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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 5: Measurement of passive intermodulation in filters

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 dedlt 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 l[EC

pns is

patent

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

een’made. Additions are in green text, deletions are in strikethrough red text.

e to

the qrevious edition IEC 62037-5:2013. A vertical bar appears in the margin wherever a change
has
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IEC 62037-5 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 2013. This edition
constitutes a technical revision.

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

a) dynamic testing requirements updated to define impact energy and locations to apply
impacts to devices under test.

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

Draft Report on voting

46/837/FDIS 46/858/RVD

Full information on the voting for its approval can be found in the repoft on voting indicated 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 developged in
accofdance with ISO/IEC Directives, Part 1 and ISOAEC Directives, IEC Supplement, avallable
at wyvw.iec.ch/members_experts/refdocs. The main document types developed by IEC are
descfibed in greater detail at www.iec.ch/standardsdev/publications.

A lisf] of all the parts in the IEC 62037 serigs, 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 thecontents of this document will remain unchanged unfil the
stability date indicated on the tEC website under webstore.iec.ch in the data related tp the
speclfic document. At this date,"'the document will be
e rg¢confirmed,

e withdrawn,

e rgplaced by a.revised edition, or

e amended;

IMPORTANT —The 'colour inside . J ] z
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 5: Measurement of passive intermodulation in filters

1 Scope

This

of pa
systeg
in loy

2 Normative references

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

cons
For
amer

IEC ¢

IEC 6
Part

3 1

3.1

No tg

ISO Ind IEC maintain técminological databases for use in standardization at the folld

addr

DUT

bart of IEC 62037 defines test fixtures and procedures recommended for measuring, |

ms. The purpose is to define qualification and acceptance test methods for filtérs fo
intermodulation (low IM) applications.

itutes requirements of this document. For dated references,.ofly the edition cited ap
undated references, the latest edition of the referenced document (including
dments) applies.

0068-2-75:2014, Environmental testing — Part 275, Tests — Test Eh: Hammer tests

2037-1:2042, Passive RF and microwave devices, intermodulation level measurem
1: General requirements and measuring methods

[erms, definitions and abbreviated terms

Terms and definitions

rms and definitions are lisfed in this document.

SSes:

EC Electrope@iaavailable at http://www.electropedia.org/

O OnlineYrowsing platform: available at http://www.iso.org/obp

Abbreviated terms

Device under test

pvels

ssive intermodulation generated by filters, typically used in wireless communigation

| use

htent
blies.
any

wing

PIM
VSwW

Intermodulation
Passive intermodulation

R Voltage standing wave ratio
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General comments on PIM testing of filter assemblies

Sources of error: back-to-back filters

Testing filter assemblies for PIM-may can be error prone if certain precautionary guidelines are
not followed. Since PIM can be a frequency-dependent phenomenon, mathematically related to
the harmonics of the input signals and combinations thereof, consideration should be given not
only to the behaviour of the test set-up under fundamental stimulation, but also its harmonic
performance. In particular, consider a receive-band PIM test set-up as shown in Figure 1. As
shown, this set-up could be used to measure the PIM in a two-port device under test (DUT);
however, the accuracy of the measurement could be in question due to the back-to-back filters

(dipl¢xers)used.

Back-to-back

filters
(diplexers)

. Low IM
figh-power termination
Tx-band Do [\

signals Diplexer 2-port iplexer

e[| B [
\ 4 \ 20
Reverse-direction,

To Rx-band €—— Rx-band PIM Forward-direction,
receiver » Rx-band PIM

Figure 1 — Typical receive band PIM test set-up

Whilg the diplexers certainly appear as.@dmatched load around the fundamental frequencie$ and
receive-band IM products, they—may can be very poorly matched at the harmonics df the
fundamentals. A poor match will set\up a standing wave at the harmonic frequencies which{-may

can

e-illuminate any PIM sources within the DUT with higher-than-typical current dengities.

FurtHermore, the measured IM response will become highly dependent upon the electrical I¢ngth
of thg DUT because the locations of the peaks and valleys of any standing waves will movg with

respgct to the PIM sources as the electrical length of the DUT changes.

4.2

Envilonmentakand dynamic PIM testing, which-may can include placing vibrational or thgrmal
stresges upon-filter assemblies while concurrently measuring the PIM produced, may nngive
accufate©nrepeatable results. There are several significant factors affecting the results of

typeq of PIM tests.

a)

b)

Environmental and dynamic PIM testing

hese

DUT/test system isolation — it is highly desirable that any environmental and dynamic
stresses placed upon a DUT be isolated from the test system such that there are no
measurable residual effects. This not only addresses the practical issues of test system
reliability and maintenance, but it directly affects the issue of measurement repeatability.
That is, should a particular piece of the test system require replacement after a set number
of trials, then the results of subsequent measurements may be skewed by the performance
of the replaced part.

