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ypes of EMC measures %Fb?l

Em|SS|On |mmun|ty

— Radiated

— Conducted
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Immunity tests %%?l

ourpose of immunity tests is to
ect a product to a controlled stress

hat represents the likely range which is
nostly dedicated by practical aspects

d experience of real-world problems.
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(abs

Immunity tests

1 —transient phenomena
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Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’
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Tabs

ESD
IEC 61000-4-2
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Electrostatic Discharge r b
ESD — IEC 61000-4-2 e

Discharge to victim equipment

triboelectric

charging through v
motion
/
body capacitance
maintains charge
voltage

return current path
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Electrostatic discharge @ =0T
(IEC 61000-4-2) labs

aluate the performance of a device submitted to
an electric discharge

Needed instruments:

ESD generator

v Ground plane (horizontal and vertical)
- V' Isolant surface

v 470 kQ loads
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i @F T
‘g. ESD generator [abs
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ESD Test setup rabS

Conducting
surface

Dielectrical |solating
material surface

Page 10



ESD Waveform ([%‘lf_gg

3300Q
[ ] [ ]
— — o B—> . = 15A +10%
—_ —L_ stray T . L
= | 8A =30%
Contact discharge
330 0 ideal Cﬂ {A 230%
waveform I
— [ LT 2 t
_— t,=0.7-1ns 30ns 60ns
150pF current at indicated voltage of 4kV
* Calibration waveform
Air discharge
ESD generator equivalent circuit Schaffner NSG 435
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Test levels

Table 1 - Test levels

Tabs

1a — Contact discharge 1b — Air discharge
Test voltage Level Test vollage
kV kv
2 1 2
4 2 4
6 3 8
8 4 15
" Special x " Spécial
W *x*is an open level. The level has to be specified in the dedicated equipment specification.
If higher voltages than those shown are specified, special 1est equipment'may be needed.
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Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’

Pagé-13



o

U

Standard

Standards calls

@]
labs

Scope

ESD

EFT-burst

W

Surge

[EC/EN 61000-6-1: 2001

Residential, commercial & light
industrial generic

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1 kV AC power, 0.5 kV DC power >
10 m, signal and functional earth >
3 m to IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC power input;
0.5kV L-L & L-E DC power > 10m, to
IEC/EN 61000-4-5

I[EC/EN 61000-6-2: 2005

Industrial generic

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

2 kV AC power, DC power > 3 m,
1 kV signal and functional earth >
3 m to IEC/EN 61000-4-4

1kVL-L, 2 kV L-E on AC power; 0.5
kV L-L & L-E DC power connected
to a distribution network; 1 kV L-E
signal = 30 m, to IEC/EN 61000-4-5

EN 55014-2: 1997 + A1:
2001

Household appliances etc.

4 kV contact, 8 kV air
to [EC/EN 61000-4-2

1 kV AC power, 0.5 kV DC power,
signal and control > 3 m to
IEC/EN 61000-4-4

1 kV L-L, 2 kV L-E on AC mains, to
|[EC/EN 61000-4-5

EN 55020: 2002

Broadcast receivers etc.

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1 kV AC power to IEC/EN 61000-4-4

Not required

EN 55024: 1998

Information technology equip-
ment

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1 kV AC power, 0.5 kV DC power,
signal and telecom > 3 m to
IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC mains, 0.5
kV L-E on DC power with outdoor
cables, to I[EC/EN 61000-4-5; 1.5 kV
10/700 ps on signal/telecom ports
with outdoor cables, to ITU-T K recs.
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Discharge Application ?fég

4 In contact; the conductive

surface (head pointed gun)

v'In air: on insolating surfaces (gun

head rounded)

A ; Pagésls
aximum 1 per second discharge =



Choice of discharge points [“abs

o= Air discharge
P Contact discharge

bezels I —— keypads I

protruding
LEDs

— k@_l
connector T apeartures

shells
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Tabs

e discharge return cable of the ESD
nerator shall be connected to the ground

eference plane. The total length of this cable

'is in general 2 m.

Pagé’17



Fundamental Principals rabS

ase of air discharge testing, the climatic
itions shall be within the following ranges:
nbient temperature: 15 °C to 35 °C;

J Slative humidity: 30 % to 60 %;

tmospheric pressure: 86 kPa (860 mbar) to 106 kPa
1 060 mbar).

Pagécl8



Execution of the test %L?Sg

arges to the EUT according to a test
. This should

ude:
representative operating conditions of the
EUT,

whether the EUT should be tested as table-top

or floor-standing; Page“19



Contact/air discharge fﬁ?gg

the case of air discharges, the round
charge tip of the discharge electrode shall be
pproached as fast as possible (without causing

echanical damage) to touch the EUT.

Link to the standard IEC 61000-4-2
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CEI 61000-4-2_1995.pdf
CEI 61000-4-2_1995.pdf
CEI 61000-4-2_1995.pdf
CEI 61000-4-2_1995.pdf
CEI 61000-4-2_1995.pdf
CEI 61000-4-2_1995.pdf

ESD design %‘_’Sl

to avoid ESD problems includes:

hoose circuit configurations that are
esponsive to short transients

out the PCB to minimise induced
oltages at critical

odes

prevent unavoidable discharge transients
from coupling

into circuits and cables
design enclosures as far as possible to Page21



Tabs

EFT
IEC 61000-4-4
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T

/the moment of switching there is an infinite
/dt.

All circuits have some stray inductance
ssociated with

| the wiring; some types of load, such as motors
or

solenoids, have considerably more inductancég >



he EFT phenomenum (ﬁ%«l

switch opens: arc
generated while gap
cannot maintain v,

switch closed, clrcuit
current flowing —D*'X D C/ switched off
"

C.—— § L C, o § L T O p— § L
| / | |
v, =-L-di/dt
. Limited by C,

Page?24



Electrical fast transients @77
IEC 61000-4-4 labs

Jrpose of test:
@ﬁ Inity test when subjected to transient disturbances like

Ing transients.

