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1. Introduction 

This repon is a continuation of [I], where an impedance matching technique far asymmetncal 
folded-slat antennas (FSAs) was introduced. Design of Experiment (DOE) techniques had been 
exlcnsively used for improving the robustness of designs. In this work the effect of the design 
parameters on the FSA frequency respansc are characterized through DOE techniques. FSAs 
have recently been studied in [ 1-31; folded-slot antennas on semi-infinite substrates are analyzed 
in [2], where FSA and Double Folded Slot Antennas (DFS) are characterized in tcms of their 
radiation pattern and input impedance. FSAs on thin substrates have bccn analyzed using FDTD 
in [3], wheie the multiple-slot impedancc engineering technique war dcucloped. 

t 

m A L  METAL 
Figure I. Schematic ala Folded Slot Antcnna Gfh ifs drrign paramclerr. 

The FSAs considered in this research are fed through coplanar waveguide (CPW) and as 
shown in Figure I ,  (hey have seven design parameten. These design parameters are Lo, S., W,,, 
W,,, WO,, and thc CPW feed (S, and 5). For the proper charactenmion, we also have to 
consider the subsvatcr width (h) and its relative pcrminivity (e,). In [ I ]  it was shown that the 
variation of WO, was able to reduce the folded-slot's high input impedance lo a desired value. 
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11. Methodology for the Characlerization of the Folded Slot Antenna 

To make the problem manageable, certain ~ons l r a in t~  where madc. The substrate relative 
permiltivity and its width were maintained constant with values of 3.48 and 0.762 mm 
respectively. Also, the antenna was fed through a 50 Cl CPW line obtained with a center 
conductor width of 3.657 mm and a slot width of  0.25 mm. The characterization was 
accomplished through DOE tcchniques. At specific values of L., a full 2* factorial dcaign was 
used. The four factors observed for the design were So, WO,, We, and W,, each with values of 
0.25 mm or 1 mm. The parameter L. has values of23.497 m, 13.357 mm and 10.157 m. 
Each factorial design produced 16 different antennas for a total of 48 different simulations. Each 
factorial design was analyzed for the effects in our two responses; resonant frcqucncy and input 
impedance at resonance for two different antenna resonances. The cffccts of the parameters are 
useful since they give us an insight on which variables or their interactions are the ones that 
mainly affect om response variables 141. 

Ill .  Chmacterimtion of the Folded Slot Antenna 

Figure 2 shows a usual impedance response for a FSA. The figure shows 4 resonant points. Thc 
trace begins at an open circuit for when direct current (DC) i s  applied and as the frequency begins 
to increase we move clockwise until the first resonance is reached, which occurs when the 
perimeter is approximately i j 2 .  This first resonance is characterized for having small 
impedance, almost a shon circuit. As the frequency continues to increase, the impcdance kecps 
moving clockwise until the second resonance is found, which occurs when the perimeter is 
approximately one guided wavclcngth (id. FSAs are mainly used at this reronancc. with thc 
impedance usually higher than 150 0. As the frequency increascs, thc third resonilnce appears 
when the FSAs' penmeter is around 3 i i 2 .  Tbis rcsonancc is chnracterired for having a IOW iiqm 
impedance value. When the perimctcr is approximately 24 ,  tile iinpcdaiice is approximately mi 
open circuit. This work deals with the rccond and third resonances. 

Figure 2. Usual lnpul Impedance response for a FSA 

A s  mentioned in the introduction, the values for Lo where ret Io 23.497 mm, 13.357 mm 
and 10.157 m. By setting the parameters Sa, Val, W,,i, and WO, lo  a value of0.25 mm and for 
each of the respective L, values the approximately resonant frequencies are 5 GHz, 9 GHz and I2 
GHz. The factorial designs were analyzed for resonant frcquency and input impcdance a1 
resonance for the La and the 31$2 resonances. Tablc 1 shows thc designs and thc obtained 
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responses for the Ag resonance, the results for the 3Ad2 resonance where omitled due to space 
limitations. 

when the parameter L. was fixed to 23.497 mm, as can be seen from Table I ,  the resonating 
frequencies for the antennas vary between 4.583 GHz and 5.242 CHn. This change I" thc 
rcsonant frequency was due to the variation ofparameten $, WO,, Ws2s and WO,. Nevertheless all 
the parameters and their interactions did not affect the response with the same intensity. Through 
DOE techniques we can conclude that the individual effects as well as the interaction between 
Wm>'S. are the only ones which have a significant effect in our response (LJ. The values for the 
calculated effects for the 3 different Lo values are presented in Table 2. On this range the effect 
that mainly cause the variations mfX, was the effect of parameter W, which negatively affect 
(reduce the resonant frequency as it increaser) the resonant frequency. It is interesting lo observe 
the positive effect of Wa in the resonant frequency. It would be expected that increasing the 
antema dimension will decrease the remnant frequency. The overall outcome of the effects 
increases as the value ofthe parameter L. decreases, this because the expected resonant frequency 
increase and the antema becomes more sensitive to its design parameters. 

Table 3 shows the calculated effects responsible for the variations in the input impedance 
at the respedive resonant frequency. supporting the work presented in [I]  it is observed that the 
parameter Wn3 has a large negative effect, which permits us to reduce the usually high input 
impedance at this resomnce. It can also be seen that the parameter War has a positive effect, 
which means that increasing W, will increase the input impedance at the resonant frequency. 
The parameter W., becomes significant BS La decreases. 
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h. Calculated effects at the 3&/2 resonance 

The calculated effects for the 3142 resonant frequency and impedance at resonance are shown in 
Table 4 and in Table 5 .  As calculated and presented in Table 4, the only significant effccts are 
the single effect of Wal, W, and S,. In this case, for the three values of La, the dominant effect 
was that of W-3. If we make L. equals to 10.157 then the only significant effect is that of W,. 

Table 5 shows the response for the input impedance at the 3142 resonance. The positive 
effect for the Wa dimension suggests that we can increase the short circuit like impedance on this 
resonance to a desired value. The negative interaction suggests that if we increase W, and 
decrease W,I we can maximize this effect. 

IV. Conclusions 

This work presents a characterization of FSAs due Io its design parameters through DOE 
techniques for the responses resonant frequency and input impedance at the resonant frequency 
for the 1, and 3142 resonances. The calculated effects me useful since they give us an insight on 
the effect of the design parameters on the antenna. It was venfied that at the 1, resonance the 
parameter W ,  has a great influence in decreasing the antenna input impedance. I1 was also found 
that increasing the dimension W, will increase the resonam1 frequency for the Ag resonance, 
opposite as i t  would be expected. For last, in the 3,242 resonance we arc able to increase the 
usually low input impedance by increasing the parameter W, making it a useful resonance. 
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