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Bcranosneno, mo nopsj i3 KJIaCHYHUMHU MEXaHi3MaMM I1€pepo3oJIily €lIEeKTPOHIB MiX JOJIMHAMHU ICHYIOTb
JIOIATKOBI MEXaHi3MH, SIKi MOB'I3aHi 3 paJMKaJIbHOIO NepeOya0BO0 30HU MPOBIIHOCTI 33 PaXyHOK aedopMariiiHo-
IHIyKOBaHOr0 30UIbIICHHS e()eKTHBHOI MacH eJIeKTpoHa. Ui CHIIBHO JICTOBAaHMX KPHCTAJiB KPEMHIIO 3a YMOBH
JIOCATHEHHS [IEPEXO0/ly METalI-i30JTOp OTPHMaHa 3aJIeXKHICTh e()EeKTUBHOI MacH €JIEKTPOHA BiJl OJHOBICHOTO THCKY,
1110 3HaXOAUTHCA B MOBHIH BiNOBITHOCTI 3 TEOPETUYHIMH PO3PaXyHKaMH, a TAKOXK 3 €KCIIEPUMEHTAIbHUMHU JAHUMH.
3'sicoBaHi 0cOOMMBOCTI yNapHOi iOHi3alii CTaHIB MUIKMX [OMIIIOK Ha i3014TOpPHIH CTOpOHI aedopmauiiiHo-
IHIYKOBAaHOI'O IEPEXOJy METal-i30JIATOpP I CHIBHO JIETOBaHMX KPHCTaJliB KPEMHII0 M TIepMaHilo N-THIy
IpoBifHOCTI. BusABIEHO 0COOMMBOCTI eNeKTPO(I3UIHUX BIACTHBOCTEH HEHTPOHHO-IErOBaHUX KPHUCTANIB KPEMHIIO,
3YMOBJICHHX HAsBHICTIO BUCOKOTEMIIEPaTYPHUX TEXHOJIOTiYHUX TEPMOIOHOPIB.

KorouoBi cioBa: TeHzopesucTHBHUH e(deKT, KpeMHiH, repMaHilf, IepexiJ MeTal-i30JATop, KpPUTHYHA
KOHLICHTpALlis, HeHTPOHHE JIETYBaHHS BIACTHBOCTI, €EKTUBHA Maca, TEPMOJOHOPH, OJJTHOBICHHI THCK.

Cmamms nocmynuna 0o pedakyii 03.10.2011; npuiinama oo opyky 15.12.2011.

Beryn

BcraHOBIEHHS peaNbHUX MeXaHi3MIB e(eKTiB Y
CHJIBHO JIe()OPMOBAaHHUX KpHUCTaJIaX Ja€ MOXJIHMBICTH HE
TIJIBKH TOSCHUTH BiJIIOBITHI 3aKOHOMIPHOCTI (hi3MYHUX
SIBUII, SIKI BUBYAIOTHCS, aJie W Mepe10avyuT MOKIUBICTD
peamizamii HOBUX e(dekTiB, IO He OB s3aHl 3
KJaCUYHMMHU MeXaHi3MaMH TEH30pPE3UCTHBHUX SIBUIIL,
XapaKTepHUX [UIS O0JacTi CIaOKMX  HAIPSIMIICHUX
tuckiB[1-3]. Tak He3HauyHa JIiHiliHA 3MiHA BEJIUYHUHU
edexTuBHOI Macu emektpoHa (< 1%) B uwMcTHX
KpHCTalax KpeMHito, nehopMoBaHux y Hampsamky [111]
(B obacti Tuckie 0 < X < 0.25 I'Tla), BuMipsiHa METOIOM
LIUKJIOTPOHHOTO PE30HAHCY, BHUKIIOYAJa MOXIIUBICTh
peamizauii B yMOBaX eKCIIEPUMEHTAILHO BH3HAYEHOI
pea’sbHOi  MIIHOCTI  MOHOKPHCTAJIYHOIO  KpPEMHII0,
JedopMalliifHo-1HIyKOBaHOTO nepexony MeTa-
mienektpuk. [Ipu Oinbin Bucokux Trckax (3 — 6 I'Tla) 6yB
peamizoBanuii  mepexia  Meran-izonstop  (MI) y
BUPO/DKEHUX KpPUCTalTaX KPEMHII0 3 KOHIICHTpALisIMHU
Mikux gomimiok (P, Sh, AS), siki CyTTE€BO MEPEBUIIYBAITH
BINMOBIMHI 3HAYECHHS X KPUTHYHUX KOHIICHTpAIliH
nepexoqy MI. VYV 1npoMy Bumanky HeoOXigHO Oyio
BU3HAYUTU 3aKOHOMIPHOCTI 3pocTaHHs epEeKTUBHOI Macu
€JIEKTPOHAa B 00JIACTi CWJIBHMX HANPSMIICHUX THUCKIB, 1
MATBEpAUTH  a00  COPOCTYBaTH  3alpPOIOHOBAHHIMA
MeXaHi3M MOSICHEHHS! €KCIIEPUMEHTAIBHO Peali3oBaHOro
JedopMalliifHo-1HIYKOBaHOTO nepexoay MeTa-
JUENeKTPUK Y BUPODKEHHX KpUCTaJax KPEMHilo,
3YMOBJICHOT'0, SIK BBa)KajJocs, 30UIBIICHHSM BETUYHHU

MOITEPEYHOT KOMITOHEHTH () EKTUBHOI MACH €JIeKTpOHa.
BcraHOBIGHHS ~ MEXaHi3My  TEH30pPE3MCTHBHHX
e(eKTiB y HEBUPOKCHHUX KpucTanax N-Ge, jeroBaHux
MUTKAMH JOHOPAMH, SIKHI 3yMOBJIeHU# Li-A;-iHBEpciero
TUIy a0COJIIOTHOTO MIHIMyMY 30HHM MPOBIJHOCTI B

obmacti  cwibHMX ~ omHOBicHMX  THCKiB X || [001]
(X >2.1TTla), JIO3BOJTUIIO €KCIIepUMEHTAIEHO
peamizyBaTd y BHpPOMKEHHX Kpuctamax N-Ge(Sh)

e opMalliifHO-1HIYKOBaHUH Mepexia MeTall-TieJICKTPHK.
Jlanuii MexaHi3M Iepexoy MeTal-i30JsTop MOB’ I3aHHi
31 301IbIICHHAM S(EKTUBHOI MacH €JICKTPOHA BHACIIIOK
3MiHM CUMETDIi 1 mapameTpiB abcoI0THOrO MiHiMymy C-
30HHU [4].

