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CHALCOGENIDE GLASSES FOR HIGH-RELIABLE
TEMPERATURE SENSORS
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Y poboti noBifoMiifeThcs NPe NPHUHIMIOBY MOXK/IMBICTH 3aCTOCYBAHHH XAJILKO-
rediJHAX CTEKOJ fK AKTHBHHX CepPeIOBHIN /5 BHCOKOHAIAHHX ceHcopiB TeMneparypu. Bci
AOCTIIKeHHT BMKOHAHI Ha NpUKJadi XanbkoreHignoro ckia GegAs;gSeqs, AKE € THIOBEM
MPeCTABHMKOM KOBAJEATHHX CITKOBHX CTEKOJI i3 KOPCTKOKW CTPYKTYPOI0. 3 BHKOPHCTARHATM
andepeHNiAILHOL CKANYBAIbHOI Kadopumerpii NMOKa3aHO, M0 ABAa POKH BHTPHMKE NXX
€TEKO0J 32 HOPMAJILHMX YMOB He NPH3BOAATL [0 3MiHHM iX KAJOPHMETPHYHHX BJIACTHBOCTE
(TeMnepaTypH mepexoy CKJIO—NEPEOX0J0/keHa PiiuHa Ta IJouli eHAOTepMiYHOro miks).
BeraHoBjleHO, 10 TeMIepaTypHa 3aJ€KHICTL OODTHYHOrO NPONYCKaHHA B o06jgacti Kpaio
$dyHaaMeHTAILHOT0 ONTHYHOrO NOTJINHAHHA MA€ KBadi-iiniinui Xapaxkrtep y nianazeni zin
KiMuaTHOI TeMIepaTypH [0 nepexoAy CKJI0—TepeoXo0Jio[KeHa piauna.

Knrouogi cnosa: XanbKo2eHIOHI CKa, CEHCOPU memnepamypu, ONMUYKA CREKMPOCKORLS,
OouchepenyianbHa cKanyealbHa Kajiopumempis.

In this paper we report on the possibility of application of chalcogenide glasses as active
media in high-reliable temperature sensors. All investigations were performed on the example of
Ge;3As135€64 chalcogenide glasses as typical covalent network glass with rigid structure. Using
differential scanning calorimetry it was shown that 2 years of natural storage of these glasses
does not lead to the drift of their calorimetric properties (glass transition temperature and
endothermic peak area). It was shown that temperature dependence of optical transmission im
the fundamental optical absorption edge region is quasi-linear in the region from reom
temperature to the glass transition.

Key words: chalcogenide glasses, temperature sensors, optical spectroscopy, differentinl
scanning calorimetry.

Beryn
SIk THIIOBI IIPEICTABHUKH CITKOBHX CTEKOJ, XajbKoreHimHi crekna (XC) cporogHi 3HaxOmfTh
QMCICHH] 3aCTOCYBAHHS y CYYaCHHX CEHCOPHI, ONTOCNEKTPOHIII, (OTOHIL, TEIEKOMYHIKAIiLX,
aKycTooITHIL, kKceporpadii, mitorpadii Tomo [1]. Takox iX MOXHa YCIINIHO 3aCTOCOBYBATH Y LMBUIbHIMK,
MENNYHIM Ta BIICBKOBIA ramysfix, 30KkpeMa XIMiuHi CEHCOPH, JIa3epHi CHCTEMM, CHCTEMH 3allUCyBaHHA Ta
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30epexenHs iHopMmaiii, CKaHYBaJbHY MIKpPOCKONl0 Ta cnekrpockomiro, [4Y onToBonokwa, oNTHuHI
TepeMUKAYi Ta TOMHOXYBadi [2].

V it po6oTi MH POMIAHYIM IPHHLMIIOBY MOXTUBICTE BUKOpHCTaHHA XC y SAKOCTI aKTHBHUX
CEpEeNOBMII JUIA BUCOKOHAAIMHMX cencopiB Temueparypu. [ nocnimpkenHs o6pano XC GejgAspSep, sike
32 HAaHMMH, OTPMMAHHMM METOJIOM TEMIIEPaTYPHO-MOMY/Ib0BaHOi mudepeHniansHol CKaHyBanbHO!
xanopumerpii (JICK) [3], € TMHOBHM NpEICTABHHKOM KOBAJEHTHHX CITKOBHX CTEKOJI i3 KOPCIKOWK
CTPYKTYpOIX i, BimosimHo, moBMHHE OyTH CTiiKMM 10 MpOLECIB NPHUPOIHOro QI3MYHOro crapiunas [4].
[[forpaBaa, eKCIIEpHMEHTAIILHO BCTAHOBJIEH] METOZOM TeMuepaTypHo-monyibsoBanoi JJCK kommoszuuiini
MEXi TaMKOI, CAaMOOPTaHi30BaHOI Ta KOPCTKOI (a3 y Aeskux cucreMax XC [5,6] Oynu mnmaHl CyMHIBY Ta -
CKOPHIOBaHi 3a goromorow Merony tpazuuiiduoi ICK [7,8]. 3a takux ymMoB HaM HEOOXINHO A0AATKOBO
nepeBipuTy cxunbHicTE XC GesAssSess 10 Gi3HIHOrO CTapiHHA.

