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INTERNATIONAL ELECTROTECHNICAL COMMISSION
MEASUREMENT METHODS FOR REFLECTIVITY
OF ELECTROMAGNETIC WAVE ABSORBERS
IN MILLIMETRE WAVE FREQUENCY

FOREWORD

The Internatlonal Electrotechmcal Commlssmn (IEC) |s a worIdW|de organization for standardlzatlon comprising
c

this| end and in addition to other activities, IEC publishes International Standards, Technisal Specififations,

Technical Reports, Publicly Available Specifications (PAS) and Guides (herea “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC rested
in { d non-
governmental organlzat|ons I|a|S|ng with the IEC also partlmpate in thls prep . allat closely
wit i € ned by
agre¢ement between the two organizations.

2) Thelformal decisions or agreements of IEC on technical matters exp ibley i ational
conpensus of opinion on the relevant subjects since each technica A ) i rom all
intefested IEC National Committees

3) IEC]| Publications have the form of recommendations for infernatiqnal dse“and are lational
Committees in that sense. While all reasonable efforts are\ made fo enste tha i of IEC
Publications is accurate, i y i i for any
mis|nterpretation by any end user

4) In cations
tra rgence
betyeen any IEC Publication and the corresponding nationahorxegional publication shall be clearly indi¢ated in
the Jatter.

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

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

7) No Jiability shall attach o IE i ire ployees, servants or agents including individual expdgrts and
methbers of its techwica i C National Committees for any personal injury, property darmpage or
oth¢r damage d y f direct or indirect, or for costs (including legal feg¢s) and
expenses arising ‘oGt 9 useNof, or reliance upon, this IEC Publication or any other IEC
Publlications.

8) Atts tions is
indip

9) Attg bject of
patg

A PA made

availa

IEC-PAS,62431 has been processed by subcommittee 46F: RF and microwave passive

comp i i : ' ' s, 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

effect\la faor tha rafloctivitv measurament of othar matariale
v-O—+o—tHeE+eHeGtHAty—h e et oot e—THateH1ars-

This HAS is applicable not only to those EMA which are widely used a
againgt communication faults, radio interference etc., but also to tho
chamber in some cases. EMAs may be any kind of material and ma
configluration, or layered structure as indicated below.

Materlal: Conductive material, dielectric material, magretic
Shapsg:
Layer|structure:

This PAS may give the measurement method i As or
mater|als. However, it may not be app ¢ ‘

This HAS may be supplemented with additiona
may bfe fulfilled.

The HAS specifies the metre-

wave fange:
- meIasurement q

— reflectivity: 0 Q

— ingident angle: 8° S
2 Nagrmati

gocuments are indispensable for the application of this docyment.
S, y’the edition cited applies. For undated references, the latest ¢dition
d doctyment (including any amendments) applies.

For dated re
of the|reference

ISO/IREC /17025, General requirements for the competence of testing and califjration
labordtories

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

directionatgain
ratio df the radiated power density in a particular direction to the average p
would|be radiated in all directions

that

3.1.4
dielegtric lens
electrpmagnetic wave lens that is composed of dielectric materig nt of
a pyrgmidal or conical horn

3.1.5
electfomagnetic wave absorber

mater|al ingredient which absorbs the electromag rmally

3.1.6

focused beam

focusgd electromagnetic wave converged ic lens mounted in front of th¢ horn
antenpa. The focused bea i i imes beam

waist,|which depends on

3.1.7

Fraunhofer regi
The rggion WhG?@ ang

of the|distance.

Hent

3.1.8

Fresnjel region

regionl wh § n pattern of an aperture antenna depends on the distar|ce
except fgr the X ar region from the aperture

3.1.9

measUyirement method that employs a single or a pair of horn antennas where the spgcimen
and the'antennas are put in free space

free-]pace method

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

parall

el beam

EM wave, which has a nearly flat phase front on the surface normal to the antenna axis, and

which

3.11

monojstatic measurement
measdirement where the incident and reflected waves follow the same di
arbitrgry angle with respect to normal to the specimen surface

3.11

bistatic measurement

meas

3.1.16
beam
portio
electr

3.1.17
focal
centrg

3.1.18
focal
distan

3.1.19
reflec]
reflect

where
specif
metal

is formed using a dielectric lens set up in the front of a horn antenna

Rich-lie

rement where the incident and reflection angle is e

waist
n at which the diameter of the focused
bmagnetic wave radiated from a transmi
point
of beam waist when the electromag
distance
ce betwee@
tivity
ivity is expre
. . VS
eflectivity = 20logqg|— [dB],
Vm

hen issirradiated’by the EM wave, and ¥, is the voltage of the EM wave reflected
plate-with equal size and with the same projection shape as normal to specimen s

at an

h the
ns

D

ENS

n the
rom a
Lirface

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 wavemwhich—the—etectricfretd—isperpendicutartotheptame—of-mcidence—when—the EM

wave |s incident to the specimen surface at an oblique angle

3.1.23
transyerse magnetic wave

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

he EM

3.1.2

time-domain function

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

3.2 Acronyms

arbnyns | RV
s

\\I;léotromagnetic wave absorber

(N
Q Ni\WA \ \ Network analyser

VﬁA Q Vector network analyser
Tm’\ \/\ / Transverse electromagnetic
\FE > Transverse electric

