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Hybrid films composed of GaN nanowires and GaN films were prepared on sapphire substrates by
chemical vapor deposition. The GaN films and GaN nanowires are all indexed to the hexagonal wurtzite
structure. The photoluminescence spectra of GaN nanowire-film hybrid films are composed of a strong
ultraviolet emission peak (365 nm) and a weak yellow luminescence band (�600 nm). The UV detector
based on GaN nanowire-film hybrid films shows a high responsivity of �2.5 A/W at 360 nm and a fast
response speed of �22 ls.

� 2018 Elsevier B.V. All rights reserved.
1. Introduction

As a significant III-Vwide gap semiconductor, wurtzite GaNwith
a direct bandgap of 3.4 eV has gained substantial attention due to its
outstanding optical and electrical properties. GaN nanowires have
enormous potentials as fundamental building blocks for nanoscale
UV detectors [1], nanoscale LEDs [2] and photocatalysts [3]. In
general, UV detectors based on GaN nanowires have high photocon-
ductivity properties [4], but large surface-to-volume ratio of
nanowires also significantly increases the response time [5].
Compared with GaN nanowires, UV detectors based on GaN films
have usually been reported in terms of low dark current and
ultrafast response, due to the lack of surface states [6]. Therefore,
a new UV detector based on hybrid films composed of GaN
nanowires and GaN filmsmay be beneficial to improve the photore-
sponse performance.

In this paper, we will report on the fabrication and UV
photoresponse properties of GaN nanowire-film hybrid films. The
UV detector based on the hybrid films exhibits a high responsivity
of �2.5 A/W at 360 nm and a fast response speed of �22 ls.
2. Experimental section

GaN nanowire-film hybrid films were synthesized on sapphire
(0001) substrates by chemical vapor deposition (CVD) method.
Ga2O3 films were pre-deposited by sputtering Ga2O3 target in
mixed atmosphere of Ar and N2. The sputtering chamber was evac-
uated to 3 � 10�4 Pa, and the RF power was set to 90 W. The
distance between the target and the substrates was 5 cm. The sput-
tering time was 2 h with the film thickness of �200 nm. Then the
sputtered Ga2O3 films were loaded to CVD systems to prepare
GaN nanowire-film hybrid films. The gallium source (99.9999%)
was placed on the upstream of the furnace. The synthesis was car-
ried out at 850–1000 �C under a NH3 gas atmosphere of 120 sccm
for 2 h. The GaN samples were characterized by X-ray diffraction
(XRD) and scanning electron microscopy (SEM). Optical properties
were investigated by photoluminescence (PL).

Two Al electrodes were formed on GaN nanowire-film hybrid
films by thermal evaporation using a metal mask. The distance
between the two electrodes was set to 100 mm. The current-
voltage (I-V) characteristics of the UV detector were characterized
in dark and under UV illumination using a Keithley Model 2400
instrument. The spectral responsivity and transient response were
also measured.
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3. Results and discussion

As published elsewhere, compared with as-sputtered Ga2O3

films, nitrogen doping can improve their crystallinity, which is
beneficial to the growth of GaN nanowires [7]. Fig. 1 shows XRD
patterns of as-grown samples at different temperatures. Three
diffraction peaks of (0 0 2), (1 0 1) and (0 0 4) are all indexed to a
hexagonal wurtzite GaN (JCPDS: 76-0703, ICDD: 50-0792). No
diffraction peaks from the Ga2O3 thin film are found in these
samples, which indicates that the Ga2O3 thin film has decom-
posed completely. The GaN nanowire-film hybrid films prefer to
c-axis orientation while other planes are relatively restrained
owing to GaN (0 0 2) planes possessing the lowest surface energy
density. The diffraction intensity reaches a maximum at 900 �C,
revealing that the GaN sample at 900 �C yields a better crystal
quality.

However, when the temperature is further increased to 1000 �C,
the intensity decreases and the crystalline quality significantly
degrades.

Fig. 2 shows the surface morphologies of GaN samples at differ-
ent growth temperature. In Fig. 2(a), less GaN nanowires and
nanorods are formed on the substrates, resulting from the lower
atom diffusion of Ga and lower decomposition of ammonia at a
Fig. 1. XRD patterns of as-grown samples at different temper
low temperature of 850 �C [8]. Fig. 2(b) shows the typical SEM
image of the GaN nanowires, which are randomly distributed and
crossed each other on the surface. With increasing the temperature,
the dissociated ammonia increases, and more N atoms will be
transported to the surface of substrate by carrier gas, which is ben-
eficial to the formation of GaN nanowires [9]. As shown in Fig. 2(c)
low quality GaN nanowires and agglomeration-like nanorods arbi-
trarily disperse on the surface.

