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Foreword

IS0 (the International Organization for Standardization) is a worldwide federation of national standards hodies
{ISC mamber bodies), The work of preparing international S{andards is normally carrled out through SO
technlcal commiitees. Each member hody interested in a subject for which a technical commilties has been
established has the right to he represented on that committee. International erganizations, governmental and
non-governmental, in llaison with [SQ, also take part in the work, 1SO collaborales closgly with the International
Electrotachnical Commission {IEC) on all matiers of electrotechnical siandardization.

International Standards are drafted In accordance with the rules given In the 1SO/IEC Direclives, Part 2,

The main task of technical commitiees is to prepare International Standards. Draft International Standards
adopted by the lechnical comimiltees are clrculated to the member bodles for voling. Publication as an
International Standard requires approval by at least 76 % of the member hodles casting a vale,

Altention is drawn to the possibilily that some of the elements of this document may he (he subject of patent
rights. 1ISO shall not be held responsibie for idenlifying any or all such patent rights.

ISO 11452-9 was prepared by Technical Commiltee |SO/TC 22, Road velileles, Subcommillee SC 3, Efeclrical
and elaclronic equipment,

ISO 11452 consists of the following parts, under the general title Road vehicles — Component lest methods for
electrical disturhances from narrowband radiated electromagnelic energy:

— Part 1: General principles and terminology

— Parl 2: Absorher-linad shiskied enclosure

—  Parl 3: Transverse efectromagnetic mode (TEM) cell

— Parl 4: Harness excitalion methods

— Part 5: Stripline

—  Parl 7: Direct radio frequency (RF) powsr injaction

—  Part 8: Immunily to magnelic flelds

— Part 9: Portable fransmillers

—  Part 10; Immunily fo conducled disturbances in the extended audio frequency range

—  Parl 11: Raverberallon chamber

iv @IS0 2012 — All fights reserved
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Introduction

Immunity measurements of complete road vehicles can generally only be carried oul by the vehicle manufacturer,
owing lo, for example, high cosls of absorhar-lined shielded enclosures, the desire to preserve the secrecy of
protolypes ot a large number of different vehicle models.

For research, development and qualily conlrol, a laboratory ineasuring method can be used by both vehicle
manufacturers and equipment suppliers o test electronic components,
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Road vehicles — Component test methods for electrical
disturbances from narrowband radiated electromagnetic energy —

Part 9:
Portable transmitters

1 Scope

This part of ISO 11452 specifies test methods and procedures for testing electromagnetic immunity to portable
transmitters of eleclronic components for passenger cars and commerclal vehlcles, regardless of the propulsion
system (e.g. spark-ignition engine, diesel engine, electric motor). The device under test (DUT), logether with the
wiring harness (prototype or standard test harness), is stubjected to an eleclromagnetic disturbance generated
by porlable transmitters Inside an absorber-lined shielded enclosure, with peripheral devices eilher inside or
oulside the enclosure. The electromagnetic disttirbances considered are limited to continuous narrowband
electromagnelic fields.

2 Normative references

The following referenced documents are indispensable for the applicalion of this document. For dated
references, only the editlon cited applies. For undated references, the latest adition of the referenced document
{including any amendments) applies.

180 11452-1, Road vehlcles — Component test methods for eleclrical disturbances from narrowband radiated
electromagnelic energy — Parl 1: General principles and terminology

Guidelines for Limiling Expostre to Time-Varying Eleclric, Magnelic, and Eleclromagneltfc Flelds (up to 300
GHz). International Commission on Non-lonizing Radiation Protection {ICNIRP)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11452-1 apply.

4 Test conditions
The applicable frequency range of the test method is 26 MHz lo 5,85 GHz.

The user of ihis International Standard shall specify the test severily level or levels over the frequency bands,
The test severity level shall take Into account

— lypical portable transmilter characteristics {frequency bands, power level and modulation), given in
Annex A, and

- the characteristics of the antenna(s) used for this tesl.

NOTE Users of this Inlernallonal Standard are advised that Annex A is for Information only and cannot be considered
as an exhauslive description of various portable transmillers available in all countries.

Standard test conditlons are given In 1ISO 11452-1 for the following:
— lesl temperature;

— supply voilage;
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— dwsli time;

— lest signal quality.

5 Testlocation

The purpose of such an enclosure is to creale an isolated electromagnetic compatibility test facility which
simulales open field testing. Basically, an absorber-lined shielded enclosure consists of a shielded room with
absorbing material on its internal reflective surfaces, optionally excluding the floor. The design objective is to
allenuate the reflected energy In the lest area by al least 10 dB compared with the direct energy.

6 Test instrimentation

6.1 General

The field-generaling device can be

— commercial portable transmilters with integral antennas, or

— simulated portable transmilters, with an antenna used as descrlbed In 6.3.4 and an amplifier.
To reduce lest error, the operation of the DUT is usually monitored by fibre-oplic couplers.

Test personnef shall be prolected in accordance with ICNIRP Guldelines.

NOTE Nalional or ofher regulations can apply,

6.2 Commercial portable transmitters

Commercial porlable transiilters having an integral antenna are a convenient and readily available
field-generaling devics.

6.3 Simulated portable transmitters

6.3.1 General
Simulated portable transmitters conslst of
— radio frequency (RF) signal generating equipment, and

— RF power monitoring equipment and antennas.

