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EMI conducted disturbances

Described by EMC Standards (CISPR, IEC/EN, MIL etc.) as
unwanted radio frequency disturbances that propagate
via the mains or other power supply lines

AC mains




EMI continuous conducted disturbances
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Compare the frequency components amplitude to Standard Limits
In the shortest possible time
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EMI discontinuous conducted disturbances

Severity of discontinuous disturbances not only depends on their amplitude.
How frequently they happen, the so called «Click Rate», defines the Click Limit
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CISPR 14-1, EN55014-1 PRODUCT STANDARD

Emissions testing (conducted and radiated) of:

* Household appliances or similar, even for use in working places such as
offices, shops, farms...

e Electric tools

e Similar apparatus such as motor driven electro-medical, toys,
entertainment machines, vending machines...
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Conducted Discontinuous Disturbances Test

Measurement of CLICKS on selected EUTs like not only washing machines,
coffee machines, dryers or refrigerators etc...

... more in general, on every appliance equipped with Switching Components,
for both residential and Industrial environments.

Of course, besides continuous and radiated, the reference standard provides the «click»
definition as well as the click measurement procedure.

e

© Narda STS S.r.l. - Intended for Narda STS Distributors & Rep

D—




Click

a disturbance having an
amplitude exceeding the QP Limit,
which duration is £ 200ms and is
separated from a subsequent
disturbance by at least 200ms

Duration is defined as the time
the signal (IF) overcomes the
reference level corresponding to
the QP Limit

IF is the intermediate frequency
output of a measuring receiver
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What does “IF output” mean?

Old CISPR 14-1 standard date back «g Mixer IFFilter Detection
to the heterodyne receiver — :>’ "%w ::){ 4
technology:

IF = Intermediate Frequency

DFR

PLL
QP detector

Modern digital receivers emulate s [ LI L,
frequency conversion, RBW filters, = L = PK, OPK,

| — fmeg. -+ 2% |—» I AVG,
detectors etc. or use FFT = el = T ="
A virtual IF output is generated el osp
for the purpose i
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First Run: Defining the click limit Lqg

Lg depends on how many clicks are generated in a unit of time.

The click test starts counting clicks for an amount of time significant for a

statistical assessment of the Click Rate (N) Click Rate calculation:

How long is the Minimum Observation Time (T) to define the Click Rate?

N=n,/T
* Time to count 40 clicks

Where n, = number of
* 2 hours (if the count not yet reached 40 clicks) clicks in the Minimum

Observation Time

* More than 2 hours for EUTs which function is based on operating cycles (1
cycle if longer than 2 hours or multiple complete cycles to excede 2 hours
in total).

Discontinuous disturbance is a long lasting test
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Alternate method for defining the Click Rate

For specific devices listed in CISPR 14-1:

Counting of Switching Operation (n,) independent of whether clicks are
observed or not.

Click Rate calculation:

Switching Operations: N=n,x f/T
opening or closing of a mechanical or electronic switch or contact
Are used to control the operation of a device

Can occur at a random or pre-determined rate Where n, = number of
switching operations in
Example: Type of equipment Factor f the Minimum
Refrigerators, freezers 0.5 Observation Time
Irons 0.66
Electro-mechanical office 1.00
machines

If Click Rate 2 30 it must be assessed by counting clicks
e
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Defining the Click Limit (Lq)

Once the Click Rate has been assessed (after, maybe, 2 hours) we can define
the Click Limit to be used for our measurement:

For a time period corresponding to the Minimum Observation Time used for
the Rate assessment, we will be going to check how many clicks excede the
Click Limit (Lq)

Click Limit Lq: Limit for Discontinuous Disturbance, derived from the Q-Peak
Limit for Continuous Disturbance increased by a value depending on the
click rate N*

Click Limit calculation:

(a kind of relaxation offset) Lg =L+ 20 Log (30/N)

* For N<0,2: Lg=L+44 dB
Where L is the QP limit for

continuous disturbances.
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Different disturbances different meters
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Compare the frequency components amplitude to Limits
High speed measurement if Time Domain (FFT)

