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3ATAJIBHA XAPAKTEPUCTHUKA POBOTH

AKTyanbHicTh TemH. Hamismposimzamkosi cmomykn A’B° mpuBepTaroTh 10 cebe
yBary 0aratboX JOCHIJHUKIB sIK B YKpaiHi, Tak 1 3a 1i Mekamu, 4epe3 MOMIIMBICTH X
BUKOPUCTAHHS SIK J1eTeKTOpiB [Y, peHTreHiBChKOro Ta Y-BUIIPOMIHIOBAHHS 3a KIMHATHOI
TEMIEPATYpH, B HEJIHIMHINA ONTHUIl, ONTOCICKTPOHII, B AKOCTI IEPETBOPIOBAYIB COHAYHOT
eHeprii Tomo. Jlyxe uacto s BUPOOHMIITBA TPHUIIAIIB BHKOPHUCTOBYKTHCS TBEP/I
PO3UMHU Ha OCHOBI UX crionyk, Hanpukiaa, Cd;.Zn,Te ta Cd, Mn,Te. Bukopucranus
TBEPAUX PO3YMHIB PI3HUX CKJIAJIB J03BOJIAE KEPYBATH BJIACTUBOCTSAMHU LIMX MaTepiaiis,
TOOTO 3ajJaBaTd BEJIMYMHY IUMPUHM 3a00pPOHEHOT 30HM HAIMIBIPOBIJHMKA, HOro
ONITHYHHUMH Ta IHIIAMH BIACTHBOCTAMH. [IpoTe, My’ke 9acTo B MPOIEC] POCTY KPHUCTATY
TBEpAOTO po3unHy, Hampukian, B cuctemi CdTe—ZnTe mae wmicue HepiBHOMIpHHI
posnozaun aromiB Cd 1 Zn B370BXK 3JIUTKY, IO NPUBOJUTHL JI0 HEPIBHOMIPHOIO CKIIAIY
TBEPJIOIO PO3YHHY B3J0BK IOTO 3JIMTKY, a, OTKE, 1 BIAMIHHUX BJIACTHBOCTEH 3pa3KiB 13
MOYaTKY Ta KIiHIA 3MUTKY. HacimigkoM € Te, 110 JIHIe sIKach MEBHA YaCTHHA 3ITUTKY MOXKE
OyTH BHKOpUCTaHa JUIsi KOHKPETHOTO 3acTOCYBaHHs (Mpuiaay), a pemrTa 3IUTKY
HenpuaaTtHa s i€l pori. st 301bIIeHHS KOPUCHOTO BHMXOAY BHUPOIIEHOTO 3JIMTKY
MOKHa BUKOPHCTAaTH TBEpPJl PO3YMHH, B SKUX aTOMHU PO3YMHEHUX PEYOBUH MAalOTh
OPOTHJICIKHI Koe(dillieHTH cerperauii B rpaTil po34MHHHUKA, & OTKE CHPHATUMYTbH OLIbII
PIBHOMIPHOMY PO3MOJAUTY aTOMIB IIMX PO3UYMHEHHUX PEYOBHH B TpaTIll PO3YMHHHKA. ToMy
JIOCTIKCHHA TEXHOJOTIYHMX TMapaMeTpiB OJepKaHHA CTOMIB TOTPIHHUX TBEPIOUX
pozuuHiB cucteMu CdTe—ZnTe—MnTe (3aKOHOMIPHOCTEH NPOLECIB TOIUIEHHS 1
KpHUCTaji3auli CTOMiB), BUBUEHHS BJIACTUBOCTEH OJEPkKAHUX CTOIIB 1 KPUCTAIIB MarOTh
BEJIMKE 3HAYCHHS ISl CY9aCHOTO HAITIBIPOBITHUKOBOTO MaTepialIO3HABCTRA.

3B’s130K po0OTH 3 HAYKOBUMH NMPOrpaMaMu, NJIaHAMH, TEMAMH.

Jucepraniiina po0oTa BUKOHYBajach Ha Kadeapi 3aralibHOi XiMmii Ta XIMIYHOTO
Martepiago3HaBcTBa IHctuTyTty  Olojiorii, Ximii Ta OlopecypciB  UepHIBEUBKOTO
HalllOHAJBLHOIO YHIBepcHTETY IMcHI lOpis denpkoBuya y Mekax kadeapaiabHOI TEMHU
«ITomyk HOBHX OlHapHMX Ta MOTpIHHMX crnoiayk Ha ocHoBi CdTe 3 mokpalieHUMH
XapakTepucTukamm» (Homep aeps;xkaBHoi peectparii 0115U002227), npoexty YHTIL P406
«Y nockoHaneHus sikocti MoHokpucTaiiB (Cd, Zn) Te nns uineid aeTeKTyBaHHS ramma-
BUIIPOMIHIOBAHHS TPU KIMHATHIH TeMmmepaTypi», y Mmexax H/IP «Po3poOka HaykoBux
OCHOB OTPHUMAaHHS JIETEKTOPIB 10HI3yIOUOTO BUIIPOMIHIOBAHHS Ta COHIYHUX €JIEMEHTIB Ha
ocoBi CdTe, neroBanoro izoBaneHTHUMH nomimkamu 3d-meramiB (Mn, Zn)» (HOMEp
nepxkaHoi peectpariii 0115U003242), «Cunre3 monokpuctanis Cd(Zn)Te, nociipkeHHs
BAX cuHTe30BaHHUX 3pa3KiB A0 Ta MICIS OMPOMIHCHHS MIBHIKUMH EJICKTPOHAMH YH
raMMa-KBaHTaMu» (Homep Jnep:kaBHoi peectpartii 0117U003866c¢), «CTBOpeHHST HOBHX
MarepiaiiB JiJis J€TEKTOPIB 10HI3YIOUOTro BUITPOMIHIOBAHHS Ta OMTOEIEKTPOHIKHA Ha OCHOBI
TBepaux po3unHiB cuctemMu Cd—Mn—Te» (Homep nepxkaBHoi peectpanii 0118U000143) ta
«PamianiifHo CTIHKI MaTepiaigu I ACTEKTYBaHHSA HOHI3ytogoro ta [4 BUIpoMiHIOBaHHS»
(HOMep mepxkaBHO1 peectpattii 0121U112421).



Mera i 3amayi pgocaimxeHHs. MeTorwo 1aHOi poOOTHM €  BCTAHOBJICHHS
3aKOHOMIPHOCTEH TIPOIIECIB TOIUICHHS Ta KPHUCTANi3allli TBEPIHUX PO3YHHIB CHCTEMH
CdTe—ZnTe—MnTe, moBeIHKH IIUX CTOMIB IIPH 1X HArpiBaHHI Ta OXOJO/KEHHI B 00J1acTi
TEMIIEpaTypHU TOIUIEHHSI, @ TAKOK JOCHIJIKEHHS €JIEKTPUYHUX Ta ONTHYHUX BJIACTUBOCTEM
KPUCTAJIIB BKA3aHMX TBEPAMX PO3YUHIB JJI1 pO3pOOKH HAYKOBHUX OCHOB CHHTE3Y
MOHOKPHCTAJIIB TBEPJAMX PO3YMHIB HAa OCHOBI KaJMild Telypuay 3 TpPOrHO30BAHUMH
BJIACTUBOCTSIMH.

JIOCSrHEHHS MOCTABJICHOI METH BUMAara€e BUPINICHHS HACTYNHUX 3aBAaHb:

JOCHIAMTH METOAOM JudepeHuiaasHoro tepMiynoro anamizy (JATA) xineruuni
3aKOHOMIPHOCTI MPOLECIB TOIUICHHS Ta KpHCTAlI3alll TBEPIUX PO3YHHIB CHUCTEMH
CdTe—ZnTe—MnTe 3i ctoponu CdTe;

JOCITIZIUTH BIUIMB KIHETHUKU HArpiBaHHs HA MapaMeTpH MpoLECy TOIUIEHHS TBEPIUX
po3unHiB cuctemu CdTe—ZnTe—MnTe 31 croponu CdTe;

JOCIIIUTH BIUTMB KIHETHKHU OXOJIOMPKCHHS Ta TepMidHOI Olorpadii cucremu Ha
napameTpu npolecy KpucTam3anii TBEPIAUX PO3UYHHIB CUCTEMH
CdTe—ZnTe—MnTe 31 croponu CdTe;

BU3HAYUTHU BIUIMB KOHILIEHTpauUli Mn Ta Zn Ha KpUCTAIIUYHY CTPYKTYPY BUPOIICHUX
KpucTaliB TBepaux po3uuHiB cuctemMu CdTe—ZnTe—MnTe;

JOCTITUTH E€JEKTPUYHI XapaKTePUCTHKH (IMUTOMHUH OMIp, €IeKTPONpPOBIIHICTS)
KPUCTANIIB BKa3aHUX TBEPAUX PO3UYHHIB;

JAOCTIAMTH METOJIOM [Y-CHeKTpOCKOMmii ONTHYHI BJIACTUBOCTI KPUCTAIIB BKA3aHUX
TBEP/IUX PO3YHHIB;

BCTAHOBHUTH BIUIMB KOHIEHTpamii Mn Ta Zn Ha 3HaY€HHs MIUPHHH 3a00pOHEHOI
30HH KPUCTAJIIB BKa3aHUX TBEPJIUX PO3YHHIB.

