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scope of committees : :
timeline of standards T~ advisory committees

liaison with other organizations \\

ACEA — environmental aspects
ACEC - electromagnetic compatibility
ACOS - safety

CISPR—Emission/ X TC77 — Immunity
chair: Don Heirman chair: Hiroyuki Ohsaki
secretary:  Stephen Colclough secretary:  Diethard Moehr

: TASEQ

Agwar ood Test Solutiacs Tor EMC



_:.”; - u -
f?’i‘;- ‘q ."-n
1z o
o _» Immunity standards
. ‘- o
Immunity
v v v v v v
Pulsed Power quality || H Field Conducted LF || Conducted RF | |Radiated RF
v v v v v v
ESD Dips Power freq. DC, 15 Hz - 150 kHz - 80 MHz -6 GHz
EFT/ Burst Ring wave Impulse 150 kHz 80 (230) MHz ||3, 10 V/m
Surge Harmonics Damped sine up to 300V, 1, 3, 10 VEMF ||80% AM 1 kHz
V. fluctuation 2 -150 kHz DM | | 80% AM 1 kHz
Ripple an DC
Oscil. wave
Unbalance
Freq. variation
v v v v v v
EN 61000-4-2 | |EN 61000-4-11 | EN 61000-4-8 ||EN 61000-4-16 | |EN 61000-4-6 ||EN 61000-4-3
EN 61000-4-4 | |EN 61000-4-12 | |EN 61000-4-9 || (EN 61000-4-19) EN 61000-4-20
EN 61000-4-5 | |EN 61000-4-13 | |EN 61000-4-10 EN 61000-4-21
EN 61000-4-14 (EN 61000-4-22)
EN 61000-4-17
EN 61000-4-18
EN 61000-4-27
EN 61000-4-28
EN 61000-4-29
EN 61000-4-34
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-1, ,:-;_ﬂ ¥ |IEC Standards

IEC 61000-x-X basic standards

Terminology and safety

Description of phenomena and levels
Guidance values for immunity tests
Measurement techniques

Testing techniques

Installation guidelines

el



" | Generic standards

Generic standards

B Residential, commercial and light industry
B Houses, shops and supermarkets
B Business premises
B Areas of public entertainment
B Outdoor locations, petrol stations, sport centres
B Light industrial locattions, workshops and laboratories

B Industrial environment

B Locations with industrial, scientific and medical
apparatus

B Heavy inductive or capacitive loads frequently switched
B High currents and associated magnetic field
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A | Generic standards

Product standards

Particular products
B Washing machines
Electricity meters
Monitors

Printed boards

Product families

B LV household equipment

B Information technology equipment
B Medical equipment
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Publication Year Edition Maintenance Responsibility
61000-4-2 2008 Ed. 2.0 2014 MT12
61000-4-3 2010 Ed. 3.2 2013 WG10
61000-4-4 2011 Ed. 2.1 2012 MT12
61000-4-5 2005 Ed. 2.0 2012 MT12
61000-4-6 2008 Ed. 3.0 2013 WG10
61000-4-9 2001 Ed. 1.1 2013 MT12
61000-4-10 2001 Ed. 1.1 2013 MT12
61000-4-12 2006 Ed. 2.0 2012 MT12
61000-4-18 2011 Ed. 1.1 2012 MT12
61000-4-20 2010 Ed. 2.0 2014 JTF TEM
61000-4-21 2011 Ed. 1.0 2015 JTF REV
61000-4-22 2010 Ed. 1.0 JTF FAR
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% ~_Electrical Fast Transients - Burst
| v

EFT

Electrical Fast Transient

Burst Pulses
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ﬁ' . EFT/Burst — IEC/EN 61000-4-4
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switch opens: arc

