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Analysis of an N-Way Radial Cavity Divider with a
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Abstract— A field matching technique is used to analyze an
N-way divider which includes a radial cavity with a coaxial
central port and H-plane coupled rectangular waveguide output
ports. Dielectric coated and disc ended probes at the central
port are considered. The analysis is divided into two parts.
Part one is associated with the modeling of the central port
and part two is concerned with the modeling of the waveguide
peripheral ports. The analysis is simplified by assuming that
the interaction between the central port and the peripheral
ports is by means of axially symmetric radial waves which are
uniform with cavity’s height. Based on this analysis, algorithms
are developed for calculating the scattering parameters of this
structure using a PC. These algorithms show good agreement
when tested against a finite element package (HFSS) and against
measurements.

I. INTRODUCTION

N ORDER to increase the output power from microwave

solid-state devices, power combining techniques can be
used. Typically this includes three stages: dividing a signal
to a number of individual amplifiers; amplification by each of
the individual amplifiers; and combining each of the amplified
signals. To achieve the function of signal division and com-
bination, microwave structures known as divider/combiners
can be employed. Many different divider/combiners have
been proposed and investigated in the literature [1]-[8], us-
ing various microwave transmission media. Often waveguide
technology is superior for many applications due to its low
loss and high power handling, its relatively large operational
bandwidth, and its compactness. Additionally, waveguide type
divider/combiners have the potential to combine a large num-
ber of amplifiers.

A particular class of waveguide dividers arises from the
parallel-plate (radial waveguide) structure. Radial waveguide
divider/combiners with coaxial or conical probes have been
thoroughly investigated [6]-[8], and computer algorithms and
design strategies for their analysis have been developed. In
applications where high power levels are of a particular
concern, divider/combiners with waveguide ports are often
preferred. This is for reasons of compatibility with solid-state
amplifiers which usually incorporate waveguide ports, as well
as for their increased power handling capabilities.
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In this paper, a radial waveguide divider/combiner with a
coaxial central port and rectangular waveguide output ports
is analyzed using a field matching method (FMM). Approx-
imations concerning the interaction of the central port and
the peripheral ports are introduced. These approximations
make the analysis less involved while still preserving high
computational accuracy. Based on this analysis, computer
software was developed for a PC, providing a full set of
scattering parameters at a single frequency point in a matter
of seconds.

II. ANALYSIS

Fig. 1 shows the configuration of the analyzed N + 1 port
structure. It consists of a radial cavity of radius R, and
height B, a central port (#0) in the form of a coaxial probe
positioned inside the cylindrical region 0 < r < R,, and N
identical rectangular waveguide peripheral ports of width A
and height B. Although in a typical divider, the output ports
are evenly spread along the guide’s periphery, here, for the
sake of generality, the waveguides are assumed to be arbitrarily
positioned at angles 6;, ¢ = 1,2, ---, N. The subtended
angle of an individual rectangular guide as observed from the
cavity’s center is given by 6,,. Two types of coaxial probes,
as shown in Fig. 1(b) and (c), are considered. This is due to
the availability of the software for the analysis of these probe
types in an infinite radial guide [9]-{11].

In order to simplify the analysis, the following assumptions
are made.

1) The frequency of operation of the device is such that
the rectangular waveguides support only the dominant
TE;9 mode. The higher order TE, ¢ rectangular wave-
guide modes, being constant with waveguide height but
varying with width, are excited at the junctions between
the rectangular waveguides and the cavity but rapidly
decay with distance from the junction.

