®I3MKA I XIMISI TBEPZIOTO TUIA
T. 4, Ne 4 (2003) C. 720-728

YK 621.315.592

PHYSICS AND CHEMISTRY OF SOLID STATE
V.4, Ne 4 (2003) P. 720-728

ISSN 1729-4428

A.O. Jlpyxunin, L. Map’smosa, O.I1. Kytpaxos, I.B. [1aBroBchKuii

Bruiue nedpopmanii Ha JOMIIIKOBY NPOBIAHICTL HUTKOMOAIOHUAX
KPHUCTAJIB KPEMHII0 B 00J1aCTi mepexoay MeTaJI-AieJIeKTPUK

HY “Jlveiecvra nonimexnixa”, HAL] “Kpucman”,
eyn. Komnapeecvroeo, 1, Jlvsis, 79013, men. (0322) 721632, e-mail: druzh@polynet.lviv.ua

IIpoBeneHo mocmimKeHHs BIUIMBY AeopMalii Ha JOMIIIKOBY IIPOBIIHICTh HUTKOMOAIOHUX KPHCTATIB KPEMHIO,
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I. Beryn

HesBakaroum Ha BeNMKY KUIBKICTD IyOJiKamii

MIPUCBSIYCHUX BUBYEHHIO HHU3bKOTEMIIEPATyPHOTO
TPaHCIIOPTY HOCIIB 3apsiy B JIETOBAHUX
HaTIBOPOBiTHUKAX, KOMIUIEKCHI IOCHIIDKEHHS

TPAHCHOPTY HOCIiB 3apsay B Si p-Tumy moOIU3y
¢dazoBoro mnepexony wmeran-gienektpuk (IIMI) npu
cymicHiii nii nedopmamii 1 MarHiTHOro mons He
NpOBOAMIIMCh. XoOuya B I o00nacti KOHIEHTpauiil
JOMIIIKM B KIACHYHUX HAMIBIPOBIAHUKAX P-THUIY
HAMOLTBII ~ SICKPaBO  MPOSIBISIOTBCS  OCOOJIMBOCTI
nedopmaniiiHo-cTuMyboBaHUX — edekTiB, a  came
ricrepesuc marsitoonopy B p-Ge [1], 3MiHa MexaHi3My
BUHHUKHEHHS aHOMAJIBHOTO IMO3UTHBHOTO MarHiTOOIIOPY
B p-Ge [2], riranTchkmii 1’ e3001mip B Si i Ge p-tumy [3—
5] Hedopmamis i MarHiTHE TIONe € caMe THMH
30BHIIIHIMM YMHHHKAMH, SIKHMM MOJKHA HaOIMKaTd 1
BIITAJIATH JOCHIPKYBaHI 3pa3ku 10 (a30BOTO MEPEXoTy

MeTaj-TieTeKTPUK [3,6]. [ono aHOMAJIEHOTO
HO3UTHBHOTO MarHiToonopy B KJIACUYHUX
HariBIPOBITHUKAX p-TUIy MPOBITHOCTI 3

KOHLIEHTPALIEI0 JOMIIIKH, 10 BiIIOBia€e OIMU3bKOCTI 10
[IM/I, To me He Mae ageKBATHOTO OIKCY MEXaHi3MiB
ioro BUHUKHEHHS [2]. Buxoasuu 3 uporo, METO0 AaHOI
poboTu OyJi0 HOCITiKEHHs TPAHCIIOPTY HOCIIB 3apsay B
MiKpokpucTanax Si p-tumy nobmuzy [IMJ] B miama3osi
temneparyp 1,7-300 K npu cymicHiit mii medopmarii ta
MAarHiTHOTO TIOJIS.
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II. O0’eKT HOCTiAKEHDb TA METOAUKA
eKCIIePUMEHTY

[TpoBeneHO KOMIUIEKC AOCIIDKEHb 11010 BHBYECHHS
BIUIMBY Jedopmauii Ha 3MiHy HHTOMOrO OHOpPY
MIKPOKpUCTaJIIB ~ KPEMHIlO, JIeroBaHux OopoMm, B
nianasoni Temneparyp 1,7 + 300 K Ta marnitHOTO 1M10JI51 3
ingykuiero B =0+ 14 T, meroro skux OyJl0 BHBYCHHS
MeXaHi3MIB TIPOBITHOCTI B OKOIi ()a30BOTO TEPEXOIY
Metan-mienektpuk  ([IMJ]).  Mikpokpuctamu S,
BHUPOIIEHI METOJOM  XIMIYHMX  Ta30TPaHCIOPTHUX
peakmit 'y ¢opmi mHuTKOmomiOHMX KpuctamiB (HK)
JIOBXHHOIO 2+5MM Ta giamerpom 20 + 60 MKM,
3aBISIKM CBOIHM CTPYKTYPHIH JOCKOHAJIOCTi, MEXaHIYHil
MIITHOCTI Ta MIHIATIOPHOCTI, SBJISIOTH COOOI0 HE TLTBKH
BIaJIM{ MOJIENBHUI MaTepiall i (Gi3UYHUX JIOCHIPKEHb,
aye ¥ TMEepCreKTHBHY eJIEMEHTHY 0a3y Uil CTBOPEHHS
CEHCOPiB MEXaHIYHUX BeIH4uH [7,8].