O0’exkT MOCTiTKeHHSI: TIPOIECH TOIUJIEHHSI Ta KpUCTalizalii TBEpAUX PO3UYHMHIB
CdTe—ZnTe—MnTe.

IIpeamer noc/iizKeHHs1: BIUTUB TEPMOOOPOOKH Ta CKJIaAy CTOMIB HA CICKTPUYHI Ta
ONITHYHI MMapaMeTpH KpUcTalliB TBepaux po3unHiB cucteMu CdTe—ZnTe—MnTe.

MeToau K0CTiAKeHHS:

— npeuusiiiHnui  audepeHIIaIbHUN  TEPMIYHMI aHali3 3 BEJIMKOIO PO3ALILHOIO

30aTHICTIO B 4Yaci Ui BHBYEHHS 3B’A30K- Ta CTPYKTYPHO-UYTIHUBHX
XapaKTepHCTHK (Pa30BUX MEPEXOdiB MK TBEP/IOIO Ta PiAKOO (azamu;

— PEHTreHOCTPYKTYPHHMH aHai3;

— METOJI EHEProAUCIIEPCIHHOT PEHTIE€HIBCHKOT CIIEKTPOCKOMIT;

— peHTreHo-(hIyopeceHTHHI aHai3;

— IY-cnekTpockomis Uit JAOCIHIDKCHHS ONTHYHHMX BJIACTHBOCTCH KPHUCTAJIB

OJIEP’KaHUX TBEPJUX PO3UMHIB;

— MCTO[ BI/IMipIOBaHHSI BOJIIBT-aMIICPHHUX XapPaKTCPUCTHK  OJIA JIOCTIIKCHHS

CJICKTPUYHUX XapAaKTEPUCTUK KPUCTAJIB TBEPAUX PO3UMHIB;

— BHCOKOTEMIIEpaTypHI eIeKTPUYHI BUMIPIOBAHHS.



HaykoBa HOBH3HA OTPHUMAHHX pe3yJIbTATiB:

— BHepIIe JOCTKEHO o0JacTi MOBEPXHI JIKBIAYCY Ta CONIAYCY B IOTPIHHIN

cucremi CdTe—ZnTe—MnTe 3i croponn CdTe;
— BIIEpIIE [JOCIIPKEHO 3aKOHOMIDHOCTI SBHINA MICISATOILUIEHHS B pPO3ToMax
BKa3aHO1 CHCTEMH;

— JOCIIJPKEHO BIUIMB TEPMOOOPOOKH PO3TONY Ha eIeKTPUYHI Ta ONTHYHI
BJIACTUBOCTI KPUCTAJIIB BKa3aHUX TBEPAMX PO3UMHIB,

— YIOCKOHA@JIEHO  METOJMKY  OTPUMaHHS  KpPUCTalIlB  TBEPAMX  PO3YHMHIB
CdTe—ZnTe—MnTe 13 3a1aHUMU BIACTUBOCTSAMH.

IIpakTHyHe 3HAYEHHS OJIEPKAHUX Pe3yJIbTATIB.

OpneprxaHi JaHi npo o6acTi MOBEpXHI JIKBIAYCY Ta COJIAYCY B MOTPIitHIN crcTeMi
CdTe—ZnTe—MnTe 3i croponn CdTe OyayTh BUKOpUCTaHI /ISl MOKPAIIEHHS CTPYKTYPHOT
JIOCKOHAJIOCTI BHPOIIYBAaHUX KPHUCTAIIB aHAJOri4HOro ckiaay. Ha ocHOBI oTpuMaHHX
PE3yNbTATIB 3aJICKHOCTI BEIWYWH IMapaMeTpiB IPaTKW Ta IIMPUHUA 3a00POHEHOI 30HU
3muTkiB  Cdy . MnZn,Te Big konuentpauii Mn Ta Zn MoO’XKHA NHpPOrHO3YBaTH Ta
KOHTPOJIIOBATH TapaMeTPH BHPOIICHUX MaTrepiasiB, 3MIHIOIOUHM KOHIEHTPALIHHUA CKIIaja
BUXIJHUX PEYOBHUH Ta TEMIIEPATYPHI PEKUMU NEPEIPOCTOBOT TEPMOOOPOOKH.

OcoOucTuii BHECOK aBTOpa. ABTOPOM CaMOCTIHHO [MPOBEICHO  aHa3
JITEpaTypHUX JaHUX, 3HAYHY YaCTUHY EKCIEPUMEHTAIbHHUX POOIT (B3SITTA HABAXKOK 1
MIArOTOBKA aMIys 1A cuHTe3y ctomiB cucteMu CdTe—ZnTe—MnTe Ta BupontyBaHHA iX
MOHOKPHUCTaJIIB, MIArOTOBKA 3pa3KiB, MPOBEIACHHA JociijukeHb wmetonoM  JITA,
[Y-Mmikpockomii Ta CHEKTPOCKOIII1, BAMIPIOBAHHS BOJIT-aMIIEPHUX XaPAKTEPUCTHK).

[aTeprpetariss pe3yabraTiB JITA Ta BHpOIIYBaHHS MOHOKPHCTAIIIB CHCTEMH
CdTe—ZnTe—MnTe nposeaeni cnuibHo 3 K. X. H. O. B. Konauem. PenrtreHocTpykrypHi
JocIipKeHHs1 Oynu nposeseHi K. X. H. C. M. ®@inoHeHko B [HCTUTYTI (i3MUHOT XiMIT iMEHI
JI. B. IlucapkeBcbkoro  HarionaneHoi  akagemii  Hayk — Ykpainu.  Pentreso-
dayopecuentHuii a”am3 npoBoauBcs A.¢.-Mm.H. B.O. KomoOuncbkuM Ha  Kadeapi
Marepialo3HaBCTBaA 1  HOBITHIX  TexHojoriii  IIpukapmatchKoro  HaliOHaJIbHOTO
yHiBepcHuTeTy iM. Bacwia Credannka. EHeproaucnepciiiHa peHTI€HIBChbKa CIIEKTPOCKOITIS
Oyna mposeneHa Ha  kKadgeapi  CydyaBCbKOro — HAI[lOHAJBHOTO  YHIBEPCHTETY.
BucokoreMnepaTypHi €JeKTpUYHI BUMIpIOBaHHS e(ekTy XoJuia MPOBOJUIUCE CIUIBHO 13
K. X. H. A. I. Kanakom.

OOroBOpeHHs €KCIEPUMEHTAIBHUX PE3yJIbTATIB MPOBOJMIINCS Pa3oM 3 HAyKOBUM
KepiBHUKOM JI.X.H. [1. M. @ouykom, a.x.1. JI. [1. Hlep0dak, k. x. H. O. B. Konnauem Ta j1.X.H.
[O. b. Xanagkotro.

Anpodania pe3yabTaTtiB auceprauii. OCHOBHI pe3ynbTaTH AOCHIJKEHb OYI0
NpEeJCTaBlIEeHO Ha HACTYNMHUX KoH(pepeHuisx: BceykpaiHcbka HayKOBO-TIPAKTHYHA
koH(pepentia «[IpodmemMu iHGOPMATUKK Ta KOMIT IOTEpHOI TeXHiKM» (M. YepHiBmi, 3-5
tpaBusa 2012 p.), Kondepenuis wmosoaux BuUeHMX 3 (DI3MKM HAMiBIPOBIIHUKIB
«JTamkapboBchki yuTanHs - 2013» (Kwuis, kBiTens 2013 p.), SPIE Optics + Photonics (M.
Can Hiero, CIIA, 25-29 cepnus 2013 p.), E-MRS 2013 Fall Meeting (BapmaBceka



nofiTexHika, Bapmaga, 16-20 Bepecus 2013 p.), Kondepenuis Mmonoaux BueHuX 3 Gizuku
HaAMBIPOBIAHUKIB «JlamkaproBchki umranHs - 2016» (KuiB, 68 kBitHa 2016 p.),
HaykoBo-TexHiuna koHpepeHiis «Di3uka, eeKTpoHika, enekrpoTexHikay (Cymu, 18 — 22
kBiTHs 2016 p.), SPIE Optics + Photonics (M. Can [iero, CIIA, 6-10 cepnust 2017 p.),
SPIE Optics + Photonics (m. Can Hiero, CLIA, 19-23 cepnusa 2018 p.), SPIE Optics +
Photonics (M. Can Mliero, CILA, 11-15 ceprust 2019 p.), SPIE Optics + Photonics (M. Can
Hiero, CHIA, 1-5 cepmus 2021 p.), 10th International Conference of the Hellenic
Crystallographic Association, (M. Adinu, I'pewis, 15-17 xostHsa 2021p.).

