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HIGH EFFICIENCY GROUP III-V 
COMPOUND SEMCONDUCTOR SOLAR 
CELL WITH OXDZED WINDOW LAYER 

RELATED APPLICATION 

0001. The present application is a Divisional Application 
of U.S. patent application Ser. No. 12/695,671 filed Jan. 28, 
2010, which is based on and claims the priority benefit of 
Provisional Application No. 61/147.929 filed on Jan. 28, 
2009, which is herein incorporated by reference in its entirety. 

BACKGROUND 

0002 The present application concerns photovoltaic 
devices, such as solar cell devices. More specifically, the 
present application concerns Group III-V compound semi 
conductor based photovoltaic devices employing a window 
layer. 
0003) A photovoltaic device converts light energy into 

electricity. Although the term "solar cell device' may some 
times be used to refer to a device that captures energy from 
sunlight, the terms “solar cell device' and “photovoltaic 
device' are interchangeably used in the present application 
regardless of the light source. 
0004 FIG. 1 is a cross-sectional view of a conventional 
multiple junction solar cell device 100. The multiple junction 
solar cell device 100 may include a substrate 101, a bottom 
cell unit 103, a middle cell unit 105, and a top cell unit 107. 
The multiple junction solar cell device 100 can be positioned 
to receive light from the front or top (illuminated) side of the 
device. The light typically include a plurality of wavelengths, 
and the cell units 103,105 and 107 are typically designed to 
absorb different wavelengths of light. For example, the first 
range of wavelengths 111 may be absorbed in the bottom cell 
unit 103, the second range of wavelengths 113 may be 
absorbed in the middle cell unit 105, and the third range of 
wavelengths 115 may be absorbed in the top cell unit 107. 
0005. The multiple junction solar cell device 100 may also 
include a window layer 109 to improve the overall efficiency 
of the solar cell device 100. In the conventional multiple 
junction solar cell device 100, InAlP is widely used as a 
standard window layer. The window layer 109 is generally 
provided to prevent the Surface recombination of photo-gen 
erated carriers. With the conventional window layer 109, the 
fourth wavelength 117, such as the far blue end or ultraviolet 
region of the Solar spectrum, are absorbed in the window layer 
109 so that the fourth range of wavelengths 117 are not 
transmitted to any of the cell units 103, 105 and 107 of the 
device 100. Therefore, the efficiency of the conventional 
device 100 decreases due to the window layer 109. Further 
more, one important mechanism for loss in the Solar cell 
device is the recombination of photo-generated carriers. Such 
as holes and electrons, at the top Surface of the Solar cell 
device due to the high density of surface states. The conven 
tional window layer has a band gap of around 2.0 eV. A wider 
bandgap would enhance the efficiency of the solar cell device 
100 by reducing the recombination of the photo-generated 
carriers. However, it is difficult to grow materials with a band 
gap larger than 2.0 eV that are lattice matched to GaAs sub 
strates in the conventional solar cell device 100. 

0006. Accordingly, a new solar cell structure is also 
needed with a window layer that minimizes Surface recom 
bination. 
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SUMMARY 

