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1 Overview

Reverberation chambers (RVC) have become a popular alternative to anechoic chambers (AC) for
electromagnetic emission and immunity testing. Unlike an AC, an RVC reflects waves to create a multipath
environment. EMC testing with reverberation chambers is accepted in various EMC testing standards across
different industries. An RVC is cost effective, generates high field strength, does not need excessive
amplification, eliminates the need for complex antenna and DUT positioning for faster test speeds and
accurately simulates real-world electromagnetic environments. Accurate and efficient testing demands
specialized EMC test software for data acquisition, automation and analysis.

This application note describes how to setup R&S®ELEKTRA for measurements in an RVC.

2 Scope

This application note is based on R&S®ELEKTRA v5.20. The standards for conducting
radiated immunity measurements supported with R&S®ELEKTRA v5.20 include:

— EN61000-4-21 (mode tuned only)
— 1SO 11452-11 (mode tuned only)
— 1SO 11451-5 (Annex G: Reverb method with closed-loop power control)

This version of application note explains how to configure the hardware setup and test templates for the RVC
calibration, equipment under test (EUT) checks and EUT testing in mode-tuned operation as well as closed-
loop power control.

3 Application pre-requisites

The following R&S ELEKTRA licenses and options are required for radiated immunity measurements with an
RVC.

— Required
» EMS test software (radiated) — ELEMS-R (for all options)

» EMS rotating-tuner reverberation measurements — ELEMS-RVC (for calibration & mode tuned
only)

» EMS fast stirring reverberation measurement — ELEMS-FRVC (for Annex G: Reverb method
with closed-loop power control)

+ R&S®ELEKTRA supports a wide range of field probes from several manufacturers. For the
reverb method with closed-loop power control, currently, only Lumiloop and Raditeq field
probes provide the necessary statistical functionality.
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—  Optional

» EMS extension to system — ELEMS-S (for EUT specific test plan definition, automated testing &
summary reports)

» EMS extension to automotive/MIL — ELEMS-AMEX (optional, required for ISO 11542-11
support)
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4 Radiated immunity testing in mode-tuned
operation

The mode-tuned operation is described in the IEC 61000-4-21 [1] & ISO 11542-11 [2]. It consists of the
following steps.

—  Chamber calibration procedures
— EUT test procedures

Before describing the chamber validation and EUT test procedures, let’'s examine the calibration setup.

4.1.1 Calibration setup

The calibration setup is described in the appropriate section of the EMC standard.

The RVC test volume is defined by the eight points where the isotropic field probe is placed during
calibration, see Figure 1. The test volume maintains a distance of at least A/4 away from the chamber walls
and any other metallic object (antenna or stirrers) within the chamber.

The isotropic field probe is positioned at the first corner of the test volume and every axis of the triaxial field
probe points inside the test volume. The receiving antenna is positioned inside the test volume. It points to a
random location outside of the test volume and is cross polarized with the transmitting antenna.

During calibration, the lower frequency range utilizes the log-per antennas, and the upper frequency ranges
the horn antennas.

Volume of uniform field
Chamber
wall

Tuner/stirrer
assembly
Isotropic field probe

1R
.‘, o Non-conducting,
non-absorbing support
' Fiber optic or
’ filtered signal link

Reference antenna at arbitrary
location and orientation
within working volume

@ Probe location
for calibration

IEC 085/11

Figure 1 Test volume in RVC, SOURCE: IEC 61000-4-21 [1]
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4.2 Mode-tuned chamber validation procedures

The chamber calibration procedures consist of three steps.

— Unloaded chamber testing is where the chamber field uniformity and input power requirements are
determined with no EUT in the chamber. The test volume of the chamber is completely empty
except for the necessary tri-axial field probes, transmit antenna, receive (reference) antenna and
their cabling. All extra equipment (video monitoring system, foam test table) are removed. The
calibration only needs to be done when a chamber is installed or after major modifications.

— Loaded chamber testing is where the chamber field uniformity and input power requirements are
checked by simulated maximum loads. Along with tri-axial field probes, transmit antenna and
receive (reference) antenna, the chamber is filled with absorbing material and fully loaded.
Equipment that will be used for EUT testing can be added back to the chamber (video monitoring
equipment, foam test table). The calibration only needs to be done when a chamber is installed or
after major modifications.

— EUT check where the chamber is calibrated with EUT in place and the chamber validation factor
(CVF, or average to input power ratio similar to the antenna validation factor (AVF) for an unloaded
chamber) is computed. The chamber loading factor (CLF) is derived from the CVF and AVF. The
calibration is performed before every EUT test.

Unloaded and loaded chamber measurements check whether the reverberation chamber meets the
requirements for statistically uniform field distribution and determines the chamber limits (maximal loading).
This data is required for the EUT check and measurement.

During the unloaded and loaded chamber testing, the max E-field values (Ex, Ey, Ez) are measured with the
E-field probe, maximum and average received power are measured with the reference antenna and input
power (forward power averaged over a tuner rotation) for each frequency, stirrer position and field
probe/antenna location. The standard deviation for each probe axis and total data set (all probe axis) are
determined from the E-field measurements. The standard deviations should not exceed the limits defined in
the standard for the individual and total probe axis.

The average received power is used to compute the
- Receive AVF
- Chamber quality factor.

- Time constant for the chamber (derived from quality factor and needed to confirm the chamber is
suitable for desired pulse waveform testing)

- Power needed to generate the test levels.
The maximum of the received power is used to compute.
- Estimated E field
- Insertion loss (IL) in loaded chamber test
- Maximum load factor (ratio of AVFempty t0 AVFLoaded)

Only the received power is measured during chamber validation with the EUT in place. E-field measurements
with the probe are not required. The loading factor presented by the EUT should be lesser than the maximum
loading factor derived during loaded chamber test. The CVF (average to input power ratio as with the AVF for
the unloaded chamber) is computed. From the CVF and AVFempty, the chamber loading factor (CLF) is
derived. The CLF should be less than the maximum loading factor for all frequencies. A value for the
minimum pulse width is calculated. The applied pulse width shall not be below this value to inject sufficient
power into the RVC.

Users should consult the appropriate sections in [1] and [2] for in-depth understanding of the concepts.
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4.3 Mode-tuned EUT testing

The EUT test procedures consist of

— EUT Qualification & Susceptibility tests as per standards. The forward input power required to set
up the E-field at every test frequency is derived from the average normalized maximum E-field of
unloaded chamber calibration and CLF derived with the EUT in place.

4.4 Mode-tuned hardware setup configuration

The hardware setup describes the devices used in a measurement and how they work together. The
hardware setup is created manually. Figure 2 below shows a setup as described in the standard.

Tuner/stirrer

Non-conductive assembly
support

Volume of
uniform field

Incoming power
mains filters

Alternate position
for tuner/stirrer

Drive motor

Tuner/stirrer
assembly

usable frequency

Receive antenna at an
arbitrary position and
orientation within working
volume

Field generating

antenna pointed into

corner with tuner

e

EUT measurement ‘q /
instrumentati f, ' >
I

Field generation Interconnection
equipment filter

Chamber
penetration

IEC 080/11

Figure 2 General test setup for measurements in RVC, SOURCE: IEC 61000-4-21 [1]

In R&S®ELEKTRA, the radiated hardware setup for the reverberation chamber is used for the recommended
hardware setup in the standard. Figure 3 & Figure 4 shows the Calibration & EUT view of a hardware setup

with four subranges.
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»  Calibration View (200 MHz — 7.125 GHz) shown below in Figure 3
[g} Reverberation Chamber ‘

Test Site  Public

IFvequency Range: 200 MHz - 7.125 GHzI

B @ Frequency Range Comment
200 MHz - 1 GHz
Amplifier Band BC
X Antenna FieldProbe  RX Antenna
SF Cenermtet BBA150-BC160 IN BBA150-..0 OUT2 ’ R A
| —
cP
FWD REV
-
5 T
o 3] —=—' = i Z'e
Sl 1 2 3
BBA150-.60 FWD BBA150-..160 REV.
Power Meter FWD $ $ $ Power Meter Se...
A ks o
Tuner
200 MHz - 1 GHz ) ‘ Standard RVC - Use this view only
Select Device (optional) .. 200 MHz - 1 GHz (Intersection of all devices) N S 5 — g
[ ) Calibration View () EUT Test View I
CP = Connection Point to Shielded Room

> 1GHz - 3.2 GHz
» 3.2 GHz - 6 GHz
> 6 GHz - 7.125 GHz

Figure 3 Calibration view (200 MHz — 7.125 GHz) of hardware setup for mode-tuned test.
e EUT Test View (200 MHz — 7.125 GHz) shown below in Figure 4

IFrequency Range: 200 MHz - 7.125 GHzI

B @ Frequency Range Comment
200 MHz - 1 GHz
Amplifier Band BC
TX Antenna Field Probe  RX Antenn:
FGeneor BBA150-BC160 IN BBA150-..0 OUT2 EuT o ®  RXsensor Anten...
= -
o —= =% * 0 &M
| s -
= | cp
FWD REV
o} F—a L= &
Sprle? s 1 2 3 =
BBATS0-..60 FWD BBA150-..160 REV
Power Meter FWD Power Meter REV $ % $ Power Meter Se..
Tuner
200 MHz - 1 GHz i I Standard RVC - | Use this view only
Select Device (optional .. 200 MHz - 1 GHz (Intersection of all devices) — . . . .
() Calibration View (%) EUT Test View I
CP = Connection Point to Shielded Room
> 1GHz - 3.2 GHz
> 3.2 GHz - 6 GHz
> 6 GHz - 7.125 GHz

Figure 4 EUT view (200 MHz — 7.125 GHz) of hardware setup for mode tuned test.

