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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may

WWW.iso

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ngtice of (a)
which may be required to implement this document. However, implementers are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

.pbrg/patents. [SO shall not be held responsible for identifying any or allysuch patent rightq.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docyiment was prepared by Technical Committee<ISO/TC 22, Road vehicles, Subcommittpe SC 32,
Electrical

This four
revised.

The main

chang
suppl
use o
addit
addit
addit

Alistofa

and electronic components and general system@spects.

th edition cancels and replaces the third edition (ISO 11451-3:2015), which has been t¢chnically

changes are as follows:

e of the frequency range from 1,8 MHz - 5,85 GHz to 1,8 MHz - 6 GHz;
ession of test methodology’'with commercial transmitters;

[ modulation from [S0-11451-1;

on of new Annex‘A with description of test methodology for net power characterization procedure;
on in Annéx-€ of microwave broadband dipole antenna and HF broadband sleeve antennf;
on of Annex D on function performance status classification (FPSC).

| parts in the ISO 11451 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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International Standard ISO 11451-3:2024(en)

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

Part 3:
On-board transmitter simulatiom |

1 Scope

This docyment specifies methods for testing the immunity of passenger cars and|commercial viehicles to
electromdgnetic disturbances from on-board transmitters connected to an external antenna and portable
transmittlers with integral antennas, regardless of the vehicle propulsion system (e.g. spark ignitipn engine,
diesel engine, electric motor).

2 Normative references

The folloying documents are referred to in the text in such a way:that some or all of their content cpnstitutes
requiremgnts of this document. For dated references, only théedition cited applies. For undated references,
the latest|edition of the referenced document (including any@mendments) applies.

[SO 11451-1, Road vehicles — Vehicle test methods farselectrical disturbances from narrowband radiated
electromdgnetic energy — Part 1: General principles dnd’terminology

3 Terms and definitions
For the pyrposes of this document, the terms and definitions given in ISO 11451-1 and the following apply.

[SO and I[EC maintain terminology databases for use in standardization at the following addresses

— ISO Online browsing platferm:available at https://www.iso.org/obp

— IEC E]ectropedia: avaitable at https://www.electropedia.org/

31
integral 4ntenna
permanent fixed\antenna which may be built-in, designed as an indispensable part of the| portable
transmittling device

3.2
peak power sensor
power sensor that allows direct measurement of the peak power of the modulated carrier signal

3.3
average power sensor
power sensor that allows direct measurement of the average power of the modulated carrier signal

4 Test conditions

The applicable frequency range of the test method is 1,8 MHz to 6 GHz.

© IS0 2024 - All rights reserved
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The user shall specify the test severity level(s) over the frequency range. Suggested test levels are included
in Annex D. Typical on-board transmitter characteristics (frequency bands, power level and modulation) are
given in Annex B.

Standard test conditions are given in ISO 11451-1 for the following:

— test temperature;

— supply voltage;

— dwell

— frequ

time;

ency step;

— mody
— tests
NOTE

Annex Bis
available i

5 Test

5.1 Gemneral

This test
regulatios

5.2 Abs

An absorl
this test.

NOTE

the vehicld.

5.3 Ou

Where national regulations pefmit the use of an outdoor test site, the outdoor test site should hay
ius of 10 m free frémlarge metal structures or objects. When performing outdoor test-sifte tests, it

with a rag
isimport

6 Test

lation;
ignal quality.

Alternate modulations, if required, can be found in Annex B. Users of this document are ad
for information only and cannot be considered as an exhaustive description of various portable tr
h all countries.

location

should typically be performed in an absorber lined shielded enclosure (ALSE). Whery¢
1s permit, the test can also be performed at an outdéo¥'test site.

sorber lined shielded enclosure (ALSE)

per lined shielded enclosure with the chatacteristics specified in ISO 11451-2 should b

At frequencies where absorbers are«noteffective, the reflections in the chamber can affect the e

ldoor test site

int to be aware 6fharmonic suppression regulations.

instrumentation

6.1 GeT

eral

vised that
hnsmitters

b national

b used for

xposure of

(e an area

The following test instrumentation is used:

— radio
— powe

— powe

frequency (RF) generator with internal or external modulation capability;
r amplifier;

r measuring instrumentation to measure the forward and reverse power;

— dual directional coupler;

— low loss coaxial cables;

— vecto

r network analyser (VNA);

© IS0 2024 - All rights reserved
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— transmit antenna;

— direct current charging artificial network (DC- charging AN), and/or artificial mains networks (AMN),
and/or asymmetric artificial networks (AAN).

6.2 Signal sources

621 T

ransmitters with antenna outside the vehicle

Signal sources for transmitters with antenna outside the vehicle should be simulated on-board transmitters
(use of a signal generator and broadband power amplifier located external to the vehicle capable of

generatin
delivered

When usi

radio frequency (RF) power in their operational frequency ranges with specific output power

g simulated on-board transmitters located external to the vehicle, it is advisable\to pl

choke (fefrite or powdered iron toroid) around the coaxial cable to the antenna to produce.a‘minin
impedande of 200 ohms. This reduces the cable shield skin currents and more closely sinriilate a tr

installed

622 T

n the vehicle.

ransmitters with antenna inside the vehicle

Signal souyirces for transmitters with antenna inside the vehicle should be simulated portable tra

(use of a
generatin

signal generator and broadband power amplifier located éxternal to the vehicle ¢

The powdr is delivered to a small passive antenna within the véhicle. Antennas used for this t
described in Annex C.

6.3 Powywer monitoring

6.3.1 General

Either po

the forwdrd and reflected power at the dual directional coupler. When power sensors are used td
forward dnd reflected power:

— CWo

I AM signal shall be measured either with an average power sensor or a peak power sen

consdrvation may be applied for AM per ISO 11451-1);

— pulsed power modulationShall be measured with a peak power sensor;

— when|applying broadband test signal, power measurementinstrumentation shall be capable of 1

ge and peak values of the channel power;

sensorsshiould be connected directly to the coupler ports;

senSors shall exhibita VSWR < 1,2 and measurement accuracy < 0,5 dB.

to a test antenna or original equipment manufacturer (OEM) antenna fitted to the vehiclk).

hce an RF
hum lossy
hnsmitter

[nsmitters

apable of

o radio frequency (RF) power in their operational frequeney:. ranges with specific outpiit power).

psting are

ver sensors or a spectrum analyser (or*measurement receiver) shall be used for measufrement of

measure

sor (peak

heasuring

power, it

shall exhibit the same VSWR and measurement accuracy as required for power sensors. When the sensors
or a spectrum analyser (or measurement receiver) are connected to the coupler via coaxial cables, the cable’s
transmission loss shall be taken into account during characterization. See Annex A for details.

6.3.2 Dual directional coupler

The coupler shall exhibit the following characteristics:

— coupling factor: > 20 dB (40 dB recommended),

— mainline port VSWR < 1,3,

© IS0 2024 - All rights reserved
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coupling port VSWR: < 1,5,

mainline transmission loss: < 0,5 dB,

directivity: > 18 dB,

powe

r rating compatible with testing needs.

