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Simultaneously Transporting and Heating Droplets by Thermoresistive and

Dielectric Heating Integrated on an EWOD-Based Digital Microfludic Platform

Student: Jen-Hung Wei Advisors: Shih-Kang Fan' Wensyang Hsu®

'Institute of Nanotechnology, “Department of Mechanical Engineering
National Chiao Tung University

Abstract

Microfluidic chips with a heating capability have been widely applied to biochemistry but
transportation and heating of microfluidis were handled separately. To simplify chip design
and miniaturize chip size, it is necessary to integraterheaters into a transporting system. In
this thesis, based on the thermoresistive and dielectric heating, we successfully demonstrated
droplets moved and heated simultaneously by the 'same electrode on a EWOD-based
parallel-plate device.

The meander-line electrode was designed for the thermoresistive heating the bottom plate.
The meander-line electrode is regarded as a heater-when a DCpower was applied at the two
ends and as a traditional EWOD electrode when an AC signal was applied between it and th
top plate. The droplet temperature was proportional to the supplied power. A 3.6 uL droplet
could be heated to about 93°C when the applied power was 450 mW.

For the dielectric heating, the droplet manipulated in the parallel plates was moved when the
frequency of the applied voltage was at 1 kHz and heated at 100 to 300 kHz. A 3.6 pL droplet
was heated to about 80°C when the applied signal was 300 kHz and 120 Vrms. In addition,
the droplet was moved and heated at same time by the signal mixed with a 1 kHz signal and a

signal of the frequency heating the droplets.
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BB MM TN e M TR & PCR ¢ s igt i B #H 5 edf 4 - PCR
%1993 E B f - # #E %3 o Kary B. Mullis * 1983 £ 48 41> §1% = f67 f 3 28 B
# DNAp A4 8lle 2 FeODNA~ I 3 foR SR g enif i 2 22— > L2 I 7

fes cha 5= B
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X ————
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— -
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B2 ks ki k Rk £ TR B KR AT A TR o B 15k 7A oK & (Teflon) -

(a)
[ s 1 1 — g R SNk
R & di4p K Rl
HI AR dl & /4%
Na K 12 (AZz-4620)
(b)
v/ Sputteritff 0 £ /4%
(150 AM/20 nm) » I 4|
* AR AL ke
WA .E" & /4x klekv 471
-7 A
(c)

\
G
s
B
=h
=
&4
Ee

| — A — Y

sl A I 5 & /a

R A A\ Teflon
(d)
_g'ddu_ % 7k-k & (Teflon)
PR V& /45
R A N Teflon

B 32AFWAMfE—0 £ T4

29



313B# W

BFEVBRATEELRL L R BRTEF] T FLALATN DT TEHF
P F AR e A BAPRTIEN TSR LAY &y IE-KATR IR IR
e g A RNTE O MR > NF RS A NEA o DY 2
kB MR AR e B RS TN TR 0 B tsf sn ok & (Teflon) ©
(a)

ERREIOY - s g E WL
P g RS
ST RAESIRS St
HES TSN 7 RSN
HoNO3:HCI:H,0 = 1:3:6

(b)

S N e e =) v‘;iﬁ Teﬂ on

BES TS V-
Ly Teflon

® 3.3 B =@l 4%

30



314 C{ ®l#z

C & AT Bl 4 TIEHA S F W - ) LATPRIE £ 61 5%

% 7%k & (Teflon) o

HESTSEN ER-
L Teflon

] 3.41C. 4 #l 4%

o

A-BifrCHBA- B AFRFCFWAB UGB P AELET A8
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45 # 7 FE;\—# PCR 1} e #

#“ ;Iésb \L/;/ﬁg ’]‘ﬁ]___}%% 45}7” o 3'56;\:‘ 1 PCR j\'é,'lpk/? Fé‘ » DNA m/p/]
Ll fyl]jz;\ .

% 4.2 DNA m/pui’ St (%ﬁﬁi—f lﬂ\ z /}Eﬁi)

2.5 mM dNTP 8% Tag 1%
Forward primer 2% H,O 75%
Template DNA 2% 10x buffer 10%
Reverse primer 2%

PCR #*t% & 98 B 95°C ~ 551°C ~ 77 °C »mit.* 5 DNA %} % |+ (Denaturation) ~ “# &
(Annealing) ~ % # (Extension)®73 & chp ¥ 5 30see = 30sec: 60sec’ 7= p L &R 7 DNA
BREIF AT RASF M GER D LE 4.13 T T R TILR T R
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PR L 1~2s M D Fueadc 4 o DNA # & g B 2 2mm/s ©

