IEC 62037-1:2021-11 RLV(en)

IEC IEC 62037-1

o
®

Edition 2.0 2021-11
REDLINE VERSION

INTERNATIONAL
STANDARD

R
N
q,Qq'
,\,'\” @ ol
Q‘b
Q)
©
O
N
S

Passive RF and microwave devices, intermo tion level measurement —
Part 1: General requirements and measurinQ ethods

»



https://iecnorm.com/api/?name=e431079040131a1e079b942afc9c1c11

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2021 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC

Central Office

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland
About|the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and.publishes

Intern

About
The t¢
latest

IEC pu
The a
variety|
commi
and wi

IEC publications

blications search - webstore.iec.ch/advsearchform
vanced search enables to find IEC publications by a

of criteria (reference number, text, technical
tee, ...). It also gives information on projects, replaced
hdrawn publications.

tional Standards for all electrical, electronic and related technologies.

IEC online collection - oc.iec,ch

Discover our powerful search .engine and read freely

publications previews. With~a subscription you will

have access to up to daté)content tailored to your needp.

Electropedia - wivw.€lectropedia.org

ichnical content of IEC publications is kept under constant review by the IEC. Please make @Sure that you hgve the
edition, a corrigendum or an amendment might have been published.

all the
Elways

IEC Jyst Published - webstore.iec.ch/justpublished The world's leading online dictionary on electrotechfiology,
Stay up to date on all new IEC publications. Just Published  ¢ontaining mere-than 22 000 terminological entries in English
details| all new publications released. Available online and

once 3

month by email.

IEC Cuyistomer Service Centre - webstore.iec.ch/csc

If you
need f
Centre

wish to give us your feedback on this publication or
irther assistance, please contact the Customer Service
[ sales@iec.ch.

and French, with equivalent terms in 18 additional languages.

Also krniown as the International Electrotechnical Voc
(IEV) online.

hbulary



mailto:info@iec.ch
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://oc.iec.ch/
http://www.electropedia.org/
https://iecnorm.com/api/?name=e431079040131a1e079b942afc9c1c11

IEC 62037-1

Edition 2.0 2021-11
REDLINE VERSION

INTERNATIONAL
STANDARD

“ colour
inside

Pagsive RF and microwave devices, intermodufation level measurement —
Part 1: General requirements and measuring methods

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 33.040.20 ISBN 978-2-8322-1055-1

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=e431079040131a1e079b942afc9c1c11

-2- IEC 62037-1:2021 RLV © IEC 2021

CONTENTS

FOREWORD ....ciiiiie ettt e et e e et e e e e e e et e e e e e e e et e e e e e e e e eanaeenns 3
1 1T o 1= S 5
2 NOIMALIVE TETEIENCES .o et e s 5
3  Terms, definitions and abbreviated terms ... 5
3.1 Terms and definitioNs. .. ..o 5
3.2 AbDreviated terMS ..o 5
Ctraracteristics of imtermodutatior products e 6
Principle of test procedure ... N | 6
(St SO -UP ceieie e g e e | 6
6.1l GeNeral. ..o 6
6.p Test equipment ... e e 7
5.2.1 General ... A 7
5.2.2 SetUP T N T e e 7
5.2.3 Set-Up 2 e A 8
7 Preparation of DUT and test equipment...........ccoooooiiiniiicn N e 8
7 General. ... G N 8
7. Guidelines for minimizing generation of passive intermodulation.......................]..... 8
[eSt ProCedUre ... L ...10
RXC] Lo 4] o T PO PPN ...10
aq RESUIES e A e ...10
9.p Example of results .. ... N ...10
O Y =F= LU =Y o =T oL =Y o o ...10
Annex A (informative) Configuration of fow-PIM termination ...l I
Al GENETAL . T s .11
AR Configuration of low-PIM terminations..............coooiii R
N.2.1 Long cable termination ... .1
N.2.2 Lumped termination with a linear attenuator ... .11
Anngx B (informative)( Tiest procedure considerations ............ccoooiiiiiiiiiiiii i .13
B .1 Generah PHV variation versus freqUeNCY ... ..o .13
B.R Stepped frequency sweep Method ........ccooiiiiiiiiiii i .13
B3 Fixed frequency method ... ... ..o .13
BK DyNamic PIM €S iNg .ouie e .13
B.5 Heating €ff@CtS .. e .13
Figure 1 — Set-up 1: reverse IM-test Set-Up .....ooeiii e 11
Figure 2 — Set-up 2: forward IM-test Set-Up .....ccooiiniiiii e, 12

Figure 3 — Passive intermodulation (PIM) measurement error caused by residual
L3 2S10= ] 1 1= o o N 10
Figure A1 — Long cable termination.......... ..o 11
Figure A.2 — Lumped termination with a linear attenuator...........c...coooi 12

Table 1 — Guide for the design, selection of materials and handling of components that
may can be-suseeptive susceptible to PIM generation..........o.cooiiiiii 9

Table 2 — Test set-up CoONAItioONS ..o e 10


https://iecnorm.com/api/?name=e431079040131a1e079b942afc9c1c11

IEC 62037-1:2021 RLV © IEC 2021 -3-

1

2)

3)

4)

5)

6)

7)

8)

9)

This redline version of the official IEC Standard allows the user to identify the changes m
the
has

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote intern
coloperation on all questions concerning standardization in the electrical and electronic fields | o this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"FPechnical R4
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG, Publication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deglt with

may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the“international Organizat
Standardization (ISO) in accordance with conditions determined by agreement.betWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
cohsensus of opinion on the relevant subjects since each technical ommittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢g
anly IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)'and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)Normative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

aising
on for
bns.

tional
bm  all

tional
bf IEC
r any

ations
tween
latter.

ormity
r any

s and
hge or
) and
r lEC

pns is

patent

revious edition IEC 62037-1:2012. A vertical bar appears in the margin wherever a c

ange


https://iecnorm.com/api/?name=e431079040131a1e079b942afc9c1c11

-4 - IEC 62037-1:2021 RLV © IEC 2021

IEC 62037-1 has been prepared by IEC technical committee 46: Cables, wires, waveguides, RF
connectors, RF and microwave passive components and accessories. It is an International
Standard.

This second edition cancels and replaces the first edition published in 2012. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) clarification added that test equipment may utilize pulsed generators to reduce power
cpnsumption;

b) heating effect differences in the device under test noted in Annex B for tests condiicted
uping pulsed generators;

c) ghlidance added in Annex B to improve probability of detection of short duration PIM eyents
hile dynamic testing.

The fext of this International Standard is based on the following documents:

Draft Report on voting

46/834/FDIS 46/855/RVYD

Full information on the voting for its approval can be fodndin the report on voting indicated in
the apove table.

The language used for the development of this knternational Standard is English.

This [document was drafted in accordance Wwith ISO/IEC Directives, Part 2, and developged in
accofdance with ISO/IEC Directives, Part-1*and ISO/IEC Directives, IEC Supplement, avallable
at wyvw.iec.ch/members_experts/refdoss. The main document types developed by IECG are
descfibed in greater detail at www.iec.ch/standardsdev/publications.

This |nternational Standard is\to-be used in conjunction with IEC 62037 (all parts).

