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Abstract: The commercial software WIPL-D is used to optimize the design of a compact wideband log 
periodic dipole array antenna (LPDA). The LPDA is designed for operation from 1 GHz to 10 GHz, with 
an average gain of 7 dB. To reduce the length of the booms and the elements of the antenna, wire caps for 
the four longest elements of the LPDA are introduced. A 26% reduction in size is achieved for the same 
desired bandwidth and gain.       
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1. Introduction 
 
       The frequency independent antennas were introduced by Rumsey [1]. Later, many wideband 
antennas such as log-periodic dipole antenna (LPDA) and equiangular spiral antennas were studied 
based on the same theory [2-5]. The LPDA consists of an array of linear dipoles, and the elements of the 
array are fed from a balanced transmission line with each element being placed in an alternating position 
to have 180° phase change from the adjacent elements. One limitation of the LPDA is that the dipole 
element for the lowest operation frequency may become too long to be used in many applications. In 
order to reduce the LPDA size, the shape of the element can be changed to some other shapes like the 
monopole elements [6] or helical elements [7]. In this work, the commercial software WIPL-D [8] is 
used to design a traditional wideband LPDA antenna to operate in the range from 1 GHz to 10 GHz. 
WIPL-D allows the modeling of arbitrary metallic and dielectric 3D structures with wires and plates 
very easily. It uses higher order basis functions and the Method of Moments ( MoM ) to provide highly 
efficient analysis in a very short time relative to most commercially available EM solvers. To reduce the 
size of LPDA antenna, some wire caps are added at the ends of the largest four elements. The length of 
those elements and the dimensions of the wire caps are optimized using WIPL-D to achieve the 
appropriate compact sizes.  

 
2. Design Parameters 

 
       The design procedure of the LPDA antenna is well defined in the literature [9]. One of the most 
important parameter that describe the log periodic dipole antennas, shown in Fig. 1, is the scaling factor τ, 
which is defined as: 
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where is the length of the ith element, and  is the separation distance between the two successive 
elements ‘i’ and ‘i+1’. This scaling factor allows the antenna dimensions to remain constant in terms of 
wavelength. In general, this factor should be less than 1 and when the frequency increases by 1/τ , the 
input impedance, VSWR and radiation pattern should be very similar to the values from the previous 
period. The relation between the spacing between adjacent elements can also be defined as  
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where α  is the apex half angle. The space between elements decreases when frequency increases, but one 
must be careful with the parameter α because if it is set to a value which is too small or too large it will 
destroy the impedance bandwidth of the antenna. The bandwidth of the antenna can be calculated from 
[9] 

                                                     ( )21.1 7.7 1 cots arβ β β β τ α⎡ ⎤= = + −⎣ ⎦                                             (3) 

where sβ is the designed bandwidth, β  is the desired bandwidth, and arβ is the active region bandwidth. 
The number of the elements of the array can be defined as 
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Fig. 1. The log periodic dipole array antenna geometry. 
 

 
3. Simulation Results 

 
A. Traditional Design 
       The traditional design equations mentioned above were used to design a wideband LPDA antenna. To 
have a bandwidth ratio of 10, the scaling factor τ was chosen to be τ = 0.08, σ = 0.6, and N = 14. For this 
design shown in Fig. 2, the characteristic impedance of the source is 75 ohm, the length of the longest 
element is 150 mm, the length of the booms is 84 mm, and the length of the matching stub is 38 mm. The 
simulated return loss and the gain of this traditional LPDA are shown in Fig 3. 
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Fig. 2. The traditional log periodic dipole array antenna geometry. 

 

 
(a) 

 

 
(b) 

Fig. 3. (a) The return loss, (b) the gain of the traditional log periodic dipole array antenna. 
 

B. Compact Size Design 
       In order to reduce the size of the antenna, a wire caps are added at both ends of the longest four 
elements as shown in Fig. 4. These caps help in reducing the size of the elements and the matching stub 
while keeping there effective length and input impedance. The size of this caps and the new length of the 
elements are optimized using WIPL-D to keep the same bandwidth and gain of the antenna. The return 
loss and the gain of this compact size LPDA are shown in Fig. 5.  
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Fig. 4. (a) The reduced size log periodic dipole array antenna geometry, (b) the cap dimensions. 
 

 
(a) 

 

 
 

(b) 
Fig. 5. (a) The return loss, (b) the gain of the reduced size log periodic dipole array antenna. 

 
       Table 1 shows the lengths of the first four elements and the matching stub for the two antennas. A 
reduction of about 22% in the length of the largest element is achieved; also a reduction of about 26% in 
the overall length of the antenna (boom length + matching stub length) is achieved, with no degradation 
of antenna gain or input match. The 3-D gain plots for the compact antenna are shown for 2 GHz, 4 GHz, 
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6 GHz, and 8 GHz in Fig. 6. A 2-D plane cuts for the Eθ and Eφ are shown for the same frequencies in 
Figs. 7 and 8, respectively. 
 

Table 1:  Element size for the two antennas 
Element Traditional LPDA (mm) Compact size LPDA (mm) % of size Reduction 

L1 150 117 22 
L2 120 87 28 
L3 96 73 24 
L4 77 59 23 

Total length 123 90 26 
        

                                              
 

(a)        (b) 
 

                                              
(c)         (d) 
 

Fig. 6. The 3-D plots of the total gain at (a) 2 GHz, (b) 4 GHz, (c) 6 GHz, and (d) 8 GHz. 
 

4. Conclusion 
       A traditional design for a log periodic array antenna was introduced. A large bandwidth for 
this antenna with return loss less than -10 dB and average gain of 7 db was achieved. The size 
of the traditional LPDA antenna was reduced by adding wire caps at the ends of the largest four 
elements of the array. A reduction of about 26% of the length of both the booms and the 
elements is achieved without affecting either return loss or the gain of the antenna. The 
commercial software WIPL-D was used to optimize the length of the elements and the 
dimensions of the caps to achieve the same bandwidth and gain of the traditional LPDA 
antenna. The software is well suited for optimization because of its short execution time when 
no dielectric materials presented. Typically, one execution of the LPDA takes only couple of 
seconds.   
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           (a)       (b)           (c) 

Fig. 6. Radiation patterns of Eθ  in the plane cut (a) XZ, (b) YZ, and (c) XY. 

 
 

           (a)       (b)           (c) 
Fig. 7. The Radiation pattern of Eφ  in the plane cut (a) XZ, (b) YZ, and (c) XY. 
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