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Abstract 

This paper presents a unified design methodology for dual-band and broadband coplanar folded-slot antennas (CFSAs). The 
design is achieved by using a coplanar waveguide-fed antenna element that is asymmetric with respect to the folded slot, and 
by adjusting the length of the stub inside the slot. A mathematical derivation, based on a transmission-line model for the 
asymmetrically-fed coplanar folded-slot antenna, is used on a single-frequency coplanar folded-slot antenna to determine the 
condition for a second resonance. In this way, when the second resonant frequency is close to the first, broadband uniplanar 

antennas with -30% bandwidth can be designed. In addition, at the dual-band mode, a frequency ratio (h / fi ) of the order of 

2.5 or more can be obtained. The effect of the ratio of the feed-shift distance to the length of the stub on the bandwidth is an 
important parameter, and is shown for both the broadband and dual-band designs. The presented method and tables are 
simple to use, provide very accurate results, and correctly predict the resonant frequencies for the dual-band coplanar folded
slot antennas. The theoretical and simulated results were verified by measurements of fabricated prototypes. The design 
guidelines cover a broad range of applications in the 2.4 GHz to 5.25 GHz range, with various bands and bandwidths. 

Keywords: Coplanar folded slot antenna; slot antennas; coplanar transmission lines; coplanar waveguides; dual-band 
antennas; asymmetric feeding; broadband antennas 

1. Introduction and Related Literature 

Coplanar folded-slot antennas (CFSAs) are of 
interest due to their typically broader bandwidth (relative to 

other resonant planar antennas, like dipoles), and due to their 
broadside dipole-like radiation patterns [I]. Weller et al. [I] 
described the design of coplanar folded-slot antennas. They consist 
of a folded slot with a circumference (which, for dual-band copla
nar folded-slot antennas, will later be defined as the outer circum
ference, instead of the mean [I]) that is approximately equal to one 
guided wavelength (Ag). They can be fed with a coplanar 
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waveguide (CPW) or a finite-ground coplanar (FGC) line from one 
end, allowing for easy integration with other components, three
terminal devices, or MMICs for microwave amplification and 
reception [2-6]. These antennas can be conformed to curved sur
faces [7], and can cover holes or gaps of irregularly shaped struc
tures. All of these characteristics make such antennas widely 
popular for many microwave applications. In addition, their reso
nant frequencies and patterns are relatively independent from tem
perature variations, making them excellent candidates for high
temperature sensor applications [8]. Recently, reconfigurable 
coplanar folded-slot antenna designs were reported [9, 10]. In [9], 
a coplanar folded-slot antenna with ferroelectric materials was 
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tuned, while in (10] a coplanar folded-slot antenna with PIN diodes 
was reconfigured and this altered its resonant frequency. 

For efficient matching, in [II] a method of increasing the slot 
width (Wa) away from the feed was described. Also, bandwidths 
as broad as 44% and 80% have been achieved by modifying the 
shape of the slot (12]. Dual-band coplanar folded-slot antennas 
were realized in [13] by using double slots, and in [14] by using a 
T-matching network. However, no unified approach for the design 
of both broadband and dual-band coplanar folded-slot antennas 
exists in the literature. In addition, most design procedures involve 
a parametric study of the shape of the slot, and provide little 
insight into the understanding of the antenna's functionality and 
design. 

Here, we present a unified approach, based on analytical 
equations for the design of broadband and dual-band coplanar 
folded-slot antennas. Both broadband and dual-band designs are 
achieved using a single off-center feed (relative to the center of the 
folded slot), and by adjusting the length of the stub element that is 
inside the antenna's aperture. With this method, a second reso
nance is added to the antenna's response, without the need for fur
ther modification or reconfiguration of the circumference of the 
folded slot. This asymmetric feeding has been used in the past to 
match stacked-patch antennas fed through a resonant slot [15], and 
to achieve broad bandwidth and dual-bandwidth with traditional 
(not folded) slot antennas [16]. 

First, the off-center-fed coplanar folded-slot antenna is stud
ied, through an equivalent transmission-line model that is intro
duced. The model helps in deriving the condition for achieving the 
second resonant frequency, and provides physical insight into the 
antenna's operation at each mode. The effect of the off-center feed 
on the return loss is determined through a parametric study, and the 
conditions for good matching are extracted. Broadband and dual
band prototypes are designed using the proposed method to vali
date our study. Measurements show good agreement with calcula
tions and simulations. The design steps for broadband and dual
band off-center-fed coplanar folded-slot antennas are summarized 
in the last section. 

