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wre pattern connecting to the mcro- di odes, wherein the conductive

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
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and sel ect sygdood/eas)s two of the voltage feed points, sueppiRade78024s5
portion of the mcro-diodes and the power source format |east one

| oop thereby turning on the mcro-diodes in the | oop. [00051The

i nvention a%@@ep%gﬂf&féﬁ@%@é&ﬁ a?'[@é%git%nf)tlf f[?l)g/e @ohﬂagggegg e@ﬁ%ﬁsc%uaﬁotjﬁgt a

which a lighting nodul e conprises a plura m cr or e

a_subst r apertiema{ahe oniductdivéeswince tipapbaen seofeefirh gt teast BRe loop thereby
m cro-diodes, At least two alternating current (AC) electrodes are -

used to efE®ing ealthy neigupidéodas indhpdorp. source to the nicro-di odes by

th d i i {t h that fi t i fot ; .

i or o of0¥E, o T RBteGicthaRt ek s frebe® haltiodiupens v Dabting device,
. ve nall o

or g o LE GuIt, & BERANE POULLORofipees SALGIH OHTeR Bk RituBR on o

di rect cusulesitat¢,Dahded exinidodtise areussiterhoc 6@ ie o tdEhp OMBEroS@EES At
to the m gﬁo-di odes by the conductive wire pattern. 15 BRI EF
DESCRI PTI RStwWopHH I DRARRIGRITent (PHe) iehaasides rareansdsetarstestfically couple an

d t di t b nt. det ai | ed i ptJ d
examl es. WG ROVE oD B 1R 0T By SR A G e B GeT herehhat o
00061Fi i a Lighti i ce: .. :
Shovs anot har> Grnd mant et et skt e o b befasit O Sl bikle Bt the
enbodithenAMpotee spatecandn seobhd fb@@&? bFitlge nficehdisdane! iefied on during a

enbodi ment of 'a |ighting device, 10010]Fig. 5 shows another
enbodi nenkegtive hplfreialg afebecAC powel splirse. 6 Ahdsust dwot dieect current (DC)

Ciborr e ebigfined sPEriR 7 6baRe hBBEEWE ulrde T MRATCIRDEI D the

substrate
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 §;



m cro-di odes; [00131Fig. 8 is a diagram showing a subnount with a
plurality of conductive wres; [00141Fig. 9 is a diagram show ng the

combi nat i ofyPfped/dtessaubstrate and the 30 submount shown payEhSR700kgNd
8; svo 2008/ 022563PCUCN2007/ 002485 35/ 0015]Fig. 10 is a diagram
showi ng the |ighting device shown in Fig. 6 being powered by a DC

power soujpees; [ 0GL6] K ol j show: l:] [ :
devi ce shgﬁ\;\gsli n g?’g qu%gil%laggagﬁggggﬁﬁ%%@%@ggm@e‘%%?l@;\?néhﬁé. g%emg
[0017] Fi gpowrddsbadd@gseameistuteg the |ighting device shown in Fig.
6 being powered by an AC power source; [0018]Fig. 13 shows a lighting
device wi hﬂﬂlﬁnvatﬁ;g. htisksothesdbagrazoshowimgythelightiogsleaicceshawmlie Fig. 6
circuit d}ija%ram of tr%e [ ighti ng device shown in Fig. 13;
eing 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.



10 [0020] Fig. 15 is another diagram show ng the substrate shown in
Fig. 7; [0021]Fig. 16 shows anot her enbodi ment of the |ighting

devi ce showwd 109s/dh&3 13; [0022] Fig. 17 shows a |ighti ngpd@,ghg@7ng§g
novabl e DC el ectrodes; [0023] Fig. 18 shows an equival ent circuit
di agram of the lighting device 15shownin Fig. 17; and [0024]Fig. 19
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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 [0028]  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 31a~31e.

[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~31e, 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.



[ 0027] The conductive wire pattern 19A conprises conductive wres
connecting to the mcro-diodes 34 in a series of mcro-lighting units
21, conductig/poseres (i.e. 3la-31e) coupling the m cro- gipdRse3dolis
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
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selection unit 50, voltages, for exanple a higher voltage (VDD) and a
| ower volthagepper 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 31a

25  and 31d, such that the N+1 micro-lighting units 21 and the power source 40 form
a loop through the conductive wires 31a and 31d. Namely, the conductive wires
31a and 31d 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+1 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
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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 31a and 31c. 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 31le. 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
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(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 %

micro-diodes 34 in the lighting sub-module 39a are forward biased (turned on)



30 sub-nodul es 39a and 39b and the selection unit 50 selects at |east
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30 to a second el ectrode of the power source 40. Hence, the upper
seri es ofseleqtion 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 382 and 38c.



