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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 maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

are
the
the

Attention is drawn to the possibility that some of the elements of this document may be the subjeqt of

patent righits. ISO shall not be held responsible for identifying any or all such pateht rights. Details of

any patent|rights identified during the development of the document will be in the Introduction and/or

on the ISO Jist of patent declarations received (see www.iso.org/patents).

Any trade hame used in this document is information given for the convenience of users and does|not

constitute pn endorsement.

For an explanation of the voluntary nature of standards, the.meaning of ISO specific terms jand

expressionls related to conformity assessment, as well as dinformation about ISO's adherence¢ to

the World| Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), |see

www.iso.ofg/iso/foreword.html.

This docurpent was prepared by Technical CommitteeZlSO/TC 22, Road vehicles, Subcommittee S{ 32,

Electrical dnd electronic components and general system aspects.

This secongl edition cancels and replaces the firstedition (ISO 11452-9:2012), which has been technidally

revised.

The main dhanges are as follows:

— changg of the frequency rangefrom 26 MHz - 5,85 GHz to 142 MHz - 6 GHz;

— supprgssion of test methodelogy with commercial transmitters;

— use of modulation fronrIS0O 11452-1;

— modifications of ggound plane dimensions;

— introdfiction-ofiddditional artificial networks (HV-AN, AMN, AAN) for DUT powered by a shielded
power|system;

— addltlc 11 Uf tCDt DCt ulJ dCDLl ;Ptiuuo aud flsul COo fUl I}‘V’ PUVVCI ouyyl_y D_y DtClll,

addition of wording for DUT, connector and harness testing;

procedure;

A list of all

addition of Annex F on broadband noise source with arbitrary waveform generator.

parts in the ISO 11452 series can be found on the ISO website.

addition of new Annex A with description of test methodology for net power characterization

addition in Annex C of microwave broadband dipole antenna and HF broadband sleeve antenna;

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.

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

Part 9:
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Guidlelines for limiting exposure to time-varying electric, magnetic, and electromagnetic fi
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rtable transmitters

Scope

5 document specifies test methods and procedures for testing electfemagnetic in
tronic components for passenger cars and commercial vehicles to portable transmittg

or). The device under test (DUT), together with the wiring harness (prototype or stg
hess), is subjected to an electromagnetic disturbance generatedby portable transmitter
brber-lined shielded enclosure, with peripheral devices either ‘inside or outside the enc
tromagnetic disturbances considered are limited to contintigus narrowband electromag

Normative references
following documents are referred to in the téxt in such a way that some or all of th

Stitutes requirements of this document. For-dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

11452-1, Road vehicles — Component-test methods for electrical disturbances from n
ated electromagnetic energy — Part1: General principles and terminology

GHz). International Commissien on Non-lonizing Radiation Protection (ICNIRP)

Terms and definitions

the purposes of-this document, the terms and definitions given in ISO 11452-1 and th

and [EC4naintain terminology databases for use in standardization at the following addj

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

munity of
rs in close

kimity, regardless of the propulsion system (e.g. spark-ignition engine, diesel engime, electric

ndard test
s inside an
osure. The
netic fields.

pir content
pplies. For
[s) applies.
arrowband

elds (up to

e following

esses:

3.1

reference position
geometrical centre of the radiation pattern of the antenna, which is determined by the manufacturer
based on near field measurement

4

Test conditions

The applicable frequency range of the test method is 142 MHz to 6 GHz.
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The user of this document shall specify the test severity level or levels over the frequency bands. The
test severity level shall take into account:

— typical portable transmitter characteristics (frequency bands, power level and modulation), and
— the characteristics of the antenna(s) used for this test.

The user shall specify the test severity level(s) over the frequency range. Suggested test levels are
included in Annex D.

Standard test conditions are given in ISO 11452-1 for the following:

— testtemperature;
— supply|voltage;

— dwell fime;

— test signal quality;
— frequency steps;
— modulption.

NOTE Alternate modulations, if required, can be found in Annex B.Hsers of this document are advjised

that Annex B is for information only and cannot be considered as an exhanstive description of various portpble
transmitterg available in all countries.

5 Testlocation

The test shiall be performed in an absorber lined shielded enclosure (ALSE).

6 Testinstrumentation

6.1 General

The field-generating device shall be’/simulated portable transmitters, with a broadband amplifier
connected [to a transmit antenna.

Test personnel shall be protected in accordance with ICNIRP Guidelines.

NOTE ational or otherwegulations can apply.
6.2 Simulated pertable transmitters

6.2.1 Gejneral

The following equipment is used:

— ground plane;

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

— power measuring instrumentation to measure the forward and reverse power;
— dual directional coupler;

— low loss coaxial cables;

2 © IS0 2021 - All rights reserved
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— vector network analyser (VNA);
— transmit antenna;

— artificial networks (AN), and/or high voltage artificial networks (HV-AN), and/or artificial mains
networks (AMN), and/or asymmetric artificial networks (AAN).

Figure 1 illustrates the basic setup for the RF generation equipment. Testing is based on a required
net power (Py,) applied to the test antenna. The net power level is derived from the forward power
(Pgy) measured at the directional coupler, which is remotely connected to the transmit antenna via
low loss coaxial cable. Requirements on directional coupler, cable and power sensors are listed in 6.2.2
to 2.4 The procedures delineated in Annex A shall be used determine the required rtorward power to
achjeve the net power levels listed in Annex A or within the test plan. Although not required/it is highly
recpmmended to use a single directional coupler to cover the entire frequency band.

" o
1 H4 2 b—-—0 3

||

| 5 6
4 [
Pem Pru
Key
1 |RF signal generator Ppy  measutedforward power at the directionall coupler
2 |RF amplifier Ppy  measured reverse power at the directionall coupler
3 |dual directional coupler Pya  metpower delivered to antenna
4 |power sensor or measurement receiver
5 |low loss coaxial cable with transmission loss
6 [transmit antenna

Figure 1.<<RF generation equipment setup

6.2)2 Dual directional coupler

The coupler shall exhibitthefollowing characteristics:
— | coupling factor:;>20’dB (40 dB recommended),

— |mainline poft VSWR: <1,3,

— |coupling port VSWR: <1,5,

— |mainline transmission loss: <0,5 dB,

A3 Vs 1
ullULLlVlL_y- L

Selection of coupling factor (20 - 40 dB) shall be compatible with the sensitivity of the measurement
equipment used to measure forward and reflected power (see 6.2.3 for details).

6.2.3 Power monitoring

Either power sensors or a spectrum analyser (or measurement receiver) shall be used for measurement
of the forward and reflected power at the dual directional coupler.

When power sensors are used to measure forward and reflected power:
— CW or AM signal shall be measured either with an average or peak power sensor (peak conservation

may be applied for AM per ISO 11452-1);

©1S0 2021 - All rights reserved 3
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— pulsed power modulation shall be measured with a peak envelope power sensor;
— power sensors should be connected directly to the coupler ports;
— power sensors shall exhibit a VSWR <1,2 and a measurement accuracy <0,5 dB.

When a spectrum analyser (or measurement receiver) is used to measure forward and reflected 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 fop-detatls:

6.2.4 Lo loss coaxial cable

The 50 () cpaxial cable assembly (including all adaptors, switches, etc.) connecting the dualdirectignal
coupler to |the transmit antenna shall exhibit a VSWR <1,1 and transmission loss <4-dB. Verificafion
shall be pefformed in accordance with Annex A.

6.2.5 Vefrtor network analyser (VNA)

The VNA shall exhibit the following characteristics:

— frequency range: 142 MHz - 6 GHz,

— frequency step: specified by the manufacturer (logarithmic stép recommended),
— dynantic range: >60 dB (IF bandwidth <3 kHz),

— return|loss: >32 dB,

— transmpission loss accuracy: <0,1 dB,

— power]level: 0 dBm (recommended value),

— minimum averaging factor (optional),
— minimtm number of points: 401 (with logarithmic sweep),
— IF banflwidth: selected to meetTeturn and transmission loss requirements (typically 1 kHz),
— VNA calibration Kit to facilitate TOSM (through, open, short, matched) measurements:
— termination thféugh: return loss >35 dB,

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

— tefmination match: return loss >40 dB,

— it [STECOMMended t0 USE e SaIe CONMNECTtor tYPE t0 MAatcit that of the Interconnecting cable
assembly and transmit antenna (avoid using adaptors).

6.2.6 Transmit antenna

The transmit antenna shall be a passive antenna. For accurate exposure during testing, the following
commercially available antennas are listed in Table 1.

Details associated with each antenna are found in Annex C. Only one type of antenna is required for the
frequency range being tested.

Testing requires near field excitation of the DUT and its attached harness. To facilitate this, the transmit
antennas listed in Table 1 have specific reference positions where the magnitude of the electric and
magnetic fields are at a maximum, dependent on the test frequency. To ensure testing is accurately

4 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=53d69d712fc2ea797331bbb2d55115c7

ISO 11452-9:2021(E)

executed, the reference positions shall be clearly defined by the antenna manufacturer for each
transmitting antenna (see Annex C for guidance).

Table 1 — Transmit antenna types

Antenna description Frequency coverage
142 MHz - 246 MHz
380 MHz - 460 MHz 2

360 MHz - 2 700 MHz

Folded dipole antennas

Sleeve antennas

Broadband dipole antenna

6.2

Thd
on

actyiators with plastic tubes.

Con
acc
req
be ¢

700 MLl 2200 MLL2
T oatroartSTCCVv CoTrreCrtrer 7 OO Z A~ AV u v

2000 MHz -6 000 MHz
2400 MHz -6 000 MHz

Requires antenna tuning for selected test frequencies (see Annex C).

