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ABSTRACT

The radiation characteristics and input impedance of the dipole antenna will
be distorted when the antenna is placed on a metal object. The electromagnetic wave
of the antenna is reflected almost entirely by the metallic surface and a 180° phase
shift is occurred. In addition, a common dipole antenna has low gain which is about
2.15 dBi. Owing to the high impedance, surface structure called Artificial Magnetic
Conductor (AMC) is developed as a ground plane for the dipole antenna to prevent
the performance degradation of the antenna caused by metallic objects and to
increase the antenna’s gain. Due to the reflected wave of the AMC is in-phase with
the antenna current (reflection phase equals to zero), it improves the radiation
efficiency and subsequently enhances the gain of the dipole antenna. Thus, due to the
great demand in multiband antenna, this research has developed a triple-band dipole
antenna with straight and meander structures at Ultra-high Frequency (UHF) and
Microwave Frequency (MWF) Radio Frequency ldentification (RFID) frequencies;
0.92 GHz, 2.45 GHz and 5.8 GHz respectively. Firstly, the single-band square-
patches AMCs are investigated. Then, to obtain a smaller structure of AMC and
suitable for RFID applications, two new structures of AMC-HIS are developed. They
are single-band AMC called zigzag dipole and dual-band AMC called rectangular-
patch with slotted rectangular and I-shaped slot. The parameters that affect the AMC
performance are discussed and the performances of the antenna with and without the
AMC GP are investigated in terms of return loss, total gain, total efficiency and
directivity. From the results gained, in general the power received of the dipole
antenna with AMC GP is higher than the power received of the dipole antenna with
the absent of AMC GP. Furthermore, a longer reading distance is recorded for the
dipole tag antenna backed by AMC structures. For instance, the reading distance for
the UHF meandered dipole tag antenna with the 2x2 rectangular-patch with slotted
rectangular and I-shaped slot has achieved two times higher compared with the
dipole antenna without the AMC GP. While at MWEF, its reading distance is
increased from 0.8 m to 1.25 m. The performance of the dipole tag antenna with
AMC GP attached to the metallic plate size is also tested to verify the dipole tag
antenna with AMC GP can be used for metallic object detection in RFID
applications.
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ABSTRAK

Ciri-ciri radiasi dan galangan masukan antena dwikutub akan
terganggu apabila ia diletakkan ke atas objek logam. Ini kerana, hampir keseluruhan
gelombang elektromagnetnya akan dipantulkan oleh permukaan logam dan berlaku
anjakan fasa sebanyak 180°. Tambahan lagi, antena dwikutub biasanya mempunyai
gandaan yang rendah di mana nilainya sekitar 2.15 dBi. Oleh itu, struktur permukaan
galangan tinggi yang dikenali sebagai Konduktor Bermagnet Buatan (AMC) telah
dibangunkan sebagai satah bumi kepada antena dwikutub untuk menghalang
kemerosotan prestasi antena yang disebabkan oleh objek logam dan untuk
meningkatkan gandaan antena. Disebabkan gelombang pantulan bagi AMC adalah
sama fasa dengan arus antena (fasa pantulan bersamaan sifar), ia meningkatkan
kecekapan radiasi dan seterusnya meningkatkan gandaan antena. Maka sehubungan
dengan permintaan yang tinggi dalam antena pelbagai jalur, penyelidikan ini telah
membangunkan antena dwikutub tiga-jalur yang mempunyai struktur yang lurus dan
berkelok pada frekuensi amat-tinggi (UHF) dan pada frekuensi gelombang mikro
(MWEF) frekuensi Pengenalan Frekuensi Radio (RFID); 0.92 GHz, 2.45 GHz dan 5.8
GHz. Mulanya, segiempat sama-tampal jalur-tunggal AMC dikaji. Kemudian, untuk
mendapatkan struktur AMC-HIS yang lebih kecil dan sesuai untuk aplikasi RFID,
dua struktur baru AMC-HIS telah dibangunkan. la adalah jalur-tunggal AMC yang
dipanggil dwikutub zigzag dan dwi-jalur AMC yang dipanggil segiempat-tampal
dengan alur segiempat dan bentuk-I. Parameter-parameter yang memberi kesan ke
atas prestasi AMC dibincangkan dan prestasi antena dengan satah bumi AMC dan
tanpa satah bumi AMC dikaji dari segi kehilangan balikan, gandaan keseluruhan,
kecekapan keseluruhan dan penumpuan. Daripada keputusan yang diperolehi, secara
keseluruhannya penerimaan kuasa oleh antena dwikutub dengan satah bumi AMC
mempunyai penerimaan kuasa yang lebih tinggi berbanding antena dwikutub yang
tidak mempunyai satah bumi AMC. Selain daripada itu, jarak bacaan yang lebih
panjang telah direkodkan bagi antena label dwikutub yang dibelakangi oleh struktur
AMC. Sebagai contoh, jarak bacaan bagi antena label UHF dwikutub dengan
Konduktor Bermagnet Buatan segiempat-tampal dengan alur segiempat dan bentuk-I
2x2 telah mencapai dua kali ganda berbanding antena dwikutub tanpa satah bumi
AMC. Manakala pada MWEF, jarak bacaannya telah meningkat dari 0.8 m kepada
1.25 m. Prestasi antena dwikutub dengan satah bumi AMC juga telah diuji di mana ia
telah diletakkan ke atas kepingan logam untuk mengesahkan bahawa antena label
dengan satah bumi AMC boleh digunakan untuk mengesan objek logam di dalam
aplikasi RFID.
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CHAPTER 1

