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10 The rapid development in LED efficiency in recent years has resulted in the

adoption of LEDs in illumination applications, replacing incandescent bulbs in many
applications and beginning to replace cold cathode fluorescent lamps (CCFLs) and
fluorescent tube lamps in some specialty lighting applications. Whereas LED
applications in the non-illumination sectors have many well established designs for
15 drive circuitry, the same cannot be said for LEDs operated directly from the mains
power supply. Unlike other applications, LED lamp products used for illumination
have to compete against incandescent lamps and CCFLs with low entry cost. As
such, it is not very competitive to use expensive drive circuitry to operate LED lamps
off the mains because the replacement cost versus other lamp technologies will be

20 higher and the payback time will be longer.

In non-illumination applications, usually there is a readily available low voltage
power supply. This, plus the use of constant current drivers, enables a rather cheap
solution to drive LEDs in instrumentation and displays in many end applications. For
LEDs to be operated from the mains directly, the first challenge is the cost of the AC

25 to DC power adapter. In the current state of art, a good power adapter for LED
operation with a constant current source is almost half the cost of the overall LED
lamp. Typically a switched mode power supply is implemented. Other existing LED
power supply schemes include half-wave rectification, full wave rectification 'and

rectification with smoothing capacitors and inductors. However, these schemes
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15 Half-wave rectification is not competitive due to low light output as a result of

missing half a cycle of operation in DC mode. While this can be rectified by
providing additional LEDs in the circuit to operate in the reverse cycle, the cost of the
LEDs is doubled.

A typical LED, such as an InGaN LED, typically has a near zero forward
20  current until the turn-on voltage followed by a steep rise in forward current for a smail
increase in voltage. In a typical design, the forward voltage is designed to be at the
maximum allowable through the LED at peak cycle. The resultant average drive
current for the whole cycle is much lower than that of the DC drive current. This is
partly due to the high turn-on voltage of the LED and this results in lower flux output

25 for a full wave rectification-based LED module.

The waveform of the current and voltage generated by the full wave
rectification circuit is not optimal in light output efficiency in terms of lumens per watt
of the system. This is because only a small part of the power cycle is at the
maximum allowable drive current and consequently only a small part of the power

30 cycle is at the maximum light output, as shown in FIG 1. The time-average light

‘output is much lower than in DC mode. Moreover, the LED is constrained in the
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resistance for resistor R1 is chosen to limit the current flowing through the LEDs
LED, to LED,. Sometimes an over-current protection device D1 is incorporated in
25 the circuit. The main losses of the system include power loss in resistor R2 of the
AC-to-DC conversion block and power loss in resistor R1 used to limit the current
flowing through the LEDs. In one example of the circuit shown in FIG 3, six InGaN
LEDs with a typical voltage of 3.3V are used in the LED string. In another design,
two LED strings, each having six LEDs, are used in parallel. Both of these designs
30 have approximately 20V drop across the LEDs in total with the typical average
voltage of 3.3V per LED. The excess of the rectified voltage over the LEDs is taken

up by the resistor R1 and dissipated as heat.
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This increases the manufacturing cost of LEDs to cover the cost of rejects in the
forward voltage binning process. If no forward voltage binning is performed, there

20 will be a variation of tota.l forward voltage coming from the LEDs, resulting in an
increase in light output variation of the LED devices.

As stated above, many circuit designs for powering LEDs from an AC power
supply utilise inductive components, such as transformers, inductors or magnetic
coils. These components introduce electromagnetic radiation noise and as a result

25 require additional EMI suppression measures in the circuit design. In addition, the
magnetic coils cause humming noise in the presence of magnetic parts, for example,
in fluorescent tube lighting fixtures.

Further circuit designs for powering LEDs from an AC power supply are

disclosed in US 7,344,275, US 7,066,628, US 6,867,575 US 6,830,358, US

30 6,636,027, US 6,461,019 and US 6,072,280. However, these designs suffer from
one or more of the aforementioned problems or drawbacks.
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in series to an output of the full wave rectifier, the CLD nodul e

conpr i §¢%i3fanee. especiallyat bigk disaninadavels. paral I el ; and a |ight
emtting diode (LED) nodule coupled in series between an out put of the OLD
nodul e and the full wave rectifier, the LED nodule conprising a plurality
of 30 LEDs. WO 2010/ 062160PCT/ MY2009/ 000182 6 The full wave

rectifier is preferably a RBJEel ORTHE INVENRSONSsing a single conponent or
four rectifier diodes in a bridge configuration.
15 It is an object of the present invention to provide a system and/or method

and/or apparatus for powering LEDs from an AC power supply that addresses or at
least ameliorates one or more of the aforementioned problems of the prior art or

provides consumers with a useful commercial alternative.

20 SUMMARY OF THE INVENTION

According to one aspect, although not necessarily the broadest or only
aspect, embodiments of the present invention reside in an illumination device
comprising:

a full wave rectifier for converting an alternating current (AC) supply into a
25  direct current (DC);

a current limiting diode (CLD) module coupled in series to an output of the full
wave rectifier, the CLD module comprising at least two CLDs coupled in parallel; and
a light emitting diode (LED) module coupled in series between an output of

the CLD module and the full wave rectifier, the LED module comprising a plurality of
30 LEDs.
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module is at least 90% of the AC supply voltage.

Suitably, the number of LEDs in the LED module and the number of CLDs in
the CLD module are selected to provide a pulsed forward current having pulses
comprising flat peaks for at least 10% of the duration of the power cycle.

15 The illumination device may further comprise a positive temperature
coefficient (PTC) resettable fuse coupled in series between the AC supply and an
input of the full wave rectifier.

The illumination device may comprise at least two LED modules and at least
two CLD modules, each LED module coupled in series to a respective CLD module.

20 Suitably, each LED module comprises LEDs of a single color.

The illumination device may further comprise:

a connector for connecting the illumination device to the AC supply;

a housing coupled to the connector; and

a substrate coupled to the connector within the housing, the plurality of LEDs

25 mounted on the substrate.

Suitably, the at least two CLDs and the full wave rectifier are mounted to the
substrate.

Suitably, the at least two CLDs and the full wave rectifier are coupled to the
connector and are external to the housing.

30 The illumination device may further comprise at least one switch in series with
at least one of the CLDs, wherein the at least one switch and the CLDs are external
to the housing.

The illumination device may comprise:

at least two LED modules and at least two CLD modules, each LED module
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t he broadest aspect, enbodi nents of the present invention reside in an
i Il um nati ofl %g@?ﬁﬂ%ﬁﬁi%f‘ﬁ%dép tIPGIV\Q%‘%Sthm'Fﬁ'HPﬂPPBn devi ces, each -

i | {gim nat i oguASsNiyCBnE YMMAdre! didhe following are provided within the housing: the full
wave rectifier; the CLD module, the digital switching circuit; the wireless transmission
circuit, the wireless receiver.

According to another aspect, although not necessarily the broadest aspect,
embodiments of the present invention reside in an illumination system comprising at
15 least two illumination devices, each illumination device comprising:
a full wave rectifier for converting an alternating current (AC) supply into a
direct current (DC);

a current limiting diode (CLD) module coupled in series to an output of the full
wave recitifier, the CLD module comprising at least two CLDs coupled in parallel;
20 a light emitting diode (LED) module coupled in series between an output of
the CLD module and the full wave rectifier, the LED module comprising a plurality of
LEDs;

a connector for connecting the illumination device to the AC supply;
a housing coupled to the connector; and

25 a substrate coupled to the connector within the housing, the plurality of LEDs

mounted on the substrate;

wherein each illumination device comprises at least two connectors to

electrically couple one of the illumination devices to at least one other illumination
device.

