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Design Technique Using Bypass Capacitor to Improve Antenna Efficiency of
Inverted-F Antenna with Band Stop Matching Circuit
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Abstract

In this paper, a design technique using a bypass capacitor is proposed to improve the antenna efficiency of an inverted-F antenna (IFA)
with a band stop matching circuit (BSMC). The proposed antenna operates in the LTE bands 26 and 5(814~ 894 MHz). The bandwidth of
the IFA is expanded from 803~863 MHz to 800~888 MHz using the impedance change caused by the BSMC. To enhance the antenna
efficiency in the expanded frequency band, the bypass capacitor is applied to the IFA with the BSMC. The bypass capacitor improves
the efficiency of the antenna by reducing the current variation of the IFA with the BSMC. The proposed antenna has a bandwidth of
804~895 MHz and the antenna efficiency increases by more than 10 % in the extended frequency band by using the bypass capacitor.
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Fig. 1. IFA with BSMC.
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Fig. 2. S(2,1) parameter of BSMC.
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Fig. 3. Simulated result of impedance chart of proposed IFA
with BSMC and without BSMC.
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Fig. 4. S(1,1) measurement results of IFA and IFA with
BSMC.
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Fig. 5. Impedance matching circuit with bypass capacitor.
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Fig. 11. Antenna Efficiency and gain measurement results
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bypass capacitor in the expanded frequency band.

$ AATE B £35] 815 MHzol A & 88 %] &

el E4S ATk I9 113 19 128 BE QhEG
EgOl FEEN] wel S48 delue] o5 G4
03~04 dB A= FE A & F ok el A2
Zutdd gl A Ao s Zheth g
o] o5 8l 58 4 dde AT g A
371Ede] FHE MAulA 3244 Al S4< B &
AT

=19l A= bypass capacitorE ©]-8-3F¢] BSMC7 &

B
S IFAS] QL 28 FA7)E A4 718 A%
BT mRoA A el £4 R4l LTE

AF3} th ¥ (814~894 MHz)o|th. IFA°] BSMC$} bypass
capacitorg A-E&AIZAES W —6 dB 7]= 804~895 MHz<)
HAES 7MY o] &2 BSMCE 443 [FASH A
o] T3t} aFA T QY 22 bypass capacitor®] =
A2 FE FokF Aol A 10 % o) FE Ak <F
HL}o] o] 5 HA] HeUY] &8 FHOE 03~04 dB



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 1, Jan. 2019.

— IFA with BSCM
—— IFA with BSCM and Bypass Capacitor

H-plane at 815 MHz
(b) 815 MHzol| A H-%H
(b) H-plane at 815 MHz

E-plane at 815 MHz
(a) 815 MHzol A E-HW
(a) E-plane at 815 MHz

H-plane at 815 MHz
(d) 820 MHzell A H-HHA
(d) H-plane at 820 MHz

E-plane at 820 MHz
(c) 820 MHzol Al B-3HH
(c) E-plane at 820 MHz
J8 12. BSMCE A£3t IFAS} BSMC9 bypass capa-
citrg 2§ IFAY] dAZ% Hd 54 A3
Fig. 12. Measured far-field pattern of IFA with BSMC
and IFA with BSMC and bypass capacitor.

% o] Sty 28
bypass capacitor®] &3} s
|43} BSMCE A48 o8 3
FEANE F Awel 7IdEnh

M7

References

[1] B. T. Jiang, J. F. Mao, "Design of an PIFA-IFA-mono-
pole in dual-SIM mobile phone for GSM/DCS/Bluetooth
operations," in 2008 International Conference on Micro-
wave and Millimeter Wave Technology, Nanjing, Apr.
2008, pp. 1050-1053.

[2] Y. Sung, "Simple inverted-F antenna based on indepen-
dent control of resonant frequency for LTE/wireless wide
area network applications," [ET Microwaves, Antennas &
Propagation, vol. 9, no. 6, pp. 553-560, Apr. 2015.

