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(57)  Embodiments of the disclosure provide a control
circuit and method for a dimming apparatus and a dim-
ming apparatus. The control circuit includes: a dimming
signal transmission circuit configured to be coupled to
gates of a first field effect transistor and a second field
effect transistor of the dimming apparatus; a first turn-off
signal part coupled to the gate of the first field effect
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transistor and adapted to output a first turn-off signal to
turn off the first field effect transistor at a predetermined
time before a first current zero-crossing point; and a
second turn-off signal part coupled to the gate of the
second field effect transistor and adapted to turn off
the second field effect transistor at the predetermined
time before a second current zero-crossing point.

140

@5115 @511314:_17113{_4123

122 121

150 Jf—
16 GND2
5 141 _<114

oD

132
131

N — 171
172@9/

170

173

FIG. 1

160 @5 ﬂy = - a1

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 492 920 A1 2

Description
CROSS REFERENCE

[0001] This application claims the priority to Chinese
Patent Application No. 202310840272.1 filed on July 10,
2023, and entitled "Control Circuit and Method for Dim-
ming Apparatus and Dimming Apparatus", which is here-
by incorporated by reference in its entirety.

FIELD

[0002] Embodiments of the present disclosure gener-
ally relate to the field of dimmer, and in particular to a
control circuit and method for a dimming apparatus and a
dimming apparatus.

BACKGROUND

[0003] A dimmer is a device or system for controlling
light brightness. It may enable adjustment of the bright-
ness of the lighting apparatus by varying the voltage,
current, or power supplied to the light fixture by the power
supply. Dimers also play an important role in energy
conservation and environmental protection. By effec-
tively reducing the lamp power output, dimmers can
significantly reduce power consumption and extend lamp
life.

[0004] The configuration of a dimmer needs to con-
sider the type ofload and maintain stable output. The load
typically includes a resistive load and a non-linear load.
The non-linear load includes an inductive load and a
capacitive load. Thus, accommodating various types of
loads is critical to dimmers. For example, a leading-edge
dimmer is suitable when connecting an inductive load.
Before returning the switch to the off state, it is typically
necessary to drop the current half-cycle load current to a
level close to zero to avoid excessive levels of induced
voltage spikes, which may damage the electrical compo-
nents of the device.

SUMMARY

[0005] The purpose of embodiments of the present
disclosure is to provide a control circuit and method for
adimming apparatus and a dimming apparatus to atleast
partially solve the above problems and other potential
problems.

[0006] Infirstaspectofthe presentdisclosure, acontrol
circuit for a dimming apparatus is provided. The control
circuit includes: a dimming signal transmission circuit
configured to be coupled to gates of a first field effect
transistor and a second field effect transistor of the dim-
ming apparatus to transmit a dimming control signal from
a control unit to control on-off states of the first field effect
transistor and the second field effect transistor; a first
turn-off signal part coupled to the gate of the first field
effect transistor and adapted to, in response to control of

10

15

20

25

30

35

40

45

50

55

the control unit, output a first turn-off signal during a
negative half-cycle of a waveform output by a main AC
power supply of aload circuit to turn off the first field effect
transistor at a predetermined time before a first current
zero-crossing point, to cause current to flow from a body
diode of the first field effect transistor before the first
current zero-crossing point; and a second turn-off signal
part coupled to the gate of the second field effect tran-
sistor and adapted to, in response to control of the control
unit, turn off the second field effect transistor at the
predetermined time before a second current zero-cross-
ing pointduring a positive half-cycle of a waveform output
by a main AC power supply of the load circuit, to cause
current to flow from a body diode of the second field effect
transistor before the second current zero-crossing point.
[0007] In embodiments of the present disclosure, the
first turn-off signal and the second turn-off signal are
output by the first turn-off signal part and the second
turn-off signal part at a predetermined time before the
zero-crossing points of the first current and the second
current, respectively, so as to turn-off the first field-effect
transistor and the second field-effect transistor, thereby
avoiding generation of voltage spikes generated when
the dimming apparatus and the inductive load are con-
nected.

