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Abstract

Capillary electrophoresis chip has gradually ripe along with the development of
MEMS technology. However, such these -electrophoresis chips was design
closed-channel form whose process including the micro-channel forming and chip
bonding and so on, so the cost is higher. In addition, if these chips use repeated will
cause some pollution problems such as obstruction or difficult to clean in the
closed-channel. Therefore, to fabricate a non-closed microfluidic chip system will
resolve the issues above listed.

In this study has successful developed a convenient and low-cost thread
microfluidic system, the thin polyester thread is instead of the traditional closed
separation channel. And to avoid the cross contaminations that the separation channel
can free replace a new electrophoresis separation channel by the roller equipment.
Thread microfluidic systems can take advantage of capillary action to move, as a
disposable chromatography flow channel, and the electric field is applied to this
system for electrophoresis separation and electrochemical detection in the backend.
This research develop an novel process technology, the hot embossing technology
shape from concave embossing and metal coating procedure in PMMA, the salient
pillow-electrode structure has be produced in PMMA board, the salient electrode
structure set up the polyester fiber thread, the polyester fiber thread is as the
electrophoresis separation channel, and electrochemical detect samples in back-end.

In this study take plasma treatment to improve wettability and surface roughness
of the polyester fiber thread, in order to improve the operational effectiveness of the
thread microfluidic systems. The cyclic voltammetry measure potassium ferricyanide

samples and the results showed that the performance of thread microfluidic system

v



significantly increase after the plasma treatment, the measuring current value is 10
times greater than without the plasma treatment, and the estimated detection limit of
potassium ferricyanide is around 6.25 UM in the plasma treatment one. In addition,
the thread microfluidic devices with plasma treatment has successful separation and
detection the mixing samples of 0.3 mM chlorine, bromine and iodine ions, and the
signal of the S/N ratio is 6 times higher than the without plasma treatment one, and
the number of theoretical plates of electrophoresis separation also enhance to 28% in
the plasma treatment one.

In addition, in order to further enhance the detection sensitivity of the thread
microfluidic systems, the study design and fabricate the concave-shaped
three-dimensional electrode structure, and to achieve greater contact area between
thread and the electrode. Thread microfluidic system with plasma treatment detect in
concave-shaped three-dimensional electrode and flat electrode respectively, the results
showed that concave-shaped electrodes in the potassium ferricyanide detection limit
that measured current value is 10 times greater than flat electrode, and a mixture of
dopamine and catechol sample are electrophoresis separated that concave-shaped 3D
electrode whose measured S/N ratio is 5 times higher than flat electrode, and the
number of theoretical plates is 1.5 times higher than the flat electrode.

This study develops a novel thread microfluidic system that will provide a simple
process and low-cost, and can solve the shortcomings of conventional closed-channel
electrophoresis chips. In future, in this study develop the thread microfluidic system

architecture will have contribute for fast electrophoresis separation and detection.

Keywords: Thread-based microfluidic system, Polyester thread, Electrophoresis chip,

Plasma treatment, Electrochemical detection, Electrophoresis analysis
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Ax i 2 TRt o JEYE
TIELT FlIEd 2 2 eni B> R A L7 P 24 (Potentiometry) ~ 2 7 in
(Galvanostatic method) £ # # #] T /i /% (Controlled-current method) ~ 2 T =
(Potentiosatic method) 2" #5741 & i*;# (Controlled-potential method) °
AmiplEsE Y o AR A - REFR RS TERE A F B
G T ER e @ R Rl R BORAEPE [37]0 5 el A g FET
Al for ipdlE o R adlE & f gl o KR LA T
g s HFOR AL ETERFE  BEI ORG-S léf‘“ Fao @ B * R
CFehz 4 ks gt 2 4k ks W E 0 23 7 H&(Reference electrode) ~ # 24 T &

(Counter electrode) ~ 1 ¥ & #&(Working electrode) °

1'3‘1 7 it § ﬂ_,*ﬁ,: Mb

TEERRY LN AL AU SRR TR 2R

R STETRACE S § e

_i
E-y
/3

Pz H i EiE a AP Tk

S EEV S TE SRR T FER

Wi

Bl F 2Rl m 51 afg
CEF DT I TR T ERIRA D F R P R

SRR AL ERF b B R E LML TR T SRS B E . BT
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Bdt i L ABRROT Y M TR T EN G BPL TR BN S8

E=H

R R R AR 0 AR R

\\\?{r

+ T

o

: fé%/% KT fljfl;’}; =) }3 1"/l‘ljlfmt
R TR A > & ¥ i L B (Nemst)® A5 0 P RORKD <0 4

Ri® oA KLFR A RAEGL R PR £ RER AR FREL

»

o

¥ 3 [38] -

Reference electrode Working electrode

Counter electrod

Electrolyte

Bl 143 8= 74 k%

- HTHRMLEH A A AN ERTERICARTE AR R AT
v B4Rl F2EF A bldopt B (Carbon ink) ~ 4% (Carbon paste) ~ ## & 4.(Carbon
filter) [39-40]% » 322X H & A1 » RE TIRIFACR AL R P TIHRM G 4550 4o
TIREEIREBTEE R EDRTF BAH.E 8 ERTERIY LT &
[34,41]~ v & ¥14s [21,42] - ¥ U EHESBESTH S N WUE > ¥ AT R
AFEBH T N hTBA O E RS R EERALLE £hTE

WA EAE AR G AEHFR S AR G VR AEE R
£ + R GRS

Jmml

B ERTIEE -
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1-32* g LA T FRRIE

TIFRRE L TA? AR AF RERERM T ER-ERE

CRERERZA AR FDOTER BRI AR RTETIARY 05 3
FenR R AR ERAREHF R T ER NG 7 Al F 2 2o P2 N
Off-column = End-column [43-44] > ~ %] * 2 k31w > #— Ho £ &Y
NEFN TS AL mE N R RRETAGN o TEA SE RN 2
Wtafdad 3 Mo R ENREIRIFRS S, A THERATEF T
AT B AR RAFESE S AN X HRREITR S L g TATEL 2T
AR EHERES T 22 R [45]

