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(57) ABSTRACT

Provided is a smart matching step-down circuit, comprising
an alternating current input terminal (10), a rectifier filter
circuit (20), a switching circuit (30), a high voltage BUCK
control step-down circuit (40), a floating zero potential
control circuit (41), a voltage detection and feedback circuit
(50), a PWM controller (52), a full-bridge DC/AC converter
circuit (60), an alternating current output terminal (70), an
output voltage detection circuit (62), and a conversion
controller (80); the high voltage BUCK control step-down
circuit comprises a step-down inductor (L.1) and a step-down
capacitor (C18); the first end of the step-down inductor is
connected to the output terminal of the switching circuit; the
second end of the step-down inductor is connected to the
positive electrode of the step-down filter capacitor, and is
used for stepping down and filtering the pulse voltage, then
outputting a second current; the floating zero potential
control circuit comprises a flyback diode (D11, D12); the
cathode of the flyback diode is connected to the circuit
ground, together with the first end of the step-down inductor;
the anode of the flyback diode is connected to the floating
ground (GND), together with the negative electrode of the
step-down filter capacitor; the smart matching step-down
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circuit can step down a wide voltage, and is broadly adapt-
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1
SMART MATCHING STEP-DOWN CIRCUITS
AND TRAVEL-USE POWER CONVERSION
DEVICES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

The present application is a reissue application of U.S.
Pat. No. 9,654,020 issued on May 16, 2017 from U.S. patent
application Ser. No. 15/112,420 filed on 371(c)(1) date Jul.
18, 2016, which claims priority under 35 U.S.C. § 119 of
Patent Application CN 201410521723, filed on Sep. 30,
2014.

BACKGROUND

1. Technical Field

The present disclosure generally relates to a power circuit,
and especially relates to a smart matching step-down circuit
and a travel-use power conversion device.

2. Description of Related Art

Power circuits supply the power to electric equipment.
Conventionally, the power circuits include alternating cur-
rent (AC) power circuits and direct current (DC) power
circuits. However, the voltages applicable for different areas
and countries are different, but the nominal voltage of the
electrical equipment may be the same. Thus, the electrical
equipment cannot be directly adapted to the power supply in
different countries. Generally, power conversion device has
to be adopted to convert the power supply.

Currently, the power conversion devices convert one fixed
power voltage into another fixed power voltage, such as
converting the AC of 220V to the AC of 110V, so as to adapt
to the power voltage of American standard and Europe
standard. With respect to such power conversion device, the
input end can only be applicable to one fixed voltage. In
other words, the applicable range of such power conversion
device is small, that is, only the one-to-one conversion is
available, and thus is not convenient.

SUMMARY

The disclosure relates to a smart matching step-down
circuit and a travel-use power conversion device.

In one aspect, a smart matching step-down circuit
includes: an alternating current (AC) input terminal connects
to an external power supply to input a first AC within a
predetermined voltage range; a rectifier filter circuit con-
nects to the AC input terminal for rectifying and filtering
waveforms of the first AC to form a first direct current (DC);
an input end of a switching circuit connects to the rectifier
filter circuit, and in response to control signals, the switching
circuit is turned on or off to output a pulse voltage; a high
voltage BUCK control step-down circuit includes a voltage
step-down inductor, and a voltage step-down filter capacitor,
wherein a first end of the voltage, step-down inductor
connects to an output end of the switching circuit, and a
second end of the voltage step-down inductor connects to a
positive pole of the voltage step-down filter capacitor for
performing a voltage step-down process and a filtering
process toward the pulse voltage so as to output a second
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2

DC; a floating zero potential control circuit includes fly-back
diodes, a cathode of the fly-back diodes and the first end of
the voltage step-down inductor cooperatively connect to a
[floating] circuit ground; a voltage detection and feedback
circuit includes an input end connecting to the second end of
the voltage step-down inductor to detect the second DC so
as to generate a feedback message; a PWM controller
includes a feedback end connecting to an output end of the
voltage detection and feedback circuit, and a control end
connecting to a controlled end of the switching circuit, in
response to the feedback message, the PWM controller is
configured to output control signals controlling a pulse
width of the pulse voltage; a full-bridge DC/AC converter
circuit includes an input end connecting to a positive pole of
the voltage step-down filter capacitor to convert the second
DC to the second AC; an AC output end connects to the
output end of the fall-bridge DC/AC converter circuit to
output the second AC; an output voltage detection circuit
connects to the AC output end to sample voltages of the
second AC from the AC output end so as to generate a first
sampling voltage; and a conversion controller connecting to
the output voltage detection circuit and the full-bridge
DC/AC converter circuit, the conversion controller is con-
figured to controlling a duty cycle ratio of outputted wave-
form of the full-bridge DC/AC converter circuit in accor-
dance with the first sampling voltage so as to stabilize the
second AC.

Wherein the smart matching step-down circuit farther
includes an output current detection circuit connecting to
current detection ends of the AC output terminal and the
conversion controller, and the output current detection cir-
cuit is configured to sample current of the second AC from
the AC output terminal to generate a sampling current; the
conversion controller controls the duty cycle ratio of the
outputted waveforms of the full-bridge DC/AC converter
circuit in accordance with the first sampling voltage and the
sampling current to stabilize the second AC.

Wherein the switching circuit includes a MOS transistor
and a switch driving circuit, a drain of the MOS transistor is
the input end of the switching circuit, a gate of the MOS
transistor is a controlled end of the switching circuit, and a
source of the MOS ftransistor is the output end of the
switching circuit.

