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ABSTRACT

We design a small microstrip patch antenna with rectangular patches for use in mobile communication
devices for mobiles. As can be seen from the results of the designed antenna, the small microstrip patch
antenna was designed to have a center frequency of 1.91 GHz, which was successful. The ground plane
dimensions of the patch antenna are designed to be 31mm x 40mm, and the patch dimensions are
22mm x 31mm. The designed antenna is sized enough to fit into a typical mobile communication
device. Reduced posterior lobe radiation has been obtained, which is an additional advantage of the
antenna when applied to mobile terminals because it minimizes the amount of electromagnetic energy
radiated towards the user's handset. A gain of 1.87 dBi and a directivity of 5.56 dBi were obtained.
The bandwidth obtained for this antenna is 23.28 MHz, and time division systems and global systems
of mobile communications use 30 KHz channels, which is sufficient for personal mobile terminals.
When mobile phones are connected through satellite networks to provide services to users, different
networks must be able to operate the mobile terminal's antennas at separate frequencies. Work must be
done to design a dichroic or trichromatic microstrip patch antenna that can operate at four or three
frequencies and be used for many applications.
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Figure 1. Top view of microstrip patch antenna
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Table 1. Effect of feed location on center frequency, return loss
and banadwidth

Feed
. Center Return Bandwidth
Location
No. Frequency Loss (RL>-9.5dB)
(% 37) (GHz) (RL,dB) (MHz)
(mm)

1 (1,0) 1.9153 -1.1384 -

2 (2,0) 1.9147 -4.5967 -

3 (3,0) 1.9127 -10.9602 9.97
41 (3.250) 1.9133 -13.3696 15.32
51 (350 1.9127 -16.6242 18.84
6 | (3.75,0) 1.9127 -21.2769 21.43
7| (4.0,0) 1.9120 -31.3585 23.28
8 | (4.25,0) 1.9127 -28.5068 24.40
9| (4.5,0) 1.9127 -21.2952 25.16
10| (4.75,0) 1.9120 -17.6845 25.23
11| (5.0,0) 1.9120 -15.0623 24.30
12| (6.0,0) 1.9087 -10.2221 13.57
13| (7.0,0) 1.9087 -7.7754 -

14| (8.0,0) 1.9087 -6.3367 -

15| (9.0,0) 1.9073 -5.5806 -

16| (10.0,0) 1.9073 -5.0228 -

—&—  Feedat (4,0) dB[S(1,1)]
Feed at (3,0) dB[S(1.1)]
Feed at (6,0) dB[S(1.1)]
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185 19 195
Frequency (GHz)

g2 Az g 34 939 d@ vt &4
Figure 2. Return loss for feed located at different locations



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 14, No. 6, pp. 675~682, December 2019

Ho 2 Fupg W @ 4 ok -95dBE A
Aupr] 20 P <GE DA HH o FAHL
-31.3585 dBS] WMAkEA o] TRl (X, Yp)=(, 0)
o e ALE I, o] FHH A digt
QHElU L 2328 MHzZ AXbEH oo wha}
19120 GHz®] &4l Fa7k <3 D #2o] &
ojA1 ol k= AA Fu4<l 19 GHzoll v
7T S8 HA7E HA SN Fol
nEt FA FugTE O 7S] AlFshe Aol
AR AFRelA B F Ja, O DAF Ho
WAL E4o] (X, V)=, 0o QojAAwt Hu
AL (X, V=475 0914 Lojhe & 5 9
=3

—e—  dB[s(1.1)]

2 205 21

17 175 18

185 19 195
Frequency(GHz)

a9 3 400X FHA Fa wiabEA
Figure 3. Retum loss for feed located at (4,0)

32 FAF AE

mtol2Z 2EY 3] <devke dA He
Aoz WAL wo] 4=0° 3 $=00° o 1=
Hdo] T8tk ofgfe) <A™ HE 40" B ¢
=90° of tig 1.9120GHzol A9 St} o5& K
oAE

—=&—  1=1.912(GHz), E-total, phi=0 (deg)
—s—  £-1.912(GHz), E total, phi=90 (deg) 00

008k

a9 4, ¢=0°F} ¢=90°ol thet 1= = El(dBi)
Figure 4. Elevation Pattern(dBi) for ¢=0° and ¢=90°

