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Abstract This paper reports the electromagnetic shielding structure of ultra-high frequency (UHF) RF
modules used in supersonic aircraft. With the advances in electrical and electronic technologies, the role
of electronic equipment in taking off and landing supersonic aircraft, navigation, collision prevention,
and communication is increasing. Accordingly, high-frequency radio devices should be implemented as
ultra-high frequency integrated circuits for compacting design for wide frequency band support and
aircraft interior mounting. In particular, aviation integrated devices are also crucial for implementing
them, but aircraft safety threats from unintended electromagnetic interference are a more critical design
factor. This paper proposes a shielding structure in the form of Shield Can that encloses the
noise-caused RF module to prevent malfunctions by EM. Shield Can used in the study was expected to
reduce the impact of electromagnetic radiation noise by absorbing the electromagnetic radiation, with
a large impedance compared to electromagnetic waves radiating into the air as conductors, such as Au
material. The shielding effect of the improved RF modules was verified by quantifying the ratio of
incident and transmission waves in the electric field using the measurement-shielding factor SE
(Shielding Effect). The shielding factor of the RF module before and after the improvement was measured
and analyzed. As a result of the measurements, the RF modules with improved shielding structures
showed improvements of 31dB over conventional RF modules over the entire frequency domain.
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Fig. 1. RF Communication Module
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Fig. 4. Shielding Effect Analysis Condition
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Table 2. Shielding Effect Simulation Results for RF module with Shield structures

Mode OOOMhz(Low Band) OOOOMhz(Middle Band) OOOOMhz(High Band)
0 0
0 (
pe—e A ) —e
220 4 -20 -20 4
@ 40 g -40 E -40 4
Result E E E
E -60 - t 60 1 E -60 -
807 L 80 TN 80 1 I
100 L — . ; ; . 100 L ‘ ‘ ‘ ‘ 100 L : : . .
5 0 5 10 15 20 5 0 5 10 15 20 50 5 10 15 20
Y-axis Location [mm] Y-axis Location [mm] Y-axis Location [mm]
Compare Compare Compare
Result to Original Result to Original Result to Original
Original -10.85dB - Original -10.8dB - Original -10.8dB -
SE
(Max.)
Shield -52.27dB -41.42dB Shield -38.1dB -27.3dB Shield -37.1dB -26.3dB
Full -90.26dB | -79.41dB Full -84dB | -73.2dB Full -83.6dB | -72.84B
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Table 3. Proposed Shield Structure Improvement

Number of Thickness of
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OOOMhz, 9 OOOMhz, Y OOOOMhz z+
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Fig. 5. Shield structure with Bonding Wires
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Table 4. Shielding Effect Simulation Results corresponding to the number of Wires

Mode OOOMhz(Low Band) OOOOMhz(Middle Band) OOOOMhz(High Band)
0 0 0
10 10 -10
—_ 20 . 20 . -20
m m m
= = =2
Result % =0 E 301 E &0
. U -
Y40 w40 4o
50 50 - -50 4
—— [2 Bondwires] —— [2 Bondvwires]
—— [3 Bondwires] —— [3 Bondvwires]
—— [4 Bondwires] —— [4 Bondvwires]
50 L— . . . . 40 L — : . : 60 1— ! !
5 0 5 10 15 20 5 § 10 15 20 5 0 5
Y-axis Location [mm] Y-axis Location [mm] Y -axis Location [mm]
Compare Compare Compare
Result to 2Wire Result to 2Wire Result to 2Wire
2Wire -52.27dB - 2Wire -38.1dB - 2Wire -37.1dB -
SE
(Max.)
3Wire -55.2dB -2.93dB 3Wire -40.2dB -2.1dB 3Wire -39.5dB -2.4dB
4Wire -56.3dB -4.03dB 4Wire -42.1dB -4.0dB 4Wire -41.2dB -4.1dB
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Table 5. Shielding Effect corresponding to Bonding
wire thickness

Bonding Wire Thickness
Test Parameter 50m 100m
(Original) (Advanced)
RS -56.3dB -57.2dB
OOOOMhz
(Middle Band) 42148 ~45.248
OOOOMhz
(High Band) -41.2dB -42.1dB
4, A=

£ ATo|AE UHF B AHgale 2355} RFR
So] Aju] 20 gk AT Susiech. 2} R
SES YO Fut foE, BT Ao adste
Sle ALgEILt, At WAt 4] Dol BHow
At ) o] dhek @77k Bastech, ol

