
PHEMT saturation velocity and mobility is taken 1.5 � 107 cm/sec
and 7000 cm2/V � sec, respectively.

CONCLUSION

An analytical noise modeling is performed using an accurate
charge-control model to evaluate the small-signal parameters and
noise properties of HEMT and PHEMT. This model shows im-
proved behavior of transconductance and gate-to-source capaci-
tance near the threshold region; hence, the calculated curves of
minimum noise figure Fmin and minimum noise temperature Tmin

show good matching with the experimental data. Excellent agree-
ment with the experimental results ensures the validity of the
proposed model. The effects of gate length and donor layer thick-
ness upon noise performance are also studied, which suggest that
noise performance improves with reducing gate length and in-
creasing thickness, however, one needs to maintain the aspect ratio
in order to avoid short-channel effects.
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ABSTRACT: H- and E-plane corners in rectangular waveguide are
widely used in microwave systems. An important aspect in the design of
these components is to maintain a specified return loss over a wide-
frequency band. Designs that are compact in size are also required to
fulfill space and insertion-loss restrictions. In this paper, two families of
compact matched corners are considered: the multistepped and multimi-
tered compact matched corners. Optimum physical dimensions that min-
imize return losses over the full-frequency band are given for the first
three members of each family, for the H- and E-plane cases. In addi-
tion, a yield analysis of the optimum structures is included. The results
are obtained by using the electromagnetic commercial simulator �Wave
Wizard. © 2004 Wiley Periodicals, Inc. Microwave Opt Technol Lett
42: 494–497, 2004; Published online in Wiley InterScience (www.
interscience.wiley.com). DOI 10.1002/mop.20347

Key words: H- and E-plane corners; rectangular waveguide; electro-
magnetic simulation; yield analysis

1. INTRODUCTION

H- and E-plane corners in rectangular waveguide are intensively
used in most microwave systems. A major aspect in the design of
waveguide corners is to maintain a specified return loss over a
wide bandwidth, for instance, �35 dB usually gives a desirable
performance in scientific and industrial applications such as an-
tenna subsystems [1]. Additionally, space and insertion loss re-
strictions call for designs that are compact in size.

In the past, waveguide corners were analyzed experimentally
and equivalent circuits were proposed to model their electromag-
netic behavior [2]. During the last decade, several rigorous numer-
ical methods for the analysis and optimization of these elements
have been proposed [3–6]. However, these publications mainly
focus on the numerical methods themselves and, from our view-
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point, a systematic study of compact H- and E-plane matched
corners has not been given yet.

The aim of this contribution is to fill this gap. To this end, a
general topology for compact corners is introduced and two par-
ticular realizations of this topology are considered: the multi-
stepped and the multimitered corners. In fact, each particular
realization is a family of corners. The first three members of each
family are considered in this study and optimum physical dimen-
sions for the H- and E-plane cases are given. Moreover, a yield
analysis of the optimum structures is also included. Electromag-
netic simulations are carried out by using the commercial simula-
tor �Wave Wizard [7].

2. ANALYSIS AND OPTIMIZATION

As a starting point, we consider the analysis of the unmatched H-
and E-plane waveguide corners shown in Figure 1. These struc-
tures can be considered as two orthogonal waveguide arms of the
same size, a � b, connected by a junction region. These structures
are thus symmetric with respect to the plane shown in Figure 1.
Figure 2 shows the return loss for the H- and E-plane unmatched
corners in WR75 waveguide (a � 19.05 mm, b � a/ 2). It can be

seen that both corners are highly unmatched and they exhibit a
very dispersive response which resembles the response of a cavity
rather than that of a transition. In fact, these structures are also
used as waveguide-filter sections.

The goal is now to improve the return loss of the corners shown
in figure 1 without increasing their physical size. To this end, we
consider a general compact matched corner shown in Figure 3. The
basic idea behind this structure is to reduce the volume of the
junction region in order to provide a smooth transition between the
two orthogonal waveguide arms while maintaining the symmetry
plane. A first-sight matched corner, falling within this category,
could be the rounded corner (see the inset of Fig. 4). The return
loss for the H- and E-plane versions of this structure is depicted in
Figure 4. For both planes the matching is improved; however, the
worst-case return loss in the band is not good enough, since it is
still far from the initial goal of �35 dB. Moreover, the rounded
corner has no free parameters and, consequently, it does not allow
the response to be optimized. A possible generalization of this
structure consists of rounding the interior corner as well [8]. In
such a case, however, the size of the junction region increases and
the compactness of the structure is lost.

Figure 1 Unmatched waveguide corners in rectangular waveguide. For
the H-plane case, w represents the waveguide with (w � a), while for the
E-plane case it represents the waveguide height (w � b)

Figure 2 Return loss for unmatched H- and E-plane waveguide corners.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 3 General compact matched corner

Figure 4 Return loss for rounded H- and E-plane corners. [Color figure
can be viewed in the online issue, which is available at www.interscience.
wiley.com]
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As a practical realization of the general compact matched
corner shown in Figure 3, we consider two families of structures.
We will refer to them as the multistepped and multimitered com-
pact matched corners. The first three members of each family are
depicted in Figure 5.

