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(57) ABSTRACT 
A four-junction quaternary compound Solar cell and a 
method thereof are provided. Forming a first subcell (100) 
with a first band gap, a lattice constant matching with the 
Substrate on an InP grown Substrate, forming a second 
subcell (200) with a second band gap bigger than the first 
band gap, a lattice constant matching with the Substrate on 
the first subcell, forming a graded buffer layer (600) with a 
third band gap bigger than the second band gap on the 
second subcell, forming a third subcell (300) with a fourth 
band gap bigger than the third band gap, a lattice constant 
smaller than the substrate on the graded buffer layer, forming 
a fourth subcell (400) with a fifth band gap bigger than the 
fourth band gap, a lattice constant matching with the third 
subcell on the third subcell, and then forming the required 
four-junction Solar cell then by Succeeding process including 
removing the grown Substrate, bonding a Support Substrate, 
forming electrodes, evaporating an anti-reflect film and so 
O. 

12 Claims, 7 Drawing Sheets 
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FOUR-JUNCTION QUATERNARY 
COMPOUND SOLAR CELL AND METHOD 

THEREOF 

This application is the U.S. National Stage of Interna 
tional Application No. PCT/CN2012/087150, filed Dec. 21, 
2012, which designates the U.S., published in Chinese, and 
claims priority under 35 U.S.C. 119 or 365(c) to Chinese 
Patent Application No. 201210026736.7, filed Feb. 8, 2012. 
The entire teachings of the above applications are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to a four-junction quaternary 
compound solar cell and fabrication method thereof, which 
pertains to the semiconductor material field. 

BACKGROUND OF THE INVENTION 

In recent years, Solar cell has attracted increasingly more 
attention as a practical new energy. It is a semiconductor 
device that converts Solar energy to electrical energy using 
the photovoltaic effect, which greatly reduces the depen 
dence of human production and life on coal, petroleum and 
natural gas, and becomes one of the most effective methods 
utilizing green energy sources. Among all new energies, 
Solar energy is one of the most ideal renewal energies. 
Thorough development and utilization of Solar energy have 
become an energy strategic decision made by all govern 
ments in the world for sustainable development. Over recent 
years, with the development of concentrating photovoltaic 
technology (CPV), an increasing attention has been paid to 
the III-V compound semiconductor solar cell due to its high 
photoelectric conversion efficiency. 

For the III-V compound semiconductor field, the epitaxial 
growth of a lattice matching GalnP/GaAs/Ge triple junction 
Solar cell on a Ge Substrate is a relatively mature technology, 
for its conversion efficiency is as high as 41%. In the lattice 
matching GalnP/GaAs/Ge three junction solar cell, with the 
cell band gap of the Ge substrate at 0.66 eV and AM1.5D, 
the photocurrent density J, is about 27.0 mA/cm, which is 
twice as much as the photocurrent of the GalnP/GaAs/Ge 
triple-junction stacked solar cell. However, mismatching 
current may reduce efficiency of the Ge substrate cell since 
the working current of the multi junction Solar cell is 
determined by the one with the minimum short-circuit 
current among the subcells. One of the effective methods to 
solve this problem right now is to further insert an InGaNAs 
subcell that has a lattice matching the Ge substrate and the 
GaAs material and has a band gap of about 1.0 eV between 
the center cell and the substrate cell, thereby obtaining an 
InGaP/GaAs/InGaNAS/Ge four-junction solar cell. This can 
make the current more matching than in the three junction 
solar cell. Moreover, the increase of the junction number can 
make the Sun spectrum to be divided in higher resolution 
and increase the efficiency. Due to the very low solid 
solubility of Natoms in the InGaAs material, however, there 
is a high defect density and overly short life and diffusion 
length of photo-induced carriers, which makes it difficult to 
meet the high quality requirement by Solar cells. As a result, 
the efficiency of the InGaP/GaAs/InGaNAS/Ge four-junc 
tion solar cell is far lower than that of the three junction solar 
cell instead. Since the crystal quality of InCiaNAs is limited 
by the material itself, the InGaP/GaAs/InGaNAS/Ge four 
junction Solar cell can be successful only when break 
throughs are achieved on material growth. Therefore, the 
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2 
development of a novel four-junction solar cell device that 
can take the place of the InGaP/GaAs/InGaNAS/Ge four 
junction solar cell has become the key for further improve 
ment of the III-V solar cell efficiency. 

SUMMARY OF THE INVENTION 

To solve the above problems of the prior art, this invention 
discloses a four-junction quaternary compound Solar cell 
and its fabrication method. 

