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ABSTRACT 

 

 

Numerous researches have been devoted to the development of the wearable 

antenna for its functionalities in on-body communications. The printed monopole 

antenna fulfils the requirements as well as having wideband matching characteristics, 

omnidirectional radiation patterns and compact size. Transforming wearable 

antennas into a compact antenna for wireless on-body communication which 

operates at 2.45 GHz and to investigate their performances on the body are the 

objectives of the research. In this research, three types of printed monopole antennas 

with different configurations are proposed. A microstrip patch antenna is selected as 

the basic design and modifications on the radiating patch for these three antennas 

were tested on movements of normal activities of a human in an office environment 

using Computer System Technology (CST). To verify the performance of the 

proposed antenna, return loss was simulated using CST and measured with network 

analyser. Path loss measurement for five on-body channels which are belt-to-chest, 

belt-to-wrist, belt-to-head, belt-to-back and belt-to-ankle was measured with vector 

network analyser. For the antenna performance on the body, the belt-to-head body 

channels gave the best result for the path loss measurement with highest path loss 

mean values about -30 dB. It was also found that the developed antennas can perform 

well at 2.45 GHz with good return loss below than -10 dB, and both simulated and 

measured results were in agreement. These proposed antennas worked well with 

wide operating bandwidth about 17~32%.  However, each of these antennas has its 

own superior feature based on the configuration that could enhance the compactness 

of the antenna. 
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ABSTRAK 

 

 

Banyak penyelidikan telah dijalankan untuk membangunkan antena boleh 

pakai yang berfungsi pada komunikasi pada badan. Antena ekakutub tercetak 

memenuhi keperluan-keperluan tersebut disamping mempunyai sifat lebarjalur 

terpadan, corak radiasi semua arah dan saiz yang padat. Objektif penyelidikan ini 

adalah untuk mengubah antena boleh pakai kepada antena padat untuk kegunaan 

wayarles pada badan yang beroperasi pada 2.45 GHz dan untuk mengkaji kebolehan 

antena tersebut pada badan manusia. Dalam kajian ini, tiga jenis antena ekakutub 

tercetak dengan konfigurasi yang berlainan telah dicadangkan. Antena mikrojalur 

tampal dipilih sebagai reka bentuk asas dan pengubahsuaian pada unsur tampalan 

untuk tiga antena ini telah dijalankan dan diuji pada pergerakan normal aktiviti 

manusia di dalam persekitaran pejabat dengan menggunakan perisian “Computer 

System Technology” (CST). Untuk menguji kebolehan antena yang dicadangkan, 

kehilangan kembali telah disimulasi menggunakan CST dan diukur dengan 

menggunakan penganalisa rangkaian. Pengukuran kehilangan jarak untuk lima 

saluran komunikasi badan iaitu pinggang-ke-dada, pinggang-ke-pergelangan tangan, 

pinggang-ke-kepala, pinggang-ke-belakang dan pinggang-ke-buku lali telah 

dijalankan menggunakan penganalisa rangkaian. Saluran komunikasi badan 

pinggang-ke-kepala menunjukkan keputusan terbaik untuk kehilangan jarak dengan 

nilai min kehilangan jarak paling tinggi iaitu kira-kira -30 dB. Ia juga menunjukkan 

antena yang dibangunkan boleh beroperasi dengan baik pada 2.45 GHz dengan 

kehilangan kembali dibawah -10 dB, dan keputusan simulasi dan pengukuran saling 

menyetujui antara satu sama lain. Antena yang dibangunkan ini beroperasi dengan 

baik dengan lebarjalur kendalian kira-kira 17-32%. Walau bagaimanapun, setiap 

antena ini mempunyai kelebihan tersendiri berdasarkan konfigurasi masing-masing 

yang memenuhi kepadatan antena. 
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CHAPTER 1 

INTRODUCTION 

 This chapter presents the project background, problem statement, objective of 

the project, scopes of the project and organization of thesis. 

