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a [Table 1] from [Table I'] after correcting (8)'
mm GHz GHz GHz

Index Terms—Microstrip antennas.

In the above papér, the resonance frequency of coax-fed cir- 115 4.425 4413 4.609
cular microstrip antennas with and without air gaps has been mo
eled (in its Section Ill) by incorporating and rearranging some
results previously reported by others. The present author, whi 9.6 5.224 5.226 5473
working with the formulas of Section Il noticed a discrepancy
in (8) and (9). This has been investigated thoroughly and the
observations are furnished below. 7.4 6.634 6.644 6.981

In (8), the static fringing capacitanc€; ... of the circular disk ca-
pacitor has been equated to that derived in (33) of [1] (Ref. 12 in th
paper abovB, which rather represents the total capacitance of a cir-
cular microstrip disk. It is clearly stated in [1, sec. V] that, “We have
obtained an approximate formula for the capacitance of a circular mi- REFERENCES
crostrip disk in (33)...” Moreover, following (33), it is noted that,  [1] W. C.Chewand J. A. Kong, “Effects of fringing field on the capacitance
“We note that the first term is equal to the capacitance by ignoring  of circular microstrip disk,1EEE Trans. Microwave Theory Teghvol.
the fringing fields.” Hence, it is clear that the effect due to the fringing MTT-28, pp. 98-104, Feb. 1980.
fields is accounted by the second term only and, as a result, the static
fringing capacitance should be equated to the second term [1, eq. (33)]
to yield the correct form of (8) in the paper abéwas

10.7 4.723 4.723 4.938

82 6.074 6.047 6.346
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Cesiar = (€0 Eve -7 a” [He){(2+ Hr /(7 - £re - a)) J. P. Damiano, J. M. Ribero, R. Staraj, and A. Papiemik
x [In(a/(2- Hr)) + (1.412,c + 1.77)
+ (Hr/a)(0.2685 + 1.65)]}. In the paper given in reference [1], we proposed a model based on

the well-known cavity model, which has been modified via the intro-

The expression for the effective radius of circular microstrip patch N, ction of the concept of dynamic permittivity in order to take into
(9) can be obtained from the expression for the total static capacitar&% ount the fringing field effects

of th(_a patck_l asin(l, €da. (33)]' But the_ sta}tement in t_he last paragraph o he critical comment contains a misinterpretation due to a lack of
Se_ctlon lLin connecthn w_lt_h thg derivation of (9) mlsleadsthe reade&arity of our explanation of (8).
This can, howgver, be Jus“fled if the above equation replaces (g)' . The dynamic permittivity ;,,, depends on the dynamic capacitance
The theoretical calculations for the antenna parameters given in
Table L has been repeated after incorporating the above correction R Caynler)

in (8) and are presented in Table | here. It is interesting to note Fdyn = Cayn(z0)’
that the theoretically computed value in the paper abeb@ws the

closest agreement with the measured value, whereas the results 4ftepn 1S the main capacitance related to the static main capacitance
incorporating the above correction differs by approximately 5%. Stfffostat-

the model with the suggested correction can be applied for computind”¢y= 1S @ dynamic fringing capacitance calculated by the static

approximate theoretical data. However, for more accurate results sdifeging capacitance€’e

other modifications can be sought for since the model itself is based

on different earlier works based on different techniques. Cestat =

Cdyn = C[)dyn + Cedyn-

.~ 2
€0%reTq

Hr

2H, a
¢l I 1.41s.. + 1.77
{ +6reﬂ'n |:71<2HT>+( -+ 1.77)

+%(0.268&-e + 1.65)} }
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Cestat 1S the sum of two terms, i.e., the main static classic capacitanmea parallel-plate radial or rectangular waveguide. A disk-resonator

and the term due to the fringing field effects. diode mount [3], [4] is also a type of top-hat monopole antenna struc-
Our (8) [2] is exact. ture used to assemble Gunn or Impatt diode oscillators or amplifiers.

