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(57) ABSTRACT

An LED dimming device with a high refresh rate and
smooth dimming includes a constant current source circuit
and an LED dimming circuit that are sequentially connected
in series. The LED dimming circuit includes an LED and a
first electronic switch. A positive electrode of the LED is
connected to an output end of the constant current source
circuit. The first electronic switch is connected in parallel at
both ends of the LED. The LED dimming device further
includes an energy release circuit and a first control circuit.
The energy release circuit is connected in series with the first
electronic switch to release excess energy in the constant
current source circuit. The first control circuit is connected
to the first electronic switch to control turning on or off of
the first electronic switch.
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1
LED DIMMING DEVICE WITH HIGH
REFRESH RATE AND SMOOTH DIMMING

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of International
Application No. PCT/CN2020/111830, filed on Aug. 27,
2020, which claims priorities from Chinese Patent Applica-
tion No. 202020228488.4 filed on Feb. 28, 2020, all of
which are hereby incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to the technical field of LED
lighting, and more particularly to an LED dimming device
with a high refresh rate and smooth dimming.

BACKGROUND

Currently, in an LED dimming circuit, a constant current
source output current is typically maintained stable by
quickly charging and discharging an inductor through a
switch of a MOSFET (metal oxide semiconductor field
effect transistor), in which the constant current source regu-
lates an output current through pulse-width modulation
(PWM). The PWM can output a higher frequency and
perform several periodic regulations in a certain period of
time. Currently, two methods are often used in order to
improve resolution of LED dimming. One method is con-
necting an electronic switch in parallel at both ends of an
LED. The electronic switch is typically a MOSFET, and a
flow direction of the current is quickly controlled by MOS-
FET conduction, so that the LED can be turned off quickly
over a plurality of cycles to achieve a smooth dimming
effect. Another method is connecting a MOSFET at the
negative electrode of the LED to increase the resolution of
LED dimming by quickly turning off the MOSFET.

However, the above two methods often lead to a problem
of non-smooth LED dimming. When the MOSFET is turned
on, internal resistance thereof is typically as low as a mQ2
level, and thus energy of the inductor is difficult to be
consumed by the MOSFET connected in parallel or in series
at both ends of the LED before the MOSFET of the constant
current source in a next cycle is turned on. If the energy of
the inductor in a previous cycle has insufficient time to be
consumed, an inductor current of the previous cycle may act
on the charging and discharging of the inductor in the next
cycle since the current at both ends of the inductor cannot be
mutated. Therefore, in such case, when the MOSFET in the
next cycle is turned on, the inductor current increases, which
affects the stability of the constant current source output
current and leads to nonlinear and non-smooth LED dim-
ming effect.

SUMMARY

The present invention aims thus provides an LED dim-
ming device with a high refresh rate and smooth dimming to
solve the problem of non-smooth LED dimming.

According to the present invention, an LED dimming
device with a high refresh rate and smooth dimming com-
prises a constant current source circuit and an LED dimming
circuit that are sequentially connected in series. The LED
dimming circuit comprises an LED and a first electronic
switch. A positive electrode of the LED is connected to an
output end of the constant current source circuit, and the first
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electronic switch is connected in parallel with the LED. The
LED dimming device further comprises an energy release
circuit and a first control circuit. The energy release circuit
is connected in series with the first electronic switch to
accelerate releasing the excess energy in the constant current
source circuit. The first control circuit is connected to the
first electronic switch to control turning on or off of the first
electronic switch.

The LED dimming device with a high refresh rate and
smooth dimming according to the present invention is a
modification based on existing LED dimming circuits by
adding an energy release circuit and a first control circuit to
quickly release the excess energy generated in the constant
current source circuit in each cycle. An entire circuit in the
present invention comprises two parts: a constant current
source circuit and an LED dimming circuit, in which the
constant current source circuit can provide a constant cur-
rent, and the LED dimming circuit can adjust luminous flux
and illumination level of the LED to uniformize brightness
of a light source and comprises the LED and the first
electronic switch. Based on the LED dimming circuit, the
present invention adds the energy release circuit and the first
control circuit, and specific connection relationships in the
LED dimming device include: an output end of the constant
current source circuit is connected to the positive electrode
of the LED, a negative electrode of the LED is connected to
the ground, the first electronic switch can be connected in
parallel at both ends of the LED or can be connected in series
to the negative electrode of the LED, the energy release
circuit is connected to a positive or a negative electrode of
the first electronic switch, and the first control circuit is
connected to the first electronic switch to control turning on
or off of the first electronic switch. According to the present
invention, the first electronic switch is controlled to be
turned on or off quickly by the first control circuit, thereby
enabling the energy release circuit connected in series with
the first electronic switch to release the excess energy
generated by an inductor element in the constant current
source in each cycle more quickly, avoiding unreleased
energy to influence charging and discharging of the inductor
element in a subsequent cycle, allowing the constant current
source to output a current with stable and uniform variation,
and achieving a smooth and uniform dimming effect.