2 mcro-diodes 34 in the lighting sub-nodule 39a are forward biased
(turned on) WO2008/022563PCT/ CN2007/ 002485 and the bottom series of

-N m cro- d&ﬁﬂ@@ﬁ#ﬁﬂ the lighting sub-nodule 39b 2 ar eg&'gfgg%o%ouss

bi ased (tu when the voltages qof the first and s
el ectrodes are positive and negative respectively, such as during the -

negative half cycle of the power source 40. On the contrary, the
bot t om sel0P4d of Whendhaipmwer sare 4his ARG Ad03ushaddenisfiguiompait 53

th ' f 2 m - dli 4 in the lighti b-nodul e 39D

are botn FOrRAED B aeallt Sl slaR A ulobiiny ok el BRCeo HiRe it 54
c | ne! i ¢

AR S R e A e e U S i

the |i ght3'hg-3devilceugh@hseliees 38a+x3 &pprHpntal thel hoitiae sabdhodules 39 and
t he magnitude of the power source 40, such that it can be powered
with bot PACapgothamevae saonee i fam twen loepse thiogighi Hy ¢eniuetippowires

cour ce 40 ReoC T ataBley Gaf SPRAAR Bireselia SRR e coublih fod Trs
34 are foiuekdddiasat Joveer EEREUONINMNER LIk BRIt ?Q%%u?fedt he J'sgénd

and second el ectrodes are negative and positive 15 respectively,.

t he cont rdestroddefthperovear s@scodON riiles bghtiodesitBmhaatige BOavmrddthe power
bi ased (i.e., turned on%_ when the voltages of the first and second
1

el ect r ode9UEPR 480 Emm e lissidlospgirpygh e seaduodyvy wirep Adarunyl 38bsmadwhe
an enbodi t of ithe I ion,ynit. As shown,. the selection upit 5
compteediainan e dBe D G o wRls SRS oottty ARetad R fihush tne
identifi %d%@ti%iv};irééﬁﬁ eaupied to the power source 40 to determ ne

t he magni tude of the power source 40 and accordingly generate a

resul t sifgds] SMFighé shotuinatihét erbBodsneaul € tghtinghiviaser Asalioes, the

40 and the identification unit 53, selectively coupling the power
sour ce 4dighing dewiget3G0ns sislitasde the bghiiogsteyieac tOP dhayntia Kige 1y diffning

[ | SM _,25.[00411 | h 40.is AC/ DC
290w ¢ ne ol et arconme soddRonhs colihtes cOtke uehing Sihfpdutes
th t i - : . URi tg t |
1 omithe Josh B0k, Steh Leporicitp, 4 BEALPAIAB P UhAY AL, W8 ) Sa0Gton
37c througlit f0ecidctesv3dd thadodBge fdadipbints BBe~8diduch ithe the pesva@8urce

and 38c are coupled to first and _second

0 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 39¢c form a loop. The upper series of

micro-diodes 34 in the lighting sub-module 39¢ are forward biased (i.e. turned on)



30 el ectrodes of the power source 40 respectively and the entire
Iighting nodule 30 and the power source 40 forma |oop through the
conduct i veyw f6s03&3 and 38c. WO 2008/ 022563PCT/ CN2007 (0P 24817902485
[ 0042] When the power source 40 is AC/ RC 110V, the identification uni t
53 generates the result signal SMto the output unit 54, such that
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That t he B0 BiSGHRghtle dnitsve) 18 he HalFRCs A ENA R cfecidut t Hhrt
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vol tage feed points according to a power setting sign B ~shown,
each ni crleghtighsibgnodilke 3Ad ¢omprai sesndtlobpasTHempRE seres wfdnddesdiddes

whi ch are, feversel onnected in parallel, but is not limted
thereto. 11 %%@m&ﬁhﬁ@& @%-gébﬁli@ﬁ 8Pe-andghd sge derwargibisaed 4i.ecturned
conpri se 1 -di od 34 cqnpected in paral.lel, Jin ..
series or i n&géﬁﬂggkgg?gf:%f _El?eAﬁisgraﬁxglﬁe\?gpa,eq?% O%Scmg-rkﬁgé‘hgg agg Risitive
the substiegpectdielgan GiLtieoBhSeA8d the bbROM eRbdbRIniYoYfiodes 34 in the both
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first condition, t{]e " ) )
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~36¢ 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 39¢ 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 39¢ form a third loop. The
25  upper series of micro-diodes 34 in the three lighting sub-modules 39c~39¢ 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 39¢c~39¢ are forward
biased (i.e., turned on) when the voltages of the first and second electrodes are

