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DEVICE FOR HARVESTING AND
MANAGING WIRELESS ENERGY

[0001] This application claims priority for Taiwan patent
application no. 106120549 filed on Jun. 20, 2017, the
content of which is incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a device for har-
vesting and managing energy, particularly to a device for
harvesting and managing wireless energy.

Description of the Related Art

[0003] The radio-frequency (RF) energy-harvesting tech-
nology is massively applied to the biomedical system, the
RF identification (RFID) system, the vehicle recognition
system and the factory/market automation system and will
be the important technology for the Internet of things (IoT)
in the future. Presently, admitted by the US food and health
bureau, the RF energy-harvesting technology is the only
approved charging technology applied to the biomedical
system to extend the life of batteries and even design a
battery-free biomedical sensing system. However, easily
affected by environments, the RF energy management cir-
cuit merely achieves the high efficiency within a narrow
input power range. As a result, even within the fixed range,
most of the energy-harvesting systems have to commonly
face a problem that the strength of RF energy is not easily
controlled. Besides, in a general RFID sensing system, the
sensitivity for harvesting wireless energy usually limits
distances and ranges for driving communicators and sensors.
The sensitivity represents the minimum energy intensity
required when wireless energy is harvested.

[0004] The conventional device for harvesting and man-
aging wireless energy is shown in FIG. 1. The device
includes an antenna 10, a matching circuit 12, a rectifier 14,
a DC to DC converter 16 and a low dropout (LDO) linear
regulator 18. The matching circuit 12 has fixed impedance.
The DC to DC converter 16 has a fixed conversion ratio. The
rectifier 14 receives a RF signal through the antenna 10 and
the matching circuit 12 and converts the RF signal into a first
DC voltage. The DC to DC converter 16 converts the first
DC voltage into a second DC voltage and transfers the
second DC voltage to a load 20. Since the RF signal varies,
input impedance of the rectifier 14 also varies. In such a
case, the fixed impedance of the matching circuit 12 cannot
match the input impedance of the rectifier 14. The output
signal of the matching circuit 12 is reflected by the rectifier
14. In addition, when the first DC voltage is too high, the
second DC voltage is greatly higher than the voltage
required by the load 20. Since an output voltage of the LDO
linear regulator 18 is greatly higher than a rated voltage of
the load 20 and the output voltage of the LDO linear
regulator 18 cannot change when the RF signal changes, the
LDO linear regulator 18 will spend most of energy to reduce
the energy conversion efficiency of the device for harvesting
and managing wireless energy. The relationship between the
input power of the RF signal and the energy conversion
efficiency is shown in FIG. 2. When the input power is too
low, the output power of the device for harvesting and
managing wireless energy is limited by conduction voltages
of transistors. When the input power is too high, the output
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power of the device for harvesting and managing wireless
energy is limited by inverse currents and leakage currents of
transistors. Thus, when the input power is too low or too
high, the energy conversion efficiency is decreased. In other
words, when the antenna 10 receives a low-level RF signal,
the energy conversion efficiency is decreased. When the
input power of the RF signal is too high, most of energy
wastes up.

[0005] To overcome the abovementioned problems, the
present invention provides a device for harvesting and
managing wireless energy, so as to solve the afore-men-
tioned problems of the prior art.

SUMMARY OF THE INVENTION

[0006] A primary objective of the present invention is to
provide a device for harvesting and managing wireless
energy, which provides at least one new path to share the
input power originally received by a main path when the
input power is increased and the energy conversion effi-
ciency generated by the main path is decreased. Thus, the
energy conversion efficiency corresponding to the main path
is increased to extend the range of the input power that can
achieve the high energy conversion efficiency.

[0007] Another objective of the present invention is to
provide a device for harvesting and managing wireless
energy, which provide a new path to store electric energy
when the input power is increased. When the input power is
insufficiently provided to a load, the stored electric energy is
provided to the load to sustain the operation and overcome
the issues of sudden energy loss due to environment
changes.

[0008] Further objective of the present invention is to
provide a device for harvesting and managing wireless
energy, which uses a reconfigurable DC to DC converter to
switch a conversion ratio of a DC voltage according to
different values of a first DC voltage, thereby improving the
overall energy conversion efficiency.

[0009] Yet another objective of the present invention is to
provide a device for harvesting and managing wireless
energy, which adjusts a capacitive impedance value of a
variable capacitance circuit in response to the variation of a
radio-frequency (RF) signal, so as to match the input imped-
ance of a first rectifier and improve overall energy conver-
sion efficiency.

[0010] To achieve the abovementioned objectives, the
present invention provides a device for harvesting and
managing wireless energy, which comprises a wireless
receiver, a first rectifier, a first capacitor, a voltage detection
circuit, a first electrical switch, a second rectifier, and a
second capacitor. The wireless receiver receives a wireless
radio-frequency (RF) signal and converts the wireless RF
signal into an alternating-current (AC) voltage with input
power. The first rectifier is connected with the wireless
receiver, receives the AC voltage and converts the AC
voltage into a first direct-current (DC) voltage. The first
capacitor is connected with the first rectifier and a load,
receives the first DC voltage and provides the first DC
voltage for the load. The voltage detection circuit has a first
voltage value, and the voltage detection circuit is connected
with the first capacitor and detects the first DC voltage. The
first electrical switch is connected with the wireless receiver
and the voltage detection circuit, and the first electrical
switch is turned off, and when the first DC voltage is larger
than the first voltage value, the voltage detection circuit
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turns on the first electrical switch. The second rectifier is
connected with the wireless receiver through the first elec-
trical switch, and when the first DC voltage is larger than the
first voltage value, the second rectifier receives the AC
voltage through the first electrical switch, and converts the
AC voltage into a second DC voltage to share the input
power received by the first rectifier. The second capacitor is
connected with the second rectifier and the second DC
voltage charges the second capacitor.

[0011] In an embodiment of the present invention, the
device for harvesting and managing wireless energy further
comprises a second electrical switch and a third rectifier. The
second electrical switch is connected with the wireless
receiver and the voltage detection circuit, and the second
electrical switch is turned off, and the voltage detection
circuit has a second voltage value, and the first voltage value
is less than the second voltage value, and when the first DC
voltage is larger than the second voltage value, the voltage
detection circuit turns on the second electrical switch. The
third rectifier is connected with the wireless receiver through
the second electrical switch and connected with the second
capacitor, and when the first DC voltage is larger than the
second voltage value, the third rectifier receives the AC
voltage through the second electrical switch and converts the
AC voltage into a third DC voltage to share the input power
received by the first rectifier and the second rectifier, and the
third DC voltage charges the second capacitor.

[0012] In an embodiment of the present invention, the
device for harvesting and managing wireless energy further
comprises a third electrical switch and a fourth electrical
switch. The third electrical switch is connected between the
second capacitor and the second rectifier, and connected
with the voltage detection circuit. The third electrical switch
is turned off, and when the first DC voltage larger than the
first voltage value, the voltage detection circuit turns on the
third electrical switch, and the second DC voltage charges
the second capacitor through the third electrical switch. The
fourth electrical switch is connected between the second
capacitor and the third rectifier and connected with the
voltage detection circuit. The fourth electrical switch is
turned off, and when the first DC voltage larger than the
second voltage value, the voltage detection circuit turns on
the fourth electrical switch, and the third DC voltage charges
the second capacitor through the fourth electrical switch.
[0013] In an embodiment of the present invention, the
device for harvesting and managing wireless energy further
comprises an operation switch connected between the load
and the first capacitor, and connected with the voltage
detection circuit, and the voltage detection circuit has an
operation voltage value, and the first voltage value is larger
than the operation voltage value, and when the first DC
voltage is larger than the operation voltage value, the voltage
detection circuit turns on the operation switch, the first
capacitor provides the first DC voltage for the load through
the operation switch.