Ilyoaikamii. Matepianu jnucepranii onmyoOiikoBaHo y 13 poOotax, 3 HUX 8 — ¥y
(daxoBHX YKpaiHCBKHMX Ta 3apyOKHMX HAYKOBHX BHJAHHAX Ta 5 — y Te3aX HAYKOBHX
KOH(pepeHIiH.

Crpykrypa Ta obcsir podoru. Jlucepraiiisi CKJIAIAEThCS 13 BCTYIy, S5 PO3IUTIB,
BUCHOBKIB, CIMCKY BHUKOPHUCTAaHMX Yy po0OTI JiTeparypHux xepen. Jlucepraiis
BUKJIaJicHA Ha 124 cTopiHkax, MICTUTh 12 Tabmuip 1 99 pucyHkiB. CIHCOK BUKOPUCTAHUX
JITepaTypPHUX JKEPEN HapaxoBye 94 HalilMeHYBaHHSI.

OCHOBHMMH 3MICT POBOTH

Y  Berymi  oOrpyHTOBAHO — aKTYaJbHICTH TEMH  JUCEPTAlIiHOI  pOOOTH.
CdopmynboBaHO MeTy Ta 3aBHaHHS, BKa3aHO O0’€KT Ta TIpeIMET MPOBEIEHUX
JIOCITIJKEHb, TTOKA3aHO 3B 30K pOOOTH 3 HAayKOBHMH TEMaMH, a TaKOX ii HOBH3HY Ta
NPaKTUYHE 3aCTOCYBAHHSA OTPUMAHHUX PE3yJIbTATIB.

Ilepmii_po3aij MiCTUTL OTJISAN JITEPATypU 3a TEMOK JUCEPTALIHMHOI poOOTH.
[IpeacraBneno ¢azosi pieHoBard B moaBiiinux Cd—Te, Zn—Te, Mn—Te Ta moTpidHHX
CdTe—ZnTe, CdTe—MnTe, ZnTe—MnTe cucremax. Po3riassHyro CTPyKTYpHi, ONTHYHI,
CJCKTPUYHI BJIACTUBOCTI KpucrtaniB TBepaux po3uuHis Cd,,Zn,Te, Cd; Mn,Te Ta
Zn; Mn,Te. IligkpeciaeHo CXOXKICTh Ta BIAMIHHICTb MDK BJIACTHBOCTSAMHU JTAHUX CIIOJIYK.
Bka3zaHo Ha HE3HA4YHY KUIBKICTh JIITEPATYPHUX JAaHUX IIOAO CTPYKTYPHHX OCOOJIMBOCTEH
kpuctanis Cd;.,Mn,Zn,Te, Ta X ONTHYHHUX 1 ENEKTPUYHUX BIACTUBOCTEH 3aJIEKHO BiJl
BMicTY Mn Ta Zn. Harosonieno, mo BEeTUKHH HAYKOBHM IHTEPEC BUKIUKAE TOCTIIHKEHHS
KOHIEHTpaLliiHoro BInMBy Mn Ta Zn na napamerpu rpatku kpucrans Cd,..,Mn,Zn,Te, a
TaKO’K 1X BIUIMB Ha 3HaYEHHsI IUPUHU 3a00POHEHO01 30HU Ta IUTOMOT'O OTIOPY.

Y  agpyromy _ po3diji  HaBeIEHO METOOWKH CHHTE3y  CTOIIB  CHCTEMHU
CdTe—MnTe—ZnTe Ta mnpoBeneHHs iX aUdEPEHIATBHOIO TEPMIYHOTO 1 PEHTTEHO-
CTPYKTYpHOTo aHanizy. OnucaHo MeToauKy BupouryBaHHs kpuctanis Cd,.,Mn,Zn,Te
(x=0.10-0.30, y=0.05-0.15) BepTukampbHUM MeTOAOM bpiKMEHAa Ta pO3TJISHYTO
BUKOpHUCTaH1 y poOOTI MeToau ix gocaipkeHHs: [Y-mikpockomii, BUMIpIOBaHHS BOJIBT-
aMIIEPHUX  XapakTEPUCTHK,  IPOBEJICHHS  BUCOKOTEMIEPATYPHHUX  EJIEKTPUUYHHUX
BUMIpIOBaHb. JIJI BCIX €KCIICPUMEHTIB, SKI IMepen0adaloTh po3paxyHKH, BKa3aHO MOXHUOKH
Ta METOJMKY CTAaTUCTUYHOI 0OPOOKH pe3yJIbTaTiB.

TpeTiii_po3aiJ TPUCBIYEHO OMHCY Ta OOTFOBOPEHHK OTPHUMAHUX pPE3YJIbTaTIB
nocnimkeHHs pa3zoBux piBHoBar cucteMu CdTe—MnTe—ZnTe 31 ctoponu CdTe.




['padikn Ha puc.l UFOCTPYIOTh 3aKOHOMIPHOCTI TIPOIECIB TOIUICHHS CTOIIB
Cdy00-xMng j0Zn,Te (x=0.05, 0.10 ta 0.15). 3 puc. 1 a), 6) BumnIuBae, MO 130TepMidHA
ButpuMka cromiB  CdygsMng 0ZngosTe Ta CdygoMng 0Zng9Te B TemneparypHomy
inTepBai 1350—1360 £+ 1 K He BUKIIMKA€E TOIIEHHS 3pa3KiB IUX JBOX CKJIAIIB.
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[TinBuIeHHST TeMIepaTypu BUTPUMKH CYMPOBOKYETHCS MOSBOK €HAOTEPMIYHOTO
edexTy TorieHHs (MepuIuid MyHKTHP Ha puc.l) 1 mepexoy cuctemMu y aBodazHuil cTaH. 3a
manuMu JITA 3aBepuieHHS TpoLecy TOIUICHHS BH3HAYAETHCS TEMIIEPATYpOIO0 MOBHOTO
nepexoay 3pa3ka y piIKMI CTaH 3a TeMIiepaTypd, IO3HA4eHOoi Ha puc.l apyrum
NYHKTHPOM, SIKMH XapaKTepHu3ye TeMIepaTypy JikBiaycy. Butpumka 3paskiB BHILE 3a
temneparypy 1377+ 1 K 1 HacTynHe HarpiBaHHs HE NPHUBOAUTH IO peecTpamii epexTy
TOTUICHHS TBep1Ooi (pa3u, a, 0TKe, MOKHA TOBOPUTH PO TOMOTEHHICTh BKA3aHUX PO3TOIIB
3a JIJAHUX YMOB.

Tomnenns cromy Cdj7sMngj0Zng sTe (puc. 1 B) moumHaeThcs 3a TemIepaTypu
1371+ 1 K, mo na 10—12 K Bume 3a Temmeparypy TOYaTKy TOTUICHHS CTOTIB
CdygsMny 10ZnggsTe Ta CdygoMng 10Zng 19 Te, a Horo romorexizaris — 3a TeMIIepaTyp BHILE
1389 + 1 K. Sk 6auumo, 301nbmenHsa yactku ZnTe B cTomax 3a cramoro Bmicty MnTe
OPUBOJIUTH JO 3MIIICHHSA 1HTEPBAIY TEMIIEPAaTyp MPOLECY TOIUICHHS Ta IOMOTICHi3alli
po3TOMiB B 00J1aCTh BUIIUX 3HAYEHB.

HaBeneni Ha puc. 2 HamiBIorapu(MIidHI 3aJIeKHOCTI YacTKM TBepaoi (aszu
(knactepiB) BiJl OOE€pHEHOT TemuepaTypd BUTPUMKH PO3TOIIB J03BOJSIOTH BCTAHOBUTH
€HEPril0 aKTuBalii npouecy TorwieHHs TBepaoi (asu. Llel npouec xapaxTepH3yeTbes



IBOMa BiIMIHHMMH MexaHi3Mamu. Jlo Temmeparypu 1382+ 1 K gma cromy
Cdy7sMny 10Zny5Te (puc. 2 a), 1378 + 1 K ans cronmy CdgesMngp0Zng sTe (puc. 2 6) ta
1367 £ 1 K st cronty Cdy6oMng 30Zng 19Te (puc. 2 B) ToruieHHst TBepAOi a3y MpOXOAUTh
3 HWK4Y0I0 eHepriero aktupaii (~160 k/lx/monb, ~400 x/{x/Monb Ta ~200 kJlx/MOIb,
BIJIMOBIHO), 1, OYEBHIHO, 110 HA I1i#i cTail B1IOYBAETHCS PO3PUB 3B A3KIB 3 MEHIIIOO
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eHeprietro. Konu TtBepjma ¢asza HarpiBaeThCsi BHINE TAKUX KPUTUYHUX 3HAYCHb
TeMIEpaTypu, MexaHi3M (parMeHTallii TBepaoi ¢aszu (Ki1acTepiB), NEPEeXoUTh y MPOLEC
PO3YMHEHHS KJIacTepiB 13 TMOBEpXHI, 1 wLEH npouec norpedye Ouablie eHeprii
(~3100 xIxx/mone, ~3000 kdx/mone Ta ~4400 x/x/monb, BiamoBigHo). IlomiOHI
IIEPETBOPEHHS XapaKTEPHI 1 I YMCTOTO, 1 171 ciadboneroBanoro CdTe. Ockinbku mmporec
posunnenHs TBepaoi (asu B croni CdygMng30Zng10Te noTpedye Tpoxu OuiblIe eHeprii,
nopiBHsHO 13 cromamu Cdgy75Mng 10Zng sTe ta CdygsMng,0Zng sTe, e 1oBOIUTH, 110
CTpyKTypa (parmMeHTiB TBepmoi ¢asu (KIacTepiB) MOXKE BIAITPABaTH BAKIUBY POJIb B
MEXaH13M1 IX JUcorialii.

