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‘We report on the growth and fabrication of nonpolar a-plane light emitting diodes with an in-situ SiN, interlayer

grown between the undoped a-plane GaN buffer and Si-doped GaN layer. X-ray diffraction shows that the crystalline

quality of the GaN buffer layer is greatly improved with the introduction of the SiN interlayer. The electrical prop-

erties are also improved. For example, electron mobility and sheet resistance are reduced from high resistance to
31.6 cm?/(V -s) and 460 /0 respectively. Owing to the significant effect of the SiN, interlayer, a-plane LEDs are
realized. Electroluminescence of a nonpolar a-plane light-emitting diode with a wavelength of 488nm is demonstrated.

The emission peak remains constant when the injection current increases to over 20 mA.
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1. Introduction

The current commercial technology for blue—
green light emitting diodes (LEDs) employs GaN films
grown in the polar c-direction. It is well known that
c-plane LEDs undergo the quantum-confined Stark
effect,[1:2] which is induced by a strong spontaneous
and piezoelectric polarization electric field.l3) The effi-
ciency and luminescent output power of the device are
both decreased due to the smaller overlap of electron
and hole wavefuctions caused by the built-in electric
fields along the c-direction. A large electric field also
results in a red-shift of LED emission.!*) As a potential
means of eliminating the effects of polarization fields
in devices of IIl-nitrides, a-plane GaN materiall®—®!
and multiple quantum wells (MQWs)[®1% have be-
come more and more attractive in recent years. How-
ever, as the crystalline quality of a-plane GaN grown
on r-plane sapphire substrates is lower than that of
their counterparts on c-plane sapphire, a-plane LEDs
on r-plane sapphire are hard to fabricate and rele-
vant studies are seldom reported.[''2 High-density
defects in the GaN films limit the performance of
LEDs because threading dislocations act as nonra-
diative recombination centres and reduce the radia-
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tive recombination efficiency. Lateral epitaxial over-
growth and the SiN, interlayer have been employed
for achieving defect reduction in a-GaN. As an in-situ
growth technique, the SiN, interlayer has proven to
be an effective and convenient method.[3=151 A SiN,
nanomask, which is grown between the undoped a-
plane GaN buffer and Si-doped GaN layer, can switch
the growth mode from two-dimensional (2D) to three-
dimensionnal (3D) temporarily. By controlling the
growth conditions, epitaxial layer overgrowth takes
place on the random SiN, nanomask pattern. This
2D—-3D—-2D process could significantly reduce the de-
fect density in a-GaN, which is crucial for the real-

ization of high-performance devices.!

In the present
work, we demonstrate a non-polar LED with an elec-
troluminescence (EL) wavelength of 488 nm, grown on
an a-plane GaN buffer with an in-situ SiN, interlayer.
The crystalline quality and the electrical properties
of GaN buffer are greatly improved by the insertion
of the SiN, interlayer. The a-LED shows strong and

narrow emission and the peak remains constant when

the injection current increases.
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2. Experiment and results

The a-plane GaN and LED samples were grown
by the Thomas Swan metal-organic chemical depo-
sition (MOCVD) system. Trimethylindium (TMIn),
trimethylgallium (TMGa), and ammonia (NHj3), were
used as In, Ga and N precursors in the epitaxy process,
respectively. Bicyclopentadienyl magnesium (CpaMg)
and silane (SiH4) were the sources of p-type and n-
type dopants. The substrates were r-plane sapphire
with £2° surface orientation tolerance. The a-plane
GaN buffer was grown by the conventional two-step
growth method. First, a 150 nm thick AIN layer
was grown at 1080 °C and 5300 Pa. After the AIN
layer, the a-plane GaN films with 2 pym thickness were
grown on r-plane sapphire substrates at 1040 °C and
10132 Pa. Then a thin SiN, layer with a growth time
of 100 s was inserted by flowing silane and ammonia.
To obtain a low defect and specular surface, a 1.5 pm
GaN capping layer was grown after the in-situ SiN,
interlayer. The growth temperature, chamber pres-
sure and V/III ratio were kept at 1040°C, 10132 Pa
and 500 during the GaN buffer growth process respec-
tively.

Philips
(XRD) equipped with a four-crystal monochrometer

Material Research X-ray Diffraction
was used to determine the crystallographic orienta-
tion and the crystalline quality. High resolution XRD
results of the a-plane GaN buffers with and without
SiN, interlayer are shown in Fig. 1. The 26-w scan of
the sample presented in the inset of Fiig. 1 identifies the
growth surface as the [1120] plane. The azimuthal de-
pendences of the full width at half maximum (FWHM)
of the rocking curves were measured by rotating the
sample from —30° to 120° in steps of 30°. Azimuthal
angles of 0° and 90° correspond to the diffraction vec-
tor of the XRD geometrically perpendicular and par-
allel to the c-axis, respectively. The sine-shape curve
of GaN buffer without the SiN, interlayer reveals a
difference of about 0.16° between the minimum value
of 0.24° (scattering plane perpendicular to c-axis of
GaN) and the maximum value of 0.40° (scattering
plane parallel to the c-axis). However, the in-plane
FWHM anisotropies due to the hetero epitaxy pro-
cess were reduced to 0.18° and 0.28° of minimum and
maximum after inserting the SiN, nanomask layer.
These results indicate that the anisotropy induced by
stacking faults!'”! is much reduced by the insertion of
the in-situ SiN,, interlayer and the crystalline quality
of the a-plane GaN buffer is improved.
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Fig. 1. HRXRD azimuthal angle dependence of the
FWHMs of (1120) rocking curves for the heteroepitaxial
a-plane GaN with (SiNx IL) and without (Epi-GaN) the
SiNg interlayer on r-plane sapphire, where the inset shows
20—w scan of the GaN sample.