Measurement repeatability — it should be possible to repeat the results obtained from a
particular measurement within a specific precision. However, the inherent sensitivity of the
PIM response-may can prevent a desired precision from being achieved.
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c) Stress repeatability — the particular stress placed upon the DUT shall be repeatable both
between tests upon the same DUT and tests between different DUTs. However, in the
experience of many, it is likely that the repeatability of the particular stress will be far worse
than that of the particular PIM test results so that the standard specifying the stress may not
be unnecessarily rigorous.

Based upon these factors, measuring PIM from a filter assembly whilst it undergoes thermal or
vibrational stresses is not currently recommended.

A less vigorous form of dynamic testing-may should be performed on a filter assembly in order
to demonstrate that stab|l|ty of the PIM level is malntalned after certam%b#a%mnal stresses
havefbee iking
ssembly W|th an instrument that will not damage the surface of the assembly—suehas—a
length—of nylonrod-or-hard-rubber-hammer. The impact of this tapping shall be at)least that
descfibed in IEC 60068-2-75:2014, Clause 7 for the 0,14 J drop, with conditigns givén in
IEC $0068-2-75:2014, Table 1 and Table 2, that is, a 0,25 kg striking elementleof polygmide
(Rockwell hardness: 85 < HRR < 100) dropped from a height of 56 mm.

The |impact shall be applied as close as possible to each of the connegfors of the filter, while
still impacting the filter body. The impact near each connector shall\bg’repeated three times.
Also | for any side of the filter that has no connectors, three impacts-shall be applied along one
edge| of that side. The shape of the striking element shall pg the same as describ¢d in
IEC 60068-2-75, for < 1 J. An example, taken from IEC 60088-2-75:2014, Annex A, is shown
Figure 2.

Dimensions in millifetres

- 115 -
14
,?70 -
“2" gﬂ
- EV
6,2

IEC
SOURCE: IEC 60068-2-75:2044} Figure A.1.

Figure 2 — Example of a striking element for<1 J

The fesults of<the PIM tests shall be documented in a report. That report shall state

1) the teSt;severity level, i.e. the weight and drop height for the impact test,

2) thefréquency range(s) of the PIM test(s), the greatest PIM value after the application ¢f the
impacts.

If something other than the vertical hammer test method is applied, then there shall be
documentation showing that the alternative test method produces an impact at least as great
as the vertical hammer test.

4.3 General test procedure

An appropriate test set-up—can shall be selected from the example schematics described in
Clause 4, according to the specific test requirements called for. The procedure is as follows:

a) calibrate the test set-up for correct carrier signal level and IM receiver level as described in
Clause7-ofIEC 62037-1:2042;

b) connect the filter DUT in the test set-up;
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c) measure the IM performance of the DUT on the receiver.

The results obtained-sheuld shall be expressed in one of the forms indicated in-Clause-8-of
IEC 62037-1:2042.

5 Example of test equipment schematics for filter testing

5.1 General

Several examples of schematics are presented. Each figure corresponds to a particular test
scenatio—as indicated in the matrix_in Table 1.1t will be noted that some of the ex rnp|e
scheatics are modifications of the test configurations shown in—Figure4+-and-Figuter2 of
IEC §2037-1:2042. These modifications allow the operator to satisfactorily perform_ asrange of
tests|which are more specific to the requirement of filter assemblies.

It is imperative that the residual PIM level of the test system be verified prior 0, measuremegnt of
the fijter assembly. It is strongly recommended that this level be at least 10ydB below thg PIM
level requirement of the filter assembly, in order to minimize errors due to the system itself{ This
meagqurement can be carried out in the following example set-ups bysprectuding excluding the
DUT from the measurement system and monitoring the resultant PIM'level under the norma| test
condjtions. The only systems which deviate slightly from this are Figure 6 and Figure 9 and potes
are fgrovided for these two set-ups, indicating the test point ‘at which the system regidual
intermodulation distortion can be measured with the DUT removed.

Table 1 - Summary table referencing examples of test equipment
schematics for measuring PIM©onfilter-type devices

Tx band Rx band
Measurement type Two high-power carriefs:.| Two high-power carriers | One high-power carijier +
injected interferqr
N-port, forward IM Figure 5 Figure 4 Figure 7
N-port, reverse IM Figure 5 Figure 8
N-poft, receive port IM Figure 6 Figure 9

Figude 6 and Figure 9 outline equipment set-ups which measure the PIM present at a regeive
port of the filter assembly. These set-ups are distinct from those measuring PIM in the reyerse
direction (Figure 5 and”“Figure 8) and can give quite different results. It is therefore impqrtant
that ¢onsiderationtis. given to using the appropriate measurement system, in order to measure
the r¢quired PINM_performance.

