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Outline \

e Surface tension dominate Micro/
Nano Fluidic Systems

e 3-In-1 Protein Chip
— Micro filling chip
— Micro stamper chip
— Micro bio-reaction chip

e Single Protein Molecule Array
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Continuous Fluidic Systems

Inlet
' Outlet
. [nlet A
Pipe Lo :
Couplers
Mixing
Unit Interconnection
Holes between
Layers
Reaction
Channel
Optical Optical
Input = ;
ﬂ/ Output

uTransducers sourcebook, 98
BRI 2 4 RERB A S

1. 3 = FEIEH] (metering issue)

0. b B E &2 BIREA « A@RE - A B

.76, FALZE P A8 (surface tension, friction, surface

Interaction issues)
3. B 7 ¥ 2 M8 A 4 (System integration)

P2k R & #Micro/Nano fluidic systems

B XA A %
Digital Fluidic Systems

e o M M T M T e M R R M R R R Y

(Aqueous Liquid a

:::::::
| S ) . §

C—/ cr (100A) / PA (1000A) (Control electrode)

. Oxide (1000 A) or Barium Strontium

Titanate (3000 A) or Parylene (6000 A)

ITO (1000A), Ground electrode

[ Teflon® (200 or 2500 A) C— Glass
e Spacer (phOtOI'eSISt)

i
)':‘H“I“““l/)

EWOD, CJ Kim, UCLA
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Introduction \

107 um 105 10 mm 102101 1m 10t 10? m—um'mg[
Length Scale
Surface tension force (line force) Is dominate
In nano scale and important in micro scale!!
ﬂ-N‘MO F. Tseng, Nanomechanics 04, ACPOT’06 J
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Drug delivery or bio-
sample transportation

) @

1.Air blowing to provide
clean actuation
2.Precise dosage control

Line force/body force

L
Air blowing

_—.

Solid
——————————————

F.=o(nD)sin@

Fo~nD3 3.Less distance limitation
4. Surface tension is one
@ of the dominate forces
5. Dynamic contact angle
F F,=1/D? between liquid and

channel wall

\
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Role of Surface Tension in Micro/nano Scale

Surface Tension
Driven Hg slug

Electrodes

J. Lee, and C.-J. Kim,
J of MEMS, June 2000
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B0 BOR A A 41 N\

(Digital Micro Fluidic Systems)

1R} EAE

2. RER R IFPEH
3. RER-F =W
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HP

Elecrroformed Nicke

Nozzle Plate with Barsiers Ink Jet

Glass Substrate

PECVD
PECVD Silicon
Sthicon TR Carbide
Nitride Polyimide / Aluminum
- Conductor
TwWAl
Resistor M.\;mucw\l
Layer Silicon

Dioxade

Glass Substrate

Sharp, Inc, MEMS 96

nozzle plate

ESS NTHU Taiwan

Droplet generators

Membrane

Nozzle

Cylindrical
P7T trancducer

OE.S. Kim, USC, MEMS98
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Fastest one in market

National Tsing Hua University ESS

ﬁiﬁﬁké £ 5 F. G. Tseng

HP

Electroformed Nickel
Nozzle Plate with Barriers

Commercial
» Inkjet Printhead
s Droplet Ejection

| o—
( g | NozzZe : 60 um
Glass Substrate

10 us time increment Manifolé

Silicon Chamber? |
Nnmdt\ =
Rty 100 um

Glass Substrate

Nozzle: 40 um
Droplet: 45um
Frequency: 18 kHz

Nozzle: 60 um
Droplet: 50 um
Frequency: 8 kHz

Fastest one

Nozzle: 20 um Nozzle: 10 um
Droplet: (5 pl) Droplet: 12 pum (0.9pl)
Frequency: 12 kHz Frequency: 33 kHz

Speed: 10 m/s Speed: 10 m/s

£ ‘ 3 ! -
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Droplet ejection
= ]
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Microinjector

9

[ 1

), velocity(mlis)

_\.

4 N\
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Bubble height (

Droplet Tail Cutting

Commercial Inkjet

| Current
Pulse

—o—Bubble height (um)
—u—buhble velocity (m/s

VA

o

S on--9———+ — =
4 -2 2 4 64 8 10 12 14 18 20 2 4 %
-10 H
Walting
»l time

Bubble

Heater

Time (s)

(Lee and Tirumala, IBM, 1988)

(a) Top shooter

Bubble

(b) Side shooter

& fluidic Systems Lab
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* Bubble Merging for Tail Cutting \

Bubble formation sequence (1 us interval)

A
BN S RO, LT

@

£

Cover oSS
@ i a i’ % DI water

- \  —
Si Substrate \[{(‘\’D Oxide \

Heater

\“ ﬂ NANY
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o\;‘
Hg-Lamp
Optical
fibre
Lens
system
Reagent
dispensers

E>
F,s\

Levitator

=
X

T4 1

Image Intensified
Digital Camera

Filter

Water
dispenser

NTHU ESS/MEMS Institute

(S. Nilsson, et. al., uTas’00)

Control Unit
for Camera

1. Instrumental set-up for levitation cell experiments with fluorescence imaging detection,
consisting of a Hg-lamp, an optical fibre, two alternating interference filters (405 and 435
nm), a cylindrical lens, an acoustic levitator, a lens system, and another interference filter
(510 nm). A CCD camera is used to collect images of the levitated droplets, which are then
analysed by a specially designed, in-house developed computer program for image analysis
of the levitated droplets. Three continuous flow-through pico litre dispensers are used for
additions to the levitated droplet, one for the addition of water and two for the addition of

reagents (isoprenaline and insulin).

/Cé NARO

ESS NTHU Taiwan
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o BORZRT mERS) X

R

’/f}% }{?( 35% 5@ ?]7 jf f‘ . Hydraphilic e Fotuming to hydraphobic

16 . due 1o electric potential by discharging
oY 1L S Egliy \‘E
1. AT E\ ¥, /Fﬂ 38 [2'4] 2. Lee. J, Sensors and Actuators 2002

e BEE) % [5]

4. B Rk RS2k (6]

5. I ¥ &5 45 (8]

6. ZE4m S [9]

7. ¥ &-Marangonizt J&,
Eim f, B R R ;
JE[7]

8. & @ &R T4

K. Ichimura, Science, 2002

e

P

h

pit
Most of them are employing = i ‘

surface tension gradient!!! . Sancre, Physical

Review E, 1999

/
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/a J. C. Chen, SW
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 Very high voltage,

* electrolysis problem,
 charged bio-molecules may
be attracted by electrical field

— 6 =150°
I S00pm
; insulator
; ] layer
droplet ! 20pm
energized

:clcctrodc

V/

%7

grounded electrodes

(Masao Washizu, IEEE 1998 )
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Electrostatic

//
/ N
/
/
l" "| .
droplet driving force
|
superhydrofobic - { R
surface o i i ol
AT et SN e Tl A ’ 7 /
insulator —— - /
Silicon | £ £ 4 LSS L I/ /
dioxide SN U LT B4
grounded electrodes powered |
Silicon __|. electrodes i /
substrate ——— T T

—

I mm

electrodes droplet

(Altti Torkkeli, IEEE 2001 )
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EWOD
(ElectroWetting on Dielectric)

Hydraphilic e FRoturning ta hydrophobic
due 1o electric potential by discharging
- :

(Aqueous Licuid, N

4444444
+ | ¥ s . &

¥y 9
L

C—/ Cr(100A) / Pt (1000A) (Control electrode)
Oxide (1000 A) or Barium Strontium
Titanate (3000 A) or Parylene (6000 A)
ITO (1000A), Ground electrode

