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= N Term Definitions

* EMC (electromagnetic compatibility)

* Ability to operate in, and not overly contribute to,
an environment of electromagnetic interference.

+ Both radiated and conducted

+ EMI (electromagnetic interference)

* Electromagnetic energy emanating from one
device which causes another device to have
degraded performance

* EMS (electromagnetic susceptibility) :\;
* Tolerance in the presence of electromagnetic
energy " =
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> Term Definitions

* RE : Radiated Emission

+ CE : Conducted Emission

EMC

* RS : Susceptibility / Immunity to Radiated emission
[ + EN 61000-4-3
* CS : Susceptibility / Immunity to Conducted emission
* EN 61000-4-6 1“

%
— : | ®
Electromagnetic interference(#w: i) IS not the same | \3

as radio-frequency interference i+ ). o
)

EMS
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Term Definitions
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Frequency  1MHz 10MHz 100MHz  1GHz 10GHz 100GHz 102 104 10%®
MF HF VHF UHF SHF EHF
300m | 30m a3m | 30cm | 3cm | 3mm ‘
Wave 4 h00m 100m 10m im 10cm lcm imm um ¥ o
lenath |
* MF : medium frequency + UHF : ultra high frequency \
+ HF : high frequency + SHF : super high frequency é
+ VHF : very high frequency + EHF : extremely high frequency ,5
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< #Seurces of Electromagnetic Interference
N
"y

* Natural
* Cosmic+ilipy) nolse ~ Sun and Stars

+ Above 10MHz

* Phenomena like atmosphericsze, lightningnz,
thunderstormszy), electrostatic discharge
* Below 10MHz

* Human made

* Electrical, Electronic and Electromechanical apparatu‘
. Intentional(gr,'srﬁlgm) -- Commercial radio, TV stations, mobile + o

phones | \3
* Unintentional -- DC motor, ITES (computer) -j

®,
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c_r%ﬁ@-omponents of an EMC Situation
VA

* Source - Path - Receptor

a
Source | v_ Receptor
—p>
4
Coupling path
Conducted or Radiated 3 —— :
* i
Power Line \ \3
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;ﬁ\?omponents of an EMC Situation
U‘h

* The effect of the interference on the receptor
depends on the strength of the source, transmission
medium, distance from the source, coupling
mechanisms, and degree of susceptibility of the
[eceptor.

* Box-to-box coupling usually i1s not the most
Important path.

Antenna Antenna

Box Box

Wire Wire
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ﬁ » Methods of Noise Coupling
LN

* Conductively coupled noise

* A wire run through a noisy environment may pick up
noise and then conduct it to another circuit.

* The example is power supply leads.

* Coupling through common impedance

* |t occurs when currents from two different circuits flow
through a common impedance.

* The voltage drop acress the impedance seen by each
circuit is influenced.
* Electric and Magnetic Fields “\

* \When the receiver is close to the source (near field),
electric and magnetic fields are considered separately. ¥

* When the receiver is far from the source (far field), the. | \3

radiation Is considered as combined: electric and é
magnetic or electremagnetic radiation.
119 £
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C Methods of Noise Coupling

ﬁ}’

C:_ 1
VA
Coupling through common impedance
gd L,
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Methods of Noise Coupling

Noise Environment Example
'\\ Electric Field Coupling

Antenna e > Magnetic Field Coupling

—_ 4------- Conductive Coupling
A | Common Impedance Coupling

~ Oscillator

______________

A Audio

pllfler ' MIEE Ampllfler 5 DEIECION puew Amplifier
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%Time-Value of EMC Solutions

Value

— orees of freedom to /

- ——-f._o; e EMC problem /

ost of EMC solutio;/
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ga\j EMC Solutions

* There are just basic concepts for EMC, and there is
no absolute design rule for EMC
+ EMC strategies are case by case

+ A strategy may be a trade-off between different EMC
concerns

+ Usually there are more than one strategy for a EMC
problem, but just one solution best for your case

* A EMC problem may need several strategies to cover it well

* In many practical situations, more than one
approach is required to solve a single EMI problem.

