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Outline \

e Surface tension dominate
Micro/Nano Fluidic Systems

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

* Single Protein Molecule Array

\ s
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ESS NTHU Taiwan ystems La Prof. Fan-Gang Tseng
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iiﬁF'LL (@ Qi‘) \‘fnb'f/"" ,J~ .

Continuous Fluidic Systems

Inlet
: Outlet
‘ Inlet | A
Pipe v .
Couplers if @

i

L :
Mixing S |
Unit g}m/, @ Interconnection

Holes between
Layers

Reaction
Channel

Optical
[nput

uTransducers sourcebook, 98
RIRISH] S W INE k%
1. FE#Hrmf+ (netering issue)
PO TR TA L 2 BERIEY R G R
2 %@ e % B M (surface tension, friction,
surface interaction 1ssues)
o3 H 2 jn 48 % % (System integration)

Hez ko % StMicro/Nano fluidic systems

‘Al R | B
Digital Fluidic Systems

T T o e e e R T T Y

(Aqu eous Liguid %%_H

eeeeeee

gl + S y S 1.

o
C Cri100A) / Pt (1000A) (Control electrode)
Civicle (1000 A) or Barium Strontium
Titanate (3000 A) or Parylene (6000 A)
ITO (10004), Ground electroce
|:| Teflon® (200 or 2500 &) C———1 Glass
= Spacer (photoresist)

[l

EWOD, CJ Kim, UCLA

4
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Mercury motor\

J. Leg, and C.-J. Kim,
J of MEMS, June 2000

Slug flow

107 um 10° 10% mm 10210 1m 10! 10!
Length Scale

Surface tension force (line force) Is

dominate

In nano scale and important in micro scale!!
\ F. Tseng, Nanomechanics 04, ACPOT’06 /
B Nane

ESS NTHU Taiw

" p-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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E Role of Surface Tension in Micro/nano Scale
N

Drug delivery or bio- Surface Tension
Line force/body force o5 pje transportation Driven Hg slug

Electrodes

_—
Air blowing

.

Solid
— 1.Air blowing to provide
clean actuation

F=c(nD)sin0 2.Precise dosage control
Fo~nD? 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 Wa” J. Lee, and C.-J. Kim,
J of MEMS, June 2000

_f( Z _
2 'Na’nﬁ’ u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Capillary stop valve \

ﬂ -Nao p-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng J
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2 Pressure Barrier Calculation \
U is the total interfacial energy of the system and Young’s equation

{ UT — Aslysl +Asaysa +Aa7la Yia
7/sa:7/sl+7/lacosgc m

TT77777777777777777777 7777727777777 77

— U = (A AL )7~ Au%1a COS O, + A7, Uo is constant since the sum
_ Asi+Asa remains invariant
_UO_A\slyIaCOSQC+Aa7Ia |

-~ du,
av,

In order to stop the flow, we have to make P become negative.

Y sa

P=

dA, dA
=y _(cosg —L - —1

« contact angle 8. = 90° ( stop in channel flow)

» Aincrease more than A« for given volume change
\"

é /CZ-N ano p-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan Prof. Fan-Gang Tseng
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Process of capillary flow
7 7

\\ /CZ NANO B1=45"and B2=90°

u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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_____ ::»_5:(20(1 =y =0 m
- |
X
o cosa, | 1 o CoS«
A =2x(w+h)-=w!| —t———21|-Zh*| —2———>2
sin“ea;, Sine, ) 2 \SIn“a, Sina,
A1 h alaz
] sin ¢, sin
COS 1 COS
U, =U, -y, cosb, 2x(w+h)—lw2 _021 St T 1t _0;2 22
2 sin“e;, SN, ) 2 (SINa, SInga,
o
+why,, ———=
, SIN ¢, SIN &,
w°h ] wh’a, a,
V, = wxh—— ———COSq, |—— _ : —CoSa,
4SIn0(1 sin g 4sina, Sina, \ Sina,
d
\E _—7/Ia(c039 dASI dA‘a)>O|fH <90 (straight channel flow,
\f
NaRo .u-Nano Bio & fIwJch SystemsI Lab Prof. Fan-Gang Tseng
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=

K:. - gyT

AL
é

d

“NARO

ESS NTHU Taiwan

= 7,,(C0S .

#-Nano Bio & fluidic Systems Lab

dAsI dA1a ) >0
dv

T
oy =——p,—0,
2 m
o, :
=(w—2Axtan S, )h——— 1o
Sin¢, SIn &, :
| | X + AX
-Asl=2(x+Ax)W—2Ax2tanﬂ2—1W2 _021 DG o x+ A1 Ly _022 g
2 \sIn“g; SIing cosp,) 2 (sin“a, Sing,
1 ~ COS AX
U, =U,- 7,€086,[2( X+ Ax)w—2Ax" tan 3, - = W’ _0;1 al +2h| X+ ——
2 \sin‘g, sing, cos 3} )
—Ehz( % Cosazj]+7,a{(W—ZAxtan,Bz)h _ A%
2 \sin‘a, sina, Sina, SINar |
W —2Ax tan ' .
:wh(x+Ax)—Ax2tan,b’2h ( ﬂZ) A -—COS ¢,
4sin a, sina, ,
w—2Axtan 3, )hZ a
I b ) e, —2_—Cosa,
4S|nalslna2 Sin

If 6, <= _,B(contract channel floy)

— Prof. Fan-Gang Tseng
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e ' - T
' j:::;<20£1:> o, = E —ﬂz — Qc

oy,
sin o, sin a, X

A, =(w—2m)h

—

W—Zm)z[ “ Cosa.lj+2h[x+

m 2m* 1
X+ W— —= ————
tan g tanp, 2 sin“a,  Sing,

U
cC
_|
I
OC
=
o
o
w
IS
'™

sin g,

o,

=2 VLN Wl 2m’ _E(W_Zm)Z o _COSOfi T L _Ehz a, CoSal,
| tang, ) tanp, 2 sina,  sina, sinf, ) 2 (sin‘a, sing)