/1 Teflon® (200 or 2500 A) C— Glass
] Spacer (photoresist)

1AL

(Sung Kwon Cho, IEEE 2002)

== ’ L wEmwr, - Nano Bio & fluidic Systems Lab
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Electrowetting

Input liquids T ? GERGE

1. Creating from reservoir

E} - 2. Cutting
{, =
" g -l ini
l 3. Joining
:

Junciion /
Ma

Na \/ 4. Transporting

all =3

Output proeducts

Fig. 1 Envisioned digital microfluidic circuit and the
four fundamental droplet operations necessary

CJ Kim, UCLA

Prof. Fan-Gang Tseng
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Electrowetting
OWE (Opto-Electrowetting) _
iV, Duurwes Laase L Equnavewr Creatlng
500 T L) Geur

TopQFfW Sirfeee

Teflon

Silicon | .‘ SiO;
=) MOk
Device |
Lever
2 Glass
; Substrate
s MPei Yu Chiou, IEEE 2003)
2&1 Ll N:ﬁ %R?‘ u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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:'. }?_ : Marangoni Effect

«Droplets Moving Behavior Capillary fl
Marangoni apriary tiow
— — — — —
0s 0s :/ >
- .|| — Th TL\
055 0.5 y
q 210 £ /J‘I%.}Eé?\ﬁj‘ 30V-
06‘ 180 [ Xdirection
5 150 [
% 120 +
g 90
g 60
= 30
0
0 1 2 3 4 >
Distance(mm)
1l

; -NARD F. G. Tseng et al, Transducer’03
B il Taman Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Ay .’h — L)

o
oS

Figure 3. (a)-(e) Thermally induced splitting of a dodecane drop
on a partially wetting stripe (droplet width = 1000 m).
Resistive heaters are defined by the light gray regions. The
voltage applied to the 155 € resistor was 2.5 V. The images
were recorded at 7= 0, 6.0, 7.5, 8.0, and 8.5 s.

Il
i rb:,_g“
e

Figure 4. (a)-(d) Thermocapillary actuation of dodecane drop
through intersection (droplet width = 1000 #m, time lapse = 104

o e

A

J. P. Valentinoa, A. A. Darhuberb, and S. M. Troian, Transducers’0

Thermal Capillary Actution

N/

<

ﬁ%g:c/<

Figure 5. (a)-(¢) Dodecane drop turning 90° corner. Power
applied to each resistor = 40 mW (Time lapse = 164 s).

a

Rl R2 R3 R4

Rl R2 R3 R4

b.) R1 and R4 on; R3 off

Rl R2 R3 R4

¢.) Increase R2 voltage; R4 on;
R1 off

Figure 6. Cross-section of device showing sequential heating of
resistors, R1, R2, R3, R4: a.) Voltage applied to R1 and R3: the
drop is confined on top of R2. b.) Turn off R3 and apply voltage
to R4: drop moves away from R1. c.) Apply voltage to R2 and
turn off R1: drop is positioned above R3.

s).
% s NTHL T u-Nano Bio & fluidic Systems Lab

Prof. Fan-Gang Tseng
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Marangoni +capillary+ coalesces Effect

Capillary flow
Marangoni
flow
. Ty T .
Hydrophobic = " Hydrophilic
Sight glass Steam vent
Saturated
steam in /’_’ o
— o’ ()
/
/
S /
Than';)g;uplcs Condensing surface '/ Drop|et ovement
;; | Condensate out ~10 cm/s, 10 times
| Copper |~ faster
block
ﬁ l : Teflon insert
[YYITYYYYYVYYYY)
\\\\ ///,
\\\ //,
Cnolmg water in
o ﬂ (Susan Daniel, Science 2001)
ol .. NT:{ ‘(1332 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Surface Roughness \

- TV
Winzel "'
78V
]/' —_
cosO'= o =7) _ ¥ cosf
)/ZV (b) Suspended PDMS memt {optical mi py)
Cassie

LML\

Interface < flat rough = Interface

' Wettability Switching by Surface Roghness Effect
cosf'= fcos6 + f -1 (Bo He, IEEE 2003 )

gﬂ -Na’mﬂ’ u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Temperature Responsive Surface

, H,
L_\Ei; « HSCH,CH.COOH * EDC - e e G S
Hydrophilic l H.
Swollen H
O C=CH, CH, NH,
| H A H, | CH
e US| » (=) HN IO U i
| H; T 7 ONH
H | CH
NH CH,
Hydrophobic CH
Collapsed CH, CH ABAHN
— = — = 0 H
50" ¢ ‘ H H. H.
> N q - e B
: ~gs - H. | .
( LCST = = ™
| ] 32°C I I NH
} H,.OH »
HC H(

Figure 1. Depiction of tempcrature effects
on pNIPAAM. Below the LCST pNIPAAM

1s hydrophilic and swollen. The
true above the LCST.

reverse 1§

0.7 -
064 viC=0)
// s ade
/
0% | 8{N-H)
amide I overtone | / 8 emls
iy | v (CHY) \

., 04+ v(N-H) ;( ; | , 8(C-H)
3 /v (CH) ‘ ;
o \ s v ICH, AW
E‘ S0 ¥ | ,“,'.’ ‘ / ‘ ‘ o SC-H)
e 0.3 / \ : \ /v l’( H) / J | . | .
R | G e 7o Wy Bulk pNIPAAM
O B, N ’ SN
< ..} w’ \,

024 \

al PNIPAAM on PMMA

e

'
Control
0.0 — ——— -~y
L] o LJ '
4000 3000 2000 1000
ﬂ- I Wavenumbers (cm™)
vy

ESS NTHU Taiwan

u-Nano Bio & fluidic Systems Lab

Figure 2. Reaction sequence leading to
the free-radical polymerization of
pNIPAAM from modified PMMA
surfaces. All reactions were performed
In aqueous medium.,

400 %

A. F. Smith, R. L. McCarley, uTAS 2002

Prof. Fan-Gang Tseng
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Photonic & SAMs

N‘EP uUuv (360 nm) 5@ I

Trans Cis
UV light Blue light
- qﬂlll!qHM
s ) cti——
- j— UV light —stoees B4 light s [~ 28
;__ﬁ ‘ —&-ﬁ—- 26
g g0 e 1 2.4
é 40 2.2
§ I \?;hwzo
S —T
0 40 80 120 160 200

/e

Irraciation time (s)

ﬂ Nano u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

Diameler (mm)

A UV light

JL11 L domed
s @1!'?’33

) = 10111

t-muz _—

D
Same procedura with a reverse

direction shown above

- 1.0 mm

(K. Ichimura, Science 2000)

Prof. Fan-Gang Tseng
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Bending molecules by Electrical
Potential

