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Introduction Introduction -- χχχχχχχχLabLab Materials and Microsystems LaboratoryMaterials and Microsystems Laboratory

MaterialsMaterials andand MicrosystemsMicrosystems Laboratory,Laboratory, isis managedmanaged byby PolitecnicoPolitecnico didi TorinoTorino andand worksworks onon thethe

designdesign andand realizationrealization ofof micromicro andand nanonano systemssystems prototypesprototypes withwith aa specificspecific focusfocus onon

technologicaltechnological transfertransfer..

http://www.polito.it/micronanotech

MEMSMEMS simulationsimulation activityactivity isis transversaltransversal toto mostmost ofof χχχχχχχχLabLab

researchresearch projectsprojects andand requiredrequired forfor thethe designdesign ofof microstructuresmicrostructures

oror forfor theirtheir performanceperformance previsionprevision.. FF..EE..MM.. SimulationsSimulations ofof

microstructuresmicrostructures behaviourbehaviour isis carriedcarried outout byby ComsolComsolTMTM thanksthanks toto

itsits greatgreat multiphysicsmultiphysics capabilitiescapabilities andand CoventorwareCoventorwareTMTM..
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Introduction Introduction –– LOC Devices LOC Devices 

What is a Lab On a Chip ?What is a Lab On a Chip ?

• It is a device that integrates one or several laboratory functions into a miniaturized platform.

International Interest on LOCInternational Interest on LOC

• A big boost in research and commercial interest came in the mid 1990’s, when it  turned out to provide 

interesting tools for genomics applications, like capillary electrophoresis and DNA microarrays.interesting tools for genomics applications, like capillary electrophoresis and DNA microarrays.
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LOC Design and FabricationLOC Design and Fabrication

Assembly of the LOC platformAssembly of the LOC platform

LOC features: LOC features: 

• Multilevel platform;

• Multi inlets microfluidics with passive mixers;

• Microstructured reaction chamber with O-ring like 

retention system;

• Microarray reversibly interfaced with  reaction chamber;

• Clamping system;

• Ad hoc interconnections for inlets and outlets tubes;

Exploded view of the multilevel LOC platformExploded view of the multilevel LOC platform
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Experimental SetExperimental Set--upup
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Genetic Protocol Thermal NeedsGenetic Protocol Thermal Needs

II) DNA Denaturation at 

95°°°°C

III) Hybridization 

Performed

at 60°°°°C.

I) Initial Condition at 

RT

Into reaction chamber Into reaction chamber 

A proper Thermal FEM Model

…for example…for example

ItIt isis difficultdifficult toto measuremeasure experimentallyexperimentally

thisthis temperaturetemperature valuevalue beingbeing thethe

reactionreaction chamberchamber inaccessibleinaccessible

can be used in order to estimate the Temperature Valuescan be used in order to estimate the Temperature Values
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ComsolComsol FEM Model Details FEM Model Details 

CAD Model: the import CAD module permits to

import the 3D geometry of the whole device

FEM Model:

• Number of DOF = 29808
import the 3D geometry of the whole device

directly into the pre-processor of Comsol

• Number of DOF = 29808

• Number of Tetrahedral Elements = 85939

• Elements Type = Lagrange – Linear

• Time Dependent Analysis

• Solver = Linear System Solver (Direct UMFPACK)

Material Properties

Model Part
Clamping 

System
Glass Slide

Interconnections 

and Reaction 

Chamber

Chip

(top layer)

Chip

(bottom 

layer)

Reagents 

Volume

Material Aluminum
Corning 7740 

(Pyrex)
PDMS

Corning 7740 

(Pyrex)
Silicon Water

Thermal Conductivity 

k [W/(m*K)]
160 k(T) k(T) k(T) 163 k(T)

Density ρ [kg/m3] 2700 ρ(T) ρ(T) ρ(T) 2330 ρ(T)

Heat Capacity at 

constant pressure Cp

[J/(kg*K)]

900 Cp(T) Cp(T) Cp(T) 703 Cp(T)
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ComsolComsol FEM Model Details FEM Model Details –– Internal Boundary  ConditionsInternal Boundary  Conditions

