INTERNATIONAL ISO
STANDARD 11451-4

Fourth edition
2022-05

Road vehicles — Vehicle test methods
for electrical disturbanecés from
narrowband radiated electromagnetic
energy —

Part 4:
Harness excitation methods

Véhicules routiers<= Méthodes d'essai d'un véhicule soumif
a des perturbations électriques par rayonnement d'énergie
électromagngtique en bande étroite —

Partie 4~Méthodes d'excitation des faisceaux

Reference number
1SO 11451-4:2022(E)

© IS0 2022


https://standardsiso.com/api/?name=7118931f0d65882b01662c8e43e76f00

ISO 11451-4:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2022 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=7118931f0d65882b01662c8e43e76f00

Contents
FFOT@WOTM.........cccoccovoeesesse st
1 SCOP@ ...
2 Normative references
3 Terms and definitions
4 Test conditions
5 TCDt luuat;uu
6 TesSt INSTIUMENTATION ... b
6.1 BCI teSt MEtOd. ..o sseessnesesesesssnseseeess ke
6.1.1 General
6.1.2  INJECTION PIODE ..ot oo
6.1.3  Current measurement Probe ... S e
6.1.4 Stimulation and monitoring of the DUT ...
6.2 TWC test method ...
6.2.1  General ...
6.2.2 Tubular wave coupler..........ccn
6.2.3 50 Q1oad resistor. ...
6.2.4 Stimulation and monitoring of the DUT .y ]
7 TEST SEE-UP ...t A e
7.1 BCI Test methods ... &
7.1.1  Substitution method ... @i,
7.1.2  Closed-loop method with power limitation...
7.2 TWC TSt METNOAS oo 5 e
8 TESTPIOCEAUIE ...t S et
8.1 L] 0 =) U 0 OSSO
8.2 TEST PlAN oo s
8.3 Test MEethOdS ... NS s
8.3.1 BCItestmethod ...
8.3.2 Tubular wave coupler test method
84 TEST TP OIT e
Annex A (normative) Calibration configuration (current injection probe calibration)......
Annex B (informatiye)Pest set-up transfer impedance..................n]
Annex C (informatiye) Function performance status classification (FPSC).............coo ]

ISO 11451-4:2022(E)

© IS0 2022 - All rights reserved

iii


https://standardsiso.com/api/?name=7118931f0d65882b01662c8e43e76f00

ISO 11451-4:2022(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fof]
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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INTERNATIONAL STANDARD

1ISO 11451-4:2022(E)

Road vehicles — Vehicle test methods for electrical
disturbances from narrowband radiated electromagnetic
energy —

Part 4:
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Scope

tronic components for passenger cars and commercial vehicles regardless of the propulg
spark-ignition engine, diesel engine, electric motor).

bulk current injection (BCI) test method is based on current injection into the wiring ha
rrent probe as a transformer where the harness forms the secondary winding. The tu
pler (TWC) test method is based on a wave coupling into_the wiring harness using the
pler principle.

TWC test method was developed for immunity testing of automotive components with
ated disturbances in the GHz ranges (GSM bands;;,UMTS, ISM 2,4 GHz). It is best suitg

if document specifies harness excitation methods for testing the electromagnetic impmunity of

ion system

mess using
bular wave
directional

respect to
ed to small

h respect to wavelength) and shielded device under test (DUT), since in these cases the dominating

pling mechanism is via the harness.

electromagnetic disturbance considered in this document is limited to continuous n
tromagnetic fields.

11451-1 gives definitions, practicaluse and basic principles of the test methods.

