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Table 1  Composition and content of organic vehicle (ω/%) 

Component Terpineol 

Ethyl 

cellulose 

Dibutyl 

phthalate 

Stearic 

acid 

Content 88 4 4 4 
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Table 2  Composition and content of Ag paste (mass fraction/%) 

Component Ag Glass frit Organic vehicle 

Content 74-X X (2 ~ 10) 26 

 

 

 

 

 

 

 

 

 

 

Â 1  XÃ@ABC¾XYNOÄ4ÅÆÂ 

Fig.1  Preparation and screen printing process of silver paste�
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Â 2  ÉÊtuËNOf 4%vwxXYJKij 

Fig.2  Surface morphologies of silver film with glass frit mass 

fraction of 4% sintered at different temperatures: (a) 560Ì«, 

(b) 600 «, (c) 640 «, and (d) 680 «Ì
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Â 3  D 640 «ËNOfÉÊvwxyzXYÍKij 

Fig.3  Cross-section morphologies of silver films with different 

glass frit mass fractions sintered at 640 «:Ì(a) 2%, (b) 4%, 

(c) 6%, (d) 8%, and (e) 10% 

 

 

 

 

 

 

 

 

 

 

Â 4  640 «NOf 10%vwxXYJKfÎÏ;Ð 

Fig.4  Element distributions on the surface of silver film with glass 

frit mass fraction of 10% at sintering temperature of 640 « 

 

 

 

 

 

 

Â 5  XYfrs0ÑPÅÆÂ 

Fig.5  Illustration of densification mechanism of silver film 
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Â 6  640 «NOfÉÊvwxyzXYfO,�u 

Fig.6  Adhesion strength of silver films with different glass frit 

contents at sintering temperature of 640 « 

Ag 

Zn 

Si 

O

B

Continuous pore 

 

Deep 

pore 

Sintering 

necks 

Shallow 

pore 

Large Ag 

particle 

 

a 

b 

c 

d 

15 µm 

Ag phase 

Glass phase 

Ag phase 

Ceramic  

substrate 

Glass layer 

Ag phase 

Glass phase 

Glass layer 

Glass layer 

Glass layer 

Glass layer 

10 µm 

Glass phase 

Glass Phase 

Glass phase 

Ag phase 

Ag phase 

a 

b 

c 

d 

e 

a 

b 

c 

d 

 

 

Glass frit 

Ag 

Glass melt 

2 4 6 8 10

5

10

15

20

25

 

 

A
d
h
e
s
i
o
n
 
S
t
r
e
n
g
t
h
/
M
P
a

Glass Content/wt%

Glass Content, ω/% 



� 5�                               ���n½RSTUVWXYfLMNO¾�lm¿À                           Á1697Á  

 

AB�¤¤¥�¡�cEÐ¤¥S°¤¥�¡�H�

¤¥�¡=�³¤¥�¡�1�E���¡/��2

3�� (�600 ç)F�;<9]^��6GV��d

Nghc���ÊgQ�}_��no������

@T���,ª¦H�=;<�¦���T����

�¡�JÑ¡�
/�M���
a 640 ç�;<9

]^��a 4%�V��xyVo�i����� 

�no�CD6 c�¤¥�¡É��Ñ¡ c/m

«w
23��a 680 ç�V���� ��°¤¥

�¡ c�\f6Gc2gÖ�J$���¡���

�nÑ¡��/;<9]^T
��;<©]^���

c2GV��B�JV��xyy^����nV�

B�¡T�����¡���JÑ¡�
/ä��;

<9]^ 4%R� 640 ç�23�V���$cÑ¡

~ 2.26 mΩ/□/ 

���  ����������� 

��V����������E[��(B�u

��V�������k�®e���nV����

���±0�����WfÃ������/fV�

B�®�k��e�pqYùT�/z�(1)éê��

®�� ω

e

6��½d e=�(�¢ f�»/�LÀ� 

 

 

 

 

 

 

 

 

 

 

 

 

 

Â 7  ÉÊtuËNOÉÊvwxyzXYf³¢ 

Fig.7  Sheet resistance of silver films with different glass frit 

contents sintered at different temperatures 

 

 

 

 

 

 

Â 8  XYfR¢¦§ÒÓ 

Fig.8  Resistance contact model in silver film 

(B f5©L��e6��¢ µ

0

���� d��¡¢ ρ

�»/VuEW��8���LÀ�u������

¢�T�»/YfV����S�¡¢5�»A�®

����»�Yù/V������A�@H���

h��n�¡¢��/Â£�é�V���©L���

Yf�¡¢��� ���8�X��®�e��X�

¡V�����¢�
/ 

2

2

0

e

4π

= =

3

µ

d

ef f

ρ ρ

ω ⋅ ⋅

                  (1) 

ý2@�V����:;�����9�mË�

��8ÎÏ/& 9 Ec 2@�;<9]^E 2%"

4%"10%�V��LMÆ:;���¢��±S}V

�:;mË�T/W&BY�Z����:;Â£}

_��(B�u�}���¤s4%;<9�V���

�¢� 2%"10%;<9V����¢ ¥�SÑ¡�

ÎÏ~©�	¦�¡Tc�Ñ¡6!��T����

�����8/ 

 

 

 

 

 

 

 

 

 

 

Â 9  ÉÊvwxyzXYf�tº» 

Fig.9  Heating rate of silver films with different glass frit  

contents 
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Abstract: Silver films for electromagnetic induction heating were prepared on alumina ceramic through screen printing and pressureless 

sintering. The microstructure, mechanical properties and electrical properties of the silver films were characterized by SEM, four probe 

test and tensile test. The results indicate that the density of silver film is closely related to sintering temperature and glass frit content. 

With the increase of sintering temperature, the viscosity of the glass melt decreases, the silver particles are wetted and rearranged 

effectively, and a dense silver network forms through the sintering neck growth and further fusion. Meanwhile, with the increase of glass 

frit content, glass melt can not only promote the densification of silver particles, but also improve the adhesion strength of silver film and 

substrate. However, much glass melt blocks the contact between silver particles, thereby reducing the conductivity of the silver film. When 

the sintering temperature is 640  and the conten� t of glass frit is 4wt%, the silver film owns good comprehensive properties. The sheet 

resistance reaches a minimum value of 2.26 mΩ/□, and the adhesion strength is high, reaching 14.64 MPa. The experimental results of 

electromagnetic induction heating show that the silver film with smaller sheet resistance has a faster heating rate. 

Key words: electromagnetic induction heating silver film; pressureless sintering; densification; sheet resistance; adhesion strength 
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