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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-10: Electromagnetic compatibility (EMC) —

Shielded screening attenuation test method for measuring

the screening effectiveness of feed-throughs and
electromagnetic gaskets double coaxial method

FOREWORD

1) Thel International Electrotechnical Commission (IEC) is a worldwide organizatior prising
all |national electrotechnical committees (IEC National Committees). 2 romote
inteynational co-operation on all questions concerning standardization in the~elestric iglds. To
this| end and in addition to other activities, IEC publishes Internationak Stantards,} > ications,
Technical Reports, Publicly Available Specifications (PAS) and /Guide refexpggd to as “IEC
Publication(s)”). Their preparation is entrusted to technical committges; N atlonal Committee intprested
in the subject dealt with may participate in this preparatory wor i governmental arld non-
governmental organizations liaising with the IEC also participadte i iS™ ian. collaborates|closely
with the International Organization for Standardization (I i onditions determined by
agrégement between the two organizations.

2) Thelformal decisions or agreements of IEC oR technlc y as nearly as possible, an interpational
congensus of opinion on the relevant subjects 2ach i tee has representation from all

intefested IEC National Committees.

3) IEC] Publications have the form of recommendations
Committees in that sense. While all reasonable efforts
Publications is accurate, IEC cannot be
mis|nterpretation by any end

4) In grder to promote intern
transparently to the maxi
betyveen any IEC Publica
the [atter.

5) IEC]| provides n' 2
equjpment declared Ao be
6) All yisers should ensuyre

7) No liability shall a tac
members of i
othé¢r damage of
expenses._arising ou
Public, S

8) Attgntion v
indispensable<qnrthe cyrrect application of this publication.

9) Attgntion.iS;drawn e
pat¢nt righfs. IEC shall not be held responsible for identifying any or all such patent rights.

Internati =4=

SI e or thx i i
C 'Nationgl Committees undertake to apply IEC Publ

i¢ated in

e possibility that some of the elements of this IEC Publication may be the su

uSe and are accepted by IEC National

of IEC
for any

cations
rgence

or any

rts and
hage or
s) and
er IEC

tions is

bject of

e 46:

Cables, wires, waveguides, R.F. connectors, R.F. and microwave passive components and

accessories.

The text of this standard is based on the following documents:

FDIS Report on voting
46/319/FDIS 46/322/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts of the IEC 62153 series, under the general title: Metallic communication
cable test methods, can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date Metallic communication cable test methods indicated on the IEC
web site under "http://webstore.iec.ch" in the data related to the specific publication. At this
date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ anmended.

A bilinlgual version of this publication may be issued at a later date.
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METALLIC COMMUNICATION CABLE TEST METHODS -

Part 4-10: Electromagnetic compatibility (EMC) —
Shielded screening attenuation test method for measuring
the screening effectiveness of feed-throughs and
electromagnetic gaskets double coaxial method

1 Sgope

This part of 62153-4-10 details a coaxial method suitable for de i ansfer

impedance and/or screening attenuation of feed-throughs and electrgragneti

The shielded screening attenuation test set-up according to IEC B2 , iaxj bthod)

has b¢en modified to take into account the particularities of fe

A wide dynamic and frequency range can be
feed-throughs and gaskets with normal instrumentation
defingd transversal waves in the coaxial circuits at\appr

2 Nprmative references

The following referenced documents a or the application of this doct
For dated references, only . ndated references, the latest ¢
of the|referenced docum in ingha : ents) applies.

IEC/TR 62152:2004, Ba 9 ' definitions of cascaded two-ports
IEC 62153-4-4, 1 ] t/on cable test methods — Part 4-4: Electroma
compatibility (EMC j

screenming attenudati

IEC 62153-4%7, balli anication cable test methods — Part 4-7: Electroma

eened
mit of

ment.
edition

gnetic

bf the

gnetic
ning -

Hasara tormma ond dofio it o ol
T T

FOI’ th purpuSUs \>J SHAHHORS: U'J'le

3.1
operational (Betriebs) transfer function in the forward direction Hg,q or the opera
(Betriebs) scattering parameter Sy4

quotient of the reflected square root of power wave fed into the reference impedance
output of the two-port and the unreflected square root of the power wave consumed
input of the two-port

tional

of the
at the
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EXAMPLE
Za I I ZB
o—>r— ——<—o0
E4 Ui| Zi —» Two-port “«— 72 U, E,
o O o ©
Vit asvva «ww Vi
Vit € v Vi IEC 1207/04
Key
E1, E> network analyzer at input, output respectively Vi, Viz waves
iely
Zn, ZB reference impedance at input and output Vi1, Vi2 waves
respectively ively
I, Iz current at input and output, respectively vely
U1, U2 voltage at input and output, respectively
NOTE | Complex power is the product . A i ectrical
power {echnique, where the angle betw gate of

the curfent [ .