A o]52 HEEAll= WFoR HojA|w
$=0" 2 $=90° BF o]50] 187 dBiZ FHT,

SRl o] Qg AgE © 37149 4
Aol glek ol AHEAS MPES Pk AR
shel WAREE BaA7)] Mol Qe o

y

b,

Z

(b)

a9y

5. (@) XZ FHAA YES wel Hole 3D WA} 9"
(b) XY HHolX Z&& ute} Bol= 3D WAt Hfe
Figure 5. (a) 3D view of radiation pattern looking along the

Y axis in the XZ plane
(b) 3D view of radiation pattern looking along the Z axis in
the XY plane

- 679 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 14, No. 6, pp. 675~682, December 2019

AAE viola2 2EY A <tEurt 2kl

Sy)e) AFEm, F=¢ HEo| WA} Hieko]
I, FH9 FEo] dEy] FEe] Hol JAE B
2% A En

33 & A4HE ¥EvH

1.912GHzol| A QFelve] o5, A3k, telu &
S 2 3B WED 2 g mevee Aatd
Ade o7 2o

o A9l = 1.8717 dBi

o |34 = 556 dBi

o CHElU} &8 = 4277 %

e 3dB W 3 = (106.85, 110.24)°

4. 4 &

zatgd @l ARgsty] s A diAE
A A npolag 2EF QHUE AAE] 9
UubAQl mupy @@v|e) A7) oF 14.5cmX
4.5cmol| B0l QHeUE AASI. mEkA A
B otelues 2utd widvle) Hgsla AA A

2 Ae A ARdA & F sxol 1.91GHz9
A FUFE 2AEE AFHZ 47 L AP
ek x| otelute] HAW 4= 31mm X 40mm
2 AAEYeH #x X4E 22mmx3lmme]t).
wed A" gEHve g2l ¥e 4 e

=it wEl e AgsEe d F7hEe
2 40] gtk 187 Biel ehetolS 2 5

o AggelSe] dojzlm, of el el A
HIEL 238 MHzolYl, A12E B53 A28 2

o

==Y Zrpd FAl Al2E 30KHze AdS Ab
SRR Butd @] AR FEet & 4
2 % T T2 99 o] @)Y dAE o

453
Al A Mrl

A
g9 wnkd T’& 7l oy &8 ZRIYo|
]_

i
o
g,

N

B

offt
ofs

ol

&

ko

St

[y
=

2
o
Jﬂ 7=}

e, A8
As)sh 5AF F34 Bl
A3k wB71s) olEFEAY o
e g ol Adsel A
g S5 gk ol Mz

&0 o
4o
IS

rulm
)
o4
o

g2 vESaE 927]9 et Bxe Fu
Foll A g & 5 glojol @tk o] =R A7
g <t 191GH: A9 44 Wis <tgulol

I, 20 == IRY FgdM DEsld 948 §
}1 Ho}:oﬂ }\]_.9_6‘]— 9= ZAA = Al u}

OETM\_T—loEI—

oz 2EY WA S WAN] AP AT

=

=2

aysjora,

References

(1]

(6]

(7

T. S. Rappaport, Wireless communications:
principles  and  practice,  Prentice  Hall
Communications Engineering and Emerging
Technologies Series, 1999.
www.wirelessadvisor.com, Jan.2019.
http://web.bham.ac.uk/eee1roj8/websites_demo,
Jan.2019.

W. L. Stutzman, and G. A. Thiele, Antenna
theory and design, John Wiley & Sons, Inc,
1998.

C. A. Balanis, Antenna theory: Analysis and
design, John Wiley & Sons, Inc, 1997.

S. N. Makarov, Antenna and EM modeling
with MATLAB, John Wiley & Sons, Inc,
2002.

F. T. Ulaby, Fundamentals of applied



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 14, No. 6, pp. 675~682, December 2019

(8]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

electromagnetics, Prentice Hall, 1999.
S. R.
propagation for wireless communication
systems, John Wiley & Sons, Ltd, 1999.
G. Kumar, and K. P. Ray, Broadband
microstrip antennas, Artech House, Inc,
2003.