6.3.2 RF signal generating equipment
Signal sources wilh Infernal or external modulation capability,

Powar amplifier(s): muitiple RF amplifiers may be required lo cover the range of test frequencies.

6.3.3 RF power monitoting equipment

An In-line power meter is required when using simulated poriable transmilters for measuring power to the
antenna. Bolh forward and reversa power shall be measured and recorded.

6.3.4 Anfennas

Unless otherwise specified, the simulated porlable transmitler antenna characleristics shall be a passive
antehna as detailed in B.2, Examples of other antennas which may he used are presented in Annex B.

2 @150 2012 - All rights reserved
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All antennas should be tuned for a minimum voltage standing wave ratio (VSWR) of lypically less than 4:1 unless
olherwise specified in the test plan, The resulting VSWR has to be compatible with the deslgn of the RF source,
As a minlmum, the VSWR valte shall be recorded at the lower and upper band edges and at middle frequency.

6.4 Stimulation and monitoring of the DUT

The DUT shall be operaled in accordance with the lesl plan by actuators which have a minimum effect on the
eleclromagnelic characterislics,

EXAMPLE Plasllc blocks on the push-bultons, pneumalic acluators with plaslic tubes.

Connaclions o equipment monitoring electromagnetic interference reactions of the DUT may be accomplished
by using fibre-optics or high-resistance leads, Other lypes of leads may he used but require extreme care
to mintmize interactions. The orientalion, length and location of such leads shall be carefully documented to
enstire repeatabilily of test resulls,

CAUTION — Any electrical connection of monitoring equipment to the DUT could cause malfunctions
of the DUT. Extreme care shall be taken to avoid such an effact,

7 Test set-up
7.1 Ground plane

7.11 General
The ground plane shall be made of 0,5 mm thick (minimum) copper, brass or galvanized sieel,

The minimum width of the ground plane shall be 1 000 mm. The minimum length of the ground plane shall be
2 000 mm, or the underneath of the entire equipment plus 200 mm, whichever is larger,

The helght of the ground plane {test bench) shall be (800 + 100) mm above the floor,

The ground plane shall be bonded {o the shielded enclosure such that the DC resistance does not exceed
2,5 ma. In addition, the bond straps shall be placed no grealer than 0,3 m apart.

7.2 Power supply and artificial networks
Each DUT power supply lead shall be connecled o the power supply through an artificial nelwork {AN),

Power supply Is assumed to be negative ground, If the DUT ulllizes positive ground then the test set-up shown
In Figures D.1 and D.2 need to be adapted accordingly. Power shall be applied to the DUT via a § HHI50 O 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
for the posilive supply line and the other for the power return line {see Annex D);

— for locally grounded DUTs (vehicle power relurn line 200 mm or shorlter), only one AN is reqtired, for the
posltive supply (see Annex D).

The AN(s) shall be mounted direclly on the ground plane. AN cases shall be bonded lo the ground plane.
The power supply return shall be conhecled to the ground plane, between the power supply and the AN(s).

The meastring port of each AN shall be terminated with a 50 0 load.
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7.3 Locationh of the DUT

The DUT shall be placed on non-conduclive material of low relative permiltivily (dieleckic constant} (s < 1,4) at
{650 & 5) mm above the ground plane.

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

The face of the DUT shall be located al least 100 mm from the edge of the ground plane.

7.4 Location of the test harness

The total lenglh of the test harness belween the DUT and the load simulator {or RF boundary) shall be
1700"300 mm uniess otherwise specified in the lest plan. The wiring lype is defined by the actual system
application and requirement,

The test harness shall be placed on non-conductive materlal of fow relative permillivity (dieleclric constant)
(& < 1,4) at (50 £ B) mm above the ground plane.

The lest harness shall be located at least 200 mm from the edge of the ground plane.

7.5 Location of the load simulator

The load simulator shall be placed directly an the ground plane, H the load simulator has a metallic case, this
casa shall be bonded to the ground plane,

The load simulalor may be located adjacent to the ground plane, with the case of the load simulator bonded to
the ground plane, or outside the test chamber, provided the test harness from the DUT passes through an RF
boundary bonded to the ground plane,

Wien the load simulator is focated on the ground plane, the DC power supply lines of the load simulator shall
he connecled through the AN(s).

4 @180 2012 - Al dighls reserved
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Dimenslons in millirnetres
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Ke
1 yDUT {groundled locally if required In test plan) 10 high-guality double-shielded coaxial cable (50 )
2 lest harness 11 bulkhead conneclor
3 load simulafor {placement and ground conneclion 12 RF signal generator, amplifier, direclional caupler and
according to 7.5} power meter for the simulaled portable ransmilter
4  power sugply (focation optional) 13 RF absorber material
5 ariificial network (AN) 14 dipole axis or palch plane
6 ground ptane {bonded lo shielded enclosure} 16 insulating support
7 low relalive permillivity suppor {z < 1,4} 16 coaxial cable
8 simulaled poriable iransmilter antenna or commercial
transmitier
9 stimulalion and moniloring syslem

]

View A: simulated portable fransmitter posillon for different polarizations.
b View X: simulaled porlable transmilter posilions (DUT and harness),

Figure 1 - Example of test set-up

8 Tests

8.1 General

The general arrangement of the disturbance source and connecting harnesses represents a slandardized test
condition. Any deviations from this lnternational Standard shall be agreed upon prior to testing.

