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In this study, metal–semiconductor–metal-structured ultraviolet (UV) photodetectors (PDs) based on pure zinc oxide (ZnO) and
amorphous indium gallium zinc oxide (a-IGZO) thin films were fabricated and characterized. The ZnO seed layers were deposited
on Corning glass substrates via a radio frequency (RF) magnetron sputtering technique. Results showed that under a 5V applied
bias; the dark currents of the pure ZnO and a-IGZO thin films were 0.112 pA and 2.85 nA, respectively. Meanwhile, the UV-to-
visible rejection ratio of the pure ZnO and a-IGZO thin films were 14.33 and 256, respectively. Lastly, the PDs of thea-IGZO
thin films had a lower leakage current and higher rejection ratio than that of the pure ZnO thin films from the UV to visible
light region.

1. Introduction

In recent years, ultraviolet (UV) photodetectors (PDs) have
played an important role in human health, ozone layer mon-
itoring, and flame detection [1, 2]. Zinc oxide (ZnO) is a
novel metal oxide semiconductor material that is used as an
integral part of UV PDs [3, 4]. ZnO is an n-type and II-VI
material; its bandgap is approximately 3.37 eV, and its excita-
tion binding energy is 60meV at room temperature [5, 6].
ZnO is a good crystallinity material. It has a hexagonal struc-
ture, and the lattice constants are a = 3:24 – 3:26Å and c =
5:13 – 5:43Å [7–9]. In addition, the lowest surface free
energy of ZnO thin films lies on the (002) plane, and a good
c-axis orientation can be obtained at a low temperature when
ZnO thin films are grown. In addition to having good carrier

mobility and photoelectric properties, crystalline metal oxide
semiconductors are amorphous oxide semiconductor mate-
rials and thus have attracted considerable attention; more-
over, the inclusion of ZnO compounds has led to extensive
research. The type of material consists of various transition
metals and oxygen atoms, such as zinc tin oxide (ZnSnO)
[10], indium zinc oxide (InZnO) [11], and indium gallium
zinc oxide (InGaZnO) [12], to enhance overall carrier
mobility and photoelectric properties. Among them, the
InGaZnO (IGZO) is a ternary oxide semiconductor. Its com-
position includes In2O3, Ga2O3, and ZnO. Amorphous
IGZO oxide semiconductors have high carrier mobility,
good uniformity, and wide energy bandgap, which offers
good transparency in the visible spectrum; its peculiar chem-
ical bonding instigates high field mobility and displays
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improved electrical characteristics, such as high ION/IOFF
ratio, enhanced lifetime, improved transmittance, and opti-
mum large-area uniform integration [13–15]. The character-
istics of transparency can be applied to the optical field.

In this study, the difference between crystalline ZnO thin-
film PDs and amorphous IGZO thin-film PDs is discussed.

2. Experimental

Before UV PDs were manufactured, 1 cm × 1 cm Corning
glass substrates were, respectively, cleaned for 10min with
acetone, isopropyl alcohol, and deionized water in an ultra-
sonic cleaner. Afterward, they were dried with flowing nitro-
gen and then placed in an oven for approximately 10min at
45°C. Three-inch-diameter targets of pure ZnO and a-
IGZO (atomic ratio In :Ga : Zn= 1 : 1 : 1) with a purity of
99.99% were used. The pure ZnO and a-IGZO thin films
were grown using the radio frequency magnetron sputtering

technique under a sputtering power of 100W, a gas mixing
ratio of Ar/O2 (10/1), and a maintained chamber pressure
at 5 × 10−2 Torr. The thickness was approximately 40 nm.
Afterward, the film was annealed in a vacuum furnace at
450°C for 1 h to improve crystal quality. The resistivity of
the pure ZnO thin films was ~10−5 (ohm-cm), and that of
the a-IGZO thin films is approximately 1 × 10−3 (ohm-cm).
The surface morphology, surface roughness, and crystallo-
graphic of the pure ZnO and a-IGZO thin films were charac-
terized and explored by field-emission scanning electron
microscopy (FE-SEM, JEOL JSM-6700F), atomic force
microscopy (AFM, NT-MDT), and X-ray diffraction spec-
trum analysis with Cu Kα-1 radiation and λ = 0:15405nm
(XRD, MO3XHF22 MAC-Science), respectively. The optical
characteristic was measured using a UV/visible spectrometer
(UV-VIS, Hitachi U-2800).

