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Design and Fabrication of Microstrip Circular Polarization

Antennafor the Satellite DMB Mobile Application

In-Kwon Hwang

Dept. of Telecommunications Engineering, Graduate School,

Pukyong National University

Abstract

In conjunction with recent progress and rapid growth in mobile
communications, the service of mobile terminals has advanced th be not
limited to digital audio- but to be extended to a wariety of multimedia data
services as well as mobile TV service. A nationwide digital multimedia
broadcasting(DMB) service in Korea was launched in 2005.

The term DMB was originated from DAB(Digital Audio Broadcasting)
which signifies 'digital radio’. DAB, the broadcasting for 'hearing only’
evolved into DMB, the broadcasting for 'seeing and hearing’ in January to
February, 2003. At that time, Korea Ministry of information and
communication(KMIC) standardized the term 'DMB’ to describe the

multimedia broadcasting services that include Audio as well as TV broad-
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casting and data, instead of 'DAB’ since it was judged not appropriate to
cover the meanings of those services.

There are two types of DMB systems, satellite and terrestrial.

The allocated VHF television channels for terrestrial DMB are channel
12 and channel 8. Also, more VHF channels are expected for DMB around
2010, because the transmission of analogue television broadcasting will stop
to change to digital broadcasting of terrestrial TV broadcasting after then.

Satellite DMB service uses 2.630~2.655GHz frequency range of UHF,
which is far higher than that of the terrestrial DMB. Terrestrial DMB is
based on land-base transmitting station; while satellite DMB is based on
satellite in the field of outer space. The broadcasting center located in the
ground transmits various multimedia contents to satellite through satellite
frequency range(Ku-band, 12~13GHz), while the satellite transmits them to
terminals in the ground through S-band of DMB frequency(2.630~
2.655GHz).

Satellite DMB in Korea mainly focuses -on mobile TV service and its
reception in harsh conditions such as in-building out of satellite line of
sight(LOS), underground and in a region shaded by high buildings. This
means that a repeater system(gap-—filler) is required to receive signals in
such an environment. An antenna for this repeater system must have

enough isolation to reduce interference between systems, and high gain.

In this paper, we propose a microstrip antenna with sufficient impedance



bandwidths and gains for the 2.65GHz antenna which used the satellite
digital multimedia broadcasting. The proposed antenna on a substrate,
which 1s small enough to be installed in practical mobile phones. In
addition, the proposed antenna decreases the construction complexity on the
substrate. The proposed antenna is suitable for the S-DMB band. Details
of the design and analysis of the proposed antenna are described and the

experimental results of the constructed prototype are presented.
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[Fig. 3.1] Microstrip antenna as two radiating slots with the

geometry.
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[Fig. 3.2] Microstrip cross section with field distribution.
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(a) Microstrip patch with arbitrary feed point.

(b) The equivalent eircuit
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Offset line

(b)

(b) Dual fed CP patches.

(a) Singly fed CP patches.
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[Fig. 355] Typical arrangements for CP microstrip antennas.
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F  feed point ( pp, 0, ) s=a

(a) Standard patch. (b) Singly fed CP patch.
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[Fig. 3.7] Fundamental configurations of singly-fed rectangular

patches.
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[Fig. 3.8] Equivalent circuit for rectangular CP patch antennas.
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[Fig. 3.9] Feeding locations required for circular polarization.

_31_



o] ¢tEly A A

34 &<

e

—_
o
vze]
T
el
7

N

o
N

o)
sl

=0

)

—_
fife)

ol
]

—_—

%
™
|
<]

wlo] =7 2

el

4

—_
o

el
ToR

Az Ago]
18 ¥FA} 4 2|0 uwlo]lm 2

=

ol

)

A

Rl

# 25}

B

&R

e

X

Mz
l
il
=l
A4
o
ey
el
&H

—

NI
]

b= Axb g A ¢tE

265 GHz= 3

T
a QEE

B

S aL

33

)
s, #4418

 CST MicroWave Studio 4.0

o

[e)
eI =

1434
sh 413

X_'

1),

fE

F 3 .

[¢]

o}, Windows XP 87

L

ko A7

S

)

Q

<)
°] 8

=

=

[e]

=

=ol h7t F31

o] Wolzlr},

]

== =
=LAl
T

-

3z

=

=

= A
oj

o]
o
a7

A
]

=

=
2
=

Felut

R4

°] ¢

34.1 71
[e)

sl
3

el

%

=
o

!

