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Roll-over sensor

Smart rear-view mirror
Seat occupant detector

Accelerometers for front airbags

Oil level sensor
Qil quality sensor _.
Distance warning radar
Headiamp- f.
levelling v
device X Suspension
acceleration sensor

Seat memory
Sensor for side airbag
Tilt sensor/interior protection

Wheel speed sensors for ABS
Tire pressure sensors
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Stored gas for air bags

HVAC-fluid pressure

Engine-oil pressure

ABS brake-line pressure

Fuel-injection pressure Transmission-fluid pressure
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Application Measurement type Range, kg/h Accuracy, %

Intake air Mass 10~1000 +4

Fuel flow Mass/vol. 1~66 10

EGR flow Mass 30~100 +10

Air pump flow Vol. 50 +20
Fuel flow Mass/vol. 1~66 +4

144 EP&C 9. 2001



o B, 55 el e
2578 et BYxd AF 5
ZHdlo] frErle AEdet], B
frErlddM s 2e 27t Bty slo]
&0l olel 1, FUHE 3719 5F
o Aol= 54 M7t ol Ads
A o

—

S, 0

O

flo

>~
e

il

2-3. 5 U IS8T MM

AFAt oA & AA Y] 75
I & 547 Y S o=
FEE F ot I S S
A &= ZYEFY, ABS(antilock
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Sensor

Applications

Speed
Rotation

Speed :
) Acceleration
Linear

) ) Angular
Vibration ;
Rotation

Air bag deployment

*

Ride control

ABS

Engine control

L IR 2R SRR 4

Transmission

4 wheel drive

All wheel steering

L K AR AR R R 4

Engine vibration

Cruise control

Seat belts

Power steering assist

Traction(ABS)

Collision avoidance

Obstacle detection

Inertial navigation
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Angular
Rotation

Vibration

Acceleration

Speed

Linear

Speed
Rotation

Measurand

Sensing

technique

Mechanical

Piezoelectric

Piezoresistive

Capacitive

Optical

Infrared

Radar

Laser

Ultrasonic

Hall effect

Variable reluctance

Magnetoresistive
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MEMS (microelectromechanical
systems)® MST(microsystem
technology) = 19799 %4 MAP
(manifold absolute pressure) Al
£ Fojol 4549 A Al F2
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Environmental Practices for

Electronic Equipment Design il 4~

NEAE MM 7l 24

Polysilicon

Sacrificial Oxide

Ozl 9. M2|1E EH 0/ 7132 0|88 Cl2d M2|12 724

Ficed =~
Outer
Plates

/

Tether

ProorMass
(Beam)

Anchors

Applied
Acceleration

Beam Motion
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J8 12. Gyroscope & CHEN AE|E FXH Q| 2

§ Aobd  ohjel, 4 15 53¢

Perkin Elmer Applied

~ Micromachined Transducer | 1% =33}, 341 512 W32 913

Biosystems Applications for Automotive = o) 215 2~ o =
Inertial Navigation Sensors Operation & Safety ‘5‘§]' 7HLD:]€ }\E] ‘_Zg_- T N]\‘:]' 019’]' 6&!—7}“
Acceleration
S 2 3] ol Algl=o
Sicony Ya‘w Rate nﬁicmlmachined Airbag ‘ézﬁ = gl'tlﬂoi AT EE] \_‘4 ﬁxlk
ilicon Nozzles ccelaromotor Side Impact
for Fuel Injection for Airbag ‘seenrggf 7 ] 7413'-], %"*é, 1IC (integl" ated circuit)
Microphones o 5 ol E =] 2
Pressure JJorNoise. 0| Sersors = 242 3ok 53] AEAk
Sensor
Vapor Pressure = = =] =
WA FA7E 7453 AHe] ne

wlol 2R Z2 AN} B840] 9 3
= 50sm Crash _
Air Conditioning g 23l A zA AgE MEMS/MST
Compressor