Soq or Jigoq is the c@o al (Betri unctid llows:

v
Soq ={—2
Vi1 hp=0

See Anhex C ofNEC/TR

3.2
transfer impedance
equivalent circth s ce Zt

betwegn theprimary.and secondary circuit

EXAMALE

The transfer impedance of an electrically short screen is defined as the quotient of the open circuit voltage U,

induced to the secondary circuit by the current /; fed into the primary circuit or vice versa. See Figure 2.

ZT of an electrically short screen is expressed in Q or decibels in relation to 1 Q.


https://iecnorm.com/api/?name=1c7c8ac4b3d2605c5e090e3257eea579

62153-4-10 © IEC:2009(E) -7-

I
O—— I O—> O e
Zo, 1 Zt \ Uz Zo, 1
IEC 576/09

Figure 2 — Equivalent circuit of the test set-up and definition of Z:

Uz
Zr=—2 1
T (1
Z+ =+20xlogy, H (2)
1Q

3.3
operational (Betriebs) attenuation
the qyotient of the unreflected square raot of pg
the input of the two-port and the squa C
two-port expressed in dB and radians

he reference impedanhce of
dnsumed by the load [of the

NOTE |See IEC/TR 62152.

3.4
screehing attenuatio

aS
logarifhmic ratio ofth square root of power wave fed into the npminal
impedance of t $ set-up and the periodic maximum values [of the

square root of powe ) ed into the secondary circuit of the test set-up| when
its characteristic jmpe is norinalized to 150 Q

EXAMALE

v, 150 Q
= —20><Iog1o[Envr2’maxJ+ 20xlogq f =
i1 Zy
1 150 Q (3)
=20xlogyq +20xlogqg|—— =
Er"\/(521,ma>< ) \ Zo

=Min. Env (4gy¢)+20xlogyq

where
ag is the screening attenuation expressed in dB;

Env ( 4gy1) is the operational attenuation recorded as the envelope curve of the measured values in dB (See 7.1);

Min.Env (A521 ) is the operational attenuation recorded as the minimum envelope curve of the measured values in
dB (See 7.1);

150 Q is the standardized impedance of the secondary (“outer” or disturbed) circuit.
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The screening attenuation, expressed in dB of an electrically short device is here:

where

50Q
ag = 20X|0910
Zt
ag is the screening attenuation expressed in Q;
150 Q is the standardized impedance of the secondary (“outer” or disturbed) circuit.

4)

NOTE Equation (4) may be deduced from Equations (3) and (5) as follows, assuming an electrically short device:

In the n
in e.g.

3.5
devic
DUT
conneg
or an

4 P

Figure
a scrg
electr

The €
transf

The t4
the D
up is §

The n
test

JZ,x150Q

P xl0gg|——=———— . If we assume that 150 @~ 3x 7, , then
2xZq
150Q

D xlogg|—=——1 and approximate 243 = 3 then ag = 20 xlog,

2J§xZT
heasurement, both primary and secondary circuits are low in > s to>a6 dB lower Ay
he tube in tube measurement of connectors; see IEC 62

e under test

a shiefding or screening wall (of

3 shows a kypi construction where a coaxial connection is broug
ened -4@»- g printe ' .
bmagnetic gaske iable

brainal impedances of both sides of the coaxial fixture should be the same as that
quipment. The generator side is called the primary circuit or inner circuit an

D1 than

box),

ht into
s and

ed as

which
5t set-

of the
d the

receiv

er side is called the secondary circuit or outer circuit.

The set-up is the same for measuring the transfer impedance and the screening attenuation.

Annex A gives a theoretical model of the test set-up. Useful information concerning the triaxial
measurement technique is given in bibliography reference [3].
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Wall of
shielding box
A
Contact spring
| Plug body
Connector —
body — 7
Z
Cabl
y; able
/ |
Printed circuit
board
8\, 577/09
Figure 3 — Cross-section of a typical féed-throug guration

circuit é&gp&lary circuit

Inner Inner

conductor \ — conductor
\ Plug body

Outer Outer

conduto T\\ ) / '-I- \ — conductor

Contact / \ Shielding

spring wall
IEC 578/49

NOTE |[It/is“important that the coupled voltage is measured without any disturbing extra coupling voltage not
coming|frem’the feed-through under test (compare with Figure 5).

Figure 4 — Cross-section of the test fixture with a connector


https://iecnorm.com/api/?name=1c7c8ac4b3d2605c5e090e3257eea579

- 10 - 62153-4-10 © IEC:2009(E)

Gasket under test

-
Secondary circuit
3 Voltage measurement

Primary circuit

\\ 4 A
Inner _x/

Inner
conductor

e
conductor Current flow
e =% N
— N
Outer Mounting support /

condutor \ (metal) |3
I
i N
Mounting ferrule / \ Shielding
(plastic) wall

NOTE |[In test rig design, care must be taken that the distukbi ent” i cause
unwantped transition voltages in the measuring s y\circuit. Segpayate S " are a
must.

