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<HE 11> A w9 danel 2

A B-A| 2] A W& ALK 2H) Zast AA
High-pressure fuel systems Pressure
. ) Returnless fuel Temperature
. Emission Regulations . .
Engine & Fuel Econom Closed loop combustion Combustion
Transmission .y Dual-clutch transmission Speed
CO2 Reduction . . . i
Continuously variable transmission | Positions
Start/Stop Chemical
Angular rate
Pressure
. Electronic stabilit trol (ESC) | Accelerati
Active Safety ‘ ‘ec ronic stability control (ESC) cc‘e‘era ion
Passive Safet Safety Regulations | Airbag Position
Y TPMS Wheel speed
Acceleration
Pressure
Pressure
Cabin Comfort | Fuel Economy Engine Load Management Temperature
Chemical
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Euro3 Euro4 Euro 5 Euro 6
g 060 0060 el
0.120 0.080 Cj=
s ]
o g Aesion
Fane, Gomany . UK s [ Em ] wo
g e T
Japan Japan ‘09 PNLT
United States Tier 0, Bin5
Argentina Euro3
Bz Diese " T
India : “Euro3
Triand - S

European emission standards for passenger cars
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Aol F A gol T4 F7hE ek

ok P ﬂ;:?::;<€# V2

\0 1~1.2bar Power\ ~200 bar 6~1 D5bar | 2o~1 00 bar
/ ~2500 bar \“a'“ 0~200 bar 1.5~10 bar 50~100 bar\

\‘ﬁ \/\ / 05~13bar/i» S
R L AN P 0 \ v 1 |a/

g Ao} &8 EE, ECUEnNgne control unit)ellAl o5 AR E}
25 Alojo] &-83tr] 7 71eA A=TF AdoRtal, HT 2EAlA

g 23l ¢EAMTE A E T QU
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Intake manifold Turbo-boost Exhaust gas
pressure sensor pressure sensor ecirculation (EGR)
(10 to 120 kPa) (10 to 400 kPa) (300 to 600 kPa)

o

2 to 10 MPa gauge for brake pre ol
and power steering oil pressure = =i
l;lTr f"
U === )
ess t i Lm_
ensor (TPMS) i
(150 to 1,000 kPa) i f?l?‘\ Fuel tank pressure
: zensor (FTPS)
§ (-6 to +6 kPa gauge)
(80 to 107 kPa)

Air ﬁlten box Bum.uetuc Diesel particulate
clogging detector pressure sensor detector

(10 to 120 kPa) (60 to 120 kPa) (100 to 300 kPa)

<79 14> AL QFRAA He

= old@ Ane) ECU &
= 15A42 8 AAFZASI0Y A&
W, 2855 5% AAST 5 AN 7% £9A A
9 24EL e Holth Asaje] AeHE dPAAE wEA o
= Astgyen dmAld Aow: 4AFY AT A

(Piezo-resistive Pressure Sensor with Silicon senosn)9} A £33 <

g8, L% = 2 nE Aojo o] H
g

of
1)
N
ofr
o
1
N
N
(i,
o>

—

Al A(Capacitive Ceramic Pressure Sensor)7} At
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71 MUZEE Yo AHFIEE) A5 9 A 3|Hpel o) 37
T A5ee] AT EFPNIE 2] HEiA AREHE
ol

[ (Silicon On Insulator: A=}t 9]

SO
ARk viAd dEEs 7dor 3 HIEA) F2E AREH X

H}
o] A§8%7] Aggon, Bt Aadloln AuPY, W7kl 3

38 & & 9t 540 Utk

y Diaphragm
deflection

= 2
4

Bl R2 RI R4 ARll 4Rt ARIT LR
—

PRESSURE

<% 16> A Qe £E 34 BPAN TAE
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W\