Transverse magnetic

4 Speci

4.1 §Ypecimen 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 pIate should have the same size and same prOJectlon shape normal to the

method

plate
becau o the
Fresngl refraction. The dependence of the reflection and scattering ch&ract i n the size
in the|case of the horn antenna method is illustrated in Annex A.
4.3 Reference specimen for calibration
A refgrence specimen for calibration should be silica-gla ¢ S jre single-¢rystal
(001) plate with uniform thickness and smooth surface yhness. Relative.permittivity should
be knpwn in advance. When the dielectric material ig S it sary to measyre the
refleclivity of the specimen without putting anyth e rface of the refgrence
specimen. The reference specimen should be g ics, which have a r¢lative
permiftivity, of near to 1, and EM wa ve’space. It is recommended
that the accuracy of the measureme mea ured by comparing the measured
reflechivity with the theoretical one. The i a-glass plate or sapphirg plate
measured in the millimetre wave rang j i \

below.
Corre¢ nt equipment is very important in order to obtain the|exact
resultg. e reflectivity of EMA shall be performed using either a \INA or
scalar ; . )When there are discrepancies in the measured results] it is
neces alibration of the measurement system using a reference specimen. The
neces i should be selected according to the type of measurement methods$ used,
as shgwn 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 ophly a dielectric lens antenna but also a metal-plate lens antenna or huneberg lens
antenpa can be used for the reflectivity measurement of EMA jin \ S.) Eifher a
commieercially available or an in-built product can also be applicable e of a
commercial antenna, in which the antenna gain, VSWR, and siz will be
recommended in order to realize the required measurement g ipns of
commercial horn antennas and dielectric lenses are illustrated Ix

6.3 Amplifier

An amplifier is generally used in order to get suff| ie ic T3 ement
system. The warming-up of the amplifier is require bpt as
constant as possible because the total wai \he = i 2 rature

drift ap described in Clause 7.

7 Megasurement condition

The measurement should\becarri i ,pnd in
the rqom from 5 i ration
tempgrature an above
range| the specificat; NEQR i i irgble to
contrdl the measy y ithin i i of the
temperature drift i ini . ure of
the sgecimep’shquid be bed to be 20 °C, 23 °C or 25 °C. In the case of high humidity,
relatiie hymidjty sho '

7.2 (Qalibrati ergture of measurement equipment

If the [temperature hich measurement equipment is calibrated is within £3 °C aroupd the

measyrement temperature, measurement errors can be minimized. However, |f the
meas:l:rement temperature exceeds the range of +3 °C, then it is recommended to cafry 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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7.5 Calibration of measurement equipment

The equipment shall be calibrated according to the standard established by the manufacturers,
or according to ISO/IEC 17025, or other corresponding standard. The items to be calibrated
include frequency, voltage, and attenuation, which depend on the measurement accuracy or
uncertainty of the measurement equipment.

7.6 Cable calibration

Degradation in the transmission characteristics of cables shall be checked when the cables
are connected direct without the intervention of an EMA or free space.

8 CJIibration of measurement system and measurement condi

8.1 (Qalibration of measurement system

Calibrption of the measurement system shall be carried out a e mended
methgds by NWA. Typical calibration methods are shown in Anne

8.2 Measurement conditions

8.2.1 |Dynamic range

when [the measurement system is setup. a s defined as the differepce of
these|measured values in decibels. Angex i elation between the dynamic

shall be measured|firstly

range|land the measurement error. If the i 2. of the measurement system is |40 dB
and the reflectivity of the specimen is \-20 S Y, an error bar lies from —0,92(dB to

+0,83|dB with respect to —20.dB.

8.2.2 [Setting up of the ana ex for keeping adequate dynamic range
The dynamic ra f th
by utilizing the aweraging

necespary value. The
showr) in Annex F

em can be increased by modifying the IF band or
WA when the dynamic range does not exdeed a
eases by use of the isolation calibration of VNA, as

Figurg “2.6hows a block diagram of the measurement system. The arrangement pf the
transmitting and receiving aniennas, and the bloCck diagram of the measurement sysiem in the
horn-antenna method are illustrated below for normal and oblique incidence measurement. In
the measuring transmission coefficient S,4, a pair of antennas is used whereas only one

antenna is used for measuring the reflection coefficient S, in normal incidence.

In the case of oblique incidence, the transmitting antenna should be arranged in such a way
that the central axis makes the same angle to the normal direction of the specimen surface
with that of the receive antenna. Here, if S, is measured using two horn antennas in normal
incidence, then the vertical alignment of the transmit and receive antennas should be fixed
within 5°. The measurement equipment including a NWA were given in Clause 6.
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I
A

5
[;<]_ ........................ - 74 -
/
a) Normal incidence (S11)
Key
1| Tx antenna
2| Rx antenna
3| NWA
4 | Computer
5| Printer
6 | Specimen holder
7 | Specimen
blique incidence (S54)
nfiguration of the measurement system
9.1.2 [Horna
Both p commerciakds well as an in-built horn antenna can be used for the reflgctivity
it is
from

the antenna toth specimn. Annx 7 calculates the directonal gain of the hrnantenna.
Further, the directional gain, VSWR and sizes must be checked from the catalogue when a
commercial horn antenna is used.

