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Abstract—A new family of structures launching the funda-
mental mode in rectangular waveguides is proposed. Individual
or stacked cavity-backed patch antennas radiate into a rectan-
gular waveguide, providing a good matching with a coaxial input
over a wide frequency range. The configuration results in a very
compact, colinear transition from a standard coaxial connector
to a rectangular waveguide. The components have applications
as general-purpose coaxial-to-rectangular waveguide transitions
and are well suited for low-profile, phased-array antennas. Ex-
perimental results confirm the computational estimations of the
proposed components’ performance.

Index Terms—Coaxial waveguides, electromagnetic launching,
waveguide junctions, waveguide transitions.

I. INTRODUCTION

COLINEAR end-launcher coaxial-to-rectangular wave-
guide transitions are found to be convenient in many

applications, in particular for feeding phased-array antennas
consisting of closely packed radiators. In such cases, the use
of the standard, right-angle coaxial-to-rectangular waveguide
transitions is highly inadequate, the traditional solution being
that of employing coaxial, L-shaped loop launchers [1]–[4].

An alternative to the L-shaped loop launchers has been pro-
posed in [5]. The configuration consisted of a cavity-backed
patch antenna [6], [7] that radiates into a rectangular waveguide,
in view of exciting the fundamental TE- mode. The patch is
fed from the back by means of a coaxial cable whose internal
conductor protrudes through the substrate on which the patch
is located. The length of the launcher (hereafter referred to as
the patch end-launcher) is essentially determined by the sub-
strate’s thickness, with the resulting transition being, thus, ex-
tremely short. The proposed configuration provides an excel-
lent matching of the coaxial input to the rectangular waveguide
at a single frequency, complemented by an acceptable matching
over a relatively wide frequency. For example, the -band patch
end-launcher demonstrated in [5] was characterized by an input
reflection coefficient lower than 10 dB over a fractional band-
width of up to 14%. Furthermore, that patch end-launcher was
compared with an L-shaped loop-launcher tuned at the same fre-
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quency, resulting in both an enlargement of the operational fre-
quency band and in a substantial reduction of the transition’s
length.

The concept introduced in [5] is now generalized by
proposing multituned, patch end-launchers. Stacked patch
antennas that radiate into rectangular waveguides are employed
for exciting the fundamental mode. The use of multituned
structures yields optimum matching at more frequencies and
allows a significant widening of the operational frequency band
of the coaxial-to-rectangular waveguide transition (fractional
bandwidths ranging up to 25% in the -band being easily
achieved by means of a doubly tuned patch end-launcher).

The paper now proceeds by briefly revisiting the patch end-
launcher. The doubly tuned patch end-launcher is then described
in detail in Section III. Some results of computer simulations
concerning singly and doubly tuned end-launchers designed for
operating in the -band are presented in Section IV. These pre-
liminary studies are supplemented in Section V by a sensitivity
analysis, examining the influence of small dimensional devi-
ations on the launchers’ performance. The experimental val-
idation of these numerical results is discussed in Section VI,
where details referring to the manufacturing process of the end-
launchers and the adopted measurement setup will be provided
as well. The paper is concluded with a general discussion (in-
cluded in Section VII) and by drawing some conclusions.

II. SINGLY TUNED PATCH END-LAUNCHER

The singly tuned patch end-launcher (which is depicted in
Fig. 1) consists of a circular metallic patch that is etched on
a plated microstrip laminate. The device can be interpreted as
a cavity-backed patch antenna that radiates into a rectangular
waveguide or as a cascade of guiding structures. The latter ap-
proach permits a description of the junction’s functioning in
terms of modal couplings between the modes of the different
guiding structures composing the end-launcher (see [5]).

The device at the core of this work ensures the matching
between the coaxial line input and the rectangular waveguide
output. Since the matching is optimum at a single frequency
(hereafter referred to as ), we denote it as a singly tuned patch
end-launcher. Note that the frequency where the best matching
is achieved depends, essentially, on the patch’s radius and on
the substrate’s permittivity and thickness (see Fig. 1).

III. DOUBLY TUNED PATCH END-LAUNCHER

As already anticipated in [5], the concept at the basis of the
patch end-launcher can be extended to multiply tuned configura-
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Fig. 1. Singly tuned patch end-launcher.

tions by employing a strategy that is reminiscent of the approach
used for designing the doubly tuned loop launcher described in
[4]. Basically, it amounts to optimizing the matching between
the structure’s input and output ports at a number of relatively
closely spaced frequencies such that to broaden the frequency
band of operation.

