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Effect of Oxygen Pressure on Growth ki
of Cdy ¢5Zngy 950 Thin Films Using

Pulsed Laser Deposition
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Monika Tomar and Avinashi Kapoor

Abstract In this work, ternary Cd,Zn;_,O (x = 0.05) thin films were deposited on
Corning glass substrates using pulsed laser deposition (PLD) growth technique.
Films were grown in environment of oxygen flown into the PLD chamber at
pressures of 5, 20 and 40 mTorr. XRD studies revealed wurtzite crystal structure
and a highly (002)-preferred orientation for all films. The influence of oxygen
pressure on FWHM and lattice constants was recorded. UV-Vis transmittance
studies indicated that carrier concentration resulting from the oxygen vacancies in
films strongly affects band gap energy. This was confirmed by evaluating carrier
concentrations and electrical resistivities of films using a four-probe Hall effect
measurement set-up at 298 K. Films grown in 20 mTorr oxygen pressure reported
the highest carrier concentration of 1.57 x 10" cm™2, while registering the lowest
energy band gap of 3.2 eV, hence making it a critically important pressure for film
growth.

162.1 Introduction

Current progress in epitaxial techniques allows combination of ZnO with CdO [1]
to obtain cadmium alloyed zinc oxide. Cd,Zn;_,O can yield theoretical band gaps
ranging from 2.37 eV (x = 1.0) to 3.37 eV (x = 0.0), and as such, it becomes useful
in construction of appropriate hetero/quantum well structures for optoelectronic
applications [2]. With respect to solar cells, this ensures utilization of the blue and
green regions of the spectrum and therefore better photon absorption.
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162.2 Aim of the Study

This study aims to investigate the influence of ambient oxygen pressure on struc-
tural, optical and electrical properties of Cdg gsZng 95O thin films. CdO has a higher
vapor pressure than ZnO which necessitates the need to optimize the ambient
pressure, besides achieving good quality of films.

162.3 Methods

To grow Cdg ¢5Zng 950 thin films, sintered target pellets using ZnO and CdO pow-
ders (99.99% purity) were prepared using hydraulic press method. A background
pressure of 5 x 107° Torr was achieved to evacuate the PLD chamber. A KrF
excimer laser (A = 248 nm, 20 ns, 10 Hz) was used as the ablation source. Thin films
were grown on Corning® glass substrates at 573 K in oxygen ambient at pressures of
5, 20 and 40 mTorr. All deposited films had an average thickness of 1 pum, as
measured using a Veeco Dektak 150 profilometer. Crystallographic studies of the
films was undertaken using PANalytical PW 3050/65 X-Pert Pro MRD high reso-
lution X-ray diffraction (HRXRD) system with Cu K, radiation (4 = 0.15406 nm).
Optical transmittance was measured using Shimadzu UV-VIS 2450 spectropho-
tometer. Electrical properties were determined by making Hall measurements
(BioRad Microscience Division: HM System HL 5200).

162.4 Results
162.4.1 X-Ray Diffraction

Crystallographic studies of Cdg gsZng 950 films were carried out using XRD in 6-20
scan mode. Table 162.1 enlists structural parameters derived from XRD analysis
and Fig. 162.1 shows XRD diffractograms depicting that all films crystallize in a
single phase, hexagonal wurtzite structure. As oxygen pressure inside PLD chamber
is brought down from 20 to 5 mTorr, the diffraction angle of the (002) peak is seen
to decrease from 34.48° to 34.34° and the lattice spacing increases from 2.599 to
2.609 A (Table 162.1). Simultaneously, the full width at half maxima (FWHM) for
(002) peak increases from 0.348 to 0.353 (inset of Fig. 162.1) for pressure change
from 20 to 5 mTorr. Upon increasing pressure from 20 to 40 mTorr, (002) peak
shifts to 34.38° while FWHM increases to 0.367, therefore causing the crystallinity
of film to degrade. The average size of crystallites in the films was calculated by the
Debye-Scherrer formula [4] given as:
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Table 162.1 Structural parameters derived from XRD analysis of CdgsZng¢sO films grown in
oxygen ambient at growth pressures of 5, 20 and 40 mTorr

O, pressure Interplanar Lattice FWHM p Crystallite size
(mTorr) spacing d (A) constants (deg) D (nm)
cA) |a@d)
5 2.609 5.219 3.013 0.353 24.65
20 2.599 5.198 3.002 0.348 24.96
40 2.606 5.213 3.010 0.367 23.70
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Fig. 162.1 XRD (in 0-20 scan mode) patterns for Cd osZng 95O films grown at oxygen pressures
of 5, 20 and 40 mTorr

D— 0.944
fcos O

(162.1)

where f is the FWHM of the (002) peak in the XRD pattern in radians, 4 is the
X-ray wavelength and 0 is Bragg’s diffraction angle. The largest crystallite size of
24.96 nm is obtained for film sample grown in oxygen pressure of 20 mTorr.

