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This rediine version of the official TEC-Standard-attows the user to identify the changes ma
the previous edition IEC 61967-4:2002+AMD1:2006 CSV. A vertical bar appears in the margin

INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS,
150 kHz TO1 GHz -

Part 4: Measurement of conducted emissions —
TQM50 O direct coupling method |

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standatdization 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. To this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R4
Publicly Available Specifications (PAS) and Guides (hereafter referred to as\lEC Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the subject deg
may participate in this preparatory work. International, governmental and non-gevernmental 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 expréss; as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for intemational 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 for the way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEG¢National Committees undertake to apply IEC Publid
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 |[EC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification 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
members of its technical conimittees 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 correct 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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IEC 61967-4 has been prepared by subcommittee 47A: Integrated circuits, of IEC technical
committee 47: Semiconductor devices. It is an International Standard.

This second edition cancels and replaces the first edition published in 2002 and
Amendment 1:2006. This edition constitutes a technical revision.

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

a) frequency range of 150 kHz to 1 GHz has been deleted from the title;

yond

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

Draft Report on voting

47A/1101/CDV 47A/1107/RVC

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

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

This |[document was drafted in accordance with ISQ/IEC Directives, Part 2, and developgd in
accofdance with ISO/IEC Directives, Part 1 and ¥SO/IEC Directives, IEC Supplement, avalilable
at wyvw.iec.ch/members_experts/refdocs. ThéZmain document types developed by IEC are
descfibed in greater detail at www.iec.ch/statrdardsdev/publications.

A list of all parts of the IEC 61967\ 'series, under the general title Integrated circuits —
Meagurement of electromagnetic emissions can be found on the IEC website.

Futune standards in this series\will carry the new general title as cited above. Titles of ex|sting
standards in this series will be updated at the time of the next edition.

The ¢ommittee has decided that the contents of this document will remain unchanged unfil the
stability date indicated on the IEC website under webstore.iec.ch in the data related tp the
spec|fic documenty'At this date, the document will be
e rg¢confirmed,

e withdrawn,

° r nlacad hv 3 ravicad adition
Spracea By See—eatiohs

fa¥d
Ot

e amended.

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 correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS;
150 kHzTO 1 GHz -

Part 4: Measurement of conducted emissions —
1 Q/150 Q direct coupling method

bcope

part of IEC 61967 specifies a method to measure the conducted electromagnetic emi
) of integrated circuits by direct radio frequency (RF) current measurement w
esistive probe and RF voltage measurement using a 150 Q coupling| network. T

pds-guarantee ensure a high degree ofrepeatability reproducibility and>correlation of
lurements measurement results.

2 Normative references

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

cons
For
amer

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

IEC $1000-4-6, Electromagnetic compatibjlity (EMC) — Part 4-6: Testing and measure

techn

iques — Immunity to conducted distarbances, induced by radio-frequency fields

IEC 61967-1, Integrated circuits «\Measurement of electromagnetic emissions;—150-k#
z — Part 1: General conditions and definitions

5sion
th a
hese
EME

ntent
Dlies.
any

iment

1ring
g

3 Terms and definitions

For the purposes of this document, the terms and definitions of IEC 61967-1 apply.
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ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

e |SO Online browsing platform: available at http://www.iso.org/obp
4 General

4.1 Measurement basics

The meximum-telerated-emissionteveHremanirtegrated-ciretitHc)-depends—eon-thepermitted
maxijnum emission level of the electronic system, which includes the IC, and also-on the
immuynity level of other parts of the electronic system itself (so called inherent EMC)~The yalue
of this emission level is dependent on system and application specific (ambient), parameters.
To characterise ICs, i.e. to provide typical EME values for a data sheet, a simplé measurgment
procgdure and non-resonant measurement setup are required to guaranteera-high degrge of
FepeLabimy reproducibility. Subclause 4.1 describes the basis of this test procedure.

V.
supply
IC I/0 : ;
12 11

* External ‘ ’ Supply. 1

RF current Loop 2 Loop A
probe
Gnd "1 *i \4
- Ground

IEC
Figure 1 — Example of two emitting loops returning to the IC via common ground

The ¢mission of an IC is generated by-sufficiently fast changes of voltages and currents inside
the IC. These changes drive RF ¢lrrents inside and outside the IC. The RF currents gause
condpcted EME, which is mainly‘distributed via the IC pins conductor loops in the printed dircuit
board (PCB) and the cabling."Fhese loops are regarded as the emitting loop antennds. In
comparison to the dimension.of these loops, the loops in the internal IC structure are considered
to bef small.

The RF currents that accompany ICs action are different in amplitude, phase and spgctral
contgnt. Any RF«current has its own loop that returns to the IC. All loops return mostly vig the
ground or supply-connection back to the IC. In Figure 1, this is shown for two loops returning
via gfound. LLoop 1 represents the supply wiring harness for the IC while loop 2 represents the
routirEg of-an output signal. The common return path via ground is a suitable location to megsure

the cpnducted EME as the measurement of the common RF sum current of the ground pin] This

test ie_.named the “RF current measurement”

If the IC under test has only one ground pin and all other pins are suspected to contribute
essentially to the EME, then the RF sum current is measured between the ground pin of the IC
under test and the ground (see iy + i, in Figure 1).


https://iecnorm.com/api/?name=97ed3c8e2b15addfce80662837ebf255

IEC 61967-4:2021 RLV © IEC:2021 -9-

V.
supply
/10

IC I/O—‘ i i,

Gnd |_00p3v ‘ External H Supply

IC ground
RF current Loop 2 Loop 1
probe -
-« 12 ¥ v

Rlzshield and peripheral ground

IEC

If thg
contn
in Fig
that i

groumd and the peripheral ground.

ICs

micrd
to th
emis
provi
also
singl
appli
appli
meas

4.2

In th
1Q 1
shall

probg is specified in 6,2::The RF voltage level measured by the receiver is the voltage res

from
meag
the ¢
repof

NOTE
the us|

Figure 2 — Example of IC with two ground pins,
a small I/0 loop and two emitting loops

IC under test has more than one ground pin or some of the pins aresmot suspect
ibute much to the whole EME, then the IC under test gets its own ground’plane as s
ure 2. This ground plane is named “IC ground”. It is kept separatelyAfrom the other grg
s named “RF-shield and peripheral ground”. The RF current is mgasured between t

hre often used in different configurations based on the-application. For instan

bd to
hown
und,
e IC

e, a

controller could be used as a single chip controller, with~the 1/O ports directly conngcted

b external cabling system. In order to understand thelinfluence of a single I/O pin o
sion level of the IC, an additional measurement procedure, using the same equipme
ded. This measurement is named “single pin RFwoltage measurement at IC pins”
4.3). In addition to the RF sum current measurement, the RF current measurement
e supply pin-may can be of interest in the analysis of an IC. This can also be attained
cation of the RF current measurement probe. For example, the RF current probe c3
bd to any of the multiple ground or supply pins in order to quantify the contribution g
ured pin to the whole emission.

RF current measurement

b test procedure, this measurement shall be made by measuring the voltage acros
esistance of a RF current probe using a-test measurement receiver. The measure
be made at the location shown in Figure 1 and Figure 2. The construction of the RF cy

all of RF currents returning to the IC through the probe impedance. The vo
urement can,be’/converted to current by dividing the voltage by the probe impedan
robe impedance is determined for the applicable frequency range e.g. in a verific
t.

1 ,The probe impedance can be frequency dependant, caused by stray inductances of the probe, an
bhle€ frequency range can be limited.

n the
nt, is
(see
of a
with
n be
f the

5 the
ment
rrent
ilting
Itage
ce, if
ation

H thus

NOTE 2 The probe impedance causes, depending on the IC current consumption, a voltage drop that can affect the
proper operation of the IC and limit the application of this method.

4.3

RF voltage measurement at IC pins

This measurement is used to identify the contribution of a single pin or a group of pins to the
EME of the IC under test. This measurement is only applied to those pins of the IC under test
that are intended to be connected directly to long (longer than 10 cm) PCB traces or wiring
harnesses (e.g. 1/0, supply). These pins are loaded by a typical-antenna common mode
impedance of 150 Q, as specified in IEC 61000-4-6. In order to connect the-test measurement
receiver, that has an input-impedance of 50 Q, the load has to be built as an impedance
matching network. This matching network is defined in 6.4.

Other 1/0-pins of an IC may be loaded as specified in the general part of IEC 61967-1.
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Assessment of the measurement technique

The above techniques have the following properties:

high measurement reproducibility, because few parameters influence the result;
capability to compare different IC configurations (e.g. packages);

2021

single pin EME measurements of the various 1/O pins are dependent on their importance for

the emission in a specific application;
assessment of the EME contribution of the IC using current sum measurement;

slmple%atib#a%ien verification of the measurement impedance using inseftion

easurement;

3

nleasurement is also possible at very low frequencies.

With |these characteristics, it is possible to measure the EME of ICs withca high degr
reprdducibility and therefore this technique offers a good method for comparison.

Annex D gives an example of how the measurement techniques-may can be used fo
assessment of ICs.

5

Test conditions

All teist conditions-needed required in this document\are specified in IEC 61967-1.

6

6.1

The measurement equipment-has-ta shall fulfil the requirements described in IEC 61967-1.

6.2

Test equipment

Testreceiverspecification RF. measuring instrument

RF current probe specification

Figue 3 shows the basjciconstruction of the 1 Q RF current probe.

Coaxial cable
Measurement

Z,=90Q) equipment
(o

Probe tip 49

\/

be of

r the

TIT

1

IEC

Figure 3 — Construction of the 1 Q RF current probe*

Table 1 presents a detailed specification of the RF current probe.

To prevent the measurement equipment from being damaged by DC voltage, the use of a DC
block is recommended. This shall have an attenuation of <0,5 dB at the lowest frequency to be
measured.
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Table 1 — Specification of the RF current probe

Frequency range DC -1 GHz

DC to 30 MHz

evaluated e.g. in a S-parameter measurement and
documented in the test report.

Current probes available on the market have proved to be
usable e.g. only up to 30 MHz. Therefore bandwidth and

probes with SMD components

The applicable frequency range of the used probe shall be

impedance over frequency of the used probe shall be verified
and documented in a diagram. The same applies to on-board

In future, for enhanced RF probes, the usable frequentylr
may change.

hnge

Meagurement resistor RF resistor (low inductance)® 1 Q (1 %).

The measurement resistor can also consist-of resistors in
parallel, which increases the maximum permissible curren
through the probe (e.g. 2 Q//2 Q) and redtce the stray

t

inductance.

Matching resistor 49 Q (1 %)

Maximum current <0,5A

Outpyt impedance Z 40 Qto 60 Q

Inserfion loss in-ealibration verification circuit 34 dB £ 2dB

Decolpling in-ealibration verification circuit See Figure A.Jand Figure A.5.

Cablg connection Flexible, double shielded coaxial cable with 50 Q £+ 2 Q ling
impedance.~"The RF connector shall be mounted with low
reflectionThe insertion loss includes the cable and the probe.
Changes to the cable length will result in additional attenuation
tobeconsidered with the measurement results.

Constgruction Coaxial probe or comparable construction, which can be
connected to a 4 mm coaxial socket. The measurement
resistor shall be as close as possible to the probe tip. It shall
be built in such a way that no mechanical damage is poss|ble.
The connection of the probe cable shall be coaxial; the prpbe
tips should be replaceable, but nevertheless firmly connedted
to the cable.

a) The series impedance caused by the parasitic inductance should be lower than the resistor in the |used

measurement range.

6.3

The
circu

Test of the RF current probe capability
current-probe shall be-tested-for-qualification-and-ecalibration functionally verified in 3

t shown and described in detail in Annex A.

test

6.4

Matching network specification

Based on IEC 61000-4-6, a cabling network can be represented in most cases by an antenna
with an impedance of about 150 Q. In order to get accurate measurement results over the full
frequency range, a termination network of-450 145 Q + 20 Q shall be used. Usual measurement
equipment provides an input impedance of 50 Q so that the matching network shall match the
signal line impedance to the equipment impedance. The circuitry is shown in Figure 4, and the
characteristics of the impedance matching network used are shown in Table 2. Additional
information of matching networks for differential pin measurements are provided in Annex F
and recommendations.
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Table 2 — Characteristics of the impedance matching network

Freqyency range-B, 150 kHz — 1 GHz
Inputfimpedance with 50 Q termination Z, 145Q+20Q

Inserfion loss within a 50 Q system 0,258 6 (-11,75 dB = 2 dB)
Voltage ratio V ; / Vip, 0,173 8 (-15,20 dB + 2-dB)

7 Test setup

7.1 | General test configuration

Fhe-{est-set-up-shall-be-inaccordance-with-figdre-5.- A general test configuration is shoyn in

Figude 5. This general test configuration .ear be built up in the form of a speciall test
configuration (an example is described in Clause E.2) or in any other configuration, e.g. also in
a regl application.

Z, 34250 Q
-------------- 7,=500Q
! Impedance |
1matching network|
Ic ! !
110
Ghd VSup
3 @
ecma 1 |_‘C1
RF eurrent| | ~  ~T0TTTTmomoqT Mee_lsuring
probe equipment
I C5
‘ D

oV +5V

Power supply

** pull up / pull down may be required depending on application IEC

Figure 5 — General test configuration

7.2  Printed circuit test board layout

In order to obtain a high degree of-—repeatabilityof measurements reproducibility of

measurement results and be able to make a valid comparison between different printed circuit
test boards, the following guidance is given.


https://iecnorm.com/api/?name=97ed3c8e2b15addfce80662837ebf255

IEC 61967-4:2021 RLV © IEC:2021 -13 -

The test board should be built using PCB material of epoxy type (thickness 0,6 mm to 3 mm,
dielectric constant about 4,7). The top side and the bottom side are covered with a minimal
35 um copper layer.

The bottom layer should be used as ground plane.

If peripheral ground and IC ground are used for the 1 Q method, these two grounds are isolated
by an isolation gap. This isolation gap should be between 0,5 mm and 0,6 mm. If needed, the
IC ground shall be located underneath the DUT. The maximum size of this area should not
exceed the size of the package minimum footprint by more than 3 mm on each side.

To obtain the necessary accuracy for higher frequencies, parasitic coupling capacr]ance
betwegen IC ground and peripheral ground shall be controlled. This parasitie)“coupling
capagitance between IC ground and peripheral ground shall be lower than 30 pF.

The IC ground is solely connected to the peripheral ground via the 1 Q probé )} A-secketfdrthe
In case of external RF current probe, a socket should be used. The shield<of the RF cUrrent
probg tip should be connected to the RF peripheral ground by the sockét, while the IC ground
or the IC ground pin is connected to the current probe tip. The connection between the IC
ground and the probe tip shall be as short as possible. In any case, the trace length shall not
exceed 15 mm. The trace should be connected to the IC ground-at the shortest distance tp the
centre point of the DUT.

If thg above-mentioned-directives guidelines are not applicable, the transfer characteristic of
modified design shall be determined and documentedd(in,the test report.

The DUT and all components needed to operate the DUT should be mounted onto the top side
of the test board. As much wiring as possible,should be routed in the top layer. The-dgvice
undefptest DUT should be placed in the centré of the PCB, while the needed matching networks
should be placed around this centre. The wiring between the IC pins and the matching nefwork
shou|d be designed to have a line impgdance of 150 Q. In case the 150 Q line impedanice is
diffichlt to implement, the line-must shall be of the maximum reasonable impedance but short
enough, in order to comply with the'requirements of Table 2.

The Wiring of the outputs of theymatching networks should be designed to have a line impedance
of 50[ Q. An example of a RCB layout can be found in Annex E.

The $upply shall be-connected with a single wire directly to the capacitor C5. C5 could|be a
surfalce mount device; of electrolytic type and having a value of at least 10 yF. The capacitor
C5 shall be positioned near the probe socket.

The {est board may have any rectangular or circular shape.

Addifiohal _information and gllir‘lnlinpc for extended frnqllnnr‘y nlnlnlir‘ntinnq are _described in

Annex G.

8 Test procedure

The requirements for the test procedure are described in IEC 61967-1.

9 Testreport
The requirements for the test report are described in IEC 61967-1.

Emission measurement results may be presented using classification or reference levels. An
example of a classification scheme for emission levels is presented in Annex B. In addition,
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Annex C shows how this classification scheme may be applied to set up reference levels for
ICs used in the automotive industry.



https://iecnorm.com/api/?name=97ed3c8e2b15addfce80662837ebf255

IEC 61967-4:2021 RLV © IEC:2021 - 15—

Annex A
(rormative informative)

Probe-calibration verification procedure

The test circuit shown in Figure A.1 is recommended for the probe-calibration verification. It
consists of a PCB laid out using microstrip techniques (see Figure A.3). The PCB has an input
port to which the RF generator is connected. The RF current probe to be-calibrated verified is
connected to the output port. The RF current probe output is connected to a test receiver (see
Figure A.4). This-calibration verification procedure measures the isolation provided by the test

prob

Two
with

circutmmwmm =

separate measurements are-regquired recommended. The first measuremept'is perfo
he test circuit configured as shown in Figure A.1, circuit diagram A. Noté that clamy

not inserted. While sweeping the RF generator over the required frequency range, measur
voltape appearing at the output of the RF current probe.

The

1
RF generator —» (E 0O O —¥% Probe
50 Qm k‘

—

1 A

RF generator —» C) &) (O— Probe
50 Q E:I \‘

- IEC

Figure A.1 — Test circuit

second measurement is performed identically to the first one but with clamp A install

shunt the RF generator to theprobe input as shown in Figure A.1, circuit diagram B.
meagurement results in the.RF current probe insertion loss which indicates its sensi

Figu

e A.2 shows a result of such a measurement.

rrent

rmed
Ais
e the

ed to
This
ivity.

