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ABSTRACT

The generalized ridge waveguides are analyzed using
mode matching method. The attenuation, cutoff fre-
quencies, and power-handling capability characteristics
in antipodal ridge waveguides, ridge-trough waveguides
and cross finger double ridge waveguides are presented.
Numerical results are obtained which are useful in de-
sign of microwave components and subsystems.

I. INTRODUCTION

Ridged waveguides have found many applications in
microwave and millimeter wave devices. The advan-
tages of this type of waveguides include large single
mode broadband operation, large dominant cutoff wave-
length and low impedance characteristics. Early in-
vestigations were focused on properties of single and
double ridge waveguides [1,2]. Later other structures
were reported to be superior alternatives to the conven-
tional single and double ridged waveguide. These struc-
tures include rectangular waveguides with one or two
T-shaped septa [3,4,5], two double ridge waveguides [6],
antipodal ridge waveguides [7] and double antipodal
ridge waveguides[8]. Among these structures, the dou-
ble antipodal ridge waveguide is of particular interest,
because of its larger dominant mode cutoff wavelength,
its use will result in miniature compact components.

The properties of waveguides of this kind such as
attenuation and power handling capabilities can not
be found in the literature. A general mode matching
approach is proposed and applied to the analysis of the
generalized ridge waveguides.

II. ANALYSIS METHOD

The general ridged waveguide configuration to be
investigated is shown in Figure 1. For a symmetri-
cal waveguide, only half the structure is shown. Even
modes and odd modes exist in the waveguide when
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Fig.1 The Cross Section of A General Ridged Waveguide
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PMC (perfect magnetic conductor) and PEC (perfect
electrical conductor) are placed on the plane A-A, re-
spectively. For an asymmetric waveguide, a PEW is
placed on the plane A-A. The structure can be divided
into three regions: Region I (0 < z < X(1);0 <
y < b), Region 11 (UM, TI(i), where I1(i)= (X1 (i) <
v < Xpy(i),he(i) <y < hu(i)),M = N —1and N
is the number of subregions in Fig.1 except Region
I) and region III (XL(N) < z < Xy(N),h(N) <
y < hg(N)). The electromagnetic fields for TE or
TM modes in each region can be written as the su-
perposition of those of the eigen modes. The tangential
fields on the boundaries between each of the subregions
are matched successively in the following way. First,
fields on the boundary between regions I and II(1) are
matched. This yields coefficients in region I in terms of
those in region II(1). Then the fields on the boundary
between regions II(1) and II(2) are matched and coef-
ficients in region II(1) can be obtained in terms of the
coefficients in region II(2). This procedure is repeated
until all the fields on the boundaries are matched. Fi-
nally, an equation involving only the coefficients in re-
gion IIT are obtained. Setting the determinant of co-
efficient matrix of this equation to zero leads to an al-
gebraic equation. Solving this algebraic equation, the
cut off frequencies of TE and TM modes can then be
obtained. Substituting the cutoff frequencies back into
the above algebraic equation, all the coefficients in re-
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Fig.2 (a) The Electrical Fields in the Waveguide (b) The Mag-
netic Fields in the Waveguide

gions I, I, and III can be obtained. Thus, all the fields
in each region can be readily calculated. The power
loss per unit length, the power transmitted and the at-
tenuation in the waveguide can be found. Maximum
electrical field in the waveguide is obtained, and hence
its maximum power handing capability.

III. NUMERICAL RESULTS AND
DISCUSSIONS

The normalized attenuation «,, is defined as the ratio
of the ridged waveguide attenuation to the rectangu-
lar waveguide attenuation of identical aspect ratio and
identical cutoff frequency, evaluated at the frequency
f = v/3f.. The power handling is indicated by the ratio
of Py, to A2, where P, represents the power carried by
the waveguide at infinite frequency with the maximum
electrical intensity Ey in the waveguide being equal to
the breakdown field in air (30KV per centimeter). A.
is the cutoff wavelength of the waveguide. The maxi-
mum normalized propagating power at any frequency is
then obtained by multiplying P, /A2 by [1—(f./f)?]°®.
To compare the properties of different waveguides, rel-
ative bandwidth is also used. This relative bandwidth
is equal to A.1 /A2, where A, corresponds to the cutoff
wavelength of the dominant mode and A5 corresponds
to the cutoff wavelength of the first higher order mode.

To validate the formulation and verify the accuracy
of this approach, several checks of the numerical results
are made. First, the vector fields in the waveguide are
calculated and plotted as shown in Fig.2. It is clear
that all the boundary conditions are satisfied. Second,
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Fig.3 (a) The Attenuation Comparison (b) Power Han-

dling(without corner breakdown) Comparison

the numerical results are compared with the analyt-
ical results when all the ridges are reduced to zeros.
The normalized attenuation a,, becomes 1 and power
handling is in agreement with that in [9]. Third, we
compare the numerical results with those published in
the literature as shown in Fig.3. Good agreement is
obtained and therefore accuracy of the approach is es-
tablished.

