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JlocnipkeHO BIIACTHBOCTI IIApiB IIONMIKPEMHIIO Ha 130JI1TOpi, HEPEKPHCTANI30BAaHMX Ta MICIS JIa3epHOI
pekpucTamizalii, jeropaHux OopoM, B TemreparypHoMy niamasoHi 4,2+300 K i B CHIBHHMX MAarHiTHHX MOJSIX.
BuBuaBcs BIUIMB Jla3epHOI peKpHCTANI3Alil Ha TEMIEPAaTypHY 3aJeXHICTh OIOpPY MOJIKPEMHII0 3 Ppi3HOIO
KOHIICHTPALII€I0 HOCI{B 3apsiy NpH HU3BKHX TeMieparypax. BHUMipioBaHHS Martitoonopy LIapiB MOJKPEMHIO
HPOBOAMIMCH NIPU KPIOreHHHMX TeMIepaTrypax B MarHiTHUX nomsx 1o 14 T. Tloka3aHO MOMXJIMBICTh CTBOPCHHS Ha
OCHOBI IIapiB MOJIKPEMHII0 Ha i30JIATOpi CEHCOpIB TeMIepaTypu 1 II'€30PE3UCTUBHUX CEHCOPIB MeEXaHIYHHX
BEJIMYHMH, [IPALle3JaTHUX MPH KPIOTeHHUX TEMIIEpaTypax i B CIBHUX MAarHiTHHUX MOJISIX.

KuarouoBi ciioBa: mapu TONIKPEMHII0 Ha 130JATOpi, Jla3epHa pEKpUCTaji3amis, KpiOreHHI TeMmeparypw,

MarHiTHi HOJIs, CEHCOPH.

Cmamms nocmynuna 0o pedaxyii 18.11.04 ; npuiinama 0o opyxy12.04.05 .

I. Bcryn

Juis cTBOpeHHS Pi3HOMAHITHHX MiKPOEIEKTPOHHIX
CCHCOPIB IIMPOKO BUKOPUCTOBYIOTHCS CTPYKTYPU THILY
kpemHii Ha i3omaropi (KHI-cTpykTypm), 30kpema mapu
MoJIiKpeMHit0 Ha i3omaropi. Lli CTpyKTypu BHABHIHCH
HEePCHEKTUBHUMU JUIs CTBOPEHHS CEHCODIB,
npane3aTHUX [Py MiABUIIEHHX Temmeparypax. B
HaIKX MorepeHix podorax [1,2] HaBeneHO pe3ysbTaTh
JOCHIDKEHHSI  €NeKTPUYHUX 1 I1’€30PE3MCTHBHUX
BJIACTMBOCTEH IIapiB MOJIKPEMHIIO 10 1 Micis Jla3epHOl
pexpucTanizalii 3 pi3HOI0 KOHLIEHTPALIEI0 HOCIiB 3apsimy
B KJIIMarM4HOMY Jlialla3oHi TeMIeparyp Ta HpH
NiIBUIICHHX  TeMIepatypax.  PesyiapraroM — mux
IOCHIKeHb  CTaja  po3po0Ka  MiKpOEIeKTPOHHUX
I1’€30pPE3UCTUBHUX CEHCOPIB MEXaHIYHHX BEJIHYHH,
30KpeMa CEHCOpIB THUCKY, HA OCHOBI PEKPUCTaII30BaHUX
JIa3epoM IIapiB MOJIKpeMHito (moui-Si) it podoTH mpu
migBuUIIEHHX Temieparypax 1o +350°C [3,4].

He MeHm akTyanbHOIO MocTae mpodiema CTBOPEHHS
CEHCOpIB, Mpale3laTHUX B EKCTPEeMAaIbHHX yMOBax, a
caMeé TIpH HHU3BKHX TeMIepaTypax 1 B CHJIBHHX
MAar”iTHAX IOJAX. 3BIJACHM BHTIKaE HEOOXIAHICTH
JOCJII/DKEHHS! BJIACTHBOCTEH IIApiB  IOJIKPEMHII0 Ha
i30JIATOpI TIpH KPIOTEHHUX TEMIlEpaTypax, a TaKoX
BIUTMBY MarHiTHOTO IOJIS Ha BIACTHBOCTI LIUX CTPYKTYP.
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II. Metoanka ekcriepuMeHTy i 00’ €KT
AOCJIIIZKEeHHS

