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研究生：黃玠瑝                                指導教授：周復芳    博士 

 

國立交通大學電信工程學系碩士班 

 

 

中文摘要 

 本篇論文提出三種類型天線之設計。一是晶片天線之研究，一主題是研究能

產生前端輻射場型的新型架構天線，最後一主題研究則是探討高前後輻射比準八

木天線。 

 針對第一個主題，在此我們提出一個 24 / 60GHz 雙頻帶毫米波晶片單極天

線。在天線饋入部分，我們採用共平面波導之架構。由於是雙頻帶的設計，在此

有兩條主要的電流路徑產生輻射。而為了避免低頻帶的高階模頻帶的出現，我們

加入兩條旁支帶線去耦合該頻帶。同時也使得高頻帶的效能變好。 

 第二個主題，在此我們提出一個新型的前端輻射架構天線。利用減少接地金

屬面，加入與接地金屬形成短路的微帶金屬線以及選擇合適的位置以及適當的金

屬大小，讓天線主體和接地的微帶線，兩者在相連之後，我們即可達到產生前端

輻射的目的。並且，該天線之前後輻射比會隨著操作頻率的上升而逐漸增高。 

 而探討到第三個主題，在此我們提出一個高前後輻射比準八木天線。該天線

包含三部分，一是反射元件，同時也是該天線的地，二是驅動元件，三是導向元

件。在此為了提高天線增益以及前後輻射比，我們一共使用了三個導向元件。另

外值得一提的是，為了提升該天線的效能，在此的驅動元件，亦即偶極天線，其

中兩個雙臂並不是在相對稱的位置，兩者距離該天線的地互有遠近。其中從地延
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伸出來的偶極天線的單臂，其離地的距離比從訊號路徑延伸出來的偶極天線的單

臂稍微遠一些。最後，我們還提出一能有效提升前後輻射比，天線增益也大為提

高的改良架構 
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Abstract 

This paper proposes two designs of antennas. One is the research of the on-chip 

antenna, the other one is the topic of the high front-to-back ratio quasi-Yagi antenna.  

For the first topic, a 24 / 60GHz dual-band millimeter-wave on-chip antenna is 

presented here. We design the feeding network by using the coplanar waveguide 

(CPW) structure. For the dual-band design, there are two major current paths to 

radiate. To avoid the harmonic frequency band of the low frequency-band, we add two 

strips to couple the harmonic frequency of the low frequency-band. Besides, the two 

strips let the higher frequency-band performance better. 

Then, the second topic, a novel structure for end-fire antenna, is introduced here. 

By the reduce the ground plane, adding short-circuited with ground stubs and 

choosing the appropriate position and the size of the connecting metal squares where 

the antenna body and the short-circuited stubs are connected, we can obtain the 

end-fire radiation pattern. And the front-to-back ratio of this design will increase as 

well as the operating frequency is increasing.  
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And the third topic, a high front-to-back ratio quasi-Yagi antenna is 

demonstrated here. The antenna consists of three parts which are the reflector, or 

ground of the antenna, the driver, and the directors. It has three directors of this quasi 

Yagi antenna to improve the antenna gain and the front-to-back ratio. Here, it is worth 

to be noticeable that the positions of the dipole arms are not at the symmetric location. 

The one extended from the ground plane is a few farther to the ground plane than the 

one extended from the signal path for improving the performance. At last, we will 

show the enhance type of the high gain and high front-to-back ratio quasi-Yagi 

antenna. 
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Chapter 1 

Introduction 
 

1.1 Motivation 

Recently, there is much interest in 60-GHz band for wireless personal area 

network (WPAN) application which is noticed in the short-range communications 

because of its attenuation characteristic of atmospheric oxygen of 10–15 dB/km in a 

bandwidth of about 8 GHz centered around 60 GHz [1] and [2]. Due to this reason, it 

is very attractive to the short-range wireless communication systems design today [3]. 

 On the other hand, the 24GHz ISM-band is also worth to being notice because it 

needs not licensed. Based on the advantage, it can be a good solution for short-range 

wireless communication [4] and [5].  

Over the past few years, a number of researchers have attempted to develop the 

millimeter-wave CMOS RFICs and on-chip antenna which have been studied [6]-[9]. 

The CMOS on-chip antennas have been presented by Chuang ea al. in 2007 and 2008 

[1] and [2]. Hence, there has lots of research of this topic and it will be an important 

solution for integrated MMIC antenna. 

For the second and third topics, a novel structure antenna for end-fire pattern and 

the high front-to-back (F/B) ratio quasi-Yagi antenna are also good researches. With 

the development of modern wireless communications, there are some cases such as 

point-to-point communication systems require unidirectional radiation patterns. It is 

well known from antenna theory that Yagi-Uda antenna is primarily used to achieve 

end-fire radiation pattern by satisfying the special conditions or antenna array system 

is also another solution for the same situation.  

Recently, the end-fire pattern antenna [10] has become a major candidate for these 
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applications especially the quasi-Yagi antenna because of its several advantages 

[11]-[19]. With the development of modern wireless communications, the end-fire 

radiated antenna has become a significant research in many cases like point-to-point 

communication systems which requires the unidirectional radiation patterns. The 

reason is that the end-fire radiated antenna has several advantages such as high 

directivity and low-cost, moreover, we can even obtain a high F/B ratio pattern which 

is synonymous to high unidirectional characteristic by adjusting the configuration of 

the antenna. Besides, it is worth noticing that the F/B ratio is an especially significant 

parameter in the framework of the indoor communication applications. Because it 

may crave to have antennas which propagate their signal primarily towards the 

interior of a building not only for the security but also in order to avoid waste of 

energy. 
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1.2 Organization 

This dissertation has two research topics, which is organized as follows:  

In chapter 1, we will introduce this dissertation at beginning and describes the 

motivation of this paper.  

