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ABSTRACT 

Al Aziz. l\lasud. 1\1.S., Department of Electrical and Computer Engineering, 
College of Engineering and Architecture, ;\forth Dakota State lJ IJivcrsi ty, .\fay 2011. 
A New Printed Quasi-Landstorfor Antenna. l\lajor Professor: Dr. Benjamin Davis 
Braaten. 

ht this thesis, a 1ww type of printed quasi-Law 1st mfor antcmw is present ed. Tlw 

proposed aute,ma utilizes parasitic radiators to realize a higher gain. The antc1ma is 

measured to have a resonant frequency of 2.45 GHz with a return loss of -43 cll3. Tlw 

gain of the antenna is measured to be 7.2 dBi and can be increased to 8 dBi with the 

design of a folded slot. The gain increment is achieved without increasing the 

overall dimension of the antenna. Both the mcrnmrcd am! the si11mlatcd radiation 

patterns indicate that th(' antenna has a syrnnwt ric radiation pc1t t crn ill t lw (llld-fin· 

dircctio11. .\Iome11t _\.fpthud lmsed soft,vare has liel:ll w,<'d to simulate this 

L:rndstorfcr a11tcmm n.wl the simnlat<:!d n'stdts arc shmY!l to Ii<' iu good agn:t:11w11t 

with the measured n,snlts. The nc,\' quasi-Lamlstorfcr autcnua pn:sc11tcd i11 this 

,vork is 44 S{ srnallcr in size when compared to the previous Landstorfcr antennas 

and provides higher than that of the quasi- '{agi antenna. The antcrnw is well 

suited for \\LA\' band applications. such as wirdcss comrmrnications. phased array 

antennas. and millimeter wave applications. 
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CHAPTER 1. INTRODUCTION 

Wireless communication systems arc used to transfer information over both 

short distances and long distances. Short distance wireless communication includes 

remote control for TV, remote starters for cars, and remote control for air-conditioner 

units. Long distance wireless communication includes satellite communication, radar 

communication, and radio cornrmmication over hundreds of meters. Today, wireless 

systems have also been applied to various fields, such as telecommunicaticms, the au

tomobile industry, bill payments, and entertainment. These wireless comm1mication 

devices need antennas to communicate with each other. Recently, there have been a 

lot of developments in the wireless communication system which demand more devices 

to be integrated in a single compact module. Printed antennas arc drawing a lot of 

attention due to their small size, case of fabrication, and light weight. These printed 

antennas arc employed in the Ultra-High Frequency (UHF) band and abm·e, which 

leads to small antenna size. Jvioreover, printed antennas arc easy to fabricate on a 

single dielectric substrate using a lithographic technique. The impedance matching 

and the phase adjustment of the antenna arc done with a microstrip feed structure 

that can also be printed on the same substrate using the lithographic technique. 

A recently developed printed antenna was the planar Yagi-Ucla antenna that 

consists of one driver, one reflector, and one or more director elements [l]. The 

driver clement is excited directly by the feed transmission line. However, the cnrrents 

in the director ancl 1 he reflector elements arc induced by mutual coupling. Another 

development based on the planar Yagi-Uda antenna was the quasi-Yagi antenna which 

uses a truncated grouncl plane as the refi<-!ctor and thus eliminates the reflector [2]

[3]. The quasi-Yagi antenna reduces the overall dimension of the printed Yagi-U cla 

antenna. Ilowc~wr, thC' antenna suffers from a lowc:r gain than that of the Yagi

Ucla antcrnm. A printed Lm1clstorf('r clc!sigu was proposed in [4]-[5], ,vherc sweeping 
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clements were used instead of dipoles as the antenna elements and this resulted to 

higher gain. However, by the introduction of the sweeping clements, the overall size 

of the Landstorfer antenna was larger than the printed quasi-Yagi antenna. 

In this thesis, we present a new printed quasi-Landstorfcr antenna for the 2-

4 GHz (S-bancl) wireless communication applications. The antenna comprises of 

two sweeping clements with one of the clements being the driver and the other 

clement being the director. Iu this design, a truncated ground plane i8 m;ed a8 

the reflector. The antenna has been analyzed both theoretically and practically. 

Different parameters, such as return loss (S11 ), far-field radiation patterns, and the 

gain of the antenna have been simulated and measured. The design criteria of the 

antenna has been described by four parameters, such as the length of the driver, the 

distance between the driver and the director, the length of the director, and the distance 

between the driver and the gro·und plane. The impact of each of the parameters on the 

antenna performance has been examined to find the optimum values. A prototype of 

the antenna has also been printed and the measurements \Vere taken in an anechoic 

chamber using an 8.5 cm~ Agilent 8057 ENA series 1wt\vork analyzer. The mcasnred 

n~sults are shown to be in good agreement with the simulated results. 

The simulated and the measured results indicate that the propo:-;ecl quas1-

Landstorfcr antenna provides a high gain of 7 clI3i over a 10 dB bandwidth. The 

gain of the antenna can lw further augmented by introducing a partial folded slot in 

the design. The antenna has a symmetric radiation pattern in the end-fire dirC'ct ion 

and is measured to resonate at 2.45 GHz with a return loss of -43 dI3. 

The rest of the thesis is organized as follows. Chapter 2 presents a brief literature 

review of the Yagi- U da antenna, the quasi- Yagi antenna, and the Landstorfcr antr11m,1. 

A review on antenna concepts for the design of the quasi-Landstorfcr antenna is 

presented in chapter 3. This is then followed by presenting the layout of the quasi-
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Landstorfer antenna, simulated and measured results, and design guidelines. In 

chapter 4, a gain enhancment design for the proposed quasi-Landstorfer antenna 

is presented. Simulated S-parameters, far-field radiation patterns, and the gain of 

the antenna are also presented at the end of this chapter. Chapter 5 concludes the 

thesis. 
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CHAPTER 2. PREVIOUS WORK 

In this chapter, a brief literature review on the Yagi-Uda antenna, the quasi

Yagi antenna, and the Landstorfer antenna is presented. Moreover, the layout of each 

of the aforementioned antennas is also presented. Simulated S-para.meters, far-field 

radiation patterns, and the gain of the antennas are also discussed. 

2.1. The Yagi-Uda antenna 

2.1.1. Wire Yagi-Uda antenna 

The Yagi-Uda antenna shown in Fig. 1 consists of a number of dipole elements. 

One of the dipoles is fed directly by the transmission line. The other dipole elements 

are excited by mutual coupling and thus act as parasitic radiators. 

y 

Reflector Driver Directors 

Figure 1. A typical Yagi-Uda antenna configuration. 

The element that is fed directly by the transmission line is called the driver. 

