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Over the past decade, microrobots with soft and flexible architectures are attracting attention as promising candidates to
achieve untethered functionality in a small space and adaptability to unstructured micro-environments, which can be useful in
biomedical applications. Conventionally microrobots are fabricated in a “multi-site” mode, where the mechanisms and actuators
are prepared in different sites and then assembled together. This mode usually requires a complicated and time-consuming
assembly process and has some limitations, especially for the fabrication of soft microrobots. Compared with the “multi-site”
fabrication mode, the “one-site” fabrication mode, where micro-components are prepared in the same site and then in situ
integrated to create microrobots, can significantly improve fabrication efficiency and flexibility. To realize this fabrication mode,
we developed a printable artificial muscle built from biomolecular motors. On this basis, this dissertation proposed an optofluidic
lithography assembly line (OLAL) method for the efficient fabrication of microrobots based on the one-site fabrication mode.
Characterizations of PEGDA hydrogel and the artificial muscle confirmed the appreciable contractility of the artificial muscle
against the stiffness of PEGDA hydrogels and provided detailed rules for design and operation. Microrobots that can execute
some basic motions were fabricated, which demonstrated the feasibility and effectiveness of this method and also provided basic
design concepts of different motions. Moreover, on-chip robots capable of micro-flow control and micro-manipulation were
fabricated, which demonstrated the application ideas and potential of the proposed method in the field of microfluidics.

Chapter 1 introduced the background of this dissertation. The development of micro-robots and the limitation of
conventional multi-site fabrication mode were introduced. And the motivation and purpose of this dissertation were described.

Chapter 2 explained the principle of OLAL methodology. A micro-robot could be fast fabricated in a microfluidic chip by in
situ preparing the mechanism using photo-patterned PEGDA hydrogel components, and then in situ integrating actuators with the
mechanism using photo-patterned artificial muscles. Rapid reconfiguration of the artificial muscle was developed to achieve
repeatable actuation and switching between different functions. Multi-step polymerization and multi-hydrogel fabrication were
developed to achieve more complex and functional micro-mechanisms. PEGDA hydrogel and PPGDA hydrogel were used to
prepare the mechanical components of microrobots, and three molecular motors, K464m13, CaMLMM, and microtubules were
used to construct the artificial muscle as the actuator of microrobots. Multi-layer soft-lithography was used to fabricate PDMS
microfluidic chips where microrobots were fabricated. A series of peripheral systems were constructed to provide precise flow
control and digital maskless lithography inside the microchannels.

Chapter 3 described the characteristics of materials used in the OLAL method. The photo-induction process and mechanical
properties of PEGDA hydrogel and the artificial muscle were characterized through theoretical analysis and experimental
measurement. Through characterization, the suitable induction time, swelling ratio, and Young’s modulus of PEGDA hydrogels
with different concentrations were determined. Meanwhile, the suitable induction time and suitable concentrations of molecular
motors of the artificial muscle were determined. Through indirect measurement and direct measurement, a rough control rule of
the contractile force of the artificial muscle was established.

Chapter 4 presented the design and fabrication of different microrobots, including a micro-gripper, a micro-fish, a
micro-walker, and a microrobotic arm. With the proposed OLAL method, the mechanisms of these microrobots were fast
prepared (within minutes) and precisely integrated with the artificial muscles (within 100 s) to perform motions involving
gripping, swinging, walking, and bidirectional rotation.

Chapter 5 presented the design and fabrication of on-chip robots for lab-on-a-chip systems, including a passive micro check
valve with the function of passive micro-flow control, a three-way micro-valve with the function of active micro-flow switching,
and a gated micro-cage with the function of active-trapping of micro-objects. Test results proved their excellent performance and
unique advantages over existing devices.

Chapter 6 briefly summarized the main idea of this dissertation, pointed out the limitations of the proposed method, and put
forward the prospects for further research.




