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The work describes the influence of growth conditions on the optical and electrical properties of Cuz20
thin films. The electrical properties of the p-Cuz20/n-Cdi -:Zn.Te heterostructure obtained on the basis of
these films were also investigated.

Cuz0 thin films were obtained by the method of RF magnetron sputtering of a target from copper oxide
II powder on glass and glass-ceramic substrates. In the production of the films under study, the tempera-
ture of the substrates (270 °C < Ts < 375 °C) and the time of sputtering of the target (30 min < ¢ < 60 min)
were changed. By optimal conditions, p-Cuz0 films were obtained with an optical band gap of Egr = 2.6 eV
and a specific resistance of p= 0.5 Q x cm. The p-Cu20/n-Cdi - »Zn,Te heterostructures were obtained using
the RF magnetron sputtering of a target from copper oxide II powder on fresh-split Cd: - +Zn.Te substrates.
Investigation of the effect of temperature (23 °C < 7' < 80 °C) on the I-V-characteristics of p-Cu20/n-Cdi-
«Zn,Te heterostructures showed that the heterostructures have a pronounced rectifying effect with a recti-
fication coefficient RR ~ 103 at a voltage of 2 V, the potential barrier height ey = 0.77 eV at T=296 K and
decreases with increasing temperature. The successive resistance of the heterostructures reaches Rs ~ 500
Q at room temperature and is formed by the n-Cdi-.Zn.Te substrates and decreases with increasing tem-
perature. The study of current transfer mechanisms showed that, at small displacements, over-barrier
emission prevails, at medium displacement, tunneling predominates, and at large displacements, the gen-
eration-recombination mechanism of current transfer with the participation of surface states on the metal-
lurgical boundary separation. With increasing temperature, the generation-recombination mechanism of
current transfer gradually disappears and passes into tunneling, which may be due to an increase in the
concentration of electrons with a temperature rise in the base region of the heterojunction (Cdi -.Zn.Te)
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and a decrease in the potential barrier height.
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1. INTRODUCTION

Copper oxide as a material of electrical engineering
is used from the 20's to 30's of the last century. So, for
example, on the basis of copper oxides, the first rectifier
is built. But copper oxides as materials for solar power
began to be widely discussed quite recently [1-3].

The main advantages of copper oxide films, as ma-
terials of electronics and solar energy, are their non-
toxicity to humans, a large number of methods of ob-
taining, cheap copper due to its widespread distribu-
tion. In addition, copper oxides can be used in gas-
sensitive sensors, lithium-ion batteries, photocells, and
others.

In recent years, the main issue of extending the
boundaries of the use of copper oxides in solar power
and electronics is to improve the optical, electrical and
structural characteristics of these oxides [4]. Their spe-
cial value is: copper oxide strongly changes its proper-
ties (type of conductivity, width of the band gap) de-
pending on the oxygen content [3].

Therefore, it was interesting to investigate the de-
pendence of the electrical and optical properties of
Cu20 thin films on the technological regimes of their
preparation by the method of RF magnetron sputtering
[5]. In addition, a p-Cu20/n-Cd: - «Zn.Te heterostructure
was created and its electrical properties were investi-
gated to establish the possibility of practical use of the
obtained copper oxide films. Solid solutions Cdi -.Zn,Te
were chosen as the base substrate due to their higher
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mechanical strength, structural perfection and value of
band gap [6]. This makes them suitable for use in solar
power cells.

2. EXPERIMENTAL METHOD

Cu20 thin films were obtained by the method of RF
magnetron sputtering of the CuO target. The sputtering
process was carried out in the YBH-70 equipment, which
for this purpose was equipped with a magnetron, whose
operating frequency was 13.56 MHz. In order, to avoid
getting sulfur from vacuum oil into the film, a turbomo-
lecular pump TMH-500 was used as a high-vacuum
pump. A copper oxide II powder was pressed into an
aluminum cup to make the target. The internal diameter
of the cup is considerably larger than the diameter of the
eroding zone (working spray region) of the magnetron to
prevent sputtering of the cup’s material.

Thin films of CuzO were applied: on glass substrates
(a cover glass was used as a substrate) to investigate the
optical properties, on glass-ceramic substrates to inves-
tigate the electrical properties. The substrates were
placed on a stainless steel stove, which allowed tempera-
tures of up to 600 °C to be maintained. The substrate
temperature was controlled using K-thermocouple.

