[= F] F=A=EeEA
Kor. J. Mater. Res.
Vol. 18, No. 5 (2008)

DOI: 10.3740/MRSK.2008.18.5.283

AW Ho|2E9 X3 H AP WA= LAXAYG ZIle FF

o) FF* -

g -

—t

Fa%

A st AlA)E sk

*BK21 HeaAHEs971e99

O

FAL

Effect of Sintering Aid and Glass-Frit on the Densification and
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Abstract The effect of sintering aids and glass-frit on the densification and resistivity of silver paste was
investigated in an effort to enhance the sintered density and electrical conductivity of the silver electrode. To
prepare Pb-free silver paste for use at low sintering temperatures, two commercial silver powders (0.8 um and
1.6 um 1in size) and 5wt.% lab-synthesized nanoparticles (30-50 nm in size) as a sintering aids were mixed with
3 wt.% or 6 wt.% of glass frit (Bi;Os-based) using a solvent and three roll mills. Thick films from the silver paste
were prepared by means of screen printing on an alumina substrate followed by sintering at 450°C to 550°C
for 15 min. Silver thick films from the paste with bimodal particles showed a high packing density, high
densification during sintering and low resistivity compared to films created using monomodal particles. Silver
nanoparticles as a sintering aid enhanced the densification of commercial silver powder at a low sintering
temperature and induced low resistivity in the silver thick film. The glass frit also enhanced the densification
of the films through liquid phase sintering; however, the optimum content of glass frit is necessary to ensure
that a dense microstructure and low resistivity are obtained, as excessive glass-frit can provoke low conductivity
due to the interconnection of the glass phase with the high resistivity between the silver particles.

Key words silver paste, glass-frit, nanoparticles.
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<1 0.8 um, 1.6 um A
% é:ielow g3t 30-50nm 719 = dRt
St Yie=r] AW dzre] e 2 95
A ARS-(silver nitrate, AgNO; 99%)S AHE-319 o,
A 2= Slo| =27 (hydrazine, N,Hy)S, ¥ A2+
ALY EF (tri-sodium citrate dihydrate, C¢HsNa;O;)<
Zhzh ARgatth ol el waxE F o] YAt Alx

o sk zpAISH AFYH I AxE =Ygkl 548 Y
Bl A Yegate] 271 30-50 nm$i oM,
g2 78S eI

A4 A Flo)2EZ Alxs] A8 0.8 umet 1.6 um
A7NE Zhe e AW ERS 122 EF & F 9
AU A2E i AW %‘Zlé Swt% J71sa
o8t Av EFE D, 3wt% L 6wt.%e T
I 7187 (24-27 wt.%) S ZH7b F7beke] Fade] Alw
Hol2E &3 2AES AxsFe, 2 A A
Z3 o] 2E FR ZAHE Table 101 YeRN AT
oA AxH Ho|2EE YMRE 12 E3 v, 3-
roll YJME ARS-3le] FAsHA Ak & mixto 2 o
O|ZE HXNZE HF EFSAT $Ho ¥ Holx
EE 238 vpAI(STH400, 10 pm)E EF0 7)3ho)] &

¢

Table 1. The composition of silver paste with glass content

Commercial
Silver Particles Nano  *Glass Vehicl
(Wt%e) particles frit (:/tol/c )e
(WI%)  (Wi%) ’
0.8um 1.6 pm
NOG3 24 46 0 3 27
Paste
N>G3 21.5 43.5 5 3 27
Paste
N>G6 21.5 43.5 5 6 24
Paste

"Nanoparticles : 30-50 nm synthetic powder
’Bi,0;-based Pb-free glass frit
*Vehicle : commercial solution (IMD Co.)

DSilver powder

Pb-free Frit

+
Jnanoparticles

Vehicle

IMixing
I
YDispersing
|
SMixing

6)Screen printing

"Sintering

Fig. 1. Flow chart for the preparation of silver paste.

DSilver powder :
Commercial powder(0.8 pm and 1.6 pm in size)

DSilver Nanoparticles :

AgNO, + citrate + 0.1 M (N,H,)

(Citrate: Tri-sodium citrate dihydrate)

3Mixing : 1200 RPM using paste mixer

| “Dispersing : 3roll mill

SMixing : 1000 RPM using paste mixer

T 6Screen printing : Mask ST #400 (10 pm)
"Sintering : 400-550C, 15 min
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Fig. 2. (a) XRD pattern and (b) FE-SEM micrograph of silver
nanoparticles.

Fig. 3. FE-SEM micrographs of thick film prepared from
N5G3 Paste fired at (a) 120°C and (b) 300°C.
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Fig. 4. FE-SEM micrographs of thick film prepared from (a)
NOG3 Paste, (b) N5G3 Paste and (c) N5G6 Paste sintered at
450°C.
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Fig. 5. FE-SEM micrographs of thick film prepared from (a)
NOG3 Paste, (b) NSG3 Paste and (c) N5G6 Paste sintered at
550°C.
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Fig. 6. Fraction of pore on thick film prepared from (a) NOG3,
(b) N5G3 and (c¢) N5G6 Paste with sintering temperature at
450°C and 550°C.
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Fig. 7. Sheet resistivity of thick film prepared from (a) NOG3,
(b) N5G3 and (c) N5G6 Paste with sintering temperature at
450°C and 550°C.
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