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ABSTRACT: Flexible self-powered sensing is urgently
needed for wearable, portable, sustainable, maintenance-
free and long-term applications. Here, we developed a
flexible and self-powered GaN membrane-based ultraviolet
(UV) photoswitch with high on/off ratio and excellent
sensitivity. Even without any power supply, the driving force
of UV photogenerated carriers can be well boosted by the
combination of both built-in electric field and piezoelectric
polarization field. The asymmetric metal−semiconductor−
metal structure has been elaborately utilized to enhance the
carrier separation and transport for highly sensitive UV photoresponse. Its UV on/off ratio and detection sensitivity reach
to 4.67 × 105 and 1.78 × 1012 cm·Hz0.5 W1−, respectively. Due to its excellent mechanical flexibility, the piezoelectric
polarization field in GaN membrane can be easily tuned/controlled based on piezo-phototronic effect. Under 1% strain, a
stronger and broader depletion region can be obtained to further enhance UV on/off ratio up to 154%. As a result, our
research can not only provide a deep understanding of local electric field effects on self-powered optoelectronic detection,
but also promote the development of self-powered flexible optoelectronic devices and integrated systems.
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Sensor networks are a key technological and economic
driver for global industries in the near future with wide-
range of applications in internet of things, environmental

monitoring, health care, infrastructure monitoring, national
security, and so on.1,2 One of the major problems in sensor
networks is the electric power needed to drive individual
sensors for sustainable and maintenance-free operation. Mean-
while, realization of optoelectronic sensing with excellent
mechanical flexibility can further open up new multifunctional
applications, such as wearable communication, biomedical
diagnosis and personal health monitoring with human-friendly
interfaces.3−5 As a result, self-powered flexible optoelectronic
sensing systems have been demonstrated to be the core of next-
generation sensor networks due to their lightweight, self-
sufficient and long-term properties with bendable and
conformable construction to arbitrary surface topology, which
are urgently needed for deformation tolerant, sustainable,
maintenance-free and long-term operations especially in
unattended harsh environment.
As indispensable components of optoelectronic sensing, UV

photoswitches or photodetectors have a wide range of
commercial applications, such as biological and chemical

analysis, flame monitoring, missile detection, secure space
communication, and astronomical studies. Nowadays, the use
of low-dimensional wide-bandgap semiconductor nanomateri-
als, such as GaN, ZnO, β-Ga2O3, TiO2 and other metal-oxide
nanostructures, has attracted intense attention to develop
flexible UV photoswitches or detectors with highly enhanced
responsivity and photoconductivity gain.6−10 To get the best
performance, an external bias is required as the driving force to
prevent the recombination of photogenerated electron−hole
pairs. It is favorable to improving UV response characteristics
(e.g., photoresponsivity and response speed) relative to zero-
bias UV detection.7,11 Moreover, because of high surface-to-
volume ratio, the surface dominated photocurrent transport
also plays a great role in UV detection based on these
nanostructured semiconductors. It is highly sensitive to the
ambient environment such as atmosphere, temperature,
humidity and so on, thus inducing the signal fluctuation and
poor selectivity disadvantageous for long-term and stable UV
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detection.12,13 To resolve these bottlenecks, GaN thin film-
based UV sensors have great advantages of being bulk-
dominated optical response, all-solid-state, good chemical and
thermal stability, robust radiation hardness, and long life-
time.14−17 To realize high-performance self-powered UV
detection, the optimal design of GaN-based heterojunctions
can be utilized to produce a build-in electric field or a
piezoelectric field instead of external bias, which effectively
makes the photogenerated electron−hole pairs separate and
drift to the external circuit. However, high-performance GaN-
based devices are often rigid on nonflexible substrates (such as
sapphire, silicon carbide, silicon) due to the high fabrication
temperature. Such limitation seriously obstructs the fast
growing demand of related flexible or wearable applications.
In this work, we developed a flexible self-powered GaN

membrane-based metal−semiconductor−metal (MSM) UV
photoswitch by substrate transferring technique. The asym-
metric MSM structure was well designed to effectively suppress
carrier recombination and enhance carrier transport, which had
a direct influence to the device performance of self-powered
UV photoresponse. In combination with UV absorption
enhancement of Al nanoparticle array, we have achieved a
highly sensitive UV response and high on/off ratio. At self-
powered condition (no external bias), its UV on/off ratio
reaches up to 4.67 × 105 with high reliability of on/off
switching response. Also its UV detection shows an excellent
sensitivity (1.78 × 1012 cm·Hz0.5W1−). On the basis of
piezoelectric polarization engineering, strain modulation can
further improve the UV on/off ratio (∼154%) by piezo-
phototronic effect. The piezo-phototronic effect is to use
piezopotential to tune/modulate the generation, separation,
diffusion and recombination of electron−hole pairs during
optoelectronic processes.12,18−22 Such tunability offers an
effective way to enhance the on/off response performances of
the flexible UV photoswitch device, which will promote the
development of self-powered flexible optoelectronic devices
and integrated systems.5,23,24

