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> Objective understanding impacts of Ag finger metallization and Cu interconnect wire layout on performance and materials

dd Methodoloqy spreadsheet-based calculations of losses and costs
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Explanation Standard value

Cell width 182 mm
Cell length 91 mm

Number of wires 20 Explanation Standard value

Wire pitch 91 mm Dag Denstty of Ag 0.009 g/mm’
Wire diameter 0.250 mm peste paste
Dy Density of Cu 0.009 z/mm’
Diolder | Density of Solder 0.0085 g/mm’

_ , g2 : _ Tsoider | Solder thickness 0.01 mm
Weett = Nuwire X Pwire Pwire Pmetal Im pp L Finger pitch 1.82 mm Coie | Cost of (coated) 15 EUR kg
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i(L) = Ipp = Jimpp " W * L L dx xrax pfu S8 T . : Finger width 0.020 A
: : = A j mger Mo T Coinger | Cost of Ag paste 1000 EUR kg
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finger = pwire
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pvvz:ll:: pfinger i Wire resistivity 0.017 m(Q -mm

Number of fingers 50
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Weff Finger height 0.020 mm

I ) R_— Optical shading factor SF = Finger resistivity | 0.035 m0 - mm
metal'dx w .
L dliloss = Cell spacing 2 mm
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> Results for Si cells

Simulation Multi-factor impact

Losses/cell [%]

3 Consumption/cell [mg]  Material cost/cell [EUR] Resistive loss [%] >-00 Optical loss [%]
2000 0.06 4.00
m Busbar wiring optical 1800 -\_ 0.05 e 3.00 e
1600 253 ' E 2.00 E
B Finger metallization optical 1400 m Solder 0.04 0.02 12 E 1.00 12 E
1200 = =
m Gap spacing resistive 1000 Cuwiring 0.03 Wires 8 g 0.00 8 g
. . 800 - 1608 m Metallization = =
m Busbar wiring resistive 0.02
600 m Finger '
m Finger metallization resistive 400 metallization 0.01 0.03
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0.20 Wiring material cost [EUR/cell]

Sensitivity analysis

Impact of +10% of parameters on total losses [%] Impact of £10% of parameters on material costs [%]

Wire pitch [mm]

Wire pitch [mm]

Cost finger metallization Cost finger metallization ——

ost solder-coated wires Cost solder-coated wires —
Finger resistivity - Finger resistivity . .
Finger width L — FINSErWidlh | ———— Wire diameter [mm]
Number of fingers - Number of fingers e
Wire resistivity — T — Wire resistivity

Wire diameter  ——— Wire diameter T

Number of wires e — Number of wires e
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Sample fabrication and measurement
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Si cells @ Tandems \
l 1'2 Losses/cell [%]
2 :
Jmp 20 mNcm 1.4 H Busbar wiring optical
(<> 39 mA/em? for Si) 1.2 M Finger metallization optical |
Efficiency 35.0% 1
| (<> 25 4% for Si) 08 B Gap spacing resistive

Finger width 0.01 mm  os
Wire diameter 0.15 mm o4
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m Busbar wiring resistive
| 170

B Finger metallization resistive

800 Consumption/cell [mg] 0.016 Material cost/cell [EUR]
700 0.014
600 0.012
156 m Solder 0.009
500 0.010
400 Cu wiring 0.008 Wires
300 — 579 0.006 B Metallization ® FFmeasured [%]
200 " Finger‘ _ 0.004 —— FFsimulated [%]
metallization 0.006
\ 100 0.002
o — o % 110 130
| | | | | | /

Cell length[mm]
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