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Anti-reflection properties of post diffusion doped spin-on source (in-situ AR coating) have
been investigated in some detail. A simple experiment for reflectivity study using oblique
incidence of light and necessary modification of the theory of minimum reflectivity at oblique
incidence has been established. The comparative study of the in-situ AR coating with
available spin-on AR film on silicon Solar Cell Surface have been investigated.
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1. INTRODUCTION

In order to decrease front surface reflection of a mono-
crystalline silicon solar cells, different antireflection
coating have been used, from SiO, single layers to
complex double layer over textured surfaces[1,2]. High
efficiency commercial mono-crystalline silicon solar
cells, PECVD silicon nitride coating has normally been
used in batch process[3], but it is not cost effective. Spin-
on doping (SOD) and short time furnace annealing [4-8]
directly addresses the issue of fabrication costs by
reducing the processing time in comparison with
conventional  furnace  processing using POCI;
source[9,10] without significant loss in the solar cell
performance. But, when spin-on source diffusion, a well
known diffusion technique for junction fabrication of
Solar Cells under low cost consideration is used, the in-
situ post diffusion doped spin-on film (same as PSG
layer after conventional POCI; diffusion) can be
optimized as an anti-reflective coating for Solar Cell.
The comparative properties of this in-situ doped silica
AR coating with that formed by the commonly available
Titanium silica film “C” (Emulsitone company USA) on
Solar cell surface has been investigated in this paper. The
AR coating characteristics have been investigated
through reflectivity —measurement using oblique

incidence. The necessary modification of the theory of
minimum of reflectivity at oblique incidence has also
been carried out and reported in this paper.

The anti-reflection coating on the Solar Cell surface
has been formed either by a) Intentional deposition of
spin-on Titanium silica film ‘C’ on silicon surface
separately after the formation of n" front layer or b)
Unintentional coating of doped spin-on silica film for
SOD diffusion.

Titanium silica film ‘C’ (Emulsion) has been spin-on
the diffused silicon surface after removing the post-
diffused silica film. The spin speed is varied from 2000 r.
p. m. to 3000 r. p. m. for fixed 20 seconds duration. The
coated wafers are then baked following the usual
procedure . The solar cells are then made as described
above.

Normally, the measurement of refractive index is
carried out by ellipsometeric method{11]. But this
method is unsuitable for measurement on rough surface
due to possibility of large error in determination of
indices, even for small values (5nm) of roughness[12].
Therefore we have used the reflectance spectra as the
basis for measurement of refractive indices and thickness
of coated AR film, neglecting the absorption of the film.
Oblique incidence is used in instead of the usual normal
incidence.



The Fresnel reflection co-efficient for oblique light
reflected off the j th boundary between the j th and (j +
1)th layers are given by [13].
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The subscripts s and p represent the light polarized
perpendicular and parallel to the plane of incidence
respectively.

For unpolarised light, the total reflectivity is given by
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I'is, I, Iip and 12, can be computed using equation (1)
and (2) by putting j =0 and 1. The condition of minimum
reflectivity is given by [15].
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Thus, we have the reflection minimum for an oblique
incidence 0 as:
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Under the minimum reflection condition, the thickness
of the coating is also determined by
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where A, is the wave length of minimum reflectivity.
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2. EXPERIMENTAL

The reflectance measurement reported here is similar

to the one used by Yeh et al {14]. The schematic diagram
of experimental arrangement is shown in Fig. 1.
In this experiment, the samples are placed on prism table
of a spectrometer. The reflected beam of light falls on a
calibrated Solar Cell acting as a detector of light rays.
The parallel beam of light from the collimator is incident
on the sample through a fine slit so that the non-specular
reflected light intensity has been measured by the same
detector in position A and B respectively. The reflected
to incident light intensity ratios is the measured
reflectivity of the sample. The spectral reflectance under
constant photon flux condition has been measured by
placing a set of narrow band optical filters in the range
between 400 band optical filters (in the range between 400
~ 1100nm). The variations of reflectance of different AR
coated surface with wavelength have been shown in Fig.2
and 3.

Optical filter

A Light source

0B

+—Solar cell detector

Q 13

Silicon sample

Sample holder

Prism table

Fig. 1. Schematic diagram of experimental arrangement
of reflectivity measurement.

The refractive indices, the thickness of AR coated film
under different experimental conditions and the
consequent short circuit current densities are shown in

Table 1 and 2.

Table 1. Post diffusion spin-on doped film.

