
INTERNATIONAL JOURNAL OF KIMICS, VOL. 8, NO. 5, OCTOBER 2010 489

Abstract— This paper proposes the planar-type modified 

monopole antennas of loop structure. This antenna has an 

opened center of a conventional closed loop structure with 

an inside-folded terminal of the loop microstrip line. The size 

of the proposed antenna was minimized by folding the end of 

the loop. Also, the reactance value has been minimized by 

increasing capacitances between the coupled microstrip line. 

Therefore the proposed antenna has been compacted to 

about 20% from a conventional loop antenna and has 

increased its efficiency. The proposed antennas have an 

omni-directional pattern, the antenna gain was 3.67 [dBi] 

and the bandwidth was 900 MHz (2.6~3.56 GHz) with 

VSWR≤2 from the simulated and the measured results. The 

frequency utilization coefficient was 29.9%. These properties 

could satisfy the S-DMB band. 

 

Index Terms—folded loop antenna, CPW (Coplanar 

waveguide), Broadband, Wideband, S-DMB 

 

 
I. INTRODUCTION 

 

These days, with the miniaturization and integration of 

personal mobile terminals, mobile phone antennas 

likewise must be small, light, multi-functional, and 

capable of being mass produced. In today’s mobile 

telecommunication age, monopole and patch antennas are 

used most as terminal antennas because they are easy to 

manufacture. Patch antennas are widely used as antenna 

elements but are problematic because of their narrow 

bandwidth (approximately less than 10%). In addition, the 

size of the patch is approximately λ/2 in relation to the 

wavelength of resonance frequency, which makes these 

antennas difficult to mount on small portable 

telecommunication devices[1][2]. This also poses an 

obstacle to the manufacturing of the diverse designs 

demanded by today’s consumers. This paper proposes to 

minimize antenna size by folding the loop. The physical 

size of the antenna is minimized by opening and folding 

the center of microstrip loop into the radiator. The current 

at the terminal of the opened and folded loop structure is 

approximated at zero due to the electromagnetic 

properties. The antenna efficiency is increased by 

generating capacitance between the folded microstrip 

lines. The proposed antenna can be used for the satellite 

DMB band. 

 

 
II. ANTENNA DESIGN AND  

MEASUREMENT 

 
(a)                 (b) 

 

Fig. 1 Geometry of proposed antennas 

(a) A closed loop structure. 

(b) The coupled loop structure. 

 

TABLE 1 

OPTIMAL PARAMETERS OF THE DESIGN 

ANTENNAS 

 

(a) Parameters of closed loop 

Parameter Value Parameter Value 

L1 17[mm] FW 5 [mm] 

W1 24[mm] FG 0.4[mm] 

HG 1.4[mm]   

 

(b) Parameters of with coupled loop 

Parameter Value Parameter Value 

L1 15[mm] SG 0.4[mm] 

W2 9.6[mm] HG 1.4[mm] 

L2 6 [mm] FW 5 [mm] 
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Fig. 2 Return loss against various L2 in (b) of Fig1. 
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Fig. 3 Return loss against various SG in (b) of Fig1 
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Fig. 4 Impedance characteristic of proposed antenna. 

 The proposed antennas use a coplanar waveguide 

(CPW) that can be realized through a single plane,  

thus allowing for an easy feeding method. Fig. 1 

presents the design structure of the proposed antenna. 

Structure (a) of Fig. 1 represents closed loop antennas. 

The proposed structure (b) of Fig. 1 represents an 

opened and folded central loop antenna with 

electromagnetic properties approximated at zero. The 

proposed antenna is folded inside the loop to generate 

coupling between both lines. As shown in the Fig. 1, 

planar square loop antennas consist of a feeding part 

and a radiating part according to a CPW with a length 

of 50[Ω] design[3][4][5]. 
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Fig. 5 Return loss of proposed antennas of (b) Fig1. 

 

 

Table 1 shows parameters of the designed antennas. 

Here, ‘H’ is the height of the dielectric board and t is 

the thickness of the conductor. An RF-4 substrate 

with relative dielectric constant 4.2 and a thickness 

0.8 [mm] was used for designing the proposed 

antenna. The length of the rectangular loop antenna 

was optimized from λ/3 to λ/4 of operation 

frequency[6]. Fig. 2 shows the reflection coefficient 

according to L2 change in structure (b) of Fig. 1. Here, 

the maximum resonance properties were obtained at 6 

mm when L2 changed from 6 to 9 mm. Accordingly, 

as the length of L2 increases, the resonance frequency 

shifted to a lower band, It was in agreement with 

general antenna theories. Fig. 3 shows reflection 

coefficients in proportion to SG change in structure 

(b) of Fig. 1, which is the gap between folded 

microstrip of loop antenna. When SG changed from 

0.4 to 1.2 mm, the resonance frequency didn't shift 

but the resonance properties changed. This was 

because resonance conditions were satisfied in 

consequence of capacitance change due to the SG 
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distance. Fig. 4 shows impedance properties 

according to a simulation of structure (b) of Fig. 1. 

