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(54) LIGHT-EMITTING DIODE LIGHTING DEVICE HAVING MULTIPLE DRIVING STAGES

(57)  An LED lighting device (100) includes multiple
driving stages (ST1...STn+1). A first driving stage (ST1)
includes a first luminescent device (A1) driven by a first
current (ISA1), a second luminescent device (B1) driven
by a second current (ISB1), a path-controller (D1) for
conducting a third current, a first current controller
(CCA1) for regulating the first current, and a second cur-
rent controller (CCB1) for regulating the second current.
The second driving stage includes a third current con-
troller (CCn+1) coupled in series to the first driving stage
and configured to conduct and regulate a fourth current.
When the path-controller is turned off, the third current
is zero, and the fourth current is equal to the sum of the
first current and the second current. When the path-con-
troller is turned on, the first current, the second current,
the third current and the fourth current is equal.
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Description
Background of the Invention
1. Field of the Invention

[0001] The presentinvention is related to an LED lighting device having multiple driving stages, and more particularly,
to an LED lighting device having multiple driving stages for providing wide effective operational voltage range without
causing image flicker and uniformity issue.

2. Description of the Prior Art

[0002] Compared to traditional incandescent bulbs, light-emitting diodes (LEDs) are advantageous in low power con-
sumption, long lifetime, small size, no warm-up time, fast reaction speed, and the ability to be manufactured as small
or array devices. In addition to outdoor displays, traffic signs, and liquid crystal display (LCD) for various electronic
devices such as mobile phones, notebook computers or personal digital assistants (PDAs), LEDs are also widely used
as indoor/outdoor lighting devices in place of fluorescent of incandescent lamps.

[0003] An LED lighting device is normally driven by a rectified alternative-current (AC) voltage and adopts a plurality
of LEDs coupled in series in order to provide required luminance. In a conventional method for driving an LED lighting
device, the LEDs may be light up in steps in order to increase the effective operational voltage range. The LEDs which
are turned on more frequently are aged faster than those which are turned on less frequently, thereby causing uniformity
issue. Image flicker may also occur at low rectified AC voltage when not all LEDs are light up. Therefore, there is a need
for an LED lighting device capable of improving the effective operational voltage range without causing image flicker
and uniformity issue.

Summary of the Invention

[0004] The presentinvention provides an LED lighting device having a first driving stage and a second driving stage.
The first driving stage includes a first luminescent device for providing light according to a first current; a second lumi-
nescent device for providing light according to a second current; a first current controller coupled in series to the first
luminescent device and configured to regulate the first current so that the first current does not exceed a first value; a
second current controller coupled in series to the second luminescent device and configured to regulate the second
current so that the second current does not exceed a second value; a first path-controller configured to conduct a third
current and comprising a first end coupled between the second luminescent device and the second current controller;
and a second end coupled to the first current controller. The second driving stage includes a third current controller
coupled in series to the first driving stage and configured to conduct a fourth current and regulate the fourth current so
that the fourth current does not exceed a third value. When the first path-controller is turned off, the third current is zero,
and the fourth current is equal to a sum of the first current and the second current. When the first path-controller is turned
on, the first current, the second current, the third current and the fourth current is equal.

[0005] These and other objectives of the present invention will no doubt become obvious to those of ordinary skill in
the art after reading the following detailed description of the preferred embodiment that is illustrated in the various figures
and drawings.

Brief Description of the Drawings
[0006]

Fig. 1 is a diagram of an LED lighting device according to an embodiment of the present invention.

FIGs. 2~6 are diagrams illustrating the operation of the multiple driving stages.

Fig. 7 is a diagram illustrating the overall operation of the LED lighting device according to the present invention.
Fig. 8 is a diagram of an LED lighting device according to another embodiment of the present invention.