Wherein the voltage detection and feedback circuit
includes an optoelectronic coupler, a reference stabilized
source, and a voltage sampling circuit, a positive end of at
least one light emitting diode (LED) of the optoelectronic
coupler connects to a second end of the voltage step-down
inductor via a power supply circuit, and a negative end of the
LED of the optoelectronic coupler connects to a cathode of
the reference stabilized source, an anode of the reference
stabilized source is grounded, and a reference pole of the
reference stabilized source connects to the second end of the
voltage step-down inductor via the voltage sampling circuit,
and a photo-triode of the optoelectronic coupler connects to
the feedback end of the PWM controller.

Wherein the Mil-bridge DC/AC converter circuit includes
an inverter-bridge having a first MOS transistor, a second
MOS transistor, a third MOS transistor, and a fourth MOS
transistor, gates of the first MOS transistor, the second MOS
transistor, the third MOS transistor, and the fourth MOS
transistor respectively connects to one MOS driving circuit,
and the MOS driving circuit connects to the corresponding
PWM control end of the conversion controller; a source of
the second MOS transistor is a fire-wire end of the AC
output terminal, and a source of the fourth MOS transistor
is a zero-line end of the AC output terminal.
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Wherein the output current detection circuit includes a
thirty-third resistor, a thirty-fourth resistor, and a thirty-fifth
resistor, ends of the thirty-third resistor, the thirty-fourth
resistor, and the thirty-fifth resistor connect to a source of the
fourth MOS transistor and the voltage detection end of the
conversion controller, and the other ends of the thirty-third
resistor, the thirty-fourth resistor, and the thirty-fifth resistor
connect to the floating ground.

Wherein the output voltage detection circuit includes a
rectifying bridge, an AC L pin connects to the source of the
first MOS transistor and a L pin of the conversion controller,
an AC N pin connects to the source of the fourth MOS
transistor and the N pin of the conversion controller, a DC
positive pole pin of the rectifying bridge connects to the
floating ground via a twenty-first capacitor, an DC positive
pole pin further connects to a VB pin of the conversion
controller, and the DC negative pole pin connects to the
floating ground.

Wherein the smart matching step-down circuit further
includes an over-current detection circuit, the over-current
detection circuit includes a twenty-ninth resistor and a
twenty-second resistor, one end of the twenty-ninth resistor
connects to the output end of the switching circuit, and the
other end of the twenty-ninth resistor is grounded, one end
of the twenty-second resistor connects to the output end of
the switching circuit, and the other end of the twenty-second
resistor connects to a current detection end of the PWM
controller.

In another aspect, a travel-use power conversion device
incorporated the above the smart matching step-down cir-
cuit.

In view of the smart matching step-down circuit and the
travel-use power conversion device, the AC input terminal
inputs the first DC within a predetermined voltage range,
i.e., AC90-265V. The rectifier filter circuit rectifies and
filters the waveforms to form the first DC of high voltage. In
response to the control of the PWM controller, the switching
circuit outputs the first DC via the pulse format so as to
output the pulse voltage. The pulse voltage is then applied
with the voltage step-down process by the high voltage
BUCK control step-down circuit to generate the second DC
of low voltage. In addition, the floating zero potential
control circuit controls the circuit in the floating mauler, and
stabilizes the second DC in accordance with the change of
the high-voltage first AC outputted by the rectifier filter
circuit. The second DC is converted by the full-bridge
DC/AC converter circuit and is applied with the PWM
adjustment by the conversion controller so as to output a
stable second AC, i.e., which is generally around 110V.
Thus, the wide voltage may be stepped down. As the input
end may be the AC within the predetermined voltage range,
such solution may be applicable to a large scope, such as
being incorporated into the travel-use power conversion
device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of the smart matching step-
down circuit in accordance with one embodiment.

FIG. 2 is a circuit diagram of the rectifier filter circuit in
accordance with one embodiment.

FIG. 3 is a circuit diagram of a switching circuit, a high
voltage BUCK control step-down circuit, a floating zero
potential control circuit, a voltage detection and feedback
circuit, and a PWM controller of the smart matching step-
down circuit in accordance with one embodiment.
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FIG. 4 is a circuit diagram of the full-bridge DC/AC
converter circuit, the output voltage detection circuit, and
the output circuit detection circuit in accordance with one
embodiment.

FIG. 5 is a circuit diagram of the terminals of the
conversion controller of the smart matching step-down
circuit in accordance with one embodiment.

The implementation, the features, and the advantages of
the claimed invention will be described by the embodiments
together with the accompanying drawings.

DETAILED DESCRIPTION

The disclosure is illustrated by way of example and not by
way of limitation in the figures of the accompanying draw-
ings, in which like reference numerals indicate similar
elements. The embodiments described in accordance with
the drawings are only examples, and thus the claimed
invention is not limited thereto.

Referring to FIGS. 1 and 3, the smart matching step-down
circuit includes an alternating current (AC) input terminal
10, a rectifier filter circuit 20, a switching circuit 30, a high
voltage BUCK control step-down circuit 40, a floating zero
potential control circuit 41, a voltage detection and feedback
circuit 50, a PWM controller 52, a full-bridge DC/AC
converter circuit 60, an AC output terminal 70, and a voltage
control circuit 90 which includes an output voltage detection
circuit 62, and a conversion controller 80.

Specifically, the AC input terminal 10 connects to an
external power supply to input a first AC within a predeter-
mined voltage range. For instance, the predetermined volt-
age range may be from AC 90 to AC 265V, that is, the wide
voltage range is from AC 90 to AC 265V. The rectifier filter
circuit 20 connects to the AC input terminal 10 for rectifying
and filtering waveforms of the first AC to form a first direct
current (DC). An input end of the switching circuit 30
connects to the rectifier filter circuit 20, and in response to
control signals, the switching circuit 30 is turned on or off
to output a pulse voltage. That is, when the switching circuit
30 in an on or off state, the switching circuit 30 outputs a
direct pulse, which is the above pulse voltage.