30 Suitably, each of the at least two connectors is in the form of female socket

for receiving a male connector of a cable.
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a current limiting diode (CLD) module coupled in series to an output of
the full wave rectifier, the CLD module comprising at least two CLDs coupled
in parallel; and

a light emitting diode (LED) module coupled in series between an

15 output of the CLD module and the full wave rectifier, the LED module
comprising a plurality of LEDs. |
Suitably, the method includes controlling illumination provided by the LED
module with at least one switch in series with at least one of the CLDs in the CLD
module. |
20 Preferably, the method includes selecting a number of LEDs in the LED
module and a number of CLDs in the CLD module to provide a pulsed forward
current having pulses comprising flat peaks for at least 10% of the duration of the
power cycle.
Further features and aspects of the present invention will become apparent

25 from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be readily understood and put into practical
effect, reference will now be made to embodiments of the present invention with
30 reference to the accompanying drawings, wherein like reference numbers refer to

identical elements. The drawings are provided by way of example only, wherein:



converting an alternating current (AC) supply into a direct current (DC)
with a full wave rectifier; and passing the DC into: a current
limting woede/e2ish) nodul e coupled in series to an out pat/noYoodenois?l | wave
rectifier, the CLD nodule conprising &t |east two CLDs coupl ed in parallel;

and a light emtting diode E) nodul e co din serjiges
bet ween an THGut jfud QHTarivaye rr%dﬂjlael-'éhh @nQ@'PthgDSéa”PFP@d e LED
nodul e r t LEDs. Sui tably, the nethod includes
cont rol |8{r@ fPWé%eﬁ%ﬁ%ﬁ%Po%ﬂcged by the LED nodule with at Ieast one

switch in series with at |east one of the CLDs in the CLD np
20Pr ef er abl ¥!Gthis aBprBalizalumiaeus mt@&IWn@a\eefﬁmﬁ@'rarbLEDmnewt%t@ 2ED

nmodul ekﬁgqmq;upwmﬁrreeﬁfégﬂ% dn‘&uf’the CLD nodul e to provide a pul sed forward
current having pul ses corrprl sing flat peaks for at |least 10% of the

duration of the power_ cy Further features and aspects_of the
preBent invENGi Bris\a plrcwémaapﬂwsérﬁtm@@ knewnt Wl wave segtiligatien Srcei

descri SCRI PTI ON OF THE DRAW NGS In order that the

I nvent F:%h%u@%ﬁﬁeergg”y understood and put into practical effect,

reference wll now be nade to enbodi nents of the present |nvent|on with 30

reference t &lGHeisR ctaphdiagigmdiivsiratigs, arieminatian  deviGaneAaGRERan R s
fer ley ded b ¢ |
I R G T

FIG 5 is a voltage waveform for a LED in an LED module of the device shown
10 inFIG4;

FIG 6 is a current waveform for an LED in the LED module of the device
shown in FIG 4;

FIG 7 is a luminous intensity waveform for an LED in the LED module of the
device shown in FIG 4;

15 FIG 8 shows the voltage drop across LEDs and Current Limiting Diodes
(CLDs) and the forward current through the CLDs with a rectified AC mains supply
for a specific embodiment of the device shown in FIG 4;

FIG 9 is a circuit diagram illustrating an illumination device in accordance with

a first specific embodiment of the present invention;

20 FIG 10 is a circuit diagram illustrating an illumination device in accordance
with a second specific embodiment of the present invention;

FIG 11 is a circuit diagram illustrating an illumination device in accordance
with a third specific embodiment of the present invention;

FIGS 12 - 17 show different arrangements of LEDs in the LED module;

25 FIG 18 is a circuit diagram illustrating the CLD module comprising switches
for dimming control;



FIG1l is a current waveformin a Light Emtting D ode (LED) connected to a
known full wave rectification circuit; FIG2 is a normalized | um nous
i nt ensi t ywoeavsfwerenf or an LED connected to a known ful | paamey20egodois2cat i on
circuit; 5FIG3 is a circuit diagrami0l |ustrating a known full wave
rectification circuit conprising a filter; FIG4 is acircuit
diagramil | |Esk@r119 isig eircuitl diagramtillestratingi the ChDamodubacompyising 2rbtedy nent s

of the@ ﬁg |nvent|0{| . FIG5 is a voltage waveform for a LED
in an CERCRSALIETBINGGREUELYi ce shown 10in FI G 4: FIG6 is a current

waveform for an LED in the LED nodul e of the device shown in FIG 4;
FIG 7 is a IFGi2isa voltagesvavefaewéliustrating heah disBipation thyethe Kb Drothdude;of  t he
device shown in FIG 4; 15FI G 8 shows the voltage drop across LEDs and

Current Lim G” 1 %@?%&@@?ﬁn u&tj?gt rfsqgé?’l"e} Lﬂﬂﬁ‘]‘éﬂ%ﬁzﬁe\}lég ngcﬁa‘én%m

with a recti Ic e ment o e device
sho®n withr fbuqrth specific emAbGdbnéerst caftbe rpceaelnt tivegtiam i | l ustrating an
illum nation device in accordance with a first specific enbodi mrent of the

present i nvg@% i £ &ndlc igf?a\ﬁin%fc%. LmBbamh dflthgﬁlmrﬁimg&l @Bvice in
i1l um nation devi ce I'n accor dance th a second specrific enbodi ment of the
pr esenwhictvtve CbDs, LEDs andrieGlifidr are procided withinladguaing; | | ustrati ng an

illum nation device in accordance with a third specific enbodi ment of the

present | nv?_qél 2is & Is:%er?‘n%tlc derwﬁwEOéﬁ‘ aﬂ'l grﬁw% a%erﬁréﬁﬂgqlmﬁw%h% el ihh the

LED nodul e;
which the CLDs, and the rectifier are provided external to the housing;

10 FIG 24 is a schematic drawing of an embodiment of the illumination device in
which the CLDs, the rectifier and a switch are provided external to the housing;

FIG 25 a schematic drawing of an embodiment of the illumination device
comprising LEDs of more than one color and in which the CLDs, rectifier and

switches are provided external to the housing;

15 FIG 26 a schematic drawing of a wirelessly controlled embodiment of the
illumination device;

FIG 27 is a schematic drawing of an illumination system comprising at least
two illumination devices in accordance with embodiments of the present invention

coupled together; and
20 FIG 28 is a circuit diagram of the illumination system shown in FIG 27.

Skilled addressees will appreciate that elements in the drawings are
ilustrated for simplicity and clarity and have not necessarily been drawn to scale.
For example, the relative dimensions of some of the elements in the drawings may
be distorted to help improve understanding of embodiments of the present invention.
25



WO 2010/ 062160PCT/ MY2009/ 000182 10 FIG19 is a circuit diagram
illustrating the CLD nodule conprising a rotary switch for di mmng control;
FI G 20 i swa2nlasage waveformillustrati ng heat di ssipat iPom/MYy20091e0002D

nmodul e; FIG 21 is a circuitlidiagramillustrating an illum nation
device in accordance 5 with a fourth specific enbodi nent of the present
i nventi on; FI @ERAILE D DESCRIETIIONIO BwiHhg INVEATIOM odi nent of the

illum nation device in which the CLDs, LEDs and rectifier are provided

Wi thin a hogsing: Fl G LS Bt '}&Wé d ; phediwgnt of
the illum né%%lf%‘ﬁnget\% E!aGiJ'ri %ﬁﬁt‘:‘%’ﬁlﬁaﬂ , éaﬁig é'ﬁ)\g‘d}gcﬁ Pieg?ﬂare provi ded
ext er nembaalimbatsh ofisthegpreldeint Gn2dntich oaghisest acrebtifier M wbuplede td oalh ment

of the |llum nation device in i ch the Ds,, the rectifi .and_a,.swi.tch
e pr VPG Guren (A BHP oL i comverting e B¢ Stk eFhi B & tiih o
an @”beggg}ﬁﬂkt\%%f.cﬁhtéﬁgég&nﬂﬁ{g' RJEEOLES RBATE! 56 1Y chibedoh ¢@Ted foham one

color an rectifier and switches are provided external
t o t heohtpuiafghe IBBliferot2 andcadight emittingwiede ¢LER) wiodulesld] is eeiled|in ed

enbodi nent _of . the illum nati,on.device: | G 271 schemati c draw ng
of an g%f'ﬁ#ﬁg’i"?%agﬁgigéﬁ@impgg Wéggke 1|6e%r§q ﬁﬁ\be%lzlf'?ﬁﬁnat i on devices in
accordancga th&%%ﬂéﬁ@c@ﬁ cbhﬁ)ri@éﬁtﬁﬁné[ mv;ﬂlEtinOswtésﬂahd/ogmdﬂ@r; and
20FIG 28 is a circuit dlmof the illum nation sxstemshovvn in FI G 27.