Jis nocimipkeHHsT BUKOPUCTOBYBauch TectoBi KHI-
CTPYKTYPH 3 TOJIKPEMHIEBHMH PE3UCTOPAMH JI0 1 IICIHIS
Ja3epHoi peKpHcTai3zanii. BumiproBaHHs
€JIEKTPOIIPOBIIHOCTI Ta MarHITOOIOPY MPOBOIWINCH Ha
mrapax TIOJIIKPEMHITO, JIETOBaHUX 6opom 3
KOHIICHTpALIIEI0 HOCIiB 3x10'7 em™ ; 2,4><1018 em™ i
3,9><10'9 M”10 pexpucramizamii i BiJIOBiTHO
7x10"7 em?; 4,8x10"™ em™ 1 1,7x10% em™ micnst Jla3epHoi
peKpHCTaTi3aLii. EnextpomnpoBigHicTh mapiB
MOJIIKPEMHII0 JOCHIKyBaIach B IMHPOKOMY Jialla3oHi
temnepatyp 4,2..300 K, a BB MarHiTHOTO TONA 3

iHgykuiero 1o 14T  BuBUaBCS TNpH  HHU3BKUX
TEMIIepaTypax 3  BHUKOPHCTaHHSM  OITTEPiBCHKOTO
MmarHity.  Jlng  BUMIpIOBaHb  JIOCHIAHI  3pa3ku
3aKpIUBUIACh ~ HA  CICI[albHIN BCTaBIl,  sKa

BCTAaHOBJIIOBAJIACh B rejlieBoMy kpiocrari. Cnaj Harpyru
BUMIpIOBaBCsS Ha MOTEHLIMHMX 30HIaX 3a JONOMOTOI0
mudposoro BosneT™Merpa Keithley 199 npu mocriiiHomy
CTPyMi 4epe3 3pas3ok, IO 33aBaBCs DKEPEIOM CTPYMY
Keithley 224. Temmeparypa BHUMIipIOBaJIach 3a
nmoromororo tepmornapu Cu-Cu(Fe), BuxigHwii curaan 3
Kol peecTpyBaBcs LudpoBuM BonbTMeTpoM Keithley
196. OpHOYacHO TPOBOIUBCS AaBTOMATHYHUN 3aIuC
BUMIPIOBAHMX TMapaMeTpiB 3 IX Bi3yallizalli€elo Ha
KoMIT'roTepi. Bci  BUMIpIOBaHHS  IPOBOIWINCH Y
MikHapoaHi#l 1a0opaTopii CHIBHUX MarHiTHUX MOJMIB 1
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KOHIICHTPAIII€}0 BUTBHUX HOCIIB 3apsny pipx =
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PE3UCTOpP O BiTHOIICHHIO A0 HANPSMKY JIa3ePHOTO
CKaHyBaHHS).

=
o
o
150 200 250 300
TK
Puc. 5. TemneparypHa  3aJIeKHICTH  OIOPY
PEKPUCTANI30BAHUX  MOMI-Si PE3HCTOPIB 3 P3pox

=1,7x10* em™ (1 i 2 — momepeunuit i mo3KOBXKHIit
pe3uCTOp N0  BIAHOWICHHIO JO  JIA3E€PHOTO
CKaHVBaHHS).

= i
o :
I -
0.44 0.48 0,52 0.56 0,860
Irrb:’zl:a:ﬂ I—-1M K-lM
105_: T .rl::nl:_::””_
1 “0p_
0 50 100 150 200 250 300
TK
Puc. 2. TemmeparypHa 3aIeXHICTh onopy
HEPEeKPHUCTaNi30BaHOTO MTOJIIKPEMHII0 3
KOHLICHTpAII€I0 BUIBHUX HOCIIB  3apiny  pspox
=2,4x10" cm™ .
2800
2700
2600
2 ]
S 2500
o ]
2400
23001 R
0 50 100 150 200 250 300
TK
Puc. 4. TemmepaTypHa 3aleKHICTH  OIOPY

HEpPEKPUCTAIII30BAaHOTO TMONi-Si 3 KOHLEHTpALI€0
BUTBHUX HOCIIB 3apsity p3oox=3,9%1 0" cem”.

Puc. 6. INonepeunnit MAarHITOOTIIp
pEeKpHUCTAI30BaHUX  IIApiB  MOJIKPEMHII0 3
KOHIICHTPAITI€10 BIIBHUX HOCIIB 3apsny

p300K=7X 1 017 CM_3.
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HU3BKUX TemmepaTyp, M. Bpomnas ([Tomemma) B pamkax
MDKHApOIHOI CITiBIIparli.