Toks 870l v Axg it

Manifold
Air
Pressure
Sensors

Exhaust
Gas

Mass Force Sensors

8
o ;-:_ 1| =A%% A 50g eI el

for Suspension Pressure nd nera I "'-1...__,-"’ 7HE AIMEL Analog Devices,

Breting Cortel GM/Delco, Motorola, Ford/Visteon

a8 13, XSRS MEMS/MST MIA AlAg) 9 "= A=, Sensonor
(Norway) & HI&3 &34 3ALE,

FHo] v} ofgd, AFE BES AR NFE BE A T8 122 Nippondensod H|FEE UE
M2 Bds FFA7| QrF gl o] ZFofof gt} ofelet eE FEHA IAEd o3 AEHeE FEE A
S35 dd FEE= 9 1008 ) 2 S 8le 71eo] MEMS/MSTo|th ofth. FHHL = 7R AA 9] 7
oY thiFe.r AitE|ojof gt A MEMS/MSTE A&t 685 95t - tiRE A9} 23 A 7es &
A BEL 109/150,000mH49] 7 of wig- Heed], 42 T Ssted A AFE F de HE A FHoln,
TR A7) 23S A FFA T4 SO AAE FCE A7k Analog Devicestt @9 3 221 7Y
Aok sir], ARA 0w I8 FE A IFT FUeH, & ke W Axskn Yed e IANER
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E 5. MEMS/MSTS 28 AJAH SE=

3,000~5,00088 AxolH, Hx 3
=S 93 A"AR} gl ZoA|
o] Ho} 9% 7t o) thE At
Fol| 7k 7gks] = A9t B, o] & 3
A7) 3 whsEd A2 (semi-
active system)o] /EE 1 gl=tl &
Z $3}7] (shock absorber)& %]
AN, ere] 7R AN 52 ARt
3 3itk o] 7]5& MEMS/MST
Z4jo] u§- A5l Analog Devices,

Breed, 12]2L Motorola 5°| +£2g°|

HAE 2t AN E Sl

1995 =9l Mercedes?t B.g|o] =gt
o] 4L J8f A oY AME
g3lon olF do 7w 245 9%
7 2~

Few A, Ao $4 Ao] (ABS,

1
EYA Ao T)E 98 &= AlA Tl
TAEAT} Bosche] 9 718 24

1 Matsushita®] tuning fork model®]
Tl 714e] & 3048 AER F=2 1
+ 2 (Mercedes S Class, BMW,
Cadillac Sl A& glon, o

Application
(Sensors and actuators)

Status

MEMS/MSTOpportunity

Antilock Braking/Vehicle Dynamics/Suspension
Steering position Production Medium
Wheel rotation Production Medium
Pressure Limited production Medium
Acceleration Limited production High
Valve Future Low
Rate Limited production High
Displacement Limited production Low
Rollover Limited production High
Air-bag Actuation
Acceleration Production High
Pressure canister Future Medium
Pressure (side impact) Limited production Medium
Seat Occupancy/Passenger Position
Presence/force Limited production Medium
Displacement Limited production Medium

Seatbelt Tensioner

Acceleration ‘ Limited production High
Object Avoidance

Presence/displacement ‘ Limited production Medium

Navigation

Yaw rate/gyroscope Limited production High

Wheel rotation Limited production Medium
Road Condition

Optical Future High
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2 el A Az
A (Bosch,
)ol 7+47%
8l =szolt}. C.S.Draper Lab.Z}
GM, Analog Devices, Bosch, 8|2l
BEI &l ¢34 7H T A A
MEMS/MST Z4%
A71AsE i E
o Asak As A AR (CNS: car
navigation system)= GPS(global
positioning system)2} CD-ROM %©]
A= o] o] FoA|H, & - AN, A}
o|RAFX Fo] QTHT} CNSY 7
+ ¢k 2,00088 Hzo AFE=H,
15857 A5 gdiEx 9l
o} MEMS/MST &}l] <J3]

GA < Bolo] FHY
Lucas, Temic, Siemens

Aol Sk $E HLS

AT

o ofnt

Kole)
&5 o

E 6. MEMS/MST2| ot2i-Ha|-Hot A|AH

00

2=

o

900ee] F== 7HAo] HFojd A
o, 71802 5009 A7)
st vk, s At A&
MEMS/MST ¢Fd A2 S-855
Bl &gk},
3-3. QI2}-HE|-Hot A|AH &
oo AYMY A2 (air con-
ditioning system)9] FZ# A =
=30 MEMS/MSTV} 2 #8494
o, o] 9l¢] <tet-He]-Het Fofo
o] 7|5 A4 98l Measurement
Specialties, Texas Instruments,

