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ABSTRACT: Coupling the plasmonic metals with semiconduc-
tors often induces strong charge and energy transfer across
heterointerfaces, offering an unprecedented opportunity to break
the fundamental limit of semiconductor optoelectronic devices.
Herein, we demonstrate a broadened photodetection bandwidth
with drastically enhanced photoresponsivity of photoelectrochem-
ical cells by coupling the plasmonic−platinum nanoparticles with
p-type AlGaN-semiconductor nanostructures. Benefiting from the
localized surface plasmon resonance at the platinum-AlGaN
nanostructure interface, our devices exhibit a striking 3 orders of
magnitude boost of the photoresponsivity in the visible band,
which is barely attainable in pristine wide band gap semi-
conductors. Simultaneously, a nearly sevenfold enhancement of
the photoresponsivity can also be achieved under 254 nm light illumination, demonstrating high-responsive deep ultraviolet-sensitive
broad-bandwidth photodetection. Most importantly, the proposed plasmon-induced metal/semiconductor hybrid nanoarchitectures,
by embracing a diversity of plasmonic metals combined with the wide tunable band gap of the group III-nitride semiconductors via
synergy of the plasmonic−photoelectric effect, show significant promise in designing specific wavelength-dominance broadband
photosensing systems of the future.

KEYWORDS: III-nitride nanostructures, broadband photosensing, photoelectrochemical devices, plasmonic−photoelectric effect,
Pt nanoparticles

Plasmonic metals are characterized by their unrivaled
localized surface plasmon resonance (LSPR), which

occurs when the corresponding metal nanostructures are
excited by external frequency-matched electromagnetic radia-
tion.1,2 Through the resonant excitation of LSPR, the photon
energy collected by the plasmonic nanostructures not only
transfers to the highly enhanced near-field electromagnetic but
also generates hot carriers in the high energy levels.3,4

Benefiting from these unique photon harnessing capabilities,
metal/semiconductor hybrid nanostructures, which ingeni-
ously boost the conversion of absorbed photons into electrical
energy in semiconductors, emerge as fundamental building
blocks for achieving high-performance optoelectronic devices
such as photodetectors,5,6 photovoltaic devices,7 light-emitting
diodes,8 photoelectrochemical cells,9,10 and so forth. In the
past, to convert the photons into measurable electrical signals,
especially in the manufacturing of broadband photodetectors,
silicon has been the most accessed material owing to its
suitable band gap and low-cost manufacturing.11 However, for
traditional silicon-based photodetectors, their response for the
ultraviolet (UV) region is substantially limited due to the high
reflection coefficient of the planar silicon and the shallow light

penetration depth of the UV irradiation (less than 20 nm for
370 nm wavelength).12 To realize near UV or even solar-blind
photodetection with high responsivity, wide band gap
semiconductors such as group III-nitrides or III-oxides are
frequently chosen, whereas these materials are generally used
to construct the UV-specific photodetectors with narrow
response spectra, which may limit their photodetecting
application in the broadband range.13,14 To overcome those
fundamental limits, the plasmonic metals combined with the
UV-responsive semiconductor may be an alternative approach
to construct a UV-sensitive broadband photodetector, which
can satisfy the requirements of UV−visible broadband light
communication, spectral analysis, environment monitoring,
and spectroscopic applications.15,16 Bearing these in mind, we
are aiming to construct such a device that can maintain a high

Received: October 5, 2021
Accepted: November 16, 2021

Articlewww.acsanm.org

© XXXX American Chemical Society
A

https://doi.org/10.1021/acsanm.1c03239
ACS Appl. Nano Mater. XXXX, XXX, XXX−XXX

D
ow

nl
oa

de
d 

vi
a 

K
IN

G
 A

B
D

U
L

L
A

H
 U

N
IV

 S
C

I 
T

E
C

H
L

G
Y

 o
n 

D
ec

em
be

r 
8,

 2
02

1 
at

 1
1:

56
:2

2 
(U

T
C

).
Se

e 
ht

tp
s:

//p
ub

s.
ac

s.
or

g/
sh

ar
in

gg
ui

de
lin

es
 f

or
 o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yang+Kang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Danhao+Wang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shi+Fang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xin+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Huabin+Yu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hongfeng+Jia"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Haochen+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yuanmin+Luo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Boon+S.+Ooi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Boon+S.+Ooi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jr-Hau+He"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Haiding+Sun"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shibing+Long"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acsanm.1c03239&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.1c03239?ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.1c03239?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.1c03239?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.1c03239?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.1c03239?fig=abs1&ref=pdf
www.acsanm.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acsanm.1c03239?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://www.acsanm.org?ref=pdf
https://www.acsanm.org?ref=pdf


UV-responsive performance while broadening its detection
range. In addition, compared with conventional solid-state
photodetectors (e.g., photoconductive-type, Schottky-type, and
so forth), the emerging photoelectrochemical type operates
with a combination of physical and electrolyte-assisted
chemical processes which offers more flexibility and tunability
in detecting the incident light signals.17

In this work, we demonstrated a highly deep UV-sensitive
broadband photodetector based on the plasmonic Pt nano-
particles (NPs) combined with the p-type AlGaN nanostruc-
tures, which operates in a photoelectrochemical mode.
Benefiting from the hot charge injection and near-field
electromagnetic amplification induced by LSPR, the Pt-
decorated photodetectors maintained a high UV sensitivity
and exhibited a significant boost of UV photoresponsivity, that
is, 7-fold under 254 nm illumination and 64-fold under 365
illumination as compared to those devices composed of
pristine nanostructures. Excitingly, the photoresponse for the
Pt-decorated nanostructures was strikingly enhanced by more
than 3 orders of magnitude in the visible band as well. As a
result, the photoresponsivity in the visible band exhibits the
same order of magnitude as the corresponding deep-UV
responsivity, demonstrating a wide spectral response ranging
from deep UV to visible range. Our work offers a general
platform for the next-generation UV-sensitive broadband
photodetectors with wide tunability and expandability by
simply choosing proper plasmonic-metal nanomaterials with
various semiconductors.
In searching for UV-sensitive broadband photodetectors, we

first identified the group III-nitride materials, for example,
GaN, AlN, and their ternary alloys as the material foundation

to construct the photoelectrochemical photodetectors due to
their high absorption coefficient in the UV band, large charge
carrier mobility, chemical robustness, and easy doping with n-
and p-type.18,19 In our experiments, the defect-free p-AlGaN
nanostructures were grown on n-type Si(111) substrates using
molecular beam epitaxy.20 The as-prepared p-AlGaN nano-
structures were then used to explore the influence of LSPR on
their photodetection ability. Generally speaking, the physics
behind LSPR can be explained through two theories: the Mie
theory and the Drude−Maxwell model.21 Both theories hold
that the conducting free electrons inside the metal NPs can
oscillate collectively derived by the external oscillating
electromagnetic field.22 Furthermore, noble metals, such as
Pt, Ag, and Au, were originally preferred due to their high
conductivity and stability, resulting in sharp resonance.23

Specifically, small (<10 nm) Pt NPs exhibit a broad absorption
band from UV to visible region, which is assigned to the
interband transition of electrons from the d band to sp-
conduction band and the intraband transition of electrons from
the sp band to the sp-conduction band (LSPR absorption).24,25

In this work, the Pt NPs were used and prepared through a
precisely controlled sputtering technique, as shown in Figure
1a. The detailed sputtering process is thoroughly presented in
the Supporting Information (S1. Experiment Details).
Subsequently, the UV−visible reflectance spectra analysis was
employed to investigate the optical absorption property of the
nanostructures.26,27 As shown in Figure S1, the relative
reflectance spectra indicated that the p-AlGaN/Pt nanostruc-
tures exhibited an improvement in light absorption in a wide
spectrum range compared to the bare p-AlGaN nanostructures.
As a result, such a broadband absorption of Pt NPs would