30 positive and negative respectively.



selection unit 50 selects the voltage feed points 33d and 33a and
coupl es the conductive wires 36d and 36a to first and second

el ect rodesyQf ,ohd)p.RQwer source 40 respectively. Hence, phg~R oy
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respectively. On the contrary, the bottom series of mcro-d odes

i n the beubsitstel Rhtamdes ah-isobitioes S9esteme @9chaedall or viaruttinicasgghble of
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36a-36¢c to the 20 second el ectrode of the power source 40. Hence, the
powei 5 soandecotpliampdthehaicerdiedei4 nl€34-8 tgtitd sedectivd uRit 30) ahben plurality
lighting sub-nmodule 39¢ forma first |ogp, the power source 40 and
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30 posit @}8%?%1&0%%99% +L~e§1‘?§ BB the ggpg_rate 2(788n 355°0¢ Snfécttd A paral?el or
WO2008/ 0325883 BaA1(d0Qit/ Q02d8sle] the micro-diodes 34 1~34 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~46] 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 L0, a capacitor C0, AC and
DC electrodes AC1, AC2, DC1 and DC2. As shown, through the conductive
wires 45, the voltage feed points 46a, 46¢, 46e, 46g and 46i are connected to the
30 DC electrode DCI1, 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



[ 0047] Thus, the lighting device 300 can sel ectively bias one or nore
series of mcro-lighting unit 21 to adjust |ighting power thereof
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unit 53, a plurality of isolation units , an’ i nductor

capadbht orco0plingCGhamt D@ eefeedt padesdFE1 6eAGR] 4BgE46ndo BER DAlshmwe, DC1
t hr ough tagﬁoﬁ ductive w res_ 45, E)he vol t%%e f eed goi nts 46a, 46c¢, )
46e, 46g regpectidiiiectldw highengoacl. @) ¥ddPo@é thepowaisource 40 is

vol {29° LGB, 0y $80 45D 180, 900 0o SGEIMARE 'Rl 1.
and the vol LG0T ead pornts Aba ana agy o BEnE eI R 1o the
el ect r odovoli@ge feed 46b, 46h, 46d and 46j though the DC electrode DC2. Thus, the
20 micro-diodes 34 2, 34 4, 34_6 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 34_8 form four loops by the DC electrodes
DC1 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
DCI1 and DC2 from the voltage feed points 46a~46j while electrically coupling
the voltage feed points 46e and 46j to the AC electrode AC1 and the voltage feed
points 46a and 46f to the AC electrode AC2. The series of micro-diodes
30 34_1~34_4 are forward biased (turned on) and the micro-diodes 34 5~34 8 are

reversely biased (turned off) through the capacitor CO and the AC electrodes AC1



[ 0051] The identification unit 53 determ nes whether the power source
40 is DC or AC and generates a determned result SC to control the
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[005310n the contrary, when the power source 40 is AC, the determ ned
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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 AC1 and
AC2 and the DC electrodes DC1 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 1~34 8 are formed on a
substrate 20 by normal semiconductor processes in which the micro-diodes
25 34 _1~34 8 are connected in two series by conductive wires on substrate 20.
For example, micro-diodes 34 1~34 4 are connected in a first series and the
micro-diodes 34 5~34 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 1~34 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 _1~34_8 are electrically connected by a flip-chip bonding



13 and AC2 by the power source 40 during a positive half cycle of the
power source 40. The series of mcro-di odes 345348 are forward biased