[0008] In some embodiments, the dimming control
signal is changed to a low-level signal at the first current
zero-crossing pointand the second current zero-crossing
point of the main AC power supply to turn off the first field
effect transistor and the second field effect transistor.
[0009] In some embodiments, the first turn-off signal
part includes: a first triode, a base of the first triode is
coupled to a first turn-off output port of the control unit to
receive a control signal from the control unit, a collector of
the first triode is coupled to the gate of the first field effect
transistor, and an emitter of the first triode is grounded.
[0010] In some embodiments, the second turn-off sig-
nal part includes: a second triode, a base of the second
triode is coupled to a second turn-off output port of the
control unit to receive a control signal from the control
unit, a collector of the second triode is coupled to the gate
of the second field effect transistor, and an emitter of the
second triode is grounded.

[0011] Insome embodiments, the control circuit further
includes a zero-crossing detection circuit coupled to the
load circuit and adapted to detect the first current zero-
crossing point and the second current zero-crossing
point, and coupled to the control unit to cause the control
unitto output at least the dimming control signal based on
a detection signal of the zero-crossing detection circuit.
[0012] In a second aspect of the present disclosure, a
method for controlling a dimming apparatus is provided.
the method includes: during a negative half-cycle of a
waveform output by a main AC power supply of a load
circuit controlled by the dimming apparatus, outputting a
first turn-off signal to turn off a first field effect transistor of
the dimming apparatus at a predetermined time before a
first current zero-crossing point, to cause current to flow
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from a body diode of the first field effect transistor before
the first current zero-crossing point; during a positive half-
cycle of awaveform output by a main AC power supply of
the load circuit, outputting a second turn-off signal to turn
off a second field effect transistor of the dimming appa-
ratus at a predetermined time before a second current
zero-crossing point, to cause current to flow from a body
diode of the second field effect transistor before the
second current zero-crossing point; and outputting a
dimming control signal from a dimming signal output port
to control on-off states of the first field effect transistor and
the second field effect transistor.

[0013] In some embodiments, outputting a dimming
control signal from a dimming signal output port com-
prises: changing the dimming control signal to a low-level
signal at a current zero-crossing point of the main AC
power supply to turn off the first field effect transistor and
the second field effect transistor.

[0014] In some embodiments, outputting the first turn-
off signal comprises: outputting a first turn-off signal at a
high level at the predetermined time before the first
current zero-crossing point, to turn off the first field effect
transistor by changing an electrical signal acting on a
gate of the first field effect transistor to a low-level signal
through a first triode.

[0015] In some embodiments, outputting the second
turn-off signal comprises: outputting a second turn-off
signal at a high level at the predetermined time before the
second current zero-crossing point, to turn off the second
field effect transistor by changing an electrical signal
acting on a gate of the second field effect transistor to
a low-level signal through a second triode.

[0016] In some embodiments, the method further in-
cludes: obtaining a current zero-crossing point from a
zero-crossing detection circuit; and outputting atleast the
dimming control signal based on a detection signal of the
zero-crossing detection circuit relating to the current
zero-crossing point.

[0017] In a third aspect of the present disclosure, a
dimming apparatus is provided. the dimming apparatus
includes: a first field effect transistor and a second field
effect transistor connected in series in a load circuit
controlled by the dimming apparatus and respectively
comprising a gate, a source and a drain, the sources of
the first field effect transistor and the second field effect
transistor being connected; and a control circuit accord-
ing to the first aspect, coupled to the first field effect
transistor and the second field effect transistor.

[0018] It should be understood that the content de-
scribed in this content section is not intended to limit
the key features or important features of the embodi-
ments of the present disclosure, nor is it intended to limit
the scope of the present disclosure. Other features of the
present disclosure will become readily understood from
the following description.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The above and other features, advantages, and
aspects of various embodiments of the present disclo-
sure will become more apparent from the following de-
tailed description taken in conjunction with the accom-
panying drawings. In the drawings, the same or similar
reference numbers refer to the same or similar elements,
wherein:

FIG. 1 illustrates a schematic diagram of a control
circuit according to embodiments of the present
disclosure;

FIG. 2illustrates a schematic diagram of a simulation
of the control circuit shown in FIG. 1;

FIG. 3 illustrates a flowchart diagram of a method of
control circuit according to the present disclosure;
and