Fig. 4. Microscopic 60~ A 1.0, C
and macroscopic re-  _ .
sponses of the low- 3 59 It 08 /\/ \/\/\
Precursor density SAM to an < 4]
‘ electrical potential as g = 061
L monitored by SFG 3 ¥ 8
ox/° spectroscopy and con- 5 20 041
tact angle measure- o3
ments. Relative SFG & 10 B I
intensities (peak ar- Ol o S - : 0.0 S
eas) of the methylene on off on off on off on off BHE®HE M
N Q Hydrophobic modes at wavelengths s0. B - D
g L . ; Alkyl Chain of 2855 cm~' (solid T eme=tme=e=a=e=s=s
sh B 1%: - : \ )
1138 Hydrophilic Symbols) and 2925 =50 08
3 Zrm Y, 2N CY:b::ylnh can~' (open symbols) =, N
A eI : T group are shown for the low- g Z 064
g @@ A A E ® density (A) and the 7 304 8
G R Sulfur dense’(B) SAMs mea- 5,0/ 0.4
; sured in o *-acetoni- %
Precursor - Hydrophilic Mydrophoble 0" °"®% trile (0.1 M CT) when £ 10 02
Monolayer Hydrolysis Monolayer Monolayer a potential of +25 ° I P O e 0
mV w.rt. SCE was re- on off on off on off on off B ) @ EH® )
Fig. 1. Idealized representation of the transition between straight (hydrophilic) and bent (hydrcpeatedly applied to Positive elscirical potertial Surface polarization

phobic) molecular conformations (ions and solvent molecules are not shown). The precurscthe system. Cosine of

; . § ) ot - H the advancing (open symbols) and receding (solid symbols) contact angles for the low-density (C)
molecule MHAE, characterized by a bulky end group and a thiol head group, was synthesized fror and the dense (D) SAMs were determined while applying either +80 or =300 mV w.r.t. SCE to the

MHA by introducing the (2-chlorophenyl)diphenylmethyl ester group. underlying gold electrode. Four switch cycles were conducted, and contact angles were measured
with an aqueous solution (0.1 M CT, pH = 11.5) at air using a goniometer (VCA-2500XE, Advanced
Surface Technology) equipped with an electrometer (65174, Keithley Instruments) and platinum
and carbon fiber microelectrodes (Kation Scientific). Contact angles averaged at least 100 data
points from nine samples with maximum errors of #3°. The SAMs were examined for chemical
integrity and deprotonation by IR spectroscopy after an electrical potential was applied. The lines
are drawn as a guide to the eye.

J. Lahann et al, Science 2003.

“wﬂ
= -Naio u-Nano Bio & fluidic Systems Lab
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Superhydrophobic & Gravity \

Superhydrophobic Surface (SAMs) Liquid Marble (Powder coating)

Pﬂ-mm

Water Droplet Weight 7mg with tilt angle of Hydropphobic powder (20pnm) coating
Uifac /@[ (Mfﬁa@hl Miwa, Langmuir 2000) (Pascale Aussillous, Nature 2001)

" u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Comparasion
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\

Max. Droplet
Principle Velocity Size Power
(mm/s) ()
 Electrstatic 10 2~50 | Yes(124Vi)
(Altti Torkkeli, IEEE 2001)
Electrowetting 250 1 Yes(100Vac)
(S. K. Cho, IEEE 2002)
. Optl(.: 0.035 2 Yes
(K. Ichimura, Science 2000)
Temperatgre Qradlent 20 0.001 ~ 1 YVes
(Susan Daneil, Science 2001)
Roughness 0 7 NG
(Bo He, IEEE 2003)
Gravity 0 1-10

\ (P. Aussillous, Nature 2001)
N

/é[ N an@ u-Nano Bio & fluidic Systems Lab

< ESS NTHU Taiwan
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Conventional array machine system

e Robotic machine and steel pin

« Serial process: long running
time

* Need wash: (cross
contamination)

e EXxpansive: position control
system

e Sample dry out: not good
for protein

gﬂ'N&nﬂy u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng /
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H R &

B_ Protein molecule

§ 09 ¢

Photochemical species

339 %‘ﬁzaqgé %33»

UV light

 ———— \AAAAAAAAAAAAAAAL
VRSNV et oLt 2y

T pr e q 6 {
l—mﬂ W

aminosilane adsorbed to substrate

IR

photoresist removed and methylsilane
adsorbed to substrate

substrate with photoresist

Blawas, Biomaterials, 1998

HhE D LR BETRGERNE - FE4 S EKRHE
/C[ Nano u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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(Piezoelectric)

—h—

Spot size: 80~50um
(SPIE Microfluidics and BioMEMS 2001)

HrEL
QR EREHRERER TR

Q%S B AEFI RIFUMEE AL
R kB fR G BB pET B R

/C['N ano u-Nano Bio & fluidic Systems Lab

~

0 0 0
Figure 1: A 50um jet of water breaking up due to Rayleigh

instability into 100um droplets at 20kHz.

|
R - - - b - -
|
!
v

Nozzle:50 u m
Pizeo stroke: 3~9 um
Droplet volume: 200~1400pl

.

ESS NTHU Taiwan

Prof. Fan-Gang Tseng J
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Y >/ S
A8 AME R
/’/ ~
AB 5 i}
. 1 2 3 4
(Piezoactuator) ] q ]_1L
v \ Tl L m N w
) !_J}llluqkl mlllll I-llllllnL llllllq_!
piezo-actuator-gF |® | 1 [ sees
piston\ o -
elastomer stamp cooling plate
reservoirs
glass
silicon
glass cover—: v S———
nozzle aray @0 @000 s;"rgﬂyr:g:x;ei:
| substrate ]
Spot size: 400~50um
R E BIEF R4
(Gustmann, Germany Transducer, 2003)
fe] 2E K
OE /{[
é 2 N;?i ‘(1332 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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o THRE N

Capillaries 0 — [ Switch YA % %%%iﬁ%% =] )g A

Guard \
ring L Al B||C

Dielectric
shield

L
PRt oo
. QA
. o ~y

Mask

&% ADNALEE"FRIT
- supply %’Ifﬁ ’ jﬁ’ﬁ’-%%%%%
TERLERMITERT >
REVERFERG B
B BRBIETE RE

1 DNA# ¥ B AAERNE
+ To power

\g

/A Nang

ESS NTHU Ta

N \M \<\ REseER - R

Matrices Substrate

(Electrospray Mozorov 1999) wRYY o TEBE

Electrode ﬁ“ é g ?J’f?‘] ’ 'ﬂ% % Fg—? é
3-4kVE ER > & by
FERTRE - BHE
LB H R IETS AR 6 BE T

A E b e A fE AR K
» Whe B2 LA RIE -

“u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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% 4t 7% m# %k Biological laser printing

|
| Transparent
Support Layer
Laser |
|
Microscope
Objective
Protein
Solution
Target /
Support {_4
IS S luid Jetting
¢
Figure 5, (a) A 70004\;);.( BSA mlunnn.w aftor Immunoassay
Microarray Substrate | st ool

shov |Slldi| 10 lu uplz!
OmH)Hm nagnificatio 0 portio H'

(J.A. Barron Proteom|032005)
* Microscope objective to focus the laser beam

* Quartz substrate and metal or metal oxide absorption layer

\ EXEREHBRBAEROBYE
o=

?é /a NG u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan Prof. Fan-Gang Tseng
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AFMik K W% % N\

WL
v oy 3
S A wiing diectc .
Molecular ransport | = —)
Water meniscus

Wﬁﬁmﬂ {
(Piner, Science
1999)

Spot size:
2~3um

Space :5um

0% AFMA ) 34 =) #ots B B 9 1%
W BN ) T S 5] BAAT B 5 51

QM & A A 5 BT EF 30008, & 1) B
(Henderson, Biomedical Microdevice Dﬁ'é E%%%fon\*ﬁi 5]

;\,20%2’

é -Nang u-Nano Bio & fluidic Systems Lab
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(2) 5

i
TRRSTE
WhRE

(b) B8

Pk =l
BHOORE,
B
Eﬁ?‘f&)—#

\\

N

BCDEF

SN

= . Multi-Channel
' Assay Flow Cell

SN\

o o N

/CZ Nano u-Nano Bio & fluidic Systems Lab
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EHEEEGH 7]

B. globigii + E. herbicola + MS2

B. globigii + MS2

E. herbicola

MS2

B. globigii

Ms2 BG EH

Size R~TREEEA (400~1500um) AR ES

(Ligler, Biosensor & Bioelectronics 02)

Prof. Fan-Gang Tseng
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% AT Eb

~

' 184PDMS |,

SR s § Pl

. WL g

.

