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Rules

A Presentatioriquestions

A Webcam & micreswitchedoff

A Use Chat for questions during presentation

A My colleagues can answer or ask me to answer
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Webinar Agenda

U 40 Min Webinaipresentation
U 15 Min for questions




Overview INNCX]|O

1. NEXI(presentation
2. Introduction onreverberationchamber
3. Standard introduction
4. Calibrations
1. Empty
2. Loaded
3. On EUT

5. Immunity Test
1. Automatic
2. Manual
3. Export and Report
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2 . R eve rb e ratl O n C h am b e r L'électromagnétisme pour raison d'étre
The reverberation chamber has been used in Electromagnetic
Compatibility test for more than 20 years. T TunerSirer
Incoming  support assembly

Volume of
uniform field

mains
power filter

Alternate position
for Tuner/Stirrer

The reverb chamber is a an electrically large highly conducti o motr
cavity with a mechanism for altering its modes.

Tuner/Stirrer
assembly

When the chamber is excited with RF energy, the resulting

multi-kY2 RS St SOUNRYI IYSGAO Sy gda
the mechanical tuner/stirrer. The resulting field is statistically 3
;JnIfOI’m, statistically isotropic (l._e.,_the energy having amved_ E%@*/
rom all aspect angles) and statistically randomly polarized (i. _ ‘Qﬁ
with all possible directions of polarization) when averaged ow: fesuenent i%,
enough positions of the tuner/stirrer. Field generaton

equipment Interconnection
filter

>.075m

Field generation
antenna pointed into
corner of chamber
with tuner

Chamber penetration
cables

Warning a reverb chamber has a minimum frequency usage.
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2. Reverberation Advantages and disadvantages

Disadvantages

Advantages

G)T In the uniform field zone \ / \

- Immunity on EUT on all direction EUT in the uniform field zone

and on cables, : - Size of the chamber vs start frequency
- Test closer to reality . . . .
- Bigger amplifier with a bigger chamber

No absorbent:
- Lower installation cost.
- Possibility to generate higher E field

Calibration
- Depending on standard, empty and
loaded calibration could takes time.

Very good ration Field /Power - Calibration on EUT is highly
- Amplifiers less expensive or higher recommended before starting the test

@d than inanechoidechamber / \ /
b
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3. Introduction toreverb standard

Commercial, Automotive Aeronautic m

1ISO 114521 [ EUROCAED14
{ } RTCADO160 MIL STD

D, EF

IEC 6100@-21
(2011)

EUROCAED14
RTCADO160

G
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3. Introduction onreverb standard

Commercial, automotive Aeronautic Military
(E libration |
4{ Emptycalibration} || Emptycaibration
4 . . )
{ Loadedcalibration } | Loadedcalibration
» EUT calibration > EUTDCS I,':bg’l on EUT Calibration
( v ) (" V} N 4 i )
Test Test Test




4.1 Emptycalibration INNCGXIO

2 goals reach by 2 measurement type:
1. E Field MeasurementCheck the Volume of the uniform field area and the first frequency usac

of the chamber
2. Power received on the received antenideasurement of the ratio Field/Power empty chambel

A 39 measurement is performed the Forward Power (and optional Reverse, tofyaye

Not needed for Military standard MIL STD
Commercial, Automotivelii Chamber

wall \

Volume of uniform field

Tuner/stirrer
assembly

Tuner/stirrer
assembly

Isotropic field probe )
Isotropic field probe

Non-conducting.
non-absorbing support

Fiber optic or
filtered signal link

® Probe |ocation
for calibration

Non-conducting,
non-absorbing support

Reference antenna at arbitrary

Wi worting eume. e = Probe location Fiber optic or
‘ n for calibration filtered signal link



4.1 Empty calibration, Measurement types : INNCXIO
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Value to measure:
A E field:
I EX
I By
I Ez
A Received power in the chamber from the received antenna
A Forward power and Reverse power (optional)

These values should be measure :
A For each frequency
A For each angular step (stirrer step)

A For each position of the field probe/antenna (location on the perimeter of
the chamber working volume)

n :




4.1 Empty calibration, working schema : INNCXIO
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Chamber Wall
Tuner/Stirrer

Isotropic field probe

Volume of uniform field

Reception Antenna

Emission antenna

{:ﬁ: Probe location for calibration




4.1 Needed mathematic tools INNCXIO

3 mathematic tools are needed:
A Function maximum

A Function average

A Function Standard Deviation:

I The standard deviation will describe the variation around the
average
I For example :
AAverage (9 ; 11) = average (0 ; 20) = 10
As(9,11) is low
As(0,20) is high

n :




