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1 Overview

Electric (EV) and hybrid electric (HEV) vehicles have both high-voltage (HV) and low-voltage (LV) electric
systems. The LV systems are typically unshielded (infotainment, lighting, sensors etc.) and HV systems
(battery packs, inverters, electric motors etc.) are shielded. The HV systems ranges from 400 V to 1500 V
and the LV system ranges from 12 V to 48 V. The switching operations in HV systems can generate
significant electromagnetic noise that may couple into the LV system and degrade performance or cause
malfunctions.

The HV/LV coupling tests in line with CISPR 25

— Defines the test setup where HV systems are modified to inject disturbance at specific levels for
different classes of equipment under test (EUT).

— Defines test methods for measuring the coupling attenuation between HV and LV systems.

— Defines test methods to measure conducted emissions (current and voltage) on LV systems during
HV system operation.

— Defines test method to measure radiated noise (electric field) emissions when operating HV
systems.

The HV/LV coupling tests are emission tests in line with CISPR 25 but some require an immunity test setup
to inject disturbance into the system. This application note describes how to set up R&S®ELEKTRA and
perform HV/LV coupling attenuation measurements.

2 Scope

This application note is based on Elektra v5.20. The application note explains the testing principles, how to
configure the hardware and test templates to perform the coupling attenuation measurements in line with
Annex |.5 of [1]

3 R&S® ELEKTRA licenses

The following R&S ELEKTRA licenses and options are required to perform HV/LV attenuation
measurements.

— Required
o EMS test software (Conducted) — ELEMS-C
—  Optional

e EMS system extension — ELEMS-S (for EUT specific test plan definition, automated testing &
summary reports)
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4 HV/LV coupling attenuation measurement

The HV system is shielded, which results in disturbance attenuations observed on the LV system.

CISPR 25 HV/LV
coupling tests

Non-intrusive testing Intrusive testing
(No modification to HV/LV (HV assembly modified to
assembly) inject disturbance)

HV/LV coupling HV/LV coupling Ref cal test to
scattering method current probe determine the power
(Annex 1.5.3) method to be applied during
(Annex 1.5.2.4) intrusive tests.

HV/LV coupling HV/LV coupling
voltage probe radiation emission
method test (Annex 1.5.2.5)

o T o —
—— o —

(Annex 1.5.2.3)

Figure 1: Overview of HV/LV coupling attenuation measurement tests.

Figure 1 gives an overview of tests that needs to be performed based on Annex |. During non-intrusive
testing, no modifications are made to the HV and LV systems. In contrast, intrusive testing involves modifying
the HV system to enable injection of a disturbance signal. Prior to conducting intrusive tests, a reference
calibration test is needed to determine the appropriate injection power levels. Both the non-intrusive
scattering method test and the intrusive reference calibration test are conducted with the equipment under
test (EUT) in an unpowered state. Other tests have the EUT in a powered state.

As with the five CISPR 25 emission classifications (Class 1 to Class 5, Class 5 being the most stringent
demanding least emission), CISPR 25 also introduces five HV/LV decoupling EUT attenuation classes.
Figure 2 reproduces the minimum coupling attenuation requirements for different HV/LV EUT attenuation
classes.

Table 1 shows the formulae for calculating the minimum attenuation requirements across frequencies for
various EUT classes. As seen in Table 1, Class A1 is the most stringent demanding the maximum
decoupling attenuation and Class A5 is the least stringent.
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Figure 2: Minimum coupling attenuation requirements for different EUT classes, SOURCE: CISPR 25 [1]

Frequency Class Min. Coupling Attenuation, a.
(MHz) dB
A1 80 — 10 x log (furz/ 0.15)
A2 70 —10 x log (funz/ 0.15)
0.15 to 1000 A3 60 — 10 x log (furz/ 0.15)
A4 50 — 10 x log (funz/ 0.15)
A5 40 — 10 x log (fwr/ 0.15)

Table 1: Formula for calculating the minimum attenuation requirements, SOURCE: CISPR 25 [1]

4.1 Non-intrusive scattering method test

The coupling attenuation here (ac) between HV/LV system is determined by directly measuring scattering
parameters S21 with a vector network analyzer (VNA). No modifications are made to the HV and LV system
side to perform the test. A complete two-port calibration of the VNA using the through-open-short-match
(TOSM) method should be conducted prior to the scattering parameter measurement test. Users should
consult Clause 1.5.3 of [1] for full details.

