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Abstract: This paper presents a small triangle slot antenna fed by a coplanar 
waveguide. The antenna consists of a symmetric triangle slot tuned by a metal 
stub and slot hat and exhibits a wide bandwidth of 53% relative to the X-band 
center frequency with average gain of 7.5 dB and cross polarization level of –10 
dB. In addition to being small in size, the coupling between two elements of this 
type antenna is in the order of –15 dB or less, which makes it a good candidate for 
a phased array system.  
 

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. Printed slot antennas fed by coplanar 
waveguide have several advantages over microstrip patch antennas. Slot antennas 
exhibit wider bandwidth, lower dispersion and lower radiation loss than 
microstrip antennas, and when fed by coplanar waveguide they also provide an 
easy means of parallel and series connection with active and passive elements that 
are required for matching, gain improvement, and ease of integration with 
monolithic microwave integrated circuits (MMIC) [1]. 

Bow-tie and coplanar waveguide fed 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 [2-7], which demonstrate wide bandwidth 
that ranges from 17% to 40%. In order to use these antennas in a phased array 
system, the antenna element size must be smaller than half the wavelength at the 
highest operating frequency to avoid grating lobes. Thus, the separation distance 
between elements must be small, and this results in high coupling that causes scan 
blindness and anomalies within the desired bandwidth and scan volume. 

In this paper, a novel antenna design is presented that supports the wideband 
characteristics of the slot bow-tie besides the small size and low coupling 
characteristics. 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 [8]. Verification of the ADS results is further performed 
by using our developed finite difference time domain (FDTD) code supported by 
the CPML absorbing boundary [9] and by measurement of the return loss. 
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II- Antenna Geometry 
The geometry of the triangle slot antenna with tuning stub is shown in Fig. 1. 

The first design is created by rotating half of a bow-tie slot 900 and introducing a 
tapered metal stub and upper rectangular slot to tune the antenna. In the second 
design we introduced a cap (hat) slot to improve the return loss level. The 
parameters of this antenna are shown in Fig. 1, where W1 is the width of the 
triangle, W2 in the upper width of the stub, W3 is the width of the slot hat, L1 is 
the height of the triangle, L2 is height of the rectangular slot, L3 is the height of 
the tuning stub. The antenna is printed on a substrate of height equal 32 mil, and 
relative dielectric constant equals 3.38. The coplanar waveguide is designed for 
50 Ω characteristic impedance, where it has slot and feed line widths equal to 0.15 
and 2.61 mm, respectively. 
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Fig. 1. Geometry of the triangle slot antenna with tuning stub. 
(a) Initial design (b) Triangle with slot cap. 

 
III- Results 

The triangle slot antenna with tuning stub is studied to cover the entire X-
band. As a result, an antenna with W1, W2, W3, L1, L2, L3 and L4 equal 12, 
0.68, 10.5, 8.5, 0.75, 6.2 and 0.75 mm, respectively, is designed and fabricated. 
The return loss of this antenna is calculated using ADS and verified using the 
FDTD technique and measurements using the HP 8510C vector network analyzer. 
A comparison between the measurements and simulations is shown in Fig. 2-a. 
According to the measurements, the antenna operates from 8.25 to 13.55 with 
53% bandwidth relative to 10 GHz. The radiation pattern for this design at 10 
GHz is shown in Fig. 2-b, where the cross polarization level is around −10 dB in 
the H-plane and zero in the E-plane because of the antenna symmetry. The gain of 
this antenna with a finite ground plane truncated at 2 cm from the edge of the 
antenna are calculated using ADS and found to be ranging from 6.5 to 9.5 dB 
across the X-band. 

Two elements of this antenna are simulated with parasitic triangle slot in 
between the elements to decrease the coupling. The geometry and dimensions in 
mm for the two-element array are shown in Fig. 3-a, while Fig. 3-b shows the 
coupling with and without the parasitic triangle slot, and the return loss for two-
element array. It is noticed that the coupling is less than −15 dB except in the 
range between 8 to 9 GHz, with a 2 mm separation distance between the two 



elements which makes this antenna suitable for phased array systems. The edge-
to-edge distance (d) relative to the wavelength in free space from 8 to 13 GHz 
ranges from 0.37 to 0.6, which is considered optimum for achieving narrow 
beamwidth and lowering the grating lobes within this wide range of frequencies. 
Fig. 4 shows that one can steer the beam up to 500 without grating lobes using 8-
element array of this triangle slot antenna. 
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Fig. 2. (a) Measured and simulated return loss and (b) computed radiation pattern 
at 10 GHz, for a triangle slot of W1, W2, W3, L1, L2, L3 and L4 equal 12, 0.68, 

10.5, 8.5, 0.75, 6.2 and 0.75 mm. 
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Fig. 3. (a) Geometry and dimensions in mm for two-elements array, and (b) their 
S21 and S11 in (dB) for a triangle slot of W1, W2, W3, L1, L2, L3 and L4 equal 

12, 0.68, 10.5, 8.5, 0.75, 6.2 and 0.75 mm. 
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Fig. 4. Eφ scanning in the H-plane with 8-element array of triangle slot antenna 
with tuning stub at 10 GHz, (a) 00 (b) 300 and (c) 500. 

 
IV- Conclusion 

A novel design of a triangle slot antenna with tuning stub is proposed and 
designed for wide band operations in the X-band. The presented antenna shows 
wide bandwidth of 53%, zero cross polarization level in the E-plane and −10 dB 
in the H-plane and average gain of 7.5 dB. Low coupling is achieved with only 2 
mm separation distance between elements. These characteristics make this 
antenna suitable to be an element in a phased array system that requires wide 
bandwidth, high gain, small size, narrow beamwidth and large scanning 
capabilities. 
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