I11. EnekTponpoBiaHicTh mapis
NMOJIIKPEMHII0 IPH KPiOreHHUX
TeMIepaTrypax

Sk BigOMO, MOJIKpEeMHiH MICTUTh HaOlp IpiOHMX
MOHOKPHUCTAJIIYHAX 3€pPeH, 3 €IHAHHWX BIJIOBITHUMHU
TPaHUISIMU 3€pEeH, SIKi, B CBOIO Yepry, CKIaAaloThcs 3
po3ymnopsiaiKoBaHMX ~ aroMiB. B pamkxax  Mogeni
BJIOBJIIOBAYiB HOCIiB 3apsijy B JIETOBaHOMY MaTepiaii
pyxomi HOCII 3aXOIUTIOIOTECSI €HEPreTHYHUMU CTaHaAMU
Ha IPaHULAX 3epeH. B pe3ynbTaTi TaKoro 3aXOIUICHHS Ha
TPaHULISAX 3EPeH BHHUKAIOTH SK OOJIACTI MPOCTOPOBOIO
3apsay, 30iqHEHI HOCISIMH, TaK i NOTEHIiadbHI 0ap’epu

Ha TpaHWIIX 3epeH. Y HaOMMWKEHHI YacTKOBOTO
30IQHEHHS 3€pHA, BHXOISYd 13 Moxem [5] s
MOJIKPEMHII0  p-THITy, JIeroBaHoro ©Oopom, Oyma

po3pobieHa mporpama JUis YHCEIBHOTO PO3PAXYHKY
EJIEKTPUYHHX 1 1’€30PE3MCTHBHUX BIIACTUBOCTEH IIapiB
nomi-Si 3 pisHUM  po3mipoM 3epHa. B momi-Si
nependavyaBcsi SIK OCHOBHMI MeXaHI3M MepeHocy —
Han0ap’epHUN TIEpeHOC HOCIiB 3apsay B KOMOiHaIil 3
mudy3iero dyepe3 TpaHumLli 3epeH i AperidoM HOCIIB 3apsiry
yepes  kpuctamitd  [6]. UucempHI  po3paxyHKH
3MIHCHIOBAINCh HA OCHOBI TMPHITYIICHHS IPO YacCTKOBE
301JHEHHS 3epHa.

3 iHmoro OOKy, XapakTep eJeKTPOIPOBIJHOCTI
MOJIKPUCTANIIYHOTO ~ MaTepiainy Jyxke I[oxiOHuit 1o
€JIEKTPOIIPOBITHOCTI HEYIOPSAKOBAaHUX HariB-
npoBiTHUKIB [7]. B 3a51eXHOCTI Bii cepeHbOro po3Mipy
3epHa, PpIBHS JIeryBaHHS Ta IHIHMX  (aKTopiB
JMIOMIHYFOUMM CTa€ TOH YU IHIIMH MEXaHi3M MEepeHOCY
HOCIIB 3apsiy — Big Hanbap €pHOro MexaHi3My 10
NPOTIKaHHS EJICKTPOHIB 10 CTaHaxX BJIOBJIIOBAYiB Ha
IpaHULSAX 3epeH. B 3aranbHOMY BHIIAIKy edeKTHBHA
€JIEKTPOIPOBIAHICTE MOXe OyTH 3almcaHa HACTYIHHM
BUPa30M:

(1)
ae o, 1 0 €JICKTPONPOBITHICT, TO 3€pHaxX i
Haa0ap’epHa MPOBIAHOCTI BiMOBIIHO;

h — WMpHHA TPaHUlll 3epeH; 7, — ePEeKTUBHUN DPO3MIp
3epHa.

Skmo 3epHO € MOBHICTIO a00 Maibke IOBHICTIO
30ilHEHO HOCISIMH, TO MEpUIUM gojaaHKoM ¢opmyiu (1)

Gy =0, +o,(h/g),

MOKHA HEXTyBaTH, 0,—> 0, 1 eIeKTPOIpOBiIHICTh
3MIHCHIOETBCA 32 pPaxyHOK TIEpEeHOCY HOCIIB 110
JOKaJi30BaHUX CTaHAX Ha TpaHHULX 3epeH. Taka

eJIeKTPOIPOBIAHICTE MOXe OyTH peali3oBaHa IIpH
HU3BKOMY piBHI JIETYBaHHS 1 MaJMX po3Mipax 3epeH
HE3aJISKHO BiJ TEMIIEPATypH CIIOCTEPEKEHHSI.