The DUT load simulator shall he designed fo simulate typical loading as in the vehlcle. The DUT shall be tested
under the most significant conditions, e.g. in stand-by mode and in a mode by which all the actualors can be
excited. These operaling conditions shall be clearly defined in the test plan to ensure supplier and customer
perform identical tests.

8.2 Test plan

Prior to performing the tesls, a test plan shall be generated which includes
— test set-up,

— frequency range,

— BUT mode of operation,

— DPUT acceptance criteria,

— lest severily levels,

—  BUT monitoring conditions,

—  DUT exposure melhodology,

— simulated porlable transmitter antenna or commercial fransmitler location,
— lest report content, and

— any special instructions and changes from {he standard lest,

6 © 180 2012 - Adl righis reserved
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8.3 Test methods

8.3.1 General

CAUTION - Hazarctlous voltages and fields can exist withln the test area, Ensure that all requirements
for limiting the exposure of humans to RF energy are met.

The reference parameter for the test is the net power at the simulated portable transmilter antenna feed point,
Typical power values are given in Annex A,

NOTE The adjustment of the net power can be made according to IS0 11451-3:2001, Annex B.
8.3.2 Simulated portable fransmitter test method

8.3.2.1 General
This method is performed in lwo phases:
— test level selling,

— fasting of the DUT with wiring harness and peripheral devices connecled,

8.3.2.2 Test level seiting

The adjustiment of the net power level shall be perforimed in continuous wave (CW), with the simulated portable
transmitter antenna placed at a minimum distance of 1 m from any part of the DUT, from the ground plane and
from the test enclosure, and 0,5 m from any absorber, unfil the predetermined level is achieved,

Record the net power level and the forward power leval,

NOTE Il a PEP {peak envelope power) meter is used, the modulated signai can be used during the power adjustment.

8.3.2.3 DUT test

There are lwo allernalive ways, either of which may be used, fo expose the DUT after ihe test level seiting phase:

a) approach the simulated portable transmitter at the various positions indicated in the test plan without
swilching off the power of the simulated portable transmiller;

b} switch off the power of the simulated porlable transmilter, approach the simulated portable transmiiter at the
varlous posilions indicated in the test plan, then swilch on the power of the simulated portable transmitter.

The test on the DUT shall be performed al the various positions Indicated in the test plan {antenna positioning
for coupling to the DUT and harness are defined in 8.3.4 and 8.3.5), with CW andfor modulated slgnhals as
indicated in Annex A.

The test on the DUT shall be performed withoul any change in the forward power level recorded during the
determination of the nel power {les level sefling),

For amplitude madulation (AM) and pulse medilation (PM) signals, the test on the DUT shall be performed
with power level adjustiment, in order to fulfll the peak conservatlon principle glven in ISO 11462-1, The power
adjustiments shafl be performed in the same condition of simulated portable transmitter location as described
for test level selling.

NOTE Due to the position of the simulaled portable transmitter anlenna ¢lose lo the DUT, variaiions in ransmitler net
povier ¢an occour. If a varlation of net power occurs, readjusiment of nel power is nol required,

If manual positioning of the antenna is required while the RF power is swilched on, then care shall be
taken, according to ICNIRP Guddeilnes, to minimize the exposure of the operalor to the generated field. It is
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recommended that a minimum distance of 0,5 m from the operalor to the simulated portable transimilter be
imaintained In order to limit operator influence,

NOTE National or other regulations can apply.

Perform ihe test at frequencies within the designed bandwidth of the test antenna — at Ieast at the lower and
upper band edges, at middle frequency and at frequency steps not greater than those defined in ISO 1145241,

Continue lesling until all frequency bands, modulations, polarizalions and simulated portable lransmiller
locallons specified in the test plan are compleled,

8.3.3 Gommercial portable transmitter test method
This method uses a single phase of the lest of the DUT with wiring harness and peripheral devices connecled,

The testshall be performed wilh unmodified commercial portable transmitter characteristics (power, modulation).
Any exceplion to this praclice shall he specified in the iest plan,

NOTE In general, the outpul powaer for commerclal poriable fransmilters considered for this {est is the declared value
of rated power.

In accordance with the test plan, activatle the commercial portable transmiitter and place it at the various
defined poslilions (antenna positiening for coupling to the DUT and harness are defined in 8,3.4 and 8.3.5),

Continue unlil testing of all transmitler(s} specified in the test plan has been completed.
8.3.4 Antenna positioning for coupling to DUT

8.3.4.1 Testing with broadhand antennas

The usable test area of the broadband antenna described in B.2 s 100 x 100 mm when tesiing at a separatlon
of 50 mm from the DUT to lhe antenna. It is therefore necessary fo move the antenna in steps of 100 mm,

All surfaces of the DUT which are {o he tested shali be parlitioned lo square celis of 100 x 100 mm. The
antenna shall be placed at a distance of 50 mm and the centre of each cell shall be exposed to the cenire and
the elements of the antenna In two orthogonal orientalions (four exposures in total). It is necessary to expose
each cell to the centre of the elemenls of the anlenna hecause the E and H fields are in different places and
move wilh the test frequency,

a) Place the antenna parailel wilh the DUT harness and aligned withs the centre of the first cell and expose
the DUT lo the siress levels given in the test plan.

