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Energy harvesting for known pulse wave at matched termination of transmission line
by time-varying circuit
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Fig.1 Equivalent circuit of proposed matched terminal method
using time-varying voltage source.
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Fig.2 Proposed method for general pulse wave vy ().
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Fig.3 Equivalent circuit considering effect of reducing switching
frequency by low-pass filter.
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Fig.4 The upper and lower figures represent circuits divided into
Ey(s) and E;(s) components in the Laplace domain, re-
spectively.
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Fig.5 Circuit connected to end terminal of transmission line
in experimental system of proposed matched termination
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Fig.6 Designed half-bridge circuit and low-pass filter.
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Fig.8 Transient waveforms of vy () and v; (#) when end termi-
nal of transmission line is matched by resistor.
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Fig.9 Transient waveforms of vo(¢) and v; (¢) when L and C
are connected in parallel at end terminal of transmission
line.
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Fig. 10  Transient waveforms of vy (#) and v; (¢) when end termi-
nal of transmission line is matched by proposed method.
Filter parameter is (L, C) = (6.8 pH, 2 nF).
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Fig. 11 Transient waveform of vc(#) using proposed method
when incident wave was applied 1000 times. The or-
ange line is the 1001-point centered moving average of
the blue line.
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Fig. 12 Breakdown of energy from incident waves in the proposed
method.
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Fig. 13 Circuit connected to end terminal of transmission line in
simulation system of proposed matched terminal method.
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Table 1 Simulation result of the energy breakdown in the pro-
posed method. Percentage shows ratio to Wy.
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Abstract This paper proposes a matched termination method to eliminate reflections of incident wave and harvest
its energy at the end terminal of transmission line using time-varying circuit. When the incident wave that the shape is
known reaches the end of transmission line, time-varying circuit which is constructed by a half-bridge circuit with PWM
control outputs a cancellation wave to cancel out a reflected wave and harvests its energy. We designed the matched
termination based on Laplace transform for a raised-COS pulse, and experimental results indicate that almost all energy

of the incident wave was harvested.

Key words Energy Harvesting, Time-varying system, Pulse Wave, Transmission Line, Matched Termination