According to a first aspect of this invention, a four 
junction quaternary compound Solar cell is disclosed, 
including an InP Substrate; a first Subcell having a lattice 
constant matched with the substrate that forms on the 
Substrate with a first band gap; a second Subcell having a 
lattice constant matched with the substrate that forms on the 
first Subcell, and it has a second band gap larger than the first 
band gap; a graded buffer layer having a third band gap 
larger than the second band gap that forms on the second 
Subcell. The component in this layer gradually changes and 
the lattice constant is gradually reduced along with the 
component change; a third Subcell having a fourth band gap 
larger than the third band gap that forms on the graded buffer 
layer and its lattice constant is less than those of the Substrate 
and the first and second subcells; and a fourth subcell having 
a fifth band gap larger than the fourth band gap that forms 
on the third subcell and its lattice constant is matched with 
that of the third subcell. 
More particularly, the first subcell is composed of an 

InGaAs emitter region and a base with a band gap of 
0.72-0.76 eV; the second subcell is composed of a quater 
nary compound InGaAsP emitter region and a base with a 
band gap of 1-1.1 eV; the graded buffer layer is InGaP and 
its lattice constant changing along with the In component 
ratio is matched with the growth substrate lattice at one side 
and with the third subcell lattice at the other side; the third 
Subcell is composed of a quaternary compound InAlGaAs 
emitter region and a base with a band gap of 1.35-1.42 eV: 
and the fourth Subcell is composed of a quaternary com 
pound InAlASP emitter region and a base with a band gap of 
185-192 eV. 
According to a second aspect of this invention, a four 

junction quaternary compound Solar cell is disclosed, 
including a Supporting Substrate; a first Subcell with a first 
band gap on the Supporting Substrate; a second Subcell 
having a second band gap larger than the first band gap and 
a lattice constant matched with the first subcell on the first 
Subcell, and it is composed of a quaternary compound 
InGaAsP emitter region and a base; a graded buffer layer 
having a third band gap larger than the second band gap on 
the second Subcell. The component in this layer gradually 
changes and the lattice constant is gradually reduced along 
with the component change; a third Subcell composed of a 
quaternary compound InAlGaAs emitter region and a base 
on the graded buffer layer, and its fourth band gap is larger 
than the third band gap and the lattice constant is less than 
those of the first and second subcells; and a fourth subcell 
composed of a quaternary compound InAlASP emitter 
region and a base on the third Subcell, and its fifth band gap 
is larger than the fourth band gap and the lattice constant is 
matched with that of the third subcell. 
More particularly, the first subcell is composed of an 

InGaAs emitter region and a base with a band gap of 
0.72-0.76 eV; the second subcell is composed of a quater 
nary compound InGaAsP emitter region and a base with a 
band gap of 1-1.1 eV; the graded buffer layer is InGaP and 
its lattice constant changing along with the In component 



US 9,437,769 B2 
3 

ratio is matched with the growth substrate lattice at one side 
and with the third subcell lattice at the other side; the third 
Subcell is composed of a quaternary compound InAlGaAs 
emitter region and a base with a band gap of 1.35-1.42 eV: 
and the fourth Subcell is composed of a quaternary com 
pound InAlASP emitter region and a base with a band gap of 
185-192 eV. 
According to a third aspect of this invention, a fabrication 

method of the four-junction quaternary compound Solar cell 
is disclosed, including the following steps: providing an InP 
growth Substrate; forming a first Subcell on the growth 
Substrate having a first band gap and a lattice constant 
matched with the growth Substrate lattice; forming a second 
Subcell on the first Subcell having a second band gap larger 
than the first band gap and a lattice constant matched with 
the substrate lattice; forming a graded buffer layer on the 
second Subcell having a third band gap larger than the 
second band gap with gradually changed component; form 
ing a third subcell on the graded buffer layer having a fourth 
band gap larger than the third band gap and a lattice constant 
less than the Substrate lattice constant; and forming a fourth 
subcell on the third subcell having a fifth band gap larger 
than the fourth band gap and a lattice constant matched with 
the third subcell. 
More particularly, form an InGaAs first subcell with a 

lattice matched with the InP substrate and a band gap of 
0.72-0.76 eV on the substrate; form an InGaAsP second 
subcell with a lattice matched with the InP substrate and a 
band gap of 1-1.1 eV on the first subcell; form an InCiaP 
graded buffer layer with gradually-changed component on 
the second subcell, and its lattice constant, matched with the 
growth substrate lattice at one side, is changed along with 
the In component ratio change and gradually reduces; form 
an InAlGaAs third subcell with a lattice matched with the 
top of the graded buffer layer and a band gap of 1.35-1.42 
eV on the graded buffer layer; and form a fourth subcell with 
a lattice matched with the third subcell lattice and a band gap 
of 1.85-1.92 eV on the third Subcell. 

