Chapter 4

In this chapter, the 1 1 e ta get andwpieparation of Ga-doped ZnO thin
films are describe f\ characteriza and analysis of the thin film

properties, i.e. st rical’ and optical properties, are also discussed in

details.
V7
4.1 Fabrica '7 ZnO Target
Ga-doped ZnO (GZO) t by sintering the mixture of ZnO pow-

der (purity of 99.8
Aesar®] which

complete cool dowgprocess

O powder was mxed with varying Ga;O3 con-

tent in a weight peréemtnof the whole target. The mixture was then blended and
rolled in oﬁf

umﬁmdmwmm
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in dlameter carbon coated mold. The mixed powder was pressed and held under a
force of 5.5-6 tons for about 50 minutes in air at room temperature. For example,
with the total weight of 44.18 g ZnO and 2.82 g Ga,03, we obtained a pellet of
ZnO with GayO3 6 wt% with a diameter of 5 cm and a thickness of about 7 mm.

The pellet was then sintered at 1,050°C for 3 hrs in atmosphere. The temperature

profile is shown in Fig. 4.1. The obtained target looks like a white ceramic.
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Figure 4.1: ©

In the final process, thesitere must be polished for suitable thickness

about 5.5 mm to fit into a. -fgsr' The ZnO pellets with Ga;O3 contents

of 2,3,4 and 6 =‘. % were used as the ,,x

’ 1"‘
4.2 Substrate Preparaﬁpn

AULINENINYINT

Ga-doped Z#O thin films were geposited on i85><5.85 cm? ?Iqjla-lime glass (SLG)
sulﬁﬂ ﬂralﬁﬁ? mtnm meabﬁtes were washed
withsoft sponge and detergent, and next ultrasonically cleaned in mixed detergent
water, followed by DI-water and dried with nitrogen gas. The substrates were
dipbed into chromic acid for 10-12 hrs, and then they were ultrasonically cleaned
again in pure DI-water, dried with nitrogen gas and finally baked at 70°C for 1
hr. The substrates were kept in a humidity-reduced container while they were not

loaded into a sputtering system.
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Figure 4. ati ing of I F agnetron sputtering system

the sputtering guf 0 aehieve good thermal contact
between the targ and the sputtering gun to redtm the heat generated from the

bombardmeﬁt of Ipau'fidms on the targetisurface during sputtering.

Figu m4 sﬂwglnﬂmcjj;ﬁagj ;f]t g‘ magnetron sputtering
sys ed in_this research, namel | sputtering. ®“The SLG substrates
wegcn{ﬁp}:l alﬁﬁﬁlm ﬁﬁ f&fflﬁt‘ﬁ ﬂ,ﬁr altﬂ four substrates.
The "!arget—subs?rate distance was fixed at about 6.5 cm and the substrates were
rotated parallel to the target surface. The shutter was placed between the target
and the substrates in order to prevent undesirable sputtering. In our system, there

are two sputtering guns but only one of them was used at a time. The sputtering

gun can be switched to work by changing a cable of RF power supply.

In this system, a turbo molecular pump coupled with a rotary pump was used
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Target -Substrate distance 6.5 cm

Target diameter / thickness 5cm / ~5.5 mm
Gay0;3 content in the target 2,3, 4 and 6 wt%
Base pressure < 5.5 x 107% mbar
Sputtering power 50 - 125 W

Sputtering pressure 6.0 x 1073 - 1.0 x 1072 mbar

to achieve a pressure Of an o wgh vacuum). After the target
was loaded completel re within amber was reduced to 10~ mbar
the target was first 20 mins at 8.0x10~2 mbar of
argon (Ar) gas press e each deposition was started
the chamber was ire nerally lower than 5.5x10~

mbar. The surface of get, i" 18 lly pre-sput ered using the power of 100 W
for 3 minutes in oxyge (phtss 4 _ mbar) of overall sputtering gas
pressure which was 8.0X" Oj'ﬁ _ The surface of the target became whiter after
pre-sputtering due to the g@"—n? Xygen atoms into the target. In other word,

itucture due to the increasing

In order to reduce contamination of other gas species, we generally flush the
chamber §Oﬂ i’ imes. After the surface
of the tarﬂ g ﬂro Eg[xﬁas eﬂm f J?er Next, the target was

fo m r of 100 W in Ar
ﬁ‘ﬁm Eﬂ)ﬁe ﬁ}ﬁ'aﬁﬂﬁ)ﬁ‘/ thin films could

be prepared by RF magnetron sputtering at a given working power and pressure

while the substrates were rotated over the target. The planar sputtering was carried
out at a power in the range 50-125 W and with a sputtering gas pressure of 8.0x1073
mbar. In this work, the Ar gas pressure was also varied in the 6.0x1073—-1.0x 1072
mbar range at a power of 100 W only to see the effect of the pressure of the sputtering

gas. The deposition parameters are summarized in Table 4.1.
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The planar sputtering was carried out at room temperature. The substrates
were not heated intentionally. But because of the thermal radiation from the target

and energy of the sputtered species, the substrates heated up during the deposition.