The constant current source circuit can be a DC-DC
converter circuit.

The DC-DC converter circuit is a voltage converter circuit
that effectively outputs a fixed voltage after changing an
input voltage, having three types: a boost DC-DC converter
circuit, a buck DC-DC converter circuit, and a buck-boost
DC-DC converter circuit. The present invention can adopt
any DC-DC converter circuit as a constant current source
circuit.

The constant current source circuit can include a second
electronic switch, an inductor element, a second control
circuit and a freewheeling semiconductor component. The
second electronic switch is connected in series at one end of
the inductor element, the other end of the inductor element
is connected to the positive electrode of the LED, the second
control circuit is connected to the second electronic switch
to control turning on or off of the second electronic switch,
and the freewheeling semiconductor component is con-
nected between the positive electrode of the inductor ele-
ment and the ground.

The constant current source circuit adopted in the present
invention is a buck DC-DC converter circuit with an output
voltage smaller than or equal to an input voltage, and wide
load range. The buck DC-DC converter circuit according to
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the present invention comprises a second electronic switch,
an inductor element, a second control circuit and a free-
wheeling semiconductor component, and specific circuit
connection relationships include: the second electronic
switch is connected in series at one end of the inductor
element, the other end of the inductor element is connected
to the positive electrode of the LED, the second control
circuit is connected to the second electronic switch to
control turning on or off of the second electronic switch, the
positive electrode of the freewheeling semiconductor com-
ponent is connected to one end of the inductor element while
the other end is connected to the ground. The freewheeling
semiconductor component in the present invention can be a
diode or a MOSFET capable of maintaining continuous
output current of the constant current source. The operating
principle of the freewheeling semiconductor component is
that a diode or a MOSFET is connected in parallel at both
ends of the inductor element, when a current flows through
the inductor element, an induced electromotive force is
generated at both ends thereof, and when the current van-
ishes, the induced electromotive force thereof generates an
inverse voltage to the elements in the circuit. What’s more,
with the configuration of the diode or the MOSFET being
connected in parallel at both ends of the inductor element,
when the current flowing through the inductor vanishes, the
induced electromotive force generated by the inductor ele-
ment is consumed through work done by a circuit formed by
the diode and a coil, thereby safely protecting other elements
in the circuit.

The first control circuit is configured to control the turning
on or off of the first electronic switch by controlling a pulse
width of the PWM.

The second control circuit may also control the turning on
or off of the second electronic switch by controlling the
pulse width of the PWM.

The constant current source circuit adopted in the present
invention is a DC-DC converter circuit, and can use three
types of control circuit according to requirements of the
converter circuit, including PWM control circuit, PFM con-
trol circuit, and PWM/PFM convert control circuit. The
present invention adopts a PWM control circuit, in which
both the first control circuit and the second control circuit
control the turning on or off of the first electronic switch and
the second electronic switch through PWM, a cycle of a
control signal is maintained unchanged when an input
voltage is changed, and the on-time of the electronic switch
is changed by changing a pulse output width, so that the
output voltage is stable with high efficiency and has good
output voltage ripple and noise.

In this invention, when the first electronic switch is
connected in parallel at both ends of the LED, a turn-on
signal for controlling the first electronic switch and a PWM
signal for controlling the second electronic switch are in
reverse phase.

According to the connection relationship between the first
electronic switch and the LED, a corresponding control
signal is selected for the purposes of the present invention.
When the first electronic switch is connected in parallel at
both ends of the LED, the turn-on signal for controlling the
first electronic switch and the PWM signal for controlling
the second electronic switch are in reverse phase, so that the
first electronic switch can be turned on quickly when the
second electronic switch is turned off in each dimming
cycle, therefore the energy of the inductor element in the
previous dimming cycle can rapidly flow to a resistor, and
the resistor can quickly consume the excess energy of the
inductor element in the previous dimming cycle. The above
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design of circuit connections guarantees that the energy of
the inductor element in the previous dimming cycle can
quickly flow to the energy release circuit and quickly release
the excess energy of the inductor element in the previous
dimming cycle in order to avoid affecting the stability of the
output current of the constant current source in the next
dimming cycle.

