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Tunable C-Band Isolator Using Magnetized Gaseous Plasma
Armin Ewert, Graduate Student Member, IEEE, and Daniel F. Sievenpiper, Fellow, IEEE

Abstract—This study presents a compact, tunable nonrecipro-
cal microwave isolator based on a magnetized gaseous plasma col-
umn integrated into a rectangular waveguide. The device operates
in the C-band and employs a partially metal-coated commercial
low-pressure discharge lamp together with permanent magnets
to provide axial magnetic bias. Nonreciprocal behavior arises
from direction-dependent surface magnetoplasmons supported at
the plasma-quartz interface. Experimental measurements demon-
strate up to 10 dB isolation with approximately 2 dB insertion
loss. The isolator exhibits tunability through plasma density,
magnetic bias strength, and input microwave power, enabling
dynamic control of the isolation band. A power-dependent
increase in plasma density shifts the nonreciprocal band toward
higher frequencies, providing an additional tuning mechanism
under high-power operation. The proposed approach offers a
passive, reconfigurable alternative to conventional ferrite and
time-modulated isolators and is well suited for high-power C-
band microwave systems.

Index Terms—Microwave isolators, magnetized plasma, non-
reciprocal

I. INTRODUCTION

ISOLATORS are well-established microwave components.
They enable electromagnetic energy to propagate in one

direction while suppressing propagation in the opposite di-
rection [1], [2], [3]. Isolators are widely used for transmitter
protection, suppression of reflected power, and improvement
of system stability in microwave systems.

Most practical isolators today rely on ferrites and are
available as commercial off-the-shelf components. Simultane-
ously, there is a growing interest in chip-scale implementa-
tions that avoid magnetic materials. These approaches exploit
non-magnetic nonreciprocity, for example, through spatio-
temporal modulation [4]. Despite decades of development,
nonreciprocal microwave devices remain an active research
topic due to persistent trade-offs between isolation, insertion
loss, bandwidth, power handling, tunability, and system com-
plexity. Recent examples include circulators based on adiabatic
flux modulation [5] and 3D-printed circulators [6]. Ferrite-
based devices continue to demonstrate wideband and extreme
isolation [7]. In the context of spatio-temporal modulation,
research has focused on transmission lines [8] and bandpass
filters [9].

Magnetized plasmas provide an alternative route to non-
reciprocity. Early research concentrated on semiconductor
plasmas for microwave isolators and circulators. These devices
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were experimentally demonstrated, but typically operated at
higher frequencies and required cryogenic temperatures to
reduce losses [10], [11], [12], [13], [14], [15].

Plasma can be realized not only in solid-state platforms
but also in gaseous form, offering a flexible medium whose
electromagnetic properties can be controlled through external
parameters. When subjected to a static magnetic bias, gaseous
plasma exhibits the same gyrotropic response and nonrecip-
rocal behavior as solid-state plasmas. Based on this principle,
circulators operating in the C-band using magnetized gaseous
plasma have been experimentally demonstrated [16], [17]. In
parallel, the scattering characteristics of magnetized plasma
columns have been studied in detail, providing insight into the
underlying wave–plasma interactions [18], [19]. More recently,
nonreciprocal surface waves propagating along gaseous plasma
columns have been reported [20]. Related plasma-based struc-
tures have also been shown to support nonreciprocal leaky-
wave propagation under magnetic bias [21].

Compared to conventional solid-state and ferrite-based ap-
proaches, gaseous plasma offers unique advantages. These
include self-healing behavior after high-power events, dynamic
on/off operation through plasma generation and wide tunabil-
ity of the plasma and electron cyclotron frequencies. These
properties enable frequency agility, moderate-bandwidth oper-
ation, and high-power handling beyond what other approaches
provide [22], [23].

No microwave isolator based on gaseous plasma has been
reported to date. This work demonstrates a gaseous plasma
microwave isolator operating in the C-band using commercial
off-the-shelf equipment. Experimental measurements are pre-
sented and the performance is compared with ferrite-based,
time-modulated, and spatio-temporally modulated isolators.
Potential applications include high-power radar transmitters,
communication systems, fusion plasma heating and industrial
microwave processing.

