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GaN/AlGaN ultraviolet/infrared dual-band detector
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Group III-V wide band gap materials are widely used in developing solar blind, radiation-hard, high
speed optoelectronic devices. A device detecting both ultraviolet �UV� and infrared �IR�
simultaneously will be an important tool in fire fighting and for military and other applications. Here
a heterojunction UV/IR dual-band detector, where the UV/IR detection is due to interband/intraband
transitions in the Al0.026Ga0.974N barrier and GaN emitter, respectively, is reported. The UV
threshold observed at 360 nm corresponds to the band gap of the Al0.026Ga0.974N barrier, and the IR
response obtained in the range of 8–14 �m is in good agreement with the free carrier absorption
model. © 2006 American Institute of Physics. �DOI: 10.1063/1.2345226�
During the last decades, there has been an extensive in-
crease in the demand for developing high speed electronic
and optoelectronic devices based on group III nitrides. Ultra-
violet �UV� detectors,1,2 UV light emitting diodes,3–5 and la-
ser diodes6 have been successfully demonstrated and are
widely available for commercial applications such as flame
detection, UV imaging, solar UV detection, as well as appli-
cations for industries such as those focusing on military, ag-
ricultural, and automotive products. Researchers have re-
ported GaN/AlGaN Schottky photodiodes7 and quantum
well infrared photodetectors8 operating in near-/midinfrared
�NIR/MIR� regions. However, development of GaN high
speed optoelectronic devices with improved performance is
still in its infancy since the growth of high-quality
GaN/AlGaN heterostructures is limited by the availability of
suitable lattice-matched substrate materials and process/
material knowledge base. In this letter, a heterojunction in-
terfacial workfunction internal photoemission �HEIWIP� de-
tector based on GaN/AlGaN heterostructure, which can be
operated in both UV and IR �8–14 �m� regions, is reported.
Detecting multiple wave bands by a single detector can
eliminate the difficulties of assembling several detectors with
separate cooling assemblies and electronics. So far, several
dual-band detectors9–11 based on group-III–As material sys-
tem, operating in NIR and MIR/far-infrared �FIR� regions,
have been reported. GaN dual-band detectors12 reported so
far can detect UV and NIR radiations. UV/IR dual-band de-
tectors could be used in applications where the detection of
both the UV and IR radiations is important. For example, fire
and flame detection where fires emit radiation from UV to IR
and different flames such as hydrogen and coal have signifi-
cant intensity variation in the emission spectrum in the UV
and IR regions.

The HEIWIP structure was grown by organometallic
chemical vapor deposition on sapphire substrate and consists
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of a n+ GaN emitter layer �also served as the top contact�, an
undoped Al0.026Ga0.974N barrier, and a GaN n+ bottom con-
tact layer, as shown in Fig. 1�a�. The sample was annealed
under a N2 gas flow at 700 °C for 2 min.

The dual-band detection mainly involves two detection
mechanisms. The UV detection is based on interband transi-
tions of carriers in the Al0.026Ga0.974N barrier, while the IR
detection is due to intraband transitions of free carriers in the
emitter. The energy band diagram indicating the transitions
due to both mechanisms is depicted in Fig. 1�b�. The intra-
band detection �IR� mechanism involves free carrier absorp-
tion in the emitter, followed by the internal photoemission of
photoexcited carriers across the junction barrier, and then the
collection of carriers by the applied electric field at the con-
tacts. The offset between the Fermi level in the emitter layer
and the valance band edge of the barrier layer forms the
interfacial work function ���, which arises due to the band
offset of different materials13 and the band gap narrowing14

of the highly doped emitter layer. The threshold wavelength
�0 �in micrometers� is given by 1240/�, where � is in meV.

Current-voltage �IV� measurements were carried out by
using a Keithley 2400 source meter. The dark IV character-

FIG. 1. �a� Schematic diagram of GaN/AlGaN HEIWIP structure. The
emitter �top contact� and the bottom contact are doped to 5�1018 cm−3 with
Si as the n-type dopant, while the Al0.026Ga0.974N barrier is not intentionally
doped. �b� The band diagram showing the conduction/valence band profile

of the structure and the transitions leading to UV and IR responses.
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istics of the detector are shown in Fig. 2. The higher dark
current of the detector compared to other detectors operating
in the similar regions is possibly ascribed to hopping con-
ductivity of Si impurity electrons in the barrier. The presence
of Si impurities has been confirmed by the response peaks
corresponding to impurity photoionization of impurity at-
oms, which is discussed later.

The UV/IR dual-band response of the sample is shown
in Fig. 3�a�. The UV spectra were obtained using an Oriel
Deuterium UV source, UV/visible �VIS� monochromator,
and neutral density filters, and spectra were calibrated using
a background spectrum obtained by a Hamamatsu photomul-
tiplier tube with a known sensitivity. As shown in Fig. 1�b�,
UV photons excite the valance electrons in the
Al0.026Ga0.974N barrier layer, and the generated electron-hole
pairs are separated by the applied electric field before recom-
bination. The UV threshold wavelength observed at 360 nm
matches the band gap of Al0.026Ga0.974N alloy. The IR spec-
tral response of the detector was obtained for normal inci-
dence radiation using a Perkin Elmer System 2000 Fourier
transform infrared spectrometer. The spectra were calibrated
by using a background spectrum obtained with a Si compos-
ite bolometer with the same set of optical components. The
free carrier absorption occurs in the emitter layer and carriers
undergo photoemission across the barrier �Fig. 1�b��. The
detector shows a 14 �m free carrier threshold and peaks at
12 �m.