A straightforward solution to obtaining a multiply tuned
structure is by stacking several patches on top of each other.
In particular, a doubly tuned patch end-launcher is obtained by
stacking two metallic patches; this solution has a long history
of application in the realm of radiating elements [8], [9]. The
proposed geometry (see Fig. 2) consists of two stacked patches
located on dielectric substrates, where the lower one is fed
by means of a coaxial line whose inner conductor protrudes
through the lowermost substrate. No metallic connection be-
tween the two patches is required, as the proximity ensures
their electromagnetic coupling [10]. When also considering
the metallic enclosure consisting from the waveguide’s walls
and the ground plane, the overall structure is analogous to a
cavity-backed, stacked patch antenna [6], [7].

By properly choosing the radii of the patches and their rel-
ative spacing, two resonances can be found and tuned to de-
sired values. The two resonance frequencies are denoted in the
following as and . For the case when the spectral spacing

Fig. 2. Doubly tuned patch end-launcher.

between the two resonances is large, the device operates in two
separate frequency bands that separated by an intermediate stop-
band. Nevertheless, when the two resonances are close in the
spectral domain, they generate a region of “constructive interfer-
ence” in the enclosed frequency range. A good level of transmis-
sion between the access ports can then be obtained in that fre-
quency region, resulting in a substantial increase of the device’s
operational bandwidth. Furthermore, the level of matching be-
tween the input and the output ports can be controlled by ad-
justing the location of the feeding point and the spacing between
the two patches, together with adequately choosing the permit-
tivity of the dielectric substrates. The description of the device’s
functioning mechanism is concluded by once again stressing the
fact that the proposed configuration can be assimilated to a cas-
cade of guiding structures. Consequently, its behavior can be
investigated by employing the instruments of the modal anal-
ysis of planar waveguide junctions [5], [11]–[13].

IV. -BAND END-LAUNCHERS

The performance of the components presented in Sections II
and III is illustrated by examining two end-launchers that are
intended to operate in the -band. Both launchers are designed
and optimized by using the commercial software package CST
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Fig. 3. Simulated frequency response of the singly tuned end-launcher.

Microwave Studio, version 5.0 [14]. Note that the analysis of the
singly tuned end-launcher has already been described in detail
in [5]. Nevertheless, the relevant results are reiterated to provide
the basis of the comparison with the physical measurements re-
ported in Section VI.

Both launchers use the same input and output ports. A stan-
dard subminiature A (SMA) coaxial connector (having the char-
acteristic dimensions mm, mm and
the insulator’s relative permittivity ) is adopted as
input port. The output port is a standard WR 90 rectangular
waveguide, with mm and mm (see
Figs. 1 and 2). In view of its favorable electric properties, avail-
ability and ease of processing by means of standard lithographic
etching technology, a Rogers RO4003C (Hydrocarbon ceramic)
microstrip laminate is selected as material for manufacturing
the end-launchers. Consequently, based on the product specifi-
cations (see [15]), the substrate’s relative permittivity amounts
to , its dissipation factor to (at
10 GHz), and the thickness of the patches equals that of the
metallization layer, i.e., m (see Figs. 1 and 2). A
conductivity of S/m (copper) is assumed for all
of the metallic parts.

A. Singly Tuned -Band End-Launcher

Following the procedure described in [5], the launcher is de-
signed for optimum matching at 10.2 GHz. The patch’s radius
is taken as 4.00 mm and the substrate’s thickness amounts to
1.524 mm. For optimally tuning the component, the coaxial con-
nector is shifted away from the patch’s center by mm
(see Fig. 1). Hereafter, the coaxial connector and the rectangular
waveguide are denoted as the ports 1 and 2, respectively.

The simulated frequency response of the component is dis-
played in Fig. 3. The component is optimally matched at a fre-
quency of 10.2 GHz and exhibits an input reflection coefficient

lower than 10 dB over a fractional bandwidth of roughly
10%. An insertion loss of about 0.05 dB is observed at the
frequency of best matching.

Fig. 4. Simulated frequency response of the doubly tuned end-launcher.

B. Doubly Tuned -Band End-Launcher

The design of a doubly tuned patch end-launcher requires the
definition of a number of parameters such as: the patches’ radii

and , the spacing between the patches , the dielectric
permittivity and the thicknesses of the dielectric substrates
and , and the shift of the coaxial connector (see Fig. 2).

