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IpoBeneHO MOZENBHI PO3PaxXyHKH, IO MOSCHIOIOTH TEMIICPATYPHY 3aJICKHICTh KOHLEHTpALil BUIBHHX HOCIiB
cTpyMy y MoHOCYib(ini camapiro. Bukopucrano mMozens, y sKii BpaXOBaHO HasBHICTb B €HEPreTHUHIH CTPYKTYpi
KpHUCTaJla MUIKMX JOHOPHUX PiBHIB, 3yMOBJIEHHX HNPHUCYTHICTIO Y KPHCTaJIiuHi} IPaTLli BIACHUX TOYKOBUX Je(heKTiB,
a Takox f-piBHIB aTOMa camapiro: OCHOBHOIO, NEPLIOro 30yKEHOr0, Ta JPYroro 30yHKEHOro, SKHl KPUCTaliYHIM
T0JIEM PO3IIEIUIIOETHCS HA 11 SITh OKPEMUX PIBHIB. 3alIpOIIOHOBaHA MOJENb HOCUTh YHIBEPCAJIBHUN XapaKTep i MOxe
OyTH 3aCTOCOBHA TAaKOX JUIS PO3PaxyHKy NapaMeTpiB iHIIMX BIacTHBOCTEH B SMS, 30kpema i (a3oBoro nepexony

HaIliBIPOBIHUK — METaJl.
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Beryn

Benuka 3amikaBieHiCTh y JOCIHIDKEHHSIX KPHCTAJIB
MOHOCYNb(DITy caMapiio 3yMOBJICHA 3HAYHUMHU MOXKIIU-
BOCTSIMU MPAKTHYHOTO BHKOPUCTaHHS I[bOTO Martepiaiy,
3aBJISIKM HAsIBHOCTI PEKOPIHO BEJTMKOI'O TEH30PE3HCTHB-
Horo edekry (koedimient terzouyriauBocti K = 850 mpu
temnepatypi T = 77 K) [1], i3omopdHoro dazosoro me-
pexony | pony , HamiBIPOBIAHUK-METaN" TMPH HU3BKOMY
JUTS HammiBIpoOBiAHKKIB TrcKy 650 MITa [1], a Takox Bu-
HUKHEHHI €JIeKTPUYHOI HANPYTd NpU PiBHOMIPHOMY Ha-
IpiBi 3pa3ka B yMOBax BiZICyTHOCTi 30BHIIIHIX Ipali€HTIB
temmepatypu npu T = (400-500) K (TepmoBonbTaidnmii
edexr) [1].

V 0OCHOBI BCIX IIMX BJIACTUBOCTEN JIEKUTH IOBEIIHKA
Af-piBHiB ffoniB SM?* mpu pisHEX Bi3UUHKX BIUIHBAX HA
3pa3ok SMS. VY 3B's13Ky 3 UM MPEICTABIIAE IHTEPEC TOC-
mimkeHHs 9k camux 4f-piBHiB, Tak i iX 30y/DKCHHX cTa-
HiB. 3HaHHS MOJOXEHHsS 30y/pKeHux craHiB 4f-piBHIB
BaXXJIUBE 3 Ti€l NMPUYMHY, IO KOHIIEHTpPALlisl EIEKTPOHIB
Ha mux ~10%cm® i Tomy mpaBmnbHE BH3HAUEHHS iX
BKJIaJly B KOHIICHTPAIIIIO SJICKTPOHIB MPOBITHOCTI € TyKe
Ba)XJIUBHM TPU pO3paxyHKaxX TEH30pE3UCTUBHOIO i Tep-
MOBOJIbTAIYHOI'0 €(EKTIB, a TAKOXK TUCKY, L0 BiAMOBiIa€e
(azoBomy niepexony [2].

