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High quality AlN epilayers were grown on sapphire substrates by metal organic vapor deposition
and exploited as active deep ultraviolet �DUV� optoelectronic materials through the demonstration
of AlN metal-semiconductor-metal �MSM� photodetectors. DUV photodetectors with peak
responsivity at 200 nm with a very sharp cutoff wavelength at 207 nm have been attained. The AlN
MSM photodetectors are shown to possess outstanding features that are direct attributes of the
fundamental properties of AlN, including extremely low dark current, high breakdown voltage, and
high DUV to visible rejection ratio and high responsivity. The results demonstrate the high promise
of AlN as an active material for DUV device applications. © 2006 American Institute of Physics.
�DOI: 10.1063/1.2397021�

Considering the requirements and constrains for space
applications—reliability, radiation hardness, light weight,
and minimal power usage; the next generation of space ob-
servatories require order-of-magnitude performance ad-
vances in detectors and enabling technologies. AlN appears
to be an ideal material for the development of deep ultravio-
let �DUV�, vacuum UV �VUV�, and extreme UV �EUV� de-
tectors because AlN possesses the widest direct energy band
gap ��6.1 eV� among all semiconductors and offers the abil-
ity for band gap engineering through the use of alloying and
heterostructure design. AlN detectors would help to circum-
vent many of the limitations imposed by Si technology. The
6.1 eV band gap permits the visible background to be intrin-
sically suppressed and the detectors to operate at room tem-
perature, which drastically relieve the harsh requirements on
optical filters and cooling hardware and greatly simplify the
system design. The compact crystal network of AlN inher-
ently provides radiation hardness.

We have previously demonstrated that AlN epilayers
with an optical quality comparable to GaN can be grown on
sapphire by metal organic chemical vapor deposition
�MOCVD�.1–3 Due to its high thermal conductivity and
transparency in the DUV spectral range ���200 nm�, AlN
epilayers have been widely employed as templates for the
development of DUV light emitting diodes �LEDs� with
emission wavelengths ��300 nm.4–9 Several groups have
also made significant progress toward the realization of con-
ductive AlGaN alloys with high Al contents.10–13 Most re-
cently, LED based upon pure AlN with an emission wave-
length of 210 nm has been demonstrated.14 These recent
progresses have demonstrated the high promise of AlN as an
active material for DUV optoelectronic device applications.
Many groups have previously demonstrated UV photodetec-
tors based upon AlGaN alloys with superior per-
formance.15–26 However, the shortest cutoff wavelength
achieved with AlGaN so far is 229 nm.26 In this letter, we
report on the growth and exploitation of pure AlN for DUV
photodetector fabrication. We have demonstrated the opera-

tion of 200 nm DUV photodetectors through AlN metal-
semiconductor-metal �MSM� photodetectors with very high
DUV to visible rejection ratio.

Undoped AlN of about 1.5 �m thick were grown by
MOCVD on sapphire substrates. The sources of Al and N are
trimethylaluminium �TMAl� and blue ammonia, respectively.
The typical device fabrication procedures consist of the fol-
lowing steps. First we used photolithography to define the
interdigital figures of Schottky contacts area. A Pt �10 nm�
layer was deposited using e-beam evaporation to form the
Shottky contacts. Bonding pads were then formed by depos-
iting a Au �200 nm� layer. Finally, the wafer was polished
and thinned to about 100 �m and diced to discrete devices,
which were bonded onto device holders for characterization.
The system for the spectral responses and I-V characteristics
measurements consists of a deuterium light source, mono-
chromator, source meter, and electrometer. The light source
was dispersed by the monochromator to obtain light with
different wavelengths.

For UV detector applications, the presence of impurities
will decrease the UV to visible rejection ratio. We employed
deep UV photoluminescence �PL� spectroscopy to investi-
gate the optical properties of AlN epilayers. Figure 1 shows a
typical room temperature PL emission spectrum of an un-
doped AlN epilayer under a 197 nm DUV laser excitation.
The PL spectrum was collected in a surface emission mode
and the average excitation power density at 197 nm is on the
order of 100 W/cm2. The spectrum consists of a very strong
band edge emission line with no visible impurity transitions,
ensuring very good optical quality and high purity of the
material. The dominant emission line at 5.98 eV is due to the
recombination of free excitons, which have a binding energy
of about 80 meV in AlN.1–3

