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Fabrication of Three-Dimensional
Microstructures Based on Maskless Digital

Lithography and Grayscale Exposure

B A RN
BEHIZ - EARAE

¢ ERE—F —+=F+t A



&

ARl AR A BMMBEATS EE - AR SRR LY
A EhmAidm Uil = oy MAEH - PR ki d 2 H B AR
44888 § (Digital Micro-mirror Device, DMD) &8k % 4 3 % (Pulse-
Width Modulation, PWM) » # £ ib 342 K 4F (UV) RREAF A LB A @ 6
#E AR AE S S a REBATEEREEAE 6 UV
RS AMAHE ABERBR A D AR e E B ko - H ek
HifE UV skl ® A B MRRSRe ke -

b — A e X A M ok ok o So 4t HE A e M SUE i 8RB 6
AR ama 35%30 mm? EEA - EAFH 8B eIk A o IEdE
MBS T - B Tpsl A damid » 5) A RS M7 (Thermal
Reflow) > #§ & fgm#d A Ra {i4%¢ 21.1nm F{&%) 10.6 nm » ] 547 45 S
HERvR AR -

ik ARPE St E AR BB F AR L Ao B
EREEHRGEERBEABUEL — 7R A oy Ik REERAE T -
HETwmEMASRIGALRESY  ARRRL AL R LB A
o FHREERODMERETFEAROFELE FWHM) 2 54
15 Fu 5 pm o BB A RA £ UEAR A TR BN -

Mees) - BATHMME - FRA XL -HABRBRRAL - =4
PLEEHE  BER - H R



Abstract

This study 1s based on maskless digital hithography technology and a
stepwise grayscale exposure method to fabricate three-dimensional (3D)
microstructures on a photoresist (PR) layer. It involves precise control of the
spatial distribution of ultraviolet (UV) light dose projected onto the photoresist
surface by using pulse-width modulation (PWM) of a digital micro-mirror
device (DMD). Numerical simulation and optimization algorithm are
developed to deternune the UV dose distribution and the DMD’s grayscale
images based on deconvolution calculation and the PR’s charactenistic curve.

The proposed stepwise grayscale exposure method 1s applied for
fabricating two kinds of periodic mucrostructures, namely, diffusers and
aspherical microlens arrays. A positive PR 1s used with UV exposure on the PR
surface directly. Accurate 3D profiles are successfully obtained over an area
size of 35x30 mm? Thermal reflow technology 1s used to reduce the average
surface roughness (Ra) from ongmally 21.1 nm to 10.6 nm.

As for negative types of PR, a back-side exposure technique 1s developed
1n which the UV light 1s incident from the PR’s coated substrate. Two kinds of
aspherical microlens arrays are directly fabricated on a quartz substrate. To
verify the optical focusing quality of these fabricated microlens arrays, an
optical focusing inspection system 1s established. The full width at half
maximum (FWHM) of the focused Light spots for the two types of non-
spherical microlens arrays are measured to be 15 pm and 5 um, respectively.
This validates the capability of the methods developed in this research to
fabricate three-dimensional microstructures with the optical qualities that can



be used as optical components.
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