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Laser Texturization to Decrease Reflectance of Polycrystalline Silicon
Wafers
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In the present work, laser ablation as a method for texturization of a polycrystalline silicon sur-
face is studied. This involves creating a roughened surface in order to decrease reflection from the
surface of a wafer. A special etching procedure was applied to remove the laser-damaged layer. The
textured surface was observed using a field emission scanning electron microscope and an atomic
force microscope. The surface reflectance was also measured and the results show that chemical
etching needs to be applied after laser processing in order to achieve reduced reflection from a low-

defect surface.
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1.Introduction

The energy crisis is one of the greatest challenges
facing mankind. Nowadays, most energy sources are sup-
plied by fossil fuels, but it’s necessary to develop alterna-
tive sources in order to have cheaper and cleaner energy in
the feature.

There are many alternative sources to fossil fuels.
Solar energy is one of them. But, the biggest challenge in
using solar energy is its cost relative to other sources. To be
free of fossil fuels dependence requires a technological
development to reduce the cost of alternatives. Inverters,
lower cost distribution, storage and other infrastructure are
necessary. Furthermore, the cost of manufacturing efficient
solar cells needs to be reduced.

At present, photovoltaic devices based on both
mono- and poly-crystalline silicon are most used around
the world. The drawback of these devices are low efficien-
cy for mono and high cost for poly-crystalline forms[1]. As
the refractive index of silicon is very high, reflection at the
surface of solar cells needs to be minimized in order to
absorb more energy from sunlight. Minimizing the reflec-
tion is achieved by treating the silicon wafer surface. All
solar cells manufactured today have an antireflective coat-
ing consisting of a transparent film of low refractive index.
But this is expensive and time-consuming.

Surface texturization is a better method of achiev-
ing reduced reflectance because of higher processing speed
and lower cost. There are several types of texturization
techniques for polycrystalline silicon including acid textur-
ization [2-7], reactive ion etching [8], and mechanical tex-
turization [9, 10].

Chemical and electromechanical techniques are
more effective for texturing of monocrystalline silicon [11].
However these methods are inefficient for polycrystalline
silicon due to multiple crystallographic
grain orientations and highly selective etching along specif-
ic directions [11-13].

Many other techniques have been used to texturize
polycrystalline silicon solar cells. One of these techniques
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is the use of isotropic etching by a photolithography meth-
od [14, 15]. The result is a honeycomb pattern of hemi-
spherical pits that reduce reflection effectively. Another
technique is using a blade to produce v-grooves on the sili-
con wafer [9, 16-18]. However this is difficult in practice
due to the high breakability and brittleness of polycrystal-
line silicon wafers. Furthermore, mechanical scribing of
hard silicon materials often causes considerable damage
around the scribed region which generally requires larger
separation between scribe lines. Therefore a more efficient
technique needs to be developed.

Today, lasers are successfully used for the surface
treatment of solar cells in order to increase absorption of
the incident solar radiation by creating different patterns of
grooving, scribing, cutting, and making holes in photovol-
taic cells [1, 19-22].

The object of the present work is to develop laser
methods for surface texturization using a Nd:YAG laser to
scribe polycrystalline silicon wafers used for solar cells in
order to reduce their reflectance.

2.Experimental

2.1. Materials

Experiments were carried out on p-type boron-
doped polycrystalline silicon wafers of thickness 330+10
pm, area 1 cm x 1 cm and resistivity 1 Qcm.

2.2. Removal of Saw Damage by Etchant

Surface damage induced by wire-cutting was re-
moved from cut samples by etching in a 20 wt% KOH so-
lution at 80°C for 10 minutes. Typically, about 11 pm of
distorted material was etched away leaving a clean dam-
age-free surface. The surface was washed with distilled
water and oven dried for 1 hour at 110°C. The polycrystal-
line silicon surface before and after etching are shown in
fig. 1 (a) and (b) respectively.
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Fig. 1(a) SEM micrograph showing removal of de-
fects from the as-cut silicon surface before etching.
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Fig. 1(b) SEM micrograph showing removal of defects
from the as-cut silicon surface after etching in 20 wt%
KOH solution for 10 minutes.