5.2 | Transmit band testing

PassjveIM testing within the transmit band is typically performed on isolators and other relatively
high PIM components. For this test, two carriers are combined into a single transmission line and
then passed through the DUT. Once these are through the DUT, it is advisable to sufficiently
attenuate the two carriers to prevent the generation of active IM products and possible damage
within the receiver. A low noise amplifier is typically not required due to the high PIM signal levels
present from the DUT in these tests. This is described in Figure 3.
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4 Through E
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The cpmbiner port-to-port isolation plus band stop/low pass filters should be optimized to séet\the test bench gystem
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—
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5.3

When testing for PIM products.iwthe receive band, a much greater measurement sensiti

requi
are t

Examples of schematics for both forward and reverse PIM testing on N-port devices are s

in Fig

Al to an acceptable level.

leration should be given to the possible generation of IM products within the-rfeceiver/spectrum analyz
er a sufficient dynamic range can be obtained. An optional IM band pass(filter may be used to allow
ons to be met.

d DUT ports shall be terminated in a matched load.

w IM directional coupler could alternatively be replaced by an_appropriate diplexer.

this instance, it is strongly recommended that the replacement diplexer has a good VSWR in both the T
bands.

e to the potentially reflective nature of the replacement.diplexer and DUT, it should also be recognizq
lere would be a mechanism that supports multipathing.

passive IM products on an N-port DUT using two high-power carriers

Receive band testing — Dual’high-power carriers

red than for transmit bahdtesting. For this reason, a low-noise amplifier and bandpass
pically utilized before the measurement receiver (or spectrum analyzer).

ure 4, Figuréerd and Figure 6.

br and
these

[x and

d that

gure 3 — Typical test equipment schematic for measuring transmit-band, forwand,

ity is
filter

hown
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RF source f, Power
amplifier
( :) > > Low IM
directional Low IM
1 coupler termination
Diplexer
. Ve o  N-port
Combiner g gD g n DUT I s Y I
y
4 Through E
Lgl IM out
: : Power
RF source f, amplifier
Low IM
BP filter
Receiver or
spectrum | % <
analyzer |
Low noise
amplifier IEC
The lgw IM directional coupler could alternatively be replaced by an appropriate diplexery
Inthis instance, it is strongly recommended that the replacement diplexer has a goed VVSWR in both the Tx and Rx
bgnds.
Dpe to the potentially reflective nature of the replacement diplexer and DUT}.it should also be recognizgd that
thiere would be a mechanism that supports multipathing.
The cgmbiner and diplexer could alternatively be replaced by an appropriate'triplexer.
Inf this instance, it is strongly recommended that the replacement triplexer has a good VSWR in both the Tx and
Rk bands.
Dphe to the potentially reflective nature of the replacement triplexer and DUT, it should also be recognizgqd that

thiere would be a mechanism that supports multipathing.

gure 4 — Typical test equipment schematic for measuring receive-band, forwar
passive IM products on an N-port DUT, using two high-power carriers

RF source f1 Power

: I: amplifier

A

Low IM
termination

Diplexer

'\ J—s
‘/ A 4

\ 4

1

Cembiner

A

: I: Power

H,

RF source/, amplifier
Low IM
BP filter
Receiver or
spectrum %
analyzer
Low noise
amplifier IEC

Figure 5 — Typical test equipment schematic for measuring receive-band, reverse,

passive IM products on an N-port DUT, using two high-power carriers
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Power
RF source f amplifier
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v termination
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4)

A L
U
Flt Power
F source f, amplifier
Low IM
BP filter Receive PIM
Recei signal path
eceiver or ~_
spectrum % <
analyzer
Low noise
amplifier IE

A\ can be used as a test point to monitor the system residual level (with the*"BUT removed). To be term
DUT measurement.

mbiner and diplexer could alternatively be replaced by an appropriate triplexer.

this instance, it is strongly recommended that the replacement triplexer has a good VSWR in both the ]
bands.

e to the potentially reflective nature of the replacement triplexer and DUT, it should also be recognizq
lere would be a mechanism that supports multipathing.

Figure 6 — Typical test equipment schematic for measuring receive-band,
passive IM products on an N-port DUT, using two high-power carriers

ollowing remarks apply to Figure.5*and Figure 6:

he combiner port-to-port isolation plus diplexer should be optimized to set the test b
ystem residual to an acceptable level.

onsideration should be“given to the possible generation of IM products within

btional IM band pass-filter plus low noise amplifier may be used to allow these conditio
b met.

ere is a/meéchanism that supports multipathing.

5) U

nused DUT ports shall be terminated in a matched load.

nated

'x and

d that

ench

the

ceiver/spectrum analyzer and whether a sufficient dynamic range can be obtained. An

ns to

ue to the potentially reflective nature of the diplexer and DUT, it should be recognized that

is strongly recommended that the diplexer has a good VSWR in both the Tx and Rx bands.

5.4

Receive band testing — Injected interferer

To simulate the PIM performance of filters due to signals originating both internally to the system
and externally to the system, injected interferer testing may be performed. For these tests, one
carrier remains at full power. The other carrier is typically reduced in power by some 20 dB to
40 dB relative to the strongest carrier. Typical test equipment schematics are shown in Figure 7,
Figure 8 and Figure 9.
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Power
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. . . LOW
2 Injected |nte=rferer carrier "
~ load Low IM
: ow
f1 BP filter v termination
Diplexer
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The Igw IM dual directional coupler could alternatively be replaced by an appropriate-diplexer.