After completing the epitaxial growth steps of the four 
junction Solar cell, treat the chip according to the following 
steps: providing a temporary Substrate and reversely pasting 
the completed four-junction quaternary compound Solar cell 
on the temporary substrate; lifting off the InP growth sub 
strate; providing a Supporting Substrate and bonding with the 
four-junction quaternary compound Solar cell; removing the 
temporary Substrate and completing the process of the 
four-junction quaternary compound Solar cell. 

For the quaternary semiconductor compound 
III'III-V'V', composed of III-V elements, by chang 
ing the chemical ratioS X and y among the elements, either 
different band gaps under same lattice constant or different 
lattice constants under same band gap are available, thus 
effectively broadening the application range of the III-V 
semiconductor heterojunction. This invention takes advan 
tage of the quaternary compound characteristics, and desired 
lattice constants and band gaps are obtained by regulating 
chemical ratio of the elements so that a suitable 1 eV subcell 
is found. In addition, the graded buffer layer gradually 
releases the stress from lattice mismatch between the first/ 
second subcell and the third/fourth subcell, thus effectively 
reducing the dislocation density. Moreover, owing to Sub 
strate lift-off technology, the expensive InP growth substrate 
is recycled for usage and the production cost is therefore 
reduced. 

In the four-junction quaternary compound Solar cell dis 
closed in this invention, gradual increase of the band gap 
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4 
broadens the Solar spectral absorption range to a larger 
extent and improves the cell efficiency. 

Other features and advantages of this invention will be 
described in the following description, and moreover, will be 
partially obvious through the description or understood 
through the implementation of this invention. The objects 
and other advantages of this invention may be attained and 
achieved with the structure specifically described in the 
description, claims and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are provided for further 
understanding of this invention and form a part of the 
description, which are used together with the embodiments 
of this invention to describe this invention, instead of to limit 
this invention. Moreover, data in the accompanying draw 
ings are a description Summary and not drawn to Scale. 

FIG. 1 is a structural diagram of a first four-junction 
quaternary compound Solar cell embodied according to this 
invention. 

FIG. 2 is a structural diagram of a second four-junction 
quaternary compound Solar cell embodied according to this 
invention. 

FIGS. 3-7 are schematic diagrams of a fabrication process 
of the four-junction quaternary compound Solar cell embod 
ied according to this invention, wherein, FIG. 3 is a struc 
tural diagram of the four-junction quaternary compound 
solar cell after the epitaxial growth is completed: FIG. 4 is 
a structural diagram of the four-junction quaternary com 
pound Solar cell after pasting the temporary Substrate; FIG. 
5 is a structural diagram of the four-junction quaternary 
compound solar cell after the growth substrate is etched; 
FIG. 6 is a structural diagram of the four-junction quaternary 
compound Solar cell after bonding the Supporting Substrate; 
and FIG. 7 is a structural diagram of the four-junction 
quaternary compound Solar cell after lifting off the tempo 
rary Substrate. 
Numbers in the figures represent: 
010: growth substrate; 
011: temporary substrate; 
012: Supporting Substrate; 
020: etching stop layer ESL 
100: first subcell; 
101: back surface field layer of the first subcell; 
102: base of the first subcell; 
103: emitter layer of the first subcell; 
104: window layer of the first subcell; 
200: second subcell; 
201: back surface field layer of the second subcell; 
202: base of the second subcell; 
2O3: 
204: 
3OO: 
301: 
3O2: 
3O3: 
304: 
400: 
401: 
4.02: 
403: 
403: 
SO1: 
SO2: 
SO3: 
600: 
700: 
801: 
8O2: 

emitter layer of the second subcell; 
window layer of the second subcell; 
second subcell; 
back surface field layer of the third subcell; 
base of the third subcell; 
emitter layer of the third subcell; 
window layer of the third subcell; 
fourth subcell; 
back surface field layer of the fourth subcell; 
base of the fourth subcell; 
emitter layer of the fourth subcell; 
window layer of the fourth subcell; 
tunnel junctions of the first and second Subcells; 
tunnel junctions of the second and third subcells; 
tunnel junctions of the third and fourth subcells; 
graded buffer layer; 
cap layer; 
bonding layer, 
bonding layer. 
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SPECIFIC EMBODIMENTS 

The details of the invention, including the demonstrations 
and embodiments, will be described as follows by referring 
to the diagrams and descriptions below. The same reference 
numbers denote the elements of same or similar functions 
and the highly-simplified graphic modes are used to illus 
trate the main characteristics of the demonstrative embodi 
ments. Moreover, the drawings are not intended to depict 
every feature of the actual embodiments or relative dimen 
sions of the depicted elements, and the drawings are not 
drawn to scale. 

