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Analysis of a CoaxiaLto-Waveguide Adaptor

Including a Distended Probe and a Tuning Post
Marek E. Bialkowski, Senior Member, IEEE

Abstract-A field matching analysis of a coaxial-to-waveguide

adaptor incorporating a disc-ended probe and a tuning post

is presented. In this analysis, the tuning post is considered

as a short-circuited second probe. A computer algorithm for

calculating the input impedance of this structure is developed.

This algorithm is used to investigate and improve the operation

of a commercially available coaxial-to-waveguide adaptor.

I. INTRODUCTION

A COAXIAL-TO-WAVEGUIDE adaptor is an indispens-

able component in microwave systems, providing a tran-

sition from coaxial to rectangul~ waveguides. There are a

number of requirements imposed on the operation of this

component. Ideally, it should provide good power match

between the two waveguiding systems and operate preferably

over a large frequency range.

In the commercial market there is a selection of coax-to-

waveguide adaptors available. A typical adaptor consists of a

section of rectangular waveguide to which a coaxial connector

is attached. In this arrangement the inner coaxial conductor

protrudes into the rectangular waveguide and operates as a

probe radiator. The size of the coaxial probe and its location

with respect to the waveguide walls and back short determines

the power match. In order to increase the operational band-

width, the commercial adaptors resort to one of the following

modifications: a dielectric coated probe, a conducting disc

attached to the end of the probe and a tuning sleeve adjacent

to the probe. The design of most of these adaptors is however

empirical.

The analysis of a coaxial-to-waveguide adaptor has been the

subject of recent studies in [ 1]–[3]. In [1] a straight, hollow

probe adaptor was considered. In [2], a straight solid probe

and a sleeve were considered. Although both analyses in [1]

and [2] produced a good agreement with experiment, none

of them were aimed at obtaining a high quality broadband

adaptor. The aspect of analysing a good quality coaxial-to-

waveguide adaptor was the subject of study in [3]. An adaptor
incorporating a dielectric probe was considered. It was shown

that the VSWR of better than 1.28 across the entire X-

band for this type adaptor can be obtained. In [4], a general

finite element anal ysis was applied to produce a high quality

broadband reduced heighticoaxial-to-waveguide adaptor. One

inconvenience of this approach was however au exceptionally

long computational time (30 minutes on HP835 computer for

Manuscript received November 1’2, 1993: revised May 20, 1994

M. Bialkowski is with the Department of Electrical and Compnter Engi-
neering, The University of Queensland, St. Lucia, Queensland 4072, Australia

IEEE, Log Number 9407285.

l*liJ,,LCOAXIALL.INE

(a)

~

,1
,,
!(
,(

II
,1,
,1
,1

UI TUNING POST

(b)

+
z,~

(c) (d)

Fig. 1. Coaxial to waveguide adaptor with a disc-ended probe and a tuning

post: (a) front view, (b) side view: Excitation: (c) in the coaxial entry, (d)
in the gap in the post.

a single frequency point for 10000 by 10000 sparse matrix)

to obtain the input impedance characteristics of the adaptor.
The paper presented here, reports on a tield matching anal-

ysis of a full height waveguide broadband coax-to-waveguide

adaptor which incorporates a disc-loaded probe. The structure

includes an additional element in the form of a conducting post

which is added for tuning purposes to obtain a high quality

impedance match. A fast computer algorithm is developed to

optimise the performance of the adaptor.

11. ANALYSIS

The configuration of a coaxial-to-waveguide adaptor with

the disc-ended probe and the post, is shown in Fig. 1. The
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Fig. 2. Waveguide structure with two disc-ended probes used iu the analysis
of post-tuned coaxial-to-waveguide adaptor: (a) top view, (b) front view.

probe is excited from the gap in the post located below the disc.

In practice, the excitation is accomplished from a coaxial entry.

