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Shielding from DC to 20GHz+

Shielding models

Internal resonances

Reverberant environments

Effect of contents: shadowing

Some other uses for screened rooms



DC to Audio

e Schelkunoff model
for sheet materials
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Audio to 1GHz
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elactric shielding effectivenass (dB)

Transmission Line /
Waveguide Model

< - Intermediate level

model
 Good agreement
 What's missing?

— how to relate contents

to losses

— closely-spaced
apertures, meshes

— can only deal with a
few resonances




Resonances of a 30x30x12cm

Box
e 0-1 GHz 1 mode
¢« 1-2 GHz 17 modes
o 2-20 GHz 14 461 modes

o Statistical methods needed



Resonant Frequencies
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——8SE at point 1
———-8E at point 2 []

More Modes / Hz — Need Stats Approach
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Power Balance in Shielded
Enclosures

c Receiving
V Antenna
Apertures 2

Energy enters & leaves via apertures
But some power is absorbed in contents: PCB’s
etc.

This lowers Q-factors and generally improves
shielding effectiveness




Absorption Crossfgection B

« Shielding 3
effectiveness (SE)
traditionally
measured with an g —

[

* tandard SE Test

empty enclosure

* Finding absorption
cross-section (ACS)
of PCBs enables us

to calculate effect on
actual shielding
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ACS in Reverberation
Chamber

e Stirred-mode
measurement

* Equivalent to
illuminating
PCB from all
directions )
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Measurement of ACS
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ACS of PCB Stacks

! b

Threesomes (red) Al four (black)

VNN TR b T
'LM‘ el Cﬂi&’\‘ﬁ“fﬁ"f“fr- N

Sinéles (té:lue) Palrs (green)

Average absorption cross-section, <G> (m2)

4 5 6 7 8 910 20
Frequency (GHz)

—
OI
w
N
w_

13



Shadowing Effect
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parallel PCBs

It's “darker” at the centre
of the gap between the
PCBs
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Shadowing factor, Ygpaq (-)
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The ‘ReCo’

Representative Contents
made from absorber or
from loaded
transmission lines

Want same ACS as real
PCBs
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Average absorption cross-section, <6 (m?)
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Shielding effectivness, SE (dB)
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What if the ‘Absorber’ is a
Person?

* Fundamental resonance of screened
room, 60MHz

— field penetrates whole body
— non-invasive measurement of body water

» Higher-order resonances, 1-20GHz

— field only reaches few cm at surface

— gives absorption cross section in multi-path
environment
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Resonant Cavity Perturbation

monitor O fibre link
RF cables
RF
ANA switch
|
|
PC - monopoles
control

cavity (screened room)
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Screened Room used as Cavity

« Resonant shift due to
dielectric properties of
body, which depend on
tissue water
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Shift in 60MHz Resonance

Measured S,, against freq. for "thirsty", "drunk" & "after voiding”
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RCP vs Deuterium Dilution (TBW in kg)

adjust dfav before applying pf2 (separate females & males)
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Microwave Absorption

 We are measuring
human absorption
from 1-20GHz in
an environment
where the waves
are coming
towards the body
from all directions
at once
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Human ACS measurements
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ACS vs Surface Area

Surface Area (m2)
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We are
iInvestigating
relationships
between ACS ,
surface area and
subcutaneous
body fat

Measurement
takes a few
minutes
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Conclusions

Shielding at 1-20GHz is hard to calculate
owing to density of modes

Statistical power balance approach works
well

Need to account for PCB absorption and
shadowing effects

Shielding technology useful for studying
body composition and exposure to
microwaves
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The End
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