It has to be noted that in order to solve the problems of disk-resonator

ACKNOWLEDGMENT diode mounts and coaxial-to-waveguide transitions a field matching

) o technique in conjunction with a method of moments has been applied
The authors would like to thank D. Guha for his interest for our Papgg}_[10]. The methods of analysis used in [1] and [2] are very similar
to the ones demonstrated in [3]-[10].
REFERENCES In comparison with [1] and [2], the analyses presented in [3]-[10]
[1] F. Abboud, J. P. Damiano, and A. Papiernik, “A new model for calOffer some extra features. For example, in contrast to [1] and [2], where
culating the input impedance of coax-fed circular microstrip antenn&$ly the excitation from a gap at the base of a monopole is considered,
with and without air gaps,JEEE Trans. Antennas Propagatol. 38, the analyses of [3]-[10] cover two types of excitations—one from a

2] \F/)\? ésgﬁgvlvgfnf’d "]\‘ff&’- gggEEE Trans. Microwave Theory Techol coaxial entry and the other in a cylindrical gap arbitrarily located along
MTT-28, pp. 98-104, Feb. 1980. the monopole. Also, the analyses in [3]-[10] cover the cases of a rect-

angular waveguide and a radial cavity in addition to a parallel-plate

radial guide considered in [1] and [2]. This extension is achieved by in-

troducing equivalentimpedances, which radial waves experience at the

coaxial cylindrical surface enclosing the monopole antenna [3]. These

impedances are calculated by assuming that the field close to the an-
On the Link Between Top-Hat Monopole tennais axially symmetric. This assumption produces reasonably accu-

rate results even in considerably asymmetric waveguide environments
provided that the antenna has a small diameter in comparison with a
free-space wavelength [9].

Marek E. Bialkowski Based on the presented theories in [3]-[10], a number of computer
algorithms have been developed for analysing a variety of coaxial-to-
waveguide transitions and disk-resonator diode mounts. Examples of

Index Terms—Coaxial waveguides, disk resonators, monopole antennas. the analyzed structures are shown in Figs. 1 and 2. Fig. 1(a) shows a

coaxial line driven disk-ended probe in a parallel-plate radial guide.
Fig. 1(b) shows the same disk-ended probe, but fed from a gap in a
|. INTRODUCTION post. Fig. 1(c) shows a disk-resonator diode mount, which is obtained

In [1] and [2] the authors present the analysis of a top-hat monopdl¢ adding a conducting post between the disk and an upper plate of the
antenna loaded with dielectric layers radiating above a conductifflial guide in a gap-fed disk-ended probe of Fig. 1(b). Fig. 2 shows a
ground plane. In order to obtain a simplified solution to this rath&oaxial line driven disk-ended probe of Fig. 1(a) but this time located
complicated electromagnetic field problem, they introduce an upp8ra rectangular waveguide.
ground plane that converts the original problem to the one of aAmong the developed variety [3]-[10] of FORTRAN algorithms,
monopole radiating in a parallel-plate radial guide, which is easi¥0 in particular, named CPROBE.FOR and PROBE.FOR determine
computationally to handle. Provided that the upper ground planeti® input impedance of a disk-ended probe (a top-hat monopole an-
located a sufficient distance from the lower ground plane, the curre#@§ina) in three types of waveguides. Type (i) concerns a parallel-plate
on the monopole and consequently the input impedance are appré&fial guide; type (ii) is a rectangular waveguide with one arm short
mately the same as for the original problem (with no upper conductifficuited and the other arm match terminated; and type (iii) is a rect-
p|ane)_ The authors app|y a ﬁe|d_matching r‘nethod7 in terms of radmgular WaVegUide with two arms match terminated. Note that the side
harmonics in conjunction with a method of moments, to obtaifyalls of the considered rectangular waveguides can be formed by elec-
field expansion coefficients in radial regions of the parallel-platéic or magnetic conductors. CPROBE.FOR assumes the field excita-
guide structure. Subsequently, they obtain computer algorithms fin from a coaxial entry while PROBE.FOR assumes the excitation
calculating the input impedance of a top-hat monopole antenna iff@m a gap in a post/probe. The region above the disk can be empty,
parallel-plate waveguide. filled with a dielectric material or can include a conducting post con-