A7
MXEEOEREOE S K OH Y F

K 4 ( ESO )
(%) K %
¥ A& Hixz AREs b
mCEERLE | Bl A& Hixz KRAE B
Bl A& Hix EEPAIIE SN
Al A Hixz Rk T

SR EORROEE

TG TH D RERIRO P THRUNMER S 27 LORKHITH DHEED L 5 2l A7 47217 T 8BRS
NETHREINTETL~YA T AT L, vAA7maRy b il 4T 7 Fax2—ZIZEL DA F ATV
v R=A 70V AT AOMSTRRIZEW TS, BRI E 7 7 F o = — 2 0o s TRITEAMICH] 4 1I2/Thbn -
% —EA— NI TN OR—ETHY , v 7 aafry NOMERLET 7 Fax—FHMaE0T 27 VIZiX
WERILEZ L OBERH D, b ORIERY T2 E TEEITO T E 2 HERIE, B0 TN 7 vk X3kE
BEIZESWTEY | ZOFETIHMEYVHE L VAT AIRARH D, s, ZNETALWRMEHC LD~ 1 2
BERy M RORBEEEEROM A TEI— RISy F7aE X TIThNTE Y . SHEWNES S RNIER 21T Y, $7-, 1%
HESEHEC 22 E 7R D1 E EMD CIREE L e DR A H 20D TH D, L LN L, YOO T CIL, #iMe)
AT AT LB ERANFAIHNL T O, T OE TR A 728 2 KFRERL L, AT AL LTHRAIET D &0
ST BTG, LR TR REINS AT LAEZMEL TS, 202 LT, ZThETOYA 7 e N Th%
s L, T 2 B ERANICFEE U S MRRERD I EERELTEY, 20X 5 RAMO b0 H LR
HEFETEUE, ZhETEe<{ s o~/ nuRy NRAKTE 5,

F T RKMLTIE, EOZ R BRSO B OB REEAVE T2 FIE L MBICBRFE L7z 3R~ A 7 v R
v NEERET 2T VIRICEY, ~q7uy T ML~ A 70 Y T N7 Fam— X OEFRAL T EH T e A
LEOTFRICELD~vA 7 vuRy NOZFOGERBILT 2 7 VIEOEEEZ BN ET S, TOMEHE FEE. ~14 72 A
T L LinG XY R =)L LAV E TR IR K =V F R — VTR IR IZ 3 RSt T & A 4K 7 N AR
WORBEE KIZ L > THIET 2 TFET, v M 7Ry hNOZTOERERLT 7 U 2FRIZL, & 61T, k¥
X¥—Th2 ATP TUA VL AF#H T~ 7 nnRy NEaT A7 My 7 EO~A 7 il TY U314 MEETE D
FEEREL VD, SEIRET 2B, M ORI TH 5 4 /I B &AW O iy NEAL T H 2 Ml A I E B AE
ERAFET HBRICE CEET L H CMME Y 2 XIER U, MRS EWICEE St L, a2 7 LT D IHE
WA R L, IFRER D O AR Z1E 0 HI A h =X A LA ClRE TWa 7 et R, £ LT, H#ERIC
£53D 7TV U ENLREBEEH/ TS, R LIEERS T ALHAT 7 Fax—F% I J R 7r—Hh A4 X TERL,
REWHERAIEDMAMAE & THIEERBITE 50, ZOMHHAZ B & EBROMmE»OMAEZEE L TRY ., T
—ZZ N BEOACERET B A% NGHNTAERNDBRE T TE Y A—L LTHIET 2 FEaREL T
D, FHUTE ST, SEETHIRITE D, IV R — A XD H LV ATP BREVIARSG F AN THRAT 7 F 2 o—
ZORIL ERfx e~ A 7am Ry MEOAIBICHII L T\ 5, K XOMBII FTD LB Th D,

