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The National Science Foundation
Industry/University Cooperative Research Center on MEMS

‘BSAC conducts industry-relevant, interdisciplinary research on micro-
and nano-scale sensors, moving mechanical elements, microfluidics,
materials, and processes, and systems that take advantage of progress
from integrated circuit, networking, bio, and polymer technologies.”..
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« ‘“Harsh environment” includes extremes of pressure, temperature,
shock, radiation and chemical attack.




Geothermal Energy
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Hot stuff Heat Turtyine
How engineered geothermal exchanger
systems work

b |-I"' :| . b
i () : = =
Ground level S o

AN
R

1. Cold water is pumped under pressure
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Sources: Geodynamics; The Economist
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List of Geothermal Power Plants in Japan sAps:;)no
Mori Ohnuma Sumikawa
Matsukawa Kakkonda Uenotai
Onikobe Yanaizu—Nishiyama Hachyo— Jima
Suginoi Takigami Ohdake
|Hatchobaru .Ohglri |Kirishima—kokusai
Hotel

Yamagawa Kuju
Source:

http://wwwsoc.nii.ac.jp/grsj/geothermalinJ/Re
s&PP/P_Plant/main121.html
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Sensor Cluster in the Ground
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Self-powered, Wireless,
Multi-Chip Sensing Module

SiC/AIN Scavenging
Power Source

ﬁ __.i
Production Well= e _~~="injection Well
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SiC/AIN Harsh il AIN RF Telemetry
Environment Sensors Efficient, Clean & Smart Components

Geothermal Energy Systems
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Cluster Sensor in the Ground
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Sensitivity SiC Characterization
Pressure Sensor . :
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Temperature
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Enhanced
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SiC Materials
Development and
Characterization

—

Ultra Low Cross Axis
Sensitivity
Ultra-Stable Accelerometer
Temperature
Sensor

High Accuracy
Erosion/Corrosion

High Temperature

Sensor Bonding and
Interconnect
Gas
Turbine AN Eneray

Scavenging Diaphragm

Blade



« Combustion chamber temperature

« Combustion chamber pressure
» Manifold absolute pressure
* Mass air flow sensor
* Oxygen sensor

» Exhaust NO, sensor

« Steering wheel angle sensor
* Front airbag accelerometer
* Steering circuit oil pressure
* Brake circuit oil pressure

* Pressure sensors

- Accelerometer array Transmission torque

* Halfshaft torque

» Angular rate (roll over)

» Chasses tilt sensor

» Wheel speed rate (ABS)
» Wheel torque sensor
* Active suspension se

* Airbag accelerometers
« Air quality filtration sensor
* Rain sensor :
» Passenger temperature
* Pedal position sensor
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MEMS Strain

D\ COTS RF Transceiver il M iy a1
« MEMS Sensor on Wheel <+« MEMS Sensor on Shock

Communicates via RF to Tower Measures Vertical

Transceiver on Chassis Forces On Chassis fog#5
DSC Application
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Sensor Cluster in the Tire
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Grooves

Sensor Types:
Strain Sensors
Pressure Sensors
Accelerometers

Bead Challers
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3-Point Array of Sensors



Molding & Vulcanization H“aﬂ
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« 4 embedded samples
After molding e 5x5mm?2 each

« Array of SiC Zener diodes
— Survivability test

« Sijsubstrate covered with
SiO2/SiC

— Delamination test

Embedded samples

e Two Si substrates
— Bare Si

‘ mu — Si+ Ni (2nm)
==

: — —> Sample/rubber
After samples retrieval adhesion /

12



Cluster Sensor In the Auto Engine BSbj

Harsh Environment Sensor Cluster

Test Fixture for signal collection.
There are two die attachment
methods:

1)Simultaneous Electrical and
Mechanical Attachment via Ni
Resbond with Auxiliary Mechanical
Attachment via Ceramic Adhesive

2)Separate Electrical and
Mechanical Attachment via
Ceramic Adhesive for Mechanical
and Aluminum Wire Bonds for
Electrical

Ni iiesbond
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1 cm? fired Ceramic shield to
Electrodes alumina substrate protect wire leads

+
r — —
Flame front \ I I —— Baltery , 1
5 % - —— 1
I , Ay . 1 20 24 2
2% : vy — U_ion :
k | B- ' T, ry ‘ PR g

Bias voltage -> leakage current ->
ion concentration detection

Controlled Methane

Sintered Pt electrodes : e
flame jet diffusion flame

(Imm wide, 1Imm gap)

Prototype fabricated and tested:

- Platinum ink on alumina substrate

- Preliminary tests show geometry has good sensitivity
to flames

Next steps:

- Production via MEMS or microprinting technology

srem ek T men - Design and construction of test chamber
5.5V peak signal (from 120V bias

voltage). Expecting < 0.010V resolution.

