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Table 2 — Test set-up conditions
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

2025

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interns
coloperation on all questions concerning standardization in the electrical and electronic fields/ 0o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
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 deqlt 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 thé International Organizat
Standardization (ISO) in accordance with conditions determined by agreement.beiWeen the two organizati

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

IEC Publications have the form of recommendations for internatiohal 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 Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’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 feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

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

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
patent(s). IEC{dakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
thg latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 62037-1:2021. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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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 third edition cancels and replaces the second edition published in 2021. This edition
constitutes a technical revision.

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

a) added clarification that PIM generation is typically frequency dependent and noted that

td
b) i
c) a
th
d) u
tg
e) a
te
f) ¢

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

Full i
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sting with swept or multiple fixed frequencies often provides more accurate results;
entified multi-port PIM analyzers as a possible test set-up topography;

Hded specification that test power level does not exceed the power handlingrcapabil
e DUT,;

pbdated test specification to include missing parameters needed to propefly define 3
st;

dded clarification that PIM test reports include the maximum PIM(value measured ovs
st duration;

brrected error in Figure 3 that was erroneously changed in(IEC 62037-1:2021.

Draft Réport on voting

46/1035/FDIS 46/1043/RVD

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

document was drafted in_accordance with ISO/IEC Directives, Part 2, and develop

vw.iec.ch/members_experts/refdocs. The main document types developed by IEC
ibed in greater detaibat www.iec.ch/publications.

of all the partstin the IEC 62037 series, published under the general title Passive Rk
wave deviees, intermodulation level measurement, can be found on the IEC website|.

ity of
PIM

r the

hformation on the voting for its approvakeéan be found in the report on voting indicated in

ed in

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable

are

and

ommittee has decided that the contents of this document will remain unchanged untjl the

ity’ date indicated on the IEC website under webstore.iec.ch in the data related t

b the

spec

fie. document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e revised.
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PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

1 Scope

2025

This

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

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

be c4

The
meth

The

used by the presence of two or more transmitting signals.

est procedures given in this document give the general requirements and measure
pds required to characterize the level of unwanted IM signals using twoltransmitting si

EC 62037 series addresses the measurement of PIM but does not cover the long

reliability of a product with reference to its performance.

2 Normative references

5 for
h can

ment
jnals.

term

3.1

No tg

ISO

b are no normative references in this document.

'erms, definitions and-abbreviated terms

Terms and definitions

rms and definitions are listed in this document.

and IEC~maintain terminology databases for use in standardization at the folld

addrégsses:

B

FC\Electropedia: available at https://www.electropedia.org/

wing

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

3.2

Abbreviated terms

CATV  community antenna television

CFEC carbon fibre epoxy composite

Cw
DUT
IM
PCB
PIM
RBW

continuous wave
device under test
intermodulation

printed circuit board
passive intermodulation
resolution bandwidth
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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.

The gererati i i ey A i s and
agates equally in all available directions.

The generation of passive intermodulation (PIM) products does not necessarily fellow th¢ 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 should be made
at the same power level.

EurtHermore PIM aenerationcan-be freauenecv-dependent When PHW generation-is freadencyv
U ernRores—+—vi-geheratioh-cahoe—irequehncy-GepeRaeht—mhRehrrwgehreratonisHegqHency
denehdent the PIM nerformance shall he investiaated over the sneeifiad freauencyvy hand
cgepepcentstne vipeHoHahce-SnanroeHhvestHgate G overthe SpesiHe G HEequUenRCyYoanG:

Furtermore, PIM generation is typically frequency dependentvand shall be investigated|over
the sjpecified frequency band. Testing with swept or multiple fixed frequencies often proyides
moref accurate results. See Annex B for additional information.

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 shofild contain a harmonic or self-intermodulation signal
level|at least 10 dB lower than the expected level generated in the DUT.

The PIM is measured over the specified frequency range. The intermodulation products of prder
(214 % 1), (2f5 £ f4), etc., are measured.

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

In other systems (such as CATV), the third order intermodulation signals-may might not be-as
applifable in characterizing the DUT.

Intermodulation can be measured in the reverse and forward direction. Reverse and forward
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-Figure4-and-Figure-2 6.2.2 and 6.2.3 and are for
reference only. Other topologies are possible such as multi-port PIM analyzers.
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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 reach the
specified test port power. The combining and diplexing device can comprise a eirculator, hiybrid

junctlon, coupler or filter 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 cgdn be

obtaiped from Figure 3.