3  [OpakTUYHOI  TOYKM  30py  aAKTYaJbHICTh
3aIUTAHOBAaHMX 1 IPOBEICHUX Yy MPOIeci BUKOHAHHS
JMUCEPTAIiiHOI POOOTH JOCIHIHKEHh BU3HAYAETHCS THUM,
IO BUBYEHHS  3aKOHOMIpDHOCTEH 1  MEXaHi3MiB
TEH30PE3UCTUBHUX €(EeKTIB Yy CHWIbHO ae(hOpMOBAHUX
KpHCTajax I03BOJSE€ BCTAHOBUTH IIPUPOAY Ie(EKTiB,
30KpeMa B HeliTpoHHO neroanomy (HJI) kpemHii, BIUIUB
HasBHOCTI  pi3HMX Je(QeKTiB Ha  eleKTpodi3nyHi
BJIACTHBOCTI KpHCTaJiB, 3alpONOHYBATH PEKOMEHMAAI]
OO0  BJOCKOHAJEHHS  TEXHOJOTl  HEWTPOHHOTO
JIETYBaHHS 3 TOYKH 30pY 3MEHIIEHHA Ae(eKTHOCTI
kpucramiunoi crpykrypu HJI n-Si(P), sxuit mmpoko
3aCTOCOBYETHCS Y BUPOOHHUIITBI MOTY)KHUX BUCOKOBOJIBT-
HUX TPUTAJIIB.

B cBoro yepry mnpaxkThuHe 3HAa4YE€HHS JOCIIHKEHb
e opMalliiftHo-1HIyKOBaHOTO nepexony MeTa-
JICIEKTPUK ITOJIATAaeE B PO3POOII HOBUX CEHCOPIB THCKY



TCHSOPCSI/ICTI/IBHi e(l)eKTI/I B CHJIBHO I[e(l)OpMOBaHI/IX Kpucrajaax...

Ta TEMIEPaTypH, a TAKOXK € BAXIIUBUMHU 3 TOUYKH 30pYy
3aCTOCYBaHHS ~ HAIPYXEHUX  HAIIBIPOBIIHUKIB B
CyJacHii MiKpOEJICKTPOHIIli, 30KpeMa ISl BUTOTOBJICHHS
IIBUIKOIFOYUX TPAH3UCTOPIB.

Hamu po3risHyTO 3aKOHOMIpHOCTI AedopmamiiHo-
iHIyKOBaHUX mepexoaiB Meran-izoisrop (MI) B n-Si(P) i
N-Ge(Sb) Ta Meromu igeHTH(iKanil  MexaHi3MiB
tensopesuctuBHux edektiB (TPE). 3okpema mpoBeneHo
aHaJli3 eKCIIEPUMEHTAbHUX [aHuX, OJIep)KaHUX TNpHU
Bumipax TPE B o0nacti cuibHUX HanpsIMJIEHUX TUCKIB, 1
BH3HAYEHO BHPIMIAJIbHI MEpeBard MOPIBHIHO 3 METOOM
C1a0KHUX TUCKIB 3 TOYKH 30pY MOXJIUBOCTI ieHTH]iKawii

MeXaHi3MiB JoclipKyBaHuX edekTiB. OOrpyHTOBaHO
MOXIIUBICTh ~ BHKOPHCTaHHS  METONYy  BU3HAYCHHS
KOHCTaHTH nedopMariiHoro MOTEHIIay B

0araToJOJMHHUX HAIMiBIIPOBIIHUKAX Y SKOCTI YYTJIHMBOTO
MeTony BU3Ha4YeHHS MexaHi3MmiB TP edexriB B obnacti
CHJIbHUX HAaIpsIMJICHUX THUCKIB.

|. Orpumani pe3yjbTaTu, ix
TeopeTH4YHe Ta eKclepuMeHTaJIbHe
OOIrpYHTYBaHHS

TeHzope3ncTUBHUI e(eKT, CIIOCTepeKyBaHUH IS
kpuctanmie N-Ge Ta N-S i HanmpsAMKY HafGinbimol
tenzouytiuBocTi (X [[[111] || E B n-Gei X || [100] || E B
N-S), mosCHIOBaBCsA Juis  00JacTi  Malkx — THCKIB
KJIACHUYHHM MEXaHi3MOM IIepepO3IOLTY eeKTPOHIB MiX
€KBIBAJICHTHUMH  MiHIMyMaMH 30HH  IPOBIJAHOCTI
(mMexanism Cwmita-Xeppinra) [5]. Ilpeacrasmeni Ha
puc. 1 nani BuMmipiB no3nosxusoro TPE B kpucranax n-
Si i n-Ge 3i 3MimaHuM TUTIOM pO3CitoBaHHs (aKycTUYHE
pO3CifOBaHHS, MDKIOJIMHHE  po3citoBanHs  f-Tumy,
pO3CifOBaHHS Ha 10HI30BaHHMX JOMIIIKAX), OAEpKaHi B
obunacri HaNpPsIMIICHUX THUCKIB (0+1.6TITIa),
JIEMOHCTPYIOTh ~ BIJICYTHICTH  SIKICHOI  pi3HHII Yy
BUMIpSIHUX 3alexHocTsX [y = f(X) amst n-Ge i n-S B
obmacti Mmamux THcKiB (X <0.05TTIa) mpu pisHuX
TeMIIepaTypax.
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Puc. 1. 3anexnocti TPE st xpucraniB repManito i
KpeMHilo npu (iKCOBaHMUX TEMIIEpaTypax Ta pi3HHX
KOHLIEHTPAIISIX JIETyI0YOl IOMIIIKH:
a)n-Ge T (K):1,6-78K, 2, 7-98K, 3, 8-118K,
4,9-138K, 5,10—158K. Ng, (cm®): 2.7x10" —
nyuxTHp, 1.0x10"- cymineHa;

6) n-Si: T(K):1-78K, 2-118K, 3-158K, 4-
198K, 5-238 K, 6 —300 K. Np (cm®): 3.2x10".
Tomy Ha OCHOBI aHamidy JaHUX BHMIpIB

TEH30PE3UCTUBHHUX €(EeKTIB, onepkaHUX B 00JacTi

MaJIUX THUCKIB, HEMOMJIMBO KOPEKTHO BHM3HAYUTH SIK
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JIOMIHYIOYi, TaK 1 JOAATKOBI 10 JOMIHYIOUHX MEXaHi3MHU
TPE B HamiBIpoOBiIHWKAaX, SKi BUBYAIOThCA. HamBmakwy,
Ja”i 3 JociipkeHb no3poBkHboro TPE, orpumani B
obnacti cuipHMX HampsamieHux TuckiB (X >0.51Tla)
JUIE  KPHUCTAJiB KPEMHII0 Ta TepMaHil0 3 IOMITHHM
BHECKOM PO3CIIOBaHHS SIK HA aKyCTUYHUX (POHOHAX, TaK 1
Ha 10HI30BaHMX JIOMIIIKAX, MOKAa3ylOTh SKICHO pi3HI
3aKOHOMIPHOCTI 3MiHU B 3anexHocTsax TPE, BuMipsHuX
npH pisHuX Temmeparypax (puc. 1). Bpaxosyrouy, mo 3a
YMOB JoMiHylo4uoro BHecky B TP edextn MexaHizmy
MDKIOJIMHHOTO TIEpepo3NOoly MapaMerp aHi3oTpomil
pyxiuBocti K NOBHHEH BU3HAYATHCA 3 JaHUX BUMIPIB
noznosxuporo TPE, opmepxanux y mmpokiii obnacti
OMHOBICHUX THUCKIB, 30pieHTOoBaHMX i1 N-Ge B
Hanpsmky [111], a wis n-Si - B Hanpsimky [100]:

