A QUASL-OPTICAL MICROWAVE FOCULED BEAM 8Y

(ST

M

FOR MATERIALS MEASUREMEMNT

Les Hill,C.Eng.
up, Advanced Technology Centre (Towcester)
BAE SYSTEMS, Towcester, Northanis, Engl

Materials Gr

ABSTRACT
A fundamental part of the work of the BAE SVETEMS
Advanced Technology Centres Materials Gmup at

Towcester (UK) is ihe microwave characierisation of the
electronic parameters of lossy materials.
This paper describes a Quasi-optica! microwave system for
the free space measurement of material parameters in the
frequency range 5 GHz to 18 GHz. The system employs
two spherical refleciors which are illuminated from the side
by gausian beam forming antennas. This produces a well
defined parailel beam oetwecun the reflectors. The 5 GHz ¢
18 GHz frequency range is covered in three bands with
three pairs of corrugated feed antennas. An advaniage of
this system is that the beamwaist diameter (or iflumination
area) is esseniially the same for each of the three frequency
bands
The measurements are taken using a vecior neiwork
analyser under computer conirol. The parallei beam enables
a “Through,Reflect,Line” calibration veahmcue io be used.
After calibration the samoie under test is placed in the beam
{mid way between the reflectors) and the four microwave
‘S’ parameters are rPcovded automatiically in complex form.
The permitiivity, permeabilty or fumped admittance (if the
ar"mif: is very thin <i/50) for the material are then
etermined from the ‘S’ parameters.
The operation and performance of the system is discussed
and some material parameter measurement resulis are
given.
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1.0 Introduction

The BAE SYSTEMS Advanced Technology Centres
Materials Group at Towcester (UK) is involved in the
development of stealth technolugy for land, sea and air
applications. This iﬂvolve% the development of new radar
absorbent materials and structures. A fundamental part of
this development is the exemmmagne&ic characterisation of
the materials at mi red v /

base which can be used in Pﬂcummdﬂ

OWaveE

hc tield solving
codes for the design of stealthy components and structures.
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At Towcester a quasi-optical focused beam sysiem has been
set up for the measurement of flat sheet samples of
materials over the frequency range from 5 GHz to 18 GHz.
This paper describes the system, examines its performance
against the tar@et specification and gives some material
measurement resulis.

2.0 The System

The system (illustrated in Figure
spherical reflectors which are illuminaied by iwo off
gaussian  beam forming corrugated feed horns. The
frequency range is covered in three bands (ie 3 pairs of
corrugaied feeds). The reflectors are 500 mm in diameter
and are mounted 1 metre apart so that they face each other
and are carefully aligned on boresight so that a parailel
beam is formed between the reflectors. The beam waist
diameter is nominally 200 mm and the depth of field is 500
mm. An advantage of this design is that this beam
configuration is mainfained across sl ihree bands. The
reflectors have been machined to a standard which enables
them to be used up to 110 GHz. Therefore the frequency
range can easily be extended by just adding pairs of horns.

The antenna/reflector combinations are mounted on
separate platforms. One is fixed with the sample mount.
The other is mounted on linear guides and is moved bacl

and forth by precision stepper motor to facilitate
calibration and measurement.
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3.0 The Performance of the System

The targei specification set for the system was as shown in
Tabie 1 below.

Waveguide Size | Flange Design Useable

at Antenna Type Freq Bandwidth
input

WG14 UART0 7.0 GHz 5-8GHz
WG16 UBRI0O | 100GHz | 8-12 GHz
WG18 | UBR140 | 14.5GHz | 12-18 GHz

Other Parameters

200 mm +/- 10 mm
At a Position 500 mm from
ike Reflector

Beam Waist Diameter

>200 mm

Cenired on a Position 500
mm

From the Reflectors

7.0 GHz - 8°
10.0GHz -6°
14.5 GHz -4°

Reflection Loss at the >20 dB
Input

{0 the Aniennas

Transmission Loss <(.5 dB
Through the System

Cross Polar Atienuation >35 4B

Some basic measurements were carried out to see how well
the system complied with this target specification. A vector
network analyser was used to perform measurements on the
system through the waveguide input ports to the corrugated
feeds. For each band, a full 2 port calibration was carried
out at the waveguide output ports of the coaxial io
waveguide transistions, which feed the corrugated horns,
using a “Through Reflect Line “ (TRL) technique. After
the calibration was complete, the t(ransitions were
reconnecied o the corrugated feeds and the following
measurements were carried oud.

1. Transmission loss through the system for Vertical (V)
and Horizontal {H) pelarisations of the corrugated feed
norns.

2. Reflection loss at the waveguide input poris for V and
H polarisations.

3. Reflection loss with a short circutt plate at the

measurement plane for V and H polarisations.