The high voltage BUCK control step-down circuit 40
includes a voltage step-down inductor (L1), and a voltage
step-down filter capacitor (C18), wherein a first end of the
voltage step-down inductor (I.1) connects to the output end
of the switching circuit 30, and a second end of the voltage
step-down inductor (I.1) connects to a positive pole of the
voltage step-down filter capacitor (C18) for performing the
voltage step-down and filtering processes toward the pulse
voltage outputted by the switching circuit 30 so as to output
a second DC.

The floating zero potential control circuit 41 includes
fly-back diodes (D11, D12). A cathode of the fly-back diodes
(D11, D12) and the first end of the voltage step-down
inductor (L1) cooperatively connect to a [floating] circuir
ground. An anode of the fly-back diodes (D11, D12) and a
negative pole of the voltage step-down filter capacitor (C18)
cooperatively connect to a floating ground. The smart
matching step-down circuit is capable of stepping down a
wide voltage, and may be broadly adaptable. The floating
zero potential control circuit is configured to control the
second DC in a floating manner. Specifically, the second DC
is stabilized in accordance with a change of the high-voltage
first AC outputted by the rectifier filter circuit 20. That is,
under the control of the floating zero potential control
circuit, the voltage value of the second DC is stable alter
being outputted by the high voltage BUCK control step-
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down circuit 40, regardless of the voltage value inputted
from the AC input end as long as the voltage value is in the
range from AC 90 to 265 V. Generally, the voltage value of
the second DC may be around 140 V.

The input end of the voltage detection and feedback
circuit 50 connects to the second end of the voltage step-
down inductor (I.1) of the high voltage BUCK control
step-down circuit 40 to detect the second DC so as to
generate a feedback message. A feedback end of the PWM
controller 52 connects to the output end of the voltage
detection and feedback circuit 50, and a control end of the
PWM controller 52 connects to a controlled end of the
switching circuit 30 so as to control a pulse width of the
pulse voltage. That is, the voltage detection and feedback
circuit 50 and the PWM controller 52 are configured to
control a duty cycle ratio of the outputted waveform of the
switching circuit 30 so as to adjust the pulse width of the
pulse voltage.

An input end of the full-bridge DC/AC converter circuit
60 connects to the positive pole of the voltage step-down
filter capacitor (C18) to convert the second DC to the second
AC. Specifically, the input end of the full-bridge DC/AC
converter circuit 60 connects to the output end of the high
voltage BUCK control step-down circuit 40 to convert the
second DC to the second AC. The AC output end connects
to the output end of the full-bridge DC/AC converter circuit
60 to output the second AC, which is a stable and fixed
voltage, such as AC 110V, for supplying the power to the
electric equipment of American standard and Europe stan-
dard. The output voltage detection circuit 62 connects to the
AC output end to sample the voltages of the second AC from
the AC output end so as to generate a first sampling voltage.
It can be understood that the voltage control circuit 90 is
electrically connected to the full-bridge DC/AC converter
circuit 60 and configured to controlling the full-bridge
DC/AC converter circuit 60 to stabilize the second AC
outputted by the AC output end. The conversion controller
80 connects to the output voltage detection circuit 62 and the
full-bridge DC/AC converter circuit 60. The conversion
controller 80 is configured to controlling the duty cycle ratio
of the outputted waveform of the full-bridge DC/AC con-
verter circuit 60 in accordance with the first sampling
voltage so as to stabilize the second AC. That is, the output
voltage detection circuit 62 and the conversion controller 80
are configured to stabilize the second AC outputted by the
AC output end.

In one embodiment, the AC input terminal 10 inputs the
first AC within the predetermined voltage range, i.e., AC90-
265V. The rectifier filter circuit 20 rectifies and filters the
waveforms to form the first DC of high voltage in response
to the control of the PWM controller 52, the switching
circuit 30 outputs the first DC via a pulse format so as to
output the pulse voltage. The pulse voltage is then applied
with the voltage step-down process by the high voltage
BUCK control step-down circuit 40 to generate the second
DC. In addition, the floating zero potential control circuit
controls the circuit in the floating manner, and stabilizes the
second DC in accordance with a change of the high-voltage
first AC outputted by the rectifier filter circuit. The second
DC is converted by the full-bridge DC/AC converter circuit
50 and is applied with a PWM adjustment by the conversion
controller 80 so as to output a stable second AC, i.e., which
is generally around 110V. Thus, the wide voltage may be
stepped down. As the input end may be the AC within the
predetermined voltage range, such solution may be appli-
cable to a large scope, such as being incorporated into a
travel-use power conversion device.
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In one embodiment, the smart matching step-down circuit
further includes an output current detection circuit 61 con-
necting to current detection ends of the AC output terminal
70 and the conversion controller 80, and the output current
detection circuit 61 is configured to sample the current of the
second AC of the AC output terminal 70 to generate the
sampling current. Correspondingly, the conversion control-
ler 80 controls the duty cycle ratio of the outputted wave-
forms of the full-bridge DC/AC converter circuit 60 in
accordance with the first sampling voltage and the sampling
current, such that the second AC is stabilized. That is, in the
embodiment, the full-bridge DC/AC converter circuit 60
references the current and the voltage of the AC output
terminal 70 to control the duty cycle ratio of the outputted
waveforms of the DC/AC converter circuit 60.

As shown in FIG. 2, in one embodiment, the rectifier filter
circuit 20 includes a rectifying bridge (BD1) including four
diodes and a filtering capacitor (C1). An input end of the
rectifying bridge (BD1) connects to the AC input terminal
10, an output end connects to the positive pole of the filtering
capacitor (C1) and a negative end of the filtering capacitor
(C1) is grounded, wherein the first AC inputted from the AC
input terminal 10 is rectified by the rectitying bridge (BD1),
and is filtered by the filtering capacitor (C1) to form the first
DC.