2) The radial cavity supports the propagation of radial
waves which are uniform with height (y). Higher order
radial waves which vary with height are excited by the
central probe but they also decay with distance. Assum-
ing that the distance between the central probe and the
side wall of the cavity is large enough, the interaction
between the coaxial probe and the peripheral ports by
means of these higher order modes may be neglected.
This is equivalent to the assumption that the higher order
radial waves (varying with height) which are launched
by the probe see a match terminated radial guide.
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3) The diameter of the central probe is small in comparison
with a free space wavelength so that the interaction
between the probe and the peripheral ports is pre-
dominantly due to the radial waves which are axially
symmetric with respect to the central probe. The inter-
action via azimuthally varying radial waves is neglected.
This is equivalent to the assumption that the azimuthally
varying waves which are launched from the peripheral
ports do not see the probe.

4) Due to the form of excitation, the cavity supports TM
to y radial waveguide modes [14].

5) The coaxial line only supports the propagation of its
dominant TEM mode.

Due to the above assumptions, the task of modeling the
entire divider/combiner’s structure can be divided into two
separate problems of a) modeling the coaxial probe and b)
modeling the peripheral ports.

The solutions to these two problems are given in the
following sections.

A. Central Probe Modeling

The disc-ended and dielectric coated coaxial probes radiat-
ing into an infinite radial guide have already been thoroughly
investigated in the microwave literature [8]-[12]. However,
the models developed in [9]-[12] cater only for determining
the input impedance at the coaxial central port. For the current
application, the coaxial probe has to be viewed as a two-port
network with port #0 being a coaxial entry and port #R being
a circular surface at r = R;.
For the purposes of further analysis, port #0 is characterized
in terms of an ordinary impedance (1)
1) When the interaction between the waveguide ports and
the central post is described in an exact manner: G, = 1
for all values of p.

2) When the interaction between the waveguide ports and
the central post is approximated, so that Go = 1, and
Gp, = 0forp # 0.

Zo =

174
T e}

where V' and I represent the voltage and current respectively
at the coaxial entry.

Unlike port #0, port #R is characterized in terms of the
radial wave impedance as observed by axially symmetric
waves in the radial cavity. This impedance is defined by (2)

27
E, (r = Rp)d¢
T @)

| Hy(r = Ry)d¢

Zr=

where E,(r = Ry) is the y-component of the electric field
and Hy(r = Rp) is the ¢-component of the magnetic field at
the cylindrical surface r = Rp.
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Fig. 1. (Top) Configuration of an N-way divider with a coaxial central probe
and H-plane coupled rectangular waveguide ports, (middle) view showing
a dielectric coated central probe, and (bottom) view showing a disc-ended
central probe.

For a given load impedance Zpp at r = Rj, the input
impedance Z,,o seen at the coaxial port #0 is given by (3)

Zc124cn
Zmo = 2, - 3
0 CIEE e 3

where Zc11, Zci12Zco1, and Zgos are three impedance trans-
formation parameters which at present are unknown.

The impedance transformation parameters can be deter-
mined using software [9], [11] which calculates the input
impedance at the coaxial port #0 under different load con-
ditions in the radial guide. To solve for Zci1, Zci2Zc2is
and Zc9o, three independent equations have to be gener-
ated. These equations can be obtained by calculating three
input impedances Z;,0(z) for three values of load impedance
Zrr(i), i=1,2,3 at the cylindrical surface r = Rp. The
three loads can be a short Zrg(1) = 0, an open Zyr(2) = o0
and the radial guide’s match termination

HP (kRy)

Zir(3) = -4 —5———
LR( ) H;Z)(ka)
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where Z is an intrinsic impedance for the radial guide region,
k is a wave number, Hé2), H £2) are Hankel functions of Oth
and first order and j = /—1.
The three equations can be solved in an elementary manner.
Having determined the transformation parameters, the ef-
fective radial impedance as observed at r = R; can easily be
calculated and is given by (4)

Zci2Zca @)

ZwmR =2 -
R @27 Zon + Ze

where 7 is the impedance seen looking into the coaxial line
at port #0.

In particular, expression (4) can be used to determine the
radial wave impedance Zg,. as observed at r = I, when the
coaxial line is match-terminated (7, = Zrep).