Ilpy KpioreHHUX TeMIepaTypax, KOJIH OYiKYEThCS
3Ha4YHE BUMOPOKYBaHHSI HOCIiB 3apsily, KUIbKICTh HOCIiB
B 00’€Mi 3epHA CTa€ Ay»Ke MaJOk0, 32 BUHATKOM BHITAJKY
BUCOKOI'O  DIiBHS  JIeryBaHHS  (MeTaneBuil  THI
€JIEKTPOIPOBiHOCTI). B Takomy BHmanky 3a OCHOBHHMI
MEXaHi3M IepeHOCY Tpeba pOo3rIsiaTH KBaHTOBUH
MEXaHi3M TIepeHOCY HOCIIB 3apsay IO CTaHax Ha
TPaHUIIX 3epeH. Pi3HuI y BHCOTI Oap’epiB HA TPAHUIIAX
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3epeH NPHU3BOIUTH 1O BHIAIAKOBOTO HOTEHLIAIBHOTO
penbedy, 3YMOBICHOTO BHKPHBICHHSAM €HEPreTHYHUX
30H OIS TpaHunb 3epeH. ToMy Taka cucTeMa MOBHHHA
pO3IIANATHCh  SIK  JAyXKE CHJIBHO  JIETOBaHMH 1
KOMITCHCOBAHUH HaIiBIIPOBITHUK, /i€ CTAHU Ha TPAHULIIX
3epeH BiJIrParOTh POJIb KOMIICHCYHOUUX JOMIIIOK. UM
HIDKYE TeMIIepaTypa, THM OUIbLIMH BHECOK B €JIEKTPUYHI
BJIACTUBOCTI KBaHTOBOTO MEXaHI3My IEPEHOCY, 1 HOro
MOXXHa OIMCATH 32 JIOTIOMOT'0I0 Teopil TPOTIKaHHS HOCIIB
3apsny [8].

Ha puc. 1. HaBEJIEHO eKCIIepUMEHTAIbHI
TeMIepaTypHi 3aJeKHOCTI Omopy momi-Si pe3ucTopis,
PEKPHCTANII30BAHMX JIa3€POM 3 MTOB3JOBKHIM HAIPSIMKOM
CKaHyBaHHS, 3  KOHIEHTpAIi€l0  HOCI{B  3apsamy
D300k ® 7x10" em>. Sk BUIHO 3 BCTABKU 10 puc. 1, nns
TakuxX mapiB moui-Si B miamazoni temmeparyp 8 +25 K
TeMIepaTypHUH  Xi  IOUTOMOTO  OMOpPY  3pa3KiB
HAOJIDKEHO OMUCYEThCst 3akoHoM Motta (Inp ~ T" 4), 1o
BKa3ye Ha CTPUOKOBHH XapakTep MHPOBIJHOCTI B IHX
3pa3Kax MpH HU3bKHUX TeMIlepaTypax.

Jdns npiOHOKpUCTaNiYHUX (HEPEKPHCTAII30BAHHX)
IapiB IMOJIKPEMHII0 3 MPOMDKHHUM pIBHEM JIETYBaHHS
(P300x = 2,4x10" cm ) cmoctepira€Tbcs OUTBII CHIIbHA
TEMIIepaTypHa 3aJISKHICTh ONOpPY NpU KPiOTeHHUX
Temneparypax B iHTepBami 4,2-77K (puc.2), a B
obmacti temmepatyp Bim 4,2 mo 25 K cmoctepiraerses
Takok cTpuOKoBa mpoBigHicTe. Ha puc. 3. HaBeaeHO
TEMIIEPaTYPHY 3aJEXKHICTh OMNOpPY LUX 3pa3KiB MiCIs
nmasepHol pekpucraiizamii. JlazepHa pexpucTamizamis
MPU3BOJUTH 10 30UIBIIEHHSI CEPEHBOTO PO3MIpY 3epHa,
0  OJHOYAaCHO  CYHPOBOJDKYETbCS  3MEHILEHHSIM
3arajbHOi IUIOLIl IOBEPXHI TI'paHUIb 3EPEH, Ha SKHX
BiZIOYBa€THCS 3aXOIUIEHHS BUIBHUX HOCIIB 3apsany. Kpim
BOTO, TicHs  JIa3epHOi  peKpucramizamlii  3epHa
MOJIKPEMHII0 MaioTh (OpMy, BHIOBKEHY y HANpPSIMKY
ckanyBaHHs. lle o3Hauae, mo cepenmHiii po3mip 3epHa
B3JIOBXX HANpPSMKy CKaHYBaHHS € OUTBIIMI 3a CepenHii
po3Mip 3epHa IONEepeK HampsAMKY CKaHYBaHHS, IO
BIZIMOBiIa€ OUIBIIOMY 3HA4YeHHIO omnopy (i MUTOMOro
Oropy) MONEPeYHHUX TOMi-Si PEe3UCTOPIB y TECTOBHX
3paskax, II0 1 crocTepiraeThes Ha rpadikax puc. 3. Kpim
TOrO, JIa3epHa PEKPHUCTATI3allisi, 3aBASKHA 30UIBIICHHIO
PO3MIpiB 3epHa 1 3MEHIICHHIO BKJIaay TpaHUIlb 3€peH,