The PUT shall be terminated by a load for the specified.power if necessary. The recqgiving
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

The [et-up shown in Figure 1 is for\measuring the reverse (reflected) IM-product and is
thergfore suitable for one-port andsmulti-port DUTs. On multi-port DUTs, the unused ports|shall

be cqdnnected to a linear termination. See Annex A for information on low PIM terminationp.

a)

b)

d)

Qenerators

The generators shall provide continuous wave (CW) signals of the specified test port power.
hey shall have syfficient frequency stability to ensure that the IM-product can be detg¢cted
roperly by the feceiver. The generators may be pulsed on and off while testing to reduce
bwer consumption.

bnsiderations when using equipment with pulsed generators.

ransmit-filters

T
p
p
Slome limitations apply when using pulsed generators. See Annex B for test procgdure
c
T
T

TIA

ey isotate the

£i14 [N ol £i14 4 a4 4l ' H 1 £ H
TCITCTS  dTT UdlTupas S TMCTS tuncu o UTepJaraouralr  TTTYuUTTIUITS

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 f; and f,, 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 f; and f5 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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e) Termination

f

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 Ttivi i 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.

Combining and
Qenerator Transmit filter diplexing device
12

~~ P1
: ) g Terminatipn
P4 n-port DUT  ——---r

Receive filter & T, -

Receiver

.

For calibration only EC

Figure 1 — Set-up 1: reverse IM-test set-up
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6.2.3 Set-up 2

The set-up shown in Figure 2 is for measuring the forward (transmitted) IM-product and is
therefore suitable only for two- or multi-port DUTSs.

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

a) Combining and diplexing device

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

b) nlaxinag device.
H+8xHIg—a8\H

—

he signals f4, f, and f), are split to P6 and P7. This device, together with an addilional
gceive-filter, is used for the extraction of the intermodulation signals.

-

Combining and

Generator  Transmit  diplexing device 1 Diplexing dévice
2 filter
(T~ — P1
! < ) % Termingtion

P6

P4 @& n-port DUT [ P5 P7
1
1
1
1
1
1
4
1
|}
1

f(} % P2 P3

Receive filter % @ Receive filter

Attenuator

Termination

Receiver

Power @ Generator 3
meter

For calibration only £c

Figure 2 — Set-up 2: forward IM-test set-up

7 PRreparation of DUT and test equipment

7.1 General

The DUT 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 manufacturer's
recommended specification.

See Annex B for additional set-up considerations.
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7.2

Guidelines for minimizing generation of passive intermodulation

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

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

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

c) Minimize metallic junctions, avoid loose contacts and rotating joints.

d) Minimize the exposure of loose contacts, rough surfaces and sharp edges to RF power.

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

f) Use brazed, soldered or welded joints if possible, but ensure these joints-are-good-and have
np non-linear materials, cracks, contamination or corrosion.

g) Apoid having tuning screws or moving parts in the high current paths; if necessary, ensure
a|l 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
epsential.

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

j) Akhieve-goed sufficient isolation between the high-power transmit signals and the low power
receive signals by filtering and physical separation.

Table 1 — Guide for the design, selectionof materials and handling
of components that can-be-susceptibleto cause PIMgeneration
Part, material or procedure Recommendations

Interfaces Minimize the total number.

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

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

Ferrgmagnetic materials Not recommended (non-linear).

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

Circulators, isolators afnd pther ferrite devices | Not recommended.

Sharp edges Avoid if it results in high current density.

Termlinations afr attenuators Should be evaluated before use.

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

Printed ¢ircuit boards (PCBs) Materials, processes and design should all be considered apd
ovaluated—Udsetow-PHM-materialebe-careful-with-material
impurities, contamination and etching residuals. The copper
trace should be finished to prevent corrosion.

Dissimilar metals Not recommended (risk of galvanic corrosion).

Dielectric material Use clean, high-quality material. Ensure it does not contain
electrically 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.

Carbon 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?2) is expected.
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Part, material or procedure Recommendations

Standard multilayer thermal blankets made of | Special design required.
vacuum deposited aluminium (VDA) on
biaxially-oriented polyethylene 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.