FIETIT, 5& LT, Y7 M7 U7 ATHEIND, kO~ A7unliy b 77 Faz—FFRIZETD
BUR & BGE 5, ML RIS T DRREIC O W TR L, Kig X oa &7 S ThLHHRBTE 520 FANTHAT 7 F =
T L ZOPERELT 7Y OFHEIZOW TR TN D,

F2 BT, AWML OLIB L 2 2 BB T ANIHAEZBRENEE T2~ A 7Ry "OT AT My Tnot T




v RIBTD~A 7 a i T YA MERNIFRFO S b FERAREL, FhEERT L -OICREL
TREE FERET D DICHEE L ER Y AT MOV TR TN S,

HIWTIE, AR FATLHRNERBRE To~A 7 nuRy hE2FERT D0 OMEOREEZTIND 72DIciT-
T EERFIE & FHEAE RIZ DWW TR R TV D, BARBYICIE, BEHEE & 72 D PEGDA /A R a7 VO iE ik, MALD i
i, R ESR & . 7 7 T 2 = — 2 & A D AR RSy 7 N AR A OB R O FEAM T 1R D HE S L REMEREAT FEBRAL
BAIZHOWTHAR, ZOFHEEZRL TN 5,

FATETIE, REEELARS T ATHRNEZRERE T2~ 7 naRy bOEREBEEEOBRF L RT A7 K
v b~ A 7 RN T YA SRS L D EVWEFEBR L & IR RIS OV TR AR TV D, BEMIZIE, <A
ranaRy NovA 7 oy 2T 2EFEBT 5 ECTRANZEERECTH D, IHE, s, P, 5loE0 | AT,
HFF, A, BN, 7 — LHEMEORR 2 RBI{EIC OV T, BREERGE, EVEREMSEER, R RIS OW TR, 2 OBERME
ZRLTWND,

ST TIE, R LA T ALHAEEENR L T2~ 1 7 2 itihE T OEARBEEHE ORI XL OT A7 |k
v b~ A 7 BRI T YA ST RIS $ D BVEIZBR TR & FEIRS RIS OV TR AR TW D, BARRIZIE, v A
7 a iR EE FEBT 5 ECRANLREEBECTH D, v A 7 e Z@BFNERIE, ~ 4 7 o REBRIRIE. ~ A 7 ar
7@ ONOFF #lffl, ~4 7 n~=tal—3 3 OEECONT, B BI{EME,. ERERICO VTR, 77
Faxz—& LHER R LEINTA LTy T~ T anRT 4 7 AOHIMEERL TN,

FOETIE, ZNETORRICONTELDD L LB, SHOB-E L ARG T ALHRIC L > THREI§T 5~ 7 1
2Ry FOFBRBEIZOWTRRTND,

PEo XS, Kimsid, ZNETO 3 WK T 2RO EZFIB LIe AL 47 7 F a2 —2 TET
Xhppolz, A r7aa Ry NOZOEERET vy 7 ) #FE LT D, ARG ANTHAR S B kLo HE
EHRIZEoTHEIL, 7227 by T EEWHIRONIZEMATHE YA 7 BN A NGEENFE VNS | 20
GEBET v 7V FEOBRIILIVIEFLLZ LD TH DS, TN OREIL. EMORNIZIET 1725 DR A JZBLO R
BRI & OF ) F A RERS DTG BT — ) RV X —Z5 M A T = X L ORI — % 53 D H B EF Ol R
Thdbd, T/ AT—NAINEI YRS —VETOYA 7 ol A7 5 EDORAIZE VEEDEIETK L TEBY | K
FSCiE. Atk AP RO X B A B L2 B O T e 2 X D REIE R & EEERE A & RTRE
LT LT Fax—4 w4 rarRy b BV AT A AW EERORMAE AT LORFERE LT, WASH LW
BHEOMt a2 AT, FINICERD DO TH D,

Lo TR LR E LTMEH 2 b0 LRD 5,




	様式３_論文内容の要旨「王穎哲_要旨」.pdf
	様式７_論文審査の結果の要旨及び担当者_王.pdf