[Hdopmanito mpo eHepriro 1MX CTaHIB OyJI0 OTpUMa-
HO y po6oTi [1], Ha OCHOBi ONTHYHUX MOCIIIKEHDb €JIeK-
TPOHHHX TEPEXOIIB MiX OCHOBHHM CTaHOM ioHa SM?,
siKe BizmoBinae koHpirypamii “fg (tepm 'Fo), 1
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36ymKeHnME cTaHamu (Tepmu ‘o). Taxi mepexom 3a60-
POHEHI 3a MPaBWJIOM MAPHOCTI YCEpPEIUHI OIHIET SNeKT-
PpOHHOI KOH(Irypalii y BUIbHOMY HOHI, aje mij BIUINBOM
KPHCTAJIIYHOT'O MOJISI CTAIOTh C1a00 J103BOJICHUMH.

[Ipu mociimKeHHI TEePexXOoiB 7F0-7F1, 7F0-7F2 Oyio
BCTaHOBJICHO, II[0 €HEPTisl IEepIIOro IMepexoay OJu3bKa
JI0 BiAMOBIAHOTO 3HAYEHHS IS BijbHOrOo Hona [1], a
€HEeprisl APYroro — CYTTEBO BIAPI3HAETHCSA Bij aHAJIOTIY-
HOTO 3Ha4YeHHs Uil BUIbHOTO HoHa. Tak, y Kpucraii pi-
BEHb 7F2 3CYBAEThCS Ha CHEPreTHYHIM cXeMi B OiK JHA
30HM TPOBITHOCTI Ta BiAOYBA€THCSI HOTO MYJIbTHUILIETHE
PO3IIEIUICHHS Ha T 9Th piBHIB (puc.l).

Meroto poOOTH € BU3HAYEHHS! KOHIEHTpALH Bijb-
HUX HOCIiB 3apsiy y KpucTajax SMS 3 BpaxyBaHHIM Y
MOZeTi  MyJIBTHIUIETHOrO pO3IICIUICHHS 'F, eHepre-
TUYHOTO PiBHS.

|. Po3paxyHok KOHuIeHTpamiii
€JICKTPOHIB

KoHIieHTparisi eleKTpoHIB y 30HI HPOBIAHOCTI PO3-
paxoByBaiack 3a (opMyIIoLo:

lw

pm kT & b2
n:9%+ e (1)
e %]

ne koedirienTn a Ta b — mompaBkH, IO BPaxoBYIOTh
CTYMiHb BUPODKEHHS HOCIIB 1 BUPAXOBYIOTHCS YHUCEIBHO
npu anpokcumanii inrerpana depmi, L — XiMiYHUIA 1T0-
TEHIIiaJI eJIEKTPOHIB.
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Puc. 1. 30HHa cTpyKTypa HamiBIPOBIAHUKOBOIO SMS
NMo0aM3y Ha 30HHM MPOBIAHOCTI: a — EHEpreTHYHi piBHI
Af-371eKTPOHIB MpeCTaBIEH] aHATIOTIYHO PiBHAM BUJIBHO-
ro ifona SM?*; b — emepreruuni piBHi i enexTpuuHi 1u-
TMOJTBHI TIEPEXO/IM TPE/ICTaBIIEHi 3riaHo [1].

Kontenrpariis enektpoHiB Ha f-piBHsAX, Ta TOHOPHO-
My piBHi, 3yMOBJICHOMY HasIBHICTIO Y KPHUCTaJl aHTPHUCT-
pYKTYypHHUX nedekTiB [2], BU3HAYAIOTHCS SK:

Ny

& €, + Mo’

Nyt =

)
& kT 5

ne Ngf— KOHIIEHTpallisi aHTUCTPYKTYPHUX Je(eKTiB Ta
aToMiB camapito Sm, g;— GakTop BUPODKEHHS €Hepre-
tuyHOro piBHS (0= 2H1 [2]), €4 — HOMOXKEHHSI Bimmo-
BiTHOTO EHEPreTHYHOrO piBHSA Yy EHEpPreTudHiil cxemi
KpHcTana.

