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Abstract: The frequency continuous extension to K/Ka band for electronic devices and wireless technology, as
well the fast development of integrated electronic system have made the electromagnetic shielding design of electronic
systems increasingly challenging. In this paper, a new shielding method which incorporates frequency selective
surface (FSS) into electronic systems to replace the conventional heat dissipation holes array is proposed. The
proposed shielding method can meet the requirements of both ventilation and electromagnetic shielding performance
at 5G millimeter wave band. Based on the shielding effectiveness (SE) at the center point in the enclosure and the
global shielding effectiveness, the influences of the arrangement of FSS cells and the polarization and incident angle of
electromagnetic waves on SEs of the metallic enclosure are analyzed. The results show that the arrangement of FSS
cells have little effects on the shielding performance of the metallic enclosure, and SE hardly changes with the
polarization of the electromagnetic waves. The shielding effectiveness of the metallic enclosure with the FSS is about
30 dB in the frequency range of 23.0-25.5 GHz, which is 15 dB higher than that of the enclosure with the
conventional heat dissipation holes array. This demonstrates that the method proposed in this paper has better
electromagnetic shielding while keep good ventilation at the same time.
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Fig. 1 Structure of the FSS unit cell
Fl 1 FSS BTy
1.2 EBHRE#REE (SE) A%
1% 58 AL 1 e MR RE A8 SO AR AT B WA D 5E AT B e b s MRS DL T, 25 1) o ) — o7 & (il S B e Ah 5 i o
O ) HL I BRGSO AE, B
|Eol

SEzzolgE(dB) (D

L |Eo FNE |53 5 R % A B i 71 52 FIAS 5% i S 1 7¢ sl G B 37

SR 24 BURR L F oo AN TE TRl A0 52 B9 A0 2 B, SR FH ARG 45U R SE(CSE ) K e LA VER | 4 T M Sz il 3 A o152
A B E BE, T A SCHE CSE T BERE b, [FIEF R T 4 )5 5 M4 RE (GSE) e BFAk B i ob 52 19 B ik sV, GSE
TN AE TG WM 5 AR A Se i 3 e g 3 BE 2 Y LU AE, B
L |E,|dV

Lm |E|dV

GSE =20lg (dB) @)
A Ve HBRHANTE IR

BT 70 BT R rh I 9 SR 38 A A% ) 43, ELAE I A 250 S 1T, WU GSE A TG 5 i s B s PR30 i A 1R
¥ L FIEZ . A LT AR oL A0 R 3L BE CSE, GSE f€36 T 18 N Bl s e 0 S 2 7K -, o B4, %
e B AR, AR SC LT 22, 24, 26, 28 F1 30 GHz 3% 5 M55 55 Ak 9 GSE.

053006-2



L T PIERIEE RS 1 T RS K/Ka BB TR o H

2 S FSSEMHEERE SE 2

H T SCITEE 1Y FSS S5k B A% Ge iCAAL I L T &2 Jd B i Ah o, 38 2o 43 0315381 FSS 45 K4 R 55 4% S8 AL I 4
JER I 1Y) SE, XiF He it B K A5 G5 i XU B AL B 4 g TAEAE 24~ 30 GHz (X717 B FSS 454, 1T LA R84 8 AP 5E 1 5
MerERE . M, G EILFLAE 5 FSS S5 My FLAR A TR, H. LAAH 1] 8 309 HE AR 76 4 Jm B BE b . FSS 2544 /30 XU EL
A e T R RIS (R B o sl B L 9 B8 ) pe s 1 HL e sk B A i IXURSCARBE g, TR, A S0 331 DAL I BT ol s B 11
FEB (Ryg) « FLEE R B b (Ryw ) o FLEE BT Ak Jis B %) 457 18 LA B P T 3ok (49 A58 05 =X DU AN O T 20 T 4 FSS 4544 19 4
i R WA
21 EFSSEEBREERSEHMIESER SE XL

FHERR K 2 fR, KPRk W X H X L=300 mm X 120 mm X 300 mm f9 43 J& J¥ i BEAE S AAH B, TF AL
H1 27 X 11 A BRITHY LAY FSS BUFLIE o A S F 1 09 5 2 £ 0 o, AT A1 Ry 0, B Akl a0 JET 2050 bkt
BT AP A Ca=n/2) HL B I8 T 15 A5 B s A e o501 B AR BB CSE, I 5 1% S iU L 2 4 8 s I3 R RE 2R AT L
B, [ AR 22X (2) 15 B 7E 22, 24, 26, 28, 30 GHz X 5 M0 &0 T 4 J@ W 19 4 Jmi Jf i A4 A8 GSE, 45 543 il an 151 3 An
TR, WE, IR G RUNFLRE 1 FSS FLIEE 4 )8 s BE L A 007 B LA KT T A9 T AR AR 4 — 3

60
FSS shield
50 - o - metallic shield
30 |[ | I r | il i
% 20 )‘.4“% ‘“ it .‘ . 0‘.. o 0.0‘
= 20 et R
wn fe) ) pnl\‘"y“‘- ‘.r s} ! 1
10 -édgq{ m.ﬁ ‘a\; HQ' de’&? 8] |
ol b1 opo ¥
: 6 ‘éé ol |
H 10} booe
_20 1 1 1 1 1 1 1
l 22 23 24 25 26 27 28 29 30
L 2 fIGHz

Fig.2 Calculation model of an enclosure with FSS panel
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Fig.3 Comparison of CSE between enclosure with FSS and
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Fig. 4 Comparison of CSE between enclosure with FSS and conventional metallic enclosure under four Ryg conditions
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Table 2 Comparison of GSE between enclosure with FSS and conventional metallic enclosure under four Ryg conditions
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Table 3 Comparison of GSE for the metallic enclosure with four different Ry of FSS

GSE/dB
fIGHz
Riw=1.0 Riw=1.5 Riw=2.0 Riw=25
22 32.02 22.83 24.34 25.04
24 34.18 3533 33.55 31.41
26 27.13 27.84 24.65 28.98
28 13.41 15.15 13.95 16.77
30 2.82 53 3.99 5.36
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Fig. 6 Four kinds of positions distribution of the vent hole array on the enclosure surface
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Fig. 7 Comparison of shielding effectiveness for different positions of FSS panel
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Table 4 Global shielding effectiveness of the enclosure for different positions of FSS panel

GSE/dB
fIGHz
upper-middle center upper-left center-left
22 14.77 22.83 13.35 21.22
24 32.34 35.33 33.45 34.39
26 26.32 27.84 23.09 27.53
28 12.92 15.15 13.84 17.82
30 3.78 5.30 2.43 3.93
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Fig. 8 Comparison of CSE between enclosure with FSS and conventional metallic enclosure with respect to the polarization of electromagnetic wave
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Fig. 9 Comparison of CSE between enclosure with FSS and conventional metallic enclosure with respect to the incidence of electromagnetic wave
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