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Optical and Electrical Transport Properties of the ZnO:CdO Composite Film

In this work, zinc oxide films and composite ZnO:CdO films with cadmium oxide concentrations of 3 ul, 5
ul, 7 ul, 10 pl, and 12 pl were obtained by spin-coating on FTO. The films were annealed in the atmosphere
under the same temperature conditions of 450°C. The morphology of ZnO:CdO composite films was studied
by the SEM method and an electron-dispersion analysis of the concentration of the studied substance was car-
ried out. The influence of the surface morphology of the composite film with an increase in the CdO concen-
tration from 3 ul to 12 ul on the optical and electrotransport properties of the ZnO:CdO composite film was
studied. The optical absorption spectra of composite films of zinc oxide and cadmium were measured. A
Tauc plot is presented to determine the band gap of a ZnO:CdO composite film. It has been established that
an increase in the CdO concentration on the ZnO surface leads to a decrease in the optical band gap. The ob-
served decrease in the optical band gap of the film with increasing CdO is due to the small band gap of CdO.
The method of impedance spectroscopy was used to study the main electrophysical characteristics, in particu-
lar, the dynamics of charge carrier transfer in nanocomposite films based on ZnO:CdO. It has been estab-
lished that the CdO layer on the ZnO surface contributes to a decrease in the resistance value of the composite
film Ry, an increase in the charge recombination resistance parameter R at the interface, and an increase in
the efficiency of electron injection.

Keywords: ZnO, CdO, composite, morphology, electron transport layer, absorption, structural layer,
impedance spectroscopy.

Introduction

The transformation of the demand for electricity is one of the possible cases, which in the short term
may take place in the case of a rapidly growing value on true energy. Among the various photovoltaic con-
verters that currently exist, organic solar cells are of great interest among various international scientific
groups. The efficiency level of organic solar cells (OSC) already exceeds 14% due to the search for new ma-
terials, the improvement of existing materials and the optimization of the active layer morphology [1-6]. The
inverted structure is widely used in organic photoconverters due to its good stability and efficient phase sepa-
ration [7-9]. The electron transport layer (ETL) in the inverted structure plays an important role in the per-
formance of organic solar cells. The ETL layer can not only enhance electron extraction and reduce charge
recombination, but also affect the morphology of the photoactive layer.

ETL layers based on metal oxides have attracted great attention because of their high transparency in
the visible region of the spectrum, as well as their ability to change energy levels and electrical properties by
doping or chemical modification [10]. Among the known metal oxides used in OSC is ZnO [11-14] and
TiO, [15]. However, ETL layers based on ZnO and TiO, have relatively low charge carrier mobility and
photoactivity in the visible spectral range. One way to increase the photoactivity of oxide semiconductors is
to dope them with another semiconductor with a narrow band gap. This will increase the sensitivity of the
composite system in the visible range of the spectrum and reduce the efficiency of charge recombination. As
such a semiconductor, CdO, which is an n-type oxide semiconductor with a narrow band gap, can be used
(2.16-2.6 eV). The purpose of this work is to increase the photoactivity of oxide semiconductors.

In this regard, in this work, ZnO:CdO composite structures are obtained and the optical and electrical
transport properties of composite films are studied.

Experimental

To obtain composite films, initial research solutions were preliminarily prepared. For this purpose,
Zns(OH)gCl, (pure 99.9%, Sigma Aldrich) powder with m=48.9 mg was dissolved in VV=0.5 ml of isopropa-
nol. After 20 min, monoethanolamine was added to the resulting solution in an amount of V=36 ul. After the
solution was stirred at a temperature of T=60°C for 2 hours, and then kept for 24 hours at room temperature.
To obtain CdO films, Cd(CH3;COOQ), (pure 99.9%, Borun New Material Technology Co., Ltd) crystallites
weighed m=34.5 mg were dissolved in V=0.5 ml of isopropanol. After the solution was kept for 20 minutes,
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then V = 0.5 ul of monoethanolamine was added to the resulting mixture. After the solution was stirred at a
temperature of T=80°C for 2 hours.