AT ER ERETE A R T EF BRREA G R LT

BPRLEEST R Y S TR B FPT CE TS IEB
Bl Ase R ERMEWT AL S BRAEL X T AP RTRFE T
Pl o RIERF AP T4 S AR SRR ER o Rt E
TAKBIL ] A 2 B [46] o

TR QR ETCRERY > AFARPER N TR L P P

(Off-column) » & #-% #&3x ¥ £ ¢ I r 2 (End-column) » ¥ A T & %54 - F 2

P

AR RTR LR W

ey

TRt mErgpiantiy LT EiG 44
RLEEF AL AT RAEF TATIN > 71 T2 WR FRLRT
REZEERE,Ep e = fhecd > 2408 E N % » % 5 End-channel »
In-channel ~ Off-channel 7 P fic;% [47-48] -

End-channel # B[#-5% > & H F f&4#2ci=% 7 > & % On-chip = Off-chip >
WAl (TS L g Do Heniedp > S MA BT RE LTI E 2 R B S
e+ 4 o 2 & On-chip #55% » A 4530 i v Bend (T3 4> B 2 ok > @ F

TR TR EH e o SRR AR o Off-chip #1 (P EL2 300l v 24 > 527

11



EAAHIO LR P OREREE 0 T SR ANEF > T2 i r o
In-channel i /RIH > #1 (TR HREFE AP FE Y > %ﬁd B Mo
FORERTILIEART RS Kt T L HEGC R AR T €5 3
¥, A 4 > ¥ L End-channel # # » 4 % 5 0 41
% #xd End-channel ¢ = ek &~ 47 > 3 B Off-channel > Off-channel 2. 1 ¥
% Wi % 22 In-channel 4p 17> 7 F L4300 8 — 2 48 4 % (Decoupler)*t Off-channel
Z1ER i /A 7T 32O ALRTBREIRF S FUFRINE -

AT AFREEY L I ER ARG R 2 AR A G T A S

e R AL TR M- I - S < I T

(A)
/=T / "-'
L

Worklng electrode

(B)

J~F ,
| |
(C)

o ;-
=) (=

Working electrode

| .
«— Screen-printed working electrode

F Electrode aligned externally from chip

(D)
L — |
| =7/ ——Working electrode
~Decoupler
Bl 1-5 % 3 1R = 7% (A)End-channel(on-chip) : 1 1% &> &2 # e

(B)End-channel(off-chip) : 1 3 &>+ 1 v =8 ; (C)In-channel : 1 T &% **

£ g Az 5 (D)Off-channel : 1 ¥ t&w % - 2 84 & [49] -

12



1-4 fcin M & 5 A g e

FIRAFHRE ARG E AP S A R R FRiTE kA A R
Wh o T F LI HPEGRBI ATV Lng a3 &R ¢ 7
#UR = A]/% (Hot embossing) [50] ~ &F 1 = 4] (Injection-compression) [51]% & &
%) 3;% (Laser ablation) [52] c H P # /R X A| 2 s+ L 452 > 3 & F & w2 H
F IR S R gl D EAF A T < BRI AR S
Bo @ SPAHLE BT TN AR A F AR RN F A R % IR i
SRR HHE > A AR S e T R R R

Meim A de 2 B A 04T @ P AL 0§ R I g A
FREF S R WA FREDREZT > R kAR AN

oA AT P FI B B T e epon A e MK KT 4B

1-4-1 At 2 8 B
Al s i a —L/»\—g&%_&ﬁ;};tqﬁ, R TS AR WA E > P W
AEAA R IEF L RTTIY o KA P LA HE BTN
frerk R R E Vo S et s SR UV ert - INERIER S U
% [53-56] ~ #id Er [57-60]2 PDMS [61]% Hoibr» A58 F £33 D ani kB8 o
KRG A A8 - it kel e 3T 2 - B3R E 2 H
FLE 0 ¢ g B A2 M o Bruzewicz £ £ (2008) [61]4% 1 #-PDMS 7 Er 3] K+ >
G ik ko e PDMS feif3k b e gl o 2 Wiv g gk 2 2 o
- SE R A NI RSl - R -0 SRR LA R S SRR S |
IR EE {25k BT B2 o PDMS 7 B3 oNie & 4 [62]41 * i+ Er o e 5K B ] Hojie »
WiEgE LIS o - WA AT BN SRS S TR o 2 S
2T AR LR 0V BRI 2RI EL 2L S B N ok R

o HE B R RF iR 28T o
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SRR e R 2 SR 0§ Aok 4 g S A 8 Chitnis #
A (2011) [6314rF1* COy & ot » g kiEend L M S > Al DRE - £
BT L KA 0 5 COy FAILIES 0 A G R AR 4 0 T M
FUKE A ABCD 4 B o gk EenHER Y CO, B B M KRET A B
$o- ARG AHE R H - SR ERA BN A g )
g e R 0 R R FRIRHOE R NERA FRANES R A

Mookenhz § i@ pok(Silica micropartical) » sl ptak Koo

silver
circuits

carbon
- electrodes

5mm

Bl 1-6 S MY 07 £ iR [62]

Delaney & + (2011) [64]#-= %pr it = F % (Alkenyl ketene dimer, AKD)i% »
FRARRBRY CRFFHAEENELP R AKDE ARBZREE LR

B meh BE R SRS il 0 iR KGR HEM S AR 1520 100°C e B R

Ny

s 8 g SRR AR = RAZ N gAY o R - RME
TRV - R o d BURPE TR R S R g 2 T
CEFRBEE -

WA A AR SER R A o A R nRIIRE R A R R oA doi s
£
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1-4-2 S i R 2 3 B
Shen % 4 (2010) [68]4% 1 12 Sy Ak Su o Be (5 SRR AR 6 30 A & &
FE G RRER R AGEE G B R R AR R S RAT o

SN EIFUFESL R cRALE G L miEY A S F PR F E R AR AT

_\
=
w’<
&\

AR e b SRR R I T RAL LT EAE B EFE
M2 E R MR A As AR RRAM AR AL FT O MKE
Wo R B e o @ AUER M SRR 4 0 B4 o

AR kAL ATEE R > BB R R AR R B [69-73]

