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Waveguide power phase shifter with a ferrite circulator in S-band

Miroslav Popela1,2 , Jaroslav Láč́ık1 , Libor Dražan2

This paper presents the application of a phase shifter with a ferrite Y-circulator in band S. Global literature addresses
primarily the basic types of power waveguide phase shifters, however, there has been minimal literature on a phase shifter
that uses a ferrite circulator for phase shifting. The paper describes theoretical and practical results where a ferrite circulator
is used to shift the phase. A power phase shifter utilizing a ferrite circulator could be used in power applications where high
demands are placed on the phase shift accuracy with minimal power losses. The phase shift is handled by a tunable waveguide
short circuit that is connected to the port 2 of the ferrite circulator. By changing the waveguide length, the phase is changed.
The measured results are compared with theoretical calculations and evaluated. The proposed phase shifter utilizing the
ferrite circulator has its advantages in its simple design, in the accuracy of the phase adjustment and in the speed of the
tuning. Another great advantage is its quite low cost due to its simple design.
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1 Introduction

The open literature related to power phase shifters
describes five basic types of power phase shifters used
in a rectangular waveguide path:

• a rectangular phase shifter with cross-sectional change,

• a phase shifter with a laterally sliding dielectric plate,

• a knife phase shifter,

• a phase shifter with a lengthwise sliding dielectric
plate,

• a rotary phase shifter.

In these basic types of power phase shifters, the phase
angle Ψ = βl of the traveling wave propagating through
the waveguide can be altered. Their design uses one of
four basic principles:

• changing the length l of the waveguide,

• changing the measured displacement β of the waveg-
uide by changing the cross-section,

• changing the measured displacement β of the waveg-
uide by the movement of the dielectric parts within
the waveguide,

• changing the planar polarization of the basic vid of
a circular waveguide into a circular polarization, in
which a phase shift is achieved by the rotating dielec-
tric part and the reverse transformation of the circular
polarization into a planar one [1].

These basic configurations use the basic power phase
shifters introduced above, which are continuously modi-
fied and improved [2-6]. Literature [2-6] mainly deals with
phase variation by changing the dimension of the rectan-
gular waveguide. The actual change of the rectangular
waveguide dimension is done by inserting various dielec-
tric and ferrite plates into the waveguide. The production

of such phase shifters is extremely complex and expensive
as it is necessary to achieve high precision of the elements
that are inserted into the rectangular waveguide.

Each introduced power shifter has its own advantages
and disadvantages that are directly related to their own
design. For this reason, it was necessary to find a phase
shifter design that could have the advantages of the previ-
ously mentioned power phase shifters while having as few
drawbacks as possible. For power phase shifters, the pri-
mary focus is on the accuracy of phase shifting, speed of
phase adjustment and minimum power losses. One such
possible solution is to use a power ferrite Y-circulator to
change the phase.

A possible solution of using a ferrite circulator to
change the phase is outlined in the literature [7,8], how-
ever, the solution presented in this paper is different. This
paper proposes another possible method for phase shift-
ing, where a power ferrite Y-circulator is used for phase
shifting. It is a potential solution that could be used at
high or very high-power levels. The presented article deals
with outputs in the order of kW (kW - level). The use of
the presented concept of a power phase shifter with the
use of a ferrite circulator can be used in equipment for in-
terference of electronic systems, for example for the needs
of determining the resistance to EMC.

2 Waveguide power phase

shifter with ferrite circulator

The concept of the proposed phase shifter is depicted
Fig. 1 (the three-armed ferrite circulator consists of a
starry triangular gate and is described in detail in [1]).
The tunable waveguide shunt (piston) is connected to the
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Fig. 1. Concept of the proposed phase shifter

Fig. 2. Tunable waveguide shunt (piston)

ferrite circulator at port number 2. By gradually retract-
ing the piston (Fig. 2), the length of the waveguide path
is changed, and a phase shift occurs. No dielectric and
metal pins are involved in the described phase shifter;
hence it is suitable for HPM power applications.

The power ferrite Y-circulator used is designed for Full
Microwave Power 1.2 kW. When tested for Microwave
Power 1.0 kW, its parameters were Isolation 25.9 dB,
Insertion Loss 0.18 dB and Input Return Loss 22.5 dB.
The presented ferrite circulator can transfer a maximum
power of 1.21 MW in pulse mode. This value is due to the
design of the used ferrite circulator. The average power
shall not exceed 1.2 kW. If the ferrite circulator is to be
operated in pulsed mode, the duty cycle must be consid-
ered to maintain the maximum average power.