Microwave broadband dipole antenna

HF broadband sleeve antenna

a

7 Stimulation and monitoring of the DUT

DUT shall be operated in accordance with the test plan by actuators which have a mini
the electromagnetic characteristics, for example, plastic blocks0nh the pushbuttons,

nections to equipment monitoring electromagnetic interference reactions of the DI
pmplished by using fibre-optics or high-resistance leads. Other types of leads may b
1ire extreme care to minimize interactions. The orientation, length and location of such
arefully documented to ensure repeatability of test results.

mum effect
pneumatic

T may be
e used but
leads shall

CAUTION — Any electrical connection of monitoring equipment to the DUT could cause

ma

7

7.1
The

The
of t
loca

is the larger.

Thd
of t
loca

[functions of the DUT. Extreme care shall be taken to avoid such an effect.

Test set-up

Ground plane
ground plane shall be made*of 0,5 mm thick (minimum) copper, brass or galvanized steg

minimum width of the ground plane shall be 1 000 mm, or the width of the entire t
he test setup [DUT-and associated equipment (e.g. harness including supply lines, load
ted on the test bench and AN(s)), excluding battery and/or power supply] plus 200 mm,

minimum,{ength of the ground plane shall be 2 000 mm, or the length of the entire t
he testzsetup [DUT and associated equipment (e.g. harness including supply lines, load

is tllne larger.

tedcon the test bench and AN(s)), excluding battery and/or power supply] plus 200 mm,

.

nderneath
simulator
whichever

nderneath
simulator
whichever

The height of the ground plane (test bench) shall be (900 £ 100) mm above the floor.

The ground plane shall be bonded to the shielded enclosure such that the DC resistance shall not exceed
2,5 mQ. The distance from the edge of the ground strap to the edge of the next strap shall not be greater
than 300 mm. The maximum length to width ratio for the ground straps shall be 7:1.

7.2

LV power supply system

Figures 2 and 3 show the test bench setup when using only a LV power supply system.

Each DUT power supply lead shall be connected to the power supply through an artificial network (AN).

©IS
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Power shall be applied to the DUT viaa 5 uH/50 Q0 AN. Whether two ANs or only one is required depends
on the intended DUT installation in the vehicle:

— for remotely grounded DUTs (vehicle power return line longer than 200 mm), two ANs are required,
one AN for the positive supply line and the other AN for the power return line (see Annex E);

— for locally grounded DUTs (vehicle power return line 200 mm or shorter), only one AN is required,
for the positive supply (see Annex E).

The AN(s) shall be mounted directly on the ground plane. AN cases shall be bonded to the ground plane.

Th | 4 Laoll L o o 1l | 1 Lot £l 1 ,lth
e pOWe STUPPTy rcturir Siralr o COTTIIC T TC U O e~ g1 ouTTa prattc; o CTw e eI craC poOwWCeT - SUppry - alrda e

AN(s).

The measulring port of each AN shall be terminated with a 50 ( load.

7.3 HV power supply system
Figures 4 tp 7 show the test bench setup when using an HV power supply system.

Each DUT power supply lead shall be connected to the power supply through/an HV AN (for DUT with
DC HV supply) and/or AMN (for DUT with AC supply).

— DC HV|supply shall be applied to the DUT viaa 5 pH/50 Q HV AN (see ISO 11452-1:2015, Annex B for
the schematic).

— AC supply shall be applied to the DUT viaa 50 pH/50 Q AMN (see ISO 11452-1:2015, Annex B for|the
schemptic).

The HV AN(s) shall be mounted directly on the ground plane. The case or cases of the HV AN(s) shall be
bonded to the ground plane.

The measulring port of each HV AN(s) shall be terminated with a 50 (2 load.

The vehicl¢ HV battery should be used; otherwise, the external HV power supply shall be connected via
feed-through-filtering.

Shielded supply lines for the positive HV DC terminal line (HV+), the negative HV DC terminal line (JHV-
) and thre¢ phase HV AC lines may be separate coaxial cables or in a common shield depending on|the
connector pystem used.

The shield¢d harnesses usédyfor this test shall be representative of the vehicle application in terms of
cable consfruction and eonnector termination as defined in the test plan.

For the ch3arger, the AMN(s) shall be mounted on the test facility floor ground plane. The case or cgses
of the AMN(s) shall:be bonded to the test facility floor ground plane. The charger PE (protective eafth)
line shall be baurided to the test set-up ground plane and to the AMN(s) PE connection.

Th i nortafaach LIV ANCA / AMNA challbatarmainatad vath - CN )]
e measurie-pertofeach HY-ANSH-AMN(s}-shal-be-terminated-with-a-50-¢

aa
T TOT™

d
=

7.4 Location of the DUT

For LV power supply system, unless otherwise specified, the DUT shall be placed on non-conductive
material of low relative permittivity (dielectric constant) (¢, < 1,4) at least 50 mm above the ground
plane. The height shall be selected to assure that no portion of the transmit antenna is any closer than
50 mm to the ground plane. The DUT height selected shall be documented in the test plan.

The case of the DUT shall not be grounded to the ground plane unless it is intended to simulate the
actual vehicle configuration.

For HV power supply system, unless otherwise specified, the DUT shall be placed directly on the ground
plane with the DUT case bonded to the ground plane either directly or via defined impedance.

6 © IS0 2021 - All rights reserved
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The DUT shall be located at least 100 mm from the edge of the ground plane.

7.5 Location of the test harness

For LV power supply system, the total length of the test harness between the DUT and the load simulator
(or the RF boundary) shall be (1 700 +300/0) mm. The part of the test harness parallel to the front edge
of the ground plane shall be at least 1 400 mm.

For HV power supply system, unless otherwise specified in the test plan (e.g. use of original vehicle
harnesses), the total length of harnesses shall be as follows:

— (1 700 +308) mm for the LV lines and the length of the LV test harness parallel to thefront of the
ground plane shall be atleast 1 400 mm;

— (1700 +308) mm for the HV lines and the length of the HV test harness parallel to the front of the
ground plane shall be atleast 1 400 mm;

— [(1 700 +308) mm for the AC lines and the length of the AC test harpess parallel to the front of the
ground plane shall be at least 1 400 mm and

— |less than 1 000 mm for the three phase lines between DUT and-électric motor(s).

If the HV test harness is over 2 000 mm, the HV test harnes$length should be defined in the test plan
and| described in the test report.

Theg wiring type (e.g. single wires, twisted wire pairs)pjs defined by the actual system appljcation and
reqpirement.

The test harness shall be placed on non-conductive material of low relative permittivity| (dielectric
conptant) (. < 1,4) at (50 = 5) mm above the ground plane.

The LV test harness shall be located atileast 200 mm from the edge of the ground plang. The long
segment of the shielded HV power harness, if present, shall be located at 100+108 mm fijom the LV
harpess.

For|an inverter/charger device; the setup in Figures 6 and 7 are examples of further HV and LV load
simpulators and supplies attaehed to the DUT, e.g. for testing an on-board charger and its communication

linKs. The distance betiveen the AC power lines and the closest harness (LV or HV) shall be 1 0+108 mm

7.6| Locationof the load simulator
Unless otherwise specified in the test plan, the load simulator (designed to simulate typical loading as

in the-vehicle) shall be placed directly on the ground plane. If the load simulator has a metallfc case, this
caseshall he honded to the grmmd p];mp

Alternatively, the load simulator may be located adjacent to the ground plane (with the case of the load
simulator bonded to the ground plane) or outside of the test chamber, provided the test harness from
the DUT passes through an RF boundary bonded to the ground plane. The layout of the test harness
that is connected to the load simulator shall be defined in the test plan and recorded in the test report.

When the load simulator is located on the ground plane, the DC power supply lines of the load simulator
shall be connected through the AN(s).

7.7 Location of the simulated portable transmitter equipment.

The interconnection between the directional coupler and the transmit antenna is a critical factor in
minimizing error in the net power delivered to the antenna.

©1S0 2021 - All rights reserved 7
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There are two alternative configurations.

— Configurationl locates the RF signal generation equipment, dual directional coupler and power
monitoring equipment outside of the ALSE. In this configuration, the coupler and coaxial cable are
connected via a single bulkhead connector.

— Configuration 2 locates the RF signal generation equipment, dual direction coupler and power
monitoring equipment inside the ALSE. In this configuration, the coaxial cable connects directly to
coupler. Use of this configuration requires powering of the equipment internal to the test chamber.
Also, sufficient separation between the equipment and the transmit antenna should be considered
to avoid possible functional issues due to RF fields produced.

In both cas
coupler an
to reduce ¢
impedance

es, a single low loss coaxial cable serves as the interconnection between the dual directitl)nal

I the antenna. Use of in-line connectors and/or adaptors should be avoided whereverposg
rror due to the accumulated impedance mismatch introduced by use of thesecdevices.
mismatch directly affects the net power.

