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Abstract: A fresh substrate integrated horn antenna with hard side wall space put together with a couple of soft surfaces is 

released. The horn takes good thing about the air medium for propagation inside while having a thickness of di-electric on 

the walls to realize hard conditions. The uniform amplitude distribution of the aperture as a result of the hard conditions and 

the phase correction combined with the profiled horn wall surfaces provided a narrow light width and -13 decibel side lobe 

levels in the frequency of the hard condition, which is validated by the controlled and measured results. 
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 Introduction 

 

The horn antenna may be considered as an RF transformer or impedance match between the waveguide feeder 

and free space which has an impedance of 377 ohms. By having a tapered or having a flared end to the 

waveguide the horn antenna is formed and this enables the impedance to be matched. Although the waveguide 

will radiate without a horn antenna, this provides a far more efficient match. In addition to the improved match 

provided by the horn antenna, it also helps suppress signals travelling via unwanted modes in the waveguide 

from being radiated. 

However the main advantage of the horn antenna is that it provides a significant level of directivity and gain. 

For greater levels of gain the horn antenna should have a large aperture. Also to achieve the maximum gain for 

a given aperture size, the taper should be long so that the phase of the wave-front is as nearly constant as 

possible across the aperture. However there comes a point where to provide even small increases in gain, the 

increase in length becomes too large to make it sensible. Thus gain levels are a balance between aperture size 

and length. However gain levels for a horn antenna may be up to 20 dB in some instances 

 

 

 
Fig 1. Basic Horn Antenna 

 

The horn antenna is probably the simplest and generally used microwave antenna that provides a transition 

between waves propagating in a transmission line and surf radiating in the free space[1]. However, their large 

geometry sometimes limit their application in the small forms. The invention of substrate integrated wave guide 

(SIW) technology has changed greatly the employment of the planar horn antennas to be integrated into the 

microwave and millimeter-wave brake lines. 
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Fig 2. Standard horn antenna Pyramidal Horn Antenna with operating frequency of 4-8 GHz,7/16 connector, 

20dBi, mostly optimized for far field gain 

Horn antennas are very popular at UHF (300 MHz-3 GHz) and higher frequencies (I've heard of horn antennas 

operating as high as 140 GHz). Horn antennas often have a directional radiation pattern with a high antenna 

gain, which can range up to 25 dB in some cases, with 10-20 dB being typical. Horn antennas have a wide 

impedance bandwidth, implying that the input impedance is slowly varying over a wide frequency range (which 

also implies low values for S11 or VSWR). The bandwidth for practical horn antennas can be on the order of 

20:1 (for instance, operating from 1 GHz-20 GHz), with a 10:1 bandwidth not being uncommon. 

The gain of horn antennas often increases (and the beamwidth decreases) as the frequency of operation is 

increased. This is because the size of the horn aperture is always measured in wavelengths; at higher 

frequencies the horn antenna is "electrically larger"; this is because a higher frequency has a smaller 

wavelength. Since the horn antenna has a fixed physical size (say a square aperture of 20 cm across, for 

instance), the aperture is more wavelengths across at higher frequencies. And, a recurring theme in antenna 

theory is that larger antennas (in terms of wavelengths in size) have higher directivities. 

Horn antennas have very little loss, so the directivity of a horn is roughly equal to its gain.Horn antennas are 

somewhat intuitive and relatively simple to manufacture. In addition, acoustic horn antennas are also used in 

transmitting sound waves (for example, with a megaphone). Horn antennas are also often used to feed a dish 

antenna, or as a "standard gain" antenna in measurements 

 The H-plane sectorial car horn, which is created by flaring the rectangular wave guide in the airplane normal to 

the electric field, can be achieved by SIW technology, which is first of all introduced in [2]. Since then, numerous 

studies have been reported on the substrate integrated H-plane horn antenna. An on-chip H-plane horn was fake 

with a standard GaAs 0. 5-u m MMICs process in [3],with a very compact size working at 91. 2009 GHz for the 

single-chip RF transceiver. The gain on this horn is better by adding tapered straight slots to the écaillage[4], 

which ended in the radiation enhancement of both planes with the THREE DIMENSIONAL structure of the 

antenna.In [5], the dielectric substrate inside of the H-plane horn has been extended to be considered as a zoom 

lens in front of the horn aperture, which acts as a phase corrector that narrows the beam width. However, the 

extended di-electric enlarges the longitudinal size, and the antenna corresponding can be improved only for thick 

substrates (typically thicker than? 0/6). A brand new phase correction of the integrated horn is given in[6]with 3 

group of embedded metal-via arrays dividing the horn into three sub-horns.  

