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JocmimkeHo  3alexHICTh  MPOBIAHOCTI 1

PYXJIUBOCTI

HOCIIB CTpyMy BiI Temmeparypu B TOHKHX

nonikpucraniunux miiBkax p-CaTe i p-PbTe, BupoimeHnX Ha CKISIHMX MiIKIaAKax. BCTaHOBICHO MeXaHi3MHU
MEePEHECEHHsI HOCITB CTPYMy Ha MDXK3epEHHHX MeXaX, [TOB’s13aHi 13 TepMOCICKTPOHHOIO EMICI€lO.
Koro4oBi c10Ba: TOHKI IUTIBKY, MOTIKPUCTANITH, MIXK3€pPEHHI MeXi, 6ap’epu.

Cmamms nocmynuaa oo peoaxyii 12.01.2006, npuiinama oo opyky 15.03.2006

Beryn

[IniBkn  kagMid 1 1uOMOYM — TenypuaiB €
MIEPCIEKTUBHUMH IJIi CTBOPEHHS Ha X OCHOBI aKTHBHHX
€JIeMEHTIB MIKpO- 1 ONTOENEKTPOHIKH: IETEKTOPiB 1
JoKepen 1HPPadYepBOHOTO BHIIPOMIHIOBAHHS OINTHYHOTO
cektpy [1], TepMOENEeKTpHYHUX TEPETBOPIOBAYIB
eneprii [2]. Tak 30kpeMa NONIKPUCTATIYHUN KaaMmiit
TEIypUX €  TEepCHeKTHBHUM  JJIsI  CTBOPEHHA
(oTomnepeTBOpIOBaYIB, TEOPETHIHO MOJKJIMBa
e(hEKTHBHICTh SKUX CKiamae 29 %, aie Ha MpakTHIli BOHA
He mepeBunlye 12 %, mo 3B’§3aHO 13 CKJIAAHICTIO

KepyBaHHS  TPAaHCIOPTHUMH BJIACTUBOCTSMH
MOJIIKPUCTANIIYHUX TUTIBKaX [3].
IIpu JTOCTIJIXKCHHI1 SIBHIL] epeHocy B

HAaITIBITPOBITHUKOBUX IUTiBKaX JA00pe BiJoMa 3aJeXHiCTh
BJIACTUBOCTEW TOBIIMHH, 00YMOBJIEHA THM, IO MOPSJ 3
00'eMHUMH MeEXaHi3MaM{ PO3CISIHHS HOCIIB  3apsay
ICTOTHY POJb BiMIrparOTh MPOIECH Ha TOBEepXHi. Kpim
TOTO Yy pAOl TONIKPUCTATIYHUX TUTIBOK, JIOMiHY€
PO3CilOBaHHSI HOCIIB CTPyMy Ha MDK3EPEHHHX MEXax,
TaKk SK CyMapHa TIOBEpXHsS KpPHCTANITIB MOXe Ha
JICKUTbKA TMOPSAKIB TMEPEBUIIYBATH MOBEPXHIO ILTIBKH.

[4].

I. EnemenTn Teopii

[Monixpucraniunuii 3pa3okK sBIsiE COO0I0 CYKYIHICTh
HEBEJIMKUX KPHUCTAJIB, $KI PO3JUICHI MiX3epEeHHHUMHU
mexxamu (puc. 1, a). SIKImIO CTpyKTypa KpHCTaJiTiB
YIOPAJKOBAHA, TO MiXK3epeHHi MeXI €
PO3YIOPSAKOBaHUMH. 3TiHO MOJIENI 3alpOIIOHOBAHOI y
poboTax [3, 4], eleKTpOHHI BJIACTUBOCTI MOIKPHUCTATY
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Puc. 1. Moxenb Mik3epeHHOT MEXi B MONIKPUCTAIAX P-
THIy TPOBIJHOCTI: a — CTPYKTypa IOJiKpHcTana; O—
posmonin 3apsxy Q B 3epHI 1 Ha Mexi; B — 30HHa
niarpama, E. — kpaii 3omu mnposimHocti, E, — kpaii
BaJIeHTHOT 30HHW, E; — piBeHb JoBymok, Eg — piBeHb
@epmi y BiacHOMy HamiBnpoBimHMKY, E, — Bucora
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eHepreTuyHoro 6ap’epy.
BU3HAYAIOTHCS  3aXOIUICHHAM  HOCIIB  0OipBaHUMHU
3B’SI3KAMH  aTOMIB, SIKi JIOKaJTi30BaHI HAa MDK3EpEHHX
MeKax, a CTPyM 4Yepe3 HHUX HpPOXOAUTh 33 PaxyHOK
TEPMOEIIEKTPOHHOT eMicii.

