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Beryn

ToHki  MIIBKA  XaJbKOTCHIIIB  CBUHIKO  —
MEPCIICKTHBHI MaTepialid Uil CTBOPEHHS ICTEKTOPIB Ta
JUKEpeIJl BUIPOMIHIOBAaHHS B iH()pauepBOHOMY Jiana3oHi
ONTUYHOTO crekTpy [1]. BcTaHOBIEHO, MO BIACTHBOCTI
TOHKHX HAIiBIOPOBIIHUKOBUX IUTIBOK XallbKOTEHIiB
CBUHITFO BU3HAYAIOTHCS K TEXHOJIOTIYHUMH (haKTOpaMH
NpoLieCy BHPOILIYBaHHS, TaK 1 yMOBaMHU IX HACTYIHOI
excruryartarii [2]. ¥V crarTsx [3-8] BusABIeHO, 30KpeMma,
MPOSIB HEOAHOPIMHOCTEH ENEKTPUYHUX IapaMeTpiB 3a
TOBIIMHOIO Yy IUTIBKAX MOHOXaJbKOTCHI/IIB CBHHIIIO, IO

CYTTEBO MOXE BIUIMHYTH Ha  (DYHKIIOHYBaHHS
NPWIAJIOBUX CTPYKTYp Ha TX OCHOBI.
Meroro  miei  poborm  Oysno  BCTaHOBIJICHHS

3aKOHOMIpHOCTEl 3MiHM KIHETHYHHUX I1apaMeTpiB 3a
TOBIIMHOIO Y IIIIBKAaxX TEIYPHUIY 1 CEJCHIAY CBHUHLIO N- i
P-TUIY IPOBITHOCTI.

I. Meroanka ekcriepuMeHTy i

pe3yabTaTH

HocmimkyBanu emnitakciHi wiiBku n- i p-PbTe, n-
PbSe 3 koHuenTparieio Hociis 3apsaay 10'7-10% cm™ siki
BUPOLIYBIM Ha MIJIKI3AKax i3 KPUCTaNiB (TOPHUCTOrO
6apiro opienranii (111) i3 mapoBoi ¢a3u, a TakoX IUTIBKU
p-PbSe 3 komuentpamiero Hociie 3apsgy 10'7cm”,
BUpOLIeHI Ha cmoai [2]. BupomyBaHHS —IUTIBOK
3MIHCHIOBAIM TIPHU TOCTIHHUX TEeMIIEpaTypi MigKIagoK i
MIBUAKOCTI KOHJEHCAII, a TaKO)K CTalid I KOXXHOI'O
TEXHOJIOTTYHOTO MPOLeCy IHTEHCUBHOCT] BUIIAPOBYBAHHS
JDKepera XalnbKoreHy. [1icspocToBe 0X0I0KEHHS
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3pa3KiB TPOBOIIIN B PErylIbOBAaHOMY IIOTOI TapH
XallbKOTEeHY. SIKICTh IUTIBOK OI[iHIOBAIA METOJaMH
peHTreHiBcbkoi  amdpaxTomerpii 1 Tomorpadii,
XOJUIIBCBKUX BHMipioBaHb. TOBIIMHY IUTIBOK 3aJaBaiu
4acoM OCaKEHHS IapH, IMOIIapOBE TPABIEHHS IUIIBOK
3MIHCHIOBAIIN XIMIYHUMHA METOIAMH.

3pa3ku Uil BUMiproBaHHS edekty Xoiua i
CJICKTPOIIPOBIIHOCTI Majl YOTHPH XOJUIIBCBKUX 1 JBa
CTPYMOBHUX 30HIM. BUMipH NpoBOAWIM Ha IOCTIHHOMY
CTpyMi y TOCTIHHOMY MarHiTHOMY IOJi. BUKiIrOueHHS
BIUIMBY NOOIYHMX TajbBaHO- 1 TEPMOMAarHiTHUX e(ekTiB
IpU [[bOMY 3a0e3IeuyBall yCEpPEeIHEHHSM DPe3yJIbTaTiB
BAMIpIB NP Pi3HUX HANMpPAMKAaX CTPyMy 1 MarHiTHOTO
monsi. CTpyMm, sSKMH TpOTiKaB dYepe3 3pa30K CKIAJaB
~ 1 MA, a maruitHe mone 2,0 Tn. IToxuOka BuMipiB He
nepeBuIryBana 5%.

