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ABSTRACT: A selective emitter is expected to have a better blue response, less Auger recombination, less contact
recombination and lower contact resistivity in industrially processed n-type solar cells. In this work, we present a controllable
process to make a selective emitter by applying a printable resist on the emitter as a mask. In the subsequent etch process the
p+ emitter can be selectively etched to optimize the passivation and conductivity. IV measurements from a batch of solar cells
are presented to demonstrate the improvements on V. and I.. The mean efficiency of the SE cells is increased by 0.24%

absolute compared to the standard homogeneous emitter cells resulting in a highest efficiency of 20.7%.
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1 INTRODUCTION

For industrially processed n-type cells with printed
contacts, one of the main factors limiting the efficiency is
the recombination at the boron emitter contacts. Highly
doped deep emitters are expected to provide a better
shielding of the highly recombination metal contacts and
enable low contact resistivity. However this type of
homogeneous emitters shows losses due to the increased
Auger recombination and free carrier absorption. The
losses can be minimized with a selective emitter [1], as
has been shown already by various authors for p-type
solar cells [2,3,4] and n-type solar cells as well [5,6]. The
selective emitter is formed by heavily doped emitter
under the metal contacts and weakly doped emitter in the
passivated areas. For p-type solar cells with n+ emitters,
the selective emitter process has become redundant
mainly because of improved n+ contacting pastes.
However, for n-type solar cells this is still a challenge,
and p+ contacts typically exhibit a very high
recombination factor J, of about 3000 fA/cm? [7,8,9]. In
this paper, we demonstrate that it is possible to achieve a
selective emitter by a selective etch of the heavily doped
p+ layer with a printable resist on the emitter as a mask,
and that the expected gains are indeed observed.

2 NUMERICAL SIMULATION

To understand the relation between the recombination
factor Jy and the doping profile of the p+ emitter, we
apply numerical modelling using the Atlas package from
Silvaco as outlined in [8]. Our previous calculations
illustrated the contact regions, especially from the
emitter, are responsible for a major part of the
recombination current [8].

Figure 1 shows the recombination factor on the front
surface Jy fone @ssuming the total Jo is an area weighted
average of the J, of the contacted area J; .,, and of the
passivated area Jy .. The blue curve in the figure
represents the Jj fon using Jo con= 3000 fA/cm? and J, pass™
80 fA/cm? , which corresponds to values valid for a
typical 60 ohm/sq BBr; emitter. The red and green curves
denote the Jy fone Obtained with emitters which have a
reduced contact recombination factor. It shows that a
reduction of the Jy ., resulting from different emitter
profiles will be more efficient than a reduction in Jg o

from the reduced metal fraction. A reduction of 100 fA/cm?
will result in a gain of approximately 10 mV in V.
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Figure 1: Calculated total J, value for the front surface as a
function of the metal fraction with different contact
passivation conditions

The recombination pre-factor J; .,, can be calculated
assuming thermal equilibrium at the contacts, i.e. an
infinitely high value of the surface recombination velocity
parameter. In order to obtain realistic values of the Jj ¢op, , it
must be assumed that there is an effective etch or
penetration depth of the metal contacts into the emitter after
firing the Al-Ag metallization paste [8] . We found that an
effective etch depth about 250 nm can be assumed to
explain the high J; ., as observed for the 60 ohm/sq BBr3
emitter, as shown by the blue curve in Figure 2. Similar
results were recently published by Edler et al [10]. For the
60 ohm/sq emitter Jy ,, increases sharply with increasing
the penetration depth, due to increasingly less effective
shielding of the contact. The green line shows the Jj o, of
the emitter calculated with a Gaussian profile
corresponding to an Rgee; of 30 ohm/sq and a doping depth
of about 800 nm. It indicates that a 30 ohm/sq emitter
would be sufficient to reduce the contact recombination
below 1000 fA/cm? for a metal penetration depth of 250
nm. It also shows that the shielding capacity of a heavy,
deep emitter is less dependent on this etch depth. This
allows a deep enough firing of the metallization into the
emitter to obtain a low contact resistance and high FF,
while still limiting the Jy ., to 1000 fA/cm® and thus
keeping a high V.
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Figure 2: Calculated J, value on emitter contact as a
function of the assumed penetration or etch depth of the
metal contact
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Figure 3: Process steps of the selective emitters

Textured n-type CZ wafers were used to make the SE
solar cells. Figure 3 shows the process steps of formation
of the selective emitters. A commercial resist is printed
selectively on the p+ emitter after a Boron diffusion.
Then a solution is used to etch selectively the p+ emitter.
Since the achieved sheet resistance in the etched areas is
dependent on the etching time and the etching conditions,
the selective emitter can be obtained in a controllable
manner.

4 RESULTS & DISCUSSION

4.1 Emitter profiles

Several diffusion profiles were generated by varying
the diffusion temperature and diffusion time to achieve
different Ry, and different depth. We aimed to find a
best suitable emitter profile as a start for the selective

emitter. Figure 4 displays four diffusion profiles measured
by ECV. The reference emitter is 60 ohm/sq with a 0.5 pm
depth, as shown in profile 1. Profile 2, 3 and 4 correspond
to 3 different diffusion processes carried out at different
temperatures. The temperatures from profile 2 to profile 4
is T2<T3<T4. Sheet resistances for profile 2, 3 and 4 are 40
ohm/sq, 35 ohm/sq and 30 ohm/sq respectively.
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Figure 4: Doping profiles measured by ECV of different
BBr3 diffused emitters

4.2 Effect on metal recombination
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Figure 5: Differency between Implied Voc and Voc as a
function of the emitter depth

As we know the Jy ., values cannot be measured
directly, but can be estimated by comparison of implied V,
(iV,) value on non-metallized samples and V,. value on
finalized cells [11]. Figure 5 shows the difference between
iVy. and V. as a function of the emitter depth (using
slightly different profiles from Figure 4). The drop in V. is
reduced from 12 mV for shallow emitter (0.3 pm) to 2 mV
for a deep emitter (0.7 pm). This indicates the deep emitter
plays a critical role in minimizing the V,. loss by more
effective shielding of the minority charge carriers from
reaching the metal contacts.