N

—lhz( .0;2 _585% ]+7/,{(W—2m)h
sina, sina,

: w—2m)”h ' .
V, =wh| x+ m_|__mh —( : ) _al - —CO0S &,
tan B, ) tan g, 4sina,  SIna,

Sina,

du d d ~ 4sine. sin
P=——1 :)/Ia(COSHC df;' _ d'f‘/a)>o 7?_‘1 o,
N if @. < — — /[3(contract channel
é -N ﬂnﬂ .u-Nano Bio & flui(liic SystemsI Lab If ¢ y Prglrzan-eang Tseng

ESS NTHU Taiwan
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7

. 7T
& :E_ec_ﬂl

05"06
=(wW—=2m+2x tan S5, )h 172
{Aa ( % tan ) sing, sina,

2 n "
'A%|:2(X+ m )W— 2m +2(W—2m+xitanﬂl)xl—%(w—2m+2x1tan,51)2( = ..—Cosa%]

tanB,) tang, sina,  sing,

+2h(x+ m_, 2%, ]—Ehz( _0;2 _
sing, cosp ) 2 \sin“a, Ssing,
> UT :Uo_ Aslj/la COSQC + A1a7/la
‘ w-2m+2x tan )’ h
—wh| x| +hx1(w—2m+xltanﬂ1)—( TR A) —L_—cosqf
tan B, ) tanp, 4sin Singy

w—2m+2x, tan B, )h’a
_{ i p)e, %2 _cosal
4sing, sina, sin o, ‘

F{‘%:f—e >, > 9—5 _
To yt}tﬁs{ﬂgwlmnake P <0 :>The critical angle f3,. > E_QC (Stop flow

B =5 i Taray A NanNo Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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® Experimental data
----- 2D model by P.F.Man[12}

-60 f — 30 meniscus model

ESS NTHU Taiwan

20 30 40 50 60 70 BO 90 100
Expansion angle  (degree)

1-Nano Bio

A Systems La

(b)

AP (KPa)

EERR

(c)

AP_ (KPa)

ok
=10 F

(=]

10}
20l
30l
-40 |
501

(2) WSpIR s &, Al L el

NTHU ESS/MEMS Institute

]

(b) when AR<1, Jiipi#Fgir, ] S ]
\(c) when AR>1, IR A ER, Ex) s R
Eﬂ-mn@.s. Leu;

channel Height
channel Width

AR =

mdLABctuators A vol.115, 2004, p508-515)

Prof. "Fan-Gang Tseng
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~ Capillary burst valve_ Experiment

T

2 NENE T ] o
T &E"'-‘l |_',ﬁ'l.\f' "
L.
L

=k 2
_,//

<
[
—- o
|

LabonaCD

B. View from top of disc capillary inner

7
7

@ IMTEK - Laboratory for MEMS Applications

outer
increasing angular velocity reservolrs

e e k! F R
Ll r=hdfg (R &) By B SR &)
B fif -

|1| J g . A: the cross+
£ section area
g w0l of the
§ 2000 channel
é o P: perimeter
increase © é o0 of the

. . -
0 0.05 010 .15 0.20 0.25 0.30 C h an n e I

id pinned ety d — 4 A /P
H
chamber at junction Af\llquld hursts”

\ ora, Gy 5], B
D

.C. Duffy; Anal. Chem. vol.71 1999, p4669)

B/ Namo
B Ss inaia thliv;an; u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng



NTHU ESS/MEMS Institute

(a) A% (b) -
JE

q - . . S AE NN
F@li@ﬁxjﬂi\/alve > 2i : ‘ f,,-—.ﬁ.\ﬁlf/ 1'5‘1\\2[5 T %’:Bﬁg&ﬁ #H
< & Pk 3 ) T I N L
IR Ny ' N
b 250 | P | 05f | IS ||
i S N

SIS N N AN
T | g N
/ | |
1t | | | =1t | | [ l'|\ 1
ya | | I | ||
0%5 IEII 05 1 1lf5 2 25 :-ll 35 %5 Ifl 05 1 1I.5 2 2_'|5 Ié\a.ﬁ
walume wolume
&lr’nula/ttél(zn of the filling (. Treise; Lab on a chip, vol.5, 2005, p285-297)
<4 N ano u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Ay ot \

(Digital Micro Fluidic Systems)

1.7#3%x A 2
2. IR FH 4
3. RIET & £

gﬂ-l‘amﬂ' u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng J
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PECVD
Silicon
Nitride

Ta/Al
Resistor
Layer

Droplet generators

HP

Electroformed Nickel ¢
Nozzle Plate with Barriers + Ink Jet

|

-

Glass Substrate

o Vapor
1 Bubble
|- m—
\ 4 Heater
~ 7

Barrier

. Polyimide

PECVD
Silicon
Carbide

Aluminum

Conductor

¥—Sputtered

Glass Substrate

Silicon
Dioxide

VL -Nang

ESS NTHU Taiwan

Shafp, InC, MEMS 9@0221(3

diaphragm

ink pass

insulator
heater
etching hole

substrate

u-Nano Bio & fluidic Systems Lab

Membrane

NTHU ESS/IMEMS Institute

Epson

Voltage

PZT

Nozzle

transducer

Cylindrical
P7T trancuducer

< Ink
i supply

OE.S. Kim, USC, MEMS98

SN —

Al
Prof. Fan-Gang Tseng J



National Tsing Hua University ESS

HP

Electroformed Nickel
Nozzle Plate with Barriers

Glass Substrate

PECVD

Silicon
Nitride

Ta/Al

Resistor
Layer

Glass Substrate

Nozzle: 60 um

MR A L B

F. G. Tseng

Commercial
Inkjet Printhead
Droplet Ejection

Nozze : 60 um
10 us time increment

2'0
Manifold ’
Chamber

Ll
L
-
Ll
”
.
-
.
.
.