The antenna is designed to have an end-fire radiation pattern by placing the parasitic 
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clements at the back and in front of the driver clement. The elements that arc 

placed in front of the driver arc called the directors. Moreover, the clements that are 

placed at the rear of the driver are called reflectors. The length of the driver i8 

chosen to be'¥'-, where J\ 0 is the free-space wavelength at the resonant frequency. The 

length of the reflector elements are chosen to be slightly larger than that of tlie driver 

clement. However, the lengths of the director clements are chosen to be slightly 

shorter than that of the driver element. Therefore, the impedance of the reflector 

element is inductive and the induced emf leads the current on the reflector. Hmvcver. 

the impedance of the director element is capacitive and the phase of the current leads 

the phase of the induced emf. Therefore, the Yagi-Uda antenna structure supports 

a traveling wave propagation along the of the antenna and antenna has 

an end-fire radiation pattern. I\.loreover, the phase of the current m the parasitic 

elements also depends on the spacing between the clements. 

Among the reflector elernents, the nearest reflector element to the driver 

the most significant role on the antenna performance [6]. Besides, the other reflector 

elements arc measured not to a significant effect 011 overall performance of 

the antenna. However, the addition of the director element;-; increw-,es the gain of 

the antenna. Therefore, Yagi-Uda antennas with one reflector elernent and multiple 

director elements are common. 

The characteristics of the radiation pattern of th(! Yagi-U da antenna are ex

pressed by five parameters: forward and backward gains, input impedance, banduridth, 

front-to-back ratio, and l.f/'/1'.,.,,,,.,u'. of the minor lobes. The length of the parasitic ra

diators and the relative spacing bet.ween them determine the antenna characteristics. 

Antenna impedance is the rnt.io of voltage to current at the antenna terminal. The 

front-to-back ratio i8 the ratio of the gain of the antenna in the maximum direction 

to the g1-1in of the antenna in the opposite direction. The performance of the Yagi-
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Uda antenna is based on the reflector-feeder arrnngemcnt, the feeder, and the rows of 

directors. It has been found numerically and experimentally that the length of the 

rcfiector and the relative spacing have a negligible effect on the forward gain but have 

a significant effect on the backward gain and the input impedance [7]. Moreover, the 

length of the feed and the radius of the fccdline have more impact on the backward 

gain and the input impedance than on the forward gain. However, the length and the 

spacing of the directors have a significant effect on the forward gain, the bacbvard 

gain, and the input impedance. Therefore, the size and the spacing of the director 

clements are considered to be the most critical elements for the clc8ig11 of the Yagi-Uda 

2.1.2. The printed Yagi-Uda antenna 

A printed Yagi-Uda is shown in Fig. 2. The Yagi antenna is designed on a Rogers 

4003 :rnbstrate with E,. = 3.38 and thickness of 0.508 mm. The outside dimensions of 

the antenna arc 89 mm x 78 mm x 0.508 nun. 

The dimensions of the antenna in Fig. 2 arc (unit: mm): i11i = 11':i = 21, H'2 = 

16, W4 = 28.35, W 5 = 24.3, S1 = S2 = 1.3, Wri = 42, L1 :c: 10, L2 = 28. L:i = 14, L4 = 

17, Lref = 3, Lrt,.; = 2, and Lr1;,. = 2. The Yagi-Uda antenna consists of one driver. 

one reflector, two director elements, and a microstrip balun. The balun acts as an 

unbalanced to balanced transformer from the co-axial feed line to the driven clement. 

The length of the driver clement is f, where Ao is the free-space wavelength at the 

resonant frequency. The length of each arm of the balun is "'
4
° from the ground plane. 

Moreover, one of the arms of the balun is connected to the ground plane at the bottom 

layer through a via. Because of thi8, the two anus of the lmhm are 180u out of phase 

with re8pcct to each other. Furthermore. the two cU'lllS of the balun t'Xcitc the two 

arms of the driven element. Therefore, the two arms of thr, driver clement arc 180° 

out of pha8e with rc8pect to each other. The S11 parameters and t.hc gain of the 

G 
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Figure 2. A printed Yagi-Uda antenna. [5] 

antenna in Fig. 2 are shown in Figs. 3 and 4, respectively. It is shown in Fig. 3 that 

the antenna has a simulated (in Momentum [8]) return loss of -23 dB at 2.45 GHz. 

The 10 dB bandwidth of the antenna is 300 MHz from 2.2 GHz to 2.5 GHz. The 

maximum gain of the antenna is 7 dBi in the 10 dB bandwidth region. 

2.2. The quasi-Yagi antenna 

The schematic of a printed quasi-Yagi antenna is shown in Fig. 5. The antenna is 

designed for a 1.27 mm thick Rogers 6010 substrate (fr= 10.2) with metallization on 

two layers. The top layer consists of a microstrip transition, a microstrip to co-planar 

stripline transition balun, and two dipole elements, such as the driver and the director 

element. The driver is fed directly by the transmission line and the director is the 

parasitic radiator. 

The dimensions are (unit:mm):W1 = W3 = W4 = Ws = Wdri = Wdir -

0.6, W2 = 1.2, W6 = Ss = S6 = 0.3, Li = 3.3, L2 = Ls = 1.5, L3 = 4.8, L4 -

7 
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Figure 4. Gain of a printed Yagi-Uda antenna. 
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Figure 5. A printed quasi-Yagi antenna.[2] 
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l.B,Sdri = 3.9,Sdir = 3,Ldri = 8.7, and Ldir = 3.3. The radiation of the quasi-Yagi 

antenna consists of both the surface wave and the free-space wave. A wave traveling 

through an ungrounded dielectric slab generates both the T Mo (Transverse Magnetic) 

and the T E0 (Transverse Electric) modes as the dominant modes of the surface wave. 

However, a wave traveling through a grounded dielectric slab generates only the TM0 

mode as the dominant mode whereas the T E0 mode is at cut off. The reason is 

that the grounded conductor restricts internal electric fields and continuity across the 

dielectric/air boundary, therefore, forcing the tangential electric field at the surface 

to be zero [6]. 

The driver element in the quasi-Yagi antenna generates the T E0 and the T Mo 

mode surface waves. The director is coupled to the driver by the T E0 mode surface 

wave. Moreover, the driver and the director elements are of the same polarization. 

Therefore, T E0 surface wave from the driver strongly couples the director element. 

However, the coupling of TE0 surface wave also depends on the spacing between 
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the clements ,uHl the dielectric constant of the substrate. The director acts as au 

impeda11cc matching element aml directs energy propagation towards the endfire 

direction. Iu the bottom layer, the TE0 mode is at cut. off and thus acts as a reflector 

to the T Eo surface wave that was geuernted ou tbe top layer. Iu the design of the 

quasi-Yagi antenna, a truncated grou11d plaue Wat, 11::;ed as the reflector and thus 

eliminates the need of the reflect.or dipole. The gro1111ded portion of the antenna 

produces the endfire radiatio11 pattern. Therefore, no dipole demeut or met.al plate 

is needed to produce the endfire radiation pattern. 

