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針對長期演進技術系統的多頻帶天線微小化設計 

研究生：林子淵 指導教授：周復芳 博士 

國立交通大學電信工程研究所碩士班 

中文摘要 

第一個天線是設計為雙頻帶微小化天線，主要是要涵蓋長期演進系統所要

求的 698MHz 到 960MHz 和 2300MHz 到 2690MHz 這兩個頻帶。天線架

構是以共平面波導饋入的方式設計，首先先設計一天線主體架構以符合低

頻帶的要求，再透過改變電流路徑和接地金屬面的方式以提供雙頻頻帶和

提高高頻增益值。 

第二個天線則是進一步涵蓋 1710MHz到 2170MHz頻帶而設計為三頻帶天

線。天線架構以微帶線饋入的方式設計，與第一個天線相同的是，一開始

先設計天線主體架構以符合低頻頻帶的要求，並使用接地金屬面缺陷結構

來產生高頻頻帶，最後透過改變電流路徑將高頻頻帶分成兩個頻帶，來達

到設計要求。． 
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A MINIATURIZED MULTI-BAND ANTENNA  
SUITE FOR THE LONG TERM EVOLUTION SYSTEM 
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ABSTRACT 
The first proposal antenna is designed as the dual-band miniaturized antenna, which cover   

698MHz to 960MHz and 2300MHz to 2690MHz frequency bands of the LTE system 

specification. The antenna structure is feed by the coplanar waveguide structure. We design 

the main structure of the antenna to support the lower frequency band at first. And then, we  

use the changing of the current path and the ground plane with a slot to provide the dual 

frequency band and increase the antenna gain for the higher frequency band. 

The second one is designed as the triple band antenna with covering 1710MHz to 

2170MHz further. The antenna structure feed by the microstrip line structure. As same as the 

first one , we design the main structure of the antenna for the lower frequency band. Create 

the higher frequency band and Increase the bandwidth by using the defected ground structure. , 

At last, we meet the designing requirement by changing the current path to separate one 

higher frequency band to dual bands.   
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Chapter 1  Introduction 

1.1. Motivation 

   In recent years, Long Term Evolution(LTE)[1, 2] becomes a popular mobile network 

technology after GSM(the second generation mobile networks) and UMTS( the third 

generation mobile networks). It's a project of the 3rd Generation Partnership Project and a set 

of enhancements to the Universal Mobile Telecommunications System(UMTS). 

   LTE will be internet protocol(IP) based and will provide broader band , high transmission 

rate and reduce the wireless network delay. It will have theoretical peak data rates for 

downlink of at least 100 Mbps, an uplink of at least 50 Mbps and supporting scalable 

carrier bandwidths, from 1.4 MHz to 20 MHz. 

   There are two operating modes of the LTE system. One is based on time division 

duplexing (TDD) and another is in frequency division duplexing (FDD). FDD  using the 

paired spectrum is anticipated to form the migration path for the current 3G services being 

used .  TDD using unpaired spectrum is providing the evolution or upgrade path for 

TD-SCDMA. 

In application, the LTE system can support the frequency bands of the pervious 

applications and so far, there are 43 operating bands. The bands are below 1GHz in this paper, 

we call the lower frequency band. The frequency start from 698MHz to 960MHz, include 

Band5, Band6, Band8 and Band12 to Band20. In application, these Bands are supported SMH 

blocks A/B/C/D ,Cellular 850, UMTS 800, UMTS850, GSM, UMTS 900, EGSM900 and 

EU’s Digital Dividend 800MHz . More than 1GHz but below 2GHz, there are two frequency 

bands. One start from 1427MHz to 1660MHz, include Band 11,Band 21 and Band 22 in LTE 

operating bands, but right now, there is just one application called PDC in japan.  Another 
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one provide Band 1 to Band 4, Band10, Band 33 to Band 37and Band39. The frequency start 

from 1710MHz to 2170MHz. The applications include UMTS IMT2100, PCS 1900, DCS 

1800, AWS, UMTS 1700, IMT2000. In this paper, this region will be called the middle 

frequency band. More than 2GHz and below 3GHz, there is one frequency band start from 

2300MHz to 2690MHz and provide the LTE operating bands like Band7, Band 38,Band 40 

and Band 41. The applications in this region are IMT-E and IMT 2000. We call the higher 

frequency band in this paper. There is still one frequency band more than 3GHz. Start from 

3400MHz to 3800MHz , but right now, there are not supporting any applications. So in this 

paper, we don’t discuss that region part. But in the future, there will be applications 

supporting in this region, so it will be discuss in the future work section. 

For the LTE antenna, the design for the lower frequency band poses some design 

challenges in the antenna portion of the mobile terminal due to size limitations. If using the 

regular antenna designs for each mobile terminals , the size of the antennas will not fit in with 

the small size of the applications.   
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1.2. Organization 

   In Chapter1, we will introduce this dissertation at beginning and describes the 

motivation. 

   In Chapter2, we will review the papers with multi-band and miniaturized antenna design 

in recent year.  

   In Chapter3, we will present the CPW feed dual band antenna for LTE frequency band. 

Firstly, we create the main structure to verify the lower frequency band(698MHz to 960MHz). 

For the higher frequency band and the peak gain , we perform the additional current paths and 

the slot on the ground. At last , we will show the results of this design 

   In Chapter 4, we will demonstrate the microstrip line feed triple band antenna for LTE 

frequency band. As same as in the chapter3, we create the main structure to verify the 

frequency band below l GHZ and using the slot-on-the-ground structure and additional 

current stubs to match the higher frequency band. Then, we use another additional stubs to 

separate the higher band to two frequency bands. After that, we discuss the ground size effect 

for the proposal antenna. At last , we will show the results of this design. 

  In Chapter 5, we will compare the volume and numbers of the supporting frequency bands 

with LTE system between the proposal antennas and the antennas on the papers. 

The last, Chapter6, we will give the summary and the conclusion of all and the future study. 
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Chapter 2 Theories of the Antenna Structure 

Design 

 
In recent year, the miniaturizing and supporting many applications will be more and more 

important in the antenna design. So in this chapter, we will discuss the methods for 

miniaturized and multi-band antenna . In the first section, we will focus on the multi-band 

antenna, and discuss how to create the multi-band from the main structure, the ground plane 

and the substrate. The second section, we will focus on how to miniaturize the antenna, as 

same as the first section, we will discuss from the main structure and the ground plane. 

 

2.1.  The antenna design for the multi-band antenna 

   For the multiband antenna , There are several ways to achieve the aim. 

1. Increase the current path on the main structure [3-8]. The multi band means that there 

are many current paths exciting many different frequency bands. That’s the direction 

way to achieve the multi bands. Design the multi stubs are not only creating the multi 

band but also matching the wider band. Figure2.1[5] and Figure 2.2[7] shows the 

design for the multi-band. Different stubs are supporting different frequency band. The 

cost is the antenna gain decreasing by the current distribution of additional current 

paths canceling each other. 

Another way to increase the frequency band and the higher bandwidth without 

coupling and adding stubs is limiting the shape of the main structure like Figure 2.3[8]. 

The transverse width of the main structure along the longitudinal direction should be 

wide at the beginning and then become narrower at the end.   
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Fig 2.1 Multi-Band Internal Monopole Antenna  

 

 
Fig 2.2 Novel Design of Planar Multi-Band V-Shaped Monopole Antenna 
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Fig 2.3Multi-band modified fork-shaped microstrip monopole antenna  

2. Increase the frequency bands by using the additional stub on the back side of the 

antenna [9-11]. The difference from the previous point is the location of additional 

stubs don’t on the main structure, on the back side of the main structure. The antenna 

in Figure 2.4[10] is through the couple method , create the additional current path to 

match the frequency band we want. Figure 2.5[11] using stubs on the back side to 

create the lower frequency band and matching the higher frequency band with the 

main structure. The cost is the same as the first point, the antenna gain may decrease 

by cancel the current distribution.. 