0007. The present application provides a new solar cell 
device structure with a window layer that transmits more 
wavelengths and passivates the Surface of the Solar cell 
device. The present application teaches different structures 
for Group III-V compound semiconductor solar cell devices. 
The solar cell structure of the present invention includes 
oxidized window layers provided on the top or front (illumi 
nated) surface of the solar cell devices. The oxidized window 
layers are provided using athermal oxidation process, such as 
a wet oxidation technique. The oxidation process provides a 
wider band gap for the window layer so that a larger barrier 
prevents photo-generated carriers, such as electrons and 
holes, from reaching the surface of the devices. Therefore, the 
oxidized window layer minimizes Surface recombination of 
the photo-generated carriers at the top Surface of the Solar cell 
devices. The oxidation process may also help reduce Surface 
recombination by passivating Surface states of the Solar cell 
devices. 
0008 Furthermore, the wider band gap of the oxidized 
window layer improves transmission of higher energy pho 
tons through the window layer. The oxidized window layer is 
optically transparent in the ultraviolet region or the far blue 
end of the solar spectrum so that the oxidized window layer 
provides improved transmission of higher energy photons to 
the cell units of the solar cell device. 
0009. In accordance with one embodiment, a method is 
provided for fabrication of a Group III-V compound semi 
conductor solar cell. The method involves forming at least a 
cell unit from a Group III-V compound semiconductor mate 
rial. The cell unit is configured to absorb predetermined 
wavelengths of a Solar spectrum. A window layer is formed 
on the cell unit to reduce recombination of photo-generated 
carriers at a top surface of the solar cell device. The window 
layer is oxidized to convert the window layer to an oxidized 
window layer. 
0010. In the above embodiment, the window layer may be 
oxidized using a wet oxidation process. The oxidized window 
layer may have a larger band gap than the window layer. The 
band gap of the oxidized window layer may be about 4.0 eV. 
The window layer may be an Al-containing Group III-V 
compound semiconductor material. For example, the window 
layer may be an InAlP window layer or an AlGaAs window 
layer. The oxidized window layer may transmit a second 
range of wavelengths of the Solar spectrum to the cell unit to 
increase a photoluminescence (PL) intensity of the cell unit, 
the second range of wavelengths being absorbed in the win 
dow layer. The second range of wavelengths may be wave 
lengths of a far blue end of the solar spectrum. The cell unit 
may be formed from any of Gallium Arsenide (GaAs), Gal 
lium Indium Phosphide (GalnP), Gallium Indium Ars 
enide (Gal. InAs), Indium Phosphide (InP) and Gallium 
Indium Arsenide Phosphide (Gai-In, ASP.), and Alumi 
num Gallium Indium Phosphide ((AlGa), InP). The 
Solar cell device may be a single junction device or a multi 
junction device having a plurality of cell units, each cell unit 
being configured to absorb a different range of wavelengths in 
the Solar spectrum. 
0011. The method of the above embodiment may include 
the step of providing a substrate on which the cell is formed, 
wherein the substrate is formed of at least one of Gallium 
Arsenide (GaAs) and Indium Phosphide (InP). The step of 
oxidizing may include the steps of providing a cap layer on 
the window layer to enhance an electrical contact with a metal 
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conductive material, etching the cap layer, and oxidizing an 
exposed portion of the window layer, the exposed portion 
corresponding to an etched portion of the cap layer. The 
method of the above embodiment may include the steps of 
providing the metal conductive material on the cap layer, and 
applying an antireflection coating to the oxidized window 
layer. The method of the above embodiment may include the 
step of providing a backside contact on a bottom Surface of 
the substrate. 
0012. In another embodiment, a solar cell device is pro 
vided to include at least one cell unit formed from a Group 
III-V compound semiconductor material. The cell unit is 
configured to absorb predetermined wavelengths of a Solar 
spectrum. The Solar cell device also includes an oxidized 
window layer disposed on the cell unit to prevent recombina 
tion of photo-generated carriers at a top Surface of the Solar 
cell device. 
0013. In the above embodiment, the band gap of the oxi 
dized window layer may be about 4.0 eV. The oxidized win 
dow layer may include an Al-containing Group III-V com 
pound semiconductor material. The window layer may 
include an InAlP material or an AlGaAs material. The cell 
unit may be formed from any of Gallium Arsenide (GaAs), 
Gallium Indium Phosphide (GalnP), Gallium Indium Ars 
enide (Galin, As), Indium Phosphide (InP) and Gallium 
Indium Arsenide Phosphide (Gai-In, ASP.), and Alumi 
num Gallium Indium Phosphide ((AlGa), InP). The 
solar cell device of the above embodiment may include a 
plurality of cell units, each cell unit being configured to 
absorb different wavelengths of the solar spectrum. The solar 
cell device of the above embodiment may include a substrate 
on which the cell unit is formed, wherein the substrate is 
formed of at least one of Gallium Arsenide (GaAs) and 
Indium Phosphide (InP). The solar cell device of the above 
embodiment may include a cap layer disposed on the window 
layer to enhance an electrical contact with a metal conductive 
material disposed on the cap layer. The solar cell device of the 
above embodiment may include a backside contact disposed 
on a bottom surface of the substrate. 