JedopmartiiiHo-HanpyXeHHH CTaH JOCITIJDKYBaHUX
HK npu xpioreHHHX TemmepaTrypax CTBOPIOBABCS JBOMa
cocobamMy, IO O3BOJIJIO PO3MIMPUTH Jialla30H
nedopmamiid. 3riTHO METOAWKH, IO OMHCaHa B PoOOTi
[9], mexaniunO-Hampyxenuii ctan HK cTBOproBaBcs
NUIIXOM 3aKkpiljieHHs iX Ha chemianbHo migiOpani
MIIKIaAKKH 3 MaTepialliB 3 BIAMIHHUM BiJl KPEMHIIO
koedinienToM Tepmiynoro posmmupenHs (KTP). dns
nedopmysanss HK Si Oyiio oOpano Tpu Tunu MaTepiais
MiAKIAA0K:  Mimb, BOIb(GpaM Ta  KBapl, IO
3abe3nedyBajd  BIINOBIAHO  JeopMamil0  CTHCKY
(e= —3,8X10'3 BiJH. O1., —6,22X10'4 BiH. OI. TIpU
T=42K) ta postary (e=4,7<10"Bigs. ox. npm
T=4,2K). PospaxoBani BEeJIMYMHH  TEPMIdHOL
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Puc. 1. TemneparypHi 3anexuocTi muromoro onopy HK Si 3 Ng=5,5x10"% cm™:
BinbHOTO (1), Ha MigHIN TigkIaamni (2), Ha kBapoBid migkmaari (3).

nedopmanii HK kpemHiro, 110 3aKpiruieHi Ha ITiIKIaKax
3 pi3HMX MarepialiB, INpH PI3HUX TeMIlepaTypax
HaBegeHi B [10].

[Hmmit THT eKcriepuMeHTy mependadaB CTBOPECHHS
nepopManifHO-HANPYKEHOTo cTaHy 3akpimmeHHsiM HK
Si p-Tumy Ha MIHIATIOpPHIA KOHCOJBHINM Oammi. 3a
JIOTIOMOTOI0 CHEIiaJIbHOTO TPHUCTPOI0 KOHCONbHA Oarka
miggaBanach jaedopmariii 3ruHy, a 3akpiluleHi Ha Hid
mocmimxyBani 3pasku HK Si p-tumy — medopmamii
CTHCKY Ta pO3TAry B 3aleKHOCTI Bix  Mmicls
posramryBaHHs Ha Oanii. MiKpoKpUCTanu, HakJIeeHi Ha
BEpXHIl CTOpOHI Oanmku, MiAAaBaduCh Jaedopmarii
pO3TATY, a HaKJeeHI 3 HWXKHBOI CTOPOHHU — aedopmariii
cTucky. B 3B’s3ky 3 TiM, mo KTP inBapy Onusbkuil no
KTP xpemHito koHCONBHY Oanky Oyl0 BHTOTOBJICHO 3
igBapy. [lpucTpii 3 KOHCONBHOIO Oalkor 3 1HBapy
JTO3BOJISIB CTBOPIOBATH IIICTH PiBHIB AedopMartii Bix 0 mo
1,26x107 Bixn. ox. s gedopmariii CTHCKY, TaK 1 pO3TATy.

BuMiproBaHHS THTOMOTO OMNOPY Ta MarHiTOONOPY
HK Si p-tumy sk BinbHEX, Tak 1 JeQOpPMOBaHHX, B
HMIMPOKOMY Jiara3oHi TeMIlepaTtyp Ta MarHiTHHUX IOJIB
npoBoAWiM B MiKHapojHiii sabopaTopii  CHIIBHHX
MArHITHHX TIOJIB Ta HHU3bKHX Temreparyp (Bpoiyias,
[Monbmia). BinbHi Ta 3akpimieHi Ha MiAKIagKax 3pa3Ku
Oynu po3MmimieHi Ha crerianbHil BcraBii. BceraBky 3
3pa3kaMH Ta IPHCTPOEM 3 MIHIATIOPHOIO KOHCOJIEHOIO
Oamkoro oxonomkyBanu 1o 1,7 K y remeBomy kpiocrarti.
Juis HarpiBaHHS 3pa3KiB [0 KIMHATHOI TeMIEpaTypH
3aCTOCOBYBAJIM CIIEI[ialbHy BCTaBKY 3 HarpiBaueM 3
OidissipHOrO IpOTY, HAMOTAHOI'O HA KOPIYC BCTABKH.
CrabinizoBaHull €NEeKTPUYHUN CTPYM y BUMIpIOBAJIBHIN
cxemi 3ajgaBaBcsi Jukepenom crpymy Keithley 224,
CJIEKTPUYHY HAampyry Ha MOTSHLIAIBHUX KOHTaKTax
3pa3KiB Ta BHXIJHMH CHIHal CeHcopa TeMIIepaTypu

BUMIpIOBaJIM ~ LU(GPOBUMH  BOJBTMETPAMH  THUILY
Keithley 199 ta  Keithley 196 3  oxHoYacHUM
ABTOMAaTHYHUM PEECTPYBaHHSAM IIOKa3iB  MPUIIAJIIB.

