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3anpornoHOBaHO KpHCTaIOKBa3ixiMiuHi hopMyin TBepaux po3uuHiB n (p)-PbTe-InTe ans mexanizmiB 3amirieH-
Hs1 In KaTiOHHMX BakKaHCii, a TAKOXK TETPAIIOPOKHHUH IIIJIBHOI yMAaKOBKU atoMiB Temypy KpHUCTaliqHOi CTPYKTYpH

IIoMOYM TeTypHLY 3 BPaXyBaHHSIM AHCIPOIOPIIOBAHHS 3apsaoBoro crany Inmio: In*> — In*' +In* . Pospaxosa-

HO 3anexkHocTi KoHueHTparii aedextiB (N) i X0TiBChbKOT KOHIEHTpALi HOCITB 3apsay (ny) TBEPAUX PO3YMHIB Bif
BMmicTy InTe. Ha ocHOBI MOpiBHAHHS Pe3yJIbTaTiB EKCIIEPUMEHTY Ta PO3PaxyHKIB 3p00IeHO BUCHOBKHU PO MPUPOAY 1

3apAIOBHI CTaH JOMIHYIOUYHX TOYKOBUX AC(PEKTIB.

Koiouosi ci1oBa: mmroMGyM Temypun, TBepAi pO3UHHH, TOUYKOBI Ae(EeKTH, KPUCTAIOXIMIL.

Cmamms nocmynuna 0o pedakyii 25.10.2007; npuiinama 0o opyxy 15.02.2008.

Beryn

Teepai po3unau PbTe-InTe npuBepTaroTh yBary sk 3

mo3uIii MOUBOI Moaudikarii (Qi3uKo-XiMiYHIX BIIAC-
THUBOCTEH 0a30BOTO MaTepiany, Tak i 3 YUCTO HAYKOBOTO
iHTepecy, MOB'SI3aHOTO 13 MOBEAiHKOO [HIII0, HOoTo 3apsi-
noeuM ctaHoM [1-13]. CmopaBa B ToMy, IO CTaH In* e
C€HEPreTUYHO HEBUTINHUM, TaK sIK eHepris XabOaprta
JUIsL eNIEKTPOHIB BiA'€MHA, TOMY 3MiHa HOTrO 3apsoBOTrO
CTaHy  3JIMCHIOETBCS 32  PaxyHOK  MOXIIMBHX
epPeXoIiB BaJICHTHHUX CJIEKTPOHIB 3TiTHO
In’(4s*4p') — In"(4s'4p°) = In"' (45’ 4p°) —
— In"4s°4p°) [8,9]. dna Bunmaaky 3amiuienss Iagiem
KaTIOHHUX TOo3uliil y crpykrypi PbTe y 3apsmoBomy
crani In™' Bin e akuenrtopom (In,, ), a y crami In” —
noropoM (Inp, ).

VY po0oTi 3anpoIIOHOBaHO KPHCTAJIOKBa3iXiMiuHi (o-
pMynu TBepamx pos3uwHiB n (p)-PbTe-InTe, Ha ocHOBI
SIKMX BU3HAYCHO BILIKB JIETYIOUOI CIIOJIYKH Ha 3MiHY BU-
Iy 1 KOHIIEHTpalii TOYKOBUX Ne(PEKTIB Ta TUITY MPOBiJI-
HOCTI MaTepiaiy.

I. ®izuko-ximiuHi Baacrusocti PbTe-
InTe

[TmoMOyM Temypu KpUCTANli3yeThCS y CTPYKTYPY

0
tury NaCl (a=6,461A), XapakTepu3yeTbCcsl JABOCTO-
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POHHBOIO O0JIACTIO TOMOTEHHOCTI 1 n- (IPU HAIJIHIIKY
Pb) abo p- (npu Hammuky Te) TumoMm mpoBigHOCTI
[1,2].

[Hiif MOHOTEITYpH]] BIIHOCUTBCS JI0 TETparoHaIbHOT
CUHTOHIi 3 mepiogamu rpaTku a = §,437 A, ¢c=7,1394,
Z =8, mp. rp. I4/mcm. Atomu Inzito 3aimMaroTh ABa KpH-
cTaorpaiyHUX HE3ISKHUX IOJ0KEHHS, PO3MIILyIo-
YHUCh IapaMH MEPIIEHANKYISIPHO O OCi ¢ 1 BIAMIOBIIHO
MalOTh JIBa pi3HI KoopauHanifiHi yucna. Omni atomu [H-
IIiT0 3B’s[3aHi 3 YOTHPMa aToMaMu Terypy, a iHIm — oTo-
yeHi BickMoMa. Omxke, crpykrypa InTe moOynoBana 3
TOMCOHIBCHKHX KYOiB JIOBKOJIA OJTHO3apSAHUX 10HIB In'!,
i i3 TerpaepiB, 3aMHATHX TPHOX3ApsSTHAME ioHamu In".
[TapanenbHi OCi ¢ KOJOHKH 3 TOMCOHIBCHKHX KyOiB 3 3a-
raJbHUMH KBaJPaTHUMHU TPAHSMH YEPryIOThCS 3 KOJIOH-
KaMH 13 TeTpaenpiB 3 CHJIbBHUMH FOPU30HTATBHUMH ped-
pamu. Take po3MillleHHSI aTOMIB HOSICHIOE CHJIbHY aHi30-
TPOIIiI0 BIIACTHBOCTEH, a caMe MEeTaJliuHy MPOBIIHICTH B
rwronuHi (001) i HaniBIpOBIAHUKOBY B3J0BX oci ¢. Po-
pMydy CIONYKH TOTPiOHO 3ammcyBaTh y BHIIIAL
In'! (In+3Te;2 ). AHaTi3 MDKaTOMHUX BiJICTAaHEH CBiTYHUTH

MPO HASBHICTh 10HHO-KOBAJICHTHUX 3B’S3KIB Y MOIIOHMX
cTpykrypax. ®@a3za InTe npu BUCOKOMY THUCKY HEBIIOPSJI-
KOBaHa 1 HaJEeXUTh 0 cTpykrypHOro tumy NaCl. Xoua
TyT uncno iowis In"' i In" ommaxoBe. Ane MOKIHBICTH
nerkoro mepexoxy 3 In"' B In" Bene mo Brpath Hamis-
MPOBITHUKOBHX BJIacTHBOCTEt [2].