ESS NT

B

RIAR | FE —R | BhEE | NS | fid
T (um) o - | & ;r;
FE%E | (pl) I\

EEENE (Lin) | 50-100 | >100 [ 400 |1 | Yes
5 20085/°% |1

(Bernard)

etk 100~65 |2 48 |500 |& |No

(P.O.Brown 2001)

[BEEE(EE | 150~50 |R 10 [120 | | No

) 100~4kHz

[E=/E(RE | 400~50 | 24(9 | 125~ |00 | Yes

) 6) | 1700

(C.P. Steineret

2003)

ih7KEEE AFM | 0.1 2 1 (0.01) | & |Yes
2 3000%4/1hr | 12 /

%%g@%io & fllici0 KSems [I‘i) 1 (@r@&)ar(ﬁ%g Teerjg YES
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Force in Scale \
or

Mercury mot

10N — h

° _L (10°N,_1m) , |

:DS T - - . i

A i /. Lll_nle force G ,

S 105N - - "

o

LL - \ J. Lee, and C.-J. Kim,

- (10N, 1mm) J of MEMS, June 2000

1014 N— . o o Slug flow

107 um 10° 104 mm 102101 1m 10! 10%
Length Scale

Surface tension force (line force) is dominate
In nano scale and important in micro scale!! J

/CZ'N ano u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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a3-in-1 Protein Chip

»Micro filling chip
»Micro stamper chip
»Micro bio-reaction chip

/CZ'N ano u-Nano Bio & fluidic Systems Lab

NTHU ESS/MEMS Institute

~

Prof. Fan-Gang Tseng J

ESS NTHU Taiwan
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Chip System Integration

 Filling, Stamping, Detection

1. Micro

Hand-Fill-in F!Jllng Ch|p — A

Reservoir

==

2. Micro Array Micro

Stamp

Stam pe r Arrayer chip

3. Micro Bio- Protein

reaction Chip SAM Array
Bio-reaction surface coating S_._._._._

Bio-reaction chip

/CZ'N ano u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

Prof. Fan-Gang Tseng
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I. Micro Filling Chip (e \

3

——

. Hand fill in
. Micro flow channel to micro filling reservoir

o PDMS membrane sealed. Conserved in
refriaerator

Surface tension IOOHm 1 Smm

a. uflow channel b. Micro flow channel ¢ Filling testing.. From.
connect the Hand fill-in cross section hand-ﬁl.l reservoir to micro
\ reservoir and - reservolr

ge}é'él.rN M0 o
= 5 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Taiwan
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1. Micro Filling Chip (e \

[Ty <

. Sample fluid filled parallel from mlcroe'
reservoir into the micro stamper.

 Filling the micro stamper by the capillary
force.

Micro
channel  Reservoir

Micro llll.l.’
Stamp

Arrayer chip

Membrane

Filling Process

-NARD

ESS NTHU Taiwan

u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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*  Teflon#i K & [& B 1k 38 70 BH4R] &) F& X \

=]
Teflo
nfE
BR7KI[&=
b

Y - e Teflo
\ — n{E
\h é ——

100um BU

" u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Tai
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P ) R EP & R

X85 200mm 9000 PC-SEM

. .~ Teflon
. o~ =
™ - R
CEmmel i =
\ | e A Connector-filling micro Type B PDMS stamp-
b /éﬁﬁm filling

Nano Bio & fluidic Systems Lab

T L ke 4 L Prof. Fan-Gang Tseng
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2. Stamp different types solutic _ e \
e simultaneously :
Stamp two types solution Stamp 4 types solution

Cy3 anti-rabbit 19G, CyS anti-mouse I9G  congentration: Cy5 102; Cy3 1073

.@QQ‘@O...‘
&9080.‘..

" K

120 points array
Cy3103; Cy5101

Cy510? Cy3104

ontinuous PBS solution with 30% glycerol
NoF /Cl prmtmglz times C Lin, F. Tseng, and C. Chieng, S&A B, 2004.
ESS NT'NJ %Rg u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Protein Stamp result on substrates
with different wettability

Al

« The drop size increases with the wettablity of the chip
surface. Observed from fluorescent scanner and optical

microscope.
780 580 51

18°

0
(¥
®
.
@

200u

\ Su8 photo resist APTS+DSC APTS+BS? Glass
a C. Ho, F. Tseng, and C. Chieng, J MM, 2005.

N7
é 4%-=N 'MH? u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Taiwa
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Simulation of drop formation process \

e Substrate
0.0000E+000 sec 0.0000E+000 sec

wettability
effect the
drop size
() (b) P
Hydrophili Hydrophili
c surface c surface e .
200 300 Xperiment
PDMS
stampe ~ 4
r Substrat Substraté&

[] Flow channel filled with [ Drop formation @ PDMS stamper
\ sample fluid L7 Substrate

( Z -NANO Y. Chen, F. Tseng, and C. Chieng, J CIS, 2005.
A4V -Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Taiwan



200
5 150
g
. 100
S 50
n
0 % i % i i
0 20 40 60 80 100

Contact Angle of Substrate (degree)

On different wettability of surface, the spot size
of soft printing decrease with the decreasing of
the surface wettability.

\ - C. Ho, F. Tseng, and C. Chieng, J MM, 2005.
Wy
2 /U-N ano

u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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Comparison of Computed and Measured
Spotsizes on various SubstrateSurfaces

Simulation
---- solution

i/iscosity (1.02cp)
— solution
viscosity (3.20cp)

Experiment

a fluorescent
observation spot

W optical
microscope observed
spot PBS
+30%qglycerol
solution( viscosity

3.20) J
Prof. Fan-Gang Tseng
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’Nl - BE A }:l' ‘é:‘:lg /El\ijﬁ\‘ }E} i@ %“i @ \

HA&E A ziﬁ 7L ﬁ@%&: F&%ﬂ%iﬂ#):%i/& 5 E St

I

()
qp*g’@ oquuono '
& ,QM nonono\o

—

fluid boundary f|UId left on the PDMS stamper

SR Y G B R AHR L

JEER &L R & Teflon FFMRH4E, H, RERY R Ep

A3 7B 4B 4 b b J
-/ C-Nano

ess NTHU Taman M-NaN0 Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Ep S i R \

o1 A ww e A w,
PrE OP F w0 e

R1: anti-mouse IgG cy5 0.6mg/ 10000 .
mL, el 1
51%, anti-mouse I1gG cy5 0.1 mg/ f N ; 4 3 Z
G1: anti-rabbit IgG cy3 1.0mg/mL T J
G2: anti-rabbit IgG cy3 0.8mg/mL, 1 : |
G3: anti-rabbit IgG cy3 0.4mg/mL, 001 i °'1trau_ 1
Uiy M G4: aﬁg)—rabbit IgG cy3 0.2mg/mL,
é E/ e, :%lwal;rﬂb‘banmoo&}lﬁjﬂﬁlﬁgﬁtems Lab Prof. Fan-Gang Tseng
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S B,
TN o
A% In% 4

7 o i ,,* e
2 A e S )