)
5/

—_—

!
=

27

S
T

I A e Jlw A

171 913

)3

A

=
=

i

A5k obel L}

2

A

_32_



=<

1 7149 A4

Table 1. Substrate specification.

Specification
Metal thickness 0.034mm(1 oz. copper)
Substrate thickness 1.6 mm
Dielectric constant 2.5
Loss tangent 0.0009
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[Fig. 3.11] Configurations of singly-fed circularly polarized antenna.
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s-Parameter Magnitude in dB.
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(c) 3D radiation Abs of patch antenna.
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Rad. effic.

Tot. effic- 1.072
Dir . (Abs) 2.669 dBi
Dir.(Theta) 2.669 dBi

(d) 3D radiation theta of patch antenna.

(f) 1D radiation theta of patch antenna.

[29. 3.12] sfA|etelvte] A& o] A3t

[Fig. 3.12] Simulation result of patch antenna.
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Frequency / GHz

(a) S11-of right-hand circular polarization antenna.
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25 265
VSVIR1 : 1.078

S~ /

(b) VSWR of right-hand circular polarization antenna.
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Dir.(Phi)

(e) 3D radiation phi of right-hand circular polarization antenna.
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Farfield ‘farfield (1=2.66) [1]" Directivity_Theta[Theta)
%0

(f) 1D radiation theta of right-hand circular polarization antenna.

Farfield ‘farfield (1=2.65) [1]' Directivity_Phi[Theta)
90

(g) 1D radiation-phi of right-hand circular polarization antenna.
(29, 313] 413 otele] AlE g old 23
[Fig. 3.13] Simulation result of right-hand circular polarization

antenna.
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(a) S11 of left-hand circular polarization antenna.
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(b) VSWR of left-hand circular polarization antenna.
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Trpe = Farfield
Approximation = enabled (kR >> 1)
Honitor arfield (£=2.65) [1]
Co = fbs

Output = Directivity
.65

= 1.081
= 1.023
= 2.663 dBi
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' Approximation
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" Freauency
Rad. effic.
Tot. effic
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Dir. (Theta)
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(d) 3D radiatiori"’thejt__a @ft—ﬂel cg.gr__poféﬁzation antenna.

4

)
) 11
Component
Output
Frequency
Rad. effic.
Tot. eff
Dir. (Abs) =
Dir.(Phi) = 2.661 dBi

(e) 3D radiation phi of left-hand circular polarization antenna.
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Farfield ‘farfield (f=2.65) [1]" Directivity_Theta(Theta)
%0

(f) 1D radiation theta of left-hand circular polarization antenna.

Farfield ‘farfield (f=2.65) [1]" Directivity_Phi[Theta)
%0

(g) 1D radiation phi of-left-hand cireular polarization antenna.
[19. 3.14] #2d3] StEYe] A EHlA 2

[Fig. 3.14] Simulation result of left-hand circular polarization antenna.
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(a) Perspective of Patch antenna in mobile phone.

—

(b) Front of Patch an mobile Jp“hone.

(c) Back of Patch antenna in mobile phone.
[ 4.1] @E7]ol Al 3§ A QtH Vo] AA R

[Fig. 4.1] Configurations of Patch antenna in mobile phone.
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(b) VSWR of patch antenna in mobile phone.
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Trp = Farfield
Approximation = enabled (kR >> 1)
Honitor = farfield (£=2.65) [1]
Component. = fbs

Output = Directivity
Frequency = 2.65

Rad. effic. = 1.099

Tot. effic. = 1.051

Dir- = 4.231 dBi

(c) 3D radiation Abs of patch antenna in mobile phone.

Trpe
| Approximation
\ Monitor

Component
\ Output
\ Frequency

\ Rad. effic.
| Tot. effic.
" Dir.(Abs)

. Dir.(Theta)

(@) 3D radia

\

Farfield
enabled (kR >> 1)
farfield (£=2.65) [1]
Phi

Directivity

.65

Type
Approximation
Monitor
Component
Output
Frequency
Rad. effic.

Tot. effic.

Dir. (Abs)
Dir.(Phi)

3.297 dBi

(e) 3D radiation phi of patch antenna in mobile phone.
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in mobile phone.