Detailed Description

[0007] Fig. 1 is a diagram of an LED lighting device 100 according to an embodiment of the present invention. The
LED lighting device 100 includes a power supply circuit 110 and (N+1) driving stages ST4~STy.4 (N is a positive integer).
The power supply circuit 110 is configured to receive an AC voltage VS having positive and negative periods and convert
the output of the AC voltage VS in the negative period using a bridge rectifier 112, thereby providing a rectified AC



10

15

20

25

30

35

40

45

50

55

EP 2 941 098 A2

voltage V¢, whose value varies periodically with time, for driving the (N+1) driving stages. In another embodiment, the
power supply circuit 110 may receive any AC voltage VS, perform voltage conversion using an AC-AC converter, and
rectify the converted AC voltage VS using the bridge rectifier 112, thereby providing the rectified AC voltage V¢ whose
value varies periodically with time. The configuration of the power supply circuit 110 does not limit the scope of the
present invention.

[0008] Each of the 15t to Nth driving stages ST4~STy includes a plurality of luminescent devices, a path controller, a
first-type current controller and a second-type current controller. The (N+1)th driving stage STy, includes a third-type
current controller. Each first-type current controller includes an adjustable current source and a current detection and
control unit. Each second-type current controller includes an adjustable current source and a voltage detection and
control unit. The third-type current controller includes an adjustable current source and a detection and control unit.
[0009] For illustrative purposes, the following symbols are used to represent each device in the LED lighting device
100 throughout the description and figures. A;~Ay and B4~By represent the luminescent devices in the corresponding
driving stages ST,~ST\, respectively. D4~Dy represent the path-controllers in the corresponding driving stages ST~ST),,
respectively. CCA,~CCAy represent the first-type current controllers in the corresponding driving stages ST~STy,,
respectively. CCB,~CCBy, represent the second-type current controllers in the corresponding driving stages ST{~STy,,
respectively. CCy4 represents the third-type current controller in the (N+1)t" driving stage STy,4.ISA{~ISAy represent
the adjustable current sources in the corresponding first-type current controllers CCA,~CCAy, respectively. ISB~ISBy
represent the adjustable current sources in the corresponding second-type current controllers CCB~CCBy, respectively.
IS+ represents the adjustable current source in the third-type current controller CCy,1. UNA;~UNA represent the
current detection and control units in the corresponding first-type current controllers CCA~CCAy, respectively.
UNB~UNBy represent the voltage detection and control units in the corresponding second-type current controllers
CCB,~CCBy,, respectively. UNy. represents the detection and control unit in the (N+1)th driving stage ST+

[0010] For illustrative purposes, the following symbols are used to represent related current/voltage in the LED lighting
device 100 throughout the description and figures. V|~V yn represent the voltages established across the 15t to Nth
driving stages ST~STy, respectively. Vx~Vakn represent the voltages established across the corresponding first-
type current controllers CCA{~CCAy, respectively. Vgik1~Vpkn represent the voltages established across the corre-
sponding second-type current controllers CCB4~CCBy, respectively. V- represents the voltage established across the
third-type current controller CCy+4. lak1~lakn represent the current flowing through the corresponding first-type current
controllers CCA~CCA, respectively. lg1~Igkn represent the current flowing through the corresponding second-type
current controllers CCB~CCB\, respectively. |51~Io\ represent the current flowing through the corresponding lumines-
cent devices A~Ay, respectively. Ig4~Igy represent the current flowing through the corresponding luminescent devices
B4~By, respectively. Ip4~lpy represent the current flowing through the corresponding path controllers D4~Dy, respec-
tively. Isymi~lsumn represent the current flowing through the corresponding driving stages ST~STy, respectively. The
overall current of the LED lighting device 100 may be represented by Ig yn-

[0011] In the 15t to Nt driving stages ST{~STy, the current detection and control units UNA~UNA, respectively
coupled in series to the corresponding luminescent devices A;~Ay and the corresponding adjustable current sources
ISA1~ISAy, are configured to regulate the values of the adjustable current sources ISA;~ISAy according the current
lak1~lakns respectively. The voltage detection and control units UNB,~UNBy;, respectively coupled in series to the
corresponding luminescent devices B4~By and in parallel with the corresponding adjustable current sources ISB4~ISBy,,
are configured to regulate the values of the adjustable current sources ISB4~ISBy according the voltages Vgx1~Vgkn:
respectively.