Figure 1. (a) Schematic of the synthesis for p-AlGaN/Pt nanostructures via the sputtering method. (b) Side-view cross-sectional SEM image of the
p-AlGaN nanostructure (top; scale bar, 200 nm) and top-view SEM images of p-AlGaN nanostructures (middle; scale bar, 200 nm) and p-AlGaN/
Pt nanostructures (bottom; scale bar, 200 nm). (c) TEM image of p-AlGaN/Pt nanostructures (scale bar, 50 nm). (d) High-resolution TEM
(HRTEM) image of p-AlGaN/Pt nanostructures (scale bar, 10 nm). Inset in (d) is the HRTEM image of Pt NP (scale bar, 2 nm). (e) STEM
image (scale bar, 20 nm) and (f) STEM-EDS elemental mapping of p-AlGaN nanostructures decorated with Pt NPs. (g) XPS spectra of Pt 4f for p-
AlGaN/Pt nanostructures. (h) Room-temperature PL spectra of the p-AlGaN nanostructures and p-AlGaN/Pt nanostructures under an excitation
wavelength of 266 nm. The small peak near 266 nm is caused by the reflection of the laser.
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make them excellent candidates for hot-electron injection to
boost the responsivity in broadband photoelectrochemical
photodetectors.
After Pt decoration, to elucidate the detailed structural

characterization of the Pt-coated p-AlGaN nanostructures,
scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and scanning TEM (STEM) measure-
ments were carried out. The SEM images of the p-AlGaN
nanostructures (see Figure 1b) indicate that the as-grown
nanostructures are almost vertically aligned on the planar
Si(111) substrate. The p-AlGaN/Pt nanostructures are proved
to be of high quality by the TEM observation (Figure
S2).Moreover, the Pt NPs are clearly loaded on the p-AlGaN
nanostructures. The size of Pt particles is around 2−3 nm in
the sidewall of nanostructures in most cases, while we have
relatively larger Pt size on the top of the nanostructures in the
range of 5−10 nm (see Figure S3). According to the measured
lattice fringes (inset in Figure 1d), d = 0.23 nm matches very
well with the crystallographic plane of Pt(111).25 What is
more, the Pt NPs with brighter contrast are mainly embellished
at the top of the nanostructures, as displayed in Figure 1e.
Moreover, the energy-dispersive spectroscopy (EDS) elemen-
tal mapping images given in Figure 1f corroborate the
homogeneous dispersion of Al (red), Ga (green), and N
(orange), while the Pt (cyan) atoms apparently aggregate at
the top of the p-AlGaN nanostructures. Moreover, the
existence and chemical nature of the Pt species can be further
examined by X-ray photoelectron spectroscopy (XPS), as
shown in Figure 1g. Two distinct peaks at 74.7 and 71.4 eV are
unambiguously ascribed to the Pt5/2 and Pt7/2 bands of metallic
Pt, respectively.28,29 Additionally, we measured the steady-state
photoluminescence (PL) spectra of the p-AlGaN nanostruc-
tures before and after Pt decoration. As shown in Figure 1h,
under an excitation wavelength of 266 nm at room
temperature, the PL emission peaks of the two samples are
centered at 325 nm, corresponding to an energy band gap of
3.82 eV for the AlGaN nanostructure. Intriguingly, the PL peak
of p-AlGaN nanostructures becomes weaker after Pt

decoration, attributing to three possible reasons: on the one
hand, the Pt NPs exhibit plasmonic light absorption in the UV
band, as evident in the UV−visible relative reflectance spectra
(Figure S1), causing the decline of the PL intensity.24 On the
other hand, the emitted photons may be reflected or scattered
by the Pt NPs decorated on the p-AlGaN nanostructures.
More importantly, the PL spectra might indirectly manifest the
charge carrier trapping, migration, and transfer efficiency, as
the PL signals are a result of the recombination of
photogenerated carriers.30 Therefore, a weaker PL intensity
may indicate an efficient exciton dissociation and a lower
recombination rate of the electron−hole pairs. In this regard,
to further explore the carrier kinetics, we recorded the time-
resolved PL (TRPL) spectra of the p-AlGaN nanostructures
before and after Pt decoration (see Figure S4). TRPL spectra
revealed average radiative lifetimes of 404 and 441 ps for the
pure nanostructures and the Pt-decorated nanostructures,
respectively. The longer radiative lifetime for Pt-decorated
nanostructures demonstrates the effective suppression of
electron−hole pair recombination, which may be attributed
to the LSPR-induced near-field electromagnetic amplification
at the interface of p-AlGaN/Pt nanostructures.31 Essentially,
many reports have demonstrated that the enhanced local
plasmonic field could increase the formation rate of electron−
hole pairs in the plasmonic-metal/semiconductors.32,33 It is
also worth noting that the peak PL wavelength of the p-
AlGaN/Pt nanostructures shows a slight red shift (∼1 nm)
compared to the p-AlGaN nanowires. The red shift of the peak
PL wavelength may be related to the decrease in the effective
band gap owing to the Franz−Keldysh effect induced by the
LSPR-enhanced local electric field.34 Specifically, Franz and
Keldysh predicted that the local electric field might lead to a
red shift of the absorption edge, resulting in the presence of an
absorption tail for band-to-band transitions.35