Ski | | elneedkkRs de pafalial. dingtte somme esnkoimests, ihe H&lamagdwgsigFan
illust . fo [ LGl ar.j: d t (A dr awn
t ol0lg o FBhitisebng TR LEDRBbks ShithYedtht BBYBIGER cohiiising|thbYor iRl I 21
t he dr hEDwm parglldiand/atinrdegidst orHeeChDi mpdule e ucatecamnprise agsingledditd dir rent s

of the present invent.ion. .
t\Bo osr moreI CKES iln parallel. The arrangements of the LEDs and the CLDs will be

described in further detail hereinafter. It will be appreciated by the skilled addressee
that the term “LED module” includes a single LED and that the term “CLD module”
15 includes a single CLD.
In preferred embodiments, a plurality of LEDs is provided in the LED module
18 for the illumination device 10 to work efficiently. For example, with an AC supply
14 of 120V, the LED module 18 comprises at least 30 LEDs in series. In another
preferred embodiment, with an AC supply 14 of 240V, the LED module 18 comprises
20 at least 70 LEDs in series. In such preferred embodiments, the CLD module
comprises two or more CLDs in parallel to ensure sufficient illumination is provided
by the LED module 18.
The rectifier 12 is a full wave rectifier circuit used to convert the AC supply 14
into a full-wave rectified DC supply. Hence, a full wave rectified direct current flows
25  through the CLD module 16 and the LED module 18. In some embodiments, the
rectifier 12 comprises a single component in the form of a single discrete component
bridge rectifier. In other embodiments, the rectifier 12 is implemented using four
discrete rectifier diodes 20 arranged in a bridge configuration, as shown in FIG 4.
In embodiments of the present invention, a conventional full-wave rectifier
30 circuit is modified such that the sinusoidal waveform for the voltage and current
through the one or more LEDs in the LED module 18 is truncated near the peak of

the waveform, as shown in FIG 5. The truncation reduces the maximum voltage
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Referring to FIG 4, an illum nation device 10 provided in accordance with
enbodi merwe 20fo/acksopr esent i nventi on conprises a rectifiper/MR2oopuplsed to an
alternating current (AC) supply 14 for2 converting the AC supply 14 into a
direct 5 current (DC). A current limting diode (CLD) nodule 16 is _coupl ed
i n sersees by tieen LEDSpand at thérsamectimeiiecreagesithi dutatight foemhieh e bFEBge (LED)

nodule 18 is C%%'fd in _series bet%/\]ﬁedgivan out put of the CLD nodule 16 and
the r &¥Eionesgteginder the madmug CUHANGVS g can’ conpri se one or nore LEDs in

series and/or two or nore LEDs in parallel. According to sone enbodi nents,
t he LED nodpnite réfereace to FIGSE aad Giiee effeabofdntrEdutingdks CLMY miodsde H6LED

bl ock copprising two or, more L ,h parallel and/.or .in LS. CLD
modul dh T8 EAHOBREHTRCCEES! fagpdds % Poiraes Bra ABrened et s a e
ar rAngsg it henCias exrmbledh HASSTS bed 6ntHeuctfient et ai |
hersgi a tg{re.?nﬁeo\tmﬁlﬁ e afgggg%i atned b? th(ka) skilled addressee that the term
"LED riimitecbto 60miALared aa asiesyltheEDltage dropactase the LRDsds morsgapadingly

15i ncl ud. i ngl s | ' . | ity of
L eoe i W 3o el AN This meemble RSt GBI, TERY B dctBrstost foft 8' Y ©
wor K eddrhpamdtn WithFfe Wev@Rbrths whéWnan AGSupphy 2.4 Withl@dstencketol @ nodul e

18 conprises at least 30 LEDs in series. In _another_preferred egb{gdi{nsnt,
with aimimusppepsity wavelaow, int hiS TEBhaomedifieds wayafarms 88s Jfeaeedalt 70
L i 4 ' U i B recHRURdEes two
ofﬁmrlgc%_%rﬁﬁsﬁwépgmgﬁ\%r%gégﬁéﬁggﬁgﬁﬁ%%gﬁn‘?I unlﬁsa%tfi on is pr(l)jvi ded by
t he LESveroghel eorvntional full Waee rrectifidri arcuitwitisowt rodificatior ine@edordanceci r cui t

used to, converf the AC supply 14 into a full-wave rectified DC supply.
Hence,Wﬁhﬁmqoch@%tsr&W?f&gag@i‘?\ﬁﬁq'o@urrent flows 25 through the CLD nodul e
16 and the LED nodule 18. In sone enbodi nents, the rectifier 12 conprises a
si ngl fe CO”DWpféfﬁﬁrédtélngb%I@immé o&tlﬁé rpyé@rﬂ}iamr&toa, ctbam@ﬁfage dsop dapsoss f
rectifier. In other enbodinents, t rectifier 12 is inp ng e L.ng four
di scr e@ch E44] exeqeds bigeSLBOINIIPG YGLAIE Yia fﬁ}‘% Hﬁé'ngomlﬁagﬁf\zf?%ﬂbﬁ 'Shown

| Nyd Gritas| P BP A Wiy ShrbAE P SRENmitiY XiieAR 1. B SOMVENIHopRMchlatt | -vave

rectifrer crrcurt I'ed such that™the sinusoidal wavetformfor the
vol t ageuraent lsurTrenpinthroflgirrentdr dmtheoregniater ClEmNtiat a sredifad iasiuPkags i s

truncated pear. the peak_of the vef or. s_sh ' Sttt ation
reducedTtY8IC §itmﬁ$®bgﬁgge hﬁﬁ%ﬂé%@@ﬁ%ﬁ%ﬁ%@éﬁ%ﬁ@ l?@férﬁﬂi?f:
to the skilled addressee. However, further information can be found, for example, in
Motorola datasheet for Motorola CLDs 1N5283 through 1N5314 and datasheets for
20 CLDs produced by other manufacturers.

In the present invention, the number of LEDs present in the LED module 18 in
series with one or more CLDs in the CLD module 16 is matched such that the total
voltage drop across the LEDs and CLDs is at least 90% of the average voltage of
the AC power supply 14. In some embodiments, the total voitage drop across the

25 LEDs and CLDs is substantially the same as the power supply average voltage. In
addition, the number of LEDs used in the LED module 18 is determined such that
the voltage drop over the CLDs is large enough for the CLDs to operate under a
current limiting mode. Typically, the current limiting mode operates above 10V. The
forward current (Ir) — forward voltage (Vr) characteristics of an existing range of
30 CLDs manufactured by Central Semiconductor Corp. are disclosed in their datasheet
entitlied High Current Current Limiting Diode CCLH080 thru CCLH150, JEDEC DO-

35 case.