 
Fig 2.4 Planar multi-band monopole antenna with L-shaped parasitic strip 
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Fig 2.5 Bandwidth Enhancement and Miniaturization of Fork-shaped Monopole Antenna 

3. Using two antennas, each one supporting the specific frequency band is the way to 

achieve the multi band and shown in Figure 2.6[12]. But the design problems are the 

matching and the isolation. The matching for one antenna is easier than matching for 

two antennas, The one may affect the other one or interact each other 

 
Fig 2.6Integrated Wide-Narrowband Antenna 

 



 

8 
 

4. Using above antenna designing may achieve the multi-band. But most of situations are the 

reflection coefficient in the frequency band we want would not lower enough. Without 

changing the main structures, we will focus on the terminal of the antenna. The variation of 

the ground is one of the method to result the matching on the terminal[13-16].. Figure 2.7[14] 

shows how matching the reflection coefficient by using the slot on the ground for the CPW 

structure. The location , width and length of the slot are sensitive for the terminal matching. 

Figure2.8[15] shows using the same way matching for the microstrip line structure. 

        
Fig 2.7 A Compact Monopole Antenna with a Defected Ground Plane 

 

Fig 2.8 Miniaturized Triple Band Antenna With a Defected Ground Plane 
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In this section, we will review the effective dielectric constant and characteristic impedance 

with finite thickness by using mapping Techniques.   
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2.2. The antenna design for the miniaturized antenna 

The miniaturized antenna means using some technique to support the frequency band 

which is lower than regular supporting. And there are several ways to achieve the aim.     

1 .Increase the current path[17-22] from the original size of the antenna. If we want the 

lower frequency band. The current path should longer than the original one. The actual way is 

using the meander line or slots on the main structure to increase the current path. In Figure 

2.9[17], the shape of the main structure is from the rectangle and design for the 

miniaturization. Figure 2.10[20] shows the method by using the slot on the main structure to 

match the lower frequency band.  

.  
Fig 2.9Miniaturized UWB Monopole Microstrip Antenna 
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Fig 2.10A Miniaturized Antipodal Vivaldi Antenna 

3. We also can use the matching network to match the lower frequency band. The antenna can 

be shown as the open end network, if we use another network to match. The reflection 

coefficient will match the frequency band we want. Figure 2.11[23] showing the wheeler 

matching network is in front of the CPW feeding line with RO3010 to be a substructure.  

 
Fig 2.11A Miniaturized Multiband Monopole Antenna Using a Double-Tuned Wheeler 

Matching Network 
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4. Another way to miniaturize the antenna is using the metamaterial to shorten the electric 

length. The metamaterial also can be as an LC resonant circuit with the main structure. The 

operating frequency with the metamaterial can shift to the lower frequency .in Figure 2.12[24]. 

The resonant circuit is determined by the loop inductance and the gap capacitor.  

 
Fig 2.12Miniaturized Dual-band Dipole Antenna Loaded with Metamaterial Based Structure 

 

  



 

13 
 

Chapter 3 The Small Dual Band Antenna for the 

LTE System 

 

   We already introduce the LTE system and the frequency bands in Chapter1. In this 

antenna design, we will focus on the whole lower frequency band which start from 698 MHz 

to 960 MHz and the whole higher frequency band which start from 2300MHz to 2690MHz. 

Band 5 to Band 8, Band 12 to Band 20, Band 38, Band 40 and Band 41 of the LTE operating 

bands are supported. Because the lower frequency band need the longer current path, the 

longer current path means the bigger antenna size. In section 3.1, we first review the basic 

theory of coplanar waveguide structure. Then, we consider that and will be discussed in 

Section 3.2. After that, we improve the structure of the Section 3.2 to verify the higher 

frequency band and the antenna gain in rest of the sections. 

   

3.1. The Basic Theory of Coplanar Waveguide Structure 

3.1.1. Introduction 

The coplanar waveguide[25](CPW) proposed by C. P. Wen in 1969 consisted of a dielectric 

substrate with conductors on the top surface[26]. The conductors formed a center strip 

separated by a narrow gap from two ground planes on either side. The dimensions of the 

center strip ,the gap, the thickness and permittivity of the dielectric substrate determined the 

effective dielectric constant (εୣ୤୤),characteristic impedance (Z଴) and the attenuation (α) of the 

line. 

   In this section, we will review the effective dielectric constant and characteristic 

impedance with finite thickness by using mapping Techniques.  
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3.1.2. Conventional Coplanar Waveguide on a Dielectric Substrate of Finite 

Thickness 

 
Fig 3.1The structure of CPW on a finitely Thick dielectric substrate 

 

  The structure shown in Figure 3.1. In the analysis that follows ,the CPW conductors and the 

dielectric substrates are assumed to have perfect conductivity , relative permittivity, the con- 

ductor thickness t  is zero and magnetic walls are present along all the dielectric boundaries 

including the CPW slots. Hence the structure is considered to be loss less. Further the 

dielectric substrate materials are considered to be isotropic. 

  The assumptions made are that The CPW is then divided into several partial regions and 

the electric field is assumed to exist only in that partial region. In this manner the capacitance 

of each partial region is determined separately. The total capacitance is then the sum of the 

partial capacitances[27]. Expressions for the partial capacitances of the sandwiched CPW will 

be derived first and later extended to the case of CPW on a double-layer dielectric. 

  The total capacitance Cୡ୮୵ of the sandwiched CPW is the sum of the partial capacitances 

Cଵ , Cଶ and Cୟ୧୰ shown in Figure3.2 
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		Cୡ୮୵ = Cଵ + Cଶ + Cୟ୧୰                    (3.1.1) 

Where Cଵ and Cଶ are the partial capacitance of the CPW with only the lower and the upper 

dielectric layers ,respectively. Further Cୟ୧୰ is the partial capacitance of the CPW in the 

absence of all the dielectric layers. 

 

 

 

(a) 

 

(b) 
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(c) 

 
Fig 3.2 Illustrating of (a)	Cଵ;(b) C2;(c)	Cୟ୧୰ 

 

In this case εr2 = 1 and h3 = h4 = ∞. The capacitance Cଵ of the lower partial dielectric 

region is given by[28] 

Cଵ = 2ε଴(ε୰ଵ − 1) ୏(୩భ)
୏൫୩భ

′ ൯                    (3.1.2) 

Where K(kଵ) and K൫kଵ′ ൯	are [28] 

kଵ =
ୱ୧୬୦(πୗ ସ୦భ⁄ )

ୱ୧୬୦[(πୗାଶπ୵) ସ୦భ⁄ ]                     (3.1.3) 

kଵ′ = ඥ1− kଵଶ                       (3.1.4) 

The capacitance Cଶof the upper partial dielectric region is given by [28] 

Cଶ = 2ε଴(ε୰ଶ − 1) ୏(୩మ)
୏൫୩మ

′ ൯               (3.1.5) 

 

where 
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kଶ =
ୱ୧୬୦(πୗ ସ୦మ⁄ )

ୱ୧୬୦[(πୗାଶπ୵) ସ୦మ⁄ ]               (3.1.6) 

kଶ′ = ඥ1− kଶଶ                      (3.1.7) 

when εr2 = 1, we have 

C2 = 0                                    (3.1.8) 

 

The capacitance Cୟ୧୰ is given by [28] 