.0

100 um

i

Droplet: 50 um
Frequency: 8 kHz

Fastest one in market
Nozzle: 20 um
Droplet: (5 pl)
Frequency: 12 kHz
\Speed: 10 m/s

EMEMS

NTHU Taiwan

—_——— PP NI I Taivvan

80 us

85us

BioMEMS & g/nano-fluidics Latketab

Microinject
—_— 'Cmijec Ozro ... Nozzle: 40 um
100 um um .
- 100 0w Droplet: 45um
B .  Frequency: 18 kHz
¢ No 50 us .
- e e FAStest one
N o~ Nozzle: 10 pm
- ® Droplet: 12 pum (0.9pl)
Satellite droplet

Frequency: 33 kHz
Speed: 10 m/s

Prof, Fan-Gang Tseng




Microinjector

Droplet ejection ) L

Tail cutting J&

i
L e e A TTTCTCR I

B -Nano

ESS NTHU Taiwan

Droplet Tail Cutting

NTHU ESS/IMEMS Institute

Commercial Inkjet

0 60
3 Current
b 50
5 Pulse
% 10
>' /
—+—Bubble height (um)
et 0 —a—hubble velocity (m/s)
c
D 10
- J\‘\\ \ o
Q
o Vrl= 4
g-i -2 |62-4- g 10 12 14 18 20 2 24 2%
0 W \Waiting
ol time
Time (us)
\II{{;ﬂ‘mlll\lll\lll\lllllll\l (Lee and Ti rumala, IBM, 1988)

-u-Nano Bio & fluidic Systems Lab

I

(a) Top shooter

(b) Side shooter

Prof. Fan-Gang Tseng
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Bubble Merging for Tail Cutting

Bubble formation sequence (1 us interval)

| ) L
Bubhle

@ \(_) Dl water
t A I"“
S1 Substrate \REEE"'»" D Oxide \\

\g

]

Heater

ﬂ'N ang . u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

Prof. Fan-Gang Tseng
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R IERIFE

Hg-Lamp

Optical Image Intensified
fibre Digital Camera

Lens

system

(S. Nilsson, et. al., uTas’00)

Reagent
dispensers

Water
dispenser

; Control Unit
Filters P for Camera

Levitator

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).

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

ESS NTHU Taiwan
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© HRIRIRE N
l. #%2 TER [2-4] 2.

%@ﬁ%[m

4 'f‘]p\t;,,gﬁf’ﬁi [ ]

5. 2 (8]

6. # L lw

7 ‘fsg,L-éiMarangonifﬁ:K(%, #
Lmd, R S kS
&[7]

8. %t 7 5 A F K

Most of them are employing
\surface tension gradient!!!

- /a
E Nano -u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

P TRT o S > 3\

Hydraphilic
due 1o electric potertial

Faturning ta hydraphobic
by diszharging

Lee. J, Sensors and Actuators 2002

SN 13878 Lo
im.,4,4_.2 == 11111
% 2o Sermg proetarn e o e

K. Ichimura, Science, 2002

O. Sandre, Physical

Review E, 1999
J. C. Chen, SW
Prof. Fan-Gang Tseng
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* \ery high voltage,

« electrolysis problem,

» charged bio-molecules may
be attracted by electrical field

. ", a=150"
i 300pm
insulator
: ! layer
E droplet ! 20pm
energized

electrode

-é,(“

grounded electrodes

(Masao Washizu, IEEE 1998 )

NL" /Cé
% -Nano p-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

Electrostatic

surface

insulator —i— - S0 4"
Silicon

diexide

Silicon _[_
subsirate

electrodes 1 mm droplet

(Altti Torkkeli, IEEE 2001)

Prof. Fan-Gang Tseng



EWOD
(ElectroWetting on Dielectric)

Input liguids [d ? o

gl
Hydraphilic e Foturning ta hydraphobic
due 1o electric pote rtial by discharging
1
(Aquacus IJquIdE e
,J,-'."'"-.'-"“r o | S | | A, | 1
ot
o

o
C— Cr (1004) / Pt (1000A) (Control electrode)
Oxide (1000 A) or Barium Strontium
Titanate (3000 A) or Parylene (6000 A)
ITO (10004), Ground electrode
C— Teflon® (200 or 2500 A) 1 Glass
B A Spacer (photoresist)

]

(Sung Kwon Cho, IEEE 2002 )

= ’ L W, -Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

Electrowetting

NTHU ESS/IMEMS Institute

1. Creating from resensoir

LT 1]

Junction /
m
Na 2

1
@ - 2. Cutting
By~ EEE
@ 0 = 3. Joining
Al 1= =

Cutput products

lv 4. Transporting
v’ E=NEN

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

—

— Teflon
Amorphous (
Silicon | ! SiO;
=) MOk
Device '
Lever
Glass
Substrate
w7 /APel Yu Chiou, IEEE 2003)
gESS N;E %332 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Effect
Capillary flow

B
>

e\

—— 30V-
Xdirection

*gﬁ%ﬁ“{

,_,.553%%@% E: -
Lk Marangoni
AS GOk

i h\\g&?_';&?%;. h

“~sProplets Moving Behavior
Marangoni
i oLul flow
Os o i/
Th
oo 0.5s -
& 180
= 150 |
S 120
5 90
g 60 |
2 30 |-
0
0

-NARY

ESS NTHU Taiwan

1 2 3 4 5
Distance(mm)

F. G. Tseng et al, Transducer’03

u-Nano Bio & fluidic Systems Lab

Prof. Fan-Gang Tseng
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Thermal Capillary Actution

N . ¥ 7 =7 7
Q%

b
Figure 3. (a)-(e) Thermally induced splitting of a dodecane drop Figure 5. (a)-(c) Dodecane drop turning 90° comer. Power

on a partially wetting stripe (droplet width = 1000 um). applied to each resistor = 40 mW (Time lapse = 164 s).
Resistive heaters are defined by the light gray regions. The

voltage applied to the 155 €2 resistor was 2.5 V. The mmages

were recorded at =0, 6.0, 7.5, 8.0, and 8.5 s.
— — R1 RrR2 R3 R4
) i N
a.)R1 and R3 on
3
a A\
] N \7 | R1 RrR2 R3 R4

b.} R1 and R4 on; R3 off

(0 5 SN —_
] \‘> S i RI R2 R3 R4
; r o A\ ¢.) Increase R2 voltage: R4 on;

N R1 off

T e
\/ 1 Figure 6. Cross-section of device showing sequential heating of
' resistors, R1, R2, R3. R4: a.) Voltage applied to R1 and R3: the
vty e e ‘R y 3 and ¢ r voltag
d r /‘\ & 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.

