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Abstract—An array based Reader antenna for RFID system
having high gain with circular polarization (CP) is presented in
this paper. Such antenna consists of two main radiation patches
connected in parallel. The antenna is compact in size and is
designed on a FR4 epoxy substrate with dielectric constant (€,.) of
4.4 and loss tangent of 0.02. The antenna is excited with an inset
feed line and it operates in ISM band with resonant frequency
of 2.4 GHz. It is capable of reading multiple RFID tags within
its operating frequency range. The dimension of the antenna is
0.96 X 0.585\ X 0.012), where X represent the wavelength of
the resonant frequency. The gain of the above antenna is 6.1 dB
with a reflection coefficient (S11) of —17.4 dB. To investigate
the performance of the proposed antenna, different optimization
techniques are applied with experimental demonstration. The
axial ratio value of the proposed antenna array is 0.3 dB which
makes this antenna suitable candidate for healthcare applications.

Index Terms—Microstrip patch antenna (MPA),
circular polarization, ISM band, inset feed.
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I. INTRODUCTION

The recent growth in wireless technology for healthcare
applications has greatly involved many of the industrial re-
searchers and academician. As the requirement for the sophis-
ticated wearable medical devices is increasing day by day,
the healthcare expenses and the demand for the resources of
the hospital is growing [1]. Radio Frequency Identification
(RFID) is one of the fastest rising areas in healthcare industry
for automated identification and collection of data. They have
widespread use in keeping eye on patients, tracking and
locating surgical instruments, observation of supply chain,
patient’s drug usage monitoring, identification of newborn etc.
Apart from the above it is also helpful in verification of hospi-
tal personnel, blood bag tracking, pharmaceutical counterfeit
detection, access control to avoid medical equipment theft,
maintaining the appropriate diet to patients by tagging of
meal plateaux, and accessing medication status in biomedical
applications [2]. For this technology several frequency bands
have been allocated such as Lower frequency band (LF-
band 125 kHz to 134 kHz), higher frequency band (HF-
band,13.553 MHz to 13.567 MHz), Ultra High frequency band
(UHF-band, 858 MHz to 930 MHz) and Microwave frequency
band (2.4 GHz to 2.48 GHz and 5.7 GHz to 5.8 GHz) [3].

RFID system is essential for wireless data transfer that
mainly consists of a tag and a reader antenna. The tag is
basically used for encoding the data whereas the reader has an
antenna along with the digital and RF section for extraction
of tag encoded data. So an antenna plays a very crucial role
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Fig. 1. Antenna geometry (top view).

in design of any RFID system. Practically the RFID Tag
antennas are omnidirectional antenna and the Reader antenna
are linearly or circularly polarized (CP) because of the random
placement of the tags in the area. The circularly polarized
antenna has low loss caused due to multipath effects between
the tag and the reader [4], [5].

In this paper a compact inset fed circularly polarized patch
antenna operating in ISM band is proposed. The antenna
consists of an array of two rectangular microstrip patch
antennas to enhance the gain. The proposed design shows high
gain, reasonable reflection coefficient value (S11), low profile
design, and a good axial ratio of 0.3 dB. The reader antenna
can be used in healthcare applications in indoor environment
for monitoring the status of the patient. This paper is structured
as follows. Antenna geometry and design of the proposed
structure are presented in Section II. Simulated results are
shown in Section III followed by the conclusion in Section I'V.

II. ANTENNA DESIGN

The antenna is designed on a rectangular FR4 (e, = 4.4)
epoxy substrate of length (Lg), width (W), height (h) of
1.5 mm using ANSYS HFSS v.15 software. The diagram with
dimension of the antenna is shown in Fig. 1. The height of
the substrate (h) is preferred in the range of 0.003 \g < h <
0.05 X\g, where g is the free space wavelength. The length
(L) of rectangular microstrip patch antenna (MPA) is in the
range of )\()/3 <L< /\0/2 [6].

The dense substrate (substrate having less dielectric con-
stant) is most desired for decent antenna performance because
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TABLE I
DETAILS OF STRUCTURAL GEOMETRY .