One shpuld not end in a situation where transition or cogtacgt resy S~O results.
Speciall care must be taken to design the mounting of the test\plateNbetween the primary and secondary cirguits or
systemg. In Figure 5 is shown how one can avdid to pri iti ate and
primary| circuit into the disturbing xoltage measuyem it f € tem.

It is important that the coupled e Wi Y hg from

Figure 5<$o

5 Procedure

5.1 Equip,

The tgstf own in Figures 3, 4 and 5 and consists of the following:

— a [double~goaxial test fixture where the sides are separated by metallic wall/walls for
mounting of’the DUT (Figure 4) (feed-through) or the gasket pressed between two p’)lates,
the first one belofging to the centre conductor and primary circuit and the second pne to
th¢ outer conductor and secondary circuit, Figure 5;

— the RF-tight double coaxial, test fixture which should have preferably a diameter such that
the characteristic impedance to the outer tube is 50 Q respectively the nominal impedance
of the network analyzer or generator and receiver;

— a signal generator with the same characteristic impedance as the test fixture with the
mounted DUT or an impedance matching adapter, completed with a power amplifier if
necessary for very high screening attenuation;

— areceiver with a calibrated step attenuator or a network analyzer (NWA).

NOTE The generator and the receiver may be included in a network analyzer.
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5.2

- 11 -

Dynamic range

The dynamic range (noise floor) of the test setup shall be tested by replacing the DUT by a
solid metallic plate.

5.3

Sample preparation

The feed-through connector or gasket shall be mounted into the fixture according to the
manufacturer’s instructions.

6 M

6.1

The d
(Z7 5

The o

gaskef inserted is measured and recorded vs. freque

The o

Apr1 F

6.2

See 3
6.3

See 3
E

71

ecasurement

General

perational attenuation Agy¢(Z; = o) of the test fixture wif
o) shall be measured and recorded vs. frequency.

pberational attenuation A'gyq with the feed-through con

berational attenuation of the feed-through ask
Aé21 - ABZ1(ZT = °°)

Screening attenuation

imsed

4.

Transfer

2.

_ B2y
x10 20

_l
ol

DUT

or the

(5)

where

Z, is the nominal characteristic impedance of the primary and secondary circuits, equal to the

imped

ance of the generator and receiver.

NOTE Contrary to the measurement of the transfer impedance of cable screens, the transfer impedance of the
connector is not related to length.
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7.2 Screening attenuation

The screening attenuation a4 has to be normalized to the agreed standard conditions where
the impedance of the “outer world” or secondary circuit is Zg = 150 Q:

ag =Min.Env(4gy;)+10x10g4, Zs =150Q (6)
o
where

ag is the screening attenuation related to a seconds ifcuit
(“radiating”) impedance of 150 Q in dB;

Min.Env( 4gy) is the operational attenuation recorded a pe
curve of the measured values in dB (

Z, is the characteristic impedance of

NOTE | At frequencies higher than the limit of the electrically short feed-th
similar fo screening attenuation measurement of a long transmissjén line.

7.3 |Requirements

The r¢sults of the transfer impedance th the

value findicated in a relevant specificatio
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Annex A
(informative)

Background for the measurement of the shielding effectiveness
of feed-throughs and electromagnetic gaskets

A.1 General

The proper function of modern communication equipment is strongly\i 3 broper
EMI ghi M o the
overa C ion of
a feed-through is shown in Figure A.1. The connector body. ; board

and tHus electrically connected to the ground potentia) of tt

At hig D i ual to
that o istentl | difference. If the cpntact
spring el radiation of electromalgnetic
waves

Cable

IEC 580/09

Figure A’1 — Cross-section of a typical feed-through configuration

It is ustally a very time-consuming task to evaluate the shielding or screening eitectiveness of
a feed-through in a test configuration as is recommended in CISPR 25. The measurement
setups that are described therein are generally based on some kind of free space
measurement, which requires an anechoic chamber.

The introduction of well-defined electrically conducting boundaries in a test fixture would
greatly simplify the measurement procedure.

This is possible by application of a coaxial test setup. A cross-section view of the test fixture
is shown in Figure A.2. The section to the left of Figure A.2 represent the inner of a
component. A signal is fed to the outer conductor of the connector under test by means of the
coaxial line’s inner conductor. The amount of RF-leakage that can be detected on the

1) Figures in square brackets refer to the Bibliography.
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opposite side of the shielding wall is picked up by the centre conductor of the coaxial line to
the right. In the case of a two-port operational scattering (S,1) parameter or operational
forward transfer function measurement, where the two ports of the network analyzer are
connected to both coaxial line sections, S,, is a direct measure for the shielding efficiency of
a feed-through or gasket tested in well defined circumstances that make repeatable and
comparable tests possible.

