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This paper reports on the MOVPE growth of InN and 
InxGa1-xN with x up to ~0.4 on AlN/Si (111) substrates. 
Good quality InN films are grown after a pretreatment of 
the substrate surface at 1000 °C in NH3. While pretreat-
ment of the substrate surface in N2 results the In droplet 
formation. Single-crystalline InxGa1-xN films with x up to 
~0.4 are successfully grown on Si (111) substrates with-
out phase separation and metallic In incorporation by 
changing  the  growth temperature and TMI/(TMI+TEG)  

molar ratio. Comparative study between the AlN/Si (111) 
and GaN/α-Al2O3 (0001) substrates shows that the quality 
of InN, GaN and InGaN with low In contents depends on 
the quality of the underlying layer. While the quality of 
InGaN at the intermediate In content range hardly de-
pends on of the underlying layer/substrate. These works 
will allow us towards the fabrication of the future InGaN-
Si tandem cell using MOVPE. 

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  

1 Introduction The InxGa1-xN compound semicon-
ductors have been predicted as excellent candidates for 
full-solar spectrum photovoltaic (PV) applications. This 
was based on their suitability to the engineering of band 
gap energies from 0.64 to 3.4 eV with characteristics of di-
rect band gap, high absorption coefficients, and excellent 
irradiance resistance [1]. Recently, In0.45Ga0.55N is pro-
posed as an appealing candidate to be paired with Si in 
tandem solar cells that may have power conversion effi-
ciency higher than 31% [2]. A low resistance ohmic junc-
tion is predicted for the n-In0.45Ga0.55N/p-Si junction and, 
therefore, no tunnel junction is necessary to connect the top 
and bottom cells [3]. Therefore, InGaN materials have 
plenty of opportunity for higher efficiencies where most 
competing technologies are very near to their maximum 
practical efficiencies. 

Most of the recent InGaN-based solar cells have been 
grown on sapphire or GaN templates. However, Si is a bet-
ter choice either as substrate material or as a bottom cell 
for the InGaN-based solar cells. Because, large size Si is 

widely available with very low cost. Since Si is semicon-
ductor, formation of vertical contact can easily be made 
without mesa structure as for sapphire substrates. Good 
quality GaN and InN layers have been grown on Si sub-
strates [4]. However, the growth of InxGa1-xN with x>0.1 
on Si remains a challenging task [5]. Recently, MBE 
growth of InxGa1-xN with x up to ~0.3 has been reported 
[6]. There have been no reports on the MOVPE growth of 
InGaN on Si especially with an intermediate range of In 
content. In this work, we have successfully grown single-
crystalline InN and InxGa1-xN with x up to ~0.4 on AlN/Si 
(111) substrate by MOVPE.  

2 Experimental Using a MOVPE system with a hori-
zontal reactor, InN and InGaN films are grown on AlN/Si 
(111) and GaN/sapphire substrates. Prior to the growth, the 
substrate surfaces are annealed in N2 or NH3 atmosphere at 
a different temperature and time. As precursors, triethyl-
gallium (TEG), trimethylindium (TMI), and NH3 are used. 
The InN epilayer is grown at 600 °C in a pressure 760 Torr. 
For the InGaN epilayer growth, the pressure is fixed at 150 



Phys. Status Solidi C 9, No. 3–4 (2012) 671 
 

www.pss-c.com © 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 

Contributed

Article

Torr and the temperature is changed from 600 to 850 °C. 
To control the In composition in InGaN, both 
TMI/(TMI+TEG) molar ratio and growth temperature are 
varied and optimized. To estimate In composition and eva-
luate crystalline quality, X-ray diffraction of 2θ/ω and ω 
methods are employed.  

 
3 Results and discussions Technologies for the 

growth GaN on Si substrates have been matured while the 
InN and In-rich InGaN have not yet been established. Be-
fore growing InGaN we first attempted to grow InN on 
AlN/Si (111) substrates. Figure 1 shows the XRD 2θ/ω 
profiles of InN films grown on AlN/Si (111) substrate with 
different substrate pretreatments at 1000 °C. As shown in 
Fig. 1, substrate pretreatments in NH3 made possible to 
grow InN without In droplets formation while substrate 
pretreatments in N2 resulted in formation of In droplets in 
the grown film. It seems to be related with the change of 
AlN surface polarity from Al- to N-polar as a result of an-
nealing in NH3 atmosphere, which resulted in the growth of 
N-polar InN film and suppressed the In incorporation in 
the grown film. Substrate pretreatment in NH3 results bet-
ter quality than in N2. The quality of the InN films on Al/Si 
(111) substrates is found to be similar with the InN films 
on GaN/α-Al2O3 (0001). Long time pretreatment is found 
to be deteriorated the substrate surface and then epilayer 
quality. 