2 Numbers in square brackets refer to the Bibliography.
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Frequency (MHz)

0,15 1 10 100 1000
S21 -

Insertion loss |(dB)

IEC
Figure A.2 — Insertion loss of the 1 Q probe

The galculated difference of both measurements is called the “decoupling”. The decoupling{shaH
shou|d be above the limit shown in Figure A.5. The decoupling-is-equal to the measurejment
dynamics in relation to the signal source. The decoupling does include the qbality
characteristics, the sensitivity and the shielding of the probe.
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Dimensions in millimetres

60

Hole for
N jack

40

Key
1 coppling area Q@
2 reference g@w

&S

5
23
© &
3%
T
—
jo))
2%
=
%E
o
]
n

Figure A.3 — Layout of the-calibration verification test circuit

Assembly area for 4 mm jack

3

Assembly side Q}:(
(with SMA flange)

S
v
A

Trough hole contacts
to connect both sides

Assembly side
of 4 mm jack

Scale 1,6:1 IEC

RF generator N jack Test circuit
(z,=3500Q) Receiver
(2,=50 Q)
4 mm
coaxial jack
N— /
N connector
Probe
o IEC

Figure A.4 — Connection of the-calibration verification test circuit
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08

Figure A.5 — Minimum decoupling limit versas frequency

robe,

it is recommended to characterize the probe input impedance characteristic. This can be done
with |a scattering parameter measurement usingla "vector network analyser. Forn the
meagqurements, the vector network analyser should.b€ calibrated including all connectors, ¢able
and fraces to exclude all setup parasites from, tRe' result. An example of a 1 Q probe jinput
impefance characteristic is shown in Figure A.6.
c A
8 100 1 N\
c -
3 <C
3 \
E N
3 NN
e \
o
10 4 ~NN
___/
1 T | pa— -
0,1 1 10

Frequency (ViHZ)
IEC

Figure A.6 — Example of 1 Q probe input impedance characteristic
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Annex B
(informative)

Classification of conducted emission levels

B.1 Introductory remark

The purpose of this Annex B is to provide a method of classifying the conducted emissions
levels of integrated circuits by application of the test conditions described in this specification.

B.2 | General

This pnnex is not intended to specify or imply conducted emissions limits for ICs.,However, by
careful application and agreement between manufacturer and user, it is posSible to deve]op a
devide specification that specifies the maximum conducted EME allowable for a specific
integrated circuit in a specific application when tested in accordance with'the procedures in this
document.

functjon as one. Nevertheless, using the concept described in, this document and by careful
application and agreement between manufacturer and usef; it would be possible to deve]op a
document giving the EME behaviour for a specific integrated circuit.

It should also be noted that Annex B is not meant to be a product specification and c%nnot

B.3 | Definition of emission levels

The dliagram in Figure B.1 defines the condugetéd emissions classification levels used to define
the ojverall envelope of the measured emissions. This diagram can be used to classify both the
RF cyrrent measured with the RF currentprobe and the RF voltage at IC pins, measured ysing
the impedance matching network.

The pcheme follows the theory~of a periodical trapezoidal pulse response and offers three
differlent slopes of emission anmiplitudes with a 6 dB distance:

e (|dB/decade (theory: constant amplitude line till the first corner frequency 1/(xz))

) PO dB/decade ,.\(theory: decrease of amplitude till second corner frequency 1/(nz,))

. A0 dB/decaden’ (theory: decrease of amplitude at frequencies >1/(nz,)).

The gorner frequencies are dependent on the rise/fall times (z,) and the duration (r) of the pulse.

The emission level diagram shown in Figure B.1 enables the selection of different slopgs for
different frequencies to better describe the measured conducted EME. The EME can be
described with one, two or three slopes as required to best fit the measured data.

Various combinations are possible reflecting the actual requirements of the application much
more precisely (e.g. adapted to the switching frequency of the ports of a microcontroller).

B.4 Presentation of results

B.4.1 General

The description of the maximum emission level can consist of up to three digits. Each digit
represents one of three available slope identifiers as described in Clause B.3 and shown in
Figure B.1. Capital letters are used to indicate a 0 dB/decade slope. Numbers are used to
indicate a —20 dB/decade slope. Small letters are used to indicate a -40 dB/decade slope.
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Assuming that one of the three slopes is not needed, then the corresponding letter or number
will be left off. The defined maximum emission level in Figure B.1 offers a standardised way to
communicate maximum emission levels unambiguously.

In general, the first digit is a capital letter that represents the maximum amplitude of the
measured data. The second digit can either be a number or small letter that defines the position
of the —20 dB/decade slope or —40 dB/decade slope, respectively. The third digit can be a
capital letter, small letter or number.

In the case of measured emissions that approximate those resulting from a trapezoidal
waveform, the capital letter is first and represents the position of the horizontal line with
0 dB{decade slope. Second is the number which defines the slope of —20 dB/decade. Thg|third
and gmall letter defines the position of the —40 dB/decade slope.

The points of intersection of the slopes represent the first and second corner fiequencig¢s as
descfibed in Clause B.3.

NN

18 -M

12 ‘N

6 -0

0 T l T T T T7T7T |
2N\.3 456 8 2 3456 8 2 3456 8 2 3456 8

10 108 107 108 10°

J (Hz)

IEC

Figure B.1 — Emission level scheme
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Figure B.2 — Example of the maximum emission level G8f
Examples

Figuane B.2 represents an example whereby slope lines “G”, “8” and “f” are selected to desgribe
the measured IC conducted EME.

 notations are also possible:

no 0 dB/decade slope;/this is useful if the lowest frequency to be measured is h
than the first corner frequency;

igher

only the -40 dB/decade slope is used; this is useful if the lowest frequency fo be

measured is‘higher than the second corner frequency;

only they=20 dB/decade slope is used; this is useful if the lowest frequency fo be

measured is higher than the first corner frequency, and the highest frequency
measured is lower than the second corner frequency.

second example shows how the IC supplier—might can characterise the emi

perfo

limit curves (voltage) for all IC pins and the limit curve for the sum current (given in dBuV

o be

5sion
s the
).
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Table B.1 — Emission levels

PIN number

Limit curve

1

H11m

H11m

H11m

H11m

H11m

13q

Njjo|lo|b~|lw (N

13g

Sum current

L15s
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CA

Annex C
(informative)

Example of reference levels for automotive applications

Introductory remark

Annex C contains examples of reference levels intended to be used on the emission test
procedures according to this standard for the measurements of radio disturbances in the

nnnnnnnnnn of 150 k=t 14 000 MNMLI—

freq

The 1
used
may

The
betw

Base

Semi
capa
seen
atten
the e
vehid

C.2

SincI the mounting location, vehicle~body construction, harness, grounding and printed ¢

boar
semi

The levels to be used on+a specific semiconductor device (as a function of frequency band
agreed by the vehicle manufacturer, the component and the semiconductor supplier]

to be

In specific cases, ‘a‘deviation from these reference level classes can be agreed betwee

users

C.3

CTTC Yy TarnTg T OT TOU— KT T2 tO— I OUU VIt 127

for automotive components. The requirements for semiconductors on othefapplica
be different.

eference levels in this Annex C are recommended and subject to modification as ag
ben the vehicle manufacturer, the component and the semiconducter supplier.

d on the experience of the automotive industry, the following is’stated:

conductor emission measurements cannot completely.” characterise the disturb

in various effects in the vehicle and vehicle coefriponents (e.g. grounding, reson
uation and coupling), which-may can also contribute to the emission behaviour or ch
mission behaviour. Therefore, semiconductorsemission measurements cannot fully re
le and component measurements according\fo CISPR 25 [2].

General

(PCB) design can affect the coupling of radio disturbances generated by the operati
conductor devices to the onsboard radio, this annex defines reference levels.

of this deeument in accordance with Annex D.

Reference levels

bility of electronic vehicle components in which they(are applied. The reason for tEs is

eference levels are a selection from the scheme in Annex B. It applies to semiconduictors

tions

reed

ance

nce,
nge
blace

ircuit

on of

) are

n the

C.3.1

General

For acceptable radio reception in a vehicle, the conducted noise should not exceed one of the
agreed values shown in Figure C.1 and Figure C.2.

NOTE Results of measurements using the 1 Q method do not correspond to those using the 150 Q method in all

cases

(e.g. in cases of different source or terminal impedance).
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C.3.2 Measurements of conducted emissions, 1 Q method

A

2021

NOTE

0.1 1 10 100 1000

Reference levels shown up to 30 MHz due to current usable probe range

Figure C.1 — 1 Q method — Examples of reference levels\for conducted disturbanc
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does
often
distu

C.3.3

This
that
capa

from semiconductors (peak detector)

brmance with the reference levels in Figure{C.1 does not ensure a sufficient

ression emitted by a semiconductor in all cases, e.qg. if the disturbance currents distrib
not include all significant lines. However;xmeasurements only on the ground linesg
give an average impression concerfning the semiconductor's capability to
‘bances.

Measurements of conducted*emissions, 150 Q method

method is able to characterise the emission levels on single pins. Therefore, it is
urther measurements have’to be performed to completely describe the semicondu
bility to emit disturbances.
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Figure C.2 — 150 Q method — Examples of reference levels for conducted disturbances

from semiconductors (peak detector)
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Annex D
(informative)

EMC requirements and how to use EMC IC measurement techniques

D.1 Intreduction Introductory remark

The development of EMC optimised systems, modules and ICs requires the definition of
emission classification Ievels and swtable test procedures to measure the generated emissions.

EMC atandarde \aith Amiccoion Laite AN i t for aloactronio ovctarme cubhovctame oand oA lac but
otarrgar ooy it - STt STOTT T ity \.,/\uux IO CTCC T OMmC— oy StCTIT o SUo Iy St o, ot ReaHtTes

do ngt yet exist for the ICs used within those systems, subsystems and modules. Standarjlsed
IC EMC measurement procedures are attempting to close the gap, but significant)proflems
exist|which-must-first need to be overcome first.

D.2 | Using EMC measurement procedures

Base{d on what is known today, a full qualification of an IC can only becebtained if, together with
the RF current measurement, the individual pins are also measured applying the singlg pin
methpd. In specific applications with reduced requirements, only 'a selection of pins may be
tested with the single pin method. If this has been made, this has to be documented with an
explgnation for the user.

Table D.1 lists some possibilities whereby the measurement procedure can be reduced.

Table D.1 — Examples in which the measurement procedure can be reduced

Component related parameters Configuration of the IC
— $everal pins not used and therefore not connéeted [— Several pins (I/O ports) with the same EMC
tp the PCB (no potential current loop) behaviour

—  Hxisting blocks on the IC not used

Because of different technical ambient parameters (see also Table D.2), there is no direct
correllation possible between system and module EMC measurements as well as betveen
module and IC EMC measurements. The final approval of a module, and therefore also fgr the
IC, i only possible after a successful EMC measurement of the system.

Normally, additional suppression of interference is needed such as filters and metal screefning.
The implementation of those various EMC measures within the IC and/or outside the IC on the
PCB [is very.much dependent on the cost aspects and feasibility (space availability, etc.).

D.3 Assessment of the IC influence to the EMC behaviour of the modules

Depending on the development status of a system, different aspects can be seen in relation to
the EMC:

a) selection of existing ICs, which are already used in other systems of the same application
field, and in production with a known EMC behaviour;

b) redesign of ICs, which are already used in other applications and in production;

c) customised ICs for systems for the same field of application.

In the case of a), the experience of the system manufacturer/subcontractors is necessary in

order to understand and decide which EMC ambient parameters will influence the IC. The
selection of the maximum emission levels will be based on these parameters (see Table D.2).


https://iecnorm.com/api/?name=97ed3c8e2b15addfce80662837ebf255

— 26—

IEC 61967-4:2021 RLV © IEC:2021

Table D.2 — System- and module-related ambient parameters

Component-related ambient parameters

System-specific ambient parameters

— Ground concept
— Filter concept
— Screening

— Layout

— Working conditions, software

System type

Fitting area of the module
Fitting area of the antenna
Ground concept

Wiring harness concept

In the case of b), Table D.3 lists a set of development activities, which influence the

behapyiour of the system.

In th
prod

case of c), the EMC IC requirement has to be determined based on the@application
ct specification needs to define the maximum emission levels and ‘the extent of the
meagurements to be taken in order to achieve a successful development.

Table D.3 — Changes at the IC which influence the EMC

EMC

The

Changes on silicon

Changes off silicon

Hardware redesign

Jhange of chip layout

— Shrink to smaller geometry
S

oftware changes (user’s responsibility)

Change of:leadframe
Change of/package

Change of VSupply

In alllcases, a preliminary decision should.be taken to accept the test results of the ICs based

on the proposed measurement method.
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E.1

Annex E
(informative)

Example of a test setup consisting of an EMC main test board
and an EME IC test board

Introductory remark

Annex E describes a test setup, which has been designed for propagation delay measurements

of fag
main
conn
unde
the 1
new

E.2

Clau

meas

test board, which can be used for all measurements with no change in layout. Up
I test together with the components needed to let the IC operate and the componer

50 Q to 50 Q matching network. Consequently, the IC test board has to be designed
or each IC or at least for a group of ICs. In this annex, both test boards‘are describe

EMC main test board

e E.2 describes the EMC main test board, which is built to€omply with a 50 Q imped
urement equipment. The EMC main test board (see Figure F.1) is used to conneg

EME
boar

layers V1, V2 and V3 for the EME IC test board. The following layers on both sides are gr
layerg, which are also used as the RF-shield ground to the signal layers on the top an
bottom of the PCB.

The EME IC test board is mounted on top ef\the EMC main test board and centred with
screws (M3x6; the length of the screws is dependent on the thickness of the EME IC test bg
The gcrews provide the ground connection between EMC main test board and EME 1d

boar

are s

ring,
conn
supp

IC test board to the measurement equipment. It is bdilt*on a seven-layer printed ¢

. All other electrical connectionsiare made through the 84 pogo-pin ring. The pogo
oldered into the main board and are mechanically fixed with a-PTF=E—+irg noncondd
e.g. made of Teflon (polytetrafluorethylen — PTFE). Four of the 84 connections are alf
ected with the power supply’lines V1, V2, V3 and GND, and are used to provide the p
y to the EME IC test board.

EMC
o0 84

ections can be made to the so-called EME IC test board. This test board carries the IC

ts of
from
d.

ance
t the
ircuit

with the dimensions 293 mm x 293 mm. The three-inner layers are used as power stipply
ound
d the

four
ard).
test
pins
ctive
eady
ower
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Figure E.1 — EMC main test board

L signal lines are routed on the top layer and are implemented as a stripline with a
mpedance. The striplines connect the pogo pins with the miniature coax connectors o
side, where the measurement equipment is connected. Each signal line is connecteq
er field, whichnallows the connection to the coax connector or one of the four supply
2, V3 and_GND (see Figure E.2).

Jumper field

Not used

O

50 Q
n the
toa
lines

N v

[G_nIn_ ]
e A

b, 71X

Spring contact to the
EME IC test board

Coax connector to the
measurement equipment

Figure E.2 — Jumper field

IEC
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E.3 EME IC test board

E.3.1 General explanation of the test board

Figure E.3 shows a mechanical drawing of the bottom side of the IC test board. For each IC
test board, the positions of the spring contact area and the through-hole connections remain as
shown in the drawing. Other parts on the IC test board may be laid out as needed for the IC
under test (see an example in Figure E.5 and Figure E.6).

Dimensions in millimetres

94
76,2
73

110

4248 47 46 a5

IEC

NOTE| The through-hole connections,A’are used as Gnd connections to the EMC main test board.

Figure E.3 — EME IC test board (contact areas for the spring connector pins
of the main test board)

E.3.2 How to build the test system

The EME IC test board should be constructed in such a way that the operating conditions of the
DUT [correspond to those of a typical application.

The EME IC test board-shal should have three ground connections: IC ground, peripheral
ground and RF-shield ground (see Figure E.4, Figure E.5, Figure E.6).

All components, which are normally placed close to the IC in the final application, should be
close to the IC on the EME IC test board, too. They should be connected to the IC ground in
order to measure only those noise currents which are relevant for emission. The EME current
can be measured with the RF current probe.

All other connections, which are possibly made directly to external cabling or long PCB traces,
should be connected to an impedance-matching network. This matching network is connected
to the peripheral ground on the component side of the PCB. This allows single point
measurements using 50 Q impedance measurement equipment according to the specification
in 6.4 (see also Figure E.4, for example R3, C4, R2). In order to obtain constant RF
characteristics in a large frequency range, the peripheral ground and the RF-shield ground
should be connected close to the matching network (see also Figure E.4, connection d3).
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EME relevant currents returning to the IC through the peripheral ground and RF-shield ground
can be measured by connecting them to the IC ground using only the 1 Q RF current probe.

PCB specification:

— Size: Circular PCB, maximum diameter 110 mm
(for mechanical size, see Figure E.3)
— Material:
epoxy type: NEMA FRL
thickness: 3 mm
Copper: 35 um
ayers: 2
Jielectric constant: 4,7

EMC main testboard

Z4=

150 Q EME IC testboard

C4 .
6.8 nF Rogo pin
ic — H

50 Q

Ground Vdd
IC ground
C1 Peripberal ground Measurement
RF current equipment
probe |:| RF ground
C5 I
Through-hole Grourkd
connection A 0NC H+5V
Power supply *d1, d2, d3 are through-hole connections to RF ground

** Only needed with open drain outputs IEC

Figure E.4 — Example of an EME IC test system
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E.3.3

In or
betw

The
netw
techr

Connection to
pogo pin contact

Connection‘to
pogo.pin contact
Vi(£5V)

RE*shield and

peripheral ground
IC ground

Through-hole gonnections to RF-shield
and periphéral 'ground

RF probe socket

IEC

Figure E.5 — Component side of the EME IC test board

PCB layout and component positioning

der to achieve a high degree of-r&peatability reproducibility of measurement rg
pen different test boards, the EMCNC test board has to meet certain requirements.