To validate the near-field electromagnetic amplification
induced by LSPR excitation and its promotion of photo-
activity, we calculated the spatial distribution of electric-field
intensity at the interface of Pt NPs in an aqueous solution via

Figure 2. (a) Models for p-AlGaN and p-AlGaN/Pt nanostructures used for FDTD simulations. FDTD simulations of electric field intensity (|E|)
over (b) p-AlGaN and (c) p-AlGaN/Pt at 326 nm. (d) Schematic diagram of the p-AlGaN/Pt nanostructure-based photoelectrochemical-type
photodetectors and the excitation of LSPR under UV light irradiation.
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finite-difference time-domain (FDTD) simulations. As shown
in Figure 2a, the FDTD simulation models include one p-
AlGaN nanostructure with a diameter of 150 nm, and one Pt-
decorated p-AlGaN nanostructure, where the size of Pt NPs is
defined as 3 nm. Besides, the incident light wavelength was
chosen as 326 nm, corresponding to the peak PL wavelength of
the p-AlGaN/Pt nanostructures. As illustrated in Figure 2b,c,
the LSPR can be characterized by intense oscillating fields
stronger than the field associated with the source photons.
Concretely, the capacitive coupling between the oscillating
electron cloud in each plasmonic particle yields strong electric
fields and exhibits highly intensive “hot spots”, indicating
strong LSPR intensity.23 Such intense electric fields could be
anticipated to boost the formation rate of electron−hole pairs
in the p-AlGaN nanostructures, thus enhancing the photo-
current of the Pt-decorated nanostructures, as will be discussed
later.
Followed by the abovementioned theoretical guidance, we

attempted to verify these hypotheses in a real device. To begin
with, the p-AlGaN nanostructures and p-AlGaN/Pt nanostruc-
tures were assembled into a standard three-electrode system
with a formation of photoelectrochemical-type photodetectors
to test their photoresponse characteristics, as schematically
illustrated in Figure 2d. Specifically, the nanostructures, Pt
wire, and saturated Ag/AgCl electrode were used as the
working electrode, the counter electrode (CE), and the
reference electrode, respectively.36 Besides, we used 0.5 M
H2SO4 aqueous solution as the electrolyte. Under the UV
illumination, the p-AlGaN/Pt nanostructures were excited and
they worked as the photocathode for hydrogen evolution, as
shown in Figure 2d. The detailed mechanism of the three-
electrode system photoelectrochemical-type photodetectors is
thoroughly discussed in the Supporting Information.

First of all, we measured the photocurrent densities (Iphoto)
of the pristine photodetectors, and the Pt-decorated photo-
detectors at 0 V bias under the 254 and 365 nm illumination,
respectively. It is worth noting that Iphoto is defined as Iphoto =
Ilight − Idark, where Ilight and Idark are light and dark current
densities, respectively. The Iphoto response shows a reversible
behavior with the light on/off (Figure 3a). Remarkably, the
Iphoto values of Pt-decorated photodetectors are −24.5 and
−9.5 μA·cm−2 under the illumination of 254 and 365 nm,
respectively. These numbers are nearly 7-fold and 64-fold
larger than the photocurrent obtained from the devices without
Pt decoration, demonstrating a substantially enhanced deep
UV sensitivity. It should be noted that the photocurrent of the
pristine photodetector under the 365 nm illumination was at a
very low level, as shown in Figure 3a, which is reasonable
because the direct photoexcitation of p-AlGaN nanostructures
occurs only when the energy of absorbed photons is higher
than the band gap of the p-AlGaN nanostructures (in our case,
the wavelength should be shorter than 325 nm). In contrast,
for the Pt-decorated nanostructures, the 365 nm illumination
can efficiently stimulate the generation of electron−hole pairs
via the LSPR effect, thus could lead to a larger photocurrent.
Second, to clarify the photocurrent enhancement mecha-

