1 AC TO DC LED | LLUM NATI ON DEVI CES, SYSTEMS AND METHODS FI ELD OF THE
| NVENTI ON  5Enbodi nents of the present invention relate generally to
i1lum nation devices, systenms and nethods that convert an alternating
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cheap s n“instrurmentati on and di splays in many end
applications. For LEDs to be operated fromthe 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 al nost gagKGRIRINDSIO AHE kidVBMEHAGN LED | anp. Typically a
swi tched node power supply Is Inplemented. O her existing LED power supply
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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 exXisting LED
power supply schemes include half-wave rectification, full wave rectification and

rectification with smoothing capacitors and inductors. However, these schemes



rectification with snoothing capacitors and i nductors. However, these
schenmes 2 introduce the problens of | ower power factor and high total
harmoni ¢ distortion to the power supply. Power adapters wi th constant
current drivers typically use a switch hode power supply together with
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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 small
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



output is nuch lower than in DC node. Moreover, the LED is constrained in
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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.



15 to be determ ned precisely. However, due to the variation in the forward
voltage fromLED to LED, there is a need to specify a narrow forward
voltage range for the LEDs. This requirenment necessitates tight forward

vol tage binning for the LEDs. This incrtases the manufacturing cost of LEDs
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LEDs. This requirement necessitates tight forward voltage binning for the LEDs.
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 totaf 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.



151t is an object of the present invention to provide a system and/ or
nmet hod and/ or apparatus for powering LEDs froman AC power supply that
addresses or at |east aneliorates one or nore of the aforenentioned
probl ens of the prior art or provides cbnsuners with a useful commerci al
alternative. 20SUMMARY OF THE | NVENTI ON Accordi ng to one aspect,

al t hough not Deavdscksi are alse Bnoaurdetedowithntomasttiont) sesteari femtsnwbliinge
devi ce conpri si

t A ti | de i il lumnati :
Present AR O Bol Bl b A by e A Ll ooyl o
a 25di r exystams, sithier pRfBsd Widt middlatiddTbe fé%%tﬁb%@ﬁ%&@%%e 'U%%H' B iRt ! N
series to,an output of the full wave rectifier, the nodul e conpri sing
at | eastCo{UANd brghipeps trveis opradiigreen aaddlae ((RGR) LEEDS to pyodiicaithe &)

nodud e ed, e en, an out gut .of . the.CLD npdul e and t he

ful ﬁwa%“'ﬁ“&fﬁ’ Lf'ug%?’ﬁ&ﬁﬁ‘%\qef%‘dﬁs%t*&%ﬁﬁ\’?’é‘?ﬂa of *b%ﬁgff‘%'?'}cyom ¢EpREr 6

The ful Waikbet aalraivbaek is thePheée fardomleRdirddRry RGHIIdRENE AIEPESIS Rexifig
rectifier diodes in a’bridge configuration. =’

single corrlgcﬁnen or four i . | gul
The LEDTISHING UsspPh debldt drivass  ealior t gontrwks integeated e sirauits ofiCsho aor
mor e LERRcriopratisabt @hd ;;B‘kﬁu ! | e : | ocks,
each LED bl gck .conpri si ﬁ tvx%ﬁgggpr%}r’leﬁ[@ ‘?‘ﬁ%r gﬁ?@? aﬁé’(‘i:’lsog&'(’fgné‘gg?l?%%.
The CLDtifFguperiemyesistandes éo aedueastheocarrant flowirign tiseughsthe UEDtcilca@tst one
10  Although this method is cheaper and simpler than pulsed width modulation, it
reduces the efficiency of the illumination system through heat losses in the series

resistance, especially at high dimming levels.

OBJECT OF THE INVENTION

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.



CLD. The at | east one swtch may be a nechanical switch or an

el ectronic switch. 10Preferably, the sum of a voltage drop across the CLD
nodul e and the LED nodule is at |east 90% of the AC supply voltage.
Suitably, the nunber of LEDs in the LED® nodul e and the nunber of CLDs in
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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 fuli 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 iilumination device may comprise:
at least two LED modules and at least two CLD modules, each LED module



7 coupled in series to a respective CLD nodul e, each LED nodul e conpri sing
LEDs of a single color; and a switch coupled in series with each CLD
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connectors is in the formof 0
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 limiﬁnQ 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;
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.



for receiving a nmal e connector of a cable. 8 Sui tably, one of the
connectors of a first illumnation device is in the formof femal e socket
for receiving a male plug of another illum nation device and another of the
connectors of the first illumnation de¥ice is in the formof mal e plug for

insertion in a fenal e socket of another illum nation devic
According to &h@bh@@%pﬁaﬁﬁ Caﬂm%ﬁ@hOfn%tﬁﬁe'E@”@Mipnde%%e lfﬁr bnthasforay péct

nmbodi
1T umi nat PO 8P IO R Gig: Ml Buuced Afeehct Myl Soy B Aol
suppl y i nifahe chrrmstoreust gy fitddiumiridtion <ﬁemd:e Veie thecfbrrﬁl of malaclpgser ng

the DC into: a current |limting diode (CLD) nodule coupled in series
to an outptfrtien in pdemale sqpkat qfé’@?ﬂ'fqrélffum‘ﬂﬁ@o@gé‘“ﬁﬁdul e conprising at | east

Ds LED
mauT e coupl Boermite 8 idifer, a8Hr affiough not neferedlly (RS GrbaBest b8 O
vvave r eetribloidénentshef theresend tavenmtm fesideginaa plaihed iof poweribgzmn iftumination

Sui tablé? t he @hod i ncludes controlling illumnation provided by the LED
nodul e WFYHEHICHRERGt one switch in series with at | east one of the CLDs in
the CLD nodul e. 20Preferably, the nmethod includes selecting a nunber of