[TniBku Ha ckosnax BaF, Oynu MOHOKpHCTaliYHUMU
i3 TapaJie]IbHOK OPIEHTAIIEI0 BIiJHOCHO TOBEPXHI
migknanok. Ha cironi BoHM siBisiin co0or0 Mo3aiuHi
CTPYKTYpH 13 oOpieHTamiero rmionuaamu {111} i

HaTIPSIMKaMH{ <1T0> napaiensHo 10 twrontmaA (001) i

HaTIPSMKiB <100> Ta (010) cironu. Po3mipu kpucTamiTis

ckragamn  0,1-0,5 MM i3 KyTOM  a3uMyTallbHOI
po3opieHTarrii 10 5°.
Buznaunnm 3aJIeXKHOCTI MTUTOMOT

€JIEKTPOIIPOBIAHOCTI G, cranoi Xomia Ry 1 pyxmmBocti
HOCIiB [\ BiJ TOBIIMHU OCADKCHUX IUIIBOK. Pesympratn
MPOBEJCHUX EKCIIEPUMEHTAIBHUX TOCII/PKCHb HABEICHO
Ha puc. 1.
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Puc. 1. Po3nozin edpekTHBHUX 3HaY€Hb €IEKTPUYHUX mapameTpiB (6 - 1, Ry - 2, p - 3, n - 4) miiBok 3a TOBIIMHOIO:
n-PbTe (a); p-PbTe (6); n-PbSe (8B); p-PbSe (T).
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[Ipodini exekTprUIHIX TapaMeTpiB Y TOHKUX IUTIBKAaX XaJIbKOTEHITiB CBUHITIO

Bumao (puc. 1), mo y ImIIiBKax Mae MiCIe pO3MipHHMA
eeKT IS MOCHIPKYBaHHX EINEKTPUYHUX IapaMeTpiB.
Tak, 30kpeMa, i3 3MEHIIEHHSM TOBHIMHM d TUTIBOK
MMUTOMA EJIEKTPOTIPOBIHICTh 3POCTAE, OCOOJIMBO Pi3KO
st PbSe B obmacti d <2 mxm (puc. 1, B,r — kpusi 1).
[Tpun upomy, sikmo miiBkd PbSe ocamkeHi Ha ckonax
(111) monokpucraniB BaF, npu ToBmuHax MeHmmx 3a d
~ 1 MKM MaloTb JipKOBY INPOBIIHICTH, TO IIpU OLIBIINX
3HaYCHHAX TOBINMHU d = 1-14 MKM mepeBaka€ TUTBKH
eJIEKTpOHHa MpoBimHicTs (puc. 1,B — kpuBa2). [ns
ToHKHX TUTiBOK PbTe amamoriuamit p-n- mepexin
BimOyBaeTbcss Bxe Ha ToBmuHI 0,3 MkM. IlmiBkm
CeNIeHIZly CBHMHIFO Ha CIIOAI Majll TUIBKH P-THI
npoBigaocti  (puc. 1,1 KpuBa 2). XapakTepHOIO
03HAKOI ISl BCIX IUIBOK € 3POCTAHHS 3a aOCOJIFOTHOIO
BEJIMYMHOIO MOCTiHHOI Xoyla R i3 30UmbIIeHHSIM iX
toBumHM d. OcTaHHE BKa3ye Ha  3MEHILEHHs

KOHIIEHTpAIlii OCHOBHHMX HOCIiB 3rigHO R = —
en

pPOCTOM TOBUIMHH IUTIBOK, IO i BU3HAYA€ 3MEHILEHHS
MUTOMO €JIEKTPOIIPOBITHOCTI G 1 3pOCTaHHS PYyXJIUBOCTI
HociiB P (puc. 1,2). 3ayBakumo, IIO CIOCTEpEXyBaHE
3pOCTaHHs PYXJIUBOCTI HOCIIB [l JUIs TUTIBOK, OCa/KEHUX
Ha MoHOKpucranax BaF, B o0xacti manux ToBumH (d <
1 mxm) (puc. 1,3 — xpuBa 3), 0OyMoBIICHE A3€pKaIbHUM
BiMOMBaHHAM Ha MDK(Qa3HHX MeEXax 3aBISKH IX
MOHOKPHCTAJIIUHIH CTPYKTYPI.

