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Effects of Te-Bi Glass Frit on Performances of Front Silver Contacts for
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Abstract: Front silver paste is a key material for metalization of crystalline silicon solar cells. Environ-
mental-friendly paste is one of the main development direction for the front silver contacts. The effects of Te-Bi
glass frits with different formulations and components on the performances of front silver contacts were studied by
orthogonal experimental method. The heating characteristics of Te-Bi glass frit and front silver pastes were ana-
lyzed by TGA-DSC. Size and distribution of the silver microcrystalline on Ag-Si interface were observed by SEM.
The influence of glass on the performances of the front silver contacts was analyzed by using tunneling current
model. The results show that the transition temperature (7,) of Z7 glass frit composed of 45wt% TeO, and 36wt%
Bi,0; is 379.07°C. The endothermic reaction of corresponding paste occurs at 612.8°C with 0.16% weight loss oc-
curring at the same temperature. The efficiency of polycrystalline silicon solar cells using the corresponding front
silver paste is 16.87%, and adhesion of the cell is 4.35 N.
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SiN, Ml Si ifJ5i; 2) it Ag TE LA 45 3) BRI Si
(1) Z0) oo i 82 LU 9 e J2 ) 20 b e B2 /), A0 T b
il £ T B ACRIR 16.6% 1 LH K .

TeO, MM RUR(733°C), 1T LARBRAR IR 1) 4% ARl &
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(PIRETE, 2 TCE IR NIIE P 2 — o A TAEENRT
TeO,-Bi,05 R IEHA 1) B Rgma A 55, FH IEAS IR )7
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1.1 BIERIAYH &

FR A 1E AT S8 J B, %F T TeO,-BiO5 ZR B,
2 & TeO,. Bi,03+ Si05. L,O Al MO %5 5 /NMA %,
ANHRZFIE4NKY, BRmnk 1R, Rh&KFR
P FEIC T Fh 10 Bl (wit%) . L0 BB 4 e 484k
) Li,0 NayO 4% LB 4L p; MO | B8 H ] 44
F AL ALOs. ZnO. CaO. SrO Z54% & Ll 20 it o
MR IEAZ S0 (10 J5UH, Wik 4 KPS I IRt
IEAT R Lig(4°), JEih4% 16 DBIEREN, 5% 5 A
Z1~2716, ¥ HARBC 7 Wk 2 fios . & rp it A4k
PRI Ry or i ali. $ MR 2 FTRRRL, R4 ALY
JFRHNE A AT . BB INeds T 28 Mk 1100°C,
it 1 he BIFL S K GEREE 2 h, 5153
Dso KR4 /N T 3 um HI B

x1 EXKBAFEERR
Table 1 Orthogonal experimental levels and factors

1 2 3 4 5
No.
TCOZ Bi203 SIOZ Lzo MO
1 40 28 0 0
2 45 32 2 2
3 50 36 4 4
4 55 40 6 6 12

F2 EXRRBFHRAR
Table 2 Glass recipe table of orthogonal experiment

Glass recipe/wt%

No.

TeO, Bi,04 Si0, L,0 MO
Z1 40 28 0 0 3
Z2 40 32 2 2 6
73 40 36 4 4 9
74 40 40 6 6 12
Z5 45 28 4 6 6
Z6 45 32 6 4 3
z7 45 36 0 2 12
Z8 45 40 2 0 9
Z9 50 28 6 2 9
Z10 50 32 4 0 12
Z11 50 36 2 6 3
Z12 50 40 0 4 6
Z13 55 28 2 4 12
Z14 55 32 0 6 9
Z15 55 36 6 0 6
716 55 40 4 2 3

1.2 IESREMRIESREBREIH &

IR LE Ay B 2wt%, HOK 88wt% My
HLE AR 10Wt% o R = RAFBE T 2143, SR
/NF 10 ume

b IE ) 2 il SRR L 7Bk 80 o, R
SO 6 ST IR 1/9 R/, BRI AR 360 HE, Al
SEEA 80 um, BEMFEMEIR] 6 fro SRA 9 dEIX
CLAMEE e gl b AT e £, edh T2 ARk
A 6.1 m/min, il XK 300C, 310°C
320°C. 480°C 520°C. 560°C . 600°C. 810°C. 900°C .
R IF, K FHH T T a4 P 1R A B 2R R A
HI , 3EAT P BT L
1.3 TEEERAE