K INVAY

O Ayt

E. ,‘4%?% SREBBE IR
\/iﬁk Q #ﬁéﬁ%\ )

T RAR

il ES/CS{TR‘(EHO u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng J
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S Multiple Dispensing on the Same Spot \
hydrophobic
I

D hydrophilic

Parameter L D )
Type (mm) (mm) ©)
Dual SAMs 6.0 1.5 18
Single SAM 5.0 0.7 9

“ L

\,\f Design of Double SAMs and Single SAM Systems J

-Nalg u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Taiwan
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L *; ;‘ASeIf Directed Movements of Droplets on Radially Patterned Surfaces
Based on Self-Assembled Monolayers (Cont’d)

TINRET  TWERET WP RN TR RN TR TR T e

ol o il ol il b ol

0.000 0.004 0.008 0.012 0.016 0.020 0.024 0.028 0.032 0.036
ey U YT TR YT w Behas ol . B L el L

BV BT P8 B8 40 B8 o &
0 060 0.064 0.072 0 076

0.044 0.048 0.052

b) 1.956 2.036 2.076 2.116

The motions of (a) 1.1 1 L DI water droplet on the dual SAMs and (b) 0.4 ¢« L DI water droplet on the
single SAM systems taken using high speed CCD camera with a speed of 250 frames/sec (units in sec).

2 /CZ NAng u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Taiwan



T > S NTHU ESS/MEMS Institute
3D Nano Textures of Methyltrlchlorosnane (MTS)

180 + : ; — .
‘“M ¥
140 4 +
ST
.Q..Q.'ﬂ. (-
‘0. |

@ Measured Contact Angle (0,,;)
20 4 0 Hystaresis(()m)

0,01—'—1 0.1 02 03 04 05

0.014 Concentration (M)

superhydrophobic

SEM images, static contact angles and hysteresis of methyltrichlorosilane (MTS) fibers
generated under various concentrations at 2 h and 60%RH: A) 0.007 M; B) 0.014 M; C)
0.05M; D) 0.1 M; E) 0.5 M.
Three-dimensional nano-architectures with varying shape, morphology and size
were fabricated by the phase separation of methyltrichlorosilane (CH;SiCl;) on

commercially available glass substrates.
H. S. Khoo and F.-G. Tseng, Nanotechnology, 19, 345603, 2008.

?
% -Naio u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
ESS NTHU Taiwan .
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0% o) Ultra Fast Micro- and Nano Liter Droplet Manipulations

uv e-beam evaporation of Al

T VANV A h by

phulurgshl e —

0.000,sec 0.048,sec

»0.000 sec g | 0.006 sec |2

glass = :
1
O, Plasma :\'/ i
AARA2 UrPAAASAS |
. l
1
: \ | /
1 \ /
| JV \; /A‘ : ”
: NN -
2 uL water droplet, > 80um +
W =40 and L=12 mm ST n 00N
245ym—\—>
t, 2 ul drop - to 21 nL drop
Z '\(<\‘ t t, & t2
Fabrication Method : 0 / |
3 _
Time (sec) 3 2L sg_rface t 0.21 nL water droplet
0.000 ascending water - moyement
droplet; ¥ = 8° and
e L=12 mm

0.016

0.020

0.030

0.262

Passive pumping of a 2 yL water droplet;
= 8° and L=12 mm

' /Cl - N ‘,‘ n{’ Hwa Seng Khoo and Fan-Gang Tseng, Applied Physics Letter, accepted, 2009
4 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

Droplet coalesce for mixing of a 2 pL water droplet (numbers is time in sec)

ESS NTHU Taiwan
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5. Bio-detection Chip -

APD Sensor Arrays  Micro Lens m

Inclined mirrors

Characteristic:

1.In parallel detectior

2.Fast

=N 3.Near distance

.nl.u Liahl 200 | 4.Evanescent wave
Protein anays I excitation, low

background

—1N "u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Talwan




Cy3

Anti-Rabbit TgGe

Rabbit anti-E6 antibody« horse serum
for blocking
? EG?mtigen«' ? Zﬁ
L
Hurp E6
250ng/ul 38ng/ul
Hurp 125 T?.f:.: E6 76ng/

\“ /U NANY

ESS NTHU Taiwa

" u-Nano Bio & fluidic Systems Lab

NTHU ESS/MEMS Institute

ELISA of tumor marker test result \

e Hurp: liver cancer antigen
« EG6 Papillomavirus antigen

ELISA (Enzyme linked

Immunosorbent assay) bio-reaction

detection.

Hurp
Ing/ul

Hurp
30ng/ul

Hurp
o0ng/
ul

Hurp
100ng/ul

Prof. Fan-Gang Tseng J
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ke O
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v "**‘ 3~
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Protein Binding Efficiency
Improvement by Mixed SAMS

\g _/
e .. N:E 3332 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Single SAMs for Protein binding

I on CH3
. Jo Methoxyl group
@ [Sf—oH + cH3—o-— $i — CH2= CH2= CH2 ™ NH2 reacted with
9 hydroxyl group
—OH
CH3 APTS
(aminopropyltrimethoxysilane)
on S8
0 SO;Na O 0 )
2 / 25\ 7°\ SO:Na
(b) |=f— 0= Si = CH2— CH2= CH2= NH2 N ‘c—(CHp—Cc N
” t And I I
9 @) 0 @) O
oH Zis + CH,OH BS3
(bis-sulfo-succinimidyl suberate)
CH3
—OH O Q
% I O\ SOsNa
@ / /c - (CH2)5—ﬁ N
© |=—©°- %“(CHZ)S_H o) o)
oH 4., SOsNa

. Uiy /é[_ N a n{) + N— OH
& hins u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Taiwan
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Antibody recognition/binding \
efficiency on protein chip

The schematic diagram
of the principle for the
improvement of
recognition efficiency of
antibody to antigen by
mixed SAMs surface.

The schematic diagram
of the principle for the
improvement of
binding efficiency of
antibody to antigen by
mixed SAMs surface

&

- N;E 1}32 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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* Antibody recognition/binding efficiency measurement

by SPR and Fluorescence for different Mixed SAMs

The Rucogaire Effcicy Of Anstrody 3 Astigen

SPR
2.68

The Recognize Efficiecy Of Antibody to Antigen
e v o
i v

\\, /Cl Nﬂﬂ{) C. Wu, F. Tseng,

u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

The Bunding Eticincy OF Anbiody b Antigen

| SPR
1.62

The Bunding ETficincy Of Antdody & Astgen

Fluorescnce
1.233

and C. Chieng, Submitted Langmuir, 2006.

Prof. Fan-Gang Tseng
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SEo RS A A FN SR L X ETRE T BRI

(b) (c)

(@) FHREBIFEA
(b) £ KAPTS

(c) B LB EREH
B — % b

(d) & & RA

(e) I ANA iy iE

1+ L 2k %
(f) 4t 4518 48 3 o
WETE&EX L
" Wash buffer £ Block () 1g6 cy3 @) 196 Cy5 ST ikghey 5 —
- : : S
IgG Cy3 (% —#41%8) : Rabbit anti-mouse 1gG Cy3
. K5 é: >
IgG Cy5 (% —#41#8) : Goat anti-rabbit I1gG Cy5 < (i) Ao g%——v&*fb%/
N\ N 23k A
!:;(:475%3‘9 u-Nano Bio & fluidic Systems Lab Prof. Fan-GangFTZ%ig%k% S/23
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Pilas. Eag:Gang Tseng

1

20 Vapor phase bio- ;=
blocking P

(a)

Si02_no block

> Slide Wash buffer

@ s Q oy

&9 FOTs o IgG Cy5

Binding time improved from hours to
5 minutes, efficiency improved by 2-4
_fo)gs!!!, no tailing issue!