 

But, the amplitude distribution was damaged because of applying precious metal pins in the midsection of the 

aperture. To increase the impedance bandwidth, a number of printed transitions on the extended dielectric of the 

thin substrate integrated car horn [7], [8], air-via perforations with different diameters on the prolonged dielectric 

of the heavy horn[9], tapered side rails inside the horn [10], and parallel changes loaded to the end of the horn 

[11] have recently been reported. 
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II. ANTENNA DESIGN 

 

Proposed Microwave Horn Antenna 

 

To prove the realization of the hard boundary condition in the integrated form, an air-filled H-plane car horn is 

designed. The look process of the H-plane car horn to reach optimum directivity about the horn dimension are 

formulated. The horn span is chosen to be [5] with air inside. With this horn to be incorporated into a base, apart 

of the base must be cut to provide the air-filled horn. On the other hand, due to fabrication limits of the SIW 

buildings, the metallic vias are unable to be located exactly surrounding the edge of the essence cut regions to 

form the hornwalls. It is shown in that the air-filled horn antenna with the longitudinal corrugations loaded by 

the dielectric materials with a relative permittivity can attain hard boundary conditions.  

 

In the substrate integrated car horn, the same condition can be realized by slicing the dielectric substrate inside 

the horn while keeping a thickness of the key substrate on the horizontal walls. Consequently, positioning the 

plated via soft the SIW surrounding the air- packed medium of the car horn would be practically possible. Yet, 

the cutting partmust be carefully considered to maintain the regular thickness of the di-electric (dh) on the 

horizontal walls of the car horn. 

 

 
 

Fig 3. Pyramidal horn antenna designed loaded by metamaterial 

 

After the cutting process of the air-filled car horn substrate, which obviously gets rid of the copper cladding of 

the removed part, to cover the removed area of the substrate to establish the horn medium, twoother grounded 

substrates are needed to sandwich the key substrate from the most notable and bottom sides. Actually the 

fabricated horn needs to have 3 layers practically. The angles of the proposed car horn configuration is given in 

Fig. 1. The essence material of Rogers RO6010 with a thickness of1. 27 mm and the dielectric regular of 10. 2 

can be used as the key (middle) substrate.  

 

 
 

Fig 4. Design of   X band Pyramidal Horn antenna 

 

 

Matching to (4), using the high dielectric regular base requires in dielectric thickness(dh)on the horn wall to 

make an increment in the transverse wall reactance for the hard conditions that finally add saminimum width to 

theécaillage. 
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It is known from the early literature that horn antennas with the uniform phase distribution of the aperture can 

be reached by the profiled shaping of the car horn walls. With this hard car horn, the profiled condition is also 

applied to the E-walls of the horn to provide practically uniform period distribution. In other words, the horn 

length is kept the same as the simple horn designed by(1), but only the lateral walls are profiled to fix the 

aperture stage.  

 

This profiled flaring is achieved by the plating slots beginning with the car horn throat region. The car horn 

feeding wave guide is kept as the regular SIW, which is interesting the air-filled horn by a tapered dielectric-to-

air move. The design of this transition has a substantial effect on the antenna matching.  

 

The conventional base integrated horn antenna usually has a poor go back loss response due to dielectric-air 

discontinuity in the écaillage creating a high ranking wave inside the car horn. So, some kind of transition is 

needed to be added to the antenna béance to alleviate this shift. Since the proposed built-in horn antenna takes 

good thing about the air-filled medium inside, there is not any dielectric- air shift at the antenna écaillage.  

 

Actually the dielectric- air discontinuity for this involved horn is moved from the aperture to the throat region of 

the horn. Accordingly, designing the right transition from the dielectric-filled feeding waveguide to the air 

medium inside of the horn can increase the antenna matching band width. For the proposed antenna, tuning the 

parameters of the semi-triangle transition from the horn feeding waveguide, including Lt2, Wt1, and Wt2, 

smooths the dielectric- air discontinuity to the horn interior.  

 

The waveguide is excited by a conductor-backed co-planar waveguide(CBCPW)through a flared transition to 

SIW, shown in Fig 1(c). The 50-Ohm CBCPW is confined with lateral via s to stop resonances from the 

dielectric-loaded waveguide function. The reason why the CBCPW is chosen to feed the horn waveguide is the 

fact with the linked ground aircraft, the CBCPW is much less prone to expand and shows a higher isolation than 

microstrip series, especially for the high dielectric regular substrate, with a higher concentration of the fields 

inside the essence. 

 

As mentioned, the doing H-walls of the H-plane horn are more likely to support the béance radiated waves 

contributing to the spine radiations; in other words, the solid H-wall conductors of this car horn are 'hard' for the 

aperture radiated wave polarization. Therefore, by taking good thing about the three-layer structure of the 

antenna, a few of strip-via arrays are located on the low and upper substrates, that happen to be designed to 

function as very soft surfaces at the antenna frequency band. 

 

The base of RT/Duroid 6002 with 0. 508 mm width can be used as surrounding levels, that contain 10 rows of 

planar strips with on the inside located vias. The structure details of the soft surface are described in the 

subsequent section. The ground airplanes of such soft surfaces, shown in Fig. 1(b), are distributed to the H- 

walls of the car horn that cover the air-filled area.  

 

In addition, the plated slots are applied through the three tiers in the fabrication process after stacking them. 

Consequently, the strip-via array is confined from the horizontal edges, as shown in Fig. 1(b), to prevent their 

reference to the plated slots acting as the horn walls.  

