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Growth of InGaN on sapphire by GSMBE(gas source molecular beam
epitaxy) using DMH,(dimethylhydrazine) as nitrogen source at low
temperature
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Abstract

High quality GaN layer and InsGa;«N alloy were obtained on (0001)sapphire substrate using
ammonia(NH3) and dimethylhydrazine(DMHy) as a nitrogen source by gas source molecular beam

epitaxy(GSMBE) respectively. As a result, RHEED is used to investigate the relaxation processes
which take place during the growth of GaN and InyGai-xN. The full Width at half maximum of the
x-ray diffraction{FWHM) rocking curve measured from plane of GaN has exhibitted as narrow as 8

arcmin. Photoluminescence measurement of GaN and IniGa;-xXN were investigated at room temperature,

where the intensity of the band edge emission is much stronger than that of deep level emission. In

content of InxGai-xIN epitaxial layer according to growth condition was investigated.

Key Words : InGai«N, GSMBE, dimethylhydrazine(DMH,)

1. Introduction

Since the accomplishment of Nakamura and
coworker on GaN based light diode[1] and
lasers[2]), the IHlelement nitrides are attracting
tremendous interest as candidate materials for
optoelectronics devices in blue and near-UV
spectrum regions because GaN and MMelement
nitrides has large direct band-gap energy at
room temperature. Despite several difficulties in
the epitaxial of IM-nitrides, such as the lack of
absence of well-suited substrate, High quality
GalN/InxGa;-xN is obtained elsewhere. Molecular

beam epitaxy (MBE) is however rapidly
developing. Low temperature used in MBE
compared to MOCVD could be determinant for
growing InyGaj-xN alloy with high In content.
The recent studies revealed strong dependence
of indium incorporation into the InGaN tenary
compounds in the number of process parameters,
such as growth temperature[3], both indium and
I/ V ratiol4].
Generally, Low efficiency and nonuniformity of

gallium incident fluxes[3,4],

In incorporation observed in the experiments
was attributed to low thermal stability of InN[5],
phase separation[6] as well as indium droplet
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formation on the growth surfacel4]. However
the role and importance of each of these factors
are still poorly understood.

In this paper we report on the use of RHEED
tomonitor the growth of IniGa;-xN layers on
GaN. The In mole fraction has been determined
from RHEED, XRD, STM and PL. Therefore it
is necessary for the proper choice of the process
parameters allowing growth of InyGaixN ternary
compounds. The incorporation rate of In as
different growth parameter investigated..

2. Experiment

GaN layer and InGaN alloy were grown
on{0001)sapphire substrate in Gas-source MBE
system equipped with standard Knudsen cell for
Ga, In and with gas source for NHs;, DMHY
supply and with RHEED for in-situ monitoring
the growth processand with pryrometer for
measuring a substrate temperature. The atomiic
nitrogen  species were provided by the
decomposition of NHz on the GaN layer and of
DMHy on the InGaN layer. The decomposition
of NHs begins from 400C to 800C at high
temperature. The incorporation efficiency is 0.5%
at 500Cand become 3.8% at 700°C. Above 700C,
the actual efficiency of cracking is higher since
a part of the nitrogen must have been lost by
evaporation and did not contribute to the
formation of the epilayer[5,6]. However, DMHy
decomposed at low temperature(below 600C )but
introduces carbon impurity in the epilayer.
During the growth, carbon is included in 0.155
compare to 00232 at MOCVD. Prior to the
experiments, the c-plane sapphire(0001) substrate
was cleaned with organic solvent, then etched in
boiling aqua regia(SBHCI:HNOs) for 10min, and
finally loaded into a GSMBE system, in which
the base pressure was 5*10%Torr, The first step
of the growth consists in performing a
nitridation of the sapphire during 10 min at
substrate temperature 900°C under 5+*10°Torr of

NHs. This results in the formation of an AIN
thin layer[7,8]. Then GaN buffer layer was
deposited during 3min at substrate temperature
400TC “600C under varied V/II ratio. The
layers of GaN were grown using NH; at
substrate temperature 850C during 120 min
under varied V/II ratio.