3a ymMoOBHW, MO BCi KPHCTaJiTH MAalOTh OJHAKOBI
miHiHT po3mipm L, [cM], KOHIEHTpaIlisi JOMIIIOK
N [eM™] Tifbku OHOTO THITy, a IIMPHHA MiXK3EPEHHHX
mesx 1 [eM] i3 konmenTparieio noBymrok Q, [em™] i Te, 110
BCl BUIBHI HoOCil 3apsgy mnobmmzy wmexi L/2-1
3aXOIUTIOETHCSL  JIOMYIIIKAMU ~ YTBOPIOEThCS  30iaHEHA
obylacTh 13 XapaKTEPHUM PO3IOALIOM EJIEKTPUYHOIO
3apsiny Q (puc. 1, B) 1 BiINOBIIHMMHU €HEPreTHYHUMHU
piBusiMu E; y 3a0opoHeHiii 30HI Uil Marepiany p-THILY
(puc.1, 1).

Jus Bumaaky LN<Q,, 1mo BigmoBigae yMmoOBi, KOJA
KPHUCTAJITH MOBHICTIO 30iAHEHI Ha HOCIi, a JIOMYIIKH
TUIBKM YacTKOBO 3allOBHEHHI BHMCOTA IIOTEHIIAIBLHOTO

Oap’epy V, JMHIHHO  301IBIIYETBCA 13 POCTOM
KoHIeHTparii N y moro/pkeHHi 3 Bupaszom [3]:
_gl’N
St (1)
8¢

Pienr ®@epmi Er y nmpoMy BUTIaAKy BHU3HAYAETHCS
CIIIBBIIHOILIEHHSAM

[pu LN>Q, Tibkn 4acTHHa KpUCTANITIB 3011HEHa, a
BEJIMUMHA ITOTEHLIAILHOTO 0ap’€py YMCEIBHO PiBHA

_ 9 3)
8eN”

Tyr q — 3apsan enekrpona, T — Temneparypa, k —
ctana bosipiMaHa, € — ieNeKTpUYHA CTaja.

CymapHuil CTpyM dYepe3 TOJIIKPUCTAl BU3HAYAETHCS
SK TIPOBIAHICTIO KPHUCTAMITIB, TaK 1 MeXaHi3MOM
Mepexoly HOCIiB 3 OIHOTO KpHCTaiTa B iHIIUH, TOOTO
MPOBIMHICTIO  MEX3EpeHHHX MeX. Sk  mpaBuio,
MPOBITHICTh KPUCTAJIB iCTOTHO TIEPEBHIIY€E MPOBITHICTH
MEX, TOMY, BHBYAIOUM TPAHCIOPTHI BIACTHBOCTI
MOJIKpUCTANB, B MEpIly 4Yepry CiliJ po3risiiaTd
MIPOBITHOCTI MEX3EPEHHHUX 00IacTeH.

PosrnsamaroTes 1Ba HAWBaXIMBINIMX TPOLECH, IO
BU3HAYAIOUHX CTPYM UYepe3 MeEXi: TyHEJbHI INpouecH i
eJleKTpoHHa eMicis. TyHenpHI CTpyMH icTOTHI y pasi
JIy’Ke BY3bKUX Oap'epiB, HATIPUKIIAM, B CHJIBHO JICTOBAHUX
TOTIKpUCTaNIaXx. Y TIOMIpHO JIETOBAaHWX TIOJIKpHCTaIax
TyHEeTbHI CTPyMH Mali B TOPIBHSIHHI 13 CTpyMaMu
€JICKTPOHHOI eMicii i HUMHM MOXHA 3HEXTYBaTH.

E, =E_-kTIn

Vs

I'yctuHa  cTpyMy  enekTpoHHOi — eMicii  mpum
npuKiIaneHHi no 6ap'epy Hanpyru U piBna [3]:
2 A
=L _yew @)
21m kT

i3 Gopmynu (4) MPOBIMHICTH MOMIKPHUCTATY 3 PO3MIpOM
kpucTainita L Oyje BU3HAUaTHCH SIK.

2 A
o= LQ_?G a )
21 kT
Bpaxosytouu, 1o
0 =qup, (6)

e(eKTUBHE 3HAYCHHS PYXJIMBOCTI PU LIbOMY Oyne
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Ey
=M 7
2mm kT
3a ymoBu, mo qV, =E, Vb — norennian 0ap’epy
Maemo [3]:
0~€XpH‘(Eg/2—EF)/kTEHpI/I NL <Q, (8)
o~T"expF(E, /KT Hupn NL >Q, ©)

TyT p — KOHIEHTpais Iipok, m* — ehekTHBHA Maca.