3r 1
K=>-*.-~ (1)

2r, 2
(me ro, ry — mMTOMHMIl Omip KpUCTAly y BiJCYTHOCTI
TUCKYy Ta TpPH BHUXOJI Ha HACHYEHHS il Ii€l0
OJHOBICHOTO  THCKY,  BIINOBIiZHO)  CHIBCTaBJICHHS

BIJIMOBIAHUX 3anexHOcTer I x/r o = f(X), sxi omeprkai,
HANpUKJIad, JUIS KPHUCTAliB 31 3MilIaHUM THIIOM
PO3Ci0aHHS Ha aKyCTHYHHMX (DOHOHAX Ta i0HAX JTOMIIIOK
(puc. 1,8, 6, obmacte Tuckie X >0.5TITla) gae
MOKJIMBICTh BUSBUTU MexaHi3Mu TPE, siki 3yMOBIIOIOTH
3pOCTaHHS  BEIMYMHU  Fy/fg 31  30LIBIIEHHAM
TeMIIepaTypH, II0 MoB’ si3aHo sAK B N-Ge (kpusi 1 —5 Ta
6 —10, puc. 1, @), Tak i B N-S (xkpuBi 1 —3, puc. 1, 6) 3i
3pOCTaHHSM BHECKY aKyCTHYHOro poscitoBaHHs. OnHaK,
y KpucTagax N-Si 31 3MilIaHUM THIIOM PO3CiIOBaHHS
(akyctrusi ()OHOHH, MIKIONMHHE PO3CIIOBAHHS, 10HH
JOMIIIIKK), TIPH 3POCTaHHI TeMIepaTypu B o0Omacti

T>150K HaBmaku CHIOCTEpITaEThCs  3MEHIIEHHS
BenmmunHu TP edexkry B o0macti CWIBHHX THCKIB
(obmacte  HacuueHHS [y/fg), 10 TMOB'sA3aHO  3i
3MEHIIICHHSIM ~ BHeCKy f-mepexomie  y  MixmonuHHE

pO3CifoBaHHS i3 30iJBIICHHSIM THCKY (3pocTae pyxiu-
BIiCTh €JIEKTPOHIB, IO 3yMOBIIIOE 3MEHIICHHS BEIHMYHMHU
rx/ro i3 3pocranmsim X (puc. 1, 6, kpusi 4—6). Orxe,
aHai3 3aKkoHOMipHOCTEH I x/ro= f(X), BUMIpsHUX Y
IIMPOKiIA  00JacTi  OJHOBICHUX  THUCKIB, JIO3BOJISIE
BCTAHOBUTH MEXaHI3MHU TEH30PE3UCTUBHHUX €(EKTIB s
LIMPOKOr0 Jliana3oHy 3MiHM KOHIIEHTpamild JOMIIIOK,
TEMIIEpaTypH, €JIEKTPUYHUX TIOJNIB, J03 Y-ONpPOMIHEHHS
TOLLIO. 3okpema, Ha OCHOBI CIIIBCTABJICHHS
TEMIIEPAaTYpHUX 3aJI©KHOCTEH IMUTOMOTO OHOpY
gucromy N-kpemHii npu X [[[100] 6yno BcTaHOBIEHO
JOMIHYIOUHIH BHECOK y MIDXJIOMHHHE po3citoBaHHsS f-
MepexoliB, OCKIIBKMA BHACIHIJOK HAasBHOCTI 3HAYHOTO
€HEepreTUYHOro  pOo3IIeIUIeHHss MK  Dj-monuHamy,
pO3TAllIOBAHMMHU Ha B3a€EMHO NEPIEHIUKYISIPHUX OCSIX
{100} (de(X) >> KT), mpu BHCOKHMX OJHOBICHHUX THCKax
f-mepexomamu eJIEKTPOHIB MOKHA 3HEXTYBATH.

VY HEBUPOKEHHX 3pa3Kax KpPEMHII0 Ta TepMaHilo
(mst mominyrouoro BHecky B TP edextd KiacHIHOTO
MEXaHi3My  MDKJIOMMHHOTO — TEpepo3Nmominy)  mpu
T=78K Oym oTpuMaHi JHIHHI  3aJIEKHOCTI
In(ny/n;) = f(X) (puc. 2), Bu3HA4YeHI HA OCHOBI JaHHX
BuMipiB no3noBxuporo TPE, onepkaHux AJsl IIHUPOKOTO
Jiama3oHy THCKIB, HaxWi SIKMX 1 BHU3HAYaB BEIHYHHY



C.1. Bymzynsak

KOHCTaHTH jAedopmamidiHoro moteHmiany X, Sk
MoKa3yloTh BUMipu mo3noBxkHboro TPE B n-Ge,
MeXaHi3M MIDKIOIUHHOTO MEepepO3NONiTy eleKTPOHIB
MDK €KBIBJICHTHUMH Li-TOTUHAMH € JOMIHYIOYHM
MEXaHi3MOM B  INMPOKOMY  Jiama3oHi  THCKIB,
KOHLIEHTpallill JOMIMIOK 1 TemmepaTypu. Bussuiocs,
OJIHAaK, IO JJIs N-KpeMHito nanuii MexaHiam TP edekris,
3YMOBJICHHH  BHMHSTKOBO  TEPEPO3IOIIIOM  MiX
eKBiBaJIeHTHUMHU Dj-mojvHamMu, BU3HA4Yae 3aKOHOMIp-
HOCTI SIBUII TPAHCHOPTY B CHJIBHO JepOpMOBaHHX
KpHCTajaxX TUIBKM JUIi BY3bKOTO TEMIIEpaTypHOTO
miamasony (78 . 120) K i xoHIeHTpalliif MiTKUX JTOHOPIB
(Ng < 10™) om Tak, WiOBUIIEHHS  TEMIEpaTypH,
BHACIIJIOK HAasIBHOCTI B N-Si 3anexHocTi iiMoBipHOCTi f-
MepexoiB y MIKIOIUHHOMY PO3CIIOBaHHI Bifl THCKY,
NMPHU3BOJAWTL 10  BIAXWICHHS BiA  JIHIHHOCTI B
sajexHocTsix  IN(ny/ng) = f(X). Ilpu migBuineHHi piBHA
nerysanns (> 10™ cm®) momatkoBa (HaBiTh HesHauHa)
iOHI3allisl PiBHIB MIJKHX JIOHOPIB TaKOX MPU3BOIUTH 10
BIIXWJIEHHS  BiJ  JIHIAHOCTI B 3aJI©KHOCTSX
In(ny/ny) = f(X), sxi amamisyrotees st 7= 78K, o
CBIIYMTH TIPO HASBHICTh ZIOZATKOBOrO MeXaHi3My
TEH30PE3UCTUBHHUX edeKTiB, TIOB’ SI32HOTO 31
301IBIIEHHSM KOHIIEHTpalii BIIbHUX EJNIEKTPOHIB 1, SIK
HACJII0K, 3MEHIIEHHS ONOPY B 00JIACTi CHIIBHUX THUCKIB.
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Puc. 2. 3anexnocti IN(ny/ng) = f(X) ans xpucramnis
KpemHito (nmeropanux 3 posmiaBy (Cz-S) i
HeTponHo neroBanux (HJI)) ta repmaito.