4.1 E Field measurement INNCGXIO

For each position of the field probe

E

E, _ Maxx.v.z
0° 10° 20° X @ Angular step e J P
> Input—empty
‘il m— EMHIJ'.,}',: —
< MﬂTTomf
Tomf o
Inpur empry

i n IR oS n W B B

Jeot
Il

[ For each positior

(£),=(2
Frequency of the probe <E’l> = iZEv )/9
(£.), =2

(£) =(YE,,.)27 |
%




4.1 Standarddeviation INNCXIO
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Standard deviation from each probe axis o 1-06*\/ -

Oy = \/Z(EH}Z _ <E>2}')

27-1
m@“
) “ |
the standard deviation of the individual field components (e.dz J € 2 |
should not exceed the standard deviation limit.

Standard deviation for all probe axis

Standard deviation in dB o(dB)=20*log

The standard deviation symbolize the possible deviation of the E Fielc
Maximum on one complete rotation, with the different positions of the

iEibe, for the different position.



4.1 Measurement of Power received in the chambd\ NC X|O
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For each position of the antenna

Average of received Powel

0° 10° 20° X @ Angularsten
< PireRec
F | m—) Depec ™ <E>
3 I g
F, 1
|:4
X This average value will be used to
i | calculate:
Frequevncy A Quality factor

A Time constant for the chamber

A The power to generate for the test
depending on standard 16




4.1 Measurement of Power received in the chambd\ NC X|O
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P

Avelnput

Averageof the receivedpower < P iyerec >

Warning the same calculation is named differently according to standard
and revision:

A 610004-21 : AVF (Antenna Validation Factor)

A DO 160 F ACEny (Antenna Calibration Factor)
ADO 160 G :CCF (Chamber Calibration Factor)
A MIL STD 461 : different method (next slide)

Warning in the DO 160 G, the CCF is the average power for the empty calibration (as
written above), But in version F the CCF is the average power for the calibration on E

n :
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4.1 Reverberant Resources in BBVIC

BATEMC allows you to defined the information from the standard:
A Chambre volume

A The antenna efficiency factors for the transmit and receive antenna
(used for Quality factor and time constant)

A The homogeneity limit




4.1 EmptyCalibrationg Configuration in BAEMC

E Chamber calibration

4%} Reverberation Empty calibration

D@. Cal & vide
16Hz-2GHz
2GHz-4GHz
4GHz-8GHz
8GHz-12.4GHz
12.4GHz-18GHz

mpty 0.2-40GHz Jan 2019
200MHz-1GHz
16Hz-2GHz
2GHz-4GHz
4GHz-8GHz
8GHz-12GHz
12GHz-18GHz
18GHz-26.5GHz
26.5GHz-40GHz

mpty 0.2-40GHz Mowv 2017
200MHz-1GHz
16Hz-2GHz
2GHz-4GHz
4GHz-8GHz
8GHz-12GHz
12GHz-18GHz
18GHz-26.5GHz
26.5GHz-40GHz

=45 Copy Empty 0.2-40GHz Jan 2019

-3 200MHz-1GHz

¥4 1GHz-2GHz

- 2GHz-4GHz

[
=
m

m

-4

Frequency

Start Freq: 200M| -y, (1 included
Stop Freq: Hz [ included

Progression: | Log/decad - |
Step: ptz/dec
s
|

Include table: |
|

Exclude table:

Acquigition Mode

Meazure number of positions:

Standard dewviation

Factor: | DO160; Factor = 1.06 N |

Configuration \

INNCXIO
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Generator in constant
power or Regulation on
a target

Fower

| Generatar EommM ~ |
>
[ e

Requlation bype:

Generator level

Regulation parameters:

Number of measured
position (8 or 9)

CLF calculation: Average value [P net]

(® Tuning Mumber of sample: - \

Setup: CAL Reverb 200-1000MHz v|

Harogeneity
lirnit;

Param Description

Calculation method based on
the average or maximum of th
power received.

And normalization on P
Incident or Net

Number of steps for the
stirer

Coefficient of 1.06 or |l
for the DO 160 or IEC
standard

n 19



4.1 Empty Calibratiorg Before the measurement
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Anhexe

K

WIRTUEL Brass

WY Saisie du montage d'essai O *
Mantage: Reverb VWirttual zetup PwD v oK Al
>
N*  Sous-bande Etat Mesure de E - Etat " Mesure de P Etat "
1 100mMHz - 300MHz  Mon commencée Pasition n™1 Maon commencée FPazitian n™ Maon commencée
2 400mHz - 1GHz Maon commencée Pasition 02 Mon commencée Pazitian n*2 Mon commencée
3 1GHz - 18GH= Maon commencée Pasition 03 Mon commencée Pazitian n™3 Mon commencée
Pasition n™4 Mon commencée Pozitian n*4 Mon commencée
FPozition n*5 MHon commencée Fozition 15 MHon commencée
Pasition n°6 Mon commencée Pozition n'G Mon commencée
Pasition 0y Mon commencée Pazitian n*7 Mon commencée
< > Przitinn 1= M arn rorrneneSa . Pazibinn 7¥ R M arn rornreneSa .
Executer Fermer
YIRTUAL Spect Atk MHull_ 1AM ull Cable Mul2/Mull Bi-conic/log/Re