II. BACKGROUND

Applying a static magnetic field B0 along the y-axis
transforms the plasma into a gyrotropic medium with an
anisotropic permittivity tensor. The off-diagonal tensor ele-
ments break time-reversal symmetry and enable nonreciprocal
wave propagation. For a cold, collisionless plasma, the relative
permittivity tensor is given by [22], [23]

εp =

 εt 0 −iεg
0 εa 0
iεg 0 εt

 (1)

where

εt = 1−
ω2
p

ω2 − ω2
c

, εa = 1−
ω2
p

ω2
, εg =

ωcω
2
p

ω(ω2
c − ω2)
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Fig. 1. Frequency dependence of the plasma permittivity tensor components
εa, εt, and εg for different magnetic bias values (B0 = 0.05, 0.10, and
0.15 T). The dashed lines indicate the corresponding cyclotron frequencies,
while fp denotes the plasma frequency. The magnetic bias shifts the resonance
behavior of εt and εg , thereby defining the operating regime for nonreciprocal
surface wave propagation.

Here, ωp =
√

nee2/(meε0) is the electron plasma fre-
quency and ωc = eB0/me is the electron cyclotron frequency.
The axial component εa follows a Drude-type response and is
independent of the magnetic bias, whereas the transverse com-
ponent εt exhibits a resonance near the cyclotron frequency
due to magnetization [23], [24]. The off-diagonal component
εg introduces gyrotropy and breaks time-reversal symmetry,
leading to directional resonances. In the Voigt configuration,
this results in nonreciprocal surface wave propagation and the
formation of a frequency bandgap that scales with the cy-
clotron frequency ωc. Within this bandgap, waves propagate in
one direction while being strongly suppressed in the opposite
direction [3], [25].

The frequency dependence of the permittivity tensor com-
ponents is shown in Fig. 1 for different magnetic bias values.
The cyclotron frequency shifts with B0, which in turn modifies
the resonance of εt and the magnitude of εg . As a result, both
the location and width of the nonreciprocal bandgap can be
tuned through the applied magnetic bias.

These features define the operating regime of the device. In
particular, the resonance and sign change of εt, together with
the strength of εg , determine the frequency range in which
nonreciprocal surface waves can exist. The relative position
of the cyclotron and plasma frequencies therefore directly
controls the location and width of the nonreciprocal bandgap
observed in the dispersion relation.

The dispersion relation of these nonreciprocal surface waves
can be expressed using the Voigt permittivity εV = (ε2t −
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Fig. 2. Analytical dispersion relation from (2) compared with eigenmode
simulations performed in COMSOL Multiphysics.

ε2g)/εt [26], [27] as

√
k2z −

ω2

c2
+

√
k2z − ω2

c2 εV

εV
=

εgkz
εtεV

(2)

Figure 2 shows the dispersion relation of surface mag-
netoplasmons (SMPs). The forward and backward branches
are asymmetric. A nonreciprocal bandgap between 3.5 and
7 GHz is observed. In this range, slow-wave surface modes
exist only for one propagation direction. In addition to the
analytical model, the eigenmodes were obtained from full-
wave simulations in COMSOL Multiphysics, showing good
agreement with the theoretical dispersion. The SMP resonance
frequencies are given by [25]

ω± =
1

2

(
±ωc +

√
2ω2

p + ω2
c

)
. (3)

These direction-dependent surface modes couple to the
electromagnetic fields of the waveguide. They are responsible
for the observed nonreciprocal scattering from a magnetized
plasma column [18]. This scattering mechanism forms the
physical basis of the proposed isolator.

A magnetized plasma column placed symmetrically in a
waveguide typically does not yield net nonreciprocity. The
supported surface wave circulates clockwise for one bias
direction and counterclockwise for the opposite. The overall
response remains reciprocal.

Partial metallization of the plasma column, as illustrated in
Fig. 3, fundamentally alters this behavior. Surface waves can
no longer propagate around the conducting side. Propagation is
restricted to the exposed plasma surface. When surface waves
are supported in only one direction, the propagation becomes
unidirectional. This breaks reciprocity and enables isolation.

III. MODEL

The device geometry is shown in Fig. 3. It is implemented in
a standard WR-187 rectangular waveguide with inner dimen-
sions of 47.55 mm × 22.15 mm. The dominant TE10 mode
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Fig. 3. Model of the isolator: (a) schematic view, (b) isometric photograph,
and (c) photograph in the xy−plane with plasma turned on

has a cutoff frequency of 3.153 GHz. The waveguide operates
from 3.95 to 5.85 GHz.