RESULTS AND DISCUSSION
Figure 1 shows a schematic diagram of a self-powered GaN
flexible film-based MSM UV photoswitch device. The GaN
flexible film on PET substrate was obtained by substrate

transferring technique, which will be discussed later in Figure 2.
The flexible GaN-based photoswitch was designed and

fabricated by unsymmetrical MSM structure. The Pt and Ni
electrodes were deposited on each sides of GaN flexible film.
Between them, we adopted an ordered Al nanoparticle array on
c-face GaN active layer to enhance the UV absorption.16,25 Its
diameter and period are about 50 and 100 nm as shown in the
SEM image of Figure S1, respectively. When illuminating by
UV light, the photogenerated carriers will be collected at nearby
Schottky electrodes due to both the built-in and external
electric fields. In particular, the photoexcited electrons and
holes can move toward the opposite directions at the self-
powered mode, thus forming an electrical current in external
circuit. It can be expected that the interface engineering may
play a great role on the performance improvement of self-
powered UV photosensing by optimizing the energy band
profile, barrier height, space charge region, and strain-induced
piezopotential. In combination with an extremely low dark
current, the self-powered photoswitch device can achieve an
extremely high UV on/off ratio. Such sensor is suitable for
long-term, real-time response and power free UV monitoring.
The GaN flexible membrane-based MSM photoswitch was

fabricated as the flowchart in Figure 2. First, a [0001]-oriented
GaN film was grown on a c-plane bipolished sapphire substrate
by a low-pressure metal organic chemical vapor deposition
system. Second, Cr/Au metal was deposited on the surface of
GaN film, which served as the seeding layer for Cu
electroplating. The Cr/Au/Cu metal layers offer good
mechanical ductility during the transferring GaN film
processing. Third, laser lift-off technique was utilized to detach
the GaN/Cr/Au/Cu film from hard sapphire substrate.26−28

Fourth, we transferred the GaN/Cr/Au/Cu film onto the PET
substrate by bonding together with hard epoxy resins. Fifth, the
Cr/Au/Cu metals on the GaN surface were removed
sequentially by wet etching processes according to the
Experimental Section. Finally, the MSM-based photoswitch
was fabricated by depositing asymmetric Schottky Pt and Ni
electrodes and Al nanoparticle array.
Furthermore, we have investigated the UV photoresponse

characteristic of as-fabricated flexible GaN MSM photoswitch
device. As shown in Figure 3a, it is obvious that IV
characteristic in darkness shows a typical MSM transport
property. There exist two Schottky barriers, one is formed at
Pt/GaN interface and the other is formed at Ni/GaN

Figure 1. Schematic diagram of a self-powered GaN flexible film-
based MSM UV photoswitch device.

Figure 2. Fabrication flowchart of GaN flexible film-based MSM
photoswitch.
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interfaces. Due to the back-to-back MSM structure, leakage
current has an extremely low value, which guarantees high
performance for optical sensing.29−31 Under UV light
illumination, the photocurrent response increases gradually as
the increase of UV optical power. Moreover, it exhibits an
asymmetric trend at positive and negative bias voltage,
respectively. The asymmetric trend of I−V curves has a great
dependence on the electrode metals of MSM structure, as
compared in Figure 3a and Figure S2. It is noted that a stronger
UV photoresponse is observed at positive bias. Additionally,
there exist three UV photoresponse regions including low-
voltage (I), medium-voltage (II) and high-voltage (III), as

labeled in Figure 3a. With the increasing of positive bias
voltage, UV photocurrent increased dramatically in low-voltage
region and gradually saturates in medium-voltage region. It
demonstrates that the photogenerated electron−hole pairs can
be effectively separated by the formed built-in electric field of
MSM structure while keeping an extremely low dark current.
Such excellent photoresponse characteristic in low-voltage
region is suitable for UV photoswitching applications with high
on/off ratio. However, in high-voltage region, the reverse
leakage of Pt/GaN Schottky junction plays a dominant role for
current transport. Both dark current and photocurrent show a

