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Development of scalable micro-stereolithography using spatial light moduration
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We developed a multi-scale stereolithography system that can control the
curing spot size of the photopolymer by a spatial light modulator. For nano-scale to micro-scale
fabrication, a donut-shaped curing inhibition beam (785 nm) was spatially overlapped on the focal
spot of curing laser (405 nm) to reduce the curing spot size. It was confirmed that the cured line
width was narrowed by irradiating the two beams. For sub-milli scale or more largescale fabrication,

the focal spot size of 405 nm laser was controlled by changing the numerical aperture (NA) of the
objective lens. We demonstrated multi-scale fabrication of conductive metal structures by
photoreduction using objective lenses having NA of 0.65 and 0.1.

To realize fabrication according to the various focal spot size, we also developed and demonstrated
an autofocusing method by simple image processing. We have also succeeded in mass-production in a
wide area using the autofocusing method.

3D



B X C—19, F—19—1, Z—19 (@)
1. WFFERRAE S 0O 5

3D SN T 4 VT ORBEIL TV ENT —F NS EEE Y A T & RS R,
PERDOIM T TIIEE L > - EHEEE 25832 TEROBBRE] b b, To-d, BERIED
B2 53, R ORLE~OFEE L ZGRICHEIN L, 3D 7V VT 4 v B EEO TR
2017 4ET60 & RV Z#BZT-, ZOHRTH~A 7 ntiEBIEL, BERERN DR~ 7 ur/r
— VD ENE 72 S N B A RE/ ik & L CHEHZED TE T,

LU B, — S YEIETIE O NN TAMECE B 1B IR fF L TR, HL B D
A — )V % [l — 258 T3 5 HIEORRBIIEER ETh D, EVWHEMT A A, ~f 7 a~
VoA aT N, AR E AR LW ODE T, xR A — )L OREIED DR S LT
52N BRENDB/DOM TGO CTHEFEEBE CTTRXTOT A A2HERT S
& IEBLEM L IETRE AL BN 72 5, FRTHI ARG 1~10 um D1, #8072 i GE R 2E w23 7
TELRWAS— Xy v TRIEEL, 3D 7V T 4 v 7 DR T & 2 FIHEM: - B - TE o [
HEZHIRL T2,

2. e EM

EWMEOBWIL, [T/ bt FA— VAT — LD~ )VF A r—)LiERE S — A L AT
BRICT DA —F 7TWNERIE] #EZBTh 5, ZEMINIEONAFEEZ LT L, I THIEZ#S =
LT T AT a R — LD~ A T a A — )L ORIEDII TR TO~ LF R r— Lk
AT D, £, ZOMETIE, ERICEM SR L —F—2 0570, 2 61k
FEAED L 9 72750V A L—— IR & V2 Tk & Lol U €, 2B E S 290 2, B E O K %
RAHZT D,

3. WD IE

K1z, BT DHATF— T TN NERIE WbE—L WLPEEE—L TS
DareF NerT, FohbvA7rA NA: % TC: 1)
=V O3ER INTHARE : %7 100 nm~1 /24— ik ® + © =
um) Tl L E—2 (HE 405 nm) D
SRAS, EWNITEONTREES3AAY F—F 0K p—_— TC: %
OALILE B — A (& 785 nm)&2 EhR G Y7170~ " 4 —
W, LI B AR i e ronzs—van W .
PHAZ IR 2 HikE8H+T5, 2oV 7
WORALILE & — M ZE BT Z(SLM) 493y~ NA: X

ERVCER L, MERO ST A—2T syzr—pay W T %L
HH IR HNVF ¥ —(TCO)ZEET 5 NA: 7

TLTCR—FYE =D IR EEFL
EYF R — VR . + =L

5
M THIEE TS5, 73U A .
Y REWEE NTHME : lum BLE) T
X, B E—AOENADOKE SN o
(NA)CEET 5, W), L E— A28 T BIL A —=F T ANREED 3 Tk
HSIM ZHWT R—F Y e —Aa% B L, MTRIEEZZEET L FETHo=2, X0 FRiiZLE
BEOREZBH L. NA OEFIZ L AN TAEZEZE8H L,
ARIEE L, HIRIEFRRIREL —V— (FEBIOFRELEERL —V—) WA=, &k
T2 A ML A L= =@ REORN L — T =N ARETH Y | B E AR TX DR
HEETH B,

4. WFIEERH

R —5 T VN HET A E DB

X 2 1ZBR%E L7 A A — T 7 VAL B OMINGIX % 79, I, S LR 2 L S 8 5
FL—F— FLEAETLRAL—F— AD=DA T vy 2 — ZERDCEH. 3 fE5)
AT =D BENERD DR SN D, HFITEGERIRD LR L —F—Z 5 2 LT, B
\C FEH TR AR LT, Bl B AT L— ) L LI B — ARG L — P —)E, Fh
FNE—ATHF AR S —TE— AEE I LI, B & — A0 A SLM 2RI Arff
EFL F—FY =L &2 BT 5, TDO®%. 2 OO —LEF S /uf v s IT7—CELGDE,
L R THRBHIENT B, AIGEIC X 2 AOME T EZE LT, B{LHE L — A0 E—
DA N=Y = AL P AT RIC L, L—Y—HH O ON - OFF (AN =H L v v v
H =TI, L—F— BT I WMEB AT — 0 T1F 5 FRE A Lz,




M 705 Halogen
/ nm Lamp
7 BE Diode Laser
Shutter ND ®
M SLM
/] (for NIR) Substrate
Piezo
CMOS Stage
Camera Objective
785 nm Lens
Diode Laser @
Shutter ND
\ \ \\ ,/
NN
M DM Beam Sampler M

M: Mirror, DM: Dichroic Mirror, BE: Beam Expander, L: lens, ND: Neutral Density filter,
SLM: Spatial Light Modulator
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