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III. SIMULATIONS AND MEASUREMENT

The full-wave electromagnetic simulator ANSYS HFSS is
used to verify the theoretical results. The substrate selected for
the devices is Rogers RO4003C, with dielectric constant

and thickness of 0.5 mm. The calculated coupling coeffi-
cients were used to find the even- and odd-mode impedances of
the coupled lines which were then used to find the di-
mension of the coupled lines ( and ) using the conformal
mapping techniques described in [13]. All the calculated dimen-
sions were optimized using the simulation tool HFSS. The cal-
culated and optimized dimensions are shown in Table I, which
indicates their close agreement.

, reflection coef-
of the designed

The simulated differential phase shift
ficient and transmission coefficient
devices are shown in Figs. 2 and 3. For the , 90
and 180 phase shifters, the simulated deviations in the phase
from the nominal value are 6 , 5 , 1 , and 6 , respectively,
across the frequency band 3.1–10.6 GHz as depicted in Fig. 2.
It is clear from the simulated results in Fig. 3(a) that the re-
flection coefficients for all the simulated devices are less than

dB across the frequency range 3–11 GHz. As depicted in
Fig. 3(b), the transmission coefficients for the simulated devices
are more than dB, dB, dB, and dB for the

, 90 , and 180 phase shifters, respectively, over
the band 3.1–10.6 GHz.
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