Embodiment 1 

Referring to FIG. 1, a four-junction quaternary compound 
solar cell comprises an InP growth substrate 010, a first 
subcell 100, a second subcell 200, a graded buffer layer 600, 
a third subcell 300 and a fourth subcell 400, wherein, the 
Subcells of each junction are connected by tunnel junctions 
501, 502 and 503. Detailed structures are described below. 
The growth substrate 010 preferably selects a 200 um 

p-type InP substrate with a doping concentration of 2x10'7 
cm x 10'7 cm. 
An etching stop layer ESL 020 about 500 nm thick is 

formed on the growth substrate for lifting off the substrate 
later. 
A first subcell 100 is formed on the etching stop layer ESL 

020, having a lattice constant matched with the growth 
substrate and a band gap about 0.75. The first subcell 
comprises a back surface field layer 101, a base 102, an 
emitter layer 103 and a window layer 104. In this embodi 
ment, the back surface field layer 101 is a p-type InGaAsP. 
the component ratio of which ensures lattice constant match 
ing with the substrate. The thickness is 100 nm and the 
doping concentration is 1x10" cm-2x10 cm; the base 
102 is a p-type InGaAs with a band gap of 0.65 eV. The 
thickness, preferably, is 3.5 um. By gradual doping, the 
concentration is 1.5x10'7 cm-5x10'7 cm; the emitter 
layer 103 is an n-type InGaAs of 100 nm thick having a 
doping concentration of 2x10" cm; and the window layer 
104 is an n-type Al, In, GaAs of 25 nm thick having a 
doping concentration of about 1x10" cm. 
A tunnel junction 501 of the first and second subcells is 

formed on the n-type window layer 104 at the top of the first 
subcell 100, composed of a series of P++ GaAsP / 
n++ GaAs, P. With a doping concentration of 2x10' 
cm, this tunnel junction about 50 nm thick is used for 
connecting the first subcell 100 to the second subcell 200. 
A second subcell 200 is formed on the tunnel junction 

501, having a lattice constant matched with the growth 
substrate and a band gap of 1-1.1 eV. The second subcell 
comprises a back surface field layer 201, a base 202, an 
emitter layer 203 and a window layer 204. In this embodi 
ment, the back surface field layer 201 is Al, In, GaAs, 
and the thickness and doping concentration are 100 nm and 
1x10" cm-2x10" cm respectively. The selection of X 
and y ensures its lattice constant matching with the InP 
growth substrate; the base 202 is p+-In, GaAsP with 
a band gap of 1 eV. The thickness, preferably, is 3 um. By 
gradual doping, the concentration is 1.5x10'7 cm-5x10'7 
cm; the emitter layer 203 is n+. InGaAs P, of 100 
nm thick having a doping concentration of 2x10 cm; and 
the window layer 204 is an n-type GaAsP of 25 nm thick 
having a doping concentration of about 1x10" cm. 
A graded buffer layer 600 In GaP is formed on the 

window layer 204 at the top of the second subcell 200. By 
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6 
changing the In component Z, this layer gradually reduces 
the lattice constant. At first, the lattice constant of this layer 
is matched with the lattice constant of the growth substrate 
and gradually, with that of the third subcell. In this embodi 
ment, the graded buffer layer has 8 layers. The lattice 
constant is changed from 0.58 nm to 0.566 nm. Furthermore, 
the doping concentration is 1-2x10" cm. The dislocation 
density is effectively reduced by gradual release of stress. 
A tunnel junction 502 of the second and third subcells is 

formed on the graded buffer layer 600, composed of a series 
of P++—GaAS/n++—GaAs. With a doping concentration of 
2x10" cm, this tunnel junction about 50 nm thick is used 
for connecting the second subcell 200 to the third subcell 
3OO. 
A third subcell 300 is formed on the tunnel junction 502, 