Hiarpama crany PbTe-InTe eBrektuHOro THMy 3
MaKCUMAaJIbHOIO Mexkero po3unHHOCTI 35 % InTe (puc. 1).
Temmeparypa eBTeKTHKH ckiagae mpubmmsao 909 K i
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BignoBifgae 75 mon. % iunii renypuny [14].
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107Tla xBapuoBux ammynax npu ~1300 K. ITicis su-
TPUMKH B PO3IUIABI MPOTATOM 6-8 TOA. i3 3aCTOCYBaHHIM
BiOpaIliifHOrO TmepeMilTyBaHHS 3pa3Kd 3arapTOBYBajH B
KprkaHiii Boxi. CHHTE30BaH1 3pa3Kyl MiaBaly HACTYII-
Homy Binnaiy npu 920 K wa nporszi 200 ron. ITicis 4o-
O 3pa3Ky 3arapToBYBalIM Y KprokaHiid Bozi [14].
Pe3ynpraT BUMIpIOBaHb BJIACTHBOCTEH TBEPIUX
PO3UHMHIB TIpe/CTaBlicHI Ha puc. 2. BcTaHOBIEHO, 10 B
Mmexax 10 20 mon. % InTe crutaBu roMoreHHi, Ipu 1bO-
My HapaMeTp IpaTkd 3MeHIIyeThes (puc. 2, a — Kpusa 1).
Ha xpuBHX KOHIIEHTpaiiHOI 3aJ1e)KHOCTI MIKpPOTBEpIOC-
Ti (puc.2,a — kpuBa2) i1 KoedilieHTa TepMo-e.p.C.
(puc. 2,6 — xpuBa 1) cmoctepiraerbcsi Ba TIEPETHHH:
nmoOmm3y KoHmeHTparii ~ 3 i 20 mon. % InTe. Iocriitai
3HAYCHHS MapaMeTpa IpaTKu, KoedilmieHTa TepMo-e.p.c. i
mikpoTsepaocrti micist 20 moit. % InTe, a Takox pesyib-
TaTh (a30BOrO aHaily MiATBEP/UKYIOTh 1CHYBaHHS
nBox¢asnoi obmnacti. J{o 3 mon. % InTe koediuieHT Tep-
MO-€.p.C. AEILIO0 3pOCTae, 110 BKa3ye Ha HE3HAYHY aKLell-
TOPHY JAit0 1HAIH TeTypuay NPH HEBEIUKii KOHIIEHTpaii
InTe. 3meHmeHHs koedilieHTa TepMo-e.p.C. CIUIABIB
ckimany 3-20 mon. % InTe (puc. 2, 6 — kpuBa 1) 00ymoB-
JICHO 3pOCTaHHSIM KOHIEHTpaLii eNeKTPoHiB (puc. 2, B —
KpuBa 1). 3MEHIIIEHHS TUTOMOI €JIeKTPOIIPOBITHOCTI, IO

o107,

o, MKB/K Om'cm’
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Puc. 2. KoHieHTpalliiiHi 3aJeHOCTI a — Tapamerpa
rpatku (a-1), mikporBepnocti (H-2); & — xoedinienra
Tepmo-e.p.c. (a-1), muTOMOI enmeKTponpoBinHOCTI (G-
2); B — KoHueHTpauii (n-1) i pyxamsocri (p-2) HOCIiB
cTpyMy aist ciasiB cucremu PbTe-InTe [14].
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crocTepiraeTbes, B obmacti cxmamiB g0 3 mon. % InTe InTe — In;Inl':;Te// +(1-2z)¢’ )
(puc. 2,6 — kpuBa2) MOXHA MOSCHUTH 30UIBIICHHSIM
BHECKY JIOMILIIKOBOT'O PO3CIFOBaHHS, 110 1 TPU3BOIUTH JI0
3MEHILICHHS] PYXJIMBOCTI HOCIiB cTpyMy (pHC. 2, B — KpH-
Ba 2). [locriiiHe 3HaYeHHS] MUTOMOI E€JIEKTPONPOBITHOCTI

MOXYTh OyTH 3allOBHEHHS BaKaHCIi y KaTiOHHIH miarpa-
Tl st p-PbTe un noGynoByBanus migrparku [romOy-

My y n-PbTe (Inj,, In}, ) (Mexamism A) i 3amimenHs

+1

. . cu / . .
st cknaniB 3-20 mon. % InTe (puc. 2, 6 — kpusa 2) 3a- In" xationHux BakaHciit (In, ) i3 omHOuacHMM BKOpi-
0e3nedeHo NPOTHICKHOK 3MIHOK KOHUCHTpALI i pyX- HeHHAM In" y TeTpaenpHuHi TOPOKHUHH IIUTEHOT yTia-
JIMBOCTI HOCIiB cTpy™my (pHc. 2, B).

koBKHU aTtoMiB Temypy kpucrtaniusoi rpatku PbTe (In;™)
(mexanizMm B). PosrissHeMo Oinblln IeTanbHO KpUCTANO-
11. KpHCTa.]IOKBa3iXiMi‘{Hi q)OPMyJII/I KBa3iXiMi4Hi (OPMYJIH JJIsl IUX MEXaHi3MiB yTBOPEHHS

. _ TBEPAMX PO3UHHIB.
TBepaux po3uunis PbTe-InTe 2.1. Mexanizm A. 3a yMOBH AWCIIPONOPLIIOBaHHS

3apsinoBoro cra”y [xaito B cnonymi InTe 3a cxemoro (1)
KPUCTATOKBA3IXiMI9HUH KJIacTep JIETYIOUOi CIIONYKH
Oyme:

OCHOBHMMH Me€XaHi3MaMH YTBOPEHHs TBEPAHMX PO3-
yuHiB PbTe-InTe 3a yMOBM QUCIIPONOPIiFOBaHHS 3apsi-
noBoro crany Iumiro y cnonyiii InTe 3rigHo

Vi Vie +InTe — Vp Vir + (InIn;" Te" + (1-22)e’) — [InIn} ], Te}, +(1-22)e’ . )

TyT z — Koe(illieHT TUCTIPOTIOPIIIOBAHHSA 3apsmoBoro ctany Tomi mia n-PbTe-InTe orpuMaemo kpucTamokBaziximi-
Tumiro. 9HY HOpPMYIY:

(1- X){[Pb;‘_w/Vo/t/y(]_B)VO/W23 Tno[Ter o Ve e (PBZ); + (200 + ayd)e'} + X{[In/zlnl'_Z Ty Tel, + (1— 27)e'} -
- [Pbx InixIn(.l—z)xvoii/(l—ﬁ)(l—x)Vti"lﬁ(l—x)]Pb[Tex Vi ]Te (Pb;:l(l—x))i + (3)

(1=x)(1-ay) (1—a)(1-x)+x Y a(l-x)

+[ (20 + ay)(1-x)+x(1-22) ]¢’.

Tyt x — aromua yactka InTe, o — BIAXWICHHS Bi CTEXIOMET- psui MixkBy310Bi atomu [ImoMOyMy; In},, In}, — ox-
pii Ha Oik Pb, y — koedinienT aucnponopuitoBanus [lirom-

T 5 X "~ HO3aps/HKEHI HETaTWBHO | MO3WTHBHO aToMu IHmio0 y
OyMy, O — KoedillieHT AUCTIPONIOPLIIOBAHHS BaKaHCIH y KaTi-

i . . . i KaTiOHHUX By3lax KpUCTaliuHoi rpatku PbTe; ¢ -
oHHil miarparui, Pby, , Te;, — atomu [lmomOymy i Temypy

SIIeKTPOH.
Yy By3JIaX KPUCTATIUHOI rpaTku; Vp,, Vp, — HEraTHBHI OJHO- PiBHAHHS €NEKTPOHEHTPANBHOCTI I BHNAIKy (3)
i nBo3apsaHi BakaHcii [ImromOymy; Pb;" — mo3utuBHi 1BO3a- Oyxe:
/ oo oo .
dun+0y, [V 1+ ay, [Vey 1+ 4, [Ing, 1= q,p+q,,. [Vii]+q,,. [P ]+q,, [Ing, ], Q)

ge p=0, n=A(Qo+0yd)(1-x)+(1-22)x), [Vapl=Aoy(1-8)(1-x), [Vp]l=Aayd(l-x), [Iny]=Azx,
[Vii]=Aa(l-x), [Pb]"]= Aay(1-x), [In},]= A(l-2)x;

Qo =y, =9 = Dy, =D, =1 g, =Gy = Dy =2 — 33PATH MEQeKTIB.

XosutiBChbKa KOHIEHTpALIS Ny = |n —p| y IbOMY BHTAJI-

27
Tyr A=—-, ne Z — 9uCi0 CTPYKTYPHHUX OJUHHLb B
Ky: a

n, = A(Q2o+ayd) (1 _ x) +(1-22)x). (5) eJIEMEHTAPHIH KOMIpIIi, a — MapaMeTp TPATKH.
Amnanoriugo st p-PbTe-InTe:
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=x){[ PO} Vi) Vis | [ Terp Vi ], (Tes )i+ (2B =) =) h* |+ x{[In)n; ] Tej, +(1-22)e' | >
[Pba B)(1- X)In ng, z)xV;m -8)(1-x) Vﬁ/b(] x)] |:Tel —B1)iox)ex Vor(i- x)] (Teg, )i + (6)

+[(2B(1 -v) - [36)(1 — x)]h +x(1-22)¢’.

Tyt h® — gipka, p — BiaxuieHHs Bij crexiomeTpii Ha Oik Te- PiBHSIHHS €ICKTPOHEHTPANbHOCTI 3riHO (6) Oyxe:
aypy, Te; — Temyp y MiXBY3i.

a0+ 0y, [Vi 1+ dy, [Va1+4,, Iy, 1=0,p+q,. [Vii1+q,,. [}, ], (7
e n=(1-22)x, p=AQBI-7)-Bd(1-x), [Vml=AB1-8)(1-x), [Vi]l=ABS(1-x), [In,]=Azx,
[Vi:1=ABy(1-x), [In},]= A(l-2)x;
Qo =y, =9 = Dy, =D, =1 A, =Gy =2

XoutiBCchka KOHIEHTPALlisl y [bOMY BUIIAZIKY: 2.2. Mexanism B. Tlpu 3amimenni In*' katiomnux
h = |A((2[3(1 —v)—B3) (1 - x) -(- 2z)x)| . ®) Bakanciii Inj,, i Bkopinenns In" y Terpaempuuni mo-
poXHHHH In™ Jleryloumi KiacTep 3aluIIeThCS TaKUM
YHHOM:
V, Ve + InTe — V) Voo + (InlIn;" Te” + (1-22)e') - [V, In] ], Tel. (In]™), + (1-2z)e’. )

Topni xpucTanoksaziximiuna popmymna s n-PbTe-InTe:

(1= x){[PbY, Vi o) Vis Il Tel Vo T (PB2), + (2o + ayd)e’ | + x {[V/, In. 1y, T (Inf7), + (1-22)e' | —>

- |:Pb>(<lfoty)(l X)Vo/t/y(l 8)(1 x)+x(1 Z)Vo/tyé(lfx)lnz :| |:Te(l Ot)l x)+va1“1 x):| (Pb:y(lfx))i(ln(.l.;z)x )i + (10)
+[ (20 + ay)(1-x) +x(1-22) ]¢’.

