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Abstract

In order to improve the efficiency of c-Si and mc-Si solar cells, Metal Wrap Though (MWT) architecture is
investigated. In this paper we implement TCAD numerical simulations to analyze the performance of MWT cells
with a point busbar or a continuous busbar at the back side. The two topologies of MWT cells are compared in both
illuminated and dark conditions, aiming at understanding and comparing the resistive and recombination losses. The
impact of the separation region is also studied, highlighting the degradation effect on the Fill Factor (FF) and on the
efficiency in the two structures. We observe that the separation region dimension leads to a higher degradation of
efficiency in case of continuous busbar.
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1. Introduction

Back contact solar cells are considered as a solution for increasing the conversion efficiency. Among
the different architectures, Metal Wrap Through (MWT) [1] solar cells reduce busbar shadowing and
improve Fill Factor (FF) and short-circuit current (Jg.) at the module level [2] by moving the busbar
contact to the back side of the cell. This is accomplished with only a few new processing steps in the solar
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cell fabrication. In particular, the current collected by the front fingers is carried towards the back busbars
by means of laser drilled holes (VIAs) which are filled by conductive silver paste in order to assure
enough electrical connection between front and back sides. The performance of MWT cells is
significantly influenced by the back surface. Unpassivated back emitter can be a source of high
recombination, especially because rear contact isolation (RCI) is required. The RCI region is created by
means of laser processing, and typically leads to a large Jo, component. Moreover, the back busbar
configuration can affect the resistive and recombination losses of the MWT cell. In this work we analyze
the performance of MWT solar cells using TCAD numerical simulations. Two different topologies are
considered: 1) a 16-VIAs layout [3] in which a point busbar is assumed at the back side, and 2) an H-
pattern layout on the top with a continuous busbar at the back side [2]. The analysis highlights the
differences between the two topologies, considering both dark and illuminated conditions. The study of
the impact of the separation region (i.e., between the back busbar and the p-contact) illustrates how the
lateral series resistance (due to holes lateral conduction) and the high recombination region (in the
separation region) affect the performance of the investigated structures.

2. Simulation methodology

Fig. 1 contains the schematic representation of the two architectures considered in this work. Fig. la
shows a 16-VIAs structure with a point busbar at the back, which requires a front metal grid such as a
Sunweb® [4] or ECN layout [3]. Fig. 1b shows a structure with a conventional H-pattern at the front side
and a continuous busbar at the back side [2]. In Sunweb® and ECN layouts, fingers are not parallel lines
anymore, allowing to remove the front busbar. Therefore, we have a reduced number of VIAs (typically
16) which are far-between and with a point busbar on the back. On the other hand, in case of H-pattern at
the front side, in order to reduce the width of the front busbar, a large number of VIAs is required. Since
VIAs are very close each other, two or more VIAs are grouped with the same back busbar. The
assumption of continuous busbar in this case is a limit consideration which highlights the influence of the
separation region at the back side. The cross-section (which is the same for both structures) is reported in
Fig. lc.
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Fig. 1. MWT architectures under test: a) Point Busbar; b) Continuous Busbar; ¢) Cross-Section of both structures.

In order to simulate the continuous busbar structure, we performed a 2-D simulation of the cross-
section in Fig. 1¢ (hence applying Cartesian coordinates). It is worth pointing out that this 2-D modeling
approach does not represent the cylindrical shape of the VIA. On the contrary, the point busbar domain is
realized by applying a cylindrical boundary condition to the cross-section of Fig. 1¢ and by using the VIA
center as axis of rotation, thus accounting for a 3-D simulation. In both cases, Cartesian and cylindrical
coordinates, the front surface is fully metallized in the simulation domain. For this reason, the front
metallization is assumed to be transparent to the incident radiation and the optical generation rate is
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weighted according to the front metallization fraction (3.75%). The SRV at the front interface is a
weighted average between the assumed surface recombination velocities at the passivated and metallized
front regions. We also considered a front-side series resistance of 0.43 Q-cm’ in order to account for
finger, contact and emitter resistance (representative of a 3-busbar H-pattern front metal grid with a finger
pitch of 2 mm, a finger sheet resistance of 2 mQ/sq and a contact resistivity of 2 mQ-cm?). The VIA
resistivity is assumed to be negligible. In the case of a point busbar, we assumed a structure featuring 4x4
VIAs, hence the considered element of symmetry has an area of 3.9 cmx3.9 cm. Due to the cylindrical
boundary condition, the simulation domain has a circular shape while the real domain has a square shape.
Therefore, the radius of the circular domain is chosen in order to obtain the same area as the square
domain.