2. Off-Center-Fed 
Coplanar Folded-Slot Antennas 

2.1 The Condition for Second Resonance 
of Off-Center-Fed Coplanar Folded-Slot 
Antennas and their Design Procedure 

The center-fed and off-center-fed schematics of a coplanar 
folded-slot antenna are shown in Figures la and lb. A traditional 
center-fed reference coplanar folded-slot antenna with a single 
resonance at 2.4 GHz was first designed and matched according to 
[ I, II], by making the outer circumference of the slot equal to one 
wavelength, Ag• The substrate used was a 32 mil (0.8128 mm) 
R04003C laminate, with a relative permittivity of 3.55, and I oz 
copper [17]. 

This asymmetrically fed antenna can be considered to consist 
of two open-circuited transmission-line sections of different 
lengths (due to the off-center feed). Its transmission-line equivalent 
circuit model was then extracted based on [18], and this is shown 
in Figure I c. This model ignores the capacitance at the discontinu
ity between the ends of the open stub and the ground plane. How-
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Figure 1. Schematics of the coplanar folded-slot antenna: (a) 
traditional, center-fed; (b) off-center fed; and (c) the transmis
sion-line model for the off-center coplanar folded-slot antenna. 
The size of the slot, the size of the ground plane, and the 
antenna dimensions are the same in both schematics (a) and 
(b). 

ever, this capacitance is small (in the femtofarad (fF) range, [19]) 
and does not affect the model's accuracy. 

To specify the second resonant frequency of the asymmetric 
coplanar folded-slot antenna, we applied the transverse-resonance 
technique [20J to the transmission-line model of the antenna, along 
the length of its x axis. This technique has been applied in the past 
in other planar and conformal antennas, for example, as in [21], 
where it was applied in the design of reconfigurable slot antennas 
with excellent accuracy. Here, it was applied to the structure in 
Figure I b at the terminals of the slot, at the junction where the 
50 n coplanar-waveguide feed line splits into the two open-cir
cuited stubs, which each present a purely imaginary impedance 
(reactance). The right and left input impedances are functions of x 
(the offset variable) and of w. The transverse-resonant technique 
[20] states that 

(I) 

where ZL and ZR are the input impedances to the left and right of 
the terminals of the slot (reference point), respectively. In Fig
ure I b, Ls is the total stub length, S is the offset of the feed from 
the center, and d is as shown. 

Note that because at the first resonance most of the current 
flows around the slot, and the slot resonates at that frequency, the 
first resonant frequency is anticipated to depend more on the outer 
circumference of the slot (and not on the mean circumference, as 
mentioned in [I]). The first resonant frequency is thus not affected 
by the length, Lso of the stub. 
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However, for the second resonance, we can use transmission
line theory for the open-circuited transmission-line sections, and 
express Equation (I) as 

jZo cot [p(m)d] + jZo cot [p(m)(Ls -d)]=O, (2) 

or 

tan[P( m )Ls - P( m )d] = -tan [p( m )d], (3) 

where Zo and p (m) are the characteristic impedance and the 

propagation constant of the line. Note that the value of Zo does 

not affect the resonance condition, since all Zo terms cancel out in 

Equation (2). The equality in Equation (3) holds only when 

p(m)Ls =mr, n=I,2,3, ... N. (4) 

This can be simplified to lead to 

nAg Ls =-
2
-' n=I,2,3, ... ,N, (5) 

where Ag is the guided wavelength of the coplanar waveguide line 

at the desired second resonant frequency, and n is a natural num
ber. For n = I , the condition in Equation (5) says that in addition to 
the first resonant frequency, fi, an off-center-fed coplanar folded-

slot antenna will also resonate at h when the length, LS' is 

adjusted to be Ag /2 at that desired frequency h. Therefore, if 

Equation (5) for the length of the stub is satisfied, the equivalent 
circuit will resonate. When h is close to fi, the broadband mode 

is achieved. When h is far from fi, the dual-band mode is 

achieved. Since fi depends on the outer circumference of the slot, 

fi does not change by off-centering the feed or by changing Ls. 
To verify the above derivation, four prototypes were 

designed based on the 2.4 GHz reference antenna, by shifting its 
feed line by S, as shown in Figure lb. Shifting the feed maintains 
the good matching at fi. According to Equation (5), Ls was made 

a half-wavelength at 3, 4, 4.5, and 5.25 GHz to achieve the second 

resonance at these frequencies. The feed line could also be made a 
half-wavelength long at h, and it would maintain its characteris

tic impedance of 50 n at both frequencies. All dimensions for each 
antenna are listed in Table I. 

