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Pedepar:

1. Inceprauiiina po60Ta NpUCBSYE€HA BUBUYEHHIO €1eKTPOo(disnuHuX BracTuocTei kpucranis CdTe sk
MiKpoJsieroBaHoro Mn, Tak i KpucrasuisB TBepaux po3unHiB Cdl-xMnxTe y 3aj1€5KHOCTI Bifj TEXHOJIOTii BUPOLIYBaHHS
Ta criocoby TEPMiuHOi 0OpOOKU. Y IepUIOMy pO3[iji aHai3yI0ThCs JliTepaTypHi IKepesia 32 TEMOIO AUCEPTaLiliHO]
pob6oTtu. Po3rnsaaloTecs enekTpodi3uydHi Ta ONTUYHI BAaCTUBOCTI KpucTaiiB cuctemu Cd-Mn-Te, aHani3yl0TbCs
CTpyKTypHi nedexTtu y kpuctanax Cdl-xMnxTe, siKi BUHMKAIOTh B [IPOLECi X BUPOILyBaHHS / OXOJIOI)KEHHS, 8 TAKOX
OIMCYIOTbCS iX IETEKTOPHI XapaKTEPUCTUKU. Y IPYTOMY PO3[ijli ONIUCYIOTHCS TEXHOJIOTII BUPOLIYBaHHS KPUCTAIB
Ta METOAUKY €KCIIEPMMEHTAJILHUX NOCiIKEeHb, sIKi BAKOPUCTAHI y AucepTaliliHiil poOOTi A1 JOCiIKEHHS
kpucranis cucremu Cd-Mn-Te. OnucaHa po3po6s1eHa MeTOAMKa TEPMIYHOTO Bifillasly «CyXa 30Ha», siKa

BUKOPHMCTOBYBAJacCs [1J11 OYMCTKU KPUCTAJIB Bif] BKparuieHsb Te Ta Bif, HEKOHTPOJIbOBAHUX JOMIIIOK. TpeTiil po3isn