In part of devices, the standard photolithography and lift-
off were then performed to define the interdigitated (IDT)
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Figure 1: (Color online) (a) Side- and (b) top-view images of the IDT electrode.
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Figure 2: (a, b) SEM images of pure ZnO and a-IGZO thin films. (c, d) AFM images of 40 nm pure ZnO and 40 nm a-IGZO thin films. (e)
XRD spectra of pure ZnO and a-IGZO thin films.
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mask region. The IDT electrode measured 146, 10, and
10μmin length, width, and space, respectively. The sensing
active region was 150 μm× 160 μm. Subsequently, the silver
(Ag) electrode was deposited by e-gun evaporation and used
as contact electrode to form a metal–semiconductor–metal
(MSM) structure, as shown in Figures 1(a) and 1(b). The
light and dark currents of MSM UV PDs were measured by
a semiconductor parameter analyzer (Agilent HP 4156C)
system. The photoresponse was measured by a light source,
i.e., a 300W Xe lamp and a monochromator, from a 300–
600nm range. In this work, two MSM UV PD devices were
fabricated to identify which is better.

3. Results and Discussion

Figures 2(a) and 2(b) show the surface morphology of pure
ZnO and a-IGZO thin films by FE-SEM analysis and clearly
indicate the difference between the surfaces of pure ZnO and
a-IGZO. The pure ZnO film underwent grain formation,
whereas the a-IGZO film did not. According to the AFM

images shown in Figures 2(c) and 2(d), the surface roughness
RMS value of the ZnO film was 2.91 nm, and that of the a-
IGZO film was 0.238 nm, indicating that the overall surface
of the pure ZnO film was rougher than the a-IGZO film
because of grain formation. Figure 2(e) depicts the typical
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Figure 3: (a, b) Transmittance and UV-VIS spectra of pure ZnO and a-IGZO thin films.
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Figure 4: (a) Dark current–voltage (I–V) characteristics of the pure ZnO and a-IGZO thin films for UV PDs. (b) Photocurrent of pure ZnO
and a-IGZO thin films at a wavelength 310 and 370 nm.

Table 1: Dark current and photocurrent of the pure ZnO and
a-IGZO thin films for UV PDs at 310 and 370 nm wavelengths.

Current (A) Pure ZnO a-IGZO

Idark 2.85 nA 0.112 pA

Iph 310 nmð Þ 0.82μA 36.3 nA

Iph 370 nmð Þ 1.1 μA 6.6 nA

Iph ZnOð Þ/Idark ZnOð Þ 370 nmð Þ 385.9

Iph IGZOð Þ/Idark IGZOð Þ 370 nmð Þ 589.2

Iph ZnOð Þ/Iph IGZOð Þ 310 nmð Þ 22.53

Iph ZnOð Þ/Iph IGZOð Þ 370 nmð Þ 166.6

3Journal of Nanomaterials



XRD results of the pure ZnO NRs and a-IGZO thin films that
were prepared on the Corning glass substrate. The results
indicated that the diffraction peak corresponded with the
(002) planes. The peak revealed the hexagonal wurtzite struc-
ture of ZnO (JCPDS Card No. 36-1451) [16]. On the con-
trary, IGZO films showed amorphous phenomena [17].

Figures 3(a) and 3(b) show the spectrum of transmission
and absorption of pure ZnO and a-IGZO thin films. Both had
the same thickness of thin films, and the transmission could
reach approximately 80% in the visible wavelength [18, 19].
However, the main difference was that the pure ZnO thin
films slightly decayed in the 300–400 nm wavelengths. In
the absorption spectrum, the absorption of the a-IGZO thin
films was deeper than that of the pure ZnO thin films.

