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V HaOnmxeHHI Teopil MIBUAKOCTEH KBa3iXiMIYHMX peakiii Ha OCHOBI EKCIIEPUMEHTAIBHHMX DPe3yJIbTaTiB
BIUTUBY 130T€PMi4HOr0 BiJlany Ha MOBITPi Ha CTPYKTYpHIi MapaMeTpy MoJlikpucTaniuyHux miiBok n-PbTe Bcrano-
BJICHO IPHPOJY i BU3HAYEHO XapaKTEePHHUI Yac Ta eHEeprilo akTUBALl Mpolecy Mirpamii BIaCHUX HEPIBHOBAXKHUX
ToukoBHX JedekTiB. [lokazaHo, 0 MepeBakalOUMMH aTOMHUMU Ae()eKTaMH B CBIKOBHPOIICHHUX IUTIBKAaX N-TUITY
€ OJJHOYACHO /IBa THIH JAOHOPHUX Ie(eKTiB: MKBY3/IOBI aToMu CBHHIIIO Pb; Ta Bakancii Temypy Vr., a micis
BiilTaJTy Ha IOBITPI BXKE y INTIBKAX P-THILY NIEPEBAXAIOTh aKLENTOPHI BaKAHCI CBUHITIO Vpy.

KunrodoBi ciroBa: Bijman, eHeprist akTuBaii, TOYKOBI Je(heKTH, TETypHI CBUHIIO.
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XanpKOTEeHIN CBHHITIO 1 0JI0Ba OyiM 1 3aiuima-
FOThCS aKTyaJIbHUMU MaTepiaraMu 4-
(oToenekTpoHiku 1S Aiana3oHy 4-6 MKM, TEPMOEIIEK-
TPUKH, TEH30METpii, TOMY BaXKJIUBICTh JOCIIKEHb
JUHAMIKH CUCTEMH BJIACHHX TOYKOBHUX Je(EKTiB B MmO-
JikpuctaniyHux mapax PbTe B Tomy wmen Tux, mo
BIUIMBAIOTH Ha Jle(opMaliiiHi IPOIecH SIK B TUIIBIl, TaK
1 B cCHCTEMI MiIKJIaIKa — HAPOIIICHUH 1Iap, HE BUKITUKAE
Hisskux cyMHIBiB [1]. Tepmiuauii Bimman B atmocdepi
KHCHIO € OTHUM i3 CIIOCO0iB KepOBAaHOI 3MIHH BJIACTH-
BOCTEH CBIXKOBHPOIIECHUX CIITAaKCIHHUX MIapiB XaJIbKO-
TeHITIB CBUHIIIO, IO IPOBOJAUTHCS 3 METOIO TTiIBUIIICH-
HS TEPMOCTAOIIBHOCTI Ta OAEpIKaHHS 3amaHux (ismy-
HUX MapaMmeTpiB IUTiBOK [2]. Sk mpaBwjio, BiH HOCHTH
xapakrep 0araTocTaJifHOro Ta 30BHIIIHBO HEMOHO-
TOHHOTO mporiecy [3], mapaMeTpu sIKOTO BU3HAYAIOTHCS
HOMepeTHIM PEXMMOM BUPOLIYBaHHS Ta XapaKTepuC-
THKaM{ Marepiany IuniBkd. Ilpm Bigmami BHaciimok
NPOTIKaHHS TeHepaliiiHO-pekoMOiHaiifHuX Ta audy-
31HUX TIPOLIECIB BiAOYBA€THCS MEPEPO3IOALT Ta YacT-
KoBa a00 IOBHA JIKBiJallisi BIACHUX HEPIBHOBAKHUX
TOYKOBUX JAe(EeKTiB, YTBOPEHHX IIPH EHiTaKCIHHOMY
BUpoIryBaHHI. HeoqHo3HauHICTh Yy BUOOpI TUIY mepe-
Ba)KAIOYUX JOHOPHUX JAe(eKTiB (BakaHCiil XaJlbKOreHy
YM MIDXKBY3JIOBUHHHUX aTOMIB CBUHIIIO) T 1X 3apsiJOBOTO
CTaHy JIOJIaTKOBO YCKJIAIHIOE TPAKTYBaHHS TEXHOJIOTI-
YHUX 3QJIEKHOCTEH eJIeKTPO(i3UYHUX MapameTpiB ILIi-
BOK XaJIbKOT€HIIB CBHHITIO n-THITy [4, 5].