PiBusiHHS enexTpoHerTpanbHOCT st (10):

Qa0+ Ay [Viy 1+ y,, [Va 1+ a4, [0 ] = 4P+ Q. [ViI]+ Q. [PE] ]+ q . [In]7], (an
ne p=0, n:A((20L+ocy6)(l—x)+(1—2z)x), [V 'b]—A(ow(l—S)(l—x)+(l—z)x), [V b]—AOWS(l— )
[In,,]=Azx, [Vi]= Aa(1-x), [Pb"]=Aay(1-x), [In}"]= A(l-2)x;

Qo =Ay;, =9y =Gy, =1 Ayg, = Dyse = D =25 Qe =3
n,; = A((2o+ayd) (1-x)+(1-22)x) . (12)

Amnanorigao s p-PbTe-InTe:
(1-x){[Pb, VB//(I -5 /6 T [Ter MVB.; Jre(Tey, ) + (2B —7v) - Bd)h"} + x{[\/l/_/zln/z]Pb Ter (In;™), +(1- 27)e'} >

[Pb;(] B) l X)V//(l -8)(1- x)+(1 z)xvﬁ/ﬁ 1- x)Inix ]Pb [Tez(]—ﬁy)(]—x)+xv[;y.(l—x) ]Te (Tegy(l—x))i (In;l.:z)x )i + (13)
(2B —7) = BS) (1= x)]h" + (1 - 22)xe’.

PiBHSIHHS €NIEKTPOHEUTPATBHOCTI 1151 BUMAAKy (13):
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A0+ 0y, [Va T+ ay, [Vi 1+ q,, g, 1=q,p+q,. [Vl ]+, .. [In]"],

(14)

pe n=(1-2z)x, p=AQ2B1-y)-Bd)(1-x), [Va]1=AB1-8)(1-x)+(1-2)x), [In,,]=Azx, [V;,]=ABS(1-x),

[Viil= ABy(l - x) , [Inf"]=A0-2)x;
q“ = qu”b = qP = qIn’pb :1’ qvlzb = qV,'; :2’ qIn,'" :3’

n, =|AG2BA-7)~Pd) (1-x) - (1-22)x).

III. Pe3yabTaTu po3paxyHKiB Ta ix
aHaJi3

OTpuMaHi KpHUCTAIOKBa3iXiMiuHi (GOPMYIH TBEPIUX
PO3YMHIB JJIsl PI3HUX MeXaHi3MiB iX yTBopeHHs n-PbTe-
InTe (3), p-PbTe-InTe (6) — mexanism A, Ta n-PbTe-InTe
(10), p-PbTe-InTe (13) — mexanizm B natoTs MOXIHBICTH
pO3paxyBaTH 3aJISKHOCTI KOHLIEHTpAIil TOUKOBUX aede-
kTiB (N) Ta XOJUIIBCbKY KOHIEHTpaLil0 HOCI{B 3apsmy
(ny) Bim BMmicty neryrouoi cnonyku InTe. Pesympratn
OUX PO3paxyHKiB HaBelneHO Ha puc. 3-11. Bimpasy cruin
BIZI3HAUUTH, IO XapakTep BIUIMBY JIEIYIOUOI CIOJIYKH
InTe Ha 3MiHY KOHIEHTpalii TOYKOBUX AE(PEKTIB 1 XOI-
JIBCHKOT KOHIEHTpauii TBepaoro posumny PbTe-InTe
CYTTEBO 3QJISKHUTh BiJl BEIWYMHH JHCIPOIOPILIIOBAHHS
3apsgoBoro crany Iumito (z). Tak, 30kpeMa, SKIIO MpH
0,0<z<0,5 ([In”]>[In""]) BusABNAETHCA MOHOpHA Hist
(puc. 3,7), To mpu 0.5<z<1,0 ([In"']>[In"]) — akue-
nTopHa (puc. 5, 9). 3ayBakuMo, 110 LI Ma€ MICIe K NpU
peanizauii Mexanizmy A (puc. 3, 5), Tak i MexaHizmy B
(puc. 7, 9).

[IpoanainizyeMo IOMiHYIOYi TOYKOBI Ie(EeKTH IJIst
PI3HUX MeXaHi3MiB yTBOPEHHS TBEPJUX PO3UYHHIB.

3.1. Mexanism A. Ilpn nuctiponopiiiroBaHHi 3apsino-
Boro crady lumito y cmiBBigHomenni [In”]>[In"']
(z<0,5) mpu Bmicti InTe mo 0,10 at % B TBepanx pos3-
yuHax p-PbTe-InTe (puc. 3, a) HOMIHYIOTh aKIENTOpPHI
LEHTPH, TIOB'A3aHi i3 o/iHO3apsHUMH In,, Ta JBO3apsii-

"
HUMH Vp,

(puc. 3, a — xpuBi 2, 4), mapriansHIA Koedi-
LI€HT KOMIICHCAIIi] AKX € 3HaYHUM (pHc. 4, a — KpuBa 2).
3a ymoBu BMmicty InTe Ginpmre 0,10 at. % nepeBaxaroTsh
BKe JIOHOpHi nedektn, mos's3ani i3 In™ | sxi y kpucra-
niyHii rparui PbTe npesentytotses sk In;, (puc. 3,a —
kpuBa 1), mapuiasbHUN Koe(illieHT KOMITeHcalii sSKoro
Ipu IIbOMY 3pocTae (puc. 4, a — kpusa 1). Takum YHHOM,

3MiHa CIiBBITHOIIECHb MiX TOYKOBHUMH Aedexramu Inj, ,

/
In,, ,

V,, 0OYMOBIIOE TOHOPHHI BIUIMB: 3MEHIICHHS
KOHLEHTpAL] 1ipOK, KOHBEPCIi THITY ITPOBIIHOCTI 3 p- Ha
N-THI 1 TOANbIIe 3POCTAHHS KOHIIEHTpAIlii eleKTPOHIB
(puc. 3, a — kpuBa 3). [Ipu nepesaxanni [In"'] Hax [In"]
(z>0,5) nnst p-PbTe-InTe peanisyerbcs akuentopHa st
i3 3poctanus BMicTy InTe — KOHIEHTpaLis TIPOK 30171b-
mryetsest (puc. 5, a — KkpuBa 3) 32 paxyHOK JIOMiHyBaHHS
In,, Ta V,, (puc.6,a— kpusa ).

