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3ATAJIbHA XAPAKTEPUCTHKA XAJBKOTEHITHUX HATIIBITPOBITHUKIB
TA X 3ACTOCYBAHHS (OTVISI]T)

Xanvkoeenioni Hanienpogionuxu (XH) Ha cb0200Hi 3HAX008Mb WUPOKe GUKOPUCIAHHSL Y CYUACHUX NPUCHIPOSAX MIKDO
I HaHOENeKMPOHIKU, WO O0OYMOGLEHO IXHIMU YHIKANbHUMU (Di3uko-XiMiunumu eracmusocmamu. Ha cvoeoowi 3ibpano
8e1UYe3HY KilbKiCMb eKCHEPUMEHMATbHUX OAHUX NPO GIACTIUBOCH MAKUX HANIBNPOBIOHUKIS, npome bazamo QyHoameH-
manvHux npobiem we He gupiwiero. Tomy akmyanbHuM 3a80AHHAM HA CbO20OHI € CUCMEMATMU3Y8amy HayKogy ingopma-
yiro npo yi mamepianu, ujo 003601UMb PO3POOIAMU HOBI KOHYenyii ma idei cmocosno nosedinku XH ma ix npakmuunozo
BUKOPUCIAHHSL.

Y oaniti pobomi posensidacmuca 3a2anvHa Xapakmepucmuka XarbKo2eHiOHUX Hanienpogionuxie. 3oxkpema, aKye-
moearo ysazy Ha ocobrusocmsax cunmesy XH ax y kpucmaniunomy, max i 6 cknonodionomy cmanax. Taxi mamepianu
Moocymob 6ymu ne2oeari pioxicnozemenvhumu memanamvu (P3M): Er, Nd, Pr, Eu, Yb, mowo. e posuwupioe obnacme ix
NPAKMU4H020 GUKOPUCHAHHS 8 ONMOENEeKMPOHHIN I 1a3epHiti MexXHIYL.
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Ocobnuse micye 3aumaroms XanbKo2eHiOHi cKionodioni nanienposionuxu (XCH), axi xapaxmepusyiomscs 8UCOKOIO
nposopicmio 6 iHppauepsonil OLAHYI CHEKMpPY, 6UCOKUM NOKAZHUKOM 3AJIOMIEHHS, XIMIYHON CMIUKICIMIO, BUCOKOK)
ONMUYHOIO HENTHIHICTINIO, WO NPU3EENO 00 WUPOKO20 X BUKOPUCTIAHHS 8 MEOUYUHI, GIlICHKOBII MEeXHIYI, KOCMIUHIL eany-
31 ma menexomyuixayisx. [lpu yoomy natioinew cmabinenumu XCH € OinapHi cmekaa, 8 CKI0Yymeoprowy MAmpuyro AKux
ModICHa 86YOy8amiu 6enUKY pisSHOMAHIMHICb AMOMIE, OMPUMABUIYU NPU YbOMY UUPOKUL KOMRO3UYIUHUL 0Iana3on cnoayK
3 PI3HUMU eHepeiamu 3a00pOHeHOT 301U T, 8ION0GIOHO, PIZHUMU (DI3UUHUMU GIACMUBOCTISIMUL.

Baotcnueuti Hanpamox po3poOKu 8UCOKOUUCIUX XATTbKO2EHIOHUX CIMEKON N08'A3aH0 3 BUKOPUCIAHHAM iX AK Mampuyi
07151 PIOKICHO3eMENbHUX elleMeHMi8 3 MenoI0 CIBOPEHHs MEePOOMINLHUX 0HCcepell GUNPOMIHIOBAHMHS, B0IOKOHHO-ONMUY-
HUX Ja3epie ma niocui0eayie 6UNpoMiHI6arHs cepeduvboeo 14-0ianazonis. Obmedcyouum axmopom s NPAKMUYHO0
BUKOPUCTNAHHS MAKUX Mamepianié € HeoOXIOHICMb iX CUHmMe3y 3 GUCOKOIO XIMIUHOIO | (I3UUHOI0 YUCHOMOK), 3 HUSLKOK)
KOHYeHmpayieto abo 8i0CymHicmio 2i0pOKCUTbHUX, OKCUOHUX | 8Y21€800HUX 2PYN.