Examples ¢f test set-ups are shown in Figures 2 and 3 (for LV power supply systemnizy configuratio

and 2) and

in Figures 4 to 7 (for HV power supply system in configurations 1 and 2)

ible
The

s 1
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Dimensions in millimetres

Upper view
{
§ o ? e =100
S «—>
Ny [7 ]
. 2500 Jl 1
15 14‘ 13 12 L2 l—— X
11 1
17]
6
7
216 .
=1 000 -
N
5
4! =8 :
9 2| 2200
T :
Key
1 |DUT (grounded locally if required in test plan) 10 stimulation and monitoring system
2 |LVest harness 11 simulated portable transmitter antenna
3 |load simulator (placement and ground 12 high-quality double-shielded coaxial cabje (50 (1)
connection according to 6)
4  power supply (location optional) 13 bulkhead connector
5 artificial network (AN) 14 dual directional coupler
6  ground plane (bonded to shielded enclosure) 15 RF generation and power monitoring equipment
7 low relative permittivity support (&, < 1,4) 16 ground straps
8 50Qload 17 RF absorber material
9  optical fibre

Figure 2 — Example of LV power supply system test setup (configuration 1)
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Upper view

Dimensions in millimetres

— 7{7 :
2500 N
- I_;‘Tl
11
6
r’16 i S
>1000 ¥
5
4" 2__
10 M= 344

5100
12 N
|
14 | 17
|
15
12200=

Key
1 DUT (grounded-loeally if required in test plan) 9  optical fibre
2 LV testharness 10 stimulation and monitoring system
3 load sithulator (placement and ground 11 simulated portable transmitter antenna
connection according to 7.6)
4  power supply (location optional) 12 high-quality double-shielded coaxial cable (50 Q)
5 artificial network (AN) 14 dual directional coupler
6  ground plane (bonded to shielded enclosure) 15 RF generation and power monitoring equipment
7 low relative permittivity support (. < 1,4) 16 ground straps
8 50Qload 17 RF absorber material
Figure 3 — Example of LV power supply system test setup (configuration 2)
10
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Dimensions in millimetres

Upper view
|
6 | =100
D 1] 20 "/ — 19
Ll 1 18
 >500 ——1
y 24 i
>1000 23 711 o
25 s 5 S
4 \\ 15 ?11_ Al
16 17‘ .—_| A 4
1j
28 5
[4]
10 }-k —19 8
+100 | |, >200
100 0 R

Key

DUT (grounded locally,if.
required in test plan)

LV test harness

load simulatei(placement and
ground connection according to
7.6)

11

12

13

HV lines (HV+, HV-)

impedance matching network
(optional) (see ISO 11452-1)

HV AN

21

22

23

=

filtered mechanical pearing
brake or propulsion|motor

simulated portable fransmitter
antenna

shielded

power supply (location optional) 14 HV supply lines 24 high-quality double
coaxial cable (50 )
artificial network (AN) 15 additional shielded box 25 bulkhead connector

ground plane (bonded to
shielded enclosure)

low relative permittivity
support (e. < 1,4)

50 Q load
optical fibre
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10 stimulation and monitoring 20 mechanical connection (e.g. non-
system conductive)

Figure 4 — Example of HV power supply system test setup for DUTs with electric motor
attached to the bench (configuration 1)
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Dimensions in millimetres

Upper view
\ |
6 =100
- 20 19
] )
< >500 ’—= 1 1’
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[ >1000 1711 6
13 2 2
14 \ 15 ,117] =
16| {17 *_|
12
28 + g )
4]
10D—-—-— =12 8
10070 . 2200
al

Key

1 |DUT (grounded locally/ifirequired 11 HV lines (HV+, HV-) 21 filtered mechanical pearing
in test plan)

2 |LV test harness 12 impedance matching network 22 brake or propulsion|motor

(optional) (see ISO 11452-1)

3 |load simulatps'(placementand 13 HV AN 23 simulated portable fransmitter
ground cenhection according to antenna
7.6)

4 |power supply (location optional) 14 HV supply lines 24 high-quality double{shielded

coaxial cable (50 Q)

5 artificial network (AN) 15 additional shielded box 26 dual directional coupler
ground plane (bonded to shielded 16 HV power supply (shielded if 27 RF generation and power
enclosure) placed inside ALSE) monitoring equipment

7  low relative permittivity support 17 power line filter 28 ground straps
(e,=1,4)

8 50Qload 18 electric motor 29 RF absorber material

9  optical fibre 19 three phase motor supply lines
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10 stimulation and monitoring 20 mechanical connection (e.g. non-
system conductive)

Figure 5 — Example of HV power supply system test setup for DUTs with electric motor
attached to the bench (configuration 2)
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Upper view
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Dimensions in millimetres

VYTV
g 6 .| =100
’ 2500 R - P
26] 2215 A
24180717
21000 117 S 30
<
i
Al
2200
+100
100 0
\ —_—
Key]
1 |DUT (grounded locally if 11 HVlines (HV+, HV-) 21 additional shielded pox
required in test plan)
2 |LV test harness 12 impedance matching network 22 AC power main
(optional) (see ISO 11452-1)
3 |load simulator (plagementand 13 HV AN 23 power line filter
ground connecfionh according to
7.6)
4 |power supply (location optional) 14 HV supply lines 24 simulated portable fransmitter
antenna
5 |artificial network (AN) 15 additional shielded box 25 high-quality double{shielded
coaxial cable (50 ()
6 ground plane (bonded to 16 HV power supply (shielded if 26 bulkhead connector
shielded enclosure) placed inside ALSE)
7  low relative permittivity 17 power line filter 27 dual directional coupler
support (&. < 1,4)
8 50Qload 18 AClines 28 RF generation and power
monitoring equipment
9  optical fibre 19 AC charging load simulator 29 ground straps
10 stimulation and monitoring 20 AMN for AC power mains 30 RF absorber material

system

Figure 6 — Example of HV power supply system test setup for DUTs with inverter/charger
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Dimensions in millimetres

Upper view

Key

16

o VTV —

ter

79| 6 =100
2500 : -
]
18 | |7 27
>1000 117 |] 8 30 |
21 2 W 28
? 15 [«
4
<Bedll
4+
; 2200
5 +100
+100 100 0
100 0
/\/\/\/\/\/\/\/\Z\\AIA\N\/\/\ %
DUT (gfounded locally if required4 1./ HV lines (HV+, HV-) 21 additional shielded box
in test glan)
LV test harness 12 impedance matching network 22 AC power main
(optional) (see ISO 11452-1)
load sirqulator (placementand 13 HV AN 23 power line filter
ground|connection acéording to
7.6)
power gupply(location optional) 14 HV supply lines 24 simulated portable transmit]
antenna
artificiql network (AN 15 additional shielded box 25 high-quality double-shielde
coaxial cable (50 Q)
ground plane (bonded to shielded16 HV power supply (shielded if 27 dual directional coupler
enclosure) placed inside ALSE)
low relative permittivity support 17 power line filter 28 RF generation and power
(e,=1,4) monitoring equipment
50 Q load 18 AClines 29 ground straps
optical fibre 19 AC charging load simulator 30 RF absorber material
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10

ISO 11452-9:2021(E)

stimulation and monitoring 20 AMN for AC power mains
system

Figure 7 — Example of HV power supply system test setup for DUTs with inverter/charger

device (configuration 2)

8 Test procedure

8.1 Gemerat

Theggeneral arrangement of the disturbance source and connecting harnesses representsastgandardized
test| condition. Any deviations from this document shall be agreed upon prior to testing:

Theg DUT load simulator shall be designed to simulate typical loading as in the-vehicle. Thg DUT shall
be fested under the most significant conditions, e.g. in stand-by mode and in’a mode by which all the
actfiators can be excited. These operating conditions shall be clearly defined in the test plaj to ensure
supplier and customer perform identical tests.

8.2| Testplan

Prigr to performing the tests, a test plan shall be generated which includes:

— |[test set-up,

— |frequency range,

— |DUT mode of operation,

— |DUT acceptance criteria,

— [test severity levels,

— | DUT monitoring conditions,

— |DUT exposure methodology;

— |simulated portable transmitter antenna,

— |antenna positionsfor coupling to DUT and/or harness,

— | DUT surfacés+o be tested and associated DUT positioning,

— |test report content, and

— |anyspecial instructions and changes from the standard test.

8.3 Test procedure

8.3.1 General

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

Testing is performed using either of two methods for coupling to the DUT and attached wiring
harnesses. In both methods, the adjustment of the required net power delivered to the transmit antenna
shall be performed via adjustment of the forward power derived from the characterization procedure
in Annex A. Typical net power values are provided in Annex B.

© IS0 2021 - All rights reserved
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Testing is based on a specified net power (Py,) applied to the transmit antenna. The net power level
is derived from the forward power (Pgy) measured at the dual directional coupler, which is remotely
connected to the transmit antenna via low loss coaxial cable.

The measured reflected power (Pg);) serves as a means to monitor the stability of the test setup between
characterizations. Although not required, it is recommended to use a single directional coupler to cover
the entire frequency band.

The characterization procedure described in Annex A does not need to be performed prior to each DUT
test. However, it should be done periodically or if any component of the transmission path (directional
coupler, cables, adaptors, antenna) is replaced or modified (e.g. repaired).

8.3.2 DUT test

The test o the DUT shall be performed at the various positions indicated in the test plafjfexample of
antenna pdsitioning for coupling to the DUT/connector and/or harness are defined in 8.3.3. and 8.3[4).

The test o the DUT shall be performed with a forward power within (0/ +0,5) dB.from the forward
power level recorded during the determination of the net power (test level setting).

For ampliude modulation (AM) and pulse modulation (PM) signals, the“test on the DUT shall be
performed| with power level adjustment, in order to fulfil the peak comservation principle giveh in
ISO 11452-.

Positioning of the antenna can be done manually using a handling support or automatically using a
suitable ropot assisted system.

If manual positioning of the antenna is required while the"RF power is switched on, then care shall
be taken, dccording to ICNIRP Guidelines, to minimize the exposure of the operator to the genergted
field. It is recommended that a minimum distance of 0,5;m from the operator to the simulated portgable
transmittejr be maintained in order to limit operator-influence.

NOTE ational or other regulations can apply.

Perform tHe test at frequencies within thé.designed bandwidth of the test antenna — at least at|the
lower and fipper band edges, at middle frequency.

Continue festing until all frequeney bands, modulations, polarizations and simulated portable
transmittefr locations specified in the test plan are completed.

Testing is [performed using either of two methods for coupling to the DUT and/or attached wifing
harnesses.