The direct scattering method involves determining:

—  Coupling attenuation (ac) by relationship ac —= S21 based on S21 measurement.
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] 9 2
1EC
Key

1 EUT 6 Network analyser coaxial measuring cable
2 Ground plane connector
3 Low relative permittivity support (& < 1,4) 7a HV adaptor

thickness 50 mm 7b LV adapter
4 Network analyser 8 EUT bonding connection
5 High quality coaxial measuring cable e.g. 9 Reference plane for network analyser

double shielded (50 Q) calibration

Figure 3: Typical direct scattering measurement setup for HV/LV coupling attenuation, SOURCE: CISPR 25 [1]

Figure 3 reproduces the setup for measuring the scattering parameters as illustrated in Clause 1.5.3.4 of

CISPR 25 [1].
|Port1 lPort 2

Configuration 1 Positive DC HV line Positive LV line
Configuration 2 Negative DC HV line Positive LV line
Configuration 3 Positive DC HV line Negative LV line
Configuration 4 Negative DC HV line Negative LV line

Table 2: Typical configurations for scattering measurements

Table 2 shows the typical S21 measurement configurations with positive and negative LV lines. If a negative
LV line is not present, configurations with the negative line do not have to be included in the test plan.

The recommended VNA settings for the test as per clause 1.5.3.2 in [1]
— Power level =2 0 dBm.
— Sweep type = LOG
—  Sweep points = 401.
— IFBW < 1kHz
— Averaging factor = 8

By understanding the details outlined above, customers can proceed with actual testing following the steps
below.

— Determine the EUT class.
— Create a limit line to define the minimum attenuation based on Table 1 for the identified EUT class.
— Determine the measurement configurations.

— Connect the EUT and VNA as per Figure 3, configure the VNA parameters and perform the test
using R&S®ELEKTRA for each measurement configuration.
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The calibration template in R&S®PELEKTRA is used to configure the settings for scattering parameter
measurement method testing.

4.1.1.1 Coupling attenuation measurement template user interface previews

In this section, the Ul to configure the various parameters described in section 4.1 are shown.

12> Home CISPR25. lassA1 X

ﬁ]@ Q L

EUT Type ¢ Normalization Tablee Attenuation Table °

Attenuation Relative CISPR25_HV/LV_CAL = CISPR25_HV/LV (Public) . Start with Calibration

Range Step Mode  Step Size

150 kHz -1 GHz LOG M 1 % °

Messages Options Data Compression  Evaluation  Report

Normalization Please connect normalization cables between Port 1 and Port 2 of the VNA. e
Calibration Please connect Port 1 to the HV Interface and Port 2 to the LV Interface which should be measured
m 5 %0
- == l
ZNLS (Public) 5 v P ' . Select Dev : - ZNLS6 (Public)
5KkHz - 6 GHz

¥ Device Settings and Properties

Settings
Generator Port 1 - Measurement Quantity 521
Properties
Analyzer Port 2 - IFBW 1kHz
RF Power 0 dBm

Sweep Points

Do Sweep Average of Factor

Load Instrument Setup e -

[ﬁ][ﬁ'} (> o

EUT Type Normalization Table Attenuation Table

Attenuation Relative ~ ~ CISPR25_HV/LV_CAL CISPR25_HV/LV (Public) ... Start with Calibration
Range Step Mode Step Size

150 kHz - 1 GHz oG - 1 %

Messages Options Data Compression] Evaluation |Report

Compare with existing table
Compare Tolerance +/- dB Lower Limit Line = CISPR25_HV/LV_Attenuation_Class # X .. °

Upper Limit Line

l -/.: ° l ° -/.: Y

ool

ZNL6 (Public) Select Device {optior Select Device (optior ZNL6 (Public)

5kHz - 6 GHz
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The various settings in the above screenshots are described below.
A. EUT Type = attenuation relative to determine the attenuation from S21 measurements
Normalization table shows reference measurements applied to correct the actual measurement data.
Attenuation table storing the coupling attenuation measurement results.
Frequency range, step mode and step size.
User feedback messages for connecting the test setup during measurement.

VNA settings as per clause 1.5.3.2 in [1]

@ Mmoo W

Since TOSM calibration is recommended, select load instrument setup to apply the chosen TOSM
calibration file during testing. To retrieve all available TOSM files from the instrument, use the update
function.

