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Abstract— A new inclined slot array on the broad wall of
a single ridged rectangular waveguide is proposgkis
paper presents slot array with similar inclinatidor all
slots, slot array with different inclination and mo
uniform length slots with different inclination dmoad
wall of a single ridged rectangular waveguide ferrtical
polarization. The co and cross polarization curedéghe
three designs are compared at different angles of
observation.
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I.  INTRODUCTION
Slotted Waveguide Arrays (SWASs) radiates througitssl
cut in broad wall or narrow wall of a rectangularrimige
waveguide. They are used for many applications usera
their designs are very simple; slots and feed systes on
a single structure. There is no need for balunsaiching
networks due to design simplicity. There are many
advantages of slotted waveguide arrays(SWA).They ha
less weight and volume, high power handling, good
reflection coefficient and high efficiency. ThusWas
are being used widely in many radar, navigation,
communications and high power microwave application
[7].
The bandwidth of slotted rectangular waveguideyarsa
very less. TE10 mode is the dominant mode in
rectangular waveguide and it has a cut off waveteng
about 2a. Therefore dimensions of waveguide along x
direction should be less than or equal to 2a wiaeis
broad wall dimension. For a/b ratio equals two, tnex
higher order mode will be TE20 or TE10. This widve
cutoff wavelength equals either 2b or a, where faisow
wall dimension and 2b=a. But dimensions of the
waveguide is chosen such that only dominant mode ca
propagate. The ridge waveguide is made by adding
conducting ridges on top and bottom wall of rectdag
waveguide. An inward perturbation of the waveguide
walls at a position of high E will lower the cutoff
frequency. At the position of high H will raise thatoff
frequency. These ridges will lower the cutoff freqay of
the dominant mode and will raise the cutoff frequeof
the next higher order modes. Hence higher rangéngfe
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mode of operation can be obtained using this tegkmi
This results into higher bandwidth of operation.

David Y. Kim and Robert S. Elliott proposed a desig
procedure for longitudinal slot array on broad wall
waveguide having ridges on opposite broad wall[2je
present paper presents inclined slot array on toad
wall of a single ridge waveguide in X-ban&idged
waveguide slot array has better performance cordpare

a rectangular waveguide broad wall slot array wtien
main lobe direction is off-broadside. This is besmua
ridged rectangular waveguide helps decrease thaciea
impedance of guide and increases the bandwidth of
operation as compared to a rectangular waveguifle [6
There are three designs proposed in this paper fifidie
two designs are equal length slots cut with same
inclination and different inclination angles resipesly.

In third design the length of each slot is caledatising
design equations given in [2] and the non unifoemgth
slots are cut with different inclination angles.

Il. WAVEGUIDE SLOTS

Waveguide slot radiates because an electric fisld i
created at the slot aperture across the width efstbt.
This is done by blocking surface current componemnts
waveguide walls by creating an opening in waveguide
walls. A slot will block surface currents on waveétg!
walls if there are traversal current componenthatslot
location on waveguide wall before opening the siotl
direction of surface current components should be
perpendicular to slots length. The current distidouon a
single ridged rectangular waveguide walls for TE10
excitation can be seen in Fig 1. By seeing thigerir
distribution it can be decided which type of slogn be
opened on a ridged waveguide wall as radiating etesn

As it can be seen from the Fig 1 and 2, the surfacesnt
distribution for ridged waveguide is perpendicutiarthat

of rectangular waveguide. So the offset broad wiaits
with some offset from centerline of the waveguidd w
not block the surface current on the wall of wavdgu
since the slot length is not perpendicular to diogcof
current. Therefore the approach is to use incliakd.
Inclined slot due to some inclination will be aldeblock
the surface current on the broad wall of waveguRiece
the slots are cut on top broad wall, the polarzatf the
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array is mainly vertical; but a horizontal compohén
also present because of inclination of slot.

Fig. 1: Surface current distribution on the broadliof
ridged waveguide

Fig. 2: Surface current distribution on the broadlirof
rectangular waveguide

Il RESULTS

In the first design as shown in Fig. 3 all the slate cut
with same angle of inclination. All the slots hasgual
length which isA0/2 where)O is free space wavelength.
The free space wavelength is calculated for salutio
frequency in X-Band. The slot array is designedcfemter
frequency of 9 GHz. So the resonant slot lengttaken
as 16.67 mm. The angle of inclination is 45°.

Fig. 3: Inclined Slots on ridged waveguide with gam
inclination
The co and cross polarization curves are obsenidd w
respect to0 for three different values of (angles of
observations) at 45°, 90° and 135°. Since the slEcut
on top broad wall of the waveguide the co polaizats
vertical polarization and cross is horizontal piziation.
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Fig. 4: Co and cross polarization curve for inclehslots
with same inclination ag=45°

Fig. 4 shows the co and cross polarization curveifst
design at@=45°. The ratio of co polarization to cross
polarization in broadside direction is 11.5dB.
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Fig. 5: Co and cross polarization curve for inclthslots
with same inclination a=90°

The co and cross polarization curve for inclineatssivith
same inclination ap=90° is presented in Fig. 5. The co to
cross polarization ratio in main lobe directionlis.02dB
which is slightly less than the ratio @t45°.
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Fig. 6: Co and cross polarization curve for inclehslots
with same inclination ag=135°

Fig. 6 depicts the co and cross polarization cufiore
design shown in Fig 3 a@=135°. The co to cross
polarization ratio a®=90° is 11.0dB. The ratio is almost
same at three different angles for inclined sloayamwith
same inclination.
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The second design as shown in Fig. 7 consists ifdram
slots i.e. slots with equal length but differentlination
given by Table 1.