FIG. 4 illustrates a schematic block diagram of a
dimming apparatus 400 suitable for implementing
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0020] Preferred embodiments of the present disclo-
sure will be described in more detail below with reference
to the accompanying drawings. While the preferred em-
bodiments of the present disclosure are shown in the
drawings, it should be understood that the present dis-
closure may be implemented in various forms and should
not be limited by embodiments set forth herein. Rather,
these embodiments are provided to make this disclosure
more thorough and complete, and to fully convey the
scope of the present disclosure to those skilled in the art.
[0021] As used herein, the term "comprising" and de-
formation thereof represent openness, i.e., "including but
not limited to". Unless specifically stated, the term "or"
means "and / or". The term "based on" means "based at
least in part on". The terms "an example embodiment"
and "an embodiment" mean "at least one example em-
bodiment". The term "another embodiment" means "at
least one further embodiment". The terms "first," "sec-
ond," and the like may refer to different or identical object.
[0022] As briefly mentioned above, with the develop-
ment of digital technology, dimmers also play an impor-
tant role in energy conservation and environmental pro-
tection. For example, a Phase-controlled dimmer, also
known as a dimmer switch or electronic dimmer, is an
apparatus for controlling lamp brightness. The dimmer
realizes the dimming function by changing the voltage
magnitude supplied to the bulb by the AC power supply.
The Phase-controlled dimmer uses Zero Crossing De-
tection to accurately detect and record the zero position
of a sine wave. When the user sends a dimming signal
through a knob, a switch, or a remote controller, the



5 EP 4 492 920 A1 6

Phase-controlled dimmer receives the signal and per-
forms decoding processing.

[0023] According to the user-set brightness level, the
Phase-controlled dimmer will turn on the circuit to supply
power to the bulb when it is near the next AC cycle zero-
crossing. This may reduce the risk of shock and damage
caused by the sudden application of high voltage and
maintain precise control of the bulb output energy. By
continuously delaying the opening time, the gradient
effect at different brightness levels can be achieved.
Phase-controlled dimmer provides a wider range,
smoother, and precise brightness selectable range than
conventional linear cutting methods, such as variable
resistance. In addition, it also has the advantages of
low power consumption, easy installation and operation,
and the like. Phase-controlled dimmer is widely used in
home, commercial, and industrial lighting system, pro-
vides customized lighting experiences for users, and
achieves goals of energy conservation and environmen-
tal protection.

[0024] However, when a conventional Phase-con-
trolled dimmer is used with an inductive load, a spike
voltage problem may occur. This is because an inductive
load (such as an inductive coil) generates a self-inductive
reaction when the inductive load is powered off, resulting
in a current unable to quickly fall to zero. Thus, the current
that has not completely disappeared will continue
through the load before the next half wave of the AC
cycle begins. In this case, when the Phase-controlled
dimmer is turned on again to provide power to the load,
there is a peak voltage (also referred to as spike voltage)
that exceeds the expected and design parameters within
the normal operating range. This may result in damage,
overheating, or even failure of the light fixture or other
device.

[0025] To solve this problem, there are two methods in
the conventional solution. The first method is to use a
series current sense resistor and a precision operational
amplifier device to determine when the load currentdrops
to a sufficiently low level so that the switch can be turned
off at the minimum voltage spike level. However, since
the current sense resistor increases the total resistance
of the dimming apparatus, this method has the disadvan-
tage of easily causing the dimming apparatus to con-
sume more power. The second method is to use a non-
zero currentMOSFET turn-off method. For example, fora
load that is only marginal (e.g., a typical core based 25 LV
lighting), the MOSFET may be turned off at a pointin time
corresponding to the power supply voltage crossing zero.
However, this method is only applicable to loads with only
less inductive loads and cannot be used for larger in-
ductive loads or inductive loads.

[0026] In order to solve or at least partially solve the
above problems or other potential problems existing in
the Phase-controlled dimmer of the conventional solu-
tion, embodiments of the present disclosure provide a
control circuit and method for a dimming apparatus and a
dimming apparatus. In the control circuit, during the
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negative half cycle of the waveform output by the main
AC power supply of the load circuit, the first turn-off signal
is output by the first turn off signal unit at a predetermined
time before the first current zero-crossing point, thereby
turning off the first field effect transistor. During a positive
half cycle of the waveform output by the main AC power
supply of the load circuit, a second turn-off signal is output
by the second off signal at a predetermined time before
the second current zero crossing point, so as to turn off
the second field effect transistor, so that the current flows
through the body diode (also referred to as an "anti-
parallel diode") of the first field effect transistor or the
second field effect transistor before the first current zero-
crossing point or the second current zero-crossing point.
Therefore, the self-inductance energy generated by the
inductive load is suppressed and absorbed, for example,
the voltage spikes generated when the dimming appa-
ratus is connected with the inductive load, and the lamp or
other equipment is protected from being damaged by the
peak voltage, and the correct connection and grounding
are ensured to ensure the stability and securability of the
system.