The role of the driver element in the quasi-Yagi antenna is differeut. than the 

role of the driver clement in the Yagi-Cda antenna. The driver in the quasi-Yagi 

a11te11ua is used to generate surface wave power in a high dielectric constant substrate 

011 which the anteuua is printed. The driver produces the TE0 (Transverse Electric) 

mode surface wave that contri1)1ltcs to the mutual coupling between the driver a11d the 

direct.or. Tlw grmmded portion of the antenna acts as ,, rrttcctor for t.hc T E0 mod(' 

surface wa.vc Hll(l t.hns produces t.lw eudfire radiation pattern. The cutoff frequency 

for the rndiatiou of t.hc llli('l'ost rip tnu1srnissiou line is n:·mally higher than the or X

band fre(]ueucics, as will b(' dcscrib\'d lnU:r. ThNdorc, the TEu mode surface wave 

can be used to produce the cksin,d m1dfin~ radiatiou pattern. 

The quasi- Yagi a11t.c1111a in Fig. G w,1s simulah~d usiug the Advanced Design 

System (ADS) software from Agilent Tcdmolngks [8]. The S11 parameters of the 

antenna arc shown i11 Fig. G. The ant.enun has a 10 clI3 bawlwidth from 8 GHz to 12 

GHz. The gain of the antenna is shown iu Figure 7. The autc11na has a gaiu of 5 dBi 

over the 10 dB banchvidth. 

2.3. The Landstorfcr antenna 

The trnditimwl approach of drnigniug a high gain a11k1111a is t.o design a Yagi

Uda nnt.eunn. lt has hcc11 shown that the gain of au an1 ('llllH cau lw further a11g111c11kd 
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by shaping the conductors in a particular manner [4]. For example, Fig. 8 shows the 

current distribution on a dipole for different lengths. 

(a) L ='A/2 (b)L=3>./4 

(c)L=A (d) L= 3A/2 

Figure 8. Current distribution on various center-fed dipoles. 

The directivity of an antenna with a length, Lis maximum for L =~'where ).0 

is the free-space wavelength at the resonant frequency. The reason is that the phases 

of the currents add to each other for L = ~- However, in Figs. 8b-8d, the phases 

of the currents are not the same and therefore, the directivity is not a maximum. 

The phase differences can be compensated for by different path lengths using the 

appropriate shape of the linear antenna [4]. In Figure 9a, the current distribution on 

a ~ dipole is shown. The center t portion of the ~ dipole is then segmented into 

a ~ stub as shown in Fig. 9b. By doing this, the phases of the currents cancel each 

other on the stub whereas the phases of the current add to each other in the linear 

portion. Therefore, the antenna behaves as an L>.o in phase dipole antenna. 
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Figure 9. (a) Current distribution on ~ dipole (b) Current distribution on~ 
dipole with center ~ portion folded 

The schematic of a Landstorfer antenna is shown in Figure 10. The antenna 

is designed on a Rogers 4003 substrate with fr = 3.38 and a thickness of 0.508 mm. 

The overall dimension of the antenna is 160 mm x123 mm x0.508 mm. 

The dimensions are (unit:mm): W1 = 30, W2 = 1.2, W3 = 0.4, W4 = 2, W 5 = 

3.5, W6 = 3.3, W1 = 72.5, W8 = W9 = 4, L1 = 30, L2 = 31, L3 = 7.2, L4 = 10.5, L5 = 

15.1, and L6 = 22. The Landstorfer antenna consists of a driver, a director, a reflector, 

and a microstrip balun. The balun acts as an unbalanced to balanced transformer 

from the feed co-rucial line to the driven element. The length of the driver element is 

~' where Ao is the fr~space wavelength at the resonant frequency. The simulated 

S11 and the gain of the proposed quasi-Landstorfer antenna is shown in Figs. 11 and 

12, respectively. The antenna has a simulated return loss of -19 dB at 2.45 GHz and 

a simulated gain of 9 dBi over the 10-dB bandwidth. 
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Figure 10. A printed Landstorfer antenna. [5] 
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Figure 11. S11 of a printed Landstorfer antenna. 
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Figure 12. Gain of a printed Landstorfer antenna. 
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CHAPTER 3. THE NEW PRINTED 

QUASI-LANDSTORFER ANTENNA 

In this chapter, a new printed quasi-Landstorfer antenna is presented. A draw

ing of the proposed quasi-Landstorfer antenna is shown in Figure. 13. The dimensions 

are (unit: mm): v = 26.3, g = 9.0, q = 1.5, c = 9.5, s = 9.5, r = 20.74, b = 10.69, t = 

7.2, n = 1.2, d = 3.66, k = 10.2, m = 2.4, H = 82.0, D = 114.35, and W = 132.67. 

This chapter starts with the analysis of some antenna concepts. This is then followed 

by presenting the layout of the antenna. Measured and simulated results are also 

presented at the end of this chapter. 

q 

Bottom 
conductor 

i,. 

D 

.... 
w 

Figure 13. Schematic of quasi-Landstorfer antenna. 

3.1. Theory 

Microstrip antennas radiate from the currents induced on the antenna elements 

or from the magnetic currents around the periphery of the antenna element. In 

addition to radiation, surface waves are also excited from the currents induced on the 
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dielectric slab. Moreover, the surface waves radiate at the edge of the substrate. The 

surface waves are TE (Transven;e Electric) aud Ttv1 (Transverse :tvfagnetic) waves that 

propagate in the s11bstrate and outside the rnicrostrip antenna element. The modes 

arc characterizcll by waves attmmating in the transven,e direction (normal to the 

antenna plane) and having a real wave munber in the direction of propagation. The 

fringing fields from the metal layer to the ground plane excite the lowest order surface 

wave Tlvl0 that has no cut-off frequency. The generation of higher order TM and 

surface waves depends on the dielectric constant and the thickness of the substrate. 

The cut-off frequencies for higher order modes are given by the follwing equation [9]: 

(1) 

where c is the velocity of light in free space, h is the thickness of the substrate, 

E,. 1s the relative permittivity of the substrate, n 1, 3, 5 .. for T En modes, and 

n 2, 4, 6.. for TJ111 modes. Equation (1) states that the lower order surface 

wave modes arc generated with an increase iu thickness ,vid an increase in dielectric 

constaut of the substrate. Surface wave radiation results in low-radiation efficiency, 

high cross-polarb:atiou radiation, and strong mutual coupli11g [9]. Therefore, surface 

wave radiation doc8 not contribute to the main beam radiation and thus can be 

consid(.,rnd as a loss mechanism. The radiation efficiency is defined as: 

Pr,ul 
e == ----

Prad + P,w 
(2) 

where Prud is the radiated power iu free-space (main beam power) and Pm is the 

power cou plcd t,o tlw surfac<! wave. ( P,.mJ + P8 w) is tht' total power d<' Ii vercd to the 

autcunn. clcmm1t. From Eq11at.io11 (2) it is ohscrvt'd that high surfH(T wave power 

rl'sults in low radiation d[icicncy. 
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In the quasi-Yagi antenna, the driver clement was used to generate the T E0 

mode 1:-1urf1:tce wave power on the metal layer to obtain the endfire radiation pattern. 