EFT generator

' “ Coupling & decoupling device (internal or

external)

v Capacitive coupling clamp for telecom line page2s



Electric Fast Transients @FJT
EFT — Burst — EN 61000-4-4  abs

| Coupling/decoupling
Wave form generator Network 4 )

EUT

P 01m Dielectric material (P 0.1 m

Burst generator Ground plane

With integrated CDN

Pagef6



Test levels

Tabs

Open circuit output test voltage and repetition rate of the impulses

On power port, PE On /O [L"npdug::#ttr‘-][:llii:?;al, data
Voltage peak Repetition rate Voltage peak Repetition rate

kV kHz kY kHz

0,5 5or 100 0,25 5 or 100

1 5or 100 0,5 5 or 100

2 5or 100 1 5or 100

4 5or 100 2 5 or 100

Special Special Special Special

NOTE 1

Use of & kHz repetition rates is traditional; however, 100 kHz is closer to reality. Product committees
should determine which frequencies are relevant for specific products or product types.

NOTE 2 With some products, there may be no clear distinction between power ports and /O ports, in which case
it 1s up to product committees to make this determination for test purposes.

"X" 12 an open level. The level has to be specified in the dedicated equipment specification.
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Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’
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o

U

Standard

Standards calls

@]
labs

Scope

ESD

EFT-burst

Surge

|

I[EC/EN 61000-6-1: 2001

Residential, commercial & light
industrial generic

4 kV contact, 8 kV air
to [EC/EN 61000-4-2

1 kV AC power, 0.5 kV DC power =
10 m, signal and functional earth >
3 mto IEC/EN 61000-4-4

1kVL-L, 2 kV L-E on AC power input;
05kV L-L & L-E DC power > 10m, to
IEC/EN 61000-4-5

IEC/EN 61000-6-2: 2005

Industrial generic

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

2 kV AC power, DC power > 3 m,
1 kV signal and functional earth >
3 m to IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC power; 0.5
kV L-L & L-E DC power connected
to a distribution network; 1 kV L-E
signal = 30 m, to [EC/EN 61000-4-5

EN 55014-2: 1997 + A1:
2001

Household appliances etc.

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1kV AC power, 0.5 kV DC power,
signal and control > 3 m to
IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC mains, to
IEC/EN 61000-4-5

EN 55020: 2002

Broadcast receivers etc.

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1 kV AC power to IEC/EN 61000-4-4

Not required

EN 55024: 1998

Information technology equip-
ment

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1 kV AC power, 0.5 kV DC power,
signal and telecom > 3 mto
IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC mains, 0.5
kV L-E on DC power with outdoor
cables, to [EC/EN 61000-4-5; 1.5 kV
10/700 ps on signal/telecom ports
with outdoor cables, to ITU-T K recs.
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Vpy and waveshape are calibrated
into a 500 load — i.e, voltage level
is hall the apen circuit value
(Ameandment 2 requires that

both parametaers are also calibrated
into a 10000 load)

tibs

Iy
t. = 5ns =30%
t, = 50ns +30%
'I
L {ns)
,
|
l repetition period 200ps £20% (1/5kHz) up to 2kV o.c.
A400ps £20% (1/2.5kHz) at 4kV o.c.
e EFT wave form
15ms *
(75 pulses @ SkHz)
t (ms)
. A
|
15ms +20% ~
300ms +£20% * * NB these parameters
3 are specified in the
) standard, but other
Asynchronous with values may be
power supply programmed for
development testing

t (ms
Total duration of each test = 1 minute, both polarities mandatory
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EFT Application rabS

each conductor

Page31



Test setup (ﬁ?ég

test generator and CDN placed directly on, and

, Jnnected to, the ground plane.

cables connected to the EUT shall be placed on
1€ insulation support 0,1 m above the ground

eference plane.

PageZ32



Test setup %ﬁg

A direct coupling network or a capacitive

Page33



Test procedure

test procedure includes:

/the preliminary verification of the correct

operation of the equipment;
the execution of the test;

® the evaluation of the test results.

Tabs

Page34



Test setup

|- =05m =05m

=0,5my05m ,_JI
EUT
AC EUT Capacitive coupling
mains clamp cuT
supply \
EFT/B- = ) . ] | A *
generator & 4 EUT * ;
¢§ ! 01m +
- j/‘f 01m
/ G 4l Contact to the ground
reference plane
B /// p

Coupling/ ‘;— m Insulating

decoupling " } support EFT/B- Grounding connection according to
network (A) /" 7 ' Ground generater the manufacturers specification.
I [ reference Length to be specified in the test plan.
plane
Grounding
cable Ground reference plane
IEC 901/04
Key

/ length between clamp and the EUT to be tested (should be 0,5 m + 0,05 m)
(A) location for supply line coupling

(B) location for signal lines coupling

Page35



Capacitive coupling clamp rabS

to the standard IEC 61000-4-4

Page36


CEI61000-4-4E2.pdf
CEI61000-4-4E2.pdf
CEI61000-4-4E2.pdf
CEI61000-4-4E2.pdf
CEI61000-4-4E2.pdf
CEI61000-4-4E2.pdf

Tabs

Surge
IEC 61000-4-5

Page?37



H field

Q/\/ T~ cloud-to-cloud
direct strike to %

primary supply
ground strike
direct strike to
LV supply (esp.
in rural areas)

==

h fault clearance h Lightning Protection M P72

)
/nne N '

WL
A




Surge effects %‘Tﬂ

Impinging on electronic equipment
ause

) Page39
anitinment to chance <ctate



surge parameters

s equipments effects fibs

|

flashover/energy boundary

172

=
n S _
g % DAMAGE approximate boundary of
c© 2 real-world events
D -+
b
©
=
|
@ W)
S B
= o
=1 -
E 2
(18]
=
k&
= dv/dt (di/dt) boundary
f: W)