8.3.2.1 Test method 1

The surfades of'\the DUT, including connectors, are partitioned into square cells, the size of whidh is
dependent| @b, the selected transmit antenna as listed in Table 2. The reference position(s) of|the
unpoweredantermatsposttioned-inrtiecentreof thesetectedcett- 56-mmmabove the BYFanmdconmrector/
harness surface. At each test frequency, the corresponding net power is applied to the transmit antenna
while monitoring the DUT function. Dwell time at each test frequency shall be 2 s or longer depending
on the DUT function. Testing is repeated for each cell and antenna placement (see 8.3.2.3). Figure 9
illustrates use of this method for testing the DUT.

Any portion of the transmit antenna shall be at least at a 50 mm distance from the ground plane

Table 2 — Cell size requirements for transmit antennas (test method 1)

Antenna type Cell size “d” [mm]
Broadband dipole antenna 100
Broadband sleeve antenna 50

18 © IS0 2021 - All rights reserved
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An example of DUT and DUT connector partitioning is shown in Figure 8.

Table 2 (continued)

ISO 11452-9:2021(E)

Antenna type Cell size “d” [mm]
Sleeve antennas 50
Folded dipole antenna 100
Microwave broadband dipole antenna 50
HF broadband sleeve antenna 50

Key

DUT
DUT connector
DUT or DUT co

1 1 1
o
- — 4 — - — + —
1 31 I
— - ==+ -
3 T T
[N P S N —

nnector cells

Figure 8 — Example of DPUT and DUT connector cells
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2 transm

d cell sizg

8.3.2.2 1

At each sp
holding th
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testing the

Scan rate,
without ar
minimize {
distance o
interaction

Any portio

20

Dimensions in millimetres

50 5

t antenna
(see table 2)

Figure 9 — DUT testing using method 1

est method 2

pcified test frequency, apply the corresponding net power to the transmit antenna. W
b transmit antenna 50, mm from the DUT, including connectors, slowly scan the ante]
PUT surfaces whil€monitoring the DUT function. Figure 10 illustrates use of this methoc
DUT.

y change-in the forward power level. When using this approach care should be take

f 500¢(mm from the operator to the transmit antenna be maintained in order to 1
bBetween the operator and the antenna.

hile
nna
for

which is depefident on DUT function, shall be defined in the test plan. Scanning is perforined

L to

he expesure of the operator to the generated field. It is recommended that a minimum

mit

n of the transmit antenna shall be at least at a 50 mm distance from the ground plane.
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Dimensions in millimetres

L s

S

Key)
1 |DUT
2 |transmit antenna

Figure 10 — DUT testing using method 2

8.3]3 Antenna positioning for coupling to the DUT/connectors

Testing of the DUT, includingcennectors, requires specific positioning of the transmit anterjna relative
to the DUT/connector surfdces. Positioning is dependent on the transmit antenna reference|position(s)
selgcted.

8.3]13.1 Testingwith broadband dipole antenna

When using tést'method 1 from 8.3.2.1, all surfaces of the DUT (including connectors), which are to
be tested, shall be partitioned into square cells of (100 x 100) mm per Table 2. Cell locdtions shall
be flocumented in the test plan. The antenna radiation element (see Annex C) shall be placed and
maintdined at a distance of 50 mm above the centre of each cell (see Figure 10). Each cell|is exposed
to t]oth the centre and outer elements of the antenna in two orthogonal orientations (four|exposures
in total). This is necessary because the antenna’s E and H field patterns are dependent on the test

frequency. Placement of the antenna is illustrated in Figure 11. Specific positioning shall conform the
reference position(s) of the antenna (see 6.2.6 for details).

a) Place the antenna parallel with the DUT/connectors aligned with the centre of the first cell. Expose
the DUT to the stress levels provided in the test plan. See Figure 11, position 1.

b) Repeat step a) with the antenna rotated 90°. See Figure 11, position 2.

c) Align the antenna with the centre of the next cell and repeat steps a) and b) until all the cells have
been exposed to two the orthogonal orientations of the antenna.
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d) Move the antenna back to the first cell. Align the antenna element in the centre of the test cell (edges
of the element aligned with the centre of the cell) and expose the DUT to the stress levels given in
the test plan. See Figure 11, position 3.

e) Repeatstep d) with the antenna rotated 90°. See Figure 11, position 4.

f) Align the antenna with the centre of the next cell and repeat steps d) and e) until all the cells have
been exposed to the two orthogonal orientations of the antenna.

When testing DUTs and connectors with multiple cells, adjacent test cells may also be exposed to
elements of the antenna. Under these conditions, overall test time may be reduced. This approach, if

adopted, slfalt be documented in the test plan and test report.
Dimensions in millimdtres
100
>
100 Q
4*’
i i
100 N LG oA k100
| .
. |
a) position 1 b) position 2
100
<_I’
100 ZaN
— ...._.;.-.91100
. |
g T TV 5
|
¢) position 3 d) position 4
Figure- 11— Method 1 testing with broadband dipole antenna
When using test method 2 from 8.3.2.2, for each surface of the DUT/connectors, place the antenna yith
its centre at a distance of 50 mm from the DUT’s surface (see Figure 10). The axis of the broadband
dipole anté¢nnd shall be parallel to the surface of the DUT. Specific details regarding DUT surfaceq for
scanning ajong with maximum scan rate shall be defined in the test plan. Two orthogonal polarizations
of the antenna shall be used when scanning the suriace of the DUT, similar to that used 1n test method

1(8.3.2.1).

8.3.3.2 Testing with broadband sleeve antenna

When using test method 1 from 8.3.2.1, the procedures for using the broadband sleeve antenna are
identical to those used for the broadband dipole antenna (8.3.3.1). All surfaces of the DUT/connectors,
which are to be tested, shall be partitioned into square cells of (50 x 50) mm per Table 2. Placement of
the antenna is illustrated in Figure 12. Specific positioning shall conform to the reference position(s) of
the antenna (see 6.2.6 for details).
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Dimensions in millimetres

N

5!o
| V-
= .

a) position 1a b) position 2a

50
N

it

) position 3 d) position 4

2 |Positions 1 and 2 are only applicable when testing below 1 GHz.

Figure 12(— Method 1 testing with broadband sleeve antenna

When using test method-2 from 8.3.2.2, the procedures for using the broadband sleeve aptenna are
identical to those uséd*for the broadband dipole antenna (8.3.3.1).

8.3]3.3 Testing with sleeve antennas

When usifig'test method 1 from 8.3.2.1, the procedures for using the sleeve antenna are identical to
thoge used for the broadband dipole antenna (8.3.3.1). All surfaces of the DUT/connectors, which are to
be tested, shall be partitioned into square cells of (50 x 50) mm per Table 2. Placement of the antenna is
illustrated in Figure 13 (for positions 3 and 4, the tip of the rod should be 25 mm away from the centre
of the cell). Specific positioning shall conform to the reference position(s) of the antenna (see 6.2.6 for
details).
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Dimensions in millimetres

= [T T

é b

a) position 1 b) position 2

25 L | I - 50

&

c) position 3 d) position 4

Figure 13 — Method 1 testing with sleeve antenna

When usinfg test method 2 from 8.3.2.2, the procedures for using the sleeve antenna are identicd
those used|for the broadband dipole anténna (8.3.3.1).

8.3.3.4 Testing with folded dipole antennas

When using test method 1 fron8.3.2.1, the procedures for using the folded dipole antenna are ident
to those uded for broadbdnd dipole antenna (8.3.3.1). All surfaces of the DUT/connectors, which an
be tested, ghall be partitioned into square cells of (100 x 100) mm per Table 2. Placement of the ante]
is illustrat¢d in Figure(14. Specific positioning shall conform to the reference position(s) of the ante
(see 6.2.6 fpr details).

] to
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e to
nna
nna

tres

Dimensions in millime
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a) position 1 b) position 2
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100
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100 —
L _._!.j{wo

l |

31, = { 100 —@ '

| " | |

c) position 3 d) position 4

Figure 14 — Method 1 testing with folded dipole antenna

When using test method 2 from 8.3.2.2, the procedures for using the folded dipolejantenna afe identical
to those used for broadband dipole antenna (8.3.3.1).

8.313.5 Testing with microwave broadband dipole antenna

When using test method 1 from 8.3.2.1, the procedures for using théamicrowave broadband gntenna are
idemtical to those used for the broadband dipole antenna (8.3.341)All surfaces of the DUT/qonnectors,
whilch are to be tested, shall be partitioned into square cells af(50 x 50) mm per Table 2. Placement of

thejantenna is illustrated in Figure 15. Specific positioning shall conform to the reference pgsition(s) of
thefantenna (See 6.2.6 for details).

Dimensions inf millimetres

o |(-| =51

a) position 1

) position 3 d) position 4
Figure 15 — Method 1 testing with microwave broadband dipole antenna

When using test method 2 from 8.3.2.2, the procedures for using the microwave broadband dipole
antenna are identical to those used for the broadband dipole antenna (8.3.3.1).
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8.3.3.6 Testing with HF broadband sleeve antenna

When using test method 1 from 8.3.2.1, the procedures for using the HF broadband sleeve antenna are
identical to those used for the broadband dipole antenna (8.3.3.1). All surfaces of the DUT/connectors,
which are to be tested, shall be partitioned into square cells of (50 x 50) mm per Table 2. Placement of
the antenna is illustrated in Figure 16. Specific positioning shall conform to the reference position(s) of
the antenna (see 6.2.6 for details).

