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Abstract: Photosensitive silver pastes were developed using a mixture of spherical and flake-type silver particles for fine
electrode patterns with high electrical conductivity, and the electrical characteristics were evaluated as a function of par-
ticle shape. The photosensitive silver pastes mixed up novolac epoxy-modified acrylate oligomer, acrylate monomer, and
photoinitiator as a photocurable and alkali-developable binder resin composition, and silver spheres and flakes as con-
ductive fillers. With a increase of silver loading amount the volume resistance decreased due to enhancement of packing
density between the conductive fillers, where the conductive paste with 88 wt% silver sphere content showed 1.14x
10" Q-cm. When the silver particles loading and sphere to flake ratio were 84 wt% and 8:2, the volume resistance exhibited
7.04x10° Q-cm. This result was attributed to improvement of electrical contacts between silver spheres by flakes.

Keywords: photosensitive silver pastes, electrical conductivity, fine electrode pattern, particle shape effect.
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Scheme 1. Chemical structures of (a) novolac epoxy-modified acry-
late oligomer (PN2601); (b) 6-functional acryl monomer (DPHA).
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Figure 2. SEM images of micropattern for photosensitive silver
paste with 80 wt% silver content as a function of light exposure
dose: (a) 200 mJ/cm?; (b) 300 mJ/cm? (scale bar: 100 um).

Figure 1. Optical images of micropattern for photosensitive silver
paste with 80 wt% silver content as a function of light exposure
dose: (a) 200 mJ/cm?; (b) 300 mJ/cm?; (c) 400 mJ/cm?; (d) 500 mJ/
cm? (scale bar: 60 pum).
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Figure 3. Optical images of micropattern for photosensitive silver
paste with 300 mJ/cm? light exposure as a function of silver content:
(a) 82.5 wt%; (b) 85 wt%; (c) 87 wt%; (d) 88 wt% (scale bar:
60 pum).
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Figure 4. Resistance of conductive pastes as a function of spherical
silver particle contents.
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Figure 5. SEM images of photosensitive silver pastes as a function
of silver content: (a) 80 wt%:; (b) 82.5 wt%; (c) 85 wt%; (d) 88 wt%
(scale bar: 5 pum).
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Table 1. Electrical Characteristics of the Conductive Pastes with Silver Loading Contents

Silver content (wt%) Resistance (Q)

Sheet resistance (€¥/sq)

Volume resistance (Q:cm) Conductivity (S/cm)

80 1.263E+02 5.567E+02 5.348E-01 9.873E+00
82.5 2.057E+01 5.617E+01 6.689E-02 2.736E+02
85 3.733E-02 1.645E-01 1.938E-04 5.248E+03
87 3.158E-02 1.392E-01 1.340E-04 7.492E+03
88 1.809E-02 7.972E-02 1.148E-04 8.710E+03
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Figure 7. SEM images of conductive pastes with 84 wt% silver
content as a function of spherical/flake ratio of silver particle: (a)
9:1; (b) 8:2. The red dotted circles indicate flake-shaped silver par-
ticles (scale bar: 5 um).
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Table 2. Electrical Characteristics of the Conductive Pastes as a Function of Loading Contents and Sphere to Flake Ratio of

Silver Particles

Silver content Sphere to flake Resistance Sheet Resistance Volume Resistance Conductivity
(Wt%) ratio (Q) (Ysq) (Q-cm) (S/cm)
84 8:2 1.632E+00 5.871E-02 7.044E-05 1.432E+04
84 9:1 2.689E-02 1.240E-01 1.318E-04 7.651E+03
85 9:1 2.514E-02 1.116E-01 1.192E-04 8.501E+03
86 9:1 2.012E-02 8.867E-02 1.035E-04 1.006E+04
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Figure 8. Optical images of micropattern for photosensitive silver
paste with 84 wt% silver content and 8:2 sphere:flake ratio as a
function of light exposure dose: (a) 200 mJ/cm?; (b) 300 mJ/cm?; (c)
400 mJ/cm?; (d) 500 mJ/cm* (Scale bar: 60 wm).
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