- NO EFFECT

o

microseconds milliseconds _ seconds
Duration

Paged0



Surge tests (IEC 61000-4-5) rabS

nose of test:

Evaluation the immunity of a device across shock
waves caused by transient voltages induced by
the residual or lightning impulse

Vlaterials needed:

v Surge wave generator (1.2 /50 microseconds),
v Decoupling/coupling network (internal or external)
v Ground plane

Page4l



Surge immunity —
IEC 61000-4-5 Fabs

| Coupling/decoupking
~ Wave form generator etwork 4 )

EUT

N

——

\_ _/

iP 0.1m Dielectric material (]

Ground

Surge generator | olane

With integrated CD

Page42



Surge Waveform, 1.2/50 ps Fabs

10
09

05

[ 1 n

P!

0,1
0,0 -

"0y T t
¢ = - 30 % max.
30 % max. T

IEC 2324/05

IEC 2323/05

_—— - - Front time: T1=126xT=8pusz20%
Front time: T1=167xT=12ps+30% . . A
Time to half.value: T = 50 s + 20 %. Time to halt-vajue: - T3 =20 ps = 20 %

il Waveform of short-circuit current (8/20 ps)
orm of open-circuit voltage (1,2/50 ps) at the output of the generator with no CDN

output of the generator with no CDN connected (waveform definition according to
ected (waveform definition according to IEC 60060-1)

650060-1)
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[}

Front time:

C 60060-1)

Time to half-value:

t

IEC 2326005

T1=167xT=10ps £ 30%
Tp =700 ps £ 20 %.

orm of open-circuit voltage (10/700 us)
orm definition according to ITU-T K series

Mnas

1,0
0,9

Surge Waveform, 10/700 ys rabS

0,1 —?

0,0

\

O

T

Front time:

Time to half-value:

t

IEC 2327/05

T1=125=xT=5ps+20%
To =320 ps + 20 %.

Waveform of the 5/320 us short-circuit
current waveform (definition according to
ITU-T K series and IEC 60060-1)
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Surge application [“abs

Surge application

period between surge pulses determined by
>l EUT protection capability

surge voltage increased in
level steps to maximum

Yo

For AC lines, synchronise surges to peaks (both polarities) ...

...and zero
crossings

Page45



Rezeau
d'alimentation
c.a (e

Role of CDN

Generateur d'ondes

Tabs

combinéss
Reseau de découplage
—— C=13uF
L — I - ____ : E’ t’
N —& I I ot . EST
PE —¢ I l 1
Terre de reférence
; IEC 232805
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Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’
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Test levels [‘abs

Cpen-circuit test voltage 210 %
Level
kY
1 3.5
2 1.0
3 2.0
& 4.0
A special
MOTE X can be any level, above, below or in between the other levels. This
evel can be specified in the product standard.

Pageé48




o

U

Standard

Standards calls

@]
labs

Scope

ESD

EFT-burst

Surge

|

I[EC/EN 61000-6-1: 2001

Residential, commercial & light
industrial generic

4 kV contact, 8 kV air
to [EC/EN 61000-4-2

1 kV AC power, 0.5 kV DC power =
10 m, signal and functional earth >
3 mto IEC/EN 61000-4-4

1kVL-L, 2 kV L-E on AC power input;
05kV L-L & L-E DC power > 10m, to
IEC/EN 61000-4-5

IEC/EN 61000-6-2: 2005

Industrial generic

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

2 kV AC power, DC power > 3 m,
1 kV signal and functional earth >
3 m to IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC power; 0.5
kV L-L & L-E DC power connected
to a distribution network; 1 kV L-E
signal = 30 m, to [EC/EN 61000-4-5

EN 55014-2: 1997 + A1:
2001

Household appliances etc.

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1kV AC power, 0.5 kV DC power,
signal and control > 3 m to
IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC mains, to
IEC/EN 61000-4-5

EN 55020: 2002

Broadcast receivers etc.

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1 kV AC power to IEC/EN 61000-4-4

Not required

EN 55024: 1998

Information technology equip-
ment

4 kV contact, 8 kV air
to IEC/EN 61000-4-2

1 kV AC power, 0.5 kV DC power,
signal and telecom > 3 mto
IEC/EN 61000-4-4

1kV L-L, 2 kV L-E on AC mains, 0.5
kV L-E on DC power with outdoor
cables, to [EC/EN 61000-4-5; 1.5 kV
10/700 ps on signal/telecom ports
with outdoor cables, to ITU-T K recs.
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Tabs
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Surge Procedure %‘Tﬂ

at least five positive and five negative
>es at

coupling point

ait for at least a minute between applying
each surge, to allow time for any protection
evices to recover

Or ac mains,

Apply the surges line to line (three combinations
for 3-phase delta, six for 3-phase star, one for
single phase) and line to Pagés1



Choice of coupling devices %‘?«E

Selecting the Link to the standard

couplingfdecoupling

network method |EC EN 61000_4_5

. Yes
Mains?

Line to ground
Coupling?

Line fa line

1 phase: Figure 7 1 phass: Figure #
3 phases: Figure & 3 phases: Figurse 10

\\ Mo
Shielded?

Yes

Symmetrical?