N
Vo
i

A

—

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

J. P. Valentinoa, A. A. Darhuberb, and S. M. Troian, Transducers’03

4 s).
A ' ol s -Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Marangoni +capillary+ coalesces Effect

Capillary flow
Marangoni
flow
. Th T .
Hydrophobic = ——— Hydrophilic
Sight glass Steam vent
Saturated
steam in ji /{' (@
// -
/
; /
Thcrm;éouplcs Condensing sxmes | Droplet movement
¢ Ql : Condensate out ~10 cm/s, 10 times
) Copper
o hinck faster
Eil : s Teflon nsert 0.033 sec
[ ITIITITYIPIYLY
‘\\\ ,//
“ -

%’ﬂ-mno

ESS NTHU Taiwan

Cooling water out

L L

Caoling water in
(Susan Daniel, Science 2001)
u-Nano Bio & fluidic Systems Lab

Prof. Fan-Gang Tseng
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Winzel

YSV

r-(7/sv _7sl)
7/Iv

cosf'= =rcoséd

\ cos@'= fcos@+ f -1
B«

Surface Roughness

~

Interface < flat rough 2> Interface

Wettability Switching by Surface Roghness Effect
(Bo He, IEEE 2003 )

{1/
-Nm'p-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Temperature Respon

sive Surface

0
' ’ ) gl H,
N NH, + HSCH,CH,COOH * EDC —— 3 N-C—C—C—SH
Hydrophilic H,
Swollen H
,-'_"/ o= O C=CH, CH, NH,
i P RN il H; R, o (I'u.i
/ N-C—C—C—3S L= + HN GO 2N C
3 il A i H; I FTIONT T N
<. < < C NH | CHy I
3 S ) | NH, CH
Hydrophobic CH : !
< Y \ \ "\\ ( Collapsed CH'J \Cl i ABAH
B QP S ) — e e = 0 w
TR WL R 50"C ol H: M
.\\ \ »\_\ »\._\ = > N *-C‘—}C‘—C—Sr‘r"‘?—}\'
. e | I < > 2 = .
C C C LCST e o o 0-(:
i | *mT’ i
1 R | !
Y = H, OH ] o
/' \
H,C HC

Figure 1. Depiction of temperature effects
on pNIPAAM. Below the LCST pNIPAAM
is hydrophilic and swollen. The reverse is
true above the LCST.

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

0.7 -
5 \'(C_O)n-m I
ke amide I overtone "1| / BN-H) e n
fi v(N-H) | v.(CH)) ‘ l', S(C-H
g i \ | e / l" //i:((?-ll))
£ 034 *Sha \ / (CH)) / | '|\ [’,
S / \ .l | / s , Ll_. ™~ Bulk pNIPAAM
< 024 w S | .
.| . | |:NIP\\\I on PMMA AV -
—Contrl
4000 ) 3000 2000 1000 A. F Smlth, R. L. MCCarley, ],lTAS 2002

-1
Wavenumbers (cm™)

AR B F VA

u-Nano Bio & fluidic Systems Lab
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Photonic & SAMs

=N UV(360nm) NJ“@
@ Vis (440 nm) @ I A UV light
Trans Cis ﬂ ﬂ 'll ﬂ ﬂ ﬂo"““
e
.&!Ao.& - &
5 Bl
UV light Biue light l " REAC 59‘::
IRy < !
é:’_& TPOF . Y S S — ———————
] Cc
21::{: UV light -—---—amozugm—.P‘::E ugm ﬂ ﬂ @ ﬂ l
= ' E
§ so} — 24 ;f qun_.‘ux —_——
% . £ D
5 | 228 Same procedure with a reverse
= 20-.! —ol20 direction shown above

i - —
07— T T 1.0 mem

| 1 '
0 40 &80 120 160 200
Irraciation time {s)

(K. Ichimura, Science 2000)

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

ESS NTHU Taiwan




NTHU ESS/IMEMS Institute

S

3 Bending molecules by Electrical
Potential

Fig. 4. Microscopic m,l 1.0, C
and macroscopic re-  _ | . n
sponses of the low- 3507 08 '{/\u’/\\/ \\/f-\
density SAM to an 3 apl
electrical potential as 2 i =08
monitored by SFG 5 3 g
spectroscopy and con- 5 2q] 0.2
tact angle measure- ] ! i
ments. Relative SFG &£ 197 \ - "
intensities  (peak ar- FrALE E, A | SR, - S T
eas) of the methylene on off on off on off on off [ (4] =) (83 4= (1) (=) (%)
Hydrophobic modes at wavelengths so. B D
Alkyl Chain of 2855 cm~' fsolid 101 sma—p—s—s—p—e—s—s
symbols) and 2925 =50
g::;z:;‘:;z em~" (open symbols) £ . 08
PRI group are shown for the low- g Z 06
® dersity (A} and the =30 ]
Sulfur dense (B) SAMs mea- Sag 0.4
sured in o *-acetoni- @
Precursor - Hydrophilic Hydrophobic Gold Electrode ;1 (0.1 M T ) when g 10 0.2
Monolayer Hydrolysis Monolayer Monolayer a potential of +25 N f:',‘_':h-(_)-{:f‘_v"'%tf_';' 0.0
. 3 . <o < o mY w.rt. SCE ‘la'\.'aS- e- on off on off on off on off ! (<) (4] =] (+) (=) {+) (=) (#)
Fig. 1. Idealized representation of the transition between straight (hydrophilic) and bent (hydrcpeatedly applied to Pasitive slsclrical potantial Surfaca polarization

