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HEHHsl y TeTpacJpHyHi IOPOKHUHM LIIIBHOI yrnakoBku atoMmiB Tenypy, Buninenus ¢asu In,Te; 3 BpaxyBaHHSIM JHC-
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KOHIICHTpalilf TOYKOBHX Ae(EKTiB Ta XOJUTIBCHKOI KOHIIEHTpalii HOCIIB CTpyMy BiA BMicTy Jseryiodoi gomimku (In)
JUISL PI3HUX 3HA4YeHb BIIXMJICHHS BiJ] CTEXIOMETpHUYHOro ckiamy PbTe, BeIMUMHU AMCIIPONOPLIIOBAHHS 3apsJOBHX
ctaHiB [H7i10 1 BakaHCIl y KaTiOHHIHN MiArpaTIi Ta KOHIEHTpalii MikBy3moBoro Terypy.
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Beryn

[TmroMOyMm Tenypun npuBepTae 10 cede yBary y Ie-
plIy 4epry uepes3 MNpOKe HOro BUKOPUCTaHHS B iH(pa-
YepBOHINM TEXHIII 1 TEPMOETEKTPUIHUX MPHCTPosix [1].
Bir xpucramizyerbcs 'y crpykrypi tmmy NaCl

0

(a=6,461A) 1 XapakTepu3yeTbCsl JBOCTOPOHHBOIO
obnactio romoreHHocti. Hammumok Temypy Benme 1o
pocty p-nposigHocti, a IlmomMOyMy — n-mpoBigHOCTI.
Brmacri TOukoBi gedekTn, MOB's3aHI i3 KaTiOHHO-
AHIOHHUM CITiBBiTHOIICHHAM KOMITOHEHTIB, Y 3HAYHIN
Mipi BH3HAYalOTh HE TIIBKH THII IMPOBITHOCTI, aje i
KOHIIEHTpAIif0 HOCiiB cTpymy [1-3]. JleryBanus eneme-
Hramu III rpynu Ilepioguunoi cucremu (Ga, In, TI)
00YMOBJIIOE MTEPEPO3MOILT BIACHUX TOYKOBHX Jc(EKTiB
1 3MIHIOE €JICKTPOHHY MiJCUCTeMY KpucTainy [4].

VY naniii poOOTI HaBeEeHO pe3yJbTaTu KPUCTAIOXi-
MIYHOTO aHai3y MEXaHi3MiB JieryBaHHs [HIiEM IUTIOM-
OyM Tenypumy 3 BpaxyBaHHSIM JHCIIPOIIOPLIFOBAHHS
3apsII0BOTO CTaHY JOMIIIKH.

I. ®Dizuko-ximiuHi BJ1acTUBOCTI

PbTe:In

Jani BimHOCHO posumHHOCTI [HAit0 B PbTe pisko
BIJIPI3HSAIOTHCSA MK c00010. Y poboti [5] BusBMIM Tpa-
HUYHY po3unHHicTh In npu 823 K nobmusy 5 ar.%. As-
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Topu [6] AOTPUMYIOTBCS MYMKH IPO 3HAYHO IIHPIILY
obslacTh icHyBaHHs romoreHHoi ¢asm: 20-25 at.% In.
Ha ocHoBI mperie3iiiHOro BUMipIoBaHHs mapameTpa rpa-
TKH, BCTAaHOBJICHO, III0 3 pocToM BMicTy IHzifo BiH 3Me-
HIIyeThCs (puc. 1,a).

Mogeini, 3a IOOMOIOIO SIKMX HaMararoThCs MOsIC-
HUTH BJIACTHBOCTI JOMIIIKKA In, po3misiOThCs HA JBi
rpynu. B onHil 3 HUX [HAIH po3TIIsiIaeThes K TBO3apsi-
JHWH JOMIUIKOBHX LEHTP i3 OCHOBHHM cTanoM In™”
(4s'4p”). B inmiit mpononyetses, mo In (4s’4p') e Gara-
TO3apATHUM LEeHTpoM i3 cramamu In"' (4s%4p”), In** i
In™ (45°%4p°) [6, 7]. Cran In** € eHepreTHuHO HeBMIiz-
HUH, Tak K eHepris Xa00apma Ui eIeKTPOHIB Ha JI0-
Mimmi In Bix’emna, ToMy 3MiHa 3apsiIOBOTO CTaHy HO-
MIIIKH 3IIHCHIOEThCA 32 PAaXyHOK IEpPEeXoNy eleKTpo-
HiBIn? - In'' +In?®, +(1-2z)e’ . ITpu upomy, sixmo In"
Oyne HeWTpaibHUM AederToM ( In* _>DO) y BiJHO-
[IEHH] 70 KaTiOHHOI ni,urpaTIiII/I Pbﬂily PbTe, T0 nBa
IHIII — 3apsPKeHUMH (In - -

In+3 N D+1
— nonop) [7].

