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Wide band gap semiconductors have appeared as promising materials suitable for high temperature
high frequency high power operations in electronics as well as optoelectronic devices because of their ex-
ceptional material characteristics. More specially CdO and ZnO films possess an outstanding ability to ma-
terialize short wavelength light emitting devices due to their large band gap energy. CdO and ZnO films
are widely used for optoelectronic applications in the short wave length visible-light region especially for
laser diodes (LDs) and light emitting diodes (LEDs). In this paper we report structural, optical and electri-
cal properties of wide band gap CdZnO thin film prepared by spray-pyrolysis on glass substrate. Charac-
terization of the samples was carried out with UV-spectroscopy, X-ray diffraction (XRD), scanning electron
microscope (SEM), Raman spectroscopy and four-probe measurements. The XRD pattern exhibited a mix-
ture of cadmium oxide cubic and hexagonal ZnO phases. Surface morphology of sample was identified from
SEM micrograph as porous surface. Raman spectra exhibit the strong E2 (High) phonon peak in addition
to other multiphonon peaks. Optical absorption spectroscopy and DC conductivity measurements give the
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optical band gap of 2.87 eV and semiconductor nature with activation energy of 0.33 eV.

Keywords: TCO, XRD, UV-visible, Conductivity, Spray pyrolysis.

DOTI: 10.21272/jnep.11(1).01027

1. INTRODUCTION

The cost effective transparent cadmium doped zinc
oxide conductor thin films find applications in the field
of optoelectronic devices as efficient energy conversion
material in thin film solar cells and light emitting di-
odes [1-3]. Among the TCO semiconductors, ZnO and
CdO semiconductors are technically essential because
of their high electrical conductivity due to moderate
electron mobility, high carrier concentration and trans-
parency in the visible range of electromagnetic spec-
trum [4]. These two metal oxide semiconductors have
been broadly investigated by researchers in pure and
doped forms. In modern optoelectronic devices, modula-
tion of band gap in the material is important for mak-
ing it attractive for its application as buffer layers on
solar cells. Therefore, modulation of these two unique
materials will allow us to realize expected band gap
and intermediate optical and electrical properties of
CdZnO [5]. Thus, CdZnO composition with higher Cd
content has gained more attention in the scientific
field, especially for making laser diodes and solar cells,
where the band gap engineering is necessary [6].

In this paper, we report various characterizations of
CdZnO composite thin films prepared by spray pyrolysis
method. The method is scalable, very simple and eco-
nomical. Use of low cost, high throughput equipment,
low material wastage, and high uniformity over large
area make this a truly efficient deposition method.

2. EXPERIMENTAL TECHNIQUE

Cadmium acetate and zinc acetate salts were mixed
with deionised water for solution. This solution was
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PACS numbers: 81.20.ka, 81.70.Pg, 61.72.Uj

sprayed onto the heated glass substrates held at con-
stant temperature of 450°C [7].

3. RESULTS AND DISCUSSION

Zn doped CdO oxide thin film was deposited on
glass substrate at 450°C by using spray pyrolysis tech-
nique. The structural, surface morphological, optical and
electrical characterizations of the deposited films were
investigated.

The XRD patterns of the CdZnO thin film deposited
on glass substrate at 450°C are shown in Fig. 1.

It is seen that the film is polycrystalline in nature
with double phase, having cubic and wurtzite crystal
structures along with a strong orientation (111) plane.
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Fig. 1 — XRD pattern of CdZnO thin film
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All the diffraction peaks are well matched with the
JCPDS card no.s (05-0640:CdO) and (36-1451:Zn0).
Useful information that characterizes the growth is
extracted from the XRD measurements. These include
the lattice parameter values ‘éa’ and ‘¢’ calculated in the
range of 3.253 A and 5.221 A. The average crystallite
size (D) from the most intense peak (111) is 35 nm and
has been calculated using the Scherrer equation:

D 0.944 ’
pPcosO

@

where 4, f, and @are the X-ray wavelength (1.54 A), the
full width at half maximum (FWHM) in radians, and
the diffraction angle.

Raman spectroscopy technique has been used to study
the vibrational, rotational, and other low-frequency
characteristics. Raman spectrum shows a strong sharp
peak at 431 cm~-1! assigned to [E2(H)]. This signifies
ZnO hexagonal wurtzite structure with broadness due
to higher Cd content. It has been observed that appear-
ance of lower peaks reflects the presence of induced
stress that is caused by structural disorder in the film
due to replacement of Cd2* with Zn2* in the host CdO
matrix [8, 9]. The characteristics of Raman spectra are
in good agreement with the XRD results and are de-
picted in Fig. 2.

1000
sae CdZnO)]
aa0
-
LT
2
2 0
500
400
e
200 400 &00 s00 1000 1200 1400 1800 1300

Ramas shifticm )

Fig. 2 - Raman spectra of CdZnO thin film

SEM image as shown in Fig. 3 reveals uniform sur-
face with some porosity which confirms large surface-
to-volume ratio that enhances the surface activity of
the film, thereby leading to a higher degree of UV ab-
sorption being an important parameter for photovoltaic
applications.