[0012] In the (N+1)th driving stage ST+, the adjustable current source 1Sy, 4 is coupled in series to the 15t to Nth
driving stages ST4~STy. In a first configuration, the detection and control unit UNy.4 of the third-type current controller
CCp+q may be coupled in series to the adjustable current source ISy,4 and is configured to regulate the value of the
adjustable current source 1Sy,4 according the current Ign- In @ second configuration, the detection and control unit
UNy.1 of the third-type current controller CCy .1 may be coupled in parallel with the adjustable current source ISy, 1 and
is configured to regulate the value of the adjustable current source ISy,4 according the voltage V. Fig. 1 depicts the
embodiment adopting the first configuration, but does not limit the scope of the present invention.

[0013] In the embodiment of the present invention, each of the luminescent devices Aj~Ay and B4~By may adopt a
single LED or multiple LEDs coupled in series, in parallel, or in array. Fig. 1 depicts the embodiment using multiple LEDs,
but do not limit the scope of the present invention.

[0014] Inthe embodiment of the presentinvention, each of the path-controllers D,~Dy may adopt a diode or any device
providing similar function. The embodiment of the path-controllers D,~Dy does not limit the scope of the present invention.
[0015] FIGs. 2~5 are diagrams illustrating the operation of the 1st to Nt driving stages ST~STy. The driving stage
ST, is used forillustrative purpose, wherein FIG. 2 illustrates the current-voltage curve (I-V curve) of the first-type current
controller CCA4, FIG. 3illustrates the |-V curve of the second-type current controller CCB4, FIG. 4 illustrates the equivalent
circuits of the 15t driving stage ST, during different phases of operation, and FIG. 5 illustrates the |-V curve of the 1st
driving stage ST,4. FIG. 6 is a diagram illustrating the operation of the current controller CCy,4 in the (N+1)t" driving
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stages STy+1- Vprorar Vbrore @Nd Vpropc represent the drop-out voltages for turning on the first-type current controller
CCA,, the second-type current controller CCB, and the third-type current controller CCBy ¢, respectively. Vorra, Vorrs
and Vg represent the threshold voltages based on which the first-type current controller CCA, or the second-type
current controller CCB, switch operational modes. Iggtaq, Isete1 @nd Iggtc are constant values which represent the
current settings of the first-type current controller CCA,, the second-type current controller and the third-type current
controller CCy,¢, respectively. An arrow R indicates the rising period of the voltage Vx4, Vi1 Or Vek. An arrow L
indicates the falling period of the voltage Va4, Vi1 OF Ve

[0016] In FIG. 2, during the rising and falling periods of the voltage Vx4 when 0<V1<Vpropa, the first-type current
controller CCA, is not completely turned on and operates as a voltage-controlled device in a linear mode in which the
current |54 changes with the voltage V4 in a specific manner.

[0017] During the rising and falling periods of the voltage Vx4 when Vp,1>Vpropas the current |54 reaches Iggtaqs
and the first-type current controller CCA, switches to a constant-current mode and functions as a current limiter. The
current detection and control unit UNA, is configured to clamp the current 1,4 at Iggta4- For example, in response to
an increase in the current Ip, the current detection and control unit UNA; may decrease the value of the adjustable
current source ISA; accordingly. Similarly, in response to a decrease in the current Ip4, the current detection and control
unit UNA; may increase the value of the adjustable current source ISA; accordingly. Therefore, the current 15,4
(=lp1+I1SA,) flowing through the 1st driving stage ST, may be maintained at the constant value Iggt4 instead of changing
with the voltage V.

[0018] During the rising period of the voltage Vp before the current I, reaches Iggta4, the current detection and
control unit UNA, turns on the adjustable current source ISA; and the current controller CCA, functions as a current
limiter in the constant-current mode in which the current Iz« (=lseTaq+Ip1) is clamped at a constant value of Iggta4.
When the current I reaches IggTaq, the current detection and control unit UNA, turns off the adjustable current source
ISA; and the current controller CCA; switches to a cut-off mode in which the current 14 increases with the current I .
[0019] During the falling period of the voltage V54 before the current I drops Igg1a ¢, the current detection and control
unit UNA, turns off the adjustable current source ISA, and the current controller CCA, operates in the cut-off mode in
which the current |54 decreases with the current In4. When the current Iy drops to Iggta4, the current detection and
control unit UNA, turns on the adjustable current source ISA; and the current controller CCA, functions as a current
limiter in the constant-current mode in which the current |5k is clamped at a constant value of Iggra4-

[0020] InFIG. 3, during the rising and falling cycles of the voltage Vg4 When 0<Vgy1<Vpropg, the second-type current
controller CCB, is not completely turned on and operates as a voltage-controlled device in the linear mode in which the
current Igk4 changes with the voltage Vg4 in a specific manner.

