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STAGE 3
STAGE 2
| LARGE EEPROMS
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1. ASAE AMY XY 3 HBAILE

CE 1) AEAE A A L HEAsy

SENSOR Detection Object Application
BODY OSCILLATION sC
BODY VERTICAL ACCELERATION sC
ACCELERATION BODY HORIZONTAL ACCEL sC
CRASH DETECTION SF
KNOCK DETECTION PC
ANGLE STEERING POSITION §S-SC
CHARGE BATTERY CHARGE STATUS PC-ISC
CO OP SMELL AIR QUALITY ACS-ISC
DIRECTION NAVIGATION NS-ISC
METHANOL IN FUEL PC
FUEL COMPOSITION LW ATER IN FUEL ISe
HEIGHT SUSPENSION HEIGHT SC
ICE PRESENCE OF ICE ON ROAD ISC-SF
INCLINATION | BODY TRIM SC-BC
INERTIAL | NAVIGATION N
INTRUSION | ANTITHEFT PROTECTION SF
ABS OIL BC-ISC
BRAKES LIQUID BC-1SC
COOLING LIQUID PC-ISC
ENGINE OIL PC-ISC
LEVEL FULL PC-ISC
GEAR OIL PC-ISC
WINDSHIELD LIQUID ISC
HEADLIGHT CLEAING LIQUID IsC
SERVOBRAKE LIQUID ISC
ENGINE INTAKE AIR PC
MASS FLOW TREATED AIR ACS
FUEL PC-ISC
' REAR OBSTACLE DETECTION SF-1SC
OBSTACLE | WINDOW INTRUSION SF
OIL STATUS | ENGINE OIL CONDITION ISC
OXYGEN | EXHAUST GAS COMPOSITION PC
. ACCELERATOR PEDAL PC-ISC
BUTTERFLY PC-ISC
CRANKSHAFT PC
POSITION CAM SHAFT PC
MIRRORS IsC
SEATS ISC
WHEELS SC-S$
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AIR, BAROMETRIC PC-ISC
AIR, INTAKE MANIFOLD PC-ISC
AIR, DAMPERS SC-ISC
AIR, TIRES SF-BS-ISC
CYLINDERS PC
FREON ACS
PRESSURE FUEL PC
GAS, E. G. R. PC
OIL, ABS BS
OIL, BRAKES BS
OIL, DAMPERS SC
OIL, ENGINE PC-ISC
OIL, GEAR PC-ISC
RADAR OBSTACLE DETECTION NS-SF
RAIN INTENSITY OF THE RAIN SF
PROFILE ROAD PROFILE/CONDITIONS sC
ENGINE R. P. M. PC-1SC
SPEED/POSITION WHEEL R. P. M. BC-ISC
STEERING SPEED SC-SS
TWILIGHT EXTERNAL LIGHT INTENS. SF-ISC
SOLAR RADIATION IN PASSENGER
RADIATION COMPARTMENT ACS
START OF COMBUSTION | S.O.C. INSIDE CYLINDERS
AIR, EXTERNAL PC
AIR, INTERNAL PC-1SC
AIR, TREATED PC-ISC
BATTERY ACS
EXHAUST GASES PC-SF
EXHAUST RECIRCULATED GAS PC
TEMPERATURE FUEL pe
GEAR OIL PC-ISC
HEAT EXCHANGER PC
ENGINE OIL PC-ISC
SEATS ISC
TIRES SF-ISC
ENGINE TORQUE PC
TORQUE STEERING TORQUE SC-SS
HUMIDITY INTERNAL/EXTERNAL ACS-1SC
VOICE RECONNAISANCE | VOICE ISC

ACS=Air Conditioning System,BC=Break Control, BS=Breaking System, [SC=Information System &
Commodities, NS=Navigation System, PC=Powertrain Control, SC=Suspention Control, SF=Safety

Features, SS=Steering System
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2. QFEAIAGOIMS) MEMS 714 X8 &Y ¥ BY
{# 2> Applications of MEMS Safety Group  Source: Roger Grace Associates
Application Sensor Structure Status MEMS Opportunity
Antilock Steering Production Low
Braking/ Position/ Production Low
Vehicle Wheel
Dynamics/ Rotation/ Production Low
Suspension Pressure Ltd. Production Med
Valve Future Low
Acceleration Limited Prod. High
Rate Limited Prod. High
Displacement Limited Prod. Low
Air bag Acceleration Production High
Actuation Frontal impact
Pressure
{Canister) Future Med
Displacement Limited Prod. Low
Side-impact ’
Pressure Future Med
Acceleration Limited Prod. High
(Side impact)
Seat Presence/
Occupancy Force Limited Prod. Low
Displacement Limited Prod. Low
Object Presence/ Limited Prod. Low
Avoidance Displacement Future |
Navigation Yaw Rate/Gyro Limited Prod. High
Navigation Wheel Rot’'n Limited Prod. Low

