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Abstract Al,Ga; N ternary alloys are very attractive
materials for application to ultraviolet (UV) photodetec-
tion. In this work, high Al content Al,Ga;_,N films are
grown on sapphire substrate by low pressure metalorganic
chemical vapor deposition (MOCVD). The Al content in
the Al,Ga; N epilayer is estimated to be 54% by high
resolution X-ray diffraction (HRXRD) and Vegard’s law.
The full width at half maximum (FWHM) of the rocking
curve for the Alys54Gag 46N (0002) is about 597 arcsec.
According to the transmittance measurement result, our
sample is suitable for fabricating solar-blind photodetec-
tors. The observed Fabry-Perot fringes in the transmission
region indicate that high optical quality is obtained. Solar-
blind metal-semiconductor-metal (MSM) photodetectors
based on the MOCVD-grown Aljs4Gag4N film are
fabricated and tested. The detector has a low dark current
of about 31 pA under a bias voltage of 5 V. An UV/visible
contrast of about four orders of magnitude is observed and
responsivity increases with increments of the bias voltage.

Keywords ultraviolet (UV) photodetection, metalor-
ganic chemical vapor deposition (MOCVD), AlGa; ,N,
film, high Al content, metal-semiconductor-metal (MSM)

1 Introduction

II-V nitrides have recently attracted great interest for
applications such as high temperature and high power
microelectronic devices [1-8], ultraviolet (UV) light-
emitting devices (LEDs) [9-13] and UV photodetectors
[14-18]. UV photodetectors are a subject of increasing
interest due to a variety of current and potential
applications in the military, industrial and scientific areas.
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Some of these are covert space-to-space communications,
early missile threat warning systems, jet engine monitor-
ing, chemical/reagent detection, ozone and flame/engine
monitoring and UV astronomy. Currently, Si-based
detectors are employed in these applications. However,
due to the narrow band gap of Si, these detectors require
external filters that often reduce their efficiency levels 20%
or lower. As a promising alternative to Si-based technol-
ogy, detectors fabricated from Ill-nitride materials, in
particular Al,Ga; _,N, have been investigated and exhib-
ited excellent potential. With a wide, direct band gap
ranging from 3.4 to 6.2 eV, Al,Ga; _,N covers much of the
UV spectrum. In particular, solar-blind photodetectors can
be fabricated using Al,Ga; N films with x > 0.45 [19].
However, for many well-known reasons such as the
increasing probability of pre-reactions and low surface
mobility of Al-species [20], the growth of high quality
AlGa; N with high Al composition poses extreme
difficulty.

Due to fabrication simplicity, unnecessary p-type
doping, as well as reduced parasitic capacitance and low
dark current, a metal-semiconductor-metal (MSM) photo-
detector is an attractive candidate for high-speed photo-
detection. In this work, 1 pm-thick, high Al content
Al,Ga; N films were obtained using ten pairs of AIN/
Al,Ga; N superlattices (SLs) as a strain-management
layer by low pressure metalorganic chemical vapor
deposition (MOCVD). An MSM photodetector with
interdigitated Schottky electrodes was then fabricated
and characterized.

2 Experimental procedure

The epitaxial layers described in this work were grown by
low pressure MOCVD in a vertical VEECO reactor. C-
plane (0001) sapphire was employed as a substrate.
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Trimethylaluminum (TMAI) and trimethylgallium
(TMGa) were used as the group III precursors, while
ammonia (NH;) was used as the nitrogen source with
purified H, as the carrier gas. Shown in Fig. 1 is a
schematic diagram of the MOCVD-grown structure. First,
a 25-nm-thick AIN buffer layer was deposited on the
sapphire, followed by a 100-nm-thick high temperature
(HT) Al,Ga; ,N template and ten pairs of HT AIN/
Al,Ga, _ N SLs. Finally, a high Al content Al,Ga,; _ N film
with thickness of about 1 pm was grown at a high
temperature. All Al,Ga; N layers had the same Al
content, which was controlled by setting the deposition
parameters. The growth temperature of the HT epilayers
was kept at 1060°C, and the sample was unintentionally
doped.

HT AlGaN

10 pairs AIN/AlGaN SLs

HT AlGaN
AN buffer layer

sapphire

Fig. 1 Schematic diagram of low pressure MOCVD grown structure

An MSM photodetector was fabricated on the sample
mentioned above using an interdigitated finger electrode.
The fingers were designed to be 2 um wide and 242 pm
long, with 5 um wide spacing. Immediately prior to the
fabrication of metal electrodes, the wafer was dipped in the
organic solution of acetone, and then ethanol, followed by
deionized water to clean its surface. After lithographically
patterning the interdigitated electrodes, a bi-layer Schottky
metal of Ni/Au (3 nm/100 nm) was deposited and then
lifted off. The active area was 250 umx250 pm. Figure 2
shows an optical microscope top view of this device.

Fig. 2 Optical microscope top view of MSM photodetector

The device was measured under front illumination in a
general opto-system with an Xe lamp filtered by a Jobin-
Yvon H25 grating spectrometer, and the system was
calibrated with a commercial UV-enhanced Si detector.
The photocurrent was measured in direct current (DC)
mode with a KEITHLEY 617 programmable electrometer.
To minimize the effect of persistent photoconductivity
(PPC), the spectral scan was performed from long
wavelength to short wavelength. Responsivity was then
calculated as the ratio of the photocurrent to the optical
power incident on the detector.