Parameter Dimensions (in mm)
Length of the substrate (L) 73
Width of the substrate (W ) 120
Height of substrate (h) 1.5
Patch length (L) 29
Patch width (W) 39.2
Slot length (1) 18
Slot width (wo) 0.5
Radius of the cut at corner (74) 35
Separation between two patch (d) 60
Width of 100 € feed-line (W;) 0.8
Width of 50 © feed-line (Wy) 2.9

they offer good efficiency, good bandwidth and loosely bound
fields for the free space radiation [7-9]. Circular Polarization
and linear polarization can be achieved through either sin-
gle element or arrays of similar microstrip patch anten-
nas [10-15]. In this proposed work an array is used to obtain
better gain value.

In this array antenna two similar patches are connected
using 100 2 power divider line with a thickness of (W;)
using inset feed which is then connected in series to the 50 €2
transmission feed line with thickness of (). The minimum
separation (d) between both the patches is maintained at
60 mm. The slotted section with dimension (I X w,) has
been incorporated within the patch using parametric analysis
for proper impedance matching. The cut at the corners with
radius r, is made for achieving circular polarization.

As W/h >> 1 and €. > 1, maximum number of the
field lines exist inside the substrate and very few of the
lines are in the space. As large amount of the E-field lines
concentrates inside the substrate, thus the microstrip line look
little wider than the actual physical dimension. This is due to
the fringing [8], and therefore an effective dielectric constant
€reff 18 introduced. The effective relative permittivity lies
between the range 1 < €0 < €. AS €,¢p is a function of
frequency, with increase in operating frequency concentration
of the field lines inside the substrate rises; the microstrip
lines behave as a single homogeneous line made of only one
dielectric [8].

A. Effective Dielectric Constant (€yep)

Effective dielectric constant is basically fixed for low fre-
quencies, but its value starts to increase continuously and
ultimately comes to the value of substrate dielectric constant
(e,) at intermediate frequencies [9].

For % > 1,

bl e -1 B\ Y2
e,,.eﬁ:62 +62 <1+12W) . (1)

B. Effective Width, Effective Length, Resonant Frequency

After accounting the fringing effect, the elongation along
the patch length can be calculated by the following
expression [10].
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Fig. 2. S711 vs. frequency plot of the antenna in dB.

where AL is the extension in length on both sides due to
fringing effect, W/h is the patch width to substrate height
ratio. As the patch length is elongated by AL on both sides,
the operational patch length now is (L = 0.5 x A for dominant
mode T'My1o without fringing)

Loy =2AL+ L. 3)

The resonant frequency is given by

1 c
fr B 2L\/ET\/M0€0 B 2L\/E7

where c is the wave velocity in free space (3 x 10% m/s).

C. Design Width and Length

In an effective radiator, the practical width can be calculated

“

by
1 1 c 1
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In the proposed design f = 2.4 GHz and €, = 4.4 for FR4
epoxy substrate of height 1.5 mm are choosen. By applying the
above equation, the effective dielectric constant, €,.5 = 3.99,
width for single patch, W = 38.22 mm, effective length of
single patch, L.y = 30.2 mm are obtained.

However, optimization of the parameters is needed in order
to get the best output, which can be done through the para-
metric analysis of the antenna. Thus the design parameters
obtained are shown in Table I.

III. RESULTS AND DISCUSSION

Proposed compact antenna has been simulated using
ANSYS HEFSS version 15 simulation tool. This design is
relatively small as compared to any other antenna of similar
array structure. It provides a fairly good S7; value of about
—17.4 dB as shown in the Fig. 2 at the designed frequency of
2.4 GHz.

Fig. 3 demonstrates the VSWR variation of the structure.
The voltage standing ratio of the antenna is 1.3 at frequency
2.4 GHz.
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Fig. 3. VSWR variation with frequency.
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Fig. 4. 3D gain plot of the antenna array.
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Fig. 5. Axial ratio plot of antenna array.

The antenna is circularly polarized having a gain of about
6.1 dB. The 3D polar plot is presented in Fig. 4.

The axial ratio of the circularly polarized antenna is found
to be 0.3 dB, which is better for the RFID requirements in
indoor environment for a narrowband antenna. Fig. 5 shows
the axial ratio of the antenna array.

The variation of gain is shown in Fig. 6. It shows a
maximum value of 6.1 dB at resonant frequency.

The surface current distribution of the proposed design is
demonstrated in Fig. 7. It clearly indicates the presence of
circular polarization in the antenna array.