Preparation of substrates for composite films was carried out according to the procedure [16]. The prep-
aration of composite films was carried out as follows: the initial solution for ZnO films (V=30 ul) was ap-
plied to FTO surfaces by centrifugation (model SPIN150i, Semiconductor Production System) at a rotation
speed of 4000 rpm/min. After the films were annealed in an air atmosphere at a temperature of 200°C for 10
min, then a solution for CdO films (V =3 pl, 5 ul, 7 pl, 10 pl, and 12 pl) was applied to the surface of the
resulting film at a rotation speed of 4000 rpm/min, after which the resulting films were annealed at a temper-
ature of 450°C for 50 min [17].

To carry out electrophysical measurements, the surface of the ZnO and ZnO:CdO films were deposited
on an aluminum electrode 120 nm thick by thermal deposition on a CY-1700X-SPC-2 (Zhengzhou CY Sci-
entific Instruments Co., Ltd) setup.

The film morphology was studied on a MIRA 3 LMU (TESCAN) scanning electron microscope. Ele-
mental analysis (EDX analysis) of the samples was carried out using an INCAPentaFET-x3 (Oxford Instru-
ments, England) energy dispersive analyzer. A Co (9905-17, Micro-Analysis Consultants Ltd Unit 19, Edi-
son Road, St lves Cambridgeshire PE27 3LF U.K) sample was used as a standard. The absorption spectra of
the studied samples were measured on an AvaSpec-ULS2048CL-EVO spectrometer (Avantes). The imped-
ance spectra were measured using a P45X potentiostat-galvanostat (Elins) in the impedance mode.

Results and Discussion

Figure 1 shows SEM images of ZnO and ZnO:CdO films. The surface of the ZnO film has a granular struc-
ture with an average grain size of d~12 nm. For the ZnO:CdO composite film, the film surface does not change.

SEM HV: 250 kv wDSO?mm
Det: SE I View field: 0.883 pm
SEM MAG: 313 kx

Figure 1. SEM images and EDX spectra of the films
a) morphology of the ZnO film, b) morphology of the ZnO:CdO composite film

The inset in Fig. 1 shows the EDX spectra of the studied composite films. When a CdO layer is deposit-
ed on a ZnO layer, a change in the redistribution of elements in the quantitative ratio at the surface layer is
observed. According to Table 1, the initial film is enriched with zinc and oxygen; after the deposition of the
CdO layer, an increase in the proportion of cadmium is observed, the amount of oxygen does not change.

Table 1
Elemental composition of ZnO and ZnO:CdO films
No. Films Zn, weight % Cd, weight % O, weight % Zn/Cd ratio

1 ZnO 14.1 - 22.6 -

2 CdO (3 ul) 19.7 1 22.9 19.7
3 CdO (5 ul) 14.1 1.2 22.6 11.7
4 CdO (7 ul) 13.7 1.4 21.9 9.7
5 CdO (10 ul) 13.1 1.5 22.2 8.7
6 CdO (12 ul) 13.1 1.8 22.1 7.2

Cepus «dusukay. Ne 3(107)/2022 13



A.K. Mussabekova, A.K. Tussupbekova, A.K. Aimukhanov

Figure 2 represents the absorption spectra of the films. The absorption spectrum is typical of the absorp-
tion spectrum of wide-gap semiconductors. The edge of the fundamental absorption band falls in the near
ultraviolet region, which corresponds to the optical transition of the band gap of oxide semiconductors. It can
be seen from the figure that an increase in the CdO concentration on the surface of the ZnO layer leads to a
threefold increase in the absorption of the composite film.
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Figure 2. Absorption spectra of ZnO and ZnO:CdO films

The inset in Figure 2 shows the Tauc plot for determining the band gap (Eg) of the composite films.
Table 2 lists the values of the film band gap depending on the CdO concentration. It can be seen that an in-
crease in the CdO concentration on the surface leads to a decrease in the optical band gap (Eg) from 2.9 eV
to 2.37 eV. The decrease in the optical band gap of the composite film is due to the fact that CdO is a semi-
conductor with a small band gap.