[lo crocyerbest 0cOONMBOCTEN TBEPAMX PO3UUHIB N-
PbTe-InTe, To cnix Big3Hauuth Hacrymue. [Ipu z < 0,5

([In*®]>[In""]) momiHyIOTH TOUKOBi AeeKTH TOHOPHO-
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(15)

ro tumy In;, Ta V;. (puc. 3,6 — xpusa 1), sixi 06ymoB-
JIIOIOTh 3POCTaHHSI KOHICHTpAIlli eJIEKTPOHIB 13 301j1b-
meHHsM Bmicty InTe (puc. 3, 6 — kpusa 3). IIpu z> 0,5
([In*']>[In"]) Mae micIe aKIlenTOpHA [is CIEKTpa TOY-
KOBHX Je(eKTIiB — KOHLEHTpALsl EJIEKTPOHIB CIalae,
HACTa€ KOHBEPCisI IMPOBITHOCTI 3 N- HA P-THII 1 3pOCTAHHS
KOHIIGHTpalii Jipok i3 30impmeHHs Bmicty InTe
(puc. 5, 6 — xpuBa 3). Y 1bOMy BHIIAIKY Ma€ MiCIIe 3pOC-
TaHHS KOHLEHTPAIL[ii OJIHO3apA/KEHUX HETaTUBHUX Inj,
(puc. 6, 6 — kpuBa 1).

3ayBa)KMMO, IO KOHIEHTPALil TOYKOBUX Ne(eKTiB

v

Vlib > Te
CYTTEBO HE BIUIMBAIOTh HA 3MiHY XOJUTIBCHKOi KOHIIGHT-
paii HociiB 3apsmy (ny) 1 THII IpoBigHOCTI (pHC. 3, 5).
3.2. Mexanizm B. JInsg uporo MexaHiaMy yTBOPEHHS
TBEPAMX PO3UYMHIB Ma€ Miclle SIKICHO aHAJIOTi4yHa KapTH-
Ha 3MiHHM TOYKOBHX JedekTiB (puc. 7, 9), sk i y nomnepe-

IHbOMY BHHNanky (puc.3,5). BigmiHHICTB cToCyeThCs

Ta Pb]" € 3HAYHO MCHIIMMH BiJ JOMIHYIOYHX i

. . . + . +
TiTbKM 3aMiHM ToukoBHX aedekTin In" (Inp, ) HA In }

(In{™). IIpu npoMy mOHOpHA Xist MiXBY3710BOrO IHAifO

In{™ e Oinbm 3HAYHOO, 1O i OOYMOBIIOE 3MiHY THUILY
NpoBigHOCTI s TBepaux po3uuHiB  p-PbTe-InTe
(puc. 7,a — xpuBa 4), abo * 3pOCTaHHS KOHIICHTpAIIii
esrextpoHiB st n-PbTe-InTe (puc. 7, 6 — kpusa 4) npu
z<0,5. 3a ymoBu z>0,5, HaBIaku, TOMIHYIOTbH In"'
(In}, ), O € IPUYMHOKO 3POCTAHHS KOHILEHTpAILii AipoK

y TBepaux pozunHax p-PbTe-InTe (puc. 9, a — xpusa 4),
4K 3MiHa TUIy TposigHocti y n-PbTe-InTe (puc. 9,6 —
kpuBa 4). L{i MipKyBaHHS MOBHICTIO MiATBEPIXKYIOTHCS 1
3HAYEHHSAMHU MapliajbHUX Koe(illieHTIB KOMIEHcalii
(puc. 8, 10).

3.3. Peanizayis mepmoOuHamiuH020 p-n-nepexooy.
YMoBH (hopMyBaHHS MaTepiany n- 4d p-THITY TPOBiIHO-
cti TBepmoro posunHy PbTe-InTe BH3HAYAa€THCS CICKT-
pOM TOYKOBHX Ae(EKTiB, 5IKi Y CBOIO UEPry 3aJie)KaTh K
BiJl THITY TIPOBiAHOCTI 0a30BOi CIIOTMYKH, TaK i Bill BMICTY
InTe, a TakoX BETMYMHH IOUCIIPOIIOPIHIOBAHHS 3apsio-
Boro crany Iugito (puc. 11, a). Tak, 30kpema, 30araueH-
H wMarepiany Ha Temyp 3minlye peamizamito p-n-
nepexony y p-PbTe-InTe anst mexanizmy A Ha Oik 30i-
JBIICHHS BEJMYMHM JTUCTIPOTIOPLIIOBAHHS 3apsOBOIO

crany Iuzito (z), T06T0 10 Mepepaxanus In* ( In}, ) HOX

In"! (In,,) (puc. 11, a). Ilpu 1pOMy 3pocTae TaKoX i

BMIcCT Jeryrouoi croiyku (puc. 11, 6). 3poctanHs x Be-
JMYMHU JMCHPOIOPIIIOBAHHS Z TAaKOX Bele IO 30LIb-
meHHs BMicTy InTe y TBepaomy po3uuHi, 10 BiANOBigaE
YMOBaM TIE€PEXOJy Marepiany p-THUIY Y EIeKTPOHHHMN
(puc. 11, B).
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lg(N,(n,), em™) lg(N,(n,), em™)
1 1
2 )
N
19 k 3 19 / 3
v/
8 18 H/
p n 17
17
5 16 E
5.6
16F -
15 F
15F
, . , 14 . 7
0 0.05 0.10 0.15 InTe. ar. % 0 0,05 0,10 0,15 InTe, ar. %
a) 0)