12 seen by the LEDs and at the sane tine increases the duration for which
the LEDs are operated under the nmaxi mum current drive. Wth reference
to FI GS Swendiode2tehe ef fect of introducing the CLD nodulPeTMyiony/edoes2bri dge
rectifier circuit istolimt the curBent to a specified current limt
using a 5 predeterm ned nunber of CLDs. In the exanple in FIGS 5 and 6, the
current is iTenillustrate thenpeiahdirasne embatiimenthef e tilgmirdition devioss16 he
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manuf act urers. I'n the present invention, the nunber o Ds present
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substantiallg t he sane as the power suEpI y average voltage. |
t he nufidaINdhrasbpld cueant sp thestotatpurreatissignficantyoedunedhandseaverts back t he

void agg f 1S e t erat.e. under a
current Iéﬁp?lﬂgéﬂg@gf ypi1c%ollssgjg‘m'e%Egn?éﬁe&%ﬁeﬂ%gzﬁﬁeg p%Y%{@Qge above
10V. Thenf Bewssdattbougmiusesjom otfmerwaanufactiutergeré diho siigbist eri stics of an
exi sting range of 30 CLDs manufactured by Central Sem conductor Corp. are

di scl osed i ' 3 ti 1 rent.Current, Li m.ti.ng. Di ode
CCLHO80 thlrﬁh%@?m ol Bﬁ%@&eﬂ'g%%%%f@%@iﬁﬁﬂ%ﬁ OBBb182 13
To i | | thet foaward heltage rof therl EDe atpzati crerintof Witherafdrenes natFiensdaigle 10

conpri Sli1n he rgactifier 12, CLD nodule 16 and LED npdul e 18 coupled to the
AC supplvs e Yoltagr,dropacrgss b ERs andsCLRE fera restified 120M ACippinsAuPplY ess

t hagn OwfiN PRt ' s t 1 Q0 age of
340V 1 r ot e thed PRk utack, 1OV Norldisiforalis B8 coRBiicfs BB 18°an
t he LEDEFDS anddChiDs Ifor embodiments of the present invention will now be described.

According to one embodiment, the LED module 18 comprises a plurality of

InGaN LEDs in series with a typical forward voltage V of 3.3V per LED at 20 mA

DC. This corresponds to a peak voltage of about 3.6V per LED at 60 mA forWard

25  current. With the CLD-based circuit designed to operate under current limiting mode
at approximately 1/3 of the power cycle, it is necessary that the CLD module 16
starts limiting the forward current when the varying DC voltage reaches about 140V.

This will provide a duration of about 33% of a cycle at a constant limited current
mode. With a determined number of forty LEDs, the LED string provides a total

30  voitage drop of 144V at the peak of the power cycle. The CLD module 16 takes up to
26V at peak voltage.



thus only be 340V - 1.6V = 338.4V. This represents 99.5% of the supply

vol t age. As shown in FIG 9, according to sone enbodi nents, the

i 11 um natworzotsewe 10 conprises a positive tenperaturePcoaiYiood/enis2 PTC)
resettable fuse 21 coupled in series Between the AC supply 14 and an input
of the full wave rectifier 12. The 10 resettable fuse 21 introguces | ess
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ta unber o 'e 18 is term ned from
the vatOMtion in the forward voltage of the LEDs at peak current. Wth
reference to FIG 8, which shows the voltage drop across LEDs and CLDs for a
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current based circuit designed to operate under current

i mi t i fegtynbEBsan the griRimedeley18./tBedptal ferwasderoliage) fer the LED madd& iy t hat

vol t agbo P U AnEtEogEhieanls el s i st i S pEELEReAand
cycle @;be@tlﬁ%n%lﬁdye bpébf@éhcﬁurwmah |€Dﬂ'ﬁlcaWt§p@|ﬂ&i at rA0ved Fhenexcess forty
LEDs, the LED string provides a total 30Q volt e drg%agf 144V at the peak

of t heVeitage digpcipken vRIYINS %@tﬁl‘%dli%1§d$<9§slpﬁ ?‘E‘Ja§ t peak voltage. WO
2010/ 062160PCT/ MY2009/ 000182 14 Consi dering an upper extrene voltage

vaid ation wWith §'24@‘(IEA@ JIW Wﬁéfbééﬁhioﬁlge &-306V3Ushg @LEIEEM thd e Hikak
forward voltage VF is 90V. Total peak fo

rward vol tage VF LEDs
ahrmuntqu@an; m@mermwg 8t waperk frvagd vettage©f 3.60 Eﬂ Ja%@@?’t;p 14V.
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Consi diraving a\@3V dnoprammess tiet @gP maduletliGon with a peak forward vol tage VF
of 3.30V, which is less likely than the forward voltage of the LED dropping

pel ow 115 ¥R bndPLifomd i v 1Y SRRV vORBPE RS 750 kiR bel ong
20  per LED, this amounts to a total peak forward voitage of the LED module 18 of 330V,
leaving a forward voltage drop of 10V across the CLD module 16. Here the
specification for forward voltage across individual LEDs needs to be capped at a
maximum of 3.75V for an illumination device 10 in the form of a 240V LED lamp,

compared with a forward voltage maximum of 3.90V for a 120V LED lamp.

25 Where a plurality of CLDs are used in the CLD module 16, the CLDs are
connected in parallel to each other and the number of CLDs in the CLD module 16 is
determined by the forward current required through the LED module 18. According
to the current state of the art, each CLD is capable of limiting the current to a
maximum of about 15mA. For a small 10x10mm LED InGaN chip, the average DC

30 current typically required is about 20mA. In pulsed mode with a duty factor of 2 or 3,
the amount of current allowable is up to about 40-60mA. As such, the number of
CLDs needed would be 60mA/15mA = 4, or 40mA/15mA = 3, rounded to the nearest



10 efficiently manufactured batch of LEDs. Wth a peak forward voltage of
3.30V and forty LEDs in the LED nodule 18, the total forward voltage for

t he LED mwoub®/i6316032V and the CLD nodul e 16 now t akes BETABX200W6Mi0$32i S
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the LED nodiis ; 'Eg %rﬁgé%’b%?nsf eogvﬁaﬁgp%?s%f\%w%\%l v BBWr Eﬁ &Sq@Qda‘é’mss t he
CLD nodefieeeride toHIGS 0@ specification for forward vol tage across individual
LEDs needs to be capped at a maxi num of 3.75V for an illum nation device 10
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gh4t h

t hrou q EbUweduie 18 comprisesifag €bDs {61.cGzrGntC.3 canpededtinpasalte] each

CLD i I frrads ik £4 : i f t 15mA. F
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i slabolLEDBOfIA to ILng)p Thisedmibodiment lisets MBaN L ECORit®fa sman LED thp ap@wpt of
current_all ovva%l e urgl to about 40-60mA. As such, the nunber of CLDs
necded?RBIXIMBIENGdRR MBI AdUara area) Wil tYBieal Reak operatingd/aliegeisd ABdabst WO

2010/ 068 HAfipuldéeORB0808dGFaddr 1/3. Each CLD is capable of delivering a forward
current Ir of 15 mA in current limiting mode and therefore four CLDs in parallel are
needed to provide a 60mA peak current for the circuit. In this embodiment, the

15 CLDs are CCLH150 high current CLDs by Central Semiconductor Corp. and the
rectifier 12 is a single component semiconductor MB6S by Fairchild, however
alternative components can be used. |

In embodiments of this invention, the number of LEDs is determined such that
the forward voltage across the LEDs and the forward voltage across the CLDs are
20 balanced in a way that provides a pulsed forward current with a flat peak across the
CLD module 16 and the LED module 18 over the power cycle, the flat peak of the
forward current being of sufficient duration to provide a time-averaged luminous
intensity response close to its DC operated mode, as shown in FIG 7. With a peak
voltage of 170V, the number of LEDs is about forty. This provides a forward voltagé
25  drop across the LED module 16 at peak voltage of about 144V for 3.6V-60mA LEDs. -
The forward voltage drop across the CLD module 16 is 26V as a result, lower than
the maximum allowable peak voltage of 50V for the CLD module 16.