Figure 3(a) shows a schematic of the waveguide section.
A plasma column is placed perpendicular to the propagation
direction and to the electric field of the TE10 mode. The
column is vertically offset and touches the bottom wall of
the waveguide. Its lower half is covered with a conducting
layer made of copper foil. The conducting coating suppresses
surface-wave propagation along the covered side of the plasma
column.

The plasma is generated inside a commercial Ushio G4T5
germicidal lamp. The quartz envelope has a relative permit-
tivity of εr = 3.8, an outer diameter of 16 mm, and a wall
thickness of 0.5 mm. The tube length is 130 mm. The lamp is
filled with argon and doped with mercury droplets. Tungsten
filaments at both ends are heated using a 2 V DC supply to
assist ignition. A 37 kHz electronic ballast delivers 4 W of AC
power to sustain a stable discharge. The gas pressure inside
the discharge lamp is approximately 250 Pa, consistent with
values reported for similar low-pressure plasma discharges in
[28], and is an important parameter governing the electron-
neutral collision frequency and associated losses. The plasma
density is estimated as approximately ne = 4 × 1017 m−3

based on previously reported measurements for similar low-
pressure gaseous plasma elements operated under comparable
conditions [28], [29]. Among these, [29] is particularly rel-
evant because it reports a detailed mapping between ballast
bias voltage and plasma density, which is in good agreement
with the density value adopted in this work.

The chosen plasma density corresponds to a plasma fre-
quency close to the upper edge of the operating band. This is
intentional, as strong interaction between the electromagnetic
wave and the plasma occurs when the operating frequency
approaches the plasma frequency. However, in practice the

plasma is not homogeneous and exhibits a radial density
gradient, with the maximum density occurring near the center
of the discharge and lower density toward the quartz boundary.
As a result, the effective plasma frequency experienced by the
guided wave is lower than the peak value estimated from the
central density.

The plasma density chosen is the lowest achievable value
for the given discharge, as it is set by the minimum stable
bias voltage of the ballast in constant-voltage (CV) operation.
Lower densities could not be reliably sustained under these
conditions, which imposes a practical constraint on the device
design.

The position of the plasma frequency relative to the oper-
ating band has a direct impact on device performance. For
ωp ≪ ω, the plasma response is weak, resulting in reduced
nonreciprocal interaction and low isolation. For ωp ≫ ω, the
plasma behaves increasingly like a lossy conductor, leading to
higher insertion loss. An optimal regime is therefore obtained
when the plasma frequency is close to, but slightly above,
the operating frequency range, where strong nonreciprocal
effects can be achieved while maintaining moderate loss. This
trade-off determines the achievable isolation and insertion loss
and provides a guideline for selecting plasma parameters in
practical implementations.

An axial magnetic bias field B0 is applied using four
N42 neodymium ring magnets. The magnets have an outer
diameter of 38 mm, an inner diameter of 19 mm, and a
thickness of 19 mm. They are placed outside the waveguide
and surround the plasma tube. Hall probe measurements and
electromagnetic simulations confirm an effective magnetic
field of approximately 100 mT across the center of the plasma
volume. The simulated field distribution is shown in Appendix
A.

The experimental realization is shown in Fig. 3(b) and (c).
The waveguide is machined from aluminum and conforms to
WR-187 dimensions. SMA-to-waveguide adapters connect the
device to a vector network analyzer for low-power S-parameter
measurements at −10 dBm. For high-power characterization,
external power amplifiers and power meters are used.

Full-wave simulations are performed using the modal solver
in Ansys HFSS. The plasma is modeled as a homogeneous,
dispersive medium described by the gyrotropic permittivity
tensor given in (1).

IV. RESULTS

A. S-Parameters

Figure 4 shows the simulated and measured S-parameters
in the C-band. The forward transmission S21 and reverse
transmission S12 differ, confirming nonreciprocal behavior. At
4.2 GHz, the isolator achieves approximately 10 dB isolation
with an insertion loss of about 2 dB.

The measured S12 shows slightly stronger isolation than
predicted by simulation over part of the band. This discrepancy
is mainly attributed to the simplified plasma model used in
the full-wave analysis. In HFSS, the plasma is represents
a fundamental trade-off between strong nonreciprocal inter-
action and dissipative loss. In practice, the plasma exhibits
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Fig. 4. Measured and simulated S-parameters with a magnetic bias of 100 mT
at the center of the plasma column.

radial and axial density gradients, with the highest density
near the center of the discharge and reduced density toward
the quartz wall. In addition, the magnetic field generated by
the permanent magnets is not perfectly uniform over the full
plasma volume. These nonuniformities modify the local gy-
rotropic response and can enhance the effective nonreciprocal
interaction compared to the idealized homogeneous model. As
a result, the experiment can exhibit slightly stronger reverse-
wave suppression than predicted by simulation. Despite these
effects, the simulated and measured responses show the same
overall trend and agree well in terms of the operating band
and level of nonreciprocity.