Referring to FIG. 3, the switching circuit 30 includes a
MOS transistor (Q5) and a switch driving circuit. A drain of
the MOS transistor (Q5) is the input end of the switching
circuit 30, a gate of the MOS transistor (Q5) is the controlled
end of the switching circuit 30, and a source of the MOS
transistor (Q5) is the output end of the switching circuit 30.
The switch driving circuit includes a twelfth diode (D10)
and a twentieth resistor (R20). An anode of the twelfth diode
(D10) and one end of the twentieth resistor (R20) connects
to the gate of the first TFT (Q1), and a cathode of the twelfth
diode (D10) and the other end of the twentieth resistor (R20)
connects to the control end of the PWM controller 52,
wherein the gate of the MOS transistor (Q1) receives the
control signals of the PWM controller 52 so as to be turned
on or off. The switching circuit 30 is controlled by the PWM
controller 52 to output the pulse voltage.

The voltage detection and feedback circuit 50 includes an
optoelectronic coupler (US), a reference stabilized source
(U6), and a voltage sampling circuit. A positive end of the
LED of the optoelectronic coupler (US) connects to the
second end of the voltage step-down inductor (L.1) within
the [switching circuit 30] kigh voltage BUCK control step-
down circuit 40 via a power supply circuit, and a negative
end of the LED of the optoelectronic coupler (US) connects
to the cathode of the reference stabilized source (U6). The
anode of the reference stabilized source (U6) is grounded,
and a reference pole of the reference stabilized source (U6)
connects to the second end of the voltage step-down induc-
tor ([U1] L1) within the [switching circuit 30] kigh voliage
BUCK control step-down circuit 40 via the voltage sampling
circuit. A photo-triode of the optoelectronic coupler (U5)
connects to the feedback end of the PWM controller 52,
wherein the power supply circuit is configured to supply the
power to the optoelectronic coupler (U5). The voltage
sampling circuit obtains the voltage value from the second
end of the voltage step-down inductor (L.1) within the high
voltage BUCK control step-down circuit 40, which is input-
ted from the reference pole of the reference stabilized source
(U6) to the reference stabilized source (U6), and then is
compared with the reference voltage to obtain the feedback
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message. The feedback message couples with the feedback
end of the PWM controller 52 via the optoelectronic coupler
Us).

Specifically, the above power supply circuit includes a
twenty-fifth resistor (R25) and a fourth voltage regulator
diode (ZD4), a third voltage regulator diode (ZD3), a second
voltage regulator diode (ZD2), and a fifth voltage regulator
diode (ZD5) serially connected in sequence. One end of the
twenty-fifth resistor (R25) connects to the fourth voltage
regulator diode (ZD4), and the fifth voltage regulator diode
(ZD5) connects to the second end of the voltage step-down
inductor (L1) within the high voltage BUCK control step-
down circuit 40.

The voltage sampling circuit includes a twenty-sixth
resistor (R26), a twenty-seventh resistor (R27), and a
twenty-eighth resistor (R28). The twenty-sixth resistor
(R26) connects to the second end of the voltage step-down
inductor (L1) within the high voltage BUCK control step-
down circuit 40, the twenty-eighth resistor (R28) is
grounded, and the reference pole of the reference stabilized
source (U6) connects to the twenty-seventh resistor (R27)
and the twenty-eighth resistor (R28), wherein the voltages of
the twenty-sixth resistor (R26), the twenty-seventh resistor
(R27), and the twenty-eighth resistor (R28) are divided, and
one voltage value is obtained from the twenty-seventh
resistor (R27) and the twenty-eighth resistor (R28). The
voltage value is compared with the reference voltage of the
reference stabilized source (U6) to generate the feedback
message coupling with the feedback end of the PWM
controller 52 via the optoelectronic coupler (U5).

The PWM controller 52 includes a PWM control chip
(U4), i.e., UC 3843. The PWM control chip (U4) includes a
COMP pin, a VFB pin, a CS pin, a RC pin, a Vref pin, a VCC
pin, an OUT pin, and a GND pin, wherein the COMP pin
connects to ends of a twenty-fourth resistor (R24) and a
sixteenth capacitor (C16), and the other end of the twenty-
fourth resistor (R24) and the sixteenth capacitor (C16) are
grounded. The VFB pin is the feedback end, a collector of
the photo-triode of the optoelectronic coupler (U5) connects
to the COMP pin via a twenty-third resistor (R23), an emitter
and the VFB pin are cooperatively grounded, the CS pin is
grounded via the fourteenth capacitor (C14) and connects to
the output end of the switching circuit 30 via an over-current
detection circuit 51, the CS pin also connects to the Vref pin
via an eighteenth resistor (R18), the RC pin is grounded via
the fifteenth capacitor (C15), the Vref pin is grounded via the
thirteenth capacitor (C13), the VCC pin connects to the DC
power supply and is grounded via a twelfth capacitor (C12),
the OUT pin is the control end connecting to the gate of the
MOS transistor (Q5) via the switch driving circuit, and the
GND pin is grounded.