[0027] FIG. 1 illustrates a schematic diagram of a
control circuit according to embodiments of the present
disclosure, and FIG. 2 illustrates a schematic diagram of
a simulation of the control circuit shown in FIG. 1. The
principles of the present disclosure will be described in
detail below with reference to FIGS. 1 to 2. First, refer to
FIG. 1, whichillustrates a schematic structural diagram of
a control circuit 100 for adimming apparatus according to
embodiments of the present disclosure. As shownin FIG.
1, the control circuit 100 for the dimming apparatus
described herein generally includes a dimming signal
transmission circuit, a first turn-off signal part and a
second turn-off signal part. The dimming signal transmis-
sion circuit, the first turn-off signal part and the second
turn-off signal part are both coupled to the control term-
inals (i.e., gates) of the two field-effect transistors of the
dimming apparatus to control the turn-on and turn-off of
the two field-effect transistors, respectively. The first
switch-off signal part and the second switch-off signal
part respectively turn off the corresponding field effect
transistor at a predetermined time (for example, 2ms)
before the current zero-crossing point, which can ensure
that the current half-cycle load currentdrops to zero at the
zero-crossing point, thereby effectively avoiding damage
to the lamp or other equipment by the peak voltage of the
dimming apparatus. In addition, the dimming apparatus
in the present disclosure also has the advantages of low
power consumption, easy installation and operation, and
the like.

[0028] The specific structure of the control circuit will be
described below with reference to FIG. 1. As shown in
FIG. 1, the dimming signal transmission circuit is config-
ured to be coupled to the gates of the first field effect
transistor 113 and the second field effect transistor 114 of
the dimming apparatus to transmit the dimming control
signal from the control unit. The dimming control signal,
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for example, corresponds to the "3Gate on" signalin FIG.
2, and may be used to control the on-off of the first field
effect transistor 113 and the second field effect transistor
114. In some embodiments, the first field effect transistor
113 and the second field effect transistor 114 in the
present disclosure may include a metal-oxide-semicon-
ductor field-effect transistor (also referred to as a MOS-
FET or a MOS ftransistor), and may adopt a PMOS
transistor, which is not limited in the present disclosure.
In the present disclosure, the dimming signal transmis-
sion circuit may include a transmission line from the
dimming signal output port 110 of the control unit to the
gate of the first field effect transistor 113 and the second
field effect transistor 114, and a plurality of resistors (e.g.,
the resistor 111, the resistor 112, the resistor 113, the
resistor 133 shown in FIG. 1) coupled to the transmission
line. Specifically, the resistor 111 and the resistor 123 are
connected in series between the control unit dimming
signal output port 110 and the gate coupled to the first
field effect transistor 113 through a transmission line, and
the resistor 112 and the resistor 133 are connected in
series between the control unit dimming signal output
port 110 and the gate of the second field effect transistor
114 through a transmission line for controlling transmis-
sion of the dimming signal.

[0029] In some embodiments, the source of the first
field-effect transistor 113 is coupled to the source of the
second field-effect transistor 114. A load circuit is pro-
vided between the drain of the first field effect transistor
113 and the drain of the second field effect transistor 114.
The load circuit is a circuit that includes a main AC power
supply 140, a resistive load 150, and an inductive load
160 (or a resistive and inductive part referred to as a
load). The on/off of the load circuit is realized by control-
ling the on-off of the first field effect transistor 113 and the
second field effect transistor 114.

[0030] In some embodiments, the first turn-off signal
partis coupled to the gate of the first field-effect transistor
113, and is capable of outputting the first turn-off signal
under the control of the control unit at a predetermined
time (for example, 2ms or any other suitable time) before
the current zero-crossing point (hereinafter referred to as
the first current zero-crossing point) of the negative half-
cycle during a negative half-cycle of a waveform output
by a main AC power supply of a load circuit, thereby
turning off the first field-effect transistor 113, so that the
current flows from the body diode 1131 of the first field-
effect transistor 113 before the first current zero-crossing
point.

