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Student: Mao-Shiun Liu Advisor : Prof. Jenn-Der Lin

Abstract

The purpose of this thesis is to manufacture oval disk-shaped micro
fluidic device for observation and also to examine the effect of surface
tension, adhesive and inertial force in the filling process. Two methods to
manufacture micro channels and micro chambers in this experiment are
PDMS molding process and MEMS technology fabricating on the wafer.
The liquid filling process is analyzed at'variance value the Weber number,
size of the chambers, aslope angle-of the chambers, associated with the
changes in materials of the:walls of the micro-chambers, and the chemical
changes in processing. Furthermore, in order to clarify the actual
circumstance of flowing before “bubble entrapped and after, PIV is
adopted in this experiment for reconstructing the speed distribution of
filling in the bubble-entrapped chambers.

The result of the experiment shows some circumstances when bubble
entrapment occurred:

1. With the same Weber number, the degree between the chambers and
the inlet channel decreased.

2. With the same degree between the chamber and the inlet channel, the
Weber number increased.

3. The PDMS micro chambers package with PDMS sheet was easier than
that with glass sheet.

4. With the same Weber number and the same property of the wall in the



chamber, the superficies of the chamber was equivalent but the shape of
the chamber was different.

In addition, inertia in the inlet channel was offset by the surface tension in
big curve chambers, and the speed quantities would spread evenly in the
front shapes. Consequently, front shapes failed for reaching chamber

corners and filling, and bubble entrapment occurred.
Chemical treatment is also used to change the hydrophilic and

hydrophobic quality inside the packaged chambers in this experiment. In
regard to PDMS chambers, surfactant and treatment O, plasma for the
second time changed the hydrophobic chamber walls into somewhat
hydrophilic. Moreover, to make chamber walls become hydrophilic,
treatment O, plasma is better thantreatment HEMA in comparison with
treatment HEMA in references. In regard“to silicon channel, pouring
TMAH would etch the bottom" of .the chambers once more. Inside the
chambers was not smooth;<when comparing the chamber walls used
treatment TMAH for 15minutes and 30minutes with those had not used
treatment TMAH, different filling phenomenon would appear while

pouring water in chambers.
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oA hphenk R LR FRIE ph S o SRR o TR @

9



bervgdd > 2D TG 072 EH )0 RERE 2 A RAR A
£ pheniz ¥ 5 BogpEdtgdd 3002 60° 0 wmpEdtedd 3002 60° 0 AT
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(9) #-PDMS inif 2t B 20§ 2 4 48(0: Plasma)z # 60s
(10)  RPFaiZisr N e -
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B REIR G o B IR R F ROk G RS R R B
FA AR AR - AT Y P R R
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G ARBRP - SF LR FEEPFEIRR > - SAE
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0 A B AERR TS R T o SR R TREREE o OB 2
T HPER(EFER) - REE ke~ EILEE - AHFA
fi 7 2LEIR AL R SE ) 2 A (TIFF 4h) 2 2 2 Ah (AVI 4h) 5 #5~
PET 2 Play ST B R - BIES AR R 0 s R RIC &
B4-3iss §E ARG o 32 94T Trigger 485 > fI5 14
CCD #RAB - € o TREP-2 3 o B >0 (AP P IR IR Y FP
2B SEPDINE LB B S LORBY FAITET T
Az @ o FICCD g p 3Re M7 £~ AT {2 v hF
RS R bR R 2 R BT R R
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PR SRR IR R S T A 2N
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Duration g Fl % P #% e IR PRV BEH 7 40t 7 33 B g
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5 1% CCD #2214 (X-stream VISION High speed camera)

2. %
# CCD Camera g £ % Z2#c5 51245 % x 5124 % - &

Rt~ 5 4G e 512 FEZxDI2 FFehixir T v E

50000z -

3. F# B(X-stream Timing Hub)

b Benr * 5 EEE T Ao~ § 52 CCDcamerac # 4 &

AL A PE A sgr OCD camera > 3 3500 7 rL A %
@ ,y?ﬂ:i:\:b” camera ﬁj‘:ﬁ%ﬁ\;&ﬁr]‘ﬂ)’fﬁ.—v _\‘.\‘_}}:E]-;%:o Ell:’"}/’?t.'._

