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Abstract

What causes the transformation of a solar cell is the behavior difference of thermal expansion occurred
between the substrate and the layer of semiconductor used in the solar cell. Therefore, the substrate has to
possess a behavior of thermal expansion that is similar with that of semiconductor layer. This study employed
electroforming to manufacture Fe-Ni alloy materials of different compositions. To verify the result from a
finite element analysis, a two-dimensional Mo substrate was calculated and its verification experiment was
conducted. The absolute values from the finite element analysis of Mo/substrate structure and its verification
experiment showed a difference. However, the size of residual stress of individual substrate compositions
had a similar tendency. Two-dimensional CIGS/Mo/SiO,/substrate was modeled. Looking into the residual
stress of CIGS layer occurred while the temperature declined from 550°C to room temperature, the smallest
residual stress was found with the use of Fe-52 wt%Ni substrate material.
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Table 1. Properties of flexible substrate materials, active solar cell”

Material CTE(10°K™) Ts,max (°C) Notes
SLG 9 (20 ~300°C) ~600 Standard glass substrate, contains Na, K, etc.
Corning 7059 4.6 > 600 Alkali-free glass
Cr Steel 10~ 11 > 600 Diftusion of Fe, Ni, Cr, etc.; low-cost substrate
Ti 8.6 > 600 Low Ti diffusion, restricted Ti purity
Ni/Fe-alloy, e.g. Kovar 5~11 > 600 CTE can be well-matched
Al 23 ~24 600 Low cost, low weight, very high CTE
Kapton® E 17 (20 ~200°C) <500a Polyimide
Upilex” S 12 ~24 (20 ~ 400°C) <500a Polyimide
ETH-PI 3 <500b Polyimideb
Mo 4.8~5.9 (20 ~600°C) > 600 Back contact
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Fig. 1. The CTE with variation of Ni content of annealed
Fe-Ni alloys at 600°C.

Table 2. Properties of CIGS cell materials®

Properties Density
materials (g/em’)

Elasticity
imodulus (GPa

Poisson's
ratio

CIGS 5.77
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Fig. 2. The Sample according to the amount of nickel.
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Fig. 3. Schematic 2D model of CIGS Solar Cell.
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Fig. 4. Sample (70 mm x 7 mm x 50 um).
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. Comparison of result values between finite
element analysis and verification experiment.
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