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Abstract—The mismatch terminations are essential compo-
nents in measurement setups of various active and passive
microwave components. The main objective of such compo-
nents is to provide a certain reflection level with a flat re-
sponse over the operating bandwidth. The need for mm-wave
mismatch terminations has increased due to the expansion o
using mm-wave frequency ranges in future communication
systems. The mm-wave bands are considered among the
essential bands for the 5G communication system, which
is expected to launch this year. In addition, the utilization of
these bands is expected to increase in the 6G standard. In this
article, we introduce a novel systematic procedure to design
mismatch terminations. Moreover, two examples of mismatch
terminations are designed with reflection levels of -9.5 dB
and -12.7 dB, with the operating band is 32GHz-38GHz. For
experimental validation, proposed design is fabricated and
measured, where a good agreement is achieved between the
simulated and the measured response.

Index Terms—Mismatch Termination - mm-wave compo-
nent - flat reflection

I. INTRODUCTION

M ICROWAVE terminations are one-port networks
that transform the electrical energy into heat.

Terminations are classified as passive lossy component,
and are deployed in measurement setups and protection
systems. In general, a microwave termination consists
of a housing filled with an absorptive material. The
absorptive material should have a high loss tangent
to provide high attenuation for the propagating signal.
The absorptive material can be a lossy plastic such as
carbon tetrachloride or a ceramic based material such
as Silicon Carbide (SiC) [1], [2]. The housing design
depends on the power handling of the unit with respect
to the waveguide size. A load housing can be a simple
cover or a cover attached to heat convection structure
(fins). In some cases, this load cover is formed of a
housing with a surrounding coolant chamber. For high
power applications, the cooling process is performed
using liquid flow, where the commonly used fluid is
water due to its low cost and the unlimited supply [3],
[4]. Microwave terminations, also referred to as dummy
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loads, are typically characterized by the deep matching
level [5], [6] as well as the power handling capability [7],
[8]. However, some sophisticated measurement setups
require a certain reflection level to perform an accurate
assessment of the Device Under Test (DUT) performance.
In such cases, the DUT is terminated with a mismatch
load that provide a specific reflection level with a flat
response within the operating band.

To the contrary of the dummy loads, the matching
level of the mismatch loads is defined within a certain
range (e.g. -10 dB ± 0.5 dB), while the standard loads’
matching level is specified below a certain limit (e.g. ≤-
30 dB). These mismatch loads are used in the assessment
of various components, especially microwave amplifiers
[9], where it is significant to characterize the performance
of amplifiers in terms of stability, and voltage break-
down. This can be carried out though evaluating the
amplifier response while being subjected to different re-
flection levels. Hence, mismatch load is used to emulate
the electrical loading effect during testing. The mismatch
load is selected in a way such that it has a similar
impedance of the actual device that will be connected
in the RF system.

In an RF system, the mismatch load is typically used
to emulate an antenna. By using this load instead of
an actual antenna, the transceiver unit can be tested
and configured without actually radiating waves into
the surroundings. This way, high power radiating sys-
tems can be tested in an environmental-friendly scenario
without the need of expensive outdoor setups [10], [11].
Another important application for the dummy loads is
the decoupling of the antennas in antenna arrays, where
most of these load types are implemented in printed
technologies [12], [13].

Despite of their significant importance, the literature
lacks the existence of a clear design methodology and
configuration of mismatch terminations. In this article,
a novel systematic procedure is proposed to design
mismatch terminations with different reflection levels.
An accurate model is presented to evaluate the reflection
level, where the proposed model is validated through the
comparison with the numerical simulations. In addition,
an innovative configuration for the mismatch load is
proposed to provide a specific reflection level, while
ensuring a flat response within the operating bandwidth.
Furthermore, the proposed design procedure takes into
account real-life aspects such as the non-ideal absorptive

Authors accepted manuscript.
Article published in IEEE Transactions on Microwave Theory and Techniques (Vol. 69, Issue 3, March 2021)
The final published version available at https://doi.org/10.1109/TMTT.2020.3048149

© 2021 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any current or future media, including reprinting/republishing 
this material for advertising or promotional purposes, creating new collective works, for resale or redistribution to servers or lists, or reuse of any copyrighted component of this 
work in other works.



2

material characterization. Finally, the proposed proce-
dure is validated through solving two mismatch loads
design problems using analysis and simulations, and
final design of a −9.5 dB mismatch load is fabricated
and measured.

