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ABSTRACT 
 

Monocrystalline, mesoporous GaAs double layers 
with controlled porosities are formed by means of 
electrochemical etching on p-type GaAs substrates using 
highly concentrated HF-based electrolytes. Variations in 
the electrolyte concentration and etching current density 
lead to changes in the porosity, morphology, thickness 
and etching rate of the porous layers. The porous layer is 
composed of micro and mesopores with a diameter in the 
range of 1 nm to 38 nm and a mean value of less than 
10nm. The etching rate of the porous layer lies in a range 
of 1.7 nm/sec to 1725 nm/sec. Hundred nm sized <111> 
oriented pyramids form at the interface between porous 
layer and substrate if etching current densities below 
7.5 mA/cm2 are applied. Mesoporous layers with 
thicknesses of up to 7 � m form reproducibly. Porous 
layers thicker than 7 µm automatically lift-off from the 
substrate. We demonstrate the spatially homogenous 
formation of mesopores on GaAs wafers with 4” in 
diameter. The etching rates and thicknesses values 
achieved indicate that etching of GaAs mesopores may be 
applicable to the industrial production of space solar cells.  
 
 

INTRODUCTION 
 
Space missions need a lightweight and reliable power 

source during their working life. The Vanguard-1 was the 
first satellite in 1958 to use Si solar cells as power source 
�[1]. The first GaAs-based multijunction cell was launched 
in 1970 and exhibited less degradation through electron 
and proton radiation and its potential for achieving higher 
efficiencies above 30% AM0. Nowadays nearly all the 
missions are powered with multijunction solar cells. 

 
A space solar cell consists typically of two to five 

different III-V materials grown on a Ge or GaAs substrate 
�[2]. The substrate material determines the lattice constant 
of the stack, provides mechanical stability during the cell 
process, and serves as bottom cell. The thickness of the 
substrate typically lies in the 100 � m to 200 � m range, 
whereas only 1 to 3 microns are needed for the light 
absorption of the bottom cell. As a consequence, the 
heavy substrate wafers reduce the available payload for 
satellite missions. The reduction of weight of multi-junction 
III-V semiconductor solar cells is an important issue for 
space applications because of cost reduction on satellite 
system level due to reduced starting weight of the rocket. 

Separating the electrically active solar cells from their 
comparably heavy substrates could save weight and 
costs.  

 
Several techniques allow weight reduction in the 

production of highly efficient multijunction space solar 
cells. The substrate can be removed using a chemical wet 
etching solution �[3] or grinding. Then, the substrate is lost 
for further use. On the contrary, layer transfer processes 
permit the production of multijunction solar cells on a 
removable substrate, saving it for further re-use. The 
epitaxial lift-off technique (ELO) �[4]-�[6] permits the 
separation of an epitaxially grown III-V device from a 
GaAs substrate. It uses a selective chemical etching of an 
intermediate AlxGa1-xAs (x>0.6) release layer, enabling 
thus the removal of the substrate. This process allows 
substrate re-use but is time consuming. Brendel �[7] 
demonstrated the so-called Porous Silicon (PSI) process 
for the production of very thin monocrystalline Si solar 
cells. This technique uses a double layer of mesoporous 
Si formed by means of electrochemical etching: A 
mesoporous “starting layer” with low porosity is etched at 
the surface of the substrate and used as a seed layer for 
the Si epitaxy. Additionally, a highly porous buried 
“separation layer” is used as a pre-determined breaking-
point after epitaxy. 

 
The formation of porous GaAs has been extensively 

studied �[8]-�[14]. The investigations, especially in n-type 
substrates, were mainly focused on optical properties for 
photonic crystals and photoluminescence emission of 
nanocrystals, but not on lift-off processes. Porous GaAs 
was obtained by means of electrochemical etching in 
H2SO4 �[8],�[9], HCl �[10],�[11], and in HF �[13],�[14]. We 
recently presented for the first time homogeneous 
mesoporous double layer formation on GaAs layers which 
can be potentially used for lift-off processes �[14].  

