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INTERNATIONAL ELECTROTECHNICAL COMMISSION

RADIO FREQUENCY CONNECTORS -

Part 1: Generic specification —
General requirements and measuring methods

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization, comprising
all ndtional electrotechnical committees (IEC National Committees). The object of IEC is_1o| promote
internfitional co-operation on all questions concerning standardization in the electrical and electronic|fields. To
this ehd and in addition to other activities, IEC publishes International Standards, Technical Spedifications,
Technjical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to|l as “IEC
Publidation(s)”). Their preparation is entrusted to technical committees; any IEC National\Committee |nterested
in thg subject dealt with may participate in this preparatory work. International,\qgovernmental J|and non-
goverpnmental organizations liaising with the IEC also participate in this preparation\IEC collaborat¢s closely
with the International Organization for Standardization (ISO) in accordance with*conditions detefmined by
agreeent between the two organizations.

2) The fdqrmal decisions or agreements of IEC on technical matters express, asnearly as possible, an international
consepsus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatienal use and are accepted by IEQ National
Comnittees in that sense. While all reasonable efforts are made\to ensure that the technical contgnt of IEC
Publidations is accurate, IEC cannot be held responsible for{the way in which they are used gr for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National* Committees undertake to apply IEC Pdblications
transpgarently to the maximum extent possible in their“national and regional publications. Any djvergence
betwegn any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the lafter.

5) IEC itpelf does not provide any attestation of\conformity. Independent certification bodies provide gonformity
assespment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have(the latest edition of this publication.

7) No liapility shall attach to IEC or lits)directors, employees, servants or agents including individual experts and
membgers of its technical committees and IEC National Committees for any personal injury, property damage or
other |damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fees) and
expengses arising out of the“publication, use of, or reliance upon, this IEC Publication or any ¢ther IEC
Publigations.

8) Attentjon is drawn to_the Normative references cited in this publication. Use of the referenced publications is
indispensable for theeorrect application of this publication.

9) Attentjon is drawn to the possibility that some of the elements of this IEC Publication may be the gubject of
paten{ rightsSIEC shall not be held responsible for identifying any or all such patent rights.

Internatjonal~Standard IEC 61169-1 has been prepared by subcommittee
microwave—passive—componen e C—techni committee 46 Cables—wi

R.F. connectors, R.F. and microwave passive components and accessories.

46F: R.F. and
paveguides,

This second edition cancels and replaces the first edition, published in 1992, its Amendments
1 (1996) and 2 (1997). This edition constitutes a technical revision.

With respect to the previous edition, tests methods have been updated as well as terminology.

This bilingual version (2016-03) corresponds to the monolingual English version, published in
2013-07.
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The text of this standard is based on the following documents:

CDhV Report on voting
46F/216/CDV 46F/226/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The French version of this standard has not been voted upon.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list gf all the parts in the IEC 61169 series, published under the general, title Radio
frequengy connectors, can be found on the IEC website.

The committee has decided that the contents of this publication will remain"unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related {o the specific publication. At this date, the publication will be

* reconfirmed,

e withdrawn,

* replaced by a revised edition, or
* amepded.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it| contains colours which are considered to be useful for the c¢orrect
understanding of its contents. Users should therefore print this document using a
colour printer.
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RADIO FREQUENCY CONNECTORS -

Part 1: Generic specification —
General requirements and measuring methods

1 Scope

This part of IEC 61169, which is a generic specification, relates to radio frequency connectors

for rf t anoraiooian nao far ion in talanammaiinioatioanae Alactranioa anA olmailar Ao in ]ent
L U ST S STOTT T e o TOT oo T tCTC SO T o oo troTTo, CTe Tt oTmC o—arta—otrrar CqutPoT .

It provides the basis for the sectional standards, which apply to individual connector types. It
is intended to establish uniform concepts and procedures concerning:
— terminology;

— stanfdard ratings and characteristics;

— testing and measuring procedures concerning electrical, ~mechanical and |climatic
properties;

— classification of connectors with regard to climatic xtesting procedures involving
temperature and humidity.

The test methods and procedures of this standard are /intended for acceptance and type
approvgl testing.

2 Normative references
The follpwing documents, in whole or in part,\are normatively referenced in this document and
are indispensable for its application. For.dated references, only the edition cited applies. For

undated references, the Ilatest edition' of the referenced document (including any
amendments) applies.

IEC 60027 (all parts), Letter symbols to be used in electrical technology

IEC 60050 (all parts), «International Electrotechnical Vocabulary (availablel from:
http://www.electropedia.org)

IEC 60068-1, Environmental testing — Part 1: General and guidance
IEC 60068-2-1:1990, Environmental testing — Part 2-1: Tests — Test A: Cold1

IEC 60068-2-2:1974, Environmental testing — Part 2-2: Tests — Test B: Dry heat?