BumiproBaHHS MAarHiTOONOpy B CHIBHHX MAarHITHHUX
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monsx 3 iHaykmierw g0 14 Tnm mpoBogwim  Ha
OiTTepiBCBKOMY MarHiTi HpW TeMIeparypi piaKoro
TelIito.
I11. Pe3yabTaTu qoc/iaKeHb Ta ix
00roBopeHHs
IIpoeneno BHUMIpIOBaHHS TeMIIEpaTypHOL

3aJIKHOCTI TUTOMOTO OIOPY HUTKOMOJIOHUX KpHCTAIIB
KpPEMHil0, JIErOBaHMX OOpOM, B Jiala3oHi TeMIeparyp
1,7+300 K. HK Si migOupaiuck TakuM YHHOM, I0O
KOHIICHTpAIlis ~ OCHOBHOTO  JIOMIIIKOBOTO  DiBHA
BiJITIOBiTaJIa SIK NiCIEKTPHYHOMY, TaK 1 METaleBOMY OOKY
nepexony MeTal-JieJeKTpuK. BpaxoByrouw, o uist
KPEMHI0, JIETOBAaHOTO OOpOM, KPHUTHYHA KOHICHTPAIis
M BIITOBIIA€ KOHIICHTpAIIii JIOMIIIKHA
N, = 5%10" em™ [6], TO 3pa3zku 3 Ng= 5,5x10'8 oM’
BiANOBigaroTh MeTanmeBoMmy Ooky IIMJI, a 3pasku 3
Ng =3x10"® cm™ — nienexrpuanomy Goxy TIM/I,

OcobmauBocri 11’ e30pe3uctuBHoro edekry B HK Si p-
TUIY NPOSBISUIACS B OOJIACTI KOHIICHTPAIA JTOMIIIKH,
mo Bignosigae Ommsbkocti A0 [IMJ]. B meraneBux Tta
TSIEKTPUYHMX 3pa3Kax JaJeKux Bia ()a30BOTrO MEPexory
MeTal-AieNeKTPUK O0COOJIMBOCTEH II’€30pPE3UCTHBHOIO
edexTy He crocrepiranock [4,5].

Ha#tommoxamvu mo IIMJ] 3 wmeraneBoro OOKy
dasoBoro mepexony € 3paskn  Np=35,5x10"%cm”.
MeraneBwuii Xii BiTbHOTO KpHcTana (kpuBa 1 Ha puc. 1)
mijg BIUIMBOM JedopMaltii po3Tary 3 OOKy KBapLoBOl
MIKIaIKA crae OJIMKIUM bi o) THIIOBO1
HaMIBIPOBITHUKOBOI TeMmepaTypHoi 3anexxHocti p(T) 3
xapakTepHuM HeraTuBHUM 3HadeHHsM TKO (kpuBa 3 Ha
puc. 1). Bucokuii piBens nedopmanii cticky 3 OOKy
MigHOT migknanaku (kpuBa 2 Ha puc. 1) BUBOIUTH 3pa3oK
3 “KpUTHYHOI” 00JIacTi Ta Haga€ HOMY THITOBOT
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Puc. 2. TemnepatypHi 3ajexHoCTi kKoedirienta renzouytiauocti HK Si
3 maprii 3 Ng=5,5x10" em™ st nedopmarii crucky (1) Ta posrary (2).
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Puc. 3. Temneparypri 3anexHocti mutomoro onopy HK Si 3 Np=3x10" cm™:
BinpHOTO (1), Ha MigHIN miakIanmi (2), Ha kBapoBil migkmanri (3).
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Puc. 4. TemneparypHi 3aexHOCTI KoedinienTa TenzouytiarBocTi HK Si 3
Ng =3x10" em™ st nepopmanii crucky (1) Ta posrsry (2).
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Taoauns.

3nauenns eneprii akrtusauii E; i E; s HK p-Si 3 koHueHTpaniero 60py B 06acTi (pa3oBoro nepexojay Metai-
JTIEJICKTPHUK.

