The modulation capability of the proposed sensor nodes has been demonstrated through
the integration of commercial vibration sensors. For structural health monitoring, there are
different indicators of more concern such as pH value, humidity and moisture level, and
temperature. To measure these parameters, sensor designs that fit the proposed sensor nodes
need to be developed. The design of these sensors within a small volume and with no external
power source is very challenging.

The overall performance of the wireless system relies heavily on the interrogator design.
In this work, we have used off-the-shelf components to test the nodes and we have developed
different antenna candidates. However, a complete integrated handheld interrogator radar unit
has not been designed. The interrogator is required to have the capability to transmit a
narrowband continuous wave (CW) signal and be able to process twice the frequency. The
interrogator also needs to have the capability to extract the environment characteristics from the
frequency response. In addition, an automated nodes localization capability is highly desirable.
For this purpose, mechanical and electronic tuning can be incorporated. An important
consideration of the interrogator unit is the isolation between the interrogation signal and the
sensor return signal. This issue is one of the major communication range limitations and may
limit the antenna choice. In order to improve the detection and the sensitivity, very narrow band
filtering is required. These issues in combination may also introduce limitations to the design of

a handheld interrogator.

179



[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

REFERENCES

J. Caicedo, J. Marulanda, P. Thomson, and S. Dyke, “Monitoring of bridges to detect
changes in structural health,” Proceedings of the 2001 American Control Conf.,
Arlington, Virginia, Jun. 2001.

J. Bernhard, K. Hietpas, E. George, D. Kuchima, and H. Reis, "An interdisciplinary effort
to develop a wireless embedded sensor system to monitor and assess corrosion in the
tendons of prestressed concrete girders," IEEE Topical Conf. Wireless Comm Tech, pp.
241-243, Oct. 2003.

Shams, K.M.Z.; Ali, M., "Wireless power transmission to a buried sensor in
concrete," IEEE Sens. J., vol. 7, no. 12, pp.1573-1577, Dec. 2007.

S. Yuan, X. Lai, X. Zhao, X. Xu, and L. Zhang, “Distributed structural health monitoring
system based on smart wireless sensor and multiagent technology,” J. Smart Mater.
Struct., vol. 15, pp. 1-8, 2006.

J. P. Lynch, “Overview of wireless sensors for real-time health monitoring of civil
structures,” in Proc. 4th Int. Workshop Struct. Control Monitoring, New York, Jun. 10—
11, 2004.

J. Ong, Z. You, J. Mills-Beale, E. Tan, B. Pereles, and K. Ong, "A wireless, passive
embedded sensor for real-time monitoring of water content in civil engineering
materials," IEEFE Sensors J., vol. 8, no. 12, pp. 2053-2058, Dec. 2008.

A. Deivasigamani, A. Daliri, C. Wang, and S John, “A review of passive wireless sensors
for structural health monitoring” Modern applied Science, vol. 7, no. 2, 2013.

J. Ong, Z. You, J. Beale, E. Tan, B. Pereles, and K. Ong, "A wireless, passive embedded
sensor for real-time monitoring of water content in civil engineering materials," IEEE
Sensors J., vol. 8, no. 12, pp. 2053-2058, Dec. 2008.

A. Bereketli and O. Akan, "Communication coverage in wireless passive sensor
networks," IEEE Commun. Lett., vol. 13, no. 2, pp. 133-135, Feb. 2009.

X. Zhang and F.-Y. Wang, "Key technologies of passive wireless sensor networks based
on surface acoustic wave resonators," I[EEE Int. Conf. Networking, Sensing and Contr.,
pp. 1253-1258, Apr. 2008.

180



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

S. Sudevalayam and P. Kulkarni,"Energy harvesting sensor nodes: survey and
implications," IEEE Commun. Surv. Tut., vol. 13, no. 3, pp. 443-461, Third Quarter
2011.

J. Wardlaw, 1. Karaman, and A. Karsilayan, "Low-power circuits and energy harvesting
for structural health monitoring of bridges," IEEE Sensors Journal, , vol. 13, no. 2,
pp.709-722, Feb. 2013.

E. Sazonov, H. Li, D. Curry, and P. Pillay, “Self-powered sensors for monitoring of
highway bridges,” IEEE Sensors J., vol. 9, no. 11, pp. 1422—-1429, Nov. 2009.

J. Chin, J. Rautenberg, C. Ma, S. Pujol, and D. Yau, “An experimental low-cost, low-
data-rate rapid structural assessment network,” IEEE Sensors J., vol. 10, no. 7, pp. 1361—
1369, Jul. 2010.

R. Bhuiyan, R. Dougal, and M. Ali, “A miniature energy harvesting device for wireless
sensors in electric power system,” IEEE Sensors J., vol. 10, no. 7, pp. 1249—-1258, Jul.
2010.

S.  Spiekermann and S. Evdokimov, "Critical RFID privacy-enhancing
technologies," IEEE Security Privacy, vol. 7, no. 2, pp. 56-62, Mar. 2009.

B. Nath, F. Reynolds, and R. Want, "RFID technology and applications," /IEEE Pervasive
Computing, vol. 5, no. 1, pp. 22- 24, Jan. 2006.

J. Hines, "Review of recent passive wireless SAW sensor and sensor-tag activity," IEEE
Fly by Wirel. Workshop, 2011 4th Annual Caneus, pp. 1-2, Jun. 2011.

V. Plessky and L. Reindl, "Review on SAW RFID tags," IEEE Trans. Ultrason.
Ferroelect. Freq. Contr., vol. 57, no. 3, pp. 654-668, Mar. 2010.

C. Hartmann, L. Claiborne, "Fundamental limitations on reading range of passive IC-
based RFID and SAW-based RFID," IEEE Int. Conf. RFID, pp. 41-48, Mar. 2007.

Z. Tsai et al., "A high-range-accuracy and high-sensitivity harmonic radar using pulse
pseudorandom code for bee searching," IEEE Trans. Microw. Theory Techn., vol. 61, no.
1, pp. 666-675, Jan. 2013.

M. Bouthinon, J. Gavan, and F. Zadworny, "Passive microwave transposer, frequency
doubler for detecting the avalanche victims," IEEE Eur. Microw. Conf., pp. 579-583, 8-
12 Sep. 1980.

D. Psychoudakis, W. Moulder, C. Chen, H. Zhu, and J. Volakis, "A portable low-power
harmonic radar system and conformal tag for insect tracking," IEEE Antennas Wirel.
Propag. Lett., vol. 7, pp. 444-447, 2008.

181



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

B. Colpitts and G. Boiteau “Harmonic radar transceiver design: Miniature tags for insect
tracking,” IEEE Trans. Antennas Propag., vol. 52, no. 11, pp. 2825-2832, Nov. 2004.

T. Weller, J. Wang, 1. Nassar, J. Dewdney, R. Davidova, J. Frolik, and V. Sakamuri, "A
Wireless interrogator - passive sensor approach for deeply embedded sensing
applications," IEEE Antennas Propag. Soc. Int. Symp., pp. 1445-1448, Jul. 2011.

S. Ramadan, L. Gaillet, C. Tessier, and H. Idrissi, “Detection of stress corrosion cracking
of high-strength steel used in prestressed concrete structures by acoustic emission
technique,” Appl. Surf. Sci., 254, pp. 2255-2261, 2008.