Binxunenss BiJ JIHIHHOCTI 3aJIeKHOCTEN
In(ny/n;) = f(X) cmoctepiraetbess 1 AT  HEHTPOHHO
JIETOBAHOTO KPEMHIIO, Jieé HAasBHICTh TEXHOJOTIYHUX
TEpPMOZIOHOPIB 1 pIBHIB A-IIEHTPIB B Y-OHPOMIHEHUX
KpucTanax (1o OyJ0 BCTAHOBJIEHO HA OCHOBI aHATi3y
TEeMIIEpaTypHUX 3alie)kHocTell KoedimienTy Xosmma uis
HEWTPOHHO  JIETOBAaHMX CFONPOMIHEHHUX  KPHCTAJIB
KPEMHII0) TaKOXX TPHU3BOIUTH [0 IOSBU JIOJATKOBUX
MEXaHI3MiB, SKi BH3HA4YarOTh OCOOJHBOCTI 3aKOHOMIp-
Hocteld TP edexriB y CHIIBHO 1e)OPMOBAHUX KpUCTANIAX.
OpepxaHi JaHi CBiA4YaTh, MI0 HAWOUIBII XapaKTEpHUMHU
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JIOAATKOBUMH IO  MDKIOJIMHHOTO  TE€PEpPO3MOALTY
MmexanizMamu TP edekris € 1) 3pocTaHHs KOHIIEHTpaIlii
BUJIHUX E€JIEKTPOHIB y 30HI MPOBIHOCTI Bifl TUCKY, SKa
BU3HAYAETHCS JIONATKOBOIO Jie(hopMalliiHO-1HIyKOBaHOIO
1OHI3aIl€I0 IPU HU3BKHUX TEMIlEpaTypax MIJKHX JOHOPIB
i TepMojoHOpiB y Kpuctamax nN-Si(P), meroBaHux
PI3HUMH METO/IaMH, a TAKOXK CYTTEBOIO 3aJISKHICTIO Bij
TUCKY TOJIOKEHHS piBHS A-LEHTpY B O-OINPOMIHEHUX
KpucTamax; 2) 3aJeXHICTh KOHIICHTpAIli BilbHUX
€JIEKTPOHIB BiJ| THCKY JUII KOMIIEHCOBAaHHUX KPUCTaTIB N-
Si, gneroBanmx wMminkumu gonopamu (K >0.3); 3)
3aJekHicTh iMoBipHOCTI f-miepexomiB Bim THCKy, sKi
MOBHICTIO BU3HAYAIOTh MIXKIOIUHHE PO3CiFOBaHHS B N-Si
npu 7>120K 1 3yMOBIIOIOTH JOJATKOBHH 10
kiacuaHoro mexanizmy TP edexTiB MexaHi3M 3pocTaHHs
PYXJIUBOCTI €JIEKTPOHIB 31 301JIBIIICHHSIM THUCKY.

OTKe, BU3HAUCHHS HASBHOCTI JIOAATKOBUX 10
KinacuuHuX MexaHi3MiB TP edexrtiB mosicHroe Toi Qaxkr,
o JiHidHA 3anexHicTs IN(Ny/ny) = f(X) y mmpokomy
Jliama3oHi TUCKIB MPUCYTHS TUIBKH JUIS YUCTUX 1 ciabo
komrnencopaunx (K <0.3)  kpucramiB  KpeMmHiro,
JIETOBAaHUX MIJIKUMH JIOHOPaMH IIiJi 4ac BUPOIIYBaHHS
(Ng<2x10™), i nwmme 11 ofmacti Temmeparyp
78 + 120 K.

Hesnauni (< 1%) niniiini 3MiHu eQeKTHBHOI MacH
€JIEKTPOHa B KpHCTallaX KpEeMHilo, Je(hOpMOBaHUX Y
HanpsmMky [111], OGynu BHMIpsHI METOIOM IHKIOTPOH-
HOTO pe3oHaHcy [1] mpu THCKaX, SKi HE IepeBHIIyBaIH
0.25TTIa. B poGoti [2] MOBiAOMIISIOCE PO EKCIEPH-
MEHTaJIbHE IATBEP/UKEHHS MOXKIJIMBOCTI  peaizarii
nepexoay merai — izomsrop y N-Si(P) mpu Hampsimite-
uux Trckax mo 5I'Tla (X || [111]) 3a paxyHOK 30imblieH-
HS BEJIMYMHU €()EKTHBHOI MacH €JIeKTPOHA, 3yMOBJIEHOT'O
3HATTSM BUPO/DKEHHS EHEPreTUYHOr0 CIIEKTPY 30HHU
MPOBITHOCTI KPEeMHiI0 Ha Kpaio 30HH bpimtoeHa.
Herigomo Oyno, OmHaK, SK 3MIHIOETHCS BEIMYHHA
e(EeKTUBHOI MacH 3aJIe)KHO BiJl TUCKY Ta piBHS JIEryBaH-
HSl KPUCTAJIB, OCKUIBKH, SK BiJIOMO, METOJ IUKJIOTPOH-
HOTO pE30HAHCY HENPUIATHUH Ui BU3HAYCHHS Be-
JUYMHU e(DEeKTHBHOI Macu HOCIiB 3apsiy B CHJIBHO Jie-
roBaHMX Kpucraynax. He3Bakarouw Ha Te, mo aedopma-
LWiHO-1HIYKOBaHWI  Tepexif ~ Meraji—izonsarop  3i
301IBIIEHHSIM KOHIIEHTPALii JIErYI0u0i JOMIIIIKH ITOMIiTHO
3MIILYETbCS B 00JNacTh OUIBII  BHUCOKHUX  THCKIB,
BJOCKOHAJICHHSI YCTAaHOBKM BHCOKHX  HalpsIMJIEHHX
TUCKIB 1 METOIUKH CKCIICPUMEHTY ITO3BOJIHIO peaizy-
Batu npu 1 =42K i tuckax nmo 6ITla mepexin
MeTan—130JITOp ¥ Kpuctanax N-Si, Ipu KOHICHTPAISIX
MUJTKHAX JIOMIIIOK, sSKi Maibke BTPHYI IEPEBHUINYBAJH
BEIMYMHY  BIJNOBIJHOrO  3HAYEHHS  KPUTHYHOI
KoHLeHTpauii mnepexonqy MI. Opepxani gaHi 3
ypaxyBaHHsAM 30iIblIeHHS B obyacti mnepexoxy MI
OMOpY BHUPOMKEHHUX KpHUCTaliB N-S 31 3pocTaHHAM
HampsiMiieHoro THCKy Ha 5-—10 mopsakiB Moriu
CBIIYMTH TPO HASBHICTH Y 3aJEKHOCTSIX €PEKTUBHOI
MacH BiJl THCKY WIEHIB OULIBII BHUCOKOTO MOPSIKY, HIX
niHiiHa 3anexHicTs My / My = f(X). 3 MeToro BU3HAYCHHS
3aKOHOMIpPHOCTEH 3MiHM €(eKTHBHOI Macu eleKTpOHa
npy  30UTBIIEHH] HANpPSMIIEHOTO THCKY 1 TpH 3MiHi
KOHIICHTpAITi T JTIOMIIITKA oyio BUKOpPHUCTaHE
CHiBBIIHOIIEHHS M)XK TIPOBIJIHICTIO KPHCTAJIIB 1 KOHIIEHT-
palli€lo eIEKTPOHIB, 3HAWICHE TEOPCTUYHO I aHAJI3y



