
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

www.rsc.org/crystengcomm

CrystEngComm

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


To achieve high-quality In0.3Ga0.7As films on GaAs substrates 

by low-temperature molecular beam epitaxy 

 
Fangliang Gaoa, Lei Wena, Jingling Lia, Yunfang Guana, Shuguang Zhang*ab, 

Guoqiang Li*ab 

 
a
State Key Laboratory of Luminescent Materials and Devices, South China University 

of Technology, Guangzhou, 510641, China 
b
Department of Electronic Materials, School of Materials Science and Engineering, 

South China University of Technology, Guangzhou 510641, China 

 

Abstract: The effects of the thickness of the large-mismatched amorphous 
In0.6Ga0.4As buffer layer on the In0.3Ga0.7As epi-films grown on the GaAs substrate 
have been systematically investigated. The In0.3Ga0.7As films with the In0.6Ga0.4As 
buffer layer of 0, 1, 2, 4 nm are grown using the low temperature molecular beam 
epitaxy (LT-MBE) and are characterized by X-ray diffraction (XRD) and 

transmission electron microscopy (TEM). It is found that the relaxation degree and 
crystallinity of the as-grown In0.3Ga0.7As films are strongly affected by thickness of 
the amorphous In0.6Ga0.4As buffer layer. The thinner In0.6Ga0.4As buffer is not enough 
to efficiently release the misfit strain between the In0.3Ga0.7As epilayer and the GaAs 
substrate, while the thicker In0.6Ga0.4As buffer layer is unfavorable to trap the 

dislocations from extending into the In0.3Ga0.7As epi-films. We have demonstrated 
that the amorphous In0.6Ga0.4As buffer layer with a thickness of 2 nm can 
advantageously prevent the threading and misfit dislocations from propagating into 
the subsequent In0.3Ga0.7As epilayer and increase the relaxation degree of the 
as-grown In0.3Ga0.7As, ultimately leading to a high-quality In0.3Ga0.7As film. Our 

novel buffer layer technology has triggered a simple but effective approach to grown 
the high-crystallinity In0.3Ga0.7As epitaxial film and is favorable to fabricate the 
GaAs-based high efficiency four-junction solar cells. 
 

1. Introductions  

In recent years, GaAs-based multi-junction solar cells with the structure of 
GaInP/GaAs/Ge (band-gap energy 1.84/1.4/0.67 eV) have attracted much interest due 
to their high efficiency. The conversion efficiency has been higher than 40 % using 
the above-mentioned conventional triple-junction solar cells structure.1, 2 From the 
previous studies, the design principle of the GaInP/GaAs/Ge tandem solar cells 

structure was to choose the lattice-matched materials in order to achieve 
high-crystallinity epitaxial films. However, the Ge bottom cell has an approximately 
two times higher photocurrent density than the middle and top sub-cells, leading to a 
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large photocurrent mismatch and seriously limited conversion efficiency of the solar 
cells. Therefore, in order to further improve the conversion efficiency of photovoltaic 
cells, one of the effective techniques is to insert a sub-cell between the Ge and 

InGaAs sub-cells to achieve the preferable bandgap matching. Thus, a 1-eV junction 
as a bottom cell is one of the most remarkable methods to enhance efficiency of the 

triple-junction solar cells. 3-5 Therefore，the structures of InGaP/GaAs/InGaNAs/Ge 6 
and InGaP/GaAs/In0.3Ga0.7As/Ge 5, 7 have been proposed and fabricated for 
high-efficiency tandem solar cells, both of which share a 1.0 eV sub-cell. However, 

the dilute nitride alloy InGaNAs (Eg=1.0 eV) is not practical to fabricate the 
GaAs-based multi-junction solar cells due to its very short lifetime of the minority 
carriers, although it has a satisfactory lattice matching with GaAs. 8-10 Another 
alternative is to adopt In0.3Ga0.7As (Eg=1.0 eV) instead of InGaNAs as the sub-cell to 
achieve photocurrent match. 5 However, In0.3Ga0.7As has a large lattice mismatch of 

2.3 % with GaAs. 11 If In0.3Ga0.7As film is directly grown on GaAs, a great number of 
defects will be introduced into the as-grown In0.3Ga0.7As film due to the large lattice 
mismatch between them. Finally, the device performance will be significantly 
deteriorated due to the In0.3Ga0.7As film of poor crystallinity. 