i3

I1. Ipodgini epeKTUBHUX i JJOKAJIBHUX
3Ha4YeHb eJeKTPUYHHUX NapaMeTpiB

JESIKAMH  IHTETPAbHAMH BEIHYMHAMH 1 3aleXaTh Bix
npodiIr0  PO3MOALTY KOHIEHTpalii HOciiB 3apsay 1
MUTOMOI  €JIEKTPONPOBIAHOCTI, TOOTO  JIOKAIBHUX
3HaYeHb. EQEKTHBHI CIEKTPUYHI MapaMeTpH ILIIBOK

MOB’s13aHl 3 BIANOBIAHMMH [JIMCHUMH 3HAYE€HHSIMU
CHiBBiHOIICHHSIMH [6]:
d
o(d) = j o(z)dz/d; (1)
0
d
[Ry(2) 6°(2) dz
R, (d) =2 ; 2
n(d) =Ry (d) o(d). 3)

Tyt o(z), Ry(z), w(z) — niiicHi 3HaYeHHS MUTOMOI
€JIEKTPOIPOBIAHOCTI, KoedinieHTy Xoiuia i XOJUTiBChKOT
PYXJIMBOCTI Ha TOBIUMHI Z, a OTXe € (QYHKUISIMU
PO3IOUTY BiIIOBIIHUX HapaMeTPiB 110 TOBIIMHI IUTIBKHU;
Z — KOOpJMHATa B HANpsSMKy HOpPMali 0 IOBEpXHi
wiiBkk (z =0 BIAMOBINAE TPaHUIN PO3AUTY MiAKIAIKA-
rwiBka); d — ToBmmHA IiBKU. EnemenTaphi mapu dz
IUIIBKU, SIK BUAHO 3 (opmynu (2), BHOCATH BKIan B
iHTerpambHEe  3HaueHHS Ry, mpomopumifiHmiA  iX
KoedimierTy Xoa i MUTOMil eIeKTPONPOBIAHOCTI, IIPH
4OMY BKJIa]] MOXKE OYTH MPOTUIICKHUM B 3aJISKHOCTI BiJ|
3HaKy Ry(z).

Sxmo  d; £ Ad/2 TOBIIMHHA  IUNBOK,  SKI
BIAPI3HAIOTBCS BHECKOM HACTYIHOTO €JIEMEHTapHOTO
11apy; z — KOOpJIUHATA LBOT0 1apy TO Ha ocHOBi (1-3),

BB)XKAlOYM, 110 JIOKaJbHI KIHETHYHI IapameTpu
ILUTIBOK (eJIeMEeHTH Teopii) €JIEMEHTapHUX IapiB ToBHMHOK Ad € B HHUX
PIBHO3MIHHUMH 10 Z, OTpUMaeMo [8]:
Bumipsai eekTruBHI KiHeTHYHI TapameTpH (puc 1) € -
d
j o(z)dz = 5(d)d ;
0
d +A—d
2
j o(z)dz=c (d , +A—d]-(d , +A—dJ
o 2 2
Ad . A d
[HTErpyloun B TOUYKax eJIeMeHTapHoro mapy d +T id, 5 OTPUMAEMO
A A A A
o2 pelo B 2]
o(z) = : “

d
Amnanoriuno [R,(z) 6°(z) dz=R,(d)s’(d)d;
0

Ad

Ad
2

Ad
2

o5 5)

RH[d i +Adj~(d . +Adj~cz£d i +Ad)—RH(d -
Ry(2) 6°(2) = 2 2 2

IlincraBuBIIM G(Z) OACPKHMO
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Ry d‘+§ : di+A—d -0’ d,+A—d -Ry d,gl . d,A—d -0’ d,gi ‘A d
2 2 2 2 2 2