having a lattice constant matched with the lattice constant at 
the top of the graded buffer layer 600 and a band gap of 
1.35-1.42 eV. The third subcell 300 comprises a back surface 
field layer 301, a base 302, an emitter layer 303 and a 
window layer 304. In this embodiment, the back surface 
field layer 301 is AlGaAs, and the thickness and doping 
concentration are 100 nm and 1x10 cm-2x10 cm 
respectively. The selection of X ensures its lattice matching 
with the top of the graded buffer layer 600; the base 302 is 
p+-In, AlGaAs with a band gap of 1.42 eV. The thick 
ness, preferably, is 2.5 um. By gradual doping, the concen 
tration is 1.5x10'7 cm-5x10'7 cm; the emitter layer 303 
is n+-In, AlGaAs of 100 nm thick having a doping 
concentration of 2x10" cm; and the window layer 304 is 
an n-type All InP of 25 nm thick having a doping concen 
tration of about 1x10" cm. 
A tunnel junction 503 of the third and fourth subcells is 

formed on the window layer 304 at the top of the third 
subcell 300, composed of a series of p--+—AlGaAs/ 
n++ GaAs. With a doping concentration of 2x10" cm. 
this tunnel junction about 50 nm thick is used for connecting 
the third Subcell 300 to the fourth Subcell 400. 
A fourth subcell 400 is formed on the tunnel junction 503, 

having a lattice constant matched with the third subcell and 
a band gap of 1.85-1.92 eV. The fourth subcell 400 com 
prises a back surface field layer 401, a base 402, an emitter 
layer 403 and a window layer 404. In this embodiment, the 
back surface field layer 401 is p+ AlGaAsP and the 
thickness and doping concentration are 100 nm and 1x10' 
cm-2x10 cm respectively. The selection of X ensures 
its lattice matching with the third subcell; the base 402 is 
p+-In, All ASP, with a band gap of 1.89 eV. The 
thickness, preferably, is 1 um. By gradual doping, the 
concentration is 1.5x107 cm-5x10'7 cm; the emitter 
layer 403 is n+-In, All ASP of 100 nm thick having a 
doping concentration of 2x10" cm; and the window layer 
404 is an n-type All InP of 25 nm thick having a doping 
concentration of about 1x10" cm. 
A cap layer 700 is formed on the window layer 404 at the 

top of the fourth subcell 400 composed of n++ GaAs. The 
thickness and doping concentration are 500 nm and about 
2x10" cm respectively. 

This invention discloses a four-junction Solar cell struc 
ture on the InP substrate. By taking advantage of the 
quaternary compound characteristics, desired lattice con 
stants and band gaps are obtained by regulating chemical 
ratio of the elements so that a suitable 1 eV Subcell is found. 
Therefore, a four-junction quaternary compound Solar cell 
having a gradually-increased band gap is formed, which 
broadens the Solar spectral absorption range to a larger 
extent and improves the cell efficiency. In addition, the 
graded buffer layer gradually releases the stress from lattice 



US 9,437,769 B2 
7 

mismatch between the first/second subcell and the third/ 
fourth subcell, thus effectively reducing the dislocation 
density. 

Embodiment 2 

FIG. 2 shows a four-junction quaternary compound Solar 
cell structure. Different from the solar cell in Embodiment 1, 
the InP growth substrate of the solar cell in FIG. 1 is replaced 
by a supporting substrate 012 in this embodiment and 
connected by a bonding layer 802. In consideration of high 
cost of the InP growth substrate, this embodiment combines 
the growth Substrate lifting off process with the Supporting 
bonding process to achieve recycling usage of the InP 
growth Substrate. 

Embodiment 3 

This embodiment is the preparation process of the high 
concentration multijunction Solar cells in Embodiment 1 
and Embodiment 2, including the forming process of the 
subcells 100, 200, 300 and 400 and layers among subcells, 
growth Substrate lifting off process and Supporting Substrate 
bonding process. 

The lattice constants and electrical properties in the 
semiconductor structure are controlled by appropriate 
chemical components and doping agents under Suitable 
growth temperature and within suitable growth time. The 
growth technology of this invention can be vapor deposition 
method like MOCVD and MBE, and preferably, MOCVD. 
The detailed preparation technology comprises the fol 

lowing steps: 
Firstly, provide an InP growth substrate 010. Clean the 

InP substrate 1 at 9 degrees of deflection angle to the (001) 
Surface and put it into the organic metal chemical vapor 
deposition reaction chamber. Bake it under 750° C. for 10 
minutes. In this embodiment, the growth substrate 010, 
preferably, is a 200 um-thick p-type InP substrate with a 
doping concentration of 2x10'7 cm-5x10'7 cm. 

Next, deposit a 500 nm-thick etching stop layer 020 on the 
substrate 010 with a doping concentration of 1x10" cm 
for lifting off the substrate later. 