It is well known that the insertion of a thin buffer layer between the substrate and 

the lattice-mismatched epilayer can effectively improve crystal quality of the epitaxial 
layers. 12-14 Recently, we have demonstrated the high-quality In0.3Ga0.7As epitaxial 
layers on a 2-nm amorphous In0.6Ga0.4As buffer layer on GaAs substrate by means of 
low temperature molecular beam epitaxy (LT-MBE). 15 An amorphous In0.6Ga0.4As 
insert layer can be utilized as an elastic layer between In0.3Ga0.7As epilayer and GaAs 

substrate. However, thickness of the In0.6Ga0.4As is very sensitive for the crystallinity 
of the In0.3Ga0.7As epilayer. In this work, effect of the In0.6Ga0.4As thickness on the 
epitaxial growth of In0.3Ga0.7As has been systematically investigated. We have 
experimentally demonstrated that epitaxial growth of strain-free In0.3Ga0.7As layer on 
the GaAs substrate has been achieved using a 2-nm amorphous In0.6Ga0.4As buffer 

layer. This work indicated that growing high-quality In0.3Ga0.7As film on the GaAs 
substrate by inserting an amorphous In0.6Ga0.4As buffer layer with appropriate 
thickness is a simple but effective approach. 
 

2. Experimental details 

The In0.3Ga0.7As films were grown on the semi-insulated GaAs (001) substrates 
by MBE. High purity In (7N), Ga (7N) and As (7N) were used as the deposition 
sources, respectively. The GaAs substrates were primarily ultrasonically cleaned in 
chemicals and deionized water to remove the surface contaminations and finally dried 
by nitrogen gas before being put into the MBE load-lock chamber with a pressure of 

3.2×10-8 Torr. The substrates were then transferred into the high vacuum MBE growth 
chamber under a pressure of 4.0×10-10 Torr and annealed at 600 °C for 15 min under 
As molecular beam protection to further remove the surface oxidized layer. The beam 
flux detectors attached to the MBE system were deployed to measure the flow rates of 
the deposition sources.16 Before the growth of the In0.3Ga0.7As layer, a In0.6Ga0.4As 

buffer layer was firstly grown at the substrate temperature of 380 °C with a growth 
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rate of 0.05 nm/s. 4, 2, 1 and 0 nm thick In0.6Ga0.4As buffer layers were then grown on 
this temperature, respectively. Finally, the substrate temperature was increased to 540 

°C and a 500 nm-thick In0.3Ga0.7As layer was deposited using a growth rate of 0.03 
nm/s. The specialized electrochemical measurement systems called electrochemical 
quartz crystal microbalances (EQCMs) were utilized to monitor the thickness of 
as-grown films during the MBE growth.17 

The crystalline quality of the as-grown films was characterized by high-resolution 

X-ray diffraction (HRXRD) using a Bruker D8 Discover with a Cu Kα1 as the x-ray 
source. Cross-sectional high-resolution transmission electron microscopy (HRTEM) 
measurement was carried out to study the microstructure of the samples. The HRTEM 
samples were put into a JEOL 3000F field emission gun TEM (Tokyo, Japan) working 
at a voltage of 300kV, which gives a point to point resolution of 0.17 nm.  
 

3. Results and discussions  

In our previous study, we have found that the as-grown In0.3Ga0.7As film is 
polycrystalline if the low-temperature amorphous In0.6Ga0.4As buffer layer is thicker 
than 8 nm.15 And the transformation of as-grown In0.3Ga0.7As film from 
polycrystalline form to single-crystalline form occurs when the thickness of 

