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Effect of Lead Free Glass Frit Compositions on Properties of
Ag System Conductor and RuO2 Based Resistor Pastes
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Abstract: The effect of lead free glass frit compositions on the properties of thick film conductor and resistor
pastes were investigated. Two types lead free frits, HBF-A(without BizO3) and HBF-B(with Bi-O3) were made
from SiO2, B20Os, AlOs, CaO, MgO, Na:0O, K.O, ZnO, MnO, ZrO,, Bi:Os. And Ag based conductor pastes and
RuO- based resistor paste were prepared by mixed with these frits and functional phase(Ag and RuO:), and
organic vehicle. The properties of thick film conductor and resistor sintered at 850C were studied after
printing on AlxOs substrate. The morphology of the sintered films surface were SEM and EDS were carried

out to analysis the chemical composition on resistor surface and state of Ru atom in frit matrix.
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Table 1. Compositions of lead free frits.

Composition (wt. %)

Sample No.

SIOz RO R‘zo A]gO; BlgOo‘ ZnO B203 MHO ZrOz

HBF-A 15 | 16 | 17 2 0 12 | 32 2 4

HBF-B 131 0 0 3 5 | 6 19 0 3
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Table 2. Composition of conductor pastes.

Compositions (wt%)
Sample No.
Ag Frit Vehicle
HBC-A 60 (HBF-A) 10 30
HBC-B 60 (HBF-B) 10 30

Table 3. Composition of resistor pastes.

Series | Sample No. N composition_(wt%) -
Frit / contents | RuO: Vehicle

HBR-1 HBF-A / 60 10

HBR-A| HBR-2 | HBF-A /50 20 30
HBR-3 HBF-A / 40 30
HBR-4 HBF-B / 60 10

HBR-B| HBR-5 HBF-B / 50 20 30
HBR-6 HBF-B / 40 30
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Table 4. Properties of lead free frits.

Density | Softening | Spreading Paﬁ?(izagS?ze
(g/cm®) | Point (°C) | Ratio (%)
(4m)
HBF-A 2.46 ~560 166 3.89
HBF-B 3.71 ~520 390 3.96
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Fig. 2. Changes of spreading ratio of lead free glass

frits on reaction temperatures.
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Fig. 3. SEM micrographs of conductor film surface
sintered at 850C; (a) HBC-A, (b) HBC-B.
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Table 5. Properties of conductor film sintered at 850C.

Sheet Resistivity Adhesion
HBC-A 13 m®/sq. 8.05 kg
HBC-B 12 mQ/sq. 1255 kg
10F = —n—HBR-A series
—eo— HBR-B series
8 —A—Ref.*

Log($e /0)
/

\AT\A\A
0k
2k
0 10 20 30 20 50 60
(RuO2 /RuOz+Frit) wt%

Fig. 4. Sheet resistivity vs. concentration of RuO: in
various resistor paste.
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Fig. 5. SEM surface images of resistor film sintered at
850C; (a) HBR-1, (b) HBR-2, and (c) HBR-3.
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Fig. 6. SEM surface images of resistor film sintered at
850C; (a) HBR-4, (b) HBR-5, and (c) HBR-6.
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Fig. 7. SEM and EDS data of HBR-1 resistor surface sintered
at 80C; (a) surface microstructure, (b) dot map of Ru element,
(c) EDS data of point A, and (d) EDS data of point B.

Fig. 8. SEM and EDS data of HBR-4 resistor surface sintered
at 807C; (a) surface microstructure, (b) dot map of Ru element,
(c) EDS data of point A, and (d) EDS data of point B.
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Table 6. Ru concentration of HBR-1 and HBR-4 resistor
surface sintered at 850C analysed by EDS.

A Inti it
P IS o | AL
Conc. Corrn.
A 13.93 0.5415 15.33 9.53
HBR-1
B — — — —
A 40.24 0.9123 27.52 24.84
HBR-4
B 5.68 0.8796 4.60 4.30
* Point A, B ¥ 8% 99 (a)o] e <.
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