
WO 2008/022563 PCT/CN2007/002485  1 LIGHTING DEVICES
FIELD OF THE INVENTION [0001] The invention relates to
lighting devices comprising micro-diodes, and  5 in
particular to lighting devices comprising
micro-diodes, which are capable of  being powered by
AC and DC power sources without requiring AC power
source  to DC power source conversion. DESCRIPTION OF
THE RELATDE ART 10 [0002] Due to durability, lifespan,
a thin profile, light weight, low power  consumption
and no pernicious substances such as mercury (Hg),
lighting  technology using light emitting diodes
(LEDs) has become a significant trend for  the future
of the lighting and semiconductor industries.
Generally, LEDs are  widely employed in white light
emitting devices, guiding lights, car strobe lights,
15 car lights, flashlights, back light modules for
LCDs, light sources for projectors,  outdoor display
units and the like. [0003] Current LED light sources
cannot work with an alternating current (AC)  power
source directly, and thus, AC/DC converters are
required to convert the  AC power source to a direct
current (DC) power source for the LED light sources.
20 However, AC/DC converters increase a product's
cost, size and weight, consume  more power, and result
in more inconvenience for portable devices. Thus,
there  is a need for an LED lighting device capable of
being powered by AC and DC  power sources without
requiring AC power source to DC power source
conversion. 25 BRIEF SUMMARY OF THE INVENTION [0004]
Embodiments of a lighting device are provided, in
which a lighting  module comprises a plurality of
micro-diodes formed on a substrate and a  conductive
wire pattern connecting to the micro-diodes, wherein
the conductive 30 wire pattern has at least three
voltage feed points. A selection unit is coupled to WO
2008/022563 PCT/CN2007/002485  2 



a power source and selects at least two of the voltage
feed points, such that a  portion of the micro-diodes
and the power source form at least one loop thereby
turning on the micro-diodes in the loop. [0005] The
invention also provides another embodiment of a
lighting device,  5 in which a lighting module
comprises a plurality micro-diodes formed on a
substrate, and a conductive wire pattern connecting to
the micro-diodes. At  least two alternating current
(AC) electrodes are used to electrically couple an  AC
power source to the micro-diodes by the conductive
wire pattern, such that a  first portion of the
micro-diodes are turned on during a positive half
cycle of the 10 AC power source and a second portion
of the micro-diode are turned on during a  negative
half cycle of the AC power source. At least two direct
current (DC)  electrodes are used to couple a DC power
source to the micro-diodes by the  conductive wire
pattern. 15 BRIEF DESCRIPTION OF THE DRAWINGS The
invention can be more fully understood by reading the
subsequent  detailed description and examples with
references made to the accompanying  drawings,
wherein: [0006] Fig. 1 shows an embodiment of a
lighting device; 20 [0007] Fig. 2 shows another
embodiment of a lighting device;  [0008] Fig. 3 shows
an embodiment of the selection unit;  [0009] Fig. 4
shows another embodiment of a lighting device;  [0010]
Fig. 5 shows another embodiment of a lighting device;
[0011] Fig. 6 shows another embodiment of a lighting
device; 25 [0012] Fig. 7 is a diagram showing a
substrate with a plurality of  micro-diodes; [0013]
Fig. 8 is a diagram showing a submount with a
plurality of conductive  wires; [0014] Fig. 9 is a
diagram showing the combination of the substrate and
the  30 submount shown in Figs. 7 and 8; WO
2008/022563 PCT/CN2007/002485  3 [0015] Fig. 10 is a
diagram showing the lighting device shown in Fig. 6
being  



powered by a DC power source; [0016] Fig. 11 is
another diagram showing the lighting device shown in
Fig. 6  being powered by a DC power source; 5 [0017]
Fig. 12 is a diagram showing the lighting device shown
in Fig. 6 being  powered by an AC power source; [0018]
Fig. 13 shows a lighting device with movable AC
electrodes; [0019] Fig. 14 shows an equivalent circuit
diagram of the lighting device  shown in Fig. 13; 10
[0020] Fig. 15 is another diagram showing the
substrate shown in Fig. 7; [0021] Fig. 16 shows
another embodiment of the lighting device shown in
Fig. 13; [0022] Fig. 17 shows a lighting device with
movable DC electrodes; [0023] Fig. 18 shows an
equivalent circuit diagram of the lighting device  15
shown in Fig. 17; and [0024] Fig. 19 shows another
embodiment of a lighting device with movable  DC
electrodes. DETAILED DESCRIPTION OF THE INVENTION 20
[0025] The following description is of the
best-contemplated mode of carrying  out the invention.
This description is made for the purpose of
illustrating the  general principles of the invention
and should not be taken in a limiting sense.  The
scope of the invention is best determined by reference
to the appended  claims. 25 [0026] Fig. 1 shows an
embodiment of a lighting device. As shown, the
lighting device 100 comprises a lighting module 30 and
a selection unit 50. The  lighting module 30 comprises
a plurality of micro-diodes 34 formed on a  substrate
20 and a conductive wire pattern 19A connecting to the
micro-diodes 34.  The substrate 20 can be an isolation
substrate or material or structure capable of  30
electrically isolating micro-diodes 34 individually.
WO 2008/022563 PCT/CN2007/002485  4 [0027] The
conductive wire pattern 19A comprises conductive wires
connecting to the micro-diodes 34 in a series of
micro-lighting units 21,  