The over-current detection circuit 51 includes a twenty-
ninth resistor (R29) and a twenty-second resistor (R22). One
end of the twenty-ninth resistor (R29) connects to the output
end of the switching circuit 30, and the other end of the
twenty-ninth resistor (R29) connects to the input end of the
high voltage BUCK control step-down circuit 40. In addi-
tion, the other end of the twenty-ninth resistor (R29) is
grounded. One end of the twenty-second resistor (R22)
connects to the output end of the switching circuit 30, and
the other end of the twenty-second resistor (R22) connects
to the current detection end. The over-current detection
circuit is configured for detecting the current of the MOS
transistor. When the MOS transistor (Q5) is turned on, a first
group current (control current) passes through the OUT pin
6 of the PWM control chip (U4), the twentieth resistor (R20),
the MOS transistor (Q35), the twenty-ninth resistor (R29) in
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turn, and finally comnnects to a circuit ground, thereby the
MOS transistor (Q5) is turned on by the control current. At
the same time, a second ground current passes through the
point (a), the MOS transistor (Q5), the twenty-ninth resistor
(R29), the cathode of the fly-back diodes (D11, DI12), the
step-down inductor (L1), the step-down capacitor (CI38),
and finally connects to the floating ground, which is a
charging process. At this time, the second end of the voltage
step-down inductor (L1) is at the high potential, while the
first end of the voltage step-down inductor (L1) is at the low
potential. Meanwhile, when the MOS transistor (Q5) is
turned off, the current of the voltage step-down inductor (L1)
is inverted, the second end of the voltage step-down inductor
(L1) is at the low potential, and the first end of the voltage
step-down inductor (L1) is at the high potential. At this time,
the cathode of the fly-back diodes (D11, DI2) connected to
the second end of the voltage step-down inductor (L1) is also
at the low potential and the anode of the fly-back diodes
(D11, DI12) is at the high potential, thereby the current can
pass therethrough.

As shown in FIG. 4, the full-bridge DC/AC converter
circuit 60 includes an inverter-bridge including a first MOS
transistor (Q1), a second MOS transistor (Q2), a third MOS
transistor (Q3), and a fourth MOS transistor (Q4). Gates of
the first MOS transistor (Q1), the second MOS transistor
(Q2), the third MOS transistor (Q3), and the fourth MOS
transistor (Q4) respectively connects to one MOS driving
circuit. The MOS driving circuit includes one resistor
(R31'\R32\R53) and one diode (D13\D14\D16). The MOS
driving circuit connects to the corresponding PWM control
end of the conversion controller 80. The source of the second
MOS transistor (Q2) is a fire-wire end of the AC output
terminal 70, and the source of the fourth MOS transistor
(Q4) is the zero-line end of the AC output terminal 70.

The output current detection circuit 61 includes a thirty-
third resistor (R33), a thirty-fourth resistor (R34), and a
thirty-fifth resistor (R35). Ends of the thirty-third resistor
(R33), the thirty-fourth resistor (R34), and the thirty-fifth
resistor (R35) connect to the source of the fourth MOS
transistor (Q4) and the voltage detection end of the conver-
sion controller 80, and the other ends of the thirty-third
resistor (R33), the thirty-fourth resistor (R34), and the
thirty-fifth resistor (R35) connect to the floating ground.

The output voltage detection circuit 62 includes a recti-
fying bridge (BR1). An AC L pin connects to the source of
the first MOS transistor (Q1) and the L. pin of the conversion
controller 80, an AC N pin connects to the source of the
fourth MOS transistor (Q4) and the N pin of the conversion
controller 80, a DC positive pole pin of the rectifying bridge
(BR1) connects to the floating ground via, a twenty-first
capacitor (C21), an DC positive pole pin further connects to
the VB pin of the conversion controller 80, and the DC
negative pole pin connects to the floating ground.

The conversion controller 80 includes an interface end
801 having connecting ends, including PWM1, PWM2,
PWM3, PWM4, VB, N, L, and IS. The connecting ends
PWM1, PWM2, PWM3, PWM4 connects to the MOS
driving circuit of the first MOS transistor (Q1), the second
MOS transistor (Q2), the third MOS transistor (Q3), and the
fourth MOS transistor (Q4), and the connecting end IS
connects to the IS node of the output current detection circuit
61.

Basing on the above smart matching step-down circuit,
the present disclosure also includes a travel-use power
conversion device having the above smart matching step-
down circuit.



US RE48,368 E

9

In view of the smart matching step-down circuit and the
travel-use power convention device, the AC input terminal
10 inputs the first DC within a predetermined voltage range,
i.e., AC90-265V. The rectifier filter circuit 20 rectifies and
filters the waveforms to form the first DC of high voltage. In
response to the control of the PWM controller 52, the
switching circuit 30 outputs the first DC via the pulse format
so as to output the pulse voltage. The pulse voltage is then
applied with the voltage step-down process by the high
voltage BUCK control step-down circuit 40 to generate the
second DC of low voltage. In addition, the floating zero
potential control circuit controls the circuit in the floating
manner, and stabilizes the second DC in accordance with the
change of the high-voltage first AC outputted by the rectifier
filter circuit. The second DC is converted by the full-bridge
DC/AC converter circuit 60 and is applied with the PWM
adjustment by the conversion controller 80 so as to output a
stable second AC, i.e., which is generally around 110V.
Thus, the wide voltage may be stepped down. As the input
end may be the AC within the predetermined voltage range,
such solution may be applicable to a large scope, such as
being incorporated into the travel-use power conversion
device.

Although the features and elements of the present disclo-
sure are described as embodiments in particular combina-
tions, each feature or element can be used alone or in other
various combinations within the principles of the present
disclosure to the full extent indicated by the broad general
meaning of the terms in which the appended claims are
expressed.

What is claimed is:

1. A smart matching step-down circuit, comprising:

an alternating current (AC) input terminal connects to an
external power supply to input a first AC within a
predetermined voltage range;

a rectifier filter circuit connects to the AC input terminal
for rectifying and filtering waveforms of the first AC to
form a first direct current (DC);

an input end of a switching circuit connects to the rectifier
filter circuit, and in response to control signals, the
switching circuit is turned on or off to output a pulse
voltage;

a high voltage BUCK control step-down circuit comprises
a voltage step-down inductor, and a voltage step-down
filter capacitor, wherein a first end of the voltage
step-down inductor connects to an output end of the
switching circuit, and a second end of the voltage
step-down inductor connects to a positive pole of the
voltage step-down filter capacitor for performing a
voltage step-down process and a filtering process
toward the pulse voltage so as to output a second DC;