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

i p ) . : S : -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 whie applyine either +80 or ~300 mV w rt. 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 (2.1 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.
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T Superhydrophobic & Gravity

Superhydrophobic Surface (SAMS) Liguid Marble (Powder coating)

1 mm

Water Droplet Weight 7mg with tilt angle of Hydropphobic powder (20um) coating
Lgc /CJZ (Nlﬁsi;i\%hl Miwa, Langmuir 2000) (Pascale Aussillous, Nature 2001)

u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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W Comparasion
Max. Droplet
Principle Velocity Size Power
(mm/s) (Hl)
Electrstatic 10 2~50 | Yes(124Va)
(Altti Torkkeli, IEEE 2001)
Electrowetting 250 1 Yes(100Vxc)
(S. K. Cho, IEEE 2002)
~ Optic 0.035 2 Yes
(K. Ichimura, Science 2000)
Temperature Gradient 20 0.001 ~ 1 Ves
(Susan Daneil, Science 2001) '
Roughness o 7 NG
(Bo He, IEEE 2003) '
Gravity o 1-10 NO
\ (P. Aussillous, Nature 2001) '

U7 /C[
% -Nano p-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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Conventional array machine system \
B R

 Robotic machine and steel pin

» Serial process: long running
time

 Need wash: (cross
contamination)

« EXxpansive: position control
system

- Sample dry out: not good
for protein

® P
Prof. Fan-Gang Tseng /
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ke k2

B. Protein molecule

§ 02

Photochemical species

*

substrate with photoresist

Uv hght

__.-___* VVY‘*V‘*VVV**V**V

patterned photoresist 6 6 6 6
M— W

aminosilane adsorbad to substrate

SRITIRIIIR

photorasist removed and meathylsilanes
adsorbed 10 substrate

Blawas, Biomaterials, 1998

#E: CTEFEVRGIRE TR S AR

ﬂ NARO

ESS NTHU Taiwan
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B

master

controller [] ’ ° ‘ ° |
J1U

syn()UAD

il

[ valve Figure 1: 4 50um jet of water breaking up due to Rayleigh
’ instability into 100um droplets at 20kHz.
T p—
St;fge syringe
stepper stepper ] |
motor motor - - -~ -
. | «
Spot size: 80~50um , |
) sloum ) !

(SPIE Microfluidics and BioMEMS 2001)
Oz gRERRT T 7k Nozzle:50 p m
Qxd BELH L HF 0 A2 Pizeo stroke: 3~9 um
% iﬂifﬂﬁ ¥o5 P AR AR Droplet volume: 200~1400pl

ﬂ'Na"nO’ . u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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(Piezoactuator) L o [ i
L4 B R S

. ﬂl}muq [ | gllllls ‘ | nmuq_l‘ mlll11

piezo-actuator — s

pistnn\ i

cooling plate

elastomer stamp

reservoirs
glass ———
silicon . 1°1°
glass cover——— | -
nozze arsy 900000 By charne
| substrate "
Spot size: 400~50um
FRFERGIE
(Gustmann, Germany Transducer, 2003)
7 §E

2 /C[ Nang u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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AR
3 u;%:%@; : =h ;ﬁ
A CTEAVIY 4
'?‘%—L&?j &‘ '
Capillaries L —— Switch
-0 <0
Guard \ 0
ring AlB[|C|(D
' \_ == |_ + TOpower
Dielectric | me I — - supply
shield LAY B I
I : I
I : I
Mask | |
I I
I I I - B ¢ I—
ABCD
/ Electrode
Matrices  gypstrate
(Electrospray Mozorov 1999)

MERREZRFRY T2
DNA&h & R AE &3t 3v
2DNAR R ks » &
pRFAFTLRREE
PRET > ZTPAFS
Al o TRREZEF
BB AR MUY
EFeo Fabl>  FEF2
3-4kVinT B » & 2} ehy
L3272 -LH MR
WO R A RRA R T T
23 > %Q.ﬂﬁagvﬂﬂﬁ?

AN Mgl
=) S

du

W\,

\g

- ﬂ
= -Nalg u-Nano Bio & fluidic Systems Lab
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Hs:s*ﬁ%%w
5 AR, = » - - - -
S gy ¢ oty vt hot B | | | t
CeRY B = *r xL/= bIlOoIogICal 1aser printing
T %;;*_1‘,;-.
Energy Meter / = = =l cep camera Laser Absorption Layer
I
| Transparent
. Support Layer
Laser |
i
Microscope
Objective
[ — Protein

Solution

Target

Support {_4

L
luid Jetting _ : ,S00um,
. i
Figure 5. (a) A 2000-spot BSA microarray after immunoassay
Microarray Substrate |

with anti-BSA (imaged with fluorescent detection; 266 spots
shown). Standard deviation is 10% of the average spot size of
60 um. (b) Higher magnification oforle portion of the microarray.

