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Method for texturing silicon surfaces and wafers thereof

This invention relates to a method for texturing a silicon surface and silicon wafers
made by the method.

Background

The world supplies of fossil oil are expected to be gradually exhausted in the
following decades. This means that our main energy source for the last century will
have to be replaced within a few decades, both to cover the present energy
consumption and the coming increase in the global energy demand.

In addition, there are raised many concerns that the use of fossil energy 1s
increasing the earth greenhouse effect to an extent that may turn dangerous. Thus
the present consumption of fossil fuels should preferably be replaced by energy
sources/carriers that are renewable and sustainable for our climate and environment.

One such energy source is solar light, which frradiates the earth with vastly more
energy than the present and any foreseeable increase in human energy consumption.
However, solar cell electricity has up to date been too expensive to be competitive
with nuclear power, thermal power etc. This needs to change if the vast potential of
the solar cell electricity is to be realised.

Most of the solar cells are produced from mono- or multi-crystalline silicon. Due to
its high surface reflexivity, the surface of silicon based photovoltaic materials is
usually surface treated to enhance the absorption of incoming radiation and thus
increase the current generated in the cells. A rough surface improves the absorption
while a flat surface reflects the incoming beam to a higher degree. In order to
maximize the efficiency of the cells they are textured (roughened) and/or covered
with an anti-reflection coating by depositing one or more dielectric layers.

Prior art

Texturing of silicon wafers is presently done by chemical etching in either strong
alkaline solutions or in a mixture of hydrofluoric acid and nitric acid.
Unfortunately, both techniques have their clear disadvantages.

Eiching in alkaline solutions give a non-uniform dissolution of Si and thereby an
inhomogeneous texturing. The reason for the behaviour is that dissolution of multi-
crystalline Si is due to the orientation of the surface grains. Thereby, the reflectance
of the light becomes relatively high. This problem is solved by use of etching in
hydrofluoric/nitric acid which gives an isotropic etching, which is orientation
independent. However, the handling of the acids and the treatment of the wastes are
costly and environmentally hazardous. Also, this process is difficult to control, the
wafers are more prone to damage, and the process is more expensive.
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US 6 284 670 discloses an etching process for silicon devices forming recessions on
the silicon surface by an anisotropic etching in KOH-solution of a silicon wafer
through a mask, followed by an isotropic etching in the same etching solution of the
anisotropic etched recessions. The isotropic etching is obtained by applying a
voltage of 0.3 to 6 V. At voltages from 0.2 V to zero, the etching becomes
anisotropic and may be regarded as a chemical etching process enhanced by the
imposed potential. The anisotropic etching is reported to give recessions with sharp
edges/corners, while the isotropic etching is reported to smooth the surface area of
the recessions giving rounded off edge portions of the recessions formed by the
anisotropic chemical etching.

The electrochemical behaviour of silicon in water is a function of potential, pH and
temperatures. The reactions and products formed at 25 °C are described in the
Pourbaix diagram [1] such as shown in Figure 1. The diagram gives the potential
and pH relations for electrochemical reactions in their equilibrium conditions.

The anodic reaction between Si and water can be described by the formula:
Si+ 2Ho0 = 8i0y+4H + 4 & (1)
The equilibrium potential for this reaction is:
| E (0)=-0.857 - 0.0591 pH. (2)

The potential, Eqn.2, shows a pH dependency and it is represented by line 3 in the
diagram, Fig.1. Si0; is stable above that line. Below the line Si is stable from a
thermodynamically point of view.

Line 5 in the diagram represents the reaction:

Si0; + HyO = HSiOy + H (3)
The HSi0;" concentration varies with the pH:

fog (HSiOs)=- 1521+ pH (4

At a concentration of HSiO;™ equal to 10°* M, the pH becomes 11.21. The lines
denoted a and b in the diagram represent the hydrogen and the oxygen evolution
reactions, respectively. The potential — pH range between these lines represents the
stability range of water.

At low pH-values the equilibrium of the reaction Eqn. 3 is shifted towards left
giving Si0s.