(turned on m cro-di odes 34 1-34 4 are reversel I )
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conduct i véhownén Pagt@rn 19B (i.e. conductive wires on the lighting
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i6g,
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devi ce 40 inFig. 5 differing 20 only in that the jsoati
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First, as34h®endidd B gornd foar Pbepaliict yesrh 8F eicondicasidsod434-3438 argd ¢
formed on a substrate 20 by nornal sem conductor processes in which —
the m cr ol dde$ ipbiagad indaidiadlye connected in two series by

are. connctSl | AltaidyobE b dioma Tty dbanghes caodes DAt gl DC2
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30 22. As shown in Fig. 9, the conductive wires 45 on the subrmount 22
and t he rherldCivress@rce 13y Be applietl dothé valthge desthpoingsi4by, 46g, 46¢ and
Flip-chi p4(§310anndd Q%igher 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_1, 34 3, 34 5 and 34 7 form four loops, i.e., each of the
20  micro-diode 34 1,34 3,34 5 and 34 7 is biased individually.
[0059] As shown in Fig. 12, the AC electrodes AC1 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_5~34 8 between the voltage feed points 46f and 46] form a second loop.
The micro-diodes 34 1~34 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 5~34 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/ 022563PCT/ CN2007/ 002485 14 nmethod. Finally, the DC and AC
el ectrodes DC1, DC2, ACl and AC2 are novably di sposed on the subnount

22 to conphgs sodbesdsi ghting device 500 as shown in Fig. pBy/dv9fB/6d4A8s
shown in Fig. 10, the DC el ectrodes Dgd and DC2 serving as the 5

positive and negative el ectrodes of a DC power source (for exanple,
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the AC el ectrodes AC ? and AC2 are noved to electrically couple to the
conduct i V@ ewi ¢@sdw:51veaWean47l)(; ap el elsotrnde mnduleh?0 sard assasbntihdectrode
m cr o- di ode eed 0|nts4aa

4 be en the v a d 46
forma fiPg UF?’%%é Glindnd s Ebmrwgl&i} tg@ st anhseeid glecgodengodule 70

d 4 t t s A46f
;no(r::noa Isecondé)(ﬁ)o%:)g 5“?%&%@?%%?%&?54% %EEII nt g'l ][]I rs tﬁa I%lg)%ggaéig)ldes
forward bpsed4 @ hiy @1&&1@&!2‘ BenAedtbdsh dakdspovaiiey ConBuctifée wires 47 on

positive half cycle) of the AC power source and the mcro-diodes 34
5- 3418 i nthekabssword4 bym ﬁrmchm handing msdmd.o The rﬁrshebutnodg module 70

Sour ce. | ROMBREE & DHEHIGHL Ay Sren Clesctoreda iy Aneo GoPhdgutesd4
points 463,408 48] 1&%1&?530&?019 QHWsedlgﬁ’osteﬁebé%Q/e%BWO 2 Eetrodes 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 1~34 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 1~34 4 between the voltage feed points 47a and 47¢ form a
first loop, and the AC power source and the micro-diodes 34 5~34 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 34 1~34 8, such that the micro-diodes
30 34 1~34 8 and the AC power source form two loops. The micro-diodes
34_1~34_4 in the first loop are forward biased to turn on during a first half cycle



WO 2008/ 0225631ecN2007/ 1102485 15 [00601In this enbodi nent, the
lighting device 500 selects different sets of voltage feed points by

novi ng t hewdGoed/esigzodes ACL and AC2 and the DC el ectr ogeschesh780dss
DC2, such that the lighting device 500; can be powered with both an AC

power source and a DC power source w thout requiring AC power 5

source t g(é.tehet@cpggi’iﬁfe T ngﬁzgcyf;@b%hglﬂgggsrourgg GRS $nd Q%?%%oﬂijodes

m cro-di es are’bl ased i ndi OWer ~sour ce,
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enbodi nent of a lighting device. As shown, the |ighting device 600
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gecong ellggﬁcg eb%ggﬁ{og @gcrgﬁ(g%ggs a?se én’éimr\)'\ét I z/n dji: %p\c,)@gd oir?Bfhéke{rﬁbh%l the
submount @croddiedei 84 ot dindes Iplhedd By anfeoreldiotes c | YA canhelt adB t ¢he
DBl o Ao et st sel Bl oA 200 s 50 on
i p-chi : ) : tl _ R .
D ke SRR oS gl RO B eany
| ectrod ri j t ] I 7 .
Uhen  ne RGTEPER, FLTEL SRLM L I0LE: 37 R P SAERbuATRE SBt IREFRC Bower
el ectifi calouyce oneRetiechityp cbhgle@loﬂaﬁﬂ@t five eledtesde hdtiil@ v ( hRe SHRABUNbdes
24, the mcro-diodes 34 |-348 are connected in a series of the
| i ght i ng hilt’s-34 & asdith Ib-F_ $B am canectschireaseries ghthengghuing uait 21
ot e Ao T RS AR Ry S LSt it PR or
13. As i L Q. e [jrs I e 70¢1.S: :
el ectri igﬁ yOEdgﬂ‘gi’%é o#ée%ﬁgﬂp\%{ y%gaelgél'sozﬁp ge,‘ A&Hg?)&v(géfessggrl@e&%r%‘)des
the m cr g4dilddemdBB4 343 hed veen stiies vol talirofdHBdePANISA 4diad apl IR eare

