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Abstract: Group-III nitrides are considered to be a strategic technology for the development of ultraviolet photodetectors 
due to their remarkable properties in terms of spectral selectivity, radiation hardness, and noise. The potential advantages 
of these materials were initially obscured by their large density of intrinsic defects. The advances were thus associated in 
general with improvements in material quality. Although technology still also needs improvement, efforts are being inten-
sified in the fabrication of advanced structures for photodetector applications. In particular, this review discusses the re-
cent progress in group-III-nitride photodetectors, emphasizing the work reported on quantum-well-based photodetectors, 
the use of novel structures exploiting the effect of piezoelectric polarization-induced fields, and polarization-sensitive 
photodetectors. Furthermore, some ideas can be generalized to other material systems such as ZnO and their related com-
pounds, which exhibit the same crystal structure as group-III nitrides. 
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1. INTRODUCTION 

 The development of group-III nitrides in the late 1990’s 
has been motivated by the realization of efficient light emit-
ting diodes (LED), which are now an industrial standard for 
solid state lighting [1,2]. Other significant applications of 
group-III nitrides are high-frequency/high-power electronics 
using high-electron-mobility transistors (HEMT) and pho-
todetectors [3,4]. Photodetectors based on group-III nitrides 
take advantage of their inherent spectral selectivity to allow 
for the tuning of the detection edge from about 200 nm 
(AlN) to about 1770 nm (InN). Some potential benefits 
added by the use of these materials are their radiation hard-
ness and the expected lower intrinsic noise and dark current 
in comparison with narrow-band-gap materials (e.g., Si) [5, 
6]. In addition, the devised applications comprise, for exam-
ple, solar-blind detection [7,8], non-line-of-sight ultraviolet 
(UV) communications [9], combustion monitoring [10], 
space communications [11, 12], high-resolution photolithog-
raphy together with emitters [13], and missile plume detec-
tion [11]. Similarly, solar cells fabricated with (In,Ga)N 
compounds operating in the 2.4 eV range, as photodetector-
like devices, are a promising technology to increase the con-
version efficiency of current photovoltaic cells [14-16].  

 In this work, we describe the recent advances and the 
future prospects of group-III-nitride photodetectors. They 
include the detection in the visible (VIS) [17, 18], extreme-
UV (EUV), and soft x-ray ranges [19, 20], novel device de-
signs and concepts such as gain mechanisms based on pie-
zoelectricity or nanowire photodetectors [21, 22], new func-  
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tionalities (e.g., polarization sensitivity or narrow-band de-
tection) [23, 24], and new scenarios (e.g., high-temperature 
environments) [25]. This review is organized as follows. 
Section II presents a summary of the main parameters used 
in the photodetector characterization. The objective of this 
section is to help understand the decisions taken in the de-
sign of photodiodes. In section III, previous research on and 
the properties of group-III-nitride photodetectors is briefly 
discussed. The main body concerning recent advances in 
group-III-nitride photodetectors is divided into three sec-
tions, IV, V, and VI, which correspond to basic structures, 
multiple-quantum-well (MQW)-based photodiodes, and po-
larization-sensitive photodiodes, respectively. Finally, the 
conclusions are presented in section VII, where, in addition 
to the summary of the results, we propose new directions in 
the field of group-III-nitride photodetectors.  

2. USEFUL DEFINITIONS IN PHOTODETECTOR 
CHARACTERIZATION  

 Photodetectors can be characterized by a set of parame-
ters or figures of merit which are of interest in practical ap-
plications. In particular, we consider the following figures of 
merit: responsivity, noise, and speed. The importance of 
each figure of merit will depend on the application, and, in 
most cases, they are not independent, allowing for the exis-
tence of design rules constrained by simple tradeoff relations 
(e.g., the photoconductive gain increases at the expense of a 
reduction in the response time). A detailed understanding of 
the device structure is needed to determine the value of the 
figures of merit and, therefore, to be able to improve the per-
formance of the photodetectors. 