3 METOI YTOYHEHHS 3apsAA0BUX CTaHiB In y croiy-
ui PbTe aBropamu [8] npoBeieHO NpsiMi EKCIIEPUMEHTH,
MOB’s13aHi 13 JOCHIPKCHHSIMH MAarHITHOI CIIPHAHSATIIN-
BOCTI 1 PEHTTEHIBCHKHX (DOTOENEKTPOHHUX CIIEKTPIB
(puc. 2). Y crani In"? ma momimmi IHmiro € omMH HECa-
pCHUil €NeKTPOH, CITiH SIKOrO MOBHUHEH MPU3BOJHUTH JI0
MOSIBU JIAHXXEBEHOBOTO TapaMarHeTu3My. AJie BUMIpIO-

aKIIeTITop;
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Puc. 1. 3anexHicte nmapamerpa rpatku (a), TUILy NPOBIAHOCTI 1 KOHIEHTpalii HOCIiB 3apsny (0) Bin BMicty [Hziro
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BaHHS MAarHiTHOI CIIPUHHATINBOCTI HE BHSABISE Oynb-
sikoro mapamaraetusmy [9]. ToOro maHi i3 MarHiTHOi
CHPUHHATINBOCTI BKa3yIOTh, IO ICHY€ MEXaHi3M CIia-
PIOBaHHS CIIIHIB €JIEKTPOHIB ¥ In.

PenTreHiBChKi (POTOETSKTPOHHI CIIEKTPH IiATBEp-
JOKYIOTh JaHI MarHiTHUX BHMIpPIOBaHb PO ICHYBaHHSI
JBOX 3apsioBux craHiB In y kpucranax PbTe. Tak, 30k-
pema, y crmekrpax In 3d>? crocrepiraetbcs mBa ik
npu 443,7 eB 1445,6 eB (puc. 2) [9].

KpucranoxiMiunuii aHaiiz IeQeKTHOI MiACHCTEMH
y JneroBarux IHIieM Kpucranax IUTIOMOYM Telypumy
3pobnenuii y poborax [10, 11].

Puc. 2. PentreHiBchbki (hOTOCTCKTPOHHI CIEKTPH ILIIO-

MOyM Tenmypuay i3 BMicToMm lapiro 1 at.%.
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II. MexaHi3Mu JeryBaHHsl i KpucTaJo-
KBa3ixiMiuHi popmyJin

Howmimka Iagiro y neroBanomy kpucrani PbTe:In
Moke: 3aminryBaté [ImomMOyMm (3allOBHIOBATH BakaHCIi
y KartioHHiit migrparui s p-PbTe um noOGynoByBaTu
niarparky [ImomOymy y n-PbTe) (mexanizm A); Bkopi-
HIOBATUCS Y TETpaeApHyHI TOPOKHUHY IIIIBHOI YIIaKo-
BKU aroMiB Tenypy, siki € He3alHATUMH (MeXaHi3M B);
YTBODIOBATH, KpiM LbOro, e HoBy ¢asy In,Te, (me-

xani3m C).
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2.1. Mexanizm A. 3a yMOBH TUCTIPOIIOPIIIFOBAHHS 3TiIHO HOTO CyNepHo3HIlii i3 aHTUCTPYKTYPOIO OCHOB-
3apsiI0BOTO cTaHy [Haio HOI Matpuili [Hai# yTBOpIOE KinacTep:
In®? - In} +In”, +(1-22)¢’ 1
: Q)
Vo Vi +In” — V), Vit +(In}In}" +2¢’ +(1-2z)e’) = [In,In] ], Vi, +(1-22)¢’. 2)

TyT z — xoedilieHT qUCcnponopIioBaHHs 3apsaoBoro crany Tomai miss n-PbTe<Pb>:In 3 BpaxyBaHHsSM pe3yibTaTiB
Tumiro. pobotu [11] oTpumyeMo KpHcTaloKBazixiMiuHy op-
MyIy:

(=) {[Pb} s, Varos) Vars Jeu [ Teio Vo T (PBE); + 2o+ ayd)e’ ) + x{[In} In}, Iy, Vi, +(1-22)e’} —

1-ay " ay(1-3)

(
— [Pb;, In)Inf_, V. Voo Joo [T araon Voo Vi Tre (Pi o ), +[ (200 + ayd) (1-x) +x(1-22) e’

(I-x)(1-ay) (I-z)x " ay(1-8)(1-x) ay(l-x)

3)

Tyt x — atomHi goni In, o — BIAXWICHHS B CTEXiOMETPIi HA vy [TmoMGyMmy; Inj, , In, — OJHO3ApPS/IHI HETATHBHO i
6ix Pb, y — BMicT MikBy3noBoro Ilnombymy, 8 — KOCGIUEHT  1o3pryppo atomu IHairo y KaTIOHHUX BY3/1aX KpUCTaIi-
unoi rparku PbTe; ¢ —enexrpon.

Te, — aromu I[lmomOymy i Tenypy y By3nax kpucraniuHoi PiBHAHHS MOBHOI eJNEKTPOHEHTPATBHOCTI IS BUMAIKY

JMCTIPOTIOPIIFOBAHHS BaKaHCIH y KaTioHHIH miarpatui, Pby, ,

rpatku; Vy, , Vj, — HEraTHBHI OHO- i ABO3ApsAMHI BakKaHCii (3) Oyne:
[TnromOymy; Pb;* — mosutuBHI ABO3apsiaHi MiXKBY3JI0BI aTo-
.0 +qy, [V 1+dy, [Va 1+q,, Iy, 1=,p+q,.. [Vii 1+, [Pb] T +q,. [In},], “

e p=0, n=A(Qoa+ayd)(l-x)+(1-22)x), [Vml=Acy(1-8)(1-x), [Vsp]l=Aayd(l-x), [Inp]=Azx,
[Vie]=Aa (1 —x) , [Pb{"]= A(xy(l —x) , [Ing, ]=A(0-2)x,
9o =G, =Ap =y, = 9yp, =15 vz, =y =gy =2 — 3psi Aedexcrin.