4.4 Characterization of Ga-doped ZnO Thin Films

The optical transmi ' thin films asured using a UV/VIS/UV

the ultraviolet, visible rared ranges. The spectrometer features double-
beams, double mon: ' 7_ nd A tio ecording optical system. In other
word, the reference bedm #fid“the sample! can be detected simultaneously.
The optical compartments—mg‘?;da d 5 ith silica for durability. The holographic
gratings are used-il each monochromator for the U3 L/VIS/NIR range.

)

The schematit | S em- shown in Fig. 4.3. There are

two radiation sources, a deutenum lam DL) and a halogen lamp (HL), cover the

working wﬁl t ﬁﬁ% %lﬁjlﬂﬁnw g}{]oﬁésjm of optical system can

be describedjas the ollowmgs

AT Fpfee 00t

tion ffom halogen lamp is reflected from mirror M1 to mirror M2. At the same time,
it blocks the radiation from the deuterium lamp. For operation in the ultraviolet

(UV) range, mirror M1 is raised to permit radiation from the deuterium lamp to

mirror M2.

Radiation from the respective source lamp is reflected from mirror M2 to

mirror M3 through an optical filter on the filter wheel assembly (FW) to mirror
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M4. The radiation is reflected through the entrance slit of monochromator I, which
collimates the radiation. The collimated radiation is reflected at the grating G1.
Depending on the current wavelength range, the collimated radiation beam strikes

either the UV/VIS grating or the NIR grating.

The radiation is dispersed at the grating to produce a spectrum. The rota-

er selects a segment of spectrum, reflecting

the exit slit serving as the entrance

tional position of the grating e

this segment to mirror M

slit of Monochromator 1 via mirror M6 to the grating on

grating table G2 and ugh the exit slit to mirror M7.
The rotational posiéi

mirror M7 the radiati
(C).

onized to that of G1. From

or M8 to the chopper assembly

The chopper sgparates fadiabion ing vo beams. As the chopper rotates,
especially, a mirror segmeg “and 4 windoéw segment, are brought alternately into
the radiation beam. When & 0 enters the beam, radiation passes

through to mirror M9 and ?@%iﬁn
B )

beam (R). On tmother hand, when a o . n?nters, the beam of radiation
1 e (S).

" via mirror M10 to create the reference

blank sodﬂime glass is used as a reference

substrate ﬁ the safhple is GZO thin filf coated on one side of the soda-lime glass.

The radiatio u.&J pgs{m ﬂrﬂiﬁbﬂr&aﬁgpb and a reference SLG

are reflected by mirror M11, M12, M13 and M11’, M12, Mi13' of the optics in

AT AT B VIR WM e
A pﬂotomultiplier (PM) is used in the UV/VIS range while a lead sulfide (PbS)
detector is used in the NIR range.

In the samplﬂompartmen , aclean

The optical transmission of the films were measured in the percent of the ratio
of intensity of the sample beam to the reference beam as shown in Fig. 4.4. The
incoming beam is incident normally on the surface of the sample and the reference

glass. The detectors measured intensity of transmitted beam (I; and Ip), and the



GZO film / \ :

b i AN -
Figure 4.4: afigidrawing.of optical transmission measurement

BUHINUNITNYINT
ARSI INAY

{ VA O O, O | SUOOETJ0NN | OO VIO AN\ AN O L U (V| [ S

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
Wavelength (nm)

Figure 4.5: Optical transmission of the GZO film as a function of wavelength



percent of optical transmission can be expressed as

T(%) = }’% X 100. (4.1)

A typical optical transmission spectrum of GZO thin film is shown as an
example in Fig. 4.5. All samples have smooth surfaces, and the transmission

spectrum shows interference fringes, with deep valleys and tall crests. The fringes

result from the interferenc e thickness of the film coated on the

substrate.
—
The thicknes med from two maxima (or two
minima) positions« co .n ng to
TN
A ST\ (4.2)
PRy
where M is the numbgf o ationsBetwee | the two extrema (maxima or minima)

occurring at A; an s index of Fefractio 'i\' ZO thin film. In this research,

Optical Absorption (

i

1

L\
The optical absorptio ad £0 the intensity of the reference

beam (I), the inte 1ty of the transmission beam from the sample (I;) and the film

th’mﬁ“imﬁ“"?‘i“’ﬁmwmn‘i

(4.3)
AR umm'%mnaﬂ
o —Eln( =), (4.4)

where T is a percentage of optical transmission of thin film at the wavelength ).

