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Abstract: Limited literature is available on triangular waveguides and triangular waveguide fed slot antennas, as 

compared to their rectangular and circular waveguide counterparts.  In this paper, simulated and measured results have 

been presented for a right angled isosceles triangular waveguide fed slot antenna in S band. The antenna has been 

simulated and then fabricated in aluminium material. Simulated and experimental results show good agreement in 

resonant frequency.  This work can be used in the design of a triangular waveguide fed low cost slot array.  
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I. INTRODUCTION 

      

Although waveguide fed slot antennas have been used and analyzed extensively over the past few decades, not much 

literature is available on triangular waveguide fed slot antennas, mainly because of the complexity in their analysis as 

compared to the rectangular and circular waveguide fed slot antennas. Slot array antennas typically have the advantage 

of high directivity, low power loss, high power handling capacity, low attenuation and immunity against any RF 

interference inside the waveguide. The basic theory of slots has been well explained and the analysis of longitudinal 

slots has been presented in [1-6]. An excellent review of waveguide fed slot antennas is available in [7-8].  

 

Triangular waveguide fed slot antennas have recently been discussed in [9-10]. The design requires mode analysis of 

triangular waveguides to identify the dominant modes. Modes in triangular waveguides have been discussed in [11]. 

For right angled isosceles triangular waveguide, the lowest order cutoff waveguide number has been computed [12]. 

According to this paper, the dominant mode is TE10 and the second cutoff occurs at 1.414 times dominant mode cutoff 

frequency and the third cutoff at 2 times of dominant mode cutoff frequency for isosceles right angle triangular 

waveguide. Also, TE and TM mode equations have been given for different triangular waveguides [12]. Impedance of 

the triangular waveguides is quite close to that of rectangular waveguides. Simulation of isosceles triangular waveguide 

with different vertex angles has been done [11]. When the vertex angle α<60, the e-field distribution is more at the 

vertex and TE01 mode propagates through the waveguide. When α>60, the e-field distribution is more at the base of the 

triangular waveguide and TE10 mode propagates through waveguide. Here, in the present paper, the vertex angle has 

been kept 90 and TE10 mode   has been excited. 

 

Simple and inexpensive technique has been used to form a triangular waveguide fabricated out of sheet metal using 

folding [9-10]. Although some gap is left due to simply bending the sheet, the gap leakage is about -2.5dB for TE01 

mode and for TE10 is below -40dB. So, the designed slot array is low cost and has been shown to give good 

performance [9].  Open ended triangular waveguide antenna has been used as a phased array antenna element for wide 

angle scanning applications and arranged in a compact configuration [14]. 

 

This paper presents the design, fabrication and measurement of isosceles right angled triangular waveguide fed slot 

antenna in S-band. The waveguide in [9] has one of its edges open and in [10] one of the edges has been sealed using 

aluminium tape, as the waveguide has been fabricated from sheet metal using folding. In this paper, the side remaining 

after folding two sides has been welded and the waveguide has been completely closed from the sides. Also, the 

percentage slot offset is more than that in [10] where the corners have also been rounded. The antenna proposed in this 

paper has been simulated and has then been fabricated. The simulated and measured results have been compared in 

Section  and show good agreement.   The Triangular waveguide fed slot antenna is more compact than a square 

waveguide and can be fabricated at a lower cost from sheet metal as compared to a rectangular waveguide [15]. 
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II. DESIGN AND SIMULATION 

 

 
Fig. 1(a) Triangular waveguide fed longitudinal slot 

 

 
Fig. 1(b) Slot parameters (front-view) 

 

The triangular waveguide fed slot has been shown in fig. 1(a). In Fig. 1(a), a is the length of the identical sides of the 

isosceles triangular waveguide. d is the total length of the waveguide. The waveguide has been fed using a wire probe 

at one end and terminated at the other end in a similar manner.   The distance between the two ports is approximately 

two times of g, where g is the guide wavelength in triangular waveguide which is calculated with the help of o and a, 

as, 

2

2
1 












a

o

o
g






 
 