Ry (2) = o d o T ; 6))

c|d,+—||d +—|-oc|d, —||d -—

b2 b2 2 2
w2 =Ry (2) o(2); (6)
, N(z) =——. 7
p, n(2) R.(2)-c ™
Ha pwmc.2, BpaxoBylouum  eKCHepHMEHTAIbHI €JIEKTPOIIPOBITHOCTI (puc. 1 6,r - KpuBi 1),
pesynbrati i orpumani Bupasu (4) —(7) HaBemeHo KOHLEHTpalil HociiB cTpymy (puc. 1, 0,r, - kpuBi4) i
mpodimi  BXE  JIOKANbHUX  3HA4€Hb  KIHETHYHUX 3poCTaHHS XOJUTiBCBKOI pyxmuBocti (pme. 1,0,r —

KOeQIIieHTIB IS AOCHipKyBaHUX TuTiBoK. 3 (1) BHOHO,
o0 eleMeHTapHi mapu dz TUIIBKM BHOCATH BKIAa B
IHTerpajibHe 3HAueHHs Ry, TPOMOPLIHHUA TXHBOMY
koedimienTy XoJula 1 TUTOMIH EJIEKTPOIPOBIIHOCTI,
MPUYOMY 3HAK [BOTO BHECKY MOXE OyTH pI3HUM Yy
3ajexHocTi BiX 3HaKy Ry(z). [Ipu nommpenHi n-mapy B
MIMOWHY TUTIBKH WOTO BHECOK POCTE, a BHECOK p-IIapy
nanae. [Ipu meskoMy TOJOXKEHHI Mexi mapiB z, Ry
obepTaeThes B Hy b (puc. 1, 3, - KpuBa 2), a n Ipsmye 10
HeckiHdeHHocTi (puc. 1, 3, - kpuBa 4).

I11. Anaui3 pe3yJbTaTtiB

3 puc. 2 0aunMmo, WO IS BHPOIIEHHX OIMHCAHUM
METOJIOM IUIIBOK MAlOTh MiCLle CYTT€BI HEOJHOPITHOCTI
SJIEKTPUYHHUX TapaMeTpiB Mo ToBIIMHI. Tak, 30Kkpema,
JUISL TUTIBOK n-Tumy edextuBHi (puc. 1, a,B) i JoKanbHI
(puc. 2,a,B) 3HA4YEGHHSA  CINEKTPUYHAX  IAapaMeTpiB
BHUABIISIIOTH OIS MmOKIamkd o0JacTe 13 IiPKOBOIO
MPOBIOHICTIO. 3ayBaXWMMO, IO TOBIIWHA p-IIapy
BU3HAYAETBCA  CKJIAJOM  HaBaXKKH, a  TaKoxX
TeMIepaTypaMd  BHIIAPOBYBaHHA Ta  OCAIKCHHS.
BcTaHoBNEHO, 10 HIJBHILEHHS TEMIIEpaTypH IiAKIaIKH,
npu 30epeKeHHl CTalMMHU IepHnX JIBOX (haKTOpiB,
00YMOBJIIOE€ 3MEHIIECHHS TOBIIMHM WIApy i3 JIPKOBOIO

HPOBITHICTIO.
XapakTepHOI0 OCOOJHMBICTIO CHIBBIIHOIICHh MiX
e(hCKTHBHUMHU Ta JOKaTbHUMHU 3HAYCHHSAMU

SIIEKTPUYHIX TapaMeTpiB IUIIBOK € Te, IO B 0bOlacTi
peaizatiii p-n-epexoay BOHU BEIyTh ceOe 1Mo pi3HOMY.
EdexTnBHI 3HaAYCHHS KOHIIEHTPAIIIl HOCIIB 3apsay MarOTh
MakcuMalbHI 3HadeHHs (puc. l,a— kpuBa4), a ix
JIOKaJIbHI BEIMYMHHU — MiHIMaJbHI (pHC. 2, a, — KpuBa 4).
B Toif wac sk 3MiHa XOJUIIBCBKHX PYXJUBOCTEU
BiZIOYBAETHCS Y TPOTHICKHOMY HAIpsMKy: e(eKTHBHI
3HAYeHHs 3MEHIIYIOThes (puc. 1, a -kpuBa 3), a JIOKabHI
— 3pocTaroTh (puc. 2, a, -kpupa 3).

[Hmoo  ocoOmuBicTIO  MPOGUIIB  €IEKTPUYHUX
rapameTpiB IUTIBOK N-THITY € Te, II0 B Mipy HaOJIM>KEHHS
0O TIOBEpXHI JIOKANbHI 3HAYCHHS  KOHIICHTpAIii

€JIEKTPOHIB 3pOCTAOTh (pHC. 2, a,B -KpHBa 4).