It is interesting to mention that the problem of a top-hat monopolBecting the disk/top-hat to the upper guide’s wall. Similarly, as in [2],
as considered in [1] and [2] is very similar to the problem of a disk-re¥thile applying a field-matching method, the structure is divided into
onator diode mount as well as to the problem of a coaxial-to-wavélree cylindrical regions: regions I—below the disk; region ll—above
guide transition with a disk-ended probe [3]-[10]. Due to their differerife disk; and region IIl outside the cylindrical volume containing the
contexts, many antenna researchers overlooked the similarity of theligk. The three regions, illustrated in Fig. 1(a)—(c) can be filled with
problems. Hence, the purpose of this communication is to highlight tiflferent homogenous dielectric materials.
oversight. The principal task is to determine the input admittance (or

A coaxial-to-waveguide transition with a disk-ended probe [8], [10["Pedance) of the probe looking from the coaxial entry or from
is a type of a top-hat monopole antenna in a parallel-plate or rectangil}§ gap in the post. The required input admittance is given by the
waveguide that is used to efficiently transfer power from a coaxial liféwer-voltage relationship

Y, = ‘i / (E, x H,)- 7 dS (1)
72 Js,

Antennas, Disk-Resonator Diode Mounts, and
Coaxial-to-Waveguide Transitions
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Fig. 2. Configuration of a disk-ended probe in a rectangular waveguide.
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Fig. 1. Configuration of (a) a coaxial-line-fed disk-ended probe in a parallel . 600 .
plate radial waveguide; (b) a gap-fed disk-ended probe in a parallel-plate radial g 400 - 7
guide; and (c) a disk-resonator diode mount in a parallel-plate radial guide (note 5 g
that this structure includes a conducting post connecting the disk and the upper =~ 200 |
guide’s plate). S
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The accuracy of the calculated admittance is expected to be greater -400 - q Reactance
than that of the field expressions used to obtain it as this definition is 600 S
based on varla_tlonal prlnC|pIes. 1 15 > 25 3 35 4

For a gap driven probg, is assumed by (2)

Frequency (GHz)
o
Eo=Eyy= 7«’/ ) Fig. 4. Input impedance as a function of frequency of a top-hat monopole

antenna in a parallel-plate radial guide of height>> = 120 mm. Other
- et . . dimensions are the same as for Fig. 3. Results obtained using CPROBE.FOR
7 pdwit

Wherﬂ e is the voltage app“e_‘d be_twe_en the ?nds Qf th? gag;as_sld for a coaxial entry withe = 1.19 mm andb = 3.5 mm u . Results

the dimension of the gap. This field is oriented in theirection. This  gptained using PROBE.FOR for the excitation gap of heighe= 1 mm

assumption ignores the field variation at the edges, but provides gqéd= 0.5 mm)___ .
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results for the input impedance as long as the gap height is sufficiently{6]
small.

The electric field at the coaxial aperture is assumed by 7]

E. ¢ = if

8
rln(b/a) el

B, =

®)

9
wherea andb are the inner and outer radii respectively of the coaxial )
line, andV is the voltage between the conductors. The figldis ori-
ented in the radialr) direction.

It was shown by Otto [11] and Williamson [12] in their anal-
ysis of straight probes in parallel-plate radial waveguide that (3)
represents a good approximation in general, becoming poorer &t1]
higher frequencies when the coaxial aperture becomes a signifi-
cant part of a wavelength. [12]

Figs. 3 and 4 demonstrate the use of CPROBE.FOR and
PROBE.FOR to determine the input impedance of a top-hat monopole
antenna/disk-ended probe in a parallel-plate radial guide, which was
considered in [2].

While using CPROBE.FOR, the following dimensions were as-
sumed in calculations: monopole’s radius= 1.19 mm, disk/hat’s ra-
diusR, = 38.7 mm, the thickness of the digk= B— B, — B, = 0.8
mm, height of region | between the bottom ground plane and the
disk/hatB; = 31.75 mm. The dimensions of a coaxial line exciting
the monopole: an inner radius= 1.19 mm, an outer radius = 3.5
mm.

The results are shown for three values of height of the par-
allel-plate guideB") = 80 mm, B®» = 120 mm andB® = 160
mm. Note that this is in contrast to [2], where the parallel-plate guide’s
height is assumed constant in terms of a free-space wavelength.