Normative references

following documentsyare referred to in the text in such a way that some or all of th
Ktitutes requireménts of this document. For dated references, only the edition cited 3
ated referencesthe latest edition of the referenced document (including any amendmen

11451-1, Road vehicles — Vehicle test methods for electrical disturbances from narrowba
tromagnetic energy — Part 1: General principles and terminology

Terms and definitions

hrrowband

Pir content
pplies. For
[s) applies.

nd radiated

For

the purposes of this document, the terms and definitions given in ISO 11451-1 apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

4

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

Test conditions

The applicable frequency range of the BCI and the TWC test methods are direct functions of the
transducer characteristics (current probe or tubular wave coupler). More than one type of transducer
may be required to cover the applicable frequency range.
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To test automotive electronic systems, the typical applicable frequency range:

— of the BCI test method is 100 kHz to 1 GHz. When an alternative test method is not feasible, then
BCI testing between 400 MHz and 1 GHz may be used and shall be agreed between the users of this
document and documented in the test plan,

— ofthe TWC test method is 400 MHz to 3 GHz.

The users shall specify the test severity level(s) over the frequency range. Suggested test severity levels
are given in Annex C. These test severity levels are expressed in terms of the equivalent root-mean-
square value of the unmodulated wave.

Standard t
— testte
— supply,
— modul
— dwell
— freque
— definit

— test sig

5 Testlocation

The tests s

The distan
room (with

The test 1
(national)

CAUTION

ensure that the requirementsfor limiting the exposure of humans to RF energy are met.

6 Testinstrumentation

6.1 BCI

6.1.1 Ge|

bst conditions are given in ISO 11451-1 for the following:
mperature,

voltage,

htion,

ime,

ncy step sizes,

ion of test severity levels, and

rnal quality.

hould be performed in a shielded enclosure:

ce between the vehicle and all other cenductive structures, such as the walls of a shiel
the exception of the ground plane underneath the vehicle) shall be a minimum of 0,5 m.

ay be alternatively performed it an outdoor test site. The test facility shall be awar
egal requirements regarding the transmission of electromagnetic fields.

— Hazardous voltages and fields may exist within the test area. Care shall be take

test method

neral

ded

of

(]

N to

BCl is a method of carrying out immunity tests by inducing disturbance signals directly into the wiring
harness by means of a current injection probe. The injection probe is a current transformer through
which the wires of the device under test (DUT) are passed. Immunity tests are then carried out by
varying the test severity level and frequency of the induced disturbance.

The following equipment is used:

— current injection probe(s);

— current measurement probe(s);

— radio frequency (RF) generator with internal or external modulation capability;

— power

amplifier;

© IS0 2022 - All rights reserved
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6.1.
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power measuring instrumentation to measure the forward and reverse power;
current measurement equipment.

shall be conducted on each individual system fitted to the vehicle.

2 Injection probe

An injection probe or set of probes capable of operating over the test frequency range is required to
couple the test signal to the DUT. The probe(s) shall be capable of withstanding the necessary input
power for the maximum test level over the test frequency range regardless of the test set-up loading.

Sat]lration of the injection probe by test level and by DUT current should be taken into consi

6.1

Thd
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6.1
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6.2

6.2

Thd
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3 Current measurement probe

current measurement probe or set of probes shall be capable of operating over the test
be.

4 Stimulation and monitoring of the DUT

electromagnetic characteristics, e.g. plastic blocks on the/plish-buttons, pneumatic acty
tic tubes.

nections to equipment monitoring electromagnetic-interference reactions of the DU
mplished by using fibre-optics, or high-resistance leads. Other type of leads may b
lire extreme care to minimize interactions. Thé\orientation, length and location of such
arefully documented to ensure repeatabilityef test results.

electrical connection of monitoring eguipment to the DUT may cause malfunctions ¢
reme care shall be taken to avoid such an effect.

TWC test method

1 General

hess of the vehicle.To realize this, a short 50 () coaxial line configuration with open end
b-shaped conductor and matched terminations are used to generate a transverse electl

(TEM) wave inside/ The wiring harness leads through the inner conductor of the wave co

lead
rad
bet

s to two disturbing components for the DUT: a TEM wave component coupled via the g
ated component, caused by the scattering field from the primary TEM wave in the conne
veensthe coupler and the DUT.

deration.

frequency

DUT shall be operated as required in the test plan by actuators which have a minimuin effect on

ators with

I'T may be
b used but
leads shall

f the DUT.

approach of this test)iethod is an equivalent coupling to a plane wave coupling intfo a wiring

S, an inner
omagnetic
upler. This
able, and a
cting cable

Thd

following equipment is used:

tubular wave coupler;
RF generator with internal or external modulation capability;
power amplifier;

power measuring instrumentation to measure the forward and reverse power.

