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DRIVING APPARATUS OF LIGHT 
EMITTING DODE AND DRIVING METHOD 

THEREOF 

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 10 
invalid by a prior post-patent action or proceeding. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

15 

This application is a Reissue Application of U.S. Pat. No. 
8,427,081, issued on Apr. 23, 2013, application Ser: No. 
1 3/556, 146, filed on Jul. 23, 2012. The prior application Ser: 
No. 13/556, 146 is a continuation application of and claims 
the priority benefit of U.S. application Ser. No. 13/370,310, 
filed on Feb. 10, 2012, now U.S. Pat No. 8,288,969. The 
prior application Ser. No. 13/370,310, filed on Feb. 10, 
2012, is a continuation application of U.S. patent applica 
tion Ser. No. 12/628.233 filed on Dec. 1, 2009, now U.S. Pat. 
No. 8,154,223. The prior application Ser. No. 12/628,233 
claims the benefit of Taiwan patent application serial no. 
98.131241 filed on Sep. 16, 2009. The entirety of each of the 
above-mentioned patent applications is hereby incorporated 
by reference herein and made a part of this specification. 30 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a driving method. More 35 

particularly, the present invention relates to a driving appa 
ratus of a light-emitting diode and a driving method thereof. 

2. Description of Related Art 
Light emitting diodes (LEDs) have advantages of Small 

size, power-saving and high durability, and as fabrication 40 
processes thereof become mature, price of the LEDs 
decreases. Therefore, it is popular to use the LEDs as light 
source products. Moreover, since the LED has features of 
low-operating Voltage (only 1.5-3V), initiative light-emit 
ting, and having a certain brightness, wherein the brightness 45 
can be adjusted by Voltage or current, and has features of 
impact resistance, anti-vibration and long lifespan (100,000 
hours), the LED is widely used to various terminal equip 
ments, such as vehicle headlamps, traffic lights, text dis 
plays, billboards and large screen video displays, and 50 
domains such as general level architectural lighting and 
liquid crystal display (LCD) backlight, etc. 

Regarding a driving circuit of the LED, a commonly used 
dimming method thereof is to regulate a duty cycle of a 
pulse according to a pulse-width modulation (PWM) tech- 55 
nique, so as to regulate an equivalent current output to the 
LED by an output stage to adjust a brightness of the LED. 
However, when the PWM technique is used for dimming, a 
current Switching operation of the output stage is the same 
as that of a Switch. The current Switching operation lead to 60 
a great load variation of a Voltage of the output stage, so that 
the Voltage may have an excessive ripple. Meanwhile, the 
excessive ripple can cause a great magnetic field variation of 
an inductor in the circuit, and a capacitor in the circuit can 
be sharply vibrated to generate a shape-changing due to an 65 
excessive transient Voltage variation, so that an audio noise 
is generated. 

2 
FIG. 1A is a system schematic diagram illustrating a 

conventional driving circuit of an LED. Referring to FIG. 
1A, the driving circuit 100 includes a voltage converter 110. 
a conversion loop controller 120, an amplifier 130, a voltage 
selector 140 and a current driving unit 150 formed by a 
plurality of current driving devices. The voltage converter 
110 receives a power Voltage V, and generates an oper 
ating voltage V, with a level different to that of the power 
Voltage V, according to an output of the conversion loop 
controller 120. A positive input terminal of the amplifier 130 
receives a reference Voltage Vref, and a negative input 
terminal thereof receives an output voltage of the Voltage 
selector 140, so that the amplifier 130 accordingly outputs a 
voltage to control the conversion loop controller 120, 
wherein the reference voltage Vref is a fixed value. The 
Voltage selector 140 selects and outputs a voltage of a 
negative terminal of one of LED strings 50 1-50 n. Positive 
terminals of the LED strings 50 1-50 in receive the operat 
ing Voltage V, and the negative terminals of the LED 
strings 50 1-50 in are respectively coupled to the current 
driving unit 150 through switches S1-Sn. The LED strings 
50 1-50 n are driven by load currents and the switches are 
Switched according to a dimming signal, so as to implement 
a dimming operation. 

FIG. 1B is a timing diagram of the driving currents of 
FIG. 1A. Referring to FIG. 1A and FIG. 1B, in the LED 
driving circuit 100, the PWM technique is generally used to 
regulate a time t for Supplying the load currents so as to 
adjust the brightness of the LED. In other words, in a fixed 
period T, the longer the time t is, the higher the brightness 
of the LED is. Conversely, the shorter the time t is, the 
lower the brightness of the LED is. However, when the 
PWM technique is used for dimming, switching operations 
of the Switches S1-Sn lead to a variation of the load currents 
and the variation of the load currents can lead to a great load 
variation of the operating Voltage V, so that the operating 
voltage V, output by the Voltage converter 110 may have 
an excessive ripple. Meanwhile, an input current of the 
Voltage converter 100 may also have a great transient 
variation, which may not only cause a great magnetic field 
variation of an inductor in the voltage converter 100, but 
also a regulation capacitor in the Voltage converter 100 can 
be sharply vibrated to generate a shape-changing due to an 
excessive transient Voltage variation, so that the audio noise 
is generated. Moreover, regarding the driving circuit 100, 
during the dimming, the Switches S1-Snare simultaneously 
Switched to Switch the load currents i-i, though the current 
Switching operation can cause a severe electromagnetic 
interference (EMI). 