For our application, a waveguide type R32 is used (for
dry air it must not exceed the penetration magnitude
of the electric field intensity Emax = 30 kV/cm, where
the maximum power in pulse mode transmitted by the
dominant mode TE10 in the waveguide is 7.81 MW. [1].

3 Phase shifter with ferrite

Y-circulator without load

The functionality of the circuit of the power phase
shifter with the ferrite circulator was first verified by
practical verification without power load.

3.1 Practical verification of the functionality of the

circuit without power load

For testing the functionality of our phase shifter de-
sign, a measurement station was set up. Figure 3 shows

the phase shifter using a ferrite Y-circulator. The sig-

nal is delivered to port 1 of the ferrite circulator using a

coaxial-waveguide transition. A tunable waveguide shunt

is connected from the other side of the ferrite circulator.

The parameters of the waveguide shunt are changed by a

piston that is manually inserted into the waveguide. Man-

ual adjustment of the piston position is accomplished by

a rotary gear that moves the piston inside the waveguide.

The distance of the piston can be read on a measuring

scale. The actual insertion of the piston into the waveg-

uide is managed by a rotary screw. The phase shifted

signal is measured at the waveguide-coaxial transition,

which is connected to port number 3 (output) of the fer-

rite circulator.

Fig. 3. The measuring station

3.2 Measurement results without power load

All measurements were performed at a frequency of

2.45 GHz. The measurements were made for the ten pis-

ton positions and the measured phase of the s21 param-

eter is summarized in Tab. 1 and Fig. 4.

Table 1. Phase dependence on piston distance

Posi- Piston Measured

tion position phase s21

d (cm) (deg)

1 26.8 94.72

2 25.8 55.46

3 24.8 20.99

4 23.8 -13.45

5 22.8 -32.44

6 21.8 -68.72

7 20.8 -93.56

8 19.8 -118.02

9 18.8 -143.83

10 17.8 -171.53
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Fig. 4. Phase change of the s21 parameter depending on piston
distance
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Fig. 5. Dependence of |s22| on distance
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Fig. 6. Dependence of phase s11 on distance
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Fig. 7. Dependence of |s12| on distance

Before the actual measurement, the distance of the
piston in the waveguide short circuit was measured in
order to have an initial value (zero phase shift). During
the measurement, it was found that the zero phase shift
was at a value of 17.8 cm from the nozzle of the port 2
ferrite circulator. The entire measurement was performed
for ten piston distances from the nozzle of the port 2
ferrite circulator.

Figures 5, 6 and 7 show the additional measurement
results necessary for the confirmation of the theory that a
ferrite circulator can be used as a phase shifter. It can be
seen from the figures that the parameters |s22|, |s12| and
the phase at the input (port 1 of the ferrite circulator)
vary slightly. These changes have minimal effect on the
function of the phase shifter.

3.3 Simulation

To to verify the functionality of the circuit, analysis
and simulation of S-parameters [9,10] were performed.
For the comparison of practical and simulated results, the
simulation of the s12 parameter is important. Parameter
s12 is the backward transfer coefficient at the input ter-
minated by the matched load. This is addressed in the
literature [11 -17].

Simulation was performed for each piston distance (the
position 1 to 10) at the operating frequency of 2.45 GHz.
The resulting dependence of the phase parameter s21 is
linear. Figure 8 shows the comparison of the theoretical
results with the measured results of the phase change.

It can be seen from Fig. 8 that the line representing
the phase shift is slightly waved. This waviness was caused
by a measurement error. For this reason, a straight-line
approximation is still needed (Fig. 9).

The resulting approximated line is ϕ = 29.08d−694.4.
The coefficient of determination or quality measure of the
regression model is close to 1 (0.9963). The results show
that the measurement fits our application.

4 Verification of the phase

shifter under power load

4.1 Description of the measuring station

A special test station was set up for practical verifica-
tion of functionality (Fig. 10). A specially designed power
generator [18,19] was used as a source of a high-frequency
electromagnetic field with high power. The transmitted
high power signal is delivered to port number 1 of the fer-
rite circulator. Using a tunable waveguide shunt, which
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Fig. 8. Results of the approximation with real measured data
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Fig. 9. Results of the approximation with real measured data

Fig. 10. Design of the measuring station

is marked, the phase shift is set. The tunable waveguide
shunt is connected to port number 2 of the ferrite circu-
lator. A matched power load is connected to port number
3 of the ferrite circulator. The circuit includes waveguide
taps with an attenuation of 30 dB. The waveguide taps
are needed in order to prevent destruction of sensitive
measuring instruments. In addition, a 20 dB coaxial at-

tenuator has been added to the input and output to pro-
tect the sensitive measuring instruments. A power load is
connected to port 3 of the ferrite circulator.