I3 BpaxyBaHHSIM bOTO PiBHSHHS (4) HaOyxe BUIIISAY:
A(2a+0y8) (1-x)+ (1-22)x) + 2A0y(1-8) (1-x) + Aoyd (1-x ) + Azx = 2Aa (1-x) + 2Aay (1-x)+ A(1-2)x . )

XonmiBchKa KOHIEHTpALid Ny, = |n —p| y UBOMY BHIAATY

Oyne: Tyt A :2—32 , Ie¢ Z — 4uCl0 CTPYKTYPHUX OJUHHIG B

n,; =A(2a+oyd)(1-x)+(1-22)x) a

H ( ) . (%) eJIEMEHTAPHIH KOMIpIIi, a — mapaMeTp TPaTKH.
Amnanoriyno st p-PbTe<Te>:In:

(1=3){[PO; Viooay Vi ]y, [ Te0, Vi |, (Tes ) +(2B0=1)=B8) 0 f+x{[In)In}, | Vi, +(1-22)¢'} >

x / . /I / X o x X . /
- [Pb(lfﬁ)(lfx)lnzxIn(lfz)xVB(l—S)(l—x)Vﬁ?}(lfx) l,b |:Te(lfﬁy)(lfx)vﬁw (120 Vs }Te (Teg, 10 + [(2B(1-v)-PB3)(1-x)Ih" +x(1-22)¢".

(6)

Tyr h* — mipka, P — Bigxunenns Bin crexiomerpii Ha 6ix Te- PiBHSIHHS MOBHOI €JIC€KTPOHEHTPAIBHOCTI ISl BUTIAJIKY

aypy, Te] — Tenyp y MDKXBY3JIi. (6) 6yne:
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4.0+, [V 1+dy, [Va 1+, [y, 1=q,p+4,.. [Vii]+q,, [}, ], (7)
e n=(1-2z)x, p=AQRBI-7)-Pd)(1-x), [Vi]l=ABA-8)(1-x), [Vy]=ABS(1-x), [Iny]=Azx,
[Vi:1= ABy(1-x), [In}, 1= A(1-2)x,
9o = vz, =9p =Gy, =, — Lo vz, =Gy =2

A(1-2z)x +2AB(1-8)(1-x)+ AR (1-x)+ Azx = A(2B(1-7)—BS) (1-x)+ 2ABy (1-x )+ A(l-2)x . (7"
XoiniBCbKa KOHLEHTpaLlis y LiboMy BUNaary Gyne: 2.2. Mexanizm B. JIns Bunajky 3amimenss In*' xa-
n, = |A((2B(1 -7)-B8)(1-x)-(1- Zz)x)| . ® TioHHUX BakaHciit Inj, i Bkopimenns In" y Terpaen-

PHYHI TOPOXKHUHY In™" neryroumnii kiactep 3alHIIUTh-
CsI TAKHM YHHOM:

VAV +In® = V) Vi +(IntIn" +2¢' +(1-2z)¢') = [V, In. ], VA ("), +(1-22)¢’ . ®

Topni xpucTanoksaziximiuHa hopmyina it n-PbTe<Pb>:In:

(1=%){[Pb} Vi Vi T[T, Vo T (BB ), +(20t+cnyd)e | +x{ [V, In] T, Vi (I, +(1-22)e’ | —

(10)
X ] 4 / X . o oo /
_)I:Pb(l—ocy)[l—x)Vw/(lﬂﬁ)[l—x)+x(l—z)v(xy5[l—x) In,, l,b [Te(lﬂ)(l—x)v;(l—x)vz L (Pbr ) (I +[(20‘+°WS) (1-x)+x(l _22)]e :
PiBHSIHHS TIOBHOT €JIeKTpOHEHTpaibHOCTI Ut BUMaaky (10)
oyne:
.0 +dy, [Vi 1+ ay, [Va 1+q,, [In, 1=9,p+q,.. [Vii1+4,.. [Pb" ] +q, ... [In;7 ], (an

ne p=0, n=AQo+ayd)(1-x)+(1-22)x), [Vyl=A(ay(1-8)(1-x)+(1-2)x), [Vy]=Aayd(l-x),
[Iny, 1= Azx , [Vii]= Aa(1-x), [Pb;"]=Aay (1-x), [Inj']= A(l-2)x ,
9o =Av, =9 = iy, =15 v, T Qs Ty =25 Qe =3

g
Ao+ oyd) (1-%) + (1~ 22)x) + 2A(oty(1-8) (1= X) + (1= 2)x) + Aoyd (1 - x ) + Azx = 2Aa (1-x) + 2Aay (1-x) +3A(1 - 2)x - (11
n, =A(Qa+0oyd) (1-x)+(1-22)x) . (12)

Amnanoriugo ms p-PbTe<Te>:In:
(1=3){IPb}; Vir_s) Vi T [T}, Vi e (T, ); +(2B(1=7) = BO)D"} +x{[ V., In, Ty, Vi, (I} ), +(1-22)e’} — (13)
- [sz(l—ﬁ)(l—x)Vﬁ/El—S)(l—x)Hl—z)x V[;S(l—x)m/zx Teo [Tezl,p,)(px)vg;(px)vj e (Tegy(lfx) ) (nf”, ), +[(2B(1—y) —Bd) ( 1- X)]h° +(1-2z)xe.