SUMMARY OF THE INVENTION 

The present invention is directed to a driving apparatus of 
a light-emitting diode (LED) and a driving method thereof, 
which can Suppress an audio noise and an electromagnetic 
interference (EMI). 
The present invention provides a driving method of an 

LED, which is adapted to a driving apparatus. The driving 
method includes following steps. First, whether the driving 
apparatus performs dimming is detected. Next, when the 
driving apparatus is detected to perform dimming, deter 
mining whether a predetermined requirement for dimming 
control is met or not. When the predetermined requirement 
for dimming control is not met, respective current magni 
tudes of a plurality of driving currents are regulated, and 
each of the driving currents is output for a full time of a 
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period. When the predetermined requirement for dimming 
control is met, each of the driving currents is output for a 
partial time of a period. 
The present invention provides a driving method of an 

LED, which is adapted to a driving apparatus. The driving 
apparatus receives a dimming signal. The driving method 
includes following steps. First, it is detected whether the 
driving apparatus performs dimming. Next, when the driv 
ing apparatus is detected to perform the dimming, regulating 
at least one of a respective current magnitude and a respec 
tive outputting time of each of a plurality of driving currents 
in a period according to a duty cycle of the dimming signal, 
Such that a Sum of the driving currents calculated for a 
period is substantially proportional to the duty cycle of the 
dimming signal 
The present invention provides a driving circuit for driv 

ing a plurality of LEDs. The driving circuit includes a 
plurality of Switches, a dimming detector and a current 
control unit. The switches are respectively coupled to the 
LEDs. The dimming detector receives a dimming signal, and 
detects whether the driving apparatus performs dimming 
according to the dimming signal, so as to output a dimming 
mode signal according to the dimming signal. The current 
control unit outputs a plurality of control signals according 
to the dimming mode signal and the dimming signal, and the 
control signals respectively control conducting states of the 
Switches. 
The present invention provides an electronic device that 

includes said driving circuit and a plurality of LEDs coupled 
to and driven by the driving circuit. 

According to the driving apparatus of the LED of the 
present invention and the driving method thereof, when the 
driving apparatus performs the dimming and the duty cycle 
of the dimming signal is Smaller than the predetermined 
value, the outputting time of the driving currents are equally 
allotted in a period, and the current magnitude of each of the 
driving currents is correspondingly regulated. When the 
driving apparatus performs the dimming and the duty cycle 
of the dimming signal is equal to or greater than the 
predetermined value, the driving currents are simultaneously 
output in the period, and the current magnitude of each of the 
driving currents is regulated according to the dimming 
signal. By Such means, the audio noise and the EMI caused 
by excessive variation of a sum of the driving currents are 
Suppressed. 

In order to make the aforementioned and other features 
and advantages of the present invention comprehensible, 
several exemplary embodiments accompanied with figures 
are described in detail below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are included to provide a 
further understanding of the invention, and are incorporated 
in and constitute a part of this specification. The drawings 
illustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the inven 
tion. 

FIG. 1A is a system schematic diagram illustrating a 
conventional driving circuit of an LED. 

FIG. 1B is a timing diagram of driving currents of FIG. 
1A. 

FIG. 2A is a schematic diagram illustrating a driving 
circuit according to an embodiment of the present invention. 

FIG. 2B is a current waveform diagram of LED strings of 
FIG. 2A 
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4 
FIG. 2C is another current waveform diagram of LED 

strings of FIG. 2A. 
FIG. 2D is a waveform diagram of a driving apparatus and 

LED strings of FIG. 2A. 
FIG. 2E is a schematic diagram illustrating a current 

control unit and a dimming detector of FIG. 2A. 
FIG. 2F is a schematic diagram illustrating a duty cycle to 

voltage converter of FIG. 2E. 
FIG. 2G is another schematic diagram illustrating a duty 

cycle to voltage converter of FIG. 2E. 
FIG. 2H is another schematic diagram illustrating a cur 

rent control unit and a dimming detector of FIG. 2A. 
FIG. 2I is still another schematic diagram illustrating a 

current control unit and a dimming detector of FIG. 2A. 
FIG. 3A is a flowchart illustrating a driving method 

according to an embodiment of the present invention. 
FIG. 3B is a flowchart illustrating a driving method 

according to another embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the draw 
ings and the description to refer to the same or like parts. 