Fasco, Keller 5°| =33} 9\1‘:}

[T

FH

3-4. AF-TE AlAH S8

A7 <R Aole VY Fag
©2 MEMS/MSTe] 2 ¢ o}
g Aoz BRIt} Deleo2t Motorolas
= 99tk 7] MAP(manifold absolute

pressure) AIAE Aiketa o,

(hot-wire anemometer) 44} 0]
bi=3 1995L1}E°ﬂ Bosch7} MEMS/
MSTE o] &3t gty a8 At
om 1A% 3'% Brkska 4

Application

(Sensors and actuators)

Status

MEMS/MSTOpportunity

Seat Control

Pressure Limited production Low
Valve Future Medium
Displacement Future Low
Climate
Mass air flow Future Low
Temperature Production Low
Humidity Limited production Low
Air quality Future High
Compressor Control
Pressure Production High
Temperature Production Low
Security
Proximity Limited production Low
Motion Limited production Medium
Vibration Limited production Medium
Displacement Limited production Low
Keyless entry Limited production Low
Tilt Limited production High
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MEMS/MST &-& &2 oo ¢
Htel 249 £27h m$- Eol P Sensor Solutions, SSI Technologies & REYE Holt} ¢kdAlY) A8 &
AU Fafolw] AA7E AEE3 9 5ol MEMS/MST &7} 345 37 & S7MI7I7] 18] Elolojhs A
o} Ford®} Chryslerd] Alz=glofl= ] afa gich o]k 3P|, A& F0& =  opA fiRlske Aol vtEA] Fasin,
717k A (EGR : exhausted & 5% 1% MEMS/MSTE ©]83t o] HAARE AT £ e 2 A~
gas recirculation) Fgo] WLFE),  FaY HESo| Ford Sl 93l AT #S0] AEm gk eololgte] A
AAAE Kavlicod) A2 3¢ A2sa dek A5 A2/ T5 A2 9 olE 59 24 9 74
g A7 Agshd, & MEMS/  Alzgld lojA] MEMS/MSTS] & 7]5S zte Alzglo] 3% A&shd
E 7. MEMS/MSTY| AIXl / 71§ A|AH S8
Application Function(Sensors) Status MEMS/MST
Opportunity
Digital Engine Control
Fuel Level Production Low
Cylinder Pressure Future Low
Manifold(MAP) Pressure Production High
Barometric Pressure Production High
Engine knock Vibration Production Medium
Air mass flow Flow Limited production Medium
Exhaust Gas analysis Production Low
Crank shaft Position Production Medium
Cam shaft Position Limited production Medium
Throttle Position Limited production Medium
EGR Position Production High
Fuel Pump Position Future High
Torque Torque Limited production Medium
Continuously Variable Transmission
Temperature Future Low
Pressure Limited production High
Microvalve Future Low
Fuel Injection
Pressure Limited production High
Nozzle Limited production High
Diesel Turbo Boost
Pressure Limited production High
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E 8. MEMS/MSTS| &2 ZiH / DLE{Z AJAH S8

Application(Sensors)

Status

MEMS/MST Opportunity

Coolant System

Temperature Production Low
Level Limited production Low
Tire
Pressure Production High
Engine Oil

Pressure Production High

Level Production Low

Contamination Limited production Medium

Brake System
Pressure Limited production High
Level Future Low
Transmission Fluid
Pressure Limited production High
Level Future Low
Fuel System

Pressure Limited production High

Level Future Low

Pressure(Vapor) Limited production High

Vehicle Speed

Velocity ‘ Production Medium
Ao, o] A AMSo] Lucas  ®3A WF-E ZUEse] 95 ¢ AFA &8 F Aeat] da A
NovaSensor, Motorola, 28l 3} ##3 doe}E Algd Best 9l 2=3@ut ¥4 14 52 Ed=
Sensonor 5ol &fste] 7= 1 $irt. oAb Ad/RUEY Al 2E 3-89
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