The oxide formed at pH < 10 is stable in aqueous solutions except for HF-solutions.
However, at higher pH values SiO, reacts with water and forms different silicates,
H>8103, HS104™ and Si0;>. The solubility of the silicates is dependent of the cation



10

15

20

25

30

35

present in the solution. In alkaline solutions containing alkali metals like Na, K etc.
the silicates are water soluble. '

Objective of the invention

Embodiments of this innovation seek to provide a method for texturing of silicon
waters which allows use of alkaline etching solutions and which provides silicon
wafers with a significantly lower reflexivity compared to wafers subject to present
chemical etching processes.

According to an aspect of the invention, there is provided a method for texturing
stlicon wafers, where the method comprises: immersing the wafers in an alkaline
solution at pH > 10, and applying a potential difference between the wafer and a
platinum electrode and wherein the alkaline solution is a KOH- solution with
concentration from about 2 to about 40 weight% KOH, the bath temperature is from
about 30 °C up to about 70 °C, the polarising times are from about 5 minutes to
about 30 minutes, and the applied potential across the wafer and a platinum counter
electrode is pulsing between +20 to +85 V.

The objectives of the invention may be obtained by the features as set forth in the
description of the invention below and/or in the patent claims.

Description of the invention

The invention is based on the realisation that by imposing a potential above the
stability potential of water during etching of silicon wafers in alkaline solutions,
there will locally be formed oxygen and protons at the wafer surface lowering the

-pH at the wafer surface. And further, that by imposing a sufficiently strong

potential, there will be formed local spots/regions on the wafer surface where the
current density is sufficiently strong, and thus the proton formation, to locally lower
the pH to allow formation of stable SiO; even in strong alkaline solutions. Further,
the adjacent areas of these chemically passivated (by formation of Si0O,) areas are
not protected by the current induced proton formation, and will thus be subject to
etching by the alkaline solution. Thus, the use of a high potential in strong alkaline
etching solutions will shift the anisotropic chemical etching of silicon in alkaline
solutions to a more isotropic etching with 2 more homogeneous character than
conventional chemical etching in alkaline solutions. Thus, the anodic polarisation
according to the invention causes homogeneous etching of the wafer.

Thus in a first aspect the present invention relates to a method for texturing silicon
wafers where the method comprises:

- immersing the wafers in an alkaline solution at pH > 10, and

- applying a potential difference between the wafer and a platinum electrode in the
clectrolyte in the range of + 10 to + 85 V.



3a

The term “anisotropic etching” as used herein, means an etching process which
involves different etch rates at different directions in the crystals of the silicon
material, and thus provides a surface area with an enhanced surface roughness.
Thus, the term “isotropic etching” as used herein, means an etching process which
takes place at the same rate in the different crystal directions of the silicone material
and which provides a uniform textured surface. The term “textured surface” as used
herein, means any surface that have been subject to treatment for enhancing the
surface roughness.
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The term “alkaline solution” as used herein means any solution of an alkali metal
hydroxide in water. Examples of suitable alkali compounds for making the alkaline
solution includes, but is not limited to; LiOH, RbOH, NaOH and KOH.

The term “potential difference” as used herein, means a difference in the electric
potential between two points, i.e. the work which must be done against electrical
forces to move a unit charge from one point to the other, also known as
electromotive force (EMF). The quantities of the potential differences are given in
V between the working electrode and a counter electrode of platinum.

The method according to the invention provides a homogeneous surface texturing
on silicon wafers that significantly reduces the reflectance of incoming radiation,
and thus significantly enhances the efficiency of the cells. This effect is believed to
be obtained by the following mechanism:

The imposed potential above the stability region of water are believed to create
dscomposition of water to protons and oxygen gas by the following reaction:

2H,0 =0, +4H +4 ¢ (5)
While the silicon is anodically dissolved in alkaline solutions:

Si=8i*+4¢ (6)

Both reactions take place on the surface. If the pH on the surface is above 10 the
Si** jons, Equ.5, reacts immediately with water and form silicate-ions. On the other
hand, if the current density is high the oxygen reaction, Eqn.5, produces protons,
which lower the pH locally on the surface. Thereby, Si0; is formed on the surface;
the overall reaction is described by Eqgn.1 given above.