%t camera fEB- B2 et BRI -

L. TR 17 4l

ik s IDT P g B 22 (53044 % 5 Q-swich 2t

BE R G HFEPRE P 4~ (Duration) ~ camera £ £

B-FPE 5 ¥ ¥ 3P0k :2 P interrogation window # #

Sl B B A ik R B

PR Ek? APHEY Duke 27 4 22 Fkp3F > ERR

1.05g/cm’ » % 7 LR T BAR T B R AL F

T T R 1 IR B R AR T 0 T R

WEE W2 > P RAFmRy I Ed=lun BB ER

v &/J‘j\ R —-J’.E)'i LS#B WL LT ,_;,_i_ﬁ_ .
d, 1 )
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S
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EER F ok F A PR PR PN ] B & ke R
RPp s T2 32 ERRGFL o ¥ A2 R inHF
P EWER R ER T LG 0 bt 2 [36]7 F piE e 4p
BEAFE NN RGEFDERFERS g 230 24

TWEREL L ep N A0 AR

1 (2D
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B3NP BB iR IPE CERFIHEER > DEA T S
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A FRACRED 2 L K AT
KT
3mud

B(3-3):8% k &7 23R ¥ 8(1,38x10% J/K) > T 4% =+ % %

D= (3-3)

R 1=3.14159 7 y F AT TE 4B d 4 FEF e Ao & o7
FokgeF E T o d 2N(8=2) 2 (3-3) ¢ A R RS H
PF G T 4> AP E T I ER IR R RE T 05 B 4o e
AEREYRAE S22 PTG FL ot AP Tk
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PR S 1920 0 2 Bein B M B o 95 0.003m/s > F »~ ¢
R APEDAFRIFET2F P AREEL G5 2% ¢
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AA S =3 R »%e
FTF B REW

7

AR RS L A AR - 5 PDMS A & 0 ¥
- U T A HFA silicon F % m X odm fdtE R EANing
S ofde §ooT R B> A PDMS GRig 2tz ML S A 8E0 - & PDMS
b0 45 PONS-PDMS 3§ » & — 5 33§ » 4 %L PDNS-Glass 7§
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5
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~ A
A a2 0 Bl 4-1 % o+ PDMS 538 0: plasma aJdZiE {8 > aJ2 P
FE4 o B & B (2B o NPV IR R AT 2 PDMS &t
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P et om0 x5O 18W T < XA 35 FyenpF {2 PDMS 2 &
B TR R AR FRE B EERA 50%6~55% 2 it
e o BICGR T aFRRT Y 1~2 2 5 kg 315 5 AL
oo Bl 4-2F TR RS FF BT A X T U 5 92,157 Ap
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4.1.2 Silicon # ¥

fedo 1 2 3579 & Ap ot v gr[24] 7 vz HEMA i 5 RgZ & i & )
%5 > AFTE H B2 2iF [CP-RIE 4% B 15 2 & R 4 o i HEMA 2% -
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PDMS-Glass
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PDMS-Glass
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PDMS-PDMS
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PDMS-PDMS
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(9) (h) (i)

Bl 4-T1 Ao kgiE v 42 PDMS-Glass ~ 700 ¢ mx250 #m ~ L60 ~ Wei=0. 001005 -
We:=0. 000201 ~ Q=0. 0lml/min ~ Plasma treatment
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@ ) O ©

(d) @ G

B 4-72 pcontgE i 42 PDMS-Glass ~ 700 £ mx250 £ m ~ R30 ~ Wei=0. 001005 -
We2=0. 000201 ~ Q=0. 01ml#/mi

(d o (e

Bl 4-T3 Aok v g 42 PDMS-Glass ~ 700 ¢ mx250 «m ~ L60 ~ Wei=0. 401 ~
We:=0. 0802 ~ Q=0. 2ml/min ~ Triton treatment
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(a) (b) (©

(d) (€) )

B 4-74 Fro%83E i 42 PDMS-Glass ~ 700 £ mx250 4 m ~ Original ~
Wei=0. 000251 ~ We»=0. 00005:2Q=0. 005ml/min ~ HEMA treatment

(d) (€) )

B 4-75 fcond8 3 o i 42 PDMS-Glass ~ 700 £ mx250 £ m ~ L60 ~ Wei=0. 401 ~
We:=0. 0802 ~ Q=0. 2ml/min
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(a) (b) (©

) ® ©

B 4-T7 Heond83 o d842 Silicon-PDMS ~ 700 £ mx250 ¢ m ~ R60 ~ Wei=0. 000251 ~
Wez=0. 000016 ~ Q=0. 005ml/min
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) . ® ©

B 4-78 fcon48# v #E4% Silicon-PDMS ~ 700 £ mx250 ¢ m ~ L30 ~ Wei=0. 000251 ~
Wez=0. 000007 ~ Q=0. 005ml/min
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