Posnoin 3araneHoi KoHIeHTpamii Ny Mik cTaHamu 3
PI3HUMH 3HAYEHHSAMH J, MOXKHA OTPUMATH, TIPHITYCKA0-
YW, 10 TPH JaHid Temmeparypi HOHM PO3MOAUISIOTHCS
BiJITIOBiTHO 1O CTATHCTHKK bonbimana [2]:
®€ 0
EKT 4
%€
c +
KT g
BenuunHa XiMIYHOTO IMOTEHIATy | YHCEIbHO BH3HAYa-
€THCS 3 PIBHSIHHS €IEKTPOHEHTPaIbHOCTI!

[o]
n=ng+a N .

1+2g,aexp

(23+1)exp

5 ©)

a (23+1)exp

(4)

Ockinbk  mmpuHa — 3a0opoHeHoi  30HM — SMS
Ey=23¢B [3], To npu nocmimkyBaHHX TeMIIepaTypax
KOHLIEHTpAIlisl BIJIBHUX TIpOK Oyle HE3HaYyHOK 1 B piB-
HSIHHI €JIEKTPOHEUTPAIILHOCTI 11 MOXKHA HE BPaXOBYBATH.
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[1. Pe3yabTaTu po3paxyHkiB Ta ix
00roBOpeHHs

Pe3yinpraTi mpoBeeHUX PO3PaXyHKIB MPEACTaBICHO
Ha puc.2-3. Kpusa 1 Ha puc. 2 pozpaxoBana 0e3 Bpaxy-
BaHHS PO3IIEIUICHHS ', PIBHS Ta 3 BUKOPHCTAHHAM I1a-
paMeTpiB, 3amporoHOBaHUX y [2]: eHeprist JOHOPHOrO
piBHS aHTHCTPYKTYpHOTO nedexty &g = Ec— 0,045 eB;
KOHLIGHTpALliSl aHTHUCTPYKTYPHHUX J1e(EKTiB
e(peKTHBHA

Nd = (1-
10)-10% em™®, ENIEKTPOHIB

m* = 1,00 mo.

Maca

19,5 -

19,4 +

)

&> 19,3

Ig(n, cm

19,2 ~

19,1 ~

1 9 T T T 1

300 350 400 450 500
T,K

Puc.2. 3anexHICTh KOHIICHTpAIIIT €JIEKTPOHIB IS KPHUC-
tamiB SMS Big TemnepaTypu. TOYKH — EKCIIEPHUMEHT,
KpHBi — po3paxyHOK: 1 — posmeruienns 'F, piBHsA He
BpaxoBaHo, M* = 1.0 my; 2 — BpaxoBaHO PO3MICIICHHS
F, piBast, m* = 1.0 my; 3 — BpaXxoBaHO PO3MICIUICHHS F,
piBHst, m* = 0.78 my.
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Puc.3. 3anexHIiCTh KOHIEHTpAIIT eJEeKTPOHIB N Ta KOH-
LeHTpalii atomiB camapito Nj, 110 nepedyBaroTh y cTaHi
3 pi3HUM 3HA4YeHHSIM J, Bil TeMneparypu Ui KPUCTaliB
SMS, Bu3HaYeHa 3 BpaXyBaHHAM pO3IIEIUIeHHS 'F, piBHS
ta M* = 0.78 My. N — 3arajbHa KOHIICHTPAIIis, Ng — KOH-
LEHTpallisl IOHI30BaHUX AHTUCTPYKTYpHHX AedekTiB, N,
— KOHIIGHTpallis HOHI30BaHUX aTOMIB caMapilo 3 pi3HUMHU
3HAYEHHSMU J.