[0014] In an embodiment of the present invention, the
voltage detection circuit further comprises a fifth electrical
switch turned off, a first voltage detector, a second voltage
detector and a third voltage detector. The first voltage
detector has the operation voltage value, and the first voltage
detector is connected with the operation switch and the first
capacitor, and the first voltage detector detects the first DC
voltage, and when the first DC voltage is larger than the
operation voltage value, the first voltage detector turns on
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the operation switch. The second voltage detector has the
first voltage value, and the second voltage detector is con-
nected with the first electrical switch, the third electrical
switch, the fifth electrical switch and the first capacitor, and
the second voltage detector detects the first DC voltage, and
when the first DC voltage is larger than the first voltage
value, the second voltage detector turns on the first electrical
switch, the third electrical switch and the fifth electrical
switch. The third voltage detector has the second voltage
value, and the third voltage detector is connected with the
first capacitor through the fifth electrical switch, and con-
nected with the second electrical switch and the fourth
electrical switch, and when the first DC voltage is larger than
the first voltage value, the third voltage detector detects the
first DC voltage through the fifth electrical switch, and when
the first DC voltage is larger than the second voltage value,
the third voltage detector turns on the second electrical
switch and the fourth electrical switch.

[0015] In an embodiment of the present invention, the
device for harvesting and managing wireless energy further
comprises a logic assembly, a reconfigurable DC to DC
converter and a low dropout (LDO) linear regulator. The
logic assembly is connected with the voltage detection
circuit and receives a high-level digital signal, a low-level
digital signal, a first clock signal and a second clock signal.
A duty cycle of the first clock signal is equal to a duty cycle
of the second clock signal. When the second clock signal is
a low-level voltage, the first clock signal is a low-level
voltage or a high-level voltage. When the second clock
signal is a high-level voltage, the first clock signal is a
low-level voltage. When the first DC voltage is larger than
the operation voltage value, the voltage detection circuit
drives the logic assembly to perform a logic operation on the
high-level digital signal, the low-level digital signal, the first
clock signal and the second clock signal to generate a
plurality of first control digital signals. When the first DC
voltage is larger than the first voltage value, the voltage
detection circuit drives the logic assembly to perform a logic
operation on the high-level digital signal, the low-level
digital signal, the first clock signal and the second clock
signal to generate a plurality of second control digital
signals. When the first DC voltage is larger than the second
voltage value, the voltage detection circuit drives the logic
assembly to perform a logic operation on the high-level
digital signal, the low-level digital signal, the first clock
signal and the second clock signal to generate a plurality of
third control digital signals. The reconfigurable DC to DC
converter is connected with the logic assembly and the first
capacitor and receives the first DC voltage, and the recon-
figurable DC to DC converter receives the plurality of first
control digital signals, the plurality of second control digital
signals or the plurality of third control digital signals and
uses them to convert the first DC voltage into a fourth DC
voltage. The LDO linear regulator is connected with the
reconfigurable DC to DC converter and the load, receives
the fourth DC voltage and steps down the fourth DC voltage
to generate an output DC voltage, and the LDO linear
regulator transfer the output DC voltage to the load.

[0016] In an embodiment of the present invention, the
fourth DC voltage is 1, %5 or % time of the first DC voltage.
[0017] In an embodiment of the present invention, the
device for harvesting and managing wireless energy further
comprises a dynamic impedance matching circuit connected
with the first rectifier, the first electrical switch, the second
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electrical switch and the wireless receiver, and the dynamic
impedance matching circuit comprises a variable capaci-
tance circuit connected between the first rectifier and the
wireless receiver and connected with the first electrical
switch and the second electrical switch, and the dynamic
impedance matching circuit has the operation voltage value
and detects the first DC voltage, and the first rectifier
receives the AC voltage through the variable capacitance
circuit, and the first rectifier has an internal capacitor and a
discharging switch connected in parallel and connected with
the dynamic impedance matching circuit, and the discharg-
ing switch is turned off, and the first DC voltage applies a
sensing voltage to the internal capacitor, and when the first
DC voltage is larger than the operation voltage value, the
dynamic impedance matching circuit turns on the discharg-
ing switch several times during a fixed period, so as to
calculate several time durations that the sensing voltage rises
from a low voltage to a high voltage, and the dynamic
impedance matching circuit chooses the shortest one of the
time durations and uses it to adjust a capacitive impedance
value of the variable capacitance circuit to match input
impedance of the first rectifier.

[0018] In an embodiment of the present invention, the
dynamic impedance matching circuit further comprises an
operation voltage detector, an AND gate and a controller.
The operation voltage detector has the operation voltage
value. The operation voltage detector is connected with the
first rectifier, and detects the first DC voltage, and when the
first DC voltage is larger than the operation voltage value,
the operation voltage detector generates an operation digital
signal. The AND gate is connected with the operation
voltage detector, receives the operation digital signal and a
third clock signal and uses them to generate an enable signal
for the fixed period. The controller is connected with the
AND gate, the discharging switch, the internal capacitor and
the variable capacitance circuit, and receives the enable
signal, the high voltage, the low voltage, the sensing voltage
and a fourth clock signal, and the controller uses the enable
signal and the fourth clock signal to calculate the time
durations that the sensing voltage rises from the low voltage
to the high voltage, and when the sensing voltage is larger
than the high voltage, the controller instantaneously turns on
the discharging switch to discharge the internal capacitor,
and the controller chooses the shortest one of the time
durations and uses it to adjust the capacitive impedance
value of the variable capacitance circuit.

[0019] In an embodiment of the present invention, the
device for harvesting and managing wireless energy further
comprises a P-channel metal-oxide-semiconductor field
effect transistor (PMOSFET) and an N-channel metal-oxide-
semiconductor field effect transistor NMOSFET). A drain
of the PMOSFET is connected with the second capacitor,
and a body and a source of the PMOSFET are connected. A
drain of the NMOSFET is connected with the first capacitor,
and a body and a source of the NMOSFET are connected,
and the sources the PMOSFET and the NMOSFET are
connected, and gates of the PMOSFET and the NMOSFET
are respectively connected with the first capacitor and the
second capacitor, and the PMOSFET and the NMOSFET
prevents current from flowing from the first capacitor to the
second capacitor, and when a voltage of the second capacitor
is larger than the first DC voltage, the second capacitor
provides electric energy for the first capacitor and the load
through the PMOSFET and the NMOSFET.
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[0020] Below, the embodiments are described in detail in
cooperation with the drawings to make easily understand the
technical contents, characteristics and accomplishments of
the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG.1 is a diagram schematically showing a device
for harvesting and managing wireless energy in a conven-
tional technology;

[0022] FIG. 2 is a diagram schematically showing a curve
of energy conversion efficiency and input power in a con-
ventional technology;

[0023] FIG. 3 is a diagram schematically showing a device
for harvesting and managing wireless energy according to
the first embodiment of the present invention;

[0024] FIG. 4 is a diagram schematically showing a curve
of energy conversion efficiency and input power according
to an embodiment of the present invention;

[0025] FIG. 5 is a diagram showing a first detector accord-
ing to an embodiment of the present invention;

