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Construction of an Electromagnetic Wave Shielding Effect Measurement
Method Using a Loop Antenna

Kosuke YUASA, Akihiko SAITO, Hiroyuki TAKABAYASHI
and Atsuhiro NISHIKATA

Synopsis

In this study, we constructed a shielding effectiveness measuring system for metal plate in the wide frequency band. When
designing the equipment, we analyzed wraparound magnetic field from the edge of material, and determined antenna placement
and shield dimension based on this analysis. The experimental values and the theoretically calculated values agree, confirming
the validity of the measurement method.
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Fig. 1. Schematic diagram of shield measurement

method.
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Table 1. Loop antenna shape.
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Fig. 2. Electromagnetic analysis model.

70

—— Electromagnetic field analysis
60 Theoretical calculation

E 50 — 1GHz
<
~ 100 kHz
T 40
© Anntena diameter: 22 mm
© Curret fy: 1A
2 30 f 0
9]
c
g’ 20
=

10

0

0 20 40 60 80 100

Distance from loop antenna (mm)

Fig. 3. Validation of analysis model.
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Fig. 6. Coupling when changing the distance between

antennas.
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Fig. 7. S,; change when installing PEC shielding
material.
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Table 2. Shield and loop antenna shape selection.

Shield side length (mm)
Antenna
diameter | Arrangement 30 | 100 | 300 | 1000
(mm)
Without Device
With -44 | -65 | -91 | -112
Shield | dB dB dB dB
Shield
offect 6 dB |27 dB|53 dB]74 dB
22 mm Without
ithou
Shield -17.dB
With -44 | -101 | -148 | -184
Shield | dB dB dB dB
Shield 131 | 167
effect 27 dB|84 dB dB dB
Without
Shield -33dB
With -42 | -59 | -77
Shield dB dB dB
Shield
offect 9dB |26 dB|44 dB
100 mm Without
ithou
Shield -10dB
With -27 | -105 | -156
Shield dB dB dB
Shield 146
offect 17 dB|95 dB dB
Without
Shield -47 dB
With -61 -69
Shield dB dB
Shield
offect 14 dB|22 dB
250 mm Without
ithou
Shield -22.dB
With -71 | -139
Shield dB dB
Shield 117
effect 49.dB dB
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Fig. 9. Measuring device schematic diagram.
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Fig. 10. External view of baffle plate.
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Fig. 13. Comparison of measured and analytical values
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Fig. 16. Shielding effect measurement results of flat
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Physical properties of shield material

Electrical conductivity
Permeability

Measurement condition, device configuration

Frequency: 10 Hz - 100 MHz
Antenna arrangement: coaxial, coplanar
Antenna diameter: 22 mm

Table 3. Input physical property values of flat shielding

material.
. Thickness | Conductivit Relative
Material y e
(mm) (S/m) permeability
Cu 0.01-0.1 4.30%10" 1
&0 ’v 60
Coaxial / Coplanar 4
w [| 20 um / o [| €20 pm {
@30 um i/ @30 um Iy 4
s @50 um / i @50 um ' "3
g @100 pm (/ g @100 pm / i
P — Measured value / & — Measured value ' f
:§ E '*** Theoretical calculation /! g 30 [ess Theoretical calculation F 'g
; / = /4
z ',"’ E 20 i"J
‘ /
10 ‘J’ 10
. ,r'/‘J
0 o

10k 100k 1M 10M  100M 1 100 1k 10k 100k 1M 10M  100M

Frequency (Hz Frequency (Hz

Fig. 18. Comparison of measured values and theoretical
calculation values.
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Table 4. Physical properties of soft magnetic foil
product STARPAS ©®-30PC2S.

. Thickness | Conductivity | Relative
Material (mm) (S/m) permeability
®
S ras 0.03 182Xx10° | 10300

Fig. 17. Theoretical calculation flow.

Theoretical calculation program ===  Shield effect
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Fig. 19. Comparison of shielding effects between soft
magnetic metal and Cu foil.
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