[0031] As shown in FIG. 2, the dimming control signal
(3Gate on signal) changes a low-level signal at the first
current zero-crossing point and the second current zero-
crossing point of the main AC power supply to turn off the
first field-effect transistor 113 and the second field-effect
transistor 114.

[0032] In some embodiments, the first turn-off signal
partincludes a first triode 122. The base of the first triode
122 is coupled to the first turn-off output port 120 of the
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control unit to receive the first turn-off signal (e.g., the
40ff1 signal shown in FIG. 2) from the control unit, the
collector of the first triode 122 is coupled to the gate of the
first field-effect transistor 113, and the emitter of the first
triode 122 is grounded. In this way, when the first turn-off
output port 120 of the control unit outputs a first turn-off
signal (for example, the 40ff1 signal shown in FIG. 2) ata
high level at a predetermined time before the first current
zero-crossing point, the collector and the emitter of the
first triode 122 will be turned on, thereby pulling down the
level of the gate of the first field-effect transistor 113 to
achieve the effect of turning off the first field-effect tran-
sistor 113. At this time, current flows from the body diode
1131 of the first field effect transistor 113 until the current
Crosses zero.

[0033] Since the first field effect transistor 113 is turned
off before reaching the first current zero-crossing point,
the current flows from the body diode 1131 of the first field
effect transistor 113 before the first current zero-crossing
point, and since the body diode 1131 is an anti-parallel
diode of the first field effect transistor, the first current is
prevented from flowing in a reverse direction, so that
when power is again provided to the load, the peak
voltage generated by the first current can be suppressed.
[0034] Similarly, in some embodiments, the second
turn-off signal part is coupled to the gate electrode of
the second field-effect transistor 114, and is capable of
turning off the second field effect transistor 114 at a
predetermined time before the current zero-crossing
point (hereinafter referred to as the second current
zero-crossing point) of the positive half-cycle during
the positive half-cycle of a waveform output by a main
AC power supply of aload circuit, so that the current flows
from the body diode 1141 of the second field-effect tran-
sistor 114 before the second current zero-crossing point.
[0035] In some embodiments, the second turn-off sig-
nal part includes a second triode 132. The base of the
second triode 132 is coupled to the second turn-off output
port 130 of the control unit to receive the second turn-off
signal (e.g., the 50ff2 signal shown in FIG. 2) from the
control unit, the collector of the second triode 132 is
coupled to the gate of the second field-effect transistor
114, and the emitter of the second triode 132 is grounded.
In some embodiments, the first turn-off output port 120
and the second turn-off output port 130 of the control unit
may be the same port on the control unit or different ports.
[0036] Similar to the case of the first triode 122, when
the second turn-off output port 130 of the control unit
outputs a second turn-off signal (for example, the 50ff2
signal shown in FIG. 2) at a high level at a predetermined
time before the second current zero-crossing point, the
collector and the emitter of the second triode 132 will be
turned on, thereby pulling down the level of the gate of the
second field-effect transistor 114 to achieve the effect of
turning off the second field-effect transistor 114. At this
time, current flows from the body diode 1141 of the
second FET 114 until the current crosses zero.

[0037] Similar to the first turn-off signal part, since the
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second field effect transistor 114 is turned off before the
current reaches the zero point, the current flows from the
body diode 1141 of the second field effect transistor 114
before the second current zero crossing, and since the
body diode 1141 is an anti-parallel diode of the second
field effect transistor 114 to prevent the second current
from flowing in a reverse direction, so that when power is
again provided to the load, the high peak voltage gener-
ated by the second current can be suppressed.

[0038] In some embodiments, the first triode 122 and
the second triode 132 in the present disclosure may be
NPN type transistors. A resistor 121 may be provided
between the base of the first triode 122 and the first turn-
off signal output port 120 of the control unit, and a resistor
131 may be provided between the base of the second
triode 132 and the second turn-off signal output port 130
of the control unit. As mentioned above, the predeter-
mined time before the first current zero-crossing point
and the second current zero-crossing pointin the present
disclosure may be 2 milliseconds (ms), or certainly may
be set to 3 milliseconds, 5 milliseconds, or any other
suitable time, which is not limited in the present disclo-
sure.

[0039] Therefore, when the waveform output by the
first triode 122 and the second triode 132 in the main AC
power supply of the load circuit is in the positive half cycle
and the negative half cycle, respectively, the first field
effect transistor 113 and the second field effect transistor
114 are controlled to be turned off, and when the dimming
apparatus is connected to the inductive load, the gen-
eration of the peak voltage at the current zero-crossing
point is avoided.

