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A B S T R A C T  
 

 

In this paper a dual band and high gain H-plane horn antenna implemented by substrate integrated 
waveguide (SIW) using a single layer thin substrate is introduced. The proposed antenna consists of 

five parts of rectangular waveguides with different widths arranged in a staircase manner to allow 

mode combination of fundamental and higher propagating modes of the structure. By adjusting the 
lengths and widths of different parts, suitable combination of amplitude and phase across radiating 

aperture is occurred and half power beamwidth at H-plane pattern is improved. A grounded pin is 

added at the middle of the radiating aperture to improve Side Lobe Level (SLL) and to obtain dual 
band operating condition. Moreover, by adding a metallic reflector plate around the radiating aperture, 

the antenna gain is enhanced. The proposed antenna has been successfully simulated, fabricated and its 

radiation performance  including reflection coefficient, radiation patterns are measured in an anechoic 
chamber. Measured results show that antenna gain is 9.6 dBi and 7.2 dBi at the first and second band 

respectively. 

doi: 10.5829/idosi.ije.2016.29.08b.05 

 

 
1. INTRODUCTION1 
 
The rapid development of wireless communication 

systems urge requirement for high performance antenna. 

Substrate Integrated Waveguide (SIW) technology is a 

very promising candidate for low cost and low loss 

antennas with suitable radiation performance. In 

addition, SIW has been widely attractive due to 

allowing fabrication of non-planar bulky rectangular 

waveguide using the planar printed circuit board (PCB) 

[1-7]. 

SIW based antennas, such as H-plane horns, [8] 

provide the merits of compact and easy integration 

compared to the conventional waveguides. However, 

these sectorial horn antennas offer a wide E-plane 

beamwidth, which is not suitable for point-to-point 

communication systems. In [9], a dielectric lens is 

added at the front of the radiating aperture of an H-plane 

SIW horn antenna using a single substrate and in turn 

antenna gain is improved up to 11.6 dBi. However, lens 
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corrected horns are only suitable for thick substrates,

6h  , otherwise the effect of adding dielectric lens 

provides no advantages [10]. In [11] using a thick 

substrate of h=3.15 mm, dielectric loaded horn in 

conjunction with a patch at front of the radiating 

aperture is presented and low SLL with 10.5 dBi gain is 

obtained.  

In this paper, a new dual band SIW horn antenna 

using a thin substrate of h=0.813 mm is introduced. The 

proposed antenna consists of five successive staircase 

rectangular parts with suitable width for exciting the 

fundamental and higher modes of the structure. By 

proper combination of these modes [10] and by suitable 

phase and amplitude, a nearly uniform electric field 

distribution along the aperture is obtained and in turn, 

the antenna directivity is highly improved. 

 
 
2. ANTENNA DESIGN AND CONFIGURATION 
 
The geometry of the proposed antenna including a 

conventional SIW horn with the same size of the 

radiating aperture is shown in Figure 1. The proposed 
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structure consists of five rectangular parts with different 

widths. The first part is excited at the fundamental mode 

of TE10 by a 50 Ω coaxial probe using a SMA 

connector. For fabrication simplicity, the feed line is 

terminated by a planar capacitor with inner and outer 

radios of R1 and R2 respectively to obtain impedance 

matching. The proposed antenna is made using single 

layer of Rogers 4003 with electrical characteristics of εr 

= 3.55 and h=0.813 mm, which belongs to the category 

of thin substrates with 10h   at 27.6 GHz. W2, W3 and 

W4 are chosen based on Equation (1) [12, 13] to excite 

TE10 mode of rectangular waveguide. 

, 1,2,3,4,...
2

i

r

W i



   

 

(1) 

For the last part, W5 is chosen to excite both TE10 and 

TE30 modes. Also, its length, L5, is adjusted to obtain the 

same phase and appropriate amplitude for these modes 

at the radiating aperture. This led to nearly a uniform 

electric field distribution along the aperture [14] and in 

turn, lower beamwidth for H-plane pattern compared to 

that of the conventional horn is obtained.  

However, using SIW technique, the amplitude of 

TE10 and other modes are not equal on the aperture and 

field distribution is not uniform. Therefore, a grounded 

pin using a via with diameter of 0.5 mm is added at the 

middle of the aperture to reduce SLL. Also, in order to 

increase antenna gain, a reflector plate is added around 

the aperture. The 3-dimensional view of the proposed 

antenna with the grounded pin and reflector is shown in 

Figure 2. The geometrical parameters of the proposed 

structure are summarized in Table I. The simulation 

process is performed by Ansoft HFSS software and a 

prototype of the antenna is made and tested in an 

anechoic chamber. 