3. ott/Eel /ot ARol el MEMS J|&2] HE &g ¥ Mat

(I 3> Applications of MEMS : Comfort, Convenience and Security Group

Source . Roger Grace Associates

Application Function Status MEMS Opportunity
Seat Presence Limited Prod. Low
Control V.alve Future Med
Displacement Future Low
Mass Air Flow Future Low
Climate Temperature Production Low
Humidity Future Low
Air Quality Future High
Pressure Production High
Temperature Production Low
Compressor Proximity Limited Prod. Low
Control Motion Limited Prod. Low
Security Vibration Limited Prod. Low
Displacement Limited Prod. Low
Keyless Entry Limited Prod. Low
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4. Engine/Drive Train 20fflAe] MEMS 7|2 M &gt Y H

(& 4> Applications of MEMS : Engine/Drive Train

C

Source : Roger Grace Associates

Application J Function { Status I MEMS Opportunity
Digital Engine Control
Fuel Level j Production I Low
Cylinder Pressure Future Low
Nanifold (MAP) Pressure Production High
Barometric Pressure Production High
Eng Knock Vibration Limited Prod. Low
Mass Airflow Flow Production Med
Exhaust Gas Analysis Production Low
Crankshaft Position Major Prod Low
Camshaft Position Limited Prod. Low
Throttle Position Limited Prod. Low
EGR Pressure Production. High
Fuel Pump Pressure Limited Prod. High
Continuously Variable Transmission
Temperature Future Low
Pressure Future High
Microvalve Future Low
Fuel Injection Pressure Limited Prod. High
Nozzle Limited Prod. High
Diesel Turbo Boost Pressure Limited Prod. High

5. Mgk & FUEZA|A M MEMS 7&2] H8 38 o JHY

{F 5) Applications of MEMS : Vehicle Diagnostics/Monitoring

Source . Roger Grace Associates

Application Function Status MEMS Opportunity
Coolant Temp Production Low
System Quality Future High

Level Limited Prod Low

Tire Pressure Pressure Limited Prod High
Engine Oil Pressure Production High
Level Production Low

Future Med

Quality Future Med

Brake Pressure Limited Prod High
System Level Future Low
Trans Fluid Pressure Limited Prod High
Level Future Low

Quality Future Med

Fuel Pressure Future High
System Level Future Low
Pressure (EVAP) Limited Prod High

Vehicle Speed Velocity Production Low
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Iv. MM diMo XE HE W MW Al

HHEA] Al Agsle WA AHERE ARA)
o} = x (Manifold Absolute Pressure
sensor) A FE] AJxtE|Qfom qlzlAo] A 2g)
(4™, #%), ABS A" UEE, 445),
Traction A28 (IEE), FaA0 Al2=9 (Z
&5, 7HEE), el A"l (AER}el2)
£ 59 rEAXe AT P AR
S FAslL 3 T BAAAA, K5 - KA
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<Two-chip>

1970 1960 ~ 4990 200 2010

o slicon "
gy EPOXY T M ehon :
BOWD > 7 2 soww -
j )
Pagd N\
o GLASS P —— ! g
METAL gicon METAL Qﬁuegip SKUCDH FRITBOND BOND PYRER i 70 5 gond

M! Mechanlical }DD Laser Trimming Resistor ﬂDf Digital Cal./Comp. ]

NTC mmﬂiﬂm‘ ThickiThin Film Resistor SWR.C, ADCIDAC
Méch. Tﬂmmsr ‘Metal Fuse Trimming DEPIMCU confrol -

EEPROM

Low Qost

B U R T BIPOMHC
‘ T s SIOS 10

SILICON SENSOR B LOW COST B HIGH ACCURACY  <omim>

(3R 4> whea AR e B

Silicon Micromachine

Pressitre sensors

{b) Locas NovaSensorrte] ¥hxA] oF2laix
{18l B> MEMS 7150 ols] Az2he o ae) g A

Hild S8 A2 WM diAls] $18 9A Ab g g A 6~7 Hxo] AHAXTE ALS
of ¢k lvh, 2delr B wie} o] 5 A o dErked o433 Atk

{346 )



