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WO 2005/ 079121 PCT/ GB2005/ 000492 1 APPARATUS FOR THE CONTROL OF LI GHTI NG
AND ASSOCI ATED METHCODS Field of the invention. 5 This invention relates to

an appar at yo f0e¢0e control of light emtting sem congggi@b®sbo@diti ng and
associ ated nethods and in particular, but not exclusively, to LED Iighting.

10 Background of the invention. It will be appreciated that forns of |ight
emtting sem conductor, other than LED sy are available. It is however
convenient to refer to LED s as the elenents that provide light and in the
fol | owi ng descri pti chPPARNEUS QB THELEONTROLUOE IEGHAUNG AND ncl ude | i ght

emtting sem conductors. LED S I ith the advent of new
LED s it is now possible to reﬁgﬁéiﬁgw ight with LED
equitalents. The |Ilongevity and cost saving advantages of this will be
readily apparent to the person skilled in the art. 20 It is known to
control LED s UReldgof/thet isqyentiomt r ol . However there are problens with such

vol t age con%rol. For exanple, a small variation in voltage will result in a
| arge variation in output intensity. For exanple a 0.1% change in input

vol tage can respyi§ infedtih Qbllapdst td MneBFpdritus NForeafel BOntréd JBYIligh? %mifing0. as
LED s age, the intensity will change. As LED s warm up, their inpedance goes

down. When dri semideyductore dightiagt andopssagiated: methods randt irypegiaghar, rug uiati ng i n
nore energy. bein i nto-th Ds resulting in nore warm ng. 30 WO
2005/ 070151 pebrEsily HRo4ED HEhting:

10 Background of the invention.

It will be appreciated that forms of light emitting semiconductor, other
than LED’s, are available. It is however convenient to refer to LED’s as
. the elements that provide light and in the following description reference
15 to LED’s should be taken to include light emitting semiconductors.
LED’S are well known and with the advent of new LED’s it is now
possible to replace standard white light with LED equivalents. The
longevity and cost saving advantages of this will be readily apparent to the
person skilled in the art.
20
It is known to control LED’s using voltage control. However there are
problems with such voltage control. For example, a small variation in
voltage will result in a large variation in output intensity. For example a
0.1% change in input voltage can result in the output intensity increasing

25 Dby 10%. Also, as LED’s age, the intensity will change.

As LED’s warm up, their impedance goes down. When driven by a
constant voltage, the current goes up, resulting in more energy being put
into the LED’s resulting in more warming.

30



21t is difficult to provide intensity control of lighting when driving it
using a voltage supply, because it is difficult to predict what the LED
intensity will be at any voltage. At lowintensities, the variation of
intensity with tenperature will be large. 5 There nay be problens with the
forward voMQYESRPEi fi cations of LED s, particul arly RATGB205000492 | ED
manuf acturers normally specify a maxi numforward voltage but not a m ni num
This is because they are always trying tg reduce the forward vol tage and
nost applications that use 10 LED s are nB6t concerned with precise control.

However. a | owyf o Wity B! iBAReGatnRsy BoREAPLEMLhfn L FRchidiVihpg: Ragpuse It

means that if a voltage supply is used, the curFPent”fl ow ng rough®t he
LED s increases volesgel $dpply, becaastuiti ingliffidultt torpredi@ what whednPDeintdnsiy
lighting unit of 6 LED s in _series is being,used at 100% intensity and one
LED has a reductdl beahany YRJFatgﬁgeA‘tc}Pdeﬁ?}S%l‘%ﬁﬂ? reriatins of WiensHy With! be

overdriven by /% i WS 1866 Worse than other colours. Some |ighting
manuf act urers Etg%p%%vﬁer%i ssued rnings about the lifetinmes of white LED

lights. Sum¥ary of the invention. According to a first aspect of the
invention there_ is provjded | i ght.i 25 controller arranged t [ive one
or nore LED s, Qlflwée(%arﬁ %Pr%lﬁeﬁégﬂ%}l %@rw&r@ap{t%ﬁs ‘E?élog‘ﬁd)fal-'o%]glst’age
sensor wherein rga?ﬁcmﬂyr%i@r ILED&! I angeo mnuh&tmmﬂe&aﬂmgf s?@&fpram)re

LED s and to initially drive the or each LED with an initi urrent and to
sense the resulmaxigumoiforwprd vditage dt mok laeminibwiong Thistisdrecanseathggdarei f t he

resulting voltage is, below a predeterm ned 30 |evel o _i.ncrease the initial
current, Sand i AT IO THo GBS Fie forender Boss i iosh SpRiib@sn dest BB ace. 3
10 LED’s are not concerned with precise conirol. However, a low forward
voltage can be a problem in LED lighting because it means that if a
voltage supply is used, the current flowing through the LED’s increases

resulting in reducing lifetime.

15 For example if a lighting unit of 6 LED’s in series is being used at 100%
intensity and one LED has a reduced forward voltage of 0.1V, then the

whole string will be overdriven by 5%.

White LED’s are worse than other colours. Some lighting manufacturers

20  have issued warnings about the lifetimes of white LED lights.
Summary of the invention.

According to a first aspect of the invention there is provided a lighting
25 controller arranged to drive one or more LED’s, the controller comprising
a current source and a voltage sensor wherein the controller is arranged to
be connected to one or more LED’s and to initially drive the or each LED
with an initial current and to sense the resulting voltage, the controller
being further arranged, if the resulting voltage is below a predetermined

30 level, to increase the initial current, and in which the controller is .



arranged to repeat these steps until the resulting voltage substantially
equal s the predeterm ned | evel. An advantage of such an invention is that it
drives the LED s with a 5 constant current rather than a voltage and thus
many of the problens associated with the prior art may be reduced or

over cone. Mf%"ﬂﬁi’?msteppi ng up the initial current is BAVSHUGEWIY because
it helps to allowan LED to be correctly driven once connected to the
controller wthout damage thereto. 10 A further advantage of current
driving is that driving LEDs with a constant current reduces the pr obl ens

f the light i ' h [ | .
i von by a comiramencti paneer Rl lhop 85y MCRURRS Wl Ralithgr s oo

into the LED s dughRithe proddieeyiasd levkh thermal run away. Further, the problem
of reliability in white LED s may be reduced. For a light with 12 LED s
arranged in two parallel strings of 6 LED s in series the problemis

hal ved. For a |} L | N Sl o] ohl i ved -

conpl etely, bec%uggélvtg&tgggu&?gﬁ%ﬂ %gsfs?ﬁ%%gé%%rl%l}g% ie}agﬂyiséﬁggel‘n%g:) nssq'lt(}:lo%st ant .
It will be @ppreasahecturivat atisirrihag ofvoltkEE sandothssi frAy aof pPhalpabhlems of

LED s connected in series. Wth current caontrol, the overdrivi nlg par anmet ers
can be nore cl $g9§jatedswithntheoPriog, arh gnan theareducs | eRrioTgrepmher Frgthen. s of

overdriving, j St LI 1 : i j I LT W SV
controller rra;wyttf!gﬁ)érr?é ghgg%qﬁéﬁgg{ﬁ%o 1sg(fdg?1:i]@gﬁﬂts9§é Sf‘ &%IE%H{S? hI%alsrtiéaa}llbed Mas a
| anp. 30 WO 2005ED79d Xk R6HreC OMSYEaD @468 cofnédtedy dol the coppoHer avigtbuthat t he

controller wll enerﬁll be used to control
damage thereto.

10
A further advantage of current driving is that driving LED’s with a
constant current reduces the problems of the light intensity changing with
age. When LED’s warm up, but are driven by a constant current, the
voltage goes down, so less energy is put into fhe LED’s helping to prevent

15 thermal run away.

Further, the problem of reliability in white LED’s may be_ reduced. For a
light with 12 LED’s arranged in two parallel strings of 6 LED’s in series
the problem is halved. For a light of 6 LED’s in series the problem is
20 solved completely, because the current passing through each LED remains
constant. It will be appreciated that a string of LED’s comprises a

plurality of LED’s connected in series.

With current control, the overdriving parameters can be more closely
25 controlled, potentially allowing higher levels of overdriving, while still

maintaining or improving reliability.

The controller may be arranged to control a plurality of LED’s arranged
as a lamp.
30



lighting conprising a plurality of LED s. However, it should be appreciated
that the controller could be used to drive lighting conprising a single
LED. 5 According to a second aspect of the invention there is provided a

nmet hod of ntrolling at | east one LED conprising: i. driving the or each
LED wi th aﬁsﬁgr"ﬁoﬁﬁglulcurrent and sensing the resulting V6MCIGe0S09@93 | |f
the resulting voltage is below a predeterm ned | evel increasing the current
used to drive the each LED, and iii. repeg}ting steps ii. and iii. until the

resulting voltage equals the predetermined |evel. 15 According to a third

aspect of the ifpvANtpORppreelafed thab tiRy toiffolRrRINenertfR ARA B It LED s
are driven with a voltage substantially equal to” the rated voltage of the

or each LED corjghtisgngompsaising reg plhealigyir efeltED{S. owilbewetarouigh shéidd obe each
LED, using the neasured current as.the ed rrent .for. the or,each LED
and thereafter %Pf%ﬂ%&gﬂf’g th? pgﬁtéﬂll?_ré‘[?“;(?%%“ge&%d’élﬁ?rl MESOMPEISRE B t he
rated current. Sﬁ;g}@]_m]),arrangerrent i s advant ageous because it provides the
advant ages of driving the or each LED froma current source although they
are driven Swith a voltage equal to the rated voltage. 25 According to a

fourth aspect o Lnyenti t i r:0Vi =hi . medi um
cont ai ni ng instéclftgp I161%ngd}%%%ﬂ%hﬁﬁéﬁe%tgthgﬁﬁgérﬁgoc ﬁﬁg@ ?J(; g@éd§(ﬁ§ﬁg %a@%i ne to
function as thefeontrotlidgeit lehsttdie LEDongeiant: of the invention. 30 WO

2005/ 079121 PCT/ GB2005/ 000492 5 ;
i. driving the or each LED with an initial current and sensing
the resulting voltage;
10 ii, if the resulting voltage is below a predetermined level
increasing the current used to drive the each LED; and
iii.  repeating steps ii. and iii. until the resulting voltage equals

the predetermined level.