8 est procedure
Tablg 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 setsup 2

The get-up shall be verified for correct signal levels applied to the DUT. For mobileleommunication systems,|it is
genefally recommended to use 2 x 20 W (43 dBm) at the test port of the DUT .unless otherwise specified. Other
systgms can require different power levels (higher or lower). The power levelused shall not exceed the powgr
hand|ing capability of the DUT. See Annex B for heating effect considerations.

The fninimum number of test frequencies and/er frequency spacing shallybe specified.

For Ipwest measurement uncertainty, the receiver shall be calibrated. at the expected IM-level with a calibratgd
signgl-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 diregt
port P4 and the self-intermodulation level of the set-up |*0-P4 of the combining and summing device and the
recorded. self-intermodulation level of the set-up recorded.

y

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

Test the 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.

©
—

'est specification

Test specifications shall specify the following:

a) tgst powerlevel;

b) IM produst order to be measured;

tdsttype (forward or reverse IM);

dynamic stimulus requirements while testing;

f) maximum allowable PIM level.

10 Reporting
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Reports shall include the maximum PIM value measured over the test duration. Depending on
DUT type, there can be additional report requirements defined in the detail specification. See
detail specifications for additional report requirements.

10.2 Example of results

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

The relationship between a measured IM5 value of —120 dBm can be converted to dBc.

EXAMPLE:
f, = 936 MHz, f, = 958 MHz, fiM, = 914 MHz

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

11

The fotal measurement uncertainty (67) can be calculated by the following formula:

wherp

0A is the uncertainty of the attenuator;

0P, is the uncertainty of the power/meter;

6Pg is the uncertainty of the genérator 3;

oD is the uncertainty due_tothe difference between self-intermodulation of the test b

Mismlatch errors are not.included in the given formula.

Measurement error

oT = \/[(5/1)2 +(6Py ) (97, )2 + (50)2}

and intermodulation”ofthe DUT (taken from Figure 3).

ench
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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 c
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 whereverpossible.

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 glating. 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.terminations 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

se a connector with low-PIM characteristics.

[ |+ Linear attenuator

ex: long semi-rigid cable

Connector
IEC

Figure A.1 — Long cable termination

bnsidering the isolation performance between the receive signals and transmit signals

bbles
cular

trigid

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) Determine the required attenuation of the linear attenuator X, (dB) using the following
formula:

Yierm = YrpL — (X +1) X¢
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c) Design the required length of the cable for the linear attenuator using the following formula:

X =axly

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;

Ih is the cable length, in m.

__________________________________

[ Linear attenuator

Lumped
termination

L o ., 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 maximum PIM occurs within

deaniorvs Tk fallavara-cr thad Bk K a-+ daetarmain P-C VAT U

the b

B.2

An a
down

receive band. If desired, this procedure can be reversed by fixing f, at the highest frequen

the tr

B.3

Asse
addit

the rg¢ceive frequency of test. The PIM of the three;assemblies is measured to determine

DUT

Multi

B.4

Stepped frequency sweep method

ccepted method of sweeping is to fix f; at the low end of the transmit band and step
, starting at the top of the band for all combination of frequencies that.result in IM i

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

Fixed frequency method

onal DUTs. The first one is to be 1/6 longer and the second one is to be /3 long

exhibits maximum PIM.

ple fixed frequencies-may can be used®in lieu of varying the cable length.

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

F1./2
n the
cy in

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
r 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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Table 2 — Test set-up conditions
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

2025

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
allnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interns
coloperation on all questions concerning standardization in the electrical and electronic fields/ 0o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
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 deqlt 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 thé International Organizat
Standardization (ISO) in accordance with conditions determined by agreement.beiWeen the two organizati

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

IEC Publications have the form of recommendations for internatiohal 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 Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’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 feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

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

IEC draws attentioh ‘to the possibility that the implementation of this document may involve the use
patent(s). IEC{dakes no position concerning the evidence, validity or applicability of any claimed patent rig
regpect thergof."As of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be requiréd to implement this document. However, implementers are cautioned that this may not rep
thg latest information, which may be obtained from the patent database available at https://patents.iec.c
shplléhotbe held responsible for identifying any or all such patent rights.
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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 third edition cancels and replaces the second edition published in 2021. This edition
constitutes a technical revision.