A=)

b) Repeat step a) with the anlenna rotated 90°.

¢} Align the antenna with the cendre of the next cell and repeal sleps a) and b} until all the cells have heen
exposed to two orlhogonat orientations of the antenna.

8 © 150 2012 - All rights resenved
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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 afigned with the centre of the ceall) and expose the DUT o the stress levels given in the test plan.

e) Repeal step d) with the antenna rotated 90°,

N

f) Repeal steps d) and ) until all cells have been exposed. When testing DUTs with multiple cells, some cells
will be exposed to the elements of the anlenna when steps a) lo ¢} are performed on an adjacent cell. i
this happens, and duplicale testing would result, it Is not necessary lo carry out steps d) and e). However,
if there is any doubt over the effective exposure of cells {o ithe elements of the antenna, sleps d) and ¢)
shall nevertheless be repeated,

g) Repeal steps a) lo {) for each DUT surface defined in the lest plan for eleclromagnetic compatibility
{EMC). Tesling requires rotation of the DUT such {hat the surface lo be tested is parallel to the ground
plane. Material of fow permillivity shall be used to support the BUT so that the surface under test is facing
upwards, towards {he anlenna.

8.3.4.2 Testing with other antennas

For each surface of the DUT, place the antenna with its centre at a distance of 50 mm frem the DUT’s surface
{see Figure 1).The axis of the monopole, dipole, sleeve or plane of the palch antenna shali be parallel to the
surface of the DUT.

The placement of the poriable transmitters — at specific posilion(s) or scanning along the DUT — should be
defined in the tesi plan, Move the porlable transmiller along the surface for two orientations (polarizations) of
the antenna, parallel to the surface of the DUT.

8.3.5 Antenna positloning for coupling to harnsss

8.3.5.1 Testing with broadband antennas

Position the antenna central to the conneclor under test and parallel to the harness. Align the cenlre of the
anlenna wilh the ocutermost edge of the BUT conneclor, Expase the DUT to the lest signals specified in ihe
test plan. In cases where the DUT has mulliple conneclors or connectors that are wider than 100 mm, the test
shall be repeated muitiple iimes.

Place the antenna with ils centre at a distance of 50 mm from the harness.

Carry out the test by moving the porlable transmitler along the harness, In 100 mm increments, for a length of
300 mm, starling at the DUT connector,
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e

Side view

I
g

Plan view

8.3.5.2 Testing with other antennas
Place the antenna with its centre at a distance of 50 mm from the harness.

The axis of the anlenna shall be parallel to the harness; for & patch antenna, ensure thal the polarizalion
of the antenna is parallel to the harness. Allernalively, if the polarization is unknown, perform tests for both
polarizations,

Carry out the tesl by moving lhe portable transmilter along the harness, in 100 mm increments, for a length of
300 mm, starling at the DUT connector.

8.4 Testreport

According to the lest plan, a test report shall be submilled detailing information regarding the test equipment,
tast area, sysltems lested, frequencles, lest modulation, power levels, DUT exposure mathodology, the porlable
transmitter used, VSWR values (except for commercial lransimilters), system interactions and any other relevant
information regarding tesling.

10 @150 2012 - Alt righls reserved
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Typical characteristics of portable transmitters

Examples of lypical characteristics of portable {ransmiliers are given in Table A.1, and an explanation of the
lerms used is given in Table A.2, These characlerislics are for information only: frequency bands may he
different from one region to another, and the use of power levels greater than those indicated can be expected.

Table A.1 — Typical characteristics for portable transimitters

ggllilg:::tttt;: Frequz:tl:: ban Povv:er Typi;:lz‘ljldt;?;}?::‘l ter Test modulation
10m 26-30 10 (RMS) Telegraphy, AM, S8B, FM AM 1 kHz, 80 %
2m 146-174 10 (RMS) Telegraphy, AM, SSB, FM cw
70 cm 410-470 10 (RMS) Telegraphy, AM, SSB, FM Ccw ]
TETRA/ 380-390 10 (peak) TDMAIFDMA PM 18 Hz
TETRAFOL. 410-420 Tetra: n/4 DQPSIK 50 % duly cycle
450-460
806-825
870-876
AbPS/ 824849 10 (peak) GMSI, PSK, DS PM 217 Hz
GSM850 50 % duty cycle
or
PM 217 Hz
Ton = 677 us
f=4600us
GSM900 876-915 16 (peak) GMSK PM 217 Hz
or 50 % duly cycle
2 (peak) or
PM 217 Hz
Ton =577 ps
t=4 600 ys
PDC 893--898 0,8 (peak) TDMA PM 50 Hz
925--958 50 % duly cycle
1429-1463
PCS GSM 1710~1 785 2 (peak) GMSK PM 217 Hz
1800/1900 1850-1 910 or 50 % duty cycle
1 {peak) or
PM 217 Hz
Ton = 677 s
1=4600 ps

1
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Table A {continued)

;I!-;iii‘s:::tlifl: ri’equi;:::f band Poxer Typi;zl(:;i;\t?(l:;ltter Test modulation
IMT-2000 1885--2 025 CW-1 (RMS) QPSK CW and PM
PM-1 (peak) 1 6800 Hz,
50 % duly cycle
Bluetooth/ 2 400-2 500 0,5 (peak) QPSK PM 16800 Hz
WLAN 60 % duty ¢cycle
{EEE 802.11a 5 725-5 850 1{peak) QPSK PM 1600 Hz
50 % duty cycle