However, the case of excitation from the coaxial entry does

not need be considered separately as the entry can be modelled

by an equivalent gap in the post [5] (this equivalence is in

investigated here in the section called RESULTS). Because

the tuning post can be considered as the form of a short-

circuited probe, the original problem of a probe and post can

be considered as a special case of a two-probe problem shown

in Fig. 2. The equivalence between the last problem and the

original problem with the tuning post is obtained when probe

#2 is short-circuited and when the disc radius is made equal

to the radius of the post.

Because of this equivalence, the analysis presented here is

concerned with the more general two-probe problem of Fig. 2.

The aim of this analysis is the determination of an equivalent

circuit of the two probe-waveguide adaptor and consequently

the input impedance of the probe-post configuration. When

only probes are excited and waveguide arms are terminated
with fixed loads, the device can be regarded as a two-port

with its ports located at the gaps in the posts. The equivalent

circuit for this two-port can be given in terms of the admittance

matrix parameters which ~e defined as follows (1):

Y,k = Ii/Vk, when ~ = O for 1 # k (1)

where Vk and Ii are given by the following expressions:

27ra~
‘Ii = —

/
H4i(r, = ai, y)dy

9L
h,–g, /2

Two electromagnetic field problems have to be solved to

determine the admittance matrix of the device:

1) when probe #1 is energised by voltage VI and probe #2

is short-circuited, and

2) when probe #2 is energised by voltage V2 and probe #1

is short-circuited.

From the technical point of view the two problems are

identical and their solutions are obtained as described below.

To determine the field surrounding the two probes, a field

matching technique is used. To apply this technique, the entire

structure is divided into five cylindrical volumes: 1, 11, 111,

and IV, which are below and albove the disc, and volume V

—the waveguide volume outside the volumes containing the

probes, In order to simplify the field matching procedure, the

fields in the vicinity of the probes are approximated by axially

symmetric fields. The radial waveguide mode approach is used

to obtain expressions for the internal fields in volumes I, II,

III, and IV, and the rectangular waveguide modal approach is

used to obtain expressions for the external field at the boundary

between region V and regions I-IV.

Assuming that there exists a uniform electric field in a

surface enclosing gaps #1, #2 (2):

(2)E(’) = Ev = –lti/gi, i = 1,2
9

the y-component of the electric field in

given by (3):

m
(Z)(r$)ri)E(s)(r, ) = ~ ~[AnSIHOY

?I=O s

volumes I and HI is

where s =1 or III, i =1 or 2 and function VS .i (r) is given

by (4):

sin k(s) (2)(r~)r1)

Vsni(rz) = WCOS(@h)- ( yn~ni) ‘O
‘Vni

(4)
H$2)(I’~)ai)

where

{r,,di, y} is a cylindrical co-ordinate system associated with
probe #i, Con is Neumann factc}r, k. is a wave number, Ami

are unknown coefficients and ~, H are Bessel and Hankel

functions, respectively.
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By introducing small modifications, it is also possible to

derive the expressions for the y-component of the electric field

when the probe is excited from the coaxial entry. The required

modifications concern the function VSni (r, ) and have already

been shown in [6].

Expressions for the y-component of the electric field in

volumes II and IV are given by (5):

wheres = II or IV and p =2 or 4, respectively. Having derived

the expressions for the y-component of the electric field in

volumes I, II, III, and IV, the qicomponent of the magnetic

field in the same volumes can be found using relationship

which holds between EY. and H+. components for TMY

radial modes

-. k 8E,,n

where Z. is an intrinsic impedance and the meaning of the

other symbols have already been explained in expression (4).

This task is straight forward and the derivations can be

accomplished following the work in [3], [6].

The y-component of the electric field, external to volumes

I, II, III, and IV at the cylindrical surfacerl = bl and rz = 62

enclosing probe #1, and #2 are given by (6):

cc

+GnQQn J.(l’nrl)}coskgng

cc

EY(r2) = ~ ~{G@?n2JO(rnr2;

n=O

+H$z)(r’,, rz)] + FnQQn J.(r

where Fn and Gn are expansion coefficients to be determined.