To quantify the operating bandwidth, we define it as the
frequency range over which the isolation exceeds 6 dB while
maintaining an insertion loss below 3 dB. From the exper-
imental results in Fig. 4, this condition is satisfied approx-
imately between 3.9 GHz and 5.5 GHz, corresponding to
an absolute bandwidth of 1.6 GHz. This yields a fractional
bandwidth of approximately 34% with respect to the center
frequency of 4.7 GHz.

The effect of magnetic bias on isolation is shown in Fig.
5. Isolation increases monotonically with the applied magnetic
field. This trend confirms that stronger magnetic bias enhances
the nonreciprocal response.

To further clarify the role of plasma losses, a parametric
study of the collision frequency νc was performed, as shown
in Fig. 6 and Fig. 7. The collision frequency is directly related
to the gas pressure and represents the dominant dissipative
mechanism in the plasma. A strictly lossless case with νc =
0 was not included, because it led to nonphysical numerical
behavior and poor convergence in the HFSS simulations.

As νc increases, the plasma becomes more lossy, which
reduces the achievable isolation and modifies the insertion
loss. For low collision frequencies (νc = 0.2–1 GHz), strong
and narrow isolation peaks are obtained. At higher collision
frequencies (νc = 4–10 GHz), the isolation level decreases and
the response becomes smoother and broader. This behavior is
consistent with increased damping of the magnetoplasmon res-
onance: higher collision frequency lowers the effective quality
factor of the resonance, which reduces the peak isolation but
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Fig. 5. Measured isolation as a function of magnetic field strength at the
center of the plasma column.
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Fig. 7. Simulated insertion loss versus frequency for different plasma collision
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increases the bandwidth. This reduction in quality factor leads
to broader but weaker resonances.

By comparison with the measured response in Fig. 4, the
experimental plasma is consistent with an effective collision
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frequency on the order of 4 GHz. Overall, these results show
that the operating point represents a trade-off between strong
nonreciprocal interaction and dissipative loss, and they high-
light the importance of gas pressure and discharge conditions
in optimizing device performance.

B. Power measurement

Figure 8 shows the measured isolation as a function of
input power at 4.2 and 6 GHz. The magnetic bias is fixed at
100 mT. At 4.2 GHz, isolation decreases with increasing input
power. At 6 GHz, isolation increases and reaches a maximum
at higher power levels.

This behavior is attributed to a power-dependent increase in
plasma density. Higher microwave power modifies the plasma
discharge and leads to an increase in the effective electron
density. As a result, the nonreciprocal band shifts toward
higher frequencies. By selecting an initial plasma density
below the optimum value, the density increase with power
aligns the nonreciprocal band with the operating frequency.

The measured insertion loss versus input power is presented
in Fig. 9. At 4.2 GHz, the insertion loss increases with power.
The rising plasma density drives the effective permittivity fur-
ther negative. The plasma therefore behaves more like a lossy
conductor, increasing attenuation. At 6 GHz, the behavior
differs. The insertion loss initially increases and then saturates.
Above 30 dBm, it decreases with further power increase.
These trends are consistent with the isolation behavior shown
in Fig. 8.

The plasma density and collision frequency shown in Fig. 10
are extracted by mapping the measured isolation and insertion
loss in Figs. 8 and 9 to HFSS simulations. Specifically, for
each input power level, the plasma parameters are identified
that reproduce the measured device response.

At low input powers below 25 dBm, both the plasma
density and collision frequency remain approximately con-
stant, indicating that the plasma is primarily sustained by the
discharge power. Once the input microwave power becomes
comparable to the discharge power (∼ 4 W), a pronounced
increase in both parameters is observed. At 1 W input power,
the plasma density increases by approximately a factor of
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Fig. 9. Measured insertion loss versus input power at 4.2 and 6 GHz.
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Fig. 10. Derived plasma density and collision frequency as a function of input
microwave power, obtained by matching measured isolation and insertion loss
to HFSS simulations.

two. This increase is consistent with the observed shift of
the nonreciprocal band toward higher frequencies in Fig. 8,
and agrees with reported power-dependent plasma behavior in
[30].