In chapter 2, we will present the on-chip antenna structure. And before that, we 

will review some basic theories such as half-wave dipole, image theory, and 

monopole. Then we begin to develop our first topic, or dual-band millimeter-wave 

on-chip monopole antenna.  

Next, in chapter 3, we will demonstrate a novel structure for the end-fire pattern 

antenna. Firstly, we will introduce some antenna type whose radiation pattern is 

end-fire. And then, we will show the results of this design. 

Then, in chapter 4, the design of the high F/B ratio quasi-Yagi antenna has been 

presented. Here, we will review the theory of the Yagi-Uda antenna first. And then, 

we will demonstrate our study of the high F/B ratio quasi-Yagi antenna. After 

introduction of the high F/B ratio quasi-Yagi antenna, we will present the enhance 

type high F/B ratio quasi-Yagi antenna.  

The last, chapter 5, we will give the summary and the conclusion of all and the 

future study. 
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Chapter 2 

A 24/60GHz Dual-Band Millimeter-Wave On-Chip 

Monopole Antenna 

 
In this chapter, a 24 / 60GHz dual-band millimeter-wave on-chip antenna is 

presented here. We design the feeding network by using the coplanar waveguide 

(CPW) structure. For the dual-band design, there are two major current paths to 

radiate. To avoid the harmonic frequency band of the low frequency-band, we add two 

strips to couple the harmonic frequency of the low frequency-band. Besides, the two 

strips let the higher frequency-band performance better. At this work, the simulator is 

based 3-D full-wave EM solver, Ansoft HFSS. Here, we will display the simulation 

result of this design. 

 

2.1 Basic Theory 

 2.1.1 Theory of the Coplanar Waveguide (CPW) Structure 

 In recent years, the CPW structure, or the GSG for the single input or GSGSG 

for the differential input, is very widely used in the feed structure of the MMIC or 

RFIC system because of its several advantages. 

A coplanar waveguide (CPW) fabricated on a dielectric substrate was first 

demonstrated by C. P. Wen [20] in 1969. Since that time, tremendous progress has 

been made in CPW based microwave integrated circuits (MICs) as well as monolithic 

microwave integrated circuits (MMICs) [21]-[24]. A conventional CPW on a 

dielectric substrate consists of a center strip conductor with semi-infinite ground 

planes on either side shown in Fig. 2.1.  
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The CPW offers several advantages over conventional microstrip line:  

The first is that it simplifies fabrication, which no any metal on the back side and 

all the metal are on the same plane. That is to say it eliminates the need for 

wraparound and via holes [25] and [26].  

Second, a ground plane exists between any two adjacent lines so cross talk 

effects between adjacent lines are very week [25] and the CPW has low dispersion 

and hence offers the potential to construct wide band circuits and components.  

Third, the characteristic impedance is determined by the ratio of the signal path 

metal width s, or 2a in the figure, and the distance of the two ground plane s+2w, or 

2b in the figure, shown in Fig. 2.2, so size reduction is possible without limit, the only 

penalty being higher losses [27].  

And the forth, it reduces radiation loss when delivering the signal by CPW 

structure. So it is very appropriate to being the feed network of the antenna. 

According these advantages of the CPW structure, hence we use the CPW 

structure to being the feed structure of the on-chip antenna in this paper. 

The characteristic impedance is determined by the width of the signal line and 

the width of the gap on either side, which the approximate formula is shown below 

[26]. 

 

0
30 1

( )
( ') re

Z K k
K k

π
ε

= ⋅                       (2.1) 

 

Where εre is the effective dielectric constant of the CPW structure. The approximate 

formula of the effective dielectric constant can be written that 
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1 (tanh(1.785log( ) 1.75) (0.04 0.7 0.01(1 0.1 )(0.25 )))
2

r
re r
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εε ε+

= + + − + − +  

                 (2.2) 
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2
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S W
=

+
       (2.3) 

2' 1k k= −        (2.4) 

( ) 1.........................      for  0
2( ') 1 'ln(2 )

1 '
( ) 1 1 1ln(2 )........................      for  1

2( ') 1

K k k
K k k

k
K k k k
K k k

π

π

⎧ = ≤ ≤⎪ +⎪ ⋅⎪ −⎨
⎪ +⎪ = ⋅ ≤ ≤
⎪ −⎩

    (2.5) 

 

If the thick of the substrate is approximately infinite, the effective dielectric constant 

can be written as 

 

1
2

r
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(a) 

 
(b) 

Fig. 2.1  The conventional coplanar waveguide (CPW) structure (a) 3D structure and 

(b) cross-section view 

 

 
Fig. 2.2  The design parameters of the conventional CPW structure[28] 

 

Metal：Ground 

Metal：Ground 

Metal：Signal 

Substrate 
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 2.1.2 Theory of Half-Wave Dipole Antenna[29]-[31] 

 In dipole antenna, the very widely used antenna is the half-wave dipole antenna 

whose structure is shown in Fig. 2.3(a). It is a linear current whose amplitude varies 

as one-half of a sine wave with the maximum at the center of the half-wave dipole 

antenna and the current distribution is shown in Fig. 2.3(a). And then the radiation 

pattern is shown in Fig. 2.3(b). The current distribution is placed along the z-axis and 

for the half-sine wave current on the half-wave dipole, the current distribution can be 

written as 

 

( ) sin[ ( )],       
4 4mI z I z zλ λβ= − ≤         (2.7) 

 

Where β=2π/λ, λ is the wavelength of the operating frequency of the antenna. 