In0.6Ga0.4As buffer layer is decreased to 4 nm. Figure 1(a) is the typical XRD 2θ-ω 
profile of the as-grown In0.3Ga0.7As films grown on 4-nm- and 2-nm-thick amorphous 
In0.6Ga0.4As buffer layer. Besides the diffraction peaks from the GaAs substrate, only 
the diffraction peaks corresponding to the In0.3Ga0.7As (002) and (004) planes could 
be observed in the XRD patterns, confirming single crystallinity of the In0.3Ga0.7As 

epilayer. We can clearly distinguish the In0.3Ga0.7As (002) and GaAs (002) diffraction 
peaks from the Figure 1(a) inset. The crystalline quality of as-grown In0.3Ga0.7As thin 
films is studied by XRD rocking curves, as shown in Figure 1(b). When thickness of 
the In0.6Ga0.4As buffer layer is 4 nm, the full width at half maximum (FWHM) of 
XRD rocking curve is 980 arcsec, as shown in the Figure 1(b). The FWHM of 

as-grown In0.3Ga0.7As film is 108 arcsec with thickness of the In0.6Ga0.4As buffer layer 
reduced to 2 nm. The decrease in FWHM of the as-grown In0.3Ga0.7As film grown on 
2-nm-thick In0.6Ga0.4As buffer layer indicates that the thin amorphous In0.6Ga0.4As 
buffer layer can effectively reduce the lattice mismatch between the In0.3Ga0.7As 
epilayer and the GaAs substrate. However, a further reduction in the thickness of the 

amorphous In0.6Ga0.4As buffer will deteriorate the as-grown In0.3Ga0.7As film quality, 
on the contrary. In0.3Ga0.7As film grown on GaAs substrate with 1- and 0-nm-thick 
amorphous In0.6Ga0.4As buffer layer ends up with the FWHM of 556 and 1292.9 
arcsec, respectively. Evidently, too thin amorphous In0.6Ga0.4As buffer layer can not 
efficiently release the misfit strain and trap the dislocations.  
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Figure 1(a) The typical XRD 2θ-ω profile of the as-grown In0.3Ga0.7As films grown 
on 4-nm- (black line) and 2-nm- (red line) thick amorphous In0.6Ga0.4As buffer layer, 
and the inset is the magnified view of the In0.3Ga0.7As (002) and GaAs (002) 

diffraction peaks, (b) XRD rocking curves of the as-grown In0.3Ga0.7As (004) with 
different thickness amorphous In0.6Ga0.4As buffer layer. 
 

In order to study the strain state in as-grown In0.3Ga0.7As films, the RSM 
measurements are carried out around the In0.3Ga0.7As/GaAs (224) reciprocal lattice 

point, as shown in Figure 2. The vertical and horizontal axes represent the reciprocal 
lattice of the [110] (Qx) and [001] (Qz) directions, respectively. The GaAs substrate 
and the In0.3Ga0.7As epilayer diffraction patterns are well resolved in Figure 2, and for 
the as-grown In0.3Ga0.7As film with 4-nm-thick In0.6Ga0.4As buffer layer, the 
In0.3Ga0.7As epilayer diffraction peak broadening occurs along both the mosaic 

direction and the lateral direction, 18 as shown in Figure 2(a). It has been reported that 
the epilayer diffraction peak broadening is caused by different crystal imperfections. 
Firstly, the epilayer diffraction peak broadening along the mosaic direction means that 
it is presence of mosaic block, which slightly rotate the allowable diffraction planes in 
their vicinity. 19, 20 Secondly, the diffraction peak broadening along the [110] direction 

indicates that lateral correlation length is limited, which can be related to an average 
crystallite size that exhibits coherent diffraction.21, 22 The diffraction peak broadening 
of the as-grown In0.3Ga0.7As film grown on 4-nm-thick In0.6Ga0.4As buffer layer 
indicates that the 4-nm amorphous In0.6Ga0.4As buffer layer cannot effectively reduces 
the lattice mismatch between the In0.3Ga0.7As epilayer and the GaAs substrate.  
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Figure 2 Reciprocal space mappings with (224) reflection of the In0.3Ga0.7As epilayers 
with (a) 4-nm-, (b) 2-nm-, (c) 1-nm- and 0-nm-thick In0.6Ga0.4As buffer layer. The up 
diffraction pattern is GaAs substrate, the down diffraction pattern is In0.3Ga0.7As 
epilayer. 