conductive wires (i.e. 31aa3Ie) coupling the
micro-diodes 34 to the selection unit  50, and a
plurality of voltage feed points (i.e. 32a-32e)
receiving the voltages 5 provided by the power source
40 through the selection unit 50. For example,  the
conductive wire pattern 19A can be formed by a
plurality of conductive wires  on the substrate 20, a
plurality of conductive wires of a submount (as shown
in  Fig. 7) or combinations thereof, but is not
limited thereto. Each micro-lighting  unit 21
comprises at least two micro-diodes 34 which are
reversely connected in 10 parallel, but is not limited
thereto. In some embodiments, each micro-lighting
unit 21 can also comprise more than three micro-diodes
34 connected in parallel,  in series or in
series-parallel. Alternatively, the micro-diodes 34 on
the  substrate 20 can also be connected to form a
plurality of micro-lighting units 21  connected in
parallel or in series-parallel. 15 [00281 The power
source 40, for example, can be a direct current (DC)
power  source, an alternating current (AC) power
source. The micro-diodes 34 can be  lighting elements
capable of adjusting operating power thereof
non-linearly  according to different operating
voltages. For example, the micro-diodes 34 can  be
micro-LEDs (light emitting diodes) or micro-LDs (laser
diodes), but are not 20 limited thereto. As shown, the
voltage feed points 32a-32e, each connects to  the
selection unit 50 through corresponding conductive
wires 31 a-31 e. [0029] The selection unit 50 is
coupled between the power source 40 and the  lighting
module 30, controlling the power source 40 to provide
current through at  least two of the conductive wires
31a-3 le, thereby powering one or more of the 25
micro-lighting units 21. Namely, the selection unit 50
selects at least two  voltage feed points from the
voltage feed points 32a-32e and couples the voltage
provided by the power source 40 to the micro-lighting
units 21 through the  selected voltage feed points,
such that a portion of the micro-diodes 34 in the
series of the micro-lighting units 21 and the power
source 40 form at least one  30 loop thereby turning
on the micro-diodes 34 in the loop. WO 2008/022563
PCT/CN2007/002485  5 [0030] When the voltage feed
points 32a and 32c are selected by the selection  unit
50, voltages, for example a higher voltage (VDD) and a
lower voltage  



(GND), provided by the power source 40 are coupled to
N micro-lighting units  21 connected in a series
through the conductive wires 31 a and 31 c. Hence, the
5 N micro-lighting units 21 and the power source 40
form a loop through the  conductive wires 3 la and 31
c, i.e., the conductive wires 31 a and 31 c are
coupled  to first and second electrodes (not shown) of
the power source 40 respectively.  If the power source
40 is an AC power source, the bottom series of N
micro-diodes 34 are forward biased (i.e. turned on)
when the voltages of the first 10 and second
electrodes are negative (i.e. low) and positive (i.e.,
high) respectively,  such as during the positive half
cycle of the power source 40. On the contrary,  the
upper series of N micro-diodes 34 are forward biased
(i.e., turned on) when  the voltages of the first and
second electrodes are positive (i.e. high) and
negative  (i.e. low) respectively, such as during the
negative half cycle of the power source  15 40. [0031]
If the power source 40 is a DC power source, the
bottom series of N  micro-diodes 34 are forward biased
(i.e. turned on) when the voltages of the first  and
second electrodes are negative and positive
respectively. On the contrary,  the upper series of N
micro-diodes 34 are forward biased (i.e., turned on)
when 20 the voltages of the first and second
electrodes are positive and negative  respectively.
[0032] When the voltage feed points 32a and 32d are
selected by the selection  unit 50, voltages provided
by the power source 40 are coupled to N+1
micro-lighting units 21 connected in a series through
the conductive wires 31 a 25 and 31d, such that the
N+1 micro-lighting units 21 and the power source 40
form  a loop through the conductive wires 31 a and 31
d. Namely, the conductive wires  31 a and 31 d are
coupled to first and second electrodes of the power
source 40  respectively. If the power source 40 is an
AC power source, the bottom series  of N+l
micro-diodes 34 are forward biased (i.e. turned on)
when the voltages of 30 the first and second
electrodes are negative and positive respectively,
such as  during the positive half cycle of the AC
power source. On the contrary, the WO 2008/022563
PCT/CN2007/002485  6 upper series of N+l micro-diodes
34 are forward biased (i.e., turned on) when the  



voltages of the first and second electrodes are
positive and negative respectively,  such as during
the negative half cycle of the AC power source. [0033]
Alternatively, when the voltage feed points 32a and
32e are selected by  5 the selection unit 50, voltages
provided by the power source 40 are coupled to  N+2
micro-lighting units 21 connected in a series through
the conductive wires  31 a and 31 e, such that the N+2
micro-lighting units 21 and the power source 40  form
a loop through the conductive wires 31 a and 31 e.
[0034] For example, an equivalent withstand voltage of
N micro-diodes 34  10 connected can be Vn, an
equivalent withstand voltage of N+l micro-diodes 34
connected can be Vn+1 and an equivalent withstand
voltage of N+2  micro-diodes 34 connected can be Vn+2,
and so on. If the magnitude of the  power source 40 is
less than the equivalent withstand voltage Vn+1 of N+1
micro-diodes 34 connected in series, the selection
unit 50 selects the voltage feed 15 points 32a and 32c
such that voltages provided by the power source 40 are
coupled to N micro-lighting units 21 connected in a
series through the conductive  wires 31 a and 31 c.
Alternatively, if the voltages provided by the power
source  40 exceed the equivalent withstand voltage
Vn+1 of N+1 micro-diodes 34  connected in series, the
selection unit 50 selects the voltage feed points 32a
and 20 32e such that voltages provided by the power
source 40 are coupled to N+2  micro-lighting units 21
connected in a series through the conductive wires 31a
and ale. Namely, the selection unit 50 can select
voltage feed points to change  the number of
micro-diodes 34 biased by the power voltage 40
according to a  relationship between the power source
40 and the equivalent withstand voltages 25 of the
micro-diodes 34 connected in series, thereby solving
the variation in  equivalent withstand voltage caused
by semiconductor processes. [0035] Fig. 2 shows
another embodiment of the lighting device. As shown,
the lighting device 200 is similar to the lighting
device 100 shown in Fig. 1,  differing only in that
the lighting module 30 is divided into two lighting 30
sub-modules 39a and 39b and the selection unit 50
selects at least two of the  voltage feed points
37a-37c such that the power source 40 provides
voltages to WO 2008/022563 PCT/CN2007/002485  7 