All films of CuzO were obtained at a magnetron pow-
er of 180 W. The process of film deposition lasted 30 and
60 minutes.

Cu20 films were deposited on n-Cdi-.Zn.Te fresh-
split crystal plate to obtain heterostructures. These crys-
tals were grown by Bridgman method [7, 8] and had a
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specific resistance p> 102 Ohm. Their composition was
controlled using Hall coefficient studies along the length
of the crystal.

3. RESULTS AND DISCUSSION
3.1 Optical Properties of Cu20 Thin Films

Investigation of optical coefficients was carried out
with the help of the spectrophotometer C®-2000 with
spectral range of studies from 0.2 to 1.1 pm. The trans-
mission spectra of thin films are presented in Fig. 1.
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Fig. 1 — The transmission spectra of thin films Cu20: 1 — ¢ =60
min, Ts=315°C; 2 — t=30 min, 7s=270°C; 3 — ¢t=30 min,
T:=375°C

A method based on the independent measurement of
the reflection and transmission coefficient was used to
determine the optical coefficients. The possibility of us-
ing this method to study the optical coefficients of semi-
conductor thin films deposited on a transparent sub-
strate is justified in [19].

Thus, to measure the absorption coefficient (a), it was
necessary to measure the transmission (7) and reflec-
tion (R) coefficients. Measurement of the reflection coef-
ficient was performed using the C®-2000 spectrometer
and the Pike reflector measuring unit. To do this, a
halogen lamp was used as a light source, which allowed
to study reflection spectra in the wavelength range of
A=0.4-1.1 pum.

In this case, the absorption coefficient can be calcu-
lated by the formula:

2
a= lln (I_R) +
d 2T 4T

4
(1_1:26) + R?

For the obtained Cuz20 films there were straight-
line regions (Fig. 2) in the dependences &2 = f(hv). This
indicates that Cu20 belongs to direct-band semiconduc-
tors and allowed to determine the width of the optical
band gap for each sample.

The electrical resistance of the films was investigat-
ed by a four-probe method on a direct current. The
thickness was measured using the Linnaek microinter-
ferometer MUU-4.

The film thickness (d), the optical widths of the band
gaps (Eg), the resistivity (p) [10] of the Cuz0 films ob-
tained at different substrate temperatures (Ts) and the
duration of the spray process () are given in Table 1.
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The determined values of the band gap have al-
lowed us to conclude that the films obtained are Cu20
but not CuO. The optical band gap of the films obtained
reached 2.5-2.58 eV, which is characteristic of Cu20.
For CuO, the width of the band gap is within the range
of 1.4-1.7 eV.
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Fig. 2 — Absorption spectra of thin films Cu20: 1 — ¢ = 60 min,
Ts=315°C; 2 — t=30min, 75=270°C; 3 — t=30 min,
Ts=375°C

Table 1 — Parameters of thin films Cu2O

t, min T, °C Eg, eV | dyym | p, Q@ xcm
1 60 315 2.5 0.12 90
30 270 2.56 0.06 50
3 30 375 2.58 0.06 0.5

This situation is explained by the fact that when
spraying copper oxide II it decomposes in plasma and
part of the oxygen is sprayed off by vacuum pumps.
Moreover, the substrate temperature has a strong in-
fluence on the film parameters. Most likely with CuO
RF magnetron sputtering, as a result, films of CuOx
(0.5 <x<1) solid solutions are deposited.

The increase of the substrate temperature leads to
the displacement of the stoichiometric composition of
the film toward the Cu20 (x=0.5), which causes the
increase of the band gap width. Reducing the oxygen
content in the film results in an increase in the concen-
tration of vacancies in the anionic sublattice, which
increases the concentration of acceptors, and hence the
electrical conductivity (Table 1). As evidenced by Table
1. larger (compared with other samples) resistance of
sample 1 is associated, most likely, with longer dura-
tion of the spraying process, which can contribute to
the recovery of vacancies in the anionic sublattice by
the oxygen which is present in the plasma as a result of
the decomposition of CuO during spraying.

