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o C-Si based point contact back heterojunction (BH]J) e Schematic cross section and rear side geometry of the o Figure 3 shows the dark and light I-V characteristics for
solar cell is a combination of front heterojunction cell, BH]J cell is shown in Figs 1 and 2 respectively. the cell with an emitter (p-a-Si:H) band gap of 1.72 eV, for
and back junction cell. Vbbb d Ly Ly ¢ | MmStheonNinde which the best cell performance is obtained.

« BHJ solar cell is designed by combining the advantag-
es of the front heterojunction cell and back junction
celll.

« Absence of front grids, interdigitated point contact
structure at the rear side (from back junction cell); low
processing temperature around 250°C, passivation by
intrinsic a-Si:H on both sides of c-Si (from front het- N
erojunction cell) was combined to form BH]J cell. covered by metal

- Intrinsica-Si:H

B n-type c-Si wafer o As can be seen, the forward biased dark I-V curve resembles
g P-typea-StH the I-V curve for a forward biased diode, and the current re-
B n-type a-Si:H

, e sults from the sum of both drift and diftusion currents.
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o Under illumination, the I-V curve is shifted downwards due

Fig. 1 Schematic cross-section of BH]J solar cell.
to the photogenerated current (Fig.3).
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» In the BH]J solar cell structure:
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o P-type a-Si:H emitter as well as both collection grids 20
(for p-type and n-type contacts) is placed on the
non-illuminating rear side of the c-Si wafer, with the covered by metal

collection grids forming an interdigitated pattern.
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o This design eliminates reflective and shadowin g loss- Fig. 2 Illustration of rear side geometry of the back hetero-

Fig.3 Dark and light I-V curves under forward bias.
es, and also the trade-off between reflection and series

junction (a-Si:H/c-Si) solar cell. Here, p-type a-Si:H and n-type
a-Si:H doped areas are shown as colored circles having diameter o An efficiency of 24.49% (Fig. 3) has been obtained with a VOC

resistance, thus. allowi.ng. for sufficient contact metal, of 20 um and 10 um respectively?. of 760V, ]_of 38.29 mA/cm2, and FF of 84.2.
and thus reducing resistive losses. » For our study we utilized Silvaco Atlas tools to study o Further improvement in efficiency has been obtained by us-

o Back surface field was formed at the rear side of the carrier generation-recombination, mid-gap traps, ing texturization in the structure (Fig. 1).
wafer by using n-type a-Si:H. and photo;generation rate (by ray tracing) in BH]J cell . Tn this case, an efficiency as high as 26.6% was obtained

o Also, in the BH]J structure, photovoltaic junction lies structures’. with 761 mV Voc, 41 mA/cm?2 Jsc, and 84.5% FF for a small
on the rear side of the wafer. » Tracing algorithm, i.e. ray-tracing program, has been pyramid structure with 2 um height and 4 um base width.

o The grid less front surface in the BH]J cell enhances u.sed to trace individual light rays through the cell un- . An experimental efficiency of 25.56% has been reporteda.
light incident area and hence enhances Jsc as well as til they leave the solar cell or absorbed. [n our simulation study, an efficiency of 26.6% has been ob-
fill factor. o Light-trapping was not considered in our simula- tained.

o As compared to front heterojunction structure, a TCO tion studies sir.lce no texturing was cogsidered, an'd V\,’e o In conclusion, the operation of a c-Si based BHJ solar cell has
layer and a-Si:H emitter layer on the front side are not u.sed all mate.znal layers to sFudy electrical properties in been investigated. The solar cell demonstrates the potential
required in the e BHJ structure. difterent regions of the device. for a very high efficiency.

o Therefore, TCO absorption loss and emitter absorp- » Simulations were performed by solving Poisson's
tion loss in the short wavelength region can be avoid- equation and continuity equations for electrons and
ed. This improves IQE of the cell in the short wave- holes simultaneously. o Jeyakumar R, Maiti T.K, Amit Verma. Influence of emitter band
length region. o Drift-diffusion model was used to solve continuity gap on interdigitated point contact back heterojunction (a-Si:H/

. Point contact structure in this cell provides additional equations for electrons and holes. c-51) solar cell performance, SOL ENERG MAT SOL C. 2013;109:
advantages over a line-contact structure. This includes  « Shockley—-Read-Hall (SRH) recombination model, i.e. 119-203
increased cell output voltage because of a reduced trap-assisted recombination model, used in the study o Jeyakumar R, Maiti T.K, Amit Verma. Two-dimensional simula-
emitter component of the dark current. is a function of impurity concentration and describes tion studies on high-efhciency point contact back heterojunction

o Furthermore, when contacts are reduced to points, the recombination in presence of defects (or traps) (a-Si:H/c-5i) solar cells, Solar Energy. 2014;105: 109-113
built-in electric field at the backside can trap charge within the forbidden gap of the semiconductor. o ATLAS user’s manual, Device simulation software, Ver. 5.16.3.R,
carriers and yield high collection efficiency when  Heterojunction effects were activated using different SILVACO International, Santa Clara, CA, 2008,
lightly doped or undoped c-Si wafers are used for fab- band gap parameter, electron affinity, density-of-states ¢ 4.http://news.panasonic.com/press/news/official. data/data.

rication. (DOS), and mobility in different materials. dir/2014/04/en140410-4/en140410-4.html (Accessed April 2015).