Table 2
Maximum absorption value of ZnO and ZnO:CdO films
No. Films D, (A=360 nm) bangzgga(leV)
1 Zn0O 0.25 2.9
2 CdO (3 ul) 0.51 2.62
3 CdO (5 ul) 0.52 2.58
4 CdO (7 ul) 0.54 2.54
5 CdO (10 ul) 0.57 2.4
6 CdO (12 ul) 0.59 2.37

Figures 3b and 3c demonstrate the structural layer of a ZnO film and a ZnO:CdO composite, respective-
ly. To determine the mechanisms of transport and recombination of charge carriers, the impedance spectra of
composite films consisting of several layers were measured: a glass substrate coated with a transparent con-
ducting FTO electrode (anode); ZnO:CdO layer; aluminum electrode in Figure 3c. Figure 3d shows the
equivalent electrical circuit that was used to interpret the impedance spectra. The fitting of the impedance
spectra was calculated using the EIS-analyzer software package.

Figure 3a designates the following parameters for obtaining the film hodograph: R;and R, — Ryand Rey
— resistances corresponding; where R,, is the resistance of the Zn0O:CdO nanocomposite layer, R is the
charge carrier recombination resistance at the ZnO:CdO/electrode interface associated with the extraction of
charge carriers from Zn0:CdO, CPE; is the constant phase element, which is the equivalent component of
the electrical circuit that models the behavior double layer but is an imperfect capacitor.

After fitting, the values of the hodograph parameters were determined, characterizing the kinetics of
transport and recombination of charge carriers based on ZnO and ZnO:CdO films. These parameters are giv-
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en in Table 3, where 1. is the effective lifetime of charge carriers, ke is the recombination index character-
izing the recombination rate.
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Figure 3. a) impedance spectra of ZnO and ZnO:CdO, b) structural layer
of ZnO, c) structural layer of ZnO:CdO, d) equivalent electrical circuit

Table 3
The value of the electrophysical parameters of the films
P Ruws Rrec, Teff Kef,
No. Films (Ohm) (Ohm) Riec /Ru (msec) (sec™)
1 Zn0O 73.6 642.4 8.7 0.13 7309
2 CdO (3 ul) 60.2 412 6.8 0.12 8176
3 CdO (5 ul) 38.9 489.4 12.9 0.11 9054
4 CdO (7 ul) 27.3 702.4 25.7 0.08 12882
5 CdO (10 ul) 21.4 706.3 33 0.08 12589
6 CdO (12 ul) 11.9 880.1 73.9 0.06 15848

Table 3 presents the obtained values of Ry, Ry, €tc. It can be seen that the R,, value has the highest val-
ue for the ZnO film. With an increase in the concentration of CdO in ZnO, the resistance R,, of the film de-
creases, which should improve the transport of injected electrons to FTO. R, the resistance characterizing
the recombination of electrons at the ZnO:CdO/electrode interface, varies depending on the CdO concentra-
tion. A slight decrease in the film recombination resistance is compensated by a decrease in the resistance
Rw. The effective lifetime of charge carriers 1. decreases, which indicates an increase in the rate of charge
injection onto the current-collecting electrode. Also, an increase in K is observed, which characterizes the
rate of charge recombination after a complete cycle in the circuit; this indicates a decrease in electron recom-
bination at the ZnO:CdO/electrode interface. Thus, the conducted studies show that the CdO layer on the
ZnO surface contributes to a decrease in the resistance of the composite film, an increase in the resistance of
charge recombination at the interface, and an increase in the efficiency of electron injection.