Puc. 3. Po3paxoBaHi 3Ha4eHHS XOJUTIBCHKOI KOHIICHTPAIIT HOCITB 3apsiny (3 — ny) Ta KOHIEHTpallii aedekriB N; TBepI0-
ro posuuny PbTe-InTe ans Mexanismy A (3aMilleHHsl KaTiOHHUX BakaHciit) mis: a — p-PbTe (1 —[In}, 1,2 —[In}, ], 4 —

(Vo 1,5-[Vp 1,6 —[Vie]) mpu B = 0,013 ar. %, z= 37 at. %, 5= 0,8 at. %, y = 0,4 at. %; 6 — n-PbTe (1 — [In}, ],2 —
[In,, 1,4 [V, 5-[Pb1,6—[Vp 1, 7—1[Vy 1) npu a=0,006ar. %, z=37 ar. %, 5 = 0,8 at. %, y = 0,4 at. % Bix
BMmicty InTe.

K, K,
I
I
I
L5F ) 3,0k
I
' 1
I
1.0+ p ) n 20} 1
4 2
| 2
I
0.5 F | TO [ oo o o e s, e
I
| 2
I
1 1 1 . J . .
0 0,05 0,10 015 InTe ar.% ¢ ;. 0.15 0.25 InTe,ar %
a) 6)
Puc. 4. Po3paxoBaHi 3HayeHHsS mHapiianbHUX KoedillieHTIB KoMmeHcalii ToukoBux aedektiB K; TBepaoro posuuny
. In; o T2 Vi
PbTe-InTe st Mexanismy A juisi: a —p-PbTe (1 - K, = —; [ n‘j"] —,2- KHZM) B=0,013 ar. %,
2 Vi 1+ [V ] +[Ing, ] (Ing, F2[Vi]
Inp, 1+ 2[Vye In;
z=37ar. %, 5=0_8 ar. %, y= 0,4 ar. %; 6 —n-PbTe (1 - K = [//n],b]+/ [Vr] —,2- K=—; L "."] —)B
2V 1+[ Vi 1+[In},, ] [Ing, 1+2[V;. F2[Pb;"]

3aJIe)KHOCTI Bil BMicTy jerytouoi gomimkn (InTe) mpu o = 0,006 at. %, z =37 at. %, 6 = 0,8 at. %, y = 0,4 ar. %.
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lg(N(n,), em™) lg(N(n,), cm™)
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17,0 13
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: : . 6 . ,
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a) 6)

Puc. 5. Po3paxoBani 3Ha4€HHs XOJUTIBCbKOI KOHILIEHTpALl HOCIiB 3apsny (3 — ny) Ta KoHIeHTpanii gedexTiB N; TBepro-
ro posunny PbTe-InTe s Mexanizmy A (3aMillleHHs KaTiOHHUX BakaHciii) ayisi: a — p-PbTe (1 —[Iny, 1,2 —[In}, 1, 4 —

[Ve 1, 5[V, 1,6 —[Vie]) npu B = 0,013 ar. %, z= 56 at. %, 5 = 0,8 ar. %, y = 0,4 at. %; 6 — n-PbTe (1 — [In}, ], 2 -
(05,1, 4—[V]5—[Pb ], 6~ [V, 7 — [Vl ]) npn o= 0,006 ar. %, z = 56 at. %, & = 0,8 at. %, y = 0,4 ar. % Bix
BMmicty InTe.

K, K, ;
I
I
25t |
I
15F I
20| :
; 1
15 | | 10F n : p
! 2
I
1 e !
5 0,5F :
05 !
I
L 1 1 : 'l
0 0,05 0,15 0,25 InTe, ar. % 0 0,10 0,20 InTe, at. %
a) 0)
Puc. 6. Po3paxoBani 3HaueHHS mapHialbHUX Koe(imieHTiB KomreHcamii ToukoBuX AedekrtiB K; TBepmoro po3duny
) In/ +2 /l I .
PbTe-InTe a1 mMexanizsmy A mmsi: a — p-PbTe (1 — wa 2-K =—— [ nljb] —) B=0,013 ar. %,
[Ing,, F+2[Vr(] 2 Vi ]+ [V ] +[Ing, ]
In, In;, 1+ 2[V;e
z=156ar. %, 8= 0,8 ar. %, y = 0,4 ar. %; 6 — n-PbTe (1 - K =— L "."] —.2-K = [//n“’] /[ Te]/ )B
(In, 1+2[ V. F2[Pb;*] 2[Vo 1+ [ Vi 1+, ]

3aJICKHOCTI Biji BMicTy Jierytouoi gomimku (InTe) mpu o = 0,006 at. %, z = 56 at. %, 6 = 0,8 at. %, y = 0,4 ar. %.
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lg(N(n,). em™) lg(N,(n,), M)
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PN ]
©
T
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17 | P n
5 16 k£
6
16 E 6
15+
15 F
i 5 i 141 7
0 0,05 0,10 0,15 InTe, ar. % 0 0,05 0.10 0,15 InTe, ar. %
a) 6)

Puc. 7. Po3paxoBaHi 3Ha4eHHS XOJUTIBCHKOI KOHIIEHTpAIIi1 HOCIIB 3apsmy (4 — ny) Ta KOHIEHTparii aedekriB N; TBepIo-
ro posunny PbTe-InTe st mexaunismy B (Bkopinennst Ini™ B mixksysns) ans: a — p-PbTe (1 - [V, 1,2 —[In]" ], 3 -
[In,1,5—[Vy, 1,6 —[Vie]) npu B =0,013 ar. %, z = 37 at. %, & = 0,8 at. %, y = 0,4 ar. %; 6 —n-PbTe (1 - [V, ], 2 -
[ 1,3 —[Inp 1, 5—[Vi1,6—[Pb"],7—[Vy,]) npu o= 0,006 at. %, z =37 ar. %, & = 0,8 ar. %, y = 0,4 ar. % Bix
BMicTy InTe.