Cୟ୧୰ = 2ε଴
୏(୩య)
୏൫୩య

′ ൯+ 2ε଴
୏(୩ర)
୏൫୩ర

′ ൯            (3.1.9) 

where 

kଷ =
ୱ୧୬୦(πୗ ସ୦య⁄ )

୲ୟ୬୦[(πୗାଶπ୵) ସ୦య⁄ ]               (31.10) 

kସ =
ୱ୧୬୦(πୗ ସ୦ర⁄ )

୲ୟ୬୦[(πୗାଶπ୵) ସ୦ర⁄ ]              (3.1.11) 

kଷ′ = ඥ1− kଷଶ                     (3.1.12) 

kସ′ = ඥ1− kସଶ                     (3.1.13) 

when h3 = h4 = ∞ we have 

k3 = k4 = k0 =
S

Sା2W
                     (3.1.14) 

and 

Cair = 4ε0
K(k0)

Kቀk0
′ ቁ

                     (3.1.15) 

Eq.(3.1.1) gives 

Cୡ୮୵ = 2ε଴(ε୰ଵ + 1) ୏(୩బ)
୏൫୩బ

′ ൯                 (3.1.16) 

Under quasi-static approximation εୣ୤୤ is defined as[28] 

εୣ୤୤ =
େౙ౦౭
େ౗౟౨

                                (3.1.17) 

Further ν୮୦ and Z଴are defined as [28] 
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ν୮୦ =
େ

ඥε౛౜౜
                                (3.1.18) 

Z଴ =
ଵ

		େౙ౦౭ν౦౞
= 1

cCairඥεeff
= 30π

ඥεeff

Kቀk0
′ ቁ

K(k0)
       (3.1.19) 

 

The expression above of εୣ୤୤ and Z଴ is identical to those given by[29] 
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3.2. The Main Structure of The Proposed Antenna 

   To verify the lower frequency band , there are three things to be considered： 

1.The center frequency of the lower band  is 800MHz. For the monopole structure ,the 

electric length is λ/4 , Therefore the length(L0.8) at 800 MHz is 

L଴.଼ =
ଷ଴଴
଴.଼×ସ

= 93.75mm             (3.2.1) 

The current path of the antenna design must greater than L0.8 . 

2.The bandwidth of the lower band is 200MHz(25%), this is such a problem for the low 

frequency. The antenna as the mender line structure may not be considered. The reason is 

because there are too many corners in the mender line structure, and it cause the antenna to be 

the narrow band antenna. 

3. In the antenna design, the miniaturization has enable the wider range of applications, so the 

volume of the antenna cant not be too large.  

  The above three considerations are the standard of what we design for. The main structure 

is inspiration of [30, 31] and shown in Figure 3.3(a). We use CPW feed and FR-4 to be the 

substrate. The thickness of the substrate is 0.8mm.  

  The length of the main structure is designed for the lower frequency band and shown in 

Figure 3.3(b). The total length is 113.2mm and longer than L0.8, so we except the 698MHz to 

960 MHz frequency band will be matched and verified by the reflection coefficient shown in 

Figure 3.4. The lower band start from 710MHz to 920MHz and the bandwidth is 310MHz.   

We can also confirm by the Figure 3.5(a), the current flew goes through the whole main 

structure. There is another frequency band close to the spec of the LTE system but we didn’t 

except in the main structure design. The band start from 2620MHz to 2980MHz and the 

bandwidth is 370MHz. We can analysis the current path from the figure 3.5(b) and the main 

current just go around the part of the main structure.   

The radiation pattern at 820MHz is shown in Figure3.6 (a) to Figure3.6(c), there is a good 
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monopole pattern and the omni-directional pattern on the x-z plane. At 2820MHa, the 

radiation pattern is shown in Figure 3.7(a) to Figure 3.7(c). we can see the x-z plane is not the 

omni-directional pattern. That is because the current flew at the higher frequency band just go 

around the lower left corner of the main structure, the pattern is on the -x direction. Consider 

that the peak gain is less than one, that will be discussed in the section 3.5.    

The ground size is restricted by the antenna size and the main structure. This is because when 

we further decrease the ground size, the performance of this antenna will suffer a dramatic 

degrade , The ground size of this antenna is considered to be appropriate. 

  The total volume of the proposed antenna(Vola)(include the ground plane) is  

Volୟ = 54mm	 × 26.6mm	 × 0.8	mm 

																																							= 1149.12mmଷ                             (3.2.2)  

It is a kind of small antenna for the operating frequency below 1GHz. 

 
 
 
                     (a)                              (b) 

Fig 3.3 (a) the size of the main structure (b) the current path of the main structure 
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Fig 3.4 Reflection coefficient of the main structure 
 

 
(a)                                    (b) 

Fig 3.5(a) the current distribution at 780MHz (b) the current distribution at 2820MHz 
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    (a)x-z plane 

 

 
(b)y-z plane 
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(c)x-y plane 

Fig 3.6 the radiation pattern at 780MHz of (a) x-z plane (b) y-z plane (c) x-y plane 

 
                               (a)x-z plane 
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                              (b)y-z plane 

 

(c)x-y plane 

Fig 3.7 the radiation pattern at 2820MHz of(a) x-z plane (b) y-z plane (c) x-y plane  
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3.3. Shift and Increase the Bandwidth of the Higher Frequency 

  In this section ,we will create another path on the main structure to shift and increase the 

bandwidth of the higher frequency. .At 2.4GHz, the electric length of the monopole would 

be： 

Lଶ.ସୋୌ୸ =
ଷ଴଴
ଶ.ସ×ସ

= 31.25(mm)          ( 3.2.1) 

If we want to create another path to control the frequency band at 2.4GHz, this additional 

current path should be close to Lଶ.ସୋୌ୸. The position and the length of the stub have to 

handle this part. Although it would be better that the current path more and more close to 

Lଶ.ସୋୌ୸ , the variation of the antenna gain is also concerned. We use the antenna peak gain at 

2.8GHz to be the reference. Notice that the width of the stub may affect the performance, too . 

So there are three parameters：the position of the path( POSh ) , the length of the path(Lh) and 

the width of the path(Wh) would be discussed and shown in Figure 3.8. 

  Figure 3.9 shows that when the position near to the terminal, the bandwidth would increase 

from 400MHz to 580MHz, but the antenna gain would be decreased except POSh = 23mm 

and shown in Figure 3.10. 

  The Figure 3.11 and the Fiugre3.12 show how the variation of the length of the stub would 

result the reflection coefficient and the antenna gain . When the length is longer ,the current 

path is more and more close to the length at 2.4GHz, but the antenna peak gain decrease. For 

the balance of the reflection coefficient and the antenna gain, Lh = 16mm would be a better 

choice.  

  The Figure 3.13 and the Figure 3.14 show the variation of the width of the stub. The 

reflection coefficient would not be affected by changing the width, but the antenna gain would. 

When Wh = 2mm ,the antenna gain value be better than others. 

  According to above discussion, the parameters of the additional stub would be POSh = 

23mm, Lh = 16mm and Wh = 2mm, The bandwidth of the higher band shift from 2.62GHz to 
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2.54GHz and the bandwidth increase from 370MHz to 440MHz .The lower frequency band is 

the same as the previous section, 710MHz to 920MHz.  

 
Fig 3.8 the configuration of Lh, Wh and POSh 
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With Lh = 16mm, Wh = 2mm 
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Fig 3.9 the reflection coefficient of different position 
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Fig 3.10 the peak gain value of different position at 2.8GHz 
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With POSh = 23mm, Wh = 2mm 
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Fig 3.11 the reflection coefficient of different length 
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Fig 3.12 the peak gain value of different length at 2.8GHz 
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With Lh = 16mm, POSh = 23mm 
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Fig 3.13 the reflection coefficient of different width 
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Fig 3.14 the Peak gain value of different width at 2.8GHz 
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3.4. Shift the Bandwidth of the Higher Band by Using a Slot on the Ground 

  For the pervious section , we used the additional stub to shift and increase the bandwidth of 

the higher frequency and it's work. But the bandwidth is still not in the region we want. This 

section will use the slot on the ground to solve this problem. 