Grounded at each end: Figure 16 Wia capacitors: Figure 11 Wia arrestors or clamping
Wia arrestars: Figure 12

Yia clamping devices: Figure 12 circuit: Figurs 14
Multiple grounded cables: Figure 18 Fing - Via capacitors: Figurs 15

Grounded at one end: Figure 17

or direct (without CON)

Page52



IEC 61000-4-5 Ed2-11.2005.pdf
IEC 61000-4-5 Ed2-11.2005.pdf
IEC 61000-4-5 Ed2-11.2005.pdf
IEC 61000-4-5 Ed2-11.2005.pdf
IEC 61000-4-5 Ed2-11.2005.pdf
IEC 61000-4-5 Ed2-11.2005.pdf
IEC 61000-4-5 Ed2-11.2005.pdf
IEC 61000-4-5 Ed2-11.2005.pdf

(abs

Page®%3



Comparision of transient @7
standards labs

‘energy measure” of a given waveform

. Cw=%1(—)) ot w:.\ei(%))zdt
|

ESD : waveform magnitud/\

urge test is more energetic than ESD and EFT

N

EFT : waveform magnitude in ns Page’4



100
10 —mSurge - 1.2/50us V. 2 ohm
—&— Surge - 1.2/50us V, 12 ohm
1 ——Surge - 1.2/50us V, 42 ohm
== Surge - 8/20us |, 2 ohm
—3—Ring - 12 ohm
0.1 —— Ring - 30 ohm
energy W —¢—Ring - 200 ohm
—&—EF T - single pulse
0.01 Ingle pul
JDLI-|ES —¥—EF T - 1 sec ofbursts*
10° ——ES D into 2 ohm
104
/’
10
ff;/
-
104 -
0.5 1 2 4 6 8 10

peak open circult voltage (indicated voltage, ESD) kV

=T
'S



(abs

Immunity tests

2 — LF and RF phenomena

- Page 56



RF coupling
phenomenum

i
i f, w

- "g

Ry N
( : \ VB | 4 |

eIrs
|

(abs
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Tabs

Radiated immunity
IEC 61000-4-3

Page%8



Radiated immunity
(IEC 61000-4-3) fibs

5t purpose

Needed instruments:
“RF generator

v Power amplifier

- v Directional coupler

v Power meter

Page%9
AV Y i R\



Optic fiber

Field
uniformity



UIT_Animation uniformité de champs.ppt
UIT_Animation uniformité de champs.ppt
UIT_Animation uniformité de champs.ppt

Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’

Pageé6l



Equipments %‘ﬁl

espect to the

equipment under test (EUT). Additional
bsorbers may be used to damp reflections
£ in chambers which are not fully

lined.

RF signal generator(s) capable of covering
the frequency band of interest and of being:ges:



| —
J Equipments %‘ﬁl

atisfying frequency requirements.

isotropic field sensor with adequate
nmunity of any

ead amplifier and optoelectronics to the field
strength to be measured, and a fibre optic link

to the indicator outside the chamber.

ssociated equipment to record the power "&*



Frequency range %‘Tﬂ

in the
aquency range 80 MHz to 1 000 MHz.

‘ "est levels related to the protection against
F emissions

from digital radio telephones and other RF
emitting devices

The tests are normally performed in the
frequency ranges

Page64
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Calibration of field %L

ple is sufficient to ensure the validity of
e test results.

C 61000-4-3 uses the concept of a uniform
eld area,

hich is a hypothetical vertical plane of the
leld in which

variations are acceptably small.

A database for setting the required field — 7&¢*°



Calibration of field %L

’ field calibration process should be
ed out

cing of 0,5 m xam lean 1,5 m X | ,___\,____,__“,_i
p[;pgpre con guratlon — |

t each frequency, a field is considered unif n.f" ¢ ¢
rm if its magnitude measured at _— .,T_

the grid points is within 0/+6 dB

of the nominal value for not less than 75 % o ot
of all grid points




Calibration of field %L

ed field
gth.
r testing at 10V/m the calibration is run at
V/m
' " e reason of running a test at 1.8x the level is
0 verify

the RF amplifier has the ability to reach the
| required field when the 80% 1KHz Amplitude
odulation is applied. Page®?



1l 80% modulated I~
L il L ] ]

=

i il

Pagée®8



Considerations for @7
- - labs
eguipments choice

an antenna to use.

eguency range
ower handling

Beam width & gain

elect the correct amplifier

Use calculated power to select the correct

- amplifier

Needs to be selected at the 1dB compression

point

Calculate power requirements Page 69



Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’

Page70



Test levels Fabs

Level Test field strength
Vim
1 1
2 3
3 10
4 30
X Special
NOTE x is an open test level and the associated field strength may
be any value. This level may be given in the product standard.

Page/1




U

1

Standards calls

SET

[ahs

EN EN 61000-6-1: 2001 EN 61000-6-2: 2001 EN 301 489-1:v1.4.1 EN 55014-2: 1997 EN 55020: 2002 + A1 EN 55024: 1998 + A1
+ A1 +A2 + A2
Related IEC | IEC 61000-6-1 IEC 61000-6-2 = CISPR 14-2 CISPR 20 CISPR 24
scope Residential, Industrial generic Radio comms Household Broadcast receivers | Information
commercial, light equipment: common | appliances, electric | and associated technology
industry generic reguirements tools and similar equipment equipment
Test Requirements
Radiated RF | 3 v/m 80% AM 10 V/m 80% AM 3V/m 80% AM B80- 3 V/m 80% AM 80- 125 dBmV/m 3 V/m 80% AM
80-1000 MHz to 80-1000 MHz to 1000 MHz to 1000 MHz to (1.78 V/m) 80% AM =<80-1000 MHz to EN
EN 61000-4-3 IEC 61000-4-3, except EN 61000-4-3, with EN 6§1000-4-3, only 0.15-150 MHz in open | §1000-4-3, extra spot
broadcast bands exclusion band, disre- | category IV appara- | stripline, reductions frequency functional
where level is 3 V/m garding narrowband | tus, and ride on toys | at some frequencies | test for TTE
(2005 version adds responses with electronics in | for receivers and
tests up to 2.7 GHz) category Il VTRs; plus 900 MHz
3V/m 200 HZ keyed
carrier
Conducted 3V rms 80% AM 0.15- 10 V rms 80% AM 3V rms 80% AM 0.15- | 3V rms B0% AM 0.15- | RF common mode 3V rms 80% AM
RF 80 MHZ to EN 61000-4-5 | 0.15-80 MHz to ENV 80 MHz to EN 61000-4-6 | 80 MHz to EN 61000- | 126 dBmV emf 0.15-80 MHz to EN
on AC power and func- | 50141, except 47-68 on AC power, and sig- | 4-6 on AC power 26-30 MHz, antenna 61000-4-6 on power
tional earth ports, and MHz where level is 3 nal, telecomm, control | ports, 1V rms on terminal; induced and all signal cable
all signal, control and V rms: all ports except | and DC power ports DC and signal ports voltages at mains and | ports > 3 m, extra spot
DC power ports > 3m signal lines <3 m >3 m, with exclusion | >3m, category IV, audio terminals, 0.15- | frequency functional
band, disregarding nar- | extending to 230 MHz | 150 MHz 80% AM up test for TTE
rowband responses for cats. Il and 11 to 130 dEmV emf
LF magnetic | 3 A/m to EN 61000-4-8, 30 A/m to EN 61000-4-8, | Not applicable Not applicable Not applicable 1 A/m to EN 61000-
field susceptible devices susceptible devices 4-8, susceptible
only only devices only
' l PageZ2



