
IEEEMICROWAVEANDGUIDEDWAVELETTERS,VOL. 1,NO,8, AUGUST1991 211

Analysis of a Coaxial-to-Waveguide Adaptor

Incorporating a Dielectric Coated Probe
Marek E. Bialkowski,

Abstract–An analysis of a coaxial-to-waveguide adaptor that

incorporates a solid probe, coated with a dielectric is presented.
Based on this analysis, a compnter algorithm for an IBM PC is

developed. The numerical results for the input impedance of the

probe are presented and show good agreement with the other

analyses and experiments.

I. INTRODUCTION

A LTHOUGH there have been a number of solutions

presented to the problem of modeling of a coaxial-to-

waveguide adaptor [1] – [5] their use still remains limited.

Analysis in [1] is not accurate euough for lpractical applica-

tions. On the other hand, more accurate analyses [2]- [5] are

still restricted to special cases of a hollow coaxial probe [2],

[5], or a solid probe [3], [4] feeding a hcdlow rectangular

waveguide. Recently, Ansoft and Hewlett-Packard [7] have

demonstrated that the analysis of a coax-to-waveguide adap-

tor can be performed by using a 3-D electromagnetic simula-

tor. Since there are no restrictions on the shape and electrical

parameters of the device, a variety of coax-to-waveguide

adaptors can be analyzed. There is, however, one problem

with this approach. In difference to [2]-- [5] the general

approach [7] does not include any analytical preprocessing

and therefore results in time consuming calculations,

This letter reports on the modeling of a practical configu-

ration of a coax-to-waveguide adaptor, in which the probe is

solid and coated with a layer of dielectric. The method

presented here includes the stage of analytical preprocessing

and is computationally efficient.

II. ANALYSIS

The device analyzed here is shown in Fig. 1. The differ-

ence from the cases considered in [2] – [5] is that the solid

probe is surrounded by a cylindrical layer of dielectric. In the

cylindrical region above the probe, an air or other dielectric

is present.

From the designer’s point of view the pammeter of interest

is the input impedance as seen from the coaxial aperture.

This impedance is defined by [2]:
oh
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where ~a is the electric field, ~a is the magnetic field

present in the aperture, and r, @ are polar coordinates.

The magnetic field Ha can be determined once the electric

field E. in the aperture is specified. Experience shows [2],

[5] that reasonably accurate results can be obtained when the

electric field in the aperture ~a is approximated by the TEM

coaxial field. By using this approximation the magnetic field

~a and then the input impedance of the probe can be

determined through the following steps,

Step 1: The aperture is replaced by a surface magnetic

current
VI

Ma=iix Ea=ii+–––.
b +’

()
in –

a

where V is voltage between the inner and outer coaxial
c~nductors. According to the field e~uivalence principle [1],

&la produces the original field E, H.

Step 2.’ Determination of the field ~, ~ is simplified by

using a second form of the field equivalence principle. As

shown in Fig. 2(a), two conducting cylindrical surfaces, S1

and Sz, are introduced so that the region around the probe

forms a coaxial cavity. Under these conditions the field ~(l),

~(l) produced in the coaxial cavity is TEM. This field has

only the radial electric field component El and the azimuthal

magnetic field component ~+.

The field ~(l), ~(l) induces an electric current on the

walls of the cavity. The electric current ~sl, which flOWS

along the surface S1, is given by (2):

l,, = –j
Cos(kl(y – B))

Z, sin (kl B) ‘
(2)

where k ~ is a wave number, ZC is the characteristic

impedance and j = ~. The current IS2 which flows

along the surface S2 has the same form as (2), but it flows in

the opposite direction.

Step 3: To recover the original E, E field the conducting

surfaces S1 and S2 are removed, and new electric currents

1s; and Is;, which are the negatives of ls1 and &, are

introduced (Fig. 2(b)), In this new arrangement the magnetic

current tia is not present.

The currents Zsj and lsj ~rodu~ a new fiild ~~), R(2).
The superposition of fields l?(l), H(l) and E(2), H(2) gives

the original field ~, ~ produced by %. in tie_waveguide.

The remaining task is to determine the field JZ(2), E(2).

This is achieved in the following manner.
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Fig. 1. Dielectric-coated solid probe antenna in a semi-infinite rectangular

waveguide. (a) Cross-sectional view. (b) Side view.
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Fig. 2. Illustration of the field equivalence principle. (a) Conducting
surfaces S1 and S2 are introduced. (b) Surfaces S1, ,$ and magnetic current
ma are removed and electric currents Zj, and Z& are introduced.

Step 4; The rectangular waveguide is regarded as a loaded,

parallel plate, radial waveguide. Due to the form of excita-

tion, the field E(2), H(2) can be considered as a radial TM

field. The expressions for the y-component of the ele~ric

field E(2) and the @-component of the magnetic field H(2)

in the regions surrounding the probe can be written as

follows.

