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Abstract ⎯ Printed bow-tie and bow-tie slot antennas are 

planar-type variations of the biconical antenna that has 
wideband characteristics. In this paper, we present the effects of 
adding a tapered metal stub to a bow-tie slot antenna design to 
enhance the antenna bandwidth for X-band operation. Our study  
yields a design with 88% bandwidth relative to 10 GHz. The 
simulation and analysis are performed using the commercial 
computer software package, Momentum of Agilent Technologies, 
Advanced Design System (ADS). Verification of the ADS results 
is performed by using our developed finite difference time 
domain (FDTD) code and with measurements of the return loss 
from 7 to 15 GHz. 

 

I. INTRODUCTION 

In applications where size, weight, cost, performance, 
ease of installation, and aerodynamic profile are constrains, 
low profile antennas like microstrip and printed slot antennas 
are required. Because microstrip antennas inherently have 
narrow bandwidths (BW) and, in general, are half-wavelength 
structures operating at the fundamental resonant mode [1], 
researchers have made efforts to overcome the problem of 
narrow BW, and various configurations have been presented 
to extend the BW [2-6] by introducing slots in the microstrip 
patch. On the other hand, printed slot antennas fed by coplanar 
waveguide (CPW) have several advantages over microstrip 
patch antennas. Slot antennas exhibit wider BW, lower 
dispersion and lower radiation loss than microstrip antennas, 
and CPW also provides an easy means of parallel and series 
connection with active and passive elements that are required 
for matching and gain improvement, and with ease of 
integration with monolithic microwave integrated circuits 
(MMIC) [7]. 

Bow-tie and bow-tie slot antennas are planar-type 
variations of the biconical antenna that has wideband 
characteristics. A number of bow-tie slot designs are 
introduced in [8-13], which demonstrate wide BW that range 
from 17% to 40%. In this paper, a version of the bow-tie slot 
antenna introduced in [12] for 3 to 5 GHz applications with 
maximum BW equals to 40% is used as a basis for our a new 
design for X-band operation. We introduced the tapering to 
the metal stubs at the center of the bow-tie slot antenna to 
provide better control of the impedance BW. Measurement 
results are conducted to verify this new design. The related 
simulation and analysis for these antennas are performed using 
the commercial computer software package, Momentum of 

Agilent Technologies, Advanced Design System (ADS), 
which is based on the method of moment (MoM) technique 
for layered structures. The ADS simulator, Momentum, is 
used to solve mixed potential integral equations (MPIE) using 
full wave Green’s functions [14]. Verification of the ADS 
results is further performed by using our developed finite 
difference time domain (FDTD) code. 

 

II. ANTENNA ANALYSIS 

The parameters of the proposed geometry are shown in 
Fig. 1, where W1 and L1 represent the outer width and height 
of the bow-tie slot, respectively, W2 is the width of the stub, 
L2 and L3 are the outer and inner heights of the metal stub and 
L4 is the inner slot height. In this study, a CPW feedline with 
a 2.9 mm line width and a 0.15 mm slot width on a substrate 
of 30 mil thickness and a 3.2 dielectric constant is used in 
order to obtain a 50 Ω characteristic impedance. 

The initial design of the proposed geometry has W1, W2, 
L1, L2, L3, L4 = 17, 14.1, 11.62, 0.875, 1.875, 2.68 mm. In 
Figs. 2 and 3, the input impedance and the return loss of this 
design are compared with those of an antenna of the same 
dimensions but after removing the stub in order to show the 
effect of adding the metal stub. It is obvious that adding the 
stub increases the input resistance, which results in better 
matching. Moreover, it shifts the main resonance to a lower 
frequency because it increases the total length of the slot, 
where the magnetic current flows. On the other hand, it creates 
a new resonance at a higher frequency. Many parameters 
contribute to these two resonances however, the main 
contribution seems to be mainly affected by the choice of W1 
and W2. When W2 is not much smaller than W1, the two 
resonant frequencies, fL and fH, become close to each other, 
which gives this design the potentiality of wideband operation. 
If the return loss levels at the frequencies in-between fL and fH 
are less than –10dB, the antenna will have a wide BW, which 
can be achieved by a proper selection of the antenna 
parameters. Thus, the knowledge about the effect of each 
parameter on the return loss is of great value to get the 
required design. 