The range in acceptable forward voltage for the LEDs for this circuit is from

3.6V to 3.9V peak voltage at 60mA. At the limit of 3.9V peak voltage, the total

30  voltage drop across the LED module 18 is 156V, leaving a voltage drop of 14V

across the CLD module 16. This is more than the minimum 10V sufficient for a high
current CLD to operate under the current limiting mode.



integer. For a larger chip size, the current requirenment would be higher.
For exanple, a 20x20 nm chip would require about 120 mA of drive current,
i.e. abowo&oliezieni th 15 mA |imting capability each. PCT/MY2009/006u82t her
enbodi ments of the present invention W ll now be described with 5 reference

to FIGS 9-19. ~ FILG 9 shows an _enbodi nent, of the il Iurp nation dew ce 10
wher ei n t hdhacdytasisiny farawighpthee d ED o5/ aperaisd gl peak ceHmentsi§) MRRHAD

Cort ! HsBaubd i e b e budage TGN ChIRATR AU |t2i5" friaapie 3Rat atifig DS

connécted in 18 coupled in
serl epperation e @ad paxkucarrébt csoaprbmasl asrpo,ssrme LEeEJs h(awngt@ MARMUNThi s

m Sq@eraian SuGT R ROWRE FyFiEa Asering e simerimeals afBeoelBRUAIPRET A 1
Pussed, efiBromiibts RhidVed ifen %ﬁfébnyhﬁ)e 'p'éaﬁ%@%he iOfedAbl er AbeutsB3%r var d

curren n current I'irm de and therefore four CLDs in
par al loélthepeweeeyele. tAs may\atld@fﬁleﬁdnmtpea)f peakrastent & thendurgfipe@fene|n this

nmbod t HL150 h
ooy W O o e e B e s Rt Rk Rlpared
seni CQHQLU%% M%Bffathy drébd BRiov abbaraves, ikt umaidtion demperrmnbecomesbe
used. enbodi nents of this |nvent|on t he nunmber o

det er mnmesiﬂbﬂv metﬁmentelrr tarmsr of thet Pawer aemmpfﬂ% negggd éﬂcPrP}%@Sef tS'?war d
| .ta t e {1 PR ed
{ dPuadGnE ShiaR, Gepi el himEc BLEEACH R Eriifolljel 18 Attibanen
m)dul eCliBs gv e ChD podale w‘af@selbb’&ach‘ toamroprelele ptiseddoiveardesudrend haging bei ng

of sufficient duration to provi a_ti ver aged | nous i n sity
r esporfiises %@PE'@ngtf?tB@aBg@reﬁtg‘?ﬁ%Qﬁ 5@‘%%3130? HF{HG(?(?W W‘%ﬁi‘ya peak
vol tage of 170V, the nunber of LEDs is about forty. This provides a forward

vol tage 25 Thidge & raspirfirham-Hdmbetube U@@treneakdvml tea@kmd)rfneatmutf the4v for
3.6V-60mA LEDs. The forward voltage drop a%: 0SS ule 16,. |sl 26V as
a resunventpqmem @MER fpnéhﬁawumnﬁt&m gRMisEe %égkowﬁt%g%t of ”ﬁi\/ PRiIMehe LD
ul EDQG laEfas for
Fﬁfl% S %@@SP | s f rgﬁtﬁgﬁ?é’ %Bgéﬁpeaﬁéggéof({wa’\gﬁd gtON%%é %gR)SfSOL ?m t of
3.9V pmkoﬂélﬂ\b,gmh ahe\E supbly3Bt obl 1G\gandraopealcvoltage: ot 5_@() Tﬁﬁjm@% is

156V, d f 14V T
than t gg\r%n ﬁ%ﬁe‘/‘gﬁ‘ﬁ%‘i’i gn% Bt al (ﬁ?r‘gsfsé%’]\?re er&l_n%d% te% 'ﬁm Obl?a er rrﬂlg
currendrobl & 12009 dHPQ@s a 47204104 O82 LBORGH/ tN 20X /68118 21 81,6thus flxm'EhEhe

duration for which the LED is operated at peak current is inportant because
it cormmlmjlumgumbelf@éL@E@rddblﬂwl@m‘s(ﬁmtpﬁﬂ‘mem is preferable that during

operation the flat peak current is as broad as possible, i.e. having a
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It is also to be appreciated that as the type of LEDs changes, the peak

voltage at maximum current will also change. For example, replacing the InGaN

30 LEDs (typically for blue and green illumination) with other types of LEDs, such as
AlinGaP LEDs (typically for orange and red illumination), the peak voltage at



15 efficiency. In alimting case, a peak average forward vol tage across
LEDs is at a limt of 4.0V, with an AC supply 14 of 110V and a peak voltage
of 155V. Wheowalee®wge drop across the CLD nodule 16 is aPCa/MY2009/00i8235V.
There is a remaining voltage drop of W20V across a series of 4.0V LEDs in
the LED nodul e 18, thus fixing the m ni mum nunber of LEDs at thirty in this
enmbodi nmghnumOd:mrrérst will drepafpprnediosd ¢al 4tMAto a:!x)stehmhA(D\,s légptebygmcneasing )

i ncrea 20V _AC, 220 OV AC, the nunber of LEDs in the
LED no %g'i ﬂft'sié¢5§é§e%"ﬂ H"ech%/D g?%é te 16 is increased fromthe

m ni num of thirty in the above exanple. It is also to be appreciated that

as the averape giemmdrtionetidnimnuagaumbet bé thiftlpd EDs spacifiednfopiheatbowe
current i s reduced from .0 t he nunmber, of LEDs in thg@J_EE 25 nodul e 18 in
ser.esew@eei'm%mﬁh r SRS nSEiensy is haser e eXEing) Ypes P8 BYCH RS eased

4N t [if54N Bin g‘-‘ﬂ\rﬁéaﬁgﬂﬂé’ Hoever! tﬁ@%mﬁerﬁ)@égésethbpaﬁroﬂ%r rheferfalt

|IIum nati1on device to operate’optinmally I out put and
ef fi ci arecdeveloped fat wse tin LEDsagbe emnmnmu nUraberaef LElstttnptacam beRmed fanges,

"ol ac gty paie 65 1 AT e et R AERERERy  con 111 um nati o)
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enbodi ments for optinal | ci ency based on existing types of LEDs, such
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wherein the AC supplyl)é 14 supplies, 240V mains AC, which is full-

recti f NeaLER mqsitle, 18, eeynled dp sasies witghe Llddanodide s|f sppprisse %@}K'

void agg P about 340V and the nunber of LEDs needs to be
ad}uste'(?%ogeﬁngl}ﬁggtl'ﬁazt the voltage drop across the CLD nodule 16 w |

enable a currentgggl se of sufficient duration in_a power cycle. The CLD
nodul e 16 c& it this embogiment arepinGad LEDS with gelypical fowaéﬁ ypltage and
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At 3.6V peak voltage, the total voltage across the LED block for eighty-eight LEDs in
series is 317V. The peak voltage drop across the CLD is therefore 23V, which is still

20 within the maximum allowable peak voltage of 50V for the CLD. At 3.75V peak
voltage per LED, the total voltage across the LED block is 330V. The peak voltage
drop across the CLD is therefore 10V, which is just at the minimum voltage needed
to operate in current limiting mode. In this embodiment, the CLDs are CCLH150
high current CLDs by Central Semiconductor Corp. and the rectifier 12 is a single

25 component semiconductor MB6S by Fairchild, however alternative components can

be used.

The difference between this embodiment with a 240V supply and the previous
embodiment shown in FIG 9 with a 120V supply is that the LED forward voltage
characteristics need to have a limit Vemax of 3.75V at the peak current of 60 mA

30 versus a limit Vgyax of 3.90V at 60mA for the 120V LED lamp.



15ei ght LEDs (Li to L-88). The LEDs in this enbodi ment are I nGaN LEDs
with a typical forward voltage of 3.3V at 20mA DC. The typical peak voltage
at 60mA fwo 20udts216BDs i s about 3.6V. At 3.6V peak vol t ageT/MYI909/@0zs2

vol tage across the LED bl ock for eigh8y-eight LEDs in series is 317V. The
peak voltage drop across the CLD is therefore 23V, which is still 20 within
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10There are two inportant advantages associated with the configuration
shown the Huminationodeviadv i degeedsest eionehtialveEps ntbgunember of LEDSolpetht es

e failure of one or nore of the LEDs. If one LED in a series
D B8 e

t
of 71 ndi "fails, it causes the whole series of LEDs to fail. Wth

a long series of LEDs, the reliability of the illunination device 10
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lz1 of 40mA is diverted and shared between Iz and I3 across LED12 and LED13.