[0026] FIG. 6 is a diagram showing a second detector
according to an embodiment of the present invention;
[0027] FIG. 7 is a diagram showing a third detector
according to an embodiment of the present invention;
[0028] FIG. 8 is a diagram showing a reconfigurable DC
to DC converter having 15 MOSFETs according to an
embodiment of the present invention;

[0029] FIG. 9 is a diagram showing a reconfigurable DC
to DC converter having 17 MOSFETs according to an
embodiment of the present invention;

[0030] FIG. 10 is a diagram showing measurement results
of RF/DC conversion efficiency of the present invention;
[0031] FIG. 11 is a diagram showing measured output
voltage waveforms at various input power levels;

[0032] FIG. 12 is a diagram showing the power conver-
sion efficiency (PCE) of a device for harvesting and man-
aging wireless energy; and

[0033] FIG. 13 is a diagram schematically showing a
device for harvesting and managing wireless energy accord-
ing to the second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] Reference will now be made in detail to embodi-
ments illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used in the draw-
ings and the description to refer to the same or alike parts.
In the drawings, the shape and thickness may be exaggerated
for clarity and convenience. This description will be directed
in particular to elements forming part of, or cooperating
more directly with, methods and apparatus in accordance
with the present disclosure. It is to be understood that
elements not specifically shown or described may take
various forms well known to those skilled in the art. Many
alternatives and modifications will be apparent to those
skilled in the art, once informed by the present disclosure.
[0035] Refer to FIG. 3. The first embodiment of the device
for harvesting and managing wireless energy 20 of the
present invention comprises a wireless receiver 22, a first
rectifier 24, a first capacitor 26, a voltage detection circuit
28, a first electrical switch 30, a second rectifier 32, a second
capacitor 34, a second electrical switch 36, a third rectifier
38, a third electrical switch 40, a fourth electrical switch 42,
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an operation switch 44, a logic assembly 46, a reconfigu-
rable DC to DC converter 48, a low dropout linear regulator
(LDO) 50, a dynamic impedance matching circuit 52, a
P-channel metal oxide semiconductor field effect transistor
(PMOSFET) 54 and an N-channel metal oxide semiconduc-
tor field effect transistor (NMOSFET) 56. For example, the
wireless receiver is an antenna, and the dynamic impedance
matching circuit 52 comprises a variable capacitance circuit
58 connected between the first rectifier 24 and the wireless
receiver 22 and connected with the first electrical switch 30
and the second electrical switch 36. The first rectifier 24 has
an internal capacitor 60 and a discharging switch 62 con-
nected in parallel. The internal capacitor 60 and the dis-
charging switch 62 are connected with the dynamic imped-
ance matching circuit 52. The voltage detection circuit 28
has an operation voltage value, a first voltage value and a
second voltage value. The dynamic impedance matching
circuit 52 has the operation voltage value. The first voltage
value is less than the second voltage value. The first voltage
value is larger than the operation voltage value. For
example, the operation voltage value, the first voltage value
and the second voltage value are respectively 1.4V, 2.1V
and 2.8 V. The first electrical switch 30, the second electrical
switch 36, the third electrical switch 40, the fourth electrical
switch 42 and the operation switch 44 are normally turned
off.

[0036] The wireless receiver 22 receives a wireless radio-
frequency (RF) signal RF and converts the wireless RF
signal RF into an alternating-current (AC) voltage A with
input power. The first rectifier 24 is connected with the
wireless receiver 22, receives the AC voltage A and converts
the AC voltage A into a first DC voltage D1. The first
rectifier 24 is used as a main path. The first capacitor 26 is
connected with the first rectifier 24 and a load 64, receives
the first DC voltage D1 and provides the first DC voltage D1
for the load 64. For example, a rated voltage of the load 64
is 1.2 V. The voltage detection circuit 28 is connected with
the first capacitor 26 and detects the first DC voltage D1. The
operation switch 44 is connected between the load 64 and
the first capacitor 26 and connected with the voltage detec-
tion circuit 28. When the first DC voltage D1 is larger than
the operation voltage value, the voltage detection circuit 28
turns on the operation switch 44, and the first capacitor 26
provides the first DC voltage D1 for the load 64 through the
operation switch 44.

[0037] The first electrical switch 30 is connected with the
wireless receiver 22 and the voltage detection circuit 28, and
the second rectifier 32 is connected with the wireless
receiver 22 through the first electrical switch 30 and con-
nected with the second capacitor 34. The second rectifier 32
is used as a new path. The third electrical switch 40 is
connected between the second capacitor 34 and the second
rectifier 32 and connected with the voltage detection circuit
28. The third electrical switch 40 turned off is used to
prevent current from flowing to the second rectifier 32
through the third electrical switch 40. When the first DC
voltage D1 is larger than the first voltage value, the voltage
detection circuit 28 turns on the first electrical switch 30 and
the third electrical switch 40, and the second rectifier 32
receives the AC voltage A through the first electrical switch
30 and converts the AC voltage A into a second DC voltage
D2 to share the input power received by the first rectifier 24.
Meanwhile, the second DC voltage D2 charges the second
capacitor 34 through the third electrical switch 40.
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[0038] The second electrical switch 36 is connected with
the wireless receiver 22 and the voltage detection circuit 28,
and the third rectifier 38 is connected with the wireless
receiver 22 through the second electrical switch 36 and
connected with the second capacitor 34. The third rectifier
38 is also used as a new path. The fourth electrical switch 42
is connected between the second capacitor 34 and the third
rectifier 38 and connected with the voltage detection circuit
28. The fourth electrical switch 42 turned off is used to
prevent current from flowing to the third rectifier 38 through
the fourth electrical switch 42. When the first DC voltage D1
is larger than the second voltage value, the voltage detection
circuit 28 turns on the second electrical switch 36 and the
fourth electrical switch 42, and the third rectifier 38 receives
the AC voltage A through the second electrical switch 36 and
converts the AC voltage A into a third DC voltage D3 to
share the input power received by the first rectifier 24 and
the second rectifier 32. Meanwhile, the third DC voltage D3
charges the second capacitor 34 through the fourth electrical
switch 42.

[0039] Since the first DC voltage D1 is linearly propor-
tional to the input power, the higher first DC voltage D1
represents the higher input power. When the first DC voltage
D1 is larger than the first voltage value, the energy conver-
sion efficiency produced by the main path is decreased, as
represented by the first descending curve in FIG. 4. Thus, a
new path corresponding to the second rectifier 32 is pro-
vided to share the input power originally received by the
main path, thereby increasing the energy conversion effi-
ciency corresponding to the main path, as represented by the
second raising curve in FIG. 4. When the first DC voltage
D1 is larger than the second voltage value, the energy
conversion efficiency produced by the main path is
decreased, as represented by the second descending curve in
FIG. 4. Thus, a new path corresponding to the third rectifier
38 is provided to share the input power originally received
by the main path and the new path corresponding to the
second rectifier 32, thereby increasing the energy conversion
efficiency corresponding to the main path, as represented by
the third raising curve in FIG. 4. As a result, the present
invention can extend the range of the input power that can
achieve the high energy conversion efficiency.