3anexHicTh Jorapudma nepeeKCNOHEHIIHHOr0O MHOKHHUKA BiJl €Heprii akTuBailii
IpoLecy PO3YMHEHHS KJIACTEepIB Ui JaHUX PO3TOMIB OMUCYETHCS JIIHIMHOIO 3aJICHKHICTIO,
dKa Xapaktepuszye komneHcamiiHui edext (puc. 3). OTpumaHi 3HAYEHHS CHEprii
aKTUBaIlli TOTUIEHHs TBepoi (pa3u Omu3bKi 10 3HaueHb 1 crony CdTe + 2 moin. % In
(BKJIaziKa Ha pucC. 3).
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Puc. 3. B3aeMO3B 430K MiXk MepeieKCIOHEHIIIHHAM MHOKHHMKOM Ta €HEPricro akTHBaLii rnpoiecy
PO3YMHEHHS KiacTepiB 1 po3roniB Ha ocHosi CdTe.

KoHueHTpariiini 3aJIe)KHOCTI  TeMIIepaTypy Mo4YaTtKy e(eKTy TOIUICHHS CTOIMIB
CdjxyMn,Zn,Te noka3syrTs, 110 3 NiABUILIEHHAM KOHUeHTpauii MnTe y BUX11HMX cTONAx
Bix 5 mo 30 % Temmeparypa Mo4aTKy HpOLECY TOIUIEHHS (CONIAYC CHCTEMH) Mae
TeHAeHI10 10 3HMKeHHs Bix 1367 + 1 K no 1358 = 1 K (s croniB Cdg gsxMn,Zng osTe),
Big 1363+ 1 K no 1360+ 1 K (s cronis Cdgep.xMn,Zng;0Te), Big 1378 = 1 K 1o
1370 £ 1 K (JIJ'IH CTOIIIB Cd0’85_anxZn0,15Te) (pI/IC 4 a).
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Puc. 4. KomnueHtpamiiiHi 3aleKHOCTI TeMIIepaTypu MOYATKy eQeKTy TOIUICHHS CTOIIB
CdjxyMn,Zn,Te (comiayc cucTemu) Ta TeMnepaTypH BHUTPUMKH, IpH sKilf yacTka TBepjaoi (asu
piBHa HyJto, Bij BMicty MnTe (a) ta ZnTe (0) B uux cromnax.

30utbmeHHss BMIicTy ZnTe y cTomax NOpU3BOAMTH 1O MIJIBUILICHHA TEMIICPATypH
noyatky e(eKTy TomIeHHs JociKyBaHux 3pas3kiB 3 1358 £ 1 K 1o 1375 £ 1 K (puc. 4 6).
Ile, o4ueBUIHO, MOB’A3aHO 13 BHIIOK MIIHICTIO 3B’S3Ky Zn —Te MOpiBHSIHO 13 3B’SI3KOM
Cd —Te. TeMneparypHuii IHTepBaJl ICHYBaHHS BKa3aHHUX CTOMIB y JBO(da3zHOMY CTaHl
(TBepaa ¢aza — posron) cknagae 12—15 K.



BaxnuBy iH(MOpMaIio Mpo BIUIMB TEPMOJUHAMIKH HA YMOBH TOIUICHHS CTOITY
MOXEMO OTpHUMATHU NpH MOPIBHAHHI BEJIMYUH €HEeprii, 110 BUAUIAETbCS IPU KpUCTaIi3allii
po3ToIy, siKka MPONOpIiHHA 0 IO 3anucy e(ekTy KpucTanizamii Ha Tepmorpamax JITA
(Skpuer). OOMIBI 3aJI€KHOCTI, IPEACTABICHI HA PUC. 5, XapaKTEPU3YIOTbCA OJHHUMHU 1 TUMU
K KPUTHUHUMH TEMIIEpaTypaMy BUTPUMKH CTOIIIB, BUILE SIKUX PO3TONH BKa3aHUX CTOIIB
nepeOyBarTh YK€ B TOMOTN€HHOMY BHIJISJI, TOOTO BIJOYBA€THCS MOBHE TOIUICHHS ILIMX
CTOMIB. A, OT)K€, TIIBKH TIICISI MEPErpiBiB BHIE IIUX TEMIIEpaTyp MPOXOIUTH MPOILIEC
NOBHOT KpHCTadi3alii po3TomniB (MakCMMaJbHE 3HAYEHHS IUIOLI 3amucy edekrty
KpucTanizauli po3roni). TakuMm YMHOM, U1 YCYHEHHS BCIX KJIAcTEpiB, 1110 3aJIMIINIACS Y
posromax, notpidoHO meperpith cromu CdggsMng0ZnggsTe Ta CdygoMng 0Zng o Te,
npuHaiiMHi, Bume 1377 + 1 K (puc.5 a, 6), a cton Cdy75sMng 10Zng 1sTe (puc.5 B) — Buie
1391 £ 1 K.
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1340 T 0 Cdy75Mny,10Zng,5Te (B)
1360 1380 1400 1420 1440 BiJI TEMIIEPATYDH iX BUTPHMKH
AV uo=10K/xs AV n/o=5K/xB
Txmps K @V /o= 10 K/xs OV n/o=5K/xs

B)

Ha puc. 6 mnpencrapiieHi TeMIlepaTypHi 3aJI€KHOCTI IIBHAKOCTEH KpHCTaIizamii
pozromiB  Cdy70Mng,0Zng 9Te, CdoesMngr0Zng sTe Ta CdogsMngspZngesTe y HamiB-
jgorapudmiyHux KoopauHartax. Jliuss 000X IIBMAKOCTEH HArpiBy/OXOJOJDKEHHS 1
3aJIXKHOCTI OMUCYIOTHCS PIBHSHHAM AppeHiyca:

Vipuer = Vipnero * €Xp (-Eo/RT),
a mnpouec kpucramizauii posroniB  Cdy7o0Mng20Zng oTe, CdggsMngZng sTe Ta
CdyesMng30ZnyosTe  xapakrepusyerbcs £, B wmexax 380-530, 600—820 Ta
690—730 k/I>x/M0Ib, BIIMOBIIHO.
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[TopiBHiotoun 3HaueHHst £, s CdyesMng30ZngosTe 13 aHanOriyHUMHM JJAaHUMH,
OTPUMaHUMU JJIs1 npouecy Kpuctanizauii B posroni CdgesMng0Zng 5Te (Takuii ske BMiCT
CdTe B cromi), croctepiracMo OJU3bKI 3HAYEHHS BCIMYMHM C€HEPrii akTuBalli. A 1ie
O3Hayae, MO0 JOMIHYIOUY POJIb Yy TIpollecax KpucTaizamii JaHMX CTOINB BiAIrpae
CTPYKTypa Ha ocHOBI 3B s13kiB Cd — Te.

OTpuMaBIIM BIJAMOBIJHI YWCJIOBI 3HAYCHHS 13 PIBHSAHb, SIKI 300paxkeHl Ha puC. 6
(InVipuerp T@ E,), MOXKHa NOOYAyBaTH 3aJICKHICTh Jorapu(pma NepeeKCIOHEHIIIHHOrO
MHOKHHKA BiJl €HEeprii akTHWBamii Mporecy KpucTamizamii daHux poartomiB (puc.7). I3
maHoro Tpadika BHAHO, MO I 3HAYEHHS OMHCYIOTHCA JIIHIHHOIO 3aJIeKHICTIO, SKa
CBIJUHTB PO KOMITEHCALIITHUI eeKT.

KpiM TOro, misi mopiBHSAHHS, Ha puc.7 MPUBEICHI aHAJOTIYHI JaHl JUIs MapaMeTpiB
tomneHusa uucroro CdTe Ta cmabomeroBanoro gomimkamMu In, Ge ta Sn. Bel pani
NOKa3yITh YITKMH B3a€EMO3B’SI30K TEPMOJMHAMIUHHMX I1apaMETPIB MPOLECY TOIUICHHS
TBepAoi ¢a3u Ha ocHoBl CdTe.