Each subrange in the hardware setup is configured with devices matching the subrange. For mode-tuned
testing, the hardware is configured in the standard RVC mode that supports up to three tuners for better
mode density and field uniformity.
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The Table 1 shows the devices must be selected from the device list and assigned to the respective

placeholders.

Device Name
RF Generator
Amplifier Band A

Power Meter FWD

Power Meter REV

Tx Antenna
Rx Antenna

Tuner (1, 2, 3)

Field Probe

Power Meter Sensor
Switch unit

Interlock

Positioner

Device Category/Type
Generator
Amplifier

Power Meter

Power Meter

Antenna

Comtest tuner or generic turntable

Power meter/spectrum analyzer

Positioner/manual positioner

Special Settings
No specific requirements.

Depending on whether a directional coupler is used, the value of
the directional coupler attenuation must be appropriately
measured and set.

If necessary, multiple amplifiers may be used to cover the
measured frequency range.

If a two-channel power meter is used channel A shall be set for
the measurement of the forward power.

If a two-channel power meter is used, channel B shall be set for
the measurement of the reverse power.

If the power meter supports dual channel measurement (coupling
of channel B to A), the feature should be activated to improve the
measurement speed.

Enter the frequency parameters for each antenna and the
respective antenna efficiency factor.

Antenna efficiency is the ratio of the total power radiated by an
antenna to the net power accepted by the antenna from the
connected transmitter.

Comtest is a manufacturer of tuners for the RVC. Comtest tuners
are classified as a type of turntable. Configuration requires a
minimum of one tuner and allows a maximum of three

The field probe must support the simultaneous measurement of
all three axes.

Enter the values of the probe calibration (frequency response and
linearity correction) if available.

No specific requirements.

The signal paths of the switching unit with their respective settings
are defined here

An interlock device must always be available in the device list. If
no physical device is available, select NONE.

Manual positioner to prompt user to change the Rx antenna /field
probe position (only in calibration view)

Table 1 Devices used in hardware setup for mode-tuned test.

Depending on the power needed, multiple amplifiers can cover the frequency range. Typically, transmit and
receive antennas are required. Logarithmic periodical antennas are used for frequency ranges up to 1 GHz.
Horn antennas are used to cover frequencies above 1 GHz. The transmit antennas should not point to a
corner of the chamber and their position should not be changed after calibration is completed.

Either NRX or single probes are used to measure the transmitted antenna forward and reverse power,

The generated field strength is measured by the field probe and a receive antenna connected to the
spectrum analyzer/field probe used to measure the received power.
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4.5 Mode-tuned test template configuration and test execution

The following sections describe the test template configuration for the different calibration & EUT tests. The

hardware setup must be created before configuring test templates.

4.5.1 Mode-tuned unloaded chamber test template configuration

Table 2 shows the typical parameters configured for the unloaded chamber test template for ISO 11452-11
test standard. This configuration applies to EN 61000-4-21 standards as well.

Parameter
EMS Application
Test Method
Test Standard
Level On

Power Control
Level Conservation for
Modulation

Power Limitation

Frequency Range
Frequency Steps

Test Level
Modulation
Leveling Tolerance
Tuner

Sensor

Accessory Settings

Input Evaluation Data

Output Evaluation Data

Evaluation Graphics

System Monitoring

Setting
Reverberation Methods
Unloaded Chamber
ISO 11452-11
Transducer Power

Forward Power
CW Carrier = Modulation Carrier
Not Active

200 MHz — 7.125 GHz

5.6%, LOG (200 MHz — 600 GHz)
5.6%, LOG (600 MHz — 1 GHz)
5.6%, LOG (1 GHz — 1.2 GHz)

5.2% LOG (1.2 GHz — 2 GHz)

1.45% DECLIN (2 GHz - 7.125 GHz)

5W

Off
0dB-0.4dB
12

8

Priority 1 => Frequency
Priority 2 => Tuner
Priority 3 => Position (Sensor)

Tolerance of Standard Deviation: ISO 11452-11 Max Std

Deviation

Chamber Volume: 179.237 m® (depends on chamber)

Relative Permittivity: 8.8595 pF/m (depends on
chamber)

Calibration Result Table: ISO 11452-11 Unloaded

Chamber

Norm Max E-Field Table: LUF200 Averaged Max E-Field

E&C

Insertion Loss

Standard Deviation
Antenna Correction Factor
E-Field Comparison
Chamber Q

Test Level

Received Antenna Power
Sensor Level

Transducer Reverse Power

Location in User Interface (Ul)
General Setup => Setup
General Setup => Setup
General Setup => Setup

Measurement Settings => Leveling
Mode

Measurement Settings => Leveling
Mode

Measurement Settings => Leveling
Options

Measurement Settings => Power Level
Limitation

Subrange Header

Subrange Header

Subrange => Test Level

Ul not activated

Subrange => Test Level
Subrange => Reverb Settings
Subrange => Reverb Settings
Accessory Settings

Data Evaluation => Input Data

Data Evaluation => Output Data

Data Evaluation => Evaluation
Graphics

System Monitoring

Table 2 Typical parameters in mode-tuned unloaded chamber test template
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4.5.1.1 Unloaded chamber test template user interface previews

In this section, the Ul to configure various parameters of unloaded chamber listed in Table 2 are shown.
Configuring the test method and test standard

¥ General Settings

Setup  Graphics Settings  Report
EMS Application Test Method Test Standard

Unloaded Chamber * 1SO 11452-11 »

Configuring the measurement settings

¥ Flow Details - Overview Measurement

Measurement Settings  Accessory Settings

Leveling Mode Leveling Options  Power Level Limitation ~ Sensor Level Limitation
Level On Power Control

Transducer Power . Forward Power >

¥ Flow Details - Overview Measurement

Measurement Settings ~ Accessory Settings

Leveling Mode Leveling Options  Power Level Limitation ~ Sensor Level Limitation

Level Conservation for Modulation Power Level Conversion Impedance Q

CW Carrier = Modulation Carrier M Sensor Level Conversion Impedance 50 Q

Modulation ON during Leveling

¥ Flow Details - Overview Measurement

Measurement Settings  Accessory Settings

Leveling Mode Leveling Options  Power Level Limitation ~ Sensor Level Limitation

Active

Configuring the accessory settings

¥ Flow Details - Overview Measurement

Measurement Settings  Accessory Settings

Active Priority Loop Parameter Parameters
v 2 Tuner Positioning Speed : 7
v 3 Position Positioning Speed : 8

As shown above, an unloaded chamber test is performed for various combinations of tuner and sensor
positions.
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Configuring the subrange

Frequency Range List

B @ |/ Active Frequency Range Steps Test Level Dwell Modulation Hardware Setup Comment

200MHz-600MHz  56% 106 5w 0s OFF RVC (Public) I D

Frequency Testlevel Level Profile Device Settings Reverb Settings

al

RE Genaralor TX Antenna Field Probe  RX Antenna

RX Sensor Anten.

FWD REV |

0 = l= @G 7

1 3
Power Meter FWD Power Meter REV $ $ $ Power Meter Se.
— — -
nes

1GHz - 32 GHz

690 MHz - 3.2 GHz (Intersection of all d
£ zlntersection.ctal cevices) Calibration View () EUT Test View

CP = Connection Point to Shielded Room

> 2 7] 600MHz-1GHz  56% 106 sw 0s OFF RVC (Public) [i]
> 3 7] 1GHz-12GHz 56% L0G 5w 0s OFF RVC (Public) i}
> 4 7] 12GHz-2GHz 52% 106G sw 0s OFF RVC (Public) m
> s 7] 2GHz-7125GHz  145%  DECLIN sw 0s OFF RVC (Public) m

Frequency TestLevel Device Settings Reverb Settings

Constant Level

Level Table defined by Limit Line

Power Level defined by Reference Calibration Table

Leveling Tolerance 0 dB = 04 dB Applied Tolerance: 0 dB to 0.4 dB

Level Shift on Frequency Change 6 dB

Frequency Test Level Device Settings Reverb Settings

No. of Tuner Steps

Sensor Positions 8

If multiple tuners are configured, each position is defined by a unique combination of tuner positions.

In the examples above, Tuner 2 is configured, and its position—relative to the tuner step—is calculated using
the highlighted formula. The same calculation applies if Tuner 3 is configured. The relative positions of the
tuners are set to increase the number of independent positions, helping to achieve a statistically uniform
electromagnetic field.