Sophisticated time-amplitude analysis on fixed frequencies.
IT can last 2 hours for each frequency
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Frequencies for click analysis

Discontinuous disturbances are impulsive signals that provide a wide band noise
whose effect can be well represented by few frequencies in the range of interest:

e 150 kHz (entire process)
e 500 kHz (entire process)
e 1.4 MHz (Limit calculation, final evaluation)
30 MHz (Limit calculation, final evaluation)

Click Rate and Click Limit must be assessed at 150 Khz and 500 kHz.
Click Rate assessed at 500 kHz is deemed to be representative of higher
frequencies too

4 channel click analyzers save time!
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Second Run: Upper Quartile Method

Known information:

e QObservation Time at 150 kHz and 500 kHz
 Number of Clicks counted during the observation time
* Click Limit Lq for each of the 4 frequencies

Take a new measurement for the entire observation time at each frequency and
check how many clicks excede the Click Limit Lqg:

e If not more than 25% of click counted before:
* |f more than 25% of click counted before: Non-Compliant, Fail.

2 or even 8 hours more testing

e
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CISPR 14-1 Click Measurement Example

Standard used: EN 55014-1, f = 150 kHz and Limit L= 66 dBuV

1) First run: count of 40 clicks (n) in 50 minutes (T)
* Click rate N =40/50 =0.8
 Offset = 20 Log (30/N) =32 dB
2) The new Click limit is Lg = L+Offset = 66+32 = 98 dBuV

3) Second run: With the upper quartile method the maximum clicks
allowed are: 25% of 40 = 10 clicks

4) Using the new limit the EUT will fail the test if will count more then
10 clicks higher than 98 dBuV (with Qpeak)
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Exceptions

For specific disturbance characteristics:
May change the measurement process flow

May require the storage of any detail of preceding disturbances
* 1 - Individual switching operations (not considered)

e 2 - Combination of disturbances in a time frame less than 600 ms (1 click)

* Onetime only in the minimum observation time or EUT operating cycle

e 3 - Instantaneous switching (E.U.T. compliant)
* Click Rate (N) £ 5; no click longer than 20ms; duration £ 10 ms for at least 90% of clicks
* 4 - Separation less than 200 ms (2 clicks)

e Click Rate (N) < 5; two disturbances <200 ms; separation < 200 ms
* Click Rate (N) still < 5 after applying the exception

e
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Basic information provided by the click analyzer

* Number of click (n)

* Observation Time (T)

e Click Rate (N)

* Click Limit (Lq)

* Number of clicks £ 10 ms

* Number of clicks > 10 ms and £ 20 ms
* Number of clicks > 20 ms and £ 200 ms
* Duration of “Other than click”

* Exceptions

e Pass/Fail
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Example of click test report form

Lqg Calculation
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; From Other
Frequency Limit : Total Time N +Lg
015 | 560 0 8 0 0 | 8 30 27 | 210
0.50 56.0 0 7 0 0 7 30 23 222
140 56.0 0 7 0 0 7 30 - 222
30.00 56.0 0 7 0 0 7 30 - 222
Final Test Report
Frequency X Total Time MaxClick Pass
MHZ m (310m ('m (ﬂ.b ‘ am th'\ click % min. mm F‘
dBuV | E4 ms |
0.15 770 0 0 0 0 0 30 2 Pass
0.50 78.2 0 0 0 0 0 30 1 Pass
140 | 782 0 0 0 0 0 30 1 Pass
30.00 782 0 0 0 0 0 30 1 Pass




Doubts on application of the Upper Quartile Method

Two different approaches are adopted by different test equipment
manufacturers:

e 2 Rates — 2 Quartiles

The same number of clicks counted while assessing the click rate at 500 kHz are used
to define the number of clicks allowed to exceed the click limit at 1.4 and 30 MHz

e 2 Rates — 4 Quartiles

Even though the relaxation offset is based on the number of clicks counted at 500 kHz,
the number of clicks are measured at 1.4 and 30MHz during the same observation
time. The number of clicks allowed to exceed the click limit are % of click counted at
1.4 and 30 MHz respectively.