the micro-diodes 34 through conductive wires connected
to the selected two  voltage feed points according to
magnitude of the power source 40. [0036] For example,
the lighting module 30 comprises N micro-lighting
units  21, and the lighting sub-modules unit 39a and
39b each comprises N  2 5 micro-lighting units 21, and
each micro-lighting unit 21 comprises two
micro-diodes 34 which are reversely connected in
parallel, but is not limited  thereto. In other
embodiments, the lighting sub-modules unit 39a and 39b
may  comprise different numbers of micro-lighting
units 21 [0037] When the power source 40 is AC 220V,
the selection unit 50 selects  10 voltage feed points
37a and 37c, such that the power source 40 provides
voltages  to the selected voltage feed points 37a and
37c through the wire 38a and 38c.  Namely, the
conductive wires 38a and 38c are coupled to first and
second  electrodes (not shown) of the power source 40
respectively and the entire lighting  module 30 and
the power source 40 form a loop through the conductive
wires 38a 15 and 38c. Hence, the bottom series of N
micro-diodes 34 are forward biased  (turned on) when
the voltages of the first and second electrodes are
negative and  positive respectively, such as during
the negative half cycle of the power source  40. On
the contrary, the upper series of N micro-diodes 34
are forward biased  (turned on) when the voltages of
the first and second electrodes are negative and 20
positive respectively, such as during the positive
half cycle of power source 40.  [0038] When the power
source 40 is AC 110V, the selection unit 50 selects
three voltage feed points 37a-37c such that the power
source 40 provides  voltages to the wire 38a-38c
respectively, and the lighting sub-modules 39a and
39b and the power source 40 form two loops through the
conductive wires 25 38a-38c. For example, the lighting
sub-module 39a and the power source 40  form a first
loop through the conductive wires 38a and 38b and the
lighting  sub-module 39b and the power source 40 form
a second loop through the  conductive wires 38b and
38c. Namely, the conductive wires 38a and 38C are
coupled to the first electrode of the power source 40,
and the wire 38b is coupled 30 to a second electrode
of the power source 40. Hence, the upper series of N
2  



micro-diodes 34 in the lighting sub-module 39a are
forward biased (turned on) WO 2008/022563
PCT/CN2007/002485  8 and the bottom series of 2
micro-diodes 34 in the lighting sub-module 39b  are
forward biased (turned on) when the voltages of the
first and second  electrodes are positive and negative
respectively, such as during the negative half  cycle
of the power source 40. On the contrary, the bottom
series of 5 micro-diodes 34 in the lighting sub-module
39a and the upper series of 2  micro-diodes 34 in the
lighting sub-module 39b are both forward biased
(turned  on) when the voltages of the first and second
electrodes are negative and positive  respectively,
such as during the positive half cycle of the power
source 40. [0039] Thus, the lighting device 200
selects an appropriate loop according to  10 the
magnitude of the power source 40, such that it can be
powered with both AC  220V and AC 11 OV. In addition,
the lighting device 200 can also be powered  with a DC
power source. For example, if the power source 40 is a
DC power  source, the bottom series of N micro-diodes
34 are forward biased (i.e. turned on)  when the
voltages of the first and second electrodes are
negative and positive 15 respectively,. On the
contrary, the upper series of N micro-diodes 34 are
forward biased (i.e., turned on) when the voltages of
the first and second  electrodes are positive and
negative respectively. [0040] Fig. 3 shows an
embodiment of the selection unit. As shown, the
selection unit 50 comprises an identification unit 53
and an output unit 54. The  20 identification unit 53
is coupled to the power source 40 to determine the
magnitude of the power source 40 and accordingly
generate a result signal SM.  The output unit 54 is
coupled to the power source 40 and the identification
unit  53, selectively coupling the power source 40 to
at least two voltage feed points  according to the
result signal SM. 25 [0041] For example, when the
power source 40 is AC/DC 220V, the  identification
unit 53 generates the result signal SM to the output
unit 54, such  that the output unit 54 outputs the
voltages from the power source 40 to the  selected
voltage feed points 37a and 37c through the wires 38a
and 38c.  



Namely, the conductive wires 38a and 38c are coupled
to first and second 30 electrodes of the power source
40 respectively and the entire lighting module 30  and
the power source 40 form a loop through the conductive
wires 38a and 38c. WO 2008/022563 PCT/CN2007/002485  9
[0042] When the power source 40 is AC/DC 110V, the
identification unit 53  generates the result signal SM
to the output unit 54, such that the output unit 54
outputs the voltages from the power source 40 to
selected voltage feed points  37a-37c through the
wires 38a-38c. Hence, the lighting sub-modules 39a and
5 39b and the power source 40 form two loops through
the conductive wires  38a-38c. For example, the
conductive wires 38a and 38c are coupled to a first
electrode of the power source 40, and the wire 38b is
coupled to a second  electrode of the power source 40.
The lighting sub-module 39a and the power  source 40
form a first loop through the conductive wires 38a and
38b and the 10 lighting sub-module 39b and the power
source 40 form a second loop through the  conductive
wires 38b and 38c. [0043] Fig. 4 shows another
embodiment of a lighting device. As shown, the
lighting device 300 is similar to the lighting device
100 shown in Fig. 1, differing  only in that the
lighting module 30 comprises three lighting
sub-modules 15 39c'39e, each comprising a series of
micro-lighting units 21, and the selection  unit 50
selects two of the voltage feed points 33a-33d such
that the power source  40 provides voltages to the
micro-diodes 34 through corresponding conductive
wires connected to the selected two voltage feed
points according to a power  setting signal SP. As
shown, each micro-lighting unit 21 comprises at least
two 20 micro-diodes 34 which are reversely connected
in parallel, but is not limited  thereto. In some
embodiments, each micro-lighting unit 21 can also
comprise  more than three micro-diodes 34 connected in
parallel, in series or in  series-parallel.
Alternatively, the micro-diodes 34 on the substrate 20
can be  connected to form a plurality of
micro-lighting units 21 connected in parallel, in  25
series or in series-parallel. [0044] When the power
setting signal SP represents a first condition, the
selection unit 50 selects the voltage feed points 33d
and 33a and couples the  



