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®A30BBIE PABHOBECHS B CUCTEME YbTe — Yb;Ges

Memooamu guzuko-xumuueckozo ananuza /[JTA, P@A, MCA, a makyce uzmepenuem
muxpomeepoocmu usyuena cucmema YbTe — Yb3Ges, komopas aensemcsa keazubunapuvim ce-
yenuem mpoiitnou cucmemst Ge —Te — Yb. Ycmanoeneno, umo ouazpamma cocmoanus cucmemol
ABIAEMCA KBAZUOUHAPHOU U OMHOCUMCA K I6MEKMUYUeCKOMY muny ¢ monomexmuxoi. Koopou-
Hnamul 36mexkmuku: cocmag 85 mon.% Yb;Ges, memnepamypa 915 K.
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PHASE EQUILIBRIUM IN YbTe-Yb3;Ges SYSTEM

Study of properties of semiconductors developed in close connection with their technical
applications. The present work was devoted to study of phase equilibria and character of interac-
tion in YbTe-YbsGes system. The section of YbTe-YhsGes in ternary system Ge-Te-Yb is not only
scientific, but also practical interest. The section of YbTe-Yb;Ges was studied by methods of phys-
ical-chemical analysis: differential-thermal (DTA), high temperature differential-thermal
(HTDT), X-ray phase, microstructural analysis (MSA), as well as measurement of density and
micro hardness. DTA was performed with pyrometer HTP-75 in quartz ampoule pimped off till
0.1333 Pa. HTDT was performed with HTDT-8m (Tmelt.>1500+2000K) by analogical method. X-
ray phase analysis was performed by powder method with X-ray diffractometer DRON-2 (CuKa-
radiation with Ni-filter). MSA was performed with microscope MIM 8. Micro hardness of alloys

64

W3B. By30B. Xumus u xuM. texnosorus. 2017. T. 60. Bemm. 1



N3B. By30B. Xumus u xuM. Texnosorus. 2017. T. 60. Bemm. 1

was measured with micro hardness tester PMT-3.Density of alloys was determined by pycnometer
test. During investigations of the system we used germanium B—4, tellurium B-3, ytterbium Yb-1.
Alloys were synthesized at 1450-1700 K temperature range and at this temperature ampoule was
kept 5-6 h. Cooling was performed slowly. DTA shows that on thermograms of alloys of the sys-
tem have two effects. Obtained effects are endothermic reversible.For confirming the data of
DTA, microstructural analysis, as well as measurement of micro hardness were performed with
X-ray analysis. As the data show, at the concentration of 15-80 mol% of Ybs;Ges monotectic con-
version occurs which is confirmed with isothermal line at 1025 K. Thus, it was established that
the section of 4YbTe-Yb;Ges is quasibinary cross-section of ternary system Ge-Te-Yb and its di-
agram is related to eutectic type with monotectics.Eutectic of the system 4YbTe-YhsGes corre-
sponds to composition of 85% mol% of YhsGes and temperature of 915 K.

Key words: semiconductor, non-quasi binary, quasi binary sections, microhardness, eutectic, phase diagram

B mocnennue ronpl TpeOOBaHHS TEXHHKU K
MOTYNIPOBOAHMUKOBBIM MaTepHaiaM 3HAYUTEIBHO BO3-
pocnu. Y4ueHue O CBOMCTBAaX MOJIYIPOBOAHUKOB pa3-
BUBAJIOCH B TECHOM CBSI3U C MX TEXHHUYECKHMHU TIPH-
MeHeHusMH [ 1, 2].

Bonbmias pons B cO3aHUM MEPCIIEKTUBHBIX
MaTepHajoB OTBOJIUTCS MOIYIPOBOJIHUKOBBIM CHCTE-
MaM C y4acTHEM TEIUTYPUAOB PEIKO3EMEIbHBIX 3JIe-
MEHTOB.

OnHako y30CTh MHTEpBaJia paboyMX Temriepa-
TYp, TUIABJICHUS ¥ MEXaHHYECKOH MPOYHOCTH OrpaHu-
YHUBAIOT BO3MOKHOCTH MX IPAKTHYECKOT0 NPHUMEHEHHSI.