nism under the UV illumination, it is crucial to understand the
carrier generation, transfer, and separation at the interface of
the Pt-decorated p-AlGaN nanostructures/electrolyte. In the
proposed device architecture, analogous to the energy band
alignment in the semiconductor−metal solid−solid junction, a
depletion layer could form when the semiconductor contact
with the electrolyte to reach the equilibrium state at the solid−
liquid interface.37 Once the p-AlGaN nanostructures are
irradiated by the light, as long as the photon energy is higher
than the band gap, the nanostructures then generate electron−
hole pairs. Thereafter, the H+ can easily land on the

Figure 3. (a) Iphoto−t characteristics of p-AlGaN nanostructures and p-AlGaN/Pt nanostructure-based photoelectrochemical photodetectors at 0 V.
(b) Plasmonic hot electron transfer pathway from Pt NPs to p-AlGaN nanostructures. (c) Representation of the response time (tres) and the
recovery time (trec). (d) tres/trec of the p-AlGaN nanostructures and p-AlGaN/Pt nanostructure-based photoelectrochemical-type photodetectors
under the illumination of 254 and 365 nm.
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nanostructure’s surface which acquires electrons from the
conduction band of the p-AlGaN nanostructure, and then,
excess holes in the valence band of the p-AlGaN nanostructure
transfer to the CE and thus form the photocurrent.38 In
general, when the photon energy is below the band gap of our
p-AlGaN nanostructures, little photocurrent can be expected
because limited electron−hole pairs might be generated.
Strikingly, a large photocurrent can be obtained in our devices,
even at 365 nm light illumination, after decorating these p-
AlGaN nanostructures by Pt NPs. This phenomenon can
possibly be attributed to the LSPR-mediated charge injection
and near-field electromagnetic field amplification, which we
explain in detail as follows: Figure 3b illustrates the charge
injection process occurring at the interface of p-AlGaN/Pt. In
plasmonic Pt NPs, the electrons are excited from occupied
states to higher-energy unoccupied states, yielding an excited
electron distribution.39 Subsequently, the electrons with
appropriate energy from this distribution could transfer to
either the adsorbed H+ or the p-AlGaN nanostructures,

participating in the photoelectrochemical reactions.40 Con-
sequently, the hot electron injection leads to a boost of the
photogenerated current. Moreover, the strong photoresponse
under the 365 nm illumination could be direct evidence of hot
electron injection, which might be the sufficient source of a
large number of electrons when the incident photon energy is
lower than the band gap of p-AlGaN nanostructures.
Another possible cause of the photocurrent enhancement

might be the LSPR-induced near-field electromagnetic because
the rate of carrier generation in the semiconductor is
proportional to the square of the local intensity.2,41 Specifically,
the near-field electromagnetic mechanism can be based on the
interaction between the p-AlGaN nanostructures and the
spatially nonhomogeneous electric fields localized nearby the
Pt NPs, as shown in Figure S5. It is worth noting that the
spatially nonhomogeneous intense fields are essentially located
at the p-AlGaN nanostructure/liquid interface. Therefore, the
rate of LSPR-induced electron−hole pair formation could be
the highest in the region of the p-AlGaN nanostructure close

Figure 4. Photocurrent density (a) and (b) responsivity (c) and (d) with various light power intensities of the p-AlGaN nanostructures and p-
AlGaN/Pt nanostructure-based photoelectrochemical-type photodetectors under the 254 and 365 nm illumination, respectively. Photocurrent
density (e) and responsivity (f) of the two types of devices operating with different applied potentials under the 254 and 365 nm illumination.
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to the nanostructure/liquid interface, which offers a crucial
advantage: the electron−hole pairs near the nanostructure/
liquid interface are readily to be separated from each other
driven by the surface potential and quickly participate in the
photoelectrochemical reactions, leading to a substantially
enhanced photocurrent of the Pt-decorated nanostructures.
Moreover, it has been recognized that Pt could be one of the
most efficient proton reduction co-catalysts for the HER
reaction. Based on our previous work, the surface of Pt-
decorated AlGaN nanostructures exhibited much smaller
Gibbs free-energy of atomic hydrogen adsorption, which
facilitated the hydrogen desorption and enhanced the photo-
current.42,43 Above all, benefiting from the hot charge injection
and near-field electromagnetic amplification induced by LSPR
coupled with enhanced HER catalytic activity, the Pt-
decorated nanostructures demonstrate a high UV-sensitivity
with a substantial boost of UV photocurrent.
To gain further insights into the photoresponse behavior of