forma first |oop, and the AC power source and the m c¢ro-di odes
34 5134 gonpeeted 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 34_8B~34 8B 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



second | oop. Nanely, the voltage feed points 47a and 47e are sel ected
to couple the AC power source to the mcro-diodes 34_1-34 8, such

that the magymogliagles 30 34 1-34 8 and the AC power soupgechsoidie
| oops. The mcro-diodes 34 _1-34 4 in the first |loop are forward
biased to turn on during a first half cycle WO

2008/ 022 2 i o o iLive thalif ocygl
the AC porbr socy SRt e KamdRerdr fro kb BBl 0 TR SaE hvSSied to

are forwardtrdspasdihg ofitsir DOnelddtriodgs a8 eepdcehiably el aull iamddest bE the
negative half cycle) of the AC power source. [0063]In sone ]
enmbodi merbicroedigHesB4nilcps- Yiaseeonsacted3n Becerond BCrelprtaedel 86y tlnothis
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connect ectlectrode8 6 eashectivey,. Wi res 47 on the subrmount 24 and the AC
power 10 source is electrically coupled to the first el ectrode nodul e
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for example, be replaced by micro-diodes 34 1A and 34 1B, the micro-diode

34_2 can be replaced by micro-diodes 34 2A and 34 2B, 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 1~34 8 form

eight loops by the first and second DC electrodes 82 and 86 and the conductive

30 wire pattern 19C (ie. conductive wires 47). For example, the series of

micro-diodes 34_1A and 34 1B and the DC power source form a first loop, the



second DC el ectrode 86, in which each isolation portion 84 is
di sposed between two first DC el ectrodes 82 to electrically isolate

two adj acemnto fobg/@bsddC el ect rodes 30 82. When the first pPErekesti®des
82 and the second DC el ectrode 86 in tfie second el ectrode nodul e 80
are electrically connected to the conductive wires 47 WO

2008/ 022563BCH, 91%2%@9%@ 2N a‘ﬁg e HRMD&Z%‘%IB\@?%Q?&%@O% 4 B&ond

m cr o- di odes 34 are cormected to correspon

el ect r oddsoB2 andspecbivelPhandeahl twood€sthef niibeo-dicdes- dhodas-334 81 Jhd
8 are connected to the second DC el ectrode 86. In this case, cafhodes

and anodeé_dBt3e 8B cro-forvaed Baserd §arged am)strdieidagllyoby aie BE geaiver
i nt db led to.the first tr.odes,. 8 t d
P ect r 0adOHRS aobtding SRPolfBtseks AeCTITMRE THORS clods S hnler & Ro abalshcpe
| ect god i j | : :
i gher varhace P tuict Gt b0 GRLio R, 8F Wiich P BOMEH.S I Bpofition

m cro- di sdesoB4rd eddti8d Byr blwvitsecond DC 10 el ectrode 86, and the
| oner vol ta%e (for exanple, a ground voltage) is coupled to the
cat hodes (84631 he Mwfolle dugvings desirg B0t sdedipr diffemenieselst phawlgee feed

Thus, the m - di od -34 8 f bi d, (.t d

ndtvi dudySHy ThEBE FhedPde spabfesn At at HE BehlibhclSdettian gan be
the i e _ . . . .
b el ot POl 2e8S e bb2an AL DonrRodite wAPRDCH A el viiihun HEGHing
conduot i veCwioves sbilrce [OHE/DIpsesesenkedion®stson.each of m cro-di odes

34_1-34_8 can be_replaced by two mcro-diodes. As showmn in Fig. 19,
the nicrd®%bde 3¥hile dhn, inventiendmgs beebelaserbad dey byayriodr exampliegnd in
34_1A an?er%s-%%’prteileerréﬂ %{Iﬁio%{igl%%t, 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.