3.2 Electrical Properties of Cu20/Cd: - xZn,Te
Heterostructure

The I-V-characteristics of the p-Cu20/n-Cdi-xZn.Te
heterostructure (Fig. 3) were measured using a hard-
ware-software system based on the Agilent 34410A digi-
tal multimeter and the Siglent SPD 3303 X power supply
that were driven by a personal computer using the soft-
ware created in LabView environment.
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On the basis of the obtained I-V-characteristics, the
extrapolation of the straight-line sections of the direct
branches determined the value of the potential barrier
height and obtained its temperature dependence (Fig. 3,
inset) from which ¢o (0 K) = 1.49 eV and the coefficient
B,=2.41 x 10-%B x K-1 were determined.
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Fig. 3 — I-V-characteristics of p-Cu20/n-Cdi-.Zn,Te at different
temperatures; temperature dependence of the potential barrier
height (inset)

From I-V-characteristics, the RR factor is determined
for |U| =2 V and T=296 K and has a value of RR ~ 103
and decreases with increasing temperature. This is due to
a decrease in the resistance of the base area with temper-
ature (Cd:-+Zn,Te), (which confirms the temperature de-
pendence of the series resistance (Rs) (Fig. 4, inset), and as
a consequence of the potential barrier height.
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Fig. 4 — Direct branches of the I-V-characteristics of p-Cu20/
n-Cdi - »Zn,Te in half-logarithmic coordinates (7'= 300 K); the
temperature dependence of the series resistance (inset)

As seen from Fig. 4, on the dependences of the I-V-
characteristics, which are constructed in semilogarithmic
coordinates, there are observed rectilinear regions at
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small (0 V< U<0.2 V), medium (0.2 V<U<0.5 V) and
large (0.5 V< U< 0.7 V) displacements by means of which
the indicator of nonideality of I-V-characteristics for each
site is determined at each temperature. The obtained val-
ues are given in Table 2.

Table 2 — Indicator of nonideality of I-V-characteristics for
p-Cu20/n-Cdi - xZn.Te heterostructure

T K 296 |304 |312 [322 |332 |344 |353
small displacements

0<U<02V) 1.41(1.32|1.03(1.21{1.59|1.61|1.32
medium displacements

0.2V <U<05V) 6.81)6.24|5.99(5.25| 4.9 |4.43|3.95
large displacements 14 \qlg 43) 35 1350|355 | 3.5 [3.95

0.5V<U<0.7V)

The analysis of the obtained results (Table 2) showed
that in the case of small displacements the over-barrier
emission predominates; in the case of medium displace-
ments, tunneling prevails, and at large displacements,
the generation-recombination mechanism of current
transfer with the participation of surface states on the
metallurgical boundary separation. With increasing
temperature, the generation-recombination mechanism
of current transfer gradually disappears and passes into
tunneling, which may be due to an increase in the con-
centration of electrons with a temperature rise in the
base region of the heterojunction (Cdi:-.Zn,Te) and a
decrease in the potential barrier height.

The analysis of current transfer at inverse displace-
ments showed that in the range of (- 1.2 V< U<-0.2V)
the reverse current is described by the expression:

I:ev ~ a0 EXp [bOJ
Do (T)_ ev

The dependence Inl=f(g —qU)2 is a straight line
(Fig. 5), which indicates that the tunneling mechanism
of current transfer dominates at the indicated voltages.

At displacements (U<-1.2V), the Frenkel-Pul
emission is observed, as evidenced by straight-line re-
gions on the dependencies Inl = {UY2) (Fig. 5, inset).
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Fig. 5 — Reverse branches of the I-V-characteristics of p-Cu20/
n-Cdi -Zn,Te in the case of tunneling mechanism of current
transfer and Frenkel-Pul emission in the inset (7'= 300 K)
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Fig. 6 — The energy diagram of the p-Cu20/n-Cdi -Zn,Te het-
erostructure in the thermodynamic equilibrium state (7'= 300 K)

The essence of the processes occurring in this case
consists in the relaxation of the electric field by the
thermal excitation of charge carriers captured by surface
traps [11].The presence of a sufficiently strong electric
field in the region of the heterojunction is confirmed by
the high values of the contact potential difference (0.77 V
at 296 K).