2.3. Laser Treatment and Observation Tools

In order to reduce surface reflection, texturization
was carried out on the top surface of silicon wafers using a
pulsed Nd:YAG laser having the parameters given in Table
1. The beam was focused and fixed normal to the sample
surface and the sample was set on a stage with programma-
ble X-Y motion. The sample was thus moved through the
beam.

Table 1 - Laser parameters

Laser Q-Switched, Nd:YAG,
TEMgg

Wavelength 1064 nm

Average power 15W

Repetition frequency 2 -10kHz

Laser scan beam speed 20 — 700 mm/s

Beam quality profile M=1.2

The topography of the laser textured surfaces was
investigated using a Hitachi S4160 Scanning Electron Mi-
croscope (SEM) and an Atomic Force Microscope (AFM).
Furthermore, the surface reflectance was measured using a
Perkine-Elmer Lambda Spectrophotometer.

3.Result and discussion

Uniform parallel grooves having a depth of
85+5um and a separation of 100+10um were cut by the
laser beam as shown in fig.2 and 3. Fig. 4 and 5 show SEM
micrographs of a single groove cut by the laser beam trav-
ersing at 50 mm/s on the silicon surface followed by etch-
ing with 20% KOH at 80 °C. Flat planes show the underly-
ing crystalline structure. During laser grooving, some sili-
con boils off due to the high temperatures involved and
some melts and solidifies around the groove and within the
heat-affected zone (HAZ). Hence the unetched textured
silicon surface contains some residual material and numer-
ous crystallographic defects. It is important to remove this
residual and defective material in order to improve the
electrical efficiency [23].

In order to remove these residual materials from
the surface and grooves, the laser treated silicon surface
was etched using a 20% KOH solution (fig.4 and fig.5). In
this case, the etching time required to remove the residual
ablation by-product results in an increased flattening of the
surface. Note that for deep grooves the etching procedure
needs to be longer in order to remove the sediments at the
bottom of grooves. This is because removal of material is
slower from the base of deep grooves due to slower molec-
ular transport of the etchant.

X688 S8.8rm
Fig. 2 SEM micrograph showing a single groove
cut by the laser beam traversing at 50 mm/s on the
silicon surface.
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Fig. 3 SEM micrographs of laser texturization show- Fig.5 SEM micrographs of laser texturization showing
ing groove walls as produced with a laser beam trav- groove walls as produced with a laser beam scanning
ersing at 50 mm/s without further treatment. speed of 50 mm/s followed by 20 minutes etching with

20% KOH at 80 °C. Flat planes show the underlying
crystalline structure.

AFM having the operating parameters of Table 2
was used to confirm the removal of laser-induced defects
from groove vertices by KOH etchant (fig.6). AFM Images
taken inside of the grooves before and after etching clearly
show reduced molten and recrystalized silicon material at
the bottom of grooves.

AFM images showed a remarkable microscopic
aggregation and roughness within grooves, a clean edge to
the grooves and a smooth uniform surface between grooves.
The non-uniform lateral edge of fig. 6 (a) is attributed to
the AFM needle imaging diameter being larger than the
observed area of lanes between grooves.

Fig. 5 images also confirm that etching after laser
cutting results in better groove uniformity. On the other
hand, it should be mentioned that repeated or prolonged
etching, under the same conditions of temperature and con-
centration, can result in texture smoothing, which is unde-
sirable because it increases surface reflection. So a balance
needs to be met between laser texturizing of doped silicon
solar-cell wafers to reduce reflectance and the smoothing
which results from surface defect removal by etchant.

Fig. 4 SEM micrographs of laser texturization show-
ing groove walls as produced with a laser beam trav-
ersing at 50 mm/s followed by 10 minutes etching
with 20% KOH at 80 °C. Flat planes show the under-
lying crystalline structure.
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Table 2 - Atomic Force Microscope Settings