4ol 1=7 5757 o A E FACEREHR 0 0T SRR

i
w»}

l.2Fqw > PB@EE o

2.V EREEY > X FEAET AN N E RO AT
AL mF et mE Y B FEEER AL TV FHCE G
4. 2 FE B E AR TR JoliE SR ke

5. Rz B A4 1 XS AR B L RIFARE o

Bl 173k 8 55k 5 S0 PR 0 (A)FR S~ 0 SR (B R S~ LA
& R [73] ¢

15



1-5% &2 p 0

MW T RN FRIE T - RRBFAF AT AN BN E

B o HBRL wmp DAL FER KA FE - R e fmp RAEE S - K

-

b ¥ B TAFARPIZ G ARRARZ PR o M h PR ARE S D

=N\

o PRI R ERRIS AR TP ST E RF R DL
L AR R SRS A P A R AR B gt
B A EF AR AN WEHPSMRE 8 £ & DI {1 i
RPN S P BT R R TR R SRR R A h PR EE oA
PERFPEARY oM EN P E NP EREIR AR Flt e R
Fapery MAL £A REIE- SR RS Y o S B AR R A -
FEd MO P2 WARR AL M B A2 6 YR Ft & 2008 £
AR BrgE B TR kB gt R R R (R MR A M TR E
AEUR I RE > RS T A R B R R R F R T B
B2 G MRS RN SR VR R

oo R A ESNDERE S T D S AT S B E P LB -

iiﬂ
\w
H
W
=1
|
~=ie
S
g
e

2010 4 AL ST A5 S AL > BB RO AR B S A T B s hen
PR AR R BR 0 2 DS E S B &G fi 0t T e ki
PR kB S R 0 R S F o L e e MR F 5B
E P RESE > T N L — il kAo 2 P ow AR R A 4 N E
g gE s R BL RS T IR TS 0 A TR SR RIS 0 A 2
BEE g A B B R MU SR ER - LA S el H
A e A PR Rk A A G P

2% R A SRR T S MUBCER A B AP AT S 5 DA
WEhs il » TV RERIY B R B TR {F o B E AT

FoWAF ARSI I L on AR L o F AR E- B K



~A o TR R T AR R WF M BRIk SR R BRAE R A

22k jé»;as:&ﬁ_gﬂ o AT KRR \m@;gk:’ R E A2 GAR R

._

e
g iR

%
B N T ECF R Tt o R AR f B TR R B G

DRI RSR S THERR ALY B E S

PHEREFEAGR L LAFTEF FAONAEL - o

\‘k@
W

™
&

%frﬁm?}i LPEL o AKP FARY BRBREFRS ko ¥ Wy L 2 E e
FooRFREFRL B ok TRERAGE > TR P SRS B
AR B FRGAEN N AT 5 H FR g R B R

m@J 4 Jf);p ,sz,*;%@,vk,Ava—% \ = 5 %ﬂfs—’? ;@;sv,hw]u//f LA ﬁ”?’]‘fﬁi@

A

YorugEY ERY TR S Pl BREFSRMALAEX AT RS T

(ﬂ

RG-S S 3l

AL EY N LEROR A RS 0 20 BB R
BRMAcd e TRER > B AMGE 2 iTien 0 A HERFAAREFTT

P&ﬂ’u%ﬁ Fodom A AR M RRBAARE G L miEr 4 AR

TN A R BRIV TN T R R &y LR RUEL R

et

ERSEFTALSITFE S F AT Rt 3TR I TLHET FESF

Sk e o TSR AR TR A AR o

F_&

PR ARBMMCIMETRAIZE  RA B BB A Y

—x

ROECELTFARAAG L F GER L AT RA TR
Blz et Bt e U4F AR i T 0 F 18RI T 4R UM RS R B
A A Ajet G e T o Tiedh # 2 28 o Bl A~ i)
THRL R NEB O SHE S SO ERET AR TR

AFTRNURGE S AMRL S ¢ PR BERIAR T TR
AT BT ARRIE? P FRE B R B e DA S R kP
T BRI TR
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FEIEAL L wETARL A L E T AR LR T ALY
2R R MRS P A MRS R R G AE TR LT ET

ABRlE e A fRABRLS mE R AR T ZWITEAR A B AP 2BRE

SRS AU ISR L R SRS SR R R
o R H A AP 2 3F % 0 R e R S e B R s R e TR

PR SEDEAAFE P ot chd gt RN T 4187 ’I\%\ hoEC R o

PREFERA R MEDRR OB 2 H B YR mAE C /F
SN R MMM A G R R A% TR R AR

B A 2E fﬁt‘ s SR RHTI R % Suend B 2 1}? ' TR Geie 4] SMCTRE R S F
& ICERRPIE T AT o

EN = 4 by 2] )
“bﬂf.ﬁ- g“q‘;’?\;j‘\’/’;’

=1

F Ao G HE T R A

N
NN

AN IR A JEELNREE RO B e 4
h
L

o

Ak A2 1 BIPTRe o ¥ K

5

E=H

e e Voo A J TN R

L

-
LG d R RE o AR 4 FHREY T CETA A kT ERET G
TRA 2 R £ B o
FIF RHEAREY

27

Fd I BREHBLEEF LR EFRBEY  DRBEE FL R R
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Fod ORI R

2-1 A2 L it 4

RUMICANMY A0 FE O REKAEG AR R4 > HPEL it {oB R
et L E o FHELAGPE G Ao T feis it > B A G o B R
Feh 542 RBETR 0 PG - Y w2 A o

PR ESRY I YA mI g o RS IR % o A TR A G oK
BB ERA S G B AR AN RS S F 2 PRI RR kAR
EEEHHA R G A RER RS A A4 o L miTr 4 ERE S PIE G R

AEMY ARG R L DR A R RO TR KRR N g P
oo T PR AR 0 I M AR S SR s

FoF BEFIAAER L I %3 T2 S ROt Y RS g0 F g

>

FHE S BRE G ) REP A G B EFHIO FlieE w3t §

S

AR R A mE R 0 o BT wmE B RHET J‘J.;%‘EJ HEA B A
FRHIC SR AL R R SR A

FAVHHR A SRR TIRRAE A S I I AR SRR
MBI BE LG LA T G FHRF A G f 0 FIVEEAT oA H
Pl kG o ded 5 22% S 3b o A I AR T S B S o i TR