15 According to a third aspect of the invention there is provided a method
where one or more LED’s are driven with a voltage substantially equal to
the rated voltage of the or each LED comprising measuring the current
flowing through the or each LED, using the measured current as the rated
current for the or each LED and thereafter driving the or.each LED from a

20 current source with the rated current.

Such an arrangement is advantageous because it provides the advantages of
driving the or each LED from a current source although they are driven
with a voltage equal to the rated voltage.

25
According to a fourth aspect of the invention there is provided a machine
readable medium containing instructions which when read by a machine
cause that machine to function as the controller of the first aspect of the
invention.

30



According to a fifth aspect of the invention there is provided a nmachine
readabl e nedi um cont ai ni ng i nstructions which when read by a machi ne cause
the machine to performthe nmethod of the second aspect of the invention. 5
According to a sixth aspect of the invention there is provided a |ighting
control | er P PUPd?% 0 drive one or nore LED s, the confPCHGBPOSOBMPEI sing a
current source and/or a voltage source and a current and/or voltage sensor
wherein the controller is arranged to dri%e the or each LED using a 10
substantially constant current or voltage“and further arranged to either is
| er being

noni tor the act rren I t L ontr
arranged to mn#?é(?rrﬁltﬁﬁe%vélf?@%eS@%&h&tﬁgtqgﬁ%%ndﬁggggg E:rp‘?lgﬁ&oar hlggh'ﬁlnerence
of faults wit himadldtte ahediamhcodtbinta itstrucdehe attdch wienlfead by nDRiacRinet he
actual voltage across the LED and the cgntrol Igr hei ng arranged to nonitor
the current suctfufhdhe tHacting denpERmy the methed ofr ehec 88¢mdr aspect afi tei n t he
or each LED caqnggntﬁ%t ected. The controller nay be arranged to detect any of
the follow ng, non- 20 exhaustive, |ist of faults: detect disconnected

LED s; Deted& short circuit; Sense ageing in LED s; Sense overheating

LED s; Sense abpor conditions; Nojify, user of fauJt. If lurality of
LED s are conn ?‘é’gg]‘tn@ oy A SLEGISPEEY %ﬁ tl}%gﬁ'e Hen (%?fﬁ’él?‘@l’”%éygdbgh&nganged

to notify a us f r i : e of
the LED & connesyad Dbyl RE BNRe S inbs PEBN P iohtoflbr LERBHARAT,

det er mi ne how nareyrieRD ssusnee andfor favoltage sdisceoambat edrrehie aediownvol@eeer al |y
such fault detection |s automat itC' SL{ch fau%qt dgtec i on c%gl Qﬁbp .Lo inprove
protection for St VASeR Wernntealier DREAEE fsok_rflis‘? heor © tOHB% 2 1t can
be used to g evebktahtislly @bnH@ited@rdn® ok ivelthgd nd furher deFlgell toleither degr ade
operation to keep it within safe |evels.

i monitor the actual current passing through the LED and the

controller being arranged to monitor the voltage such that the

disconnection or occurrence of faults within the or each LED can be

detected; or

15 ii; monitor the actual voltage across the LED and the controller
being arranged to monitor the current such that the disconnection or

occurrence of faults within the or each LED can be detected.

The controller may be arranged to detect any of the following, non-
20 exhaustive, list of faults: detect disconnected LED’s; Detect short circuit;
Sense ageing in LED’s; Sense overheating LED’s; Sense abnormal
conditions; Notify user of fault, If a plurality of LED’s are connected to
the controller then the controller may be arranged to notify a user of any
of the above faults occurring in at least one of the LED’s connected to the
25 controller. The controller may be able to determine how many LED’s are

at fault or disconnected therefrom.

Generally such fault detection is automatic. Such fault detection can help
to improve protection for lighting systems and lowers risk for the
30 customer. It can be used to prevent further damage to lighting (i.e.

LED’s) or to degrade operation to keep it within safe levels.



WO 2005/ 079121 PCT/ GB2005/000492 6 If the current through the or each LED
.drops to substantially nothing or voltage across the or each LED rises to
substantially the maximumthe «circuit will allowit may be determ ned the
LED has be%g(ggog/;gonnect ed. 5 This may be because the user has di sconnected
the LED or WEBY wiring fault has occurred. If thePEHGRMSPEITonst ant
but the voltage drops near to OV then it may be determned that a short
circuit has occurred. 10 If the current vgries over a short time (perhaps 1
hour) then it may be that at |east one LED is getting too hot and thernal
run away has occurred or is occurring. 15 If the current or voltage varies
over a long tine (perhaps 500 hours operation), this may be used to

i ndi cat e agei ndf ghe aurtestshrouge thELr ephkedERrdrops tosybitentiatio nbthibg top

engi neers as they can be uged to &e faults i di.ately and to predict
future faults. POMFRSACEY 5 8 8 m&mnﬁoc%’é%a yaﬁ’&‘? @ﬁ?"t“&ﬂ?e&ﬁedi um
as wll be appiifgichadalywlidendyoss dtesifined ehe UED R8s Bédomd BiscoxERie the
errors may be comruni cated as any of the follow ng non-exhaustive list: as

a digital $igriEhis maygitsl becassndhe wiser thae disepmakcted the2BED( or hpchese bus
protocol) 25 rreslrsi%gte. @lccor di ng to a seventh aspect of the invention there
is provided a net augf R AGEVS ﬁl‘i ng one or nore LED s conprising driving
the or each LED with a substantially constant current or voltage and
monitoring a paranmeter 30 associated with the or each LED and conparing the
par anet er wit h I the epeeahisecenstans that th golipger deaps snepr e 0V shesr Bmaw ben t he

or each LED VO 2004i0dP it a st ERAREHRRKE R red.
10
If the current varies over a short time (perhaps 1 hour) then it may be that
at least oné LED is getting too hot and thermal run away has occurred or

is occurring.

15 If the current or voltage varies over a long time (perhaps 500 hours

operation), this may be used to indicate ageing of at least one LED.

These errors may be important to engineers as they can be used to detect
faults immediately and to predict future faults.

20
These errors may be communicated via any suitable medium as will be
appreciated by the person skilled in the art. For example the errors may
be communicated as any of the following non-exhaustive list: as a digital
signal, audible sound, visible signal or RS232 (or other bus protocol)

25 message.

According to a seventh aspect of the invention there is provided a method
of controlling one or more LED’s comprising driving the or each LED
with a substantially constant current or voltage and monitoring a parameter
30 associated with the or each LED and comparing the parameter with a

reference to determine whether a fault is present in the or each LED



7 wherein if the or each LEDis a driven wwth a substantially constant
current the paraneter is the voltage across the or each LED and if the or
each LED is driven with a substantially constant voltage the paraneter is

t he current Eassi Eﬂg?through the or each LED. 5 The nmethod may allow failure

of any one YERBR'®OATPbi 1 ed by the controller even when PPVHAITVOWRE LED s
are controlled. The plurality of LEDs mnay be connected in parallel, in
series or in a conbination of both parallel and series. 10 According to an

ei ghth aspect of the invention there is provided a machine readable nedium

o perform as tRATRAER (40 ROFTLEGTE Bk RAFL " Sy fHARy. BByl e

According to a ¢irfém the [pacimeter i ehe voleagei awpodshibe eori cachrioEDdamd # ek ne
readabl e nmedi um contai njng, instructions which when read onto a nachi ne
cause that nachfasB kBDpis driven wid srsulbrbantiofly oastang veltagy she permetar is

i nvention. 20 Tllﬂg HeToTal M g%%ﬁiﬁitm’u%}m‘efé‘r%tﬁ}é%g xth aspects of the

i nvention may each or ave any o 1 owi ng optional features:
Current and/%r voltage detection of LED s controlled by the controller 25

may be perforned by i ng_short. pulses to or each LED. A pulse may
be on the order%{’ﬁ %%&8@3@&’3?31%@ P?é’&BH?ji‘?ﬁ? ﬁ%’&l@%ﬁ?ﬂ Ry the C%Ptr%liftrond,
hundredths of a,R8CQRAL af ﬁﬁfrmtyf)&f RS Qpd ceﬁtréﬁ@&nf?hé)giuﬂaﬁgd%f 13ih% to be

| ong enough to neasure the resdltant current and voltag wever, in a
preferred enmbodinaehe conaeged deparallel,ofn serigsioatii arconfbination of both paraliel

and series.

10
According to an eighth aspect of the invention there is provided a machine
readable medium containing instructions which when read onto a machine
cause that machine to perform as the machine of the fifth aspect of the
invention.

15
According to a ninth aspect of the invention there is provided a machine
readable medium containing instructions which when read onto a machine
causé that machine to perform the method of the sixth aspect of the
invention.

20
The controllers of the first and sixth aspects of the invention may each or

both have any of the following optional features:

Current and/or voltage detection of LED’s controlled by the controller
25 may be performed by applying short pulses to the or each LED. A pulse
may be on the order of micro-seconds, milliseconds, thousandths of a
second, hundredths of a second, tenths of a second or seconds but needs
only to be long enough to measure the resultant current and voltage.
However, in a preferred embodiment the pulses are of a duration of

30 i'oughly 1ms.