TWC shall be conducted on each individual system fitted to the vehicle.
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6.2.2 Tubular wave coupler

A tubular wave coupler is used to couple the disturbances into the test wiring harness. It shall be
capable of coupling the test power over the test frequency range into the wiring harness and shall have
a sufficiently high coupling and power rating.

6.2.3 50

Q load resistor

A 50 Q) load resistor is used to match the output of the tubular wave coupler. The power rating shall be

equal or gr

eater than the applied forward power.

6.2.4 Sti|mulation and monitoring of the DUT

See 6.1.4.

7 Tests

7.1 BCI Test methods

There are
7.1.1 and 7|

711 Su

Unless oth
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distance fr

Using the |
over the fr

For each ey
frequencie

A current
the DUT. I
this probe
should be 1
conditions

An exampl

et-up

wo test methods for the BCI test: the substitution method and-the closed-loop method
1.2, respectively).

bstitution method

brwise specified in the test plan, the current injection probe shall be mounted around
b0 + 50) mm from the connector or the outlet aperture of the DUT being tested on the veh

harness contains a number of branches to:DUT connectors, the test should be repeated v
injection probe(s) clamped around each-of the branches (150 + 50) mm from the bra
. Under these test conditions, the measuring probe, if used, shall be left at its prev
om the DUT.

bre-calibrated level of forward power, (described in 8.3.1.2.2), conduct a search for ev¢
pquency range of the injectionprobe.

rent, record the lowest fonward power to the probe as the threshold of immunity at diffe

D.

measurement probe may optionally be mounted between the current injection probe
may provide‘extra useful information, but it may also modify the test conditions. W
is used, theameasured current cannot be used to determine the performance of the DUT,
etained and used during investigative work for the causes of events and the variances in
after system modifications.

e 0f\a' test configuration shown in Figure 1.
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Dimensions in millimetres

11

~
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7.1

Unl
the

Unl
(50

I3
5

signal generators

broadband amplifier

RF 50 Q directional coupler

RF power level measuring device or equivalent
RF injection probe

RF current measurement probe (optional)
DUT

spectrum analyser or equivalent (optional)
others vehicle devices

harness

shielded enclosure

recommended that appropriate ferrite-chokes be placed on the coaxial cables to the injection
surement probes.

Figure 1 — Example of BCI test configuration - Substitution method

2 Closed-loop-method with power limitation

bss otherwis@.specified in the test plan, the injection probe should be placed at (900 * 5(
connector, 0fthe DUT.

bss otherwise specified in the test plan, the current measurement probe shall be
+ 10) mm from the connector of the DUT.

and current

) mm from

placed at

The vehicle and associated equipment are installed in the test location as described in Figure 2.
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| 90050
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hnd amplifier
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er level measuring device or equivalent
‘tion probe

ent measurement probe

behicle devices

H enclosure

hended that appropriate ferrite choKes be placed on the coaxial cables to the injection and cun
ht probes.

Figure 2 — Example of BCI test configuration - Closed-loop method

[ Test methods

y reflected energy.

brwise specified in the test plan, the tubular wave coupler shall be placed at (100 + 10)

tres

rent

bnts usingthis method can be affected by coupling between the TWC and the wiring harpess

nm
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any

metallic part of the vehicle. It shall be connected to the high-frequency equipment at the port, which is
closer to the DUT. The 50 Q load resistor shall be placed isolated from any metallic part of the vehicle at
a minimum distance of 200 mm from the wiring harness and connected to the second port of the TWC.

Where the harness contains a number of branches to DUT connectors, the test should be repeated
with the tubular wave coupler clamped around each of the branches (100 + 10) mm from the branch

terminatio

n.