According to the present invention, the LED dimming
circuit can further include a third electronic switch con-
nected in series with the LED.

The third electronic switch connected in series with the
LED can control quick on-off of the circuit where the LED
is located, thereby increasing LED frequency and improving
the dimming effect.

The first electronic switch can be an N-channel MOSFET.

A MOSFET including a P-type substrate and two high
concentration N diffusion regions is referred to as an
N-channel MOSFET. When the tube is conducted, an N-type
conduction channel is formed between the two high con-
centration N diffusion regions. An N-channel enhanced
MOSFET refers to an N-channel MOSFET in which a
forward bias must be applied on a gate and only a conduc-
tion channel is generated when a gate-source voltage is
greater than a threshold voltage. An N-channel depletion
MOSFET refers to an N-channel MOSFET in which a
conduction channel is generated when no gate voltage is
applied (the gate-source voltage is zero). The present inven-
tion adopts a circuit formed of N-channel MOSFETs, which
has high input impedance, substantially does not need
absorption current, and thus a current load problem does not
have to be considered when a CMOS integrated circuit is
connected to an NMOS integrated circuit.

The second electronic switch is a MOSFET.

The second electronic switch in the present invention
adopts a MOSFET, and both P-channel MOSFET and
N-channel MOSFET can be adopted. A P-channel MOSFET
has two P+ regions on an N-type silicon substrate, referred
to as a source electrode and a drain electrode respectively
with no conduction therebetween, a sufficient positive volt-
age (the source electrode connects the ground) is applied to
the gate, and an N-type silicon surface under the gate
presents a P-type inversion layer as a channel connecting the
source electrode and the drain electrode. Changing the gate
voltage can change electron density in the channel, thereby
changing the channel resistance. PMOS circuit control is
simple, and a PMOS circuit technology can be adopted for
a digital control circuit of the present invention.

In the present invention, the energy release circuit
includes a resistor, which has a resistance value greater than
or equal to 0.3 ohms and smaller than or equal to a LED
resistance value of the LED.

The energy release circuit may includes a resistor or other
working elements or an energy storage circuit capable of
collecting excess energy to provide power for an appliance.
The energy release circuit in the present invention includes
a resistor, the number of which may be one or more, the
resistance value thereof is greater than or equal to 0.3 ohms
to effectively consume the excess energy in the previous
dimming cycle while the resistance value is smaller than or
equal to the resistance value of the LED itself. If the
resistance value is greater than the LED resistance value,
when the resistor is connected in parallel with the LED, the
current flowing through the LED may be greater than the
current flowing through the resistor, thereby affecting a
quick turning off of the LED.

Compared with the prior art, the present invention can
obtain some beneficial effects. The present invention com-
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prises the energy release circuit and the first control circuit
in the LED dimming circuit, the first electronic switch is
controlled to be turned on or off quickly by the first control
circuit, thereby enabling the energy release circuit connected
in series with the first electronic switch to release the excess
energy generated by the inductor element in the constant
current source circuit in each cycle more quickly, avoiding
unreleased energy to influence charging and discharging of
the inductor element in a subsequent cycle, allowing the
constant current source to output a current with stable and
uniform variation, and achieving a smooth and uniform
dimming effect.

On the other hand, the present invention further provides
another LED dimming device with a high refresh rate and
smooth dimming, including a light source and a power
circuit for driving the light source. The power circuit com-
prises an inductor element. The LED dimming device fur-
ther comprises an energy release circuit connected in par-
allel with the light source to release the excess energy of the
inductor element, and a first electronic switch connected in
series with the energy release circuit to control the energy
release circuit and driven by the first control circuit.

By providing the energy release circuit connected in
parallel with the light source, the first electronic switch
connected in series with the energy release circuit, and
controlling quick on-off of the first electronic switch in time
using the first control circuit, the present invention enables
the energy release circuit to release the excess energy
generated by the inductor element in the power circuit in
each cycle more quickly, thereby avoiding unreleased
energy to influence charging and discharging of the inductor
element in a subsequent cycle, allowing the power circuit to
output a current with stable and uniform variation, and
achieving a smooth and uniform dimming effect.

According to the present invention the energy release
circuit can include a resistive load.

The excess energy generated by the inductor element in
the previous cycle can be released completely before the
next cycle using the resistive load, instead of an inductive
load that releases energy in the next cycle after energy
accumulation and affects smooth dimming of the light
source. The resistive load may be a common resistor, a
heating coil, or a resistive light source.

