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Abstract. This paper presents the results of an experimental study re-
garding the increase in the efficiency of the silicon solar cells, using various
methods for texturing the front surface. Designing, patterning and surface etch-
ing processes led to obtain reined structures with very low losses of the incident
optical radiation. This paper aims to compare the fabrication method using the
proposed textured surfaces with the standard method.
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1. Introduction

The solar cells and the technological processes necessary for their realization are
often used as research, design and fabrication objectives because of their importance
in electrical energy generation. Are used, especially, those materials and technolo-
gies which lead to a greater efficiency and lower costs. The basic material in solar
cell fabrication is monocrystalline silicon because of the great efficiency (maximum
24.7%), of its advanced technologies of manufacturing and its reliability (over 25 year’s
exploitation) [1-4]. However, there are still methods able to increase the efficiency
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in industrial fabrication, to simplify the technological processes (still expensive) and
to obtain a cheaper and higher quality material. Also, in exploitation of the solar
cells, there are other problems concerning the space orientation, reflection elimina-
tion on the cell surface, the dissipation of heat resulted from the radiations that do not
participate to the photovoltaic conversion etc. Some of these problems concern the
photovoltaic cell, and some of them deal with the organization of the solar modulus.
In order to obtain a maximum yield and good reliability we must take into account
the pair modulus — cells. There is always a concern to change the technologies and
materials of fabrication of the solar cells.

In solar cell fabrication a way of increasing efficiency consists in the elimination
of the solar radiation losses on the surface.

2. Experimental

For the structuring processes of the high efficiency solar cell surface it was used p-
type, < 100 > monocrystalline silicon wafers (doped with boron) having 3" diameter,
thickness 380 wm, and 1-2 Qcm resistivity.

There were studied three types of surface structures: honeycomb structure, regular
pyramids structure and electrochemical porosification of the silica. The first two
structural types were obtained using technological processes from planar technology
of the integrated circuit consisting in:

— the rising on the surface of the silicon wafer of a silicon dioxide layer of 800 nm
thickness used as etching mask;

— a photolithographic process based on positive photoresist, where patterned win-
dows in silicon dioxide have been realized.

In the case of honeycomb type, the windows are 4 pm, respectively 6 pm in
diameter and they bare uniformly spaced in the vertex of an equilateral triangle with
20 pwm side on whole surface of silicon wafer. Through the window opened in the
oxide, silicon has been isotropically etched in two types of acid solution HNOg3: HF:
NH,4F: HoO — (280:3:6:140) and HNO3: HF: CH3COOH — (25:1:10) [5]. In order
to form semi — spherical walls. The moment when these walls touch the neighbor
semi-spherical walls, hexagonal structures are formed; this being put in evidence by
the SEM images of the texturing surface taken through oxide, as shown in Fig. 1.

The etching depth is 7 pm and 5 pm, respectively.

For the case of pyramidal texturisation of silicon wafers, in silicon dioxide ware
patterned square windows with the side of 20 pm and 10 um, respectively. For silicon
etching in these windows we have used a 40% KOH solution at 80°C temperature.

Porous silicon is a material that has been applied in solar cells, essentially as
antireflection coating, due to low reflectance values.

Porous silicon samples used in photovoltaic applications were prepared by electro-
chemical etching on p-silicon wafers < 100 >, phosphorous doped and HF: CoH5OH:
Hy0 — (2:2:1) as electrolyte. The current density range, 5 to 18 mA /cm?, anodisation
time, 600 s, illumination, a 500 W halogen lamp, T = 23°C.
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SEM MAG: 4.01 kx DET: SE Detector L
HV: 15.00 kV DATE: 07/25/07 20 pm Vega ©Tescan
VAC: HiVac Device: VG2920673R0O Digital Microscopy Imaging

Fig. 1. SEMI image of the structure through oxide.

3. Results and discussion

Texturized surfaces obtained have been analyzed by scanning electron microscopy
(SEM) and spectrophotometric measurements.

In the case of honeycomb texturization two types of acid solutions have been used,
HNOj3: HF: CH3COOH — (25:1:10) and HNOj3: HF: NH,4F: HoO — (280:3:6:140) for
the silicon isotropic etch by oxide mask having 6 um and 4 pm.