GEE TR
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2-2 KB R B
Meni B R A SRS RRF i BRKAR A8 G -OH Afr
-COOH # o Mengh @ ks - - L5 anok i M EEH < > R4

SRR V- S ARNRAN SRS fREF RIEERS S TR

B4y

)%

ML mE sl B R AMA R EE N d CEL S L o m 4t

RS

G R Y i AR SRR R AT T 0 T — L
P Bk g Flookm g FORB R E {5 -

SR RS B R e g Ea s X R Aol XL R4 Rk
AR T BORER > R BEERE L F 2 AR R i
ERORAR s ATUSGRML > R B E RN R E o ST R AR E AH
CE 13 DI S ST T8 FARE LS S REET § E L)
B 5N S Y BTN e 4 S B R Rk
H 4v BB sORF aT [75] o

B gtk SRR G 2 fcmdt i o R A 0 B & R g e R
e BUENIRER S AR Mo RN ANEAR T o B RN S AR 0 LT H 4
£ FEAIR kT R L S RRDT R S 1T § AR AR R
SRR T F RS REEIER SRS T F1 PR R
FEHEY B AKAE -

£ 02-1 A RaEt R

Ui | e i

T E R Y ESITEA I RSy

£ e Figda -~ R s B4 B | R L o Afphde o fmt

Teaga | R SR E o ar L
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2-3 B jin w2
SERIATRI LG AR R R A BRGNS AR F L
SEHRES L CRERAEL - T SREARAES G 0§ L Y
TF R d o R £ R fig S R AT SRR B SR B R S G AT

%

BAPBERALAT S P RS A R AR RAETPRLE = A LBY
RO LR b RS RS S SR YR R A
BHFLU G BRAR X2 2 E v R aE c Biasal 843 0 £
Ffio e e R ot 5 A B &SR e T 5 R b SRR U
AR EEFIR AL GRS DR IR EET IR [76] -
cAVEERET FANARTARDEAN > LR EFTHRMDR AR
W AP AR RS e B PR R A FRM A R

wRA s SR AEY PSRBT £ e H e o

0 0
H H
nHO —C — C— HO + nHO—CH,—OH —

Do
HO+C—{ ) —C—0—CH,—0 %H + (2n-1) H,0

Bl 2-1 Rk ia b &2 it £ F o2t

Z Affes AfEA Y B EF L 0 A58 K4k ch fin 5 A (Polyester, PET) » %
fg b g 8L 5 260°C » #iiv 8R4 205°C» v £ 5 1.38 g/em > s R 5 0.4% R
PR LR SR AT E R ERF AR T H R
Fod Ao ABBAT FEELS RS 2 EES N2k A gL ka2
R G Ra AR E kR §AAFT A5 BEEL AL 8
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B gy BAst ok kRS IR PR F 2 B S3Rpl7 4w
e Rk Mt Mo AT SR X 5 39.74~4557 CN/tex 3 ¥ 5 1 £% 45 5 >
Pl B 5 52.98~79.47 CN/tex » “B& 5 B A0 8 ¥ 475 1 £ 4 4F G2 B -
Bfa & Fnfa g BR B o AR ET ik s Pigg .
MEREFPEHDEH  Er B RES B RER IR RDL G TR
w fhﬁei@\%gzi@fr%\,a@ﬁl_ﬁw E SN NEE e A R e i %4
R RS ADET > B ENIRER L VHEEAB AR I F
RE-PHE - AHE - XEL R R MBALAC A ETRY > Hia |2
FREAFERNEd S JoRBE P8 F B REFE A FHRE - SREis

,r'_}_’gr;‘»i’%\:j_ A EH iR E_’); BRRUM G 5 L BB Rt e (1F 3

=l
N

BRERY Ea o Flt 4k L E 2 MUK AR OR gk i 15T ?]%4\1.1
P e N

BB aA b 2 BRARE FHAR BRELAF 2 L rEap 3t 3
B SRR R S BAAC B B R REES Ak R

E

M g o 3% A gAY TRERAR G @ FE [77-78]

Y|-\

£ 5

’F‘rw e fin gk #’;ﬁ’ﬁ RAF R R B - Al e 1 R R0 B B E JE &
A RN R CERAPF AL > P IR ROH ST EIE > T LAl B

HRIEGS A ADRIALE  EHF AL S 2% L TR I
P AR AR E Ao BRIy Bk

I R FHck AR ata ATHT

Al
WL

NA—

2. ElHEAG I HRMLGEFET O RAGUIFTRA L HE
RS FRRI PR BEE R AGRAT FHEAEE LI -

3. ZoBEEEREEY I APHLAG BiEW AWML IR o

A, F G AR EF RRAE G UH AR E AT KoL G F B

- L BH WA

-~
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FEZFY I ERRERPER A ET TR R e R BARERES T S

—

"% 7 % hp d A (Oxygen-rich free radical) - ¥ — # #8 4 + 24 > ¥ 7

%&‘:
4
o

TFI P F 2 AT I RYARTRIEA I LT - 2F TR
SRS R BEERS B AF ko 8 2 S REeE A T -

FARAR R TRBALFY ARG S EF A F T LT 0 35T 4p

(Non-cquilibrium plasma) [79] = 25T = J ¢ > < F0adhjadez 45 - 2L 7
ERREFA S om R SRR A5 0 § B R (Gas discharge) > 2t 2 T AR
W HEF g A2 HAIL % (Glow) » * £ 5 ¥k 2 T (Glow discharge) °

LR I ERN SR EIER SRR F NS ¥ EETEE S

At A A g 0 TR RS o B R T R AR T AP AR T
a1 $ AL R B EEATE o A F LRS- RBA RO FHERLF

SR MR RE RS Ao el REFFERE

S F RS R SR e 0 @ suehi@ a0 R0 TR e
g % 4p 7w (Plasma enhanced chemical vapor deposition, PECVD) [80]- & E % %34¥
BEEANIHRRE AT L LS TR A ¥R T R e