A

Sensor technology 1985 1990 1995 2000 2005 2010 2015

2nd Gen

IC process

Trimming

On-chip functions

al function

A

Fuji Electric’'s pressure sensor technology

<IH 18> 4N 7]e ZER)
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<E 1-2> AsAe] A48 rEan el FRet 54
System Parameter Pressure Range Type
-Manifold absolute pressure 100 kPa Absolute
-Turbo boost pressure 200 kPa Absolute
-Barometric pressure 100 kPa Absolute
-EGR pressure 7.5psi~450kPa Gage
Engine Control -Fuel vapor pressure 15psi~450kPa Gage
-Mass air flow pressure 15 inH20 Differential
-Combustion pressure 100 Bar Differential
-Exhaust gas pressure 16.7 Mpa Gage
-Secondary air pressure 100 kPa Gage
Electronic | -Transmission oil pressure 80 psi Gage
Transmission -Vacuum modulation 100 kPa Absolute
Idle speed | -AC clutch sensor/switch 80 psi Absolute
Control -Power steering pressure 100 kPa Absolute
Electronics ~Hydraulic pressure 300~500psi Absolute
power steering 500psi
oo -Brake pressure 500 psi Absolute
Anti skid brakes | g L4 jever 12 inH20 Gage
Air bags -Bag pressure 7.5 psi Gage
Suspension -Pneumatic spring pressure 1 MPa Absolute
Security | | -Passenger compartment 100 kPa Absolute
Keyless entry pressure
HVAC (climate | -Air flow compressure 300-500psi Absolute
control) pressure
-Qil pressure 80 psi Gage
-Fuel level 15 inH20 Gage
-Qil level 15 inH20 Gage
. -Coolant pressure 200 kPa Gage
Driver .
‘nformation -Coolant level 24 inH20 Gage
-Windshield washer level 12 inH20 Gage
-Transmission oil level 12 inH20 Gage
-Tire pressure 50 psi Gage/Absl.
-Battery fluid level 1~2in below Optical
Memory seat -Lumber pressure 7.5 psi Gage

Multiplex/
Diagnostics

-Multiple usage of sensors
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orx1c.+ -
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V) LW[C ND}

A ® 0 A 1_@ A 0 1@“

e

— Ceramic capacitive

Bulk MEMS

Microfused strain gage(MSG)

Other piezoresistive steel diaphragm

EX - Sensata

°._7}°*EU HI7I011 =l
37t (gap)o] Yt

<T9 19> AMlgh 4=HAA &

1. FHAA L 3A HPiezo-resistive) A2 T4

A5 AL dHAAME Mty dolotzils FUYRE ARESE
| 23 golojzo] mAHF o] e 3 W
S A5k B2 A 2] (Piezo-resistive type) 28

WE, W, Wil HuE gEAN Ag TEE TeE
|

[}
tholopz 9] FAYAE, AEA] FA L Sealing/ AT A 71&
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2. Lead Wire 2 Epoxy

A4 AHgE e ¥ Sensorg Lead Wireo] A F=2
Inconel Material WireE AF23tal 101, E3| Solderability 9+
A8 9J3le] Surface Plating TreatmentES <=3Y

Lead Wire2] Solderability FHA FRE 95t x| Al =
Electro ¥ Electroless Plating Media(Ag, Sn, Ag-Sn Ag 34
alloy)e] 729 = #atd4 9 Solderability eHdA4 Aol @4
© = Plating Media® <43}3do] TAHIL o]g et w2 A
7] Aol A o] A|F Z7] Fail ModeZ 2851 A= A4
o

71%2] Lead Wire2] Solderability <F¥AS &R3}r] 95k
Ag-Sn, Ag alloyA| Plating Media 771" 2 Pulse Plating 7|
< $8% 1A%F, 1BE AojE A% 4™ Sensor§ Lead Wire
Surface Treatment €17-¢] 7ido] FasiH, PHAQl ALAYLHES
£33 Continuous Type2] Roll to Roll System % F47]& EQ

A, EAHS LR AT FE8 Wiredl, 29 24 Y
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RAM
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AA Y= Piezo Resistive Type
&5 A<t : DC 5V, 20mA max.
- &4 25 0 -40~135C, AF 2% -40~150C

- Calibration Accuracy : +0.5%(FS)

- Output Current:1mA (10mA with Pull-up)
- High Voltage Protection (ESD)

- Over Current Protetion

- Over Voltage (16Vmax/48h, 135C)

- Ratiometricity (£0.7%)

- AEC-Q100 1=

7)
o729 FAS 93 whrek ZZEFQl SENT(Gingle edge nibble
transmission) W2 AHo] 7Y A FAOE o]FoX L Utk
Analog Devices, Melexis, NXP, ZMDI 5 zt#8 % A|ZzAtolA SENT
z2EZ 9 LN network Z2EF A o] 7Isd & AdRoln gl
3, AFE Al FA A E ol Ho &8 AE W sdo] s

QSRR



2016 ME2AMETA |

14

T

I
B/

i
J-

m
g
o
ﬁo

. ol

%

o pado] WAY 5

%

) 3 A% AW L

H He=

S

B 710l Wz He

2l
4

FH ol =akst EEr] Azbekglem, of

AT 7 TAol Sl

A A

=
=

U YA 49 10:/160,000km HF A|~El

1
[€)

7}

R

71€7dAqY FHek A-RAH

1

gHE 3

3

]

]