 
In this paper, we investigate the etching rates of the 

formation of mesoporous layers on p-type GaAs 
substrates by means of electrochemical etching in highly 
concentrated HF electrolytes. The dependence of porosity 
on the etching current density is determined. The process 
is demonstrated on 4 inch wafers which are uniformly 
porosified. Thus this work lays the foundation for obtaining 
lightweight GaAs-based solar cells, and for the re-use of 
the substrate by applying a layer transfer process similar 
to the PSI process. 

 



SAMPLE PREPARATION 
 

The GaAs wafers used in this investigation are 
monocrystalline, 4 inch in diameter, and polished on both 
sides. They have a thickness of (650 ± 50) µm. Their 
orientation is {100} and the specific resistivity is 1 to 
5 m� cm. A double container etching cell is used for 
anodizing the wafers.  Aqueous hydrofluoric acid (HF) with 
a concentration varying in a range of 30 % to 50 % serves 
as electrolyte. The potentiostat Elypor 3 from ET&TE Etch 
& Technology GmbH allows various current or voltage 
time-profiles in either galvanostatic or potentiostatic mode. 
After etching, the samples are rinsed in deionized water 
and dried under N2 stream. The morphology and 
thicknesses of the porous layers are inspected with a high 
resolution Hitachi S-4800 Scanning Electron Microscope 
(SEM). The surface roughness is investigated using a 
Digital Instruments MultiMode Atomic Force Microscope 
(AFM) with a Nanoscope III controller.   

 
The porosity is calculated by means of gravimetrical 

measurements. The wafers are weighed before (m1) and 
after (m2) etching in order to determine the amount of 
gallium arsenide that has been removed during porous 
formation. Afterwards, the wafers are introduced 10 sec in 
a H2O:H2O2:H3PO4 (140:2.5:1) solution in order to remove 
the porous layer selectively. The remaining mass of the 
substrate is obtained by weighing the sample again (m3). 
The porosity is thus determined as follows: P = (m1–
m2)/(m1–m3)                   

 
RESULTS AND DISCUSSION 

 
Figure 1 shows cross-sectional SEM images of 4 inch 

wafers after being porosified and subsequently rinsed and 
dried. The electrolyte is aqueous HF with a concentration 
of 45 wt %. Randomly and uniformly distributed 
mesopores are obtained at the surface of the sample. The 
porous GaAs layers are formed by anodization with 

different current densities, 5 mA/cm2 for the sample shown 
in Figure 2a and 10 mA/cm2 for the sample shown in 
Figure 2b. Spatially homogenous mesoporous layers with 
thicknesses up to 7 � m are reproducibly formed. The 
porous layer/substrate interface has a roughness of less 
than 50 nm as determined by AFM measurements after 
removing the porous double layer.Porous layers thicker 
than 7 � m automatically lift-off, thus being unsuitable for 
subsequent epitaxy of solar cells. 

 

 
The porous layer etching rates are determined for 

varying etching current densities with a substrate specific 
resistivity of 1 m� cm and an electrolyte concentration of 

(a)  
 

 
 

(b)  
 

 

Fig. 2. SEM cross section images of GaAs mesoporous layers. (a) Layer with a thickness of about 1.5 � m with well-
defined <111> pyramids present at the etching front. Etching rate: 91.3 nm/sec. (b) Layer with a thickness of about 
650 nm. There are no pyramids at the etching front. Etching rate: 177.5 nm/sec. 
 

 
 
Fig. 3. Etching rate vs. Etching current density for an HF 
electrolyte concentration of 45 wt %. 



45 wt %. Figure 3 shows that the porous GaAs etching 
rate lies in a range of 1.7 nm/min to 1.7´ 103 nm/sec for 
etching current densities of 0.1 mA/cm2 to 100 mA/cm2 
with an electrolyte concentration of 45 wt %. The etching 
rate increases linearly with increasing etching current 
density. We observe that, similarly to the anodization of p-
type Si with the same substrate resistivity and without 
illumination, the etching rate increases with (i) increasing 
etching current density and (ii) increasing electrolyte 
concentration. 

