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A UNI VERSAL DI MVER TECHNI CAL FI ELD Thi s invention

relates to dimrer circuits and in particular, to
wa@leomees0dd rcui ts able to operate as bot h | eadi POI/atY®6/001881

and trailing edge devices, otherw se known as

"universal dimrers". PRICRITY This specification

clains priority from Australian Provisional Patent

Application No. 20059069901 entitled "A Universal

Dimer"” and filed on 12 Decenber 2005; and Australian

Provi si onal Pat entpA SpNIVERS AR DIYAMER05906949 entitl ed
"Load detector for a Dmer" and filed on 12 Decenber

2005. The entire content of each of these applications

j [ hcor porated by reference. BACKGROUND Di mmrer
TE{;ﬁl@gﬁﬁ)ﬁéﬁgﬁused to control the power provided to a

i or .electri,c_ notor from an .

This el e 0 Uin ot B bhidn TRk 8Cwar 10 B mer circuits
abl&s Bpeiats Hé betPfchamh Pt & FRNLEISEHEY

phas}e) control |l ed di n%fné%.aThi S gl%jové pom%?sqg?lg%i seecl
knowntahéuhbaatsadlalibemensit r ol | ed by varying the anount of

time that a switch connecting the load to the power

source i s conducting during a given cycle. For

e, If voltage provided by the power source can
PRgzﬁggéresented by a sine wave, then maxi mum power is

Thiﬁ%ﬁé(&iﬁé‘éiidrpcltaﬂﬁs ku‘i’ﬁﬁlit;’gffrdrﬁ? swi tchconnecting the | oad
to the power source 1s on at all tines. In this way
the, the

Australian Provisional Patent Application No. 2005906990 entitled “A

Universal Dimmer” and filed on 12 December 2005; and

Australian Provisional Patent Application No. 2005906949 entitled “Load

detector for a Dimmer” and filed on 12 December 2005.

The entire content of each of these applications is hereby incorporated by

reference.

BACKGROUND

Dimmer circuits are used to control the power provided to a load such as a
light or electric motor from an alternating current (AC) power source such as
mains. Such circuits often use a technique referred to as phase controlled
dimming. This allows power provided to the load to be controlled by varying
the amount of time that a switch connecting the load to the power source is

conducting during a given cycle.

For example, if voltage provided by the power source can be represented by a

sine wave, then maximum power is provided to the load if the switch
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total energy of the power source is transferred to the

load. If the switch is turned off for a portion of
we@2mh/oesped e (both positive and negative), thenP@I/AU2006/001881

proportional anount of the sine wave is effectively

isolated fromthe | oad, thus reducing the average

energy provided to the |oad. For exanple, if the

switch is turned on and oRf half way through each

cycle, then only half of the power will be transferred

cor&x%cﬁﬁ%ﬂk@ﬁﬁd 8aha mér%%@cet ¥ R@SatCll ©ines Uintthisway ohé &he

used th resisti oads and not inductive | oads, the
totabérieagy offthe ppeat sditcessitankfentedoto thadoad. fIf Pranvewitelh is

not be noticeable as the resistive |ogd has an
turniednff tarta perdion of qashjayclefthethhpesitye aeafr@s@tw ,thepa

for. ex |l e in.t;he .case of. i . [ j
propiHoBT AROGRE PN si5E R s Birer Oy (USRI Ap

; ' @ﬁé}gy Wdd totBeW6Ad. FRIREEINO AL

mu%%gldﬁg?{%hﬁ é%r%‘%éed [ :iﬁgvart. oI\/bger n di mm ng pgi rcﬁ?ét S
switghne tidnled paidbéf half wag thfoughoeadyycle, Headonly kalfef de

trailing edge. In |eading edge technol ogy, the dinmme
powsirrveill e trangiperedjorthe 11036% Serausedhasrctyingh o eircuits are often

use s respRied O e bt Uikt dbs Btbor rp BRRAART
swi%ﬂﬂ?é(&q %ﬂﬂ?fpggwe} @\?Ilq}d%rnd?d.céﬁﬂbtas HhE BRIstRH [0a@Mhas an
0 u of e

S conducti1 on ectricity by the load in the

inh&eakirRasih toft. The bvBall eféace el Ue, fitrexatpls hotse ease of a
representation of the function of a |eading edge |
lightli nsreoothahinhanifeg gotien resahidng in the qomtealiob thefurginosity of

e e SR b B et e 80

art.

Modern dimming circuits generally operate in one of two ways - leading

edge or trailing edge.

In leading edge technology, the dimmer circuit “chops out” or blocks .
conduction of electricity by the load in the front part of each half cycle (hence
the term “leading edge”).

In trailing edge technology, the dimmer circuit “chops out “or blocks
conduction of electricity by the load in the back part of each half cycle.

Figure 1A shows a representation of the function of a leading edge dimmer,

while Figure 1B shows the function of a trailing edge circuit.

In Figure 1A, the shaded region of the sine wave, representing the applied AC
power to the load, indicates the part of the cycle during which the dimmer

circuit allows electricity to reach the load. The blank region in front of the
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power to the | oad, indicates the part of the cycle
during which the dinmmer circuit allows electricity to

wo e@chesone | oad. The blank region in front of p¢EsHaB6d01881
region indicates the part of the cycle that has been
bl ocked by the dimrer circuit, preventing power from
being applied to the dimer circuit. In Figure IB, the
reverse situation, for th& trailing edge, is
illustrated. In this case, the shaded region at the

shaledirepicROindlicadt iR Gy 6f the jicCidlehad beerpBlvcked biyfthe
cycl e”during which the dimrér circuit. allows

dimelezcirciiit pyeventinggeiwehiroimobeing Applibt daithe dinorersincuit.
the shaded region indicates the part of the cycle that
has been bl ocked by the dimrer circuit, preventing

ower, »f Lom bei . | i ed t - di Ci ] ;

o SRR ERRRbE g PR R M o M
case2 B dif:RfeldOR HGPHNGS HERathihOf tOADEyddindiaass the part of
fnductive | 8ad types (such“as iron core | ow voltage
the ¢y tlunigigtwhichf the mimsnendranedllowselentiadtysto reach Hesload.

suited to | eadi ng edge operating nodge t he

. wh
Thedanipregioe aftes e shaded regian mgicates edﬁftl'ég <le thaén

t supstantially.lowlevel. hys. i.di '
has Bps HEEkE my e Ciier AYRUE mrb R Ra e B 1BElg AR
OdihAel ] dge operating node, where the
tOﬂgtart-g#FﬂgP?-cycle appl i ed | oad voltage ranps up from
zero at a relatively slow rate, thus avoiding
undesirable current spiking. In practice, it has been
necessary to select the appropriate dimrer for the

o BB S ol TIPSR o
: c d > " I

e BB Tl SRR @ By,

ligh®ng téithaf6frhals arll sBl Salh afotbagarsbastisajted to Mrdihg edge

function in either the | eadi nfg edge or i .
operating mode, where the established half-cycle load current is terminated

when at substantially low levels, thus avoiding undesirable voltage spiking.
Capacitive load types are best suited to trailing edge operating mode, where
the start-of-half-cycle applied load voltage ramps up from zero at a relatively

slow rate, thus avoiding undesirable current spiking.