YerBepTHil pO31iJ NPUCBIYCHO BUPOUIYBAHHIO MOHOKPUCTAIIB Ta AOCITIKCHHIO 1X
KPUCTAJIIYHOT SKOCTI. Y pe3yabTaTi poOOTH OTpUMAaHO 9 3JIMTKIB Pi3HOrO CTEX1OMETpPH-
qHOTO cKiaay (tabm. 1). Bapro 3a3HauuTH, 10 HE BCl 3JUTKH € MOHOKPHUCTAIIYHHUMU
(puc. 8), mpuyomy, CTPYKTYpHA JOCKOHATICTh KPHUCTAIIB 3HHUKYETHCA 13 3POCTAHHAM
BMicty ZnTe. lle moB’s3aHO 13 THM, 10 TPOIIEC BUPONTYBaHHS 3IUTKIB 13 15% ZnTe
noTpedye BUITUX TeMIEepaTyp BUTPUMKH PO3TOMIB (7 o, (ZnTe) = 1568 K).

9
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Puc. 7. B3aeM03B’430K MiXK IepeJeKCIOHCHIIIHHMM MHOMKHUKOM Ta CHEpPricl0 akTHBALIl rpoLecy
Kpucranizauii pozromnis Ha octoBi CdTe.

Tabnuus 1.

3IHTOK Temmneparypa pocty, K S mrox Temmneparypa pocty, K
(HM3 amITyJn) (HM3 ammynH)
Cdo,90Mng,0sZng 0sTe 1399 Cdo.70Mng20Zng 10Te 1424
CdogsMng,10Zng 05 Te 1401 Cdo.soMng30Zng.10Te 1411
Cdo,7sMng 20Zng s Te 1397 Cdo.7sMng 10Zng.15Te 1411
Cdo.¢sMng30Zng s Te 1399 Cdo 6sMng20Zng 15 Te 1417
Cdy.s0Mng.10Zng.10Te 1405

Y BCIX BHUPOIIECHHX 3JIHTKaX CIOCTEpiranacs HasSBHICTP MEHIIOI YH OUIBIIOL
KIJIBKOCTI BKpAaIUIEHb, fAKI TO 30CEPE/LKYBAJIMCS Yy IEBHUX MiCLAX 3pa3KiB, TO OyiM
PIBHOMIPHO PO3MO/UIEHI [0 BCIH IJIOWMHI KpUcTatiB (puc. 8).

[{ikaBUM € TakoX Te, IO HASIBHICTb JBIHHUKIB CIIOCTEPIra€ThCs HE Yy BCIX
BUpOIIeHHX 31uTKax. Jlnme monokpucranu cknagy Cd,MnZn,Te (x = 0.20, 0.30 ta y
=0.05, 0.10) micTUIM BENUKY KUIBKICTh ABIHHMKIB 1O BC1il JOBXHHI 3TUTKY (pHC. 9).

l:’iB MM

18 mMm

a) 0)
Puc. 8. (DOTOI‘pa(l)ﬁ BHPOLICHHUX 3IIUTKIB Cd(),goMIl(),mzng,mTe (a), Cdo’gsMIl(),zoZIlo’lsTe (6)

Ta BUPI3aHUX 13 HUX L1aii0.
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IIpumiTHO, 110 HamIl pe3yabTaTH Y3TOJUKYIOThCS 13 ONHCAHUMHU  paHIIlIe
JOCIIKEHHAMU MOP(OIOTii 1 KpUCTAIYHOCTI ABIMHUKIB y Kpuctanax Cd, Mn,Te (x=0.2
ta X = 0.35). Takum yrHOM, BUINIHMBAE, [0 He3HadHa KUIBKICTL Zn (0,05 Ta 0,10 Mo, %)
HE BIUIMBA€ HAa TEHIEHIIIO [0 YTBOPEHHS [BIMHHUKIB Y WIPOLECI POCTY KPHUCTAIIB
CdyxyMn,Zn,Te (x = 0.20, 0.30 Ta y = 0.05, 0.10).

“ o

a) 6) B)

Puc. 9. ®ororpadii maid BUpoIIeHHX 3MUTKIB 13 HasBHUMHU ABiiHUKaMuU: Cdy7sMng 20Zng s Te (a),
Cdo,esMﬁo,zozHO,osTe (6), Cdo,mMno,zoZno,loTe ()

3 HaBeaeHux tunoBux IY- 3o0paxens (puc. 10) BuaHO, 110 y 3pa3kax Kpucraia
Cdy7sMng»0ZngosTe mpucyTHl BKpamiieHHs cdepuyHoi (OpMH Malux po3MIpiB (110
20 MKM), 1110 BUMAAKOBUM YHHOM PO3MOJAUICHI 1T TuiommHl kpuctana (puc. 10 a). [Ipore
JesIKl BKPAIUJICHHS JIEMOHCTPYIOTh TCHJIECHIIIO JI0 YIOPSJIKYBaHHS B3JIOBX KBasimapa-

JIeNbHUX JIHIH ABIHHUKIB (puc. 10 0).
B i

g ‘o ‘ .: .
s j \‘\ o
. / | & T p
. . . - " " / ~ ""’V L/, - . |

J.,\.".

o A A :
0)

Puc. 10. U-3nimMkm 3pazka Cdo7sMng20ZnposTe (g=0,5): a - neprneHauKynasipHO A0 OCi pOCTY,

0 — B3/IOBK OC1 pOCTY.

Ha OCHOBI JaHHX PEHTTEHOCTPYKTYPHOTO aHali3y OTPHUMaHO Tpadiku 3alekHOCTI
cranoi rpatku kpucrtanis Cd,,Mn,Zn,Te Big BmicTy Mn 1a Zn (puc. 11). fIx 6a4umo,
cTajia IpaTku JI0CHiKYBAHHUX 3IMTKIB JiHiiHO 3MeHuyeThes Bin 6,4316 A 1o 6,3754 A 3i
30UThIICHHSAM KOHIIeHTparii Mn (puc. 11 a) Ta Zn (puc. 11 0). AHanoriyHa cuTyaris
cnoctepiraeTbes s kpuctaniB Cd(Mn)Te ta Cd(Zn)Te npu 30UTbIIEHH] KOHIICHTpAIIi
MnTe ta ZnTe, BianosigHo. ToOTo, 1e e pa3 miaTBEPKYE Toi (akT, mo aToMd Mn Ta
Zn 3amimytoTh aToMH Cd y By31ax KpUCTaIIYHOT IPATKH.
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Puc. 11. 3anexxnocTi cranoi rpatku kpucranis Cdy.x,Mn,Zn,Te Big Bmicty MnTe (a) Ta ZnTe (6).
Otpumani piBHSHHS IS MyHKTHPHUX JHIH:
a=6.4379-0.1182-x mna CdyosxMnZngsTe, a=6.4520-0.3669y mna Cdyos.,MngosZn,Te,
a=06.4258 - 0.1537-x s CdyooxMnyZng joTe, a=6.4415-0.3213-y jua CdyoeoyMng,10Zn,Te,
a=06.4037 - 0.1308-x pusa CdgygsxMnyZng j5Te, a=06.4386 - 0.3538-y juia CdogsyMno,15Zn,Te,
JIe a — cTaja rpaTKH, X — MOJIbHa yacTka Mn. a=6.4360-0.4093-y mna CdpzgoyMng20Zn,Te,
Jie a — cTana rpaTkH, y — MOJIbHa 4acTKa Zn.

[Ticns  mpoBeneHHs 3pa3KiB  BHPOILIEHUX KPHUCTAJIB
noOynoBaHoO Tpadiku 3aJeKHOCTEH BEIMYMHU MIMPUHH 3a00POHEHOT 30HM JUIS JaHUX
kpuctamiB Bix BMicTy MnTe (puc. 12 a) ta ZnTe (puc. 12 0), Kl UTFOCTPYIOTh IPAKTUIHO
JHIAHI 3aJIOKHOCTI 3 PI3HUMU KyTaMU HaxXWiy JIHIH ami 000X BUMAIKIB. 3 aHAMI3y
JHIMHUX 3aJIEKHOCTEH BCTAHOBJIEHO, 1110 TIPH 3pocTaHHI MoJibHOI YacTku MnTe Ha 10 %
3HAYEHHS IIMPUHHU 3a00pOHEHO0T 30HH MMiJIBUIIYEThCS B cepennbomy Ha 0,11-0,12 eB, a 3a
TAKOTO0 3K 3pOcTaHHs 4acTku ZnTe — mupuHa 3a00poHeHO01 30HU miaABUITYeThcs Ha 0,09 —
0,10 eB.

ONTHYHUX BHMIPIOBaHb

Cdy g9, Mny (Zn, Te
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Puc. 12. TIpadikn 3anexHocti BeaMYHMHHM 3a00pOHEHOI 30HH  BHUPOIUEHHX  3JIUTKIB

Cd.xyMn,Zn,Te Big Bmicty MnTe (a) Ta ZnTe (0)
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Y m’aToMy po3jiji OmHCYIOTBCS JOCTIKEHHS EJNeKTPHYHHUX BJIACTHBOCTEH
kpucraniB TBepaux po3unHiB CdTe—MnTe—ZnTe. 3a momomoroxo BHMipIOBaHb BOJIBT-
aMIIEPHUX XapaKTEPUCTHK 3pa3KiB OyJ0 BCTAHOBJIEHO, IO 3MiHA KOHIIeHTpallii Mn Ta Zn
IPaKTUYHO HE BILIMBAE HA BEJIMYMHY IUTOMOro omnopy kpucraus Cd,.,Mn,Zn,Te. Bei
3paskn OyaH HHU3BKOOMHHMMH i3 3HAYeHHSM muToMoro omopy ~ 10°Om*cm, mio
3YMOBJIEHO, CKOPIII 3a BCE, HASIBHICTIO BaKaHCIH MeTany (aHanoriuyno cutyailii B CdTe).