The extracted collision frequencies are also in good agree-
ment with values reported in [31]. The error bars reflect
the range of plasma parameters that yield similar isolation
and insertion loss, highlighting the inherent trade-off between
plasma density and collision frequency in determining device
performance.

A full multiphysics model of the plasma is not included,
as the discharge behavior depends on several coupled factors,
including gas pressure, excitation conditions, and microwave
power.

The reduced isolation observed at high input powers (e.g.,
40 dBm) can be attributed to the combined effect of increased
plasma density and enhanced collisional losses. As shown in
Fig. 10, the plasma density rises significantly with input power,
shifting the nonreciprocal band toward higher frequencies. At
sufficiently high power levels, the isolation band shifts toward
the upper limit of the single-mode TE10 regime and beyond
the optimal operating range. Consequently, strong isolation is
no longer observed within the measured frequency range.
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Fig. 11. Normalized complex electric field magnitude in the E−plane at
4.2 GHz for forward and backward excited waves.

At the same time, the extracted collision frequency increases
with input power, leading to stronger damping of the magne-
toplasmon resonance. This increased dissipation reduces the
achievable isolation and increases the insertion loss, resulting
in an overall degradation of device performance.

In addition, at higher frequencies and elevated plasma den-
sities, weak contributions from higher-order mode excitation
or mode conversion may occur, which may further reduce
the measured isolation. Overall, the observed behavior reflects
a transition from a strongly nonreciprocal regime to a loss-
dominated regime at high input power. This indicates that the
performance limitation at high power is not due to device
breakdown, but rather due to a shift of the operating point
outside the designed frequency range combined with increased
dissipative loss.

C. Fields

The normalized complex electric field magnitude in the E-
plane at 4.2 GHz is shown in Fig. 11. Results are shown
for forward (+kz) and backward (−kz) excitation. In the
forward direction, transmission occurs. The field follows the
exposed plasma surface along the upper side of the column. In
the backward direction, transmission is strongly suppressed.
The field attempts to propagate below the column, where
the conducting coating blocks the path and causes strong
attenuation.

The nonreciprocal surface waves supported by the magne-
tized plasma prevent backward propagation along the exposed
interface. The fundamental TE10 mode is significantly per-
turbed in both directions. Strong field concentration appears at
the quartz-conductor interface. This effect is more pronounced
for backward excitation.

V. DISCUSSION AND CONCLUSION

This work demonstrates a compact and tunable nonrecipro-
cal microwave isolator in the C-band based on a magnetized
plasma column integrated into a rectangular waveguide. It
combines a partially metal-coated commercial low-pressure
discharge lamp with permanent magnets to provide axial
magnetic bias.

Nonreciprocal operation arises from direction-dependent
surface magnetoplasmons supported at the plasma-quartz in-
terface. The conducting coating applied to half of the plasma
column suppresses surface-wave propagation along the cov-
ered side. As a result, waves are forced to propagate only along
the exposed plasma surface. Under axial magnetic bias, these
surface modes are inherently nonreciprocal. Transmission is
therefore allowed in one direction and strongly suppressed in
the opposite direction.

Experimental measurements show up to 10 dB isolation
with approximately 2 dB insertion loss. The proposed gaseous
plasma-based isolator offers several distinct advantages for
practical systems.

First, it provides continuous tunability through plasma
density, magnetic bias, and input power, enabling dynamic
control of the isolation band without structural modification.
Second, gaseous plasma supports high-power operation and
exhibits self-healing behavior after high-power events. Third,
the implementation is simple and passive, requiring no time
modulation or active circuitry. In addition, the plasma can
be switched off, restoring near-transparent waveguide oper-
ation and enabling reconfigurable functionality. Finally, the
approach avoids magnetic materials, reducing weight and in-
tegration constraints, and is not inherently limited to a specific
frequency range.

These features highlight that the proposed device targets a
different operating space compared to ferrite-based isolators,
where tunability, reconfigurability, and high-power robustness
are prioritized over maximum isolation and minimum insertion
loss.

Numerical simulations are in good agreement with the
measurements. Isolation increases with magnetic bias strength.
Field distributions confirm that energy follows the exposed
plasma surface in the forward direction and is strongly atten-
uated in the backward direction.