IEC 60068-2-6,_Fnvironmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidall)
IEC 60068-2-11, Environmental testing — Part 2-11: Tests — Test Ka: Salt mist
IEC 60068-2-13, Environmental testing — Part 2-13: Tests — Test M: Low air pressure

IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature

IEC 60068-2-17, Environmental testing — Part 2-17: Tests — Test Q: Sealing

1 This publication has been withdrawn.

2 This publication has been withdrawn.
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IEC 60068-2-20, Environmental testing — Part 2-20: Tests — Test T: Test methods for
solderability and resistance to soldering heat of devices with leads

IEC 60068-2-27, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock
IEC 60068-2-29, Environmental testing — Part 2: Tests — Test Eb and guidance: Bump

IEC 60068-2-30, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h
+ 12 h cycle)

IEC 60068-2-42, Environmental testing — Part 2-42: Tests — Test Kc: Sulphur dioxide test for
contacts and connections

IEC 60 FaNo TN ol ol a .- Na¥YaV¥al ) . A L e - - e | VAN o L& . L L L hl ‘d
VO~£L~JL. 1TIIU, LTIvITOrnrcritar u-;ouuy = 1ol N\U. odll ITTITSt, bybllb (OUUIUIH, OI’I e
solution

IEC 60068-2-54, Environmental testing — Part 2-54: Tests — Test Ta: Solderability tgsting of
electronic components by the wetting balance method

IEC 60068-2-61:1991, Environmental testing — Part 2-61: Test methods — Test 4/ABDM:
Climatid sequence

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Tést'Cab: Damp heat) steady
state

IEC 60457-1, Rigid precision coaxial lines and their associdted precision connectors + Part 1:
General requirements and measuring methods

IEC 60417, Graphical symbols for diagrams (available*from: http://std.iec.ch/iec60617)
IEC 62153 (all parts), Metallic communication cables test methods

IEC 61726, Cable assemblies, cables, cennectors and passive microwave compohents —
Screenihg attenuation measurement by the reverberation chamber method

IEC 62037 (all parts), Passive RF and microwave devices, intermodulation level measyirement

ISO 1000, S/ units and recommendations for the use of their multiples and of certajn other
units3

3 Termms and definitions

For the purposes ofithis document, the following terms and definitions apply.

NOTE Sdame of the terms defined are not used in the present document, but may be used in the differeny sectional
specificat|ons.

31 General, parts of connectors

3.1.1
contact (electrical)

state in which individual electrically conductive parts are in such close mechanical touch as to
provide a low resistance path to electrical current in either direction

3.1.2

contact

conductive element in a component which mates with a corresponding element to provide an
electrical path (to provide electrical contact)

3 This publication has been withdrawn.
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3.1.3

male (pin) contact

contact intended to make electrical engagement on its outer surface and which will
female (socket) contact

3.1.4
female (socket) contact

enter a

contact intended to make electrical engagement on its inner surface and which will accept

entry of a male (pin) contact

3.1.5
hermaphroditic contact
contact which is intended to mate with an identical contact

3.1.6
resilienft contact
contact jhaving elastic properties to provide a force to its mating part

3.2 asic connector terms
3.21
connector

component normally attached to a cable or mounted on a piecé of apparatus (excly
adaptor) for electrically joining separable parts of a transmissigniline system

3.2.2
connector pair

ding an

two conhectors having complementary mating faces .and locking means, so as to be mateable

and intgrlockable

3.23
series type

terms characterizing the particular mating¢faces and locking means of a connector (
regard tp construction and dimension

Note 1 to|entry: The term "series" is someétimes used as an approximate synonym of 'type' for desig
entirety of connector styles with identical.mating face and locking means.

3.24
style
particular form or shape~ef'connector, as well as a combination of connectors of th
type

Note 1 to|entry: For *adaptor”, see 3.5.1 to 3.5.5: a 'within-type adaptor" may also be considered as a
style of algiven type-

Note 2 to| entry:«~EXamples are: free and fixed connectors, both straight and right angle, within-type
straight apd rightyangle.

3.2.5

variant
variation of a style, in particular details, such as cable-entry dimensions

3.2.6
grade

air with

ating the

e same

particular

adaptors

qualification of a connector with regard to mechanical and electrical precision in particular

with respect to a defined return loss

3.2.7
general purpose connector: Grade 2

connector making use of the widest permitted dimensional deviations (tolerances) so as still

to guarantee minimum stated performance and intermateability

Note 1 to entry: A requirement for the return loss may or may not be specified.
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3.2.8
high performance connector: Grade 1
connector for which limits of return loss are specified as a function of frequency.

Note 1 to entry: No tighter dimensional tolerances than those applicable to Grade 2 are normally specified. The
manufacturer is responsible, however, for choosing tighter tolerances where necessary to ensure that the return
loss requirements are met.

3.2.9

standard test connector: Grade 0

precisely made connector of a particular type used to carry out return loss measurements on
Grade 1 and Grade 2 connectors, contributing only negligible errors to the measuring result

Note 1 to entry: The standard test connector is often part of an inner-type adaptor which allows connection with a

precision eonmector fUIIII;II\J part of-the |||caou|i||9 ectpment:

3.2.10
precision connector
connector that has coincident mechanical and electrical reference planes, air dielecfric, and
has the|property of making connections with a high degree of repeatabilitycwithout introducing
significgnt reflections, loss or leakage

Note 1 to| entry: It is intended for mounting on air-lines and instruments. Precision connectors can pe of the
hermaphrpditic type, flange type or of the pin and socket type as stated in IEC 60457-1.

3.2.11
laboratory precision connector

LPC
precision connector without dielectric support for the centre conductor

3.212
general precision connector
GPC
precision connector with self-contained dielectric support capable of supporting the un-
supported centre conductor of an LPC and standard air-line which it is mated

3.3 Clonstructional terms

3.31
male cqnnector/pin connector
connector containing a male (pin) centre contact

3.3.2
female connector/socket connector
connectpr containingta-female (socket) centre contact

3.3.3
plug connector

connector featuring the active part of the coupling mechanism, i.e. the nut or bayonet ring,
and which;rormally is a free contact T

Note 1 to entry: Depending on the particular type, a plug may be a male or female connector.