A lisf] of all the parts in the IEC 62037 series, published under the general title Passive Rf and
micrqwave devices, intermodulation level measurement, can be found on the IEC website|

The ¢ommittee has‘decided that the contents of this document will remain unchanged untfjil the
stability date-indicated on the IEC website under webstore.iec.ch in the data related tp the
spec|fic document. At this date, the document will be

g¢confirmed,

—

e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

Scope

This [part of IEC 62037 deals with the general requirements and measuring method

inte

rmodulation (IM) level measurement of passive RF and microwave components,-whic

be cqused by the presence of two or more transmitting signals.

The
met

The

hpds required to characterize the level of unwanted IM signals using twoltransmitting si

EC 62037 series addresses the measurement of PIM, but does wot cover the long

reliahility of a product with reference to its performance.

This|

2

Nonel

The

Normative references

flollowing documents are referred to in the~text in such a way that some or all of their co

constitutes requirements of this document.\For dated references, only the edition cited ap

For

undated references, the latest. edition of the referenced document (including

amendments) applies.

IEC

3

3.1

%2037 (all parts), Passive RF-and microwave devices, intermodulation level measure

Terms, definitionsiand abbreviated terms

Terms and definitions

No tdrms and_dgfinitions are listed in this document.

ISO
add

3.2

rgSSES:

5 for
h can

est procedures given in this document give the general requirements and measurement

jnals.

term

htent
blies.
any

ment

wing

¥nd I[E€ maintain terminological databases for use in standardization at the folld

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

ISO Online browsing platform: available at http://www.iso.org/obp

Abbreviated terms

CATV  Community antenna television

CFEC Carbon fibre epoxy composite

Cw

Continuous wave

DUT Device under test

IM

Intermodulation

PCB Printed circuit board

PIM

Passive intermodulation
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RBW Resolution bandwidth

VDA Vacuum deposited aluminium

4 Characteristics of intermodulation products

PIM interference is caused by sources of non-linearity of mostly unknown nature, location and
behaviour. A few examples are inter-metallic contacts, choice of materials, corrosion products,
dirt, etc. Most of these effects are subject to changes over time due to mechanical stress,
temperature changes, variations in material characteristics (cold flow, etc.) and climatic
changes;ete.

The generation of intermodulation products originates from point sources inside a DU and
propagates equally in all available directions.

The generation of passive intermodulation (PIM) products does not necessarily) follow the law
of thg usual non-linear equation of quadratic form. Therefore, accurate caleculation to pther
powdr levels causing the intermodulation is not possible and PIM comparisons should be nade
at th¢ same power level.

Furtermore, PIM generation can be frequency dependent. When RIM generation is frequyency
depehdent, the PIM performance shall be investigated over the, specified frequency band.

5 Principle of test procedure

Test [signals of frequencies f; and f, with equal specified test port power levels are combined

and fed to the DUT. The test signals should contain a harmonic or self-intermodulation dignal
level|at least 10 dB lower than the expected |evel generated in the DUT.

The PIM is measured over the specified frequency range. The intermodulation products of prder
(2f1 % f5), (2f5 £ f4), etc., are measured.

In mpst cases, the third order ntermodulation signals represent the worst-case conditipn of
unwgnted signals generated; therefore, the measurement of these signals characterizeg the
DUT |in a sufficient way. However, the test set-ups given in Clause 6 are suitable for measuring
othell intermodulation products.

In other systems (such as CATV), the third order may not be as applicable in characterizing the
DUT

Intermodulation can be measured in the reverse and forward direction. Reverse and foqward
refer|tosthe’direction of propagation of the most powerful carrier.

6 Test set-up

6.1 General

Experience shows that the generation of intermodulation products originates from point sources
inside a device under test (DUT) and propagates equally in all available directions. Therefore,
either the reverse (reflected) or the forward (transmitted) intermodulation signal can be
measured.

Two different test set-ups are described in Figure 1 and Figure 2 and are for reference only.
Other topologies are possible.
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Set-up 1 is for measuring the reverse (reflected) intermodulation signal only, and set-up 2 is for
measuring the forward (transmitted) intermodulation signal. The measurement method (reverse
or forward) is dependent upon the DUT. The set-ups may be assembled from standard
microwave or radio link hardware selected for this particular application. All components shall
be checked for lowest self-intermodulation generation.

Experience shows that devices containing magnetic materials (circulators, isolators, etc.) can
be prominent sources of intermodulation signal generation.

See Annex B for additional set-up considerations.

6.2

6.2.1 General

Test equipment

Two |signal sources or signal generators with power amplifiers are required "to reaclr the

specified test port power. The combining and diplexing device-may can comprise a circu
hybrigd junction, coupler or filter network.

ator,

The fest set-up self-intermodulation generated (including contribution of the load) should pbe at
least|10 dB below the level to be measured on the DUT. The associated error may be obtained

from|the graph in Figure 3.

The PUT shall be terminated by a load for the specified power if necessary. The recgiving
bandpass filter, tuned for the desired intermodulation signal, is followed by a low noise amplifier

(if required) and a receiver.
See Annex B for additional set-up considerations.

6.2.2 Set-up 1

This pet-up is for measuring the reversg (reflected) IM-product and is therefore suitable forjone-
port and multi-port DUTs. On multi-port DUTs, the unused ports shall be connected to a ljnear

termination. See Annex A for infekmation on low PIM terminations.

a)

b)

c)

d)

e)

Qenerators

The generators shall provide continuous wave (CW) signals of the specified test port power.
They shall have s(fficient frequency stability to-make-sure ensure that the IM-producft can
bge detected properly by the receiver. The generators may be pulsed on and off while tgsting

tq reduce powe&rconsumption.

Q.

ome limitations apply when using pulsed generators. See Annex B for test procgdure
bnsiderations when using equipment with pulsed generators.

S
c
Trarsmit-filters
T

TL-

ey isotate the

£114 [ Al £i14 F a4 4+l ' H ] £ H
IS TMCTo Alc Udliudpdoos THMiCTro tulicu  1tuU Uic partouidal IMMTYUTIIVITO.

generators from each other and filter out the harmonics of f; and f5.

Combining and diplexing device

This device is used for combining the signals f4 and f5, delivering them to the test port and
provides a port for the extraction of the reverse (reflected) signal f}.

Receive-filter

This filter is used for isolating the input of the receiver from the signals f4 and 1, to the extent
that IM-products are not generated within the receiver.

Test port

The DUT is connected to P4. The specified input power shall be at the DUT, with any set-
up loss between the receiver and the DUT compensated for.
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Termination

When a multi-port DUT is measured, the DUT shall be connected to a sufficiently linear
termination (low intermodulation) of suitable power handling capability.

Receiver
The receiver shall be sensitive enough to detect a signal of the expected power level.

The receiver response time shall be sufficiently short to allow acquisition of rapid changes
in amplitude. Sensitivity can be increased by a low noise preamplifier. Frequency stability
shall be sufficient for the proper detection of the IM-signal.

When the PIM measurement result is close to the thermal noise floor of the receiver, the
rgcei TtV ' i i i BW).
Furthermore, by using the averaging mode rather than the max-hold mode, a-fyrther
improvement can be achieved, since the max-hold mode essentially measures the)maximum
thermal noise peak, while the averaging mode results in a measurement that is\closer fo the
RMS value.

This get-up is for measuring the forward (transmitted) IM-product and. is’therefore suitablg only

for two- or multi-port DUTSs.