2 RRBRT el A R F AP A LR R - T
23
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PR ALY R AR A A2 MR TR G Rk IR LG > 2 HHH

Ea

S

i TR A A G > &2 2 B (Cross-linking) £ # 1

(Activation)s»c % » Feed Ml A g RpF PSR E o : o RBHE LG 0 -
PIHEE R DA T BB VAR A A E RN
%0t B A TR T e dp Ot R A G R T G s TR E

SR EAY 4G T 0

o5

BoHEEL P EF S ERTL AAEY R G HE

4 thio g T R o
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AELRF - B E DR o B T BT ARR A

&3
&
&3
gm

E

FHTRRGIEL 0 R p Y RBARE RS FREBHEE LD
e A TR A A A F R 3R AoR] 31 - R D 3 4
FRI;DTCFTAGREE AR AUTE o Bnsg > 770 LR
MLAUIT GO AR kB 3R B AR R TR L e A R R o

HL o R A RS N R A A R Y=
RN TEERSEF L oTRITETAR Y AU F AR F R
REFRBH TS P P HAHR RS R 5 RS R 2§ 00 @ IR
oA e R AU R T R R SRR A T R > TRl TR
PR R R 0 P B ] BBk g e RenA i i o

Dulcimer

Bl 3-1 ¢ Rt @ BHF i
F3-2 5 4 {6 St a8 7R F AL A R R SR
é_[n-, A e 12 ’E"%f?i PR ’Eﬁ%/\:’, N BBE’ T bR I;L%: -T-;P‘ ?;ffﬂ‘ BB R 4)3 %f!l}%‘f(/ﬁ

LB KERS 2B v s AT T E RSB R S

EAREEN {HATOLBEE > TEFT BRSOER 0 L BASMIES T
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AE PR T LR LR £ ARV PR RV E R

FHREAT BETIRPDES 3 AP B ORI T E T A

LL
BBB‘I » 2

FRRCERALS R AP RR oL AL AMN WG HE

——

2
AR T FEEET Vet LEEY TR SRR S T R et

>

0

,J. + oo

3
s

E)

Decoupler Reference
electrode electrode

Buffer
reservoir

Sample

_ Working Counter DR I
reservoir electrode electrode ofler

\

|
Roller

Bl 3-2 1B R AL Sad S S 2 T J B

FLI1ETH T ET ALY

B33 :TagtEaiih sl §L > &% Mc3H$ CNC it
24 2 mm BARdr A gEdE A B0 A hT R SR 700 um o #
B SHER R S 500 um (B 3-3(A)) ° 9 50 um 5 chdEih A R FFER L
A A ABBRAAERY o B AEHAZE RS FREEES > HBR L
i B R 140°C > B4 40 kg/em® > SRR 15 A 4815 0 B EMRERE R o R
Bt o R4 A AR e et A RS (R 3-3(B)) o ¥ BB S A i AR
P B R4 iR R TR RS B4 L RS 0 R ERTHA S T AR

ESHEY 4EHBY AR FRETERAG R AGRAHEEFI AR ERFL -
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BB FART 2 TR FHEY o TRA G R A R
BAE LS gE) 350 nm B enda (PO 5 5% T 4R(R 3-3(C)) -

Mt hE 3 PO T R RE- K 7R IR B R E
Bk AETHL T HRIEAREFESEL > X1 TR F TRl ©
BATEL A5 L B4 350 nm B g (Au)E (R 3-3(D)) o B i S 8
AR Y (B 3-3(B) > & # R FaMEX S TS P 0 2SS HT

TN TRk SL(B 3-3(F)) -

Micro CNC machining

Au Pt
/ /// / tickers
— / protection
ﬁg&,ﬁ:ﬂﬂum master mold (D) Metal electrodes deposition
Al master Removing
| Y )
Al foil /4//
: PMMA e /
(B) Extruding structures formation (E) Al foil removing

Al foil Peeling\
/7 2

(C) Cut Al foil peeling (F) Polyester thread setup

Bl 33 TG gt it WET 8
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Working Counter
Polyester thread electrode electrode

Decoupler Reference
electrode

Bl 34 ST e T P E T AN R

12wk T BT ALY

FOH N TRERDE G 0 YR ERFAE ARASTREES X
BB M3SA R ST F T h Y RS LW e 2 A
S BT F R T200 pmena g o 2 AR A TG TR RApR o
2 mmU chAE R B AUAR Y A HE 0 A SRR R R 0 SRR A %] 5 700 pmfe500
um R EH P A A e Ak s B SRR ARG RAT RS R
Bl F R 200 pmefn i > B fE 2 B AR AR F 0 5 2l R R HEER R S
300 um (BI3-5(A)) © 950 umB- G B E B4 A F o ARAR S A ER
P AR ARERE R AR DR > R ERZ P oGl A vk 2
WOTRSHERT 6 RS HM o Fpt @ % 2R i 8 R & 2 160°C
R4 4 M4 355 kg/om® o 4R H R0 A8 o 4 AP SIS A, A L che BT R
H(RI3-5(B)) - H ReEEARLE T 5 THab VPP o B 1S BB SRR LT R

DTSR o AT A G 2 TR (BI3-5(F)) -
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Micro CNC machine—s.

/

— embossing

p .

