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Development of Large Aperture Microstrip Antenna for Radio Wave
Energy Harvesting

Intan Savitri', Radial Anwar® *, Yahya S. Amrullah?, and Dwi A. Nurmantris®

Abstract—Radio wave energy harvesting has become one of the most fascinating fields of research,
especially in developing antenna for its front end subsystem. This paper presents the development
of a single large aperture antenna for energy harvesting system. Three substrate layers FR4-air-FR4
are employed to increase the antenna gain. Measurement result shows that the proposed antenna is
able to obtain gain of about 9.61dBi at 1.575 GHz (GPS L1 frequency), with low return loss of about
—17.12dB. The achieved bandwidth is about 128 MHz. The antenna characteristic is suitable for energy
harvesting application.

1. INTRODUCTION

Radio wave energy has been considered as one of the alternative sources to fulfill the increasing demand
of energy. The development of instrumentation to capture the radio wave and convert it into usable
energy has become one of the fascinating fields of research. Antenna is one of the most explored in
this instrumentation development, as it plays an important role in capturing the electromagnetic wave
and converts it into electrical wave. Some antenna designs have been proposed to be employed in
energy harvesting systems, including antenna geometry modification [1-6], dual-band and multi-band
antennas [7-11] and the utilization of array antenna system [12].

In this paper, a new antenna design is proposed to be used as the front-end section of an energy
harvesting system. The antenna is designed to collect the RF energy from GPS L1 at 1.575 GHz.
Single large aperture concept and three substrate layers consisting of air between FR4 are utilized to
obtain high gain. Measurement result shows that the proposed antenna indeed inherits high gain, up to
9.61 dBi, which might alsobe used to monitor solar activity [13,14], or even to collect solar RF energy.

2. ANTENNA ARCHITECTURE

The proposed antenna utilizes a circular shape patch to increase the bandwidth and full ground plane,
so the minor lobes on the antenna radiation pattern can be minimized. Air gap technique [15, 16]
is adopted to obtain relatively high gain. The gain is improved further by increasing the physical
aperture of the antenna larger compared to the conventional microstrip antennas operating at the same
frequency [17-20].

Figure 1 shows the front view of the proposed antenna design. Length of the substrate is 205 mm,
and the width is 275 mm. Radius of the circular patch is 40.8 mm, and it is placed at a distance of 72 mm
from the feeding point. The patch is exited through a microstrip line with width of 6.8 mm. The side
view of the proposed design is depicted in Figure 2. The thickness of the cooper patch is 0.035 mm, which
is the same as the ground plane. The FR4 thickness is 1.6 mm, and the air gap distance is 13 mm, from
which the highest achievable gain is provided. Summary of the proposed antenna geometry parameters
is listed in Table 1.
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Figure 1. Front-view of the proposed antenna.

Table 1. Summary of the antenna parameters.
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Figure 2. Side-view of the proposed design.

Parameters

Values (mm)

Length of the substrate (lg)
Width of the substrate (wg)

Patch radius (a)

Distance from feed to center of the patch (L)
Width of microstrip line (W)

Thickness of cooper
Thickness of FR4

205 (1.07625))
275 (1.44375))
40.8 (0.2142))
72 (0.378))
6.8 (0.0357))
0.035 (0.00018375))
1.6 (0.0084))
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Figure 3. Return loss of the proposed design.
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3. RESULT AND DISCUSSION

Simulated return loss of the proposed antenna is shown in Figure 3, while its gain is depicted in Figure 4.
Return loss less than —10 dB has been obtained at 1.526 GHz-1.626 GHz, with peak about —13.449dB
at 1.575 GHz. At this frequency, the achieved gain is about 9.002 dB. Table 2 lists the variation of air
gap on the antenna gain. It can be seen that the 13 mm gap provides the highest gain of the proposed
antenna. This gap also provides the widest bandwidth, about 100 MHz.
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Figure 4. Gain of the proposed design.

Table 2. Effects of the air gap variation.