LEDs in the tdivertidglae altetnatingcheenb{AC) 8apply intbea Grechaduert (DCpwihiale a
pul sed ffﬂrvvard ccg%rent havi ng pul ses conprising flat peaks for at |east 10%
of the HIMALIECHTEE @doover cycl e. Further features and

aspects of thesdm@aRNDO Myention will becone apparent 25 fromthe follow ng
detail ed description. BRI EF DESCRI PTION OF THE DRAW NGS I n order that the

i nvention nay be aeddeny linirg diocded GiY podulereaniedin sedes & pacauiput of

errence ik ARV Mol Or TS BALE Sha g SERE s BLCIDR R *

refer to 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:



i dentical elenents. The drawi ngs are provided by way of exanple only,
wherein: 9 FIG1 is a current waveformin a Light Emtting D ode
(LED) connected to a known full wave rectification circuit; FIG2 is
a normalized lumnous intensity waveforgnfor an LED connected to a known
full wave rectification circuit; S5FIG3 is a circuit diagramillustrating a
known full wali& rdstd tuoant eavefarouin addghirEmitting Dibdé (D) connecliddatai s a

circuit diagr illustrati an i.]lum nation device in accordance with
enbodi ne'm@'g'bﬁ'rﬁ]tvﬁ%v%?eég@ﬁ?g&hQE?ﬂ'Lon; FIG5 is a voltage waveform for
a LED in an LED nodul e of the device shown in FIG 4; FIG6 is a
current waveffG2 fiwa rmomidied lumreusEhtemsity hwavefortrhforeevLED cdmmactedid-aG 4,
FIG7 is a Iugn' nous i ntt.ﬁnsi.%}/ waveformfor an LED in the LED nodul e of the
devi ce 3%&)0{1' ulf wa\§ pctiicalfel ardfibws the vol tage drop across LEDs and ‘
Current Limting D odes (CLDs) and the forward current through the CLDs

wi thsa recti fAIGd3AE arwirewitsdipgtam fitusteatingea i Kriowre idib diaventectificafien dircuite
shown in FIG 4; ~FIG9 is acircuit diagramillustrating an

i 11 um nECIGNISHYREESTn accordance with a first specific enbodi ment of the
present invention;, 20FIG 10 is a circuit diagramillustrating an

i |1 um nati on FiGW isea circait didgranciiusiratingaars deenidatipre detice irEeodrdarite witht he
pr esent 1is acircuit diagramillustrating an

i nvention; FIG1
i |1 um ngmrbﬂd?ra@oFsc%ffhﬁ PIesenIaNRRtGN:t h a third specific enbodi ment of the
present invention;
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;



FIGS 12- 17 show different arrangenents of LEDs in the LED nodule; 10
FIG19 is a circuit diagramillustrating the CLD nodule conprising a rotary

switch for dimmng control; FIG 20 is a voltage waveformillustrating heat
di ssi pation by the CLD nodul e; 10 FIG21is acircuit diagram
illustrating an illum nation device in accordance 5 with a fourth specific

enbodi ment  off 16hd9 s éseireuit diagiamoplustrating the &L maedule carpising airaldimg of
an e”bogmﬂtfopairﬁrhﬁ\gidéddf ',.nation device in which the CLDs, LEDs and
Wt Ni

rectifier are provid i n a housing; FIG 23 is a schematic

drawi ng of an enbodinment of the illum nation device in which the CLDs, and
the rectifiefFl&r20 srovoltaae wrvelonm illysirating heai dissipaticorp et CLD modeigsmat i ¢
drawi ng of an enbodi ment of the illum nation device in which the CLDs, the

rectifier angg 3nig @hcipdifit BIR¥hRCHuSKFABINAh HemiMRioMOHEVIRE:in accordihéa 25 a
schemati ¢ drawi ng of an enbodinent of the illum nation device conprising
LEDS of WitBrafaurtinspaeificcembedignent of thaipcesarténvanbon; rectifier and swit ches
are provided external to the housing; 15FIG 26 a schematic drawi ng of a

wirelessly cprtigl k@fsEREIEBRAWRY dfish Birbdaimakd SithdaNinsiation devicd > 27

Is a schematic draw nE? of an illum’nation system conprising at |east two
i |1 unmi nebicbrihgdviBad ks andaedtifirrarginravided wdihieathousing;he present
i nvention coupl ed together; and 20FIG 28 is a circuit diagramof the

i |1 um nat i onFRY $BE8SEhEMAfL: ﬁ}aﬁvi?la-qf an embodifhéntest tRddn@nirtBnMdvice in

appreciate that elenments in the dramngs are illustrated for sinplicity and

cl ari t ywhigh thefd-Deranddbegsstifienansaravidedaxterpakisaihe hausingixanpl e, the
rel ative di nensions of some of the elenents in the drawi ngs may be

di gported t FiEhA is APEMARIGHRIAG Y ih ShbsaRnshtBIthe iRiminaBioR RS in

I nvention. 25 .
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
illustrated 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



11 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to FIG 4, an

i 1lum nation device 10 provided in accordance with enbodi nents of the
present invention conprises a rectifier 12 coupled to an alternating
current (AC) supply 14 for converting tipe AC supply 14 into a direct 5
current (DC). A current limting diode (CLD) nodule 16 is coupled in series

to an output of the r%EWML@D [ng@qupdegj]iTp,m NvVEgTRHQde (LED) nodule 18
S coupled |n series out pu nodul e 16 and the
rectifier he LED nodul e 18 can corrprl se gne or nore LEDs in

series and/ oﬁfﬁfﬁﬂ'"& t‘?nfrl@ tepe (llHMingtian Q?V‘Cﬁc%tptﬂ?\‘iae@ dNsBAEOTERABER WA s,
the LED mOSUHigehfs GNiEd ?Qégiit %‘S?/e?xﬂgn Oéorﬁﬁ f‘e 2T Qbﬁfémz%wpr%g% %B

bl ock conprising two or ara In series
modul e ﬁaﬁeo’tatmgoomnrerste(/h’sp isngbly tm[foorcdrmertmug ther ACisDppiyn 1gaindd |zeidireTthe

t d the Cl bed in,further detail
ner of naPRBERt 19Ck; 7 cpeah hustnizlanen kil megnis 35 8 dmdL It BRHES (B T er
"LED mogutit dfrtﬁétr@eﬁfélr £2 %mdea Lifght @Wﬁh@a&o&@qn_t—:g)mmahla medslupled in

i ncludes a single In“preferred di nent s, pl urallty of LEDs

i s provseldes bﬁtweea mnu’rmﬂmféhe_@u:bmodu@w aumth@fecaﬁeaé%ce 10 to work

conpri ses i et 24t oty IBfisR R e ford LETE M s6fEs sbldFe) 6r 05,
an AC smmopé \LEs @rf padiiid]. Wm:d:ﬁﬁgrmdsdrﬁelsﬁnb@dmfemahé&m medste 718 ¢sEDs in
series. In such preferredbgnbodlnents rlses two or nore

|
Q08" rEHBPAPS A G BB LDy bIoCKRCMith 44 B P ©TPERNEE b T TR o
nodul e [38ps in Baraﬂ-g‘ﬁnﬂﬁﬁtlh Ebﬁésl&q&mfﬂaulé@‘@céﬁéém5f§é #5ihgld CLBS&d to

convert the A ply into a wave rectif DC suppl y. "Hence,
full wiwe eeotdareidslin parallelir ﬂé\ﬁtawamn@ﬂstdfrtbadﬁﬁmen& n@blﬂﬁewﬂ@%nd

the LE enbod e.r | I ngl e
comondistriefhia Frdh GRAT neRBRREE e kb8 SebTRtikled By, e SRR et )

ot her enaptheiirs LEDend@@k! indidds al singlenllEDemdethat shadefmUCLD aridelle”
rectlfler | odes 20 arranged in a brldge conflguratlon as shown in FIG 4.

