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The broadband requirement in microwave systems has necessitated attention on components that can
operate over frequency ranges far broader than those of standard rectangular waveguides. This paper
describes the design and development of an ridged horn to match the waveguide impedance to freespace
impedance so that the horn could be used as a feed for an offset-fed parabolic reflector over a wide
band of frequencies, i.e., C and X bands (4.2 to 10.2 GHZ). In the present case, a five stepped chebyshev
transformer has been used. Complete design required for horn feed as well for the ridged waveguide
components necessary for testing has been carried out. The results obtained are quite encouraging.
Good agreement is found between the measured results and theoretical values.

I. INTRODUCTION

In a ridge waveguide, ridges on the top and bottom broadwalls of a waveguide
cause a capacitive loading [1-10]. The electric lines of force tend to bunch up in
the space between the ridges, as shown in Fig. 1. This effectively lowers the cutoff
frequency for the odd modes in which the electric field is maximum at the center
of the guide cross section having no effect on the even modes. It increases the
bandwidth of a given waveguide in the direction of lower frequencies while main-
taining the physical dimensions of the waveguide. The maximum bandwidth is
limited by the closeness of the spacing between the ridges, which affects the power
handling capability and mechanical tolerances on important dimensions.
Theoretical investigations show that the ridge waveguide gives wide bandwidths
free from high mode interference. Frequency range of four to one (4:1) from the

fundamental mode of operation are easily obtained with single and double ridge
waveguides.

(i) Calculation of Cutoff Wavelength (A.) of Ridge Waveguide (TE,, mode)

The cutoff condition of the waveguide corresponds to resonance of the equivalent
lumped constant circuit as shown in Fig. 2, and the expression for the cutoff
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wavelength of the ridge waveguide is given as
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This equation is solved for first order root to obtain the cutoff wavelength of the
TE,, mode. The discontinuity capacitance, Cd, is due to the fact that the ridges in
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the waveguide present discontinuities to the electromagnetic waves and cause local
or higher order waves. The effect of these local fields are included in the calculation
by the addition (at the proper location) of the discontinuity susceptance, which is
capacitive in nature.

The discontinuity capacitance, Cd, is obtained by means of Schwarz-christoffel
transformation as

2 2
26d _21x _i_lcosh‘1 1+X2 —2In 4X2
€ [y X 1 - x 1 -x

_b_d
where y = b, =% )]
(ii) Calculation of Characteristic Impedance (Zo.)

The characteristic impedance of the ridge waveguide at the infinite frequency is
calculated from the expression given below.
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The detailed derivation of this relation is given in Appendix I.
The values of 2cd/e, cutoff wavelength A'c/Ac, and characteristic impedances

thus obtained at infinite frequency for different step ratios are summarised in
Table I.

II. DESIGN AND FABRICATION OF HORN FEED

In a chebyshev transformer, there are stepped impedance sections proportioned
to chebyshev polynomials that result in better broadband results for a given length
and bandwidth than the use of tapers or binomial step functions.
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TABLE I
Impedance d/b ratio 2¢, A
€ /\c
Ridge waveguide 274 ohms .6596 .2318948 1.1640
Step No. 1 285.55 ohms .6917 .1919330 1.1413
Step No. 2 307.30 ohms 7536 1260418 1.1024
Step No. 3 336.15 ohms .8930 .0551191 1.0562
Step No. 4 361.75 ohms .9366 .0107073 1.0189
Step No. § 377 ohms 1 0 1

The structure consists of a symmetrical series of steps on the top and bottom of
the inside of the waveguide walls with approximately quarter wavelength spacing
between steps. Each section has a constant impedance throughout its length, i.e.,
from one end of the section to the other end. Transition is made with smooth
tapers in the outside dimensions and in the width of the ridges, thereby maintaining
a constant ratio of ridge width to guide width (s/a ratio) throughout the length of
the transformer.

The number of steps required for a given maximum VSWR are calculated from
the equation given below.