The resistance value of the resistive load is

2

R= mUzED,THRa

where f is a PWM control signal frequency in the power
circuit, L is an inductance value of the inductor element in
the power circuit, [ is a full-load current of the light source,
and U, o, 7z 18 @ minimum turn-on voltage threshold of the
light source.

When the resistance value of the resistive load is higher,
an assigned voltage will be higher. If an effective value U,
of the voltage at both ends of the resistive load exceeds the
minimum turn-on voltage threshold U, ., 5z of a light
source LED, at which time current flows through the light
source connected in parallel on the resistive load to produce
lighting with low brightness that affects the effect, and thus
the resistance value

R= FIE Ulsp_iir

of the resistive load is needed.
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Further, rated power of the resistive load is

2 2
oL _e*('fﬁULED,THR) )
P=

) >

where f is the PWM control signal frequency in the power
circuit, L is the inductance value of the inductor element in
the power circuit, [ is the full-load current of the light source,
and U, zp, 7z is the minimum turn-on voltage threshold of
the light source. The rated power of the resistive load can
affect service life thereof, and thus controlling the rated
power of the resistive load

2 2
f-L-12(1 _e*('fﬁULED,THR) )
P=

2

can guarantee the service life of the resistive load.

According the present invention, the energy release cir-
cuit is connected in series with a magnetic ring for prevent-
ing ringing phenomenon.

Since any transmission line inevitably has lead resistance,
lead inductance, and parasitic capacitance, and elements also
have parasitic parameters (parasitic resistance, parasitic
inductance, and parasitic capacitance). Therefore, a standard
pulse signal easily leads to overshoot and ringing phenom-
ena under the influences of the above transmission-line
parasitic parameters and element parasitic parameters. The
ringing changes the original appearance of the signal wave-
form to some extent, which results in that, the output current
is nonlinear and the dimming effect is affected. The present
invention effectively prevents the ringing and improves
electromagnetic compatibility by connecting appropriate
magnetic rings in series.

In the present invention a third electronic switch is
connected in series with the light source to prevent lighting
with low brightness electromagnetic compatibility generated
by the light source due to incomplete energy release of the
energy release circuit.

The third electronic switch connected in series with the
light source can control quick on-off of the circuit where the
light source is located, thus increasing light source fre-
quency and improving the dimming effect.

The third electronic switch and the power circuit have the
same operating state.

When the power circuit normally outputs currents under
the control of the control circuit therein, the third electronic
switch is turned on, so that the currents flow through the
light source and drive the light source to emit light. When
the power circuit stops to normally output currents under the
control of the control circuit therein, the third electronic
switch is turned off, so that an induced current generated by
the inductor element in the power circuit cannot flow
through the light source while flowing directly through the
energy release circuit to be consumed, thereby avoiding
lighting with low brightness generated by the light source.

The first electronic switch and the power circuit have
opposite operating states.

When the power circuit normally outputs currents under
the control of the control circuit therein, the first electronic
switch is turned off, so that all the currents flow through the
light source and drive the light source to emit light. When
the power circuit stops to normally output currents under the
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control of the control circuit therein, the first electronic
switch is turned on, so that an induced current generated by
the inductor element in the power circuit is directed to flow
through the energy release circuit to be consumed, thereby
avoiding influence on charging and discharging of the induc-
tor element in the next cycle, allowing the power output to
have stable and uniform variation, and achieving a smooth
and uniform dimming effect.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a logic circuit diagram of an embodiment
according to the present invention.

FIG. 2 is a logic circuit diagram showing a constant
current source circuit uses a buck DC-DC converter circuit
in the embodiment according to the present invention.

FIG. 3 is an application circuit diagram in the embodi-
ment according to the present invention.

FIG. 4 is a logic circuit diagram of another embodiment
according to the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The drawings of the present invention are for illustrative
purposes only and are not to be construed as limiting the
present invention. For better explanation of the following
embodiments, some components in the drawings may be
omitted, enlarged, or reduced, and sizes of these components
do not represent sizes of actual products. For those skilled in
the art, it will be understood that some known structures and
descriptions thereof in the drawings may be omitted.

The DC-DC converter circuit is a voltage converter circuit
that effectively outputs a fixed voltage after changing an
input voltage, and can be divided into three types: a boost
DC-DC converter circuit, a buck DC-DC converter circuit,
and a buck-boost DC-DC converter circuit. The constant
current source circuit in the embodiment of the present
invention is a buck DC-DC converter circuit, which features
in that an output voltage is smaller than or equal to an input
voltage, and a load range is wide. However, the constant
current source in the present invention is not limited to a
buck DC-DC converter circuit, the actual circuit design can
be changed in combination with the type of selected DC-DC
converter circuit.