Rohde & Schwarz | Application Note MEASUREMENTS IN REVERBERATION CHAMBER with R&S®
ELEKTRA 12



Configuring the system monitoring

I

g/l—o—o—[»,—o0——o— 9) © @ o @&

¥ System Monitoring

No. Active Parameter Unit Y-Axis Range LOG X-Axis LOG Y-Axis Display Detector Measurement Extension
I T S N T T =
2 v Received Antenna Power dBm -20...30 v v Carrier
3 v Sensor Level V/m 0..100 v v Carrier Measure all Field Sensor Axes
4 v Transducer Forward Power w 0..20 v v Peak No Measurement
S Transducer Reverse Power w 0..100 v Peak
6 Transducer Net Power w 0..100 v Peak
7 v VSWR 0..10 v v None
8 v Amplifier Forward Power w 0..20 v v Peak No Measurement
9 Amplifier Reverse Power w 0..500 Cd Peak
10 Amplifier Saturation dB 0..10 o None
1" Amplifier Input dBm -50..0 v Carrier
12 Generator Output dBm -50..0 v Carrier
16 Insertion Loss dB 0..100 v None

Add Time Column to Overview Result Table |+| Combine Channels in Monitoring Graphics

Configuring the data evaluation

Data Evaluation
Input Data Output Data  Evaluation Graphics
Tolerance Of Standard Deviation  11452-11 Max Std Deviatior X

Chamber Volume | 179237 m3

Relative Permittivity = 88595 pF/m

Chamber volume and relative permittivity are used to calculate the quality factor (Q-factor) for the chamber
using the average power measurements. Relative permittivity is used for estimating the Q-factor from the
averaged field strength readings.

Data Evaluation

Input Data Output Data  Evaluation Graphics

Calibration Result Table | ISO 11452-11 Unloaded Chamber x

Norm Max E-Field Table = |UF200 Averaged Max E-Field E&C x

Data Evaluation

Input Data  Output Data  Evaluation Graphics
/| Insertion Loss /| standard Deviation /| Antenna Correction Factor

7] E-Field Comparison 7] Chamber Q
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4.5.2 Mode-tuned unloaded chamber test

4.5.2.1 Test creation

The first step of the RVC calibration process verifies the field strength distribution in the test volume of the
unloaded chamber. Before the test starts, the field probe is positioned at sensor position 1 (the single axis
points into the test volume). The receive antenna is placed in a random position inside the test volume (note:
the receive antenna should have no direct radiating path to the transmit antenna and that it should also be
cross polarized to the transmit antenna).

Click “create test from template” in the unloaded chamber test template to create the unloaded chamber test
as shown in Figure 5. In the measurement flow control, the test flow is grouped based on the antenna/tuner
positions. In the example shown in Figure 5, all subranges used the same transmit antenna and the same
number of tuner/sensor positions. If the antenna or tuner positions are different in the few subranges, the
measurement flow will be grouped based on antenna/tuner steps to optimize the test flow.

w @ ER S a k4o

Test Components

1= 7

1 R&s Integration

¥ Test Inconclusive

@A

EMKx-

4rbt3nm
1

Important Graphics Frequency Control

Current Record [MHz]

) £ 10 4 »

#l & Test Information _— «
Source Range Tuning Oy

RecPwrindgm 2

P Test Templates

15O 11452-11 Unloaded Chamber Calit Range Al ~ Active:l

200 MHz

7125 GHz

26 3646716 26 36467136 soM 16
F inHz Freq

26 36467136
ncy in Hz Frequency in Hz

(Range 1, 2.3, 4,5)
of 12)

EMS Test Gener

rator

v Test Level

Test Level: -

Sensor Level: -

Amp Fwd:
RF Gen

- Peak
RFOFF

Rem. Time: -

Dwell Time:

1 » Modulation - OFF

200M  300M 400M  GOOM 800M 1G 26 36 46 56716 200M  300M 400M  600M 800M 1G 26 36 46 567136

Frequency in Hz Frequency in Hz

Figure 5 Unloaded chamber test view for mode-tuned test.

4.5.2.2 Test execution

The RVC calibration runs with several measurement loops. As in 4.5.1.1, the accessory settings are defined
for three accessories (frequency, tuner and position/sensor). Additionally, if the templates in the hardware
setup use multiple antennas, the software groups and executes subranges based on the antenna. Combining
various accessories creates many repetitions with unique accessory positions. Some accessory settings do
not require any user interaction, but others like the sensor position, or the subrange antenna, must be set
manually and the dialog shown in Figure 6 will appear.
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Notification X

0 Connect Antenna 'TX Antenna (Range 1, 2, 3, 4, 5)'

Stop Test

Skip

@

Continue

Positioner:
Please set the positioner position:
1

Notification X

Stop Test

Continue

Figure 6 User dialog during mode-tuned unloaded calibration Test.

The measurement run has two distinct phases:

The data collection phase is where the test levels are set at every frequency/tuner/sensor position

and the system monitoring points are measured. After each completed scan, the measurement
results are copied to the loop results folder.

The data evaluation phase is where the evaluation generates an unloaded chamber evaluation

result table (Figure 8) and a transducer correction average normalized E-field table (see Figure 9).
In the average normalized E-field table, the unloaded insertion column is occupied during this test
run. The evaluation graphics selected in the template are also generated.

During the run of the measurement, the current state of the measurement loops, accessory movements, test
levels are displayed in the respective panels as shown in Figure 7.

ws @ EE O alu o

Graphics & Tables

478247 MHz
1 (200 MHz - 600 MH2)
1

1 z ®

Test Level

v TX Antenna (Range 1. 2,3,4,5)
> Tuner (10f 12)
v position

Swouodwo? 159 RUONSO TN

¥ Testinconclusive

»1
2
3
4
5
6
7

Sensor Level inV/m

onsocr 8 G

Frequency:
Test Level
Sensor Level
Amp Fwd:
RF Gen

Rem. Time:

Dwell Time:

4ronm

Jonu0D Aouanbaig

478247 MHz
sanw
288 V/m
6798 W Peak
6842 dBm
000057

» Modulation - OFF

] 26 36467136
8 ° Frequency in Hz
¥ Data Evaluation

26 36 716
Frequency in Hz

s00M

200M 16

Recun @sprcnm v

Forward Power
= »
S -
Z -
H

1

12 -

10 -
Accessories Control Summary.

w1

am2 il
s | w
<J> Tuner ¥
= AZI=0 deg SP=1
2, Positioner 7 2 -
Position =1 24
o — —
300M 400M  600M G0OM !
ELL 19 36 46 116
Frequency in Hz
VSWR @Spectrum Overview  + MOLATS.247 Mz, 212 —

200M  300M 400M  60OM B0OM 1G 26

Figure 7 Unloaded test view during mode-tuned measurement.

Figure 8 shows the various columns of the unloaded test calibration results and

Table 3 describes the unloaded chamber result columns.
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1S0 11452-11 Unloaded Chamber Table >

2B mMmm S Total Row:
Name Rg A Freq... A ccr Insertion. Standard. Standar. Standard. Standard Deviation XYZ Input Level Avg Re. P Max Rec ‘Avg Norm Ma. Estimated E-. E-Field D. Chamber Q(E) ‘Chamber Q(P)
Unit MHz dB d8 dB dB dB dB ~ dBm dBm V/m)/V (W) (V/m)N (W) dB
1 1 200000 1462 954 314 267 217 247 5327 264 3079 15558 14077 087 aaco8sise  s153s1074
2 1 211200 1591 1067 185 261 230 224 5398 24 297 11.822 12992 082 169.970078 450974487
3 1 223.027 1530 1133 227 265 207 231 5327 2197 2855 12335 12695 -0.25 193.774078 611.958130
4 1 ass7 tem 1181 125 180 203 172 53 2117 2746 22 12831 049 18saomses 597659180
5 1 248706 1579 11.16 229 261 131 232 5305 2146 2847 15427 14510 053 296.428497 757921814
6 1 262,633 1743 1334 202 245 115 193 5.266 19.78 2487 14234 12220 133 275.190063 611.156921
7 1o e 1283 275 267 198 238 5281 2031 2602 15140 13524 0% sa10s1697  sosa23eas
s 1 e 13 250 199 191 220 529 1950 2629 13985 13386 03  306usm 86626091
9 1 309.273 1844 1422 166 133 214 173 5.290 18.80 2523 12853 12838 001 257.889038 791.664246
10 1 326592 1924 1466 183 1.25 283 197 5304 18.00 2418 12429 12,960 0.36 270.859833 774676208
" 1 susm 2021 1562 195 153 149 178 5318 1705 2424 12586 12105 03 sases0  7essmises

Figure 8 Unloaded Chamber Calibration Result of mode tuned test

Column Name Description Unit

Rg Subrange number None

Frequency frequency Hz

CCF Chamber correction factor (B.8) dB

Insertion Loss Insertion loss (B.9) dB

Standard Deviation Standard deviation of the E-field for the x axis indB (B.4 dB

X, Y,Z & B.5)

Standard Deviation XYZ Standard deviation of the E-field for the x axis in dB (B.6 dB
& B.7)

Pinput Input power into the transmitting antenna dBm

Paverec Average power received by the receiving antenna dBm
measured with the receiver device

Pwmaxrec Maximum power received by the receiving antenna dBm
measured with the receiver device

Avg Norm Max E-field Calculated average normalized maximum E-field (B.3) in V/m/SQR(W)
Vim

Estimated E-field Estimated E-field using the maximum received power V/m/SQR(W)
(A.6)

E-field Delta Difference between average normalized max E-field and dB
estimated E-field columns

Chamber Q(E) Estimated chamber Q factor using the chamber volume, None

the chamber wall permittivity, and the averaged field
strength values

Chamber Q(P) Calculated chamber Q factor using the chamber volume, None
the chamber wall permittivity, and the averaged power

Table 3 Unloaded calibration result table column description of mode-tuned test.