 The responsivity is defined as the ratio of the electrical 
output to the optical input for a given wavelength and can be 
expressed as 
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R =
I ph
P

,             (1) 

where Iph denotes the photocurrent and P the incident optical 
power on the device. Iph depends in turn on the absorption 
and the current collection efficiency. The absorption is de-
termined by the active layer thickness and the absorption 
coefficient for photons not reflected at the surface (the re-
flectance at normal incidence between air and GaN is about 
15% below the absorption edge). The parameter used to 
characterize the absorption is known as the quantum effi-
ciency. Assuming that all photogenerated carriers contribute 
to the photocurrent and no gain is present, the maximum 
responsivity is given by e/h . This limit can be increased for 
photons with energies of at least twice the band gap energy 
so that more than one electron-hole pair per photon can be 
photogenerated [26-28]. Note that photogenerated carriers 
can either recombine before reaching the contacts or contrib-
ute to gain. The existence of gain mechanisms can be used to 
design devices with high responsivity. The most representa-
tive mechanisms are the photoconductive gain and the ava-
lanche gain. The photoconductive gain in basic devices (i.e., 
photoconductors) is given by  

g = v

ttr
1+

μh

μe

,            (2) 

where v is the minority carrier lifetime, ttr the majority car-
rier transit time, and μe (μh) the electron mobility (hole mo-
bility). Since, in general, μe >>μh, it follows that g v/ttr. 
Therefore, the gain-bandwidth product of the photoconduc-
tor depends only on ttr taking into account that the response 
time is limited by v. The second mechanism takes advantage 
of a high electric field to initiate an avalanche process driven 
by photogenerated carriers. The high electric field is reached 
by applying a high external voltage. In both cases, a price is 
usually paid in terms of an increase in the dark current, in 
addition to the already mentioned shortcomings (speed for 
the photoconductive gain and the need of a high applied 
voltage for the avalanche gain). These examples illustrate the 
tradeoff relations one faces in the design of photodetector 
structures. Group-III nitrides open the possibility to study 
new types of photoconductive gain as will be discussed be-
low.  

 Other remarkable characteristics of the responsivity are 
related to its spectral and power dependence. The spectral 
selectivity is the most obvious advantage offered by group-
III-nitride semiconductors compared to other well-
established semiconductors, which need filters to operate in 
the VIS and UV regions. The selectivity is typically defined 
by the detection band and the rejection ratio or contrast be-
tween the desired and undesired bands. The dependence of 
the responsivity as a function of power is assessed by com-
paring it with a linear response. Linear operation is preferred 
for most applications. However, high-gain photodetectors 
frequently exhibit a nonlinear response. 

 Noise is related to the sensitivity or minimum input 
power that can be detected. Thus, the sensitivity is defined as 
the optical power which generates an electrical signal equal 
to that due to noise. A quantity of interest to characterize the 
sensitivity is the noise equivalent power (NEP), which is 
defined as 

NEP =
in
R

,            (3) 

where in is the effective value of the noise current of the pho-
todiode. In order to improve the performance of photodetec-
tors, the noise must be minimized. Due to the close relation 
between noise and dark current, it is convenient to design 
photodiodes operating under low dark current conditions. 

 Finally, the speed is characterized by the bandwidth (BW) 
of the frequency response. The bandwidth can be limited by 
intrinsic factors (e.g., minority carrier lifetime) or the exter-
nal circuit (RC limited). All these figures of merit can be 
combined into a common parameter for the comparison of 
photodetectors known as the specific detectivity, which is 
given by 

D*
=

AopBW

NEP
,            (4) 

where Aop is the effective area for detection. Note that a 
higher bandwidth increases both the speed and the noise of 
the photodetector. In general, the higher D* is, the better the 
photodetector. However, there are other factors such as se-
lectivity or linear dependence as a function of power that can 
be more critical for certain applications.  

3. BACKGROUND  

 The basic properties of wurtzite nitrides are summarized 
in Fig. (1). We can observe that the detection of VIS and IR 
light requires the use of (In,Ga)N or (In,Al,Ga)N alloys with 
high In mole fractions, whereas the detection of deep UV 
light requires the use of (Al,Ga)N or (In,Al,Ga)N alloys with 
high Al mole fractions. The different properties of these 
compounds have determined the further development of this 
technology, as it will be discussed later. The inset of Fig. (1) 
also shows the valence band (VB) structure for unstrained 
GaN including the spin-orbit interaction [29]. The effect of 
strain on the wave functional character and energies of the 
VB states will be discussed in Section VI.  