Jnst TOCTIKEHMS YKa3aHHOM Lenu paldoThl
HEOOX0UMO Hu3ydyeHre ()a30BBIX PABHOBECHH W Xa-
paktepa B3aumojeiicTrii B cuctemMe YbTe — YbhyGes
¢ moctpoeHrueM (ha3o0BOH JUarpaMMBbl, ONpeaeiCHIEM
o0acTeid TOMOT€HHOCTH W HOBBIX TOJYIIPOBOJIHUKO-
BBIX (has3.

Paspe3 YbTe — Yb3Ges B TpoiiHoii cucreme
Ge — Te — Yb npeacTaBiiseT He TOIBKO HaY4HBIH, HO
Y IPAKTUYECKUI UHTEPEC.

YbTe. Dta cucrema usBecTHa 00pa3oBaHHEM
oxuaoro coenuuenus YbTe. Coenunenne YbTe aBro-
pHI [3, 4] mony4ywiIy U3 3JIEMEHTOB aMITyJIbHBIM METO-
nmom. Temnepatypa nnmaBieans YbTe = 2003 K. YbTe
KpUCTAUIM3YeTCd B KyOWYECKOH CHHTOHMH THIIA
NaCl, mapamerps! pemetku a = 6,37A [5].

Ybs;Ges. Coenunenne Ybs;Ges miaBurcs KoH-
rpysuTHO Tipu 1355 K u npereprieBaetr nonumopdHoe
npespanienne a2 npu 1200 K, cymectByer B Buie
mByx momubukarmii: a—Yb;Ges u B-YbsGes. Coenn-
Henue o—Ybh;Ges nMeeT KpUCTaITMYeCKY 0 CTPYKTYPY
tuna ThaPbs, p—Yb3;Ges otHOCHTCS K TekcaroHambHOM
CHHTOHMHM C TapamMeTpamMu pemetkn a = 6,847;
¢ = 4,076 A, npocrpancteHHas rpymma (Ip.rp.)
P62m. Cunronns YbsGes rekcaroHaibHast.

Jlnst onpenienieHns: XxapakTepa B3auMOJICHCTBHS
B TpoiiHoi cucteme Ge — Te — Yb [6] Obutu mccieno-

BaHBI YeThIpe KBa3nOMHapHbBIX paspe3a GeTe — YbTe,
GeTe — Yb3G€5 [7], Yb3G€7TEz — Ge, Yb3G67T62 —
YbTe [8] u nBa HekBaszuOuHapHBIX Geg79Y g 21— Te [9]
1 [YbsGesloas[GeTe]oss — [YhsGerTezloes[6YDTe]o 15
[10].

Paspe3 YbTe — YbsGes uccnenoBan metoa-
MU (PU3UKO-XUMHUECKOT0 aHaimu3a: auddepeHimanb-
Ho-TepmuyeckuM  ([ATA), BbICOKOTEMIEpaTypHBIM
muddepennmanpHo-TepmudeckuM  (BJITA), pentre-
Ho(azoBeiM (PDA), muxpoctpykrypusim (MCA), a
TaKKe U3MEPEHUEM IJIOTHOCTH U MUKPOTBEPIOCTH.

ATA nposoaunu Ha nupomerpe HTP-75 B
otkayaHHbIX 70 0,1333 Ila kBapieBbIX ammyjax: 3Ta-
nonoM ciyxui Al,Oz. CkopocTh HarpeBa JocTHralia
9 - 10 °C/muH.

BATA npoBoauin Ha TepMOAHAIU3ATOPE
mapku B/ITA-8M (T,,; > 1500-2000 K) no ananoruy-
HOW MeTojuKke. ONBITHI NMPOBOIWIM B Cpele Temus
mapku BY. Uwmcrora raza 99,999. OO6paszmsl mns
BJTA rotoBunu B BHAE MPECCOBAHHBIX INTAITUKOB
muamerpoM 5,7-10%-6:10° M u BrIcoTOit 0K0I0 5107
M. B kadecTBe 3TaJIOHHOro 0o0Opasia HCIOIb30BAIH
mranuk 13 mMonubnaeHa. CKopocTh HarpeBa M oXJja-
xaenus cocranisiia 80 Kc.

P®A mopomkooOpa3HBIX 00pa3IoB IPOBO-
i Ha pentreHogudpaxtomerpe JIPOH-2 na CuK,-
u3nydeHur ¢ Ni-QruibTpom.

