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ABSTRACT

Al paste applied on the back surface of silicon solar cells,
plays a critical role in the overall performance of solar
cells. The quality of the BSF (back surface field) impacts
the Voc values and thus the efficiency obtained in the
solar cell [1-3]. A Taguchi screening experiment was
conducted to study effects of processing and
formulation on paste viscosity, uniformity of BSF, bowing
and dusting. The thickness and uniformity of BSF (back
surface field) formed was found to be a direct function of
various factors including type of Al powder, chemistry of
glass, other oxide and metal additives as well as the
firing conditions used. The electrical performance,
bowing and dusting are correlated with microstructure
and paste compositions, and are discussed below.
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Table 1 shows the L12 screening design used for the
study. It includes 7 factors studied at two levels, namely,
Al powder type, Glass composition, one metal
additiveA1, three oxide additives (A1, A3 and A4) and a
dispersant D. The sign (+) indicates presence of the
factor and (—) indicates absence of the factor, except for
Al powder and glass where the signs indicate two types
of Al powders and glasses used

Table 2 Regression table for Sun Voc, bowing, dusting
and viscosity using DOE PRO.
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Table 2 shows regression table results from running
DOE PRO software [4]. We used four output results,
namely Sun Voc., bowing, dusting and paste viscosity.
This table shows how each of the factors impact the four

output values that we monitored. The way to interpret
the data in the table is as follows. For example, in case
of Sun Voc, we find that factors that have a low P(2 Tail)
values (<0.1) such as Al powder type, additive A3 and
A4 have most significant effect on the Sun Voc values.
Since the goal is to achieve maximum electrical
performance from a solar cell, it is preferred that we
have Al powder type B (-), absence of additives A3 (-)
and A4 (-), in order to have maximum Sun Voc.
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Figure 1 Pareto chart showing effect of 7 factors on Sun
Voc
Figure 1 shows a Pareto chart for factors that impact
Sun Voc. ltis clear that additives A3 and Al powder type
have biggest impact on Sun Voc whereas additive A4
and glass composition have slightly less impact on Sun
Voc.
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Figure 2. Marginal Means plots showing how each factor
impacts Sun Voc.



Figure 2 shows the extent and the direction of impact of
each the factors on Sun Voc. For example, from this plot,
it is evident that Al powder B (-) , glass G2(+) and
absence (-) of additives A3 and A4 give the highest Sun
Voc values.

3b
Figures 3a and 3b show SEM etched cross-sections of
wafers printed with paste containing Al powder B(-) and

A(+) respectively. Powder
compared to Al powder A.

B gives smooth BSF

Figure 3a and 3b show SEM micrographs of etched
cross sections of wafers printed with paste containing Al
powders A and B respectively. From the figures, it is
evident that Al powder B gives very strong and smooth
BSF layer compared to that made with Al powder A. The
corresponding Sun Voc values obtained for this paste
was 0.613 V and was much higher than that obtained for
paste with powder A (0.590 V). However, the bowing
found for paste with powder B was higher (1.6 mm on
180 micron wafer) compared to paste with powder A
(0.94 mm on 180 micron wafer). Since the eutectic layer
is continuous for paste with Al powder A, there is a
larger strain observed on wafer with paste containing
powder A as compared to paste with powder B which
shows a thinner discontinuous BSF. Since the electrical
performance (Sun Voc) is a strong function of quality of
BSF, cell with Al powder B gives much higher Sun Voc
than cell with Al powder A. However, when it comes to
bowing, cell with Al powder A gives lower bowing, due to
discontinuous BSF layer that helps in strain relief at the
silicon-aluminum interface.

From Figures 4 and 5 it is quite evident that additives A3,
type of glass and additives A1 and A4 have biggest
impact on bowing. Since wafer bowing is to be

Effect Name

minimized, presence of additives A3 (+), Glass G1 (-),
presence of additives A1(+) and A4 (+) are preferred.
Presence of Al powder A (+) also has small impact in
reducing bowing.
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Figure 4 Pareto chart showing effect of 7 factors on
bowing
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Figure 5 Marginal Means plot
each factors effect on bowing

showing the extent of
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Figures 6 and 7 show Pareto chart and Marginal Means

plots respectively of the effect of various factors on
dusting of fired Al films on back side of Si wafers. From



the plots, it is very clear that additive A3 has the
strongest effect on dusting whereas factors such as
type of
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Figure 7 Marginal means plot showing extent of the
effect of various factors on dusting

Al powder, type of glass, additives A1 and dispersant D
have a small impact on dusting. Additives A2 and A4
have no effect on dusting. Since wafer dusting is to be
minimized, presence of additive A3 (+) is preferred for
obtaining lower dusting.

Figures 8 and 9 show effect of various factors on paste
viscosity. From the plots it is evident that dispersant D
has a very strong effect on viscosity whereas additives
A1, A3 and A2 have moderate effect on paste viscosity.
For obtaining a low viscosity paste, presence of
dispersant D (+), presence of additives A1(+), A3(+) and
A2(+) are desired in the paste chemistry.

Depending on which property is most important to
control from a customer perspective the paste
optimization can be done. Sometimes we end up with
conflicting requirements for electrical, bowing, dusting
and paste viscosity, and trade offs may have to be done
to get the most optimum results. The DOE software and
the screening design thus become an important tool for
further paste development. One can also use the
software to optimize various factors by choosing the
appropriate constraints and weightage for each factors
and coming up with a software based solution that can
be validated through actual experimentation. This
methodology reduces much of the guess work in
experimental design and gives a scientific basis for
paste development.
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Figure 8 Pareto chart showing effect of various factors
on viscosity of paste.
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Figure 9 Marginal means plot showing effect of various
factors on paste viscosity.
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