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Abstract — A new etchant formulation was developed in this study to increase the shadow mask production rate, uti-
lizing the Fe(ClO,); as an additive in the aqueous FeCl; solution. The shadow mask etch rate increased substantially
with the increase of Fe(ClO,); concentration in the etchant. The etch rate difference between Ni and Invar steel was also
reduced with the addition of Fe(ClO,); for most of the operating conditions, which was caused by the enhanced etch rate
of both Ni and Fe by the new etchant. The increase in etch rate with the addition of Fe(ClO,); to aqueous ferric chloride
solution was attributed to the superior electron transfer capability of CIO*" ion to that of CI” ion.
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Fig. 1. Schematic of the experimental stirred-bath shadow mask
etching system.
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Table 1. Typical composition of a conventional aqueous ferric chloride
etchant used in commercial shadow mask production

Species Mole Fraction(%) Molarity(M)
HCl 1.01 0.41
NiCl, 2.95 0.34
FeCl, 7.65 0.90
FeCly 32.13 2.95
H,0 56.27 46.55
Total 100% 51.15M

Table 2. Typical composition of a newly developed etchant with a
Fe(ClO,); addition in aqueous ferric chloride solution

Species Mole Fraction(%) Molarity(M)
HCl 0.84 0.3428
NiCl, 2.46 0.2829
FeCl, 6.38 0.7495
FeCly 26.80 24610
H,0 50.51 41.7540
Fe(ClO,); 12.93 0.4166

Total 100% 46.0697 M
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Fig. 2. Effect of the addition of Fe(ClO,); (o) into the aqueous fer-
ric chloride solution on the etch rate. Fixed process condi-
tion: F=19.5~20.5, Be’=46.5, stirrer speed=700 rpm, etchant
temperature=55 °C.
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Fig. 4. (a) Effect of etchant temperature on the etch rate using new
etchant; (b) the Arrhenius plot for etching reactions using
new etchant. Fixed process condition: F=19.5~20.5, Be'=46.5,
stirrer speed=700 rpm, concentration of a=0.41 M.
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0.41 M, (d) 0.64 M. Fixed process condition: F=19.5~20.5, Be’=
46.5, etchant temperature=55 °C, stirrer speed=700 rpm.

Fig. 9. Effect of o Addition on Invar Roughness: (a) 0 M, (b) 0.27 M, (c)
0.41 M, (d) 0.64 M. Fixed process condition: F=19.5~20.5,
Be’=46.5, etchant temperature=55 °C, stirrer speed=700 rpm.
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Fig. 10. Effect of Baume on Invar roughness: (a) 42.5 Be’, 0.372 M;
(b) 44.5 Be’, 0.4 M; (c) 48.5 Be’, 0.45 M; (d) 50 Be’, 0.478 M.
Fixed process condition: F=19.5~20.5, etchant temperature=
55 °C, stirrer speed=700 rpm.
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Fig. 11. Effect of o. Addition on AK etching factor. Fixed process con-
dition: F=19.5~20.5, Be’=46.5, etchant temperature=55 °C, stir-
rer speed=700 rpm.
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Fig. 12. Effect of Temperature on AK Etching Factor. Fixed process
condition: F=19.5~20.5, Be’=46.5, concentration of a=0.41 M,
stirrer speed=700 rpm.
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