20014F 3R BT THEE $284% £33 89

{H# 6) Pressure Sensing Requirements for Various Vehicle Systems

Source: Automotive Electronics handbook

System Parameter Pressure range Type
Manifold absolute pressure 100 kPa Absolute
Turbo boost pressure 200 kPa Absolute
Barometric pressure (altitude) 100 kPa Absolute
EGR pressure 7.5 psi-450 kPa Gage
Engi trol Fuel pressure 15 Psi-450 kPa Gage
ngine contro Fuel vapor pressure 15 in H20 Gage
Mass air flow Differential
Combustion pressure 100Bar, 16.7Mpa | Differential
Exhaust gas pressure 100 kPa Gage
Secondary air pressure 100 kPa Gage !
l(ect t'ransmxlssi(,)nr. bl Transmission oil pressure 80 Psi Gage
con muo'us.y anabvle & yacuum modulation 100 kPa Absolute
transmission)
Idle speed control AC clutch sensor/switch 300-500 Psi Absolute
€ speed contro Power steering pressure 500 Psi Absolute
Elect power steering . .
(also elect assisted) Hydraulic pressure 500 Psi Absolute
Antiskid brakes/ Brake pressure 500 Psi Absolute
traction control Fluid level 12 in H,0 Gage
- Air bags Bag pressure 7.5 Psi Gage
Suspension Pneumatic spring pressure 1 MPa Absolute
Security/keyless entry | Passenger compartment pressure | 100 kPa Absolute
HVAC (climate control) | Air flow (PC) Compressor pressure | 300-500 Psi Absolute
oil pressure 80 Psi Gage
Fuel level 15 in H20 Gage
Oil lever 15 in HO Gage
Coolant pressure 200 kPa Gage
Driver information Coolant level 24 in H20 Gage
Windshield washer level 12 in H:0 \ Gage
Transmission oil level 12 in H20 i Gage
Tire pressure 50 Psi Gage/absolute
Battery fluid level 1-2 in below Optical
Memory seat Lumbar pressure 7.5 Psi Gage
Multiplex/diagnostics | Multiple usage of sensors

2. 75T M

TR 7MEEAN Ve Fele] EyE vt
A FAH7E HejZe] g 71AH 4 (F
A, AEA, BAddHA, ) Zeke
3 VHTRES Aztsle vlo|aEmA YY)

=3 I Aolnt. wiA FA7]|e] whela
2rAY7IeE JEFoEN dBAAt] 93t
gL, MiAdErls, AEe ¢dd, FEE
HEAe WA= Qrbdo] FE T FUT o]
H Aol vHTFEER dAs 2] st A4
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THROUGHE HOLE T
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(MAP, Fuel Injection, Fuel Pump, Engine
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& Bt Yok
7 E Al A 9
(piezoresistive type) A48 (piezoelectric
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3t RS R vlEshe AEHsE ARshE W

BAGAE A G



20014 3B MTFIS@ik £2848 B3 91

Aoz A &R FHo] TPssl AEAe
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B =L Fele] Aoz A7 Has 51%1
11 F o] &% FFo] o1 = NERE E
ol wlg- FE9sl}. A& B, A5 trac-
tion control system, H#lo]= A& 5% §
7RS4, FHAR Sol da AxpAEe] of
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Z], -2 inertial mouse®} & AFE ;|AH

BE So| Itk of go] Wrkwy) 5 PiEol,
7B FANE Fad BEow g
1 grh 1994 AN o] 15012 AEYE
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o2 el U olAL Yo A% T A

2 gEol meh 23Y gul Bee ASEA o %3t ols) B Sre] EEe AU
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=& FA3 R8T 2E sHoEAME B2 1 de] RgEA g Adx 21 gdo) g}
{# 7> New applications of angular velocity sensor
Area Requirement Application Range Accuracy
utomotiv reliable, inexpensive, active suspension 50°/sec 2°/sec
a orfnt € long life time, anti-skid 100°/sec 2°/sec
satety rough environment airbags 200°/sec 10°/sec
mexpgnsn{e, small, anti-jitter compensation 50°/sec 0.5°/sec
consumer long life time, L o o
. navigation 50°/sec 0.5%/sec
low power consumption
reliable. small machine control 10°/sec 0.01°/sec
industrial rough e,nviron;nent robotics 10°/sec 0.01°/sec
g attitude control 20°/sec 0.02°/sec
. wheel chairs 50°/sec 0.2°/sec
] reliable, small, . . o o
medical low power consumption surgical instruments 20°/sec 0.1°/sec
P p vibration diagnostics 50°/sec 0.5%/sec
. reliable, small, new weapon systems — —
military . ..
rough environment smart ammunition e -
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