A. Raghavan, “Guided-wave structural health monitoring,” Ann Arbor, MI: University of
Michigan, 2007

G.J. Tsamasphyros, E.A. Koulalis, G.N. Kanderakis, N.K. Furnarakis, and V.Z.
Astreinidis, “Structural health monitoring of a steel railway bridge using optical fibre
Bragg grating sensors and numerical simulation,” Proceedings of the 3rd European
Workshop on Structural Health Monitoring, 2006.

S. Aoki, Y. Fujino, and M. Abe, “Intelligent bridge maintenance system using MEMS
and network technology,” Proceedings of the SPIE in Smart Systems and NDE for Civil
Infrastructures, San Diego, CA, vol. 5057, pp. 37—42, Mar. 2003.

M. Basheer, V. Rao, and M. Derriso, “Self-organizing wireless sensor networks for
structural health monitoring,” in Proceedings of the 4th International Workshop on
Structural Health Monitoring, Stanford, CA, pp. 1193—-1206, Sep. 2003.

R. Bennett, B. Hayes-Gill, J. Crowe, R. Armitage, D. Rodgers, and A. Hendroff,
“Wireless monitoring of highways,” Proceedings of the SPIE in Smart Systems for
Bridges, Structures, and Highways, Newport Beach, CA, vol. 3671, pp. 173-182, Mar.
1999.

J. Binns, “Bridge sensor system delivers results quickly,” Civil Engineering, Vol. 74, No.
9, pp. 30-31, 2004.

B. Carkhuff, and R. Cain, “Corrosion sensors for concrete bridges,” [EEE
Instrumentation and Measurement Magazine, Vol. 6, No. 2, pp. 19-24, 2003.

J. Lynch, and K. J. Koh, “A summary review of wireless sensors and sensor networks for
structural health monitoring,” Shock and Vibration Digest, 38(2): pp. 91-128, 2006.

J. Butler, A. Viglio, F. Vendi, and S. Walsh, “Wireless passive resonant-circuit,
inductively coupled, inductive strain sensor,” Sensors and Actuators A: Physical, vol.
102, issue 1-2, pp. 61-66, 2002.

J. Chuang, D. Thomson, and G. Bridges, “Embeddable wireless strain sensor based on
resonant RF cavities,” Review of Scientific Instruments, vol. 76, issue 9, 2005.

182



[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

F. Umbrecht, M. Wendlandt, D. Juncker, C. Hierold, and J. Neuenschwander, "A
wireless implantable passive strain sensor system," /[EEE Sensors, pp.4, Oct.-Nov. 2005.

R. Matsuzaki, and A. Todoroki, “Wireless detection of internal delamination cracks in
CFRP laminates using oscillating frequency changes,” Composites Science and
Technology, vol. 66, issue 3-4 pp. 407-416, Mar. 2006.

A. Sample, D. Yeager, P. Powledge, A. Mamishev, and J. Smith, "Design of an RFID-
based battery-free programmable sensing platform," IEEE Trans. Inst. Meas., vol. 57, no.
11, pp. 2608-2615, Nov. 2008.

J. Hines, "Review of recent passive wireless SAW sensor and sensor-tag activity," IEEE
Fly by Wirel. Workshop, 2011 4th Annual Caneus, pp. 1-2, Jun. 2011.

V. Plessky and L. Reindl, "Review on SAW RFID tags," IEEE Trans. Ultrason.
Ferroelect. Freq. Contr., vol. 57, no. 3, pp. 654-668, Mar. 2010.

G. Scholl, C. Korden, E. Riha, C. Ruppel, U. Wolff, G. Riha, L. Reindl, and R. Weigel,
"SAW-based radio sensor systems for short-range applications," IEEE Microwave
Magazine, vol. 4, no. 4, pp. 68-76, Dec. 2003.

R. Want, "Enabling ubiquitous sensing with RFID," Computer , vol. 37, no. 4, pp. 84-86,
Apr. 2004.

D. Davies and R. Klensch, “Two-frequency secondary radar incorporating passive
transponders,” Electron. Lett., vol. 9, no. 25, pp. 592-593, Dec. 1973.

V. Viikari, H. Seppa, and D.-W. Kim, "Intermodulation read-out principle for passive
wireless sensors," IEEE Trans. Microw. Theory Techn., vol. 59, no. 4, pp. 1025-1031,
Apr. 2011.

V. Viikari and H. Seppa, "RFID MEMS sensor concept based on intermodulation
distortion," IEEE Sens. Jour., vol. 9, no. 12, pp. 1918-1923, Dec. 2009.

K. Yamamoto, "A 1.8-V operation 5-GHz-band CMOS frequency doubler using current-
reuse circuit design technique," IEEE Journal of Solid-State Circuits, , vol. 40, no. 6, pp.
1288-1295, Jun. 2005.

H. Chang, G. Chen, and Y. Hsin, "A broadband high efficiency high output power
frequency doubler," IEEE Microwave and Wireless Components Letters, vol. 20, no. 4,
pp. 226,228, Apr. 2010.

F. Yu, K. Lyon, and E. Kan, "A novel passive RFID transponder using harmonic

generation of nonlinear transmission lines," IEEE Transactions on Microwave Theory
and Techniques, vol. 58, no. 12, pp. 4121-4127, Dec. 2010.

183



[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

S. Simion, G. Bartolucci, and R. Marcelli, "Second harmonic generation on Non-Linear
Composite Right-/Left-Handed Transmission Line," International — Semiconductor
Conference, vol. 1, pp.345-348, Oct. 2009.

C. W. Pobanz and T. Itoh, “A microwave noncontact identification transponder using
subharmonic interrogation,” IEEE Trans. Microw. Theory Tech., vol. 43, no. 7, pp.
1673-1679, Jul. 1995.

H. Aumann, E. Kus, B. Cline, and N. Emanetoglu, “A low-cost harmonic radar for
tracking very small tagged amphibians," /IEEE Int. Inst. Mea. Tech. Conf., pp. 234-237,
May 2013.

J. Kiriazi, J. Nakakura, V. Lubecke, and K. Hall, "Low profile harmonic radar
transponder for tracking small endangered species," IEEE Annual International
Conference of the Engineering in Medicine and Biology Society, pp. 2338-2341, Aug.
2007.

J. R. Riley and A. D. Smith, “Design considerations for an harmonic radar to investigate
the flight of insects at low altitude,” Comput. Electron. Agriculture, vol. 35, pp. 151-169,
2002.

N. Tahir and D. G. Brooker, “Recent developments and recommendations for improving
harmonic radar tracking systems,” Proc. 5th Eur. Conf. Antennas Propag., pp. 1531—
1535, Apr. 2011.

R. Brazee, E. Miller, M. Reding, M. Klein, B. Nudd, and H. Zhu, “A transponder for
harmonic radar tracking of black vine weevil in behavioral research,” ASAE Trans., pp.
831-838, 2005.

S. Presas, T. Weller, S. Silverman, and M. Rakijas, "High efficiency diode doubler with
conjugate- matched antennas," IEEE European Microw. Conf., pp. 250-253, Oct. 2007.

S. Aguilar, and T. Weller, "Tunable harmonic re-radiator for sensing applications," [EEE
MTT-S Int. Microw. Symp. Dig., pp. 1565-1568, Jun. 2009.