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

a) added clarification that PIM generation is typically frequency dependent and noted that

testing with swept or multiple fixed frequencies often provides more accurate results;

b) identified multi-port PIM analyzers as a possible test set-up topography;
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c) added specification that test power level does not exceed the power handling capability of
the DUT;

d) updated test specification to include missing parameters needed to properly define a PIM
test;

e) added clarification that PIM test reports include the maximum PIM value measured over the
test duration;

f) corrected error in Figure 3 that was erroneously changed in IEC 62037-1:2021.

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

praft Report on voting

46/1035/FDIS 46/1043/RVD

Full information on the voting for its approval can be found in the report on voting indicafed in
the apove table.

The llanguage used for the development of this International Standard is.English.

This [document was drafted in accordance with ISO/IEC Directives) Part 2, and developgd in
accofdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avalilable
at wyvw.iec.ch/members_experts/refdocs. The main document’types developed by IEC are
descfibed in greater detail at www.iec.ch/publications.

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

The ¢ommittee has decided that the contents-gf this document will remain unchanged unfil the
stability date indicated on the IEC websitesunder webstore.iec.ch in the data related tp the
speclfic document. At this date, the document will be

—

g¢confirmed,
e withdrawn, or

e revised.
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1

This

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

be c

The

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

The

reliability of a product with reference to its performance.

2

Therg are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1
No t

ISO

addré¢sses:

3.2

CAT community antenna television

CFE
cw
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PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 1: General requirements and measuring methods

Scope

2025

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

dused by the presence of two or more transmitting signals.

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

EC 62037 series addresses the measurement of PIM but does not cover the long

Normative references

Terms and definitions

drms and definitions are listed in this' document.

and IEC maintain terminology databases for use in standardization at the follg

EC Electropedia: available at https://www.electropedia.org/
$0 Online browsing platform: available at https://www.iso.org/obp

Abbreviated-terms

L earbon fibre epoxy composite
eontinuous wave

5 for
h can

ment

jnals.

term

wing

DUT device under test

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-thg¢ 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 should be made
at th¢ same power level.

Furthermore, PIM generation is typically frequency dependent and shall be investigated|over
the slpecified frequency band. Testing with swept or multiple fixed frequencies often proyides
more| accurate results. See Annex B for additional information.

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
levellat least 10 dB lower than the expected level génerated in the DUT.

The PIM is measured over the specified frequency range. The intermodulation products of prder
(214 2 f5), (2f5 £ f4), etc., are measured.

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

In other systems (such asi\CATYV), the third order intermodulation signals might not be applicable
in characterizing the DUT.

Intermodulation €an’be measured in the reverse and forward direction. Reverse and forqward
refer|to the diréction 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 6.2.2 and 6.2.3 and are for reference only. Other
topologies are possible such as multi-port PIM analyzers.
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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 reach the
specified test port power. The combining and diplexing device can comprise a eirculator, hiybrid

junctlon, coupler or filter network.

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

from |Figure 3.

The PUT shall be terminated by a load for the specified.power if necessary. The recdiving
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

The pet-up shown in Figure 1 is for\measuring the reverse (reflected) IM-product and is
thergffore suitable for one-port andsmulti-port DUTs. On multi-port DUTs, the unused ports|shall

be cannected to a linear termination. See Annex A for information on low PIM terminationp.

a)

b)

c)

d)

e)

Generators

The generators shall provide continuous wave (CW) signals of the specified test port power.
hey shall have sifficient frequency stability to ensure that the IM-product can be det¢cted
roperly by the feceiver. The generators may be pulsed on and off while testing to reduce
bwer consumption.

bnsiderations when using equipment with pulsed generators.

rarismit-filters

T
p
p
Some limitations apply when using pulsed generators. See Annex B for test procedure
c
T
T

£i14 | ol £i14 4 ot +lo ¥ | £ + T + ot th
T TICTS  AalT UalTupas S TMCT S tuTmcu U e paruaiural  TTTYuUTTIUITS, ey —T1oUTatc e

generators from each other and filter out the harmonics of /1 and f5.