Figure 3. (a) The current−voltage curves of GaN flexible film-based MSM photoswitch under different UV light powers at room temperature.
(b) Its current−voltage curves under different UV light powers at low bias voltage, especially 0 V for self-powered condition. (c) Its self-
powered on/off switching response as a function of the UV light power at 0 V bias. (d) The repeatability of the self-powered photoswitching
response at 0 V bias under 100 cycles of on/off switching under high UV illumination of 34.8 mW/cm2. (e) Its self-powered photocurrent and
responsivity as a function of UV light power at 0 V bias.
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fast increasing, thus deteriorating the UV photoresponse
performances.
The asymmetric trend of I−V curves has a great dependence

on the electrode metals of MSM structure. When we adopt Pt
(5.65 eV) and Ni (4.95 eV) Schottky metals with different work
function, the spatial distribution of electric field is unsym-
metrical in photoabsorption region at 0 V bias voltage. Both the
built-in electric field and the width of depletion region are

larger at the Pt/GaN junction than those at the Ni/GaN
junction. Therefore, in comparison with Ni/GaN junction, Pt/
GaN junction will absorb more portion of UV light and then
effectively separate the electron−hole pairs to generate
photocurrent. The design of asymmetric MSM structure is
crucial to obtain high-performance self-powered UV optical
detection. Figure 3b presents the enlarged I−V curves near 0 V.
It can be seen that the asymmetric MSM photoswitch has an

Figure 4. Change of current−voltage characteristics of flexible MSM photoswitch under dark (a) and UV power of 34.8 mW/cm2 (b) at
different tensile strains. The change of dark current (c) and photocurrent (d) at −5.2 and 5.2 V bias voltage as a function of tensile strain. (e)
Its current−voltage characteristics at UV-on and UV-off states influenced by the strain-modulation effect. (f) The ratio of device currents with
strain and no strain as a function of strain for different UV light powers at self-powered condition. (g) Dependence of the UV on/off ratio of
our flexible MSM photoswitch on bias voltage. (h) The piezo-phototronic enhancement of the UV on/off ratio under different bias voltages.
The applied strain is 1%.
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obvious photocurrent response to UV light even without bias
or power supply. The photocurrent response is closely related
to the amplitude of the built-in electric field and the amount of
photoinduced carriers. At bias voltage of 0 V in Figure 3b, its
photocurrent increases from 3.53 × 10−11 A at dark to 1.66 ×
10−5 A at 34.8 mW/cm2. Correspondingly, the open-circuit
voltage induced by UV illumination can reach to ∼200 mV
based on photovoltaic effect. In addition, the self-powered
photoswitching performance at 0 V bias has been investigated
in Figure 3c. Both UV optical power and on/off switch states
are modulated to study the transient response of our UV
photoswitch device. The output current presents impressive
consistency and repeatability for wide range of UV illumination.
In Figure 3c, it exhibits a fast and wide-range response to UV
illumination from several μW/cm2 to ∼35 mW/cm2. Taking
the time resolution of the testing system into consideration, the
actual response time and decay time of self-powered UV
photoswitch would be less than 0.1 s.28 So our UV photoswitch
can work well at self-powered mode with an excellent on/off
photoswiching characteristic. Unlike single nanowire or nano-
wire array photodetectors,8,9,13,18 its photoswitching response
at 0 V bias keeps stable and has ultralow photocurrent
fluctuation with standard deviation of 6.64 × 10−8 A under
hundreds of on/off cycles in Figure 3d, high repeatability of
which is suitable for long-term, reliable and highly sensitive UV
detection/monitoring. Meanwhile, the UV detection based on
large-size membrane can achieve high current output for facile
and accurate measurement, avoiding the weak optical
absorption and charge disturbances often happened in optical
detection of nanowires or two-dimensional nanosheets.32,33

According to Figure 3e, the UV photocurrent density at 0 V
bias has a linear relationship with the optical power at low UV
power, and increases slow-down as the UV power increases.
The photoelectric responsivity (R) of our self-powered
photoswitch reaches to 0.03 A/W at low UV power (<3.5
mW/cm2), and gradually reduces to 0.0116 A/W at high UV
power (∼35 mW/cm2). The normalized detectivity (D*) is
defined as34

