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Overview
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This work deals with the development of a disposable miniaturized Polymerase Chain Reaction (PCR) module that will be integrated in an innovative Lab on a Chip (LOC) as Point of Care Testing (POCT)
platform to detect the susceptibility of complex diseases with genetic profiling. The amplification system consists of a micro-chamber reactor with a hybrid silicon-polymer structure. The temperature
control system has been implemented by means of Platinum microheaters and thermometers integrated on a Silicon substrate and the reaction chamber has been completely made of
Polydimethylsiloxane (PDMS) since it is biocompatible, transparent and easily moldable. To assure a perfect sealing, an oxygen plasma bonding process step has been implemented. The device design
has been supported by analytical and finite elements simulations in such a way to evaluate the thermal requirements. A first PCR chamber prototype has been fabricated and packaged.

1. The selected approach: a micro chamber PCR

Figure 1. Schematic sketch of the micro PCR module

Main advantages of the chamber type:
Polymer
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v'Possibility of parallelization (multi chamber)
v'Increased flexibility over the cycles number

v Easier fabrication
Figure 2. Cross section of the first uUPCR prototype

3. 2D and 3D FEM simulations

Finite Element Simulations have been used to estimate the heating and cooling time (Fig. 5-6)
and the required power (Fig. 7) and to assess the heat uniformity in the chamber (Fig. 4).
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Figure 5. Cooling curve of PCR chamber (VALUE is the
temperature (°C) and TIME is in seconds) (2D)
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Figure 4. Temperature contour plot ( C) (2D)
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Figure 7. Heater Joule heating (10° W/m?) (3D)
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Figure 6. Temperature contour plot after 3s (°C) (3D)

2D Simulation conditions 3D Simulation conditions
Material PDMS 500um Material Silicon 50um
Air 500pum Water 210um
Silicon 50pum
Water 210pum
PDMS 300um
Boundary Convection on the external surface h=25, Boundary Convection on the external surface h=25,
condition T=252C condition T=252C
Heat flux = 0.4W/AREA Applied voltage=6V

Table 3. 2D and 3D simulation parameters (Material and boundary conditions)

2. Design and materials selection

The layout reported in Figure 3 includes the reaction chamber, two channels and two inlet/outlet

ports, thermal valves and the electrolytic pump for the fluidic management and heaters and
thermometers for the temperature control.
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Figure 3. Design of the preliminary PCR module for stand-alone testing purpose
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Resistivit Thermal Heat
Material Advantages y conductivity | capacitance Material Platinum
Q/sauare | (wimk) | /KeK)
Wire width 250 um
Platinum | | nermal stability, 0.96 71.6 130 Wire length 33.5 mm
Ideal TCR .
I . , Resistance 125 Q
iocompatible, easily
PDMS R 0.15 1460 Power 04 W
AT (and time) 402in3s
]\c/VELI.-ei’FaE)]hsred Voltage 6V
Silicon t‘; P docte.si i 148 1000
€rmat conductivity Table 2. Heater’s design parameters
(faster cooling)

4. The microfabrication process

The fabrication process is divided in two parts:

Realization of the PDMS cover Realization of heaters and thermometers on a

silicon wafer

Silicon substrate Silicon substrate

SU-8 3050 spinning three times
@ 2000rpm;

SU-8 thickness: 210um /

Negative photoresist
deposition

Photoresist patterning by
lithographic techniques

SU-8 patterning by UV-
lithography

Cr/Pt evaporation (5nm/150nm)

PDMS pouring

Heater definition using lift-off

PDMS peeling and chamber
release

Figure 8. Picture of the assembled PCR device

7. Conclusions and future works

This work reports the design, modeling and realization of a microdevice for PCR, realized with silicon and soft lithography fabrication techniques. The final micro reactor will be coupled with a
label-free Single Nucleotide Polymorphisms (SNP) microarray based on microcantilevers. To match the requirements of the detection module, a multiplex asymmetric PCR (MAPCR) will be
required. The coupling of the proposed PCR module with a cantilever-based detector would provide a really portable and automated multifunctional system able to fulfill a wide number of

critical clinical practices.
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