[0021] During the rising period of the voltage Vg, when Vgk1>Vpropg. the current Igk4 reaches Igerg4, and the current
controller CCB, switches to the constant-current mode and functions as a current limiter. The voltage detection and
control unit UNB is configured to clamp the current Igk4 at IsgTg+-

[0022] During the rising period of the voltage Vg4 when Vge1>Veep, the voltage detection and control unit UNB, is
configured to turn off the adjustable current source ISB, and the second-type current controller CCB, switches to the
cut-off mode. In other words, the second-type current controller CCB, functions as an open-circuited device. During the
falling cycle of the voltage Vgkq when Vgyk1<Vong, the voltage detection and control unit UNB, is configured to turn on
the adjustable current source ISB and the current controller CCB,4 switches to the constant-current mode and functions
as a current limiter, thereby clamping the current Igk at Isetg. The threshold voltage Vg is larger than or equal to
the threshold voltage Voegg. In an embodiment, a non-zero hysteresis band (Vong-Vorrg) May be provided in order to
prevent the second-type current controller CCB, from frequently switching operational modes due to fluctuations in the
voltage Vgk1.

[0023] In FIG. 4, when the 1St driving stage ST, operates in a first phase with V1<V,y,<V2, the luminance device A,
is coupled in parallel with the luminance device B, as depicted on the left of FIG.4. When the 15t driving stage ST,
operates in a second phase with V|y1>V3, the luminance device A, is coupled in series to the luminance device B4, as
depicted on the right of FIG.4.

[0024] InFIG. 5, during the rising period when the voltage V|, is low, the luminance device A;, the luminance device
B4 and the path-controller D, remain off. During the rising period as the voltage V |y reaches a turn-on voltage V4 which
is the sum of the cut-in voltage for turning on the luminance device A and the cut-in voltage for turning on the first-type
current controller CCA4, the first-type current controller CCA, and the luminance device A, are turned on, allowing the
current |54 to gradually increase with the voltage V|y4 until reaching Iggta4; during the rising period as the voltage V4
reaches a turn-on voltage Vg, which is the sum of the cut-in voltage for turning on the luminance device B, and the cut-
in voltage for turning on the second-type current controller CCB,, the second-type current controller CCB, and the
luminance device B4 are turned on, allowing the current lg4 to gradually increase with the voltage V4 until reaching
IseTr1- With the path controller D1 still off, the current Ig,¢ is equal to the sum of the current |54 and the current Iz,
wherein the current 154 is regulated by the current controllers CCA; and the current lg4 is regulated by the current
controllers CCB. The value of the turn-on voltage V4 may be equal to or different from that of the turn-on voltage Vg;.
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In other words, the current Ig 4 Starts to increase at a voltage V1 which is equal to the smaller one among the turn-on
voltage V1 and the turn-on voltage Vgy.

[0025] During therising period when the voltage V4 reaches V2 so that Vg 1=V org, the second-type current controller
CCB; switches to the cut-off mode in which the current 154 is directed towards the path-controller D4, thereby turning on
the path-controller D1. The current Ig 44 is equal to the current Iz, wherein both the current 1,4 and the current Iz, are
regulated by the first-type current controller CCA,. As the current 1, flows through the path-controller D, the current
Ipq gradually increases with the voltage V 4. In response, the first-type current controller CCA, decreases the value of
the adjustable current source ISA, accordingly, so that the overall current 1,y is still maintained at the constant value
IseTa1- When the value of the current source ISA drops to zero at V|1=V3, the first-type current controller CCA, switches
to the cut-off mode. The current Ig¢ is now regulated by the subsequent driving stage.

[0026] In FIG. 6, during the rising and falling periods of the voltage Vi when 0<V<Vprope, the third-type current
controller CCy,4 is not completely turned on and operates as a voltage-controlled device in the linear mode in which
the current I changes with the voltage V in a specific manner. During the rising and falling cycles of the voltage V¢
when V>Vprope the current Ik reaches Igetc, and the third-type current controller CCy .4 switches to the constant-
current mode and functions as a current limiter.