 

1.1 Background 

 

Recently, a massive amount of researches have been devoted to the 

development of the wearable antenna for its functionalities in on-body 

communications. In recent mobile technology and other technologies such as WLAN, 

WIFI, Bluetooth, and Personal Area Network (PAN), the use of wireless 

communication and other wireless applications, antenna design become more and 

more important in recent years. Due to increasing of the applications in the personal 

communications systems, body-centric wireless communication has become a major 

field of interest for researchers and will be part of the forthcoming convergence and 

personalization across the various domain applications [1].  

 

Wireless data transmission is also getting very popular in medical 

applications such as wireless monitoring of vital functions. The key element in this 

kind of system is the utilization of small and efficient antennas that are working near 

human body [1]. In many cases the size of the antenna will determine the size of the 

overall device. The increasing availability of Bluetooth in mobile technologies has 
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led to the use of the 2.45 GHz ISM band to communicate among devices wirelessly. 

This band has become the most important in supporting several wireless 

communication standards as well as on-body wireless communication.  

 

 Many works have been done to establish optimum antenna types for on-body 

communication [2-6]. Research in [2] investigates the design of antennas for use in 

BANs at 2.45 GHz. Two on-body channels (belt-to-chest and belt-to-wrist) have 

been investigated by placing several types of antennas on the body, namely 

monopole, patch, loop and patch array. The combination of two monopole antennas 

was found to give the best path gain for both channels.  

  

 The printed monopole antennas [7-11] have been received much attention due 

to their unique advantages such as wideband matching characteristics, 

omnidirectional radiation patterns, high radiation efficiency and compact size. 

Printed monopole antenna also has many advantages such as small size, low-profile, 

simple structure and easy to fabricate. However, the conventional monopole antennas 

are practically bulky and protruding. Antennas with multi-band, small size and low 

profile are in great demand in on-body communications. Hence, concentrating on 

designing small and practical antennas (printed antennas) for on-body application is 

crucial. This project therefore concentrates on designing small and more practical 

antennas for on-body application as well as to investigate their performance on the 

body.  

 

1.2  Problem Statement 

In modern mobile and wireless communications systems, there is an 

increasing demand for smaller low-cost antennas that can be easily integrated with 

packaging structures. However, in some mobile or wireless applications in the 2.4 

GHz ISM band, their physical size may be too large for wearability. Wearable 

devices for on-body application should be designed in term of functionality and 

human comfort. The previous works and designs on this application utilized 
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monopole antenna which were bulky and protruding. Hence, there is need to design a 

compact antenna for on-body communication. 

 

1.3 Objective 

The objectives of this project are: 

i. To study and investigate the suitable antenna candidates for on-body 

communication. 

ii. To design compact antennas that suitable for on-body communication at 2.45 

GHz. 

iii. To study the performance of the designed antennas for various part of body 

communication channels. 

iv. To determine an optimum body channel for body centric wireless 

communication.  

 

1.4 Scopes of Works 

The scopes of this project are as follows: 

i. Study on literature review and understanding the concept of printed 

monopole antenna.  

ii. Design and simulate three printed monopole antennas with different 

configurations 

iii. Perform numerical simulations on all the designed antennas. 

iv. Fabrication process using etching technique on FR4 board. 

v. Analyse the performances of the antennas such as return loss and radiation 

pattern. 

vi. Perform on-body measurement (Path Loss, S21). 

vii. Data analysis for path loss and documentation. 

 



 

 

4 

1.5 Thesis outline 

The thesis consists of five chapters. The first chapter describes brief 

description of the project background, problem statement, the project objectives and 

scopes of project.  

 

Chapter two briefly discussed the theory on patch antenna and antenna 

properties. Literature review from previous researches related to antenna on-body 

communications is given concentration in this chapter.  

 

In chapter three, the methodology of this research is presented. The overall 

project activities are shown in a simple flow chart consist the design consideration, 

simulation tools and measurement process. 

 

Chapter four presents the results obtained. Return loss and path loss results is 

recorded in detail in this chapter. Analyses of the findings are then discussed. These 

include parametric investigations and its effect on the antenna performance.  

 

The final chapter concludes the thesis. Recommendations for future work are 

also given. 

 

 



 

 

REFERENCES 

[1] Hall, P S and Hao, Y, (eds), „Antennas and Propagation for Body Centric 

Wireless Communications‟, (Artech House, Boston/London, 2006). 