Next, form a first subcell 100 above the etching stop layer 
020 having a lattice constant matched with the growth 
substrate and a band gap of about 0.75. More particularly, 
deposit an Al, In, GaAs about 100 nm thick on the 
etching stop layer 020 as the back surface field layer 101 
with a doping concentration of 1x10" cm-2x10" cm; 
deposit a p--—InGaAs material layer about 3.5 um thick 
above the back surface field layer 101 as the first subcell 
base 102 with a band gap of 0.65 eV. By gradual doping, the 
concentration is 1.5x10'7 cm-5x107 cm; deposit a 100 
nm-thick n+—InGaAs material layer above the base 102 
as the first subcell emitter region 103 with a doping con 
centration of 2x10" cm; and deposit a 25 nm-thick n-type 
Al, In, GaAs material layer on the surface of the emitter 
region 103 as the first subcell window layer 104 with a 
doping concentration about 1x10" cm. Now, the first 
Subcell 100 is formed. 

Next, deposit a 50 nm-thick P++ GaAsP/n++— 
GaAsP series material layer as the tunneljunction 501 of 
the first and second Subcells with a doping concentration of 
2x10 cm above the first subcell window layer 104. 

Next, form a second subcell via epitaxial growth above 
the tunnel junction 501 of the first and second subcells 
having a lattice constant matched with the growth substrate 
and a band gap of 1-1.1 eV. More particularly, deposit a 100 
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8 
nm-thick Al, In, GaAs material layer above the tunnel 
junction 501 as the back surface field layer 201 with a 
doping concentration of 1x10 cm-2x10" cm; deposita 
3 um-thick p+ InGaAsP material layer above the 
back surface field layer 050 as the second subcell base 202 
with a band gap of 1 eV. By gradual doping, the concentra 
tion is 1.5x10'7 cm-5x10'7 cm; deposit a 100 nm-thick 
n+-In, GaAsP material layer above the base 202 as 
the second subcell emitter region 203 with a doping con 
centration of 2x10" cm; and deposit a 25 nm-thick n-type 
GaAsP layer on the surface of the emitter region 203 as 
the second subcell window layer 204 with a doping con 
centration about 1x10" cm. Now, the second subcell 200 
is formed. 

Next, form an InGaP graded buffer layer 600 via 
epitaxial growth above the second subcell window layer 
204. Change the In component x value to reduce the lattice 
constant from 0.58 nm to 0.566 nm. This graded buffer layer 
has 8 layers and the doping concentration is 1x10" cm 
2x10" cm. The dislocation density is reduced by gradual 
release of stress. 

Next, deposit a 50 nm-thick P++ GaAs/n++ GaAs 
series material layer as the tunnel junction 502 of the second 
and third subcells with a doping concentration of 2x10' 
cm above the graded buffer layer 600. 

Next, form a third subcell via epitaxial growth above the 
tunnel junction 502 of the second and third subcells having 
a lattice constant matched with the lattice constant at the top 
of the graded buffer layer 600 and a band gap of 1.35-1.42 
eV. More particularly, deposit a 100 nm-thick AlGaAs 
material layer above the tunnel junction 502 as the back 
surface field layer 301 of the third subcell with a doping 
concentration of 1x10" cm-2x10" cm; deposit a 2.5 
um-thick p+ In, AlGaAs material layer above the 
back surface field layer 301 of the third subcell as the third 
subcell base 302 with a band gap of 1.42 eV. By gradual 
doping, the concentration is 1.5x10'7 cm-5x10'7 cm; 
deposit a 100 nm-thick n+-In, AlGaAs material layer 
above the base 302 as the third subcell emitter region 303 
with a doping concentration of 2x10" cm; and deposit a 25 
nm-thick n-type All InP material layer on the surface of 
the emitter region 303 as the third subcell window layer 304 
with a doping concentration about 1x10" cm. Now, the 
third Subcell 300 is formed. 

Next, deposit a 50 nm-thick p++. AlGaAs/n++— 
GaAs series material layer as the tunnel junction 503 of the 
third and fourth subcells with a doping concentration of 
2x10 cm above the third subcell window layer 304. 