=3

a)

)

bands.
b)

= O

-m

gure 7 — Typical test equipment schematic for measuring receive-band, forward,
passive IM products on an N-port DUT, using'\the injected interferer technique
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this instance, it is strongly recommended that the replacement diplexer has.algood VSWR in both the Tx and

e to the potentially reflective nature of the replacement diplexer and_ BUT, it should also be recognizqd that
lere would be a mechanism that supports multipathing.
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Figure 8 — Typical test equipment schematic for measuring receive-band, reverse,
passive IM products on an N-port DUT, using the injected interferer technique
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Point A can be used as a test point to monitor the system residual level (with the DUT-removed). To be ternfinated

during DUT measurement.

Fi

The following remarks apply to Figure 7, Figure 8 and Figure 9:

gure 9 — Typical test equipment schematic for measuring receive-band, passive(IM
products on an N-port DUT, using the injected\interferer technique

1) DQue to the potentially reflective nature of the dipléxer and DUT, it should be recognized that

there is a mechanism that supports multipathing.

2) re should be taken to minimize generation of IM in the injected interferer power amplifier.
This-may can be achieved by the use of an f; band pass filter.

3) Unused DUT ports shall be terminatéd in a matched load.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 5: Measurement of passive intermodulation in filters

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 “IEQ _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 bg
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
megmbers 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 fee{
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.
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conngctors, RF and microwave passive components and accessories. It is an Interna
Stangard:

5, RF
ional

This second edition cancels and replaces the first edition published in 2013. This edition
constitutes a technical revision.

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

a) dynamic testing requirements updated to define impact energy and locations to apply

impacts to devices under test.
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The text of this International Standard is based on the following documents:

Draft Report on voting

46/837/FDIS 46/858/RVD

2021

Full information on the voting for its approval can be found in the report on voting indicated in
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bove table.
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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
vw.iec.ch/members_experts/refdocs. The main document types developed\ by IEC
ibed in greater detail at www.iec.ch/standardsdev/publications.

of all the parts in the IEC 62037 series, published under the general title Passive Rk

wave devices, intermodulation level measurement can be found on the IEC website.
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and

ommittee has decided that the contents of this document wilkfemain unchanged unflil the

ity date indicated on the IEC website under webstore.iec.ch in the data related t
fic document. At this date, the document will be

confirmed,

ithdrawn,

placed by a revised edition, or

mended.
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PASSIVE RF AND MICROWAVE DEVICES,
INTERMODULATION LEVEL MEASUREMENT -

Part 5: Measurement of passive intermodulation in filters

Scope

bart of IEC 62037 defines test fixtures and procedures recommended for measuring, |
dssive intermodulation generated by filters, typically used in wireless communig

W intermodulation (low IM) applications.

Normative references

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

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

%0068-2-75:2014, Environmental testing — Part 2-75. Tests — Test Eh: Hammer tests

82037-1, Passive RF and microwave devices,Jhtermodulation level measurement — P
gral requirements and measuring methods

pvels
ation
[ use

htent
blies.
any

art 1:

wing

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

No tgrms and definitions are listed in this document.

ISO and IEC maintain términological databases for use in standardization at the follg
addrégsses:

o |EC Electropedia: available at http://www.electropedia.org/

e |30 Onlinebrowsing platform: available at http://www.iso.org/obp
3.2 | Abbreviated terms

DUT Device under test

IM Intermodulation

PIM Passive intermodulation

VSWR Voltage standing wave ratio
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General comments on PIM testing of filter assemblies

Sources of error: back-to-back filters

Testing filter assemblies for PIM can be error prone if certain precautionary guidelines are not
followed. Since PIM can be a frequency-dependent phenomenon, mathematically related to the
harmonics of the input signals and combinations thereof, consideration should be given not only
to the behaviour of the test set-up under fundamental stimulation, but also its harmonic
performance. In particular, consider a receive-band PIM test set-up as shown in Figure 1. As
shown, this set-up could be used to measure the PIM in a two-port device under test (DUT);
however, the accuracy of the measurement could be in question due to the back-to-back filters

(diplgxersyused.

Back-to-back

filters
(diplexers)
. Low IM
High-power termination
Tx-band Diol [\
signals Diplexer 2-port iplexer
S eesl] W [l
\ 4 \ 2

Reverse-direction,
Rx-band PIM

Forward-direction,
Rx-band PIM

To Rx-band €——
receiver <

Figure 1 — Typical receive band PIM test set-up

Whilg the diplexers certainly appear as.@dmatched load around the fundamental frequencie$ and
receive-band IM products, they can be very poorly matched at the harmonics of the fundamgntals.
A popr match will set up a standing.wave at the harmonic frequencies which can re-illuminate

any

PIM sources within the DUT with higher-than-typical current densities. Furthermorg, the

meagured IM response will(become highly dependent upon the electrical length of the|DUT
becalse the locations of the peaks and valleys of any standing waves will move with respégct to

the AIM sources as the«electrical length of the DUT changes.