3.34
socket
connector complimentary to the plug

3.3.5
hermaphroditic connector
connector which mates with an identical connector

3.3.6
free connector
connector for attachment to a free end of a cable

Note 1 to entry: If not specified as fixed, a connector is assumed to be free.
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fixed connector
connector with provision for attachment to a mounting surface

3.3.8
triaxial

transmission line comprising three concentric conductors having a common axis and with
each conductor insulated from the other two

3.4 Sealing

3.41

sealed connector
connectpr—employing—a—seal-capable—offulfiling—spescified—gas——meisture—ortiguid-tightness

requirernents

3.4.2
barrier

seal

seal prgventing the passage of gases, moisture or liquids in an axial direction within t

shell of

3.4.3
panel s

a connector

pal

seal prgventing the passage of gases, moisture or liquids between the fixed conn

adaptor

Note 1 to

3.44
mating

seal preg

body shell and the panel via the mounting hole(s)

entry: The sealing member is often provided as a discreteitem.

face seal

mated connectors

3.4.5
hermet
seal me

c seal
eting the requirements specified on application of Test Qk of IEC 60068-2-17

3.5 Miscellaneous terms

3.5.1

adaptol

two-por

3.5.2

device for joiningtwo transmission lines having non-mating connectors

fixed adaptor

adaptor

Note 1 to
3.6.3

with provision for attachment to a mounting surface

entry.” If not specified as fixed, an adaptor is assumed to be free.

he body

ector or

venting the passage of gases, moisture 0v liquids into the interface space of a pair of

within-type adaptor

adaptor
3.54

inter-ty
adaptor

3.5.5

for use between two or more connectors all of the same type

pe adaptor
for use between two or more connectors of different types

standard test adaptor
inter-type adaptor for test purposes, having a standard test connector at one end and a

precisio

n connector at the other end
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3.5.6

standard air line

homogenous air dielectric transmission line having the smallest possible irregularities in
diameter and straightness of conductors, no self-contained supports for the inner conductor
and using non-magnetic material with good conductivity

3.5.7

reference line

air-line similar to the standard air-line but with dielectric support of the inner conductor, and
with a design such that the internal return loss is kept at a minimum within the frequency
range made use of for measurements

3.5.8

proof cpupling torque
maximum torque to be applied to the screw-coupling mechanism of a specifi¢\ eannector
series for testing the mechanical strength of the coupling mechanism

3.5.9
normaljcoupling torque
maximum/minimum values of torque to be applied in normal use to thescoupling of screw type
connectors

3.5.10
engagement and separation torque
torque required to overcome friction, compression of springs, etc. during the engagemnent and
separation of connectors with rotary type coupling mechanisms before or after complete
engagement

Note 1 to| entry: This is intended to check for undue tightness of threads, burrs on bayonet-cams, freedom of
rotation of coupling rings, etc.

3.5.11
push-on
connectors with interfaces that engage/disengage in an axial direction

3.6 General electrotechnical terms

3.6.1
nominal value
typical yalue used to designate or identify a component, device or equipment

Note 1 tolentry: It follows ffom-the definition that a nominal value is not subject to tolerances.
Note 2 tolentry: Typical and nominal are interchangeable.

3.6.2
limiting value

in a specification, the greatest and/or smallest admissible value of one of the quantitie

12}

3.6.3
rated value
operational values that are provided in the detailed specification

4 Units, symbols and dimensions

4.1 Units and symbols

Units, graphical symbols, letter symbols and terminology shall whenever possible, be taken
from the following IEC publications:

60027: Letter symbols to be used in electrical technology.

60050: International Electrotechnical Vocabulary (IEV).

60617: Graphical symbols for diagrams.
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Other publication:

ISO 1000: Sl units and recommendations for the use of their multiples and of certain other

units.
42 D
4.2.1
Each re

imensions
Details to be provided in relevant specifications
levant specification shall provide the following.

a) Sufficient dimensional information on the mating faces of connectors should be provided
to ensure intermateability and compliance with performance requirements.

b) Information on the connector envelope maximum dimensions shall be provided to enable

the @serto accommodate the connectors n thefr equipment. |

c) The
affeq
draw

4.2.2
The dim
During

rounded
conside

relevant specification is not intended to restrict details of construction which
t interchangeability or performance, nor are they to be used as (manuf
ings.

Dimensional units to be used in specifications

ensions and tolerances shall be given in metric units.
conversion of dimensions given in inches into millimetres;.they shall, in pring

rations permit, the rounding shall usually be to the nearest 0,01 mm or 0,000 5

5 Sta[ldards ratings and characteristics

The rati
the rele

gs and characteristics applicable to each,connector type and style shall be s
vant specification. They should normally cover:

a) a short description of the connector construction stating in particular the inner dia

the |outer conductor and, if applicable;~the preferable cable types to be used
conmector;

b) the feturn loss as a function of frequency for the different grades (if applicable)
with|the conditions for which it istvalid;

c) the working voltage at diffefent altitudes (pressures);

d) the ¢limatic categories;

e) any pther rating or characteristic applicable.

6 Classifications.into climatic categories

The clapsification’ of connectors with regard to climatic conditions is based on IEC

and ind|cated by a series of three sets of digits separated by oblique strokes corres

respecti
number

vely to tests at low temperature (minus sign not shown), high temperature

do not
acturing

iple, be

to the nearest 0,001 mm or 0,000 05 in. Where, however, mechanical and €lectrical

in.

tated in

meter of
ith the

ogether

50068-1
ponding
and the

of dnye of exXposure to rlﬂmrl_\ hnai‘, ei‘nqr’ly state

The climatic severities are referenced by a cold temperature, high temperature and damp heat
steady state duration. Examples of climatic category of this are shown in Table 1:

Table 1 — Preferred climatic categories (see IEC 60068-1)

Category designation ‘ Letter Temperature range Damp heat steady state
40/85/21 A —40 °C to +85 °C 21 days
55/125/21 -55 °C to +125 °C 21 days
55/155/56 C -55 °C to +155 °C 56 days
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7 |IEC type designation

The purpose of the IEC type designation is to identify a particular connector within the scope
of IEC r.f. connector standardization. It is not intended to include information in excess of this.
In practice, it is usually necessary to identify a manufacturer's product because, although
complying with the IEC standard, there may be features not covered by the standard.