The energy diagram of the anisotypic hetero-
structures p-Cuz0/n-Cd; -+ZnsTe in accordance with the
Anderson model, without taking into account the sur-
face electrical states and the dielectric layer, was con
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Enexrpuuni sianacrusocri rerepocrpykrypu Cuz20/Cd: - xZn.Te

E.B. Maiictpyx, I.I1. Kossapceruii, I[.I1. Kozsapewrkwmit, I1.J]. Map’aaayk

Yepuiseupruli HayioHanbHuil yHigepcumem imeni KOpia Dedvrosuua,
ey. Koutobumncovroeo 2, 58012 Yepnisui, Yipaina

V¥V po06oTi JOCITIKeHO BIIMB YMOB BHPOIILYBAHHS HA OIITUYHI TA eJIeKTPHYHI BJIACTHUBOCTI TOHKHUX ILIIBOK
Cuz0. Takomx mociimxeHo eJIeKTPUIHI BiacTuBocTi rerepoctpykrypu p-CugO/n-Cdi —+ZnsTe orpumanoi Ha oc-

HOBI IIUX ILJIIBOK.

Touri wrisku Cu20 orpumysamu MetogoM BU-MarseTpoHHOTO po3nMIIeHHS MIIeH] 3 IOPOIITKY OKCHILY Mi-
mi 11 Ha migrraaky 31 ckiia Ta curasty. [Ipu ofgepskanHi JOCTIKYBAHUX IUIIBOK 3MIHIOBAJIA TEMIIePaTypy ITJIK-
nanok (270 °C < Ts < 375 °C) ra yac posumienss mimesi (30 xB <t < 60 xB). [Ipu onTumanbHux peskumax Oyiu
orpumani 1Bk p-Cu20 i3 mupwHOI onTHYHOI 3a00poHeHOi 30HU Egem=26 eB ta muromum omopom
p=0,50m x cm. Metogom BY maraerposHOro posnusieHHs MilieHi 3 moporky oxcuay miai 11 va ceiso crosori
migrnanku Cdi-.Zn,Te 6y orpumani rerepoctpyrrypu p-Cu20/n-Cd:-Zn,Te. HocmipreHHs BILIUBY TeMIie-
parypu (23 °C < T'< 80 °C) na BAX rerepoctpyrryp p-Cu20/n-Cd: -+Zn.Te mokasamnu, 110 reTepocTpyKTypH BO-
JIOIIOTH SICKPABO BUPASKEHUM BUIIPSIMIISIOUNM e(peKToM 13 KoedirienToM BumpsamieHHsa RR ~ 103 npu Hampyai
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2 B, Bucora noTeHIriabsHOr0 6ap’epy eq = 0.77 eB mpu T'= 296 K ta smenmyersca 3 pocrom Temmeparypu. [o-
CJIIOBHUH OINp TeTepocTpykTyp csrae Rs ~ 500 Om mpu KiMHATHIA Temmeparypi OpMyeThCS MITKIATKOI0
n-Cdi-+Zn,Te i amenmiyerscst 3 poctoM Temmeparypu. JlocmisreHH MeXaHI13MIB CTPYMOIIEPEHOCY ITOKA3aJIH,
1[0 TIPY MAaJIuX 3MIMEHHSIX IepeBaskae Haadap epHa eMiclsd, IPU CepeHIX — TYHEJIOBAHHS, a4 IIPU BEJIMKUX —
TeHePaIifHO-PEKOMOIHAIIHIN MeXaHI3M CTPYMOIIEPEHOCY 34 YJYaCTi0 MOBEPXHEBUX CTAHIB Ha METAJIyPriffHii
Meskl momisty. [lpu maBuIeHH] TeMIeparypu reHepariifHo-PeKOMOIHAIIINHIA MeXaHI3M CTPYMOIIEPEHOCY TI0C-
TYIIOBO 3HUKAE 1 IIEPEXOJIUTH B TYHEJIOBAHHS, 1110 MOe OyTH IIOB'sSI3aHe 13 POCTOM KOHITEHTPAITll €JIEKTPOHIB 3
TeMIepaTyporw y 6a3oBiii ob6macti rerepomepexony (Cdi-xZn.Te) Ta 3MeHIIEHHAM BUCOTH MOTEHITIAIBLHOTO

bap’epy.

Knrouosi ciosa: Touxi maisku, ['erepoctpyrrypa, BAX, Cu20, BU-maruerponHe HATUIIEHHS.
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