2-D and 3-D numerical simulations are performed by using a state-of-the-art TCAD device simulator
[5-8]. The c-Si solar cell is 180-pm-thick and 15.6 cmx15.6 cm wide. The busbar width (W3) is 2 mm
and the bulk resistivity (pgy) is 1.5 Q cm. We considered an Al-p+ back surface field (BSF) modeled with
a 10-um-deep profile [9] and a 75-Q/sq emitter profile with the typical kink-and-tail shape [10]. The fine-
tuned models include the band-gap narrowing (BGN) model by Schenk to account for the effective
intrinsic carrier density [11], the Auger recombination model with the parameterization adopted by
Altermatt in [12], the mobility model proposed by Klaassen [13, 14], and the bulk Shockley-Read-Hall
(SRH) lifetime model in boron-doped Cz-Si according to Glunz’s parameterization [15] (we obtained a
bulk minority carrier lifetime of about 206 us for the considered substrate doping) and in Al-p" Cz-Si
according to Altermatt’s parameterization [9]. We accounted for Fermi-Dirac statistics in order to
properly model highly-doped regions. We adopted the parameterization proposed by Kimmerle et al. in
[16] for the surface recombination velocity (SRV) at SiNx-passivated front surface, assuming an Auger-
limited lifetime in the emitter bulk and chemical phosphorus surface concentration dependence for the
SRV. For the rear unpassivated regions, we assumed a surface recombination velocity (SRV) of 10° cmy/s.
Moreover, in order to highlight the effect of the laser processing, we accounted for a SRV of 107 cm/s in
the RCI region. Optical generation rate profiles are calculated by assuming the standard AM1.5G
spectrum and accounting for random pyramids textured SiN, front surfaces.

3. Results and discussion
3.1. Performance under illumination

In order to verify the correctness of our modeling approach, we first compare our continuous busbar
cell with a similar structure analyzed in [2], by implementing the same geometrical properties and
calibration of electrical parameters. The calculated dependence of the FF on the separation region width is
reported in Fig. 2 and compared with simulations and experimental data reported in [2]. The curves show
a similar trend. However, a shift with respect to [2] is observed. This is due to the fact that we do not
account for the laser edge isolation, thus overestimating the FF, and that we probably adopt different BSF
and emitter doping profiles (not reported in [2]).

Table 1. Performance under illumination of the two considered structures.

Cell type Voc (mV) Jsc' (mA/cmz) FF (%) n (%)

Point Busbar 634 36.97 80.86 18.94
Continuous Busbar 632 36.83 78.52 18.27
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By using the simulation methodology described in section 1, we compared the properties of the two
simulated solar cells under AM1.5G illumination (see Table 1). No significant difference is observed in
V.. (open-circuit voltage) and J., while a relevant reduction of FF is found in case of continuous busbar.
Note that, for the sake of simplicity, we have assumed the same front series resistance for both types of
cells. Therefore, the FF values reported in Table 1 do not account for differences arising from the
different front metal grid.
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Fig. 2. Fill Factor as a function of the distance between back contacts. Simulations of continuous busbar are compared with

simulation and experimental data of [2].
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Fig. 3. Dark current in the two structures under investigation.

3.2. Dark analysis

In order to better understand the results of Table 1, we also performed dark simulations for the two
structures. As reported in Fig. 3, the J;; component is similar for both structures, since it is primarily
determined by BSF, bulk and emitter recombination. This justifies the similar V. and J values. On the
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other hand, a considerably higher Jy, is observed in the case of a continuous busbar. This result can
explain the observed FF degradation. In particular, the higher Jyp, can be ascribed to the recombination
current in the RCI region, which we expect to be proportional to the area occupied by the region itself.
Through simple geometrical considerations, we have calculated that the area occupied by RCI region is
about 6.2 times higher in case of continuous busbar as compared to the point busbar cell. It is worth
noting that a similar ratio (around 7) is observed between the Jy, currents.

3.3. Analysis of the separation between back contacts

In Fig. 4 we compare the point busbar and continuous busbar architectures as a function of the width
of the separations regions between back contacts, while keeping the RCI region in the middle of the two
contacts. In both cases, FF and n worsen as long as the space is increased, due to: i) the higher
recombination in the unpassivated back emitter and RCI region; ii) the higher lateral series resistance; iii)
the higher shunting effect between back emitter and p-contact. By comparing the two architectures, we
observe that, the difference of FF and n increases as long as the separation region is increased. This
means that the performance of continuous busbar cell is more influenced by the separation region than for
the point busbar cell.
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Fig. 4. Efficiency (a) and Fill Factor (b) as a function of the distance between back contacts.

Although the observed trends give useful information about the impact of the separation region, it is
worth pointing out that the absolute difference of FF (between the two type of architectures) in fabricated
cells can also be affected by the front resistance, which is assumed to be the same in this work, despite the
different front grid layouts. Therefore, the results of this analysis have to be read only in terms of a
comparative study on the degradation effect with the separation region, rather than a comparison of
absolute value of FF and n between the two structures.

4. Conclusion
In this work we have compared, by means of numerical simulations, two different topologies of MWT

architecture: point busbar and continuous busbar. By considering the characteristics under AM1.5G
spectrum, the main difference is observed in the FF, while similar J,. and V,. were found. The lower FF
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in the case of continuous busbar can be ascribed to the higher series resistance due to the lateral
conduction of holes, to the higher shunting effect (between back emitter and p-contact) and to the higher
Jo, recombination current. As a matter of fact, the dark analysis revealed that the RCI region leads to a
significant Jy, recombination current. Since the area of the RCI region is much larger in the case of a
continuous busbar (with respect to a point busbar), a larger Jo, recombination current is observed. On the
other hand a similar Jj; recombination current was found for both structures. Finally the study on the
separation region has shown how the continuous busbar efficiency is more degraded (with respect to point
busbar) when the dimension of the separation region is increased.
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