Connectors complying with the relevant specification shall be designated by the following
indications and in the order given:

a) the number of the specification;
b) the letters "IEC";

c) additional identification as indicated in the relevant specification.

NOTE When an IEC type designation is used, either for the marking of the product or in a description of the
product, i is the responsibility of the manufacturer to ensure that the item meets the requirements.of the¢ relevant
specificat|on.

8 Testing
Unless ptherwise specified, the following conditions shall apply:

a) tests$ shall be carried out under standard atmospheric conditions for testing as specified in
IEC[60068-1;

b) befdre measurements are made, the connectors shall_be preconditioned under dtandard
atmospheric conditions for testing for a time sufficient to allow the entire conngctor to
reagh thermal stability;

c) recgvery conditions for the interval after a conditioning and the next measurement of test
shall be in accordance with IEC 60068-1.

The tes{ schedule is shown in 10.3 and details of conditioning in 9.4.1.

When al nominal value only is given for.an applied stress and/or the duration of application,
the speg¢ified value shall be taken to indicate the minimum test severity to be applied.

The test shall be carried out withr.éonnectors — as received from the supplier. In no case shall
the contact parts be cleaned ar jotherwise prepared prior to tests, unless explicitly stated in
the spegification.

If it is rgquired that a cable shall be attached to a connector, this shall be done in accprdance
with the[connector manufacturer's instructions.

Mated sets of connectors shall be fully engaged and screw-coupled connectors shall be
tightendd to thenormal coupling torque quoted in the relevant specification.

In the ¢ase of mounted connectors subjected to environmental conditioning, care shall be
taken td_ensure that the har‘k-nf-panpl pnrtinn of such fixed connectors when appmrriate, is

protected.

For tests involving exposure to extreme temperatures, a cable with appropriate temperature
capability should be used.

9 Test methods

9.1 Mechanical inspection

9.1.1 Visual inspection

Visual inspection shall include a check on

a) the marking: it shall be correct in accordance with 11.1 and be legible after any of the
specified tests;

b) the manufacture: it shall have been carried out in a careful and workmanlike manner;
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c) deterioration after electrical, mechanical and climatic tests: unless otherwise specified,
there shall be no visible deterioration likely to affect the performance;

d) the marking on the package: it shall be in accordance with 11.1.

9.1.2
9.1.21

Dimensions

General

The dimensions shall be checked and shall comply with those specified by the relevant
specification.

Any suitable method may be used except that gauges shall be used when specified by the
relevant specification.

9.1.2.2

The dimensions of the mating face shall be in accordance with the mating face d

prescrib
specime
9.2 E
9.2.1
9.2.1.1

Return
deviatio
when sy

The ret
standar

The relg
test con
closest
to preci

Cable

instructi
of the ¢
9.2.1.2
9.2.1.2.
A vecto
calibrati

A vectd
frequen

Mechanical compatibility

ed in the relevant specification. Use of compatibility gauges is optional.-Whe
ns shall accept the gauges.

lectrical tests and measuring procedures

Return loss

General considerations

rawings
n used,

oss is useful for quantifying the level (amount) of the reflected signal dug¢ to the

h from the nominal impedance and structural effects ‘'of the connector, which i
stem performance is the primary interest.

urn loss of connectors shall be measurediwith the test specimen mated
| test connector. Adaptors shall be mated with standard test connectors on bof

bvant specification for a particular connector shall also specify the pertinent g

s useful

with a
h sides.

tandard

nector (connector of Grade O). Mated pairs of standard test connectors shal| exhibit

uniformity of characteristic impedance throughout the pair inclusive of the trg
Sion lines or cables.

connectors shall be attachied to an appropriate cable in accordance W
ons supplied by the copnector manufacturer. The cable to be used shall prefe
ose tolerance type.

Frequency domain test
( Test equipment
r network/analyzer (VNA) capable of performing s-parameter measuremen
on standards (open, short, load) is recommended.

r network analyser is a test system that enables the RF performance

nsitions

ith the
rably be

s using

bf radio

Cy.(RF) and microwave devices to be characterised in terms of network sd

attering

parame

ers, or S parameters.

The return loss of the connector(s) under test shall be measured with the VNA over the
specified frequency range of interest.

A detailed description of the error correction (calibration) procedure is given in the manual of
the VNA.

Precision test connectors with small inherent reflections (see note below) shall be fitted on
both ends of the test specimen to allow direct connection to the network analyzer, analyzer
test leads and/or, terminating load.

NOTE S

mall inherent reflections < 1,035:1 VSWR.
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2 Procedure

The two-connector procedure uses cable of a known value attached to the connector.

Time domain reflectometry (TDR) shall be used to check the homogeneity of the measuring
set-up, to localize imperfections and to examine the accuracy of the characteristic impedance

of the s

ections of coaxial lines used.

When available on the network analyser, gating will be performed for removing errors due to

the cab

le.

The procedure is illustrated in Figures 2 and 3.

The int
verified

As a check of the accuracy of the system, it is recommended to repeat the measu
with the[connector assembly reversed between the standard test connectors.