XES0.000 13 S50 T _u
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H Operation: &N\
LandSI 'de Sensor ROd concept Each segment of the sensor rod is equipped with a sensor cluster bonded

to the outside of the rod and a small frontend circuit inside the rod.

nstallation:

he sensor rod is driven into the ground
y conventional, hydraulic ground driving A brief pull on the sensor
thods that are fast and cost-efficient. rod finalizes the

el

|
. The combined data from all sensor
. [ |

clusters gives a complete picture
of the ground conditions and the
likelihood of an impending

landslide.

sensor cluster
provides angle and
acceleration data for the
individual segment as well
as humidity and pH of the
surrounding soil.

The joints allow the individual
segments to move independently.

The axial pull
engages the
anchor at the|

end of the
sensor rod to|
secure the rod
in the ground.

Any ground movement can be
maonitored with high horizontal and
vertical resolution and accuracy.

The joints between

pecifieal y designed individual segments
uggve the large of the sensor rod are
ock forces from freed simultaneously

the installation. by the axial pull.
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I Talk of the town

How smart structures work
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g
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16 Figure from The Economist Magazine



Sensor Cluster Prototype
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« Temperature sensor is resistive type
(resistance changes linearly with Exam P le of
temperature) e of Placement

« Sensor size can be very small Example o Note: This is a schematic figure.
(e.g. 200 pm x 200 pm) Sensor The actual design of the prototype

. Many temperature sensors can be | chip will be submitted later.

placed on the sensor cluster chip
» Linearity is very good for
Molybdenum in the required

temperature range
sésee aranh bheiow)

0 + L
25 }
20
15
10

Resistivity (p02-cm)
-

0 250 500 750 1000
Temperature (°C)
17 Source: www.elmettechnologies.com




Pre-Prototype Design ;li_‘
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4.93 mm

n|L_.|T“TF." L I |
mum 2-AXISs Accelerometer
Jgﬂ L%ﬁ

? T
|

4.43 mm

Integrated components’
« 2-axis accelerometer
« Vacuum pressure gauge
« Strain sensor

« Temperature sensor

18
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Pre-Prototype Results
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DETF Sensing Elements

£

4 -
45 .
e v

Fabian Goericke  EHT = 500kV Brightness = 51.1% N =1 100 pm
Date :2 Sep 2012 WD = 7.9mm  Contrast= 40.5 % Scan Speed = 11, |
Time :19:57:07  Mag= 183X Noise Reduction = Line Avg

r/ 7 7
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Pre-Prototype Results
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Fabian Goericke  EHT = 5.00kV Brightness = 483 % N =1
Date :2 Sep 2012 WD = 1.9mm  Contrast = 39.3 % Scan Speed =
Time :19:37:35  Mag= 252X Noise Reduction = Line Avg




AIN Pressure Sensor Design
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Radius, a Thickness, h

Sealed cavity at atmospheric pressuire

Characteristic Equation for Resonance frequency of membrane:
Circular Membrane:
a y y3 "
4 _cge? Y- E
5= 5867 +3.1973 w=922 ’m‘

.................
e,

a = radius, b = thickness, y = deflection, E = Younghs modulus, Ae = effective area of corrugated diaphragm, D = flesural ¥%

Poisson’s ratio, p=specific weight of membrane material.

21
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Sensor Cluster Chip

Solder Layer

Base Chip
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Cluster Prototype Assembly Bsuji-f
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Reference Device Open to Atmosphere on Top and <
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Cluster Prototype Assembly Bs"ji
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Sealed Cavity of Pressure Sensor
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Conclusion B“j
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« Sensor Cluster for
— Energy & Power / Gas Turbine
— Transportation / Automobile Engine
— Landslide Prediction / Built Infrastructure

« Common Fabrication Process
 Many Sensors on One Chip

» Sensor Signal and Packaging
are the Next Challenges

» Seeking Industrial Collaboration
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Thank You!
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