4.2

Envilonmentalkand dynamic PIM testing, which can include placing vibrational or thg¢rmal
strespes upon-filter assemblies while concurrently measuring the PIM produced, may no]give
accufaterjrepeatable results. There are several significant factors affecting the results of

typeq ofPIM tests.

a)

Environmental and dynamic PIM testing

hese

DUT/test system isolation — it is highly desirable that any environmental and dynamic
stresses placed upon a DUT be isolated from the test system such that there are no
measurable residual effects. This not only addresses the practical issues of test system
reliability and maintenance, but it directly affects the issue of measurement repeatability.
That is, should a particular piece of the test system require replacement after a set number
of trials, then the results of subsequent measurements may be skewed by the performance
of the replaced part.

Measurement repeatability — it should be possible to repeat the results obtained from a
particular measurement within a specific precision. However, the inherent sensitivity of the
PIM response can prevent a desired precision from being achieved.
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c) Stress repeatability — the particular stress placed upon the DUT shall be repeatable both
between tests upon the same DUT and tests between different DUTs. However, in the
experience of many, it is likely that the repeatability of the particular stress will be far worse
than that of the particular PIM test results so that the standard specifying the stress may not
be unnecessarily rigorous.

Based upon these factors, measuring PIM from a filter assembly whilst it undergoes thermal or
vibrational stresses is not currently recommended.

A less vigorous form of dynamic testing should be performed on a filter assembly in order to
demonstrate that stability of the PIM level is maintained after certain stresses have been applied.
This ptyteofdymamictesttypicatty takestheformrof strikimgtheassembty withammstrgment
that ill not damage the surface of the assembly. The impact of this tapping shall be-at [least
that gescribed in IEC 60068-2-75:2014, Clause 7 for the 0,14 J drop, with conditions™given in
IEC $0068-2-75:2014, Table 1 and Table 2, that is, a 0,25 kg striking element iof polygmide
(Rockwell hardness: 85 < HRR < 100) dropped from a height of 56 mm.

The impact shall be applied as close as possible to each of the connectors)of the filter, while
still impacting the filter body. The impact near each connector shall be.repeated three times.
Also | for any side of the filter that has no connectors, three impacts shall be applied along one
edge| of that side. The shape of the striking element shall be(thé same as describg¢d in
IEC 60068-2-75, for < 1 J. An example, taken from IEC 60068+42+75:2014, Annex A, is shown
Figune 2.

Dimensions in millimetres

- 115 .
K70 D
8v 31\
SA gV
6,2

IEC

SOURCE: IEC 60068-2-75:2014, Figure A.1.

Figure 2 — Example of a striking element for<1 J

The fesults of the:-PIM tests shall be documented in a report. That report shall state

1) the test severity level, i.e. the weight and drop height for the impact test,

2) the freguency range(s) of the PIM test(s), the greatest PIM value after the application ¢f the
impacts.

If something other than the vertical hammer test method is applied, then there shall be
documentation showing that the alternative test method produces an impact at least as great
as the vertical hammer test.

4.3 General test procedure

An appropriate test set-up shall be selected from the example schematics described in Clause 4,
according to the specific test requirements called for. The procedure is as follows:

a) calibrate the test set-up for correct carrier signal level and IM receiver level as described in
IEC 62037-1;

b) connect the filter DUT in the test set-up;
c) measure the IM performance of the DUT on the receiver.
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The results obtained shall be expressed in one of the forms indicated in IEC 62037-1.

5 Example of test equipment schematics for filter testing

5.1 General

Several examples of schematics are presented. Each figure corresponds to a particular test
scenario as indicated in the matrix in Table 1. It will be noted that some of the example
schematics are modifications of the test configurations shown in |IEC 62037-1. These
modifications allow the operator to satisfactorily perform a range of tests which are more specific
to th i i i

It is imperative that the residual PIM level of the test system be verified prior to measurement of
the fijter assembly. It is strongly recommended that this level be at least 10 dB below thg PIM
levelrequirement of the filter assembly, in order to minimize errors due to the system itself| This
meagqurement can be carried out in the following example set-ups by excluding the DUT fro
meagurement system and monitoring the resultant PIM level under the normal test condifions.
The pnly systems which deviate slightly from this are Figure 6 and Figure 9 and notef are
provided for these two set-ups, indicating the test point at which”the system redi
intermnodulation distortion can be measured with the DUT removed:

Table 1 — Summary table referencing examples{of test equipment
schematics for measuring PIM on filter-type devices

Tx band Rx band
Measurement type Two high-power carriers | Two high-power carriers | One high-power carijier +
injected interferdr
N-port, forward IM Figure 5 Figure 4 Figure 7
N-poft, reverse IM Figure 5 Figure 8
N-port, receive port IM Figure 6 Figure 9

Figude 6 and Figure 9 outline equipment set-ups which measure the PIM present at a regeive
port ¢f the filter assembly. These set-ups are distinct from those measuring PIM in the reyerse
direction (Figure 5 and Figure’8) and can give quite different results. It is therefore impqrtant
that ¢onsideration is given, to using the appropriate measurement system, in order to measure
the r¢quired PIM performance.