B. Modeling of the Peripheral Ports

The peripheral ports can be characterized in terms of the
scattering parameters { S, }. In order to obtain values of these
parameters, the definition requires that one of the peripheral
ports is excited and the remaining ports (including the central
coaxial port) are match-terminated. It can be assumed that
port #1 is an excited port. When the waveguide ports are
evenly spread on the radial guide’s periphery, the solution
to this problem completes the procedure for determining the
scattering parameters of the divider. However, if the ports are
not evenly spread, the analysis for the remaining ports has to
be repeated. This is accomplished by renumbering the ports
and by repeating the first part of the analysis.

In order to determine the electromagnetic field which is
required in calculations of the scattering parameters, a field
matching method can be applied. This method requires that
the transverse components of the electromagnetic field be
continuous across the common boundary between different
regions. Assuming that the cavity region R, < r < R; and the
waveguides are filled with the same homogeneous dielectric
material, the cylindrical boundary r = R; can be chosen as
an interface boundary to match the field between regions I)
r>Ryand I r < Ry.

As the field inside the divider cavity is radial TM to y,
the only field components which have to be matched at the
interface r = R} are the y-component of the electric field
and the ¢-component of the magnetic field. The required
components are given as follows.

The y-component of the electric field in the éth waveguide
is given in terms of rectangular waveguide modes (5)

EyWG = sin (kwlxl) €exXp (—I’lozz)&,

+ Z Wi sin (kzmz;) exp (=Tmoz)  (5)

m=1

where x,, ¢, and z, are local Cartesian coordinates associated
with the #th rectangular waveguide as shown in Fig. 1, k,,, =
mm /A, k is a free-space wavenumber, I',,, is the propagation
constant given by equation I'2,, = k2, — k2, &;, is the
Kronecker’s delta which indicates that the excitation is at port
#1, and W,,, are unknown field expansion coefficients.
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Because the magnitude of the incident wave in waveguide
#1 in (5) is assumed to be equal to 1. the coefficients W1,
represent the scattering matrix parameters of the divider. In
particular, W1; = S7; represents the reflection coefficient at
port #1 and W7y, ¢ # 1, represents the transmission coefficient
S;1 between port #1 and port #i, ¢ =2, ---, N.

As the electromagnetic fields are to be matched across the
circular boundary r = Rp, it is more convenient when E,we
in (5) is rewritten in the cylindrical system of coordinates r,

¢,y (6)

Eywea = sin [k,‘m (r sin ¢, + g)}
-exp [0 (v cos ¢, — 2,)] 61,

-+ m2::1 Wi sin [kmm (r sin ¢; + i;—)}
- exp [~Lpmo(r cos ¢, — 2,)] )

where for the region around the ith rectangular waveguide

¢5i:¢5“9za

T; =7 sin ¢; + —,
2
Zi =%, — T COS ¢,

2o = Ry cos (%)

Due to the assumption that the electromagnetic field close to
the cavity’s side wall is uniform with height, the ¢-component
of the magnetic field in the sth rectangular waveguide can be
obtained using the following relationship [14] which holds for
TM to y radial fields (7)

and

—j OE,

$= 7k or @

Using this relationship, the ¢-component of the magnetic field
in the ¢th waveguide is given by (8)

Hywe = ;—2{{1%1 sin ¢, cos {kwl (r sin ¢; + g)}

+I'10 cos ¢, sin [lcwl (r sin ¢, + é)}}

o0
-exp [C1o(r cos ¢; — 2,)] * 614 + Z

m=1

. Wmi{kxm sin ¢, cos [kmm (r sin ¢; + é)]

—I'yno cos ¢, sin |:k,;m (7’ sin ¢, + g)} }

+exp [~T'mo(r cos ¢, — zo)]}- (®)

In the radial cavity, the y-component of the electric field can
be expressed in terms of radial TM to y modes [14] which
have radial dependence on r and azimuthal dependence on ¢
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as given by (9)
Eyc= Y F,exp(jpg) Cylhr) ©)
p=—00

where F, are expansion coefficients and functions Cp,(kr) are
defined by the following expression (10)

Jo(kr) + GH? (kr)

@ forp=0
Jp(kr)
T (k) forp#0

where J, are Bessel functions of pth order, and G is a constant
whose value depends on the load impedance at the coaxial line
input port #0. Note that {Cp,(kr)} in (10) are normalized to
their value at » = R, so that Cp(kr = kRy) = 1.