9.1.3 Specimen holder
9.1.3.1 Material and shape

a) Material

The reflection from the specimen holder can be minimized by making use of foamed
polystyrene a with high a foaming ratio as a specimen holder because foamed plastics have
very low relative permittivity (near 1). Annex H shows the relative permittivity of foamed
polystyrene as a function of foaming ratio.
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b) Shape

The shape in normal projection to the specimen surface and area of a specimen holder which
mounts the specimen should be equal to those of the specimen in order to suppress the
reflection of the EM wave from the specimen holder. The uncovered portion of the specimen
holder should be covered by a pyramidal-type wave absorber, and the shape of the uncovered

portion should have a wedge form, as lllustrated in Figure 3.

g
|

Ridn Wi mw

Ttz Wisw

-

4

Figure 3 —
9.1.3.2 Azimuth and elevation angle/adjustmen
Figurg 4 shows the eleyation nding
mechanism. An azimuth ts usting
[ i ion of

elevation and azimuth pngl| ;
the sgecimen with resp 8 i ctional

angle |should be@t

Top Yiew

4

]

Key
-1 Specimen holder
2 Azimuth angle adjustment funfction

A A
\ \WS 3 Elevation angle adjustment function
o
1 d

S

.o-"'-'-'_\_\-"\-\_

Figure 4 — Mechanism for adjusting azimuth and elevation

9.1.4 Mounting of the specimen

Either double-sided adhesion tape, simple paste or thin cellophane tape is used to fix the
reference metal plate and specimen to the specimen holder.
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9.1.5 Antenna stand
Attention should be paid to cover up a tripod portion by a pyramidal-type wave absorber

although the quality of the material of the tripod stand which mounts a transmitting antenna
does not need to be made from rosin or wood.

9.2 Measurement conditions
9.2.1 Measurement environment

The measurement should not necessarily be performed in an anechoic chamber, which
depends on the directional gain of the antenna. However, there shall be no obstacle in the

direction of the main beam of the horn antenna. If the obstacle cannot be re oved a gcreen
of pyreamidal-type wave absorbers shall be installed on the path of the . bn the
oblique incidence characteristic is measured, the floor and roof, etc. vered
with pyramidal-type EMA because the reflected EM wave from themfi ength
as thdt from the specimen in many cases.

9.2.2 [Measuring distance

When| the EM waves are radiated from the rectangular s a_hg B, the
distanjce, R which separates the Fresnel region frg ndary
betwegen the two may be arbitrarily taken to be at E imum
dimenlsion of the antenna aperture, and 1 is the of the

horn @ntenna is represented by Equatio , S , of R
repregenting the Fraunhofer region ca

It is dpsirable top hn the

right-hand side o
shows

9.2.3

The s ement
using ement
frequgncy range. If the size of the specimen is smaller than 102 x 10 1, a quite acfurate

adjusfment of azim and elevation angles should be done.
9.3 mevm—prm

Measurement is carried out according to the following steps after installation of measurement
equipment, based upon the conditions described in Clause 7.

9.3.1 Adjustment of measurement system

a) Set up the transmitting antenna and specimen holder according to each measurement
condition, i.e. normal or oblique incidence, distance between specimen and antennas, etc.

b) Set up the transmit antenna in such a way that its height will be at the centre of the
specimen, and adjust the horn antenna so that the aperture may be perpendicular to the
horizontal plane using a spirit level.

c) Set up the reference metal plate on the specimen holder, and adjust the elevation angle
so that the reference metal plate is perpendicular to the horizontal plane using a spirit
level.
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d)

e)

Set up the position and normal direction of the reference metal plate so that the receiving
level of the scattered EM wave may become maximum by rotating the metal plate through
£10° of the directional angle using an azimuth turntable.

Check the dynamic range of the measurement system. Measure the receiving level of the
reference metal plate at the measurement frequency range. Remove the reference metal
plate and measure the receive level. Calculate the dynamic range and the difference of
the two levels in decibels. Carry out the isolation calibration according to 8.2.2 when the
desired dynamic range is not obtained.

9.3.2 Measurement using scalar network analyser

a)

b)

c)

9.3.3 [Measurement using vector network analyser

a)

b)

k)

Set up the reference metal plate on the specimen holder, and measure the receiving level,
Rrretal (dBT.

Rgplace the reference metal plate by specimen on the specimen holde re the
regeiving level, R p<orper [AB].
C4dlculate the reflectivity of the specimen by subtracting the rece ] from

regeiving level, R g orper [AB].

Set up the reference metal plate on the specimen Holdée c v ities of
the receiving level, I'yetq -

Rgmove the reference metal plate
leyel, f"residua| without the speciméq.

eiving
of the

Mgunt the specimen on the speci
regeiving level, I'apsorber -

Rgmove the specime of the

regeiving level, I

Subtract the btract
thg¢ undesire

Tr data,
an

Af omain
re¢

Syb of the
re¢ ves.
Transform the vettor quantities obtained into the time domain from the frequency-domain

dara, and apply time gating for the main response only.

After the time gating Is applied, these responses are retransformed to the frequency

domain data, receiving level, R psorper (dB) Of the specimen.

Calculate the reflectivity of specimen by subtracting the receiving level, R qt5 (dB) of the

reference metal plate from the receiving level, R <o per (dB) Of specimen.

10 Dielectric lens antenna method — Focused beam type -

10.1 Outline

A method which uses the focused beam type horn antenna has the following characteristics.

— Large measurement space may not necessarily be required because the focused EM wave

has a beam waist of several wavelength and has nearly flat phase-front on the focal plane.
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— Sufficient dynamic range can be easily obtained because the EM wave does not spread
over into the surroundings.

— The measurement cannot necessarily be carried out in an anechoic chamber in the case
where the large dynamic range is not required because the scattered EM waves in the
surroundings cannot easily become a receiving antenna.