PiBHSHHS TIOBHOI eneKkTpoHeHTpanbHOCTI Uit BUmaaky (13)
Oyxe:

a0+ 0y, [V 14y, [V 1+a,, [0, 1=4,p+q,. [Vi1+q,.. [ ], (14)
ne n=(1-22)x, p=AQB1-7)-B3)(1-x), [Va]1=AB1-8)(1-x)+(1-2)x), [In},]=Azx , [Vs 1= ABS(1-x),
[Vi:1=ABy(1-x), [y 1= A(l-2)x ,
9n = Ay, =9y =y, =1s Avg, TAye =25 Qe =3

A(-22)x +2AB(1-8) (1-x)+(1-2)x) + APS (1-x) + Azx = A(2B(1-7) —B8) (1-x) + 2ABy (1-x) + 3A(1-2)x . (14)
n,, =|A(@2B1-7)-Bd)(1-x)—(1-22)x)|. (15)
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2.3. Mexanizm C. 3a yMOBH BUAIICHHS (a3u In,Te, mnst n-PbTe<Pb>:In

(A=x){[Pb}_,, Vo 15y Ve o [Tl o Var T (PI), + (20 + oyd)e } + x{[V/, In) 1, Vi (In]™), + (1-22)e } —>

x 4 / / x o 3 oo X X 16
- |:Pb(]—ou/)(l—x)V(xy(l—5)(1—)()+x(]—z)Vo.y§(]—x)InZX JPb {Teﬂ—m(l—x)—;(I_Z)xva(lx)Vx } (PbC )i (In(],Z)XTG%(I_Z)X )+ (16)
Te

+[ (20 +ayd)(1-x)+x(1-22)]e’ +3x(1-z)h".

PiBHSHHS MOBHOI €JIEKTPOHEHTPATBHOCTI iss BUNanky (16)
oyne:

4,0+ 0y, [V 1+dy, [Va 1+a,, [Inp,1=q,p+q,.. [Vi 1+, [Pb"], (17)
e p=3(-z)x, n=A(QRa+ ocyfi)(l—x)+ (1-22)x), [Vy1=A(oy(1-9) (1 —x)+ (1-2)x), [Vpl= AowS(l—x) ,
[Inp, 1= Azx , [Vye]=Aa(1-x), [Pb]"]= Aay(1-x),
S A A N A (T s
Ao+ oyd) (1-x) +(1-22)%) + 2A(oy(1-8) (1-x) + (1~ 2)x) + Aotyd (1- x) + Azx = 3(1- 2)x + 2Aa (1-x) + 2Aay (1-x) - (17)
ny, =|A(Qa+ayd) (1-x)+(1-22)x =3(1-2)x)|. (18)

Amnanoriyao st p-PbTe<Te>:In:

(1- X){[be—]jvﬁ/il—é)v[;é Tw[Tery, Vi, I (Teg, ), + (2B(1—v) —Bd)h™} + x{[V/],In, ], V7. (In}%}), + (1-22)e'} -

x Il / / X . x x x x . 19
- [Pb(17[5)(17x)VB(175)(17x)+(lfz)xVBS(I—X)IHZX Trs [Te(l—ﬁy)(1—x)%x(lfz)vﬁ"/(l”‘)v" Tre (Tegy(l,x))i (InU*Z)XTe%H,Z)X )+ (19)
+H(2B(1—y)-B3)(1-x)+3(1-2z)x]h* + (1-2z)xe’.

PiBHsIHHST MOBHOI enekTpoHeiTpaibHOCTI it Bunaaky (19)

oyne:

q,n+qy, [Veo 1+ Qvy, [V 1+ A, [Inp, 1= q,P + 4y, [Vi], (20)

ae n=(1-2z)x, p=A((2[3(1—y)—[38)(1—x)+3(1—z)x), [Vlj{,]zA(B(I—S)(l—x)+(l—z)x), [V;b]:ABS(l—x),
[In,,]= Azx , [Vii]= ABy(1-x),
q" :qV};b :qP:qInpb :1’ qvl:b :qv{e' :2.

A(1=22)x +2A(B(1—8) (1-x)+ (1= 2)x) + ABS (1-x )+ Azx = A((2B(1—7) — B8) (1-x )+ 3(1- 2)x) + 2ABy (1-x). (20)

ny, =[A(@2B1-y)—-Bd) (1-x)+3(1-2)x — (1-22)x)| . 1

Jlesiki pe3ynbTaTH MPOBEIEHUX PO3PAXYHKIB KOH- HOBI KPHCTAJIOKBa3ixXiMiuHUX dopmyx (3) - (8) Hasene-
HEeHTpallii TOYKOBHX Ae(EeKTIB, a TaKOX XOJUTIBCHKOT HO Ha puc. 3-7.