FIG. 1 shows a logic circuit diagram of an LED dimming
device with a high refresh rate and smooth dimming accord-
ing to one embodiment. According to this embodiment, the
constant current source circuit 100 is connected in series
with an LED dimming circuit 200. The LED dimming
circuit 200 comprises an LED 210 and a first electronic
switch 220. A positive electrode of the LED 210 is con-
nected to an output end of the constant current source circuit
100, while a negative electrode of the LED 210 is connected
to the ground, and the first electronic switch 220 is con-
nected in parallel at both ends of the LED 210. The LED
dimming device further comprises an energy release circuit
240 and a first control circuit 230, in which the energy
release circuit 240 is connected in series with the first
electronic switch 220 to accelerate releasing the excess
energy in the constant current source circuit 100. The first
control circuit 230 is connected to the first electronic switch
220 to control turning on or off of the first electronic switch
220.

Specifically, the energy release circuit 240 can adopt
working elements or an energy storage circuit. The present
embodiment uses a resistor, the number of which in actual
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application is not limited to only one. A resistance value of
the resistor is greater than or equal to 0.3 ohms in order to
consume excess energy and is smaller than or equal to a
resistance value of the LED 210 to avoid affecting turning
off the LED 210.

According to some embodiments the LED dimming cir-
cuit can further include a third electronic switch 250 con-
nected in series with the LED 210 to control quick on-off of
the circuit where the LED 210 is located, thus increasing the
LED frequency and improving the dimming effect.

FIG. 2 is a logic circuit diagram showing a constant
current source circuit uses a buck DC-DC converter circuit
according to some embodiments. The constant current
source circuit 100 comprises a second electronic switch 110,
an inductor element 120, a second control circuit 130, and a
freewheeling semiconductor component 140. Specific con-
nection relationships include: an output end of the second
electronic switch 110 is connected in series with one end of
the inductor element 120, the other end of the inductor
element 120 is connected to the positive electrode of the
LED 210, the second control circuit 130 is connected to the
second electronic switch 110 to control turning on or off of
the second electronic switch 110, a positive electrode of
freewheeling semiconductor component 140 is connected to
the inductor element 120, and a negative electrode of
freewheeling semiconductor component—140 is connected
to the ground.

FIG. 3 shows an application circuit diagram according to
one embodiment. The constant current source circuit 100
mainly comprises a second electronic switch 110, which is
a P-channel MOSFET Q1, a diode D1 as the freewheeling
semiconductor component 140, an inductor L1 as the induc-
tor element 120, and a second control circuit 130. The
second control circuit 130 is a peripheral circuit including a
constant current driving chip U1, a plurality of resistors (R2,
R3, R4, R6, R7, R10), and a plurality of capacitors (C1, C3,
and C5). The LED dimming circuit 200 mainly comprises an
LED 210, a first electronic switch 220 which is an N-channel
MOSFET Q2, a resistor R1 as a part of the energy release
circuit 240, and a first control circuit 230 controlling the
N-channel MOSFET Q2 to be turned on or off. The first
control circuit 230 is a peripheral circuit including a gate
driver U2, resistors R8 and R9, and a capacitor C6.

Specifically, circuit connection relationships in the
embodiment include: a gate and a source electrode of the
P-channel MOSFET Q1 are connected with the constant
current driving chip U1, the drain electrode of the P-channel
MOSFET Q1 is connected to one end of the inductor L1, the
diode D1 is connected between the inductor L1 and the
ground, the positive electrode of the LED is connected to
one end of the inductor L1, the negative electrode of the
LED is connected with the ground, the N-channel MOSFET
Q2 is connected in parallel at both ends of the LED, the first
control circuit is connected to the gate of the N-channel
MOSFET Q2 to control turning on or off of the N-channel
MOSFET Q2, and the resistor R1 is connected in series with
a source electrode or a drain electrode of the N-channel
MOSFET Q2.

As FIGS. 2 and 3 shown, the second control circuit 130
according to some embodiments controls the turning on or
off of the P-channel MOSFET by controlling the pulse width
of the PWM, and the first control circuit 230 controls the
turning on or off of the N-channel MOSFET by controlling
the pulse width of the PWM.

Preferably, when the N-channel MOSFET is connected in
parallel with the LED, the channel number of the N-channel
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MOSFET is controlled and the PWM signal controlling the
P-channel MOSFET are in reverse phase.