Combining and diplexing device

This device is used for combining the signals f; and f,, 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 f; and f; 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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f)

g)

f

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

na

urthermore, by using the averaging mode rather than the max-hold mode, a-fJ
improvement can be achieved, since the max-hold mode essentially measures thexmax
thermal noise peak, while the averaging mode results in a measurement that is,closer

Terminati

BW).
rther
mum

the

pn

RMS value.
Combining and
Qenerator Transmit filter diplexing device
12
P4 @ n-port DUT  p——---—
i
1
~ P2 !
O— % P3 :
i
1
1
1
1
= 1-port DUT
1
1
1
Receive filter % L
—_— e -
[ [
I Power meter |
: | Attenuator |
|
() !
| h |
| 1 |
| ! Generator 3 I
Recei I |
eceiver : p I
|
i - T ___

For calibration only

Figure 1 — Set-up 1: reverse IM-test set-up

IEC
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6.2.3 Set-up 2

The set-up shown in Figure 2 is for measuring the forward (transmitted) IM-product and is
therefore suitable only for two- or multi-port DUTSs.

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

a) Combining and diplexing device

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

b) nlaxina device.
H+exHIg—a8\H

—

he signals f4, f, and f}, are split to P6 and P7. This device, together with an addillional
gceive-filter, is used for the extraction of the intermodulation signals.

-

Combining and

Generator  Transmit  diplexing device 1 Diplexing device
2 filter
i ™~ —{P1
1 < ) % Termingtion

P6

P4 @& n-port DUT [ P5 P7
1
1
1
1
1
1
4
1
|}
1

f(} % P2 P3

Receive filter % @ Receive filter

Attenuator

Termination

Receiver

Power @ Generator 3
meter

For calibration only £c

Figure 2 — Set-up 2: forward IM-test set-up

7 PRreparation of DUT and test equipment

7.1 General

The DUT 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 manufacturer's
recommended specification.

See Annex B for additional set-up considerations.
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7.2

Guidelines for minimizing generation of passive intermodulation

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

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

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

c) Minimize metallic junctions, avoid loose contacts and rotating joints.

d) Minimize the exposure of loose contacts, rough surfaces and sharp edges to RF power.

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

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

g) Avoid having tuning screws or moving parts in the high current paths; if necessary, efpsure
a|l 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
epsential.

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

j) Alchieve sufficient 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 cause PIM
Part, material or procedure Recommendations

Interfaces Minimize the total number.

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

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

Ferrgmagnetic materials Not recommended (non-linear).

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

Circulators, isolators afnd pther ferrite devices | Not recommended.

Sharp edges Avoid if it results in high current density.

Termlinations afr attenuators Should be evaluated before use.

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

Printed ¢ircuit boards (PCBs) Materials, processes and design should all be considered apd
ovaluated—Udsetow-PHM-materialebe-careful-with-material
impurities, contamination and etching residuals. The copper
trace should be finished to prevent corrosion.

Dissimilar metals Not recommended (risk of galvanic corrosion).

Dielectric material Use clean, high-quality material. Ensure it does not contain
electrically 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.

Carbon 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?2) is expected.
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Part, material or procedure Recommendations

Standard multilayer thermal blankets made of | Special design required.
vacuum deposited aluminium (VDA) on
biaxially-oriented polyethylene 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.

8 est procedure
Tablg 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 setsup 2

The get-up shall be verified for correct signal levels applied to the DUT. For mobile/eommunication systems,|it is
genefally recommended to use 2 x 20 W (43 dBm) at the test port of the DUT .unless otherwise specified. Other
systgms can require different power levels (higher or lower). The power levelused shall not exceed the powgr
hand|ing capability of the DUT. See Annex B for heating effect considerations.

The fninimum number of test frequencies and frequency spacing shall be'specified.

For Ipwest measurement uncertainty, the receiver shall be calibrated. at the expected IM-level with a calibratgd
signgl-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 |*0-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 10 dB below the spegified
valug for the DUT.

Test the 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 Test specification

Test [specifications shall specify the following:

a) tgst powerlevel;

b) IM product order to be measured;

c) tgsttype (forward or reverse IM);
d) f e

e) dynamic stimulus requirements while testing;

f) maximum allowable PIM level.
10 Reporting

10.1 Results

Reports shall include the maximum PIM value measured over the test duration. Depending on
DUT type, there can be additional report requirements defined in the detail specification. See
detail specifications for additional report requirements.
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10.2 Example of results

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

The relationship between a measured IM5 value of —120 dBm can be converted to dBc.