Hamu Ha ocHOBI aHasi3y pe3ysbTaTiB JOCIHIIKEH-
HS CTPYKTYPHHX XapaKTEPUCTHUK MOJIKPUCTAIIYHUX
wiiBok n-PbTe Bignmanenux nmpu 600-800 K Ha mosiTpi
[6] inerTH(iKOBAaHO HEPIBHOBAXKHI TOUYKOBI JE(PEKTH Ta

BHBYEHO OCOOJIMBOCTI KIHETHUKH MPOLIECY 1X Biamaiy.

3pa3ku IS TOCIiHKEHb OJIepKaiu 3 MapoBoi ¢a-
3M METOJIOM Tapsivol CTIHKH. B SIKOCTI MigKIag0K BHU-
KopucToByBaics cBixki ckonu 1o (0001) cironn Mmapku
CTA. HIBuaxicte pocty wapiB ckinazgana 10...15 am/c,
a rtoBmmHa 5..16 MkM. BuxigHi mapamerpu 3paskiB
Oymu HacTymHi: posmipu cy63epen b=(1...3)-10" m i
OKP L=(2...5)-10%M, makcumanbua posopieHTaris
a=15", HEOTHOPiTHA Mikpoaedopmarris
e=(0,7...1,2) 104, a KOHIICHTpAITis HOCIiB
n=(0,9..1,5)-10"" cm™ Tlonixpucraniuni mmiBku ome-
p’KaHi HaBiTh Ha CKITHUX IMITKITAaJKaX BBKAIUCH MO-
JETBHUME TIPH BUBYCHHI BIUTUBY PO3MIPHHX €(EKTIiB
Ha enekTpodizmuHi mapamerpu [7]. 3arambHOBiIOMO,
10 OCTaHHI Ha/J3BHYAIHO YyTJIHBI 0 BCHOTO KOMILIE-
KCy BJIACHHUX 1 JIOMIIIKOBHX AE(EKTIB, sIKi B CBOIO 4ep-
Iy CHpPUYUHSIOTH HeoAHOpiaHi nedopmaii, mo Bu-
BYAIOTHCS METOAAMH JBOKPUCTAILHOI PEHTIEHIBCHKOT
criekTpomeTpii [8].

Po3paxoBaHi 3 kpuBHX AU(paKLiifHOTO BigOMBaH-
Hs Cepe/IHI HeOTHOPIAHI AedopMariii € mpencTaBIeHO y
BUTJISIII YACOBUX 3AJISKHOCTEH sl pI3HUX TEMIIEpaTyp
Bianany (pucyHok). Tak npu Temneparypax 600-650 K
MOYAaTKOBHH picT 3HaueHb Mikpozaedopmariii 3MiHro-
€ThCSl HACTYNHUM II 3MEHIUEHHSIM, IPU LIbOMY MaKCH-
MyMH Ha i30TeépMax 3MIIIyIOTbCA B OOJNACTh MEHIIHX
YaciB 3 MiABHIIEHHAM TeMIepaTypu Bimmary. Ekcrre-
pUMeHTaNbHI i30TepMu npu Temimeparypax ~ 800 K
MaloTh 3/1aBaJIOCh OW 30BCIM iHIIMIA XapakTep, OJHAK
TEOPETHUYHO BOHHU OYAYTH OIMCAHI €IUHOI0 MOJEILIIO.

309



[Tapamerpu nporiecy mirparii TOUKOBUX A€(EKTIB B ...

T=600K

T=630K

t,10%

Pucynoxk. ExcriepuMeHTaIbHI 1 pO3paxyHKOBI 3aJIEKHOCTI HEOXHOPITHOT MiKpoaehopMallii MoJiKpUCTANIYHIX TUTi-
BoK n-PbTe Bix "wacy Bignaiy Ha MOBITpi IpH PI3HUX TEMIIEPATypax.