(g) 1D radiation phi-of patch antenna in mobile phone.
(19 4.2] S 7)ol A o] ShAQFE| v Al Eeo]lAd 4,

[Fig. 4.2] simulation result of patch antenna in mobile phone.
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(a) Configurations of right-hand circular polarization antenna in

mobile phone.
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(b) S11 of right-hand circular polarization antenna in mobile phone.
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Voltage Standing Wave Ratio (VSWR)

50 265
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VSVIR1 :1.304
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&_‘ /\_/\\_
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Frequency / GHz

(c) VSWR of right-hand circular polarization antenna in mobile

phone.
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Component s

Output rectivity
Frequency 85

Rad. effic 1.063

Tot. effic 1.022

Dir = 4.225 dBi

(d) 3D radiation Abs of right-hand circular polarization antenna in

mobile phone.
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Farfield ‘farfield (1=2.66) [1]" Directivity_Theta[Theta)
%0

Angular widih (3 dB) = 50.8 deg.
Side lobe suppression = 0.6 dB

(g) 1D radiation theta of right-hand circular polarization antenna in

mobile phone.

Farfield *farfield (f=2.66) [1]' Directivity_Theta(Phi); Theta= 90.0 deg.
%0

=265
ude =202 dBi

irection = 270.0 deg.
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Side lobe suppression = 0.0 dB

270

(h) 1D radiation phi of right-hand circular polarization antenna in
mobile phone.
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[Fig. 4.3] Configurations and simulation result of right-hand circular

polarization antenna in mobile phone.
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44](c)VSWR 1.304=2 vepyivh [1¥ 44)(d)= A HYe] 3D %
AP RS HojFr, [29 44](e)9k [17 441()= 27} theta® 3} phis&
ZjEo® 3 WA E S BojEn [2F 44](g)= 1D WA E S YERY

= a2Hog A AAWE ey A& ol AI main lobe 7] 7} 4.2dBi

(a) Configurations-of left-hand circular polarization in mobile phone.

S-Parameter Magnitude in dB.
0 265

s11
/\ SL1:-176
s

-20

Frequency / GHz

(b) S11 of left-hand circular polarization antenna in mobile phone.
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Voltage Standing Wave Ratio (VSWR)

50 265
VSWR1
VSVIR1 :1.304

i

&_\ /\_,/\\_

—~ |
1 2 3 ) 5

Frequency / GHz

(c) VSWR of left-hand circular polarization antenna in mobile phone.

Approxima tio kR >> 1)
Monitor eld (f=2.65) [1]
Component s

Output rectivity
Frequency 85

Rad. effic. = 1.063

Tot. effic. = 1.022

Dir = 4.226 dBi

(d) 3D radiation Abs of left-hand circular polarization antenna in

mobile phone.
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)
) 11

Component
Output
Frequency

Dir.(Theta) = +.226 dBi

(e) 3D radiation theta of left-hand circular polarization antenna in

mobile phone.

Approximation. = enabled (kR >> 1)
Field (£=2.65) [11

Dir.(Phi) 3.299 dBi

(f) 3D radiation phi of left-hand circular polarization antenna in

mobile phone.
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Farfield ‘farfield (1=2.66) [1]" Directivity_Theta[Theta)
%0

= 42481

Angul

dth (3 dB) = 50.8 deg.
Side lobe suppression = 0.6 dB

(g) 1D radiation theta of left-hand circular polarization antenna in

mobile phone.

Farfield *farfield (f=2.66) [1]' Directivity_Theta(Phi); Theta= 90.0 deg.
%0

Frequency =265
Main lobe magnitude = 20.2 dBi
Main lobe direction = 1.0 deg.

Side lobe suppression = 0.0 4B

270

(h) 1D radiation phi of left-hand circular polarization antenna in
mobile phone.
(19 4.4] A3 e AA 2 D AlEdeold At

[Fig. 4.4] Configurations and simulation result of left-hand circular

polarization antenna in mobile phone.
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(a) Front of patch antenna. (b) Back of patch antenna.

O g4

(c) Front of right-hand antenna. (d) Back of right-hand antenna.

B!