However, a further increase of the temperature up to 1000 �C,
GaN nanowires or GaN nanorods have not formed and agglomerate
into micrograins, which reveals that GaN sublimated at high tem-
perature. Fig. 1(e) shows the cross sectional SEM image of Fig. 1(b),
which indicates that the GaN nanowire-film hybrid films were suc-
cessfully obtained on sapphire substrates, and the thickness of the
GaN film is more than 1 lm.

Fig. 3 shows the PL spectra of the as-grown GaN samples. The
spectra can be divided into a strong UV spectrum (�365 nm) and
a broad yellow emission (�600 nm) band. The UV emission can be
attributed to the near band-edge transition [6]. The YL emission
band is related to deep level defects [10]. At the temperature of
900 �C and 950 �C, the enhancement in PL intensity may be caused
by the strain relaxation in GaN nanowires or nanorods, and induced
an increase in the recombination probability of carriers [11]. The
atures: (a) 850 �C, (b) 900 �C, (c) 950 �C and (d) 1000 �C.



Fig. 2. SEM images of GaN samples at different temperatures: (a) 850 �C, (b) 900 �C, (c) 950 �C, (d) 1000 �C and (e) the cross-section image of the Fig. 2(b).

Fig. 3. PL spectra of GaN samples at different temperatures.
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strongest UV emission peak at the temperature of 900 �C reveals
that the GaN nanowire-film hybrid films has a high quality and
yields better optical properties, which is consistent with the results
of XRD in Fig. 1.

The GaN nanowire-film hybrid films prepared at the tempera-
ture of 900 �C is used to fabricate the UV detector. Fig. 4(a) is a
schematic diagram of the UV detector based on the hybrid films.
The typical I-V characteristics of the UV detector measured in dark
and under UV illumination are shown in Fig. 4(b). It is found that
the I-V curves of the UV detector exhibit symmetrical behaviors.
The dark current of the UV detector is about 2.3 mA, and the
photocurrent is increased to about 0.24 mA under UV excitation
illumination (k = 365 nm). In other words, we achieved a 106
times contrast ratio of the photocurrent to dark current for the
UV detector. The larger contrast ratio indicates the UV detector
with a high signal-to-noise ratio. Fig. 4(c) shows the typical spec-
tral responsivity of the UV detector. The spectral responsivity is
relatively larger in the wavelength of 300 to 360 nm, while a sharp
cutoff occurs at around 360 nm, which indicates that the



Fig. 4. (a) A diagram of the UV detector based on GaN nanowire-film hybrid films, (b) I-V characteristics, (c) Spectral responsivity, and (d) Transient response.
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fabricated UV detector was indeed visible-blind. The highest
responsivity is about 2.5 A/W at 360 nm. The response in the UV
region is due to the band-to-band transitions in the GaN
nanowire-film hybrid films. The response in the wavelength of
kgreater than365 nm can be attributed to defects distributed in
the hybrid films. UV-to-visible rejection ratio can be defined as
the responsivity measured at 360 nm divided by the responsivity
measured at 450 nm, and the UV-to-visible rejection ratio of the
detector is about 100.

The response behavior should also be considered for detector
applications. Fig. 4(d) shows measured transient response of the
UV detector, as the UV illumination is switched on and off. The
UV detector shows a fast response speed of 22 ls. It is also found
that the photocurrent increases rapidly initially and then increases
much slower as the UV excitation is turned on.

4. Conclusions

In summary, GaN nanowire-film hybrid films were successfully
prepared by CVD method on sapphire substrates, and growth tem-
perature has a great impact on the growth of GaN nanowire-film
hybrid films. The hybrid films were helpful to enhance the optical
properties of GaN films. The UV detector based on GaN nanowire-
film hybrid films exhibited a high responsivity of �2.5 A/W at 360
nm and a fast response speed of �22 ls. These results might be
useful to fabricate semiconductor nanostructure-film hybrid films
and improve the performance of UV detectors.
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