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Abstract: Resistance of the front electrode is the highest proportion of the ingredients of the series
resistance in crystalline silicon solar cell. While resistance of the front electrode is decreased with larger
area, it induces the optical loss, causing the conversion efficiency drop. Therefore the front electrode with
high aspect ratio increasing its height and decreasing is necessary for high-efficiency solar cell in
considering shadowing loss and resistance of front electrode. In this paper, we used the screen printing
method to form high aspect ratio electrode by multiple printing. Screen printing is the straightforward
technology to establish the electrodes in silicon solar cell fabrication. The several printed front electrodes
with Ag paste on silicon wafer showed the significantly increased height and slightly widen finger. As a
result, the resistance of the front electrode was decreased with multiple printing even if it slightly
increased the shadowing loss. We showed the improved electrical characteristics for ¢-Si solar cell with
repeatedly printed front electrode by 0.5%. It lays a foundation for high efficiency solar cell with high
aspect ratio electrode using screen printing.

Keywords: Crystalline silicon solar cell, Metallization, Multi-layer front electrode, Screen printing,
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Fig. 1. Effect of series resistance in current-voltage
curve for solar cell.
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Fig. 2. Series resistance in solar cell [4].
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Fig. 3. The aspect ratio of the front electrode.
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Fig. 4. Fabrication procedure of monocrystalline silicon
solar cell.
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Fig. 5. Experimental conditions.

AL R FA A

HEFAA] A% F 2 2F9 "gFHA e g 54
€ EAGc dA Qe AT FAE Yolry|
A A A Fo sy FAE FHHNeH A
g A9 A5 FA4e @A £ PASAN A}
9] &} A EHOIHE o83t F Ao wE Y
Ao H8EL (n), /NEAY (Voo), BZAF (Isc),
FHAA (FF) %9 #7134 54& E#439eqy
Suns-VocE ©|-€3t9] 2EAF& n2fstx &3¢S o
o] o] A ZAH/AAS} AFPAN ¥& FHUAE
A 3 4=



1018

3. @% % 1@

23Y ZAYE o] 83 go|He AW AF&
53t AH3tAE 9| A S5 ©E AF

€ 5439 19 69 YeErAE Ao ukE 2l
DEK Al 9 & =" FAH|Z finger Zo| 100
AL o] &tk 54 43 A WA A F oy
o FAE o 020 g 71815, 1 F T A A
HA, ] HA A Foll= 01l g ¥ TS B
o},

5 L
IO

10.4

-
o
ha

Water welght (g)

-
o
(=)

9.8 No print  Once Twice

Print count

Thrice Four

Fig. 6. Wafer weight with multiple screen—printed
electrodes with Ag paste.
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Fig. 7. Optical microscope image with multiple
screen-printed front electrode (finger) and the shadowing

loss for each condition. (a) once printed, (b) twice, (c)
thrice, (d) four times.
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Fig 8. 3D-microscope measurement for multiple
screen—printed electrodes; (a) Group 1 (once printed), (b)
Group 2 (twice), (c) Group 3 (thrice).
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Table 1. The electrical characteristics of silicon solar cells
with multiple layer front electrodes’.

Voc Isc FF  Eff Rs

SO ) e e e
GE“’“"I 0628 8539 795 177 0006
& UE 069 8638 801 181 0006
G“(mmf 062 8647 805 182 0005

+All values are average of 3 solar cells.

Table 2. Suns-Voc measurement results for solar cells’.

CunsVoo). FEO6)  PFF-FF (%)
Group 1 s 829 796 3.30
Growp 2 89 80.1 280
Group 3 82.7 805 2.20

*Values are from best solar cell in each condition.
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Fig. 9. External quantum efficiency for crystalline silicon
solar cell.
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