[0040] A drain of the PMOSFET 54 is connected with the
second capacitor 34, and a body and a source of the
PMOSFET 54 are connected. A drain of the NMOSFET 56
is connected with the first capacitor 26, and a body and a
source of the NMOSFET 56 are connected, and the sources
the PMOSFET 54 and the NMOSFET 56 are connected, and
gates of the PMOSFET 54 and the NMOSFET 56 are
respectively connected with the first capacitor 26 and the
second capacitor 34, and the PMOSFET 54 and the NMOS-
FET 56 prevents current from flowing from the first capaci-
tor 26 to the second capacitor 34, and when a voltage of the
second capacitor 34 is larger than the first DC voltage D1,
the second capacitor 34 provides the stored electric energy
for the first capacitor 26 and the load 64 through the
PMOSFET 54 and the NMOSFET 56. In other words, when
the input power is insufficiently provided to the load 64, the
stored electric energy is provided to the load 64 to sustain the
system operation.

[0041] The PMOSFET 54 and the NMOSFET 56 respec-
tively have two parasitic diodes between the drains and the
bodies. The parasitic diodes are represented by dashed lines.
When the voltage of the second capacitor 34 is larger than
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the first DC voltage D1, the PMOSFET 54, the NMOSFET
56 and the parasitic diodes are forward biased. Thus, the
conduction voltages of the PMOSFET 54 and the NMOS-
FET 56 are lower than those of conventional diodes, and the
forward current of the PMOSFET 54 and the NMOSFET 56
is higher than that of the conventional diodes. When the
voltage of the second capacitor 34 is less than the first DC
voltage D1, the PMOSFET 54 and the NMOSFET 56 are
respectively analog to two resistors, so that absolute values
of gate-source voltages are very low. Thus, the PMOSFET
54 and the NMOSFET 56 are more tightly turned off.

[0042] The logic assembly 46 is connected with the volt-
age detection circuit 28 and receives a high-level digital
signal DH, a low-level digital signal DL, a first clock signal
ckl and a second clock signal ck2. A duty cycle of the first
clock signal ck1 is equal to a duty cycle of the second clock
signal ck2. When the second clock signal ck2 is a low-level
voltage, the first clock signal ck1 is a low-level voltage or a
high-level voltage. When the second clock signal ck2 is a
high-level voltage, the first clock signal ck1 is a low-level
voltage. When the first DC voltage D1 is larger than the
operation voltage value, the voltage detection circuit 28
drives the logic assembly 46 to perform a logic operation on
the high-level digital signal DH, the low-level digital signal
DL, the first clock signal ck1 and the second clock signal ck2
to generate a plurality of first control digital signals C1.
When the first DC voltage D1 is larger than the first voltage
value, the voltage detection circuit 28 drives the logic
assembly 46 to perform a logic operation on the high-level
digital signal DH, the low-level digital signal DL, the first
clock signal ck1 and the second clock signal ck2 to generate
a plurality of second control digital signals C2. When the
first DC voltage D1 is larger than the second voltage value,
the voltage detection circuit 28 drives the logic assembly 46
to perform a logic operation on the high-level digital signal
DH, the low-level digital signal DL, the first clock signal ck1
and the second clock signal ck2 to generate a plurality of
third control digital signals C3. The reconfigurable DC to
DC converter 48 is connected with the logic assembly 46
and the first capacitor 26 and receives the first DC voltage
D1, and the reconfigurable DC to DC converter 48 receives
the plurality of first control digital signals C1, the plurality
of second control digital signals C2 or the plurality of third
control digital signals C3 and uses them to convert the first
DC voltage D1 into a fourth DC voltage D4. For example,
the fourth DC voltage D4 is 1, 25 or V4 time of the first DC
voltage D1 to respectively correspond to the first control
digital signals C1, the second control digital signals C2 and
the third control digital signals C3. The LDO linear regulator
50 is connected with the reconfigurable DC to DC converter
48 and the load 64, receives the fourth DC voltage D4 and
steps down the fourth DC voltage D4 to generate an output
DC voltage DO, and the LDO linear regulator 50 transfers
the output DC voltage DO to the load 64 through the
operation switch 44 turned on.

[0043] The output DC voltage DO is set to 1.2 V. In order
to decrease the power consumed by the L.DO linear regulator
50, the reconfigurable DC to DC converter 48 uses the
different values of'the first DC voltage D1 to switch different
conversion ratios of the DC voltage, so that the fourth DC
voltage is close to the output DC voltage DO as much as
possible. Thereby, the overall energy conversion efficiency
is improved. For example, when the first DC voltage D1 is
1.4~2.1V, the fourth DC voltage D4 is equal to the first DC
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voltage D1. When the first DC voltage D1 is 2.1~2.8V, the
fourth DC voltage D4 is %3 time of the first DC voltage D1.
When the first DC voltage D1 is larger than 2.8V, the fourth
DC voltage D4 is 14 time of the first DC voltage D1.

[0044] The dynamic impedance matching circuit 52 is
connected with the first rectifier 24, the first electrical switch
30, the second electrical switch 36 and the wireless receiver
22, and the dynamic impedance matching circuit 52 detects
the first DC voltage D1, and the first rectifier 24 receives the
AC voltage A through the variable capacitance circuit 58.
The discharging switch 62 is normally turned off, and the
first DC voltage D1 applies a sensing voltage to the internal
capacitor 60. When the first DC voltage D1 is larger than the
operation voltage value, the dynamic impedance matching
circuit 52 turns on the discharging switch 62 several times
during a fixed period, so as to calculate several time dura-
tions that the sensing voltage rises from a low voltage VL to
a high voltage VH. The dynamic impedance matching
circuit 52 chooses the shortest one of the time durations and
uses it to adjust a capacitive impedance value of the variable
capacitance circuit 58 to match input impedance of the first
rectifier 24. The shortest one of the time durations represents
the highest input power. The variable capacitance circuit 58
consists of a plurality of cascaded circuits connected in
parallel. Each cascaded circuit comprises a capacitor and a
control switch connected in series. The dynamic impedance
matching circuit 52 is connected with the control switch to
switch the control switch, thereby adjusting the capacitive
impedance value of the variable capacitance circuit 58.
When the capacitive impedance value of the variable capaci-
tance circuit 58 matches the input impedance of the first
rectifier 24, the first rectifier 24 receives the AC voltage A
without reflecting the AC voltage A to improve the overall
energy conversion efficiency.

[0045] The dynamic impedance matching circuit 52 fur-
ther comprises an operation voltage detector 66, an AND
gate 68 and a controller 70, wherein the controller 70
consists of a comparator and a maximum power point
tracker (MPPT). The operation voltage detector 66 has the
operation voltage value. The operation voltage detector 66 is
connected with the first rectifier 24 and detects the first DC
voltage D1. When the first DC voltage D1 is larger than the
operation voltage value, the operation voltage detector 66
generates an operation digital signal PD. The AND gate 68
is connected with the operation voltage detector 66, receives
the operation digital signal PD and a third clock signal ck3
and uses them to generate an enable signal EN for the fixed
period. The controller 70 is connected with the AND gate 68,
the discharging switch 62, the internal capacitor 60 and the
variable capacitance circuit 58, and receives the enable
signal EN, the high voltage VH, the low voltage VL, the
sensing voltage and a fourth clock signal ck4. The controller
70 uses the enable signal EN and the fourth clock signal ck4
to calculate the time durations that the sensing voltage rises
from the low voltage VL to the high voltage VH. When the
sensing voltage is larger than the high voltage VH, the
controller 70 instantaneously turns on the discharging switch
62 to discharge the internal capacitor 60, and the controller
70 chooses the shortest one of the time durations and uses it
to adjust the capacitive impedance value of the variable
capacitance circuit 58.