4.1 Empty Calibration INNCGXIO

At runtime we display the curves:
A field 1 1 .
A power i
A standard deviation il
A Normalized average power========= “
A Quality coefficient il
A Response time T




4.1 Empty Calibration : export of the results INNCXIO
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e e ————— = Inthe results export file, you can find:

A | e | ¢ | © | E | F . &6 | H | I | J Ko L .M N | 0o | P Q
i [Freq(mHz) langle ) Ex(v/m) Ey(w/m) Ez(v/m)  Et(v/m) PGen(W) PFwd(W) PReffw) Date PRec(W) PRec{dBm) PGen(W) PFwd(W) PRef(W) Date

2 SRL Barre de formule

3 |Position1 L
4 2000 0 50 5.4 46.6 820532 0.00004245  1.01111 -1E+10 10/05/2012 16:09 0.00444868 6.48231167 0.00004245 101111 -1E+10 10/05/2012 16:09 ]

5 | 2047 0 759 47.3 288 93.955 0.00003637  1.02424 -1E+10 10/05/2012 16:09 0.0224754 13.5170743 0.00003637  1.02424 -1E+10  10/05/2012 16:09 O l l r I I l e aS l | re I I l e I I I e
6| 2095.1 0 25.25 617 26.28 716595 0.00003637  1.03327 -1E+10 10/05/2012 16:09 0.0213938 13.3028793 0.00003637 103327 -1E+10 10/05/2012 16:09 [ ] )
7| 214434 0 50.1 52 873 727339 0.00002889  1.02081 -1E+10 10/05/2012 16:09 0.00507104 7.05097036 0.00002889  1.02081 -1E+10  10/05/2012 16:09

8 2194.73 0 5.99 33.1 564 65.6692 0.00002889  0.980587 -1E+10 10/05/2012 16:09 0.0145674 11.6338205 0.00002889  0.980587 -1E+10 10/05/2012 16:09

9| 22631 0 25.99 63.7 254 733371 0.00002134 1.0294 -1E+10 10/05/2012 16:09 0.0224785 13.5176733 0.00002134 1.0294 -1E+10  10/05/2012 16:09

10 2299.1 0 29.7 27.92 29.19  64.0443 0.00002295  0.983875 -1E+10 10/05/2012 16:09 0.00214941 3.32319265 0.00002296  0.983875 -1E+10 10/05/2012 16:09

1] 235312 0 387 69 793 112.014 0.000022%  1.01407 -1E+10 10/05/2012 16:09 0.023559 13.7215685 0.0000229  1.01407 -1E+10  10/05/2012 16:09

12| 240842 0 225 374 2272 610017 0.00001811  1.02221 -1E+10 10/05/2012 16:09 0.00228514 358912812 0.00001811 102221 -1E+10 10/05/2012 16:09 3 FWd Rev

13] 246502 0 255 2751 615  81.2976 0.00001811  0.972958 -1E+10 10/05/2012 16:09 0.00168904 2.27639935 0.00001811  0.972958 -1E+10  10/05/2012 16:09

14| 252295 0 28.5 5.8 34 748725 0.00001811  0.967383 -1E+10 10/05/2012 16:09 0.00169433 2.28998001 0.00001811  0.967383 -1E+10 10/05/2012 16:09

15| 258224 0 59.8 311 60.5 905732 0.00001612  1.00615 -1E+10 10/05/2012 16:09 0.0138774 11.4230811 0.00001612  1.00615 -1E+10  10/05/2012 16:09

16| 264292 0 52.5 62.8 10.89  83.2147 0.00001612  1.03364 -1E+10 10/05/2012 16:09 0.00095411 -0.20402463 0.00001612 103364 -1E+10 10/05/2012 16:09 -

17| 270503 0 12.99 348 63 376759 0.00001517  1.01482 -1E+10 10/05/2012 16:09 0.00070406 -1.52389712 0.00001517  1.01482 -1E+10  10/05/2012 16:09

