(®)
2019 2021

Development and application of multi-material 3D microprinting based on droplet
manipulation
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In this study, we developed a multi-material two-photon lithography without
material waste and contamination. In this method, multiple droplets of material placed on a glass
substrate are remotely manipulated to fabricate a heterogeneous 3D microstructure. In our
experiments, we optimized the experimental conditions of droplet manipulation. In addition, an
autofocus method that detects a voxel polymerized by focusing a femtosecond laser was devised to
achieve high-precision positioning of the glass substrate when replacing droplets. Then, microlenses

and metamaterials were fabricated using multiple types of photocurable resins.



B X C—19, F—19—1., Z—19 ({@)

1. WFZEBRAE 4O B

T, 3D N T g U EINPEEICEE L, BE. @RI oITt I I v 7 AEHNWTH
Me7e 3D MEEIRZ TR T 2 2R E RN SN TW5D, 3D 7'V T 4 » 7 OFSIE, K
RELE T 1 28N 2 VWD Z 72K 3D-CAD ET A0 LT 3D MR 4 E
JETE58THD, ZORREIENL T, B MmORIEZIT T, SEIElErH T
DI 2GR IZ A T~ RRET 5 Z E RIS D, FD7D, BIECE&RER LD
BRI 5725 3D i OVERLITZ T Tle < EEOM B 2 filAG bt CT#RET /31 R 2 ERLT
HHFZENERIL L T D, ZHETIC, FlxiX, BRICE 2N L —=, 3D &
7 X v 7 AEERICERER 2 TG L2 E 5 ih, FrtEo 72 2 B2 A6 o 7o BRI B
Z B U 72 BGE i 72 EREIES TV D, T OfE TR, WERED L o I8 o T
nERAEMAGOE DL Z L N TROAECTHET M A2 HETE 5, 20k,
WS OMUME, IMTREE oM EflE 2 2 M OKIBEIEZR E4 < ORISR H 5,

DX NT =T YT 3D EHEA~AD=—XE, v a R —@ 3D E&REIT TR,
Fox DWFZERAZE 24T - T X 7295k 72 3D HEE OB bIER LTV 5, #HilziE, Fexld, HE
G LR A AG D THIE & &S 72 DI 72 S O — K& (Optics Express 16,
1174 (2008)) , 2 FEEHDMAE 2 O CHERL L 7248385 (R D 5 B 75 ORHR O & % BRI REMEIR T
BERE L e a BB~ 7 e~ o7 EAFEGEL TW 5 (Micromachines 8, Article No. 35
(2016)), LML S, ZhETiIrbnC&E iz~ 7L~~~ F~7 U 7/ 3D &R T
WX, B AR L R 2 B0 2 U Coeis L2121, FFONEEEEICHY (11T, BIOMET
BT EVIEENRLETH D | MEZ AN Z DIEEDOBHE S LALE RO E OREN &
ST, £, EBRISERIE T A 8IEMEHT. T L72#IEIE © 1,,10000 LA FOETH
V. BEZBEMEIORE b RERIELE 2o T,

2. WFZEDBEH)

ARRZED HIL., ~ A 7 0 EREICIES S~ VT~ F U TAEIEIC BT, S brEss
DRI 2 KGR L, BB O % I 32— 9 U AIHI T 2T S5 FiE2 %
THZETHD, BRI, T< &, Foex BNBR LU INSIE R 2 =g itE+ 2 sz F
W, IO B 2 B L7 HiEEM A —IKME X 5~ L F~T7 U 7L 3D EEZ BT
b TDTDIT, WRTHEBFEIOREZ A L, & £ SEBIEMEIOBREIRE A 520295, £ L
T, BIRRZ/ AT AN 2 & LT, HEOMEZ AW, EttfE~ A 7 a L o XX ¥ ~T U T
V72 8D 3D BERESR T ORI A BHEE T,

3. WD HiE

Fox BT HERIERAZ AW -~ L F~T U TERETIE, £, H T 2R EICERD
JeHE LRSI 36 X ORAEAL TG 2 Vel 9~ 5 T2 O OV iR 2 BT 5, & L C. Fr O BHE kT 2
BTV 7 ETBEIT S, RIZ, WTAERTHENS 7 = A ML —F—%4 - AT HZ &
T, 2 T~ A 7 aERIEEIT, 3DMUMEERO—HEZERT 5, £ LT, Z ORI
EHOTCINEICBE SE, 0%, TPiRE RRICEREEL T, EE U TR ST
LHIEEME VT D, COTREBRY KT Z LT, BEMEOa ¥ I 32— g U2l LR
B, ERICHWABISHMEIZ BRI LR S, ~ L F <=7 U 7 3D EERE —RERT52 L
NTED, LoT, WERED I IITHRETY 4 LT, RE{LOICHE{ LI 2 Vg - BrET 2
TRENREL 2570, BEOREEREEZ KK TE %, 2, WRMIREOsRIZ, &Y
BEiR S DT, EEWEL O RO SR CIERE 2 0 TRV 2 E N TE B0,
HBEMEIOa L Z I3 — a3 UL KIBIZHHI TE D E W RERH 5,