Table A.2 — Abbreviated terms

Modulation/
Access sysfem

Description

Example for use

AM

Anmplitude modulation

Broadcast

AMPS Advanced mobile phone syslem s
BT Bluetooth —
DQPSK Differentlal quadrature phase shift keying Iridium satellite lelephone
FDMA Frequency division mulliplex access —
Fi Frequenscy modulation Broadeasl
GMSK Gaussian minimum shift keying GSM
GSM 850 Glohal system of mobile phones 850 MHz hand —
GSM 900 Global system: of mobile phones 900 MHz hand —
GSM 180011900 | Global system of mobile phones 1 800/1 900 MHz band -
IEEE 802.11a 802.11 refers l('J a family of specifications developed by WLAN

the IEEE for wireless LAN technology
IMT-20600 International mobile telecomimunlications 2000 UMTS
PCS Personat communicalions service o
PDC Personal digital cellular —_—
PM Pulse modulalion PDC
PSK Phase shift keylng CDMA
QPSK Quadralure phase shift keying UMTS, W-LAN
588 Single side band Milltary, ham radio
telegraphy Morse lelegraphy coded work e
TDMA Time division multiple access Telra 26, DECT, GSM
TETRA Terrestilal lrunked radio —
TETRAPOL Terrestral trunked radio police —
WLAN Wireless local area network —

10 m/2 m/70 cm

HAM radlo band as wavelength

12
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Annex B
(informative)

Examples of simulated portable transmitter antennas

B.1 Introduction

This annex provides detalls of the miniature broadband antenna, together with examples of other simulaled
portable lransmltter antennas, which can be used fo perform the tesls according to this International Standard:

~ minialure broadband anlenna;
— sleeve antennas;
— monopole antennas.

All dimensions indicaled in the figures of this annex are In millimelres,

B.2 Miniature broadband antenna

B.21 Goneral

The small broadband antenna acts comparably to a symmetrical broadband dipole antenna. In contrast {o
an ordinary dipole antenna, the radiating elemenis have been designed especially for wide bandwidth, close
distance to the DUT and good field uniformily. Due to the wide frequency coverage, a significant linte reduction
for testing can be achieved,

B.2.2 Typical characteristics
Input impedance: 50 O
Balun transformation ratio; 1:1
Frequency range: 360-2 700 MHz
Radialing element dimensions: 240 x 109 mm
Maximum power nput 20 W
Conneclor: Type-N female
VSWR characterislic: sea Figure B.1

The geomelrical characteristics of tive miniature broadband antenna for sinlated portable transmitters are
indicaled in Figure B.2.

13
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Figure B.1 — Typical VBWR characteristics
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1 broadband low loss balun 1:1

2 f{lal anlenna elements

3 N-female connector

4 element fixlure and spacing frame (5 mm, non-metallic)
& symmelrical teminals, M4

6 22 mym {ube for handling or fixture

Figure B.2 — Construction detalls of broadband antenna
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B.2.3 Electric fislds generated by the antenna

The test antenna has 3 100 x 100 mm test zones where field uniformity Is hetter than £ 3 dB. In the frequency
range 360480 Mi-z, the E field is concentrated under the elements of the antenna and moves to the centre
after 800 MHz, The average field severily is calculaled by averaging the field In these zones,

Figure B.3 shows field distribulion and peak amplitudes in volls per metre (Vim) for a 1 Wnel input at a 50 mm
distance from the anlenna elements, The greenest areas {the mid-grey areas toward the grid edges when
viewed in monochrome) show a greater than 6 d8 field degradation from the maximum field.

A 50 0 50 100
X

400 MHz; 1 W net; average fleld strength: 100 Vim

60 ,_' Vim
L . 80):

40 -

20T = 60

Aol B
Y @ 3 40} :
Aol T EEEEENS 30!
g B 20 ]
40 ,04
50 g [

100 50 50 100
X

800 MHz; 1 W net input; average field strength: 67 Vim

60 1 Vi

40 HE RS 00 1

. 11t T 5ol
v 0 1 oo,

40 N N I B % o O Bt R on :

sl T i L on

100 50 0 50 100
X

1 800 MHz; 1 W net input; average fleld strengtly; 84 Vim
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7 - 140
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20 i160
Y o &0
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60 e ; ¥ or

<100 50 ¢ -50 100
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2 450 MHz; 1 W net input; average fleld strength: 114 Vim
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- 180y
40 . : B 1
- T 1 Y - 140l -
201 1= T EEELT £20
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BB EEEER 80l
-20|71C i a0l
7 T ol
RINENE T ol
50 ! A oF
.00 D) [ -50 100
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2 600 MHz; 1 W net input; average field strength: 137 Vim
Key

1 uniform E field for 800 < /< 2700 MHz and uniform H fleld for 360 < £ < 2700 MHz
2 uniform E field for fisld 360 < £'< 480 MHz

Figure B,3 — E field pattern for the broadband antenna

B.3 Sleeve antenna

B.3.1 General

An explanalion of the anlenna and sleeve length for each frequency hand is given In Table B.1. These
characteristics are for information only. An example of a sleeve antenha configuration for simulated portable
transmitlers Is shown in Figure B.4,
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B.3.2  Typical characteristics