EdextuBHi 1 mokambHI
IDTIBOK P-TUIY TPOBITHOCTI
puc. 2, 6,r BiamosigHo. s
3MEHIIICHHS e(eKTHBHUX

SNIEKTPUYHI TTapaMeTpu
momani Ha pumc. 1,0,r i
OMX IUTIBOK Mae€ Micle

3HaYCHb MMTUTOMO1
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KpuBi 3) i3 30UTBIIEHHSAM TOBIIMHU IUTIBOK. JlOKanbHi
eNeKTpuyHi mapamerpu IwIiBoK p-PbTe, B Mipy
BijjaneHHs Bij IIKJIAIKH, OBOMATHCS AaHAJOTTYHUM
yrHOM (puc. 2, 0). JlokanbHi 3HaYeHHs KOHIIEHTpaii
HOCITB 1 pyXJIMBOCTI MO3ai4HHUX IUIIBOK p-PbSe maroTh
HEMOHOTOHHHUH Xapakrep. 3 3pOCTAaHHSM TOBIIHUHU
KOHLIEHTpAL[isl HOCITB Pi3KO CMaJa€ 10 TOBIIMHU OJIM3BKO
1 MKM, TpH TOJANBIIOMY 30iIBIICHHI  TOBIIMHU
KOHLICHTpAIlisl HOCIiB Jemo 3pocTae 3 BHXOAOM Ha
HACHYCHHS IIPY TOBIIHHA OibIle 6 MKM (pHC. 2, T).

Bimomo, 1m0 THI TPOBITHOCTI y XaNbKOTEHiTax
CBHHIIO BH3HAYAETHCS, y MEpHly 4Yepry, BIACHUMHU
TOYKOBUMH Ae(eKTaMu, MOB’I3aHUMH i3 BiIXWICHHIMH
Bil cTeXiOMeTpHYHOTO ckiaay [6]. Bcranommeno, mo
IUIL  HEJIETOBAHOTO MaTepialy HaJUIMIIOK  CBHHIIO
00yMOBJIIOE€ BaKaHCIl y MiArpaTii XajibKOreHy, sKi €
JIOHOpPaMH 1 BH3HAUYaIOTh KOHIEHTPAIII0 €JIEeKTPOHIB N-
MPOBITHOCTI, a HAUIUIIOK Teypy — BiJNOBITHO BakaHCil
y KaTiOHHI} MiINpaBIi sIKi € aKLENTOpaMH i BU3HAYaIOTh
KOHLICHTPALIIO JIPOK.

ExcriepumenTanbHi 1 pO3paxyHKOBI pe3yibTaTd
JOCTIKeHb Tpodiiell KOHIEHTpAIlii HOCIiB CTpyMy Yy
IDTiIBKaxX SK N-, TaK 1 p-THIy TPOBIAHOCTI OZHO3HAYHO
BKa3yIOTh Ha peaji3alifo OJHOTO i TOro X (i3HKo-
ximigHoro mpomecy. BiH moB’s3aHuMi i3 30iXHEHHIM
KOHZIGHCATy Ha OLIbII JIETKUH KOMIIOHEHT — XaJIbKOTeH Y
HampsIMKy Bill TIOKITaAKM 10 TOBepxHI TuriBku. Lle
OOyMOBIEHO THM, [I0 BakKaHCil XaJbKOTEHYy Yy
XaJIbKOTEH/IaX CBHHIIO € JOHOpaMH 1 iX 30UIbIIeHHS
NPU3BOJUTH 10 3pOCTaHHS KOHIEHTpALil HOCIIB CTpyMy
y eJIEeKTPOHHOMY Matepiagi 1 iX 3MEHIIeHHS - Yy
JIIpKOBOMY, MIO 1 CIIOCTEpIra€ThCsi Ha EKCHEPHMEHTI
(puc. 1, a,B kpuBi4) 1 (pumc.1,0,r - xpusi4)
BigmoBinHo. Takmii HampswieHHH XapakTep 3MiHH
IepeKTHOI MiJACHCTEMH y TOHKOIDIIBKOBOMY MaTepiai
MOJke OyTH 3yMOBJICHUH IeKiapbkoMa pakTopaMu. OTHIM
i3 HaMOINBII BOXIMBUX 13 HUX € (PpaKiitOBaHHS CKIaLy
HAaBaXXKM TMPH BUNAPOBYBaHHI 1 11 30igHEHHS Ha
XaJbKOT€H Yy mpoleci pocTy IuiBkH. [HImmA ¢daxrop
Moxe OyTHM TOB’sI3aHWI 13 3MIHOIO CKJIany BXKe
BUPOIIEHOT TUTIBKA y nporeci TIOBIJIBHOTO
HICISIPOCTOBOTO OXOJIOJKEHHSI Y BaKyyMi IpH 3aKpHUTii
3aCHiHII — PEBHNApOBYBAHHS XAJIBKOTEHY 13 BLIBHOI
MTOBEPXHI.