C PCB traces should have\an impedance of 150 Q to connect the impedance mat
pbrk with low reflection. Terachieve this, the PCB traces should be made in microstrif
ique, whereby the signaltrace is carried on the component side and the RF-shield gn

sults

ching
b line
ound

on thie bottom side. For awdielectric constant of approximately 4,7, the ratio of track width to the

thick
of 0,

The

Figure E.5).

hess of the PCB should be 0,1 which results in a PCB thickness of 3 mm to a track
B mm.

IC under{test should be centred and mounted onto the component side (see

idth

also
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RF-shield and peripheral ground

Through-hole
connection A of RF-shield

and peripheral ground
to EMC main test board

Connection to
measurement
equipment (50Q)

Connection to
pogo pins

(not all outer

connections drawn)

Ground <b
V1 (+5V) OC)
\

Through-hole connection to RF-shield and
peripheral ground
IEC

Figure E.6 — Bottom side of.the EME IC test board

The impedance matching network should be‘ptaced on the outer side close to the pogo piE, o]
that fhe connection from the EME IC test board to the EMC main test board achieves a trapsfer
impefdance of 50 Q. SMD components should be used (see Figure E.4).

The IIC ground, the peripheral ground and Vdd should be routed on the component side. Id¢ally,
the bjottom side should be a continuous area of RF-shield ground and no signal traces should
be routed if possible (see Figure E.6).

Apart from the central-Connection of peripheral ground and RF-shield ground at the mat¢hing
netwprks (Figure E/5,-Figure E.6, connection d2), they—shall should be connected at one
additjonal point (preferably at the supply filter capacitor C5).
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F.1

Annex F
(informative)

150 Q direct coupling networks for common mode

emission measurements of differential mode data transfer ICs
and similar circuits

Basic direct coupling network

In Figure F.1 the basic circuit of a coupling network Is shown. The resistors R4, R5 an

repre

also may be incorporated in the coupling network in whole or in part if appropriatel/Exan
are shown later (see Clauses F.2, F.3 and F.4).

NOTE]

suitaple couplers as defined in the-CISPR-16-1-series;—may CISPR 16-1-2{1] can be used

sent termination resistors which-may can be needed to operate the DUT properly:

Other types of coupling networks, e.g.-z-transformers impedance matching network

DUT

Measurement
receiver

50 Q input
resistance

IEC

Figure F.1 — Basic direct coupling for common mode EMC measurements

d R6
They
hples

5 and
too.

The ¢onnections A and B have to_be connected to the DUT during the emission or immunity

meas

By d
toge
modé¢

R1 a
than
a sin
impe
matc

urement. For the emission-measurement, a test receiver is connected to connection

fault, the resistor values’R1, R2 will be chosen to represent a common-mode 150 Q

impedance tolerances from IEC 61000-4-6-shall apply.

nd R2-shall should closely match. By default, the matching tolerance-shall should be 4
1073. Thewalues of C1 and C2 are about half of the value of the capacitor value use
gle pinnmeasurement setup. C1 and C2-shall should also closely match. Becaus
Hdances of C1 and C2-shal should be small compared respectively to R1 and R2
hing, tolerance may be not so tight as with the resistors. By default, for C1 and

C.

load

her with R3 in parallel'connection with the test receiver input impedance. The common-

etter
d for
b the
, the
C2 a

matc

H bl £l oty 4l 4Nn—2 £E 4
Ty wierarive Ul ootict tiall 1TU 1S SUITICITITIL.

The absolute values of R1 and R2 may be changed if needed for proper function of the IC or
other needs. In that case, the new values-have-te shall be presented in the test report and test

speci

fication together with the S21 measurement and S21 calculation.
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For the measurement of the S21 of the coupling network with respect to emission, the
replaced by a test source and connection A and B are connected together to,form port 1
Figune

C1a
towa
equa

Takinng the values in Figure F.3 as an'example, the calculation results in:

1521
f

c_s2

F.2

In Fig

spee]
comr

|Pmm 'I e -
: |

| R4 I C1

. Port 2

I —{s00a I 1

i I% Port 1 |

- I Measurement
! Test source ' | Cc2 receiver

I\ ~ )50 Qoutput I I 3,3 nF each V' )s00 input

! resistance | | resistance

| I

I = ! =
Lo J ' ............................. J IEC

Figure F.2 — Measurement setup for the S21 measurement
of the common-mode coupling

2% (R3//50)
$21=20xlo
[821=20 g[R1//R2+R3//50+R4j 98)

nd C2 are used for DC-blocking. They cause a deviation from the calculated value o
ds low frequencies. The corner (-3 dB) frequeficy’ can be estimated with the follg
fion:

1
(4 x 7 x C1%{(0,5 xR1) + R3//50) + R4

f<:_s21 =

=-11,8 dB
123,5 kHz

Example of acommon-mode coupling network alternative for-high-spef
CAN-or LVDS or RS485 or similar systems

ure F.3the RF-coupling network is changed to get an appropriate termination for the
H-CAN~bus (60 Q). This termination can also be used for the measurement of
hunication ICs that operate with such low differential termination impedance.

IC is
(see

F.2). Due to the simple coupling network, the magnitude of S21 can be 'éstimated by the
following equation:

S21
wing

high

bther

SMB connector !

A R4 R1 C1 c |
® 6,8 nF : Measurement
I R2 . receiver
I R3 I 50 Q input
. resistance
i .
|
I __________________________ .__ . j IEC

Figure F.3 — Using split load termination as coupling for measuring equipment

NOTE R1, R2 and R4 as a star-network can be substituted by a delta-network instead, which would allow the line-
loading resistance to be applied outside this network.
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The
[S21

calculation of the relevant parameter results in:

| =-12 dB

fC_321 =117 kHz.

F.3

Example of a common-mode coupling network alternative

for differential IC outputs to resistive loads (e.g. airbag ignition driver)

Here, the basic principle of the split termination coupling is adapted to a differential load of only

20Q.

SMB connector :

[

; R4 R1 c1 '
| C
QA—| 10 120 Q

ot 6.8 nF

Measurement

: “ receiver

R3 50 Qinput

resistance

Figure F.4 — Using split load termination as coupling for measuring equipment

The fesults of the calculation are as follows:

1521

fe s2

F.4

This
have
(see
chan

=-12,2dB
=114 kHz

Example of a common-mode—coupling network for-fault-telerant CAN
systems

exclusive example coupling’network is already in use.-Fault-telerant CAN systems d

Figure F.1) is usediwith changed component values (see Figure F.5). The S21 is

and by calculation.

| SMB connector -

D0 not

a differential termination which can be used for injection. Thus, the basic configuration

now

ped from —11,8 dBte —8,6 dB. This has to be shown in the test report by S21 measurgment

LA ¢ R1 c . Port2
%M 1 Ik 1200
1 120 Q !
B I i Measurement
| e RZ cl | receiver
i 47 nF each R3|gl ['\ Y )50 Qinput
. | resistance
! i
! 1L
I ............................. 4 IEC

Figure F.5 — Example of an acceptable adaptation for special network requirements

NOTE

(e.g. for-fault-tolerant CAN systems)

This network does not represent the 150 Q common-mode loading as indicated.

The results of the calculation are as follows:

1S21]

=-8,6 dB


https://iecnorm.com/api/?name=97ed3c8e2b15addfce80662837ebf255

- 36 — IEC 61967-4:2021 RLV © IEC:2021

fC_321 =125 kHz
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Annex G
(informative)

Measurement of conducted emissions in extended frequency range

G.1 General

The measurement methods described in the main part of this document have been developed

to enable reliable and comparable measurements of conducted emissions at pin level of ICs in
the fr nnnnnnnnnnnnnn from 1E0 Ll o~ t~ 4 OLlo Thic \a/n abhacad an tha ~ccoiirantinn th ot Al :Vant

o CTICy TOngeIT O TOU KT T2 O toO- T Otz T o woo ooSC U O thCc oSS o o troT oot T ot

emisgions of IC applications are caused by RF currents or voltages generated by interneﬁcircuit
blocKs of the IC which are distributed via IC pins, PCB traces and the connected wiriQ~ rness.

N

New |digital broadcast and mobile services with operating frequencies up toé}sz crepte a
demand for RF emission results of ICs also in an extended frequency ran@, he freqyency
rang¢ above 1 GHz is currently covered by radiated emission measure ;b\l' methods ofl ICs,
defingd in other parts of this series of standards. In addition to that, therg’is an interest to extend
the flequency range for conducted test methods to enable also sele emission analyses at
IC pip level in extended frequency range. (b'\
The [relevance and applicability of conducted test beco C%ore and more limited| with
increpsing frequency. A frequency extension of the condu& emission measurement me¢thod
with g$everal restrictions could be achieved e.g. up to 3 GQZ he correlation between condiicted
and fadiated emission results to emission phenom in real application still needs {o be
deteqmined. Therefore, the appropriate measuremeQ ethod (conducted or radiated) should
be carefully selected depending on the investig\%&bn target, known or expected disturbance
phenpmena and the application of the IC.

\(\Q
For gonducted emission measurements i \é extended frequency range above 1 GHz, sgecial
care needs to be taken to avoid that pa@s tics and coupling of passive components and layout
or unjwanted radiation of test setups affect or dominate the measurement result. Thereforg, just
to in¢rease the measurement freqa@cy range is not sufficient. This can lead to wrong rgsults
and {nterpretations, especially n different test boards and setups are used and a fesult
comparison and reproducibi@\ of interest.

This |JAnnex G describ duirements and limitations of conducted emission measurements
methpds in the ex d frequency range above 1 GHz; it is intended to supporf the
development of pro measurement setups for reliable and comparable conducted emigsion
results, and pr@é some guidance.

O
G.2 Ge)ﬁlines
&

Meas tnet }
UTCTITITITILU TICTLWUIT R

G.2.

The requirements for measurement networks in the extended frequency range are in principle
the same as for the current frequency range up to 1 GHz described in 6.2 and 6.4. The
measurement network and related coupling and decoupling components should not affect the
function or performance of the IC under test (DUT) configured to operate in typical application
conditions.

In order to ensure reliable and comparable results, the measurement networks assembled on
the test board should provide a continuous transfer frequency characteristic (S21) within the
+3 dB tolerance band free of resonances in the used frequency range.

In Figure G.1, an example of a test circuit with a 150 Q network is shown. The typical 1 Q RF
current probes have a limited RF performance in the higher frequency range and therefore they
are not considered as a proper solution for the extended frequency.
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Figure G.1 — Example of a 150 Q measurement network

DC_|N N~
RF_BLOCK =] __RF.N
Z =50Q /
Ll
rece \_  Dc_BLOCK =< I 3
BN DUT i |
RF_OUT S I =
. - e— | —
120 ATT IC LINE — J 120R_ATT\|C LINE
50R_TERM  Matching point e~ — DC_BLOCK Matching point

G.2.4 Network components

The petwork components used to build up the measurement and coupling/decouplin
shoul|d be selected to support both, IC operation and RF performance properlb

-

3
A\
nef

work

For fhe measurement network, it is recommended to use componentg\; ‘surface mounted

assenbly with defined value up to the targeted frequency range or s

| RF components. It

is recommended to verify the RF performance of the componentxJ measurements ynder
S

applifation conditions on a test board that does not affect the @
compgonent (e.g. DC feed inductors, RF decoupling chokes) shoul
cond|tion, e.g. the rated DC current. In Figure G.2, examples e frequency charac

matching/termination resistor, DC decoupling capacitor an%& decoupling choke are shown.

Its. The RF decoupling
be verified under Io}

ding

terisffic for
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Mag (Z (3,3))_50R_TERM Mag (Z (3,3))_50R_TERM
Mag (Z (2,2))_DC_BLOCK Mag (Z (2,2))_DC_BLOCK
Mag (Z (1,1))_RF_BLOCK Mag (Z (1,1))_RF_BLOCK
2E4 2E3
1E4— 1E3—
. R /—\_—V
— g 1E2
S iy == ===
g 1E2— —a \“/ W §
= = 4 T 1E1
[0}
Rl Q
8 1E1— E
E
—
1 A
1eh— 1E-17 Qy
I T I \ r

1E6 1E7 1E8 1E9 6E9 1E6 1E7 1E9 6E9

[
1E8 (l:\
Frequency (Hz) Frequency (Hz(}l/Q

IEC

a) typical components used up to 1 GHz b) RF components t%ﬂe'used above 1 GH

N

Mag (Z (4,4))_ldc_3A ©
Mag (Z (3,3))_ldc_2A
Mag (Z (2,2))_ldc_1A C)
Mag (Z (1,1))_ldc_0A \Q/

(%

1E3— Q

Impedance (Q)

IEC

C}\ Frequency (Hz)

@)‘ Load current effect on RF decoupling chokes
Figure GP— Example of RF characteristic of network components
Abovie a certai quency, the RF performance of network components is affected by paragitics.

This [limits application frequency range of the measurement network to keep the 150 Q
performa@ in the = 3 dB tolerance band.

To avold unwanted effecis on the measurement results, special care should be taken on the RF
decoupling components. The impedance of the RF decoupling component should be as high as
possible but at least 150 Q in the used frequency range. This requirement is challenging if a
DC supply or load current of several amperes (e.g. 20 A for a power IC) needs to be handled.
RF decoupling chokes with a broadband characteristic above 1 GHz have a limited current
handling capability (e.g. 100 mA up to 4 A). This limits the application of the method to ICs with
lower supply and load current, or needs a respective current adjustment for testing.

The connectors used to connect the RF cable from the measurement system with the coupling
network on the test board should provide a respective RF performance over the frequency range
to avoid reflections and resonances in the RF path.

NOTE The RF performance varies significantly between straight and edge connectors as well as between soldered
and screwed connectors.
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Mandatory or recommended filter components of the IC are not considered here, they are
considered as part of the IC.

G.2.3 Network layout

The layout of the measurement network as well as all traces connected to the IC pin under test
are important for the RF performance. The network components should be placed as compact
as possible and the trace length between coupling network and the IC pin under test should be
as short as possible to meet the £ 3 dB criteria. For example, for 3 GHz the critical trace length
(Ierit) should be less than 10 mm to keep /; < M/10, respectively for 6 GHz the trace length

should be less than 5 mm.

NOTE| Nominal velocity of propagation depends on PCB material parameters (¢). \/

The |mpedances depending on the operation mode of the IC and/or optional mandptory
components are not considered. (19

In ordler to get a proper impedance characteristic for the RF traces of th twork, the material
parameter (e.g. €, tan(d)) of the test board should be known and con&?YI d to keep tolergnces

within the target range. Care should be taken by selecting test b aterial. Standard|PCB
matefial has much wider tolerances than RF material in this res In any case, a simulation
of th¢ network layout with the right test board material para@js is recommended to design
and \erify the RF performance of the measurement networlg\ r the whole frequency ranlge.

O
The {est board should provide a solid GND plane uné{]eath the measurement network| The
effect of top layer GND on the RF performance of % oupling network should be considered
for tgst board design. Vias and layer changes |n t F path should be avoided.

e @
G.2.4 Network verification \s(\

The RF performance of the measure network should be verified by a S21 parameter
meagurement between the RF connec&‘s of the test network and the pad of the IC pin ynder
test, pr if used the pad of the mand,%gry component in front of the IC pin under test. The I¢ and
the nmpandatory or recommended\filtér components are removed for this measurement. Supply
planqs mandatory for proper C\Gnnectlon of the IC, may remain connected but can affegt the
resulf. This needs to be doc xnted and considered by result evaluation. All other compoments
conngcted to the measurement network as RF decoupling components of biasing, dignal
stimylation or monitori etworks remain populated and connected as intended during the
meagurement. Auxili equipment does not need to be connected and can be replaced|by a
termipation or srg{, GND.

The measur@g:t should be performed with a network analyzer calibrated up to the cable [ends
to bg co ed to the connector of the measurement network. Reflections at the transition
point|fr, he cable to the connector should be avoided.

Examples of respective S21 characteristics of the measurement networks implemented on a
test board are shown in Figure G.3. The characteristics are derived from different board design
simulations with real component models and tuned component models. The diagram shows the
challenge in the higher frequency range dependent on trace length from network to the IC.
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Figure G.3 — Examples of S21 characteristic by m@g&tlon

If a network is designed and simulation and measurement sho an same S21 charactg
with less than 0,5 dB deviation, it can be considered as rellabrl}%éugh and used multiple {i

6ES

IEC

ristic
imes

on a fest board as fixed building block without a demand fors\ iple measurement verification.

G.2.§ Test board Q<<
The flest board usually combines an application cir fthe IC under test and the measure
netwprks on the same PCB. In order to achi he RF characteristic of the measure

netwprks as described above, they shall be plaged and connected very close to the IC pi
inter¢st. Moreover, for proper setting and o@ation of the IC, a typical application circuif
mandatory components, loading and auqlary circuits for stimulation and monitoring sh{
placgd as well. Depending on the co xity and pin count of the IC, this can become
challenging and provide some COI’]?\@I ts for the test PCB design.