The typ

! ; Frequency domain reflectometer :G Not necessarily exactly matched
equipment connectors

—

erconnecting cable of the connectors shall consist either of a prescribed

able of

performance or an adequate cable simulator.

cal return loss graphical symbols are described in Figure 1:

Time domain reflectometer O Mated male and female (pin and sq
equipment ( connectors

| I I I I I I I IPrecisiontermination
I— Mated precision hermaphroditic

connectors

Figure 4 — graphical symbols

Connectors

/ under test Precision

Standard Standard termination

test adaptor

NOTE Standard tests connectors are either directly used on the analyzer port, analyzer test leads g

precision

r\\./ II Se&'NOTE (C O

test adaptor I

IEC 1

/ See NOTE

Figure 2 — General principle

rements

cket)

1631/13

32/13

nd/or the

termination or are connected through standard test adaptors.
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Purpose

Test method

Notes

Selection and
verification of
reference line by
comparison with
standard air line

Termination

VAVAVAVA VAN

Standard air line

Reference air
line

Selection and
verification of
transmission line for
use during
subsequent
measurements by
comparison with

Transmission line

under test

el
e

Reference air line

Adaptor

reference line

Adaptors need
be neither
precision or
calibrated

Verification of
performances off
standard test
adaptors

Standard test
Adaptor

Termination
{ .
\ O™

Connector undertest

Reference air line

:
i

Routine equipment
check

Precision termination

2\ aisNgigh

NS

Verification of
equipment and
termination
errors

Additional
equipment ched

=~

Standard air line or
Reference air ling

Precision termination

AN aligigiigh

NS

Verification of
overall error

Verification of
performance of
standard test
adaptors (1,2,3|and

Precision terminati
Stanglard test adaptors 1st pair recision termination

| —o—1LUuu

Standard test
adaptors may
also be
checked cross-

4) NS coupled and
reversed
Standard test adaptors 1st pair Precision termination
4
No————Fo—1uL
IEC 1633/13

9.2.1.3
9.2.1.3.1

Figure 3 — Measuring set-up for two-connector procedure

Method of time domain reflectometry (TDR)

Theoretical considerations

Assuming the incident signal has the ideal form of a step function, the reflected s(f) = r(t) is
converted to the complex return loss as a function of frequency by:

T
r(w) = jwf s(t) x e J@t x dt

0

where 0 to T is the time interval comprising the portion of s(f) due to the reflection arising
from the connector under test.
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Restricting the upper frequency limit to values such that oT < 1, eJ® = 1 allows the
expression to be simplified to:

T
r(w)=27rfj sy xdt=AXf
0

-
A= 2nj0s(t)xdt

Figure 4 shows an example of a time-domain reflectometer recording.

NOTE As only the magnitude of the return loss is of importance, the sign of the reflected signal integral is omitted.
A positive_sign results from an inductive series, a negative sign from a capacitive parallel disturbing element.

A

S(t)

/\

0,02
T /'ﬁ\..__\_.______—...____‘__—__—“ |
0 100 T t|(ps)

Reflection, from Impedance level of

connector-under test transmission line
- EC 1634/13

v
M
v
M

kigure 4 — Example of a time domain reflectometer measurement recording

In the example, thé.surface under the curve from 0 to T is:

.
jos(t)xdt ~175 ps

Therefore, at 100 MHz: r = 0,011.
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9.2.1.3.2 Measuring procedure

The verification of the equipment and the elements used is carried out as shown in the first
three boxes of Figure 3. The set-up for carrying out the measurement is illustrated by Figure 5.

_ Reference air line Adaptor Transmission line Termination
\ h
- Connector under test IEC 1635/13

Figure 5 — Equipment set-up for the measurement of reflection in time domain

Both the time and the return loss scales of the TDR equipment shall be calibrpted by
independent references. For the time scale, this can be done by using air lines of known
length, sliding short-circuits or by time standards. The return loss scale is calibrated by using
known impedance mismatches or input signals of known amplitude. For-routine calibration
between measurements, open or short-circuiting is also satisfactory.

In additjon to the calibration, the measuring equipment should be checked for the fpllowing
sources|of error.
a) Thel|step form shall be adjusted for minimum ripple and irrégularities before the calibration.

b) Losges in air lines and equipment cables distort the,incident step. Excessive|lengths
shoulld be avoided.

c) Mulfiple reflections in the measuring system added to the reflection from the cqnnector
unde¢r test, especially if the system includes unmatched components. Their effec{ can be
minimized by selecting the lengths of air_lines and cables so that the reflections from
diffgrent sources are separated in time.

d) Leaky connections or unshielded terminations may cause interference signalg in the
meagsuring system.

e) Errgrs are often due to an uncertainty in defining the line corresponding to zero refflection.
Thig is particularly important if the reflected signals are small.

9.21.4 Information to be given in the relevant specification

The follpwing information shall’be given in the relevant specification:

a) limits for the return(loss appropriate to the grade;
b) medsuring accuracy;

c) detqils of thé standard test connector;

d) necessary.characteristics of the appropriate cable;

e) any|deviation from the standard test method.

9.2.2 Power rating
9.2.2.1 Definitions

Power rating is the input power at which neither the peak working voltage nor the maximum
dielectric temperature of the connector is exceeded, if the connector is terminated with
specified cable or interface.
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The nominal value of voltage-limited power rating is defined as follows:

Pumax :m
’ 27
where
Unax  is the peak working voltage;
V4 is the characteristic impedance;
Py max implies sinusoidal c.w. excitation.