The surface of the a-plane GaN with the SiN,
interlayer is optically specular. Figure 2 shows the
AFM image and the SEM image of the a-plane GaN
sample. The root-mean-square (RMS) roughness is
1.73 nm. Room temperature Hall effect measurements
were also performed on the a-plane GaN buffer with
the SiN, interlayer using the Agilent HL5500 Hall Sys-
tem. The electrons’ mobility and sheet resistance are
measured to be 31.6 cm?/(V -s) and 460 Q/0J, respec-
tively. However, the a-plane GaN without the inser-
tion of the SiN, nanomask layer is of high resistance,
and the LED structure grown on the high resistance
GaN buffer does not demonstrate any electrolumines-
cent properties. The improvement of the electrical
properties of the GaN buffer could be attributed to
a few causes. First, the better crystalline-quality of
the GaN buffer gives rise to fewer scattering centres
from defects. It could also be deduced that the resi-
dent Si atoms in the environment after growth of the
SiN, interlayer could be doped into the GaN capping
layer and increase the carrier density. Another possi-
ble dopant resource is Si atoms diffusing out from the
SiN, interlayer driven by the concentration gradient.
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Fig. 2. (a) AFM and (b) SEM images of a-plane GaN
with SiN, interlayer surface morphology, with the SEM
image taken at 15° inclined angle.

This improvement will be good for obtaining non-
polar a-plane LEDs. Figure 3 shows the structure of
the LED on the GaN buffer with the SiN, interlayer.
It is comprised of a 2 pm-thick Si-doped n-GaN with
an electron concentration of 2x10'® cm™3, followed
by five pairs of MQWs with 15 nm GaN barriers and
3 nm InGaN wells, and a 200 nm p-type GaN layer
on the top. The p-dopant layer was activated by be-
ing annealed in nitrogen ambient at 800 °C for 20 min.
Then, LED chips were fabricated by photolithography
and induction-coupled plasma etching, with a size of
250 pmx600 pm. Cr/Pt/Au and Ni/Au alloys were
used for n and p type Ohmic contacts, respectively.

metal contact
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Fig. 3. A schematic representation of device structure of
a-plane nonpolar LED with the SiN; interlayer.

The room temperature EL characteristic at a for-
ward current of 20 mA is shown in Fig. 4. The blue—
green EL emission peak wavelength is 488 nm and
the FWHM is 40.9 nm. The EL emission peak wave-
length position was also tested as a function of forward
dc current, which is shown in Fig. 5. With injection
current increasing from 0 to 20 mA, the peak of emis-
sion wavelength first decreases from 507 to 488 nm.

When the injection current is larger than 20 mA, peak
wavelength of the a-plane LED remains constant at
488 nm. This phenomenon implies that the polar-
ization electrical field is eliminated in such nonpolar
orientation structures. The strong blueshift of the EL
peak position in the initial current injection process
was also reported in Ref. [10] and attributed to the
filling of defect-induced band tail states.

2500
488.41

2 2000 A plane LED
§ with SiN, interlayer
5 15001 @20 mA RT
2
~
.4? 1000 4
2}
<
]
E 500 1

0 T r Y T

300 400 500 600 700 800

Wavelength/nm

Fig. 4. EL spectrum of a-plane nonpolar LED with the
SiN, interlayer.
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Fig. 5. EL emission peak wavelength of a-plane nonpo-
lar LED with the SiN, interlayer as a function of forward
injection current.

3. Summary

We report on the growth and the fabrication of
nonpolar a-plane LED devices with EL at a wave-
length of 488 nm on a-GaN with an in-situ SiN, in-
terlayer. The SiN, nanomask interlayer is used to im-
prove the crystalline quality of the a-plane GaN tem-
plate for nonpolar LED structures. The X-ray rocking
curve FWHM of the a-plane GaN buffer is significantly
decreased after the insertion of the SiN, interlayer.
The morphology of the a-plane GaN buffer remains
optically specular after the growth of the GaN cap-
ping layer. Electrical properties of the nonpolar GaN
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buffer are also improved. For example, the sheet re-
sistance is reduced from high resistance to 460 /0.
Strong and narrow electroluminescence emissions for
LED chips are demonstrated. The emission peak re-
mains constant when the injection current increases to
over 20 mA. Thus, the SiN, interlayer in our experi-
ment is very important for realizing a-plane LEDs by

improving the crystalline quality and electrical prop-

erties.
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