[3] D. Lee, Chi, W. C. Choi, J. Ahn, and Y. J. Yoon, "A
simple monopole antenna for Hepta-band LTE/WWAN
metal-framed mobile phone," in 2015 International Sym-
posium on Antennas and Propagation(ISAP), Hobart,
TAS, Nov. 2015, pp. 1-3.

[4] P. W. Lin, K. L. Wong, "Simple monopole slot antenna
for WWAN/LTE handset application," in Asia-Pacific
Asia-Pacific Microwave Conference 2011, Melbourne,
VIC, Dec. 2011, pp. 829-832.

[5] S. Mufti, A. Tennant, and L. Seed, "3D printed electri-
cally small planar inverted-F antenna: Efficiency improve-
ment through voluminous expansion," in 2016 IEEE
International Symposium on Antennas and Propagation
(APSURSI), Fajardo, Jul. 2016, pp. 811-812.

[6] S. Zhu, S. Almari, A. O. AlAmoudi, and R. J. Langley,
"Implanted antenna efficiency improvement," in 2013 7th
European Conference on Antennas and Propagation(Eu
CAP), Apr. 2013, pp. 3247-3248.

[7] D. M. Pozar, Microwave Engineering, 4th ed. Hoboken,
John Wiley & Sons, pp. 411-415, 1990.

[8] Y. W. Chi, K. L. Wong, "Very-small-size folded loop
antenna with a band-stop matching circuit for WWAN
operation in the mobile phone," Microwave and Optical
Technology Letters, vol. 51, no. 3, pp. 808-814, Mar.
2009.

[9] K. Yamada, T. Ohira, "Graphical representation of the
power transfer efficiency of lumped-element circuits based
on hyperbolic geometry," IEEE Transactions on Circuits
and Systems 1I: Express Briefs, vol. 64, no. 5, pp. 485-
489, May 2017.

[10] T. Yang, W. A. Davis, W. L. Stutzman, and M. C.
Huynh, "Cellular-phone and hearing-aid interaction: An
antenna solution," IEEE Antennas and Propagation Ma-
gazine, vol. 50, no. 3, pp. 51-65, Jun. 2008.



Band Stop Matching Circuit®] %8 Inverted-F Antenna®] Bypass Capacitorg ©]-&¢F Stel v && 3 7]

[11] S. Yoo, L. Qu, J. Kim, and H. Kim, "Mobile antenna
performance improvement by ground mode tuning using
a closed loop," IET Microwaves, Antennas & Propaga-
tion, vol. 11, no. 8, pp. 1121-1126, Feb. 2017.

[12] Y. L. Ban, Z. X. Chen, Z. Chen, K. Kang, and J. L.

vl A 3 [AAtst/A - wa B9 34
2016 8<: Aot A7 A5o 3
(3 h
2016\ 9Y ~&Al: ANy A71HAA}
28tz A - uia} B8 A

Itpl [ BaE0f ket % vlo A2 0)n

4 5 A LG AAADTY]

20119 8Y: F=UIsty A7 AR E
(8D

20113 9€~2018'd 29: ATt A7)
AAsta A . eap B3 914

20183 3¥~&A: LG AA MC AF9H A

) dAdTY

AR [Z ZHA 20} Small Antenna, Medical %

Hyperthermia Applications

i3

Li "Decoupled Hepta-band antenna array for WWAN/
LTE smartphone applications," IEEE Antennas and Wire-
less Propagation Letters, vol. 13, pp. 999-1002, May
2014.

5 (At -

20149 2¥: =03ty
SHAD)

20143 3L ~&A: AA S A7AA
%I A - EaL B 3

Z 220K Small Antenna, Medical

Hyperthermia Applications

HlA}L E3) ¥ z]
WHEA 383 (o]

& 9 T [AANE/AF

1981 2€: AA gty A7 Hdxae3t
(FAh

1986 2€: Mgty A7)k 3}
(42D

19913 29: Georgia Institute of Techno-
logy (33HHAh

199253 ~1993d: S=d4FAATd 9

2011: ?'&:T#ZJX}.L}S@] b‘]—:g];(}
[ ZHAZ0f] ot 2 Asbd g