RR.i in (6) are coefficients which describe the probe’s

interaction with the waveguide walls and are represented in

terms of the waveguide modes by (7)

where

(6)

}
7-2) coskgny

Note that RRn, is given by a fastly convergent series. For q:

>0, RRm, can be approximated by (8) [7]:

RRn, ~ –,j~[KO(q.2Si) + KO(q.2u,)] (8)

where KO is the modified Hankel function. QQn in (6)

are coefficients describing the interaction between the two

probes in a waveguide environment and are given in terms

of waveguide modes by (9):

~–rm.l U,–tL1l _ e–rmn(~l+~,)
QQn =j~ ~

rrn=l mn

. sin(kZm Sl )sin(kz~ S2) (9)

The series in (9) is fastly convergent if (U2 –ul ) is comparable

in magnitude to the waveguide width. However, its conver-

gence becomes slow when (UZ–ul ) is approximately equal

to zero. In this case the convergence can be accelerated by

subtracting and adding the asymptotic series (10):

‘e —~vnluz—~11

g x ~zm
sin(kxm Sl )sin(kzm S2 ) (lo)

‘m=l

for which the closed form expression exists [7].

Expressions for the qicomponent of the magnetic field 1+4

at rl = bl and r2 = b2 can be obtained by using relationships

which hold between EYn and H4TZ components of TMV radial

modes [4].

The field matching procedure is completed by writing the

continuity equations for the y-component of the electric field

and the @component of the magnetic field at ~1= bl and r~

= b2 and by using the Galerkin procedure [6]. This procedure

leads to an algebraic system of linear equations for unknown

coefficients An,, Fn and Gm. Through mathematical pre-

processing unknowns A,, z are eliminated and the resulting
system of equations for Fn and Gn is solved in a standard

manner using Gauss’ elimination method.

Having determined field expansion coefficients, the ad-

mittance matrix coefficients for the two-probe device are

calculated using the current-voltage definition (1). The input

impedance and consequently the input reflection of the adaptor

as seen from the coaxial entry or an equivalent gap in the post

is calculated using expression (11):

Ztn= l/yll;r,n = (Z,n - zr,f)/(z,n + Zr,f) (11)

where ZTef is the reference impedance

characteristic impedance of the feeding

III. RESULTS

which is equal to the

line.

Based on the theoretical analysis described above, a com-

puter algorithm {DPROBE.FOR}in Microsoft FORTRAN for

an IBM PC/AT or compatible has been developed. Addition-

ally, an algorithm { CPROBE.FOR} for the adaptor with a

single disc-ended probe, excited from a coaxial entry, without

the tuning post has also been produced. The purpose of the

second algorithm was to test the equivalence between the

coaxially and gap-driven probes,

The developed software was initially applied to analyse the

performance of a Microwave Associates coaxial-to-waveguide
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Fig. 3. Comparison between experimental and theoretical results for the
return loss of the Microwave Associates waveguide adaptor, model No
201 86AP. Probe and waveguide dimensions:a ~= h ~= gl /2 = 0.65 mm, bl =
2.05 mm, A5 = 22.86 mm, 1? = 10.16 mm, ,S1 = A/2, ~1 = 2,3o mm, B2=
5.26 mm, U1 = 8.20 mm. Theory (DPROBE.FOR)_ , (CPROBE.FOR)

. . . . experiment

adaptor, model No 20 186AP. This adaptor consists of a

piece of a rectangular waveguide, an SMA connector, and

a single coaxial probe which is terminated with a conduct-

ing disc. Fig. 3 shows the calculated and measured results

for the return loss of the adaptor for a frequency band

from 8.0 to 12.5 GHz. The calculated results of program

{DPROBE.FOR} were obtained by assuming that the second

probe was short-circuited and its dimensions were very small

so its presence could be neglected. The calculated results of

program { CPROBE.FOR} were obtained by assuming that the

probe was excited from a SMA coaxial entry of outer radius of

2.05 mm. Measured results were obtained with an HP8510C

network analyser.