As described above, the mea@*ment network design should be compact and connecte]
shortl traces to the IC pin. @ recommended to use fixed building blocks with a know
perfgrmance. If the netwqrk design needs to be modified or newly designed, it is recomme,
to uge simulation to@or test board design and first verification. This also allows
identjfication of un\/@ d cross coupling between RF traces and other signal lines on thg

boarg. @

An ekample @%simple test board section with RF measurement network, IC with mand

ment
ment
ns of
with
Il be
very

d via
n RF
nded

the
b test

atory

compgone nd other signal lines are shown in Figure G.4. The red highlighted signal lipe in

Figuvle%./ s exposed for cross coupling.
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Figure G.4 — Examples of test board section

'\

A simulation result of the cross coupling between the RF measurement networ signal

is sh

pwn in Figure G.5 and the related effect on the S21 transfer charact ic is sho

Figurﬁ G.6. Special care should be taken to avoid parallel traces over Iongb( distance in

to mi

Figu
coy

Anot

of other signalAi

imize unwanted resonances and cross coupling in compact desi

N

frequenc!

lines
VN in
brder

(Hz)
22

\J

(e.g. pull up, monitoring) to the IC pin under test where the measure

netw

transffe

posit

brk is ¢ cted. In Figure G.7, an example of a test board with additional signal stu

racteristic is shown in Figure G.8. The impedance of the line termination an
f this termination is important and needs to be considered for board design.

(42 r];m Ifhb connected to IC pin is shown. The effect of the stub line length on the S21

her importanxgﬁect that needs to be considered for test board design is the conngction

IEC

re G.5 — Examples of@anted cross Figure G.6 — Examples of unwanted signal
pling between measurement network line cross coupling on S21 transfer
and tracescsémst PCB characteristic of RF measurement netwjork

ment
b line

H the
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dB (S (2,1))_7 mm_STUB
dB (S (4,3))_15 mm_STUB
dB (S (6,5)) 22 mm_STUB

o
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Figure G.7 — Examples of test board Figure G.8 — Exam@f stub lines length
with additional signal line connected effects on S21 fer characteristic of
to IC pin RF me ement network

N\
3
G.3 | Application area Q(<
The ¢mission measurements conducted in the frex cy range above 1 GHz become moré¢ and
more| challenging with increasing frequency due;{@ everal effects.

The pize of the measurement network and@e connection to the IC pin requires a compact
design, proper matching and/or short tr ength /.. < A/10 to fulfil £ 3 dB requirement free of

resomances. Furthermore, the con5| ation and minimization of unwanted cross coupling
betwgen traces on the board mtrod@e additional constraints and requires special measures or
multitlayer boards to avoid unw effects on the single pin result. Therefore, the applidation
of th¢ method is limited to a l%@number of selected pins of an IC. The method can be uUseful
for dedicated analyses of s@,g e, special selected pins, but not for a full characterizatipn of
complex ICs with hlgheén .count.

The g¢omponents usedfor RF measurement networks and RF decoupling circuits for bigsing,
loadipg, stimulating,-and monitoring IC functions have to ensure a proper RF characterisftic in
the {requenc ge of interest while providing unaffected operation conditions for the
functjonalit é e IC under test. Proper RF characteristic in the higher frequency rangg and
highgr v&tj%e and current rating of the components seems to be a contradiction. Thug, the
cond J@ est method application is limited to few amperes (e.g. 100 mA to 4 A) of supply or
load [ctwrent due to component limitation. A typical application e.g. of power ICs with B0 %

loading condition cannot be realized because reduced supply or load currents can lead to
performance limitations or untypical operation modes of the IC.

Considering IC applications and conducted test method origin, the validity of the assumption,
that RF currents and voltages distributed from the IC source via pins and connected traces and
wires are the dominant cause for the emission phenomena of an application, needs to be
verified for the frequency range above 1 GHz. With increasing frequency, the effects of direct
radiation from the IC and its external circuitry can increase significantly and also the system
implementation can play a significant role. Therefore, it is recommended to analyze the
phenomena behind emission issues in application to choose the right measurement method to
generate useful data of the IC.

It is not applicable and thus not recommended to apply conducted emission measurements in
the extended frequency range to all pins of an IC and also not to all ICs. A selection guide or
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table, such as Table G.1, can support the user to make a smart choice for IC types, IC functions,
operation frequency, current consumption, pin classes, package types, dimensions, etc. in
future. In general, ICs with operating frequencies and harmonics (e.g. < 10th harmonics)
exceeding 1 GHz could be more relevant for emission in the extended frequency range than
others. Then pin selection should be done based on IC design to link high frequency IC functions
to respective global and/or local pins.

Table G.1 — Draft selection table for conducted emission measurements at pins above

1 GHz
IC IC Operating frequency | Pin current rate (A) Pin type / Package Test
typ functions (MAZ) class type / applicable
dimension | reco hded
10 1 %)’
<10 to > 100 <1 to >4 r\xe no
100 4
fa
s‘(]/
X8
If a cpnducted emission measurement in the extended frequency ran performed and rgsults

are (
measg
of th
into
relialf

istributed, it is strongly recommended to provide
urement network(s) along with the full layout of the
b data possible. The simple approach just to design
he extended frequency range above 1 GHz is stro

le data are needed.
K
QO
N\

O
<

the S21 9éfification diagram of the

oard and run measurements

a @,
ng{y iscouraged when indepe

test bq?r to make an interpre’i:ation

dent
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7)
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9)

IEC $1967+4 has been prepared by subcommittee 47A: Integrated circuits, of IEC tech
comnittée 47: Semiconductor devices. It is an International Standard.

Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
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other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS -

Part 4: Measurement of conducted emissions —
1 Q/150 Q direct coupling method

FOREWORD

national electrotechnical committees (IEC National Committees). The object of IEC is to promete intern
operation on all questions concerning standardization in the electrical and electronic fields. To this er
hddition to other activities, IEC publishes International Standards, Technical Specifications] Technical Rq
bparation is entrusted to technical committees; any IEC National Committee interested in the subject ded

h the IEC also participate in this preparation. IEC collaborates closely with.the ‘International Organizat
hndardization (ISO) in accordance with conditions determined by agreement(between the two organizati

hsensus of opinion on the relevant subjects since each technicalhcemmittee has representation fr

C Publications have the form of recommendations for intern@tional use and are accepted by IEC N{§

Sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public

IEC Publication and the corresponding national\or regional publication shall be clearly indicated in the

C itself does not provide any attestation of\c¢onformity. Independent certification bodies provide conf
Eessment services and, in some areas, ;access to |IEC marks of conformity. IEC is not responsible f
fvices carried out by independent certification bodies.
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This second edition cancels and replaces the first edition published in 2002
Amendment 1:2006. This edition constitutes a technical revision.

and

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

a) frequency range of 150 kHz to 1 GHz has been deleted from the title;

b) recommended frequency range for 1 Q method has been reduced to 30 MHz;

c) Annex G with recommendations and guidelines for frequency range extension beyond

1

GHz has been added.
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The text of this International Standard is based on the following documents:

Draft Report on voting

47A/1101/CDV 47A/1107/RVC

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

The |
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Futut
stang
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stabi
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anguage used for the development of this International Standard is English.

dance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement).ava

ibed in greater detail at www.iec.ch/standardsdev/publications.

urement of electromagnetic emissions can be found on the IEC website.

e standards in this series will carry the new general title as_cited above. Titles of ex
ards in this series will be updated at the time of the next edition.

document was drafted in accordance with ISO/IEC Directives, Part 2, and develepged in

{lable

vw.iec.ch/members_experts/refdocs. The main document types developed\by IEC are

t of all parts of the IEC 61967 series, under the general title  Integrated circuits —

sting

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

b the

IMP]
that
of it

s contents. Users should therefore print this document using a colour printer.

ORTANT - The 'colour.inside’' logo on the cover page of this publication indicates
it contains colours which are considered to be useful for the correct understanding
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INTEGRATED CIRCUITS -
MEASUREMENT OF ELECTROMAGNETIC EMISSIONS -

Part 4: Measurement of conducted emissions —
1 Q/150 Q direct coupling method

cope

This part of IEC 61967 specifies a method to measure the conducted electromagnetic 'emi

(EMH

1Q
met

2

Normative references

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

con
For

stitutes requirements of this document. For dated referencé€s;-only the edition cited ap
undated references, the latest edition of the referenced document (including

amendments) applies.

IEC

©1000-4-6, Electromagnetic compatibility (EME) = Part 4-6: Testing and measure

techniques — Immunity to conducted disturbances,~induced by radio-frequency fields

IEC
con

3

For

ISO
add

4

4.1

©1967-1, Integrated circuits — Measuremeént of electromagnetic emissions — Part 1: Ge
djtions and definitions

Terms and definitions

the purposes of this document, the terms and definitions of IEC 61967-1 apply.

nd IEC maintain ¢erminological databases for use in standardization at the follg
resses:

IEC Electropedia: available at http://www.electropedia.org/
I$O Onlineybrowsing platform: available at http://www.iso.org/obp

eneral

5sion

) of integrated circuits by direct radio frequency (RF) current measurement wjth a
resistive probe and RF voltage measurement using a 150 Q coupling detwork. Tlhese
hpds ensure a high degree of reproducibility and correlation of EME measurement reqults.

ntent
Dlies.
any

ment

neral

wing

Measurement basics

The maximum tolerated emission level from an integrated circuit (IC) depends on the permitted
maximum emission level of the electronic system, which includes the IC, and also on the
immunity level of other parts of the electronic system itself (so called inherent EMC). The value
of this emission level is dependent on system and application specific (ambient) parameters.
To characterise ICs, i.e. to provide typical EME values for a data sheet, a simple measurement
procedure and non-resonant measurement setup are required to guarantee a high degree of
reproducibility. Subclause 4.1 describes the basis of this test procedure.
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supply
IC I/0 : :
12 11

* ’ External ‘ ’ Supply ‘

RF current Loop 2 Loop 1
probe

Gnd | 1" "2 v
‘ - Ground ‘

Fi —F oo S corrio—to-the—te—vi |

The ¢mission of an IC is generated by sufficiently fast changes of voltages and curfents inside
the IC. These changes drive RF currents inside and outside the IC. The RF currents gause
condpcted EME, which is mainly distributed via the IC pins conductor loops in the lprinted gircuit
boarg (PCB) and the cabling. These loops are regarded as the emitting loep antenngs. In
comparison to the dimension of these loops, the loops in the internal IC structure are considered
to be| small.

The RF currents that accompany ICs action are different in amplitude, phase and spgctral
contgnt. Any RF current has its own loop that returns to the IC.{All loops return mostly vip the
ground or supply connection back to the IC. In Figure 1, this\is”shown for two loops retufning
via gfound. Loop 1 represents the supply wiring harness for.the IC while loop 2 represents the
routimg of an output signal. The common return path via ground is a suitable location to megsure
the cpnducted EME as the measurement of the common)RF sum current of the ground pin| This
test is named the “RF current measurement”.

If thg IC under test has only one ground pincand all other pins are suspected to contribute
esseftially to the EME, then the RF sum current is measured between the ground pin of the IC
undef test and the ground (see iy + i, in Figure 1).

vV
supply

I/0 ) )
IC I/O—| i, i

Loop 3 ‘ External H Supply
y

IC ground

RF current Loop 2 Loop 1
probe o
-« 12 ¥ Y

‘ RF-shield and peripheral ground ‘
IEC

Figure2

a small I/O loop and two emitting loops

If the IC under test has more than one ground pin or some of the pins are not suspected to
contribute much to the whole EME, then the IC under test gets its own ground plane as shown
in Figure 2. This ground plane is named “IC ground”. It is kept separately from the other ground,
that is named “RF-shield and peripheral ground”. The RF current is measured between the IC
ground and the peripheral ground.

ICs are often used in different configurations based on the application. For instance, a
microcontroller could be used as a single chip controller, with the 1/0 ports directly connected
to the external cabling system. In order to understand the influence of a single I/O pin on the
emission level of the IC, an additional measurement procedure, using the same equipment, is
provided. This measurement is named “single pin RF voltage measurement at IC pins” (see
also 4.3). In addition to the RF sum current measurement, the RF current measurement of a
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single supply pin can be of interest in the analysis of an IC. This can also be attained

with

application of the RF current measurement probe. For example, the RF current probe can be
applied to any of the multiple ground or supply pins in order to quantify the contribution of the

measured pin to the whole emission.

4.2 RF current measurement

In the test procedure, this measurement shall be made by measuring the voltage across the

1 Q resistance of a RF current probe using a measurement receiver. The measurement
be made at the location shown in Figure 1 and Figure 2. The construction of the RF cu

shall
rrent

probe is specified in 6.2. The RF voltage level measured by the receiver is the voltage resulting

from ratt—of RF—comrents—Teturmimg—to—the—C—through—the—probe—impedance—Tte—v

meagurement can be converted to current by dividing the voltage by the probe impedan
the grobe impedance is determined for the applicable frequency range e.g. in a &kerific
repoft.

NOTE[1 The probe impedance can be frequency dependant, caused by stray inductances of the probe, an
the uspble frequency range can be limited.

NOTE[2 The probe impedance causes, depending on the IC current consumption, a voltage drop that can affq
propef operation of the IC and limit the application of this method.

4.3 | RF voltage measurement at IC pins

This mmeasurement is used to identify the contribution of a single pin or a group of pins t
EME|of the IC under test. This measurement is only appliéd to those pins of the IC unde
that gre intended to be connected directly to long (longer than 10 cm) PCB traces or v
harngsses (e.g. I/0, supply). These pins are loaded by a typical common mode impedan
150
an in%ut-impedance of 50 Q, the load has to be*built as an impedance matching network.
matching network is defined in 6.4.

Othef 1/0-pins of an IC may be loaded.as specified in the general part of IEC 61967-1.

4.4 | Assessment of the measurement technique
The @bove techniques have théfollowing properties:

— h|gh measurement reproducibility, because few parameters influence the result;

hpability to compéare different IC configurations (e.g. packages);

[¢)

— single pin EME measurements of the various I/O pins are dependent on their importang
He emission)in*a specific application;

—

— apsessment of the EME contribution of the IC using current sum measurement;

— simplé verification of the measurement impedance using insertion loss measurement;

Itage
ce, if
ation

H thus

ct the

O the
- test
iring
ce of

, as specified in IEC 61000-4-6. In order to:¢onnect the measurement receiver, that has

This

e for

— measurement is also possible at very low frequencies.

With these characteristics, it is possible to measure the EME of ICs with a high degree of

reproducibility and therefore this technique offers a good method for comparison.

Annex D gives an example of how the measurement techniques can be used for the assess
of ICs.

5 Test conditions

All test conditions required in this document are specified in IEC 61967-1.

ment
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6 Test equipment

6.1

RF measuring instrument

The measurement equipment shall fulfil the requirements described in IEC 61967-1.

6.2

RF current probe specification

Figure 3 shows the basic construction of the 1 Q RF current probe.

Coaxial cable

DL +

Probe tip

eaStremeht

49 Q (Z,=50Q) > equipment
) ), O >
h J 1
= = = IEC

Figure 3 — Construction of the 1 Q RF current.probe

Tabl¢ 1 presents a detailed specification of the RF current probe.

Top
blocK
meas

ured.

event the measurement equipment from being damaged by DC voltage, the use of
is recommended. This shall have an attenuation.0f<0,5 dB at the lowest frequency

a DC
to be
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Table 1 — Specification of the RF current probe

Frequency range DC to 30 MHz

The applicable frequency range of the used probe shall be
evaluated e.g. in a S-parameter measurement and
documented in the test report.

Current probes available on the market have proved to be
usable e.g. only up to 30 MHz. Therefore bandwidth and
impedance over frequency of the used probe shall be verified
and documented in a diagram. The same applies to on-board
probes with SMD components.

In future for enhanced RE Inmhpq the 1isable fmqnpnrw range
may change.

Meagurement resistor RF resistor (low inductance)® 1 Q (21 %).

The measurement resistor can also consist of resistors in
parallel, which increases the maximum permissible currenf
through the probe (e.g. 2 Q//2 Q) and redute-the stray

inductance.
Matching resistor 49 Q (21 %)
Maximum current <0,5A
Outpyit impedance Z 40 Qto 60 Q
Inserfion loss in verification circuit 34 dB £ 2dB
Decoppling in verification circuit See Figure A.1 and Figure A.5.
Cabl¢ connection Flexible, doubléshielded coaxial cable with 50 Q + 2 Q ling

impedance.dhe/RF connector shall be mounted with low
reflection."The insertion loss includes the cable and the probe.
Changes 10 the cable length will result in additional attenuation
to be considered with the measurement results.

Construction Ceaxial probe or comparable construction, which can be
éonnected to a 4 mm coaxial socket. The measurement

resistor shall be as close as possible to the probe tip. It shall

be built in such a way that no mechanical damage is poss|ble.
The connection of the probe cable shall be coaxial; the prpbe
tips should be replaceable, but nevertheless firmly connedted
to the cable.

a) he series impedance caused by the parasitic inductance should be lower than the resistor in the [used

easurement range.

3 -

6.3 | Test of the.RF current probe capability

The ¢urrent probe shall be functionally verified in a test circuit shown and described in defail in
Annex A.

6.4 | ‘Matching network specification

Based on IEC 61000-4-6, a cabling network can be represented in most cases by an antenna
with an impedance of about 150 Q. In order to get accurate measurement results over the full
frequency range, a termination network of 145 Q + 20 Q shall be used. Usual measurement
equipment provides an input impedance of 50 Q so that the matching network shall match the
signal line impedance to the equipment impedance. The circuitry is shown in Figure 4, and the
characteristics of the impedance matching network used are shown in Table 2. Additional
information of matching networks for differential pin measurements are provided in Annex F
and recommendations.
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Noise Impedance matching
generator network

Receiver

IEC

Table 2 — Characteristics of the impedance matching network

Freqyency range 150 kHz — 1 GHz

Inputlimpedance with 50 Q termination Z, 145 Q+20Q

Inserfion loss within a 50 Q system 0,258 6 (-11,75 dB £ 2 dB)

Voltape ratio Vg, / Vi, 0,173 8 (-15,20 dB + 2.dB)

7 Test setup

7.1 | General test configuration
A geperal test configuration is shown in Figure®5-/This general test configuration can be| built

up in
other

configuration, e.g. also in a real application.

