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4 Introduction A

Delafossite (CuCoQO,) oxides have been testified to be used in the fields of translucent conductive oxides (TCO), solar cell devices, photocatalysis, and other optoelectronic devices as p-
type semi-conductive materials [1]. The development of p-type TCO will give us possibilities that cannot be used with n-type materials alone, such as transparent p-n heterojunction,
diodes, transistors [2]. Therefore, it was of interest to fabricate an p-CuCoQO,/n-Si heterostructure. As well as the deposition of thin CuCoO, films on n-Si crystalline substrates, made by the

\Unethod of RF magnetron sputtering. )

a Experimental technique I

Thin CuCoO, films (~ 200 nm thick) were obtained by RF magnetron sputtering on glass substrates (for optical studies) and on plane-parallel n-Si plates (for obtaining
heterostructures). A stoichiometric mixture of CuO and CoO, was used to make the target. Substrate temperature t°s = 380 °C, spraying was carried out in two stages t; = 15 min, P, =
180 W, t, = 15 min, P, = 200 W (t - spraying time, P - magnetron power). Studies of the optical transmission spectrum of thin CuCoO, films were carried out on an SF-2000
spectrophotometer in the wavelength range of incident radiation A = 0.2—1.1 um. The surface resistance of CuCoO, films was studied using the four-probe method. At a film thickness of
200 nm, its resistivity was p = 20 Q-cm. The fabrication of ohmic contacts to CuCoO, films and n-Si substrates was performed using a silver-based conductive paste.

I-V-characteristics of p-CuCoO,/n-Si heterostructures were measured using Arduino-based hardware and software, Agilent 34410A digital multimeter and Siglent SPD3303X
programmable power supply, which were controlled by a personal computer using software created by the authors in the LabView environment. Light I-V-characteristics were measured
under integrated light under standard lighting conditions close to AM1.5, and with lighting power density of 80 mW/cm?. /

Experimental results and their discussion
The dependence of the transmittance for CuCoO, thin films applied by high-frequency  To determine the mechanisms of current transfer through the p-CuCoO,/n-SI heterojunction
magnetron sputtering on the wavelength range 4 = 0.5-1.1 um takes the value of T ~ 16 %. at forward Dbiases, the |-V-characteristics were constructed in the coordinates Inl = f(V)
In the region of wavelengths 4 < 0.4 um, a sharp decrease in the transmission coefficient is (FI9. 3). In Fig. 3 there are two rectilinear sections with different angles of inclination to the
observed due to the intrinsic absorption edge of CuCoO, films. voltage axis. According to the tangents of these angles, the non-ideality factor of
heterojunctions n were determined.
4 e - o At small forward biases of 0.05 V < V < 0.4V, the slope to the voltage axis of linear
o Jo ~ - 306K 5 - dependences Inl = f(V) Is characterized by the value of the non-ideality factor n = 2.2-2.5, the
S 3 / ;5 lﬁ i generation-recombination current transfer mechanism predominates. With increasing forward
o !,*" 329K 10 - bias to voltage V > 0.4 V, the non-ideality factor n = 3.4-4.7, the tunneling mechanism of
s, / | ;igﬁ ) H current transfer prevails. Weak temperature dependence of the non-ideality factor is
%, / 2 1l £ characteristic of tunneling mechanisms of direct current formation, with the participation of
21 j surface states at the heterointerface and defects in the space charge region.
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Fig. 2. I-V-characteristics of the heterostructure of
Fig. 1. Spectral dependence of the absorption coefficient p-CuCoO,/n-Si in the temperature range from 293 K 5. . N ot
(ahv)? = f(hv) of CuCoO, films. to 343 K. _ ‘4,4,1-;-;1—;';1“ ‘ R i
The method of independent measurement of transmission and reflection coefficients was :é.-w- 1 oot E venasyg,
used to determine the absorption coefficient of CuCoO, thin films. The light reflection £ AR LR = :Z?”;”;“ g
coefficient R in the studied region of the spectrum for films CuCoO, is R = 20%. SEE 338K 4 TS, 318K
In Fig. 1 shows the spectral dependence (chv)? = f(hv) for the CuCoO, film. The i b s
presence of a rectilinear region near the region of intrinsic absorption edge on the obtained -20 - + 338K
dependence_s confirr_ns the fa(_:t_that the process o_f ab§orption of Iight ph_otons takes place by o, &, D eitaes il = 1) eianwa eses - Ja ad
means of direct optical transitions. For the studied films, the optical width of the band gap applied to the p-CuC00,/n-Si heterostructure at Fig. 4 Temperature dependences of reverse |-V-
was determined by extrapolating the rectilinear sections to the energy axis. As a result, we different temperatures. characteristics for p-CuCoO,/n-Si heterostructure.
obtained the following value of E,=3.5¢eV for CuCoO, thin films. The reverse branches of the |-V- 20 11, mA
From the I-V-characteristics of the p-CuC0O,/n-Si heterostructures presented in Fig. 2, characteristics of the  p-CUCOOL/N-Si . jum
it is seen that in the temperature range T = 299 - 343 K, these heterostructures have heterostructure at temperatures T = 299 - 343 15
rectifying properties. The current rectification ratio is determined at T = 294 K and voltages K in the voltage range from — 1V <V < — :
V| =0.7 Vis equal to RR ~ 10°. 3kT/q in the coordinates In(l,,) = f(¢,-qV) 2 10 |
The height of the potential barrier gg,, which corresponds to a sharp increase in direct are linear. Therefore, the dominant -
current, was estimated by extrapolation of linear sections of I-V-characteristics in the mechanism of current transfer through the p- 5
region of forward biases to the voltage axis. At room temperature, the height of the CuCo0O,/n-Si heterojunction at reverse biases ] _
potential barrier of the p-CuCoO,/n-Si heterojunction is equal to gp, ~ 0.5 eV. With js tunneling with the involving of surface ' : 4 |
Increasing temperature from T =299 K to T = 343 K there is a linear decrease in energy g,  states. 2 -1.5 1 05 0 0.5 1
from 0.54 eV to 0.4 eV. The temperature coefficient of change of the height of the potential As can be seen from Fig. 5 p-CuCo0O,/n-Si i
barrier and its height at 0 K were determined, which are equal to heterostructures have low photosensitivity at  Fig. 5 Light I-V-characteristics of the heterojunction
d(ge)/dT =—1.54-103 eV/K and ¢¢,(0 K) = 1 eV respectively. reverse biases under AM1.5 radiation. p-CuCoO,/n-Si at T=295 K.
a Conclusions ™\

