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Abstract: In this study, the recombination processes of charge carriers and the electrical properties of
CdTe/Cdi«FexTe (x=0.08) thin film heterojunctions are investigated. The optimal conditions for obtaining
the heterojunction were determined. XRD investigations confirm that thin films have a face-centered
cubic structure with a crystal lattice parameter of a=6.47 A. SEM images show the smooth surface of the
obtained thin films. The lifetime of charge carriers was found to be 7=28-35 pus, and the surface
recombination rate was s=50 cm/s. The study indicated that the decay of the photocurrent is not mono-
exponential, suggesting the presence of several types of recombination. Depending on the energy state of
these centers, the effective lifetime was 10 -102s. VAC analysis confirmed the heterojunction structure
of the investigated samples. Studies of the photoelectric characteristics of CdTe/Cdi.xFexTe (x=0.08)
heterojunction samples have shown that the process of defect formation during irradiation with gamma
guanta leads to a strong change in the concentrations of local levels, including n-centers of
photosensitivity.

Keywords: semimagnetic semiconductor, CdTe/Cdi.«FexTe (x=0.08) heterojunction, electrical, lifetime,
XRD, SEM, VAC.

1. Introduction

One of the current directions in the development of alternative energy is building-
integrated photovoltaics, which involves the integration of solar panels with residential buildings
or industrial facilities. Typically, such devices are assembled on a rigid base, however,
assembling panels on a flexible base would significantly reduce their specific weight and
facilitate installation. Thin films based on cadmium telluride can serve as a material for the
absorbing layer of flexible solar cells. This material has advantages such as an optimal band gap
value of ~1.45 eV, and a high absorption coefficient of solar radiation (~5-10° cm™). Thin films
of semimagnetic semiconductors (SMSC) based on CdTe are of particular interest for use in
photovoltaics [1-4, 8].

2. Experimental part
In this work, a CdTe/CdixFexTe (x=0.08) heterojunction (HJ) was grown on a glass

substrate with a SnO> conductive layer. This was achieved using the molecular beam
condensation method in a UVN-71-P3 vacuum assembly at a vacuum pressure of 10* Pa. The
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source temperature was Tsour=1100 K, and the substrate temperature was Tsuy=670 K. Ni contacts
were deposited on both the front and back sides (Fig.1).
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Fig. 1. Formation of thin film CdTe:CdFeTe heterojunction.

The samples were irradiated with y-quanta using a Co®® installation at 300 K. During
irradiation, the crystals were cooled with liquid nitrogen vapor, and their temperature did not rise
above 290 K.

The crystal structure of the obtained thin films was studied on Bruker D8 ADVANCE
(Germany) X-ray diffractometer (XRD). X-ray diffraction patterns of Cdi.<FexTe (x=0.08) thin
films show all diffraction peaks (111), (220), (311), (400), (331) and (422) which confirm that
thin films have a face-centered cubic structure with a crystal lattice parameter of a=6.47 A (Fig.
2).
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Fig. 2. XRD images of Cd;-Fe, Te thin films (x=0.08).

The surface morphology was studied using electron microscopy on a JEOL JSM-7600F
Field Emission Scanning Electron Microscope (SEM), which confirms the smooth surface of the
obtained thin films (Fig. 3).
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Fig. 3. SEM images of Cd..Fe,Te thin films (x=0.08).

In previous works, we have studied various physical properties of Cdi.<FexTe SMSC [5-
7]. In this study, we investigate the recombination processes of charge carriers and the electrical
properties of the material. Understanding recombination processes is crucial for studying the
physical properties of semiconductor materials and the devices based on them. The mechanism
of charge carrier recombination determines the features of photoelectric, luminescent, and
injection phenomena, which are essential for the practical applications of semiconductors.