(J.A. Barron Proteomics2005)
Microscope objective to focus the laser beam

Quartz substrate and metal or metal oxide absorption layer

=

73RN Rt S R
x A Namg

P es NTHU Taiman HNano Bio & fluidic Systems Lab
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Mz}}»ﬁfﬁ}?ﬁ

Spot size:
2~3um
(Piner, Science (J. W. Choi, 2004) & |
1999) ) Space :5um
# B
- 07 AFMA & b Gl 35 #4741 2
Reservoi 4 T ghpe g F A B

Q2223 F 300082 1) A
(Henderson, Biomedical Microdevice D}“ ﬁ;‘?gé.;%ﬁﬁa,g} ’H‘ * %
A‘ -Nang u-Nano Bio & fluidic Systems Lab
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* PDMSHCIA i 1€ 38 L5

—_
p—
—_—
—_—
—
——

' PIP Fiow Chamber

)2z | . a\
~
S~
Wavegude
B #4 \ a'\\' \\\

LIS
L
B. globigii + E. herbicola + MS2
ﬂ B. globigii + MS2
E. herbicola
(b) #eiit = i,
1 pp 7 \ i
N \ B. globigii
%90 )i ’ I MS2 BG EH
IR )
et Size © < ¥ EE+ (400~1500pm) 1o 3 i3
! ;

4

(Ligler, Biosensor & Bioelectronics 02)
ey ﬂ
% -Nalg -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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LR S Pt )

IR | R =L B U S
=t (um) =1 f(pl) .
185 3
MR Br % (Lin) | 50-100 | - >100 [ 400 s Yes
(Bernard) | 5 2008k/=x 1
aLotz 100~65 | & 48 500 | ® No
(P.O.Brown 2001)
52 (BT 3Y) 150~50 | k- 10 120 P No
100~4kHz
v | &G R S) 400-50 | ¢ 24(9 | 125~ | ¢ Yes
:l,m!:* (C.P. Steineret 6) 1700
ll“;'j 2003)
. s 0.1 1 1 |[(00L)]|® |Yes
— AFM 2 3000=:/1hr | 12
swews )| £ R er: 1025 | B 1 [(0.05)] % |Yes

/U'N no .u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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Force In Scale \
or

Mercury mot

-~
~ Line force

~ “ :
J. Leg, and C.-J. Kim,

(10°N, 1mm) J of MEMS, June 2000
| | | | | | | | Slug fIOW
107 um 10° 104 mm 102101 1m 10! 10! Ammmng[
Length Scale

Surface tension force (line force) Is dominate

\ In nano scale and important in micro scale!! J

ﬂ'Na‘nO -u-Nano Bio & fluidic Systems Lab

i ESS NTHU Taiwan Prof. Fan-Gang Tseng
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R

23-in-1 Protein Chip

»Micro filling chip

»Micro stamper chip

»Micro bio-reaction chip

g ﬂ-N ano -u-Nano Bio & fluidic Systems Lab

i ESS NTHU Taiwan Prof. Fan-Gang Tseng
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Chip System Integration

* Filling, Stamping, Detection

Hand-Fill-in L. Micro
-F1-1 - .

Reservoir FL_Illng Chip = I N |

k]icro-Fill-in Reservo
icro Needle con

2. Micro Array Ve
Stamper Arrayer chip

3. Micro Bio- Protein

reaction Chip SAM Array
Bio-reaction surface coating \ m = /

Bio-reaction chip

/C['Nalnoi . s-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan
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1. Micro Filling Chip

Hand fill in
. Micro flow channel to micro filling reservoir

. PDMS membrane sealed. Conserved in
refrioerator

Surf'a.ce tension . : 100“m 15mm

a. uflow channel b. Micro flow channel  ¢- Filling testing. From:
connect the Hand fill-in cross section hand-fll_l reservolir to micro
\ reservoir and p- reservoir

efgir
g -Nalo u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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1. Micro Filling Chip

reservoir into the micro stamper.

 Filling the micro stamper by the capillary
force.

Arrayer chip

Micro l l ' l '
Stamp

Filling Process

\ LLNAMY e i & /
%/ESS NTHU Taiman H-N@N0 Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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2. Stamp different types soluti
simultaneously

Stamp two types solution Stamp 4 types solution

Cy3 anti-rabbit 1gG, Cy5 anti-mouse 1gG Concentration: Cy5 10%; Cy3 107

/3 £
& o) L B A

120 points array
Cy3103; Cy5 101

Cy5 102, Cy3 10+

ontinuous
printingl2 times

PBS solution with 30% glycerol

\ o ﬂ C Lin, F. Tseng, and C. Chieng, S&A B, 2004.
B LC-Namg

S ' iU Taman HNano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Protein Stamp result on substrates \
with different wettability

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

microscope.
780 580 510 18°

200u

\ Su8 photo resist APTS+DSC APTS+BS3 Glass
; /Q-N ‘An‘{) C. Ho, F. Tseng, and C. Chieng, J MM, 2005.

" u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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0.0000E+000 sec

()
Hydrophili
c surface

20°
PDMS

stampe -
r Substrat&

Flow channel filled with ] Drop formation

\ sample fluid

0.0000E4+000 sec

(b)
Hydrophili
c surface
800

SubstratX&

NTHU ESS/IMEMS Institute

Simulation of drop formation process

e Substrate
wettability
effect the
drop size

Experiment

PDMS stamper

£~/ Substrate
Y. Chen, F. Tseng, and C. Chieng, J CIS, 2005.

B .. N:,E %33:‘2’ u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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Comparison of Computed and Measured

Spotsizes on various SubstrateSurfaces
Simulation
’é m S C SOlUtiOn
g ﬁ e \Lscosé%t(ii}?ch)
g 5 ] 3 viscosity (3.20cp)
0
: ' | ' ' Experiment
0 20 40 60 & 100 A fluorescent
Contact Angle of Substrate (degree) observation spot
M optical
On different wettability of surface, the spot size microscope observed
of soft printing decrease with the decreasing of spot
the surface wettability. PBS+30%glycerol
solution( viscosity

3.20)
q C. Ho, F. Tseng, and C. Chieng, J MM, 2005.
<4 -Nag p-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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igzzi;V* ,
z?_éfﬁBm fluid ez v ed BREr B 5 % 5L \

(T
I_"'l.-- A I_,t»ﬁ"-\_igy

Micro Filling Chip

eservoir

Fluid

channel
ozzle

Micro Stamper

ﬁé

‘gl I mi ¥ = f’T
Stamp 4 b MJ‘M‘. i b 3z ﬁé
: . By
\ iIO_Mlcm capillary
rray
gi{nﬁ %}32 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang %ern(g:
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g—\ Teflo Feok
/xi’ sk Teflon T4 i % FE A B 2