Air gap (mm) Return loss (dB) Bandwidth (MHz) Gain (dBi)

7 —28.27 89 8.540
8 —21 92 8.702
9 -19 97 8.816
10 —16 89 8.901
11 —15 99 8.954
12 —14 95 8.979
13 —13 100 9.002
14 —12 95 8,989
15 -10 95 8,981

As the air gap is varied, the bandwidth and gain do not show significant changes. However, the
return loss is increased as the air gap increases. This effect is similar to that when the parts of a
dipole antenna are separated relatively far. Separating these two parts will change the capacitance of
the antenna and hence change its impedance. As the impedance value moves away from 50 ohms, the
mismatch becomes greater,and return loss is increased. This may also be the reason for what happens
in the proposed antenna. As it consists of two parts separated by air, the mismatch is also increased as
the gap is widened.
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The proposed design has been fabricated and measured. Figure 5 shows the front and back views
of the antenna, with the side view shown in Figure 6. The two parts of the proposed antenna are
combined by using plastic screws and nuts, measured at gap length exactly of 13 mm. Since there is no
available connector with suitable size, a sma connector with large ground section is used and modified.

Figure 6. Side-view of the proposed antenna.
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Figure 7. Measured return loss of the proposed antenna.
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Figure 8. Radiation pattern of the proposed Figure 9. Radiation pattern of the proposed
antenna (Azimuth). antenna (Elevation).

Figure 10. Measurement test using 3-stage Figure 11. Measurement test using 7-stage
rectifier. rectifier.

A few cooper wires are soldered together to create a plate which is soldered to the ground section of the
sma connector. This method is successful in solving the connector problem, as shown in measurement
results.

The fabricated antenna has been measured in terms of return loss, bandwidth, radiation patterns
and gain. Snapshot of return loss measurement result is depicted in Figure 7. The obtained return loss
is —17.119dB at 1.575 GHz, with bandwidth about 128 MHz (8.1%), which are better than simulation
results.

Azimuth and elevation pattern of the proposed design have been measured, as shown in Figures 8
and 9, respectively. Based on simulation, it inherits unidirectional pattern with a few small back lobes.
The coverage is about 57° x 60°. Measurement result shows broader patterns with stronger minor lobes,
probably due to the non-ideal condition of the measurement environment. The maximum measured
gain is about 9.61 dB, which is also better than simulated result.

The proposed antenna has been tested with a 3-stage rectifier and a 7-stage rectifier, as shown
in Figures 10 and 11, respectively. The tests were conducted outside the Wireless Telecommunication
Laboratory, Telkom University. Since the post for this antenna was not yet available, the antenna was
laid on a chair, and the received voltages were measured. Table 3 lists the samples of the measured
voltages obtained with both rectifiers.
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Table 3. Samples of measured voltage.

Output (mV)

Sample 3-stage rectifier 7-stage rectifier
1 16,8 43,3
2 14,0 61,7
3 17,6 67,1
4 18,3 60,1
5 20 57,1
6 16,4 56,8
7 18,1 72
8 17,0 62,5
9 17,3 64,1
10 19,5 63,9

Average 17,5 60,86

4. CONCLUSION

Design and development of a large aperture microstrip antenna with three substrate layers is presented
in this paper. The result shows that it can work properly with low return loss and relatively high gain.
The expected characteristics are obtained, and hence the proposed antenna is suitable to be used as the
front-end section of an energy harvesting system.

REFERENCES

1.

Ramesh, G. P. and A. Rajan, “Microstrip antenna designs for RF energy harvesting,” 2014
International Conference on Communication and Signal Processing, 1653-1657, Melmaruvathur,
2014.

Mrnka, M., P. Vasina, M. Kufa, V. Hebelka, and Z. Raida, “The RF energy harvesting antennas
operating in commercially deployed frequency bands: A comparative study,” International Journal
of Antennas and Propagation, Vol. 2016, Article ID 7379624, 2016.

Shrestha, S., S.-K. Noh, and D.-Y. Choi, “Comparative study of antenna designs for RF energy
harvesting,” International Journal of Antennas and Propagation, Vol. 2013, Article ID 385260,
2016.

Din, N. Md., C. K. Chakrabarty, A. Bin Ismail, K. K. A. Devi, and W.-Y. Chen, “Design of RF
energy harvesting system for energizing low power devices,” Progress In Electromagnetics Research,
Vol. 132, 49-69, 2012.

Sim, Z. W., R. Shuttleworth, M. J. Alexander, and B. D. Grieve, “Compact patch antenna design for
outdoor RF energy harvesting in wireless sensor networks,” Progress In Electromagnetics Research,
Vol. 105, 273-294, 2010.

