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An Improved Silicon-Oxide-based Intermediate-Reflector
for Micromorph Solar Cells
2. MICROCRYSTALLINE SILICON OXIDE SINGLE LAYERS

1. SUMMARY
•
•
•

•

To increase the current in our top cell, we are developing a silicon oxide intermediate reflector
(SOIR) experimenting with both n- and p-type silicon oxide.

•

We found that the deposition of a thin (n) µc-Si recombination layer (ReLay) behind the SOIR improves the conductivity of the tunnel recombination junction significantly. At the moment, we are
trying to understand this in further detail using the simulation software Afors-Het

•

So far, the best cell on commercial SnO2:F with SOIR has an efficiency of 9.5% after 168h light
soaking, which is a 2 % increase relative to a comparable cell without SOIR

We are depositing p– and n-type microcrystalline silicon oxide (µc-SiOx) by PECVD on an industrial like AKT1600.
The material working best so far as the SOIR has an refractive index of about 2.2.
So far we found that (n) µc-SiOx can be prepared with a
lower refractive index at a sufficiently high crystallinity than
(p) µc-SiOx, which makes it more applicable as an IR.

3. TUNNEL RECOMBINATION JUNCTION STRUCTURES
Type B

Type A

•
•

•
•
•

Reduction of parasitic absorption in bottom cell p-layer

•

Significant reflection of
light back into the top cell

Type C
Next Steps:

•

Reduction of parasitic absorption in top cell cell nlayer
Slight decreas of VOC

•

Increase of Voc and
FF

Implementation of
SOIR demands adapting the (p) µc-SiOx
(currently in progress)
First results showed
increased series resistance

Slight increase of TC
current

5. CELL RESULTS ON COMMERCIAL SNO2:F

4. THE ROLE OF THE RECOMBINATION LAYER
Until now, the positive influence of the recombination layer has not been fully understood.

Series resistance determined experimentally from light IV at open circuit voltage
(ROC) for different ReLay thickness (Type C)

One explanation could be the forming of a
thin oxide-rich layer at the end of the SOIR
-deposition leading to a barrier (see
scheme below):

Other explanations we are discussing at
our lab are an insufficient activation energy of the SOIR or the poor interconnection of the c-Si phase within the SOIR with
the adjacent p-layer.
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It is shown that top cell current increases by
0.7 mA/cm², with only minor additional reflection losses.
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Roc (Ohm*cm²)

Using the ReLay, charge carriers can tunnel through the oxide first, before recombining. Without the ReLay, the trapassisted-tunneling process is hindered
by the oxide.

The cells shown are nominally same except
for the TRJ (Type B vs. Type C) and a bottom
cell thickness adaption from 1600 nm to
1850 nm for the cell with SOIR.

Due to the improved top cell, stable cell efficiency increases by about 2% relative.
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J-V parameter statistics based on 20 (1cm²) cells for each category
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Band diagrams of the TRJ (Type C) with an oxide barrier calculated for different ReLay thicknesses

6. OUTLOOK
•

Re-implementation of the adjusted µc-SiOx p-layer

•

Comparison of a-Si/SOIR/µc-Si with triple cell devices

•

Combined electrical and optical simulations using Afors-Het and Sentaurus TCAD to further
investigate our devices
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