N

é Y N::{ ﬂg}g u-Nano Bio & fluidic Systems Lab
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Atto ther4% R2ERBBERRTIRN/EEN T & LR
FEYZBE— G5 F KRR EEEZE 04

The Kinetics/Dynamics of Single Enzyme Molecule Array
Excited in aL-Confined Volume Reacted
with Surface Tension/Electrokinetic Concentrated Substrates

,éé NOMD 2ok o ph it 2 20 AR5 55 £ \
I

EEFA TR #k, B FBERE/THA Sk TREMA S
4=91mma/ﬁ@ﬂaﬂ%i¢m
AHORAE B A% > RACRABEMIE @ EARTHE)

HE R #/\ % ok T B /ah R AR B L KR A AR IR
B HFAERRIZEESHHERAT(FHED

I HE EFFA: I BARE, FRARR/ERF LS O
ﬁ%%@%%%%ﬁ%ﬁﬁ%%%%%%ﬁi%?

06.5.2009
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s5Importance and

leltatlon of SMD
Advantaqes.

Single molecule events
possible

Low background noise
Low-middle concentration
High parallelism

3 8

Fluorescent intensity (a.u.)
B

300 400 500
Tme(s) | R|F

Nature Biotechnology, 2005

Disadvantages:

Ambiguity of single molecule
Immobilization/reaction
Random distribution

Low possibility of single
molecule event-huge effort to
obtain statistically meaningful
data

RGP R (fuorsscent)

N (nonfuorescent)

b

Quartz siide

Cover slip

Wi objective
Confocal beam

long observation time -not eas)
for dynamic observation
Numbers of proteins on a cite
(chamber, bead)
Low,dynamic range

-NARD

1D wave g

Nature Chemical Blology, 2006

i SC|e 2003

uide

E

u-Nano Bio & flui

ESS NTHU Taiwan
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Motivation and ODbjectives \

How to obtain non-ambiguous single molecule
events in high dynamic range, very low
background level and high efficiency?

Keys to answer the above questions:

1.True and controllable single molecule immobilization
at the binding site

2.Large array - High parallelism
3.Fluidic concentration -increase reaction possibility

4. Nano-localized signal excitation

3 -NARD : - J
- u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng

ESS NTHU Taiwa




NTHU ESS/MEMS Institute

\“ ﬂ NANY

ESS NTHU Taiwan

1.8 B AR N\

A. FIR T IR BER AT HAEAF 2k 5Kk & B 71 45 45 LU 38 35 &% e
SIS (% BAR Feid)

B. BlA R — Ak 2524 AU R B 5 F Rl 2 e A
(ZEAR B EE)

2R &R EHZ BB EA BT R LIRERDRIERZ BHR
(‘f' AR A% )

D. 75K @3R3 383058 2 8 41 A sk £ BRI B3 (8 FAR B )

E.ZMEAREEBEIRZRRRAKBIES AL (FER)

F. 1A &R a8 2R AR & & B IR 48 BUiT (8 B4R 5% T1%)

u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng




P NTHU ESS/MEMS Institute

Z r\ o
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% -N ‘«HH) u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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AN
+12 34 (mm)

40 nm GNP

PDMS Post

Preliminary Results

1. Self generated Nano PDMS structures (Tseng)

RIE etched PDMS surface with SiO, as
a mask on the side. The density of the
nano-posts decreases as the distance
away from the glass mask region.

(a) SiO, mask/CF,:0, = 5:3; (b) SiO,
mask/CF,:0, = 5:6 ; (c) Cu mask/
CF,:0, = 5:3. (d) nano PDMS post
array formed by gold nanoparticale
as etching mask. (e) close-up of the
nano post strucure

ﬂ-N‘dee u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

Prof. Fan-Gang Tseng




) Topic #1 Ordered Au mask
preparation

...........

ooooooooo

...........
vvvvvvvvvvv

SiO2 film (100 nm) (d Wit

AAAAAA

450 nm PSB

Spin (@ 1200 rpm

. Silicon Oxide Polystyrene Bead(PSB)

0, Plasma 10 sec
AU
E:V/ (a) RZIEER (PSB) HRMR O WMTERE (Av) B () BERRZIEERESB)

-Nano wu-Nano Bio & fluidic Svste(;'})t?iigg Prof. Fan-Gang Tseng =

ESS NTHU Taiwan




AR J-—()aF)j-C—#J—O—r—(j-e-r— -(j—Au—m alS KS/.\‘IE!\‘IS Institute
preparation

D CD S0 G0 hn e Al TN TN oCR LN <

S A a5 o o2 >

< Pn ~ ‘_,v g 5 0,',.

18 - Tum ©008 ESS-SEM (. ,b"§5!3§?6' Tom 80aaMESS -SEMan
g, €5 CER v B

o S

\(g
\ 0 2 A I L Oy T AN M o + +
pa AL -NAN / 100 nm £10nm 62.5 nm £2.5nm

B L os NTHU Tawan HYuno Bio &7 idic Systems Lab Prof. Fan-Gang Tseng

15kU  X35,888 B.5um 80888 ESS-SEM 15kU X408, 0868 0.Sum 0088 ESS-SEM
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Nanocones formation

e e =25 2% »
=0 Wa 25 29 »
D P »= =20
P =0 =» I»
»e 295 25 =»»
re 2 P »»

2R DD 2% L5 25 D9 »»
e 5D 2» 2% e 3w »p
25 % »w 25 »» P =»

g == 29

2@ BB B3 2% 55 p» D» =»»
»E =% aw»

MR BE Bl 2% 3D 2D Pe »

-

GF 2% e 2% »% 2e 2% »

=z 55 5D =5 5% 3% =»» »

;l BE Dn »» P»p% 29 Pw »

g BB 2% S5 Bw DD B»% 2»
P 2% 2% 2% 2% 2% 2w »

- »® »»
é.- >0 =»

{I-. 2D eow

N
-

H: 19
¢: 50 2

. _ H: 110 nm
@: 65 ~95 nm ©: 78 nm

FG Tseng, in preparation for submission

% /éé Nano u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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a RN HET 85 AT Ak Ak
bj‘+A}kéﬁj\J R — %}Lji#l%gﬁlﬁix ST, 'f%é\
Ak 23 A AE70 nmP|80 nmA & A \ﬁﬁ
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NAng u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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2. Near field Detection (Prof. Weil)

Enhance near-field properties:
gold nanoparticle on a nanocone

\\\\\\\

J X
X-polarized

E Energy Density @ Frog=15674um! [Monitor 4 (0,0,2.6)]

Fihertip metal

E Energy Density @ Freq=1 5674um? [Morstor #3 {0,0,2 38)]

1.70303

(a) The SEM image at the probe tip.

Y (um)
Z (um)

cone only Without NP
2

X

with NP on cone tip Pol = e

E Energy Density @ Freq=15674um! [Monitor #3 (0,0,2.38)] E Energy Density @ Freg=1 3L14wn ' [Monitor £4 {0,0,2.59)]

8 0.324811

~80

08

04

(b) Optical image of a 02
tapered fiber probe.