( ) ( )
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n kres is the thermal conductivity [W/(m·K)]

dres the thickness (m) of the thin thermally resistive layer

The LOC was composed of different parts and materials. Comsol ASSEMBLY MODE was used in order

to activate some settings for those internal boundaries that are particularly important for the heat

transfer through different layers

( ) ( )                        updown

res

upup TT
d

Tk −=∇−⋅− n

thin thermally resistive layer

contact surface between the chip and the bottom 

part of the clamping

kres and dres are referred to the thermal grease
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• Dirichlet Condition that prescribes a specified

temperature on a boundary Ω [eq. 1]

ComsolComsol FEM Model Details FEM Model Details -- External Boundary ConditionsExternal Boundary Conditions

• Neumann Condition that specifies the heat

flux [eq. 2]

]1.[)(1 eqontTT                                             Ω∂= ]2.[          )( eqonTTh amb Ω∂−=•− qn

q=                is the conductive flux vector [W/m2]

n            is the normal vector of the boundary, pointing 

out from the domain

h            is a heat transfer coefficient [(W/(m2·K)]

Tamb is the room temperature

Tk∇−
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FE Model Validation: FE Model Validation: Experimental Measurement Experimental Measurement vsvs Fem ResultsFem Results
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FEM ResultsFEM Results

•• T1 = Temperature input curveT1 = Temperature input curve

•• T_RC = Temperature into the RC before the correctionT_RC = Temperature into the RC before the correction

•• T1_corr = T1+T1_corr = T1+ΔΔT   (T   (ΔΔT T isis the the correctioncorrection factorfactor ))

•• T_RC_corrT_RC_corr = Temperature into the RC after the correction= Temperature into the RC after the correction
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Conclusion and Future WorkConclusion and Future Work

•• InIn thisthis work,work, aa FEFE modelmodel toto monitormonitor thethe temperaturetemperature valuesvalues intointo thethe reactionreaction chamberchamber ofof aa LOCLOC

devicedevice isis illustratedillustrated

•• AmongAmong allall thethe polymerspolymers analyzed,analyzed, thethe PolyCarbonatePolyCarbonate (PC)(PC) performsperforms better,better, fromfrom aa thermalthermal pointpoint ofof

viewview

•• ThisThis FEFE modelmodel allowsallows toto correctcorrect thethe temperaturetemperature profileprofile toto bebe appliedapplied toto thethe bottombottom partpart ofof thethe

clampingclamping system,system, toto obtainobtain thethe temperaturetemperature profileprofile intointo thethe reactionreaction chamberchamber accordingaccording withwith thethe

geneticgenetic protocolsprotocols thatthat havehave toto bebe implementedimplemented inin (DNA(DNA denaturationdenaturation temperaturetemperature inin thisthis case)case)

ConclusionConclusion

geneticgenetic protocolsprotocols thatthat havehave toto bebe implementedimplemented inin (DNA(DNA denaturationdenaturation temperaturetemperature inin thisthis case)case)

Future workFuture work

•• ImplementImplement thethe FEFE modelmodel onon thethe ComsolComsol 44..00aa toto performperform parametricparametric timetime dependentdependent analysesanalyses.. InIn

thisthis wayway itit willwill bebe possiblepossible toto determine,determine, throughthrough aa “one“one--step”step” calculation,calculation, thethe minimumminimum thicknessthickness ofof

thethe chipchip thatthat bothboth maximizesmaximizes thethe heatheat transfertransfer andand alsoalso allowsallows toto obtainobtain thethe requiredrequired temperaturetemperature

intointo thethe reactionreaction chamberchamber

•• AddAdd thethe StructuralStructural MechanicsMechanics modulemodule toto exploreexplore thethe mechanicalmechanical stressstress andand strainstrain ofof thethe wholewhole

devicedevice.. InIn thisthis wayway itit willwill bebe possiblepossible toto furtherfurther optimizeoptimize thethe geometrygeometry ofof thethe devicedevice inin thethe regionregion ofof

thethe contactcontact areaarea betweenbetween thethe reactionreaction chamberchamber andand thethe microarraymicroarray glassglass slide,slide, wherewhere aa reversiblereversible

sealingsealing isis necessarynecessary
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