[2] Kamarudin, M.R.; Nechayev, Y.I.; Hall, P.S.; “Antennas for on-body 

communication systems” IEEE International Workshop on Antenna 

Technology: Small Antennas and Novel Metamaterials, 2005. IWAT 2005, 7-

9 March 2005, Page(s): 17 - 20. 

[3] Kamarudin, M. R, Nechayev, Y. I, Hall, P. S. “Performance of Antennas in 

the On Body Environment”, Antennas and Propagation Society International 

Symposium IEEE 2005, Volume 3A, 3-8 July 2005, Page(s): 475 – 478. 

[4] W. G. Scanlon and N. E. Evans, „Numerical Analysis of Body worn UHF 

Antenna Systems,‟ IEE Electronics and Communications Engineering 

Journal, Vol. 13, No. 2, April 2001, pp.56-64. 

[5] M. Klemm and G. Troester, „Textile UWB Antenna for Wireless Body Area 

Networks,‟ IEEE Trans. Antennas and Propagation, Vol. 54, No. 11, 

November 2006, pp. 3192-3197. 

[6] G. A. Conway, W. G. Scanlon and D. Linton, „Low-profile microstrip patch 

antenna for over-body surface communication at 2.45 GHz,‟ 65th IEEE 

Vehicular Techn. Conf. VTC 2007-spring, April 2007, pp. 392-396. 

[7] Y.-Y. Cui, Y.-Q. Sun, H.-C. Yang, C.-L. Ruan, “A new triple-band CPW-fed 

monopole antenna for WLAN and WIMAX appications,” Progress In 

Electromagnetics Research, PIER 2, 141–151, 2008. 

[8] Ren, W., Z. G. Shi, and K. S. Chen, “Novel planar monopole UWB antenna 

with 5-GHz band-notched characteristic,” Journal of Electromagnetic Waves 

and Applications, Vol. 21, No. 12, 1645–1652, 2007. 



 

 

70 

[9] Zaker, R., C. Ghobadi, and J. Nourinia, “A modified microstrip- FED two-

Step tapered monopole antenna for UWB and WLAN applications,” Progress 

In Electromagnetics Research, PIER 77, 137–148, 2007. 

[10] Zhao, G., F. S. Zhang, Y. Song, Z. B. Weng, and Y. C. Jiao, “Compact ring 

monopole antenna with double meander lines for 2.4/5 Ghz dual-band 

operation,” Progress In Electromagnetics Research, PIER 72, 187–194, 

2007. 

[11] Zhang, G.-M., J.-S. Hong, B.-Z. Wang, Q.-Y. Qin, B. He and D.-M. Wan, “A 

novel planar monopole antenna with an H-shaped ground plane for dual-band 

WLAN applications,” Journal of Electromagnetic Waves and Applications, 

Vol. 21, No. 15, 2229–2239, 2007. 

[12] C.A. Balanis, Antenna Theory: Analysis and Design, 3rd ed. New York: John 

Wiley & Sons, Inc, 2005. 

[13] Volakis J. M. (2010). Antenna Engineering Handbook, 4th ed. Australia & 

New Zealand. McGraw Hill. 

[14] Bahl, I.J, Bhartia, P. “Microstrip Antenna”, Artech House INC, 1980. 

[15] Balanis, C. A. (1997). Antenna Theory, Analysis and Design. 2nd ed. 

Hoboken,  N. J: John Wiley & Sons. 

[16] S. Drude, “Requirements and application scenarios for body area networks”, 

16
th

 IEEE Mobile Wireless Comms. Summit, pp. 1-5, Jul. 2007. 

[17] D. Puccinelli and M. Haenggi, “Wireless sensor networks: applications and 

challenges of ubiquitous sensing,” IEEE Circuits Syst. Mag., vol. 5, 3, pp. 19-

31, 2005. 

[18] C. Otto, A. Milenkovic, C. Sanders, and E. Jovanov, “System architecture of 

a wireless body area sensor network for ubiquitous health monitoring,” J. 

Mobile Multimedia, vol. 1, 4, pp. 307-326, 2006. 

