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AFw3CiE, Development of ECF-based droplet generators and sorters| CREL, LATD 5 ZEMNSERIN TN D.

% 1 # [lIntroduction] TI, EMN—AD~A 7 BfilEy 27 2%, (L%, WY, E%, BLETFR E oAty
WZBWT, av 7k, R=F2TALTHRNPLT v KR 2 — A% ER/NRICIZ B CEMER S 503, 20T
A AR & T3 ZINBIZE R E R DR TRMETHH I ENFETHDL LIEM LTS, LT, Aif
ZeD HENE, THREEZA L, 2208ARUVBNETRF —= 0 T TCEDLTRF IV R—ADER 7+ LY A M THD
SU-8 #HWTT A RERUETH 2L, BLXOEREEAZANT 22L& TV =y MiERAETE HHREMIRIE ECF
(electro-conjugate fluid)Z JHWN o~ A 7 0 R T2 T2 Z LI L 5, iRl ~— A~ A 7 aiitff v AT LDFEBL L
ZOIEHATH D EBRTND.

% 2% [Development of SU-8-based microfluidic devices with multi-fluidic connections| TliE, ~A 7 aififfT A A28
W, I ORI & B 0E kD PDMS (polydimethylsiloxane) D {44 0 12 SU-8 & 7 /34 AR e LTHWA Z & 2R L,
SU-8 DI mEA&ZBELTCWD. T, w17 aF v LISz SU-8 BTt % I 3—7L— N CEHEMT 2
CENRHEETHDZ EERERL, TOMREL LT, UV RFEZFEST 5 2 & TLHRIG SU-8(Ft BT & i X 7= ik 72
T8 =) & FELEAE SU-8(H: 4 B) 2 FIRFICHE T 5 H 7272 SU-8 T — 72 E L, MEL TS, £ UV R & & 286 SU-8
DEIOBFREEEMIZHOGNCL, TFE~A 7 ai@FERSBORE~NCHT S Z L TEOREIMEEZH LML TWY
5. WIT, WA W0 Lo SU-B RS D V) Y — 2 EEFE L, SU-8 T — 7 LllaebES Z LITLD, SU-8
DHMSIRD <A T ARET A ADBUYEIEII LTV D,

% 3 % [Droplet generators integrated with ECF micropumps] Ti%, ¥ A7 AD~A 7 afbz BRI, &EE - &S0
ECF ~A 7 uR U 7 EHER LT~ A 7 iR AERAREZ RS, R L WD, ECF v A 27 2R 7 k- CTHRE 4 5
FIWARIZAND ECF = A 7 m R 7 CERBY T~ 2 3 BURTAAR 2 T R0 T Ut & & 213 00 (1) WIO (I H7K) ik i 4 L3R,
B L) O/0 (T im)ikTa A g2 IRE L, H2FTHRE L SU8 ML a2 &2 HNTT A ZORWEIZHEZ LT
5. F1, kD ECF CIIAERSNIZIHRNLTE L2 & 25§ L, DBD (dibutyl decanedioate){Z 3 wt% o S i i 47
Span 80 Z N L 7= 7z 7enetEiiii &2 Gak L, HEFMmA L LTHWD Z & T, W/O & O/0 Offi 5 DRl i#s T~
A7 BREORERICHEIN L TND. SHIZT Y TF T DT A RZBWTC, FINEREZMES 57200 T4 £ T
XL LHERL, ENOLOFEMEEZFFEL TND.

% 4 % [ECF-based droplet sorters] Tli¥, ECFEREIO~A 7 nififi~=t'21—% L LT, (ECF =y ME, BX
WQR) B> F L R—TED 2 FEEOER /Y Bas a2 %, B L C\5D. ECF Y= v METIE, T TR O AR DB
AT ICRIDICRZET D M ECF v A VR AR V5 HTH~A 7 a ik asEd 5 2 & C, BEAMTHEA LR
ECF Y= v MRIZE V<A 7 miRHOBEEZE X SANZEII L TWD. £z, HBITE DKM A X L FMEEOB%
ZEBMICHLMCIL TS, I FLA—JBIE, ECF V= v FORLEENTERT L/ L—0 Th o F L A—Oi
ERLZOMBEZEET S Z L TIREAU D BEA2METHY, MEMS EIFE AW TT X TORMBOREITRI LT
%. PDMS B/ jL— 2 b SU-8 A L DS NRBRETIEHH DD, B FLA—OEEE FREL 375 T & BB
DFBITRREE L 2 W TEBL T 5.

% 5% [Conclusion and outlook ] TIE, AL CTHOLNIZMERERIET S L L LITABOFEII OV TIERTNS.

PAEZET DA S0, BRA S LR — A0~ A 7 vtk v A7 L& FEBRT 2729, (1) WHEDOT 1 2
BB LT SU-8, BLUVNQR) WERE LTECF~A 7 uiRyr FTE2MND L HERL, A 7 niRiiEffi~A 7o
AR E BT D Z LIV ZORMEEZHFOMNC L b DT, THRERLVCTE EFLH T L 2ARKRE .
X oT, K L(TH)OFGERLE L THSIMIERH D LD LRDO BN D.

%« FRSCEE BRI, FI3L 2000 2 & 9532 300 354 1 M9 ORI 572, b L<ITTEL 800 5% 1 FRH L T 723wy,
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This thesis consists of the following five chapters.

Chapter 1 introduces the droplet-based microfluidic systems, including the fundamentals and the
possible applications. Based on the summary of the droplet-based microfluidic systems, two problems
are indicated: (1) Materials (PDMS) swelling; and (2) Large external power sources.

Chapter 2 presents that an epoxy-based photoresist SU-8 as a material for the microfluidic devices
can be substituted for the conventional silicone rubber (PDMS, polydimethylsiloxane), which has
swelling problems. To solve the sealing problems of SU-8 open channels formed on the microchip, the
applicant develops a novel SU-8 tape to have both the cross-linked SU-8 (a flexible cover plate with
connecting parts) and the non-crosslinked SU-8 (adhesive layer) in the unified structure by using the
UV dose control. Its effectiveness is clarified by applying it to the production of a T-junction droplet
generator.

Chapter 3 describes the design, fabrication process, and performance of a T-junction W/O droplet
generator and O/O droplet generator actuated by ECF micropumps. Two ECF micropumps are
necessary for the continuous phase fluid and the dispersed one to flow. The experiments prove that the
generated droplets are not stable in the conventional ECF so that new functional fluid is synthesized
by adding 3 wt% of the surfactant Span 80 to DBD (dibutyl decanedioate) as a continuous phase fluid.
Thanks to this new functional fluid, stable droplets are generated by simply adjusting the applied
voltage in a one-chip device.

Chapter 4 presents ECF-driven droplet sorters: (1) ECF jet type and (2) Cantilever type. In the ECF
jet type sorter, a microchannel with an ECF micropump is installed in a direction that intersects the
continuous phase channel of the T-junction droplet generator. The cantilever type switches the flow
path by pressing the cantilever with the ECF-pressurized balloon.

Chapter 5 summarizes the contribution of this thesis and researches that will be done in the future.
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