3 MeTOW JOCHKEHHsS BIUIMBY Mn Ha aHcaMOlb TOYKOBUX A€(EKTIB KpHUCTAJIB
CdixyMn,Zn,Te Oynu npoBeAcHI BUCOKOTEMIIEPATYpHI BHMMIDIOBaHHA  €JIEKTPO-
OpOBIIHOCTI Ta edexty Xomia Juis 3pas3kiB 3 BMicToM ZnTe piBaum 5 ta 10 mon. %, a
MnTe — 10 Ta 20 mom. %.

Beenenns B kpucran CdTe 5 mon. % ZnTe Ta 10 mon. % MnTe 3ymoBiroe 3Ha4HO
BUIIy KOHIIEHTpAIlil0 BakaHCiii B marepiami (puc. 13 a). OueBuaHO, 1110, KPiM BaKaHCIH
Kanmiro, 3’SIBJISIETHCS TAKOK 1 3HAUHA KUIBKICTh BakaHCiii Manrany 1 [{luHky:

Vo, +2e” o WS (1)
Vo +2e” o VA (2)

Beenennsa B kpuctran CdTe 5 mon. % ZnTe ta 20 mon. % MnTe nume nocunroe 1o
TeHAeHNiP0. CovYaTKy pyXJIHBICTh HOCIiB 3apsanxy 3poctae (puc. 13 6, miuii 1 1 2), ame
micis HarpiBanHst 10 1173 K CHIBHO 3MEHIIYETHCS, 3aIMILAIOYMCH BKE MPAKTHYHO
He3MIHHOIO (puc. 13 0, minis 3). Lle Moke CBIIYUTH PO IIPKOBY MPOBIIHICTH KPUCTAITY.

200 - . 300

160 &% o

120

1, eM*/(Bxc)

80

w, em/(Bxc)

40

550 650 750 850 950 1050 1150 1250

T,K 550 650 750 - K85() 950 1050 1150

Puc. 13. TemneparypHa 3a1eKHICTh PYXJIMBOCTI HOCIIB 3apsity B 3pa3ky CdygsMng10ZngsTe (a)
ta Cdy75Mng0ZngpsTe (0) nig Tuckom napu kajamio. HukHs MyHKTHpHA JIiHIA — THUIIOBA 3aJIEXKHICTh

pyxauBocTi nipok mis CdTe, BepxHs MyHKTHpPHA JIiHIsL — THIOB] BEIMYHHH PYXJHBOCTI €EKTPOHIB IS
CdTe.

AHanoriuHa  cWTyalls CcHocTepirajgacs Yy  KpHUCTalax TBEpAMX  PO3UMHIB
Cd,Mn,Te (x=0,45). IloyatkoBe 30ULIbIICHHSA 3HAYEHb PYXJMBOCTI OYyJIO 3yMOBJICHO,
CKOpIII 3a BCE, HACUYCHHSM IMOBEPXHI KPUCTATy MDKBY310BUM KammieM, SIKUH TOTIM
npoaudyHIyBaB y 00’ €M 3pa3ka.

[TouaTkOB1 BHMIPIOBAHHSI 130TEPMIYHUX 3aJI€KHOCTEH, SK 1 PYXJIMBOCTI, IOKa3alu
HECTaOIBHICTh  Je(PEKTHO-AOMIMIKOBOT cucTeMd. llicas TpuBanux BUMIpIOBaHbL 3a
BUCOKMX TEMIIEpaTyp BOHA Hpuiuuia 10 craHy piBHoBaru. OTpumani i30TE€pMH IIpU
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crammx Temneparypax 773 K i 873K marorh Haxwimm, OJHM3bKI 10 HYJIS B YCIX 3pa3kax
(puc. 14). Ilpu Bumux temneparypax 973 K 1 1073 K nnsa 3paska CdggsMny 0ZngesTe
HaxwiH i30TepM ctaHoBsITH 0,27 Ta 0,34 BinnosigHo. [Ipu mopiBHSHHI JJaHMX Ha PUC.
14a, 6 Ta B, Mu Oauumo, wo y 3pasky CdogsMng0ZngesTe 130TepMH y BCbOMY
TEMIEPATYpHOMY  [lama3oHl  3HAXOAATLCA  BHINE, HDK 130TepMH Y  3pa3Kax
CdygoMng 10Zng0Te Ta Cdy7sMng0ZnggsTe. Lle cBiquuts npo Te, mo Mn ta Zn (ski
3amicTiiii Cd) B By3Jax KpHUCTaNIUYHOI TPATKH, HEUTPali3ylOTh TOHOPHHUH e€(eKT
BIIPOBA/IPKCHHA Ka/IMIIO 13 TapoBoi a3y B MATPULIKO KPUCTAILY.

18,0 18
17,5 1073 K 175 | L
17,0 x__-—""""u,m T _/*"Tﬂ 1073 K
3 s 973K 5 165 | 0,2
et 16,5 e 27 = - 973K
=% = £ | N
Z 160 e B BE £ 19 il 873 K
B ks N - 015,35 -“\h - 009
| - 773 K 15177 773
15,0 '0=12 145 !
14,5 3,5 25 1,5 0,5 0,5
35 30 25 20 -15 -1,0 -05 00 05 10 B 08
1g (peg> aT™)
a) 0)
or Puc.14. [3oTepmiun1 3a1€KHOCTI KOHLIEHTPALIL]
P 1'7 R e, HOCI1B 3aps/ly BiJl THCKY MapH KaJIMIKO IS
. o S w 3pasKiB
— s B e 0,2 .
IS e a) CdogsMng 10Zng s Te;
= Ut 0) CdogoMnyg,10Zno,10T€;
20155 4 __ - OO, ’ ’ ’
1’5 | g™ ‘ 003 B8713K B) Cd0,75Mn012(,Zn0,05Te.
12 773K [TyHKTHPHI NiHIT — BIAMOBIIHI 3AJIEKHOCTI 151
195 menerosanoro CdTe.
35 -3 025 2 -1,5 -1 05 0 0,5
lg (peg, aT™)

B)

Puc. 14 Takox UTIOCTpYe, 110 KOHILIEHTPALIHI JiHIT 7151 yCiX 3pa3KiB 3HAXOSThCS
HWK4e JiHiiA aig Heneropanoro CdTe, mo migTBEpIKy€e Halle TPUITYIIEHHS NP0 3HAYHY
KUIBKICTh BaKaHCIH METaIy B MaTepiai.

BUCHOBKH

Mertonom audepeHIiabHOrO TEPMIYHOIO aHali3y BIEpLIE AOCIIHKEHO HapameTpu
TOIUIEHHs Ta KpucTanizauii cronmiB ckiany Cdyy.,MnZn,Te (x=0.10 — 0.30, y = 0.05-
0.15). BeranoBneHo (¢i3uKO-XiMIUYHI OCHOBH BHPOIIYBaHHS MOHOKPHCTATIB BKa3aHUX
TBEpAMUX pO34MHIB. Bu3HaueHO BMIMB KOHUEHTpauii Mn Ta Zn Ha mapamMeTpH IpaTKH,
BEJIMYMHY IIMPUHH 3a00POHEHOT 30HU Ta €NEKTPUYHI BIAaCTUBOCTI 3JIUTKIB.

1. BcranoBneno, 1o 3 miaBHINEHHAM KoHueHTpalii MnTe y Buxiguux cronax Bia 10 go
30 %, TemmepaTypa mo4atky eQeKTy TOIUICHHS CTOMIB (COJIAYC CHCTEMH) Mae€
TeHAeHL10 10 3HKeHHs B 1367 £ 1 K no 1358 = 1 K (s CdgesxMnZnggsTe), Bix
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1363+ 1 K mo 1360+ 1 K (mas cromiB CdygpMnsZngoTe), Big 1378 £ 1 K mo
1370 + 1 K (ans cromiB Cdy gs.xMnyZng jsTe). 361u1bmenns BMicTy ZnTe y cTomax Bif 5
a0 15 % npus3BOAMTH 10 MiABUILEHHS TEMIIEPATypH TMOYATKY €(eKTy TOIUICHHS
nocaipkyBaHux 3paskiB 3 1358+ 1 K go 1375+ 1 K. Temneparypuuii iHTEpBa
ICHYBaHHS BKa3aHMUX CTOIMIB y ABoX(a3HoMY cTaHi (TBepaa (aza — posrorn) ckianae 12—
15 K. Takum uymnoM, y uyerBepHux cromax Cd;.,Mn,Zn,Te 30epiraotbcs Ti XK
TeHJCHIII J0 3HWKEHHs TeMIlepaTyp JIKBIAYCY 1 COJIAYCYy, K y MOTPIHHUX CTOMax
Cd,\Mn,Te, Ta 10 miABUIIEHHS BIAMOBIAHUX TEMIEPATYp — SAK y MOTPIHHUX CTOMAX
Cd,.Zn,Te.