 

Figure 2(b) shows the asymmetric (224) RSM of the as-grown In0.3Ga0.7As film 
with 2-nm-thick In0.6Ga0.4As buffer layer. We can clearly observe that the diffraction 
pattern of In0.3Ga0.7As (224) display an approximately circle shape, which manifests 
an improved crystalline quality of the In0.3Ga0.7As film. 23 The asymmetric (224) 
RSMs of the as-grown In0.3Ga0.7As films with 1-nm and 0-nm-thick In0.6Ga0.4As 

buffer layer are show in Figures 2(c) and (d), respectively. From Figures 2(c) and (d), 
on the contrary, a strong mosaic structure can be observed in the In0.3Ga0.7As films 
through a large extension diffraction pattern in the [110] direction. It indicates that the 
too thin thickness of amorphous In0.6Ga0.4As buffer layer will deteriorate the as-grown 
In0.3Ga0.7As film quality.  

The lattice parameters of as-grown In0.3Ga0.7As layers can be calculated from the 

In0.3Ga0.7As (224) RSMs. The lattice parameters in the in-plane (aǁ) and the 

perpendicular (a⊥) directions of In0.3Ga0.7As layers can be therefore obtained from the 
following equations: 24  
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where λ is the wavelength of x-rays. Additionally, the epilayer strain with respect to 
completely relaxed material is defined as 

s

s

a

aa
ε

−
=

⊥

⊥

//,
//, ,        (3) 

where εǁ and ε⊥ denote the in-plane and perpendicular strain, respectively; as is the 
lattice parameter of substrate. The fully relaxed In0.3Ga0.7As lattice parameter of 
5.7749 Å can be calculated from a linear interpolation (Vegard’s law) between the 

lattice constants of the binary alloy constituents (GaAs and InAs). 25 Thus, lattice 
parameters and the strain values of the as-grown In0.3Ga0.7As layers are shown in 
Table 1. 

 
Table 1 The lattice constants of the as-grown In0.3Ga0.7As layers with different 

thickness of the amorphous In0.6Ga0.4As buffer layer.  

Buffer layer 
thickness 

(nm) 

Lattice parameters 
(Å) 

Strain values (%) 
In-plane 

relaxation rates 
(%) aǁ a⊥ εǁ ε⊥ 

4 5.6816 5.7688 -1.62 -0.11 23.20 
2 5.7708 5.7747 -0.07 -0.003 96.63 
1 5.6614 5.8044 -1.97 0.51 6.60 
0 5.6567 5.8020 -2.05 0.47 2.74 

 

From Table 1, we can observe that the epilayer endures different strain for 

different thickness of the amorphous In0.6Ga0.4As buffer layer. The In0.3Ga0.7As layer 
grown on 4-nm-thick buffer is compressively strained in both in-plane and 
perpendicular directions. When the thickness of amorphous In0.6Ga0.4As layer is 
2-nm-thick, the as-grown In0.3Ga0.7As layer is nearly strain-free. It means that the 
compressive strain endured by the as-grown In0.3Ga0.7As layer is getting less with 

decreasing the thickness of amorphous In0.6Ga0.4As layer. However, when the buffer 
layer thickness decreases to 1-nm or less, the as-grown In0.3Ga0.7As layers are still 
compressively strained in the in-plane direction. In particular, the as-grown 
In0.3Ga0.7As layers under tensile strain in the perpendicular direction due to too thin 
buffer layer. The results indicate that the strain state of as-grown In0.3Ga0.7As films is 

strongly affected by the thickness of the amorphous In0.6Ga0.4As buffer layer.  
The strain relaxation of as-grown In0.3Ga0.7As films can be defined by: 23 

srelaxed

s

aa

aa
R

−

−
=

// .        (4) 