[0040] Insomeembodiments, the control circuit further
includes a zero-crossing detection circuit. The zero-
crossing detection circuit is coupled to the load circuit,
and is adapted to detect the first current zero-crossing
point and the second current zero-crossing point, and the
zero-crossing detection circuit is coupled to the signal
input 170 of the control unit to cause the control unit to
output at least the dimming control signal based on a
detection signal of the zero-crossing detection circuit. In
addition, in some embodiments, the control unit may
further output the first turn-off signal or the second
turn-off signal mentioned above at a predetermined time
before the current zero-crossing point according to the
first current zero-crossing point and the second current
zero-crossing point detected by the zero-crossing detec-
tion circuit to effectively suppress the generation of the
high peak voltage.

[0041] In some embodiments, the zero-crossing de-
tection circuit in embodiments of the present disclosure
may include a first diode 115, a second diode 116, a
resistor 172, a resistor 173, and a third diode 171. The
negative electrode of the first diode 115 is connected to
the negative electrode of the second diode 116, and the
two are connected in parallel with the load circuit. The
resistor 172 and the resistor 173 are connected in series.
Specifically, one end of the resistor 172 is connected
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between the first diode 115 and the negative electrode of
the second diode 116, the other end of the resistor 172 is
connected to one end of the resistor 173, and the other
end of the resistor 173 is grounded. A positive electrode
of the third diode 171 is connected between the resistor
172 and the resistor 173, and a negative electrode of the
third diode 171 is connected to the signal input portion
170 of the control unit.

[0042] As shown in FIG. 2, 1Vin represents a voltage
signal of a main AC power supply, which is in a sinusoidal
waveform distribution, 2Current is a current diagram of a
load circuit, 3Gate on is a waveform diagram of a dim-
ming control signal, 4off1 is a waveform diagram of a first
turn-off signal, 50ff2 is a waveform diagram of a second
turn-off signal, Diode current is a current waveform of a
body diode, V_dimmer is a load voltage waveform, and
ZCD is an output signal waveform chart of a zero-cross-
ing detection circuit. As can be seen from FIG. 2, when
the zero point is close to the next AC cycle (i.e., the first
current zero-crossing point or the second current zero-
crossing point mentioned above), the peak voltage is not
present at the position close to the current zero-crossing
point in the load voltage waveform diagram after the
control circuit control operation as described above.
Therefore, the control circuit of the present disclosure
effectively eliminates the problem of voltage spikes gen-
erated when the dimming apparatus and the inductive
load are connected.

[0043] FIG. 3illustrates a flowchart diagram of a meth-
od of control circuit according to the presentdisclosure. In
some embodiments, the method 300 may be implemen-
ted by a processor of the control unit mentioned above or
another suitable device. For ease of understanding, the
specific examples, numbers, or values mentioned in the
following description are merely exemplary, and are not
intended to limit the protection scope of the present
disclosure.

[0044] Referring to FIG. 3, at block 310, during a ne-
gative half-cycle of a waveform output by a main AC
power supply of a load circuit controlled by the dimming
apparatus, the control unit outputs a first turn-off signal to
turn off a first field effect transistor of the dimming appa-
ratus at a predetermined time before a first current zero-
crossing point, to cause current to flow from a body diode
of the first field effect transistor before the first current
zero-crossing point. At block 320, during a positive half-
cycle of awaveform output by a main AC power supply of
the load circuit, the control unit outputs a second turn-off
signal to turn off a second field effect transistor of the
dimming apparatus at a predetermined time before a
second current zero-crossing point, to cause current to
flow from a body diode of the second field effect transistor
before the second current zero-crossing point. At block
330, the control unit outputs a dimming control signal
from a dimming signal output port 110 to control on-off
states of the first field effect transistor and the second field
effect transistor.

[0045] Insome embodiments, the control unitchanges
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the dimming control signal to a low-level signal at a
current zero-crossing point of the main AC power supply
to turn off the first field effect transistor and the second
field effect transistor.

[0046] Insomeembodiments,the control unitoutputsa
first turn-off signal at a high level at the predetermined
time before the first current zero-crossing point, to turn off
thefirstfield effect transistor 113 by changing an electrical
signal acting on a gate of the first field effect transistor 113
to a low-level signal through a first triode.