Here, when the imaginary value approximated at zero, 

the effective resistance clearly expressed a 

characteristics impedance of 50 [Ω]. Fig. 5 shows the 

reflection coefficients of comparison between a 

closed loop antenna and the proposed antenna. From 

Fig. 5 the resonance frequency of closed and folded 

structures didn't change significantly, but the 

proposed loop antenna produced better characteristics 

of reflection coefficients than a closed loop antenna. 

The total size of both structures were reduced 

approximately 20% and obtained good results, due to 

the design of the folded loop antenna. 
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Fig. 6  Impedance characteristic of proposed antenna. 

 

 
 

Fig. 7 Impedance characteristic of proposed antenna. 

 

 

 

 

     
 

  (a) Closed loop type     (b) Coupled loop type 

 

Fig. 8 The photographs of manufactured antenna 

 

Fig. 6 shows reflection coefficients of the simulation 

and the measurement. As shown Fig. 6 reflection 

coefficients have  similar results that were outstanding. 

Fig. 7 shows the radiation pattern of the proposed antenna. 

Here, differences in gain properties are extremely 

negligible, the radiation properties of the electric field and 

the magnetic field reflected the monopole antennas of 

omni-directionality. Fig. 8 shows photographs of the 

manufactured antenna. The third photograph was small 

because the overall size decreased in comparison with the 

closed loop antenna. 

 

 

Ⅲ. CONCLUSIONS 

 

In this paper proposes the use of a modified folded loop 

antenna with CPW-fed. The proposed structure has an 

opened and folded center loop antenna. It has been folded 

inside to generate a coupling between both coupled lines. 

We analyzed the properties of the proposed antenna 

according to designing parameter values and 

manufactured specifications. Antenna gain of 3.67 [dBi] 

were obtained and from both of the simulation and the 

measurement results an impedance bandwidth of 900 

MHz (2.6-3.56 [GHz]) with VSWR≤2 was obtained. It 

satisfied the frequency band of satellite DMB (2.6-2.655 

GHz). The electric field and magnetic field patterns of the 

radiation pattern confirmed to approximate an omni-

directional pattern. 

 

 

REFERENCES 

  
[1] W. Menzel and W. Grabherr, "A microstrip patch antenna with 

coplanar feed line," IEEE Microwave Wave lett., vol. 1, pp. 340-

342, Nov. 1991. 

[2] W. L. Stutzman, G. A. Thiele "Antenna theory and design," John 

Wiley & Sons, pp.210-215, 1998  

[3] P. L. Sullivan, "Analysis of an Aperture Coupled Microstrip 

Antenna" IEEE Trans. Antennas and Propagation, Vol. AP-34, No. 

8, August 1986. 

[4] H. Lee, Y. Lim. "Wide-Band High-Efficiency Printed Loop 

Antenna Design for Wireless Communication Systems," IEEE 



 Sung-il Park : DESIGN OF PLANAR-TYPE MODIFIED FOLDED LOOP ANTENNAS  492 

Trans. on Vehicular Technology vol.54, no.3, May, 2005.  

[5] K. F. Lee, W. Chen, "Advanced in Microstrip and Printed 

Antennas," Wiley Inter-science, pp. 71-109, 1997. 

[6] K. D. Katsibas, C.A. Balanis, P. A. Tirkas, " Folded loop antenna 

for mobile communication system," International IEEE Antenna 

and propagation Symposium Digest. vol. 34, pp1582-1585, Jul. 

1996. 

 

 

 

 

Sung-il Park received the B.S., M.S. in 

Information & Communication engineering 

from Dongshin University, Naju, Korea, in 

2002, 2004, respectively. He also received Ph.D. 

from Chonnam National University, Korea in 

2010. From 2006 to 2009 he was a full-time 

lecturer in Information & Communication 

engineering from Dongshin University. Since 

2009, he has been a part-time lecturer in 

Information & Communication engineering 

from Dongshin University, Naju, Korea. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