| n128nbdEiHERS @ Lng ?k@-@f esent invention, a conventional full-wave rectifier

30 circuit 'ﬁgrg@é{]éoegnﬁ%hnéﬁ&t t&%@@%%ﬁ%‘ .swemanwmb S MekitiRge

and current t e one or he LED nodule 18 is truncated
near tHé focdhe ('ilumihatlmdef./uuem 0 asminlowfﬂalarntlyl G & exarople; withean &C sogplyes

e TS B LR e b bsehe ot BRI o, IRSeER .
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 fruncated near the peak of

the waveform, as shown in FIG 5. The truncation reduces the maximum voltage



Wth reference to FIGS 5 and 6, the effect of introducing the CLD nodul e 16
in the bridge rectifier circuit is tolimt the current to a specified
current limt using a 5 predeterm ned nunber of CLDs. In the exanple in
FIGS5 and 6, the current is limted td260mA and as a result, the voltage
drop across the LEDs is correspondingly limted to about 3.5V. This_exanple
uses | ngen bEDheH&EDe aadi att thessaoe time Hicreasespihe dwation ffar whichiaeL50%s

shown in FIGS nd, 2..Wth refer he | um nous intensity waveformin
FIG 7, ?fﬁe"F?FdafL?qa%d%fOsffB? Cﬁﬁéﬁteéﬁle%t of 10 increasing the

time-averaged |ight output for the same anount of power consuned over the
convent i onal Withl fefeveneertedt i3S Brarci 6 cihieteffact lofintrodhiing the Cd& madule 16

d i nbodi .. of the. ' ' . Are d
embod rrihe idae et eReat RuiariTmisane e epbfy agweamsy sursastfillhds ©
excaeds,ehgtdirihéd Mumbsh ¥OCLREe Vl—thérl_ h'é&ahimétirh FGE bt ag¢ B/lthef carréhtDsi s 15

nmeasured at the limting current IL. elimting current IL is 80% of the

pi nch- dintites,ita 8AmMA andrae apiasth. biefvaliagediiop Bsress thed-Fldgis 6PUesRONGiBgY at a
ecifi t a i is tynical j-O :

Shect Lo ARSIV Tl HUBbCRI A hgelanses roaca

f urt herconparison weth t@nwerefentizdshbwn exBr@Sel dnd Rbt YYith actaeashdetthior

Mot orola CLDs 1N5283 through 1N5314 and dat %?e ts f?r 231 Qﬁ?s)%prf%(jol{c%d by

ot her HemIToMS: iNtepsity wavefomp_dntﬂ@ ﬁr:e nf"q @Wadﬁ,orm Fube ST L¥0s

ﬁ;?ﬁ eminér@&m&fﬂ@ﬂth@ﬁi -%We‘?a%ﬁ% 'tliﬁ?ﬁgﬁftp%% Y {he &4He UmoBhttoCh&Ret BohB@meHD

le 16 1S tched such otal voltage drop across the LEDs and
CLDs i ovat theaonveotondl fullewave regtifier dtitciewithouthmopdicatios, ins agpprdange | n

sone e di nen he | _volt op across the 25 LEDs and CLDs is
subst a%&a%rﬁgo@ﬁ%eitﬁr%t@é%{%%&% tlgh[opl y average voltage. In addition,
the nunber of LEDs used in the LED nodule 18 is determ ned such that the
vol tage dr ofn grefertdeke eaitslimentsaot)the poeagnt fiaventios, dhevalieagepdion aciesder a

current_lJimtding mode., TyRicall. the cufre | b Med 0 above
Tov. *Tath SR AIeERts the thiimite bolfade Vir sl il oIERESYCBF EEED )1
exist i Abdsanad aQTthéQin%% SpPeHtact uriesl limitikee rurreht heis 80%dout tiee pGastpoffar e
disclosed in their datasheet entitled H gh Current rrent, Di ode

CCLHoseuraRiuIPCOLe BIChsefbeaBt bois dhg gegulgtpr current %_ﬂ?%%"ﬁ‘?%d{%ttit\’% ag8i nt ,
in 0”%%%@%?12@ %p%%lé}g ?gg. 'ngga‘éﬁralégﬂ&nt@kﬁ]\gdcsaﬂa%ﬁer%f Sl WheL& $aiifdrer

12, CL ule coupled to the AC sun?‘glﬁy 14, the
vol t age theogkilart addrasseer ddoweven, furthérsinforpiatian gar lee founfooegampdg, idi ode

suppl yMolorolagatashest B fisloiala SLD hBaBE . T80 T e d EEBEkSIr e 1
Wid tOupsPrbdubed B Other raPMfactd@Bs4V. This represents 99.5% of the supply
voltage. As shown ih FIG 9, according to sone enbodi nents, the illum nation

device 10 conprises a posit.ive, tenperat oefficien e
fuse 21 oo Aresea: Ruenbat g irrese! S Preaa an i FEhpleetl "Bl ui
wave rastdsiivth ohe o RoréQCLBS §h tREICLD WesdAd 1enis! ptsiRel bects tHdtaheQofaV to
the circuit at peak voltage. The resultant voltage drop across the CL

modul evoltegendrophacrioes theduEBs E8d ELDsuis anlepst98%:9f the) aygragesyeltage ofj s
represRd tﬁC gp%ﬁeg/ng g&pﬁl{}ewf‘.ul?ﬁ ls\érﬁ’eo le'i'r@oedimgnf‘s, the total voltage 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 (V¢) characteristics of an existing range of
30 CLDs manufactured by Central Semiconductor Corp. are disclosed in their datasheet
entitled High Current Current Limiting Diode CCLH080 thru CCLH150, JEDEC DO-

