
�50�    �5�                                ��������	                                     Vol.50,  No.5 

2021�      5�                      RARE METAL MATERIALS AND ENGINEERING                           May  2021 

 

�����2020-05-30 

���	����	
	1980��	��	��������������������� !"#$%&'	() *+ 410073	

,-.0731-84574578	E-mail: 1539557191@qq.com 

 

��������	
����� 

 

���

1,2

��  �

3

���	

1

�
��

1

�
�

1

��  �

4 

 

(1. ������ ������ ��������� !"#$%&'	() *+ 410073) 

(2. /01234567	89 /0 110000) 

(3. ()���� :;<,=����	() >? 411201) 

(4. @AB�CD�E56FG	@A 100076) 

 


  ��HIJKLMN,OPQR,STUVW,SXYZ[\,S]^_`abc$	defghiQRjk,

lmn56opHqrstuv��wxIJKtyAS

f

/SiO

2

z� !"\JKs��M{!	|h}~��C�� 2

�{!�����IJKL,STU	���`���O���W��o��\ XRDg��Y�_�56� 25~700 �

���,STU\{!��P��� Z	o��TUP,S]^ Zm¡¢�£	¤i,STUP�¥¦_`�i

AS

f

/SiO

2

� !"	N§¨¡�©P,STU�']ª«¬®¯°g�	±]ª«²³°g�d´µ	N,¶·�P

¸¹º»	¼½,Sº»	¾¿�ÀMTU,SÁ�Â]^Ã±Äº»	ÅÀÆP,S]^ ZmOÇ	¤i,ST

UP�¥¦_`»iJKs��	¨¡�©P,STU�']ª«¬®¯Èg�	±]ª«Èg�´µN§N,¶

·�P¸¹w�	¼½,SwÉ	,STUÅÀÊP]^ Zm  

���IJKL,STUËAS

f

/SiO

2

� !"Ë�Ì�Ë®¯g� 

�������TB332        ������A        �����1002-185X(2021)05-1679-06

 

��������	
����������

��	������	��������� !"#

$%��&��'����	(��)*(+,-.

/���	0123�4���	0���567

89,:;-.<$0.�=��>�?�>�@3

AB�C@3ABD�E�4FGHI�J�K$%

LMNOP2Q�RSTUVW0�XPY,Z[\

]^_AB-`a.��Lb_��Lbcd�L

e�����fgZ[>hij\]kaluminosilicate�

ASl^_���hkAS

f

/SiO

2

l`a.�0m���

e�L

[1]

�n1o2Q0OPMN���p0qL

��TU����rsL�	tu0v$wx,y

AS

f

/SiO

2

`a.�=-.��	tuzL�PYg{

|��,}~���>0��<�= 9~10�AS

f

/SiO

2

`a.�0��<�= 3.5~4���5{�0��<

��z��#$g{���������,��

AS

f

/SiO

2

`a.�z��&��'-.��5�=

!�0#$;�, 

�	����/�����	���0����,

:;���������	��y��>=-.

[2]

�  

4f�	����0����%-272~300 ����

��

[3-7]

,���Pike ���� �-�	tuz

-272~127 �����	¡��0¢�

[3]

£Abe���

� ����3¤¥�4�	tuz-100~300 ��

��0�	����089�¦s§ ¨#0©ªc

«

[4]

£Roman ��z��>-.¬® �����

	tu�¦¯$°±²³c«´µ tuz�% 127 �

���0�	����

[6]

,¶·;0���¸¹��

��	0�������X��% 300 �yº�{L

��0���X»¼¨¢½±,¾¿�:;�	tu

��y@3AB=-.�yAB\]^_`a.�=

-.0���X»¼½±, 

À�Á¥Ây AS

f

/SiO

2

`a.�Ã��>=-

.���������	tuz 25~700 ����0

�	�������¯$�ÄÅÆ¨¢Ç��*¥

ÈÇÃ XRD #ÉÊ�Ç�Ë¥ÈSÌ�ÍÎ4tu

�	����089�¦¶²³�	Ï�´µJ¾-

.ÐÑtu�	����0U�Ò, 

��������



Í1680Í                                        ÎWÏÐ!"<CD                                             � 50� 

100 µm 

10 µm 

10 µm 

 

a 

b 

 

50 µm 

c 

d 

y AS

f

/SiO

2

`a.�Ã��>AB=-.�fg

AS

f

/SiO

2

`a.�ÓÔÕ-ÖÕÇ®×Ø

[1]