To obtain the value of the constant G in (10), first the ¢-
component of the magnetic field in the cavity region has to
be derived. This can be obtained by applying formula (7) to
the expression for the y-component of the electric field (9),
and is given by (11)

Hyo = _ZZ Y Fp exp (jpg)Cy(kr) ()
p=—00
where
. oC,(kr)
Ol (kr) = ﬁ“)ﬁ

The constant GG is obtained from the condition that the radial
impedance at r = R, for the case of the match-terminated
coaxial line is equal to Zg., as given by (4). Using this
condition, constant GG is given by (12)

ZJ()(ka) +jZRcJ(I)(ka)

G=- - . (12)
ZHP (kRy) + jZr.HSY (kRy)

Having derived full expressions for the y-component of the
electric field and the ¢-component of the magnetic field in the
waveguide and cavity regions, the next step is to match these
components at the common interface r = Rp.

The continuity conditions for the tangential components at
r = Ry imply (13)

' —Ow Ow
Eyc = { Eywg for 5 <¢. < - (13a)
0 otherwise
—f 0
Hyc =Hyweg for —21 < ¢ < %V— (13b)

The above equations contain two sets of unknown coefficients:
{F,} which describe the field in the cavity and {W,,,;} which
describe the field in the individual rectangular waveguides
1 =1,---, N.

Coefficients {F}} can be eliminated and expressed in terms
of coefficients {W,,,;} by multiplying both sides of (13a) by
exp (—jl¢), ] = 0, £1, £2, ---, and by integrating within
the limits 0 < ¢ < 2x [13]. The final set of equations
for coefficients {W,,;} can be obtained by multiplying both
sides of (13b) by sin [sw(¢; + 0w /2)/0w], s =1,2,3, -+,
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and by integrating within —0w /2 < ¢; < Oy /2 for each
waveguide aperture ¢ = 1, ---, N. Note that the weighting
functions sin [s7(¢; + 0w /2)/0w] resemble in their behavior
the functions sin (k,s2;) which were used to describe the
rectangular waveguide modes. The final set of equations for
the unknown coefficients {W,,,;} can be solved using standard
algebraic techniques, such as Gauss’ elimination method.

For the case of a symmetric divider, this part of the analysis
is sufficient to determine the magnitudes of a full set of
scattering parameters for the entire structure. That is, due to
the unitary properties of the scattering matrix for a lossless
network, it can be shown that

N
|S10l* =1 =) |Saf
1=1

and

[Soo? =1 — N |S10|? (14)

where S;; = Wy; are the solutions to the algebraic system of
equations when port #1 is excited and the remaining ports are
match terminated.

1. RESULTS

Based on the theory described above, computer algorithms
have been developed in MICROSOFT FORTRAN for an IBM
PC to enable the determination of the scattering parameters of
an N-way radial waveguide divider with a central port and
rectangular waveguide peripheral ports. One version, called
MBCOMBO.FOR was developed for the case of a dielectric
coated central probe such as described in [9]. An alternative
version, called VWCOMBO.FOR was developed for the case
of a disc-ended probe such as described in [11].

In all the algorithms, infinite expansions describing the
fields in the rectangular waveguides and the radial cavity were
truncated to a finite number of terms. To evaluate Oth and first
order Bessel and Neumann functions required in calculations,
polynomial approximations [13], [15] were used. Higher order
Bessel functions required to evaluate terms C,(kr) in (9) were
calculated using the backward recursion formula [15].