  In order to create another little lower frequency resonances in the response of the 

monopole , a slot was cut out of the antenna ground plane shown in Figure3.15. An square 

slot was chosen in order to achieve a effective slot length without having to change the main 

structure of the antenna. 

 For this asymmetric structure of the antenna, the slot on the right side of the ground doesn't 

result the reflection coefficient or the antenna gain. The slot on the left side of the ground does. 

Different positions(POSS) and sizes(SIZES) would affect the S parameter and the antenna 

gain .  

  The Figure 3.16 and the Figure 3.17 show when the slot far from the main structure, the 

reflection coefficient will be better, but the antenna gain will be worse. At POSS = 12mm, the 

bandwidth at higher frequency start from 2.42GHz and not meet the needs of the LTE 

specification. So we choose POSS = 10mm. 

  The Figure3.18 and the Figure 3.19 show the variation of the reflection coefficient and the 

antenna gain with the slot size changing. When the slot is larger, the effect of the reflection 

coefficient will be increase and the antenna peak gain will decrease. SIZES = 3mm x 3mm 

would be a better choice.  

   In the end , we choose POSS = 10mm and SIZES = 3mm x 3mm to design the slot. The 

higher band from 2.26GHz to 2.82GHz can support the needs of the specification.  
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Fig 3.15 the configuration of SIZEs and POSs 
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With SIZES  = 3mm x 3mm 
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Fig 3.16 the reflection coefficient of different position 
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Fig 3.17 the peak gain value of different position at 2.58GHz 
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With POSS = 10mm 
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Fig 3.18 the reflection coefficient of different size 
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Fig 3.19 the peak gain value of different size at 2.58GHz  
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3.5. Improve the Antenna Gain of the Higher Frequency Band 

  When using additional stub and the slot-on-the-ground structure, the bandwidth at 

2300MHz to 2700MHz will match the specification. But the peak gain turn down to 0.2dB 

and it should more than one .In this section, we will increase the antenna gain by adding the 

stub on the main structure but would not result the S parameter at the frequency we want. We 

use the upper half of the space to increase the value. The Figure 3.17 shows the position of 

additional stub. As same as the section 3.3. There are also three parameters to affect the 

performance. The position of the stub (POSg), the length of the stub (Lg) and the width of the 

stub(Wg). 

  Figure 3.20 and Figure 3.21 show the difference of the reflection coefficient with different 

positions. The variation of the reflection coefficient doesn't rapid change. But the antenna gain 

at 2.6GHz would be better with POSg= 35mm. 

  Figure3.22, Figure 3.23, Figure 3.24 and Figure 3.25 show the variation of the reflection 

coefficient and the antenna peak gain by different length and width. Because we use the upper 

half of the space of the antenna, The reflection coefficient does not change rapidly. We finally 

choose POSg= 35mm ,Lg = 6mm , Wg = 4mm for designed values . The bandwidth at the 

lower frequency start form 680MHz to 880MHz..For the specification of the LTE system, the 

antenna gain below 1GHz must greater than -10dB. The peak gain at 775MHz is -7.8dB and 

can be used. The higher band is form2300MHz to 2700MHz.and the antenna peak gain at 

2.6GHz is 1.5 dB. 
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Fig 3.20 the configuration of Lg, Wg, POSg 
 
 
 
 
 
 
 



 

36 
 

With Lg = 6mm , Wg = 4mm 
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Fig 3.21 the reflection coefficient with different position 

34 35 36 37
POSg(mm)

0.8

1

1.2

1.4

1.6

Pe
ak

 G
ai

n(
dB

)

 

Fig 3.22 the peak gain value with different position at 2.6GHz 
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With POSg = 35mm , Wg = 4mm 
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Fig 3.23 the reflection coefficient with different length 

4 5 6 7 8
Lg(mm)

1

1.2

1.4

1.6

Pe
ak

 G
ai

n(
dB

)

 

Fig 3.24 the peak gain value with different length at 2.6GHz 
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With Lg = 6mm , POSg = 35mm 
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Fig 3.25 the reflection coefficient with different width 
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Fig 3.26 the peak gain value with different width at 2.6GHz 
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3.6. The Comparison Between the measurement and The Simulation 

    According to the above sections, we sort out the parameters we use to the Table 3.1. The 

fabricated antenna is shown in Fig 3.27, The volume of the proposed antenna is just 

1149.12mm3.In the commercial application, VSWR 3:1 is the regular specification. With the 

reflection coefficient, the frequency band for designing have to greater than -6dB and shown 

in Fig 3.28.For the measurement, the lower frequency band is from 640MHz to 960MHz and 

the bandwidth is 320MHz. The higher band is from 2150MHz to 2920MHz, the bandwidth is 

770MHz.  

   Figure 3.29(a) and Figure 3.29(b) shows the current distribution at 775 MHz and 2570 

MHz. We can see at the lower frequency, the main current go through the whole main 

structure. So the radiation pattern will be the omni-direction. At the higher frequency, the 

main current is just on the left side. So the radiation pattern will toward one direction.  

   The radiation pattern at 775MHz is the monopole pattern and the omni-direction on the 

x-z plane as shown in Fig 3.30(a) to Fig 3.30(c). The peak gain value is about -10dB which is 

just the minimum value of the specification of the LTE system. Fig 3.31(a) to Fig3.31(c) 

shows the radiation pattern at 2570MHz . The main radiation direction is -x direction and the 

peak gain is about 1.2dB . Although the value reduce 0.3dB, but still in the range of the usage.  

 Section 3.2  Section 3.3  Section 3.4 

POSh 23mm POSs 10mm POSg 35mm 

Lh 16mm SIZEs 3mm x 3mm Lg 6mm 

Wh 2mm   Wg 4mm 

Table3.1 The designed value of the small dual band antenna 
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Fig 3.27 the top view of the fabricated antenna 
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Fig 3.28 the reflection coefficient of the measurement and the simulation 
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(a)                                      (b)     

Fig 3.29(a) the current distribution at 775MHz (b) the current distribution at 2520 MHz 
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Fig 3.30 the radiation pattern at 775 MHz of (a) x-z plane (b) y-z plane (c) x-y plane 
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Fig 3.31 the radiation pattern at 2570MHz of (a) x-z plane (b) y-z plane (c) x-y plane 
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Chapter 4 The Small Triple Band Antenna for the 

LTE System 

 

  Except the operation frequency band we design in pervious Chapter(698MHz to 960MHz 

and 2300 MHz to 2690 MHz), we want to enable the more wider range of applications and the 

size of the antenna doesn't change a lot. In this chapter, we increase the middle band start 

from 1710MHz to 2170MHz.. The reason we don’t include the bands 1427MHz to 1660MHz 

is because the application in this region just one.  In the first section, we still review the 

basic theory of Microstrip line first. Then in section 4.2, we consider the lower frequency 

band (698MHz to 950MHz) to be the main structure of the proposed antenna. After that, we 

create the higher frequency band by using the slot on the ground structure and the additional 

stub on the main structure to improve the bandwidth and the antenna gain. At last, we use the 

notch concept to separate the higher frequency band to the dual band to achieve the triple 

frequency band. 