H. The limit line defining the minimum coupling attenuation required. This limit line is defined based on
the EUT class as shown in Table 1

41.1.2 Coupling attenuation measurement test

The section describes the execution of tests and review of results.

e The coupling attenuation measurement test shown in Figure 4 is created by clicking “Create Test
from Template” button in the template from 4.1.1.1. The normalization step may be skipped if the test
setup remains unchanged since the last normalization measurement.

w RER ca A 1 Test nconciusive g »
v 1 | Leve Graphics

Figure 4: Coupling attenuation measurement test view.

e During test execution, the user must verify that the input and output ports are properly connected to
the designated measurement points.
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Figure 5: Coupling attenuation measurement test view after test execution.

When the test is finished, the attenuation graph (coupling attenuation ac =-S21) in Figure 5 should
have measurements above the specified limit line for all frequencies to pass.

4.2 Intrusive test methods

In intrusive tests, the HV side is modified to consecutively inject the disturbance signal into the system on
both the HV+ and HV- ports. The LV side remains unchanged.

As a first step, a reference calibration test determines the required power levels for the disturbance signal
injection. The disturbance signal levels are based on the CISPR 25 emission class and CISPR 25 coupling
attenuation class.

4.2.1 Calibration procedure to establish input power levels for testing

Test levels are determined by adding the required coupling attenuation to existing LV emission limit lines with
the formula: ULimit, hv = ULimit, Lv + ac, Ax, Where ac, ax represents the coupling attenuation for a specific class.

Figure 6 shows a portion of the HV limit class table for attenuation class A5 from Table 1.1 in [1]. The values
will be different for other attenuation classes and need to be determined. The basis for limit values seen in
Figure 6 are derived from the Table limits 5 in [1]. Figure 7 shows a portion of the LV limit class table in Table
5in [1].
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Table 1.1 - Example for HV limits for conducted voltage measurements
at shielded power supply devicesl(HV-LV decoupling class A5) |

Levels in dB(uV)
Class 5(A5) Class 4(A5) Class 3(A5) Class 2(A5) Class 1(A5)
Frequency
Service / Band g E g 5 g :<’ g ;E g ;2
Mz 1 g|le|s|gd|la |8 |gd|a|s|g|&|3|¢| a3
3 |&|*|B|a|*|B|&a|~|8|& |~ |8 |a
Q @ [ @ Q (-] Q @ Q (-]
= = = = =
BROADCAST
LW 0,15t0 0,30 ([107 | 94 | |87 || 117 | 104 |97 || 127 | 114 ||[107| 137 | 124 ||[117|[ 147 | 134 |[127
Mw 0,53to 1,8 | 84 | 71 ||64| 92 | 79 ||72|[100| 87 |/ 80 ||108 | 95 [/ 88 || 116|103 || 96
SW 5,9t06,2 77 | 64 ||57|| 83 | 70 ||63 || 89 | 76 ||69 || 95 | 82 || 75 101 | 88 || 81
FM 76 to 108 50 | 37 ||30|| 56 | 43 ||36|| 62 | 49 ||42 || 68 | 55 ||48 || 74 | 61 || 54
TV Band | 41 to 88 47 37| 53 43 || 59 49 || 65 55| 71 61
Figure 6: HV limit class for attenuation class 5, SOURCE: CISPR 25 [1]
Table 5 - Examples of limits for conducted disturbances -
Voltage method
Levels in dB(pV)
Class 5 Class 4 Class 3 Class 2 Class 1
Frequency
Service / Band e > = > o > o > = >
MHz 1 g8 |8 g |8 |2 |gd|s|2|d| 8|2 |g a|e
* g8 |3 |8 |*|5|&|%8 & % 3|8
o [ o [ o (] o (] 1) (]
= = = = =
BROADCAST
LW 0,15t0 0,30 [|70 | 57 ||50 | 80 | 67 ||60 || 90 | 77 | 70 |(100 | 87 | 80 || 110 | 97 [|90 |
MwW 0,53to1,8 | 54 | 41 ||34 | 62 | 49 ||42 || 70 | 57 (|50 || 78 | 65 || 58 | 86 | 73 || 66
SW 5,9 to 6,2 53 | 40 (|33 | 59 | 46 (|39 || 65 | 62 ||[45| 71 | 58 || 51 | 77 | 64 || 57
FM 76 to 108 38 | 25 (|18 | 44 | 31 (|24 || 50 | 37 || 30| 56 | 43 || 36 | 62 | 49 ||42
TV Band | 41 to 88 34 | — ||24 |40 | — (|30 46| — |36 52| — (42| 58 | — ||/48

Figure 7: Limits of conducted disturbance for voltage method, SOURCE: CISPR 25 [1]

In Figure 7 the LW band ranges from 0.15 MHz to 0.3 MHz. The attenuation at 0.3 MHz is 37 dB for
attenuation class A5 when calculated using the formula provided in Table 1. The HV limits shown in Figure 6
are obtained by adding the 37 dB to LV limits shown in Figure 7. Test levels across different frequencies are
determined using the values in the average column for the emission classes.