INTRODUCTION

1.0 Research Background

Printed dipole antennas have been actively studied since they are smple, easy
to fabricate, and easy to integrate with the Application Specific Integrated Circuit
(ASIC) microchip. It is also comes with wide variety of shape. However, it is
categorized as a low gain antenna where it is fundamentally limited by the size,
radiation patterns and the frequency of the operation [1-2]. In addition, the radiation
characteristics and input impedance of the dipole antenna will be distorted when the
antenna is placed on a metal object [3-5]. This is because, the electromagnetic wave
is reflected amost entirely by the metallic surface and a 180° phase shift may be
occurred. By nature, the conventional ground planes exhibit the property of phase
reversal of the incident currents resulting destructive interference of both dipole
antenna and image currents. The same scenario happens when the dipole tag antenna
is attached to a metallic object, the tag cannot be powered up by the field strength
emitted by the Radio Frequency ldentification (RFID) reader since the metallic
object reflects Radio Frequency (RF) wave. The impedance of the tag antenna,
resonant frequency of the antenna and radiation efficiency will be changed due to the
parasitic capacitance between the tag antenna and the metallic object. To overcome
this problem, the antenna must be placed at a quarter-wavel ength above the metallic



ground plane, making the antenna bulky at low frequencies [6]. Another way to
minimize effects of the parasitic capacitor between the dipole antenna and metallic
object and the effect of the reflection of the RF wave by metalic object, a gap
between tag antenna and the metallic object is placed and dielectric materia between
them is added [7].

Thus one way to reduce the size of the antenna, the high-impedance surface
(HIS) structure is introduced to act as Perfect Magnetic Conductor (PMC) which
does not exist in nature [8-11]. Its structure can be realized by artificially engineered,
thus it is caled as Artificially Magnetic Conductor (AMC). The AMC or PMC
condition is characterized by the frequency or frequencies where the magnitude of
the reflection coefficient is +1 and its phase is 0°. It has high surface impedance (Zs)
and it reflects the external electromagnetic waves without the phase reversal. In
contrast, the Perfect Electric Conductor (PEC) has a reflectivity of -1 and has
electromagnetic waves out of phase with the incident waves. As the metalic plate,
the AMC aso can be used as a ground plane to redirect the back radiation and
provide shielding to the antennas.

This research involves the design and development of a triple-band dipole
antenna employing HIS structure called AMC at 0.92GHz, 2.45GHz and 5.8GHz in
order to prevent the performance degradation of the dipole antenna caused by a
metallic surface and at the same time to increase the gain of the antenna. The
approach of designing multi-band antenna and AMC is considered in order to get a
versatile antenna and AMC that can operate at multiple frequency bands which have
attracted much attention today. All the design ssimulations are done using Computer
Simulation Technology (CST) Microwave Studio software. Based on the optimum
simulation results, the designed antenna and AMC are fabricated. The experimental
validation of the antenna and tag prototypes with and without the AMC ground plane
(GP) is carried out to verify the performance of the designs. Furthermore, the read
range of the tag with and without AMC GP and metallic plate attached to them are
also recorded to ensure that the developed tag antenna can be used for metallic object
identification in RFID applications.



1.1  Research Benefits / Applications

The research benefits/applications are:

i. The High Impedance Surface structure called Artificial Magnetic
Conductor prevents the performance degradation of the antenna and tag
caused by ametallic object.

ii.  The AMC offers good radiation efficiency and high gain to the antenna
and tag antenna, thus achieving longer reading distance.

ii. A versatile antennaand AMC can operate at multiple frequency bands.

iv.  The designed tag antenna can be used for metallic and non-metallic object

identification.