 

I(z)

Im

z

λ/2

 (a) (b) 

Fig. 2.3  The half-wave dipole  

(a) Current distribution I(z) and (b) Far-field radiation pattern F(θ) 
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This current will have the maximum value mI  at the center ( 0z = ) and will be 

zero at the ends (
4

z λ
= ± ). According to the current distribution, the far-field radiation 

pattern can be calculated as  

 

cos( cos )
2

2 sin

r
mI eE j

r

β

θ

π θ
η

π θ

−
⎡ ⎤
⎢ ⎥

= ⎢ ⎥
⎢ ⎥
⎣ ⎦

      (2.8) 

cos( cos )
2

2 sin

r
mI eH j

r

β

φ

π θ

π θ

−
⎡ ⎤
⎢ ⎥

= ⎢ ⎥
⎢ ⎥
⎣ ⎦

     (2.9) 

0E Hφ θ= =       (2.10) 

 

The definition of the field pattern function, F(θ)=g(θ)f(θ), then the complete 

(normalized) far-field pattern of the half-wave dipole antenna is  

 

cos[( )cos ]2( )               -  
sin

F half wave dipole
π θ

θ
θ

=   (2.11) 

 

And then we define the antenna directivity, D, which defines as that: 

 

max

4
rad

UD P
π

=         (2.12) 

 

In theory, the input power can be radiated totally by antenna. In practical, the 

antenna has the loss, however, the radiated power will less than the input power. 

Because of this reason, we define the antenna radiation efficiency, ηr, and the antenna 
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gain, G, which are defined as  

 

rad
r

in

P
P

η =           (2.13) 

 

Note that 

 

0 1rη≤ ≤       (2.14) 

 

And the antenna gain is 

 

rG Dη= ×          (2.15) 

 

Since gain is a power ratio it can be calculated in decibels as follows 

 

10logdBG G=       (2.16) 

10logdBD D=      (2.17) 

 

Gain relative to a half-wave dipole carries the units of dBd. And the unit dBi is 

often used instead of dB to emphasize that an isotropic antenna is the reference. The 

relation between the dBi and the dBd is: 

 

2.15dBi dBd= +      (2.18) 

 

 According to the antenna parameters mentioned above, we can know that the 

radiation efficiency is the higher the better. That is to say the input power can radiate 
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by antenna almost and then the antenna gain will be higher. 

 2.1.3 Theory of the Image Theory[29]-[31] 

Consider an ideal dipole near a perfect ground plane and oriented perpendicular 

to the ground plane shown in Fig. 2.4. The uniqueness of the solution to a differential 

equation (wave equation) plus its boundary conditions introduces an equivalent 

system that is different below the ground plane (GG’). However, it satisfies the same 

boundary conditions on the ground plane (GG’) and has the same sources above the 

plane. Using this equivalent model, the solution will be different for the initial 

problem which below the plane. However, we can find the same solution for the 

problem above the ground plane and satisfies the boundary conditions. As a result, the 

image for this case is equidistant below the image plane and the same direction. 

 

 
Fig. 2.4  Ideal dipole above and perpendicular to a perfectly conducting ground 

plane 

(a) Physical model and (b) Equivalent model using image theory 

 

 An ideal dipole oriented parallel to a perfect ground plane has an image that 

again is equidistant below the image plane. However, the direction is oppositely as 

shown in Fig. 2.5. 
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Fig. 2.5  Ideal dipole above and parallel to a perfectly ground plane 

(a) Physical model and (b) Equivalent model using image theory 

 

 The image of a current element oriented in any direction with respect to a perfect 

ground plane can be calculated by decomposing the element into perpendicular and 

parallel components, shaping the images of the components, and constructing the 

image from these image components as shown in Fig. 2.6. 

 

 

Fig. 2.6  Ideal dipole above and obliquely oriented relative to a perfectly ground 

plane 

(a) Physical model and (b) Equivalent model using image theory 

 

2.1.4 Theory of the Monopole[29]-[31] 

A monopole is a dipole that has been divided in half at its center feed point and 

fed against a ground plane shown in Fig. 2.7. According to the image theory, if the 

current distribution over the monopole antenna is equal to the dipole then the electric 
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field of the monopole and the dipole will be the same. However, the image current of 

the monopole is generated by the ground metal. Hence, the length of the monopole is 

one-quarter wavelength, which is half of the dipole.  

 

 
Fig. 2.7  Monopole antenna over perfect ground plane with their image (dashed) 

 

The current and charges on a monopole are the same as on the upper half of its 

dipole counterpart, but the terminal voltage is only half that of the dipole. The input 

impedance for a monopole is half of its dipole counterpart, or 

 

1
,2,

, ,
, ,

1
2

A dipoleA mono
A mono A dipole

A mono A dipole

VV
Z Z

I I
= = =                (2.19) 

 

Where ZA,mono is the input impedance of the monopole and ZA,dipole is for dipole. 

Therefore, the radiation resistance of the monopole can be written as: 

 

1
2

, ,2 21 1
,2 ,2

1
2

dipolemono
r mono r dipole

A mono A dipole

PPR R
I I

= = =               (2.20) 

 

Where Rr,mono is the radiation resistance of the monopole and Rr,dipole is for dipole. 

