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ABSTRACT
RIE with natural lithography has two advantages over
RIE with automasking: the process causes less surface
damage and the process window is broader. We have
systematically explored the parameter range of our
process and identified a natural lithography RIE process
which causes a minimum amount of surface damage. By
using this RIE process and a wet chemical etch of a few
nanometers, we reached a gain in shortcircuit current of
2.9% and no loss in open circuit voltage. This resulted in
an absolute efficiency gain of 0.6% for the RIE textured
wafers.
INTRODUCTION

a time. The RIE process was optimized for low reflection
and low surface damage. At ECN the cell production
process was optimized on clean properties. The cells
were processed using a standard firing-through siliconnitride process (see fig 1). All results were obtained with
neighbouring multicrystalline wafers and a reference
group was always included. The median is listed as the
result of each group, which consists always of 20 wafers.
IV and IQE were measured and results were checked
on statistical significance using multifactor analysis of
variance [7]. To monitor the texture with changes of the
(reactor)process, reflectance measurements and SEM
photography were used.

Texturing of multicrystalline silicon solar cells by
Reactive Ion Etching (RIE) has been identified as an
attractive method since it avoids the problems
encountered in alternative texturing approaches such as
wet acidic texturing or mechanical V-grooving. RIE acts
independently of the crystal orientation and defects,
produces little chemical waste, and is applicable to wafers
of any thickness [1] because it induces no mechanical
stress. The most commonly used form of RIE is
automasking. Automasking has the disadvantage that
plasma parameters can only be adjusted in a small
range[2]. Beyond this range, no automasking occurs. RIE
used with an applied mask does not have that
disadvantage. Natural lithography, using colloids as a
mask, has the advantage over other masking techniques
that the mask is easy to apply and to remove.
Although automasking can yield cells of good quality
[3,4], the subsequent processing sequence is in those
cases rather complicated, involving long anneal steps and
passivating oxides.
In this paper automasking and natural lithography are
compared and then the opitmization study of natural
lithography is discussed.
EXPERIMENTAL METHODS
At RWTH Aachen cells were textured with RIE using
Baysix 10x10 cm2 wafers. This process includes a
microscopic, self-organised mask applied by spin coating
[5,6] and an etch in a PECVD batch reactor, which is
normally used for silicon nitride depositions, one group at

Figure 1: applied processing sequence.
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COMPARISON OF RIE METHODS
An unoptimized RIE texture leads to a severe
reduction of the blue response of a cell, as can be seen
from figure 2. For automasking it is far more severe than
for natural lithography. For automasking, the reduction in
blue response arises partly from recombination in the
very fine needles due to the long path and maybe a high
emitter doping at that location[4]. Removing the needles
with a short etch leads to a drastic increase in blue
response. The remainder of the decrease in blue
response is due to surface damage, which is not so easily
removed.
Surface damage is also seen in the unoptimized
natural lithography RIE etch, but absorption is not
present, because the texture made by natural lithography
is somewhat coarser than the needles resulting by
automasking RIE. This facilitates a more homogeneous
emitter and decreases the absorption in the emitter
region.

for a deeper texture the cell is etched for a longer period,
a deeper texture also causes more extensive surface
damage. An optimum between those two effects had to
be found.
SEM photos showed that a large colloid (500nm)
caused problems in the coverage of
the cells. A
multicrystalline wafer after a sawdamage etch still has a
rather uneven surface. The ridges of the surface were
often left uncovered by the large colloid. This lead to
untextured portions on the surface (see figure 3). This
effect was not seen for smaller colloids (see figure 4).

Figure 3: SEM photo of RIE texture of 500 nm colloid

Figure 2: IQE of natural lithography and automasking
RIE

OPTIMIZATION OF NATURAL LITHOGRAPHY RIE
Etch depth and colloid size were adapted for an
optimized reflection and texture homogenity.
The used etch depths were 300 and 500 nm. The
etch depth influences both the reflection and the surface
damage. Deeper texture means lower reflection. Because

Figure 4: SEM photo of 250 nm colloid
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The reflection curves for the larger colloids showed a
lower reflection than for smaller colloids. To combine the
advantages of both colloids – coverage and reduced
reflection – we combined both colloids in a mixture.
To decrease the surface damage some silicon was
removed with two wet-chemical cleans: one before the
emitter diffusion and one after the phosphorus glass
removal. A buffered etch solution with an etching speed
of only nanometers per minute was used. Both cleaning
times were varied. Statistical analysis of the results
yielded an optimum cleaning time.
Several adjustments to the RIE process were made
to decrease surface damage:
1.
Reduce power of plasma source
2.
Use less reactive gass
3.
Reduce operating temperature
The reactor power was reduced in steps from 100 W
to 15 W. The cell results (Table 1) show clearly that the
reduction of power has a very strong influence. More
details will be published separately.[8]

The reflectance of the cells etched at higher
temperatures tends to be slightly higher than the
reflectance of the RIE cells etched at 100 oC. This is
indirectly caused by the temperature, because the tuning
of the reactor changes slightly with temperature.
The difference in IQE of two cells etched at lower
temperatures is shown in figure 4. The IQE of the
o
reference and that of the RIE cell etched at 100 C are
identical within the error margin. The IQE of the RIE cell
etched at 200 oC is slightly lower, which is due to some
residual surface damage.
o
o
A direct comparison of a 400 C etch and a 100 C is
not possible since no neighbours with these temperatures
have been processed. The best group etched at 400 oC
showed a decrease in blue response at 400 nm of 14%
with respect to the reference. Also a decrease in red
response has been seen. For comparison: in figure 4 the
cel etched at 200 oC has a decrease in blue response of
11%, and the cell etched at 100 oC has an increase in
blue response of 3% - which is within the errormargin.
Neither groups shows any signs of a decrease in red
response.

Different gas mixtures were utilized, to reduce the
surface damage seen for RIE textured wafers. SF6/O2 is
more reactive than SF6, etches faster, but also causes
more damage, The reflection of the SF6 RIE etched
wafers was slightly lower than that of the SF6/O2 etched
wafers. IQE measurements showed for cells etched with
SF6 the red and blue responses were higher than the
responses of the SF6/O2 etched cells.
The IV results are listed in table 1. The short circuit
current and open circuit voltage increase when we
change the processing gasses to the less reactive SF6
without O2. However, Voc of the SF6 etched cells is lower
than that of the reference group, indicating some residual
damage.
To decrease the surface damage further, the RIE
etching temperature were decreased from 400 °C to 200
o
C and 100oC. The IV results are listed in table 1. The
current, voltage and efficiency increases with decreasing
temperature. The fill-factor rises with lower RIE
temperature, even above that of the reference for the
cells etched at 100 oC.

Table 1: results of all experiments relative to the
corresponding reference (without RIE)

Figure 5: IQE of RIE cells textured at decreased
temperature

The best results are listed in table 3, and the process
parameters that were used to achieve this are listed in
table 2.

Table 2: processparameters of the optimized RIE
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Table 3: best results of the optimized process
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CONCLUSION
We optimized the RIE texturisation with natural
lithography mainly by reducing the surface damage. Also
the cell processing was optimized. We achieved a
consistent relative increase in Jsc of 2.9%, an increase in
efficiency of 0.6% and no loss in Voc. This shows that the
surface damage is removed or passivated completely,
while maintaining a simple processing sequence.
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