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 This paper described the design, simulation and fabrication of a broadband microstrip smart antenna. 
The smart antenna is a combination of seven element log periodic antenna with two bandpass filters. The log 
periodic antenna provides a wideband of 700 MHz. The filters operate at the best value of 5.3 GHz and 5.74 
GHz with return loss at these frequencies -24.43 dB and -27.864 dB. The smart antenna was designed and 
simulated using GENESYS and measured using Scalar Network Analyzer (SNA). The measurement results agree 
well to with the results from simulation. 
 
1. Introduction 
 
 A smart antenna is an antenna that modifies it’s received or transmit characteristic in order to enhance 
the antenna’s performance. Commonly smart antenna is composed of two or more antennas. The upcoming 
wireless local area networks (WLAN) standard at 5 GHz to 6 GHz are interesting candidates to apply smart 
antenna principles. The smart antenna also required in radar and communications systems such as Synthetic 
Aperture Radar (SAR), dual-band for Global System Mobile communications (GSM) and Global Positioning 
System (GPS) [1]. The application of this antenna can help provide high data rates, increase channel capacity 
and improve quality of service at an affordable cost [2]. A smart antenna consists of combination between a log 
periodic antenna and two bandpass filters was the main focus in this project. Two different methods of designs 
were required to perform a complete system of the broadband smart antenna. All elements have been fabricated 
on the same substrate that have relative dielectric constant, εr = 2.33, dielectric loss tangent of 0.001 and 
substrate thickness of 0.5 mm. 
 
2. Methodology 
 
 The patch width and actual patch length for single element antenna can be calculated such as [3]. 
Important parameters such as effective dielectric constant εreff, effective length Leff and extra length (ΔL) were 
also calculated. The basic concept of log periodic antenna is gradually expanding periodic structure array. It 
involves the scaling of the dimensions of the antenna from period to period so that the performance was periodic 
with the logarithm of the frequency. The patch length and width can be related to the scale τ. In this case value of 
τ is equal to 1.05. The scale related to the length and width of this antenna is shown in the equation 1. 
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The distance between element m and the element m+1 was determined according to the nearest higher frequency 
element of the antenna. The input looking into the next higher frequency must be high impedance before the next 
element m+1 was connected to the schematic diagram. The distance between two patches was not necessary to 
be half wavelength and varying log periodically. While, the microstrip antenna feed line was quarter wavelength 
long [3].The basic design of the log periodic antenna can be designed by performing a single element of 
rectangular geometry using microstrip line feed as shown in figure 1. 
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Figure 1: Simple Rectangular Patch Antenna 



The lowest frequency was selected as the first patch and scaled periodically for the subsequent resonance 
frequency. The patch dimension needs to be calculated and scaled log periodically for the next patches toward 
the higher frequencies. The distance between the band lines were determined by looking to the next higher 
frequency which was higher impedance. Table 1 shows the design parameters that have been calculated for 
seven element log periodic microstrip antenna. 
 

Table 1: Parameters for Seven Log Periodic Patches 
 Patch 

Antenna 
 

Freq 
(GHz) 

Width, 
W(mm) 

Length, 
L (mm) 

d 
(mm) 

f1 5.000 23.250 18.808 22.860 
f2 5.143 22.604 18.263 22.026 
f3 5.286 21.992 17.748 21.237 
f4 5.429 21.413 17.259 20.489 
f5 5.572 20.864 16.797 19.781 
f6 5.715 20.342 16.353 19.107 
f7 6.000 19.375 15.540 17.860 

 
 
 
 
 
 
 
 
 
 
Seven layouts of the log periodic patches were shown in figure 2. The dimensions of the antenna were such as 
the value stated in table 1. In this type of feed technique, a conducting strip is connected directly to the edge of 
the microstrip patch. The conducting strip is smaller in width as compared to the patch and this kind of feed 
arrangement has the advantage that the feed can be etched on the same substrate to provide a planar structure [5]. 
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Figure 2: Layout of the Seven Elements of Log Periodic Antenna 
 

Two bandpass filters were designed based on specific target of cut-off frequency at 5.3 GHz and 5.8 GHz with 
10% bandwidth using the third order (n = 3) order of 1.0 dB Tschebychev topology [4-5]. The value of 
characteristic impedance and the coupling factor can be used to determine the dimension of the bandpass filter. 
The dimension of bandpass filter at 5.3 GHz and 5.8 GHz can be obtained from Line Cal Program using Libra. 
The microstrip width, length and spacing dimension were shown in Table 2. After all the calculation and the 
dimension have been gathered the bandpass filter can be simulated.  

