MEMS

Concepts, methods and applications of micro-
electro-mechanical devices
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MEMSs Talk Objectives

1.) Introduce MEMs ™=
and get you R
Interested

3.) Discuss
applications and - -
methods of MEMs B S
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Major Sources of MEMSs Info in this
presentation

A fPractical MEMs0 , Kadjayari, 2009

A fFundamental BioMEMs and Medical
Microdeviceso , Salibeyman, 2006

A Most of the photos are from Sandia Labs website;
I also Infotronics web site (itc.com)

A Tl (ti.com), Kionix (kionix.com)
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MEMSs

Def: Microscopic ElectroMechanical devices
which can be exploited for a useful purpose

Micro-size: at least 1 dimension
<200em

A Electrical, mechanical, |
electromechanical and/or biomedical

AVariety of functions ano

A MEMs Engineering teams need

expertise in:

I e¢ME, EE, ChemE, MatSci, IC Design,
|IC Processing, IC Integration, IC Yield,
IC Test, IC Package and Assembly,
BioMedE, Meas and Sensors Engr,
Optics, Chem, Physics, Biochem, MEMs
Reliability, €& (and $9%)
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Some MEMs hIS’[OYI’

A Quartz crystal osci

Taking advantage of IC technologiesand ma t =

A 1970s - 1980s
I Si strain gauges, pressure sensors
i SAWSs
I Ink-jet printheads
A 1990s
I Optical mirror array systems
I Siaccelerometers, resonators
I Various piezoelectric devices
A 2000s: Much hype, numerous st art uputmastwpna n
under
I Technical challenges: more difficult to develop than expected
I Difficult to make a profit
I Many MEMs already in use for automotive
I Medical MEMs are in use, but volume is relatively small
I FBAR, BAW
A Today: MEMs applications are receiving much attention
I Medical MEMs applications are in rapid development
I Optical networking and RF MEMs are emerging
I Many novel applications
|
|

Fabrication methods are more standardized
MEMs Afoundri es o0 e me ragadathle
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Some MEMs Applications

Pressure and strain sensors
Ink-jet printheads

Micro mirrors, mirror arrays, optical
switches, micro- and nano-positioners

Inertial sensing, gyros, accelerometers
(auto stabilization, air bags)

Micro-actuators and switches

High frequency and RF oscillators,
resonators, filters (mobile
communications)

Microphones, optical microphones, IR
camera

Microfluidic systems
Micro-spray heads

BioMEMSs: LOC, € TAS, medical implants,
drug dispense, smart sensors,

neuromodulators and stimulators, ¢ A Medical field anticipates
explosive MEMs growth
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more less
A A Size
Robust A Invasive
A Sensitive & ot
A Integrated & adverse effect
A Reliable on measurement [ R
A Implantable A Power /Inews.uns.purdue.edu, Rhoads
A Higher A Noise
frequency generation
A Faster A Heat
response A Fluid sample BioMedical: €TAS, LOC
A Disposable size P Genomics, Pharmacogenomics,
A Pharmacogenetics,
Reagent useé  pparmacoproteomics, SNP (single
A Waste nucleotide polymorphisms)

genotyping, DNA microarray chip
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MEMs Concepts: |1

The physics
IS different than what
wedre used

nk SmII

AR

e

Think about these facts: =
ADust particles (and mites)
A Small birds can fly slower than large birds

A Insect wing drag is more important than lift

A Insects land on the ceiling

A Insects walk on water

A Ants take dozens of steps per second

A Insects have waxed outer shells

A A small capillary can raise a water column
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The micro WOrId, cont.

él f you MM EOeSIZE bug, or a MEMs element:

Much less effect of gravity A Stiction can be a big issue
Greater effect of electrical forces 3 Many sources of noise

Huge adhesion forces at or near

suraces A Exact dimensions and
Huge surface tension of liquids alignment of micro objects
Hydrophobic vs hydrophilic affect their behavior

surface is a very big difference
Thin structures can bend and
spring back

Small changes in air flow or
pressure will have big effect
Liquid droplets evaporate very
quickly

Friction and wear can be
significant issues (or not)

Rapid movements in air have
significant drag
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The mems world

More important in micro:

Surface effects

(high surface-to-volume ratio)

i Hydrophobic, hydrophillic
Wetting

Roughness

Film thickness, micro dimensions
Electric charge

Electro-osmotic

Surface tension
Adhesion forces

Coef of expansion
T Thermal
T Piezoelectric

Strain

Fast is easier

Viscosity

Drag effect of air or other gas
Liquid volume loss by evaporation
Stiction

Noise (S/N)

Processing and Alignment
Packaging / Packaging challenges

APR 2010

Less important in micro:

A Gravity
A high volume-to-surface ratio
A Inertia

A (magnetics)
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Noise In MEMSs

Noise sets the fundamental limit to measurable signals

A Thermal noise is fiwhiteoam
I Energy is ¥2kgT per each degree of freedom T ny sensp IS
I Reduce thermal noise by averaging prod uce ti ny
I rms-thermal noise is approximately equal to kinetic or -
potential energy S1T ghna | S

I EQg. Y2kgT = Y2kx?, o
A 1/f noise (flicker noise)
I Low freq. worst
I Cannot reduce by averaging

A Noise freq. spectrum depends on system damping.
Associate each damping with a noise force generator:

i Electrical: V,, —a4kTR

I Mechanical: Favg— a4kTo =
A Noise figures ofefmemietd
SIN |

A Solutions to noise:

I Very low noise diff input Instrumentation amps in
attached IC

I Temperature control
I High frequency

I Signal processing to filter out noise
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Packaging Challenges (BIoMEMSs)