The relaxation degrees are shown in Table 1. According to the relaxation degree, the 
RSMs diffraction pattern of the epilayers may have different positions, there are a 
fully relaxed, a partially relaxed, or a fully strained layer. 22, 26 Depending to 
relaxation degree, we can confirm that the as-grown In0.3Ga0.7As film with 4-nm-thick 
In0.6Ga0.4As buffer layer is a partially relaxed layer, the In0.3Ga0.7As film with 
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2-nm-thick In0.6Ga0.4As buffer layer is an approximately fully relaxed layer, and the 
In0.3Ga0.7As film with 1- and 0-nm-thick In0.6Ga0.4As buffer layer are approximately 
fully strained layers. The results indicate that the 2-nm-thick amorphous In0.6Ga0.4As 
buffer layer can effectively reduce the mismatch-strain between the In0.3Ga0.7As 

epilayer and GaAs substrate, obtained fully relaxed and high-quality In0.3Ga0.7As film.  
Cross-sectional TEM investigation is carried out to understand the heterostructure 

of In0.3Ga0.7As films grown on GaAs substrates. Figures 3(a) and (b) are the typical 
cross-sectional HRTEM images of In0.3Ga0.7As film grown on GaAs substrate with 
4-nm and 2-nm-thick In0.6Ga0.4As buffer layer, respectively. Figure 3(a) shows that 

the as-grown In0.3Ga0.7As film with 4-nm-thick amorphous In0.6Ga0.4As buffer layer is 
single-crystalline, in spite of a relatively large density of dislocations existing in the 
film. We can observe that the In0.3Ga0.7As epitaxial film is of a high degree of 
structural perfection, when the amorphous In0.6Ga0.4As buffer layer thickness is 2 nm, 
as shown in Figure 3(b). This result is consistent with the XRD result.  

From Figures 3(a) and (b), it can be easily notice that the alignment of atoms in 

as-grown In0.6Ga0.4As buffer layer are completely disordered, or in the other term, 
amorphous. A high density of dislocations are nucleated in the 
In0.6Ga0.4As/In0.3Ga0.7As interface, and extended to the In0.3Ga0.7As epilayer, Figure 
3(a). Conversely, most of defects ‘drown’ in the amorphous In0.6Ga0.4As buffer layer 
near the interface. As the epilayer thickness gradually increase, the threading 

dislocations cannot be observed within the In0.3Ga0.7As epitaxial film, as shown in 
Figure 3(b). We observe that the In0.6Ga0.4As buffer layer of the 
In0.3Ga0.7As/2-nm-In0.6Ga0.4As/GaAs structure is an amorphous state, which has been 
verified by its halo selected area electron diffraction (SAED) pattern, as seen in 
Figure 3(c).  

 

 
Figure 3 Cross-sectional HRTEM images of the In0.3Ga0.7As/4-nm (a), 2-nm-thick 

(b) In0.6Ga0.4As/GaAs heterostructure, respectively. (c) the SAED pattern from the 
In0.6Ga0.4As buffer layer of the In0.3Ga0.7As/2-nm-In0.6Ga0.4As/GaAs heterostructure. 

 
When the amorphous In0.6Ga0.4As buffer layer is 4-nm thick, it can not well 

release the misfit strain between the In0.3Ga0.7As epilayer and the substrate, as 
discovered by RSM, leading to a poor quality In0.3Ga0.7As film. When the optimal 
thickness of the amorphous In0.6Ga0.4As buffer layer is achieved, the 2-nm-thick 
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amorphous In0.6Ga0.4As buffer will not only efficiently release the misfit strain 
between the In0.3Ga0.7As epilayer and the substrate, and trap the threading and misfit 
dislocations, but also keep the function as a substrate for heteroepitaxial growth of 

In0.3Ga0.7As film. Conversely, to further reducing the amorphous In0.6Ga0.4As buffer 
layer thickness will deteriorate the crystal quality of as-grown In0.3Ga0.7As film. The 
as-grown In0.3Ga0.7As films FWHM values are 556 and 1292.9 arcsec from its XRD 
rocking curves with 1- and 0-nm-thick amorphous In0.6Ga0.4As buffer layer, 
respectively. According to the previous description, the crystal quality of as-grown 

In0.3Ga0.7As films is strongly affected by the thickness of the low-temperature 
large-mismatched amorphous In0.6Ga0.4As buffer layer. An appropriate thickness for 
the amorphous In0.6Ga0.4As buffer layer is preferable to accomplish its effect, to 
obtain the high quality and fully relaxed In0.3Ga0.7As films when amorphous 
In0.6Ga0.4As buffer layer thickness is 2-nm.  