BRIEF DESCRIPTION OF THE FIGURES 

0014. These and other characteristics of the present appli 
cation will be more fully understood by reference to the 
following detailed description in conjunction with the 
attached drawings, in which: 
0.015 FIG. 1 is a cross-sectional view of a conventional 
Group III-V compound semiconductor solar cell device with 
a window layer; 
0016 FIG. 2A is a cross-sectional view of a Group III-V 
compound semiconductor Solar cell device with an oxidized 
window layer according to the teachings of the present inven 
tion; 
0017 FIG. 2B is a simplified schematic diagram of a fur 
nace where a window layer is oxidized by a wet oxidation 
process according to the teachings of the present invention; 
0018 FIG. 3 is a graph showing the effect of the oxidized 
window on the photoluminescence of the solar cell device of 
FIG. 2A; 
0019 FIG. 4 is a graph showing the external quantum 
efficiency of a single junction Solar cell device with an oxi 
dized window layer and with an unoxidized window layer; 
0020 FIG.5 is a schematic flow chart diagram of an exem 
plary method for fabricating the solar cell devices in accor 
dance with the teachings of the present application; 
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0021 FIGS. 6A-6E show the intermediate state of the 
solar cell device fabrication according the method described 
in FIG. 5; 
0022 FIG.7 shows the photoluminescence measurements 
of unoxidized, halfoxidized, and fully oxidized dual-junction 
solar cell devices fabricated from the same epitaxial structure: 
0023 FIG. 8 shows current-voltage measurements of 
unoxidized, half oxidized, and fully oxidized dual-junction 
solar cell devices fabricated from the same epitaxial structure: 
and 
0024 FIG.9 shows the Internal Quantum Efficiency mea 
surements of the unoxidized, half oxidized, and fully oxi 
dized dual-junction solar cells fabricated from the same epi 
taxial structure. 

DESCRIPTION 

0025. The embodiments of the present application provide 
Group III-V compound semiconductor solar cell devices and 
methodologies for fabricating such solar cell devices. The 
Group III-V compound semiconductor solar cell devices as 
taught herein include an oxidized window layer formed on the 
top or front Surface of the devices using a thermal oxidation 
process, such as a wet oxidation technique. The oxidation 
provides a wider band gap for the window layer so that the 
oxidized window layer improves transparency at the far blue 
end of the solar spectrum. Therefore, the oxidized window 
layer provides improved transmission of higher energy pho 
tons to the cell units of the solar cell device. 

0026. Furthermore, the wider band gap of the oxidized 
window layer prevents electrons and holes from reaching the 
surface of the solar cell devices. Therefore, the oxidized win 
dow layer minimizes Surface recombination of the holes and 
electrons at the top surface of the solar cell devices and 
passivates the surface states of the solar cell device. 
0027 FIG. 2A is a schematic cross-sectional diagram of 
an exemplary multiple junction solar cell device 200 suitable 
for use with the oxidized window layer of the present inven 
tion. The multiple junction solar cell device 200 may include 
a substrate 201, a first or bottom cell unit 203, a second or 
middle cell unit 205, and a third or top cell unit 207. As used 
herein, the term “cell unit refers to a layer or region of the 
Solar cell device having a certain band gap energy character 
istic, which uses a certain portion of the Solar spectrum to 
generate electricity. As used herein, each cell unit in a mul 
tiple junction Solar cell device has a different band gap energy 
characteristic. 
0028. Those of ordinary skill in the art will appreciate that 
the multiple junction solar cell device 200 is exemplary and 
that any number of junctions can be employed in the illus 
trated solar cell device. For example, the illustrated solar cell 
device can include a single-junction or more. Such as two or 
three junctions. Those of ordinary skill will also readily 
understand the various layers that comprise each junction of 
the Solar cell device 200. 
0029. The substrate 201 serves as a base providing a suit 
able lattice structure onto which the Group III-V compound 
semiconductor solar cell device 200 is formed. The fabrica 
tion methodology of the Group III-V compound semiconduc 
tor solar cell device 200 as taught herein involves growing 
epitaxial layers on a provided Substrate, as is known to those 
of ordinary skill in the art. The substrate 201 may be formed 
from Germanium (Ge), Gallium Arsenide (GaAs), Indium 
Phosphide (InP), Gallium Phosphide (GaP), Gallium Anti 
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monide (GaSb) or any other suitable Group III-V compound 
semiconductor material or combination of materials. 