1.2 Problem Statements

Printed dipole antennas have been actively studied since they are smple, easy
to fabricate and integrate with the Application Specific Integrated Circuit (ASIC)
microchip. However, these antennas which do not have a ground plane cannot work
when the antenna and tag is directly attached to a metallic surface. The
electromagnetic wave is reflected amost entirely by the metallic surface and a 180°
phase shift occurs. The reflected wave cancels the incident wave of the antenna and
tag and this causes changes in the radiation properties of the antenna. The radiation
efficiency and gain will be decreased and the resonant frequency will be poor.
Microstrip patch [12-13] and Planar Inverted-F Antenna (PIFA) [14-16] antennas are
presented as RFID tags for working in metal environments because their designs
consist of metalic ground planes. However, their performance as tag antennas is till

dependent on the dimensions of the metallic planes close to them [7].



Next, the performance of the RFID is evaluated in terms of reading or
communication distance where it is highly dependent on the tag and the RF reader
design. Depending on the specific antenna configuration and RF power of the reader,
the communication distance may vary. The reader antenna with higher gain and
power will be able to read tags from a greater distance. But, in many cases, a UHF
reader will be operated at the legal limit, normally awatt of power of the reader [17].
So, the gain of the reader antenna and tag is another important parameter for the
reading distance. The range is greatest in the direction of maximum gain, which is
fundamentally limited by the size, radiation patterns and frequency of operation. For
a small omni-directiona dipole antenna, the highest gain is about 2.15dBi which is
considered alow gain antenna. Therefore, a new tag antenna needs to be designed
and developed which is able to read tags mounted on metalic objects without any

performance degradation.

1.3  Research Objectives

The main purpose of this research is to develop a dipole antenna and tag for
metallic object identification by employing High Impedance Surface structure called
Artificial Magnetic Conductor. By applying the AMC as a ground plane for the
dipole antenna, the performance degradation of the antenna and tag caused by the
metallic surface can be prevented and the gain of the antenna can be increased.

Thus, the research objectives are:

i. To design and fabricate the triple-band dipole antenna (at 0.92GHz,
2.45GHz and 5.8GHz).
ii.  Todesign and fabricate the single-band and dual-band AMC-HIS.
iii.  To measure the performance of the antenna and tag with and without the
AMC and dipole antenna with AMC ground plane attached with metallic
surface.



iv.
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To test and validate the tag prototypes by measuring the reading distance
of the tag with and without the AMC ground plane and dipole antenna
with AMC ground plane attached with metallic surface.

Scope of Research and Limitations

The scope of theresearch is asfollows:

vi.

Vii.

Review the technique used for multiband printed antenna, the theory and
design of Artificial Magnetic Conductor - High Impedance Surface
(AMC-HIYS) and study the RFID systems and other materia related to the
research work.

Design, simulate and optimize a multiband dipole antenna and AMC-HIS
at 0.92GHz, 2.45GHz and 5.8GHz.

Design, simulate and optimize a triple-band dipole antenna with AMC-
HIS GP.

Fabricate the antenna, tag and AMC-HIS.

Measure the antenna and tag properties with and without AMC-HIS
structures.

Validate the designed tag by measuring the reading distance with and
without AMC GP attached to a metallic plate.

Finalize the designs, compile reports and cite regional/international

conference and journal papers.



Two factors are identified which impeded the progress of the research. First,
the designed triple-band dipole antenna can only be matched at 50Q2 impedance in
spite of the value difference of tag impedance applied at different RFID frequencies.
In this case, for the UHF RFID tag, the Monza® 3 tag chip requires an antenna's
impedance of 32 + 216] Q2 and the 2.45GHz RFID tag requires antenna’ s impedance
of 60Q2 (see Appendix 1 and 2). Second, the passive 5.8GHz MWF RFID systemsis
required in this research to validate the tag antenna prototypes. However, the passive
5.8GHz RFID system is not available in the market and therefore, it is not possible
to test or record the reading distance of the dipole tag antennaworking at 5.8GHz.

1.5  Thesis Organization

Chapter 1 presents the research background, research benefits, problem
statements, objectives and scope of research and limitations.

Chapter 2 reviews multiband printed antenna technique, Artificial Magnetic
Conductor and tag antenna for metallic object identification. The applications of
AMC by other researchers are reviewed too. This chapter also presents an overview
of the RFID system including its operation, bands and the effect of metallic surface
on the dipole antenna and tag performance.