162.4.2 UV-Vis Transmittance and Band Gap Evaluation

Figure 162.2 demonstrates optical transmittance spectra of Cdg 9sZng 5O films as a
function of substrate temperature, recorded in the wavelength range of 360-
560 nm. All film samples are seen to exhibit high transmittance values (>70%) in
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Fig. 162.2 Optical 100
transmittance spectra for [
Cdy.05Zn¢ 950 films grown at
oxygen pressures of 5, 20 and
40 mTorr. A reference line at
A =367 nm corresponding to
band gap of ZnO (i.e.

3.37 eV) has been drawn for a
comparative analysis
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the visible regime. For transmittance value T and film thickness d, the absorption
coefficient («) is given by

o= éln (%) (162.2)

For allowed direct transitions, the variation of o with photon energy (hv) is
defined by the relation

(ahv)* = A(hv — E,) (162.3)

Figure 162.3 shows plots of (ahv)? versus (hv) and extraction of band gap
energy values for Cdg sZng 95O thin films grown in oxygen pressure of 5, 20 and
40 mTorr. Band gap energy is seen to share a close relationship with the number of
oxygen vacancy sites that are strongly controlled by oxygen pressure during growth
of thin films. These vacancy sites are responsible for inducing electron carriers in
Cdg 05Zng 950 films. It is seen in the inset of Fig. 162.3 that absorption edge cor-
responding to 3.25 eV red-shifts to 3.2 eV as oxygen pressure increases from 5 to
20 mTorr. This red-shift arises out of the electron-electron repulsive interactions
from the many electron carriers due to the band-gap-narrowing (BGN) effect [3],
wherein optical band gaps red-shift resulting from the increase in electron carrier
concentrations in the films. This increase in carrier concentration with increase in
pressure from 5 to 20 mTorr was observed while doing Hall measurements as seen
in Sect. 162.4.3.

It is important to note that CdO is a degenerate semiconductor, and as such, band
gap shift at higher carrier concentrations is also influenced by Burstein-Moss
(BM) effect [1], which causes enhancement in energy band gap values.
Consequently, the final band gap shift is determined by a combination of these two
effects. It is observed that as pressure increases from 20 to 40 mTorr, the electron
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Fig. 162.3 (ochv)2 versus (hv) plot for Cdy ¢sZng 950 films grown at oxygen pressures of 5, 20 and
40 mTorr and estimation of band gap energy values. Inset shows absorbance spectra obtained for
films

carrier concentration reduces to 7.86 x 10 cm™? (as seen in Sect. 162.4.3) while
the optical band gap still increases to 3.22 eV. Here, BM effect is superseded by
BGN effect, and hence causes an enhancement as opposed to an expected reduction
in band gap.

In addition, at higher growth pressures, CdO has a tendency to segregate out of
the Cdg 9sZng 95O alloy film because of its higher vapor pressure compared to ZnO.
This reduces cadmium content inside the films and as such the band gap of the alloy
film drifts towards the higher band gap of ZnO.

162.4.3 Determination of Electrical Resistivity and Carrier
Concentration

A four probe Hall effect measurement study in van der Pauw configuration at 298 K
and 3.2 x 10° Gauss magnetic field was carried out to determine electrical prop-
erties of CdgsZngosO films. Film samples with bulk resistivity of 5.53 x 1072
Q cm were obtained at oxygen pressure of 5 mTorr, while a carrier concentration of
3.93 x 10" cm™? was recorded. As pressure is increased, crystalline quality of film
starts improving (as evidenced by FWHM) and resistivity starts decreasing until it
reaches the lowest value of 1.2 x 107> Q cm at 20 mTorr. At this pressure, maxi-
mum carrier concentration of 1.57 x 10'> cm™ was reported. A further increase in
oxygen pressure to 40 mTorr reduces concentration to 7.86 x 10'* cm™ while
increases resistivity to 2.21 x 107 Q cm.
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162.5 Conclusion

In this work, we successfully deposited ternary Cdg ysZng 95O alloy films in oxygen
ambient and the effect of oxygen pressure on film growth was investigated. XRD
analysis revealed single phase, highly (002) oriented films, with the smallest
FWHM reported for film sample grown in 20 mTorr of oxygen pressure. UV-Vis
transmittance studies suggested that maximum cadmium incorporation in films was
achieved at 20 mTorr of oxygen pressure, as indicated by the lowest band gap
energy of 3.2 eV obtained. Electrical resistivity was observed to be affected by both
concentration of oxygen vacancies as well as FWHM, and it was concluded that
films grown in oxygen ambient of 20 mTorr pressure yielded minimum film
resistivity of 1.2 x 1072 Q cm. This study is especially important in determining
an optimum value of oxygen pressure for film growth as cadmium retention in
Cdg 05Zng 950 films is seen to be highly sensitive to changes in ambient pressure.
Optimum growth conditions can be utilized in developing CdZnO/ZnO
heterostructures for photovoltaic applications.
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