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The electric field vector can be analyzed for each spectral
component separately.

1) The center frequency (k = 0): According to (8) electric
field vectors radiated by the elements are oppositely oriented,
therefore a broadside null is produced.
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ŷ + |G(0)

1 |ej 0�
x̂+

− |G(0)
2 |ej 0�
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2) The first negative sideband component (k = −1):
According to (9) magnitudes of the electric field for both the
horizontal vector (along the x-axis) and the vertical vector
(along the y-axis) are the same and the phase-difference
between them equals +90� , therefore the RHCP is obtained.
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3) The first positive sideband component (k = 1): Ac-
cording to (10) magnitudes of the electric field for both the
horizontal vector and the vertical vector are the same and
the phase-difference between them equals −90� , therefore the
LHCP is obtained.
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4) The second negative sideband component (k = −2):
According to (11) the second negative sideband component is
suppressed in the broadside direction.
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ŷ + |G(�2)

1 |e�j 90�
x̂+

− |G(�2)
2 |ej 90�
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5) The second positive sideband component (k = 2):
According to (12) the second positive sideband component
is suppressed in the broadside direction.
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The spectral analysis of the TMAA output signal leads to
the following observations:

1) the RHCP is synthesized over k = −1,
2) the LHCP is synthesized over k = 1,

in the broadside direction.
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Fig. 4. Simulated radiation patterns: (a) k = −1, RHCP, (b) k = 1, LHCP.

III. SIMULATIONS

An electromagnetic solver was used to simulate the TMAA
radiation patterns. Periodically modulated excitations were not
supported by the solver, hence the dynamic operation of the
switch could not be directly simulated. Instead, the excitations
were set as continuous-waves with the amplitudes equal to
values of the Fourier-coefficients G(k )

n presented in Fig. 3 and
Tab. I. The radiation patterns in the RHCP and the LHCP
simulated at the center frequency of the array elements are
presented in Fig. 4. Obtained results confirm that the RHCP
beam is formed over k = −1, and the LHCP beam is formed
over k = 1.

The sidelobe levels (SLLs) of the radiation patterns pre-
sented in Fig. 4(a) and Fig. 4(b) are different due to the
cross-polarization components of the array elements. These
components interfere constructively for k = −1 increasing the
SLL, whereas for k = 1 they interfere destructively decreasing
the SLL. The cross-polarization components also affect the
main beam, which results in slightly different beamwidths.

IV. MEASUREMENTS

The simplified switching model presented in Fig. 2 is valid
only to some extent, because the HMC345LP3 SP4T RF
switch demonstrates the return loss and isolation of 10 dB
and 35 dB, respectively. The non-ideal operation of the switch
causes internal reflections of the received signal. In addition,
a shape of the pulses is affected by some non-uniform idle
time between switching states. This introduces parasitic phase-
shifts to the sidebands, which increase with the switching rate.
Therefore, the measurements were conducted with a relativity
low switching rate of 1 kHz. The fabricated TMAA was
measured inside an anechoic chamber in the receive mode. The
instrumentation used in the measurements include the Rohde
& Schwarz SMF100A signal generator and Keysight N9322C
spectrum analyzer.

The radiation patterns were measured with two truncated
corner square patch antennas with orthogonal senses of po-
larization (RHCP and LHCP). Fig. 5 shows radiation patterns
measured over k = {−2,−1, 0, 1, 2} for the incident wave
frequency of 5.32 GHz. Obtained results confirm that the
RHCP and the LHCP are realized over k = −1 and k = 1,
respectively. Other sidebands demonstrate significantly smaller
gain, especially in the broadside direction.
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Fig. 5. Radiation patterns measured in different senses of a circular polar-
ization: (a) RHCP, (b) LHCP; −90◦ < θ < 90◦, ϕ = 0◦.

The AR was measured according to the polarization-pattern
method [2] by rotating a linearly polarized log-periodic an-
tenna in the plane of the polarization and recording the side-
band voltage levels. Fig. 6 shows AR measured over k = ±1
for different frequencies of the incident wave. Obtained values
are below 2 dB in the whole frequency band, which reveals
that the phase-progression introduced by the time-modulation
is independent of the incident wave frequency.

V. CONCLUSION

The presented TMAA provides orthogonal senses of circular
polarization over different frequencies of sideband compo-
nents. The RHCP and the LHCP are synthesized over the
first negative sideband frequency (k = −1) and the first
positive sideband frequency (k = 1), respectively. In addition,
the phase-progression introduced by the time-modulation is
independent of the RF signal frequency. As a result, the
operational frequency range is limited by the performance of
elements rather than by the feeding mechanism.

The presented TMAA with a dual-circular polarization is
suitable for receiving RF systems and can be used for an
automatic conversion of the polarization-diversity into the
frequency-diversity. Therefore, the LHCP and RHCP electro-
magnetic waves can be received and separated, even if they
arrive from the same direction and at the same frequency.
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Fig. 6. AR measured in the broadside direction.
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