The dissolution of Si and formation of SiO- on the surface is initially supposed to
take place on crystal planes with a preferential orientation, which is (100). Further,
these reactions take initially place on local areas where the oxygen reaction is most
intense. Thereby, these areas are passivated by formation of SiO; and allow
dissolution (etching) of nearby areas. The oxygen reaction rate slows down on the
passivated areas; thereby, pH increases and the oxide is dissolved and anodic
dissolution takes place. The process fluctuates over the surface and thereby causes a
non-uniform dissolution, providing a more homogeneously textured surface than
that obtained during conventional chemical etching, The high polarization activates
the grains with a less favourable orientation from dissolution point of view; the
current intensity increases and thereby the area is locally etched and passivated. The
process goes on until a stationary state is reached.

The Si0, formed on the surface in the alkaline solution is only stable as long as the
pH on the surface is locally low enough, pH < 10. Due to local fluctuations of the
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current, the oxide has a tendency to be dissolved. After the initial state, as
described, a stationary state is obtained; the dissolution rate and the formation rate
of oxide are equal. The oxide formed on the surface becomes porous; its thickness is
dependent on the potential applied, the alkali concentration, and the temperature.

The dissolution rate of Si and SiO, is dependent on the concentration of the OH -
ions and the temperature; the dissolution rate increases with the O content and
temperatures. In order to optimize the texture it is necessary to find a parameter
combination which gives the desired topography. The parameters are: potential
versus exposure time, alkali concentration, and temperature. However, it is probably
not only one set of parameters which give an acceptable texturing. Therefore, the
invention cover a wide set of parameter ranges in which a skilled person will be
able to find by use of common knowledge and/or trial experiments.

In case of using NaOH or KOH as the alkali component, possible parameters
employing the inventive method are: concentration of the alkali solution ranges
from about 2 weight% alkali up to saturation, but will typically be in the range from
about 10 weight% to about 40 weight% alkali. The bath temperature may be from
about 10 °C up to about 70 °C, but will typically be in the range from about 30 °C
to about 50 °C. As mentioned, the applied potential across the wafer and a platinum
counter electrode may be in the range from +10 to +85 V, but will typically be in
the range from about +20 to +85 V.

The exposure time or polarisation time, which is the immersion time of the wafer in
the alkaline bath when the potential difference is being applied, is depended upon
bath concentration, bath temperature and applied potential difference. The exposure
timed decreases with increasing bath concentration, bath temperature and applied
potential difference. Within the parameter ranges given above, the exposure times
may be from about 1 minute up to about two hours, but will typically be in the
range from about 5 to about 30 minutes. For the parameters given above, the term
“about” is applied to imply that these boundaries are not absolute.

The wafers may advantageously be immersed in the alkaline etching fluid for a
short pre-etching period before the potential is applied in order to obtain a damage
free surface and/or removal of eventual surface oxide layer of the wafers. The pre-
etching period may vary from 1-2 seconds to about 30 minutes, depending on the
extent of damages and thickness of the surface oxide layer of the wafers, the alkali
concentration and bath temperature. Typically pre-ething periods are about 5 to 10
minutes.

The imposed potential, and thus current, may be pulsed in order to enhance the
electrochemical pit etching effect. In the case of NaOH or KOH as the alkali
component, the potential may be pulsed pulsing from 85 to 20 V, the alkali solution
may be from 2 to 40 weight% KOH or NaOH, and the temperature may be from 30
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to 70 °C. Examples of suitable parameter combinations includes, but are not limited
to: Potential pulsing from 85 to 20 V, alkali solution from 10 to 40 weight% KOH
or NaOH, and temperature from 30 to 50 °C; potential pulsing from 10 - 20 V at 10
— 40 weight% KOH or NaOH and temperature of 50 — 70 °C; potential pulsing from
85 10 20 V in 2 - 10 weight% KOH or NaOH, or from 40 weight% to saturation of
KOH or NaOH at temperatures 30 ~ 50 °C; and potential pulsing from 85 to 20 V in
2 - 10 weight% KOH or NaOH or from 40 weight% to saturation of KOH or NaOH
at temperatures 10 — 30 °C or from 50 °C to the boiling point of KOH or NaOH.