The absorption spectrum of CdZnO composite thin
film recorded in the 400-1000 nm region is shown in
Fig. 4. From this spectrum, energy band gap of ZnCdO
sample is calculated by using the Planck relation as:
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where A is the Planck constant and Az is the absorption
edge.

Optical absorption measurements indicate that the
material is a direct band-gap semiconductor with the
energy gap of 2.87 eV.
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Fig. 3 - SEM image of CdZnO thin film
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Fig. 4 — Absorbance spectrum of CdZnO thin film
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Fig. 5 — Linear fit of electric conductivity of CdZnO thin film

The electric conductivity measurement is important
characterization for photovoltaic devices. The sample
shows the semiconductor behavior because conductivity
increases with increasing operating temperature due to
the charges (electrons or holes) from one site to the
other and is shown in Fig. 5. The charge carriers in-
crease with temperature. As the activation energy of
the sample comes out to be 0.33 eV, this is the thermal
energy which is required to hop the carriers [10].
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4. CONCLUSIONS

These studies successfully demonstrate the deposi-
tion of zinc doped cadmium oxide thin films by spray
pyrolysis technique. To improve the performance as
window layer in optoelectronic devices, we have used
zinc as a dopant in CdO which reduced the resistivity of
window layer of CdZnO thin films, because calculated
parameters are suitable and the film quality allows
them to be used in optoelectronic devices.
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Iuporo30HHI HANIBIPOBIIHUKY € IIEPCIIEKTUBHUMU MaTeplajgaMu, IPHUAATHUME IJIS BUCOKOTEMIIepa-
TYPHUX, BUCOKOUACTOTHUX, BUCOKOEHEPIeTHYHUX OIIEPALiil B €JIEKTPOHII, & TAKOK OITOEJIEKTPOHHUX IIPHU-
CTPOAX Uepes IX BUHATKOBI XapaKTepPUCTUKU. Binbir KoHKpeTHO, HA ocHOBI mwiiBok CdO i ZnO momxHa peadri-
3yBaTU KOPOTKOXBUJIBOBI IIPUCTPOI, II[0 BUIIPOMIHIOIOTE CBITJIO, 3aBISKN BEJIUKIN IMUPHUHI 3a00pOHEHOI 30HM’.
ILaisku CdO 1 ZnO mupoko BUKOPHUCTOBYIOTHCSA IJIA ONTOEJIEKTPOHHUX HMPUJIAIIB B 00JIACTI KOPOTKOXBUJIBO-
BOT0 BHIMMOTO CBITJIA, 0COOJIMBO [IJIsA JIA3ePHUX TIOMIB 1 CBITJIONIONIB. ¥ JaHii poOOTI HABEIEHO CTPYKTYPHI,
ONTHUYHI Ta €JEeKTPUYHI BJIACTUBOCTI IMMPOK030HHOI TOHKOI IwriBkm CdZnO, omepsxaHOl METOIOM CIIpeii-
mipoJridy Ha CRAAHIN makaamii. BusHaueHHS XapakTepHUCTUK 3pas3KiB MpoBoImMIu 3a gomoMoron Y-
CITEKTPOCKOITII, PEHTreHIBCHKOI MU(PPAKILii, CKAHYIOYOr0 eJIEKTPOHHOTO MIKPOCKOTIA, KOMOIHAITINHOI CITEKTPO-
CKOIIll Ta YOTUPU3OHOBUX BUMIpooBaHb. Ha peHTreHOrpami BHSBIJIEHO CyMiIl KyOIYHOI T4 reKCaroHAaJIHHOL
das orcuay rammio. Mopdosorio moBepxHi 3paska 1IeHTU(QIKYBaIN 34 JOTOMOr00 CKAHYI0UYOT0 eJIEKTPOH-
HOTO MIKPOCKOIIA K MOPHCTY oBepxHI. CIeKTpr KOMOIHAIIHOIO PO3CIIOBAHHS CBITJIA MOKA3YIOTh CHJIb-
HUM (POHOHHUH ITIK Ha JIOJATOK J0 1HIMMX 6araTodoHOHHUX MiKIB. ONTudH0-a6copOITiiHa CIIeKTPOCKOIILS Ta
BHMIPIOBAHHS IIPOBITHOCTI IIOCTIMHOTO CTPYMY JalOTh ONTHYHY IIUPHHY 3ab0opoHeHoI 30HU 2.87 eB i HamiBm-
POBITHUKOBY IIpUpoTy 3 eHepriero akrusarii 0.33 eB.

Kmiouosi cnosa: IIposopuit mposiguuit okcum, XRD, YO-sugummit gianasos, IIposiguicts, Capei-mipoia.
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