To determine the recombination mechanism, the parameters of recombination centers,
and the electronic transition processes in heterojunction (HJ), we employed a combination of
stationary and kinetic research methods (Fig. 4). For obtaining kinetic characteristics, the HJ was
illuminated with short pulses (t~10° s) of LEDs. The photoelectric signal resulting from a
change in the HJ potential due to pulsed illumination was amplified using a broadband transistor
amplifier, then fed to an oscilloscope and recorded by a computer. The temporal resolution of the
electoral circuit was no worse than 102 s, enabling signal registration within the time range of
108+102 s (Fig. 5) [1-4].

1 _I1 |2
=
| | L, 4

Fig. 4. Block diagram of the setup for measuring the kinetics of the photoelectric effect:
1 — pulse generator; 2 — cell; 3 —amplifier with polarization unit; 4 — oscilloscope.
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Fig. 5. Relaxation of the photoconductivity of a sample excited by rectangular light pulses in
CdTe/CdFeTe thin film heterojunction before irradiation.
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Fig. 6. Volt-ampere characteristic of CdTe:CdFeTe thin film heterojunction.

It was considered the possibility of estimating the lifetime of nonequilibrium charge
carriers in a near-surface layer with defects. In the presence of several types of recombination,
the effective carrier lifetime can be found from the following expression.

For a thin film heterojunction CdTe/CdFeTe, taking into account structural defects and
the influence of the surface, the effective lifetime can be determined by the following equation:
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Where Tis :é; ni -lifetime considering carrier recombination at structural defects in the
CdTe:CdFeTe HJ; s - is the surface lifetime; s - is the rate of surface recombination; d - is the
thickness of the plate. Analysis of Fig.6 showed that the lifetime of charge carriers is 7=28-35 ps,
and the surface recombination rate is s=50 sm/s.

The dose dependence of the charge carrier lifetime in the range from 0+200 krad. passes
through a peak and then decreases. The sensitivity region is 0+150 krad and is explained by an
increase in the degree of orderliness of the system, while at doses above 100 krad due to defect
formation, the number of r-centers responsible for photosensitivity drops significantly, which

leads to a sharp decrease in the lifetime (Table 1).

Table 1
Dependence of lifetime on radiation dose
D (krad) 0 50 100 150
t(mks) 30 39 28 20

3. Conclusion

The study demonstrated that the decay of the photocurrent is not mono-exponential,
indicating the presence of several types of recombination. Depending on the energy state of these
centers, the effective lifetime was 10°-10 s. Under pulsed illumination, the lifetime of charge
carriers was determined from the kinetic decay of the photocurrent [5-7, 9].

In the irradiated CdTe/CdixFexTe (x=0.08) heterojunction samples at low doses (up to 10
krad) of irradiation, the photosensitivity changes insignificantly, which is due to the high density
of structural defects in the original crystals. With an increase in the gamma irradiation dose to 50
krad, the photosensitivity of the samples increased, and above 50 krad it decreased. The effect of
radiation-induced change in photosensitivity is due to both a change in the lifetime of
nonequilibrium holes as a result of the rearrangement of defects in the band gap of the crystal
and the concentration of photosensitivity centers, and their holefilling. The energy position of
radiation defects responsible for photoconductivity was 0.17-0.22 eV and their concentrations
were 1013-10%® cm=. Thus, studies of the photoelectric characteristics of CdTe/CdixFexTe
(x=0.08) heterojunction samples indicated that the process of defect formation during irradiation
with gamma quanta leads to a strong change in the concentrations of local levels, including the
p-centers of photosensitivity.

To investigate the mechanism of current flow in the HP, we studied the dark current-
voltage characteristics (Fig.6) and photoconductivity at room temperature. The results showed
that the obtained HJs can be used as photoconverters for solar energy.
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NCCJIEJOBAHUE PEKOMBUHAIIMOHHBIX HEHTPOB B CdTe/CdixFexTe IO
PEJJAKCAIIUU ®OTONMPOBOANUMOCTHU

H.WU. I'yceiinoB, M.A. MexpaboBa, O.M. CanamoB, A.M. Ajieknepos,
P.M. Caapiros, ®.I1. Abacos

