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Abstract — The transmission line periodically loaded with split-ring resonators (SRR) has been
investigated. The phase delay of the wave in the considered transmission line is equal to zero at the
frequency dlightly above the SRR resonance. This effect was used for designing the near-field loop antenna
providing the uniform current distribution along the loop. A comparison of the proposed design and the
conventional loop antenna was made.

I. INTRODUCTION

The space around the antenna can be divided into two zones: the near-field (the reactive field dominates in
this zone) and the far-field (the radiation field dominates) [1]. The boundaries of these zones depend on the size
of the antenna and the operating frequency.

Loop antennas are widespread, the coupling between them is performed by the magnetic near-field. Such
constructions are widely used in UHF RFID-systems due to efficient reading densely placed tags and labeling
objects, made from high dielectric permittivity materials.

A key characteristic of the inductive near-field antenna is the magnetic field intensity, which depends on the
size of the loop. To obtain the required value of the magnetic field intensity the antenna size should be
electrically large so that the loop perimeter is comparable with the wavelength. In this case, the phase of the
current along the loop varies considerably. As a result, the total magnetic field intensity can be significantly
decreased due a contribution of fields excited by the out-of-phase surface current components. To avoid this
situation, it is necessary to provide the uniform current distribution along the loop. The uniform current
distribution can be obtained by using additional phase delay stubs [2]. Another way is designing antenna with a
segmented structure divided by planar or lumped surface-mount capacitors[3,4].

In this work the structure of the loop antenna periodically loaded with split-ring resonators (SRR) is
presented. The proposed structure alows obtaining constant current phase along the loop, thereby forming the
uniform current distribution.

Il. TRANSMISSION LINE LOADED WITH SPLIT-RING RESONATORS

The basic element of the proposed near-field antennais a transmission line periodically loaded with SRR (Fig.
1a). For a simulation of the resonant response of the SRR the following dimensions of the structure have been
used: the side of the outer ring isa = 13 mm, the width of the metal lines and the gap between the inner and outer
rings are w = 0.3 mm, the split gap is g = 0.3 mm. The permittivity of the dielectric substrate material is¢ = 10
(Taconic CER 10).

The scattering parameters obtained by electromagnetic simulations of the transmission line loaded with a
single SRR are presented in Fig. 1b. The resonance of the SRR is observed at the frequency about f, = 880 MHz.
Near this frequency (see the section AB in Fig. 1b) the transmission line exhibits a left-handed (LH) behavior
because its phase delay becomes negative. The line again behaves as a right-handed (RH) object above the point
B. Hence near the point B the transmission line phase delay is zero, and the phase velocity isinfinite. This effect
can be used to design transmission lines with constant current distribution.
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a) b)
Fig. 1. (8) Transmission line loaded with asingle SRR, (b) scattering parameters.

The structure of such transmission line loaded with SRRs and the current distribution along it at the frequency
f = 890 MHz are presented in Fig. 2. Dimensions of the SRRs are the same as in the case of the single SRR and
the length of the transmission lineis L = 250 mm. It is clearly seen that the current along the transmission lineis

almost constant.

Fig. 2. Current distribution along the transmission line loaded with the SRR array at the frequency f = 890 MHz .

I11. LOOP ANTENNA PERIODICALLY LOADED WITH SPLIT-RING RESONATORS

After that the loop antenna periodically loaded with SRRs was considered (Fig. 3a). The loop perimeter isP =
360 mm. To compensate the imaginary part of the antenna impedance an additional inductance was included in
series with the input port. For the transformation of a balanced antenna input to an unbalanced coaxial cable the
LC-Balun was used [5]. The compensating capacitor and the balun are not shown on the antenna structure in Fig.
3. The current distribution along the antenna at the frequency 870 MHz is shown in Figure 4a.

Fig. 3. (8) Loop antennaloaded with the SRRs.

A conventional loop antenna with the same dimensions without SRRs was considered for comparison. The
current distribution along the conventional loop antenna at the same frequency 870 MHz is presented in Figure
4b. As one can see, the current distribution in this case is not uniform as in the case of the proposed SRR loaded
antenna. This fact leads to a reduction of the magnetic field intensity created by the conventional antenna.
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a) b)
Fig. 4. Current distribution at the frequency 870 MHz aong (a) the loop with SRRs, (b) the conventional loop.

The comparison of the magnetic field intensity created by the proposed SRR loaded antenna and the
conventional loop antenna is demonstrated in Fig. 5. The intensity of the component along the z axis is plotted.
The red curve corresponds to the case of the new SRR based antenna and the blue curve corresponds to the case
of the conventional loop antenna. It is clearly seen that the proposed antenna design provides significantly higher
magnetic field intensity due to more uniform current distribution along the loop.
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Fig. 5. Magnetic field intensity along z axis for two types of antenna.

V1. CONCLUSION

The scattering parameters of the transmission line loaded with SRR have been investigated. Zero phase delay
of the transmission line is observed at the frequency slightly above the SRR resonant frequency. The original
design of the near-field loop antenna based on this effect and providing the uniform current distribution along the
loop was proposed. The significant increasing of the magnetic field intensity was achieved due to obtained
uniform current distribution.

ACKNOWLEDGEMENT
This work was supported by the FP7 project “MultiWaveS’ No 247532.
REFERENCES

[1] C.A.Bdanis, “Antennatheory: analysis and design,” 2nd ed. John Wiley & Sons, Inc., 1997. p. 32.

[2] Z.N. Chen, C.K. Goh and X. Qing, “Loop antenna for UHF near-field RFID reader”, 4th European Conf. of Antennas
and Propagation, pp. 1-4, , Barcelona, Spain, April 2010.

[3] X.Qing, C. K. Goh, and Z. N. Chen, “A broadband UHF near-field RFID antenna,” |EEE Trans. Antennas Propag., vol.
58, no. 12, pp. 38293838, 2010.

[4] A. L. Popov, O. G. Vendik, and N. A. Zubova, “Magnetic field intensity in near-field zone of loop antenna for RFID
systems,” Tech. Phys. Lett., vol. 36, no. 10, pp. 882—884, 2010.

[5] AVR2004: LC-Balun for AT86RF230. Atmel Application Note. July 2004.

117




<<
  /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 1.4
  /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 0
  /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