Z=180
! Impedance
1matching network|
IC ! !

170

Gnd VSup

Ic &Y “_‘C1

RFcurrent| | ~  ~7TTTTTTmTomt
probe

1=

50 Q

oV +5V

Measuring
equipment

7.2

Power supply

** pull up / pull down may be required depending on application

Figure 5 — General test configuration

Printed circuit test board layout

IEC

the form of a special test configuration (ah example is described in Clause E.2) or in any

In order to obtain a high degree of reproducibility of measurement results and be able to make
a valid comparison between different printed circuit test boards, the following guidance is given.

The test board should be built using PCB material of epoxy type (thickness 0,6 mm to 3 mm,
dielectric constant about 4,7). The top side and the bottom side are covered with a minimal
35 um copper layer.
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The bottom layer should be used as ground plane.

If peripheral ground and IC ground are used for the 1 Q method, these two grounds are isolated
by an isolation gap. This isolation gap should be between 0,5 mm and 0,6 mm. If needed, the
IC ground shall be located underneath the DUT. The maximum size of this area should not
exceed the size of the package minimum footprint by more than 3 mm on each side.

To o

btain the necessary accuracy for higher frequencies, parasitic coupling capacitance

between IC ground and peripheral ground shall be controlled. This parasitic coupling
capacitance between IC ground and peripheral ground shall be lower than 30 pF.

The Ib ground is solely connected to the peripheral ground via the 1 Q probe. In case of-external

RF ¢
conn
is co
shall
shou

If the
desid

The

Lirrent probe, a socket should be used. The shield of the RF current probe tip~should be
bcted to the RF peripheral ground by the socket, while the IC ground or the IC ground pin
nnected to the current probe tip. The connection between the IC ground and the probe tip
be as short as possible. In any case, the trace length shall not exceed A5-mm. The frace
d be connected to the IC ground at the shortest distance to the centre\pdint of the DUT.

above-mentioned guidelines are not applicable, the transfer c¢haracteristic of modified
n shall be determined and documented in the test report.

DUT and all components needed to operate the DUT shauld be mounted onto the top side

of the test board. As much wiring as possible should be routed in the top layer. The DUT slrould

be p

aced in the centre of the PCB, while the needed/matching networks should be placed

aroumnd this centre. The wiring between the IC pins and the matching network should be

desig
imple
to co

The
of 50

The

ned to have a line impedance of 150 Q. In case the 150 Q line impedance is difficplt to
ment, the line shall be of the maximum reasonable impedance but short enough, in prder
mply with the requirements of Table 2.

viring of the outputs of the matching networks should be designed to have a line impedance
Q. An example of a PCB layout caf;be found in Annex E.

supply shall be connected witha single wire directly to the capacitor C5. C5 could|be a

surface mount device, of electrolytic type and having a value of at least 10 pyF. The capacitor

C5s

The fest board may have-any rectangular or circular shape.

nall be positioned near the'probe socket.

Addifional information and guidelines for extended frequency applications are describged in

Annegx G.

8

est.procedure

The requirements for the test procedure are described in IEC 61967-1.

9 Test report

The requirements for the test report are described in IEC 61967-1.

Emis

sion measurement results may be presented using classification or reference levels. An

example of a classification scheme for emission levels is presented in Annex B. In addition,
Annex C shows how this classification scheme may be applied to set up reference levels for
ICs used in the automotive industry.


https://iecnorm.com/api/?name=97ed3c8e2b15addfce80662837ebf255

- 14 - IEC 61967-4:2021 © |IEC

Annex A
(informative)

Probe verification procedure

:2021

The test circuit shown in Figure A.1 is recommended for the probe verification. It consists of a
PCB laid out using microstrip techniques (see Figure A.3). The PCB has an input port to which
the RF generator is connected. The RF current probe to be verified is connected to the output
port. The RF current probe output is connected to a test receiver (see Figure A.4). This
verification procedure measures the isolation provided by the test circuit in a 50 Q system

(see

Two
test
inser|
volta

The
shun
meas

Figune A.2 shows a result of\such a measurement.

AISO UISFKR T10-1-2 |_Ij") and the Insertion 10ss of the RF current probe.

circuit configured as shown in Figure A.1, circuit diagram A. Note that clamp A i
ted. While sweeping the RF generator over the required frequency range,”measur
je appearing at the output of the RF current probe.
1

RF generator —#= (E 0O (O —» Rrobe
50 QD 7

2

—

1 A
RF generator — O) 66 (O— Probe
[ eol)sSe ]

E.

IEC
Figure-A.1 — Test circuit

becond measurement is performed identically to the first one but with clamp A install
the RF generator to the ‘probe input as shown in Figure A.1, circuit diagram B.
urement results in the RF’current probe insertion loss which indicates its sensi

Frequency (MHz)

0,15 1 10 100 1000
S21 S -

separate measurements are recommended. The first measurement is performied-with the

»J
e the

ed to
This
ivity.

Insertion loss (dB)

IEC

Figure A.2 — Insertion loss of the 1 Q probe

T Numbers in square brackets refer to the Bibliography.
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The calculated difference of both measurements is called the “decoupling”. The decoupling
should be above the limit shown in Figure A.5. The decoupling is equal to the measurement
dynamics in relation to the signal source. The decoupling does include the quality
characteristics, the sensitivity and the shielding of the probe.

Dimensions in millimetres

60

&
N
1
S
M
Assembly side N jack
*J (with SMA flange)

Hole for

40

Soldering area for
flange of N jack

Trough hole contacts
to connect both sides

Assembly side
of 4 mm jack

@) Scale 1,6:1 e
3
Key \Q/

1 couptingarea

2 reference ground

Figure A.3 — Layout of the verification test circuit
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(2,=500Q)

—16 —

Test circuit

4 mm
coaxial jack

Probe

Receiver

(Z,=50 Q)
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Decoupling (dB)

100
90 A

80

70 1

60
50
40

301

20

Figure A.4 — Connection of the verification test circuit

IEC

-
o oo
i

2 3456 8
107

2 3456 8

2 3456 8

108

Figure A.5 — Minimum decoupling limit versus frequency

y

10°

J (H2)

IEC

In ordler to evaluate the performance and the applicable frequency range of the used 1 Q p

itis n

with

meag

and
impe

network analyser.

ecommendedi\to characterize the probe input impedance characteristic. This can be
a scattering parameter measurement using a vector
urements, the vector network analyser should be calibrated including all connectors,
races,to exclude all setup parasites from the result. An example of a 1 Q probe
dance characteristic is shown in Figure A.6.

robe,
done

Fon the

table
input
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3
o
a
10 -
__—_'_/
1 T -
0,1 10

Frequency~(MHz)
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Figure A.6 — Example of 1 Q probe input impedance characteristic
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Annex B
(informative)

Classification of conducted emission levels

B.1 Introductory remark

The purpose of this Annex B is to provide a method of classifying the conducted emissions
levels of integrated circuits by application of the test conditions described in this specification.

B.2 | General

This pnnex is not intended to specify or imply conducted emissions limits for ICs. ,However, by
careful application and agreement between manufacturer and user, it is posSibte to deve]op a
devide specification that specifies the maximum conducted EME allowable for a specific
integrated circuit in a specific application when tested in accordance with the procedures in this
document.

It should also be noted that Annex B is not meant to be a product specification and cannot
functjon as one. Nevertheless, using the concept described fin, this document and by careful
application and agreement between manufacturer and user it would be possible to deve]op a
document giving the EME behaviour for a specific integrated circuit.

B.3 | Definition of emission levels

The dliagram in Figure B.1 defines the condugetéd emissions classification levels used to define
the ojverall envelope of the measured emissions. This diagram can be used to classify both the
RF cyrrent measured with the RF currentprobe and the RF voltage at IC pins, measured ysing
the impedance matching network.

The pcheme follows the theoryof a periodical trapezoidal pulse response and offers three
differlent slopes of emission anmiplitudes with a 6 dB distance:

e (|dB/decade (theory: constant amplitude line till the first corner frequency 1/(xz))

e —PO0 dB/decade ,.\(theory: decrease of amplitude till second corner frequency 1/(nz,))

. 10 dB/decade’ (theory: decrease of amplitude at frequencies >1/(nz,)).

The gorner frequencies are dependent on the rise/fall times (z,) and the duration (r) of the pulse.

The emission level diagram shown in Figure B.1 enables the selection of different slopgs for
different frequencies to betier describe the measured conducted EME. The EME can be
described with one, two or three slopes as required to best fit the measured data.

Various combinations are possible reflecting the actual requirements of the application much
more precisely (e.g. adapted to the switching frequency of the ports of a microcontroller).

B.4 Presentation of results

B.4.1 General

The description of the maximum emission level can consist of up to three digits. Each digit
represents one of three available slope identifiers as described in Clause B.3 and shown in
Figure B.1. Capital letters are used to indicate a 0 dB/decade slope. Numbers are used to
indicate a —20 dB/decade slope. Small letters are used to indicate a -40 dB/decade slope.
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Assuming that one of the three slopes is not needed, then the corresponding letter or number
will be left off. The defined maximum emission level in Figure B.1 offers a standardised way to
communicate maximum emission levels unambiguously.

In general, the first digit is a capital letter that represents the maximum amplitude of the
measured data. The second digit can either be a number or small letter that defines the position
of the —20 dB/decade slope or —40 dB/decade slope, respectively. The third digit can be a
capital letter, small letter or number.

In the case of measured emissions that approximate those resulting from a trapezoidal
waveform, the capital letter is first and represents the position of the horizontal line with
0 dB{decade slope. Second is the number which defines the slope of —20 dB/decade. The|third
and gmall letter defines the position of the —40 dB/decade slope.

The points of intersection of the slopes represent the first and second corner fiequencig¢s as
descfibed in Clause B.3.

NN

18 -M
12 ‘N
6 -0
0 T l T T T T7T7T |
2N\.3 456 8 2 3456 8 2 3456 8 2 3456 8
10 108 107 108 10°
f (Hz)

IEC

Figure B.1 — Emission level scheme
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30 e
24
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184 with EMC measures
12 :
=32 [ D S O S A R A S
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Figure B.2 — Example of the maximum emission level G8f
Examples

Figunrl|
the measured IC conducted EME.

Othe
“8f":

nf”:

“8”:

This

 notations are also possible:

e B.2 represents an example whereby slope lines “G”, “8” and “f” are selected to desfcribe

no 0 dB/decade slope;/this is useful if the lowest frequency to be measured is hjgher

than the first corner frequency;

measured is‘higher than the second corn

er frequency;

only the -40 dB/decade slope is used; this is useful if the lowest frequency fo be

only they=20 dB/decade slope is used; this is useful if the lowest frequency fo be
measured is higher than the first corner frequency, and the highest frequency
measured is lower than the second corner frequency.

o be

second example shows how the IC supplier can characterise the emission performanice of

an ir

(voltage) for all IC pins and the limit curve for the sum current (given in dBuV).

rves
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Table B.1 — Emission levels

PIN number

Limit curve

1

H11m

H11m

H11m

H11m

H11m

13q

Njjo|lo|b~|lw (N

13g

Sum current

L15s
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Annex C
(informative)

Example of reference levels for automotive applications

Introductory remark

Annex C contains examples of reference levels intended to be used on the emission test
procedures according to this standard for the measurements of radio disturbances in the

nnnnnnnnnn of 150 k=t 14 000 MNMLI—

freq

The 1
used
may

The
betw

Base

Semi
capa
seen

attenjuation and coupling), which can also contribute)te’the emission behaviour or chang

emis
vehid

C.2

SincI the mounting location, vehicle-body construction, harness, grounding and printed ¢

boar
semi

The levels to be used on+a specific semiconductor device (as a function of frequency band
agreed by the vehicle manufacturer, the component and the semiconductor supplier]

to be

In sp
users

C.3

CTTC Yy TarnTg T OT TOU— KT T2 tO— I OUU VIt 127

for automotive components. The requirements for semiconductors on othefapplica
be different.

eference levels in this Annex C are recommended and subject to modification as ag
ben the vehicle manufacturer, the component and the semiconducter supplier.

d on the experience of the automotive industry, the following is’stated:

conductor emission measurements cannot completely” characterise the disturb
in various effects in the vehicle and vehicle cotponents (e.g. grounding, reson

5ion behaviour. Therefore, semiconductor emission measurements cannot fully re
le and component measurements according\io CISPR 25 [2].

General

(PCB) design can affect the coupling of radio disturbances generated by the operati
conductor devices to the onsboard radio, this annex defines reference levels.

ecific cases, ‘a‘deviation from these reference level classes can be agreed betwee
of this deeument in accordance with Annex D.

Reference levels

bility of electronic vehicle components in which they(are applied. The reason for tIis is

eference levels are a selection from the scheme in Annex B. It applies to semiconduictors

tions

reed

ance

nce,
e the
blace

ircuit

on of

) are

n the

C.31

General

For acceptable radio reception in a vehicle, the conducted noise should not exceed one of the
agreed values shown in Figure C.1 and Figure C.2.

NOTE Results of measurements using the 1 Q method do not correspond to those using the 150 Q method in all

cases

(e.g. in cases of different source or terminal impedance).
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C.3.2 Measurements of conducted emissions, 1 Q method

A

NOTE|

0,1 1 10 100 1000

Reference levels shown up to 30 MHz due to current usable probe range

Figure C.1 — 1 Q method — Examples of reference levels\for conducted disturbanc

Conf

supp
does
often
distu

C.3.3

This
that
capa

from semiconductors (peak detector)

brmance with the reference levels in Figure{C.1 does not ensure a sufficient

ression emitted by a semiconductor in all cases, e.qg. if the disturbance currents distrib
not include all significant lines. However;xmeasurements only on the ground linesg
give an average impression concerning the semiconductor's capability to
‘bances.

Measurements of conducted*emissions, 150 Q method

method is able to characterise the emission levels on single pins. Therefore, it is
urther measurements have’to be performed to completely describe the semicondu
bility to emit disturbances.

A

hoise
ution
can
emit

isual
ctor's

13 T 7
42 8-H
36 9-
30 10-K
24 — 11-L
18 i 12-M
12 13-N
> 6
a O -
T 6 | | |
0,1 1 10 100 1000
* MHz

IEC

Figure C.2 — 150 Q method - Examples of reference levels for conducted disturbances

from semiconductors (peak detector)
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Annex D
(informative)

EMC requirements and how to use EMC IC measurement techniques

D.1 Introductory remark

The development of EMC optimised systems, modules and ICs requires the definition of
emission classification Ievels and swtable test procedures to measure the generated emissions.

EMC atandarde \aith Amic ol Laite AN i t for aloctronio ovctame cubhovctame oand oo las but
otarrgar ooy it - ST ToSTOTT T ity \.,/\uux O CTCC T OTC— oy STCTTIT O, SUo Iy SteTTo; artar FREEHE]

do ngt yet exist for the ICs used within those systems, subsystems and modules. Standarjlsed
IC EMC measurement procedures are attempting to close the gap, but significant)problems
exist|which need to be overcome first.

D.2 | Using EMC measurement procedures

Base{d on what is known today, a full qualification of an IC can only becebtained if, together with
the RF current measurement, the individual pins are also measured applying the singlg pin
methpd. In specific applications with reduced requirements, only '@ selection of pins may be
tested with the single pin method. If this has been made, this has to be documented with an
explgnation for the user.

Table D.1 lists some possibilities whereby the measurement procedure can be reduced.

Table D.1 — Examples in which the measurement procedure can be reduced

Component related parameters Configuration of the IC
— $everal pins not used and therefore not connéeted [— Several pins (I/O ports) with the same EMC
tp the PCB (no potential current loop) behaviour

—  Hxisting blocks on the IC not used

Because of different technical ambient parameters (see also Table D.2), there is no direct
correllation possible between system and module EMC measurements as well as betveen
module and IC EMC measurements. The final approval of a module, and therefore also fgr the
IC, i only possible after a successful EMC measurement of the system.

Normally, additional suppression of interference is needed such as filters and metal screefing.
The implementation of those various EMC measures within the IC and/or outside the IC on the
PCB [is very.much dependent on the cost aspects and feasibility (space availability, etc.).

D.3 Assessment of the IC influence to the EMC behaviour of the modules

Depending on the development status of a system, different aspects can be seen in relation to
the EMC:

a) selection of existing ICs, which are already used in other systems of the same application
field, and in production with a known EMC behaviour;

b) redesign of ICs, which are already used in other applications and in production;

c) customised ICs for systems for the same field of application.

In the case of a), the experience of the system manufacturer/subcontractors is necessary in

order to understand and decide which EMC ambient parameters will influence the IC. The
selection of the maximum emission levels will be based on these parameters (see Table D.2).
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Table D.2 — System- and module-related ambient parameters

Component-related ambient parameters

System-specific ambient parameters

— Ground concept
— Filter concept
— Screening

— Layout

— Working conditions, software

— System type

— Fitting area of the module
— Fitting area of the antenna
— Ground concept

— Wiring harness concept

In the case of b), Table D.3 lists a set of development activities, which influence the

behapyiour of the system.

In th

case of c), the EMC IC requirement has to be determined based on the@application
prodlict specification needs to define the maximum emission levels and ‘the extent o

meagurements to be taken in order to achieve a successful development.

