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EMC in automotive

m EMC A EME

- Wire conducted emissions > emiSSion

- Coupling emissions: capacitive & inductive

- Electromagnetic emissions

EMS
B EMC: susceptibility & emissions susceptibility
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EMC in PWM driving
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EMC measurements

Line impedance stabilization network
LISN

___ 100nF

lSuppIy —— uF DUT

Measurement

1000©2 port to 50Q
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Emission limits in automotive
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Power switch in automaotive circuitry T
o Vbat . Vbat
e SERERTAN R
______ Power =
T switch
VGATE |  Power = = S Rjuad
| switch - - - A R A
o~ I L

Cowside diiver ~
""" High side driver

+ More robust, simpler ground + 1 wire system

+ Less complex, cheaper + Short to ground can not destroy load
- 2 wire system + Load not stressed
- Short to ground can destroy load - Distributed ground

- The load is stressed - More complex, more expensive
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Gate Driver concept schematic *ETTI
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Topology A: Constant Charge Current
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m Constant currents for charge / discharge the

gate.

B The current value is given by slew rate

Vhat

GATE |

| Sood
400

Z 300

I_GATE

= Z00

100

- 100

15.04
12.54

10.04

ouUT 5 5.05

2.55

CH

_ON

_?RE

5,04
4.0

3.0

()

2.0
1

Rl

Hluboka nad Vlitavou, C

20,0

time (us)

1a0

150

200



1
11000101
0

Topology B: Stepped Charge Current B
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Topology C: Linear Charge Current
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Simulation setup

e
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B (LISN) method to measure conducted emissions.
B Pulse width modulation (PWM) driving of the device.

B Emissions measured on “meas” net. 5uH

e B L O

100nF

<>l Supply —_  14F DUT

Measurement
100002 port to 50Q
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Simulation results
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Conclusions

B EMC is a very important in automotive electronics.
M A trade off between EMC and PWM driving.

B Improvement of EMC: new techniques for power switch
transistor driving.

B The proposed techniques are based on constant currents
command.

B 3 topologies are described:

(d constant current charge (standard method);

O stepped charge current;

d a linear charge current.

B Comparison of emissions done with LISN method:

O The standard method is exceeding specifications at low frequencies;
O stepped currents is at the limit in specifications;

d The linear current is assuring a safety margin.
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DMQOS structure
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Electromagnetic Compatibility (EMC)

B EMC electromagnetic compatibility

O The capability of electrical and electronic systems equipment
and devices to operate in their intended electromagnetical
environment within a defined margin of safety and design
levels or performance without suffering or causing

unacceptable degradation as a result of electromagnetic
interference

O ANSI (american national standard institute) C64.14-1992
B EMI electromagnetic interference
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EMI - by path "ETTI
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EMI - by interferers b
EMI
artificial
. application . -
natural environmental ppicat circuit specific
specific
cosmic, RF base stations o car supply noise,
lightning, (Radio, TV, GSM, S‘J&‘:{‘;};‘e’g’lg‘aﬁgf g;':;l ground bounce,
ESD UMTS, toll bridges, entry, wiring h’amess) supply modulation,
radar) ' send / receive
Power grid home isolation,
(power line transmitter, channel isolation,
DECT, microwave,
home entertainment) substrate noise
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EMI — environmental shectrum
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Source: Christine Anne Royce, Ed.D., Shippensburg University,
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B EMI in its common sense is usually is related to frequencies in

the range between radio waves and microwaves

B In a more general sense radiation hardness of circuits and
especially memories is also an EMI topic
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Inductive coupling
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m Current transients cause induced voltages via mutual inductors

B The return paths of the currents define area of the loop

m Influencing factors U. =M dl
O Geometry of the loops © dt
O Waveform of the transient (spectrum)
O Terminating impedances on the victims I/0s

M Differential mode coupling depends on asymmetry
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EMC

Emission (conducted)

Standards

IEC CISPR 25 (11-1995) (CISPR/D256/COV 7-2001)
DIN EN 55025, VDE 0879-2 (08-1994)

VDE 0879-3 (04-1981)

Specifications from car manufacturers

BMW: own spacification (hardest) GS 95002 10194949
Daimler-Chrysler: own spacification (CISPR2S class 5 QF) MEMN 10 284-203.2001
VW Audi: own specification (CISPR 25 class 5) TL 965 10,1984
EIAT: as CISPR 25 broadband class 3 07 1959

Ford: as CISPR 25 broadband class 3 09.1298

SN own spacification 03,1999
PSA/Renault: as CISPR 25 plus additional freguencies 2001
Comment:

The most car manufactures refer to CISPR 25 but they have here own limit ines, which are often
harder than specified in CISPR25. Overall treated, the emission |s Bmited over the whaole frequency
range (150kHz-110MHzZ) For several applications like 8BS the emission specification can change
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EMC
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Test Set-up conducted emission on power supply lines
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Abb.1 Artificial network: Test set-up, equivalent circuit, impedance behaviour
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EMC

Limits for broadband conducted disturbances on power input terminals {peak) CISPR 25

switching frequency is smaller than the RBW of the EMI recelver,
RBW 9kHz up to 30MHz, 120kHz up to 1GHz, e.g.: switching operation at 100Hz

Class 0.15-0.30MHz | 0.53-2 OMHz 5,86 2MHz 30-54hHz T0-108MHz
1 113 g5 77 77 61
2 103 a7 71 71 55
3 g3 Fi] 55 55 44
4 83 71 58 58 43
] 73 63 53 53 ar
limits in dBy. for short time broadband disturbances add Sdi to the limits

[1] O NArrowwniang congd B0 BANCES Gl DOWe 1

The swilching frequency is higher than the RBW af the EMI recelver.
RBW SkHz up to 30MHz, 120kHz up to 1GHzZ, e.g.: charge pump at 1MHz

Class 0.15-0.3MHz | 0.53-20MHz | 58-6.2MHz | 20-54MHz | 587 0-B7MHz | (76:87-108MHZ
Cammunications Broadcast
1 ] B 57 32 42 48
2 g0 58 81 46 15 42
3 70 50 45 £0 0 36
4 60 42 33 1 24 30
5 50 4 33 28 18 24
Nirdls in dBuy

Limits for broadband conducted disturbances on power input terminals (peak) VDE 0879-3

(redrawn but used as customer specification)

Clagss 0.15-0.3MHz | 0.5-1.65MHz | 595-26.1MHz | 87.5-108MHz
1 100 82 54 48
2 a0 74 58 42
3 &0 GG 52 36
4 70 58 46 30
5 [Ei] 50 40 24
liriits in BV
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