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Abstract— This paper investigates the electrical
properties of metal-insulator-semiconductor (MIS) by
varying the thickness of the semiconductor layer. The
MIS device was fabricated wusing 2ZnO and
nanocomposite PMMA: TiO, as semiconductor and
dielectric layer, respectively. Different thickness of ZnO
films was obtained by varying the deposition speed from
500 to 3000 rpm. The electrical properties of MIS
showed different 1-V curve when using different
thickness of the semiconductor layer. The AFM image of
all ZnO films showed different morphology. The surface
roughness of ZnO films were increased as the deposition
speed decreased. Meanwhile the PMMA: TiO2
nanocomposite dielectric film was observed to have
porous surface. The agglomeration of TiO, also can be
seen thus indicates that TiO, did not dissolve in PMMA.

l. INTRODUCTION

Metal-insulator-semiconductor (MIS) device consists of
metal, dielectric and semiconductor layer. The performance
of MIS devices strongly depends on the interface between
the dielectric and semiconductor layer [1]. For example, the
morphology of the dielectric layer will affect the growth of
the semiconductor layer and thus lead to degradation of the
MIS performance [2]. Therefore, it is necessary to carefully
chosen the material and method to deposit the
semiconductor and dielectric layer.

In this paper, we wuse zinc oxide (ZnO) as
semiconductor layer in the MIS device because of its unique
semiconductor properties such as wide direct band gap of
3.37eV [3], high chemical stability [4], controllable
electrical conductivity [4], high abundance and low toxicity
[5]. ZnO has been widely used as semiconductor or active
layer in the applications such as light-emitting diode (LEDSs)
[3], sensors [3], transparent electrodes [4], flexible displays
[6] and solar cells [4]. The deposition of ZnO film can be
done in various methods such as spin coating [7], molecular
beam epitaxial (MBE) [8], chemical vapor deposition
(CVD) [9], and radio frequency (RF) magnetron sputtering
[10]. Sol-gel spin coating was used because of low cost and
simple preparation method [5].

PMMA:TIO, nanocomposite material was used as
dielectric layer in this MIS devices because it has been

reported to have high dielectric constant [11] which can
reduce the gate capacitance that affected the MIS device
performance.

This paper investigates the effect of semiconductor
thickness on the electrical properties of metal-insulator-
semiconductor (MIS). The thickness of the ZnO
semiconductor film was obtained by varying the deposition
speed from 500, 1000, 1500, 2000, 2500 and 3000 rpm.

1. METHODOLOGY
A. ZnO Thin Film Deposition

The chemical used are zinc acetate dehydrate Zn
(CH3C00),.2H,0, [Reindemann Schmidt] and
ethanolamine [Reindemann Schmidt]. Glass substrate was
used as substrate to characterize the ZnO films. The glass
substrate was cleaned in three stages with acetone; methanol
and de-ionized (DI) water in ultrasonic machine for 10
minutes for each stage. The substrate was dried using
nitrogen (N2) gas. The ZnO solution were prepared at 0.4
molar concentration by dissolving zinc acetate dehydrate
powder in 2-methoxyethanol. A stabilizer (ethanolamine)
was added to the ZnO solution to stabilize between the zinc
acetate dehydrate powder and 2-methoxyethanol. The ZnO
solutions were sonicated for 30 minutes at 50°C. Then the
ZnO solution was stirred on a hot plate stirrer at 80°C for 3
hours to yield a clear and homogenous solution. The
solution is continued being stirred for 24 hours. The ZnO
solution were spin coated on substrate with spin speed were
varies from 500, 1000, 1500, 2000, 2500 and 3000 rpm for
60 seconds. The film is dried at 150°C for 10 minutes after
each coating and then annealed at 450°C for 1 hour to
restructure the thin films. Aluminum (Al) (60 nm thick) was
deposited using thermal evaporator (ULVAC VPC-1100) as
top contact.

B. Fabrication of MIS

The MIS devices were fabricated using indium tin oxide
(ITO) as shown in Figure 1.The ZnO film was deposited as
in part A. Then the nanocomposite PMMA: TiO, were
prepared at 3wt% by dissolving PMMA powder and TiO,



anatase nanopowder in Tetrahydrofuran (THF). Six drops
of trimethoxymethylsilane (TMOMS) was added into the
solution to stabilize the PMMA and TiO,. The solution was
sonicated for 30 minutes at 50°C before being strirred for 24
hours. The PMMA: TiO, were spin coated on ITO at 5000
rpm for 60 seconds. The film is dried at 50°C for 5 minutes
to evaporate the solvent and then annealed at 120°C for 30
minutes. Aluminum (Al) with 100nm thick was deposited as
top contact using lift-off mask.

The ZnO film and MIS device were characterized using
2 point probe current-voltage (I-V) measurement for their
electrical properties. The films thickness of ZnO
semiconductor layer was measured using surface profiler
(VEECO DEKTAK 150). The morphology was
characterized using atomic force microscopy (AFM) (Park
System XE-100).

PMMA: TiO2
ZnO film

ITO

Fig. 1: The MIS structure.
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depends on the spin speed. It is consistent with the
theoretical saying that when the deposition speed is
increased, the film thickness is reduced. The highest
thickness ~ 321 nm is obtained at lower speed (500rpm)
meanwhile the lowest thickness ~ 104 nm is obtained at
higher speed (3000rpm).
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Fig 2: Flowchart of the MIS devices.