10.2 Measurement system

10.2.1 Transmitting and receiving antennas

The block dingrnm of the measurement system is shown in Fignrn 5

OURAWN
OUORAWN

. Network analyzer . Network analyser
. Die]ectric lens . Tx (transmit) antenna
. Horn antenna . Rx (receive) antenna
. Inc:{dent wave@ . Dielectric lens
. Reflected wave . Incident wave

Spe . Reflected wave

b) Oblique incidence

10.2.2

10.2.2.17“Antenna structure

Figure 6 shows a structure of an antenna with a dielectric lens used in the focused beam
method which is composed of a coaxial-waveguide transducer, mode conversion feed, which
converts a linearly-polarized EM wave to a circularly polarized one, circular horns, and
convex-type dielectric lens. The EM waves radiated from the antenna gradually converge at
the focus, where the minimum beam waist of the EM wave becomes several wavelengths. The
focal length is determined by both curvature of a convex-type dielectric lens and relative
permittivity of the lens material. The amplitude of the EM wave at beam waist changes as
Gaussian as a function of the radial distance away from the central axis of the lens, which is
at its maximum at the centre of the focus. The phase at the focus does not depend so strongly
on the radial distance because both the path (electric length) that is transmitted through the
centre of the lens and the path (electric length) that is transmitted through the peripheral part
of the lens are nearly equal. Some specifications of a commercial dielectric lens antenna,
such as diameter, focal length, and lens material etc., are shown in Clause C.2.
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Key
ConiaI—waveguide transducer

Mogle converter
Hoin antenna
Diejectric lens
Spécimen

A wWN -

10.2.2.2 Measurement range

A different coaxial-waveguide transducer and a differg gular mode convgrsion

feed must be prepared for a different frequency band

10.2.2.3 Antenna positioner

An an ence,
which hnd to
meas nction
so thgt the incident angle 6 , ection
of the|specimen surface.

10.2.3 Specimen.size

Each |ength of th;\é of the
largegt beam waist g

10.2.4

The re¢fere date s the

specif

10.2.§ Specimen holder

10.2.51.1 Material and size

A specimen holder is illustrated in Figure 7. The specimen holder is made with resinous
material, polycarbonate plastics, which has relatively low permittivity near 1 and does not
reflect EM waves so strongly at the holder surface. The specimen holder should have a rigid
structure without any swing or vibration.

In the case of normal incidence, the size should be larger than 3 times the beam waist, and it
is preferable as large as possible. Therefore, the structure, which can set a large or small
specimen at the same time, is preferred. In the case of oblique incidence angle 6, the size of
the specimen holder is made larger than in normal incidence because the irradiated specimen
surface area becomes larger than in normal incidence by 1/cos6.
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BY

Specimen

Poly-carbonate frame
Poly-carbonate screw and nut

WN =X

holder should have a functlon to
and elevation angles are adjugted to
fter a

10.2.4 Method of fixi he \ 1 thereference metal plate
The 4 sides ofs S n the
specimen holder s&
10.3
ed as
follow
a) S¢g C lens
an
b) Pyt the-reference metal plate on the specimen holder.
c) Performeatibrationofthenetwork-anatyser
d) Put the reference metal plate again on the specimen holder, measure the reflection level,

f)

g)

and confirm whether the measured total reflection level is 0 dB or not.

Make Fourier transformation of the reflected EM wave raw data to the time-domain data,
set up an optimal time gating, i.e. bandpass filter on a time axis, where the reflected
response from the reference metal plate is centred. See Annex K.

Perform the inverse Fourier transformation of the gated time-domain response. See
Annex K.

Replace the reference metal plate by the specimen, measure the reflection levels of
specimen at several points on the specimen because the focused beam diameter is only
about 31 to 51, and normalize the reflection level by that from the reference metal plate.
Finally the measured values are averaged over the several measured values as shown in
Annex L.
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h) In oblique incidence, repeat from step d) to step g) after varying the incident angle
between transmit and receive antennas.

11 Dielectric lens method — Parallel beam method

11.1 Principle
11.1.1 Outline

In the parallel beam method, the EM wave radiated from the transmitting antenna, is deflected
to be parallel beam using a dielectric EM wave lens. The transmltted wave |nC|dents on the

being
transmltted through dlelectrlc Iens.

This method has the following characteristics.

— Lange measurement room is not usually required because thé ica ont of
thel EM wave from a horn antenna can be converted to quasi- o C ar the
focpl point.

— AnJanechoic chamber is not always necessary be dynamic range is generally
achieved since the scattered EM waves into_the $ g ily i e the
regeiving ports.

— In pblique incidence, it is possible cause
EM wave beam is quasi-paralleled b

11.1.2

The W , is generally far smaller than the distance

betwe A" wave lens can be realized similarly|to an

optica g exist a dielectric lens, a metal plate leng, etc.,

as typli he effect of using dielectric lens. The secgndary

phase 3 be compensated, and EM wave has planer equi-
phase bkeam) and with high energy density can be obtaingd if a
dielectri i i a hotn antenna. If a dielectric lens is used, side-lobg¢s are
suppr diation power on the end portion of a dielectric lens.

The h with"a dielectric lens has the following characteristics.

a) Sid be suppressed when there is no obstacle on the forward direction between
a horn

b) Retectionsfromalenscanbeeasilyreduced by usinganti-reflectioncoatingon-the lens

surface.
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— t‘”EEH
7 1

>

a) Construction

Key
1 radjation source of EM wave
2 fielf distribution

3 eqyi-phase plane pattern

Figure 8 — EM wave propagation using a horn anté€

11.2 |Measurement system
11.2.1 Composition of measuremen

An expmple of a measurement system
the plane of incidence. A specimen hold
oblique incidence. The directions of|{ bot
refleclion angle may be equal by maximjzin

he specimen is kept normal to
re applicable to the measuremént for
e adjusted such that incident and
level of the receiving antennd.

