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Design of the Open-Loop Combined Meandered-Line 1-Layer Radiator for
Diversity Antennas with Size—Reduction and Improved Isolation
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(Segyoon Mok - Sungtek Kahng + Yongjin Kim)

Abstract — This paper proposes a new diversity antenna which is the base of MIMO, tunable and reconfigurable antennas. The

antenna has a small size and high inter—antenna isolation resulting from the compact radiating element comprising a meandered

line and an open-loop combined in one limited uniplanar space and a modified T-shaped decoupling structure, respectively. In a

WIMAX band, the radiating element and the entire antenna are 0.092\ and 0.2216) in size, which shows effective size-reduction

and the gain and efficiency of the proposed antenna attached to the ground of a handheld device are 3.7dBi and 56% acceptable

to the industrial standard
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Table 1 Size of the single antenna.
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AW (Antenna Width) 9.5mm(0.076A)
AT(Antenna Thickness) 5.5mm(0.044A)
AL(Antenna line length) 11.5mm(0.092A.)
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Fig. 2 Simulation model of the connected single antenna
with ground of terminal and its simulated result.
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Fig. 3 Surface current distribution of the single antenna.
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Fig. 4 Radiation pattern of the single antenna.
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Fig. 10 Diversity antennas with the decoupling structure.
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Table 2 Size of the diversity antenna with decoupling

structure.
2} 1] B 7]

AW(Antenna Width) 9.5mm(0.076\)
AT(Antenna Thickness) 5.5mm(0.044\)
AL(Antenna line Length) 11.5mm(0.092\)
FL(Feed line Length) 9.3mm(0.074A)
DW (Decoupling Width) 6.5mm(0.052\.)
TL(Total Length) 27.Mmm(0.2216A)
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with the decoupling structure.
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decoupling structure.

2.4 M otEl ClO|HAIE| S5 OtH|L|C|

=

ol Ho X 23delM HZF AT tholwAlE &
SteElUE Al FAs ] etHve AAWE HIFstuA §
oh 19 132 AlFg ey ARKlolth V|#e BE R
AgeA AMgS 7B 2 F o R, Eol7l 2mmol il W
A& el 4390 FR4E AHE3tSith 19 13(b)= AAl &

114

Be st 2Ae] A"l dEuE FFste] F4
2 Fefola el A5 w AREH AT

CECHED

(@ AFAATZEF AL vholmAlE H4che

(a) Diversity antennas with the decoupling structure

(b) 28 14t EAY JAHS 4 7%
(b) Connecting Fig. 14(a) with the system ground
O3 14 M=ZHE CHOo|HAIE] =5 e bS] AT
Fig. 14 Photos of fabricated diversity antennas

g 15+
ﬁi, Z“-ﬂ*ﬂ 20dB01 A 17dB§ A2 PA T v =23 5
=

0 e

—~
m -104
S
<4 —— 511 (Simulation)
Q -20 4 —0—s11 (Measurement)
(0] , - - - s21 (Simulation)
e —=— 521 (Measurement)
@
[ 4
& 30
e
(2]

40 4

T T T T
20 22 24 26 28 3.0

frequency (GHz)

O3 15 MAE clo|HAIE] 55 eHHLE 53 2 ZoMy
s—parameterZ o} H| 1

Fig. 15 Comparison between simulated and measured
s—parameters of the diversity antennas with the
decoupling structure.



a9 162 Zoddd SAE AP S vag Aol
ot E-cut? H-cutoll Al 2223} dS5gho] 719 v =3t

AN
UHEE AS Fd & 3tk

H-Cut [Theta=90]

109 Gain(dsi) 330 10 Gain(agi) 330

240

101 10] 210
180 —Simulation | 180
----- Measurement | | ----- Measurement
(a) E-cut(Phi=90) (b) H-cut (Theta=90)

o

ul—A|.

O3 16 CHO|HAIE] =5 cteLte] 54 2 =ol4l at
& d{W (2D-polar plot)

Fig. 16 Comparison and measured
radiation patterns of the diversity antennas with the

decoupling structure (2D—polar plot).