Chapter 3 investigates the wire dipole placed on or near to a metallic surface.
Then new designs of triple-band printed dipole antennas used for RFID tag are
presented. The dipole antenna with straight and meander structure are designed to
operate at three (3) different frequencies (0.92GHz, 2.45GHz and 5.8GHz). The
simulation and measurement results of the antenna properties are discussed such as

return loss, bandwidth, gain, and radiation pattern at each operating frequency. The



performance of the RFID tags (when the dipole antennas are connected to the ASIC
microchip) in terms of reading distance is also presented using the UHF SDK Gen2
Module RFID and Microwave readers.

Chapter 4 gives a detailed explanation of the designed single-band and dual-
band AMCs. The AMC characteristics in terms of reflection phase, reflection
coefficient magnitude and surface impedance are discussed in this chapter. A
detailed analysis of the single-band and dual-band AMCs including the new structure
of 0.92GHz zigzag dipole AMC-HIS, and 0.92GHz and 2.45GHz AMC-HIS with
rectangul ar-patch with rectangular and 1-shaped slot are elaborated too.

Chapter 5 presents the performance of the designed triple-band straight and
meandered dipole antennas with and without the AMC ground plane. It is the main
important chapter that aim to demonstrate the simulation and measurement of the
dipole antennas with single-band and dual-band AMC-HIS GP. The study parameters
include return loss, realized gain, total efficiency, radiation pattern and directivity of
the antenna.

Finally, Chapter 6 draws some conclusions including the findings of the

research, key contribution and recommendation for future research work.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

177

REFERENCES

P. R. Foster, R.A. Burberry, “ Antenna Problems in RFID Systems”, IEE
Colloquium on RFID Technology, pp. 31 - 35, 25 Oct. 1999.

K. V. Seshagiri Rao, Pavel V. Nikitin and Sander F. Lam, “Antenna
Design for UHF RFID tags. A Review and a Practical Application”,
IEEE Transaction on Antennas and Propagation, Vol. 53, No. 12, pp.
3870-3876, January 2005.

Lauri Sydanheimo, Leena Ukkonen and Markku Kivikoski, “Effect of Sze
and Shape of Metallic Objects on Performance of Passive Radio
Frequency Identification”, International Journal = Manufacturing
Technology, pp. 897-905, 2006.

Leena Ukkonen, Lauri Sydanheimo and Markku Kivikoski, “Patch
Antenna with EBG Ground Plane and Two-layer Substrate for Passive
RFID of Metallic Objects’, Proc. 2004 IEEE AP-S, Vol. 1, pp. 93-96,
2004.

Leena Ukkonen, Lauri Sydanheimo and Markku Kivikoski, “Effects of
Metallic Plate Sze on the Performance of Microstrip Patch-type Tag
Antennas for Passive RFID”, IEEE Antennas and Wireless Propagation
Letters, Vol. 4, 2005.

Gopinath Gampala, Rohit Sammeta and C. J. Reddy, “A Thin, Low
Profile Antenna using a Novel High Impedance Ground Plane”,
Microwave Journal, Vol. 53, No. 7, July 2010.

R.M. Mateos, J.M. Gonzalez, C. Craeye, and J. Romeu, “Backscattering
Measurement from a RFID Tag Based on Artificial Magnetic
Conductors”, 2" European Conference on Antennas and Propagation
(EuCAP 2007), Edinburgh, UK, 11-16 Nov. 2007.

Daniel F. Sievenpiper, James H. Schaffner, H. Jae Song, Robert Y. Loo,
and Gregory Tangonan, “Two-Dimensional Beam Seering using an
Electrically Tunable Impedance Surface”, IEEE Transactions on


http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=IEEDRL&possible1=Mateos%2C+R.M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true�
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=IEEDRL&possible1=Gonzalez%2C+J.M.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true�
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=IEEDRL&possible1=Craeye%2C+C.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true�
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=IEEDRL&possible1=Romeu%2C+J.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true�

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

178

Antennas and Propagation, Vol. 51, No. 10, pp. 2713-2722, October
2003.

Per-Simon Kildal, Ahmed A. Kishk and Stefano Maci, “Special Issue on
Artificial Magnetic Conductors, Soft/hard Surface and Other Complex
Surface”, IEEE Transaction on Antennas and Propagation, Vol. 53, No. 1,
pp. 2-7, January 2005.

Dong Hyun Lee, Dae Woong Woo and Wee Sang Park, “Analysis of an
Artificial Magnetic Conductor using a Grounded Magnetic Material
Layer”, Antennas and Propagation Society International Symposium
(APSURSI 2009), pp. 1-4, 20009.