Enepris akruBauii, MeB (aiana3oH temnepatyp)

Tun 3pa3ka
Ng =5,5%10"% e N =3x10"% em™ Ng =8x10"7 em”
(Hef;gf:;e‘fmﬁ) - E;=0,589 (4,4-58K) | E;=0,750 (4,4-6,1 K)
Ha it E;=0,330 (4,5—7K) | E;=0,443 (4,46 K) E; = 0,015 (4,4-6,9 K)
i AKIIa 11l

E, = 6,452 (10-22,7 K)

Ha xBapriosiit

E; = 0,099 (4,5-5,4 K)

E; = 0,198 (4,4-5,8 K)

i AKIIa 10l

E, = 3,279 (8-26,6 K)

HamiBrpoBimauKoBoi  3amexHocTi  p(T). Koedimient
TEH304YyTIMBOCTI JJIS IUX 3pas3KiB B 00JacTi remieBUX
Temmeparyp gocsrae  3HadeHHs K ~23x10° s
nedopmarii postsry i K=~-2,6x10° mms medopmanii
CTHCKY (pHC. 2).

TemneparypHi 3a1€KHOCTI TIUTOMOTO OIIOPY 3pa3KiB
3 N =3x10" cMm™ y BchoMy TemmepaTypHOMy Hiama3omi
MalTh TUIIOBY HamiBIpOBiAHUKOBY 3aiexHicTb p(T) i
BiMOBigar0Th Oyu3bkocTi n0 [IMJ] 3 mierekTpudHOro
ooky mepexony (puc. 3). Hedopmarist 3 60Ky MiAKIATOK
HaJ3BUYaiiHO e(eKTHBHO BIUIMBAE HAa NIHUTOMHUH OIHip
KpHCTaJiB B 00JacTi KpioreHHMX Ttemmepatyp. HasiTh
TOPIBHSIHO HEBEIINKa nedopmartis po3TATY
& =+4,7x10™ BigH. 011 36iNblIye MIUTOMMUIA OMIp 3pa3Ka B
o0acri remieBux Temreparyp, oimpmre sk B 100 pasis, a
neopMalis CTHCKY € = —3,8><10'3 BiJlH. OJI. IPU3BOJIUTH
Io 3poctanHs uromoro onopy HK mpubimsuao B 12000
pasiB. Takuii 1’€300mip € TIraHTCHKAM. 3HAYCHHS
Koe(il[ieHTa TeH304yTIIMBOCTI ISl IIUX 3pa3KiB B 00JacTi
relieBUX TeMmmeparyp CTaHOBIATH K~ —6x10° s
nedopmanii crucky i K ~ 3x10° ast nedopmartii posrary
(puc.4). Taki riradTchki 3HAYeHHS Koe(ili€HTa
TEH304yTJIMBOCTI B OOJIACTI TeJi€BUX TeMIepaTyp
JIOCSITAIOTBCS 32 PaxXyHOK 3MIHM MEXaHi3My II’€300I10pY
Ha “HexJIaCU4HUil”, SIKUH 3YMOBJICHHUH
€JICKTPOIPOBIAHICTIO MO JIOKATi30BaHUX a00 YaCTKOBO
JIOKaJII30BaHUX CTAaHaX HOCIIB 3apsiy.

Sk mokasanM  eKCIepHUMEHTAIbHI  JOCIIUKEHHS
[5,10] mnopmanpine 30UIBLIEHHS HUTOMOTO  OIOPY
JOCTIKYBaHUX 3pa3KiB HE MPU3BOAWUTH IO 3POCTAHHS
e(eKTUBHOCTI BIUMBY Aedopmallii Ha MUTOMHN Omip, a
HaBIAaKH — e e(eKT CyTTEBO 3MEHINYETHCS. THITOBHIA
HAIBIPOBIAHUKOBHH XiI BIIBHOTO 3pa3Ka SIKICHO HE
3MIHIOETBCS 3 POCTOM piBHSA medopmarii 1 KUTbKICHO
MOPIBHAHO  Cab0  3aueKuTh Big  gedopmamii B
nopiBHsHHI 3 3paskamm 3 Np=3x10"cm”,
Hemonoronnmii xapaxrep 3anexxHocti K(T) mis cnabo
neroannx HK Si cBimuwmte mpo Te, IO UIS TaKUX
MIKPOKpPHUCTJIIB 00J1aCTh IOMiHYBaHHS “HEKJIACHYHOIO”
I1’€3001I0py € 3HAYHO BYXKYOIO 1 NpW HAOIMXKEHHI 10
TEeMIIepaTypH PiKOTO TeIito el eeKT Maike 3HUKAE.

Ax Bimomo [6], TpHM KpIOTEHHHX TEMIIepaTypax
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MUTOMHUM OMip JICTOBAaHWX HAMIBIPOBIAHUKIB P MOXKE

OyTu 3anMcaHMdl SIK cyMa TpPhOX JOJAHKIB 3
BIMIOBITHMMH CHEPrisMu akTuBarii E;:
3
p= Zpiil exp(—E,; /kT)” M

i=1
ne E; — eHepris aktuBailii OCHOBHOIO JOMIIIIKOBOTO
crany (akuentopHoro abo noHopHOro), E; — enepris
aKTHBaIil CTPUOKOBOI TPOBIAHOCTI 3 HE3AICKHUMHU
(HEeKOpeNbOBaHUMH) CTPUOKaMH IO Iapax JIOMIIIKOBHX

neHtpiB, E, — eHepria akTuBamii IOMIIIKOBOI
MPOBIAHOCTI O NIBiYi OKYIIOBAaHWX IOMIIIKOBHUX CTaHAX
(o A'-30mHI s HAIIBOPOBIAHUKIB, JIETOBaHUX
AKIECITOPHUMH TOMILIIKAMH).