Since the obtained thin films are polycrystalline, they have some defects in
the crystal structure, the background absorption coefficient () will be obtained.
The oy is a constant in the range of photon energy being less than energy gap (E,)

of thin film. The electrons cannot cross the energy gap from the valence band to
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Figure 4.6: Optical @bsqupti gefficient of GZO thin film as a function of photon
energy
the conduction band. y.docs not telate to E, and the og must be
subtracted from o/ in order to obt e of real optical absorption coefficient

(4.5)

By plotting abﬁption oefficient vs. photon exﬁgy, a straight-line averaging
the oscillated absorption goefficient in theylow photon energy region is drawn to the

Tigh pihaton ﬂeu % ';a awhﬂ Vr] @wgﬁ}ﬂ % dhsTpin oot de

(a) is obtainedfor determining ofdenergy gap g ) of thin ﬁlm

ARIAININUNINYA Y

Energy Gap Determination
For interband transition of semiconductor that has a direct band gap, the relation
between the energy gap and the optical absorption coefficient is [32]

ahv = A(hv — E,)?, (4.6)

where A is a constant, h is the Plank’s constant, and v is the frequency of the

radiation. By determining o from the measured optical transmission spectrum and
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energy, the optical energy gap
can then be obtaine e intex ept.of gtaph for direct allowed transition. The
| ie energy gap of which value is
determined by the extrapola ':;";4.:: extrapolation of the linear segment

of the spectrum or curve he value of energy gap. Figure
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Hall mBasurement using the Van der Pauw technique, which is the four-point probe
method. The samples were wired up with the copper wires and silver paste. The four
probes were contacted onto the corners of the film surface. Each contact was labeled
with the number 0 to 3. The Hall effect measurement control system applied the
high-voltage constant current to the sample. In addition, the system also controlled
the direction of the applied magnetic field for the determination of Hall mobility.

Figure 4.8 shows the contacts of the sample used to apply the current and measure
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Figure 4.8: The electrical measurement using the four point probe method
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(a) forward current

Configuration I+ I V+ V- Measurement parameters

1 I, I, V3 V, Lz, Vi
-3 L Ity Vo Vi Ls, Vo
5 I , V12
T Io1 , Va3

reversew H
Config / /ﬁ\\\N asurement parameters
NN

1, Vao
Iz, Vou
Ioz , V12
Lo, Vas

Table 4.2: Configuratig measurement by the following ap-

plied current

v,

e

(a) forwarmeurrent

‘“9

| 11, 15, 19 If I, Vi &% L/ Vi3
ﬂﬁé ﬂﬁ )

(b) reverse current

Configuration I+ I V4 V- Measurement parameters
10, 14, 18 13 Il V2 Vo I31 7V20
12, 16, 20 Ihb L Vi V; Ioz , Vi3

Table 4.3: Configuration of Hall mobility measurement by following applied current
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the voltage using all possible configurations of the measurement. The magnetic
field was not apﬁlied to a sample during the measurement of electrical resistivity.
For Hall mobility measurement, the magnetic field was applied in the direction of
forward (+B) and reverse (—B), as shown in Fig. 4.8a and b, respectively. The
system measured and recorded all data in 20 configurations, as shown in Tables

4.2 and 4.3. The electrical resistivity and Hall mobility were calculated from the
, 3-20, respectively.

measurement in the configurati

The configuration mobility measurement without
applied magnetic field, W i ‘16 and 17-20 were used for the
th' the etic field (+B) and reverse
all mobility were obtained
i The resistivity (p) is pro-
portional to the inversefof product(of : tion (n) and mobility (u)

(4.7)

4.4.3 Structugl
The structu ﬂﬂy’lh ﬁnﬂ'ﬁx tal orientation of the
GZO films w rmmed y t iffraction using a Bruker AXS

mamﬂiﬁm A
patter )?.I :l f 0.015° using

detection time of 3 s per step. The current and voltage of the system were set
at 30 mA and 40 kV, respectively. A sample was rotated with the degree of 6
while the X-ray ‘detector moved with 26 corresponding to Bragg’s law. The XRD
pattern of the films shows the dependence of the intensity of diffraction on different
positions of 26. Figure 4.9 shows the XRD pattern in the wide range of GZO thin

film prepared by using different Ga,O3 content and sputtering conditions. It was
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clearly seen that there was a dominant peak at 26 ~ 34° in all patterns, then the
above range of scanning was used to study the crystal structure of the films in this

research.

The experimental procedure can be concluded into the flow chart as shown in

Fig. 4.10.
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Figure 4.10: The flow chart of experimental procedure
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