The simulated return loss for all designs is shown in Figure 2. 
Good agreement was observed between the second resonant fre
quencies calculated from Equation (5) and the frequencies obtained 
using full-wave simulations [22]. Figure 2 also showed that fi is 

practically independent of LS' which validated the use of the outer 

circumference for the calculation of the first resonance of the 
coplanar folded-slot antenna. Only in the broadband design was fi 
shifted slightly, from 2.4 to 2.5 GHz (a 4% shift), which appeared 
to be due to the over-coupling of the 2.4 and 3 GHz resonances, 
which are relatively close to each other. Table 2 shows that Equa
tion (5) yielded less than 2% deviation between the calculated and 
simulated second resonant frequencies. 
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Figure 2. The simulated return-loss response of different 
broadband (3 GHz) and dual-band (4, 4.5, and 5.25 GHz) 
coplanar folded-slot antennas. 

Table 1. The dimensions of the broadband and dual-band coplanar folded-slot 
antennas (in mm) (the first resonance for aU designs was at 2.4 GHz). 

Dimension h =3GHz 
Lg 55 
Wg 44.3 
Lp 44.5 
Wp 2.06 
Ls 35.6 
Ws 0.35 
Wa 1.5 
Wf 3.1 
J! 0.21 
Lf 35.6 
S 2.14 
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h =4GHz 

55 
37.8 
44.5 
2.36 
27.1 
0.35 
1.8 
3.1 
0.21 
27.1 
1.62 

12 =4.5 GHz 

55 
35.2 
44.5 
2.36 
24.1 
0.35 
1.8 
3.1 

0.21 
24.1 
1.45 

h =5.25 GHz 

55 
30 

44.5 
2.5 

20.4 
0.35 
1.8 
3.1 
0.21 
20.4 
1.63 
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Table 2. The calculated and simulated second resonant 
frequencies for the off-center-fed coplanar folded-slot antennas. 

Calculated from 
Equation (S) 

IGHzI 
3 
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5.25 
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IGHzI 
3.05 
4.01 
4.49 
5.26 

IDeviationl 
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Figure 3. The simulated return-loss response of the off-center
fed broadband 2.4 GHz to 3 GHz coplanar folded-slot antenna 
for different S/ Ls ratios of the feed offset to the stub length. 
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Figure 4. The simulated bandwidth of the broadband coplanar 
folded-slot antenna as a function of the ratio S/ Ls for the 

2.4 GHz and the 3 GHz antennas. The left-hand side band
width was the sum of the two individual bands. The first and 
second bands combined at S/ Ls - 0.07 to the broadband 

coplanar folded-slot antenna. 

2.2 Matching and Bandwidth 
Considerations 

The previous derivation showed the condition for achieving 
the desired second resonant frequency for off-center-fed coplanar 
folded-slot antennas. However, it did not provide any information 
about the matching. The radiation mechanism is different at the 
first and second resonant frequencies. 

At the first resonance, the antenna forms a resonant aperture, 

while at h the stub resonates in a way similar to a 1/2 dipole, as 
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will be shown in Section 3. Therefore, its input impedance at the 
second resonance depends upon the current distribution on the 
stub, and so it is a function of the feeding position. For this reason, 
it is practical to investigate the effect of the feed offset, S, on the 
return loss and bandwidth of the broadband and dual-band copla
nar folded-slot antennas. The offset was studied in the form of the 

ratio S/ Ls . 

Figure 3 shows the return loss of the 2.4 GHz to 3 GHz 
broadband coplanar folded-slot antenna for different S/ Ls ratios. 

