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Abstract

In this study, we designed the metallic reception part of a patch antenna using the phase field design method. The design object

function is formulated with the S-parameter value which represent the return loss so that it is targeted to maximize radiation

efficiency at a target frequency. The initial model of a patch antenna was designed via the ordinary theory based approach and its
performance was enhanced by changing the structural configuration of the metallic part using the phase field design method

combined with the double well potential functions. The final shape was proposed by removing the gray scale area along the

structural boundary by employing a cut-off method. The proposed shape shows that the radiation efficiency at target frequency is
significantly improved compared with the initial patch shape. The finite element analysis and optimization precess was performed

using the commercial package COMSOL and Matlab programming.

Keywords ' metallic structure design, patch antenna, phase field design method

.M B

vlo] 223 (microwave) Yol 8= FX| <t UY(patch
antenna) = il 7Pt A4k Al A7 A ==
AHE 7K aL Ak E=3 J1F - ejd 'ﬁqﬁrﬂ A9A dg
AREE 2L UK (Stutzman et al., 2012) vk o 2 ol
A= A B 7F SR eHE '&
ey digF Ak A elth= ZWO] %O‘Jr o2 e
SHUbol| H|sle] iAoz e wAl § &3 FL dES
AU 9tk olE FHIP] fsled AF7A] F X[ St

s 7L

Y

B B AF50] tiEe P 2ol 2AA 9
st 3219 Qe QFol7] W] s34 B3]
wsle AR e] 45 e A7) er BRdew Aed

T Atk o] & flate] o] 7] FRAA 7]
A Aol gtk fd LSS o] 83 A Whe] 1
2-go] Hojger de| ARgEo] hoH (Chelouah et al.,
2000, Song et al., 2014), SAA|FEFe] F714 718 A
U= (density method) 719k 9173245} HhHo] 284 n}
3tH(Uchida et al., 2009). 2 72 ##H 3} Ao 2L
AEE 3 e Ho|zFE AAYE AR 9E o] &3 Fx
A Fofr® AT ok Seta Ath(Byun et al., 2014,
Lim et al., 2014).

2 AFdM e Fo|=2BE AAMS ol &dte] BX T

w AL 94 & P 28 AL

o] <relLte] 47

COMSOLJJr Matlab 71 Rhe] X2 7S o]88le] 3=t

' Corresponding author:
Tel: +82-2-2123-28539; E-mail: yoojh@yonsei.ackr
Received October 17 2016; Revised December 12 2016;
Accepted January 2 2017
©2017 by Computational Structural Engineering Institute of Korea

This is an Open-Access article distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.
org/licenses/by-nc/3.0) which permits unrestricted non-commercial use,
distribution, and reproduction in any medium, provided the original work
is properly cited.

IHAMTETEE =22 M30H M15(2017.2) 17

e



A5 34

2. & 2y

2.1 slel=2= AAH 71l 945544

Hlo|zd = AAMPAAE AR & F 74 “(phase) =
42 1 9 Aol 4 e Al 24
W sk ol o A FelelAlel oA Ae
the 3} o] TAIEL

o o
B0) = [ [§rAve Fou(o) a0 1)

R A WA 2 7] AAVA RN, 1= FAAS
(diffusion coefficient)°|th. ExHAFE F 4 Ale]e] ¥islE
Ao =M A Po] EREE =

W%l slo|ZhE WS elnai)

\ru
N
i)
m?{_:
4
%0,
Ky
-

r
i)
L

Ho|zF = HAME A W Wl 3k 223l
RAES Altetal, oS v&3 22 w2t (reaction-

o
diffusion) ¥l tidste] A W4=2] BalS =33t}

a¢(x,t)
ot

aF(4.5(9))
B 2)

=TV2¢(x,t)—
F& Lagranget} < o]g-sf0] 223150} A ok21S
W3k (augmented lagrangian)ol®, t& 7Mdel
oqmgtt HA 3} BL Fig. 1o vehd uhe} 2o
AgPHh. fressy 2 vzte Albds COMSOL
7|2 & M-S, AAHS 784 3wk 32 Matlab
Z2 S o] g3l Z1P3Itt.

2 Oq—_r“ﬂ/\it H3koll Double Well Potential(DWP)
gejo] Holzde HANS AMgdozH

+*

Finite element analysis

i

Compute objective function ]

1

Sensitivity analysis about
objective function

i

—— e p—

Update phase field parameter

ftlo
e}
o
i)
o
N
i,
[
1l
)
it
N
rE
1o,
ot

A M u1°1zJéE W ghol T A Atole] Ao ARk
., 2010). DWP g<=
TGl uiet l%ﬂl A4 A Aol wls) Tt 72
o] Axs &8 £ g, A4 e Ak 9%
ot sl A7 oA FHEES =Y F

AH(Choi et al., 2011).

~

2.2 2H3} A9 A3}

24 Foigole] PAEES
E2 g} ko At 58S Hujs

=42 Hasidel geve £UES
A e E U

2 a7el 72 4
At she Aol 3

O

P,(¢)
Pl

Min. F(¢,S(¢)) =20log4/1— (3)

Subject to 0 < ¢ <1

2l (3)ellA Fe AA9 EFEe|th. S ULElvelA

ZeEe SalebrlE R, e Augke HAU(dB)
sALR e Aol A% e A7 99 A9 29
AR Jepie), B8 Fo5E 6GHz2 449, £
Af2e B4 £ 98 A AR 209 29 ABEAS
A sigiom, ool wer 4] (2)elqe] Wi Fi F 549
% gl

2.3 4 A9

E AdPedMe 3% d9d Uit EAXE ArHER
(electric conductivity) & EY3IATE. wlo]lAZ3} tjHeljA 9]
o] e 71} Fel(copper)ellMe] Ftol 27+ 0, 107
S/mEX Z zolE 7RIt Rk o R ARE= A
(penalization function) 719k AA| W<ee] M2 B4
s wete AF WHw AR Fgoxe & HEo
ofgte] FH ol EAI7F AT 4 lth(Aage et al., 2010).
B AFoAe wlolaRst MY &% Fxo WES
Tasb] sl o2t 22 sigmoid &479] 7|Hte] B4
AoE =sisith

U(¢) :U1+(02_01)(1+



7.00E+08

6.00E+08 |
5.00E+08 |
4.00E+08 |
3.00E+08 |
2.00E+08

Conductivity (S/im)

1.00E+08 |
0.00E+00

-1.00E+08 1 1 L 1 1
0 0.2 04 06 0.8 1

Phase field parameter

(a) Normal scale plot

2.50E-02
3.81E-15
5.82E-28
5.88E-41
1.36E-53
2.07E-66
3.16E-79
4.81E-92
7.35E-105

Conductivity (S/im)

0 0.2 04 06 0.8 1
Phase field parameter
(b) Log scale plot
Fig. 2 Interpolation plots of the electric conductivity
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Fig. 3 Schematic of the initial model and the
definition of the design domain
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patch antenna model
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Fig. 6 Results of patch structure design
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