KOHLICHTpALl HOCIiB CTpyMy Ul MeXaHi3My A Ha oc-
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a) 6)
Ig(n”,CM"} |Q(I1H$CM-R)
199 3 1
* 19 "
18 .
18 -
1 17
p n ) n
16 - 16 -
15
15
! ' ' ! p ' p g In, aT. %
005 01 015 02 025 Inar% 0,05 0,1 0,15 ,ar. %
B) T)
lg(n,.cM") lg(n,..CM")
1
2 2
’ 3
144 14
13+ 134
p n
p n
124 12-
11 114
I I | | ; T T T T p
99,892 99,894 99,896 99,898 In. 10°am % 99,892 99,894 99,896 99,898 In, 10°ar %

Puc. 3. Po3paxoBaHni 3Ha4eHHS XOJUTIBCHKOT KOHIIEHTpAIil HOCIiB 3apsay (ny) y kpuctanax p-PbTe<Te>:In anms neryBaHHS
3a MEXaHi3MOM A Big BMicTy Jreryiodoi gomimkun (In) s pisHHX 3HaYEHB: a — MOYATKOBOTO BIIXWIICHHS Bifl cTeXiomerpii
Te (B, at.%): 0,001 (1), 0,006 (2), 0,013 (3) nmpu z=44 at.%, 6=0,003 at.%, y=0,003 at.%; 6 — BENTUUNHN TUCIIPOTIOPIIiFO-
BaHHS aToMiB [Hmiro (z, at.%): 10 (1), 37 (2), 42 (3) npu p=0,013 at.%, 6=0,003 ar.%, y=0,003 at.%; B — BeTUINHH AWC-
TIPOTIOPIIiFOBaHHsI BaKaHCIH y KaTioHHIN miarparui (8, ar.%): 0,006 (1), 0,003 (2), 0,001 (3) mpu f=0,013 at.%, z=37 ar.%,
v=0,003 at.%.; r — BMicTy MixkBYy310BOoro Temypy (v, at.%): 0,006 (1), 0,003 (2), 0,001 (3) mpu p=0,013 at.%, z=37 a1.%,
6=0,003 at.%.
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a) 0)
Ig(N,(n,).cm™) Ig(N,(n,).cm™)
; fg
19 -
—3 18 477
18 —/
16 4
17 4
14 4 a5
16 - P n
12 4
15 4
10 4
14 5.6 :
T T T | ?/ T I I
0,05 0,1 0,15 LA 0.05 0.1 015 In, aT. %

Puc. 4. Po3paxoBaHi 3Ha4CHHS XOJUTIBCHKOI KOHIIEHTpaii HOCI{B 3apany (3 — ny) Ta KoHIeHTpamii nedexTiB N; s rery-
BaHHs 33 MEXaHi3MOM A Bijl BMicTy Jierytouoi gomimku (In) s kpucranis: a — p-PbTe (1 —[In}, 1,2 — [Iny, 1, 4 — [ Vi, ],

5-[Vi],6— [Vlﬁb ]) mpm p=0,013 ar.%, z=0,37 at.%, 6=0,003 ar.%, y=0,003 at.%; 6 — n-PbTe (1 —[In}, ], 2 - [In;b ], 4
—[Vi1,5-[ Pb"1,6—[ Vi1, 7—[Vp, D) mpu 0=0,006 at.%, z=0,37 a1.%, 5=0,003 at.%, y=0,003 at.%.

a) 6)
lgK, K
5 -
2]
4
- 1
0 —_— 2 D
3
- .-
_2_
2
4_L
1
——
\ 4 n
6 | T T o : : : i
0,05 0.1 015 In, at. % 0,05 0,1 0,15 In, at. %
Puc.5. PospaxoBani 3HaueHHs a — TapliadbHUX KoedillieHTiB KoMmeHcalii TodkoBux nedexrie K, (1 -
K - [In;] S L B U e ) B 2AVi] B
e D[V 1+ [Viy 1+ [Inj, It 12V ] Ve [nf1+2[Vy] Vi IV 1+ [Viy 1+ (I, ]

A . .. o . [Ingy 2L Vi 1+ Vs
Y ); 6 — inTerpanbHOro KoedilieHTa KOMIIEHCALi K1=[ Dy J2[ Voo 11V ]

Y I 2[Vi] [In, +2[V;7]
3aJISKHOCTI Bia BMIcTy Jieryrouoi momimiku (In) mms nmeryBanns 3a mexanisMom A npu =0,013 ar.%, z=0,37 at.%,
6=0,003 at.%, y=0,003 at.%.

y kpucraiax p-PbTe:In B
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III. Amnauni3 pe3yabraTiB

VY Bunaaky p-PbTe<Te>:In mpu 30imbIIeHH] 1I0YaT-
KOBOTO BiIXWIEHHs Bij crexiomerpii Ha Oik Temypy
(puc. 3,a) 1 BeIMYMHHU AMCIPOINOPLIIOBAHHS aToOMiB IH-
airo z (puc. 3,0) rpadik 3aJIe)KHOCTI XOJUTIBCHKOT KOHIIE-
HTpallii HOCIIB 3apsdy, IO BiAMOBiNaE TepMOIUHAMIY-
HOMY p-n-TIEpeXo.y, Bix BMICTy Jieryrodoi qomimku (In)
3MingyeTbest B Oik Oimbimmx koHeHTpamid [amiro. [pu
30UIbIICHHI BEJIMYMHU AMCIPOIIOPIIIIOBAHHS BaKaHCIH y
KaTioOHHIN miarpati O (puc. 3,B) i BMICTY MIXKBY3JIOBOTO
Temypy y (puc. 3,r) TepMOOWHAMIYHHH p-n-Tiepexina
3MIIIY€EThCS B OIK MEHIIINX KOHIEHTpAIlii aToMiB [HIi10.