The calibration setup is shown in Figure 8. The input power is supplied to a coupling element between HV
AN and optional impedance matching network either by injection probe (ISO 11452-4) or capacitive coupling
(as defined in DCC method in ISO 7637-3). The EUT remains unpowered for calibration.
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Key

1 EUT (or EUT simulator) 13 Power line filter

2 Reference ground plane 14 Shielded HV power supply

3 Low relative permittivity support (¢, < 1,4) (may be placed inside the shielded enclosure)
thickness 50 mm 15 Tracked RF test generator

4 50 O load (may be placed inside the shielded box)

5 Test signal coupling element 16 Bulk ""'?d conneclor
(may be current clamp or capacitor) 17 Measuring instrument

] AV supply lines (AV+, AV-] 18 High guality coaxial cable e.g. double shielded

7 Additional shielded box (50 )

8 Impedance matching network (optional) 23 Ground straps

10 HVAN

Figure 8: Test setup for calibration of the test signal, SOURCE: CISPR 25 [1]

More details about the limits and calibration procedure can be found in subclause 1.5.2.2 of [1]. The BCI (bulk
current injection) EMS template in R&S®ELEKTRA is used to configure the reference calibration test settings
to determine the input power levels needed for the desired test levels.

4.2.1.1 Input Power Level Calibration Test Template Configuration

The Table 3 shows the typical parameters for input power level calibration template.

Parameter Setting Location in User Interface (Ul)

EMS Application Automotive/Mil-STD General Setup => Setup

Test Method Reference Calibration General Setup => Setup

Default name for reference  Assign a suitable name, CISPR25_HV/LV_Class5 General Setup => Setup

Calibration table

Level On Sensor Measurement Settings => Leveling
Mode

Power Control Forward Power Measurement Settings => Leveling
Mode

Level Conservation for CW Carrier = Modulation Carrier Measurement Settings => Leveling

Modulation Options

Power Limitation Not Active Measurement Settings => Power Level
Limitation

Frequency Range 150 kHz — 108 MHz Subrange Header

Frequency Steps 1%, LOG Subrange Header

Test Level Limit line derived as per 4.2.1 Subrange => Test Level

Modulation Off Ul not activated

Leveling Tolerance 0dB -0.4dB Subrange => Test Level

Sensor Device Detector = Average Subrange => Device Settings

Meas BW = 9 kHz
System Monitoring Test Level System Monitoring

Transducer Forward Power

Table 3: Typical parameters of input power level calibration template
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4.2.1.2 Input power level calibration template user interface preview

This section describes the Ul for configuring various reference calibration testing parameters with the BCI

template.

Configuring test method and standard

E} o Bulk Current Injection (with Sensor)
o

¥ General Settings

Golden Template

Setup Graphics Settings  Report
EMS Application Test Method
Automotive/MIL-STD d Reference Calibration

Configuring measurement settings

¥ Flow Details - Overview Measurement

Measurement Settings

Leveling Mode Leveling Options  Power Level Limitation

Level On Power Control

Sensor b Forward Power d

¥ Flow Details - Overview Measurement

Measurement Settings

Leveling Mode Leveling Options  Power Level Limitation

Sensor Level Limitation

Sensor Level Limitation

Default name for reference calibration table

CISPR25_HWV/LV_Class5

Level Conservation for Modulation Power Level Conversion Impedance 50 Q
CW Peak = Modulation Peak - Sensor Level Conversion Impedance 50 o]
Modulation ON during Leveling

¥ Flow Details - Overview Measurement
Measurement Settings
Leveling Mode  Leveling Options  Power Level Limitation ~ Sensor Level Limitation

Active Display as Limit Line in Chart

Add Offset dB
Configuring the subrange
Frequency Range List
Test Level Dwell Modulation Hardware Setup Comment

O B - Active Frequency Range Steps
CISPR25 HV lim... 0s

150 kHz - 108 MHz

Frequency TestLevel Level Profile Device Settings

Constant Level

(©) Level Table defined by Limit Line

CISPR25 HV limit Class 5(A5) - HV/L' X

Leveling Tolerance 0 dB - 04 dB

Applied Tolerance: 0 dB to 0.4 dB

g [l

CISPR25_HV/LV_Active_calibrati

The limit line in the screenshot is created based on the description in 4.1.1.1.
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Frequency Range List

| Active Frequency Range Steps Test Level Dwell Modulation Hardware Setup

150 kHz - 108 MHz 1% LOG CISPR25 H 0Os OFF CISPR25_HV/LV_Active_calibrati | - I
Frequency Testlevel Level Profile Device Settings
BBA150-AB350
SMB1008 FCC-F12..1 Clamp NNHV-BL HVAY 1 oo onh ESW8