0030 Each cell unit 203, 205 and 207 of the illustrated 
solar cell device 200 can be formed of one or more Group 
III-V compound semiconductor materials, such as Gallium 
Arsenide (GaAs), Gallium Indium Phosphide (GainP), Gal 
lium Indium Arsenide (GainAs), Gallium Indium Arsenide 
Phosphide (GainAsP), or any other suitable Group III-V 
compound semiconductor material or combination of mate 
rials. Each cell unit may contain an emitter region, a base 
region, and a junction between the emitter region and the base 
region. The emitter region may include an emitter layer 
formed of an n-type Group III-V compound semiconductor 
material and the base region may include a base layer formed 
of a p-type Group III-V compound semiconductor material. 
The emitter layer and the base layer may be formed of a 
p-type Group III-V compound semiconductor material and an 
n-type Group III-V compound semiconductor material, 
respectively, in other embodiments. 
0031 Those of ordinary skill will readily recognize that 
each cell unit can have a certain band gap energy character 
istic, which uses a certain portion of the Solar spectrum to 
generate electricity. The cell units in the multiple junction 
solar cell device 200 may be formed from different semicon 
ductor materials comprised of varying compositions of the 
elemental materials Ga, In, Al, As, P, Sb, Ge, and Si so that the 
multiple cell units may have different band-gaps to absorb 
different wavelengths of the solar spectrum. For example, the 
first cell unit 203, the second cell unit 205 and the third cell 
unit 207 may be formed of InGaAs, GaAs and GalnP, respec 
tively. Therefore, the first cell unit 203, the second cell unit 
205 and the third cell unit 207 may absorb different wave 
lengths of the Solar spectrum. 
0032. An oxidized window layer 209 is provided on the 
top surface of the third or top cell unit 207. The oxidized 
window layer 209 may include an Al-containing Group III-V 
compound semiconductor oxide. According to one embodi 
ment, an Al-containing Group III-V compound semiconduc 
tor material, such as AlGaAs, AlAs, InAlAs or InAlP, is 
deposited on the top surface of the third or top cell unit 207 
and the Al-containing Group III-V compound semiconductor 
material is oxidized using a thermal oxidation process. Such 
as wet oxidation, to form the oxidized window layer 209. The 
present inventors have realized that once oxidized, the oxi 
dized window layer has a longer or expanded band gap of 
around 4.0 eV. This wider band gap prevents electrons and 
holes from being recombined at the top surface of the solar 
cell device. The wider band gap also improves the optical 
transparency of the window layer at the far blue end or ultra 
violet region of the Solar spectrum, thereby allowing these 
wavelengths to pass therethrough. In prior devices, these 
wavelengths are typically absorbed by the window layer, 
which is unoxidized. The oxidation of the window layer will 
be described below with reference to FIG. 2B. 