EXAMPLE:

f, = 936 MHz, f, = 958 MHz, fiM, = 914 MHz

P(f,) = P(f,) = 20 W (+43 dBm) IM, = —163 dBc (-120 dBm)
11 Ijlleasurement error
The fotal measurement uncertainty (67) can be calculated by the following formula:
— 2 2 2 2
oT = \/[(5A) + (6B +(08,)% + (D) }
wherp
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.
6 e
51- L W\
4 —
3} -‘“‘ﬂ\ SN S
2+ A\ 1 1 T &M
% -1 s
§ 21 e~ N\ : -+ o — e
LIL.I -3+ ‘ N 4 ‘ - {
-4 ¢ N ‘ A |
-5 -
_6 )
—T A -
284
-9} |
-10 , bt — ‘.
0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
(True PIM) — (system PIM) (dB)
+— Measurement error (dB) when PIMs add —=— Measurement error (dB) when PIMs subtract —— Zero error line

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

IEC
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Annex A
(informative)

Configuration of low-PIM termination

General

Annex A provides information on low-PIM terminations.

2025

A.2

A.2.1
High-
areu
ordet

a) A

o

b)

c)

Configuration of low-PIM terminations

Long cable termination

PIM terminations can often consist of resistive materials. Therefore, lang-coaxial c
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 whereverpossible.

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 glating. 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.terminations 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

se a connector with low-PIM characteristics.

[ |+ Linear attenuator

ex: long semi-rigid cable

Connector
IEC

Figure A.1 — Long cable termination

A.2.2

bnsidering the isolation performance between the receive signals and transmit signals

bbles
cular

trigid

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.

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

h) Determine the required attenuation of the linear attenuator X, (dB) using the following
formula:

Yterm = YRDL _(X+1)Xc


https://iecnorm.com/api/?name=f0a802f6b1cb104151facf1150f51c42

IEC 62037-1:2025 © |IEC 2025 - 15—

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

Xe = axly

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;

Ih is the cable length, in m.

__________________________________

[ Linear attenuator

Lumped
termination

L o ey Connector
IEC

Figure A.2 — Lumped termination with a-linear attenuator
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Annex B
(informative)

Test procedure considerations

PIM variation versus frequency

2025

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 b

B.2

An ad

starti
band

trans|

B.3

Asse
addit

the rg¢ceive frequency of test. The PIM of the three;assemblies is measured to determine

DUT

Multi

B.4

Stepped frequency sweep method
cepted method of sweeping is to fix f; at the low end of the transmit band™and step /5 g

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 1/6 longer and the second one is to be /3 long

exhibits maximum PIM.

ble fixed frequencies can be used in ligu-of varying the cable length.

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

own,
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
r 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

AVANT-PROPOS

Lal Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatigh-comjposée
de| 'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC ‘aypour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans.les domaines de
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie des Normes internationales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles, _au“public (PAS) et des
ides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a,des*comités d’étudefs, aux
trqvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisfations
internationales, gouvernementales et non gouvernementales, en liaison avec I'lECY participent également aux
trgvaux. L’'IEC collabore étroitement avec I'Organisation Internationale de.‘Normalisation (ISO), seloph des
ditions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'|EC concernant les questions techhiques représentent, dans la mespre du
sible, un accord international sur les sujets étudiés, étant donné que‘fes/Comités nationaux de I'lEC intéfessés
t représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées
me telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qug I'lEC
s’gdssure de I'’exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsaple de
I’épentuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

Ddns le but d’encourager 'uniformité internationale, les*Comités nationaux de I'lEC s’engagent, dans tdute la
mgsure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutesxRublications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestatioh de conformité. Des organismes de certification indépendants
fodirnissent des services d’évaluation de™e¢onformité et, dans certains secteurs, accédent aux marques de
copformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certification
indépendants.

Tous les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Aycune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
y ¢ompris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de|l'lEC,
pour tout préjudice causée.en cas de dommages corporels et matériels, ou de tout autre dommage de quelque
nafure que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
déroulant de la publication ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de|I'lEC,
oulau crédit qui lui\est accordé.

L’attention est\attirée sur les références normatives citées dans cette publication. L’utilisation de publigations
référencées'est obligatoire pour une application correcte de la présente publication.