The vehicle and associated equipment are installed in the test location as described in Figure 3.
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Dimensions in millimetres

10

O
s

Key]
signal generators

broadband amplifier

RF 50 Q directional coupler

RF power level measuring device or equivalent
TWC

50 Q load resistor

DUT

others vehicle devices

O© 0 N O U1 o W N =

harness

-
o

shielded enclosure

Figure 3 — Example of TWC test configuration

8 |Test procedure

8.1/ General

The general arrangement of the disturbance source with respect to the vehicle harnes; and DUT

bodantc o ctandadioad sact oo dis A Y efraxra thac choallba ogean Ao e tot t
rep CoLIIlo d oltdITUuUdIvuIiZcvu Lt o LUllul\-lUll llll] \.A\'V l(A\-lUllJ ITUIIT LITTO oI1TAaIrl Ll\' (Asl A=A v § ul.l\.lll Pl I 0 eS lng

and recorded in the test report.

8.2 Testplan

Prior to performing the tests, a test plan shall be generated which shall include the following:
— testset-up;

— test method;

— frequency range;

— DUT mode of operation;

©1S0 2022 - All rights reserved 7
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— DUT acceptance criteria;

— testseverity levels;

— DUT monitoring conditions;

— injection and measurement probes locations;
— TWOC location;

— injection conditions for wiring with multiple connectors and/or multiple branches;

— testreport content;
— and any special instructions and changes from the standard test.

Every DUT]| shall be tested under the most significant operating conditions depending on'significgnce
of road safpty and usability, i.e. at least in stand-by mode and in a mode where all the‘agtuators cap be
excited.

8.3 Testimethods
8.3.1 BdI test method

8.3.1.1 (eneral
Two BCI tept methods are specified:
— the substitution method;

— the clogsed-loop method with power limitation.
8.3.1.2 Substitution method

8.3.1.2.1 | General

The substitution method is based.‘upon the use of forward power as the reference parameter| for
calibrationand test.

This methqd is performed in'tWo phases:
— calibrdtion (on fixture);

— test of|the vehicle,

8.3.1.2.2 | Calibration

The specific test level (current) shall be calibrated periodically by recording the forward power
required to produce a specific current measured on a 50 () calibration fixture, as defined in Annex A, at
frequency steps not greater than the maximum frequency step sizes defined in [SO 11451-1.

For smaller incremental test frequency steps, interpolation between calibration frequencies is allowed.
This calibration shall be performed with an unmodulated sinusoidal RF signal.

The values of forward and reverse power recorded in the calibration file should be included in the test
report upon request.

The calibration fixture shall be terminated by a 50 Q (high power) load at one end and by a 50 Q RF
power measuring instrumentation at the other end, protected by a 50 () attenuator of adequate power
rating as defined in Annex A.

8 © IS0 2022 - All rights reserved
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8.3.1.2.3 Vehicle test
The vehicle and associated equipment are installed in the test location as described in Figure 1.

The test is conducted by subjecting the vehicle to the test signal based on the calibrated value as
predetermined in the test plan.

When a harness containing several branches is used, the test should be repeated with the injection
probe clamped around each branch.

A current measurement probe may be mounted between the current injection probe and the DUT.
Theuseof acurrentmeasurement probe-ts-optionmat—ttcanprovideextrausefut-information during
invé¢stigative work on the cause of events and the variances in test conditions after system-noflifications.
Carg should be taken because the monitoring probe may affect the injected current.

8.3{1.3 Closed loop method with power limitation

8.3]1.3.1 General

The closed loop method with power limitation is based upon the use-of the forward power as the
refgrence parameter for calibration and test.

Thif method is performed in two phases:

— |calibration (on fixture);

— |[test of the DUT.

The power limit Py, is determined using a calibration fixture.

Thg disturbance (I4is¢yrpance) aPplied to the DUT is determined using a limit curve versus freguency.

8.3]1.3.2 Calibration
Thip procedure determines the power limit applicable for the test with DUT.
The specific test level (current)shall be calibrated prior to the actual testing as defined in Ahnex A.

