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- ‘ Background

=

» Thin and small form factor photovoltaics could reduce the cost and
improve the efficiency at the cell, module, and system levels [1,2]

» Back contact cell designs avoid grid shading and allow coplanar
interconnection [3]. If textured, they are more tolerant to non-uniform
and off normal cell illuminations [4]

« Diffusion length, surface recombination velocity, depth and
concentration of the junction are crucial for back contact solar cells [5]

« Simulation work has been done up to dimensions of 100um in
thickness and side dimensions of 400um. [3]
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4 ' Cost vs. Efficiency
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Simulation On Devices
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\R ' 2D Device Simulations
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* Simulation 1: effects of distance between
contacts for different carrier lifetimes.

« Simulation 2: effects of thickness for different
surface recombination velocities.
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.,,;’. Simulated Current Density
-

Jsc (mMA/cmA2)

35

30

25

20

15

10

Currentdensity vs. distance between contacts
for differentcarrier lifetimes (14 um thick cell)

¢
[ ]

1 10

distance between contactsin um

100

€ 0.00005s
M 0.000005s
0.0000005s

@)

Sandia
National
Laboratories



e
s

.,,//-' Simulated Open Circuit Voltage

Voc (V)

Voc vs. distance between contacts for different

0.6

0.55

0.5

0.45

0.4

carrier lifetimes (14 um thick cell)

. 4
. @ & & | & fd=
B | € 0.00005s
M 0.000005 s
- - 0.0000005 s
10 100

distance between contacts in um

@)

Sandia
National
Laboratories



V

—

Simulated Fill Factor

S

FF (%)

0.8
0.75
0.7
0.65
0.6
0.55
0.5
0.45
04

Fill factor vs. distance between contacts for
different carrier lifetimes (14 um thick cell)

o [] 0
‘ 4 0.00005s
i M 0.000005s
0.0000005s
10 100

distance between contacts in um

@)

Sandia
National
Laboratories



ha

-—

imulated Efficiency Vs. Distance

Efficiency (%)
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/'.lmulated Efficiency Vs. Thickness
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- /". Process: Reusable Wafer
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Experimental Results...

Cells attached
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Conclusions
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« Simulations demonstrate that really thin substrates < 20um are capable
of absorbing a large fraction of the incoming light.

 Thin cell won’t perform well if distance between contacts is too large
(>100um); making the contacts close together in a thin structure
collects carries more efficiently.

* Bulk recombination affects efficiency but becomes less important as the
collection sites are closer together. This approach could use
inexpensive, low quality silicon.

* The performance of the cell depends on the thickness of the wafer but
thinner cells will use the material more efficiently.

« Surface passivation is crucial in these devices and depending on the
quality of the passivation the same device could have efficiencies from
1% to 15%.
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