a floating zero potential control circuit comprises fly-back
diodes, a cathode of the fly-back diodes and the first
end of the voltage step-down inductor cooperatively
connect to a floating ground;

a voltage detection and feedback circuit comprises an
input end connecting to the second end of the voltage
step-down inductor to detect the second DC so as to
generate a feedback message;

a PWM controller comprises a feedback end connecting
to an output end of the voltage detection and feedback
circuit, and a control end connecting to a controlled end
of the switching circuit, in response to the feedback
message, the PWM controller is configured to output
control signals controlling a pulse width of the pulse
voltage;
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a full-bridge DC/AC converter circuit comprises an input
end connecting to a positive pole of the voltage step-
down filter capacitor to convert the second DC to the
second AC;

an AC output end connects to the output end of the
full-bridge DC/AC converter circuit to output the sec-
ond AC;

an output voltage detection circuit connects to the AC
output end to sample voltages of the second AC from
the AC output end so as to generate a first sampling
voltage; and

a conversion controller connecting to the output voltage
detection circuit and the full-bridge DC/AC converter
circuit, the conversion controller is configured to con-
trolling a duty cycle ratio of outputted waveform of the
full-bridge DC/AC converter circuit in accordance with
the first sampling voltage so as to stabilize the second
AC.

2. The smart matching step-down circuit as claimed in
claim 1, wherein the smart matching step-down circuit
further comprises an output current detection circuit con-
necting to current detection ends of the AC output terminal
and the conversion controller, and the output current detec-
tion circuit is configured to sample current of the second AC
from the AC output terminal to generate a sampling current;

the conversion controller controls the duty cycle ratio of
the outputted waveforms of the full-bridge DC/AC
converter circuit in accordance with the first sampling
voltage and the sampling current to stabilize the second
AC.

3. The smart matching step-down circuit as claimed in
claim 1, wherein the switching circuit comprises a MOS
transistor and a switch driving circuit, a drain of the MOS
transistor is the input end of the switching circuit, a gate of
the MOS transistor is a controlled end of the switching
circuit, and a source of the MOS transistor is the output end
of the switching circuit.

4. The small matching step-down circuit as claimed in
claim 1, wherein the voltage detection and feedback circuit
comprises an optoelectronic coupler, a reference stabilized
source, and a voltage sampling circuit, a positive end of at
least one light emitting diode (LED) of the optoelectronic
coupler connects to a second end of the voltage step-down
inductor via a power supply circuit, and a negative end of the
LED of the optoelectronic coupler connects to a cathode of
the reference stabilized source, an anode of the reference
stabilized source is grounded, and a reference pole of the
reference stabilized source connects to the second end of the
voltage step-down inductor via the voltage sampling circuit,
and a photo-triode of the optoelectronic coupler connects to
the feedback end of the PWM controller.

5. The smart matching step-down circuit as claimed in
claim 1, wherein the full-bridge DC/AC converter circuit
comprises an inverter-bridge having a first MOS transistor,
a second MOS transistor, a third MOS transistor, and a
fourth MOS transistor, gates of the first MOS transistor, the
second MOS transistor, the third MOS transistor, and the
fourth MOS transistor respectively connects to one MOS
driving circuit, and the MOS driving circuit connects to the
corresponding PWM control end of the conversion control-
ler;

a source of the second MOS transistor is a fire-wire end
of the AC output terminal, and a source of the fourth
MOS transistor is a zero-line end of the AC output
terminal.

6. The smart matching step-down circuit as claimed in

claim 5, wherein the output current detection circuit com-
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prises a thirty-third resistor, a thirty-fourth resistor, and a
thirty-fifth resistor, ends of the thirty-third resistor, the
thirty-fourth resistor, and the thirty-fifth resistor connect to
a source of the fourth MOS transistor and the voltage
detection end of the conversion controller, and the other ends
of the thirty-third resistor, the thirty-fourth resistor, and the
thirty-fifth resistor connect to the floating ground.

7. The smart matching step-down circuit as claimed in
claim 5, wherein the output voltage detection circuit com-
prises a rectitying bridge, an AC L pin connects to the source
of the first MOS transistor and a L pin of the conversion
controller, an AC N pin connects to the source of the fourth
MOS transistor and the N pin of the conversion controller,
a DC positive pole pin of the rectifying bridge connects to
the floating ground via a twenty-first capacitor, an DC
positive pole pin further connects to a VB pin of the
conversion controller, and the DC negative pole pin con-
nects to the floating ground.

8. The smart matching step-down circuit as claimed in
claim 1, wherein the smart matching step-down circuit
further comprises an over-current detection circuit, the over-
current detection circuit comprises a twenty-ninth resistor
and a twenty-second resistor, one end of the twenty-ninth
resistor connects to the output end of the switching circuit,
and the other end of the twenty-ninth resistor is grounded,
one end of the twenty-second resistor connects to the output
end of the switching circuit, and the other end of the
twenty-second resistor connects to a current detection end of
the PWM controller.

9. A travel-use power conversion device comprises a
smart matching step-down circuit, the smart matching step-
down circuit comprising:

an alternating current (AC) input terminal connects to an
external power supply to input a first AC within a
predetermined voltage range;

a rectifier filter circuit connects to the AC input terminal
for rectifying and filtering waveforms of the first AC to
form a first direct current (DC);

an input end of a switching circuit connects to the rectifier
filter circuit, and M response to control signals, the
switching circuit is turned on or off to output a pulse
voltage;

a high voltage BUCK control step-down circuit comprises
a voltage step-down inductor, and a voltage step-down
filter capacitor, wherein a first end of the voltage
step-down inductor connects to an output end of the
switching circuit, and a second end of the voltage
step-down inductor connects to a positive pole of the
voltage step-down filter capacitor for performing a
voltage step-down process and a filtering process
toward the pulse voltage so as to output a second DC;