For the solution HNO3: HF: NH,F: HoO — (280:3:6:140), etch time is 10 time
shorter compared to the solution HNO3: HF: CH3COOH — (25:1:10), this leading to
texturized surfaces uniform on the whole silicon wafer area and to a good control of
the etch time (the neighboring walls become in contact).

Figure 2 presents a SEM image of an intermediate etch putting in evidence the
hemispherical shape of the walls and the bottom shape of the structure etched in acid
solution.

Fig. 2. SEM image of an intermediate etch etched in acid
solution HNOs: HF: CHsCOOH — (25:1:10) by the 6 pm window.
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Figure 3 presents a perspective view of SEM image of the surface etched in acid
solution HNO3: HF: NH4F: HoO — (280:3:6:140) through a window of 6 pm. The
hexagon diagonal is 20 pm and the etch depth is 5 pm for structures etched by the
6 um window.

MAG:3.15kx  DET: SE Defeclor
HV: 5.00 kV DATE: 07/06/07 20 pm Vega ©@Tescan
VAC: HiVac Device: VG2920673R0O Digital Microscopy Imaging

Fig. 3. SEM image of the surface etched in acid solution HNO3:HF:NH4F:H20 —
(280:3:6:140) through a window of 4 pum; perspective view of the surface.

Figure 4 presents the detailed SEM image for honeycomb structures etched in acid
solution HNO3: HF: CH3COOH - (25:1:10) by the 6 pm window.

: i
SEMMAG: 158 kx  DET: SE Defector

HV: 5.00 kv DATE: 07/06/07 50 um Vega @Tescan
VAC: Hivac Device: VG2920673RO Digital Microscopy Imaging

Fig. 4. SEM image for honeycomb structures etched in acid solution HNOs: HF:
CH3COOH - (25:1:10) by the 6 pm window; detailed of the surface.
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By comparison, from the images presented in Fig. 3 and Fig. 4 it can be observed
the similarities realized etching using the two aforementioned acid solutions etching.
However, some differences were put in evidence for the two type of acid solutions by
spectrophotometry.

Onto the same silicon substrate was studied also the surface texturization in pyra-
mids up-side-downed having the period from 20 pm to 10 pm, obtained by pho-
tolithography. The silicon was anisotropically etched in solution 40% KOH at 80°C
by oxide mask.

Figure 5 presents the SEM image of a section in the pyramidal textured structure.

SEM MAG: 1.08 kx DET: SE Detector L L L
HV: 5.00 kv DATE: 07/06/07 100 ym Vega ©Tescan
VAC: Hivac Device: VG2920673RO Digital Microscopy Imaging

Fig. 5. SEM image of a section
in the pyramidal textured structure.

4. Characterization

The obtained texturing surfaces were characterized by spectrophotometric mea-
surements.

The reflectance spectra of the textured (using different solutions and pattern-
ing geometries) silicon wafers and the porous silicon layer have been studied in the
wavelength range from 350 nm to 900 nm using a SPECORD — M42 double beam
spectrophotometer.

Spectral reflectance measurements obtained for textured (using different solutions
and patterning geometries) silicon wafers are presented in Fig. 6 and Fig. 7.
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Fig. 6. Spectral Reflectance of the texturized silicon
< 100 > surface without anti reflection film.

In Fig. 6 are presented spectra for textured probes without anti reflection film
and for a silicon wafer mechano-chemical polished, usually used in the monocrystalin
silicon solar cells technology. Their analysis shows that texturization leads to an
reflectance decrement (under 30%) indifferently of the geometry and etch solution.
In the interest field for solar cells the reflectance has values in the domain of 5-
12%.These curves reveal the increasing importance of the geometry comparing to the
etch solution. Therefore, in the case of < 100 > silicon anisotropical etching for
the pyramidal geometry in the same solution (40% KOH at 80°C) it was observed
a smaller reflectance corresponding to a geometry having smaller side (w = 20 pm)
see curve 3, compared with the case w = 10 pwm, curve 5 in Fig. 6. The same
geometry dependence was observed in the honeycomb using the solution HNO3: HF:
NH4F: HyO — (280:3:6:140), see curve 1 and 4 corresponding to the initial windows
diameters of 6 wm and 4 wm, respectively. The difference in reflectance is smaller for
the curve 1 and 2 for texturized samples using the the same geometry but different
etch solutions, HNOj3: HF: NH4F: H,O — (280:3:6:140) and HNO3: HF: CH3COOH —
(25:1:10), respectively. This shows that it is more efficient to use the solution HNOj:
HF: NH4F: HoO — (280:3:6:140) which has a lower etch rate.