6.3.3 Low loss coaxial cable

The 50 € coaxial cable assembly (including all adaptors, switches, etc.) connecting the dual directional
coupler to the transmit antenna shall exhibita VSWR < 1,1 and transmission loss < 6 dB. Verification shall be

performe

6.4 Vec
The VNA

The folloy

6.5 Anf{

in accordance with Annex A.

frequ
dyna
retur
trans
minir
IF ba
VNA

—

—

—

frequ

powe

tor network analyser (VNA)

shall exhibit the following characteristics:

ency range: 1,8 MHz to 6 GHz,

mic range: > 60 dB (IF bandwidth < 3 kHz),

n loss: > 32 dB,

mission loss accuracy: < 0,1 dB,

hum number of points: 401,

ndwidth: selected to meet return and transmission 10ss requirements (typically 1 kHz),
Falibration kit to facilitate TOSM (through, open;short, matched) measurements:
ermination through: return loss > 35 dB,

brmination short/open: deviation in nominal phase < 2°,

ermination match: return loss > 40.dB.

ing characteristics are recommended:

ency step: specified by the-manufacturer (logarithmic step recommended),

I level: 0 dBm (recommended value),

averaging capability-(optional),

itisr
and t

ecommended'to use the same connector type to match that of the interconnecting cable
fansmitantenna (avoid using adaptors).

lenmnas

6.5.1 Simulated on-board transmitters

assembly

When an OEM antenna is not installed on the vehicle, the antenna(s) described below shall be used.

For frequency ranges < 30 MHz, loaded antennas shall be used. Loaded antennas employ lumped or
distributed reactive components with a radiating element physically shorter than quarter wave at
resonance. It is recommended to use a “screw-driver” antenna which allows use of a single antenna thus
reducing installation time. Use of this antenna also facilitates automation techniques.

For frequency ranges > 30 MHz, for example, for the very high frequency (VHF) and ultra-high frequency
(UHF) bands, quarter wave antennas should be given preference over 5/8 wave antennas, since there are
higher skin currents created by quarter wave antennas.

© IS0 2024 - All rights reserved
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NOTE A screwdriver antenna is a vertical antenna for mobile operation in amateur HF band. It can cover from
10 m to 160 m band according to adjust a centre loading coil remotely. It is named from an electric screwdriver,
because of its tuning method by a reversible DC electric motor.

All antennas shall be tuned on the vehicle for minimum voltage standing wave ratio (VSWR, typically less
than 2:1) unless otherwise specified in the test plan. As a minimum, the VSWR value shall be measured and
recorded with the antenna on the vehicle at the lower and upper band edge and at a middle frequency. See
Annex A for procedures to make these measurements.

6.5.2 Simulated portable transmitter

Unless otherwise specified, the simulated portable transmitter antenna shall be a passive antenna. For

characterjstics-of apassive antenna,see-AnnexC

6.6 Stimulation and monitoring of the vehicle

If remote stimulation and monitoring are required in the test plan, the vehicle shall be gperated bylactuators
which haye a minimum effect on the electromagnetic characteristics, e.g. plastic blocksyon the push-buttons,
pneumatif actuators with plastic tubes.

Connectigns to monitoring equipment can be accomplished by using fibre-optics or high resistapce leads.
Other types of leads can be used, but they require extreme care to minimiz&interactions. The oijientation,
length anfl location of such leads shall be carefully documented to ensurerepeatability of test resylts.

Any electrical connection of monitoring equipment to the vehicle{can cause malfunctions of the vehicle.
Extreme ¢are shall be taken to avoid such an effect.

7 Test|set-up

7.1 Trdnsmitters with antenna outside the vehicle

1.

\"A}

The test dan be performed with test antenna(s) er-with the vehicle’s OEM antenna, as defined in 6.}

When a t¢st antenna is used, the location(s) of the antenna on the vehicle shall be defined in the|test plan.
If no spefific location(s) are agreed between the users of this document, the following locatipn (s) are
recommehded, as illustrated in Figure'd:

— locations 1 (vehicle roof, front)yand 2 (vehicle roof, rear) are the defaultlocations for frequencies|z 30 MHz.
Locatlions 3 through 8 areoptional.

— locatijon 9 (bumper) isthé default location for frequencies < 30 MHz. Location 10 is optional.

© IS0 2024 - All rights reserved
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vehicl

1

2

3  vehicl
4  fende
5

vehicle roof (front) 6  fender (rear, right)
e roof (rear) 7  fender (rear, left)
e roof (middle) 8  trunklid (middle)
- (front, right) 9  bumper (middle) < 30 MHz only
- (front, left) 10 front bumper < 30\MHz only

fende

Examples
Figure 3

When the
of antenn

When thd
to use a

sufficient
(relative {
transmitt

Figure 1 — Recommended locations for antennasoutside the vehicle

of test set-up for simulated on-board transmitters are)shown in Figure 2 (use of test ant
use of vehicle OEM antenna).

vehicle OEM antenna is used, it should be used as it is installed in the vehicle without a
h characteristics (location, VSWR, etc.).

vehicle OEM antenna is used for multiple transmitters/receivers frequency, it is adv
bimulated on-board transmitter (with “broadband” amplifier). The amplifier noise ley
to degrade some vehicle functipns;like GPS satellite reception. The validation of such
o vehicle on-board-transmitter immunity) can only be performed with the vehicle OEM
er. In this case, it might be necessary to operate the on-board vehicle transmitter in real ¢

This can e performed by using spécific equipment, like a GSM base station simulator.

bnna) and

hy change

sable not
el can be
functions
on-board
bnditions.

© IS0 2024 - All rights reserved
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A A

Key

ALSE
RF signal generator (can be outside test facility)
power amplifier (can be outside test facility)

dual directional coupler (can be outside test facility)
powel meter (can be outside test facility)

test aptenna (positions defined in test plan)

RF chpke (see 6.2.1)

N O U W

Figure 2 — Example of test set-up for simulated on-board transmitter and test anten

© IS0 2024 - All rights reserved
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A A

Key
1 ALSE
2  RFsig
3  powe
4 duald
5 powe
6  vehicl
7  on-bo)
8  vehicl
9 RFch
Figure
7.2 Tra
7.21 G
The locat

specific lpcation(s) are agreed between the users of this document, it is recommended to sped

where thd

nal generator (can be outside test facility)

- amplifier (can be outside test facility)

irectional coupler (can be outside test facility)

" meter (can be outside test facility)

e OEM antenna

ard transmitter (disconnected from vehicle.antenna)
e antenna cable connector

bke (see 6.2.1)

nsmitters with-antenna inside the vehicle

eneral

jon(s) ofia’/simulated portable transmitter in the vehicle shall be defined in the test

portable transmitter can be placed or used. Examples include:

3 — Example of test set=up for simulated on-board transmitter and vehicle OEM antenna

lan. If no
ify places

— between front seats,

— on the vehicle’s centre console,

— storage compartments,

— in any specified places where a portable transmitter can be placed or used.

7.2.2 Simulated portable transmitters

An example of test set-up for simulated portable transmitters is shown in Figure 4.