[0046] The voltage detection circuit 28 further comprises
a fifth electrical switch 72 turned off; a first voltage detector
74, a second voltage detector 76 and a third voltage detector
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78. The first voltage detector 74 has the operation voltage
value, and the first voltage detector 74 is connected with the
logic assembly 46, the operation switch 44 and the first
capacitor 26. The first voltage detector 74 detects the first
DC voltage D1. When the first DC voltage D1 is larger than
the operation voltage value, the first voltage detector 74
turns on the operation switch 44 and drives the logic
assembly 46 to generate the first control digital signals C1.
The second voltage detector 76 has the first voltage value,
and the second voltage detector 76 is connected with the
logic assembly 46, the first electrical switch 30, the third
electrical switch 40, the fifth electrical switch 72 and the first
capacitor 26, and the second voltage detector 76 detects the
first DC voltage D1. When the first DC voltage D1 is larger
than the first voltage value, the second voltage detector 76
turns on the first electrical switch 30, the third electrical
switch 40 and the fifth electrical switch 72 and drives the
logic assembly 46 to generate the second control digital
signals C2. The third voltage detector 78 has the second
voltage value, and the third voltage detector 78 is connected
with the first capacitor 26 through the fifth electrical switch
72, and connected with the logic assembly 46, the second
electrical switch 36 and the fourth electrical switch 42.
When the first DC voltage D1 is larger than the first voltage
value, the third voltage detector 78 detects the first DC
voltage D1 through the fifth electrical switch 72. When the
first DC voltage D1 is larger than the second voltage value,
the third voltage detector 78 turns on the second electrical
switch 36 and the fourth electrical switch 42 and drives the
logic assembly 46 to generate the third control digital signals
C3.

[0047] The operation of the first embodiment of the device
for harvesting and managing wireless energy is introduced
as below. Firstly, the wireless receiver 22 receives a wireless
RF signal RF and converts the wireless RF signal RF into an
AC voltage A with input power. The energy of the wireless
RF signal RF becomes higher and higher with time. Then,
the first rectifier 24 receives the AC voltage A and converts
the AC voltage A into a first DC voltage D1. The first
capacitor 26 receives and stores the first DC voltage D1.
When the first DC voltage D1 is larger than the operation
voltage value, the first voltage detector 74 turns on the
operation switch 44 and drives the logic assembly 46 to
perform a logic operation on the high-level digital signal
DH, the low-level digital signal DL, the first clock signal ck1
and the second clock signal ck2 to generate a plurality of
first control digital signals C1. The reconfigurable DC to DC
converter 48 receives the first DC voltage D1 and the
plurality of first control digital signals C1 and uses the first
control digital signals C1 to convert the first DC voltage D1
into the second DC voltage D4. The LDO linear regulator 50
receives the fourth DC voltage D4 and steps down the fourth
DC voltage D4 to generate an output DC voltage DO, and
the LDO linear regulator 50 transfers the output DC voltage
DO to the load 64 through the operation switch 44 turned on.

[0048] When the first DC voltage D1 is larger than the first
voltage value, the second voltage detector 76 turns on the
first electrical switch 30, the third electrical switch 40 and
the fifth electrical switch 72. The second rectifier 32 receives
the AC voltage A through the first electrical switch 30 and
converts the AC voltage A into a second DC voltage D2 to
share the input power received by the first rectifier 24.
Meanwhile, the second DC voltage D2 charges the second
capacitor 34 through the third electrical switch 40. The
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second voltage detector 76 drives the logic assembly 46 to
perform a logic operation on the high-level digital signal
DH, the low-level digital signal DL, the first clock signal ck1
and the second clock signal ck2 to generate a plurality of
second control digital signals C2. The reconfigurable DC to
DC converter 48 receives the first DC voltage D1 and the
plurality of second control digital signals C2 and uses the
second control digital signals C2 to convert the first DC
voltage D1 into the second DC voltage D4. The LDO linear
regulator 50 receives the fourth DC voltage D4 and steps
down the fourth DC voltage D4 to generate an output DC
voltage DO, and the LDO linear regulator 50 transfers the
output DC voltage DO to the load 64 through the operation
switch 44 turned on.

[0049] When the first DC voltage D1 is larger than the
second voltage value, the third voltage detector 78 turns on
the second electrical switch 36 and the fourth electrical
switch 42. The third rectifier 38 receives the AC voltage A
through the second electrical switch 36 and converts the AC
voltage A into a third DC voltage D3 to share the input
power received by the first rectifier 24 and the second
rectifier 32. Meanwhile, the third DC voltage D3 charges the
second capacitor 34 through the fourth electrical switch 42.
The third voltage detector 78 drives the logic assembly 46 to
perform a logic operation on the high-level digital signal
DH, the low-level digital signal DL, the first clock signal ck1
and the second clock signal ck2 to generate a plurality of
third control digital signals C3. The reconfigurable DC to
DC converter 48 receives the first DC voltage D1 and the
plurality of third control digital signals C3 and uses the third
control digital signals C3 to convert the first DC voltage D1
into the second DC voltage D4. The LDO linear regulator 50
receives the fourth DC voltage D4 and steps down the fourth
DC voltage D4 to generate an output DC voltage DO, and
the LDO linear regulator 50 transfers the output DC voltage
DO to the load 64 through the operation switch 44 turned on.

[0050] The timing that the dynamic impedance matching
circuit 52 operates depends on the timing of generating the
enable signal EN. As long as the enable signal is generated,
the dynamic impedance matching circuit 52 starts to operate.

[0051] Refer to FIG. 5. The first voltage detector 74
comprises two cascoded PMOSFETs, two resistors and three
inverters. When the first DC voltage D1 increases, a voltage
of' node a also increases. When the voltage of the node a is
very low, a voltage of node b is almost equal to the first DC
voltage D1. When the voltage of node a is larger than a
voltage of a transition point of the inverter, the voltage of
node b is zero. The voltage of the transition point is set to the
operation voltage value and depends on the size of the
inverter. The voltage of node b is used to turn on the
operation switch 44 and drive the logic assembly 46.

[0052] Refer to FIG. 6. The second voltage detector 76
comprises three cascoded PMOSFETs, one resistor and
three inverters. When the first DC voltage D1 increases, a
voltage of node ¢ also increases. When the voltage of the
node ¢ is very low, a voltage of node d is zero. When the
voltage of node c is larger than a voltage of a transition point
of the inverter, the voltage of node d is almost equal to the
first DC voltage D1, and a voltage of node e is zero. The
voltage of the transition point is set to the first voltage value
and depends on the size of the inverter. The voltage of node
d is used to turn on the first electrical switch 30 and the third
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electrical switch 40 and drive the logic assembly 46. The
voltage of node e is used to turn on the fifth electrical switch
72.

[0053] Refer to FIG. 7. The third voltage detector 78
comprises a plurality of MOSFETs and receives the first DC
voltage D1, a first input voltage V1 and a second input
voltage V2, wherein the second input voltage V2 is almost
identical to the first DC voltage D1. The first input voltage
V1 is a fixed value. The second voltage value depends on the
first input voltage V1, the second input voltage V2 and the
sizes of the MOSFFETs. When the first DC voltage D1 is
less than or equal to the second voltage value, a voltage of
node f is zero. When the first DC voltage D1 is larger than
the second voltage value, the voltage of node f is almost
equal to the first DC voltage D1. The voltage of node f is
used to turn on the second electrical switch 36 and the fourth
electrical switch 42 and drive the logic assembly 46.