4.1. The Basic Theory of Microstrip Line Structure    

4.1.1. Introduction 

Microstrip line[32] is one of the most popular types of planar transmission lines , because it 

can be fabricated by photolithographic processes and is easily integrated with other passive 

and active microwave devices. The geometry of a microstrip line is shown in Figure 4.1. A 

conductor of width W is printed on a thin, grounded dielectric substrate of thickness d and 

relative permittivity ϵ୰. a sketch of the field lines is shown in Figure 4.2. 

  If  the dielectric constant is equal to the dielectric constant as a free space , we could think 

of the line as a two-wire line consisting of two flat strip conductors of width W, separated by 

a distance 2d (the ground plane can be removed via image theory). In this case we would have 
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a simple TEM transmission line, with ν୮ = c	and β	 = 	k଴. 

  The presence of the dielectric, and particularly the fact that the dielectric does not fill the 

air region above the strip (y > d), complicates the behavior and analysis of microstrip line. 

Unlike stripline, where all the fields are contained within a homogeneous dielectric region, 

microstrip has some (usually most) of its field lines in the dielectric region, concentrated 

between the strip conductor and the ground plane, and some fraction in the air region above 

the substrate. For this reason the microstrip line cannot support a pure TEM wave, since the 

phase velocity of TEM fields in the dielectric region would be	c/√ϵ୰, but the phase velocity 

of TEM fields in the air region would be	c. Thus, a phase match at the dielectric-air interface 

would be impossible to attain for a TEM-type wave. 

   In actuality, the exact fields of a microstrip line constitute a hybrid TM-TE wave, and 

require more advanced analysis techniques than we are prepared to deal with here. In most 

practical applications, however, the dielectric substrate is electrically very thin (d	 <<  ,(ߣ	

and so the fields are quasi-TEM. In other words , the fields are essentially the same as those 

of the static case. Thus, good approximations for the phase velocity, propagation constant, 

and characteristic impedance can be obtained from static or quasi-static solutions. Then the 

phase velocity and propagation constant can be expressed as 

ν୮ =
ୡ
ඥ஫౛

                      (4.1.1) 

β = k଴ඥϵୣ                          (4.1.2) 

where ϵୣ, is the effective dielectric constant of the microstrip line. Since some of the field 

lines are in the dielectric region and some are in air, the effective dielectric constant satisfies 

the relation 

1 < 	ϵୣ < ϵ୰                        (4.1.3) 

and is dependent on the substrate thickness, d, and conductor width W. We will first present 

design formulas for the effective dielectric constant and characteristic impedance of micro- 
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strip line; these results are curve-fit approximations to rigorous quasi-static solutions[33, 34].  

 
Fig 4.1 Geometry of microstrip line 

 

 
Fig 4.2 Electric and magnetic field lines of microstrip line 

 

4.1.2. Formulas for Effective Dielectric Constant ,Characteristic 

     impedance, and Attenuation 

  The effective dielectric constant of a microstrip line is given approximately by 

ϵୣ =
஫౨ାଵ
ଶ
+ ஫౨ିଵ

ଶ
ଵ

ටଵାଵଶୢ ୛ൗ
               (4.1.4) 

The effective dielectric constant can be interpreted as the dielectric constant of a homo- 

generous medium that replaces the air and dielectric regions of the microstrip. The phase 

velocity and propagation constant are then given by Eq.(4.1.1) and (4.1.2). Given the dim- 

ensions of the microstrip line, the characteristic impedance can be calculated as 
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		Z଴ = ൞

଺଴
ඥ஫౛

ln ቀ଼ୢ
୛
+ ୛

ସୢ
ቁ

ଵଶ଴π

ඥ஫౛ቂ
౓
ౚାଵ.ଷଽଷା଴.଺଺଻୪୬ቀ

౓
ౚାଵ.ସସସቁቃ

  

                                                         (4.1.5) 

For a given characteristic impedance Z଴ and dielectric constant ϵ୰ ,the W dൗ  ratio can be 

found as 

୛
ୢ
= ቐ

଼ୣఽ

ୣమఽିଶ
ଶ
π
ቂB− 1 − ln(2B− 1)+ ஫౨ିଵ

ଶ஫౨
ቄln ቀB − 1+ 0.39− ଴.଺ଵ

஫౨
ቁቅቃ

 

(4.1.6) 

where 

A = ୞బ
଺଴
ට஫౨ାଵ

ଶ
+ ஫౨ିଵ

஫౨ାଵ
ቀ0.23 + ଴.ଵଵ

஫౨
ቁ        (4.1.7) 

B = ଷ଻଻π
ଶ୞బ√஫౨

                      (4.1.8) 

  Considering microstrip as a quasi-TEM line, the attenuation due to dielectric loss can be 

determined as 

αୢ =
୩బ஫౨(஫౛ିଵ)୲ୟ୬ δ
ଶඥ஫౛(஫౨ିଵ)

               (4.1.9) 

where tanδ is the loss tangent of the dielectric. which accounts for the fact that the fields 

around the microstrip line are partly in air (lossless) and partly in the dielectric. The 

attenuation due to conductor loss is given approximately by [33] 

αୡ =
ୖ౩
୞బ୛

                       (4.1.10) 

Where Rୱ = ටωμ଴ 2σ⁄  is the surface resistivity of the conductor. For most microstrip sub-  

strates, conductor loss is much more significant than dielectric loss; exceptions may occur 

with some semiconductor substrates. 

for W dൗ ≤ 2  

for W dൗ ≥ 2  

for W dൗ ≤ 1  

for W dൗ ≥ 1  
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4.2. The Main Structure of The Proposed Antenna 

  As same as in Chapter 3, we first consider the lower frequency band to decide the antenna 

size . In Chapter3, we define L0.8 to be a notation of the electric length in the monopole 

antenna at 800MHz. Still, the designed length must greater than L0.8. For the wider band in 

the low frequency, the number of the corners must be minimizing to avoid becoming the 

narrow bandwidth antenna.  

  In this structure, we use microstrip line feed and FR-4 to be a substrate. The dielectric 

constant εr = 4.4 and the thickness of the substrate is still 0.8mm. The structure is shown in 

Figure 4.3(a) and the length of the main structure is about 109mm and shown in Figure 4.3(b).  

From Figure 4.4, we can see that the antenna support the frequency band from 740MHz to 

940MHz. The current distribution in Figure 4.5 showing the main current is around the whole 

antenna structure.    

 The radiation pattern at 780MHz still a good monopole pattern shown in Figure 4.6(a) to  

Figure 4.6(c) , the omni-directional pattern is on the x-z plane. 

  The ground size of the proposed antenna is minimized, if the length is small than 15mm, 

the reflection coefficient will change sensitively by the variation of the length. 

 Consider that the volume of the proposed antenna(VolA2) is 

Vol୅ଶ = 25mm	 × 54mm	x	0.8mm  

= 1080mmଷ                    (4.2.1) 

It smaller than the proposed antenna in pervious chapter. 
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                 (a)                                       (b) 
Fig 4.3 (a) the size of the main structure (b) the current path of the main structure 
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Fig 4.4 Reflection coefficient of the main structure 

 

 
Fig 4.5 the current distribution at 780 MHz 

 

 



 

52 
 

0

45

90

135

180

225

270

315

Theta

-16 -14 -12 -10 -8

 

 

 

 

 

 

 

 

 

 

                             (a)x-z plane 
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 (c)x-y plane 

Fig 4.6 the radiation pattern at 780MHz of (a) x-z plane (b) y-z plane (c) x-y plane 
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4.3. Create the Bandwidth at High Frequency by Using the Slot on the 

Ground Plane 

  From the previous section , the main structure just fit the frequency band below 1000MHz. 

At higher frequency, there is no bandwidth. In this section, we will create the bandwidth at 

higher frequency by using the slot on the ground plane as shown in Figure4.7 .  

