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Drying Characteristics of Conductive Thin Films
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In this paper, silver pastes were printed on polyethylene terephthalate (PET) film using screen
printing and evaluated the drying characteristics by using dry oven and NIR drying system. The
printed Ag films were dried at 140 °C and the drying time was changed from 10 to 90 seconds. To
evaluate the electrical properties of printed Ag film, sheet resistance was compared. The sheet
resistance of the dried thin silver film by using NIR drying system more rapidly decreased. To
clarify this phenomena, the morphology and component of the dried surfaces were measured by
using the scanning electron microscope (SEM) and the energy dispersive X-ray Spectroscopy
(EDX), respectively. In the EDX measurement results, the oxidation of the surface was observed
in the dried thin film by using the dry oven. The NIR drying system is more applicable than
conventional hot air drying to apply continuous printing system.
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Table 1 Specification of the two pastes

Solid . . Specific |Curing temp.
Viscosity . o 7y
Item | contents (mPas) resistance | ("C)/time
(Wt%) (Q-cm) (min.)
100,000 £{0.7 ~ 2.5 x
ANP | 70 ~ 80 50,000 104 150 /30~60
5000 ~ 5 .
NPK | 86.7 10000 2.0x10 145°/ 2
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Fig. 19] TGA 4 Z¥E F<J3IH NPK o]~
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Fig. 1 Thermogravimetric measurement results of the

two pastes
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%104’ 000000000 e ' = —
= ° (a) dry oven (b) NIR drying system
g 105 3 Fig. 4 Image of the drying equipment
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Fig. 2 Rheological measurement results of the two pastes golsldal =4 Z3 Table 1o YER Ho]2~E
o 8 BAS 54 pmolAe AEE e
A T aw g Ase] ik washisd o] = A% SNtk A% 24 pmE seba)
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(a) The NPK paste

(b) ANP paste

Fig. 5 Printed thin silver films
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Fig. 6 Change of the sheet resistance of the printed thin
silver films with drying time
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Table 2 Sheet resistances of the dried thin films of the

NPK paste
Drying time Sheet resistance (m€2/sq.)
(sec.) Dry oven 140 °C NIR 140 °C
10 37.5 10.5
20 30.5 10.6
30 24 10.1
40 15 9.3
50 14.1 8.5
60 13 9.1
70 13.5 8.6
90 13.8 8.5

Table 3 Sheet resistances of the dried thin films of the

ANP paste
Drying time Sheet resistance (€/sq.)
(sec.) Dry oven 140 °C NIR 140 °C
10 2300 0.272
20 1900 0.0774
30 1800 0.0381
40 1700 0.0352
50 1250 0.0318
60 66.5 0.0308
70 14.9 0.0307
90 1.7 0.0298
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(b) ANP paste
Fig. 7 Image of the dried surface of the thin silver films

(b) Dry oven

Fig. 8 SEM image of the dried surface of the thin silver
films (ANP paste)
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Spectrum 1
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(a) Dry oven

Spectrum 1
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(b) NIR drying system

Fig. 9 EDX analysis results of the dried surface (ANP
paste)
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