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Abstract The effect of substrate surface roughness and sintering temperature on the adhesion strength of Ag-based thick
film conductors formed on AIN substrates with excellent thermal conductivity was studied. The adhesion strength of the
thick-film conductor manufactured using an AIN substrate having a surface roughness (R,) of 0.5 was higher than that of a
thick-film conductor manufactured using a substrate having a surface roughness greater or smaller than this. In the case of
a substrate with a surface roughness of less than 0.5, the contact area between the Ag thick film conductor and the substrate
was relatively smaller than that of a substrate with a surface roughness of 0.5, resulting in a lower adhesive strength. On
the other hand, when a substrate having a surface roughness of more than 0.5 was used, it was found that the conductor
film was not completely adhered to the substrate, and as a result, it was found that the adhesive strength was small. In
addition, it was found that the surface smoothness of the Ag-based thick film conductor film obtained by sintering at 850°C
was the best compared to the smoothness of the conductor film obtained by sintering at different sintering temperatures,
and as a result, it was found that the adhesive strength of the conductor film was the highest.
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Fig. 1. View of specimen before (a) and after (b) adhesion test.
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Fig. 2. The surface morphology of AIN substrates. (a) R,=0.3, (b) R,=0.5, (¢) R,=0.7.
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Fig. 3. Surface roughness of AIN substrates. (a) R,=0.3, (b) R,=0.5, (c) R,=0.7.
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Fig. 7. Cross sectional view of sintered film on substrate of various surface roughness. (a) R,=0.3, (b) R,=0.5, (¢) R,=0.7.
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Fig. 8. Schematic diagram of sintered film on substrate of various surface roughness. (a) R,=0.3, (b) R,=0.5, (¢) R,=0.7.

=Rl 7)) g3l sl Al QAEst
$rste uFn YE Azel glof Jwe] EHzw

#le= R, #o=E 0.5 A=R #Aelske Zo] nEEs
& 4 AN

ol¢} 7o AES Fig. 8ol ®EAFow Jehldt).
FAxETt A2 A= 2A 71 Abole] HEHA
o] Zty FHELI} 0.7 oldom & BA%E 22 &%

7F W} frE)do] ] AWEA] RalA 7]t 2 A
ole] void7} A7IAl EaL o]Z <l 7]t € Alole]
HEmz o] Ho] ®Hzxw=s} 0.59 A9-Ho HAL=s}t

A7 ehte R0 47,

AAe pAewe) 44e 96 7] e Euxse
7)) Qe wAute] MEe} MERAA 27t 47

2rol wE HA=e AE Fig. 99k 100 UERK
At}h. Figure 994 B ujel 7do] WERO A$=

BS0°CNH 2A% AW 3 AV BS % B
om Fig 109 WERAN 278 ARe] 49E 03

@ 900°ColN 22 7397} 7 B vers ¢
ATt

Figure 11:& R7F 0.51 AIN 7]l =4] Fo]2ES
3t & WERE o835 800~900°C Alo]ollA] A
g AlHe] 9y 9Wg FE-SEMOR sl de



Adhesion Strength(kgf)

Fig

A7z ARleth, A2k Fil wel 2] X
L= ZTRE o, 875°CoAE H1E 850°CY)

=

Effect of surface roughness of AIN substrate and sintering temperature on adhesion strength of Ag thick film conductors 89

11
—&— Ra=0.3
—&— Ra=0.5
10k —e— Ra=0.7
r's
[ ]
9 i /
| ¢ A
8| ®
1 [//”J/—.
6 1 i 1 A [l

800 850 900
Sintering Temp. (°C)

. 9. The influence of sintering temperature on the adhesion
strength of the thick film Ag sintered in a belt furnace.

735
AUEE o7 SRR, AR EE thh HolH
T AT o] 875°C o) doME Ao =w H

T (K o froad

) i v 1
‘HANBAL. ZaKY X5.@

. -

m
g 17mm

11
—=— Ra=0.3
—&— Ra=0.5
ol —e— Ra=0.7

% ¢
2
£ o} ¢
2
S A
=
(2] /
c 8
o
2 :x’///.
o L
3
< 71 u
6 1 i 1 A 1
800 850 900

Sintering Temp. (°C)

Fig. 10. The influence of sinteriang temperature on the adhe-
sion strength of the thick film Ag sintered in a muffle furnace.

