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Areas in which sensors are used

Typical features

NS

Precision

Consumer

measurement _‘measuy m L technology
Accuracy 10-11 to 107 2to 5-10+4 ~2to 5-10-3 21t05-1072
€ 100 k to
Costs € thousands € hundreds €1to 10
€1m L
Units/yearr single figures approximately 10 100to 1Kk 10kto 10 m
Use — Research — Calibration - Process instru- - Auto
— Testing of mentation electronics
secondary - In-process — Building
normals measurement services
ﬁSensor symbol Amed __«J E Basic sensor function l
|
Physical/ Electrical
—— | Sensor
= ~ chemical output
E E quantity @ signal E
.~ (non-electrical)

UAEO815Y

Disturbances Y; (temperature,
power-supply fluctuations ...)
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Milestones in the development of sensors for
automotive applications

950 Lambda oxygen sensor

60| Electromechanical pressure sensor

- Piezoelectric knock sensor

@ | First integrated Hall sensor

| Strain-gage acceleration sensor
| for airbag

First pressure sensor on silicone base
Hot-wire air mass meter

Thick-film air mass meter

Integrated pressure sensor B

Micromechanical acceleration
sensor for airbag -

Piezoelectric yaw-rate sensor
for ESP

Micromechanical air-mass meter
Micromechanical yaw-rate sensor

Yaw-rate sensor for roll-over sensing

UAE1045E

SE/ECU ‘SA

ECU
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AK

1 Measuring sensors
2 Adapter circuit

3 Driver circuit

4 Actuators

AK Actuator

AZ Dispiay

SA Operating switch
SE Sensors

ECU Control unit

& Physical variable
E Electrical variable
Y, Disturbances
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- NpemMa HaMeHM
- NpemMa KapakTepMcTuKama
- IpemMa TUny manasHor curHana
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Fig. 11

S Output signal

X Measured variable

a Continuous,
linear

b Continuous,
nonlinear

¢ Discontinuous,
multi-step

d Discontinuous,

two-step (with

hysteresis)

1 ¢ Signal shapes
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Output signal U,
information
parameter:
frequency f
Output signal U,
information
parameter:

pulse duration Ty
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Classification of the determined signals according to the information parameter (IP) withrexamples

AR Finite
Deterministic signal T/ i
g range
| discrete
analog [ i |
Multiple signals Digital signals
l . - I : L 4
Two-point signals Three-point signals Remaining Constant
= (binary signals) (ternary signals) multiple signals qg@nﬂﬁc'— :
ation level
conti-  disconti- conti-  disconti- conti-  disconti- conti-  disconti- disconti-
NUOUS  NUOUS nuous nuous NUOUS nuous NUOUS nNUOUS .+~ nNuous

[ @ @& @

Time t —s

ime
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TunoBwm rpewaka

E Subdivision of the total error I

mCharacteristic curves and error graph for a sensor

Fig. 14 &
a Actual and

reference

characteristic

b Error graph

y Measured variable
x Output signal

Ax Measuring range
e Error (deviation)

Fig. 15 £ ,
a Zero error e R
b Gradient error
¢ Linearity error

y Measured variable
x Output signal

Ax Measuring range
e Error
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650 850°C

200 O
Temperature T
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Fig. 16

Tolerance graph
illustrated on the
example of a resistance
temperature sensor

Fig. 17
Observation for a
random sample of
N = 20 sensors;
mean service

life Ty = 4,965 h.
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3axTeBu U TPpeHAOBU KO4 CeH30pa Ha BO3UIMINMa
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— ECU failure rate (fleld) < 50 ppm

— ECU failure rate (0 km) < 15 ppm

—» Failure rate of modules < 10 ppm
and sensors

— ASIC failure rate < 3 ppm

— |C failure rate << 1 ppm

— Failure rate of discrete < 0.5 ppm
components

— For comparison ~ 5,000 ppm

Mobile phone

Rational mass
production

Robust, proven
technology

Appropriate pack-
aging technology

Appropriate
miniaturization = <O
technologies

On-site error
compensation j

Low costs

High reliability

o Extremely severe

operating conditions

Low space
requirement

High-level accuracy

SAE1013-1E
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Hucka ueHa npousBogHwe

m Relationship of costs, markets, technologies
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Tewkn pagHu ycrnosu

