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1 FBBFEIRBTHEMBa TR Mtan), yfE, VIR NEE(Em)
Table 1 Development contrast (tan 6 ), v values, and E, for the different development

methods.

Development Method tan6 vy value Eth(mJ/cmz) Eop(mJ/cmz)

SP Method 3.4 14.6 361.5 540.0
VR Method 2.9 8.7 377.4 550.0
DD Method 2.3 8.0 455.7 580.0
RD Method 1.3 3.0 510.4 590.0

F2 FHHEBFECBIIFEBORSEHEER BXE : (2)350mJ/cm’ (b)700mJ/cm’
Table 2 Development reaction rate constants for exposure doses : (a) 350 mJ/cm’ and (b)700
mJ/cm’

(a)Exposure dose : 350 mJ/cm?

Dipping Development Method (DD Method) (S'l)
Development Temperature (1/T) Exposure dose: 350mJ/cm’
3.48x107 6.80%10™
3.43x10° 7.30%10™
3.38X107 6.60x10™
3.35X10° 7.00%10™
3.28X107 6.70x10™
Vibration Development Method (VD Method) (S'l)
Development Temperature (1/T) Exposure dose: 350mJ/cm’
3.48 X107 8.30%10™
3.43%107° 9.50%10™*
3.38%107 11.50 X 10
3.35%107 13.60x10™
3.30%x107° 23.00%x10™
Step Puddle Development Method (SP Method) (S'l)
Development Temperature (1/T) Exposure dose: 350mJ/cm’
3.49X107 5.40x10™
3.41%x107° 8.20%10™
3.38x107 10.20%10™
3.37x10° 12.50%10™
3.35%10° 15.70x10™




Reverse Development Method (RD Method)

Development Temperature (1/T) Exposure dose: 350mJ/cm’
3.46x107 1.64 X107
3.41x10° 1.70X 107
3.38x10° 1.72%X 107
3.34x10° 1.85%X10°
3.32x10° 1.92X10°

(b)Exposure dose : 700 mJ/cm*

Dipping Development Method (DD Method) (S'l)
Development Temperature (1/T) Exposure dose: 700mJ/cm’
3.48 X107 2.27%10°
3.43X10° 3.01x107
3.38X10° 4.66x107
3.35%X10° 5.43x10°
3.28%X10° 5.98x10°
Vibration Development Method (VD Method) (S'l)
Development Temperature (1/T) Exposure dose: 700mJ/cm’
3.48%x10° 2.79%107
3.43x10° 3.54Xx10°
3.38x10° 4.38x10°
3.35%x10° 5.19%x107
3.30x10° 10.73x107
Step Puddle Development Method (SP Method) (S'l)
Development Temperature (1/T) Exposure dose: 700mJ/cm’
3.49X107 2.90x107
3.41x107 4.36x107
3.38x10° 7.60x107
3.37x10° 8.80x107
3.35X10° 10.00<107
Reverse Development Method (RD Method) (S'l)
Development Temperature (1/T) Exposure dose: 700mJ/cm>
3.46 X107 3.11x107°
3.41X10° 3.32X10°
3.38X10° 3.53%10°
3.34%X10° 3.94X10°
3.32%x107 4.56 X107
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Table 3 Number of molecular collisions between the N, deposition layer on the resist surface
and the N, molecules released from the interior of the resist film.

(molecule / sec)

Development Method Exposure dose: 350 mJ/cm’ 700 mJ/cm’
SP Method 4.60x 10° 1.97 X 10
VR Method 3.06 X 10 6.50 10"
DD Method 3.44X10% 9.71X10"
RD Method 8.94 X 10% 6.42 %10
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Fig. 1 Photochemical reaction scheme involving diazonaphthoquinone (DNQ) novolak-based

positive resist.
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Development system: Litho Spin Cup Resist development rate measurement system: RDA

K2 BrEE, BBERE, BTEEOMEK

Fig. 2 Configurations of exposure, development, and analysis systems.
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[Resist spin coating

1
IPre-Bake (Proximity type) 110°C/ 7 minutes

l

[Vacuum desiccators 60minutes

l

[With water 15°C/30minutes

l

[Exposure (Vacuum contact Exposure)

1
[Development (Dipping, Step puddle, Vibration, Reverse)|

K3 B IAERTE

Fig. 3 Sample preparation process.
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Fig. 4 Schematic diagrams of the development methods.
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Fig. 5 Resist pattern observation results for the defferent development methods.
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Fig. 6 Comparison of discrimination curves and development contrast (tan 0 ) for the different

development methods.
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Fig. 7 Results of resist pattern simulations for the different development methods.
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Fig. 8 Arrhenius plots and activation energy for exposure doses : (a) 350mJ/cm’ and (b)

700mJ/cm’.
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(a) Model of closed-system development methods
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Fig. 9 A model diagram describing the formation of an N, deposition layer on the resist surface

during the development.
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Fig.10 Relationship between the concentration of dissolved resist material and the development

rate.
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