R
L+ ” ) Lz NS
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Teflon s 15

—_— | 4
—_— ]

XéBe ZBrnm 0BO8 PC-SEM
~— - — ——— e o a— 2

X85 ZBBnm BBBB PC-SEM

EéEEA Connector-filling micro Type B PDMS stamp-
E:és NTHU Taiman H-N@N0 Bio & fluidic Systems Lab ﬁ"mq Prof. Fan-Gang Tseng
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- Teflongw-k % Fi b7 2k 320 P ip) v 4%

Teflon

AN
¥ I

i

[ m— (c)

B Teflon 757K % F& i i TR
100um

i—— W f f'—
/CZ'N“MEQi . s-Nano Bio & fluidic Systems Lab

‘ ESS NTHU Taiwan Prof. Fan-Gang Tseng
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e - SRS
f|UId boundary f|UId Ieft on the PDMS stamper

N I T T BRI BRE S

2 , » L N n £ > B
ey 55 638 Teflon #7*34] PRI R
L pE i, &IBEC Tt

Nm u-Nano Bio & fluidic Systems Lab
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ﬁé 7‘ \‘ \

R1: anti-mouse IgG cy5
0. 6mg/mL
antl mouse 1gG cy5 0.1 z
mg] g= oy LR 1 4 3
Gl: antl rabbit 1gG cy3 1.0mg/mL - o
GZ ar)tl -rabbit 19gG cy3 . ,
0.01 01 1
anti- rabblt 1gG cy3 Concentration

3
'
% = A% N%A%mbﬁﬂn[g@m%ﬂmdlc Systems Lab Prof. Fan-Gang Tseng
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Multiple Dispensing on the Same Spot \

hydrophobic

n hydrophilic

Parameter L D ()
Type (mm) (mm) ©)
Dual SAMs 6.0 1.5 18
Single SAM 5.0 0.7 9
< L >
\ 7 Design of Double SAMs and Single SAM Systems

Vi
2 -Nalg -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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If Directed Movements of Droplets on Radially Patterned Surfaces
Based on Self-Assembled Monolayers (Cont’d)

YT, T —ryerT—

popopompcp'ﬁ'ﬁ‘ﬂ‘c‘
%m‘%m‘ 0.008 %‘WW%@T‘W 0.032 0.036

0.044 0.048 0. 052 ) 0.060 o 064 0.072 0.076

50 B 5 52

1.956 2.036 2.076

The motions of (a) 1.1 y L DI water droplet on the dual SAMs and (b) 0.4 y 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 ﬂ Nang u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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5. Bio-detection Chip

APD Sensor Arrays Micro Lens

M

Inclined mirrors

Characteristic:
1.In parallel detection

2%
e 2 Fast

- | e .
"ll'"l 2 P i 1 \ \ e [= . - e 3.Near dlStance

X

i Lan Lan Rl 2D IR 4.Evanescent wave
Protein anays excitation, low
background

Light output
gjléé_ 'Igglgé'npleiEo Bio & fluidic Systems Lab

Ess NTHU Taiwan Prof. Fan-Gang Tseng
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ELISA of tumor marker test result

Cy3

Anti-Rabbit I « Hurp: liver cancer antigen
« EG6 Papillomavirus antigen

Eabbit anti-E6 antibodye horse serum
for blocking

ELISA (Enzyme linked
Immunosorbent assay) bio-reaction

detection.
Hurp E6 Hurp Hurp
250ng/ul 38ng/ul 1ng/ul 60ng/u
I
Hurp . E6 Hurp Hurp
125ng/ul R 76ng/ul 30ng/ul 100ng/ul

\ Vg /6[
% -Nang -u-Nano Bio & fluidic Systems Lab

é ESS NTHU Taiwan Prof. Fan-Gang Tseng
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R

Protein Binding Efficiency
Improvement by Mixed SAMs

%ESS N:}E %}32 u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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(b)
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Single SAMs for Protein binding

Methoxyl group
reacted with
hydroxyl group

BS3

(bis-sulfo-succinimidyl suberate)

CH3
OH \
0
@ /
=[OH + CH3—O= §i = CH2= CH2= CH2— NH2
o)
—oH /
CH3 APTS
(aminopropyltrimethoxysilane)
—on S
= O g CH2= CH2= CH2=— NH2 N
—_ VU= ol = - - -
? S And
C 0
—oH 4. + CH,OH
CH3
—OH © Q
Y I /°N\ SO;Na
® / C— (CH2)—C N
= 0- si— cHz,—N7 I
= '~ (CH2 ™ o O
7
[—OH CH3 SO3Na o

Prof. Fan-Gang Tseng
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Antibody recognition/binding
efficiency on protein chip

L

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 SAMSs surface

% -Nalg ;-Nano Bio & fluidic Systems Lab

i ESS NTHU Taiwan Prof. Fan-Gang Tseng
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Antibody recognition/binding efficiency measurement
by SPR and Fluorescence for different Mixed SAMs

%ﬁ’

The Recognize Efficiecy Of Antibody to Antigen The Binding Efficiecy Of Antibody to Antigen
020 0.050
0.18 A
> S P R 0.045 - S P R
S 0.6
[ 2 0.040
i 041 S 0035
Q =
N w
% 012 7 2 0,030 {
8 2
x 010 m 0.025 4
0.08 A 0.020
0.06 T T T 0.015 T T T T
APTS/C2 = 1/0 APTS/C2 = 1/10 APTS/C2=0/1 APTS/C2 = 1/0 APTS/C2 = 1/10 APTS/C2 = 0/1
APTS/C2 =1/3 APTS/C2 =1/30 APTS/C2 = 1/3 APTS/C2 = 1/30
The R nize Effici Of Antibody to Antigen _— - . .
€ Recognize clecy y 9 The Binding Efficiecy Of Antibody to Antigen
0.30 34
3.2
0.25 A
o 307
o
& 28
0.20 A ©
E 2.6
2 24
0.15 | 5
c
- & 221 Fluorescnce
010 ] uorescnce 20 1.233
2.15 '
0.05 : : : : : 16 - : :
APTS/C2 = 1/0 APTS/C2 = 1/10 APTS/C2 = 0/1 APTS/C2 = 1/0 APTS/C2 = 1/10 APTS/C2 = 0/1
APTS/C2 = 1/30 APTS/C2 =113 APTS/C2 = 1/30