FIG. 2. Dark current of the detector at 80 and 300 K. The higher dark
current of the detector compared to other detectors operating in similar
regions is possibly ascribed to hopping conductivity of Si impurity electrons
in the barrier.

FIG. 3. �a� UV/IR dual-band response of the detector. The IR response is
visible at 80 K, while the UV response can be obtained even above 300 K.
�b� The response at 54 �m �5.5 THz� which is due to the transition between

1s and 2p± impurity levels of Si in GaN.
The experimental responsivities of the detector in both
UV and IR regions are fitted to theoretically expected re-
sponses, as shown in Fig. 4. The calculation is based on a
model13 in which the complex permittivities for interband
and intraband transitions are calculated using the model di-
electric function15 and the Lorentz-Drude theory, respec-
tively. The light propagation in the structure is derived from
the transfer matrix method. The responsivity R is given by
R=�gpq� /hc, where � is the total quantum efficiency, gp is
the photoconductive gain, q is the electron charge, � is the
wavelength, h is Planck’s constant, and c is the speed of
light. The enhanced UV response near the band edge is prob-
ably due to high carrier concentration near the band edge,
which is not taken into account in the model. The IR re-
sponse consists of a free carrier response, which matches
with the calculated response, and an impurity-related
response.

The broad peak in the 11–13.6 �m region superimposed
on the free carrier response is tentatively assigned to transi-
tions related to carbon or nitrogen states. The reported donor
ionization energy of carbon16 falls in the 110–140 meV
range, while the binding energy of N vacancy17 is about
100 meV. Assuming that the two peaks observed at 11.9 �m
�104.2 meV� and 13.3 �m �93.2 meV� are due to transitions
of excited carbon states, the ionization energies were calcu-
lated to be 139 and 124 meV, respectively. These ionization
energy values in the 140–110 meV range support the as-
sumption that the corresponding transitions are carbon donor
related impurity transitions.

As shown in Fig. 3�b�, a sharp peak at 54 �m �5.5 THz�
is observed in the response spectrum. The corresponding en-
ergy for transitions leading to this peak is 23 meV.
Wang et al.18 reported that the donor binding energy of Si in
GaN is 29 meV, and the transition from 1s to 2p± level
occurs at 21.9 meV. Moore et al.19 reported the 1s-2p± tran-
sition of Si in GaN at 23.3 meV and donor effective mass
binding energy of 31.1 meV. Hence, it is concluded that the
sharp response peak observed at 23 meV can be identified as
1s-2p± transition of Si donors in GaN. As evident from the
results, GaN provides the advantage of developing a 5.5 THz
�54 �m� detector, based on the 1s-2p± transition of Si in
GaN. On the other hand, the Si impurity-related transition
can lead to an increased dark current for a detector designed
to operate in a shorter wavelength region.

The dual-band detection approach, reported in this letter,

FIG. 4. Calculated UV/IR responses �dashed line� of the detector, fitted with
experimental results �solid line�. The IR response consists of a free carrier
response, which matches with the calculated response, and an impurity-
related response.
can be used to develop dual-band detectors tailored to spe-
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cific applications. By adjusting the material composition in
the layers, the thresholds for the interband and intraband re-
sponses can be tailored separately. For example, in an AlGaN
based detector, if the Al fraction is varied in both the emitter
and barrier by the same amount, only the interband threshold
will change, while the intraband threshold remains constant.
Alternatively, varying only the emitter Al fraction, the intra-
band threshold could be varied without changing the inter-
band threshold. Moreover, the resonant cavity effects can be
used to tailor the IR response peak to the desired wavelength.
By adjusting the materials, it will be possible to tune the
interband threshold from the UV to NIR and the intraband
threshold from the MIR to FIR. That is, the reported dual-
band approach with HEIWIP detectors can be tested with any
material such as InN, InGaN, GaN, AlGaN, and AlN. InN
could give an interband response in the NIR region, while
InGaN could respond in the VIS-NIR regions. A UV inter-
band response could be expected from an AlN based detec-
tor. Bias voltage could select the required operating regions,
UV-IR, VIS-IR, or UV-VIS. Also, as the response for the two
processes originates at different locations, it will be possible
to design a device that is capable of separately measuring
both components simultaneously. The idea is to use three
contacts to measure two separate currents simultaneously
and then, from these currents, to separate the UV and IR
contributions. Furthermore, different designs to increase the
performance of the detector have to be studied.

In summary, a GaN/AlGaN HEIWIP dual-band detector
responding in UV and IR regions based on interband and
intraband transitions in the structure is reported. The UV
threshold is observed at 360 nm and the IR response is in the
8–14 �m region. By adjusting the material or the alloy frac-
tion, the threshold of the interband and intraband responses
can be tailored. Based on theoretical models and experimen-
tal data, the transitions leading to each band are explained.
The detector also demonstrates the development of detectors
responding in several wavelength regions by changing the
material system.
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