35 case.



resettable fuse 21 works by increasing its resistance disproportionately
after a certain threshold current so the total current is significantly
reduced and reverts back 15 to normal when the fuse 21 cools down. Suitable
resettable fuses 21 are avail abl e fromiBourns, although fuses from ot her
manuf acturers are al so suitable. The nunber of LEDs in the LED nodul e

18 is det er m Tiedlitstoatet tee yriihtatihosné rerhbedifreintesd theolil@amadbnt B8vieEDioat
peak current.. i%&ﬁ%rrg‘je@:ence to FIG 8, which shows the voltage drop across

LEDs andis fari 1% ol gvodide g ard d&bhmodade W8t toupled ¢oithe 6&C peak
ind CLos oy ardh Dl oRiBe AHRE AL E8S L HPREn T 8 W P ekl 3.0 e
o L e oo ey, o0 JAgW, ol e A

20 A DEPRY 1P g 3P AdoRs e Cul agelin 16 17k e leRDBPALETI B0 mA
for war d s only R340V t1he Y Be3 53 IyD yr%r%%ﬁtg gﬁ%g&gﬁe rgggﬁ&a\kﬁ,{aegﬁgnder

current limting node at approxi mate the p
necessary thgat the QD%S@I e 16 starts |i rriticgjg the forward current when
t he varying ?ﬂﬂ“(%ﬂé HcCosdipgio sage embaglients. ghe ursingtian davies of

about 330ocemprisesca i |l i i ned
nunmber ofo,for?%ﬂé_EDg?QF?{g t%E sﬁ?lﬁgb%tﬂ%%ﬁaggﬁg??%?%f%% ?&S"e"q'g’ﬁ%‘fpmof

144V atSRIRS petwesst the AGauppiyv yidl and BmeinplbDofitialfell Wave kadtifiep 120 Jhé at

e v : i ing an r extrene vpltage variation with
o erscstible Me 21, iRUGS dpeS il olBF T aBE' SR HhpepErvalfisssoiaye v
i s 3. 90esulfantavolteepek dfap werabsviiel 600 ModlRr 16Qird tHEDEDR RIS ﬁsoesléﬁﬁV and
the for rq,‘ \éﬁé\?ag f thg CLD nmodul e 16 takes up 14V. This enables the CLD

FEAY A Gy = 392

modul e b t WMar 1o raprasenta PS-4vrcof the adpply vallsigeumThe

oper at iregetisbit oL i i i v 8: : S r
extrene vol tage vgr iggt ?Jgrﬁk%qwh%&%%g gf l(t)gr 33%‘%%”0% gés r?@@éhggﬁ%&?%\%ch is
| ess | CRERID Hhesheld curmnisodhedbtad gerret istsignifiantiyoeduogd keldaevitts Hagki cal

valge. S f th resent .ipvention. pelon o a highly

et ci SRy RENTRRORRRERe 2 ohOf Fiiie Supnbl HerlRRRr bRea 4 ot mudiatle
3. 30V froth Boutng, latBeugh fudes £6R oWedheinlfactufes 96 alsd Quivél vol tage for
the LED nodule is 132V and the CLD nodul e 16 now takes up 38V. This is

till bel ti | t ification, ichis

ypi cal |y shBeru it rntR e [EpiBen i 1S btsesp Restiom he sgrifiencn o
nmodul ethicfarevadd veltpgeest the DEBE. afl BN RBuAeREO\WAE refiBhie tb @@8%@{@“ age
IS 348%“%%5&{% 8? LEDs in the LED nodul e 18 and oEeratl ng at a peak forward

volta wiags diaraaiessddRs pediCLdy fasm rectified (12OVCAC mainal suppdk

f argwangitpy @l f 18.. L i V drop gcross the
o o o teeAfe ok vkl DY Bv. Pahids ohkatsRBL s Dot arel Sl oS o

a 3. 78bekEDyand L. De for ébbotinianta b thie present invensibn palkofobavaedcisdd.age of
the LED nodule 18 of 330V, leaving a forward voltage drop of 10V across the .

LEDs needs \aobamgotd e TtBbakcs B 18D LML Bohi el Bialte! ce 1o
i n t hénGahNnk-BDsain2geried Bithl artypicabivpaartvelade &/ off @Wipeo L EByat ZBXhAEUM of
3. govd&rTﬁslczoor}'/est%%cha{g) 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 voltage drop of 144V at the peak of the power cycle. The CLD module 16 takes up to
26V at peak voltage.



25Where a plurality of CLDs are used in the CLD nodule 16, the CLDs are
connected in parallel to each other and the nunber of CLDs in the CLD
nodule 16 is determ ned by the forward current required through the LED
nmodul e 18. According to the current stdte of the art, each O_D |s capabl e

of limting the current to a maxi mum of about ? smal LED
"hGaN chi p° (GRnsiASinganDupBer GTPETR YO ATR A GUPBL It A SVeiBGRt 050

pul sed pgg é"'\?,J‘81’=‘ ggew JAegCLED %eﬁpé%{k %rwé&?fv@ffﬁ%gtvpfls %wnfro?éﬂ ﬁéﬂb' e

is up to a ut 4 such nunber o needed woul d be
60my/ 15fmwward voitagd Oferfot Somy + EDs aoouésita $56 r\éandathe§pmvasi voltaggeof ttr a

| ar ger ' currenf,re rerren For_ex

20x50. i Chmpdile 1 T 16 bur s PrRIest i L cedilR, 16 Sl B °

CL W C I C s of
theDSS pr eidgr‘;%ﬁtl %gi\dtglrﬂg}ndc&@nl % l@hm@r%eéam\}\%tvonggreem%mngée Wb?:lfyésge gﬁ 19.