F] DNA % 7% t 95°C e = #7 & 4 ehyg e g;%ifgﬁ DNA ;% ;% @ i > #2 PCR &

7 20 4] > F] 4.16(a)-(0) 5 DNA i3 i t 20 ¢St T i 4% 5 18 14 PR Se B ehiib & o

Bl 416 f1* 755 TR ETREEDNA B R HEH &R

44



5.1 4efBrdkirinplist k- 24

511 # % e

d
3
i
4>
34
pat]
End
&%
E
14
1%
l-r-
» )
&H
[l
~mte
,c,\«
=i
F"Ed
@‘
e
"ﬁl‘r
t"’!d
[l
IR
[
|
&%
i
W
\
“
o
3

512 A& ;¢

U B AT BT AR LTI T F e R4 BT RRE 0 oK S B k3R
SR R & T 100 kHz i b et s ed FIEME T T oL ER R LA o
Ayt L kHz 9 5 7 FdRBkak i 4 ek o 41 T4 Kh A & o o o
gkt e k(A T A2 L 20~400 )50 bt g3 R E A4 £ [45] 0 ok S B 0 A 1x10° kHz

T*?#F*7§400’mm/ﬂvn1" “?,\:5,1]70

45



5.2 4o B Pdyin Ml e piE 1F

521 # 7 et

I RRFSR BT TEIAATRIAT AR P HEIRTER T A

BRELAHOTIRBE A AN T VR hopt T U PRERF S > X F AR SR

Fodpd REEF AT RTEAF L BRREHTRAFREIMATT OER - R
R B BE KRS AGAAEE T TR A A BT ER) AT TR

522 4 &\

I 3 fE B (bifde N MoK E Gl Ed s - 5 100 kHz 2 b Sefiin 4 en g

f

5o — 5 100 o 1 kHz &R & A o) RAc R Ry - SRR HIE MO PR e B TR TR
P engr ] g e kol i Rk o BERRG B e BERBLY o HAEIRAL i 4 o L AR B AR
Sog FIRRGIRAE T AT MMM o § R @A RAIDE 5 R YA AT T R

CEGL A o T A A ;\]K;%’] E R I O S e T

LS50 BTEAEATNAR

BT L TR o LEfey AT5 5035 o

24 HenE ST A e
i ’Fﬁ;\“ li '{«J{F‘ —1" U eheel ;L_ 7‘"\?' £ 4 élb o 1.4¢ él“/n @*"ﬁ””{ﬁw R

2% Z R THRE TV e o (h )Ffr;}ﬁ'ag WL AR GlAoR o)