IIPUCBSYEHO ONUCY Ta OOTOBOPEHHIO PE3YJbTATiB, OJepKaHuX AJ1s1 KPUCTaliB TBepaux po3unHis Cdl-xMnxTe. ¥V
[epiioMy Migpo3aisi HaBeJeHo pe3yibTaTi BUMipIoBaHHS KoedilienTy Xosa. 3HaiineHo, mo Kkpucranu Cdl-
xMnxTe BoJIOMiIOTh MiABUIIIEHUM BMiCTOM HEKOHTPOJIBOBAHUX aKIENITOPiB, MOPiBHAHO 3 KpucTanamu Cdl-xZnxTe.
Y pesysbTari 3aCTOCYBaHHSI METOAMKY TEPMIYHOI 0OpPOOKM «Cyxa 30Ha» 1o Kpuctalis Cdl-xMnxTe 6ys10 MOHMXEHO
BMicT BKpanieHb Te (5o 10 MKM) Ipr6IM3HO Ha MOPSAOK Ta 3HU3UTHU KOHLEHTPaLlii i0Hi3yI0unX LEeHTPIiB ~ y 3 pasu.
JocnimxeHHsaMu edeKkTy Xosla Ta HU3bKoTeMIepaTypHoi poTosomMineceH1ii 6y10 NifTBepIKeHOo, 10 KPUCTAIH,
SIKi CcIieplly OYMILATINCS METOJOM PyXOMOTO HarpiBHUKA, a 1ajli BUPOLLyBaIMCs BEPTUKAJIbHUM METOIOM
BpimxMeHa BOJIOAINN BUCOKAM IUTOMUAM 0nopoM (0~109-1010 Omxcm) Ta 6yJin €JIeKTPUIHO OGHOPIiLHI 32 TOBXUHOIO
3utky. Y kpuctani Cd0.9Mn0.1Te npu koHeHTpawii BBepeHoi gominku IHzio CO = 3,5x1017 cm~3 6ys10 DOCSITHYTO
BHCOKUM CTYyIiHb KOMIIeHcaljii foHopiB no k>0,9. Kpucranu 3 ogHOYacHO BesiMKUM BMicToM MnTe
(Cd--0,8Mn0,2Te, Cd-0,7Mn0,3Te) Ta In (8x1017 - 8x1018 cM-3) ny>ke HU3bKUMU 3HAYEHHSIMU PYXJIUBOCTI
€JIEKTPOHIB (pe < 5 cm2 /(Bxc)), o, UMOBIPHO, 3yMOBJIEHO MOTipIIEHHSIM MIKPOHEOZHOPITHOCTI TOMIIIKOBO~-
IeeKTHOI CuCTeMHU, BHACIILOK HEPiBHOMIPHOTO pO3YMHEHHs In y marpuui KpucTany. BinnosinHo, Taki KpucTanu
HeNPUIATHI AJ1s1 TPAaKTUYHOTO BUKOPUCTaHHS. YCTaHOBJEeHO, o Kpuctanu Cdl-xMnxTe (x<0,1) meroBani Ge (CO =
8x1018 cM-3) IeMOHCTPyBaIM BULUI (Ha ~6 MOPSIKiB) IMTOMUM OIip, y MOPiBHSIHHI 3 HEJIETOBAHUMU KPUCTAaJIaMi1
Cd1-xMnxTe, a TakoX Kpallly MaKpOCKOIIIYHy OJHOPIHICTh eJIeKTpUYHMX apameTpiB. IlinTBepaskeHo, 1o
MiKpOHEOJHOPIIHICTh €JIEKTPUYHUX IapaMeTpiB y IbOMY MaTepiaji BUpaxkeHa cj1abo, 1110 pa3oM 3 BUCOKUM
IMTOMUM ONOpoM (O ~ 108-109 Omxcm) pobuts kpuctanu Cdl-xMnxTe-Ge nepcrneKTUBHUMU [J18 iX BUKOPUCTAHHS B
SIKOCTI B,€TEKTOPiB. Y Ipyromy Migpo3misi HaBeeHO Pe3yJIbTaTy BUCOKOTEMIIEPATYPHUX NOCIiIKEeHb eheKTy XoJna
SIK y HeJIeTOBaHUX, TakK i jieroBaHux gomimkoro In kpucranax Cdl-xMnxTe. YcTaHOB/IEHO, IO [J1s1 KpUCTaja 3 MaJIUM
BMicTom MnTe (x=0,02) s1iHii TUCKOBOi 3a71€KHOCTI KOHIIEHTPAllil €JIEKTPOHIB 3HaXOOUANCA Ha ~1,5 pasu Bullle, HixX
I71s1 HesleroBaHoro CdTe, mo BKasye Ha IPUCYTHICTh TOUYKOBOTO Ae(deKTa JOHOPHOI IPUPOIU Y KPUCTai
Cd0,98Mn0,02Te, HaiiiMOBipHillle, 32 paxyHOK ioHi3anii Mn o Mn . Hatomicts g kpucrana Cd0,7Mn0,3Te
MMOMIiYeHO MTOHWKEeHHSI KOHIIEHTpallii eJIeKTPOHIB Ha TUCKOBIi1 3a71€3KHOCTI, BiHOCHO CdTe, 1110 MOSICHIOEThCS
3MEHIUIEHHSIM PO3YMHHOCTI BJIACHOTO JOHOPHOTO MixBY3710Boro Cd BHaC/iOK 3MEHIIEHHS BifilCTaHEe! y
Kpucranivniit rpatui Cd0,7Mn0,3Te. UeTBepTuii po3/ia MPUCBSIYEHO ONUCY Ta OOTOBOPEHHIO PE3YJIbTATIB,
oznep>xanux 1yist CdTe, meroanux Mn. CrieKTpOCKOIIisl aHirissuii no3uTposis y kpucranax p-CdTe:Mn BusiBuia
JiAlIe OJHY CKJIAJOBY Yacy XXUTTSI IO3UTPOHIB. ¥ To# e yac y kpucranax n-CdTe:Mn BusiBjieHO nifBulleHe
3HaYeHHs KoHIeHTpalii V Bix 1,5x1016 mo 6,5x1016 cM-3, o CBiZYuTH PO Te, o y Kpucranax n-CdTe:Mn
CIIOCTEpIraloThCsl JOHOPU JOMIIIKOBOTO (MMOBIpHO Mn ) HOXOIKEHHS. BUKOPUCTOBYIOUN pe3yabTaTu
BHCOKOTEMIIEPaTyPHUX AOCIiIKeHb edeKTy XoJlla Ta 3aCTOCOBYI0UYY KOMITIOTEPHE MOJEJIIOBAHHS CIIEKTPY
TOYKOBUX JedekTiB y kpucranax CdTe:Mn 6ysi0 po3po06s1eHO CUCTEMY KBa3iXiMiYHUX PiBHSIHB A€()EKTOYTBOPEHHS,
sIKa J,o6pe onucasa ojepKaHi eKCIIepUMEHTaJIbHi 3aJ1eXKHOCTI KOHLEHTpallii es1eKTpoHiB. Komm'ioTepHUM
MOJIeJIIOBaHHSM OyJia MigTBepIKeHa MOKJIMBICTb iCHYBaHHS Y KpUCTasax sIK IOOJUHOKI Mn Tak i Mn-BMicHUX
acoujaTiB (Mn V )-. YcTaHOBI/IEHO, 1I0 PO3YMHHICTh Mn , HaBiTh B yMoBax Bucokux (T = 873 K) remnepaTyp ckiianae
6ing ~ 1x1017 cm-3, a eHepris ionizauii Mn Ed cknagae ~ 100 meB, 1li 0co6511MBOCTI MOSCHIOIOTh OAEPKaHUN PO3KU]]
3HAYEHb eJIeKTPOQI3NYHUX [TapaMeTpiB i BiACYTHICTh KOopesLii MDK HUMU Ta yMOBaMHU BHPOIYBaHHS, CX€MOIO
JIETYBaHHS YU KOHIIEHTPalli€l0 JOMIIIKY ITicysl 0X0JI04)KeHHs jeroBaHux Mn kpucranis CdTe go ~300 K. 3 uporo
OCTaTOYHO BUILJIMBAE, 1110 MaHraH NpakTUYHO HENPUIATHUM N1 OTpuMaHHs kpucTtainis CdTe:Mn 3

BiATBOPIOBAaHVMMU €JIEKTPOHHMMU ITapaMeTPaMH 3a KiIMHaTHUX TEMIIEPATypax.