In practice, it has been necessary to select the appropriate dimmer for the
appropriate load. This requires stocking multiples of each type of dimmer

and has the risk that the incorrect dimmer is connected to a given load.

An improved form of dimmer circuit, known as “adaptive” or “universal”
dimmers has been developed, which can function in either the leading edge or
trailing edge mode. This alleviates the need to have multiples of each dimmer

type to cater for different loads, and the installer does not have to be
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trailing edge node. This alleviates the need to have
mul tiples of each dimer type to cater for different
wo o@deesoand t he installer does not have to PCT/AU2006/001881
beparticul arly concerned about the | oad type.
Addi tionally, fromthe manufacturing standpoint, only
one build type of dimrer is required. Universal dinmrer
designs incorporate a neans to initially determne
whi ch operating node is suitable for the connected
parfddlarlytAREHIdOML A OOl hadIRSRI, B S T of
t hée purpose of retaining t operati ng e
mahiérceaiihg starkl puinh ehlpbné baliditgpess dirfnies eglrdquiidie
determination of the appropriate steady state di mer
operating node, for the type of |oad to be controlled.

o Bk R 0L O
on S erbed T BRICRS o0 SRR A5tk

meticayldl@geRBYOr P PhrpdselofREREENE Ahé BPeRftiid@odel Releafter.
operating node is stored in non volatile menory, which
is available for retrieval each tine the load is to be

A 1l & toghIGHER §re KPS GRPRRENS SN o he RPBTARTREC

! t ' !
e AL AR DRl SR B BT uP P Bl DSy
Ty piehldxispes ahirgsdIRAMMGSILeas Sedratd &t tha®Bidi€ot Hisce-off

device is not in operation.” SUMVARY According to a
detkimintatimspeic'tload categopy esidtst timeeoitopratiomerrel thereafter
i.mmer for controlling power

rovj ded a uni versal I ) 10
effegaaﬁiyglae%aae@ﬁ ao%tal,lgaﬁ_gduawé (gtherdeaning edarpsritsiiligs gdge
typleﬁ). 3 ré}%%gergtglcigﬁto? rthg\'gelzl(e:aea r(])plélzlseﬁ-ingdr%to%%tig sfaorleg %j nto}ﬁp ©

volatile memory, which is available for retrieval each time the load is to be

operated.

While an improvement over single mode dimmers, existing universal
dimmers suffer from the disadvantage that once a mode of operation has been
determined, the device must retain information as to which operating mode

has been selected, while the device is not in operation.

SUMMARY

According to a first aspect of the present invention, there is provided a
universal dimmer for controlling power applied to a load, the universal
dimmer comprising a load type detector which in use, detects a load type

upon each activation of the universal dimmer.

In one form, the universal dimmer is adapted to operate in the trailing edge

mode upon activation and the load type detector comprises an inductive load
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upon each activation of the universal dinmrer. In one
form the universal dimer is adapted to operate in

wo b@7o68aitd | Nng edge node upon activati on and t heCT/aE2h06/001881

type detector conprises an inductive | oaddetector for
detecting the presence of an inductive |oad, and the
uni versal dimmer further conprises a node contro
circuit to change the opebation of the universa
dinmmer to | eading edge node if an inductive load is

detd@be sdredetbitind ehd pebdehdevss droiddudetetdat, andrthengivasal
the inductive | oad detector conprises: a voltage

dimmendurthedetmptises homodetadtolmircaittoldhagge thengpergtion of
signal  across the | oad; and si gnal, gener at or r

the yaiversal pigmerdederding feice 409 lf@%'emﬂf’g%ﬁ igacpis J&%ected by
inductivye a on the voltage ringing detector

the H@%{S@W&aég?%c%rtage ringing signal. In one aspect,
the voltage ringing detector conprises a peak detector
for detecting a peak value of the voltage ringing

In ofé foxah, thedndlactigelvadad etegoncampsisghal corresponding to
t he detected peak value. In one form the jndyctive
| oadolfage ¢inging Getesspr 08 MsFICEag AV JtrgssingimgAghalpgross
acgumul ati ng the dc signal over tine to provide an
ac | ated dc signal. In another form the inductive

load:9@d detector further conprises a conparator for
¢onparing the accunul ated dc signal with a reference

vohisggal @eflertor i gemepatirgyia pighalineticativey thecurestratear an
dc signal exceeds the reference voltage. ) '
inductive load upon the voltage ringing detector detecting said voltage

ringing signal.

In one aspect, the voltage ringing detector comprises a peak detector for
detecting a peak value of the voltage ringing signal and for generating a dc

signal corresponding to the detected peak value.

In one form, the inductive load detector further comprises a dc accumulator

for accumulating the dc signal over time to provide an accumulated dc signal.

In another form, the inductive load detector further comprises a comparator
for comparing the accumulated dc signal with a reference voltage and
producing an output when the accumulated dc signal exceeds the reference

voltage.

In a further form, the inductive load detector further comprises an inductive
load indicator for generating a signal indicating the presence of the inductive
load when the output of the comparator indicates the accumulated dc signal

exceeds the reference voltage.
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In a further form the inductive |oad detector further
conprises an inductive |load indicator for generating a
WG e@nabsosndi cati ng the presence of the inductiRE/ATAH6/001881

when the output of the conparator indicates the
accunul ated dc signal exceeds the reference voltage.In
a further form the inductive |oad detector further
conprises a voltage spikedbdetector for detecting the
presence of a voltage spi ke across the |oad and for
generating a signal indicating the presence of the
vol tage spike. In one formof the universal dinmer,

In a fiethapfleng dhe induativedoiad detestarsfarthe sagiprisase vRIthgeof
operation of the dimrer circyit fromtrailin

spikpsiaaigr Ragietemeaihegt o Alaratiags sPure peas Bitiah tnd

for éqlr{]eg%ﬁ%?g g.:s%l}l%ll ind? %&Hhétgge%%efsgﬁg@ oiii!ﬁ? VO efs apgi ng

use, cha e node of opefatton of the
dimer circuit fromtrailing edge to | eading edge
operati on upon detection of the voltage spike.
In oA6 ¢ormliofighé anivesed alichnasp 8t motletchatnof evenit, inmeenchanges
there is provided a_pmethod, of qgperating a univFr al
the giodesaf apesation of Hit diBnmes GlEFUI4 HiomR é@ﬂﬂlgg gdge iRy ,eat%‘mg

met hod. conpri s .causi the univer i mer to
edgg 8?8‘669“0&‘ O P&Pﬂg q%&ggv?ga%%éﬁ}gts ﬁ%rslgl(: onnect ed
upon each activation of the universal dimrer circuit.
In one form the nethod further conprises causing the
In aHBtikefeah, tiempde changeigatiruitnint hee, changésidreatigde pbde
upon activation and .to change to the | eadi ng edge nnde
operdtigmof theubimmer ¢isemit frony sgpedg to léﬁg%‘?qﬁe Pprgation

st of de ctiqglthe.ﬁresence of the inductive | oad
upo, petionof the voltage spike.