FIG. 2A is a schematic diagram illustrating a driving 
circuit according to an embodiment of the present invention. 
Referring to FIG. 2A, the driving circuit 200 includes a 
voltage converter 210, a conversion loop controller 220, an 
amplifier 230, a voltage selector 240, a current driving unit 
250, a dimming detector 260, a current control unit 270 and 
switches SW1-SWn. The dimming detector 260 receives a 
dimming signal Sdim, and detects whether the driving 
apparatus 200 performs dimming according to the dimming 
signal Sdim, so as to output a dimming mode signal Simod. 
The current control unit 270 outputs a plurality of control 
signals Scol and a control Voltage Vco1 according to the 
dimming mode signal Simod and the dimming signal Sdim. 
The control signals Sco1 respectively control a conducting 
state of each of the Switches SW1-SWn, and the control 
voltage V co1 controls the current driving unit 250 to regu 
late current magnitudes of driving currents I-I. 
The Voltage converter 210 receives a power Voltage V, 

and generates an operating Voltage V, with a level different 
to that of the power Voltage V, according to an adjusting 
signal output from the conversion loop controller 220. The 
conversion loop controller 220 generates the adjusting signal 
according to a received Voltage. A positive input terminal of 
the amplifier 230 receives a reference voltage V, and a 
negative input terminal thereof receives a voltage output 
from the voltage selector 240, so that the amplifier 230 
accordingly outputs a Voltage to the conversion loop con 
troller 220, wherein the reference voltage V can be a fixed 
value. The Voltage selector 240 selects and outputs a Voltage 
of a negative terminal of one of light-emitting diode (LED) 
strings 50 1-50 n. Positive terminals of the LED strings 
50 1-50 in receive the operating voltage V, and the 
negative terminals of the LED strings 50 1-50 n are respec 
tively coupled to the current driving unit 250 through the 
switches SW1-SWn. The LED strings 50 1-50 in are driven 
by the driving currents i-i. 
When a duty cycle of the dimming signal Sdim is 100%, 

it represents that the driving apparatus does not perform the 
dimming. Now, the current control unit 270 generates the 
control signals Sco1 according to the dimming mode signal 
Smod, so as to control the Switches to be simultaneously 
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conducted in a period, and control the current driving unit 
250 to regulate a current magnitude D of each of the driving 
currents I-I, to a current upper limit according to the control 
voltage Vco1. When the duty cycle of the dimming signal 
Sdim is not 100%, it represents that the driving apparatus 
performs the dimming. Now, the current control unit 270 
also generates the control signals Scol according to the 
dimming mode signal Simod, so as to control conducting 
time of the switches SW1-SWn to be equivalent in a period, 
and control the current driving unit 250 to regulate the 
current magnitudes of the driving currents I-I, according to 
the control voltage Vco1, wherein the current driving unit 
250 can be formed by a plurality of voltage-controlled 
current sources, so as to simultaneously regulate the current 
magnitudes of the driving currents I-I, according to the 
control voltage Vco1. It should be noticed that a relationship 
between the duty cycle of the dimming signal Sdim and 
whether the driving apparatus 200 performs the dimming is 
only used as an example, which can be modified according 
to an actual requirement. 

The dimming operation of the driving apparatus 200 is 
further described below. FIG. 2B is a current waveform 
diagram of the LED strings of FIG. 2A. Referring to FIG. 2A 
and FIG. 2B, when the driving apparatus 200 performs the 
dimming and the duty cycle of the dimming signal Sdim is 
greater than or equal to a predetermined value, the current 
control unit 270 generates a plurality of the control signals 
Scol and the control Voltage Vco1 according to the dimming 
mode signal Simod and the dimming signal Sdim. The 
control signals Sco1 control the switches SW1-SWn to be 
simultaneously conducted in a period T. So as to simultane 
ously provide the driving currents I-I, to the LED strings 
50 1-50 n. The currents on the LED strings 50 1-50 in 
present a direct current (DC) state rather than a pulse state 
due to that the Switches SW1-SWn are maintained con 
ducted. Moreover, the current driving unit 250 regulates the 
current magnitude D of each of the driving currents I-I, 
according to the control Voltage Vcol, wherein the current 
magnitude D relates to the duty cycle of the dimming signal 
Sdim, for example, if the duty cycle is 1/8, the current 
magnitude D is equal to 1/8 of the current upper limit. The 
predetermined value can be a ratio between the period T and 
a number n of the driving currents I-I, for example, if the 
number n of the driving currents is 8, the predetermined 
value is then 1/8 of the period (i.e. T/8). 

FIG. 2C is another current waveform diagram of the LED 
strings of FIG. 2A. Referring to FIG. 2A and FIG. 2C, when 
the driving apparatus 200 performs the dimming and the 
duty cycle of the dimming signal Sdim is Smaller than the 
predetermined value, the current control unit 270 also gen 
erates a plurality of the control signals Sco1 and the control 
Voltage V co1 according to the dimming mode signal Smod 
and the dimming signal Sdim. The control signals Sco1 
control conducting time t of each of the switches SW1-SWn 
to be equivalent in the period T. So as to respectively output 
the driving currents I-I, to the LED strings 50 1-50 n. For 
example, if a number of the Switches is 8, the conducting 
time t is then 1/8 of the period T. The current driving unit 
250 regulates the current magnitude D of each of the driving 
currents according to the control Voltage V co1, wherein the 
current magnitude D relates to the duty cycle of the dimming 
signal Sdim and the predetermined value, for example, if the 
duty cycle is 1/16, the current magnitude D is equal to 1/2 
of the current upper limit, i.e. equal to the duty cycle (i.e. 
1/16) divided by the predetermined value (i.e. 1/8) times the 
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6 
current upper limit The driving currents I-I can be sequen 
tially output in turn or can be output in turn according to a 
random sequence. 