011 the bottom layer, the T E0 mocle was at cut-off and therefore, the ground plane 

was used as the reflector for the g(0 11ernted T E0 mode on the top layer. The TE0 

mode on the top layer wa::-; also used to couple the driver and the director clements. 

However, the TE0 mode surface wave power was generated m,illg a thick substrate 

with a high dielectric constant. In the proposed quasi-Lnndstorfor antenna, 110 surface 

wave power was generated to contribute to the radiati011 pattern. The substrate was 

chosen to have a dielectric constant of 3.:38 with a thiclmc:;s of 0.508 mm. It was shown 

in [10]-[11] that for (h < 0.0U-0), the surface wave power v:as negligible. According 

to Equation (1) it can be shown that the cut-off frequency for the surface wave in 

substrate used for this work is 39 GHz. The proposed quasi-Landstorfcr antenna is 

designed to operate at 2.45 GHz. Therefore, the quasi-landstorfcr antenna can realize 

better radiatio11 efficiency than that of the quasi-Yagi antenna. 

In the proposed quasi-La11dstorfer antenna in Fig. 13, the driver clement of the 

antenna is fed by a 111icrostrip-to-coplanar stripli1w trausmissiou liue. The balun for 

this a11tc1111a serves as a transition for a microstrip line ctll(l a Co-Planar Strip-line 

(CPS). The microstrip lines at the input port as well a:; the two split arms to the CPS 

are all assumed to be 500. Tlw bahm employs a quart er-wavelength long, 34.5 n 

impedance trnrn,formcr, followed by a :;ymmctric T junction for signal dividing or 

combiniug. 

The quarter-wave transformer, as shown in Figure is a section of transmission 

line, ¾ long, used to match the input impedance of the T-junction (RL = 25fl) lo the 

50fl input impedance of the microstrip line. First, Z;n is found by looking into tlH' ¼ 

section by: 
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r I= 'A/4 

Zo 

Zn 

Figure 14. Quarter-wave transformer. 

(3) 

where f3l = (2;).(¼) = i· Next, the limit fJd- ➔ i is used in (3) and both numerator 

and denominator are divided by tan /3l resulting in 

(4) 

To find Z1 = 35.40, for r = 0 looking into the ¼ section, Zo = Zin which yields 

(5) 

The symmetric T-junction line is a simple three-port network used for power dividing 

or combining in any type of transmission line medium. The T-junction used here is 

assumed to be lossless, B = 0 and is modeled by three transmission lines, Z0 , Z1, and 

Z2 as shown in the Figure 15. 

The input admittance can be written as: 
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y,. 

Figure 15. Lossless T-junction line. 

1 1 . 
Yan= Z1 + Z2 + G + JB (6) 

(7) 

Since equal power split is desired (3 dB) for Z1 and Z2 (500 each), the input line 

must be 250. 

The transition is implemented by branching off the single microstrip line into 

two lines. Then a 180° phase shift is achieved between the two arms by adjusting the 

lengths with a difference of~, where >.9 is the guided wavelength in the microstrip. 

3.2. Layout 

A photograph of the proposed quasi-Landstorfer antenna is shown in Figure. 

16. 

The overall structure is comprised of a feeding portion, a driven portion, and 
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Figure 16. A photograph of the prototype quasi-Landstorfer 
antenna. 

a reflector portion with metallization on two layers. The top layer consists of the 

feeding part and the driven part. The driven part consists of the swept dipole with 

a length D (as shown in Figure 13) and the swept director. In the feeding part, two 

arms of the microstrip line constitute the transition part that transmits energy from 

the SMA connector to a Co-Planar Stripline (CPS) that drives the swept dipole. The 

guided wavelength, ">i.9 was calculated with the aid of commercial software package, 

Applications Computer Aided Design Program (AppCAD) [12]. 

The director increases the front-to-back ratio. The front-to-back ratio is the 

ratio of the gain in the maximum direction to that in the opposite direction [6]. 

Furthennore, the parasitic element is used for matching [14]. The use of additional 

director elements could further enhance the gain of the antenna. 

In the driven portion, sweeping or curved elements are introduced to create a 

longer electrical path for the current to travel that eventually leads to a higher gain. 
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The metallization on the bottom layer comprises of a truncated ground plane that is 

u;:;ed Afi a reflector. The ground plane is truncated in parallel to the driven clement to 

reflect most of the electromagnetic waves in they-direction. Moreover, the truncated 

ground plane also serves as the ground for the rnicrostrip feed line of the antenna. 

rvfotalli,mtion 011 both the top and the bottom layers abo ensures the overall structure 

will be meclmnic,I.l!y stable. 

The antenna in Fig. 1:3 was designed to operate in the S-band at 2.45 GHi. 

The antenna was fabricated 011 a Rogers 4003 substrate :3.38) with dimensions 

133 mm x 82 mm x 0.5 mm and is shown in Fig. 16. The performance of the quasi

Landstorfcr antenna depends on careful optimization of the lengths of the driven 

element, the distance between the clri ven element and the rcffoctor, the length of the 

parasitic element, and the distance between the driven element and the director. 

3.3. Simulated and measured results 

3.3.1. S-parameters 

The simulated and measured S-parameters of the prototype antenna are shown 

m Figure 17. It i:, shown in Figure 17 that the propo:,ed antenna has a simulated 

return loss of -lG dB at 2.45 GH:,:. The measurements \Vere taken in an anechoic 

chamber using an 8.5 GHz Agilent 8057 ENA network ana.lyzer. The measured 

results arc shown to be in a good agreement with the simulated results. The antenna 

was measured to have a return loss of -43 dB at 2.44 GHz. The 10 dI3 lmndwidth of 

the antenna was measured to be GO MHz. This is also in good agwc!IH·nt with the 

simulat.cd results. 

3.3.2. Radiation pattern 

The radiation pat.terns of the antenna wen: mca;:;nrcd in t ht· x-z awl y-z planes. 

The setup of the 111casmc11wut. system is shown in Figs. 18 all(l 19 for the y-z and x-z 
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Figure 17. 811 of the quasi-Landstorfer antenna. 

4 4.S 

planes respectively. A horn antenna of the HRN-0118 series from TDK Inc. [18] was 

used as the transmitting antenna. 