 
Hundred nm sized <111> oriented pyramids form at 

the interface between porous layer and substrate if etching 
current densities below 7.5 mA/cm2 are applied as shown 
in Figure 2a. The etching rate is anisotropic, being lowest 
in the <111> direction. Figure 2b shows that samples 
etched with higher current densities do not show pyramid 
formation. The high etching current density dominates the 
etching process and overcomes the resistance of the 
stable {111} planes. We report for the first time on pyramid 
formation at the mesoporous layer/substrate interface. 
This effect was neither reported for Si �[7] nor for Ge �[15].  
 

Figure 4 shows the dependence of the porosity on the 
etching current density for an electrolyte concentration of 
45 wt %. The porosity increases with increasing etching 
current density. 

 

 
 
Fig. 4. Porosity vs. Etching current density for an HF 
electrolyte concentration of 45 wt %. Solid line is a 
guide for the eye. 

 
Figure 5 shows the porosity in dependence on the 

electrolyte concentration for an etching current density of 
1 mA/cm2. We obtain porosities in a range of 69 % to 
53 % for etching current densities ranging from 30 wt % to 
50 wt %. The porosity decreases linearly with increasing 
electrolyte concentration. 

 

 
We observe that, similarly to the anodization of p-type 

Si with the same substrate resistivity and without 
illumination, the porosity increases with (i) increasing 
etching current density and (ii) decreasing electrolyte 
concentration.  

 
With this knowledge, we etch porous double layers 

with two different porosities by combining the use of 
different etching current densities and changing the 
electrolyte concentration. Figure 6 shows the cross 
sectional view of a porous double layer. 

 

 
 
Fig. 6. SEM cross section view of a mesoporous GaAs 
double layer. Two well defined porous layers with 
different porosities form. Figure from �[14]. 

 
The upper layer, with a thickness of 412 nm, is obtained in 
aqueous HF electrolyte 45 wt % applying an etching 

 
 
Fig. 5. Porosity vs. Electrolyte concentration for an 
etching current density of 1 mA/cm2. Solid line is a linear 
fit to the experimental data. Figure from �[14].  



current density of 5 mA/cm2 for 5 min. An etching rate of 
91.33 nm/min and a porosity of 58 % are obtained. 
Subsequently, the buried layer is etched in aqueous HF 
with a concentration of 35 wt % whereas the etching 
current density is abruptly increased to 100 mA/cm2 for 
10 sec, resulting in a porous layer with a thickness of 
261 nm, a porosity of 74 % and an etching rate of 
28.75 nm/sec. The porous starting layer is not further 
dissolved during this current pulse, due to the passivation 
of the pore walls with hydrogen atoms. Notice that the 
separation layer does not show pyramids at the interface 
with the substrate due to the higher etching current 
density. 
 

CONCLUSIONS AND OUTLOOK 
 

We presented the uniform and spatially homogeneous 
formation of mesoporous double layers in 4 inch GaAs 
substrates that are potentially suitable for lift-off processes 
and substrate reuse. Etching current densities below 
7.5 mA/cm2 result in pyramid formation at the porous 
layer/substrate interface. The etching rate of the porous 
layers lies in the range of 1.7 nm/sec to 1.7´ 103 nm/sec 
for etching current densities of 0.1 mA/cm2 to 100 mA/cm2 
with an electrolyte concentration of 45 wt %. Porous layers 
thicker than 7 µm automatically lift-off from the substrate. 
The porosity of the porous GaAs layer increases from 56% 
to 70 % in the 1 mA/cm2 to 100 mA/cm2 range. On the 
contrary, the porosity decreases linearly from 69 % to 
53 % for electrolyte concentrations increasing from 30 to 
50 % wt respectively. The etching rates and thicknesses 
achieved indicate that this technique may be compatible 
with standard processes in the space solar cells industry. 
Future investigations will show whether this porosity step 
is already sufficient for a layer transfer process. 
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