Figure 9 shows the various columns for the average normalized E-field table and Table 4 describes the
average normalized E-field table columns based on [1]. The insertion loss (unloaded) column is populated
during this test run.
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LUF200 Averaged Max E-Field ISO Table

Qe @ B B public

- m s EE

Name | Frequency A Avg Norm Max E-Field  Insertion Loss Unloaded | Insertion Loss Loaded
Unit MHz T (V/mANW) dB dB
Interpolationf Logarithmic ~  Linear ¥

200.000 15558 9.54 0.00

2 211.200 11.822 1067 0.00
3 223027 12335 133 0.00
4 235517 12121 18 0.00
5 248.706 15427 11.16 0.00
6 262633 14234 1334 0.00
7 277341 15.140 1283 0.00
8 292872 13.985 1334 0.00
9 309.273 12853 1422 0.00
10 326.592 12429 1466 0.00
n 344881 12.586 15.62 0.00
12 364.194 12679 1439 0.00
13 384.589 11.108 1584 0.00
14 406.126 11.542 1564 0.00
15 428.869 13529 1731 0.00
16 452.886 12768 1633 0.00
17 478.247 11.190 1957 0.00
18 505.029 12.029 1824 0.00
19 533311 13503 17.88 0.00
20 563.176 12943 19.84 0.00
21 594.714 11.528 1961 0.00
22 600.000 14172 1977 0.00
23 600.000 14.168 1977 0.00
24 633.600 11.658 1979 0.00
25 669.082 12078 2101 0.00
26 706.550 12275 21.00 0.00
27 746.117 12.096 2031 0.00
28 787.900 12384 2N 0.00
29 832,022 12148 2435 0.00
30 8785615 12236 2389 0.00
3 927.818 12688 2461 0.00

Figure 9 Average normalized E-Field table after mode tuned unloaded calibration test

Column Name Unit
Frequency

Avg Norm Max E-field

Description
Frequency Hz

Calculated average normalized maximum E-field (B.3) in V/m/SQR(W)
Vim

Insertion Loss (unloaded) Insertion loss (B.9) dB

Table 4 Average normalized E-Field table column description

Figure 10 shows the various evaluation graphics generated during the data evaluation phase. The graphics
are stored in the evaluation graphics folder in the test content explorer.
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Figure 10 Unloaded chamber evaluation graphics of mode-tuned test.
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4.5.3 Mode-tuned loaded chamber test template configuration

The typical parameters for the loaded chamber are largely identical to those of the unloaded chamber, except
for the test method and evaluation settings. The following table includes the parameter changes in compared
to the unloaded chamber.

Parameter Setting Location in User Interface (Ul)
Test Method Loaded Chamber General Setup => Setup
Input Evaluation Data Tolerance of Standard Deviation: ISO 11452-11 Max Std Data Evaluation => Input Data
Deviation

Chamber Volume: 179.237m?® (depends on chamber)
Relative Permittivity: 8.8595 pF/m (depends on
chamber)

Norm Max E-Field Table: LUF200 Averaged Max E-Field
Example (Public)

Output Evaluation Data Calibration Result Table: ISO 11452-11 Loaded Data Evaluation => Output Data
Chamber

Evaluation Graphics Insertion Loss Data Evaluation => Evaluation
Standard Deviation Graphics

Antenna Correction Factor
Maximum Loading Factor
Chamber Q

Table 5 Typical parameters of loaded chamber test template for mode-tuned test

4.5.3.1 Loaded chamber test template user interface previews

In this section, the Ul for various parameters of loaded chamber listed in Table 5 are shown.

Configuring the test method and test standard

¥ General Settings

Setup Graphics Settings Report
EMS Application Test Method Test Standard
Loaded Chamber A ISO 11452-11

Configuring the measurement settings

The measurement settings are like those for the unloaded chamber test template.

Configuring the accessory settings

The accessory settings are like those of the unloaded chamber test template.

Configuring the subrange

The subrange settings are like those of the unloaded chamber test template.

Configuring the system monitoring settings

The system monitoring settings are like those of the unloaded chamber test template.
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Configuring the data evaluation

Data Evaluation

Input Data Output Data Evaluation Graphics
Tolerance Of Standard Deviation ' 1SO 11452-11 Max Std Devi. X

Chamber Volume ~ 179-237 m3

Relative Permittivity = 88595 pF/m

Norm Max E-Field Table = LUF200 Averaged Max E-Fie X

Data Evaluation

Input Data Output Data  Evaluation Graphics

Calibration Result Table | 1ISO 11452-11 Loaded Chamber

Data Evaluation

Input Data  Output Data  Evaluation Graphics

V| Insertion Loss Standard Deviation /| Antenna Correction Factor

/| Maximum Loading Factor  |+/| Chamber Q

4.5.4 Loaded chamber test execution

The loaded chamber test creation and execution form the second step of reverberation chamber calibration
process. The tests resemble the unloaded chamber test but the field strength distribution in the test volume
of the fully loaded chamber is verified. The receiving antenna is placed at a random position inside the test
volume (please note that the receiving antenna should have no direct radiating path to the transmitting
antenna and that it should also be cross polarized to the transmitting antenna). However, before creating the
loaded chamber test, an application setting dialog (Figure 11) appears to select unloaded chamber
calibration result table.
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Test Category Reverberation Chamber
EUT R&S Integration
Test Name SO 11452-11 Loaded Chamber Calibration_Test
EMS Test Template  |SO 11452-11 Loaded Chamber Calibration ?
Test Method  Loaded Chamber M
Leveling Mode  Transducer Power M
Test Level 5 w
Dwell Time o s
Report Template p
Unloaded Chamber Test  |SO 11452-11 Unloaded Chamber Calibration with Table X | - V4
v ~© Add information 1 ¢
Title Content
Description i
Test Standard i
Test Site i
Operator Name i
» Actions
Q New Test Cancel

Figure 11 Test application setting view to select the unloaded chamber calibration result table of mode-tuned test.

Clicking “New Test” lets the user proceed with the test creation even without selecting an unloaded
calibration chamber result table. This is particularly useful if chamber calibration results are available from the

EMC32 software and R&S®ELEKTRA allows calibration results from EMC32 to be imported within test as
explained later.
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Figure 12 Selection of unloaded chamber calibration results inside the test view for mode-tuned test.

The unloaded calibration table can be selected within test within the test as shown in Figure 12. The menu
allows the import of calibration results generated with EMC32 software to save time.
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If the unloaded chamber test result table is not available, the test execution validation will not let the user
proceed with the data evaluation phase of the test.

The data collection and evaluation phases of loaded chamber calibration are like those of the unloaded

chamber calibration.

Figure 13 shows the various columns of the loaded test calibration results and Table 6 describes the
unloaded chamber result columns based on [1].

1SO 11452-11 Loaded Chamber Table

DR mm e s

Name Rg 4 Freq.. A ccr Insertion Los... Max Loa... Standard Devi... Standard Devi. Standard Devi. Standard Deviation XYZ Input Level Avg Rec Pwr P Max Rec Chamber Q(E) ‘Chamber Q(P)
Unit MHz dB dB dB dB dB dB v dBm dBm
1 1 200.000 17.55 1243 1.963039 268 244 314 269 5309 19.70 26.80 110.828728 262.527191
2 1 211.200 1832 1423 1.741975 162 231 308 231 5.402 19.00 2538 102.393494 258.886932
3 1 223.027 1878 1418 2229825 261 272 242 256 5329 1849 2641 139.925491 274442230
4 1 235517 18.14 BN 1.597509 235 128 248 201 5336 1913 2578 118.549149 374119415
5 1 248.706 1894 1419 2067920 2n 231 178 222 5294 18.30 26.70 179.163467 366.514008
6 1 262633 2030 16.09 1937147 164 176 192 213 5253 16.90 2557 201.731461 315.493408
7 1 277341 1945 15.14 1.788355 254 3.10 165 289 5.280 17.78 2535 208.417847 452607880
8 1 292872 1953 15.05 1657937 193 343 245 263 5.300 17n 25.19 201404739 522496399
9 1 309.273 2129 1744 1.929630 174 223 103 179 5.283 1594 21.50 180.873672 410.267334
10 1 326.592 2122 1745 1.577569 214 237 235 214 5301 16.02 2314 203.566010 491.057068
mn 1 344881 21.88 17.37 1469472 3.12 199 3.08 259 5324 1538 2135 224548187 496.648865
Figure 13 Loaded chamber calibration result table of mode-tuned test.
Column Name Description Unit
Rg Subrange number None
Frequency Frequency Hz
CCF Chamber correction factor (B.8) dB
Insertion Loss Insertion loss (B.9) dB
Max loading Calculated maximum loading factor (B.10) None
Standard Deviation Standard deviation of the E-field for the x axis in dB dB
X, Y,Z (B.4) (B.5)
Standard Deviation XYZ Standard deviation of the E-field for the x axis in dB dB
(B.6) (B.7)
P Input power into the transmitting antenna dBm
Paverec Average power received by the receiving antenna dBm
measured with the receiver device
Pwmaxrec Maximum power received by the receiving antenna dBm
measured with the receiver device
Chamber Q(E) Estimated chamber Q factor using the chamber volume, None
the chamber wall permittivity, and the averaged field
strength values
Chamber Q(P) Calculated chamber Q factor using the chamber volume, None

the chamber wall permittivity, and the averaged power

Table 6 Loaded calibration result table column description of mode-tuned test.