" According to a second aspect of the present invention, there is provided a

method of operating a universal dimmer used to control power applied to a
load, the method comprising causing the universal dimmer to detect a type of
the load to which it is connected upon each activation of the universal

dimmer circuit.

In one form, the method further comprises causing the universal dimmer to
operate in the trailing edge mode upon activation and to change to the

leading edge mode if an inductive load is detected.

In one form, the step of detecting the presence of the inductive load
comprises:

detecting a voltage ringing signal across the load; and

generating a signal indicating the presence of an inductive load upon

detecting said voltage ringing signal.
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detecting a voltage ringing signal across the |oad;
and generating a signal indicating the presence of an

w0 pabaossowe | oad upon detecting said voltage riPQI/AY2006/001881
signal.In one form the nethod further conprises
detecting a peak value of the voltage ringing signa
and generating a dc signal corresponding to the
detected peak value. In oné form the nethod further
conprises only detecting the peak val ue of the voltage

InforeGbis &h@ﬂ@%&&lfdﬂﬂgerac&ﬁﬁl)ﬁiesﬂﬁ&é&&gaé pEae HalR) df the

cycle of the vol tage signal applied to the |oad so as

voltageniinginigsagnélaref §awratifg eldestignal abriespsrdingntoche
form the nethod further conprises accunulating the dc
dm@ﬁﬁﬁ&ﬁmgﬁéﬂu?ine to provide an accunul ated dc si gnal

hod. f h '
i e 1 165 ph QA G E AR PR TRY R v o
theWRI 1399 138 o R S Cluith 2 bRk ﬁéﬁo&"ﬁ?é‘amlﬁ 4aYk fed

dc signal” eXceeds the reference voltage. |In another
voltagenighdileappdicaoid thadodtbso aotpmisiasisg énecfiédtng ebecsiigal

indicating the presence of the inductive | oad when the
NOljge-cunmul at ed dc signal exceeds the reference voltage.

In a further form the nmethod further conprises

detecting the presence of a voltage spi ke across the

[ 2 I

R B e e ARl g R AR A Ber

timleutotgrevideamphcaesulabandt signal.node of operation of a
dimrer circuit fromtrailing edge to | eading edge
operati on upon

In another form, the method further comprises comparing the accumulated dc
signal with a reference voltage and producing an output when the

accumulated dc signal exceeds the reference voltage.

In another form, the method further comprises generating a signal indicating
the presence of the inductive load when the accumulated dc signal exceeds

the reference voltage.

In a further form, the method further comprises detecting the presence of a
voltage spike across the load and generating a signal indicating the presence

of the voltage spike.

In another form, the method further comprises changing a mode of operation
of a dimmer circuit from trailing edge to leading edge operation upon

detection of the voltage ringing signal.
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detection of the voltage ringing signal.ln one form

the nmethod further conprises changi ng a node of
wop®rasioan of a dimer circuit fromtrailing eRPBEAUZI06/001881

| eadi ng edge operation upon detection of the voltage

spi ke. BRI EF DESCRI PTI ON OF THE DRAW NGS The i nventi on

wi Il now be described in nore detail with reference to

the follow ng drawi ngs in &hich: Figure | A shows a

representation of |eading edge di mrer operation;

Infr@Ybem! BERWehaH HERRESOm 1éé%rbh% hig?h Wik S%Seration of a
di mer operation; Figure - shows a ni ver sal “di ner

dinanep cicai ft@m&rmhﬁg edpe ¢6 laadéngedgeopeiatiopnipandetection of
which the | oad type is detected upon each activation
thegfoltage spikeser sal ~ di nmer circuit; Figure 3 - shows a
uni versal dinmmer circuit accordi ng to anot her aspect
of the present invention, in which the |oad type is

BRP@@%@?IF QT@'FTI[iﬁLEﬁ% AvgN@gd detector; Figure 4 -

shows d| agram show ng the use of a ringing

Thelatvenition will aAowaspeedcribbd tih engricekaail witly safbiedie tidgur e
5 - shows a vol tage waveform across the di nmer
followvingsirapiggain whiidti ve | oad; Figure 6A - shows a
vol t age waveform across a dimer controlling an
i nductive | oad; Figure 6B - shovvs an expanded version

Fighte LAGHIAVEL 9%%9%1@1&4 0F 1 BHEE diminetUPFador] 0Ck

i agram e nmain conp ringi g
detector of Figure 4;

Figure 1B shows a representation of trailing edge dimmer operation;

Figure 2 - shows a universal dimmer according to an aspect of the present
invention in which the load type is detected upon each activation of the
universal dimmer circuit;

Figure 3 - shows a universal dimmer circuit according to another aspect of the
present invention, in which the load type is detected using an inductive load

detector;

Figure 4 - shows a block diagram showing the use of a ringing detector in an

aspect of the present invention;

Figure 5 - shows a voltage waveform across the dimmer controlling a

resistive load;

Figure 6A - shows a voltage waveform across a dimmer controlling an
inductive load;

Figure 6B - shows an expanded version of the waveform of Figure 6A;
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Figure 8 - shows the waveforns of the input and out put
of the peak detector of Figure 7; Figure 9 - shows a

whb@ckesds@gr am showi ng the use of a vol tage spP&EAU2006/001881

detector in an aspect of the present invention; Figure
10 - shows a circuit diagram of one formof the
present invention. DETAILED DESCRI PTI ON According to
an aspect of the present i%vention, the universal

di nmer of the present invention enploys a nethod which

Fig_&fee'ﬁi $hd e addEHIO oA SHOWHRE tP Bk B JHRERLESC e
ime the lanp load I's activated. Consequéently, at | oad

ringinigt d¢teabdt of Figureder at i ng node does not require to be
retained for the next | oad operation. According to
anot her aspect of the invention, one nmethod of | oad

Fig O g R R P R i bPL B Rl o MR R Rl o

ofF@ng%ive | oad. Standard construction | ow voltage
I rghting transformers exhibit sufficient "l eakage
i nductance" to produce the required di mer voltage

., ringing behayior. Detectjion of dinmmer voltage ringing
Figyre P e shems aPlogk diagram shewing§eatigeofroreltagerapilse angtor

.angl es ows changeover to | eadi ng edge node to occur
me\llﬂﬁ%Peeqf ﬁ%eh}ea?ﬁs?%'gf’e g?%{t ively I ow brightness |evels

- where any step change in effective applied | oad
power is not noticeable (a lighting transforner driven

Figure 10 aishong sedgarittibgriml df opleddtinefahbipgbent @akdttion.
power |evel than when driven in |eading edge node- for
t he sane di mrer conduction angle setting. This

DE‘%'AIIiEbeBﬁgCﬁP‘Ef(SﬁI er at higher conduction angles).

According to an aspect of the present invention, the universal dimmer of the
present invention employs a method which selects the appropriate dimmer
operating mode each time the lamp load is activated. Consequently, at load
switch off, the operating mode does not require to be retained for the next

load operation.