[0027] Fig. 7 is a diagram illustrating the overall operation of the LED lighting device 100 according to the present
invention. The embodiment when N=2 is used for illustrative purpose. Since the voltages Vy1~Vin2: Vak1~Vako:
Viek1~Veko and Vi are associated with the rectified AC voltage V- whose value varies periodically with time, a cycle
of ty-t14 is used for illustration, wherein the period between ty-t5 belongs to the rising period of the rectified AC voltage
V¢ and the period between tg-t;4 belongs to the falling period of the rectified AC voltage Vc.

[0028] Beforeto, therectified AC voltage V 5¢ is low and the voltages V|1~V |n2 are insufficient to turn on the luminescent
devices A;~A, and B4~B, or the current controllers CCA;~CCA,, CCB4~CCB, and CCj. Therefore, all the 3 driving
stages ST1~ST3 operate in the cut-off mode, and the overall current I,y Of the LED lighting device 100 is zero.
[0029] Between ty~t;, all 3 driving stages ST~ST5 operate in the linear mode in which the overall current g,y Of
the LED lighting device 100 increases with the rectified AC voltage V¢ in a specific manner. Between t;~t,, the first
driving stage ST, switches to the constant-current mode and the current Ig 4 is maintained at a constant value
(Isum1=lseTa1+!seTR1) regardless of the level of the rectified AC voltage V. Therefore, the overall current Igy Of the
LED lighting device 100 is regulated by the current controllers CCA, and CCB,4 between ty~t.

[0030] Between ty~t5, the first driving stage ST, switches to the cut-off mode, while the second and third driving stages
ST,.ST; remain operating in the linear mode in which the overall current Ig;,,\ of the LED lighting device 100 increases
with the rectified AC voltage V¢ in a specific manner. Between t3~t,, the second driving stage ST, switches to the
constant-current mode and the current Ig 2 is maintained at a constant value (Igypo=lseTas*seTr2) regardless of the
level of the rectified AC voltage V¢. Therefore, the overall current Ig )y Of the LED lighting device 100 is regulated by
the current controllers CCA, and CCB, between ty~,4.

[0031] Between t4~t5, the second driving stage ST, switches to the cut-off mode, while the third driving stage ST,
remain operating in the linear mode in which the overall current Ig 4y Of the LED lighting device 100 increases with the
rectified AC voltage V¢ in a specific manner. Between tg~tg, the third driving stage ST5 switches to the constant-current
mode and the current Igy is maintained at a constant value (Igypyn=lseTc) regardless of the level of the rectified AC
voltage V5. Therefore, the overall current Ig, Of the LED lighting device 100 is regulated by the current controller CCs.
[0032] The intervals ty~t4, ty~ty, to~t3, t3~t, and ty~t5 during the rising period correspond to the intervals t{g~t{4, tg~t4q,
tg~tg, t;~tg and tg~t; during the falling period, Therefore, the operation of the LED lighting device 100 during tg-t;; is
similar to that during ty~t5, as detailed in previous paragraphs.

[0033] In an embodiment of the present invention, the current settings of the LED lighting device 100 may have the
following relationship: (Isgra1+lseTg1)<(IseTa2*lseTB2) <ISETC-

[0034] The following table summarizes the operational modes and phases of the 15t to 3" driving stages ST~STj,
wherein mode 1 represents the linear mode, mode 2 represents the constant-current mode, and mode 3 represents the
cut-off mode. Phase 1 and phase 2 respectively represent the first phase and the second phase in the operation of the
equivalent circuits of the 1t driving stage ST, depicted in FIG. 4.