* =D R J/ 2 e d (1)

where R and Jd are the responsivity and the dark current density
of the UV photoswitch device, respectively. So a very high
detectivity of 1.78 × 1012 cm·Hz0.5 W1− can be achieved at self-
powered mode, which reflects excellent UV sensitivity of self-
powered asymmetric MSM photoswitch.
As a suitable surface-mounted device, the flexible MSM

photoswitch can be conformable to the bent objects with a
certain curvature as shown in Figure S3. The strain-modulation
effect on the UV on/off response performances has been well
investigated. Figure 4 presents the change of the dark current
(a) and UV photocurrent (b) at different tensile strains. Under
UV-off state, the dark currents at positive and negative bias
voltage are gradually reduced as the tensile strain increases from
0% to 1%. As shown in Figure 4c, it decreases from 152.24 to
127.94 μA at 5.2 V and from −156.31 to −130.29 μA at −5.2
V. Both of them have similar variation amplitudes of dark
current. On the other hand, when the flexible MSM
photoswitch is at UV-on state with optical power of 34.8
mW/cm2, the UV photocurrent can be enhanced a little as the
increase of tensile strain. At positive bias voltage of 5.2 V, it
increases from 460.98 μA at no strain to 507.04 μA at tensile
strain of 1%, correspondingly increasing from −238.54 to

−268.14 μA at negative bias voltage of −5.2 V in Figure 4d. So
the photocurrent at positive bias voltage increases larger than
that at negative one. More interestingly, it is noted that the
strain-modulation effect at UV-on and UV-off states exists an
opposite trend as compared in Figure 4e. As for the self-
powered mode without bias voltage, it is found that the current
change depends on both the applied strain and optical power of
UV illumination in Figure 4f. At low UV illumination, the
increase of Schottky barrier height (SBH) induced by tensile
strain reduces the leakage current of reversed-biased Pt/GaN
and Ni/GaN Schottky contacts, which dominates in the current
reduction of I−V characteristic. As increasing the optical power
of UV illumination, photogenerated electron−hole pairs are
much easier and efficient to separate apart by increasing built-in
electric field under the external tensile strain, thus improving
the photocurrent output. The photocurrent enhancement
reaches to the maximum value of ∼120% under UV power of
19.1 mW/cm2 with 1% strain. It begins to weaken at higher UV
power of 34.8 mW/cm2, which is due to the partial screening of
the strain-induced polarization charges by the UV photo-
induced carriers.35 Accordingly, it further reveals that the piezo-
phototronic effect, rather than piezoresistive effect, plays an
important role on the photoelectric response of UV photo-
switch. Utilizing the strain-induced piezoelectric polarization
charges presented at the vicinity of M−S contact, piezo-
phototronic effect can tune/control the charge carriers
transport process by modulating the SBHs at the local Schottky
interfaces.19,36 It has been used to modulate/control carrier
generation, transport, separation, and recombination in light-
emitting diodes or solar cells.20,21 In our results, it further
demonstrates that the piezo-phototronic effect provides an
effective approach to improve the on/off switching perform-
ance of MSM-structured photoswitch.
Moreover, the UV on/off ratio is a crucial parameter of the

photoswitch device, which can evaluate its photoswitching
performance. Electrical current of our flexible MSM photo-
switch is highly sensitive to UV radiation, which has a large
change when exposed to and shielded from the UV radiation.
As shown in Figure 4g, the UV on/off ratio of our flexible MSM
photoswitch reaches to the highest value of 4.67 × 105 at self-
powered condition, which is much larger than that of GaN
nanowire-based UV photodetectors using photoconductive, p-i-
n, or core−shell structures.9,37 So it demonstrates an excellent
photosensitive characteristic without external power supply.
Meanwhile, this kind of self-powered UV detection is very safe
from the hazard of UV irradiation, and self-sufficient with low
cost and easy maintenance for a long-time use. In addition, the
UV on/off ratio has a great dependence on the bias voltage in
Figure 4g. It reduces as the positive or negative bias voltage
increases. Around 0 V, the high UV on/off ratio of 3.1 × 104