(alolule]

Key

1 Horn antenna 7 Rotary shaft

2 Transmitting antenna 8 EM absorber

3 Receiving antenna 9 Network analyser
4 Dielectric lens 10 Personal computer
5 Specimen holder 11 Printer

6 Specimen

Figure 9 — Block diagram of the measurement system
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11.2.1.1 Normal incidence

Figure 10 shows the block diagram of a measurement system for normal incidence. One
dielectric lens and an antenna are used. Transmission, and reflection coefficient, S,4 and Sy,
are measured using a network analyser. In order to remove the multiple reflections, a VNA is
used which has the time-domain function in order to extract the reflected wave of the required
gating time. See Annex K

5 —

2 O 4sM~506Hz |
N
P
3 —»
4
Key
1 Horn antenna 4 Meta
2 Dielectric lens 5
3 Plane for calibratior
Figure 10 — A measuremen al incidence
11.2.1.2 Oblique incidenge
Figurg 11 shows the \blot i € rement system for oblique incig
Transmission coefficie ! simg each dielectric lens in a transmittin

receiving antenn
decregsed due

time-domain and ga

be uséd. In high-
from t i

are not necessary. For this reason, a SNA ca
however the reflected wave shall be extracte

ence.
g and

ave is

wave of multiple reflections etc. Therefore, ysually

h also
d only

-

P1 p2

O 108~1100Hz ¢
Key
1 Plane for calibration 4  Millimetre wave module
2 Metal plate 5 Scalar network analyser

3 Specimen

Figure 11 — Measurement system for oblique incidence.
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For an incident angle larger than 70°, not the correctly reflected wave from the specimen but
the direct coupling between the transmitting and receiving antenna occurs. In this case, a
shielding plate of an EM absorber should be used as shown in Figure12. The calibration of the
system should be performed including isolation. See Annex F.

1

4 N §3
el (\\/\

2

Key
1 Shielding plate of EM wave 3 Distance
2 Specimen

Figure 12 — Position of a sk

11.2.2 Dielectric lens antenna

— | The diameter of the lens is more™t

— | Surface roughness must be ement

procedures are similar to those
b) Hdrn antenna

— | A horn antennal 2 aginary source point of the antenna comes |to the
focal point of g dieléctri ) position of the imaginary source is illustrgted in
Annex M,

c) Distance betw

— | The distanee\be ~ imen and a lens is taken from 2,5 to 5 times the digmeter
of the dielectn [ >r'to avoid the near-field region of the EM waves Jat the
diele ; g method for dielectric lens antenna is illustrated in Anrnex M.

11.3 [Spéci
11.3.1

In the|case of dielestfic lens, the transmitted wave is not plane wave, and equi-phase ffont is
not planar but is curved if it is away from the central axis, which leads to a decrease|in the
magnil[lldp of rpfln(‘fi\/ify If the maximum phase difference of the EM wave within the
specimen surface is less than 22.5°, i.e. 1/16 of the wavelength, the decrease in reflectivity is
usually less than —10 dB. The error may be small for a larger specimen.

11.3.2 Reference metal plate

Each side of the reference metal plate should be greater than the diameter of the dielectric
lens. Aluminium or copper is made use of as a metal plate with equal diameter.

11.3.3 Size of specimen

Each side of a specimen must be larger than 0,3 times the diameter of the dielectric lens. In
the case of oblique incidence, it is desirable to take a larger distance of path between the
incident and reflected wave for a large incident angle. In order to remove the undesired
reflections, EM wave absorbers are often put on the back side of the reference metal plate
and specimen.


https://iecnorm.com/api/?name=b1c42ad3c9972299687f87b087ceab70

PAS 62431 © IEC:2005(E) - 23 -

11.4 Measurement procedures
11.4.1 Normal incidence using a VNA

Prepare a coaxial cable (CABLE-1) which connects the port, P1 of the VNA, and the horn
antenna. The connect coaxial cable (CABLE-2) to the port, P1 of VNA, and connect the other
end of the cable to the horn antenna.

Put the reference metal plate on the surface of the specimen, each side of which is larger
than the diameter of the dielectric lens, and carry out response calibration using short only.
Nextly, optimize the gate time. Rotate and adjust the specimen mount in such a way that
reflection from the metal plate is maximum, and measure the reflectivity of the reference
metal [plate, A [dB].

Put the specimen so that the upper surface will come to the same pgsitioi © rence
plane|and measure the reflectivity of specimen, B [dB]. Calculate t I A [dB].
NOTE |One horn antenna is used in the rigorous measurement of normal in¢idense. ) 3 mment of
obliquelincidence by making the incident angle as small as about 5° can be usual c k i ce.

11.4.2 Oblique Incidence
11.4.2.1 Measurement using a VNA

Adjust|the spatial direction of an antenna p Ves.

Prepare a coaxial cable (CABLE-2) d the
transmitting antenna, and another coaxi P2 of

VNA, pnd the receiving antenna. Connect these ‘sables t tively,
and carry out short-, open- atch- alin attheOther ends terminated with 50 €}.

Set thie transmit and réx

at the incident and reflection angles are pqual,

respegtively, and connect i 3 ach horn antenna. Put the reference meta| plate
on thg same hei Zin ) and perform through calibration. Note thaf each
side off the meta nan“the diameter of the dielectric lens.

Optimjze the gafj width for measuring the reflectivity from the reference|metal
plate.|Rotate in"such a way that reflection from the reference metaj plate
is maximum <and lection from the reference metal plate, A [dB].

Put th in @ that its upper surface will come to the same height of the reference|plane,

Calculate the reflectivity by B — A [dB].