L'IEC attire I'attention sur le fait que la mise en application du présent document peut entrainer |'utilisatiop d'un
ou| d€ plusieurs brevets. L'IEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de tout
dr¢it\dé brevet revendiqué & cet égard. A la date de publication du présent document, I''EC n'a pas recu
notification qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu
d'avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IEC 62037-1 a été établie par le comité d’études 46 de I'lEC: Cables, fils, guides d’ondes,
connecteurs, composants passifs pour micro-onde et accessoires. |l s’agit d’'une Norme
internationale.

Cette troisiéme édition annule et remplace la deuxieme édition parue en 2021. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

f)

Le texte de cette Norme internationale est issu des documents suivants:

clarification ajoutée indiquant que la génération d'une intermodulation passive (PIM) dé

pend

généralement de la fréquence et note indiquant que les essais a balayage de fréquences

ou a des fréquences fixes multiples donnent souvent des résultats plus précis;

analyseurs d’intermodulation passive a plusieurs ports identifiés comme topographies de

montage d'essai possibles;

ajout d'une spécification indiquant que le niveau de puissance de I'essai ne dépasse pas la

capacité de tenue en puissance du dispositif en essai;

specificatiom d'essar MiSe g jour pour inciure fesparametres manquants TECESSaiTey
Bfinition correcte d'un essai de génération d'intermodulation passive (PIM);

d

clarification ajoutée indiquant que les rapports d'essai de génération d'intefmodul
phssive (PIM) incluent la valeur PIM maximale mesurée sur toute la durée d'essai;
e

[reur corrigée a la Figure 3 qui avait été modifiée a tort dans I'lEC 62037+4:2021.

Projet Rapport de vote
46/1035/FDIS 46/1043/RYD,

ala

ation

Le ripport de vote indiqué dans le tableau ci-dessus donne“toute information sur le vote ayant

abou
La lapgue employée pour I'élaboration de cette Norme internationale est I'anglais.

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selo
Direqtives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles
wwwliec.ch/members_experts/refdocs;\Les principaux types de documents développés
I'IEC|sont décrits plus en détail sous Www.iec.ch/publications.

Une |iste de toutes les parties-de'la série IEC 62037, publiées sous le titre général Dispd
RF el a micro-ondes passifs{ mesure du niveau d’intermodulation, se trouve sur le site We¢b de

'EC

Le cqgmité a décidé que-le contenu de ce document ne sera pas modifié avant la date de st3g
indiqpée sur le site.\Web de I'lEC sous webstore.iec.ch dans les données relatives au docu
rechgrché. A cette'date, le document sera:

i @ son approbation.

reconduity

stipprimé, ou

n les
sous
par

sitifs

bilité
ment

revise.
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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 pf

dun

2025

veau d’intermodulation (IM) des composants RF et a micro-ondes passifs, qui'peu

provoqué par la présence de deux ou plus de deux signaux d’émission.

ésente partie de I'lEC 62037 donne les exigences générales et les méthodes de fesure

étre

Les procédures d’essai présentées dans le présent document donnent les exigences génelrales
et leg méthodes de mesure exigées pour caractériser le niveau des signaux d’intermodul
indégirables a I'aide de deux signaux d’émission.

La sdrie IEC 62037 porte sur la mesure de I'intermodulation passive.(PIM), mais ne couvr

la fia

pilité a long terme des produits par rapport a leurs performances.

2 Références normatives

Le présent document ne contient aucune référence normative.

3 Termes, définitions et abréviations

3.1

Termes et définitions

Aucun terme n’est défini dans le présent document.

L'ISQ et I'IEC tiennent a jour-des bases de données terminologiques destinées a étre util
en ngrmalisation, consultables aux adresses suivantes:

3.2
CAT
CFE
CWwW
DUT

PCB
PIM

EC Electropedia: disponible a I’adresse https://www.electropedia.org/

$0 Online browsing platform: disponible a I'adresse https://www.iso.org/obp

Abréviations
cemmunity Antenna Television (antenne communautaire)
C /,carbon fibre epoxy composite (composite époxy en fibres de carbone)

ntinu o {onda

ation

b pas

sées

eontingeus—wave{ondeen
device under test (dispositif en essai)
intermodulation

printed circuit board (carte a circuit imprimé)
passive intermodulation (intermodulation passive)

RBW resolution bandwidth (largeur de bande de résolution)

VDA

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

RO Cl d Rroaul € _propadent de 1acon uniftorme adn outes 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
nivegux de puissance provoquant I'intermodulation n’est pas possible, et il convient d’effectuer
des gomparaisons de l'intermodulation passive au méme niveau de puissance.