All components are the same as those of set-up 1, except forthose as noted below:

a)

b)

7

7.1

Combining and diplexing device

W

The extraction-port P3 on this device shall be terminated to prevent reflection of the IM-

signals.

Diplexing device
The signals f1, fo and f, are split to P6,and P7. This device, together with an additional
receive-filter, is used for the extraction.of-the intermodulation signals.

Rreparation of DUT and test equipment

General

The PDUT and test equipment shall be carefully checked for proper power handling range,
frequency range, cleanliness and correct interconnection dimensions. All connector interfaces
shall|be tightened to_the applicable IEC specification or, if none exists, to the manufactyrer’s

recommended specification.
See Annex B-for additional set-up considerations.

7.2

Guidelines for minimizing generation of passive intermodulation

The following guidelines and Table 1 should be considered and adhered to wherever possible.

a)
b)

Non-linear materials should not be used in or near the current paths.

Current densities should be minimized in the conduction paths (e.g. Tx channel), by using
larger conductors.

Minimize metallic junctions, avoid loose contacts and rotating joints.
Minimize the exposure of loose contacts, rough surfaces and sharp edges to RF power.

Keep thermal variations to a minimum, as the expansion and contraction of metals can create
non-linear contacts.

Use brazed, soldered or welded joints if possible, but ensure these joints are good and have
no non-linear materials, cracks, contamination or corrosion.
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g) Avoid having tuning screws or moving parts in the high current paths; if necessary, ensure
all joints are tight and clean, and preferably, free from vibration.

h) Cable lengths in general should be minimized and the use of high quality, low-IM cable is

essential.

i) Minimize the use of non-linear components such as high-PIM loads, circulators, isolators and

semiconductor devices.

j) Achieve good isolation between the high-power transmit signals and the low power receive
signals by filtering and physical separation.

Table 1 — Guide for the design, selection of materials and handling

——of components thatmay cam besusceptive susteptibie to Pivigenerationr—/—

Part, material or procedure

Recommendations

Interfaces

Minimize the total number.

Conrjectors

Minimize the number of connectors used. Use high.quality, low-PIM
connectors mated with proper torque.

Interimetallic connections

Each inter-metallic connection should be €valuated in terms of
criticality for the total PIM level. Methods ‘©f controlling the
performance are high contact pressure .insulation, soldering,
brazing, etc.

Ferrgmagnetic materials

Not recommended (non-linear).

Non-magnetic stainless steel

Not recommended (containsg iren).

Circdlators, isolators and other ferrite
devides

Not recommended.

Sharp edges

Avoid if it results IR high current density.

Termlinations or attenuators

Should be evialuated before use.

Hermetic seals / gaskets

Evaluate before use and avoid ferromagnetic materials.

Printgd circuit boards (PCBs)

Materials, processes and design should all be considered and
evaluated. Use low-PIM materials; be careful with material

impurities, contamination and etching residuals. The copper trage
should be finished to prevent corrosion.

Dissimilar metals

Not recommended (risk of galvanic corrosion).

Dielgctric material

Use clean, high quality material. Ensure it does not contain
electrically conductive particles.

MacHhined dielectric materials

Use clean non-contaminated tools for machining.

Welded, soldered or brazed/joints

Well executed and thoroughly cleaned, they provide satisfactory
results. Shall be carefully inspected.

Carbpn fibre epoxy composite (CFEC)

Generally acceptable for use in reflector and support structures
provided the fibres are not damaged. Should be evaluated if hig
flux density (e.g. > 10 mW /cm?) is expected.

=

Stanglard multilayer thermal blankets
madg ef‘zacuum deposited aluminium

Special design required.

(VD ) o b;c\/\;a“y ortented pu:ycthy:cllc

terephthalate film or polyimide film

Cleanliness

Maintain clean and dry surfaces.

Plating

The thickness of the plating should be at least three times greater
than the skin depth of the wave resulting from the skin effect at the
lowest relevant frequency.
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8 Test procedure

Table 2 gives certain conditions for test set-up 1 and test set-up 2.

Table 2 — Test set-up conditions

Test set-up 1 Test set-up 2

The set-up shall be verified for correct signal levels applied to the DUT. For mobile communication systems, it is
generally recommended to use 2 x 20 W (43 dBm) at the test port of the DUT, unless otherwise specified. Other
systems-may can require different power levels (higher or lower). See Annex B for heating effect considerations.

The griTTTTOTTTTOMDET Of tEStfTEqUenCies and/oT {TEqUeNTy Spacimyg shratt e specified:

For Ipwest measurement uncertainty, the receiver shall be calibrated at the expected IM-level with a calibratgd
signdl-source as indicated in Figure 1 and Figure 2.

The fermination shall be connected directly to the test P5 of the diplexing device shall be connected diregtly
port P4 and the self-intermodulation level of the set-up | to P4 of the combining and summing(device and the
recorded. self-intermodulation level of the set-up recorded.

For Ipw measurement uncertainties, the level of self-intermodulation should be at least A0.dB below the spegified
valuq for the DUT.

Test the DUT as given in the specific set-up and procedure in the appropriate test set-up.

An a

iditional mechanical shock test may be carried out during the test sequence.

9 H

9.1

Reporting

Results

The |nput power at individual frequencies should be specified. The values of f; and f, should

be sy
The

9.2

The
refer

Then

EXAMPLE:

f1=9
P(f}) 7

ecified.
PIM level and frequency should be'specified.

Example of results

result is expressed as.an absolute magnitude in dBm or relative magnitude in
enced to the power of a single carrier.

elationship between a measured IM5 value of =120 dBm can be converted to dBc as fo

6 MHz5/3-= 958 MHz, fiM, = 914 MHz
P(f5)= 20 W (+43 dBm) IM, = ~163 dBc (120 dBm)

dBc,

lows:

10 Measurement error

The measurement uncertainty can be calculated by the following formula:
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RSS = \/[(M)z +(0By, )2 + (5Pg )2 + (5D)1

where

0A is the uncertainty of the attenuator;

0P, is the uncertainty of the power meter;

6Pg is the uncertainty of the generator 3;

oD is the uncertainty due to the difference between self-intermodulation of the test bench

and intermodulation of the DUT (taken from Figure 3).

Mismatch errors are not included in the given formula.

Combining and
Qenerator Transmit filter diplexing device
12

~~ P1
f1 : ) & Terminatipn
P4 n-port DUT et
P2

Receive filter & T, -

Receiver

.

For calibration only Ec

Figure 1 — Set-up 1: reverse IM-test set-up
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Combining and
Generator  Transmit  diplexing device 1 Diplexing device
12 filter

1, L {P1
1@' % Termination

P4 n-port DUT ~————— P5 P7

Oxakink | ?
P3 ! !

P6

Receive filter %

% Receive filter

Attenuator

Termination

Power @ Generator3 @ Receiver
meter

- AN 4 flM

For calibration only

Jm

IEC

Figure 2 — Set-up 2: forward IM-test set-up
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(true PIM) — (system PIM) (dB)
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—&— Measurement error (dB) when PIMs add

—®— Measurement error (dB)'whén PIMs subtract Zero-errof line

IEC

Figure 3 — Passive intermodulation (RIM) measurement error caused
by residual system error
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Annex A
(informative)

Configuration of low-PIM termination

A.1 General

Annex A provides information on low-PIM terminations.