Field strength %ﬁ%

~ pis the radiated power

— dis the distance between the antenna and the
field mesure
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Tabs

Conducted immunity
IEC 61000-4-6
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RF coupling
phenomenum

i
i f, w

- "g

Ry N
( : \ VB | 4 |

eIrs
|

(abs
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Radiated immunity
(IEC 61000-4-3) s

St purpose

ate the performance of a device submitted to
ducted electromagnetic field

eeded instruments:
' RF generator
v Power amplifier
- v'Directional coupler

v'Dual power meter

Pagec76
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nducted immunity — IEC 61000-4-?%3
dbDsS

CDN




Coupling devices (ﬁ%«l

EM clamp

¥

Curent probe *
Paged/8


UIT_Animation conducted.pps

Coupling devices %Tfl

opriate coupling of the disturbing signal
fthe various cables connected to the EUT

' quipment and
ystems that are not under test.

The coupling and decoupling devices can be
ombined Page7d



Selecting injection

NO

method
Are
YES CDNs
suitable?
Use CDN
injection

subclause 7.2

Is

clamp
injection

applicable?

-

Check the following
requirements
[. 150 02 AE impedance

above GRP

o

[I. Cable 30 mm to 50 mm

lll. AE sufficiently immune

/

Can
requirements
be met?

YES

NO

Use direct
injection
subclause 7.5

Use clamp or current
clamp injection
subclause 7.3

Use clamp or current
clamp injection
subclause 7.4

EG 1581703



Types of CDNSs

(abs

Typ

Interconnected lines

M1, M2, M3, M4, M5, M2+M3

Unscreened supply (mains)

AF2, AF4 AF6, AFS8

Unscreened nonbalanced lines

S1, 52, S9, §25 Screened lines
T2, T4, T8 Unscreened balanced lines
RJ11, RJ45 Unscreened data lines

RJ11/5, RJ45/S, USB

Screened data lines
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Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’
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Typical test levels Fabs

Table 1 — Test levels

Frequency range 150 kHz — 80 MHz
Voltage level (e.m.f.)
Level Uy Ug
dB{uVv) W
1 120 1
2 130 3
3 140 10
X @ Special
® M is an open level.
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Standards calls

SET

[ahs

EN EN 61000-6-1: 2001 EN 61000-6-2: 2001 EN 301 489-1:v1.4.1 EN 55014-2: 1997 EN 55020: 2002 + A1 EN 55024: 1998 + A1
+ A1 +A2 + A2
Related IEC | IEC 61000-6-1 IEC 61000-6-2 = CISPR 14-2 CISPR 20 CISPR 24
scope Residential, Industrial generic Radio comms Household Broadcast receivers | Information
commercial, light equipment: common | appliances, electric | and associated technology
industry generic reguirements tools and similar equipment equipment
Test Requirements
Radiated RF | 3 v/m 80% AM 10 V/m 80% AM 3V/m 80% AM B80- 3 V/m 80% AM 80- 125 dBmV/m 3 V/m 80% AM
80-1000 MHz to 80-1000 MHz to 1000 MHz to 1000 MHz to (1.78 V/m) 80% AM =<80-1000 MHz to EN
EN 61000-4-3 IEC 61000-4-3, except EN 61000-4-3, with EN 6§1000-4-3, only 0.15-150 MHz in open | §1000-4-3, extra spot
broadcast bands exclusion band, disre- | category IV appara- | stripline, reductions frequency functional
where level is 3 V/m garding narrowband | tus, and ride on toys | at some frequencies | test for TTE
(2005 version adds responses with electronics in | for receivers and
tests up to 2.7 GHz) category Il VTRs; plus 900 MHz
3V/m 200 HZ keyed
carrier
Conducted 3V rms 80% AM 0.15- 10 V rms 80% AM 3V rms 80% AM 0.15- | 3V rms B0% AM 0.15- | RF common mode 3V rms 80% AM
RF 80 MHZ to EN 61000-4-5 | 0.15-80 MHz to ENV 80 MHz to EN 61000-4-6 | 80 MHz to EN 61000- | 126 dBmV emf 0.15-80 MHz to EN
on AC power and func- | 50141, except 47-68 on AC power, and sig- | 4-6 on AC power 26-30 MHz, antenna 61000-4-6 on power
tional earth ports, and MHz where level is 3 nal, telecomm, control | ports, 1V rms on terminal; induced and all signal cable
all signal, control and V rms: all ports except | and DC power ports DC and signal ports voltages at mains and | ports > 3 m, extra spot
DC power ports > 3m signal lines <3 m >3 m, with exclusion | >3m, category IV, audio terminals, 0.15- | frequency functional
band, disregarding nar- | extending to 230 MHz | 150 MHz 80% AM up test for TTE
rowband responses for cats. Il and 11 to 130 dEmV emf
LF magnetic | 3 A/m to EN 61000-4-8, 30 A/m to EN 61000-4-8, | Not applicable Not applicable Not applicable 1 A/m to EN 61000-
field susceptible devices susceptible devices 4-8, susceptible
only only devices only
' l Pagé®84