An additional tuning mechanism arises from the power-
dependent plasma density. Increasing input power raises the
electron density and shifts the nonreciprocal band toward
higher frequencies. This effect enables performance optimiza-
tion at the desired operating frequency under high-power
conditions and provides adaptive control of the isolation band
without modifying the device geometry.

The high-power capability of the device was experimen-
tally verified up to an input power of 47 dBm without any
observable damage or performance degradation of the plasma
element. At this power level, a shift of the isolation band
toward higher frequencies is observed, which is attributed to
the increase in plasma density with input power. As a result,
the isolation at the fixed operating frequencies decreases at
higher power levels, as discussed in Section IV. For this reason,
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TABLE I
COMPARISON

Method Integration type Tunability Power handling Isolation Insertion loss Frequency Reference
Magn. gaseous plasma Isolator, WR187 ne, B0 High, tunable 10 dB 2 dB 4-6 GHz This work
Magn. gaseous plasma Circulator, WR187 ne, B0 High, tunable 20 dB 5 dB 4-6 GHz [17]
Magn. gaseous plasma Circulator, WR229 ne, B0 High, tunable 15 dB 5 dB 3-5 GHz [16]

Magn. semiconductor (300 K) Isolator, WR42 B0 Medium 15 dB 3 dB 18-26 GHz [11]
Magn. semiconductor (77 K) Circulator, WR15 B0 Medium 10 dB 10 dB 50-75 GHz [15]

Ferrite Isolator, WR187 B0 High 21 dB 0.1 dB 4.2-5 GHz [32]
Ferrite SMP Isolator, SMA B0 Medium 80 dB 4 dB 2.4-3 GHz [7]

Time-modulation Circulator, SMA VDC Low 55 dB 3.3 dB 0.95-1.05 GHz [9]
Time-modulation Isolator, SMA fm Low 20 dB 3 dB 22-28 GHz [8]

higher input power levels were not further pursued, as the
device operation moves outside the designed frequency range
rather than being limited by material breakdown.

The maximum applied power in this study was also limited
by the available measurement setup. However, from a physical
standpoint, gaseous plasma does not suffer from irreversible
breakdown in the same way as solid-state or ferrite-based
devices. Instead, it exhibits a self-healing behavior, where the
plasma recombines and re-forms after high-power excitation.
The primary limitation is therefore expected to arise from ther-
mal effects in the surrounding materials (e.g., quartz envelope
and waveguide walls) and from discharge stability, rather than
from intrinsic damage to the plasma itself.

These observations indicate that the proposed device is
well suited for high-power operation, with the practical limit
determined by system-level constraints rather than by the
plasma medium.

Compared to other nonreciprocal approaches, the proposed
gaseous plasma isolator occupies a complementary operating
regime. Ferrite-based devices provide higher isolation and
lower insertion loss but lack tunability and often require bulky
magnetic structures. Semiconductor plasma devices typically
operate at higher frequencies and may require cryogenic con-
ditions. Time-modulated approaches rely on active circuitry
and increased system complexity. In contrast, gaseous plasma
offers a lightweight, passive, and reconfigurable platform with
high power robustness and inherent self-healing capability.

The device features three independent tuning parame-
ters: plasma density (controlled by discharge conditions),
magnetic bias strength, and input microwave power. The
power-dependent density shift enables dynamic adjustment
of the isolation band. While this study focuses on the mi-
crowave regime, the underlying physical mechanisms are not
frequency-specific, and the same principles are expected to
extend to other frequency regimes.

In summary, this work presents a simple and low-cost
gaseous plasma-based microwave isolator that combines mod-
erate isolation, moderate bandwidth, high power handling,
and multiple tuning mechanisms. It is particularly well suited
for applications requiring robust and adjustable nonreciprocal
protection, such as high-power radar transmitters, communica-
tion systems, fusion plasma heating, and industrial microwave
processing.

Fig. 12. Magnetic field magnitude along the y-axis produced by the ring
magnet assembly.

APPENDIX A
MAGNETIC BIAS

Figure 12 shows the simulated magnetic field magnitude
in the yz-plane generated by the ring magnet assembly. Hall
probe measurements confirm the simulated field distribution.
The results are consistent with magnetic field profiles reported
for a similar magnet configuration in [17].

In the central region of the waveguide, where the TE10

mode field is strongest, the magnetic field magnitude is
approximately 100 mT. Closer to the waveguide walls, the
field increases to about 150 mT. As a result, the effective
magnetic bias experienced by most of the guided power is
close to 100 mT.
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