TemmnepaTypHi 3aexkHOCTI 00’€MHOT YacTku TBepaoi ¢asu B cronax Cd,.,Mn,Zn,Te
(x=0.10 - 0.30, y = 0.10 — 0.15) xapakTepHu3yrOTbCs KPUTHUYHOK TEMIEPaTyporo, sKa
XapakTepu3ye 3MIHY MeXaHi3My TOIUIEHHS TBepjaoi ¢asu (knacrepiB) y posTori I,
BIIMOBIAHO, PI3HOK EHEPri€K aKTHBallli LBOr0 Mpolecy. 3MiHa €HEeprii akTUBallil
MPOLIECY TOIUICHHS CBIMYUTH MPO 3MIHY XIMIYHOTO CKIany (a3. 3HadeHHS eHeprii
aKTUBALlli JUId IPOLIECiB po3urHeHHs TBepaoi dasu y cronax Cd, . ,Mn,Zn,Te (x=0.10-
0.30, y=0.10-0.15) y BHCOKOTEMIIEpaTypHHX IHTE€pBajIax CHIBMIPHI 3 aHAJIOTIYHHUMHU
3HayeHHsAMHU 11 yuctoro CdTe. IIpuuuHOIO IOrO MOXKE OYTH MPUCYTHICTH KJIACTEPIB
PI3HOMAHITHOI CTPYKTYPU — TETpaeapudHi (parMeHTH, reKcaroHajlbHl KiJabld Ta 1H.,
HasIBHICTB SIKUX MPUITYCKA€ThCS y po3Tonax Ha ocHoBl CdTe.

. 3Ha4yeHHs eHeprii akTuBalll npouecy kpucramizaunii posromis Cdi,,MnZn,Te (x =
0.20 - 0.30, y = 0.05 - 0.15), oTpuMaHKX 13 TEMIIEPATYPHUX 3AJIEKHOCTEH MIBHIKOCTI
KpucTanizauii BkazaHuxX posronis, ckiagatotb 380 — 820 k/lx/mMonb 1 criBMIipHI 3
eHeprisiMu akTuBarii nporecy kpucramzamii yncroro CdTe ta cromiB cuctem CdTe-
In. Omxe, noMiHytouy poib y mpouecax kpucramizaiii posromiB Cdy.,MnZn,Te
BIJIIrPatOTh CTPYKTYpHI pparmMentu Ha ocHoBl CdTe. JliniiiHa 3anexHicTh Jorapupma
MEePEACKCIOHCHIIIHHOTO MHOMKHHMKA BIJI CHEprii aKTHBAIl NpoOLeCy PO3YHHCHHS
TBepoi (asu cromiB Ta mpouecy Kpuctamsauii posroms Cdi.,Mn,Zn,Te (x=0.10 -
0.30, y=0.10 - 0.15) cB1QYHTH MpO KOMIEHCAIIHHUH eEKT.

. Ha oOCHOBI JaHMX pPEHTIeHOCTPYKTYPHOIO aHali3y BH3HAYEHO, [0 CTajla TIPaTKH
nociaypKyBanux 3paskiB Cd,.,Mn,Zn,Te (x=0.05 - 0.30, y = 0.05-0.15) npsmoniniiiHo
3MeHmyeThes Bin 6,43(1) 1o 6,37(5) A 3i 36inpmenHaM koHIeHTpaii Mn Ta Zn.

. Y pe3yapTaTi TPOBENCHHX ONTHYHHX BHUMIPIOBAaHb BCTAHOBJICHO, IO BEJIWUYHHA
IKMPHUHHU 3a00pOHEHOT 30HM KpucTaniB 3auTKiB CdiyMnZn,Te (x=0.05 - 0.30, y =
0.05-0.15) niniiiHo 3pocTae 13 3011bmeHHsIM BMICTY ik MnTe, Tak 1 ZnTe.

. Ha ocHOBI moBegeHHMX BHUCOKOTEMIEPATYPHUX BHUMIPIOBAaHb BHSBJICHO, WIO TICIIA
BupoutyBanHs kpucranis Cd;,Mn,Zn,Te rpatka € HecTabibHOW0 1 ii cTablm3zanis
JIOCSATAETHCS MPH BUTPUMIIl 3pa3KiB MPOTATOM JACKUIBKOX TOJHH 3a TemrepaTyp 873-
973 K. BuBueHHS npHpoOad TOYKOBUX AC(HEKTIB Ta JIOMIHYIOYHX HOCIIB 3apiaay y
kpuctanax Cd;,,Mn,Zn,Te 3a pi3HUX TeMIepaTyp IOKa3alu, L0 B AOCIIIKYBaHHX
KpHCTaJiax CIIOCTEePIraeThCs MIJABUIIEHHH BMICT BaKaHCIH MeTaly.
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AHoTauis
Konau B. B. ®i3uko-xiMiuHI 3aKOHOMIPHOCTI ()a30BHX MEPETBOPEHb Ta BIACTHBOCTI

cromiB notpiiiHoi cucremu CdTe-ZnTe-MnTe. — Ha npaBax pykonucy.

Jucepraniss Ha 3100yTTS HAYKOBOIO CTYIEHs KaHJAMJaTa XIMIYHMX HayK 3a

cnemianpHicTIO 02.00.21 — Ximis TBepioro Tima (XiMi4HI Hayku). — UYepHIBEIbKHIA
HaIlOHAIBHUNA yHIBepcuTeT iMeH1 F0pis denproBuya, YepHnibii, 2022.

Jlucepraiiisi mpucBsiueHa BUBUEHHIO (Da30BHX TepeTBopeHb B cucteMi CdTe-MnTe-

ZnTe 31 croponu CdTe Ta mociimxenHio BractTuBocTed MoHoKpucTaniB Cd;.,Mn,Zn,Te
(x=0.05 -0.30, y = 0.05-0.15).

MetooM audepeHIiaTbHOro TEPMIYHOTO aHali3y AOCHIIKEHO apaMeTPH TOTUICHHS

ta Kpucramsauii cromB ckiany Cdi,MnZn/Te (x=0.10 — 0.30, y = 0.05-0.15).
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Bcranosneno, mo 3 migBUmieHHSM koHneHTpanii MnTe y Buxigaux cromax Big 10 mo
30 %, TemmepaTypa mo4aTKy e(peKTy TOIICHHS CTOIIB (COMITyC CHCTEMH) Ma€ TeHICHIIIO
JIO 3HMIKEHHs, Y TOH yac 30iibiieHHs BMicTy ZnTe y cTonax npu3BOJIUTH JIO MiABHIICHHS
TEeMIIEpaTypHu NOYaTKy €EeKTy TOIUIEHHS JOCI1KYBAHUX 3Pa3KiB.

Bupoueno cepito Mmonokpucrans Cd;.,Mn,Zn,Te (x=0.05 — 0.30, y = 0.05 - 0.15).
JlocnipkeHo KUIbKICHUH pO3MOIiI BKpamieHb Apyroi ¢asu y BHUPOIIEHMX 31uTKax. Ha
OCHOBI pe3yJIbTaTiB PEHTIT€HHOCTPYKTYPHUX JOCIIIP)KEHb BU3HAYEHO, 110 3HAYEHHS CTa0i
IpaTKu AociaikyBanux 3auTkiB Cd).,Mn,Zn,Te (x=0.05 - 0.30, y = 0.05-0.15) mniiino
smenmyetsest Bin 6,43(1) A o 6,37(5) A 3i 36inbiuennaM xounentpanii Mn ta Zn. V
pe3yNbTaTi MPOBEICHUX ONTHYHUX BUMIPIOBAHb BCTAaHOBJICHO, IO BEIUYHHA ITHPHHU
3abopoHeHoi 30Hu kpucrtanis Cd;.,Mn,Zn,Te (x=0.05 — 0.30, y = 0.05 — 0.15) niniitno
3pocrae i3 30inbmenHsaM Bmicty MnTe ta ZnTe. BuBuenHst nmpupoau JOMiHYIOUHMX HOCITB
sapsaay y kpucranmax Cdj,Mn,Zn,/Te 3a pisHEX TeMmuneparyp NOKa3ald, 1O
CIIOCTEPITAETHC MIABUIIICHUNA BMICT B KPHCTAIaX BaKaHCIH METay.

Kawouosi cnoBa: cucrema CdTe-MnTe-ZnTe, JITA, rtemmneparypa TOIUICHHS,
TeMmreparypa Kpucramizaiii, 00’eMHa vacTka TBepjoi ¢as3u, (a3oBi MepeTBOPEHHS,
mMoHokpucTamd Cdjy,Mn,Zn,Te, XRD - anam3, BHCOKOTEMIEpPATypHI €JIEKTPHYHI
BUMIPIOBAHHS, TOYKOBI AC(EKTH.