Conclusions

In this work, ZnO films and a ZnO:CdO composite were obtained by spin-coating on the FTO surface.
The concentration of cadmium in the solution to obtain a layer on the surface of zinc oxide ranged from 3 to
12 pl. The influence of the CdO layer on the ZnO surface on the morphology, optical and electrical proper-
ties of composite films has been studied. Analysis of SEM images showed a change in the redistribution of
elements in a quantitative ratio with the surface layer of the composite film. According to the absorption
spectrum of ZnO:CdO composite films, an increase in the CdO concentration leads to an increase in the opti-
cal absorption of the composite film and a decrease in the optical band gap. The study of impedance spec-
troscopy showed that the CdO layer on the ZnO surface contributes to a decrease in the resistance of the
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composite film, an increase in the resistance of charge recombination at the interface, and an increase in the
efficiency of electron injection.
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O.K. Myca6ekosa, A.K. Tycyn6ekona, A.K. AlimyxaHoB

Zn0O:CdO xoMno3UTTi KAOBIKIIAHBIH ONTHKAJBIK JHE 3JIEKTPOTACBIMAJIIAY KacHeTTepi

Maxkarnazia MBIpBII OKCUAIHIH KaOBIKIIAIAphl MEH KaJMUI OKCHAIHIH KOHIEHTPAIUsICHl 3 MiI, 5 M1, 7 mi, 10
i koHe 12 mir kommosutTik ZnO:CdO xabeikmanaper FTO-ma Spin-coating omici apKbUIBI AllBIHIBL.
Kabpikmamap armocdepama Oipaelt Temmeparypa skarmaiibiHma 450°C xepasipeuigsl. SEM  omicimen
ZnO:CdO  xoMMO3WTTIK  KaOBIKIIAMApBIHBIH ~ MOPQOJIOTHACH  3€PTTENIN,  3epTTENIeTiH  3aTTHIH
KOHIIGHTPALMSICBIHA IEKTPOHIBI-TucHepeTik Tanaay xkyprizingi. CdO xoHueHTparmscs! 3 mi-aeH 12 mi-re
neitin aptkan kesge ZnO:CdO KOMITO3UTTIK KaOBIKIIATAPhIHIA ONTHKAIBIK JKOHE AIIEKTPOTACHIMAJIAY
KaCHETTEpiHiH KOMIO3UTTIK KaOBIKIIACHIHBIH OeTKi MOpQONOrHsichHA acepi 3epTTenii. MBIphII JkoHEe
KaJMUH OKCHJIHIH KOMIIO3UT KaOBIKIIANApPBIHBIH ONTHKAIBIK JKYThUTy crekTpiepi emmenai. ZnO:CdO
KOMITO3UTTIK KaOBIKIIACHIHBIH THIHBIM CaJlbIHFAaH aiMarblH aHblkTay ymiH Tayk rpadwuri (Tauc plot)
kepcerinred. ZnO Oetingeri CdO KOHIEHTPANUSCHIHBIH apPTYBl THIHBIM CAlbIHFaH aifMaKTBIH OITHKAJIBIK
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eHiHIH TeMeHieyiHe akeseTiHi anbikTanasl. CdO apTKaH caifbiH KaObIKIIanapaa 6aKbUIaHBII OTBIPFAH THIHBIM
CaJIbIHFaH alMakKTBIK ONTHUKAIBIK eHiHIH TeMmeHaeyli CdO-HbIH IIaFrblH THIABIM CajbIHFAH aliMarbIMCH
OaiimaHBICTHI. VIMIenaHC CHEKTPOCKOMUS OMiCi apKbUIbI HETi3T1 MEeKTPOPHU3UKANBIK CHIIaTTaMalapibl, aTall
aiitkanma ZnO:CdO HeriziHIeri HAaHOKOMITO3HUTTIK KaOBIKIIATAPAAFbl 3aps] TAaCyNIBIHBIH JAHAMHKACHIH
3epTrey YmiiH KoumaHeuinel. ZnO Oeringeri CdO kabaThl KOMITO3HTTIK KaOBIKIIAaHBIH RW KemepriciHiH
TeMeHzIeyiHe, 0oy IIeKapachIHIarbl 3apsAATapaslH RW pekoMOMHAIMS KeAepriciHiH JKOFaphUIayblHa JKoHE
ANIEKTPOHIBI MHXKEKIMS THIMIUIITIHIH apTybIHA BIKITAN €Te.