The invention will thus obtain the same favourable texturing as the HF/HNO;
process, but with use of the more environmental friendly and cost-effective alkaline
etching solutions and without the problems with process control. Further, the porous
surface, $i0,, layer formed during electrochemical polarization increases the
absorption of light due to the fact that its refraction index is smaller than the index
of Si used for wafers. Thus, its anti-reflection properties are faken into account by
the choice of polarization parameters. The structure and the thickness of the oxide
are dependent of the parameters: OH - concentration, potential, temperature and
exposure time.

List of figures
Figure 1 is a Pourbaix-diagram of Si [1].

Figure 2is 2 SEM micrograph of as cut silicon wafer at magnification 3000X

Figure 3 is a micrograph showing a wafer which is chemically etched; 20 weight%
KOH, 50 °C and 10 minutes exposure time. Picture ) is at 1150X magnification
and b) at 3200X magnification

Figure 4 is 2 micrograph showing a wafer which is pre-etched for 5 minutes in 30
weight% KOH at 50 °C, then polarised for 10 minutes at 25 V. Picture a) is at 650X
magnification and b) at 17000X magnification.

Figure 5 is a micrograph showing a wafer which is polarised in 30 weight% KOH at
50 °C for 10 minutes at 25 V. (No pre-etching). Picture a) is at 1700X
magnification and b) at 3200X magnification.

Figure 6 is a micrograph showing a wafer which is pre-etched for 10 minutes in 20
weight% KOH at 40 °C, then polarised for 5 minutes at 50 V. Picture a) is at 320X
magnification and b) at 3200X magnification.

Figure 7 is a micrograph showing a wafer which is pre-etched for 10 minutes in 10
weight% KOH at 50 °C, then polarised for 10 minutes at 50 V. Picture a) is at 320X
magnification and b) at 3200X magnification.
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Figure 8 is a micrograph showing a wafer which is pre-etched for 15 minutes in 5
weight% KOH at 50 °C, then polarised for 10 minutes at 50 V. Picture a) is at 320X
magnification and b) at 3200X magnification.

Figure 9 is a micrograph showing 2 wafer which is polarised for 5 minutes in 5
weight% KOH at 70 °C with pulsing potential from 50 to 25 V. (No pre-etching).
Picture a) is at 320X magnification and b) at 3200X magnification.

Figure 10 is micrograph showing a wafer which is pre-etched for 5 minutes in 2
weight% KOH at 70 °C, then polarised for 5 minutes at pulsing from 50 to 30 V.
Picture a) is at 1700X magnification and b) at 3200X magnification (showing
neighbour area of a)).

Figure 11 is a micrograph showing a wafer which is pr-etched for 10 min minutes in
42 weight% KOH at 40 °C, then polarised for 0.5 minutes at 85 V and then at 50 V
for 5 min. The picture is at 3200X magnification.

Figure 12 is a micrograph showing a wafer which is pre-etched for 5 min in 20
weight% KOH at 50 °C and then polarized at 6 V for 10 min. The picture is at
1000X magnification.

Figure 13 is a micrograph showing a wafer pre-etched for 5 min in 20 weight%
KOH at 85 °C and then polarized at 6V for 10 min. The picture is at 1000X
magnification.

Figure 14 is a XPS-spectrum recorded from a chemically etched wafer exposed to
20 weight% KOH at 50 °C for 10 min. This is the same sample as in Fig.3.

Figure 15 is a XPS-spectra recorded from a pre-etched and polarized sample; 30
weight% KOH, 25 V, 10 min. The notations (0 nm, 10nm and 20 nm) represent the
ion-etch depths.

Figure 16 is a XPS- specira recorded from 2 sample pre-etched for 10 min in 20
weight% KOH at 40 °C, and then polarized: 5 min 20 V; 5 min 50 V, 0.5 min 70 'V;
5 min 50 V; 0.5 min 70 V; 3 min 50 V; 4 min 20 V, 200X. The ion-etch depths are 0
nm, 20 nm, 40 nm and 60 nm. This is the same sample as in Fig.17 a-d.

Figure 17 a - d shows SEM-micrographs of a silicon wafer that has been pre-etched
for 10 minutes in 20 weight% KOH at 40 °C, then polarised for 5 minutes at 20 V, 5
minutes at 50 'V, 0.5 minute at 70 V, 5 minutes at 50 'V, 0.5 minutes at 70 Vv, 3
minutes at 50 V, and 4 minutes at 20 V. Picture a) is at 320X magnification, b} at
3200X magnification, c¢) at 17000X magnification, and d) at 35000X magnification.