34 _2 can be replaced by mcro-diodes 34 2A and 34_2B, and so on. In
this 20 case, cathodes of the mcro-di odes 34 1A-34 8A can serve as
vol tage feed points and be coupled to the first DC el ectrodes 82 and
anodes of the mcro-diodes 34 1A-34_8A1can al so serve as voltage feed
poi nts and be coupled to the second DC el ectrode 86. Wen the second
el ectrode nodule 80 is electrically coupled to the DC power source,

t he hi gher voltage of the DC power 25 source is coupled to the anodes
of the 'ﬁ:r o- di;odes .34 _1B-34_8B by the second DC el ectrode 86, and

t he Iovﬂr YolstAgUEAIS  exanpi e, a ground voltage) is coupled to the
cat hodes of the m cro-diodes 34_1A-34 _8A by the first DC el ectrode
82. Nanely, the power source and the mcro-diodes 34 1-34 ] form

ei ght |l oops by the first and second DC el ectrodes 82 and 86 and the
conductive 30 M/ilfg@th% tlevivel 96n{prisgingconducti ve wires 47). For

exanpl e, the series of mcro-diodes 34_1A and 34 1B and the DC power
sour ce foradighfingshotolpcomipeisiv® 20118/ 022563PCT/ CN20071002485 | R
series of mcro-diodes 342A and 34_2B and the DC power source form a
second | oop,a phuabty oh mithasliodes formwd oh a sidstiatepand odes

34_1A-34 _8A and 34_1B~-34_8B are forward biased (turned on) .

i ndi vi dual | & BPnAEtNE pewier paiderinc €onngcE bge i@ ribed nere-slioges hvdiereine the

m cro-di odes 34j 34_8 can al so he )
conductive wire patternqxas at least three voltage feed points; and

a selection unit used to be 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, wherein the selection unit 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.

2. 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 voltage feed points; and

a selection unit used to be 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, wherein the selection unit selects the voltage feed

points by determining whether the power source is DC or AC.



5 replaced by three or nore mcro-diodes, of which the structure and
operation thereof are omtted for brevity. [00681Thus, the lighting

devi ce 600 selects different sets of voltage feed poi nts by novi ng

el ectrode nodul es, such that the lightiang device 600 can be powered

wi th both an AC power source and a DC power source w thout requiring

10 AC power source to the DC power source conversion. [0069]Wile the

i nvention has been described by way of exanple and in terns of

preferred enbodinent, it is to be understood that the invention is

not |im ted.t'Hee éiphtinfoddnee odrdaian \, wherem tht sxldetdon andtosanpyiaes:ous
nodi fications and sim | ar arrangenents (as woul d be apparent to those
ski |l ed iat lehef tave DCidedtnedes ond lcatidvwar die ebdctrddesaglpetritadl et annscted to
shoul d be accorded the broadest interpretation so as to enconpass all
such nodi f itBatdomeicaivg wirgipadterar padgements. 19 What is claimed is:

1. Alighting device, conprising:. a lighting nodule conprising: a

pl ural i tyarbﬂ&?ﬁtéﬂ%atm%dﬁgpﬁﬁmnm avleether %b@ QOV&%S%UR?@n@uE%? wg AC and
Wi re pattern,caonnecting .o the m cro-di odes, wherein.,the conductiv

wire pattersr?I‘FFatév 4 F@ggimghﬂg‘e %W?%g%’%%%dt(bcﬁﬁﬁt bnc a&&cgo Peli AC
unit used tq be goupled to r. source and, selecting at | east two

of the vol tﬁja‘étr?éﬁ%gﬁ%?fﬁf%%%Eﬁ%%{ﬁ%{nlaegé?%lﬂ&n of the micro-di odes

and the power source format |east one | oop thereby turning on the

m cro-diodes in the | oop, wherein the selection unit selects the

vol tage feed points according to a rel ati onship between the power
source and an equi val ent withstand voltage of the m cro-di odes

ggprgreffsieggwmeqi@%ﬁg%iw& BFCEaiRABL GFifbrefn tifd b418BHLA%ALYISRer 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.

5. The lighting device of claim 3, wherein the conductive wire pattern

connects to the micro-diodes in at least two series.