Moon, J.-I. and Y.-B. Jung, “Novel energy harvesting antenna design using a parasitic radiator,”
Progress In Electromagnetics Research, Vol. 142, 545-557, 2013.

Shrestha, S., S. R. Lee, and D.-Y. Choi, “A new fractal-based miniaturized dual band patch antenna
for RF energy harvesting,” International Journal of Antennas and Propagation, Vol. 2014, Article
1D 805052, 2014.

Bakkali, A., J. Pelegri-Sebastia, T. Sogorb, V. Llario, and A. Bou-Escriva, “A dual-band antenna
for RF energy harvesting systems in wireless sensor networks,” Journal of Sensors, Vol. 2016,
Article ID 5725836, 2016.



Progress In Electromagnetics Research Letters, Vol. 74, 2018 143

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hoang, M. H., H. P. Phan, T. Q. V. Hoang, and T.-P. Vuong, “Efficient compact dual-band
antennas for GSM and Wi-Fi energy harvesting,” Proceedings of the 7th International Conference
on Advanced Technologies for Communications (ATC’14), 401-404, Hanoi, Vietnam, October 2014.
Kim, P., G. Chaudhary, and Y. Jeong, “A dual-band RF energy harvesting using frequency limited
dual-band impedance matching,” Progress In Electromagnetics Research, Vol. 141, 443-461, 2013.
Leclerc, C., M. Egels, and E. Bergeret, “Design and measurement of multi-frequency antennas for
RF energy harvesting tags,” Progress In Electromagnetics Research, Vol. 156, 47-53, 2016.
Mavaddat, A., S. H. M. Armaki, and A. R. Erfanian, “Millimeter-wave energy harvesting using
4 x 4 microstrip patch antenna array,” IEEE Antennas and Wireless Propagation Letters, Vol. 14,
515-518, 2015.

Antar, Y. M. M., A. Zavvari, M. T. Islam, R. Anwar, A. M. Hasbi, M. F. Asillam, and C. Monstein,
“Callisto radio spectrometer construction at Universiti Kebangsaan Malaysia [antennas and
propagation around the world],” IEEE Antennas and Propagation Magazine, Vol. 56, No. 2, 278—
288, April 2014.

Sabri, S. N. U., N. H. Zainol, M. O. Ali, N. N. M. Shariff, N. H. Hussien, M. S. Faid, Z. S. Hamidi,
and C. Monstein, “The dependence of log periodic dipole antenna (LPDA) and e-CALLISTO
software to determine the type of solar radio burst (I -V),” 2016 International Conference on
Industrial Engineering, Management Science and Application (ICIMSA), 1-5, Jeju, 2016.

Ozenc, K., M. E. Aydemir, and A. Oncii, “Design of a 1.26 GHz high gain microstrip patch antenna
using double layer with airgap for satellite reconnaissance,” 2013 6th International Conference on
Recent Advances in Space Technologies (RAST), 499-504, Istanbul, 2013.

Bhatoa, R., Roopan, and E. Sidhu, “Novel high gain air gap directive antenna for X-band
satellite to earth downlink applications,” 2016 International Conference on Control, Computing,
Communication and Materials (ICCCCM), 1-4, Allahbad, 2016.

Hussine, U. U., M. T. Islam, and N. Misran, “A new I slotted compact microstrip antenna for
L1 & L2 bands,” Proceeding of the 2011 IEEE International Conference on Space Science and
Communication (IconSpace), 286-290, Penang, 2011.

Rezazadeh, N. and L. Shafai, “A compact microstrip patch antenna for civilian GPS interference
mitigation,” IEEE Antennas and Wireless Propagation Letters, Vol. PP, No. 99, 1-1, 2018.
Mondal, T., S. Samanta, R. Ghatak, and S. R. Bhadra Chaudhuri, “A novel tri-band hexagonal
microstrip patch antenna using modified sierpinski fractal for vehicular communication,” Progress
In Electromagnetics Research C, Vol. 57, 25-34, 2015.

Lee, B.-Y., W.-S. Chen, Y.-C. Su, and F.-S. Chang, “A corner-fed square ring antenna with an 1-

shaped slot on ground plane for gps application,” Progress In Electromagnetics Research C, Vol. 41,
111-120, 2013.




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


