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1. Introduction 
     Services of wireless broadband communication such as UWB communication system 
and WiMAX have been attracted much attention in recent years. In such the high-speed 
communication system broadband antennas are required. Various antennas are examined 
for the broadband antennas. In particular, printed antennas with simple constitution have 
been studied in recent years [1][2]. In addition, limitation of frequency bandwidth 
characteristics of the broadband antenna have been clarified [3]. 

   In this paper, card antennas with simple structure are focused and the bandwidth 
characteristics to clarify the limitation of downsizing are examined. Effects of an aspect 
ratio of antenna shape, a location of feeding point and characteristic impedance on the 
bandwidth characteristics are discussed. Furthermore, limitation of downsizing is 
examined in the view point of lower frequency of the frequency band. 

 

2. Structure of Card Antennas and Analysis Model  
   The analysis model of the card antenna is 
shown in Fig.1[4]．Here, a is height, b is width 
of the antenna. The ratio a/b is called as 
“aspect ratio” in this paper. The card antenna 
is composed of many metal pieces (conductor). 
We assume that the card antenna has 
symmetric structure in consideration of 
parallel feeding. The distance from the feeding 
point to the edge of the antenna is d.  

   The antenna characteristics are 
calculated by using a moment method 
(EEM-MOM). 

 

3. Design and Evaluation of Card Antennas 

   As mentioned in Sec.2, the card antenna has a lot of parameters. To find an optimum 
structure which has wideband characteristics, a genetic algorithm are utilized to determine 

Figure 1: Analysis Model 
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the parameters. Here, the information of metal pieces are expressed by 1 or 0, and the 
information are treated as gene in the genetic algorithm [5][6][7].  

   The objective function for optimization is expressed as Eq.(1).  
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Here，R.B.(x) is the relative bandwidth，fmin／ f0  is the normalized lowest frequency of the 
band within 3.0 for VSWR (Voltage Standing Wave Ratio). C is the speed of light. The 
effect of downsizing for the antenna can be evaluated by fmin／ f0 because the size of the 
antenna is determined by the lowest frequency. The coefficient α in Eq.(1) is a weight 
coefficient which control the priority between the relative bandwidth R.B.(x) and the 
normalized lowest frequency fmin／ f0. When the weight coefficient is large, the relative 
bandwidth is treated as an important performance. The coefficient k is a normalizing 
factor. 

 

4. Effects of Aspect Ratio on Bandwidth Characteristics 
   The influence of aspect ratio a/b on 

the characteristic of the bandwidth of the 
antenna is examined. The distance of 
feeding point from the edge d is 0.6λ, 
characteristic impedance of feeding line is 
150 Ω . Figure 2 shows the relation 
between the normalized lowest frequency 
and relative bandwidth. The horizontal 
axis indicates the normalized lowest 
frequency fmin／ f0， the vertical axis is the 
relative bandwidth. The parameter in Fig.2 
indicates the aspect ratio a/b. The area in 
left side of Fig.2 means that the size of the 
antenna is small, and the area in upper side 
means that the antenna has wideband 
characteristics. 

   As shown in Fig.2, when the aspect 
ratio a/b = 2.3, the relative bandwidth 
becomes narrow. On the other hand, except 
the case of aspect ratio a/b = 2.3, the 
relative bandwidth is almost the same 
when the normalized lowest frequency is 
small. However when the aspect ratio a/b 
= 0.5, the relative bandwidth is wider than 
the other case. In Fig.2, the maximum 
relative bandwidth is 170% and minimum 
normalized lowest frequency is 0.46. 