+ Grounding l\\

+ Shielding . v
* Filtering ., \3

i

* Others — Cables, Connectors, Gaskets(##), Isolating '
transformers, Transient suppression components, Proper
=113 frequency engineering, Package, Layout ... ‘,.}
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> Agenda

* Term Definitions

* Source of Electromagnetic Interference
* Components of an EMC Situation

* Methods of Noise Coupling
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¢ FCC - IEC ...
* Emission Frequency Range of EMC Regulations “
+ Declaration Method -
+ National Regulations Summary v
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@ » Standard Setting Institutions
/N
*IECB«'H— a‘ffﬁﬁfﬂﬁq( )
L Internatlonal Electrotechnical Commission
* CISPR il 85 1

+ Comite International Special des Perturbations
Radioelectrique (™ #4#*1EC)

* FCC 5?5 fify )

:

Federal
C Communications
Commission

* Federal Communication Commission
+« ANS| = = [l [l S v

* American National Standards Institution l‘\‘
* Be voluntary and apparent, not mandatory v o

4

o

+ BSI o I ARIE
+ British Standards Institution

] >


http://www.iec.ch/
http://www.fcc.gov/

@ » Standard Setting Institutions
LN
* MIL-STD 11%)
+ Military Standards
* More elaborate and stringent
* CENELEC i %E%Jﬁlﬁ’{’i“'% ﬁ"’ﬁ&’?
* Comite European de Normalisation Electrotechniques
* European Norms (EN’s)

* Emission limit and Immunity level
* CE mark CG
+ EIA/JEDEC ( )

+ JEDEC Solid State Technology Association is the semiconductar P
engineering standardization body of the Electronic Industries | \3
Alliance (EIA). "

=

)
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http://www.dscc.dla.mil/Programs/MilSpec/default.asp?DocTYPE=STD
http://www.dscc.dla.mil/Programs/MilSpec/default.asp?DocTYPE=STD
http://www.jedec.org/
http://www.eia.org/

ﬁ.

Q'gz, » Standard Setting Institutions

L/
IEC
| - |
Emissions .-~ Immunity
ANST CENELECS vccl B cNs [EEEEES FTZ
US. U Japan Taiwan Germany

* International Committees

IEC,CISPR,...
* European Regional Committees "
CENELEC (.o
* National Committees |
FCC,VCCI,CNS ( ).. P
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http://www.bsmi.gov.tw/
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Standard Setting Institutions

E D
LN
* Part 15

+ Radio-frequency (10KHz ~ 3GHz) devices
* Radiation ~ conduction or some other means

+* Part 18

* Industrial ~ scientific and medical equipment
(ISM equipment)

+* Part 68

* Equipment connected to the telephone network 1

+ Provide the protection of the telephone network from harm
caused by the connection of terminal equipments \3
i

4

y
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Standard Setting Institutions

* FCC Part 15, Subpart J @or

* Digital electronics, called computing devices by FCC

* Define the product uses digital circuitry with clock 10KHz
+* Radiated emission 30~1000MHz
* Conducted emission 450K~30MHz

+ Computing devices are divided into two classes
* Class A * Industrial(: % =), commercial(z % =)

* Class B : Residential(3*] and ITE like computer & peripherals)
e}

* Since Class B devices are more likely to be located in closer
v
proximity to radio and television receivers, the emission @
limits are about more restrictive than Class A deV|ces \3

%‘:’EIJ@’II:[’{[FKJEMIBBLﬁj”E:j E' pﬂ%ﬁﬁ 3
‘-*Jj
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¢ ﬁ?nﬁsion Frequency Range of EMC Regulations
v/

* EMC development history ([21ch1-2)

¢ Radiated emission range will be above 30MHz )

+ Above 30MHz, the conducted noise will be translated into
radiated emission while it transmits on 2~3m cable line.

v =fA, 3x108m=30MHz x A = A/4=~2.5m

Conducted Radiated
MIL-STD 30Hz ~ 40GHz 30Hz ~ 40GHz
VCCI 150kHz ~ 30MHz 30MHz ~ 1GHz “\\
CISPR | 9k/150kHz ~ 30MHz |  9k/30MHz ~ 1GHz %
FCC 450kHz ~ 30MHz 30MHz ~ 1GHz

E=1=-20
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Conducted Emission
Requirements

«Bmission Frequency Range of EMC Regulations
AN

Radiated Emission
Requirements

150k ~ 30MHz 9k ~ 40GHz 30M ~ 1GHz 30M ~ 40GHz
AC/DC power Antenna port of Enclosure port Enclosure port
ports of ancillary non-integral of ancillary of non-integral
and integral antenna equipment antenna
antenna equipment equipment ang

equipment for
fixed / vehicular
use

=1"-21
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ﬁ > Test Requirements
L

¢ Achieving valid, repeatable results

* The EUT is normally exercised in a way that represents
Its typical usage.