 

 

 

 

 

 

 

 

 

 

 
 
Fig. (1). Band gap energy and in-plane lattice constant for wurtzite 
(Al,In,Ga)N compounds. Inset: Valence band structure for un-
strained wurtzite GaN including the spin-orbit interaction (the ef-
fective mass parameter A7=93.7 meV/Å [29]).  
 
 Now focusing on devices, the work carried out in group-
III-nitride photodetectors can be classified into several 
stages. Initially, research was focused on the fabrication of 
simple structures such as (Al,Ga)N photoconductors and 
Schottky barrier photodiodes grown by metalorganic chemi-
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cal vapor deposition (MOCVD) or molecular beam epitaxy 
(MBE). The objective was to study the effect of the material 
quality on the basic properties of the devices. The main char-
acteristic offered by these photodetectors was the spectral 
selectivity, mainly for solar-blind applications [30-35].  

 Later, with the advances achieved in material quality, 
innovations in the design of photodetectors to improve their 
performance in terms of spectral selectivity, noise, respon-
sivity, and speed were introduced. Some illustrative exam-
ples can be found in Refs. [36, 37]. In this period, specific 
detectivities higher than 1013 cmHz1/2W 1, which are similar 
to those of commercial Si diodes, and response times of 
about 1 ps were reported. 

 Currently, the research focuses on different lines related 
to device optimization, array or charge-coupled-device 
fabrication, and avalanche photodiodes [38-40]. Most work 
has been performed to develop photodetectors operating in 
the UV region. In contrast, there are only a few studies 
extending the detection range to the VIS and infrared (IR) 
regions, basically for technological reasons [17].  

4. BASIC STRUCTURES  

 The current research on device optimization consists of 
improving material quality and contact technology. Illustra-
tive examples are the use of double buffer structures [41], 
unconventional nucleation layers [42], and new materials for 
contacts to increase the detection range [43] or even the spe-
cific detectivity [44]. The results of Ref.  [41] show that ra-
diation hardness can be enhanced by decreasing the defect 
density. Similarly, the improvement in material quality al-
lows for the reduction in the dark current and the increase in 
the barrier height in Schottky barrier photodiodes [42]. In 
Refs. [43, 44], contacts made of TiW and Ir/Pt were used, 
respectively. TiW contacts exhibit a higher transmittance at 
higher energies (<300 nm range) than Ni/Au. However, Ir/Pt 
contact technology is beneficial to reduce the dark current 
due to the higher barrier height. Other important examples of 
research related to device optimization can be found in Refs. 
[45-47]. 

 The interest of increasing the sensitivity linked to the 
advances in material quality has motivated the study of ava-
lanche photodetectors [48]. Promising results have been re-
ported by different groups for (Al,Ga)N [49], GaN [50], and 
AlN [51]. Namely, reproducible gain values of about 103 
have been achieved using (Al,Ga)N [49], whereas values as 
high as 3 103 have been reached with GaN [38]. Neverthe-
less, there is still room for improvement, since, for example, 
the size of the reported devices is small (below 0.002 mm2). 
Another approach to obtain high sensitivity is based on 
quantum wires. These structures intrinsically exhibit a large 
photoconductive gain, as also found for ZnO [52, 53]. The 
origin of the large photoconductive gain seems to be related 
to surface trapping along the current transport direction.  

 In the last few years, novel design concepts have also 
been developed including dual-band or multiple-band detec-
tion [54, 55] and quantum-well-based photodetectors (cf. 
Section V). These designs aim at an improved spectral selec-
tivity and sensitivity. Fig. (2) shows a good example of a 
device design to enhance the sensitivity by reducing the dark 
current, whereas the responsivity is barely enhanced. In this 
case, the device is a simple photoconductor consisting of an 

(In,Ga)N/GaN/(In,Ga)N n-i-n structure. The basic idea to 
reduce the dark current is to introduce a GaN barrier between 
the (In,Ga)N active layers. The photocurrent increases for 
vertical transport in comparison to lateral transport since ttr 
decreases. Therefore, we can design an optimized photocon-
ductor in terms of dark current and responsivity using a ver-
tical geometry and a current blocking layer. Results related 
to the anisotropy in detectivity for vertical and lateral struc-
tures have also been reported in Ref. [56]. In addition, the 
built-in potential induced by piezoelectric fields allows for a 
nonzero photoresponse under photovoltaic operation. 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2). Dark current versus voltage for an n i n structure consist-
ing of (In,Ga)N/GaN/(In,Ga)N using a lateral (upper curve) and a 
vertical geometry (lower curve).  
 