© IS0 2024 - All rights reserved
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A A

Key

1 ALSE

2 RF signal generator (can be outside test facility)

3  power amplifier (can be outside test facility)

4 dual directional coupler (can be outside test facility)
5  powel meter (can be outside test facility)

6  testantenna (positions defined in test plan)

Figure 4 — Example of test set-up for simulated portable transmitters

8 Test|procedure

8.1 General

CAUTION — Hazardous-voltages and fields can exist within the test area. Ensure thatall requjirements
for limiting the exposure of humans to RF energy and high voltage are met.

The generjal arrangement of vehicle, transmitter(s) and associated equipment represents a standardized test
condition| Any.deviations from the standard test configuration shall be agreed upon prior to tdsting and
recorded fin the‘test report.

The vehictestrattbe Trade to operate under typicat toading and operating conditions. These operating
conditions shall be clearly defined in the test plan.

8.2 Testplan

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

— frequency range(s) and associated modulation(s);

— duration of transmission;

© IS0 2024 - All rights reserved
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— antenna location and polarization;

— routing of the coaxial cable to the antenna in the vehicle (for simulated on-board transmitters);

— vehicle mode of operation;

— vehicle monitoring conditions;

— vehicle acceptance criteria;

— simulated portable transmitter antenna location;

— definition of test severity levels;

— definftion of signal modulation;
— maximum antenna VSWR value if necessary;
— testrpport content;

— any special instructions and changes from the standard test.
8.3 Tedqt method

8.3.1 Transmitters with antenna outside the vehicle

8.3.1.1 |General
The vehide, antenna(s) and associated equipment are installed*as described in 7.1.
Test sevefity levels are based on the antenna configuration used. This means that:

— when|using an OEM antenna configuration, the reference parameter is the forward power de
the agtached OEM antenna cable;

— when| using test antennas, the referenceparameter is the net power delivered directly to thg
See Annex A for procedures for net pawer characterization.

In either ¢onfiguration, measurement:of the reflected power serves only as a means to monitor th
of the sigpal source during testing.

8.3.1.2 (OEM antenna configuration

Testing is|based on test§ettup shown in Figure 3. The test shall at least be performed with this con
even if te§ts are also performed with test antenna(s).

Increase the forward power level until the predetermined forward power level is achieved. For n
signals, the peak'conservation principle shall be applied as defined in ISO 11451-1 or alternativj

livered to

antenna.

e stability

iguration

nodulated
ely use of

wideband peak power sensors (see 6.3). Perform the test at frequencies within the designed ba
the OEM hatenna{fatleastatthelower-and-upperb i rey-and
steps not greater than those defined in ISO 11451-1).

dwidth of
requency

Continue testing until all frequency bands, modulations, polarizations and antenna locations specified in the

test plan are completed.

When required in the test plan, the immunity threshold shall be determined.

8.3.1.3 Test antenna configuration

Testing is based on test setup shown in Figure 2.

© IS0 2024 - All rights reserved
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Increase the forward power level until the predetermined net power level is achieved. For modulated signals,
the peak conservation principle shall be applied as defined in ISO 11451-1 or alternatively use of peak power
sensors (see 6.3). Perform the test at frequencies within the designed bandwidth of the test antenna (at least
at the lower and upper band edge and at a middle frequency). The use of more than one test antenna can be
necessary to cover an entire frequency band.

Continue testing until all frequency bands, modulations, polarizations and antenna locations specified in the
test plan are completed.

When required in the test plan, the immunity threshold shall be determined.

8.3.2 Transmitters with antenna inside the vehicle

8.3.2.1 [Simulated portable transmitters
This method is performed in two phases:
— Phasg¢ 1: test level setting;

— Phasg 2: test of the vehicle.

8.3.2.2 [Testlevel setting

Testing is|based on a specified net power applied to the transmit antenfia. The net power level is derjived from
the forward power measured at the dual directional coupler, which is remotely connected to thg transmit
antenna ia low loss coaxial cable. The measured reflected power Serves as a means to monitor thg stability
of the test setup between characterizations. See Annex A for procedures for net power characterization.

The adjugtment of the net power level shall be performedwith the simulated portable transmitter antenna
placed at p minimum distance of 1 m from any part of the vehicle, from the ground plane and fron the test
enclosurg, and 0,5 m from any absorber, until the predetermined net power level is achieved (see Annex B).

For ampljtude modulation (AM) and pulse medulation (PM) signals, the power level adjustnpent shall
conform fo the peak conservation principle given in ISO 11451-1 or direct measurement with pgak power
sensors (ee 6.3). Alternative modulations.including Broadband test signal may also be considered.

The forwjard power shall be adjusted within (-0/+0,5) dB from that recorded during the ret power
characterfization (see Annex A).

8.3.2.3 [Vehicle test

There ar¢ two alternative-ways, either of which can be used, to expose the vehicle after the |test level
setting phase.

a) Approach thesimulated portable transmitter at the various positions indicated in the test plajn without

indicated

The test on the vehicle shall be performed at the various positions indicated in the test plan, with either CW
or modulated signals indicated in Annex B, or both.

The test on the vehicle shall be performed without any change in the forward power level recorded during
net power characterization. See Annex A for net power characterization

Due to the position of the simulated portable transmitter antenna close to the vehicle, variation in
transmitter net power can occur. Although changes in net power may occur when the transmitter antenna is
close to the vehicle, the forward power shall not be changed.

© IS0 2024 - All rights reserved
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If manual positioning of the antenna is required while the RF power is switched on, then care shall be taken,
according to ICNIRP Guidelines,[2] to minimize the exposure of the operator to the generated field. It is
recommended that a minimum distance of 0,5 m from the operator to the simulated portable transmitter be
maintained in order to limit operator influence.

Perform the test at frequencies within the designed bandwidth of the test antenna (at least at the lower and
upper band edge and at a middle frequency).

Continue testing until all frequency bands, modulations, polarizations and simulated portable transmitter
antenna locations specified in the test plan are completed.

NOTE Because it is not practical to perform the test at every possible location of a portable transmitter inside the
vehicle, the test can be performed as a first step for limited defined locations with power levels higher than the typical
one given Jn Annex B.

8.4 Tedtreport

As required by the test plan, a test report shall be submitted, including a reference to.this docyment (i.e.
ISO 11451-3:2024) and detailing information regarding the test equipment, test site; test set-uf], systems
tested, frequencies, power levels, the antenna used, the portable transmitter used, VSWR valugs, system
interactigns, and any other information relevant to the test.