[potsarom 0,5 roanHM Bignanty IIBHUAKO 3MEHIIYETHCS
3HAYEHHS €, MOTIM XiO 3alie)KHOCTI 3MIHIOETHCS Ha
MIPOTWIIEKNN 1 3a AESKWil 4Yac 3HAa4YeHHS IapaMeTpa
CTabiIi3yeThCs.

CragiifHicTh 1 HEMOHOTOHHICTH TIepe0diry Bimmamy
Ta XapakTepHHUH BUIIISAL 3anexHocTed € (t, T), Bij3Ha-
yaBcs B [6], ogHaK He OyJIO OTPHUMAHO KOIHUX KiJIbKi-
CHHX XapaKTEPUCTHK MPOLIECY PelaKcalii CTPYKTYpPHUX
IedeKTiB, BiIOBITAFHIX 3 IIE.

OneprkaHi eKCTIEPUMEHTANIBHI Pe3yIbTaTH MOXKHA
TOSICHUTH TeHepalliiHO-pEeKOMOIHALIMHUMI Ta Mirpa-
HIHHAMHU TPOIECAaMH €BOJIIOIT HEPIBHOBAKHUX TOYKO-
BUX Je(heKTIB, 1[0 CTBOPIOIOTH Pi3HI 3a 3HAKOM Jedop-
manii. Takumu nedexramu B IUIIBKaX N-TUITY MOXYTh
OyTH HasBHI OJJHOYACHO JOHOPHI MIKBY3JIOBHUHHI aTo-
MH CBHMHIIO Ta BakaHCii Tenypy, 110 3a0e3nedyloTh
BIIXHWJICHHS Bill cTexiomeTpii B cTopoHy mertamy. Lls
rinoTe3a y3rolpKye CYIEpewINBI Ha TMEPUINA MOTII
JaHi pi3HUX aBTOPIB [4], sSKi BUABILLIN, HAa HANIY JyM-
KY, MPOSIB CYMICHO 000X THUTIIB Ie()eKTiB, 0 KOMIICH-
CYIOTh JedopMaliii ane miICHIIOITh JOHOPHY [i0, sKa
MIPUNHCYBANTACh OHOMY 3 HHX.

Bignan npu3BoauTh A0 Mirparii Ta pekoMOiHamii
JOHOPHUX Ae(eKTiB Ha CTOKax (TpaHHLX 3epeH, AMC-
JIOKaI[isX), 110 MPOSBISETbCA Yy 3HATTI nedopmariit
BIAMOBITHOTO 3HAKY, IPU IIbOMY KHCEHb, PEaryrouu 3
PbTe, yTBOpIOE aKnenTopHi BakaHCii y MiArparii cBu-
HIIO, KUIBKICTh SIKHX CIIOYaTKy 3pOCTa€ Ta 3 4acoM

nepecrae 3MiHIOBaTHCS. 3a3HAUYMMO, 110 CaMe Ha Baka-
HCIHHMH MeXaHi3M ae(eKTOyTBOpPEHHs B 000X Miarpa-
Tkax PbTe BkazyBanocs B po6oTi [9].

MoxnHBiCTE  PO3paxyHKYy KiHEMaTHYHUX Mapa-
METpIB TPYHTYETHCS HA: TMO-TIepIle, CITiBBiIHOMICHHSIX
Teopil KiHeTHKH KBa3ixiMidyHMX peakmiid [10], Tak mms
MOHOMOJIEKYJISIPHUX PEaKLii

N = Ny exp(-t/ 1),

T =19exp(E./ kT),
ne Np — mouaTkoBa KOHIEHTpawisi Ae(eKTiB OJHOTO
THUIly, T — 4ac iCHyBaHHs nedekry, E, — eHepris aktu-
Ballii npouecy Mirpauii Ta, Io-apyre, TBEPLKEHHI PO
Te, 10 JedopMaris TPaTKH € 3aJIeKHUTh BiJl pO3Mipy Ta
KOHIICHTpAIlii 1e(heKTiB:

€= BN,
Jie Koe(ilieHT CTUCKY (pO3TATY) rpaTKH 3 BU3HAYAETh-
cs [11] Bupazom
B=[1-(Ri/Ro)’IN;"/3,
ne R; — xoBanenTHuil (ioHHMH) paxaiyc nedekry, Ry —
KOBaJIeHTHHH (10HHMIT) paniyc aTomiB (i0HIB) ab0 Mixk-
BY3JIOBUHHHX TOPOXXHHUH Matpulli, N; — KOHIEHTpalis
BY3JIiB (MDKBY3JIOBUH) MaTpHIIi.
Heginomi nmapametpu E,; 1 T¢; st TPHOX MOMKIIH-

BUX THIIIB e(EKTIB OJIEp)KAIN Yy pe3yibTaTi alpoKCH-
Mamii eKCIIepUMEHTAIbHUX YaCOBUX 3aJIS)KHOCTEH Jie-
(hopMartiif mpu i30TepMiTHOMY Bimmaii (GyHKII€0

€ = go1 exp(-t/11) - €02 exp(-t/12) + €03 (1 - exp(-t/13)),

Ie €1 1 &9 — MOIYJI MOYATKOBUX MapHiadbHUX Aedop-
Maliil BHKIMKaHUX BaKaHCISIMH 1 MDKBY3JIOBHHHUMU
aTOMaM¥ BIJIOBIHO, €j3 — MOJIYJb MAapIialbHOT Je-
(dopmartii, MO BCTAHOBUTHCS MMiJl BIUIMBOM BaKaHCIH
reHepoBaHux KucHeM. OCTaHHIH JONAHOK CIaye 3
PO3B’sI3Ky AM(EpPEeHLIATbHOTO PIBHSIHHS, IO OIHCYE
TCHEPAIlilo i PeKOMOIHAIII0 NeEKTiB BUKINKAHUX KH-
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dN/ dt =N, /t - N/z,

ne N,, — iX rpaHiYHa KOHIICHTPAIIisl.
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Taéanus

[MTapamerpu nporecy penakcauii i-oro THy aedexry

Tun nedexry €0, 10 To, C E,, eB

Vre 2,84 40,07 (1,124 0,07) 10™ 0,99 + 0,01
Pb; 1,84 0,07 (43+2,1)10"% 0,71 0,03
Vb 1,65 +0,02 (43+1,8) 10" 0,69 + 0,03

[MapameTpu ampoxcuMarii, ogepkaHi METOIOM
HalIMEHIIINX KBaJpaTiB, HaBEIEHO B TalOmmii. Apryme-
HTAMH aNpOKCUMAIIMHUX 3aJIeXKHOCTeH Oynm omHOYa-
cHo vac t i remneparypa T. Uucio ekcrepuMeHTanbHUX
TOYOK CTAaHOBWJIO N =21, 4nciIo mapaMeTpiB alpoOKCH-
Mmanii p = 8 (1o 3 mapameTpu Ha KOXHHUH 3 3 THIIIB Jie-
(dexTiB MiHyC OJHMH 3B’S30K, IIOB’SI3aHUH 3 TUM, IO
MOYaTKOBI Jedopmanii Ui TpbOX PI3HUX 3pasKiB, sKi
BIANAITIOBAINCH OyJIM OJIM3BKUMU 1 TOMY BBaKaJHCh
onnakoBuMH i pisauMu 107). Takum umHOM, CymapHa
KpPHBa ONTHUMAIBHO TPEICTABISETHCS 3 BpaxXyBaHHIM
3HAKy CYMOIO TPbOX KPHBHX, IO BiIMOBITAIOTH MapIi-
ANTBHOMY BKJIAAy NE(EKTIiB i-TOTO THUITy B HEOIHOPIIHY
JnehopMalifo ITIBKH.

Yac pemakcamii Tp TOYKOBOTO  JEe(EKTy
BHU3HAYAETHCS XapPaKTEPHOIO YACTOTOI0 V CTPHOKIB
nedekTiB 3 ONHOro pIBHOBRXHOIO MOJIOXKEHHS Y
CyCiZHE, BIICTaHHIO MK LUMH IOJOXEHHSIMH a Ta,
HANpHKIa, PO3MipaMu KpUcTaiTy b:

o = (b/a)* 1/v.