Different methods provide different results!

e . —
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* | Internabonal Eloctrotochnical Commession

|EC \Webstore

HOME SIGNIN HELP CARTE)

CISPR 14-1:2016/ISH1:2017 Download

Interpretation sheet 1 - Electromagnetic compatibility - English CHF 0
Requirements for household appliances, electric tools and

similar apparatus - Part 1: Emission

CISPR/CIS/F | Agartional information

Fuplicanon ype Internatonal Stanaara
Publication date
Edition 6.0

Available language(s) English

TC/SC CISPR/CIS/F - Interference relating to household appliances toals, lighting
equipment and similar apparatus

ICS 33.100.10 - Emission
Stability date @

Pages 2

File size 112 KB
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CISPR Interpretation Sheet

Related publications

CISPR 14-1:2016
CISPR 14-2:2015

Share this page
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CISPR Interpretation Sheet

Both methods are valid:

In any situation where it is necessary to verify the original
measurement, the assessment method (interpretation 1 or 2)
originally chosen shall be used to ensure consistency of the results.
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15t evolution: Click meter integrated in EMI receiver




2nd evolution: Click meter in FFT EMI receivers

Concept:

—
—4.'
=

= FFT measures all frequencies at the same time

| BL0IG!

= Powerful computing on board

= Hence, the 4-channel Click Meter function is just firmware... Isn’t it??

Not to be forgotten: FFT does not reduce Click test time at all!

Test time is only determined by the product standard, say
by the EUT operation cycles.




FFT EMI receiver & 4-channel Clicks : not possible by sw/fw only!

FFT EMI receivers aim to measure the widest possible frequency band at once

However, each one of the 4 Click frequencies must deal with very different amplitudes
= channel-individual input autoranging is indispensable

It is described (*) that FFTing a = 30 MHz band means an unbearable loss of receiver’s
dynamic range

Sw emulations, filtering etc. cannot compensate or go against physics

Narrowband frequency preselection at the RF input guarantees full CISPR compliance
of the 4-channel Click Meter, whatever the receiver’s technology

(*) M. Monti, E. Puri and M. Monti, "Pitfalls in measuring discontinuous disturbances with latest click analysers"
2016 IEEE International Symposium on Electromagnetic Compatibility (EMC), Ottawa
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More about dynamic range

 Dynamic range is the difference, in dB, between lowest and highest level
that can be measured at the same time without compression or saturation.

Pulsed disturbances

m —10} . are broad band
% g7 | signals.
§ | Their energy is spread
T =30} | | — 256 tones |- over a wide
2 { ~— 8 tones frequency band.
g =i — 4 tones |
a —50 Wi 1 i ’ | - | S— é-tones ,
| ’ ‘ l ‘ l l | “ — Single tone
_60 | AU ‘ | L | 1N SO T TESE SRR AN TREeTEE ST

Frequency

Non-compressing level of multiple-tone signals normalised to a single-tone signal (full scale)




How to... reducing testing time

* 4 channel click analyzer instead of 1 ch

* No time difference between 4 channel systems based on 4 receivers or a single TD FFT
receiver able to measure the 4 frequencies at the same time.

A dedicated front end for click analysis is required if using broad band time domain receiver.

e If confident that no saturation occured during the first run and all amplitude and
duration parameters related to every discontinuous disturbance have been stored, the
second run can be avoided:

* Use already available information for the upper quartile method and for the test report.




CA-0010: 4 ch. Click extension for 9010F Time Domain EMI receiver

v" It makes the FFT EMI Receiver
PMM 9010F a complete 4-channel
Click Analyzer

v" Full CISPR 14-1 & 16-1-1
compliance

v' Internal 16 A LISN

v" Internal threshold for Switching
Operations counting

v" Internal Click & CISPR pulse
generator




From the block diagram of PMM CA-0010

Input attenuators

Narrowband
Preselectors

o

[ ——
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CA-0010: main connections

RF output to

Intemal 16 £/230% LISN — )
And Switching Operations Box \ LISMN output to :::l[:se:::;iruzziw
) EmI Receiver for Continuous ; _
\ conducted emission test (Clicks) Disturbances
Tests