The numerical integrals required in the evaluation of the
unknown coefficients {W,,;} were determined by using piece-
wise approximations of the integrand in the interval —6y, /2 <
¢, < 6w /2 and by simple summations. Because of memory
limitations in the PC version of Microsoft Fortran used here,
the program was restricted to structures having a maximum of
14 peripheral ports. For arbitrarily positioned peripheral ports,
up to £20 azimuthal harmonics (p = —-20, ---, 0, ---, 20)
in the cavity, up to 3 waveguide modes (m = 1,2, 3)
in each peripheral port, and up to 20 y-harmonics for the
central probe were used in the calculations. For symmetrically
positioned peripheral ports, the program was slightly modified
so azimuthal harmonics in the form of cosinusoidal functions
cos (pp) could be used to expand the field in the cavity.
In this case, p = 0, 1, ---, 40 harmonics were used in the
calculations, with the remaining modes numbers the same as
for asymmetric structures.

Numerical experiments with the developed algorithms have
shown that the solution is fast converging with regard to the
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number of truncated modes in the cavity and waveguides. This
is confirmed through the good agreement between the numer-
ical results obtained with the newly developed algorithms, the
Hewlett Packard high frequency structure simulator (HFSS)
and measurements, as described below.

To investigate the accuracy of the developed software, the
algorithms were first tested for dividers with a small number of
ports for which the central probe and the peripheral ports were
in close proximitty. In order to investigate the validity of the
assumption that the interaction with the central port is mainly
due to axially symmetric radial waves, the probe was replaced
by a conducting post and functions Cyp,(kr) in expression (10)
were modified to the new form (15)

Jp(kr)Yy(kRa) — GpYp(kr)Jp(kRa)

Tp(kB)Yy(FRa) — Gy Yy (kRy) T, (KR,)
for p=0, %1, £2, ...

Cp(kr) =

(15)

where Y, (kr) are Neumann functions of pth order.

From (15) it can easily be deduced that when for a given
p, the coefficient G, is equal to 1, the function Cy(kr)
describes the interaction of the pth azimuthal harmonic with
a conducting post of radius R, positioned at the center of the
radial cavity. When G, = 0, C,(kr) describes the situation
when the radial guide is empty.

To investigate the assumptions used in the present analysis,
that the peripheral ports interact with the central port mainly
due to the axially symmetric cavity modes, two cases were
considered.

1) When the interaction between the waveguide ports and
the central post is described in an exact manner: G, = 1
for all values of p.

2) When the interaction between the waveguide ports and
the central post is approximated, so that Gy = 1, and
Gp = 0 for p # 0.

Fig. 2 shows a comparison between the results for the
scattering parameters of a symmetric 4-port with a conducting
central post obtained with program MBCOMBO.FOR for the
two investigated cases. It can be noticed that for a relatively
thin conducting post (diameter 2R, = 4.10 mm = 0.14
A10GHz), the results for S;; and S3; calculated using the
two alternative approaches (exact and approximate) differed
only by 0.3 dB in the worst case across the full waveguide
band. Parameter S3; seemed to be unaffected by the way
it was calculated. Similar calculations for a relatively thick
conducting post (diameter 2R, = 7 mm = 0.233 A\jgGHz)
have shown that the results for Si; and S3; calculated using
the two alternative approaches differed by 0.7 dB in the worst
case across the full waveguide band. As before, parameter S2;
seemed to be unaffected by the way it was calculated. These
results support the assumption that for the N-way divider, the
interaction between the peripheral ports and the central probe
is mainly due to the axially symmetric radial waves.