  As same as the antenna we presented in Chapter3. The main structure is an asymmetric 

structure ,so the slot on the left side of the feeding line is more effective than the slot on the 

right side of the feeding line. There are three parameters that we will be discussed： the width 

of the slot on the left side of the feeding line(Whl), the width of the slot on the right side of the 

feeding line(Whr) and the length of the slot on the ground(Lh). 

  Figure 4.8 and Figure 4.9 show the variation of the reflection coefficient and the antenna 

peak gain with different Whl .When Whl increase , the bandwidth at higher frequency will 

increase , the gain will decrease except Whl = 3.5mm. Although the peak gains are small for 

all valued Whl , but it still can be the basis to decide the value which is chosen. In this case, we 

choose Whl = 3.5mm. 

  Figure 4.10 and Figure 4.11 show the variation of the reflection coefficient and the peak 

gain with different Whr. There is no significant change in the Figure 4.10. That's the same as 

how we expect. We choose Whr = 4mm to be our design parameter. The reason not to choose 

Whr = 5mm , which the peak gain higher than Whr = 4mm is because for the next section, the 

performance with Whr = 4mm is better than Whr = 5mm. 

  The length of the slot is always the important parameter in the slot-on-the-ground structure. 

The variation of the reflection coefficient with different length is shown in Figure 4.12. The 

slot is more longer, the bandwidth of the high frequency will shift to lower. In this case, we 

choose Lh = 10mm because this frequency band is more closing to what we design. The 

bandwidth start from 2.08GHz to 2.26GHz 
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Fig 4.7 the configuration of Lh,Whr and Whl 
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With Whr = 4mm ,Lh = 10mm 
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Fig 4.8 the reflection coefficient of different width of the slot on the left side 
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Fig 4.9 the peak gain value of different width of the slot on the left side at 2.16GHz 
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With Whl = 3.5mm ,Lh = 10mm 
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Fig 4.10 the reflection coefficient of different width of the slot on the right side 
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Fig 4.11 the peak gain value of different width of the slot on the right side at 2.16GHz 
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With Whr = 4mm, Whl = 3.5mm  
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Fig 4.12 the reflection coefficient of different length of the slot 
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4.4. Increase the Bandwidth at Higher Frequency 

  In the previous sections, we already create the high frequency band and shift to the 

frequency we want. In this section, we want to increase the bandwidth to match the LTE 

specification (1710MHz~ 2170MHz, 2300MHz~ 2700MHz). The technique is creating 

another stub as same as we used in Chapetr3. 

  Because we want to separate the higher band to the dual band, the operating frequency 

should start below the frequency we want, So we choose the frequency at 2GHz be a 

reference. 

 

     λଶ = 	
ଷ଴଴
ଶ×ସ

= 37.5mm                       (4.4.1) 

 The location of the additional stub base on the length of λଶ and shown in Figure 4.13. 

  Figure 4.14 shows the reflection coefficient with different width of additional stub(whw), 

the variation is very small. But what we choose Whw = 2mm is because when we use another 

values, there are not the proper values for the next antenna design. 

Figure 4.15 and Figure 4.16 show the reflection coefficient and the peak gain with different 

Lhw. With different Lhw,  just result the bandwidth at the higher frequency band and the peak 

gain. We choose Lhw = 23mm for designing and the frequency band at higher frequency is 

from 2.08GHz to 2.7GHz. 
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Fig 4.13 the configuration of Lhw and Whw 
With Lhw = 23mm 
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Fig 4.14 the reflection coefficient of different width 
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With Whw = 2mm 

0.5 1 1.5 2 2.5 3
Frequency(GHz)

-25

-20

-15

-10

-5

0
S 

pa
ra

m
et

er
(d

B)

Lhw = 17mm
Lhw = 20mm
Lhw = 23mm

 

Fig 4.15 the reflection coefficient of different length 
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Fig 4.16 the peak gain value of different length at 2.36GHz 
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4.5. Separate to the Dual band at Higher Frequency 

In this section, we will separate this higher band to the dual band to meet the needs of LTE 

band ( 1710MHz to 2100MHz and 2300MHz to 2700MHz). We use additional stubs 

connected with the main structure to achieve this aim. The structure is shown in Figure 4.17. 

The purpose by using the additional stubs is creating the notch point in the reflection 

coefficient .Separate one frequency band to the dual band , and still not affect the total 

bandwidth .The stubs are composed by three lines. There are two parameters for each line, the 

length and the width. Total parameters are six (L1,W1,L2,W2,L3 and W3). 

The variation of changing the length and the width are showing below(Figure 4.19 to 

Figure 4.24).The variation of changing the length is more than changing the width. Figure 

4.19 shows when L1 increase, the notch point will move to lower frequency and changing the 

first bandwidth of the dual band Figure 4.20 shows when W1 increase , the notch point will 

move to higher frequency and the bandwidth of these two frequency band will be changed 

rapidly. 

The variation of the reflection coefficient with different L2 and L3 is much like the variation 

of reflection coefficient with different L1 but changing smaller .With different W2 and W3 , the 

changing are getting more and more smaller. We can use L1,W1 and L2 to control the notch 

point and fine tuning with different W2,L3 and W3 for the LTE specification. At last, We use 

L1 = 14.5mm, L2 = 4mm ,L3 = 11mm and W1 = W2 = W3 = 1mm to be the designed value. 

The frequency band start from 680MHz to 880MHz ,1900MHz to 2060MHz and 2300MHz to 

2760MHz. The gain values with these three frequency bands are -8.6dB, 0.278dB and 1dB, 

respectively. 
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                (a)                          (b) 
 

 

(c) 
Fig 4.17 the configuration of (a) L1 and W1 (b) L2 and W2 (c) L3 and W3 
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With W1 = 1mm, L2 = 4mm, W2 = 1mm, L3 = 11mm, W3 = 1mm 
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Fig 4.18 the reflection coefficient of different L1 

 
With L1 = 14.5mm, L2 = 4mm, W2 = 1mm, L3 = 11mm, W3 = 1mm 
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Fig 4.19 the reflection coefficient of different W1 
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With L1 = 14.5mm W1 = 1mm , W2 = 1mm, L3 = 11mm, W3 = 1mm 
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Fig 4.20 the reflection coefficient of different L2 

 
With L1 = 14.5mm W1 = 1mm, L2 = 4mm, L3 = 11mm, W3 = 1mm 
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Fig 4.21 the reflection coefficient of different W2 
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With L1 = 14.5mm W1 = 1mm, L2 = 4mm ,W2 = 1mm , W3 = 1mm 
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Fig 4.22 the reflection coefficient of different L3 
With L1 = 14.5mm W1 = 1mm, L2 = 4mm, W2 = 1mm, L3 = 11mm 
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Fig 4.23 the reflection coefficient of different W3 
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4.6. The comparison with different length of the ground  

For the RF system , the ground will support not only the antenna but also the RF devices. 

The problem with the miniaturized antenna in design is how sensitive with changing the 

ground size. In this section, we will discuss the variation of the reflection coefficient and the 

radiation pattern with changing lgnd  which is shown in Figure4.25. Figure 4.26 shows the 

reflection coefficient doesn’t change or shift by the ground size increases, still support the 

frequency band we want. The radiation pattern at 780MHz, 1980MHz and 2420MHz would 

not change by the variation of the ground size, just the antenna gain increase by increasing th 

size and shown in Figure 4.27 to Figure 4.29. 