/_ - RFintput
From external LISH

Intemal Click Cali-
brator output




CDD-4: The All-in-one for all Conducted Disturbances

v" All functions for full compliance
conducted emission tests

v" Full CISPR 14-1 & 16-1-1
compliance

v Internal 16 A LISN

v" Internal Click & CISPR pulse
generator




PMM Click Analysis Software

. The click measurement is an automated procedure that takes all the steps F—T =
and decisions required by the Standard. N SO

. Nevertheless, detailed analysis of single disturbances, within the entire "

- whewe Pans
hi ' beneficial for debuggi d achieving th [. compli SO ’
istory, is very beneficial for debugging and achieving the E.U.T. compliance. T
-~ »
Cozesas RO v v
42 Pran Ok Anadpen A VDT 240NN Setig Nebbase 10T UMD Ul - .
1190 AN el r . v
Cas Dwtats -
" Oa # Low T iww; %45
5 ¥ T SO0 don om §
po{ s 7! Il SRR WS iy & TR W P 27 N+ d 1o Sown ¥ v
- jrard77t- 3t e A % O Yo < & cn 2w §
; - = T b ol
wowow xom» unT om ow e Otver TX oot £ [
(28]
2 M0 ~ T * *
1l o 3
= Cns Lot T il 1§ ,"‘, o
s Tew RN de= N 3
= Fae 23 New <@ Xome 7
Mo < d <o 00w 4
s . apen LS PR S
Qv TS 0
(20
= T
Oty 7 Lt Tow S
Tee 009N d<= Ve 3
R 21 NoacdonTmg T
o Firt <8 v e 2
$ o e Bemsw s
Lo 000 % Py ot e 02 ens o e T bt €
Mo
-‘x"‘ =5 Tt
s Ockn 7 Last T et 3
= tew M29 des o 3
€ 1 + N 23 Wew « dox Jomn ¥
’M 5 Srm <6 o= Xt 2
o l:wr ';""‘ £3 et 200wy £
100008 000 % neQ e ) oms | . O 1 Comat O
ua

© Narda STS S.r.l. - Intended for Narda STS Distributors & Represe

—



PMM Click Analysis software

Data
| Clicks: 7
 Time: 00:02:59
'Rate 2.3

Details
[Last T ms): 195
'd<=10ms: 0
'10ms <d <= 20ms: 7
' 20ms <d <= 200ms: 0

‘ | E2(d>200ms): 0
g 000036 000112 000147 00223 0002% | wm_ T,C,('ng): 0
'E4:0
The entire measurement relevant parameters are shown on the right 'QP Delta (dB): 1.0
'Obs. Time: 00:03:00
' Ref (56.0)

B ___JEEe
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PMM Click Analysis software

CH3 1.4 MHz

Data
(Clicks:3
| Time: 00:01:30
|Rate 2.0
85 Details
|Last T ms): 19
|d<=10ms: 0
1 | 10ms <d <=20ms: 3

h | 20ms <d <= 200ms: 0
_ CH3 IF |E2 (d>200ms): 0
Time: 00.01:23' Time O 75 %;e = Time: 00:01:30 s Level = 64.10 | Other T C.(ms): 0

T Zoom function:

0034 instantaneous IF and
QP levels at marker
position

fObs‘ Time: 00:03:00

00:01:30 00:01:30 00:01:30 00:01:30 00:01:31 00:01:31

R 7 ' x




PMM Click Analysis software

CH3 1.4 MHz

0 |  95ms

95

75

Time: 00.01:23' Time: 00.01:3¢

Zoom function: manual
measurement of event duration

15

00:01:30 00:01:30 00:01:30 00:01:30 00:01:30 00:01:30 S

R 7 ' I x

e . —
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[ Click Setup - X

PMM Click Analysis software

Frequency 1 MHz
Frequency 2: MHz
Frequency 3. MHz
Frequency 4. MHz

U 'NONE v
E:::“’ (g i Setting up a new measurement and selecting the
Stop on FAIL 1Encmtsm < evaluation method:
Terminate on: 40 Clicks/Time v
Line: NONE .
L2PMM L3 PMM L2CA010 . 2rates, 2 quartiles
Ouw gt; COu
O . 2rates, 4 quartiles
L e
N
Max Timeo 120 | . Possible evolution: 4 rates, 4 quartiles already
coschimsdion Shoce | available
Idle lev: dBuV (56.00 J
Single RUN Yes v
USE E4 v
Rates/Quartiles: 2/2[STD] \ v