+ For intentional radiators, FCC requires to test to the 10™
harmonic or 40GHz

Highest Internal Freq.(MHz) Upper Freq. of Measurement(MHz)
Below 1.705 30 (only conducted measurement)
1.705 ~ 108 1000
108 ~ 500 2000
500 ~ 1000 5000
Above 1000 5th harmonic of highest freq. or 40GHz

g=1"-22



O] Declaration Method
‘ ‘?J

+ Classification of Computing Device

* Class B devices, like computers and their peripherals
* Require certification (ﬁﬁ;lééﬂ F =357, $845)
+ Class A and Class B — other than PCs and their peripherals
* Self- certification, manufacturer verifies
(T P2, (RS R A)
+ Self-Declaration of Conformity (DoC) (==
* Manufacture/importer of CPU board, power supply “‘
+ System integrators who assemble PC from self- i, v
certified parts .. }3
.

»)
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< ~ National Regulations Summary
N
"y

* One of the main reasons to do EMC test Is
because government agencies require It.

+ Just EMI Is concerned at the first, until
January 1st,1996, Europe requires product
to accept European Norms (including EMS
[ Immunity). ‘

3

3

)

£.7)
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< ~ National Regulations Summary
P

* Generic Standard

* Used for all product not defined in particular
standard. (FBURL D 2)

+* Basic Standard

* Define and describe the method and setup
of the measurement. No limits and criteria

specified.
* Product or Product Family Standard '\
* Provide the test limits for specific category | *®
of devices. : \.3

i

£.7)
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ﬁ _ National Regulations Summary

/N
FCC EN'’s Description
Part 15 EN50065-1 | Signaling on low-voltage electrical installations
in the frequency 3~148.5kHz
EN50081-1 | Generic emissions standards — Residential
EN50081-2 | Generic emissions standards -- Industrial
FCC EN’s Limits & Methods of Measurement
Part 15 EN 55022 | Information technology equipment (ITE)

ey
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National Regulations Summary =
FCC -- Radiated Emission

1T X7/
IEluV/m 4

Class A at 3m




ﬂ : National Regulations Summary

: pad
*+ EN50081-2 : Class A for Industrial (= 3 7))
+ EN50081-1 : Class B for Residential ) Back

|[E|dBuV/m A
CISPR more restrictive than FCC from 88 to 230M
50
Rl FpP————=========cccc=====
45 e el 6.50B EN 50081-2, 10m, Class A
A0 _________-__:ICISPR
o/l pp——
3 e T
! .
W= CISPR EN 50081-1, 10m, Class B (also for EN 55011 & 55022 Cl;s}\or
75 EN 50081-2, Class A (also for EN 55011 & 55022 Class /49
> F(Mgz
30 88 216 230 1000
1=1"-29 \ ‘."‘_J)




National Regulations Summary

-
LN

CISPR FCC EN’s Limits & Methods of Measurement
11 Part 18 EN 55011 Industrial, Scientific and Medical (ISM)
12 EN 55012 Vehicles(@\iE — 2'), Automotives (351 #)
13 Part 15 EN 55013 Broadcast Receivers
14 EN 55014 Household Appliances / Tools
15 EN 55015 Fluorescent lamps / Luminaries
16 Measurement apparatus / Methods

* Part 15 classifies products in three general categories ‘
* Intentional radiators f
* Incidental(= [&3E % fiv) radiators
* Unintentional radiators

=1=-30

Class A/B
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National Regulations Summary

EN'’s

Description (input current<16A per phase)

EN61000-3-2

Harmonic current emission

EN61000-3-3

Voltage fluctuations and flicker in low voltage supply
systems

=151




National Regulations Summary

FCC Pt15 and CISPR -- Conducted

CLASS A

CLASS B

15
FREQUENCY {MHz)




National Regulations Summary

Quasi-Pcak Quasi-Peak
Peak Response Detector Reading Detector Response

\Peak Average

Envelope Detector
! ; ?

T_Ig[_'r Filters

=1=-33
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National Regulations Summary

Hawdwit- Packnrd EMC & SRE0
EMALSSeON LEWEL {dBiin

'
f

CLASS BQP

CISPR Pub 22 Class B Conducted

Quasi-peak limit

Average limit

FREQUENCY {MHz)




*  National Regulations Summary

EN’s Description (input current<16A per phase)

EN50082-1 | Residential, commercial and light industry environment

EN50082-2 | (Heavy) industrial environment

EN’s Limits & Methods of Measurement

EN55024 | Information technology equipment (ITE)

* No FCC standards for EMS (Immunity) “

o
&

1Y
1

»)

E=1"-35




ﬁ.