© IS0 2024 - All rights reserved
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Annex A
(normative)

Net power characterization procedure

A.1 Introduction
The caliby t antenna
used for simulated on-board external transmitters or internal portable transmitters. Reflected,poer is not
required for net power characterization. The procedure fully considers the effects of mismat¢hlosges that, if
not contrglled, will impact the accuracy of the net power delivered to the transmit antenna.
Figure A.] illustrates a simplified test equipment setup for simulated transmitter testing: In this seftup, there
is a single{cable connecting the directional coupler directly to the transmit antenna. Also, power semsors (CW
or Peak) gre connected directly to the coupler (i.e. no interconnecting cable). Power sensors shal| exhibit a
VSWR < 1,2 and a measurement accuracy < 0,5 dB.
PNA
5 —
1 —4 2 p
< A >
3] [3]
PFM PRM
Key
1  RF signal generator and amplifier Pry  measured forward power at the directional coupler
2 dual directional coupler Ppy  measured reverse power at the directionaljcoupler
3  powef sensor Pys net power delivered to antenna
4 transpit antenna
5 low ldss coaxial cable with transmission loss A
Figure A.1 — Simplified simulated portable transmitter equipment setup
The relatjonship between tli¢ measured forward and reflected power (Ppy, Pgry) and net power (Py,)
delivered|to the antennadspresented in Formulae (A.1) and (A.2).
Cpr -5
Pew 7 ey — A1)
(A - dpg)-(1-p?)
2
Crr - A - - Py
Pey 1 28R P NA (A.2)
\1-p%)

where

Pya is the net power (watts) delivered to antenna;

Peum is the measured forward power (watts) at the directional coupler;

Prum is the measured reflected power (watts) at the directional coupler;

© IS0 2024 - All rights reserved
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fermining
fored and

facilitate

o is the magnitude of reflection coefficient of transmit antenna:
p=lsyy| =R 2
B yewr +1
Vswr is the voltage standing wave ratio of transmit antenna;
R = 1Sy |
14814
A is the transmission loss of the cable (< 1):
A
3 .
A=1010 Ag<0;
Alg is the transmission loss of the cable in dB;
Apc is the transmission loss of the directional coupler:
Apcig Apcig < 0;
Apcig is the transmission loss of the directional coupler in dB;
Crp is the forward coupling factor (< 1):
Crrig Crrig < 0;
CFF:10 10
Crrig is the forward coupling factor in dB;
Crr is the reflected coupling factor (< 1):
Crrig Crrig < 0;
Crrig is the reflected couplingifactor in dB.
As stated|above, the reflected power measured at the directional coupler, is not required for de
the net ppwer delivered to the-transmit antenna. However, the reflected power should be moni
recorded [during characterization to provide feedback regarding the stability of the net power ¢ver time.
For this feason, this anmeXx includes procedures for parameter characterization required to
measurerpent of the reflected power during characterization.
In most implementations of the test equipment setup, other components (e.g. adaptors, bulkhead cg

nnectors)

may be infcluded.in'the test setup. Figure A.2 illustrates an example of a more complex test equipmient setup.

© IS0 2024 - All rights reserved
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Pya
«— 4 > <—A2—>I_|<—A3->_’
1 —4 2 B c 15] = 15] 5
A s
A, 10 A
\/ v
Pem Py
Key
1  RF signal generator and amplifier 7 low loss coaxial cable with transmission lo$s 4,
2 dual directional coupler 8 low loss coaxial cable with transmissionlofs A,
3 powef sensor 9 low loss coaxial cable with transmission logs 4,
4 transimit antenna 10  low loss coaxial cable with trahsmission lo§s Ag
5 coaxigl in-line connectors, adaptors, etc. Ppy  measured forward power
6 low Idss coaxial cable with transmission loss 4; Ppy  measured reverse power:

For this mpore general test setup, the relationship between the measured forward and reflected pd

Figure A.2 — Typical simulated portable transmitter test equipment setup

Pya net power delivered'to’antenna

wer (Pry,

Pry) and pet power (Py,) delivered to the antenna is presentédun Formulae (A.3) and (A.4).
T3 Pua
Ppy 3 — (A.3)
T,-(1-p?)
T, - Ty p° - Pua
(1-07)
where
T=4 A - A5 is the transmission loss between coupler output and antenna
(T77Ay, Ay A3 < 1);
T,=4 -4 43 - Apc is the transmission loss between coupler input and antenna
(T3, Ay, Ay Az, Apc < 1);
T; =44 - Cpp is the transmission loss between coupler input and forward power|measure-
ment point
(T3, Ay Cpp < 1);
T, =A CTR ts-thetransmissionrtossbetween L,uup151 output and-reftected power meas-

urement point
(Ty As, Crr < 1);

are the transmission losses of interconnecting cables;

is the transmission loss of dual directional coupler
(Apc<1).

The formulae for the measured forward and reflected power do not include the transmission losses due
to the adaptors and coaxial interconnects (e.g. test chamber bulkhead connectors). More importantly, the
formulae neglect the effect of mismatch losses, which can affect the net power if not controlled.

© IS0 2024 - All rights reserved
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To ensure accurate delivery of the net power to the transmit antenna, all transmission and mismatch losses
shall be accounted for. For this reason, characterization requires:

1) VSWR and transmission loss measurements of selected individual components that comprise the
simulated portable transmitter setup;

2) insitu characterization measurements of the VSWR and transmission losses of the interconnection system.

A.2 Vector network analyser calibration

All measurements shall be performed using a vector network analyser (VNA) with S-parameter measurement
capability. The VNA shall be calibrated using the TOSM (through, open, short, matched) method via high

quality re
for perfor
sufficient
in the VN
VNA calib

Refer to

Key

1  vecto]
2 lowld
3

R portf
T portf

It is impoftant to realize that'S parameters relate to voltages of an N-port network. VNA measur

these par
given for

Linea

Linea

measijirement reference plane per TOSM calibratian

ming testing. Cable connections between the VNA and sample shall consist of low1pss
length to facilitate connection. Cable length shall not exceed 3 000 mm. The cablesshall b
A calibration per Figure A.3. Adaptors should be avoided, but if used, they shall’he’inclu

ration.
igure A.2 for component references for all measurements presented hereéiu.
<3000
R
2
1 3
T
2

network analyser (VNA)
ss 50 Q) coaxial cable

hcilitates measurement of S;4 and Sy,
hcilitates measurement of S,, and Sy

Figure A.3 — VNA TOSM calibration

Ameters may beteported in a variety of formats as shown in Formulae (A.5) to (A.7)
reporting of Syph

F-complex: Sy =R, + jl,

-pfagnitude: [Syq |=|Re + jl,y | =\ Re2 + 1> where |Sy|<1

ference (traceable) standards. VNA calibration shall be performed over the frequency band used

cables of
b included
led in the

Dimensions in millimetres

ements of
(example

(A.5)

(A.6)

dB: S;1)5 =20-logq S5

(A7)

However, when determining the transmission loss parameters for Formulae (A.1) and (A.2), the format is
linear-magnitude and are in terms of power. This relationship is shown in Formula (A.8) for Ty:

Sa11g

2 o0 2., 2
Ty =521 =10 10 =(R,+1,")

where Ty

= Tl’ Tz, T3, T4

© IS0 2024 - All rights reserved
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[t is critical to understand this relationship so that accurate characterization may occur.

A.3 Directional coupler parameter verification

A.3.1 General

The directional coupler used in the test setup shall be characterized using the following procedures.

A.3.2 VSWR and transmission loss measurement procedure

1) Connectthe VNA to the directional coupler as illustrated in Figure A.4. Connect 50 Q) terminations to the

P3 a ADP4 Thaotarainatrios choallbovn 5 VUCIAID laccthan 1 1 cvnrthatact frnaninnoyy vangn
ettt At O R Sta e v e a Yy Oy e re 5SSt e ve e ee Strre e Rey-an e

2) Measpre and record the magnitude of S;; and S,, of P1 and P2 over the test frequency range.|Calculate
and verify that the VSWR at P1 (Formula A.9) and P2 (Formula A.10) is less than 1,3.

