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ABSTRACT

Thick film photolithography is a new technology in that the lithography process such as exposure and development is applied to
the conventional thick film process including screen-printing. In this research, low-temperature cofireable silver paste, which enabled
the formation of thick film fine-line using photolithographic technology, was developed. The optimum composition for fine-line
forming was studied by adjusting the amounts of silver powder, polymer and monomer, and the additional amount of photoinitiator,
and then the effect of processing parameter such as exposing dose on the formation of fine-line was also tested. As the result, it was
found that the ratio of polymer to monomer, silver powder loading, and the amount of photoinitiator were the main factors affecting
the resolution of fine-line. The developed photosensitive silver paste was printed on low-temperature cofireable green sheet, then dried,
exposed, developed in aqueous process, laminated, and fired. Results showed that the thick film fine-line under 20 um width could
be obtained after cofiring.
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Fig. 1. Schematic diagram of thick film photolithography.
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Fig. 2. SEM photograph of Ag powder.
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Table 1. Properties of Polymer Resins

Code Copolvmer compositions Weight Acid value Viscosity Solid Molecular
POty P ratio (%)  (mgKOH/g) (mPa-s, @25°C) conmtent (%)  weight
Methylmethacrylate (MMA) 83
KB-01 Methacrylic acid (MAA) 17 45.54 18900 40 19187
Methylmethacrylate (MMA) 673
2-hydroxyethylmethacrylate (HEMA) 6.7
KB-02 n-butylmethacrylate (nBMA) 8.9 5264 32300 43 13617
Methacrylic acid (MAA) 17.1
Methylmethacrylate (MMA) 70.5
KB-04 2-hydroxyethylmethacrylate (HEMA) 12.5 42.40 52000 45 30386
Methacrylic acid (MAA) 17
Methylmethacrylate (MMA) 76.7
KB-05 Styrene 8.9 44.36 26300 40 10804
Methacrylic acid (MAA) 14.4

*Solvent used for polymerization reaction : Propylene glycol monomethyl ether acetate.

Table 2. Compositions and Chemical Structures of Monomers

Code Compositions Chemical structure
M300 Trimethylolpropane Triacrylate (TMPTA) (CH,=CHCOOCH,);C-CH,CH3;
M310 Trimethylolpropane Ethoxylated Triacrylate (TMPEOTA) [CH,=CHCOO(CH,CH,0),CH,];C-CH,CH3, n=3

Pentaerythrito! Triacrylate (PETA)

M340 mixed with Pentaerythritol Tetraacrylate (PETTA) (CH,=CHCOOCH,),C-CH,0H
l Polymer resin l I Monomer J L Photoinitiatoﬂ
CH, CH,; | I
CTSW Cl"laﬁ M_CHQ_C_CHz(:; _ 1
> Initiator Mixin
CH,=C-C-O-CH, + CH=C-C-OH govent” C=0  COOH 2
MMA(Methyl methacrylate) MAA(Methacrylic acid) |
? ‘ Ag powder_] ‘ Vehicle J ‘ Dispersant
CH, | |
— -n
Fig. 3. Synthesis of basic polymer resin. Mixing
| Three roll milling |

R-COOH + Na,CO, — R-COO®Na®+ NaHCO,

’7 Photosensitive Ag paste ‘

Fig. 4. Principle of aqueous development process.

Fig. 5. Fabrication procedure of photosensitive Ag paste.
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Fig. 6. Test pattern for the evaluation of fine line resolution.
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Fig. 7. Test patterns after development according to silver

content and polymer/monomer ratio.

Table 3. Paste Compositions of Experiment about Silver Content and Polymer/Monomer Ratio (unit: wt%)
Composition Code #1 #2 #3 #4 #5 #6
Ag powder SP3000-1 70 70 75 75 80 80
Polymer resin KB-01 20 24 17 20 13.3 16
Monomer M310 10 6 8 5 6.7 4
Photoinitiator TPO 3 1.8 24 1.5 2 1.2
Dispersant PS-2 0.7 0.7 0.75 0.75 0.8 0.8
Polymer/monomer ratio 2/1 411 21 41 2/1 41
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Fig. 10. Comparison of development properties as to various monomer: (a) 20~40 um line/space pattern and (b) magnified 20 um
line/space pattern.

Table 4. Qualitative Description of the Development Results according to Exposing Dose

Exposure (mJ/cmz)

300 600 900 1200 1500 Remark
Monomer
M300 X AN A O O O : Good
M310 X A O O O A ; Somewhat unsatisfactory
M340 X A O O A X : Insufficient dose
M300 M310 M340
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Fig. 11. Comparison of line width as a function of UV exposing dose.
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