Prigr to the actual test with-DUT, the forward power required to produce a specific current measured
on 4 50 Q calibration fixture, as defined in Annex A shall be determined for each frequency.

Thip calibration shallbe performed with an unmodulated sinusoidal RF signal.

Thd values of forward and reverse power recorded in the calibration file should be included in the test
repprt uponxrequest.

The calibration fixture shall be terminated by a 50 Q (high power) load at one end and byja 50 Q RF
powermeasuring instrumentation at the other end, protected by a 50 () attenuator of adeqhiate power
rating as defined in Annex A.

The current test signal level is applied to the fixture and the corresponding forward power (P.,) is
recorded.

The power limit is given by Formula (1):
Pewy =k Py (1)

where

Pcw is the power limit;

©1S0 2022 - All rights reserved 9
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P

cal 1

k i

8.3.1.3.3

The test se

s the forward power applied to reach the current test signal level in the fixture;

s a factor equal to 4 unless otherwise specified in the test plan.

Vehicle test

tup is shown in Figure 2.

The test procedure uses a closed loop method with power limit (Pcy;). The procedure used at each
frequency is described below.

The forwal
measured

the md

the fon
In either c4

When the |
(Pfault) sha

When a h3
probe and
and (50 £ 1

8.3.2 Tubular wave coupler test method

For the tub
power as t

calibrg

— testing

8.3.2.1 (

For calibrg
characteris
frequency

For smalle

The calibr
measuring
this match

d power applied to the current injection probe is increased and the injected current (1} |
intil

asured current reaches the specified test level, or
ward power reaches the power limit (Pcyy).

se, the achieved current (/..¢) and the applied forward power (P,) are recorded.

I be recorded.

rness containing several branches is used, the test shouldybe repeated with the injec
Lhe current measurement probe clamped around each bfanch respectively at (900 * 50)
0) mm from the connector of the DUT.

ular wave coupler test method, the substitution method is used. It is based on using forw
e reference parameter for calibration and-testing, which leads to a two-step test method

tion, using a calibration fixture and

the vehicle.

alibration
tion, the insertion 105s of the used tubular wave coupler in a calibration fixture wit
step sizes defingd’in 1SO 11451-1.

F incrementaktest frequency steps, interpolation between calibration frequencies is alloy

htion fixture shall include a broadband matching network to the 50 Q impedance of
equipment. The manufacturer of the calibration fixture shall give the correction factg

DUT susceptibility threshold is found, the fault current (I, andtle forward power app|l

) is

ied

fion
mm

ard

h a

tic impedance of 150 () shall be measured at frequency steps not greater than the maximpum

Ued.

the
r of

Ing-network with a maximum uncertainty of 1,5 dB.

Since the tubular wave coupler and the calibration fixture are linear systems, the coupler insertion loss
should be measured using a network analyser.

The calibration set-up using a network analyser is shown in Figure 4.

The analysing of coupler insertion loss using the test power is possible but not necessary. For full power

calibration

, the maximum power handling capability of the calibration fixture shall be considered.

The network analyser shall be calibrated including all cables connecting the tubular wave coupler
and the calibration fixture. Alternatively, the cables shall be appropriately taken into account for the
de-embedding, e.g. by full 2-port characterization of the cables.

The S-para

10

meter S, shall be measured.

© IS0 2022 - All rights reserved
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Key
1 [tubular wave coupler 5 insulating support

2 |calibration fixture with internal matching unité coaxial cable (network analyseroutput)
to 50 Q) - system

3 |50 Qload resistor; VSWR 1,2:1 maximum 7  coaxial cable (network analyser input)
network analyser (50 (1)

Figure 4 — Tubular wave coupler calibration set-up

The insertion loss of the coupler is given by Formula (2):
lrwe = - 1521] = Cee (2)
whére

I;twe is the insertion loss of the tubularwave coupler, in dB;
|Sp1|  is the magnitude of the S,; parameter, in dB;

Cer is the correction factor of the calibration fixture, in dB.