1454

Vswrp1 =7 (A.9)
1-[Sq4]
1+[S5,]

Vswrp2z = 7o (h.10)
1-[S2,|
S111g

S11/F10 20 (h.11)
S221g

|522| =10 20 (|511| and |522|<1) (1%12)

3) Measpre and record |S,;| over the test frequency range. Record the transmission [loss Apc
(Formula A.13), where:

Apc 1821 /° (h.13)

4) Verify |ADClg| is less than 0,5 dB(Formula A.14), where:
Apcid =20-1ogyg [S24 | (p.14)

© IS0 2024 - All rights reserved
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3)
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1 RTEE 3 P2

T
73 74
4 4
2

vector network analyser (VNA) T  transmission port
low 1dss 50 ) coaxial cable R  reflection port
dual directional coupler P1 coupler input
50 Q fermination (VSWR < 1,1) P2 coupler output

P3 forward power measurement port

P4 reflected power measurement port

Figure A.4 — P1, P2 VSWR and transmission loss-verification
3 VBWR and forward coupling factor measurement
Conngct the VNA to the directional coupler as illustratéd in Figure A.5. Connect a referencg matched
50 Q termination (used for VNA calibration) to P2. Connect a 50 ) termination (VSWR < 1,1) tp P4.
Measpre and record |S,,| at P3 over the test frequency range. Calculate and verify that the VSWR is less
than [1,5.
Measpre and record |S,;| over the test frequency range. Record the forward coupling fpctor, Cgp
(Forrmula A.15), where:
1 2

Crr F1S21 (A.15)
Verify |Cgpygl is greater than)20 dB (Formula A.16), where:
Crrig|=20-logq S/ (p.16)

© IS0 2024 - All rights reserved
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2
T
P3 |P4|
4
2

Key
1  vecto[TIETWOTR amalySer ( VINA) T ransmisson port
2 lowldss 50 Q) coaxial cable R reflection port
3 dual directional coupler P1 couplerinput
4 50 Qfermination (VSWR < 1,1) P2 coupler output
5 refergnce 50 Q) termination standard used for P3 forward power measurement'port

TOSM calibration (see Clause A.2)
P4 reflected power measurenient port

Figure A.5 — Setup for forward coupling factor (Cgz) and P3 VSWR verification

A.3.4 VBWR and reflected coupling factor measurement

1) Conngct the VNA to the directional coupler as illustrated.in Figure A.6. Connect a referencg¢ matched
50 Q fermination (used for VNA calibration) to P1. Connéct 50 () terminations (VSWR < 1,1) to P3.

2) Measpre and record S,, at P4 over the test frequency range. Calculate and verify that the VSYR is less
than [L,5.

3) Measpre and record |S,;| over the test frequency range. Record the forward coupling factor, Cpg
(Forrhula A.17), where:

Crr /521 (p.17)

4) Verify |Cppy,l is greater than 20'dB (Formula A.18), where:
CFng :20'10g10 |521| (4&18)

© IS0 2024 - All rights reserved
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s 3 [E——% 1

2

low 1d
dual d
50Q1

referd
TOSM

U s W N

A4 Tra

A4.1 E

Install th
Connect t
This is illu
is mountd
position 2
which wa

the ante
VSWR vﬂn

When usi
critical to
length wi

network-analyser{VNAJ +
ss 50 () coaxial cable R
irectional coupler P1
ermination (VSWR < 1,1) p2

nce 50 () termination standard used for P3
calibration (see Clause A.2)

P4

kternal transmitter antennas

th a width = 20 cmvinf width can be used.

Figure A.6 — Setup for reflected coupling factor (Czz) and P4 VSWR verification

Insmit antenna reflection coefficient measurement

b external antenna on the vehicle in any of.the recommended positions illustrated in
he VNA to base input to the antenna usingthe cables that were part of the VNA charact
strated in Figure A.7. Figure A.7 a) illustrates an example for position 9 where the transm
d to the bumper to facilitate testing s 30 MHz. Conversely Figure A.7 b) illustrates an ex
where the transmit antenna is mounted to the vehicle roof to facilitate testing > 30 MHz.
5 calibrated according to Clause .2, is connected to the base of the transmit antenna. In I
a is tuned to achieve VSWR typically less than 3:1 unless otherwise specified in the
ue shall be recorded with the'antenna at the lower and upper band edge and at a middle f

hg transmit antennas fortesting < 30 MHz, grounding the base of the antenna to the vehic
ward achieving thelowest possible VSWR. As an example, a ground strap no longer than

..................

reflection port

coupler input

coupler output

forward power measurement{ort

reflected power measurement port

Figure 1.
erization.

tantenna
ample for
The VNA,
oth cases
test plan.
requency.

le body is
£ 30 cm in
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<30 cm

A Ll

a) Transmitter antenna configuration for testing < 30,MHz

L

| )
7 \O—==0

P A A

b) Transmitter antenna configuration for testing > 30 MHz

Key

1  vector network analyser (VNA)

2 same Jow loss 50 () coaxial cable (3'000 mm in length) as shown in Figure A.3

3 measyirement reference plane per /I'OSM calibration (see Figure A.3)

4 transI'nit antenna

5  vehicle ground connectionfor antenna (< 30 MHz) (length < 30 cm, width = 20 cm)
R VNA that facilitates nieasurement of S;;

Figure A.7 — Example of VNA connection to external transmitter antenna

A.4.2 Internal portable transmitter antennas

Connect the VNA to any of the transmit antennas as shown in Figure A.8 (see 6.5.2 for description of transmit
antennas). The antenna shall be positioned so that it is separated from the VNA and conducting surfaces as
shown in Figure A.8. Measure and record the reflection coefficient “p” (i.e. magnitude of S;;) of antenna over
at all test frequencies (Formula A.19).

S111g
p=|S11|=10 20 (A.19)
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Dimensions in millimetres
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a) Brogddband dipole antenna and microwave b) Broadband sleeve antenna’and HF broadband

broadband dipole antenna sleeve antenna
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i R
1 \\
>500 | 3
i .
>500 ; \
é ........... _) i 250 ‘l
vy > i
1 R - — * « == ): 1
2 !
!
>500 1 ;
1 )/
i K
i P
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c) Sleeve antenna d) Folded dipole antenna

Key
1  vector network analyser (VNA)

2 lowldss 50 (1 coaxial cable

3  boundary for location of atty conductive surface
R  reflecfion port

Figure A.8 — Measurement of reflection coefficient for transmit antenna

A.5 Characterization of VSWR and transmission loss of the antenna interconnect

Characterization requires in situ measurement of the VSWR and transmission loss for the interconnection
between the directional coupler and antenna.

1) Connect the VNA to the antenna interconnect cable assembly as illustrated in Figure A.9. The assembly
includes all in-line coaxial connectors and adaptors in addition to any coaxial switching devices.

2) Measure and record |S;4| and |S,,| over the test frequency range. Calculate and verify that the VSWR at
each connector is less than 1,1.