Calibrating the injected %@T
level abs

)stitution method

e power required to give this same stress
vel is repeated in the actual test.

or the 150 ohms systems, the required power
vstress/6 or Vstress - 15.6 dB (resistive
divider)

Pagé385
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Tabs

Immunity to magnetic fields
IEC 61000-4-8

Pagé®86



Magnetic field immunity —
IEC 61000-4-8

EUT

50 Hz

MC 2630

MV2616

@]
labs
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Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’
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Standards calls

SET

[ahs

EN EN 61000-6-1: 2001 EN 61000-6-2: 2001 EN 301 489-1:v1.4.1 EN 55014-2: 1997 EN 55020: 2002 + A1 EN 55024: 1998 + A1
+ A1 +A2 + A2
Related IEC | IEC 61000-6-1 IEC 61000-6-2 = CISPR 14-2 CISPR 20 CISPR 24
scope Residential, Industrial generic Radio comms Household Broadcast receivers | Information
commercial, light equipment: common | appliances, electric | and associated technology
industry generic reguirements tools and similar equipment equipment
Test Requirements
Radiated RF | 3 v/m 80% AM 10 V/m 80% AM 3V/m 80% AM B80- 3 V/m 80% AM 80- 125 dBmV/m 3 V/m 80% AM
80-1000 MHz to 80-1000 MHz to 1000 MHz to 1000 MHz to (1.78 V/m) 80% AM =<80-1000 MHz to EN
EN 61000-4-3 IEC 61000-4-3, except EN 61000-4-3, with EN 6§1000-4-3, only 0.15-150 MHz in open | §1000-4-3, extra spot
broadcast bands exclusion band, disre- | category IV appara- | stripline, reductions frequency functional
where level is 3 V/m garding narrowband | tus, and ride on toys | at some frequencies | test for TTE
(2005 version adds responses with electronics in | for receivers and
tests up to 2.7 GHz) category Il VTRs; plus 900 MHz
3V/m 200 HZ keyed
carrier
Conducted 3V rms 80% AM 0.15- 10 V rms 80% AM 3V rms 80% AM 0.15- | 3V rms B0% AM 0.15- | RF common mode 3V rms 80% AM
RF 80 MHZ to EN 61000-4-5 | 0.15-80 MHz to ENV 80 MHz to EN 61000-4-6 | 80 MHz to EN 61000- | 126 dBmV emf 0.15-80 MHz to EN
on AC power and func- | 50141, except 47-68 on AC power, and sig- | 4-6 on AC power 26-30 MHz, antenna 61000-4-6 on power
tional earth ports, and MHz where level is 3 nal, telecomm, control | ports, 1V rms on terminal; induced and all signal cable
all signal, control and V rms: all ports except | and DC power ports DC and signal ports voltages at mains and | ports > 3 m, extra spot
DC power ports > 3m signal lines <3 m >3 m, with exclusion | >3m, category IV, audio terminals, 0.15- | frequency functional
band, disregarding nar- | extending to 230 MHz | 150 MHz 80% AM up test for TTE
rowband responses for cats. Il and 11 to 130 dEmV emf
LF magnetic | 3 A/m to EN 61000-4-8, 30 A/m to EN 61000-4-8, | Not applicable Not applicable Not applicable 1 A/m to EN 61000-
field susceptible devices susceptible devices 4-8, susceptible
only only devices only
' l Pagé®89



Tabs

Immunity to voltage dips
and short interruptions
IEC 61000-4-11
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volitage dipsS and snort
Interruptions — rabS
IEC 61000-4-11

i EUT

Variac

Page9l



Performance Criteria
for Immunity Tests I‘abs

nity tests are classified into four categories:

nce Criteria C — "Temporary degradation which requires
operator intervention’

ormance Criteria D — ‘Loss of function which is not recoverable’
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voitayc Ulipo dliu oSliult

A% ‘ interruptions — @rE Jl
. abs
EN 61000-4-11 Overview

Figure 6M  Example of a 'dip' Figure 6N  Example of a ‘'short interruption’

A 40% dip with a 20ms duration | | A 60ms interruption in the mains supply |

60% of Viyou
- 80ms
‘20ms
. This dip started and finished at zero-crossings (as in most tests using 7 This Interruption started and finished t zero-crossings (s In most tests using
l. IEC 61000-4-11) but real life dips can happen atany phase angles | ) e e T s S ey o Sy proRe e
J

Figure 6S A typical ‘sag’ test
(example of a 50% sag for 1 second)
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(abs

Emission tests
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Tabs

Emission
CISPR 22 / EN 55022
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ITE functionnality Fabs

E is able to perform:

v Recelve data from an external source:
| v Perform treatments
'/~ Provide a result

Page®6



guipements Classes (1) [’LQT

e class B ITE is intended primarily for

In a residential area and may include:

v the devices having no fixed location of use,
such as portable battery powered or
batteries incorporated,;

v the telecommunication terminal
equipment supplied by a telecommunications
network;

v personal computers and auxiliary
devices connected to them.