 

Looking at the fabrication process limitations, a minimum width of the pad (Wpad) is needed surrounding the 

plated slot machines to guarantee the superiority of plating. Even though the antenna is consisting of three 

substrate tiers, the radiating aperture width (E-plane dimension of the aperture) is the fullness of the key 

substrate. 
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Fig. 5. Geometry of the proposed air-filled H-plane hard horn antenna (a) middle substrate (b) top and bottom substrates (c) 

CBCPW to SIW transition (d) table of dimensions (unit: mm) (e) 3D view of the stacked layers. 

 

III.SIMULATION RESULTS OF PROPOSED ANTENNA 

 

The design of this antenna is completed with CST Microwave Studio software. The fabricated prototype with an 

quit release connector is proven in Fig. four. since the antenna is excited by way of a CBCPW line, the layout 

parameters of the CBCPW to SIW transition, proven in Fig 1c, are adjusted to acquire the high-quality overall 

performance  of the  transition at  the    antenna frequency band.  

 

 
 

Fig. 6 .comparision between RCS and VN wameasurement 
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Fig. 7 .Frequency responses of the return and insertion losses for the CBCPW to SIW transition. 

 

The S-parameters of the lower back-to-returned connection of this transition is plotted in Fig. five. the principle 

antenna design attempt is to obtain a uniform amplitude and segment distribution of the aperture with the aid of 

applying the tough boundary conditions and profiled shape of the horn. The amplitude and segment distribution 

of the electric area at the layout frequency of the hard situation, that is 25 GHz, is shown in Fig. 6.  

 

 

 
Fig. 8.Simulated  reflection coefficient of the air- filled substrate integrated hard horn. 

 

The almost uniform amplitude distribution of the aperture is executed on the frequency of the tough condition. 

The phase distribution of the aperture is managed by way of profiling the horn form starting from its throat area 

by way of changing the section the front alongside the horn propagating areas. The profiling changes the section 

front from cylindrical in the horn to planar at the aperture. The uniform amplitude of the radiating aperture is 

also executed via the difficult condition. 

 

 The impact of including soft surfaces around the antenna can also be located from the comparison given in 

Fig.7betweenthedesignedhorn with and with out tender surfaces. it can be visible that the  strip-thru tender 

surfaces across the horn lessen the again radiation. The simulated and measured go back loss responses of the 

antenna are given in Fig. 8. The radiation styles of the antenna at three frequencies are proven in Fig. 9. The 

simulated H-aircraft radiation sample at 25 GHz is displaying slender beam width with multiple facet lobes at -

thirteen dB, which proves the uniformity of the aperture distribution on the hard frequency. The square plot of 

the H-plane radiation sample on the center frequency is also given in Fig. 9 for better evaluation of the antenna 

pattern at the tough frequency 
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Fig.  9. Simulated  and  measured  radiation patterns of the  air-fill  substrate integrated hard horn (solid lines, simulation; 
dashed black lines simulation without soft surfaces; dashed blue lines, measurement). 

 

The measured H-plane reveals the aperture uniformity within the fabricated prototype. from the character of 

difficult boundary conditions, the uniform amplitude exists in a restrained bandwidth across the tough 

frequency, but the profiled form of the horn makes the section uniform for a wider frequency band. on the 

frequencies higher than the frequency of the tough circumstance, the facet lobe degrees are increasing to feature 

up to the primary beam and making wider beam width.  

 

The measured H-aircraft suggests a fast growth of the aspect lobes after the hard frequency due to the fact the 

tough frequency band is probably shifted within the fabricated prototype due to the fabrication tolerances  noted  

above,  which  may  motive  a   specialthickness of the dielectric at the horn walls. because the antenna is ready 

with couple of around its aperture, low lower back radiations are performed.  

 

In Fig. nine, the simulated radiation sample of the antenna without the strip- through tender surfaces are also 

plotted to make a clear assessment with the proposed horn equipped with soft surfaces. As seen from the 

radiation styles in the each planes, at the significant frequencies of the smooth surface forestall band, as in line 

with Fig. three, the antenna again lobes are reduced to be higher than -20 dB. Radiation performance and the 

measured advantage of the antenna are given in Fig 10. The uniform aperture distribution made by using the 

hard situation and the profiled walls advanced the advantage and the aperture performance on the difficult 

frequency band. 

 

Conclusion/Future Work 

The substrate integrated H-plane hard horn antenna has recently been introduced in the present work. As the 

standard integrated horn aperture is surrounded by the material walls, its aperture winds up with a completely 

pointed electric filed distribution that limits the aperture efficiency. Put simply, the H-walls are supporting the 

dominant function; but, the E-walls are suppressing this mode. The only parameter that can increase the 

efficiency of the built-in horn antenna is the aperture width considering that the level is fixed to the substrate 

thickness. However, extending the aperture does not considerably affect the efficiency when the horn size is kept 

the same, so that for a particular geometry, the antenna efficiency cannot exceed a certain value. Applying hard 

boundary condition to the horn E- walls has corrected the tapered character of the conventional écaillage by 

increasing the slanted wall reactance. 
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