5.2 | Transmitband testing

Passjve IM testing within the transmit band is typically performed on isolators and other relafively
high PIM ecomponents. For this test, two carriers are combined into a single transmission ling and
then jpassed through the DUT. Once these are through the DUT, it is advisable to sufficlently
attenuate the twa carriers to prevent the generation of active IM products and possible dainage
within the receiver. A low noise amplifier is typically not required due to the high PIM signal levels
present from the DUT in these tests. This is described in Figure 3.



https://iecnorm.com/api/?name=de9f8f463f2066318fb51daabd7e0bec

IEC 62037-5:2021 © |IEC 2021 -9-

RF sourcef1 Power

amplifier
Low IM
directional Low IM

IEI IM out
: [: Power

| coupler

termination

Combiner |:|: '\ID-FL)JQI'rt I 3 \ I

A4

4 Through E

RF source f, amplifier
Low IM
BP filter
Receiver or
-~
spectrum Nt <
analyzer ~
IEC
The cpmbiner port-to-port isolation plus band stop/low pass filters should be optimized to séet\the test bench gystem

residu
Consi
wheth
condit

Unuss

The Ig

a) In

R

b) D
H

—

Fi

5.3

When testing for PIM products.iwthe receive band, a much greater measurement sensiti

requi
are t

Examples of schematics for both forward and reverse PIM testing on N-port devices are s

in Fig

Al to an acceptable level.

leration should be given to the possible generation of IM products within the-feceiver/spectrum analyz
er a sufficient dynamic range can be obtained. An optional IM band pass(filter may be used to allow
ons to be met.

d DUT ports shall be terminated in a matched load.

w IM directional coupler could alternatively be replaced by an_appropriate diplexer.

this instance, it is strongly recommended that the replacement diplexer has a good VSWR in both the T
bands.

e to the potentially reflective nature of the replacement.diplexer and DUT, it should also be recognizq
lere would be a mechanism that supports multipathing.

passive IM products on an N-port DUT using two high-power carriers

Receive band testing — Dual’high-power carriers
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pically utilized before the measurement receiver (or spectrum analyzer).
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The lgw IM directional coupler could alternatively be replaced by an appropriate diplexery
Inthis instance, it is strongly recommended that the replacement diplexer has a goed VVSWR in both the Tx and Rx
bgnds.
Dpe to the potentially reflective nature of the replacement diplexer and DUT\.it should also be recognizgd that
thiere would be a mechanism that supports multipathing.
The cgmbiner and diplexer could alternatively be replaced by an appropriate'triplexer.
Inf this instance, it is strongly recommended that the replacement triplexer has a good VSWR in both the Tx and
Rk bands.
Dpe to the potentially reflective nature of the replacement triplexer and DUT, it should also be recognizgqd that

thiere would be a mechanism that supports multipathing.

gure 4 — Typical test equipment schematic for measuring receive-band, forwar
passive IM products on an N-port DUT, using two high-power carriers

RF source f1 Power

: I: amplifier

A

Low IM
termination

Diplexer

'\ J—s
‘/ A 4

\ 4

1

Cembiner

A

: I: Power

H,

RF source/, amplifier
Low IM
BP filter
Receiver or
spectrum %
analyzer
Low noise
amplifier IEC

Figure 5 — Typical test equipment schematic for measuring receive-band, reverse,

passive IM products on an N-port DUT, using two high-power carriers


https://iecnorm.com/api/?name=de9f8f463f2066318fb51daabd7e0bec

IEC 62037-5:2021 © |IEC 2021 -1 -

Power
RF source f amplifier
Low IM
v termination
\ Diplexer M N-port
Combiner / d dhilng R DUT I
A

Point
during
The c
a) In

R
b) D

th

A L
U
FIE Power
F source f, amplifier
Low IM
BP filter Receive PIM
Recei signal path
eceiver or ~_
spectrum % <
analyzer
Low noise
amplifier IE

A\ can be used as a test point to monitor the system residual level (with the*"BUT removed). To be term
DUT measurement.
mbiner and diplexer could alternatively be replaced by an appropriate triplexer.

this instance, it is strongly recommended that the replacement triplexer has a good VSWR in both the ]
bands.

e to the potentially reflective nature of the replacement triplexer and DUT, it should also be recognizq
lere would be a mechanism that supports multipathing.

Figure 6 — Typical test equipment schematic for measuring receive-band,
passive IM products on an N-port DUT, using two high-power carriers

The following remarks apply to Figure-5*and Figure 6:
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onsideration should be“given to the possible generation of IM products within

btional IM band pass-filter plus low noise amplifier may be used to allow these conditio
b met.

ere is aimeéchanism that supports multipathing.