The radiation patterns for XZ and Y Z plane showing
the co-polarization and cross-polarization levels are shown in
Fig. 8. The simulation results show that cross polarization
levels are —40 dB low at 2.4 GHz in X Z-plane and Y Z-
plane respectively.
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Fig. 6. Variation of gain of the antenna array with frequency.
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Fig. 7. Surface current distribution plot of antenna array.
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Fig. 8. Polar plot of the antenna array at (a) X Z plane (b) Y Z plane.
IV. CONCLUSION
In this paper an array based RFID reader antenna has been
proposed. The design is made on FR4 epoxy substrate using

ANSYS HFSS v.15 software at a frequency of 2.4 GHz. The
compact antenna with dimension 0.96A x 0.585A x 0.012A
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shows the reflection coefficient of —17.4 dB. The proposed
gain of the antenna is 6.1 dB with a voltage standing wave
ratio (VSWR) of 1.37 and axial ratio of 0.3 dB at resonant
frequency. The simulation results indicate that the antenna ful-
fills all the requirements of RFID reader antenna for healthcare
applications as well as in wireless communication.

REFERENCES

[1] Y. Hao and R. Foster, “Wireless body sensor networks for health-
monitoring applications”, Physiol. Meas., vol. 29, pp. R27-R56, Nov.
2008.

[2] G. Morrocco, “The art of UHF RFID antenna design: Impedance match-
ing and size-reduction techniques”, IEEE Ant. and Propag. Magazine,
vol. 50, issue 1, Feb. 2008.

[3]1 K. Finkenzeller, RFID Handbook: Fundamentals and applications in
contactless Smart Cards and Identifications, 1st edition, UK, J. Wiley
and sons, 2010.

[4] Bo-Shau Chen, and Chow-Yen-Desmond Sim, “Broadband circularly
polarized stacked patch antenna for universal UHF RFID applica-
tions”, International Sympos. on Antennas and Propag. Conf. Procd.,
pp- 99-100, 2014.

[5] H.W. Kwa, X. Qing, and Z.N. Chen, “Broadband single-fed single-patch
circularly polarized antenna for UHF RFID applications”, in /[EEE AP-S
Int. Antennas Propag. Symp., San Diego, CA pp. 1072-1075, Jul. 5-11,
2008.

[6] J.R.James, and P.S. Hall, Handbook of Microstrip Antennas, vols. 1 and
2, London, UK, Peter Peregrinus, 1989.

[7] D.M. Pozar, “Microstrip Antennas”, Proc. IEEE, vol. 80, no. 1,
pp. 79-81, Jan. 1992.

[8] C.A. Balanis, Antenna Theory and Design, 2nd edition, New York, John
Wiley and sons, 2001.

[9] E.O. Hammerstad, “Equation of microstrip circuit design”, Proc. Fifth
European Microwave Conf., pp. 268-272, Sept. 1975.

[10] Md. Aminul Islam, and Nemai Chandra Karmakar, “A 4 x 4 Dual
Polarized mm-Wave ACMPA Array for a Universal mm-Wave Chipless
RFID Tag Reader”, IEEE trans. on Antennas and propag., vol. 63, no. 4,
pp. 1633-1640, Apr. 2015.

[11] Emran M. Amin, and Nemai C. Karmakar, “A Passive RF Sensor
for Detecting Simultaneous Partial Discharge Signals Using Time—
Frequency Analysis”, IEEE Sensors Journal, vol. 16, no. 8§,
pp. 2339-2348, Apr. 2016.

[12] M. Aminul Islam, M. Shakil Bhuiyan and N. Karmakar, “A novel com-
pact chipless RFID tag and near-field reader”, Asia-Pacific Microwav.
Conf. 2011, Melbourne, VIC, pp. 1518-1521, 2011.

[13] M. A. Islam and N. C. Karmakar, “A Novel Compact Printable Dual-
Polarized Chipless RFID System”, IEEE Trans. Microwav. Theory and
Tech., vol. 60, no. 7, pp. 2142-2151, July 2012.

[14] J. Shi, X. Qing, and Z. N. Chen, “Electrically large zero-phase-
shift linegrid-array UHF near-field RFID reader antenna”, IEEE Trans.
Antennas Propag., vol. 62, no. 4, pp. 2201-2208, Apr. 2014.

[15] J. Choo and J. Ryoo, “UHF RFID tag applicable to various objects”,
IEEE Trans. Antennas Propag. vol. 62, no. 2, pp. 922-925, Feb. 2015.

2569




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /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 true
  /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
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