Thin CuCo0O, films (~ 200 nm thick) were applied to glass substrates and plane-parallel n-Si plates by RF magnetron sputtering. CuCoO, films have a transmittance 7'~ 16% in the
wavelength range 4 = 0.5-1.1 um. Analysis of the absorption spectra of films indicates direct optical transitions. The optical band gap of the obtained CuCoO, films is E; = 3.5 eV. The
resistivity of the films at room temperature is p = 20 Q-cm. An anisotypic p-CuCoO,/n-Si heterostructure with a current rectification ratio of RR ~ 103 was fabricated. The diode
characteristics of the heterostructure are due to the energy barrier g, ~ 0.5 eV from the n-Si side. At forward biases of 0.05 V <V < 0.4 V in the structure of p-CuFeO,/n-Si the generation-
recombination mechanism of current transfer prevails. At V > 0.4 V the tunnel mechanisms of current transfer with participation of surface states prevail. The reverse current at biases

kl V <V <-3KkT/g V is determined by tunneling processes involving surface states. Heterostructures have low photosensitivity at reverse biases under AM1.5 radiation.

& References R
1. Amri, A., Jiang, Z.-T., Yin, C.-Y., Fadli, A., Rahman, M.M., Bahri, S., Widjaja, H., Mondinos, N., Herawan, T., Munir, M.M. and Priyotomo, G., Structural, optical, and mechanical properties of cobalt
copper oxide coatings synthesized from low concentrations of sol-gel process // Phys. Status Solidi A.-2016.-213.-P. 3205-3213.

&. H. Kawazoe, H. Yanagi, K. Ueda and H. Hosono. Transparent p-Type Conducting Oxides: Design and Fabrication of p-n Heterojunctions // MRS Bull.-200.-25.-P. 28-36.

J
W Lviv :
2 & G SATS SN /] - enterprise
=3 5 7 ﬁﬁﬁ”ﬁlﬁ 4 Convention : : P
‘L}D(‘ ﬁ “ UU\”@*’ Eu!ropeanproﬂlesu I '-.ﬂ Bureau P\ N g @ Sprmger I2nanoneT NP

network
LVIV L/ IeEraits h
OPEN TO THE WORLD a l] g e l S Business Support on Your Doorstep



mailto:i.koziarskyi@chnu.edu.ua

