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Study on Room—Temperature Interconnection for a Silicon Photovoltaic Module Using a
Liquid Metal

Hae wook Chung

Dept. of Graphic Arts Engineering, Graduate school,

Pukyong National University

Abstract

In order to connect solar cells in series in the production of a crystalline silicon solar cell
module, a tabbing and string process is performed to interconnect the metal ribbon with the
bus electrode of the solar cell. During the high temperature soldering, the difference in
thermal expansion coefficient between the metal and the silicon causes the solar cell bowing
problem or breakage. In particular, since the cost structure of solar cell modules is large in
proportion to the cost of silicon, the thickness of solar cell wafers is gradually decreasing in
order to reduce costs. As the thickness of the solar cell wafer becomes thinner, the damage
of the solar cell is expected to increase. In this study, we present a new interconnection
method for thin solar cells. It can be done at a room temperature and hence no mechanical
stress is developed between the metal ribbons and the solar cell. Also, the efficiencies
between the conventional soldering method and the room—temperature interconnection
method has no big differences. Thus, the room—temperature interconnection method can be

an alternative to conventional soldering methods for thin solar cell wafers.
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Figure 1. Configuration of crystalline silicon solar cell module
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Table 1. Melting temperature and resistivity data of lead—free solder alloys ! /

Melting point(Q) L
Solder alloy ! il Bulk resistivity(uQ-cm)

(solidus/liquidus)

Bi58Sn42 138/138 38.3

Sn60Bi40 138/170 34.5

In52Sn48 118 / 118 14.7

Sn77.2In20Ag2.8 175/187 17.6

In97Ag03 143 / 143 7.5
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Solar cell strip Metal o

Figure 7. a) A strip of interconnection using a conventional soldering method, b) A
strip of interconnection using a liquid metal, Hlustration of ¢) solder joint fracture

and debonding, d) cross—section of junction using liquid metal
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Table 2. Properties of galinstan
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Property Galinstan
Color Silver
Odor Odorless
Boiling point >1300°C
Melting point -19°C

Vapor pressure
Density

Solubility

Viscosity

Thermal conductivity

Electrical Conductivity

<10 Pa at 500°C
6440 kg/m?
Insoluble

24x107 Pa-s at 20°C
16.5 W/m-k

2.30x10° S/m
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Figure 8. Procedure of carrier vehicle and galinstan paste
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Table 3. Composition of galinstan paste
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AAE o] AE ]

i)

Filler Carrier vehicle
Rheological
Dispersant Binder Co-solvent
i modifier
Composition
Galinstan Butyl
PD-2246 : Ethyl cellulose . Thixatrol Max :iTerpineol: carbitol
acetate
wt% 95 0.95 0.28 0.48 2.3 0.99
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Figure 9. Schematic illustration of the fabrication steps of a unit module using EVA
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Figure 12. Schematic illustration of the fabrication steps of a unit module using liquid
silicone
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Figure 17. a) Non—spherical shape of galinstan due to gallium oxide, b) Non-—

spherical shape of carrier vehicle due to yield stress, ¢) Dispersed galinstan and
d) galinstan paste on the silver bus bar
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Figure 19. Measured viscocity of galinstan paste, carrier vehivle and galinstan
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Figure 20. a) SEM and b) line EDS analysis of galinstan droplets
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Figure 26. Electroluminescence image of a),b) conventional soldering and c¢)
galinstan paste
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Figure 28. Comparison of the best unit module efficiencies using liquid silicone
encapsulation.
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Figure 32. a) SEM image and b) EDS analysis of the rear silver and aluminum
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5.2 Z-A® Al o3t 5% 7+ SEHE 3A

Az Aol mEW 1 EUP 3 Al H"E g2 Syt HowA Ty 52 A
W WA AF 9kgste] Z% 7+ 313HE (Intermetallic compounds)©] A4 gch G
T2 Zol9k &y AW Atolel A= CugSns & CusSn ol F4d=a, £t AW WA
A= Adeld= AgsSns o] AL 53], St A MAAS Aol o F7
v w5 I 3EEe] dAH=H, ol v AW dF5ow F4(Sn) Adwol o @
o] g4t ¥7] wWZolth AgsSn w5 F 3= FHAA o] oFE & ol g} Table 4 & &

of HlAFe] %7 Wil BFHA BE :71d 545 A A7 ddo] "ok

Table 4. Bulk resistivities of the alloyed forms of silver, indium and tin

soacatoy || Moo roli®y) | Bk G
Sn96.5Ag3.5 221 /221 12.3
Sn95Ag05 221 v 13.7
In505Sn50 118 /125 14.7
In97Ag03 143 /143 7.5
In90Ag10 143/ 237 7.8
Sn77.2In20Ag2.8 175/ 187 17.6
In 157 /157 8.37
Sn 232/ 232 12.4
Ag 960 / 960 1.63
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Figure 33. SEM and elementary mapping image of cross—sectioned Ag busbar
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