5) U

nused DUT ports shall be terminated in a matched load.

nated

'x and

d that

ench

the

ceiver/spectrum analyzer and whether a sufficient dynamic range can be obtained. An

ns to

ue to the potentially reflective nature of the diplexer and DUT, it should be recognized that

is strongly recommended that the diplexer has a good VSWR in both the Tx and Rx bands.

5.4

Receive band testing — Injected interferer

To simulate the PIM performance of filters due to signals originating both internally to the system
and externally to the system, injected interferer testing may be performed. For these tests, one
carrier remains at full power. The other carrier is typically reduced in power by some 20 dB to
40 dB relative to the strongest carrier. Typical test equipment schematics are shown in Figure 7,
Figure 8 and Figure 9.
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The Igw IM dual directional coupler could alternatively be replaced by an appropriate-diplexer.
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gure 7 — Typical test equipment schematic for measuring receive-band, forward,
passive IM products on an N-port DUT, using'\the injected interferer technique

Low
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H

| ——

Power
RF spurce f amplifier
Injected interferer carrier
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Y >~ >
f, BP filter
Diplexer
P > < »/ | N-port
U bur
Power A
amplifier
~o Reverse PIM IEJ
™ ~ signal path
RF spurce f, [z BRAfilter
Receiver or
spectrum | % <
analyzer |
. Low IM
Low noise BP filter
amplifier

Low IM
directional
coupler

this instance, it is strongly recommended that the replacement diplexer has.algood VSWR in both the Tx and

e to the potentially reflective nature of the replacement diplexer and BUT, it should also be recognizqd that
lere would be a mechanism that supports multipathing.

Low IM
terminatipn

IEC

Figure 8 — Typical test equipment schematic for measuring receive-band, reverse,
passive IM products on an N-port DUT, using the injected interferer technique
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Point A can be used as a test point to monitor the system residual level (with the DUT-removed). To be ternjinated

during

F

e

DUT measurement.

The following remarks apply to Figure 7, Figure 8 and Figure 9:

1) D
t

2)

3)

ere is a mechanism that supports multipathing.

ure 9 — Typical test equipment schematic for measuring receive-band, passive|lM
products on an N-port DUT, using the injected\interferer technique

ue to the potentially reflective nature of the dipléxer and DUT, it should be recognized that

re should be taken to minimize generatién of IM in the injected interferer power amplifier.
This can be achieved by the use of an f;“band pass filter.

nused DUT ports shall be terminatéd in a matched load.
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AVANT-PROPOS

1) LalCommission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisatien"comjposée
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC ‘a\pour objet de
fayoriser la coopération internationale pour toutes les questions de normalisation dans.les domainges de
I’électricité et de I'électronique. A cet effet, 'lEC — entre autres activités — publie des Neormes internationales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles.au“public (PAS) et des
Gdides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée §,des’comités d’étudefs, aux
trgvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisfations
internationales, gouvernementales et non gouvernementales, en liaison avec I'lECy/ participent égalemept aux
trgvaux. L'IEC collabore étroitement avec I'Organisation Internationale de.‘Normalisation (ISO), selon des
conpditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de 'lEC concernant les questions techniques représentent, dans la mespre du
popsible, un accord international sur les sujets étudiés, étant donné que‘fes/Comités nationaux de I'lEC intéfessés
soht représentés dans chaque comité d’études.

3) Lep Publications de I'lEC se présentent sous la forme de rec@mmandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les_€fforts raisonnables sont entrepris afin qugq I'lEC
s’dssure 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.

4) D4gns le but d’encourager I'uniformité internationale, les*Comités nationaux de I'lEC s’engagent, dans tdqute la
mgsure possible, a appliquer de fagon transparente_le’s Publications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutesxRublications de I'l[EC et toutes publications nationalles ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéeres.

5) L’IEC elle-méme ne fournit aucune attestatioh de conformité. Des organismes de certification indépenfdants
fodrnissent des services d’évaluation de™eonformité et, dans certains secteurs, accédent aux marques de
cophformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certification
ingépendants.

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

7) Adcune 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,
popr tout préjudice cause.en cas de dommages corporels et matériels, ou de tout autre dommage de qdelque
nafure que ce soit, directe’ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
défoulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de|I'lEC,
oulau crédit qui lui\est accordé.

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

9) L’3ttention‘est attirée sur le fait que certains des éléments du présent document de I'lEC peuvent faire I'ofjet de
dr¢its de-brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brIevets.

L'IEC 62037-5 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. Il s’agit d’une
Norme internationale.

Cette seconde édition annule et remplace la premiéere édition parue en 2013. Cette édition
constitue une révision technique.