4. WFIEEE:

AW TIX, £, BEFEO SRR CIERE OWRR 2 B8 S ¥ 2B R OB E 1T 72, 2D
FERND, MEO R DHIEA. BIEBOWT N L EREIT 2 Z L3 Ta . BRENEE L, Ktk
WEHIEADIE D M, KEDOBEWEIEB 10 b R&EL 25 2 Elnbnotz, £7-. REELEE 2T
W 72O OWER B RRICEREI TX 5 Z L bho Tz,

W, R EBE L, BIEOANEZ ZIT 5 T2BRIC, EEALEDO XV & i/MET 57201z, )
ALMERIE %2 SEE LI K » Tl b S 72 bR (R 27 'L L RES) OBIZZEEN G RO
BB OMNEERETAMA DO — N7 3 — W AFEEZRE R LT, K110, KFEOME
BRI ARTIETIE, AT AEBRONENS L—V—Z B L R4l H T AR E FIFens,
BB OEEE T L. BIEESZORZ B/LNBN TR OEI & OFEREE DAL % 204
HZET, N7 BEANER EICHENIAALEZREST D, K 21X, 100nm T 2ER% LA IE &
ORI VIVOFLIRD SEM B &, Z0 & ZO{L RO GRS LN e — 27 ¢ )L X AL



BHEHLZEEDOEBEZ R LTND, ZORBENS, A7 BLOE E 3 250nm OFFIZIE, BB
FL7ZEBICB WO T LRI TWD Z bbb, £72, K3 1L, 20D & & OEE O
DOERHE BHERGOMEEOEH L OEE Ty MLV T 7 Thb, ZOMENG, HEED
BEOEERFRTHZE TR EALEZRETEX L Z ERbh o7,

Z 2T AFEOEIEZMERT A7, 4 — b 7 4 — 0 AEREDF I L 5 3E B DOE
R L7z, EBR T, 100pmAD SEANRRE — & 25 JlIEE LTz, FTORE, —F7 %
— ) AEBEZ DR WG AT, EROBEXICL s T L& TERro7z (X4(a), —
Ji. A= N7+ — 0 AREE AW T, EREICERMEZ RN L CERT 52 & T, 25 fiox
H—r T RCEBTELZ E2ER LT (K 40b), ZOERENS, KFEEZHWD Z & T,
BERIOMEIARZAT 5 1255 T HOAME T Ve < EFEE R 3SDIE N RE L 72 D,

focal

Focal A
point

point

Time

Optical
microscopic
images

.V.

’,
——————
Intensity difference Intensity difference
unchanged increased

M 1 BRI OBEGNOR 7T 57k

Optical Filtered

The shape of the voxel microscope image SEM

340 nm

-
f—i

a1

300 nm

~

250 nm

Upward movement : [l
of the focal point :
(100 nm step)

200 nm

Initial S

position

2 EEABEISERNOIBER LA 72V E S L LR 7L DSEME



~1T §

3 250 nm

Intensity
“.._ | increased

Original

Intensity difference [ arb. unit X 10%]

image
iy #x 9
0 T T T T T T
500 1000 1500

Position of focal spot [nm]
3 R BNVEHGOEENE GO A FHRIL TR R

BEAEIAR ’
@gﬂ (Bt AR S =2 : 100pm )

100.0pm
e |

(a) (b)
X 4 A —F74—H AEREDAH B\ L D5 /R 2 — o D& R
(a) A —b7 34— AREREZ R L OIETRE R (5 8 H LA & 12 2050
(b) A —bF7 4 —T AEREHV DIETEAE R (25 T X THRE L TE D)

W, MR LT~V TF~T U TN 2T EREE L A — N7 +— 0 ARe 2 AW T, BT
DEZDEIREZH T~ A 70 L Xl EL, FEFRE 25 L7z, 72, 2 FEOMIEZ A
WCAZ=T U TNAOTa NEATORIELIToT2, Gk, AL, 74 h=7 A, A X~<T
VTN, =7 a<xy i SIEIESAP G TE 5,



56
3 2021
714-717
DOI
87
3D 2021
734-739
DOI
10.2493/jjspe.87.734
65
2021
34-37
DOI
Fujishiro Yoko Furukawa Taichi Maruo Shoji 28
Simple autofocusing method by image processing using transmission images for large-scale two- 2020

photon lithography

Optics Express

12342 12342

DOl
10.1364/0E. 390486




16 12
3

TCT Japan
2022

3

24
2021
2021
2021
D

2021




2021

2021

34

2021

95

2021

2021




Multi-material 3D Printing using Photopolymers

The 38th International Conference of Photopolymer Science and Technology (ICPST-38)

2021

Additive Manufacturing of Ceramic Structures at the Micrometer Scale

8th International Congress on Ceramics (1CC8)

2021
D
2020
0
2
PCT/JP2020/009634 2021

2019-158495 2019




7039057

2022