[19] Bodine, K.; Gemperle, F, “Effects of functionality on perceived comfort of 

wearables”, Wearable Computers, 2003. Proceedings. Seventh IEEE 

International Symposium, Year: 21-23 Oct. 2003, Page(s): 57- 60. 

[20] Gemperle, F.; Kasabach, C.; Stivoric, J.; Bauer, M.; Martin, R, “Design for 

wearability”, Wearable Computers, 1998. Digest of Papers. Second 

International Symposium, Year: 19-20 Oct 1998, Page(s): 116-122. 



 

 

71 

[21] Colburn, J.S.; Rahmat-Samii, Y.; “Human proximity effects on circular 

polarized handset antennas in personal satellite communications”, IEEE 

Transactions on Antennas and Propagation, Volume 46, Issue 6, June 1998 

Page(s):813 – 820. 

[22] Fu-Ling Lin; Huey-Ru Chuang; “Performance evaluation of a portable radio 

close to the operator's body in urban mobile environments”, IEEE 

Transactions on Vehicular Technology, Volume 49, Issue 2, March 2000 

Page(s):614 – 621. 

[23] Scanlon, W.G.; Evans, N.E, “Numerical analysis of bodyworn UHF antenna 

systems”, Electronics & Communication Engineering Journal, Volume: 13, 

Issue: 2, Year: Apr 2001, Page(s): 53-64. 

[24] Ziri-Castro, K.I.; Scanlon, W.G.; Evans, N.E.; “Indoor radio channel 

characterization and modeling for a 5.2- GHz bodyworn receiver”, Antennas 

and Wireless Propagation Letters, Volume 3, Issue 1, 2004 Page(s):219 – 222. 

[25] Zhi Ning Chen; Cai, A.; See, T.S.P.; Xianming Qing; Chia, M.Y.W.; “Small 

planar UWB antennas in proximity of the human head”, IEEE Transactions 

on Microwave Theory and Techniques, Volume 54, Issue 4, Part 2, June 2006 

Page(s):1846 – 1857. 

[26] Hall, P.S, Ricci, M, Hee, T.M. “Measurements of on-body propagation 

characteristics”. Antennas and Propagation Society International Symposium, 

2002. IEEE, Volume: 2, 16-21 June 2002 Page(s): 310 – 313 vol.2. 

[27] Hall, P.S, Ricci, M, Hee, T.M. “Characterization of on-body communication 

channels”. Microwave and Millimeter Wave Technology, 2002. Proceedings. 

ICMMT 2002. 2002 3rd. International Conference on, 17-19 Aug. 2002 

Page(s): 770 – 772. 

[28] S. Pavlopoulos, E. Kyriacou, A. Berler, S. Dembeyiotis, D. Koutsouris, “A 

Novel Emergency Telemedicine System Based on Wireless Communication 

Technology- AMBULANCE,” IEEE Transactions on Information 

Technology in Biomedicine, 2, 4, 1998, pp. 261-267. 

[29] Ali, A.J, Scanlon, W.G, Cotton, S.L. “Pedestrian Effects in Indoor UWB Off-

Body Communication Channels,” Antennas and Propagation Conference 

(LAPC), Dec 2010, Page(s): 57 – 60.  



 

 

72 

[30] Carter, J., Saberin, J., Shah, T., Sai Ananthanarayanan, P.R., Furse, C., 

“Inexpensive Fabric Antenna for Off-Body Wireless Sensor 

Communication,” IEEE Antennas and Propagation Society International 

Symposium (APSURSI), Sept 2010, Page(s): 1 – 4.  

[31] I. Locher, M. Klemm, T. Kirstein, and G. Tröster, “Design and 

characterizationof purely textile patch antennas,” IEEE Trans. Adv. 

Packag.,vol. 29, no. 4, pp. 777–788, Nov. 2006. 

[32] Luu Anh Tuan, Man Chun Zheng, Quan Thanh Tho, “Modeling and 

Verification of Safety Critical Systems: A Case Study on Pacemaker,” Fourth 

International Conference on Secure Software Integration and reliability 

Improvement (SSIRI), July 2010, Page(s): 23 – 32. 