a floating zero potential control circuit comprises fly-back
diodes, a cathode of the fly-back diodes and the first
end of the voltage step-down inductor cooperatively
connect to a floating ground;

a voltage detection and feedback circuit comprises an
input end connecting to the second end of the voltage
step-down inductor to detect the second DC so as to
generate a feedback message;

a PWM controller comprises a feedback end connecting
to an output end of the voltage detection and feedback
circuit, and a control end connecting to a controlled end
of the switching circuit, in response to the feedback
message, the PWM controller is configured to output
control signals controlling a pulse width of the pulse
voltage;
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a full-bridge DC/AC converter circuit comprises an input
end connecting to a positive pole of the voltage step-
down filter capacitor to convert the second DC to the
second AC;

an AC output end connects to the output end of the
full-bridge DC/AC converter circuit to output the sec-
ond AC;

an output voltage detection circuit connects to the AC
output end to sample voltages of the second AC from
the AC output end so as to generate a first sampling
voltage; and

a conversion controller connecting to the output voltage
detection circuit and the full-bridge DC/AC converter
circuit, the conversion controller is configured to con-
trolling a duty cycle ratio of outputted waveform of the
full-bridge DC/AC converter circuit in accordance with
the first sampling voltage so as to stabilize the second
AC.

10. The travel-use power conversion device as claimed in
claim 9, wherein the smart matching step-down circuit
further comprises an output current detection circuit con-
necting to current detection ends of the AC output terminal
and the conversion controller, and the output current detec-
tion circuit is configured to sample current of the second AC
from the AC output terminal to generate a sampling current;

the conversion controller controls the duty cycle ratio of
the outputted waveforms of the full-bridge DC/AC
converter circuit in accordance with the first sampling
voltage and the sampling current to stabilize the second
AC.

11. The travel-use power conversion device as claimed in
claim 9, wherein the switching circuit comprises a MOS
transistor and a switch driving circuit, a drain of the MOS
transistor is the input end of the switching circuit, a gate of
the MOS transistor is a controlled end of the switching
circuit, and a source of the MOS transistor is the output end
of the switching circuit.

12. The travel-use power conversion device as claimed in
claim 9, wherein the voltage detection and feedback circuit
comprises an optoelectronic coupler, a reference stabilized
source, and a voltage sampling circuit, a positive end of at
least one light emitting diode (LED) of the optoelectronic
coupler connects to a second end of the voltage step-down
inductor via a power supply circuit, and a negative end of the
LED of the optoelectronic coupler connects to a cathode of
the reference stabilized source, an anode of the reference
stabilized source is grounded, and a reference pole of the
reference stabilized source connects to the second end of the
voltage step-down inductor via the voltage sampling circuit,
and a photo-triode of the optoelectronic coupler connects to
the feedback end of the PWM controller.

13. The travel-use power conversion device as claimed in
claim 9, wherein the full-bridge DC/AC converter circuit
comprises an inverter-bridge having a first MOS transistor,
a second MOS transistor, a third MOS transistor, and a
fourth MOS transistor, gates of the first MOS transistor, the
second MOS transistor, the third MOS transistor, and the
fourth MOS transistor respectively connects to one MOS
driving circuit, and the MOS driving circuit connects to the
corresponding PWM control end of the conversion control-
ler;

a source of the second MOS transistor is a fire-wire end
of the AC output terminal, and a source of the fourth
MOS transistor is a zero-line end of the AC output
terminal.

14. The travel-use power conversion device as claimed in

claim 13, wherein the output current detection circuit com-
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prises a thirty-third resistor, a thirty-fourth resistor, and a
thirty-fifth resistor, ends of the thirty-third resistor, the
thirty-fourth resistor, and the thirty-fifth resistor connect to
a source of the fourth MOS transistor and the voltage
detection end of the conversion controller, and the other ends
of the thirty-third resistor, the thirty-fourth resistor, and the
thirty-fifth resistor connect to the floating ground.

15. The travel-use power conversion device as claimed in
claim 13, wherein the output voltage detection circuit com-
prises a rectitying bridge, an AC L pin connects to the source
of the first MOS transistor and a L pin of the conversion
controller, an AC N pin connects to the source of the fourth
MOS transistor and the N pin of the conversion controller,
a DC positive pole pin of the rectifying bridge connects to
the floating ground via a twenty-first capacitor, an DC
positive pole pin further connects to a VB pin of the
conversion controller, and the DC negative pole pin con-
nects to the floating ground.

16. The travel-use power conversion device as claimed in
claim 9, wherein the smart matching step-down circuit
further comprises an over-current detection circuit, the over-
current detection circuit comprises a twenty-ninth resistor
and a twenty-second resistor, one end of the twenty-ninth
resistor connects to the output end of the switching circuit,
and the other end of the twenty-ninth resistor is grounded,
one end of the twenty-second resistor connects to the output
end of the switching circuit, and the other end of the
twenty-second resistor connects to a current detection end of
the PWM controller.

17. A smart matching step-down circuit, comprising:

an alternating currvent (AC) input terminal connects to an
external power supply to input a first AC within a
predetermined voltage range;

a rectifier filter circuit connects to the AC input terminal
Jfor rectifying and filtering waveforms of the first AC to
form a first direct current (DC);

a high voltage BUCK control step-down circuit connected
to the rectifier filter circuit for performing a voltage
step-down process and a filtering process toward the
first DC so as to output a second DC;

a full-bridge DC/AC converter circuit connected to the
high voltage BUCK control step-down circuit to con-
vert the second DC to a second AC;

an AC output end connected to the full-bridge DC/AC
converter circuit to output the second AC; and a
switching circuit having an input end connecting to the
rectifier filter circuit, and in response to control signals
so that the switching circuit is turned on or off to output
a pulse voltage.