Specifically, a control method according to some embodi-
ments is as follows. As shown in FIG. 3, the second control
circuit 130 regulates the turning on or off of the P-channel
MOSFET Q1 in the constant current source circuit by
controlling the pulse-width of the PWM. When the P-chan-
nel MOSFET Q1 is turned on or off quickly enough, the
constant current source can output a current with adjustable
magnitude, while the first control circuit controls a negative
signal input end of the gate driver U2 of the N-channel
MOSFET Q2 by PWM, so that the gate driver U2 outputs a
signal inverted to the PWM, which ensures that the N-chan-
nel MOSFET Q2 can be turned on quickly when the
P-channel MOSFET Q1 of the constant current source is
turned off in each dimming cycle, allows the energy of the
inductor element in the previous dimming cycle to flow
quickly to the resistor R1 and quickly consume energy
through the resistor R1, avoids affecting the stability of the
current output by the constant current source, and achieving
a smooth and uniform effect of LED dimming.

According to another embodiment, as shown in FIG. 4, an
LED dimming device with a high refresh rate and smooth
dimming comprises a light source 210' and a power circuit
100" for driving the light source 210' The power circuit 100"
comprises an inductor element 120'. The LED dimming
device further comprises an energy release circuit 240'
connected in parallel with the light source 210’ to release the
excess energy of the inductor element 120', and a first
electronic switch 220' connected in series with the energy
release circuit 240' to control the energy release circuit 240'
and driven by the first control circuit 230"

By providing the energy release circuit 240' connected in
parallel with the light source 210", the first electronic switch
220' connected in series with the energy release circuit 240",
and controlling quick on-off of the first electronic switch
220" in time using the first control circuit 230", the present
embodiment enables the energy release circuit 240' to
release the excess energy generated by the inductor element
120" in the power circuit 100" in each cycle more quickly,
thereby avoiding unreleased energy to influence charging
and discharging of the inductor element 120' in a subsequent
cycle, allowing the power circuit 100' to output a current
with stable and uniform variation, and achieving a smooth
and uniform dimming effect.

Optionally, the power circuit 100' may be a constant
current source circuit. The power circuit 100' may be other
power circuit having an inductor for powering the light
source. An objective of the present embodiment is to elimi-
nate problems of flickering light source and non-smooth
dimming due to charging and discharging of the inductor
element in the power circuit.

It should be noted that the inductor element comprises a
dominant inductor element and a recessive inductor element.
The dominant inductor element refers to visible objects. The
recessive inductor element refers to that the inductor is
integrated into an integrated driver module IC and not
visible from outside. As long as an inductor element is
included in a functional module topological graph of a
specification of the integrated driver module IC, the inductor
is considered as a recessive inductor.

According to a preferable embodiment, the energy release
circuit 240" includes a resistive load.

The excess energy generated by the inductor element 120’
in the previous cycle can be released completely before the
next cycle using the resistive load, instead of an inductive
load that releases energy in the next cycle after energy
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accumulation and affects smooth dimming of the light
source. The resistive load may be a common resistor, a
heating coil, or a resistive light source.

Specifically, the power circuit 100" is controlled by the
pulse width of the PWM. A resistance value of the resistive
load is

R= mULED,THRZ,

where f is a PWM control signal frequency in the power
circuit, L is an inductance value of the inductor element in
the power supply circuit, [ is a full-load current of the light
source, and U, o, 7z7x 1S @ minimum turn-on voltage thresh-
old of the light source. The minimum turn-on voltage
threshold of the light source U, ., 7zx can be measured
experimentally and can also be obtained from a specification
of the light source.

According to characteristics of an LR circuit, relation-
ships between a discharge time constant T with a known
inductor L and an unknown resistor R is:

L (9]

A relationship between an inductor discharge current i and
time t is:

() =1-et @

in the above equation, I is the current before the inductor
discharges, i.e., full-load current; e is an Euler’s constant.
According to a definition of a root mean square value: a
result of averaging a square of a signal waveform current i
(t) or a voltage u (t) in a cycle and extracting a square root
of the average value. Thus, in one PWM period T, the root
mean square value of the inductor discharge current I, is:

2T (3)
1 . 1 (T  _:2 T P(l-€7)
I,MS:\/TfOz(z)Zdz:\/TfO (Ue77) di = | ——g—

An effective value U, . of a voltage at both ends of a
release resistor cannot be greater than the minimum turn-on
voltage threshold of the light source, otherwise a portion of
the current flows and generates lighting with low brightness
and trailing shadows, and thus the effect is not good.