TeHzope3ncTHBHI €EKTH B CHIILHO JIe(pOPMOBAHUX KPHUCTATAX...

nepexony MI B HaniBmnpoBinaukax: S @5 |, (n/ n, - l)g
[3]. BpaxoByroun kputepiit MoTra (nc%aB » 0.25) i Te,

2 « 2 .
mwo a; =h“c/me", Gyno orpumano BUpa3s s 3MiHKH
MPOBITHOCTI KPEMHIIO, SKa BHM3HAYAETHCSA 3POCTAHHIM
eEeKTUBHOI MacH €JEeKTPOHA BiJ THCKY, MMPUIIYCKAIOUU
HAasBHICTb HE TUIBKA JIHIAHOI CKJIaJ0BOI TakKkoro
3pOCTaHHs, ajie i KBaJApaTHYHO! KOMITOHEHTH:

é o
Sx-é A -1 @)
s, ge/Az+Bx+cx)] U

e A=—%: X —ruck, B, C— nigronousi napamerpu, N -
c
KPUTHYHA EKCIIOHEHTA.

CriBCTaBIeHHsT PO3pPaxyHKIB 3MIHM TPOBIJHOCTI 3a
criBBigHOmEHHAM (2) 1 BiAMOBIAHUX €KCIEPHMEHTATb-
HUX JaHUX JOCHipkeHHs mnepexoxy MI B cuibHO-
nehopmoBanux y Hampsamky [111] kpucramax Nn-Si(P)
(puc. 3) m03BONMITO 3pOOUTH TaKi BUHCHOBKH. 30i/bIICHHS
KOHIICHTPAIIIT JICTYI040i JOMIIIKH Gocdopy i BiAMOBITHO
— KOHLIEHTpALii eNeKTPOHIB y BupokeHuXx npu X =0
KpHCTajax CYTTEBO 3MEHIITYE BHECOK JIIHIHHOI CKJIaJI0BOT
3aJeKHOCTI e()eKTUBHOI MacH €NIEKTPOHA BiJl TUCKY, LIO
CBIIYHTH PO HaOIKEHHs AedopMaiiiHO-1HAYKOBaHOT
HEmapaOoMiYHOCTI  A;-ONMMH 10  HemapaOoJiYHOCTI
KEHHIBCBKOI'O THITY 31 3pOCTaHHSIM XBHIJILOBOI'O BEKTOpa
k Bim MiHiMymMy eHeprii B HampsMKy Kpaw 30HH
Bpintoena. HenapaOoiiuHICTh €HEPreTUYHOr'0 CHEKTPY
A;-30HH TaKOX 3pOCTac 3i 30iablIeHHsM Tucky X || [111],
YMM, 30KpeMa, 1 TOSCHIOETHCS JIIHIHHICTh 3aJICKHOCTI

m =f(X), oxepxama B  eKCIepHUMEHTaxX IO
IUKJIOTPOHHOMY PE30HAHCY B 00JacTi MaJuX THCKIB.
MakcumainbHe Y3TOKEHHS PO3paxyHKiB i

eKCIICPUMEHTANBHAX JaHUX Ma€e Miclie Ul MOKa3HHKA
Nn=0.5 B cniBBigHOmeHHI (2), sKUil OPAKTUYHO
30iraerbes 3 BennunHoro N = 0.48, oepkaHO0 Ha OCHOBI

v ) v ) v ) ' )
1,0 ":ﬁ%--_e\\\ S(P) -
S ﬂ\\@ X|I1111] 1
o 08F iw N T=42K
2 [ “\\_\R if\& 1
x 0,6 - k% \\\\\\ -
> A NG
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04k h\ % .
L *:V \O <

m

02} i i

0,0 " 1 " 1 " 1 " 1
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OnnosicHmii Tuck, I'Tla
Puc. 3. 3miHa npoBiHOCTI BHACIIIOK [Ii1 OZHOBICHOTO
tucky s kpucramie n-Si(P) n,N, o-
eKCIICPUMEHTANbHI [aHi, MyHKTHP — pPO3PaxyHKOBi
nani. KpuBa 4 — po3paxyHOk, 0e3 ypaxyBaHHS
KBaJpaTHYHOTrO 4wieHa y criBBignomreHHi (2). Np (cM”
%: n —5.0x10"%; N - 5.3x10'%; 0 — 9.0x10".
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aHali3y eKCHepUMEHTaJIbHUX [aHWX 13 JOCIIIKEHb
MepeXoay 130JTOp — MeTal B 0O0JIACTI TeMIeparyp
3+35MK [4], Tomi sk 3mauenns v=0.5 cyrreBo
BiJIPI3HAETHCS Bil TEOPETHYHO NependayeHoi BETHYHMHU
n=1[4].