11.4.2.2 Measurement using a scalar network analyser

a) Adjust the spatial direction of an antenna according to the polarization for the TE wave or
the TM wave.

b) Connect a coaxial cable (CABLE-2) to the port, P1 of SNA, and to the transmitting antenna,
and another coaxial cable (CABLE-3) to the port, P2 of SNA, and to the receiving antenna.

c) Fix the transmitting and receiving antennas so that the incident and reflection angles may
be equal. Connect coaxial cables to each horn antenna. Put the reference metal plate on
the sample holder so that its height is at the same height of specimen surface. Set the
NWA to transmission measurement state. Note that each side of the reference metal plate
must be larger than the diameter of dielectric lens.

d) Adjust the specimen holder so that the reflected signal level of the EM wave from the
reference metal plate is maximum. Calibrate the NWA.
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e) Put the specimen on the specimen holder so that the upper surface will come to the same
height as that of the previous reference metal plate. Measure the reflectivity of the
specimen, B [dB].

12 Test report

12.1 Content

A test report should be written, in order to include the experimental results properly in written
form where the experimental conditions are indicated by the following terms.

12.2 [Specimen

ssible.
ion of

In a fest report, enter also the product type of the specimen and
Produgt type may include material, shape, composition of layers, etc
the specimen.

12.3 |[Measurement data

The measurement results of the reflectivity of a speci ssed in taple or
graph|form. Moreover, the measurement result of a W ! allMalso be spé€cified.
Refer|to Figure 13.

12.4 |List of test equipment

It is ngcessary to list the test equipmentiyused\in / ention

12.5 |Unit

The rgflectivity of the

12.6 Measure

Descr|lbe the mea
procedlures.

ement

12.7 [Meas emeodi

Describ environment of reflectivity of the specimen. Also mentign the
environmen i dn anechoic chamber or an indoor environment. Moreover, the |set-up

conditlons (fregq gange, number of points, averaging, etc.) of a NWA should also be indicated.
0
Y

2

1

X

X: Frequency [GHz]
Y: Attenuation [dB]
1: Matching frequency [GHZ]
2: Reflectivity [dB]

Figure 12 — Items to be mentioned in a test report
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Annex A
(informative)

Reflection and scattering from metal plate — Horn antenna method

A1 Reflection characteristics

Figure A.1 shows the reflectivity of metal plates versus distance from the antenna for several
plate sizes at 40 GHz. Figure A.2 shows the reflectivity when the plates are positioned at 2 m
from the transmitting and the receiving antennas. The reflectivity is defined as the received

level of EM waves by the receiving antenna transmitted by a transmitting
direct|path of 2 m. The reflectivity of several sizes of metal plates was
which| was fitted to the measured data, was calculated using Kirg
diffraqgtion theory. The relation of the reflectivity of the reference met
from the transmit antenna can be well explained by Kirchhoff’'s and
Exact|reflectivity data could not be obtained sufficiently whe

than {(7)\/(d1do4/(2(d4 +d5))) even if the sides of the metal p

ntenna thrqugh a

curve,
gens’

istance
 theory.
smaller

yan thg free-

space| wavelength A. Therefore, the measurement distafice, he) Re<distance betweén the

transmitting and the receiving antennas, should be ct
n N (7
N\

Meazie ement Dietance fnd

een the antenna and the metal plate

he reference metal plate versus measurement distance

10 a=n dd,\
\f2(d,+d2) O Masured Data
— Cakubted Data
o b KR AP PN
3 \V
g
& -10
o
=
©
o=
—920
1st Fresenel zone
30 Y L I L L L L
0 100 200 300 400 500 600 700

Dinension ofa M etalP late Edge fim)

NOTE The measurement distance is 2 m.

Figure A.2 — Reflectivity of reference metal plate versus size
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A.2 Scattering characteristics 6 = 0°

The reflectivity of the EM wave from the metal plates with various sizes is shown in Figure A.3
when the distance between the antennas and a metal plate is set to be 2 m. The dependence
of the measurement distance upon reflectivity of a metal plate with a cross-section of
200 mm x 200 mm is shown in Figure A.4. The incident angle 0 of the EM wave, where the
maximum reflectivity is obtained, depends upon the reference metal plate size and the
distance from the antennas. Nearly flat reflectivity curve at around 6 =0° was obtained when
the metal plate size is large or the distance between the metal plate and the antennas is short.
This flat angular dependence is not desirable because the exact direction of the incident or

transmitted EM wave cannot be determined simply from maximizing the measured signal level
of the[network analyser.

M easured Data
O 50X 50mm 300X 300m m
A 100X100mm
O 200X200mm
X 300X300mm

I |
w [~}
(=] f=}

|
B
f=}

Reflection Level @B)

5 10

NOTE The distance etwp teand the antenna is 2 m.
Figure A. ivity\of refe

0C)
NOTE The distance between the plate and the antenna is 2 m.

Figure A.4 — Reflectivity of reference metal plate with cross-section
of 200 mm x 200 mm at 40 GHz.
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Annex B
(informative)

Reflectivity of reference specimens using the horn-antenna method

Figure B.1 shows the reflectivity from a quartz-glass plate with a cross-section of

200 mm x 200 mm for the measurement distance of 1 m, 2 m, and 3 m, respectively, in the

frequency range from 33 GHz to 95 GHz, when a metal plate behind it is removed. The

experimental data are plotted with circles, rectangles, and squares, and a solid curve is

calculated theoretically using the complex relative permittivity of the quartz, 3,80-j0, which is
. h :

determin th -

differe
from 4
plate
3m,r
itisr
sapph
The r
frequs
betwe

rameter method. All th m
are in|good agreement not only at the matching frequency but also at othe

rement

-20

Reflectivity @B)

Measured

0

in millimetre wave frequency

theoretical curve

bpace.
at the
rence

-10

-20

Reflectivity dB)

-30

-40

AVanVa

Cakuhted
Data

Weasured Data @

50

O Im

A 2m

O 3m n=2 n=3
60 70 80 90 100

Frequency GHz)

110

Figure B.2 — Reflectivity of a 75mm x 75 mm sapphire crystal (001) plate

in millimetre wave frequency


https://iecnorm.com/api/?name=b1c42ad3c9972299687f87b087ceab70

CcA

- 28—

Annex C
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Specifications of commercially available antennas

Horn antennas

Figure C.1 shows the structure and dimensions of commercially available pyramidal horn
antennas for several frequency bands.

