Journal of Modern Physics, 2013, 4, 349-353

o5 Scientific
http://dx.doi.org/10.4236/jmp.2013.43048 Published Online March 2013 (http://www.scirp.org/journal/jmp)

#3% Research

Effect of Deposition Temperature on the FTIR Absorbance
of Zinc Oxide Thin Films Produced by MOCVD

U. S. Mbamara’, G. A. Alozie, K. B. Okeoma, C. Iroegbu
Department of Physics, Federal University of Technology, Owerri, Nigeria
Email: *uesmbams@gmail.com

Received December 27, 2012; revised January 29, 2013; accepted February 9, 2013

ABSTRACT

Metalorganic chemical vapour deposition (MOCVD) method was used to deposit zinc oxide thin films on soda-lime
glass substrates at temperatures of 330°C, 360°C, 390°C and 420°C, using zinc acetate as the precursor. Compressed air
was used as the carrier gas at a flow rate of 2.5 dm® per minute. Each deposition was carried out for two hours under
atmospheric pressure. FTIR measurements were subsequently made on the produced thin films to determine their struc-
ture and trend with deposition temperatures. The measurements showed the presence of lingering functional groups of
organic, oxide and nitride origin, which prominently moderated the natural vibrational modes of the material within
their respective affiliate wavenumbers, as well as three slight but evident trends in absorbance peaks, cut-off wave-
length, and the existence of the functional groups with temperature. The produced materials are expected to be useful

for enhanced solar cells, triggering sensor devices, p-doped zinc oxide, etc.
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1. Introduction

Zinc oxide is a common material that continues to as-
sume versatile technological prominence unabated [1-6].
Zinc oxide thin films are strategically useful as anti-re-
flectors, solar cells and transparent semiconductors which
are invaluable in optoelectric display units, transparent
contacts, light emitting diodes, photosensors, gas sensors,
piezoelectric and spintronic materials, etc. Their high
optical transmittance (over 80%), energy bandgap (3.2 -
3.4 eV), crystal structure, and good optical and thermal
stability make them especially invaluable for these appli-
cations [7-11]. Added to these are its tribological proper-
ties that extend its use to the world of lubricants and fric-
tion controls [12-14].

A major setback in the use of zinc oxide in microelec-
tronics, however, is the difficulty in realizing its p-type
material, and where this has been achieved, it is often
unstable [15-19]. Several theoretical and experimental
proofs have been adduced for the anomaly in relation to
the n-type material, among which are the omnipresence
of interstitial hydrogen, and the presence of carbon, oxy-
gen and nitrogen with their functional groups [16,20-24].
The moderating influence of these on zinc oxide with
their respective vibrational modes bears much on its elec-
trical properties and morphology [21-25]. However, pho-
sphorus, nitrogen and a few other desirable impurities
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have been used to effectively produce the p-type material
[18,19,23].

Fourier Transform Infrared (FTIR) spectroscopy is a
simple, non-destructive technique used to identify all the
elements in a material [26-28]. It makes use of the fact
that spectral display of any given molecule is unique to it,
and any foreign atom within its structure shows up itself
by its moderating influence on the spectrum at its char-
acteristic position [28-30]. This property makes FTIR a
versatile tool for characterization of thin films and other
substances [26].

2. Experimental Procedure

In this work, the metalorganic chemical vapour deposi-
tion (MOCVD) method was used to deposit zinc oxide
thin films on soda-lime glass substrates at temperatures
of 330°C, 360°C, 390°C and 420°C (See Figure 1). The
precursor used was zinc acetate dihydrate particles at a
flow rate of 2.5 dm® per minute, with compressed air as
the carrier gas, while the working pressure was atmos-
pheric. Each coating was done for two hours.

Each thin film was then subjected to FTIR analysis
using a Buck Scientific Model 500 IR Spectrophotometer.
The FTIR absorbance of the samples were measured in
the wavenumber interval of 2500 cm ™' to 3800 cm . The
actual measurements made by the machine were the IR
transmittance of the samples within the chosen wave-
length range, and then these were translated to IR ab-
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Figure 1. Schematic of our two-chamber MOCVD set-up.

sorbance by the formula

Absorbance = log(1/transmittance) (1)

The measurements were made at room temperature
and an uncoated substrate was used as the blank meas-
urement and control. The results were subsequently ana-
lyzed and compared vis-a-vis the deposition tempera-
tures.