8.3]12.2 Vehicle test

9%
N

The vehicle and associated equipment are installed in the test location as described in Figur

Thd forward power Pgrfor DUT testing shall be calculated using Formula (3):

Py = P+ I re (3)

whére

P; is the required test power according to the test plan, in dBm;

Pg.  isthe forward power, in dBm;

I; rwe is the insertion loss of the used tubular wave coupler, in dB.

8.4 Testreport

As required in the test plan, a test report shall be submitted detailing information regarding the test
equipment, load simulator, test area, systems tested, frequencies, power levels, system interactions and
any other relevant information regarding the test. Any deviation from the test plan shall be specified in
the test report.

©1S0 2022 - All rights reserved 11
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For the BCI closed loop method with power limitation, the following additional information shall be
included in the test report:

— the values Iref' Pref' Ifault' Pfault' PCWI;

— the test setup transfer impedance (the voltage injected at the plane of the current injection probe
divided by the current measured by the current measurement probe). An example of the test setup
transfer impedance measurement or calculation methods is given in Annex B.
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Annex A
(normative)

Calibration configuration (current injection probe calibration)

A calibration fixture is used to determine the injected current. Figure A.1 shows an example of a test

eq
Mouint the injection probe centred in the calibration fixture (see Figure A.2) and, while|swWeeping the
test frequency range, measure the forward power required to achieve the current at Which testing is to
be donducted.
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shielded enclosure 6  spectrum analyser or equivalent
50 Q coaxial lead, VSWR 1,2: 1 max. 7  RF power level measuring device (two are requiired)
calibratién fixture 8 RF 50 Q dual directional coupler (with 30 minimum
decoupling coefficient)
4 |injéction probe 9  broadband amplifier with 50 Q output impedarjce
5 5040 attennator 10 RF cignn] generator

Figure A.1 — Example of current injection probe calibration configuration
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Figure A.2 — Example’of calibration fixture

al size of the calibration fixture ‘shall be in accordance with the probe manufacturer's
nts.
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Annex B
(informative)

Test set-up transfer impedance

B.1—General

The test set-up transfer impedance is defined as follows in Formula (B.1).

whére

Itis
inje)

Z. isthe test set-up transfer impedance;

ind 1S the common mode voltage induced in the, wiring harness by th
injection probe;

li,q is the common mode current induced at the measurement point.

used to characterise the system (DUT, wiring harniéss and other vehicle loads), independ
ction and current measurement probes, to make’it easier to compare tests carried out

labgratories or using different test wiring harnegses.

It cd
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B.2

B.2

in be measured using a network analyser as described in B.2 or deduced from the direct
Fent measurements during calibratien and testing as described in B.3.

(B.1)
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Measuring the transfer impedance using a network analyser
.1 Defining the parameter relationships (Figure B.1)
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S parameter quadripole

Figure B.1 — Definition of incident and reflected waves

For a four-terminal network with given S parameters, the incident and reflected waves can be defined
as follows.
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For port 1 of the network analyser follow Formulae (B.2) and (B.3):

Vit+Zc1
. =t4ch

(B.2)
2\Z¢
Vi—Z-1
b =—1-C1 (B.3)
2yZ¢
where

a, igtheincidentwave,
b,  is the reflected wave;
V,  is the common mode voltage induced in the wiring harness by the current injection probg;
I ils the common mode current induced at the measurement point;
Zc  is the characteristic impedance (here, Z- = 50 ().

For port 2 pf the network analyser follow Formulae (B.4) and (B.5):

VA+Z-~1
a, =—34—C2 (B-4)
N
Vl—Z-1
bZ:_Z# (B.5)
2
where

a, ils the incident wave;
b, ils the reflected wave;
V,  is the common mode voltage induced in the wiring harness by the current injection probg;
I, ils the common mode curremt induced at the measurement point;
iis the characteristi€impedance (here, Z. = 50 Q).