 Other interesting photodetectors are those based on 
metal-insulator structures (MIS). These structures are de-
signed to reduce the leakage current and, therefore, the dark 
current, of Schottky barrier photodetectors, while maintain-
ing similar responsivity values. Some examples of photode-
tectors taking advantage of the MIS structures can be found 
in Refs. [57-59]. 

 For applications, there is growing interest in the realiza-
tion of photodetectors operating in the deep UV [60, 61]. 
Most works report on the characterization of (Al,Ga)N pho-
todetectors with high Al content using simple structures such 
as metal-semiconductor-metal (MSM) and Schottky barrier 
photodiodes, due to the difficulties in both n  and p type 
doping. Note that a photodetector based on cubic BN for the 
deep UV region has been recently reported [62]. This mate-
rial offers interesting properties for optoelectronic and 
acoustic applications [63]. Alternatively, the interest in the 
VIS and IR ranges has motivated the fabrication of 
(In,Ga)N-based photodiodes [17, 64-66]. These devices ex-
hibit low internal quantum efficiencies (<16%) and poor 
electrical performance. The reasons for the poor performance 
in comparison with GaN-based devices are again deficien-
cies in the material and contact quality. In the next section, 
MQW-based photodetectors are discussed as an alternative 
to photodetection in the VIS region. 

5. (IN,GA)N/GAN MULTIPLE-QUANTUM-WELL-
BASED PHOTODIODES  

 The use of (In,Ga)N/GaN MQW structures was initially 
proposed to overcome the technological limitations imposed 
by (In,Ga)N-bulk technology in terms of reproducibility and 
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electrical characteristics (e.g., dark current) [67-70]. Despite 
the deficiencies in the material and contact quality, these 
structures offer remarkable advantages such as a lower ex-
pected noise, a more abrupt photoresponse edge, an easier 
integration of emitter and detector functions, an extra flexi-
bility to design the device characteristics, and the possibility 
to generate new gain mechanisms [18, 21, 71]. Regarding 
applications, these devices have shown promising results for 
biological analysis, combustion monitoring, and solar energy 
conversion [72, 73]. 

 Fig. (3) shows the photoresponse at zero bias of Schottky 
diodes fabricated on three samples S1, S2, and S3 with a 5-
period (In,Ga)N/(In,Al,Ga)N MQW active region, where the 
In content is 7%, 6%, and 2%, respectively. Well and barrier 
thicknesses are approximately 3 and 17 nm, respectively, for 
all three samples (S1, S2, and S3). In Fig. (3), we can distin-
guish two spectral regions corresponding to the absorption in 
the QWs (long wavelengths) and the barriers (short wave-
lengths). Note that the barriers for samples S1, S2, and S3 
are GaN, In0.02Ga0.98N, and Al0.16Ga0.84N, respectively. The 
lower responsivity of QW photodiodes reflects the lower 
absorption compared to that of the barriers. Nevertheless, the 
efficiency is close to unity, i.e., each absorbed photon in the 
QWs contributes to the photocurrent with one electron-hole 
pair. Recent studies indicate the same trend for a larger num-
ber of QWs, but only when the QWs are located in the space 
charge region [18]. Thus, we expect in this case that increas-
ing the number of QWs leads to a higher responsivity, even-
tually reaching the responsivity of bulk material. Moreover, 
the absorption edge is more abrupt than the typical one found 
in (In,Ga)N bulk for the same In content. Recent publica-
tions serve as a proof of concept to show that MQW-based 
structures for above band gap photodetection are a solid al-
ternative to standard detectors [18,67-70]. For example, the 
values of D* are typically around 1012 cmHz1/2W 1, which are 
comparable to the best values reported for bulk-based de-
vices operating under similar conditions.  