It can be seen that the calculated results of CPROBE.FOR

and DPROBE.FOR are in a very close agreement when the

“equivalent gap” height is chosen approximately equal to the

diameter of the probe. Further calculations, not presented here,

had shown that this equivalence was held in a larger frequency

band between 6.5 GHz and 20 GHz. These calculations had

also shown that the return loss was not a sensitive function

of the “equivalent gap” height as almost identical results were

obtained in the entire 6.5 to 20 GHz band for the gap heights

ranging from 1 to 2 mm. The differences were observed for

the return loss value larger than 20 dB.

The comparison between the calculated and measured re-

sults for the return loss in Fig. 3 shows a good agreement.

However, some discrepancies occur. It can be seen that the

calculated minimum return loss in the 8–1 2.5 GHz band is

20.5 dB and the measured minimum return loss is 17 dB.

These discrepancies can be due to the approximate nature

of the theory and dimensional or positional errors which can
occur for the X-band device having probe dimensions in the

range of few millimetres. In order to further investigate this

matter, calculations were performed in which two parameters,

the height of the disc above the bottom waveguide wall

and the position of the waveguide short with respect to the

position of the probe, were varied. Fig. 4 shows the effects of

o ri I T
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Fig. 4. Theoretical results for the return loss of a coaxial-to-waveguide
adaptor as a function of height of region I. B I = 2.1 ___, 2.2 ___ , 2.3 _,

and 2.4 mm The remaining dimensions as for Fig. 3.
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Fig. 5. Theoretical results for the return loss of a coaxial-to-waveguide
adaptor as a function of position of waveguide short. u I = 7.8 ___, 8.0 _._,

8/2_, and 8.4 mm ., ., The remaining dimensions as for Fig. 3.

variation of the first parameter and Fig, 5 shows the results

when the second parameter was varied and the remaining

parameters stayed constant as in Fig. 3. It can be seen that

small variations (in the order of fraction of millimetre) in both

parameters contribute to the changes in the return loss in the

20 dB region. The results shown in Figs. 4 and 5 confirm

that dimensional and positional errors can be responsible for

discrepancies observed in Fig. 3. Further calculations, not

presented here, had shown that the discrepancy between the

measured and calculated results of Fig. 3 could be reduced to

1 dB when the height of the disc above the bottom waveguide

wall (1?1) was changed from 2.3 to 2.1 mm and the position

of the waveguide short (UI ) was changed from 8.2 mm to

7.8 mm.

As for the investigated adaptor, because the achieved return

loss may be unsatisfactory in some applications, a further study

to improve the quality of the adaptor’s impedance match was

undertaken. The developed algorithm was extended by adding

an optimisation routine so that for a given range of frequencies,

the adaptor’s input reflection coefficient could be minimized
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as defined by

min

12):

lr(xi, f2)1’L l/L} (12)
[xl, xZ, ”””]

{Mazlrl’[~[Mazlr,2 11

fi

where L is an integer number, [fl,fz,...fn] are a set of discrete

frequencies intheband, Xi areoptimised parameters and

Max I 17 12=
Max I I’(Xi, fi) 12

[fl, f2, ....]

Note that when Lis large, (12) approximates the mini-max

minimisation.

The optimization routine however, did not substantially

improved the match quality, as the calculated results, shown

in Fig. 3, seemed to be already optimal. It was subsequently

discovered that only for a smaller bandwidth, could the opti-

misation shift some portion of the return loss seen in Fig. 3 to

higher values. This could be regarded as a trade off between

bandwidth and match quality. Consequently, it was concluded

that a new form of tuning was required to improve the match

quality across the fixed bandwidth. Since the coaxial probe can

be considered to be a discontinuity from the point of view of

either the waveguide or the coaxial line, coaxial or waveguide

impedance matching circuits could be added to improve the

match. For the coaxial line, an impedance step can be included.

For the waveguide, a tuning screw or a conducting post can

be used as a means to improve impedance match. Since the

approach with the tuning post was easy to realise in practice

this approach was pursued in further investigations. The tuning

circular cylindrical post (which also could be regarded as a

smaller version of the disc-ended probe) was located in the

section of the adaptor between the waveguide match load and

the active probe.