4.3 Passivated emitters

To obtain acceptable J, values for the passivated area of
the emitter, the emitter is controllably etched and
passivated by ALO; deposited with an industrial, spatial
ALD system. Figure 6a shows the histogram of Ry after
etching of different depth. Figure 6b shows the Jopae Of
different diffusion profiles versus Ry between 40 ohm/sq
to 90 ohm/sq. The J, value is extracted from the lifetime
measurement by QSSPC on symmetrical p+/n/p+ emitter
structures. This enables the selection of the optimal etch
depth on the basis of the Ryee-Jo combination. By etching
the emitter between the fingers, the Ry is increased but
initially the Jy is reduced due to reduction of the Auger
recombination. At higher Ryyee; the Jo g saturates due to an



European PV Solar Energy Conference and Exhibition (EUPVSEC 2015), Hamburg, Germany, 14-18 September 2015

increasing contribution of surface recombination
However, it should be noticed the reference emitter, that
had SiN, passivation, actually has a lower J, than the
etched emitters with the same sheet resistance. In the
present range of emitters, the field passivation of AL,O;
layer is suppressed due to the high boron concentration
on the surface [7][12]. The lowest J, is achieved by
etching profile 3 by 250 nm and is around 55 fA/cm® for
a 75 ohm/sq emitter, which is about 10 fA/cm? lower than
for the 60 ohm/sq emitter. This shows the selective
emitters made of the deep heavy diffusion profile can be
tuned in the contact region to a better shielding effect and
in the non-contact region to a better passivation effect.
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Figure 6a&6b: Ry (left) & Jo (right) with respect to
the etching depth on different doping profiles

4.4 Solar cells with selective emitter structures

The IV data of SE cells processed by profile 4
compared to the reference homogeneous emitter cells is
shown in Table 1. All the cells were fabricated on the 6
inch 180 um thick n-type Cz-Si wafers. Reference cells
were processed with a homogeneous emitter for
comparison. The selective emitters were passivated with
ALD AlL,0O5/SiN, stack layers.

Table I: IV data of reference cells with homogeneous
emitter and SE cells (averaged over 5-7 cells) on profile 4
Emitter (Q5q) I, (A) Ve (V) FF(-)  Eta(%)

Ref Ave 60 9.33 0.652 0.784 19.97
Ref Best 9.34 0.652 0.786 20.03
SE Ave 32/75 9.34 0.655 0.778 19.91
SE Best 9.37 0.657 0.776 19.99

The short circuit current is slightly better, which can
be attributed to the better blue response of the high ohmic
emitter between the fingers of the SE cells. Also the open
circuit voltage of the SE cells is higher than that of the
reference cells, which can be explained by less contact
and Auger recombination. However, the fill factor of the
SE cells is significantly lower than that of the reference
cells, which results in a efficiency of SE cells lower than

the efficiency of reference cells. It can be noticed that the
gain in V. is not as much as expected for SE cells. The
reason can be that the BSF profile is not optimized yet for
these cells, which can increase the relative importance of
Jorear, and become the limiting factor for the gain on V.

To improve the performance of the SE cells, we
optimized the metal pattern on the emitter side to reduce
the series resistance loss in FF . In the latest experiment, we
used the diffusion profile 3 for lowest J;, and no Al,O;
layers were made for passivation. Table 2 illustrates the IV
data of reference cells with homogeneous emitter and SE
cells on profile 3.

Table II: IV data of reference cells with homogeneous

emitter and SE cells (averaged over 10 cells) on profile 3
Emitter (050) | Lo (A) | Ve(V)  FF()  Eta(%)

Ref Ave 60 9.29 0.66 0.788 20.25
Ref Best 9.33 0.66 0.79 20.37
SE Ave 35/75 9.29 0.663 0.795 20.49
SE Best 9.28 0.663 0.804 20.67

In this experiment, the V. for reference cell is 8mV
higher than the previous experiment by applying an
improved chemical cleaning process, which is beneficial
for both front and rear side of the cell. Again the gain in the
short circuit current and open circuit voltage is limited due
to the non-optimized BSF. Even though the rise in open
circuit voltage is still limited to 3 mV, it can be attributed
to the less contact and Auger recombination in the emitter
region. Similar to the Table I, the gain in V,, from using a
SE is probably limited by the BSF diffusion profile and
BSF passivation. Compared to the first experiment, the FF
is improved by applying new metal pattern, which more
than compensates the series resistance loss in the SE cells.

The mean efficiency of the SE cells is increased by
0.24% absolute resulting in a highest efficiency of 20.7%.
More optimizations can be done on the BSF diffusion
profile and BSF passivation to achieve an even higher
efficiency of the SE cells.

5 CONCLUSION

Within this study, we present the improvements of n-
Pasha cell efficiency by making a selective emitter. The
selective emitter has a deeper p+ profile under the contacts
but a higher sheet resistance between the fingers. By
optimization of the metallization pattern the fill factor
could even be slightly improved compared to the reference
case. Together with a gain in open circuit voltage this lead
to a gain of 0.24% absolute in cell efficiency, and highest
cell efficiency so far of 20.7%. The potential gain of the SE
is even higher since the BSF quality and recombination
becomes more limiting with improved emitters. Further re-
optimization of the BSF is expected to result in both I, and
V. increase.
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