Peztome: Bripamien rereporepexon CdTe/Cdi«FexTe (X=0.08) Ha CTEKISHHOM MOTOKKE C TPOBOISIINM
cioem SN0, C menplo ompeneneHus MexaHW3Ma pPEeKOMOMHAIIMY, TapaMeTpOB PEKOMOWHAIIMOHHBIX
[ICHTPOB U IMPOIIECC HIEKTPOHHBIX MEPEX0I0B MCIOIb30BaHbI KOMIUIEKC CTAIIMOHAPHBIX U KHHETHYECCKUX
METOJIOB HCCiefAoBaHus. IIpH HMMIYJILCHOM OCBEIICHHH, [0 KHHETHYECKOMY Craay (OTOTOKa,
OIPEJICIICHO BPeMsl JKM3HU HOCHTENEH 3apsiaa. ViccienoBanust oKa3ay, 4To ciajl GOTOTOKa HE SBIIACTCS
MOHOAKCITOHEHTHO#, YTO TOKa3bIBAaeT O HAJIWYNU HECKOJIBKUX THUIIOB peKOMOWHaIuK. B 3aBucHuMoCTH OT
SHEPreTUYECKOTO0 COCTOSHUS 3THX ILIEHTPoB >(QQeKTHBHbIE BpeMs xku3HH cocTaBiauio 10°-10° c.
HccnenoBanust pOTOITEKTPHUUECKUX XapakTepucTuk obpasioB CdTe/CdixFexTe (x=0.08) mokaszamnu, 4ro
nporiecc aeekToo0pa3oBaHusl MpH O0JydYeHHM TaMMa—KBaHTAMH TPUBOJUT K CHJIBLHOMY H3MEHCHHIO
KOHIIEHTPAIHH JIOKAIBHBIX YPOBHEH, B TOM YKCIIe N- HEHTPOB (hOTOUYBCTBUTEIHLHOCTH.

Kniwouesvle cnoea: toHkas TuéHKa monyMarautoro momymnpoBoganka CAdTe/CdicFexTe, BpeMs Ku3HH,
PEKOMOMHAIIMOHHBIN IIEHTP, (POTOINEKTPUIECKHIA CUTHAN, 00TydeHHE raMMa KBaHTaMHU.
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FOTOKECIRICILIYIN RELAKSASIYASINA GORO CdTe/CdixFexTe
REKOMBINASIYA MORKOZLORININ TODQIiQi

N.I. Hiiseynov, M.A. Mehrabova, O.M. Salamov, A.M. 9lakparov,
R.M. Sadiqov, F.P. Abasov

Xiilasa: CdTe/Cdi<FexTe nazik tobagoli yarimkegirici elektrik kegiricili SnO tobagosi olan siigo altliq
tizorindo alimmigdir. Rekombinasiya mexanizmini, rekombinasiya markozlorinin parametrlorini vo
elektron kegid proseslorini miioyyon etmak iigiin stasionar vo Kinetik todgiqat metodlari kompleksindon
istifado edilmisdir. Impulslu isiglanma altinda, fotocoroyanin kinetik azalmasmna osason yiik
dastyicilarinin yasama miiddati miioyyon edilmisgdir. Todgiqatlar gostormisdir ki, fotocoroyanin azalmasi
monoeksponensial deyil vo bu da bir ne¢o név rekombinasiyanin movcud oldugunu gostarir. Bu
morkazlorin energetik halindan asili olaraq effektiv yasama miiddoti 10%-10° s toskil etmisdir.
CdTe/CdixFexTe (x=0.08) heterostruktur niimunolorinin fotoelektrik xarakteristikalarinm todgiqi
gostormisdir ki, gamma stialar1 ilo stialanma zamani defekt omolo golmo prosesi lokal soviyysalorin, o
ctimlodon n-fotohassasliq markazlarinin konsentrasiyalarinin doyismasine sabab olur.

Acar sézlar: nazik tobagoli CdTe/Cdi«FexTe (x=0.08) heterostruktur yarimmagnit yarimkegirici, yasama
miiddati, rekombinasiya morkoazi, fotoelektrik signal, gamma siialanma.
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