D. Ahbe, S. Beer, T. Zwick, Y. Wang and M. Tentzeris, "Dual-band antennas for
frequency-doubler-based wireless strain sensing," IEEE Antennas Wireless Propag. Lett.,
vol. 11, pp. 216-219, Feb. 2012.

G. Vera, Y. Duroc, and S. Tedjini, "Analysis of harmonics in UHF RFID signals," IEEE
Trans. Microwave Theory Techn., vol. 61, no. 6, pp. 2481-2490, Jun. 2013.

I. Nassar, “Small antenna design for 2.4 GHz applications,” Master’s thesis, University of
South Florida, Oct. 2010.

H.A. Wheeler, "The Radiansphere around a Small Antenna," Proceedings of the IRE ,
vol.47, no.8, pp.1325-1331, Aug. 1959.

184



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

H. A. Wheeler, "Fundamental limitations of small antennas," Proceedings of the IRE, vol.
35, no. 12, pp. 1479- 1484, Dec. 1947.

H. A. Wheeler, "Small antennas," IEEE Transactions on Antennas and Propagation, vol.
23, no. 4, pp. 462-469, Jul. 1975.

L.J. Chu, “Physical limitation of omni-directional antennas,” Journal of Applied Physics,
vol. 19, pp.1163-1175, Dec. 1948.

R. F. Harrington, “Effect of antenna size on gain, bandwidth and efficiency”, J. Res. Nat.
Bur. Stand., vol. 64D, No. 1, pp.1-12, Jan./Feb. 1960.

R.C. Hansen, "Fundamental limitations in antennas," Proceedings of the IEEE, vol. 69,
no. 2, pp.170-182, Feb. 1981.

J. S McLean, "A re-examination of the fundamental limits on the radiation Q of
electrically small antennas," IEEE Trans. Antennas Propag., vol. 44, no. 5, pp. 672-676,
May 1996.

J. Sten, A. Hujanen, and P. Koivisto, "Quality factor of an electrically small antenna
radiating close to a conducting plane," IEEE Transactions on Antennas and Propagation,

vol. 49, no. 5, pp. 829-837, May 2001.

D. Sievenpiper, D. Dawson, M. Jacob, T. Kanar, S. Kim, J. Long, and R. Quarfoth,
"Experimental validation of performance limits and design guidelines for small

antennas," IEEE Transactions on Antennas and Propagation, vol. 60, no. 1, pp. 8-19,
Jan. 2012.

A. Thiele, P. Detweiler, and R. Penno, "On the lower bound of the radiation Q for
electrically small antennas," /IEEE Transactions on Antennas and Propagation, vol. 51,
no. 6, pp. 1263-1269, Jun. 2003.

W. Geyi, “A method for the evaluation of small antenna Q,” /IEEE Trans. Antennas
Propag., vol. 51, pp. 2124-2129, 2003.

A. D. Yaghjian and S. R. Best, “Impedance, bandwidth, and Q of antennas,” IEEE Trans.
Antennas Propag., vol. 53, pp. 1298-1324, 2005.

D. Kwon, "On the radiation Q and the gain of crossed electric and magnetic dipole
moments," IEEE Transactions on Antennas and Propagation, vol. 53, no. 5, pp. 1681-

1687, May 2005.
D. Kwon, "Radiation Q and gain of TM and TE sources in phase-delayed rotated

configurations," I[EEE Transactions on Antennas and Propagation, vol. 56, no. 8, pp.
2783-2786, Aug. 2008.

185



[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

D. Pozar, "New results for minimum Q, maximum gain, and polarization properties of
electrically small arbitrary antennas," 3rd European Conference on Antennas and
Propagation, pp. 1993-1996, Mar. 2009.

R. C. Hansen and R. E. Collin, “A new Chu formula for Q,” IEEE Antennas Propag.
Mag., vol. 51, pp. 38—41, 2009.

H. L. Thal, “Gain and Q bounds for coupled TM-TE modes,” IEEE Trans. Antennas
Propag., vol. 57, pp. 1879-1885, 2009.

G. A. E. Vandenbosch, “Reactive energies, impedance, and Q factor of radiating
structures,” IEEE Trans. Antennas Propag., vol. 58, pp.1112—-1127, 2010.

W. Geyi, P. Jarmuszewski, and Y. Qi, “The Foster reactance theorem for antennas and
radiation Q,” IEEE Trans. Antennas Propag., vol. 48, pp. 401-408, 2000.

S. R. Best, “The Foster reactance theorem and quality factor for antennas,” IEEE
Antennas Wireless Propag. Lett., vol. 3, pp. 306-309, 2004.

R. Bancroft, "Fundamental Dimension Limits of Antennas Ensuring Proper Antenna
Dimensions in Mobile Device Designs", Centurion Wireless Technologies Westminster,
Colorado.

J. Volakis, C. Chin, and K. Fujimoto, “Small Antennas: Miniaturization Techniques &
Applications”, The McGraw-Hill, PP.1-100, 2010.

P. Kildal, and S. Best, "Further investigations of fundamental directivity limitations of
small antennas with and without ground planes," IEEE Antennas and Propagation
Society International Symposium, pp. 1-4, Jul. 2008.

R. Fante, "Maximum possible gain for an arbitrary ideal antenna with specified quality
factor," IEEE Transactions on Antennas and Propagation, vol. 40, no. 12, pp. 1586-
1588, Dec. 1992.

W. Geyi, "Optimization of the ratio of gain to Q ," IEEE Transactions on Antennas and
Propagation, vol. 61, no. 4, pp. 1916-1922, Apr. 2013.

Z. Zahairs, E. Vafiadis, and J. N. Sahalos, “On the design of a dual-band base station wire
antenna,” IEEE Antennas Propag. Mag., vol. 42, no.6, pp. 144—151, Dec. 2000.

S. He, and J. Xie, "Analysis and design of a novel dual-band array antenna with a low
profile for 2400/5800-MHz WLAN systems," I[EEE Transactions on Antennas and
Propagation, vol. 58, no. 2, pp. 391-396, Feb. 2010.

M.-I. Lai, T.-Y. Wu, J.-C. Hsieh, C.-H. Wang, and S.-K. Jeng, "Design of reconfigurable
antennas based on an L-shaped slot and PIN diodes for compact wireless devices," IET
Microw. Antennas Propag., vol. 3, no. 1, pp. 47-54, Feb. 2009.

186



[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

N. Haridas et al, "Reconfigurable MEMS antennas," [EEE  NASA/ESA
Conference Adaptive Hardware and Systems, pp. 147-154, Jun. 2008.

J. Bernhard, E. Kiely, and G. Washington, "A smart mechanically actuated two-layer
electromagnetically coupled microstrip antenna with variable frequency, bandwidth, and
antenna gain ," I[EEE Trans. Antennas Propag., vol. 49, no. 4, pp. 597-601, Apr. 2001.

K. Daheshpour, S. Mazlouman, A. Mahanfar, J. Yun, X. Han, C. Menon, F. Carpi, and R.
Vaughan, "Pattern reconfigurable antenna based on moving V-shaped parasitic elements

actuated by dielectric elastomer," Electronics Letters , vol. 46, no. 13, pp. 886-888, Jun.
2010.

S. Mazlouman, M. Soleimani, A. Mahanfar, C. Menon, and R. Vaughan, "Pattern
reconfigurable square ring patch antenna actuated by hemispherical dielectric
elastomer," Electronics Letters , vol. 47, no. 3, pp. 164-165, Feb. 2011.