F Hth 25 A 2 B0 (GSCT-B) WA FE b 11
HIPEfE, R4 YR 25°C, Y65 100 mW/em?,
REFAESIR 6 Fr, BOFSMEAE R4 A . FHHr
J3vE DR W AR B D7, WK S AR AR AT, )
180° 7 Jlid #7 , I3hor Jd Jg BY h eAR BHEE y o K
TGA-DSC(METTLER TOLEDO, TGA/DSC-1)43#7
I B R0 ORI Ak BERE % H SEM(TESCAN,
VEGA-3-SBH) 73 §7 1 2 111 S Wt 17 149 4 sk i O /N A
A, H XRD(XRD-7000, Shimadizu, Kyoto, Japan)
N 3B 2 ) AR 1
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AR Z AR 17.07%, P& I HLI AR
ZERA 0.2% 0 120 HOHORE A 2 il A5 1 ) — & BT I
B, T AH [R] A BRI RG22 AR . 21
Z6. Z15 F1 Z16 Fffi (1 IR #0AK T 10%, HiAt:
FE it L PR A5 Ah T R TR) K o FURI R B A ) s 22
SRR, PG DB IORE S 23 Z4. Z7 1 Z8 #5K
T 4N, RPN HE, 215 100 0.35 No Wit
R IR R G RARK, Ry /NI FELI, LA Ht
oA EE s, Z7 R Ry B, U 77.14 mQ.

K1 O IEAR AR A R R, TR B T T g
SR . AEREET NN, BOEMICHLS I A B 1
J& P 5 E WU Z (ARC layer), FF . H AT DLAEER AN G A4
Tk 22 2 )T B s PO LB R, g e e e 7
R A R R R, SRR RS B ORI, VRS
P SRR T AR O I Tl SN J2 o HRURL A i
TEMRE A B IR AR KN A, S5 A Ak G
R R RL. P, B E i 5 B et
R A AR g e T R A
2Bi,05(glass)+3SiN,(s)— 4Bi(1)+3SiO,(in glass) +
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Table 3 Cell performances of orthogonal experiments
No n/% Voo!V I /A R/mQ  Adhesion/N
zZ 17.07 0.622 1.004 68.26 4.04

Z1 7.13 0.617 0.847  434.12 2.35
z2 12.85 0.620  0.958 110.97 2.60
Z3 13.98 0.615 1.049  106.51 4.40
74 12.01 0.619 1.059  151.55 4.15
Z5 11.12 0.612 1.009 171.31 1.85
76 5.61 0.614 0996  580.61 1.40

z7 16.87 0.621 1.009 71.14 4.35

VA 13.21 0.621  0.959  120.16 4.60
79 10.50 0.616 0998  180.06 1.70
Z10  13.15 0.621 1.039  181.08 2.75
Z11 11.75 0.619 0998  148.39 1.25

Z12  13.98 0.616  1.087 86.99 3.20

Z13  11.50 0.611 0974  229.12 2.30
Z14 1035 0.619 0986  206.66 1.95
Z15 8.78 0.617 0918 564,57 0.35
Z16 7.70 0.619 0977  598.99 1.50
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Fig. 1 Structure of the front-contact silver electrode
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Fig.2 Models of current transport in front contact silver electrode
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Fig.3 DTA curves of lead-free glass frits of Z3, Z7, Z10 and Z16
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Fig. 5 XRD patterns of the glass frit
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Fig. 4 DTA curves of front-contact silver paste of Z3, Z7, Z10 and Z16
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Fig. 6 Size and distribution of Ag crystallites in front-contact
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Fig.7 Cross-sectional SEM images of front contacts of Z7
and Z16