A.2 | Configuration of low-PIM terminations

A.2.1 Long cable termination

High{PIM terminations—may can often consist of resistive materials. Therefore, long cqaxial
cablgs are used as a low-PIM termination (see Figure A.1). The following iguidelines are [in no
parti¢ular order of significance but should be considered and adhered toAwvherever possiblg.

a) Ajoid braided cables. Cables with a single centre conductor_should be used. Semitrigid
bbles would be a good choice from the practical viewpoint.

o

b) Aloid using cables with high-PIM materials and high-PIM platihg. Plating with silver apd tin
would be a good choice. Plating should be sufficiently thicker than the skin depth at the lgwest
f

yndamental frequency.

seamless cable configuration is the best for.ferminations because minimizing ciable-
bnnection is essential to achieve low-PIM. When the termination is composed of several
hort cables, the longest one should be used at\the nearest side to the DUT.

c)

hoose the cable length sufficient for power absorption at the lowest fundamental freqyency

A
c
s

d) Choose the cable with sufficient power-handling capability.
G
copnsidering the isolation performance between the receive signals and transmit signal$.
U

se a connector with low-PIM characteristics.

Gennector [ |—  Linear attenuator

ex: long semirigid cable

IEC 951/12

[ — Linear attenuator

ex: long semi-rigid cable

Connector
IEC

Figure A.1 — Long cable termination

A.2.2 Lumped termination with a linear attenuator

A low-PIM cable can be considered as a linear attenuator. The combination of the linear
attenuator and a high-PIM lumped load as shown in Figure A.2 may be used as a low-PIM
termination. The following procedure is presented for designing a low-PIM termination.
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a) Measure the PIM characteristics of the lumped termination as a function of the fundamental

power and determine the PIM-increase ratio X[dB].
b) Determine the required attenuation of the linear attenuator X_[dB] using the formula:

PlMygrm = PIMepp « X +1)X ¢

Yierm = Yool — (X +1) X¢

c) Design the required length of the cable for the linear attenuator using the following formula:

Xe =axly,
where
AMgpp, - YrpoL is the PIM of the lumped termination for P,,, in dBm;
AMicrm Yierm is the PIM level required for the low-PIM termination in dBm;
X is the PIM increase against the 1 dB increase of each input tone, in dB;
X is the attenuation of the linear attenuator, in dB;

T

is the attenuation ratio of the cable, in dB/m;

~

h is the cable length, in m.

Connector [ |—  Linear attenuator /\/\/\/\/\

|l umnead

__________________________________

[ Linearattenuator

Lumped
termination

L o ey Connector
IEC

Figure A.2 — Lumped termination with a linear attenuator
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B.1

Annex B
(informative)

Test procedure considerations

General PIM variation versus frequency

Due to the phase interaction of the connectors and the length of the transmission line when
measured in the reverse (reflected) mode the frequency at which maximum PIM occurs within

the
maxi

B.2

An a

nd-caon ok oo g :r'\n” ba daotormina d _Thao follovaina mathoade oo, b aond o0 doatase

o oarvary oo oo Do gotoT o T11o |u||uvvn|3 ot TotS |||uy [SAvERv EeAvAY pa A anv ava g v |

mum PIM.

Stepped frequency sweep method

ccepted method of sweeping is to fix f; at the low end of the transmit band and step-

down|, starting at the top of the band for all combination of frequencies,that result in IM i

recei

e band. If desired, this procedure can be reversed by fixing-F4 f5 at the highest frequ

in thg transmit band and then stepping-F2 f; up, starting at the bottom“of the band.

B.3

Asse

Fixed frequency method

mblies of varying lengths-shall can be made to ensure that the PIM adds in phase. Asse

two additional DUTs. The first one is to be 16 longér and the second one is to be A/3 Iq
at thg receive frequency of test. The PIM of the threg*assemblies is measured to determine

DUT

exhibits maximum PIM. Fhe-impact-testisto-be performed-on-this DUT-

A multiple fixed frequency may be used intlieu of varying the cable length.

B.4

Dynamic PIM testing

A fixg¢d frequency, non-puls€d)PIM test equipment provides the highest probability of dete
of sHort duration PIM eyenis when performing dynamic tests. Multiple dynamic impact
recolnmended when using*pulsed PIM test equipment or when sweeping the test generatq
imprgve the probability_of PIM event detection.

B.5

The
chan

characteristic of the PIM source. utilizing non-pulsed FIM analyzers, implementing longer

Heating effects

aghitude of PIM generated by a PIM source can change as the temperature of the
es/ The PIM magnitude can increase or can decrease depending on the phy

mine

2 /1
n the
ency

mble
nger
vhich

ction
5 are
rs to

DUT
sical

test

durations and testing at higher power levels will impart higher average power into the DUT and
can more accurately simulate heating effects in high-power mobile communications systems.
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1

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote intern
coloperation on all questions concerning standardization in the electrical and electronic fields | o this er
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical R4
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG, Publication(s)”).

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested in the subject deglt with

may participate in this preparatory work. International, governmental and non-goverpmental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with the“international Organizat
Standardization (ISO) in accordance with conditions determined by agreement.betWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
cohsensus of opinion on the relevant subjects since each technical ommittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible forythe way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢g
anly IEC Publication and the corresponding national or'regional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certificatioh bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)'and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)Normative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

aising
on for
bns.

tional
bm  all

tional
bf IEC
r any

ations
tween
latter.

pormity
r any

s and
hge or
) and
r lEC

bns is

patent

IEC $2037=1has been prepared by IEC technical committee 46: Cables, wires, waveguide
conngectors, RF and microwave passive components and accessories. It is an Interna
Standard’

5, RF
ional

This second edition cancels and replaces the first edition published in 2012. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)
b)

c)

clarification added that test equipment may utilize pulsed generators to reduce power

consumption;

heating effect differences in the device under test noted in Annex B for tests conducted

using pulsed generators;

guidance added in Annex B to improve probability of detection of short duration PIM events

while dynamic testing.
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The text of this International Standard is based on the following documents:

Draft Report on voting

46/834/FDIS 46/855/RVD

2021

Full information on the voting for its approval can be found in the report on voting indicated in

the a

The |

bove table.

anguage used for the development of this International Standard is English.

This
acco

document was drafted in accordance with ISO/IEC Directives, Part 2, and develep
dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement).ava

ed in
lable

at wyvw.iec.ch/members_experts/refdocs. The main document types developed\by IECG are
descfibed in greater detail at www.iec.ch/standardsdev/publications.
This |nternational Standard is to be used in conjunction with IEC 62037 (all parts).
A listl of all the parts in the IEC 62037 series, published under the general title Passive Rk and
micrawave devices, intermodulation level measurement, can be found on the IEC website|
The ¢ommittee has decided that the contents of this document'will remain unchanged unfil the
stability date indicated on the IEC website under webstofe:iec.ch in the data related tp the
spec|fic document. At this date, the document will be
e rg¢confirmed,
e withdrawn,
e r¢placed by a revised edition, or
e amended.
IMPORTANT - The "colour\inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

Scope

part of IEC 62037 deals with the general requirements and measuring method

intermodulation (IM) level measurement of passive RF and microwave components,-whic

be ¢

The

dused by the presence of two or more transmitting signals.

methpds required to characterize the level of unwanted IM signals using twoltransmitting si

The

EC 62037 series addresses the measurement of PIM, but does wot cover the long

reliability of a product with reference to its performance.