Next, form a fourth subcell via epitaxial growth above the 
tunnel junction 503 of the third and fourth subcells having 
a lattice constant matched with the third subcell and a band 
gap of 1.85-1.92 eV. More particularly, deposit a 100 nm 
thick p+ AlGaAsP material layer above the tunnel 
junction 503 as the back surface field layer 401 of the third 
subcell with a doping concentration of 1x10" cm-2x10' 
cm; deposit a p+-In, Al ASP material layer about 1 
um thick above the back surface field layer 401 of the fourth 
subcell as the fourth subcell base 402 with a band gap of 
1.89 eV. By gradual doping, the concentration is 1.5x10'7 
cm-5x10'7 cm; deposit a 100 nm-thick n+. In Al 
AsP material layer above the base 402 as the fourth 
subcell emitter region 403 with a doping concentration of 
2x10" cm; and deposit a 25 nm-thick n-type Al, InP 
material layer on the surface of the emitter region 403 as the 
fourth subcell window layer 404 with a doping concentra 
tion about 1x10" cm. Now, the fourth subcell is formed. 
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Next, deposit a high-doping n++ GaAs cap layer 110 via 
epitaxial growth above the fourth subcell window layer 404 
of 500 nm thickness and about 2x10" cm doping concen 
tration. Now, the epitaxial growth process of the four 
junction quaternary compound Solar cell is completed. Refer 
to FIG. 3 for the structural diagram. 
Now, take out the sample after epitaxial growth for such 

later processes as Substrate lifting off. Supporting Substrate 
bonding, electrode preparation and AR coating evaporation 
to finally form the desired high-efficient four-junction solar 
cell. The detailed processes are as follows. 

Firstly, take out a Si wafer as the temporary substrate 011 
and reversely paste the completed four-junction quaternary 
compound solar cell on the temporary substrate 011 through 
the bonding layer 801. The bonding layer 801 can be labile 
material like epoxy resin. See FIG. 4 for the structural 
diagram of the four-junction quaternary compound Solar cell 
after bonding the temporary Substrate. 

Next, lift off the InP growth substrate by etching process 
or others. See FIG. 5 for the structural diagram of the solar 
cell after lifting off the substrate. 

Next, provide a supporting substrate 012 and bond it with 
the completed four-junction quaternary compound Solar cell. 
The supporting substrate 012 can be a Si wafer. Through the 
metal bonding layer 802, bond the supporting substrate with 
the lower end of the first subcell by the bonding process. See 
FIG. 6 for the structural diagram. 

Next, remove the temporary substrate 011 to complete the 
process of the four-junction quaternary compound Solar cell. 
See FIG. 7 for the structural diagram of the four-junction 
quaternary compound Solar cell after the temporary Substrate 
is lifted off. 

Obviously, the description of this invention shall not be 
construed as being only limited to the above embodiments. 
Instead, it shall encompass all embodiments that use the 
concept of this invention. 
The invention claimed is: 
1. A four-junction quaternary compound Solar cell, com 

prising: 
an InP growth substrate; 
a first Subcell with a first band gap and a lattice constant 

matched with the substrate lattice that forms on the 
growth substrate; 

a second Subcell with a second band gap larger than the 
first band gap and a lattice constant matched with the 
Substrate lattice that forms on the first subcell; 

a graded buffer layer that forms on the second subcell with 
a third band gap larger than the second band gap: 
wherein the lattice constant is gradually reduced in the 
graded buffer layer formed on the second subcell as the 
concentration of a component in the graded buffer layer 
is gradually modified; 

a third subcell formed on the graded buffer layer has a 
fourth band gap larger than the third band gap and a 
lattice constant less than the lattice constant of the 
Substrate, the first subcell and the second subcell; and 

a fourth subcell formed on the third subcell has a fifth 
band gap larger than the fourth band gap and a lattice 
constant matched with the lattice constant of the third 
subcell. 

2. The four-junction quaternary compound Solar cell 
according to claim 1, characterized in that: the first Subcell 
is composed of an InGaAs emitter region and a base; the 
second Subcell is composed of a quaternary compound 
InGaAsP emitter region and a base; the graded buffer layer 
is InGaP; the third subcell is composed of a quaternary 
compound InAlGaAs emitter region and a base; and the 
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fourth Subcell is composed of a quaternary compound InAl 
ASP emitter region and a base. 

3. The four-junction quaternary compound Solar cell 
according to claim 1, characterized in that: the first Subcell 
has a band gap of 0.72-0.76 eV; the second subcell has a 
band gap of 1-1.1 eV; the third subcell has a band gap of 
1.35-1.42 eV; and the fourth subcell has a band gap of 
185-192 eV. 

4. The four-junction quaternary compound Solar cell 
according to claim 1, wherein the graded buffer layer is 
InGaP, and the component is the ration of In; and 

the lattice constant of the graded buffer layer is lattice 
matched with the growth substrate at a first side and 
lattice matched with the third subcell at a second side. 

