NPLE

National Physical Laboratory

Report

NPL REPORT
DEM EM 008

Computer Simulation of
WR159 Waveguide Against
a Flat Dielectric Phantom at
5.2 GHz and 5.8 GHz.

Benjamin Loader

NOT RESTRICTED

March 2007

dt! National Physical Laboratory | Hampton Road | Teddington | Middlesex | United Kingdom | TW11 OLW

Switchboard 020 8977 3222 | NPL Helpline 020 8943 6880 | Fax 020 8943 6458 | www.npl.co.uk



The DTI drives our ambition of
‘prosperity for all’ by working to
create the best environment for
business success in the UK.
We help people and companies
become more productive by
promoting enterprise, innovation
and creativity.

We champion UK business at home
and abroad. We invest heavily in
world-class science and technology.
We protect the rights of working
people and consumers. And we
stand up for fair and open markets
in the UK, Europe and the world.

The National Physical Laboratory is
operated on behalf of the DTI by NPL
Management Limited, a wholly owned
subsidiary of Serco Group plc




NPL Report DEM EM 008

Computer Simulation of WR159 Waveguide
Against a Flat Dielectric Phantom at 5.2 GHz and 5.8 GHz.

Benjamin Loader
Division of Enabling Metrology

ABSTRACT

Using an open-ended waveguide against a flat phantom provides a means of validating
systems for measuring specific absorption rate (SAR) of microwave energy at 5.2 GHz
and 5.8 GHz. This report describes computer simulations of waveguide WR159 against
a flat phantom. Results for the SAR distribution in the phantom are presented.
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1. Introduction

The correct operation of systems for measuring specific absorption rate (SAR) of RF
energy is validated by measuring the SAR distribution in a flat phantom arising from a
known input power to a dipole antenna place next to the phantom [1, 2, 3]. Reference
values for the measurement are derived from computer simulations and measurement.
For validation measurements at 5.2 GHz and 5.8 GHz, the gap at the centre of the
dipole, dimensional tolerance and nature of any dielectric materials used in the antenna
will have a significant effect on SAR levels in the liquid. For this reason, open-ended
waveguide (with or without a matching layer) provides a more accurate reference
source at these frequencies. Waveguide dimensions and tolerances are standardised, but
the flange type must be specified, as a number of different types are available.

This report describes computer simulations of waveguide WR159 (UK WG-13) with
flange type UG1730/U, employing a dielectric-matching layer, placed directly against
the flat phantom. This work is part of a modelling intercomparison aimed at
determining reference values for this validation method. The simulations were
performed using CST Microwave Studio [4]. The resulting SAR levels in the phantom
are given.

2. Description of models

Figure 1 shows the geometry modelled. A section of Waveguide WR159 (UK WG13) is
touching the tank containing the phantom. The waveguide contains a matching layer
having permittivity &' = 6.

/_ tank
e phantom

matching layer

flange

waveguide

Figure 1: Model geometry.
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Two simulations were performed, corresponding to the 5.2 GHz and 5.8 GHz validation
models. The dimension and material properties for the two models are given in Table 1.
Note that the outer-dimensions used for the waveguide correspond to the dimensions of
flange type UG1730/U. The phantom dimensions correspond to the inner dimensions
of the tank.

Table 1: Dimensions and material properties used for the simulations.

Dimensions Material properties
Waveguide Inne;:v;l?l. f}icmk;r;:sy §0n11n91 mm Perfect electrical conductor
Flange Outer: 815(;3?;; lrjr}llrrfl 98 mm Perfect electrical conductor
Matching 53 mm, @ 5.2 GHz ,
layer 4.3 mm, @ 5.8 GHz & =6 (no loss)
€' =36.0,6=4.70 S/m @ 5.2 GHz
Phantom 216 mm by 152 mm ¢ =353,6=527S/m @ 5.8 GHz
by 80 mm (liquid depth) . 3
Density (p) =1000 kg/m
Tank 2 mm thickness g’ =2.56 (no loss)

Excitation for the model is a waveguide port (TE¢; mode) with 1 W available power
(into 50 Q). The model employs variable meshing with a maximum mesh size of A/10
and a mesh ratio limit of 10. All sides of the problem space are modelled as open
boundaries using perfect matched layer (PML).

3. Results

Figure 2 shows the point specific absorption rate (SAR) as a function of distance into
the liquid at the centre of the waveguide cross-section. Exponential functions were
fitted to the data over the range 0 mm to 30 mm, and these are given in Table 2, which
also gives the maximum 1 g and 10 g averaged SAR values from the simulations. Note
that a density of 1000 kg/m® was used for the calculation of SAR. The input return-loss
for the waveguide was 8.54 dB for the 5.2 GHz model and 10.05 dB for the 5.8 GHz
model. Appendix 1 gives the E-field distributions from the simulations for 1 W source
power.
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Point SAR level for 0.25 W (in W/kg)

0 10 20 30 40 50 60 70 80 90
Distance into phantom (mm)

Figure 2: SAR as a function of distance into liquid for
0.25 W input power.

Table 2: SAR values in liquid at the centre of the waveguide
cross-section as a function of distance into the liquid

(for 0.25 W forward power)
Frequency 1 g SAR per watt | 10 g SAR per watt | Point SAR as a function
(GHz) W/kg/W W/kg/W of distance, d (mm), into

the phantom along its
centre-line

(for 0.25 W)
5.2 159.0 56.9 137.1exp(-2d/6.25)
5.8 181.2 61.5 170.5exp(-2d/5.57)

4. Conclusions

In the frequency range 5 GHz to 6 GHz, open-ended waveguide is potentially a more
accurate reference transmitter with which to validate SAR measurement systems than
dipoles antennas. However, it is necessary to determine reference values for 1 g and
10 g averaged SAR in a rectangular phantom resulting from a known input power to the
waveguide. Such reference values should be based on computer simulations and
measurements by a number of independent groups.

CST Microwave Studio has been used to simulate the fields at 5.2 GHz and 5.8 GHz in
a flat phantom arising from a waveguide source placed directly under the phantom. The
waveguide source was waveguide WR159 (UK WG-13) with flange type UG1730/U,
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employing a dielectric-matching layer. The centre-line decay profile for the point SAR,
and also the maximum 1 g and 10 g averaged SAR values were calculated.
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APPENDIX 1. Field plots
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Figure 3: Electric fields at 5.2 GHz on a plane through the centre of the
phantom and normal to the z-axis for 1 W input power (contour lines are
logarithmic scale).
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Figure 4: Electric fields at 5.2 GHz on a plane through the centre of the
phantom and normal to the x-axis for 1 W input power (contour lines are
logarithmic scale).
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Figure 5: Electric fields at 5.8 GHz on a plane through the centre of the
phantom and normal to the z-axis for 1W input power (contour lines are
logarithmic scale).
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Figure 6: Electric fields at 5.8 GHz on a plane through the centre of the
phantom and normal to the x-axis for 1W input power(contour lines are
logarithmic scale).
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