JocmimkeHHs TeMIepaTypHoi 3JIEKHOCTI

enekrpomposignocti HK Si 103BONsAOTE BU3HAYUTH
3HAYCHHS CHEPril aKTHBaIlii. 3HAYCHHS CHEPril aKTHBAIIil
E; 1 E; y BiAMOBIAHUX TeMIlepaTypHHUX Jiama3oHax Jyis
3paskiB 3 KOHIeHTpamielo Oopy 5,5x10', 3x10'%,
8x10"7 cm™ HaBeneHo B TAOMIL.

Sk BumHO 3 TabmuIi Aedopmarltis 3pa3KiB 3 CIAOKHM
Ta TPOMDKHHAM pIiBHEM JIETYBaHHS MPHU3BOIUTH JI0
3MEHIIeHHsT eHeprii aktuBamii E; Ta 3ByXeHHA
TEMIEpPaTypHOTO [iama3oHy il [ii, IO MOSICHIOEThCS
3POCTAHHIM BILUIUBY KOPEJIIIHHUX edexTiB.
[lopiBHSHHS MaHUX JUISL 3pa3KiB, 3aKPIIUICHHX Ha
MiIKIaaKaX, CBIMYUTh NPO Te, IO eHepris akTuBallii E,
3pocTae 3i 30unblIeHHAM piBHs Aedopmauii. Orpumani
SKCIICpUMEHTANbHI J1aHi /i eHepriii aktupamid E; 1 E,
s 3paskiB. HK Si p-tuny no0pe y3romkyrorbcs 3
JaHUMHU poboTH [6].

Ha inBapni#i 6anui nocnimpkysamucs HK Si p-tumy 3
KoHueHTpaieio 6opy 1,1x10" em™ (p = 0,005 Omxcm) 3
METalleBUM  THUIOM  TPOBIAHOCTI, a TaKoX 3
KOHIEHTpawisMu 6opy 5,2x10™ em™ (p=0,01 Omxcm) i
4x10"% em™®  (p=0,02 Omxcm), mo  BigmoBimaroTh
MeTaneBoMy 1 JieiekrpuaHomy Ooky I[IMJI. B wmiit
poOOTI MU HABOJMMO PE3yJIbTATH BUMIPIOBAHb TUTOMOTO
OTOpY IHUX 3pa3KiB Mpu fAedopMariii CTUCKY.

Hocmimxenns HK  Si 3akpimieHnx Ha iHBapHid
Oautii, OKa3ajK, MO B CHJIBHO JICTOBAHUX KPHUCTalax 3
p=0,0050MxcM B  [OCHIKYBAaHOMY  Jliama3oHi
temnepatyp 4,2-300 K cmoctepiraerbcs  KIIaCHYHHIA
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Puc. 5. TemneparypHi 3aexH0CTi TUTOMOTO0 oropy 3paska HK p-Si 3 N = 5,2x 10"® cm™, 3akpimnenoro Ha Gammi

npu nedopmariii CTUCKY: g = -2,42X% 10, &, =-5,95%x10"%,
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g =-8,79x10™ &, =-1,08%10>, &5 = -1,26x107 Bigm. ox.
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Puc. 6. [ledopmartiiini 3aeKHOCTI 3MiHE THTOMOTO onopy 3paska HK p-Si 3 N =5,2x10"® cm™ npu nedopmarii
CTHCKY Juisl pisHuX Temneparyp: 4,2 K (kpusa 1), 77 K (xpusa 2), 300 K (xpusa 3).

(cMITTIBCBKHH) T’ €30pE3UCTUBHUMN edekT: mpu
nedopmariii po3TAry omip KpUCTaTiB 30UIBLIYETHCS, a
npu aedopmanii CTUCKY 3MeHIyeTbesi. KoedimieHt
TEH304yTIMBOCTI LIMX 3pa3kiB nmo3utuBHUil 1 npu 4,2 K
BiH cranoButs K =135 mpu &=-1,26x10" Bixn. ox.
Jedopmariitai 3a1exXHOCTi 3MiHM MTUTOMOT'O OIIOPY LIUX
3pasKiB TpH PI3HUX TeMIeparypax € JiHIHHUMH 1
MOHOTOHHHMH.