CriBCTaBJICHHS ~ EKCIIEPUMEHTAIbHUX  JaHUX 3
pO3paxyHKaMM, BUKOHAHUMH 3a CIiBBigHOmICHHSIM (2),
JIO3BOJISIE  BCTAHOBUTH  3aKOHOMIPHICTh  3POCTaHHS
BEeNMYMHA  €QEeKTUBHOI ~ Mach  eJeKTpoHa  Bif
MPUKIAJEHOT0 THUCKY, SKE 3YMOBIIOE JIOMIHYIOYHH
MexaHi3M JedopMaliiHo-iHayKoBaHoro nepexoxy MI B
N-S(P) st BuUmagKy BiACYTHOCTI  MiXIOTHHHOTO
MePepO3IOIITYy eleKTpoHiB. Ha OCHORBI CHiBCTaBIICHHS
criBBigHOmEHHA (2) OyJI0 BCTAHOBJIEHO 1[0, HAWOIIBII
TOYHHUM € KBaJIpaTUYHHUI 3aKOH 3MiHHM €(pEKTHBHOI MacH
€JIEKTPOHA BiJl TUCKY, a HE JiHIHHUH, K paHime Oyio
BCTaHOBJIEHO METOJOM LHUKIOTPOHHOI'O PE30HAHCY IS
obnacti Manux HanpsmieHux THEKiB (X < 0.25 I'Tla).

Ipu nocmimkeHHi eneKTpodi3HIHUX BIACTUBOCTEH
CHJIBHO  J1e()OPMOBAaHMX  HEHTPOHHO  JIETOBaHHX
KPUCTAIIiB KPEMHII0 i KpucTaniB N-S, seroBanux ¢ocdo-
POM TMiJl Yac BHPOIIYBAHHS 1 BiJNAJIEHUX MPU BHUCOKUX
TeMIiepaTypax, BCTAHOBIEHO, W0 Jie(eKTHa CTPYKTypa
KpHCTaJiB, sika (OPMYETHCS BHACTIJIOK ONPOMiHEHHS
KPHCTAJIB TNOBUIBHUMH HEWTpoHamH 1 TpaHchopmarii
nedeKkTiB B Mpoleci TepMooOpoOOK, BH3HAYAE SIK
MTOJIOXKCHHS EHEPTeTUYHUX CTaHIB BiAMOBIMHUX Je()EKTiB
y 3a00pOHEHIN 30HI, TaK 1 aHI30TPOIIIIO HOro 3aJIeKHOCTI
Bil HampsSMJIGHOTO TUCKYy  BIiJHOCHO  TOJOBHHX
KpHcTanorpadiyHuX HaNpsIMKiB.

Otpumani nani gociimkens TP edektiB nemoHcT-
PYIOTh HasiBHICTh Y HEHTPOHHO JIETOBAHOMY Y-OIPOMiHe-
HOMY KpEMHII eHepreTMYHHX pIiBHIB, 3yMOBJICHHX
pamiamifiauMu aedekTamMu i AedeKTaMu TeXHOIOTIYHOTO
MOXO/DKEHHsI, 3MiHY IX EHEpreTUYHOrOo IOJIOXKEeHHS 3
THUCKOM, IO 1 BU3HAYa€ HAsSBHICTH IOJATKOBOTO [0
MDKIOJIIMHHOTO TEPEPO3MOALTY EICKTPOHIB MEXaHi3My
TEH30PE3UCTUBHOTO e(heKTy B HEHTPOHHO-JIErOBaHOMY N-
Si(P). Maumii MexaHi3M 3yMOBJIEHHH aedopmariiiiHo-
IHZYKOBAHOIO 10HI3alli€l0 eHEPreTHYHNX PiBHIB Je()eKTIB
BHACJIIOK X HaONWKEHHS A0 30HU TPOBIIHOCTI TpHU
301IbIIEHH]I BEJIMYMHU OIHOBICHOTO THCKY.

3HavyHU iHTEpEeC MIPE/ICTaBIIsIE BUBYEHHS
mexaHi3miB TPE y Bumajkax, Komu 3aKOHOMipHOCTI
TEH30€(eKTiB HE 3YMOBJIEHI MIKIOJIWHHUM IE€pEpO3II0-
JIJIOM HOCIiB 3apsily 1 CIIOCTEpIraloTbesi B CHIIBHO
JIETOBAaHMX KpHUCTAJlaX KPEMHII0 B 00JAacTi BHCOKHX
OJTHOBICHMX THCKIB. SIK TNOKa3anu JOCHIPKEHHs Tepe-
XOAy METal-i30JATOp B 0AaraToJOJMHHUX HAIliBIIPOBII-
HHUKaX, Mepexij BiJ METaJeBoro 10 aKTHBAIIIHOTO THUITY
MIPOBITHOCTI BiOYBAa€ThCS 32 PAaXyHOK CYTTEBOI 3MiHH
nmapaMeTpiB 30HM MPOBIJHOCTI, a CaMe — BUHUKHCHHS
nedopmarliifHo-inaykoBanoi  HemapaOosiynocti  Ds-
JIONUH 1 30UTBIIEHHS BHACIIIOK I[bOTO €EKTUBHOI MacH
enektpona B N-Si nipu opienTarii X || [111]; 30inbrreHsst
BENUYMHH €PEKTUBHOI MaCH EJIEKTPOHA MaE MiCIIe TAKOXK
i B N-Ge B o6xacti cunbHux THCKIB X || [100] BHACTIIOK
L,-D;-iBepcii Tumy aOCONIOTHOrO MiHIMyMY 30HH
nposiaHocTi (puc. 4).

Ha BiaMmiHy Bij KIIaCHYHOrO CHOCOOY OTPUMAaHHS
nepexoxy MI 3a paxyHOK 30UTBIICHHS KOHIICHTpPAIIi



C.1. Bymzynsak

JIETYIOUOi JTOMIIIIKH, 3POCTAHHS CTYIEHS IEPEeKPUTTS
XBUJIBOBMX  (QYHKIIA  JOMIIIOK 1  JelTOKati3arlii
ENEKTPOHIB (mepexia 130Ja9TOp — MeTaj), MOCIiIKEHO
3aKOHOMIPHOCTI Je(opMaIliitHO-1HAYKOBAHOTO MEPEXOTY
Bil METaJCBOr0 THUIY IPOBIAHOCTI JO AaKTUBAIIHHOI
MPOBITHOCTI BHACHIJOK 3pOCTaHHS e(pEeKTHBHOI Macu
enektpona B kpemHii mpu X || [111]. Hdedbopmariiino-
iHAyKOBaHa TpaHc(opMallisi EHEPreTHYHOro CHEKTPY
MIPUBOAUTE JIO MIOMITHOTO 301TbIICHHS ¢(DEKTUBHOI MacH
CJICKTPOHIB, 3MCHIICHHS BHACTIIOK I[HOI'0 OOPIBCHKOTO
padiycy Ta JIOKadi3alii eJeKTpOHa Ha JOMIIIKOBOMY

1ieHTpi (mepexia MeTaa — i3054Top).
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OnHoBicuuii Tuck, I'lla

Puc. 4. Mexanisamu nedopmaniiHO-iHAYKOBaHOTO
Mepex oy MeTaj-aieaekTpuk 1 N-S ta N-Ge.