De pjus, la génération de lI'intermodulation passive dépend généralément de la fréquentce et
doit étre examinée sur la bande de fréquences spécifiée. Les essais, & balayage de fréqugnces
ou 3 des fréquences fixes multiples fournissent souvent des, résultats plus précis.| Voir
I’Annlexe B pour plus de précisions.

5 Principe de procédure d’essai

Les gignaux d’essai de fréquences f; et f, a des niveaux de puissance au niveau du port d’gssai
spéclfiés égaux sont combinés et délivrés au_dispositif en essai. Il convient que les signaux
d’esdai contiennent au moins un niveau dessighal d’auto-intermodulation ou d’harmoniqye de
10 dB inférieur au niveau prévu généré dans-le dispositif en essai.

L’'intgrmodulation passive est mesurée sur la plage de fréquences spécifiée. Les prdduits
d’intermodulation d’ordre (2f; % f5)5(2f5 * f4), etc., sont mesurés.

Dang la plupart des cas, les)'signaux d’intermodulation de troisieme ordre représentgnt la
condjtion la plus défavorable des signaux indésirables générés; de ce fait, la mesure d¢ ces
signgux caractérise leldispositif en essai de maniére suffisante. Cependant, les montages
d’esqai présentés aArticle 6 sont adaptés aux mesures d’autres produits d’intermodulation.

Dang d’autres¢systémes (tels que CATV), les signaux d'intermodulation du troisiéme prdre
pourfaient né pas étre appropriés pour la caractérisation du dispositif en essai.

L’intgrmodulation peut étre mesurée dans le sens inverse et dans le sens direct. Le sens inyerse
et le kens direct 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 montages d’essai différents sont décrits au 6.2.2 et au 6.2.3, et servent uniquement a
titre de référence. D’autres topologies sont possibles, telles que les analyseurs
d’intermodulation passive a plusieurs ports.
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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 signaux
d’intermodulation.

L’Annexe B donne des considérations de montage supplémentaires.

6.2 Matériel d’essai
6.2.1 Généralités

Deux sources de signaux ou générateurs de signaux a amplificateurs de puissance sont exigées
pour |atteindre la puissance d’essai spécifiée au niveau du port. Ledispositif mélangefur et
diplekeur peut comprendre un circulateur, une jonction hybride, un-coupleur ou un résegu de
filtreg.

Il convient que I'auto-intermodulation générée par le montage d“€ssai (y compris la contribjution
de lalcharge) soit d’au moins 10 dB en dessous du niveau@'mesurer sur le dispositif en gssai.
L’errgur associée peut étre obtenue a partir de la Figurée/3.

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

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

6.2.2 Montage 1

Le montage représenté a lacFigure 1 sert & mesurer le produit d’intermodulation inyerse
(réflgchie) et il est, de ce fait,.adapté pour des dispositifs en essai a un port et a plusieurs gorts.
Sur les dispositifs en essai-a plusieurs ports, les ports non utilisés doivent étre connectés a
une ﬁrminaison linéajrexVoir I’'Annexe A pour des informations sur des terminaisons de faible
intermodulation passive.

a) (énérateurs

Les générateurs doivent fournir des signaux a onde entretenue (CW) de la puissance d’'gssai
spécifiee au niveau du port. lls doivent avoir une stabilité de fréquence suffisante [pour
apsuarer que le produit d’intermodulation peut étre correctement détecté par le récepteur.
Lessgénérateurs a impulsions peuvent étre activés et désactivés pendant les essais|pour
réduire la 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.

b) Filtres émetteurs

Les filtres sont des filtres passe-bande accordés sur des fréquences particuliéres. lls isolent
entre eux les générateurs et séparent par filtration les harmoniques de f; et /5.

c) Dispositif mélangeur et diplexeur

Ce dispositif est utilisé pour combiner les signaux 1y et f5, en les délivrant au port d’essai,
et il fournit un port pour I’extraction du signal inverse (réfléchi) £\
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