Table D.3 — Changes at the IC which influence the EMC

EMC

The
f the

Changes on silicon

Changes off silicon

Hardware redesign

Jhange of chip layout

— Shrink to smaller geometry
S

oftware changes (user’s responsibility)

— Change of leadframe
— Change of/package

— Change of VSupply

In alllcases, a preliminary decision should.be taken to accept the test results of the ICs b

on the proposed measurement method.

ased
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Annex E
(informative)

Example of a test setup consisting of an EMC main test board
and an EME IC test board

Introductory remark

Annex E describes a test setup, which has been designed for propagation delay measurements

of fag
main

test board, which can be used for all measurements with no change in layout. Up

EMC
o 84

conngctions can be made to the so-called EME IC test board. This test board carfies the IC

under test together with the components needed to let the IC operate and the componer
the 150 Q to 50 Q matching network. Consequently, the IC test board has to be designed

new

E.2

Clause E.2 describes the EMC main test board, which is built to€aomply with a 50 Q imped

meas
EME
boar

layers V1, V2 and V3 for the EME IC test board. The following layers on both sides are gr
layerg, which are also used as the RF-shield ground to the signal layers on the top an
bottom of the PCB.

The

screws (M3x6; the length of the screws is dependent on the thickness of the EME IC test bg
The gcrews provide the ground connection between EMC main test board and EME 1Q

boar
are g
mads
conn

supp

or each IC or at least for a group of ICs. In this annex, both test boards‘are describe

EMC main test board

urement equipment. The EMC main test board (see Figure F.1) is used to conneg
IC test board to the measurement equipment. It is bdilt*on a seven-layer printed ¢

ts of
from
d.

ance
t the
ircuit

with the dimensions 293 mm x 293 mm. The threesinner layers are used as power stipply

ME IC test board is mounted on top efithe EMC main test board and centred with

. All other electrical connectionsiare made through the 84 pogo-pin ring. The pogo
oldered into the main board and are mechanically fixed with a nonconductive ring

of Teflon (polytetrafluorethylen — PTFE). Four of the 84 connections are alf
bcted with the power supply’lines V1, V2, V3 and GND, and are used to provide the p
y to the EME IC test board.

ound

H the

four
ard).
test
pins
e.g.
eady
ower
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Figure E.1 — EMC main test board

L signal lines are routed on the top layer and are implemented as a stripline with a
mpedance. The striplines connect the pogo pins with the miniature coax connectors o
side, where the measurement equipment is connected. Each signal line is connecteq
er field, whichnallows the connection to the coax connector or one of the four supply
2, V3 and_GND (see Figure E.2).

Jumper field

r

50 Q
n the
toa
lines

Not used

()}
5]

NI
™

v

|Gﬂ|ﬂ—ﬂ (] =
o—-0-0 | O - | 1
o—/ oo H K
[“ 1123 ﬁ
Spring contact to the VA1 1} V3 Coax connector to the
EME IC test board V2 measurement equipment EC

Figure E.2 —

Jumper field
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E.3 EME IC test board

E.3.1 General explanation of the test board

Figure E.3 shows a mechanical drawing of the bottom side of the IC test board. For each IC
test board, the positions of the spring contact area and the through-hole connections remain as
shown in the drawing. Other parts on the IC test board may be laid out as needed for the IC
under test (see an example in Figure E.5 and Figure E.6).

Dimensions in millimetres

94
76,2
73

110

4248 47 46 a5

IEC

NOTE| The through-hole connections,A’are used as Gnd connections to the EMC main test board.

Figure E.3 — EME IC test board (contact areas for the spring connector pins
of the main test board)

E.3.2 How to build the test system

The EME IC test board should be constructed in such a way that the operating conditions of the
DUT [correspond to those of a typical application.

The EME IC test board should have three ground connections: IC ground, peripheral ground
and RF-shield ground (see Figure E.4, Figure E.5, Figure E.6).

All components, which are normally placed close to the IC in the final application, should be
close to the IC on the EME IC test board, too. They should be connected to the IC ground in
order to measure only those noise currents which are relevant for emission. The EME current
can be measured with the RF current probe.

All other connections, which are possibly made directly to external cabling or long PCB traces,
should be connected to an impedance-matching network. This matching network is connected
to the peripheral ground on the component side of the PCB. This allows single point
measurements using 50 Q impedance measurement equipment according to the specification
in 6.4 (see also Figure E.4, for example R3, C4, R2). In order to obtain constant RF
characteristics in a large frequency range, the peripheral ground and the RF-shield ground
should be connected close to the matching network (see also Figure E.4, connection d3).
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EME relevant currents returning to the IC through the peripheral ground and RF-shield ground
can be measured by connecting them to the IC ground using only the 1 Q RF current probe.

PCB specification:

— Size: Circular PCB, maximum diameter 110 mm
(for mechanical size, see Figure E.3)
— Material:
epoxy type: NEMA FRL
thickness: 3 mm
Copper: 35 um
ayers: 2
Jielectric constant: 4,7

EMC main testboard

Z4=

150 Q EME IC testboard

C4 .
6.8 nF Rogo pin

Ic — H

Ground Vdd

50 Q

IC ground
C1 Peripberal ground Measurement
RF current equipment
probe |:| RF ground
C5 I
Through-hole Grourkd
connection A 0NC H+5V
Power supply *d1, d2, d3 are through-hole connections to RF ground

** Only needed with open drain outputs IEC

Figure E.4 — Example of an EME IC test system
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Connection to
pogo pin contact

Connection‘to
pogo.pin contact
Vi(£5V)

RE*shield and

peripheral ground
IC ground

Through-hole gonnections to RF-shield
and periphéral 'ground

RF probe socket

IEC

Figure E.5 — Component side of the EME IC test board

E.3.3 PCB layout and component positioning

In or

jer to achieve a high degree of repraducibility of measurement results between diff

test hoards, the EMC IC test board has‘\to meet certain requirements.

The
netw

C PCB traces should have\an impedance of 150 Q to connect the impedance mat

technique, whereby the signaltrace is carried on the component side and the RF-shield g

on th
thick
of 0,

The

e bottom side. For andielectric constant of approximately 4,7, the ratio of track width
ness of the PCB should be 0,1 which results in a PCB thickness of 3 mm to a track
B mm.

IC under{test should be centred and mounted onto the component side (see

Figure E.5).

brk with low reflection. Terachieve this, the PCB traces should be made in microstri%ﬁne

erent

ching

und
the
vidth

also
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RF-shield and peripheral ground

Through-hole
connection A of RF-shield

and peripheral ground
to EMC main test board

Connection to
measurement
equipment (50Q)

Connection to
pogo pins

(not all outer

connections drawn)

Ground <b
V1 (+5V) OC)
\

Through-hole connection to RF-shield and
peripheral ground
IEC

Figure E.6 — Bottom side of.the EME IC test board

The impedance matching network should be‘ptaced on the outer side close to the pogo piE, o]
that the connection from the EME IC test board to the EMC main test board achieves a transfer
impefance of 50 Q. SMD components shiould be used (see Figure E.4).

The IIC ground, the peripheral ground and Vdd should be routed on the component side. Id¢ally,
the bjottom side should be a continuous area of RF-shield ground and no signal traces should
be routed if possible (see Figure E.6).

Apart from the central-Connection of peripheral ground and RF-shield ground at the mat¢hing
netwprks (Figure E.5, Figure E.6, connection d2), they should be connected at one addifional
point|[(preferably at the supply filter capacitor C5).
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Annex F
(informative)

150 Q direct coupling networks for common mode

emission measurements of differential mode data transfer ICs
and similar circuits

Basic direct coupling network

2021

In Figure F.1 the basic circuit of a coupling network Is shown. The resistors R4, R5 an
reprgsent termination resistors which can be needed to operate the DUT properly. They
may pe incorporated in the coupling network in whole or in part if appropriate. Example
shown later (see Clauses F.2, F.3 and F.4).

Othef types of coupling networks, e.g. impedance matching networks and suitable couple

defin

The
meag

By d&fault, the resistor values’R1, R2 will be chosen to represent a common-mode 150 Q
er with R3 in parallel'connection with the test receiver input impedance. The common-

toge
mode

R1 a
The
meag
C2s
tight

d in the CISPR 16-1-2 [1] can be used too.

DUT

Measurement
receiver

50 Q input
resistance

IEC
Figure F.1 — Basic direct coupling for common mode EMC measurements

connections A and B have to _be connected to the DUT during the emission or imm
urement. For the emission.measurement, a test receiver is connected to connection

impedance tolerances from IEC 61000-4-6 apply.

nd R2 should-closely match. By default, the matching tolerance should be better than
alues of-Cd™and C2 are about half of the value of the capacitor value used for a singl
urementsetup. C1 and C2 should also closely match. Because the impedances of C
hould be small compared respectively to R1 and R2, the matching tolerance may be n
aswith the resistors. By default, for C1 and C2 a matching tolerance of better than 1

d R6
also
5 are

s as

unity
C.

load

103,
e pin
and
ot so
“2is

suffictent:

The absolute values of R1 and R2 may be changed if needed for proper function of the IC or
other needs. In that case, the new values shall be presented in the test report and test
specification together with the S21 measurement and S21 calculation.
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[P 'I e -
: |

| R4 1 C1 R1

. Port 2

I —{s00a I 1

i I% Port 1 |

- I Measurement

! Test source ' | Cc2 receiver

I\ ~ )50 Qoutput I I 3,3 nF each V' )s00 input

! resistance | | resistance

| I

I = ! =
Lo J ' ............................. J IEC

For t
repla

Figune

folloy

C1 apd C2 are used for DC-blocking. They cause a devjation from the calculated value o
towafds low frequencies. The corner (-3 dB) frequency can be estimated with the folld
equation:

¢ B 1

5217 (4 x 7 x CI%(0,5 x R1) + R3// 50) + R4
Taking the values in Figure F.3 as an“example, the calculation results in:
|S21]=-11,8 dB
fe_s21 = 123,5 kHz
F.2 | Example of acommon-mode coupling network alternative for LVDS or

RS485 or similar systems

In Figure F.3,-the"RF-coupling network is changed to get an appropriate termination for th
(60 ). This\termination can also be used for the measurement of other communication 1C§

operate with such low differential termination impedance.

Figure F.2 — Measurement setup for the S21 measurement
of the common-mode coupling

he measurement of the S21 of the coupling network with respect to emission, the
ed by a test source and connection A and B are connected together to,form port 1
F.2). Due to the simple coupling network, the magnitude of S21 can pe ‘éstimated b
ving equation:

521 = 20 x Iog( 2x(R3//50) ] (dB)

R1//R2+R3//50 + R4

IC is
(see
y the

S21
wing

b bus
5 that

SMB connector '

! A R4 R1 C1 c I
® 6,8 nF : Measurement
I R2 . receiver

I R3 I 50 Q input

. resistance

i .

|

I __________________________ .__ . j IEC

Figure F.3 — Using split load termination as coupling for measuring equipment

NOTE R1, R2 and R4 as a star-network can be substituted by a delta-network instead, which would allow the line-

loadin

g resistance to be applied outside this network.
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alculation of the relevant parameter results in:

=-12dB
=117 kHz.

Example of a common-mode coupling network alternative
for differential IC outputs to resistive loads (e.g. airbag ignition driver)

Here, the basic principle of the split termination coupling is adapted to a differential load of only

20Q.

The 1
[S21

fe s2
F.4

This

diffelential termination whichsean be used for injection. Thus, the basic configuration
Figune F.1) is used with chahged component values (see Figure F.5). The S21 is now cha

from
calcd

| SMB connector
| R4 R1 C1 C

A
1Q 120 Q
QB—I H
O 6,8 nF

Measurement

: “ receiver

50 Qinput
resistance

Figure F.4 — Using split load termination as coupling for measuring equipment

esults of the calculation are as follows:

=-12,2dB
=114 kHz

Example of a common-mode—coupling network for CAN systems

exclusive example coupling-network is already in use. CAN systems do not h3g

-11,8 dB to —8,6 dB: This has to be shown in the test report by S21 measurement a
Iatlon

Measurement
receiver

ve a
(see
anged
d by

\JU &L II |pu|.
resistance

IEC

Figure F.5 — Example of an acceptable adaptation for special network requirements

NOTE

(e.g. for CAN systems)

This network does not represent the 150 Q common-mode loading as indicated.

The results of the calculation are as follows:

1S21]

=-8,6 dB

fC_821 =125 kHz
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Annex G
(informative)

Measurement of conducted emissions in extended frequency range

G.1 General

The measurement methods described in the main part of this document have been developed

to enable reliable and comparable measurements of conducted emissions at pin level of ICs in
the fr nnnnnnnnnnnnnn from 150 lbl— i~ t~ 41 OLlo Thic \an abhacad aoantha ncoimantian th ot Al :Vant

JoCT oy Tarng e T O TOU KT 12 OpPtOU— T OT Iz o wos oSO o e oSS oo trac r o

emissions of IC applications are caused by RF currents or voltages generated by internal\dircuit
blocKs of the IC which are distributed via IC pins, PCB traces and the connected wiring harness.

New |digital broadcast and mobile services with operating frequencies up toc6 GHz create a
demgnd for RF emission results of ICs also in an extended frequency range, The freqyency
range¢ above 1 GHz is currently covered by radiated emission measurement methods of ICs,
definpd in other parts of this series of standards. In addition to that, therge’is an interest to extend
the flequency range for conducted test methods to enable also selective emission analyses at
IC pip level in extended frequency range.

The [relevance and applicability of conducted test becomés more and more limited| with
increpsing frequency. A frequency extension of the conducted emission measurement me¢thod
with g$everal restrictions could be achieved e.g. up to 3 GHz.“The correlation between condulicted
and fadiated emission results to emission phenomeha“in real application still needs {o be
detemined. Therefore, the appropriate measurement method (conducted or radiated) should
be carefully selected depending on the investigation target, known or expected disturbance
phenpmena and the application of the IC.

For donducted emission measurements in.the extended frequency range above 1 GHz, sgecial
care heeds to be taken to avoid that par@sitics and coupling of passive components and layout
or unwanted radiation of test setups affect or dominate the measurement result. Therefore, just
to ingrease the measurement frequency range is not sufficient. This can lead to wrong rgsults
and |nterpretations, especially when different test boards and setups are used and a fesult
comparison and reproducibilityis of interest.

This |JAnnex G describes.\requirements and limitations of conducted emission measurements
methpds in the extended frequency range above 1 GHz; it is intended to supporf the
development of proper measurement setups for reliable and comparable conducted emigsion
results, and providés some guidance.

G.2 | Guidelines

G.2. Measturementnetwork

The requirements for measurement networks in the extended frequency range are in principle
the same as for the current frequency range up to 1 GHz described in 6.2 and 6.4. The
measurement network and related coupling and decoupling components should not affect the
function or performance of the IC under test (DUT) configured to operate in typical application
conditions.

In order to ensure reliable and comparable results, the measurement networks assembled on
the test board should provide a continuous transfer frequency characteristic (S21) within the
+3 dB tolerance band free of resonances in the used frequency range.

In Figure G.1, an example of a test circuit with a 150 Q network is shown. The typical 1 Q RF
current probes have a limited RF performance in the higher frequency range and therefore they
are not considered as a proper solution for the extended frequency.
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DC_'N N~
< - = L
RF_BLOCK RF_IN | rDC_IN — =
Ry emm -
Ztrace =500 / ‘X — =
N DeBLock 50R_TERM —RF_BLOCK = =
s DUT L = :
RF_OUT < =< bl Jﬂﬁl | — -
v | N
120R_ATT \ ICLINE = oo 120R—ATT\lc LINE
50R_TERM  Matching point e~ DC_BLOCK Matching point

Figure G.1 — Example of a 150 Q measurement network

G.2.2 Network components

The petwork components used to build up the measurement and coupling/decoupling nefwork
should be selected to support both, IC operation and RF performance properly-

For the measurement network, it is recommended to use components, for surface modnted
assenbly with defined value up to the targeted frequency range or special RF components. It
is recommended to verify the RF performance of the components ‘by  measurements ynder
applifation conditions on a test board that does not affect the fesults. The RF decm}pling

component (e.g. DC feed inductors, RF decoupling chokes) should be verified under loading
cond|tion, e.g. the rated DC current. In Figure G.2, examples 6f'the frequency characteristjic for
matching/termination resistor, DC decoupling capacitor and*RF decoupling choke are shown.
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¢) Load current effect on RF decoupling chokes
Figure G.2 — Example of RF characteristic of network components
Abovje a certaindrequency, the RF performance of network components is affected by paras

This [limits_the’ application frequency range of the measurement network to keep the 1
perfgrmance in the + 3 dB tolerance band.

itics.
50 Q

To avoid unwanted effecis on the measurement results, special care should be taken on the RF
decoupling components. The impedance of the RF decoupling component should be as high as
possible but at least 150 Q in the used frequency range. This requirement is challenging if a
DC supply or load current of several amperes (e.g. 20 A for a power IC) needs to be handled.
RF decoupling chokes with a broadband characteristic above 1 GHz have a limited current
handling capability (e.g. 100 mA up to 4 A). This limits the application of the method to ICs with
lower supply and load current, or needs a respective current adjustment for testing.

The connectors used to connect the RF cable from the measurement system with the coupling
network on the test board should provide a respective RF performance over the frequency range
to avoid reflections and resonances in the RF path.

NOTE The RF performance varies significantly between straight and edge connectors as well as between soldered
and screwed connectors.
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Mandatory or recommended filter components of the IC are not considered here, they are
considered as part of the IC.

G.23 Network layout

The layout of the measurement network as well as all traces connected to the IC pin under test
are important for the RF performance. The network components should be placed as compact
as possible and the trace length between coupling network and the IC pin under test should be
as short as possible to meet the + 3 dB criteria. For example, for 3 GHz the critical trace length
(Ierit) should be less than 10 mm to keep /; < M/10, respectively for 6 GHz the trace length

should be less than 5 mm.

crit

NOTE| Nominal velocity of propagation depends on PCB material parameters (¢,).

The |mpedances depending on the operation mode of the IC and/or optional and mandptory
components are not considered.