0033. In operation, the cell units 203,205 and 207 receive 
light from the top or front side of the solar cell device 200. The 
first range of wavelengths 211 of the Solar spectrum, Such as 
a red light region of the Solar spectrum, may be absorbed in 
the bottom cell unit 203. The second range of wavelengths 
213, Such as a yellow light region of the Solar spectrum, may 
be absorbed in the middle cell unit 205. The third range of 
wavelengths 215. Such as the green light region of the Solar 
spectrum, may be absorbed in the top cell unit 207. Further 
more, the fourth range of wavelengths 217, such as the far 
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blue end or ultraviolet region of the Solar spectrum, are now 
transmitted to the top cell unit 207 so that the fourth range of 
wavelengths 217 are absorbed in the top or other cell units of 
the device 200. Consequently, the oxidized window layer 209 
improves the efficiency of the solar cell device 200. 
0034 FIG. 2B shows a simplified furnace 220 in which a 
window layer is oxidized in accordance with the teachings of 
the present application. Various system components such as 
flow regulators, piping structures and controllers are omitted 
for the sake of simplicity. The furnace 220 may be an oxida 
tion furnace that can diffuse oxidant agents or gases to the 
wafers loaded in the furnace. For example, heat treatment 
furnaces from Lingberg/MPH can be used for oxidizing the 
window layer in an embodiment of the present application. 
0035. The furnace 220 may include a process chamber 221 
where the wafer 223 is loaded for oxidation. The process 
chamber 221 can be configured to accept a single wafer. In 
another embodiment, the process chamber 221 may be con 
figured to accept a plurality of wafers 223 at the same time. 
The furnace 220 may also include a mechanism 224 for 
holding the wafers 223 within the process chamber 221. The 
wafers 223 are held within the process chamber 221 in a 
vertical direction. In another embodiment, the wafers 223 
may be held within the process chamber 221 in a horizontal 
direction. 
0036. The furnace 220 may include one or more ports for 
receiving an oxidant agent or gas, such as Oxygen gas and 
water vapor Such as steam. The furnace 220 may also include 
a port for receiving an inert gas, Such as nitrogen gas. The 
ratio of oxygen gas, steam and the nitrogen gas may be 
optimized depending on the type of the material to be oxi 
dized and the thickness of the oxide to be formed. 
0037. The furnace 220 may include a heating source 225 
for heating the process chamber 221 to a target temperature. 
The oxidation may be performed using a wet oxidation pro 
cess where the oxidation reactions occur at a temperature 
above the normal boiling point of water (100° C.) so that 
water vapors or steam can be used as oxidantagents. Accord 
ing to one embodiment, the temperature of the process cham 
ber 221 can be in the range of from about 300° C. to about 
600° C., and is preferably in the range of about 350° C. to 
about 550°C. Those of ordinary skill in the art will appreciate 
that the temperature of the process chamber 221 may be 
adjusted depending on the type of the material to be oxidized 
and the thickness of the oxide to be formed. 
0038. It is preferred that the pressure of the process cham 
ber 221 is set to atmospheric pressure. It is also preferred that 
the exposure time of the wafers 223 in the process chamber 
221 is in the range of about 20 minutes to about 6.0 hours. A 
more preferred time period is about 1.0 hour to about 3.0 
hours. Those of ordinary skill in the art will appreciate that the 
exposure time in the process chamber may be determined 
depending on the type of the material to be oxidized and the 
thickness of the oxide to be formed. 
0039. According to one practice, the entire portion or 
thickness of the window layer can be oxidized. Alternatively, 
only a portion of the window layer is oxidized. For example, 
a top half thickness of the window layer can be oxidized. By 
the wet oxidation process, the thickness of the oxidized win 
dow layer is maintained Substantially the same as the thick 
ness of the window layer prior to the oxidation. In a different 
embodiment, the thickness of the oxidized window layer may 
be slightly larger than the thickness of the window layer prior 
to the oxidation. Examples of wet oxidation methodologies 
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are described in detail in U.S. Pat. No. 6,262,360, U.S. Pat. 
No. 6,373,522, U.S. Pat. No. 5,567,980, and U.S. Pat. No. 
5,696,023, the contents of which are herein incorporated by 
reference. 