According to another aspect of the invention, one method of load type
detection involves the detection of the presence of dimmer voltage ringing in
response to a connected inductive load. Standard construction low voltage
lighting transformers exhibit sufficient “leakage inductance” to produce the
required dimmer voltage ringing behavior. Detection of dimmer voltage
ringing while initially at low trailing edge mode conduction angles allows
changeover to leading edge mode to occur while the lamp is at relatively low
brightness levels -~ where any step change in effective applied load power is
not noticeable (a lighting transformer driven in trailing edge mode will

produce a higher output power level than when driven in leading edge mode
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According to yet another aspect of the present
i nvention, a secondary nethod of |oad type detection,
wa@edoresoin t andem to the princi pal nethod descr¢bati2006/001881
above, allows for highly inductive |oads such as fan
notors to also be readily detected, with resultant
changeover to | eadi ng edge node. For this nethod of
detection, the trailing edtfe di nmer vol tage spi ki ng
resulting fromthe highly inductive load is clanped to

- RAfiRe 34GBREARNE écﬁiﬁﬁlcﬁom%?l@@etﬁﬁ%ﬂ%ﬁ%ff@ﬁ{rﬁg ai§ Breater at

i nstigate changeover to | eadi ng edge node.

highiemcbaduétashangles)o t hat descri bed above, detection of
di nmer voltage spiking while initially at lowtrailing
edge node conduction angl es all ows changeover to

| [ d d while.the r i
NE B SR L A ——
of BYENyREAefRtbA, 5% i RAhMetN® ﬂ@lgg'}eigﬁﬁg%}ghéﬁ{gfﬁfa escribed

sectfons for pro ng the discu
abdwnatlowss fof hiphilyp imductivicioads sadth & fanonoesised al sadsecicad dy
| oads wi ||l be described. Grcuitry pertaining to the
detgetedy #tiftoresuitanhehangsevsnio/leddingeedgemode. oy this snethod of
suj.t able for. inplenentation of either reverse or )
deiBgfii e SHates SRRt ORI B8eaPHHER T6parRE G e highly
. . r . .
R Lk AT i A

inssilthtd @nigBotdietodeidinktedg modeMG: difidlar $46HioA t6 BiMtr Ol
circuit tnitially operates in reverse phase, or

describetliabgveddetection pbimue vobiage spikiag atiite inftiddli aigow

ri red into forward ase control when necessary.
traﬁe_é\%ggffgenwﬂsw@{ﬂéuﬁ%% ablss afipre rrSeeoodoRing ik
mo¥eWBRccdr KAMRGHE Gbtbf is at relatively low conduction angles ie. before

the motor even begins to spin.

Only the relevant circuit sections for providing the discussed additional
function of automatic detection of connected inductive loads will be
described. Circuitry pertaining to the derivation of the necessary drive control
signals suitable for implementation of either reverse or forward phase control
mode of dimmer operation is omitted, as this may be standard circuitry in
current universal dimmers and will be well known to the person skilled in the

art.

It is assumed that such a control circuit initially operates in reverse phase, or
trailing edge control mode, but is capable of being triggered into forward
phase control when necessary.

Referring now to Figure 2, there is shown a universal dimmer 1 connected to

and controlling power applied to load 30. Inside universal dimmer 1 is a load
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and controlling power applied to | oad 30. Inside

universal dimmer 1 is a | oadtype detector 2, which
w@emoneiomy to one aspect of the invention, detBCI/aU2006/001881

type of the | oad 30 upon each activation of the

uni versal dimrer 1. In one specific formof the

i nvention, |load type detector 2 is provided by an

i nductive | oad detector 3,11las shown in Figure 3. In

this aspect, universal dimer 1 also has a node
ty pOHkteRbored, heich afeortithg £)13AGAS Sk Bﬁﬂ{mﬂ%ﬁﬁoﬂp&{t@&b e

of universal dimmer 1.7 In this aspect, universa
typetiafithe 1dacdb3@itpen ietich aqtivaidnoof the urtieersabdinmgr @dge

node, and upon detection of an inductive |oad by

i nductive | oad detector 3, which then generates a

| gnal .t o, nmode. eontrol .circuit 4 de cantrol,. ci.rcuit

In GACHR S PRESLBR A g Sl brpd it PRee 2 i g £ o
indiucBYe 1648 HbRe:R308s ifowRad %@@?ﬂ 313 abSedi"QMRetQ1 L he

person skilled in the art. erring now to Figure 4,

dinbiner & alls> Jsdsowmcaleldomtio] diragit dpf@fchangirgneel thbdefosr m of

i nductive |oad detector 3. Shown there is ringing
opefatienof universallistmert dinthis aspedin uniysusal dimmeasl %egms its

t he | oad vol tage ear,jn cross, the lo 30., I'f, | oad
opdygfion S the Ralift o B 50, EESRER Sstettion o anyidaeive 15ad

| .
by RS 1080 MRS R e oo fBle control
ciroudt 4,a96d ¢ cogirdlcist@h tharigdddhs @ pdeitat ModbbMidiversal
_generate a signal indicating the presence of an

dinpmegnd frang traiking edge o lesding adge, @siiy knewin toi thepersdarhilslled
. i%nal can be applied to known circuitry (not shown)
lniﬁs thange the node of operation of the universa

dinmer fromtrailing edge to | eading edge as will be
understood by the person skilled in the art.

Referring now to Figure 4, there is shown a block diagram of one specific
form of inductive load detector 3. Shown there is ringing detector 10, which
receives as an input, a measure of the load voltage appearing across the load
30. If load 30 is an inductive load, the use of trailing edge dimming will result
in a voltage ringing signal induced across the load. Upon detection of this
voltage ringing signal, ringing detector 10 will generate a signal indicating the

presence of an inductive load.

When used in a universal dimmer, this signal can be applied to known
circuitry (not shown) to change the mode of operation of the universal
dimmer from trailing edge to leading edge as will be understood by the

person skilled in the art.

Indeed, if the ringing circuit is used in another type of device that is required
to detect ringing or to detect a load type, then this signal could be used as

required by that device. For example, if the device is a non-universal dimmer
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Indeed, if the ringing circuit is used in another type
of device that is required to detect ringing or to
w@lei02068030 | oad type, then this signal could beP@Fau2086/001881
required by that device. For exanple, if the device is
a non-uni versal dinmerand can only operate in the
trailing edge node, then this signal may be used as a
shut down or other warning B gnal to prevent danage to
t he device and surrounding equipnment. In this
ariPédr Shilyap ARG tHE Bailid @d%;@ﬁ‘_lcﬁﬁt, tHh $1i988hal Say be used
prOV|de to t he node con circuitry via“-a Iatgh 20.
as dshfialivvn babehemdaendhgsignaltopravieat tlancigedn thé detiee and
arrangement. di scussed above and further bel ow,
SumﬁﬂédéﬁtﬁﬂﬂpﬂKWWOMIbe made to Figures 5, 6A and 6B,
whi ch show waveforns of signals at various points in
the arrangenent. Figure 5 depicts the voltage across
Ll : [
I B o o BER o e oy
cortfol decudan vieadaeh20at the end of each hal f-cycle
conduction period, the dimrer voltage rises from near
zero volts to instantaneous |ine voltage. Figure 6A
oW I ct,s the, vol tage across e dinmmer at start-
To RetibF LOHRR R B AIGE Fn (it the G EFE o
abhyFaftl KRy 5w SRRECE S AMAY etfal o FigRBts, dland 6B,
whidleslibwiveivefolhg 0€ siphahatva@ibuBin&an Ahv alfasigbMent.
nmonmentarily exceed the instantaneous |ine vol tage.
Fi gure 6B shows an expanded waveform of Figure 6A,
depi c he dimrer 1 at start

e across
Figug o %?ib‘g’tst ‘i?‘ﬁn" Fgeacropteinehinmper atistast-4a %tHBWc‘?‘?’\aﬂ[é‘cmn

anél%qﬂ'traﬂmg edge mode, when connected to a resistive load 30. As can be
seen, at the end of each half-cycle conduction period, the dimmer voltage rises

from near zero volts to instantaneous line voltage.