M. RESULT AND DISCUSSION

C. ZnO Thin Film

Figure 3 shows the graph for thickness versus different
deposition speed. It can be seen that, the film thickness

Fig. 3: Deposition speed versus film thickness.

Figure 4 shows current-voltage (I-V) curve of ZnO film
deposited at different thickness. The applied voltage was
swept from -10 to +10. It is observed that the curves are
almost linear, indicates that the relationship between Al
contact with ZnO film provide an ohmic behavior. It can be
observed that all samples produce small current in the
nanoampere (nA) range. When the deposition speed is
increased from 500 to 1500 rpm the current increased
continuously from 10 to 29nA. At 2000 rpm the current
drop from 29 nA to 12 nA then continue to increase again at
2500 rpm (~ 65nA) and drop again at 3000 rpm (23nA).
This measurement was taken at applied voltage of +8V.
This is due to different in the work function between Al and
ZnO where ZnO has a work function of 3.2eV and Al is
4.2eV. Therefore, it need high voltage > 10V to allow more
electrons to accumulate in the film.
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Figure 5 show the topography images of ZnO film
deposited at different spin speed. Theoretically, surface
morphology is related to the deposited atoms at the growing
film surface, processing parameters, such as heat treatment
temperature, time and thickness of film [5].

Fig. 5: Topography images ZnO film deposited at different spin speed (a)
500 rpm, (b) 1000 rpm, (c) 1500 rpm, (d) 2000 rpm, (e) 2500 rpm, and (f)
3000 rpm.

It can be observed that spin speed affected the
morphology of the ZnO film. At low spin speed (500 rpm),
the uniformity is poorer as the grain cannot be seen. When
the speed increased from 1000 to 2000 rpm, small grain was
observed. At this range of speed, the ZnO film was
uniformly grown on the glass substrate. As the spin speed
continues to increase from 2500 to 3000 rpm, the
morphology again changes to crinkled like structure. The
roughness of the ZnO film reduces when the spin speed
increased. The roughness of ZnO film is from 12.977 nm to
0.627 nm at spin speed of 500 rpm and 3000 rpm
respectively. The change in the roughness is due to the
increase in the centrifugal forces associated with the rotary
motion. According to [11], research on the effect of
withdrawal speed on the electrical and surface morphology
of ZnO thin film states that the competitive effects of
gravitational acting on the liquid coating film affect the
thickness of the film. The higher force creates more liquid
outflow resulting in a thinner film [12]. Table 1 summarizes
the ZnO film properties deposited at different spin speed.

Spin speed Film Conductivity | Roughness
(rpm) Thickness (S/cm) (nm)
(nm)

500 321.2 3.36x10° 12.977
1000 2375 3.47x10” 6.119
1500 218.2 4.79x10” 3.174
2000 174.3 2.08x10” 1.584
2500 127.0 6.69x10" 1.264
3000 104.9 2.71x10" 0.627

TABLE 1: Properties of ZnO film deposited at different spin speed.

D. Fabrication of MIS

Figure 6 shows the |-V characteristics of MIS devices
with different thickness of semiconductor film. The data was
obtained by sweeping the voltage applied from -2V to 5V to
the ITO while the Al top electrode was grounded. When we
applied small positive voltage to the MIS device, the
depletion regions are created. When continue to apply more
positive voltages the inversion layer are created. This is the
reason why the current in the MIS increased drastically.
These I-V curve are not similar being reported by other
researcher because there is no the accumulation mode was
observed. Accumulation mode occurs when small positive
voltage is applied to the MIS devices where the majority
carrier will accumulate at the dielectric-semiconductor
interface. The reason why the MIS devices are not creating
the accumulation region is might be due to the dielectric
layer where it doesn’t behave as insulator. This can be
observed when we applied small negative voltage, high
leakage are identified. High leakage is due to the
morphology of the PMMA:TIO, nanocomposite dielectric
film which can be seen on FESEM image in Figure 8.
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Fig. 6: 1-V characteristics of MIS device using different thickness of
semiconductor film.
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Fig. 7: 1-V characteristics of MIS device using different thickness of
semiconductor film.

Figure 8 shows the FESEM image of PMMA: TiO,
nanocomposite dielectric film. It can be seen that the
dielectric layer has porous surface. Several researches have



stated that THF is a poor solvent for PMMA. From the Fig.
8 also, we can observe that the TiO2 nanoparticles are
agglomerated. The agglomeration of TiO2 nanoparticles is
due to the high surface energy nano-TiO, and does not
disperse uniformly into the polymer [11, 14].
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Fig 8: FESEM image of PMMA: TiO,
V. CONCLUSION

In this work, the electrical characteristics of MIS
with different semiconductor layer thickness is investigated.
From the results, it can be conclude that by varying the
deposition speed of ZnO film, the thickness of ZnO film are
varied from 320 nm to 105 nm. It also affected the electrical
properties and morphology of ZnO film. From the AFM
images, the best speed is at 2000 rpm.

For the MIS device, we can conclude that the MIS
devices doesn’t work as reported. This is probably due to
the morphology of the nanocomposite dielectric layer which
has porous morphology and agglomeration of TiO2
nanoparticles. Porosity and agglomeration will contribute to
the high leakage current in the MIS devices.
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