The choice for the substrates’ permittivity and thicknesses is
clearly limited by the availability of the microstrip laminates. In
the present case, it was decided to use the same kind of laminates
for both substrates, namely, Rogers RO4003C. Consequently,
the substrate’s relative permittivity was and its dis-
sipation factor (at 10 GHz), while the thick-
nesses of the substrates were chosen from the catalog data as

mm and mm, respectively. Further-
more, numerical simulations demonstrated that choosing two
patches having identical radii mm results
in an optimum performance of the launcher. Finally, a param-
eter study has yielded an optimum off axis shift of the coaxial
connector of mm (see Fig. 2).

The computed frequency dependence of the input reflection
and transmission coefficients ( and , respectively)
is depicted in Fig. 4 (where the ports are denoted as in the
case of the singly tuned end-launcher). The former parameter
is lower than 10 dB over the frequency band ranging from
9.6 to 12.3 GHz, yielding an operational relative bandwidth
of approximately 24%. At the same time, is lower than

14 dB over the frequency band ranging from 10 to 12.2 GHz
(which translates into a relative bandwidth of about 20%). The
in-band insertion-loss level is approximately 0.1–0.2 dB.

V. SENSITIVITY ANALYSIS

The devices described by this contribution are meant to be
mass-produced. It is then extremely important to have a clear
understanding of the effect of small dimensional deviations on
the launchers’ performance. In this respect, it is first observed
that the parameters of the microwave laminates (i.e., the thick-
nesses of the dielectric and of the metal plating and the permit-
tivity) can be assumed to be virtually exact. It then follows that
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Fig. 5. Dependence of f on small variations of r .

the only parameters that are subject to (technological) inaccura-
cies are the dimensions and the location of the patches and the
off axis shift of the feeding points. Since the resonant frequency
mainly depends on the patches’ radii, a sensitivity analysis was
conducted in order to estimate the frequency shift due to (pos-
sible) manufacturing limitations.

The examination of the effect of small dimensional deviations
was conducted by means of numerical experiments. The limits
of the relevant studies were chosen in accordance to the dimen-
sional precision indicated by the producer of the printed boards,
i.e., m.

In the case of the singly tuned end-launcher, the sensitivity
analysis has predicted variations of the resonant frequency
within the range of 600 MHz; the complete dependence is
shown in Fig. 5.

A similar study was conducted for the doubly tuned launcher
as well. Nevertheless, in this case, the effect of small perturba-
tions simultaneously affecting two parameters, namely, the radii

and , must be accounted for. The dependence of and
on the variations of and is displayed in Figs. 6 and 7,

respectively. From them, it can be observed that the frequency
excursions amounted to 800 and 500 MHz in the case of the
and frequencies, respectively.

The numerical experiments clearly indicate the necessity to
ensure a very high accuracy of the dimensions of the patches.
In any case, the m accuracy guaranteed by the manu-
facturer of our prototypes seems insufficient for obtaining pre-
cision end-launchers. In fact, this aspect became evident during
the measurement of the manufactured launchers, which will be
discussed in Section VI-B.

VI. EXPERIMENTAL VALIDATION

For validating the computational estimations of the perfor-
mance of the proposed devices, a number of singly and doubly
tuned end-launchers was fabricated and measured. The results
of the physical measurements are hereafter presented.

Fig. 6. Dependence of f on small variations of r and r .

Fig. 7. Dependence of f on small variations of r and r .

A. Manufacturing of the Prototypes

The prototypes of the singly and doubly tuned end-launchers
were manufactured in printed technology. Both of the dielectric
boards and the pertaining flanges employed for mounting the
launcher on the waveguide ends have been obtained from
commercially available microstrip boards. The components
needed to assemble the singly and the doubly tuned launchers
are depicted in Figs. 8 and 9, respectively. A metal-plated hole
is employed for allowing the protruding pin to pass through
the dielectric substrate. The metal plating of the hole ensures
the electrical connection between the coaxial connector’s inner
pin and the metallic patch. The location of the hole coincides
with that of the feeding points in Figs. 1 and 2. The flanges
needed for attaching the launchers to the waveguide ends are
realized of dielectric boards that are metal-plated on both faces.
Four fine holes are provided for aligning the flange with the
dielectric substrate. Additionally, mounting holes are drilled in
the flange for fastening the device to the waveguide. Finally,
one large metal-plated hole is included in the design for al-
lowing the insertion of the coaxial connector directly behind the
substrate.



SIMEONI et al.: PATCH END-LAUNCHERS 1507

Fig. 8. Components of the singly tuned patch end-launcher.

Fig. 9. Components of the doubly tuned patch end-launcher.

Fig. 10. Assembled doubly tuned end-launcher. (a) Back view. (b) Top view.

