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Abstract—A substrate integrated magneto-electric dipole an-
tenna using metasurface is proposed for 2G/3G/LTE/5G ap-
plications. By employing the technology of metasurface and
using the substrate with high relative permittivity, the height
of the proposed antenna is reduced from 0.25 to 0.12 wavelength
operating at 2.68 GHz. The metasurface consists of 40 unit cells
and is arranged atop the second layer. In addition, by adopting
the dual-layer H-shaped ground planes, the front-to-back ratio
can improved and the impedance bandwidth can also be broaden.
The proposed antenna achieves an impedance bandwidth of 75%
(1.67-3.69 GHz) with a stable gain of 5.14±1.24 dBi. Therefore,
this antenna is suitable for 2G/3G/LTE/5G applications.

Index Terms—Metasurface antenna, magneto-electric antenna,
wideband.

I. INTRODUCTION

Due to the rapid development of modern wireless com-

munication systems, the demands of wideband antennas with

stable gain are sharply growing for 2G, 3G, LTE and 5G

communications. In 2015, the frequency band from 3.4-3.6

GHz has been assigned as the future communication by the

World Radio Communication Conference 2015 (WRC-15). On

the other hand, as is known to all, the magneto-electric (ME)

dipole antenna owns many excellent electrical characteristics

such as wide impedance bandwidth, stable gain, good front-

to-back ratio (FBR) and low cross-polarization. The wideband

ME dipole antenna can be designed to operate at many

wireless communication bands, such as 2G/3G/LTE [1] - [2],

WLAN/WiMAX [3], and ultra-wideband systems [4]. These

ME dipole antennas exhibit wideband and stable gain feature.

However, their structures are still bulky, especially for the

height. For example, the heights of many previous ME dipole

antennas are more than 0.25 wavelength. Therefore, the low

profile ME dipole antenna with less than 0.2 wavelength is

urgently needed.

Metasurface (MS), a planar equivalent of metamaterial,

has attracted many attention in recent years. The MS which

consists of electrically small scatters has been used to improve

the performance of the antenna and miniaturize its size. By

arranging the MS below or above microstrip patches, the

impedance bandwidth can be broaden and the gain can be

improved [5]-[8]. In addition, by placing the MS above of

the linear polarization source antenna, the linearly polarized

signal can be converted into circularly polarized signal [9].

However, there is an air gap between the source antenna and

the MS, which will increase the volume of the antenna. In

order to obtain a compact size, the MS should be placed

atop the source antenna without air gap. By rotating the MS

around the center of antenna, it can mechanically reconfigure

the frequency [10] or reconfigure the polarization between

linear polarization, left-hand circularly polarization and right-

hand circularly polarization [11]-[12]. However, this kind of

MS antenna still exists the non-negligible drawback of narrow

bandwidth.

In this paper, a wideband and low-profile ME dipole antenna

using MS is presented for 2G/3G/LTE/5G applications. The

proposed antenna can realize an impedance bandwidth of 75%,

ranging from 1.67 to 3.69 GHz. The antenna can also achieve

a stable gain of 5.14 dBi. Instead of the three-dimensional

ME dipole antenna, a six-layer substrate integrated ME dipole

antenna is utilized to acquire the low-profile property. By

placing the MS atop the second layer, the gain of the antenna

can be increased and the height of the antenna can be reduced.

The stair-shaped feeding structure and the dual-layer H-shaped

ground planes can achieve a better impedance matching.

The radiation pattern of the ME dipole antenna with cross

polarization less than -30 dB can also be obtained over the

entire operating frequency.

II. ANTENNA GEOMETRY

The geometry of the proposed antenna is shown in Fig. 1,

and the detailed dimensions of the antenna are shown in

Table I. The substrate integrated ME dipole antenna is printed

on the Taconic RF-35 substrate with a dielectric constant of

3.5 and a loss tangent of 0.0018. As shown in Fig. 1, the metal

patch with bowtie slot is printed atop the first layer, which is



(a) 3D view of the antenna element (b) Different layers of the antenna

Fig. 1 Geometry of the ME dipole antenna.

TABLE I Dimensions For The Proposed Antenna

Parameters Ls Ws1 Ws2 Lp Wp1 Wp2 Ls1 Ls2

Values/mm 72 70 85 71.4 21.3 3.3 12 20.2

Parameters Ls3 Ws1 Ws2 Ws3 Lm1 Lm2 Wm1 Wm2

Values/mm 45.2 5.2 11.5 19.9 8 4 4.8 2.8

Parameters Wm3 Lf1 Lf2 Lf3 Lf4 Lf5 Wf1 Wf2

Values/mm 2.2 1.6 0.8 2.3 1.4 2 2 1

Parameters Wf3 Le We H1 H2 H3 H4 H5

Values/mm 1 11.8 15.1 3 3 3 1.5 1.5

Parameters H6 Rf1 Rf2 Rf3 Rp1 Rp2

Values/mm 1.5 0.5 0.35 0.9 0.45 1

designed to achieve a wide impedance bandwidth. The electric

dipole patches are connected with the ground plane by a pair

of via holes. By placing the MS which consists of 40 unit cells

atop the second layer, the gain of the antenna can be enhanced

and the height of the antenna can be reduced. The proposed

antenna is excited by a stair-shaped feeding structure which

is located at the center of the electric dipole patch. The dual-

layer H-shaped ground planes are printed at the front-side and

back-side of the bottom layer, respectively.