3) Measure and record |[S,;| over the test frequency range. Record the transmission loss T;
(Formula A.20), where:
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Ty =[S [ (A.20)

4) Verify that |Ty)o| is less than 4 dB (Formula A.21), where:

The interconnection between the directional coupler and transmit antenna should ideally have no
intermediate connections including cable interconnects, adaptors, coaxial switches, etc. Presence of these
additional items can increase the VSWR of the interconnection which introduces uncertainty to the net
power delivered to the transmit antenna.

R 1 T
13] 3]

Key
vector network analyser (VNA)
low 1dss 50 Q coaxial cable

1
2
3 coaxigl connectors/adaptors
T  transgnission port

R

reflecfion port

See Figure|A.2 for component references.

Figure A.9 — Measurement of VSWR and T, for coupler/antenna interconnect

A.6 Characterization of transmission loss for the coupler/antenna interconnect

Charactetization requires in situ meéasurement of the transmission loss for the combination of the djirectional
coupler apd antenna interconnect.cable.

1) Attach the directional «caupler to the interconnect cable assembly. Connect the VNA as illutrated in
Figure A.10. The otherports of the coupler shall be terminated with a 50 Q load with a VSWR lesp than 1,3.

2) Measpre and retord |S,;| over the test frequency range. Record the transmission loss T,
(Forrhula A.22))where:

T, =[S,4f (p.22)

3) Verify that |T21g| is less than 4 dB (Formula A.23), where:

T, =20-log,, |S21| (A.23)
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R 1 7
4 p 3 3]
2 2] 2 21 9
5] [5]

Key
1  vectolf network analyser (VNA) 5 50 Q termination (VSWR < 1,1)
2 lowlogss 50 () coaxial cable T  transmission port
3 coaxidl connectors/adaptors R  reflection port

4  dual directional coupler

See Figure

A.2 for component references.

Figure A.10 — Measurement of T,

A.7 Characterization of VSWR and transmission loss fot‘the coupler/power sgnsor
interconnect
Connect pll of the elements that comprise the directional‘Coupler and interconnect betwegn it and
the conng¢ction point of the power sensors or measuremént receiver. Characterization requirgs in situ
measurerfients of the VSWR and transmission loss of the interconnections between the directionpl coupler
and powdr sensors. Figure A.2 is used as a reference t¢0'provide guidance on how to carry out th¢se in situ
measurerhents for laboratory specific equipment test'setups. Alternative methods (e.g. separate cpmponent
measurerhents) are not permitted.

1) Conngct the VNA to the directional ¢oupler input and the forward power measurement point as
illustfated in Figure A.11 a). Connect.a reference “matched” termination on the output of thle coupler.
The reflected power measurementpoint shall be terminated with a 50 2 load with a VSWR les§ than 1,1.

2) Measpre and record |S,,| atthe’/forward power measurement point [see Figure A.11 a)] ovdr the test
frequency range. Calculate-and verify that the VSWR is less than 1,5.

3) With|the VNA remainitigtonnected as illustrated in Figure A.11 a), measure and record |S,4|| over the
test frequency rangé.'Record the transmission loss T (Formula A.24), where:

2

4) Conngct’the VNA to the directional coupler output and the reflected power measuremenf point as

illustkated in Figure A.11 b). Connect a reference “matched” termination on the input of the colipler. The

forward power measurement point shall be terminated with a 50 Q load with a VSWR less than 1,1.

5) Measure and record |S,,| at the reflected power measurement point [see Figure A.11 b)] over the test
frequency range. Calculate and verify that the VSWR is less than 1,5.

6) With the VNA remaining connected as illustrated in Figure A.11b, measure and record |S,,| over the test
frequency range. Record the transmission loss T, (Formula A.25), where:

Ty =|

521|2 (A.25)
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1 R 3 P71 6]

[(6F] 3 P4

T
P3 P4 P3 P4
4 5 4 5
El El
2 2
a) Measurement of T, b) Measurement of T,

vector network analyser (VNA) 8  measurement point (S,,, S51)
low Idss 50 Q coaxial cable P1 coupler input
dual directional coupler P2 coupler output
50 Q goaxial cable assembly (connects to forward P3 forward power measurement port
powef sensor)
50 Q) goaxial cable assembly (connects to reflected P4 reflected power(theasurement port
power sensor)
refergnce 50 () termination standard used for TOSM R  reflectio/port
calibrption (see Clause A.2)
50 Q fermination (VSWR < 1,1) T  transmission port

Figure A.11 — Measurement of T; and T,
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Annex B
(informative)

Typical characteristics and use of transmitters

Additional tests with unmodified commercial portable transmitter may be performed. The detailed test
method should be defined in the test plan.

Examples ypteat—ehatraeteristies—fo ATTS ers—w antentra—ottside—vehicte—anrd—fory portable
transmittlers are given in Table B.1 An explanation of terms used in Table B.1 is given in Table’$.2. These
characterjistics are for information only: frequency bands can be different from one region tg.another, use of
power levlels greater than those indicated can be expected.
Table B.1 — Typical characteristics for transmitters with antenna outside'vehicle and|for
portable transmitters
Transmitter Frequency Power for antenna P(:)v:te:bfloe r Typicaltransmitter | Test mddulation
designation band? outside vehicle P . modulation (see 1SO|11451-1)
transmitters
MHz w w
short whve 1,810 30 100 (RMS) Not applicablé T"'legrap}EYMAM' SSB, 1AM 1 kHz, 80 %
CB 26 to 28 Not applicable a(rpS) | Telesrapny AMLSSB |y iz, 80 %
8 m 30to 50 120 (RMS) Not applicable FM aw
6m 50 to 54 120 (RMS) Notapplicable | T1°8TaPY AMSSB, | xn 1 1chiz, 80 9
4m 68 to 87,5 120 (RMS) Not applicable FM aw
2m 144 to 148 120 (RMS) 10 (RMS) T"'legrap}EYMAM' SSB, dw
146 to 174 .
LAND MQBILE 216 to 223 Notapplicable 10 (Peak) FM, FSK aw
1,25 th 220 to 225 Not applicable 10 (RMs) | Telesrapny, AM, S5B dw
70 cnh 420 t0,450 120 (RMS) 10 (RMS) TEIegrap}EYMAM' SSB, dw
380to0 390
410 to 420
TETRA/ TDMA/ FDMA, PM3 1 KHz 50 %
450 to 460 20 (Peak) 10 (Peak) )
TETRAFOL 806 to 825 Tetra: m/4 DQPSK duty| cycle
870 to 876
CDMA 866 - PM3TKkHz 50 %
(cellular) 815 to 849 Not applicable 0,25 (Peak) QPSK duty cycle
0,
GSM 850 824 to 849 20 (Peak) 2 (Peak) GMSK, PSK, DS PMi 1 kHz 50 %
uty cycle
20 (Peak) 0
GSM 900 876 t0 915 or 2 (Peak) GMSK PMgult kgzc?g g
8 (Peak) ycy
23 cm 1200 to 1 300 25 (RMS) Not applicable | reiegraphy, AM, SSB, cwW

FM

a  The addition of the 5G frequency band (5 925 to 7 125) MHz is currently under study due to lack of antenna for
covering this frequency range.
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Table B.1 (continued)