30 roughly 1ns. WD 2005/079121 PCT/ GB2005/ 000492 8 The controller may be
arranged to detect the disconnection of the or each LED. The controller may
be arranged to detect disconnection of one or nore LED s fromwthin a
plurality of LED s connected to the controller. 5 Preferably the controller
may be arrany&YPPO8 et ect failure and/or degradation aB¢TEBROSOMNe or each
LED. In sone enbodi nents the controller is arranged to neasure the voltage
across the or each LED and/or the curreng fl owi ng through the or each LED
and to conpare these neasurenents to an rnitial value for that LED. Changes

in the 10 nmeasurestirdlle? iy Beiditdngadl 1y dettor WRUHBcaaNRNBh of ek t hat
that the or each LED, or group of LED s has aged or is degrading. The

control | er may &Dar Theigediroter aay bharnapnged &0 detect disconnemiionEef ome or gr oup
of LEDs as it |s ec to.th n{.J.0 , | ternative .15
addi tional , er‘r‘d’&%’iexﬁhﬁ{j Sti{g cghtpinoglpgﬁafﬁgy&b%ﬁgrdr g?llg}léeﬁ&tdotOutg1 & an%gﬁlﬁfe t hat

is input for an LED, group of LED s, The controller nay be arranged to
measure the current through the or each LED, or plurality of LED s on a

periodi ¢ badi s Prefesajsr ithel eryradler mmyr bagRripnged, tof detectf Silusei aedionl ues:
constantly, on e, QHAR"ff JL! bf S6EUPISctOREDC. B At BRSO end
second, on the ofder of seconds, on the order of "'mnutes, on € order of

hours. In a typioagbllar igngenget to heasmet thel Veltages aarosangedort easiedRD e t he
current through the or each LED, or pl urﬁlity of LED s, on the order of
tenths of a seddAPr Bis cureent dlawine through fhe er sach hddy apd tacosrragiesy of the

or each LED. | tmedtbbdmdifis 2P 66131 ViRl PhCat BB, 200K BlgRL Pl o1 oW Y.

it my be appropriate to nmeasure the current and/or voltage,” In order to
det erm ne Igeimepsaferndnd foomethe hinitidD, vabue plouldapenegraldy ih&Hdate, than thdtaher der of

once or each LED, or group of LED’s has aged or is degrading.

The controller may be arranged to take the initial value for an LED, or
group of LED’s as it is connected to the coniroller. In alternative, or
15 additional, embodiment the controller may be arranged to use a value that

is input for an LED, group of LED’s.

The controller may be arranged to measure the current through the or each
LED, or plurality of LED’s on a periodic basis. The period may be
20 roughly any of the following values: constantly, on the order of
milliseconds, on the order of tenths of a second, on the order of seconds,
on the order of minutes, on the order of hours. In a typical arrangement
the controller is arranged to measure the current through the or each LED,
or plurality of LED’s, on the order of tenths of a second.
25
The controller may be arranged to detect aging of the or each LED. It
will be appreciated that since LED’s age relatively slowly, it may be
appropriate to measure the current and/or voltage, in order to determine
ageing of the or each LED, or plurality of LED’s, on the order of once
30 per hour.



30 per hour. WD 200/079121 PCT/ GB2005/000492 9 The controller may be
arranged to control strings of LED s (groups of LED s in series). The
controller may be arranged to control nmultiple strings of LED's, 5 either
with regulatjion_of each string individually or all strings as a whole. The
control I er 'WR7" B84 anged to use light intensity feedb&%ﬁ“ﬂﬁwﬁmmyghlation
and determ nation of ageing of the or each LED. The light intensity

measur enent can be used to adjust the vol tage and/or current in 10 the or
each LED in order to maintain constant intensity. The controller may be

arranged to nonpg.0 f I r ’ and the
current flow ngr }%ehpgﬁgﬁlm?igﬁgﬁ%%ﬂgé‘é%té %%gn%gosﬁﬁ%l Fgﬁ"%yse@gbggrf]ged to
det ect changes LEDtshim deoteslar d vol t age of on 15 the order of roughly any of
the follow ng percentages: 1, 2, 3, 4 or 5. The controller may be arranged
to use a dynam cally adjustable switch node power supply or voltage

converter (Whi cfhdmRYndP11M %@h‘;}j).e Ozfr_r%?%ejﬁ toS \bbhehl %lfllﬁidiet tridhs’ 8eUGED e

supply voltage to reduce heat dissipation in 20 anal ogue regul ation of

vol t age and 5Scureithet wdthprsigubationsofadagh stringindividially ogallestrisgioat havhobut put and
faster control of constant current or voltage, but dissipates nore heat.
The anpunt of heat generated is proportional to the current flow ng and the

vol t age dr oppedric@afrollbe mapl P UfradgR@uladtisenlight Sitkdnahty MBslIbaLIP Ploy
generates | ess heat and so can be used to 25 drop the initial voltage to a

l'evel just abovegeletionindadetermiptioadobypeeing ofr theegereackDLEDandghe Hightsuppl y
this voltage ta . [ tion t | o by the
anal ogue regul alﬁegglt?s%%rag%gleeﬁgﬁ aqee'ggédﬁ;eggﬁ s tﬂ‘gev\rfl)ie%?1 g?%ﬁfl%o‘p#ﬁegn b
control | er 1ay the oalcacUED imordenitd edaiitain cudlstangéntasdioss t he anal ogue
regul ation and may be further arranged to adjust the output voltage of any
The controller may be arranged to monitor both the forward voltage across
the or each LED and the current flowing through the or each LED. The
controller may be arranged to detect changes in the forward voltage of on

15 the order of roughly any of the following percentages: 1, 2, 3, 4 or 5.

The controller may be arranged to use a dynamically adjustable switch
mode power supply or voltage converter (which may be thought of as a
switch circuit) to reduce the supply voltage to reduce heat dissipation in
20 analogue regulation of voltage and current supplies. Analogue regulation
gives smoother output and faster control of constant current or voltage,
but dissipates more heat. The amount of heat generated is proportional to
the current flowing and the voltage dropped across the analogue
regulation. A switch mode supply generates less heat and so can be used to
25 drop the initial voltage to a level just above the voltage required by the or
each LED’s and then supply this voltage to the analogue regulation. Thus
the voltage dropped by the analogue regulation is reduced and less heat is

generated,

30 The controller may be arranged to monitor the voltage across the analogue

regulation and may be further arranged to adjust the output voltage of any



WD 2005/ 079121 PCT/ GB2005/ 000492 10 switch node power supply or voltage
converter to keep the voltage across the anal ogue regulation at a | ow and
approxi mately constant value. Such an arrangenent tends to reduce the heat
di ssi pation thr h the anal ogue regulation, allowi ng nore efficient use of
pover, | owefO¢ T% 5 tenperature, smaller conponentsP6I/GERRYS/OMERE sink to
be required. The control | er may be used in any of follow ng non-exhaustive
list of situations: domestic LED lighti n‘éLhE comercial LED lighting;

i ndustrial LED I i ghti ng; machine vision D lighting. O her types of

el ectrical 10 B¢ GBvARE %uﬁ@gnaro&dl@age WonbdieAIPKED b e Ot N0

t hrough them of the~sec seve th aspects of
the invention thaymelqghey'egmlepenpt (avloﬁednd)yppnwumﬁtelweonqbantomihe apehat us

15 feat . Th hi d di f f .the fol t f
he. 1 nvent | on HagPFeBARSHITE doRT POt [RGB W PAUPE CTPRLL o RfOEbe o
floppy disk, gefd aB@/‘ Oh1 &g 3m9(\éD Me‘ﬂf"\/‘uﬁé nef Udb®er, "‘H’o'ﬁFéW é}ﬁﬁlmng

R-RW, a hard d a nenory, any form of magneto optical storage,
transmitted Ssi qnmlpe(atml §thaHgr aempenenthet legsphadtsik torbet tequirette) , a wi r e, or
any other suitable nedium Brief description of the drawi ngs. 25 There now
follows by way of exanple only a detailed description of the present

invention w th Tief @bRR6Rer ndyNBe aGeaNPARYY Y HIRWIA DgsfldnneMugdﬂve sgwre 1
shows a graph of light intensity output froman LE 30 vol tage applied

to the LED;, WO sipationsodomepicTLERY digtingosommergial LED lighting; industrial
LED lighting; machine vision LED lighting. Other types of electrical

10  device which are controlled by the amount of current flowing through

them.

The methods of any of the second, third or seventh aspects of the
invention may employ steps provided by any of the optional apparatus

15 features.

The machine readable medium of any of the following aspects of the
invention may comprise any of the following non-exhaustive list: a floppy
disk, a CD-ROM or RAM, a DVD ROM/RAM (including +R/+RW and -
20 R/-RW), a hard drive, a memory, any form of magneto optical storage, a
transmitted signal (including an Internet download or the like), a wire, or

any other suitable medium.

Brief description of the drawings.
25
There now follows by way of example only a detailed description of the

present invention with reference to the accompanying drawings in which

Figure 1 shows a graph of light intensity output from an LED vs.
30 voltage applied to the LED,;



Figure 2 shows a graph of light intensity output fromand LED vs. current
applied to an LED, and Figure 3 shows a circuit diagram providing an exanpl e
of acircuit 5 used in one enbodi nent of the present invention. Detailed
description of the drawings. In the follow ng description, for ease of
reference, WRIMMEHEE is made to 10 LED's . It will howBGEGCBRUSAMAYci at ed
by the skilled person that enbodinents of the invention nmay be suitable for
controlling any formof sem conductor light emtting device. Exanples of

ot her sem conductor |light emtting devic i ncl ude the LUM LEDTM avai | abl e

from Luxeon. 15 Fi QUngu?FﬁsthY&vsaa 'g‘lrgir}nt WE%Ht%Eérﬁit SutEAROISAPLED v

m cro-control |l er 300. e control al conpri ses vari abl e constant
current driver 302 icurredrdppbiedito lan L.BInaahd esi stor 304. A differenti al
anplifier 306 is connected across the load resistor 304 and is used to
nmeasure the current flowing through the |oad resistor 304. The out put of

the anplifier 306 i spfRpkizesh 4 Qirehit APrR@US ok THINE affexaltIATLE AR rol | er
( ADC- ACTUAL - CURRENT) %Qt? wi | Iog‘%‘e at)prec??tred%?ﬁat ) %ﬁe eter mérlbi Shtli ngtt

controller i% intendestdtin onefembadimanicefrihe girésent foventi® | i ghting but it is
convenient to refer to the LED s or LED being driven by the controller as
| ighting. 25 The opposite end of the |load resistor 304 fromthe current

source is connpetffbd @esdription 6 tiR"daangs,i nput of the microcontroller 300
and allows the mcrocontroller 300 to neasure the voltage of this point

(ADC- LOAD- VOLTAGE) . _ 30 WO 2005/079121 PCT/ GB2005/ 0004_92 12 Afirst switch
308 and a seconﬂl %1){\4 rf&l?os%ijn% &és%ri%ﬁgg, ?oqn@a%gtoq”dre'f&eﬁgé,' Fe%erence is made to

10 LED’s . It will however be appreciated by the skilled pérson that
embodiments of the invention may be suitable for controlling any form of
semiconductor light emitting device. Examples of other semiconductor

light emitting devices include the LUMILED™ available from Luxeon.