A. Calmon, G. Pacheco, and M. Terada, "A novel reconfigurable UWB log-periodic
antenna," [EEE Antennas and Propagation Society International Symposium, pp. 213-
216, Jul. 2006.

M. Khan, G. Hayes, J.-H So, G. Lazzi, and M. Dickey, "A frequency shifting liquid metal
antenna with pressure responsiveness," Applied Physics Letters, vol. 99, no. 1, pp.
013501-013501, Jul. 2011.

D. Rodrigo, L. Jofre, and B. Cetiner, "Circular beam-steering reconfigurable antenna with
liquid metal parasitics," IEEE Transactions on Antennas and Propagation, vol. 60, no. 4,
pp. 1796-1802, Apr. 2012.

S. Cheng, A. Rydberg, K. Hjort, and Z. Wu, “Liquid metal stretchable unbalanced loop
antenna,” Appl. Phys. Lett., vol. 94, no. 14, p. 144103, 2009.

J.-H. So, J. Thelen, A. Qusba, G. J. Hayes, G. Lazzi, and M. D. Dickey, “Reversibly
deformable and mechanically tunable fluidic antennas,” Adv. Funct. Mater., vol. 19, no.
22, pp. 3632-3637, 2009.

A. Traille, S. Bouaziz, S. Pinon, P. Pons, H. Aubert, A. Boukabache, and M. Tentzeris,
"A wireless passive RCS-based temperature sensor using liquid metal and microfluidics
technologies," European Microwave Conference, pp. 45-48, Oct. 2011.

A. Mahanfar, C. Menon, and R. G. Vaughan, “Smart antennas using electro-active
polymers for deformable parasitic elements,” IET Electron. Lett., 2008.

S. Mazlouman, MA. Mahanfar, C. Menon, and R. Vaughan, "Mechanically
reconfigurable antennas using electro-active polymers (EAPs)," IEEE Int. Sym. Antennas
Propag., pp.742-745, Jul. 2011.

187



[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

Y. Bar-Cohen, “Electroactive polymer (EAP) actuators as artificial muscles — reality,
potential and challenges,” SPIE Press, 2™ Edition, Mar. 2004.

S. Mazlouman, A. Mahanfar, C. Menon, and R. Vaughan, "Reconfigurable axial-mode
helix antennas using shape memory alloys," IEEE Transactions on Antennas and
Propagation, vol. 59, no. 4, pp. 1070-1077, Apr. 2011.

D. Sievenpiper, J. Schaffner, R. Loo, G. Tangonan, S. Ontiveros, and R. Harold, "A
tunable impedance surface performing as a reconfigurable beam steering reflector," IEEE
Transactions on Antennas and Propagation, vol. 50, no. 3, pp. 384-390, Mar. 2002.

P. Joshi, R. Dehoff, C. Duty, W. Peter, R. Ott, L. Love, and C. Blue, "Direct digital
additive manufacturing technologies: path towards hybrid integration," Future of
Instrumentation International Workshop, pp. 1-4, Oct. 2012.

B. Berman, “3-D printing: The new industrial revolution”, Business Horizons, vol. 55,
pp. 155-162, 2012.

R.O. Kadara, N. Jenkinson, B. Li, K.H. Church, and C.E. Banks, “Manufacturing
electrochemical platforms: Direct-write dispensing versus screen printing ““ Electrochem.
Commun., vol. 10, pp.1517-1519, 2008.

Y. Ning, Y. Wong, J. Fuh, and H. Loh, "An approach to minimize build errors in direct
metal laser sintering," IEEE Transactions on Automation Science and Engineering, vol.
3, no. 1, pp. 73-80, Jan. 2006.

T. Chartier, C. Duterte, N. Delhote, D. Baillargeat, S. Verdeyme, C. Delage, and C.
Chaput, “Fabrication of millimeter wave components via Ceramic stereo- and

mcrostereolithography processes,” Journal of the American Ceramic Society, vol. 91,
issue 8, pp. 2469-2474, Aug. 2008.

M. Vaezi, H. Seitz, and S. Yang, “A review on 3D microadditive manufacturing
technologies,” Int. J. Adv. Manuf. Technol., vol. 67, issue 5-8, pp. 1721-1754, 2013.

J. Czyzewski, P. Burzynski, K. Gawel, and J. Meisner, "Rapid prototyping of electrically
conductive components using 3D printing technology," J. Materials Proc.Techn., vol.
209, Issue 12-13, pp. 5281-5285, Jul. 2009.

I. Nassar, T. Weller, and J. Frolik, "A 3-D passive harmonic repeater for compact
wireless sensor nodes," IEEE Transaction on Microwave Theory and Techniques, vol. 60,
no. 10, pp. 3309-3316, Oct. 2012.

I. Nassar and T. Weller, “Design and characterization of a passive harmonic sensor
embedded in sand,” [EEE Wireless and Microwave Technology Conference
(WAMICON), pp. 1-3, April 2013.

188



[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

I. Nassar and T. Weller, "Development of novel 3-D cube antennas for compact wireless
sensor nodes," IEEE Trans. Antennas Propag., vol. 60, no. 2, pp. 1059-1065, Feb. 2012.

M. Faber, J. Chramiec, and M. Adamski, “Microwave and Millimeter-Wave Diode
Frequency Multipliers,” Artech House Norwood, MA, 1995.

D. Pozar, “Microwave Engineering,” Third Edition, John Wiley & Sonms, Inc., New
Jersey, Ch. 13, pp. 98-106, 2005.

K. Williams and R. Greeley, "Radar attenuation by sand: laboratory measurements of
radar transmission," IEEE Trans. Geoscience. Remote Sensing, vol. 39, no. 11, pp. 2521-
2526, Nov. 2001.

I. Nassar, T. Weller, and J. Wang, “A high-efficiency, miniaturized sensor node with
machined-substrate antennas for embedded wireless monitoring” /EEE International
Microwave Symposium (IMS 2013), to be published.

Y. Yang and C. Lin, “Vehicle-bridge interaction dynamics and potential applications,” J.
Sound Vibrat., vol. 284, nos. 1-2, pp. 205-226, 2005.

S. Kim, S. Pakzad, D. Culler, G. Fenves, S. Glaser, and M. Turon, “Health monitoring of
civil infrastructures using wireless sensor networks.” IEEE Int. Conf. Inf. Process. Sensor
Net., Apr. 2007.

I. Nassar and T. Weller, "A Compact Dual-Channel Transceiver for Passive Embedded
Monitoring," IEEE Transaction on Microwave Theory and Techniques, submitted for
publication June 2013.

D. Girbau, A. Ramos, A. Lazaro, S. Rima, and R. Villarino, "Passive wireless
temperature sensor based on time-coded UWB chipless RFID tags," IEEE Trans. Micr.
Theory Techn., vol. 60, no. 11, pp.3623-3632, Nov. 2012.

S. Preradovic, 1. Balbin, N. Karmakar, and G. Swiegers, "Multiresonator-based chipless
RFID system for low-cost item tracking," IEEE Trans. Micr. Theory Techn., vol. 57, no.
5, pp-1411-1419, May 2009.

I. Nassar and T. Weller, “An electrically-small, 3-D cube antenna fabricated with additive
manufacturing” /EEE Radio and Wireless Symp. (RWS 2013), pp. 262-264, Jan. 2013.