 The radiation pattern of the monopole above a perfect ground plane is the same 
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as a dipole. However, a monopole fed against a perfect ground plane radiates one-half 

the total power of a similar dipole in free space. Because of the reason, it is leading to 

a doubling of the directivity: 

 

1
, ,2

4 4 2mono dipole
A mono A dipole

D Dπ π
= = =
Ω Ω

                (2.21) 

 

Where Dmono is the directivity and Ddipole is for dipole. 
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2.2 Design of the 24 / 60 GHz Dual-Band Millimeter-Wave On-Chip Monopole 

Antenna 

 

The structure of the proposed dual-band millimeter-wave on-chip CMOS 

antenna is shown in Fig. 2.8 and the layout photo of the on-chip antenna is shown in 

Fig. 2.9. The used process of this on-chip antenna is TSMC 0.13 CMOS process. The 

CPW line structure is adopted for feeding network of this antenna [1] and [2]. The 

structure consists of three parts: longer path monopole antenna, shorter path monopole 

antenna, and two stubs at the middle. 

The longer current path which is near a loop and about quarter wavelength of the 

lower operating frequency operates at low frequency band. On the contrary, the 

shorter current path which is on the right side of this antenna and approximated 

quarter wavelength of the higher operating frequency works at high frequency band.  

Here, the wavelength is the effective wavelength of the lower or higher 

frequency calculated by the effective dielectric constant of the substrate [32] and [33]. 

Besides, it is important that the distance of the CPW gap, g = 48 μm, and the distance, 

d = 40 μm, between the radiator and the ground metal of the CPW structure are the 

key factors of the matching feeding and the return loss [34].  

The two strips in the middle of the antenna structure are designed by Ls = 335 

μm, Ws = 30 μm, and the gap between the two stubs, s = 20 μm. The feeding line is 

designed by W = 80 μm. The on-chip antenna size is about 0.76 × 1.045 mm2.  
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(a)                              (b) 

Fig. 2.8  Configuration of the dual-band millimeter-wave on-chip antenna:  

(a) The Geometry and (b) The 3D structure 

 

 

 

Fig. 2.9  The layout photo of the on-chip antenna 
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2.3 Simulation Results 

 The current distribution of the on-chip antenna is shown in Fig. 2.10 for 

operating at 24GHz and 60GHz respectively. When operating at lower band (24GHz), 

the main current distributes over the longer path of the on-chip antenna shown in Fig. 

2.10(a). And for higher band (60GHz), the main current distributes over the shorter 

path of the on-chip antenna shown in Fig. 2.10(b) 

Fig. 2.11 shows the simulated input return loss of the antenna. At 24GHz band, 

the minimum of input return loss is about 15dB and the bandwidth is about 180MHz. 

For the higher operating frequency band, 60GHz, the minimum of input return loss is 

about 38dB and the bandwidth is also about 700MHz.  

For the radiation pattern at the lower operating frequency band shown in Fig. 

2.12, the XY-plane approximates an omni-directional pattern and the gain is about 

-9dB. At this band, we can expect the pattern result by the current distribution that this 

antenna acts as a CPW monopole antenna. That is to say, the pattern of this antenna 

seems like the monopole antenna.  

For higher operating frequency band, the radiation pattern shown in Fig. 2.13 has 

higher directivity so that the gain is about 1dB. We can see in Fig. 2.10(b) that there 

have two major current paths. So the pattern of this band has higher directivity. The 

simulated result summary is shown in Table 2.1 

 

Table 2.1 simulated result summary 

Simulated results 24 GHz band 60 GHz band 

Bandwidth 180 MHz ; 0.75% 700 MHz; 1.67% 

Max. gain in XY-plane -9 dB 1 dB 

Chip size 0.76 × 1.045 mm2 
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(a) 

 

 
(b) 

Fig. 2.10  The current distribution:  (a) at 24 GHz and (b) at 60 GHz 
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(a) 

 

(b) 

Fig. 2.11  The input return loss  

(a) near the 24 GHz band and (b) near the 60 GHz band 
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Fig. 2.12  The radiation pattern at 24 GHz 

(a) The XY-plane, (b) The XZ-plane and (c) The YZ-plane 
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Fig. 2.13  The radiation pattern at 60 GHz 

(a) The XY-plane, (b) The XZ-plane and (c) The YZ-plane 
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2.4 Conclusion 

 A 24 / 60 GHz dual-band millimeter-wave CPW-fed on-chip antenna is presented 

not only for a 24 GHz ISM-band application but also for 60 GHz WPAN CMOS 

on-chip antenna application. This on-chip CMOS antenna is fabricated with a 

0.13-μm standard CMOS process. The whole on-chip antenna size is about 0.76 × 

1.045 mm2. The bandwidth of the lower band is about 0.75% and about 1.67% for 

higher band. The radiation pattern of the lower band approximates an 

omni-directional at the XY-plane and the gain is about -9 dB. For the higher band, the 

radiation pattern has higher directivity so the maximum gain is about 1 dB. 
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Chapter 3 

A Novel Structure for the End-Fire Pattern Antenna 
 

In recent years, there several antenna configurations which can provide the 

end-fire pattern have been proposed such as Yagi-Uda antenna [11]-[19], 

traveling-wave long wire antenna [35]-[36] and antenna array systems [37]-[38]. 