To maintain the reflectance under 10%, are used texturization geometries having
small openings, see curve 4 and 5 in both cases of anisotropical etch in 40% KOH al
80°C, and also for the isotropic HNO3: HF: NH4F: HoO — (280:3:6:140) and HNOs5:
HF: CH;COOH —( 25:1:10).

Figure 7 presents reflectances for the texturized samples in the same conditions
as the previous ones, but having an anti reflectant SiO5 layer, with thickness 154 nm
for A = 0.900 um.

Reflectance values are smaller than in the previous case decreasing under 5% for
A > 0.750 nm. For comparison are presented curves for an untextured surface covered
with an anti reflectant layer and curve 2 corresponding to a intermediate honeycomb
texturization.



Silicon Solar Cells Parameters Optimization 343

0 T T T T T T l T S

300 400 500 600 a0 800 900
Wavelength, [nm]

Fig. 7. Spectral Reflectance of the texturized silicon < 100 > surface with anti reflection
film: Curve 1- untextured surface; Curves 2, 3, 6 — honeycomb type texturized surface by
isotropic etching (curve 2 — w = 6 pm in HNO3:HF:CH3COOH (25:1:10); curve 3 —

w =4 pm in HNOs: H2O: NHy F: HF-(280:140: 6: 3); curve 6 — w = 6 pm in HNOs:
H,O: NHy F: HF-(280:140: 6: 3); Curves 4, 5 — pyramid type texturized surface in KOH
40% at 80°C (curve 4 — w = 10 pm; curve 5 — w = 20 pm).

The reflectance values for n porous silicon, obtained by anodic oxidation of the
crystalline silicon wafers in a mixture of hydrofluoric acid and ethanol at current
density range 5 to 18 mA/ cm? , and for initial Si wafer are shown in Fig. 8.
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Fig. 8. Spectral dependence of reflectance for porous
silicon samples and reference.

It can be seen that the reflectance of the porous layers is lower than reference
sample (n*/p Si).
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Gravimetric measurements were used to determine the average density of the ana-
lyzed porous layers. Thickness dependence of silicon porous layers and pores geometry
on the parameters of etching process was established from the SEM measurements.
SEM images of the porosified layers showed the homogeneity of pores on the silicon
surface and, their sizes of around 8 nm, see in Fig. 9.

SEMMAG: 138.08 kx DET: SE Detector
HY: 9.92 KV DATE: 08/09/06 500 nm Vega ©Tescan
VAC: Hivac Device: VG2920673R0O Digital Microscopy Imaging

Fig. 9. SEM images of the porosified layers
on the silicon surface.

5. Conclusions

An optimum technological process for texturing of the single crystalline silicon
surface has been obtained.

Texturization processes application using small dimension masks leads to reflectance
values smaller than 10%.

Photolithography has been used to generate patterns (holes) through the silicon
dioxide layer grown at the firstly on silicon wafers. The holes have been uniformly
distributed on the entire surface and the distance between the hole centers was de-
termined to be 20 um. Semispherical walls have been defined in holes by isotropic
etching up until the walls of the adjacent walls join together.

To form pyramidal walls photolithographic process method and etching in 40%
KOH solution have been used.

Texturization of an anti reflectant layer obtained by silicon oxidation leads to the
lowering of the reflectivity below 5%. This method applied to solar cells leads to an
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important increase of light trapping in the structure, so that conversion efficiency over
20% can be obtained.

A low-cost electrochemical etching was used to form the porous silicon layers for
applications in the sensors field and in the photovoltaic cells, in order to reduce the
light power losses by surface reflection. For this purpose, porous silicon layer with
pore sizes in the range of 8 nm to 2 um, depending on the conditions of formation
and the characteristics of the silicon wafer, have been obtained.
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