Fig. 4 shows the comparison between the results for the input

(20]
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Index Terms—Antennas, cylindrical wave function modal analysis
method, fictitious PEC ground screen, half-space terminations, radiation,
top hat monopole antennas, waveguide feeds, waveguide transitions.

|. INTRODUCTION

impedance of the same top-hat monopole antenna obtained Withye 4gree with Bialkowski that the analysis methods used in his re-

PROBE.FOR and CPROBE.FOR. Note that in this case, the hei
of the parallel-plate guide i8 = B® = 120 mm. While using
PROBE.FOR the structure is excited from a 1-mm ¢gap= 1 mm,

h = 0.5 mm) at the base of the monopole [2]. Good agreement
between the two sets of results is observed.

By comparing the results in Figs. 3 and 4 with those in Fig. 6 of
[2], good agreement is also found. This agreement indicates that the
theories developed in [3]-[10] produce results equivalent to those in
[1], [2]. However, one has to note that the algorithms of [3]-[10] offer
additional features such as considerations of excitation from a coaxial
entry and the placement of the monopole antenna in a variety of par-
allel-plate waveguides.

1)
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Hant publications and in our cited paper [1] are somewhat related. But
we would like to make the following points.

While all of these papers employ a cylindrical wave function
modal expansion technique, the problems investigated are dif-
ferent. Bialkowski [8] has treated circuit elements and waveguide
transitions of cylindrical symmetry, while our work addresses an
antenna radiating into an infinite half-space, specifically that of
a monopole extending above a ground plane, terminated in a top
hat. We have shown that the modal expansion method can be used
to accurately determine not only the input impedance of the an-
tenna, but also its radiation pattern. A major innovation of our
work is the introduction of a fictitious parallel ground plane suf-
ficiently removed from the antenna to minimally perturb its cur-
rents. This phantom ground screen allows solution for currents
and input impedance using multiregion cylindrical harmonics
having discrete indices. Once currents and local fields are com-
puted, the radiated fields are found via integration of physical and
equivalent currents that bound the structarthe absence of the
fictitious ground screerBialkowski’s applications involve feeds
and probes coupling to bounded waveguiding structures without
need to add a ground screen or compute radiation into unbounded
space.
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The modal analysis method has been successfully used also by Authors’ Reply
other authors for the solution of problems of cylindrical sym- )
metry, notably by Shen and MacPhie [2]-[4]. To further com- L. Francavilla Bodner, J. McLean, and H. Foltz

plete the bibliography provided by Bialkowski, we would like to
a_dd [2]-[6] listed herein. There may be others as well. All of the Index Terms—Mode-matching monopoles.
cited papers demonstrate the usefulness of the method for prob-
lems of cylindrical symmetry involving metal surfaces and/or di-
electric interfaces that are vertical or horizontal. We would like to thank Prof. Bialkowski for his interesting remarks
If the priority in publication is being challenged, we would like toon the connection between diode mounts, waveguide transitions, and
mention that a symposium presentation [6] was given by Schwep-hat monopole antennas and appreciate his bringing to our atten-
ering in June 1982, which detailed the multiregion solution prdion several references that should be of interest to anyone using mode-
cedure for the top-hat loaded monopole. This was one year eatching methods in the analysis of cylindrical antennas.
fore the first citation listed by Bialkowski involving this method As the title of our paper indicates, the goal of our research was to
[7]. explore top-hat monopoles loaded with multiple layers of dielectric
We regret the lack of reference to Bialkowski's work in our twainder the top hat since the single homogeneous layer case had already
papers, [1] and [5]. Several computerized literature searches Haekn investigated in [1]. We duplicated the homogeneous layer case in
been employed as our work progressed over several years andwork to validate our method of analysis. While Prof. Bialkowski's
no citations involving Bialkowski were found. We had used keymethods and programs could undoubtedly be extended to cover the
words related to antennas, radiation and half-space terminatiomsyltiple layer case as he mentions in [1] we have found that this case
rather than waveguide probes, feeds, and transitions. Had has been neither analyzed nor described elsewhere.
known of Bialkowski's work, we likely would have referenced Prof. Bialkowski states in his comments that the results in Figs. 1
it. and 2 show that his algorithms “produce results equivalent to those in
[1], [2].” For the reader’s clarification, we would like to point out that
this comment can only apply to our duplication of the case presented
in [1] and not to the case of multiple layers of dielectric.
The reader should also note that his algorithm and ours are not iden-
tical, since in his method the top hat is given a finite thickness and a
REFERENCES boundary condition is enforced along the edge of the top hat. In our
work the thickness approaches zero, and an edge condition is satisfied
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