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Simultaneous detection of ultraviolet and infrared
radiation in a single GaN/GaAIN heterojunction
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Results are presented for a dual-band detector that simultaneously detects UV radiation in the 250—360 nm
and IR radiation in the 5—14 um regions with near zero spectral cross talk. In this detector having separate
UV- and IR-active regions with three contacts (one common contact for both regions) allows the separation
of the UV and IR generated photocurrent components, identifying the relative strength of each component.
This will be an important development in UV-IR dual-band applications such as fire—flame detection, solar
astronomy, and military sensing, eliminating the difficulties of employing several individual detectors with

separate electronics—cooling mechanisms. © 2008 Optical Society of America
OCIS codes: 040.3060, 040.5160, 040.7190, 230.0040, 230.0250, 250.0040.

UV-IR dual-band photodetectors have potential ap-
plications in various areas, such as fire—flame detec-
tion [1], solar astronomy, military sensing, situ-
ational awareness applications, and combustion
process monitoring [2,3]. Since the UV-IR dual-band
detectors do not respond to solar radiation or another
artificial visible lighting, the false detection rate is
strongly reduced. Dual-band detectors operating in
the near-, mid-, and far-IR regions based on the
group III-As material [4-7] systems have been previ-
ously reported. In the dual-band detector reported [8]
before, both photocurrent components were collected
from the same two terminals. This limits the useful-
ness of the detector due to the inability of determin-
ing which wavelength was detected (UV, IR, or both).
The dual-band detector reported here has separate
UV- and IR-active regions with three contacts (one
common contact for both regions) for separate and si-
multaneous measurements of the UV- and IR-
photocurrent components. This concept has been pre-
dicted before for a GaN/AlGaN heterostructure [9]. It
was experimentally investigated, and the results are
reported in this Letter.

The structure [see Fig. 1(a)] consists of an n*-GaN
top-contact (TC) layer, an undoped Gagg74Alj g26N
layer acting as the UV-active region, an n*-GaN
middle-contact (MC) layer, the IR-active region, and
a bottom-contact (BC) layer. The IR-active region
consists of two periods of an n*-GaN emitter layer
and an undoped Gagg74Al 006N barrier layer. De-
pending on the bias either the MC or the BC also acts
as an emitter. The epitaxial layers were grown by low
pressure metal-organic chemical-vapor deposition
(MOCVD) on a c-plane sapphire substrate. The de-
vices were processed by dry etching technique, and
ring contacts were made by depositing Ti/Al/Ti/Au
[300/800/1200/550 A]. The electrical and optical ar-
eas of the device are 400 um X400 um and 270 um
X 270 um, respectively.
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The dual-band detection is based on two absorption
mechanisms in the heterostructure. Interband ab-
sorption in the top Gagg74Al g6 layer producing
electron—hole pairs, which are then swept out by an
external electric field and collected at the contacts, is
the basis for the UV detection with a wavelength
threshold corresponding to the bandgap of the
Gag g74Alg 096N layer. The IR response is due to free
carrier absorption in the emitters and internal photo-
emission over the barriers followed by carrier collec-
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Fig. 1. (Color online) Three contact structure for simulta-
neous dual-band response measurements showing (a) sepa-
rate active regions for UV and IR measurements and (b)
the corresponding band diagram (CB and VB are the con-
duction and valence bands, respectively) under reverse bias
configuration. The labels TC, MC, and BC indicate the top,
middle, and bottom contacts, respectively; and (+) or (—)
show the relative potential at which the device was oper-
ated. A 200 um aperture was used to block the radiation
leakage through the outer openings to the IR-active region.
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Fig. 2. (Color online) Experimental setup for measuring
the UV and IR components simultaneously. A single optical
chopper is used to modulate the incoming radiation, as in a
typical application.

tion at the contacts using an external electric field.
The IR response wavelength threshold corresponds
to the interfacial work function A, which arises due to
the band offset of different materials [10] and the
bandgap narrowing [11] of the n*-GaN emitter layer.
The thresholds for the UV and IR responses can be
controlled separately by using Ga;_,ALN emitters
and Ga;_,ALN barriers. Thus, by adjusting the Al
fraction in the barrier [9] (x) both the UV and IR
thresholds can be changed, and adjusting the Al frac-
tion in the emitter (y) allows the IR threshold to be
tailored without changing the UV threshold. Adjust-
ing both x and y, it is also possible to change the UV
threshold without changing the IR threshold.

Throughout this discussion, the MC terminal is the
common terminal for both UV- and IR-active regions.
Hence, forward (reverse) bias denotes that the TC for
the UV-active region or the BC for the IR-active re-
gion is positive (negative) relative to the MC. When
the TC is negatively biased, it also acts as an emitter,
making the IR detection possible in the UV-active re-
gion. This effect can be decreased by reducing the TC
layer thickness, which reduces the IR absorption and
the generated photocurrent. Furthermore, this TC
layer absorbs UV radiation, suppressing the trans-
mission of UV into the UV-active region, without gen-
erating photocurrent, because the excited electron—
hole pairs are trapped by the barriers and recombine
in the highly doped TC. For an optimum UV re-
sponse, the TC layer thickness was found to be
0.1 um, which is thin enough to reduce the IR ab-
sorption while still giving uniform electric field dis-
tribution across the UV-active region. Furthermore,
the generation of IR photocurrent is prominent in the
IR-active region, while no UV photocurrent is ex-
pected irrespective of the bias configuration, since al-
most all the UV radiation is absorbed within the UV-
active region.