II. Meroauka ekCriepuMeHTy

ITomikpucTamiuyHi IUTBKA  OJEPKYBAIH METOJIOM
rapsiaoi CTIHKM OCa/PKCHHSM Ha CKIISTHI MiIKJIAK! 3T1IHO
[5]. ToBmmHa IUTIBOK BH3HAYAJNAcs 9acoM HAIHUJICHHS.
CtpykTtypa TUTIBOK JTOCITi KyBaJIacst
€JIeKTPOHHOMIKPOCKOIIIYHUMH  Ta  PEHTTCHIBCBKUMH
MeTosaMH. EJeKTporpoBifHICTh IUTIBOK BHMiproBajiacs
Ha TOCTIHHOMY CTpyMmi B iHTepBaii Temneparyp (77-
300 K). Bci 1muriBku, He3aJeXHO Bif TeMmeparypu i
PO3Mipy 3epHa, MaJIK JipKOBY MPOBITHICTb.

OCHOBHUMH TapaMeTpaMH, IO BH3HAYAIOTH PO3MIp
3epHa B TIOJIIKPUCTATIYHMX IDTIBKaX € TeMIeparypa
MKTaIKA 1 TOBIIMHA TUTBKA [6]. 3MEHITYIOUN TOBIIMHY
mrBkd g0 0,05 MKM 1 3HIKYIOUH TeMIIepaTypy
MIKIaAKA A0 TEeMIIepaTypH pPiIKOro a30Ty MOJXKHa
OJIepIKaTH IUTIBKH 3 PO3MipoM 3eper ~ 2 107 cm.

II1. Pe3yabTaTH Q0CHiIKeHb Ta iX aHAJI3

Ha puc. 2-4 HaBEJICHO eKCIIepUMEHTAaJIbHI
pe3yNbTaTH A MojikpuctamigauxX miiBok p-CdTe i p-
PbTe 3 pi3zHUM pO3MIpOM KPHUCTAITIB.

Po3paxoBaHi 3 HaxwIy NPSIMOJIHIAHUX iISTHOK
TeMIepaTypHHX 3aJIeKHOCTEN MTUTOMHUX
CJICKTPONIPOBITHOCTEH (puc. 2) 3HAYEHHS EHepriid
aktuBamii BusBwiucs piBHEMHA 0,09 eB mus wiiBok
KaaMmiit temypuny (puc. 2, a) i (0,06 — 0,1) eB mis p-
PbTe (puc. 2, 6). Ilpu mpoMy sl OCTaHHIX €Hepris
AKTHUBAIlii 3aJIC)KUTh BiJl BEJIMYMHUA KPHCTATITIB: 3pOCTA€E
Big 0,06 eB mo 0,1 eB i3 3MeHIICHHAM HOTO PO3MIpIB Bij
10° eM mo 2:107 M (puc. 2, 6). OTpuMaHi 3HaYCHHS
eHeprii akTuBaIlii MPUBOAATH O HACTYITHHUX BHUCHOBKIB.
ITo-mepmie, iXx He MOXKHA TIIOB’SI3aTH 13 3aXOIUICHHSIM
JPpOK — OCHOBHHMX HOCIIB y TUTIBKaX — MpHU 3MEHIICHHI
TeMrieparypu aknentopaumu piBHaMu (E,+0.09) eB mns
p-CdTe uu (E,+0.06) eB Ta (E,+0,1) eB mus p-PbTe, Tax
SK JUI1 PO3TJISYBAHOTO IHTEPBAIY TEMIIEPAaTyp BCi
aKIeNnTopHi piBHI i0oHI30BaHi [3] 1 TOMYy HE MOXYTh
JaBaTH OyIb SIKOTO BHECKY Y 3MiHY KOHIIEHTpaLil HOCIIB.
e 1 cmiaye i3  pe3ynpTaTiB  EKCIEPHMEHTIB
TEMIEPATypHOi  3aJeKHOCTI  KOHIIGHTpAIlii  HOCIiB
(puc. 3). TakuM 4YMHOM MOJXKHA CTBEPIKYBaTH, IO
BU3HAYEHI] eHeprii akTHBaIil oB’A3aHi 13
MOTCHIIATFHUME Oap’epaMu Ha Mekax 3epeH, fKi i
MPU3BOAATH JI0 3MEHIIEHHS PYXJIMBOCTI ipOK TIpH
3MeHIIeHHI TeMmmeparypu (puc. 4). 3ayBaxuMmo, IO
eKCIIEPUMEHTAIbHI Pe3yNIbTaTH J00pe CHIBMAJaloTh i3
pO3paxyHKaMH, TIPOBEICHUMU 3a BUPA30oM [7], 110 BKa3ye