15 Figure 1 shows a lighting controller comprising a micro-controller 300.
The controller also comprises a variable constant current driver 302 in
series with a load resistor 304. A differential amplifier 306 is connected
across the load resistor 304 and is used to measure the current flowing
through the load resistor 304. The output of the amplifier 306 is applied

20 to an analogue input of the micro-controller
(ADC_ACTUAL _CURRENT). It will be appreciated that. the term
lighting controller is intended to refer to a controller for LED lighting but
it is convenient to refer to the LED’s or LED being driven by the
controller as lighting.

25
The opposite end of the load resistor 304 from the current source is
connected to a further analogue input of the microcontroller 300 and
allows the microcontroller 300 to measure the voltage of this point
(ADC_LOAD_VOLTAGE).

30



with the resistor 304 and current source 302. The first switch is used to
drive a 24v connector 314 and the second switch 310 is used to drive a 12v
connector 312. Each of the switches can be controlled by an output of 5 the
MCrocontrq*(#gorOg/?,;NTCIﬂZ; SWTCH24). A further output of the

m crocontrolTer-( CONTROL) is used to control the currenfCHEBIM M he

vari abl e constant current source 302. The mcrocontroller 300 sw tches
between the 12V and 24V light 10 connector usi ng signals SWTCH12 and
SWTCH24. Only one switch is closed at any one tine. Lighting is connected
to one or othera girst BRittMB08OMEE IREGNB IRitcB 340 ardl BdiRUMAnt&Ed lih Hatieo coul d
conprise a single LEDit wll generall 15 conprise a plurality of LED s
provi di ng an | avigh thg reshgor BRé angrrarrang sewsat308 | dhe st switchdatused tovhat
current is driv t hroug | 4.ghf i usi t I tput to
cont rol the. curdst & it CaditBror 7 bidithd ol MRy oL BTGRP
lighting can bed2vessadesdr 320, Edch®ftthe swilched(Chid/te CAHRIRIING Iy ah ogtpgunplit and

the vol tage across ,the |load can be asureglijzsi ng ADC LOAD VOLTAGE. Thus
the nicrocdnt rthe Imaicragsmigolier —{E%Qﬂﬁr INGTEHE A o s ot | EERT WUtRUloRE the nore

LED s connecte T Lther or
both of the cart ey roien JCENPIRORT ¥, dtds o RenRRL RIEL Aol YDl By uhE
across the or eaciableEdanstant chereatimantce®02. shown it will be appreciated that
the current/voltage neasured by the controller is the current through or
the voltage across any single or plurality of LED s connected to either one
of the connectofs ARrddutdrolick 300PlsWihéd Yodlveld itk | 2 EOBAECLEY tpnpne of
the connectors 312,314 then the current through or voltage across and WO
2005/ 07912 110PCToeBX005 18idg4signals SWITCH12 and SWITCH24. Only one switch is

closed at any one time.

Lighting is connected to one or other of the two connectors 312, 314.
Although the lighting could comprise a single LED it will generally
15 comprise a plurality of LED’s providing an lamp, or the like.

The microcontroller 300 can control what current is driven through the
lighting using the CONTROL analog output to control the current
source 302, The current flowing through the lighting can be measured
20  using the ADC_ACTUAL_CURRENT analog input and the voltage across
the load can be measured using ADC_LOAD_VOLTAGE. Thus the
microcontroller 300 can detect parameters associated with one or more
LED’s connected to the connectors 312,314. The parameter may be either
or both of the current flowing through the or each LED and the voltage
25 across the or each LED.

In the embodiment shown it will be appreciated that the current/voltage
measured by the controller is the current through or the voltage across any
single or plurality of LED’s connected to either one of the connectors,
30 Thus, if a plurality of LED’s is connected to one of the

connectors 312,314 then the current through or voltage across and



i ndi vidual LED will not be known. However, the m crocontroller wll
generally be able to neasure the current/voltage with sufficient accuracy
to detect a fault within any one of the LED s within the plurality and

control th current accordingly. 5 The lighting controller of the
current en&%?dﬁgeﬁ%?él |l ows both forward ~voltage across ?ﬁ@’@?%‘tﬂ?‘ﬁ&z and the

current flowing through the lighting to be nonitored. Further it conprises
a variable constant current drive, is ablse to neasure lighting unit
vol t age, neasure actual output current an 10 switch between various

connectors (12 jaddidAy LEDtRil$ mex aepkedwn. ThHo®ehér, Olhleetidrdcair6l1drowelet ect
vol tage rating fromwhich connector is wused and an exanpl e of voltage

determi nati on’ IBpnersllygbeiiableetoefreasurs the cuiest/voltags Mt aficiant taggeraent i ngs
|5 as Tollovs. [Lijsllys hilff HRAANGnY 2a8Vbe Gl B 6 I ohifatify e, O
r-ol an eurr 8t i s

with an output Tromthe mcrocon er 3 hen a sal
driven through doherol 8hé valeugetectaent ddcordinglyrent is detected, then there is a
12V lighting unit connected. If no current flows then SWTCHL12 is turned

off and SWPTCH24 (i.e. the first switch 308) is turned on with an out put
fromthe 20 m c -0l | r i i t u 24V
connector to gfel%egghggéi%hfi g%{idr%gﬁlgn‘?l??éqtfég%‘?}ﬁﬁleﬂg a\éﬁﬁseﬁ{)ﬁf ?%\\I&a,?&t hen
there is no |iwhbkgagerosstthe dightiog eddahel carrest flowing throdgh ahe dighfihg so met hod
can be easily extended to L ti pl e connectors, and voltages. 25 A nethod as
now descri bed it THOBHOKSRJ: eﬁgg Cheh CAmBFSESHR V@W@nfonsf"rﬂ;e‘?’r{rf% driveqdt er mi ne

an appropri at e oW E@@ﬁea%ﬁehligﬁﬁ&%ﬁ vh@t ¢E1tase, hiRsudel SthANGuGRAPRalRr ah@ one of
t he connectors 312, 314. An advantage of "such a nethod is"that the lighting

i s driven W0t hiswitchfietween varioys enmmsetoys (18fandh4wnis hiciexangpleb brief |y nade
as follows: drive with short pulses; 30 drive a small current and neasure
the voltage; increase the current until the rated voltage is reached. Once

t he appropri at eTHeUEs@RBS11dFaE BBRNto detect voltage rating from which connector is
used and an example of voltage determination by using different
connectors for different voltage ratings is as follows. Firstly, the second

15 switch 310 (SWITCH12) is. turned on with an output from the
microcontroller 300 and then a small current is driven through the 12V
connector. If a current is detected, then there is a 12V lighting unit
connected. If no current flows then SWITCH12 is turned off and
SWITCH24 (i.e. the first switch 308) is turned on with an output from the

20 microcontroller 300. A current is then driven through the 24V connector
to detect a 24V lighting unit. If still no current flows, then there is no
lighting unit connected and an error is indicated. This method can be

easily extended to multiple connectors and voltages.

25 A method as now described is used by embodiments of the current
invention to determine an appropriate current with which to drive the
lighting connected to one of the connectors 312,314. An advantage of
such a method is that the lighting is driven within safe limits. A summary
of the method may be briefly made as follows: drive with short pulses;

30 drive a small current and measure the voltage; increase the current until

the rated voltage is reached. Once the appropriate current has been



WO 2005/ 079121 PCT/ GB2005/ 000492 14 determned the controller may continue
to drive the lighting wwth a pulses (which is perhaps the preferred

enbodi ment) or may drive the lighting wth a constant or substantially
const ant C%‘é (Q.t-/ 521Fi rst the voltage rating of the LED s is determ ned.
This may be g 8HEM form of user input, by using diffePERHCRRMINEWDrs for
differently rated LED |ighting (as descri bed above) or sone ot her nethod.
This method is safe as the lighting is dri'4ven withinits rated limts. There
10 are al so additional safeguards. In one enbodi ment of the nethod the
lighting is pulfedmhéd e ssmtdilercHby @bhtinubMoSdGVE HRNtizRARs RAHAS Juldel! € as
| OMA, which is well belowthe -current rating of an LEB T%e vol tage across
the |ighting uriwhichuis pgrhdps the puefereed smbodinensy or| may hdriveolthedightisgbel ow

the rated volta t hen e [ i S LAcr ed slightly and the |ights
pul sed agai n. fﬁﬁh &frolngtr?%lp%Sﬁl’%@?@&é@“ﬁﬁﬁ ?xﬁ?%ng. rated voltage for the
lighting unit is reached. An exanple of a C source code is provided in

Appendi x A for providing this method, The skilled person will be able to
appr eci at e ﬁanyl?lﬁﬁrtéed’ tage satimof FeukEDA® indetreained o hhishmay| hgoby seme

Enbodi nent s of reant_ in 4 Qny. I iNg and
over heating of ttl?E% ogfulg:sgﬁﬁpé# 1 gﬁ%@%@%"'&?? ?Ig el%gorrgl}hg dh%ﬁgﬁlg%%ﬁeﬁg‘emgeat S
up, the effectilghtingp@sdeserilgdesbosdtoMbr soieisther infetBodionst ant vol t age 25
source the current goes up, or with a constant current source the required
vol tage goes down. By neasuring the current when using a constant voltage
source or by nepgur g I . i i 1

constant current g&%}g%&tﬂf ?(fg %ﬁ?gétpg%?zlgﬁqg??ﬁggd&?%h?ést g%t?&ltﬁﬁﬁai!tmﬂ%%%i ng i s
over heat i ngl0 30Carv\@I®00bkliartl 24feR@dEB20051000492

In one embodiment of the method the lighting is pulsed with a small
current. This current can be as little as 10mA, which is well below the
current rating of an LED. The voltage across the lighting unit during the
15 pulse is measured. If the voltage is below the rated voltage, then the
current is increased slightly and the lights pulsed again. The current is
increased until the rated voltage for the lighting unit is reached. An
example of a C source code is provided in Appendix A for providing this
method. The skilled person will be able to appreciate many more details

20 about the method from the algorithm.