The nominal value of temperature-limited power rating is defined by the steady state power at

which ffre—immer—comductor Teaches s maximum temperatare a5 per_—Tabte 4 below

(alternatively as per climatic category). The nominal value is stated for anOpmbient
temperdture of 40 °C.

Table 2 — Dielectric materials ratings

Dielectric material Maximum inner conductor temperature
°C
Polyethylene (LD-PE) +85
Polytetrafluoroethylene (PTFE) +200
Fluorinated ethylene propylene (FEP) +180

9.2.2.2 General measuring conditions
Cable g¢onnectors shall be attached to the.‘@ppropriate cable, as per manufgcturer's
instructions.

The specimen shall be placed horizontally in still air, allowing free air convectipn, and
screened from the influence of other heat sources.

The tes{ duration shall be long enaugh to establish thermal balance.

9.2.2.3 Measuring methods
Ideally, |the specimen is _terminated in its characteristic impedance and then fed with power
until maximum working-veltage or maximum inner conductor temperature is reached.
9.2.3 Contact résistance, outer conductor and centre conductor continuity (mated
cabled.-connectors)

9.2.3.1 General measuring requirements and procedure

Measuréments will be carried out with alternating current (a.c.). In case of dispute, however,

the medsurement with direct current shall govern.

The contact resistance shall be calculated from the potential difference measured between
the points intended for inner conductor and outer conductor contact of mated pairs, which may
include the length of the cable and the current. The contact shall be made before the current
is switched on.

When direct access to the terminations is impractical, as in the case of mated cabled
connectors, a measurement of the centre conductor continuity shall be made.

The measuring set-up shall be such as to ensure that the result is within + 10 % of the
resistance to be measured, unless another accuracy is given in the relevant specification.

In general, the resistances of the centre contact and the outer contact R, of a pair of

connectors shall be measured separately. The relevant specification shall state explicitly if the
total resistance R,; of the two contacts in series is to be determined by a direct measurement.
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It is most desirable to have contact resistances for every combination of cable size, centre
conductor and shield configuration as close to zero as possible.

A control jumper is made from the cable used in test to verify circuit stability and accuracy.

The approximate contact resistance values can be determined by the use of the conductor and loop resistance
values. For example, a single tape and braid construction that has a maximum centre conductor resistance of
31,10 Q /1 000 ft (31,10 x 1073 Q /ft) and a maximum d.c. loop resistance of 41,16 Q / 1 000 ft (41,16 x 1073 Q /ft).
This results in an outer conductor resistance of 10,06 Q / 1 000 ft (10,06 x 1073 Q /ft).

Therefore, if the cable sample is approximately 1 foot in length, the resistance calculated is approximately
10 x 1073 Q or 10 mQ. If the measured resistance is in the area of 25 mQ, 65 mQ and 90 mQ, the interface might be
suspect.

9.2.3.2 Procedure

The relevar arttre Te act—resistance—s—the—mean—ve catettate
consecytive measuring cycles. No individual value shall exceed twice the mean value)

om five

One mejasuring cycle consists of:

a) when measuring with a.c.:
1) | making the contact (engaging the connectors);

2) | connection of voltage source;

3) | measurement;
4) | disconnection of voltage source;
5) | breaking the contact (disengaging the connectors);

b) whep measuring with d.c.:

1) rhaking the contact (engaging the connectofs);

2) gonnection of voltage source in one polarity;

3) measurement;

4) gonnection of voltage source in reverse polarity;

5) measurement;

6) disconnection of voltage source;

7) RQreaking the contact (disehgaging the connectors).
9.2.3.3 Requirements
The pags fail criteria may-invoke the following.

a) Contact resistanee and outer conductor continuity
The |valuessshall not exceed those specified by the relevant specification.

b) Cenfre, conductor continuity, and outer conductor and screen continuity (mated cabled
conrpectors).

The overall resistances of the mated connectors and their attached cables shall be measured
between the free ends of the cable conductors. The connectors shall not be disengaged
between making the last measurement prior to the conditioning and the first measurement
after conditioning.

The changes in resistance of the centre conductor, outer conductor and, when applicable, the
screen of a mated pair of connectors inclusive of cable resistance, shall not deviate, after
conditioning, by more than the appropriate maximum permitted values indicated in the
relevant specification.
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Information to be given in the relevant specification

The following information shall be reported in the relevant specification:

a) upper limit of resistance for centre contact and outer conductor/screen continuity as
appropriate;

b) the maximum percentage change of the initial total measured resistances of mated cabled
connectors to be permitted after conditioning;

c) any deviation from standard procedure.

9.24

9.2.41

Centre and outer conductor contact continuity under severe mechanical
conditioning

Tncfing prnrndurn

The cor
tested (¢
required

9.2.4.2

There shall be no intermittences under the conditions specified by the. relevant specifig

9.2.4.3
See 9.3

9.2.5
9.2.51

The insulation resistance shall be measured between the contacts with a d.c. vo

500V =

The tesf

tinuity of the centre and the outer contacts of a mated pair of connectors
uring the vibration (see 9.3.3), the bump (9.3.13) and the shock test (9.3
by the relevant specification.

Requirements

Information to be given in the relevant specification
3.2,9.3.13.2 and 9.3.14.2.

Insulation resistance
Procedure
50 V or with the rated voltage of the connector, whichever is less.

equipment shall have a suitable range to cover the resistance being measure

shall be
14), as

ation.

tage of

.

Both ends of the connector under test (EUT) shall be prepared such that, when the specified

voltage
discharg

The tes} shall be preferably performed on an un-mated connector (plug or jack) with
attached cable (see Figure 6).