2. The dissertation is devoted to a study of the electrophysical properties of CdTe crystals, both microdoped with
Mn and crystals of Cd1l-xMnxTe solid solutions, depending on the growth technology and the method of heat
treatment. The first section analyzes literary sources on the topic of dissertation. The electrophysical and optical
properties of Cd-Mn-Te crystals are considered, structural defects in Cd1-xMnxTe crystals that arise during their
growth /cooling were analyzed, and their detector characteristics were described. The second section describes
the technologies of crystals growth and experimental research techniques, used in the dissertation to study
crystals of the Cd-Mn-Te system. The developed method of thermal annealing "dry zone" was described, which
was used to purify the crystals from Te inclusions and from uncontrolled impurities. The third section was devoted



to the description and discussion of the results obtained for crystals of Cdl-xMnxTe solid solutions. The first
subsection shows the results of measuring the Hall coefficient. It was found that Cdl-xMnxTe crystals have an
increased content of uncontrolled acceptors in comparison with Cdl-xZnxTe crystals. As a result of the application
of the thermal treatment method "dry zone" to crystals Cdl-xMnxTe, the content of Te inclusions (up to 10 pum)
was reduced by about an order of magnitude and the concentration of ionizing centers was reduced by ~ 3 times.
Studies of the Hall effect and low-temperature photoluminescence confirmed that crystals that were first purified
by the traveling heater method and then grown by the vertical Bridgman method had a high resistivity (o ~ 10 9-10
10 Ohm x cm) and were electrically uniform both along the length of the ingot. In the Cd0.9Mn0.1Te crystal at the
concentration of the introduced impurity in indium CO = 3.5 x 10 17 cm-3, a high degree of donor compensation,
k>0.9, was achieved. Crystals with a simultaneously high content of MnTe (Cd0.8Mn0.2Te, Cd0.7Mn0.3Te) and In
(8x10 17 - 8x10 18 cm-3) very low electron mobility (ue <5 cm2 /(cxs)), which was probably due to the deterioration
of the microheterogeneity of the impurity-defect system due to the uneven dissolution of In in the crystal matrix.
Hence, such crystals are unsuitable for practical use. It was found that Ge-doped Cdl-xMnxTe crystals (x <0.1) (CO
= 8x10 18 cm-3) demonstrated a higher (by ~ 6 orders of magnitude) resistivity compared to undoped Cd1-xMnxTe
crystals, as well as better macroscopic uniformity of electrical parameters. It was confirmed that the micro-
inhomogeneity of electrical parameters in this material was weakly expressed, which, along with a high resistivity (o
~10 8-10 9 Ohm-cm), makes Cd1-xMnxTe-Ge crystals promising for their use as detectors. The second subsection
presents the results of high-temperature studies of the Hall effect in both undoped and In-doped Cd1-xMnxTe
crystals. It was found that for a crystal with a low MnTe content (x = 0.02), the electron concentration dependence
lines were ~ 1.5 times higher than for undoped CdTe, which indicates the presence of a donor point defect in the
Cd0.98Mn0.02Te crystal most likely due to ionization Mn o MnCd+. For the Cd0.7Mn0.3Te crystal, decrease in the
concentration of electrons at the pressure dependencies was observed, relative to CdTe, which was explained by a
decrease in the solubility of the intrinsic donor interstitial Cdi2+ due to a decrease in the distances in the crystal
lattice of Cd0.7Mn0.3Te. The fourth section is devoted to the description and discussion of the results obtained for
CdTe doped with Mn. Positron annihilation spectroscopy in p-CdTe: Mn crystals revealed only one component of
the positron lifetime. At the same time, in n-CdTe:Mn crystals, an increased value of VCd2- concentration was
revealed from 1.5x10 16 to 6.5x10 16 cm-3, which indicated that donors of impurity (probably MnCd+) origin. Using
the results of high-temperature studies of the Hall effect and applying computer modeling of the spectrum of
point defects in CdTe:Mn crystals, a system of quasi-chemical equations of defect formation was developed, and
the obtained experimental dependences of the electron concentration were well described. Computer simulation
confirmed the possibility of the existence in crystals of both single Mn and Mn-containing associates
(MnCd+VCd2-)-. It was found that the solubility of Mn, even at high (T = 873 K) temperatures, is about ~ 1 x 1017
cm-3, and the ionization energy of MnCd+ Ed is ~ 100 meV. These features explain the resulting scatter in the
values of the electrophysical parameters and the lack of correlation between them and the growing conditions, the
doping scheme or the dopant concentration after cooling the Mn-doped CdTe crystals to ~ 300 K. Hence, it finally
follows that Manganese is practically unsuitable for obtaining of CdTe:Mn crystals with reproducible electronic
parameters at room temperatures.
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