conductive wires 36d and 36a to first and second
electrodes of the power source  40 respectively.
Hence, the power source 40 and the series of
micro-lighting 30 unit 21 in the lighting sub-module
39c form a loop. The upper series of  micro-diodes 34
in the lighting sub-module 39c are forward biased
(i.e. turned on) WO 2008/022563 PCT/CN2007/002485  10
when the voltages of the first and second electrodes
are negative and positive  respectively. On the
contrary, the bottom series of micro-diodes 34 in the
lighting sub-module 39c are forward biased (i.e.,
turned on) when the voltages of  the first and second
electrodes are positive and negative respectively. 5
[0045] When the power setting signal SP represents a
second condition, the  selection unit selects the
voltage feed points 33d, 33a and 33b, couples the wire
36d to a first electrode of the power source 40 and
couples the wire 36a and 36b  to the second electrode
of the power source 40. Hence, the power source 40 and
the series of micro-lighting units 21 in the lighting
sub-module 39c form a first 10 loop and the power
source 40 and the series of micro-lighting units 21 in
the  lighting sub-module 39d form a second loop. The
upper series of micro-diodes  34 in the both lighting
sub-modules 39c and 39d are forward biased (i.e.
turned  on) when the voltages of the first and second
electrodes are negative and positive  respectively. On
the contrary, the bottom series of micro-diodes 34 in
the both 15 lighting sub-modules39c and 39d are
forward biased (i.e., turned on) when the  voltages of
the first and second electrodes are positive and
negative respectively.  [0046] When the power setting
signal SP represents a third condition, the  selection
unit selects the voltage feed points 33a-33d and
couples the wire 36d to  a first electrode of the
power source 40 and couples the wire 36a-36c to the 20
second electrode of the power source 40. Hence, the
power source 40 and the  series of micro-lighting unit
21 in the lighting sub-module 39c form a first loop,
the power source 40 and the series of micro-lighting
unit 21 in the lighting  sub-module 39d form a second
loop and the power source 40 and the series of
micro-lighting unit 21 in the lighting sub-module 39e
form a third loop. The 25 upper series of micro-diodes
34 in the three lighting sub-modules 39c'-39e are
forward biased (i.e. turned on) when the voltages of
the first and second  



electrodes are negative and positive respectively. On
the contrary, the bottom  series of micro-diodes 34 in
the three lighting sub-modules 39c-39e are forward
biased (i.e., turned on) when the voltages of the
first and second electrodes are  30 positive and
negative respectively. WO 2008/022563
PCT/CN2007/002485  11 [0047] Thus, the lighting device
300 can selectively bias one or more series of
micro-lighting unit 21 to adjust lighting power
thereof according to the power  setting signal SP. For
example, the power setting signal can be generated by
a  switching device. 5 [0048] Fig. 5 shows another
embodiment of a lighting device. As shown, the
lighting device 400 comprises a lighting module 30, a
power source 40, and a  selection unit 50. The power
source 40 can be a direct current (DC) power  source,
an altering current (AC) power source. The lighting
module 30  comprises a plurality of micro-diodes
34_134_8 formed on a substrate 20 and a 10 conductive
wire pattern 19B connecting to the micro-diodes
34_134_8. The  substrate 20 can be an isolation
substrate or material or structure capable of
electrically isolating micro-diodes 34_1348
individually. [0049] The conductive wire pattern 19B
comprises a plurality of conductive  wires 45
connecting to the micro-diodes 34_1.34_8 in two series
of micro-diodes  15 and coupling the micro-diodes
34_134_8 to the selection unit 50, and a plurality of
voltage feed points (i.e. 46a-46j) receiving the
voltage provided by the power  source 40 through the
selection unit 50. For example, the conductive wire
pattern 19B can be formed by a plurality of conductive
wires on the substrate 20,  a plurality of conductive
wires of a submount 22 (shown in Fig. 7) or 20
combinations thereof, but is not limited thereto. In
some embodiments, the  micro-diodes 34_134_8 on the
substrate 20 can also be connected in parallel or
series-parallel. For example, the micro-diodes
34_134_8 can be micro-LEDs  (light emitting diodes) or
micro-LDs (laser diodes), but is not limited thereto.
[0050] The selection unit 50 selectively, applies the
voltages provided by the  25 power source 40 to the
voltage feed points 46a-46j by determining whether the
power source 40 is AC or DC. The selection unit 50
comprises an identification  