When the test is performed on a mated pair of connectors or when a cable is attache
connector, this should be reported in the relevant specification.

The tedt shall /b&. performed under standard laboratory conditions to avoid hum
dielectric beads.

The insui.llation resistance shall be measured after an electrification time of 1 min = 5 s|

is applied to the conductors,) there shall be no breakdown or significan
es at the terminations.

partial

out any

] to one

dity on
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FESpa T |
| — =
— i F - L
/ A ) -
I B - o

Single connector Single connector with cable

9.2.5.2

The value of the insulation resistance shall be not less than the value specified
relevan{ specification.

9.2.5.3
The foll

a) valu
b) mini
c) test
d) any
9.2.6

9.2.6.1
Connec

relevan{ specification.

When a
shall be

An a.c.

qualification” approval and for 5 s for quality conformance inspection unless of

IEC
Figure 6 — Possible test arrangements

Requirements

Information to be given in the relevant specification
bwing information shall be reported in the relevant specification:

of the test voltage if other than 500 V%
E‘uum value of insulation resistance;
arrangement (mated or un-mated connector with or without cables);
deviation from the standard.test procedure.
Voltage proof

Procedures and requirements
ors shall withstand without breakdown or flashover the voltage specifieg

bplicable,@n*appropriate cable shall be attached to the connectors and the cof
tested both mated and unmated.

voltage at a frequency between 40 Hz and 65 Hz shall be applied for @

BT _ o
7 = E i = i —

Mated pair of connectors Mated pairof connectorswith cables

prescribed in the relevant specification.

1636/13

by the

in the

nectors

0 s for
herwise

The relation between the rated voltage U and the test voltage E (r.m.s. values) is given by:

E=3U

for connectors having a rated voltage up to and including 1 kV, and

E = 1,5 U with a minimum of 3 kV, for connectors having a rated voltage exceeding 1 kV.

NOTE If the cable capacitance does not allow the a.c. test to be performed, a d.c. voltage proof is done at 1,414

times the

r.m.s. value of the a.c. voltage.
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9.2.6.2 Information to be given in the relevant specification
The following information shall be reported in the relevant specification:

a) value of the test voltage;

b) any deviation from the standard test procedure;
c) leakage current.

9.2.7 Screening effectiveness

9.2.71 General considerations

Screening effectiveness in the context of radio-frequency coaxial transmission lines is the
ability of the outer conductor to protect the transmission line from being disturbed by outside

electrontagnetic fietds, and vice-versa. Wit respect to r.f. coaxial connectors, a tongitudinal

current flowing on the outer shell should not cause an undue voltage in the coaxial)cirguit.
The quptient of the transferred electromotive force, or the equivalent voltage U;,| by the

. U; :
outside [longitudinal current |/, : I——Zt is called the "transfer impedancef;and is gengrally an
|

adequafe quantity for defining the screening effectiveness of r.f. coaxial connectors/| It shall
be emphasized that the transfer impedance of r.f. connectors; ,and thus the sgreening
effectiveness, has by no means a stable, fixed value applicable to’each particular spegimen or
pair. In particular, Z; is mostly much dependent on mechanicaland contact circumstanges.

For radijo-frequency applications, the transfer impedance™Z; shall be expressed as a function
of frequency and, in general, be measured in the frequency domain.

In ordef to measure the screening effectiveness\of the mating part of a conneclor pair,
suitable|cables are attached to the connectors.in’such a way as to exclude any leakage at the
cable entries.

For type testing, measurements shall always be carried out at the first engagement on a
number]|of pairs of fresh connectors,_ (t is not recommended that a standard test cgnnector
should pe coupled to the specimen *under test with the intention of attributing mgasured
screening deficiencies to the specimen under test.

The relevant specification shall state the number of pairs to be measured, the tightening
torque fpr the coupling nutsand, where relevant, the frequency range.
9.2.7.2 Measurement

Dependjng upon ,he"requirements (Z; or screening attenuation), the measurement| will be
performed accotding to the appropriate relevant clauses of IEC 62153 and IEC 61726.

9.2.8 Discharge test (corona test)

9.2.8.1 L ~Procedure and requirements

An appropriate cable shall be attached to the connector and the test voltage shall be applied
between the conductors of the cable.

The application of a high voltage to the test samples immediately before the discharge test
may affect the measured results; a rest interval is therefore recommended, after previous
voltage application, before carrying out the discharge test.

Care shall be taken to avoid spurious effects caused by corona at the cable ends. An example
of test arrangement of given in Figure 7.

The connectors shall be tested only in the mated condition.

The voltage to be applied shall have a frequency between 40 Hz and 65 Hz. The total duration
of the application of the voltage shall not exceed 5 min.
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To allow the measurement of the discharges, the components of the test circuit shall be
corona free to the extent that discharges of 5 pC or more occurring in the test specimen are
not obscured.

The voltage shall be slowly increased until the detector, operated at a sensitivity of 5 pC,
indicates a sustained corona discharge. Then the voltage shall immediately be decreased
until corona is at the 5 pC level, the corresponding voltage being the corona level of the
connector under test.

1
|
o .
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e D L EE P S —
777% T | .|

z

777%

3 2 /

IEC |1637/13

Key
connefctors under test

band Pass Filter (10 KHz 50KHz)
detecfor

oil

a b WO N -

choke|

Figure 7 —= Measuring circuit for the discharge test

The tesf may be carriedoeut at reduced atmospheric pressure when required by the relevant
specification to simulate’high altitude applications.