Meroauka nNpoBefeHHs eKCIIEPHMEHTY

3pazkn XC Gej3As 3Sess Oymu CHHTE30BaHI TpPagvLIMHUM METOAOM 3arapTyBaHHA pO3[UIABY
BHCOKOYHMCTHX €JIEMEHTApHOTO IEPMaHilo, €NeMEHTApHOrO CeleHy Ta ckia As,Se; y Biakauani 1o
3ANKIUKOBOro THCKY ~107 Topp kBapuoBiii amnyni. 3amassy aMmmyiy i3 3aralbHO KiIBKICTH) BHXiZHHX
peuoBuH ~10 I HOCTYNOBO HarpiRamy iz mBHAKicTio 2 "C/XB 10 Temmeparypu 950 °C y meui, sixa nocriiine
obepranacs. s OTpHMaHHs MaKCHMalbHO TOMOICHHOTO pO3IIIaBYy, HOro IIOCTIHHO HEpPEeMINIyBaIH
BOPOHOBX 48 rox 3a HaliBuIO] TemuepaTyp. T1icNa BOTO PO3IUIAB OXONOMKYBAIH Y PEKHMI BUMKHEHO
medi Jo KIMHATHOI TEMIIEPATypy BOPOIOBXK 14 rop.

I pocnimxenns cxunsHocTi XC no mpouecis disuanoro crapinis BuxopucropyBamu ACK. sxa
CLOTOHI € HAMIHPOPMATHBHIMIAM EKCIIEPUMEHTAILHAM METOOOM aii HoaiOHux BunpoOyeane [7,81
BumiproBanHs NpoBoAMH i3 gonomoroio Mikpokaopumerpa NETZSCH 404/3/F yepes 2 poxit BUTPHMKH
XC 3a Hopmannuux ymoB. Toni 3paskd mignasami mpouexypl BimHoBienHa [9], ska nepeadauac
HarpiBaHHA JI0 TemiepaTypH, mo Ha ~50 °C Builja BiJl TEMIlepaTypH INEPEXOZy CKIO-TIEPCOXOIOAKEHA
piOuHa, Ta MOJANBLIC OXOJOMKEHHS OJCPKAHOI MEPCOXONIOMKEHOI PIMHHK A0 KIMHATHOI TEMIIeparypH.
Omxe, MOKHA OTpPUMATH CKIO Yy CraHi, skud € ayxe ONM3BKMM 10 CTaHy [OYATKOBOTO
cebkonpuroroBanoro XC [9]. JCK-kpusi 3amucyBams y atmocdepi MOBITps 3a MOCTIHHOI MIBUAKOCT!
HarpiBanHs g = 5 °C/xB. [lng nigTeeppKeHHs BIATBOPIOBAHOCTI PE3YNBTATIB NPOBOIMIA TPH HE3ANCHKH!
JCK-BuMipioBaHHS 3pa3KiB i3 IpHGIM3HO ONHAKOBHMH MacaMH. 3a JONOMOIO0 MakeTa 1porpaM Proteus™
su3Hadany napamerpu JJCK-kpuBux — TeMnepaTypy mepexony CKIIO-TIEPEOXONO/PKEHA piaHHa 1 1 1oLy
CHIOTEPMIYHOrO mika 4 B obnacTi nepexony CKJIO-TICPEOXONODKEHa piluHa. [, BH3HAYANM AK TOUKY
TiepeTHHY ROTHYHHX A0 0a30BOi MiHII Ta HepeaHbOro (pOHTY €HAOTEPMIYHOro mHika (Tak 3BaHe “onset”
3HaueHHA T,). CTaTHCTHYHI BiAXMIEHHSA 3Ha4YeHHA T, ;19 PI3HUX 3pa3kKiB i3 TIEIO X IEPENiCTOPICIO HE
nepeBuuryBasu 1 0.3 °C, Toai K TOYHICTE BU3HaUeHHS 4 cTaHoBmwIa 2 %.

Temnepatrypry 3amexHicth ontuudoro mnponyckaHHa XC GeigAs;sSeqs y  obiactt  kpaw:
¢dyHIAMEHTANBHOTO ONTHYHOIO NOrIMHAHHA AOCTIDKYBAIH 3a8 AOMOMOIOI0 CIIeKTpogoTOMeTpa AvaSpe:-
2048 (Avantes, Himepnanmm). HarpiBanHs 3pa3kiB y arMmocdepi moBiTpsa BiaGyBanocs Yy clenialbHO
CKOHCTpYHOBaHiM TeMmeparypHiii kamepi i3 Tounictio + 0.5 °C. Temmeparypy HiABHIIyBaJIH JIHIAHO 3
miBuaKicTio 5 °C/XB, 3aIUCYI0YH CHEKTp onTuiHoro nponyckanus XC uepes koxHi 10 °C.