MPU3BOJAWTH 70  3MCHIICHHS  IHMTOMOTO  OIOPY
NOJIKPEeMHII0 Yy  IOpIBHAHHI 3  BHUXIIHUM  He-
PEKPHCTANli30BAaHUM  IOJIIKPEMHIEM, IO  SICKPaBO

uTIocTpy€eThes puc. 21 3.

Jis cunmbHOIETOBaHUX APIOHOKPUCTANIYHUX 3pa3KiB
MOJIIKPEMHIIO 3 KOHIICHTPALIIEI0 HOCIiB
D300K & 3,9x10" em” XapaKTepHUN  3MIMIaHUK  THII
MIPOBIAHOCTI PH HU3BKUX TeMmepaTypax (puc. 4). [licus
Ja3epHOl peKpHcTamizaiii IUX 3pasKiB  3MIHIOETHCS
Xapakrtep iX TPOBIAHOCTI B [iama3oHi TeMIeparyp
4,2..300 K 3 HamiBOpOBiAHMKOBOTO Ha MeETaJleBUI
BHACJIIJIOK 30UIBIICHHS KOHIIGHTpAIil HOCIIB 3apsay
Mailke Ha MOPAJIOK, SIKa CTAHOBUTD P3ook & 1,7><1O20 em?
(puc. 5).

[opiBHIOIOYM ~TeMIEpaTypHi 3aJie)KHOCTI  OHopy
JIOCIHII/PKEHNX MIapiB MOJIKPEMHII0, MOXKHA BiJ3HAYNTH,
10 HAHOUIBII CHJIBHOIO TEMIIEpaTypHOIO 3aJIeKHICTIO
OIIOpY XapaKTepU3YIOThCS PEKPHCTATI30BaHI MIapu 3
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Puc. 9 Ionepeunmii  Marmitoomp s Puc. 10. INonepeunnit MarHitoomip
. : CWIIbHOJICTOBAHUX  IIAPiB  MOJIKPEMHIIO  IpH
Jie(hopMOBaHKX CKPUCTAI30BAHMX  ITApiB .
bop perp p T=4,2 K: 1 — HepekpucTamgi3oBaHUX 3

TIOJIIKPEMHIIO 3 p300f4,8><1018 em” nipu T=4,2
K; Ha BcTaBIi: npu pi3Hux Temmeparypax: 1 — 4,2
K2-67K3-14K4-20K

KOHIICHTPALI€I0 HOCIIB D300k ® 7x10"7 em? i
NPiIGHO3EPHUCTI MapH 3 pagox ~ 2,4x10"™ em™. Taxi moi-
Si pesuctopu MOKHa peKOMEHIYBaTH Ui CTBOPEHHS Ha
1X OCHOBI MIHIATIOPHUX CEHCOPIB I BHMIpPIOBAHHSI
HU3BKHX TEMIepaTyp 0 TeMIEPaTypu PIIKOro Telio
BKJIIOYHO.

Haiibinpin TemmepaTypHO CTaOUIbHUMH BUSIBHIHCH
noji-Si mapu, sKi MamTh HAHOLIBIIY KOHIICHTPAIIiIO
BUIBHUX HOCIiB 3apsnmy (puc.5). ILleit pesymbrar y
TIO€THAHHI 3 TEOPETUYHUM nepe1oadeHHIM
IT’€30pPE3UCTUBHIX BIACTUBOCTEH MOJIKpeMHito [2,6] nae
MOXJIUBICTB CIIOJIIBATHCh HAa MOXKJIMBICTH CTBOPEHHS Ha
OCHOBi PEKpPHUCTATi30BaHUX JIa3epOM MOMi-Si Pe3UCTOPiB
3 KOHIICHTPAII€I0 HOCITB D300K = 1x10%° em™
IT’€30pPE3UCTUBHIX CEHCOPIB MEXaHIYHUX BEIUYUH LIS
po0OTH B MHMPOKOMY [iama3oHi HU3BKUX TeMIeparyp. 3
IHIIOrO OOKY, /ISl CTBOPEHHS OLIBII YYTIMBUX CEHCOPIB
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1 - .
P300k=3,9x10" em> | 2 — pexpucranizoBaHux 3
Poox=1,7x10% em™.