Fan Yang and Rahmat Samii, “Electromagnetic Band Gap Structures in
Antenna Engineering” , Cambridge University Press, pp.156-201, 2009.
J.-S. Kim, W.-K. Choi and G.-Y. Choi, “Small Proximity Coupled
Ceramic Patch Antenna for UHF RFID Tag Mountable on Metallic
Objects’, Progress In Electromagnetics Research, Vol. 4, 129-138, 2008.
Youngman Um, Uisheon Kim, Wonmo Seong and Jaehoon Choi, “A
Novel Antenna Design for UHF RFID Tag on Metallic Objects”, PIERS
Proceedings, August 27-30, pp. 158-161, Prague, Czech Republic, 2007.
Sung-Joo Kim, Byongkil Yu, Ho-Jun Lee, Myun-Joo Park, Frances J.
Harackiewicz, and Byungje Lee, “RFID Tag Antenna Mountable on
Metallic Plates”, 2005 Asia-Pacific Microwave Conference, APMC 2005,
Vol. 4, pp. 4-7, 2005.

Leena Ukkonen, Lauri Sydanheimo and Markku Kivikoski, “A Novel Tag
Design Using Inverted-F Antenna for Radio Frequency Identification of
Metallic Objects’, 2004 IEEE/Sarnoff Symposium on Advances in
Wired and Wireless Communication, pp. 91-94, 2004.

Wonkyu Choi, Hae Won Son, Ji-Hoon Bae, Gil Young Choi, Cheol Sig
Pyo and Jong-Suk Chae, “An RFID Tag using a Planar Inverted-F
Antenna Capable of Being Stuck to Metallic Objects”, ETRI Journal,
Volume 28, Number 2, pp. 216-218, April 2006.

Daniel M Dobkin, “RFID Basics. How to Determine the Link Budget”,
EE Times-India, pp. 1-3, October 2007.


http://autoid.mit.edu/xpl/RecentCon.jsp?punumber=10688�
http://autoid.mit.edu/xpl/RecentCon.jsp?punumber=10688�
http://autoid.mit.edu/xpl/RecentCon.jsp?punumber=10688�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9131�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9131�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9131�

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

179

Ramesh Garg, Prakash Phartia, Inder Bahl and Apisak Ittipiboon,
“Microstrip Antenna Design Handbook”, Artech House Inc., pp. 265-268,
2001.

Kin-Lu Wong, “Compact and Broadband Microstrip Antennas’, John
Wiley and Sons, Inc., pp. 112 — 113, 2002.

Vincent F. Fusco, “Foundation of Antenna Theory, and Techniques”,
Pearson Education Limited, 2005.

Maher M. Elrazzak and M. F. Alsharekh, “A Compact Sacked Antenna
for the Tri-band GPS Applications’, Hindawi Publishing Corporation,
Active and Passive Electronic Components, Vol. 2008.

M. T. Islam, M. N. Shakib and N. Misran, “Multi-slotted Microstrip
Patch Antenna for Wireless Communication”, Progress In
Electromagnetics Research Letters, PIER L, Vol. 10, 11-18, 2009.

Fitri Yuli Zulkili, Faisal Narpati, and Eko Tjipto Rahardjo, “Sshaped
Patch Antenna Fed by Dual Offset Electromagnetically Coupled for 5-
6GHz High Speed Network”, PIERS ONLINE, Vol. 3, No. 2, pp. 163-
166, 2007.

Rakhesh Singh Kshetrimayum, P. Ramu and S. S Karthikeyan, “Sngle
Printed Monopole Antenna and Notched Antenna with Triangular
Tapered Feed Lines for Triband and Pentaband Applications”, in Proc.
Annual |EEE Indicon, Bangalore, India, Sept. 2007.

M. A. S. Alkanhal, “Composite Compact Triple-band Microstrip
Antennas”, Progress In Electromagnetics Research, PIER 93, 221-236,
2009.

Pekka Salonen, Mikko Keskilammi and Markku Kivikoski, “ Sngle-feed
Dual-Band Planar Inverted-F Antenna with U-shaped Sot”, IEEE
Transaction on Antennas and Propagation, Vol. 48, No. 8, 2000.

Michal Pokorny, Jiti Hordk and Zbyn¢k Raida, “Planar Tri-Band
Antenna Design” , Radioengineering, Vol. 17, No. 1, April 2008.

Kihun Chang, Hyungrak Kim, Kwang Sun Hwang, Ick Jae Yoon, and
Young Joong Yoon, “A Triple-band Printed Dipole Antenna using
Parasitic Elements”, Microwave and Optical Technology Letters, vol. 47,
pp. 221-223, 2005.