A= RF 289 Axjaf HAF A3 Q8] RF B&EE 7
A= FEY Shield Can FEi9] 2 £2E Albsta

71 RF EE3 29 8IKSEYE Hluwste] R4t
b3t g A5 AAlsH

AZ7] 34 23} Shield Can HE0E A4 AFE
ZQIgE 4= Ql}lon, F7} 7419tC & Bonding Wire 7§
& 371 A $7HE Boll 714 JEE8E FIAIA A
¥ 835 S sttt AAME X5 A835 HF A
<2 712 tfH] At OOOMhz, SHE OOOOMhz,
1t OOOOMhzolA 242t -46.35dB, -32.4dB,
-31.3dB7} 7= Qi

2 AFollA At AR} | P42 AR 2F
of o3t @& Aot H|PMAY, 8
A2 FIAF B 2 ﬂ—_r" ANRE 5o 42 =1
1} F o] AR Xy 7] A FEAA ]
1T HE9| At 21| ‘%‘ ol & & 4= S)
Ao wetEr

H

References

[1] T. K. Lee, J. W. Lee "EMI/C trend of electronic devices
on board aircraft’, The Proceeding of the Korea
Electromagnetic  Engineering  Society, Korea
Electromagnetic Engineering Society, Vol.18, No.1, p.
51-64, 2007.01

577

[2] S. Y. Kim, "Aircraft EMC technology trend", The
Proceeding of the Korea Electromagnetic Engineering
Society, Korea Electromagnetic Engineering Society,
Vol.31, No.1, p. 60-71, 2020.01

[3] S. L. Jung, "PCB design technology’, Jinhan M&B, p.
280-281

[4] Seok Bae, Don-Chul Choi, Soon-Young Hyun, Sang
Won Lee, "Electromagnetic shielding principle and
related technology trends', Journal of the Korean

Magnetics Society, The Korean Magnetics Society,
Vol.23, No.2, p. 68-76, 2013.4

[5] Y. M. Kang, Electromagnetic shielding principle and
related technology trends, The Korean Institute of
Electrical Engineers, The Korean Institute of Electrical
Engineers, Vol.68, No.1, p. 31-37, 2019.1

[6] Suk Ho Seo, Ki Beom Ku, Ji Hoon Kim, Dae San Oh,
"Improvement of Broadband Radiated Emission Noise
in Military Tactical Vehicle by Using Additional
Alternator in Engine', Journal of the Korea
Academia-Industrial, Vol.21, No.9, p.397-404, 2020.9
DOL:https://doi.org/10.5762/KAIS.2020.21.9.397

[71 J. H. Park, Inverter electromagnetic wave application
standards and countermeasures for  military
equipment, Abstract of the Korean Society for
Aeronautical and Space Sciences Conference, The
Korean Institute of Power Electronics, Vol24, No 4,
p.63-69, 2019.8

[8] J. H. Kim, A Study for un-intended input blocking
method of KF-X MFD touch-screen cause by external
electromagnetic noise, Abstract of the Korean Society
for Aeronautical & Space Sciences Confernece, The
Korean Society for Aeronautical & Space Sciences,
p.705-706, 2020.11

[9] S. L. Jung, "PCB design technology’, Jinhan M&B, p.
22-23

[10] T. W. Kim, J. H. Lee, "Electromagnetic Shielding
Effectiveness of CFRP Panels, MLI, and RF Screens for
Spacecraft Applications’, The Journal of Korean
Institute of Electromagnetic Engineering and Science,
Korea Electromagnetic Engineering Society, Vol.31,
No.11, p. 947-955, 2020.11
DOL:http://dx.doi.org/10.5515/KJKIEES.2020.31.11.947




AR &85 =R A A22d Al7E, 2021

8t & &(Sang-hoon Park) (=518

- 20154 89 : &AkEE A7

AFSE (B

20159 7€ ~ 20194 12€ : o

AzFo} @7

' 20194 129 ~ B4 : F1EE
49 A7

(TR
AR, FEEst
Z & $KSeung Han Kim) RSl

20124 2¥ : B=xFsl|&Y 7]

AFEHE (F8HaAD
20129 349 ~ 20149 7¥ : 1G
= AR AAREAATE ALAT

— )
G + 20149 8Y ~ @A : TR
49 AYATY A
(FHEoR

578