[33] Mizuno H., Ito K., Takahashi M., Saito K., “A Helical Folded Dipole 

Antenna for Implantable Communication Devices,” IEEE Antennas and 

Propagation Society International Symposium (APSURSI), Sept 2010, 

Page(s): 1 – 4. 

[34] Guillen J.M., Millet J., Cebrian A., “Design of a prototype for dynamic 

electrocardiography monitoring using GSM technology: GSM-Holter,” 

IEEE Proceedings of the 23rd Annual International Conference Engineering 

in Medicine and Biology Society, vol. 4, Nov 2002, Page(s):3956 – 3959. 

[35] Yekeh K., Kohno R., “Wireless Communications for Body Implanted 

Medical Device,” Asia-Pacific Microwave Conference (APMC) 2007, 

Page(s): 1 – 4.  

[36] J. Kim and Y. Rahmat-Samii, “Implanted antennas inside a human body: 

Simulations, designs, and characterizations,” IEEE Trans. Microw. Theory 

Tech., vol. 52, no. 8, pt. 2, pp. 1934–1943, 2004. 

[37] Jovanov, E.; O'Donnell Lords, A.; Raskovic, D.; Cox, P.G.; Adhami, R.; 

Andrasik, F.; “Stress Monitoring Using a Distributed Wireless Intelligent 

Sensor System,” IEEE Engineering in Medicine and Biology Magazine, 

Volume 22, Issue 3, June 2003, Page(s):49 – 55. 

[38] E. Lee, P. S. Hall and P. Gardner, “Compact wideband planar monopole 

antenna,” Electron. Lett. Vol. 35 No. 25 pp 2157-2158, Dec 1999. 

http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=5548930
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=5548930
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=5548930
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=7934
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=7934
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=7934
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=4542564


 

 

73 

[39] M. John and M. J. Ammann, “Optimization of impedance bandwidth for the 

printed rectangular monopole,” Microwave and Optical Technology Letters. 

Vol. 47, No. 2, pp 153-154 Oct. 2005. 

[40] K. P. Ray and Y. Ranga, “Printed rectangular monopole antennas,” 2006 

IEEE AP-URSI Int. Microwave Symp. US, pp. 1636-1639, June 2006. 

[41] J. Liang, C. C. Chiau, X. Chen and C. G. Parini, “Study of a printed circular 

disc monopole antenna for UWB systems,” IEEE Trans. Antennas Propag., 

vol. 53, no. 11, pp. 3500-3504, Nov 2005. 

[42] K. P. Ray and Y. Ranga, “Ultra wideband printed elliptical monopole 

antennas,” IEEE Trans. Antennas Propag., vol. 55, no. 4, pp. 1189-1192, 

April 2007. 

[43] N. P. Agrawall, G. Kumar, and K. P. Ray, “Wide-band planar monopole 

antennas,” IEEE Trans. Antennas Propag., vol. 46, no. 2, pp. 294-295, Feb 

1998. 

[44] Ray, K.P; Ranga Y.; “CPW-fed Modified Rectangular Printed Monopole 

Antenna with Slot,” Microwave and Optoelectronics Conference 2007, Oct. 

29 2007 – Nov. 1 2007, Page(s): 79-81, 2007. 

[45] Hanhua Yang; Shu Yan; “Design of a Dualband Printed Monopole Antenna 

for WLAN Applications,” 4th International Conference on Wireless 

Communications, Networking and Mobile Computing 2008 (WiCOM '08),  

Nov. 2008, Page(s):1 – 3.  

[46] Waterhouse, R.B.; Targonski, S.D.; Kokotoff, D.M.; “Design and 

Performance of Small Printed Antennas,” IEEE Transactions on Antennas 

and Propagation, Volume 46, Issue 11, Aug. 2002, Page(s):1629 – 1633.  

[47] Jen-Yea Jan and Liang-Chih Tseng, “Small planar monopole antenna with a 

shorted parasitic inverted-L wire for wireless communications in the 2.4-, 

5.2-, and 5.8-GHz bands”, IEEE Trans. Antennas Propagat., vol.52, no.7, July, 

2004, pp.1903-1905.   