Saunders, Antennas and

R. Garg, and A.
Ittipiboon,
handbook, Artech House, Inc, 2001.

Y. Qian, A microstrip patch antenna using

P. Bhartia, 1. Bahl,

Microstrip antenna design

novel photonic bandgap structures,
Microwave Journal. Vol. 42, pp. 66-76, Jan.
1999.

C. A Advanced
electromagnetics, John Wiley & Sons,
York, 1989.

E. O. Hammerstad, Equations for microstrip
circuit Fifth
Microwave Conf., pp. 268-272, Sep. 1975.

E. H. Newman, and P. Tylyathan, Analysis

Balanis, engineering

New

design,  Proc. European

of microstrip  antennas  using  moment
methods, IEEE Trans. Antennas Propag. Vol.
AP-29, No. 1, pp. 47-53, Jan. 1981.

D. M. N. Elsheakh, H. A. Elsadek, E. A.
Abdallah, and M. F. Iskander,
Reconfigurable single and multiband inset
feed microstrip patch antenna for wireless
El-Hennawy H.M.S.
Progress in Electromagnetics Research. 12,
pp. 191-201, 2010.
S. Gupta, and S.

analysis of compact and broadband high

communication devices.

Kumar, Design and

gain microstrip  patch antennas. In
Communication and Network Technologies
(ICCNT),

pp. 11-15,

International Conference on IEEE,
Dec. 2014.

[177 R. A. S. Sappal,

microstrip  patch

Design of rectangular

antenna  using particle

swarm optimization, International Journal of

Advanced Research in  Computer and
Communication Engineering, Vol. 2, No. 7,
2013.

[18] M. A. Afridi,
designing at 2.4 GHz frequency, Biological
and chemical research, pp. 128-132, 2015.

[191 D. Bhalla, and K. Bansal,
rectangular microstrip patch antenna using

feed IOSR  Journal of
Electronics and Communication Engineering.
Vol. 7, No. 4, pp. 8-13, 2013.

[20] Y. S. Santawani, A. R. Bari, S. K. Khode,
and C. R. Kuwar, Printed L-Slot Antenna

For Wireless Application. 2017.

Microstrip patch antenna -

Design of a

inset technique.

=utd G871 g AR wlo|Z2AEY
FH Y A

HA A
FAleelu JHE

F4 A0 A7) 93 Al
23 vlolaz 2EY A4 EUE
3 2 el Aol & & glxol
3 U}Olii =4 A7 Qe 1900t 34
= 7

B

]Q }\-13'—240 734,].# %t‘sa
]LH AAW A4+ 3mm X
40mm= **74]5]‘”#“% 2 4= 22mm x 31mmel
o, AAE oteHues gurEl 2utd olF F4 AX]
, 93ke
o] WAL dlE o] WEAHE ARE H
]: A}g

- 681 -



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 14, No. 6, pp. 675~682, December 2019

#2837 i Zakd @yl A48 u ot
el 371891 oo H}. 1.87 dBig] |5 ¥ 5.56
dBi9l Aol ARt o] eyl s A& o
HZL 2328 MHzolH, AEE Al2d 2 muld &
A FEH AJ2ELS 30 KHz QDS ARgstez /)
g mukd gl FEII Zukd Eo| 944 )
EYAE 53 AdEo] AMEAA Mul2E AT
o M2 g2 JEYIe Zutd g9 eyt
HT o oA AF & 4 9lofof st=H, o =
FolA AAE dEve 191GHz 49 Y W=
otevbole 270 B 3709 FulolA AEsle] o
2 & Hopdll AT § e FAY e A
9] wpo]laz 2EY dx <ddHY AAE AT FPs

S el B

A1)

o] =2 20199 = A &) & sk tn] A
o gJ&f A=A

Jae-Yeon Choi received the
BS., MJS., and PhD.
degrees in electronic
communication engineering
from Hanyang University,
Seoul Korea in 1985, 1987
and 1998, respectively. From 1987 to 1989, he
was with Samsung Advanced Institute of
Technology. From 1989 to 1992, he was with

LG Information & Communication Research
Center. Since 1996 he has been with
Department of Information & Communication,
Namseoul University, Korea, where he is now a
professor.

E-mail address: cjy@nsu.ac.kr

- 682 -




<<
  /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 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /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 ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