FIG 9 shVs an enmbodi ment of the illumination device 10 wherein the AC
supply 14 supplies 120V mains AC, which is full-wave rectified into DC by

rectifier 1@ondiagr GUBWER Skermid veRIgY Vﬁﬁa‘%lJrPWfth g—Béa!( Erwdrd vo@%ge% of

connected in parallel and the LED nodule 18 coupled in series w the CLD
modul e.3.86V; ovitich dededsolikglyitbanibe fonwandovaltagesyf then LEL: Arerping melew dts

| nGaN i D chi

ul th & oAb e T P i ChBr 4 B St HPBYA, MRFtin elofly R0H GRS 58
iy S e e o 5 0 .t b i St
o oot 5o i3 o Me LIS snoduts, T4 ribeubtdl orvaraatiabe Brobs HER: ol
CLDs af1%2@gh'a~‘tﬂe*tt19ﬁ 84686 %%t%s@@ﬂéé@' ﬁﬁ@n&%ﬁﬁttféi&h tﬁém_naﬁialé he

rectifie s a S|ng e conmponent sem conduct or S by Fairchild, however
alter n@pnevatlmg)mmﬁagatsoemﬁcamnusm:ch is typically mﬁmﬁﬁdr@itéo\éf Thesexcess

act oss 'Bltaot el S B by e i g A IE bl tal nlety, € Voo

15 With a 240V AC supply, the peak voltage is 340V. Using 88 LEDs in the LED
module 18 and operating at a peak forward voltage of 3.60V per LED and 60mA
peak current, the typical total peak forward voltage of the LED module 18 is 317V,
leaving a 23V drop across the CLD module 16.

At a higher extreme in which the peak forward voltage is at a 3.75V maximum

20 per LED, this amounts to a total peak forward voltage 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 fo about 40-60mA. As such, the number of
CLDs needed would be 60mA/15mA = 4, or 40mA/15mA = 3, rounded to the nearest



20 bal anced in a way that provides a pulsed forward current with a fl at
peak across the CLD nodule 16 and the LED nodul e 18 over the power cycle,
the fiat peak of the forward current being of sufficient duration to
provide a tine-averaged | um nous intendfty response close to its DC
operated node, as shown in FIG 7. Wth a peak voltage of 170V, the nunber
of LEDs m‘@gﬂmuFor @ t3rgerihdp wize,i thes carréol vequirenoéhtageulb bdr digteer oFort he
LED nod voIt e of .about 144V 3, 6V-60mA LEDs., The forward
vol tage%d(%gﬁg 3@5‘3{5 rY’fﬁiﬂ‘Pé q6rq @b%\ﬁfzég”"‘é\ pEdiiva curglied-e¢ RRAUL Be
maxi mumGILDe watl £5 ﬁﬁakm“m of @bty @gvhfor the CLD nodul e 16. The
range i n acceptable forward voItage for the LEDs for this circuit is from

3.6V to 3.9V k vol eat (P'fmA At the |limt of 3.9V peak voItag t he
total 30 vol é’é@' eirop 8 F%%%ist te=pressilh iBvamtions Wik gyw keydesgrige ovithige
dr ops of rdféYern @SSidde.-4d.D nodul e 16. This is nore than the m ni num 10V

sufficient for a high current CLD to operate under the current limting
node. 16 The duration for which the LED is operat ed at peak current
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In a Ilmt ng case, a, pea average forward volta ge across LEDs I1s at a

limt BCUien\12\ista singkc cpappeyents semiconductaid MBGR dyy itehyld, dfovady. The
vol t aggi&ipive %,gég 16 is at a limt of 35V. There is a
remai ni ng volvt% riégﬁ%&j? 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 ment . [peMmbodimesdtsyef thispinkentiemdhe mambar Qfﬂéﬂﬁlsd@@rmlm $uch that

LED monet & 3% ¥bRage strats 1t R M siianaio, dofRoR) 4988s e siBnate |
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W th %hefr gpdes of LEDs, such as
orward 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.



Al nGaP LEDs (typically for orange and red illum nation), the peak voltage
at 17 maximumcurrent will drop fromclose to 4.0V to close to 3.0V,
t hereby increasing the nunber of LEDs used in the LED nodule 18. The
af orement i oned mi ni num nunber of thirtyéLEDs specified for the above

enbodi ments for optimal_ efficiepcy Ls based gn,existing types. o such
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the voltage drop across the CLD nodul’e 16 will enable a current pulse of
suf f i ciofthe gawer cydlei Asitheorasio aftbe duration o weatoenrentts the Mwalirs of 808 CLDs
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of 3.3V at 20nmA DC. _The typical peak voltage at agrm for, such LEDtie;tﬁgabOUt
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is therefore Ich 1's sti w thin the nmaxi mum al | owabl e peak
vol t ageLb¥s indhef@rDirhed@en6 ate sslzsiedpioaxovisieragulsedrforzard eywsenidhaying
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current limting node. In this enbodinent, the CLDs are CCLH150 hifgh
current CLDShese Genar atiniBeurnconohber oof ¢&lps rendiredeinr eémbedients ofs the
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15 efficiency. In a limiting case, a peak average forward voltage across LEDs is at a
limit of 4.0V, with an AC supply 14 of 110V and a peak voltage of 155V. The voltage
drop across the CLD module 16 is at a limit of 35V. There is a remaining voltage
drop of 120V across a series of 4.0V LEDs in the LED module 18, thus fixing the
minimum number of LEDs at thirty in this embodiment.

20 It is to be appreciated that as the AC supply 14 is increased, e.g. to 120V AC,
220V AC or 240V AC, the number of LEDs in the LED module 18 in series with the
CLD module 16 is increased from the minimum of thirty in the above example. It is
also to be appreciated that as the average peak forward voltage of the LEDs at
maximum operating current is reduced from 4.0V, the number of LEDs in the LED

25 module 18 in series used in the embodiments of the invention also needs to be
increased from the minimum of thirty LEDs in the above example in order for the

illumination device 12 to operate optimally in terms of light output and efficiency.