Accordingly, regardless of the switches SW1-SWn being 
simultaneously or respectively conducted during the period 
T according to the duty cycle of the dimming signal Sdim, 
a sum of the driving currents I-I, is approximately main 
tained to a fixed value, which can greatly reduce or even 
eliminate a load variation of the operating voltage V, so 
as to Suppress an audio noise and an electromagnetic inter 
ference (EMI). 

FIG. 2D is a waveform diagram of the driving apparatus 
and the LED strings of FIG. 2A. Referring to FIG. 2A and 
FIG. 2D, in the present embodiment, assuming the driving 
apparatus 200 only drives the LED strings 50 1 and 50 2. 
and the duty cycle of the received dimming signal Sdim is 
1/4. Now, the switches SW1 and SW2 are respectively 
conducted according to the received control signals Sco1, 
and the conducting time thereof is respectively T/2. More 
over, the current driving unit 250 regulates the current 
magnitude D of each of the driving currents I-I, to a half 
(i.e. 1/2) of a current upper limit Haccording to the control 
voltage Vco1, wherein the current upper limit H corresponds 
to a high level V of the Voltage signal. Accordingly, the 
driving apparatus 200 can implement a 1/4 dimming effect, 
and the current magnitude D is approximately maintained to 
a half of the current upper limit H. So as to Suppress the audio 
noise and the EMI. 

FIG. 2E is a schematic diagram illustrating the current 
control unit and the dimming detector of FIG. 2A. Referring 
to FIG. 2E, in the present embodiment, the current control 
unit 270 includes a multiplexer 271, a disperse delay unit 
272 and a duty cycle to voltage converter 273. When the 
driving apparatus 200 performs the dimming and the duty 
cycle of the dimming signal Sdim is greater than or equal to 
the predetermined value, under a control of the dimming 
mode signal Simod output from the dimming detector 260, a 
first output terminal of the multiplexer 271 outputs the 
dimming signal Sdim received by an input terminal thereof 
to the duty cycle to voltage converter 273, so as to regulate 
a magnitude of the control Voltage Vcol according to the 
duty cycle of the dimming signal Sdim. The current driving 
unit 250 synchronously regulates the current magnitudes of 
the driving currents I-I, according to a magnitude of the 
control voltage Vco1. Meanwhile, since the disperse delay 
unit 272 does not receive the dimming signal Sdim, the 
control signals of the disperse delay unit 272 control the 
switches SW1-SWn to be simultaneously conducted, so as 
to simultaneously output the driving currents I-I, to the 
LED strings 50 1-50 n. 
When the driving apparatus 200 performs the dimming 

and the duty cycle of the dimming signal Sdim is Smaller 
than the predetermined value, under a control of the dim 
ming mode signal Simod output from the dimming detector 
260, a second output terminal of the multiplexer 271 outputs 
the dimming signal Sdim received by the input terminal 
thereof to the disperse delay unit 272. After the disperse 
delay unit 272 receives the dimming signal Sdim, the 
controls signals Sco1 generated by the disperse delay unit 
272 control the switches SW1-SWn to be respectively 
conducted during the period, wherein the conducting time of 
each of the switches SW1-SWn is identical. Generally, the 
control signals Sco1 can separately transmit pulses to con 
duct the Switches SW1-SWn at different time sections. The 
conducting time of the switches SW1-SWn are separated 
and consecutive, i.e. the pulses used for conducting the 
Switches are consecutively output from the corresponding 
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output terminals of the control signals Sco1, and a consecu 
tive output effect thereof is equivalent to a pulse shifting 
effect. Wherein, the pulse shifting effect can be implemented 
by shift registers, namely, the function that the control 
signals Sco1 transmit the pulses at different time sections 
can be implemented by shifting and outputting the pulses 
through a plurality of the shift registers. 

Meanwhile, the disperse delay unit 272 transmits the 
received dimming signal Sdim to the duty cycle to Voltage 
converter 273, and simultaneously outputs again signal GN 
to the duty cycle to voltage converter 273. The duty cycle to 
voltage converter 273 regulates the magnitude of the control 
Voltage V co1 according to the duty cycle of the dimming 
signal Sdim and the gain signal GN, so as to synchronously 
regulate the magnitudes of the driving currents I-I. 
Wherein, the gain signal GN can transmit a gain, and the 
gain transmitted by the gain signal GN can be equal to a 
current number of the driving currents I-I. For example, if 
the current number of the driving currents I-I, is 8, the gain 
transmitted by the gain signal GN is 8. For example, when 
the duty cycle of the dimming signal Sdim is 1/16, the 
current magnitude of each of the driving currents should be 
1/16 of the current upper limit, though according to the gain 
signal GN, the current magnitude of each of the driving 
currents I-I is adjusted to be 1/2 of the current upper limit, 
and since the outputting time of each of the driving currents 
I-I, is 1/8 of the period, a 1/16 dimming effect can be 
achieved. 