Input impedance: 50 O
Permissible power: 30 W
Connector; Type-BNC
Gain: 2,15dB + 1dB

VSWR: < 2:1

1SO 11452-9:2012(

Tahlo B.1 — Example of antenna and sleeve element length for each hand

E)

Dimensions in millimelres

: X ¥
Transmitter Frequency band Frgg::g?cy Antenna element Sleeve length
length
MHz MHz Tolerance: X+ 5% | Tolerance: ¥+ 5%

380~390 395 198+ 9 162+ 8
TETRAITETRAPOL 410-420 415 189+ 9 155+ 8

460460 455 17248 M1+

806-876 a41 938 6+4
70cm 420-460 435 180+ 9 147 7
AMPS/GSM 850 824-849 836,56 9415 77+4
GSM 900/PDC 876915 895,56 88+t 4 7214
PDC 925958 941.5 83+ 4 68+3
PDC 14401453 446,56 5413 4412
PCSIGSM 1 8001 900 1710-1910 1810 43+2 3542
NGOTE Anlenna elemenl and slaave lengths can be luned lo attain the specilic VSWR.

B.3.3  Antenna configuration

The antennas are designed as typical 1/4A sleeve antennas, Each band anteinna ulilizes a 3D-2V cable, a BNC
connector, a brass rod as the antenna element and a steel pipe as the sleeve element. For keeping a constant
cross secllon along the sleeve and cable, a cable fixing plaslic screw and four polycarbonale screws may be
applied at the bottom of sleeve element.

17
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L=XN+V¥=22x095

L=X+Y=22x095

X: ¥= 55: 46 {based on the configuration samplas}
where 2, in millimelres, Is the wave length of centre frequency.
Fraclional shorlening: 95 %
Slesve outer diamater: 20 mm {equivalent 1o S45RP)
Anlenna diameler: 2 mm (brass rod})
Sleeve inner diameter; 18,5 mm {equivalent to S45RP}
Connector: BNC (UG-825/1), BNC-P-3)
Cable: 3D-2V

Key

BNC connecfor

polycarhonate screvs: M3

Tighlening with a 14,9 mm diameter nult,
Cable.

_ Cabte-fixing plastic screw: material, nylon MC; ouler diameter, 13 mmy; inner dlameter, 8 mmy; thickness, 6 mimn;
screw hole, M3.

O T B A =

NOTE  The surfaces of the anlenna element and sleeve are recommended Lo be of & rust-resislant metallic material (e.g. Mi},

Figure B.4 — Example of 1/44 sleove antenna configuration

18 © 150 2012 ~ All rights reserved



ISO 11452-9:2012(E)

B.4 Monopole antenna

B.41 General

The antenna Is Integrated Into a PVC casling filted with a PMMA [poly(methyl methacrylate)] window for the
sighling of the antenna inside. This casing is also equippad with an SMA-type bulkhead and a mechanical
connector inte which a handle is filted to hold the antenna at a distance. The conslruction characteristics
common to all such antennas of this casing are shown Ih Figures B.5 and B.8.

Key

1 male support for anlenna mast

2 coaxial connector

3 alluglas® window (built into housing)

Figure B.5 — Common casing construction characteristics — General

1) Alluglas® is an example of a suilable product available commercially, This informallon is given for the convenience of
users of lhis document and doas not conslifute an endorsement by {SO of his praduet,
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The use of this casing in perfarming tesls with the anlenna posilioned at 50 mm from the DUT also requires
the use of a 10 mm shim. In order o avold using the shim, the casings can be manufaclured with an outside dimenston of
100 mm inslead of 80 mm.

Figure B.6 — Common casing construction characteristics — Detail

20
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2 Antenna for 890-915 MHz frequency hand

B8.4.2.1 Typical characteristics

Antenna bandwidih: 890-915 MHz (min)

Input impedance: 50 O

Permissible power: 20 W

Connector: Type-SMA

Gain: Typically 0,5 dB + 0,5 dB

VSWR < 2:1 over the entire hand

B.4.2.2 Anfenna construction and integration into casing

The antenna is produced from a lype-FR4 printed circult and supplied in its centre by a microstrip line. The
radiating element consists of a single pole in the shape of a leaf placed vertically in refation to the ground plane.
The geometrical characteristics of the assembly are indicated in Figures B.7 a) and b).

The construction details of the casing are indicated in Figure B.7 ¢,

Key
1
2

_

s

aeral element
brazing

3  RG 402 + SMA female connaclor

TR LA

-10/100,5 211005

-12,5/85.5 2357855

-15/60,5 2671605

-12/305 237305
Y
1 -10/155 2157155
- 6/0 “ 14
¥ |
|
=
\D-

a) Antenna geometrical characteristics — General
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Key

L WN

22

-31.5/69 315769
1
—
-0,82/30 _1,64/30
/2
\ -0,827-1U 16671 /
-315/-6 ¢/0 37.5/-6
2
! * . |

card dimension 76/76 mm

copper (Cu}

RG 402 + SMA female

FR4 1,6 mm{#35 p Cu: ground plane on lower side

b) Antenna geometrical characteristics — Detall
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¢) Gasing constriction — Detail

Figure B,7 — 890-~916 MHz antenna

B.4.3 Antenna for 1 710-1 785 MHz frequency hand

B.4.3.1 Typical characteristics
Antenna bandwidlh: 1 710-2 025 MHz {min.)
Input impedance: 60 O
Permissible power: 20 W
Connector: Type-SMA
Gaim: Typleally 0 dB £ 1 dB
VSWR < 2:1 over the entire band.