Next, a symmetrical divider with a dielectric coated coaxial
probe partially spanning the cavity height was considered.
Fig. 3 shows a comparison between the results for the scat-
tering parameters of an X-band, symmetric 4-way divider
obtained with the newly developed field matching method
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MAGNITUDE [dB]

FREQUENCY [GHz]

Fig. 2. Comparison between computational results for the scattering pa-
rameters of a symmetrical X -band 4-port with a conducting central post.
Device dimensions [mm]: radial cavity R, = 2.05, R = 21.50; waveguide:
A =22.86, B = 10.16; post: radius = R, height = B.Go =1, G, =0
forp # 0: yummy———;Gp = 1forallp: —o—, ——$——, ——x——.

MAGNITUDE [dB]

FREQUENCY [GHz]

Fig. 3. Comparison between computational results for the scattering param-
eters of a symmetrical X -band 4-way divider with a dielectric coated central
probe. Device dimensions [mm]: radial cavity B, = 3.45, Ry, = 21.50;
waveguide: A = 22.86, B = 10.16; Probe: a = 1.0, b = R4, h = 5.10;
dielectric surrounding probe: €1 = g3 = 2.1l¢g. FMM (MBCOMBO): ——;
FEM (HFSS): o, ¢, [, o, X.

(FMM) algorithm MBCOMBO.FOR and the commercial finite
element method (FEM) software high frequency structure
simulator (HFSS), by Hewlett Packard. Note that in this
example, the probe (diameter 2a = 2 mm = 0.066 \1ggHs)
was relatively thin. However, it had a relatively thick dielectric
coat (diameter 2R, = 6.9 mm = 0.23 A9 qHz).

Good agreement between the two software packages for
all the scattering parameters can be observed across the full
waveguide band. The slight discrepancies between them may
be due to the approximations made in the present theory.
Although good agreement is observed between FMM and
FEM, there are significant differences in the computational
time and the memory requirements for two software packages.
The analysis of the 4-way divider using the FMM required
less than 60 kB of memory. The computational time for +20
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MAGNITUDE [dB]

FREQUENCY [GHz]

Fig. 4. Comparison between computational results and measurements for
selected scattering parameters of a symmetrical Ku-band 6-way divider with a
disc-ended central probe. Device dimensions [mm]: radial cavity R, = 2.05,
Ry, = 30.40; waveguide: A = 19.05, B = 9.525; Probe: ¢ = 0.635,
b = 2.05, disc radius = R,, B; = 2.0, By = 2.1; dielectric: air throughout.
FMM (VWCOMBO): . Measured: o, {, TJ, m, e.

azimuthal modes and M = 3 rectangular waveguide modes in
each waveguide port at a single frequency point was less than 2
s for a 33 MHz 486 PC. The FEM based HFSS required 64 MB
of RAM with temporary files of 30 MB in size being generated
during the solution process. Each point in the frequency sweep
took close to 30 min, using a mesh adaptively optimized at
the highest investigated frequency to meet the convergence
criterion of AS = 0.02.

In order to obtain further confidence in the validity of the
developed software, it was tested against experiment. Fig. 4
shows a comparison between the results for selected scattering
parameters of a Ku-band, symmetric 6-way divider obtained
with the newly developed algorithm VWCOMBO.FOR and
measurements. The experimental results were obtained using
a Hewlett Packard 8510C vector network analyzer. Good
agreement between the FMM software and measurements
is observed. The slight discrepancies may be due to the
approximate nature of the FMM analysis as well as due to
dimensional or measurement errors.

To further demonstrate the versatility of the developed
software, a more practical divider with 12 output ports was
also analyzed. Fig. 5 shows a comparison between FMM and
FEM for selected scattering parameters of the analyzed device.
Again, good agreement between the two software (FMM and
FEM-HFSS) packages is observed. The slight discrepancies
are again probably due to the approximations made in the
FMM analysis. The divider features high return loss of the
central probe and moderate isolation (on average) between the
peripheral probes across the 9.8 and 10.2 GHz frequency band.
In comparison with the dividers equipped in coaxial peripheral
probes, such as considered in [7], [8], the currently investigated
divider with the rectangular waveguide output ports seems to
have a narrower operational bandwidth as far as the return
loss of the central probe is concerned. This could be due
to a different mechanism in terms of how the central probe
maiching is accomplished. In dividers with probe-type ports,
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MAGNITUDE

