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Near-field Optical Lithography for High-aspect-ratio Patterming by Using
Electric Field Enhanced Postexposure Baking
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In this paper, we propose an electric field enhanced postexposure baking (EFE-PEB) method to obtain deep and high aspect
ratio pattern profile in near-field recording. To describe the photoacid distribution under an external electric field during the PEB,
we derived the governing equations based on Fick’s second law of diffusion. From the results of the numerical calculations, it
is found that the vertical movement of photoacid increases while the lateral movement is stationary as electric field varies from
0 to 8.0 x 10° V/m. Also, it is proven that the profile of near-field recording is improved by using the EFE-PEB method with

increased depth, higher aspect ratio and larger sidewall angle.
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FIG. 1. Concept of the electric field enhanced postexposure baking
in the near-field. The photoacid is generated by the exposure
dose in the resist, and then the external electric field is applied to
induce the acid drift motion to improve the near-field pattern
profile during the PEB.
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FIG. 2. Relation between the pattern depth and the photoacid
distribution. (a) Threshold amount of photoacid necessary to form
the pattern, (b) Initial photoacid distribution by exposure, and
photoacid distribution during the PEB (c) without electric field
and (d) with electric field.
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TABLE 1. The value of parameters for numerical caculations.

Diffusion coefficient D* 5 nm’/s
PEB time tpeg” 90 s
PEB temperature T 390 K
Photoacid / PAG ratio 0

at x=7=0 C,(0,0)/ C pag 1
Photoacid generation constant kepr 0.01 cm’/mJ
Threshold dose Ex 20 mJ/em’
Proton charge q 1.6 x 10°C
Boltzmann constant kg 1.38 x 102 J/K
Photoresist thickness L 100 nm
Decay length B¢ 20 nm
Gaussian distribution constant w 0.001 nm™

“ References 15, 25, 26, 27 ® Reference 20

¢ Reference 16
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FIG. 3. Photoacid distribution corresponding to (a) 0 V/m, (b) 2.0
x 10° V/m, (c) 4.0 x 10° V/m, and (d) 8.0 x 10° V/m. In the all
cases, the PEB time and temperature is 90s and 90°C. (e) Dashed
lines are pattern profiles corresponding to (a)-(d), respectively.
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