t0~t1 t1~t2 t2~t3 t3~t4 t4~t5 t5~t6
t10~t11 t9~t10 t8~t9 t7~t8 t6~t7

1st driving stage | mode 1 mode 2 | mode 3 | mode 3 | mode 3 | mode 3

phase 1 phase 2

2nd driving stage | mode 1 mode 1 | mode 1 | mode 2 | mode 3 | mode 3

phase 1 phase 2
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(continued)

t0~t1 t1~t2 t2~t3 t3~t4 t4~t5 t5~t6
t10~t11 t9~t10 t8~t9 t7~t8 t6~t7

3rd driving stage | mode 1 mode 1 | mode 1 | mode 1 | mode 1 | mode 2

[0035] Fig. 8 is a diagram of an LED lighting device 200 according to another embodiment of the present invention.
Similar to the LED lighting device 100 depicted in FIG. 1, the LED lighting device 200 also includes a power supply circuit
110 and (N+1) driving stages ST4~STy.1 (N is a positive integer). However, the LED lighting device 200 differs from the
LED lighting device 100 in that each of the 15t to Nth driving stages ST~ST), includes a plurality of luminescent devices,
a path controller, and two first-type current controllers. Each first-type current controller includes an adjustable current
source and a current detection and control unit, and its |-V curve may also be shown in FIG. 2. In the first-type current
controller represented by CCA{~CCAy, the current detection and control units UNA;~UNAy, respectively coupled in
series to the corresponding luminescent devices A~Ay and the corresponding adjustable current sources ISA~ISAy,
are configured to regulate the values of the adjustable current sources ISA~ISAy according the current |yq~lakn,
respectively. In the first-type current controller represented by CCA'~CCA/, the current detection and control units
UNA,~UNA/, respectively coupled in series to the corresponding luminescent devices B4~By and the corresponding
adjustable current sources ISA{'~ISAy/, are configured to regulate the values of the adjustable current sources
ISA{'~ISA\’ according the current Ig1~lgkn, respectively. The overall operation of the LED lighting device 200 may also
be shown in FIG. 7.

[0036] With the above-mentioned multi-stage driving scheme, all luminance devices may be simultaneously light up
and the overall current may be flexibly regulated by corresponding current controllers. Therefore, the LED lighting device
of the present invention may improve the effective operational voltage range without causing image flicker and uniformity
issue.

[0037] Other aspects of the invention are defined in the following numbered statements:

Statement 1. A light-emitting diode (LED) lighting device having multiple driving stages, comprising:
a first driving stage including:

a first luminescent device for providing light according to a first current;

a second luminescent device for providing light according to a second current;

a first current controller coupled in series to the first luminescent device and configured to regulate the first
current so that the first current does not exceed a first value;

a second current controller coupled in series to the second luminescent device and configured to regulate
the second current so that the second current does not exceed a second value;

a first path-controller configured to conduct a third current and comprising:

a first end coupled between the second luminescent device and the second current controller; and a second
end coupled to the first current controller; and
a second driving stage including:

a third current controller coupled in series to the first driving stage and configured to conduct a fourth current
and regulate the fourth current so that the fourth current does not exceed a third value.

Statement 2. The LED lighting device of statement 1, wherein:

during arising period or a falling period of a rectified alternative-current (AC) voltage when the voltage established
across the first current controller does not exceed a first voltage, the first current controller operates in a first
mode in which the first current changes with the voltage established across the first current controller;

during the rising period or the falling period when the third current does not exceed the first value, the first
current controller operates in a second mode in which the first current is maintained at the first value; and
during the rising period or the falling period when the third current exceeds the first value, the first current
controller operates in a third mode in which the first current controller is turned off.

Statement 3. The LED lighting device of any preceding statement, wherein:



10

15

20

25

30

35

40

45

50

55

EP 2 941 098 A2

during a rising period or a falling period of a rectified AC voltage when a voltage established across the second
current controller does not exceed a third voltage, the second current controller operates in a first mode in which
the second current changes with the voltage established across the second current controller;

during the rising period when the voltage established across the second current controller exceeds the third
voltage but does not exceed a fourth voltage, the second current controller operates in a second mode in which
the second current is maintained at the second value; and

during the rising period when the voltage established across the second current controller exceeds the fourth
voltage, the second current controller operates in a third mode in which the second current controller is turned off.

Statement 4. The LED lighting device of any preceding statement, wherein:

during the falling period when the voltage established across the second current controller exceeds the third
voltage but does not exceed a fifth voltage, the second current controller operates in the second mode in which
the second current is maintained at the second value, and the fifth voltage is larger than or equal to the fourth
voltage.