0040. The present inventors have realized that the wet 
oxidation process converts the window layer of the solar cell 
device to a very stable oxide material having highly desirable 
characteristics. The oxides of the window layer provide low 
oxide-semiconductor interface state densities and an 
unpinned Fermi level at the oxide-semiconductor interface. 
Therefore, the oxide passivates the window layer of the solar 
cell device. Those of ordinary skill in the art will appreciate 
that the wet oxidation process employed herein is exemplary 
and the window layer may be oxidized using other thermal 
oxidation processes, such as a dry oxidation process. 
0041 FIG. 3 is a graph showing the effect of the oxidized 
window layer on the photoluminescence (PL) of a single 
junction Solar cell device. The single junction Solar cell 
device may include an InCaP cell unit and an InAlP window 
layer deposited on the InGaP cell unit. The graph shows that 
the PL intensity of the InGaP cell unit increases with increas 
ing oxidation time. The increase of the PL intensity Suggests 
that Surface recombination of electrons and holes is Substan 
tially reduced. 
0042 FIG. 4 is a graph showing the external quantum 
efficiency (EQE) of a single junction solar cell device. The 
single junction solar cell device includes an InCap cell unit 
and an InAlP window layer deposited on the InGaP cell unit. 
The EQE is defined as the current obtained outside the device 
per incoming photon. Therefore, EQE depends on the absorb 
tion of light and the collection of charges. Once a photon has 
been absorbed and has generated an electron-hole pair, these 
charges must be separated and collected at the junction. The 
recombination of the charges decreases the EQE. 
0043. The upper graph in FIG. 4 shows the EQE of the 
solar cell device with an oxidized window layer. The lower 
graph shows the EQE of the solar cell device with an unoxi 
dized window layer. As shown by the graphs, the EQE of the 
single junction solar cell with the oxidized window layer is 
higher than the EQE of the single junction solar cell with the 
unoxidized window layer in the wavelength rage of 370 
nm.-650 nm. The graphs indicate that the oxidized window 
layer improves the Surface recombination, especially in the 
far blue end or ultraviolet region of the solar spectrum. 
0044 FIG.5 is a schematic flow chart diagram of an exem 
plary method for fabricating Solar cell devices in accordance 
with the teachings of the present application. In accordance 
with an embodiment of the present application, a wafer 
including a single or multiple cell units formed on a substrate 
may be provided as a starting material (step 501). Those 
skilled in the art will appreciate that any number of the cell 
units or junctions can be employed in the Solar cell device of 
the present application. An unoxidized window layer is pro 
vided on the top surface of the single or multiple cell units. A 
cap layer may be deposited over the unoxidized window 
layer. The cap layer may be provided to enhance the electrical 
contact with a metal conductive material, such as the front or 
top side grid metal contact of the Solar cell devices. 
0045. The cap layer may be etched according to the pattern 
of the grid metal contact (step 503). After etching of the cap 
layer, the wafer is loaded in the furnace depicted in FIG.2B. 
The exposed portion of the window layer, which corresponds 
to the removed portion of the cap layer, is oxidized using the 
thermal oxidation process (step 505). After oxidation, the 
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wafer is unloaded from the furnace and the grid metal contact 
is formed on the remaining cap layer (step 507). An antire 
flection coating (for example, a Zinc sulfide/magnesium fluo 
ride coating or other Suitable antireflection coating) is formed 
on the surface of the oxidized window layer (step 509). An 
isolation etch is performed, and a backside metal contact is 
applied to the solar cell device (step 511). 
0046 Those of ordinary skill in the art will appreciate that 
the order of the above fabrication process may change in 
Some embodiments of the present application. For example, 
the front or top side grid metal contact is applied before step 
503 and a self-aligned etch may be used to remove the cap 
layer. The etched wafer is loaded in the furnace because the 
grid metal contact is stable under the high-temperature oxi 
dation conditions. 
0047. In some embodiments, additional processing may 
be performed such as wafer probing, wafer bonding, testing 
of individual or groups of Group III-V compound semicon 
ductor solar cells, slicing of the wafer to produce individual 
Group III-V compound semiconductor Solar cells, packaging 
of the individual Group III-V compound semiconductor solar 
cells, formation of multiple junction Group III-V compound 
semiconductor Solar cells and other like processes. 
0048 FIGS. 6A-6E shows the intermediate states of the 
solar cell device fabrication according the method described 
in FIG. 5. FIG. 6A shows a starting epitaxial material includ 
ing a substrate 601, a single or multiple cell units 603, an 
unoxidized window layer 605 and a cap layer 607. Those 
skilled in the art will appreciate that any number of the cell 
units or junctions can be employed in the Solar cell device of 
the present application. The unoxidized window layer may 
include an Al-containing Group III-V compound semicon 
ductor material, such as AlGaAs, AlAs, InAlAs or InAlP. The 
cap layer may enhance the electrical contact with a front or 
top side grid metal contact of the Solar cell device. 
0049 FIG. 6B shows a state where the cap layer 607 is 