Embodiments of the current invention may also be able to detect ageing
and overheating of LED’s controlled by the controller. As LED lighting
heats up, the effective impedance goes down. Thus with a constant voltage

25 source the current goes up, or with a constant current source the required
voltage goes down. By measuring the current when using a constant
voltage source or by measuring the voltage across the lighting when using
a constant current source, this effect can be used to detect that lighting is
overheating,

30



15 When using a constant current source, the expected forward voltage of the
lighting is determned. This could be froma known rating for the |ighting,
or could be auto-detected in some way, for exanple by neasuring the forward
voltage at the operating current when the lighting is not hot. 5 Wen the

li ghting i§w?ﬁmﬂg@}”the forward vol tage of the |ightingPFEGCBREGUNM4P y
neasured. |If the voltage falls below a preset value, the lighting is deened
to be overheating and appropriate action n be taken; i.e. the current is
reduced; the lighting turned off or the |ike. 10 Wen using a constant

vol tage source, Wita @IREE lcofstahl B ént Gbuidap the afpebted forwarleveltdieneithe Thi s
could be froma known rating for the Iicghtlng, or could be auto-detected in

some way, for elighiingivdetermioedi Raistaeuldbe from a kapwnHatisgdenthenlighting, age
when the lighting i . ' | ng | ' , cyr.rent
supplied to t he® |08§1{d‘:1§é %Lg(t"rdgt\g;e\gfegr f@@#ﬁpé%%}édﬂ)rl ?x%@eil%?clﬂ%aggﬁﬁ g rtlrhges
about a preset forwaed vidiRgkighihengpdratinke @idnt oviien eneelig@tibi nig néndot.
appropriate action can he taken. If lighting is deemed to be gverheating,
the appropri&t eVen 8¢ ghtivg i int vien theeforwgnd wiltaseoopribgcHehtibgmige,
reduce the anou phd L Lokt

operator. The sggﬁél?{rg%éﬁgabgfnﬂ%evcﬁgdggq?%pﬁgﬂﬁ:“?gﬁ?%ﬁ Jggée?r%gé |hr%%ﬁgg)' s. As
LED s age, theiis deepediatocke weyrhenidngaseé appropeintes astéorovar ba tplesn; dde.othe

hundreds or may be thousands of hours of operati fime. 25 In the
enmbodi ment bei nﬁ“réi%%tcllsirﬁgﬁeﬁh@%ﬁgbtg}&t“r%‘fﬁ% °6ftg‘?H%ei i ghting connected to

the controller is calculated at any of the followng tinmes: on power up;
when requested by user; when a new light is detected; and periodically
during oper & i oWheBQusing 2@083taMOVG] lagPGPLER2 S EX@otel2current of the lighting

is determined. This could be from a known rating for the lighting, or
could be auto-detected in some way, for example by measuring the current
at the operating voltage when the lighting is not hot. When the lighting is
in use, the current supplied to the lighting is regularly measured. If the
15 current rises about a preset value, the lighting is deemed to be overheating

and appropriate action can be taken.

If lighting is deemed to be overheating, the appropriate action may be to
turn the light off to prevent damage, reduce the amount of power applied

20  to the lights or to alert an operator.

The same technique can be used to monitor for ageing in LED’s. As
LED’s age, their impedance may increase or decrease over a period of
hundreds or may be thousands of hours of operating time.

25
In the embodiment being described the current rating of the lighting
connected to the controller is calculated at any of the following times: on
power up; when requested by user; when a new light is detected; and
periodically during operation.

30



16 Enbodi nents of the invention may be arranged to detect when lighting is
connected or disconnected. Wien lighting is disconnected, the controller
can renove the output current or reduce it to a snall value. The controller
can then automatically detect when new |lighting has been connected and 5
aut omat i caM Q2N E t he current rating for the new | i ghPEREB2RAOW Nt i vel y,
or additionally, a nmechanism can be provided for a user to request the
current rating is sensed. As a safety feature, the controller my disable
hi gh power output until the current sensing has been 10 conpl et ed.

Enbodi ments of fRBodidedR) b e BiveRiTBA WayVBé afrdfigSP i duRicH wheAr lightinpeRt
sensing to help ensure that the nmethod is as safe for the LED s as possible.
The safe guar dscomagetsd arndisednneged: dVhemilighting ris abisrennectod, thescontradlerls

current control to prevent accident verdri.vi ng; onl ulse for short
time; reduce heHf* ™ og&etg? ogf%"ltf% rier%n{ Pfs)r%ﬁlceéﬁtrtoe%tsgl/a\i}o atlgege esﬁ?f%qulaeﬁ; check
for shorts and qpethesil dutbmhti¢dliyriécOWheh e HEHARE Bhas bR conabas@ands can
hel p when an abnormal condition occurs. 20 The sensing output uses current
control to prevatiemadedlyespnge thy eyrgentiatine fof themew lighingyg. The out put may
be pul sed, not continuous, to ensure that the lighting unit 25 is only on
for short periods. This also reduces the problemof the |ighting becom ng
war m  whi ch w | Altedfufacieelyi, tos guditl @rabign aemedtranibed enmribeestovidedt formaysdpaoappl i ed

to the allowed voltage and current that are output. |f these are exceeded,
then the operatqeaﬁe%?a@eb%ﬂrg%praeag isFenttd- arsef rfety dhause e theoForsraliar

sopiopr e ScLige s WUZORRIA B PETUCTHIOPURER Souhd e

nmeasures the inpedance of t
10  completed.

Embodiments of the invention may employ various safeguards for current
sensing to help ensure that the method is as safe for the LED’s as possible.
The safe guards may be any of the fdllowing non-exhaustive list: use
15  current control to prevent accidental overdriving; only pulse for a short
time; reduce heat effects; apply limits on currents/voltages supplied; check

for shorts and open circuit (limits on the impedance).

Such safeguards can help when an abnormal condition occurs.
20
The sensing output uses current control to prevent accidental overdriving

of the lighting.

The output may be pulsed, not continuous, to ensure that the lighting unit
25 is only on for short periods. This also reduces the problem of the lighting

becoming warm, which will affect its performance.

Predetermined limits may be applied to the allowed voltage and current
that are output. If these are exceeded, then the operation may be stopped

30 and an error generated or other appropriate action taken



withinlimts. This detects short circuits and open circuits, which can
cause a high current or voltage to occur. 5 In sunmary of the above the

foll owing nay be salient points: Voltage Control Less stable than current
control Variation with age 10 Thermal run away Less reliable with white
LED's  Li WY&EPYRI2 overdriving Difficult or inpossi bFETEEHIIW9%peat abl e
intensity control 15 Controlling LED s by maintaining a constant voltage is
not as stable as nmaintaining a constant rrent. Reliability of Wite LED s
Maxi mum forward voltage is specified 20 ni mum forward voltage i s not

specified  RedugeehdthédihéBurRdtheNRitRIMahe Dol | 1hg 10eH! RNIcheant bk 1t LiED s are
current devices 25 NMore stable light output if current driven  Less
variation with vigein HedisccBhigr dgieetsn shorth ciipvite angDopen c@gHits.owhich can

overdriving R?fgggé ?%li&ni{:ﬁtrgﬂs&tVolﬁa%?gé%!ccurg’o WO 2005/ 079121

PCT/ GB2005/ 000 ensity co I'S éasier with current control when
conpared to voltage control. Even variations in tenperature have a small

ef fect on the aqut put . . .
In summary of the above the following may be salient points:

Voltage Control _
' e Less stable than current control
e Variation with age
10 e Thermal run away
e Less reliable with white LED’s
e Limited safe overdriving
e Difficult or impossible to have repeatable
intensity control
15 Controlling LED’s by maintaining a constant voltage is not as stable as

maintaining a constant current,

Reliability of White LED’s
| e Maximum forward voltage is specified
20 | e Minimum forward voltage is not specified

e Reduced lifetime and uneven lighting

Current Control
e LED’s are current devices
25 ¢ More stable light output if current driven
e Less variation with age
e Reduced problem with white LED’s
e Controlled overdriving

e Repeatable intensity control
30



intensity. 5 The graphs in Figures 1 and 2 show the intensity froma
lighting plotted against supply voltage and supply current. From Figure 1,
it is obvious that the voltage curve is non-linear. Although it is linear

in the UpPPer /%1 the start point for this region is dpgendent on
t enper at ur &,° 86T s difficult/inpossible to design aPGHCBAYFER 1ol | er

giving accurate or 10 repeatable intensity control. Figure 2 shows how
current has a near linear relationship wih intensity, allow ng repeatable
intensity control, even with sone tenperature variation. Current Sensi ng 15

Enabl es vol tagem%é?ﬁﬁ fdohgkol li9RbSiet Qs/lﬁlecﬂ‘féﬁ’teébntfbi'@ﬂerpegﬁgﬁﬁg 1‘6“561

control Enables proper intensity control Enabl es contr over r| Vi ng
20 W& have est atuntrohefivemataridtipns iy térEpratuns ihage @ ooald tefifect ourthe mtutpuippl y i s
beneficial. However.some LED |ighting nmanufacturers have a problemin that
the entire rand®@f%Hroducts is defined by the voltage to drive them

Enbodi ments of the current invention may overcone this problem as they
provide a way of detecting what the current rating is for lighting driven by
25 a controld erThergraphgoinl Biganesol and 2 shet ithey infemsityofosr at ighiingopledteded

W th a vol t age TitshgubPio WBa0beF hests o BEP Eobefisuedda 76 ROl x &
5 Function: Curth@NiieRSRage curve is non-linear. Although it is linear in the upper
region, the start point for this region is dependent on temperature, so it is
difficult/impossible to design a voltage controller giving accurate or
10  repeatable intensity control. Figure 2 shows how current has a near linear
relationship with intensity, allowing repeatable intensity control, even with

some temperature variation.