E F generated while gap
cannot maintain v,

switch closedq, X circuit

> D\ current flowing {>|' DC/ switched off

() WD) ekt W[
. = L C,> gL G.=— g L
V, =-L- di/dt
A Limited by C,
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IEC 61000-4-4: Electromagnetic compatibility (EMC) - Part 4-4 : Testing and measurement
technigues - Electrical fast transient/burst immunity test - Basic EMC Publication

V=10 1 v, and waveshape are calibrated info
09 a 50 ( load - i.e. voltage level is half the
Individual open circuit value; both parameters are
pulse also calibrated info a 1000 0 load
VF.
0.5

e — — — — — —— —— —— — — —

t = 515 +30%
t, = 50 ns +30%

‘ c )/ m ‘ 500 (50 ns + 100 ns into 1000 Q)
} le || O { Coaxial 01
‘ l T autput t(ns)
(v C. R, |
KT/ —‘7 l repetition period 200 or 10 ps +20% (1/5 kHz or 1/100 kHz)
| "
| |

-
- 1 burst duration

— Single 15mMs @5 kHz *
burst of 0.75ms @ 100 kHZ *
pulses (75 pulses)

15msor 0.75 ms £20% *

EFT / Burst is a high frequency
phenomenon with a bandwith > [l g ensee
100 MHz B B ke

development testing

t(ms)

Total duration of each test = 1 minute, both polarities mandatory

TASEQ
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> Burst : IEC 61000-4-4

B New publication of IEC 61000-4-4:Ed 3.0 (May 2012)
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=5 I\‘/lg.intenafnce of IEC 61000-4-4

B Started Dec 2008
B Result inquiry within MT12 and observations from national comitees

defined the program.

No change of: Change (review) of:
B Test levels B Test setup (i.e. rack mount, table
B Generator specifications top, AE wiring)

B Test repetition frequency Calibration of clamp
Taking Amdt 1:2010 to main body

Numerical model of a Burst pulse

Measurement Uncertainty

e
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MNarmalized voltage

300
ns

Mormalized voltage

ns

Figure 3 — ldeal waveform of a single pulse into a 50 & load
with nominal parameters ¢ = 5ns and r,, = 50 ns
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‘Model of a Burst Pulse

The formula of the ideal waveform of Figure 3, vger(f), is as follows:

¢ yHerr
r
V. [£] :_
— 1 L T3
veer(t) = &, T e
= t
1+| —
'\T1 A
where
- " 1
_\r_-,i Mgy -ty FREFT
kerr=e LT
and

k., Is maximum or peak value of the open-circuit voltage (k, = 1 means normalized voltage)

= 092 = 3,5 ns == 51 ns NEgpT = 1,8

MWOTE The origin of this formula is given in IEC §2305-1:2010, Annex B.

TASEQ
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1. e Test Setups

For EUTs with cable inputs on the top
tm '\’ : '_’[ | Cable

e
B This method is difficult to meet LB A e
B This has been investigated @ﬁmﬁ@?ﬁ?e"
B Numerical simulations have been made for

alternative setups Jéﬁmmr
B Measurement campaigns have been run
B An easier alternative has been found, £

validated and will be published in Ed 3.0

B ey =
[~y Cabe

Figure 13 — Example of a test setup for equipment with elevated cable entries

TASEQ
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Other Changes In Test Setups

61000-4-4/FDIS & |IEC

»0,5 L
10m m‘|‘7_"|
AE i

AL mains
_ 0.5 m Capacitive ' , SUPPY
AT mains [+ ; coupling EUT .
sup@ly clarmp \D
— S % = O im|[
CET/E - \% L +
8 E .. ; |
generator (A) o - J 0.1 ¥ —
— 1
_ H - Contact to the ground Insulating
;=='J v raferance plane support
Coupling/ Insulatin =
dE‘“'—-‘F“""_S_ . =un rt g =FT/E ) Grounding connection according to
netwaork (Al . Ground pa generator (B) the manufaciurer's specification
raferancsa Length to be specified in the test plan
plane
Grourding
cabls

TASEQ
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= Calibration of Coupling Clamp