Combined with the Ohm’s law, the voltage relationship is:

Urns=LueR=Upzp 1mr (©)]

Combining that a PWM frequency f and a period T has a
reciprocal relationship, i.e., f=1/T, simultaneous equations
(1), (3), and (4) are solved as:

2R
f-L-R-PP(1—¢ FT)
- = Urep_tHR

®
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In the dimming application of the present invention,

is fairly small in value and is approximately O, then the
above equation is simplified as:

f-L-R-I2
—s < ULep_1Hr

The unknown resistance value of the resistor is soived as

©

2
R=< Urep THR™

FL 2

The magnitude of the resistance value of the resistor
affects a discharging speed of the inductor element, and a
faster discharging speed of the resistor is generally required
to increase the refresh rate of the light source, so that a larger
resistance value of the resistor is better. Therefore, in the
present embodiment, the resistance value takes a maximum
value.

Rated power of the resistive load is

(+25v, )2
. f-L-12(1 _ o \FriYiEp_THR)
= 5 ,

where f is the PWM control signal frequency in the power
circuit, L is the inductance value of the inductor element in
the power circuit, [ is the full-load current of the light source,
and U, zp, 4, is the minimum turn-on voltage threshold of
the light source.

Combining(3), (1), and f=1/T, the resistor power P is:

P=1R
2T

-1 —e”?)R

2T
L 2T-R
—P(l-e L)
-k 5

2T

.. TR
_LP-eT)

2T
2R
- 2
Since
2 2
fL-*1 - e*(’fiinLED,THR) )
R<——Up tur’, Pz
FLI? _THR > 3

is derived. In addition, if the rated power of the resistive load
is too low, the service life thereof'is affected, and if the rated
power is too high, the price is expensive and causes waste.
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Therefore, in the present embodiment, the rated power P of
the resistive load is controlled to take a minimum value to
balance the both aspects.

The energy release circuit in this embodiment is con-
nected in series with a magnetic ring 260' for preventing
ringing phenomenon.

Since any transmission line inevitably has lead resistance,
lead inductance, and parasitic capacitance, and elements also
have parasitic parameters (parasitic resistance, parasitic
inductance, and parasitic capacitance). Therefore, a standard
pulse signal easily leads to overshoot and ringing phenom-
ena under the influences of the above transmission-line
parasitic parameters and element parasitic parameters. The
ringing changes the original appearance of the signal wave-
form to some extent, which results in that, the output current
is nonlinear and the dimming effect is affected. The present
application effectively prevents the ringing and improves
electromagnetic compatibility by connecting appropriate
magnetic rings in series.

A third electronic switch 250" is connected in series with
the light source 210" to prevent lighting with low brightness
generated by the light source 210' due to incomplete energy
release of the energy release circuit 240'.

Connecting the third electronic switch 250" in series with
the light source 210' can control quick on-off of the circuit
where the light source 210' is located, thus increasing light
source frequency and improving the dimming effect.

The third electronic switch 250" and the power circuit 100'
have the same operating state.

When the power circuit 100" normally outputs currents
under the control of the control circuit therein, the third
electronic switch 250" is turned on, so that the currents flow
through the light source 210" and drive the light source 210'
to emit light. When the power circuit 100' stops to normally
output currents under the control of the control circuit
therein, the third electronic switch 250" is turned off, so that
an induced current generated by the inductor element 120' in
the power circuit 100" cannot flow through the light source
210" while flowing directly through the energy energy
release circuit 240" to be consumed, thereby avoiding light-
ing with low brightness generated by the light source 210'.

The first electronic switch 220' and the power circuit 100'
have opposite operating states.

When the power circuit 100" normally outputs currents
under the control of the control circuit therein, the first
electronic switch 220" is turned off, so that all the currents
flow through the light source 210" and drive the light source
210' to emit light. When the power circuit 100" stops to
normally output currents under the control of the control
circuit therein, the first electronic switch 220" is turned on,
so that an induced current generated by the inductor element
120" in the power circuit 100' is directed to flow through the
energy release circuit 240' to be consumed, thereby avoiding
influence on charging and discharging of the inductor ele-
ment 120" in the next cycle, allowing the power output to
have stable and uniform variation, and achieving a smooth
and uniform dimming effect.