At S / Ls = 0 ,  we have the traditional single-resonant coplanar 

folded-slot antenna. As S / Ls increases, the second resonance is 

formed. The Sf Ls ratio affects the matching of the second reso

nance, which couples with the first resonance which is nearby, and 
results in some over-coupling and a small shift of the first resonant 

frequency, from 2.4 to 2.5 GHz. At Sf Ls = 0.07 - which means 

that S is equal to 0.07 of a half-wavelength (lg /2 )  at h - the two 

resonances merge, and the broadband operation begins. The band
width obtained is then almost -30%. This broadband mode persists 

up until S/Ls =0.16, and vanishes beyond this ratio. The band-

width as a function of S/ Ls is shown in Figure 4. For 

Sf Ls � 0.06, the bandwidth shown is the sum of the two individ

ual-band bandwidths for lSI d < -\Od8 at Zin = son, since the 

antenna has a single-band performance, or its second resonance is 
not yet well matched. 

Similar parametric studies were made for the dual-band 
coplanar folded-slot antennas at 4, 4.5, and 5.25 GHz. For these 
antennas, the second resonance occurred far from the first 
(2.4 GHz), so their performance was always dual-band (i.e., no 
broadband mode appeared). Results for a practical dual-band 
coplanar folded-slot antenna at 2.4 GHz and 5.25 GHz for WLAN 
applications are in Figure 5. However, all three designs provided 

similar responses. Notice how the Sf Ls ratio affects only the 

matching and bandwidth of the second resonance, and not of the 
first. 

This tuning of the second resonance with S/ Ls allows the 

matching of the stub of dual-band coplanar folded-slot antennas at 
impedances other than 50 n (e.g. 25 n, 75 n, 100 n, etc.), by off

setting the feed line at different S/ Ls ratios. This can be seen in 

the Smith charts of Figure 6, which show the matching at each fre-

Figure S. The simulated return loss of the dual-band coplanar 

folded-slot antenna with fi = 2.4 GHz and h = 5.25 GHz for 

various S/ Ls ratios. The first resonance remained unchanged 

while good matching was obtained at the second resonance. 
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Figure 6. The impedance matching of the 2.4 GHz and 
5.25 GHz dual-band antenna for various feed offsets. The input 
impedance of the 2.4 GHz resonance remained constant for all 
S/ Ls ratios, while at 5.25 GHz, it increased rapidly with S/ Ls • 
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Figure 7. The simulated bandwidth of the second band of the 
dual-band designs as a function of the ratio S/ Ls • The maxi

mum bandwidth is typically obtained for values around 
S/Ls-0.07. 
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quency (2.4 GHz and 5_25 GHz) as the feed was shifted for the 
dual-band design_ Note that if an impedance other than 50 n is 
needed by a specific application, the antenna engineer may also 
need to match the first resonance of the antenna to that impedance' 
value, as well. 

The relationship of the bandwidth of the second resonance to 
the S/Ls ratio for the 4, 4.5, and 5_25 GHz antennas is summa

rized in Figure 7. It was shown that most (if not all) dual-band 
coplanar folded-slot antennas have good return losses and band
widths at the second band when 0.04 $; S/ Ls $; 0.09 , with the 

maximum values observed at -0.07. 

3. Broadband Prototype, Design, and 
Results 

For a proof-of-concept, the presented methodology was first 
applied to design a broadband coplanar folded-slot antenna with a 
bandwidth of 2.4 GHz to 3 GHz. The single-band 2.4 GHz copla
nar folded-slot antenna design was modified by first making the 
slot's outer circumference, P, close to one wavelength at fi . More 

precisely, in our case, for an cr _eff = I. 76 , the perimeter should be 

P = 2 ( Wp + Wa ) = Ag = 94 mm. This design step was important, as 

it differed from what was mentioned in [I] for single-band copla
nar folded-slot antennas, where it was stated that the mean slot 
perimeter should be Ag. The length of the stub located inside the 

slot was then made equal to a half-wavelength at h as given from 

Equation (5). The length of the 50 n coplanar waveguide feeding 
line was also made the same length. Next, an appropriate feed off
set, S, was selected with respect to the length of the stub from Fig
ure 4. If needed, Wa could have been adjusted to better match the 

antenna at fi [11]. All design dimensions are listed in the second 

column of Table 2. 