It should be noticed that when the disperse delay unit 272 
does not receive the dimming signal Sdim, the disperse 
delay unit 272 can output the gain signal GN with a gain of 
1, or does not output the gain signal GN. Moreover, when 
the duty cycle to voltage converter 273 does not receive the 
gain signal GN, it can generate the corresponding control 
Voltage V co1 according to the duty cycle of the dimming 
signal Sdim. 

FIG. 2F is a schematic diagram illustrating the duty cycle 
to voltage converter of FIG. 2E. Referring to FIG. 2F, in the 
present embodiment, the duty cycle to voltage converter 273 
includes a low pass filter circuit LPF1 and an analog 
multiplier ML1, wherein the low pass filter circuit LPF1 can 
be formed by a resistor R1 and a capacitor C1, though the 
present invention is not limited thereto. The low pass filter 
circuit LPF1 can convert the received dimming signal Sdim 
into a DC level, i.e. the low pass filter circuit LPF1 can 
output different DC levels according to different duty cycles 
of the dimming signal Sdim. The analog multiplier ML1 can 
amplify the DC level output from the low pass filter circuit 
LPF1 to serve as the control voltage V co1 according to the 
gain signal GN. When the gain transmitted by the gain signal 
GN is 1, a level of the control voltage V co1 is the same to 
the DC level output by the low pass filter circuit LPF1. 
When the gain transmitted by the gain signal GN is 2, the 
level of the control voltage V co1 is twice of the DC level 
output by the low pass filter circuit LPF1, and the others are 
deduced by analogy. 

FIG. 2G is another schematic diagram illustrating the duty 
cycle to voltage converter of FIG. 2E. Referring to FIG. 2F 
and FIG. 2G, a difference there between lies in a multiplexer 
mux 1. The multiplexer mux1 determines whether to trans 
mit the DC level output from the low pass filter circuit LPF1 
to the analog multiplier ML1 or directly output the DC level 
according to the dimming mode signal Simod. In other 
words, when the driving apparatus 200 performs the dim 
ming, and the duty cycle of the dimming signal Sdim is 
greater than or equal to the predetermined value, the DC 
level output by the low pass filter circuit LPF1 is directly 
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8 
output as the control voltage Vco1. When the driving 
apparatus 200 performs the dimming, and the duty cycle of 
the dimming signal Sdim is Smaller than the predetermined 
value, the DC level output by the low pass filter circuit LPF1 
is transmitted to the analog multiplier ML1, so as to be 
amplified according to the gain signal GN and output as the 
control voltage Vco1. 

FIG. 2H is another schematic diagram illustrating the 
current control unit and the dimming detector of FIG. 2A. 
Referring to FIG. 2E and FIG.2H, differences there between 
lie in the disperse delay unit 274 and the omitted multiplexer 
271. When the driving apparatus 200 performs the dimming, 
and the duty cycle of the dimming signal Sdim is greater 
than or equal to the predetermined value, the disperse delay 
unit 274 generates the control signals Sco1 according to the 
dimming mode signal Simod, so as to control the Switches 
SW1-SWn to be simultaneously conducted, wherein the 
disperse delay unit 274 does not output the gain signal GN 
or outputs the gain signal GN with the gain of 1. In case that 
the disperse delay unit 274 does not output the gain signal 
GN, the duty cycle to voltage converter 273 can generate the 
control Voltage Vcol according to the received dimming 
signal Sdim. In case that the disperse delay unit 274 outputs 
the gain signal GN with the gain of 1, the duty cycle to 
voltage converter 273 can generate the control voltage Vco1 
according to the received dimming signal Sdim and the gain 
signal GN. 
When the driving apparatus 200 performs the dimming, 

and the duty cycle of the dimming signal Sdim is Smaller 
than the predetermined value, the disperse delay unit 274 
generates the control signals Scol according to the dimming 
mode signal Simod, so as to control the switches SW1-SWn 
to be respectively conducted in one period, and the disperse 
delay unit 274 outputs the gain signal GN corresponding to 
the current number of the driving currents I-I. The duty 
cycle to voltage converter 273 can generate the control 
Voltage Vco1 according to the received dimming signal 
Sdim and the gain signal GN. 

FIG. 2I is still another schematic diagram illustrating the 
current control unit and the dimming detector of FIG. 2A. 
Referring to FIG. 2I, the current number of the driving 
currents I-I is, for example, 8, i.e. the predetermined value 
is 178. The dimming detector 260 includes a low pass filter 
circuit LPF2, an analog-to-digital converter (ADC) 261 and 
an OR gate 262, wherein the ADC 261 is, for example, a 4 
bits ADC. If the duty cycle of the dimming signal Sdim is 
1/4, the ADC 261 outputs “0100', which is “0100 0000” in 
a digital type. The predetermined value is "00100000” in the 
digital type. 