PA cond IN PA cond OUT

fil—= B ~r= 0 —=—=—
» F—e e

BBA150-..50 INTL PA cond FWD PA cond REV.
NRPGAN_FWD NRPGAN_REV
‘9=
Chamber
100 kHz - 200 MHz /| Use this view only
ESW8 (Public) 100 kHz - 200 MHz (Intersection of all devices) = o
1Hz-1GHz ESW8 () Calibration View

ESWE Receiver CP = Connection Point to Shielded Room

¥ Device Properties

Settings | Operating Mode (@) Test Receiver () spectrum Analyzer Input Selection 2 DC -
Properties I Detectors  Average - I RF Attenuation  Auto -
Filter Type 6 dB - Min. Attenuation 10 dB M
| Meas. BW 9 kHz - | Auto Preamplifier 0 dB -

Meas. Time 50 ms M Screen Maximum 80 dBpV

As shown in the screenshot above, the detector is set to Average (can be set to Maximum Peak, see [1]), the
BW is set to 9 kHz.

Configuring the system monitoring settings
¥ System Monitoring

dlﬂﬂ—o—o—a—o—o—,@’f—o— @ —o—ﬁ—m

No. Active Parameter Unit Y-Axis Range Combine  LOG X-Axis LOG Y-Axis Display Detector Measurement Extension
I T I N T T T T N
2 Sensor Level v 0..30 '7 7' h h Peak No Measurement
3 V| Transducer Forward Power w 0..100 v L L Peak No Measurement
4 Transducer Reverse Power w 0..100 '7 7‘ [} Peak -
5 Transducer Net Power w 0..100 4] = ] ] Peak
6 VSWR 0..10 ) = [} [} None -
7 Amplifier Forward Power w 0..500 4] = ] ] Peak No Measurement
8 Amplifier Reverse Power w 0..500 '7 '7' '_' '_' Peak -
9 Amplifier Saturation dB 0..10 ] = ] ] None
10 Amplifier Input dBm -50..0 '7 '7' '_' '_' Carrier -
1 Generator Output dBm -50..0 ] = ] N Carrier
» 12 User Evaluation 1 Q 0..200 '7 7' [} 7' None UserEvaluation1
» 13 User Evaluation 2 Q 0..200 [+ 4] [ ] 4] None UserEvaluation2
» 14 User Evaluation 3 Q 0..200 1] = ] = None UserEvaluation3
Add Time Column to Overview Result Table Combine Channels in Monitoring Graphics: Off -
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4.2.1.3 Input power level Calibration test creation and execution

Click Create Test from Template in the reference calibration test template from 4.2.1.2 to create the
reference calibration test in Figure 9.
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£ Test Content
B & Test Templates
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& Graphics

@ Test Level

% Trd Fud Par

3 Final Results
ol Report Templates

" CISPRS HV lmit Class (AS) - HVALY.
I Target Level

il Reterence Calibrations

ol Enwironment

ol Attachments

ol Frequency Lists

Wl Testelow st

& EMsLogging.txt
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Figure 9: Input power level calibration test view.
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Figure 10: Input power level calibration test view after execution.

4rnum

Freguency Control -2
Current Recoed [kHzl
4 150 »

r— -
Source Range Tuning o
Range Al - Adivel

150 kHz- 108 Mz

EMS Test Generator

Test Level,
Sensor Level:
Amp Fud
RF Gen
Rem. Time: -

Dwell Time:

b Modulation - OFF

4rtum

Frequency Control vz
Current Recard [kHz]
4 150 >
Source Range Tuning f)
Range Al - Active: 1

150 Kz - 108 Mz

Test Level: 69,56 BV
Sensor Level: 69,66 a8
Amp Fwd: ©W Prak
RFGen: RFOFF
Rem. Tine: 000000

Dwel Time:

Figure 10 shows the test view displayed at the end of test execution. Upon saving the test, the user is
prompted to save the reference calibration table for use during subsequent coupling attenuation
measurement tests.
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4.2.2 HVI/LV conducted and HV-specific radiated emissions testing

The conducted and radiated emissions tests are conducted with setup in Figure 8.
There are two types of tests for measuring conducted emissions.

— Measuring disturbance voltage on the LV side.

