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AF@3CIL, TStudy on the Optimization of MEMS Fabrication for ECF (Electro-conjugate Fluid) Micropumps and Its
Application to Soft Robots| S REL, LLTFD 5 ENLERLS TN 5.

% 1 % lntroduction] Ti, /NZEMTETT D, F2E, SELMIDERELERT I =014 XaRy +O
FEHUTBWT, FRAFEM CHRINIZREEEIO Y 7 haRy ML, HEHERGERNARE, BEL25 2720
ROHFENRFRE L WHBLETEMMERBH DD, a T Ly PR TR EDONNT—FEORR Y b ~OHEH TR
ThdEEHBL TS, 22T, AFREOHRD, EREEEZHNT 52 L TY =y MEEZREAETE DHEEMER
& ECF (Electro-conjugate Fluid) & Z @ ECF ¥ = v b OB AL - #£5tc& 5 MEMS (Micro Electro
Mechanical Systems) M T @G T D2 LICL D/, 7Ly T, BT —BEO~A 7 2igERO
FHREI=H A XY T FaRy h~DIEHTHD LR TN 5.

% 2 % lInvestigation of design dominant parameters for TPSEs’ integration| Cl¥, ECF V= v N ORA &SRO
WAL - SERSLSTWSZT& % TPSE (Triangular Prism & Slit Electrode Pair) % V2 E ¥ = T —RFHELZIRE LT
W5, BUELTZ ECF v A 7 BN T OMMET) - s a2 EBRIVTRD, a) BEFNCEET 5 TPSE £1, b) WA
B4 % TPSE 4, ¢ WHkiciiF 5 TPSE o vy, d) WHHkIZIS T 2 0BEREDIR, ) WHMKIZIIT 555
BEBEDFHER ENR L TN 2 DB LWL L, RARDWMHES - fi&E b D ECF v A 7 R 7 OfRE
EHEH LI LTS,

% 3% [Novel fabrication technology to increase power density of ECF micropump] <Ti, ECF~A 7 aR 7 DOE
H)8D —E AR BT 572012, TPSE DT A7 ML TE 287272 UV-LIGA 7 B B A ZHEE L T\ 5.
BTz UV B E AT 28ER 7 + hL YA b SUBEBLUT 4 /L AL VA N SUEX & W - FIEA 25 - A%
L, @7 AT MEDO~A 7 aFROBRICHI LTS, ZAHIFEROY = v by F o 7 CIIBRERE
NREETHD LHERL, &7 AT MO L YR M EZBINICHE L BRET HHEL LT, CO2 L—HF%
AW ETSnt AL O2/CF4 FI ATy F LU TR HBAR T 0t ZA2[E LET- R FiEE2RE LTV,
COBREFEEMND Z L THERD KMPR LU A MERILL Y 2507 A7 NEAFT2&E S 0.97 mm @ TPSE
OFEWEIZKI L, TNEHWD ECF~A 7 aRr FIE D @R —BEENERTEDL T EEVFEL TN D.

% 4 % [Robotic fingers embedding ECF micropumps] Ti, ECF <A 7 v 7 &7/ 7 L— NMIHAIARL, BE
MEREE DTS PO ZMET S 2 & TEMT 2uRy b7 4 T L, HlRRET 27V TV ECF <A 7
R T EEE L, ENREELRENZRY 7 N T 7 Fan—F ERE - B LTS, WEME L SRER
B2 RIFIZ3D 7Y > 95 2 & THAN TOFM & ECF DRI A R/NRICTESRE83mm DI =7 1 ' H
BREBL, B Lo~ A 7 mIRERIC LA EZ B O L TWb. Fiz, T RAERORDVIZHRY A
K7 4V FICER{E L7Z TPSE 7 4 L A L iR/ ) a— 2 4 (PDMS) OFisEMAEOEZT7 L X TL
YA 7R TEEBL, MRVICELIEROBETARNT L2 ERIICHR L TWD. L7 LR T
ECF~A 27 rAR 7L PDMS IZ Lo THYES NI BMMVIEEE T 7 F o= — % & — KL &h, BEERIZLY
ZORMEZH LI LTS,

%5 5 % [Conclusions and future work] TiE, AR TH LN RERIET 5 & & bIZAZOFEIZ OV TR
Wb, (17723%7F)
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This doctoral thesis is specifically concerned with study on ECF (electro-conjugate fluid) micropumps with
TPSEs (triangular prism & slit electrode pairs) in the following aspects: 1) its design guidance, 2) its
optimization of MEMS fabrication, and 3) its application to soft robots.

To this end, this thesis ascertains the dominant design parameters of TPSEs affecting the output
performance of ECF micropumps, proposes fascinating fabrication methods to achieve higher-aspect-ratio
TPSEs (electrode height: about 1000 pm) for higher output power density, and develops miniaturized robotic
fingers embedding ECF micropumps.

In chapter 2, the TPSE modular concept in 2D integration (in series or parallel) is proposed and five
important design parameters are identified by investigating the output performance of 13 different ECF
micropumps: 1) different serialized numbers of TPSEs, 2) different paralleled numbers of TPSEs, 3) different
distances between paralleled TPSEs, 4) different widths of isolated walls, and 5) with and without isolated walls.

In chapter 3, the intriguing MEMS fabrication to combine the lithographic micromolding with
electroforming is proposed and developed to achieve higher-aspect-ratio TPSEs. The proposed MEMS
fabrication are classified into two main approaches: (1) new micromolding techniques: a) self-aligned multilayer
micromolding by back UV exposure and b) utilization of different ultrathick photoresists (SU-8 resist and SUEX
dry-film resist); and (2) novel hybrid molds-removing method to utilize CO, laser engraving followed by O,/CF,
plasma. The experimental results of ECF micropumps based on this fabrication validate that higher-aspect-ratio
TPSEs with excellent geometric profiles leads to higher output power density.

In chapter 4, as the potential applications, the hybrid (a combination of rigid and soft material) 3D-printed
finger embedding ECF micropumps and the totally-soft microfinger embedding flexible ECF micropumps on the
polyimide (PI) substrate are respectively developed.

In chapter 5, the results obtained in this paper are summarized, this thesis is concluded, and future works
are specified. This doctoral work must make an important contribution to the ECF micropumps research.
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