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Abstract In commercial solar cells, the pattern of the front electrode is critical to effectively assemble the photo generated
current. The power loss in solar cells caused by the front electrode was categorized as four types. First, losses due to the metallic
resistance of the electrode. Second, losses due to the contact resistance of the electrode and emitter. Third, losses due to the
emitter resistance when current flows through the emitter. Fourth, losses due to the shading effect of the front metal electrode,
which has a high reflectance. In this paper, optimizing the number of finger on a 4 x 4 solar cell is demonstrated with known
theory. We compared the short circuit current density and fill factor to evaluate the power loss from the front metal contact
calculation result. By experiment, the short circuit current density(J.), taken in each pattern as 37.61, 37.53, and 37.38 mA/
cm’ decreased as the number of fingers increased. The fill factor(FF), measured in each pattern as 0.7745, 0.7782 and 0.7843
increased as number of fingers increased. The results suggested that the efficiency(£ff) was measured in each pattern as 17.51,
17.81, and 17.84 %. Throughout this study, the short-circuit current densities(J;.) and fill factor(FF) varied according to the
number of fingers in the front metal pattern. The effects on the efficiency of the two factors were also investigated.

Key words front metal pattern, shading loss, resistance loss, power loss analysis.

Nomenclature Subscript
J: current density, mA/cm? Jse: short circuit current density
V:  voltage, V V! open circuit voltage

FF: fill factor
Eff: efficiency
Jmp:  current density of max power point
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Vmp:  voltage of max power point

A: width of unit cell

B: length of unit cell

S: pitch of finger to finger

Wg: width of finger

Wsg:  width of busbar

psmit  sheet resistivity of contact metal layer for the

fingers
Psmp:  Sheet resistivity of contact metal layer for the
busbars

pe:  contact resistivity between front metal and emitter

ps:  sheet resistivity of emitter
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2.1 Theoretical approach
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Fig. 1. Schematic of unit cell for designing front metal contact.
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Table 1. parameters for calculation optimized number of front
contact fingers for 4 cm x 4 cm solar cell.

W(um) 90
B(mm) 40
Psmt(€Y/5q) 1.4167e-4
p(Q/cm?) 0.2¢-3
ps(Q/sq) 60
Jmp(MA/cm?) 34.76
Vip(V) 0.527
NF(ea) 19

Fig. 2. 9 cell pattern solar cell which have 17, 19, 22 ea fingers
pattern on.
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Fig. 3. Light I-V curve for each solar cell which has different
fingers number.
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Fig. 4. Fill factor & series resistance for each solar cell which has
different fingers number.
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Fig. 5. Quantum efficiency of each solar cell which have different

fingers number.
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Fig. 6. short circuit current density(J,.) compare from Ligh I-V
curve and QE of each solar cell which has different fingers number.

Table 2. parameters of each solar cell which has different numbers

of finger on front metal pattern.
17 ea 19 ea 22 ea
V,(mV) 607.5 611.0 611.3
Jio(mA/cm?) 37.61 37.53 37.38
FF(ratio) 0.7745 0.7781 0.7843
Ef(%) 17.51 17.81 17.84
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