EneKkTpoHHI cTaHM Ta €JICKTPUYHI BIaCTUBOCTI

BpaxyBaHHs pO3ILIEIICHHs 'F, piBHA 36ibIaye po3-
PaxyHKOBY KOHIIGHTpAIlil0 eJIeKTPOHiB (puc.2, Kpusa 2),
y TOPIBHSIHHI 3 MOJEJUIIO, 1[0 HE BPaXOBYE I[HOTO PO3-
LICTUICHHS, 1 TEOpPETHYHA KPUBA PO3MIIIYETHCS HAll eKC-
MepUMEHTAIBHIMU IAHUMHU.

AJe SIKIIO TIPU PO3paxyHKY BHKOPHCTaTH EKCIIEpH-
MEHTaJIbHE 3HAY€HHs e(QEKTUBHOI Macu eJIEKTPOHIB
0,78 my [3], a ne 3ampomonoBane y [2] 1,00 mO, uo Ha
HAaIlly IYMKY € OUIbIIl KODEKTHUM, TO BIAE€ThCS OTPUMATH
Kpalle y3ro/PKeHHS eKCIIEpUMEHTAJIbHUX 1 TEOPETHUHHX
3ajexHoctel (puc.2, kpua 3). OCKilbKM 3HAYCHHS
0,78 my BinnoBinae eQekTHUBHINA Maci y S-30Hi MPOBiAHO-
CTi, TO HA OCHOBI OTPUMAaHUX pPe3yJbTaTiB, MOXKHA CTBE-
pmkyBaTH, 1o a0 temmeparypu 450 K Bmue d-30Hu Ha
€JIEKTPOHHI BJIACTHBOCTI SMS HE € CYTTEBUM.

Ha BimMmiHy Bif 3ampornoHOBaHOi aBTopaMu poOOTH
[2] mozeni, BuKopHUCTaHe y MaHiii poOOTi s po3paxyH-
Ky TEeMIepaTypHUX 3aJIeKHOCTEH KOHIIEHTpAaLid eNeKT-
poHiB piBHsHHS (4) He BpaXxOBYE HASBHICTH y KPHCTaNi
KOMITEHCYIOUHMX aKIENTOpPiB, KOHIEHTpAIlisl SKUX TOYHO
BH3HA4YCHAa OYTH HE MOXE 1 (PAaKTHYHO € IMapaMeTpoM
Mojeni. [IpucyTHICTh akuenTOpHUX LEHTPIB, 3yMOBJIEHA
HasIBHICTIO y KPUCTaJi BakaHCIH CIpKH, sIKI Ha JyMKY
aBTopiB [4] € kommeHcyrounmu UeHTpamu. IIpote, sk
BUJIHO 3 PHUC.2, BIIMOBA BiJl BpaxXyBaHHS KOMIICHCYIOUHX
aKIENTOPHUX LEHTPIB HiK HE TOTIpIIye pPe3yJbTaTiB
PO3paxyHKy.

BucHoBkn

1. BHUKOpPUCTOBYIOUM MOJENb E€HEPreTU4HOI CTPYKTYpH
KpHCTaJIiB MOHOCYJNb(iNy camapito, y sIKiii BpaxoBa-

(1]

HO MIJIKI JIOHOPHI PiBHI, 3yMOBJIEHI MPUCYTHICTIO Y
KPHCTaJIUHI# rpaTii BIaCHUX TOYKOBUX Je(EKTIB, Ta
f-piBHi aToma camapiio (OCHOBHOrO, mepuioro 30y-
JOKEHOT0, Ta APYroro 30yKEHOro, SIKUH KpUCTallid-
HUM II0JIEM PO3MICTUTIOETHCS Ha IT SITh OKPEMHX PiB-
HiB), pO3paxOBaHO TEMIIEPATYPHY 3AJICHKHICTh KOH-
LEHTpallii BUIbHUX €JIEKTPOHIB.