30BciM iHOI AedopMaliiiiHi 3a1eXHOCTI BUSBICHI B
HK p-Si 3 KOHIEHTpamielo MOMIMIOK, IO BiAMOBigae
omuspkocti 1o IIM/] 3 meraneBoro 6oky (puc. 5, 6). B
OUX KpHUCTATax TIPH TeMIepaTypi piAKOro Temiro
CIIOCTEPITaeThC  HEKIACHYHUN T’ €30PE3UCTUBHUI
edexr: npu nedopmailii CTUCKY OIIp KPUCTATIB 3pOCTAE

(puc. 5). Tak, mms HK p-Si 3 p=0,01 OmxcMm,
3akpimieHux Ha iHBapHii Oamui Kypx=-285 mpu
nedopmartii CTUCKY £=-1,26x10" BixH. ox.

Bcranosneno, mo nedopmanis 3paskiB HK p-Si 3

p=0,01 OMXcM TpHU3BOIUTH A0 30ITBIICHHS EHEepPTii
aktuBamii ctpubkoBoi mpomigHocTi E; Big 0,0019 mo
0,041 meB.

Haii0inpil CHJIBHO Y LBOMY THII €KCHEPHUMEHTY
’e30pe3rcTiBHUi  edekt mnposeisiBcs B HK p-Si 3
piBHEM JIeTYBaHHS, WIO BIiINOBIJNAE JiCIEKTPUUHOMY
6oky IIM/. Sk BugHO 3 puc. 7 nedopmarisi CTUCKY B
00J1acTi reJieBUX TeMIlepaTyp HPU3BOIUTH /10 3POCTaHHS
MIUTOMOTO OTOPY KpucTaniB npudinsHo B 10 pasis, npu
OpOMY  KOE(ii€HT  TEH30YYTIUBOCTI  CTAHOBUTH
Kypx =—6740 pu € = —1,26x 10 Bign. o

B mmx 3pa3kax B 00macTi TeIi€BHX TeMIIepaTyp
1’ €30pE3UCTUBHUN €PEeKT Ma€e “HEKIACUYHUN MeXaHi3M
BuHUKHEHHS. EHeprii aktuBamii E3 i E, mis miux 3paskis 3

30UIbIIEHHSAM  piBHS  Aedopmaiii  CTHCKY — TakKoxX
3pocratoth: Big 0,37 mo 1,50 i Big 0,39 mo 1,50 meB
BIiZINTOBITHO.
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p. Ohm % cm

Puc. 7. TemnepatypHi 3a1exHOCTi mutoMoro onopy 3paska HK p-Si 3 3 N = 4x10'® em™, 3axpinnenoro na 6anmui
npu gedopmatii cTHCKy: g = 0, & = -2,42x107, &, =-5,95x10" &5 =-8,79x10* &, = -1,08x107,
gs=-1,26x107 Bign. on.
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Puc. 8. JlehopMmariiiini 3aexsOCTI 3MiHH mHTOMOTO On0pY 3paska HK p-Si 3 N = 4x10"® em™ npu nedopmanii
CTHCKY s pizHEHX Temnepatyp: 4,2 K (kpusa 1), 77 K (kpusa 2), 300 K (kpusa 3).

30+

254

Puc. 9. Marnitoomip HK Si 3 p = 0,01 Omxcm ipu T = 4,2 K: 1 — BinbHUi, 2 — Ha miakIaaLi 3 Bodsppamy,
3 — Ha miAKIaALi 3 KBapiy.
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Puc. 10. TemneparypHi 3anexHocti nuromoro onopy HK Si 3 p=0,01 Omxcm: 1 — BinbHuUH, 2 — Ha
migKIaai 3 Boabdpamy, 3 — Ha MiIKIaALi 3 KBapILy.
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Puc. 11. Marnitoomnip HK Si 3 p = 0,02 Om*cm ipu T =4,2 K: 1 — BinbHMIA, 2 — Ha migKIaaLi 3 BoJbhpamy,
3 — Ha TiAKIaALI 3 KBapiy.
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Puc. 12. Temnepatypsi 3anexHocti mutomoro omopy HK Si 3 p = 0,02 Omxcm: 1 — BinbHUIH, 2 — Ha
MiAKIAAMNI 3 Bosib(pamy, 3 — Ha MiAKIAALI 3 KBapILy.
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[MpoBeneno BUMIPIOBaHHS MOTIEPEYHOT0
MmarHiTooniopy 3paskiB HK p-Si 3 konmenrpariero 6opy
110" em™  (p = 0,005 OMXcM), IO MArOTh THIIOBHIL
METaJIeBUH XiJ MPOBIAHOCTI, 1 3 KOHIEHTPALisIMH OOpY
52x10%em®  (p=0,01 Omxem) i 2x10"cm?
(p =0,02 OmXcM), 110 BIAMOBIAIOTH METAIEBOMY OOKY
I[IMA i nienextpuunomy Ooxky IIMJI. Ha puc. 9, 11
HABEJICHO MOJHOBI 3aJICKHOCTI MArHITOOIIOPY 3pa3KiB 3
pI3HMM CTyIIeHeM JIeTyBaHHS JUIS TpPhOX pIBHIB
nedopmarii npu TemrepaTypi piakoro reiito, Ha puc. 10,
12 mpuBemeHO TeMIIepaTypHi 3aJIe)KHOCTI MHUTOMOTO
OTIOpY LUX 3pa3KiB.