A three-step procedure is applied for assembling the singly
tuned patch launcher. First, the inner conductor of the coaxial
connector is passed through the relevant metal-plated hole and
soldered to the inner surface of the hole itself. Subsequently, the
ground conductor of the connector is soldered to the back side
of the substrate. Finally, the substrate is aligned with respect
to the flange, and its (metal-plated) back-side is soldered to the
sidewalls of the large metal-plated hole of the flange. This as-
sembling procedure ensures an electric connection between the
flange, the back-side of the substrate, and the ground conductor
of the coaxial connector. As for the assembling of the doubly
tuned end-launcher, this requires a supplementary step. After
executing the three steps indicated above, the second substrate
is stacked and glued on top of the first one. The fully assembled
doubly tuned end-launcher is shown in Fig. 10.

B. Measured Results

The manufactured prototypes have been measured with a
Agilent 8722ES vectorial network analyzer. A full two-port

Fig. 11. Measured jS j-parameter for the singly tuned end-launcher and com-
parison with the computational results.

Fig. 12. Measured jS j-parameter for the doubly tuned end-launcher and
comparison with the computational results.

calibration has been performed by means of a coaxial wave-
guide calibration kit. Two different setups have been used for
measuring the - and -parameters of the manufactured
prototypes.

The first setup, which was used for the measurement of the
-parameter, consists of the mounting the device under

test (DUT) on the flange of a rectangular waveguide (standard
WR 90) loaded with a waveguide-matched load. In this case,
the reflection coefficient measured at the coaxial input of the
DUT correspond to the -parameter of the DUT itself,
since we can assume a wave of negligible magnitude being
reflected backward by the matched waveguide termination. The
measured -parameter corresponding to the singly and the
doubly tuned patch end-launchers is illustrated in Figs. 11 and
12, respectively.

The second setup, which was used in the measurement of the
-parameter, consists of mounting the DUT on the flange

of a rectangular waveguide (standard WR 90) connected at the
other end (port 2) to a commercial right-angle coaxial-to-rect-
angular waveguide transition of the type described in [16]. The
transmission coefficient relative to the TEM-mode propagating
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Fig. 13. Measured jS j-parameter for the singly tuned end-launcher and com-
parison with the computational results.

through the coaxial cables was measured. The contribution to
the insertion loss introduced by the right-angle transition has
been separately evaluated1 and subtracted from the measured
parameter. The measured transmission coefficient can then be
assimilated to the -parameter of the DUT even if the refer-
ence plane defining port number 2 is placed at the coaxial input
of the right-angle coaxial-to-rectangular waveguide transition
and not at its waveguide flange. It should be noted that, because
of this different definition of the electric ports, a discrepancy be-
tween the computed and measured -parameters is bound to
manifest itself. The measured -parameters corresponding
to the singly and the doubly tuned patch end-launchers are il-
lustrated in Figs. 13 and 14, respectively.

Upon returning to the -parameter, we can observe a good
agreement between the measured and computed results related
to the singly tuned end-launcher. In the case of the doubly tuned
end-launcher, an excessive return loss is observed in the middle
of the passband. The excessive reflection is probably due to the
inaccuracies introduced during the assembly of the prototypes,
in particular, for the alignment of the stacked boards. The return
loss, however, remains lower than 10 dB over a frequency range
of approximately 2.5 GHz.

For the -parameter, as anticipated, there is a small dis-
crepancy between the computationally estimated and measured
results that can be attributed to a combination of causes:

• different definitions of port 2 in the experimental phase and
in the numerical simulation;

• imperfections occurring in the manufacturing of the proto-
types, especially during the assembling process.

1The contribution of the right-angle transition to the measured insertion loss
has been experimentally evaluated. Two identical right-angle transitions have
been connected to each other at their waveguide ends, and the transmission co-
efficient between the two coaxial inputs has been measured. The insertion loss
measured was then divided by two to obtain the contribution of the individual
transition. Note that this procedure does not represent a rigorous shift of the ref-
erence plane of port 2 from the coaxial input of the right-angle transition to its
waveguide end, but merely compensates for the insertion losses introduced by
the transition itself.

Fig. 14. Measured jS j-parameter for the doubly tuned end-launcher and
comparison with the computational results.

Fig. 15. Measured jS j-parameter for a sample of five singly tuned
end-launchers and comparison with the computational results.