Biocompatibility A Thermal management
Cleanroom assembly A Waste management

Expiration dates A Wireless communication / power
Feedthroughs

Hermetic sealing

Implantability

Mechanical stress minimization
Moisture barriers

Operability

Outgasing

Vacuum / pressure

Power system

Precision assembly

Reliable electrical connections
Reliable fluidic connections
Serviceability

Shielding
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Common MEMs materials

A Si: Single crystal Si, Polysilicon,
doped Si

A Dielectrics: SiO, (quartz), glass,
SizN,, AlLOg, other dielectrics

A Metals: Al, Ti, Ni, Cr, Au, Pt, W,
Cu, others

A Piezoelectrics: PZT, SiO2,
Al203,others

A Polymers

I polyimide, COCs, PDMS, PEEK, PLGA,
PBT, PE, PEG, PETG, PET, POM, PMMA,
PPy, PS, PSF, PTFE, PVC, PVAC, PVDF,
nylon6, nylon66

A Parylene, epoxy
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MEM elements examples

MEM Element Application Common Materials
Cantilever, Sensor: accelerometer, gyroscope Si, poly-Si
beam
Suspended Sensor: gyroscope (tuning fork), incline; Si, poly-Si, SiO2,
mass, bridge Filter: acoustic, RF Si3N4, metals
Piezoresistor Sensor: strain, pressure Doped poly-Si
Capacitor, Sensor: pressure, velocity, microphone; Si, Metals
diaphram or comb | acyator: electrostatic movement, switching
Piezoelectric Sensor: Voltage without power, position PZzT, Al 203
film Actuator: St rain or vibrate Wwithout @movli
Optical Sensor: diffraction, interference Al, Au, Si
Actuator: mirror array, steering mirror, opt switch

SAW, FBAR Filter: RF, microwave LINbO3, Al203, AIN
Gears Actuator: gear-up or gear-down Poly-Si
Capillary Fluid motion: transport, mix, separation Si, SIO2, polymers
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Optical MEMSs

A Mirrors, mirror arrays
A Fiber optic sensors

A Fiber optic
communications,
connections

A Color filtering

A Retinal sensing aids
A IR cameras /sensors
A Proximity sensors
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Micro-optical devices

A Mirrors, mirror arrays
I Micro-mirrors are well suited to display applications
I Beam size and scanning resolution not critical

A Fiber optic sensors

A Fiber optic communications, connections
A Color filtering

A Tunable optical filters / interferometers

I Chemical analysis Lightbeam ———~=""
I Reflective displays s X
A Retinal sensing aids £ mirror

A IR sensors and cameras, micro-balometer

A Variable Optical Attenuators (VAO) can be employed for
fiber communication optical switching

I More technically challenging than expected
A Beam divergence increases as beam width decreases

A Beam size limits optical scanner resolution
I Barcode reader can require 200um mirror size
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13 TeEXAs
INSTRUMENTS TALP1000B

www ti.com SLBS00G6A —~MOVEMBER 2004—REVISED SEFPTEMEER 2008

Dual-Axis Analog MEMS Pointing Mirror

Check for Samples: TALP1000B

FEATURES APPLICATIONS

» Two Axis, Gimbaled Mirror + Optical Networking

+ 5 Degrees Mechanical Rotation - ROADM (Reconfigurable Optical Add/Drop
. - Multiplexer)

+ QOne Mirror, 9 mm~ in Area

- Channel Monitors
+ Free Space Optical Communication
— OQutdoor Links
- Indoor Links (Readily Reconfigurable)
- At Trade Shows
- On Production Floors

» Electromagnetic Actuation
» Low Voltage Operation

* Low Optical Insertion Loss (>95% Reflectivity,
>5 m Radius of Curvature)

+ High Precision Position Feedback (13-Bit

R\_ESOILI'IIOH} . . — In an Office Area From Cubicle to Hubs
* High Performance (<5 ms Switch Time) - In Home Theater From Entertainment
* High Reliability Center to Wall-Mounted HDTV
*» Cost Effective Solution +  Optical Alignment
+ Simple Drive Requirements - Tilt Angle Linear — Precise Light Steering and Control

with Applied Current + General Laser Steering that Requires a Large
+  Windowless Package — Allows Use in Multiple (3 mm) Mirror

Light Steering Applications - LADAR (Laser Detection and Ranging)

Object Detection

DESCRIPTION

The TALP1000B is a high-performance micromirror designed for use in multiple light steering applications. The
large 2-axis micromirror is constructed of single crystal silicon, which has no grain boundaries and is virtually
defect free. This produces a hinge with no work hardening and gives the TALP1000B superior reliability
characteristics. The gold coated optically active surface of the TALP1000B provides excellent reflectivity in the
700 nm —10 um wavelength range. The mirror's large size, large radius of curvature and high reflectivity make it
easy to incorporate into many optical designs.

The electromagnetic drive of the TALP1000B allows low voltage and low-power actuation. The mirror can be
driven using an analog drive resulting in precise pointing resolution over the entire range of motion. Each rotation
axis of the device is individually and independently actuated.

Integrated position feedback on the TALP1000B is optical based and provides greater than 13 bit pointing
precision. Additionally, the position feedback can be used in conjunction with a servo loop to achieve <5
millisecond point-to-point switch times.

The ceramic circuit board base provides a mechanically rigid design, and the three point mounting interface
allows precise and repeatable assembly into system hardware. The compact size of the TALP1000B is ideal for
systems with small footprint requirements.
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Ex: Commercial MEMS Mirrors

http://focus.ti.com/pdfs/dlpdmd/107_DLP_MEMS_Overview.pdf
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