According to the above description, as long as one of the 
front three highest bits has a value of 1, it is considered to 
be greater than the predetermined value, so that an OR 
operation can be performed to the front three highest bits to 
generate the dimming mode signal Simod. After the OR gate 
262 operates the front three highest bits of "0100 0000 
output by the ADC 261, the dimming mode signal Smod 
with a high logic level is generated, which represents that the 
duty cycle of the dimming signal Sdim is greater than the 
predetermined value. Thereafter, the multiplexer 271 out 
puts "0100 0000 transmitted from the ADC 261 to a duty 
cycle to Voltage converter 276 according to the dimming 
mode signal Simod, so as to convert the digital type "0100 
0000” into an analog type and output it as the control voltage 
Vco1, wherein the duty cycle to voltage converter 276 can 
include a digital-to-analog converter (DAC) for converting 
the digital type "0100 0000' into the analog type. Moreover, 
when the disperse delay unit 275 does not receive the output 
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of the ADC 261, it can correspondingly generate a plurality 
of the control signals Scol to simultaneously conduct the 
Switches SW1-SWn. 

If the duty cycle of the dimming signal Sdim is 1/16, the 
ADC 261 outputs “0001 0000, and after the OR gate 262 
operates the front three highest bits thereof, the dimming 
mode signal Simod with a low logic level is generated. 
Thereafter, the multiplexer 271 outputs “0001 0000 trans 
mitted from the ADC 261 to the duty cycle to voltage 
converter 276 according to the dimming mode signal Simod. 
Now, the disperse delay unit 275 correspondingly generates 
a plurality of the control signals Sco1 to control the switches 
SW1-SWn to be respectively conducted during one period. 
Moreover, the disperse delay unit 275 regulates the output 
“0001 0000” of the ADC 261 according to the predeter 
mined value, i.e. “0001 0000” is multiplied by 8 (which is 
equivalent to left-shift three bits) to obtain “1000 0000”. 
Taking “1000 0000 as the gain signal, the duty cycle to 
voltage converter 276 converts “1000 0000 into an analog 
type and outputs it as the control voltage Vco1. It should be 
noticed that in the present embodiment, the duty cycle to 
Voltage converter 276 does not receive the dimming signal 
Sdim, so as to reduce a complexity of a circuit design. 

According to the above description, a driving method for 
the driving apparatus 200 can be deduced. FIG. 3A is a 
flowchart illustrating a driving method according to an 
embodiment of the present invention. Referring to FIG. 2A 
and FIG. 3A, the driving apparatus 200 receives the dim 
ming signal Sdim, and whether the driving apparatus 200 
performs the dimming can be detected according to the 
dimming signal Sdim (step S301). When the driving appa 
ratus 200 performs the dimming, the outputting time of the 
driving currents are equally allotted in a period (step S302), 
and the driving apparatus 200 can output the driving currents 
I-I, to respectively drive the LED strings 50 1-50 n. When 
the driving apparatus 200 does not perform the dimming, the 
driving method is ended. 

FIG. 3B is a flowchart illustrating a driving method 
according to another embodiment of the present invention. 
Referring to FIG. 3A and FIG. 3B, a difference there 
between lies in steps S311, S312 and S313. When the 
driving apparatus performs the dimming, it is determined 
whether the duty cycle of the dimming signal is Smaller than 
the predetermined value (step S311). If the duty cycle of the 
dimming signal is not smaller than the predetermined value, 
the driving currents are simultaneously output during the 
period, and the current magnitudes of the driving currents 
are regulated according to the dimming signal (step S312). 
If the duty cycle of the dimming signal is Smaller than the 
predetermined value, the outputting time of the driving 
currents are equally allotted in the period, and the current 
magnitudes of the driving currents are correspondingly 
regulated (step S313). Wherein, the aforementioned embodi 
ments can be referred for the steps S312 and S313, and 
therefore detailed descriptions thereof are not repeated. 

In Summary, according to the driving apparatus of the 
LED of the present invention and the driving method 
thereof, when the driving apparatus performs the dimming 
and the duty cycle of the dimming signal is Smaller than the 
predetermined value, the outputting time of the driving 
currents are equally allotted in the period, and the current 
magnitude of each of the driving currents is correspondingly 
regulated. When the driving apparatus performs the dim 
ming and the duty cycle of the dimming signal is equal to or 
greater than the predetermined value, the driving currents 
are simultaneously output in the period, and the current 
magnitude of each of the driving currents is regulated 
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according to the dimming signal. By Such means, the audio 
noise and the EMI caused by excessive variation of a sum of 
the driving currents are Suppressed. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure of 
the present invention without departing from the scope or 
spirit of the invention. In view of the foregoing, it is intended 
that the present invention cover modifications and variations 
of this invention provided they fall within the scope of the 
following claims and their equivalents. 

What is claimed is: 
1. A driving method of a light-emitting diode (LED), 

adapted to a driving apparatus, the driving method compris 
1ng: 

detecting whether the driving apparatus performs dim 
ming: 

if the driving apparatus is detected to perform dimming, 
determining whether a predetermined requirement for 
dimming control is met or not; 

when the predetermined requirement for dimming control 
is not met, regulating respective current magnitudes of 
a plurality of driving currents, and outputting each of 
the driving currents for a full time of a period; and 

when the predetermined requirement for dimming control 
is met, outputting each of the driving currents for a 
partial time of a period. 