Figure 14 shows the various columns for average normalized E-field and Table 7 describes the average

normalized E-field table columns.
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LUF200 Averaged Max E-Field ISO Table

Figure 14 Average normalized E-Field table after mode-tuned loaded calibration test.

Qb @ B B B ruwic Smm oA T
Name  Frequency A AvgNormMaxE-Field  Insertion Loss Unloaded | insertion Loss Loaded
Unit MHz v (VimNW) dB dB
Interpolation Logarithmic ~ Linear -

200.000 35.742 4950 1243
2 422,400 35.585 4948 1423
3 446,054 35.849 4957 1418
4 471033 36.020 4946 13N
5 49741 36.367 4944 1419
6 525.266 36.141 4947 16.09
7 554.681 35.552 49.57 1514
8 585.743 35244 4955 15.05
9 618.545 36.189 4957 1744
10 653.184 35.901 49.49 1745
m 689.762 35981 4948 17.37
12 728389 35406 4957 17.70
13 769.178 36.144 4948 1718
14 812252 36.302 4939 1746
15 857.738 35996 4947 2048
16 905.772 35767 4946 20.10
17 956.495 35674 4953 19.84
18 1,000.000 35704 4945 19.38
19 1,000.000 35.758 49.59 19.05
20 1,056.000 35.150 4949 2114
21 1,115.136 35235 4952 2026
2 1,177.584 36.038 4949 2054
23 1,200.000 35.140 4947 2053
24 1,200.000 35.800 4950 2145
25 1,262.400 35995 4954 2119
26 1,328.045 35723 4946 2184
27 1,397.103 36.035 4946 24.02
28 1,469.752 36222 4949 2372
29 1,546.180 35417 4951 2364
30 1,626.581 35574 4952 2573
31 1,711.163 36.189 4954 2475

Column Name
Frequency Frequency

Avg Norm Max E-field
V/m

Insertion Loss (loaded) Insertion loss (B.9)

Description

Unit
Hz

Calculated average normalized maximum E-field (B.3) in V/m/SQR(W)

dB

Table 7 Average normalized E-Field table column description after loaded chamber mode-tuned calibration.

Figure 15 shows the various evaluation graphics generated during the data evaluation phase. These

graphics are stored in the evaluation graphics folder in the test content explorer.
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Figure 15 Loaded chamber evaluation graphics of mode-tuned test.
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4.5.5 Mode-tuned EUT check test template configuration

The typical parameters of the EUT check that differ from unloaded/loaded test template configurations are
shown in Table 8

Parameter Setting Location in User Interface (Ul)
Assess Method EUT Check General Setup => Setup
Input Evaluation Data Min Required Pulse Width: 2.4 us. Data Evaluation => Input Data

Chamber Volume: 179.237m?® (depends on chamber)
Relative Permittivity: 8.8595 pF/m (depends on
chamber)

Output Evaluation Data EUT Load Effect Table: EUT Load Effect Table Data Evaluation => Output Data
Cahmber Loading Factor: Chamber Loading Factor

Evaluation Graphics Chamber Loading factor Data Evaluation => Evaluation
Chamber Calibration Factor Graphics
Chamber Q
Pulse Width

Table 8 Typical parameters of modeOtuned EUT Check test template

4.5.5.1 EUT check test template user interface previews

This section shows the Ul for various EUT check parameters listed in Table 8.

Configuring the test method and test standard

¥ General Settings

Setup  Graphics Settings  Report
EMS Application Test Method Test Standard
EUT Check ¥ 1SO 11452-11

Configuring the measurement settings

The measurement settings are like those of the unloaded/loaded chamber test templates.

Configuring the accessory settings
Only the frequency and tuner loop are enabled for accessory settings.

¥ Flow Details - Overview Measurement

Measurement Settings ~ Accessory Settings

Active Priority Loop Parameter Parameters
1 Frequency
2 Tuner Positioning Speed : 7

Configuring the subrange

The subrange settings are like those of the unloaded/loaded chamber test templates.

Configuring the system monitoring settings

The system monitoring settings are like those of the unloaded chamber test template.
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Configuring the data evaluation

Data Evaluation

Input Data  Output Data  Evaluation Graphics

Min Req Pulse Width 24 s
Chamber Volume | 179-237 m3
Relative Permittivity = 88595 pF/m

Data Evaluation

Input Data Output Data  Evaluation Graphics

EUT Load Effect Table | EUT Load Effect Table

Chamber Loading Factor = Chamber Loading Factor

Data Evaluation

Input Data  Output Data  Evaluation Graphics

/| Chamber Loading Factor Chamber Calibration Fact... Chamber Q

| Pulse Width

4.5.6 Mode-tuned EUT check test execution

The EUT check test creation and execution are the third step of the reverberation chamber calibration
process. It is like the loaded chamber method but the field strength distribution in the test volume of the
chamber is verified with the presence of the EUT. The receiving antenna is placed in a random position
inside the test volume. Please note that the transmitting antenna should have no direct radiating path to the
receiving antenna and that the transmitting and receiving antennas are cross polarized. However, before
creating the EUT check test, a dialog for test application settings (Figure 16) appears for selecting the
unloaded and loaded chamber calibration result tables.
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Test Category Reverberation Chamber

EU

S

R&S Integration

Test Name  |SO 11452-11 DUT Check_Test

EMS Test Template SO 11452-11 DUT Check b p
Test Method  EUT Check "
Leveling Mode  Transducer Power N
Test Level 5 w
Dwell Time ¢ s

Report Template

Unloaded Chamber Test  |SO 11452-11 Unloaded Chamber Calibration with Table

Loaded Chamber Test ' |SO 11452-11 Loaded Chamber Calibration_Test_FINAL

AN RS

f c Add Information T
Title Content

Description
Test Standard

Test Site

B B B B

Operator Name

» Actions
Q New Test Cancel

Figure 16 Test application setting view to select the mode-tuned unloaded chamber calibration and loaded chamber result tables.

A test can be created by clicking “New Test” even when no unloaded/loaded calibration chamber result
tables are selected. They can be selected within the test as shown in Figure 12. The menu allows calibration
results generated using EMC32 software to be imported and helps save time.

If the unloaded/loaded chamber test result tables are not available, the test execution validation will not allow
users to proceed with the data evaluation phase of the test.

The data collection and evaluation phases of the loaded chamber calibration is like those of the
unloaded/loaded chamber calibration but have differences in the measurement loops.

Figure 17 shows the various columns of the loaded test calibration results and Table 9 describes the EUT
check chamber result columns based on [1]
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Figure 17 EUT Check result table of mode-tuned test.
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Column Name Description Unit

Rg Subrange number None
Frequency Frequency Hz
CCF Chamber correction factor (B.11) dB
CLF Chamber Loading Factor (B.12) None
Max loading Calculated maximum loading factor (B.10) None
Chamber Q(P) Calculated chamber Q factor (B.13) None
Pulse Width Calculated minimum pulse width (B.14) Ms
Margin to Req PW difference between the calculated minimum pulse width  ps
and the limit defined in the input parameters
Input Level Input power into the transmitting antenna dBm
Paverec Average power received by the receiving antenna dBm
measured with the receiver device
1/CLF Inverse CLF for comparison to the Max. loading None

Table 9 EUT Check result table column description of mode-tuned test.

Figure 18 shows the various columns of the chamber loading factor table and Table 10 describes the
corresponding columns.

[/l LUF200 ..Factor X

8ol @R BB roic - MmN
Name  Frequency & CLF CcF Insertion Loss
Unit MHz A dB d8
Interpolation Logarithmic ~  Linear
1 200.000 04 18.87 1462
2 211.200 04 1949 1591
3 223.027 08 16.35 15.30
4 235517 05 1942 1611
5 248.706 04 1948 15.79
6 262633 11 174 1743
7 277341 04 21.09 16.92
8 292872 05 19.96 1734
9 309.273 07 19.75 1844
10 326.592 06 2132 1924
n 344881 1.0 20.09 2021
12 364.194 04 2401 1972
13 384.589 12 19.25 19.98
14 406.126 03 2574 1977
15 428.869 06 24.10 2210
16 452.886 04 2437 20.26
17 478247 11 2399 2451
18 505.029 12 2156 2233
19 53331 10 321 2312
20 563.176 13 23.08 2421
21 594714 05 2723 2393
22 600.000 09 2551 25.08
23 600.000 09 2552 25.07
24 633.600 03 3006 2489
25 669.082 09 2620 25.55
26 706.550 05 2837 2525
27 746.117 06 27152 2536
28 787.900 07 2923 2783
29 832.022 03 3406 2878
30 878615 04 33.06 2857
Figure 18 Chamber loading factor table of mode-tuned test.
Column Name Description Unit
Frequency Test Frequency Hz
CLF Chamber loading factor (B.12) None
CCF Chamber calibration factor (B.11) dB
Insertion Loss Insertion loss (B.9) of the unloaded chamber dB

Table 10 Chamber loading factor table column description after mode tuned EUT Check

Figure 19 shows the various evaluation graphics generated during the data evaluation phase. These
graphics are stored in the evaluation graphics folder in the test content explorer.
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Figure 19 EUT Check Evaluation Graphics

4.5.7 Mode-tuned EUT test template configuration

The typical parameters for EUT qualification testing in the RVC are shown in Table 11.