H. Nakano, H. Tagami, A. Yoshizawa, and J. Yamauchi, "Shortening ratios of modified
dipole antennas," IEEE Trans. Antennas Propag, vol. 32, no. 4, pp. 385- 386, Apr. 1984.

I. Nassar, H. Tsang, K. Church, and T. Weller, “A High Efficiency, Electrically-Small, 3-
D Machined-Substrate Antenna Fabricated with Fused Deposition Modeling and 3-D
Printing,” /EEE Radio and Wireless Symp. (RWS 2013), to be published.

189



[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

I. Nassar and T. Weller, “An Efficient, Electrically-Small, 3-D Machined-Substrate
Antenna,” IEEFE Int. Sym. Antennas propag., to be published.

X. Chen, K. Church, and H. Yang, "High speed non-contact printing for solar cell front
side metallization," IEEE Photovoltaic Specialists Conf. pp. 1343-1347, Jun. 2010.

S. R. Best, "Low Q electrically small linear and elliptical polarized spherical dipole
antennas," IEEE Trans. Antennas Propag., vol. 53, no. 3, pp. 1047-1053, Mar. 2005.

J. Adams, S. Slimmer, T. Malkowski, E. Duoss, J. Lewis, and J. Bernhard, "Comparison
of spherical antennas fabricated via conformal printing: Helix, Meanderline, and Hybrid
Designs," IEEE Antennas Wireless Propag. Lett.,vol. 10, pp. 1425-1428, 2011.

C. Kruesi, R. Vyas, and M. Tentzeris, “Design and development of a novel 3-D cubic
antenna for wireless sensor networks (WSNs) and RFID applications,” IEEE Trans.
Antennas Propag., vol. 57, no. 10, pp. 3293-3299, Oct. 2009.

P. Zade, S. Khade, and N. Choudhary, "Modeling and designing of circular microstrip
antenna for wireless communication," /[EEE Int. Conf. on Emerging Trends in Eng. and
Tech., pp. 1189-1194, Dec. 2009.

L. RongLin, G. DeJean, M. Maeng, K. Lim, S. Pinel, M. Tentzeris, J. Laskar, "Design of
compact stacked-patch antennas in LTCC multilayer packaging modules for wireless
applications," IEEE Transactions on Advanced Packaging, , vol. 27, no. 4, pp. 581-589,
Nov. 2004.

C. Tsao, Y. Hwang, F. Kilburg, and F. Dietrich, "Aperture-coupled patch antennas with
wide-bandwidth and dual-polarization capabilities," Antennas and Propagation Society
International Symposium, Vol. 3, pp. 936-939, Jun. 1988.

V. Sarin, M. Nishamol, D. Tony, C. Aanandan, P. Mohanan, and K. Vasudevan, "A
broadband L-Strip fed printed microstrip antenna," IEEE Trans. Antennas Propag., vol.
59, no. 1, pp. 281-284, Jan. 2011.

W. Lo, C. Chan, and K. Luk, "Circularly polarised patch antenna array using proximity-
coupled L-strip line feed," Electronics Letters, vol. 36, no.14, pp.1174-1175, Jul. 2000.

T. K. Lo, C. O. Ho, Y. Hwang, E. K. W. Lam, and B. Lee, “Miniature aperture-coupled
microstrip antenna of very high permittivity,” Electron. Lett., vol. 33, pp. 9-10, Jan.
1997.

S. Xiao, B-Z. Wang, W. Shao, Y. Zhang, "Bandwidth-enhancing ultralow-profile

compact patch antenna," IEEE Transactions on Antennas and Propagation, vol. 53, no.
11, pp. 3443-3447, Nov. 2005.

190



[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

R. Chair, K. F. Lee, C. L. Mak, K. M. Luk, and A. A. KishK, “Wideband half U-slot
patch antennas with shoring pin and shorting wall,” in Proc. IEEE Antennas Propagation
Symp. Dig., pp. 4132-4135, 2004.

S. Melais, and T. Weller, "A quasi Yagi antenna backed by a metal reflector," IEEE
Transactions on Antennas and Propagation, vol. 56, no. 12, pp. 3868-3872, Dec. 2008.

W. Deal, N. Kaneda, J. Sor, Y. Qian, and T. Itoh, "A new quasi-Yagi antenna for planar
active antenna arrays," IEEE Transactions on Microwave Theory and Techniques, vol.
48, no. 6, pp. 910-918, Jun. 2000.

W. Kaswiati, and J. Suryana, "Design and realization of planar bow-tie dipole array
antenna with dual-polarization at 2.4 GHz frequency for Wi-Fi access point
application," [International Conference on Telecommunication Systems, Services, and
Applications (TSSA), pp. 218-222, Oct. 2012.

C-J. Lee, K.M. Leong, and T. Itoh, "A broadband microstrip-to-CPS transition using
composite right/left-handed transmission lines with an antenna application," IEEE
International Microwave Symposium Digest, Jun. 2005.

G-Y. Chen and J-S. Sun, “A printed dipole antenna with microstrip tapered balun,”
Microwave and Optical Technology Lett., Vol. 40, Issue 4, pp. 344-346, Jan. 2004.

M. Bialkowski, and A. Abbosh, "Design of a compact UWB out-of-phase power
divider," IEEE Microwave and Wireless Components Letters, vol. 17, no. 4, pp. 289-291,
Apr. 2007.

D. Isbell, “Log periodic dipole arrays,” IRE Transactions on Antennas Propagation, vol.
8, no. 3, pp. 260-267, May 1960.

J. Yeo and J.-1. Lee, “Planar log-periodic bow-tie dipole array antenna with reduced size
and enhanced front-back ratio,” Microwave Opt Technol Lett, vol. 54, no. 6, pp. 1435—
1441, Jun. 2012.

Y. Zhengguang, S. Donglin, and L. Shanwei, "A novel size-reduced strip line log
periodic dipole arrays," IEEE International Symposium on Microwave, Antenna,
Propagation and EMC Technologies for Wireless Communications, vol. 1, pp. 56-59,
Aug. 2005.

H. Jardon-Aguilar, J. Tirado-Mendez, R. Flores-Leal, and R. Linares-Miranda, "Reduced
log-periodic dipole antenna using a cylindrical-hat cover," IET Microwaves Antennas &
Propagation, vol. 5, no. 14, pp. 1697-1702, Nov. 2011.

D. Anagnostou, J. Papapolymerou, M. Tentzeris, and C. Christodoulou, "A printed log-

periodic Koch-dipole array (LPKDA)," IEEE Antennas and Wireless Propagation
Letters, vol. 7, pp. 456-460, 2008.

191



[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

A. Gheethan, and D. Anagnostou, "Reduced size planar Log-Periodic Dipole Arrays
(LPDASs) using rectangular meander line elements," IEEE Antennas and Propagation
Society International Symposium, pp. 1-4, Jul. 2008.

M. Mangoud, M. Aboul-Dahab, A. Zaki, and S. El-Khamy, "Genetic algorithm design of
compressed log periodic dipole array," IEEE 46th Midwest Symposium on Circuits and
Systems, vol. 3, pp. 1194-1197, Dec. 2003.

P. C. Buston and G. T. Thompson, “A note on the calculation of the gain of log-periodic
dipole antennas,” IEEE Transaction on Antennas and Propagation, vol. 24, Jan. 1976.