Kinm ce30ep: ZnO, CdO, xommo3ur, MOpPQOJIOTHs, SJIEKTPOHABIK TachiMaljay Kabarel, KYTHULY,
KYPBUIBIMIBIK KabaT, HMITeJaHC CIIEKTPOCKOIIHSL.

A K. Mycab6ekoBa, A.K. Tycynbekona, A.K. AitmyxaHos

OnTuyeckne M 3JEKTPOTPAHCIIOPTHBIE CBOMCTBA KOMNO3UTHOM miieHku ZnO:CdO

B cratbe MeromoM Spin-coating Ha FTO Obuin HOSMydYeHBI IUICHKH OKCHAA IMHKA M KOMIIO3UTHBIC IUICHKH
Zn0:CdO c xoHneHTparueil okcuna kaagmust 3 M, 5, 7, 10 1 12 mi. Inerkn oTxurannce Ha atMocdepe mpu
OJIMHAKOBBIX TeMmeparypHbix yciosusax 450°C. Merogom COM uccnenoBaHa MOPQOIOTHS KOMIIO3UTHBIX
wieHok ZnO:CdO, u mpoBe/ieH 3IeKTPOHHO-AUCIIEPCHOHHBIIN aHAN3 KOHIICHTPAINH HCCISIYEMOTrO BELIeCT-
Ba. M3yueHo BnustHME MOP()OIOTHH ITOBEPXHOCTH KOMIIO3UTHOH IUICHKH IPH YBEINYEHUH KOHIICHTPALUH
CdO ¢ 3 Mt 10 12 M1 HA ONITHYECKHE U BIEKTPOTPAHCIIOPTHBIC CBOMCTBA KOMIO3UTHON ieHkn Zn0O:CdO.
IIpoBeneHbI M3MEpEeHUs CIIEKTPOB ONTHYECKOTO ITOTJIONIEHHSI KOMIIO3UTHBIX IUICHOK OKCHIA IMHKA U Kaj-
mus. Ilpusenen rpaduk Tayka (Tauc plot) s ompenesneHus] NIMPUHBI 3alPEIICHHOW 30HBI KOMIIO3UTHOM
wienkn ZnO:CdO. YcraHosieHo, 4to yBenmueHne koHneHTpanun CdO Ha nmoBepxHoctH ZnO NMPUBOAUT K
YMEHBIICHHIO ONITHYECKOH IIMPHHBI 3alpelieHHol 30Hbl. Habmroqaemoe yMeHbIIeHHe ONTHYECKOH IUPHUHBI
3anpenieHHoH 30HbI TUIeHKH ¢ yBenmdeHnem CdO cBsizaHO ¢ Manoi 3anpenieHHol 30001 CdO. MetonoM uM-
MEJAaHCHON CIIEKTPOCKOIHMHU HCCIIEOBAHBI OCHOBHBIE 3NIEKTPOGH3NIECKHE XapaKTEPUCTHKH, B YaCTHOCTH,
IMHAMHKA TTepEeHoca HOCUTENeH 3apsiaa B HAHOKOMIIO3UTHBIX IUIeHKax Ha ocHoBe ZnO:CdO. [loka3aHo, 4To
cioit CdO Ha moBepxHOcTH ZnO CIOCOOCTBYET YMEHBIICHHIO 3HAYEHHS COMPOTHBICHUS KOMIIO3UTHOM
IVICHKH Rw, yBennueHHIo mapameTpa CONpPOTHBICHHS pPeKOMOMHAIMY 3apsoB Rrec Ha rpaHune pasnena u
BO3pacTaHuio 3G (HEKTUBHOCTH HHKEKIHN JIEKTPOHOB.

Knwoueesvie crosa: ZnO, CdO, koMno3ut, MopdoJIorus, 3JIeKTPOHHBIA TPAHCIOPTHBIH CJIOW, HMOTIOIICHHE,
CTPYKTYPHBIH CJIOH, MMITEIaHC-CIIEKTPOCKOTIHSL.
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