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Abstract 
 This paper presents miniaturized RFID tag antennas. First, cubic and spherical RFID tag 
antennas are explained. These antennas have small size and 3-axes polarization. The application 
systems of these antennas are real-time specific absorption rate (SAR) measurement system and 
wireless sensor for biomedical systems. Second, small dual-band RFID tag antenna is designed for 
metallic object applications. This antenna is based on microstrip monopole antenna and parasitic 
elements are added for dual band operation. For miniaturization, the antenna is changed to ‘S’ shape. 
These miniaturized antennas would be useful for RFID system. 
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1. Introduction 
 

UHF band (860~960 MHz) passive RFID(Radio Frequency IDentification) system has been 
widely applied for wide range of applications such as asset identification, retail item management, 
and tracking applications because of low production cost with reasonable read range. The passive 
RFID system is consists of an integrator and a RFID tag. The tag antenna is composed of a 
microchip and an antenna and the readable range of the tag depends on performance of RFID tag 
antenna. RFID tag antennas are attached to various objects such as small and metallic objects. 
Therefore, the tag antenna RFID is miniaturized and performance of a tag antenna do not change on 
metallic surface. 

 In this paper, 3-axes polarization RFID tag antennas for independence of polarization [1-3] 
and dual-band RFID tag antenna [4] for metallic objects are presented. The 3-axes polarization 
RFID tag antenna is designed as cubic, meandered cubic and spherical shape for small size and 3-
axes polarization. These antennas are based on dipole-typed RFID tag antenna. The dual-band RFID 
tag antenna for metallic object is designed by changing a microstrip line monopole antenna with 
parasitic element. The design tag antenna has ‘S’ shape and two parasitic elements. Details of the 
antenna characteristics are presented and discussed. 
 

2. 3-axes polarization RFID tag antennas 
 

Cubic and spherical RFID tag antennas are depicted in Figure 1. As shown in Figure 1(a), the 
basic antenna configuration is a half-wavelength dipole antenna composed of thin planar copper line 
of 1 mm. First of all, the cubic antenna (Figure 1(b)) is designed for the real-time SAR 
measurement system [1, 5]. The feed of the antenna is positioned a corner of cube and the left and 
right arms are bent on the surface of styrofoam (r=1.06) which is used for supporting the thin 
copper line. The short stub is employed for RFID chip impedance matching. The size of the 
designed antenna is 0.0520.0520.052 at 911.25 MHz. To reduce size of the antenna, 
meandered line is applied to cubic antenna as shown in Figure 1(c). The size of meandered antenna 
is 0.030.030.03 

Next, as portrayed in Figure 1(d), the dipole antenna is packed onto a sphere’s surface where the 
diameter of the sphere is 25 mm (0.076). The left arm and the right arm of the antenna are bent 
differently at five junctions. The angle at each junction can be either 30 or 100. Next, conjugate 
impedance matching between the RFID chip and the miniaturized tag antenna is achieved by tuning 



the short stub length and the overall dipole length. The short stub is connected between the first 
junction on the right.  

In Figure 2, 3 and 4, measured readable range patterns of the designed antennas are depicted in xz, 
yz and xy plane. Maximum readable range of cubic, meandered cubic and spherical antennas was 
measured as 135cm, 80 cm and 132 cm, respectively. The patterns for the E in the xz, yz and E in 
the xy plane were tilted by approximately 45° because of complex currents due to coupling from 
each segment. In case of the E pattern in the xz, yz and E pattern in the xy plane, almost omni-
directional pattern were shown. The designed antennas showed 3-axes polarization characteristics. 
These antennas are independent for polarization in regardless of the antenna’s position. 
 

3. Dual-band RFID tag antennas mountable on metallic surface 
 

When the RFID tag antenna is mounted on conductive surface, its impedance change and 
bandwidth decreases. Therefore, a tag antenna is required with impedance characteristics which do 
not change even when it is attached to metallic materials and multi-band operation is needed.  
Figure 5 shows miniaturization process of dual-band RFID tag antennas mountable on metallic 
surface. The basic structure of the tag antenna is microstrip line monopole antenna as shown in 
Figure 5(a). The length of parasitic elements is controlled for dual-band operation as depicted in 
Figure 5(b). To reduce size of the antenna, the entire line was modified in to an S-shaped 
meandered structure, and the end of the feeding line was made into a spiral structure. Figure 5(c) 
indicates the miniaturized antenna. The size of the antenna is 20 mm in width, 33.5 mm in length, 
and 2mm in height, including the ground plane.  

Figure 6(a) shows measured S11 for the miniaturized antenna. -10 dB bandwidth is 6 MHz 
(0.66%) in 911.25 MHz and 5 MHz in 866.5 MHz. It covers Korea and Europe RFID band. 
Measured readable range pattern is shown in Figure 6(b).  For the measurement, a conductive plate 
of 300 mm300 mm in size was attached to the tags. The maximum readable range was measured 
as 1.6 m in Korea band (EIRP: 4 W) and 0.75 m (EIRP: 1W) 
 
 

4. Conclusion 
 

In this paper, miniaturized RFID tag antennas were introduced. 3-axes polarization antennas 
based on dipole antenna was made of cubic shape and spherical shape for small size and 3-axes 
polarization. Also, dual-band RFID tag antenna was devised for metallic object applications.  This 
antenna operate Korea and Europe RFID band. The designed antennas would be useful for real time 
SAR measurement system and metallic object RFID applications. 
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Figure 1: Cubic and spherical antennas 

 

 

 
Figure 2: Radiation pattern of the cubic antenna 

 
 

 
Figure 3: Radiation pattern of the cubic antenna applied meander line 
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(a) xz plane                                (b) yz plane                                 (c) xy plane 
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(a) xz plane                                (b) yz plane                                 (c) xy plane 
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Figure 4: Radiation pattern of the spherical antenna 

 
 

 

(a)  Microstrip line 
monopole antenna 

(b)  Microstrip line monopole 
antenna for  dual band 

 (c) Miniaturized dual-band 
RFID tag antenna 

Figure 5: Miniaturization process of dual-band RFID tag antenna 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) Return loss                                           (b) Readable range pattern 
Figure 6: Return loss and readable range pattern of dual-band RFID tag antenna 
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(a) xz plane                                (b) yz plane                                 (c) xy plane 

y

z x
EE

y

z x

E E

y

z
x

E E

830 840 850 860 870 880 890 900 910 920 930 940 950
-30

-25

-20

-15

-10

-5

0

 

 

S
1

1[d
B

]

Frequency[MHz]

Korea RFID band
(908.5~914MHZ)

Europe RFID band
(865~868MHz)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