Kntouosi cnosa: xanvkozeHioHutl HanienpoiOHUK, Cipka, ceieH, meyp, OOMIUKO8I cMyau NOSTUHAHHSL.
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THE MAIN CHARACTERISTIC OF CHALCOGENIDE CONDUCTORS
AND THEIR APPLICATIONS (REVIEW)

Chalcogenide semiconductors (CHS) are currently widely used in modern micro and nanoelectronics devices due
to their unique physicochemical properties. To date, a huge amount of experimental data on the properties of such
semiconductors has been collected, but many fundamental problems have not yet been solved. Therefore, an urgent task
today is to systematize scientific information about these materials, which will allow to develop new concepts and ideas
regarding the behavior of HN and their practical use.

This work considers the general characteristics of chalcogenide semiconductors. In particular, attention is focused
on the peculiarities of the synthesis of CHN in both crystalline and glassy states. Such materials can be alloyed with
rare earth metals (REM): Ev, Nd, Pr, Eu, Yb, etc. This expands the field of their practical use in optoelectronic and laser
technology.

A special place is occupied by chalcogenide glass-like semiconductors (CSN), which are characterized by high
transparency in the infrared region of the spectrum, high refractive index, chemical stability, high optical nonlinearity,
which has led to their wide use in medicine, military equipment, the space industry, and telecommunications. At the same
time, the most stable CCHs are binary glasses, in the glass-forming matrix of which a large variety of atoms can be
incorporated, thus obtaining a wide compositional range of compounds with different band gap energies and, accordingly,
different physical properties.

An important direction in the development of high-purity chalcogenide glasses is related to their use as a matrix
for rare-earth elements in order to create solid-state radiation sources, fiber-optic lasers and amplifiers of radiation
in the mid-IR ranges. A limiting factor for the practical use of such materials is the need for their synthesis with high
chemical and physical purity, with a low concentration or absence of hydroxyl, oxide and carbohydrate groups.

Key words: chalcogenide semiconductor, sulfur, selenium, tellurium, impurity absorption bands.

Ha3Ba xaJbKOT€HIJl TOXOANUTh BiJ] TPEIBKOTO  3MIHIOETHCS KOJIP XaJIBKOTCHIJHOTO CKIJIa/KpH-

cioBa «chalcosy», 10 O3Hayae pyga Ta «gen» —  CTally BiJl ’KOBTOrO (B FepMaHi€BHX) Ta BiJl YEpPBO-
MOXO/KeHHS. [0 XaJbKOTEHIIB BIHOCATH €Je-  HOro (B apCEHOBMICHHX) 10 ciporo (puc. 1, 2).
MEHTH WIOCTOi TpymHu MepioaAuYHOl TabauLi: B ckioyTBOprorouy Marpuiro OiHapHUX CTEKOJ

