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MEMS (= MicroElectroMechanical Systems)

Cost effective technology to fabricate large number of small components processed on silicon
wafer using integrated circuit production facilities

Benefits of MEMS are:

small size

low cost

low power consumption
integration with electronics
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MEMS is established technology

MEMS Market Forecast (MUSS)
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MEMS sensor potential in Smart Grid applications

» PD detection in power transformers

» PD detection in HV cable joints

 Line fault indicator for DC power lines

* Power meter

» Electrostatic Field Measurement

» High Power Switches

» Self Powered MEMS module for Smart Grid
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PD detection with AE

= Acoustic Emission (AE) is a known Different AE MEMS prototypes
method for partial discharge detection .

= Current sensors are based on piezo
technology -> expensive, fatique, etc.

= VTT has developed a new MEMS <MD o
based AE sensor mountable OEM module

_ component
= MEMS AE sensor is
« Affordable
e Low power consumption
 Small size
= Optimal for

= Wireless applications (autonomous
sensor nodes)

= Product integration (auto diagnostics, 1 'aditional
smart machines) sensor head Wireless sensor including

= Application, see next slides processing software
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PD detection in power transformers by AE sensor

= Diagnostics of high voltage insulating
systems

= Partial discharges (PD) deteriorate the
insulation

= Advantages of AE detection
= On-line method
= Susceptibility to external disturbances

= Location of PD possible when at least
3 sensors used

= Classification of PD harmfulness by
frequency analysis [6]
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PD Detection of HV Cable Joints with AE

= Defects within polymeric insulation

and cable joints can lead to PD papch ’2;/”1"“""1"“”" PR siress cons
activity [7] otz |
= Advantages of AE detection it
= On-line method u AFeT <
= Susceptibility to external vansiomer |
disturbances sotnclor

= No galvanic contact needed

oscilloscopa
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Line fault indicator for DC power lines

= VTT has developed a fault current indicator for

20 kV

= The current measurement based a coll
magnetometer

= No battery changes needed because harvests
operating energy from the power line using a
current clamp

= Radio communication provides flexibility and
electrical isolation

= Status: lab tests ok, field tests spring 2012
= Similar kind of indicator could be also
implemented for DC lines using magnetometer
= Typical method for HVDC current measurement
Is to use a shunt transducer and transmit data
and supply power optically [9]
= VTT has MEMS magnetometer
= Based on Lorenz force
= Small, low power, stable
» [nfrequent need for recalibration, no creep
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Power meter

= VTT MEMS magnetometer has
been demonstrated to measure 50
Hz active power [8]

= current coupling is magnetic and
voltage coupling is galvanic

= the output is proportional to their
product (~power)

= Power measurement with MEMS
enables small size and

: u
autonomous operation — D Feedback '°°pl
= These sensors could be planted in ,>_, . Ref. in
' in - Lock-in RMS
every household device Sw. mod. MEMS r-D-» R amoitior ] veter
UB -1 Uout

l"|50HZ """ q> """ @ i50HZ
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Electrostatic Field Measurement

s
LS P

. i oy [e—— ¥
= MEMS enables accurate Electrostatic - || s=n= e AAA oVop
field measurement without bulky anctics | =
sensor electrodes [1, 2] | smuter Vem
= A resonating plate with a hole (shutter) 13| T
moves over two sensing electrodes v ¢\év\ o Vom
F

= The shutter blocks the electric field
lines and due to its movement
differential displacement current is
generated to the electrodes

= A nonlinearity of 20 V/m over a range
of 700 kV/m has been demonstrated

= A noise floor of 4 V/m/vHz was also
reached
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High Power Switches

= MEMS switches are smaller and faster than < Parallel strings _,
conventional relays and can handle higher
power densities than solid state switches [3]

= A matrix of small switches in series and in @
parallel enable high voltages and currents

= 4x4 arrays have been demonstrated [3,4] e

= Actuation can be electrostatic, magnetic or
pneumatic [3,4]

= A single switch can have 300-V insulation
strength and 400-mA current handling
capability [4]

= On- an off-resistances are 50 mQ and 30 MQ

[4]
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Self Powered MEMS module for Smart Grid

MEMS AC energy
scavenger

= Self powered module measures current and Q
transmits results with radio [5] \\,/’

= Current is measured with a MEMS i
component which has a piezo-coated EMS current
cantilever (AIN) and a printed micro magnet

on its tip

= Linearity is good (R? >0.99) and sensitivity is S
=1 mV/A in a range of 0-20 Agys

= Energy is scavenged from the ac line with a
macro scale device, however a MEMS i
scavenger is under design

= The MEMS scavenger will have a permanent
NdFeB-magnet mounted on a spring, which
is piezo covered (AIN or PZT)

Mesoscale AC energy
scavenger

1.5cm
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What VTT can do for you:

Company need ™ Research and fabrication ™ Product prototype

» Feasibility study * Modelling and simulation = Contract manufacturing
» Specifications * Prototype design and = Ramp up production
= IPR manufacturing = Technology transfer
= Test setup development, test = Licensing
measurements

» Interface electronics design
and implementation
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Micro- and nanotechnology center Micronova

. Largest research clean room
facility in Northern Europe,
class 10-100, 2600 m2
" 150 mm Si-process (mostly)
. CMOS-line, 0.6 um linewidth
" More than 15 years of experience
in MEMS design, manufacturing,
electronics and testing s
|

Small scale production of several
SOl based sensors
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VTT Memsfab Oy
Contract manufacturing services

A company founded within VTT group Jan 2011
Seamless transition form research to production
Provides contract manufacturing services

Piloting and ramp-up

Yearly volumes < 1M pcs

Technology transfer to high-volume manufacturers

High-volume
foundry
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Reference projects

VTT has been a forerunner in developing low

noise and temperature stable resonators since
1999.

VTT has a world record in MEMS sensor
stability. Measured stability of the ac voltage
reference was 2 ppm over one month.

B 1o e based VTT has invented a low cost flow meter based

on ultrasound. Differential detection method
eliminates errors due to contamination for
example.

MEMS-based
ultrasound transmitter
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References

John Kao, Innovation Nation:

Otaniemi has also become a world leader in research into
micro-electromechanical systems (MEMS), a technology that
combines computers with tiny mechanical sensors, valves,
gears, mirrors, and actuators embedded in semiconductor
chips. For example, MEMS enable the clever Nintendo Wii
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