I. Nassar, T. Weller, and C. Lusk, "Radiating shape-shifting surface based on a planar
Hoberman mechanism," IEEE Transactions on Antennas and Propagation, vol. 61, no. 5,
pp. 2861-2864, May 2013.

J. Patel and G. Ananthasuresh, “A kinematic theory for radially foldable planar linkages,”
Int. Journal of Solids and Structures, 44, 2007.

K. Faist and G. Wiens, "Parametric study on the use of Hoberman mechanisms for
reconfigurable antenna and solar arrays," IEEE Aerospace Conference, pp. 1-8, Mar.
2010.

B. Munk, D. Janning, R. Marheka, J. McCann, and S. Schneider, "The design of
wideband arrays of closely-spaced wire and slot elements," IEEE Inter. Sym. Antennas
Propag. Soc., pp. 1-4, Jul. 2010.

B. Munk et al, "A low-profile broadband phased array antenna," IEEE Inter. Sym.
Antennas Propag. Soc., vol. 2, pp. 448- 451, Jun. 2003.

N. Riley, D. Riley, and J. Jin, "Design and modeling of finite and low-profile, ultra-
wideband phased-array antennas," IEEE Inter. Sym. Phased Array Sys. Tech., pp. 484-
491, Oct. 2010.

L. Bian and X. Shi, “Wideband circularly-polarized serial rotated 2 x 2 circular patch
antenna array,” Microw. Opt. Technol. Lett., vol. 49, Issue 12, pp. 3122-3124, Sep. 2007.

M. Jones and J. Rawnick, "A new approach to broadband array design using tightly
coupled elements," IEEE Military Commun. Conf., pp. 1-7, Oct. 2007.

N. Behdad and K. Sarabandi,“A varactor-tuned dual-band slot antenna,” IEEE Trans.
Antennas Propag., vol. 54, no. 2, pp. 401-408, Feb. 2006.

J. Aberle, S. Oh, D. Auckland, and S. Rogers, “Reconfigurable antennas for portable
wireless devices,” IEEE Antennas Propag. Mag., vol. 45, no. 6, pp. 148—154, Dec. 2003.

192



[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

N. Yang, C. Caloz, and K. Wu; , "Fixed-beam frequency-tunable phase-reversal coplanar
stripline antenna array," IEEE Trans. Antennas Propag., vol. 57, no. 3, pp. 671-681, Mar.
2009.

J. Huang, "A technique for an array to generate circular polarization with linearly
polarized elements," IEEE Trans. Antennas Propag., vol. 34, no. 9, pp. 1113- 1124, Sep.
1986.

J.-W. Wu and J.-H. Lu, “2x2 Circularly polarized patch antenna arrays with broadband
operation,” Microwave Opt Technol. Lett., vol. 39, Issue 5, pp. 360-363, Oct. 2003.

I. Nassar, A. Gheethan, T. Weller, and G. Mumcu “A Miniature, Broadband, Non-
Dispersive Phase Shifter Based on CRLH TL Unit Cells” to be presented at IEEE Inter.
Sym. Antennas propag., Jul. 2012.

J. Ouyang, S. Bo, J. Zhang, and Y. Feng, "A low-profile unidirectional cavity-backed
log-periodic slot antenna," Progress In Electromagnetics Research, Vol. 119, 423-433,
2011.

J. Joubert, J. Vardaxoglou, W. Whittow, and J. Odendaal, "CPW-fed cavity-backed slot
radiator loaded with an AMC reflector," I[EEE Transactions on Antennas and
Propagation, , vol. 60, no. 2, pp. 735-742, Feb. 2012.

I-C. Lan, S-Y. Chen, and P. Hsu, "Coupled twin slots fed by conductor-backed coplanar
waveguide," IEEE Transactions on Antennas and Propagation, vol. 56, no. 6, pp. 1784-
1786, Jun. 2008.

I-C. Lan, S-Y Chen, and P. Hsu, "Pattern smoothness and gain enhancement of finite
ground slot dipole antenna fed by conductor-backed coplanar waveguide," /IEEE
Antennas and Propagation Society International Symposium, pp. 1-4, Jul. 2008.

S-S. Zhong, F-W. Yao, and X-L. Liang, "Wideband slot antenna backed by a ground
plane," IEEE Antennas and Propagation Society International Symposium, pp. 2559-
2562, Jul. 2006.

X-C. Lin, and C-C. Yu, "A dual-band CPW-fed inductive slot-monopole hybrid
antenna," /[EEE Transactions on Antennas and Propagation, vol. 56, no. 1, pp. 282-285,
Jan. 2008.

N. Behdad, and K. Sarabandi, "A wide-band slot antenna design employing a fictitious
short circuit concept," IEEE Transactions on Antennas and Propagation, vol. 53, no. 1,
pp. 475-482, Jan. 2005.

Y-C. Chen, S-Y. Chen, and P. Hsu, "Modification of radiation patterns of first harmonic
mode of slot dipole for dual-frequency Operation," IEEE Transactions on Antennas and
Propagation, vol. 59, no. 7, pp. 2707-2710, Jul. 2011.

193



[176]

[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

S.-Y. Chen and P. Hsu, “Broadband radial slot antenna fed by coplanar waveguide for
dual-frequency operation,” IEEE Trans. Antennas Propag., vol. 53, no. 11, pp. 3448—
3452, Nov. 2005.

S.-Y. Chen, Y.-C. Chen, and P. Hsu, “CPW-fed aperture-coupled slot dipole antenna for
tri-band operation,” IEEE Antennas Wireless Propag. Lett., vol. 7, pp. 535-537, 2008.

S.-Y. Chen and P. Hsu, "Dual-band slot dipole antenna fed by a coplanar
waveguide," IEEE International Symposium Antennas and Propagation Society, pp.
3589-3592, Jul. 2006.

M. Forman, and Z. Popovic, "A tunable second-resonance cross-slot antenna," IEEE
Antennas and Propagation Society International Symposium, vol. 1, pp. 18-21, Jul. 1997.

P-L. Chi, R. Waterhouse, and T. Itoh, "Compact and tunable slot-loop antenna," IEEE
Transactions on Antennas and Propagation, vol. 59, no. 4, pp. 1394-1397, Apr. 2011.

S. Kawasaki, and T. Itoh, "A slot antenna with electronically tunable length," Antennas
and Propagation Society International Symposium, vol. 1, pp. 130-133, Jun. 1991.

D. Peroulis, K. Sarabandi, and L. Katehi, "Design of reconfigurable slot antennas," /EEE
Transactions on Antennas and Propagation, vol. 53, no. 2, pp. 645-654, Feb. 2005.

P. J. Gibson, “The Vivaldi aerial,” in Proc. 9th Eur. Microw. Conf. Brighton, U.K., pp.
101-105, Jun. 1979.

J. Langley, P, Hall, and P. Newham, "Balanced antipodal Vivaldi antenna for wide
bandwidth phased arrays," IEE Proceedings Microwaves, Antennas and Propagation,
vol. 143, no. 2, pp. 97-102, Apr. 1996.

M. Agahi, H. Abiri, and F. Mohajeri, “Investigation of a New Idea for Antipodal Vivaldi
Antenna Design ”, International Journal of Computer and Electrical Engineering, Vol. 3,
No. 2, 2011.