MEXaHIYHAX BEIWYHH UIA TETE€BUX  TEMIIEpaTryp
JIOLJIbHO BUKOPHUCTOBYBaTH PEKPHCTAIII30BaHI Jia3epoM
mapu moii-Si 3 KOHIEHTpAli€ HOCIB  3apsay
4,8x10" em™ [9].

IV. MaruiTtoonip mapiB noJiikpeMHio
NPHU KPIOreHHUX TeMIepaTypax

IIpu JIOCIIIKEHHI BJIACTUBOCTEH mapiB
TIOJIIKPEMHI0 B CHJIBHUX MarHiTHHX TOJISIX BUMIPIOBaBCS
TIOTIePEYHUI MarHiTOOTIp npu KpIOTEHHUX
TeMIepaTypax 0 TEMIIEPaTypH PiIKOTO TEIifo.

Ha puc. 6. HaBeOeHO MOMEPSYHHI MAarHITOOIMIP
PEKPHUCTAI30BAHUX JIa3epOM IIApiB IOJI KPEMHIIO 3
KOHIICHTPALIEI0 HOCIIB P30k = 7x10"7 em™ mpu 4,2 K.
Marsitoonip nuMx HIapiB JOAaTHIN, a 3MiHa OMOpY Mix
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BIUIMBOM MarHiTHOro moist 1m0 8 T € cmabkoro.
BpaxoByroun OinbIl CHIBHY TEMIEpaTypHY 3aJIeKHICTH
OTOpy TaKUX 3pa3KiB IpH HHU3BKUX TeMIepaTypax i
CITa0Kuil BIUIMB MarHiTHOTO IIOJIA Ha BJIACTHUBOCTI OMOPY
MOXKHa PEKOMEHAyBaTH Taki Nomi-Si pe3ucropu s
CTBOPEHHsI Ha IX OCHOBI MiHIaTIODHUX CEHCOPIB IS
BUMIPDIOBaHHS KPIOr€HHHUX TEMIIEpaTyp B CHIIbHHX
MAaTrHITHHX TIOJISX.

Ha puc.7 mnokazaHo monepeyHHi MarHiToomip
HEpPEeKPUCTAII30BAaHUX IIapiB 3 KOHIEHTPAIi€l0 HOCIIB
Psook=2.4x10" cM®  npu  pisHEX Temmeparypax B
miamazoni 4,2-10K. B Takmx 3pa3kax, B SKHX
KOHIICHTpAIlisl ENeKTPUIHO aKTUBHOI IoMimku (6opy)
BIINIOBia€ MieJICKTPUYIHOMY OOKY TIepexony MeTa-
TENIEKTPUK, CIIOCTEpiraBcsl Bif €MHHH MarHiToomip y
MOPIBHSIHO  Ca0KWX  MarHiTHUX  momsix.  llosiBa
BiJI’€MHOT'O MarHiTOOIOPY HOSCHIOETHCS OCOOIMBOCTIIMH
TPaHCIOPTY HOCITB 3apsny, 3YMOBJICHHX
NOTEHLIAIbHUMK Oap’epaMu Ha TpaHHULIX 3€peH B
MOJIIKPUCTAIIYHOMY MaTrepiaii. B CHIBHUX MarHiTHHUX
MOJISIX MArHITOOMip WX 3pa3KiB cTae JOAaTHIN i
30UIBIIYEThCS 31 3HIKEHHSAM TEMIIEPATYpH, IOCATAI0YN
MaKCUMallbHOI BemuuuMHU 1pu Temmeparypi 4,2 K
(puc. 7, xpuna 1).

VY peKpucTamizoBaHOMY Ja3epOM IOJNIKPEMHIi, KN
32 CBOIMM  BIIACTUBOCTSIMH  HAONMMXKAETBCA 10
MOHOKPHUCTAIIYHOTO KPEMHII0, CIOCTEpiraBcsi TLIBKH
nonatHid  marHitoomip. [lomepednuii  Marsitoorip
PEeKpHUCTaNII30BaHUX MOJNIKPEMHIEBUX LIAPIB 3 CEPeIaHIM
piBHeM JeryBaHHs B iHTepBaii Temneparyp 4,2-20,2 K
HaBeseHO Ha puc. 8. [lopiBHIOOYH puc. 7 1 8, BUAHO, 1O
JUIL  TIONMIKPEMHII0 3 CepegHiM piBHEM JIETYBaHHS
MarHiToomip  pPEeKpUCTATI30BaHUX  Ja3epoM  IIapiB
OUIBILIMIA, HIX [T HEPEKPHUCTAII30BAaHHUX 3pa3KiB.