However, traditional end-fire radiated antenna is middle gain antenna and is not 

suitable for a radar system. In addition, most traditional end-fire antenna arrays are 

along z or x axes direction, which will has excellent directivity but the cross aperture 

figure will be limited in some special application. Therefore, it is very necessary to 

develop a new structure which is located along the end-fire direction, or y-axis.  

In this chapter, we demonstrated a new configuration of the end-fire radiated 

antenna based on the leaky-wave antenna structure which has the frequency scanning 

characteristics that will radiate to near end-fire direction at high frequencies [39]-[42]. 

The proposed structure is composed of the conventional open end leaky-wave antenna 

with reducing ground plane and the adding short-circuited stubs and the connecting 

metal squares. According to the measured results, the impedance bandwidth is about 

2.1GHz from 3GHz to 5.1GHz of 10-dB. The antenna peak gain we obtained is about 

5.4dBi in the end-fire direction. Furthermore, the F/B ratio of this design is better than 

30dB and the measurement results show that the F/B ratio is increased while the 

operating frequency is increased.  

 

3.1 Some end-fire antenna structures 

 There are some type antennas which can obtain the end-fire radiation pattern 

such as Yagi-Uda antenna shown in Fig. 3.1[43], traveling-wave long wire antenna 
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shown in Fig. 3.2[44] and the antenna array systems shown in Fig. 3.3[45]. All of 

these antennas, the main operating mode is based on the array theory. Like the 

antenna array, the Yagi-Uda antenna structure is similar to the array but it only excides 

one element. For the traveling-wave long wire antenna, the current distribution of the 

antenna is also like the array systems.  

 According to the mention above, we know that the main design idea is the 

antenna array theory if we want design end-fire pattern antenna. In the array theory, 

there are many factors will affect the radiation pattern, like the distance between the 

each element or the excided power of each element. That is to say, we can change 

these factors to design the end-fire antenna. 
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Fig. 3.1  Yagi-Uda antenna[43] 

 

Fig. 3.2  Traveling-wave long wire antenna[44] 

 
Fig. 3.3  Antenna array system[45] 
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3.2 The Antenna Design 

Figure 3.4 shows the structure of the proposed antenna which has three parts: a) 

conventional open end leaky-wave antenna structure with reducing ground plane, b) 

adding the stubs which are connected to the ground plane and c) adding the 

connecting metal squares which connect the antenna body and the short-circuited 

stubs. These configurations are fabricated on the substrate, or FR-4, with a dielectric 

constant of εr = 4.4 and a thickness of h = 1.6mm. This research adopts an 

asymmetrical feed line to excite the proposed antenna which is similar to leaky-wave 

antenna. Detailed dimensions are listed in Table 3.1. Figure 3.4(a) shows the structure 

of the convention open end leaky-wave antenna of which the length L is 50mm, the 

width W is 15mm and the ground plane on the back side of the substrate is 45mm × 

10mm. 

 In Fig. 3.4(b), it shows the design which we add the short-circuited stubs in order 

to improve the antenna gain and the impedance bandwidth. The stubs can be divided 

into three parts. The first stub connects to the ground plane and the distance, g1, 

between this stub and the feed line is 3mm. The second stub is a vertical one which is 

connecting to the first stub and with the gap, g2 = 1mm, between this stub and the 

antenna body. The third stub is parallel to the bottom side of the antenna body with 

the gap g3 = 0.5mm and it connects to the second one. Since these stubs are 

short-circuited by the first stub and the gap distance between the antenna body and the 

third stub is very slight, it will cause that most of the current will distribute on the 

edges of the gap. For all the stubs, the width Ws of them are equal to 1mm and the 

length Ls1 of the first stub is 14mm, the second one, or Ls2, is 11.5mm and the third 

one, or Ls3, is 52mm. 

Figure 3.4(c) shows the configuration in which we add the connecting metal 

squares that connect the antenna body and the short-circuited stubs. The size of all of 
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the connecting metal squares is 0.5mm × 0.5mm. Here, the position and the size of the 

metal squares which are connecting the antenna body and the short-circuited stubs act 

extremely critical roles of this design. They not only match the impedance bandwidth 

but also affect the antenna gain and F/B ratio since the connecting metal squares will 

cause that the main current will be directed to the connecting metal squares between 

the short-circuited stubs and antenna body. That is to say, comparing configuration (b) 

and configuration (c), the current distribution changes from that most of the current 

flows on the edges of the gap to that most of current distributes at the connecting 

metal squares points.  

 

Table 3.1 Dimension of the proposed antenna structure 

L 50 mm Ls1 14 mm g2 1 mm 

W 15 mm Ls2 11.5 mm g3 0.5 mm 

Wg 10 mm Ls3 52 mm L1 8 mm 

Ws 1 mm g1 3 mm  
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Fig. 3.4. Configuration of the proposed antenna,  

(a) conventional open end leaky-wave antenna with reducing ground plane.  

(b) Adding the stubs which are connected to the ground plane.  