Power for

Transmitter Frequency Power for antenna ortable Typical transmitter | Test modulation
designation band? outside vehicle porta modulation (see ISO 11451-1)
transmitters
MHz \'\ \'\
2 (Peak) o
GSM 1%'/1900 1650501 Z35133 or 1 (Peak) GMSK ot kEZc?S ’
1 (Peak) yey
CDMA 1900 PM3 1 kHz 50 %
(PCS) 1850to0 1910 0,25 (Peak) 0,25 (Peak) QPSK duty cycle
UMTS (mobile Q24 £4040
phon e HPSK PM3 i §Hz 50 %
WCDMAl\[and ) ggg to 210525 0,25 (Peak) 0,25 (Peak) QAM AUty cycle
TD/CDNIA) to
0,
Bluetoqth, PMgultl' I(-:lzc?e() %
WLAN (data) | 2400 to 2 500 0,10 (Peak) 0,10 (Peak) QPSK Ny
Or broadband
WIF] -
ngise
450 to 458 /
663 to 915/

LTE (mopile 1427to 1517/ PM3 1 KHz 50 %
phong 1626t01785/ i duty| cycle
OFDMAhnd | 1850 to 2 025 / 0,25 (Peak) 0,25 (Peak) OFDM - PSK or broadband

SC-FDMA) 2300to 2400/ ndise
2483t02690/
3300 to 3800
PM3 1 {H 9
Igff/igfﬁ?éé’/ 5150105350 0,5 (Peak) 0,5 (Peak) OFDM - PSK g”ty CYZC?‘? '
e 5725 to 5 850 ’ ' Or brgadband
nqgise
5G NR1 PM3 1 §Hz 50 %
(mobile phone | 3300 to 4200 ) duty] cycle
CP-OFDM and | 4 400 to 5 000 0,25 (Peak) 0,25 (Peak) OFDM - QPSK or broadband
DFTS-OHFDM) ngise

3 The agldition of the 5G frequency band\(5 925 to 7 125) MHz is currently under study due to lack of aptenna for

covering this frequency range.
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Table B.2 — Abbreviated terms

Modulation/
Access system

Description

Example for use

AM Amplitude modulation Broadcast
BT Bluetooth -

CB Citizens band -
CDMA Code division multiple access -
DQPSK Differential quadrature phase shift keying Iriii;g;);a::ril}lite
FDMA Frequency division multiplex access -

FM Frequency modulation Broadgast
FSK Frequency shift keying AQ‘ V.

GMSK Gaussian minimum shift keying o\l’ GSM
GSM 850 Global system of mobile phones 850 MHz band (A'\'J -

GSM 900 Global system of mobile phones 900 MHz band ,\b < -

GSM 1800//1900 Global system of mobile phones 1800/1 900 MHz band N -

HPSK Hybrid phase shift keying O\U -

o o weles LA oy L Y e Wi
LTE Long term evolution AO‘ -

OFDM Orthogonal frequency division multiple&% ) LTH
OFDMA Orthogonal frequency division multiﬁ(s}’?ng access -

PCS Personal communications servic\g(\g -

PM Pulse modulation N - GSM

PSK Phase shift keying 2 cpMla
QAM Quadrature amplitude,modulation WCDMA
QPSK Quadrature phase @h‘l;ﬁtﬁeying UMTS, W-LAN
SC-FDMA Single carrier-f@&?ncy division multiple access -

SSB Single side hand Military, hgm radio
Telegraphly Morse tql'e%gphy coded work -
TDMA Tim‘g (ﬁyi\s,ion multiple access Tetra 25, DECT, GSM
TETRA Terrebtrial trunked radio -
TETRAPQOL AC%‘e}/restrial trunked radio police -

UMTS op Universal mobile telecommunication system -
WCDMA A?*\ Wideband code division multiplex access -

WIFI é\/ Wireless fidelity -
WLAN ‘&\?c Wireless local area network -
2m/1,25 n‘fﬁ) cm HAM radio band as wavelength -
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Annex C
(informative)

Characteristics of simulated portable transmitter antenna

C.1 Introduction

This anne
transmitt

All dimen|

C.2 Bre¢adband dipole antenna

The geon]
indicated

The broa
than 3 dB:Jn the frequency range (360 to 480) MHz, the E field is concentrated under the elemd

broad
broad
sleev
folde
micrd

HF b

Input
Balur
Frequ
Radi3
Maxi
Conn

VSWI

er antennas, which can be used to perform th,e tests according to this document:
band dipole antenna;

band sleeve antenna;

P antennas;

l dipole antennas;

wave broadband dipole antenna;

oadband sleeve antenna.

sions indicated in the figures of this annex are in millilietres.

impedance: 50 Q

transformation ratio: 1:1

lency range: 360 MHz to 2 700 MHz

ting element dimensions: 240.mim x 109 mm
mum power input: 20 W,

pctor: type-N female

R characteristicnsee Figure C.1

etrical chavacteristics of the broadband dipole antenna for simulated portable transm
in Figure.€.2.

band dipole antenna has three 100 mm x 100 mm test zones where field uniformity

portable

itters are

is better
nts of the

antenna and moves to the centre after 800 MHz. The average field severity is calculated by averaging the
field in these zones.

Figure C.3 shows field distribution and peak amplitudes in volts per metre (V/m) for a 1 W net input at a
50 mm distance from the antenna elements. The greenest areas (the mid-grey areas toward the grid edges
when viewed in monochrome) show a greater than 6 dB field degradation from the maximum field.
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Y

6

5

4

3 A

N AW N
y
2 k) 7 /H\ 7
Y, <

1

350 850 1350 1850 2350 )Z
Key
X  frequéncy (MHz)
Y VSWR

Figure C.1 — Typical VSWR characteristics of broadbanddipole antenna
Dimensions in illimetres

Key
1  broadband low loss balun 1:1 4  element fixture and spacing frame (5 mm, nop-metallic)
2 flat arjtenna elements 5 symmetrical terminals, M4
3  N-fenjale connector 6 22 mm tube for handling or fixture

Figure C.2 — Construction details of broadband dipole antenna

© IS0 2024 - All rights reserved
30


https://standardsiso.com/api/?name=496ec39f12fff21a95fe8369b8ceccbd

E field: 0,4 GHz (100 V/m)
100 Pr—r——

ISO 11451-3:2024(en)

Dimensions X and Y in millimetres

H field: 0,4 GHz (0,25 A/m)
100

-100 a
X ™
N4
E field: 09 GHz (100 V/m) H field: 0,9 GHz (0,25 A/m) (b.‘l,

100

-100

100

-100

100

Figure C.3 — E and H field patterns for the broadband dipole antenna (0,4 to 2,0) GHz
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C.3 Broadband sleeve antenna

— Inputimpedance: 50 Q

— Frequency range: 700 MHz to 3 200 MHz

— Radiating element dimensions: 186 mm x 50 mm

— Maximum power input: 20 W (700 MHz to 3 200 MHz)

— Connector: type-SMA female

— VSWR characteristic: see Figure C.4

The geon]
indicated

Key
X  frequ
Y VSWHK

Y
6

5

etrical characteristics of the broadband sleeve antenna for simulated portable transm
in Figure C.5.