The first parameter under study is W1. The effect of 
changing this parameter is shown, based on the simulation 
results, in Fig. 4. As shown in Fig. 4, it is clear that decreasing 
W1 from 23 to 16 mm decreases fL and increases fH, which 
results in increasing the difference between the two resonance 



frequencies and increasing the BW when the return loss level 
in between is less than –10dB. When W1 = 18.85 mm the BW 
= 64%, while it is 47% at W1 = 21 mm and 33% at W1 = 23 
mm. It is also noticed that increasing W1 from 16 to 21 mm 
improves the return loss level in the range between fL and fH. 
Table I shows the W1/λ0 ratio at fL and fH, where λL = c/ƒL, λH 
= c/ƒH and c is the speed of light. From the table it can be 
concluded that a good choice for W1=18.85 which is related to 
the two resonance frequencies as W1 ≈ 0.77 λH and W1 ≈ 0.53 
λL. 
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Fig. 1. The geometry of the proposed antenna. 
 
 

 
 

Fig. 2. The effect of adding the metal stub on the input resistance and 
reactance. 

 
 
 

Fig. 3. The effect of adding the metal stub on the return loss. 
 
 

 
 

Fig. 4. The effect of changing W1. 
 
 

Table I.  Effect of W1 (mm) on fL and fH. 
 

W1 16 17 18.85 21 23 
W1/λL 0.41 0.45 0.53 0.64 0.77 
W1/λH 0.76 0.77 0.77 0.77 0.77 

 
 

Next, the effect of changing L1 is studied corresponding 
to W1 = 18.85 mm, where a good BW was obtained. Figure 5 
shows the effect of changing L1, where its length controls the 
return loss level at the two resonances. As L1 increases from 8 
to 11.62 mm, both the BW and the return loss level at fH 
improves, however further increments result in reductions in 
the BW. Table II shows the L1/λ0 ratio at fL and fH. From the 
table one observes that L1 ≈ 0.33 λL, while the best return loss 
level at fH occurs when L1 = 0.48 λH. 

 



 
Fig. 5. The effect of changing L1. 

 
 

Table II.  Effect of L1 (mm) on fL and fH. 
 

L1 8 10 11.62 13 
L1/λL 0.33 0.33 0.33 ⎯ 
L1/λH 0.33 0.42 0.48 0.53 

 
Figure 6 shows the effect of changing L2 from 0 to a 

height larger than that of L3 when L1 = 11.62 mm. It is found 
that for this configuration, the parameter L2 does not affect the 
higher resonance level significantly, but it affects the return 
loss level of the lower resonance, where the antenna has the 
best return loss level at L2 = 0.475mm. Moreover, by 
increasing L2 the BW increases because fL is shifted to a 
lower frequency. As shown in Fig. 6, the BW increases from 
57% at L2 = 0 to 68% at L2 = 3 mm. By studying this 
parameter with respect to λL, it is concluded that L2 should be 
≤ 0.06λL. 

The effect of changing L3 is shown in Fig. 7 with L2 = 
0.875 mm. Increasing L3 clearly increases the BW because it 
shifts the higher resonance to a higher frequency. As L3 
increases from 0.5 mm to 2.2 mm, the BW increases from 
48% to 70%. It also controls the return loss level at fL, where 
its best level is at L3 = 2.2 mm. Further study for this 
parameter with respect to λH shows that L3 should be ≥ 0.08λH 
and the largest value of L3 would be limited by the value of 
L4. 

Figure 8 shows the effect of changing L4 while L3 = 
1.875 mm. Because increasing L4 decreases the flair angle of 
the bow, it decreases the BW. As L4 varies from 2 to 3 mm 
the BW decreases from 69% to 60%. Increasing L4 also shifts 
both resonances to lower frequencies, but this change has 
more effect on the higher resonance as shown in Fig. 8. By 
studying this parameter with respect to λH, it is concluded that 
L4 ≤ 0.12λH. 

 
 

Fig. 6. The effect of changing L2. 
 

 
 

Fig. 7. The effect of changing L3. 
 

 
 

Fig. 8. The effect of changing L4. 



Figure 9 shows the effect of changing W2 from 12.1 to 
16.1mm while L4 = 2.68 mm. As the width of the stub W2 
increases, the lower resonance frequency shifts to a lower 
frequency while the higher one is kept almost at the same 
position resulting in a wider BW to a certain limit. As W2 
increases from 13.1 to 15.1 mm the BW increases from 60% 
to 67%. Table III summarizes the W2/λ0 ratio at fL and fH at 
each value of W2. From the table and the results in Fig. 9, it 
can be concluded that W2 ≈ 0.4 λL, where it has an upper limit 
equals to 0.62 λH. 

The conclusion of this parametric study is given in Tables 
IV and V. Table IV shows our assessment of the proper initial 
values of each parameter with respect to λL and λH. Using this 
table, an initial guess of the value of each parameter can be 
assigned when fL and fH are defined. Table V shows the effect 
of increasing each parameter on fL, fH,  and the BW when the 
parameter values are around the values selected based on 
Table IV. Using the data in Table V, one can modify the initial 
design for BW and return loss level enhancement. 