Figure 18 shows a comparison of measured refiectance of incoming light from
silicon wafers. Upper curve shows wafer chemically etched in KOH, middle curve
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shows untreated (as-cut) wafer, and lower curve shows wafer etched according to
the invention.

Verification of the invention

The invention will be described in further detail by way of experiments verifying
the effect of the invention. These experiments should not be considered as a
Jimitation of the general inventive idea of employing a sufficiently high potential to
obtain an anisotropic etching of silicon wafers in strong alkaline solutions.

In order to demonstrate the influence of electrochemical treatment on the
topography of Si-wafers an experimental series has been performed. Samples were
taken out of the sawing process, washed and dried according to conventional
procedures for removing any kerfs and remains of the sawing fluid to form an
untreated wafer, such as shown in Figure 2, which is a SEM-micrograph at
magnification of 3000X. The picture shows that the production of wafers by cutting
silicon casts is caused by an abrasive wear mechanism forming brittle fracturing of
the silicon. The surface of as-cut wafer is very shiny; around 30% of incident light
is reflected.

The wafers were exposed to aqueous solutions containing KOH at concentrations
varied in the range from 2 to 42 weight%. The temperature range was 30 to 70 °C.
The polarization time was between 2 to 15 min and the voltage was varied in the
range 20 to 85 V. The potential was measured between the sample and a platinum
counter electrode. After exposure the sample was withdrawn, soaked in de-ionized
water, sprayed with ethanol and dried in a warm air stream. The potential was
switched off immediately after withdrawn. However it was discovered that this is
not critical. It was done in order to prevent dissolution of the oxide.

The treatments of the examples shown in the Figures 2 to 13 are summarized in
Table 1. Experiments were also performed with parameter sets outside those shown
in the table. These are comment below. It is expected that the technical application
of electrochemical texturing will be within the body of the parameter sets used in
the experiments described in the figures.

Some of the samples were pre-etched in the exposure solutions before the potentials
were applied. These experiments were done in order to clarify the influence of
chemical etching at the open potential before polarization. During the pre-etching
the oxide formed during sawing of the wafer is dissolved. It is concluded below that
the need of pre-etching is dependent on the exposure parameters.
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5
Table 1: Treatment of wafers.
Fig. Pre- Treatment KOH Temp. Time Volt.
no. | etching (wt.%) | (¢C) | (min.) V)
{min.)
2 - Untreated wafer - - - -
3 - Chemically etched 20 50 10 -
4 5 Polarized 30 50 10 25
5 0 Polarized 30 50 10 25
6 10 » Polarized 20 40 5 50
7 10 Polarized 10 50 10 50
8 15 Polarized 5 50 10 50
G 0 Polarized 5 70 5 50—25
10 5 Polarized 2 70 5 50—30
11 10 Polarized 42 40 3 85->50
12 3 Polarized 20 560 5 6
13 Polarized 20 85 5 6

Figure 3, magnifications 1150X and 3200X, shows the surface of a chemically
etched wafer. The exposure was 10 min in 20 weight% KOH at 50 °C. Strong
hydrogen evolution was observed after 2 min indicating that the pre-formed oxide is
removed. The etch pattern is characteristic for etching of polycrystalline 5i; the
pyramid structure. Figure 3a, is obtained during etching the (100) and (110) planes
while the flat areas are from (111) planes. The temperature and the concentration
used in this case might be lower than in practice; however the pre-etching in this
case was enough to remove the surface defects formed during sawing.

The sample shown in Figure 4 was pre-etched for 5 min in 30 weight% KOH at

50 °C and then polarized for 10 min at 25 V. At low magnification (650X) it
appears that the surface is isotropically textured resulting in crater formation. The
“diameter” of the craters is in the range 2 to 10 um. At the higher magnification
(17000X), Figure 4b shows that micro pits are formed in the craters; the diameter of
the pit openings is about 200 nm. Below the pitting mechanism will be discussed in
the light of oxide formation.