cipka (S), cenen (Se), tenmyp (Te). Boru icHy-  MoxHa BOyIyBaTy BEIHKY PI3HOMaHITHICTh aTOMIB,
I0Th B IPHUPOAL Y BUIVISIAI MiHEpajiB Ta MOXYTh  OTPUMABILIHU MPU LIbOMY IIUPOKHI KOMIIO3UIIIHMIA
OyTH CHHTE30BaHI B HAayKOBHX JIa0oparopisiXx. Jiama3oH croiyk. KpiM Toro, XambKOTEHIIH Ies-
HaiiGinpm BiOMUI XalbKOT€HIAHUN MiHEpad  KHUX €JIEMEHTIB HE € J0OpUMH CKIOYTBOPIOBaYaMHU
FeS, — mipurt, cynedin 3amsa, pigme 3ycTpiva-  (Hanpuknan CynbQin Taiiio), ane JETKO 3B A3y-
€TbCs B MPUPOAHiIX ymMoBax AuTe, — KanaBeput,  HOTHCA 13 Cylb(digamMu repMaHiio, HaTPito abo JaH-
JIUTEIYPHU/J 30J10Ta. TaHy, YTBOpIOrouH crekina [7, 8]. MoaudikoBanuit
B nabGoparopisix XanbKOT€HIJHI HAMIBIPOBIA-  JOMIIIKAMHU BaKKUX METANIB JUCYIb(Di] repMaHito
HUKHA YTBOPIOIOTH JOJAaBaHHSM JI0 XaJIbKOTEHIIB  MOYKHA OTPUMATH Y CKJIOMOIOHOMY CTaHi JIUIIE 3a
TaKuX eJIeMEeHTiB, sk Ge, Ga, As, In, Zn, La, Sb Si  TexHosoriero mMBUAKOTO TapTyBanHs [9].
Ta iH. BOHU XapakTepu3yroThCsl HU3LKOIO CHEPTI€I0 XapakTepHi  BJIACTUBOCTI  XaJBKOTEHITHHX
¢onoHiB [1, 2] 1, Ik mpaBUIIO0, € IPO30PUMH Y BUIU-  MarepianiB onucaB C. P. Emior [14] 1 xnacudi-
MOMY Ta iH()pauepBOHOMY CIIEKTPAJIbHUX Jiana3o-  KyBaB iX 3a TUIIOM aTOMiB, 3 SKMMHU BOHH 3B’s3y-
HaxX. XaJdbKOT€HITHI KPUCTAIU Ta CTEKJIa MOXKYTh  IOThCS, YTBOPIOIOUM NPU LIbOMY aMOp(Hi CUCTEMHU.
OyTH JIeTOBaHI pIAKICHO3EMEIbHUMH MeTajamMu Y Tabnuii 1 XaJabKOTeHIAW 3TpyNoBaHO 3TiTHO
(P3M) [3, 4]: Er, Nd, Pr, Eu, Yb, Tomo. OnTuyHe 3 KOMIIOHEHTHUM CKJIAJ[OM.
BOJIOKHO BHTOTOBJICHE 13 XaJbKOTEHITHOTO CKJia [TpuxmagoM BimoMoro OiHApHOTO XaJbKOTe-
npomyckae cBiTio B IY agiana3oHi crekTpy, TOMy  HiAy € TpUCYAb(dil MUII'AKY, SKUHA MEPEeBaKHO
HOT0 3aCTOCOBYIOTh B MEJHIIMHI, BIMCBKOBIM TeX-  iCHye y ckimgHid ¢a3i. HaBmaku, cmoimyku Ha
Hilll, KOCMIYHIH TalTy3i Ta TEICKOMYyHIKalisx [5,6].  OCHOBI OLNBIIT BAXKKUX XaJLKOTEHI/IIB, HAMPUKIIA],
binapHi XaJpKOTEHITHI CTeKiIa (HAmpWKIAL  HA OCHOBI TEIypY, JIETKO KPUCTATI3yIOTHCS,TOMY
GeS,, GeSe,, As,S,, As,Se, Ta As,Te,) € HalOLIBII  TX BaXKO OTPUMATH B CKIONOAIOHOMY CTaHi 0e3
CTaOUTBHUMM 1 3T1THO CTPYKTYpHOI MOZIETI BBaXKa-  KPUCTAJIYHUX BKIIOUCHb.
10Thes oi0HMMHU 10 amopdroro SiO,. TIpu 3amini Jlng 3acToCyBaHHS KPUCTANTIUYHUX Ta CKIJIOMNO-
xanpkoreHa S — Se — Te BinOyBaeTbesi 3MeH-  MIOHMX XaJbKOTCHINIB Yy POl aKTHBHHUX/TACHB-
LIEHHS eHeprii 3a00pOHEHOI 30HU 1, BIIMOBIAHO,  HUX CEPEIOBHIL Y Ja3epHId TEXHII, ONTHYHUX
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Puc. 1. ®oT0 apceHOBMICHUX XaJbKOIeHiTHUX cTekoJ [10]

GeSz [11]

GeSes [12]

GeTe; [13]

Puc. 2. @010 repmaHieBHX XaJbKOTeHiTHUX KPHCTAJIIB

Tabmmi 1

I'pynu amoppHuX xanbkoreHigiHux cucrem [19]

I'pyna IIpuxyiagu XaJbKoOreHifiB
YucTi XaIbKOT€HIIH S, Se, Te, S Se,
XaJbKOTeHIIM 3 €JIEMEHTaMU I1°SITO1 ITPYNHU NEePiOAUIHOI CUCTEMU (V-VI) As S, P.Se
TeTparoHaibHi XaJIbKOTSHIAN (IV-VI) SiSe,, GeS,
(III-VD) B,S,, In Se

