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Stoma suppression of laser sintering conductive circuit
CHEN Tian-yu" , GU Ming-fei

(School of Mechanical Engineering ,
Nanjing University of Science and Technology, Nanjing 210094, China)
% Corresponding author , E-mail : cty15061772687 @sina. com

Abstract: To reduce the large number of stoma generated inside a conductive circuit during laser
sintering, which impede further improvements in conductivity, a single factor test was conducted to
study the influence of process parameters on the morphology change of a conductive circuit. Once the
sintering characteristics of the conductive circuit were determined, a sintering method with variable
parameters was proposed to suppress the formation of stoma. The proposed method first selects the
sintering parameters that meet the requirements according to the morphological change of the
conductive circuit, then determines the optimal sintering method through the single-factor test
method. Finally, the stoma and microstructure of the conductive circuit sintered by the optimal
method are detected and the effectiveness of the method is analyzed. The results show that laser
power significantly affects the morphology of the conductive circuit; the volume of the conductive
circuit shrinks during low-power sintering and expands during high-power sintering. The optimal
sintering method, based on the sintering characteristics of the conductive circuit, effectively
suppresses the formation of stoma, improving the conductivity by 35.6%. The results of this study,

based on a sintering process that yielded a conductive circuit with fewer stoma and increased
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conductivity, are significant for conductive circuit performance and can confer excellent forming

qualities to electronic products.

Key words: laser sintering; morphology change; variable parameter sintering; suppression of stomata;

electrical conductivity
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Tab. 1

Property of conductive silver paste

Property  Viscosity/(mPa * s)

Particle size/um  Ag content/%  C content/ %

O content/%  Si content/ %

value 82 500

0.5~1.5

50.52 29.76 18.72 1. 00
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Tab. 2 Basic parameter setting for injection system
Nozzle Nozzle Nozzle moving  Firing pin Fluid Valve Nozzle Firing pin
Parameter ) ) 5

diameter/pm  height/mm speed/(mm « s ') angle/(*) pressure/kPa  pressure/kPa temperature/"C frequency/Hz

Value 200 2 15 630 400 520 60 25
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Tab. 3 Experimental parameter setting for laser sintering

conductive circuit

1 1 1.5
2 1 3
3 1 4.5
4 1 6
5 1.5 1.5
6 1.5 3
7 1.5 4.5
8 1.5 6
9 2 1.5
10 2 3
11 2 4.5
12 2 6
13 2.5 1.5
14 2.5 3
15 2.5 4.5
16 2.5 6
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Fig.1 Experimental results of laser sintered conductive circuit
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Fig. 2 SEM images of cross section of conductive circuit
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Tab. 4 Element content and resistance value of conductive circuit
Parameters used for sintering Element/ %
Sample Resistance/Q
P/W V/(mm=+ s ") Ag C O Si
1 1 1.5 56.98 24.56 16.57 1. 89 1. 090
2 1 6 53.49 27.51 17.13 1.87 1. 780
3 1.5 1.5 60. 43 24.47 13.41 1.68 0. 240
4 1.5 6 58.74 24.06 15. 38 1.82 0.623
5 2 1.5 73.40 14.13 10. 86 1. 61 0.156
6 2 6 62.73 19.42 16. 22 1.62 0.223
um r
501.611
233-679 - 36857 um 558,679 um
— =ill 400, 155 977,030
400 300 -
ROY 200
200
100
100
0 0
-100 =200
~177.039 0 sogm 1000 | 367 g35 —268.255 o 5;?:?1 1000 | 505 ¢06
(a)P=2.5 W,V=1.5 mm/s (b)P=2.5 W,V=3 mm/s
um
Li1n610.105 476,511 476.517
460.105 um 517 pm
400 7 400 0
127.227 100.03
300 300
200 200
100 100
0 0
- -100.03
127.227 ¢ 300 1000 | 360 196 0 i 1000 358 308
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Fig.3 Three-dimensional images of conductive circuit sintered by high-power laser beam
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Tab.5 Sintering methods

Sintering E, sintering Ey sintering
method times-T1. /s times-Ty /s

1 2~10

II 4~20

Il 6~30

N §~10 e

Vv 10~50

i 12~60
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Tab. 6  Element content and resistance of conductive circuit
sintered by optimal way and high energy density
Ei T =40 s;
Element/% Ei,Tp=5s Ep,Tp=40s En.Tp=20s
Fu . Ty=40s
Ag 58. 74 74,29 79. 64 73.40
C 24,06 12.11 9.21 14.13
0 15.38 11.31 9.45 10. 86
Si 1.82 2.28 1.67 1.61
Resistance/mQ) 670 350 99 156
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Fig. 6 SEM images of internal microstructure of conductive circuit sintered by optimal method
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