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

180

Fan Yang, Ziming He, Ping Peng and Yin Qian, “Multi-band Printed
Dipole Antenna”, United States Patent Application Publication, US
2005/0035919 A1, 2005.

Y.-J. Wu, B.-H. Sun, J.-F. Li and Q.-Z. Liu, “Triple-band Omni-
Directional Antenna for WLAN  Application”, Progress In
Electromagnetics Research, PIER 76, pp. 477-484, 2007.

Lal Chand Godara, “Handbook of Antennas in Wireless
Communications”, pp. 164-166, CRC Press LLC, 2002,

G. Zhao, F.-S. Zhang, Y. Song, Z.-B. Weng and Y.-C. Jiao, “Compact
Ring Monopole Antenna with Double Meander Lines for 2.4/5GHz Dual-
Band Operation”, Progress In Electromagnetics Research, PIER 72, 187-
194, 2007.

M. John and M. J. Ammann, “Integrated Antenna for Multiband Multi-
National Wireless Combined with GSM1800/PCS1900/IMT2000 +
Extension”, Microwave and Optical Technology Letters, VVol. 48, No. 3,
pp. 613- 615, March 2006.

Sievenpiper D.F, “High-Impedance Electromagnetic Surfaces’, PhD
Thesis, University of California at Los Angeles, 1999.

Douglas J. Kern, Douglas H. Werner,1 Michael J. Wilhelm and Kenneth
H. Church, “Genetically Engineered Multiband High-impedance
Frequency Selective Surfaces”, Microwave and Optical Technology
Letters, Vol. 38, No. 5, pp. 400-403, September 5 2003.

Sergio Clavijo, Rodolfo E. Diaz, and William E. McKinzie, “Design
Methodology for Sevenpiper High-Impedance Surfaces. An Artificial
Magnetic Conductor for Positive Gain Electrically Small Antennas”,
IEEE Transactions on Antennas and Propagation, Vol. 51, No. 10, pp.
2678-2690, October 2003.

T. K Wu, “ Frequency Selective Surface”, John Wiley and Sons, pp. 2-4,
1995.

Ben A. Munk, Fregquency Selective Surfaces: Theory and Design, John
Wiley & Sons, Inc., 2000.

S. P. Rea, D. Linton, E. Orr and J. McConnell, “Broadband High
Impedance Surface Design for Aircraft HIRF Protection”, IEE



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

181

Proceeding, Microwave Antennas Propagation, Vol. 153, No. 4, August
2006.

G. Niyomjan and Y. Huang, “A Suspended Microstrip Fed Sot Antenna
on High Impedance Surface Structure”, First European Conference on
Antennas and Propagation 2006 (EUCAP 2006), pp. 1-4, 2006.

G. Niyomjan and Y. Huang, “An Accurate and Smple Design of High
Impedance Surface Structure using an Enhanced Effective Medium
Method”. 2007 IEEE International Workshop on Antenna Technology
(IWAT2007), pp. 372-375, Cambridge, UK. 2007.

H. M. El-Maghrabi, A. M. Attiya, E. A. Hashish and H. S. Sedeeq,
“Parametric Sudy of Planar Artificial Magnetic Conductor Surface”, 23
National Radio Science Conference (NRSC2006), Egypt, 2006.

Pasi Raumonen, Mikko Keskilammi, Lauri Sydanheimo and Markku
Kivikoski, “A Very Low Profile CP EBG Antenna for RFID Reader”,
IEEE Antennas and Propagation Society International Symposium, 3808
- 3811, Vol.4, 2004.

M. E. de Cos, F. Las Heras and M. Franco, “Design of Planar Artificial
Magnetic Conductor Ground Plane using Frequency Selective Surface for
Frequencies Below 1GHZ’, IEEE Antennas and Wireless Propagation
Letters, Vol. 8, pp. 951-954, 2009.

Jiyoung Seo and Bomson Lee, “Performance Enhancement of Antennas
using PBG Sructures”, IEEE Antennas and Propagation Society
International Symposium 2003, Vol.4, pp. 859-862, 2003.

Bo Gao, Chi Ho Cheng, Matthew M. F. Yuen and Ross D. Murch, “Low
Cost Passive RFID Packaging with Electromagnetic Band Gap (EBG) for
Metal Objects’, 2007 Electronic Components and Technology
Conference, pp. 974-978, 2007.