Page97



guipements Classes(2) (ﬁ%«l

5 ass A consists of all other ATI complying
@I the limits of disturbance of class
ut not those of class B.

n be used in commercial or

dustrial environment.
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tibs

Conducted emissions
CISPR22/EN 55022
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Required equipments ﬁﬁ%«l

)r power supply lines:

@. ISN (Lines Impedance Stabilisation Network)
D data lines:

SN (Impedance Stabilisation Network)
ansient limiter

MI receiver or spectrum analyser

M| software
Page 100



ucted emission — CISPR22E=1T
labs

EN 55022

conduit 55011 CLASSE B QP)

conduit 55011 CLASSE B Average

0.5

Frequency (MHz)

10
30




3b)

L'arriére de I'appareil est placé
au ras du bord de la table

onducted emission test e=

setup labs

10 em Table non conductrice

AMN

- g 7
\nr.___ﬁ:s/1
T
5 ( AE
5 _1
& 3a) 3b
- ..-"'/E)
AMN

AMN = Reseau fictif

AE = Appareil auxiliaire

EUT = Appareil a l'essai

RSl = Réseau de stabilisation d'impédance

Page?202



Conducted emissions [‘atfg

surement of conducted electromagnetic
rbances must be made:

means of a measuring receiver

Page 103



Conducted limits Fabs

UT shall respect the limits of Tables 1 and
ch include limits on the mean value and limits

uasi-peak value

eceiver is used to average value detection and

uasi-peak detector

Page4104



PK detector

Yes Mo
4'{: PK < AV limit ?:}

Decision tree

Mo

Yes
{ PH:QFHnit?H

GF detector

fes Mo
--l—<ﬂF' < AVG limit ? >—-

1
AVG detector

fas
< AVG < AVG imit? >

Mo

Yes
{: QP < QP limit

Mo
?>—

T "

Fass

Tabs

Fail

-age 105



, Emissison thresholds Fabs

Example of reporting mesurement uncertainty
(EN 55022 QP Class B shown)

Conducted
Emissions

dBuVv
Limit line p/us measurement uncertainty
“Fail" f
“Pass/fail not proven” '
l in shaded area ’
o

| [EN55022 QP Class B limit line |

{

"Pass”  "limit line minus measurement uncertainty |

Page 106



Measure

conduit 55011 CLASSE B QP

cond

uit 55011 CLASSE

H

\

W

L
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Radiated emissions
CISPR22/EN 55022

Page 108



Required equipments %Fb?l

Recelving antennas
MI receiver or spectrum analyser

| software

Page 109



Radiated emission -
CISPR22/EN 55022

40

30

20

10

s

’f ¥ | Limite Classe B 55029
“‘ 1 | \“‘\ i X i | \\ ' T )| ek
AN \ ;f ma
TRV T

N‘ I lm \ M ‘“ H(‘\‘\ ‘\ H‘l ‘““ H / / Y ol /“ % X

n;‘f LN L U U
60 80 100 200 400 600
30

Frequency (MHz)

1000




ti'setup for radiated emission €E<1
labs

Table non conductrice

-— =10 cm

4 4 5
= h &
‘.l F lljl ? rF 9
80 cm du

/
W1 ”-._z_____:‘ﬁ./l plan de sal

0

s upe 111



Radiated emission ?ﬁ

‘he measurement
@‘ adiated electromagnetic
Isturbances must be performed by means
of a measuring receiver

.' 2quipped with a quasi-peak detector in the
| frequency

range 30 MHz to 1 GHz or 6 GHz.

A receiving antenna, associated with a

[ l I o.c.
AR N S " B B BAAR R e AR N S I B Y F % LA 'Y ) 'Y _ N r_www Y _S a-l- r_ 9 N L. . " B 'y 3

Pagé112



Pagé:113



Tabs

Measurement antenna

N

Reflecting ground
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Site de mesure en espace libre

Pagés115



Bibs

Measure

!
Link to the standard EN 55022



CISPR 22-2006.pdf
CISPR 22-2006.pdf

tibs

Harmonics emission
|IEC 61000-3-2

Page7117



Harmonics emission %?é«l

Pagécll8



Harmonics
analyser

EUT

Tabs
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DPA connection

L1
L2
L3
PE

usB (] USE 2
PC Computer
R A [ (O
RS 2321 LPT
SAFETY
CIRCUIT RS 232 | |Sub D9 pol RS 237 | R: i:'ézsz to Computer
INPUT NetWave  sense | |
POWER \ DPA 500N1
HI L Power Analyser
our (M LN
2 PE

230V
AC

Tabs

85...254V
AC 50/60Hz

= QUTPUT
TO

— EUT

Paged20



Spectral effects %@

I A // Sinuscide fondamentale (par exemple S0 Hz)

Signal observe & 'oscilloscope

T4
1204
Fondamental . e
e Signal observé 3 ['analyseur de spectre
25; Harmaonigue 3
L e s e A = Fréquence
S0Hz 150Hz

Page121



Time vs frequency e
representation

labs




Test classes ratfg

are 4 different classes in the EN 61000-
at

different limit values:
Class A: Balanced 3-phase equipment,

household appliances excluding
quipment identified as class D, tools,
xcluding portable tools, dimmers

for incandescent lamps, audio equipment,
and all

other equipment. except that stated in offe >



il
|_ & & dpa.control _Iolx QT

IK-I: Test File Setup Measurement Analyse Report Window Info 3 S
3

e | 1=1 1 51 e B
(7))
O s emetest
S g 8 8 _I..M_L '.'_'1
EL OGO
T2 o5
T M«

—

Select

operating mode

I harmonics 3ph simulation

e’

T u5c4124




Test procedure %‘Tﬂ

{
s lect the correct test observation period |
Table 6.1) of the EUT ( min. 10s)

@e er the following data (only Class Cand D
) /if available

Class D : Max. Power or Class C : Maximum
f Fund. current and Max Power Factor

Start the measuring
. Upload the data to the computer
3. Select the Class A...D

. Start the evaluation Page125



Data flow %‘Tﬂ

PA measures simultaneeusly on all 2
0F 6 Input

@Q nnels, carries out the Fourier
nsformation in real

me

‘ tores all data on the internal hard disk.