30inbiieHHs Bmicty IHapito y kpucramax p-PbTe
(puc. 4,a) Bene 10 3pOCTaHHS KOHIGHTpallii atomiB IH-
IiI0 B KaTIOHHIN miarparii (In;:), In;llj ). Ilpu upomy
KOHIICHTpALii OAHO- 1 JBO3apsaHUX BakaHciid [LmomOy-
My (Vie, Vi) i nBosapsuuux Bakanciit Temypy (Vi7)
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puc. 6: 3aJeKHICTD BEAWYNHHA AUCIPOTIOPIIIIO-
BaHHS 3apsOBOTO CTaHy aroMmiB IHAifo (z,
at.%) y kpucranax p-PbTe<Te>:In Bin Bennun-
HU TI0YaTKOBOTO BIIXHMJICHHS BiJ CTEXioMeTpii
Ha 0ik Te (B, at.%) [uist JeryBaHHs 32 MeXaHi3-
moM A nipu 6=0,003 at.%, y=0,003 at.%.

Puc. 7: 3anexHICTh XOJUTIBCHKOT KOHIICHTpPAIIT
HOCITB  cTpyMy (ng) [UId KpUCTaliB  p-
PbTe<Te>:In Bixm koHueHTpauii momimku In
JUIs MEXaHi3My A 3a yMOB JeryBaHHs: 1 — Ge3
YTBOpEHHsI HelTpaibHUX BakaHcii Temypy; 2 —
3 YTBOPEHHSIM HEHTpaibHUX BakaHcili Temypy
npu P=0,013 at.%, z=0,37 at.%, 6=0,003 at.%,
v=0,003 at.%.

3MIHIOETBCS HE3HAYHO. [HBEpCis THITy TPOBIIHOCTI 3 p-
Ha N-THI Mae Miclle B 00JacTi KoHIeHTparii [Hxito, mo
Bigmosimae 0,1 at.%. BignmosimHo mis n-PbTe i3 3011b-
HIEHHSM BMIicTy [H/iI0 3pOCTalOTh 3HAYCHHSI XOJUTIBCHKOT
KOHIeHTpauii (1, ) 1 KOHLUEHTpawil aroMiB A0 B KaTi-

onniit migrparui (In}, , In,, ); KoHEeHTpauii oaHO- i 1BO-
3apsHux Bakauciit [TmomGymy (V,., Vi, ), 1Bo3apsii-
nux Bakanciit Temypy (V) i MiXBy3IOBUX aTOMiB

[MmomGymy  (Pb?) 3MiHIOIOTBCS

(puc. 4,0).

i1 HeBeNMMKHMX KOHIICHTPALiN JIETYI04Uoi JOMIIIKA
(mo 0,1 ar.% In), 3rimHO puc. 5, TOMIHYIOTh HECKOMIICH-
COBaHi BJIACHI aKkuenTopHi AedekTH (JBO3apsHi KaTioH-
Hi BakaHcii V,; ), AKi 3yMOBJIOIOTH P-THI NPOBiAHOCTI

IPAKTUIHO HE

marepiany. I3 3pocranHsM KoHueHTpauii [Hzmito 3MmeH-
HIYIOTHCS] KOHIEHTPAllii aKIIENTOPHHUX BJIACHUX Ne(eKTiB
1 30UTBIIYIOTECS KOHIICHTpAIlil TOHOPHUX IOMIIIKOBHX
nedexTiB (MO3UTUBHO3APSHKEHUX aToMiB [HIIIO B KaTi-
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OHHil miarparui Inj; ), 10 3yMOBIIOE KOHBEPCiO MPOBi-
JTHOCTI 3 p- Ha N-THIT KPUCTAIB.

I3 301IbIIEHHAM BEJIMYMHY [TI0YATKOBOI'O BIAXUJIECHHS
Big crexiomerpii (B) B 6ix Tenmypy BenuunmHa AMCHPOIO-
puiroBaHHs i0HIB [Hif0 (z) 3MeHITY€eTHCS (pHC. 6).

YTBOpeHHsT HeHWTpanbHUX BakaHciii Temypy st p-
PbTe<Te>:In Bexe 10 3MilIeHHS TEPMOIMHAMIYHOTO p-
n-iepexoqy Ha Oik OUTPIIMX KOHIEHTpALill JEeTyrUoi
JOMIMKH (pucC. 7), 0 3aJ0BUIBHSIE EKCIIEPUMEHTATLHIM
nmaauM (puc. 1,0).