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

a) mise a jour des exigences d’essais dynamiques pour définir I’énergie de choc et les
emplacements auxquels les chocs doivent étre appliqués aux dispositifs en essai.
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DISPOSITIFS RF ET A MICRO-ONDES PASSIFS,
MESURE DU NIVEAU D’INTERMODULATION -

Partie 5: Mesure de I'intermodulation passive dans les filtres

1 Domaine d’application

La prlésente partie de I'EC 62037 définit les dispositifs et les procédures d’essai recomm

pour
dans
quali
intern

2 F

Les g
de |4
I’édit
référ

IEC ¢
marti

IEC ¢
Parti

3 1

3.1

Aucu

L’1Sd
en n(

ndés
mesurer des niveaux d’intermodulation passive générés par des filtres, généralement ujilisés

des systémes de communication sans fil. L'objectif est de définir des méthodes<d’es
ication et de réception pour des filtres destinés a étre utilisés dans des applications de
nodulation (faible IM).

Références normatives

ocuments suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou [
ur contenu, des exigences du présent document. Pour‘\leés références datées,
on citée s’applique. Pour les références non datées, la‘derniére édition du docume
bnce s’applique (y compris les éventuels amendements).

0068-2-75:2014, Essais d’environnement — Rartie 2-75: Essais — Test Eh: Essa
bau

ai de
aible

artie
seule
nt de

S au

2037-1, Dispositifs RF et a micro-ondes‘passifs, mesure du niveau d’intermodulation —

b 1: Exigences générales et méthodes de mesure

'ermes, définitions et termes abrégés

Termes et définitions

n terme n’est défini dans le présent document.

et 'lEC tiennenta jour des bases de données terminologiques destinées a étre util
rmalisation, consultables aux adresses suivantes:

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

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

sées

T bréad

Device under test (dispositif en essai)
Intermodulation
Passive intermodulation (intermodulation passive)

Rapport d’onde stationnaire
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4 Commentaires d’ordre général sur les essais d’intermodulation passive des
assemblages de filtres

4.1 Sources d’erreur: filtres dos a dos

Le fait de soumettre aux essais des assemblages de filtres pour I'intermodulation passive peut
étre une source d’erreur si certaines lignes directrices préventives ne sont pas suivies. Dans la
mesure ou lI'intermodulation passive peut étre un phénoméne dépendant de la fréquence, lié
mathématiquement aux harmoniques des signaux d’entrée et a leurs combinaisons, il convient
de tenir compte non seulement du comportement du montage d’essai sous stimulation a la
fréquence fondamentale, mais aussi de ses performances harmoniques. En particulier, un
monthge d’ essai d infermodulalion passive dans la bande de récepiion, tel que représeni¢ a la
Figune 1, est pris comme exemple. Comme l'indique la figure, ce montage pourrait étre-tilisé

pour [mesurer I'intermodulation passive dans un dispositif en essai a deux ports; néanmoins, la
précision de la mesure pourrait étre remise en question en raison des filtres, dos 4 dos
(diplgxeurs) utilisés.
Filtres dos a dos
(diplexeurs)
Bignaux dans Terminaison &
labande intermodulation
[’émission, a basse
puissance Dio|
élevée Diplexeur Dispositif en iplexeur —
> ¢ > >[ essai a 2 ports ]< > <
A 4
Sens inverse,
intermodulation Sens direct
Vers le passive d_ans la bande intermodulation
rdcepteur dans ¢—— de réception passive dans la
a bande de < bande de réception
réception e

Figlire 1 — Montage d’essai dlintermodulation passive dans la bande de réception type

Alors| que les diplexeurs apparaissent certainement comme une charge adaptée autouf des
fréquences fondamentales_et des produits d’intermodulation passive dans la bande de réception,
ils pguvent étre trés maladaptés au niveau des harmoniques des fréquences fondamentales| Une
mauvaise adaptationm erée une onde stationnaire aux fréquences harmoniques, ce qui|peut
perturber de nouveautoutes les sources d’'intermodulation passive dans le DUT, avec des dersités
de cdurant plusélevées que les densités typiques. De plus, la réponse d’intermodulation mesgurée
devignt forteMent dépendante de la longueur électrique du DUT, dans la mesure ol les
emplacements des crétes et des creux de toutes les ondes stationnaires se déplacent par rapport
aux dources d’intermodulation passive, puisque la longueur électrique du DUT varie.

4.2 Essais environnementaux et dynamiques d’intermodulation passive

Les essais environnementaux et dynamiques d’intermodulation passive, qui peuvent comprendre
des vibrations ou des contraintes thermiques sur les assemblages de filtres, tout en mesurant en
parallele I'intermodulation passive produite, peuvent ne pas donner de résultats précis ou
reproductibles. Il existe plusieurs facteurs significatifs affectant les résultats de ces types d’essais
d’intermodulation passive.

a) lIsolation du DUT par rapport au systeme d’essai. Il est fortement souhaitable que toutes les
contraintes environnementales et dynamiques appliquées a un DUT soient isolées du systéme
d’essai, de telle sorte qu’il n'y ait pas d’effets résiduels mesurables. Cela concerne non
seulement les questions pratiques de fiabilité et de maintenance du systeme d’essai, mais
affecte aussi directement la question de la reproductibilité de la mesure. Cela signifie que, le
remplacement d’'une piéce particuliere du systeme d’essai étant exigé aprés un nombre
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