Table 1: Different Inclination for slots

Normalized co and cross polarization curve fordeeond
design atp=90° is shown in Fig. 9. The co and cross
polarization ratio is 37.77dB which is better thha ratio
at p=45°. The slot array with different inclination deg

Slot Number| Angle of inclinatior
1 and 12 10°
2and 11 20°
3and 10 30°
4 and 9 40°
5and 8 50°
6 and 7 60°

shows significant

improvement

in co and cross

Fig. 7: Inclined slots on ridged waveguide withfeliént

inclination
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Fig. 8: Co and cross polarization curve for inclahslots
with different inclination ap=45°

Fig. 8 shows co and cross polarization curve falined
slot array with different inclination as shown iflgF at
@=45°. The ratio of co and cross polarization inmmabe
direction is 31.72dB which is much better compared
design with same angle inclined slots.
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Fig. 9: Co and cross polarization curve for inclthslots
with different inclination az=90°
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polarization ratio.
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Fig. 10: Co and cross polarization curve for indihslots
with different inclination a=135°

Fig.10 illustrates co and cross polarization cuimethe
second design ab=135°. The co and cross polarization
ratio is 37.93dB which is the best of all designs.
In the third design, non uniform length slots ané with
different inclination. The slot lengths for non-forim
slots are calculated using the design expressiwes gn
[2]. The slots are cut at different offsets fromntes line
of the waveguide.
The slot length, offset and inclination for slotagyr at 9
GHz is given in Table 2

Table 2: Different Inclination for non- uniform Igth

slots

Slot Offset from | Slot Length Angle of
Number center line inclination
1land 12 1.06mm 16.32mm 10°
2and 11 1.10mm 16.42mm 20°
3and 10 1.19mm 16.63mm 30°
4 and 9 1.21mm 16.81mm 40°
5and 8 2.08mm 16.89mm 50°
6 and 7 1.85mm 17.04mm 60°

Fig. 11: Non-uniform slots on ridged waveguide with
different inclination
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Fig.12: Co and cross polarization curve for non-fanm
length slots with different inclination @=45°

Fig. 12 depicts co and cross polarization curventor-

uniform length slots with different inclination akown in
Fig. 11 atp=45°. The co and cross polarization ratio in
broadside direction is 16.04dB. The ratio is deseedfor

non uniform length slots.
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Fig. 15: Return loss versus frequency curve

Fig. 15 illustrates return loss versus frequencyefor
second design. The return loss is less than -1ihdBe
frequency range 9 to 12GHz.
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Fig. 16: Gain versus frequency curve

Gain versus frequency curve for the second design i
shown in Fig. 16. The maximum value of gain is 8B

Fig. 13: Co and cross polarization curve for nonfarm
length slots with different inclination @=90°

Co and cross polarization curve for the third desi
@=90° is presented in Fig. 13. The co and cross
polarization ratio is 25.15dB. The ratio is bettiean the
ratio atp=90°.

0

-20
5
40 — (0-Pol
=== ross Pol
-60 1
0 100 200
Theta [deg]

Fig. 14: Co and cross polarization curve for nonfamm
length slots with different inclination g=135°

Fig. 14 shows co and cross Polarization curve fer t
third design ap=90°. The co and cross polarization ratio
in main lobe direction is 26.34dB. Non-uniform Iéimg
slots with different inclination give better co awdoss
polarization ratio than slots with same angle of
inclination.
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frequency 9GHz.

The ratio of co and cross polarization for the ¢hdesigns
at three different angles is compared in the Table
Table 3: Comparison of co and cross polarizatiotiaa

Design ©=45] 0©0=90] ©0=135
Slot array with 11.544 11.0241 | 11.0001
same inclination dB dB dB
angle
Slot array with 31.7234 | 37.7737 | 37.9369
different dB dB dB
inclination
Non-Uniform slot | 16.0427 | 25.1518 | 26.3472
array with different| dB dB dB
inclination

By comparing the co and cross polarization ratithege
different angles as given in Table 3, it can berirgd that
equal length slot array with different inclinatigives the
best result of all three designs. Inclined ridgexv@vguide
slotted waveguide array can be used for vertical
polarization for broad side radiation i.590°. The same
waveguide array can also be used for dual polaoizédty
considering the angles of observations algrg5° and
135°.
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V. CONCLUSIONS
Three different slot arrays on the broad wall afgé
ridged rectangular waveguide are designed andatie r
of co and cross polarization at three differentlesids
compared. The slot array with equal length slotd an
different inclination angle gives the best resiltab the
three designs. Such arrays have applications i dua
polarized slotted waveguide arrays which are used i
radar, navigation, communication and high power
microwave applications.
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