This article is organized as follows: In section II, the
modeling and analysis of the basic building block of
the proposed configuration are presented. Further, the
capacitive post is analyzed, and is proposed to enhance
the flatness of the final structure. In section III, the pro-
posed configuration of the mismatch load is discussed in
details, where this configuration is modeled as cascaded
sections of single-ridge sections. Section III discusses
the performance of the proposed design based on the
assumption of ideal response of the absorptive material,
where is discovered not to be an accurate assumption.
The actual response of the absorptive material is pre-
sented and analyzed in Section IV, where the design
procedure is modified to accommodate for the realistic
response. Experimental validation of the proposed pro-
cedure through a fabricated prototype follows in Section
V. Finally, the outcomes of this article are summarized
in Section VI.

II. ANALYTICAL MODELS

The proposed mismatch load design consists of a
mismatch section connected to a high power brick load,
as shown in Fig.1. The mismatch section is a rectangu-
lar waveguide loaded with posts with rectangular and
circular cross-section. The rectangular posts are mainly
used to achieve the required reflection, while the cylin-
drical posts are deployed to provide reflection balance
within the operation bandwidth. The rectangular stub
is modelled as single-ridge structure, where an accurate
model for the discontinuity between the rectangular
waveguide and single-ridge will be presented in this
section. The model that will be proposed in this section
is a modified version of the classical model used in the
literature. However, the cylindrical post inside a rectan-
gular waveguide can be modeled as an LC circuit, where
a good approximation for the resultant susceptance is
deployed based on the classical approaches reported in
the literature. Accordingly, in the coming part, a detailed
description of the single ridge modified model will be
illustrated. On the other hand, the cylindrical post model
will be briefly discussed.

A. Single-Ridge Post Model
In the proposed configuration of our design, a single-

ridge section is deployed as a basic building block to
cause the mismatch reflection. The first step is to develop
an accurate model for the metallic single-ridge placed
between two rectangular waveguide sections, as shown
in Fig. 2(a). This structure can achieve the required
value for the reflection with a variation around ± 1
dB , however, our target is to achieve a ± 0.1 dB
over the operating bandwidth. This flat response will

Fig. 1. The configuration of the proposed design of mismatch termi-
nations.

(a) (b)

(c) (d)

Fig. 2. The single ridge structure and circuit model. (a) 3D cross-section
view. (b) Side cross-section view. (c) Top cross-section view. (d) Circuit
model.

be achieved through three cascaded single ridge stages
and two cylindrical posts as shown in Fig. 1. Figs. 2(b)
and 2(c) show the geometrical configurations having
all the parameter of the single-ridge placed inside a
rectangular waveguide. Each single ridge structure can
be fully defined by Ls, and the ratios Ws

Wg
and Hgap

Hg
, where

Wg and Hg are the cross-section dimensions of the rect-
angular waveguide, Ws, Hgap and Ls, are the ridge width,
ridge gap, and ridge length, respectively. The initial
dimensions for the single ridge are obtained through an
equivalent circuit representation of single ridge structure
connected to a rectangular waveguide. The proposed
equivalent circuit is based on transmission line model
shown in Fig. 2(d), where Yog = 1

Zog
and Yos =

1
Zos

are the
characteristic admittances of the rectangular waveguide
and single ridge waveguide, respectively. The power-
voltage definition for the characteristics impedance is
used to calculate the impedance for both rectangular Zog
and single ridge wave guides Zos [14]–[16]. Assuming a
TE10 propagating mode in the rectangular waveguide,
the rectangular waveguide characteristics impedance Zog
can be calculated as follow [14]:

Zog = 240π(
Hg

Wg
)

1√
1− (

fcg
f )2

(1)

where, fcg is the cutoff frequency of the TE-mode for the
rectangular waveguide and f is the operating frequency.



3

− cot

(
π

2
fcs

fcg

[
1− Ws

Wg

])
+

Hg

Hgap
× tan

(
π

2
fcs

fcg

Ws

Wg

)
− fcs

fcg

Hg

Wg
× ln

[
sin2

(
π

2
Hgap

Hg

)]
= 0 (2)

While, the cutoff frequency of the single ridge structure
fcs can be determined based on transverse resonance
method by solving Eq. 2 (top of next page) , [18], [19].
Therefore, the single ridge waveguide characteristics
impedance Zos can be calculated as follow [14]:

Zos =
Zos(∞)√
1− ( fcs

f )
2

(3)

where, Zos(∞) is the impedance at infinite frequency and
is calculated using Eq. 4 (top of next page).