unit 53, a plurality of isolation units 44, an
inductor LO, a capacitor CO, AC and  DC electrodes AC
1, AC2, DC 1 and DC2. As shown, through the conductive
wires 45, the voltage feed points 46a, 46c, 46e, 46g
and 46i are connected to the 30 DC electrode DCl, the
voltage feed points 46b, 46d, 46f, 46h and 46j are
connected to the DC electrode DC2, the voltage feed
points 46e and 46j are WO 2008/022563
PCT/CN2007/002485  12 connected to the AC electrode
AC1 and the voltage feed points 46a and 46f are
connected to the AC electrode AC2. [0051] The
identification unit 53 deterinines whether the power
source 40 is  DC or AC and generates a determined
result SC to control the isolation units 44.  5 The
inductor LO is coupled between the power source 40 and
the DC electrode DC 1 to isolate AC signals and the
capacitor CO is coupled between the power  source 40
and the AC electrode AC1 to isolate DC signals. The
isolation units  44 are coupled between the conductive
wire pattern 19B and the AC and DC  electrodes AC 1,
AC2, DC I and DC2, electrically isolating the AC and
DC 10 electrodes AC 1, AC2, DC 1 and DC2 from the
voltage feed points 46a-46j of the  conductive wire
pattern 19B. [0052] For example, when the power source
40 is DC, the determined result  SC controls the
isolation units 44 to electrically isolate the AC
electrodes AC I  and AC2 from the voltage feed points
46a, 46e, 46f and 46j while electrically 15 coupling
the voltage feed points 46b-46e and 46g-46j to the DC
electrode DC I  and DC2 respectively. The higher
voltage (i.e., VDD) of the power source 40 is  coupled
to the voltage feed points 46g, 46c, 46i and 46e
through the inductor LO  and the DC electrode DC 1,
and the lower voltage (i.e., GND) is coupled to the
voltage feed 46b, 46h, 46d and 46j though the DC
electrode DC2. Thus, the 20 micro-diodes 34_2, 34_4,
346 and 34_8 are forward biased (turned on)
individually by the power source 40. Namely, the power
source 40 and the  micro-diodes 34 2, 34 4, 34_6 and
348 form four loops by the DC electrodes  DC 1 and DC2
and the conductive wire pattern 19B (i.e. conductive
wires on the  lighting module 30). 25 [0053] On the
contrary, when the power source 40 is AC, the
determined  



result SC controls the isolation units 44 to
electrically isolate the DC electrodes  DC 1 and DC2
from the voltage feed points 46a-46j while
electrically coupling  the voltage feed points 46e and
46j to the AC electrode AC 1 and the voltage feed
points 46a and 46f to the AC electrode AC2. The series
of micro-diodes 30 341344 are forward biased (turned
on) and the micro-diodes 34_534_8 are  reversely
biased (turned off) through the capacitor CO and the
AC electrodes AC1 WO 2008/022563 PCT/CN2007/002485  13
and AC2 by the power source 40 during a positive half
cycle of the power source  40. The series of
micro-diodes 34_534_8 are forward biased (turned on)
and  the micro-diodes 34_1 34_4 are reversely biased
(turned off) through the  capacitor CO and the AC
electrodes AC1 and AC2 by the power source 40 during 5
a negative half cycle of the power source 40. Thus,
the series of the  micro-diodes 34 1-34 4 and the
series of micro-diodes 34 5. 34 8 are forward  biased
in turn by the power source 40. Namely, the power
source 40 and the  micro-diodes 34_134_8 form two
loops by the AC electrodes AC1 and AC2 and  the
conductive wire pattern 19B (i.e. conductive wires on
the lighting module  10 30). [0054] In operation, the
lighting device 400 determines whether the power
source 40 is AC or DC and then couples the power
source 40 to corresponding  electrodes AC 1, AC2, DC 1
or DC2 according to the determined result, such that
different voltage feed points can be selected for
different types of power sources. 15 Thus, the
lighting device 400 can be powered with both an AC
power source and  a DC power source without requiring
AC power source and the DC power source  conversion.
[0055] Fig. 6 shows an embodiment of a lighting
device. As shown, the  - lighting device 500 is
similar to the lighting device 400 shown in Fig. 5,
differing  20 only in that the isolation units 44 are
omitted and the AC electrodes AC I and  AC2 and the DC
electrodes DC 1 and DC2 are movable rather than fixed.
[0056] The lighting device 500 can be formed according
to steps as follow.  First, as shown in Fig. 7, a
plurality of micro-diodes 34_134_8 are formed on a
substrate 20 by normal semiconductor processes in
which the micro-diodes 



25 341-348 are connected in two series by conductive
wires on substrate 20.  For' example, micro-diodes
34_1344 are connected in a first series and the
micro-diodes 34_534_8 are connected in a second
series. Then, as shown in  Fig. 8, a submount 22 with
a plurality of conductive wires 45 thereon is
provided,  and the substrate 22 with micro-diodes
34_134_8 is disposed on the submount 30 22. As shown
in Fig. 9, the conductive wires 45 on the submount 22
and the  micro-diodes 34_134_8 are electrically
connected by a flip-chip bonding WO 2008/022563
PCT/CN2007/002485  14 method. Finally, the DC and AC
electrodes DC 1, DC2, AC I and AC2 are  movably
disposed on the submount 22 to complete the lighting
device 500 as  shown in Fig. 6. [0057] As shown in
Fig. 10, the DC electrodes DC 1 and DC2 serving as the
5 positive and negative electrodes of a DC power
source (for example, the power  source 40) are moved
to electrically couple to the conductive wires 45, and
thus,  a higher voltage (for example, Vdd) of the DC
power source may be applied to  the voltage feed
points 46g, 46c, 46i and 46e and a lower voltage (for
example,  GND) of the DC power source may be applied
to the voltage feed points 46b, 46h, 10 46d and 46j.
Hence, the DC power source and the micro-diodes 34_2,
34_4,  34_6 and 34_8 form four loops, i.e., each of
the micro-diode 34_2, 344, 34_6  and 34_8 is biased
individually. [0058] Alternatively, as shown in Fig.
11, the DC electrodes DC 1 and DC2  serving as the
negative and positive electrodes of the DC power
source are moved  15 to electrically couple to the
conductive wires 45, and thus, the lower voltage of
the DC power source may be applied to the voltage feed
points 46a, 46g, 46c and  46i and a higher voltage of
the DC power source may be applied to the voltage
feed points 46f, 46b, 46h and 46d. Similarly, the
power source and the  micro-diodes 34_l, 34_3, 345 and
347 form four loops, i.e., each of the  20 micro-diode
341, 34_3, 345 and 34_7 is biased individually. [0059]
As shown in Fig. 12, the AC electrodes AC 1 and AC2
are moved to  electrically couple to the conductive
wires 45, and an AC power source and the  series of
the micro-diodes 34_1 34_4 between the voltage feed
points 46a and  