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



The difference between this enbodi nent with a 240V supply and the previous
enbodi nent shown in FIG 9 with a 120V supply is that the LED forward

vol tage characteristics need to have a limt VFmAXx of 3.75V at the peak
current of 60 mA 30 versus a limt VFMAX of 3.90V at 60mA for the 120V LED

| anp. 18 FIG 11 illustrates a third enbodi nent of the illum nation
devi ce ¥agdmurheuprerRedill drby &Firh Uloskh gy 2i0V td1elode BUBINY thérepyPipictessig 0V
mai ns AC, which is full- vvaverectlfledlnto DC by rectifier 12. In this
enbodi méhe nupmkeraf bERsused mstheddl nedyiletght CLDs (CL, 2, ..., Cs)

connected in parallel and the LED nodule 18 5 conprises a pI ural i ty of LED

bl ocks (P01, T2 ree
EDe (LEDIL oS B I L P e Sl

LED bl oER¥stimests fiorc bptimiah effitienay ISTheSQCth{I existing ypes of bicbPsssucheas ED

o o TRoA THURBAHLEHS, Yt bR RRERS A b el °

advant ages desslopedt fod usktin itHDs Chef ingHim@ini PRNERPWT LEDSs Fhad ddn b@ngsed in

advant age Jl'\“i that the LED nodule 16 still operates when there is a failure
of one rengon devieg R of the presantmviertian yéll desresse; ndi vi dual LEDs
fails, it causes the whole series of LEDs to fail. Wth a |l ong series of

LEDs, the reFl@big shywsfart Bmbddimehnat tHenildenhstorl dedicer ea.s@teraxPieeAD al |y .
as the nunmher, of LEDs in the 15 series increases. In_this enbodi nent, the

ei ght pSHRRYY ¢ eyprlies 240V maigs A, whichasrfulfdvaye ragifi GF’dWQJIPCé by estifi %reak
t f
Cotsr bk o d ARG, 20BH, 1E ek Bliage RecrRoRBie oAy e 1l °
LED13 erwnbet of AfDsEDeblis ¢k, beeadjustdtDto ensure Mgataﬂhemoiﬁg@dr@am the
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f or war dreICLENInddle 16 ddinv@ideadioue OLEIR (2, @d O5EB,Jloniiagd lifPhtallctiang, the
peak f |F-1 of 40mA is diverted and shared between 1F2 and

ﬂ%cur rent
| F3 acgé\é\g pirodyled 18 mopledrin serips evighe fre 1Wlhanadelgr 1@ momprisesnaights ar e

| ngE eagpchtiIEnN n@gt 60mA for 25 LED12 and LED13. Anot her advantage of
t he conflguratlg]% shos%n in FIG 11 is that the LED Iight output is not

significant I_% affected by the failure of one LED in the LED nodul e 18.
e LEDs in this'embodiment are inGaN LEDs with a typical forward voltage

of 3.3V at 20mA DC. The typical peak voltage at 60mA for such LEDs is about 3.6V.
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 Veyax of 3.75V at the peak current of 60 mA

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



Overal |l operation of the LED nodule 18 is mninmally affected since only one
out of 120 LEDs fails to emt light. Equally inportantly, if one LED in one
of the LED bl ocks 30 (P01, P02, ..., P40) fails, the increased forward
current in the remaining two LEDs of tH& LED bl ock actual boosts the |ight

out put by an _anount al nost equal to the |ight |oss caused bé’ thf failure of
the LED. Thi §16s11 ilusteaies ta dhird enbodimant of itbei ilemérationgdeties 19 rofviliech
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over - cflasshipediabovedavelationdo IFI€&.i me of the renmining LEDs. Wth
reference to FIG 13, the LED nodul e 18 can conprise a plurality of LED

bl agks, eac Wlﬁér@@feqwmhy%rf%t%d%hfagéfs 3deBzidted RatfetHeetonfiburatic sRo@AMENt
allows 15 for the LED nodule 18 to function even though one of the LEDs
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each LEBubésdihe whelaisafi¢eof EBEDsbtfhilr §tidr arlorg seriEs @f LEDS, like réliabilitgdfe 18

can coppri.se a plurali.t f LED 20 bl ocks, .each D bl ock c Lsi.ng,three
Cens 1 TR ik inaPon divicd, 8L g @nanes ixPanshiiaiNG feriDa: THUBET RdERE dthent i n
Fl {3 13séRes iidredd@n one of the LEDs in one of the LED bl ocks connected in
series fails, the forward current in the other two LEDs in the LED bl ock

experience 50% i ncrease in forward curre conpared to 00%,i n se in
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experienced by the LEDs aftfected by the failure. Wth reference to FIG 15
and i nmegie: eheperatiom) Ghist fotahpeakpurrettiisesheged @mong the three parallel LEDs

(LED11, LED12, LED13 etc.) in an LED block, each LED receiving about 40mA.
20 When a single LED fails in open circuit, the LED module 18 can still operate at near

maximum capacity. With reference to FIG 11, when LED11 fails, the forward current

I=1 is diverted to LED 12 and LED 13. When LED11 fails, the peak forward current

Ir1 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



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 in series. 30 This arrangenent reduces the inpact of current

hoggi ng caused by single LEDs in parallml. In the situation of current
hoggi ng, nore current flows through an LED having a | ower forward voltage
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percentage variation in total faorward voltage, in ﬁgﬁ”' ng woul d be | ess

t han t RBISFvecwurens Wihreducedheifietiroe v the (RINAKYY bEPYSss two LEDs, or across

one LED. 20For exanple, consider six LEDs with forward voltages of 3.1,

3.2, 3.2, 3.\§ithJeferanck b )G distié bEDEthodald W8 caanddngoniss & qhgralitynofolED
three LEDs are in parallel, e.g. 3.2, 3.3,. 3.5V | Cfne %oug and, 3.1, 3.2
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have a tptal f rd voltage of 10.0V, while the pther stri. ] war d
Vol t agefopne! B Aper2ngas Ty ndiease in Stient sl s 15 Bl patine
forvar ghepbdar st beiiRNe&ird 8t LESR ihkRachWED blddigareinafféated.s 0. 3V, whi ch
nounts to only about 3% of the LED string total forward voltage of

9. 7-10.OV. With reference to FIG 14, the LED module 18 can comprise a plurality of LED

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 parallel 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



21 CLDs used. Hi gh current CLDs CCLHO80 thru CCLH150 with a JEDEC DO 35
doubl e plug case manufactured by Central Sem conductor Corp. are suitable
for use in enbodi nents of the present invention, although a range of CLDs
avai l abl e from a nunber of different mdhufacturers are also suitable. The

CLD nodul e 16 can conprise a single CILD or a plurality of CL Ln, parallel,
as desc? iRRsallelpeiviadi nThis| eayses t’@ﬁ‘ﬁrbﬁg@-%@.'%%n and lﬁ“[er'ibpegﬁgéﬁﬁ s of

the il lum ' | . ] present invention will now be described
in rel aélon% Eﬁo@g;%h@ﬁa{%gm?é.sgr%%br ding to sone enbodi nents, the CLD

modul e 16 conprises at |east one switch in series with at | east one_of the
so CLDs. TheV\§win there are hwod ERs innseries, teivesation imaingletERSHsJeswsings.
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seri es dhah FAER b KTbilulin &k LED of life 1ED"RaiPh SRS G Alskts idight st e m