Thus, the peak forward current Iz, and I3 are increased from 40mA to 60mA for

25 LED12 and LED13.

Another advantage of the configuration shown in FIG 11 is that the LED light

output is not significantly affected by the failure of one LED in the LED module 18.
Overall operation of the LED module 18 is minimally affected since only one out of

120 LEDs fails to emit light. Equally importantly, if one LED in one of the LED blocks

30 (P01, P02, ..., P40) fails, the increased forward current in the remaining two LEDs of
the LED block actual boosts the light output by an amount almost equal to the light

loss caused by the failure of the LED. This is the result of the characteristics of



25 LED12 and LED13. Anot her advantage of the configuration shown in
FIG 11 is that the LED light output is not significantly affected by the
fail ure ovoanm/déEB0i n t he LED nodul e 18. Overal | oper at ipom/MY200$1€00L82D
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20  blocks, each LED block comprising three LEDs in parallel. This arrangement is an
improvement over the embodiment in FIG 13 in that when one of the LEDs in one of
the LED blocks connected in series fails, the forward current in the other two LEDs in
the LED block experience a 50% increase in forward current compared to a 100%
increase in forward current for LED blocks comprising a pair of LEDs in parallel. This

25 lower increase in forward current lowers the electrical stress experienced by the
LEDs affected by the failure.

With reference to FIG 15 and in contrast to FIG 14, the LED module 18 can
comprise a plurality of LED blocks, each LED block comprising three pgrallel series
of LEDs. In this embodiment, each parallel series comprises two LEDs in series.

30  This arrangement reduces the impact of current hogging caused by single LEDs in
parallel. In the situation of current hogging, more current flows through an LED

having a lower forward voltage compared to its higher forward voltage neighbours in



conprise a plurality of LED bl ocks, each LED bl ock conprising three

paral l el series of LEDs. In this enbodi nent, each parallel series conprises
two LEDs wo2esviéesp 30 This arrangenent reduces the i npaCt/MY2002000e82t

hoggi ng caused by single LEDs in paraolel. In the situation of current
hoggi ng, nore current flows through an LED having a | ower forward voltage
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terms of current hogging, with the trade-off of nore light loss if one of

the LED modit reiesoe i Test HETED. bl fon SBRRrER BIORy of LEE' P2,
I meeackloBre, 24 LEBBISSk cdhpfsinhtadgsirand| sefies af LEDsaninathis embodintent,

enbodi ments in FIGS 13 and 16 in terms of current_hogging, becagse t he
total eaphwparale) serigs icommsines BinldiDs in seriesps. This &l HgBag A1 ati on
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variation I n®Torwar age across C one LED. 20For
exanpl ef moeafigkidoss ibonekdithailBD verevo fhilvol t ages of 3.1, 3.2, 3.2, 3.3, 3.4

With reference to FIG 17, each LED block in series in the LED module 18

15 comprises two parallel series of LEDs with three LEDs in each parallel series. This

arrangement has an advantage over the embodiments in FIGS 13 and 16 in terms of

current hogging, because the total forward voltage is now a sum of three LEDs. The

percentage variation in total forward voltage in a string would be less than the
percentage variation in forward voltage across two LEDs, or across one LED.

20 For example, consider six LEDs with forward voltages of 3.1, 3.2, 3.2, 3.3, 3.4
and 3.5V distributed in two configurations. In one, three LEDs are in parallel, e.g.
3.2, 3.3, 3.5V in one group and 3.1, 3.2 and 3.4V in another. The forward voltage
difference between minimum and maximum is 0.3V for both groups, amounting to
about 10% of the average forward voltage (i.e. 3.23 to 3.33V) across one LED. In

25 another arrangement, three LEDs in series with forward voltage of 3.2, 3.3, 3.5V
have a total forward voltage of 10.0V, while the other string with forward voltages of
3.1, 3.2, and 3.4V have a total forward voltage of 9.7V. The forward voltage
difference between the two strings of LEDs is 0.3V, which mounts to only about 3%
of the LED string total forward voltage of 9.7~10.0V.

30 The design of the CLD module 16 is largely dependent on the target total

peak forward current required and the current limiting capacity specification of the



and 3.5V distributed in two configurations. In one, three LEDs are in
parallel, e.g. 3.2, 3.3, 3.5Vin one group and 3.1, 3.2 and 3.4V in
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tegginal s alj gM‘% EmbYdintett. éI’R?vH Wﬁl@eggggﬁé’?{%eﬁ%{%&w Ok e ﬂﬁfho"‘“

in FIG 19, th our nechani cal sw tche nodul e 16 of
previ om;ecmammal iswiichas 22, epleaswidcinicbhnectedtinrseriesi tocéadiChix (Ca Cuirdsr  of
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plurality of termnal's (a - d) on an outer surface of an inner dial,
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cBch posi 17 B etfosthef syl b F18) Lo e bl feciRRich sfREHEY 2R dn B DY Oc,
each otG1d) raodllé Mes of &gy pré¢iolis @hibatimear ars regiaced iwith aaotdrg switdhel4of

CLDs utilised. Switch positions 1 to 8 correspond to the fol nber
of CLDWithhanugkers dlﬂf@riem pegitiops cogregpanding te each levs! aijobting ﬁewggﬁﬂf ion 3,
termn wth
torm na” P EmE, FEToREY SWiteh APLF EBerisaRE phigB OF lerhitdie (T Yoah

acti vaﬂm&reawfasecpfammatebymgffor ccaﬂauﬂuigayammmyamula/pmwgy pfjteamsnals rfg -

connect %nt &n toﬂ ersu ace ofoan lr}/ner dheﬁr kno n8?3|m| ar. cﬂbngg rT%ows terminal 4 in
contact with terminal a. With reference to Table 1 below, the rotary switch 24 can be
sequenced through switch positions 1 to 8 to vary the terminals (1-4) and (a-d) that
contact each other and thus vary the lighting levels according to the number of CLDs
utilised. Switch positions 1 to 8 correspond to the following number of CLDs that are
30 utilised: 0-1-2-3-4-3-2-1. For example, in position 3, terminal a is in contact with
terminal 3 and terminal b is in contact with terminal 4 such that two of the CLDs are
enabled. The switch can be activated and sequenced by, for example, repeatedly

tugging a string connected to the switch, or by other manual switching means.
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In other embodiments, the one or more switches 22 are in the form of one or

more electronic switches connected to a remote-controlled circuit responding to

5 electromagnetic signals, such as infrared (IR), radio or visible light signals, to set the

dimming level. It is to be appreciated that the term “electronic switch” refers to a

switch in which an electronic signal is sent to an electronic relay to switch a circuit on

or off, thus allowing or blocking respectively current flow between two terminals. The

signal used to trigger the electronic switch can be provided by electromagnetic

10  signals from a remote control or from optically encoded dial switches, also known as

contactless switches. Where the signal is an IR signal, the infrared data association
(IRDA) communication protocol may be employed.

The various advantages of using CLDs in the present invention will now be

discussed. In the absence of the CLD module 16 in the circuit, the LEDs would be

15  subject to higher forward voltage peaks. As the forward voltage in an LED rises, the
light output tends to saturate and the efficiency tends to drop due to current
saturation in the LED junction. The light output with the full sine wave power supply

is such that the LEDs are operated in their efficient range only for a short duration,
whereas at other times there is either no light output, or the efficiency of light output

20 is diminished due to overly high forward voltage and forward current, particularly
near the peak of the sine wave. With the current limited to a predetermined level,

the LEDs can thus function more efficiently at a longer duration of the cycle.