3 Results and discussion

Shown in Fig. 3 is the high resolution X-ray diffraction
(HRXRD) 260-w scan for the sample. The prominent peak
located at 20=35.35° is attributed to the top thick
Al,Ga; _,N film. Using Vegard’s law, Al content in the
Al,Ga; N film can be estimated to be 54%. The rocking
curve of the Al.Ga;_,N (0002) diffraction was also
obtained (not shown in Fig. 3). The full width at half
maximum (FWHM) of the @ scan curve for the
Alg 54Gag 4N (0002) was about 597 arcsec, which is
comparable with the result reported by Monroy et al. [21].
Furthermore, the FWHM of the @ scan curve for the
Aly 54Gag 46N (10-12) was about 2311 arcsec. In the
dissertation of Wang X L, a high Al content sample where
FWHM of the w scan curve for (0002) and (10—12) planes
are 600 and 960 arcsec, respectively, is obtained [22]. In
Fig. 3, the SLs 0-order, + 1-order, and —2-order peaks are
distinguishable, and the —1-order is covered by the main
peak. According to the relation A=A/(2A6ycosflg), where
A, O, and Ay are the X-ray wavelength, the Bragg angle
of the superlattice 0-order satellite peak and the angle
spacing between adjoining satellites, respectively [23], the
period A of the SL is calculated to be 30 nm. Compared to
the Al,Ga; N (0002) peak, the SL 0-order peak appears at
a higher-angle position, indicating that the average Al
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Fig. 3 HRXRD of the sample
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content in the SL is larger than that in the top Al,Ga; N
film. The Al,Ga; N film thus suffers a biaxial compres-
sion from the SL, which is considered to be effective to
avoid wafer cracking. It should be noted that the in-plane
biaxial compression in the Al,Ga; _ N film was not taken
into account when estimating the Al mole fraction. If the
strain is considered, the actual Al content will be a slightly
higher than the estimated value of 54%.

Optical transmission measurement was performed
before device fabrication. Shown in Fig. 4 is the
transmittance spectrum, which was taken in the range of
200-800 nm using a PerkinElmer Lambda 950 UV/visible
spectrometer with a cleaned sapphire substrate as refer-
ence. As seen from the figure, the cut-off wavelength is
around 270 nm, confirming that our sample is suitable for
fabricating a solar-blind photodetector. In the transmission
region, the Fabry-Perot fringes are visible, indicating that
high optical quality is obtained. As for the surface
morphology of our sample, remarkable grain-like three-
dimensional islands can be seen clearly according to the
atomic force microscopy (AFM) results. The root mean
square (RMS) surface roughness is about 18 nm.
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Fig. 4 Transmittance spectrum of the sample

Current-voltage (I-V) characteristics were measured
using the KEITHLEY 617 programmable electrometer.
The measured dark current of our solar-blind MSM
photodetector is shown in Fig. 5 to be about 31 pA under
a bias voltage of 5 V. It is clear that an MSM structure can
be regarded as two Schottky contacts connected back-to-
back. Under a certain bias voltage, one of the contacts is
reverse-biased and the other is forward-biased. The I-V
curve thus has a symmetrical “S” shape from —10 to 10 V
as shown in the inset of Fig. 5. Figure 6 shows the typical
spectral response of the MSM device. An UV/visible
contrast of about four orders of magnitude can be
observed. However, the cutoff is not as abrupt as that
obtained in GaN-based MSM photodetectors [24]. This
may be caused by phase separation in the high Al content

layer according to our previous research work [25].
Furthermore, the peak responsivity of our device at 250
nm is about 0.025 A/W. According to the relation R=
Lonoto/P3= qn/(hv), where R is the responsivity, /photo 1S the
photocurrent, P; is the illumination power at wavelength A
(frequency v), g is the absolute value of the electronic
charge, and # is the Plank constant, respectively [26], the
external quantum efficiency # corresponding to the peak
responsivity is calculated to be 12.4%. The responsivity for
the device as a function of the applied voltage is also
shown in Fig. 6. It is observed that the responsivity
increases with increments of the bias voltage, which has
also been observed by other groups [27,28]. Currently, the
dependence of the photocurrent and the responsivity on the
bias has not been understood completely. Some researchers
assume that the dependence can imply the existence of
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Fig. 5 Dark current of MSM photodetector at room temperature

responsivity/a.u.
= S = S
| f ] ]
L A A,
-]
<

107} sV

107%
2v

107’

250 300 350 400 450

wavelength/nm

Fig. 6 Spectral response of MSM photodetector as a function of
applied voltage
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gain [29,30] and suggest that hole accumulation and
image-force lowering induced by the surface states and
defects at the depletion area account for the gain. However,
these suggestions are uncertain and need further research
[31,32].

4 Conclusion

The fabrication and characteristics of a solar-blind MSM
photodetector based on 1 um-thick Algs4GagseN film
grown by low pressure MOCVD have been reported. The
dark current, responsivity and dependence of responsivity
on the bias voltage have been measured. The detector
has a low dark current of about 31 pA under a bias voltage
of 5V. An UV/visible contrast of about four orders of
magnitude is observed, indicating that the spectral
selectivity of the detector is fairly adequate.
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