9.2.8.2 Information to be given in the relevant specification
The follpwinginformation shall be reported in the relevant specification:

a) minimum value of the extinction voltage;

b) atmospheric pressure;

c) any deviation from the standard test procedure.
9.2.9 Intermodulation level (PIM)

9.2.9.1 General

IM interference is caused by sources of non-linearity of mostly unknown nature, location and
behaviour. Experience shows that the generation of intermodulation products originates from
point-sources inside a device under test (DUT) and are propagating equally into all available
directions. The generation of passive intermodulation products (PIM) does not necessarily
follow the law of the usual non-linear equation of quadratic form. Therefore, accurate
calculation to other power levels causing the intermodulation is not possible.

PIM generation can be frequency-dependent. When PIM generation is frequency-dependant,
the PIM performance shall be investigated over the specified frequency band.
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An appropriate cable shall be attached to the connector and tested in accordance to
IEC 62037.

9.2.10 Surge withstand
Under consideration.

9.3 Mechanical tests and measuring procedures
9.3.1 General

The surges considered do not exceed one half-cycle of the normal mains waveform
(fundamental frequency) in duration. They can be periodic or random events and can appear
in any combination of line, neutral, or grounding conductors. They include surges with
amplitudes durations or rates of change sufficient to cause equipment damage or aperational

upset.

Measur¢ments to be made at any stage of these tests shall be indicated inthe relevant
specification.

9.3.2 Soldering
9.3.21 General

Termindtions and surfaces to which soldered connections are to 'bé made shall be tested to
ensure that the surfaces wet easily and that damage does not oceur due to the heating effect
of the |soldering processes. Tests shall be carried out injaccordance with Tesf Ta of
IEC 60(068-2-20, and when required, the relevant specification shall identify the termination(s)
and proyide the information as indicated for Test Ta. Test Tb may be applied if spegified in
the releyant specification.

9.3.2.2 Solderability

Tests shall be made in accordance with Test Ta of IEC 60068-2-20. This test may bg carried
out on piece-parts/sub-assemblies taken from batches prior to assembly into connectprs and,
if presciibed, subject to prior conditioning-0F ageing.

When applied to assembled connectors, the requirements shall be laid down in the felevant
specification which shall also presegtibe:

a) soIdEring iron method — the“size of the bit;
b) sold

Solderapility of printed’board mounting connectors may be tested in accordance with [Test Ta
of IEC $0068-2-54 using the wetting balance method. This method may also be usgd as a
referenge method for terminations irrespective of shape. When requiring use of this method,
the appfopriate(parameters of one or more of the following requirements shall be givgn in the
relevan{ specification:

r bath — the depth:of the immersion.

1) for thelonset of wetting;

2) for the progress of wetting;
3) for the stability of the wetting.
9.3.2.3 Resistance to soldering heat

This test shall be carried out on assembled connectors in the unmated condition. They shall
be subjected to Method 1b or Method 2 of IEC 60068-2-20 which includes details of the
normal requirements and the information to be given in the relevant specification.

9.3.3 Vibration

9.3.3.1 Procedure

Unless otherwise specified, the test duration level should be selected from one of the columns
specified in Table 3. The test shall be carried out on mated sets of connectors in accordance
with Test Fc of IEC 60068-2-6.
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The vibration severity shall be defined by the combination of three parameters: frequency
range, vibration amplitude and duration of endurance. The relevant specification shall
prescribe the appropriate requirement for each parameter selected from the following
preferred values:

Swept frequency ranges:

a) 10 Hz to 150 Hz;

b) 10 Hz to 500 Hz;

c) 10 Hz to 2 000 Hz.

Vibration amplitude (with cross-over frequency 57 Hz to 62 Hz).

Table 3 — Severities for vibration

Peak displacement
(not peak to peak)

Acceleration amplitude
above cross-over
frequency

Severity level duration

amplitude below
cross-over
frequency

mm m/s2 gn Level 1 Level 2 Level 3 bvel 4
0,5 50 5 16 40 96 180
0,75 100 10 2 5 12 20
1,0 150 15 - 2 4 6
1,5 200 20 - 1 2 3

The cornectors shall be vibrated in each of three“perpendicular directions, one of which shall
be parallel to the common axis of the connectors.

The centre and the outer contact continuity shall be monitored as specified in 9.2.4.

9.3.3.2 Information to be giveniin"the relevant specification
The follpwing information shall bereported in the relevant specification:

a) appropriate cable to be used, details of mounting connectors and clamping of cablg¢s;
b) sevgrities;

c) perfprmance requirements;

d) any|deviationdrom the standard test procedure;

e) connector performance should be evaluated on the assembly tested.

9.3.4 Insertion force (resilient contacts)

9.3.4.1 —Procedure and requirerments

Resilient contacts, either female (socket) or male (pin) shall be tested in the following manner
using the specified gauges.

a) The gauge causing the maximum deformation shall be applied to the contact and
withdrawn three times. For a centre female contact, the diameter of the gauge shall be the
maximum specified diameter of the mating male contact. For the outer male contact, the
inner diameter of the gauge shall be the minimum specified diameter of the female body.

b) The gauge causing minimum deformation shall then be engaged with the contact. The
contact shall support the gauge when the gauge is hanging from the contact in the vertical
position. For a centre female contact, the diameter of the gauge shall be the minimum
specified diameter of the mating male contact. For an outer male contact, the inner
diameter of the gauge shall be the maximum specified diameter of the female body.
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Information to be given in the relevant specification

The following information shall be reported in the relevant specification:

a) dimensional details of the gauge(s) for pre-conditioning;

b) dimensional details and mass of the gauge(s) for checking the retention force;

c) when required, the insertion force of the pre-conditioning gauge(s);

d) any
9.3.5
9.3.5.