 
 

 
Figure 2 shows the XRD 2θ/ω profiles of InxGa1-xN 

films grown on AlN/Si (111) substrate with different In 
contents. The In content is changed by varying the growth 
temperature and the TMI/(TMI+TEG) molar ratio as 
shown in Fig. 3. Single crystalline InxGa1-xN films with x 
up to ~0.4 on AlN/Si (111) substrate are successfully 
grown without phase separation and In droplet formation 
as shown in Fig. 2. In order to evaluate the crystalline qual-
ity of the InGaN films grown on AlN/Si (111), XRC-
FWHM (tilt fluctuation) is measured and shown in the Fig. 
4. The XRC-FWHM for the InGaN films grown on 
GaN/α-Al2O3 (0001) is also shown for comparison. The 
quality of the grown InGaN films is found to be better on 
GaN/ α-Al2O3 than on AlN/Si. This is because the XRC-
FWHM of the underlying GaN layer is 4.9 arcmin while 
for the AlN layer it is 28.8 arcmin. The quality of the 
grown InGaN films is deteriorated on both the substrates 
with increasing the In content and the difference in the 
crystalline quality of the InGaN films grown on both sub-
strates becomes very small at an In content around 0.4, as 
shown in Fig. 4. 

Figure 2 XRD 2θ/ω profiles of InxGa1-xN films 
grown on AlN/Si(111) substrate with different In 
contents.  

Figure 1 XRD 2θ/ω profiles of InN films grown 
on AlN/Si(111) substrate with different substrate 
pretreatments at 1000 °C.  

In
te

ns
ity

 (a
.u

.)

1 sec in N2

30 min in NH3

1 sec in NH3

  InN
(0002)

  In
(101)

2θ/ω (deg.)

  AlN
(0002)

  Si
(111)

30 35



672 G. Bhuiyan et al.: MOVPE growth of InGaN on Si(111) substrates 

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim  www.pss-c.com 

p
h

ys
ic

ap s sst
at

u
s

so
lid

i c

600 700 8000

0.1

0.2

0.3

0.4

0.5

In
 c

on
te

nt

Growth temperatuer (℃)

TMI/(TMI+TEG)
 0.45
 0.55

Figure 3 In content in InGaN films as a function 
of growth temperature as a parameter of 
TMI/(TMI+TEG) molar ratio.

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

These results indicate that the quality of InN, GaN and In-
GaN with low In contents depends on the quality of the 
underlying layer while it hardly depends on the quality of 
the underlying layer/substrate at the intermediate In con-
tent range for InGaN. This due to the increase of solid 
phase miscibility gap by increasing the In content as a re-
sult of large difference in interatomic spacing between InN 
and GaN. The stresses of the grown InGaN films on 
AlN/Si (111) are evaluated from the lattice parameters for 
an In content of 0.2 and 0.4 and shown in Table 1. At the 
In content 0.2, tensile and compressive stresses are found 
on Si and α-Al2O3, respectively, as expected. However, the 
stress is reduced at the In content 0.4, which is under in-
vestigation. 

  

 
 
 

Table 1 Evaluated stress from InGaN films grown on  
AlN/Si (111) with an In content of 0.2 and 0.4. 

 
4 Conclusions MOVPE growth of InN and InxGa1-xN 

with x up to ~0.4 on AlN/Si (111) substrates has been stud-
ied. Good quality InN films are grown after a pretreatment 
of the substrate surface at 1000 °C in NH3. While pre-
treatment of the substrate surface in N2 results the In drop-
let formation. Single-crystalline InxGa1-xN films with x up 
to ~0.4 are successfully grown on Si (111) substrates with-
out phase separation and metallic In incorporation by 
changing the growth temperature and TMI/(TMI+TEG) 
molar ratio. The quality of the grown InN, InGaN with low 
In contents and GaN is found better on the GaN/α-Al2O3 
than on the AlN/Si, because of the good quality underlying 
layer of GaN when compared to the AlN. The quality of 
the grown InGaN films is deteriorated on both the sub-
strates with increasing the In content and does not depend 
much on the underlying/substrate at the intermediate range. 
At the In content 0.2, tensile and compressive stresses are 
found on Si and α-Al2O3, respectively, as expected. How-
ever, the stress is reduced at the In content 0.4. 
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Figure 4 XRC-FWHM in InGaN films grown on 
AlN/Si (111) and GaN/α-Al2O3 (0001) substrates 
as a function of In content. 
 