Table

5 C.1, C.2, and

20 mm, and 25 miz re

AN bleC. Ahtenna gain 24 dB (Example A)
N qu@ Meguide mam mbm mcm
\QQ\& GN{ WR-23 103,378 41,910 55,118
40~6 H? WR-24 88,392 35,179 46,253
50~75 GHz WR-25 70,485 27,686 36,424
66—~90-6Hz WR-26 59:639 22-809 36-623
75~110 GHz WR-27 49,225 18,694 24,613
90~140 GHz WR-28 39,649 14,961 19,685
110~170 GHz WR-29 32,131 12,167 16,002
140~220 GHz WR-30 26,314 9,550 12,548
170~260 GHz WR-31 21,171 8,052 10,592
220~325 GHz WR-32 17,958 6,350 8,357
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Table C.2 — Antenna gain 20 dB (Example B)

Frequency Waveguide mam mbm mcm
33~50,1 GHz WR-23 68 20 28
39,7~59,7 GHz WR-24 54,5 18 23
49,9~75,8 GHz WR-25 45,5 13 19
60,5~92 GHz WR-26 38,5 11 15
73,8~112 GHz WR-27 32,5 9 13
92,3~140 GHz WR-28 27,5 8 A 10
114~173 GHz WR-29 24,5 65 /\ \\esg
145~220 GHz WR-30 21 N \ \7\
217~325 GHz WR-32 12 \5 \ \ \3\)

Table C.3 — Antenna Gaj Example C
\

Frequency Waveguide % & \\J b mcm

30~50 GHz WR-22 f* 1}9\5 48,5 58,4
40~60 GHz WR-24 \ Kﬁx\z,g 35,1 46.0
50~75 GHz \Q -25 Ned, 1 \\) 36,3 43,7
60~90 GHz WR-26 81,3/ 30,8 37,1

75~1}£(\GI\-|2\ WZ? N >71,1 25,9 30,7
90~14\xe/5z\ \«@ﬁ\ 53,3 21,3 25,4
110~17)Y§\H< WR\-\2/§§ 43,9 17,8 21,1
WR: 31,8 16,3 13,7

140~2&3\Ghi
RS

C.2

Table

Number Diameter Focal Distance Material Type
mm mm
A 305 305 Polyethylene Focused-beam
B 175 175 PTFE ”
C 175 275 n "
D 120 — n Parallel-beam
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Annex D
(informative)

Calibration using network analyzer

D.1 Type of calibration
The types of calibration of NWA are classified as mentioned below.

D.1.1 __In case of normal incidence

a) S, response and isolation calibration
b) S;4]1-port calibration (short-offset short-load calibration)

c) TRL 2-port calibration (thru (or through)-reflect-line calibration)

D.1.2 In case of oblique incidence
a) S,4|response calibration

b) S,4|response and Isolation calibration

D.2 | Calibration procedures
The calibration procedures and steps are

D.2.1

b) ORtain the complex

c) ExXpress the ratio of
wllich is pre as

D.2.2

a) Place a sp
b) Measure‘compte

| plate

curate

c) Mqve e ‘antexna or the specimen holder by the distance /4, where 1 is th¢ free-
sppce c e central frequency in the measurement range. Very ac
popgitioning<is requj for the calibration.

d) Megasure the complex reflection coefficient (offset short calibration).

D.2.3  §,, port calibration (short-offset short-load calibration)

a) Place a specimen and a reference metal plate on the specimen holder.
b) Measure complex reflection coefficient (short calibration).

c) Move the receive antenna or the specimen holder by the distance A/4, where ) is the free-
space wavelength at the central frequency in the measurement range. Very accurate

positioning is required for the calibration.
d) Measure the complex reflection coefficient (offset short calibration).

e) Return the antenna or the specimen holder to its original position and remove the
reference metal plate. Remove as many reflection objects as possible behind the pecimen

holder.
f) Measure the complex reflection coefficient (load calibration).

g) Calculate the error parameters of 1-port model.
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h) Measure the specimen and compensate the error of the measured value.

D.2.4 TRL 2-port calibration

In order to perform TRL calibration, a VNA, a pair of antennas, and an antenna positioner

is prepared as shown in Figure D.1.

a) Place the port-1 antenna, specimen holder, and port-2 antenna as shown in Figure D.2.

Adjust the two antennas to be in confocal position.

b) Move the port-2 antenna away from the reference position by a quarter wavelength at the
central frequency in the measurement range. Take off a specimen or a reference metal

plate. Perform line calibration.

c) Place the reference metal plate on the specimen holder. Move the po
frgm the reference position just by the thickness of metal platel Perfo
calibration.

d) Rdturn back the port-2 antenna to the initial reference position¢@an
or|the reference metal plate. Perform thru (through) calibrati

antenna

1 Antenna with dielectric lens
(Port 1)
2 Antenna with dielectric lens

(Port 2)
3 Sample holder

The reflectivity

antenpa is used@w
the pgrt-1 antennay |

wave [frequency,
thickness of the
Line calibratior hru<alibration at the end.