 Both the ends of the triangular waveguide have been shorted. Offset from the vertex to the centre of the slot is x0 as 

shown in Fig. 1(b). Length of the slot is 2l and the width of the slot w has been kept less than one-tenth of the length 

i.e. w<2l/10. Since the fabricated milled slot would be having rounded ends, a rounded end slot was used for 

simulation. Probe length and back-short distance from the probe have been optimized for the desired frequency. The 

probe length and probe thickness are inversely proportional to the resonant frequency. Initially, probe length has been 

optimized, and then back-short wall has been tuned for better bandwidth. Slot length has been increased in steps in 

simulation and has been tuned to the desired resonant frequency. A waveguide of dimensions a=88mm, c=124.5mm 

and thickness t=6mm has been used in simulation. The cutoff frequency for this waveguide calculated from c=2a is 

1.7GHz and the cutoff for the second higher order mode is 2.4GHz. In simulation, the offset x0 was chosen to be 44mm 

i.e. at the centre of the side of dimension 88mm. The slot length 2l giving best results was then chosen. 

The resonant frequency of the slot has been determined from the relative transmission co-efficient phase following the 

procedure for transmission measurement similar to that given in [15]. Relative transmission coefficient is the ratio of 

the complex transmission coefficient with the slot open to that when the slot is completely covered [15]. As shown in 

Fig.2, measured and simulated curves for the relative transmission coefficient phase   cross the 0 phase at a particular 

frequency, which is the resonant frequency of the slot. The reactance part of relative transmission coefficient becomes 

zero and the slot becomes purely resistive at 0 phase crossover which is the resonant frequency. For a required 

resonant frequency of 2.18GHz, the resonant slot length was found to be 71mm for a slot width of w=7mm. The 

simulated magnitude of S21 was found to be -5.35dB at a resonant frequency of 2.18GHz as shown in Fig.3. 

 

III. RESULTS AND DISCUSSION 

 

The triangular waveguide fed slot antenna has been fabricated as per the simulated results. Aluminium 90 angle has 

been used for the fabrication of waveguide which has been chamfered by 45 at both the edges and milled for 

smoothness.  Then, a metal plate has been welded to close the angle and form a right angled triangular waveguide. 

Waveguide has thickness of 6mm as shown in Fig. 1(a). A plunger has been used to adjust the distance between port 

and the back-short wall so that the VSWR is minimum over the band of operation from 2-2.4GHz. The slot has been 

milled in one of the perpendicular sides of the waveguide and has been located at the centre of that side as shown in fig. 

1(b). Practically, the slot has rounded ends due to milling. The experimental results have been taken.  The S-parameters 

have been measured by VNA.  Fig 2. shows the 0° phase crossover at resonant frequencies for simulated and measured 

results. Phase of S21 of the waveguide without slot is stored and phase of S21 of the waveguide having slot is divided by 

the stored value of S21 to get the relative transmission coefficient.  Resonant frequency for simulated slot was 2.18GHz 

and for measured slot was found to be 2.167GHz with less than 1% mismatch between the two as shown in Fig.2. 
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Fig.2. Relative Phase Plot (S21 with slot/S21 without slot) 

 

 
Fig.3. Magnitude of S21 

 

Figure 4 shows the measured and simulated magnitude of transmission coefficient S21. Simulated slot gives magnitude 

S21 as -5.35dB and measured one gives -3.7dB. The difference in S21 could be due to the finite reflection of the probes 

which could not be calibrated out because of the non-standard shape of the waveguide, gap between shorting plunger 

and waveguide, fabrication tolerances due to deformation during welding as the waveguide has been fabricated from an 

L-bend to which a plate has been welded, waveguide losses and surface roughness. 

 

IV. CONCLUSION 

 

A triangular waveguide fed slot antenna has been designed and fabricated. The waveguide is completely closed on all 

the three sides and has all straight sides. Simulated and measured resonant frequencies are in good agreement.  This 

antenna is more compact than the corresponding square waveguide and can be fabricated at a lower cost from sheet 

metal.  
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