Z, +1
In [——Z ]
_——T [ 1 ] 4)
" cosd,

Where Smax = Maximum voltage standing wave ratio
Z, and Z, + 1 are the terminating characteristic impedances
¢ is the electrical spacing of the steps at the low frequency end of the band.

Smax =1 +

The ratios of the reflection coefficients of the steps must equal the ratios of a set
of constants ‘am’, i.e.,

I3, .., =a;a;a;...a, 5)

According to Hansen

Z, +1
rm = 21In I:——Zm—‘:l (6)

Hence, step ratios are given by

_Z_Z. In _Z_3 In Z“_+1

In z mz Z = a; a: as...a, @)
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The ratio at a given step may be computed in terms of the terminating impedances
and the ‘am’ values by

amlnz"-i-1
Zp +1 Z

1 = 8
. Z, a +a + - + a, ®

Once the number of steps has been chosen, the chebyshev coefficients and the
resulting characteristic impedances required for each section are calculated along
with d/b ratios. As the d/b ratio is constant for the given step of the transformer,
the step discontinuity capacitance 2C;/e€ AND Ac’/Ac are calculated and the values
are given in Table 1.

Calculation of the length required for each section is than undertaken. Since
the a and b dimensions vary according to the outside tapers, the cutoff character-
istics vary throughout the length of each section, thereby introducing varying Ag
values. To overcome this problem, the TE,, mode cutoff frequencies are determined
for both ends of each section. The mean Ag at each and of the section under
consideration is than calculated as follows

20g21L - Ag21H

Agm2l = BoIL + Ag2iH) ©)
_ 2Ag22L Ag22H

Agm22 = G0l + Ag22H) (10)

where Agm21 = Mean at small end of the section
Agm22 = Mean at big end of the section.
Ag21L = Guide wavelength at small end of section at low frequency end.
Ag21H = Guide wavelength at small end of section at high frequency end
Ag22L = Guide wavelength at big end of section at low frequency end.
Ag22H = Guide wavelength at big end of section at high frequency end.

The actual length of the section(s) is found from the relation given below

__Agm21 Agm22 (11)
© 2(Agm21 + Agm22)

The detailed dimensions of the ridged horn are shown in Fig 3.

III. PERFORMANCE AND EVALUATION

Based on the design given in Part-1I, a horn feed unit was fabricated locally from
aluminum material and its performance assessed. The experimental setup for
VSWR measurements is shown in Fig. 4. An EC sweep generator Model UM 400
has been used as a microwave signal source. The desired frequency range is obtained
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from its RF-plug in units CA-400 and XA-400. A locally fabricated attenuator is
also included in the circuit. A probe is moved in the slot provided in a section of
double ridge wave guide to sample the voltage.

The output of the probe is detected and read on a VSWR meter. The probe
entering in the slotted section is a discontinuity and, to avoid this, the penetration
depth is kept as small as possible. For low VSWR, this is not a problem but for
higher values, the probe must be inserted deeper to read the minimum. The slot
width is also kept vary small, i.e., 16% of the total ridge width. Values of the
VSWRs obtained at different frequencies are tabulated in Table II. E & H plane
radiation patterns obtained at 4.2 GHz, 7.0 GHz and 10.2 GHz are shown in Fig.
5,6and7.

EC SWEEP
DETECTOR VSWR METER
GENERATOR PROBE —_
MODEL ) KLB MAKE
UM 400 €C - UA230
Y A
COAXIAL/ WG DOUBLE RIDGE DOUBLE RIDGE RIDGE W/G
w/6  BASED W/6 BASED > HORN FEED
TRANSITION SLOTTED LINE FIVE STEPPED
ATTENUATOR CARRIAGE CHEBY SHEV

FIGURE 4 Experimental setup for measurement of VSWR.
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TABLE II
Sr. No. Frequency in GHz VSWR
1. 4.2 1.4
2. 4.8 1.4
3. 52 1.3
4. 5.8 1.3
5. 6.2 1.3
6. 6.8 1.2
7. 7.0 1.2
8. 7.5 1.2
9. 8.0 1.2
10 8.5 1.1
11 9.0 12
12 9.5 1.2
13 10.0 12
14 10.2 13