To improve the impedance match, the dimensions of the

active probe were assumedun changed but the position of

the waveguide back-short, position of the tuning post and

its dimensions were varied. For any fixed dimensions, the

input impedance and the associated reflection coefficient and

return loss of the adaptor were calculated. This process was

repeated until the return loss was substantially improved in the

entire 8–12.5 GHz band. Each iteration including 20 frequency

points took only few seconds of CPU time on a 486/33 MHz

PC. In the last stages, the optimisation as given by (12) was

used.

From simulations, it was noticed that the impedance match

could be improved if a circular post of 2 mm height and
3mm in diameter was located at (UZ % 2 UI ) approximately

a quarter wavelength in front of the probe and at a half

distance of the probe to the side waveguide wall (S2 z S1/2).

This improvement was achieved when at the same time the

waveguide short was moved back by a fraction of a millimetre

from -its original position as specified in Fig. 3.

Fig. 6 shows the theoretical and experimental results for

the return loss of the improved coaxial-to-waveguide adaptor.

Now, the measured return loss is higher than 25 dB. It can be

seen that in comparison with results of Fig. 3, the arrangement

with the tuning post increased the return loss by approximately

6 dB across the investigated band. The measured results are in

so ~
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Fig. 6. Comparison between experimental and theoretical results for the
return loss of the post tuned MA adaptor. Waveguide and probe #1 dimensions
as in Fig. 3, but U1 = 8.7 mm. The second probe dimensions: az = bz =
1.55 mm, gz = B3 = 1.0 mm, hz = gz/2, B4 = 8.06mm, S2 =6.5 mm,

U2 =16.0 mm. Theory _, experiment _ _ _.

good agreement with the theoretically predicted return loss,

Note however, that at this range of dB scale even small

differences in size and position of the tuning post could lead

to drastic changes in the plot of the return loss. It should

however, be noted that in the experimental part even in tlhe

first attempt at the proper positioning of the tuning post, the

measured return loss was higher than 22 dB and approximately

30 dB on average in the entire 8 to 12.5 GHz band.

Having a lot of success with the design of an X-band adap-

tor, the program has been used to obtain optimal dimensions

of the adaptor for other microwave frequencies. One of the

task was to design a Ku-band coaxial-to-waveguide adaptor.

To achieve a high return loss for this adaptor the developed

software was used. The post-tuned adaptor with the following

dimensions: A =15.8 mm, 1? = 7.9, al= 0.43, bl= 1.2, Bl=

1.55, B2= 4.3, az = b2= 1.03, B4= 6.4, S1= 7.9, S2= 4.1,

U1= 5.9, U2= 11.7 (all dimensions in mm) produced a return

loss higher than 28 dB (33 dB on average) across the whole

12.4 to 18 GHz band. By comparing the dimensions for X-

and Ku-band adaptors, it can be noticed that the new adaptor

is not a frequency scaled version of its X-band counterpart.

Instead of building a new adaptor, Hewlett Packard High

Frequency Structure Simulator was used to confirm the validity

of the obtained results. The comparison between the results

obtained with the present developed software and the HFSS

has shown quite good agreement. Similar agreement has been
noted for the X-band adaptor. For full details regarding these

comparisons, the reader is referred to [8].

IV. CONCLUSIONS

A field matching analysis has been presented for a coaxial-

to-waveguide adaptor incorporating a disc-ended probe and

a tuning post. Based on this analysis a computer software

for calculating the input impedance of the adaptor has been

developed.

The developed software has been used to investigate and

improve the operation of a commercially available coaxial-
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to-waveguide adaptor. It has been shown theoretically and

experimentally that by using a tuning post, the return loss

of the commercial X-band cortxial-to-waveguide adaptor can

be improved considerably. The tuned adaptor features a re-

turn loss of approximately 30 dB across the full X-band

frequencies.. The software that was written should prove to

be extremely helpful to the Design Engineer.
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