Statement 5. The LED lighting device of any preceding statement, wherein:

during a rising period or a falling period of a rectified AC voltage when the voltage established across the third
current controller does not exceed a sixth voltage, the third current controller operates in a first mode in which
the fourth current changes with the voltage established across the second current controller; and

during the rising period or the falling period when the voltage established across the third current controller
exceeds the sixth voltage, the third current controller operates in a second mode in which the fourth current is
maintained at the third value.

Statement 6. The LED lighting device of any preceding statement, wherein the first current controller includes:
a first adjustable current source configured to conduct a fifth current; and
a first detection and control unit configured adjust the fifth current according to the first current or the third

current, and comprising:

a first end coupled to the second end of the first path-controller and the first adjustable current source; and
a second end coupled to the first luminescent device.

Statement 7. The LED lighting device of any preceding statement, wherein the second current controller includes:
a second adjustable current source configured to conduct a sixth current; and
a second detection and control unit coupled in parallel with the second adjustable current and configured adjust
the sixth current according to a voltage established across the second current controller.
Statement 8. The LED lighting device of any preceding statement, wherein:
the first current controller includes:
a first adjustable current source configured to conduct a fifth current; and
a first detection and control unit configured adjust the fifth current according to the first current or the third
current, and comprising:
a first end coupled to the second end of the first path-controller and the first adjustable current source; and
a second end coupled to the first luminescent device; and
the second current controller includes:
a second adjustable current source configured to conduct a sixth current; and
a second detection and control unit coupled in series to the second adjustable current and configured adjust

the sixth current according to the second current or the third current.

Statement 9. The LED lighting device of any preceding statement, wherein the third current controller includes:
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a third adjustable current source configured to conduct the fourth current; and
a third detection and control unit coupled in series to the third adjustable current source and configured to control
the third adjustable current source according to the fourth current.

Statement 10. The LED lighting device of any preceding statement, further comprising a third driving stage coupled
between the first driving stage and the second driving stage, and includes:

a third luminescent device for providing light according to a seventh current;

a fourth luminescent device for providing light according to an eighth current;

afourth current controller coupled in series to the third luminescent device and configured to regulate the seventh
current so that the seventh current does not exceed a fourth value;

a fifth current controller coupled in series to the fourth luminescent device and configured to regulate the eighth
current so that the eighth current does not exceed a fifth value; and

a second path-controller configured to conduct a ninth current and comprising:

a first end coupled between the fourth luminescent and the fifth current controller; and
a second end coupled to the fourth current controller.

Statement 11. The LED lighting device of any preceding statement, further comprising a power supply circuit con-
figured to provide a rectified AC voltage for driving the first luminescent device and the second luminescent device.

Statement 12. The LED lighting device of any preceding statement, wherein the power supply circuit includes an
AC-AC voltage converter.

Statement 13. The LED lighting device of any preceding statement, wherein the first path-controller includes a diode.
Statement 14. The LED lighting device of any preceding statement, wherein:

the first luminescent is coupled in parallel with the second luminescent when the first path-controller is turned
off; and
the first luminescent is coupled in series to the second luminescent when the first path-controller is turned on.

Statement 15. The LED lighting device of any preceding statement, wherein:

when the first path-controller is turned off, the third current is zero, and the fourth current is equal to a sum of
the first current and the second current; and

when the first path-controller is turned on, the first current, the second current, the third current and the fourth
current is equal.

Those skilled in the art will readily observe that numerous modifications and alterations of the device and method
may be made while retaining the teachings of the invention. Accordingly, the above disclosure should be construed
as limited only by the metes and bounds of the appended claims.

Claims

A light-emitting diode (LED) lighting device having multiple driving stages, comprising:
a first driving stage including:

a first luminescent device for providing light according to a first current;

a second luminescent device for providing light according to a second current;

a first current controller coupled in series to the first luminescent device and configured to regulate the first
current so that the first current does not exceed a first value;

a second current controller coupled in series to the second luminescent device and configured to regulate
the second current so that the second current does not exceed a second value;

a first path-controller configured to conduct a third current and comprising:
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a first end coupled between the second luminescent device and the second current controller; and

a second end coupled to the first current controller,

wherein the first current controller includes:

a first adjustable current source configured to conduct a fifth current; and

a first detection and control unit configured adjust the fifth current according to the first current or the
third current, and comprising:

afirstend coupled to the second end of the first path-controller and the first adjustable current source; and
a second end coupled to the first luminescent device; and

a second driving stage including:
a third current controller coupled in series to the

first driving stage and configured to conduct a fourth current and regulate the fourth current so that the
fourth current does not exceed a third value.