MCA 1npoBOauIN € TIOMOIIBI0 MHKPOCKOTIA
MMHWM-8 Ha npeaBapUTENIbHO MPUTOTOBICHHBIX LUIH-
¢ax, nonmpoBannbix nmactoii 'OW. TpaBurenem ciy-
)kmima cmech 1l HNO; + H,O, B coornomennn 2:1,
Bpems Tpasienus 10-15 c.

MHUKpPOTBEPIOCTh  CIUIAaBOB M3MEpsUTM  Ha
mukpotsepaomepe [IMT-3 ¢ narpyskoii 0,15 H.

[InoTHOCTH CIJIaBOB ONpeAEssTA MUKHOMET-
PHUYECKH, HATIOJIHUTEJIEM CITYXKHJII TOJIYOJI.

[lo pesympTaTam, NOJYYEHHBIM METOAAMH
(PUBUKO-XMMHUYECKOTO aHAJIN3a, TIOCTPOCHA JHarpam-
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Ma cocTosiHus paspe3a YbTe — YbGes, kotopas sB-
JsieTcsl KBa3HOMHAPHBIM CEYCHUEM TPOWHOW CUCTEMBI
Ge—-Te—-Ybh.

[lpy mnpoBeJCHUU HCCIENOBAHUS CUCTEMBI
UCIIOJIb30BAJIM TepMaHuii Mapku B-4, Temmyp mapku
B-3, urtepOuit mapku UT6-1.

CuHTe3 CIUIaBOB MPOBOMIM TPU TEMIIepaTy-
pe 1450-1700 K u mpum »TOi Temmeparype amiryia
BBIJIEpKHUBajach B Te4eHUH 5-6 4. OxmaxaeHue npo-
BOIWIOCH MeuieHHO. CIUIaBbI CHCTEMbI CHHTE3HPO-
BaIM B3aMMOJACHCTBHEM CTEXHOMETPUYECKOH cMmecu
Yb, Ge, Te ¢ npumMeHeHHEeM BHOPAILIMOHHOTO TIEpe-
MEITUBAaHUSA, TPHYEM HCXOAHBIe KOMITOHEHTHI (Ge,
Te) MOMOIHUTEIHLHO OYHINAIUCH 30HHOM IUIAaBKOW H
BaKyyMHOU CcyOIuMariuen.

ITocne cuHTe3a B ammyne He HaOIIOIANIOCH
HUKAKUX CJIeJIOB HEMPOPEardpOBABIINX DIIEMECHTOB.
[Tonmy4eHHBIE CIWUTKU A TOMOTEHH3AIUU OTXKHUIa-
mucy B TeueHun 200 u mpu 800 K. OmgHOpOogHOCTH
CHHTE3UPOBAHHBIX CIIUTKOB TPOBEPSIIaCh METOJAMU
MHKPOCTYPKTYPHOT'O aHanu3a. Bee momyueHHble criia-
BBI CHICTEMBI YCTOHYMBBI IO OTHOIICHUIO K BOJIC.

IMocne cuHTE3a W OTXKUTA CIUIABHI TUIOTHBIC,
KOMITaKTHBIC, C OOJNBIINM COJACPKAaHHEM TIepMaHUS
Ceporo IBeTa C METAUIN4ecKuM OsieckoM. CrutaBbl
Ke, Oorateie UTTepOUeM, OPHUCTHIE U HEYCTOWYHBEIE.
MuHepanbHbIe KHCIOTBI pa3jiaratoT uX Ha BO3IyXe.

B Tabnuiie npuBesieHB! COCTaBBI, PE3yIbTATHI
ATA u usmepeHus: MUKpOTBEPJOCTH CIUIABOB CHCTE-
MbI 4YbTe — YbsGes.

Taonuua
Cocras, pe3yabratsl ITA u n3mMepeHusi MUKPOTBepP/10-
cTu ciiaBoB paspesa 4YbTe —Ybz;Ges
Table. The composition and results of DTA and micro-
hardness of alloys for section 4YbTe -Yb3;Ges

Tepmuueckue | MUKPOTBEPIOCTD,
Ne Cocras, mon.% 3(1)(1)21(%1 Harpe- pKF/Ml\I/;z
YbTe | YbyGes Banwms, K YbTe | YhsGes
1] 100 - 2005 190
2| 90 10 |915, 1025, 1600, 190 685
3| 95 15 |915,1025,1160| 190 685
41 80 20 |915,1025,1180| 190 685
5| 70 30 915, 1025 190 685
6| 60 40 915, 1025 190 685
7| 50 50 915, 1025 190 685
8| 40 60 915, 1025 190 685
9| 30 70 915, 1025 190 685
10| 20 80 915, 1025 190 685
11| 15 85 915 IBTEKTHUKA
12| 10 90 910, 1100 - 685
13| 5 95 910, 1250 - 685
14| 0 100 1355 - 685
66

JATA mnoka3piBaeT, 4TO Ha TEepMOrpaMMax
CILUTaBOB CHUCTEMbI UMEIOT 10 n1Ba 3 dekra. [lomyuen-
HbIE 3G G EKTH YHIOTEPMHUICCKH 00paTHMEIE.