A ratio of S/ L .• = 0.07 was chosen, and the antenna was 

fabricated and measured. Its measured return loss (Figure 8) 
showed the two resonances as being at 2.55 GHz and 3.1 GHz, 
indicating a reasonable -2% frequency shift from the simulations, 
and a 6% deviation from the 2.4 GHz, due to the aforementioned 

0 

-10 
� 
� 

-20 ...... ...... 
00 

.--30 # • • 

-40 
2.0 2.5 3.0 3.5 4.0 

Frequency [GHz] 

Figure 8. The simulated and measured return-loss responses of 
the 2.4 GHz to 3 GHz broadband coplanar folded-slot antenna. 
The measured bandwidth was 29.6%. The inset shows a photo 
of the fabricated broadband coplanar folded-slot antenna. 
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Figure 9. The simulated and measured radiation patterns of the broadband coplanar 
folded-slot antenna. Left: H plane, IP = 0°; right: E plane, IP = 90°; (a), (b): 2.5 GHz; (c), 

(d): 3.1 GHz. 

Figure 10. The simulated vector current distribution of the 
broadband coplanar folded-slot antenna at (a) 2.5 GHz and (b) 
3.1 GHz. 

over-coupling. The measured bandwidth was 29.6%, centered at 
2.785 GHz. A photo of the fabricated prototype is also shown in 
Figure 8. 

The radiation patterns of the antenna were measured in the 
custom-built anechoic chamber at SDSM&T, and were compared 
to the simulations, in Figure 9. At 2.5 GHz, the H-plane (x-z plane, 
IP = 0°) and E-plane (y-z, IP = 90°) patterns were typical of a 

IEEE Antennas and Propagation Magazine, Vol. 53, No.1, February 2011 

folded-slot antenna, with a near-omnidirectional H plane, and two 
nulls in the E plane. The maximum measured gain was 4.8 dBi at 
2.5 GHz, while at 3.1 GHz the gain was 3.5 dBi, a half dB higher 
than the simulated value, and significantly higher than the gain of a 
wire dipole antenna. 

Note that for coplanar folded-slot antennas, the co-pol pattern 
in the H plane is the Erp pattern, and in the E plane it is the Ee 

pattern, while the cross-pol patterns are Ee and Erp, respectively. 

The cross-pol levels (Ee in the H plane, and Erp in the E plane) 

were relatively high at 3.1 GHz, since these were the major radi
ating fields at the second resonance. The reason for this can be 
understood by studying the average current density around the slot 
and on the stub at 2.5 GHz and 3.1 GHz, which is shown in Fig
ure 10. At 2.5 GHz (Figure lOa), the current had high density 
around the outer circumference of the slot that resonates. Notice 
that the current vectors on the stub flowed in opposite directions in 
each arm. On the other hand, at 3.1 GHz, most of the current was 
concentrated on the stub and on its adjacent part of the coplanar 
waveguide ground, while it all flowed in one direction along the 
stub. This current distribution on the stub resembled that of a ),,/2 
dipole, and was responsible for strengthening the cross-pol com-
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ponent of the radiation patterns at Iz. In other words, while the 

radiation at 2.5 GHz appeared to originate from a magnetic con
ducting surface, the radiation at 3.1 GHz originated from an elec
tric conductor, which gave it a perpendicular polarization. This is 
as described by Booker's extension of Babinet's principle onto 
antennas to account for polarization [23]. 

4. Dual-Band Prototype, Design, and 
Results 

To complete this study, the same methodology of Section 2 
was also applied to the design of a dual-band coplanar folded-slot 
antenna, with h far from fi. The frequencies of 2.4 GHz and 

5.25 GHz were arbitrarily chosen as a proof-of-concept of a con
formal single-plane coplanar folded-slot antenna suitable for 
WLAN applications. Using Figure 7, a ratio of SI Lx = 0.08 was 

selected for sufficient bandwidth at Iz. The design steps were the 

same as in Section 3, and the antenna dimensions are listed in the 
fifth column of Table 1. 

The antenna was fabricated and measured. The return loss, in 
Figure 11, showed good agreement between measurements and 
simulations, with less than 3% deviation. 

A summary of the measured and simulated results in terms of 
the resonant frequencies and fractional bandwidths for both the 
broadband and dual-band antennas is shown in Table 3. 

The radiation patterns are shown in Figure 12. The maximum 
measured gain at 2.4 GHz was 4.4 dBi, and at 5.25 GHz it was 
1.2 dBi. At all frequencies, the measurements were close to the 
simulations. This antenna also had higher cross-pol at Iz, for the 

same reason as the broadband antenna. At Iz, the current flowed 

in one direction on the stub and radiated in the cross polarization. 
This current distribution is similar on most (if not all) off-centered 
broadband and dual-band coplanar folded-slot antennas, since they 
have the same electrical dimensions for the slot (at the first reso
nant frequency) and for the stub (at the second resonant fre
quency). The coplanar folded-slot antenna's radiating mechanisms 
for each band are therefore uncoupled. 