- MexaHn4Kku (Bubpaumje, yaapm)

- KNnUMaTcku (Temn. Bnara)

- XeMUjCKun (ropuBoO, MOT. yrbe, eNeKTPONuT, CO)

- efleKTOMarHeTHu (3payveme, NMHNjcKa
uHTepdepeHUMja, HAMOHCKN CKOKOBW)

mjechnologies accompanying sensors
Monitored External environment
medium
7
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Fig. 21

Sensor
Protective sleeve
(coating)

Seal

Mount

Seal, mounting
Data point

Seal, strain relief
Insulation (flexible)
Contacts

Plug housing

Plug contact 0
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Manu rabaputu (MnHnjatypusaumja)
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1,000um 100pm 10pm  1pum O.1um
=g

Traditional material machining
ST R
(turning, milling, etc.)
Special machining methods
P NS

(e.g. extruder, laser, etc.)

Semiconductor technology methods
SNSRI SN

] (lithography + p

etching/layer separation) W |

Nanolithography S
=
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Bucoka tayHocCT

m Sensor integration levels

Without electronics

15! Integration level

2nd Integration level

3 Integration level

12
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MNpernea ¢pusmnkanHUX ocHOBa cCeH3opa

‘B Physical effects for sensors .
J 00 1
Resistive effects
(dependency of electrical resistance):
uence of temperature on metallic and NTC and thin-film resistors for the measure- S
emiconductor materials ment of air and engine temperature
w"'y‘, or angular proportionality of resistors Accelerator-pedal and throttle-valve sensor, S
ntiometer sensors) = fuel tank level B =
plmo) tension or pressure dependency High-pressure sensors (e g common raal ABS)
(nlmeslsllve) strain-gage resistors metal diaphragm, S Table 4
low pressure sensors (silicon diaphragm), S ) .
ertical pressure dependency (out of plane) ~ forcesensor D ') Series production,
Magn field dependency (magnetoresistive): Speed or delivery angle measurement in S/D at RB or
mer {(magnetoresistors), AMR?) thin diesel distributor injection pumps ~ competitors,
etal layers (e.g. NiFe, also in barber’s pole form), sossible:also
SMRY) sensors (nanolayers) Tl ¥ e =il i W
ight dependency: semiconductor photoresistors Rain sensor, _dirt sensor for headlight S FlE R O
8 cleaning, automatic headlights, ?) Development
| automatic low-beams possibly also
Inductive effects (effects of Faraday's law) concluded and
Induction voltage sensors (alternator): Wheel, camshaft, engine speed, S in reserve
movement in the magﬂ?}i_c_[‘..eﬁm-m_«_ Soith = i QGG(‘!'Q I’ft_(mle‘:ﬂon nozzle) 3)  AMR = Anisotrop
effect Speed of rotation D s
e et e et ———————— Magneto Resistive
Variation in inductance as a result of the Solenoid armature sensor D i -
positional change of a ferromagnetic coil core ~ S | ) GMR = Giant
Variation in inductance as a result of field llmlting Semi-differential short- circuating ring sensor S Magneto Resistive
conductive elements (eddy current) (diesel pump load sensor) 13
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Physical effect

' As at: Series

production!/

~~ Development-

Variation of the degree of transformer coupling Full-differential short-circuiting ring sensor D "
(by electrical or magnetic conductive elements)
Variation in inductance or of the degree of Load bolt (Hitchtronik), S
transformer coupling (by magneto-elastic braking force D
conductive elements) N
Saturation core sensors (e.g. Foerster probe) Compass sensor S b
Capacitive effects (influence)
Capacitance change as a result in change in plate Micromechanical acceleration sensors, S
distance and degree of cover e.g. for airbag, ESP,
MM2 yaw-rate sensor, S
pressure sensor D
Capacitance change as a result in a change of the Oil grade, S
relative dielectric constant humidity sensors S
Capacitance change as a result of change in the Fuel tank level D
electrolyte level with a dielectric medium
Charge generating effects
Piezoelectric effect (quartz, piezoceramics) Knock sensor, airbag sensor, S |
DRS1 yaw-rate sensor S i}
Pyroelectric effect IR sensor (dynamic) D
Photoelectric charge generation CCD and CMOS imaging sensor D ‘
(also IR range) i |