Parameter
EMS Application
Test Method
Test Standard
Level On

Power Control

Transducer Relation

Avg Norm Max E-Field

Chamber Loading Factor

Level Conservation for
Modulation

Power Limitation

Frequency Range
Frequency Steps

Test Level
Modulation
Leveling Tolerance

Setting
Reverberation Methods
EUT Qualification
ISO 11452-11
Power Relation

Forward Power

pow(TESTNOMLEV(v/m) /RVCEFIELD, 2) / RVCCLF

RVCEFILED is referenced from the avg norm max E-
field table generated by unloaded chamber test

RVCCLEF is referenced from CLF table generated by
EUT check

LUF200 Averaged Max E-Field Example
(updated from unloaded tests)

Chamber Loading Factor
(updated from EUT Check test)

CW Carrier = Modulation Carrier
Not Active

200 MHz - 7.125 GHz

5.6%, LOG (200 MHz — 600 GHz)
5.6%, LOG (600 MHz — 1 GHz)
5.6%, LOG (1 GHz — 1.2 GHz)

5.2% LOG (1.2 GHz — 2 GHz)

1.45% DECLIN (2 GHz — 7.125 GHz)

100 V/m
Off
0dB-0.4dB

Location in User Interface (Ul)
General Setup => Setup
General Setup => Setup
General Setup => Setup

Measurement Settings => Leveling
Mode

Measurement Settings => Leveling
Mode

Measurement Settings => Calculate
Transducer Power[W]

Measurement Settings => Avg Norm
Max E-Field

Measurement Settings => Chamber
Loading Factor

Measurement Settings => Leveling
Options

Measurement Settings => Power Level
Limitation

Subrange Header
Subrange Header

Subrange => Test Level
Ul not activated
Subrange => Test Level
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Parameter Setting

12

Priority 1 => Frequency
Priority 2 => Tuner

Test Level

Received Antenna Power
Sensor Level

Transducer Forward Power
VSWR

Amplifier Forward Power

Tuner
Accessory Settings

System Monitoring

Location in User Interface (Ul)
Subrange => Reverb Settings
Accessory Settings

System Monitoring

Table 11 Typical parameters of mode tuned EUT Qualification Test Template

4.5.7.1 EUT test template user interface preview

This section shows the Ul for various parameters listed in Table 11.

Configuring the test method and test standard

¥ General Settings

Setup Graphics Settings Report

EMS Application Test Method

EUT Qualification v

EUT Monitoring Template

Overwrite Results in Interactive Measurement

Configuring the measurement settings

¥ Flow Details - Overview Measurement

Measurement Settings  Accessory Settings

Leveling Mode Leveling Options  Power Level Limitation  Sensor Level Limitation

Level On Power Control Calculate Transducer Power [W] by

Power Relation Forward Power . pow(TESTNOMLEV{V/m} / R

Check Evaluate Keyword

Test Standard
ISO 11452-11 -

Separate measurement flow for each antenna

Avg Norm Max E-Field LUF200 Averaged @ X

Chamber Loading Factor Chamber Loading F: X

The formula to calculate the required forward power to generate the required electric field strength at each
frequency is from [1]. However, the conversion factors are same as in [2] .

¥ Flow Details - Overview Measurement

Measurement Settings  Accessory Settings

Leveling Mode Leveling Options  Power Level Limitation Sensor Level Limitation

Level Conservation for Modulation Power Level Conversion Impedance
CW Peak = Modulation Peak v Sensor Level Conversion Impedance

Modulation ON during Leveling

50 Q

The level conservation needs to be CW carrier = modulation carrier for [1].
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Configuring the accessory settings
For accessory settings, only the frequency and tuner loops are enabled.

¥ Flow Details - Overview Measurement

Measurement Settings ~ Accessory Settings

Use Modulation sequence

Active Priority Loop Parameter Parameters
B Tuner Positioning Speed : 7
> 3 User Defined

Configuring the subrange

Frequency Range List

B @ /| Active Frequency Range Steps Testlevel  Dwell Modulation Hardware Setup Comment

200MHz-400MHz 5% L0G 100 V/m 2s OFF RVC (Public) I n

Frequency TestLevel Level Profile Device Settings Reverb Settings

Vector SigGen X Antenna Field Probe  RXUSLP 9143 B

EUT RX Sensor Anten.
———— P
dW\ — > . < —— Tl'H‘ ) @ [ g% —_—
P
FWD REV
g a—Jle—m £
Tuner =
NRP18P_FWD NRP18P_REV NRP18P_RX
s
3
1GHz - 32 GHz
MHz - 3.2 GHz (I i f all devi CP = Connection Point to Shielded Room o~ o
690 MHz - 3.2 GHz (Intersection of all devices) O Calibration View (&) EUT Test View
> 2 7 400 MHz-1GHz 2% L0G 100 V/m 2s OFF RVC (Public) m
> 3 7l 1GHz-12GHz 2% 106 100 V/m 2s OFF RVC (Public) m
> 4 7l 12GHz-2GHz 2% 106 100 V/m 2s OFF RVC (Public) m
> 5 7l 2GHz-7125GHz 2% 106 100 V/m 25 OFF RVC (Public) m

Frequency TestLevel Level Profile Device Settings Reverb Settings

Constant Level

() Level Table defined by Limit Line

Leveling Tolerance 0 dB - 04 dB Applied Tolerance: 0 dB to 0.4 dB

Level Shift on Frequency Change 6 dB

Frequency TestLevel Level Profile Device Settings Reverb Settings

No. of Tuner Steps
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Configuring the system monitoring settings

1.1

g\ —o—o—[»,—0—o— 9) © @ o &, o [J%

¥ System Monitoring

No. Active Parameter Unit Y-Axis Range Combine  LOG X-Axis LOG Y-Axis Display Detector Measurement Extension
T T N N T A N
2 v Received Antenna Power dém -20..30 v v v Carrier -
3 d Sensor Level V/m 0..100 v v ol Carrier Measure all Field Sensor Axes
4 v Transducer Forward Power w 0..20 v v v Peak No Measurement
5 Transducer Reverse Power w 0..100 v v Peak
6 Transducer Net Power w 0..100 v v Peak
7 v VSWR e 0..10 v v v None
8 v Amplifier Forward Power w 0..20 v v v Peak No Measurement
9 Amplifier Reverse Power w 0..500 v v Peak
10 Amplifier Saturation dB 0..10 v v None
n Amplifier Input dBm -50..0 7 v Carrier
12 Generator Output dém -50..0 v v Carrier
16 Insertion Loss dB 0..100 v v None

Add Time Column to Overview Result Table Combine Channels in Monitoring Graphics: | Channel Unit v

Configuring the data evaluation

The data evaluation settings are like those of any EUT tests done in an anechoic chamber

4.5.8 Mode-tuned EUT test execution

The EUT test creation and execution are like those of any EUT qualification/susceptibility tests performed in
an anechoic chamber. Figure 20 shows the various columns of the EUT qualification test in an RVC.

Spectrum Overview Table

R mme s | = (1 Auto scroll Spec
Name Ry A Frequency A Testlevel Rec Pur SensorLevel XYZ | SensorlevelX  SensorlevelY . Sensorlevelz . TrdFwdPwr |~ VSWR Amp Fwd Pwr | Modulation . TunerPosition . Comn
Unit MHz < vm ~ dsm V/m V/m V/m V/m w 2 = w -
1 1 200000 10225 1700 3620 2274 2498 1298 21756 201 25733 OFF 2
2 1 211.200 10259 25.58 3376 19.87 11.86 2458 18.776 226 22289 OFF 12
3 1 223.027 103.72 2913 37.56 3126 1797 1052 10.739 235 12.882 OFF 12
4 1 235517 10233 2194 2661 1985 1377 117 17612 309 21.187 OFF 12
5 1 248706 102.49 2144 4258 3344 917 2472 19304 140 23385 OFF 12
6 1 262633 10290 2135 3748 3094 an 19.10 7778 170 9.493 OFF 12
7 1 27734 103.52 38 6387 4222 4051 2563 21981 185 26931 OFF 12
8 1 292872 103.66 20.55 4114 2082 2361 2648 15.448 157 18989 OFF 12
9 1 309273 103.66 1395 3334 29.76 1398 5.55 11434 1.20 14.162 OFF 12
10 1 326.592 104.55 6.00 4569 34n 2547 1530 13.895 195 17.314 OFF 12
n 1 344881 10351 1678 2458 2078 1209 51 8203 166 10.275 OFF 12
12 1 364.194 10345 2229 2681 2476 973 333 22682 177 28665 OFF 12
13 1 384589 102.80 1134 2559 16.19 13.05 1491 7.045 203 8910 OFF 12
14 1 406.126 103.88 1398 7246 3069 50.08 4243 33.660 160 42654 OFF 12
15 1 428.869 103.16 1714 21.06 1339 307 1596 13262 122 17.051 OFF 12
16 1 452.886 10241 2158 4958 2792 27.03 3079 21.001 126 27.261 OFF 12
17 1 478247 102.74 1093 297 1489 2332 1084 778 134 9.352 OFF 12
18 1 505.029 103.95 1299 1855 1088 1283 781 6.878 151 9032 OFF 12
19 1 533311 103.58 1045 4395 2943 2075 2520 8474 138 11.177 OFF 12
20 1 563.176 10332 1316 1184 062 202 1165 6.549 107 8.748 OFF 12
21 1 594714 101.55 16.66 48.18 2697 1354 37.56 17516 101 23529 OFF 12
2 1 600.000 102.94 1212 24.02 18.00 540 1496 9202 1.05 12372 OFF 12
23 2 600.000 10337 1218 241 18.01 554 15.04 9279 1.05 12475 OFF 12
24 2 633.600 102.77 1652 4627 3855 2366 978 26715 134 36.182 OFF 12
25 2 669.082 10242 AEAL 3125 15.50 413 2682 9423 151 12.855 OFF 12
26 2 706.550 10267 1Bnn 4754 1466 732 4463 16.929 101 23310 OFF 12
27 2 746.117 102.52 10.80 2128 997 10.80 1540 13.528 104 18.789 OFF 12
28 2 787.900 102.22 16.54 37.08 3304 1183 1195 11.002 114 15497 OFF 12
29 2 832,022 104.15 1093 47.58 404 3453 3249 28030 120 39.786 OFF 12
30 2 878615 102.34 559 57.16 2426 37 4132 22874 118 32803 OFF 12
N 2 927.818 102,65 876 4535 1n22 2212 3797 19.122 124 27.627 OFF 12
32 2 979.775 10372 963 3102 2900 1064 283 11.106 137 16.288 OFF 12