The simulated and measured values are shown to agree well in Figs. 20 and 21 

for the x-z and y-z planes, respectively. Both the simulated and measured results in 

Figs. 20 and 21 confirm that the antenna has an end-fire radiation pattern. In the 

y-z plane, the measurements were conducted twice from 0° to 180° to get the 360° 

pattern. Therefore, there is an overlapping of the measured data in the y-z plane at 

0 = 90°. However, Fig. 20 shows well defined end-fire radiation. 

3.3.3. Gain 

The gain of the antenna was measured through S21 values. A TDK Inc. horn 

antenna (HRN-0118) [18] was used as the transmitting antenna and was connected 

to port 1 of the network analyzer. A reference bilogical antenna (AK-521F-4 series 

from A. H. Systems, Inc.) [19] was connected to port 2 of the network analyzer and 
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Figure 18. Measuring the radiation pattern in the 
y-z plane in an anechoic chamber. 

Figure 19. Measuring the radiation pattern in the 
x-z plane in an anechoic chamber. 
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Figure 20. Simulated and measured radiation 
patterns in the x-z plane at 2.45 GHz. 
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Figure 21. Simulated and measured radiation 
patterns in the y-z plane at 2.45 GHz. 
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the 821 values were measured. This was considered to be the reference value. Then 

the bilogical antenna wa.s removed and the quasi-Landstorfer antenna was connected 

to the port 2 of the network analyzer. At this stage, the 821 values were measured 

and this wa.s considered to be the test case. The gain of the antenna wa.s computed 

from the difference between these two 821 values. If the reference 821 values were 2 

dBi less than the test 821 values, then the gain of the antenna is positive by 2 dBi and 

vice versa. The photographs of the gain measurement system is shown in Fig. 22. 

The simulated and the measured gain of the antenna is shown in Figure 23. It should 

also be noted that the cable loss between the antenna positioner and the biological 

antenna in Fig. 22 wa.s measured and included in the gain computations. 

Figure 22. Gain measurement setup with reference 
bilogical antenna in an anechoic chamber. 

The gain of the quasi-Landstorfer antenna depends on the sweeping angles of 

the elements. The gain also depends on careful optimization of the length of the 

director element, the driver element, and the reflector element. The spacing between 

the driver and the director elements as well as spacing between the driver and the 
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Figure 23. Simulated and measured gain of the quasi
Landstorfer Antenna. 

reflector element also affect the gain of the antenna. The maximum gain of the 

antenna was found to be 7.1 dBi. The simulated and the measured gain over the 10-

dB bandwidth of the antenna is shown in Fig. 23. However, it is worth mentioning 

here that the gain of the antenna can be further enhanced by introducing a partial 

slot that will be discussed in chapter 4. 

The measurements were taken in an anechoic chamber using an 8.5 GHz Agilent 

8057 ENA series network analyzer. The far field of the antenna was found from the 

equation as below [6]: 

2D2 

S>
- Ao (8) 

where, S is the minimum distance of the far-field, D is the maximum dimension of the 

antenna and Ao is the free-space wavelength. For the quasi-Landstorfer antenna to 

operate in the S-band, the far-field was found to be 0.29m. In the measurement setup, 

the distance between the transmitting antenna and the quasi-Landstorfer antenna was 
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fixed at 1.42 rn. Therefore, it is evident that all of the measurements were taken in 

the far-field of the a11ten11a. 

3.4. Discussion of the simulation and the measurement results 

The design of the quasi-Landstorfcr antenna was simulated using the Advanced 

Design System (ADS) software that is based on the moment method [8]. The mesh 

size was chosen to be 50 cells per wavelength. The generated mesh for a simulation 

establishes a geometric complexity of a circuit. A design that can be accornodated 

to a set of rectangular meshes is considered to he less complex. However, the more 

nmnber of triangular meshes that are needed to cover the design, the more complex 

the design becomes [17]. The comph!xity of a design is defined as: 

numbero J triangles 
Compki:ily = --------

numbcrofrcctanglcs 
(9) 

Therefore, larger mesh size values increase the complexity of the antenna design. 

However, very low mesh size valw~s t.c!ncl to cover evcu geometrically non-linear 

shapes, such as circles, ellipses, and parabolas with rectangular meshes. Therefore, 

to provide accurate results, it was experimentally determined that the mesh size for 

the simulation of this design should be 50 cells per wavelength. 

Another important parameter in the simulation process is the selection of the 

ports. The ports arc inserted at the end of the transmission line to excite the a11tcnna. 

Two types of ports, such as single mode and internal ports can be used in ADS. The 

internal ports cau be inserted anywhere into the design. The internal port w-;snmes 

a lumped voltage somce at the place of insertion and docs not calibrate out the 

dfoct of the volt.aµ;<\ source in the calculation of the S-paramctcrs. l lowcv<'r, th<' 

single mode port has to be inserted at the end of the transmission liuc feeding the 

ant0m1a and it assumes a voltage soluTc at a distance of a half wavelength from the 
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feeding trnmm1ission line. Excitation by the single mode calibrates out the effect of 

the voltage source in the calculation of S-pararncters. Therefore, in the simulation of 

the quasi-Landstorfer antenna, the single-mode port was used to excite the antenna 

and the transmission line network feeding the antenna. 

In Figs. 17, 20, 21, ancl 23, it is shown that the simulated and the measured 

results agree very well. However, some of the differences may be clue to the effect of 

parallel-plate modes. A parallel-plate mode is a special case of surface-wave modes 

[17]. Parallel-plate modes exist between printed conductor and ground plane. The 

fundamental parallel-plate mode has no cut-off frequency and is excited by any 

current source. The higher order modes have a cut-off frequency and the modes 

decay exponentially below this cut-off frequency. The fundamental mode generates an 

electric field around the plates and thus establishes a potential difference between the 

two plates. The generated electric field behaves as a cylindrical wave that propagates 

along the z-axis to infinity. The reason for propagating to infinity is that ADS assumes 

the plates to be short-circuited at infinity. Therefore, the electric field generated by 

the fundamcntcl parallel-plate mode assumes no reflection in the simulation. However, 

practically, the two plates arc tied together at the edge of the substrate and not at 

infinity. Therefore, the electric fields of the fundamental parallel plate modes generate 

reflection of the cylindrical waves from the edge of the substrate. The reflection of the 

waves from the edges of the substrate might crntte differences between the simulated 

ancl the measured results. 
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3.5. Design guidelines 

The design guidelines of the quasi-Landstorfor antenna is based on four different 

parameters: 

• The length of the driver 

• The spacing between the driver and the director 

• The length of the director 

• The spacing between the driver and the ground plane 

The effc)ct of each of the aforementioned parameters is discussed below. 

3.5.1. The length of the driver 

The length of the driven clement was chosen to be :i;0
• The linear portion of 

the driver was chosen to be >- 0 and the sweeping portion was chosen to be ~0 where 

the phase of the currents at the two arms cancel each other. Different lengths of the 

driver clement is examined in ADS and is shown in Fig. 24. 