18. The smart matching step-down circuit as claimed in
claim 17, wherein the high voltage BUCK control step-down
circuit comprises a voltage step-down inductor, and a volt-
age step-down filter capacitor, wherein a first end of the
voltage step-down inductor connects to an output end of the
switching circuit, and a second end of the voltage step-down
inductor connects to a positive pole of the voltage step-down
filter capacitor for performing a voltage step-down process
and a filtering process toward the pulse voltage so as to
output the second DC.

19. The smart matching step-down circuit as claimed in
claim 18, wherein the smart matching step-down circuit
further comprises a voltage detection and feedback circuit
comprising an input end connecting to the second end of the
voltage step-down inductor to detect the second DC so as to
generate a feedback message.

20. The smart matching step-down circuit as claimed in
claim 19, wherein the smart matching step-down circuit
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further comprises a PWM controller comprising a feedback
end connecting to an output end of the voltage detection and
feedback circuit, and a control end connecting to a con-
trolled end of the switching circuit, in response to the
feedback message, the PWM controller is configured to
output control signals controlling a pulse width of the pulse
voltage.

21. The smart matching step-down circuit as claimed in
claim 20, wherein the smart matching step-down circuit
further comprises an over-current detection circuit compris-
ing a twenty-ninth resistor and a twenty-second resistor, one
end of the twenty-ninth rvesistor connects to the output end of
the switching circuit, and the other end of the twenty-ninth
resistor is grounded, one end of the twenty-second resistor
connects to the output end of the switching circuit, and the
other end of the twenty-second resistor connects to a current
detection end of the PWM controller.

22. The smart matching step-down circuit as claimed in
claim 17, wherein the smart matching step-down circuit
further comprises a floating zero potential control circuit
connected to the high voltage BUCK control step-down
circuit and configured to control the second DC in a floating
manner.

23. The smart matching step-down circuit as claimed in
claim 22, wherein the floating zero potential control circuit
comprises fly-back diodes, a cathode of the fly-back diodes
and the first end of the voltage step-down inductor coop-
eratively connect to a circuit ground, an anode of the
fy-back diodes and a negative pole of the voltage step-down
filter capacitor cooperatively connect to a floating ground.

24. The smart matching step-down circuit as claimed in
claim 17, wherein the smart matching step-down circuit
further comprises a voltage control circuit connected to the
full-bridge DC/AC converter circuit and configured to con-
trol the full-bridge DC/AC converter circuit so as to stably
output the second AC.

25. The smart matching step-down circuit as claimed in
claim 24, wherein the voltage control circuit comprises an
output voltage detection circuit connected to the AC output
end to sample voltages of the second AC from the AC output
end so as to generate a first sampling voltage.

26. The smart matching step-down circuit as claimed in
claim 25, wherein the voltage control circuit further com-
prises a conversion controller connecting to the output
voltage detection circuit and the full-bridge DC/AC con-
verter circuit, the conversion controller is configured to
controlling a duty cycle ratio of outputted waveform of the
Sfull-bridge DC/AC converter circuit in accovdance with the
first sampling voltage so as to stabilize the second AC.

27. The smart matching step-down circuit as claimed in
claim 26, wherein the full-bridge DC/AC converter circuit
comprises an inverter-bridge having a first MOS transistor,
a second MOS transistor, a third MOS transistor, and a
fourth MOS transistor, gates of the first MOS transistor, the
second MOS transistor, the third MOS traunsistor, and the
fourth MOS transistor respectively connects to one MOS
driving circuit, and the MOS driving circuit connects to the
corresponding PWM control end of the conversion control-
ler;

a source of the second MOS transistor is a fire-wire end
of the AC output terminal, and a source of the fourth
MOS transistor is a zero-line end of the AC output
terminal.

28. The smart matching step-down circuit as claimed in
claim 27, wherein the smart matching step-down circuit
further comprises an output current detection civcuit com-
prising a thivty-third resistor, a thirty-fourth resistor, and a
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thirty-fifth rvesistor, ends of the thirty-third resistor, the
thirty-fourth resistor, and the thirty-fifth resistor connect to
a source of the fourth MOS transistor and the voltage
detection end of the conversion controller, and the other
ends of the thirty-third resistor, the thirty-fourth resistor, and
the thirty-fifih vesistor connect to a floating ground.

29. The smart matching step-down circuit as claimed in
claim 27, wherein the output voltage detection circuit com-
prises a rectifying bridge, an AC L pin connects to the source
of the first MOS transistor and an L pin of the conversion
controller, an AC N pin connects to the source of the fourth
MOS transistor and the N pin of the conversion controller,
a DC positive pole pin of the rectifving bridge connects to
a floating ground via a twenty-first capacitor, an DC positive
pole pin further connects to a VB pin of the conversion
controller, and the DC negative pole pin connects to the
foating ground.

30. The smart matching step-down circuit as claimed in
claim 17, wherein the switching circuit comprises a MOS
transistor and a switch driving circuit, a drain of the MOS
transistor is the input end of the switching circuit, a gate of
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the MOS transistor is the controlled end of the switching
circuit, and a source of the MOS transistor is the output end
of the switching circuit.

31. The smart matching step-down circuit as claimed in
claim 19, wherein the voltage detection and feedback circuit
comprises an optoelectronic coupler, a reference stabilized
source, and a voltage sampling circuit, a positive end of an
LED of the optoelectronic coupler connects to the second
end of the voltage step-down inductor within the high
voltage BUCK control step-down circuit via a power supply
circuit, and a negative end of the LED of the optoelectronic
coupler connects to a cathode of the reference stabilized
source, an anode of the reference stabilized source is
grounded, and a veference pole of the reference stabilized
source connects to the second end of the voltage step-down
inductor within the high voltage BUCK control step-down
circuit via the voltage sampling circuit, and a photo-triode

of the optoelectronic coupler connects to a feedback end of
the PWM controller.