and 2.03 × 104 can be also obtained at low bias voltage of 0.1
and 0.2 V, respectively. And the UV on/off ratio still keeps
above 3 orders of magnitude until the positive bias voltage of
1.2 V. However, on the side of negative bias voltage, it declines
faster and drops down to 14.13 at −2 V. So it demonstrates that
work voltage at 0 V or low bias voltage is advantageous to
highly photosensitive applications. To verify the piezo-photo-
tronic enhancement of UV on/off ratio, the UV on/off
performance has been examined by applying external strains
to our flexible photoswitch device. By exerting a tensile strain of
1%, the UV on/off ratio can be partially enhanced as seen in
Figure 4h. The enhancement factor of UV on/off ratio is
defined as
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It is the specific value of the UV on/off ratio under 1% and
0% strains. In the whole bias voltage from −2 to 2 V, the strain-
tuned enhancement takes effect with the enhancement factor of
>130%. It appears a peak value of 154% around 0 V, exhibiting
a stronger strain-tuned UV on/off ratio at self-powered mode.
Therefore, our flexible photoswitch can undertake a little strain
to enhance the UV on/off switching performance.
To evaluate the strain modulation on photoresponse

properties, we study the electrical transport behaviors of our
flexible photoswitch device with external strain and UV
irradiation. The asymmetric MSM structure of as-fabricated
Pt/GaN/Ni photoswitch consists of two back-to-back Schottky
barriers, which is vital to its UV optical absorption and electrical
transport. Both Pt and Ni metals formed good Schottky
contacts with Ga-face GaN flexible film, which act as source and
drain electrodes, respectively. Figure 5a presents the band
diagram of asymmetric Pt/GaN/Ni device in equilibrium state
without bias voltage and external strain. Due to different SBHs
of two Schottky contacts, both built-in electric field and the
width of depletion region are larger at Pt/GaN junction than
that at Ni/GaN junction. So the incident UV light is mostly
absorbed at Pt/GaN region. More importantly, the photo-

induced electrons and holes are quickly separated away due to
the stronger electric field at Pt/GaN side. And they move
toward the Ni and Pt electrode, respectively, thus producing the
total loop-circuit current for self-powered UV detection.
Furthermore, when applying tensile strain to flexible GaN
membrane with (0001)-polarity, negative piezoelectric charges
are generated at interfaces of Pt/GaN and Ni/GaN, as
indicated by the blue dashed line in Figure 5b. The SBHs at
these two junctions are increased simultaneously, which makes
the free carriers difficult to transport from source to drain.12,38

It is consistent with the experimental result that the dark
current decreases as the increase of tensile strain in Figure 4a.
When UV illuminated at Pt/GaN and Ni/GaN Schottky
barriers, the photocurrent response is dependent on the optical
absorption, separation, recombination of photogenerated
carriers. The increased built-in electric field and depletion
width are beneficial to promoting space separation and
suppressing recombination of photogenerated electron−hole
pairs. Correspondingly, the enhanced photocurrent response
has been achieved by tensile strain-induced piezopotential of
Pt/GaN and Ni/GaN Schottky barrier as shown in Figure 4b.
To further verify the proposed physical mechanism, the

external electric field is taken into consideration to understand
the asymmetric photoresponse characteristic based on asym-
metric MSM-structure photoswitch. Here, the induced
piezopotential at Pt/GaN and Ni/GaN Schottky barrier is
stable by applying fixed tensile strain to the flexible GaN flake.
When the photoswitch is positively biased in Figure 5c, both
SBH and depletion width of Pt/GaN Schottky junction are
increased, while that of Ni/GaN Schottky junction are
decreased with the increasing of bias voltage. The asymmetry
of MSM band structure is gradually enhanced, which leads to
improving photocurrent response as shown by green solid line
in Figure 5c. On the contrary, when the photoswitch is
negatively biased in Figure 5d, the SBH of Ni/GaN increases,
while that of Pt/GaN decreases with the increasing of biased
voltage. It is obvious that the MSM band structure has an
asymmetric-symmetric-asymmetric transition. In Figure 5d, the
symmetric band structure is achieved by the combined action of
the built-in electric field, strain-induced piezopotential and
external bias voltage, which acts as a critical point indicated by
pink solid line. It can be seen that when the bias voltage is
increased, the asymmetry of MSM-structure is weakened before
the critical point while increased again after the critical point, as
shown by red solid line in Figure 5d. In comparison with
negatively biased condition, there exist higher UV photo-
response and UV on/off ratio at positive bias in consistence
with our experimental results. It further confirms that the
asymmetric distribution of electric field in asymmetric MSM
structure plays a significant role for photoelectric conversion.