It is shown in Figure 24 that the antenna with a driver length of 170 nun has a 

return loss of -18 dl3 at 2.45 GHz. The antenna with a driver length of 160 mm has 

a greater return loss but the resonant frequency goes beyond our desired frequency 

band. Therefore, the driver length of 170 mm is the optirnuru value in this case and 

is also equal to 3
; 0

• 

3.5.2. The spacing between the driver and the director 

The spacings between the driver and the director clement has an impact on the 

forward gain, backward gain, and the input inqwdancc [7]; this effort is investigated 

in the next section. Different spacings between the two clemeut.s have been examined 

as shown in Figs. 25 and 2G. 

It is shown in Figs. 25 that the antc~mia has an optim\llu spacing of 9.66 mm 

with a return loss of -18 dl3 at 2.45 GHz. The highest gain urn also bl' realized with 
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Figure 24. Simulated S-parameters for different driver lengths. 

this spacing as shown in Fig. 26. Therefore, the optimum value was chosen to be 

9.66 mm. 

3.5.3. The length of the director 

The length of the director also affects the gain and the input impedance of the 

antenna [15]. Simulated results with different lengths of the director are shown in 

Figs. 27 and 28. 

It is shown in Figure 27 that the director with a length of 150 mm has a better 

return loss than that of a director with 130 mm. However, it can be seen in Figure 

28 that the director with 130 mm has an 1 dBi higher gain than that of the director 

with 150 mm. Therefore, the optimum value of the director was chosen to be 130 

mm. 

3.5.4. The spacing between the driver and the ground plane 

The spacing between the driver and the ground plane affects the input impedance 
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Figure 25. Simulated S-parameters for different driver-director spacings. 

of the antenna as shown in Fig. 29. It is shown that the antenna has a maximum 

return loss of-18 dB with the spacing of 5 mm. Therefore, this is the optimum value. 
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Figure 27. Simulated S-parameters for different director lengths. 
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CHAPTER 4. GAIN ENHANCEMENT DESIGN 

The gain of the quasi-Landstorfer antenna can be increased by introducing a 

partial folded slot in the design. The schematic of the quasi-Landstorfer antenna with 

a partial folded slot is shown in Figure 30. 

u 

q 

Bottom 
conductor ( rey) 

D 

Top H 

conductor (black) 

Figure 30. Quasi-Landstorfer antenna with partial slot. 

The dimensions are (unit: mm):v = 26.3, g = 9.0, q = 1.5, c = 9.5, s = 9.5, r = 

20. 74, b = 10.69, t = 7.2, n = 1.2, d = 3.66, k = 10.2, m = 2.4, H = 82.0, D = 114.35, 

and W = 132.67. This chapter starts with the theory behind the introduction of a 

partial slot in the design and how the partial slot increases the gain of the antenna. 

This is then followed by discussing the simulated Su, radiation pattern, and gain of 

the antenna. Finally, the chapter concludes with a brief discussion of the proposed 

quasi-Landstorfer antenna. 
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4.1. Theory 

In this section, the theory behind the quasi-Landstorfer antenna with a partial 

folclecl slot is presented. The discussion begins with the review of boundary c:onclitions. 

Since the antenna radiates iu the free space, boundary conditions are applied to find 

the fields in the far-field. The field is created by the currents induced in the antenna. 

A brief review of the Huygcn's principle is also presented in this section. Then all of 

the aforementioned concepts arc applied to the quasi-Landstorfcr antenna with the 

partial folded slot. 

4.1.1. Boundary conditions 

Boundary conditions explain how the tangential and normal componcncts of the 

field in one medium arc related to the componcncts of the field across the boundary 

in another medium. The boundary conditions at any interface of two mediums can 

be expressed as 

(10) 

(11) 

( 12) 

( 13) 

For the fields at an interface between two lossless dielectric materials, no charge 

or smfac:c c:t,rrent densities exist. Therefore, the normal components of D and fJ arc 

c:011tin11011s across the interface. l'vioreovcr, the tangential components of f' and fl 
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are also continuous across the interface and the boundary conditions reduce to the 

following forms: 

( 14) 

( 15) 

(16) 

( 17) 

At an interface between a lossless dielectric and a perfect conductor, all the fidd 

components are zero inside the eouductiug region. This then leads to the following 

boundary comliti011: 

Fi· D Ps ( 18) 

,,) · fl 0 

fixE=O (20) 

frxH .Is (21) 

4.1.2. Huygen's principle 

Let us consider electromagnetic sources be contained iu a volume V bounded 
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by surface S with an outward normal n as shown in Figure 31. The fields E and 

fl outside the region S are found by removing the sources in V and placing the 

equivalent surface current densities. This is shown in Fig. 31(b) and for discussion 

the magnetic current M 11 has been defined. 

n E, H 

!IIOtJl'(IIS 

E, H 

s s 

(a) 
(b) 

Figure 31. (a) Original problem (b) Equivalent problem using 
Huygen's principle. 

This then leads to the following boundary condition: 

]ti= f,, X fl11 

MIi = n X Es 

(22) 

(23) 

In the original problem in Fig. 31(a), the fields along the surface are E11 and ii11 

whereas in the equivalent problem in Fig. 31(b), the fields inside the volume V are 

zero and surface currents are given by Equations (22) and (23). By applying boundary 
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conditions, equations (12) and (13) give us n x (Hs - 0) = ls and (Es - 0) x n = Afs 

that is identical to the equations given by (22) and (23). 

Let us consider 6s to be the area of the partial folded slot of our antenna design. 

In Fig. 32a, the medium of the partial folded slot is air (i.e. there is no partial folded 

slot) whereas, in Fig. 32b, the medium of the slot is a perfect conductor (i.e. the 

partial folded slot is incorporated in the design). Ref erring to Fig. 32a, the boundary 

condition equation (14)-(17) can be applied to see that the normal components of fJ 

and B are continuous across the interface and the tangential component of E and fl 

are equal. Moreover, refering to Fig. 32b, the boundary condition equations (18)-(21) 

can be applied to find the fields and the currents. In the presence of a partial folded 

slot, all the field components inside the slot are zero. Therefore, from the Huygen's 

principle, we can place ls and Ms inside the partial folded slot. It can be observed 

that this Js and Ms will eventually create an E and fl field and thus the gain of the 

antenna will further increase. 

4s 

(a) 

Electric 

flux 

Antenna 

element 4s 
Electric 

flux 

(b) 

Antenna 

element 

Figure 32. Partial folded slot in two different media (a) The medium of the 
partial folded slot of the antenna is air (b) The medium of the partial folded 
slot of the antenna is a perfect conductor. 

39 



4.2. Simulated results 

The S11 values of the quasi-Landstorfer antenna with a partial folded slot are 

shown in Figure 33. The antenna has a simulated return loss of -18 dB at 2.45 GHz. 