etched according to the pattern of the grid metal contact 613. 
After etching of the cap layer, the wafer is loaded in the 
furnace depicted in FIG.2B to oxidize the window layer 605. 
FIG. 6C shows a state where the exposed portion of the 
window layer 605, which corresponds to the removed portion 
of the cap layer, is oxidized to forman oxidized window layer 
609. After oxidation, the wafer is unloaded from the furnace 
and the grid metal contact is formed on the remaining cap 
layer. FIG. 6D shows that the grid metal contact 613 is formed 
on the cap layer. FIG. 6D also shows that an antireflection 
coating 611 is formed on the surface of the oxidized window 
layer 609. FIG. 6E shows that an isolation etch is performed, 
and a backside metal contact 615 is applied to the solar cell 
device. 
0050 For experimental purposes, a solar cell structure is 
grown consisting of a standard InGaP/GaAs double junction 
solar cell device with a 2500 A. InAlP window layer. The top 
contact layer is patterned and etched and the wafer is cleaved 
into several pieces. Two pieces are oxidized via a high-tem 
perature wet-oxidation process. For one of the two pieces, the 
window layer is completely oxidized. For the other piece, 
only the top half of the window layer is oxidized. A third piece 
is left unoxidized. All three of these pieces are then processed 
into Solar cell devices and tested to measure photolumines 
cence (PL), current-Voltage (IV) data and Internal quantum 
efficiency (IQE). 
0051 FIG. 7 shows the result of a test measuring the PL of 
the three samples. That is, the graph shows the PL of the top 
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InGaP cell unit with the unoxidized, partially oxidized, and 
fully oxidized InAlP window layer. The PL of the top InGaP 
cell unit terminated with the oxidized window layer demon 
strates much stronger than the PL of the top InGaP cell unit 
terminated with the unoxidized window layer. This test result 
indicates that the oxidized window layer reduces carrier 
losses via recombination and the oxide passivates the Surface 
of the solar cell device. Additionally, the PL of the top InGaP 
cell unit terminated with oxidized window layer is slightly 
blue shifted from that of the top InGaP cell unit terminated 
with unoxidized window layer. This result indicates that the 
oxidized window layer reduces absorption of far blue end of 
the solar spectrum by the window layer. 
0052 FIG. 8 shows the result of a test measuring the IV 
data of the unoxidized, half oxidized, and fully oxidized 
dual-junction Solar cell devices. The measurement is per 
formed under AM-1.5 illumination. A higher short-circuit 
current (Isc) is obtained for the oxidized dual-junction solar 
cell devices. This result indicates that the additional photons 
reach the top InGaP unit cell as a result of the increased 
window layer transparency. 
0053 FIG. 9 shows the IQE measurements of the unoxi 
dized, half oxidized, and fully oxidized dual-junction solar 
cell devices. The IQE refers to the efficiency with which 
photons that are not reflected or transmitted out of the cell can 
generate collectable carriers. The IQE of the three dual-junc 
tion solar cell devices are similar, except at the far blue end of 
the spectrum. Additional efficiency is obtained for the oxi 
dized samples since less photons are absorbed (and wasted) 
by the InAlP window layer. The oxidized cells have increased 
response at the far blue end of the spectrum due to the 
increased transparency of the InAlP window layer resulting 
from the oxidation process. 
0054. One of the advantages of the present application is 
that the efficiency of Group III-V compound semiconductor 
Solar cell devices is significantly improved by employing 
oxidized window layers. The oxidized window layers have a 
wider band gap than unoxidized window layers so that the 
oxidized window layers can transmit more light to the cell 
units of the solar cell devices. The wider band gap of the 
oxidized window layer reduces the surface recombination of 
holes and electrons and hence improves the efficiency of the 
solar cell devices. 
0055. The above advantages outweigh the complexity of 
the process for fabricating a solar cell device with a window 
layer oxidized. For oxidation of the window layer, the wafer 
is loaded and unloaded from the furnace during the fabricat 
ing process of the solar cell device. Although the fabrication 
process becomes complex, the present application provides a 
wider band gap and improved optical transparency of the 
oxidized window layer at the far blue end or ultraviolet region 
of a Solar spectrum. 
0056. Numerous modifications and alternative embodi 
ments of the present application will be apparent to those 
skilled in the art in view of the foregoing description. Accord 
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ingly, this description is to be construed as illustrative only 
and is for the purpose of teaching those skilled in the art the 
best mode for carrying out the present application. Details of 
the structure may vary Substantially without departing from 
the spirit of the present application, and exclusive use of all 
modifications that come within the scope of the appended 
claims is reserved. It is intended that the present application 
be limited only to the extent required by the appended claims 
and the applicable rules of law. 
0057. It is also to be understood that the following claims 
are to cover all generic and specific features of the invention 
described herein, and all statements of the scope of the inven 
tion that, as a matter of language, might be said to fall ther 
ebetween. 

