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ABSTRACT: In this work, the electro-magnetic interference (EMI) characteristics of PAN-
based carbon fibers-reinforced composites are investigated with difference to manufactural
parameters, Le., fiber grade, fiber orientation angle, and laminating method. As a result, EMI
shielding effectiveness (SE) of the composites greatly depends on a fiber orientation in com-
posite angle. Especially, the fiber grade affects SE of composites in case of orientation angle
of 0°. Then the SE become greater as the change of electric character according to the
arrangement directions, ie., electrical anisotropy in the same constituent materials. This is
due to the skin effect which is represented in the surface of electro-magnetic wave in high-
frequency range. In all cases according to lamination methods, the composites represents SE
of 83~98% over. Whereas, in symmetric and unsymmetric laminate structures, the SE de-
creases slightly as the laminate angles of composites increases. On the contrary, the repeating
laminates structure shows the opposite tendency. Especially, 90° repeating laminate structure
shows the SE more than 90% over the measuring frequency.

Keywords: electromagnetic interference (EMI), fiber orientations, shielding effectiveness (SE,,
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Table 3. Volume Resistivity as to the Fiber Orien-
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sample fiber orientation vol. resist. x 107! o,
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. 30 0.770 2.721
HCUO753 60 4.210 14.880
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Schme 1. Shielding effectiveness (SE) of CFRC ac-
cording to the 90° fiber orientation angle.
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Figure 1. Reflection and transmission loss as to sam-
ple thickness. (a) Electromagnetic waves are perpen-
dicular to fiber orientation and (b) electromagnetic
waves are parallel to fiber orientation
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Figure 5. Shielding effectiveness (SE) as to volume
resistivity of CFRC consisted in the same constituents.
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Table 4. Shielding Properties and Average Shield-
ing Effectiveness (SE) of CFRC as to the Laminat-
ing Methods (HCU075)

Table 5. Transmission and Reflection Loss of
CFRC According to the Laminating Methods at 15
and 20 GHz Frequencies

frequency
ranges

laminating structures laminating angles

transmission reflection

laminate loss (dB) loss (dB)

30° unsym>sym>repeat sym® 90°>60°>30°

10 Mtz 60° repeat>sym>unsym unsym? 30° >90° >60°

~2GHz 90° sym>repeat>unsym repeat® 60°>90° >30°
laminating average SE [dB]
methods angles () (power shielding, %)

30° 89

sym 60° 95.4

90° 87.2

9 GHz 30o 83.6

~95 GHz unsym 60 89.1
90° 90

30° 86.2

repeat 60° 87.3
90° 96

2Sym : Symmetric. ® Unsym : Unsymmetric. © Repeat : Re-
peating.
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g e > >z #A8 Yl
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3~6 GHz H9oliMe= Ad @z 2asits) 1 o
el Mo ME Zrslgd e, Figure 6(d)el A
# ek 225 GHzollM Hx -17dB, 1.995%9] A

Puke el UnixE v} 3 ek Ao
2 Ut ot FHed @ust @i melsel
YR o 9%
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Table 4¢] $j¢} FUF Fopg GHqA AP
30°, 60° 12lx 90° HE H3se dardsE
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B s A9 B A > > RETR A7,
60° HEAEe] A HESHASHRA Fx| &
A=, 90° EgAEe] AP g > >
A 7= AR AHanE Jepigich 13y
(2GHz~25GHz) 2 45 2Adades 354

Eol A24¥ Al6x 20004 114

methods angles 15GHz 20GHz 15GHz 20 GHz
30° -10.00 -10.87 -0.85 -0.80
symmetric  60° -853  -9.29 -0.87 -0.84
90° -753 -844 -1.06 -0.80
30° -1399 -1538 -0.84 -0.87
unsymmetric  60° -10.17 -1159 -0.76  -0.88
90° -10.12 -1098 -0.85 -0.81
30° -955 -9.18 -0.75 -081
repeating  60° -10.76  -11.01 -070 -0.61
90° -12.16 -11.76 -0.89 -0.97

* 353 GPa carbon fiber prepregs of 24 plies were laminated and

the sample thickness was about 1.3 nm.
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