46e form a first loop, and the AC power source and the
series of the micro-diodes 25 34`534_8 between the
voltage feed points 46f and 46j form a second loop.
The micro-diodes 34_134_4 in the first loop are
forward biased to turn on  during a first half cycle
(i.e. the positive half cycle) of the AC power source
and  the micro-diodes 34_534_8 in the second loop are
forward biased to turn on  during a second half cycle
(i.e. the negative half cycle) of the AC power source.
30 Hence, the lighting device 500 can select the
voltage feed points 46a, 46e, 46f  and 46j to couple
to the AC power source. WO 2008/022563
PCT/CN2007/002485  15 (0060] In this embodiment, the
lighting device 500 selects different sets of  voltage
feed points by moving the AC electrodes AC 1 and AC2
and the DC  electrodes DC 1 and DC2, such that the
lighting device 500 can be powered with  both an AC
power source and a DC power source without requiring
AC power 5 source to the DC power source conversion.
Further, because the micro-diodes  are biased
individually by the DC power source, the DC power
source can be a  low voltage source. [0061] Fig. 13
shows another embodiment of a lighting device. As
shown,  the lighting device 600 comprises a plurality
of micro-diodes 34_1 34_8 formed  10 on a substrate
(not shown), a submount 24 with a conductive wire
pattern 19C (i.e., conductive wires 47), a first
electrode module 70 and a second electrode  module 80
(shown in Fig. 17), in which the first and second
electrode module 70  and 80 are movably disposed on
the submount 24. The micro-diodes  34_134_8 are
electrically connected to corresponding conductive
wires 47 on 15 the submount 24 by a flip-chip bonding
method. The first electrode module 70  comprises a
plurality of AC electrodes 72 and a plurality of
isolation portions 74,  in which each isolation
portion 74 is disposed between two AC electrodes 72 to
electrically isolate two adjacent AC electrodes 72.
When the AC electrodes 72  in the first electrode
module 70 are electrically connected to the conductive
wires 20 47 on the submount 24, the micro-diodes
34_134_8 are connected in a series of  the lighting
units 21 as shown in Fig. 14, wherein each lighting
unit 21 comprises  two micro-diodes connected in
parallel. 



[0062] Fig. 14 shows an equivalent circuit diagram of
the lighting device  shown in Fig. 13. As shown in
Fig. 14, when the first electrode module 70 is  25
electrically coupled to an AC power source, the AC
power source and the micro-diodes 34_134_4 between the
voltage feed points 47a and 47e form a  first loop,
and the AC power source and the micro-diodes 34_534_8
form a  second loop. Namely, the voltage feed points
47a and 47e are selected to couple  the AC power
source to the micro-diodes 341348, such that the
micro-diodes 30 34_134_8 and the AC power source form
two loops. The micro-diodes  341-344 in the first loop
are forward biased to turn on during a first half
cycle WO 2008/022563 PCT/CN2007/002485  16 (i.e., the
positive half cycle) of the AC power source and the
micro-diodes  345348 in the second loop are forward
biased to turn on during a second half  cycle (i.e.,
the negative half cycle) of the AC power source.
[0063] In some embodiments, each of micro-diodes
34_134_8 can be  5 replaced by two micro-diodes as
shown in Fig. 15. For example, the  micro-diode 34_1
can be replaced by micro-diodes 34_1A and 34_1B, the
micro-diode 342 can be replaced by micro-diodes 34_2A
and 34_2B, and so on.  When the AC electrodes 72 in
the first electrode module 70 are electrically
connected to the conductive wires 47 on the submount
24 and the AC power 10 source is electrically coupled
to the first electrode module 70, the micro-diodes
34-IA-34-8A and 34_1B-34_8B are connected in a series
of the lighting unit 21  as shown in Fig. 16, wherein
each lighting unit 21 comprises two series of
micro-diodes connected in parallel. For example, the
series of micro-diodes  34 -IA and 34_1B and the
series of micro-diodes 34 5A and 34 5B are 15
connected in parallel, and the series of micro-diodes
34_2A and 34_2B and the  series of micro-diodes 34_6A
and 34_6B are connected in parallel, and so on.
[0064] The AC power source and the micro-diodes
34_1A-34_4A and  34_1B-34_4B connected in series
between the voltage feed points 47a and 47e  form a
first loop, and the AC power source and the
micro-diodes 34_5A'-34_5A 20 and 348B-348B form a
second loop. The micro-diodes 34_1A-34_4A and
34_1B-34 4B in the first loop are forward biased to
turn on during a first half  