46



53 # T e\ & PCR g #

PP P RRERAFTH I AR TRETE REEF)95°C55°CT1°CZ B F

TR AR > T P RS AT R 27 PCR R o F%° # I DNABR

# ¥ Lok AAZIE B R T (30~83 O)ts ¢ BpA 2 § i Lan ey 4 o @ ehk BT

=

ud

7 B

7

5 2

TERE o AT F AR K WM (20cSt) kP 0F DNA B3 R4k i® 4 2 Fdge A4 § i@

LRI R FEL O RFFTARLFE AR AT REAIERBS 0 40T

RN ARTIENERSP R -

Bl 5.1 dp 5 T3 A

54 K k1%

FERT L¢ B A RIS o 1 FURATBRRERIER > § IR 02

FLRpr AR BRPHERM 3 R E B S 0 FR LA o4 FIEFR

(ke DNABR)E A2 § 8 B WELN 4 o

l‘;;a{t@_!’ ’?_“1?&: )if'&/? _g#q—‘?"é%/, ,zu’T' éi]ﬁ%mmﬁﬁ }ha'ét

F_&

B FTRRE LR ¥ ,,f'a?ﬁ“,ér‘ S & F -2 ‘H:—g}i

47



EATE

[1] E. T. Lagally, C. A. Emrich and R. A. Mathies, “Fully integrated PCR-capillary
electrophoresis microsystem for DNA analysis,” Lab on a chip, vol. 1, pp. 102-107, 2001.
[2] R. M. Guijt, A. Dodge, G. W. K. van Dedem, N. F. de Rooija and E. Verpoort , “Chemical
and physical processes for integrated temperature control in microfluidic devices,” Lab on
a chip,” vol. 3, pp. 1-4, 2003.
[3] V. Srinivasan, V. K. Pamula and R. B. Fair, “An integrated digital microfluidic
lab-on-a-chip for clinical diagnostics on human physiological fluids,” Lab on a chip,” vol.
4, pp. 310-315, 2004.
[4] C-J. Kim, “Microfluidics using the surface tension force in microscale,” SPIE Conference
on micromachining and microfabricationgSanta Clara, vol. 4177, pp. 49-55, Sept. 2000.
[5] P. Neuzil, J. Pipper and T. Ms Hsieh, “Disposable real-time microPCR device: lab-on-a-chip
at a low cost,” Lab on axchip, vol. 2, pp. 292-298,2006:
[6] M. A. Northru, C .Genzalez, D.-Hadley, R. F. Hills, P. iandre, S. Lehew, R. Saikil, J.J.
Sninskyl, R. Watsenl, and R.-Watson, Jr., “A MEMS-based miniature DNA analysis
system,” IEEE Conference on transducers .95, Stockholm, Sweden, June 1995.
[7] B. Berge,“Electrocapillarity and wetting of insulator films by water,” Comptes rendus de
[’Academie des sciences serie Il;vol. 317, pp. 157-163, 1993
[8] J. Simon, S. Saffer; and C-J. Kim, “A Tiquid-filled microrelay with a moving mercury
micro-drop,” Journal of microelectromechanical systemsyvol. 6, pp. 208-216, Sept. 1997.
[9] http://cdnet.stpi.org.tw/techroom/market/nano/nane004:htm.
[10] http://iupac.org/goldbook/ET02016.pdf
[11] T. B. Jones, “Multipole corrections to dielectrophoretic force,” IEEE transacttions on
Industry applications, vol. IA-21, no 4, pp.930-934, July 1985.

[12] G. Beni and M. A. Tenan, “Dynamics of electrowetting displays,” Journal of Applied
Physics, vol. 52, Oct 1981.

[13] G. Beni and S. Hackwood, “Electrro-wetting displays,” Applied Physics Letter, vol. 38,
no. 4, Feb 1981.

[14] J. R. Wait, “Towards a general theory of induced electrical polarization in geophysical
exploration,” IEEE transactions on geoscience and remote sensing, vol. GE-19, no. 4,
Oct 1981.

[15] M. U. Kopp, A. J. de Mello, A. Manz, “Chemical amplification: continuous-flow PCR on
a chip,” Science, vol. 280, May 1998.

[16] T. Fukuba, T. Naganuma, and T. Fujii, “Microfabricated flow-through PCR device for in
situ gene analysis in extreme environments,” Conference on miniaturized chemical and

blochemlcal analysts systems, Squaw Valley, California USA, Oct, 2003.

48



[17] D. J. Sadler, R. Changrani, P. Robert, C-F Chou, and F. Zenhausern, “Thermal
management of bioMEMS: temperature control for ceramic-based PCR and DNA
detection devices,” IEEE transactions on components and packing technologues, vol. 26,
no. 2, June 2003.

[18] P. J. Hung, P. J. Lee, P. Sabounchi, N. Aghdam, R. Lin and L. P. Lee, “A novel high
aspect ratio microfluidic design to provide a stable and uniform microenvironment for cell
growth in a high throughput mammalian cell culture array,” Lab on a chip, vol. 5, pp.
44-48, 2005.

[19] M. Tokoro, T. Katayama, T. Taniguchi, T. Torii, T. Higuchi, “PCR Using electrostatic

micromanipulation,” Science, pp. 954-956, Aug. 2002.

[20] J. El-Ali, LLR. Perch-Nielsen, C.R. Poulsen, M. Jensen, P.Telleman and A. Wolff
“Microfabricated DNA amplification device monolithically integrated with advanced
sample pre-treatment,” Transducers '03, 214-217, Boston, 2003.

[21] Y-H Chang, F-C Huang, Y-Y..,Cheny T-M. Hsieh, J-L. Lin and G-B. Lee “Micro
polymerase chain reaction "chips utilizing digital electrowetting on dielecrtic under low
operation voltages,” iConference on Annual Nano.Engineering and MEMS, NTHU,
Tainan, Taiwai, 2005.

[22] J. Fowler, H. Moon, and--C-J. Kimjy “Enhancement of mixing by droplet-based
microfluidics,” Conferencen on microelectromechanical systems, pp. 97-100, Jan. 2002.

[23]. P. Y. Chiou™and M. C. Wu, “Optical actuation “of microfluidics based on
opto-electrowetting,” Conference’ on solid-state sensoryuactuator and microsystems
workshop, Hilton Head Island, South Carolina, June 2002

[24] S. K. Cho, H. Moon, and C-J.:Kim, “Creating, transporting, “cutting, and merging liquid
droplets by electrowetting-based actuation for digital:microfluidic circuits,” Journal of
microelectromechanical systems, vol:12;no. 1, Feb. 2003.