& > National Regulations Summary
C u#\j

EN 50082(1997) or EN55024(1998) for ITE

IEC / EN'’s Description
61000-4-1 | Overview of EMC immunity test

61000-4-2 | Electrostatic Discharge (ESD) immunity test

61000-4-3 | Radiated, radio-frequency electromagnetic field immunity test

61000-4-4 | Electrical Fast Transient (EFT) / Burst immunity test

61000-4-5 | Surge immunity test

61000-4-6 | Immunity to conducted disturbances induced by radio-
frequency fields above 9kHz

IEC 1000-4-x = IEC 61000-4-x == EN 61000-4-x 4
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National Regulations Summary

-
Fa
EN 50082(1997) or EN55024(1998) for ITE
IEC / EN'’s Description
61000-4-7 | Guide on harmonics & inter-harmonics measurements &
iInstrumentations for power supply systems
61000-4-8 | Power frequency magnetic fields immunity test
61000-4-9 | Pulse magnetic fields immunity test
61000-4-10 | Damped Oscillatory magnetic fields immunity test
61000-4-11 | Voltage dips, short interrupts and voltage variations immunity
test “'
_%-
o
-37
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National Regulations Summary

- S
L/
Environment Generic Emissions | Generic Immunity
(EMI) (EMS)

Residential, commercial, EN 50081-1 EN 50082-1
and light industrial

Industrial EN 50081-2 EN 50082-2
Information Technology EN55022 EN55024

Equipment (ITE)
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~./ ) National Regulations Summary

= =

'

Description of Immunity Test IEC (old) IEC (new) CENELEC Num. Test limits or application
Overview of Immunity Tests N.A. IEC 1000-4-1 EN61000-4-1 N.A.
Generic Immunity N.A. N.A. EN50082-1 Residential Environment
EN50082-2 Industrial Environment
Electrostatic Discharge IEC 801-2 IEC 1000-4-2 EN61000-4-2 2~8 kV contact discharge
2~15 kV air discharge
RFI (Radiated) IEC 801-3 IEC 1000-4-3 EN61000-4-3 80M~1GHz, 80% AM mod. @1, 3, 10, 30V/m
EFT / Burst IEC 801-4 IEC 1000-4-4 EN61000-4-4 0.250KV~2kV 1/O lines
0.5KV~4kV AC/DC mains
Surge IEC 801-5 IEC 1000-4-5 EN61000-4-5 Depends on product installation class
EN61000-4-5(ring wave)
Induced RF Fields IEC 801-6 IEC 1000-4-6 EN61000-4-6 9k/150kHz~80MHz, 80% AM mod.
(Conducted) @1V(7mA), 3V(21mA), 10V(70m
30V(210mA)
Power Frequency Magnetic- N.A. IEC 1000-4-8 EN61000-4-8 1~100 A/m continuous on AC e
field ...
Pulsed Magnetic-field N.A. IEC 1000-4-9 EN61000-4-9 100~1000 A/m 3 !
Damped Oscillatory N.A. IEC 1000-4-10 EN61000-4-10 10~100 A/m = ‘
Magnetic-field i
N.A. IEC 1000-4-11 EN61000-4-11 (AC) Product and test type dependent

Voltage Dips, Interrupts,
Valia&on39

EN61000-4-29 (DC)

70% /40% /0% dip, 0.5cycle~1s

LY




& _ National Regulations Summary
C u#\j

* |[EC 801-3

* 27 - 500 MHz, no modulation
+ Withdrawn

* |EC 1000-4-3 - |IEC 61000-4-3
+ 80 - 1000 MHz, 80% AM mod
* Accepted

* ENV 50140 - EN 61000-4-3

+ 80 - 1000 MHz, 80% AM mod pulse mod
* Accepted

1-1 -40




& _ National Regulations Summary
C u#\j

* |[EC 801-6

* 150K - 230 MHz, no modulation
+ Withdrawn

* |EC 1000-4-6 - IEC 61000-4-6
* 150K - 80 MHz, 80% AM mod
* Accepted

* ENV 50141 - EN 61000-4-6

* 150K - 80 MHz, 80% AM mod pulse mod
* Accepted

1-1-41




o Summary
P
* EMC will be more and more important.
* The kinds of regulations are complex.

* No one approach or design rule can result in
a solution to all EMC problems.

+ Strategies in different point of views usually
are used for an EMC condition

* Internal circuit level or system level concerns. :‘
* [n many practical situations, more than one -
approach is required to solve an EMC problem. | \’

4
1-1 -42 :?JJ
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