AHHOTAIHA

Konau B. B. ®u3uko-xMMHYeCKHE 3aKOHOMEPHOCTH (ha30BBIX IPEBpAIICHUH H
cBoiictea crornoB TpoitHo# cuctembl CdTe-ZnTe-MnTe. — Pykonucs.

Jluccepranusa Ha COMCKAHME HAYYHOW CTENEHW KaHauAaTa XUMHYECKHX HAyK IO
criequasibHocTH 02.00.21 — XuMusi TBepjoro Tena. — YepHOBHIKHUN HAIMOHAJIBHBIN
yHuBepcuteT umenu FOpust @enpkoBuua, YepHosubl, 2022,

Jluccepranus MOCBAIlCHA U3YYEHUIO (a30oBbIX npeodpaszoBanuii B cucteme CdTe-
MnTe-ZnTe co cropoust CdTe W wucCICAOBAaHHIO CBOWCTB MOHOKPHUCTAJLIOB
CdjyMn,Zn,Te (x=0.05 - 0.30, y = 0.05 - 0.15).

Metonom audQepeHIMaNIbHO-TEPMUYECKOTO0 aHaM3a HCCIEAOBaHbBl TapaMeTphl
TOIKH M KpUCTa/uM3auuu cronos coctaBa Cd,.,Mn,Zn,Te (x=0.10 — 0.30, y=0.05-0.15).
YCcTaHOBIIEHO, YTO C TOBBIIEHHEM KOHIeHTpanmuu MnTe B mcxomHbix ctomax ot 10 mo
30 %, Ttemmeparypa Hadama 3(d¢eKTa TOMKH CTONMOB (COJMIYC CHCTEMBI) HWMeEeT
TEHJCHIMIO K CHUXKEHHUIO, B TO BpeMs KakK yBelnuudeHue cojaepxkanusa ZnTe B cromax
HNPUBOAMT K MOBBIIIEHUIO HaYajla TEMIEPATyphl TOIMKH UCCIETYEMBIX 00pa31oB.

Bripamena cepust monokpucramios Cd;y,Mn,Zn Te (x=0.05 — 0.30, y = 0.05 —
0.15). HccnenoBaHo KOMMYECTBEHHOE pAcHpeecHUE BKPAIUICHHA BTOpPOM (pa3bl B
BBIPAIIIEHHBIX CIUTKaX. Ha OCHOBE pe3ylbTaToB PEHTIEHOCTPYKTYPHBIX HCCIIEHOBAHMIMA
OMpEAENICHO, YTO 3HAYCHHEC  MOCTOSIHHOW  PEIICTKH  MCCICAYEMBIX  CIUTKOB
Cd;yMnZn,Te (x=0.05 — 0.30, y = 0.05-0.15) nuneiino ymenbiuaercs ot 6,43(1) A no
6,37(5) A ¢ yBemmuennmeMm KoHIeHTpammm Mn u Zn. B pesynbTaTe NpOBEIEHHBIX
ONTUYECKUX HW3MEpPEHHUH YCTAHOBIIEHO, YTO 3HAUEHHUs UIUPHUHBI 3allpEIIeHHONW 30HBI
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kpuctamioB Cd, . ,Mn,Zn,Te (x=0.05 — 0.30, y = 0.05 — 0.15) nuneiiHO yBeIMYHBAETCS C
yBenmuueHueM conepxkanuss MnTe u ZnTe. M3ydeHne npuponasl IOMHUHHPYIOIIMX
Hocurened 3apsjaa B kpucramnax Cd;.,Mn,Zn,Te npu pasHeIx Temneparypax nokasaiu,
4TO B HCCJEIYEMOM MaTepuaje HaOMI0JAaeTCs MOBBIIIEHA KOHUEHTpalMs BaKaHCHIA
MeTana.

Kiarwuebie cioBa: cuctema CdTe-MnTe-ZnTe, nuddepenunanbHbiii TepMUUECKUI
aHaIu3, TeMIepaTypa TOINKH, TeMIlepaTypa KpUCTAIIM3alHi, 0ObEeMHAs 4acThb TBEPIOH
¢asbl, Monokpuctamabl  Cdi.,Mn,Zn,Te, XRD-ananus, BBICOKOTEMIIEPATYPHbIC
IIEKTPUYECKHE U3MEPEHHUS, TOUCUHBIC 1E()EKTHI.

Summary

Kopach V. V. Physical and chemical regularities of phase transitions and properties
of CdTe-ZnTe-MnTe ternary system. — Manuscript.

Thesis for obtaining the scientific degree of candidate of chemical sciences in the
specialty 02.00.21 — Solid State Chemistry (chemical sciences). — Yuriy Fedkovych
Chernivtsi National University, Chernivtsi, 2022.

The thesis is devoted to the study of phase transitions in the CdTe-MnTe-ZnTe
system from the CdTe side and experimental investigation of the properties of
Cdi.«yMn,Zn,Te single crystals (x = 0.05 - 0.30, y = 0.05-0.15).

The differential thermal analysis (DTA) method was used for investigation of the
melting and crystallization kinetic parameters of Cd;.,Mn,Zn,Te alloys (x = 0.10 — 0.30,
y = 0.05-0.15). It was found that the changing of the MnTe content from 10 to 30 mol. %
decreases a melting temperature from 1367 + 1 K to 1358 + 1 K (for Cdys.\Mn,ZnggsTe,
x=0.10 — 0.30), from 1363 = 1 K to 1360+ 1 K (for Cdygo..Mn,ZngoTe alloys, x=0.10 —
0.30), from 1378 £ 1 K to 1370 £ 1 K for Cdggs.x\Mn,Zny5Te alloys (x=0.10 — 0.20). The
ZnTe content increasing led to an increase in the melting temperature of the samples from
1358+ 1 Kto 1375+ 1 K.

The activation energies of melting and crystallization processes for Cd;..,Mn,Zn,Te
alloys under different conditions are established. The dependence of the logarithm of the
preexponential factor on the activation energy of melting process for Cd;.,Mn.Zn,Te
(x=0.10 — 0.30, y = 0.10 — 0.15) melts has a linear behavior and corresponds to the
compensation effect. The values of the activation energy E, for crystallization process of
CdyxyMn,Zn,Te melts (x = 0.20 — 0.30, y = 0.05 — 0.15) are 380 — 820 kJ/mol and are
commensurate with the activation energies of the crystallization process of pure CdTe and
alloys of CdTe—In systems. This means that the dominant role in crystallization processes
of these alloys belongs to the structure centered on the role of CdTe bonds. These results
are in good agreement with previously published results concerning melting and
crystallization processes for CdTe-based melts.

Based on the obtained differential thermal analysis data, Cd;4.,Mn,Zn,Te single
crystals (x = 0.05 - 0.30, y = 0.05 - 0.15) were grown by the vertical Bridgman method.
The structural perfection of the crystals decreases with increasing ZnTe content. This is
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due to the fact that the process of growing ingots with 15% ZnTe requires higher growth
temperatures (Tye(ZnTe) = 1568 K). It is also interesting that the presence of twins is not
observed in all grown ingots. Only Cd,.,Mn,Zn,Te (x = 0.20, 0.30 and y = 0.05, 0.10)
crystals are single-grain with large number of twins. Our date is in agreement with the
analyses the morphology and crystallography of twins in Cd, ,Mn,Te (x=0.2 and x = 0.35)
crystal. Thus, 0.05 and 0.10 mol. % of Zn has no influence at twins formation in process of
CdixyMnZn,Te (x = 0.20, 0.30 and y = 0.05, 0.10) crystals growth. The typical IR
microscope images of all as-grown crystals show that the size of Te inclusions was about
5-20 pm in all samples. But the Te inclusions in some ingots were distributed across the
entire plane of the crystals uniformly, while in the other ingots Te precipitates show
evidently tendency to ordering in quasi parallel lines and stacking faults formation that can
be caused by lateral mechanism of the crystal growth. According to XRD-analyses the
value of the lattice constant of the Cd;.x.,Mn,Zn,Te ingots (x = 0.05 - 0.30, y = 0.05-0.15)
linearly decreases from 6.43(1) A to 6.37(5) A with increasing MnTe and ZnTe
concentration. By measuring the transmission spectra, it was determined that the band-gap
of the grown semiconductor crystals linearly increases with an increasing amount of MnTe
and ZnTe.

According to the results of the high temperature Hall-effect investigations, it was
found that the lattice of grown Cd,..,Mn,Zn,Te crystals is unstable and its stabilization is
achieved by holding the samples for several hours at 873 K-973 K. The study of the
nature of the dominant charge carriers in the investigated ingots at different temperatures
showed that there is an increased content of metal vacancies in these crystals.

Keywords: CdTe-MnTe-ZnTe system, differential thermal analysis (DTA), melting
temperature, crystallization temperature, solid phase (clusters), phase transitions,
CdixyMnZn,Te  single crystals, XRD-analyses, high-temperature electrical
measurements, point defects.
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