9 9.5 10
FREQUENCY [GHz]

Fig. 5. Comparison between computational results for selected scattering pa-
rametess of a symmetrical X -band 12-way divider with a dielectric coated cen-
tral probe. Device dimensions [mm]: radial cavity R, = 2.05, Ry = 41.90,
waveguide: A = 19.05, B = 9.525; Probe: ¢ = 0.635,b = 2.05, h = 6.80;
dielectric surrounding probe: €1 = €3 = 2.1¢g. FMM (MBCOMBO): ——;
FEM (HFSS): o, ¢, O, o, ¢, X, +.

DIVIDER
probe #1

S00 [dB]

probe #1

probe #2
RADIAL GUIDE

-40 M .
g 95 10 10.5 1

FREQUENCY [GHz] .
Fig. 6. Comparison between the return loss of a dielectric coated probe in
an infinite radial guide and as the central probe of a 12-way radial divider.

Probe #1: h = 6.80 mm; probe #2: b = 5.75 mm. The remaining dimensions
of the radial divider and probe are the same as for Fig. 5.

well designed peripheral probes provide a good approximation
to an absorbing boundary for a radial wave launched from the
central port. In the present divider, waveguide peripheral ports
seem to provide only a rough approximation to the absorbing
wall case. To demonstrate this situation clearly, the following
computational experiments were performed. Fig. 6 shows the
return loss as observed by a dielectric coated probe of two
different heights, » = 6.8 mm (probe #1) and A = 5.75 mm
(probe #2). It can be seen that when probe #1 is located in the
12-way divider, it produces a 20 dB return loss in a narrow
band centered at 10 GHz. The same probe produces return
loss between 10-15 dB in the 9-11 GHz frequency band in an
infinite radial guide. Probe #2 produces a return loss greater
than 18 dB across the 9-11 GHz band in an infinite radial guide
but only 8-15 dB return loss in the 12-way radial divider.
For the divider, a good impedance match of central probe
#1 seems to be obtained via the interaction between the
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waveguide ports, the exposed conducting parts of the side
wall and the central probe. This match becomes rather narrow-
band in nature. Simulations with probe #2 indicate that a wider
impedance bandwidth could be obtained if the peripheral ports
emulated an absorbing wall. This was the case for the divider
with peripheral coaxial probes described in [7].

Therefore, to obtain a larger bandwidth for the impedance
match of the central probe in the divider with the waveguide
output ports, additional matching elements need to be intro-
duced to make peripheral ports behave more effectively as
an absorbing boundary. For example, inductive or capacitive
diaphragms in the waveguide peripheral ports and resistive
vanes at the cavity’s side walls may be used for this purpose.
This problem, however, is left for future studies.

IV. CONCLUSION

A field matching technique for the analysis of an N-way
radial waveguide divider with a coaxial central port and
rectangular waveguide peripheral ports has been presented.
Dielectric coated and disc ended probes have been considered
at the central port. The analysis has been divided into two
parts, namely the modeling of the central probe and the
modeling of the waveguide peripheral ports. It has been
shown that the analysis can be considerably simplified by
assuming that the peripheral ports interact with the central
port by means of axially symmetric radial waves which are
uniform with cavity’s height. Azimuthally and height varying
radial waves produced by the peripheral ports or the central
probe have been neglected while considering this interaction.
Based on this analysis, computer algorithms for determining
the scattering parameters of the device have been developed.
These algorithms have been tested on the examples of 4,
6, and 12-way dividers, and have been compared against a
more involved commercial finite element package (HFSS) and
against experiment. Good agreement between these results has
been noted, proving that the developed computer algorithms
may be confidently used for the analysis and design of radial
waveguide dividers with waveguide output ports.
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