No Speed Gas n t Isc .
(rpm) (N»:0,) (nm) (mA/cm”)

S1 4000 1:2 1.48 120.2 27.73

S2 4000 1:1 1.885 | 729 30.33

S3 | 3500 1:1 1.82 | 119.2 29.0
S4 | 4000 | Only O, | 1.427 | 136.1 27.0
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Fig. 2. Reflectance of different in-situ spin-on doped coated
samples along with and without AR coated sample. (Ref.
Table 1).

The spectral response is measured by placing a set of
narrow band optical filters (in the range between 400 ~
1100 nm) against an intense parallel beam obtained with
a 500watt tungsten lamp in conjunction with reflector
lens system and water filter. The radiations of different
wavelengths, emerging through the filters are adjusted to
be of constant photon flux. The spectral variation of the
short-circuit current of different AR coated silicon solar
cell are shown in Fig. 4 and 5.

3. RESULTS AND DISCUSSION

From Fig. 2 and Fig. 3 one notes that the overall
reflectivity of both post diffusion spin-on doped silicon
film (in-situ coated doped spin-on film) and commercial
Titanium silica AR film coated surfaces are reduced
considerably as compared with textured mono-crystalline
silicon. The characteristics of the various spin-on in-situ
film surfaces used in the reflectivity measurement curve
are shown in Table 1 and in Fig. 2. Similarly the
characteristics of Titanium silica film ‘C’ coated surfaces
used in the measurement of reflectivity are also shown in
Table 2 and Fig. 3.

From Fig. 2, it is observed that the overall reflectivity,
the value and position of minimum reflection
corresponding to different in-situ films are varying with
diffusion ambient i. e. gas mixture (N, and O)
proportion used.  Thus, one notes from Table 1 that the
refractive indices of these films vary from 1.48 to 1.855
depending upon the gas mixture ratio, but do not depend
on the spin speed. On the other hand, the effective film
thickness depends on both gas mixture ratio and spin
speed. The reasons of these variations may be ascribed to
the growth of a doped complex silicon oxide film. The
value of refractive index of ideal single layer AR coating
is about 78 nm. Therefore, the refractive index 1.855 of
post diffusion doped spin-on film (in-situ silica film) is
very close to ideal value 1.96. Fig. 4 shows that the

spectral response of the short circuit current of the
silicon solar cells fabricated with these films improve
significantly particularly in the visible region. More
specifically Table 1 indicates that the short circuit current
density increases from 26 mA/cm’ for the non — AR
coated cell to 30.3 mA/cm’ for the optimized in-situ AR
coating on silicon solar cell surface by these films.

Figure 3 indicates the reflectance of the Titanium
sifica film ‘C’ on silicon surface. The optimized
refractive index value of the spin-on film is 2.18 which is
also very closed to ideal value (~ 1.96). The short circuit
current density for the optimized spin speed increases to
29.4 mA/cm’ from 26 mA/cm’ in this case.

Table 2. Spin on Titanium silicon film ‘C’.

Speed t Jsc
No. (rpm) " (nm) (mA/cmz)
S5 2500 2.18 90.9 28.4
S6 3000 2.18 84.9 29.0
S7 3500 2.18 78.8 204
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Fig. 3. Reflectance of different ‘Titanium silica film C’
spin-on doped coated samples along with without AR
coated sample. (Ref. Table 2)
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Fig. 4. Variation of short circuit current density with
wavelength of different in-situ spin-on doped coated
samples along with without AR coated sample. (Ref.
Table 1)
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Fig. 5. Variation of short circuit current density with
wavelength of different ‘Titanium silica film C* spin-on
doped coated samples along with without AR coated
sample. (Ref. Table 2)

This is also clear from Fig. 5 showing the spectral
response of Titanium coated silicon solar cell. Thus from
the points of view of technology and cost, one can
conclude that the use of post diffusion doped spin-on
film (in-situ AR film) as an AR coating film has an
advantage over the commercial Titanium spin-on AR
film for silicon solar cells.

4. CONCLUSION

We have investigated the antireflective properties of
post diffusion doped spin-on film in detail in this paper.
In this paper we have also developed a simple
experiment for reflectivity study using oblique incidence
of light and necessary modification of the theory of
minimum reflectivity at oblique incidence. We have
obtained the refractive index of post diffusion doped
spin—on film (in-situ silica film) is very close to ideal
value of refractive index of ARC 1.96. The comparative
study of the in-situ AR coating with standard Titanium
silica film ‘C’ has been made. Moreover, it has been
showed that the short circuit current density increases
from 26mA/cm’ for the non-AR coated cell to
30.3mA/cm” for the optimized in-situ AR coated cell.
Thus from the points of view of technology and cost, one
can conclude that the use of post diffusion doped spin-on
film (in-situ AR film) as an AR coating film has an
advantage over the commercial Titanium spin-on AR
film for silicon solar cells.
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