Current Sensing
15 e Enables voltage specified lights to be driven
using constant current control
e Enables proper intensity control
¢ Enables controlled overdriving

20 We have established that driving LED’s using a constant current supply is
beneficial. However some LED lighting manufacturers have a problem in
that the entire range of products is defined by the voltage to drive them.
Embodiments of the current invention may overcome this problem as they
provide a way of detecting what the current rating is for lighting driven by

25 a controller.

This would enable a lighting controller to be produced which drives LED’s

with constant current even if the lighting is specified with a voltage rating.

30



Paraneters: pfCurrentRating pfVoltageRating 10 Result: TRUE if current
sensing is successful // Assunes that a lighting unit is connected. 15 //
Det ect whether the lighting unit is rated at 12V or 24V // Start at | QM
and increase the current until the voltage // across the |ight i_nég0 uni t
reaches t h&FH¥Y1WI t age. The current needed to do tthT/ng‘{OPfg & r ent
rating for the lighting. 20 The lights are pulsed for a short tinme to ensure
that an abnormal condition does not causiegthe lights to be danaged
Detected fault conditions: 25 // There is no |ight connected The |ighting
unit is short circuit The lighting unit requires too nmuch current The
current flowing is not the expected current 30
*#*************#**+*k**k*********k**ﬁ%ﬂﬂENRHKkA*k********************k

#defi ne SENSE-M N- CURRENT (O. OLF) // M ninmum current sensed in anps define
SENSE- MAX- CURRENT (0. 5F) // Maximum all owed current 35 in anps define
SENSE- STEP- CURRENT *{*0* 00 TE)**St*ep *&t*2e* I ri* anps***boot**Current*senseéf | oat *

pf Current Ratd ng,/ fl oat * pfVoltageRating) { 40 Auto variables fl oat
(Current; // The mxpest:ed cureepdnsé | oat f Suppl yvol tage; // The voltage
rating of, the //

// Parameters: pfCurrentRating
// pfVoltageRating
10 s/
// Result: TRUE if current sensing is successful
//
// Assumes that a lighting unit is connected.
//
15 // Detect whether the lighting unit is rated at 12V or 24V
// ‘

// Start at 10mAR and increase the current until the voltage
// across the lighting unit reaches the rated voltage. The current
// needed to do this is the current rating for the lighting.
20 v/ :
// The lights are pulsed for a short time to ensure that an
// abnormal condition does not cause the lights to be damaged
//
// Detected fault conditions:
25 // There is no light connected
// The lighting unit is short ci;cuit

1/ The lighting unit requires too much current
// The current flowing is not the expected current
//

30 //**********************************************************************
#define SENSE_MIN_CURRENT {0.01lF) // Minimum current sensed in
amps
#define SENSE_MAX_CURRENT (0.5F) // Maximum allowed current

35 in amps
#define SENSE_STEP_CURRENT (0.001F) // Step size in amps

bool CurrentSense(float * pfCurrentRating, float * pfvVoltageRating)

{
40
//****************************************************
// Buto variables )
float fCurrent; // The expected current
float fSupplyvVoltage; // The voltage rating of the
45 lighting

float fActualCurrent; // The measured current



45 lighting float fActual Current; // The neasured current WD 2005/079121
PCT/ GB2005/ 000492 20 fl oat fActual Voltage; // The neasured |ighting unit
voltage //+a*. ****ar+. *  *++4gs, **¥*~ >Sgrr*x*xkpyi4rgr>+"s+*f| 5 // Detect
whet her th%Y]lzv or 24V connector is being used by setting a very | ow current
and swi t chify2@¥R ™onnector or. // in turn and neasur Pﬂ&%@éﬁ@ﬂﬂa current
is flowng SetCurrent(SENSE M N CURRENT), Set a low current 10 // Try 12V
connector Set Qut putConnector(SWTCH_lZl?O if ( QutputCurrent() > SENSE
M N CURRENT / 2 { 15 fSupplyVoltage = 127" 12V unit detected } else { Try
24V connect or 20 tSettQutcpitb Coomest or (SW TCH_24Vyrnd f reas@udputt Gk ment dnke >
SENSE- M N- CURRENTtage { f Suppl yVoltage = 24; 24V unit detected 25 else { No
lighting unit detected

//****************************************************

5 // Detect whether the 12V or 24V connector is being used
// by setting a very low current and switching each connector on

// in turn and measuring whether a current is flowing

SetCurrent (SENSE_MIN_CURRENT); // Set a low current
10
// Try 12V connector
SetOutputConnector (SWITCH_12V)
if ( OutputCurremt() > SENSE_MIN_CURRENT / 2 )
{
15 £SupplyVoltage = 12; // 12V unit detected
} .
else
{
// Try 24V connector
20 SetOutputConnector (SWITCH_24V)
if ( OutputCurrent() > SENSE_MIN_CURRENT / 2 )
{
fSupplyVoltage = 24; // 24V unit detected
25 } '
else

{
// No lighting unit detected
SetCurrent{0);
30 SetOutputConnector (SWITCH_NONE) ;
return FALSE;

}

SetCurrent (0} ; - // Turn current off
35
//****************************************************
// Do current detect
// Increase the output current from the minimum to maximum
// until the voltage across the lighting unit reaches the rated voltage.
40 for { £Current = SENSE_MIN_CURRENT; ; fCurrent += SENSE_STEP_CURRENT )
{
// Pulse the light on at the expected current and measure
SetCurrent (fCurrent); // Set the expected current
fActualCurrent = QutputCurrent(); // Measure the actual
45 current
fActualVoltage = LoadVoltage(); // Measure the actual .
voltage

SetCurrent (0); // Turn the cuxrent off



Set Current (0); 30 Set Qutput Connector (SWTCH NONE); return FALSE;
SetCurrent(O; - // Turn current off 35 // Do current detect Increase the
output current fromthe mnimumto maximum// until the voltage across t he
l'i ghting unit reaches the rated voltage. 40 for ( fCurrent =
MVEN_CURRENTWO 209¥¢&31ent += SENSE STEP CURRENT { // Pul sECT/ﬁgquP@W”on at the
expect ed current and neasure SetCurrent(fCurrent); // Set the expected
current fActual Current = QutputCurrent()jpqMeasure the actual 45 current
f Act ual Vol tage = LoadVol tage(); Measure the actual voltage SetCurrent(O;
[l Turn the current off WD 2005/079121 PCT/ GB20051000492 21 Error testing
here (renmoved for clarity): Check that the actual current is within 10% of
expected 5 Check tHhatcrpheedtightaragzemayed fos chotityhort circuit // Check
whet her the rated voldagetthashbeerray eachredis vifthin foAcdtuadp¥alet age >=

f suppl yVol t agje 10 /// dreached thangetingalntiage nstationy circuit _

Set Qut put Connect or (SW TCH NONE) ; break; }

// Check whether the rated voltage has been reached
if ( fActualvVoltage >= fSupplyVoltage )

10 {
// Reached target voltage rating
SetOutputConnector (SWITCH_NONE) ;
break;
}
15

// Check for end of loop
if { £Current >= SENSE_MAX_CURRENT )
{
// Brror. Light needs more than the maximum allowed current
20 // to reach the voltage rating
SetOutputConnector {SWITCH_NONE) ;
return FALSE;

}

25
//****************************************************
// Return results
*pfCurrentRating = fCurrent;
*pfvoltageRating = fSupplyvoltage:
30 .

return TRUE;



15 // Check for end of loop if | fCurrent >= SENSE MAX CURRENT Error. Light
needs nore than the maxi num all owed current 20 to reach the voltage rating
Set Qut put Connector (SWTCH NONE); return FALSE, } } 25 Return results
*pfCurrentRating - fCurrent; *pfVoltageRating = fsupplyVoltage; 30 return
TRUE, 22 CLAIMS 1. Alighting controller arranged to drive lighting
conprising a 5 plurality of light enité?ng sem conductors, the controller
conprising a current source and/or a v6Ftage source and a current and/or
vol t age sensor and at | east one connector to which the lighting is, in use,
attached wherein the controller is arranged to drive the lighting through

t he connector using a substantially cOhafIMS current or 10 voltage and
further arranged to either is nonitor the actual current passing through the
lighting and the controller being arranged to nonitor, across the

connect or, tTe vol,t such t at, %he g{scgnneptLon f i, Qecurrence of
faults in atileasf 3%@“?%&0’3?8 &5 g anes s&%i QBHSUE%‘?% RIPTRLE 1 § ght i ng
can be dejected; Bfyrality of light emitting semiconductors, the controller comprising
a current source and/or a voltage source and a current and/or
voltage sensor and at least one connector to which the lighting is, in
use, attached wherein the controller is arranged to drive the lighting
through the connector using a substantially constant current or
10 voltage and further arranged to either
i: monitor the actual current passing through the lighting
and the controller being arranged to monitor, across the
connector, the voltage such that the disconnection of or
occurrence of faults in at least one light emitting
15 semiconductor within the lighting can be detected; or
ii: monitor the actual voltage across the lighting and the
controller being arranged to monitor, through the connector,
the current such that the disconnection of or occurrence of
faults in at least one light emitting semiconductor within the

20 lighting can be detected.

2. A controller according to claim 1 which is arranged to control
lighting wherein the plurality of light emitting semiconductors are
arranged in at least one series connected string of light emitting

25 semiconductors.

3. A controller according to claim 2 which is arranged to control
lighting comprising a plurality of strings of light emitting
semiconductors.

