
Fig.2 The illuminated current density-voltage characteristics of the  
III-V compound solar cells with and without PEC oxidation  
treatment.
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1. Introduction 

Recently, III-V compound solar cells have been stud-
ied extensively [1-3]. Owing to their high conversion effi-
ciency and high radiation hardness, GaAs-based solar cells 
are widely being used in space and applied in the terrestrial 
concentrator photovoltaic system. However, high surface 
state density and high surface recombination velocity 
would deteriorate the performances of III-V semiconduc-
tors [4]. Therefore, different passivation methods, such as 
sulfidation and chlorination, have been investigated to im-
prove the performances of the semiconductor devices [5,6]. 
In this study, photoelectrochemical (PEC) oxidation treat-
ment was used to grow oxide layer of AlGaAs window 
layer and to passivate its surface on InGaAs single junction 
solar cell. The reduction of surface state density on the 
window layer and the conversion efficiency improvement 
are also discussed in this study. 
 
2. Experimental procedure 

The structure of InGaAs single junction solar cells, as 
shown in Fig.1, was grown on p-type GaAs substrate by 
metal organic chemical vapor deposition (MOCVD) system. 
The samples were cleaned with standard chemical solutions 
of trichloroethylene, acetone and methanol. Photolithogra-
phy technique was used to define the pattern of metal elec-
trode area on GaAs contact layer, and AuGeNi/Au 
(200/100nm) was deposited using an electron beam deposi-
tion system. After using lift-off process, the contact layer 
GaAs was etched approximately 500 nm down to AlGaAs 
window layer using the selective etching solution of citric 
acid/H2O2/H2O (18g/2.5mL/10mL). The as-etched samples 
were treated using PEC oxidation method. In this system, 
the samples were oxided in an HCl electrolytic solution 
under a pH value of 3.5 by illuminating a He-Ne laser of 
632.8 nm wavelength. The PEC oxidation reactive area on 
AlGaAs surface was 92.5% in each defined pattern (1 x 1 
mm2). During the oxidation process, 1, 1.5, 2, and 2.5 volt-
ages were applied for 3 min to induce the reactions on the 
AlGaAs surface. After using the PEC treatment, samples 
were rinsed with deionized water and blown dry with N2. 
The TiO2/SiO2 (74/120nm) anti-reflection coating layers 
were immediately deposited on both samples (with and 
without PEC treatment) using electron beam deposition 
system. The conversion efficiency of the solar cells with 
and without PEC treatment was measured using a continu-
ous solar simulator system under AM 1.5G (100mW/cm2 at 

25oC). Moreover, to further investigate the efficiency im-
provement of the cell by using the PEC oxidation mecha-
nism, both as-etched and PEC-treated specimens were ana-
lyzed by fabricating the MOS devices.  

 
 
 
 
 
 
 
 
 
 
 
 

 
3. Experimental Results and Discussion 

Figure 2 shows the illuminated current density-voltage 
(J-V) curves under AM1.5G of the III-V compound solar 
cells with and without PEC oxidation treatment. Based on 
the experimental results, the fill factor (FF), conversion 
efficiency (η), short-circuit current density (Jsc) and 
open-circuit voltage (Voc) were calculated. The short circuit 
current density (Jsc) of 23.4 mA/cm2 and 19.6 mA/cm2 were 
obtained and the corresponding open circuit voltage (Voc) 
were 0.87 V and 0.84 V for the devices with and without 
PEC treatment, respectively. After the PEC surface treat-
ment, the conversion efficiencies were promoted to the 
15.7 % than 12.5 % of the solar cells without PEC oxida-
tion treatment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 The structure of InGaAs single junction solar cells.  
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Fig.3 The dark current-voltage characteristics of the III-V compound 
solar cells with and without PEC oxidation treatment. 
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Fig.4 The capacitance-voltage characteristic for MOS capacitor  
(a) with TiO2/n+-AlGaAs interface and  
(b) with PEC oxide/n+-AlGaAs interface. 

To improve the capability of carrier extraction, the 
PEC oxidation treated window layer (AlGaAs) on the III-V 
compound solar cells was investigated. Figure 3 shows the 
result of dark current-voltage characteristics of the III-V 
compound solar cell. The curves show that the reverse sa-
turation current was reduced by PEC oxidation treatment. 
This result can be ascribed to the lower surface recombina-
tion current [7], which is accordance with the calculation of 
interface state density from C-V measurement (discussed 
later) revealing PEC oxidation treatment effectively re-
duces the surface state density.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To investigate the interface state density, the capaci-
tance-voltage characteristics (C-V) were measured. Usually, 
interface states are occupied by hole for voltage sweeping 
from inversion to accumulation and occupied by electron 
for voltage sweeping from accumulation to inversion. Con-
sequently, the hysteresis between the two curves is propor-
tional to the average interface trap density. Therefore, in-
terface state density Dit can be estimated as [8]:  

Dit=(Cox V△ th)/(AqEg)   （1） 
where Cox (= 72.35,and 57.25pF) and A (= 3.14 × 

10-4cm2) are the capacitance and gate area of the MOS de-
vice, respectively; q is the electron charge, Eg (= 1.8 eV) is 
the energy gap of n-type Al0.3Ga0.7As, and V△ th (= 
1.02,and 0.50 V) is the voltage shift due to the different 
charging conditions of interface state. The C-V characteris-
tic was shown in Fig.4. Calculated interface state density 
for TiO2/n+-AlGaAs interface was 8.16×1011 /cm2eV and 
for PEC oxide/n+-AlGaAs interface it was 3.16 × 1011 
/cm2eV.  

In summary, the conversion efficiency improvement of 
InGaAs single junction solar cell with PEC treatment is 
more than 3.2 % compared to the solar cells without PEC 
treatment. According to C-V measurement results, this im-
provement is attributed to the passivation of dangling bonds 
and the reduction of surface state density. Therefore, the 
loss of the photo-induced carriers can be reduced. It is con-
cluded that the PEC surface treatment is a promising me-
thod for improving the performance of InGaAs single junc-
tion solar cells. In this work, the conversion efficiency im-
provement of the PEC-treated solar cells was focused, since 
the epitaxial structure was used for fabricating solar cells 
with and without PEC oxidation treatment. 
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