BcraHOBJIEHO, IO OCKUIBKM 3a3HAYCHI Opi€HTAIll
oauosicHoro Tucky (X || [111] amst n-S i X || [100] mns
N-GE) 3yMOBNIIOIOTH SKICHO Pi3HI 3aKOHOMipHOCTI
nepeOyI0BH 30HHOI CTPYKTYPH KpeMHio (medopmarriii-
HO-IHJyKOBaHa HenapaOoiiuHicTh Aj-MiHIMYyMIB,
puc. 4) i repmanito (Li-Aj-iHBepcist THITY aOCOMIOTHOTO
MiHiMymy C-30HH) 3aKOHOMIPHOCTI  JOCIIKEHHX
MepexoiB MeTal — 130JIATOp y CHIIBHO NeOpMOBaHUX
kpucranax N-Si i N-Ge cyTTeBo BiapisHAOThCA. OmHaK,
OCKIJIbKM B 000X BUIIAJKax BiJOYBaeThCsl 301JIbIIEHHS
e(peKTHMBHOI MacH €JCKTPOHA 1 JIoKaji3alis Horo Ha
JIOMIIIIKOBOMY IICHTpPi, CIIOCTEPITalOThCsA 1 3arajibHi
0COOJIMBOCTI, a caMme. TOsBa 1 3POCTAHHS 3 THUCKOM

eHeprii akTBaIii (€-MPOBIAHICTE), TpaHChOpMAIIis
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OnnoBicHuii Tuck, I'Tla

Puc. 5. 3anexHocTi oyis mpoOoro BiJ OMHOBICHOTO
TUCKY JUIsl KPUCTANIiB KPEMHIIO Ta repMaHito. ¢ - Ng,
=1.8x10" em®; p - Np = 4.2x10® em™®; &- Np =
6.2x10' cm™.

38

miniiinnx BAX y  S-moni6ni, 3cyB nepexoxy MI B
o0yacTe OiNbII BHCOKMX THCKIB 3 POCTOM PpiBHS
JIETYBaHHS KPHCTAJIIB, MEpEeXiJ BiJ CIIaOKoi JIOKami3arii
€JIEKTPOHA JI0 CUIILHOI 31 3pOCTaHHSIM THUCKY.

JocmimKyBaHi  paHime 3aKOHOMIPHOCTI  yAapHOI
ionizamii cnaGomerosannx (< 10* em™) mamiBnposizmu-
KiB, ski npu T =4.2 Manu AieJICKTPUYHI BJIACTHBOCTI,
BU3HAYMIIM, 10 OCHOBHUMH MEXaHi3MaM{ PO3CiIOBaHHS
€JIEKTPOHIB B YMOBax MOPIBHSHO CJIa0KOro pO3irpiBy €
PO3CIIOBaHHS Ha 10HaX JIOMIMIOK 1 aKyCTHYHUX (POHOHAX.
3aKOHOMIPHOCTI 3aJIeKHOCTI MOJMIB yAapHOI 10Hi3aMii Bij
€Heprii akTHBallil y3roKYBAIUCh 3 TEOPETHYHHMHU
pospaxynkamu. OIHUM i3 3aBAaHb JaHOi POOOTH OyII0
JIOCITI/DKEHHST 3aKOHOMIpHOCTEH ymapHOi ioHi3amii B
YMOBax, KOJHM IpPH BEJIHKHX THCKaX CTAE MOXKJIMBHUM
PO3IrpiB ENEKTPOHIB 1 yaapHa i0Hi3aIlis Ha 130JIATOPHOM Y
Ooui mepexomy MI mpu HH3BKHX TemIlepaTypax B
MOYaTKOBO BHUPOMKEHHX Kpucramax n-Ge i n-Si. Y
JIAHOMY BHIIQJIKY MOMJIMBO BU3HAYUTH JOMIHYIOUHIA
BHECOK MEXaHi3My PpO3CIIOBaHHSI Ha JOMIIIIKOBUX
LIEHTpaX 1 BCTAHOBHUTH BiJINIOBIHICTh OAEPKAHUX JAHUX
BHUCHOBKaM Teopii edektuBHOI Macu. [[ns uporo Oymu
OTpUMaHi 3aJIeKHOCTI MOJiB MPOobOko Bi TUCKY (pHC. 5),
110 BU3HAYAIOTHCS MPOIECOM HabOpy eHeprii BiIbHUMHU
eJIEKTPOHAaMH, siKi OepyTh ydacTb B MpoOLECi yaapHOL
ioHi3aril Minkoro goHopa [6]. 3aneKHOCTI mojst MPodoro
BiJ THUCKY OyiM 3HaiineHi npu aHamizi BAX, BUMipsiHUX
MPH Pi3HUX 3HAYEHHSX THCKY.

IIporiec  ymapHoi ioHi3amii JIOKaTi30BaHOTO Ha
BOJHEIOIOHUX JIOMIIIKaX €JIEeKTPOHa Ha 130JIATOpPHIN
cTopoHi mepexoay MI BH3HA4YaeThCs SK HEMiHIHHUM
XapakTepoM 3anexHocTi E,, = f(X) B cuipHO neroBanux

kpuctamax N-S(P), Tak 1 JiHIAHEM XapakTepom
3aJIeKHOCTI MMONs Mpo0OI0  BiJ THUCKY B CHJIBHO
neropanux Kkpucramax N-Ge(Sb). Bpaxosyrouw, 1110