Furthermore, the electrical stress is lower leading to longer operating life for the
LEDs.
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effect of increasing the time-averaged light output of the LED system.

Furthermore, because the LED is operated in pulsed mode, the maximum DC
current can be taken beyond the maximum allowable DC current in non-pulsed
mode. As a matter of good design practice for reliability, the heat generated in

30 pulsed mode should be not be more than that in non-puised pure DC mode. For an
equivalent amount of DC power dissipated, the maximum pulsed DC current can be
as high as three times the maximum allowable average DC current for DC mode.
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With reference to FIG 21, some embodiments of the illumination device 10
20 comprise at {east two LED modules 18 and at least two CLD modules 16, each LED
module 18 coupled in series to a respective CLD module 16. In the embodiment
shown in FIG 21, the illumination device 10 comprises four parallel LED modules 18
(L1, L2, L3, L4), each LED module 18 coupled in series respectively to four parallel
CLD modules 16 (C1, C2, C3, C4). In this embodiment, each LED module 18
25 comprises LEDs of a single color. For example, LED module L1 consists of only red
(R) LEDs, LED module L2 consists of only green (G) LEDs, LED module L3 consists

of only blue (B) LEDs and LED module L4 consists of only white (W) LEDs.

In this embodiment, the LEDs in the LED modules 18 are connected in series,
but the arrangement of LEDs in the LED modules can have any configuration of
30 LEDs as described herein with reference to FIGS 9-17.

In this embodiment, each CLD module 16 comprises a switch to selectively
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with the present invention.
It will also be apparent to those practicing in the art that an electronic
equivalent circuit of performing the multi-level switching can also be implemented.
For example, the switching interface can be in the form of push-buttons or optically
25 encoded contactless rotary switches or dials or an intelligent remote IRDA controller
in communication with an IR receiver on the CLD modules 16, as described above
and further below in relation to the embodiment shown in FIG 26.
Referring to the embodiment in FIG 22, the illumination device 10 is in the
form of a light bulb, light globe or lamp and comprises any of the CLD-based rectifier
30 circuits in accordance with embodiments of the present invention described herein.
The illumination device 10 further comprises a connector 26 for connecting the
illumination device 10 to the AC supply 14. As shown in FIG 22, the connector 26
can comprise an external screw thread 28 for screwing into a conventional light
socket. Alternatively, the connector 26 can be in the form of a conventional bayonei
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Turning to FIG 24, a similar arrangement to that described above in relation to

FIG 23 is shown. However, in this embodiment, at least one switch 24 is provided in

25 series with at least one of the CLDs (C4 to Cx) in the CLD module 16. Hence, the at

least one switch 24 and the CLDs are external to the housing 30 and in this

embodiment are provided in a separate unit comprising the rectifier 12 and main

switch 34. The at least one switch 24 can be in the form of the rotary switch as

described above to provide dimming control wherein the level of dimming is

30 determined by the discrete number of CLDs (C1 to Cx) present in the CLD module
16.

The illumination device 10 shown in FIG 25 is similar to the arrangement

described above in relation to FIG 24, except that the illumination device 10

comprises at least two LED modules 18 and at least two CLD modules 16, each LED
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25 base 48 and the housing 28 are an integrally formed unit, such as a box formed of

suitable plastics material, wherein a portion of the unit corresponding to the housing
28 is transparent to allow the transmission of light from the LEDs therethrough and a
portion of the unit corresponding to the base 48 is opaque.
In the embodiment shown in FIG 26, one or more of the following can be
30 provided within the housing 28: the full wave rectifier 12; the one or more CLD
modules 16; the one or more LED modules 18; the digital switching circuit 42; the
wireless transmission circuit 44; the wireless receiver 46.
The illumination device 10 can comprise at least two LED modules 18 and at
least two CLD modules 16, with each LED module 18 coupled in series to a



5 conbinations of the light emtted by the illum nation device 10. The
wWreless transmtter 52 can be provided in a portable controller conprising
push- but two0am@2tepansmn ssi ons can utilise the | RDA protrotoymeseniszed
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25 According to other embodiments of the illumination system 54, each
illumination device 10 comprises one of the connectors 56 in the form of a female
socket and one of the connectors 56 in the form of a complimentary shaped male
plug. This arrangement allows the male plug of a first illumination device 10 to be
inserted in the female socket of another illumination device 10 and the female socket
30 of the first illumination device 10 to receive a male plug of another illumination
device. The power cable 50 of the previous embodiment is dispensed with and there

is a seamless connection between adjacent illumination devices 10.
It is envisaged that multiple illumination devices 10 can be coupled together in

such an illumination system 54, which could be used, for example, in corridors of



10 the present invention are achieved by virtue of using the enbodi nents of
the CLD nodule 16 and the LED nodule 18 as described herein in series with
t he out puwofznowmeanshul | - wave rectifier 12. Thr ouglreWiVM Y10€9/000182
specification the aimhas been to des¥ribe the invention without limting
the invention to any one enbodi nent or specific collection of 15features.

Per songrgekhhd 8fhdlindildthgsclisathisr donhedtRY coRmhdreil vad/ortindusiridirmurposes.
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bet weedpriigufitignét of the CLD nodule and the full wave rectifier, the LED
nodul e C@Qprl sing a plurality of LEDs. 2.The illunmination device of claim
1, wher ei n teecd,thé aspeetsrefdhe present énventipn egedessaibed inereip AdSFess digata

si ngl

P! eSS RO e % ot abbbaTb B SRl Kb i isighet e
conf i gfef Powrdting LEDs from an AC power supply. The aforementioned advantages of
10  the present invention are achieved by virtue of using the embodiments of the CLD
module 16 and the LED module 18 as described herein in series with the output from

a full-wave rectifier 12.

Throughout the specification the aim has been to describe the invention
without limiting the invention to any one embodiment or specific collection of
15 features. Persons skilled in the relevant art may realize variations from the specific

embodiments that will nonetheless fall within the scope of the invention.



4. The illum nation device of claim1, wherein the LED nodul e conprises at

20l east thirty LEDs in series. 5. The illum nation device of claiml,
wher ei n twe 2bED6pwdul e conpri ses one or nore LED bl ockspCeacyron&Zdod2ock
conprising two or nore LEDs in parall3® . 25 6. The illum nation device of

claim5, wherein each LED bl ock conprises two or nore LEDs in series. 7.
The i |l unm n&LiAMSievi ce of claim 1, wherein the CLD nodul e conprises at

30l east one switch in series with at |east one of the CLDs. WO

2010/ 062160PCT/ MY2009/ 000182 31 The illum nati on device of claim1, wherein

the sum df aAndlldrageatidhagevass essptisiagCLD nodul e and the LED nodule is at
| east 90% of the AC supply voltage. The illum nation device of claim1,
wher ei n a nunber dofull waKeirgctiier Tormonverting amdligrnalingeeursentdAtS suPpihe CLD

nmodgl e are §8hecd; } a pulsed forward current, the pul sed forward
current havi ng%p%lf%étsc%é%rﬁgm)gﬁng flat peaks for at |east 10% of the

duration of the pomerentfichiting Giede (CLD) matiulencelpled i Séried tui an dutdutrof her
conpri si ng g_{%g@i tive temqperature coefficient (PTC) resettabl e fuse coupled
in series b nWEKe raetifien, eyégﬁdﬂ%ulﬁﬁﬁmpwnsﬁ leagt fw S eRURIe er .
The illum ngq paralidednge of claiml, conprising at |east two LED nodul es and
at least two CLD nodul es, each LED nodule coupled in series to a respective
CLD nodul e. The &l light smitting diedecd.ED) olcmiule X@uplddeireiseriesdietEen naaiul e

PO LoC2 oot of R "ELB BRbdflie A thé ' AT NAVE Rhohfe, el ED dlute
comprising a plurality of LEDs.

2. The illumination device of claim 1, wherein the full wave rectifier is a bridge
rectifier comprising a single component.
15
3. The illumination device of claim 1, wherein the full wave rectifier comprises

four rectifier diodes in a bridge configuration.