Inner Outer

QOuter conductor | Quter conductor

Contact spring Shielding wall

Plug body

T
Inner

A e Connector body

ATA\CTFNAN
A O

IEC 581/09

Figure A.2 — Cross-section of t st fixture with a connector

A.2 | Theoretical mode

Figurg A.3 shows an ¢ e and

length on both si . The
normdlized, with resp ents a
simpleg electrical - s the
wavelength at thé freque \ 3 ires.

o y Zy, 1

O—— I O 1 O IO

IEC 582/09

Figure A.3 — Equivalent circuit of the test setup with
the shunt admittance y of the feed-through

Following Hoffmann [2] and/or Halme et al [1], the two-port network containing the normalized
shunt admittance y or normalized shunt impedance z can be described by the operational §-
parameter-matrix when placed between equal impedances which are the normalizing or
reference impedances, being Z, =7, .
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—-) 2 -1 2z
_|y+t2 y+2|_[1+2z 1+2z
5= Ly | 2r LT (A1)

y+2 y+2 1+2z 142z

z and y are normalized to the reference impedance Z, by

oz (A.2)
vy Z, Y- Z,

For the_case of an ideal open circuit and a short circuit as an equivalent circuit for the feed-
through, the following S-matrices are calculated:

-1 0
for z—0:8=
2
(A.3)
0 1
or z > 8§ =
o

Equatjon (A.1) indicates that the shunt impedance eq e\ fe€d-through may be

estimated from the measured S-parameter §,; by:

(A.4)
A.3 | Performing measurements
A.3.1 Characteristic
The (niformity of the Line

sections with de t|os i dance

transfprmations, of the
transfer impeda

Cable n that
to obtpi e test
fixturg i on a
test f dance

Input-port Output-port

500.0psidv| 25000 i i i H i i i
IEC 584/09 IEC 585/09

Figure A.4a — Without filter, rise time is 17 ps Figure A.4b — With filter, rise time is 73 ps

i i i i i SYU Ups iy

NOTE The output-port is an open circuit. Test object “through-connection (ZT=)“. (0,5 ns/div or 8,5 cm/div;
5 Q/div). The filter is lowpass (4,8 GHz).
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Figure A.4 — TDR step response at input-port of test fixture

No substantial deviation from the system impedance (Z, = 50 Q) with potential to cause
screening measurement errors can be observed.

A.3.2 Measuring EMI-gaskets by using a NWA

Screening measurements are performed with appropriate signal generators and receivers.
These instruments are included in modern network analyzers (NWA) that also provide easy
handling with useful internal functions and calibration procedures to ensure high
measurement certainties and simple operation.

An appropriate procedure for the use of a NWA to measure the screening attenuatiop of a
feed-through or an EMI-gasket according to the requirements in Clau$e 7 is|given
by the following step-by-step procedure.
a) Agsure the capability of the test fixture, e.g. by TDR rough
copnection.
b) Cdlibrate the NWA in order to reach sufficient measures
ission
solid
raging
bn  or
nh and
g) Cglculate the operati o)[dB]
(easily done@
h) Th
i) C3 r 7.2
reg
A.3.3
Figure S nd A.7
are detailedviews_of’the test fixture and of the contact areas. Figure A.8 shows degtailed
picturgs anddepictions of the applied DUT-test captivation.

To investigate the noise level of the network analyzer, both ports were connected to shorting
elements to imitate the test fixture mounted with a low transfer impedance gasket. Results are
depicted in Figure A.9. The plot of Figure A.10 shows measurement results when a metal
plate is mounted in the test fixture representing the dynamic range. The measured amplitude
of S, is comparable to the case where only the noise limit of the network analyzer was
measured. This leads to the assumption that even a higher dynamic range can be achieved
when a low noise amplifier, LNA, or a receiver with a lower noise floor is applied.

Figure A.11 shows a typical S,; measurement result of a conductive O-ring applied as an

EMI-gasket. This measurement serves as a basis for the calculation of the transfer impedance
Z; (Figure A.12) or the screening attenuation a, (Figure A.13) of the DUT according to 7.1

and 7.2, respectively.
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Figure A.7a — De-mounted test captivation Figure A.7b — Mounted test captivation

Figure A.7 — Detailed view of the contact area
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Figure A.8d — Front view (aiming at
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Figure A.8c — Pre-assembled tes
captivation

Figure A.8e — Rear view (aiming at
secondary circuit)

Figure A.8 — Detailed view of the captivation for the conductive O-ring test
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