K
1,5 F
1
1
n = L S T
) 2
0.5 F
0,15 InTe, ar. % 0 0,05 0,10 0,15 InTe, at. %
a) 0)
Puc. 8. Po3paxoBani 3HaueHHS nHapuianbHUX KoedillieHTiB KoMIeHcanii ToukoBHX aedektiB K; TBepioro posumny
. In"" Il H2V/
PbTe-InTe mns wmexawismy B pma: a — p-PbTe (1 - K =—F+ 3 n; ] —, 2 - &=M)
2[Vo 1+ [Vpy 1+, ] 3" +2[ V]
3[In™ 1+ 2[V;:
B=0,013 ar. %, z=37ar.%, 6=0,8ar.%, y=0,4ar.%; 6 — n-PbTe (1 - K = [In{"]+2[ Vr]

>

P 2[Vp 1+ [ Ve 1+[In, ]

K - [Inp, +2[Vy, ]
3[In}™ H2[ Vi J+2[Pb;"]
6=0,8 ar. %, y=0,4 at. %.

) B 3anexHocti Big Bmicty jeryrouoi gomimku (InTe) mpu a = 0,006 ar. %, z =37 ar. %,
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lg(N/(n,), cm™) 1g(N,(n,), em”)
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17,0 | 14
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0 0,05 0,10 0,15  InTe, ar. %

a) 2

Puc. 9. Po3zpaxoBaHi 3HaueHHs XOJUIIBCHKOI KOHIEHTpAllii HOCITB 3apsiay (4 — ny) Ta KoHUEeHTpauil nedekrtiB N; TBepo-
ro posuuny PbTe-InTe st Mexanismy B (Bkopinenns In'™ B mixkBysmst) mnst: a — p-PbTe (1 — [Inp, 1,2 - [V 1, 3 —

[In™],5-[Vs 1, 6—[Ve]) opu Bp=0,013 ar. %, z= 56 at. %, 5 = 0,8 at. %, y = 0,4 at. %; 6 — n-PbTe (1 — [In,, ], 2
i Pb Te Pb
—[Vs1],3-[In"],5-[Ve],6—[Pb"],7—[V.]) npu a=0,006ar. %, z= 56 a1. %, 5 = 0,8 at. %, y = 0,4 at. %
Pb i Te i Pb p y
Bix Bmicty InTe.

K,
25F
20|
15 F y
I :
L | e e i e e bttt ) :
I
0,5 !
I
I
1 L L L 1 1
0 0.05 0,15 0,25 InTe, ar. % 0 0,05 0,10 0,15 InTe, ar. %
a) 0)
Puc. 10. Po3paxoBaHi 3Ha4YeHHS MapmiadbHAX KOeQIIieHTIB KoMIleHcamii ToUkoBUX nedektiB Ki TBepmoro po3uuHy
A In/ +2 2 s
PbTe-InTe mis mexawismy B jmu: a — p-PbTe (1 — K‘fw, 2 - K, =— 3[In‘/ ] —)
3™ H2[ Vo] 2[Vp, 1+ [Vp, 1+ [0y, ]
In/ +2 1/
B=0,013 ar. %, z=56ar.%, 6=0,8ar.%, y=04ar.%; 6 — nPbTe (1 - K= ”[. ] : Y —, 2 -
3[In™ H2[ Vi 1H2[Pb;"]

_ 3[Iny"]+2[Ve]
P 2V 1+ [ Va1 +[In}, ]
6=0,8 ar. %, y=0,4 at. %.

) B 3anexHOCTi Bix BMicTy serytouoi nomimku (InTe) mpu o = 0,006 ar. %, z =56 art. %,
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lg(n,, em”) | lg(n,, cM™)
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lg(n,,, em™)

Puc. 11. Po3paxoBaHi 3Ha4eHHS XOJUTIBCHKOI KOHIICHTpa-
uii HociiB 3apsny (ng) TBepaoro po3uuny p-PbTe-InTe s
JIETYBaHHS 32 MEXaHI3MOM A BiJl a — BEJIMYMHH JUCIIPOIIO-
PLIiIOBaHHSI 3apsiioBOTO cTaHy IHAiI0 (z) g pi3HHX 3Ha-
YeHb II0YaTKOBOI'O BIIXWJCHHSA Bix crexiomerpii Te
(B, at. %): 0,013 (1), 0,006 (2) mpm x=0.1ar. %,
6=0,8 at. %, y=0,4 at. %; 6 — Bmicty InTe s pi3HuX 3Ha-
YeHb II0YAaTKOBOI'O BIiIXWJCHHSA Bix crexiomerpii Te
(B, at. %): 0,006 (1), 0,013 (2) npu z=37ar. %,
6=0,8ar. %, y=0,4 at. %; B — B™micty InTe mis pizHEX
3HAYCHb BEIMYMHH JUCIPOMOPIHIOBAHHS 3apsIOBOTO CTa-
uy lagito (z, at. %): 37 (1), 45 (2) mpu f=0,013 ar. %,

19 |

0,15 0,20 0,25 InTe, ar. %

B)

0 0,05 0,10

IV. [duckycis

3MEHILIeHHs TapaMeTpa TPATKH 13 30UTbILEHHSIM BMi-
cry InTe y tBepmomy poszumni PbTe-InTe (puc.2,a —
KpuBa 1) BKa3ye Ha Te, 10 MOXKJIMBUM MEXaHi3MOM HOro
YTBOPEHHS € 3aMillleHHs [H/1ieM KaTiOHHUX BY3JIiB KpHUC-
taniyHoi rpatku p-PbTe abo x moOymoBa kKaTiOHHOI Mmif-
rpatku y n-PbTe (mexanizm A). lonni paniycu I[Hmito

0 0 0
(r.. =1L30A,r .=127A,r ,=092A) MOPIBHSHHI

abo wmeHmi 3a ioHHWH  pamiyc  [ImomOymy

0
(r,,. =126 A). Ilpn upoMy crocTepexyBaHe 3MCHILCH-
Hs KOHLeHTpawii HociiB s n-PbTe-InTe i3 3pocranHsM
Bmicty InTe (puc. 2, B — kpuBa 1) Ha MOYATKOBHX eTarnax