E. Gazit, “Improved design of the Vivaldi antenna,” IEE Proceedings: Microwaves,
Antennas and Propagation, vol. 135, no. 2, pp. 89-92, 1988.

X. King, Z. N. Chen, and M. Y. W. Chia, “Parametric study of ultrawideband dual
elliptically tapered antipodal slot antenna,” Int. J. Antenna Propag, Article ID: 267197,
2008.

G. Teni, N. Zhang, J. Qiu, and P. Zhang "Research on a novel miniaturized antipodal

Vivaldi antenna with improved radiation," IEEE Antennas and Wireless Propagation
Letters, vol. 12, pp. 417-420, 2013.

194



[189]

[190]

[191]

[192]

[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

J. Bourqui, M. Okoniewski, and E.C. Fear, "Balanced antipodal Vivaldi antenna with
dielectric director for near-field microwave imaging," IEEE Transactions on Antennas
and Propagation, vol. 58, no. 7, pp. 2318-2326, Jul. 2010.

M. Sun, Z. Chen, and X. Qing, "Gain enhancement of 60-GHz antipodal tapered slot
antenna using zero-index metamaterial," [EEE Transactions on Antennas and
Propagation, vol. 61, no. 4, pp. 1741-1746, Apr. 2013.

B. Zhou, H. Li, X. Zou, and T.-J. Cui, “Broadband and high-gain planar Vivaldi antennas
based on inhomogeneous anisotropic zeroindex metamaterials,” Progress In
Electromagnetics Research, Vol. 120, 235-247, 2011.

Z. Wang, and H. Zhang, “Improvements in a high gain UWB antenna with corrugated
edges,” Progress In Electromagnetics Research, Vol. 6, 159-166, 2009.

R. Janaswamy, and D. H. Schaubert, “Analysis of the tapered slot antennas," /EEE
Transactions on Antennas and Propagation, vol. 35, no. 9, pp. 1058-1065, Sep. 1987.

F-C. Ren, F-S. Zhang, B. Chen, and Q-C. Zhou, "Compact tapered slot antenna for
wideband applications," IEEE CIE International Conference on Radar, vol. 2, pp. 1161-
1163, Oct. 2011.

Lin, S., S. Yang, A. E. Fathy, and A. Elsherbini, “Development of a novel UWB vivaldi
antenna array using SIW technology,” Progress In Electromagnetics Research, Vol. 90,
369-384, 20009.

I. Nassar, A. Gheethan, T. Weller, and G. Mumcu, "A miniature, broadband, non-
dispersive phase shifter based on CRLH TL unit cells," IEEE Antennas and Propagation
Society International Symposium, pp. 1-2, Jul. 2012.

M. Desnoyer, and K. Guerin, "Stabilizing an S-band antenna for mobile communication
from the moon," IEEE Aerospace conference, pp. 1-10, Mar. 2009.

M. Honarvar, F. Jolani, A. Dadgarpour, and B. Virdee, “Compact wideband phase
shifter,” Int. J. RF and Microwave Comp. Aid. Eng., vol. 23, pp. 47-51, May 2012.

A. Abbosh, "Ultra-wideband phase shifters," IEEE Transactions on Microwave Theory
and Techniques, vol. 55, no. 9, pp. 1935-1941, Sep. 2007.

Z. Zhang, Y.-C. Jiao, S.-F. Cao, X.-M. Wang, and F.-S. Zhang, “Modified broadband
schiffman phase shifter using dentate microstrip and patterned ground plane,” Progress
Electromagnetics Res. Lett, vol. 24, pp. 9—16, 2011.

Y. Cheng, W. Hong, and K. Wu, "Broadband self-compensating phase shifter combining

delay Line and equal-length unequal-width phaser," IEEE Trans. Microw. Theory Tech.,
vol.58, no.1, pp.203-210, Jan. 2010.

195



[202]

[203]

[204]

[205]

[206]

[207]

[208]

[209]

Y. Ko, J. Park, and J. Bu, "Integrated RF MEMS phase shifters with constant phase
shift," IEEE Microw. Theory Tech. Symp., pp.1489-1492, Jun. 2003.

C-H. Tseng and C-L. Chang, "A broadband quadrature power splitter using metamaterial
transmission line," IEEE Microwave and Wireless Components Letters, vol. 18, no. 1, pp.
25-27, Jan. 2008.

C-J. Lee, K.M. Leong, and T. Itoh, "A broadband microstrip-to-CPS transition using
composite right/left-handed transmission lines with an antenna application," IEEE MTT-S
International Microwave Symposium Digest, pp. 4, Jun. 2005.

M. Antoniades and G. Eleftheriades, "A broadband Wilkinson balun using microstrip
metamaterial lines," IEEE Antennas and Wireless Propagation Letters, vol. 4, pp. 209-
212, 2005.

J. Perruisseau-Carrier, T. Lisec, and A. Skrivervik, "Circuit model and design of silicon-
integrated CRLH-TLs analogically controlled by MEMS," Microw. Opt. Tech. Lett., vol.
48, no. 12, pp. 2496-2499, 2006.

J. Perruisseau-Carrier, K. Topalli, and T. Akin, "Low-loss Ku-band artificial transmission
line with MEMS tuning capability," IEEE Microw. Wireless Compon. Lett., vol. 19, no.
6, pp. 377-379, Jun. 2009.

T. Jang et al, "Switchable composite right/left-handed (S-CRLH) transmission line using
MEMS switches," IEEE Microw. Wireless Compon. Lett., vol. 19, no. 12, pp. 804-806,
Dec. 20009.

C. Caloz and T. Itoh, “Electromagnetic Metamaterials: Transmission Line Theory and
Microwave Applications” Wiley-IEEE Press, 2005.

196



APPENDICES

197



Appendix A: Copyright Permissions

A.1 Permissions for Chapter 3

# e RightsLink

¥ IEEE

Requesting
permission
to reuse
content from
an IEEE
publicatien

Title: A Compact 3-D Harmonic
Repeater for Passive Wireless
Sensing

Author: Nassar, I.T.; Weller, T.M.; Frolik,
JL.

Publication: Microwave Theory and
Techniques, IEEE Transactions

on
Publisher: IEEE
Date: Oct. 2012

Copyright © 2012, IEEE

Thesis / Dissertation Reuse

- Create
Home Account m

User ID

Password

[ Enable Auto Login

Forgot Password/User ID?
f you're a copyright.com
ser, you can login to
ightsLink using your
opyright.com credentials.
lready a RighlsLmk user of

The IEEE does not require individuals working on a thesis to obtain a formal reuse license,
however, you may print out this statement to be used as a permission grant:

Requirements to be followed when using any portion (e.g., figure, graph, table, or textual material) of an
IEEE copyrighted paper in a thesis:

1) In the case of textual matenal (e.g., using short quotes or referning to the work within these
papers) users must give full credit to the original source (author, paper, publication) followed by the
IEEE copynight line © 2011 IEEE.
2) In the case of illustrations or tabular material, we require that the copyright line © [Year of
original publication] IEEE appear prominently with each reprinted figure and/or table.

3) If a substantial portion of the original paper is to be used, and if you are not the senior author,
also obtain the senior author’s approval.