For simultaneous UV and IR photocurrent mea-
surement with a near zero spectral cross talk, the di-
rection of the applied electric field across each region
should be determined. As explained before a UV pho-
tocurrent from the UV-active region is expected for
both forward and reverse bias configurations, while
an IR photocurrent from the UV-active region is not
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Fig. 3. (Color online) Simultaneously measured photocur-
rents (solid curves) from (a) the UV-active region (TC-MC)
and (b) the IR-active region (MC-BC) at 77 K when both
UV and IR radiations were incident onto the detector. The
UV wavelength was varied between 250—400 nm, while IR
was fixed at 9.3 um (using a COg laser). The dashed curve
in (a) represents the photocurrent when only UV radiation
was incident and the dashed line in (b) indicates the level
of the IR-active region response when only IR radiation
was incident.

expected under reverse bias. From the IR-active re-
gion, an IR photocurrent is expected for both forward
and reverse bias, while no UV photocurrent is ex-
pected under any bias configuration. Hence, for si-
multaneous dual-band detection, the UV- and IR-
active regions should be under reverse bias
configuration as shown in Fig. 1(b). Under this con-
figuration, the majority carriers move toward the
MC, and would not cross from one active region into
the other.

In the spectral measurement setup, an optical
chopper (see Fig. 2) was used to modulate both the
UV and IR radiations, providing the same modula-
tion as in a typical application. A 200-um-diameter
aperture [as shown in Fig. 1(a)] was used to block the
UV radiation leakage (i.e., entering the IR-active re-
gion without passing through the UV-active region)
through the region around the MC. The responses
from both active regions were obtained simulta-
neously at 77 K as shown in Fig. 3. The UV spectra
were obtained by using a Deuterium UV source,
DK480 monochromator, and neutral density filters.
The UV spectra were calibrated using a background
spectrum obtained by a Hamamatsu photomultiplier
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Fig. 4. (Color online) IR response from IR- and UV-active
regions at 77 K. The UV-active region showed almost zero
response for IR radiation under reverse bias configuration
as expected.
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Table 1. Response for Different Combinations of
Incident Radiation®

UV-Active IR-Active
Region Region
(TC-MC) (MC-BC)
With UV Without UV With UV Without UV
(mV) (mV) (mV) (mV)
With IR 6.0 0.0 1.5 14
Without IR 6.0 0.0 0.1 0.0

“The wavelengths were held constant at 300 nm for UV and
9.3 um for IR. The results were left as voltage signals for a fixed
load resistor.

tube with a known sensitivity. A CO, laser at 9.3 um
with 0.1 W output power was used as the IR source.
The solid curves show simultaneously measured pho-
tocurrents from the UV-active region [Fig. 3(a)] and
the IR-active region [Fig. 3(b)] at 77 K when both IR
and UV radiations were incident onto the detector.
The UV wavelength was varied between 250—400 nm
(x axis of the figure), while IR radiation was fixed at
9.3 um (using the CO4 laser). The dashed curve in
Fig. 3(a) represents the photocurrent from the UV-
active region when only the UV radiation was inci-
dent. Comparing the two curves, it is evident that
there is no significant effect from IR radiation on the
response, indicating a sole UV detection from the UV-
active region. The nearly constant response from the
IR-active region, which is almost equal to the pure IR
response [dashed line in Fig. 3(b)], is a good indica-
tion that the response is due to the fixed IR light
(9.3 um) and there is no effect from the UV radiation
except for an exciton peak observed around 365 nm.
The broad IR responses from both active regions ob-
tained separately at 77 K are shown in Fig. 4, with
the free carrier response seen as a broad peak with a
maximum near 11 um. The UV-active region did not
show a measurable IR response under negative bias
but did show a response under positive bias as ex-
pected.

For the IR-active region, a response feature at
~365 nm is observed, which is probably due to one
of the following two reasons: (i) it could be due to
a light transmission as a result of a generation-
recombination mechanism of an exciton [12]. An ex-
citon (~365 nm) generated in the top GaAlN layer in
the UV-active region could relax re-emitting a UV
photon, generating another exciton, and so on, allow-
ing a small fraction of photons at ~365 nm to pass
through to the IR-active region; (ii) the low energy
UV radiation that has energy below the bandgap of
Gag g74Alg 906N was absorbed in the MC layer, and the
generated photocurrent could be either due to the mi-
nority carrier transportation [13] in the structure
where the generated holes were recombined with the
electrons in the valence band, or electron hopping
from the filled impurity acceptor levels above the va-
lence band of GaAIN layers. However, further studies
are needed to verify these ideas.
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In an ideal dual-band detector, the UV response
should be obtained solely from the UV-active region
and the IR response from the IR-active region. Tests
were carried out varying the combination of incident
radiation while keeping the UV wavelength fixed at
300 nm and the IR wavelength fixed at 9.3 um. As
given in Table 1, the results are listed as voltage sig-
nals for fixed load resistor values, showing no effect
from IR radiation on the response from the UV-active
region and a near noise level change in the response
from the IR-active region by UV radiation (i.e., near
zero spectral cross talk).

In conclusion, results have been presented for a
GaN/GaAlN single element detector capable of si-
multaneously identifying both the UV (250-360 nm)
and IR (5-14 um) responses with near zero spectral
cross talk. The detector consists of separate UV- and
IR-active regions with separate electrical contacts.
The detector can be further improved by the addition
of more periods of GaN/GaAlIN in the IR-active re-
gion and using interdigitated contacts in the UV-
active region.
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