2

The

Normative references

following documents are referred to in the text in sdch a way that some or all of their co

constitutes requirements of this document. For datedeferences, only the edition cited ap

5 for
h can

est procedures given in this document give the general requirements and measurement

jnals.

term

htent
blies.

For pndated references, the latest edition ofithe referenced document (including| any
amendments) applies.

IEC 62037 (all parts), Passive RF and microwave devices, intermodulation level measurement
3 Terms, definitions and abbreviated terms

3.1 | Terms and definitions

No tgrms and definitions‘are listed in this document.

ISO Ind IEC maintain terminological databases for use in standardization at the follqwing
addresses:

e |HC Electropedia: available at http://www.electropedia.org/

e 13$0,Q0nline browsing platform: available at http://www.iso.org/obp

3.2 —Abbreviatedterms

CATV  Community antenna television

CFE
Cw

C Carbon fibre epoxy composite
Continuous wave

DUT Device under test

IM

Intermodulation

PCB Printed circuit board

PIM

Passive intermodulation

RBW Resolution bandwidth
VDA Vacuum deposited aluminium
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4 Characteristics of intermodulation products

PIM interference is caused by sources of non-linearity of mostly unknown nature, location and
behaviour. A few examples are inter-metallic contacts, choice of materials, corrosion products,
dirt, etc. Most of these effects are subject to changes over time due to mechanical stress,
temperature changes, variations in material characteristics (cold flow, etc.) and climatic
changes.

The generation of intermodulation products originates from point sources inside a DUT and
propagates equally in all available directions.

The generation of passive intermodulation (PIM) products does not necessarily follow~the law
of thg usual non-linear equation of quadratic form. Therefore, accurate calculation\to pther
powdr levels causing the intermodulation is not possible and PIM comparisons sheuld be fnade
at th¢ same power level.

Furtermore, PIM generation can be frequency dependent. When PIM generation is freqyency
depehdent, the PIM performance shall be investigated over the specified\frequency band.

5 Principle of test procedure

Test [signals of frequencies f; and f, with equal specified tést*port power levels are combined

and fed to the DUT. The test signals should contain a lklarmonic or self-intermodulation dignal
levellat least 10 dB lower than the expected level genérated in the DUT.

The PIM is measured over the specified frequencgy'range. The intermodulation products of prder
(2f1 £ f5), (2f5 £ f4), etc., are measured.

In mpst cases, the third order intermodulation signals represent the worst-case conditipn of
unwgnted signals generated; therefore} the measurement of these signals characterizeg the
DUT |in a sufficient way. However, the test set-ups given in Clause 6 are suitable for measpuring
othell intermodulation products.

In other systems (such as CATV), the third order may not be as applicable in characterizing the
DUT

Intermodulation can.be measured in the reverse and forward direction. Reverse and foqward
refer|to the direction’ of propagation of the most powerful carrier.

6 Test-set-up

6.1 General

Experience shows that the generation of intermodulation products originates from point sources
inside a device under test (DUT) and propagates equally in all available directions. Therefore,
either the reverse (reflected) or the forward (transmitted) intermodulation signal can be
measured.

Two different test set-ups are described in Figure 1 and Figure 2 and are for reference only.
Other topologies are possible.

Set-up 1 is for measuring the reverse (reflected) intermodulation signal only, and set-up 2 is for
measuring the forward (transmitted) intermodulation signal. The measurement method (reverse
or forward) is dependent upon the DUT. The set-ups may be assembled from standard
microwave or radio link hardware selected for this particular application. All components shall
be checked for lowest self-intermodulation generation.
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Experience shows that devices containing magnetic materials (circulators, isolators, etc.) can
be prominent sources of intermodulation signal generation.

See Annex B for additional set-up considerations.

6.2

Test equipment

6.2.1 General

Two signal sources or signal generators with power amplifiers are required to reach the
specified test port power. The combining and diplexing device can comprise a circulator, hybrid

junct[on, coupler or Tilter network.

The fest set-up self-intermodulation generated (including contribution of the load) should pe at
least|10 dB below the level to be measured on the DUT. The associated error may‘be obtained

from|the graph in Figure 3.

The PUT shall be terminated by a load for the specified power if necéssary. The recgiving
bandpass filter, tuned for the desired intermodulation signal, is followed by a low noise amplifier

(if required) and a receiver.
See Annex B for additional set-up considerations.

6.2.2 Set-up 1

This pet-up is for measuring the reverse (reflected) INI*product and is therefore suitable forfone-
port and multi-port DUTs. On multi-port DUTs, thesunused ports shall be connected to a ljnear

termination. See Annex A for information on low*PIM terminations.

a)

b)

d)

Qenerators

The generators shall provide continuous wave (CW) signals of the specified test port power.
hey shall have sufficient frequeney stability to ensure that the IM-product can be deté¢cted
rfoperly by the receiver. The generators may be pulsed on and off while testing to rgduce
bwer consumption.

ome limitations apply when using pulsed generators. See Annex B for test procgdure
bnsiderations when using equipment with pulsed generators.

he filters are (bandpass filters tuned to the particular frequencies. They isolatg¢ the
enerators from.each other and filter out the harmonics of f4 and f.
ombining and diplexing device

his device is used for combining the signals f; and f5, delivering them to the test porf and

T
p
p
S
c
Transmit-filters
T
9
G
T
pfovides a port for the extraction of the reverse (reflected) signal f).

Receive-filter

This filter is used for isolating the input of the receiver from the signals f4 and 1, to the extent
that IM-products are not generated within the receiver.

Test port

The DUT is connected to P4. The specified input power shall be at the DUT, with any set-
up loss between the receiver and the DUT compensated for.

Termination

When a multi-port DUT is measured, the DUT shall be connected to a sufficiently linear
termination (low intermodulation) of suitable power handling capability.
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Receiver
The receiver shall be sensitive enough to detect a signal of the expected power level.

The receiver response time shall be sufficiently short to allow acquisition of rapid changes
in amplitude. Sensitivity can be increased by a low noise preamplifier. Frequency stability
shall be sufficient for the proper detection of the IM-signal.

When the PIM measurement result is close to the thermal noise floor of the receiver, the
receiver sensitivity can be improved by reducing the resolution bandwidth (RBW).
Furthermore, by using the averaging mode rather than the max-hold mode, a further
improvement can be achieved, since the max-hold mode essentially measures the maximum
thermal noise peak, while the averaging mode results in a measurement that is closer to the
RS Vvalue.

This get-up is for measuring the forward (transmitted) IM-product and is therefofe suitablg only

for two- or multi-port DUTSs.

All components are the same as those of set-up 1, except for those asnoted below:

a)

7

7.1

CGombining and diplexing device

1%

The extraction-port P3 on this device shall be terminated,to prevent reflection of the IM-

sf{gnals.

Diplexing device
The signals f4, /> and f,, are split to P6 and P7.(This device, together with an addifional
re¢ceive-filter, is used for the extraction of the intetmodulation signals.

Rreparation of DUT and test equipment

General

The DPUT and test equipment shall-be carefully checked for proper power handling range,
frequency range, cleanliness and, correct interconnection dimensions. All connector interfaces
shall|be tightened to the applicable IEC specification or, if none exists, to the manufactyrer’s

recommended specification.

See Annex B for additienal set-up considerations.