Y Oynap-sIKOMY BHIAIKy HEOJHOPIAHICT IIIIBOK
BapTO BPaxXxOBYBaTH IIPH iHTEpIpeTallii eKCIIepruMEHTa-
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Puc. 2. [Ipodini po3moniny JIOKaIbHUX 3HAYEHB eNEKTPUIHAX mapaMeTpiB (6 - 1, Ry - 2, 1 - 3, n - 4) mriBok: n-PbTe (a); p-

PbTe (0); n-PbSe (B); p-PbSe (1).
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NBHUX  pe3ynbTariB.  BHACHiZOK  HEOTHOPITHOCTI 3. Iloka3zaHo, o BUSIBIIEHI] HanpsAMIICHI
MPOBIIHOCTI MaTepiajdy MO TOBIIMHI, BH3HAueHi 3 HEOJHOPIHOCTI Y  TOHKOIUIIBKOBOMY  Marepiaii
BuMmiproBanb edekty Xoiuta 1 eNeKTpONpOBITHOCTI, XaJIbKOTEHI/IIB CBUHII0 OOYMOBJEHI (hpaKiioHyBaHHS
KOHIIEHTPALlisl 1 PYXJIMBICTh HOCIiB CTPyMy € IESIKHMHU HaBOKKU Yy TMpoIeci pOCTy IUTIBOK, sIKe BeAe [0
yCepeaHEHUMH BEINYMHAMH, 10 3AJIeKATh B MPOoQito 306aradeHHs Mapyd XaJbKOT€HOM Ha TMOYaTKOBUX eTerax
pO3MOJTy BIaCHUX HECTEXIOMETPHYHUX JE(EKTiB. OCa/DKEHHSI 1 MpOollecaMy PEBUITAPYBaHHS XaJbKOTCHY 3
binpme ToOro, HaBiTh THUN MPOBIZHOCTI B JAEIKUX MOBEPXHI IUTIBOK 32 Yac MiCISIPOCTOBOTO OXOJIOPKEHHSI.
BUITaIKaX MOXe OyTH yCepeIHEHO BeaumdnHOw. Takuii

CTaH Ma€ Micue, KOJIM B IUTBII CIOCTEpiraeTscs p-n- PobGora wuactkoBo ¢inancyerbess MOH — Vkpaian
niepexin (puc. 1, a,06 — xpuBi 4). (peectpaniiinunit Homep 0106U00220) ta PP MOH

VYxpainu (mpoekt Ne 14.1/028)

BucHnoBku

1. lociipkeHO pO3MOLNT 32 TOBIIMHOKO e(heKTHBHUX
i JIOKaJbHUX 3HAYCHb CJCKTPHYHUX MapaMeTpiB s
IUTIBOK TEIypUAy 1 CeNIeHiy CBHHIIO N- 1 p-TUIY
MPOBITHOCTI, BUPOIIEHUX 13 MapoBoi (a3u MeTOIIOM
raps9oi CTIHKH Ha CKOJaX MOHOKPHCTAIIB ()TOPHCTOTO
Oapito i croi.

2. JI1s TUIBOK 13  YCEPEOHEHOK  eJIEKTPOHHOIO
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Profiles effective and local value of electric parameters in epitaxial n- and p- type PbTe, PbSe growen from
vapour phase are explored. It is shown, possibility of creation in films of n-types conductivity of two-layer n-p-
structure, the parameters of which are determined by composition of preforms, and also temperatures of evaporation
and deposition and after by condensation processes.

732