Therefore, the introduction of a partial folded slot does not affect the resonance of 

the quasi-Landstorfer antenna in Fig. 13 without a partial folded slot. The radiation 

pattern was simulated for the x-z and y-z planes. Figs. 34 and 35 presents the 

radiation pattern for the x-z and y-z planes, respectively. 
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Figure 33. Simulated S11 with partial folded slot. 

The quasi-Landstorfer antenna with a partial folded slot follows the end-fire 

radiation pattern. Moreover, the gain of the antenna increases from 7 dBi to 8 dBi 

by adding the partial slots as shown in Figure 36. 
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Figure 34. Simulated radiation pattern in 
the x-z plane at 2.45 GHz. 
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Figure 35. Simulated radiation pattern in 
the y-z plane at 2.45 GHz. 
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Figure 36. Simulated gain with partial folded slot. 

4.3. Discussion 

In this thesis, we presented a new printed quasi-Landstorfer antenna. The 

proposed antenna resembles the geometry of the quasi-Yagi antenna and the Land

storfer antenna. However, the operation of the quasi-Landstorfer antenna is different 

than those of the aforementioned antennas. The quasi-Yagi antenna utilizes the T E0 

surface-wave mode to couple the director and the driver. The T E0 mode is generated 

by using a thick and a high dielectric constant substrate. Moreover , the T E0 surface 

wave mode also contributes to the radiation of the quasi-Yagi antenna. The quasi

Yagi antenna has a relatively low gain and low radiation efficiency. Furthermore, 

the utilization of the T E 0 mode surface wave also restricts the quasi-Yagi antenna 

to be used efficiently in only the higher frequency bands an<l can be an inherently 

poor radiator at lower frequencies . The proposed quasi-Landstorfer antenna utilizes 

only TE M modes for free-space radiation. The antenna eliminates the TE surface 
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wave mode radiation by using a low dielectric constant substrate. Moreover, the 

radiation efficiency of the antenna also increases due to only the TE J\,f mode free

space radiation. The gain of the quasi-Landstorfcr antenna is also higher than that 

of the quasi-Yagi antenna. This is because the quasi-Landstorfer antenna consists of 

sweeping clements whereas the quasi-Yagi antenna consists of linear dipole clements. 

The incorporation of the sweeping eleme11ts in the quasi-Landstorfcr antenna design 

permits the current to travel for a longer path that eventually leads to higher gain. 

Therefore, the proposed quasi-Landstorfor antenna has a higher gain and higher radi

ation efficiency than that of the quasi-Yagi antenna. l\foreover, the quasi-Landstorfer 

antenna is also more i,mitable for wireless applications at lower frequencies than the 

quasi-Yagi antenna. 

The other antenna design that used sweeping or curved elements as the antenna 

elements was the Landstorfcr antenna. The principle of the Landstorfer ante1;11a 

is to chose the driver length to be greater than Ao and then shape the conductor 

so that the fields from the currents in the Ao portion adcl to each other whereas 

the fields from the currents in the additional portion cancel each other. In the 

proposed quasi-Landstorfcr antenna, a similar concept was employed for the antenna 

elements. However, in the Landstorfer antenna a sweeping element was employed as 

the reflector to the end-fire radiation pattern. In the quasi-Landstorfer antenna 

the reflector element was removed and the ground plane that was used as the reference 

for the microstrip input was ntilizecl as the reflector. Therefore, the overall size of the 

proposed antenna is 44% smaller than that of the Landstorfcr antenna. Also, in the 

feed network of the Landstorfor antenna, a balun with a via was used. However, 

the proposed quasi-Landstorfor antenna incorporates the balun i11 a single layer 

transmission line and thus eliminates the need for a via. The single-layer transmission 

line in the feed network simplifies the overall design of the antenna. 



In this thesis, a partial folded slot is introduced in the design to enhance the 

gain of the antenna. To the best of the author's knowledge, the concept of adding 

a partial folded slot in the antenna design to im:rease the gain waH never studied. 

Accordingly, the incorporation of a partial folded slot in the antenna design results 

in an increase of 1 dI3i gain where keeping the overall size of the antenna constant. 

The operation of the partial folded slot in the design has been studied extensively. 

Furthermore, the partial folded :::;Jot can be introduced in other antennas that have 

au end-fire radiation pattern. 
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CHAPTER 5. CONCLUSION 

In this thesis, the design of a compact quasi-Landstorfcr antenna has been 

presented. The antenna is measured to have a return loss of -43 dB at 2.45 GHz. 

Moreover, the size of the antenna is 44% less than that of the previous Landstorfcr 

antennas. The antenna also exhibits a symmetric radiation pattern in the end

fire direction. The gain of the antenna was measured to be 7 dBi. Moreover, a 

gain enhancement design ha,s also been presented with the overall dimensi011s of the 

antenna remaining the same. The gain enhancement design introduces a partial 

folded slot in the design that contributes to achieve a gain of 8 dBi. The theory of the 

proposed quasi-Landstorfcr antenna with and without the partial folded slot has been 

studied extensively. The partial folded slot can also be 0mploycd in other antenna 

designs that have an end-fire radiation pattern. With compact size and moderate 

gain, the quasi-Landstorfer antenna can be widely used in \VLAN applications, such 

as wireless communications, phased arrays, and millimeter wave applications. 

In the future, particle resonators could be used in the a'ltenna clements to reduce 

the overall size of the antenna. The reduction in size of the antenna will allow the 

antenna to be used in the array environment. 

45 



REFERENCES 

[I] C. P. Nara:Yan, Antennas and propagation, Technical Publications, 2007, pp. 

150-153. 

[2] W.R. Deal, N. Kaneda, J. Sor, Y. Qian, and T. Itoh, "A new Quasi-Yagi antenna 

for planar active antenna arra:Ys," IEEE Tran8actions on Aficmwave Theory and 

Techn·ique8, vol. 48, no. 6, pp. 910-918, 2000. 

[3] N. Kaneda, W. R. Deal , J. Sor, Y. Qian, and T. It.oh, "A broadband planar 

Quasi-Yagi antenna," IEEE Transactions on Antennas and Propagation, vol. 50, 

no. 8, pp. 1158-1160, 2002. 

[4] F. Landstorfcr, "A new t:Ype of directional antenna," IEEE Antennas and 

Propagation Symposium, Oct. 1976, pp. 169-172. 

[5] A. C. K. I'viak, C. R. Rowell, and R. D. Murch, "Low crn,t reconfigurable 

Landstorfcr planar antenna array," IEEE Transaction~ on Antennas and Propa

gations, vol. ,57, no. 10, pp. 3051-3061, 2009. 

[6] C. A. I3alanis, Antenna Theory: Analysis and Design, 2nd Ed., John Wiley and 

Sons, Inc., Hoboken, New .Jersey, 2005, pp. 577-580. 