Various methods have been proposed and investigated

B Using network analysers
Using RLC bridges

B Using same equipment (attenuators and scope) as for

generator calibration
Finally the best method has been selected:

B Using same equipment (attenuators and scope) as for

generator calibration

el
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. Calibration of Coupling Clamp
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M |EEE publication about the new method
Full-wave Investigation
of EFT Injection Clamp Calibration Setup

Spartaco Caniggia Eric Dudenhoeffen Francescaromana Maradei
EMC Consultant TESEQ AG Dept. of Electrical Eng.,
Wiale Morant: 7, Mordstrasse 11F. CH-4542 Luterbach Sapienza Univ. of Rome
20010 Bareggio (MI). Italy Switzerland Via Eudossiana 18, 00184 Rome, Ttaly
spartaco.canigoia@iece. org eric. dudenhoeffer@tezeq.com fr.maradei@ieee. org

The validity of the method has been investigated through numerical

simulations and validated by a measurement campaign.

Load voltage (V)
2000

tuy hMeasurements

-

_____ MW S with analytical
EFT source

—_—————— WS with measured
EFT source

1000

-500
4] a0 100 150 200

s ~ EFT voltage ; Time (ns)
oo soes Fiz. 15 — Load voltage obtained by measurements and MWS
Fig. 3 - MWS model of capacitive coupling clamp housing a model in calibration setup canﬁgur:mnn 1.

coaxial cable. T E S Eo_

Agwar ood Test Solutiacs Tor EMC




B Need of a transducer plate and adapter

—
EFT/B Transducer plate Capacitive coupling clamp

generator — ——— I lll- —» To:oscilloscope

@ \50 () Terminator / attenuator
-- - “|'m

Connecting adapter
Figure 8 — Calibration of a capacitive coupling clamp using the transducer plate

Ground reference plane

The waveform shall be calibrated with a single 50 © termination.

The clamp shall be calibrated with a generator, which has been shown to be compliant with
the requirements of 6.2.2 and 6.2.3.

Load voltage (V)

2000

Maasurements

_____ MWS with analyfical
EFT source

The calibration is performed with the generator output voltage set to 2 KY.

—————- MWS with measured

1000 EFT source

The waveform characteristics shall meet the following requirements:

+ risefime (5 £ 1,5) ns;

o

« pulse width (50 = 15) ns;
« peak voltage (1 000 £ 200) V. 500

[u] 50 100 150 200
Time (ns)

Fig. 15 - Load voltage obtained by measurements and MWS

model in calibration setup configuration [2].
L.}
L [aR fepa i [

A st solutiac s Tar EMC
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=k Generator Calibration

M [EC 61000-4-4 Amdt 1:2010 has been taken in the main body of Ed 3.0

Signal from test generator

Pionwer — —

supply l L EUT

port L part
T

] © Gl ] & »

Lt — 4 — .y
Ll | L

Open | Decoupling | Lz Termination
Ly ——— network — |:|rEE stor
. | n by
. | ee

Reference ground L —

Figure 5 — Calibration of the waveform at the output of the
coupling/decoupling network

THSEO
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Generator Calibration

T (nSecs)

B The introduction of Measurement
Uncertainty considerations pushed to look
at things closer

B The use of numerical simulation tools
allowed better visibility

B The introduction of the Amdt 1:2010 001K

0.13 50.00 100.00
viRL1) (V) wRL3) (V)
T (nSecs)

calibration method generates results drifts

which were neglected



B To make things right, specifications have been re-adjusted for parameter

values when measured with new method (full common mode) at CDN output
Note that there is no change for generator or CDN specification, the new
calibration method generates slight changes in the parameter definition at
CDN output

Using the new definition from Ed 3.0 for calibration will give results which
are better centered in the tolerance range

The calibration is performed with the generator output at a set voltage of 4 kY. The generator
is connected to the input of the coupling/decoupling network. Each individual output of the

CON (normally connected to the EUT) is terminated in sequence with a 50 02 load while the
other outputs are open. The peak voltage and waveform are recorded for each polarity.