To confirm the results produced by ADS Momentum, an 
internally developed FDTD code was used to simulate a bow-
tie slot antenna with W1, W2, L1, L2, L3, L4 = 19, 14.2, 
11.36, 1.76, 1.76 and 2.72 mm, respectively, with a CPW feed 
line of 3 mm line width and a 0.16 mm slot width on a 
substrate of εr = 3.2 and height = 30 mils. The symmetry of 
the geometry is utilized to perform the numerical simulation 
on half of the domain. The convolutional perfect matched 
layer (CPML) [15] is used to truncate the geometry in all 
directions except in the negative x-direction, where the 
symmetry plane is defined. Figure 10 shows a comparison 
between the results of ADS Momentum and FDTD 
simulations, where a good agreement is observed, which 
validates the results of ADS Momentum and the developed 
procedure for this parametric study. 

 
 

 
 

Fig. 9. The effect of changing W2. 
 
 
 

 
 

Table III.  Effect of W2 (mm) on fL and fH. 
 

W2 13.1 14.1 15.1 16.1 
W2/λL 0.40 0.40 0.40 0.40 
W2/λH 0.54 0.58 0.62 0.67 

 
 

Table IV.  The design parameters of a bow-tie antenna with a tapered stub 
with respect to λL and λH  which are λ0 at fL and fH, respectively. 

 
W1 L1 L2 

0.77λH 0.33λL 0.03λL
L3 L4 W2 

0.09λH 0.10λH 0.40λL
 
 

Table V.  The effects of increasing each parameter on fL, fH and BW, where “I” 
and “D” mean an increase and decrease in the parameter value, respectively. 

 
 W1 L1 L2 L3 L4 W2 

fL I D D ⎯ ⎯ D 
fH D ⎯ ⎯ ⎯ D ⎯ 

BW D I I I D I 
 

 

 
 

Fig. 10. FDTD verification of ADS results. 
 

III. MEASUREMENTS AND RADIATION PROPERTIES 

The antenna of dimensions W1, W2, L1, L2, L3, L4 = 
18.85, 14.1, 11.62, 0.875, 2.2, 2.68 mm, with 70% simulation 
BW, has been fabricated and the return loss is measured using 
the HP 8510C vector network analyzer (VNA). The fabricated 
antenna has a finite ground plane truncated at 1.8 cm away 
from the bow-tie slot edge. Figure 15 shows both the 
simulated and measured return loss, where good match is 
obtained. The measurements indicate that the antenna is 
operating from 8 GHz to 16.8 GHz with BW = 88 %, while in 
simulation it is operating from 8 GHz to 15 GHz with BW = 



70%, relative to center frequency of the X-band. The antenna 
directivity and gain for the fabricated antenna are calculated 
using ADS versus frequency throughout the operating 
bandwidth from 8 to 14 GHz. As shown in Fig. 12, they are 
very close to each other within a range of 5.6 to 8 dB and the 
average is about 6.7 dB.   

Figures 13 to 15 show the radiation patterns for the x-z, y-
z, and x-y planes, respectively, for this antenna with infinite 
ground plane. In the x-y and y-z planes, Eφ is zero because of 
the symmetry of antenna. The maximum amplitude of the Eθ 
and Eφ are comparable in the x-z plane, and Eφ is almost zero 
in the x-y and y-z planes.  Since this antenna element is 
intended for an array in x-z plane, the design requirements for 
the radiation pattern will be confined to the x-y and y-z planes, 
which show very low cross-polarization levels.  

 
 

 
 

 
 

Fig. 11. Picture of the fabricated bow-tie with tapered stub antenna and 
measured vs. simulated return loss with finite ground plane. 

 

 
 

Fig. 12. Antenna gain and directivity. 
 

 

Eθ 
Eφ 

 
Fig. 13. Far field pattern in x-z plane at 10 GHz. 

 

 
 

Fig. 14. Eθ pattern in y-z plane at 10 GHz. 
 



 
 

Fig. 15. Eθ pattern in x-y plane at 10 GHz. 
 

IV. CONCLUSION 

A bow-tie slot antenna with symmetrical non-uniform 
width metal stubs has been introduced for wideband 
operations with high efficiency, small size and wide BW 
characteristics. This new design shows great promise in 
controlling the BW while keeping the antenna gain in the 
same order for the entire band of operation. BW improvement 
from 40% to 88% relative to a center frequency of 10 GHz 
with a gain of approximately 6.7 dB is shown to be feasible by 
tuning the antenna parameters. Although our study showed a 
slight reduction of the BW with the use of finite size ground 
plane, the measurement results confirmed the validity of the 
antenna for wideband operation. Further study is currently in 
progress for a one and two dimensional array configurations of 
this type of single antenna element for phased array radar 
system applications. 
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