Dualscope/ Raster-

scope C26, DME,

Denmark

Technical specifica-

tions for DS 95-50-E

scanner:

e X, Y scan size: 50 x
50 pum

e X, Y resolution: <
0.1 nm

e Z range: 2.7 pum

e Z resolution: <0.1
nm

Probes specifications:
AC Probe:

e For use with: DualScope™
DS 95-200/50

e Probe Geometry:
Cantilever: Rectangular
Length: 230 um
Width: 40 pm
Thickness: 7 um

e Tip: conical
Height: 15-20 um
Angle: <20 degrees
Curvature radius: < 10 nm

e Force constant: 25-60 N/m

¢ Cantilever coating: Alumi-
num

e Silicon tip: Mikromasch
NSC16

e Resonance freq.: 150-190
kHz (1.mode)

o Q-factor: Typically 500
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Fig. 6 (a) AFM images of laser-grooved silicon
wafer surface with a beam traversing speed of
50mm/s and no etching,
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Fig. 6 (b) As fig. 6 (a) but after 10 minutes etch-
ing with 20% KOH at 80 °C.
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Fig.6 (¢) As fig. 6 (a) but after 20 minutes etch-
ing with 20% KOH at 80 °C.

Channel Roughness was measured over an area of
0.5 cm’ using a total integrated scattering method (TIS)
[24]. In this method the specular and diffusely scattered
laser light of wavelength A from a surface is measured
which relates to the root-mean-squared (RMS) of surface
roughness ¢ according to the general relationship (1) [25,
26].

2
TIS = (4&}
A (1)

Relation (2) shows the approximate relation between the
average roughness parameter (Ra) and RMS roughness (o).

Ra~0.8¢c 2

o is the roughness measured from RMS of peaks and val-
leys, whereas Ra is based on the arithmetic mean which
represents the average of all peaks and valleys within the
measurement area.

Fig. 7 and 8 respectively show the surface rough-
ness ¢ and Ra of laser treated specimens with post etching
as a function of layer thickness removed by etching. In-
creasing the etching time leads to an increase of removed
surface layers and there is a non-linear decrease in the sur-
face roughness.
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Fig. 7 Surface roughness ¢ of laser treated specimens with

post etching as a function of layer thickness removed by

etching.
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Fig. 8 Roughness parameter (Ra) of laser treated specimens
with post etching as a function of layer thickness removed
by etching.

After cutting grooves with optimized depth and
width, and after applying the defect removal treatment, the
reflectance of textured wafers was measured by a Perkin-
Elmer Lambda spectrophotometer. Additionally, the re-
duction of reflectance was characterized by effective re-
flectance defined as [27]:

LloleR(l)N(/l)di

eff 1100
[ Nda
300
where R(1) is the total reflectance and N(A) is the solar flux
under AM1.5 standard conditions.

Laser processing of the silicon wafer surface has a
significant impact on its optical properties. Laser texturing
allows for decreased reflectance compared to untreated
wafers as shown in fig.9. The Reduction in reflection after
texturing and etching procedure is shown in Table 4.

70
60

50

—Untextured

—80 umremoved

R, %
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texturing without etching

700
A, nm
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Fig. 9 Reflectance (R) from wafers with parallel grooves pro-
duced by laser texturing and after etching to remove varying

thickness of the heat-affected layer. See Table 4.

Table 4 - Effective reflectance for modified wafers after progres-
sive removal of laser induced damaged layer

Treatment Label in Effective
ﬁg. 6 reflectance
Untextured and untreated silicon
1 34.8

wafer surface
Parallel groove Texturing, but

. . 2 10.0
without etching
20 pm removed by etching 3 18.0
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40 um removed by etching 4 21.16

60 um removed by etching 5 25.2

80 um removed by etching 6 30.3
4.Conclusion

Compared to conventional methods, laser pro-
cessing is a promising method for texturing polycrystalline
silicon regardless of the crystallographic grain orientation.

Polycrystalline silicon surface texturing by
Nd:YAG laser can increase solar radiation absorption due
to internal reflection within laser-cut groove walls. After
laser processing, a damaged surface layer is removed by
etching in a 20% solution of KOH at 80°C. Removal of this
heat-damaged layer after laser processing reduces surface
reflectance compared to the non-textured surface.

Continuing to remove layers after texturing to re-
move laser treatment sediments from the groove apex re-
sulted in smoothing-out of the surface, and ultimately a rise
in reflectance towards the untreated surface.

The advantage of laser structuring is that it enables the
formation of sharp and precise features on the surface
without the need of prior patterning of a mask. However,
the silicon in laser-ablated regions is damaged, and typical-
ly needs a subsequent wet chemical damage etch.
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