The measurements of the current–voltage (I–V) charac-
teristics in pure ZnO and a-IGZO in the absence of light
are shown in Figure 4(a). The dark current of the pure ZnO
films was larger than that of the a-IGZO thin films because
the a-IGZO thin films were amorphous. Therefore, in the a-
IGZO thin films, the transmission path of relative current
decreased, and the dark current would become relatively
small under no effect by grain boundaries [20–22]. In the
red parts of the figure, they are magnified to 102 times; the
dark current was 0.112 pA under a 5V applied bias. The
black parts show the pure ZnO thin films; the dark current
was 2.85 nA under a 5V bias voltage. Similarly, the dark cur-
rent of the former was larger than the latter by 256 times.
Meanwhile, the pure ZnO thin films were in the (002) lattice
direction. Therefore, the dark current would be evident
under the transmission path of grain boundaries, indicating
that the dark current would be restrained by an amorphous
morphology. It was photocurrent in Figure 4(b). In the pure
ZnO thin films, it was transferred in grain boundaries. There-
fore, the dark current and the photocurrent became larger.
As shown in Table 1, the semiconductor photocurrent Iph
is expressed as follows [23]:

Iph = qηAΦphG ð1Þ

where q is the electronic charge, η is the quantum effi-
ciency, A is the active area, Фph is the photon flux, and G is
the photoconductive gain. The ratio of light current to dark
current Iph/Idark was 589.2 in a-IGZO and 385.9 in pure
ZnO; the former was larger than the latter. In addition, the
photocurrent of the pure ZnO films was larger than the a-
IGZO thin films, that is, approximately 166.6 times of
IphðZnOÞ/IphðIGZOÞ.

Figure 5(a) shows the current response value of pure ZnO
and a-IGZO thin films at 310 and 370nm wavelengths under
a bias voltage of 0–5V. Figure 5(b) shows the main photore-
sponsivity of parameter values in PDs. The UV-to-visible
rejection ratio of a-IGZO PD was two orders more than that
of pure ZnOPD from UV light to visible light, because the a-
IGZO thin films were amorphous. This result indicates that
the dark current and photocurrent would be restrained by
an amorphous morphology, thus affecting the entire
response. As shown in Table 2, the responsivity (R) of a PD
is defined as follows [24, 25]:

R = Ilight – Idark
� �

/Popt = Iph/Popt, ð2Þ

where Idark is the dark current, Ilight is the photocurrent,
and Popt is the incident optical power. The UV-to-visible rejec-
tion ratio of a-IGZO PD (½R310nm ðIGZOÞ/R450nm ðIGZOÞ� = 256)
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Figure 5: (a) Current responsivities of pure ZnO and a-IGZO thin films under different bias voltages. (b) Photoresponsivities of pure ZnO
and a-IGZO thin films based on UV PDs at different wavelengths.

Table 2: Photoresponsivities of the pure ZnO and a-IGZO thin
films for UV PDs.

Responsivity (R) Pure ZnO/a-IGZO

R310 nm ZnOð Þ/R370 nm ZnOð Þ 1.22

R310 nm IGZOð Þ/R370 nm IGZOð Þ 10

R310 nm ZnOð Þ/R450 nm ZnOð Þ 14.33

R310 nm IGZOð Þ/R450 nm IGZOð Þ 256
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was larger than that of pure ZnOPD (½R310nmðZnOÞ/R450nmðZnOÞ�
= 14:33); in addition, the absorbance of UV light in the
a-IGZO was deeper at a 310nm wavelength.

4. Conclusion

The MSM structure of UVPDs based on pure ZnO and a-
IGZO thin films was fabricated and characterized. Results
showed that the dark currents of the pure ZnO and a-IGZO
thin films were 0.112 pA and 2.85 nA, respectively, under a
5V applied bias. Meanwhile, the UV-to-visible rejection
ratios of the pure ZnO and a-IGZO thin film were 14.33
and 256, respectively. In the pure ZnO thin films, the dark
current was evident under the transmission path of grain
boundaries. Therefore, the dark current and photocurrent
became larger. This result indicated that the dark current
could be restrained by an amorphous morphology. Lastly,
the PDs of the a-IGZO thin films had a lower leakage current
and higher rejection ratio than that of the pure ZnO thin
films from the UV to visible light region. In the future tech-
nology, the UV PDs can be combined with the Internet of
Things and applied it to human skin to avoid skin aging
and skin cancer.
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