— Measuring disturbance current on the LV harness side

The test setup, signal injection, measurement configurations and LV side emission limits for conducted
emissions test are mentioned in subclause 1.5.2.3 and 1.5.2.4 of [1].

The HV-specific radiated emissions test measures the radiated emissions from the whole setup. The test
setup, measurement configurations and emission limits for the radiated emissions are mentioned in
subclause 1.5.2.5.

The emissions limits for the tests above must not exceed the corresponding average LV emission limits
(emission class should match the class used to determine the disturbance test levels during calibration)

4.2.21 Measuring the Emissions

The emissions are measured by defining a monitoring channel in an EUT monitoring template. The
measured values are compared with the LV emission limits for the emission measurements.

Table 4 shows the typical parameters for the EUT monitoring template with the three different emission
measurements. The measurement limits, unit, transducer and transducer correction parameters are different
in each case.

Parameter Setting Location in User Interface (Ul)
Measurement Device Frequency selective measuring device (Spectrum Device Settings => Measurement
Analyzer) Device
Unit dbuV (Voltage method) Channel Header

dbuA (Current method)
dbuV/m (Radiated Method)

Detectors Average Device Settings => Settings
Meas. BW 9 kHz Device Settings => Settings
NoGo < Limit Line Channel Header
Limit Line Voltage, Current, radiated emission class specific limit Channel Header

line (selection of EMI limit line is allowed, the average
value column is used)

Value Conversion Formula ~ MEASVAL+CORRTRD+CORRATT+107 Measurement

Attenuation Table Path specific cable Measurement

Transducer Correction Measurement specific correction (LISN, Current Probe, = Measurement
Antenna)

Table 4: Typical parameters of emissions measurement in the EUT Monitoring Template
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4.2.2.2 Emissions test EUT monitoring template user interface preview

[;_'} EUTManitaring

TestSite  Public

General Settings

Mobike Phene Test with Audic Breakthrough Measurement Do ETS1 NB/88 Evaluation on EUT NoGo

EUT Manitoring Channels
B B Active  Name Measurement Device: Unit

Y-AxisRange NoGo  Limit LOG X-Axis LOGY-Axis Display  Merge

0_40

« Limit Line CISPR2S LV limit Voltage Class 5 - HV/LV.

Measurement Device Settings  Options

—8

¥ Device Properties

Seifings | Operating Mode Test Receiver 2 lyzer 20C

Properties

Filter Type 6.8

Preamplifier 0 dB

Frequency  synchronized Screen Macimum  -26.9997 e

Meas. Time 100 ms.

The measurement device is a frequency-selective instrument, such as a spectrum analyzer.

EUT Monitoring Channels

H B Active Name Measurement Device Unit ¥-Axis Range  NoGo Limit
Voltage LISN < Limit Line CISP
Measurement  Device Settings  Options
Trigger Mode After Dwell Time - Reference Value (REFVAL) 0 No Update on Test Start v
Value Conversion Formula  \eaSVAL +CORRTRD +CORRATT+107 * | Attenuation Table Cable LISN B+ (Public) X
Test Formula Evaluate Keyword Transducer Correction  gsH3-76 LISN (Public) X

The screenshots above illustrate the settings for voltage measurements. The current method and radiated emission settings are similar
with specific changes indicated in

Table 4. The test setup, LV limits and display unit also vary. The algebraic formula in the value conversion
formula user input area converts the measured value to a target result by applying the appropriate frequency
specific attenuation and transducer corrections. The 107 in the formula is the conversion factor for converting

power in dBm to voltage in dBuV, based on the relationship between power and voltage in a 50-ohm

impedance system.

4.2.2.3 Emissions Test Template Configuration

Parameter
EMS Application
Test Method
EUT Monitoring Template

Level On

Power Control

Reference Calibration Table
Level Conservation for
Modulation

Power Limitation

Frequency Range
Frequency Steps

Setting
Automotive/Mil-STD
EUT Qualification

Assign a suitable template depending on measurement

type (voltage, current, radiated)
Substitution Method

Forward Power

Assign the output table of test in 4.2.1.3
CW Carrier = Modulation Carrier

Not Active

150 kHz — 108 MHz
1%, LOG

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
Mode

Measurement Settings => Leveling
Options

Measurement Settings => Power Level
Limitation

Subrange Header

Subrange Header
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Parameter Setting Location in User Interface (Ul)

Test Level Limit line derived as per 4.2.1 Subrange => Test Level

Modulation Off Ul not activated

Leveling Tolerance 0dB-0.4dB Subrange => Test Level

Sensor Device Fwd Power Meter, Sensor Power Meter Subrange => Device Settings
Meas BW = 9 kHz

System Monitoring Test Level

System Monitoring
Transducer Forward Power

Figure 11: Typical parameters of emissions measurement in the EMS test template

4.2.2.4 Emissions test template user interface previews

This section describes the Ul for configuring the various HV/LV emissions measurement test parameters with
the BCI template.