Sk BugHO 3 puc. 10 MeraneBuil Xifg TemepaTypHOi
3aJIe)KHOCTI MUTOMOTO Omopy BieHOTO 3paszka HK p-Si 3
Ng = 5,2X1018 oM mijg giero aedopmaiii CTUCKY 3 GOKy
BOJIb()PAMORBOI MiKJIA KA Maike HE 3MIHIOEThCS, a ik
niero gedopMariii po3Tsary 3 60Ky KBapIiOBOT IiJKIaJKK
HalyBae B obuacri reJieBux TeMIIepaTyp
HarniBIpoBigHUKOBOTO X0y (kpuBa 3). 3pazku HK p-Si 3
Np=2x10"cm™ sk BimeHi, Tak i 3akpimieni Ha
MiAKIagKax 3 KBaply Ta BoJb(paMy MaroTh THIIOBHH
HAITIBIPOBIMHUKOBUH XiJl TEMIIEPaTypHOi 3aJIe)KHOCTI
MUTOMOTO OTIOPY B YChOMY Iiamma3oHi ITOCIiIKyBaHUX
Temneparyp (puc. 12).

Sk BumHO 3 puc. 9, 11 B mmpokii 061acTi MarHiTHUX
MIOJIiB MArHITOOMIpP AOCHIIKyBaHUX 3pa3KiB OMHUCYETHCS
KBaJIpaTUYHOIO 3aJEKHICTIO Bif IHAYKII MarHiTHOTO
IOJIs1 TUILY

AR/R(B)=MB?. (2

Taka 3anexHicTb crnpaBeMBa Uit OyIb SIKOTO
MeXaHi3My BHHHUKHEHHs edekty MarHiroonopy. /Js
BUSBJICHHS MEXaHI3MIB BHHHKHEHHS MAarHITOOIIOPY
HEOOXITHO IOCIIIUTH 3aJIEKHOCTI BiJ MarHiTHOTO ITOJIA
B CHJIBHUX MATHITHHX MOJNSX, a TaKOX PO3IJSIHYTH
TeMIIepaTypHi 3aIeKHOCTI MarHiTOOIIOPY.

Ha ocHoBi aHamizy eKCIepUMEHTAIBHUX JaHUX OYiI0
BUSIBJIEHO HACTYITHI OCOOJIMBOCTI BILTMBY Jedopmarii Ha
BEJIMYMHY MarHiTOOIOPY:

— JUI 3pa3KiB, KOHIIEHTpAIlisi OCHOBHOI JIET'YIOYOi
JOMIIIIKK B SKUX BIAMNOBIAAa€ ICIEKTPUYHOMY Ta
MeTaneBoMy Ooky I[IMJ]I, crmocrepira€Tbcsi 3MEHIICHHS
BEJIMYMHA  MAarHiTOONopy 3  POCTOM  BEJIMYMHHU
nedopmarii;

— JUIA 3pa3KiB, KOHIIEHTpAIlisi OCHOBHOI JIETYIOYOi
IOMILIKK B SKUX BifmoBigae Ommsbkocti g0 I[IMJI 3
MeTalneBoro  OOKy,  cIocTepiraeTrbcsi  301TbIICHHS
BEJIMYMHM  MArHITOONOPY 3  POCTOM  BEJIMYMHHU
nedopmarii, Ipu YoMy B 00JIacTi Tei€BUX TeMIlepaTyp
mix piero nedopmarii BinOyBaeThCsi 3MiHA MEXaHI3My Ha
HEKJIACUYHUH, SKUH CIPUYMHEHUH eNeKTPONPOBIIHICTIO
10 JIOKaJII30BaHHUX CTaHaX HOCIiB 3apsiy.

Taky mnoBemiHKY MarHiTOONOpY B 3aJIeKHOCTI BiJ
nedopmanii MOXKHA TMOSICHUTH, BUSCHHUBIIU MEXaHiI3MU
BUHMKHEHHS  MarHitoomopy B  Hene(OpMOBaHHX
(BUMBHMX) 3pa3kax B 3aJIEKHOCTI B PiBHS JICTYBaHHS.
Ax Bimomo [2], B mieTeKTPUYHUX 3pa3Kax IalieKo Bif
(hazoBOro mepexoqy MeTall-TieIeKTPUK BUHUKHEHHS
AHOMAJIbHOTO TIO3UTHBHOIO MAarHITOONOPY MOSICHIOETHCS
nedopmaiiero  XBHIBOBUX — (YHKIIH  JIOKaIi30BaHUX
HOCIiB 3apsty MarHiTHEM moneM. L{g Teopis mependayae
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HQ/UTIHIHHY 3aJIeXKHICTh ONOPY BiJ MarHiTHOTO IIONS B
o0macTi  BHUCOKHMX  MAarHITHMX  IIOJIB, mo 1
CIOCTEpIraeThCsi B HAlIMX 3pa3kaX. BUHUKHEHHS
aHOMAaJIbHOTO IIO3MTUBHOTO MATHITOOIIOPY B CHIIBHO
JIETOBAaHUX 3pa3Kax IMOSCHIOEThCS MPOSBOM DPEXUMY
cnabkoi Jokajizauii, TP IOMY CIIOCTEPIraeThCs
30UIBIIEHHST MAarHiTOONopy B MarHiTHOMY IIOJ, WIO
00yMOBJICHO BIUIMBOM CIIiH-OpOiTaIbHOI B3a€MOIii Ha
npouecu ciabkoi JoKamizalii y BITHOCHO CIaOKHX
TOJISAX.