Figure 6A now depicts the voltage across the dimmer at start-up at low
conduction angle in trailing edge mode, when the dimmer 1 is connected to
an inductive load. In this case, at end of the half-cycle conduction period, the
dimmer voltage rises from near zero volts to momentarily exceed the

instantaneous line voltage.

Figure 6B shows an expanded waveform of Figure 6A, depicting voltage
across the dimmer 1 at start-up at low conduction angle, when connected to
an inductive load.

The voltage oscillation or ringing occurs at a frequency significantly greater
than the line voltage frequency, as will be discussed further below, with

ringing amplitude Vpk.



10

15

20

25

The voltage oscillation or ringing occurs at a
frequency significantly greater than the |ine voltage
wo e@auesodey, as wi Il be discussed further bel owwCTHAUR06/001881
ringi ng anplitude Vpk.Turning now to Figure 7, there
is showmn the main elenents of ringing detector 10. At
the input of ringing detector 10 is a filter 11 for
extracting the high frequelicy conponent descri bed
above with reference to Figure 6B. This signal
TEABO AW tioS FEaRer &l kyerabigusholwi Hher iriagih Nersi f Fri¥th
th??mi ns ac voltage (typically 50 Hz - 60 I—gﬁ&ab ! &
detgetpeidi Ad thpdnpuhef cingirtg detanidr dPpk iachlternt) fapplitiatingdhe
.the load. This extracte ignal is then applied to )
hi aﬁqw%%np@?nwseﬁgei@gevg Wigle refengace tp Higare 6B. This

. ringing signal . The detecti f. these. peaks then_ .
sighp B R ey ShORLL KLk redE Sighf fap 168 magns ac
&S LPPRAILY SLUREE (0 AUSPertPRl S Bretod@E8NEhd APPlicf
Vocﬁgnp(gfgftéoryla When t he ?%vel %a‘fﬁt heeout p‘lﬁ@psi gngjfd icatlon)

appliahtpdeldoddt ect or 12 exceeds the reference voltage,
conparator 13 will generate a signal indicating the
presence of ringing, which in turn indicates that |oad

30 IS i.nductive | oad. Figure.8 shows the ouytpu
ThiirkRefil 3Eai0 ¢ e pPRbed fo i AoeRgRR. whSoHeRdhang
P R ity el TG POt OIS AR O REena
sigaaipivhididis ivplt ®pERaparaddr 1Ne\ tefprénce @olth?e pedlko applied to a

detector 12. The peak detector has an effective
secppd gopyeof ¢arapatpiar 13.0Vhen shalevel ef the wftput signabfrogypeak

ooy B 8 P e o peRu B RSl PR A Signal

ind’iéaﬁﬂ{gr@levﬁ\é%&'ereferﬁ%lhg, WY in turn indicates that load 30 is an

inductive load.

Figure 8 shows the output waveform from filter 11 shown in Figure 7, which
is a high pass filter to reject line voltage frequency component, thus only the
ringin‘g waveform component of amplitude Vpk appears at the input to the
peak detector 12.

The peak detector has an effective response time equal to several cycles of line
voltage period, therefore the peak output voltage is achieved only after a
corresponding number of consecutive ringing waveform events have

occurred.

When the magnitude of the peak detector output exceeds the associated
reference voltage, the following comparator activates a latch circuit to change
the dimmer operation to leading edge mode. Figure 8 shows the waveform of
the output of the peak detector rising to a value of Vpk. Figure 8 also shows

the value of Vref in dotted lines for reference.
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occurred. Wien the magnitude of the peak detector
out put exceeds the associated reference voltage, the

wo oo oedomy conparator activates a | atch circui PCT/aU2006/001881
change the di mmer operation to | eadi ng edge node.
Figure 8 shows the waveform of the output of the peak
detector rising to a value of Vpk. Figure 8 al so shows
the value of Vref in dotted |ines for reference. When
the di nmer operation changes to | eadi ng edge node the
peak detector output slowy falls to zero, due to
relatively slow decay tine constant. It will be

WHendge stiffled pératidanctaicss & lcadganedse nfodisg penkedetector
uni versal dinmng circuit, this output may be ‘used to

outpuit glpavly £alls twrenop dee do melntivelyislewidecyy tione pensgantt he
node of operation of the universal dimmng circuit
fromtrailing edge to | eadi ng edge as descri bed above.

i aur Ei " a>. -

U e SPGB R B L Ui oSplbra

dink @I Bieédi®thid dlitpiutt ey Be H84RES Biggh? allhdwih bitde control
enhance the perfornmance of the arrangenent of the

cirqpriggeotchange thd mode e peratiar of guedirtiviersebdinatming cotuit
the .preferred enbodi pment of the present invention

fropy frpiling pdge feé%qhng@diger%diésaqlge%@%v‘? ef erence to
Figure 10. The circuit of the present invention can be
di vided into several functional blocks as foll ows:

Figﬁ?@‘@ 5hbiwa 'F’Igﬁe% WaH X€ a881tfoial s%i'k@ det@Go oM Bpikd ABtector
el ements in"a typical reverse phase control di nmer

40 nayyive wedanpoinjuedticnr withi itging detedtont) tdiskterdehanesthe
Sui t abl e‘ﬁgate Input drive circuitry is required to
perfeispange fdhe esrangementof fiegraseahisivensant i ne, as a

The circuit and the operation of the.preferred embodiment of the present

invention will now be described in detail with reference to Figure 10.

The circuit of the present invention can be divided into several functional

blocks as follows:

Power transistor drive circuit

The load conducting elements in a typical reverse phase control dimmer
comprise a pair of transistors such as MOSFET devices. Suitable gate input
drive circuitry is required to provide control of switching transition time, as a
means of limiting EMI (Electromagnetic Interference) emission levels (strict
Standards apply in the industry to limit the level of EMI coming from devices

such as dimmers).