In general, the presence of high density of dislocations
will also degrade the performance of detectors such as high
leakage currents. We use x-ray diffraction �XRD� measure-
ments to evaluate the crystalline quality. For wurtzite AlN,
high density of screw dislocations will result in a broadening
of the full width at half maximum �FWHM� of symmetric
x-ray � scans, such as the �002� rocking curve. However, the
majority of dislocations in AlN are of edge type, which pri-
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marily distort the asymmetric planes, such as �102�. Figures
2�a� and 2�b� show, respectively, the XRD � scans �rocking
curves� of symmetric plane �002� and asymmetric plane
�102� of an AlN epilayer used in this study.27,28 The results
show that the FWHM of the �002� reflection peak is quite
narrow ��50 arc sec�, while the �102� reflection peak
��1200 arc sec� is broader than those of high quality GaN
epilayers grown on sapphire ��400 arc sec�. The estimated
screw and edge dislocation densities were about 5�107 and
4�109 cm−2, respectively, which indicates that there is still a
lot of room for further improvement in terms of the edge
dislocation density reduction.

The device layer structure employed in this study is
schematically shown in Fig. 3�a�, which utilizes an undoped
AlN epilayer as an active layer. Figure 3�b� shows the optical
microscopy image of a fabricated device with a size of 80
�80 �m2 and 2 �m/4 �m finger width/spacing. The typi-
cal I-V characteristics of AlN epilayer based MSM detectors
are shown in Fig. 4. The devices exhibit a very low dark
current �the displayed dark current was about 100 fA at a
bias voltage of 200 V�. The devices also exhibit virtually no
sign of breakdown up to a bias voltage of 200 V �our system
limit�. These characteristics are direct attributes of the out-
standing material properties of AlN, including large energy
band gap, dielectric constant, and mechanical strength.

The spectral responses have been measured at different
bias voltages, and an example is shown in Fig. 5. These AlN
MSM detectors exhibit a peak responsity of 200 nm, an ex-
tremely sharp cutoff wavelength around 207 nm, and more
than four orders of magnitude of DUV to UV/visible rejec-
tion ratio as probed by our system setup. The detector re-
sponsivity increases almost linearly with the bias voltage, as
illustrated in the inset of Fig. 5. The responsivity varies from
0.1 to about 0.4 A/W when the bias voltage is increased
from 0 to 100 V. This linear increase of responsivity with
bias has been previously observed in an AlN MSM photode-
tector grown by magnetron reactive sputtering deposition on
GaN substrate.29 The data of Fig. 5 suggest that MSM detec-
tor has gain, which may be attributed to the presence of
dislocations or deep level defects in the epilayers and its
mechanism remains to be investigated. Nevertheless, this is
so far the shortest cutoff wavelength achieved for semicon-
ductor detectors.

Previous work has shown that the AlGaN photodetectors
significantly outperform GaN photodetectors in the VUV

FIG. 1. Room temperature photoluminescence spectrum of an AlN epilayer
used in this study.

FIG. 2. X-ray diffraction � scans �rocking curves� of the �a� symmetric
plane �002� and �b� asymmetric plane �102� of an AlN epilayer used in this
study.

FIG. 3. �a� Device layer structure employed in this study and �b� the optical
microscopy image of a fabricated photodetector with a device size of 80
�80 �m2 and 2 �m/4 �m finger width/spacing.

FIG. 4. I-V characteristic of an AlN MSM photodetector.
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spectral region due to the larger energy band gap of AlGaN
than GaN.30 Since AlN has the largest energy band gap
among the AlGaN alloys, our results obtained here thus point
to the high promise of AlN based photodetectors for DUV,
VUV, and EUV detection applications. Due to the scarcity of
published data on Schottky contacts formation on AlN, we
believe that much improvement in device performance can
be attained if further efforts were devoted to optimizing the
contact schemes and surface preparation conditions. None-
theless, the results obtained so far have demonstrated the
extraordinary benefits of AlN as an active material for DUV,
VUV, and EUV detector applications.

In summary, we have carried out the growth of high
quality AlN epilayers on sapphire substrates by MOCVD and
exploited its potential as an active DUV material through the
demonstration of AlN MSM photodetectors. The AlN MSM
photodetectors exhibit peak responsivity of 200 nm and a
very sharp cutoff wavelength at around 207 nm. AlN MSM
DUV detectors are also shown to possess outstanding fea-
tures including extremely low dark current, high breakdown
voltage, and high DUV to visible rejection ratio.
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FIG. 5. Spectral response of an AlN MSM detector at 30 V. The inset shows
the detector responsivity as a function of the applied bias.
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