T (nSecs)

Rise time of the pulses shall he (5,5 £ 1,5 ns. | /

Pulse width shall he {45 = 15) ns.

Feak voltage shall be (2 £ 0,2) kY, according to Table 2.

001K 50,00 100.00

TASEQ
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0.13
WRL1) (V) w{RL3) (V)

MOTE 2 The walues shown above are the result of the calibratiom method of the CON T inSecs)
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A nnex C Measurement Uncertainty

~T, e (MU) Considerations

Informative (not mandatory)
Will be implemented in each new immunity standard

Is in line with IEC 61000-1-6

Title:

IEC/TR 61000-1-6 Ed.1: ELECTROMAGHNETIC COMPATIBILITY (EMC) — Part 1-G: General -
Zuide to the assessment of measurement uncertainty

Concerns only the test equipment calibration uncertainty, not the

uncertainty of the burst test
Dedicated to the calibration laboratories
Ends with an important statement about compliance of test equipment:

C.5 Application of uncertainties in the EFT/B generator compliance criterion

Generally, in order to be sure the generator is within its specifications, the calibration results
should be within the specified limits of this standard (tolerances are not reduced by MU).

ST
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Lightning transients - SURGE — IEC 61000-4-5

High energy transients — Effect of lightning strokes
or switching of major power systems like capacitor
bank switching. TISEO

A
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._'f';' "N 35 Lightning strokes
"4 e

H field

Qo cloud to cloud
_____/\_/ (\

direct strike to
primary supply

direct strike to
LV supply (esp.

in rural areas) >
4] .
\\ —oto— L LPZ1
h fault clearance h Lightning Protection B P72
Zone 0

S22
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1"’5- Standardized pulse
o 5

1;‘ / High energy pulse
o with low bandwith: < 100
) kHz
-
/ =) . 1,2/50us  8/20us

Voltage amplitude up to 4
kV

Current amplitude up to 2
KA _TEoEd

A



T e APEMC 2012

B Trends for next revision of IEC 61000-4-5

el
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= Maintenance of IEC 61000-4-5

B Started Dec 2010
B Result inquiry within MT12 and observations from national committees

defined the program.
Change (review) of:

B Add mathematical formula for wave shape
B Harmonization of CDN up to 200 A
No change of: B Specify High Speed dataline CDN
W Testlevels B Phase synchronization in 3 phase systems
W Generator specifications B New calibration table for 10 Ohm
W Phase angle spec B Test setup for class Il equipment
B Separation of 10/700 with B Test setup for shielded control lines
1.2750 pulse B Harmonization with ITU-T.K series
B Clear statement about 2 methods 60060-1,
60469-1
B Development of MU (annex D) THSEQ
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B Numerical model

1
0ng
06 \\“-..
e
nd \_‘
. Tw=50ps T — ~ i
HS Nouras
s 10 W 4 A 8 WM 80 100
- f
Figure E. 1: Voltage surge (1,2/50ps): Late time response _t k |.||" T T
F I IHGE = - = [ e
1 . v k f N SuURGE
e SURGE
ne +| —
L o T