[25] R. A. Hayes, B. J. Feenstra, “Video-speed electronic paper based on electrowetting,”
Nature, vol 425, Sept. 2003.

[26] S-K. Fan, C. Hashi, and C-J. Kim, “Manipulation of multiple droplets on NxM grid by
cross-reference  EWOD driving scheme and pressure-contact packaging,” [EEE
Conference on microelectromechanical systems, Kyoto, Japan, pp. 694-697, Jan. 2003.

[27] S. K. Cho and C-J Kim, “Particle separation and concentration control for digital
microfluidic systems,” IEEE Conferenece on micro electro mechanical systems, pp.
686-689, Jan 2003.

[28] Y. Zhao and S. K. Cho, “Micro air bubble manipulation by electrowetting on dielectric
(EWOD): transporting, splitting, merging and eliminating of bubbles,” Lab on a chip,
vol. 7, pp. 273-280, 2007.

[29] B. Shapiro, H. Moon, R. L. Garrell, C-J Kim, “Equilibrium behavior of sessile drops
under surface tension, applied external fields, and material variations,” Jouranal of

applied physics, vol. 93, no. 9, May, 2003.
49



[30] L. Latorre, J. Kim, P. Nouet, and C-J. Kim, “Electrostatic actuation of microscale liquid
metal droplets: analysis, experiment, and FEM simulation,” ASME Int. Mechanical
Engineering Congress and Exposition, Orlando, FL, pp. 105-110, Nov. 2000.

[31] K-S. Yun, I-J. Cho, J-U. Bu, C-J. Kim, and E. Yoon, “A surface-tension driven
micropump  for  low-voltage and  low-power  operations,”  Journal  of
microelectromechanical systems, vol. 11, no. 5, Oct 2002.

[32] D-S. Meng and C-J. Kim, “Self-aligned micro bubble arrays by using surface tension,”
2004 ASME international mechanical engineering congress and exposition, Anaheim,
California USA, Nov 2004.

[33] J. Lee and C-J. Kim, “Surface-tension-driven microactuation based on continuous
electrowetting,” Journal of microelectromechanical Systems, vol. 9, no. 2, June 2000.
[34]J. Lee, H. Moon, J. Fowler, C-J. Kim, and T. Schoellhammer, “Addressable micro liquid
handling by electric control of surface tension,” [EEE Conference on microelectro

mechanical systems, Interlaken, Switzerland, pp. 499-502, Jan. 2001.

[35] S. Daniel, M. K. Chaudhury;dJ. C. Chen, “Fast drop movements resulting from the phase
change on a gradient surface,” Science, vol. 291; Jan 2001.

[36] T. Taniguchi and#T. Higuchi, Chemical reactions in* microdroplets by electrostatic
manipulation of droplets in liquid media;” Lab on a. Chip, vol. 2, pp. 19-23, 2002.

[37] S. K. Cho, H."Moon, J. Fowler, and-C-J. Kim, “Splitting a liquid droplet for
electrowetting-based microfluidics,” .Coriference on ASME international mechanical
engineering congress and exposition; New York, NY, Novi2001,

[38] J. Lee, H. Moon J. Fowler,y T. Schoellhammer, C.-J Km, “Electrowetting and
electrowetting-on-delectric for microscale liquid hamdling,” Sensors and actuators A,
vol. 95, pp. 259-269, 2002.

[39] H. Moon, S. K. Cho, R. L. Garrell, C=J: Kim, “Low voltage electrowetting-on-dielectric,”
Journal of applied physics, vol. 92, no. 7, Oct. 2002.

[40] M G. Pollack, R. B. Fair, A D. Shenderov, “Electrowetting-based actuation of liquid
droplets for microfluidic applications,” Applied Physics Letters, vol. 77, Sept. 2000.

[41] S K Cho, S. -K. Fan, H. Moon, C. -J. Kim, “Towards digital microfluidic circuits:
creating, transporting, cutting and merging liquid droplets by electrowetting-based
actuation,” IEEE Conference on microelectromechanical systems, Las Vegas, NV, pp.
32-52, Jan. 2002.

[42] Arthur, Dielectrics and waves, Von Hippel, Boston.Artech House , c1995.

[43] AC Electrokinetics colloids and nanoparticles, Hywel Morgan and Nicolas G Green.
Baldock, Hertfordshire, England, 2003.

[44] ¥ 3 2> BRADAHFL Y > 2 A A7 > A8 E LR o

[45] BEoCEs > BRI F R - A LB - AT BT A O RE IR 2a
AR 67 & o

50