6. The lighting device of claim-5, wherein when the power source is AC, the
selection unit couples the power source to the two series of the micro-diodes
through the AC electrodes turns on one of the two 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.



a lighting nodule conprising: a plurality of mcro-diodes formed on a

substrate; and a conductive wire pattern connecting to the

m cr o- di odes, wherein the conductive wire pattern has at |east three

vol tage feed points; and a selection uritt used to be coupled to a

power source and selecting at |least two of the voltage feed points,

such that a portion of the m cro-di odes and the power source form at

| east one | oop thereby turning on the mcro-diodes in the | oop,

wher ei n t he7 SphetidRhgubyiceed elasmt HewtRkéagRhtaateRVWES sBrce is DC, the

det erm ni ng whet her the power source 1s DC or AC. 20 3. The lighting

devi ce of dcdedd¢dnidn whier&uplehetheelpeidrogoufte t6 oY inskso-dibdbedsy o DC

DC el ectrodes and | east two AC el ectrodes electrically connected to

t he conductédleetroides spehtteantheamdeast ivdeserits odhienowhotesatebmisadng

whet her the power source is DC or AC and sel ectively coupling the

power sour dadivddubByDy éheporatenusee thd ACheieots oty aucor-diodes bas one

the determned result. 4.The lighting device of claim3, wherein the

sel ection lﬂﬂltﬂof@umlﬁé@-cb@ﬂ?ﬁ-i ses a plurality of isolation units

controlling a connection between the conductive wire pattern and the

DC and AC el ectrodes according to the determ ned result of the

identification unit. 5. The lighting device of claim3, wherein the

conductive wire pattern connects to the mcro-diodes in at |east two

series: 6. 'IX? l.i ghting. device of claim5, wherein when the power

source is AgAdigh @@Y‘iC@ncﬂmer%’é&bl es the power source to the two

series of the mcro-di odes through the AC el ectrodes turns on one of

the t i: e.m - di.odes during a positive half cycle of

t he pgﬁbrﬁgéggéclggg{n% ?%&%gggrét he other of the two series of the

m cro-di odes during a negative half cycle of the power source. 21

7. The |igphirabit@evces dodded firidl onhesitistratednd he power source is

DC, the selection unit couples the power source to the mcro-di odes

by the DC el ectrodes, such that the at |east two series of

m cr o- di cdesnduelive adeipatieinsenrddtingio theemporgediadnsi ce and each

series of the mcro-di odes has one or nore mcro-diodes. 8. A

I ghti £ lggs\,/t' &% a‘ft%%?z[tﬁr?é irent (AC) electrodes electrically coupling an AC power
source to the micro-diodes by the conductive wire pattern, such that a first
portion of the micro-diodes is turned on during a positive half cycle of the AC
power source and a second portion of the micro-diode is turned on during a

negative half cycle of the 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.

9. The lighting device of claim 8, wherein the conductive wire pattern connects
to the micro-diodes in at least two series, such that one of the two series of
micro-diodes are turned on during the positive half cycle of an AC power source
and the other series of micro-diodes are turned on when driven by the negative

half cycle of the AC power source.



a lighting nodule conprising: a plurality mcro-diodes forned on a
substrate; and a conductive wire pattern connecting to the

m cro-di odes; at least two alternating current (AC) el ectrodes

el ectrically coupling an AC power source to the m cro-diodes by the
conductive wire pattern, such that a first portion of the

m cro-diodes is turned on during a positive half cycle of the AC
power source and a second portion of the mcro-diode is turned on
during a negative half cycle of the AC power source; and at |east two
di rect cubQ.erthe(lDg)tiet deviades ¢lacmudl whgrein Diie gowductvaneige pattehe

m cro-di odes by the conductive wire pattern. 9. The lighting _
devi ce ofcalmics & thﬁwmlel‘mdtfhteSCmmjngmhéy wit seripatswhnthad tirepturat series of
the mcro-diodes in at | east, two, series, such that one of the two
series ofMiglorolagiesdes direen indierlughlydey Ry Werespusetandecasdl seresscothe
of an AC power source and the other series of mcro-diodes are turned
on when dng@ndﬁvﬂﬁﬁgwdég%@rvgnﬁanﬂmeyépée@f the AC power source. 22
10. The lighting device of claim8, wherein the conductive wire
pattern connects to the mcro-diodes in a plurality of series, such
that the plural series of mcro-diodes are driven individually by a
power source and each series of the m cro-di odes has one or nore

m cr o- di odes.