2°3

MerTaniyHi XaJbKOreH1Ix

MoS,, WS, Ag,S-GeS,

XanpKorajaoreHigu

As-Se-I, Ge-S-Br, Te-Cl

MMACHIIIOBaYax, OITTOBOJOKHI 1 T.II., HeoOXigHa
BHCOKa 1X YHCTOTA, a TAKOXX HU3bKI CHEPreTUYHI
BTpPAaTH B IIMPOKOMY CIIEKTPAJIBHOMY JIiara3oHi.
3 oIty Ha BKa3aHi BUMOTH IIOAO ONTHYHUX
BJIACTHBOCTEH XaJIbKOTSHITHUX HAITIBIPOBiTHHKIB,
BCTaHOBJICHO, 10 B MaTepiaiax yeroBanux P3M
BHHUKAIOTh JIOMIIIKOBI CMYTH TOTJIMHAHHS, SIKi
OB’ SI3YI0Th 3 T1IPOKCcHIbHOW Tpymoro OH- [15].
OcTaHHs BHHUKa€ B CKJIOYTBOPIOIOUIA MaTpPHIIi
3 BOASIHOI Mapy BHACIHIJOK iCHYBaHHS HEKOHTPO-
JTHOBAHUX JOMINIOK Y BHXIJHHX XIMIYHHX eJe-
MEHTaxX Ta HEIOCKOHAJOCTI TEXHOJIOTii CHHTE3Y
crutaBy. HasBHICTB TipOKCHIIBHOT TPyIU TPU3BO-
JUTh JIO YTBOPEHHS 3B’SI3KIiB 13 10HAMU OCHOBHOT
PEYOBUHM, IO HETAaTUBHO BIUTMBAE Ha pajlialliiiHi
BJIACTUBOCTI KpUCTana / ckia. Y Tabnuili 2 mogaHo
Mepesiik MAaKCUMYMIB CMYT TIOTJIMHAHHS, K1 TPH-
3BOJISITH JI0 CHEPTETHYHHX BTPAT IIPH MPOXOIKEHHI

28

Yepe3 HUX BHUIPOMIHIOBAHHS Ta BIAMOBITHI 1M
CTPYKTYpHI TpYyTIH.

BucHoBkH. XanbKOTEHIIHI HAIiBIPOBITHUKH
MIMPOKO BUKOPUCTOBYIOTh B ONTHYHHUX MPHIIAIAX,
SK1 TIPAIIOITh y BUAUMOMY Ta iH(pauepBoHOMY
CHEKTPalbHUX JiaNa30Hax. IX MOXHA BUKOPUCTO-
BYBAaTH SIK MACHBHI onTu4Hi QinbTpu (ZnS, ZnSe,
As,S)), boronpuiimaui (PbS, PbSe, GdTe), a Taxox
IpY JIETYBaHH1 P1/IKICHO3eMEIbHUMHU METaJIaMH SIK
ONTUYHI MiJCHIIOBAYi Ta TEpPEeTBOPIOBadi CBITIA
13 1H(GPaYepBOHOTO CIEKTPAIBHOTO Jiarma3oHy
y Buaumuil. s edekTuBHOI Ta JOBroTpuBasiol
pPOOOTH €JIEKTPOHHMUX Ta ONTHYHHUX MPHUCTPOIB Ha
OCHOBI XaJKOTEHI/iB, HAJ3BHYAHO BaXXIMBUM
€ OYMINEHHS BUXITHUX KOMIIOHEHTIB Ta JIOTPH-
MaHHS BCIX TEXHOJIOTIYHUX MPOIECIB NPU CHHTE31
XaJIbKOTEHITHUX CTEKOJ Ta BHPOIIYBaHHI MOHO-
KPHUCTAJiB.
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Tabmug 2
JlOMilIKOBi CMyI'H NOIJIMHAHHSA Y XaJIbKOIeHIJHUX HANIBNPOBiIHUKAaxX [16]

Tun HaniBNpPoOBiAHNKA
32 OCHOBHOK) KOMIIOHEHTOIO

JloBxnHa XBUIi (MKM) CrpykTypHa rpyna
4,03
3,69
3,11 S-H
2,54
2,05
2,91
Cynbdigni 2,29
1,92
1,44
6,32
2,77 H,0
2,78
2,84
3,53
4,12 Se-H
CeneHigHi 4,57
2,92 SeO-H
4,57 Se-H
4,92 Ge-H
7,8
12,5 Ge-O
20
10,8
5,48

SO-H

OH

TepmanieBi

AsO-H

ApceninHi
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