The influence of pre-etching is demonstrated in Figure 5. It shows a sample exposed
to the same electrochemical parameters as that in Figure 4, but it was not pre-
etched. The potential was applied immediately after exposure to the solution. It
occurs that the surface is not homogeneously etched; a relatively large part of the
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area is not etched at al. It is obvious that the pre-etching removes the surface oxide
film and facilitates the pitting process.

The Figures 6 to 10 show electrochemical etchings performed in solutions
containing lower concentrations of KOH; 20, 10, 5 and 2 weight%, respectively. In
order to obtain as good etching result as possible it was necessary to vary the other
parameters. The sample shown in Figure 6 was polarized in 20 weight% KOH at

40 °C (lower values than in Fig.4). In order to obtain the same isotropic texturing
result, as shown in Figure 4, it was necessary to increase the applied voltage from
25 V to 50 V. The exposure time on the other hand could be decreased to 5 minutes.

The Figures 7 and & demonstrate that etching in 10 and 5 weight% KOH gives
acceptable surface structures. In these cases the pre-etchings were increased to 10

and 15 minutes, respectively. The temperature, voltage, and polarization time were
50 °C, 50V and 10 minutes.

Experiments were also performed in 5 weight% KOH without pre-etching. A
relatively good etching effect was achieved at 70 °C after 5 minutes, see Figure 9.
However, only a part of the surface was etched. At this temperature the cell current
became high so that the voltage was decreased from 50 V to 25 V after about 30 s.

The micrographs in Figure 10 are from a sample exposed to 2 weight% KOH at
70 °C. It was pre-etched for 5 min, polarized for a few sec at 50 V and then for 5
min at 30 °C. Even in this case the surface was only partly etched. However, the
craters in the etched areas have the same morphology as those obtained in higher
KOH concentrations at lower temperatures.

From the above it is obvious that pre-etching enhance the dissolution process. At
high temperature, 70 °C, it seems that the necessary pre-etching time is relatively
short. No attempt has been done to optimize the pre-etching time.

Figure 11 shows the topography after etching at high voltage, 85 V. The sample was
pre-etched for 10 min in 42 weight% KOH at 40 °C and then polarised at 85 V for
about 30 sec and then lowered to 50V for 5 min. Initially the current was very high
and still even after lowering the voltage the current become high. It appears from
the figure, magnification 3200X, that the surface is heavily etched. However, the
optimum topography can probably be reached at lower KOH concentration and
lower temperatures. The experiment was done in order to demonstrate that desired
surface structure can be obtained even at high potentials.

Experiments were also performed at low voltage. The Figs. 12 and 13 show surfaces
after polarization for 10 min at 6 V in 20 weight% KOH at 50 °C and 83 °C,
respectively. The samples were pre-etched for 5 min and 2 min, respectively. It
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appears from the figures that the samples are not influenced at all of the
electrochemical treatment. Both samples are only chemically etched.

The main idea behind this invention is that during polarization the surface pH
becomes low enough to allow formation of SiO,. The results demonstrate that the
potential has to be relatively high so that enough oxygen is produced on the surface.
The experiments performed at 6 V showed no effect, the potentials must be higher;
at this low potential the wafer is not electrochemically etched neither at 50 °C nor at
85 °C in spite of the fact that the concentration of KOH is high, 20 weight%.

As stated, the pitting structure is obtained by simultaneous oxide formation and
dissolution processes due to local variation of the surface pH governed by the
oxygen reaction. It is therefore interesting to study formation of oxide after
different treatments. The oxide thickness has been determined after exposure of
some samples by utilizing XPS (XPS- X-ray Photoelectron Spectroscopy).

Figure 14 shows a Si 2p signal recorded from a chemically etched sample
represented by Figure 3. The oxide thickness is calculated from the intensities of the
peaks representing the oxide, Si*", and the zero valence state of silicon Si%. The
estimated oxide thickness is 1.5 nm.