7.2

Guidelines'\for minimizing generation of passive intermodulation

The following guidelines and Table 1 should be considered and adhered to wherever possible.

a)
b)

Non-linéar materials should not be used in or near the current paths.

Clurrent densities should he minimized in the conduction Inslfhe (p g Tx Phannpl)1 hy lsing
larger conductors.

Minimize metallic junctions, avoid loose contacts and rotating joints.
Minimize the exposure of loose contacts, rough surfaces and sharp edges to RF power.

Keep thermal variations to a minimum, as the expansion and contraction of metals can create
non-linear contacts.

Use brazed, soldered or welded joints if possible, but ensure these joints are good and have
no non-linear materials, cracks, contamination or corrosion.

Avoid having tuning screws or moving parts in the high current paths; if necessary, ensure
all joints are tight and clean, and preferably, free from vibration.

Cable lengths in general should be minimized and the use of high quality, low-IM cable is
essential.
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i) Minimize the use of non-linear components such as high-PIM loads, circulators, isolators and
semiconductor devices.

j) Achieve good isolation between the high-power transmit signals and the low power receive
signals by filtering and physical separation.

Table 1 — Guide for the design, selection of materials and handling
of components that can be susceptible to PIMgeneration

Part, material or procedure Recommendations

Interfaces Minimize the total number.

COnl Ubtulb IlV‘:;II;III;LU t:IU IIUIIIILIUI Uf \.:UIIIIU\.:tUID UDC\J. UDU :IIy:I quailty, :UVV' IM
connectors mated with proper torque.

Interimetallic connections Each inter-metallic connection should be evaluated in tefmsvof
criticality for the total PIM level. Methods of controlling the
performance are high contact pressure, insulation, soldering,
brazing, etc.

Ferrqmagnetic materials Not recommended (non-linear).

Non-magnetic stainless steel Not recommended (contains iron).

Circylators, isolators and other ferrite Not recommended.

devides

Sharp edges Avoid if it results in high current\density.

Termiinations or attenuators Should be evaluated before. use.

Hermletic seals / gaskets Evaluate before use and avoid ferromagnetic materials.

Printgd circuit boards (PCBs) Materials, processes\and design should all be considered and
evaluated. Use low=PIM materials; be careful with material
impurities, contamination and etching residuals. The copper trage
should be finished to prevent corrosion.

Dissimilar metals Not recomurended (risk of galvanic corrosion).

Dielgctric material Use_clean, high quality material. Ensure it does not contain
eleetrically conductive particles.

Machined dielectric materials Use clean non-contaminated tools for machining.

Welded, soldered or brazed joints Well executed and thoroughly cleaned, they provide satisfactory
results. Shall be carefully inspected.

Carbpn fibre epoxy composite (CFEC) Generally acceptable for use in reflector and support structures
provided the fibres are not damaged. Should be evaluated if high
flux density (e.g. > 10 mW /cm?) is expected.

Stanglard multilayer thermal blankets Special design required.

madg of vacuum depesitéd aluminium

(VDA) on biaxially-otiented polyethylene

terephthalate filmor polyimide film

Cleapliness Maintain clean and dry surfaces.

Plating The thickness of the plating should be at least three times greafer
than the skin depth of the wave resulting from the skin effect at|the
lowest relevant frequency.

8 Test procedure

Table 2 gives certain conditions for test set-up 1 and test set-up 2.



https://iecnorm.com/api/?name=e431079040131a1e079b942afc9c1c11

-10 - IEC 62037-1:2021 © IEC 2021

Table 2 — Test set-up conditions

Test set-up 1 Test set-up 2

The set-up shall be verified for correct signal levels applied to the DUT. For mobile communication systems, it is
generally recommended to use 2 x 20 W (43 dBm) at the test port of the DUT, unless otherwise specified. Other
systems can require different power levels (higher or lower). See Annex B for heating effect considerations.

The minimum number of test frequencies and/or frequency spacing shall be specified.

For lowest measurement uncertainty, the receiver shall be calibrated at the expected IM-level with a calibrated
signal-source as indicated in Figure 1 and Figure 2.

The termination shall be connected directly to the test P5 of the diplexing device shall be connected directly
port P4 _and the self-intermodulation level of the set-up to P4 of the combining and summing device and t

recofided. self-intermodulation level of the set-up recorded!

For Ipw measurement uncertainties, the level of self-intermodulation should be at least 10 dB below the‘spegified
valug for the DUT.

Testthe DUT as given in the specific set-up and procedure in the appropriate test set-up.

An aglditional mechanical shock test may be carried out during the test sequence.

9 Reporting

9.1 Results

The |nput power at individual frequencies should be specified. The values of f; and f, should
be specified.

The PIM level and frequency should be specified.

9.2 | Example of results

The fesult is expressed as an absolute magnitude in dBm or relative magnitude in|dBc,
referenced to the power of a single carrier.

The rfelationship between a measured IM5 value of =120 dBm can be converted to dBc as follows:

EXAMPLE:
f, = 936 MHz, /, = 958 MHZ, M, = 914 MHz

P(f,) 4 P(f,) = 20 W (+43-dBm) IM, = ~163 dBc (120 dBm)

10 Measurement error

The rlneasurement uncertainty can be calculated by the following formula:

RSS = \/{(5/1)2 + (0B 2 +(oRy) + (51))2}

where

04 is the uncertainty of the attenuator;

0P, is the uncertainty of the power meter;

5Pg is the uncertainty of the generator 3;

oD is the uncertainty due to the difference between self-intermodulation of the test bench

and intermodulation of the DUT (taken from Figure 3).

Mismatch errors are not included in the given formula.
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Figure 1 — Set-up 1: reverse IM-test set-up
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Figure 2 — Set-up 2: forward IM-test set-up
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—4&— Measurement error (dB) when PIMs add

—®— Measurement error (dB) when PIMs subtract Zero-errof line

IEC

Figure 3 — Passive intermodulation (PIM) measurement error caused
by residual-system error
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A1

Annex A
(informative)

Configuration of low-PIM termination

General

Annex A provides information on low-PIM terminations.

A.2

A.2.1
High-
areu
ordet

a) A

o

b)

c)

A.2.2

Configuration of low-PIM terminations

Long cable termination

PIM terminations can often consist of resistive materials. Therefore, lang’coaxial ¢
5ed as a low-PIM termination (see Figure A.1). The following guidelines.are in no parti
of significance but should be considered and adhered to wherever possible.

void braided cables. Cables with a single centre conductor_should be used. Semi
hbles would be a good choice from the practical viewpoint.

void using cables with high-PIM materials and high-PIM pglating. Plating with silver a
ould be a good choice. Plating should be sufficiently thicker than the skin depth at the Iq
ndamental frequency.

seamless cable configuration is the best for.ferminations because minimizing ¢
bnnection is essential to achieve low-PIM. When the termination is composed of se
hort cables, the longest one should be used at\the nearest side to the DUT.

hoose the cable with sufficient power-handling capability.

hoose the cable length sufficient for power absorption at the lowest fundamental frequ
bnsidering the isolation performance between the receive signals and transmit signal

se a connector with low-PIM characteristics.