CONCLUSIONS
In summary, a flexible and self-powered MSM-based photo-
switch was successfully fabricated using the flexible GaN
membrane on PET. Even without external electrical field, the
photogenerated electron−hole pairs can be effectively separated
by the formed built-in electric field of asymmetric MSM
structure. On the basis of asymmetric MSM structure, our
GaN-based MSM photoswitch works well at self-powered
mode with excellent photoresponse to UV illumination. Its
responsivity and detectivity are 0.03 A/W and 1.78 × 1012 cm·
Hz0.5 W1−, respectively. There is no need of external power for
self-powered UV sensing, which is suitable for long-term,

Figure 5. Band diagram of asymmetric Pt/GaN/Ni device. (a) In
equilibrium state without bias voltage and external strain, there
exist two Schottky contacts with different SBHs indicated by dark
solid line. The asymmetric electric fields produce the total loop-
circuit current for self-powered UV detection. (b) Without bias
voltage, when applying tensile strains to flexible GaN membrane
with (0001)-polarity, negative piezoelectric charges are created at
two Schottky junctions indicated by blue dashed line. (c) When the
photoswitch is positively biased and stretched, both SBH and
depletion width of Pt/GaN Schottky junction are increased while
that of Ni/GaN are decreased. Its asymmetry is enhanced as
indicated by green solid line. (d) The photoswitch is negatively
biased and stretched. The symmetric band structure indicated by
pink solid line acts as a critical point, which is achieved by the
combined action of the built-in electric field, strain-induced
piezopotential and external bias voltage. The asymmetry of MSM-
structure is weakened before the critical point while increased again
after the critical point as shown by red solid line.
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reliable and highly sensitive UV detection/monitoring. In
addition, it has good mechanical flexibility for strain
modulation. On the basis of the piezo-phototronic effect, the
enhancement of UV on/off ratio up to 154% at 0 V is observed
by applying small strain of 1%. Therefore, our study provides a
potential approach to enhance/optimize the performances of
self-powered optoelectronic devices by the piezo-phototronic
effect, which could be of interest for flexible and self-powered
optoelectronic sensing applications.

EXPERIMENTAL SECTION
The [0001]-oriented GaN film was grown on a c-plane bipolished
sapphire substrate by a low-pressure metal organic chemical vapor
deposition system. Low-temperature nucleation and then high-
temperature growth were implemented to obtain high-quality undoped
GaN thin film. The whole fabrication of the GaN flexible membrane-
based MSM photoswitch was presented in Figure 2. Chromium/gold
(Cr/Au) seeding layers were deposited on the (0001)-face of GaN
film by electron beam evaporation. And then, a copper (Cu)
supporting layer with thickness of 80 μm was electroplated on the
Cr/Au seeding layers. After that, the GaN film was detached from the
sapphire substrate by laser lift-off. The obtained GaN/Cr/Au/Cu film
could be transferred to flexible substrates as follows: First, it was
bonded tightly with the transparent polyethylene terephthalate (PET)
by hard epoxy resins. Second, the Cu supporting layer was removed
completely by ammonium hydroxide (NH4OH) and hydrogen
peroxide (H2O2) mixture solution. Third, the Au and Cr metal layer
were etched sequentially by aqua regia, nitric acid and ammonium
ceric nitrate mixed solutions. Finally, the UV photoswitch device was
fabricated by using the GaN/PET flexible film. The dot matrix of
aluminum (Al) nanoparticles were defined with diameter of 50 nm and
period of 100 nm on the (0001)-face GaN surface by electron beam
lithography. The active area for optical detection is 1 mm2. And then,
the platinum (Pt) and nickel (Ni) metals for Schottky contacts were
deposited at two sides of active region by electron beam evaporation.
So this asymmetric MSM device structure has been developed for
flexible UV photoswitching applications. Figure 1 presented the
schematic diagram of photoelectric test setup of a self-powered GaN
flexible film-based MSM UV photoswitch device. Direct current supply
and electrical testing were carried out by using a Keithley 2400 source
meter. A high-voltage mercury lamp was selected as a good UV optical
source for photoresponse and photoswitching measurements at room
temperature. Its emission range was below 400 nm regulated by optical
filter. The incident optical power was calibrated by UV power meter
(Thorlabs PM100D). A displacement stage was used to introduce the
external strain in GaN film for the study of strain modulation effect.
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