In physical terms, the in¢ident and reflected waves carry the input and output power to and from|the
four-termihal network:

The relationship between the incident and reflected waves is given by the S parameters [Formulae (B.6)
and (B.7]]:

by =Si{ae4 Saa,and by = S5.a, + S500, (B.6)

When the output of the network is loaded with 50 Q:

a, = 0, therefore b, = S;,a, and b, = S,;a4 (B.7)

where

S11  is the coefficient of reflection;

S,1 isthe coefficient of transmission of the four-terminal network.
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B.2.2 Calibrating the current injection probe (Figure B.2)
1

LT ]

\ /

@i \ ‘ blinj ‘ bzng

Key

1 |network analyser

2 |portl

3 |port2

4 |current injection probe

5 |50 Qload

6 |calibration fixture with metal cover in place

Figure B.2 — Calibrating the current injection probe

By 1iefiniti0n, the insertion loss I} ¢;p of the current injection probe is given by Formulae (B.8)) and (B.9):

P 1 |alinj|2 B.8
LCIP = 7= 5 (B.8)
[s21m[" [Paye]
where
I cip is the insertion loss of the current injection probe;

|byjigl  is the “reflected” wave magnitude induced on the calibration fixture port;
|a1injl  is the incident wave magnitude applied to the current injection probe;

|S21injl s the transmission magnitude coefficient of the current injection probe.
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The current injection probe induces the voltage V; 4 on the calibration fixture, i.e. (V,,4)/2 on each of
the 50 Q loads on the fixture, therefore:

|b |2_i Vinal : (B9)
2iigl T5ol 2 '

where |V, 4| is the magnitude of the voltage induced by the current injection probe on the calibration
fixture;

which induces:

[Vinal |, | 50 (810
|@1in] Iycip

B.2.3 Calibrating the current measurement probe (Figure B.3)
1

aljig \ ‘bljig ‘ meprobe

network analyser
port1
port 2

50 Q load

1

2

3

4 current measurement probe

5

6  calibration fixture with metal cover in place

Figure B.3 — Calibrating the current measurement probe
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The current measurement probe is characterised by its transfer impedance Zp, .. given by

Formula (B.11):

|Vret |
Tindl

|ZTmprobe | =
where

|Ztmprobelis the impedance magnitude of the current measurement probe

V4 | isthe voltage maognitude returned buv the current measurementnrobhe laaded
I retl =] t=] J T
|linal is the current magnitude to be measured.
2
[— |2 Vet
mprobe
P 50

where by oronel? is the reflected wave magnitude measured by the measurement probe

and|

2 _ 2
i = .
|a1 1g| 50|I1nd|

(B.11)

y 50 ;

(B.12)

(B.13)

whére |aljig|2 is the incident wave magnitude injected inside the jig when the measurement probe is set

on flor calibration.

Formula (B.14) comes from Formulae (B.11) and (B:12):

|b2mprobe | _ |ZTmprobe |

Zind | J50
mula (B.15) comes from Formulaé\({813) and (B.14):

]
o
=

|b 2mprobe |

|aljig| = 50|S21mprobe|

|ZTmpr0be | =50

where |51 0r0bel is theforward transmission factor magnitude of the current measurement.

(B.14)

(B.15)
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B.2.4 Measuring the transfer impedance
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currentinjection probe

currenf measurement probe
DUT
other vghicle devices
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Figure B:4 — Measuring the transfer impedance

The transfer impedance ofthe test setup is defined by Formula (B.16):

|Zt |: |IVind| - |Vind| |alinj| |b2mprobe|
r

(B}16)
]indl |a1inj||b2mprobe| |]ind|

where |Z, ||is-the impedance magnitude of the test setup

ol

From the previous formulae, the transfer impedance of the test setup-can be calculated from
S21 parameter measurement for Figure B.4 and the characteristics of the probes as follows in
Formulae (B.17) and (B.18):

2|ZTmpr0be|
152 14est [N Lcp

where |Sy (0q¢| is the transmission factor between the injection probe and the measurement probe
during the test

|Z|= (B.17)

Zywag =61Z1 g —ILcIp dB ~ S2ltest dB (B.18)
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