"mechani cal switc ers to a swtc at 1s activated by a physical
cont actframe oedle b EDsointtbesieniabs al | owi ng current to flow therethrough. 20In
t he enbodi nent shown irn FIG 19, the four nechanical switches 22 in the CLD
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with a nunber o erent positions corresponding to each level” o
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sur f acgadeanigel ORTerAbSdimefmaP FIG 18 i tefhs doflcbribdt hbgyingt evith the! trade-off
contact with termnal a. Wth reference to Table 1 below, the rotary switch

24 canob@osedighhlass it ene ofihesliEPowverssodifailons 1 to 8 to vary the terninals
(1-4) and (a-d) that contact each other and thus vary the lighting |evels

accordi ng t Quith eefesies tOTFICLDE, Bhth iLEDl bISWK it Beflesiif itheSLHDtmolule 18
u

correspond to the foll ow ng nunber of CLDs that are 30 uti]lised:;

0-15 2-epmpgses twomaraliglsasies, of LEBs vith Hies LIRS ir garh parallel serigs: athiswi th
term ' S | ey ; of
the C iatadREol At agibritiae BrEPHABhotineASTAFISS 5 aHANd MAbrhear
exanpl arrerpesggidy ybécmgentheaotdi forwardoritagedd nowv alsing wif thiee lodeDbyThe her
manual sw tching nmeans.. 22 TABLE Teirm' nal sNo. . of CL%S Posi ti gn ir%

Cont aoqeerﬁggfa&f 8@53&@ in fofal 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
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supply 14, i.e. CLDs and rectifying diodes. The nunmber of conponents
r equi r wihi %nﬁn[ng@r @l ifferené posiiighs corresponding to each level of lighting required.

For example, the rotary switch 24 can comprise a plurality of terminals (1 - 4) on an
inner surface of an outer ring for contacting variously with a plurality of terminals (a -
25 d) on an outer surface of an inner dial, knob or similar. FIG 19 shows 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 conhected to the switch, or by other manual switching means.



15 many of the prior art circuit designs, which helps to reduce cost and
facilitate small er designs. The absence of capacitors in the ACto DC
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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.



Further enbodi nents of the present invention will now be described with
reference to FIGS 21 to 28. Wth reference to FIG 21, sone enbodi nents of
the illum nation device 10 20 conprise at |east two LED nodul es 18 and at
| east two CLD nodul es 16, each LED nodube 18 coupled in series to a
respective CLD nodule 16. In the enbodi ment shown in FIG 21, the
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etc. 15The enbodi ments of the invention for powering and controlling
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compared to conventional AC-DC conversion and "minimises total harmonic
20 distortion. Other power supplies for LEDs, CCFLs and fluorescent lamps need
costly schemes to achieve an acceptably high power factor and low total harmonic

distortion for the power supply.

, With the peak current truncated from the sine waveform, the average DC

current of the modified waveform using the CLD-based rectified circuit of the present

25 invention is increased compared with a normal bridge rectifier output. This has the
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.



of color m xing through the use of nmulti-level switches. This capability
woul d not be 20 possible unless CLDs are used in conjunction with each LED

nodul e in accordance with the present invention. It will also be apparent
to those practicing in the art that an 2l ectronic equivalent circuit of
performng the multi-level switching can al so be inpl enented. For
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connector 26. The illum nation device further conprises a

through the LED string is limited at a fairly constant maximum value. This ensures a

lower variation in light output between devices.

The CLD-based illumination device of the present invention eliminates the
need for inductive components, such as transformers, inductors or magnetic coils.
15  Hence, additional EM! suppression measures are not required and the humming

noise created by the magnetic components is avoided.

Further embodiments of the present invention will now be described with
reference to FIGS 21 fo 28.

With reference to FIG 21, some embodiments of the illumination device 10
20 comprise at least 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



5 substrate 30 coupled to the connector 26 via wires 32. |In sone

enbodi nents, the substrate 30 can be in the formof a printed circuit board
(PCB), and may conprise one or nore of an alum nium core, a heat sink
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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
iflumination 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 bayonet
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at least two CLDs (C1 to Cx), the full wave rectifier 12 and the main switch 34.
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 (C¢ 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



Referring to FIGS 27 and 28, an illumnation system54 is provided
conprising at least two of the illum nation devices 10 as descri bed herein.
10 According to sone enbodi nents of the illum nation system 54, each
illumnation device 10 is in an elongatze form such as a tube or an
integrally fornmed box and is thus simlar to the enbodi nent descri bed above
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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



30 CLAIMS:  1An illum nation device conprising: a full
wave rectifier for converting an alternating current (AC) supply 5into a
direct current (DC); a current limting diode (CLD) nodul e coupled in
series to an output of the full wave ré&8tifier, the CLD nodul e conprising

at least two CLDs coupled in parallel; and alight emtting

di ode (itegsipectivel LD omthlledd andealcbsl_EEtmedmeamnl@mlmg)dlIE% (thto &Dofradul e
of | LEDs;

d the f tif the LED I it
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the fu wave rectifier is a e rectl ier conprising a singl e
conponenansriit Bignals o rtﬁma\maiessjeaca:mro%‘ & aoniradl, thmmémaﬁyt ewelsuand walar

L RBMRoRe o, e S o, BBl st LS4 e”
| east tiPandriiteEB? ddh BEPr6¥ided in a portable controller comprising push-buttons and
transmissions can utilise the IRDA protocol described above.
Referring to FIGS 27 and 28, an illumination system 54 is provided
comprising at least two of the illumination devices 10 as described herein.

10  According to some embodiments of the illumination system 54, each illumination
device 10 is in an elongate form, such as a tube or an integrally formed box and is
thus similar to the embodiment described above in relation to FIG 26. FIG 27 shows
two illumination devices 10 to be connected together and FIG 28 shows an example
of a circuit in accordance with an embodiment of the present invention provided

15 within the housing 28 of each illumination device 10. In this example, the circuit in
FIG 28 is the same as that described above in relation to FIG 21. Each illumination
device 10 comprises at least two CLDs (C4 to Cx) of at least one CLD module 16 and
the full wave rectifier 12 provided within the housing 28. A substrate 30 is provided
within the housing 28 and a plurality of LEDs (L, to Lx) of one or more LED modules

20 18 are mounted on the substrate 30. Wires 32 couple the LEDs (L4 to Lx) and the
other components to at least two connectors 56, at least one connector 56 provided
at each end of the base 48. In the embodiment shown in FIG 27, each connector 56
is in the form of a female socket for receiving a male connector 58 of a power cable
50, which electrically couples the at least two illumination devices 10.