Transistors Q9 & Q10 as seen in Figure 5 connect in series back-to-back

fashion to form an ac switch for control of the connected load. In this
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means of limting EM (Electromagnetic Interference)
em ssion levels (strict Standards apply in the

w0 pabasesoyoto limt the | evel of EM comi ng froreOav2meso18sl
such as dinmers). Transistors @ &J O as seen in
Figure 5 connect in series back-to-back fashion to
forman ac switch for control of the connected | oad.
I n thisenbodi ment, transisfgpors @ and Q O are MOSFETs
(Metal - Oxi de Sem conductor Field Effect Transistors),

ften used in I i [ kstors
S e e T e T L
Serhit®hd Géidr FFAHEMCE Tradiabls] ofe@agsd ROp&IBFEdstrol
Application of drive voltage to resistor Rl 6 results

applitations RdsistorsoR23 &aR24 sdsiat 1QPrewnitintg pataaiticaseillasion that

causes transistor B to be cutoff and transistor Q7 to
cangpesyr vuipatallehgonmrated M@SFBL t in activation of the

| oad controlling ac switch. The values of resistors
R18, R19 &R20 are selected to ensure that Q7

Ap?)ﬁ@egl%i{ bPBrivk %ﬁﬁg b kQM§toF RAE r&fulfin ORULELHES 08 s@HEREOT

e opposite co ction status. Q7 provides a |evel
Q6sWwihfidh sighdltemebiusly, canses grafisior @8 thelse amtoffrared siansistor Q7
function. Resistor R2Z1 |limts turn-on current via Q7
to also gendwitiasid thereforapasult ingctivatiey of thedorfspatrollingac

cantrol |l ed | eadi ng edge switching transition tinmes,

SWH ticularly when the dimer operation is in the
forward phase or | eading edge control node. Resistor
R22 limts turn-off current via @B fromac switch gate

Thé Ralifes o e€a§Has R18 REL&i RA(earecalectdd tockrisuad thatg)2dge
switching transition tinmes, particularly when dji nrer

corupaetimm satvsgollowisdhat efcQprabde Emssymesthe opposite
conduction status. Q7 provides a level shifting function, while Q8 provides an

inversion function.

Resistor R21 limits turn-on current via Q7 to ac switch gate input, necessary to
achieve controlled leading edge switching transition times, particularly when

the dimmer operation is in the forward phase or leading edge control mode.

Resistor R22 limits turn-off current via Q8 from ac switch gate input,
necessary to achieve controlled trailing edge switching transition times,

particularly when dimmer operation is in reverse phase control mode.

Level shifting transistor Q5, with bias resistors R13, R14 & R15 and blocking
diode D6, is arranged to have conduction status opposite to that of Q6. This
transistor provides an inverted pull-up drive for momentary enabling of the

ringing detector circuit, which is described in more detail below.
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Level shifting transistor 5, with bias resistors R13,
R14 &R15 and bl ocki ng diode D6, is arranged to have

W@ oovdietosdn st atus opposite to that of Q6. Thi BCT/AU2006/001881
transi stor provides an inverted pull-up drive for
nonentary enabling of the ringing detector circuit,
which is described in nore detail bel ow R nging
detector circuit CapacitorieCl determ nes, in part, the
ringi ng signal anplitude and frequency at each mains

Rﬂﬁéift' (@é‘fé&opéiﬁ'ﬁﬁﬂ turn-off transition. Diodes D &D2,
' C8

njunction wth intrinsic inverse di odes

Capsior iClt @tewniriesh gQtQhefriniging sifiradientplitdde and frequency
provide full-wave rectification of di mer voltage,

at eagly sfiainsrhalitcyskecdinnmien sttt fapsition. Iiades Pli&dNsiR i on
an initially rising voltage, foll d . i QO

corggntiag SOHBERTE Tt e ot neth ot s dgm o

ol {H0SidPRIE 86 F @R §Oead W0 orm.

dloﬁt@ b?ﬁdeéé ?dlos@%gldl m?;a\iyg?tg%%ﬁ;%{ﬂ (rgglnozi t on,r?(l?ﬂllpu‘%r o

At 6830 KApapdlt ear{-3ffiteaniticn ahanigiatly rising setthgs,
conponents resistor RO, diode D4 &5V dc rail, to a

folloewesl by guritiging votltage eakapoinant, sgnigsed arpndithe ingtagpyigneous
first ringing cycle, where the vagltage is then

maing Yeliage, aPBeRrs Bl thde qféﬁ%nggBi ased while D5 is
forward biased. This allows partial charge storage
transfer fromC3, via resistors R9, R26 &diode D5,

At Y Aset BetiRer Puld taAAGh] Ripuloupihi ehpaafmetpibedonyes

devel ops a negative voltage with respect to the 15V
charged, vidlseriehevmpodehtswesiethriR, dindeDdrék 35V plarail, to a level

capacjtor C4 accunul ates with each nmains hal f-cycle
equal igithePeste HNEZRG YAltagH: r espondi ng i ncrease in

capaci tor voltage.

During the first ringing cycle, where the voltage is then falling, diode D4
becomes reverse biased while D5 is forward biased. This allows partial charge
storage transfer from C3, via resistors R9, R26 & diode D5, into detector

output capacitor C4 - which consequently develops a negative voltage with

respect to the 15V rail.

The charge delivered to detector output capacitor C4 accumulates with each
mains half-cycle ringing event, with corresponding increase in capacitor
voltage.

Filter input resistor R26 provides a high frequency “noise” rejection function.
Resistor R27 represents loading on the dc side of the diode bridge circuit,
necessary to ensure the bridge output voltage can fall at a similar rate to that
of the dimmer terminal voltage. Such loading elements can be provided by

current source elements for 15V rail.
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Filter input resistor R26 provides a high frequency

"noi se" rejection function. Resistor R27 represents
wo cadiossy4®n t he dc side of the diode bridge ciPCAU2006/001881

necessary to ensure the bridge output voltage can fal

at a simlar rate to that of the dimer term nal

vol tage. Such | oading el enents can be provi ded by

current source elenents fad7 15V rail. Detector

di scharge resistor R O has sufficient value that the
DYy Bl R A R R R Pl (A 8 o istarge
of dép@bi bugsut'capacitél Cdes datpredy elove coinpabed getlaf charging

det ect or out put capacitor C4 during the rising di nrer
pulsek¢paidianeatei ti ons. This is necessary for the

"detection"” function. Resistor R25 in conjunction with

i nput coupling capacitor C3, provides a hi ghpass-

fil4er [ L M I ik
Digde DS grtYRh dMRbRFL ARkl D@ APRUECT dinli g
dine@Rt Kol ke RAnbRicNBETHIB S A&@ssAY DY the/ O étagton Thirftion.

provi des the function of block 11 in Figure 7. The

conparator circuit 13 (see Figure 7) conprises bias

current. resistor, R8, reference_ zener djodS?ZZ an

Registgn &25tipconpncting vsith iRRRt QRIS PaFiteR Py idena high-
A tof. | [ I . '
pagi g Bidfioh e ulih€ rotaly F A8 (i Tal DRchfiel®

mahs i&%rﬁéh%&%saﬁ)flﬁagerf%ﬁl doREHBEIPNS td¥the dStectd® odlffut Vidleage.
0

base term na fornms the latch input which is

Thidrpreeiddsrthenftrheticroapblioak il id Figuueput, while the
collector termnal fornms the output. Detector disable
transistor 4, is normally biased into conduction

The hEARIE CEREtTArdre BT De Pap b it Sporglif Fstee R,
refgfgr?\gg 'tz%{r:fér §bde 7 B Hadsis 08 IR thiteerttBAn rid) @ OB forms

the comparator input, while the collector terminal forms the output.