the proposed devices, the response time (tres) and the recovery
time (trec) were also measured. The tres of the detector is
defined as the time required for the photocurrent to increase
from 10 to 90% of the maximum value, and the trec refers to the
time required for the photocurrent to recover from 90 to 10%
of the maximum value. As displayed in Figure 3d, under the
254 nm illumination, the corresponding tres (69 ms) and trec
(24 ms) indicate a faster photoresponse speed of the Pt-
decorated photodetectors as compared to other photo-
electrochemical-type photodetectors (see Table S2). Remark-
ably, the tres of the Pt-decorated photodetectors significantly
decreased compared with the values extracted from pristine
nanostructures, while the trec was less sensitive to the Pt-
decorated ones. In comparison, the tres and trec of the devices
both increased after Pt decoration under the 365 nm
illumination. On the one hand, the near-field electromagnetic
induced by LSPR accelerated the separation of the photo-
generated electron−hole pairs, thus improving the photo-
response speed of the photodetectors.40 On the other hand, a
much higher photocurrent implied that more electrons arrived
at the surface of p-AlGaN nanostructures and then interacted
with H+ on the surface as well.44

Apart from the response time, the dependence of Iphoto on
incident light intensity (Pin) is also a key factor in evaluating
the photoresponse characteristics of the device. As shown in
Figure 4a,b, the experimentally measured Iphoto of the devices
gradually increased with the ramp-up of light intensity under
the illumination of 254 and 365 nm. In order to elaborate the

light intensity-dependent photoresponse properties, the
responsivity (R) was extracted and calculated by R = Iphoto/
Pin. As shown in Figure 4c,d, the calculated R increased steadily
with the raising of the incident UV irradiation. Beyond the
light intensity, the external bias potential also directly relates to
Iphoto of the photodetectors. As shown in Figure S6, the linear
sweep voltammetry with a scanning speed of 10 mV/s was
measured under 254 and 365 nm illumination, respectively.
Intuitively, the photocurrent density shows significant depend-
ence on the external bias potential. As detailed in Figure 4e, we
measured the change of photocurrent density with respect to
the varying bias potential from 0.05 to −0.15 V. Intriguingly,
the Iphoto of the photodetectors increased along with the bias
potential. As seen in Figure 4f, the calculated R of the
photodetectors exhibited a steady rising trend as the bias
potential varied from 0.05 to −0.15 V. Such steadily increasing
responsivity results from the external potential which could
have a strong impact on the band structure of the p-AlGaN
nanostructures and thus accelerate the electron−hole separa-
tion process. Notably, the more negative the external bias
potential is, the higher the overpotential for the redox reaction
could happen, which unequivocally accelerates the photo-
electrochemical reaction. Importantly, early reports have
shown that the electrolyte concentration also has a significant
influence on the responsivity of the photoelectrochemical-type
photodetectors, offering another degree of opportunity to tune
the device performance.45,46 Furthermore, we measured the
Iphoto−t characteristics of p-AlGaN nanostructures decorated
with different loading densities of Pt under 254 nm
illumination with 0 V bias (Figure S7). The loading density
of Pt was controlled by varying the sputtering time, which was
20, 30 (used above), and 40 s, respectively. Intriguingly, the p-
AlGaN/Pt nanostructures with 30 s sputtering time demon-
strated the highest photocurrent density. On the one hand, the
lower loading density of Pt particles may lead to weaker LSPR
intensity because the LSPR-induced near-field electromagnetic
is closely related to the particle spacing.2 On the other hand, a
higher loading density of Pt particles may result in lower UV-
light absorbing efficiency of the p-AlGaN nanostructures.
Besides the abovementioned demonstration of the enhanced

