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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT METHODS FOR REFLECTIVITY
OF ELECTROMAGNETIC WAVE ABSORBERS
IN MILLIMETRE WAVE FREQUENCY

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical grd.glectronic fields. To
this end and in addition to other activities, IEC publishes International Standards,
Technical Reports, Publicly Available Specifications (PAS) and Guides (herea
Publication(s)”). Their preparation is entrusted to technical committees; any IEC
in the subject dealt with may participate in this preparatory work. Intern
governmental organizations liaising with the IEC also participate in this prep . S
with the International Organization for Standardization (ISO) in accordafe iti grmined by
agreement between the two organizations.

to as “IEC
ee interested

2) The formal decisions or agreements of IEC on technical matters exp
consensus of opinion on the relevant subjects since each technica
interested IEC National Committees.

3) IEC Publications have the form of recommendations for infernatignal bse and are
Committees in that sense. While all reasonable efforts are\ made fo ensiwe tha
Publications is accurate, IEC cannot be held respon§ible
misinterpretation by any end user.

4) In order to promote international uniformi
transparently to the maximum extent possible in h
between any IEC Publication and the corresponding national orxegional publication shall be clearly indicated in
the latter

5) IEC provides no marking pyo edure indj ppro alNand cannot be rendered responsible for any
equipment declared to be i i IECRubllicatiop.

6) All users should ensure that the edition of this publication

7) No liability shall attach o IE e ployees, servants or agents including individual experts and
members of its techwica i C National Committees for any personal injury, property damage or
other damage d y F direct or indirect, or for costs (including legal fees) and
expenses arising ‘ot 9 useNof, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is dra a_referghces cited in this publication. Use of the referenced publications is
indispensable for the correst application-of this publication

9) Attention is\drawn~o\the\possipility that some of the elements of this IEC Publication may be the subject of
patent rights.NEC shat\not\be held’ responsible for identifying any or all such patent rights

A PAS is ification not fulfilling the requirements for a standard but made

available to the ubI|

IEC-PAS 62431 has been processed by subcommittee 46F: RF and microwave passive
components, of IEC technical committee 46: Cables, wires, waveguides, r.f. connectors, r.f.
and microwave passive components and accessories.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
46F/26/NP 46F/29/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of three years starting from
2005-07. The validity may be extended for a single three-year period, following which it shall
be revised to become another type of normative document or shall be withdrawn.
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MEASUREMENT METHODS FOR REFLECTIVITY
OF ELECTROMAGNETIC WAVE ABSORBERS
IN MILLIMETRE WAVE FREQUENCY

1 Scope

This PAS specifies the measurement methods for the reflectivity of electromagnetic wave
absorbers (EMA) for the normal incident, oblique incident and each polarized wave in the
frequency range from 30 GHz to 300 GHz. In addition, these methods are also equally
effective for the reflectivity measurement of other materials.

chamber in some cases. EMAs may be any kind of material and ma
configuration, or layered structure as indicated below.

Material: Conductive material, dielectric material, magretic
Shape:
Layer structure:

may be fulfilled.

The PAS specifies the
wave range:

— measurement freq
reflectivity: 0 0

incident angle:

2 Normati

dgocuments are indispensable for the application of this document.
the edition cited applies. For undated references, the latest edition

of the referenced docb ment (including any amendments) applies.

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

IEEE 1128, IEEE Recommended Practice for EMA evaluation in the range from 30 MHz to
5 GHz

3 Terms, definitions and acronyms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions of IEEE 1128, as well as the
following apply.
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3.11

ambient level

value of radiation power or noise which exists when no measurement is being carried out at
the experiment site

3.1.2

dynamic range

difference in decibels between the receiving level from a reference metal plate and the
receiving level measured when the metal plate is removed

3.1.3

directional gain
ratio of the radiated power density in a particular direction to the average p
would be radiated in all directions

density that

3.1.4

dielectric lens
electromagnetic wave lens that is composed of dielectric materig d
a pyramidal or conical horn

in front of

3.1.5
electromagnetic wave absorber
material ingredient which absorbs the electromagne and dissipates it thermally

3.1.6
focused beam

3.1.7

Fraunhofer regi
The region WhG?@ ang

of the distance.

3.1.8

Fresnel regi

region wherethe angy n pattern of an aperture antenna depends on the distance
except fgr the X ar region from the aperture

3.1.9

free-space method
measurement method that employs a single or a pair of horn antennas where the specimen
and the antennas are put in free space

3.1.10

horn antenna

aperture antenna where impedance matching is taken gradually from the waveguide aperture
to free space

3.1.11

normal incidence

incident electromagnetic wave striking normally to the specimen surface. The reflectivity in
normal incidence is usually measured in the configuration where the incident angle of a
transmit antenna and that of a receive antenna are within 0~5° with respect to the normal
direction of the specimen surface
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3.1.12

oblique incidence

incident electromagnetic wave striking to the specimen surface at an oblique angle. The
reflectivity in oblique incidence is usually measured with a transmit and a receive antenna set
up so that the incident and reflected angle of the EM wave may be equal

3.1.13

parallel beam

EM wave, which has a nearly flat phase front on the surface normal to the antenna axis, and
which is formed using a dielectric lens set up in the front of a horn antenna

3.1.14

monostatic measurement
measurement where the incident and reflected waves follow the same di
arbitrary angle with respect to normal to the specimen surface

hich lie at an

3.1.15
bistatic measurement
measurement where the incident and reflection angle is e