2. The LED lighting device of claim 1, wherein:

during arising period or a falling period of a rectified alternative-current (AC) voltage when the voltage established
across the first current controller does not exceed a first voltage, the first current controller operates in a first
mode in which the first current changes with the voltage established across the first current controller;

during the rising period or the falling period when the third current does not exceed the first value, the first
current controller operates in a second mode in which the first current is maintained at the first value; and
during the rising period or the falling period when the third current exceeds the first value, the first current
controller operates in a third mode in which the first current controller is turned off.

3. The LED lighting device of claim 1, wherein:

during a rising period or a falling period of a rectified AC voltage when a voltage established across the second
current controller does not exceed a third voltage, the second current controller operates in a first mode in which
the second current changes with the voltage established across the second current controller;

during the rising period when the voltage established across the second current controller exceeds the third
voltage but does not exceed a fourth voltage, the second current controller operates in a second mode in which
the second current is maintained at the second value; and

during the rising period when the voltage established across the second current controller exceeds the fourth
voltage, the second current controller operates in a third mode in which the second current controller is turned off.

4. The LED lighting device of claim 3, wherein:

during the falling period when the voltage established across the second current controller exceeds the third
voltage but does not exceed a fifth voltage, the second current controller operates in the second mode in which
the second current is maintained at the second value, and the fifth voltage is larger than or equal to the fourth
voltage.

5. The LED lighting device of claim 1, wherein:

during a rising period or a falling period of a rectified AC voltage when the voltage established across the third
current controller does not exceed a sixth voltage, the third current controller operates in a first mode in which
the fourth current changes with the voltage established across the second current controller; and

during the rising period or the falling period when the voltage established across the third current controller
exceeds the sixth voltage, the third current controller operates in a second mode in which the fourth current is
maintained at the third value.

6. The LED lighting device of claim 1, wherein the second current controller includes:

a second adjustable current source configured to conduct a sixth current; and
a second detection and control unit coupled in parallel with the second adjustable current and configured adjust
the sixth current according to a voltage established across the second current controller.
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The LED lighting device of claim 1, wherein:
the second current controller includes:

a second adjustable current source configured to conduct a sixth current; and
a second detection and control unit coupled in series to the second adjustable current and configured adjust
the sixth current according to the second current or the third current.

The LED lighting device of claim 1, wherein the third current controller includes:

a third adjustable current source configured to conduct the fourth current; and
a third detection and control unit coupled in series to the third adjustable current source and configured to control
the third adjustable current source according to the fourth current.

The LED lighting device of claim 1, further comprising a third driving stage coupled between the first driving stage
and the second driving stage, and includes:

a third luminescent device for providing light according to a seventh current;

a fourth luminescent device for providing light according to an eighth current;

afourth current controller coupled in series to the third luminescent device and configured to regulate the seventh
current so that the seventh current does not exceed a fourth value;

a fifth current controller coupled in series to the fourth luminescent device and configured to regulate the eighth
current so that the eighth current does not exceed a fifth value; and

a second path-controller configured to conduct a ninth current and comprising:

a first end coupled between the fourth luminescent and the fifth current controller; and
a second end coupled to the fourth current controller.

The LED lighting device of claim 1, further comprising a power supply circuit configured to provide a rectified AC
voltage for driving the first luminescent device and the second luminescent device.

The LED lighting device of claim 10, wherein the power supply circuit includes an AC-AC voltage converter.
The LED lighting device of claim 1, wherein the first path-controller includes a diode.
The LED lighting device of claim 1, wherein:
the first luminescent is coupled in parallel with the second luminescent when the first path-controller is turned
off; and
the first luminescent is coupled in series to the second luminescent when the first path-controller is turned on.
The LED lighting device of claim 1, wherein:
when the first path-controller is turned off, the third current is zero, and the fourth current is equal to a sum of
the first current and the second current; and

when the first path-controller is turned on, the first current, the second current, the third current and the fourth
current is equal.
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