Pe3yabTaTi Ta ix 06roBopeHHs
JCK-kpusi qeopigHo 3icTaHeHuX Ta BiqHoBneHUX XC Ge 3AsisSeg 300pakeHo Ha puc. 1. 3Hauenns
T, Ta A mna Bigsosnennx XC cranosmars 233,8 °C 1a 1,1 Jx/r, BianosigHo. 3Hagenna unx xe JJCK-
niapaMerpiB s aeopigdo 3icraperux XC cragommate 233,0 °C ta 1,5 [x/r, BignosimHo. Jlerxo
100auMTH, MO 2 POKH 130TEPMIYHOI BUTPUMKH 3pa3KiB 3a HOPMANBHHX YMOB MPH3ROAUTE A0 3MCHIICHHA
T, Ha 0,8 °C, B TO#f Hac sk A 36insmyerses Ha 0,4 [Dr/r. Bepydn no yBaru rounicts BusHaueHHa JCK-
NIapaMeTpiB, MOXEMO 3pOOHTH BHCHOBOK, IO i 3MiHH He € icroTHMMHM. OTXKe, IBa POKH 130TEPMiuHO}
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BUTPAMKH 3Pa3KiB 33 HOPMAaJbHUX YMOB HE LIpH3BOILATh OO icTOoTHOro crapinps XC GeipAsigSeqs, 1o €
3LAUHUM HAKTOPOM JUIA HaNIAHOCTI IpHIIaLy, [0 MOXe OyTH CTBOPEHHM Ha iX OCHOBI,

TemnepaTypsHy [OBENIHKY CIIEKTPA OITMYHOTO IPONYCKaHHsA B 00nacti Kpaw (yHIaMEHTaIbHOTG
avrranoro noriuHadHA XC GesAsisSeqs JOoCHIDKYBany y Qiaa3oHi TEMIepaTyp Bif KIMHATHOI A0 KiHIA
gunadedore metonom JICK mepexoimy CKIIO-11€pEOXONOMKeHA piauHA. Bubpani ekcrepMMEHTANbLHO
ouepcani cuekTpd nporyckanus XC GegAsisSeq, 300paxeno Ha puc. 2. Ilosuuis kpaw ¢yHIaMeHTANs-
HOTO ONTUYHOIO MONIHHAHHS YITKO 3a/IeXHUTH Bil TEMIICPATYPHU: MIIBUINEHHSA TEMIIEPATYPH IPUBOIHTE 10
3CYBY CIIEKTpa IIPOIIYCKAHHS Y JOBrOXBHIIbOBY 00JACTh CIIEKTpA.
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Puc. 1. JCK-xpusi 0sopiuno zicmapenux ma gionoénenux XC Ge, sAs sSesq.
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Puc. 2. Cnexmpu onmuunozo nponyckanna XC Ge 3As;3Segq 30 pisHux memnepamyp

Sk KUTBKICHWH IiapaMerp /1 OLiHKH TeMNepaTypHO-IHIYKOBaHHX onTHYHHMX 3MiH B XC BuOpano
ADTOKEHHS KPalo (DYHIAMEHTANBHOrO ONTHYHOTO IOMIMHAHHA HA DiBHI NOTOBHHHM MaKCHMAIBHOL
HTEHCUBHOCTI NpOImycKAHHA. TeMnepaTypHa 3aleXHICTh LbOro mapamerpa, a Takok JICK-xpusa
sineoBsieHoro XC  GejgAsigSeqs, 300paxkeni Ha puc. 3. Ilell mapamerp neMOHCTpye KBa3UTiHIHHEY
IANEIKHICTH Bil TEMIEPATypH A0 HOUYATKY NEPEXOXy CKIIO-TICPEOXONOMKEHAa piivHa. 1aKka TNOBEHIHKA
[{OBHICTIO Y3TODKYETHCH 3 BIIOMHMH CITOCTEPEKCHHAMY KBa3L1iHiMHOI TeMIIepaTypHOi HOBEIIHKH IIMPHHY
saboponenol 3oum XC [10,11). Temneparypra 3anexHicTh Ha pHC.3 MOYHHAE BUIXWIATHCH Bif
KBAZLIHIAHOCTI B 00aCTi Nepexody CKIIO-TIEpeoXoo[keHa pilMHa. AHAJOTTMHHA epeKT crocTepiraBcs
apy JIOCIDKEHHI TEMITEpaTypHUX 3alIexXHOCTel MexaHiuHuX BractuBoctelt XC GenAsySess y [12].