23
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8.4.3.2 Antenna construction and integration into casing

The antenna is produced from a type-FR4 printed circult and supplied in ils centre by a microstrip line. The
radiating element consisls of a single pole in the shape of a leaf placed vertically in relation to the ground plane,
The geomelrical characteristics of the assembly are indicaled in Figure B.8 a) and b).

The construction delails of the casing are indicated in Figure B.8 c).

0766 _[1 _ 11/46

-14355 187355

-10/20,5 24/20.5

-6/10,5 117105

‘\1 070 11 10

| .
|
Hé\“:? | —

1.6

Key
i brazing
2 RG 402 + SMA female connector

a) Antanna geometrical characteristics — Genoral
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~315/69 371.5/69
w//1
-0.82/30 _1,64/30
2
\ -0.82/-1 131,667 /
~-315/-6 0/0 315/-6
J./z

card dimension 75/756 mm

copper (Cu)

RG 402 + SMA famale

FR4 1,6 mm/35 y1 Cu: ground plane on lower side

b) Antenna geometrical characteristics — Detall
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¢) Casing construetion — Detail

Figure B.8 — 1 710-2 026 MHz antenna
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B.4.4  Antenna for 2 402-2 480 MHz frequency band

B.4.4.1 Typical characteristics
Antenna handwidth: 2 402-2 480 MHz (min.)
Input impedance: 50
Permissible power: 20 W
Conneclor: Type-SMA
Galn: Typically

0GB + 0,5 dB at 2 402 MHz
-1dB £0,5dB at 2 420 MHz
~2dB £ 0,6 dB al 2 440 MHz
~3 dB % 0,5 dB at 2 460 MHz
-5dB 10,5 dB at 2 480 MHz
VSWR < 2:1 over the entlre band,

B.4.4,.2 Antenna construction and integration into casing

The antenna Is produced from a lype-FR4 printed circuit and supplied In ils centre by a microstrip line. The
radialing element consists of a printed dipole coupled with an inlerference dipole parallel to the first one. The
geomelrical characleristics of the assembly are indicated In Figure B.9 a).

The construction details of the casing are indicated in Figure B.9 b},
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1 card dmension 756/ 75 mm
2 copper {Cu)
3 RG 402 + SMA lemale
4  FR4 1,6 minf35 g Cu; ground plane on lower side

a) Antenna geometrical characteristics
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b) Casing construction — Detail

Figure B.9 — 2 402-2 480 MHz antenna

B.4.6  Antenna for 26,96-27,4 MHz frequency band

BA4.5.1 Typical characteristics
Antenna bandwidth: 26,96-27,4 MHz (min.)
Input impedance: 50 O
Permissible power: 50 W
Connector: Type-SMA
Galn: Typlcally 0,6 dB £ 0,5 dB

VEWR < 2:1 over the entire hand.

B.4.5.2 Antenna construction and integration Into casing

The antenna is produced from a lype-FR4 printed circult and supplied in ils senire by a microstrip line. The
radiating element consisis of a single pole al the botlom of which Is placed a serial helicoidal coll as described
in Figure B,10 a),

The conslruction details of the casing are indicated in Figure 8.10 b) and ¢).
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1 coaled copper wire: diameler 1 imm/710 mm {diameter of lhe winding, numbaer of turns: 9 + 0,5)
copper patch: dimension 5/6 mm

FR4 1,6 mm{35 p Cu; ground plane on lower side; dimenslon, 74/74 mm

BNC conneclor (EMERSON ref: VBM511-1502)

adjustable coil 20W (410 pH)

oo LN

a) Antenna geometrical characteristics
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b) Casing construction — Detail
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c) Casing construction — Detall {conlinued)

Figure B.10 — 26,96-27,4 MHz antenna

B.4.6  Antenna for 144-148 MHz fretjuency band

B.4.6.1 Typical characteristics
Anlenna bandwidih: 144148 MHz (min.)
Input impedance: §0 O
Permissible power: 50 W
Connaclot: Type-BNC
Gain: Typically —13,5dB+ 1 dB
VSWR < 2,111 over the entire band.

B.4.6.2 Antenna construction and Integration Into casling

The antenna is produced from a type-FR4 printed circult and supplied in its centre by a microstrip line. The
radiating element consisis of a hellcoldal single pole at the top of which is placed a perpendicular melalllc
cylinder as described in Figure B.11 a).