III. RESULTS AND DISCUSSION

Fig. 2 Simulated S11 and gain of ME dipole antenna.

(a) 1.8 GHz (b) 2.7 GHz

(c) 3.5 GHz

Fig. 3 Simulated radiation patterns of single antenna element at 1.8, 2.7 and
3.5 GHz.

Fig. 4 Simulated H-plane beamwidth of ME dipole antenna.



The simulated S-paremeter and gain of the ME dipole

antenna are shown in Fig. 2. The simulated result has shown

that impedance bandwidth is 75%, ranging from 1.67 to

3.69 GHz, which covers the 2G/3G/LTE/5G frequency bands.

The gain of the antenna is 5.14 ± 1.24 dBi. Fig. 3 depicts the

simulated radiation patterns at the frequency of 1.8, 2.7 and

3.5 GHz. It can be seen that nearly the symmetrical E- and

H- plane radiation patterns can be obtained. In addition, the

cross-polarizations of both planes are less than -10 dB over

the entire bandwidth. Furthermore, a wide H-plane beamwidth

can also be achieved, as shown in Fig. 4. The beamwidth in the

H-plane is more than 80◦ over the entire operating frequency

band.

IV. CONCLUSION

A substrate integrated ME dipole antenna using metasurface

is proposed for 2G/3G/LTE/5G applications. By combining the

inherent properties of ME dipole and metasurface, the antenna

can achieve wideband and low-profile properties. In addition,

by introducing the dual-layer H-shaped ground planes, the

FBRs of the ME dipole antenna are enhanced. The ME dipole

antenna can achieve an impedance bandwidth of 75% (1.67-

3.69 GHz) with a stable gain of 5.14 ± 1.24 dBi. With the

above-mentioned features, the antenna can be suitable for the

2G/3G/LTE/5G applications.

ACKNOWLEDGEMENT

The research was supported by the Natural

Science Foundation of Guangdong Province, China

(No.2016A030310056), the Key Project of Department

of Education of Guangdong Province (No.2015KTSCX123),

the Fundamental Research Foundation of Shenzhen

(No.JCYJ20160308100236349, No.JCYJ20160603172549843)

and the Natural Science Foundation of SZU (No.2016021).

REFERENCES

[1] W. X. An, H. Wong, K. L. Lau, S. F. Li and Q. Xue. ”Design of Broadband
Dual-Band Dipole for Base Station Antenna.” IEEE Transactions on
Antennas and Propagation 60.3 (2012) : 1592-1595.

[2] L. Ge and K. M. Luk. ”A Wideband Magneto-Electric Dipole Antenna.”
IEEE Transactions on Antennas and Propagation 60.11 (2012) : 4987-
4991.

[3] B. Feng, Jianfeng Zhu, L. Deng, W. An and Qingsheng Zeng. ”A printed
dual-wideband magneto-electric dipole antenna and its MIMO system
for WLAN and WiMAX applications.” IEEE International Conference
on Computational Electromagnetics (2016) : 256-258.

[4] M. Li and K. M. Luk. ”A Differential-Fed Magneto-Electric Dipole
Antenna for UWB Applications.” IEEE Transactions on Antennas and
Propagation 61.1 (2013) : 92-99.

[5] C. L. Holloway, E. F. Kuester, J. A. Gordon, J. O’Hara, J. Booth and D.
R. Smith. ”An Overview of the Theory and Applications of Metasurfaces:
The Two-Dimensional Equivalents of Metamaterials.” IEEE Antennas and
Propagation Magazine 54.2 (2012) : 10-35.

[6] M. Martinis, L. Bernard, K. Mahdjoubi, R. Sauleau and S. Collardey.
”Wideband Antenna in Cavity Based on Metasurfaces.” IEEE Antennas
and Wireless Propagation Letters 15 (2016) : 1053-1056.

[7] W. Liu, Z. N. Chen and X. Qing. ”Miniaturized broadband metasurface
antenna using stepped impedance resonators.” IEEE 5th Asia-Pacific
Conference on Antennas and Propagation (2016) : 365-366.

[8] Y. M. Pan, P. F. Hu, X. Y. Zhang and S. Y. Zheng. ”A Low-Profile
High-Gain and Wideband Filtering Antenna With Metasurface.” IEEE
Transactions on Antennas and Propagation 64.5 (2016) : 2010-2016.

[9] H. L. Zhu, S. W. Cheung, K. L. Chung and T. I. Yuk. ”Linear-to-
Circular Polarization Conversion Using Metasurface.” IEEE Transactions
on Antennas and Propagation 61.9 (2013) : 4615-4623.

[10] H. L. Zhu, X. H. Liu, S. W. Cheung and T. I. Yuk. ”Frequency-
Reconfigurable Antenna Using Metasurface.” IEEE Transactions on An-
tennas and Propagation 62.1 (2014) : 80-85.

[11] H. L. Zhu, S. W. Cheung, X. H. Liu and T. I. Yuk. ”Design of Polar-
ization Reconfigurable Antenna Using Metasurface.” IEEE Transactions
on Antennas and Propagation 62.6 (2014) : 2891-2898.

[12] K. Kandasamy, B. Majumder, J. Mukherjee and K. P. Ray. ”Low-
RCS and Polarization-Reconfigurable Antenna Using Cross-Slot-Based
Metasurface.” IEEE Antennas and Wireless Propagation Letters 14 (2015)
: 1638-1641.



<<
  /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