[} Linear attenuator

ex: long semi-rigid cable

Connector
IEC

Figure A.1 — Long cable termination

bbles
cular

Lrigid

nd tin
west

able-
veral

ency

Lumped termination with a linear attenuator

A low-PIM cable can be considered as a linear attenuator. The combination of the linear
attenuator and a high-PIM lumped load as shown in Figure A.2 may be used as a low-PIM

termi

nation. The following procedure is presented for designing a low-PIM termination.

a) Measure the PIM characteristics of the lumped termination as a function of the fundamental
power and determine the PIM-increase ratio X[dB].

b) D

etermine the required attenuation of the linear attenuator X [dB] using the formula:

Yierm = YRDL _(X+1)Xc

c) Design the required length of the cable for the linear attenuator using the following formula:
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Xe = axly
where
YrpL is the PIM of the lumped termination for P,,, in dBm;
Yierm is the PIM level required for the low-PIM termination in dBm;
X is the PIM increase against the 1 dB increase of each input tone, in dB;
X is the attenuation of the linear attenuator, in dB;
a is the attenuation ratio of the cable, in dB/m;
/ is the cable length, in m.

__________________________________

[ Linearattenuator

Lumped
termination

L o ey Connector
IEC

Figure A.2 — Lumped termination with a linear attenuator
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B.1

Annex B
(informative)

Test procedure considerations

PIM variation versus frequency

Due to the phase interaction of the connectors and the length of the transmission line when
measured in the reverse (reflected) mode, the frequency at which maX|mum PIM occurs within

nd-can vk Thao followina mathoada oy, bha ond ta Aotaroaina oo oo, MmN

the ba

B.2

An ad

starti
band

trans|

B.3

Asse
addit

the rgceive frequency of test. The PIM of the three;assemblies is measured to determine v

DUT

A multiple fixed frequency may be used in lieu of varying the cable length.

B.4

pRe-cah vary - o Tromowimg e tmots oy ot ooC U tToO—CCTCT T T e oA o T v

Stepped frequency sweep method
cepted method of sweeping is to fix f; at the low end of the transmit band and step f;

hg at the top of the band for all combination of frequencies that result in’IM in the re
If desired, this procedure can be reversed by fixing f, at the highest frequency i

mit band and then stepping f; up, starting at the bottom of the band.

Fixed frequency method

onal DUTs. The first one is to be 16 longer and the second one is to be 1/3 long

exhibits maximum PIM.

Dynamic PIM testing

of s
reco
imprd

B.5

The magnitude of PIM generated by a PIM source can change as the temperature of the

chan

A fixid frequency, non-pulsed:-RIM test equipment provides the highest probability of dete

ort duration PIM events ywhen performing dynamic tests. Multiple dynamic impact
mended when using pulsed PIM test equipment or when sweeping the test generatg
ve the probability ofiPIM event detection.

Heating effects

pes\_The PIM magnitude can increase or can decrease depending on the phy

char

cteristic of the PIM source. Utilizing non-pulsed PIM analyzers, implementing longe

qown,

Ceive
h the

mblies of varying lengths can be made to ensure that'the PIM adds in phase. Assemblg¢ two

er at
vhich

ction
5 are
rs to

DUT
sical
 test

durations and testing at higher power levels will impart higher average power into the DU

and

can more accurately simulate heating effects in high-power mobile communications systems.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS RF ET A MICRO-ONDES PASSIFS,
MESURE DU NIVEAU D’INTERMODULATION -

Partie 1: Exigences générales et méthodes de mesure
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AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatign"com
I’ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC ‘a\pour oH
oriser la coopération internationale pour toutes les questions de normalisation dans. les domain
ectricité et de I'électronique. A cet effet, '|[EC — entre autres activités — publie des Ngrmes internatio
5 Spécifications techniques, des Rapports techniques, des Spécifications accessibles au“public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a4des*comités d’étude
vaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
ernationales, gouvernementales et non gouvernementales, en liaison avec I'[ECy/ participent égaleme
vaux. L'IEC collabore étroitement avec I’Organisation Internationale de.‘Narmalisation (ISO), selo)
hditions fixées par accord entre les deux organisations.

5 décisions ou accords officiels de I'|EC concernant les questions techhiques représentent, dans la mes
5sible, un accord international sur les sujets étudiés, étant donné quefes/Comités nationaux de I'lEC inté
ht représentés dans chaque comité d’études.

5 Publications de I'lEC se présentent sous la forme de rec@mmandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qud
ssure de I'’exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
entuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

ns le but d’encourager I'uniformité internationale, les*Comités nationaux de I'lEC s’engagent, dans tg
sure possible, a appliquer de fagon transparente_les Publications de I'lEC dans leurs publications nati
régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications national
ionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

EC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépet
rnissent des services d’évaluation de™eonformité et, dans certains secteurs, accédent aux marqu
hformité de I'IEC. L'IEC n’est responsable d’aucun des services effectués par les organismes de certifi
épendants.

cune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
ompris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de
ur tout préjudice cause.en cas de dommages corporels et matériels, ou de tout autre dommage de q
ure que ce soit, directe’ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
coulant de la publication ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de|
au crédit qui lui\est accordé.

ttention est attirée sur les références normatives citées dans cette publication. L’utilisation de publid
érencées'est obligatoire pour une application correcte de la présente publication.

us les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.
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its debrevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de b

connecteurs, composants passifs pour micro-onde et accessoires. Il s’agit d'une N
internationale.

ttentionest attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'oljj

des,
orme

Cette seconde édition annule et remplace la premiére édition parue en 2012. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I’édition
précédente:

a)
b)

c)

ajout d’une clarification au fait que le matériel d’essai peut utiliser des générateurs a
impulsions pour réduire la consommation de puissance;

description des différences d’effet de chauffage sur le dispositif en essai a ’Annexe B dans
les essais réalisés avec des générateurs a impulsions;

ajout de recommandations a I’Annexe B pour améliorer la probabilité de détection

d

‘événements d’'intermodulation passive de courte durée lors des essais dynamiques.
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DISPOSITIFS RF ET A MICRO-ONDES PASSIFS,
MESURE DU NIVEAU D’INTERMODULATION -

Partie 1: Exigences générales et méthodes de mesure

1 Domaine d’application

La présente partie de I'l|EC 62037 est applicable aux exigences générales et aux méthodes de

mesuy
étre

Les g
et les
indéq

La sé§
fiabil
2 F

Les ¢
de g
I’édit
référ

re du niveau d’'intermodulation (IM) des composants RF et a micro-ondes passifs, qui
brovoquée par la présence de deux ou plusieurs signaux d’émission.

irables a I'aide de deux signaux d’émission.

té a long terme des produits par rapport a ses performances.

Références normatives

ur contenu, des exigences du présent document. Pour les références datées,
on citée s’applique. Pour les références non.datées, la derniére édition du docume
bnce s’applique (y compris les éventuels amenhdements).

