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Table 1  Content of EC and PW in different solvents (ω/%) 

 Terpilenol Butylcarbitol 

Tributyl 

citrate 

Mixture (terpilenol: 

butylcarbitol: tributyl 

citrate =1:1:1) 

EC:PW 1:5 1:5 1:5 1:5 

EC:PW 2:4 2:4 2:4 2:4 

EC:PW 3:3 3:3 3:3 3:3 

EC:PW 4:2 4:2 4:2 4:2 

EC:PW 5:1 5:1 5:1 5:1 
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2.1  EC � PW ������ 

� 1 �64ÊËØ�È 3 �¼E�rsÉ EC »

PW ��stu���3��Y��z{kí�1�3

�¼E�rs¿É� EC Ä PW ��s¨©�¨[3

�¾�Ù EC» PW��s[7 6%Õ#¼E�rs¨

©R�3�2�U<�=»>þ?«=¼EY#©� EC
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10%5#¼E�rsàUÊËØ�� 4» 40 s
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5¿4

d� 8 Pa·sq�©� PW �¼Ers�É�ÊËØ�

�¨[���#_ 10%� PW¼E#ÙÊËØ�� 4 s

-1

5¼E�rsà� 40 Pa·s#ÊËØ�� 40 s
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® 1  JKLnPQR¯ ECD PW°RPT�±� 

Fig.1  Curves of different solvents’ viscosities with the 

concentration of EC and PW at different shear rates:   

(a) 4 s

-1

 and (b) 40 s
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 2  EC� PW����������� 

Fig.2  Thixotropic properties of EC and PW with different solvents: (a, e) terpilenol; (b, f) butylcarbitol; (c, g) tributyl citrate;         

(d, h) mixtures 
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Table 2  Viscosity and thixotropic index of organic vehicle 

No. 

EC, 

content, 

ω/% 

PW, 

content, 

ω/% 

Viscosity/Pa·s 

(10 r/min) 

Viscosity/Pa·s 

(100 r/min) 

Thixotropic 

index 

1# 2 6 42.5 6.5 6.5 

2# 1 5 36.6 5.2 7.0 

3# 0.8 4 21.7 3.2 6.8 
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Fig.3  Thixotropic property of organic vehicle 
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Table 3  Ratio viscosity and thixotropic index of Ag pastes 

No. 

Organic vehicle  

content, ω/% 

Glass frit content, 

ω/% 

Ag powder 

content, ω/% 

Viscosity/Pa·s 

(10 r/min) 

Viscosity/Pa·s 

(100 r/min) 

Thixotropic index 

A1 12 2 86 176.4 28.2 6.2 

A2 10 2 88 154.5 22.0 7.0 

A3 10 2 88 82.2 16.0 5.1 
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Fig.4  Thixotropic property of Ag pastes 
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Fig.5  3D images of the front-side silver electrodes: (a) A1, (b) A2, and (c) A3 
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Table 4  Parameters of the front-side silver electrodes 

No. Height/µm Width/µm Height/Width Resistivity/µΩ·cm 

A1 9.73±1.85 89.22±7.93 0.109 3.48±1.00 

A2 12.50±1.95 83.93±6.81 0.149 2.13±0.68 

A3 12.18±1.65 83.12±8.35 0.147 2.62±0.81 
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 6  <6-/� SEM=> 

Fig.6  Surface SEM images of the front-side silver electrodes: (a) A1, (b) A2, and (c) A3 
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Abstract: The additives ethyl cellulose and polyamide wax of positive Ag paste with different viscosities and rheological behaviors were 

studied to optimize the screen printing performance of the Ag paste, the morphology, densification and resistivity of Ag electrodes. The 

roles of ethyl cellulose and polyamide wax in the viscosity as well in rheological behavior were different. Ethyl cellulose was mainly used 

to improve the viscosity of the Ag paste while polyamide wax was used to improve capability of shear-thinning of the Ag paste. Because 

screen-printing performance is mainly determined by rheological behavior, the ratio of ethyl cellulose over polyamide wax becomes thus 

critical. By comparing morphology, densification and resistivity of Ag electrodes, we find that the optimum ratio of ethyl cellulose over 

polyamide wax is 1:5 in our case. Besides, the screen-printing performance of the paste with this ratio is also optimized. The development 

of new Ag paste and the way of optimizing performance of the Ag paste reported in this paper are very beneficial to further improve the 

efficiency of current commercial silicon based solar cells. 
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