JICTYBaHHS MOKJIMBE 3a YMOBH 3HAYHOI'O I[I/ICHpOHOPHi-
IOBaHH:A 3apsJ0BOT0 CTaHy IH[[iIO, TOOTO NepeBaKaHHs

In"' (In}, ) max In" (In}, ) (z> 0,5) (puc. 5, 6). Y mpomy
BUTIAZIKY i3 pocToMm BMicTy InTe, 3a paxyHOK 3pocTaHHS

6=0,8 ar. %, y=0,4 ar. %.
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K,

Injpy,

(puc. 6,6 — kpuBa 1) 1 3MEHIIEHHS BEIUYUHH

. .. (puc. 6,0 — xpuBa 2) Mae Mmicue KOMICHcCais
(Inp,+Vre)

€JIEKTPOHIB JipKaMH, 10 i 00yMOBIIOE TTOYATKOBE 3Me-
HIICHHS KOHIICHTpAIii eIeKTPOHIB y KpHCTamax, 3abe3-
MevYeHHs YMOB (OPMyBaHHS MaTepianry i3 HipKOBOIO
npoBigHicTIO (puc. 5, 0). 3ayBaxXUMo, IO BIJCYTHICTH
LUX 3MiH Ha EKCIIEPUMEHTAJbHUX KpUBHX (pHC.2,B —
KpHBa 2) MOXKHA TOB'S3aTH 13 HEKOHTPOJIHOBAaHUMH 3HA-
YEHHSIMU Y CHHTE30BaHUX CIUIaBaxX BIJXWJICHHS BiJ CTe-
X10METPUYHOTO CKJIaJy OCHOBHOI MAaTpHIli, a TaKOX Be-
JIMYMHU JAUCTIPOTIOPLIIOBAHHS 3apaoBOro cTany [Huito y
TBEPIOMY PO3YHHI.

CrocTepeKyBaHe X MoJajbIlle 3pOCTaHHS XOJIIIBCh-
KOl KOHIEHTpalii HociiB cTpymy y n-PbTe i3 30inbmen-
HsMm BMicTy InTe (puc. 2, B — kpuBa 1) mos'sa3ane 3 nepe-
Ba)KaHHAM 3apsnoBoro crany In™ (Inj, ) man In™' (In},)

(z<0,5), sikuii € epexTrBHUM JOHOpOM (puc. 3, 6 — KpH-
Ba l).
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BucHnoBku

1. 3amporoHOBaHI KPHUCTAIOXIMIUHI MOJENI TOYKO-
BUX Ae(eKTiB y KpHCTamax TBEpAMX pPO3YHHIB n (p)-
PbTe-InTe 3a ymoBH AMCIPOTIOPILIiIOBAHHS 3apsIOBOTO
crany [uziro.

2. BuBemeHo kpucTanokBasziximiuHi (opmynu uis
PI3HMX MeXaHi3MiB YTBOPEHHSI TBEPAUX PO3UMHIB n (p)-
PbTe-InTe: 3amimenns [naiem [TnomOymy (Mexanizm A)
Ta OJIHOYACHE 3aMillIeHHs 1 BKOpiHeHHs [HAi0 (MexaHi3M

eM IlmomOymy mpu mnepeBaxaHHi KoieHrtpamii In''
(In,,) Han In" (In},) (z>0,5). 3naunuii BMict InTe
(6inbe 3 mon. %) oOyMOBIIOE 3MiHY Yy IepeBaKaHHI
KOHIeHTpaii [Huito i3 3apsgoBuM ctanom In" (Inj,)
(z<0,5).

Po6oTa BUKOHY€ETBCS B paMKax KadempaabHOTO MPOEKTy
(peectpauiiinuii Homep 0107U006768).

@Dpeik JI.M. — 3aciny)XeHUH IiT9d HAyKW 1 TEXHIKA

B).

3. Po3paxoBaHO 3ajexHOCTi KOHLEHTpauii aedex-
TiB (N) Ta XOmIiBcbkoi KOHIEHTpamii (ny) Bix BMiCTY
InTe, BenmuuMHM Zz Ta TOYATKOBOTO THIY HPOBIJHOCTI
Marepiary OCHOBHOI MaTpHIIi.

4. BwuzHaueHO yMOBH (XIMIYHUH CKIIaA, JOMIHYIOUi
TOYKOBI Je(eKTH), M0 BH3HAYAIOTh (pOpMyBaHHS Mare-
piany n- abo p-THITy IIPOBiTHOCTI.

VYkpainu, akagemik Akazemil HayK BHIIOi LIKOJIA
YkpaiHu, TOKTOp XIMIYHHMX HaykK, Ipodecop, AUPEK-
Top Di3UKO-XIMIYHOTO IHCTHTYTY, 3aBiyBad KaheapH
(hi3uKH 1 XiMil TBEpIOTO TiNa;

Bopuxk B.B. — inxeHep-naTeHTO3HABEIIb;

Typoecvka JI.B. — cTyIeHT;

FOpuuwun J1.J]. — nonrykyBad;

IlTeguvk M.Q. — acmiinanT.

5. Bcranoeneno, mo y cucremi n-PbTe-InTe npu
manux koHueHTpauisx InTe mae micue 3amimenns -
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Cristal-quasichemical formulas of n (p)-PbTe-InTe solid solution for mechanism of filling of cationic vacancies and also taking root
in the tetrahedral hollows of the dense packing of Tellurium atoms of crystal structure of PbTe by In taking into account the dispro-

portion of charge state In*> — In*' + In* are offered. Dependences of concentrations of point defects (N) and Holl’s concentrations

(ny) of transmitters of current of solid solutions from maintenance of InTe are calculated. On the basis of comparison of results of the
experiment and calculations the conclusion about character and charge state of prevailing atomic defects are made.
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