-08

R SURRL T v T
08 -06 -04 -02 00 02 04 06 o0g Y -08 -08 -04 02 00 02 04 DE 08

— X (pum) X (pm)
g i N a no FDTD simulations of nanocone and nanocone-nanoparticle structure
= :

u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Electrical Field Simulation of GNPs Trap in Ag Nano Hole
Silver hold with gold nanoparticle

_ ~ [
Glass

Single gold nanoparticle

Glass 250

200

Silver hole

=N

[42]

o
1

=

o

o
1

Pixel valtie

a
o
1

250 0-
0 200 400 600 800
] X Axis
150 4
100 4
50
150
| g
0 T
—_— = 100-
0 200 400 600 800 E ]
Pixel location along X 50
04
\,/L[-Nan{) 0 '260'460'M)
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D.Z& 5k 2 BR3Y 983 e =
i 45 X e xR B B

BERR A ER

Micrqdialysis
FO[ sensmembrane \
Capillary - s :

\

Input: 1550nm Floy out

infraredglight
Output:
Interference (GNP-2Mantibody -
signal or o-NBA solution) {1V Fiber < e
SUS sleeve | UV radiation
I
4 NTR %}32 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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oy Introduction
‘22 Continuous Protein In-Vivo In-Situ Detection
« Proteins in cerebrospinal fluid can facilitate cell Brain

signaling or coordinate biological functions, such as
cytokines, chemokines, and neurotransmitters, etc..

Cerebrospinal
fluid

Dura

Hypothalamus = -~
(Inflammation can stimulate
the increase of TNF-a)

» Challenges for dynamic detection of
. Originated from: "
these proteins: http://health.nytimes.com/health/guides/disease/csf-leak/overview.htm

(1) Low concentrations High sensitivity

(10pg/mli~100ng/ml)
_ o Biosensor
(2) Concentration variation Real time response

(several tens minutes)

(in 10~100mm3

\/c/@zétrﬁl %space)
u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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Beooh Design and Operation

N e ) Perfusion-based Micro Opto-Fluidic System (PMOFS)
b Detection

Anti-Cyi C antibody

[t Regeneration Microdialysis membrane 2
l’*\ FOI sensor >

Capillary

Flow in =

UV Fiber v

I
I
SUS sleeve :
I
I
|
o o T T EEEE ST T T IS EROEISSISSISIITRATE FRLNERIERIND SRR ~
o) / ) Anti-Cyt C antibody )
S [ Au film 3nm_ Cyr C : ’ 1
= I / AN / t: |
: . o
< l Fiber core I PDMS - / : |
= I . et HE) I
Wavelength(nm) ' R By > |
I c < 5 { - l
| Qe &7 ¢ !
| T N T O L " [

N Pe. - - > /
\ o »
e ,él _________________________ I
N aﬂ{’ u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Experimental Setup and fabrication

1550nm ELED

ro l Flow out

Current control

Fr Input signal 1 .
Fiber PMOF sensing

camp splice probe

Optical \b
circulator * O
Microdialysis membrane

Input signal ;. Capillary

e

. . Flow in

T — Syringe pump -—
Optical spectrum UV light source Flow in
analyzer =
UV radiation v ;
UV fiber v Y
SU8 micro-sleeve ./ Silver layer

————
— -~ N

Images of PMOF sensing probe

PMOF sensing probe
(Microdialysis membrane)

SUS8 micro-sleeve UV fiber

4.5 mm

sku | x33 Seenm ESS-SEM -*m s "_ ‘._1. ‘ :‘A'..‘,;_.' *’.’r';‘

O R

Prof. Fan-Gang Tseng
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0-NBA elution method

PARY ]
| !

Preparation of o-NBA Solution: Dynamic decreases in the pH level as a consequence of the o-

0.1g o-NBA powder mixed with 1ml poly(ethylene glycol) NBA irradiated by different intensities of UV light

diacrylate (PEG), then diluted in 10-*M PBS

8 :
« ﬂéjé?ghng — <«— Stableregion =~ —>
. . 7 '
Photochemical reaction of 0-NBA : —0—2.0 mW/cm2
0 : 6 | =850 mW/cm"2
Ly hv ~CO #~.-C0 S 5 14.6 mW/em”2
o, ’ o S THY I s | 23.6 mW/om2
(<380nm) | | ! =385 mW/ecm"2
o ° 4 ; ——45.9 mW/em2
l : |
0 ,
PN o : '
| ] p— +H* 0 20 40 60 80 100 120 140
\/\rli N Time(s)
OH

Quantum yield ~0.5
pKa ~2.1

Producing large amount of
protons rapidly

Conventional pH level for elution ranges: 2.0 ~ 3.5

Time required for pH level dropping to 3.5 at

i . o 70 7 different UV irradiation intensities
Experimental setup to monitor pH variation 60 | o
=50 -
UV Light Source £ 40 - . .
(365nm) ) = Closing to saturation
@ 30 -
pH meter § 20 -
o * *
10 - l
0 T T T T 1
0 10 20236 3 40 50

\' _(.Nllm 6I

ESS NTHU Taiwan

ens 0-NBA solution

u-Nano Bio & fluidic Systems Lab

UV intensity (mW/cm”2)
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 Verify the extent of proton leakage by measuring the pH
of the 10-* M PBS solution outside of the sensing probe.
(1.5 mm away from the tip of the FOI sensor)

e Comparison of local pH variation for:

(a)o-NBA elution method

(b)conventional acid elution method (steady flow of
pH 2.7 acid buffer at 1 uL/min)

Experimental setup to local pH monitoring

Computer Bipotentiostat

Electrochemical sensing
probe (1.2um in diameter)

/ Pumping (o-NBA or

acid solution)

!

PZT controller X-y-Z stage

Reference & ground probe

—

1“mpBs  EST

PMOF sensing probe
B
AT ——

Local pH measurement

Results of real time pH variation

7.2 “““""““""““‘“:\[,_
%_ 7
6.8
ApH~0.2
6.6 P
6.4 - - - - -
0 100 200 300 400
Time(s)
741 (b) Acid buffer pH 2.7
72 At
] |
- 6.8 ApH"‘Og
= 66 ‘L
6.4 F-----------m-osfiifiacc Y
6.2
6

/7.4 (a) o-NBA PEG (UV radiation)\

0 100 200 300 400
Time(s)

Self-contained o-NBA scheme almost
no influence of pH level variation to the
environment.

/

ESS NTHU Taman H-NaNo Bio & fluidic Systems Lab
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IO Results of continuous measurement (1)
e Repeated real-time immune detections for 1 pg/ml anti-cyt C with
surface regeneration process
1561.6 1 Cycle 1 > Cycle 2 >
) (1) (I av) (D (1) am (V)
1561.2 - < P< > < L 1 o —>
1560.8 - ! 0-NBA_PEG ; L
| I ©: | .
15604 - X CytC antibgdy o . ]roflon b
: e 3 R B o e e
?4:: 1560 .i - | '.%Z JJ > Lo PDM3 § ,HV ¥ UV radiation Lo
5 z : N e o 5o g JovIvy
E Ka“];SA ! GNPsimti-r.IgG & 00 ;';; L‘:"() * e |
% 1559.6 1 COOH-thiol | PR Aad oo dlh 14PN % wes' 0t 1 ®
2 ! R 4 ! 400 o L 4
550 | oooe’ e | ' L e
1559. : N e ! Q o *»
! 4000 [ L 2 1 400 [N 3 J
! . Lo *» | G000 o ¢ 40000
1558.8 ! \ad o 400 6000 o
’ 1 ’ 1o ‘} 1 1o
900000 40 9666000000104 o : o
1558.4 | o | o
1558 . ! . . o 1 . . L .
0 5 10 15 20 25 30 35 40 45 50 55 60
Time(min)

The shifts in the interference fringes for both cycles are very similar, except
that the baseline slightly increases because of imperfect elution.