—

(e) Front of left-hand antenna. (f) Back of left-hand antenna.
(29 5.1] A=t qke| v

[Fig. 5.1] Fabricated antenna.
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(a) S11 measurement results fabricated patch antenna.
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CH1 S11 SWR 1/  RFF 1 3. 2.9489
CHZ S1q log MAG 10 dB  REF 0 dB 3 —6.1396 dB
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(b) S11 measurement results fabricated right-hand antenna.
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i ' . o 184 <1%
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SIART 1 000.000 000 MH/ SIOP 6 000.000 000 MH/

(¢) S11 measurement results fabricated left-hand antenna.
[19 5.2] A= sfx] e 2 AZLtH VY S11 54 47
[Fig. 5.2] S11 measurement results fabricated patch antenna and

polarized antenna.
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7 Frequency= 2,655 (GHz)

Classify
0

30

Bearn Peak= 1.81 dBi, —115.00 deg

7 Averoge= —1.51(2.655 GHz)
File= ant5—E—planel®).pot

‘/150

30

v Freguency= 2.655 (GHz)

5q

—120% .,
180
Arplitude(dBi)
Iy

Clossify
0

30

(a) E-field radiation pattern measurement results.
- 0

24 dBi

Beam Peak= 1.50 dBi, —172.00 deg

¥ Averoge= 0.18(2.655 GHz)
File= onttS—H—plane($).pat

—80

180
Arplitude(dBi)

(b) H-field radiation pattern measurement results.
[19 53] 549 | A <FEle HAHHE
[Fig. 5.3] Radiation pattern measurement results of patch antenna
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(a) Front of antenna. (b) Back of antenna.
(2" 54] Al&E G278 sfx] <k}
[Fig. 5.4] Fabricated-of antenna in mobile applications.
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CH1 S 1.6683
CHZ2 519 5309 nH
00 MHz|
PRmM .

O3 54 %484
32119
$37 Cllg
 §55%5H

1
210 9
PRmM gTiéé\,\%
Cor 0.447 Q)
28
T 458 &
g

1
START  17000.000 000 MHZz STOP 3 80000 000 MHz

(237 55] A&H S 7pg Srelvte] S11 574 23
[Fig. 5.5] S11 measurement results fabricated antenna in moblie

applications.
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v Frequency= 2.655 (GHz)
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0

30

Beam Peak= 2.41 dBi, —119.00 deg

v Averoge= —2.17(2.655 GHz)

‘/WED
S

v Y]
—~ 2670
= 2.655 (GHz)
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Flle= ant1—E—plane(@).pot

)
(a) E-field radiation pattern measurement results.
VFrequ;ncy

Clossify
0

-0

£ak= 007 dBi, g
Bearn Peak= 1.57 dBi, —173.00 deg

150
v Average= 0.14(2.655 GHz)
File= ont1—H—plane(®).pot

120
Arnplitude(dBi)

(b) H-field radiation pattern measurement results.

(19 56] 49 27§ GEH Y WA E
[Fig. 5.6] Radiation pattern measurement results of antenna in mobile

applications.
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(b) S11 measurement results.
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Bearmn Peak= 1.38 dBi, 82.00 deg ﬂ/———\\ v Frequency= 2.655 (GHz)
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\\‘_{/ 7 Average= —3.63(2.655 GHz)
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Armnplitude(dBi) File= oceant—E—plane(®).pat

(c) E~field radiation pattern measurement results.
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= 0:28 dBi deg o 3 (GHZY
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(d) H-field radiation pattern measurement results.
(29 57] &5 s @278 et 54
[Fig. 5.7] Common used for an antenna in mobile applications and

characteristics.
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Table 2. Simulation result of microstrip antenna.

o] A2 A E
S11(dB) VSWR WAL 3§ (dBi)
antenna
3 X antenna -30.39 1.062 2.7
43 antenna -28.49 1.078 2P
# A 3] antenna -28.49 1.078 2.7

F 3. 9E7E qtHte 54

Table 3. Simulation result-of —microstrip antenna 1in mobile

applications.
42718 antenna| SI11(dB) VSWR AL 9 © (dBi)
¥ X| antenna -17.05 1.327 4.2
-3 antenna -17.59 1.304 4.2
# 3 antenna -17.59 1.304 4.2

dubA o2 Slle] -10dB olstd = <telue] SAe] Fra

av
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rir
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Table 4. Measurement results fabricated antenna.

2.63~2.655GHz0l VSWR 39]3} ¢ AL & 715 3
A S11(dB) Fu34 WY (GHz) | W19 Z(GHz)

3| A antenna -18.508 ~--20.795 2.034 ~ 4813 2.779
X4 3 antenna | -14.023 ~ -15.444 2.257 ~ 5.179 2.922
#/13 antenna -15.156 ~ 16.464 2.036 ~ 5.458 3.422

!

G347 & antenna | -12.147 ~ 12.683 1.614 3.437 1.823
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