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III. EFFECTS OF THE DESIGN PARAMETERS 

 

The lengths of long meandered inverted-L strip and 

short stub (l1 and l2) and the spacing between the lines 

(d2 and d3) were used as design parameters to achieve 

wide band characteristics as well as dual-band 

resonance characteristics.  

Fig. 2 shows the results of return loss for the 

designed antenna in a different long inverted-L strip 

(l1). We observed the variation of resonant frequency 

in different l1 ranging from 29 mm to 35 mm. As 

shown in Fig. 2, as l1 increases, both the first 

resonance mode and the second resonance mode 

decrease due to extending electrical length. The 

optimum value of long meandered inverted-L strip (l1) 

is 35 mm long, which is a little bit longer than the 

quarter wavelength (30.49 mm) at the first resonant 

mode (2.46 GHz) because of current cancellation of 

meandering. Therefore, l1 is a dominant parameter for 

determining the first and second resonance modes.  

In succession the results of return loss for the 

designed antenna in a different short inverted-L strip 

(l2) are indicated in Fig. 3. We observed the variation 

of resonant frequency in different l2 ranging from 9.5 

mm to 12.5 mm. As shown in Fig. 3, when l2 was 12.5 

mm long, the third resonance mode occurred at 5.99 

GHz and the widest bandwidth was achieved at 5 GHz 

bands. Hence, l2 is a dominant parameter for 

determining the third resonance mode. 

 

 

Fig. 2. Design parameter (l1) sweep. 

 

 
Fig. 3. Design parameter (l2) sweep. 

Fig. 4 shows the results of return loss for the 

designed antenna in different spacing between the 

long inverted-L strip and ground plane in left side 

(d2). We observed the variation of resonant frequency 

in different d2 ranging from 0.5 mm to 2.0 mm. As 

shown in Fig. 4, as d2 decreases, impedance is not 

matched at the second resonance mode (4.99GHz). 

When d2 was 1.5 mm long, good impedance matching 

was obtained.  

On the other hand, the results of return loss for the 

designed antenna in different spacing between the 

short inverted-L strip and ground plane in right side 

(d3) are shown in Fig 5. We observed the variation of 

resonant frequency in different d3 ranging from 1.5 

mm to 4.0 mm. As shown in Fig 5, as d3 decreases, 

impedance is not matched at the third resonance mode 

(5.99 GHz). When d3 was 3.5 mm long, good 

impedance matching was obtained. 

 

 

Fig. 4. Design parameter (d2) sweep. 

 

 

Fig. 5. Design parameter (d3) sweep. 

 

 

IV. RESULTS OF THE PROPOSED  

ANTENNA 

 

A compact antenna with multi-resonance shown in 

Fig. 6 was fabricated and its performance was 

measured. Two additional antennas were also 

fabricated and characterized to study operating 
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