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Abstract

A simple thermal cycle annealing (TCA) process was
used to improve the quality of GaN grown on Si substrate.
The XRD results revealed that using more process cycles,
the defect density can be further reduced. And the perfor-
mance of GaN-based MSM photodiodes prepared on Si
substrate also have the same tendency. With two cycles
TCA process, it is found that the dark current of the device
was only 1.46x10™"" A, and the photo to dark current con-
trast ratios were about 1.33x10° at 5V.

1. Introduction

Nowadays, III-Nitride devices market is focusing on
the technique of growing GaN on Si substrate because em-
ploying Si substrates can give a short-cut to combine GaN
based optoelectronics and Si integrated circuit. Besides,
compared with the commercial substrates (sapphire or sili-
con carbide) for Nitride-based devices grown by metal or-
ganic chemical vapor deposition (MOCVD), Si substrate is
not only conductive but also mature for large size mass
production. However, the poor crystal quality is the handi-
cap for its applications in GaN-based optoelectronic devic-
es.

We attained a hint from Yamaguchi’s works. His group
had revealed the method of using thermal cycle annealing
(TCA) process can manage the strain and improve the
crystal quality in the system of GaAs grown on Si
substrate[1]. In the growth of GaN on Si substrate, there
were rarely reports. In this work, we employed TCA proc-
ess and studied its influence on device performance.

2. Experimental procedure

The samples in this work were all grown by MOCVD
on Si (111) substrate. The conventional structure was using
high temperature AIN as a buffer layer. Then a 1.5 pum ini-
tial GaN layer was grown at high temperature as a refer-
ence sample. In the case with one cycle and two cycles
TCA process, the growth of GaN is paused at 0.75 pm and
paused twice at 0.5 pm and 1 pm, respectively. Followed
by the TCA process (ones or twice) and kept growing until
the total thickness reached 1.5 pm to meet a comparable
condition with the reference one (As shows in Fig. 1 (a)).
The description of TCA process was as follows. The Ga
source was turned off during the decrease of temperature to
400 °C, stay low, and rise back to growth temperature. Af-

ter stabilization time at growth temperature, the Ga source
was then turned on. The temperature decreased and rose
back is called a cycle (As shows in Fig. 1 (b)). Finally, we
fabricated the MSM photodiodes. The Ni (3 nm)/ Au (7
nm) metal contact layer was deposited onto the samples by
E-beam evaporate. Standard lithography and lift off tech-
niques are used to define interdigitated contact electrodes.
The fingers of the contact electrodes are 10um wide and
170 um long with a spacing of 10 um.
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Fig. 1 (a) Schematic diagrams of the conventional structure and
the position we insert thermal cycle annealing process, and (b) the
profile of thermal cycle annealing process.

3. Results and discussions
There are three samples labeled as A, B and C in this
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work. Sample A is the reference while Sample B and C are
those with TCA process once and twice. We use XRD to
measure the crystal quality and then use the results to esti-
mate the defect density. The full width at half maximum
(FWHM) at the (002) plane of samples A, B and C were
983.2, 657.2 and 566.8 arcsec, respectively. And the (102)
plane FWHM values of samples A, B and C were 1356,
951.5 and 896.6 arcsec, respectively. The screw and edge
type dislocation density can be calculated with the aid of
equations [2,3]
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Where Dg.pe, 1s the screw type dislocation density and
Degge is the edge type dislocation density, B2y and
B0z are the FWHM values measured by XRD (002) and
(102) plane rocking curves, b represents the Burger vector
length (bgerew, = 0.5185 nm, byqg. = 0.3189 nm). The
values of FWHM and its correspondence to threading dis-
locations are also listed in Table I. As predicted, the defect
density shows the dependence on the numbers of TCA cy-
cles. With two cycles TCA process, one can reduce the de-
fect density from 1.70x10' to 7.83x10° cm™.

Fig. 2 shows I-V characteristics of the fabricated GaN
MSM photodiodes measured in dark and photo current.
With 5V applied bias, it was found that dark current of
samples A, B and C were 8.17x10"°, 2.73x10"" and
1.46x10™"" A, respectively. It can be seem that dark currents
became significantly smaller by TCA process. The reason is
that the leakage path will be reduced if the GaN film quali-
ty is better. Therefore, the sample C with two cycles TCA
process has the lowest dark current. The photo to dark cur-

rent contrast ratios could also be calculated from this figure.

It was found that photo to dark current contrast ratios of
sample A, B and C were about 1.10x10°%, 6.48x10° and
1.33x10°, respectively. These values indicate that we can
indeed enhance the performance of the GaN MSM photo-
diode by using a simple TCA process. And the more cycles
it processed, the better performance we get.

—l— Reference
Photo current —&— One cycle TCA
A —@— Two cycles TCA
1E-5
1E-6 4
1E-7+
% 1E-84
|
= 1E-94
=
QO
1E-10 4
1E-A13 Dark current
1E-12 T T T T 1
0 1 2 3 4 5
Voltage (V)

Fig. 2 Dark and Photo currents of the GaN photodiodes

Table I The FWHM values of XRD (002) and (102) plane rocking
curve and the correspondence to dislocation densities

One cycle Two cycles
Reference TCA TCA
Booz) 983.2 657.2 566.8
(arcsec)
Baoz) 1356 951.5 896.6
(arcsec)
Dy (em™) | 1.70x10" | 8.53x10° 7.83x10°

4. Conclusions

We have studied the influence of thermal cycle anneal-
ing method on the subsequent GaN layer. It is found that,
by a simple TCA process, one can reduce the defect density
on initial layer. Furthermore, the performance of GaN
MSM photodiodes with two cycles TCA process was also
better than the reference sample. It is found that the dark
current of the device was only 1.46x10"" A, and the photo
to dark current contrast ratios were about 1.33x10° at 5V.
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