In ordler to get a proper impedance characteristic for the RF traces of the\network, the material
parameter (e.g. €, tan(d)) of the test board should be known and contralled to keep tolergnces

within the target range. Care should be taken by selecting test board ‘material. Standard|PCB
matefial has much wider tolerances than RF material in this respect. In any case, a simullation
of th¢ network layout with the right test board material parameéters is recommended to dgsign
and Verify the RF performance of the measurement network over the whole frequency range.

The {est board should provide a solid GND plane underneath the measurement network| The
effect of top layer GND on the RF performance of the ‘¢oupling network should be considered
for tgst board design. Vias and layer changes in the.RF path should be avoided.

G.2.4 Network verification

The RF performance of the measurement network should be verified by a S21 parameter
meagqurement between the RF connector of the test network and the pad of the IC pin ynder
test, pr if used the pad of the mandatery component in front of the IC pin under test. The I¢ and
the mpandatory or recommended. filter components are removed for this measurement. Supply
plan’{s, mandatory for proper.connection of the IC, may remain connected but can affegt the
resulf. This needs to be documented and considered by result evaluation. All other compomnents
conngected to the measurement network as RF decoupling components of biasing, dignal
stimylation or monitoring* hetworks remain populated and connected as intended during the
meagurement. Auxiliary’ equipment does not need to be connected and can be replaced|by a
termination or short'to GND.

The measuré€ment should be performed with a network analyzer calibrated up to the cable |ends
to bg connected to the connector of the measurement network. Reflections at the transition
point|from-the cable to the connector should be avoided.

Examples of respective S21 characteristics of the measurement networks implemented on a
test board are shown in Figure G.3. The characteristics are derived from different board design
simulations with real component models and tuned component models. The diagram shows the
challenge in the higher frequency range dependent on trace length from network to the IC.
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Figure G.3 — Examples of S21 characteristic by simulation

If a network is designed and simulation and measurement show the same S21 characte
with less than 0,5 dB deviation, it can be considered as reliable’enough and used multiple {

6ES

IEC

ristic
imes

on a fest board as fixed building block without a demand for.multiple measurement verification.

G.2.5 Test board

The flest board usually combines an application circuit'of the IC under test and the measure)
netwprks on the same PCB. In order to achieverthe RF characteristic of the measure
netwprks as described above, they shall be placed and connected very close to the IC pi
interg¢st. Moreover, for proper setting and operation of the IC, a typical application circuif
mandatory components, loading and auxiliary circuits for stimulation and monitoring sha
placgd as well. Depending on the complexity and pin count of the IC, this can become
challenging and provide some constraints for the test PCB design.

As described above, the measurement network design should be compact and connecte]
shortl traces to the IC pin. It iS recommended to use fixed building blocks with a know
perfgrmance. If the netwark design needs to be modified or newly designed, it is recomme
to uge simulation tools-for test board design and first verification. This also allows
identjfication of unwanted cross coupling between RF traces and other signal lines on the
boardg.

An ekample 6f)a simple test board section with RF measurement network, IC with mand

ment
ment
ns of
with
Il be
very

d via
n RF
nded

the
b test

atory

components-and other signal lines are shown in Figure G.4. The red highlighted signal line in

Figune &.4/is exposed for cross coupling.
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Figure G.4 — Examples of test board section

ulation result of the cross coupling between the RF measurement network-and signal

pwn in Figure G.5 and the related effect on the S21 transfer characteristic is sho

e G.6. Special care should be taken to avoid parallel traces over longer-distance in
imize unwanted resonances and cross coupling in compact designs.

frequenc!

lines
VN in
brder

(Hz)
22

\J

IEC

pling between measurement network line cross coupling on S21 transfer

ner importantiaspect that needs to be considered for test board design is the conng

of other signalJinés (e.g. pull up, monitoring) to the IC pin under test where the measure

netw

brk is caonnected. In Figure G.7, an example of a test board with additional signal stu

transfer characteristic is shown in Figure G.8. The impedance of the line termination an

IEC

re G.5 — Examples of unwanted cross Figure G.6 — Examples of unwanted signal

and traces on\test PCB characteristic of RF measurement netwlork

ction
ment
b line
S21
i the

(42 r];m length) connected to IC pin is shown. The effect of the stub line length on the

positlon‘af this termination is important and needs to be considered for board design.
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Figure G.7 — Examples of test board Figure G.8 — Examples-of stub lines length
with additional signal line connected effects on S21 transfer characteristic of
to IC pin RF measurement network

G.3 | Application area

The ¢mission measurements conducted in the frequency range above 1 GHz become mor¢ and
more| challenging with increasing frequency duectoyseveral effects.

The pize of the measurement network and‘the connection to the IC pin requires a compact
design, proper matching and/or short tracg‘length /.;; < A/10 to fulfil + 3 dB requirement free of

resomances. Furthermore, the consideration and minimization of unwanted cross coupling
betwgen traces on the board introduCe additional constraints and requires special measurges or
multitlayer boards to avoid unwanted effects on the single pin result. Therefore, the applidation
of thg¢ method is limited to a lownumber of selected pins of an IC. The method can be useful
for dedicated analyses of single, special selected pins, but not for a full characterizatipn of
complex ICs with higher pin.count.

The ¢omponents used for RF measurement networks and RF decoupling circuits for bigsing,
loadipg, stimulating -and monitoring IC functions have to ensure a proper RF characteristic in
the frequency{iange of interest while providing unaffected operation conditions for the
functjonality ©of)the IC under test. Proper RF characteristic in the higher frequency range and
higher voltage and current rating of the components seems to be a contradiction. Thud, the
condpcted-test method application is limited to few amperes (e.g. 100 mA to 4 A) of supply or
load [current due to component limitation. A typical application e.g. of power ICs with B0 %
loading condition cannot be realized because reduced supply or load currents can lead to
performance limitations or untypical operation modes of the IC.

Considering IC applications and conducted test method origin, the validity of the assumption,
that RF currents and voltages distributed from the IC source via pins and connected traces and
wires are the dominant cause for the emission phenomena of an application, needs to be
verified for the frequency range above 1 GHz. With increasing frequency, the effects of direct
radiation from the IC and its external circuitry can increase significantly and also the system
implementation can play a significant role. Therefore, it is recommended to analyze the
phenomena behind emission issues in application to choose the right measurement method to
generate useful data of the IC.

It is not applicable and thus not recommended to apply conducted emission measurements in
the extended frequency range to all pins of an IC and also not to all ICs. A selection guide or
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table, such as Table G.1, can support the user to make a smart choice for IC types, IC functions,
operation frequency, current consumption, pin classes, package types, dimensions, etc. in
future. In general, ICs with operating frequencies and harmonics (e.g. < 10th harmonics)
exceeding 1 GHz could be more relevant for emission in the extended frequency range than
others. Then pin selection should be done based on IC design to link high frequency IC functions
to respective global and/or local pins.

Table G.1 — Draft selection table for conducted emission measurements at pins above

1 GHz
IC IC Operating frequency | Pin current rate (A) Pin type / Package Test
typ functions (MHZ) class type 7/ applicable
dimension | recommended
10 1
<10 to > 100 <1 to >4 yes no
100 4

If a cpnducted emission measurement in the extended frequency rangeis’performed and rgsults
are distributed, it is strongly recommended to provide the S21cverification diagram of the
meagurement network(s) along with the full layout of the test board to make an interpre’i:ation

of th¢ data possible. The simple approach just to design a tegst,board and run measurements
into the extended frequency range above 1 GHz is strongly‘discouraged when independent
reliabble data are needed.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CIRCUITS INTEGRES -
MESURE DES EMISSIONS ELECTROMAGNETIQUES -

Partie 4: Mesure des émissions conduites —
Méthode par couplage direct 1 Q/150 Q

AVANT-PROPOS

Lal|Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
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 domaings de
I'é|ectricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes internationales,

dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles/au public (PAS)
Gdides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée-a 'des comités d'étud

trgvaux desquels tout Comité national intéressé par le sujet traité peut ¢participer. Les organis
internationales, gouvernementales et non gouvernementales, en liaison avec RIEC, participent égaleme
travaux. L’IEC collabore étroitement avec I'Organisation Internationale de(Normalisation (ISO), selo
copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techfiques représentent, dans la mes
popgsible, un accord international sur les sujets étudiés, étant donné qué les Comités nationaux de I'l[EC inté
soht représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme de récemmandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les§ jefforts raisonnables sont entrepris afin qug
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en.est faite par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internationale,(fes Comités nationaux de I'lEC s'engagent, dans td
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiguees en termes clairs dans ces dernieres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fouyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
indépendants.

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

Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts patticuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, direéte ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la publication ou de I'utilisation de cette Publication de I'l[EC ou de toute autre Publication de]
oulau crédit quiiluiest accordé.

L'qttention. est)attirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées-est obligatoire pour une application correcte de la présente publication.

L’gttention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
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La Norme internationale IEC 61967-4 a été établie par le sous-comité 47A: Circuits intégrés,
du comité d'études 47 de I'lEC: Dispositifs a semiconducteurs.

Cette deuxiéme édition annule et remplace la premiere édition parue en 200
I'Amendement 1:2006. Cette édition constitue une révision technique.

2 et

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

a)
b)

la gamme de fréquences de 150 kHz a 1 GHz a été supprimée du titre;

la gamme de fréquences recommandée pour la méthode a 1 Q a été réduite a 30 MHz;
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I’Annexe G avec les recommandations et les lignes directrices pour I'’extension de gamme

de fréquences au-dessus de 1 GHz a été ajoutée.

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

Projet Rapport de vote

47A/1101/CDV 47A/1107/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La lapgue utilisée pour le développement de la présente Norme internationale est I’anglai

Ced

Direqtives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC,(disponibles

WwWWwW

I'lEC|sont décrits plus en détail sous www.iec.ch/standardsdev/publication’s.

Une |iste de toutes les parties de la série IEC 61967, sous le titre-général Circuits intég
Mesyre des émissions électromagnétiques peut étre consultée sur le site web de I'lEC.

Les futures normes de cette série porteront dorénavant le pouveau titre général cité ci-de
Le titre des normes existant déja dans cette série sera mis a jour lors de la prochaine édi

Le cd
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bcument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon les
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ion.

mité a décidé que le contenu de ce documentne‘sera pas modifié avant la date de stabilité

indiguée sur le site web de I'lEC sous webstore.ie¢:ch dans les données relatives au document
rechgrché. A cette date, le document sera
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CIRCUITS INTEGRES -
MESURE DES EMISSIONS ELECTROMAGNETIQUES -

Partie 4: Mesure des émissions conduites —
Méthode par couplage direct 1 Q/150 Q

1 Domaine d’application

La présente partie de [I'I[EC 61967 spécifie une méthode de mesure de A‘émi
romagnétique (EME) conduite des circuits intégrés par mesure directe des,courants RF

élect
avec
de 1
des 1

2 K

Les ¢
de g
I’édit
référ

IEC $1000-4-6, Compatibilité électromagnétique (CEM) — Partie 4-6: Techniques d’essai

mesdgy

IEC ¢
Cong

3 1

Pour

L’1Sd
en n(

une sonde résistive de 1 Q et mesure des tensions RF en utilisant un réseau de couy
b0 Q. Ces méthodes assurent un degré élevé de reproductibilité, ainsi que la corrél
Esultats des mesures EME.

Références normatives

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

re — Immunité aux perturbations conduitesiiinduites par les champs radioélectriques

1967-1, Circuits intégrés — Mesure “des émissions électromagnétiques — Par
itions générales et définitions

[ermes et définitions
les besoins du présent'document, les termes et définitions de I'|EC 61967-1 s’appliq

et 'lEC tiennent 3‘jour des bases de données terminologiques destinées a étre util
rmalisation, cansultables aux adresses suivantes:

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

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

5sion

blage
ation

artie
seule
nt de

et de

tie 1:

uent.

sées

bénéralités

4.1

Principes de base de mesure

Le niveau d’émission maximal toléré d’'un CI (circuit intégré) dépend du niveau d’émission
maximal admis du systéme électronique qui contient le circuit intégré, ainsi que du niveau
d’immunité des autres éléments du systéme électronique proprement dit (appelé CEM
intrinséque). La valeur de ce niveau d’émission dépend des paramétres (ambiants) spécifiques
au systeme et a 'application. Pour caractériser les Cl, c’est-a-dire fournir des valeurs EME
types pour une fiche technique, une méthode de mesure simple et des montages de mesure
non résonants sont exigés pour garantir un degré élevé de reproductibilité. La base de cette
procédure d’essai est explicitée dans le Paragraphe 4.1.
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Valimentation

Cl E/S :, :
* ’ Externe HAIimentation‘
Sonde Boucle 2 Boucle 1
courant RF
Masse "1 *i \/ y
‘ - Masse ‘

par 'intermédiaire de la masse de référence

L’ém|ssion d’un Cl est générée par des variations de tensions et de courants-suffisamment
rapides a I'intérieur du Cl. Ces variations entrainent les courants RF a l'intériedret a I'’extérieur
du C|. Les courants RF provoquent une EME conduite qui est principalement distribuée par les
bouc|es de conducteurs de broches du Cl dans la carte a circuit imprimévet le cablage] Ces
boucl|es sont considérées comme des antennes d’émission. Par comparaison avec la dimension
de cg¢s boucles, les boucles de la structure interne du Cl sont considérees comme petites|.

Les tourants RF qui accompagnent 'action des Cl ont une ‘amplitude, une phase ef une
répaftition spectrale différentes. Tout courant RF a sa propre boucle de retour vers le Cl. Toutes
les bpucles retournent principalement vers le Cl par l'intermgédiaire de la liaison a la masse ou
de lafliaison d’alimentation. La Figure 1 représente ce processus pour deux boucles avec retour
par la liaison a la masse. La boucle 1 représente le fdisceau de cablage d’alimentation pour le
Cl, tandis que la boucle 2 représente I'acheminement d’un signal de sortie. Le trajet de retour
commun par la masse constitue un emplacement,approprié pour mesurer 'EME conduife en
tant que mesure du courant somme RF revenant a la broche de masse. Cet essai est appelé
"ess3ai de mesure du courant RF".

Lorsque le Cl en essai ne dispose que.d’une seule broche de masse et que toutes les artres
broches sont supposées contribuer_sensiblement a 'TEME, le courant somme RF est mesuré
entrg la broche de masse du Cl en‘essai et la masse elle-méme (voir iq + i, a la Figure 1).

Valimentation

E/S ) )
Cl E/S i i,

Masse |Boucle 3| ‘ Externe ‘ ‘Alimentation
\

i

Sonde Boucle 2|  Boucle 1
courantRF |
- h*th ¥ v

|
1 Masse périphériqun et de protection RE ‘

IEC

Figure 2 — Exemple de Cl avec deux broches a la masse,
une petite boucle E/S et deux boucles d’émission

Si le Cl en essai dispose de plusieurs broches a la masse ou si certaines broches ne sont pas
supposées contribuer outre mesure a ’lEME dans son ensemble, le Cl en essai a alors son
propre plan de masse comme représenté a la Figure 2. Ce plan de masse est appelé "masse
CI". Il est isolé de I'autre masse, appelée "masse périphérique et de protection RF". Le courant
RF est mesuré entre la masse Cl et la masse périphérique.

Les Cl sont souvent utilisés dans des configurations différentes selon I'application. Par exemple,
un microcontréleur peut étre utilisé comme un contréleur monopuce dont les accés E/S sont
directement reliés au systéme de cablage externe. Afin de comprendre I'influence d’'une seule
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broche E/S sur le niveau d’émission du Cl, une méthode de mesure supplémentaire, utilisant
le méme matériel, est prévue. Cette mesure est appelée "mesure de la tension RF monobroche
des broches du CI" (voir également 4.3). Outre le courant somme RF, il peut étre intéressant
de mesurer le courant RF d’une seule broche d’alimentation pour I’analyse d’'un CI. Cela peut
également étre effectué par I'application de la sonde de mesure des courants RF. La sonde de
courant RF peut par exemple étre appliquée a I'une des broches de masse ou d’alimentation,
afin de quantifier la contribution de la broche mesurée a I'’émission dans son ensemble.

4.2 Mesure du courant RF

Dans la procédure d’essai, cette mesure doit étre effectuée en mesurant la tension a travers

par le récepteur est la tension résultant de tous les courants RF retournant aunCl a tr
I'impgdance de la sonde. La mesure de tension peut étre convertie en courant en divisgnt la
tensipn par I'impédance de la sonde, si I'impédance de la sonde est déterminég-pour la gamme
de frgquences applicable, par exemple dans un rapport de vérification.

NOTE[1 L’impédance de la sonde peut varier en fonction de la fréquence, causéelpar des inductances patasites
de la gonde, la gamme de fréquences utilisables peut donc étre limitée.

NOTE|2 L’impédance de la sonde provoque, en fonction du courant du Cl,une chute de tension qui peut affecter
le bon|fonctionnement du ClI et limiter I'application de cette méthode.

4.3 Mesure de la tension RF aux broches du CI

Cettd mesure est utilisée pour identifier la contribution/d’une seule broche ou d’un groupge de
broches a 'EME du CI en essai. Cette mesure estiuniquement appliquée aux broches du Cl en
essal qui sont destinées a étre reliées directement a des pistes de cartes a circuit imprimé ou
a ded faisceaux de cablage de grande longueuf/plus de 10 cm) (par exemple E/S, alimentgtion).
Ces proches sont chargées par une impédance typique de mode commun de 150 Q cgmme
spécifié dans I'lEC 61000-4-6. Pour relierle'récepteur de mesure, qui a une impédance d’eptrée
de 5D Q, la charge est a établir comme un réseau d’adaptation d’'impédance. Ce réseau
d’adgptation est défini en 6.4.

D’aufres broches E/S d’un CI peuvent étre chargées comme spécifié dans la partie générdlle de
'EC|61967-1.