3. Results and Discussion

The FTIR absorbance spectra of the ZnO thin films pro-
duced are shown in Figures 2-5. The spectra obtained
are all similar in shape and character, save for minor al-
terations apparently resulting from the different deposi-
tion temperatures and the spectral moderation by linger-
ing assays [30]. To begin with, the absorption spectra are
skew-symmetric, and this is possibly due to the moder-
ating influence of assays like hydrogen, carbon, oxygen
and nitrogen, whose presence are registered by the pre-
mature peaks occurring about 2825 c¢cm' to 3020 cm'
within the spectra, with their attendant moderating Gaus-
sian peaks [29]. These elemental inclusions arise from
the precursor make up and the carrier gas, and impose a
considerable influence on the structure of the ZnO thin
films produced [19,20,22]. The asymmetric spectral dis-
plays uniformly peaked at 3400 cm™', and remnant O-H
and C-H bonds and ZnO vacancies are believed to be re-
sponsible for the skew [22,28,29]. In fact the exact im-
pact of each remnant functional group or factor requires
complete analysis for the exact configuration of the thin
film to be specified [22,28-30].

On the basis of the deposition temperature, the results
show minute but significant trends in three aspects viz:
absorption cut-off edge, absorption peaks and the Gaus-
sian noise. The absorbance spectra cut the wavenumber
axes respectively at 3745 cm™' for the 330°C deposition,
3735 cm™' for 360°C, 3712 ecm™' for 390°C, and 3709
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Figure 2. FTIR spectra and gaussian peaks at deposition
temperature of 330°C.
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Figure 3. FTIR spectra and gaussian peaks at deposition
temperature of 360°C.

ecm' for 420°C. These respectively translate to wave
lengths of 267 um for the 330°C deposition, 268 um for
360°C, 269 pum for 370°C, and 270 um for 420°C. Thus
the effect is small but quite trending, cutting off at a mi-
nutely higher wavelength as the deposition temperature
increases. The absorption peaks observed were 25.5 x
107 for deposition at 330°C, 25.5 x 10 at 360°C, 24.7 x
107 at 390°C, and 23.1 x 10 at 420°C, thereby showing
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Figure 4. FTIR spectra and gaussian peaks at deposition
temperature of 390°C.
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Figure 5. FTIR spectra and gaussian peaks at deposition
temperature of 420°C.

a slightly decreasing absorption peak with increasing de-
position temperature.

Table 1 highlights these variations. The effects of the
embedded functional groups were also observed to re-
duce with increasing deposition temperature, as can be
seen from the spectral displays. The observation is even
ordinarily logical, since the lingering H, C, and possibly
O and N groups as well as defects should progressively
crack off as temperature increases [2,5,10]. Much of the
enduring peaks at higher temperatures are hence envis-
aged to be due mainly to oxide and nitride groups [19].

The discussion so far forebears some obvious advan-
tages in the appropriate choice of deposition temperature
to produce the desired brand of the semiconductor mate-
rial. The p-doping of the substance with nitrogen, which
has been reported an arduous task, could most likely be
easily realized by this MOCVD method at higher tem-
peratures [2,19]. The reduction in the absorption peak at
higher deposition temperatures is also advantageous, as it
makes more infrared rays transmissible through the ma-
terial. The slight variation in the cut-off frequencies with
varying deposition temperatures can also be employed to
produce components with strategic triggering points as
desired. Zinc oxide solar cells can also be produced to

Copyright © 2013 SciRes.

Table 1. Effect of deposition temperature on FTIR spectral
peak and cut-off wavelength.

Deposition FTIR Spectral Intercept Cut-Off
Temperature ('C)  Peak (x107°) (em™) Wavelength (pm)
330 25.5 3745 267
360 25.5 3735 268
390 24.7 3712 269
420 23.1 3709 270

work from the cut-off IR point through visible to the UV
range, thereby making the material more versatile.

4. Conclusions

In this work the FTIR of zinc oxide thin films deposited
at various temperatures on soda-lime glass substrate was
reported. The thin films were deposited by the MOCVD
process from zinc acetate precursor. The FTIR spectra
showed the inclusion of some functional groups, sup-
posedly comprising H, C, O, and N ligands, as well as
defect in the zinc oxide thin films, as in highlighted lit-
erature [22,26,28-30]. The effect of the included func-
tional groups was observed to decrease with increasing
deposition temperature. Also, the absorption peaks of the
FTIR spectra were observed to decrease slightly with in-
creasing deposition temperature. In the case of the IR ab-
sorbance cut-off wavelength, there were slight increases
with increasing deposition temperatures.

Applications derivable from these findings include the
possibility of realizing nitrogen-doped p-type zinc oxide
at elevated deposition temperatures, inclusion of some IR
range in the manufacture of zinc oxide solar cells, fabri-
cation of strategic triggering sensor materials with zinc
oxide, general microelectronics, etc.
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