Hast orucy XapakTepy MarHiToomnopy
C1a0OJIeTOBAaHMX  3pa3KiB  TONIKpEMHIF0 3  HaliB-
MIPOBIIHUKOBUM XOJIOM TIPOBiTHOCTI BUKOPHUCTOBYBAJIACh
MOJENb, 3TIMHO  SKOI  TO3WUTHBHUA  MarHiTOOIIp
MOSICHIOEThCA  AeopMaIli€el0  XBHJIBOBHX  (DYHKIIH
JIOKAJIi30BaHMX AIPOK 3a paxXyHOK MaraitHoro mous [10].
OpiHak HEOOXiIHO BiJI3HAYHUTH, 110 TS
HariBIPOBITHHUKIB 3 KOHIEHTPAIIEIO JOMIIIKU 1003y

IIMJI Hemae aneKBAaTHOIO TOSCHCHHS MEXaHI3My
MAarHiTOONOpY.

Marsitoomnip nedopmoBaHUX (omHOBiCcHa
medopmaris  CTHUCKY) IHapiB  MOJIKPEMHII0,  SKi

MiAIaBAIMCh JIa3epHIN peKpucTaizallii, Ipu KPioTeHHUX
TeMIepaTypax mokazaHo Ha puc. 9. I3 mopiBHIHHS puc. §
i puc. 9 BugHO, 1O MarHiToomp AeHOpPMOBAHOTO
MOJIIKPEMHII0 OUTBIINKA, HIXK i1 HeaehopMOBaHOIO 3
KOHIICHTPAITIEI0 HOCIiB  p3pox= 4,8><1018 oM. B
HEPEeKPHCTaNTi30BaHOMY MOJTIKpEeMHii 3
D300k = 2.4x10" cm nedopmartis 3pa3ka 3HAYHO MEHIIe
BIJIUBAE HA HOTO MArHiTOOMIp.

CwibHO JIerOBaHi IIApH IIOJIIKPEMHIIO MaloTh
MEHIIMH MarHiToomip, HiK 3pa3kd 3 CEepeAHIM piBHEM
neryBanHs. [liciist ta3epHOi pexpucTanizanii MarHiroomnip
CHJIBHO JIETOBAHOTO MOJIKPEMHII0 3HAYHO 3MEHIIYETHCS
y TOpIBHSHHI 3 MarHiTOOIIOPOM HEPEKPUCTAII30BaHUX
mapis (puc. 10). B ocraHHpoMy BHIIaZKy 3MiHa OHOpPY
MOJIIKPEMHI0 B MarHiTHOMY 1ol 10 14 T He mepeBumye
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1% (puc. 10, xpuBa 2).

B cunbHONEroBaHMX 3pa3kax IMOJIKpEMHII0 3
METaJIeBUM THIIOM TPOBITHOCTI JOJATHIN MarHiTOOIIp
MOXXHA TMOSCHUTH CJIA0KOI0 JIOKANi3ali€el0 [ipoK Y
BIIMIOBITHOCTI 3  TEOPI€I0 KBAHTOBHX  IOIPABOK
Ansrirynepa-Aponosa [10]. B cunbHO neroBaHOMY
MOJIKPEMHIi, K HEpeKpUCTalli30BaHOMY, TaK 1 Jla3epHO
pEeKpHUCTaNIi30BaHOMY, BIUIMB OJHOBICHOI aedopmarii Ha
MarHiroonip He icTroTHui. ToMy MOXXHa CIIOJiBaTHCH,
0 pO3poOJIEeHI Ha OCHOBI TakKkMX WIApPiB CEHCOpHU
MEXaHIYHHUX BEJIMYHMH OYyAyTh MPALe3AaTHUMHU B CHIIBHUX
MAarHiTHUX ITOJISIX NIPH KPIOTEHHHX TeMIIepaTypax.