[7] vV. L. Stutzman and G. A. Thiele, Antenna Theory and Design, 2nd 

Wiley and Sons, Inc., New York, NY, pp. 220-228. 

[8] Advanced Computer Design, ADS 2009. Agilent Tedmologies. 

, Jolm 

[9] I. .J. I3ahl and P. I3hartin, Microstr-ip Antennas, 2"d 

Dedham, MA, 1982, pp. 22-27. 

, Artech House, Inc., 

4G 



[10] N. G. Alexopoulos, P. B. Katd1i, and D. B. Rutledge, "Substrate optimiiation 

for integrated circuit antennas," IEEE Transactions on lvhcrowave Theory and 

Techn·iques, vol. MTT-31, no. 7, pp. 550-557, 1983. 

[11] D. M. Pozar, "Considerations for millimeter wave printed antennas," IEEE 

Transactions on Antennas and Propagation, vol. AP-31, no. 5, pp. 7 40-7 4 7, 1983. 

[12] Applications Computer Aided Design Program, AppCAD 2010. Agilent Tech

nologies. 

[13] T.-G. Ma, C.-W. Wang, R.-C. Hua, and J.-W. Timi, "A modified Quasi

Yagi Antenna with a new compact microstrip-to-copla11ar strip transition using 

artificial transmission lines," IEEE Transactfons on Antennas and Propagation.,, 

vol. 57, no. 8, pp. 2469-2474, 2009. 

[14] W. Naunan, Q. Jinghui, L. Shn, and D. Weibo, "Research on wide beamwidth 

and high gain Quasi-Yagi antenna," 8th International Symposimn on Antenna-,, 

Propagation and EM Theory, Kunming, China, Nov. 2008, pp. 302-305. 

[15] J. M. Steyn, J. W. OclendaaL and J. Joubert, "Duuble dipole antenna for 

dual-band wireless local area uetworks application;-;," lvficrowave and Optical 

Technology letters, vol. 51, no. 9, pp. 2034-2038, 2009. 

[16] D. M. Pozar, M'i,crowave Engineering, 2nd Ed., John \Viley and Sons, Inc., New 

York, NY, August 1998, pp. 9-14. 

[17] N. Kancda, Y. Qian, and Itoh, "A broadband microstrip-to-,vaV('~uide tran-

sition using Quasi-Yagi antenna," IEEE Tro,n8actions on lvficrowa111' Theory and 

Techniques, vol. 47, no. 12, pp. 2562-2567, 1999. 

[18] TDK H.F sol11tio11 Inc., www.tdkrfsolntious.com 

47 



[19] A.H. Systems Inc., www.ahsystcms.com 

48 



APPENDIX. MATLAB CODE 

The following 

S_11.m 

code was used to produce the Su vs. Frequency plots that 1s presented in this 

d isscrt ati on. 

The following 

Rad_pat.m 

code was used to produce the Radiation puttern vs. Frequency plots that is presented 

in this dissertation. 

The following 

Gain.m 

code was used to produce the Gain vs. Frequency plots that is presented in this 

dissertation. 

S_ll .m file 

clc 

clear all 

S11_meas•(data,. ] ; 

S1 Lsim= (data . . ) ; 

f igura 

plot{Sl l_aim(:, 1), /1e9, S11_sim{: ,2) , ' - ' ,S1 l_meas(:, 1). /le9 ,S1 l_meas(: ,2),', - ') 

x:abel( 'f(GHz) ') 

ylabel(•!S_{llf! (dB)') 

Y. axia(\1.S 3,5 -25 O)) 

grid off 

legend( 1 Sirou)ated', 'Meas,:.red '} 

Rad_pat. m file 
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clc 

clear all 

E_phi_xz_meas= [data,,.); 

E_ theta_xz_meas= [data . ] ; 

E.phi_yz_meas=[data., ,] ; 

E_ theta_yz_meas= (data ... ]; 

E_phi_xz_sim=[data,, ,) ; 

E_theta_:xz_sim= [data. 

E_phi_yz_sim"'(data ... ); 

E_ theta_yz_s ::r.= (data. 

E_phi _yz_meas_bottom"" [data. 

lL theta_yz_meaa_bottom:.:[data ... ] ; 

figure 

polar(E_phi_yz_sim(: , 1) •p1/1eo,E_phi_yz_sim{; ,2). /ma,::(E_phi_y:z_sim(:, 2)).' - ') 

hold on 

polar( ( [-90:3 :90) [-90:-3: -180J [177: -3:90]] '•pi/180, [ [E_phi_yz_measJ; [E_phi_yz_maas_bottom)) /max (tLphi_yz_meas), '•') 

polar (E_ theta_yz_sim(: , 1) •pi/180, E_ theta_yz _sim(: , 2) . /max (E_ph:i_yz_sim(: , 2)) , ' - ') 

polar{ [ [-90:3: 90) [-90: -3 :-180] [177; -3; 90]} '•pi/180, [ [E_theta_yz_meas}; (E_ theta_yz_meas_bottomJ)/max(E_phi_yz_maas), ', ') 

legend ( • E_ {\phi} Simulated', 'E_ {\ theta} Simulated' , 'E_ {\phi} Measured' , 'E_ {\ theta} - Measured') 

xlabel ( 'f ') 

ylabol('IEI') 

title{ •y z plane') 

figure 

polar (E_theta_xz_a:im (: , 1) •pi/180, E_ theta_xz_si:u(: , 2), /max{E_ theta_xz_sim(: , 2)) , ' - ') 

hold on 

polar (E_phi_xz_si:c.(: , 1) •pi/180. E_phi_xz_sim(: ,2} , /maY, (E_ theta_,xz_sim( ' , 2)) , ' - ') 

polar ( [O: J: 360] '•pi/ 180, E_phi_xz_meas/max(E_ theta_xz_meas) , ' , ') 

polar ( (0 :3: 360} '+pi/ 180, E_ theta_xz_meas/max (E_ the~a_xz_meas) , '• ') 

legend('E_{\phi} Simulated','E_{\theta} Sittulated','E_{\phi} - Heasured','E_{\theta} - Measured') 

xlabel( 1 f') 

ylabel(' !El') 

title('x z pl.a.no') 

% a,:is{[-90 90 JOe-5 :]) 

Gain.m file 

clc 

clear all 

Lsim-[data,,.]; 

g_Elim•[data,, ,} ; 

!_meas•tdata, .J; 

g_meas• (data. . ) ; 
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x:label(' f (GHz)') 

ylabel{ 'Gain (dB)') 

plot (f _sixr. ,g_sim, f _meas, g_meas, ' - ') 

legend( '3imu.lated', 'measured') 

axis((2.4 2.5 0 en 
xlabel { '! (GHz)') 

ylabel('Gain (dB)'} 

title ('Gain Vs. Frequency plot'} 
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