4.4 | Evaluation de latechnique de mesure

Les techniques méentionnées ci-dessus ont les propriétés suivantes:

|
-

gproductibilité élevée des mesures, du fait que peu de paramétres ont une influence s$ur le
re¢sultat;

— capacijte de comparer différentes configurations Cl (par exemple boitiers);

— lesmesures EME monobroches des différentes broches £/S dependent de teur importance

pour I’émission dans une application spécifique;

— évaluation de la contribution EME du CI en utilisant la mesure de la somme des courants;
— vérification simple de I'impédance de mesure en utilisant la mesure de la perte d’insertion;
— la mesure est également possible a de trés basses fréquences.

Avec ces caractéristiques, il est possible de mesurer 'lEME des Cl avec un degré élevé de
reproductibilité et cette technique offre par conséquent une bonne méthode de comparaison.

L’Annexe D donne un exemple de la maniére dont les techniques de mesure peuvent étre
utilisées pour I’évaluation des CI.
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5 Conditions d’essai

Toutes les conditions d’essai exigées dans le présent document sont spécifiées dans

I'EC 61967-1.

6 Appareillage d’essai

6.1 Appareil de mesure RF

L’appareillage de mesure doit satisfaire aux exigences décrites dans I'l|EC 61967-1.

6.2 | Spécification de la sonde de courant RF

La Figure 3 représente la construction de base de la sonde de courant RF de 1,Q.

Embout de Cable coaxial Appareillage
la sonde 490 (z,=350Q) de mesure
< ) ) O >

1Q

IEC
Figure 3 — Construction de la sonde de courant RF de 1 Q

Le Tableau 1 donne une spécification détaillée pour la sonde de courant RF.

L’util{sation d’un bloc de suppression de la_ composante continue est recommandée pour ¢viter

tout gndommagement de I'appareillage de*mesure par la tension continue. Ce bloc doit

un affaiblissement < 0,5 dB a la plus basse fréquence a mesurer.

avoir
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Tableau 1 — Spécification de la sonde de courant RF

Gamme de fréquences

Courant continu a 30 MHz

La gamme de fréquences applicable de la sonde utilisée doit

étre évaluée, par exemple lors d’'une mesure des
paramétres S, et consignée dans le rapport d’essai.

Les sondes de courant actuellement commercialisées se sont
avérées utilisables, par exemple jusqu’a 30 MHz seulement.

Par conséquent, la largeur de bande et 'impédance en
fonction de la fréquence de la sonde utilisée doivent étre

vérifiées et consignées dans un diagramme. Le méme principe
s’applique aux sondes sur carte avec des composants pour

. ‘ AL
mMuTitayc It suttatc (VLIVIo ).

A I'avenir, la gamme de fréquences utilisables pourrait
changer pour les sondes RF améliorées.

Résidtance de mesure Résistance RF (faible inductance) 2 1 Q (£1 %).

La résistance de mesure peut également étre-composée de
résistances en paralléle, ce qui accroit le ‘courant maxima
admissible traversant la sonde (par exemple 2 Q//2 Q) et
réduit I'inductance parasite.

Résigtance d’adaptation 49 Q (1 %)

Courgnt maximal <0,5A

Impéflance de sortie, Z, 400Qa60Q

Pertd d’insertion dans le circuit de vérification (34 £ 2) dB

Découplage dans le circuit de vérification Voir la FigureA.1 ‘et la Figure A.5.

Liais¢pn cable Cable coaxiabsouple a double protection avec une impédgnce
de ligne.de (50 £ 2) Q. Le connecteur RF doit étre monté @vec
une faible réflexion. La perte d’insertion comprend le cablg et
la sonde. Les variations de la longueur du cable impliquent la
prise en compte d’un affaiblissement supplémentaire dang les
résultats des mesures.

Construction Sonde coaxiale ou construction comparable pouvant étre feliée
a une embase connecteur coaxial 4 mm. La résistance de
mesure doit étre le plus pres possible de 'embout de la s¢nde.
Elle doit étre réalisée de maniére a éviter tout dommage de
nature mécanique. La liaison du cable de sonde doit étre
coaxiale; il convient que les embouts de la sonde puissent étre
remplacés, ils doivent toutefois étre solidement reliés au
cable.

a) |l|convient que I'impédance série due a I'inductance parasite soit inférieure a la résistance dans la gamme de

mesures utilisée.
6.3 | Essaide la capacité de la sonde de courant RF
La spnde’ de courant doit étre soumise a un essai de fonctionnalité avec le circuit d’gssai
represente et decrit en detall a I Annexe A.
6.4 Spécification du réseau d’adaptation

Selon I'IEC 61000-4-6, un réseau de cablage peut étre représenté dans la plupart des cas par
une antenne d’'une impédance d’environ 150 Q. Un réseau terminal de (145 + 20) Q doit étre
utilisé pour obtenir des résultats de mesures précis sur toute la gamme de fréquences.
L’appareillage de mesure habituel fournit une impédance d’entrée de 50 Q de sorte que le
réseau d’adaptation doit adapter I'impédance de la ligne de signal a l'impédance de
I'appareillage. Le schéma des circuits est représenté a la Figure 4 et les caractéristiques du
réseau d’adaptation d’'impédance utilisé sont indiquées dans le Tableau 2. L’Annexe F et les
recommandations fournissent des informations supplémentaires sur les réseaux d’adaptation
pour les mesures différentielles des broches.
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Générateur Réseau d’adaptation Récepteur
de bruit d’'impédance IEC

Tableau 2 — Caractéristiques du réseau d’adaptation d’impédance

2021

Gamine de fréquences 150 kHz a 1 GHz
Impéflance d’entrée, Z;, avec impédance terminale de (145 +20) Q

50 Q

Pertd d’insertion dans un systeme a 50 Q 0,258 6 (-11,75dB + 2 dB)
Rappport de tension Vg e/ Ventrée 0,173 8 (-15,20 dB + 2(dB)

7 Montage d’essai

7.1

La Figure 5 représente une configuration générale d’essai. Cette configuration générale d’
peut |étre réalisée sous la forme d'une configuration spéciale d’essai (dont un exempl

donnf
réellg.

Configuration générale d’essai

en E.2) ou de toute autre configuration, par exemple également dans une applic

pssai
b est
ation

7.2

7, /=150 @
e . 7,=500Q
IRéseau d'adaptation;
I d'impédance | |
Ic ! .
E/S
| 1 ';I
Masse 7 imentation ! R3 C4 i G
1120Q 6,8nF| | o
| | o
R1*% !
._I |_4 R2 |
Masse Cl S C1 i 510 :
Sonde de LI Appareillage
courant RF de mesure
C5
0—| |—0
Masse
ovVv +5V
Alimentation

** Une résistance de polarisation a I'alimentation/a la masse peut étre nécessaire en fonction de I'application |-

Figure 5 — Configuration générale d’essai

Routage d’une carte d’essai a circuit imprimé

Les recommandations suivantes sont données pour obtenir une reproductibilité élevée des
résultats des mesures et pour pouvoir faire une comparaison valable entre différentes cartes
d’essai a circuit imprimé.
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Il convient que la carte d’essai a circuit imprimé soit en matériau de type époxyde (d’une
épaisseur de 0,6 mm a 3 mm, avec une constante diélectrique d’environ 4,7). Les faces
supérieure et inférieure sont recouvertes d’'une couche de cuivre d’au moins 35 um.

Il convient que la couche inférieure soit utilisée comme plan de masse.

Si la masse périphérique et la masse Cl sont utilisées pour la méthode a 1 Q, ces deux masses
sont isolées par un intervalle d’isolation. Il convient que cet intervalle d’isolation ait une valeur
comprise entre 0,5 mm et 0,6 mm. Si nécessaire, la masse Cl doit étre située en dessous du
DUT. Il convient que la taille maximale de cette surface ne dépasse pas I’empreinte minimale
de boitier de plus de 3 mm sur chaque face.

Pour|obtenir la précision nécessaire pour des fréquences élevées, la capacité deycouplage
paragite entre masse Cl et masse périphérique doit étre controlée. Cette capacité de couplage
paragite entre masse Cl et masse périphérique doit étre inférieure a 30 pF.

La masse CIl est seulement connectée a la masse périphérique par unée.sonde de 1(Q. Il
convlent d’utiliser une prise dans le cas d’'une sonde de courant RF extérne. Il convient que le
blindage de I’embout de la sonde de courant RF soit connecté a la masse périphérique Rf par
la prige, tandis que la masse Cl ou la broche de masse Cl est conngctée a 'embout de la sonde
de cqurant. La connexion entre la masse Cl et I'embout de la sonde doit étre aussi courtg que
poss|ble. Dans tous les cas, la longueur de piste ne doit pas dépasser 15 mm. Il convienf que
la pidte soit connectée a la masse Cl a la distance la plus courte par rapport au centre du PUT.

Si leg lignes directrices indiquées ci-dessus ne s’appliquent pas, la caractéristique de transfert
de lalconception modifiée doit étre déterminée et consignée dans le rapport d’essai.

Il copvient que le DUT et tous les composants*nécessaires pour le faire fonctionner spient
montgs sur la face supérieure de la carte d’essai. Il convient que la plus grande partie pogsible
du cablage soit acheminée dans la couche supérieure. Il convient que le DUT soit plagé au
centrle de la carte a circuit imprimé et que'les réseaux d’adaptation nécessaires soient placés
autodr de cette partie centrale. Il conwient que le cablage entre les broches du Cl et le régseau
d’adgptation soit congu de maniére‘a avoir une impédance de ligne de 150 Q. Si I'impédance
de ligne de 150 Q est difficile almettre en oceuvre, la ligne doit avoir I'impédance maximale
raisopnable, mais suffisamment-courte pour étre conforme aux exigences du Tableau 2.

Il copvient que le cablage des sorties des réseaux d’adaptation soit congu pour avoil une
impéfdance de ligne_de) 50 Q. L’Annexe E fournit un exemple de routage de carte a dircuit
imprime.

L’alimentatiop~doit étre connectée avec un seul fil directement au condensateur C§. Ce
condensatelit-C5 peut étre un composant pour montage en surface, de type électrolytiqye, et
avoirfune valeur d’au moins 10 yF. Le condensateur C5 doit étre positionné a proximité de la
prise|della sonde.

La carte d’essai peut étre de forme rectangulaire ou circulaire.

L’Annexe G fournit des informations supplémentaires et des lignes directrices pour les
applications a gamme de fréquences étendue.

8 Procédure d’essai

Les exigences de cette procédure d’essai sont décrites dans I'lEC 61967-1.
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9 Rapport d’essai
Les exigences pour le rapport d’essai sont décrites dans I'lEC 61967-1.

Les résultats des mesures des émissions peuvent étre présentés en utilisant des niveaux de
classification ou de référence. Un exemple de plan de classification pour niveaux d’émission
est présenté a ’Annexe B. De plus, I'’Annexe C montre comment ce plan de classification peut

étre appliqué aux niveaux de référence de montage pour les CIl utilisés dans l'industrie
automobile.
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Annexe A
(informative)

Procédure de vérification de la sonde

Le circuit d’essai représenté a la Figure A.1 est recommandé pour la vérification de la sonde.
Il se compose d’une carte a circuit imprimé utilisant les techniques de lignes microruban (voir
Figure A.3). La carte a circuit imprimé a un accés d’entrée auquel le générateur RF est connecté.
La sonde de courant RF a vérifier est connectée a I'accés de sortie. La sortie de la sonde de
courant RF est connectée au recepteur d’ essal (v0|r Figure A. 4) Cette procedure de vérification

mesy
docu

Deux
d’ess
insér|
la ter

Lad
insta
sché
sens

LA~ IIOUIGLIUII IUUIIIIU pdal IU bllbull U UDDGI UGIID uTtt DyDLUIIIU Cl -JU &L \VUII Uydlclll

ment CISPR 16-1-2 [1]1) et |la perte d’insertion de la sonde de courant RF.

mesures séparées sont recommandées. La premiére mesure est réalisée avec le G

nt le

ircuit

ai configuré comme représenté a la Figure A.1, schéma A. Noter que le shunt A n’est pas

£. Pendant le balayage par le générateur RF de la gamme de fréquences|exigée, me
sion apparaissant a la sortie de la sonde de courant RF.

1
N

Générateur RF —» O —0O O @ — Sonde
‘/ 50 Qlj 2 \\‘ @
L

1 A
Générateur RF —» @ {56 @—» Sonde
i -

FigureA.1 — Circuit d’essai

IEC

surer

buxieme mesure est réalisée de maniére identique a la premiére, mais avec le shiint A

Ié pour shunter le générateur RF a I’entrée de la sonde comme représenté a la Figurg

A1,

ma B. Cette mesure donne la perte d’'insertion de la sonde de courant RF qui indiquie sa

bilité. La Figure A.2.montre un résultat d’'une telle mesure.

1 Les chiffres entre crochets se réferent a la Bibliographie.
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Fréquence (MHz)

0,15 1 10 100 1000
S21 -

Perte d’insertipn (dB)
|
w
[6)]

IEC
Figure A.2 — Perte d’insertion de la sonde de 1 @

La différence calculée des deux mesures est appelée "découplage". Il convient que le
décopplage soit supérieur a la limite indiquée a la Figure A.5~Le  découplage est égal a la
dynamique de mesure par rapport a la source du signal” Le découplage incluf les
caragtéristiques de qualité, la sensibilité et le blindage de la sohde.
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Dimensions en millimétres
60

Zone de montage pour connecteur RF 4 mm

Ouverture pour
'embase du
connecteur N

40

o
Shunt A Coté montag‘

du conn rN
(avec SMA)

-
«/

Zone de brasqge de la
bride de l'empase N

N
©

Contacts par trous
traversants permettant
de relier les deux cotés

Cété montage du
connecteur RF 4 mm

O@ Echelle 1,6:1 Ec
Légende C)

1 zope de coupl

sse dnce

C) Figure A.3 — Routage du circuit d’essai de vérification
N

2 m

o



https://iecnorm.com/api/?name=97ed3c8e2b15addfce80662837ebf255

Afin
utilis
Pour

- 60 - IEC 61967-4:2021 © IEC:2021

Embase
Générateur RF connecteur N Circuit d’essai

(2,=500Q) / Récepteur

(Z,=50 Q)

Embase connecteur

" coaxial 4 mm

Connecteur N \

Figure A.4 — Connexion du circuit d’essai de vérification
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Figure<A.5 — Limite minimale de découplage par rapport a la fréquence

H’évaluer-les performances et la gamme de fréquences applicables de la sonde de¢ 1 Q
be,, il est recommandé de qualifier la caractéristique d’impédance d’entrée de la sgnde.
cédaire, il est possible de mesurer les paramétres de diffusion a I'aide d’un analyse

ur de

rése

uvectorietPour tes mesures,; it convient detatonmer tamatyseur de t€seau vector

iel, y

compris tous les connecteurs, cables et pistes, afin d’exclure du résultat tous les parasites du
montage. Un exemple de caractéristique d’'impédance d’entrée de la sonde de 1 Q est
représenté a la Figure A.6.
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igure A.6 — Exemple de caractéristique d’impédance d’entrée de.la sonde de 1 ¢
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Annexe B
(informative)

Classification des niveaux d’émission conduite

Remarque d’introduction

2021

La présente Annexe B est destinée a fournir une méthode de classification des niveaux des
émissions conduites des circuits intégrés par I'application des conditions d’essai décrites dans

la pr

B.2

La p
cond
I"utili
maxi

I'essai est réalisé conformément aux procédures du présent document:

Il copvient aussi de noter que I’Annexe B n’est pas une spécification de produit et ne
onner comme telle. Néanmoins, en utilisant le concept décrit dans le présent docuent,

fonct
et pa
poss
spéc

B.3

Le sdg
pour
clasg
duC

Le s
diffén

e 0

senta-shécification
At P HGaHOR-

Généralités

résente annexe n’est pas destinée a spécifier ou a impliquer des limites d’émis
ites pour les Cl. Cependant, par application soigneuse et accord éentre le fabricq
bateur, il est possible d’établir une spécification de dispositif qui_stipule 'TEME con
male admissible pour un circuit intégré particulier dans une application spécifique lof

r une application prudente couplée a un accord entre le fabricant et I'utilisateur,
ble de développer un document précisant le comportement EME pour un circuit in
fique.

Définition des niveaux d’émission

héma de la Figure B.1 définit les niveaux de classification des émissions conduites ut
définir une enveloppe globale des*émissions mesurées. Ce schéma peut étre utilisé
er a la fois le courant RF mesunréjavec la sonde de courant RF et la tension RF aux brg
, mesurée en utilisant le réseau d’adaptation d’'impédance.

entes d’amplitudes d’émission avec une distance de 6 dB:

dB/décade [théorie: ligne d’amplitude constante jusqu’a la premiére fréquend
coude 1/(n7)];

PO dB/décdde  [théorie: réduction d’amplitude jusqu’a la seconde fréquence de ¢
1/(nz,)];

10/ dB/décade  [théorie: réduction d’amplitude aux fréquences > 1/(nz,)].

sions
nt et
duite
sque

peut

| est
tégré

lisés
pour
ches

héma suit la théorie d*une réponse a impulsions trapézoidales et propose trois péntes

e de

oude

Les fréequences de coude dépendent des temps de montée/descente (z;), ainsi que de la durée
() d’impulsion.

Le schéma de niveau d’émission représenté a la Figure B.1 permet le choix de différentes
pentes pour différentes fréquences pour mieux décrire 'EME conduite mesurée. L’'EME peut
étre décrite avec une, deux ou trois pentes selon ce qui est exigé pour mieux correspondre aux
données mesurées.

Différentes combinaisons sont possibles qui refletent les exigences actuelles de I'application
de maniére bien plus précise (par exemple adaptées a la fréquence de commutation des accés

dum

icrocontréleur).
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