ChiBcraBisitoun aaHi ekcriepuMenty (puc. 1,0) 1 te-
OpeTuuHi po3paxyHkH (puc. 3,0) 100 3HAUYEHHS KOHIIe-
HTpaii JIeryrouoi JOMILIKH, P SKii Mae Micle iHBep-
cist Ty nposiguocti (0,1 ar.% In), MoxHa BU3HAYUTH
BEJIMUMHY JAMCIPONOpLioBaHHs aTomiB IHaito (z=0,37)
NpU MaKCUMaJIbHOMY 3HAa4Y€HHI BIIXWJICHHS BiJl CTEXio-
metpii Ha Oik Temypy. 3Harouu 10 BEIMYHMHY, MOXKHA
BUpaxyBaTH YHUCJIO DI3HOWMEHHO 3aps/DKEHHX AaTOMIB
Iupiro, BKOPiHEHHX B KaT1OHHII MiATpaTIi:
[In, ]=Azx ~1,1-10" cm™;

[Inp ]1=A(l-2)x ~1,9-10"cm™.

3aneKHOCTI XOJUTIBCHKOT KOHIIGHTpAIil JUIsi MEXaHi-
3My B cyTTeBo He BinpizHsIOThCS Bix MexaHisMy A. Ipo-
T€ KOHLEHTpALiHI 3aJeKHOCTI JAe(eKTiB MaTHMYTh
JIETIIO 1HIINIA XapaKTep, 30KpeMa Pi3Ko 3pOCTae KOHIICHT-
paiist gBo3apsaHuX Bakauciit [TmomGymy (V. ), 1o
KOMIIEHCY€ETBCSI TPHOX3apSIAHUMU IIO3UTUBHUMH aToMa-
mu Ingito (In™), BKopiHeHMMH B TeTpaeIpHUHi HOPOK-
HUHHM HIUTBHOI yIIakoBKU aTomiB Temypy.

Bupinenns ¢asun In,Te; 0O0ymMoBiIIOE 3MEHIIEHHS
KOHLICHTpAL1 eJIEKTPOHIB 32 paXyHOK YTBOPEHHsI J0JaT-
KOBUX BUIBHUX TipoK jis n-PbTe<Pb>:In (popmymnu (3) i
(16)) i 3pocTaHHs KOHIEHTpALlii OCHOBHUX HOCIiB 3apsay
3a paxyHOK YTBOPEHHS JOJATKOBUX BUIBHHX AIPOK JUIs
p-PbTe<Te>:In (popmymu (6) i (19)) mpu 30imbIIEHHL
BMicCTy Jierytouoi gomimiku In.

3ayBaxxumo, 1o gxmo st p-PbTe<Te>:In koHent-
pauii nBo3apsyHux Bakauciii Tenypy V.7 i oamozapsn-
HuUX BakaHciil [lmomGymy V,, € He3naunumu (puc. 4,a —
KpHBi 5, 6; puc. 5), i TOMIHYIOTb In;ll) Ta In;f’ , TO JJIA N-
PbTe<Pb>:In cyrreBoi poni He Bigirparots Pb”>, V.7,
V,. (puc. 4,6 — xpusi 5, 6, 7) npu nepesaxkanni In;, ,
In}} Ta V;? (puc. 4,6 — xpusi 1, 2, 4).

3Har0uu 0COONHMBOCTI YTBOPEHHS TOYKOBHX Aeek-
TiB, X BIUTMB Ha XOJUIIBCHKY KOHLIEHTPALIO Y JIETOBAHUX
IngieM kpucTanax mwiroMOyM TeIypUAy 3TiTHO pe3ylibTa-
TiB KpUcTasloxiMiyHOTO anamizy (popmynu (3). (6), (10),
(13),) (16), (19)), po3paxyHkiB (puc. 3 — puc. 7) Ta nopi-
BHIOIOUH X 3 EKCIIEpUMEHTOM (pHuc. 1), MOXKHa 3poOHUTH
Taki BUCHOBKH. [To-miepriie, BCi pO3TIISHYTI BUIIE MEXaHi-
3mu neryBaHHsS p-PbTe<Te>:In (MexaHizmu A, B) sikicHO
o0pe TOSICHIOIOTh KOHBEPCII0 THIY MPOBITHOCTI y Ma-
Tepiayli 3 p- Ha N-TUN i3 30UIBIIEHHSAM BMICTY [HIO
(puc. 1,0, puc. 3 - 7). Ilo-gpyre, 1110 CTOCY€EThCUS peati-
3anii Mexanismy B (Bkopinenns In" y mixBysis), To
noTpiOHO BiN3HauWTH HacTynHe. He nuBnsumch Ha Te,
110 paniyc In

{OHHMI = JocTaTHBO  MauHil
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0
(r,. =0,92A), #ioro BKOpIHCHHS y TETpacApPU4HI IIO-

POXXHUHHM IMUILHOT YIakoBKH aToMiB Tenypy mmomMOym
Tenypuny Oyle NMPU3BOIUTH IO 3POCTaHHS IMapamerpa
TpaTKy, 110 € Y IPOTHPIUYi 13 eKcriepuMeHToM (puc. 1,a).
ITo-Tpere, mo crocyerses MexaHizmy C, To criocTepexy-
BaHEe 3MEHIIEHHS IIapaMeTpa TpaTKu i3 30UIbIICHHAM
BMmicty [Hnzito y comyni PbTe (puc. 1,a) nobpe y3romxky-
€Thcs 13 3amoBHeHHAM [Hmiem Bakanciii [ImomOymy y
katioHHi# miarpatmi p-PbTe (mexanism A). Lle midicHO
TaK, OCKiNbKM cepeniii pagiyc ionis In™' i In” cknanae