Figure 6 plots the return loss for the first three multistepped
H-plane corners. The dimensions of these structures have been
optimized to minimize return loss over the whole frequency band
(10–15 GHz) of the standard WR75 waveguide. The shape of the
optimized responses shows that the single-stepped corner has a
resonance into the band and the double-stepped corner has two
resonances. It can be seen, however, that for a larger number of
steps in the junction region, the number of resonances does not

increase, it is also two. It can be seen that the matching improves
as the number of steps increases.

In Figure 7, the return loss for the first three multistepped
E-plane corners is plotted. The same comments as for the H-plane
case can be repeated here. Comparing these results with those in
Figure 6 we observe that, for the same number of steps, the
E-plane corner gives better performance than its H-plane counter-
part.

Figure 8 shows the return loss for the first three multimitered
H-plane corners. As in Figures 6 and 7, the dimensions of these
structures have been optimized in order to minimize the return loss
over the whole band. However, note that in this case, the double-
mitered corner has only one physical parameter to be optimized (as
the single-mitered corner), and the triple-mitered corner has two
parameters, the angle � and the length �. In fact, it can be observed
in Figure 8 that both the single- and double-mitered corners have
only one resonance into the band, while the triple-mitered structure
has two resonances.

In Figure 9, the optimum return loss for the first three multimi-
tered E-plane corners is plotted. In all three cases, only one
resonance was found in the band.

Figure 5 Multistepped and multimitered compact matched corners

Figure 6 Return loss for the first three multistepped H-plane corners.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 7 Return loss for the first three multistepped E-plane corners.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

Figure 8 Return loss for the first three multimitered H-plane corners.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]
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Optimum physical dimensions and the corresponding worst-
case return loss for the structures shown in Figure 5 are summa-
rized in Tables 1 and 2. To provide an easy way of scaling the
dimensions to other frequency bands, the dimensions for H-plane
corners have been normalized to the waveguide width a, while for
the E-plane case they have been normalized to the waveguide
height b.

3. YIELD VALIDATION

In order to determine the manufacturability of the optimum de-
signs presented above, a yield analysis using both Gaussian and
Uniform distribution has been performed. In all the cases, the
geometry tolerance was set to a standard value of �0.05 mm,
which can be easily reached for any milling machine.

Table 3 shows, for the abovementioned geometrical tolerance,
the worst-case values for the return loss inside the considered

frequency band (10–15 GHz). As expected, geometrical tolerances
mainly affects the cases where return losses are very low, that is,
double- and triple-stepped/mitered corners.

4. CONCLUSION

A general topology for compact matched corners in rectangular
waveguide has been introduced and two practical realizations of
this topology—the multistepped and the multimitered corners—
have been studied. The first three members of each family have
been considered in this study and optimum physical dimensions,
for the H- and E-plane cases, have been given.

In general, the E-plane matched corners analyzed give better
results than their H-plane counterpart.

The double-stepped/mitered realizations provide nominal
worst-case return loss, in the whole frequency band, that is better
than �35 dB (except the H-plane double-mitered corner which
gives only �26 dB).

The yield analysis performed shows that double- and triple-
stepped/mitered realizations give similar worst-case return losses,
which are good enough for most applications. Specifically, the
double-stepped corner is a simple structure that provides good
enough matching with relatively small sensibility to mechanical
tolerances.
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Figure 9 Return loss for the first three multimitered E-plane corners.
[Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com]

TABLE 1 Optimum Dimensions and Worst-Case Return Loss
for H-Plane Corners

Stepped Corners s1/a s2/a s3/a �S11� (dB)

Single-stepped 0.64 — — �18
Double-stepped 0.37 0.80 — �38
Triple-stepped 0.26 0.63 0.87 �51

Mitered Corners �/a � — �S11� (dB)

Single-mitered 0.96 — — �20
Double-mitered 0.96 — — �26
Triple-mitered 0.92 30.6° — �48

TABLE 2 Optimum Dimensions and Worst-Case Return Loss
for E-Plane Corners

Stepped Corners s1/b s2/b s3/b �S11� (dB)

Single-stepped 0.53 — — �20
Double-stepped 0.23 0.74 — �55
Triple-stepped 0.20 0.61 0.77 �63

Mitered Corners �/b � — �S11� (dB)

Single-mitered 0.86 — — �27
Double-mitered 0.91 — — �42
Triple-mitered 0.87 29.7° — �47

TABLE 3 Yield Analysis for the Optimum H- and E-Plane
Corners Whose Nominal Dimensions are Given in Tables 1
and 2

Corner

Worst-Case �S11� (dB)

(H-Plane) (E-Plane)

Single-stepped �17.5 �19.5
Double-stepped �37 �42
Triple-stepped �45 �44
Single-mitered �19.5 �26.5
Double-mitered �25.5 �38
Triple-mitered �46 �42
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