   According to above result, the proposed triple band antenna can use in the RF system and 

the performance will not change by the ground of the system. 

lgnd

 
Fig 4.24 the configuration of lgnd 
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Fig 4.25 the reflection coefficient with different Lgnd 
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(b)x-y plane 
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Fig 4.26 the radiation pattern at 780MHz on the (a) x-z plane (b) x-y plane (c) y-z plane 
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 (c)y-z plane 
Fig 4.27 the radiation pattern at 1980MHz on the (a) x-z plane (b) x-y plane (c) y-z plane 
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Fig 4.28 the radiation pattern at 2460MHz on the (a) x-z plane (b) x-y plane (c) y-z plane 
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4.7. The Comparison Between the measurement and The Simulation 

According to the above sections, we sort out the parameters we use to the Table 4.1. As 

same as the case in chapter3, the reflection coefficient for designing have to greater than -6dB 

(VSWR 3:1 ) in the commercial application.   

   The fabricated antenna is shown in Fig 4.30, The volume of the proposed antenna is just 

1080.12mm3.The reflection coefficient is shown in Fig 4.31. For the measurement, the lower 

frequency band is from 610MHz to 930MHz and the bandwidth is 320MHz. The second band 

and the third band are 1830MHz to 2150MHz and 2280MHz to 2780MHz, respectively. 

  The current distribution is shown in Figure 4.32(a) to Figure 4.32(c). At 775MHz , the main 

current is through the whole main structure. So the radiation pattern would be omni-direction 

on some plane. At 2020MHz , the main current on the left and right sides of the main structure, 

but the phase is 90 degree difference. So the radiation pattern would be on one direction. At 

2490 MHz , the main current is around the left side of the main structure. So the radiation 

pattern would be as the same as the radiation pattern at 2020MHz. 

  The radiation pattern at 775MHz it's the monopole radiation pattern and the omni-direction 

on the x-z plane shown in Fig 4.33(a) to Fig 4.33(c). The peak gain value is about -9dB. Fig 

4.34(a) to Fig4.34(c) shows the radiation pattern at 2020MHz . The main radiation direction is 

-x direction and the peak gain value is about 0.3dB . At 2490MHz, the radiation direction is 

the same as the direction at 2000MHz as shown on Fig 4.35(a) to Fig 4.35(c). The peak gain 

value is about 1dB. 

 Section 
4.2 

 Section 
4.3 

 Section 
 4.4 

Whl 3.5mm Whw 2mm L1 14.5mm W1 1mm 

Whr 4mm Lhw 23mm L2 4mm W2 1mm 

Lh 10mm   L3 11mm W3 1mm 

Table4.1 The designed value of the small triple band antenna 
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Fig 4.30 the reflection coefficient of the measurement and the simulation 
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                                    (c) 

Fig 4.31 the current distribution at (a) 775MHz (b) 2020MHz (c) 2490MHz 
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Fig 4.32 the radiation pattern at 775MHz of (a) x-z plane (b) y-z plane (c) x-y plane 
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Fig 4.33 the radiation pattern at 2020MHz of (a) x-y plane (b) y-z plane (c) x-y plane 

 

0

45

90

135

180

225

270

315

Theta

-10 -8 -6 -4 -2 0 2

measurement
simulation  

                                   (a)x-z plane 



 

80 
 

0

45

90

135

180

225

270

315

Theta

-12 -8 -4 0

measurement
simulation  

                                 (b)y-z plane 

0

45

90

135

180

225

270

315

Phi

-12 -8 -4 0 4

measurement
simulation  

                                 (c)x-y plane 
Fig 4.34 the radiation pattern at 2420MHz of (a) x-z plane (b) y-z plane (c) x-y plane 
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Chapter 5 The Comparison Between The 

Proposed Antennas And The Current Antennas 

In this chapter, we will introduce two antennas [35, 36] which are supporting parts of the 

LTE frequency band. And then the comparison between these two antennas and the proposed 

antennas by the antenna volume and the numbers of the frequency band supporting. In the 

miniaturized antenna design , the smaller volume and the more frequency bands supporting is 

better. 

 These two structures are using the meander line structure to achieve the lower frequency 

band and shown in Figure 5.1 and Figure 5.2. The first one support not only the 700MHz to 

900MHz band, but also using additional stubs to provide 1.79GHz to 3.24GHz , that include 

part of 1.7GHz to 2.1GHz band and full 2.3GHz to 2.7GHz band. The substrate is FR-4 and 

feeding by the microstrip line structure .The volume is 4000mm3 (50mm x 50mm x 1.6mm). 

 The second one use the typically meander line structure. With the proper size of the meander 

line and the value of the gap, it can provide the frequency start from 834MHz to 1014MHz. 

Covering part of the 698MHz to 904MHz band. The substrate is FR-4 and feeding by the 

microstrip line structure. The volume is 1576.38mm3(43mm x 23.5mm x 1.56m). 

  Table 5.1 shows the comparison of the volume and the supporting frequency band between 

the miniaturized antennas. We can see the volume of the proposal antennas are 1149.12mm3 

and 1080mm3, more less than the others. and number of the supporting bands are more than 

others. So the proposal antennas not only miniaturize the volume but also provide more 

supporting frequency bands and applications.   
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Fig 5.1 The Dual band antenna support part of LTE specification 

 
 
 

 
 

Fig 5.2 A electrically small meander antenna support LTE 700 
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Table 5.1 The comparison between the proposal antennas and antennas on the papers 
 

  

antenna The dual band 
proposal antenna 

The triple band 
proposal antenna 

 
[35] 

 
 [36] 

Volume 54mm x 25mm  
x 0.8mm 

=1149.12mm3 

54mm x 25mm  
x 0.8mm 

= 1080mm3 

50mm x 50mm 
x 1.6mm 

=4000mm3 

43mm x 23.5mm 
      x 1.56mm 

= 1576.38mm3 

Support  
frequency 

band 

640MHz~960MHz 
2150MHz~2920MHz 

610MHz ~ 930MHz 
1830GHz ~2150GHz 
2280MHz ~2780MHz 

656MHz ~ 937GHz 
1982MHz ~ 2564MHz 

834MHz~1014MHz 
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Chapter 6 Conclusion and Future Study 

6.1. Conclusion and Summary 

   Here, we will summarize the conclusions of these two LTE frequency band antenna. The 

first one is the CPW feed dual band antenna and the frequency band at the lower frequency 

from 640MHz to 960MHz and at the higher frequency form 2150MHz to 2920MHz, fully 

support the LTE specification below 1GHz and the range between 2300MHz to 2690MHz..At 

the frequency below 1GHz, it can provide the applications such as SMH blocks 

A/B/C/D ,Cellular 850, UMTS 800, UMTS850, GSM, UMTS 900, EGSM900 and EU’s 

Digital Dividend 800MHz. At the frequency range between 2300MHz to 2690MHz, it can 

provide additional application like IMT-E and IMT 2000. The radiation pattern at lower 

frequency is the monopole pattern , the peak gain at 775 MHz is greater than -10 dB . At 

2550MHz, the peak value is about 1.3dB.  

    Then, the second one is the microstrip line feed triple band antenna and the frequency 

band at the lower frequency from 610MHz to 930MHz, the middle frequency band form 

1830MHz to 2150MHz and the higher frequency band from 2280MHz to 2780MHz., support 

part of LTE specification below 1GHz, the range between 1710MHz to2170MHz and the 

range between 2300MHz to 2690MHz. Providing the additional applications are IMT2100, 

PCS 1900 and DCS 1800, at the middle frequency band. The radiation pattern at lower 

frequency is the monopole pattern. the peak gain at 762MHz still greater than -10 dB , At 

2000MHz and 2475MHz , the peak gain value are 0.5dB and 1.5dB, respectively. 
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6.2. Future Study 

    In the future, there still have some topics we can research. These two antennas don't 

cover all the frequency band of the LTE , still left the frequency band 1420MHz to 1660MHz 

and 3400MHz to 3800MHz and the peak gain value at the higher frequency could be greater 

than the proposed antenna.  