Obviously, the above embodiments of the present inven-
tion are merely examples for clear illustration of the present
invention, and are not intended to limit the implementation
of the present invention. Any modification, equivalent sub-
stitution or improvement and the like within the spirit and
principle of the claims of the present invention should be
included in the scope of claims of the present invention.
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The invention claimed is:

1. An LED dimming device with a high refresh rate and
smooth dimming, comprising: a constant current source
circuit and an LED dimming circuit that are sequentially
connected in series,

wherein the LED dimming circuit comprises

an LED, a positive electrode of the LED being con-
nected to an output end of the constant current source
circuit;

a first electronic switch;

an energy release circuit, which is connected in series
with the first electronic switch to release excess
energy in the constant current source circuit, the first
electronic switch and the energy release circuit being
connected in parallel with the LED; and

a first control circuit, which is connected to the first
electronic switch to control turning on or off of the
first electronic switch, and

wherein the energy release circuit includes a resistor
having a resistance value greater than or equal to 0.3
ohms and smaller than or equal to a resistance value
of the LED.

2. The LED dimming device with a high refresh rate and
smooth dimming according to claim 1, wherein the constant
current source circuit is a DC-DC converter circuit.

3. The LED dimming device with a high refresh rate and
smooth dimming according to claim 1, wherein the constant
current source circuit comprises

a second control circuit;

a freewheeling semiconductor component;

a second electronic switch; and

an inductor element,

wherein the second electronic switch is connected in

series at one end of the inductor element, the other end
of the inductor element is connected to the positive
electrode of the LED, the second control circuit is
connected to the second electronic switch to control
turning on or off of the second electronic switch, and
the freewheeling semiconductor component is con-
nected between the inductor element and the ground.

4. The LED dimming device with a high refresh rate and
smooth dimming according to claim 1, wherein the first
control circuit is configured to control the turning on or off
of the first electronic switch by controlling a pulse width of
a PWM.

5. The LED dimming device with a high refresh rate and
smooth dimming according to claim 3, wherein the second
control circuit is configured to control the turning on or off
of the second electronic switch by controlling a pulse width
of a PWM.

6. The LED dimming device with a high refresh rate and
smooth dimming according to claim 5, wherein when the
first electronic switch is connected in parallel at both ends of
the LED, a turn-on signal for controlling the first electronic
switch and a PWM signal for controlling the second elec-
tronic switch are in reverse phase.

7. The LED dimming device with a high refresh rate and
smooth dimming according to claim 1, wherein the LED
dimming circuit further comprises a third electronic switch
connected in series with the LED.

8. The LED dimming device with a high refresh rate and
smooth dimming according to claim 1, wherein the first
electronic switch is an N-channel MOSFET.
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9. The LED dimming device with a high refresh rate and
smooth dimming according to claim 3, wherein the second
electronic switch is a MOSFET.

10. An LED dimming device with a high refresh rate and
smooth dimming, comprising:

a light source;

a power circuit for driving the light source, which com-

prises an inductor element;

an energy release circuit, which is connected in parallel

with the light source to release excess energy of the
inductor element; and
a first electronic switch, which is connected in series with
the energy release circuit to control the energy release
circuit, the first electronic switch and the energy release
circuit both being connected in parallel with the light
source, and the first electronic switch being driven by
a first control circuit, and

wherein the energy release circuit includes a resistive
load, the power circuit is controlled by a pulse width of
a PWM, a resistance value of the resistive load is

2
R=< ULEp THR™,

2
L2

where f is a PWM control signal frequency in the power
circuit, L is an inductance value of the inductor element in
the power circuit, [ is a full-load current of the light source,
and U, o, 7z 18 @ minimum turn-on voltage threshold of the
light source.

11. The LED dimming device with a high refresh rate and
smooth dimming according to claim 10, wherein the power
circuit is controlled by a pulse width of a PWM, rated power
of the resistive load is

2 2
oL _e*('fﬂULED,THR) )
P=

) >

where f is the PWM control signal frequency in the power
circuit, L is the inductance value of the inductor element in
the power circuit, [ is the full-load current of the light source,
and U, -5, 75z 1s the minimum turn-on voltage threshold of
the light source.

12. The LED dimming device with a high refresh rate and
smooth dimming according to claim 10, wherein the energy
release circuit is connected in series with a magnetic ring for
preventing ringing phenomenon.

13. The LED dimming device with a high refresh rate and
smooth dimming according to claim 10, wherein a third
electronic switch is connected in series with the light source
to prevent lighting with low brightness of the light source
due to incomplete energy release of the energy release
circuit.

14. The LED dimming device with a high refresh rate and
smooth dimming according to claim 13, wherein the third
electronic switch and the power circuit have same operating
state.

15. The LED dimming device with a high refresh rate and
smooth dimming according to claim 10, wherein the first
electronic switch and the power circuit have opposite oper-
ating states.