BcranorieHo, 1o, Ha BiIMIiHY BiJ paHIIIe 3amporio-
HOBaHMX Y JITEpaTypi aHAJOTIYHUX MOJENeH, ONTH-
MaJIbHUM 3Ha4eHHSM e()eKTHBHOI MacH €JIEKTPOHIB €
m* = 0,78 my, 1110 criBMaaae 3 MPEACTABICHUMH Y JTi-
TepaTypi eKCliepUMEHTaIbHUMU JIAHUMHU.

OtpuMaHi TeMIepaTypHi 3aJIeKHOCTI 3aI0BIIBHO
OITUCYIOTh €KCIIEPUMEHTAIIBHI JIaHi, 0 CBITYUTH PO
aJIeKBaTHICTh MPEACTABICHOT MOJIENi Ta MOXJIMBICTh
i BUKOpPHUCTaHHS JJIsl PO3PAaxyHKY 1HIIMX BIIACTHUBOC-
Teil SMS, 30kpeMa TepMOBOJIBTATYHOTO eeKTy 1 a-
30BOT'O NEPEXO/Y ,, HAMIBIIPOBIIHUK — METal .

@Dpeik J.M. — 3aciiy)keHUI JisTd HAYKU 1 TEXHIKU
VYxpainu, ZOKTOp XiMIYHUX Hayk, Ipodecop, Aupe-
krop Di3WKO-XiMIYHOTO 1HCTHTYTY, 3aBijyBau Ka-
¢enpu Qi3ukH i Ximii TBEpAOro Tija;

Topiuok I.B. — kanauaaT XiMiYHUX HayK, HAYKOBUH
ciBpoOITHUK Di3UKO-XIMIYHOTO IHCTHUTYTY;
Leguyx M.O. — acmiipaHr;
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ingpopmamuzayii. Yrpainu (0epoicasnuii peccmpayiinuil
Homep 0111U005501).

10.B. Ynamkesuy, B.B. Kamunckuii, A.B. T'oinyokoB. OcoOeHHOCTH HH(PAKPACHBIX CIIEKTPOB OTPAXKCHUS MOJTY-

MPOBOAHMKOBOr0 SM S B o6nactu romorenroctu // @TII, T. 43, Ne 3. C. 324-328 (2009).

(2]
(3]

B SMS// @TT, T. 50, Ne 4. C. 685-688 (2008).

B. B. Kamunckuii, JI.H. Bacunse. KoHreHTpanuonsas Mojensb (a30BBIX MEPEXOA0B MOTYIIPOBOIHUK—METAIIT

A.B. T'onyokos, E.B. 'onuapos, B.A. Kamyctun, M.B. PomanoBa, M.A. CMupHOB. Y TOUHEHHE MOAEIH JIEKTPO-

MepeHoca B MOIYIPOBOIHUKOBON (aze SMS// OTT, T. 22, Ne 12. C. 3561-3567 (1980).

(4]
C.1172-1175 (1994).

JI.H. Bacunbe, B.B. Kamunckuit. KoHIIEHTpaIlMOHHBIH MeXaHH3M Tbe30conpotusieHus SmS// @TT, T.36, Ned.

D.M. Frek, 1.V. Gorichok, M.O. Shevchuk

Electronic States and Electrical Properties of Samarium M onosulfid

Physic-chemical Ingtitute
Department of Physics and Chemigtry of Solid State
at the Vasyl Sefanyk PreCarpathian National University
57, Shevchenko Str., Ivano-Frankivsk, 76018, Ukraine, e- mail: freik@pu.if.ua

A model calculation to explain the temperature dependence of the concentration of free carriers in samarium
monosulfid. Used models, which included the presence in the energy of the crystal structure of shalow donor levels
caused by the presence in the crystal lattice of intrinsic point defects, and f-level atom samarium: basic, first excited and
second excited that crystalline field split into five separate levels. The model is universal and can be applicable also for
calculating the parameters of other propertiesin SmS, including the phase transition semiconductor - metal.
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