,�	


�/y����=Ù�¨�¦ÚÛÜÝÞßÃÒ

Ôß��¥,¯$àáâã��z 2 ä-.ÐÑâ

 �����	tu�fgàá:�= 250 :(<60 

µm)£å�z 150 �gæç 30 min�è5y 1000 �

=éÞêë���ì� 10 min�åíRî�ï×Ø�

	tu, 

¯$�ÁðñòóÊô tu0L��	,ò

óy��>AB=õ��yöà=Ù÷�Êd¿¥Â

øùú0ûü�ýÃöàþ�z¨#ûü0õ���

��øõ�Ãùúó%������íg�øöàÙ

÷	
§L���¦¡�	Êô�¨Zè,Êô��

�� 25~700 ����� 10 �/min��¿��J¾

��4#0�	ë, 

¯$ Bruker D8 ADVANCE L� X �÷���

kCu ���X�� 40 kV��X�� 40 mA�

2θ=20º~90°lÊô�	tuzL�¸�0�¨���

¯$ LynxEye���Ê(�PtPh�è|S�|S��

��= 25~700 �����= 20 �/min, 

¯$�ÄÅÆ¨¢Ç(digital image correlation�

DIC)�¿¯&�	tuÃ-.z���g0� £

!"-.Ã�	tu0#U�¯$#$%&uÞ'3

�()c«©ª*�tuz���g+o#ÉkUl

¸�

[7]

,DIC Ç0Êd,ÇÃ-©./0zùú12

��ÐÑ3t4uåÒ0L�567��8$ CCD 

(charge couple device) ¨Ò�¿¯&12��0�Ä

ÅÆ�¯$¨#9+¥È12��U:;��ÄÅÆ

0;�ë�"�!"U:;�0;�U�<×12�

�0� 

[8-11]

,=>¿ø12��?¥=E@¨�0

ABáC�D�EFABáC��0E@nG�<×

12���HI�0� JK,Êô����=

25~700 �,CCD ¨ÒL 50 �¯&4MÅÆ�LM

10 N�1 N/O,¯$ GOM PQ�R0 ARAMIS-2M

ST=>9+4�ÄÅÆUVW©, 

¯$ Proto LXRD« X�÷#ÉÊ��ÊôJ¾

-.ÐÑ¬0�	tu+o#É,XY Mn_K-Alpha 

� X Z[�\]^_= 3 mm×1 mm�`a=    

2.10314 nm�!"P�=>bc#É

[12]

, 

������	
�

���������	
�

Å 1/ AS

f

/SiO

2

`a.�ÐÑ�	tu0d1:

e,ÓLfÐÑ:eÅng�tuhijÞ'�k�

�/Ó%
�léÞ�Ò�¥mn�¾¿tuoz

4�0pq,ÓrÑd1:eng�tu��s=   

10 µm�t���=uv, 

��������������

=,w¥Ètu0�	�����4tu	ëU

Vx4�W©.  

( )

θ

Normalized

θ

R T R

R

R

−

=

                     (1) 

fg�R(T)=tuz�� T¿�	ë�R

θ

=tuz�y

�� θ¿Êô0�	ë�À��0�y��= 25 �, 

Å 2 =J¾-.ÐÑ¬�����	tu0�	

����z÷,ÓÅng�y AS

f

/SiO

2

`a.�=-

.�tu�	å��L{|@��	ësº} 20%� 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

� 1  AS

f

/SiO

2

� !"©P,STUÑ¿ÒÓ 

Fig.1  Surface (a, b) and cross-section (c, d) morphologies of the 

resistive coating fabricated on AS
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Fig.2  Resistance-temperature response of resistive coatings on 

different substrates 
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Fig.3  Energy-level diagram for the tunneling barrier model 
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Fig.4  XRD patterns of the resistive coating at different  

temperatures 
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Fig.5  Calculation area (a) and virtual grid (b) of DIC 
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Fig.6  Temperature dependence of the ∆L/L
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Fig.7  Schematic of the finite element analysis method 
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Fig.8  Stress calculation results of the resistive coating by the 

finite element analysis 
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Abstract: RuO

2

-based thick film resistor is widely used in thick film integrated circuits because of its good resistance stability and low 

temperature coefficient of resistance. In the present study, the AS

f

/SiO

2

 composite and alumina ceramic were chosen as substrates, and the 

RuO

2

-based thick films were fabricated on the two substrates by screen printing. The thermal mismatch between the thick film and 

substrates from 25  to 700�   � was analyzed by the digital image correlation method, finite element method and XRD stress measurement 

method, and then the resistance-temperature characteristic for thick film was investigated. The results show that the thermal expansion 

coefficient of the thick film is larger than that of AS

f

/SiO

2

 composites. The thick film fabricated on AS

f

/SiO

2

 composite substrate suffers 

residual tensile stress, which is released at high temperature. Thus, the distance between conductive particles is reduced, leading to the 

decrease of potential barrier resistance. Thick film prepared on AS

f

/SiO

2

 composite substrates presents negative resistance-temperature 

characteristic. On the contrary, the thermal expansion coefficient of the thick film is smaller than that of alumina ceramic. The thick film 

fabricated on alumina substrate suffers residual compressive stress, which is also released at high temperature. And then, the distance 

between conductive particles is rose, resulting in the increase of potential barrier resistance. The thick film prepared on alumina substrate 

exhibits positive resistance-temperature characteristic. 
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-based resistance film; AS
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/SiO
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 composite; thermal mismatch; residual stress 
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