0
5, =1,09A, mo 3HauHO MeHIIE BiJ IOHHOIO pajiiyca

0
[TmoMOyMy (1, =1,26 A). Cnig 3ayBakuTd, IO IIpU

bOMY € BH3HAYAJILHOIO BEJIMYMHA JUCIIPONOPIIIOBAHHS
ioHIB IHAiO, SIKa CYTTEBO 3aJEXKHUTH BiJl HaJACTEXiOMET-

AYIHOT T — KOHIIEHTpALIisA MEHIIIYETHCS 1
oro Temypy onmenTpanis In*' 3MeHmyerscs i3

3pOCTaHHAM BIOXWICHHS Bix crexiomerpii Ha Oik Te
(puc. 6). Kpim Toro, peamizamii MexaHi3My KOHBepcii
tuny nposigHocTi y p-PbTe<Te>:In y 3Hauniii wmipi
CIIpusie YTBOpeHHs HeifTpanbHux BakaHcii Temypy ( Vi, )

(piBusHHS (6), puc. 7).

3 pe3ynbTaTiB HAIMX PO3PAxXyHKIB MIO0 YTBOPECHHS
(bparMeHTiB KpHcTamiuHOi CcTpykTypu tumy In,Te,
(mexanizm C, dopmyna (19)) BuaHO, 10 Y BHOAIKY p-
PbTe<Te>:In mae wmicie 301LMbIICHHST KOHIIEHTpALii Ai-
pok Ha BenuuuHy 3x(1—z)h® mo BimHOIIEHHIO 10 Mexa-
Hi3My A (dopmyna (6)). Lle Bexe 10 pocTy XOJUTIBCHKOT
KOHLIEHTpAIlil 1 BiZICYyTHOCTI peai3anii KOHBepcii THITy
MIPOBITHOCTI 3 p- Ha N-THII, & TAKOX JI0 TTOAAIBIIOTO POC-
Ty KOHIICHTpALii JipOK.

TakuM 4MHOM, TOMIHYFOUMM MEXaHI3MOM JIeTyBaHHS
CIIiJI BB&XKATH 3aMilleHHsI [H/i€M KaTiOHHMX BaKaHCIH y
kpuctanax p-PbTe, abo x 3a0y0By KaTiOHHOI MirpaTKu
y kpuctanax n-PbTe i3 meBHUM IUCHIPONOPIIIFOBAHHIM
3apsA70BOr0 CTaHy JTOMIIIKHU [Hit0.

BucuoBku

1. 3pobiieHo aHaji3 MexaHi3MiB JieryBaHHs [HIieM
HECTeXIOMETPUYHOr0  IMOMOYM  Telypumy:  p-
PbTe<Te>:In ta n-PbTe<Pb>:In.

2. 3amnponoHOBaHO HOBY MOJEIh TOYKOBHX Aedek-
TiB, sSIKa BPaxoOBY€ AWCIPONOPLIIOBAHHS 3apsiIOBOTO CTa-
Hy IOMIIIKH [HAiI0 Ta KpHCTalOKBa3ixiMidHi (hopmynn
neroBaHux p-PbTe<Te>:In Ta n-PbTe<Pb>:In.

3. Ha ocHOBI MOpiBHSHHS pE3yJbTaTiB EKCIEpH-
MEHTY 1 pO3paxyHKy BH3HA4E€HO KOHIIEHTparlii ioHiB IH-
mito Inj Ta In;, y nreropaHoMy MmomMGyM TeTypHIi, SKa
BiJITTOBi A€ y p-
PbTe<Te>:In.

4. BcraHoBI€HO, 110 TOMIHYIOYAM MEXaHI3MOM Jie-
rytouoi nmii IHzmit0 € 3amileHHs BakaHCiil y KaTiOHHIH
miarpari st p-PbTe, un 1oOynoBa kaTioHHOI miarpart-
ku y n-PbTe i3 aucnponopuitoBaHHAM 3apsA0BOTO CTaHY
JTOMIIIIKH.

KOHBepCii  TUNy  MPOBIAHOCTI
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Crystal-Chemical Mechanism of Dysproportion of Charge
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On the basis of model of difficult spectrum of point defects in the crystals of n- and p-PbTe crystal-

quasichemical formulas are first offered for different mechanisms of doping by Indium: filling of cationic vacan-
cies, taking root in the tetrahedral hollows of the dense packing of atoms of Tellurum, selection of the phase In2Te3

taking into account the disproportion of charge state after a chart In*> — In:l + InfZ +(1-22)e’ . Dependences of

concentrations of point defects are expected that Holl’s concentrations of transmitters of current from maintenance of
alloying admixture (In) for different values of deviation from the stoichiometric PbTe composition, size of the dys-
proportion of charge states of Indium and vacancies in cationic sublattice and concentration of interlattice of Tellu-
rum.
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