4. The cross polar transmission loss with each corrugated
feed horn rotated through 90°.

The results of the measurements for the 8 — 12 GHz
frequency band only are shown here. The measured resuits
for the other two bands showed a very similar trend,

The measured transmission loss through the system is
shown in Figure 2. It can be seen that the transmission loss
is typically 0.3 dB over most of the band but th
performance deteriorates in the bottom 20% of the band.

Figure 3. Measured Reflection Loss for WG 16 Band
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This shows that the beam is well formed above 9 GHz and
that most of the energy is concentrated within the beam
waist.

Figure 2. Measured Transmissioin Loss for WG16 Band
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The measured reflection foss at the input ports io the
corrugated feeds is shown in Figure 3. Ii can be seen that
the reflection loss was in excess of —20 dB for mest of the
frequency band.

A plot of the measured reflection ioss given when a short
circuit plate was placed at the measurement plane is given
in Figure 4. This trace mirrors the the fransmission loss plot
demonsirating the good free space match of the corrugated
feed horns.
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Figure 4. kleasured Reflection Loss with Short Clrouit
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The result of the crosspolar transmission loss measurement
is shown in Figure 5. It can be seen that the cross polar
attenuation is typicaily —40 dB above 9 GHz.

Figure 5. Measure Cross Polay Attenwusntion
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A rudimentary attempt to plot the field in the beam waist
was carried out using a coaxial monopole probe. The vecior
network analyser was used as the detection system and was
calibrated {(using a responsefisolation technique) with the
probe at-the centre of the beam waist. The transmitted field
was set 1o V polarisation and the probe was moved
horizontally across the beam in steps and the coupled value
recorded for each step. This procedure was repeated for
horizontal scans at various distances from the reflector.
Figure & shows the magnitude of the coupled values
measured across the beam for scans at 100mm steps moving
away from the reflector. The heam waist is defined when
ihe field voltage falls by 8.7 dB from the maximum (e"-1).
It can be seen that the measured beam waist is very ciose o
200 mm in diameter. The traces plotted for the various
positions reiative to the reflector sit on top of each other,
indicating that the depth of field is in excess of 300 mm.

Figure 7 shows the relative phase variation measured
across the beam as the probe is moved from the centre to
the edge of the beam at various distances from the reflector.
The results indicate that the phase variation across the beam

walst is approximately 10°.

Figura . Fiold Plot of s Beam Waist at Variaus Ristances irgin the Reflector
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Figure 7. Meastred Relsiive Pliase {at 10 Ghz} Across the Bears Waist at Various Distonees irom Refiecior
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4.0 The Focused Beam System i Use
The complex ‘S’ parameter measurernents from the sysiem
are taken automatically using a vector network analvser
under computer conirel. A full two port 12 term error
correction is implemented using the TRL calibration
technique. This defines an imaginary pair of measurement
ports which iz achieved by moving one half of the system
(thus one of the measurement poris) to take account of the
thickness of the short circuit plate and subsequently io

g

infroduce a A4 length of line. This type of calibration is
made possible by the fact that the depih of field is
maintained over a distance greater than A/4.

A photograph of the system with the WG16 horns mounted

is shown in Figure 8 below.

The sample fo be measured is mounted orthogonal to the
beam at the measurement plane. The movable port position
is adjusted to take account of the thickaess of the sample.
The four complex ‘S’ parameters are then recorded
automatically.

The material parameters i.e. lumped admittance for a thin
lossy sheet or permittivity and permeability for sheet
material are then calculated (using the Nicholson,Ross —
Weir technigus for permittivity/permeability) off line from
the measured ‘5’ parameters.




Figure 9 shows a piot of the lumped admiitance of a thin
lossy sheet of material 100pm  thick determined from
mea@uremem taken over the three bands from 5 GHz to 18

GHz. It can be seen that the results for the three bands are
coniinuous with slightly more noise on the measurement at
the 8 GHz band change over point.

Figure 9. Measured Lumped Admittance of Thin Losay Sheet Material
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The permittivity and permeability determined from the
esults of measuremenis carried out on a sheet of magnetic

material are shown in Figure 10 and 11 respectively

Figure 10. Measured Permittivity of a 4mm Thick Shee? of Magnetic Maierial
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Figure 13. Hisusured Fermsability ot a dmm Thick Sioet of Magnatic Material
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5,0 Conclusion

A Quasi-optical microwave focussed beam measurement
system which can be used to determine the electromagnetic
parameters of sheet materials has been demonstraied. The
system generally exceeded the target specification set for it
The deterioration in performance at the lower ends of the
frequency bands does noi have a sigunificant affect on the
evajuated parameters.and gives reliable measurements
across the frequency range from 5 GHz to 18 GHz.

This technique is important because the grain size of some
materials is too large to allow their characterisation using
waveguide measurements and it is also quite ofien preferred
¢ carry oui the measurements on sheet materials,

The measured vesults {rom this system are used regularly
for the design of RAM producis and good agreemeni has
been achieved between the predicted and measured
performance for these products.
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