UV photodetection performance, undoubtfully, the plasmonic
Pt NPs are capable of broadening the absorption spectrum of
the photodetectors by absorbing photons with low energy.24

Such UV-enhanced broadband photodetection behavior is
attributed to the strong plasmonic effect of sputtered Pt
particles that triggers strong charge and energy transfer across

Figure 5. (a) Photocurrent density and (b) IPCE of the p-AlGaN nanostructures and p-AlGaN/Pt nanostructure-based photoelectrochemical-type
photodetectors under different light wavelengths (254, 285, 310, 340, 365, 453, 529, and 620 nm) at 0 V bias.
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Pt/AlGaN-nanostructure interfaces, unlike the co-catalyst
effect of these photodeposited Pt particles on AlGaN
nanostructures for photoelectrochemical photodetectors.45

To test the broadband photoresponse feature of the device,
the photocurrent densities of the pristine photodetectors and
the Pt-decorated photodetectors were both measured by
exposing the devices to different light wavelengths at 0 V
bias, as shown in Figure 5a. Obviously, both photodetectors
exhibit significant UV sensitivity. However, under the light
illumination with wavelengths of 453, 529, 620 nm, the pristine
photodetectors produce nearly negligible photocurrent. Such
low photocurrent agrees with the fact that the pristine p-
AlGaN nanostructures are not sensitive to visible light. In
contrast, the Pt-decorated devices show superior responsivity
to the visible light, indicating that the LSPR excitation could
contribute to the photocurrent generation under visible light
exposure. Based on the abovementioned results, we may
conclude that the LSPR excitation of plasmonic Pt NPs indeed
enhances the broadband photon harvesting and photon-to-
electron conversion in the proposed devices.
Lastly, to gain further insights into the photon-to-electron

conversion efficiency of the devices, the incident photon-to-
electron conversion (IPCE) is extracted as a function of
wavelength using IPCE = (1240Iphoto)/(λPin), where λ is the
incident light wavelength and Pin is the incident light
intensity.47 As shown in Figure 5b, after Pt decoration, the
IPCE of the photodetectors reached 31% under the 254 nm
illumination, reflecting the high efficient photoconversion
under deep UV light illumination. Excitingly, the photon-to-
electron conversion efficiency for the Pt-decorated nanostruc-
tures was strikingly enhanced at the visible band as well. The
IPCE is approximately 1050 times higher than the pristine
ones under 620 nm illumination. Consequently, benefiting
from the LSPR-induced hot charge injection and near-field
electromagnetic amplification, the combination of p-AlGaN
nanostructures and plasmonic Pt NPs not only significantly
boosts the sensitivity of UV detection but also substantially
broadens the detection range of the photodetectors whose
optical properties can be further modulated by choosing
plasmonic nanomaterials with varied species, size, and
morphology.48

Herein, we demonstrated a photoelectrochemical-type UV-
dominant broadband photodetector composed of Pt-decorated
p-AlGaN semiconductor nanostructures. A dramatic enhance-
ment of the photoresponsivity, that is, 7-fold under 254 nm
illumination and 64-fold under 365 nm illumination, with
improved photoresponse time, were achieved, possibly
attributing to the near-field electromagnetic amplification and
hot electron generation at the nanostructure/Pt interface,
which was revealed and verified by the FDTD theoretical
calculation. Moreover, these optical behaviors can be
effectively tuned via the incident light power density and the
applied bias voltage. Intriguingly, after Pt decoration, the
device exhibited a remarkable photoresponse in the visible
light range, demonstrating 3 orders of magnitude boost at the
visible band, which was not obtainable in the devices
composed of pristine AlGaN nanostructures. Thereby, the
proposed device architecture, with broadly tunable optical
properties of the plasmonic nanomaterials (by varying the
species, size, and morphology) combined with the wide
tunable band gap (from 0.6 to 6.2 eV) using the group III-
nitride semiconductors, may open a new avenue for fabricating

high-responsivity, fast-speed optoelectronic devices with the
broad-bandwidth detecting capabilities of the future.

■ EXPERIMENTAL SECTION
The details of the growth of nanostructures, characterization methods,
preparation of the AlGaN NW photoresponse electrode, FDTD
simulations, and photodetection performance measurements can be
found in the Supporting Information.
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