700 1200 1700 2200 2700 3200

ency (MHz)

Figure C.4 — Typical VSWR characteristics of broadband sleeve antenna
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Dimensions in millimetres

8
[~

1/

4—-

i
]
L

1 radiation element
2 ground element

3 PCB
4  semi-figid cable
5 SMA-female connector
6  dieledtric case

Figure C.5 — Construction details,of broadband sleeve antenna

The broadband sleeve antenna has a test zone-along the radiation element, where electric fields are
effectively generated. Figures C.6 and C.7 show distribution and peak amplitude of electric field [strengths
(V/m) angl magnetic field strengths (A/m).fér'a 1 W net power input at a 50 mm distance from antenna
elements.
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E field: 0,7 GHz (133 V/m)

120
100
80
60

ISO 11451-3:2024(en)

Dimensions X and Y in millimetres

H field: 0,7 GHz (0,43 A/m)

E field: 0

E field: 1

50
0

Y
-50
-100

-40-20 0 20 40
X

0 GHz (113 V/m)

8 GHz (131 V/m)

40

20
0

4020 0 20 40 0"
X 93'\

,\b‘
)

H field: 0,9 GHz (0,39 A

B 120

50| 100 QQO

: ° NI
Y 60 ®&° Y
-50 40 $\\S\ -50|

20 N
3

-100| o 9 -100

-40-20 0 20 40 0 C\)j“ -40-20 0 20 40

X X

H field: 1,8 GHz (0,45 A/m)

50 50
0 0
Y Y
@&-50 | -50
= lr—l
1. J
100 | = -100 |
-40-20 0 20 40 -40-20 0 20 40
X X

Figure C.6 — E and H field patterns for the broadband sleeve antenna (0,7 to 1,8) GHz
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Dimensions X and Y in millimetres

E field: 2,0 GHz (133 V/m) H field: 2,0 GHz (0,40 A/m)

. 120
50 100
80
Yy O

' 60

50 #t 40
(1 20
100 S= .

E field: 2)45 GHz (147 V/m)

120
100

v 80

i 60
I A 40
1 20

0

-40-200 20 40
X

BT [

T

E field: 2/6 GHz (150 V/m)

120

E field: 3

" .|

X -40-20 0 20 40
X

Figure C.7 — E and H field patterns for the broadband sleeve antenna (2,0 to 3,2) GHz
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C.4 Sleeve antenna

Input impedance: 50 Q

Permissible power: 30 W

Connector: type-BNC
Gain: (2,15 1) dB

— VSWR:<2:1

ISO 11451-3:2024(en)

An explanation of the antenna and sleeve length for each frequency band is given in Table C.1. These

tenna for

h - £ - £, s 1 A 1 L - 1 1 b - L 1
C aI'aCtel ISLILS AT 10T TTITUTTIAUIUITN UIIly. Al TAAIIPIT UL gTUIIITLHICATL CIIdI dULTITISUILS Ul d SITCVE dl

simulated portable transmitters is shown in Figure C.8.

Table C.1 — Example of antenna and sleeve element length for each band

X Y
Frequency band frggﬁzl:cy Antenna element Sleevellength
length?
Tolerance: X+ 5 % Tolerance: Y+5 %
MHz MHz mm mm
380to 390 385 198+9 162 8
410 to 420 415 189+9 155+8
420 to 450 435 1809 147 £ 7
450 to 460 455 172 +78 141 +7
a2 Antenna element and sleeve lengths shall be tuiéd-to attain the specific VSWR.

The antepnas are designed as typical A/4 sleeve antennas. Each band antenna utilizes a cablle, a BNC

connectof, a brass rod as the antenna element and a-steel pipe as the sleeve element. For keeping 4
cross-secfion along the sleeve and cable, a cablefixing plastic screw and four polycarbonate screy

applied af the bottom of sleeve element.

constant
Vs may be
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Key

The surfac

The sleev
Figures C

ISO 11451-3:2024(en)

L=X+Y=1/2x095
> X:Y =55:45 (based on the configuration samples)

where 4, in millimetres, is the wavelength of centre
frequency.

BNC donnector

polyc
Tightg
Cable
Cable

hole, M3.
es of the antenna element and sleeve are-fecommended to be of a rust-resistant metallic material (¢.g. Ni).

1\% ~ Fractional shortening: 95 %

Sleeve outer diameter: 20 mm (equivalent to|S45RP)
Antenna diameter: 2 mm (brass rod)
Sleeve inner diameter: 18,5 mm (equivalent fo S45RP)
Connector: BNC (UG-625/U, BNG=P-3)

rbonate screw: M3
ning with a 14,9 mm diameter nut.

fixing plastic screw: material, nylon MC; outerdiameter, 13 mm; inner diameter, 6 mm; thickness, 6 jnm; screw

Figure C.8 —Example of 1/4 sleeve antenna configuration

e antenna has a test zone along the radiation element, where electric fields are effectively generated.

9 and C.10 shows distribution and peak amplitude of electric field strengths (V/m) and{magnetic

field strefpgths (A/m) for &)W net power input at a 50 mm distance from antenna elements.
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Dimensions X and Y in millimetres

E field: 385 MHz (122 V/m) H field: 385 MHz (0,38 A/m)

200

0 0000 200
-60-30 0 30 60 -60-3(@ 30 60

X &\%X

E field: 415 MHz (114 V/m) H field: 415 MHz (0,36 A/m)

A/m
0.3000
0.2800

Qﬁlre C.9 — E and H field patterns for the sleeve antenna (385, 415) MHz
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E field: 435 MHz (113 V/m)
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Dimensions X and Y in millimetres

H field: 435 MHz (0,36 A/m)

100.0000
93.3333
86.6667
80.0000

73.3333
66.6667
60.0000
53.3333
46.6667
40.0000
333333
26.6667
20.0000
13.3333

6.6667
0.0000 -200

00
-60-30 0 30 60
X

E field: 455 MHz (112 V/m)

V/m

-200
-60-30 0 30 60

X

S

C.5 Fo\d'é‘ dipole antenna

A/m

0.3000
0.2800
0.2600
0.2400
02200
0.2000
0.1800

0.3000

0.2800
0.2600
0.2400
0.2200
0.2000
0.1800
0.1600
0.1400
0.1200
0.1000
0.0800
0.0600
0.0400
0.0200
0.0000

Fig .10 — E and H field patterns for the sleeve antenna (435, 455) MHz

Input impedance: 50 Q

Balun transformation ratio: 1:1

Frequency range: 142 MHz to 246 MHz
Radiating element dimensions: 89 mm x 240 mm
Maximum power input: 30 W

Connector: type-N female

VSWR characteristic: see Table C.2
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The antennas are designed as folded dipole antenna. An explanation of the antenna for each frequency
band is given in Table C.2. The structural characteristics common to all antennas in this case are shown in
Figures C.11 and C.12.

The folded dipole antenna has a test zone along the radiation element, where electric fields are effectively
generated. Figures C.13 and C.14 show distribution and peak amplitude of electric field strengths (V/m) and
magnetic field strengths (A/m) for a 1 W net power input at a 50 mm distance from antenna elements.
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