Fan Yang and Yahya Rahmat Samii, “Reflection Phase Characterization
of Electromagnetic Band-gap (EBG) Surface”, IEEE Antennas and
Propagation Society International Symposium, pp. 744-747, 2002.

Franz Hirtenfelder, Txema Lopetegi, Mario Sorolla and Leonardo Sassi,
“Designing Components Containing Photonic Bandgap Structures using
Time Domain Field Solvers”, Microwave Engineering, pp. 23-29, March
2002.


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9253�
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=9253�

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

182

Xiaoxia Zhou, Franz Hirtenfelder, Zhiyuan Yu and Min Zhang, “Fast
Smulation of High Impedance Surface using Time Domain Solver”, 2004
4™ International Conference on Microwave and Millimeter Wave
Technology Proceedings, pp. 731-734, 2004.

M. E. de Cos, Y. Alvarez Lopez, R. C. Hadarig and F. Las-Heras Andres,
“Flexible Uniplanar Artificial Magnetic Conductor”, Progress In
Electromagnetics Research, PIER 106, 349-362, 2010.

G. Poilasne, “Antennas on High Impedance Ground Planes. on the
Importance of the Antenna Isolation”, Progress in Electromagnetics
Research, PIER 41, 237-255, 2003.

Zhang Jin, “Frequency Agile RF/Microwave Circuits
Using BST Varactors’, North Carolina State University PhD Thesis,
2003.

J. R. Sohn, K. Y. Kim and H.-S. Tae, “Comparative Sudy on Various
Artificial Magnetic Conductors for Low-profile Antenna”, Progress In
Electromagnetics Research, PIER 61, 27-37, 2006.

Rodney B. Waterhouse and Dalma Novak, “Comparison of Performance
of Artificial Magnetic Conductors at L-band”, IEEE International
Symposium on Antennas and Propagation Society, Vol. 1B, pp. 648-651,
2005.

Ying-Ying Gu, Wen-Xun Zhang, Zhi-Chen Ge and Zhen-Guo Liu,
“Research on Reflection Phase Characterizations of Artificial Magnetic
Conductors”, 2005 Antennas and Propagation and Microwave
Conference, APMC2005, 2005.

Filippo Costa, Simone Genovesi and Agostino Monorchio, “On the
Bandwidth of High-Impedance Selective Surfaces”, IEEE Antennas and
Wireless Propagation Letters, VVol. 8, pp.1341-1344, 2009.

H.-H Xie, Y.-C. Jiao, K. Song and Zhang, “A Novel Multi-band
Electromagnetic Bandgap Structure”, Progress In Electromagnetics
Research Letters, Vol. 9, 67-74, 2009.

S. Tse, B. Sanz Isquierdo, J.C. Batchelor, R.J. Langley, “ Reduced Szed
Cedllsfor Electromagnetics Bandgap Structures’, IEE Electronics Letters,
Vol. 39 (24), pp. 1699-1701, 2003.


http://www.jpier.org/pier/pier.php?paper=10061505�
http://www.jpier.org/PIER/pier.php?volume=106�

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

183

C. Guo, H. Sun and X. Lu, “A Novel Dualband Frequency Selective
Surface with Periodic Cell Perturbation”, Progress In Electromagnetics
Research B, PIER B, Vol. 9, 137-149, 2008.

Douglas J. Kern, Douglas H. Werner, Agostino Monorchio, Luigi
Lanuzza and Michael J. Wilhelm, “The Design Synthesis of Multiband
Artificial Magnetic Conductors using High Impedance Frequency
Selective Surfaces”, IEEE Transactions on Antennas and Propagation,
Vol. 53, No. 1, pp. 8-17, 2005.

Hiranandani, M.A. Yakovlev, A.B. and Kishk, A.A., “Artificial
Magnetic Conductors Realised by Frequency-Selective Surfaces on a
Grounded Dielectric Sab for Antenna Applications”, IEE Proceedings on
Microwaves, Antennas and Propagation, Vol. 153, No. 5, pp. 487-493,
2006.

S. Islam, J. Stiens, G. Poesen I. Jaeger, G. Koers and R. Vounckx, “W-
band Millimeter Wave Artificial Magnetic Conductor Realization by
Grounded Frequency Selective Surface”, Proceedings Symposium
IEEE/LEOS Benelux Chapter, pp. 183-186, Brussels, 2007.

Gopinath Gampala and Alexander B. Yakovlev, “Wideband High
Impedance Surface for X-Band Antenna Applications”, IEEE Antennas
and Propagation Society International Symposium, pp. 1329-1332, 2007.
James D. Lily, William E. McKinzie, David. T. Auckland, Andrew
Humen Jr., “Capacitively-loaded Bent-wire Monopole on Artificial
Magnetic Conductor”, US 6, 768,476 B2, Jul. 27, 2004.