1. A Solar cell device, comprising: 
at least one cell unit formed from a Group III-V compound 

semiconductor material, the cell unit being configured to 
absorb predetermined wavelengths of a Solar spectrum; 
and 

an oxidized window layer disposed on the cell unit to 
prevent recombination of photo-generated carriers at a 
top surface of the solar cell device. 

2. The solar cell device of claim 1, wherein a band gap of 
the oxidized window layer is about 4.0 eV. 

3. The solar cell device of claim 1, wherein the oxidized 
window layer comprises an Al-containing Group III-V com 
pound semiconductor material. 

4. The Solar cell device of claim 1, wherein the window 
layer comprises an InAlP material or an AlGaAs material. 

5. The solar cell device of claim 1, wherein the cell unit is 
formed from any of Gallium Arsenide (GaAs), Gallium 
Indium Phosphide (GalnP), Gallium Indium Arsenide 
(Galin. As), Indium Phosphide (InP) and Gallium Indium 
Arsenide Phosphide (Gali-In, ASP.), and Aluminum Gal 
lium Indium Phosphide (AlGa), In,P). 

6. The solar cell device of claim 1, wherein the device 
comprises a plurality of cell units, each cell unit being con 
figured to absorb different wavelengths of the solar spectrum. 

7. The solar cell device of claim 1, further comprising: 
a substrate on which the cell unit is formed, wherein the 

Substrate is formed of at least one of Gallium Arsenide 
(GaAs), Indium Phosphide (InP) or Germanium (Ge). 

8. The solar cell device of claim 1, further comprising: 
a cap layer disposed on the window layer to enhance an 

electrical contact with a metal conductive material dis 
posed on the cap layer. 

9. The solar cell device of claim 1, further comprising 
a backside contact disposed on a bottom Surface of the 

Substrate. 
10. The solar cell device of claim 1, wherein the window 

layer is oxidized by a wet oxidation process. 
c c c c c 