Dimensions in millimetres

50
.30 —
; o -]
% LS | s0
g
a) position 1 b) position 2
50
50 —
! i 50| - @.--
= ol ]
fe—Et s
L
c) position 3 d) position 4
Figure 16 — Method 1 testing with HF broadband sleeve antenna
When using test method 2 from 8.3.2.2, the procedures for using the HF broadband sleeve antennalare
identical tq those used forthe broadband dipole antenna (8.3.3.1).
8.3.4 Antenna positioning for coupling to harness
8.3.4.1 eSting with broadband dipole antennas

Refer to Figures 17 and 18 for placement of the transmit antenna.

a) Unless otherwise specified in the test plan, place the antenna at a distance of 100 mm from the DUT
connector (position X;) and parallel to the harness. Position the antenna with its reference point at
a distance of 50 mm from the harness. See Figure 17 for details.

b) Carry out testing using procedures for test method 1 (see 8.3.3.1).
c) Repeatstep b) at positions X, and Xj.
d) Repeatsteps a) through c) for each DUT connector.

Alternatively, test method 2 (see 8.3.3.2) may be used by scanning between positions X; and Xs.
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Dimensions in millimetres

a 1
2
) 1
Key
1 [DUT
2 |DUT connector
3 |DUT harness
4 |transmit antenna
2 |Plan view.
b ISide view.
Figure 17 — Initial location of broadbandidipole antenna for harness coupling
Dimensions in
A 1
1001 100 | 100 i
——>—>
X; X, Xi 0
2
SV !
‘100 100 100”
X'g X2 X1 0 X'% XZ X1 0
Key
1 DUT X; =100 mm (from reference “0”)
2 DUT connector X, =200 mm (from reference “0”)
3  DUT harness X3 =300 mm (from reference “0”)
4 transmit antenna

Figure 18 — Testing harness with broadband dipole antenna
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8.3.4.2 Testing with the broadband sleeve antenna

Refer to Figures 19 and 20 for placement of the transmit antenna.

a) Unless otherwise specified in the test plan, place the antenna at a distance of 100 mm from the DUT

connector (position X;) and parallel to the harness. Position the antenna with its reference point at

a distance of 50 mm from the harness. See Figure 19 for details.
b) Carry out testing using procedures for test method 1 (see 8.3.3.1).
¢) Repeatstep b) at positions X,, X3 X, and X.
d) Repeatsteps a) through c) for each DUT connector.
Alternativgly, test method 2 (see 8.3.3.2) may be used by scanning between positions X; and Xz for dach
DUT connector

Dimensions in millimdtres
3
a 1
2
3 1
b
Key
1 DUT
2 DUT cophnector
3 DUT harness
4 transm|t antenna
a  Plan vigw.
b Side vidw.
Figuré& 19 — Initial location broadband sleeve antenna for harness coupling
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X, =100 mm ffrom reference “0”)
X, =150 mfn (from reference “0”)
X3 =200 mm (from reference “0”)
X4 =250 mm (from reference “0”)
Xe=’300 mm (from reference “0”)

Figure 20 — Testing harness with broadband sleeve antenna

4.3 Testing with sleeve antenna

Repeat step'b) at positions X, X5 X, and Xs.

rnatively, test method 2 (see 8.3.3.2

br to Figures 21 and 22 for placement of the transmit antenna.

Unless otherwise specifiéd)in the test plan, place the antenna at a distance of 100 mm frg
connector (position X;).and parallel to the harness. Position the antenna with its reference point at
a distance of 50 mm!from the harness. See Figure 21 for details.

Carry out testidgusing procedures for test method 1 (see 8.3.3.1).

Repeat-stéps a) through c) for each DUT connector.

) may be used by scanning between positions X; and

m the DUT

X for each
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Dimensions in millimetres

DUT
DUT copnector
DUT hajrness
transmj|t antenna

DR W N -

Plan vigw.

o

Side vidgw.

Figure 21 — Initial location of sleeve antenna for harness coupling
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Dimensions in millimetres
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Key
1 |DUT X; = 100 mm {from reference “0”)
2 |DUT connector X, = 150 fonY(from reference “0”)
3 |DUT harness X3 =200mm (from reference “0”)
4 |transmit antenna X4,250 mm (from reference “0”)

X5 = 300 mm (from reference “0”)

Figure 22 — Testing harness with sleeve antenna

8.3[4.4 Testing with folded dipole-antenna
Refer to Figures 23 and 24 for placement of the transmit antenna.

a) |Unless otherwise specified’in the test plan, place the antenna at a distance of 100 mm frgm the DUT
connector (positionXy)-and parallel to the harness. Position the antenna with its reference point at
a distance of 50 mimffom the harness. See Figure 23 for details.

b) [Carry out testing using procedures for test method 1 (see 8.3.3.1).
c) |Repeat stepb) at positions X, and Xj.

d) |Repeatsteps a) through c) for each DUT connector.

Altgrnatively, test method 2 (see 8.3.3.2) may be used by scanning between positions X; and|X; for each
DUT connector
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Dimensions in millimetres

DUT
DUT copnector
DUT hajrness
transm|t antenna
Plan vigw.

Side vigw.

E@\

CARN

Xs X, X1

X Ko K

ﬁlOO 1,100, 100

2

0

e —

. 10Qi 100 100|

0

50

Figure 23 — Initial location of folded dipole antenna for harness coupling

Dimensions in millime

! I I
34 1
| | !
100, 100 ; 100
— > 4+—r—>

- 4JE§ 1

i 100; 100 ; 100 !

X, X, X 0

DUT

DUT connector
DUT harness
transmit antenna

X; =100 mm (from reference “0”)
X, =200 mm (from reference “0”)
X3 =300 mm (from reference “0”)

Figure 24 — Testing harness with folded dipole antenna

tres
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8.3.4.5 Testing with microwave broadband dipole antenna
Refer to Figures 25 and 26 for placement of the transmit antenna.

a) Unless otherwise specified in the test plan, place the antenna at a distance of 100 mm from the DUT
connector (position X;) and parallel to the harness. Position the antenna with its reference point at
a distance of 50 mm from the harness. See Figure 25 for details.

b) Carry out testing using procedures for test method 1 (see 8.3.3.1).

c) Repeatstep b) at positions X,, X3, X, and Xo.

d) |Repeat steps a) through c) for each DUT connector.

Alt¢rnatively, test method 2 (see 8.3.3.2) may be used by scanning between positions’X;-and/X:.

Dinfensions in millimetres

Key
DUT

DUT connector
DUT harness
transmit antenna

BN W N R

Plan view.

o

Side view.

Figure 25 ==Initial location of microwave broadband dipole antenna for harness c¢upling
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Dimensions in millimetres

2 2
: 13 {
i ! o |
0y ! Cob
4 N : oo ! !

N N N N |
'50!50/50!50! 100! wl
4—“—’4—”—’4—’ !
N % o Xs X4 X3 X, X; 0

2 2
4 1 1 1 1 1 3
1

aly Prinbitiat

'50!50 150! 50! 100!
4—M—>4—N—M—>

X X X X O

Key

1 DUT

2 DUT copnector

3 DUT hajrness

4 transm]|t antenna

8.3.4.6 Testing with HF broadband sleéve'antenna

Refer to Figures 27 and 28 for placementof the transmit antenna.

Figure 26 — Testing harness with microwave broadband dipole antenna

1501501 501501 100;
PR

I
I
I
I
|
Xs X, X%, X, 0

X; =100 mm (from¢eference “0”)
X, =150 mm (from reference “0”)
X3 =200 mm.(from reference “0”)
X4 =250 ndm (from reference “0”)
X5 =300'mm (from reference “0”)

a) Unless|otherwise specified in the test plan, place the antenna at a distance of 100 mm from the PUT
connegtor (position X;) and parallel to the harness. Position the antenna with its reference point at

a distance of 50 mm from the harness. See Figure 27 for details.
b) Carry put testing using procedures for test method 1 (see 8.3.3.1).
c) Repeafstep b) at'positions X,, X3, X, and X;.

d) Repeatstepsa) through c) for each DUT connector.

Alternative

34
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Dimensions in millimetres

DUT

DUT connector
DUT harness
transmit antenna

OO W N

Plan view.

o

Side view.

Figure 27 — Initial location of HF broadband sleeve antenna for harness coupling

© IS0 2021 - All rights reserved

35


https://standardsiso.com/api/?name=53d69d712fc2ea797331bbb2d55115c7

ISO 11452-9:2021(E)

50 50 50 50 100 |
<—>-<—N—>-<—>
X, X; X, X, O

Xs

Dimensions in millimetres

X
:S—Q oo A
i Lo 3

! 1501501501 100]
b
0

LJ 5(4 )I(3 )I(z 5(1

ﬁﬂ

[ 50' 50' 501 50! 100‘
PR

X X, X3 X, X, 0

Key

1 DUT

2 DUT copnector

3 DUT harness

4  transmj|t antenna

8.4 Testireport

%E%EEEEE%EEE ; ; ; ; i 1

[ T T
|50|50|50|50| 100|
,<—>.<—>|<—>.<—>!<—>!

Xs Xy Xo X, X, 0

X; =100 mm (fromreference “0”)
X, =150 mm (from reference “0”)
X3 =200 mm (from reference “0”)
X4 =250 mm (from reference “0”)
X5 = 300:mm (from reference “0”)

Figure 28 — Testing harness with"HF broadband sleeve antenna

According [to the test plan, a test repert shall be submitted detailing information regarding the fest
equipment] test area, systems tested, frequencies, test modulation, power levels, DUT expodure
methodology (method 1 or method/2), the portable transmitter used, antenna VSWR values, sysfem

interactiorls and any other relevant information regarding testing.