3 ZEig

1) I EASSE, i€ T Te-Bi BIE M LA
JIFIALE, 24 TeO, & & 45wt%. Bi03 & & 36wt%-
B4R A L0 & 2wt%. TIEAEAY MO
Ui 12wt%i, BEEMYERERAL, HIER 2 K
BH fig L IO BCRIA B 16.87%, FEK K B 25 7714 2
4.35 N.o HLth Pk e e AR B IE IR K K o

2) BEEEM AR E (Te)~ iR BE 8 ol 25

XPIEAR IR B e g H g . 27 BESW T, h
379.07°C, XN IEALRRE 612.8°C H LIRS WY
HAT KR T (—0.16%), F3 F) T 95 5z St B 116 J5 e A
BRI TE R . Z3 BEBIY Ty oA 377.14°C, JBIGE Y
(1) 9 T /N (—0.10%), - 3B 385 558 Y S S8 5 114 g ok A 4R
Tk Al R T A R 22

3) AN [ B B AR A T A AR K. 27
PR IEAR AR PR B A E R %2, RS/ T 0.3 pm,
SIS, ARTF Ag-Si T HUEIEME K, PG
FOIB IR R G LR, 4 My 3 . Z16 BB IEAR T
W B EEEZ, HRAEKGE 0.5 um), 251
A5y, PR AR ARG,

4) XRD ik, TeO, & 40wt%~55wt%,
Bi,0; &1 28wt%~40wt% [K) it 77 # it 2 B R 4f 1)
Te-Bi B{IE 25,

S % Hk:

[1] HORTEIS M, GUTBERLET T, RELLER A, et al. High-tem-
perature contact formation on n-type silicon: basic reactions and
contact model for seed-layer contacts. Adv. Funct. Mater., 2010,
A20(3): 476-484.

[2] KIMJ H, KOO HY, KO Y N, et al. Characteristics of Bi-based
glass frit having similar mean size and morphology to those of sil-
ver powders at high firing temperatures. Journal of Alloys and
Compounds, 2010, 497: 259-266.

[3] KIM DONGSUN, HWANG SEONGIIN, KIM HYUNGSUN. Ef-
fect of the thermal properties of frits on the electrical properties of
screen-printed silicon solar cells. Journal of the Korean Physical
Society, 2009, 55(3): 1046-1050.

[4] JAAP HOORNSTRA, GUNNAR SCHUBERT, KEES BROEK.
Lead Free Metallisation Pastefor Crystalline Silicon Solar Cells:
from Model to Results. 31st IEEE Photovoltaic Specialists Con-
ference, 2005.

[5] HILALI M M, NAKAYASHIK K, KHADIKAR C. Effect of Ag
particle size in thick-film Ag paste on the electrical and physical
properties of screen printed contacts and silicon solar cells. J.
Electro-chem. Soc., 2006, 153(1): A5-Al1l.

[6] CHE Q D, YANG H X, LU L, et al. A new environmental friendly
silver front contact paste for crystalline silicon solar cells. Journal
of Alloys and Compounds, 2013, 549 : 221-225.

[7] MOHAMED M, SRIDHARAN H S, KHADILKAR C, et al. Ef-
fect of glass frit chemistry on the physical and electrical properties
of thick-film Ag contacts for silicon solar cells. Electro. Mater.,
2006, 35(11): 2041-2047.

[8] TSAI JUNG-TING, LIN SHUN-TIAN. Silver powder effective-
ness and mechanism of silver paste on silicon solar cells. Journal
of Alloys and Compounds, 2013, 548: 105-109.

[91 SCHUBERT G, HUSTER F, FATH P. Physical understanding of
printed thick-film front contacts of crystalline Si solar cells-review
of existing models and recent developments. Solar Energy Mater
Solar Cells, 2006, 90: 3399-3406.

[10] ZHOU JUE-HUI, XU NUO-XIN, YANG HUI, e al. Effect of Ag
powder and glass frit in Ag paste on front contract of silicon solar
cells. Procedia Engineering, 2014, 94(6): 1-5.