As concerns the impact of the last cause, it is further substanti-
ated by the fact that the discrepancy is more visible in the case of
the doubly tuned end-launcher (see Fig. 14), the assembling of
which consisted of more operations that are prone to introduce
manufacturing inaccuracies. Nevertheless, an insertion loss of
approximately 0.15 dB is observed at for the singly
tuned patch launcher. The insertion loss remains above 0.4 dB
over a frequency range of roughly 700 MHz. As for the doubly
tuned patch launcher, an insertion loss of less than 1 dB is ob-
served over a frequency band of roughly 2.5 GHz.

In order to asses the reproducibility of the designed devices,
which is an aspect that is of paramount importance in the case
of a mass production of such components, a sample of five
end-launchers of both types were measured; the results of this
analysis are reported in Figs. 15–18. The overlapping of the
curves is very good, except for the region in the proximity of
resonances where, as a result of small shifts in the resonant
frequencies, larger spreads of the curves are observed.
For obtaining a quantitative measure of the spread of the mea-
sured characteristics (in particular, as concerns the ), the
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Fig. 16. Measured jS j-parameter for a sample of five singly tuned
end-launchers. (a) Measured and computational results. (b) Frequency depen-
dence of the standard deviation �.

Fig. 17. Measured jS j-parameter for a sample of five doubly tuned end-
launchers and comparison with the computational results.

frequency dependence of their standard deviation was com-
puted; this parameter is plotted in Figs. 16(b) and 18(b). The

Fig. 18. Measured jS j-parameter for a sample of five doubly tuned end-
launchers. (a) Measured and computational results. (b) Frequency dependence
of the standard deviation �.

values of the standard deviation are very small (below 0.6 dB)
within the frequency band of interest.

VII. DISCUSSION

As demonstrated by the measurement results reported in
Section VI-B, the manufacturing technology has a determinant
role in ensuring adequate performance of the components. Al-
though the reproducibility test has pointed toward a relatively
low sensitivity to (small) fabrication inaccuracies, it is obvious
that, in order to guarantee the performance as estimated by the
numerical simulations, the technology employed for producing
such devices should be revisited. In this respect, the examined
prototypes suffered from a number of manufacturing flaws,
particularly in the assembling phase. The most commonly ob-
served defect was the slight misalignment of the two substrates
that compose the doubly tuned launchers. Furthermore, as the
upper layer is extremely thin (0.508 mm), it tends to bend,
leaving some air gap of irregular shape between the two dielec-
tric boards. Finally, the gluing procedure is not easy to control,
and the electric properties of the employed adhesive were
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unknown. All of these shortcomings can be addressed by an in-
dustrial fabrication of the components. Standard printed circuits
board (PCB) technology enables the manufacturing of sealed
structures composed of multiple dielectric boards, including
metallic layers and vertical interconnections (via-holes). The
PCB technology is then recommended for manufacturing these
components.

Upon returning to the concept at the basis of the design of the
patch end-launchers, it can be mentioned that a further broad-
ening of the operational bandwidth can be achieved by moving
toward larger numbers of stacked patches. Alternatively, config-
urations containing patches with different shapes (i.e., square
and triangular) may also be considered. Nevertheless, it must
be stressed that, in all cases, particular attention must be paid to
ensuring the field purity of the launched wave. To substantiate
this, it is noted that, irrespective of the patch’s shape, undesired
field components are excited as well. Depending on the magni-
tude of these components, their suppression requires the use of
a section of monomodal waveguide, as this length is interrelated
to the shape of the patch. By recalling the fact that this research
focused on compact waveguide structures, it is obvious that an
optimization of the patch’s shape will always be needed.

VIII. CONCLUSION

The performance of a new family of structures launching
the fundamental mode in rectangular waveguides was dis-
cussed. Singly and multiply tuned launchers consisting of
(stacked) patches were proposed for matching a coaxial input
to a rectangular waveguide over a frequency range as wide as
possible. The examined configurations provide an extremely
flat, colinear transition from a standard coaxial connector to
the relevant waveguide. Computational simulations and exper-
imental results were employed for validating the advocated
concept. Numerical simulations (finite-difference time domain)
show an insertion-loss level of approximately 0.1–0.2 dB in
the frequency band of operation. The proposed components are
amenable to fabrication in a standard PCB technology.
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Tîrnăveni, Romania, on March 14, 1972. He re-
ceived the Engineer’s degree from the Military
Technical Academy, Bucharest, in 1996, and is cur-
rently working toward the Ph.D. degree in electrical
engineering at the Delft University of Technology,
Delft, The Netherlands.

His current interests include sparse array antennas,
shared aperture antennas, computational electromag-
netics, and radar signal processing.



SIMEONI et al.: PATCH END-LAUNCHERS 1511

Ioan E. Lager (M’01) was born in Braşov, Romania,
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