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Motivation

" |In PV industry, automated stringer machines are primarily used for series interconnection of solar cells by an IR Emitter with reflector
industrial soldering processes utilizing infrared (IR) radiation [1]

* Inhomogeneous heating leads to higher temperatures at solar cell center compared to their edges, resulting in
overheating and cell damage at center of solar cell [2]

" Precise temperature control during soldering required for optimized processing of high-efficiency cells, ensuring
homogeneous interconnections and high-quality solder joints [3,4]
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= Aim of this work: Development of finite element method (FEM) model to compute temperature Solar cell

istribution on In rial silicon solar cell ring IR soldering in an in rial stringer
distribution o dustrial silicon solar cells during IR soldering in a dustrial stringe Fig. 1: CAD model of a silicon solar cell and the

down-holder under four IR emitters with reflector.

Method Results and Validation

= FEM model with M6 PERC half cell with 6BB & round wire interconnection " Sisolar cell reach maximum temperature of T, = 234 °C at center and
T . =204 °C at the edges

= Computation of entire IR soldering process using radiative heat transfer

physics between IR emitters and solar cell = FEM model is validated using M6 PERC half cells contacted with three

thermocouples attached to down-holder in the stringer

/ = Maximum temperature ditference AT, between measured values and
FEM result is AT = (8 = 4) K
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Sy = Reason for inhomogeneity : (a) Shading of radiation because of the
Round copper : . : : : :
Solder-coated copper wire wire down-holder; (b) Radial heating in x-direction; (c) Inhomogeneity of IR
bown-holder Sn60Pb40 emitters in y-direction
cell Silicon solar cell
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Fig. 2: a) Symmetric geometry of the silicon solar half cell with solder-coated copper wire (ribbon) - ' . | > 40 E
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and the down-holder. b) Geometry of the copper wire, solder alloy and the silicon solar cell. g | | | <. g
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= Two radiation pulses are emitted : Step 1 - Pulse from IR emitter 1 and 2; Time t [s] v & x-ax‘i‘s?[mm] ® 8 wyous B
Step 2 — Pulse from IR emitter 2, 3 and 4 Fig. 4: Comparison of solar cell temperature from

Fig. 5: Simulated temperature distribution
on solar cell at t = 3.8 s measured at
thermocouple position 1, 2 and 3.

simulation (red) and experiment (gray). Gray area:
min./max. band of N = 5 repetitions. Dashed
lines: mean of measured values.

= Power to all four IR emitters Pr= 60 % of 1250 W,
duration of each radiation pulse tg=1.2 s

Step 1 Step 2 Table 1: Comparison of measured and simulated solar cell temperature at
Emitter 1 Emitter 2 Emitter 2 Emitter 3 Emitter 4 positions X; /yl. (cf. Fig. 5) for thermocoup/e Iwithi=1, 2 3.
/_\/_\—- IR-Emitters -—/_\/_\/_\
® ® ® ® ® Therchouple TC,Measured TC,FEM ATC
i [°C] [°C] [K]
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Fig. 3: Geometrical setup of FEM simulation during step 1 (a) and step 2 (b).
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Contact information 3AV.1.16 = FEM model to compute temperature distribution with max. temperature difference ot
— (8 £ 4) K on industrial Si solar cells during IR soldering in industrial stringer

Daniel C. Joseph = FEM model is versatile & can be easily adapted to new solar cell technologies, such as
TOPCon and SHJ, as well as various solar cell sizes and geometries

Finite Element Methods — Module Technology

daniel.christopher.joseph@ise.fraunhofer.de = FEM model allows for optimized IR soldering by reduced temperature inhomogeneity,
Fraunhofter Institute for Solar Energy Systems ISE F | identifying optimal process parameters & improving design of IR emitters in industrial
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