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). Spectral responsivity for three different (In,Ga)N/GaN 
MQW-based Schottky barrier photodetectors S1, S2, and S3 (see 
description in the text) with different composition in wells and bar-
riers. Inset: Device structure. 
 
 An intrinsic, although not exclusive, advantage of MQW-
based photodetectors is the possibility to obtain a bandpass 
response for energies between the barrier and QW energy 
gaps. In Fig. (4), the GaN substrate acts as an optical filter 

for back illumination. The bandpass photoresponse of these 
(In,Ga)N/GaN MQW-based p-i-n photodetectors can thus be 
tuned by changing the In content. In this case, back-
illuminated photodiodes with an In content of 10%, 19%, 
and 25% have been used. Note that the contrast between the 
peak responsivity and the responsivities for the undesired 
bands is better than 103. 

 Group-III-nitride-based MQW structures can also be ex-
ploited to design another class of nonlinear optical devices 
through the electrical modulation of the optical properties. 
As polar heterostructures, they offer the possibility to oper-
ate in a highly nonlinear optical regime based on the photo-
generated-carrier-induced screening of the built-in electric 
field without applying a bias voltage. The key point is that in 
polar heterostructures the built-in electric field can intrinsi-
cally remove the inversion symmetry in quantum wells re-
sulting in a nonzero first-order Stark effect. The larger the 
optical nonlinearity is, the better the performance. For these 
reasons, polar heterostructures are attractive for their use in 
optical switching and logic devices.  

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Normalized spectral responsivity for three back-
illuminated (In,Ga)N/GaN MQW-based photodiodes with an In 
content of 10%, 19%, and 25%.  
 
 In the case of the (In,Ga)N/GaN system, QWs are sub-
jected to a high built-in electric field F [74]. The effective 
band gap energy in this type of structures, assuming that F is 
large, can be estimated as 

Eg
eff

= Eg + Eq eFL ,           (5) 

with Eg being the band gap energy, Eq the confinement en-
ergy, e the electronic charge, F the electric field, and L the 
well thickness. According to Eq. (5), the main energy shift is 
thus related to the potential-energy difference induced by the 
electric field across the well. The confinement energy also 
changes. Again, assuming a large electric field, we can treat 
the problem as that of a triangular QW so that the ground-
state energy can be written as 

 

Eq =
9 e F

8 2

2/3
1

me

+
1

mh

1/3

,           (6) 

where me and mh are the effective masses for the conduction 
(CB) and VBs, respectively, and  is the reduced Planck con-
stant. Note that under these conditions the energy shift in Eq. 
(5) is a slightly sub-linear function of F as expected by the 
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the nonzero value of the first-order correction calculated 
using perturbation theory. Fig. (5) shows the change in the 
differential responsivity as a function of applied voltage for a 
p-i-n photodetector based on (In,Ga)N/GaN QWs [18]. The 
differential responsivity is approximately proportional to the 
absorption coefficient. We can observe that, in contrast to 
standard electroabsorption modulators, the energy shift in 
absorption occurs towards higher energies with increasing 
applied voltage. This result is reasonable taking into account 
that the external voltage in this case reduces the pre-existing 
built-in electric field, hence decreasing the Stark shift. A 
higher In content leads to a higher built-in electric field. 

 Similarly to the modulation of the optical properties, we 
can induce a modulation of the electrical properties in the 
MQW structure. In this case, we apply the reverse concept, 
i.e., light is used to modify the electrical properties. This 
modification can in turn be exploited to detect light or in-
crease the photodetection capabilities. Of the many possibili-
ties of modulation, we will discuss the one arising from the 
change in the internal electric field, namely, in the built-in 
electric field induced by the piezoelectric polarization. The 
same idea can be employed for other types of built-in electric 
fields, but this modulation takes advantage of the utilization 
of MQW-based structures. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Normalized spectral responsivity for a 3-period 
(In,Ga)N/GaN MQW-based p i n photodiode at different applied 
voltages. Inset: Device structure. 
 
