0 KOHKPEeTHOIl reomMerpuueckoii gopMe rpaHyn HHTep-
¢elicHoro cnod u ocobeHHO 00 UX NaTepalbHOM pa3Mepe,
TaKk KaKk 0COOEHHOCTU CTPOEHUA UMEHHO UHTepdhelcHOTO
CJI0f OTBETCTBEHHBI 3a cyiiecTBoBanue spderta 'MMC.
Hcxona u3 pedaekToMeTpUUYeCKUX AaHHBIX, MOKa3bIBa-
omux o6beMHOe cojep:iaHue KobanbTa B MHTepdeiic-
HOM ciioe Ha ypoBHe 30%, MOMHO MPEANONOMUTh, YTO
JlaTepalbHblil pa3Mep FpaHylIbl MOMET JOCTUraTh Belu-
unHbI nopAanka da /2. OZHaKO OYEBUIHO, YTO 3TA OLEHKA
MOKeT Upe3BbIUaliHO CUIbHO MEHAThLCA B 3aBUCHUMOCTH
OT KOHKDeTHO# (opMbl IpaHyIbl — HUINHIP, Hoaycde-
pa, anuncoup BpaueHua u T.0. OTBeT Ha JaHHbBII BOIpoC
TpebyeT AanbHENWNIUX AOMONHUTENbHBIX HCCIeJOBaHUIA.
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B zaknioueHue oTMeTHM, UTO, COTNIAcHO MpPeACTaB-
JTEeHHBIM B HacToAmeidl paGoTe NaHHBIM, KOHIEHTpaNUA
HaHouacTul KoGanbra Ha uHTepdeiice I'D /I 3uaum-
TEeIbHO TOHMKEHA [0 CPaBHEHWIO C MX KOHIEHTpalu-
eif B ocHoBHOM o6beme ['d, B To BpemA Kak paccTof-
HUEe MeOy rpaHylaMu 3aMeTHO 6onbile, 4eM B 0Gb-
eme I'J. CoriacHo TeopeTuuecKkoil Moaenu OTHOPOIHO-
ro o6oraiieHHOro 3MEeKTPOHHOIO CJI0A B MOTYMPOBOJHU-
Ke oxono uHTepdeiica [16], o1 UccIefOBaHHBIX CTPYK-
Typ SiO2(Co)/GaAs TonmuHa s1eKRTPOHHOro cJI0A h, CO-
craBiafieT 15-20HM, 4TO MeHblne pa3Mmepa dz. ITO Tro-
BOPUT O TOM, UTO MBI BHIXOAMM 3a paMKHU MOJIENd Of-
HOPOZHOI'0 3JIEKTPOHHOTO CJIOA M [OJKHBI YUHUTHIBAaTh
€ro HeOJHOPOJHOCTD [0 TOJIUHE B 3aBUCUMOCTHU OT TO-
ro, Tie OH paccMaTpuBaeTcA — BOMU3U (HeppoMarHuUT-
HO{ TrpaHylbl MMM BOamd OT Hee. JPU STOM XUMU-
yeckuil moteHnuan I'd He MoeT GbITH paccuuTaH Kak
g = Wi Xi + Pfm Xfm- Tarum obpasoMm, mpu
JanbHeNIeM paccMOTPEHUU TEeOPeTUUYECKUX OCHOB Me-
xauuama 'MMC B retepocTpyKTypax deppoMarHuTHafd
I'9/93 caenyer ucxonuTh U3 Tex ycioBuit, uto: 1) Ha
uHTep(deiicHOM clioe CYIECTBYIOT TOUEUHbBIE pa3peHsieH-
Hble KOHTaKThI rpanyinupoBanHoii mieHku Co/SiOy c
nognoxkoit GaAs yepes heppoMarHuTHbIE TPaHY bl KO-
GanbTa; 2) M0 BCel BUAUMOCTH, IPOBOAUMOCTE I'D BOIH-
3u UHTepdeiica TonmHa OGbITH MOHUMEHHOI BCIeACTBUE
HU3KON KOHIEHTpaluM rpaHy’l KobanbTa Ha MHTepdeii-
ce; 3) oGoralleHHbIN AIEKTPOHHBIN CI0N B MOLYNPOBOI-
HUKE OKOJNO WHTepdeiica He ABIAECTCA OJHOPOTHBIM IO
Tonmuue; 4) TyHHeIbHBIN 3QDERT Wi MeTalllndeckas
MPOBOJUMOCThL MeKIy TpaHylaMu KobanbTa Ha UHTep-
(eiice oTCYyTCTBYeT U3-3a GONbIION pa3peeHHOCTH Yac-
THI.

Jabora BbINONHEHAa NpU (QUHAHCOBOW MOAJEPIKKE
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