(c) Adding the connecting metal squares which connect the antenna body and the 

short-circuited stubs 
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3.3 Simulation and Measurement Results 

In our study, for the original configuration which is similar to the conventional 

open end leaky wave antenna but the ground plane is reduced as shown in Fig. 3.4(a), 

we can see the current distribution in Fig. 3.5(a) which demonstrates that most of the 

current distributes at the bottom side of the antenna body and the current flows along 

the y-axis. Meanwhile, the length of antenna body is about a wavelength for the 

operating frequencies so the wave will travel on antenna body but there still has slight 

current which distributes on the center of the antenna body. Based on the current 

distribution mentioned above, the radiation pattern of this configuration will be near 

to the end-fire pattern in yz-plane, however, the F/B ratio is extremely disappointing 

and the antenna gain is dissatisfied because of low gain in its operating frequencies. In 

order to improve the antenna gain and F/B ratio, we first proposed the solution which 

is adding short-circuited stubs to couple the current and the fields to achieve our 

purpose shown in Fig. 3.4(b). However, in spite of the improvement of gain and F/B 

ratio, the operating band is not greatly perfect. To ameliorate the impedance 

bandwidth, we add two metal squares to connect the short-circuited stubs and antenna 

body for improving the bandwidth displayed in Fig. 3.4(c). Consequently, the 

impedance bandwidth has been promoted and the antenna gain and F/B ratio has also 

been enhanced. The detail description for these configurations will be in following 

subsections.  

3.3.1 Adding short-circuited stubs  

Figure 3.5(b) demonstrates the current distribution of the adding short-circuited 

stubs configuration which we can know that the current will distribute on the two 

sides of the gap between antenna body and stubs below the antenna mostly. As a result 

of the strong coupling effect, the magnitude of the current of this configuration is 

greatly stronger comparing to the first configuration. Because most of the current is 
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concentrated on two sides of the gap, the antenna gain and F/B ratio are attained 

improvement effectively, see Fig. 3.6(b). Here, the distance of the gap is the major 

relevant factor which affects the current distribution and therefore we choose the gap 

as 0.5mm by optimized. However, the impedance bandwidth of this configuration is 

dissatisfied because the return loss has inversed peak where the return loss is worse 

than 10-dB. For this structure, the maximum antenna gain is only 3.4 dBi and the 

maximum F/B ratio is just 12 dB, see Fig. 3.6(b). Owing to the imperfect performance, 

we present an improvement solution which is adding the metal squares connecting the 

antenna body and the short-circuited stubs at the particular positions.  

3.3.2 Adding connecting metal squares 

To improve the impedance bandwidth, we add the small size metal squares 

connecting the antenna body and the short-circuited stubs. For this configuration, the 

size and the position of the connecting metal squares will affect not only the 

impedance bandwidth but also antenna gain and F/B ratio. Figure 3.5(c) shows the 

current distribution of this structure and we can see that the main current will flow 

near the connecting metal squares which produce the end-fire pattern and improve the 

F/B ratio, see Fig. 3.6(c) and 3.6(d). The discrepancies between the simulation and the 

measurement results may occur because of the SMA connector and the copper metal 

which is connecting the stubs and the ground plane on the backside of the substrate. 

Since the grounded of the short-circuited stub is imperfect and the solder of SMA 

connector will cause the mismatch for the signal. In this configuration the maximum 

antenna gain is about 5.4dBi and the maximum F/B ratio is about 31dB at 5GHz. In 

Fig. 3.7, the 10-dB impedance bandwidth is about 2.1GHz which is from 3GHz to 

5.1GHz. Furthermore, the measurement results show that the F/B ratio is increased 

while the operating frequency is increased shown in Fig. 3.8. 
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(a) 

 
(b) 

 
(c) 

Fig. 3.5 The current distribution of the configuration  

(a) Conventional open end leaky-wave antenna with reducing ground plane.  

(b) Adding the stubs which are connected to the ground plane.  

(c) Adding the connecting metal squares which connect the antenna body and the 

short-circuited stubs 
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Fig. 3.6 The simulation normalized radiation pattern at its operating frequencies of the 

configuration  

(a) Conventional open end leaky-wave antenna with reducing ground plane.  

(b) Adding the stubs which are connected to the ground plane.  

(c) Adding the connecting metal squares which connect the antenna body and the 

short-circuited stubs.  

(d) Comparing the simulation and measured results of configuration (c) at 5GHz 
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Fig. 3.7. The simulation and measured return loss of the configuration (c) of proposed 

antenna 
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Fig. 3.8. The measurement F/B ratio of the configuration (c) of proposed antenna 
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3.4 Conclusion 

A novel structure of the end-fire radiated antenna is present in this chapter. The 

impedance bandwidth of this antenna is about 51.8% at the center frequency of 

4.05GHz for 10-dB return loss. The measurement peak antenna gain is about 5.4dBi. 

The F/B ratio of the proposed antenna configuration is increased while the operating 

frequency increased. The maximum F/B ratio is about 31dB at 5GHz. This proposed 

antenna structure is suitable for the many applications which require unidirectional 

radiation pattern such as traffic control, collision avoidance system, radiolocation, etc. 

and has great potential for applications in the future. 
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Chapter 4 

High Front-to-Back Ratio Quasi-Yagi Antenna 
  

In recent years, the quasi-Yagi antenna has become a major candidate for many 

applications because of its several advantages such as the good radiation performance. 

In this chapter, we will demonstrate the of the high front-to-back (F/B) ratio 

quasi-Yagi antenna whose the F/B ratio has been improved. We use the microstrip-fed 

structure of this quasi-Yagi antenna and adjust the position of the dipole arms, or the 

driver element, to improve the performance. And then, we will display the simulated 

and the measured results of this design. 

 

4.1 Theory of Yagi-Uda Antenna [29]-[31] 

 The first research done on the Yagi-Uda antenna was performed by Shintaro Uda 

in 1926 and was published in Japanese in 1926 and 1927. The work of Uda was 

reviewed an article written in English by Uda’s professor, H. Yagi, in 1928. [46] 

 The basic unit of a Yagi antenna has three elements: driver, reflector, and director. 