[0047] Insomeembodiments,the control unitoutputsa
second turn-off signal ata high level at the predetermined
time before the second current zero-crossing point, to
turn off the second field effect transistor by changing an
electrical signal acting on a gate of the second field effect
transistor to a low-level signal through a second triode.
[0048] Insomeembodiments, the control unitobtainsa
current zero-crossing point from a zero-crossing detec-
tion circuit; and the control unit outputs at least the dim-
ming control signal based on a detection signal of the
zero-crossing detection circuit relating to the current
zero-crossing point.

[0049] FIG.4 illustrates a schematic block diagram ofa
dimming apparatus 400 suitable for implementing embo-
diments of the present disclosure. As shownin FIG. 4, the
dimming apparatus 400 includes a first field effect tran-
sistor 113, a second field effect transistor 114, and a
control circuit 100. The first field effect transistor 113
and the second field effect transistor 114 are connected
in series in a load circuit controlled by a dimming appa-
ratus and include a gate, a source, and a drain, respec-
tively. The sources of the first field effect transistor 113
and the second field effect transistor 114 are connected.
The control circuit 100 is coupled to the first field-effect
transistor 113 and the second field-effect transistor 114 in
the manner described above to thereby effectively avoid
the peak voltage generated when the dimming apparatus
400 is connected to the inductive load, thereby effectively
ensuring the safe use of the load and the device.
[0050] Various embodiments of the present disclosure
have been described above, which are exemplary, not
exhaustive, and are not limited to embodiments dis-
closed. Many modifications and variations will be appar-
ent to those of ordinary skill in the art without departing
from the scope and spirit of the illustrated embodiments.
The selection of the terms used herein is intended to best
explain the principles of embodiments, practical applica-
tions, or technical improvements in the marketplace, or to
enable others of ordinary skill in the art to understand
embodiments disclosed herein.

Claims

1. Acontrol circuit for a dimming apparatus comprising:

adimming signal transmission circuit configured
to be coupled to gates of a first field effect
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transistor (113) and a second field effect tran-
sistor (114) of the dimming apparatus to transmit
a dimming control signal from a control unit to
control on-off states of the first field effect tran-
sistor (113) and the second field effect transistor
(114);

a first turn-off signal part coupled to the gate of
the first field effect transistor (113) and adapted
to, in response to control of the control unit,
output a first turn-off signal during a negative
half-cycle of a waveform output by a main AC
power supply of a load circuit to turn off the first
field effect transistor (113) at a predetermined
time before a first current zero-crossing point, to
cause current to flow from a body diode (1131) of
the firstfield effect transistor (113) before the first
current zero-crossing point; and

a second turn-off signal part coupled to the gate
of the second field effect transistor (114) and
adapted to, in response to control of the control
unit, turn off the second field effect transistor
(114) at the predetermined time before a second
current zero-crossing point during a positive
half-cycle of a waveform output by a main AC
power supply of the load circuit, to cause current
to flow from a body diode (1141) of the second
field effect transistor (114) before the second
current zero-crossing point.

The control circuit of claim 1, wherein the dimming
control signal is changed to a low-level signal at the
first current zero-crossing point and the second cur-
rent zero-crossing point of the main AC power supply
to turn off the first field effect transistor (113) and the
second field effect transistor (114).

The control circuit of anyone of the previous claims,
wherein the first turn-off signal part comprises:

a first triode (122), a base of the first triode (122) is
coupled to a first turn-off output port (120) of the
control unitto receive a control signal from the control
unit, a collector of the first triode (122) is coupled to
the gate of the first field effect transistor (113), and an
emitter of the first triode (122) is grounded.

The control circuit of anyone of the previous claims,
wherein the second turn-off signal part comprises:
a second triode (132), a base of the second triode
(132)is coupled to a second turn-off output port (130)
of the control unit to receive a control signal from the
control unit, a collector of the second triode (132) is
coupled to the gate of the second field effect tran-
sistor (114), and an emitter of the second triode (132)
is grounded.

The control circuit any of claims 1-4, further compris-
ing:
a zero-crossing detection circuit coupled to the load
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circuit and adapted to detect the first current zero-
crossing point and the second current zero-crossing
point, and coupled to the control unit to cause the
control unit to output at least the dimming control
signal based on a detection signal of the zero-cross-
ing detection circuit.