V. BucHoBku

Ha ocHoOBi nociimkeHb TeMIepaTypHOI 3aJeXHOCTI
€JIEKTPOIIPOBIIHOCTI MIAPIB TONIKPEMHII0 Ha 130JATOpI
NP HU3BKUX TEMIIEpaTypax BCTaHOBICHO CTPHOKOBHIA
XapakTep TPOBIOHOCTI B  IHTEpBaJi TeMIepaTyp
4,2..25 K ans pekpucTazizoBaHUX Ja3epoM IapiB MOJTi-
Si 3 KOHIEHTpAIi€ld HOCIIB pjppx= 7x107 em™ i
HEPEKPHUCTATI30BaHMX  MapiB 3  KOHIIEHTPAIIEI0
Dok =2,4x10" cm™. Bapmakm cunbHiil TemmepatypHiit
3aJIe)KHOCTI ONOPY TaKMX IIapiB B IHTEPBANI TeMIEpaTyp
4,2..77 K, BoHH MOXyTh OyTH pEKOMEHAOBaHI fK
YyTJIHMBI €JIEMEHTH CEHCOPIB KPIOr€HHUX TEMIIEpaTyp, a
CEHCOpH TeMIIepaTypu Ha OCHOBI PEKPUCTATI30BAHUX
mapiB moi-Si 3 p3gx = 7x10"" em™ mpunatHi wis poGoTH
B CHJIBHUX MarHiTHHUX IOJISIX.

[Ipr BUMIpIOBaHHI IONEPEYHOr0 MArHITOONOPY B
HEpPEeKPUCTATI30BaHUX nrapax MOJIKPEMHII0 3
KOHIICHTPAIIIEI0 HOCIIB p300,<=2,4><1018 cM>, B SKHX
KOHLIGHTpallisi OOpy BiINOBifae JieNeKTpHYHOMY OOKy
epexony MeTal-TieIeKTPHK, CIOCTEpIraeThCs
BiJl’€MHUI MarHiTOOMIp y MOPIBHIHO CIAOKUX MarHiTHUX
MONISIX TpPH TeNEBUX TeMmmeparypax. [  Bcix
PEKPHUCTATTI30BaHUX IapiB MOJi-Si crocTepiraBcs TiIAbKA
JIOIaTHIN TToTiepeYHniA MarHiToomip B mossx 1o 14 T, mo
MOSICHIOEThCsL  Jepopmaitiero  XBUIIbOBUX  (pyHKIiH
JIOKaJTi30BaHUX JIIPOK 3a PaxyHOK MarHiTHOTO IIOJIs.
CuipHO JIeroBaHi PEKpHCTaIi30BaHi Imapu  moji-Si
D300k = 1,7><1020 CM'3) HaWOLIBII  cTaOlIbHI g0  Jii
marHitTHoro noss, npu 4,2 K ix omip 3MiHIOETBCS B
mexax 1% mpu momsix mo 14 T. Takuil mosikpemHid
MOXe OyTM  pEKOMEHIOBaHMH Ui  CTBOPEHHS
II’€30pE3UCTUBHUX CEHCOPIB MEXaHIYHWUX BEJUYMH,
M€3TaTHUX TPU KPIOTEHHUX TEMIIEpaTypax i B CHIIBHUX
MAarHITHUX MOJSAX, B TOM 4Yac SK IS OUTBII YyTIUBUX
CEHCOPIB MEXaHIYHMX BEIMYMH M KPIOTEHHUX
TeMIepaTyp HaWO1IbII MpUIaTHI mapu
PEKPUCTATTI30BAHOTO TMOIKPEMHIIO 3 TPOMIXXHUM PiBHEM
TeryBaHHA (P300x = 4.8x10" CM'3).
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A.A. Druzhinin, I.I. Maryamova, Yu.M. Khoverko, S.M. Matvienko

The Properties of Polysilicon-on-Insulator Layers at Cryogenic Temperatures

and High Magnetic Fields

Lviv Polytechnic National University, Sci.-Research Center “Crystal”,
1, Kotlyarevsky Str., Lviv, 79013, tel.(0322)721632, e-mail: druzh@polynet.lviv.ua

The properties of boron doped polysilicon-on-insulator layers, unrecrystallized and after laser recrystallization,
were investigated in the temperature range 4.2+300 K and high magnetic fields. The effect of laser recrystallization
on the temperature dependence of resistance for polysilicon layers with different carrier concentration at low
temperatures was studied. Magnetoresistance of poly-Si layers was measured in magnetic fields up to 14 T at
cryogenic temperatures. The possibility to develop temperature sensors and piezoresistive mechanical sensors based
on poly-Si on insulator layers operating at cryogenic temperatures and high magnetic fields was shown.
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