We can see the reflectors and the directors as the parasites of the array. When the 

parasitic element is put closely to the driver element, it is excited by the driver 

element with approximately equal amplitude and opposite in phase. According to the 

array theory, we can know that two closely spaced, equal amplitude, and opposite 

phase elements will have an end-fire pattern as shown in Fig. 4.1. 
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   (a)                                  (b) 

Fig. 4.1  A two-element array of half-wave dipoles, one driver and the other parasite. 

(a) Array configuration and (b) computed results of the H-plane pattern 

 

 However, the Yagi is revealed by the lengthening the parasite and then the dual 

endfire beam will change to a single endfire beam shown as in Fig. 4.2. Such a 

parasite element which is a few longer than the driver element is called a reflector 

because it appears to reflect radiation from the driver. 
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 (a)                                           (b) 

Fig. 4.2  Two-element Yagi-Uda antenna consisting of a driver and a reflector 

(a) Array configuration and (b) computed results of the H-plane pattern 
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 If the parasite is shorter than the driver element, however, it placed on the other 

side of the driver, the radiation pattern is similar to that when using the reflector in the 

sense that the main beam will enhance in the same direction. So the parasite is called 

as a director because it appears to direct radiation in the direction from the driver to 

toward the director. Fig. 4.3(a) shows the parasitic array structure and the pattern of 

the structure which has a driver and a director is shown in Fig. 4.3(b). 

 

z

x
y

 

(a)                                            (b) 

Fig. 4.3  Two-element Yagi-Uda antenna consisting of a driver and a director 

(a) Array configuration and (b) computed results of the H-plane pattern 

 

According to the theory mentioned above, it suggests that we could enhance the 

antenna performance with a reflector and directors on the opposite sides of a diver. A 

general Yagi configuration which has a reflector, a driver, and several directors is 

shown in Fig. 4.4.  

 There are several design parameters of the Yagi antenna, such as the 

director-to-director, director-to driver, and driver-to-reflector spacing, and the number 

of the directors, which can improve the antenna gain, directivity, and front-to-back 

ratio. 
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(b) 

x

z

 
(c) 

Fig. 4.4  Five-element Yagi-Uda antenna which has a driver, a reflector and three 

directors 

(a) Array configuration,  

(b) Computed results of the H-plane pattern and  

(c) Computed results of the E-plane pattern 
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4.2 Design of the High F/BRatio Quasi-Yagi Antenna 

 The proposed antenna is printed on an FR4 substrate of the dielectric constant of 

4.4, the conductor loss (tanδ) of 0.02, and the thickness of 1.6 mm. The structure of 

the antenna is shown in Fig. 4.5.  

The antenna consists of three parts which are the reflector, or ground of the 

antenna, the driver, and the directors. For this design, it is called as quasi Yagi antenna 

whose radiation pattern is similar to the Yagi antenna, however, the structure of these 

two antennas are a little different.  

 Because the driver of the Yagi antenna is the half-wave dipole which needs 

differential excited, hence, we use the ground plane and the signal path to be the 

differential feed for this design [11]-[19]. That is to say, one of the dipole arms is 

extended from the ground plane of the microstrip structure and the other one is from 

the signal path as shown in Fig. 4.5. 

 It has three directors of this quasi Yagi antenna to improve the antenna gain and 

the F/B ratio [19]. Here, it is worth to be noticeable that the positions of the dipole 

arms are not at the symmetric location. The one extended from the ground plane is a 

few farther to the ground plane than the one extended from the signal path as shown 

in Fig. 4.6.  

 The antenna dimensional parameters values are as follows: W=40mm, L=20mm, 

Ws = 3 mm, L1 = 8 mm, L2 = 13 mm, Wdri =3 mm, Ldri = 14 mm, Wdir = 3 mm, Ldir = 

14 mm and d = 1 mm. The total size is 60 × 40 mm2. 
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(a) 

 

         (b)                       (c) 

Fig. 4.5  Antenna geometry and parameters 

        (a)3D structure, (b) top layer and (c) bottom layer 
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Fig. 4.6  The detail structure of the arms of the driver element 
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4.3 Simulation and Measurement Results for High F/B Ratio Quasi-Yagi Antenna 

 The return loss is computed using Ansoft HFSS [47] and measured using an 

8510C vector network analyzer and is shown in Fig. 4.7. There are some small 

discrepancies between the simulated results and the measured results, which may 

occur due to the effect the SMA connector and fabrication imperfections. Both the 

simulation and the measurements show that the antenna operates over the range which 

extends from 3.9 GHz to 5.9 GHz with the impedance bandwidth of approximately 

41% for this dipole arms quasi-Yagi antenna. 

 The simulated and the measured radiation patterns at the operating band center 

frequency, or 4.9 GHz, are shown in Fig. 4.8. The antenna has the 3-dB beamwidth 

that ranges from 142o to 214 o in the XY-plane, or E-plane, and from 213 o to 332 o in 

the XZ-plane, or the H-plane. 