    For the second one, it may be a challenging and promising topic to find the equivalent 

circuit model of the proposed notch path structure. 

    In the after time, the proposed antenna design can be a good candidate for LTE system.    

 

  



 

86 
 

Reference 

[1] D. Astely, E. Dahlman, A. Furuskar, Y. Jading, M. Lindstrom, and S. Parkvall, "LTE: The 
evolution of mobile broadband," Communications Magazine, IEEE, vol. 47, pp. 44-51, 
2009. 

[2] A. Ghosh, R. Ratasuk, B. Mondal, N. Mangalvedhe, and T. Thomas, "LTE-advanced: 
next-generation wireless broadband technology [Invited Paper]," Wireless 
Communications, IEEE, vol. 17, pp. 10-22, 2010. 

[3] Y. K. Choukiker and S. Behera, "CPW-Fed compact multiband Sierpinski triangle 
antenna," pp. 1-3. 

[4] M. Gouda and A. Abdin, "Multi-wideband rectangle-triangle antenna with a taper line 
for feeding," 2009, pp. 1361-1364. 

[5] S. M. Kim, Y. H. Kim, and W. G. Yang, "Multi-band internal monopole antenna for 
mobile station," 2006, pp. 1-4. 

[6] L. Shu, W. Zhongda, M. Wandong, L. Cheng, C. Runnan, C. Lijia, Q. Jinghui, and W. 
Jinxiang, "The simulation of the multi-band triangle fractal nesting printed monopole 
antenna," pp. 1887-1890. 

[7] J. H. Lu and W. C. Chou, "Novel design of planar multi-band u-shaped monopole 
antenna with compact operation for WiMAX application," pp. 2212-2215. 

[8] H. C. Go and Y. W. Jang, "Multi-band modified fork-shaped microstrip monopole 
antenna with ground plane including dual-triangle portion," Electronics Letters, vol. 
40, pp. 575-577, 2004. 

[9] P. Xu, Z. H. Yan, and A. Wang, "Multi-band modified fork-shaped monopole antenna 
with dual L-shaped parasitic plane," Electronics Letters, vol. 47, pp. 364-365, 2011. 

[10] J. H. Lu and B. J. Huang, "Planar multi-band monopole antenna with L-shaped 
parasitic strip for WiMAX application," Electronics Letters, vol. 46, pp. 671-672, 2010. 

[11] R. Zaker and A. Abdipour, "Bandwidth Enhancement and Miniaturization of 
Fork-Shaped Monopole Antenna," IEEE ANTENNAS AND WIRELESS PROPAGATION 
LETTERS, vol. 10, p. 697, 2011. 

[12] E. Ebrahimi, J. Kelly, and P. S. Hall, "Integrated Wide-Narrowband Antenna for 
Multi-Standard Radio," Antennas and Propagation, IEEE Transactions on, pp. 1-1. 

[13] L. Ma, R. Edwards, S. Bashir, and M. Khattak, "A wearable flexible multi-band antenna 
based on a square slotted printed monopole," 2008, pp. 345-348. 

[14] M. A. Antoniades and G. V. Eleftheriades, "A compact monopole antenna with a 
defected ground plane for multi-band applications," 2008, pp. 1-4. 

[15] J. Pei, A. Wang, S. Gao, and W. Leng, "Miniaturized Triple-Band Antenna with a 
Defected Ground Plane for WLAN/WiMAX Applications," Antennas and Wireless 
Propagation Letters, IEEE, pp. 1-1. 



 

87 
 

[16] P. Jing, W. Anguo, and C. Xiaotao, "A novel dual-band printed antenna with a defected 
ground plane for WLAN applications," in Antennas Propagation and EM Theory 
(ISAPE), 2010 9th International Symposium on, 2010, pp. 185-188. 

[17] H. Oraizi and S. Hedayati, "Miniaturized UWB Monopole Microstrip Antenna Design 
by the Combination of Giusepe Peano and Sierpinski Carpet Fractals," Antennas and 
Wireless Propagation Letters, IEEE, pp. 1-1. 

[18] M. Taher Al-Nuaimi, "Design of new miniaturized fractal microstrip line fed printed 
slot antenna," pp. 148-152. 

[19] A. Subbarao, S. Raghavan, and P. Rao, "A miniaturized CPW-fed rocket shaped UWB 
antenna for wireless applications," 2011, pp. 1-4. 

[20] P. Fei, Y. C. Jiao, W. Hu, and F. S. Zhang, "A Miniaturized Antipodal Vivaldi Antenna 
With Improved Radiation Characteristics," Antennas and Wireless Propagation Letters, 
IEEE, vol. 10, pp. 127-130, 2011. 

[21] R. H. Chen and Y. C. Lin, "Miniaturized Design of Microstrip-Fed Slot Antennas Loaded 
With C-Shaped Rings," Antennas and Wireless Propagation Letters, IEEE, vol. 10, pp. 
203-206, 2011. 

[22] M. H. Al Sharkawy, "Miniaturized wideband slotted monopole antenna for WLAN 
applications," pp. 1-5. 

[23] M. Antoniades and G. Eleftheriades, "A miniaturized multiband monopole antenna 
using a double-tuned wheeler matching network," pp. 1-4. 

[24] M. R. Booket, A. Jafargholi, Z. Atlasbaf, and M. Kamyab, "Miniaturized dual-band 
dipole antenna loaded with metamaterial based structure," pp. 1-4. 

[25] R. N. Simons and Simons, Coplanar waveguide circuits, components, and systems: 
Wiley Online Library, 2001. 

[26] C. P. Wen, "Coplanar waveguide: A surface strip transmission line suitable for 
nonreciprocal gyromagnetic device applications," Microwave Theory and Techniques, 
IEEE Transactions on, vol. 17, pp. 1087-1090, 1969. 

[27] C. Veyres and V. F. Hanna, "Extension of the application of conformal mapping 
techniques to coplanar lines with finite dimensions," Int. J. Electron, vol. 48, pp. 47-56, 
1980. 

[28] S. Gevorgian, L. J. P. Linner, and E. L. Kollberg, "CAD models for shielded multilayered 
CPW," Microwave Theory and Techniques, IEEE Transactions on, vol. 43, pp. 772-779, 
1995. 

[29] G. Ghione and C. Naldi, "Analytical formulas for coplanar lines in hybrid and 
monolithic MICs," Electronics Letters, vol. 20, pp. 179-181, 1984. 

[30] W. H. Hsu, Y. T. Huang, and S. C. Pan, "Design of a sinuous route monopole antenna 
for handset," pp. 2791-2793. 

[31] C. H. Chang and K. L. Wong, "Penta-band one-eighth wavelength PIFA for internal 



 

88 
 

mobile phone antenna," pp. 1-4. 
[32] D. M. Pozar, Microwave engineering: Wiley-India, 2009. 
[33] I. Bahl and D. Trivedi, "A designer¡¦s guide to microstrip line," Microwaves, vol. 16, pp. 

174-176, 1977. 
[34] K. C. Gupta, R. Garg, I. Bahl, and P. Bhartia, "Microstrip lines and slotlines," Artech 

House, Dedham, Mass, 1979. 
[35] T. M. Tuan, "Design dual band microstrip antenna for next generation mobile 

communication," pp. 331-335. 
[36] M. S. Sharawi, Y. S. Faouri, and S. S. Iqbal, "DESIGN OF AN ELECTRICALLY SMALL 

MEANDER ANTENNA FOR LTE MOBILE TERMINALS IN THE 800 MHZ BAND." 
 
 