(B) Aluminum dies / Al foil/l PMMA (E) Residual aluminum foil removal

sheet sandwiched structure
Peeling

e ﬁ/ A /;’/

(— -
(C) PMMA substrate covered with cut (F) Polyester thread fixation
Al foil

Bl 35w k=g BT AR Y 2ZWmTE

Reference
Decoupler electrode

Polyesterthread

Working Counter
electrode electrode

Bl 3-6 Apgii g3t e = g L F A5 E

AR R R R 0 Y S AT v 2 T 3k £ RAF fi
WL A fpod ATY R RSB R 3- 2 TR0 EA S 350 nm

Foaiwm e ms B B TEsRsy ¥ 5 350nm
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% 3-1 A% ATl
Ti&-2 5 BRAE F-pE R B R
54 T -4 100 W-300 s 350 nm
1R e P ie-4 100 W-180 s 350 nm
184 w-4 100 W-180 s 350 nm

3-2 RAI A A & R

Paynter [82-83] XPS & F ik L& > &4 WA kb F o f Mo 4o d f
(He)~ 5 #(O)~ & F (N 2 HiZ & §F M > mJZH F ¢ ' (Polystyrene, PS)#2 &
fadf oo o PORGT RRGLi o 5 Hoka iR £ 5 2 R R ¥ e AR
fodh MG RJLS > o ATHR o d S Bfrd 24tk BB & e ey ~F R
FOTEER Y ST 2 v BB R AR M o Yang ¥ 4 [84]4 1% RF T & § (Ar) -
HEMBBREFL R TS PR UV LR RARAEE 5 K2 FRFKL -

do ORI A RS A G I TR RS R 0 7 F L

SREEFMEF) FBEFRGEF FF) AR baE Y

ERES IR N T A R S SN Y A R R L A S
FRapid o BURERE 6 S BB B 6 Picew N (wdt)
i3t 3 UL iEH 4 i PR e R s AT B 4o o
Bl e iz s ot B FRY R F AL HEY R as
AV ot i EER T S Hﬁzﬁq SRR I U A S N
MM G 0 A TR AL E R F A o A s
o N T Ay :fftﬁ BRI frf@r‘ 22 ZR Mo EaFRET ﬁﬁfz‘@—ifé 22
R s LR RATCEL PRI 0 MR REFTAL BT Y K

o B HR
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33 ¥ %ipnpet

1. 9 % #r % 2. % % 5% MES (2-(N-morpholino) ethanesulfonic acid,
Sigma-aldrich, USA)» 12 - ke g k& £ % 50.1 mM~0.5mM~ 1 mM -5 mM
2 10mM#& * o

2. Rhodamine B (479.01 g/mole, Acros organics, USA) % % 4 #|> 12 % -k fe ¥ 0.25
mM > > RS Y R RMRE T 24w s ERHER -

3. R CE BRI ®e o0 @® B E (L3RR B P $ KsFe(CN)g (Potassium
hexacyanoferrate(1ll), Showa, Japan) > 1 % -Rfe ¥ & & Sk R - & B]j86.25
puM~100 mM -

4, T vHE T ALITHF A 5 > KCl (Potassium chloride, Showa, Japan) ~ Nal
(Sodium iodide, Showa, Japan) ~ NaBr (Sodium bromide, Showa, Japan) > % %|
FRERO3 mMi * o ¥ b2 %5 # & % * % = 9(Dopamin, Sigma-aldrich,
USA)fr 2 % fi= (Catechol, Sigma-aldrich, USA) » 4 %48 )k £ 0.5 mM# * o

3-4 F 2% 3 ’f#—m A%

1.

RERRE G AFREP FRREE %00 F ofj 5
FF 0EBFEE8m #FEISWo S mREFEFI04 4 c RigMiE TR
Romgips > M e F ZMP SRR REBRAMER *P%ma?
AT A1 F Sk B st (E400, Nikon, Japan) @ 4 WL H iy B 2R G
RALH 52 45
RS 10.1 mM MESZ B Rt > {1 45 g ¥ R
4k (U1252B, Agilent, USA) » £ RI R fig 5E 4 2 @2 B %> 30t g

—

; %y’piﬁﬁﬁ"éﬂipxli:iirﬁ %E’f‘]g’:]‘lf' ]p ’ Z.Ki i%“i /J. ,%J"

e
T iE e

)

BRI S8 0 R % 5h 3k P~Current monitoring  F & 7F H4oBI3-7
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FALMACIME > R A B Y POTRARITEELATR
(Model CHI 611C, CH instrument, USA) > J* FF1 (T3 =% 20V > @ &®
Hom & whpads 3 R T R R B(MP-3500-250P, Major science, Taiwan) »
FEF20F) 1871 » BiF » MOE R eNE R > 4 T ESRERMPF RE N T
FEE 2 R m RINEERBR ] 0 R RE TG U F R

Kor 2 58Q2) T HEOF+ /] o

High Voltage Power Supply

600V ‘-

Low conductivity buffer E

0.1mM MES
High conductivity buffer
6cm é 1mM MES
High conductivity buffer
- A Low conductivity buffer
< replacement
=
o
5
© t
Time(sec)

B 3-7 & Rl&ik 48 EOF 2. % 528 K B

F S8 e 0.1 mM MES @73 % > f1* = o SRR 3 (A320, FLIR
systems, USA)» W RIS A B TH T2 £ 5 8 & > 2 200 umF 2. 51
Mok > w2 RkREERY 2 ERRCE -

O EEERAE T AR I AR R RS R R R
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FI# gtz o W E ORI E SRR R R R R o p AR R TR 2
Rhodamine B% *t F g & b - I * §F L & fedn #5 pe % B (LH-M100C-1,
Nikon, Japan) k g% > - R R R BRI R REEY

deap B eh® o AR B AU S g R o

2. MPMEE T ERRlZ i R

AT ERHER AT AT E S * R Pk RKFe(CN)enF
BRF o BRIPFF LT 2R TR BRI T E AR L RRR
% ;% (Cyclic voltammetry, CV) » B A {54 e i FRT IR A o« F AR TEHF
FRLEFELIV~-1 Vo fds i 5 501 Vise 475 & T R ALl 2 sukintd

2 H BRI o R ST T G ok 2 B R 2 R o

3. AR YD E T AN PR 2 ki 3E 2

TUETAFTHRERARI-G i it F T AR £%0.1 mM MES
REEBAR TR BRIATRERE LA ~ 2% 40300 Viem T 3
FF204) A o Hrehow 40400 Viem R Ho #F F 804 s K A+ B8 1 TR R -

BRI ELAITREHATLI > AL HIRT LA FOF P RRT S
¥ FTHEY SIS ISR T EARERE T
okl o iR R RASE L S BT A BERRR 0 E TG e
AT AL T AL BT o

P SELRERT AR EEY @ ARSI TR T AU R
oo bR LA E R B E R R B T R B B(DP-3630S, HILA, Taiwan)
W3 VR fF S {HITORA P E 0 4 T L EBRE  REBIR