cycle (i.e. the positive half cycle) of the AC power
source and the micro-diodes  34_5A-'34_8A and
34_5B-34_8B in the second loop are forward biased to
turn  on during a second half cycle (i.e. the negative
half cycle) of the AC power  25 source. [0065] As
shown in Fig. 17, the second electrode module 80
comprises a  plurality of first DC electrodes 82, a
plurality of isolation portions 84 and a  second DC
electrode 86, in which each isolation portion 84 is
disposed between  two first DC electrodes 82 to
electrically isolate two adjacent first DC electrodes
30 82. When the first DC electrodes 82 and the second
DC electrode 86 in the  second electrode module 80 are
electrically connected to the conductive wires 47 WO
2008/022563 PCT/CN2007/002485  17 on the submount 24,
cathodes of the micro-diodes 34 1-34 8 are connected
to  corresponding first DC electrodes 82 respectively
and all anodes of the  micro-diodes 34 1-34 8 are
connected to the second DC electrode 86. In this
case, cathodes and anodes of the micro-diodes 34_134_8
can serve as voltage 5 feed points and be coupled to
the first DC electrodes 82 and the second DC
electrode 86 respectively. [0066] As shown in Fig. 18,
when the second electrode module 80 is  electrically
coupled to a DC power source, a higher voltage of the
DC power  source is coupled to the anodes of the
micro-diodes 34_134_8 by the second DC 10 electrode
86, and the lower voltage (for example, a ground
voltage) is coupled to  the cathodes of the
micro-diodes 34_134_8 by the first DC electrode 82.
Thus,  the micro-diodes 34_1 34_8 are forward biased
(turned on) individually by the  DC power source.
Namely, the DC power source and the micro-diodes  34_1
34_8 form eight loops by the first and second DC
electrodes 82 and 86 and  15 the conductive wire
pattern 19C (i.e. conductive wires 47). [0067] In some
embodiments, each of micro-diodes 34 1-34 8 can be
replaced by two micro-diodes. As shown in Fig. 19, the
micro-diode 341 can,  for example, be replaced by
micro-diodes 34_lA and 34_1B, the micro-diode  34_2
can be replaced by micro-diodes 34_2A and 342B, and so
on. In this 20 case, cathodes of the micro-diodes
34_1A-34_8A can serve as voltage feed  



points and be coupled to the first DC electrodes 82
and anodes of the  micro-diodes 34_ 1A-34_8A can also
serve as voltage feed points and be coupled  to the
second DC electrode 86. When the second electrode
module 80 is  electrically coupled to the DC power
source, the higher voltage of the DC power 25 source
is coupled to the anodes of the micro-diodes
34_1B-34_8B by the second  DC electrode 86, and the
lower voltage (for example, a ground voltage) is
coupled to the cathodes of the micro-diodes
34_1A-34_8A by the first DC  electrode 82. Namely, the
power source and the micro-diodes 34_134_8 form  eight
loops by the first and second DC electrodes 82 and 86
and the conductive 30 wire pattern 19C (i.e.
conductive wires 47). For example, the series of
micro-diodes 34_lA and 34_1B and the DC power source
form a first loop, the WO 2008/022563
PCT/CN2007/002485  18 series of micro-diodes 34_2A and
342B and the DC power source form a second  loop, and
so on. Thus, each two of the micro-diodes 34_1A-34_8A
and  34_lB-34_8B are forward biased (turned on)
individually by the DC power  source. In some
embodiments, each of the micro-diodes 34_134_8 can
also be 5 replaced by three or more micro-diodes, of
which the structure and operation  thereof are omitted
for brevity. [0068] Thus, the lighting device 600
selects different sets of voltage feed  points by
moving electrode modules, such that the lighting
device 600 can be  powered with both an AC power
source and a DC power source without requiring  10 AC
power source to the DC power source conversion. [0069]
While the invention has been described by way of
example and in  terms of preferred embodiment, it is
to be understood that the invention is not  limited
thereto. To the contrary, it is intended to cover
various modifications  and similar arrangements (as
would be apparent to those skilled in the art). 15
Therefore, the scope of the appended claims should be
accorded the broadest  interpretation so as to
encompass all such modifications and similar
arrangements. WO 2008/022563 PCT/CN2007/002485  19 



CLAIMS  5 1. A lighting device, comprising:  a
lighting module comprising: a plurality of
micro-diodes formed on a substrate; and a conductive
wire pattern connecting to the micro-diodes,  wherein
the conductive wire pattern has at least three  10
voltage feed points; and a selection unit coupled to a
power source and selecting at least two  of the
voltage feed points, such that a portion of the
micro-diodes and the power source form at least one
loop  thereby turning on the micro-diodes in the loop.
15 2. The lighting device of claim 1, wherein the
micro-diodes are  micro-LEDs. 3. The lighting device
of claim 1, wherein the conductive wire  pattern is
formed by a plurality of conductive wires on the
substrate. 20 4. The lighting device of claim 1,
wherein the conductive wire  pattern connects to the
micro-diodes to form at least one series of
micro-lighting units each comprising at least two of
the micro-diodes, and  the two micro-diodes in the
each of the micro-lighting units are reversely
connected in parallel. 25 5. The lighting device of
claim 1, wherein the conductive wire  pattern connects
to the micro-diodes to form a plurality of series of
micro-lighting units each comprising at least two of
the micro-diodes, the  two micro-diodes in each
micro-lighting units being reversely connected 30 in
parallel, and the selection unit selects the voltage
feed points to turn on WO 2008/022563
PCT/CN2007/002485  20 one or more series of the
micro-diodes according to a power setting  signal. 6.
The lighting device of claim 1, wherein the selection
unit  5 selects the voltage feed points according to a
relationship between the  



power source and an equivalent withstand voltage of
the micro-diodes  connected by the conductive wire
pattern. 7. The lighting device of claim 1, wherein
the selection unit  selects the voltage feed points
according to magnitude of the power  10 source.  S.
The lighting device of claim 7, wherein the selection
unit  selects two of the voltage feed points such that
a portion of the  micro-diodes and the power source
form one loop and thereby turning on 15 the
micro-diodes in the loop when the power source
provides a first  voltage, and the selection unit
selects three of the voltage feed points such  that a
portion of the micro-diodes and the power source form
two loops  thereby turning on the micro-diodes in two
loops when the power source  provides a second voltage
which is smaller than the first voltage. 20 9. The
lighting device of claim 7, the selection unit
comprises: an identification unit determining the
magnitude of the power  source and generating a result
signal accordingly; and an output unit selectively
coupling the power source to the at least  two voltage
feed points in the conductive wire pattern  25
according to the result signal, such that a portion of
the micro-diodes and the power source form at least
one loop  thereby turning on the micro-diodes in the
loop. 10. The lighting device of claim 1, wherein the
selection unit  selects the voltage feed points by
determining whether the power source  30 is DC or AC.
WO 2008/022563 PCT/CN2007/002485  21 11. The lighting
device of claim 1, wherein the lighting module
further comprises a submount, wherein the conductive
wire pattern is  formed by a plurality of conductive
wires on the substrate, a plurality of  5 conductive
wires on the submount or combinations thereof. 



