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Miniaturized optical gas sensor

Detector with Lens Photonic crystal microstructure
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Miniaturized optical gas sensor

Innovative device concept
Photonic crystal structure (Si rods in air) Miniaturization enabled:

by creating a waveguide (removing of rods)

within the photonic crystal.

—

» increased absorption length by
an appropriate waveguide geometry

= increased absorption coefficient
by exploiting “slow light” (light propagates
with an extremely slow group velocity)

Source: M. Schieber, Siemens CT T DE HW1, GTF MHM MSY

Page 9 COMSOL Conference, Stuttgart, October 2011 Dr. A. Frey © Siemens AG, Corporate Technology



SIEMENS

Miniaturized optical gas sensor

Concept evaluation and device design

C. Kraeh, H. Hedler, “FEM Simulations of Rod-Type Photonic Crystals as Resonant
Microsystems for Optical Gas Sensors”, COMSOL Conference, Stuttgart, October 2011.

COMSOL Multiphysics simulations with

RF Module, In-Plane Waves to evaluate: —{ :

plane photonic crystal
wave,

E, component

» Optical properties of a photonic crystal

» Photonic crystal waveguide properties
 Slow light —>

» Coupling into photonic crystals

absorption

» Absorption properties (gas detection) over
wavelength
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MEMS based piezoelectric energy harvesting module

Motivation: Energy autonomous sensor node
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Tire pressure monitor system (TPMS) for automotive applications

Source: Continental
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MEMS based piezoelectric energy harvesting module

Innovative MEMS harvester device concept for TPMS application

Properties of MEMS harvester to enable tire-based TPMS application:

» Minimized mass in the micro gram range
» Non-resonant excitation scheme
» Overload protection

» Provides inherently CMOS compatible voltage level
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6“ wafer with MEMS structures piezoelectric MEMS harvester
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MEMS based piezoelectric energy harvesting

Concept evaluation and device design

COMSOL Multiphysics simulation to evaluate:

» Optimized cantilever geometry regarding Deformation and electric potential (V)
mechanical stress distribution
(Structural Mechanics Module, Solid Mechanics)

» Design of piezoelectric thin film

(Structural Mechanics Module, Piezoelectric Devices)
Velocity magnitude (m/s)

» material parameters

e geometry

» Cantilever damping behavior
(Fluid Flow Module, Fluid-Structure Interaction)
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CMQOS based sensor array for biochemical analysis

Motivation: Operation principle of DNA-Sensor (I)

Immobilization of different known sequences of single-stranded DNA
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CMQOS based sensor array for biochemical analysis

Motivation: Operation principle of DNA-Sensor (ll)

Functionalization Hybridization Detection

position
with
species 1

position
with
species 2
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CMQOS based sensor array for biochemical analysis

Motivation: Operation principle of DNA-Sensor (lIl)

Conventional molecular diagnostic However, alternative electrochemical
Is based on optical detection methods offer several advantages:

with fluorescent labels.
« direct integration with microelectronics

and microfluidics systems
(miniaturization)

e digital implementation enables
robust operation and easy workflow

Electrochemical bio sensors

can enable new fields of applications,
such as point of care medical diagnostics,
rapid food and water control.
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CMQOS based sensor array for biochemical analysis

Innovative device concept: electrochemical detection

Electrochemical Sensor position Redox cycling
setup with “match” case sensor signal
% A
/- enzyme label sybstrate
...... y
o
= dl / dt
>
generator o
electrode/
offset
Vuel. interdigitated gold : >
working electrodes time
' N\ ' N\
oxidation: red <= o0x + e- reduction: ox+e & red

Page 21 COMSOL Conference, Stuttgart, October 2011 Dr. A. Frey © Siemens AG, Corporate Technology



SIEMENS

CMQOS based sensor array for biochemical analysis

Concept evaluation and device design

COMSOL Multiphysics simulations with Chemical Engineering Module,
Mass Transport to evaluate:
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CMOS based sensor arrays for biochemical analysis

Implementation
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‘ Optimized fully integrated microsystem for biochemical analysis
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Summary and Conclusions
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