A method for controlling a dimming apparatus com-
prising:

during a negative half-cycle of a waveform out-
put by a main AC power supply of a load circuit
controlled by the dimming apparatus, outputting
(310) a first turn-off signal to turn off a first field
effect transistor (113) of the dimming apparatus
at a predetermined time before a first current
zero-crossing point, to cause current to flow
from a body diode (1131) of the first field effect
transistor (113) before the first current zero-
crossing point;

during a positive half-cycle of a waveform output
by a main AC power supply of the load circuit,
outputting (320) a second turn-off signal to turn
off a second field effect transistor (114) of the
dimming apparatus at a predetermined time
before a second current zero-crossing point,
to cause current to flow from a body diode
(1141) of the second field effect transistor
(114) before the second current zero-crossing
point; and

outputting (330) a dimming control signal from a
dimming signal output port to control on-off
states of the first field effect transistor (113)
and the second field effect transistor (114).

The method of claim 6, wherein outputting adimming
control signal from a dimming signal output port
comprises:

changing the dimming control signal to a low-level
signal ata current zero-crossing point of the main AC
power supply to turn off the first field effect transistor
(113) and the second field effect transistor (114).

The method of one of claims 6-7, wherein outputting
the first turn-off signal comprises:

outputting a first turn-off signal at a high level at the
predetermined time before the first current zero-
crossing point, to turn off the first field effect transistor
(113) by changing an electrical signal acting on a
gate of the first field effect transistor (113) to a low-
level signal through a first triode (122).

The method of one of claims 6-8, wherein outputting
the second turn-off signal comprises:

outputting a second turn-off signal at a high level at
the predetermined time before the second current
zero-crossing point, to turn off the second field effect
transistor (114) by changing an electrical signal act-
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ing on a gate of the second field effect transistor (114)
to a low-level signal through a second triode (132).

10. The method any of claims 6-9, further comprising:

obtaining a current zero-crossing point from a
zero-crossing detection circuit; and

outputting at least the dimming control signal
based on a detection signal of the zero-crossing
detection circuit relating to the current zero-
crossing point.

11. A dimming apparatus comprises:

a first field effect transistor (113) and a second
field effect transistor (114) connected in seriesin
a load circuit controlled by the dimming appara-
tus and respectively comprising a gate, a source
and a drain, the sources of the first field effect
transistor (113) and the second field effect tran-
sistor (114) being connected; and

the control circuit (100) any of claims 1-5,
coupled to the first field effect transistor (113)
and the second field effect transistor (114).
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DURING A NEGATIVE HALF-CYCLE OF A WAVEFORM OUTPUT BY A
MAIN AC POWER SUPPLY OF A LOAD CIRCUIT CONTROLLED BY THE
DIMMING APPARATUS, OUTPUT A FIRST TURN-OFF SIGNAL TO TURN

OFF AFIRST FIELD EFFECT TRANSISTOR OF THE DIMMING
APPARATUS AT A PREDETERMINED TIME BEFORE A FIRST
CURRENT ZERO-CROSSING POINT, TO CAUSE CURRENT TO FLOW
FROM A BODY DIODE OF THE FIRST FIELD EFFECT TRANSISTOR
BEFORE THE FIRST CURRENT ZERO-CROSSING POINT

v 320

DURING A POSITIVE HALF-CYCLE OF A WAVEFORM OUTPUT BY A
MAIN AC POWER SUPPLY OF THE LOAD CIRCUIT, QUTPUT A
SECOND TURN-OFF SIGNAL TO TURN OFF A SECOND FIELD EFFECT
TRANSISTOR OF THE DIMMING APPARATUS AT A PREDETERMINED
TIME BEFORE A SECOND CURRENT ZERO-CROSSING POINT, TO
CAUSE CURRENT TO FLOW FROM A BODY DIODE OF THE SECOND
FIELD EFFECT TRANSISTOR BEFORE THE SECOND CURRENT ZERO-
CROSSING POINT

v 330

OUTPUT A DIMMING CONTROL SIGNAL FROM A DIMMING SIGNAL
OUTPUT PORT TO CONTROL ON-OFF STATES OF THE FIRST FIELD
EFFECT TRANSISTOR AND THE SECOND FIELD EFFECT
TRANSISTOR

FIG. 3
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