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Abstract

In this experiment, we have manufactured thermal-curable silver pastes for direct
printing. And to enhance conductivity, printability, adhesion and hardness during
polymer direct-gravure prints, we have manufactured Ag pastes by adding variety of
filter contents. Then we have investigated characteristics of rheology in paste
according to the gravure printability and the properties of printed conductive
patterns. Depending on a variety of Ag powder, there was a big difference in
sharpness of printed pattern. And also by the use of carbon, there was a big
difference in amount of solvent used, conductivity and in hardness. We could
improve doctoring and the sharpness of a pattern by adding Ag paste in carbon
particle, but as we have used nano-sized particle, there was an increase in the
amount of solvent used and also we have found out that it gives a bad effect as
adhesive and hardness becomes weaker. Even though Ag particle has the same

spherical shape, the surface treatments could differ from one another. And by the
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appropriate choice and with the suitable combination of Ag powder, excellent
printability and conductivity could be obtained.
Keywords : Gravure printing, Ag paste, rheology, conductive pattern.
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Figure 1. The SEM image of conductive Ag and carbon powder.

Table 1. The Properties of Conductive Filler

Tap Density(g/cm®) Particle Size(um) Surface Area(m?g)

Ag Powder a >45 0.2 <0.8
Ag Powder b 3.44 0.274
Carbon ¢ 20~40nm




skl A 53] A30A A23 2012,

2-2. Paste A=

2 AFo| X = Table 13 Z2 212 12kd] o1& Ag paste (1)~ 4)E A =3}
At X ¥R G AAFA il Ag powder?t carbond F¢e& =@siw, z+
& dAsHA a7 98 &A Hlg® trEA Fo R Ag pasted] #HEE
2A 93, 1 Ax &A= Figure 29 2tk WA ZdF A £ &
ak,] €4S pre-mixingstal I &) Ag FYEZ Yo nHIAZ S 3-roll-
mill(EXAKT 80S)& °]&3l4 Ag Jé HE ARG A A HES ST A& &
Abgl do] A LAE do] & o 82H Ag pasteE 43N

pasteA A=
A 5
=

(
.|_4

%

Table 2. The Formulation of Ag Pastes

Ag Powder(a) | Ag Powder(b) Carbon Resin Solvent

Paste(1) 75% 0% 0.5% 7% 17%
Paste(2) 38.1% 38.1% 0.5% 7.1% 16.2%

Paste(3) 78% 0% 0% 7% 15%
Paste(4) 39.1% 39.1% 0% 7.3% 14.5%

Polyester Resin 1. Mixing & Antifoaming
2. Milling By 3-Roll mill
Solvent 4 Solvent T Paste Complete
Ag Powder Mixing & Antifoaming

Mixing : Rotation 1350rpm, Revolution 1100rpm

Antifoaming : Rotation 1200rpm, Revolution 100rpm

Figure 2. The manufacture process of Ag paste.
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Figure 3. The adhesive strength of touch panel pattern.
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Figure 4. The shear rate dependence of viscosity for Ag pastes.
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Figure 5. The angular frequency dependence of storage & loss modulus at shear
stress of 1 Pa for Ag pastes.

Table 3. Thixotropy and Viscosity of Ag Paste

Rheometer(cps)
Viscosity
Paste (1) Paste (2) Paste (3) Paste (4)

11/s 90108 31780 44800 24880

5 1/s 25820 19350 17870 11220
50 1/s 15080 12580 11310 7704
100 1/s 5184 5569 4880 4673
Ti(5/50) 4,98 3.47 3.66 2.40
Ti(1/100) 24.52 7.72 12.53 6.39
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Table 4. Conductivity and Contact Resistance of Electrode Patterns

Paste (1) 8.7x10"Q.cm Paste (2) 4.1x10'Q.cm

Paste (3) 82x10”°Q.cm Paste (4) 2.4x107%Q.cm
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Table 5. Pencil Hardees Test Results of Ag Pastes after Curing

Paste (1) Paste (2) Paste (3) Paste (4)

Hardness H H 3H 3H
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Figure 6. Patterns surface image of Ag pastes after direct polymer gravure printing.
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