/C[-N‘Ml()

ESS NTHU Taiwan

APTS/C2=1/3

C. Wu, F. Tseng, and C. Chieng, Submitted Langmuir, 2006.
u-Nano Bio & fluidic Systems Lab
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d SAM surface

n-alkanethiol Surface model

IXE

Them

CH3-(CH2).-SH

 CHs

CH3-(CH2),-SH

hexanethiol (C5)

1-

1-decanethiol (C9)

\

Prof. Fan-Gang Tseng

ﬂﬂo u-Nano Bio & fluidic Systems Lab

ESS NTHU Taiwan

2%



ﬁ"é}ﬁw g NTHU ESS/MEMS Institute
70,8815 o)

] ! O '

ncoprotein - EG

S

L'...h'ﬂhL—-?\g-'-f-jf’ iy

* E6 1sa 156 amino acid protein

— MASTSASSQPSTLYQLCKDFGLTLRNLQICCIWCKNHLTSAEAYAYHFKDLHVV
WKKGFPYAACAFCLEFYSKVCALRHYDRSAFWHTVEQETGLLLEEQIIRCAICQK
PLSPSEKDHHIYNGRHFRFILNRWTGRCTQCRE

« E6 Is a oncoprotein of human papillomavirus
assoclated with cervical cancer

* The EG6 structure i1s not yet available.

" u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng /
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Predicted structures of E6

peRabéttg sarver : Nitp://robetta.bakerlab.org/

% Pes NTHU Taiman HNano Bio & fluidic Systems Labh —————————— Prof. Fan-Gang Tseng
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MD simulation on C5:C9=1:1 (Orientation1)

/M-N‘MH)

ESS NTHU Taiwan

u-Nano Bio & fluidic Systems Lab

20 }
.40 b
.60 |
-80 |
-100 [
-120 |
-140 |
-160

] 100 200 300 400 500

Time step (ps)

Prof. Fan-Gang Tseng
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MD simulation on C5:C9=1:1 (Orientation2)

"

B/ -nano
é WEALVE -Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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QO : orientation 1

/\ : orientation 2

140
120
100
80
60
40
20

0 0.25 0.5 0.75 1
C9/(C5+C9)

\

N7 /Cé
% -Naig u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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ke E - -
J%:Sf;; : MD simulation
AN
7—?{&’;;‘;\;"_2&%7 140
e 120
100
80
60
40
20
0
0 0.25 0.5 0.75 1
C9/(C5+C9)
25 r AFM measurement
20 F
15
10 f
5 =
O 1 1 1 1 J
0 0.25 0.5 0.75 1
/a C9/(C5+C9)
% ALY p#-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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(2) F i 3 ¥

(b) # £ APTS

(C) &+ @i;‘%)ﬁ:jﬁ

3 - PRy
(d) i
(€) #v » 2 ¥ o if
sLpp 42 =X 3
LR g 2
() e s
- OFEEEEE:
& s Washbuifer @ Block Q 1gecys Q) 196 Cy5
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“‘“Advantages

Single molecule events
possible

Low background noise
Low-middle concentration
High parallelism

Disadvantages:

Ambiguity of single molecule
Immobilization/reaction
Random distribution

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

long observation time -not eas)

for dynamic observation
Numbers of proteins on a cite
(chamber, bead)

Low namic range
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Motivation and Objectives \

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

g -Na -u-Nano Bio & fluidic Systems Lab Prof. Fan-Gang Tseng
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*12 3 4 (mm)

A (b) (Cyi) () A’
Glass mask I =Te]V [N Dense  Rare

PDMS Nanopost

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,;O, = 56 ; (¢) 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
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490 nm PSB

Spin @ 1200 rpm
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2. Near field Detection (Prof. Wel)

Enhance near-field properties:
gold nanoparticle on a nanocone

__________

X
X-polarized

E Energy Density @ Freq=1 5674;,Lm'1 [honitor #4 {0,0,2.6]]

Fihertip metal

E Energy Density @ Freq=1 5674;,Lm'1 [Monitor #3 (0,0,2.38)]

1.70303

(a) The SEM image at the probe tip. @ | ¢ il
-08 -06 yz X‘[(];,?m) 02 04 06 08 00 ) 7 ) 7 X (pm)
cone only Without NP
i i P I—| X|2 ~80
with NP on cone tip ol = EvE
E Energy Density @ Freg=156T4pm ! [Monitor #3 (0,0,2 38)] E Energy Density @ Freg=1 SLMHm 1 [Monitor #4 (0,0,2.59]]
(b) Optical image of a N
tapered fiber probe. N I I
) fael

0.0 0o

T T T T T T T T T
-08 -08 -04 -02 0.0 0.2 04 0B 08

-0.8 -06 -04 -02 0.0 02 04 06 08
i) y ] X (ur_n) X (pm) .
g /C[ = N a nﬂ FDTD simulations of nanocone and nanocone-nanoparticle structure
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Summary \

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

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

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

4. High dynamic range for at least 6 orders of magnitude,(fM-
uM, or 60-6*108/(100um’3 nanofluidic molecule concentration
+ high density array ~10%/(100um)?)

5. Very high signal/noise ratio (atto-liter excitation~(20-50nm)3
for 1uM, ~0.1molecules/(50nm)3)

\ .fﬂ ' J
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