L FEAL Aep Bt oo
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Electrochemical Analyzer

High Voltage Power Supply

DC motor module

ol

DC Power Supply T

Personal computer

W38T MFLAGERILFHRERT LT
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§3Eti BEaEw

4-1 B RY % B ik%%m&ﬂw\ﬁﬁwi
TR B ke R g ST S AU ks RE ks a7 b
RELP R T R R RS S L T S S RE RS O R
Fokfe R FHREp EK ’]\Tv‘i Ao HRMBRARETR G L ek
),E%?,’JU HPELISW F 57 258mly F BREFERF 10 445 -
TRAILE & TR AIL R g 4 A AL(SUL 200 um) > T FE G R BT ACEL 2
SEM L2 H 4 6 2,5 4Bl 4-1 22 B 4-2° % 4-1 # %} Rhodamine B 1% fiz 2 >

4w

jf(mj“’ SR EA R REL T Ao A FETHE FAoB ot gt

c"‘&*

_‘|..

BAEF e b PSR ES > R L@ KRRV F AR S o gt M%J\;@w,g,%‘

>~s

AN

fa S A hE G BIEH Yo L G D AT G2 TR G RS

4l S e 4 s R T SRRk sk s o

After plasma treatment

B 4- lﬁ'f\ﬁa‘aé« @4 4 + Rhodamine B % % 3] 15 » 50 % % B acgL ™ 22+ 4007 S
Zo (MHAER ?/@W(B) /5‘@“’19 °
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B 429 SEMBLER a2 4 5 % (DX 5T FATLB) AT AL -

>

4-1-1 AT RY % Ses R HERER

MAEY DIV R AR R e B 0 PN IR M IRIBAOR % 0 2 AU
R Az BRIV R A AR R Y o A RN A A A R4 T
PRE T E B 43 AR PRS TR A LR RARE
0.1 mMMES 7% > 7 R3S i USR5S &4 Az #a
FBGUHRFIES Bbeq B > ERTIEERF 0 # FRWA T F R

SRR A kA A A AT BARES o S Fl A F T
B R - P AR M Dl R Bt A KRR R g SUR BT 0.1 mM
MES i > £ A B A7 R - F LR F b ARE PIEFLE > RS

SRB L P AGT R RIL RS0 2 2T ?j&@.ﬁvﬁiﬁafﬁo%ﬁiﬁdﬁ%%ﬁr@ 44>

B R GRS AU b B AU A 150 pm pF > B R L

FIIRE S o @ 200 um B2 B RS T BASEE c HE -k B2 TIREK 697

.7.

MQ/cm > % 3.5 MQ/ecm » ® &7 %@féi%{ﬁa.@z:ﬁsﬂ s HoprkuiE ol g s
BHCTE L oA B RED FERMmARR S HRAF P By i Ao R
o B R g RLE R }*/5@”—_%& P SRS R e o DIV LR R R ER

WY T ET RS A ERTIEE R d 2R (TR RRRRET
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Bl 4-3% F43%E4 2 Hi>T @ o

30 A
. ¢ Without plasma treat
5y ® With plasma treat
25 - A Glass channel
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a 20 -
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5 A
®Q 15 A ;
c
S n t
LD 10 A
2 . -
A
< | T
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O L] 1 L] 1
50 100 150 200 250
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Bl 4By i ? 25 55 R %Jaﬂﬁv?\ﬁaﬁ » o%0.1 mM MES > 7]

FHEERZ @ -
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4-1-2 RACHH F 2 TR EH X

EETAFTRE > JI* R YREHT > S THARS > AR 3

Y
T
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%5 oo 1 (TR A BLRRRIPE

o3
t‘x‘;
%
ﬂ
]
(9
¥
oy
gy
=g
&3
-
7
&3
S
ES
3

M '; ?_, %"gﬁ)"—t F_— fl}f!i't ﬁjFﬁ"&E" ?3» ’E‘_/P'Jé\‘ﬂj‘?‘&m Y2 E/%‘%\ﬂ’-f ’ ‘T'J?*

o
MTEFBZRPARAEY D RLEFRRINTRAPIHERE TR D

Bl 45 kTR T REFERF &7 J\)%@E’_\fs‘fuutm 8k (AT 200
um) » >+ H 100 Viem pFix ~ 0.1 mM MES » pt pFji o~ =8¢ ik & MES 3%
B THSGRD RTAMY NETREN S F AT R A RERF Y
SRMATREBERT > TR EROBE R > BB SN Q)F R 2

Y-S
WS o] e

60
40
20

0
-20
-40
-60
-80
-100
-120
-140
-160
-180

High conductivity buffer

Current / nA

Low conductivity buffer :
replacement :

s R

80 90 100 110 120 130 140 150 160 170 180 190 200

Time / sec
B 4- 5 & /?ljzﬁ,{%/,, "} ‘?a}%@%& ’ %,\?Ji'%‘ IOOV/Cm—i?,/%/ﬁ“ﬂ °
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BE S TRAR SSRGS BT AEBE R A LT RARIL Sy
1.5 % 0 RSB E T RASL S B Sk AU L R T
TH

oo RERMY PRI ARTHDRRT OLEFTEREL S 2 KF R 5]%/%;._

o

SRR ke BT IR S R AR 0 4 8 o gL A & U
B SRz T B e R T i e RS P RBFIaT AR
ﬁ&m%%mﬁ’fﬁasﬁﬁTii%ﬁﬁﬁﬁ&oﬁ&@mmﬁ:u‘%
BoniE oo B 6 F R - R

R P BN
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A4-1-3 RATIEAY & A E R FOTR IR

AR AN MR R T B RTB LB KR MR 61 K
Bt RAL At B E ORGSR R DR
Bl S o B o E pT )3 200 um FE 0 S R G E Ry B 0 Mo chR

s it o RAABPE A3 BT F EARER Y o ¥ BT B

MBCTEA PP R AR L & P B B BN B A L
FER A FIERRBAE ST FL AR L G RSt a0
FAPTAER AR NE R o ARl kAL L SR I Rk
B2 it FHRMEFSHIC I B RBEBB IR R AT ATHRASL D
BF o EFSEFRATHLRD ATHIIT A F 7 o

