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Abstract: Two kind of Ag-pastes were prepared for integrating the bulk Si solar cell. One is the

Ag-paste with Pb—based glass frit and the other is that with Bi-based glass frit. The pastes were the
mixture of 84 wt% Ag, 2 wt% glass frit, 11 wt% solvent of buthyl cabitol acetate, and 2 wt%

additives. After fabricating the Ag-pastes, they was coated on a

SiNy/n+/p- stacks of a commercial

mono-Si solar cell. The solar cell efficiency was 17.6% in the case of the Pb-based Ag-paste. However

that was 16.2% in the solar cell integrated with the Bi-based Ag-paste. The lower performance in

Bi-based Ag-paste was caused by the higher series resistance and the lower shunt resistance in

comparison with the Pb-based Ag-paste.
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2 Ag/Si Ad e <
FAeoh 1y fE 2ol
o] wjA A& (serial resistance)©] 7}
zka Qlo], AdHow EFHAA e A
A7 acle] w7 e s [78].
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European directive RoHS, 2002)% 3%
T oA 2 A Tl o] wk=
stth [10,11]. wheba HEo o =
(Pb-free) & #Ho]2~EQ] 7ol #3 AFE B
a9l [12].
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E4o] vj5 WgkahA WA, -5 (know-how)l
B RS oEsa Qo] Adel B ojelgel
slek. mebd] B AT AR s & dolmee )
B sletel fe RUe 92 dhan Ad 7
24% Wa B £ AZ ARd & Holx
EE % A49 o $4 242 Yel, od@
g AL Hsel A BFAAY &S 5
stol 498 MolnERY AE HeHe Frsnz
sheich.
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99 18 £ dolaER Azt ¥4 £AE 0
G139tk & Bwre] SR 999% ool 3
270% A7 01~04 um A=e] 2 Agsah &
g 22 PbAl (PbO-SiOs-Bix0s-Al:O3)e}  Bil

(Biz03-Zn0-Si02-B203-Al:03)¢1 F+ 7}4]

F7E 97

AAdD & 845

84 wt% of silver powder (purity: 99.9%)
2 wt% of glass frit (split: Pb-base and Pb-free)
3 wt% of additive (ethyl cellulose)

11 wt% of solvent (buthyl cabitol acetate)

T

‘ Blending by impeller ‘

Iy

| Mixing by 3-roll mill |

&

‘ Silver paste (viscosity:700~800 poise) ‘

Fig. 1. Process flow for manufacturing the silver paste.

Fig. 2. Schematic diagram of the integrated Si solar cell
structure.
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Fig. 3. Schematic drawing for explaining the screen

printing process.
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Fig. 4. The particle size distribution of the mixed
powders evaluated by using a particle size analyzer.
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Fig. 5. SEM images of the mixed powders showing the
particle size distribution: (a) Si powder with Pb-based

glass frit, (b) Si powder with Bi-based glass frit.
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Fig. 6. OM images inspected on the finger bar electrode
of the integrated solar cell after sintering at various
temperatures with a RTP system: (a) 500C, (b) 600C,
(c) 700TC, (d) 800C, (e) 900C.
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Fig. 7. SEM
electrode of the integrated solar cell after sintering at

images inspected on the finger bar

various temperatures with a RTP system: (a) before
RTP, (b) 500C, (c¢) 600, (d) 700C, (e) 800C, (f) 900C.
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Fig. 8. The variation of the sheet resistance measured
on the bus bar electrode as a function of the sintering

temperature.
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Fig. 9. The variation of the silver content measured by
using a EDX analysis as a function of the depth from
the SiNy/Si(n+) interface.

Table 1. Solar cell performance measured by using a
solar simulator with the light intensity of AM1.5 at 25C.

Model name Pb-based Bi-based
Vo (V) 0.622 0.625
L. (A) 8.65 8.63
Rs (m&Q/C) 2.92 8.95
Ran (Q) 1324 9341
FF (%) 78.11 71.94
Eff. (%) 17.6 16.2
QUANTX 200) 24 A& ol&sirt. &4 =71
Zobekel whebA Siovlel Ag 940 FEwe 27}
s & 4 Sk 800C 9 Ao+ SiNyn+ AW F

<o Ag AFZFE SHEARE n+/p- AW B2
zol 1 ymel A= 719 W37t glvk. 23 900C 4
A 27+ nt/p- AW F2Q Aol 1 yimolA =
Ag HEZo] 14 wt% AE2 Ad3s] Z719. o)

ol #M dves FHH W 239 LYY
How wxd & A9 AA &%= 800C7H 7HE
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