Figure 20 Loop result table of EUT Qualification in mode-tuned test.

Figure 21 shows the various system monitoring graphics for the EUT qualification test in the mode-tuned
RVC test.
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Figure 21 System monitoring graphics of mode tuned EUT Qualification test.

Evaluation of EUT failure mode either by operator intervention or with EUT monitoring template is like those
performed with the anechoic chamber and is not described in this application note.
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5 Radiated immunity testing with closed-loop
power control

The closed-loop power control is described in Annex G of 11451-5 [3] and uses eight field probes to measure
electric field strength and calculate test levels and uniformity in real time as the field changes with mode
stirring. The probe positions determine the test volume as shown in Figure 1. A significant benefit is that it
does not require chamber calibration or EUT checks. Testing is done with the EUT in position. Chamber
calibration, if needed, is done with mode-tuned method specified in section 4.

5.1 Closed-loop EUT test procedures

The field distribution is random, and the field can fluctuate at any point due to reflections and continuous
mode-stirring. So, the power control loop for closed-loop testing based directly on field measurements might
lead to unacceptably long levelling times or to the risk of over-testing if the stirring speed is not fast enough.
So, the field probe system uses a statistical approach to the leveling process by acquiring field-strength
distribution snapshots from eight probes and computing the cumulative distribution function (CDF). The
R&SPELEKTRA software then retrieves the field strength corresponding to a defined CDF level, such as
80%. If the field strength is within the target level + tolerance, leveling is complete. If not, the forward power
into the RVC is adjusted and the cycle repeats. Upon reaching the defined test level, the system triggers the
dwell period, after which measurement procedures start. The mean forward power, mean reverse power,
mean of the twenty-four maximum field components and four standard deviations required for a field
uniformity evaluation are recorded.

5.2 Closed-loop hardware setup

In R&S®ELEKTRA, the radiated hardware setup for a reverberation chamber diagram type is used for the
recommended hardware setup in a closed loop FRVC. Figure 22 shows the EUT view of a hardware setup
with a single subrange. Since the closed-loop method does not require calibration, the hardware setup is
fixed to EUT test view.

[E] Ig‘} Reverberation Chamber

Test Site  Public

IFrequen(y Range: 200 MHz - 1GH1|

B @ Frequency Range Comment
b4 200 MHz - 1 GHz
sc pEalSORC Trilog Ant RX Field Probe
BC250-TX ANT BC250-TX ANT EUT
\ | r——— |
EJW M- >, O —e— Ti'H‘ 7)) >
cp .
FWD REV
o. — o — - —— %X
1 2 3
Signal Path
CHC - NRP2 | . I - | .
Tuner V Tuner H

200 MHz - 1 GHz | . | Use this view only

80 MHz - 1 GHz (Intersection of all devices)
EUT Test View|

CP = Connection Point to Shielded Room

Figure 22 EUT view (200 MHz — 1 GHz) of a closed-loop test hardware setup.
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The hardware is configured in closed-loop RVC mode that supports up to three independent tuners. Multiple
tuners produce better mode density and field uniformity. Tuners should support continuous and endless
stirring. Comtest and Frankonia tuners can be used as stirring devices in the compatible software for this
application note (see 2) since they support continuous stirring. Future versions will support a wider range of
tuners from various manufacturers, as well as a generic turntable for testing purposes. The setup in Figure
22 has two RVC tuners. See Table 1 for more details on the devices in the hardware setup. In the current
version of R&SPELEKTRA, the field probe system is configured very differently in the device list when used
for the closed loop method compared to standard test methods.

Field Probe Field Probe mm Lumiloop LSProbe 1.2 TCP/IP TCPIP0::127.0.0.1::10000:SOCKET

General Connection Parameters Measurement Correction Functional Check

Settling Time 200 ms

Noise Level 0.1 V/m

| /| Statistical Field Analysis Mode I
| Computer interface IDs of the multiprobe system (e.g. '112,58,54,386,...") 1006,1018,1020,1023,52,49 I

Laser control

Switch on automatically before test starts

Switch off automatically when exiting the application

Figure 23 Field probe parameter configuration for closed Loop test.

The field probe system should be configured in statistical field analysis mode, and eight field probes -
identified by their computer interface IDs - should be assigned. No measurement correction is applied in this
statistical mode, since it is managed internally by the field probe system. Using post-measurement result
corrections in the statistical evaluation is not feasible as shown in Figure 24.

Field Probe Field Probe m Lumiloop LSProbe 1.2 TCP/IP TCPIP0::127.0.0.1::10000:SOCKET

General Connection Parameters Measurement Correction Functional Check

I Measurement Correction is not available, if Statistical Field Analysis Mode is activa!ed.l

Figure 24 Field probe measurement correction for closed loop test.
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5.3 Closed-loop template configuration and test execution

The following sections describe the test template configuration for the EUT tests. The hardware setup must
be created before configuring the test templates.

5.3.1 Closed-loop EUT test template configuration

The typical parameters for performing EUT qualification test in the RVC are shown in

Table 12.

Parameter
EMS Application
Test Method
Test Standard
Level On

Power Control

Level Conservation for
Modulation

Power Limitation
Sensor Limitation

Frequency Range
Frequency Steps
Test Level
Modulation
Leveling Tolerance
Tuner

Accessory Settings

System Monitoring

5.3.1.1 Closed-loop EUT test template Ul previews

Setting
Reverberation Methods
EUT Qualification
ISO 11451-5:2023 Annex G
Sensor

Forward Power

CW Carrier = Modulation Carrier
Not Active

Not Active

As per test requirements
As per test requirements
As per test requirements
Off

0dB-0.4dB

12

Priority 1 => Frequency
Priority 2 => User Defined

Test Level

E-Field Statistics

Standard Deviation
Transducer Forward Power
VSWR

Amplifier Forward Power

Location in user interface (Ul)
General Setup => Setup
General Setup => Setup
General Setup => Setup

Measurement Settings => Leveling
Mode

Measurement Settings => Leveling
Mode

Measurement Settings => Leveling
Options

Measurement Settings => Power Level
Limitation

Measurement Settings => Sensor
Level Limitation

Subrange Header

Subrange Header

Subrange => Test Level

Ul not activated

Subrange => Test Level
Subrange => Reverb Settings
Accessory Settings

System Monitoring

Table 12 Typical parameters of EUT qualification test template in closed-loop test

In this section, the Ul for various EUT parameters listed in Table 12 are shown.

Configuring the test method and test standard

¥ General Settings

Setup  Graphics Settings

EMS Application

EUT Monitoring Template

Report

Test Method

EUT Qualification

Overwrite Results in Interactive Measurement

Test Standard

I1SO 11451-5:2023 Annex G v

Separate measurement flow for each antenna
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Configuring the measurement settings

¥ Flow Details - Overview Measurement

Measurement Settings  Accessory Settings

Leveling Mode Leveling Options  Power Level Limitation ~ Sensor Level Limitation
Level On Power Control
Sensor Forward Power v

¥ Flow Details - Overview Measurement

Measurement Settings

Accessory Settings

Leveling Mode Leveling Options  Power Level Limitation Sensor Level Limitation

Level Conservation for Modulation Power Level Conversion Impedance

Q
CW Peak = Modulation Peak v Sensor Level Conversion Impedance 50  Q
Modulation ON during Leveling
The level conservation needs to CW carrier = modulation carrier for [1]
Configuring the accessory settings
Only the frequency is enabled for accessory settings.
¥ Flow Details - Overview Measurement
Measurement Settings  Accessory Settings
Use Modulation sequence
Active Priority Loop Parameter
> 2 User Defined
Configuring the subrange
Frequency Range List
B @ / Acive Frequency Range Steps Test Level Dwell Modulation Hardware Setup Comment
200 MHz - 1 GHz 100MHz LN 40 V/m 3s OFF FRVC_200M-1GHz (Public) | 5 D
Frequency Testlevel Level Profile Device Settings Reverb Settings
a
% BC250-TX ANT o BC250-TX ANT A EuT el
o 3 . n r’
FWD REV
I ] |ig—-ﬁ|-_ I ig
,—l Si | Path d 2 o
CHC - NRP2 s
I
Tuner .V Tuner H
200 MHz - 1 GHz /| Use this view only
80 MHz - 1 GHz (Intersection of all devices) :‘ EUT Test View
CP = Connection Point to Shielded Room
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Frequency Test Level Level Profile Device Settings Reverb Settings

Constant Level

Level Table defined by Limit Line

Leveling Tolerance 0 dB - 04 dB Applied Tolerance: 0 dB to 0.4 dB

Level Shift on Frequency Change 6 dB

Frequency Test Level Level Profile Device Settings Reverb Settings

Tuner1 | 100 deg/sec
Tuner2 20 deg/sec

For every tuner, the tuner speed is configured in the reverb settings tab as shown in the above screenshot.