3.1.16

beam waist
portion at which the diameter of the focysed
electromagnetic wave radiated from a transmi

wa oSare

ens and the focal point

am/N\becemes minimum when the
d using a dielectric lens

)
-

3.1.17
focal point
centre of beam waist when fhe electromag

converged using a dielectric lens

3.1.18
focal distance

distance betwee@

3.1.19
reflectivity

v
eflectivity = 20logqo|—>-| [dB],
Vm
where Vg is ected EM wave voltage received by the receive antenna when the

specimen is irradiated’by the EM wave, and ¥, is the voltage of the EM wave reflected from a
metal plate with equal size and with the same projection shape as normal to specimen surface

cof 4 mefh 4

Key

Tx antenna
Rx antenna
EMA

Metal plate

A WN -

Figure 1 — Definition of reflectivity
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3.1.20
reference metal plate
metal plate with the same shape and equal surface projected area as normal to the specimen

3.1.21

transverse electromagnetic wave

EM wave in which both the electric and magnetic fields are perpendicular to the plane of
incidence when an EM wave is incident normally to the specimen surface

3.1.22

transverse electric wave
EM wave in which the electric field is perpendicular to the plane of incidence when the EM
wave is incident to the specimen surface at an oblique angle

3.1.23

transverse magnetic wave
EM wave in which the magnetic field is perpendicular to the p
wave is incident to the specimen surface at an oblique angle

3.1.24

time-domain function

VNA generally has a function to transform the e domain data to time
evolution data using Fourier transform because ‘ easure both the amplitude and
phase of EM wave. Therefore, the reflgcted wave petimen can be extracted by
applying a suitable time gating to the tine tion\ output signal and inverse Fourier
transform

3.2 Acronyms

Acronyms, ( il VA
E[MA ) (N \I;léotromagnetic wave absorber
Ni\WA \ \ Network analyser
Q VﬁA Q Vector network analyser
Tm’\ \/\ / Transverse electromagnetic
\FE > Transverse electric
Transverse magnetic

4.1 Specimen spesification

It is recommended that the specimen have a flat surface and rigid structure having a
dimension equal to, or larger than 151 where X\ is the wavelength of the EM wave at the
lowest frequency in the measurement frequency range. However, the detailed specifications
are given in each type of the two measurement methods described below.

4.2 Reference metal plate
4.2.1 Material and thickness

Aluminium, copper, stainless steel etc., which has a thickness of 1 mm to 2 mm, is preferred.

4.2.2 Surface roughness

The surface roughness of a reference metal plate should be less than A/10, although less than
M?20 is preferred, where A is the wavelength that corresponds to the maximum frequency in
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the measurement frequencies range. For example, if the maximum frequency is 300 GHz,
then X is 1 mm, and the preferable roughness becomes 0,05 mm.

4.2.3 Flatness

It is recommended that the flathess be less than 0,5 mm for a reference metal plate with size
Tmx1m.

4.2.4 Size and shape

Reference metal plate should have the same size and same projection shape normal to the
specimen surface. However, it is desirable to use the size specified by each method

reflectivity of the specimen without putting anyth
specimen. The reference specimen should be fi
permittivity, of near to 1, and EM wa
that the accuracy of the measureme
reflectivity with the theoretical one. The
measured in the millimetre wave rang

5 Specimen holder

A specimen holdernm
The specimen h

Correct usage (he ME nt equipment is very important in order to obtain the exact
results. gasyrerment e reflectivity of EMA shall be performed using either a VNA or
scalar ne ' a . )When there are discrepancies in the measured results, it is

necessary equipment should be selected according to the type of measurement methods used,

as shown in below.

6.1 Network analyser
6.1.1 Vector network analyser

The VNA is recommended because it can measure both the amplitude and phase and time
domain function.

6.1.2 Scalar network analyser

The scalar network analyser can only measure the amplitude, and does not have time-domain
function, which is mainly used for relatively low accuracy measurement.
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6.2 Antenna
6.2.1 Horn antenna

Both a commercial as well as an in-built horn antenna can be used for the reflectivity
measurement of EMA except in special cases. However, The commercial horn antenna is
recommended in order to obtain the required measurement accuracy, which has an accurate
gain, VSWR, and size. The commercial coaxial-waveguide transducer is also recommended
where the VSWR or sizes are verified in each frequency band. The specifications of some
commercial horn antennas are shown in Annex C.

6.2.2 Lens antenna

Not only a dielectric lens antenna but also a metal-plate lens antenna or huneberg lens
antenna can be used for the reflectivity measurement of EMA jin \ s. Either a
commercially available or an in-built product can also be applicable thenuse of a
commercial antenna, in which the antenna gain, VSWR, and siz i
recommended in order to realize the required measurement g

drift as described in Clause 7.

7 Measurement condition

the room from
temperature an
range, the specificat;

7.2 Calibrati exgture of measurement equipment

If the temperature hich measurement equipment is calibrated is within £3 °C around the
measurement temperature, measurement errors can be minimized. However, if the
measurement temperature exceeds the range of +3 °C, then it is recommended to carry out
the calibration again.

7.3 Warming-up of measurement equipments

The warming-up time must be kept, typically 15-45 min, written in the specifications of the
measurement equipment or systems. Moreover, the warming-up time should be taken to be
longest in all of the measurement equipments.

7.4 Electromagnetic environment

When the EM wave power density in the measurement environment exceeds the public
regulation, and when the EM environment is judged to be not so good, the measurement
should be carried out in an anechoic room. When the directional gain of an antenna is large,
however, an anechoic chamber may not necessarily be required.
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