 Fig. 4.9 shows the measurement frequency dependence of the F/B ratio, which 

always exceeds the level of 20 dB. The measured antenna gain has an average value 

of 4 dBi. 
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Fig. 4.7  Computed and measured return loss of the antenna  
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Fig. 4.8  Simulated and measured XY-plane radiation pattern at 4.9 GHz 
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Fig. 4.9  Measured front-to-back ratio versus frequency 
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4.4 Design of the Enhance Type High F/B Ratio Quasi-Yagi Antenna 

 In order to increasing the F/B ratio, we proposed the enhance type antenna in 

which we added some directors and we adjusted the ground plane, or the reflector of 

this design. The antenna is also printed on an FR4 substrate of the dielectric constant 

of 4.4, the conductor loss (tanδ) of 0.02, and the thickness of 1.6 mm.  

 The difference between the prototype and the enhance type are the directors and 

the ground which is also the reflector of the antenna. The antenna gain will be higher 

if the mount of directors in more. Because of this reason, the enhance type one has 

eight directors totally, four of them are on the top layer and the other is on the 

backside of the substrate. For the ground plane, the right side is not symmetric to the 

left side. The structure of the antenna is shown in Fig. 4.10. 

 The antenna dimensional parameters values are as follows: W= 40 mm, L1 =20 

mm, L2 = 22 mm, L3 = 10 mm, L4 = 8 mm, L5 = 13 mm, L6 = 31 mm, L7 = 16 mm, d 

= 3 mm, d1 = 1 mm, Ld1 = 14 mm, Ld2 = 12 mm, Ld3 = 10 mm, Ld4 = 8 mm. The total 

size is 60 × 40 mm2. 
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(a) 

 

 
                  (b)                               (c) 

Fig. 4.10 Antenna geometry and parameters 

        (a)3D structure, (b) top layer and (c) bottom layer 
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4.5 Simulation and Measurement Results for Enhance Type High F/B Ratio 

Quasi-Yagi Antenna 

  Fig. 4.11 shows that the measurement and the simulation return loss of the 

enhance type antenna. There are some discrepancies between the simulated results 

and the measured results, which may occur due to the effect the SMA connector and 

fabrication imperfections. Both the simulation and the measurements show that the 

antenna operates over the range which extends from 3.7 GHz to 6.5 GHz with the 

impedance bandwidth of approximately 55%. 

 The simulated and the measured radiation patterns at 5.5 GHz are shown in Fig. 

4.12. The measured peak antenna gain is about 8.2 dBi. From the Fig. 4.12, we can 

see that the radiation pattern is the end-fire. 

 Fig. 4.13 shows the measurement frequency dependence of the F/B ratio, which 

exceeds 30dB even 40dB in the middle operating band.  
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Fig. 4.11  Computed and measured return loss of the antenna 
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Fig. 4.12  Simulated and measured XY-plane radiation pattern at 5.5 GHz 
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Fig. 4.13  Measured front-to-back ratio versus frequency 
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4.6 Conclusion 

 Here, a high F/B ratio quasi-Yagi antenna is designed and tested. This structure 

provides 41% impedance bandwidth (from 3.9 GHz to 5.9 GHz) which is better than 

the conventional symmetric position quasi-Yagi antenna. Meanwhile, it shows good 

radiation characteristics and can provide the average value of the antenna gain about 4 

dBi. In the operating band, the F/B ratio always exceeds the level of 20 dB which 

achieves the purpose that is improving the unidirectional radiation pattern.  

 For the enhance type, the bandwidth is about 55% (from 3.7 GHz to 6.5 GHz). 

And its peak antenna gain can reach about 8.2 dBi. In the middle of operating band, 

the F/B ratio exceeds the level of 30 dB even 40dB which achieves the purpose that is 

improving the unidirectional radiation pattern better. 
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Chapter 5 

Conclusion and Future Study 

 
5.1 Conclusion and Summary 

 Here, we will summarize the conclusions of these two different topics. The first 

topic, on-chip antenna, has been integrated in the MMIC or the RFIC. It can provide 

the antenna radiation characteristics such as return loss, antenna gain, and radiation 

pattern. Moreover, because of the feed structure which is the CPW structure, it needs 

not the back metal process. So the implement has become more easily. In this design, 

it also shows the dual-band characteristics. 

 Then, the second topic, a novel structure antenna for end-fire antenna, we have 

demonstrated that the radiation pattern is the end-fire. Also, it has wide impedance 

bandwidth. And there is shown that the F/B ratio will increase while the operating 

frequency is increasing. 

 For the third topic, high F/B ratio quasi-Yagi antenna, we have shown that it can 

provide wide bandwidth and good radiation performance. And it always exceeds the 

level of 20 dB for the F/B ratio, which improves the unidirectional radiation 

characteristics. Here, in our design, the antenna can provide the gain about 4 dBi and 

the average F/B ratio is about 26 dB. And the enhance type, it also can provide wide 

bandwidth and good radiation performance which improves the unidirectional 

radiation characteristics better. The F/B ratio can exceed 30dB even 40dB in the 

middle of the operating band. The peak antenna gain can provide about 8.2 dBi.  

 

 



52 
 

5.2 Future Study 

 In the Future, there still have some topics we can research. For the on-chip 

antenna, how to increase the antenna gain, radiation efficiency, and how to design the 

antenna structure that can satisfy the IC design rule while the radiation pattern is we 

expected such topics are good researches. Another topic is that how to decrease the 

operating frequency band under the limit of the IC size condition. 

 Mentioning to the second topic, how to reduce the total size is one of the 

challenge need to be solved. And how to improve the bandwidth, antenna gain are 

also good researches. 

 For the quasi-Yagi antenna, how to improve the radiation performance is a good 

further research. Besides, enlarging the bandwidth, enhancing the antenna gain or 

increasing the directivity are also worthy to be studied.  
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