4.2 Phase shift measurement

The measurement of the phase shift change was per-
formed using a tunable waveguide shunt (Fig. 1). The
change in waveguide length or the phase change is con-
trolled by the movement of the piston. Measurements
were performed for 10 measurement values. The piston
was inserted into the waveguide at 1 cm increments. One
centimeter of piston displacement in the waveguide rep-
resents a phase shift of 36◦. The measurement results are
shown in Fig. 11, where the dashed wave is the input sig-
nal (measured at port 1 of the ferrite circulator) and the
other waves are at the output (measured at port 3 of the
ferrite circulator). The figure shows ten successive mea-
surements with a phase shift from 0 to 360◦. It can also be
seen from the measured values that the amplitude of the
input signal (dashed signal) shows minimal change from
the measured output signals. This means that there is
negligible power loss on the ferrite circulator. The power
losses are further described in 4.3.

From the overall measured data, the high-power phase
shifter using the ferrite circulator is operating correctly.

Figure 11 shows the phase shifts, which are represented
by a sinusoidal waveform. The measurement results show
that each piston position displaced by one centimeter cor-
responds to a phase shift of 36◦. This means that the
phase shifter using the ferrite circulator is working cor-
rectly. Further measurements were made with subtle ad-
justments of 0.5◦. A phase shifter using a ferrite circulator
was able to set even such a small phase shift.
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Fig. 11. Representation of phase shift for piston positions 1-10

4.3 Power losses on the ferrite circulator

The power loss measurements were performed using
a Boonton RTP5340 power meter [20]. This device was
connected through a waveguide tap with 30 dB damp-
ing and a coaxial attenuation cell of 20 dB. The mea-
surements showed that the input mean power value was
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Fig. 12. Ferrite cilculator heating after 30 minutes at full load

3.401 dBm. After accounting for damping, the resulting 
mean power value was 24.01 dBW (approximately 218.82 
W). The peak input power was 9.944 dBm, where after 
accounting for 50 dB damping the actual measured value 
was 29.944 dBW = 987.19 W.

The measured value of the output mean power was 
3.304 dBm. After accounting for 50 dB damping, the 
actual value was 23.3 dBW (approximately 213.9 W). 
The measured peak power of 9.8 dBm after accounting 
for 50 dB damping had an actual value of 29.8 dBW 
(approximately 951.6 W).

The measurement results show that there is a negligi-
ble power loss of 4.85 W on the ferrite circulator.

4.4 Temperature dependence

The waveguide route (the eferrite circulator and tun-
able waveguide shunt) was also tested for temperature
dependence. The temperature dependence is a very im-
portant parameter of the phase shifter in terms of its
proper functionality. The measurements were made using
a thermal imager to see how the ferrite circulator and
the entire measuring station heats up at full power load.
Figure 12 and Fig. 13 show how the measuring station
warmed up after 30 minutes at full load. Using temper-
ature dependence measurements, it was confirmed that
there is minimal power loss on the ferrite circulator and
piston.

The ferrite circulator warmed up to approximately
31◦ at the ports after 30 minutes of full load. The piston
temperature remained almost unchanged. For interest,
Fig. 14 shows the temperature at the matched power load,
which was close to 120◦.

The applied power load is dimensioned to a maximum
average power of 1 kW.

5 Conclusion

This paper describes the possible use of a power fer-
rite Y-circulator for a power phase shifter. The main ob-
jective was to verify the functionality of the proposed
circuit. From the practical measurements and theoreti-
cal results, it can be seen that the proposed power phase
shifter using a ferrite Y-circulator is functional. The phase
shifter using a ferrite circulator is a simple application
with the capability of very accurate phase change with
minimum conduction losses (power loss 4.85W at a pulse

Fig. 13. Piston heating after 30 minutes at full load

Fig. 14. Heating of the matched power load after 30 minutes at full load
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power of approximately 1 kW). From the simulated re-
sults and measured values, it can be seen that the pro-
posed power phase shifter using a ferrite Y-circulator is
suitable for high-power applications. The small scatter
of the measured values will not significantly affect the
resulting phase shifting, as such scatter is negligible for
high-power applications (the coefficient of determination
or quality measure of the regression model is close to 1
(0.9963). The minor ripple (Fig. 4) was caused by manual
control of the piston. The problem could be solved by elec-
tronically controlled piston sliding. The power shifter pre-
sented by us can be used where highdemands are placed
on the simplicity of the overall circuitry, the accuracy of
the phase shift setting, the speed of the phase shift, and
where emphasis is placed on minimum power losses.
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