In addition, the discontinuity between the single ridge
and rectangular waveguides is considered and repre-
sented by a susceptance B as shown in Fig. 2(d). This
susceptance can be calculated as follow [14]:

B =
WsWe f f

60 π Hgap λg
ln

1

sin π
2

Hgap
Hg

(6)

where, λg is the guided wavelength in the rectangular
waveguide and We f f is the effective width This dis-
continuity has been addressed before, while it has the
full width of the guiding structure. Substituting with
the physical ridge width does not represent the actual
contribution of this discontinuity, specially that most of
the field is concentrated at the center of the waveguide.
A major modification is proposed here to utilize the
previously derived capacitance formula. In this article,
we replaced the physical width of the ridge by the
effective width, where this effective width is propor-
tional to the field concentration in the ridge region. The
effective ridge width is calculated through evaluating
the ratio between the field concentrated in the ridge
region compared to the field within the entire rectangu-
lar waveguide. Assuming the incident TE10 mode with
amplitude A is applied at the input port with electric
field that can be written as [17]:

~E = A cos(
πx
a
) ~ay (7)

Therefore, the effective width can be given as:

We f f = Wg
2 |
∫Ws/2

0 Edx |

2 |
∫Wg/2

0 Edx |
= Wgsin(

πWs

Wg
) (8)

Therefore, the input reflection coefficient Γ is calcu-
lated as:

Γ =
Yog −Yin

Yog + Yin
(9)

where,Yin is the circuit admittance as shown in Fig. 2(d).

To verify the proposed model, different values for both
ridge gap Hgap and ridge width Ws in WR28 rectan-
gular waveguide are considered, where the reflection
coefficient Γ at operating bandwidth is calculated and
compared with CST simulation in Fig. 3.

B. Cylindrical Post model

As will be discussed in more details in a later section,
the metallic cylindrical post can add a localized sus-
ceptance, which will be deployed to get a flat response
within a certain bandwidth. The rectangular waveguide
loaded with a cylindrical post (shown in Fig. 4) was
addressed in many articles and text books, where dif-
ferent models were provided and validated [20]–[22]. In
this article, we used the model illustrated in [23], to
calculate the susceptance of the cylindrical post inside
the waveguide.

III. MISMATCH LOAD CONFIGURATION

In order to obtain a stable reflection over a wide
frequency band, cascaded stages of single ridge struc-
tures are deployed. Fig. 5(a) shows a design with three
cascaded stages, which will be used for illustration in
the rest of this paper. The three ridges are symmetrically
built around the central ridge section to minimize the
number of design parameters as shown in Figs.5(b)
and 5(c). In this section, we are going to deploy the
previously described model to design two mismatch
load examples with a reflection levels of -9.5 dB and -
12.7 dB, while the objective mismatch loads have a zero
phase at the band center.

The initial dimensions of the cascaded single ridge sec-
tions are calculated based on the approximate expression
of the total reflection coefficient Γt= 2Γ2 + Γ1, where Γ1
and Γ2 are the reflection coefficients of the center and the
terminal single ridge sections, respectively. To simplify
the initial dimensions extraction process, the reflection
level of the center section is assumed to be twice the
reflection level of the terminal sections. Assuming the
required reflection coefficient is -9.5 dB and Γt= 4Γ2
=10−9.5/20, then Γ1 = -15.5 dB and Γ2= -21.54 dB are
the required reflection coefficients for the center and
the terminal single ridge sections. The initial dimensions
of the single ridge section that achieved the required
reflections Γ1 and Γ2 can be obtained through parametric
sweep using the previously mentioned mathematical
formulations, where the dimensions are HGap1= 0.123 in,
Ws1= 0.15 in, HGap2=0.1309 in, Ws2=0.2 in. These initial
dimensions are deployed as a starting point, where
further optimization is performed to obtain the required
reflection level for the entire structure based on the
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Fig. 3. Reflection coefficient for one stage of the single-ridge structure.

(a) (b)

(c) (d)

Fig. 4. The cylindrical post and circuit model. (a) 3D cross-section
view. (b) Side cross-section view. (c) Top cross-section view. (d) Circuit
model.

accurate circuit model shown in Fig. 6. Two examples
of reflection coefficients -9.5 dB (Design I) and -12.7 dB
(Design II) are studied, where the optimum dimensions
of the cascaded single-ridge structures shown in Fig. 5
are listed in Table I.

Fig. 7 shows the calculated reflection coefficient
through the circuit model compared with the CST simu-
lation results, where a good agreement can be observed.
To improve the flatness of the return loss over the
entire frequency band, the input impedance of cascade

(a) (b)

(c)

Fig. 5. The cascaded single ridge structure . (a) 3D cross-section view.
(b) Side cross-section view. (c) Top cross-section view.