 The interplay of polarization-induced electric fields and 
other built-in electric fields (e.g., the electric field in a p-n 
junction) can result in a tunable envelope potential. An inter-
esting case appears when the average electric field including 
polarization-induced effects is opposite to the built-in elec-
tric field present in the structure without any polarization-
induced effects. This situation, which can be found in het-
erostructures based on polar materials, is called negative 
average electric field (NAF) [75, 76]. Structures designed to 
work under NAF conditions have been proposed to improve 
the performance of photodetectors by means of internal pho-
tocurrent gain [21]. In this case, the average electric field in 
the active region can be modulated by both an external ap-
plied voltage and optical excitation. The applied voltage de-
termines the operation conditions in terms of speed and dark 
current in the linear regime of low optical excitation levels. 
In contrast, optical modulation can be comparable to electri-
cal modulation under high optical excitation so that the over-

all device characteristic is affected. These properties may 
result in new opportunities for the design of advanced pho-
todetectors. Fig. (6) illustrates the case of a Schottky barrier 
structure similar to that of S1, except that the barriers are 
unintentionally doped. Here, we can observe that the NAF 
condition is reached when the potential drop in the barriers is 
lower than the potential drop of opposite sign in the QWs. 
The positive applied voltage will decrease the electric field 
in the barriers, allowing the generation of an NAF region. 
The opposite situation will be reached by applying a nega-
tive bias, tending to create a region with a positive average 
electric field. It can be observed that the NAF region acts as 
a barrier for transport. For already small positive voltages, 
the barrier generated by the NAF domain becomes higher 
than the barrier imposed by the metal-semiconductor inter-
face as shown in Fig. (6) at 1 V. The typical band bending in 
the space charge region is recovered at negative voltages. 
Note that polarization-induced field effects are strongly 
quenched in highly doped samples since free carriers screen 
the resultant electric fields. Therefore, the existence of an 
NAF region is difficult to detect, or it is not even present 
anymore under certain conditions. Other factors such as de-
fects or the barrier height are also important for determining 
the role of polarization-induced field effects on the device 
performance. Experimental results confirmed that a high 
gain could be achieved under NAF conditions for a device 
with the same nominal structure used for the calculations of 
Fig. (6). Internal fields can also be tailored to generate the 
suitable band diagram to develop quantum-cascade photode-
tectors, as it has been reported in Ref. [77]. 

 Finally, group-III-nitride MQW-based photodetectors can 
exhibit a giant photocurrent gain of photoconductive nature 
[78] similar to other materials. The mechanisms involved in 
the photocurrent gain have not been identified yet, though 
possible explanations are related to trapping or different tran-
sit times for electrons and holes in the superlattice (this last 
mechanism is known as effective mass filtering) [79]. 

 

 

 

 

 

 

 

 

 

Fig. (6). Conduction band diagram of an (In,Ga)N/GaN MQW-
based Schottky barrier photodetector at different applied voltages. 
The vertical line separates the region where a negative average 
electric field can be formed (at +1 V and +1.5 V in the figure) from 
the region of positive average electric field. 
 

6. POLARIZATION-SENSITIVE PHOTODETECTORS  

 More recently, the use of the intrinsic in-plane polariza-
tion anisotropy for nonpolar-oriented materials such as M-
plane or A-plane GaN enhanced by the effect of anisotropic 
strain has been proposed to fabricate polarization-sensitive 
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photodetectors (PSPDs) [80]. These photodetectors can be 
used in several applications including data storage, optical 
communications, natural object recognition, marine biology, 
biophotonics, and computer vision, among others [81]. The 
change in the crystal orientation from the C plane to the M 
plane produces a modification of the selection rules for inci-
dent light perpendicular and parallel to the in-plane direction 
in such a way that the transition between the uppermost VB 
and the CB becomes linearly polarized perpendicular to the c 
axis (E  c). Moreover, the reduction of the in-plane crystal 
symmetry can be further enhanced by the anisotropic strain 
generated by the lattice mismatch between the nitride film 
and the substrate, which can result in an almost complete 
linear polarization of the transition between the CB and the 
second uppermost VB state parallel to the c axis (E || c) and 
of the transition between the CB and the third uppermost 
VB state with E  c. Note that the same results are also 
applicable to the A plane since the Hamiltonian is symmetric 
with respect to the interchange of the corresponding direc-
tions describing the M and A planes. 