36
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Annex A
(normative)

Net power characterization procedure

otely connected to the antenna via low loss coaxial cable. This procedure fully considers
ismatch losses that, if not controlled, will impact the accuracy of the netypower deliv
smit antenna.

re A.1 illustrates a simplified test equipment setup for simulated portable transmitter
setup, there is a single cable connecting the directional coupler, diréctly to the antenn
peak wideband power sensors are connected directly to the coupler (i.e. no interconnec
Power sensors shall exhibit a VSWR <1,2 and a measurement aceuracy <0,5 dB.

Pya
1 —a 2 p —

3] [3]

Prv Py
Key)
1 |RF signal generator and amplifier Ppy  measured forward power at the directi
2 |dual directional coupler Ppy  measured reverse power at the directid
3 |power sensor or measurementgeceiver Py, netpower delivered to antenna
4 |transmit antenna
5 |low loss coaxial cable with transmission loss A

Figure A.1 — Simplified simulated portable transmitter equipment setup

The relationship-between the measured forward and reflected power (Pgy, Pry) and net p
delivered to.the antenna is presented in Formulae (A.1) and (A.2).

e transmit

nna. The net power is derived from the forward power measured at the dinectiongal coupler

the effects
bred to the

testing. In
h. Also, the
ing cable).

bnal coupler
nal coupler

pwer (Py,)

Crr - Pna
Bt = —— [ 2 (A1)
(A= Apc) =P )
Crr - A - p° - Pya
Prm = 5 (A.2)
(1-p7)
where
Pya is the net power (watts) delivered to antenna;
Peym is the measured forward power (watts) at the directional coupler;
Prum is the measured reflected power (watts) at the directional coupler;
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p is the magnitude of reflection coefficient of transmit antenna:
_is. = Vswr 1
plsy|= R
Vswr +1
Vswr s the voltage standing wave ratio of transmit antenna;
A is the transmission loss of the cable (<1):
Alg
A=3010 A <0;
Ay is the transmission loss of the cable in dB;
Apc is the transmission loss of the directional coupler:
ADClg ADClg <0;
Apcig | 1s the transmission loss of the directional coupler in dB;
Crp is the forward coupling factor (<1):
CFFlg CFFlg < 0,
CFF :10 10
Crrig is the forward coupling factor in dB;
Crr is the reflected coupling factor (<1):
CrRig CFng <0;
Crrig | Isthereflected coupling factorin dB.
The reflec:led power measured at thedirectional coupler, is not required for determining the net pofwer
delivered flo the transmit antennd. However, the reflected power should be monitored and recorded
during chgracterization to proyide feedback regarding the stability of the net power over time.|For
this reasop, this annex inclades procedures for parameter characterization required to facilifate
measuremgnt of the reflected power during characterization.
In most implementations of the test equipment setup, other components (e.g. adaptors, bulkhead
connectorq) may bedncluded in the test setup. Figure A.2 illustrates and example of a more complex ftest
equipment|setup:

38
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Ay A, As
1 —4 2 B
6 2] 7 2] 8 %

Ay 7 A
10 ’
Ppy Pru

Key

1 |RF signal generator and amplifier 7 low loss coaxial cable with transmiission loss 4,
2 |dual directional coupler 8 low loss coaxial cable with tranismissiof loss A5
3 |power sensor or measurement receiver 9 low loss coaxial cable with transmissiof loss 4,
4 |transmit antenna 10  low loss coaxial cable with'transmissioh loss A
5 [coaxial in-line connectors, adaptors, etc. Ppy  measured forward pewer

6 |low loss coaxial cable with transmission loss 4; Ppy  measured reverse_power

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

For|this more general test setup, the relationship between.the measured forward and refle¢ted power
(Prlpr Prm) and net power (Py,) delivered to the antennais'presented in Formulae (A.3) and [A.4).

T3 Pua
Pem = —— (A.3)
T, '(1 -p )
T, -T;- p - B
Pry = ———— A (A4)
(1-07)
where
T, =4 - Ay - A is the transmission loss between coupler output and antenna
(Ty, Ay, Ay Az < 1);
T, =A; - Ay - A3-~Apc is the transmission loss between coupler output and antenna
(T2, Ay, Ay A3 Apc < 1);
T3 = ApSCpp is the transmission loss between coupler and forward power mgasurement
point
(T3 Ay Crp<1);
Ty =45 - Cpg is the transmission loss between coupler and reflected power measure-

ment point
(Ty As, Cpr < 1);

Ay, Ay Az Ay As are the transmission loss of interconnecting cables;
Apc 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.
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To assure

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) in-situ characterization measurements of the VSWR and transmission losses of the interconnection
system.

A.2 Vector network analyser calibration

All measu
measurem

rements shall be performed using a vector network analyser (VNA) with S-paramgter
bnt capability. The VNA shall be calibrated using the TOSM (through, open, short, imatched)

method via high quality reference (traceable) standards. VNA calibration shall be performed‘over|the

frequency
consist of

band used for performing testing. Cable connections between the VNA andsample shall
ow loss cables of sufficient length to facilitate connection. Cable length ‘shall not exdeed

3 000 mm] The cables shall be included in the VNA calibration per Figure A.3. Adaptors should be

avoided, byt if used, they shall be included in the VNA calibration.

Refer to Figure A.2 for component references for all measurements presentedherein.

Key

low los

—=H o W N R

[t is import

vector metwork analyser

measurement reference plane per TOSM calibration
port fadilitates measurement of S;; and.S;,
port fadilitates measurement of S,, and'S,;

Dimensions in millimdtres

<3000 !
R 2 :f\
1 i 3
T | e
2 |

b 50 () coaxial cable

Figure A.3 — VNA TOSM calibration

ant to realize that S parameters relate to voltages of an N-port network. VNA measuremegnts

of these pprameters say be reported in a variety of formats as shown below (example given| for
reporting ¢f S,,).
Lineaf-complex: Sy =R, +jI, (A.5)
Linear-magnitude: 1S51]=|Re +jlm|=\/Re2 +Im2 NAES! (A.6)

40

dB:  Sz11g =20-10g|Sy] (A7)
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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:

S211g
2 2 .2
T\ =[S21]" =10 10 =(R,“+1,)

Where TN: Tl’ Tz, T3, T4

Itis

critical to understand this relationship so that accurate characterization may occur.

(A.8)

A.3
Thd

A3
)

2)

3)

4)

Directional coupler parameter verification

directional coupler used in the test setup shall be characterized using the following pro

.1 VSWR and transmission loss measurement procedure

Connect the VNA to the directional coupler as illustrated in Figure A.4~Connect 50 Q te
to the P3 and P4. The termination shall have a VSWR less than 1,1 ofer the test frequenc

Measure and record the magnitude of S;; and S, of P1 and*P2 over the test freque
Calculate and verify that the VSWR at P1 and P2 is less than/1,3:

1+[Sq4] 1%S55|
Vswrp1 = (A9)  Vowrpp =
1-1S14] 1=S2,]
S111g S221g
A1l
|S11]=10 20 (A1) [$9,|=10 20 (IS11] and [S5;]<1)

Measure and record |S,;| over the test frequency range. Record the transmission loss A

2
Apc =1S21]

Verify Ap g is less thar(0;5 dB, where:

Apclg =20-1og|S,{]

redures.

rminations
y range.

ncy range.

(A.10)

(A.12)

o Where:

(A.13)

(A.14)
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Key

1
2
3
4

A.3.

1y

2)

3)

4)
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T 2
P3 P4
2

vector ]IletWOI‘k analyser (VNA) T  transmission port
low los§ 50 Q coaxial cable R reflection port
dual difectional coupler P1 coupler input
50 Q tefmination (VSWR < 1,1) P2 coupler output

P3 forward power measurement port

P4 reflected power measurementport

Figure A.4 — P1, P2 VSWR and transmission loss verification

2 VSWR and forward coupling factor measurement
Conneftthe VNA to the directional coupler as illustrated in*Eigure A.5. Connect a reference matd

50 Q t¢rmination (used for VNA calibration) to P2. Connect a 50 () termination (VSWR < 1,1) to

Measufe and record |S,,| at P3 over the test frequenéy range. Calculate and verify that the VSW|
less thpn 1,5.
Measufe and record |S,;| over the test frequency range. Record the forward coupling factor,
where

B 2
Crr =521 (A
Verify [Cppqp is greater than 20.dB, where:
Crrig F20-10g|S54 | (A

hed
P4,

R is

CF F

15)

16)
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T 2
P3 P4
4 |
2
Key
1 _vector network analyser (VNA) T transmission port
2 |lowloss 50 Q) coaxial cable R  reflection port
3 |dual directional coupler P1 coupler input
4 150 Q termination (VSWR < 1,1) P2 coupler output
5 [suitable reference 50 () termination (see A.2) P3 forward power measurementport
P4 reflected power measurement port
Figure A.5 — Setup for forward coupling factor (Crg) and’P3'VSWR verificatign
A.3l3 VSWR and reflected coupling factor measurement
1) |Connectthe VNA to the directional coupler as illustrated in Figure A.6. Connect a referenfe matched
50 () termination (used for VNA calibration) to P1. Gonnect 50 () terminations (VSWR < [1,1) to P3.
2) |Measure and record S,, at P4 over the test frequency range. Calculate and verify that the VSWR is
less than 1,5.
3) [Measure and record |S,;| over the test frequency range. Record the forward coupling ffactor, Cgp,
where:
_ 2
Crr =521 (A.17)
4) [Verify Cprqp is greater than20 dB, where:
2
R =
T
P3 P4
2
s
Key
1  vector network analyser (VNA) T  transmission port
2 lowloss 50 Q coaxial cable R  reflection port
3 dual directional coupler P1 coupler input
4 50 Qtermination (VSWR < 1,1) P2 coupler output
5 reference 50 Q termination standard used for P3 forward power measurement port
TOSM calibration (see A.2)
P4 reflected power measurement port
Figure A.6 — Setup for reflected coupling factor (Crg) and P4 VSWR verification
©1S0 2021 - All rights reserved 43


https://standardsiso.com/api/?name=53d69d712fc2ea797331bbb2d55115c7

ISO 11452-9:2021(E)

A.4 Transmit antenna reflection coefficient measurement

Connect the VNA to any of the transmit antennas as shown in Figure A.7 (see 6.2.4 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.7. Measure and record the reflection coefficient “p” (i.e. magnitude of S;;)
of antenna over at all test frequencies.