BB FELBS T P ER N BRIRME I R TRT DL G R
B4 0.1 mM MES ZESRMEEE - 1% 2 BRSO A G
BERT B 4-T7 5 200 pm R R T HF TR R A TR 0 T ETH RS g
BERSESE  SETR 480 ¥4 T HHA 0 V/iem I 200 Viem FF > 7 &S eh4
GOER YA K 6C L > P ke T HT 5200 pum R Rz 4 o5 R B RE 8 R
ol 1.6°C o d ptv dr s FARTARA R A G L S RIALZ BREAL L4
Ao BN MR S F IR MR R A o ¥ g 25 4o T 3 200~400
Viem pF > & BT B %1 48 T ¥ > 2§ 38 20 500 Viem PF o SRR
SRFIBEEI > FILRREFTATHRE D A TR L 300 Viem o @ A
BeE R 5 400 Viem o @ fgt iRl s 5 1 5 ST 200 pm 3t B T T 4TA 4 chE

o o] T AR L B 200 pm B ST 5 A HIL I -
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Bl 473 F3BRILFT 200 um B Rz ERA G E -
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©
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£ 25 - s
o ]
- ° ©
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20 1 | 1 | | 1
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Bl 4823 RLFT »RIEIRRT2ZERE -
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P RIR o R e 0 B BB ET RS T2 Bt FM R hie T 5
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BRAAFRADEDF R -B4-9 5 5E200um 2% ¥ LR Y ERIZER -
&AR % #% B T (300 Viem) » MES & & 4€.0.1 mM ] 0.5 Mm /¥ » 3 4 6 i# &
WA 12°C @ SR ER S I0mMPBF > BA e B R % 1 298°Cr A Mt 4
BRI BEL ) RESNERFEREBIT " TH B3 400 Viem FFiE 7 T A F % MES
KRB 01ImM 5 ARMEHREE o AT T AU REE 7 E RIPF

0.l mMMMES: % it @mghd 2 BB S8k -
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Temperature (°C)
N ®
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)
L

28 T \
0.1 1 10
MES buffer (mM)
B 4-97 35 B 5300 Viem > £ B 5UH0548(200 pm)>t 7 fe ok B 2 MES# i »
HER®IVE -

FISUMCR A AT 200 um P> B R BT B RAFL wmy 0 2 ] i

BB Foc 0 T AR 4-10(A)2 (B)R Rl SUKCA M ¢ 5 2 B SBLTE & 2 Tk

'.:5,
B ~ W/

BEERRE -a M EREPIY AFHREFBRFDRERT LS 472 > B E D

Rhodamine B % £ 4 &)L » ficinig ¥ » ERI¥F LR R FH R -
o ul R ;P]% I (G2 MR BB R SN A R R TR N E

B 4-10(A) £ P 5 % JASL 1 st Al 3 R P 2 e Ty S i Ap it
R AR AR A G BRI R P L FI R R IR E T SUKO o0

BERPEZ LT ’4«(4 IO(B)) AR Y TS %ﬁ#ﬁ LR 7 e I L ‘T’? LA
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TR AR RN ERTE LI R B ST T g O
B % HETE S o MUMCHTAR K BV AL T R RIePE B Hokfly o e 3
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4-2 PR A BT IV E R BT

R A A AT P ETARREL o FAREFT I ERE LT A F
FRHEEFTCETABRILT T MeRIEEA S EE R & KFe(CN)s i3 7% >
i€ % 200 pm PSRBT S o o I PETRRF 2 R 100 mM 0k 5 0 Bl 4-11
S FrBRRPEFAAZTNE A d P E VBRRBEETD A FHRET SR
W*ﬁﬁr%w?%ﬁhﬁ@&ﬁ@ﬁm@i?ﬁ@g@rﬁmﬁﬁaﬁﬁﬁﬁ,
128

LT B R o F T R F iR R e

i® ‘géa mE gL ﬁﬁ‘&/b/%ﬁi /%;] °%}Q’E§%\Tjﬂ g
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Current / pA
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Potential / V

B 4-117 &% ’J\/%@I“’ A8 0 B 100 mM K;3Fe(CN)gz & i 3L 5L 1] ©

ok Pl B 3 6.25 pM~100 mM 7 chK3Fe(CN)g B 3 ik 80 2 % 4o B 4-12
WA ST TR SR H TR R AT 10 B 2
K5Fe(CN)g 24 5 Pégxwﬁﬁbnw’vfﬁﬁﬁém?“" FSOuUM o ey 7
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’:ff\»@%; P B RMEITER T 2T 625 WM o ¥ gt EHET T 2R KsFe(CN)g %

REDSUE R 0 EF AU K SR TR M E R R R i e iRl o

1000000 9 & Withoutplasma treat
W With plasma treat
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£
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S
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100 A
10 A
. *
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B 412§ & %A 2 SR 0 R3Ok R 6 KaFe(CN)s -

4-3 R REI TV F T AL AR

B £ 0.1 mM e MES & 573 % R B AR > $RER 0.3 mM hg - ke
AT R EREF P RTFALT 24078 Vo I fid » ol e o w
heF TR H T HW A A B E 300 Viem fr 400 Viem » i 7 7 A A &R o B
AI3(AVET AT AL DI 0 B 2 E g o R
ZUAMEL B A F R ET iﬁ@%& s AR e TR VR S T A B
B 4-13(B) 5 # § iRl % > FIR AT 1 R g SR 0 R R EE S > UM 0
BB Rz B S > TURET AP T BRI S AT IRMELE o

SUMCITAE f B E G T RAIL 0 1 i AR L hE S feR T o
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BIREL B dc] o Azt (S/N ratio)~ W H_6~10 v 65 2R A8 % suig f Jf:)%@
sy F ‘}—ﬁie’ff'@':%ﬁ; 2R e 2 w3 iE 5660 fr 367 T ?j{»‘@?ﬁ )
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BB ] (R S 0) 0 LRSS 5 S RIFL TR - B R
H ST R AR > e T g R e T T G TR KB
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FHOFEVWHAZHITE o R ZHT AL IRV EFRTRY D
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electrode electrode
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