0

between  simulated

O 17 574 2 2oy WA E Y dA A FAA
S el S ez Huol5& JHAE FRAAY
Theta—cut®}, Phi-cutg YelW= 2ot} 179 (a)

oz %<l Theta=210" FZol4] Hujo]5o]
gl & 4 9, 2" 179 (b)ell A= Phi=0" ¢l F-i el

e & g e, o F 1yl Ade
3D 2odd A HEl 17 139 (A WAlsiEe] 2
A Zow A¢HA AL FIE 7IFELE SHY £ xF
AA EL 955 7IA= 54 2D-Polar plotS = LEFH
Aor woAFyR A gl

Anpt fabeAl Edg 8
* 90w B u RoNYt FYA FAS
ZA4Hom, 24GHz A SteLte] Ao o5 Ege wol
A9 4% A7 265dBish 65%% el EAAw el
2 6

Phi-Cut [Theta=140]

Theta-Cut [Phi=120]
0

7 Gain(dgi) 230 30

109 330

210
——SImulation | 180 - 180

210

—— SImulation
----- Measurement

(b) Phi-cut (Theta=140)

———— Measurement

(a) Theta-Cut (Phi=120)

a8 17 zfo|S X H™olM el Cto|HAIE] =5 QtHL} £F
3 ZolME  HrAtD{E dH]1 (2D-polar plot)

Fig. 17 Comparison between simulated and measured
radiation patterns at peak gain of the diversity
antennas with the decoupling structure(2D-polar
plot).

=13
=

colbfAlE| otELbel 48ste} Ziz|

Fn
e
0z
o
d0
o
e
o
2
hu
o
=

o

Trans. KIEE. Vol. 61, No. 1, JAN, 2012

T StElgE AlSkeigivh ©d QrE L
FAHAAE cHEUe] ARk Rdds VEo 2 9dB
ol A 20dBE °F 11dBIFHA Ao, FHXe 4$%= 17dB

Ao =
o] =Ro 20119 E wSHEr|eRe] fYow
STATAE AIAFHAL S Lol FFE 7]
TAFE 9. (NO. 2011-005389)

o\
o

it}

12

[1] A. K. Mak, C. R. Rowell, and R. D. Murch,"Isolation

Packed
Antennas,” IEEE Transactions on Antennas and
Propagation, vol.56, pp.3411-3419, 2008

[2] Chi-Yuk  Chiu, Yan, and R. D.
Murch,”24-Port and 36-Port antenna cubes suitable

Enhancement Between Two  Closely

Jie-Bang

for MIMO wireless communications”, IEEE Trans.
on Antenna and Propagation, pp. 1170-1176, Apr.
2008.

[3] K. Payandehjoo and R. Abhari, "Employing EBG
Structures in Multiantenna Systems for Improving
Isolation and Diversity Gain,” IEEE Antennas and
Wireless Propagation Letters, vol.8, pp.1162-1165,
2009

[4] X. Wang, Z. Feng and K.-M. Luk, "Pattern and
Polarization Diversity AntennaWith High Isolation for
Portable Wireless Devices,” IEEE Antennas and
Wireless Propagation Letters, vol.8, pp.209-211, 2009

[5] S. Yoo, S. Kahng, and J. Kim "A Compact MIMO
Antenna using ZOR Split Ring Resonator Radiators
with a Decoupling Structure” Microwave Journal, vol.
54, no. 11, pp. 26, November 2011

Rzt AdotE ATz dA 15



Mo1Es =g 613 13 20124 1€

R W e T O o o of & o Mo
- T T Ho - N~ o A 7o
e o R
o ]‘lﬁﬂ 0 ]‘Vl j— g
B <) o ~ = o T - of = @
Ho o Mo = L =N (o] el o2 Mo =
X S = e Ho o ol Ao XOoAE
AR et &) - X wa o o X
)éaﬂ%NZ G _ < — o © Ho I
Mo oiy T Eam T ME .
K 1 5 oo AT o R R T WA
BoLoSRG #res WIEL T g
T ER . & N Tl o
Mo Mo W = RGN 2 N W
LR B> $ha~EEx
FE @b NS = = TREN g
Cl oo H 2T gl w8 K
Lmdkd.uroa.A_X ,u| & X ~
2 = — _ﬂuﬂlaw gvowr H o, oF @r
= T R P Vo =
RN ] -
Gl orss< "o il
E.n %%‘ﬂl__ﬁﬂ»ﬂ
-
H
N~
ﬂ
.i,%
= oo

QHeluy, AgFd <tElg, #H A3t

2]

?

[5= #A&oH RF, &

116




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