Reguirements to be followed when using an entire IEEE copyrighted paper in a thesis:

1) The following 1EEE copyright/ credit notice should be placed prominently in the references: ©

[year of onginal publication] IEEE. Reprinted, with permission, from [author names, paper title, IEEE
publication title, and month/year of publication]
2) Only the accepted version of an IEEE copyrighted paper can be used when posting the paper or

your thesis on-line.

3) In placing the thesis on the author's university website, please display the following message in
a prominent place on the website: In reference to IEEE copyrighted material which is used with
permission in this thesis, the IEEE does not endorse any of [university/educational entity's name
goes here]'s products or services. Internal or personal use of this material is permitted. If
interested in reprinting/republishing IEEE copyrighted material for advertising or promotional
purpnses or for creating new collective works for resale or red:stnbutmn, please go to

.html to learn how to

obtam a Lnoense from RightsLink.

If applicable, University Microfilms and/or ProQuest Library, or the Archives of Canada may supply
single copies of the dissertation.

Copyright © 2013 Copyrght Clearance Cantar, [ng, All Rights Reserved. Priyacy statemsant.

198






A.2 Permission for Chapter 6

200



A.3 Permission for Chapter 8

@ e RightsLink
enter

Q Title: Radiating Shape-Shifting User ID

lEEE Surface Based on a Planar

Requesting Hoberman Mechanism Password
permission Author: Nassar, I.T.; Weller, T.M.; Lusk,
“l:unrtﬂm’.t C.P. D Enable Auto Login
an Illtm Publication: Antennas and'Propagation,
publication IEEE Transactions on k

Publisher: IEEE o

f you're a copyright.com
ser, you can login to
ightsLink using your
opyright.com credentials.
Iready a RightsLink user or

Date: May 2013
Copyright © 2013, IEEE

Thesis / Dissertation Reuse

The IEEE does not require individuals working on a thesis to obtain a formal reuse license,
however, you may print out this statement to be used as a permission grant:

Requirements to be followed when using any portion (e.g., figure, graph, table, or textual material) of an
IEEE copyrighted paper in a thesis:

1) In the case of textual matenial (e.g., using short quotes or referring to the work within these
papers) users must give full credit to the original source (author, paper, publication) followed by the
IEEE copyright line © 2011 IEEE.

2) In the case of illustrations or tabular material, we require that the copyright line ©@ [Year of
original publication] IEEE appear prominently with each reprinted figure and/or table.

3) If a substantial portion of the original paper is to be used, and if you are not the senior author,
also obtain the senior author’s approval.

Requirements to be followed when using an entire IEEE copyrighted paper in a thesis:

1) The following IEEE copyright/ credit notice should be placed prominently in the references: ©
[year of original publication] IEEE. Reprinted, with permission, from [author names, paper title, IEEE
publication title, and month/year of publication]

2) Only the accepted version of an IEEE copyrighted paper can be used when posting the paper or
your thesis on-line.

3) In placing the thesis on the author's university website, please display the following message in
a prominent place on the website: In reference to IEEE copyrighted matenal which is used with
permission in this thesis, the IEEE does not endorse any of [university/educational entity's name
goes here]'s products or services. Internal or personal use of this material is permitted. If
interested in reprinting/republishing IEEE copyrighted matenial for advertising or promotional
purposes or for creating new collective works for resale or redistribution, please go to

: ublications standards/publications/rights/rights link.html to learn how to
obtain a Llcense from RightsLink.

If applicable, University Microfilms and/or ProQuest Library, or the Archives of Canada may supply
single copies of the dissertation.

BACK CLOSE WINDOW

Copyright © 2013 Copvright Clearance Center, Ing, All Rights Reserved. Privacy statement.

201



A.4 Permission for Chapter 11

Copyright

&g cerne: RightsLink

Title: A miniature, broadband, non- User ID
IEEE dispersive phase shifter based
Requesting on CRLH TL unit cells Password
permission Conference Antennas and Propagation
to reuse Proceedings: Society International [[] Enable Auto Login
content from Symposium (APSURSI), 2012 =
ot IEEE
Ee——— Author: Nassar, LT.; Gheethan, A.A,; | EemesPassword/User 1D2
Weller, T.M.; Mumcu, G. f you're a copyright.com

ser, you can login to

Publisher: 1EEE

Date: 8-14 July 2012
Copyright © 2012, IEEE

Thesis / Dissertation Reuse

The IEEE does not require individuals working on a thesis to obtain a formal reuse license,
however, you may print out this statement to be used as a permission grant:

Requirements to be followed when using any portion (e.g., figure, graph, table, or textual material) of an
IEEE copyrighted paper in a thesis:

1) In the case of textual material (e.g., using short quotes or referring to the work within these
papers) users must give full credit to the onginal source (author, paper, publication) followed by the
1EEE copyrnight line © 2011 IEEE.

2) In the case of illustrations or tabular matenal, we require that the copyright line @ [Year of
original publication] IEEE appear prominently with each reprinted figure and/or table.

3) If a substantial portion of the original paper is to be used, and if you are not the senior author,
also obtain the senior author’s approval.

Requirements to be followed when using an entire IEEE copyrighted paper in a thesis:

1) The following IEEE copynght/ credit notice should be placed prominently in the references: ©
[year of original publication] IEEE. Reprinted, with permission, from [author names, paper title, IEEE
publication title, and month/year of publication]

2) Only the accepted version of an IEEE copyrighted paper can be used when posting the paperor
your thesis on-line.

3) In placing the thesis on the author's university website, please display the following message in
a prominent place on the website: In reference to IEEE copyrighted matenal which is used with
permission in this thesis, the IEEE does not endorse any of [university/educational entity's name
goes here]'s products or services. Internal or personal use of this material is permitted. If
interested in reprinting/republishing IEEE copyrighted matenal for advertising or promotional
pumoses or fon creating new collective works for resale or red:stnbutnon, please go to

obtam a License from RightsLink.

If applicable, University Microfilms and/or ProQuest Library, or the Archives of Canada may supply
single copies of the dissertation.

BACK CLOSE WINDOW

Copyright © 2013 Copynght Clearance Center, Ing, All Rights Reserved. Brvacy statement.

202



ABOUT THE AUTHOR

Ibrahim T. Nassar was born on May 16™ 1986 in Irbid city, Jordan. He grew up in Hibras
village and went to the Yarmouk University Model School. In 2004 he graduated from the high
school after passing the general secondary examination with an average of 94.1%. In 2008 he
received the B.S. degree from Jordan University of Science & Technology, Irbid, Jordan in
electrical engineering. He graduated with a GPA of 81.3% and was ranked upon the top ten
among all graduating students. After his graduation, he was one of three students selected to
participate in the IRES program (International Research Experience for Students) at the
University of Central Florida in summer 2008. In 2009 he moved to the U.S. to continue his
education and join the WAMI lab at the University of South Florida as a Graduate Research
Assistant. On October 4™ 2010, he received the M.S. degree in electrical engineering and on
November 4™ 2013 he defended his doctoral research dissertation. In summer 2012 he worked as
an RF Design Engineer Intern at Texas Instruments Inc., Clearwater, Florida. Up to date, he is
the inventor/co-inventor of 6 pending U.S. patents and has 17 published and to be published
| EEE transactions journal and conference papers.

Nassar was one of the recipients of the IEEE MTT-S Graduate Fellowship for spring
2013. He aso received the best student paper award of the IEEE WAMICON Conference, April

2013 and the IMAPS student award in 2012.