30



ii: nmonitor the actual voltage across the lighting and the controller being
arranged to nonitor, through the connector, the current such that the

di sconnection of or occurrence of faults in at |least one light emtting

sem conductor within the 20 lighting can be detected. 2. A controller
according to claim1 which is arranged to control I|ighting wherein the
plurality of light emtting seniconduct%rs are arranged in at |east one
series connected string of light emtti 25 sem conductors. 3. A
control |l er agcordin [ ' 1S:..ar 1.0 r | i .1 g
conpri sing agpluré1??@Qgﬁééfg}%ﬁﬁm%ﬁglégﬁﬁ:%%Qﬁﬁﬁﬁé uﬁ%ﬁ%%gkdﬁ%%%ﬁéﬁESO 23
4. A controller ageOg@inyg 6P lighticmidingisemicsndurpssl &itkr HIvidakllynnt he
strings of light emtting sem conductors either individually, in groups or
all strings as a @grwips. orsald strgsoatt # othiade. according to any preceding claim
which is arranged to supply the current to the lighting by applying pul ses
to the lighting. 6. A controller according to claim5 in which the pul ses
are on the osder af c6RugIéy addbrdfiz E&ﬁn%‘f)’ré&@il@% lAROGWEeh W ﬁfﬁngs@@.@ds, 10
m | liseconds, thousandths of a second, 'hundredths or a second, enths of a
second or secondssupply Ahe@ntrenk tethaltightidg by applying pulSesoto the highimgh i s
arranged to generate pulses roughly ins in length. 15 8. A controller
according to any preceding claimin which the controller is arranged to

dri ve, currenk. th QugBnfBfick 9By 38%lali5 hewhith TS iRt artobh Al acr oss
order of roughly any of the following lengths: micro-seconds,
10 milliseconds, thousandths of a second, hundredths or a second,

tenths of a second or seconds.

7. A controller according to claim 5 or 6 in which is arranged to

generate pulses roughly 1ms in length.

15
8. A controller according to any preceding claim in which the
controller is arranged to drive current through the lighting and
measure the resultant voltage across the lighting.
20 9. A controller according to claim 8 in which the controller is

arranged to drive the lighting at an initial current, sense the voltage
across the lighting and to subsequently ramp up the current until the

voltage across the lighting reaches a predetermined level.

25 10. A controller according to any one of claims 1 to 7 in which the
controller is arranged to apply a voltage across the lighting and

measure the resultant current through the lighting.

11. A controller according to any preceding claim which is arranged to
30 detect the disconnection of at least one light emitting semiconductor

within the lighting.



20 9. A controller according to claim8 in which the controller is arranged
to drive the lighting at an initial current, sense the voltage across the
lighting and to subsequently ranp up the current until the voltage across
the lighting reaches a predetermined level. 25 10. A controller according to
any one of claims 1 to 7 in which the controller is arranged to apply a

vol tage across the lighting and neasur% the resultant current through the
lighting. 11. A controller according to ény precedi ng claimwhich is
arranged to 30 detect the disconnection of at |east one light emtting

sem conductor wthin the lighting. 24 12. A controller according to claim

11 which is 82 angegbriteolt@mni¢ddd@inieOtoatlabiptl WhistppPhiradgedits @ohtinbikeh nay
be nomnal, to any light emtting sem conductor that it determ nes has been
di sconnected. 5 18ttenptdatsupplera gueenti wiiel mayw ber sewmdnalg tel anymlight ch i s

o t1ing  sem condlet B R he SnARsERAD 1 DT aiEPRaotd-accor di ng
to claimg3 which is arranged to detect failure and/or degradation of the

at |east one of the light emtting sem conductors by neasuring the voltage
across the |ilghti Agcemdplder acdreding reenny tpnecadghg tchain wihch ng asradgednpar i ng

Lhe current and ot PLLRRS Lo an Laitial, valus Lor el L g ag o 1o A
o0, o % el Re i e g, Sem condetors e
nonitor the inpedance of the |ighting over a period and further arranged to
Hse 10 14. A controller according to claim 13 which is arranged to detect

failure and/or degradation of the at least one of the light emitting

semiconductors by measuring the voltage across the lighting and/or

the current through the lighting and comparing the current and/or

voltage to an initial value for that lighting.

15
15. A controller according to any preceding claim which is arranged to
detect ageing of at least one of the light emitting semiconductors

within the lighting.

20 16. A controller according to claim 15 which is arranged to monitor the
impedance of the lighting over a period and further arranged to use
a change of impedance to determine ageing of each light emitting

semiconductor within the lighting.

25 17. A controller according to claim 16 in which the period is of the

order of hundreds or thouéands of hours.

18. A controller according to claim 15 which is arranged to use light
intensity feedback to determine ageing of at least one of the light

30 emitting semiconductors within the lighting.



a change of inpedance to determ ne ageing of each light emtting

sem conductor within the [ighting. 25 17. A controller according to claim 16
in which the period is of the order of hundreds or thousands of hours. 18.
A controller according to claim15 which is arranged to use light intensity
f eedback to determ ne ageing of at |east one of the light 30 emtting

sem conductors within the lighting. 25 9. A controller according to any
preceding claimwhich is arranged to pe? orm one of increasing the voltage

across the | ht'ﬂg%(ﬁﬂp?llérn%c%?éfn%?to Fﬁ){ﬁﬁ‘&f %EMI&E%I&IP H&H%

order to nalntaln t ht out t as stan

constant |evel. 5p&@orrA onat bf)|1|nefeaah'fg0rtﬁe ngoltt@garacmmqﬁel fighthgi md/\:hl chis
arranged to use I ight intensity feedback for regulation of the li %htl ng
21. A control | er HEERSH#HEhe surient rﬁhlzmghnthmﬂ&fﬁl%én “seer & megintadn the

arranged to dr i veuShy LaRly LRTRUADLINE ANk A9 ANG QPR g VO Cage

across the lightin neasure esu Ilg ens out put by the
lighting.522. A control | er according to cl a| m 18 or 21 which is arranged to
use a 15 light intensity nmeasurenment to adjust the voltage across and/or
current in t2@ |idhecomrplier acapedingotorannpa¢eedomg stamt wihiche s atrpng@Bto A

controll er according re | ai mpwhich s ar.ranged to nonitor
both the forward Y% lclﬁgte g‘i‘%@)’s&@gbﬂgff hte&drttan ﬂt;thezgggtéﬂgconductor and
the current flowi ng through each light emtting sem conductor. 24. A

controller according to any preceding claimwhich conprises a dynamcally
adj ust abl e s@it chAnzdatiobleer accopding ao vhiimag® i25whidhyehtetontroller is

10 arranged to drive current through the lighting and/or apply a
voltage across the lighting and measure the resultant light intensity

output by the lighting.

22. A controller according to claim 18 or 21 which is arranged to use a
15 light intensity measurement to adjust the voltage across and/or

current in the lighting in order to maintain constant intensity.

23. A controller according to any preceding claim which is arranged to
monitor both the forward voltage across each light emitting
20 semiconductor and the current flowing through each light emitting

semiconductor.

24. A controller according to any preceding claim which comprises a
dynamically adjustable switch mode power supply or voltage

25 converter.

25. A controller according to any preceding claim which is arranged to
detect overheating of at least one of the light emitting
semiconductors within the lighting.

30



25. A controller according to any preceding claimwhich is arranged to

det ect overheating of at |east one of the light emtting sem conductors
within the lighting. 30 26 26. A controller according to claim25 in which
the controller is arranged to nonitor the forward voltage of at |east one of
the light emtting sem conductors in order to detect overheating therein. 5
27. A controller according to any precedjng claimin which the Iight
emtting sem conductor is an LED. 28. A“ontroller according to any

preceding claggmin ¢ j [ j i 1N hS) Liy: of
light emtti 25 se% con tdg?etcgr gGCd%JSE{%ntP r g%@d%ﬁg%%ﬁ é}ggt.h@AQég{rg‘gP%%tlison
according to clai ar28ged tohhohitdhehepfarvalridtwolafgel 6fght leagohé iofighe light

sem conductors provide a lanp or other light emtting sem conductor |ight
source. 15 30. A esWBingsemsicoadueions Hyorderdpaleteciaverheadingnthgreiah t he | i ght
emtting sem conductors are LEDs. 31. A nethod of controlling |ighting
conprising a plurality of light 20 emtting sem conductors conprising: is

driving the bightingohfoPleshacosdinBewt Qﬁ¥V§r%Be(ﬁH§iﬂhid13ﬂn whiléH @R 1801
sensing, across the connector, the resulting voltage across the lighting;

ii: if the resultiengtting semionduiter asvan IgfRdet er mi ned | evel 25 increasing
the current used to drive the lighting; and 1iii: repeating steps ii. and
iii. until the resulting voltage equals the predeterm ned | evel. 27

28. A controller according to any preceding claim in combination with
lighting comprising a plurality of light emitting semiconductors

10 controlled thereby.

29. A combination according to claim 28 in which the plurality of light
emitting semiconductors provide a lamp or other light emitting
semiconductor light source.

15
30. A combination according to claim 28 or 29 in which the light

emitting semiconductors are LEDs.

31. A method of controlling lighting comprising a plurality of light

20  emitting semiconductors comprising:
i driving the lighting through a connector with an initial
current and sensing, across the connector, the

resulting voltage across the lighting;

ii: if the resulting voltage is below a predetermined level
25 increasing the current used to drive the lighting; and
iii:  repeating steps ii. and iii. until the resulting voltage

equals the predetermined level.