Figure 15 shows the Si 2p spectrum from the sample as shown in Figure 4. The
oxide is thicker than three times the electron mean free path; thereby the pure Si-
state can not be detected. In order to determine the oxide thickness the surface was
ion-etched in steps and analyzed. The thickness of the oxide can thereby be
determined. The etch depths are marked in the figure. It appears that only the oxide
state is recorded from the as- received state and after 10 nm ion-etching. After
etching to 20 nm below the original surface the zero valence state of Si is detected.
At this etch depth the intensity of the oxygen signal has dropped to half of its
maximum value. This condition is used as measure of the oxide thickness. Thus, the
average thickness of the oxide formed during electrochemical etching of this sample
is in the range 10 to 20 nm. It has to be pointed out that the oxide can not be
homogeneous in thickness; it has to be porous in order to allow dissolution of Si.
“This experiment gives suppott to the discovery that the isotropic texturing process
is governed by an oxide formation and dissolution mechanism, which only takes
place when higher potentials than + 10 V are applied between the wafer and
platinum counter electrode.

The aim of the experiment, which resulis are shown in the Figures 16 and 17, was to
demonstrate the possibility to manipulate the surface morphology and the oxide
thickness by variation of the cell voltage. The sample was pre-etched for 10 min in
20 weight% KOH at 40 °C (the same as Figure 6). During exposure the voltage was
varied vs. time as follows: 20 V for 5 min; 50 V for 5 min; 70 V for 0.5 min.; 50 V
for 5 min; 70 V for 0.5 min; 50 V for 3 min; and 20 V for 4 min. The total exposure
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time was 23 min. Figure 16 shows the recorded XPS-spectra. In this case the sample
has to be etched down to 40 nm under the original surface before Si(0) state is
recorded. At that level the oxygen signal had dropped to half its maximum value.
Hence, the average oxide thickness is roughly 40 nm.

The SEM micrographs, Figure 17 a-d, show the surface of the sample polarized at
various potentials. The same morphology is found everywhere on the surface. The
Figures 17a and 17b show that the coarse craters are in the range 5 to 20 pm. Within
and on the edge of the coarse craters smaller pits are revealed. The opening of these
are 2 pm or smaller. At high magnifications, figures 17 ¢ and 17d of 17000 and
35000X respectively, it appears that micro-pits are formed in these pits. The
“diameter” of these micro-pits is in the range 100 to 200 nm.

The micro-pits as they are recorded by the secondary electrons might be an effect of
the inhomogeneous distribution of oxide on the surface. It is suggested that edges of
the pits are decorated by oxide ridges and that the oxygen reaction takes place at
their roots. The dissolution takes place in the centre of the crater. The details of the
mechanism have to be worked out later.

Reflectance measurements

The recorded data, the reflectance versus the wave length of the light, is shown in -
figure 18. The middle curve shows the reflectance of the as-cut sample. Upper curve
is achieved from a chemically NaOH (alkaline)-ctched surface. This surface
condition is that of the wafers produced at REC ScanCell today, employing a
conventional chemical etching process. The lower curve (A7) is obtained after
polarization as given in the example above. The figures show that it is possible to
lower the reflectance considerably. In fact at 500 am wavelength the reflectance of
the polarized sample is reduced to 1/3 of that recorded from the alkaline etched
surface.

Reference

1. Marcel Pourbaix, Atlas of Electrochemical Equilibria in Aqueous Solutions,
NACE, Houston Texas, USA.
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CLAIMS

1. Method for texturing silicon wafers, where the method comprises:

- immersing the wafers in an alkaline solution at pH > 10, and

- applying a potential difference between the wafer and a platinum electrode
and wherein

- the alkaline solution is a KOH- solution with concentration from about 2 to
about 40 weight% KOH,

- the bath temperature is from about 30 °C up to about 70 °C,

- the polarising times are from about 5 minutes to about 30 minutes, and

- the applied potential across the wafer and a platinum counter electrode is
pulsing between +20 to +85 V.

2. Method according to claim 1,

characterised in that _

the concentration is from about 10 weight% to about 40 weight% alkali, and the
bath temperature is from about 30 °C to about 50 °C,

3. Method according to claim 1,
characterised in that the concentration of the alkaline solution is from 2 to 10
weight%, and the bath temperature is from 30 to 50 °C.

4. Method according to claim 2,
characterised in that the bath temperature is from 50 °C to the boiling point of
the KOH-solution.

5. Method according to any of the preceding claims,

characterised in that the wafers are subject to a pre-etching period before the
potential is applied by being immersed in the alkaline solution without applying
the potential.

6. Method according to clamm 3,
characterised in that the pre-etching period varies from 1-2 seconds to about 30
minutes, preferably from about 5 to 10 minutes.