\g

ESS NTHU Taiwan

/a NANno
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Results of continuous measurement (ll)

» Sequential detection for anti-cyt C antibody solutions of different concentrations
(0.01, 0.1, 0.5, and 1 pug/ml)

Relationship between fringe

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Shlft and anti-cyt C' antibody of
1228? 1 (001 pg/mi) (0.05 pg/ml) (0.1 pg/ml) (1 ug/ml) different concentrations
e O @ apavlo @ aayo, @ anao o apay (07 N
£ g o | o | o | > =06 -
£ 1603 1 N | N : u | . E
£ 15602 7| = : » : ! Y <057
5 15601 REEN I I N A S L
e 1560 | | o | - | o % L e 1003
SRR o1 Nt AT ot R A BN TR — Lisec
15597 9a®e6™ " oo i | . | o N e
1559.6 o T T T o T T N
. . ;o . N . D 0,02 04,06 08
0 2 4 6 8 10 12/ 14 16 18 20 22 24 26 28 30 32| Coticentation of antl-cyt c'
II 1, \\ \\ antibod /ml
g ! Time(min) \ & Y (wo/ml /
/:Ihu } ’I N W W W I:Ihu v ) N W w W7 _F\‘A ) W0 W m!\‘ ) ORT Oy
o | "J.-‘\A i \Aj; ’-J\-‘s\;\ ! —‘"\<~_\\\ ..\: ——-— ~
A J ‘ R ‘ W \1\\ |
\ ,'.1‘ \ / ‘ \ \\ |
V‘\l ‘/’." | ,/‘ | \\‘l / \ /
\ ".,/ ‘ ‘ \\\ ‘~‘/ \\\‘\ o \ \\ A
\ A [ | \i "' ‘ \\I \ T
i ] i - ‘ Ll (i ‘ 1l | ‘ - Il
- /C[ Y.T. Tseng and FG Tseng et al., Lab on a Chip, 2009
i . -
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J1 A. Electrostatic Sieving Control for Biomolecular
el Preconcentration .
B + Glucose-488 dye
[1 g R MWCNTSs wall
Par)lcn( -MWCNTSs electrode
: + ‘
| Polarizes Field On l : '
(b)
be L Micro - Nano - Micro Glucose-488 dye
' MWCNTSs wall " 30 um
Larga Ponteir i‘\' u HO! .
o "~ HO ot o HO - SmalPorteins Rabbit IgG-FITC
.......... -a®
.‘:‘ D (1
EKAs +“H _OHY OH rer v 1 -
'h" 14 oL
2000 .
: MWCNTSs wall
g : (1)011111\1)[/[ FITC-labeled rabbit IgG L Glucose-488 dye
T 1500 Polarizes Field Off
k= —_10uM . 30 ym
§ 1000 E — 20 “M
g The chip design and electro-preconcentration mechanism of induced]
e 500 charge-selective nanochannel of MWCNTs pillars. Parylene-
§ MWCNTs array electrodes were applied a critical voltage for anode is
M 30V, for cathode is 15V. (I) Polarizes Field On, (II-III) Polarizes Fiel

Time (min)

\\

/CZ NANYD

ESS NTHU Taiwan

¥

10° amp. possible!!!
u-Nano Bio & fluidic Systems Lab

Off. SEM image of (a) Top view of the electro-preconcentratio
channel, (b) Side view of the parylene-MWCNTS growth i
microchannel

Prof. Fan-Gang Tseng



NTHU ESS/MEMS Institute
B. Nanostructured Pillars as a Stationary Phase in

Microcapillary Electrochromatography (uCEC)

&

v

| II I
BW (@) .
® 3 | ] (h)
S . l! 5
I Entrance [T ONTs separation I Oulet | sili
- e SHicon
channel @ channel channel \ a CINTs
. l S -
B/EB @— . > o

3 2cm | |
SWwW @ 13 Som

EBW
Photographic top view of the pCEC chip (dark area in the central channel consisting of MWCNTs array, [: sample reservoir, 2:
eluent buffer/running buffer reservoir, 3: sample waste, 4: eluent buffer waste, 5: running buffer waste, D: detector), (h) the SEM
image of a cross section (a-a’ plane) of the uCEC channel.

(a) Inlet of pyrex/silicon Outlet of pyrex/silicon = N=5.54 ( T/ W )2
120 R 1/2
channel channel s
l =)
) E W¢N\%‘~‘m~
' £ 90|
> I
o T | (@)
Ty |
= B0 L | Nb
Inlet of MWCNT Outlet of MWCNT O | ’ .~ 5
array column array column s | N S
2 l' | a
@ 30 |
e 0 | 1 | | (b) l |
40 70 100 130 160 190 220
MWCN”IZZolumn -uCEC for Rhodamine B band dispersion reduced Time (sec)
N a n 0 _ o F.G. Tseng et al., Electrophoresis, 2009.
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C. Dual-Asymmetry Electrokinetic Flow
Focusing iIn NanoChannel  ran-gang Tseng, Etectrophoresis, 2009,

e Bulk soltion @ . s
© o o & .o ¢ &9
__@._e__ .)._.o__{).__ Diffuse double-layer -—O- G S CL-Q .
. = $_. o — Slipping plane -8----g 9_____..__‘____
O, 6% & 6 6 _ & B %
iy NNy - M 3 BN . By - OHP - O e e > e e e e e e 3 S
- - - - - - N - - - - l}_{]) - -
O00 00000 O0O0 O O 0O O
Nanochannel Wall Nanochannel Wall
ield-Effect + Inherent Surface potenti Inherent Surface potential

@ analytes
water molecules

i QO ions

The schematics of (a) flow field evolution for DAEKF in a capillary electrophoresis nanochannel (solid red arrows
represent analyte flow direction, and {2>(1>(3>(0), and the distribution of analytes in (b) the CE nanochannel with

DAEKF, and in (c) the traditional CE nanochannel. (¢) Traditional EOF + Field-Effect control
(a) Traditional EOF [ BRe |
Y 250 gm ]

[[ )ZI_‘Q l l ] Il l] e ]
l = = T ] I e ey L | |
L —— v | [ e ]
| YW - ] | PR R A T |

(b) Asymmetry EOF (d) Asymmetry EOF + Field-Effect control (or DAKEF)
T N N l T I I l
P —————— T ] l i e |
— = 'l e 1 )
[ e et eedle = dunee | i Ll == |

%}/CLN ano e —
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Detail flow fields of five different regions (a) are
revealed in (b) for DAEKF system in nanochannel.

100 U m

;’ M_N an”Detection limit: 1.25 nM dopamine (1.6 zeptomole ) F-G-. Tseng etal., Electrophoresis, 2009,
@4 E/SS NTHU Taiwan H-NaNo Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Summary \

. First true single molecule event based on non-ambiguous
single molecule interaction

. High possibility of single molecule event (~100%, depending
on the yield of single molecule immobilization, large array)

. High efficient Statistics of Single Molecule event -- enzyme
Kinetics and dynamics

. High dynamic range for at least 6 orders of magnitude,(fM-
uM, or 60-6*108/(100um)3 nanofluidic molecule concentratior

+ high density array ~105/(100um)?)
. Very high signal/noise ratio (atto-liter excitation~(20-50nm)3
for 1uM, ~0.1molecules/(50nm)3)

Niw/
LN i g i /
- u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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