2. The driving method of the LED as claimed in claim 1, 
wherein 

the driving method further comprises receiving a dim 
ming signal, and 

the step of determining whether the predetermined 
requirement for dimming control is met or not is 
performed according to the dimming signal. 

3. The driving method of the LED as claimed in claim 2, 
wherein the step of determining whether the predetermined 
requirement for dimming control is met or not according to 
the dimming signal comprises determining whether a duty 
cycle of the dimming signal is Smaller than a predetermined 
value or not 

4. The driving method of the LED as claimed in claim 1, 
wherein in a situation where the predetermined requirement 
for dimming control is not met, the respective current 
magnitudes of the plurality of driving currents are regulated 
according to the dimming signal. 

5. The driving method of the LED as claimed in claim 4, 
wherein in the situation where the predetermined require 
ment for dimming control is not met, the respective current 
magnitudes of the plurality of driving currents are deter 
mined according to the duty cycle of the dimming signal. 

6. The driving method of the LED as claimed in claim 1, 
further comprising: 

in a situation where the predetermined requirement for 
dimming control is met, arranging a respective current 
magnitude and a respective outputting time of each of 
the driving currents in a period according to the dim 
ming signal. 

7. The driving method of the LED as claimed in claim 6, 
wherein in the situation where the predetermined require 
ment for dimming control is met, the respective current 
magnitude and the respective outputting time of each of the 
driving currents in the period are determined according to 
the duty cycle of the dimming signal. 

8. The driving method of the LED as claimed in claim 1, 
further comprising: regardless of whether each of the driving 
currents is output for the full time or the partial time of the 
period, maintaining a Sum of the driving currents calculated 
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for a period approximately to a fixed value for a same duty 
cycle of the dimming signal. 

9. A driving method of a light-emitting diode (LED), 
adapted to a driving apparatus, the driving method compris 
ing: 

receiving a dimming signal; 
detecting whether the driving apparatus performs dim 

ming: 
if the driving apparatus is detected to perform dimming, 

regulating at least one of a respective current magni 
tude and a respective outputting time of each of a 
plurality of driving currents in a period according to a 
duty cycle of the dimming signal. Such that a sum of the 
driving currents calculated for a period is substantially 
proportional to the duty cycle of the dimming signal. 

10. The driving method of the LED as claimed in claim 
9, wherein 

in at least one of the regulations, only the respective 
current magnitude of each of the driving currents is 
regulated according to the duty cycle of the dimming 
signal, and 

in at least another one of the regulations, both the respec 
tive current magnitude and the outputting time of each 
of the driving currents in the period are regulated 
according to the duty cycle of the dimming signal. 

11. The driving method of the LED as claimed in claim 
9, wherein 

in at least one of the regulations, each of the driving 
currents is output for a full time of the period, and 

in at least another one of the regulations, each of the 
driving currents is output for a partial time of the 
period. 

12. The driving method of the LED as claimed in claim 
11, wherein whether each of the driving currents is output 
for the partial time of the period or the full time of the period 
is determined according to whether the duty cycle of the 
dimming signal is Smaller than a predetermined value or 
not. 

13. The driving method of the LED as claimed in claim 
11, wherein for the regulations for a same duty cycle of the 
dimming signal, regardless of whether each of the driving 
currents is output for the full time or the partial time of the 
period, a Sum of the driving currents calculated for the 
period is substantially maintained to a fixed value. 

14. A driving circuit for driving a plurality of light 
emitting diodes (LEDs), the driving circuit comprising: 

a plurality of switches, used to be coupled to the LEDs; 
a dimming detector, for receiving a dimming signal and 

outputting a dimming mode signal according to the 
dimming signal; 

a current control unit, for outputting a plurality of control 
signals according to the dimming mode signal and the 
dimming signal, wherein the control signals respec 
tively control conducting states of the Switches, 

wherein the driving circuit filrther comprises a current 
driving unit coupled between the switches and the 
current control unit, and the current control unit further 
outputs a control voltage according to the dimming 
mode signal and the dimming signal, wherein the 
control voltage controls the current driving unit to 
regulate a plurality of driving currents for driving the 
LEDs. 

15. The driving circuit as claimed in claim 14, wherein 
the driving circuit further comprises a current driving unit 

coupled between the switches and the current control 
unit, and 
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the current control unit further outputs a control Voltage 

according to the dimming mode signal and the dim 
ming signal, wherein the control Voltage controls the 
current driving unit to regulate a plurality of driving 
currents for driving the LEDs. 

16. The driving circuit as claimed in claim 14, wherein the 
dimming detector detects whether dimming is performed 
according to the dimming signal and outputs the dimming 
mode signal according to the detection result. 

17. The driving circuit as claimed in claim 16, wherein the 
dimming detector detects whether dimming is performed by 
detecting a duty cycle of the dimming signal. 

18. The driving circuit as claimed in claim 16, wherein the 
dimming detector further detects whether a duty cycle of the 
dimming signal is Smaller than a predetermined value or not 
So as to output the dimming mode signal to the current 
control unit for arranging the status of the Switches. 