IEC 62037 (toutes les parties), Dispositifs ‘RF et a micro-ondes passifs, mesure du n

d’intd

3 1

3.1

Aucu

L’1Sd
en n(

B

[«

(v

rmodulation

'ermes, définitions et termes abrégés

Termes et définitions

n terme n’est définikdans le présent document.

et I'lEC tiennent a jour des bases de données terminologiques destinées a étre util
rmalisatiops-consultables aux adresses suivantes:

EC Electropedia: disponible a I'adresse http://www.electropedia.org/

6O Online browsing platform: disponible a 'adresse http://www.iso.org/obp

peut

rocédures d’essai présentées dans le présent document donnent les exigences générales
méthodes de mesure exigées pour caractériser le niveau des signaux diintermodullation

rie IEC 62037 porte sur la mesure de I'intermodulation passive (PIM); mais ne couvre pas la

ocuments suivants sont cités dans le texte de sorté. qu’ils constituent, pour tout ou partie

seule
ht de

veau

sées

3.2

Termes abrégés

CATV  Community antenna television (antenne communautaire)

CFEC Carbon fibre epoxy composite (composite époxy en fibres de carbone)

Cw
DUT
IM
PCB
PIM
RBW
VDA

Continuous wave (onde entretenue)

Device under test (dispositif en essai)

Intermodulation

Printed circuit board (carte a circuit imprimé)

Passive intermodulation (intermodulation passive)
Resolution bandwidth (largeur de bande de résolution)
Vacuum deposited aluminium (aluminium déposé sous vide)
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4 Caractéristiques des produits d’intermodulation

Les perturbations dues a l'intermodulation passive sont provoquées par des sources de
non-linéarité de nature, d’emplacement et de comportement le plus souvent inconnus, par
exemple les contacts intermétalliques, le choix des matériaux, les produits corrosifs, la saleté,
etc. La plupart de ces effets sont sujets a des modifications dans le temps du fait de contraintes
mécaniques, de variations de température, de modifications des caractéristiques des matériaux
(fluage a froid, etc.), de variations climatiques, etc.

La génération de produits d’intermodulation provient de sources ponctuelles situées a I'intérieur
ispositif en essai. et ces produi e propagent de facon uniforme dans toutes les

La génération de produits d’intermodulation passive (PIM) ne suit pas nécessairement la loi de
I’équption non linéaire habituelle de forme quadratique. De ce fait, un calcul précis a d’autres
nivedux de puissance provoquant I'intermodulation n’est pas possible, et il convient d’effefctuer
des gomparaisons de l'intermodulation passive au méme niveau de puissance.

De plus, la génération de I'intermodulation passive peut dépendre de la-fréquence. Lorsque la
génération de [lintermodulation passive dépend de la fréquence, la performance¢ de
I'intefmodulation passive doit étre examinée sur la bande de fréquences spécifiée.

5 Principe de procédure d’essai

Les gignaux d’essai de fréquences f; et f, & des niveaux’de puissance au niveau du port d’essai

spécifiés égaux sont combinés et délivrés au dispositif en essai. Il convient que les signaux
d’esdai contiennent au moins un niveau de signal d’auto-intermodulation ou d’harmoniqye de
10 dB inférieur au niveau prévu généré danscée“dispositif en essai.

L’'intgrmodulation passive est mesurée(sur la plage de fréquences spécifiée. Les prdduits
d’intgrmodulation d’ordre (2f; % f5), (2f5 £ f4) etc., sont mesurés.

Dang la plupart des cas, les.Sighaux d’intermodulation de troisieme ordre représentgnt la
condj|tion la plus défavorable des signaux indésirables générés; de ce fait, la mesure d¢ ces
signdux caractérise le dispositif en essai de maniére suffisante. Cependant, les monfages
d’esdai présentés a I'Article 6 sont adaptés aux mesures d’autres produits d’'intermodulation.

Dang d’autres systémes (tels que CATV), le 3¢ ordre peut ne pas étre approprié daps la
caragtérisation/du dispositif en essai.

L’intgrmaodulation peut étre mesurée dans le sens inverse et dans le sens direct. Le sens inyerse
et le sensdirect font référence au sens de propagation de la porteuse la plus puissante.

6 Montage d’essai

6.1 Généralités

L’expérience montre que la génération de produits d’intermodulation provient de sources
ponctuelles situées a I'intérieur d’'un dispositif en essai (DUT), et que ces produits se propagent
de fagon uniforme dans toutes les directions disponibles. Par conséquent, il est possible de
mesurer le signal d’intermodulation, soit inverse (réfléchi), soit direct (émis).

Deux différents montages d’essai sont décrits a la Figure 1 et a la Figure 2, et servent
uniquement de référence. D’autres topologies sont possibles.
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Le montage 1 a pour but de mesurer uniquement le signal d’intermodulation inverse (réfléchi),
et le montage 2 a pour but de mesurer le signal d’intermodulation direct (émis). La méthode de
mesure (inverse ou directe) dépend du dispositif en essai. Les montages peuvent étre
assemblés a partir d’'un matériel normalisé pour une liaison radioélectrique ou pour un faisceau
hertzien sélectionné pour cette application spécifique. Tous les composants doivent faire I'objet
d’une vérification ayant trait a la génération d’auto-intermodulation la plus faible.

L’expérience prouve que les dispositifs contenant des matériaux magnétiques (circulateurs,
isolateurs, etc.) peuvent étre des sources prédominantes de génération de sig
d’intermodulation.

L’Anfexe B donne des considérations de montage supplémentaires.

6.2

6.2.

Deux sources de signaux ou générateurs de signaux a amplificateurs de puissance sont ex
pour |atteindre la puissance d’essai spécifiée au niveau du port. Le (dispositif mélange]
diplekeur peut comprendre un circulateur, une jonction hybride, un-,coupleur ou un résea
filtreg.

Il convient que l'auto-intermodulation générée par le montage d“€ssai (y compris la contrib
de lalcharge) soit d’au moins 10 dB en dessous du niveau@mesurer sur le dispositif en ¢
L’err¢ur associée peut étre obtenue a partir du graphique de la Figure 3.

Le digpositif en essai doit étre terminé par une charge pour la puissance spécifiée, si néces
Le filtre passe-bande de réception, accordé pourile signal d’intermodulation désiré, est
par un amplificateur de faible bruit (si cela est@xigé) et un récepteur.

L’Annexe B donne des considérations deg-montage supplémentaires.

6.2
Ce

adapgé pour des dispositifs en’ essai a un port et a plusieurs ports. Sur les dispositifs en
a pldsieurs ports, les ports non utilisés doivent étre connectés a une terminaison ling
Voir | Annexe A pour des’informations sur des terminaisons de faible intermodulation pas

a)

b)

c)

d)

.2 Montage 1

naux

Equipement d’essai

1 Généralités

montage sert & mesurer le produit d’intermodulation inverse (réfléchie) et il est, de ce

Qénérateurs

—

bs générateurs doivent fournir des signaux a onde entretenue (CW) de la puissance d’
pécifiée\au niveau du port. lls doivent avoir une stabilité de fréquence suffisante
assurer que le produit d’intermodulation peut étre correctement détecté par le réceq
bs/générateurs a impulsions peuvent étre activés et désactivés pendant les essais

n

— wn

gées
ur et
u de

ution
ssai.

saire.
suivi

fait,
PSsai
aire.
Sive.

bssai
pour
teur.
pour

reduire 1a consommation de puissance

Certaines limitations s’appliquent lorsque des générateurs a impulsions sont utilisés.
L’Annexe B donne des considérations sur les procédures d’essai lorsqu’un équipement est

utilisé avec un générateur a impulsions.
Filtres émetteurs

Les filtres sont des filtres passe-bande accordés sur des fréquences particuliéres. lls is
entre eux les générateurs et séparent par filtration les harmoniques de f; et f5.

Dispositif mélangeur et diplexeur

olent

Ce dispositif est utilisé pour combiner les signaux f; et f,, en les délivrant au port d’essai,

et il fournit un port pour I’extraction du signal inverse (réfléchi) fj.

Filtre récepteur
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