[48] T. G. Zimmerman, “Personal area network (pan): near-field intra-body 

communication,” M.S. dissertation, Mass. Inst. Technol. Media Laboratory, 

Cambridge, MA, 1995. 

http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=4677908
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=4677908
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=4677908


 

 

74 

[49] P. S. Hall, “Antennas and propagation for body centric communications,” in 

Proc. IET Seminar Antennas and Propagation Body-Centric Wireless 

Communications, 2007, pp. 1–4. 

[50] W. G. Scanlon, G. A. Conway, and S. L. Cotton, “Antennas and propagation 

considerations for robust wireless communications in medical body area 

networks,” in Proc. IET Seminar on Antennas and Propagation Body-Centric 

Wireless Communications, 2007, p. 37. 

[51] Z. H. Hu, M. Gallo, Q. Bai, and Y. I. Nechayev, “Measurements and 

simulations for on-body antenna design and propagation studies,” presented 

at the Eur. Conf. Antennas and Propagation, Edinburgh, U.K., 2007. 

[52] K. Fujii, M. Takahashi, and K. Ito, “Electric field distributions of wearable 

devices using the human body as a transmission channel,” IEEE Trans. 

Antennas Propag., vol. 55, no. 7, pp. 2080–2087, Jul. 2007. 

[53] N. Haga, K. Saito, M. Takahashi, and K. Ito, “A cavity-backed slot antenna 

for on-body BAN devices,” in Proc. Int. Workshop on Antenna Technology, 

Chiba, Japan, Mar. 2008, pp. 510–513. 

[54] N. Haga, K. Saito, M. Takahashi, and K. Ito, “Characteristics of cavity slot 

antenna for body-area networks,” IEEE Trans. Antennas Propag., vol. 57, no. 

4, pp. 837–843, Apr. 2009. 

[55] T. S. P. See, A. Alomainy, Y. Hao, and C. Chen, “On-body characterization 

of a compact planar UWB antenna,” presented at the Eur. Conf. Antennas and 

Propagation, Nice, France, 2006. 

[56] Klemm, Maciej; Troster, Gerhard; “Textile UWB antenna for on-body 

communications,” First European Conference on Antennas and Propagation 

2006 (EuCAP 2006), Page(s):1 – 4.  

[57] Johnna Powell, Anantha P. Chandrakasan, “Differential and Single Ended 

Elliptical Antennas for 3.1-10.6 GHz Ultra Wideband Communication”, 

IEEE Antennas and Propagation Society International Symposium, June 2004. 

[58] J. Grzyb, I. Ruiz, G. Troster, “An investigation of the material and process 

parameters for thin-film MCMD and MCM-L technologies up to 100GHz”, 

Proc. 53
rd

 electronic Components and Technology Conference (ECTC 2003), 

New Orleans, USA, May 2003, pp.478- 486. 

http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=4563629
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=4563629
http://ieeexplore.ieee.org.ezproxy.psz.utm.my/xpl/mostRecentIssue.jsp?punumber=4563629


 

 

75 

[59] H. Adel, R.Wansch, and C. Schmidt, “Antennas for a body area network,” 

IEEE Antennas and Propagation Society International Symposium, 2003, vol. 

1, pp. 471–474, June 2003. 

[60] T. Houzen, M. Takahashi, K. Ito: “Implanted Antenna for an Artificial 

Cardiac Pacemaker System” Progress In Electromagnetics Research 

Symposium 2007, Prague, Czech Republic, August 27-30.  

[61] M. L. Scarpello, D. Kurup, H. Roger, “Design of an Implantable Slot Dipole 

Conformal Flexible Antenna for Biomedical Applications,” IEEE Antennas 

Propagat. Mag., vol. 59, pp. 3556-3564, Oct 2011. 

[62] H. S. Tsai, M. J. V. Rodwell, and R. A. York, ”Planar amplifier array with 

improved bandwidth using folded slots”, IEEE Microwave Guided Wave Lett., 

Apr. 1994, vol. 4, n. 4, pp. 112-114. 

[63] Pavio, A.M., Vendelin, D.G. and Rohde, U.L., “Microwave Circuit Design 

Using Linear and Nonlinear Techniques”. Wiley-Interscine Publication, New 

York, 1990. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	OLE_LINK1
	OLE_LINK2