32. A nethod of controlling lighting conprising a plurality of |ight
emtting sem conductors conprising driving the lighting with a
substantially constant current or voltage through a connector and
Jonitoring, through the connector, a paraneter associated with the 5

|l irghting and conparing the paranmeter with a reference to determ ne whether
a fault is present in at |east one Iighg emtting sem conductor wherein if
the lighting is driven with a substanti IIy constant current the paraneter
is the voltage acpo h e h a
substanti al | gfconét zf?lettf‘@‘& (%fagghtrﬁg“?;q g ‘Elc)an'p? ﬁu%%r rpzlrll%lftgsgﬁ rllﬁghE

t hrough t he émghtngngsexﬁ&onﬂummod:ommdg ngiriving| ath 311ght1n§2 withc ha
controls lighting _wherein the plurality of light em tting sem conductors
are connect eﬂletWtfﬁéeral pQistanty QEreds oy Yoltagec dheeueh | an CONNYRPR padal | el

and sertes. it RENGA HEOLSNOEO BM%ablmSLP PRodhibd Fuhe

drives the tin ing a series of according

to claim34 hghMHg Clind h@oxﬁyhﬁﬁ% £Hee ;ﬁfarﬁ@uégh{vym 20 ref@rendd. toA d¥Rirfififle
according to any of clains 31 to 35 which controls |[lighting conprising a

plurality of whethes, azfaulﬁ is presengriamabiesshgent flight opmitoing| sgmqongu@@rrpru sing
a plurality o l.i g L m _conduct ors, wher.ei n t he progra

arranged is gleb"éﬂel? tl“iﬁgﬁ ?pvgarwﬁﬁta FBb%FPPUg“%aF&’i‘STainbrfg‘ tf’?l ng
sem conduct op, A QLPHhs %h&cvlﬂ g%oécragkdtl?@g%ﬂuh €an J{ ephd i Il{;glt f | {2@fivekT 0SS

the light emtting senm conductor to t hroug connector. 28
it if the sedted substaagiellyscdmestaw eolprgedeicepaaneder év ¢he carreatpassinge

current driving the light emtting sem conductor to
through the lighting.

33. A method according to claim 31 or 32 which controls lighting
wherein the plurality of light emitting semiconductors are connected

in parallel, in series or in a combination of both parallel and series.

15
34. A method according to any of claims 31 to 33 which drives the
lighting by applying a series of pulses.
35. A method according to claim 34 in which the pulses are of roughly
20 1ms.

36. A method according to any of claims 31 to 35 which controls

lighting comprising a plurality of LED’s.

25 37. A program arranged to control lighting comprising a plurality of
light emitting semiconductors wherein the program is arranged

i to generate an initial current to drive each light

emitting semiconductor through a connector and cause the

resulting voltage across the light emitting semiconductor to

30 be sensed through the connector.



be increased; and iii: further arranged to cause steps ii and iii to be
repeated 5 until the sensed voltage substantially equals the predeterm ned
| evel. 38. A programarranged to control lighting conprising a plurality of
lLight emtting sem conductors which is arranged to cause the 10 lighting to
be driven through a connector with a substantially constant current and
further causes a paraneter associ ated mﬁhg the lighting to be nonitored

t hrough the connector and conpares the nitored paranmeter with a

reference, the programusi ”f?fi Egﬁfsensmaﬁhg@@s B&o%%ﬁéﬂ@h@%{}i‘f{i‘xﬁég‘ veprdaul t i's

present in at |east one 15 emtting sem conductor o 1 ghting
wherein if the |ightingausesthdrdureentvdiiting hebidglanémitting womisbadictorits ent t he
parameter is the voltage across the lighting and if the lighting is driven
with a substantially beiasrsated;dindage the parameter is the current passing
through the lighting. 20 39 machi ne adabl e medi.um cont aini n

i nst rgcti ons V\ﬁi ch \?\heﬁlg recfi%ﬁcl)er{t %rrgn‘%rea({:ﬁol ggusgasﬁ%%s it Tad :bﬁereg%at?%ncti on
as the coptroller of anpl ofthel ais@hsed t ovalbage25S d@stadtidBGhi RQuaradahé e

medi um cont ai ni ng i nstructions which when read onto a machi ne cause that

machi ne to provi de theprasieterehiogd lews}t. of clains 31 to 37. 41. A machine
readabl e nedi um contai ni ng i nstructions which provide 30 the program of
claim37 or 38. 29 42, Alighting controller arranged to drive a plurality

o 0" oS! TS/ GAREL QTG LesEaD! A He SOMRELRIA pURUILPDE o co
light emitting semiconductors which is arranged to cause the
10 lighting to be driven through a connector with a substantially
constant current and further causes a parameter associated with the
lighting to be monitored through the connector and compares the
monitored parameter with a reference, the program using the
comparison to determine whether a fault is present in at least one
15 light emitting semiconductor of the lighting wherein if the lighting
is driven with a substantially constant current the parameter is the
voltage across the lighting and if the lighting is driven with a
substantially constant voltage the parameter is the current passing
through the lighting.
20
39. A machine readable medium containing instructions which when
read onto a machine cause that machine to function as the controller

of any of claims 1 to 30.

25 40. A machine readable medium containing instructions which when
read onto a machine cause that machine to provide the method of

any of claims 31 to 37.

41. A machine readable medium containing instructions which provide

30 the program of claim 37 or 38.



one or nore light emtting sem conductors and to initially drive 5 each
light emtting sem conductor with an initial current and to sense the
resulting voltage, the controller being further arranged, if the resulting
.vol tage across the light emtting sem conductor is below a predetermn ned

| evel, to increase the initial current, and in which the controller is
arranged to repeat these steps until th 10 resulting vol tage substantially
equal s the predeterm ned |evel. 43. A hod where a plurality of |ight

itti ] d : i i t1k I |t
te hme r Iatn gds\e/gll‘ %’ggeggpgégggr&ﬁt%&ite\{g%r% e?gﬁ)séﬁﬁbéﬁgh%y g?}; ?g%tsﬁgﬂfgasu?i ng

through the 15 coggaiioadutioes,Cid @ohtrblie dognpriNing oh ctdcdnt | dogirte emdt 41 ng
sem conductors, using the nmeasured current as the rated current for each
light emitting seMpdagrisensor varreithrecednteollefr isvarngngesctp be ghnnectpd @i ng
sem conductor froma current .sEtjr ce wth the rdaltﬁ(g?j cur rtent..t.Zﬁ 4&.} A
program arranged PBE ot VT b1|g aﬁn?]ﬁ]/n%fsemlﬁ?ﬁ Ut f‘ﬂ% Os ¥H'3oMdttor s
through a5 connect giciatlightVehidag Sehrdoanhédl! Wia4al initidl herdndt 41 ! t age
of the light emtting sem conduCtor wherein the program causes the current

fl owi ng t hrough esetiselthghteseltingt volgagz5 thewontotiec tbeing tutteemaasuget if hr ough

t he connector, usg}sﬁthe _measuged current_ as,.the rated current for each
light emitting sHM d6MHLRBoMOHARE 3rEPEarthe  ligh, coutting rsemigardugios (5 ng

sem conductor to B@loﬁxf IV dQVerﬁliﬁ%Hrl 1, ?&‘fﬁ&%fa% thd it %ﬂgx‘(;e%,r &hd 'irtlﬁg 45.

A controller arranged to drive t plurality of electrical Vi ces,

controll er conpri sihich aheucssndllsous carradgbdono arepeht apeses typse uatill tae
current and/or vol ta?e sensor and at | east one connector to which the
lightingl®s, in utesuldpg yoHage whbstantialiheqedstthepredeteynineddaydd t o

43. A method where a plurality of light emitting semiconductors are
driven with a voltage substantially equal to the rated voltage of each
light emitting semiconductor comprising measuring through the

15 connector the current flowing through each light emitting
semiconductors, using the measured current as the rated current for
each light emitting semiconductor and thereafter driving each light
emitting semiconductor from a current source with the rated
current.

20

44. A program arranged to drive a plurality of light emitting
semiconductor’s through a connector at a voltage substantially equal
to the rated voltage of the light emitting semiconductor wherein the
program causes the current flowing through each light emitting

25 semiconductor to be measured through the connector, uses the
measured current as the rated current for each light emitting
semiconductor and thereafter causes each light emitting

semiconductor to be driven by a current source at the rated current.



5 drive the plurality of electrical devices through the connector using a
current or voltage and further arranged to either i) nonitor the actual
current passing through the electrical device and the controller being
arranged to nonitor, across the connector, the voltage such that the
di'sconnection of or occurrence 10 of faults in the electrical device can be
detected; or ii) nonitor the actual vol t;age across the el ectrical device and
the controller being arranged to nonitdr, through the connector, the
current suchgshat At Benidb3&ONIEEEIDOH BFVEthO PEMAlEN6e ePctfiahl §Sviees the
el ectrical device can be detected 15 46. Acontroller arranged to drive a
plurality of el ectontcalledeginpesing heurreohsowiceandéanpriodiagg sauvesr amsha sour ce
and a vol tage sens rein the controller is arranged to be connected to
i philey

or, wh
the plurality of CBIrERt ARELT He\EReSomg & SEIQMP BPRRAEIR LR YWHER ri cal
devices 20 with ap,d ibhiiAl iSU 8 RRACnEP wiehsi ﬁa@%o"nﬁ%ﬂe&'i&‘%ﬁ’a‘?ﬂg a4
n i’f the

t hrough the connecti he controller being further arranged,

resul tings volt agdrigerthesplutaitpl ofr electricabideelcestthi@egh teveemsecier ishgw a
predetermned level, to increase the initial current, and in which the
control ler is arraf§eErnterepige andeliuwther assanggdito qifherr esul ting 25 vol t age

substantially equ%l st %?orﬁ{o%d?ﬁéarmtgﬁd clu?r\é%k "passing through the electrical

device and the controller being arranged to monitor, across the

connector, the voltage such that the disconnection of or occurrence
10 of faults in the electrical device can be detected; or

ii) monitor the actual voltage across the electrical device and the

controller being arranged to monitor, through the connector, the

current such that the disconnection of or occurrence of faults on the

electrical device can be detected

15
46. A controller arranged to drive a plurality of electrical devices, the
controller comprising a current source and a voltage sensor,
wherein the controller is arranged to be connected to the plurality
of electrical devices and to initially drive each electrical devices
20 with an initial current and to sense the resulting voltage through the

connection, the controller being further arranged, if the resulting
voltage across the plurality of electrical devices is below a
predetermined level, to increase the initial current, and in which the
controller is arranged to repeat these steps until the resulting

25 voltage substantially equals the predetermined level.