hen measuring fluctuations the system
generates approx. 1 Mbyte data per minute
on the hard disk. The upload of a 2.5 minute

measurement needs less than 20 seconds. -
Page¢
An



Test parameters

~ Standard ~ Selectclass
* EN/IEC 61000-3-2 Ed.3 * Class A |<=150% of the limit _:]J
@ 150 51 UUI-S-2 [Jaiua ¢ Class B
B ICIass €l > 25\ jl
- Percentage of limits ~ Class D
Enable | Pgrepat 100 —'! " Class X Show Table

- Japan Parameters

Ynanl100.00 0% 9 | FinL @ 4P Bl B Flousenold aminedse

- Maximum smoothed data

Power : 23.70 W Fund. Current : 0.106 A Power Factor:  0.557

Ewvaluation I End

il

labs
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Spectrum 16:01 16.Dez 2002 -0} x
P=389.2nW Q=-422.8nvar 5=574.7n¥A Phi=-90°
1E3-% f=2.5kHz ¥=2.354m% 5.414m¥ (eff)
100 |
10 l
1 = |
0.1 ....!Hz
50 500 1000 1500 2000 2500
1E3-% n=50 Y=241.8m% 129.9uA (eff)
Hz
500 1000 1500 2000 2500

&E=0

Limit values are indicated and

Test result (abs

harmonics exceeding the specified

limit are
marked in red colour.

Check according to ENJIEC 61000-3-2 £d. 3

Equipment class A <= 150% of the limit

~ Check harmonics 2..40 [exception odd 21..39]

Harmaonicis) >150% : (15| First Harmonic
 Average >100% First Harmonic
- Check odd harmonics 21..39

Partial >Partial limit : First Dataset

Harmonie(s) >150% : 23| Flirst Harmonic
 Average >150%: First Harmonlc

Test result

EUT: [ AL |  Powersource: [ PASS |

Detail I

Laacpent | End

28




tibs

Flickers emission
IEC 61000-3-3

Page129



Flicker %ﬁﬂ

or standards are imposed to limit voltage
ations

Wwould cause lights connected at the same
Icircuit to flicker.

Pag&c130



Flickers analyser

EUT

Tabs

Page131



Tabs

TestFile Setup Measurement Report Window Info

6} @% ﬁl “i*l'lm

I
\5?

~ emtest

0
o
o)
=
© :
< 5

operating mode

S

flicker 3ph test system

PageZ232




Flickers test i%?l

Flicker-Parameter E The flicker analysis is based

fratinad AL pounce _ | on a standards library
+ 230¥ / 50Hz " 120¥ / 60Hz | 'Use current ACS setting 230¥/ 50Hz . ;

—— ‘ including the

. Standar .

(v IEN,-"IEC 61000-3-3 Ed.2 2008 (replace A1:2001/A2:2005) _ﬂ| baSIC Standards bUt
' Special also, and even more
| Parameter Test Time . Test Procedure ImpOI’tant,

e [0 ¢ Messrement time A product-specific
It v SRS e Requirements such
de O || imessrmeerton Flicker Impedance | as hair dryers and
dmax v (+ 2ref (IEC 60725)

o — vacuum cleaners.

dt [s] v 7 rmlea:u:entent ‘ | £ 2est ST Y

I Stop measurement if EUT is out of limits

|_peee

f he actual flicker values are continously displayed. A test can be stopped
)nce a limit is exceeded. This could, in
ase, safe valuable test time.

Page3)33




Flickers parameters ratfg
licker measurement the values of dc, dmax, dt are

on the screen.

lative continuous voltage variation ( must be
r than 3.3% ) The dc value is a % value relative to
ominal AC

age of 230V AC.

nax: Max. relative voltage variation (must be smaller
an 4% or 6.7%). The dmax value is a % value relative to
1e nominal AC

ltage of 230V AC.
t: Time with v¢, v S ~ 3%. During max. 500ms

he \ dc
voltage is allow | ams| \../ s 0 3.3% limit.

LV

Page“34




Limits %‘Tﬂ

following limits apply:
"/ the value of Pst shall not be greater than 1,0;
£ the value of Plt shall not be greater than 0,65;

the value of d(t) during a voltage change shall not
exceed 3,3 % for more than 500 ms;

the relative steady-state voltage change, dc, shall not
exceed 3,3 %;

Page-135



Limits %?ég

he maximum relative voltage change dmax, shall not
eed

) 4 % without additional conditions;
b) 6 % for equipment which is:

e switched manually, or

» switched automatically more frequently than twice per day
c) 7 % for equipment which is

e attended whilst in use

e switched on automatically, or is intended to be

switched on manually, no more than twice per day, and also
has either a delayed restart

Pagec136



Test results (b

A Vi
Heszult Hicker measurement [maximum value] |
Measurement time: 10 min Number of measurement: 12 ‘\ I dc
. . U ()
L1 L2 L3 Limit R It
imi ESU dmax . _;/ 3.3%
Pst 0.758 | [0.758 | |0.758 1.00  |PASS | v th
Plt 0.498 0.498 0.498 10.65 |PASS |
-
dc [%] [2.986 | [2.986 | [2.985 13.00 |PASS | t
dmax [*4] |5.121 | |5.12I5 | |5.12I5 |4_|]|] FAIL | 1 Steady state value
dt [s] 0.030 | [0.030 | |0.030 0.20  |PASS | e S —
i e ™~
/ Toleranceband
Tri int
Detail | Beport | ragerpol U
S I T A A By

Page’137



Training Course on Conformity and Interoperability,
Tunis-Tunisia, from 11 to 15 April 016

EMC standards
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