[0054] Refer to FIG. 3 and FIG. 8. The reconfigurable DC
to DC converter 48 comprises a plurality of MOSFETs 80,
82, 84, 86, 88, 90, 92, 94, 96, 98,100, 102, 104, 106 and 108
and a plurality of capacitors 110, 112 and 114. When the first
DC voltage D1 is larger than the operation voltage value,
gates of the MOSFETSs 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,
100, 102, 104, 106 and 108 respectively receive the high-
level digital signal DH, the high-level digital signal DH, the
low-level digital signal DL, the low-level digital signal DL,
the low-level digital signal DL, the first clock signal ck1, the
second clock signal ck2, the second clock signal ck2, the
first clock signal ckl, the first clock signal ck1, the second
clock signal ck2, the inversed second clock signal ck2, the
inversed first clock signal ckl, the inversed first clock signal
ckl and the inversed second clock signal ck2, whereby the
fourth DC voltage D4 generated by the reconfigurable DC to
DC converter 48 is equal to the first DC voltage D1. When
the first DC voltage D1 is larger than the first voltage value,
the gates of the MOSFETs 80, 82, 84, 86, 88, 90, 92, 94, 96,
98, 100, 102, 104, 106 and 108 respectively receive the
low-level digital signal DL, the first clock signal ckl, the
second clock signal ck2, the first clock signal ckl, the
low-level digital signal DL, the first clock signal ckl, the
second clock signal ck2, the second clock signal ck2, the
first clock signal ckl, the first clock signal ck1, the second
clock signal ck2, the inversed second clock signal ck2, the
inversed first clock signal ckl, the inversed first clock signal
ckl and the inversed second clock signal ck2, whereby the
fourth DC voltage D4 generated by the reconfigurable DC to
DC converter 48 is % time of the first DC voltage D1. When
the first DC voltage D1 is larger than the second voltage
value, the gates of the MOSFETs 80, 82, 84, 86, 88, 90, 92,
94, 96, 98, 100, 102, 104, 106 and 108 respectively receive
the second clock signal ck2, the first clock signal ckl, the
low-level digital signal DL, the first clock signal ckl, the
second clock signal ck2, the first clock signal ckl, the
second clock signal ck2, the second clock signal ck2, the
first clock signal ckl, the first clock signal ck1, the second
clock signal ck2, the inversed second clock signal ck2, the
inversed first clock signal ckl, the inversed first clock signal
ckl and the inversed second clock signal ck2, whereby the
fourth DC voltage D4 generated by the reconfigurable DC to
DC converter 48 is V2 time of the first DC voltage D1.

[0055] Besides, the reconfigurable DC to DC converter 48
cans switch six conversion ratios of the DC voltage. Refer
to FIG. 3 and FIG. 9. The reconfigurable DC to DC
converter 48 comprises a plurality of MOSFETs 80, 82, 84,
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86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 116 and
118 and a plurality of capacitors 110, 112 and 114. When the
first DC voltage D1 is larger than the operation voltage
value, the gates of the MOSFETs 80, 82, 84, 86, 88, 90, 92,
94, 96, 98,100,102, 104, 106, 108, 116 and 118 respectively
receive the high-level digital signal DH, the high-level
digital signal DH, the low-level digital signal DL, the
low-level digital signal DL, the low-level digital signal DL,
the first clock signal ckl, the second clock signal ck2, the
second clock signal ck2, the first clock signal ckl, the first
clock signal ckl, the second clock signal ck2, the inversed
second clock signal ck2, the inversed first clock signal ckl,
the inversed first clock signal ck1, the inversed second clock
signal ck2, the low-level digital signal DL and the high-level
digital signal DH whereby the fourth DC voltage D4 gen-
erated by the reconfigurable DC to DC converter 48 is equal
to the first DC voltage D1. When the first DC voltage D1 is
larger than the first voltage value, the gates of the MOSFETs
80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106,
108, 116 and 118 respectively receive the low-level digital
signal DL, the first clock signal ck1, the second clock signal
ck2, the first clock signal ckl, the low-level digital signal
DL, the first clock signal ck1, the second clock signal ck2,
the second clock signal ck2, the first clock signal ckl, the
first clock signal ckl, the second clock signal ck2, the
inversed second clock signal ck2, the inversed first clock
signal ckl, the inversed first clock signal ckl, the inversed
second clock signal ck2, the low-level digital signal DL and
the high-level digital signal DH, whereby the fourth DC
voltage D4 generated by the reconfigurable DC to DC
converter 48 is %5 time of the first DC voltage D1. When the
first DC voltage D1 is larger than the second voltage value,
the gates of the MOSFETs 80, 82, 84, 86, 88, 90, 92, 94, 96,
98, 100, 102, 104, 106, 108, 116 and 118 respectively
receive the second clock signal ck2, the first clock signal
ckl, the low-level digital signal DL, the first clock signal
ckl, the second clock signal ck2, the first clock signal ck1,
the second clock signal ck2, the second clock signal ck2, the
first clock signal ckl, the first clock signal ck1, the second
clock signal ck2, the inversed second clock signal ck2, the
inversed first clock signal ck1, the inversed first clock signal
ckl, the inversed second clock signal ck2, the low-level
digital signal DL and the high-level digital signal DH,
whereby the fourth DC voltage D4 generated by the recon-
figurable DC to DC converter 48 is ¥ time of the first DC
voltage D1.

[0056] The gates of the MOSFETs 80, 82, 84, 86, 88, 90,
92, 94, 96, 98, 100, 102, 104, 106, 108, 116 and 118
respectively receive the second clock signal ck2, the first
clock signal ckl, the low-level digital signal DL, the first
clock signal ck1, the second clock signal ck2, the first clock
signal ckl, the high-level digital signal DH, the high-level
digital signal DH, the first clock signal ckl, the low-level
digital signal DL, the second clock signal ck2, the low-level
digital signal DL, the inversed first clock signal ckl, the
inversed first clock signal ckl, the low-level digital signal
DL, the inversed first clock signal ckl and the high-level
digital signal DH, whereby the fourth DC voltage D4
generated by the reconfigurable DC to DC converter 48 is 13
time of the first DC voltage D1.

[0057] The gates of the MOSFETs 80, 82, 84, 86, 88, 90,
92, 94, 96, 98, 100, 102, 104, 106, 108, 116 and 118
respectively receive the second clock signal ck2, the first
clock signal ckl, the low-level digital signal DL, the first
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clock signal ck1, the second clock signal ck2, the first clock
signal ck1, the high-level digital signal DH, the second clock
signal ck2, the first clock signal ckl, the first clock signal
ckl, the second clock signal ck2, the inversed second clock
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a reconfigurable DC-DC converter, and an LDO linear
regulator in a single chip, achieves good conversion effi-
ciency over wide-range RF power when compared to other
works in the literature.