/it is desirable to isolate the port-2 antenn
antenna using EM wave absorber. In the mill
vat the central frequency becomes smaller than the
. It is better to perform reflection measurement fir

away
ection

cimen

port-1
h from
metre

5t, the

1, Port 1 \ ! '\6
22"Port 2 , 5

3 Horn antenna with dielectric lens e

4 Metal plate for short J9 e y
5 Position for through calibration B ‘:>Ji

6 Position for line calibration , for g

Figure D.2 — Measurement and TRL calibration of transmission line
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Annex E
(informative)

Dynamic range and measurement errors

Dynamic range is defined as the difference in dB between the receiving level from the
reference metal plate and the level which is measured after removing the metal plate. Figure
E.1 shows the dynamic range and measurement error. The receiving level is between —80 dB
and —70 dB when the metal plate is removed. In the millimetre-wave range, the dynamic range
lies between 40 dB and 50 dB when the size of the reference metal plate is larger than

10 1 x 3 L pla ) )
The measured reflect|V|ty may range from -20 dB -0, 92 dB to —20 dB
reflecfivity is measured for an EM wave absorber with reflectivity of —20)

range|of the system is 40 dB.

Reflectivity

o) 0dB
~
g +0.83d
[Sa)
=]
jm]
B -0.92d
M-
©
=
0dB
— L -

10

Key

1| True value
2 | Maximum ry
3

Dynamic range and measurement error of reflectivity

o3 m.


https://iecnorm.com/api/?name=b1c42ad3c9972299687f87b087ceab70

PAS 62431 © IEC:2005(E) - 33 -

Annex F
(informative)

Enlargement of dynamic range — Calibration by isolation

In a horn-antenna method, the receiving level consists not only of the reflected signal from a
specimen, but also of the undesired signals due to such as the direct wave from a transmit
antenna, reflected waves from the specimen holder, and those from the other circumferential
objects as shown in Figure F.1.

Only the reflectegnV
mathgmatically us

and 7,

residual 18 defined as

The rglation b absorber

measure — Vabsorber + Vresidual

Vmeasure = Vabsorber ~ Presidual

Vimeasure =Vd +Vh +Va

where Vi casure 18 the measured voltage, Vi ggiqualr @9 Vapsorber @re the voltages in the case of

no specimen and of only specimen, respectively, and Vy, V,, V, are direct wave voltage,
reflected wave voltage from specimen holder, and that from nearby objects, respectively.
Vabsorber €8N be obtained simply by subtracting V,qgiqual from Vieasure- 1he reflected signal
purely from the specimen is obtained after removing the spurious signals, i.e. after
transforming V,casure 10 @ time-domain signal using such as time-domain function of VNA,
proper gating for the time-ddmain signal, and transformation into the frequency domain again.
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Example of method of calculation of directional gain of horn antenna

The radiation pattern of EM wave from the aperture of the horn antenna can be understood by
the fact that the EM field in the waveguide, which is connected to the horn, spread into the

antenna. Then the antenna gain can be determined as follows:

For Example A in Annex C

Gy = 47r20b 2= 32x 5,5118; 4191 _ 284706
A 0.909091“ x &

10 l0g10(284,706) = 24,5 [dB]
8

v g=—5, ¢=55118 [cm], »=4,1910[cm], Freq=33]
T

For example B in Annex C

Gd = 47rzcb g 32x28 ><22,0 — 69,020
A 0,909091° x 7
10 log1((69,020) = 18,4 [dB]
8 eq Hz]

—, ¢=2,0[cm], b=2

For ex
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Annex H
(informative)

Relative permittivity of Styrofoam and foamed polyethylene
based on foam ratio

Table H.1 shows the relative permittivity of styrofoam and Table H.2 the complex relative
permittivity of foamed polyethylene for several values of foaming ratio.

Table H.1 — Relative permittivity and foam ratio of Styrofoam

Foam ratio g’

0 (Pure) 2,65 .
20 1,083 (
30 1,055 /\
40 1041\ A\
z ERAW

\>
Table H.2 — Relative permittivity and {ei ratj ;a{f med-polyethylene

Foam ratio Q \{’ < h < \J )\/ &g”
2 AN N o218

2 ( 1,20 0,111

5 NEEAS 0,026

6 . N Net W 0,076

10

0

I (O\¢ \@\/ 0,025

1,0@ 0,028

N
N \1.03 0,022
/\\r{ \N 1,02 0,025
<h

N/ 1,02 0,020
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Annex |
(informative)

Calculation of Fraunhofer region — Horn antenna method

For EM waves radiated from the rectangular aperture of horn antenna, the distance, R, which
represents the distance separating Fresnel from Fraunhofer region, the boundary between the
two may be arbitrarily taken to be at equation (1), where D is the maximum effective
dimension of the antenna aperture, and A is the wavelength. Directional gain, G4, of the horn

antenna is represented by Equation (2). From Equations (1) and (2), the distance R in

Equat

An ex
limit of
larger

nn(’%) can he nhfninnd,
R>2D?/4 (1)
Gy = 4r D? | 22 (2)
R>Ggll2n (3)

{7 At 30 GHz, the
4B/ then R be
er than 1 m.

ample of the calculation using Equation (3) is showr|
f the measurement frequency range, if antenna gaimi
than 40 cm. In this case, it is preferable to fix

1000

(cm)

syreme)

1 10 100
Frequency (GHz)

lower
comes

Figure 1.1 — Fraunhofer region and antenna gain
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