Extended Abstracts of the 2006 International Conference on Solid State Devices and Materia's, Yokohama, 2006, pp. 636-637

pP-7-2

AlGaN UV-B Photodetectors on AIN/sapphire template

Hao Jiang and Takashi Egawa

Research Center for Nano-Device and System, Nagoya Institute of Technology
Gokiso-cho, Showa-ku, Nagoya 466-8555, Japan
Phone: +81-52-735-5093  E-mail: jianghao_jp@yahoo.com

1. Introduction

Recent progress in developing AlGaN based
ultraviolet (UV) photodetectors (PDs) has demonstrated
their great potential as an alternative to the traditional UV
sensing devices, such as photomultiplier tubes (PMTs) and
Si UV detectors, which are high cost, unstable or
inefficiency."® AlGaN UVB photodetectors with the
long-wavelength cutoff in the region of 280~320 nm are of
interest for a variety of applications. Topics include ozone
layer monitoring, medical and chemical analyses,
combustion and flame detection, UV curing detection,
phototherapy control, and personal exposure monitors
etc! A key issue limiting the performance of the
state-of—art AlGaN UVB PDs is the cracks and/or
high-density defects present in the AlGaN active epilayer,
due to the lattice and thermal mismatch between the AlIGaN
and the underlying epilayer. The recent achievement of
AIN(=1 um)/sapphire template is expected to improve this
problem. In this work, we report the high—performance
Alp3GapsN UVB  Schottky photodiode fabricated on
AlN/sapphire template.

2. Device fabrication

The epitaxial structure was grown on AIN
(lum)/sapphire template by MOCVD method using
NIPPON SANSO SR2000 system. The epilayers consisted
of a 1 ym-thick Si-doped n*-Aly3Gag,N layer followed by a
0.5 pm unintentionally doped Aly3Gag;N active layer. The
growth temperature and pressure are 1180 °C and 100 torr,
respectively. For comparison, another set of Aly;Gagy;N
layer on GaN/sapphire structure was also grown on
sapphire. The epitaxial structure includes a 30 nm GaN
buffer layer grown at 500 °C, a subsequent 2 pm i-GaN
layer grown at atmosphere and 1180 °C, and a 0.2 pym
unintentionally doped Alj;Gag;N active layer grown at 120
torr and 1180 °C. A thicker active layer is expected, but
with the occurrence of cracks in our samples based on
GaN/sapphire structure.

X-ray diffraction measurements showed that the full
width at half magnitudes (FWHMSs) of the (004) and (204)
rocking curves are 247 and 564 arcsec for Aly;Gag;N on
AlN/sapphire template and 362 and 789 arcsec for
Alg3GagsN on GaN/sapphire, indicating high crystalline
quality of the epilayers on AIN template.

Figure 1 depicts the schematic cross-section structures
of the two devices. Mesa structures were defined by
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reactive ion etching (RIE) using BCl; gas. Ohmic contacts
were formed with e-beam deposited Ti/Al/Ni/Au. The
transparent Schottky-contact dots with a diameter of 200
pm were formed with Pt/Ni (70/15 z&) layers, which was
deposited using e-beam evaporation and a standard lift-off
process. Probe pads were deposited with Ni/Au bilayer.
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Fig. 1 Schematic cross-section of the UVB AlGaN Schottky
photodiodes fabricated on (a) AlN/sapphire template and (b)
GaN/sapphire.

3. Results and Discussion
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Fig. 2. Dark current-voltage characteristics of the Aly3Gag;N
Schottky PD fabricated on AlN/sapphire template and
GaN/sapphire structure.

Dark current-voltage (I-V) characteristics of the
Schottky PDs were measured with an Agilent 4156C
precision semiconductor parameter analyzer. As shown in
Fig.2, for the device fabricated on AlN/sapphire tenmplate,
the leakage current is only 24 pA at -5 V bias,
corresponding to a current density of 3.3 X 10" A/cm?®. This



value is about three orders lower than that of the
Alg3GagsN PDs fabricated on GalN/sapphire structure,
which is ~ 3.4 X107 A/cm®. We ascribe this lower leakage
current density to the high crystalline quality of the
Aly3Gag 7N epilayers on AIN template.
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Fig. 3. Spectral responsivities of the zero-bias UVB Schottky
PDs under the constant irradiation intensity of 1 uW/cmz.

The spectral responses of the photodiodes were
measured using a lamp source consists of halogen, xenon
and D2 lamp, a monochromator and a Electrometer in the
wavelength range of 500~200 nm. The constant irradiation
intensity was corrected with PMT unit, while the absolute
values of responsivity were determined using a calibrated
Si detector. For the device fabricated on AIN/sapphire
template, as seen from Fig. 3, the sharp cutoff presents at
the band edge of Aly;Gag;N. The rejection ratio is more
than four orders of magnitude by A=360 nm. At a bias of -5
V, the photoresponse is 54.4 mA/W under an irradiation
density of 1 pW/cm? with a wavelength of 300 nm, giving
the external quantum efficiency (QE) of 26%. For the
photodiodes constructed on GaN/sapphire structure, the
band-edge cutoff wavelength and the peak responsivity are
almost same as those of the photodiode on AIN template.
The rejection ratio, however, is only two orders of
magnitude by 360 nm. We speculate that the lager leakage
current combined with the long-wavelength response
arising from the i-GaN layer contribute to this lower
rejection ratio.

Due to its superior characteristics, a large size UVB
Schottky photodiode fabricated on AIN template with
active area of 4x4 mm”* was used to detect the flame from a
lighter. Figure 4 demonstrates the photoresponses to lighter
flame under the background with and without room light,
respectively. It is shown that the UVB photodiode has a
clear photoresponse to the lighter flame and also slightly
responses to the room light.

4. Conclusions

We have demonstrated the AlIGaN UVB Schottky-PDs
fabricated on AlN/sapphire template with improved
performance of low dark current and high UVA and visible
rejection ratio, as compared with those fabricated on
GaN/sapphire structure. Dark current density as low as
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3.3x10"" A/em?® at -5 V bias and zero-bias external QE of
26% at 300 nm were achieved. The capability for detecting the
flame of lighter is demonstrated by the photodiode with the large
active-area of 4x4 mm?.
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Fig. 4. Photoresponses to lighter flame detected by a zero
-bias UVB Schottky PD fabricated on AIN template with
the active area of 4x4 mm?, placed ~15 cm apart.
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