The field probe allows user to configure few parameters as shown in the screenshot below.

¥ Device Properties

Setings | CDF Threshold Level 80 % Measuring Time 35 S
Properties Measurement Speed MODE 0 (30 MHz - 82G... ~ Verification Time Cycle 1 s
CDF Evaluation Mode Vector Magnitude v

Table 13 presents the field probe configuration parameters along with typical values.

Parameter Setting Comments
CDF 80 % Valid range (0 — 100). The value is used by the SW to level
Threshold until the field strength meets the target.
Level
Measurement Mode 0 (30 MHz — 8.2 GHz) Data sampling rate of the field probe system
Speed
Measurement 3.5 s Refers to the duration for which the field strength data is
Time recorded before capturing the first data snapshot after a new

forward power level is set

Verification 1s Interval within the dwell time after which the current field
Time Cycle strength is checked
CDF Axis Combined or Vector The option refers to two ways of evaluating field strength data
Evaluation Magnitude from a multi-axis field probe.
Mode Vector Magnitude:

A single scalar value representing the overall magnitude of

the field (Eroa= +/Ex% + Ey? + Ez?)

Axis Combined:

Evaluating each axis separately & averaging (Ex+Ey+ EZ)/3

Table 13 Typical settings of field probe for closed loop method
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Configuring the system monitoring settings

I

¥ System Monitoring

g'—o—o—[>§ —o—o—TH+<

9) ©

u

KN
2

No. Active

3 7

Parameter

Unit

Y-Axis Range

E-Field Statistics

Standard Deviation

Transducer Forward Power

Transducer Reverse Power

Transducer Net Power

VSWR

Amplifier Forward Power

Amplifier Reverse Power

Amplifier Saturation
Amplifier Input
Generator Output
User Evaluation 1
User Evaluation 2

User Evaluation 3

Add Time Column to Overview Result Table

d8

w

w

Combine  LOG X-Axis LOG Y-Axis Display

Merge Detector

m_bw | B | @ | & |° | &
V/m 100 v v /'

0 Peak
0..10 None
0..100 v v Peak
0..100 Peak
0..100 Peak
0..10 None
0..500 Peak
0..500 Peak
0..10 None
-50..0 Carrier
-50..0 Carrier
0..200 None
0..200 None
0..200 None

Combine Channels in Monitoring Graphics: Off

Measurement Extension

N

No Measurement

No Measurement

UserEvaluation1

UserEvaluation2

UserEvaluation3

The E-field statistics channel represents the arithmetic mean of the maximum X, Y, Z and XYZ E-field values
measured over the entire dwell time. The Standard Deviation channel represents the standard deviation in
dB of the maximum X, Y, Z & XYZ E-field components measured during the test. The standard deviation
values for E-field are only available in the overview results table of the test.

Configuring the data evaluation

The data evaluation settings are like any EUT tests done in an anechoic chamber

5.3.2 Closed-loop EUT test execution

The EUT test creation and execution are like any EUT qualification/susceptibility tests performed in an
anechoic chamber. Figure 20 shows the various columns of the EUT Qualification test in closed loop test.

Spectrum Overview Table

PR Mm B = [ Aosol

Name

Unit

1

© e N L E W

1
1
1
1
1
1
1
1
1

Rg A Frequency A Test Level

MHz v V/im

200.000
300.000
400.000
500.000
600.000
700.000
800.000
900.000
1,000.000

Emax Level XYZ
v V/m
4128 4633
4152 50.50
40.02 46.03
4025 5171
40.16 50.08
4025 5147
4095 4884
4114 5191
4186 53.92

Emax Level X

V/m

50.54
5417
42.02
5249
5093
55.12
4637
4998
5253

Emax Level Y

V/m
4460
49.44
49.90
53.50
49.15
4848
5151
5314
56.59

Emax Level Z

V/m
4383
4789
46.16
49.14
50.14
50.79
4864
5263
5264

oXYZ
dB

182
126
129
1.55
132

103
121

oX oY

dB dB
192
177
157
134
074
141
087
07
1.58

X A
Spectrum Overview ASR1 Total Rows 9
oZ Trd Fwd Pwr Modulation Comment,
dB w 2
242 175 2.766 OFF
AL 172 1512 OFF
122 0.66 1394 OFF
124 142 1.245 OFF Leveling (]
1.04 243 0999 OFF
123 129 1.224 OFF
0.78 091 1.175 OFF
0.83 145 1.113 OFF
110 098 1.096 OFF

Figure 25 Loop result table of EUT Qualification in closed loop test.

Figure 26 shows the various system monitoring graphics of the EUT qualification test in RVC.
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Figure 26 System monitoring graphics of EUT Qualification test in closed loop test.

Evaluation of EUT failure mode either by operator intervention or using EUT monitoring template is like those
performed with Anechoic Chamber and is not described in this application note.
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6 Comtest stirrer configuration

The Comtest stirrer assembly is driven by an Oriental controller. Figure 27 shows the settings dialog for
Comtest stirrer with an Oriental controller.

The following settings are recommended for closed loop testing with R&SPELEKTRA.

Parameter Setting Comments

User Unit  deg Defines the units displayed with position- and velocity- related
parameters

Distance 360 Distance per revolution in terms of user units

per

revolution

Gear A 1 The ratio Gear A/Gear B determines the velocity of the motor.

For a ratio of 3:1, the motor has to rotate three times to cover
the same distance

Gear B 1 See above
Motor 1000 Number of pulses per revolution
Resolution
. Immediate Motion Creator for CM/SCX Series = X
File SetUp Help
Motion Creator Program Editor Terminal Teach/Jog System Config @ Current
Offline System Parameters |/O Setting _Driver /O Return to Factory Settings SAVE and RESET
ID
User Unit (Text)* deg USB Baud rate 9600 bps ~  SENSORAction Offset v
Distance/Revolution 360 R>cs2BaldIaie 9600bps v | DistanceAfer SENSOR* 0
GearA(AB) 1 Set Device ID* * «  Velocity After SENSOR* 1
pr— ] Home n
Gear B (WB) 1 |caNopenBaudrate 20 kbps v Typer 4IHome]4-7.LS=RevDir
Motor Resolution 1000 CANopen Address 1 | Home Deviation Clear
Encoder Resolution 1000 CM10/SCX10:CLR DriverN/A v
MSTOP Action Hard St v *
Direction Invert cw [ NSIOn Ak ard Stop Home Offset o
TART Acti v
Pulse Mode 1pulse ~ SERTAdo Eoe Software Limit OFF v
™ Over Travel Action Hard Stop v e
Pulse Invert Positive v Negative Limit 0
MB.Free polatedto DriverALM
Startup Current ON . Action SHCCIO VALY Positive Limit 0
Ditver OFF  ~ ENDwaittim 6 Encoder Sour Notused -
Resolution Selection 4 S S S— COUSIOONES ik
Driver End Disable -~ ENDAction/Area 0 Timing Signal TIMA v
Driver Alarm Disable ~  Alarm Message* OFF v EBExtZLogicLevel Positive v
Slézn Driver Ready Disable ~  AlarmAction Alarm ON, Curr O ~  Driver Data* 0 <
* New value for the parameter followed by an asterisk becomes active immediately, but "SAVE™ is required it to be active after reset or power cycle.
/o] Alarm Busy Position
@ I oFF M :oN /O Monitor @ @ Motor
USB/RS232 Inputs QOutputs Motor 0.000 deg
Direct Clear
(3 (4 Encoder
CANopen Remote Detail Sequence 0.000 deg

Figure 27 Comtest Stirrer Control Settings for closed loop test.

The user should consult the stirrer controller manual provided by the stirrer supplier.
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7 Reference documents

[1] IEC 61000-4-21 Edition 2.0 2011-01 Electromagnetic compatibility (EMC) — Part 4-21: Testing and
measurement techniques — Reverberation chamber test

[2] ISO 11542-11 Edition 2010-09-01 Road vehicles — Component test methods for electrical
disturbances from narrowband radiated electromagnetic energy — Part 11: Reverberation chamber

[3] 1SO 11541-5 Edition xxx Road vehicles — Vehicle test methods for electrical disturbances from
narrowband radiated electromagnetic energy — Part 5: Reverberation chamber
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