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96-well plate Caliper’s LabChip for DNA & Mixing improves reaction

protein analysis rates

* Fully integrated lab on chip

® Mixing, concentration, pumping, separation of fluids and
particles in microchannels

®* Example: Mixing for bioassays

goal: Improve reaction rate in traditional and microarray
biosensors via mixing.
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The convergence of research and innovation.

Motivation: Microfluidic manipulation

* Solution: Integrated electrodes e
. . QAR IR
generating AC electrothermal mixing  «isevvesbvevic

Mixing improves reaction
rates

® Electrothermal force:
interaction of gradients in conductivity

and permittivity (produced by Joule AT=T-T,,
Heating) with electric field 00 _ a0cC
, mlﬂ[l . hot spot from | '_3'[:'
°* Advantages: | - wa.d ipes 2.0
= Easy integration vl 1.0
= AC=>avoid electrolysis ° A

= Effective for high conductivity solutions
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The convergence of research and innovation.

Outline

* Standard numerical model for ACET

* Experimental discrepancy for high conductivity

® Solution: strong thermo-electric coupling using Comsol
software

* Results

® Conclusion and Future works
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Standard numerical model for ETF

[1] A. Castellanos, A. Ramos, A Gonzales, N. G. Green, and H. Morgan, Electrohydrodynamics and dielectrophoresis in
microsystems: scaling law, Journal of Physics D: Applied Physics, vol. 36, pp. 25842597 (2003).

* Electric Field

E=E; + E;, with E; < E,

VEg =0
®* Temperature Field

km V2T + 22 |Eg|* = 0
* Electrothermal Body Force

crers = s [( (%) () T 2 () it
® Fluid velocity Field
;Lvau—F < Fgmr >= VP
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Standard numerical model for ETF

Estimation of velocity amplitude voltage dependence

b V2T + 22 |Eg|* = 0 => Temperature: AT ~ V2
umvgu—l— < Fgpr >= VP =>Velocity: u~ <Fgr>

F . WEE _ Eq — TIE
X BE 2 5 Ksm(aT) crm(@T))1+(wr)2 0 Em(BT)V | “']

=>y~ AT E*

u~V4
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Experimental Setup:

CCD
camera

Hg lamp or
2 pulsed lasers

[}VW<VW<4UVW \ N
F=1MHz
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Bynamical Systems and Nonlinear Control Theory

Comsol Implementation

V. (k(T)VT) +§|.-;|2 =0

150}1111'.! - Glass
Au PDMS
8
g :
PN dT
gl 2 _0 7mm \ T=T,
an
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V. (k(T)VT) +%|E|2 =0

Comsol Implementation S

150pum I.: Glass

Au PDMS

% Z—Z —0 7mm T=T,
—VP+uV2u+F=0 ViV = B.VV
L 2mm Glass
dn \\
N .

2soum | |[PDMS

symetrical axis
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Standard numerical model for ETF

Estimation of velocity amplitude voltage dependence

b V2T + 22 |Eg|* = 0 => Temperature: AT ~ V2
umvgu—l— < Fgpr >= VP =>Velocity: u~ <Fgr>

F . WEE _ Eq — TIE
X BE 2 5 Ksm(aT) crm(@T))1+(wr)2 0 Em(BT)V | “']

=>y~ AT E*

u~V4
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Experimental discrepancy

Experimental discrepancy:
For high conductivity v~V?>

10°
.6=8.5mS.cm-1
10 bl e
i }a = 0.25mS.cm-1
s . e vNV-q-
> , - :
] fits standard model
f hu."H'RJ
N * experimental - power fit
-“] ' i i fre  GE  on  Spemg e g GRS
10 12 14 16 18 26 40
vpp (

Sophie Loire 11



{ ™\ UCSANTA BARBARA

» engineering

The convergence of research and innovation.

Strong Thermo-Electric Coupling

Solution:
1. Remove small perturbed field simplification

2.6,,=6,.(T), k=K ..(T), B,=K(T)

Low temperature gradient High temperature gradient
Standard theory Strong thermo-electric coupling ™ <"
, ) 1 doy,
E:En+El,w1th@<<@ VE,=————VT.E;, E; =0
( ) 1 do,,
VeV = ————VT.VV
V2V =0 o, OT

.
V. (k;, VT) +7’“ |E|> =10 | V. (ko (TOVT) +"%IEI2 =0
—VP+ V. (uuVu) + Fgr =0  \—vP + V. (u,(T)VU) + Fzr = 0
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Results:

VV =3-VV

Result: advection of E-field by conductivity gradient

Sy S
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Potential isovalues
deflected for high VT
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Results:

Result: v~V? at high o, V

gho,V

* experimental —— full model
& aem standard model
.IU' - j n L L | L 1 L PR T TR (- T
10 12 14 16 18 26 40

Vpp (V)
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Conclusion

Strong thermo-electric coupling and
Temperature dependent expression of parameters

are necessary to correctly model ACET at high gradient of
temperature.

Future Works

® Include buoyancy to the model.

® Check for which parameters buoyancy is NOT
negligeable.
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