Configuring the test method and test standard

General Settings

Setup Graphics Settings  Report

EMS Application Test Method
Automotive/MIL-STD v EUT Qualification A

EUT Monitoring Template

CISPR25_HV/LV_Voltage_Cl: X Overwrite Results in Interactive Measurement

Configuring the measurement settings

» Measurement Flow
¥ Flow Details - Overview Measurement

Measurement Settings ~ Accessory Settings

Leveling Mode ~ Leveling Options  Power Level Limitation  Sensor Level Limitation
Level On Power Control Reference Calibration Table

Substitution Method - Forward Power - CISPR25_HV/LV_Class5 (Puk X

Use a frequency-range-specific reference calibration table

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 50 Q

CW Peak = Modulation Peak M Sensor Level Conversion Impedance 150 0

Modulation ON during Leveling

¥ Flow Details - Overview Measurement

Measurement Settings ~ Accessory Settings

Leveling Mode  Leveling Options  Power Level Limitation ~ Sensor Level Limitation

Active Display as Limit Line in Chart
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Configuring the subrange

Frequency Range List

Hardware Setup

Comment

aseas v acive s o] . [ O I

BE Active Frequency Range Steps. Test Level Dwell Modulation
150 kHz - 108 MHz 1% LOG CISPR25 H 01s OFF
Frequency Test Level Level Profile Device Settings
BEAE0 ARS0 FCC-F12.1 Clamp
SMB1008 PA cond IN PA cond OUT )
1
cP
PWD REV
BBA150-..50_INTL PA cond FWD PA cond REV
NRPGAN_FWD NRPGAN_REV
“bo
‘9-
Chamber

9 kHz - 400 MHz
9 kHz - 400 MHz (Intersection of all devices)
8 kHz - 18 GHz NRP6AN_Sensor

NRP6AN_Sensor (Public)

CP = Connection Point to Shielded Room

¥ Device Properties

Settings
Measurement Speed  Auto_LR M
Properties

Frequency Test Level

Level Profile  Device Settings
O Constant Level
O Level Table defined by Limit Line CISPR25 HV limit Class 5(A5) - HV/L X
Leveling Tolerance 0 dB - 04 dB Applied Tolerance: 0 dB to 0.4 dB

Reference Calibration Table

Configuring the system monitoring settings
¥ System Monitoring

FCC-FE5-HOANG 1) cancar path

_ﬁ_,

NRPEAN_Sensor

7| Use this view only

() EUT Test View

dW\—o—o—E'—o—o—'@f—o— @ —0—'@‘—&'

No. Active Parameter ¥-Axis Range Combine

LOG X-Axis LOG Y-Axis Display

Detector Measurement Extension

I I el Lo

Sensor Level = [+
> 3 7! Transducer Forward Power w 0..100 7
4 Transducer Reverse Power w 0..100 4] ) [ ] L]
5 Transducer Net Power w 0..100 = ] ] ]
6 VSWR 0..10 L] 4] [ ] L]
» 7 Amplifier Forward Power w 0..500 ] ] ] ]
8 Amplifier Reverse Power w 0..500 L] ) [ ] [ |
9 Amplifier Saturation dB 0..10 ] ] ] ]
10 Amplifier Input dBm -50..0 4] 4] ] ]
1 Generator Output dBm -50..0 ] ] ] ]
o2 User Evaluation 1 o] 0..200 = L] [ | |
> 13 User Evaluation 2 Q 0..200 ] ] ] ]
> 14 User Evaluation 3 o] 0..200 ] ] [ ] =

Add Time Column to Overview Result Table Combine Channels in Monitoring Graphics: Off

Peak No Measurement
Peak No Measurement
Peak

Peak

None

Peak No Measurement
Peak

None

Carrier

Carrier

None UserEvaluation1
None UserEvaluation2
None UserEvaluation3
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Configuring the excluded frequency bands

CISPR 25 includes limit lines with gaps because it focuses exclusively on radio frequency (RF) bands. If
strictly following CISPR 25, calibration only needs to be performed in those frequency ranges where limits
have been defined. Use the excluded frequency bands section to skip frequencies without specified limits.