5. A four-junction quaternary compound Solar cell, com 
prising: 

a Supporting Substrate; 
a first subcell on the supporting substrate with a first band 

gap. 
a second Subcell with a second band gap on the first 

subcell, wherein the second subcell is composed of a 
quaternary compound InGaAsP emitter region and a 
base, the second band gap is larger than the first band 
gap, and a lattice constant of the second Subcell is 
matched with a lattice constant of the first subcell; 

a graded buffer layer with a third band gap on the second 
subcell; wherein the third band gap is larger than the 
second band gap, the lattice constant is gradually 
reduced in the graded buffer layer on the second subcell 
as the concentration of a component in the graded 
buffer layer is gradually modified; 

a third Subcell of a quaternary compound InAlGaAS 
emitter region and a base with a fourth band gap, on the 
graded buffer layer, wherein the fourth band gap is 
larger than the third band gap and a lattice constant of 
the third subcell is less than the lattice constant of the 
first and second subcells; 

a fourth Subcell composed a quaternary compound InAl 
ASP emitter region and a base with a fifth band gap, on 
the third subcell, wherein the fifth band gap is larger 
than the fourth band gap and a lattice constant of the 
fourth subcell is matched with the lattice constant of the 
third subcell. 

6. The four-junction quaternary compound Solar cell 
according to claim 5, characterized in that: the first subcell 
is composed of an InGaAs emitter region and a base; the 
second Subcell is composed of a quaternary compound 
InGaAsP emitter region and a base; the graded buffer layer 
is InGaP; the third subcell is composed of a quaternary 
compound InAlGaAs emitter region and a base; and the 
fourth Subcell is composed of a quaternary compound InAl 
ASP emitter region and a base. 

7. The four-junction quaternary compound Solar cell 
according to claim 5, wherein the graded buffer layer is 
InGaP, and the component is the ratio of In; and 

the gradually reducing lattice constant of the graded 
buffer layer is lattice matched with the second subcell 
at a first side and lattice matched with the third subcell 
at a second side. 

8. A fabrication method of the four-junction quaternary 
compound Solar cell, comprising the following steps: 

providing an InP growth Substrate; 
forming a first Subcell with a first band gap and a lattice 

constant matched with the substrate lattice on the 
growth substrate; 
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forming a second subcell with a second band gap larger 
than the first band gap and a lattice constant matched 
with the substrate lattice on the first subcell; 

forming a graded buffer layer with a third band gap larger 
than the second band gap on the second subcell; and a 
concentration of a component in the graded buffer layer 
gradually changes: 

forming a third subcell, on the graded buffer layer, 
wherein the fourth band gap is larger than the third 
band gap and a lattice constant of the third subcell is 
less than a lattice constant of the substrate; and 

forming a fourth subcell with a fifth band gap, on the third 
subcell, wherein the fifth band gap is larger than the 
fourth band gap and a lattice constant of the fourth 
Subcell is lattice matched with the third subcell. 

9. The fabrication method of the four-junction quaternary 
compound Solar cell according to claim 8, characterized in 
that: the first subcell has a band gap of 0.62-0.76 eV; the 
second subcell has a band gap of 1-1.1 eV; the third subcell 
has a band gap of 1.35-1.42 eV; and the fourth subcell has 
a band gap of 1.85-1.92 eV. 

10. The fabrication method of the four-junction quater 
nary compound solar cell according to claim 8, characterized 
in that: the first subcell is composed of an InGaAs emitter 
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region and a base; the second subcell is composed of a 
quaternary compound InGaAsP emitter region and a base; 
the graded buffer layer is InGaP; the third subcell is com 
posed of a quaternary compound InAlGaAs emitter region 
and a base; and the fourth subcell is composed of a quater 
nary compound InAlAsP emitter region and a base. 

11. The fabrication method of the four-junction quater 
nary compound solar cell according to claim 8, characterized 
in that a lattice constant of the graded buffer layer is lattice 
matched with the growth substrate on a first side and is 
lattice matched with the third subcell on a second side. 

12. The fabrication method of the four-junction quater 
nary compound solar cell according to claim 8, characterized 
in that the fabrication method further comprises the follow 
ing steps: 

providing a temporary substrate to reversely bond the 
completed four-junction quaternary compound solar 
cell on the temporary substrate; 

lifting off the InP growth substrate: 
providing a supporting substrate to bond the four-junction 

quaternary compound Solar cell; and 
removing the temporary substrate to complete the process 

of the four-junction quaternary compound solar cell. 