4. Discussion and Conclusions 

A unified approach was presented for achieving both broad
band and dual-band coplanar folded-slot antenna designs by off
setting the antenna's feed line. A derivation for accurately obtain
ing the second resonant frequency was presented. The off-centered 
feed makes the antenna resonate at a second resonant frequency, 
h 

' 
(without significantly affecting the first resonance at fi ) when 

the length of the stub inside the slot is half a guided wavelength, 

Ag /2 ,  at thai second resonant frequency. Broadband performance 

is obtained when Iz is near fi, while the dual-band mode is 

achieved when h is far from fi . The design guidelines covered a 

span of applications in the 2.4 GHz to 5.25 GHz range, with vari
ous bands and bandwidths. 

Two proof-of-concept prototypes (one broadband and one 
dual-band) were designed using the proposed method, and were 
fabricated and measured. The broadband coplanar folded-slot 
antenna had a maximum measured bandwidth of 29.6%, while the 
dual-band antenna was made with a frequency ratio Iz I fi = 2.18 . 

Both antennas exhibited the performance that was predicted by the 
calculations and the simulations with good accuracy. Minimal fre
quency shifts were observed, while the bandwidths and patterns of 
all antennas were as anticipated. 

The proposed design procedure can be used at other frequen
cies, with other Iz I fi frequency ratios. Antenna prototypes at 

4 GHz and 4.5 GHz were also fabricated, and their measurements 
(not shown for brevity) verified the presented calculations and 
simulations. In addition, the same design procedure can be fol
lowed to match asymmetric coplanar folded-slot antennas at other 
impedances by matching the antenna first at the first band, fi. 
However, note that significantly higher Izi fi values (e.g., above 

three) may be affected by the radiation from the third harmonic of 
fi· 

A summary of the design procedure for broadband and dual
band coplanar folded-slot antennas follows: 

-10 

� 
� -20 
...... 

if] 
-30 

-40 +---r---r---.-----,r-----,----.---,----I 
1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 

Frequency [GHz] 

Figure 1 1 .  The simulated and measured return loss of the dual
band coplanar folded-slot antenna. The antenna resonated at 
2.4 GHz and 5.25 GHz, and Izi fi was 2.1S. The measured 

return losses at 5.15 GHz and 5.35 GHz were 10.01 dB and 
1 1.07 dB, respectively. The inset shows a photo of the fabri
cated dual-band coplanar folded-slot antenna. 

Table 3. The resonant frequencies and a bandwidth summary 
for the broadband and dual-band coplanar folded-slot antennas. 

Design 
Measured (Simulatedl 

fi [GHz) Iz [GHz) fi BW (%) I Iz BW (%) 

Broadband 2.55(2.51) 3.09 (3.06) 29.7 (27.8) 
Dual-Band 2.47 (2.4) 5.25 (5.26) 6.2 (5.7) I 4.1 (3.6) 
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Figure 12. The simulated and measured radiation patterns of the dual-band coplanar 
folded-slot antenna. H plane, q> = 0°; right: E plane, II' = 90°; (a), (b): 2.5 GHz; (c), (d): 

5.25 GHz. 

2. Make the length of the stub located inside the slot equal 
to a half-wavelength (Ag /2 )  at h, as given tTom 

Equation (5). 

3. Make the length of the 50 n coplanar waveguide feed
ing line equal to half a wavelength (Ag /2 )  at h . 

4. Select an appropriate feed offs�t, S, with respect to the 
length of the stub tTom Figure 4 for the broadband 
mode, or from Figure 7 for the dual-band mode. 

5. If needed, adjust the dimension Wa to better match the 
Figure 13. The simulated vector current distribution of the antenna. 
WLAN dual-band coplanar folded-slot antenna at (a) 2.4 GHz 
and (b) 5.25 GHz. 

5. Acknowledgments 
I. Design and match a single-band, coplanar folded-slot 

antenna that resonates at the lower tTequency, It, fol

lowing the design methodology and matching technique 
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Modify the outer circumference of the slot to be equal 
to Ag at It . 
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