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the digital controller includes a direct current to direct current (dc-dc) boost converter as a primary circuit. the primary
circuit is a low power system which manages the operation of the secondary circuit. the secondary circuit is used to
generate constant current and voltage to operate the transmitter load. the secondary circuit consists of a pulse width
modulation (pwm) output stage as a switching converter, current source, and amplifier. the secondary circuit provides a
voltage to the transmitter load, which is stepped up to a higher voltage to activate the transmitter load. the secondary
circuit is powered by the high voltage from the input capacitor. the secondary circuit consists of the pulse width modulation
(pwm) output stage which consists of a power mosfet, d1 and a synchronous rectifier mosfet, d2. the gate terminal of the
mosfet, d1 is connected to the positive terminal of the dc-dc boost converter. the mosfet, d2 is controlled by the signal
from d1. the current mirror circuit consisting of an nmos transistor, m1 and an nmos transistor, m2 are used to mirror the
current from the current source to the mosfet, d1. the current source consists of a low voltage transistor, l1 and a low
voltage diode, d1. the pwm output stage consists of a power mosfet, d1 and a synchronous rectifier mosfet, d2. the gate
terminal of the power mosfet, d1 is connected to the positive terminal of the dc-dc boost converter and the mosfet, d2 is
controlled by the signal from the gate terminal of the power mosfet, d1. the current mirror circuit consisting of an nmos
transistor, m1 and an nmos transistor, m2 is used to mirror the current from the current source to the mosfet, d1. the
current mirror circuit consists of an nmos transistor, m1 and an nmos transistor, m2 which are connected in a current
mirror configuration. the current mirror circuit is used to regulate the output current from the current source to the mosfet,
d1. the pwm output stage consists of the mosfet, d1 and the synchronous rectifier mosfet, d2. the gate terminal of the
power mosfet is connected to the positive terminal of the dc-dc boost converter. the mosfet, d1 is controlled by the signal
from the gate terminal of the power mosfet, d1.
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based on the results from this research, it is shown that the input voltage of 3.48 v harvested from the aloe vera leaves can
be boosted to an output voltage of 10.9 v under a no-load condition by the power management circuit with a duty cycle of

approximately 68%. comparing the result with similar researches which targeted on energy harvesting from living plants as
in [ 17 ] and [ 18 ], it shows that the power management circuit designed in this research shows an acceptable range of

efficiency measured in duty cycle. as shown in [ 17 ], the input voltage of 50 mv to 230 mv harvested from a bigleaf maple
tree which is inserted with steel nails can be boosted to approximately 1.1 v via a boost converter built using a 130 nm

cmos process, with a duty cycle of 79% to 95%. however, the boost converter is built into an integrated circuit form which
is fabricated specially to cater for ultra-low input voltage range in millivolt. on the other hand, in another experiment

conducted to harvest electrical energy by inserting stainless steel electrode and iron nail into a pachira tree as shown in [
18 ], the energy harvested from the plant measured at 0.8v can be boosted to 2.0v by its dc-dc boost converter with a duty
cycle of 60%. the dc-dc boost converter used is built based on discrete electronic components which is similar to the power

management circuit shown in this research. the next set of experiments are focused to evaluate the proposed self-
oscillating boost converter with a load. in this case, the resistor rl is loaded at the output of the proposed power

management circuit to measure the output voltage of the converter. the experimental findings are shown in fig 10(a),
where it is clear that the proposed boost converter is able to generate a higher output voltage at a higher duty cycle. this
implies that the converter is able to generate an output voltage even when the load is connected at the output. it is noted
that as the duty cycle increases, the output voltage drops due to the increased load at the output. it should be noted that

the load resistor used is capable of handling a continuous current of approximately 0.2 a when connected at the output. on
the other hand, the experimental findings as shown in fig 10(b), it is shown that the proposed power management circuit is

able to generate a voltage that is higher than the input voltage of 3.48v due to the self-oscillating nature of the boost
converter. this implies that the converter is able to generate an output voltage even if the input voltage is in a lower

magnitude. to further prove this condition, the input voltage of 3.48 v is further increased to 6.6 v and the power
management circuit is able to generate an output voltage of approximately 6.9 v. this implies that the converter is able to

generate an output voltage regardless of the input voltage being in a higher magnitude. 5ec8ef588b
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