Table 1. condition of InGaN epilayer

) Ts 950°C
substrate annealing - -
Time (10 minute
Tsw {900TC
Nitridation Pxis  5.00¢10 Torr
Time |10 minute
Tsu  |400C

Paa  [20%10"Torr
Puis  [25%10°Torr
Thickness [20nm
Tsun  |{850C
Pca 2.0%10 "Torr
Py [5.0%10°Torr
Thickness |200nm
Tsw  [600-750TC
Pn  {1-2.0%10"Torr
Pca  |1-3.0%10"Torr
Pomuy |1-3.0107*Torr
Growth
time

GalN Buffer layer

GaN epilayer

InGaN epilayer

120 minute

then GaN buffer layer and GaN epitaxy layer
were deposited in turn at 400C at Pga : 2.0%107
Torr, Pyma:25+10° Torr, 80T at Pg:
5.0%10 "Torr, Pus  5.0¢10°Torr. and In content
of InkGa;xN epitaxial layer according to growth
condition was investigated by using DMH, as
nitrogen source at low temperature.

2. Experimental results and discussion

2.1 The growth of GaN with NH3

GaN buffer layer formed on the sapphire surface
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after nitridation according to growth condition at
P6si2.0¢10 "Torr, Pnus5.0#10°Torr:, Paa3.0% 107
Torr, Pnuzi5.0#10°Torr Pea: 2.0#¢107 Torr, Pum
:25%10°Torr. GaN layer formed on the GaN
buffer layer (Pga:2.0¢10 Torr, Pnuz5.0%10™Torr)
according to Pgs2.0%¥10 Torr, Pruz5.0%10™Torr
Pa3.0+10"Torr, Paus5.0%10°Torr  Poa : 5.0%10°7
Torr Pams : 5.0%10°Torr. The standard rocking
curve of a GaN layer, with full width at
half-maximum of 8 arcmin, is shown in Fig 1.
Their root mean square(rms) roughness
measured by atomic force microscopy(AFM) on
GaN layer varies from 457 to 7.83nm when
changing the V/II ratio in Pga2.0%10 Torr,
Paus5.0#10°Torr  Pea'3.0%10 "Torr, Pams5.0%10”°
Torr and Pga:5.0%10 " Torr, Pauzi5.0¢10™ Torr.

Intensity[a.u.]

4000 2000 0 2000 4000
Omegal arcsec]

Fig 1. XRD measurements of GaN layers with
@Pg, : 2.0%10 " Torr, Paus : 5.0%10Torr,
@Pca : 30510 "Torr, Paus  :5.0¢10°Torr,
®Pg, : 5.0%10 "Torr, Pus : 5.0%10°Torr

22 The growth of InGaN with dimethlyhydrazine

Recently many articles have appeared on the
growth of InGaN alloys using both MOVPE and
MBE. Yoshida[9lgrew InGaN epilayers which In
concentration was 20% by MBE on sapphire
substrate. He found that the growth temperature
had a large effect on the quality of the layers. If
the growth temperature was more than 800T,

the concentration of In was very low. On the
other hand if the temperature was lower than
760C, Ga droplets were formed on the surface
because of low decomposition rate of ammonia.
Grandjean and Massies[6] have grown InGa;-xN
layers with high In concentrations (up to x=
0.46)by GSMBE. Since at low temperatures the
fraction of ammonia that decomposes is smaller,
the growth rate was reduced from 12 to
0.2-0.4micro/hour. To obtain reactive species of
nitrogen at low temperature, we used DMHy as
nitrogen source. DMHy decomposes at low
temperatures below 600C but introduces carbon
impurity in the epilayer and we investigated that
the quality of InGaN epilayer on the
incorporation of In. At first, we investigated
InGaN had been grown at the temperature of
650T, 700C, 750C (Pga: 1.0+107"Torr, P!
1.0¢10 "Torr, Powmy : 1.010-4 Torr) with DMHy
as nitrogen source. When growth temperature is
650C, It appeared In-droplet. At that
temperature, the cracking efficiency of DMHy on

L In(lﬂl)«:

Intensity (tog scale) [a.u)

e
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Fig 2. XRD result of InGaN on GaN according

to the temperature( 20 ~ @ scan)
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the GaN surface is low. But according to
increasing the growth temperature, In droplet is
disappeared. In concentration of InGaN was
calculated by Vegard law.