2/2|STD
Im [FUT] ’ l




DemaTrace Click Report - X PMM Click Analysis software

DemoTrace Click Report

Lq Calculation
Frequency ~  Limit . Total | Time N
v dany | <=1ms | c20ms | <025 I Excepion l than ok l | et | o
0.15 560 | 0 8 0 0 8 | 30 27 21.0
050 | 50 | 0 7 0 0 7 \ 30 | 23 | 22
140 | 560 | 0 7 0 0 7 | 30 | - | 22
30.00 56.0 0 7 0 0 7 | 30 - 22
- Test report:
Final Test Report
ey [ S | e | [ | o ‘ Too | Tme Mmoo . It can be saved in different
| B e | . formats and may include
0.15 770 0 0 0 0 0 | 30 2 Pass hs of rel t t
050 | 782 | 0 o | o | . 0 0 | 30 1 Pass grapns ot reievant events
140 782 | 0 o | o | 4 0 0 \ 30 1 Pass
30.00 78.2 0 0 0 0 0 | 30 1 Pass
Save Report Copy BMP To Clipboard Save As BMP or JPG File
Save TXT Lq Calculation Lg Calculation
Save RTF Final Test Report Final Test Report
Save RTF and highlights All Table All Table Bt




PMM Click Analysis software

£ Pmm Click Analysis Rel 1.01 24/04/2018 Setup Release: 1.01 RUN1 (Highiight) - ol b]
CHT 150 kHz Dute CH2 500 ke Data
‘ | [Cicks: 8 Cicks 7
. e t Time: 000257 os |-+ ] | (e 000257
i | ! I T 1 t1 Rate 27 - ] ! l {1 ! } Rate 24
?. TT e g li Detals 7% . ? + 4 ’... - .,I..I‘. Detals
I i | [ Last T fms) 195 i | Wil Last Timsi 19
! ; 1 l BB IEE d<=10ms 0 5 L] u ; d=10ms. 0
i ! 10ms <d <« 20ma & wiEw YRR ! ol 10ms <d <= 20me: 7 :
L. | ! L : 20ms <d <= 200ms. 0 ssi-dig 14 it i TN R PR YR 20ms <d <= 200ms. 0 Oper“ng d
I i [ ] £2 {d>200ma) 0 £2 id>200ma) 0
HHHH Ober TCira 0 15 1 : TUTUTT] | Onercmso measurement by
000006 000030 000054 000118 000142 000206 000230 00.0254 | |QP DetaidB) 10 000012 000035 000100 000124 000148 000212 00.0236 |QP Detta (98) 09
[Obs. Tave: 00:03:00 Obs. Tame. 00:03:00 means of the
Ref (56.0) Ref (5500 H. hl- ht
CHI T4 Mz . Deta CHé 30 MHz . Data lg Ig
Weasass ] g Wansans T M | e method.
: I Rate 24 (1111 [ Rate 24
75 ! Detals 75 ' I Detais
1 = EEE i 8 i 1] Lost T bmat 195 HE SEEE 88 i EEE e i | Lost T gl 19
s d <= 10ma:0 5 ™1 1 v i d <s 10ma: 0
10ms <d <= 20ms. 7 I ! 1 i | ¥ | 1 10ms <d <= 20ms. 7
33 20ms <d <= 200ms. 0 £ R | 0P RS VRN VB IR VAR TR | PO T LN 20ms <d <= 200ms: 0
l | i E2 (4>200ms) 0 E2 (>200ms). 0
ST LI TR T LI T i e
000018 000042 000106 000130 000154 000218 004242 | |GP Deka &B) 10 000024 000048 0001:12 0001:35 000200 000224 000243 | [GP Dels @B} 13
Obs. Time: 00:03:00 Obs_ Time: 00:03.00
Red (56.0) Red (56.0)
St Open Retneve Redo Ao Open
DemoTrace - Report Raport Parameter calbration Achve




