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1 DB J-inverter ECM

The corresponding circuit model of the proposed design and its result are extracted as shown in Fig. S1.
The ground plane consists of two HR-DGSs to generate dual band operation at 1.6 GHz and tuned band as
demonstrated in Fig. S1b. Therefore, Lp1 = Lp2 and Cp1 = Cpy are related to the frequency of 1.6 GHz (woa).
Likewise, Lpz = Lpa and Cps = Cp4 are related to the frequency of tuned band (wo2). At this part, the equivalent
circuit is analysed by employing the J-inverters method. Formerly, this method is employed to investigate a one
band WPT design (Sharaf et al., 2019). However, at this work, it employed to investigate a DB-WPT system.
Fig. S2a demonstrates the corresponding model of the proposed structure that functions at wo1 and wo; that can
be estimated by Eqgs. (S1) and (S2) (Sharaf et al., 2019). Fig. S2b illustrates the essential components (Js1, Jm,
and Js2) of the J-inverter method. Where Jsi1, Jm, and Jsz represent the input, middle, and output J-inverters,
consequently. The I/O J-inverters are associated with the coupling capacitors where the middle is associated
with the mutual coupling. The incorporated essential components have the same magnitudes but with different
signs to maintain the main circuit without any variation.
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Fig. S1 Equivalent circuit of DB-WPT and results: (a) equivalent circuit of DB-WPT; (b) frequency response
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Fig. S2 Corresponding circuit using J-inverters: (a) # model; (b) using J-inverters; (c) at w=wo1; (d) at o=wo2
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The chosen frequencies are isolated in the calculations because of the behaviour of the design. Fig. S2b is
divided to two circuits as presented in Figs. S2c and S2d. Consequently, the elements of the circuits can be
calculated using Egs. (S3) and (S4).

At w = wo1
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2 Angular misalignment
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Fig. S3 is discussed the angular misalignment between the Tx and the Rx at (907, 1807, 270°% and 360). In
the worst case, more than half of the power is transferred from the Tx to the Rx at 90 and that is explained the
benefit to use the symmetric shape of the system.
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Fig. S3 Angular misalignment between Tx and Rx

3 Multiple WPT applications

The performance of the system is studied and investigated using multifunction transmitter where two re-
ceivers are employed as shown in Fig. S4a. The obtained simulation results are shown in Fig. S4. It is observed
that the performance of the system is accepted for multi receivers and for multi applications.

Case 1
The result in Fig.S4b discusses the system where C= 0.63 pF in both Tx and Rxs, the performance of the
system is accepted for multi receivers at the same resonance frequency.

Case 2

The results in Figs. S4c and S4d discuss the system with Tx is tuned (C=0.63 pF then C=2.67 pF) , Rx; at
C=0.63 pF and Rx, at C=2.67 pF, the performance of the system is accepted for multi receivers at different
resonance frequencies.

Case 3

The results in Fig. S4e discuss the system with Tx with (C=2.67 pF), Rx; and Rx» at C = 0.63 pF, the re-
ceivers are coupled at only the fixed band at 1.6 GHz. Fig S4e is discussed the case when the Tx is adjusted at
resonance frequency value away from the adjusted value of resonance frequencies of both the Rx; and Rx,. The
two receivers cannot receive any signal from the Tx due to the difference in resonance frequencies. S»; pa-
rameter has to be a small value. S1; is presented the matched of the circuit in the Tx and the Rx.
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Fig. S4 Multiple WPT receivers: (a) Tx with Rx1 and Rxz; (b) frequency response for Case 1; (c) frequency re-
sponse for Case 1; (d) frequency response for Case 2; (e) frequency response for Case 3
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