   Figure 3 shows the effects of the aspect ratio a/b on the normalized lowest 
frequency and relative bandwidth. The upper two lines are the case when α=1.0, namely, 
the relative bandwidth (R.B) is prior to the normalized lowest frequency (fmin／ f0). In 
opposite, the lower side two lines are the case when α=0, namely, the normalized lowest 
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Figure 2: Relation between normalized lowest 
frequency and relative bandwidth 
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Figure 3: Relation between aspect ratio and 
bandwidth characteristic 
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frequency has priority to the bandwidth characteristics. We can see from Fig.3 that the 
normalized lowest frequency does not depend on the aspect ratio when the lowest 
frequency has priority. On the other hand, when the relative bandwidth has priority, small 
aspect ratio is preferable to obtain both features of small size and wideband 
characteristics.  

 

5. Effects of Feeding Position on Bandwidth Characteristics 
   The effects of a feeding point on 

bandwidth are investigated. Here, the 
aspect ratio a/b is fixed as 0.5. Figure 4 
shows the relationship between 
normalized lowest frequency and the 
relative bandwidth. The parameter in 
Fig.4 is the distance from the feeding 
point to the edge of the antenna. The 
characteristic impedance of the feeding 
line is 150Ω. 

   It is shown in Fig.4 that the 
relative bandwidth doesn’t so depend on 
the location of the feeding point. 
However, when d=0.083λ, it is suitable 
to obtain the broadband characteristics. 
In addition, when the d=0, it is suitable 
for downsizing. 

   Figure 5 shows the variation of the 
normalized lowest frequency and the 
relative bandwidth when a feeding 
position is changed. The upper two lines 
are the case that the relative bandwidth 
is prior to the normalized lowest 
frequency. In opposite, two lines at the 
lower side are the case that the 
normalized lowest frequency has priority 
to the bandwidth characteristics.  

   We can see in Fig.5 that the lowest 
frequency is smallest when d = 0 and the 
bandwidth prior to the size even though 
the relative bandwidth does not depend 
on the feeding position. When the relative bandwidth is regarded as important, 177% of 
relative bandwidth can be achieved, then, the distance d is 0.083λ and the normalized 
lowest frequency is 0.9 f0. 

 

6. Effects of Characteristic Impedance on Bandwidth Characteristics 

   The influence of the characteristic impedance on bandwidth characteristics is 
examined. Here, the feeding position is fixed at d=0.083λ, the aspect ratio is 0.5. The 
relationship between the normalized lowest frequency and the relative bandwidth is shown 
in Fig.6. The parameter in Fig.6 is the characteristic impedance of the feeding line. It is 
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shown in Fig.6 that when the required 
relative bandwidth is 100% or more, the 
characteristic impedance should be set to 
300Ω. Because, when the characteristic 
impedance is 300Ω, the normalized lowest 
frequency is the smallest. However, when 
the required relative bandwidth is 100% or 
less, the antenna can be downsized by set the 
characteristic impedance at 150Ω. Because, 
the normalized lowest frequency is small and 
the relative bandwidth is large, when the 
characteristic impedance is 150Ω. 
     Moreover, it is found that wideband 
characteristics can not achieved when the characteristic impedance is 50Ω.  
 
7. Conclusion 
   Bandwidth characteristics and downsizing limitation was clarified for a card antenna. 
To find an optimum structure which has wideband characteristics, the genetic algorithm 
was utilized. 
   First, the effect of aspect ratio a/b on bandwidth characteristics are examined. It was 
clarified that small aspect ratio was preferable to obtain both features of small size and 
wideband characteristics when the relative bandwidth has priority. 
    Next, the effects of a feeding point on bandwidth are investigated. The lowest 
frequency was the smallest when the bandwidth prior to the size and d = 0. When the 
feeding point was located at centre of the antenna and the relative bandwidth was regarded 
as important, 177% of relative bandwidth was achieved. 
   Finally, the influence of the characteristic impedance on bandwidth characteristics 
was examined. It was shown that if required relative bandwidth was more than 100%, the 
characteristic impedance should be set at 300Ω. However, when the required relative 
bandwidth was 100% or less, the antenna could be downsized by set the characteristic 
impedance at 150Ω. 
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