MakcumarnbHa 4acTOTa KOJMBaHb BY3JIOBHX aToO-
MIB 3aJICKUTh BiJl MAaCH BY3JIOBOrO aTomMa M Ta CHUiI0BO1
ctainoi C:

Vinax = (2C/M)"?/ 211,

Omuirky gacrotn 2,6 10" ¢! konuBanp aTomis Te-
Jypuay CBHHIIIO OJEp)KaHO 3a Temmeparyporo [lebas
Op = 125 K [12]. Buxoasuu 3 10CTaTHO BEJIUKOTO PO3-
Mmipy kpuctamitiB b=30 MKM, CIiBpO3MiIpHOTO 3
pO3MipaMH MOHOKpHCTAJIiB Ta CTaloi TIparku a =
=6,45 A" [12], HaMH PO3PAXOBAHO XapaKTEPHMII yac
penakcartii 1y = 8,2 10 C, II0 KOPEJIIOE 3 YacamMu HaBe-
JIECHAMHU y TaONHIli UII HepiBHOBAYKHUX TOYKOBHX Je-
(exriB. OTpuMaHi eHeprii akTUBaIii MporeciB Mirpamii
IUIA Pi3HUX 3pa3KiB 3 MPAKTHYHO OJHUM 3HAYCHHSIM

KOHIICHTpAIlii BUIBHUX HOCIIB 3apsmy n =~ 108 em , a

omke i piBHI Depmi, KOPETIOIOTH i3 3HAYCHHAMH Ha-
Benenumu B [13] mia V. E,= 1,04+ 0,02 eB i B [14]
st nedekrie ceuHIO E, = 0,60 £0,05 eB.

[MpuiiHsABIIM, HATIPUKIIAM, UTI BAaKAHCIH BUKJIMKA-
HUX HAJIUIIKOM cBHHIO R; /Ry=0,7, a medopmarmii
= 10'4, ONEPKUMO Ui KOHIEHTpamii  JedeKTiB
N = 7-10" CM'3, sKa 32 TOPSAKOM BEJIIMYMHU OJH3bKA
0 KOHIIGHTpAIlil BUIBHHX HOCIiB 3apsimy. Takiif ke
KOHIICHTpAlii MDKBY3JIOBUHHHAX aTOMIB BIJAIOBimae
cmiBBigHomeHHs R;/ Ry=1,1.

TakuMm 9MHOM y TpoIeci Biamary Ha MOBITPi IIi-
Bok PbTe n-tumy npuiiMaroTh y4acTb TpH THIHU AeeK-
TiB: J{BA THITM BJIACHUX JC(EKTIB, MOB’SA3aHUX 3 HAJ-
JIUIIIKOBUM CBHHIIEM: BakaHCii Te Ta MI»BY3JI0B1 aTOMHU
Pb, Ta oquH THI, NoB’s3aHMi 3 aTMOC)EPHUM KHCHEM:
BakaHcii Pb. 3a pesynbraramu BHMIprOBaHb Y4acOBHX
3aJIeKHOCTEH 3MIHM HEOIHOPITHOI Mikpoxedopmariii
IIpHU PI3HUX TEMIIEpaTypax Bigmamy Ha IOBITPi po3pa-
XOBaHO XapaKTepHI ImapaMeTpH IPOoIecy Mirpamii Tod-
KOBHUX Je(eKTiB: 4ac penakcarii Ta eHeprii akTuBarlii.
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Epitaxial Films
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Is investigated the dependence of specific electrical conductivity (o), efficient of thermoelectromotive
(), specific thermal electric power (a’c), and efficients of thermal conductivity (x) and thermal electric
quality (Z=(x20/x) of the compounds (Bi,Sb,),Te;-Ge,Pb,.,Te from composition 0,0 <x < 1,0, 0,2 <y <0 ,9.
Is received the compounds with optimum data of o’ i Z.
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