S111g
p=[S1;|=10 20

(A.19)

Dimensions in millimdtres

AT
5 N
>500, '3
>500 i |
____________________ . _
. >2501
_________ .
1 R—‘—‘E;‘ ’i
2 i
: 1
5500 !
i /
: 7
v_.o

a) broadbland dipole antenna and microwave b) broadband sleeve antenna and HF broadband
sleeve antenna

broadband dipole antenna

>500!
>500
____________________ N
L R 3
2
>500 |

c) sleeve antenna

d) folded dipole antenna

Key

1  vector network analyser

2 lowlosf 50 () coaxial cable

3 bounddry for location of any conductive surface
T transmELQion port

R reflection port

Figure A.7 — Measurement of reflection coefficient for transmit antenna
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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.8. 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 T4} where:

T, =S, (A.20)

4) |Verify that Ty, is less than 4 dB where:
T11g =[20-1og (S5 )| (A.21)

The interconnection between the directional coupler and transmit antenna should ideally have no
intgrmediate connections including cable interconnects, adaptdrs, coaxial switches, etc. Bresence of
thege additional items can increase the VSWR of the intercennection which introduces undertainty to
the[net power delivered to the transmit antenna.

R 1 .T
[ 5 1
2 13 2 3 2
Key
1 [vector network analyser
2 |lowloss 50 Q1 coaxial cable
3 |coaxial connectors/adaptors
T |transmission pgrt
R [reflection port

See Figure A2 for component references.

Figure A.8 — Measurement of VSWR and T, for coupler/antenna interconnedt

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

Characterization requires in-situ measurement of the transmission loss for the combination of the
directional coupler and antenna interconnect cable.

1) Attach the directional coupler to the interconnect cable assembly. Connect the VNA as illustrated
in Figure A.9. The other ports of the coupler shall be terminated with a 50 Q load with a VSWR less
than 1,3.

2) Measure and record |S,4| over the test frequency range. Record the transmission loss T,, where:
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3)

4

See Figure A.2 for component references.

A.7 Characterization of VSWR and transmission loss for the coupler/power
sensor ifterconnect

2
Ty =[S71] (A.22)

Verify that T, 4z is less than 4 dB, where:

Tyqp =[20-10g(S1 )| (A.23)

R 1 T

~

/

4 p 3] 3
2 2] 2 21 9
5] [5
vector fetwork analyser () 5 50 Q termination (VSWR< 1,1)
low los$ 50 Q coaxial cable T transmission porf
coaxial connectors/adaptors R reflection port

dual digfectional coupler

Figure A.9 — Measurément of T,

Connect al| of the elements that comprise the directional coupler and interconnect between it and|the
connection point of the power sensors or measurement receiver. Characterization requires in-situ
measuremgnts of the VSWR and ¢ransmission loss of the interconnections between the directignal
coupler anfl power sensors. Figlite A.2 is used as a reference to provide guidance of how to carryfout
these in-sifu measurements.for laboratory specific equipment test setups. Alternative methods [e.g.

separate component measurements) are not permitted.

1y

2)

3)

4)

46

Connefrt the VNA_to the directional coupler input and the forward power measurement ppint
as illugtrated in"Figure A.10 a). Connect a reference “matched” termination on the output of|the
couplef. The reflected power measurement point shall be terminated with a 50 Q load with a V§WR
less thpn A, 1¥

M 21 31 1C l P | £ 21 b= L I A1 O 1 h
easure anma Tecort (55, at the Torwartd powWeT medasur enent poInt [See rgure A. 10 aj over the

test frequency range. Calculate and verify that the VSWR is less than 1,5.

With the VNA remaining connected as illustrated in Figure A.10 a), measure and record |S,;| over
the test frequency range. Record the transmission loss T3, where:

Ty =[Sy [ (A.24)

Connect the VNA to the directional coupler output and the reflected power measurement point as
illustrated in Figure A.10 b). Connect a reference “matched” termination on the input of the coupler.
The forward power measurement point shall be terminated with a 50 Q load with a VSWR less than
1,1.
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Measure and record |S,,| at the reflected power measurement point, see Figure A.10 b) over the
test frequency range. Calculate and verify that the VSWR is less than 1,5.

With the VNA remaining connected as illustrated in Figure A.10b, measure and record |S,,| over
the test frequency range. Record the transmission loss T, , where:

(A.25)

Key]

BOwWw N R

Ty =[S [
le—2 5 2 B4 6l 3 g2
P3 P3 P4
4 4 5
, & I
a) b)

vector network analyser (VNA)
low loss 50 () coaxial cable
dual directional coupler

50 Q coaxial cable assembly (connects to forward

power sensor)

50 () coaxial cable assembly (connects to reflected

power sensor

reference 50 () termination standard\ised for
TOSM calibration (see A.2)

Pl
p2

P3

P4

50 termination (VSWR < 1,1)
measurement point (S;,, S31)
coupler input

coupler output

forward power measurement port

reflected power measurement port

Figure A.10 — Measurement of T, and T,

= =
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Annex B

(informative)

Typical characteristics and use of portable transmitters

Additional tests with unmodified commercial portable transmitter may be performed. The detailed

test meth

Examples
terms usec
bands may
be expected.

of—sheu-ld—beda-med—m-me-(eét—pbn—' i -
f typical characteristics for portable transmitters are given in Table B.1, an explanation of

in Table B.1 is given in Table B.2. These characteristics are for information only/ frequgncy
be different from one region to another, use of power levels greater than those indicated|can

Table B.1 — Typical characteristics for portable transmitters

Transmitter designa- Frequency Power 2 Typical transmitter .
/ } Test modulatipn
tion [MHz] [W] modulation
1 m 26 t0 30 10(RMS) | TCIeE5APRY AML SSB I A 1 ichiz, 80 o
2|m 144 to 148 10(RMS) ¢y 1e8rapny, AM, SSB cw
1,25 m 220 to 225 10(RMs) | Telegrapny, AM, SSB cw
70{cm 420 to 450 10(RMs) | Telegrapny, AM, SSB cw
LAND MOBILE 146 to 174 10(Peak) FM, FSK Ccw
216 to 223
TETRA/TETRAPOL 380 to 390 10(Peak) m/4 DQPSK PM 18 Hz
410 to 420 /450 to 460 50 % duty cydle
806 to 825 /870 to 876
CDMHA 800 815 to 849 0,25(Peak) QPSK PM 1 600 H
(cellular) 50 % duty cydle
GSM 85() (mobile) 824 to 849 2(Peak) GMSK PM 217 Hz
GSM 90() (mobile) 876 to 915 50 % duty cydle
GSM 18p0/1900 1710to 1785 1(Peak) GMSK PM 217 Hz
(mobil¢ plone) 1850to 1910 50 % duty cydle
CDMA909 1 850t0-1 910 0.25(Reak) QPSK PM 1 600 Hs
(PCS) 50 % duty cycle
UMTS (mobile phone 824 to 849 0,25(Peak) HPSK PM 1600 Hz
WCDMA & TD/CDMA) 880to 915 QAM 50 % duty cycle

1850to0 1980
1885to 2025
1920 to 1980

a

Power levels listed are typical of commercial equipment. However, power levels used during testing with simulated
portable transmitters will be dependent on the test antenna used (see Annex C). Typically, the power levels using the
simulated portable transmitter antenna will be higher (see Annex D).

48
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Transmitter designa- Frequency Power 2 Typical transmitter .
: ; Test modulation
tion [MHz] [W] modulation
Bluetooth, WLAN 2400to 2500 0,10(Peak) QPSK PM 1 600 Hz
(data) 50 % duty cycle
WIFI Or broadband
noise of 20MHz by
AWG
See Annex F
IJTE (mobile phone 452 to 458 0,25(Peak) OFDM - PSK PM 1 000 Hz
OFDMA & SC-FDMA) 698 to 803 / 807 to 862 / 10 % {luty cycle
880t0915/1427to 1463 Or biloadband
1625to 1661/ noise of 20MHz by
1710to 1785 AWG
1850t02 025/ See Annex F
2300to 2400
2496 to 2 690
3400to 3800
IEHE 802.11a (5G 5150to 5350 0,5(Peak) OFDM - PSK PM 1 600 Hz
WIFD) 5725 to 5 850 50 % fluty cycle
Or bijoadband
noise of 20MHz by
AWG

See Annex F

a  |Power levels listed are typical of commercial equipment. However, power levels used during testing with simulated
porfable transmitters will be dependent on the test antenna used (see Annex C). Typically, the power levgls using the

simplated portable transmitter antenna will.be higher (see Annex D).