For the cylindrical region, I, a < r < b, O < y < B:

< B:

E“ = ~ ~ cos (kf~(y – H)) Cn.10(1’i2)r),
Y

n=o B2

Hf . ~ ? ‘Jk2— cos (k$~(y – H)) C~J; (I’j2)r),
.=O B2 Z21’~)

(4)

where k2 is a wave number, Z2 is an intrinsic impedance,

‘; = ~ ; cos (ky. y)[AJ&l(r; lb) H = B – B2 is the probe height, k~~ = n x /B2, r~2)2 = k:
~=() — kf~’, and Cn are unknown expansion coefficients.

+B. JO(I’~l)r)],
The field at the boundary r = b can be represented in the

form

where e~~ is the Neumann factor, Z1 is an intrinsic where k~ is a wave number, r~3)2 = k: – k~~, 3 n is the
impedance, k=. = nw /B, rj1)2 = k; – k;., Jo is a Bessel impedance of the nth TM radial harmonic, and Fn are

function HO(2) is a Hankel function, Jo’ and Ho’ are their unknown expansion coefficients.

derivatives, and An, Bn are unknown expansion coeffi- Deftned in (5), impedance 3n takes into account the pres-

cient. ence of waveguide side walls and a short. The method for

Similarly for the cylindrical region II, O < r < a, H < y determining its value has been explained in [6]. In that
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method, 3n is given by a rapidly converging series, which is

easily implemented in the form of a short computer algo-

rithm.

The unknown expansion coefficients An, Bn, Cn, Fn in

(3), (4), (5) can be determined by applying the boundary

conditions:

Atr=a,

Atr=b,

By applying a Fourier analysis, (6) can be converted into a

system of linear algebraic equations. The unknowns An,

Bn, and Fn can be expressed in terms of unknowns Cn. The

resulting system of equations for unknowns Cn can be easily

solved.

By having determined coefficients C7n, An, Bn, and Fn

the fields E(2), R(2) in all the individual regions are known

through the use of (3), (4), (5).

Step 5: Assuming that the field ~, ~ is known in cylindrical

region 1, the input admittance of the coaxial probe can be

determined by using (1) and is given by (7):

(7)

where

cot (kl B)
~.~TBM= –j

Zc ‘

–jkl “ EO.
Y =—lnTM z — { An[H~)(T#b) - H;’’(r;’’a)]

ZCB ~~o @

+B.[ JO(I’;l’b) - L@:%)],

represent the TEM and TM contributions.

III. EXTENSION FOR A DOUBLE Dnmwrruc COATING

The theoretical analysis of the coax-to-waveguide adaptor

previously described can be extended to the case of a double

layer of dielectric surrounding the probe. In this arrangement

the second layer extends for r: b < r < c. This new degree

of freedom can be of importance for metal coated dielectric

waveguides with a cylindrical air gap between the probe and

the dielectric filling the guide. The extension of the analysis

for the new case is straight forward, but is not described

here.

IV. RESULTS

Based on the theoretical analysis described, a computer

algorithm in Fortran for an IBM PC/AT or compatible has

been developed.

Fig. 3. Comparison between different numerical results for the input

impedance of the coaxial probe. Wavegulde and probe dimensions: a =
0.635 mm, b = 2.12 mm, H = 14.4 mm, A = 57.04 mm, B = 28.8 mm,

u = 19.2 mm. Probe is positioned at the center of the waveguide. Relative

permittivity for all regions in the waveguide: 1.

The algorithm could be easily tested for the cases of an

uncoated probe that were presented in [2] – [5]. Fig. 3 shows

a comparison between the results obtained for a solid probe

by using the newly developed algorithm with those obtained

by using the method of moments [3]. Also included are

results obtained by using the method of images for the hollow

probe [2].

The results obtained with the new algorithm agree well

with those produced by the method of moments. A slight

discrepancy can probably be explained by different defini-
tions of the input impedance. The impedance in [3] was

calculated as the ratio of voltage to current. It can be seen

that there is a discrepancy between the results for the input

impedance for a hollow and a solid probe. For example, the

results for the solid probe show a good impedance match at

about 5.2 GHz. This is not the case for the hollow probe.

In order to investigate the case of a coated probe, the

analysis of a popular Hewlett-Packard coaxial-to-waveguide

adaptor, the X28 1A, was performed. Fig. 4 shows the results

for the input impedance of the probe as seen at the coaxial

aperture, for a frequency band from 8.2 to 12.4 GHz. The

maximum SWR in the band 8.5 – 12.4 GHz is 1.25 and it

rises to 1.38 at 8.2 GHz. These results agree well with the

manufacturer’s specifications: maximum SWR of 1.25 for the

frequency range 8.2-12.4 GHz.

It should be noted that the X281A adaptor also incorpo-

rates an additional coaxial matching circuit, which probably

further reduces any mismatch. The coaxial matching circuit

has not been taken into account during calculations. It is

worth mentioning that it only took a few seconds of CPU

time of IBM PC to produce the results for the input impedance

shown in Figs. 3 and 4.
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CONCLUSION

The analysis of a coaxial-to-waveguide adaptor with a

dielectric-coated solid probe has been presented. Based on

this analysis a computer algorithm has been developed.

This algorithm has been verified and shows good agree-

ment with other algorithms and experiments. The presented

analysis and the developed computer algorithm should be of

help to the designers of coax-to-waveguide adaptors.
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