miHiHHI 3anexHocTi E,, = f(e,) Marote Micume s
BUIIaJIKy HA0OPY 10HI3YIOUMM E€JIEeKTPOHOM eHeprii E; © &,
6e3 po3citoBaHHs (YUCTI KPUCTAIH, HU3bKI TEMIIepaTypH,
eHeprii ioHi3alii, He MepeBHIIYI0Yi €Heprii ONTHYHOTO
(OHOHA), B CHIBHO JIETOBAHWX KpPUCTANax JIiHIHHHUI
xapakrep ¢ynkuii E,, = f(X) npu ynapHiit iomizamii
JIOKAJII30BaHOTO EJIEKTPOHA MOYKE BU3HAYATHCS TAaKUMHU
MPUYMHAMHU, a) MAJIOl0 BIiJCTAHHIO MK JIOMIIIKOBUMH
aTOMaMH, XapaKTePHOIO JUIS BEJIMKOrO PiBHS JIET'YBaHHS;
6) ManuM 3HAa4YeHHAM eHeprii akTuBamii; (oTpuMaHi
3HAYEHHsI SHEpriil aKTHBAIll €,-ITPOBITHOCTI CTAHOBIIATH
» (1, 3)MeB); B) MOpIBHAHO BHUCOKUMHU 3HAYCHHIMH
PYXJHMBOCTI  BIJBHUX €NEKTPOHIB Yy oOJacti € -
MPOBIAHOCTI; T) B yAapHii ioHi3aIii JIOKaTi30BaHUX
CTaHIB MOXYTh OpaTH y4acThb TaKOX BUIbHI €IEKTPOHHU
30HM  MpOBigHOCTI  (HE3HAYHAa  KIJTBKICTh  SIKUX
sHaxoauthes B C-zomi npu T =4.2K), ockinbkd, y
3araJbHOMY BHUIAJKy, TIPOBIAHICTE Ha 130JIATOpPHIN
cropoHi mnepexoxy MI BHU3Ha4aeTbCS NPU  HU3BKHX
TeMIIepaTypax CITiBBiIHOIIEHHSIM:
s = sy exp(-e/ KT) +s, exp(-e/ KT) +s3 exp(-es/ KT) (3).
Heninifinnii xapakrep 3anexsocreit E,, = f(X) mae
MiCIle IIpU BpaxyBaHHI OyIb-SKOTO BHAY PO3CIIOBaHHS
10HI3yIOYOTO €JIEKTPOHAa B IpoIeci HaOOpy HEOOXiTHOI
JUis  1OoHi3amii ~ JOMINIKOBOrO  aTroMa  eHeprii.

BcraHoBi€HO, 1[I0  CKCIEPUMEHTANbHI  JaHi  JUId



TCHSOPCSI/ICTI/IBHi e(l)eKTI/I B CHJIBHO I[e(l)OpMOBaHI/IX Kpucrajaax...

BEIMYMHA KPUTHUYHHX TIOJIB  yZapHOi  ioHi3amii,
BUMIPIOBAaHMX TPU PI3HUX 3HAYEHHSX OIHOBICHOTO
THCKY X, B o00Onacti jaedopMalliifHO-iHIyKOBaHOTO
Mepexoay MeTan-i3oisarop Ao0pe OMUCYIOThCS s
PI3HUX 3HAYCHb KOHIICHTpAIi JICTYIOYOi JIOMIIIKH
¢dochopy B KpeMmHil, sKI INEPEBULIYIOTb BETHYHHY
KPUTHYHOI KoHIIeHTpaiii (kpusi 2, 3, puc. 5.) dpyHKIIi€O:

E,, = +a>epg: . (4),

‘g

ne a, b - miaronouni mapamerpu, X - THCK.

BucHoBkn

1. BcraHorneno, mo TpaHchoOpMaIlisli CHEPreTUYHOTO
CIICKTPY 30HH MPOBITHOCTI B CHIIBHO Ac(hopMOBaHHUX
BHUPODKCHUX KPHUCTaJlaX KPEMHII0 BH3HAYAETHCS
3MIHOKO 3 THCKOM BEIIMYMHU €(PEKTUBHOI Macu

€JIEKTPOHA.
2. Brnepue ekcriepiMEHTaIBHO JOCTIDKEHI MeXaHi3MHU
Hepexony MeTall-JieJTeKTPUK y CHJIbHO

nehopMoBaHUX BHpOMmKeHHX Kpucramax n-Si(P),
3YMOBJIEHI 3MIHOIO 3 THUCKOM e(EeKTUBHOI Macu
€JIEKTPOHIB, SIKa HOCUTH KBaJ[PaTUYHUH XapakKTep.

3. BcraHoBieHO, 1110 BiICYTHICTh HACHYEHHS ONOPY JJIs
noznoxkaeoro  TPE B giama3zoni  BUCOKHX

[1]
[2]

onHoBicHux  THckiB  (JE >>KT) moB'szaHa 3
JIOaTKOBOIO ~ T'€HEPALli€l0  BUIBHUX  EJIEKTPOHIB
BHACJIIOK 3MEHIIEHHs eHeprii akKTHBallii TaKuX
CTPYKTYpHUX Ae(EeKTIB KPUCTATIYHOI T'paTKH [
J€I0 OJIHOBICHOTO THCKY: a) JOHOPHOI TOMIIIKH
dochopy, 110 yTBOpHMIIACS BHACITIIOK
TpaHCMYTAIliHHOTO JieryBaHHs; 6) TepmomoHopis I,
sIKi ()OPMYIOTBCS B KPUCTaJlaX KPEMHII0 3 BHCOKUM
BMICTOM KHCHIO IIPH  BHCOKOTEMIIEPATYPHOMY
Bifmami; B) A-IEHTPiB, $Ki 3 ABIAOTECT B O
OIIPOMIHEHOMY KpEeMHIi i CTBOPIOIOTH y 3a00pOHEHi
30Hi TJTHOOKUI aKLENTOPHUH PIBEHB.

Tpanchopmarris JHIAHAX BOJIbT-aMIIEPHUX
XapaKTepUCTHK Yy S-TomiOHI mpu  30LIBIICHH]
BEJIMYMHH OJJHOBICHOI'O THCKY ISl CHIIBHO JIETOBaHHX
KPHUCTAJIB KPEMHII0 1 TepMaHio IIOB's3YyeThCs 3
MepexoioM Bijl METaJeBOro N0 AKTHBALIHOTO THITY
MPOBIAHOCTI (€2-TIPOBIMHOCTB), IO MiATBEPIKYETHCS
3aJICKHOCTSIMM €HEprii aKTUBAIll Bil OIHOBICHOTO
TUCKY, OTPHMaHHX 3 TEMIEpPAaTYpHUX 3aJIeKHOCTEH
MUTOMOrO0 OHOpy npu  (IKCOBAaHMX 3HAYECHHSX
OJTHOBICHOT'O THCKY.

byosynak C.I. — xauoqunat Qi3uKo-MaTeMaTHYHUX HAYK,
CTapIINii HAYKOBUH CITiBPOOITHHK.
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Tensoresistive Effectsin Strongly Defor med Crystals n-Si and n-Ge
V.E.Lashkaryov Institute of Semiconductor Physics, NAS of Ukraine, Avenue Nauku, 41, 03028, Kyiv

The results of complex investigation of main dependencies and peculiarities of tensoeffects in highly uniaxially
strained n-type silicon and germanium crystals are presented. The methods of identification of tensoresistivity
physical mechanism and determination of main electrophysical parameters of silicon and germanium are described.
For heavily doped silicon at the condition of realization of the meta-insulator transition the dependence of electron
effective mass vs. uniaxid pressure was obtained. As aresult of careful fitting procedure, it was determined that the
quadratic dependence of electron effective mass on the uniaxia pressure X || [111] describes the experimentd data of
measured pressure-tuned conductivity change in the range of strain-induced M| transition. Single linear dependence
of increase of the electron effective mass on pressure can not describe the measured conductivity decrease at all.

Keywor ds: high-temperature superconductivity, Bi-contaning ceramic, oxygen stoichiometry.
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