A. Ourir, A. de Lustrac, “ Artificial Magnetic Conductor High Impedance
Surface for Compact Directive Antennas’, Progress In Electromagnetics
Research Symposium 2005, pp. 23-26, 2005.

Foroozesh A. and Shafali, L., “Performance Enhancement of the Compact
Microstrip Antennas using AMC Ground Planes’, Antennas and
Propagation Society International Symposium (APSURSI 2009), pp. 1-4,
2009.

Alexandros P. Feresidis, George Goussetis, Shenhong Wang and John
C. Vardaxoglou, “Artificial Magnetic Conductor Surfaces and their
Application to Low-profile High-gain Planar Antennas’, IEEE


http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=2196�

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

184

Transaction on Antennas and Propagation, Vol. 53, No. 1, pp. 209-215,
January 2005.

Hossein Mosallaei and Kamal Sarabandi, “ Antenna Miniaturization and
Bandwidth Enhancement using a Reactive Impedance Substrate”, IEEE
Transactions on Antennas and Propagation, Vol. 52, No. 9, pp. 2403-
2414, September 2004.

Ying Huang, Arijit De, Yu Zhang, Tapan K. Sarkar and Jeffrey Carlo,
“Enhancement of Radiation along the Ground Plane from a Horizontal
Dipole Located Close to It”, IEEE Antennas and Wireless Propagation
Letters, pp. 294-297, 2008.

John Mc Vay, Ahmad Hoorfar and Nader Engheta, “Radiation
Characteristics of Microstrip Dipole Antennas Over a High-Impedance
Metamaterial Surface Made of Hilbert Inclusions’, IEEE MTT-S
International Microwave Symposium Digest, VVol. 1, pp. 587 — 590, 2003.
Elaine M. Cooney, “ RFID+: The Complete Review of Radio Frequency
Identification” , Thomson Delmar Learning, pp. 97-109, 2006.
HyungooYoon and Byung-Jun Jang, “Link Budget Calculation for UHF
RFID System”, Microwave Journal, VVol. 51, No. 12, December 2008.

Zhi Ning Chen, “Antenna for Portable Devices”, John Wiley & Sons, pp.
59-111, 2007.

A. S. Hoenshel and R. Mittra, “ A Parametric Study of Platform Tolerance
of RFID Tag Antennas and their Performance Enhancement with
Artificial Magnetic Conductors”, IEEE Antennas and Propagation Society
International Symposium, pp. 5471- 5474, 2007.

C.-H. Loo, K. Elmahgoub, F. Yang, A. Elsherbeni, D. Kajfez, A. Kishk
and T. Elsherbeni, “Chip Impedance Matching for UHF RFID Tag
Antenna Design”, Progress In Electromagnetics Research, PIER 81, 359—
370, 2008.

K. H. Kim, J. G. Song, D. H. Kim, H. S. Hu and J. H. Park, “RFID Tag
Antenna Mountable on Metallic Surfaces and Matching Method by
Parasitic Patches”, Antennas and Propagation Society International
Symposium 2008 (AP-S 2008), pp. 1-4, 5-11 July 2008.



[77]

[78]

[79]

[80]

185

Dongho Kim and Junho Yeo, “Low-profile RFID Tag Antenna using
Compact AMC Substrate for Metallic Objects”, IEEE Antennas and
Wireless Propagation Letters, VVol. 7, pp. 718-720, 2008.

Dong-Uk Sim, Dong-Ho Kim, Jae-Ick Choi and Hyung-Do Choi, “Design
of Novel Dipole-Type Tag Antennas using Electromagnetic Bandgap
(EBG) Surface for Passive RFID Applications”, 2007 IEEE Antennas and
Propagation Society International Symposium, pp. 1333 — 1336, 2007.
Sim, Dong-uk, Choi, Hyung-do, Kwon, Jong-hwa, Kim, Dong-ho, Choi,
Jae-ick, “Dipole Tag Antenna Sructure Mountable on Metallic Objects
using Artificial Magnetic Conductor for Wireless Identification and
Wireless Identification System using the Dipole Tag Antenna Structure”,
United States Patent, 20100007569, January 2010.

M. E. de Cos, Y. Alvarez Lopez and F. Las-Heras Andrés, “A Novel
Approach for RCS Reduction using a Combination of Artificial Magnetic
Conductors”, Progress In Electromagnetics Research, Vol. 107, 147-159,
2010.





