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Abstract In this study, a digital micromirror device (DMD) maskless lithography technique, combined with
femtosecond laser source and large-area splicing method, was used to rapidly fabricate a large-area micro/
nanostructure with high resolution and millimeter size. Moreover, the edge roughness of the structure introduced by
the uneven distribution of the light field energy is improved by single optical field line scanning. This would greatly
decrease the edge roughness of the line and effectively control the accuracy of the structure. In this study, positive
photoresist commonly used in the semiconductor field was the main research object, and the rapid fabrications of
1 pm equidistant line arrays with an area of 7.4 mm® and 10 pm equidistant line arrays with an area of 38.7 mm®
were achieved. This study provides a new method for the fabrication of large-area micro/nanostructures which can
be applied in the fields of gas-liquid flow, drug transport, and crystal growth.
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Fig. 1 Diagram of fabrication of polymer micro/nanostructure with positive photoresist
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Fig. 2 Experimental results of DMD based maskless lithography exposure. (a) Scanning electron microscope (SEM) image

of 10 pm equidistant line array structure; (b) SEM image of 1 pm equidistant line array structure; (¢) minimum line

width of 250 nm; (d) line width versus exposure time
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Fig. 3 Diagram of single optical field line scanning and results obtained. (a) Diagram of single optical field line scanning;

(b) SEM image of 1 pm equidistant line array structure; (c¢) SEM image of 500 nm equidistant line array structure
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Table 1 Widths of trench structures fabricated by two processing methods and variance analysis

Processing method Width of trench /pm Variance
Single optical field exposure 0.282 0.238 0.227 0.232 0.254 0.243 0.199 0.127 0.043
Single optical field line scanning ~ 0.540 0.540 0.520 0.500 0.480 0.500 0.480 0.520 0.020
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Fig. 4 Characterization of width of trench structures fabricated by single optical field exposure and line scanning using

atomic force microscopy. (a) (b) Topography of 1 pm equidistant line array structure fabricated by single optical

{ield exposure; (c) height distribution of 1 pm equidistant line array structure f{abricated by single optical field

exposure; (d)(e) topography of 1 pm equidistant line array structure fabricated by single optical field line scanning;

(D) height distribution of 1 pm equidistant line array structure fabricated by single optical field line scanning. Scale

bar is 2 pm
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Fig. 5 Variation in trench width of 1 pm equidistant line

array structures fabricated by single optical field

exposure and single optical field line scanning

33 AXEREHEHE

FETN TR L Al 25 K B, RV BOE B R
K S S 80N T RCREAT I T — A ROk
FRUSH B4 &35 44 3 5 T BERE DR BN B ST R
I FHPE2 (090 T 97 9 S 0 T R ol 40 485 4 1%y B o
T.. 7 DMD JCHEAL B L H AR b, B U g ot Hfg
D I B 77 B O 111 AW 2 Wy N 111 2R A RO ) [ I B i
BN TOR RST S  Z5 /1 F 3 ot B 24
T3 BT e HE A P2 LA R TR A KR 45
F4 [ Bk Fl T B B O 1 RS AR L 0 TR S 4 52 5|
SO, e 2] LU £ sE A = ok R 454, B
T OKS BB 5 ) AR 2%

AR S % SR R DMDGE A 11024 X 768414

111421-5



MOOb 5 %o T R

KA, AR ERIE R GE T 1024 X768 MEE,
FrBEOGIE BT E B Z A KT 1024 X768 4>
BENTEIEHIT., KR 24T BIE T k17 B
JEIE AT S B R R T R RN TPkt
FEARE TR B IR 3h 5 188 2 SE A [
MIBEOG B 3l 5 7% ol RS I BE Ll T 285 A i 5 S B 58
PN UE N R . MBS A B E B, H
Z Bl 1) R AR AL RS (A IO A TS R OL 2 I N
X — R SR 1 K BRIk RN . B o)
BTE X BlRY By 10 (RS Bl i 25 R R T S A Y BF

TERGRE . USSR A B 7 By i 2 K 7T 20
XE LS I A A0k LR 73 JER 450 1) JCaE P4

Kl 6Ca) . (b) AP R I A 6 (a) Ry e B
R TET RV AN 250 L B 6 (b) A — A F I ot it
X3 B0 i I ST, T DL S AT B 4 T ah
SRR RN AN T, A S5 A3 il B 0 T AR
7.4 mm” [ 1 pm R RES S50 (& 6 (o) M
R 38,7 mm?® By 10 pm %5 ] BH 2% 4 51 45 #y
L 6Cd) T fm ToBs ] 43 31 45 5 %2 10 min Al 16 min,
I ERCRI B4

Bl 6 BfHeR 5B RS R AR B S 454 . () 58 B 45 H 7R BB 5 (b) JR B 4 H o B
() 1 pomn S5 [0] FE 2R W 51 45 14 A4 47 4 F 7 0 B0OBE 18 5 (D 10 pomn S5 ) B2 B 971 465 40 19 41 4 HL T 0 s

Fig. 6 Diagrams of splicing and equidistant line array structures. (a) Diagram of complete structure; (b) diagram of partial

structure; (c) SEM image of 1 pm equidistant line array structure; (d) SEM image of 10 pm equidistant line array structure
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Fig. 7 Contact angle between equidistant line array structure and water drop, and contact angle between photoresist film and

glass substrate. Variation in contact angle between 1 plL water drop and (a) 1 pm, (b) 3 pm, and (¢) 5 pm
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photoresist film and glass substrate
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