 Fig. (7) shows the photoresponse of a typical M-plane 
GaN photodetector for different in-plane polarization angles 

 under normal incidence. We can clearly observe that the 
photodetection edge is blueshifted as the polarization of the 
incoming light changes from E  c to E || c. In general, the 
angular dependence of responsivity can be expressed as  

R = R sin2 ( ) + R|| cos
2 ( ) ,           (7) 

where R  and R|| are the components of the responsivity for E 
 c and E || c, respectively. The dependence on  found in 

Eq. (7) is the main difference between the standard photode-
tector and the PSPD. The polarization sensitivity depends on 
the in-plane strain values and the total absorption of the film. 
On the one hand, the in-plane strain affects the VB splitting 
and, therefore, the region of the spectrum where the photore-
sponse is polarization sensitive. On the other hand, the ratio 
between the absorption for the different polarizations deter-
mines the maximum achievable contrast R /R||. Both of them 
depend in turn on the film thickness and the type of sub-
strate. For a fixed substrate, the design of PSPDs must take 
into account the effect of the active film thickness in addition 
to other constraints [23].  

 

 

 

 

 

 

 

 

 

 

 

Fig. (7). Spectral responsivity for an M-plane GaN-based photode-
tector at different in-plane polarization angles under normal inci-
dence. Inset: Device structure. 

 PSPDs based on M-plane GaN reported so far have been 
grown on -LiAlO2 substrates and realized as Schottky bar-
rier or metal-insulator-semiconductor structures (MIS) [23, 
82]. Schottky barrier devices exhibit high leakage currents 
and show the best performance under photovoltaic operation. 
In this case, responsivities are typically in the range of 60 
mA/W. Other studies suggest that current leakage is related 
to surface conduction [83]. Although surface passivation 
using MIS photodiodes has been proven to alleviate the high 
leakage currents at reverse bias, the responsivity also de-
creased, resulting in similar or even lower detectivity values 
[82]. Recently, PSPDs using a metal-semiconductor-metal 
structure based on high-resistive A-plane GaN grown on 
sapphire substrates have also been reported [84]. These de-
vices exhibit very low dark currents, leading to high photo-
current gain and detectivity values better than 1012 
cmHz1/2W 1 at high voltages. However, the optical anisot-
ropy is smaller than the one measured for M-plane GaN due 
to the lower strain induced by the lattice mismatch between 
the film and the substrate.  

 In addition to polarization-sensitive applications, PSPDs 
can also be exploited for narrow-band detection as it was 
recently demonstrated utilizing either a configuration which 
combines two pieces of the same material, where one acts as 
a filter and the other as a detector, or a configuration consist-
ing of two or four photodetectors, where each one is oriented 
at a certain angle with respect to a reference axis [24, 85]. 
Therefore, these PSPDs can be used for measuring the opti-
cal properties of light, namely, color (i.e., wavelength), in-
tensity, polarization and spatial variation, opening the possi-
bilities for a large variety of applications. 

7. CONCLUSIONS  

 Photodetectors based on group-III nitrides are already 
commercially available for UV applications. However, there 
is still room to improve the material quality, although the 
advances in fabrication have been noteworthy. Note that, in 
addition for photodetectors, this need is shared by other more 
demanding technologies such as for HEMTs or LEDs. 

 Novel photodetectors taking advantage of the intrinsic 
properties of nitrides have been devised. On the one hand, 
the strong piezoelectricity present in these materials offers an 
additional design tool to modify the band diagram of the 
device structure, allowing for new photocurrent gain mecha-
nisms and nonlinear properties as well as increasing pho-
todetector capabilities. On the other hand, the reduction in 
the crystal symmetry, which is enhanced by the anisotropic 
strain, results in a strong optical anisotropy, which can be 
exploited to fabricate polarization-sensitive photodetectors. 
Furthermore, quantum effects have also been explored, pro-
viding promising results for MQW- and quantum-wire-based 
photodetectors. Future research lines should include spec-
trally selective photodetectors using PSPDs, integrated fil-
ters, photonic crystal structures, and the possibility to extend 
the photodetection range towards the visible and infrared 
spectral regions. The properties of ZnO compounds make 
these materials potential candidates for optoelectronic de-
vices by taking advantage from the advances in nitrides (e.g., 
see Ref. [86] for a hybrid GaN-ZnO photodetector).  
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