19. The driving circuit as claimed in claim 18, wherein 
20 A driving circuit for driving a plurality of light-emitting 
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diodes (LEDs), the driving circuit comprising: 
a plurality of switches, used to be coupled to the LEDs, 
a dimming detector, for receiving a dimming signal and 

outputting a dimming mode signal according to the 
dimming signal 

a current control unit, for outputting a plurality of control 
signals according to the dimming mode signal and the 
dimming signal, wherein the control signals respec 
tively control conducting states of the Switches, 

wherein the dimming detector detects whether dimming is 
performed according to the dimming signal and outputs 
the dimming mode signal according to the detection 
result, the dimming detector further detects whether a 
duty cycle of the dimming signal is smaller than a 
predetermined value or not so as to output the dimming 
mode signal to the current control unit for arranging 
the status of the Switches, and the dimming detector 
detects whether the duty cycle of the dimming signal is 
Smaller than the predetermined value or not so as to 
further output the dimming signal to the current control 
unit, such that the current control unit controls the 
current driving unit to regulate driving currents for 
driving the LEDs. 

20. The driving circuit as claimed in claim 18, wherein in 
a situation where the dimming detector detects that dimming 
is performed and the duty cycle of the dimming signal is 
smaller than the predetermined value, the current control 
unit outputs the control signals to control the Switches to be 
conducted for a partial time of a period. 

21. The driving circuit as claimed in claim 18, wherein in 
a situation where the dimming detector detects that dimming 
is performed and the duty cycle of the dimming signal is the 
duty cycle of the dimming signal is not smaller than the 
predetermined value, the current control unit outputs the 
control signals to control each of the Switches to be con 
ducted for a full time of a period. 

22. The driving circuit as claimed in claim 19, wherein in 
a situation where the dimming detector detects that dimming 
is performed and the duty cycle of the dimming signal is the 
duty cycle of the dimming signal is smaller than the 
predetermined value, the current control unit outputs the 
control signals to control each of the Switches to be con 
ducted for a partial time of a period. 

23. The driving circuit as claimed in claim 19, regardless 
of whether a duty cycle of the dimming signal is Smaller than 
the predetermined value or not, the driving currents are 
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regulated such that a sum of the driving currents calculated 
for the period is substantially proportional to the duty cycle 
of the dimming signal. 

24. An electronic device, comprising 
the driving circuit as claimed in claims 14; and 
a plurality of light-emitting diodes coupled to and driven 
by the driving circuit. 

25. A driving circuit for driving a plurality of light 
emitting diodes (LEDs), the driving circuit comprising: 

a plurality of switches, coupled to the LEDs; 
a dimming detector, receiving a dimming signal and 

detecting a dimming control, and 
a current control unit, coupled to the dimming detector, 
and responsive to a detection of the dimming control to 
output a plurality of control signals, wherein the Con 
trol signals respectively control conducting states of the 
switches, 

wherein the driving circuit further comprises a current 
driving unit coupled between the switches and the 
current control unit, the current control unit further 
outputs a control voltage in response to the detection of 
the dimming control, and the control voltage controls 
the current driving unit to regulate a plurality of 
driving currents for driving the LEDs. 

26. The driving circuit as claimed in claim 25, wherein the 
current control unit controls the conducting state of each of 
the switches for a partial time of a period. 

27. The driving circuit as claimed in claim 26, wherein 
conducting times of the switches are substantially equal to 
each other: 

28. The driving circuit as claimed in claim 26, wherein 
conducting times of any two of the Switches are not Over 
lapped. 

29. The driving circuit as claimed in claim 26, wherein the 
driving currents flowing through the switches are substan 
tially equal to each other: 
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30. The driving circuit as claimed in claim 29, wherein a 

sum of current magnitudes of the driving currents flowing 
through the switches is substantially constant over the 
period. 

31. The driving circuit as claimed in claim 25, wherein the 
dimming detector further detects a predetermined condition 
according to the dimming signal for determining ways of the 
dimming control. 

32. The driving circuit as claimed in claim 31, wherein the 
dimming detector detects the predetermined condition by 
detecting a duty cycle of the dimming signal. 

33. The driving circuit as claimed in claim 32, wherein the 
current control unit arranges the conducting States of the 
switches according to detection result of the predetermined 
condition. 

34. The driving circuit as claimed in claim 33, wherein the 
current control unit controls the current driving unit to 
regulate the driving currents for driving the LEDs according 
to the detection result of the predetermined condition. 

35. The driving circuit as claimed in claim 33, wherein 
when a first predetermined condition is detected, the current 
control unit outputs the control signals to Control the 
switches to be conducted for a partial time of a period. 

36. The driving circuit as claimed in claim 35, wherein 
when a second predetermined condition is detected, the 
current control unit outputs the control signals to control 
each of the switches to be conducted for a full time of a 
period. 

37. The driving circuit as claimed in claim 36, regardless 
of the first predetermined condition or the second predeter 
mined condition is detected, the driving currents are regul 
lated such that a sum of the driving currents calculated for 
the period is substantially proportional to the duty cycle of 
the dimming signal. 
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