4, The illumination device of claim 1, wherein the LED module comprises at
20 least thirty LEDs in series.

5. The illumination device of claim 1, wherein the LED module comprises one
or more LED blocks, each LED block comprising two or more LEDs in

parallel.
25
6. The iltumination device of claim 5, wherein each LED block comprises two
or more LEDs in series.
7. The illumination device of claim 1, wherein the CLD module comprises at
30 least one switch in series with at least one of the CLDs.

8. The illumination device of claim 7, wherein the at least one switch is a
mechanical switch or an electronic switch.



a connector for connecting the illum nation device to the AC supply; a

housi ng coupl ed to the connector; and a substrate coupled to the
connect orwei2otwas2tehe housi ng, the plurality of 25LEDs mpamiMveYR009000m82
substrate. 15.The illum nation devicedlof claim 14, wherein the at |east two

CLDs and the full wave rectifier are nounted to the substrate. 3016. The
i |1 uni na®i on Tdevillwainatiooldevicel df clainen eivheteie the sueast a voltadd Bopaactossie f ul |

housi ng. o DB 5FBESIBYRC AvbBoer B paueyis SEIstt % ioraiper AGstumhte o
the CLDs, wheygiaget he at | east one switch and the CLDs are external to the

housing. 18.The i1llum nation device of claim 17, conprising: 5at |east two
LED nodul es and at | east two CLD nodul.es, each LED nodul e coupled in series

to g resggcti ; . I . - Le . ISl of gl e
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i 11um nati on mMeduleanf a oluaberf Chibeinethe CIB nadduleast sekretsiMd Sldvide a

operated via a st(”rll\% OJ cord %ou l ed to thg connect or . .
pulsed forward current, the Bulsed forward current having pulses comprising

flat peaks for at least 10% of the duration of the power cycle.

10 11. The illumination device of claim 1, further comprising a positive temperature
coefficient (PTC) resettable fuse coupled in series between the AC supply
and an input of the full wave rectifier.

12.  The illumination device of claim 1, comprising at least two LED modules and
15 at least two CLD modules, each LED module coupled in series to a
respective CLD module.

13.  The illumination device of claim 12, wherein each LED module comprises
LEDs of a single color.

20
14.  The illumination device of claim 1, further comprising:
a connector for connecting the illumination device to the AC supply;
a housing coupled to the connector; and
a substrate coupled to the connector within the housing, the plurality of
25 LEDs mounted on the substrate.
15. The illumination device of claim 14, wherein the at least two CLDs and the
full wave rectifier are mounted to the substrate.
30 16.  The illumination device of claim 14, wherein the at least two CLDs and the

full wave rectifier are coupled to the connector and are external to the
housing.

17.  The illumination device of claim 16, further comprising at least one switch in



20. The illum nation device of claim11, further conprising:

a digital switching circuit coupled in series with at | east one of the
15CLDs; awei2n®/@g0t r ansni ssion circuit coupled to the @#CgM¥do05060182hi ng
circuit; and a wireless receiver coupi2ed to the wirel ess transm ssion
circuit. 2021. The illum nati on device of claim 20, wherein one or nore of
t he fol | ow nserigswith at ledstione ofite €LIDsysihegeinfthe belaast one sabtcbanddhece: t he
full wave regtifier; %he %ﬁ‘r@\%u'e; the LED nodule; the digital sw tching
circuit; thelhPrareSXerpalio e fioliing: rcuit; the wirel ess receiver: a
substrate. 2522. The illum nation device of claim 20, conprising at |east
two LED nodul es and at |east two CLD nodul es, each LED nodul e coupled in
series 1% a Thaijuminationcleyicaaiitiaim dZceompisingdul e conpri sing LEDs of a

| Pam nati on” devitogesome, LB i, 348 TE8MG ELR abioud FeshcEs 1M
conpri ses anholaeStodpied GorEeRis0tc at RspeeMid I01D InvodwepeackonEDImbide

illumnation devices to at |east one other illum nation device. WO
2010/ 0621600MPNRNY &S0y Bedingle color; #RE i | | uni nation system of clai m 23,

wher ei n each of . . . : IS .l e formof fenmal e socket
for receiving a éma gé\ig!r)] e% (Ij'ﬁ @.gg.&%u@ggﬁtagﬁ@grﬁqq%&i | I um nati on system of
claim 23, wherein one of the connectors of a first

10 19. The illumination device of claim 17, wherein the at least one switch is

operated via a string or cord coupled to the connector.

20. The illumination device of claim 1, further comprising:
a digital switching circuit coupled in series with at least one of the
15 CLDs;
a wireless transmission circuit coupled to the digital switching circuit;
and

a wireless receiver coupled to the wireless transmission circuit.

20 21. The illumination device of claim 20, wherein one or more of the following are
provided within a housing of the illumination device: the full wave rectifier;
the CLD module; the LED module; the digital switching circuit; the wireless
transmission circuit; the wireless receiver; a substrate. *

25 22. The illumination device of claim 20, comprising at least two LED modules
and at least two CLD modules, each LED module coupled in series to a
respective CLD module, each LED module comprising LEDs of a single

color.

30 23. An illumination system comprising at least two of the illumination devices of
claim 14, wherein each illumination device comprises at least two
connectors to electrically couple one of the illumination devices to at least
one other illumination device.



illumnation device is in the formof femal e socket for receiving a nale

pl ug of another illum nation device and anot her of the connectors of the
first illwoiznsdéorsodevice is in the formof male plug fecTiMms®pyioms2 n a
femal e socket of another illum natiom3device. 10 26. A nethod of powering
an illumnation device including: converting an alternating current

(AC) sw@apl y Thet dlumidaticrr tsysten esft claibk) 234 Wheteihubhcivasfetheeat i lbast twand
passing the DC into: 15a current di ode (CLD) nodul e coupled in

limtin
series to a@%hn@ﬁtﬂrscﬁlﬂﬁ‘@ foumiof fgnale se¢ qieﬁf@rfeC?W@Qtﬁlﬁ" dpnsee i si ng
at least twg, coupled in parallel; and alight emtting
di ode (LED) nodul'e coupled in series betvveen an out put of the CLD nodul e
and the full wave rectifier, the LED 20nodul e conpri si ng a plurality of

LEDs. 7 T t hod ,of cl 6, .i [ t | | t]
orovi d t}?‘ﬁgﬁ‘ﬂ'@%%@m%’é?%m laiimy Ea IR S0 oEine ACwasatd® % AR | cast
one of the mldd‘ﬁloh%vgéqsﬁﬁ%éqorrﬂ%f?&na@@od@l W&Ewﬁgﬁ‘é%gl@ plugc! udi ng

sel ecting a nunber of LEDs LED nodul e and a nunber of CLDs in the
CLD nodul e t&f Elﬁ@hﬁdéﬂlﬁnl@atl@@cﬁq\lmd anethenof thaecqnnestarst @i ther drtur r ent

having pul sqg, GRAhUEYEL M tRER S ShaR' pili§ 5t ind@HbRTin BNEnE 8bbeR of the

current cycle.
of another illumination device.

10
26. A method of powering an illumination device including:
converting an alternating current (AC) supply into a direct current (DC)
with a full wave rectifier; and

passing the DC into:

15 a current limiting diode (CLD) module coupled in series to an
output of the full wave rectifier, the CLD module comprising at least two
CLDs coupled in parallel; and

a light emitting diode (LED) module coupled in series between

an output of the CLD module and the full wave rectifier, the LED

20 module comprising a plurality of LEDs.

27. The method of claim 26, including controlling illumination provided by the
LED module with at least one switch in series with at least one of the CLDs
in the CLD module.
25
28. The method of claim 26, including selecting a number of LEDs in the LED
module and a number of CLDs in the CLD module to provide a pulsed
forward current, the pulsed forward current having pulses comprising flat
peaks for at least 10% of the duration of the current cycle.
30