The construction detalls of ihe casing are indicated in Figure B.11 b and ¢),
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brass cone diameter, 50 mm; thickness 0,7 mm

PVC cylinder: & = 3,3, diameter, 10 mny; length, 127 mm

coaled copper wire: diamieter 1 mm/900 mny; number of lurns, 29

FR4 1,6 mmfa5 i Cu: ground plane on fower side; dimensions, 74774 mm
BNC conneclor (EMERSON ref; VBMS511-1502)

miicrosirip line 35/2/0,8 mm

a4 N A R

a) Antenna ¢eometrical characteristics
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B3.4.7 Antenna for 168-173 MHz frequency hand

8.4.7.1 Typical characteristics
Antenna bandwldih: 169,8-173 MHz (minJ)

Inptit impedance: 650 Q

Permissible power: 50 W

Connector: Type-BNC

Gain: Typically 16 dB + 1 dB
VBWR < 2,6:1 aver the enlire band.,

6

B.4.7.2 Antenna construction and Integration into casing

30

|
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¢) Casing construction — Detail {continued)

Figure BA4 — 144-148 MHz antenna

[ | SRR S R T

820

L MI6x 0.5

The antenna is produced from a lype-FR4 printed cireuit and supplied in ils centre by a microstrip line, The
radialing element consisls of a helicoldat single pole at the lop of which Is placed a perpendicular metalllc

cylinder as described in Figure B.12 a).

The construcilon details of the casing are Indicated in Figure B.12 b) and ¢).
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brass cone diameter, 50 mm; thickness, 0,1 mm

PVC cylinder: & = 3,3; diameter, 10 mmy; fengih, 127 mm

coated copper wire: diameter, 1 nim/900 mm; number of Wrns, 29

FR4 1,6 mm/35 p Cu: ground plane on lower side; dimensions, 74/74 mm
BNC connector (EMERSON ref: VBM511-1502)

microsidip line 35/2/0,8 mm

C1 = 1510 26 pF

C2=1b1l0o2bpF

a) Anfenna geomelrical characteristics
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h) Caslng construction — Detall
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¢) Casing construction — Detail (conlinued)

Figure B.12—- 168-173 MHz antenna

B.4.8 Antenna for 380-430 MHz frequency band

B.4.8.1 Typical charactetistics
Antenna handwidth: 380-430 MHz (min.)
[hput impedance: 50 O
Permissible powsr: 50 W
Connector: Type-BNGC
Galn; Typically -9 dB + 1 dB
VSWR < 2:1 over the entire band.

B.4.8.2 Antenna construction and integration into casing

The antenna Is preduced from a lype-FR4 printed circuit and supplied in its centre by a microskeip line. The
entarged, symmelrically folded radiating element Is as shown in Figure B.13 a).

The construction detalls of the casing are indicated in Figure B.13 b} and ¢).
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1 brass thickness, 0,5 mm
2 stub 12/2 mm (for movement along microstip line for frequency adjusiment)
3 FR4 1,6 mm35 [ Cu: ground plane on lower slde; dimenslon, 74/74 mm
4 BNC connector (EMERSON ref: VBM511-1502)
5 microsldp line 35/1,2/0,8 mm

a) Antenna geometrical characteristics
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¢) Casing construction — Detall {(confinusd)

Figure B.13 — 380-430 MHz antenna

B.4.9 Antenna for 430-470 MHz frequency band

B.4.9.1 Typlcal characteristics
Antenna bandwidlh; 430470 MHz (min.)
Input impedance: 50 Q)
Permissible power: 50 W
Connector: Type-BNC
Gain: Typically -8 dB+ 1 dB
VSWR < 2:1 over the enlire band.

B.4.0.2 Antenna construction and ntegration into casing

The antenna is produced from a lype-FR4 printed circult and supplied in its centre by a microstrip line. The
enlarged, symmairically folded radialing element is as shown in Figure B.14 a).

The construction delails of the casing are indicaled in Figures B.14 b) and c).
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brass lhickness, 0,5 mm

stub 2012 mm {for movement along microsirip line for frequency adjustment)
FR4 1,6 mm/35 p Cu; ground plane on lower side; dimension 74/74 mm
BNC connector (EMERSON ref: VBM511-1502)

microsteip line 35/1,2/0,8 nim

a) Antenna geomsetrical characteristics
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¢) Casing construction — Detall (continued)

Figure B.14 — 430--470 MHz antenna
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Annex G
(informative)

Example of test severity levels associated with function performance
status classification

C.1 General

This annex gives examples of test severity levels which should he used in accordance with the principle of
funclion performance stalus classification {FPSC) given in ISO 11452-1,

C.2 Example of severity levels

An example of severity levels In GSM band is given in Table C.1.This table can be different for each frequency range.

Table C.1 — Example severity levels in GSM band

Test severlty Gategory 1 Catagory 2 Category 3
lovols w w w
Laj 2 6 10
Laj 2 6 6
Lai 1 2 2
Lsi 1 1 i
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Annex D
(informative)

Remoteflocal grounding

D.1  DUT remotely grounded

The principle for connecling a remotely grounded DUT is shown in Figure D.1.
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1 power supply/ballery
2 AN
3 simulator (power configuration through AN or directly to the power supply to be defined In lest plan}
4 DUT
5 ground plane
6 wiring harnéss {conlaining power supply and return line}
7 Insulaling supporl
8 housing of the BUT not connected to ground plane unless specified in the test plan (see 7.3)
9 50 Gload.

Ftgure D1 — DUT remotely grounded

D.2 DUT locally grounded

The principle for connecting a locally groundad DUT is shown in Figure D.2,
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Figure D.2 — DUT locally grounded

47



ISO 11452-9:2012(E)

IG5 33.,100.20; 43.040.10

Price based on 47 pages

@ 130 2012 - All fights reserved




