Chapter 6
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Gay0O3 contents ané tefi ions. The effects of Ga doping and sputtering

conditions on the s al, electricalta s : cal properties were investigated. For
the thin film prepar 03 portional to the RF power at a
given Ar pressure becadus E%l‘éz.;f g puttered atoms and ions resulting from
the increasing of the ionizatigk or the same RF power, the deposition
et 2,
rate decreases slightly as t?f@—p re_increases due to the decreasing of the
,p‘; jr o S
mean free path ﬁspuﬁtered‘ spemes’;__ ' er. However, the deposition rates

because the varyi is reﬁrch is limited in the narrow

range (6.0 x 1073 — 1,0 X 10~2 mbar) dqu the limitation of our sputtering system.

For bt b 820 B, oy e 200 (o0

peak was o%!served revealing that the films.are polycrystalline with a preferred
L T Lt -
rate Telated to the RF power. The lower deposition rate yields better crystallinity
because it leads to a large grain size and low density of crystal defects. On the other
hand, the high deposition rate provides less formation time of the thin film growth
and thus causes a decrease in the mobility of the surface atoms. Consequently the
crystallinity of the deposited film decreases. For the films having poor crystallinity,
they are non-stoichiometric oxide due to oxygen deficiencies and crystalline faults.

These defects can be reduced by decreasing the RF power. In this research, we also
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found that the crystallinity can be improved by increasing the film thickness. As
the thickness increases, the peak height corresponding to the plane (002) increases
significantly. This is related to an increase of the preferred plane (002) which

diffracts X-ray at Bragg angle of ZnO thin films.

The electrical measurement shows that the resistivity of the films decreases

as increasing RF power for a give

2,03 content and Ar pressure. It is due to the
f onor) associated with oxygen vacancies

and zinc interstitial atom h carri ration and mobility increase while
resistivity decreases. 7 - eri ondition, the resistivity decreases
with increasing G \met. The Ga dopant (extrinsic
donor) in the films or ol iﬁ\,}l ing the carrier concentration.

Nevertheless, it is ty tor i e b\% content higher than 6 wt%
because the resistivit % f rate s the Ar pressure was varied,
the resistivity of

es with the increase of the Ga,04

content.

There is a stress océ‘t:‘ﬁiig_'i hin films due to the deposition process.
L0 ) N . p
It is caused by the imperfectiof in the'crystal s uct;re. With the increase of the
( ;

RF power related”te-the-deposition-rate;-the-film - rs higher stress. When the
film is annealed il air atmo: cation” of the film occurs because of

the rearrangement oﬁf. the crystal structure. The interplanar spacing of GZO thin
-9 L

film becorﬁ ﬁ}éﬁ% “ mﬂtﬂ@rﬂ Iﬁwever, the intensity and

sharpness ’oﬁthe peak does not change after the post deposition annealing.
Thi in c‘!r 3ol pti QéﬂThis reduces the
dsaﬁm(ﬁlgﬁmm;ﬁn?gmzlﬁt films. Therefore,
the film annealing in air atmosphere does not improve the crystallinity and electrical

properties of GZO thin films.

The optical transmission of GZO thin films decreases with increasing RF
power and Ga;O3 content. At the wavelengths below 1000 nm, the optical trans-
mission of the films slightly decreases due to the film thickness. As opposed to

the wavelengths above 1000 nm that the transmission decreases strongly, mainly
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because of the free-carrier absorption attributed to the increase of the carrier con-
centration. The-free carriers increase due to more donor defects and Ga dopants
in the film. The absorption edge is clearly shown to shift toward shorter wave-
lengths (blue shift) as the increasing of GayO3 content. It is mainly attributed to
the Burstein-Moss effect, which is the result of the shift of Fermi level into the

conduction band of degenerate semiconductors, as a result of increasing free carrier

concentration. It leads to t%} he optical energy gap. In addition, the
energy gap widens shgh% € wer compared to increasing Ga,O3

content because the re influence to the increased car-

Wgap values correspond to the

It is known th g'hip nspar ) ive oxide thin films are necessary

rier concentration.

for making window i 4 ‘ ' thin film solar cells. Especially, low
resistivity and hig F g wavelength (> 1000 nm) is required
to improve the effic erating high output current. In
this research, the suit tions are at the RF power of 100 W
and the Ar pressure of &Q;Xf,ij,)* 82 se a low resistivity of the film can
be obtained fo j t. The lowest resistivity of
1.45 x 103 Q-cn Gay03 content of 6 wt%,

an 70% which is not sufficient
for mahnﬁﬁﬂ‘ﬁ g ms with low resistivity
(<2.0x10° degnﬁs oﬂgjﬁ }:I:)i wavelength due to high
carrier concentratlon ﬁ 2.5 x 102 cm ﬂgestlon fotfurther development

of 54 wﬂ@ﬂﬂx ﬁd@alv 11:1&'1'3 ﬂ%ﬁﬂnd be a suitable

wmdow layer is to fine tune the sputtering conditions using the target with Ga,Os

however its transrmjasmn at long wavelength is less

content of 4wt% or 6wt%. These conditions include either position or distance
between the target and the substrate. Furthermore, the substrate temperature is
known as a major factor for improvement in the thin film pfoperties. This suggests
that the sputtering system should be modified to have the substrate heating during
the deposition of GZO thin film.
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