 
Table 2: Design Parameter of Bandpass Filter 

 
 
 
 
 
 
 
       
 
 
 
 
 
 

Freq 
(GHz) 

Zo 

(Ω) 
C (dB) Width 

(mm) 
Length 
(mm) 

Spacing 
(mm) 

50 -19.10 1.40 10.14 0.60 
52.05 -11.75 1.18 10.32 0.17 
50.31 -19.22 1.39 10.14 0.61 
50.31 -19.22 1.39 10.14 0.61 
52.05 -11.75 1.18 10.32 0.17 

5.3 

50 -19.10 1.40 10.14 0.60 
50 -19.10 1.40 9.27 0.60 

52.05 -11.75 1.18 9.43 0.17 
50.31 -19.22 1.39 9.27 0.61 
50.31 -19.22 1.39 9.27 0.61 
52.05 -11.75 1.18 9.43 0.17 

5.8 

50 -19.10 1.40 9.27 0.60 
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Figure 3: Broadband Microstrip Smart Antenna 
 
Fabrication process start after simulation result achieved the aim. The antennas can be integrated with other 
circuit to produce an integrated microstrip subsystem. Microstrip antennas have the advantages such as low 
profile, light weight, low cost, conformability and ease of fabrication and integration RF devices [1]. The 
simulation layouts were fabricated on RT Duroid. Figure 3 show a fabricated broadband microstrip smart 
antenna that has been designed according the specification of single log periodic antenna and two bandpass 
filters. 
 
3. Result & Discussion 
 
 Result of this project was projected in two parameters from simulation and measurement result. The 
focus results were VSWR and return loss. The return loss evaluates the difference between the reflected wave 
and the incident wave in decibels [6-7]. Figure 8 shows the return loss for log periodic antenna. This antenna was 
designed within a range of 5 GHz to 6 GHz, The highest resonant of return loss is at 5.48 GHz with a value of -
25.72 dB and a bandwidth about 700 MHz.  
 
 
 
 
 
 
 
 
 
 
 
            

 
Figure 4: Return Loss of the Seven Patch                                     Figure 5: VSWR of Seven Patch                
                Log Periodic Antenna                                       Log Periodic Antenna 
 
Figure 5 shows the result of VSWR for log periodic antenna. The target for this designed is to get the value of 
VSWR less than 2. The aim was achieved at certain point in the graph especially at 5.48 GHz, 5.62 GHz and 
5.83 GHz with VSWR of 1.109, 1.627 and 1.532 respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: VSWR of the Smart Antenna 
 
 

 Figure 6: Return Loss of the Smart Antenna 



Two bandpass filters were designed to combine with the broadband antenna. The combinations of two different 
frequencies were very important because the result of both filters will perform a broadband smart antenna.The 
combination of log periodic antenna have been simulated from 5 GHz to 6 GHz with two bandpass filters that 
have been designed at center frequency of 5.3 GHz and 5.8 GHz. Figure 6 show that the frequency resonate at 
5.3 GHz with value of return loss -24.43 dB and another one resonate at 5.74 GHz with return loss -27.864 dB. 
Figure 7 show the VSWR of the complete combination. The value of VSWR at 5.3 GHz was 1.112 while at 5.74 
GHz was 1.224. The result has been measured using Hewlett Packard 8757D a scalar network analyzer and 
83640B Sweep Generator. In the process of calibration and measurement the device under test which in this case 
was the broadband antenna connected to obtain actual output from the fabricated device.  

 
 

 
 
 
 
 
 
 
 
 

Comparison of Simulation and Measured Values
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Figure 8: Simulated and measurement result of broadband smart antenna 
 
Simulation and measured data have been combined together in figure 8. There were similarity of the shape and 
pattern of both results. However, the measured value has been shifted slightly. The value of return loss at 5.3 
GHz has changed to 5.4 GHz as it shifted to the right with a value of -18.402 dB while 5.8 GHz was shifted 
slightly with the value of –17.594 dB. The best VSWR values in measurement result were 1.149 and 1.1205 
respectively. The differences were due to several factors. At high frequencies the signals tend to radiate into 
space giving rise to losses. In this project a microstrip was used to design the smart antenna. A microstrip is an 
asymmetric transmission line structure and is often used in unshielded or poorly shielded circuits where any 
radiation is either free to propagate away or to induce currents in the shielded box. This behavior can definitely 
change the simulation value. In addition, process of drilling, soldering and launcher placement can affect the 
value of measurement. Furthermore, as the measurement take place in the open environment, the radiation from 
the antenna will radiate in free space causing high attenuation and decrease signal strength.  
 
4. Conclusion 
 
 The combination of log periodic antenna together with two bandpass filters was a new approach. 
Results from measurement agree well to the simulation. However slightly shifted may be due to manual 
fabrication process.  
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