12. The lighting device of claim 11, wherein the
conductive  wires on the substrate and the subinount
are electrically connected by a  flip chip bounding
method. 10 13. The lighting device of claim 1, wherein
the selection unit  comprises: at least two DC
electrodes and least two AC electrodes  electrically
connected to the conductive wire pattern; and an
identification unit determining whether the power
source is DC  15 or AC and selectively coupling the
power source to the DC  electrodes or the AC
electrodes according to the determined  result, such
that a portion of the micro-diodes and the power
source form at least one loop by a portion of the
voltage  feed points in the conductive wire pattern,
thereby turning  20 on the micro-diodes in the loop.
14. The lighting device of claim 13, wherein the
selection unit  further comprises a plurality of
isolation units controlling a connection  between the
conductive wire pattern and the DC and AC electrodes
according to the determined result of the
identification unit. 25 15. The lighting device of
claim 13, wherein the conductive wire  pattern
connects to the micro-diodes in at least two series.
16. The lighting device of claim 15, wherein when the
power  source is AC, the selection unit couples the
power source to the two series  30 of the micro-diodes
through the AC electrodes turns on one of the two WO
2008/022563 PCT/CN2007/002485  22 series of the
micro-diodes during a positive half cycle of the power
source  and turns on the other of the two series of
the micro-diodes during a  negative half cycle of the
power source 5 17. The lighting device of claim 16,
wherein when the power  source is DC, the selection
unit couples the power source to the  micro-diodes by
the DC electrodes, such that a plurality of series of



micro-diodes are biased individually by the power
source and each series  of the micro-diodes has one or
more micro-diodes. 10 18. A lighting device,
comprising:  a lighting module comprising: a plurality
micro-diodes formed on a substrate; and a conductive
wire pattern connecting to the micro-diodes; at least
two alternating current (AC) electrodes electrically
15 coupling an AC power source to the micro-diodes by
the  conductive wire pattern, such that a first
portion of the  micro-diodes are turned on during a
positive half cycle of  the AC power source and a
second portion of the  micro-diode are turned on
during a negative half cycle of the  20 AC power
source; and at least two direct current (DC)
electrodes, coupling a DC power  source to the
micro-diodes by the conductive wire pattern.  19. The
lighting device of claim 18, wherein the micro-diodes
25 are micro-LEDs. 20. The lighting device of claim
18, wherein the lighting module  further comprises a
submount, wherein the conductive wire pattern is
formed by a plurality of conductive wires on the
substrate, a plurality of  conductive wires of the
submount or combinations thereof. 30 WO 2008/022563
PCT/CN2007/002485  23 21. The lighting device of claim
20, wherein the conductive  wires on the substrate and
the submount are connected by a flip chip  bounding
method. 5 22. The lighting device of claim 18, wherein
the conductive wire  pattern comprises a plurality of
voltage feed points. 23. The lighting device of claim
22, wherein the AC electrodes  are movable, thereby
controlling a connection between a first set of the
10 voltage feed points and the AC power source. 



24. The lighting device of claim 23, wherein the
conductive wire  pattern connects to the micro-diodes
in at least two series of  micro-diodes, and the AC
electrodes couple the AC power source to the
conductive wire pattern such that one of the two
series of micro-diodes 15 are turned on during the
positive half cycle of the AC power source and  the
other series of micro-diodes are turned on during the
negative half  cycle of the AC power source. 25. The
lighting device of claim 22, wherein the DC electrodes
20 are movable, thereby controlling a connection
between a second set of the  voltage feed points and
the DC power source. 26. The lighting device of claim
25, wherein the DC electrodes  and the conductive wire
pattern connects the micro-diode in a plurality of
series of micro-diodes, such that the plurality of
series of micro-diodes  25 are biased individually by
the power source and each series of the  micro-diodes
has one or more micro-diodes. 27. The lighting device
of claim 23, wherein the AC electrodes  and the
conductive wire pattern connects to the micro-diodes
in at least  30 one series of micro-lighting units
each comprising at least two of the WO 2008/022563
PCT/CN2007/002485  24 micro-diodes, and the two
micro-diodes in the each micro-lighting. unit  are
reversely connected in parallel. 28. The lighting
device of claim 27, wherein the AC electrodes  5
couple the AC power source to the conductive wire
pattern such that a  first portion of the series of
the micro-lighting units are turned on during  the
positive half cycle of the AC power source and a
second portion of  the series of the micro-lighting
units are turned on during the negative  half cycle of
the AC power source. 10 29. A lighting device,
comprising:  a lighting module comprising: 



a plurality of micro-diodes formed on a substrate; and
a conductive wire pattern connecting to the
micro-diodes, wherein the  15 conductive wire pattern
has at least three voltage feed points; and a
selection unit being capable of coupling to a power
source and selecting  at least two of the voltage feed
points, such that a portion of the  micro-diodes and
the power source form at least one loop, thereby
turning on the micro-diodes in the loop. 20  25  30 