30UTBPIIICHAS BENWYMHU MAaTHITOOIIOPY 3 POCTOM
BEJIMYMHH JleopMarii B 3pa3kax 3 KOHICHTPAIIE0, M0
BignoBigae 6mm3bkocTi 1o [IMJ, Moxxe OyTH 1moB’s3aHa
31 3MIHOIO MEXaHi3My eJeKTPOIpPOBiTHOCTI B 00OiacTi
Telli€EBUX  TeMIepaTryp, IO  3AiHCHIOETBCS IO
JIOKaJIi30BaHMX CTAaHaX HOCIIB 3apsmy.

IV.Bucunosku

BusBieno riraHTChKui T°€30mip B AePOPMOBAHHX
HK Si p-tumy mpoBigHOCTI 3 KOHLEHTPAIE€0 JOMIIIKH
(6opy), mo BimmoBimae Omm3pkocti 1Mo IIMJ] 3
nienekTpuyHoro 0oky. [Ipu Temmeparypi piIKoro remiro
nedopmarlisi HaZ3BUYAHHO €(PEKTUBHO BIUIMBAE HA 3MiHY
nuromoro onopy HK p-Si B obxacti dazoBoro nepexony
metan-pienektpuk ([IMJI), 30kpema muToMmMHid omip y
NOpPIBHSAHHI 3 Hexe(OPMOBaHMUM 3pPa3KOM 3pPOCTAE B
12000 pasiB, a KOe]imieHT TEH30YYTINBOCTI CTAHOBHTH
6x10° mpu nedopmanii cricky & =-3,8x107 Bigm. ox.

Taki TiraHTChKi 3HAYCHHS I1'€30010Py 3YMOBIEHI
€JICKTPOIPOBITHICTIO MO JIOKATI30BaHUX CTaHaX HOCIiB
3apamy.

JocmimpkeHHs 1’ e30pe3ucTuBHUX BiacTuBocTerd HK
Si Ha KOHCONBHIM Oanmi 3 IiHBapy JIO3BOJIWIA
BIZICJIIKyBaTH BIUIMB JedopMalii CTUCKY 1 po3Tsry Ha
MUTOMUI OMip KpHCTaliB, po3paxyBaru AedopMariiHi
3aJIeKHOCTI Koe(illieHTa TEH304yTIMBOCTI 1 EHeprii
aktuBamii E; 1 E,, a Tako BH3HAuMTH IpH SIKOMY piBHI
nedopmanii i Temmeparypi croctepiraetbes (azoBuid
mepexi MeTan-IieeKTPHUK.

BusiBneHO HETHIIOBE 3pOCTaHHS MAarHITOOMOPY 3i
30uTbmeHHAM — gedopMmariii UL KpHECTamiB - 3
KOHIIEHTPAIII€I0 IOMIIIKH, 110 BiAMOBiga€ OIU3BKOCTI 10
I[IM/] 3 meraneBoro 60Ky, 3po0neHO crpoOy MOSACHUTH
11e SIBUIIC HA OCHOBI aHIEPCOHIBCHKOT JIOKai3aIlii.
[pyscunin A.O. — 11.H., npodecop Kabeapu
HaIiBIPOBITHUKOBOI CJICKTPOHIKH, 3aBiy0unit
nmabopatopiero ceHcopHoi enekrpoHikn HJILL “Kpucran’;
Map’amoea LH. - k.T.H., CH.C., TIPOBiIHMI HayKOBHii
crniBpo6iTHuk HALL “Kpucran”;

Kympaxkog O.I1. — c.u.c. HALL “Kpucran”;
Ilagnoscokuii I.B. — imwxenep HAL “Kpucran” HY
“JIpBiBCHKA MOJIITEXHIKA”.
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The effect of strain on the impurity conductivity of boron doped silicon whiskers in the wide temperature range
1.7-300 K and in the magnetic field up to 14 T was studied. It was shown that the peculiarities of strain-induced
changes of resistivity of silicon whiskers reveal them self in the region of metal-insulator transition at liquid helium
temperatures as in the presence of magnetic field and in the absence of magnetic field. The effect of strain on the
changes of activation energies for impurity conductivity was analyzed also.
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