TABLE I
No. of  Rectifier Peak Range Output Full
Tech. Stages PCE @ R; (PCE >20%) Sensitivity Voltage Integration
TCAS 115 130 nm 1 53.4% N.A. -12 dBm 2V No (Off-Chip
(Regulated) Inductor)
@147 KQ @043 V
(144 KQ)
TCAS II 16 65 nm 5 36.5% 11 dB -16.5 dBm Non-Regulated Yes
@147 KQ @1 v
(147 KQ)
The present 180 nm 5 59% 13.5 dB -11.6 dBm 1.2V Yes
invention (Regulated)
@100 KQ @14V
(100 KQ)
signal ck2, the inversed first clock signal ck1, the inversed TABLE 1I
first clock signal ckl, the low-level digital signal DL, the
first clock signal ck1 and the high-level digital signal DH, . End-to-End Peak
whereby the fourth DC voltage D4 generated by the recon- Regulation Type Efficiency
figurable DC to DC converter 48 is %5 time of the first DC TCAS I 15' Inductor-Based DC/DC  44.1%
Voltage D1. Converter (Rectifier + DC/DC
[0058] The gates of the MOSFETs 80, 82, 84, 86, 88, 90, TCAS TT 16 NA ;:gn;:/ener)
92, 94, 96, 98, 100, 102, 104, 106, 108, 116 and 118 o (oﬁlyORectiﬁer)
respectively receive the first clock signal ckl, the high-level The present invention SC 37%
digital signal DH, the low-level digital signal DL, the Converter + (Rectifier +
low-level digital signal DL, the low-level digital signal DL, LDO rcegs‘ljg%;mfligoc)/ De
the first clock signal ckl, the second clock signal ck2, the
second clock signal ck2, the first clock signal ckl, the first
clock signal ckl, the second clock signal ck2, the inversed [0062] The second embodiment of the device for harvest-

second clock signal ck2, the inversed first clock signal ckl,
the inversed first clock signal ck1, the inversed second clock
signal ck2, the low-level digital signal DL and the first clock
signal ck1, whereby the fourth DC voltage D4 generated by
the reconfigurable DC to DC converter 48 is 3 time of the
first DC voltage D1.

[0059] Refer to FIG. 10. FIG. 10 shows the measured
power conversion efficiency (PCE) of the multiple-path
rectifier at various input power levels. The measured input
power range of PCE above 50%, 40%, and 20% is more than
5 dB, 7.8 dB, and 13.5 dB, respectively. The multipath
rectifier achieves a 59% peak RF-DC conversion efficiency
and -11.6 dBm sensitivity for an output voltage of 1.4V at
a 100 kQ load.

[0060] Refer to FIG. 11. FIG. 11 shows the mode-switch-
ing waveforms at different input power levels. In the present
invention, the output regulated voltage is 1.2V and the
minimum supply voltage to the LDO linear regulator is 1.4V.
The DC-DC conversion ratio is switched to 24 and Y at a
rectified voltage of 2.1V and 2.8V, respectively.

[0061] FIG. 12 shows the measured PCE of the entire
device for harvesting and managing wireless energy. At the
high input voltage condition, the proposed DC/DC converter
architecture improves conversion efficiency by about 15%
when compared to conventional regulator architectures, and
the fully integrated device achieves a peak efficiency 0of 37%
at about -8 dBm input power. Table I and Table II depict the
performance summary and comparison to the state-of-the-
art of the wide-range RF energy harvesting system. The
present invention, fully integrated with a multi-path rectifier,

ing and managing wireless energy of the present invention
is introduced as below. Refer to FIG. 13. The second
embodiment is different from the first embodiment in that
the second embodiment lacks the rectifier 38, the second
electrical switch 36, the fourth electrical switch 42 and the
third voltage detector 78 and the operations thereof. The
operations of the other elements are the same to those of the
first embodiment so will not be reiterated. The second
embodiment can also extend the range of the input power
which achieves the high energy conversion efficiency and
improve the sensitivity for harvesting wireless energy and
the overall energy conversion efficiency.

[0063] In an Electronic Toll Collection (ETC) system,
when a RF tag approaches a reader, the RF tag communi-
cates with the reader. The reader has to deliver high power
to communicate with the RF tag in the far distance. How-
ever, this behavior can waste energy due to the path loss and
antenna efficiency. The device for harvesting and managing
wireless energy of the present invention is applied to the
ETC system. When the car provided with the device for
harvesting and managing wireless energy and the RF tag
approaches the reader, a transmission distance starts to be
shortened and the input power of the RF signal endlessly
varies. Thus, the device for harvesting and managing wire-
less energy switches multiple paths to maintain the high
energy conversion efficiency. Before the car reaches the next
reader, the input power is insufficient due to too far trans-
mission distance. As a result, the device for harvesting and
managing wireless energy can use the stored energy to drive
the RF tag to communicate with the reader. The present
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invention uses the technology for distributing energy and
switching paths to improve the overall energy conversion
efficiency, harvest more energy and store additional energy,
lest energy be wasted when the high input power is received.
The present invention obtains the higher benefit without
batteries having large volume and high cost.

[0064] The present invention can improve the energy
conversion efficiency of an implantable chip without batter-
ies. Since skins and hypodermis of people are different and
the implantable chips are arranged in the different depths of
hypodermis, the input power received by the implantable
chips is not easily controlled to affect the energy conversion
efficiency. The present invention can improve the problem
with unstable efficiency.

[0065] The present invention also applies to the wireless
charging field. Presently, the wireless charging technology
uses energy coupling to transmit energy form power sourc-
ing equipment (PSE) to a powered device. However, a
charging distance and an obstruction between the PSE and
the PD will affect the input power and the charging effi-
ciency. The present invention can switch multiple paths to
improve the charging efficiency.

[0066] In conclusion, the present invention switches mul-
tiple paths, saves extra energy using energy distribution
scheme, provides several conversion ratios of the DC volt-
age and adjusts the capacitive impedance value of the
variable capacitance circuit to extend the range of the input
power that can achieve the high energy conversion effi-
ciency, and improve the sensitivity for harvesting wireless
energy and the overall energy conversion efficiency.
[0067] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Therefore, any equivalent modifica-
tion or variation according to the shapes, structures, features,
or spirit disclosed by the present invention is to be also
included within the scope of the present invention.

What is claimed is:

1. A device for harvesting and managing wireless energy

comprising:

a wireless receiver receiving a wireless radio-frequency
(RF) signal and converting said wireless RF signal into
an alternating-current (AC) voltage with input power;

a first rectifier connected with said wireless receiver,
receiving said AC voltage and converting said AC
voltage into a first direct-current (DC) voltage;

a first capacitor connected with said first rectifier and a
load, receiving said first DC voltage and providing said
first DC voltage for said load;

avoltage detection circuit having a first voltage value, and
said voltage detection circuit is connected with said
first capacitor and detects said first DC voltage;

a first electrical switch connected with said wireless
receiver and said voltage detection circuit, and said first
electrical switch is turned off, and when said first DC
voltage is larger than said first voltage value, said
voltage detection circuit turns on said first electrical
switch;

a second rectifier connected with said wireless receiver
through said first electrical switch, and when said first
DC voltage is larger than said first voltage value, said
second rectifier receives said AC voltage through said
first electrical switch, and converts said AC voltage into
a second DC voltage to share said input power received
by said first rectifier; and
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a second capacitor connected with said second rectifier
and said second DC voltage charges said second
capacitor.

2. The device for harvesting and managing wireless

energy according to claim 1, further comprising:

a second electrical switch connected with said wireless
receiver and said voltage detection circuit, and said
second electrical switch is turned off, and said voltage
detection circuit has a second voltage value, and said
first voltage value is less than said second voltage
value, and when said first DC voltage is larger than said
second voltage value, said voltage detection circuit
turns on said second electrical switch; and

a third rectifier connected with said wireless receiver
through said second electrical switch and connected
with said second capacitor, and when said first DC
voltage is larger than said second voltage value, said
third rectifier receives said AC voltage through said
second electrical switch and converts said AC voltage
into a third DC voltage to share said input power
received by said first rectifier and said second rectifier,
and said third DC voltage charges said second capaci-
tor.