The latch circuit 20 comprises transistors Q1 & Q2 and bias current resistors
R4, R5, R6 & R7. The base terminal of Q1 forms the latch input which is driven

from the comparator 13 output, while the collector terminal forms the output.

Detector disable transistor Q4, is normally biased into conduction through
base current supply resistor R11. Under such conditions the charge source for
detector output capacitor C4 is shunted thus disabling the ringing detector.
Transistor Q5, in conjunction with capacitor C5 and resistor R11 is used to
momentarily remove bias supply to Q4 at each mains half-cycle turn-off
transition , thus enabling the ringing detector. This is done to minimize the
susceptibility of the detector to surrounding electrical noise as previously

described.
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Transistor b, in conjunction with capacitor C5 and
resistor RIl is used to nonentarily renove bias supply
W0 200Q068a80 each mai ns hal f-cycl e turn-of f transPCT/a12006/001881
thus enabling the ringing detector. This is done to
mnimze the susceptibility of the detector to
surroundi ng el ectrical noise as previously
described. @ is biased byigesistors R13, Rl4 &R15 when
Q7 is not in the conducting state. In the Q7
onducti in0 .
Q3R SRR R o K (TS e ST RYCIr S oL
statfl SR CiHe B caRPY@iorPdta ot WRAct UnEdhove BRsChuri@ S ply
i npl enented to enhance the function of the circuit is
for Q% use of an over-voltage, or voltage spiKke,
detection circuit. Dinmmer operation in reverse phase
control node, when connected to highly inductive | oads
such.as {ron . core. transformer based neon |ighting,
OVVWY?t?%%E##Eq¥ﬁ%§EEg§ive vol t age spi ki ng across di nmer

As HeidHRAl bodt, AREAd RIS fiddtorCydlch Magnberintplemeatdd to
transition. Turni ng off the switch while there is any

enhappe ded Abictioheféhe ofrcait iy detusead sosoversiadthge, of veltage
the voltage appearing across the |oad. As described by
spike elefrationiGitsiiit- r el ati onship V = L *dI/dt Were Vis

the vol tage appearing across the inductive load; L is
t he magni tude of the inductance of the |oad; and dl/dt

Diﬂhﬁleg i efefﬂctﬁl_ 2 re?@f’éé%é%fe cbhof HddRMvHen! don@eeleditBhighly
oad over tine

inductive loads such as iron core transformer based neon lighting, will result
in excessive voltage spiking across dimmer terminals at each mains half-cycle

dimmer turn-off transition.

Turning off the switch while there is any appreciable level of current causes a
sudden rise in the voltage appearing across the load. As described by the well

known relationship
V=L*dl/dt

Where V is the voltage appearing across the inductive load;
L is the magnitude of the inductance of the load; and
dI/dt is the rate of change of the current I through the load over time t

as will be understood by the person skilled in the art.
As can be seen, the greater the rate of change in current I through the load, the

greater the voltage spike occurring. It follows then that the greater the

current at the time of turning off the switch, which causes the current to fall to
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as wll be understood by the person skilled in the
art. As can be seen, the greater the rate of change in
w@eore68044 t hr ough the | oad, the greater the vPCT/AY2006/001881
spi ke occurring. It follows then that the greater the
current at the tinme of turning off the swtch, which
causes the current to fall tozero in a very short
space of time, the greateriahe rate of change of
current and therefore the greater the voltage spike

2k D GHGEGery E%@Ece tﬂ ?@thp hEH4te LBftch ge of current

arrange ntlons to safely limt ki ng
an&ﬁhér@ﬂﬁealﬁ@grédﬂ@kethet\hﬂfaga@ ikaaiheuged.at ch circuit after

spi ki ng has been detected for a nunber of successive

mai ns voltage hal f-cycles (for exanple, 3- 6 half

cycl es) t he Iat out ut ..stat us

The SEB-T lte g eiocH B STt B o BRIy it
sp&ﬂ%vgf’c%@ F&ggﬂﬁg@é%@ﬂ a%gig%{:er% %cl’f gﬁ@ﬁ’ﬁ %fﬁeg sfg?{ﬁbfg %g been

deRgfdfol @ fiz8BeL ofl Succdbdivle sndbhs $oldge half-e9tje firiex@mple, 3-
wWth intrinsic inverse diodes .associated with @ &

6 hglf@yclesy.m a di ode bridge to provide full-wave
rectification of dimer voltage waveform as descri bed
above in relation to the ringing detector. The series

Onrcllg rtlggééreaf gﬂtgltt o 01% ?Q@c{ tc%r%ﬂgl t%J t(lﬁ%rcﬁ}‘rirﬂgr t8frol

ary nner ter age sprki ng ampi ng

cu&ﬁra Ghé@anidM' iHag d:ihﬁﬁﬁigq @peyaetmrﬁ shéuMObe adfinigsd to forward
devel oped across resistor and detector output

phassac ldacking2d ge, il tnoode char ged via resistor R2 and
di ode D3. Bl ocki ng di ode D3 prevents discharge of C2
via R2 and Rl during the relatively long tinme interval

W1?I? reference’ latgg%e t3 pll*‘lk ufd 19, Wodes D1 & D2, in conjunction with
intrinsic inverse diodes associated with Q9 & Q10, form a diode bridge to
provide full-wave rectification of dimmer voltage waveform as described
above in relation to the ringing detector. The series circuit of varistor MV1
and zener diode Z1 provide the necessary dimmer terminal voltage spiking

clamping function.

During clamping events, a voltage is developed across resistor R1 and
detector output capacitor C2 is able to be charged via resistor R2 and diode
D3. Blocking diode D3 prevents discharge of C2 via R2 and R1 during the

relatively long time interval between voltage spiking events.

Filter input resistor R2 provides high frequency “noise” rejection function.
Output resistor R3, in conjunction with existing latch circuit input resistor R5
and transistor Q2, are used to form a rudimentary comparator function to

determine the required detector output voltage level to trigger the latch.
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Filter input resistor R2 provides high frequency
"noi se" rejection function. Qutput resistor R3, in
W@ o0v7/68080 on With existing latch circuit i nputPCEaUM06/001881
R5 and transistor @2, are used to forma rudi nentary
conmparator function to determ ne the required detector
output voltage level to trigger the latch.lt will be
appreci ated that the aboveOhas been described with
reference to a particul ar enbodi nent however, nmany
It Wil b@%gpf&%aea ARG AR PAS HEBY dBScrIBEWIMH defdtehfeto a
scope the present 1 nvention. In particular, the
parGictiRi ieinbibinteait hioedkvas, manpvheigions agd myoditicetons mayrbe
use in any suitable application. Furthernore, while
matlhevithinghe sovpchakthisqueseiddayemén.i n the context of a
uni versal dimrer to enable it to automatically detect
the type of load that is connected to the dimer, it
o . h . 4 . N
o kb5, ARAASFAERBY b i3 e P doel ot
any b@itaNehppliitdticR dartiRemdre while dninientontimsdbeenatbsanibed
retain that operating information in nmenory for its

. in thembintexé of asmiversahditmmmet & emahle itrtataupempticaliy deteckthe

of the_ circuits descrihed, my even, able to usgd
tyRerpIdONb RIS GeRRso i e, SNl be FPBEstitied infp e
. shyt d i 1] ' oo [ ial by
cirGf e el B Pl TRRepsd HimifeichEwine
detdRRiehSi9 Bttty hbHe Mt bbineepionithiadohd and rerdinshat
the context requires otherw se, the words 'conprise'
op@ntingiinfirudeioraimimeatdrgtfooiis centittuedsuscionthat srodg. and
“including’ will be understood to inply the inclusion
of a stated integer or group of integers but not the

excl usion of any othgr i.nt . ' ;
Attt P S h) Bl BRI Res B ¢ BB lerl 1 20T e
usédsirf@hongﬂﬂvéﬁﬁl‘aﬁnﬂﬁﬁ' ab@ safety precaution to shut down a trailing

edge dimmer that is accidentally connected to an inductive load.