:I:S Prewm Click Analysis

CH1 1ﬂhrd

203008

2 Prm Ohx Analysis
CHY 150 kks

Red 109 24/04/2018  Setup Release 101 RUNY (Mighlight)

Data

Oeks 1
Teme 000009
Rate 63

Divtade

Last T gea) 13

d<e Wme O
10me «& <= 20me 1
Krm g <> 0 0
E2id>200m! ©
Cther TCem) 0
B0

CH2 S00kHe

PMM Click Analysis software

Daes
Chckes 0

9

Tene 000003
Rae 2

Utads
Lot Toma) =10

de=10m O
10me < d <« 0m
s < d <~ X0m 0
£2 14>X0met 0
Oher TC 4 0
8o

Al 101 24002008 Setup Redease: 107 AN [Hghlght!

033034

050028 020023

Dets

G 1

Tine 000027
Aste 28

Tt

Last 7w} 19
dow10m 0
Wew <@ o 2o 7
20ms <& ve 00t 0
£ > Xvat 0
Other TC hes) 0
B0

QF Deta 82 10
O Tew 200220
Aed 5800

Dats

Chche 1

Tise 200027
Ame 28

Dot e

Lax Tl 18

dos 10ma 0
Wirs <3 ve 2o 1
20ms <& <= 00m 0
24200t 0
Oer TCyest O
40

QF Detta s 10
Ok Tiwe 200300
Bl 500

| oac0 st

200029

CHe 30 N Duta

Ps " " " " 4 i : " Tese 000027
Ree 00

Ot

Lot T omat 15
do= e D
Wies < g cs e 1
20ma <d o= 00m 0
€2 X0 0
Other TC i O
4.0

032¢2] 'OF Deta wlli 13
Ot Tese Q00300
R 40

023034 o02s 200338

Displaying relevant events
only by means of the
“Next/Previous” buttons
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PMM Click Generation software

(1]l PMM Click Generation  Rel 1.04 24/04/2018 Setup Release: 1.01 s
Standard Tests Annex F Tests Data Test -
[ Tet1 | [ Temir | o ] Cabeation
| T2 | [ Tes2F | S el Sego Rise 1
| T3 | [ Tem3r |
| Tess | [ Tewar |
| Tea5 | [ TewsF | | Repeattest2 |
Test 6 Test6F
. Autocal performed by st ' siot i iy
. h [ Tew7. | [ Tes7F | 3
internal CISPR and Click
| Tex8 | [  TemsF |
pulse generator. | [ o
vl L1
[adenti0 ] [adeti0f | | frowueney - Comecton €5) B2
. Output for CISPR ————| ° o uswou
Configurstion
performance test of any ez (et |ororie ]
click analyzer. [ oo )
I 35ms+1dB  ( background NOISE -2.5 dB QPeak)
l 1Click (~95ms)




PMM Click Generation software

1/l PMM Click Generation Rel. 1.04 24/04/2018 Setup Release: 1.01 — X
Standard Tests Annex F Tests Data Test ‘
Test 1 Test 1F ' ms | dBuV L] Caltbration
| Et 95 615 Single Pulse 1
| Testz | Test 2F
Test 3 Test 3F
Test 4 Test4F
Test 5 Test 5F Popent ot 2 . Test values and expected
Test 6 Test 6F CISPR Puises [4] results description.
Attenuation dB
Test 7 Test 7F 33
Test 8 Test8F . Same test ID as CISPR
Test 9 Test 9F “ECL‘;”""' Standard.
Test 10 Test 10F Frequency  Comection (dB) O
0.5 ¥ (] USN Ot
Test 11 Test 11F
Configuration
Test 12 Test 12F
DEFAULT_TAB v
Custom

7~ 95ms+1dB  ( background NOISE -2.5dB QPeak)
1Click (~9.5ms)
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Thank you for attending!

See you next year for
EMC Live 2019 - April 23 - 25!