3. The device for harvesting and managing wireless

energy according to claim 2, further comprising:

a third electrical switch connected between said second
capacitor and said second rectifier, and connected with
said voltage detection circuit, and said third electrical
switch is turned off, and when said first DC voltage
larger than said first voltage value, said voltage detec-
tion circuit turns on said third electrical switch, and said
second DC voltage charges said second capacitor
through said third electrical switch; and

a fourth electrical switch connected between said second
capacitor and said third rectifier, and connected with
said voltage detection circuit, and said fourth electrical
switch is turned off, and when said first DC voltage
larger than said second voltage value, said voltage
detection circuit turns on said fourth electrical switch,
and said third DC voltage charges said second capacitor
through said fourth electrical switch.

4. The device for harvesting and managing wireless
energy according to claim 3, further comprising an operation
switch connected between said load and said first capacitor,
and connected with said voltage detection circuit, and said
voltage detection circuit has an operation voltage value, and
said first voltage value is larger than said operation voltage
value, and when said first DC voltage is larger than said
operation voltage value, said voltage detection circuit turns
on said operation switch, said first capacitor provides said
first DC voltage for said load through said operation switch.

5. The device for harvesting and managing wireless
energy according to claim 4, wherein said voltage detection
circuit further comprises:

a fifth electrical switch turned off;

a first voltage detector having said operation voltage
value, and said first voltage detector is connected with
said operation switch and said first capacitor, and said
first voltage detector detects said first DC voltage, and
when said first DC voltage is larger than said operation
voltage value, said first voltage detector turns on said
operation switch;

a second voltage detector having said first voltage value,
and said second voltage detector is connected with said
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first electrical switch, said third electrical switch, said
fifth electrical switch and said first capacitor, and said
second voltage detector detects said first DC voltage,
and when said first DC voltage is larger than said first
voltage value, said second voltage detector turns on
said first electrical switch, said third electrical switch
and said fifth electrical switch; and

a third voltage detector having said second voltage value,
and said third voltage detector is connected with said
first capacitor through said fifth electrical switch, and
connected with said second electrical switch and said
fourth electrical switch, and when said first DC voltage
is larger than said first voltage value, said third voltage
detector detects said first DC voltage through said fifth
electrical switch, and when said first DC voltage is
larger than said second voltage value, said third voltage
detector turns on said second electrical switch and said
fourth electrical switch.

6. The device for harvesting and managing wireless
energy according to claim 4, further comprising:

a logic assembly connected with said voltage detection
circuit and receiving a high-level digital signal, a
low-level digital signal, a first clock signal and a second
clock signal, and a duty cycle of said first clock signal
is equal to a duty cycle of said second clock signal, and
when said second clock signal is a low-level voltage,
said first clock signal is a low-level voltage or a
high-level voltage, and when said second clock signal
is a high-level voltage, said first clock signal is a
low-level voltage, and when said first DC voltage is
larger than said operation voltage value, said voltage
detection circuit drives said logic assembly to perform
a logic operation on said high-level digital signal, said
low-level digital signal, said first clock signal and said
second clock signal to generate a plurality of first
control digital signals, and when said first DC voltage
is larger than said first voltage value, said voltage
detection circuit drives said logic assembly to perform
a logic operation on said high-level digital signal, said
low-level digital signal, said first clock signal and said
second clock signal to generate a plurality of second
control digital signals, and when said first DC voltage
is larger than said second voltage value, said voltage
detection circuit drives said logic assembly to perform
a logic operation on said high-level digital signal, said
low-level digital signal, said first clock signal and said
second clock signal to generate a plurality of third
control digital signals;

a reconfigurable DC to DC converter connected with said
logic assembly and said first capacitor and receiving
said first DC voltage, and said reconfigurable DC to DC
converter receives said plurality of first control digital
signals, said plurality of second control digital signals
or said plurality of third control digital signals and uses
them to convert said first DC voltage into a fourth DC
voltage; and

a low dropout (LDO) linear regulator connected with said
reconfigurable DC to DC converter and said load,
receiving said fourth DC voltage and stepping down
said fourth DC voltage to generate an output DC
voltage, and said L.DO linear regulator transfers said
output DC voltage to said load.
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7. The device for harvesting and managing wireless
energy according to claim 6, wherein said fourth DC voltage
is 1, %5 or Y% time of said first DC voltage.

8. The device for harvesting and managing wireless
energy according to claim 6, further comprising a dynamic
impedance matching circuit connected with said first recti-
fier, said first electrical switch, said second electrical switch
and said wireless receiver, and said dynamic impedance
matching circuit comprises a variable capacitance circuit
connected between said first rectifier and said wireless
receiver and connected with said first electrical switch and
said second electrical switch, and said dynamic impedance
matching circuit has said operation voltage value and detects
said first DC voltage, and said first rectifier receives said AC
voltage through said variable capacitance circuit, and said
first rectifier has an internal capacitor and a discharging
switch connected in parallel and connected with said
dynamic impedance matching circuit, and said discharging
switch is turned off, and said first DC voltage applies a
sensing voltage to said internal capacitor, and when said first
DC voltage is larger than said operation voltage value, said
dynamic impedance matching circuit turns on said discharg-
ing switch several times during a fixed period, so as to
calculate several time durations that said sensing voltage
rises from a low voltage to a high voltage, and said dynamic
impedance matching circuit chooses a shortest one of said
time durations and uses it to adjust a capacitive impedance
value of said variable capacitance circuit to match input
impedance of said first rectifier.

9. The device for harvesting and managing wireless
energy according to claim 8, wherein said dynamic imped-
ance matching circuit further comprises:

an operation voltage detector having said operation volt-
age value, connected with said first rectifier, and detect-
ing said first DC voltage, and when said first DC
voltage is larger than said operation voltage value, said
operation voltage detector generates an operation digi-
tal signal;

an AND gate connected with said operation voltage
detector, receiving said operation digital signal and a
third clock signal and using them to generate an enable
signal for said fixed period; and

a controller connected with said AND gate, said discharg-
ing switch, said internal capacitor and said variable
capacitance circuit, and receiving said enable signal,
said high voltage, said low voltage, said sensing volt-
age and a fourth clock signal, and said controller uses
said enable signal and said fourth clock signal to
calculate said time durations that said sensing voltage
rises from said low voltage to said high voltage, and
when said sensing voltage is larger than said high
voltage, said controller instantaneously turns on said
discharging switch to discharge said internal capacitor,
and said controller chooses said shortest one of said
time durations and uses it to adjust said capacitive
impedance value of said variable capacitance circuit.

10. The device for harvesting and managing wireless
energy according to claim 2, further comprising:

a P-channel metal-oxide-semiconductor field effect tran-
sistor (PMOSFET) with a drain thereof connected with
said second capacitor, and a body and a source of said
PMOSFET are connected; and

an N-channel metal-oxide-semiconductor field effect tran-
sistor (NMOSFET) with a drain thereof connected with
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said first capacitor, and a body and a source of said
NMOSFET are connected, and said sources said
PMOSFET and said NMOSFET are connected, and
gates of said PMOSFET and said NMOSFET are
respectively connected with said first capacitor and said
second capacitor, and said PMOSFET and said NMOS-
FET prevents current from flowing from said first
capacitor to said second capacitor, and when a voltage
of said second capacitor is larger than said first DC
voltage, said second capacitor provides electric energy
for said first capacitor and said load through said
PMOSFET and said NMOSFET.

#* #* #* #* #*