IV. SUMMARY AND CONCLUSION

Despite the simplifying assumptions and small errors in the design method, the
unit exhibited the typical chebyshev ripple response, but the ripple varied between
VSWR of approximately 1.1 to 1.4 over the frequency range 4.2 GHz to 10.2 GHz.
From the radiation pattern at 7.0 GHz, it is seen that beam width at 3 db is 6° and
at 10 db is 24°. The cross-polarized component is approximately 20 db down.
Mechanical tolerances presented some problems in the fabrication. In general, it

RADIATION PATTERN
AT 4.20 GHZ -
“f‘ -4
-6
-8
A‘o
-12
-14
--16
-— DEGREES (0 18 DEGREHS (0) —
100 90 80 70 504030@]10010 30 40 50 70 80 90 100

FIGURE $



16 P. BHUSHAN MITAL

RADIATION PATTERN
AT 7 GHZ

dbs

~— DEGREESB (0)
A 1o

100 90 80 70 60 40 30

--12

--14

--16

DEGREES (0) —~
0 10 H)

30 40 40| 60 70 80 90 100

RADIATION PATTERN
AT 10.2 GHZ

FIGURE 6

dbs

--16

--18

--20

-22

100 90 80 70 60 50 40 30 20 10 0 10
~——DEGREES (0)—

FIGURE 7

20 30 40 50 60 70 80 90 100



BROADBAND WAVEGUIDE FEED 17

was found that the distance between steps was relatively uncritical but the height
of the steps proved to be quite critical. Tolerances of the order of +0.004" were
found to be adequate for the section length but changes as small as 0.0015 inch in
the step heights introduced measurable differences in the VSWR patterns. This
being the first experimental model, the results, although not absolutely perfect,
are still considered encouraging.
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APPENDIX I

DERIVATION OF EXPRESSION FOR THE CHARACTERISTIC
IMPEDANCE OF RIDGE WAVEGUIDE

The average power carried by the ridge waveguide is given by

2 2
P = \/g—)‘—EB’\—C mz—ﬁcoszzylnCSCW—d + =

Mo A 27 Kk k k 2b 2k
+ lsin2 Z 4 d cos® mlk | w8 _ 1sin4 °
4T T 2me Lk 40Tk
sin> —
_ e A E g
where E, = Electric field intensity = %" at the center of the ridged gap
V, = Instant peak voltage across the center of the guide
d = ridged gap height
m = 1 for double ridge waveguide

2 for single ridge waveguide
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The ridge guide impedance is defined as
Vi  Eld?
Zy = 20 _ =0~ 4
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Putting the value of P from eqn (1), we get
2l ferlgd
Yo = @ E2\ ¢ Ag2m P AcH{A}
A Ac
=2 \/- Ag 2md ta}
At infinite frequency A = Ag
RN
Ry
QA 2 e md s L (278
[2 { ( )lCSC2b 3N +4sm e
d cos? ws/A'c ma—s) 1. (2m(a —s)
v [w(a _ s)] [ 3¢ 48‘“( Xc ®)
sin? | ————=
Ac

This is the required expression for ridge waveguide admittance at infinite frequency
on pv concept. The characteristic impedance at any other frequency f can be
calculated from the relation

Zy = 2 ©)
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We can verify the characteristic impedance of ordinary waveguide (without ridges)
from the above formula given by eqn (5) as follows.

Case I No ridgesi.e.d = b,s = 0.2a

d
Cosec &b cosec /2 =1

* 7 3772ad |b " 1 2x2 4 2a

2 2 7 ___a
3772md 2 x 2 377 x 2b

Sy = 377 X ?'aE

Casell d = b,s = a

2 2a

2 amw a

Y‘,w=—2-2—a{0+7—71+0+1[0—0]}

sy = 377 X %
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