3.34eV= 19x+3.4(1-x)-bx(1-x)

T T N L T

]
0 In (101):
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Fig 3. XRD result of InGaN on GaN according

to the varied P 260 — @ scan, @ scan

The bowing parameter obtained was 0.95eV,
which agreed with that obtained for the samples
grown at substrate temperature. At growth
temperature of 750°C, In concentration of InGaN
obtained 12%. But the morphology of surface
was rough (rms = 10.35nm). At second, InGaN
had been grown at the In beam equilibrium
pressure  of Pp1.0%107,  2.0%107, 3.0¢10”
(Tsw650C, Poal.0%x107,  Ppmmy : 2.0%10™Torr).
Figure 3 show according to the In BEP. In
concentration of InGaN epilayer is 7%, 12%,
10% by the Vegard law. In concentration of
InGaN is not linearly at the increasing in In
BEP. The coupling energy of InN is 1.9eV,
however GaN is 25eV[10]. At that result, InN is
more difficult to combine than GaN in the
InGaN. The measurements of AFM were 6.33 ,
356 and 3.11 respectively. In order to determine
an optimal condition, we  investigated
photoluminescence at the room temperature. we
measured that GaN in Pga  :2.0¥10 "Torr, Pus:
5.0+#10°Torr at the growth temperature 850C
(FWHM=8 acrmin)and InGaN on that GaN in
Pr:  3.0%10"Torr, Paa:1.0¥10"Torr, Pommy
2.0%10*Torr at growth temperature 650C. The
PL of that sample was shown in Figure 4. In
the case of GaN, a sharp peak at 365nm in the
band to band and a broad peak at 575nm for a
deep level were observed. The FWHM at the
band-to-band emission was 8 arcmin. The
yellow luminescence in GaN is a broad
luminescence band centered around 2.2-2.3eV.
The YL appears to be a universal feature. It has
been observed in bulk GaN crystallites as well
as in epitaxial layers grown by techniques as
different as molecular beam epitaxy (MBE),
metalorganic chemical vapor deposition
(MOCVD), and hydride vapor phase epitaxy
(HVPE). The deep level introduced by the Ga
vacancy or related compound is responsible for
the broad peak YL in GaN and the formation of
Ga vacancy may be enhanced by complex
formation with donor impurities(11].. Therefore,
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according to the increasing V/II ratio yellow
luminescence was observed but every samples
were appeared YL in the broad peak at 575nm.
In the case of InGaN, One peak was a GaN

band-to-band emission (365nm) of the GaN
epilayer ; the other was a band-to-band
emission (371nm) of InGaN.
T T T T
- GraN(36Smm)- -
— 3.39eV.
Z| InGANG " Imo). i
é’ 3.l
S}
] i L 1
350 360 370 380 390 400

Wavelength[nm]

Fig 4. Photoluminescence spectrum _radiated
InGaN film at room temperature,
Excitation laser is He-Cd’ laser

4. conclusions

The GaN and In<Gai-xN were grown using the
GSMBE method. GaN and InxGa;-xN crystal
were obtained using ammonia, DMHy as the
source of reactive nitrogen. We have
demonstrated that the quality GaN was studied
according to the varied growth condition and
InGaN was grew on GaN using DMHy as
nitrogen source. Photoluminescence measurement
of InxGai-xN were investigated. There band to
band luminescence and yellow luminescence
were observed. The intensity of the band edge
emission is much stronger than that of deep
level emission. In content of InxGai-xIN epitaxial
layer according to growth condition was
investigated.

ACKNOWLEDGMENT

This authors would like to thank Misawa,
Koshio, kang sa park (Department of Electrical
and Electronic Engineering, Toyohashi

University of Technology)

REFERENCE

(11 S. Nakamura. T. Mukai, and M. Senoh,
Appl. Phys. Lett. 64, 1687.1994.

[2] S. Nakamura , M. Senoh, S.i, Nagahama, N.
Iwasa, T. Yamada, Appl. Phys. Lett. 70,
1471 .1997.

[3]1 O. Ambacher, ]J. Phs D; Appl. Phys. 31,
2653 .1998.

(4] D. Doppalapudi, SiN. Basu, KF. Lndwig,
T.D. Moustakas, J, Appl. Phys. 84, 1389
1997,

[51 M. Masrine, N. Grandjean, and ]. Massies.
Appl. Phys. Lett. 72, 350 .1998.

[6] N. Grandjean and ]. Massies Appl. Phys.
Lett. 72, 1078 .1998.

(71 T. D. Moustakas, Meter, Res, Soc .Symp.
Proc 39%. 111. 1996

[8] N. Grandjean, J. Massies, and M. Lerax,
Appl. Phys. Lett. 69, 2071 .1996.

[9] S. Yoshida. J, Appl. Phys. 81, 7699 .1997

[10] H. Riechert, R. Averbeck, A. Graber, M.
Schienle, U. Strau and H. Tews : Mat. Res.
Soc. Symp. Proc. 446, 149 1997

[11} Jorg Nergebauer, chris G, Van de Walle,
Appl. Phys. Lett. 69, 503 .1996

- 1014 -