Table B.2 — Abbreviated terms

Modulation/

Access system

Description

Example for use

AM Amplitude modulation Broddcast
BT Bluetooth -
CDMA Code division multiple access

DQPSK Differential quadrature phase shift keying Iridti;?piaot:élite
FDMA Frequency division multiplex access -

FM Erequency-modulation Breddcast
GMSK Gaussian minimum shift keying GSM
GSM 850 Global system of mobile phones 850 MHz band -
GSM 900 Global system of mobile phones 900 MHz band -
GSM 1800/1900 Global system of mobile phones 1 800/1 900 MHz band -
HPSK Hybrid phase shift keying

B ey ot pecfcatonsdevlopedby the] g
IMT-2000 International mobile telecommunications 2000 UMTS
LTE Long term evolution

OFDM Orthogonal frequency division multiplexing LTE
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Table B.2 (continued)

Modulation/

Access system

Description

Example for use

OFDMA Orthogonal frequency division multiplexing access

PCS Personal communications service -

PM Pulse modulation GSM

PSK Phase shift keying CDMA

QAM Quadrature amplitude modulation WCDMA
QPSK Quadrature phase shift keying UMTS, W-LAN|
SC-FDMA Single carrier-frequency division multiple access

SSB Single side band Military, ham radio
Telegraphy Morse telegraphy coded work -

TDMA Time division multiple access Tetra 25, DECT, GEM
TETRA Terrestrial trunked radio -
TETRAPOL Terrestrial trunked radio police -

UMTS Universal mobile telecommunication system

WCDMA Wideband code division multiplex access

WIFI Wireless fidelity

WLAN Wireless local area network -
10m/2m/1}25m/70 cm HAM radio band as wavelength -
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C.1

ISO 11452-9:2021(E)

Annex C
(informative)

Characteristics of simulated portable transmitter antenna

lhfved“rtinn

Thi
por

All

C.2

Thd
are

TIECTE TTTCTIUIT

5 annex provides details of the transmitter antenna, together with examples of other
Lable transmitter antennas, which can be used to perform the tests according to this'doc

broadband dipole antenna;

broadband sleeve antenna;

sleeve antennas;

folded dipole antennas;

microwave broadband dipole antenna;
HF broadband sleeve antenna.

Himensions indicated in the figures of this annex ate in millimetres.

Broadband dipole antenna
Input impedance: 50 Q
Balun transformation ratio: 1:1
Frequency range: 360-2 700:.MHz
Radiating element dimensions: 240 mm x 109 mm
Maximum power input 20 W
Connector: type-N female
VSWR chatacteristic: see Figure C.1

geomeétrical characteristics of the broadband dipole antenna for simulated portable tr
indicdted in Figure C.2.

simulated
Lument:

Ansmitters

Th

broadbamnd dipote amtenma tas three T00 T X 100 I test ZoNes WIere fietd umniformt

y is better

than +3 dB. In the frequency range (360-480) MHz, the E field is concentrated under the elements 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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Key
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X  frequericy [MHz]

Y VSWR

Key

850

1350

1850

2350

-
v
g

N
Figure C.1 — Typical VSWR characteristics of broadband dipolé"mtenna

1 broadbpnd low loss balun 1:1

2 flat antgnna elements

3  N-female connector

2

<:>.

109

N v

N\

<

\\ Dimensions in millimd

o
X

v

N

tres

element fixture and spacing frame (5 mm, hon-

metallic)

symmetrical terminals, M4

22 mm tube for handling or fixture

Figun@@l — Construction details of broadband dipole antenna

&

Dimensions X and Y in millimd

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

52

120

tres
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E field: 0,9 GHz (100 V/m) H field: 0,9 GHz (0,25 A/m)

E fipld: 1,8 GHz (100 V/m)

i
8

L] PO

| )
i
3§
|y
on
-t

GHz

— Inputimpedance: 50 £}

— Frequency range: 700 MHz -3 200 MHz

— Radiating element dimensions: 186 mm x 50 mm

— Maximum power input 20 W (700 MHz - 3 200 MHz)
— Connector: type-SMA female

— VSWR characteristic: see Figure C.4
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The geometrical characteristics of the broadband sleeve antenna for simulated portable transmitters
are indicated in Figure C.5.

Y
6
5
4
3
2 y
AN Pt SN Wi
v e Pz /] T N~ A
1 S~ T T N —
0
700 1200 1700 2200 2700 3200 ¢X
Key
X  frequericy [MHz]
Y VSWR
Figure C.4 — Typical VSWR characteristics of broadbarnd sleeve antenna
Dimensions in millimgtres
50 8
\
/_:JL J‘L'—
3 !
! I
i
2 _
4 | »
6 _—
LY
5 ﬁ E
Key
radiatiqn-€lement

1

2 ground element

3 PCB

4  semi-rigid cable

5 SMA-female connector
6  dielectric 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 through C.7 show distribution and peak amplitude of electric field
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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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Dimensions Y and Z in millimetres
E field: 0,7 GHz (133 V/m) H field: 0,7 GHz (0,43 A/m)

0.4

0.3

0.2

N
e e N4
ol || 0.1 ’(.L
I O (VQ)
40 20 3 20 40 \
E field: 0,9 GHz (113 V/m)

H field: 0,9 GHz (0,39 A/@)
1T

I
Q Il
S

R\ NP

E field: 1,4 GHz

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

50

-50

0
[

40 2 o 2 4
Y

Figure C.6 — E and H field patterns for the broadband sleeve antenna (0,7 - 1,8) GHz

Dimensions Y and Z in millimetres
E field: 2,0 GHz (133 V/m) H field: 2,0 GHz (0,40 A/m)
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E field: 2,45 GHz

Efi

W

1d: 2,6 GHz (150 V/m)

Efi

N

s&ﬁeld: 2,6 GHz (0,46 A/m)

40 2 0 20 &

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

— Inputimpedance: 50 Q
— Permissible power: 30 W
— Connector: type-BNC

— Gain: 2,15dB+1dB

— VSWR:<2:1

An explandtion of the antenna and sleeve length for each frequency band is given in Table C.1. These
characterigtics are for information only. An example of geometrical characteristics of a sleeve-antenna
for simulatled portable transmitters is shown in Figure C.8.

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

Dimensions in milimetres

Centre fre- X Y
Frequency band quency Antenna element Sleeve length
length?

MHz MHz Tolerance: X+5 % Tolerance: Y+5 %
380-390 385 198 +9 162+8
410-420 415 189+9 155+8
420-450 435 180 £ 9 147 +7
450-460 455 172:+'8 141+7

a  Antenna element and sleeve lengths shall be turfed to attain the specific VSWR.

The antennas are designed as typical 1/4 A sleeve'antennas. Each band antenna utilizes a cable, a BNC
connector,|a brass rod as the antenna elementiand a steel pipe as the sleeve element. For keeping a
constant cross section along the sleeve and-'cable, a cable fixing plastic screw and four polycarbomnate
screws may be applied at the bottom of sleeve element.
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L=X+Y=1/2x095
X: Y =55:45 (based on the configuration samples)

where A, in millimetres, is the wave length of cen-
tre frequency.

Fractional shortening: 95 %

—_
-t

Sleeve outer diameter: 20 mm (equivalent to
S45RP)

Antenna diameter: 2 mm (brass rod)

Sleeve inner diameter: 18,5 mm (equivalent to
S45RP)

Connector: BNC (U6:625/U, BNC-P-3)

Key
BNC connector

polycarbonate screw: M3

a  |Tightening with a 14,9 mm diameter nut,
b |Cable.

c Cable-fixing plastic screw: material;aylon MC; outer diameter, 13 mm; inner diameter, 6 mm; thickness, 6 mm;
screw hole, M3.

The|surfaces of the antenna element'and sleeve are recommended to be of a rust-resistant metallic material (e.g. Ni).
Figure C.8 — Example of 1/41 sleeve antenna configuration

The sleeve antefina has a test zone along the radiation element, where electric fields are|effectively
generated. Figures C.9 and C.10 shows 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 frqm antenna
elernents:;

Dimensions Y and Z inf millimetres

E field: 385 MHz (122 V/m) H field: 385 MHz (0,38 A/m)
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E field: 41

E field: 43

60

5 MHz (114 V/m)

Figure c§?: E and H field patterns for the sleeve antenna (385, 415) MHz

O
v
5%—[&2 (113 V/m)

0.3000
0.2800
0.2600
0.2400
0.2200
0.2000
0.1800
0.1600

0.1200

Dimensions Y and Z in millimdtres

H field: 435 MHz (0,36 A/m)
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Vim |
100.0000 |

N

E fipld: 455 MHz (112 V/m) H field: 455 MHz %)@ A/m)

\ . Am
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

Figure @0 — E and H field patterns for the sleeve antenna (435, 455) MHz

Q.

N
C.5 Fol dipole antenna
— I@Empedance: 50 Q

— Balun transformation ratio: 1:1

— Frequency range: 142 MHz - 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 through 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 ata 50 mm distance from
antenna elements.

Table C.2 — Typical VSWR characteristics of folded dipole antenna for 142 - 246 MHz

Frequency band (MHz) VSWR

Y
7
6
5

142-150 4
3
2
1 —
126 131 135 140 144 149 152 156 161 165X
Y
7
6
5

191-161 4
3
2
1t SN :
135 139 144 148 153 157 162 166 170 175X
Y
7 .
I 3
5

162-174 4]
3
2
1
145 149 154 158 163 167 172 176 181 185X
Y
7
6 4
5 N

172-180 4
3
2
+
154 158 163 167 172 176 181 185 190 194 X

Key

X Frequency [MHz]
Y VSWR

1 146 MHz_test
155 MHz_test
165 MHz_test
174 MHz_test
222 MHz_test

U o W N
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Table C.2 (continued)

Frequency band (MHz)

VSWR

215-246

Y
7
6
5
4
3
2
1
T

76 131 135 140 144 149 152 156 161 165 X

Key
Frequency [MHz]
VSWR

146 MHz_test
155 MHz_test
165 MHz_test
174 MHz_test
222 MHz_test

oA W N R < X
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Key

1
2
3
4

64

Dimensions in millimetres
89

89

B -

240

radiatiqn elements

low los

b balun 1:1
tube for handling or fixture
le connector

Figure/C.11 — Construction details of folded dipole antenna
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