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



5. The illum nation device of claiml1, wherein the LED nodul e conpri ses one
or 25nore LED bl ocks, each LED bl ock conprising two or nore LEDs in
parallel. 6. The illum nation device of claimb5, wherein each LED bl ock
conprises two or nore LEDs in series. 307The illum nation device of claim
1, V\/nerein the CLD nodul e conprises at | east one switch in series with at
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bet ween LH%e %é pI y and an input of the full wave rectifier. The

i 11 um nat '@ e of claim 1, conprising at |least two LED nodul es and at

| east two Clienivsluthesaspeeshofhe gresemtenvontidress desmﬁeobbextem addmsemtatve
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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.



30 16. The illum nation device of claim 14, wherein the at |east two CLDs
and the full wave rectifier are coupled to the connector and are external
to the housing. 32 17.The illum nation ggvice of claim 16, further
conprising at |east one switch in series with at | east one of the CLDs,
wherein the at@m&one switch and the CLDs are external to the housing.
518. The il lum -device of claim 17, conprising: at least two
LED nodul es and at | east two CLD nodul es, each LED nodul e coupled in series
to a respective CLD nodul e, each LED nodul e conprising LEDs of a single
color; and & swhndiluroivapoedeviseompising:t h each CLD nodule. 10 19. The

operatod via a string b Lottt & Hmdind s, ERTbATRS cUERE RALT supply
il lumgation deytee dﬁfe&'o@h@h{l(D(ﬁ}!rt her conprising: 15a digital sw tching

circuit coupled in series with at |east one of the CLDs; a wreless
transni ssi on circui @ gt dmiting diedediChil)anodule: eatinted #1 peiies to anpuiput of

W reless recei Vefs fAURLRIrdRfiLN AL Afsiuid B8RBHERLAR 1654t CLDs coupled

in parallel; and
a light emitting diode (LED) module coupled in series between an
10 output of the CLD module and the full wave rectifier, the LED module
comprising a plurality of LEDs;
wherein a pulsed (DC) forward current having a truncated waveform is

supplied to the LED module.

15 2. The illumination device of claim 1, wherein the full wave rectifier is a bridge

rectifier comprising a single component.

3. The illumination device of claim 1, wherein the full wave rectifier comprises

four rectifier diodes in a bridge configuration.

20
4. The illumination device of claim 1, wherein the LED module comprises at
least thirty LEDs in series.
5. The illumination device of claim 1, wherein the LED module comprises one or
25 more LED blocks, each LED block comprising two or more LEDs in parallel.
6. The illumination device of claim 5, wherein each LED block comprises two or
more LEDs in series.
30 7. The illumination device of claim 1, wherein the CLD module comprises at

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.



21. The illum nation device of claim20, wherein one or nore of the
followng are provided within a housing of the illum nation device: the
full wave rectifier; the CLD nodul e; the34ED nodule; the digital swtching
circuit; the wireless transm ssion circuit; the wireless receiver; a
substrate. 22. The illum nation device of claim20, conprising at |east two
LED nodul es and at |east two CLD nodul es, each LED nodul e coupled in series

to a respegi VelTFréﬁ?Jdm%'tiSn SRR %i@ﬁ?%e@ﬁﬁﬁé%ﬁgof—g%}jt@ ﬁgjrabr&ir@ss

color. 23. An illumnation systemconprising at least two o

i Ilum nation dethedsBfmotuienand thendrli modalehis bt leasta@@%bnotiéhe &C supply
conpri ses at Ieash two connectors to electrically couple one of the

i || umi nation deVPé8%to at |east one other illunmination device. 33 24. The
illumgpation system of claim23, wherein each of the at |east two

connectors is in the formof a femal e socket for receiving a _nal e connector
of a cabl 105 2%he Timinationi demice of Hlainet whesgini anneenbeathel BERsoifethss LERe

For rocel ving amge hu BLABEERRGLEN Fiinkit DohOGub U Sefted SPRFIFY he

connectors of t belsedrfetward curreraf tHenpuleEd derwasdiouridne htoing milsés BBhprigindg
for insertion in a fema e 10socket of another illum nation device. 26. A

met hod of power flAGPeRKS for @hlaast 18v aibediratien ghthsgpower cycle.converting an

alterpating current (AC) supply into a direct current (DC) with a full wave
rectifier; 15passing the DC into: a current limting diode (CLD)
nmodul e couplied Tie dkmiaatiom demiceudfpelainofl, furthdruddmpvisieg aeposifivestempémt@ieD

nodul e conprisin t. | Wo oupl ed jn, parallel;,k and supplyin

bul sed forvard BUPTGIRNT RBTEAGoseTandara ponalse B neves hevirn it Adrsuophg
di ode (LED) nodghg apaHpiEsk the faieiviafs ré&ifidpen an output of the CLD nodul e
and the full wave rectifier, the LED nodule conprising a plurality of LEDs.

27. The nmethod of claim 26, including controlling illum nation provided by

the 2oLED mRAulf Mt MhifbiidP88Yic8' S o’ FledrfipiEhl B 1€hdt MBILESHba B 2Rk
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

20 LEDs of a single color.

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

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.



in the CLD nodule. 28. The nethod of claim 26, including selecting a nunber
of LEDs in the LED nodule and a nunber of CLDs in the CLD nodule to provide
a pul sed 30forward current, the pulsed fggyward current having pul ses
conprising flat peaks for at |east 10% of the duration of the current

cycle. 17.  The illumination device of claim 16, further comprising 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.

5 18.  The illumination device of claim 17, 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; and
a switch coupled in series with each CLD module.
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:
15 a digital switching circuit coupled in series with at least one of the
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.
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The illumination system of claim 23, wherein each of the at least two
connectors is in the form of a female socket for receiving a male connector

of a cable.

The illumination system of claim 23, wherein one of the connectors of a first
illumination device is in the form of a female socket for receiving a male plug
of another illumination device and another of the connectors of the first
illumination device is in the form of a male plug for insertion in a female

socket of another illumination device.

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

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
supplying a pulsed forward current having a truncated waveform to 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.

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.

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.