The attenuation and power-handling capability in
several ridged waveguides are investigated. These struc-
tures are all special cases of Fig.1. For reference, Fig.4
shows the attenuation, power handling, dominant mode
cutoff wavelength, and relative bandwidth in the single
ridge and double ridge waveguide.

A) Antipodal Ridge Waveguides

The attenuation and power handling capabilitis in the
antipodal ridge waveguides and double antipodal ridge
waveguides are shown in Fig.5 and Fig.6. From these
figures, it can be concluded that antipodal ridge waveg-
uides and double antipodal ridge waveguides have al-
most the same characteristics. Compared to single ridge
waveguides, although the bandwidth is narrower, the
attenuations and power handlings in both of these struc-
tures are improved. The dominant mode cutoff wave-
lengthes are much longer than those in single ridge
waveguides. With more antipodal ridges in the waveg-
uides as shown in Fig.7, the dominant mode wave-
lengths increase and power handling capabilities im-
prove. However, bandwidth becomes narrower. From
Fig.7, it is also seen that the longer the lengths of the
fourth and fifth ridges, the longer the dominant mode
cutoff wavelengths.

B) Ridge-Trough Waveguides
Fig.8 shows the cross rectangular waveguide character-
istics. This waveguide has lower attenuation than the

rectangular waveguide with the same cutoff frequency.
Fig.9 shows the attenuation and power handling capa-
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bilities in ridge-trough waveguides, which are used in
design of microwave wafer probe [11]. The bandwidth
of the ridge-trough waveguide is narrower than the sin-
gle ridge waveguide of the same cutoff frequency. How-
ever, the ridge-trough waveguide has better attenuation
and power-handling characteristics.

C) Cross Finger Double Ridged Waveguides

As can be seen from Fig.4, single ridge waveguides
have lower attenuation than double ridge waveguides.
However, the bandwidth and power-handling are both
poorer for the single ridge waveguide than those in the
double ridge waveguides. In order to make full use of
this property and the characteristics of the above dis-
cussed antipodal ridge waveguides, two new configura-
tions of ridged waveguides are proposed whose char-
acteristic are shown in Fig.10. The new configuration
have characteristics between those of antipodal ridge
waveguides and those of double ridge waveguides. The
bandwidth is improved. The attenuation, dominant
mode cutoff wavelength and power-handling capability
could be all better than those in single ridge waveg-
uides. These two new configurations of ridged waveg-
uides can be used in applications, where their superior
characteristics justify their somewhat complex mechan-
ical configurations.

IV. CONCLUSION

The attenuation and power handling capacities in
antipodal ridged waveguides, ridge-trough waveguides
and cross finger double ridged waveguides are investi-
gated. Numerical results for the characteristics of these
waveguides are presented. Attenuation and power han-
dling characteristics are compared to the single ridge
waveguide.

Numerical results show that loss and power-handling
in the antipodal ridge waveguides and the ridge-trough
waveguides can be improved and dominant mode cut-
off wavelengths can be increased with slight decrease of
the bandwidth. In order to make full use of the prop-
erties of antipodal ridge waveguides, cross finger ridge
waveguides have been proposed and their characteris-
tics have been presented. Cross finger ridge waveg-
uides could have better attenuation, power handling
and longer dominant mode wavelength than single ridge
waveguides but still have good bandwidth.
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Figure 8 (a) Attenuation, (b) Power-Handling, (c) Bandwidth,
and (d) Dominant Mode Cutoff A¢ vs d/b (b/a = 0.45, solid line:
s/a = 0.6, dashed line: s/a = 0.5, dotted line: s/a = 0.4)

Figure 5 (a) Attenuation, (b) Power-Handling, (c) Bandwidth,
and (d) Dominant Mode Cutoff A¢ vs d/b (b/a = 0.45,t/a = 0.1,
solid line: s/a = 0.05, dashed line: s/a = 0.10, dotted line:
s/a = 0.15)
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Figure 9 (a) Attenuation, (b) Power-Handling, (c) Bandwidth,
and (d) Dominant Mode Cutoff A¢ vs d/b (b/a = 0.45,h/b =
0.4,s/a = 0.2, solid line: w/a = 0.3, dashed line: w/a = 0.4,
dotted line: s/a i>0'5 )
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Figure 6 (a) Attenuation, (b) Power-Handling, (c) Bandwidth,
and (d) Dominant Mode Cutoff A¢ vs d/b (b/a = 0.45,t/a = 0.1,
solid line: s/a = 0.05, dashed line: s/a = 0.075, dotted line: ®
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Figure 7 (a) Attenuation, (b) Power-Handling, (c) Bandwidth, 2 2o

and (d) Dominant Mode Cutoff A¢ vs s2/a (b/a = 0.45,t1/a =
0.2,t2/a = 0.05,t3/a = 0.05,51/a = 0.025,d/b = 0.1, L/b = 0.9,
solid line: h/b = 0.9, dashed line: h/b = 0.75, dotted line: h/b =
0.5)

Figure 10 (a) Attenuation, (b) Power-Handling, (c¢) Bandwidth,
and (d) Dominant Mode Cutoff A¢ vs d/b (b/a = 0.45,s/b =
0.15,t/a = 0.2, solid line: structure A, dashed line: structure B)
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