Fig. 6. The circuit model of cascaded single-ridge sections.

ridge structure is studied and plotted in Fig. 8. Due
to the dispersive nature of each single-ridge structure,
a significant variation of the real part of the overall
input impedance is observed at the low frequency of the
operating band. As shown in the analysis of the single-
ridge characteristics impedance in equation 5, the TE
mode causes a dispersive behaviour that is dependant on
the cut-off frequency. To compensate for this behaviour,
two cylindrical posts are added at both ends of the
cascaded single ridges structure as shown in Fig. 9, to
add two localized susceptances and provide a flatter
response for the return loss curve. These posts are not
only used for reducing the reflection imbalance, but also
will allow a fine experimental tuning that compensates
for the fabrication tolerances which are significant issue
in mm-wave bands (such as the WR28 waveguide used
in this paper). Fig. 10 shows the effect of the added
posts on the reflection coefficient as a very flat return
loss response is observed after adding these cylindrical
posts.
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Table I
THE DIMENSIONS OF THE MISMATCH SECTION IN INCHES

RL Ls1 Ls2 Ws1 Ws2 HGap1 HGap2 ds
9.5 dB 0.073 0.045 0.16 0.226 0.107 0.1325 0.061
12.7 dB 0.073 0.045 0.155 0.22 0.1135 0.1325 0.057

Fig. 7. Reflection coefficient for the cascaded single ridges structure.

Fig. 8. The input impedance of the cascaded single ridges structure.

(a) (b)

(c)

Fig. 9. The cascaded single ridge structure with tuning post. (a) 3D
cross-section view. (b) Side cross-section view. (c) Top cross-section
view.

(a)

(b)

Fig. 10. Reflection coefficient for the cascaded single ridges structure
with tuning post. (a) Design I. (b) Design II.

IV. PRACTICAL CONSIDERATIONS

The proposed mismatch section is connected to a
high power brick load. The load housing is fabricated
using CNC machine with a tolerance of 0.0005" in all
dimensions. The fabricated aluminum housing is made
of two symmetric halves. The fabricated housing and
the assembled mismatch load are shown in Figs. 11(a)
and 11(b). Two different brick load units are used in this
study. Several measurement are carried out for the two
load units, where the average of the all measurement
are calculated to overcome any calibration errors as
shown in Fig. 12. It is shown that, the two load units
have a different response. This means that, both units
will have different response when connect the mismatch
section. A comparison between the overall response of
the measured mismatch termination using two different
brick load units (Unit 1 and Unit 2) is shown in Fig.13.
The measured response is for Design I (9.5 dB), and
is carried out using Anritsu network analyzer. It is
worth mentioning that, the simulation result is obtained
assuming the brick load is deeply matched (assuming
the line is terminated with Zo). However, there is a
significant discrepancy exists between the simulated and
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(a)

(b)

Fig. 11. Fabricated prototype of the mismatch load. (a) Brick load. (b)
Assembled Mismatch load.

Fig. 12. The average reflection coefficient measurements of two differ-
ent load units.

measured results. This can be explained by the realistic
response of the high power brick load, while the design
in the previous step assumed total signal absorption
beyond the mismatch stage. Therefore, we would adapt
our design procedure to take into account the limited
matching level of the brick load, which not considered
through the design process. This would dramatically
affect the design, specially when the requirements of the
mismatch section is relatively a low nominal reflection
value such as the one used in this example. To take the
brick load response into account, the dimensions of the
mismatch section are re-optimized while the section in
being loaded with the actual brick load measurements.
The final response of the re-optimized dimensions will
be addressed in the following section.

Fig. 13. Simulated with a perfect RF match load and measured
reflection coefficient of the proposed design for 9.5 dB mismatch using
a two different load units with brick load units 1 and 2.

V. EXPERIMENTAL RESULTS AND VALIDATION

The previously described design procedure is followed
to propose a mismatch load design of reflection level
9.5dB. This unit is designed taking into account the
measured response of the brick load (Unit 1) as indi-
cated in the mentioned design procedure. The proposed
final designs are fabricated and measured, where the
measurement setup of these units are shown in Fig.
14(a). The measured response is compared with both
the simulated and the model response in Figs. 14(b) and
14(c), where a good agreement is observed for both the
reflection coefficient magnitude and phase, respectively.
To evaluate the deviation of the measured results, the
relative error of the measured reflection coefficient is
shown in Fig. 15, where the error is below 10 % over
the operating frequency band.

VI. CONCLUSION

Mismatch loads are considered among the major com-
ponents in multiple test setups for source evaluation
and antenna response emulation. A straightforward and
systematic procedure for the mismatch load is presented
based on multiple single ridge sections surrounded by
a cylindrical post at both ends. An accurate analytical
model is proposed and validated for the single ridge
sections, where a modified expression of the intermedi-
ate susceptance is proposed. Afterwards, the presented
model is deployed to design two examples of mismatch
sections. A significant contribution is introduced in this
article through taking into account the actual brick load
response in the design procedure. The fabricated de-
signs based on the presented systematic procedure are
measured, where the measured responses are in a good
agreement with the simulated response.
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(a)

(b)

(c)

Fig. 14. (a) The test setup used for measurements. Simulated and
measured RL for the 9.5 dB mismatch load considering the actual load
measurements. (b) Magnitude. (c) Phase.

Fig. 15. The relative error between the measurement and simulation
results.
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