18 2768.6 0 23.88 52.4 30.3 65.878 0.00001378  1.02085 -1E+10 10/05/2012 16:10 0.00376915 576243421 0.00001378 102085 -1E+10 10/05/2012 16:10

19 283366 0 L6 854 1115 112 0.00001566  0.973035 -1E+10 10/05/2012 16:10 0.00564544  7.51697796 0.00001566  0.973035 -1E+10  10/05/2012 16:10

20| 2900.25 0 a4 513 472 810771 0.00001511 1.028 -1E+10 10/05/2012 16:10 0.00223057 3.48415857 (0.00001511 1.028 -1E+10 10/05/2012 16:10

21| 296841 0 36.2 332 384 623477 0.0000148 1.0098 -1E+10 10/05/2012 16:10 0.00038195 -4.1739576  0.0000148 1.0098 -1E+10  10/05/2012 16:10 - -

2 3038.16 0 37.9 2.1 2188 621285 0.0000142  1.02671 -1E+10 10/05/2012 16:10 0.0131991 112054432 0.0000142 102671 -1E+10 10/05/2012 16:10

23| 310956 0 33 14.92 27.98 457656 0.00001947  0.977025 -1E+10 10/05/2012 16:10 0.012396 10.9328157 0.00001947  0.977025 -1E+10  10/05/2012 16:10

24| 318264 0 52.7 33 349 722516 000001803 101504 -1E+10 10/05/2012 16:10 0.00118107 072275638 0.00001803 101504 -1E+10 10/05/2012 16:10

25| 325743 0 83.5 25.37 414 965911 0.00002154  0.966685 -1E+10 10/05/2012 16:10 0.00667953 8.24745905 0.00002154  0.966685 -1E+10  10/05/2012 16:10

26|  3333.98 0 56.4 88.6 333 110.181 0.00002538  0.970022 -1E+10 10/05/2012 16:10 0.00461231 6.63918489 0.00002538  0.970022 -1E+10 10/05/2012 16:10

27| 341233 0 776 115 771 158717 0.00002538  1.01308 -1E+10 10/05/2012 16:10 0.00200002 3.01034339 0.00002538  1.01308 -1E+10  10/05/2012 16:10

28| 349252 0 69.8 62.3 40.6 101989 0.00002678  0.967819 -1E+10 10/05/2012 16:10 0.0167301 12,2349854 0.00002678  0.967819 -1E+10 10/05/2012 16:10

29| 357459 0 15.28 17.72 40.6 468598 0.00002955  0.975993 -1E+10 10/05/2012 16:10 0.00172447 236655644 0.00002955  0.975993 -1E+10  10/05/2012 16:10

30|  3658.59 0 10.35 2 28.82 51978 0.00003853  0.989861 -1E+10 10/05/2012 16:10 0.0008162 -0.88200749 0.00003853  0.989861 -1E+10 10/05/2012 16:10

31| 374457 0 294 a7.5 13.84 575513 0.00004756  0.978255 -1E+10 10/05/2012 16:10 0.00218632 3.39713728 0.00004756  0.978255 -1E+10  10/05/2012 16:10

32| 383257 0 39.9 40.2 835 57.2518 0.00005752  0.973622 -1E+10 10/05/2012 16:10 0.00153076 1.84907105 0.00005752  0.973622 -1E+10 10/05/2012 16:10

33| 392263 0 374 16.59 357 542999 0.00007042  0.984738 -1E+10 10/05/2012 16:11 0.00456865 6.59787888 0.00007042  0.984738 -1E+10  10/05/2012 16:11

34| 4000 0 5.4 56.9 56 91841 0.00008224  0.967534 -1E+10 10/05/201216:11 0.00297012 4.72773996 0.00008224  0.967534 -1E+10 10/05/2012 16:11

35 | 2000 30 aL1 17.34 33 554877 0.00004409  1.03586 -1E+10 10/05/2012 16:11 0.00259556 4.14231073 0.00004409  1.03586 -1E+10  10/05/2012 16:11

36 | 2047 30 384 326 17.83 534343 0.00003657  1.01205 -1E+10 10/05/2012 16:11 0.0228933  13.597084 000003657 101205 -1E+10 10/05/2012 16:11

37 2095.1 30 15.77 403 13.17 452353 0.0000357  1.01956 -1E+10 10/05/2012 16:11 0.0046697 6.69288981 0.0000357  1.01956 -1E+10  10/05/2012 16:11

8| 214834 30 122 20.62 934  155.025 0.00002319  1.01495 -1E+10 10/05/2012 16:11 0.00316765 9.12097119 0.00002919  1.01435 -1E+10  10/05/2012 16:11

A A statistical calculation table is
also available with all the
calculated values