 

 

3. RESULTS AND DISCUSSION 
 
3. 1. Simulation Results            The simulated electric 

field distribution inside the proposed horn and its 

aperture including the field distribution of the 

conventional horn is shown in Figure 3. It can be 

observed that field distribution of the proposed antenna 

without pin, as shown in Figure 3(b), is more uniform 

than that of the conventional horn. However, by adding 

the grounded pin at the middle of the aperture leads to 

suppressing negative portion of the field distribution on 

the aperture and as a result SLL at H-plane pattern is 

improved.  

The simulated reflection coefficient for different horn 

antennas including the proposed SIW horn with the 

grounded pin and the reflector is shown in Figure 4. It 

can be seen that for the proposed antenna without pin, a 

weak resonance at 27.9 GHz is obtained. However, by 

adding the pin, the resonant frequency of the 

conventional horn is slightly shifted and another 

resonant frequency at 27.8 GHz is well excited leading 

to dual band operation of the proposed structure. 

 

3. 2. Parametric Study          To study the effect of L5, 

the length of the final rectangular waveguide part of the 

structure, a parametric study is carried out. 
 

 
TABLE 1. Geometrical parameters of the conventional and 
proposed SIW horns. 

Parameter Value Parameter Value 

W2 4.5 L2(proposed horn) 3 

W3 6.5 L3 3 

W4 8.5 L4 4 
W5 

 
10.5 L5     4.7 

t 2.4 W 1 

R 0.8 W1 5 

R1 0.6 L1(conventional horn) 3 

R2 1.1 L2(conventional horn)   14.9 

A 15 θ    22.4° 
L 2.1 a 5 

L1(proposed horn) 3.3   

All units are in mm, except for θ which is in degree. 
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Figure 1. The SIW horn antennas, a) conventional horn, b) 

proposed SIW horn antenna. 
 

 
Figure 2. The 3-dimentional view of the proposed structure 

with the grounded pin and reflector plate. 

 

t 
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The variation of the antenna directivity versus L5 is 

shown in Figure 5. It can be seen that by increasing L5 

up to 4.7 mm, the antenna directivity is increased. 

However, with further increasing of L5, the antenna 

directivity is decreased due to excitation of higher 

modes with inappropriate amplitude. Also, the effect of 

the reflector height on the radiation performance of the 

proposed SIW horn is studied. The results are shown in 

Figure 6, which shows that the minimum SLL for H-

plane pattern with maximum directivity are obtained for 

the reflector height of  t=2.4 mm.  

The simulated radiation patterns at the first band for 

both E- and H-plane of different horns are plotted in 

Figure 7. It can be seen that using the reflector plate 

SLL and backward radiation of E-plane pattern are 

significantly improved. For H-plane pattern, as shown 

in Figure 7(b), the new structure using five rectangular 

waveguides, the null beamwidth is improved compared 

to that of the conventional horn. It can also be 

concluded that using the grounded pin and the reflector 

plate, both SLL and FBR are highly improved. 

 

3. 3. Measured Results          A prototype of the 

proposed horn antenna is made by Rogers 4003 

substrate with electrical characteristics of h=0.813 mm 

and r=3.55. 

 

 

 

 

 

a) conventional horn 

 

 

 

b) proposed horn without pin 

 

 

 

c) proposed horn with pin 
Figure 3. The simulated electrical field distribution inside and 
on the radiating aperture of different horns, a) conventional 
horn, b) proposed horn without pin, c) proposed horn with pin. 

A photo of the fabricated proposed antenna and the 

measurement setup are illustrated in Figure 8. Measured 

results of S11 including simulated ones for the proposed 

horn are illustrated in Figure 9. It can be seen that a dual 

band operation at 27.9 GHz and 28.6 GHz is provided, 

while a good agreement is obtained between measured 

and simulated results.  
 
 

 
Figure 4. The simulated results of S11 for different SIW horns 

versus frequency. 

 

 

 
Figure 5. The simulated result of the proposed horn directivity 

versus L5. 
 
 

 
Figure 6. The simulated results of the antenna directivity and 

SLL versus the reflector height. 
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(a) 

 

(b) 

Figure 7. The simulated radiation patterns of different horns 

a) E-plane at first band, b) H-plane at first band. 

 

 

The measured patterns at two bands are plotted in 

Figure 10 including the simulated ones. It can be seen 

that the measured radiation patterns are in good 

agreement with those obtained by simulation. 
 

 

 

 

 
Figure 8. The Photo of the fabricated antenna and the 

experimental setup for antenna measurement. 

 
Figure 9. The measured and simulated results of S11 of the 

proposed SIW horn with the grounded pin and reflector. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 10. The measured and simulated patterns, a) E-plane at 

first band, b) H-plane at first band, c) E-plane at second band, 

d) H-plane at second band 
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Moreover, for the second band, H-plane pattern is 

nearly flat around 90  . It is believed that due to 

increasing electrical length of L5, the amplitude of 

higher modes at the aperture is higher than the 

amplitude of the fundamental mode at the second band, 

and so a flat pattern is performed. Variation of the 

measured gain versus frequency including the 

simulation result are plotted in Figure 11. It can be seen 

that variations of both are nearly the same with peak 

measured gain of 9.6 dBi at 27.9 GHz. In case of the 

second band at 28.6 GHz, the measured gain is 7.2 dBi. 