[lepenecenns HOCIIB cTpyMy y ApiOHOIMCTIEPCHUX IUTIBKAX KaaMii 1 ITIOMOYM TEeITypHIiB
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Puc. 2. TeMmmepaTypHa 3aleXHICTh eIEKTPONpPOBiTHOCTI momdikpuctamiunmx misok p-CdTe (a) (L=10" cm,
E,=0,09 eB), p-PbTe (6) (L, cm: ® —1 10°, A — 2 107. Ey, ¢B: ® — 0,04, oA — 0,1) 3 pisHuME po3mipamu

KPHCTAJITIB.
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Puc. 3. 3anexHiCTh KOHIIEHTPAIil HOCIIB CTPyMY BiZX TeMIlepaTypH s MOiKpucTamigauX mriBok p-CaTe (a) (L =

10 cm) ta p-PbTe (6) (1 — L=10Ccm, 2 — L=2 107 cm)
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Puc. 4. 3anexHicTs pyXJIMBOCTI HOCIiB CTPYyMY Bill TeMIIepaTypH Ui mojiikpuctaniganx mriBok p-CdTe (a) (L = 10
cM) Ta p-PbTe (6) (1 — L=10°cm, 2 — L=2 107 cM) (TOUKH — eKCIIEPHMEHT, CYIiIbHA JIiHis PO3PaXyHOK 3riIHO

(7).

Ha TIpaBOMIipHiCTH BHOOpPY ¢ismuynHoi Mogmenmi s
TOJIKPUCTANIIYHOTO Matepiany. 3MEHIIEHHS PyXJIHBOCTI
HOCIIB, 3a paxyHOK pO3CiloBaHHS Ha Oap’epax, €
MIPUYMHOI0 3MEHIIEHHS MPOBIJHOCTI 13 TOHMXEHHIM
temrniepatypu (puc. 2). Temep apyre — 30inbluieHHS
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SHEprii axkTWBalii — MDK3CPEHHHX NOTCHIIATEHUX
0ap’epiB — i3 3MEHIICHHSIM po3MipiB KpucrtaniTis L Moxe
OyTH MOSCHEHO peaiizamiero yMmoBu LN>Q,, mis sixoi Vy,
srigao  (3) 3pocTae 31 30UIBIMICHHSAM IOBEPXHEBOL
ryctuHU JOBYmokK Q. JliicHO, 3MEHINEHHS pO3MIpiB
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KPHUCTAJITIB y HAalIOMY BHUNAAKY BeIE 1O 3POCTaHHS
oIl iX MOBEpXHI MDK3EpPEHHUX MEX, 110, O€3yMOBHO,
MIPUBOAXTE 1 JO 3pOCTaHHSA KOHIEHTparmii Q, a oTxe i

BennunHa  Oap’epy, o i TOTBEPAXKYETHCA
eKCIepUMEHTOM (puc. 2).
Taxum YHHOM, y IpibHOIMCHIepCHUX

noJikpucraniuaux iiBkax p-CaTe i p-PbTe nominyrouy
POJBb y TPAHCIOPTHUX SIBUIIAX BiMIrparoTh MpoIlecH Ha
MDK3EPEHHMX  MeKax, MOB’s3aHi 13  yTBOPEHHAM
MOTEHIIAIbHUX 0ap’e€piB Ta TEPMOEMICIIO HOCIiB CTPyMY.

BucHoBku

1. JMocmimkeHO TeMrepaTypHi 3ale)HOCTI KoedillieHTIB
TPaHCIIOPTHUX SIBHIIL JUIsL JpiOHOIMCTIEPCHUX
noJikpucraniuHux miiBok p-CaTe i p-PbTe.

2. BuzHaueHo eHeprii MDK3EpPEHHHX IOTCHLIAIBHUX
Mex siki cknanarTts 0,09 eB mns mwiisok p-CaTe i (0,06 —
0,1) eB s mniBox p-PbTe.

3. TlokazaHo, m0 MOJENb IMOTEHILIATLHUX Oap’epiB i3
JONyIIKaMH 32 YMOBH TEPMOEJIEKTPOHHOI eMicii HOcCiiB
CTpyMy Hepe3 MexXi HoOpe MOSCHIOE eKCIIEPUMEHT JUIs
JpiOHOKPHUCTAIIYHAX TLTiBOK.

Poboma euxonana npu niompumyi MOH VYkpainu
(0106U000220).
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The dependence of the conductivity and charge carrier mobility due temperature at the p-CaTe i p-PbTe
polycrystalline thin films, deposited on glasses substrates. The charge carrier transport at the inter-grain boundary that

shown by thermal-electronic emission are receive.
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