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n silicon heterojunction (SHJ) solar cells, the hydrogenated amorphous silicon
(a-Si: H) thin layer is too low in transverse conductivity to effectively collect
charge carriers horizontally over the metal electrodes. Additional transparent
conductive oxide layers, such as Sn-doped In203 (ITO), are deposited at the
top. In addition to charge collection, another essential function of the front-end
transparent conductive oxide (TCO) layer is to act as an anti-reflective layer.
The electroplating technology can effectively reduce the cost of electrodes. The
Cu metallization process introduces SHJ solar cells, which is crucial to
improving the SHJ solar cell industry's competitiveness. Some reports are on
applying copper plating technology to SHJ solar cells. More work needs to be
conducted on the effect of post-treatment on the properties of
copper/transparent conducting oxide/silicon. The proposal produced front-
side metallization by electroplating copper on crystalline silicon solar cells. A
systematic study on the effect of post-treatment on the properties of
copper/transparent conducting oxide/silicon will be investigated. Microscopic
analysis will be used to understand the function of copper/transparent
conducting oxide/silicon, the structural change, and the performance
degradation.
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Experimental

A single crystal phosphorus-doped silicon wafer with a pyramid texture was
used as substrate. The textured silicon substrate was cleaned with acetone and
H2S04/H202 solutions. To remove the native oxide of the silicon, the substrate
is dipped into a hydrogen fluoride solution before loading into the vacuum
chamber. The TCO and copper films were sputter-deposited onto textured
silicon substrates in a dc/rf-magnetron sputtering system. The TCO and copper
films were deposited onto a textured silicon substrate at 25 ‘C during
sputtering. TCO and copper films were subsequently sputter-deposited without
breaking the vacuum to form the structure of Cu/TCO/Si. Electroplating copper
on Cu/TCO/Si samples uses a chemical bath. The temperature of the
electroplating bath was set at 25 ‘C. The electroplating times of the copper
layer are about 25 minutes. The electroplating copper metals on Cu/TCO/Si are
designed as E-Cu/Cu/TCO/Si. To evaluate the effect of post-treatment on the
properties of copper/transparent conducting oxide/silicon. The E-
Cu/Cu/TCO/Si samples were annealed in the furnace at 150 and 200 °C for 30
min in Ar/H2 atmosphere. A JEOL-ARM 200F transmission electron microscopy
(TEM) operating at 200 kV was used for microstructure examination. Peel force
tests were conducted using a universal testing machine. All the samples were
glued to a brass sheet. Cu ribbons (40mm x 1.5mm x 0.15mm) coated with Sn
were hand-soldered on a 4 mm broad sample. The peel-off tests were
conducted at an angle of 90° with a constant speed of 30 mm/min. The
measured values were divided by width (4 mm) to obtain the real peel force.
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Results and Discussion

The low and high magnification TEM micrographs of the E-Cu/Cu/TCO/Si
sample annealed at 200 °C are shown in Figure 1. The multilayer is preserved
after annealing at 200 °C for 30 min. The structure of the as-deposited sample
is identical to the sample annealing at 200 °C for 30 min. In the peeling force
test of the post-annealed E-Cu/Cu/TCO/Si sample made by sputtering and
electroplating. For the as-deposited samples, the average peel force value is
about 0.37N/mm at the peeling angle of 90°. The average peel forces are about
0.8 N/mm and 0.91N/mm at 150 and 200 °C, respectively. The average peel
force increases as the annealing temperature increases. The results show that
the adhesion strength of the E-Cu/Cu/TCO/Si sample can be improved by heat
treatment.
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Figure 1 (a) Low and (b) high cation TEM micrographs of E-
Cu/Cu/TCO/Si sample annealed at 200 °C, respectively.
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