ne “ » | _
y / T=0.72p

' .f
nz

HS
i

u] 015 03 035 1 135 15 175 2 115 25

Figure E. 2: Voltage surge (1,2/50ps): Early time response

TASEQ

Agwar ood Test Solutiacs Tor EMC



@’t’i _-_ .'. 1 .":.",-_ p

£l 2
= Maintenance of IEC 61000-4-5

B Only one calibration method

F
u J F Y
1,0
08 1L
n a8
05 B
. 05
B 2 Tw i
03 ) . sl /| L IS
01 01
0.0 » ol >
T t T !
<+ 30 % max. -—r 30 % max.
Front time: T=167«T=12ps+ 30 % Front time: T5=125+ T,=Bus+20 %
Duration: Ta=Ty=50 ps + 20 %. Duration: Tg=118xT,=20ps 20 %
NOTE 1 The open circuit voltage waveform at the output of the coupling/decoupling network may have a NOTE 1 The 30 % undershoot specification applies only at the generator output. At the oufput of the
considerable undershoot, in principle as the curve shown in this figure. coupling/decoupling network there is no limitation on undershoot or overshoot.
NOTE 2 The value 1,67 is the reciprocal of the difference between the 0,9 and 0,3 thresholds. NOTE 2 The value 1,25 is the reciprocal of the difference between the 0,9 and 0,1 thresholds.

Figure 2 — Waveform of open-circuit voltage (1,2/50 ps) at the output of the generator NOTE 3 The value 1,18 is derived from empirical data.

with no CDN connected Figure 3 — Waveform of short-circuit current (8/20 ps) at the output of the generator

Table 2 — Definitions of the waveform parameters 1,2/50 ps - 8/20 ps

Front time Ty Duration Ty
us us
Open-circuit voltage 1,230 % S50+ 20 %
Short-circuit current B8+20% 20 + 20 %

- TASEQ
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= Maintenance of IEC 61000-4-5

B CDN specification up to 200 A

Table 4 - Voltage waveform specification at the EUT port
of the a.c./d.c mains supply CDN

Surge voltage parameters under Coupling impedance
open-circuit conditions *
18 pF QuF +10 0
Peak voltage
Current rating = 16 A Set voltage +10 %/-10 % | Set voltage +10 %/-10 %
16 A < Current rating = 32 A Set voltage +10 %/-10 % | Set voltage +10 %/-10 %
32 A = Current rating < 63 A Set voltage +10 %/-10 % | Set voltage +10 %/-15 %
63 A = Current rating = 125 A Set voltage +10 %J/-10 % | Set voltage +10 %i- 20 %
125 A = Current rating = 200 A Set voltage +10 %J/-10 % | Set voltage +10 %i- 25 %
Front time 1,2 ps £ 30 % 1,2 ps =30 %
Duration
Current rating = 16 A S0 ps +10 paf-10 ps S0 ps +10 ps/-25 ps
16 A < Current rating = 32 A 90 ps +10 p=rf-15 ps S0 ps +10 ps/-30 ps
32 A < Current rating = 63 A 90 ps +10 p=rf-20 ps S0 ps +10 ps/-35 ps
63 A = Current rating = 125 A 90 ps +10 paf-25 ps S0 ps +10 ps/-40 ys
125 A = Current rating = 200 A 90 ps +10 paf-30 p= S0 ps +10 ps/-45 us
* The measurement of the surge voltage parameters shall be done with the a.c./d.c. mains
supply port of the CDN open-circuit.

MOTE 1 The current rating is related fo the CDN and not related to the rating of an EUT.
B Technical background published in TESEQ newsletter 02/2009: Pulse integrity
vs. Voltage drop ______THSEQ

A st solutiac s Tar EMC
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1. Maintenance of IEC 61000-4-5

B Surge coupling on datalines
B Clear split between indoor and outdoor lines

B 10/700 pulse applies only to outdoor lines, so it has been moved to an annex

Annex A
(normative)
Surge testing for unshielded outdoor symmetrical communication lines
intended to interconnect to widely dispersed systems

A.2 10/700 ys combination wave generator

el
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Maintenance of IEC 61000-4-5

B Existing specifications dates from times where high speed data transfer was
150 kHz... now up to 10Gbit/s for Ethernet

B Section about dataline coupling has been reviewed

B Calibration specification for dataline CDNs

B Harmonisation with specification from ITU-T.K series and several other

telecom standards

el



1:; I\4§:_1 intenance of IEC 61000-4-5 O

B IEC 61000-4-5 Ed 3.0
B Publication earliest end 2013

S22
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Thank you for your attention.

TISEO

www.tesequsa.com
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