B unrepBane konnentparmii 15 mon.%-80 mom.%
Yb3;Ges xumnueckoe B3aumoseiictBrue Mexay YbTe u
Yb;Ges orpanuyeno, 4To 00yCIOBICHO OOJIBIIOI 00-
JIACTHIO pacCIIanBaHMS.
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Puc. 1. HItpuxauarpamma cruiaBoB paspesa 4YbTe —YbyGes:
1-YbTe, 2 -80 mon.% YbTe, 3 — 50 momn.% YbTe,
4 — 20 mo1.% YbTe, 5 -Yh;Ges
Fig. 1. Stick-diagramma of alloys of 4YbTe—Yb;Ges section:
1- YbTe, 2 — 80 mol.% of YbTe, 3 — 50 mol.% of YbTe,
4-20 mol.% of YbTe, 5 -Yh3Ges
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Puc. 2. [luarpamma cocrosinust paspesa 4YbTe —YbsGes
Fig. 2. State diagram of 4YbTe —Yh;Ges section

MHUKpPOCTPYKTYypa OTOMOKEHHBIX CILIaBOB IO-
Ka3bIBaeT, 4TO OHM JByX(a3Heie. 3HAUEHHE MHKPO-
TBepaocTH TeMHoit (a3l 190 kr/mm® (YhTe), ceToi
685 xr/mm® (YbsGes). B crmaBax, copepKarmx OT
15 mon.% no 80 mon.% YbsGes, oOHapyxeHO JBa
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cinosi: TemMHbld YbTe u cBemnbiit YbyGes, uro xapax-
TEPHO JIJIs CILIABOB M3 00JIACTH pacCIauBaHUsL.

Hns nonreepxknenuss nanHbix JITA, MUKpo-
CTPYKTYpPHOTO aHaln3a, a TaKkKe U3MEPEHHS MHUKpO-
TBEPAOCTH OBUT MPOBEACH PEHTICHO(DA30BbIN aHATH3.
Ilyrem comocTaBieHHs MTPUXTUATPAMM YCTaHOBIIE-
HO, 9TO CIUIaBBI CUCTEMBI COJEPIKaT JIUIIb JINHUH HC-
XOJTHBIX KOMITOHEHTOB (pHucC. 1).

VYuureiBas pesynstatel JTA, MCA, POA un
W3MEpPEeHHS MHUKPOTBEPAOCTH CIUIABOB, IOCTpPOEHA
quarpamma coctosiHus paspesa 4YbTe — YhsGes

(puc. 2).
Kak crienyer W3 NaHHBIX, MPUBEICHHBIX Ha
pHC. 2, B CUCTEME XUMHIECKOE B3aUMOJICHCTBUE MEX-
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JIy UCXOJHBIMH KOMITOHEHTaMH OTCYTCTBYET, YTO OT-
pakaeTcs Ha auarpaMMme COCTOSHHS OOJbIIoi o0ma-
cThi0 pacciauBaHus YbTe u YbsGes. B untepsaie
koHueHTparuu 15-80 moi1.% YbsGes mpoucxomut
MOHOTEKTHYECKOE MpPEBpaIllEHUE, KOTOPOE COOTBET-
CTByeT m3otepmuueckoii muamm mpu 1025 K.

Takum 00pa3oM, YCTaHOBIEHO, YTO pa3pes
4YbTe — YbsGes sBnsiercss KBa3MOMHAPHBIM CEYCHH-
eM TpoitHol cucteMbl Ge — Te — Yb u nuarpamma ero
OTHOCHUTCS K OBTEKTUYECKOMY THITY C MOHOTEKTUKOIA.

OBrektuka cuctemsl 4YbTe — YbsGes orBeya-
eT coctaBy 85 Moin.% YbsGes u Temmneparype 915 K.
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