HoR %E 5 vl AAAs | Rzl Az

900°CelM 2Z7h AlFAM o2’ |2 FElshA U

B & & dSlth o]& <lsf Ej=ade 5
L=

&
i
e

& _ 1Mm 2
%5, 000

.« e ",,1 ".
9 e “

» o »
. :

Fig. 11. Surface morphology of Ag conductor film sintered at various sintering temperature: (a) 800°C, (b) 850°C, (c) 875°C, (d) 900°C.



90 Bon Keup Koo

247 900°C) ZAgol= HRAA= 7P =4 o
Bl ol ZIEZE & FEFo] dHe] AAEY
Gojx 7= A= AstEk FRAA o] A wE
AR7=e] Z7pF d 3A #gsi87] Wil A=
R EAR=

-1

4.4

rh

AIN 713#e] FHEEE GE8le] Ag =AY Q14
3 F HMERN AF2EE gElEl] =4 v Az
g & He] HHAwe e 7] FHxEst &
2xe] JFE ATl v 2 dES Ak

1) AIN 7]2e] FHZER,)7F 052 7198 ARE-5}o]
Az FeeAe] J2dert R7F 0550 ZAY &
< 78S AREEt] AxS ARY 7P =4 JER
o FRXE RV 058 2R 7] AS- Ag T
A9} 719 Apolo] HEH A o] AR o® Ao} FR7F
T A veRger ZHEE7F 0550 F 719 A
&3 ZAfole 719 EAE Afold] §FEA] Eeh=
o] AAAM ol& Qe F2=rt AA UEbstt.

2) 24LES 850°CE s} dofxl =A] we] wH
BEE7E 8 AR adste] dojxl =A e
Bewel vlaskd 7P 9silal o] wiell =AEe
H2R=7E 95kg= 7P A YRS & F AT

3) & APolMe oAl A ut AFTE] Ax
e BHZER)F 0.59] AIN 7|9 AREElaL, =
A 2FRXEE 850°CE k= Zlo] 7MY Ajtsitke A

F

References

[ 1] K.V. Subramanium, RamBabu. Busi, B. Poornaiahand
and Y. Srinivasa Rao, “Microwave trimming method
(MTM) of polymer thick film resistors”, Procedia Mate-
rials Science 6 (2014) 897.

[2] C. Ryu, D.J. Kim, B.D. Kang, B.K. Koo, J.H. Kang,
K.M. Yu and K.S. Ryu, “The fabrication of RF termina-
tion power resistor (in Kor.)”, KIEEME Summer Con-
ference (2002) 553.

[3] S. Choi, K. Lee, B. Song and J. Ryu, “Failure mode of
high power fixed RF resistor of RuO, thick film on AIN
substrate”, 2009 Asia Pacific Microwave Conference,
Singapore (2009) 1413.

[4] B. Su, J.E. Holmes, C. Meggs and T.W. Button, “Dielec-
trics and microwave properties of barium strontium tita-
nate thick films on alumina substrate”, J. Eur. Ceram.
Soc. 23 (2003) 2699.

[ 5] R. Martinez-Mafiez, J. Soto, E. Garcia-Breijo, L. Gil, J.
Ibafiez and E. Gadea, “A multisensor in thick-film tech-
nology for water quality control”, Sensors and Actua-
tors, A 120 (2005) 589.

[6] D. Crescini, D. Marioli and A. Taroni, “Low-cost accel-
erometers: Two examples in thick-film technology”,
Sensors and Actuators, A 55 (1996) 79.

[7] C.L. Yuan, X.Y. Liu, C.R. Zhou, J.W. Xu and B. Li,
“Electrical properties of lead-free thick film NTC thermis-
tors based on perovskite - type BaCo,Co,Bi,_ 305",
Mater. Lett. 65 (2011) 836.

[ 8] C.A. Harper, Handbook of Thick Film Hybrid Micro-
electronics; Ch. 3, McGRAW-Hill Book Company (1982)
p. 1-47.

[9] PJ. Holmes and R.G. Loasby, Handbook of Thick Film
Technology; Electrochemical Pub. (1976) p. 14-49.

[10] B.K. Koo, “Effect of lead free glass frit compositions on
properties of Ag system conductor and RuO, based
resistor pastes”, J. of the KIEEME (in Korean) 24
(2011) 200.