Figure 11 shows that at 28.3 GHz, between the two 

operating bands, the antenna gain is dropped to -1.5 dBi 

and after that, the antenna gain is montonically 

increased up to the second band. This is due to 

increasing electrical length of L5, and hence the 

amplitude of higher modes on the radiating aperture is 

higher than the required value, which result in a null at 

90  for H-plane pattern. 

The detailed radiation performance of all SIW horn 

antennas are summarized in Table 2.  

 

It is worthwhile to consider that for a conventional 

horn with reflector plate, the antenna gain is improved 

from 5.3 dBi to 7.9 dBi, while for the proposed horn 

with pin and reflector, the antenna gain is reached to 9.6 

dBi at the first band. 
 

 

 Figure 11. The measured and simulated antenna gain of the 

propsed antenna  versus frequency. 

 
 

TABLE 2. The detailed radiation performance of the conventional and proposed horns. 

 Conventional horn Proposed Horn 

parameter 
without 
reflector 

with 
reflector 

without 
reflector & pin 

with reflector & pin 

simulation measured 

first 
band 

second 
band 

first 
band 

second 
band 

Gain (dBi) 5.3 7.92 7 9.8 7.5 9.6 7.2 

Front to Back Ratio (dB) 7.7 11.6 7.4 15 10 17.5 12 

Impedance bandwidth (MHz) 190 220 180 180 200 180 210 
Efficiency (%) 73 82 65 80 80 -------- -------- 
Antenna size (mm2) 18.317.3 18.318.3 18.817.3 18.318.3 18.318.3 18.318.3 18.318.3 
SLL (dB) -16.3 -23.2 -7.7 -10.5 -24 -9.6 -23 
CPL (dB) -20 -21 -18 -20 -19 -21 -20 

 

 

4. CONCLUSION 
 
In this paper, a new dual band SIW H-plane horn 

antenna structure using five parts of rectangular 

waveguide with different widths placed in a staircase 

manner is introduced. By combining TE10 and higher 

propagating modes of the structure, proper field 

distribution along the radiation aperture of the proposed 

SIW horn is obtained and in turn, HPBW of H-plane 

pattern is highly improved. By adding a grounded pin at 

the centre of the radiating aperture and a metallic 

reflector plate around it, both SLL and the antenna 

directivity is enhanced. A prototype of the proposed 

antenna is made using a single layer of substrate. The 

fabricated antenna is successfully tested in anechoic 

chamber and measured results agree well with those 

obtained by simulations. It is shown that at first band of 

27.9 GHz the antenna gain is 9.6 dBi. The proposed 

antenna also provides at least 7.2 dBi gain at 28.6 GHz 

with a nearly flat H-plane pattern. 
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 هچكيد
 

 
هجتوع شذُ تا زیر لایِ دٍ تاًذُ تا تْرُ تالا کِ از یک زیر لایِ ًازک ساختِ شذُ ارائِ  Hدرایي هقالِ آًتي شیپَری صفحِ 

دًثال ّن قرار  ای تِ صَرت پلِ ّای هتفاٍت است کِ تِ شَد. آًتي پیشٌْادی شاهل پٌج قسوت هَجثر هستطیلی تا عرض هی

ّای هَجثری،  هٌاسة طَل ٍ عرض ّر یک از تخش اًذ ٍ هذّای غالة ٍ هرتثِ تالاتر آى تحریک هی شًَذ. تا اًتخاب گرفتِ

کاّش یاتذ.  Hفاز هذ هرتثِ اٍل ٍهذّای هرتثِ تالاتر رسیذ کِ پٌْای پرتَ ًین تَاى صفحِ  تَاى تِ ترکیة هٌاسثی از داهٌِ ٍهی

اًِ تشعشعی ترای کاّش سطح گلثرگ ّای فرعی ٍ تْثَد هَثر تْرُ تِ ترتیة از یک استَاًِ فلسی کَچک )پیي( در هرکس دّ

شَد. آًتي پیشٌْادی تا استفادُ از ًرم افسار شثیِ سازی شذُ ٍ ترای  ٍ صفحِ هٌعکس کٌٌذُ اطراف دّاًِ تشعشعی استفادُ هی

گیری تا  گیری شاهل ضریة تازتاب، تْرُ ٍ الگَی تشعشع ارائِ شذُ است. ًتایج اًذازُ یک ًوًَِ ساختِ شذُ از آى، ًتایج اًذازُ

ترتیة در  تِ dBi 6/9  ٍdBi 2/7گیری ترای تْرُ هقادیر  سازی تطاتق خَتی تا یکذیگر دارًذ. ًتایج اًذازُ ثیًِتایج حاصل از ش

 تاًذ اٍل ٍ دٍم است.
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