A
L



| 2016 HEEMETA | 15
AZE a2 FHAAN 7= 2 53

zEQlEasgR W71 A grEdAe) FxEA AXE 2HE
222® )71A Wl A gEAATE FRH Qe T2E o)

:
o 2eg GHAME ol A MeE GPAA Pol tholohz

o 1A= F2Z AA ook s}

Stainless steel Semiconductor pressure sensor

Pressure

Glass bhase

<I9 111> 228 AHAA 7=

dubzQl AE|E A=A AFS K= AREAH S ol&st
of p-nAH AF Fei= A=ty 28y pn AEE dALTS 120C
A A, pnfHTE T P FEARRVE DS wEel ol
A1) Aol E7Fssith mekA] 300C o]/de] oA A" o Sl
= AT AHAME AZshr] s, o Ade dadvem ¢4dd]

AA BYAIAA, T2 AFSE FZo2 IAaAZ 4+ AE SO +x=5

gkl o B,
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A EEE & AIge A= WHoe 2=, CVD(chemical vapor
deposition) &S o]&3t] AAA| H°ﬂ A4y AEs A=
W SIMOX(separation by ion implantation) ¢lo]3E o]&3l= HIH
SOS(silicon-on-sapphire) #l°]¥& ©]-&3t= ®WH 2 SDB(silicon-direct-

bonding) flo]HE o]&sh= W 5ol Atk

WA CVDE ol §3te] tha Helme AAshs Pie, & A%e
Ay Auzos ARsy] WEe] AMel Zwsh sl
217, SIMOX flolmE A9 B4 8 AR T4 Al BAY

% glom, SOS flolwe obd AT wAZ BA
A gtk A B4o] $5ai, BaA AHTS MY S s SDB

AHE ol g3led DL TS JHANE Alto] Basiey

dHFNA Y Fx= ALY tolokzsll 9o e $¥€HF ¢F A3
single-element four-terminal piezoresistorg tholokizsl] 7}zl
Ak FZ2E FHoUok o AFeEA deFolr, Si02 dAve s
AgE 7y dd E8Eo] Aok o A e dAE FAEH A,
209 @A MY, Ve 298 9AE AHEHT

==

FadCAL) Fiezoresisto [} aphragn

Electrode
v ; ;
/ Pieroresistor F 4

LR

|

L A

[l aphrag

<39 112> SOIT-29] gteAlAe] Txol s
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A3EY o AL, thojopzal Ao BE3= A3
AAR, O™ 4lM Yepd A3 Zojshue] Aol 47l dxE AR

sithar &) A, singleelement four-terminal piezoresistorglalx= Shc}

dAFge] WHErE =7t 3718 ¢ F ok 10 & A%
Selshort circuit) E#7F ZA7F =7] v, SEAA S 7]etEA
A7), dAEEY] A §X] T AA AAlol= ANSYS AlEH ol A
Z o] g3te] AAZ tholof= (/4 TX) o] ATSY Bz A
Eyold AAE Bl AbERlo] Fasitt.

AHANA AZ] AREZE Aol¥= &9 ShinEtsu A|Fo= F7A7}F
Si(1.5um)/SiO2(Aum)/Si(525um)e| ™, kAol AxE A HLE p-type
G2 AYE Her AZEc] 10-20Qcm olth AFFAHL o]

S 2] 4FsHwet oxidation) A LS.Z 1ume] 4FSFEHSIO2)S A5}
a1, dle]s Sl 40um zlo)e] V-grooved Bt Holopzil A
sk, olw AHS Asieto = EE@FF_ SiHol TMAH o4 2.
2 tolokzalS FAFTE o, trolokz s FA Al TS HE
=43 oA &0l 9%k AIZF A4k v-groovee] o] I Qs



18 | 2016 M2EAMETA |

dA e FAr] flsted, dold Mol TEHAXHE o] &3}
GA3 HES PAska, RIE(reactiveion etching)E o] &3sle] A2 o
A(dry-etching)S A Al&|oF gt} SiO2 CVD(chemical vapor deposition)
38w AW dAus FAskaL, FH(contact)s FAste], mpAEre
2 2¥E|(sputtenNE o83t w4 B ASS AT HF-H
% QMG Eo|7] AHalA, HeE MM} dejEa dBA T
7} H]s23h Pyrex#7740S =% (anodic bonding) gk F-of | 7]A] o]
H&sto]of gt

<Td 113> dHAAM S} 71 E dHAA
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AFE GYAA S 2GRS gee] Y2 TRIW A, F
o, 1 A FEA Bopz U 4 glem], A RopelA Al
(SENSATA)jit, R FBOSCH)it, TRWiit:, 1A(DENSO)it & t=2

BRIz E0] 7|&S FE U
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