¥ Excluded Frequency Bands

No. Active Start Frequency Stop Frequency Band Name

[ [6 bowe oo Jwor 1]
2 [V 18mHz 5.9 MHz Band 2 m
3 v 6.2 MHz 76 MHz Band 3 ﬁ

4.2.2.5 Emissions measurement test creation and execution

Click on Create Test from Template in the reference calibration test template created in 4.2.2.4 to generate
emission measurement using the EUT monitoring template as shown in Figure 12.

ws AR ca® 10 b Testinconchusive * "l 4r2um
e — v 1 | important Graphics B MM x & |Frequency control .1
Current Record [kHz]
e Test Level X Voltage. LISN x L]
N Demo EUT = > ® 4 »
= Z ws g “
# Testnformation E - ] a
c M Source Range Tuning =
Test Content g %4 z 2
JE w T s10 Range AN ¢ Adive1
o st Templates s »
5 CISPR25_ MY Voltage ClassS e 490 150 kHz - 108 MHz
S CISPR25_HV/LY Voltage ClassS w25 - @
i Graphics % a0
# Test Level ns 4
2 Trd Fwd Pwr 7?’: “‘:
# Voltage_LI
Voltage_LISN n e \
W Result Tables o5 2
% Spectrum Overview P an
& Critical Points 625 S a0
4 Final Results 0 . 30
ol Report Templates wa \\ »
ol Reports. 55 s
- - 525 \\ g
. » 0 \; 10 —
Measurement Flow Contral v 1 e N it — EMS Test Generator ]
. N 10 —
7| Overview Measurement s N »n N v Test Level
* no \\ ominal Test Level (Peak
378 \ - F ‘@
£l \ *
) w0 AN
ns » N\
" s N\ Testlevel:
s % N Amp Fed Peak
2 - 80 ‘\ RFGen:  REOFF
ns 20 Rem. Time: -
» 20
8 2 Dwell Tirne:
1 no
\as = » Modulation - OFF
10 "o
s - n
s o
25 "
0 . — . ™
180k 400K TOOKTM  ZM IM SM TMIOM  0M XM SOM i08M sk 0% TOKTM ZM 3N SM TMioM  20M 0M
Frequency in Hz Freq

Figure 12: Emissions measurement test view.
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wms @R Sa B %o B Test Inconchusive L ] 5\muli\nn'.a 4rtanm

Test Components v 2 | important Graphics B D [ x » | Frequency Control -1
et Test Level ® Voltage LISN * G liah)
& Demo EUT = 10 > m 4 10 >
# Testnformation < g o] ‘ || e = -
a8 < J 1 rce  Range Tuming <
Test Content T ovsios 5 | || | -
a2 2 s -l | frange Al Acivet
@ st Tempiates i 3 e R Ik -
B \ s
i CISPR25_HV/LV_Voltage. ClassS iy \ - 0 150 kb - (108 |MHz
1 CISPR25_HVAV Voltage ClassS 80 \ - 1 r E “ ‘
@ Geaphics e \ bl L ! f 1kl |
4 Test Level 728 \ 125 - '
2 Trd Fud Par o \ 2
# Vokage LISN "i: \ e
@ Result Tables - e 4
Spe w & 105
# Critica Points i o 4
# Final Results - .
‘ »
— s EE ee——
Measurement Flew Control L o - EMS Test Generator -2
U 45 - -
| Overview Measurement 25 ¥ Test Level
w0 - =\ - " s Pk
578 ™
» rotiosied - - oy |+ [l
a8 © Frequency: 108 MHz
e e Test Level 6361 dBy
as s Amp Fwd: OW Pesk
o - RFGen  RFOFF
15 b Rem. Time: 000090
128 w
[ py Owell Time:
s . X
s » Modulation - OFF
5 * -
0 ———r ! o o ' o 1
10k 400K TOOK 1M ZM 3M SM MM 180k 4K TOOK M 2M 3M M TM i0M 20 0M
— e Live e v T v T gt e s i p—

Figure 13: Emissions measurement test view after execution.

Figure 13 displays the test view at the end of test execution. The EUT monitoring channel readings must
remain below the LV emission limits across all frequencies to pass.

This section presented the voltage emissions test. The current and radiated emissions tests are conducted in
the same way with the test template from section 4.2.2.4 but with a different EUT monitoring template.
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5 Reference documents

[11 CISPR 25 Edition 4.0 2016-10 Vehicles, boats, and internal combustion engines — Radio disturbance
characteristics — Limits and methods of measurement for the protection of on-board receivers
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