We have then tried to understand how the amorphous In0.6Ga0.4As buffer layer is 
formed in this work. Firstly, the lattice mismatch between In0.6Ga0.4As and GaAs is as 
large as 4.3% that will result in large misfit strain between them. When In0.6Ga0.4As 
materials are grown on GaAs substrates, shrink in chemical bond length for both 
In-As and Ga-As can be clearly observed, and higher In component corresponds to 

more shrinkage.11, 27 Severe lattice distortion is consequently generated at the 
In0.6Ga0.4A/GaAs interface, particularly, the In component is as high as 0.6. Secondly, 
In has a larger atomic radius and average mass than Ga and As. It means that In atoms 
migrate slower on the substrate surfaces. Especially, in this work, the growth of 
In0.6Ga0.4As buffer layer with high In component is adopted for a relatively low 

growth temperature, which would result in a large proportion of In atoms cannot 
obtain enough kinetic energy to migrate on GaAs surface freely. These In atoms with 
larger atomic radii dwell randomly on the substrate surfaces that effectively hamper 
the migration of Ga and As atoms, and therefore the nucleation of In0.6Ga0.4As. In this 
regards, the amorphous In0.6Ga0.4As is formed on GaAs substrate at the low growth 

temperature.  
The previous studies have pointed out that the low-temperature buffer layer will 

provide low-energy sites for the dislocations nucleation and point defects, which on 
the one hand effectively reduces the threading dislocation density in heteroepitaxy, 
and on the other hand releases the misfit strain between the substrate and epilayer. 28 

Rahman et al. 29 have carried out a similar experiment to grow Si0.75Ge0.25 film on Si 
substrate using a low-temperature ultrathin amorphous buffer layer. They find that the 
ultrathin amorphous buffer layer have a great effect on the strain relaxation during the 
heteroepitaxial growth. The amorphous buffer layer will act as the ‘free-standing’ 
compliant layer to accommodate the misfit strain in the epilayer, and moreover, as 

trapping sites for threading dislocations. The previous studies have well explained that 
the effects of low-temperature ultrathin amorphous buffer layers on the strain 
relaxation in the heteroepitaxal film. According to those pioneers’ studies, the 
ultrathin amorphous In0.6Ga0.4As layer in this work will trap threading dislocations 
and release the misfit strain. What’s more, although a very high density of point 

defects and dislocations are generated within the ultrathin amorphous In0.6Ga0.4As 
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buffer layer, the defects are confined in the low-temperature buffer layer, without 
extending to the subsequently grown In0.3Ga0.7As epilayer. In such a way, the defect 
density of as-grown In0.3Ga0.7As epilayer is highly diminished. 

 

4. Conclusions  

Large-mismatched amorphous In0.6Ga0.4As layers have been growth on GaAs 
substrates using low-temperature growth by MBE, and acted as buffer layer for the 
subsequent epitaxial growth of In0.3Ga0.7As films. For In0.3Ga0.7As layer grown on the 

top of the 4, 2, 1 and 0-nm-thick amorphous In0.6Ga0.4As buffer layer, its FWHM of 
In0.3Ga0.7As XRD rocking curve is 980, 108, 556 and 1292.9 arcsec, respectively. 
Given an appropriate thickness of 2 nm, this amorphous In0.6Ga0.4As buffer layer can 
efficiently releases the misfit strain between the In0.3Ga0.7As epilayer and the GaAs 
substrate, trap the threading and misfit dislocations from propagating to the following 

In0.3Ga0.7As epilayer, leading to a high-crystallinity In0.3Ga0.7As film. The RSM 
results reveal that as-grown In0.3Ga0.7As film with low dislocation density and good 
strain relaxation has been achieved by using an amorphous buffer layer of 2 nm. In 
other words, 2 nm In0.6Ga0.4As/GaAs heterostructure provides an outstanding “virtual 
substrate” for epitaxial growth of high-quality In0.3Ga0.7As film. This work 

demonstrates a much simpler approach to achieve high-quality In0.3Ga0.7As film on 
GaAs substrate, and therefore is of huge potential for the InGaAs-based 
high-efficiency photovoltaic industry.  
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