14
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Voltage generating, galvanic effects

Hall effect (out-of-plane sensitivity,

Hall switch (ignition), wheel and engine

semiconductor material) speed, acceleration sensor (ABS, 2g),
front passenger weight detection (iBolt™),
ARS1,2 (accelerator pedal etc.)
Pseudo-Hall effect LWS2 and LSWA4 steering-angle sensors
(in'plane sensitivity, metal thin film) b A2 =) e Bl Sl
Electrolytic diffusion probes Lambda oxygen sensors
(doped Zr oxide ceramic) = E2RS

Thermocouple, thermopile

IR sensor (B::—lometer) E

Photoelectric and fiber-optic effects

Photoelectric cells, photodiodes, phototransistors
(also in IR range)

Rain sensor, dirt sensor for headlight
cleaning, automatic headlights,
automatic low beams

Medium-dependent absorption

Soot particles, humidity

Extrinsic and intrinsic fiber-optic effects: influence
on intensity, interference (influencing phases),
influencing polarization; e.g. microbending effect

F inge-r prot_eét_io‘n‘ algdzws. .f;lidirié ;dnmgﬁ.
pedal force,
collision

Thermal effects

Resistor cooling as a function of the flow velocity,
of the medium, of the density or fill level of a
medium

HFM air-mass sensors,
analysis,
concentration,

fill level (fuel tank)

(= B}

Wave propagation effects

Sound waves: propagation time effects (echo
sounding), superposition with medium speed,
Doppler effect (moving source/receiver)

Light waves: total reflection on boundary surfaces,
optical resonators (color analysis)

Parking-aid assistant,
volume flow rate,

'speed over the ground

Rain sensor,

fiber-optic finger protection,
fill level (analog, limit value),

Sagnac effect yaw rate: fiber and laser gyroscopes,
Propagation time lidar (light wave radar)
Electromagnetic radiation: Doppler, FMCW, ACC distance sensor

propagation time radar

woooowwvwon
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m Selection of suitable sensor technologies npernep‘ ceH3opc|(Mx T&XHonoera
g = .
§ % Pasnnynte ceH3opcke TexHonoruje
@ advantageous 2 9
©of limited benefi 3 % . 3a Kopuwhehwe MepHUX edpekaTta cy
Q C
.- gg £ bnvcko nosesaHe ca nsabpaHum
% g 2888 KOHLIENTOM Mepetba.
S o £ =5

Taj n3dop NPBEHCTBEHO 3aBUCK O
3axTeBa KOju ce nocTtassbajy npu
Mepemny ogpeheHe BenuynHe:

Semiconductors

w-Mechanics
Thick film
- UeHa
i - BeJIM4nHa
FOS (fiber optic) oM oy3 [aHOCT,
Piezoelectric - TAYHOCT
St s i O ® - OKOJSIMHA
Flux gate
Pulse jump (Wiegand) —O : t g
Ceramic (spring malerial) f; z

16
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NMpekunpay-gaBay mopa

ECM it

= ' ‘ oy ECM
+B J o /\/\/J_ N -

L 0O Volts

L—— 0 Volts

ECM S |

+B =

Switch

+B
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+8 o0—o o——

RN

Stop Lamp Switch

STP or BRK |

Stop Lamps

ECM

18
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ECM

On a ground side switch circuit with switch
open, the ECM reads supply voltage.

1

Switch

ECM

Supply Voltage

|||__"'-=..\“

DVOM

S

ECM

Supply Voltage

e SUpply Voltaged — Supply
Voltage
]
Eem cou DvoM
When the switch closes, the ECM reads 0 !:E_'T!
Volts. Supply Voltage T
! ‘ ° ECM

Switch

® Nearly 0 Volts

Switch

Supply Voltage

Mearly O Volts

19



ECM

) AT
Amplifier ECM
AIC, AIC i;—é AC [T
Switch
AIC
F Magnetic -
Clutch
Ignition (M/T) ECM
Switch
STA |
oo T , i
Meutral l
Start tart
Battery  Switch o
(AT)

il

E1

i
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