Tt will also be understood that throughout this specification, unless the
context requires otherwise, the words ‘comprise’ and “include’ and variations
such as ‘comprising’ and ‘including’ will be understood to imply the inclusion
of a stated integer or group of integers but not the exclusion of any other

integer or group of integers.

The reference to any prior art in this specification is not, and should not be
taken as, an acknowledgement or any form of suggestion that such prior art

forms part of the common general knowledge.
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taken as, an acknow edgenent or any form of suggestion

that such prior art forns part of the commobn genera
wopwroesdge. THE CLAIMS 1. A universal di mer f oPCT/AU2006/001881

controlling power applied to a | oad, the universa

di mer conprising a | oad type detector which in use,

detects a | oad type upon each activation of the

uni versal dimer. 2. A uniw@rsal dinmer as clained in

claim1 wherein the universal dimrer is adapted to
TepeCAaMe the trailing edge node upon activati on and

the | oad type detector conprises an inductive | oad

1. detieiveosal dimnatatfec congolling poweeasglial toa 1ol ks iiirersal
Joad, and the universal_ dimer further conprises a

diggner cunprisinga laadi tvpe sletessorgwhidheinggssy detests aloatdhtgpe
i versal. dj.mmer. .t o0 | eadi .edge node if an inductive
uﬁgg{a%acliqsa%glgfl O Of TS UpR&ET ?ﬁglﬂl%lﬂg‘?fe | oad detector. 3. A

uni versal dimrer as clainmed in claim2 wherein the
i nductive | oad detector conprises: a voltage ringing
2. deteiversal Honnoatscdiingedindaibal eviidrefi fe ShigbHal dGhARS is
the | oad; and a_signal generator for generating a
adapiachto opRIRE the trailing edge meedefipam activation wed Heatbad
upan, t he vol tage ringi ng detector detecting said
AP R S inRac iy et iftpeiog or driagng dke presence
fehahiRE G0 WAy ol
O R o Y I IRy I A bR g mpode

cop@rak ciradit o eharidrethé@peagifon bNgienehivbBARHimRdt8Neadin
generating a dc signal corresponding to the detecte
edge mode if an inductive Ioad is detected by the inductive load detector.

3. A universal dimmer as claimed in claim 2 wherein the inductive load
detector comprises:
a voltage ringing detector for detecting a voltage ringing signal across
the
load; and
a signal generator for generating a signal indicating the presence of an
inductive load upon the voltage ringing detector detecting said voltage

ringing signal.

4. A universal dimmer as claimed in claim 3 wherein the voltage ringing
detector comprises a peak detector for detecting a peak value of the voltage
ringing signal and for generating a dc signal corresponding to the detected

peak value.

5. A universal dimmer as claimed in claim 4 wherein the inductive load
detector further comprises a dc accumulator for accumulating the dc signal

over time to provide an accumulated dc signal.
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peak value. 5. A universal dimrer as clainmed in claim
4 wherein the inductive |oad detector further
w@eowpoeswes a dc accunul ator for accumnul ati ng tPET/AB2006/001881
signal over time to provide an accunul ated dc
signal .6. A universal dimrer as clained in claim5
wherein the inductive |oad detector further conprises
a conparator for conparing22he accunul ated dc sigha
with a reference voltage and produci ng an out put when
the accunul ated dc signal exceeds the reference
voltage. 7. A universal dinmer wherein the inductive
6. Aaadveashledinomef us théned dnpldiseswieréindhe indiectiveddad
i ndicator for generating a signal indicating the
defectrdnribes tompaisena cempasatos fer gpeRAYIAG the apamutlatedhde
. CO ator. indicates the accunul ated _dc . si,gn exceeds
sigP RNt L RIFHEE<s GOLEgS A0 PRI pavuar B WP e
acdurith 48 sfo'rdl ngeewg@lfx@i'é'feltel%e ‘VBP:H%@.' ve |oad detector
urther co Ises a voltage spi ke detector for
detecting the presence of a voltage spi ke across the
| oad and for generating a signal_indjcating the .
7. prsyeersel dimmiee wheregdegpilretiveload datester Eanthey ¢araprises

GRS RaELT R e TSSO TGk e
thS IR E ﬁéfdjb}he%lrt?l@o Bcg‘hjc M‘@le%@ﬂﬁaeﬁ%dr%gicgﬁéﬁﬂge
et 6ct1on 0

operati on upon of the tage ringing

ac&irfiRkted 4O sighallBkaerils @he défaraice altabai ned in claim8
wherein the node changing circuit, In use, changes the

node of operation of the dimrer circuit fromtrailing
dge to adi ng edge operati.on_upon detecti.on,of. the
8. %ﬁl&@réaﬁm@eg 3 IR iR GIAIB 7 S the i Geload)
deflOBELHRE %o}n%r‘fs%rs] tarxpdlta%%\%ﬁkea&@e&t%g for detecting the presence
of a voltage spike across the load and for generating a signal indicating the

presence of the voltage spike.

9. A universal dimmer as claimed in claim 3 wherein the mode control circuit,
in use, changes the mode of operation of the dimmer circuit from trailing edge

to leading edge operation upon detection of the voltage ringing signal.

10. A universal dimmer as claimed in claim 8 wherein the mode changing
circuit, in use, changes the mode of operation of the dimmer circuit from

trailing edge to leading edge operation upon detection of the voltage spike.

11. A method of operating a universal dimmer used to control power applied
to a load, the method comprising causing the universal dimmer to detect a
type of the load to which it is connected upon each activation of the universal

dimmer circuit.
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to a load, the nethod conprising causing the universal
di mrer to detect a type of the load to which it is
w@ omvimetoedl upon each activation of the univer SeCT/dUv6/001881
circuit.12. A nethod as clainmed in claim111l further
conprising causing the universal dimer to operate in
the trailing edge node upon activation and to change
to the | eading edge node i23 an inductive load is
detected. 13. A nethod as clained in claim212 wherein

12 hemstiedd 8f cld@hed tih RThif Bl ffr&ReREMpIisih eatisifly @he Wifliversal
| oad conprises: detecting a voltage ringing signal

diraprepss ophmate aadhe tradingeedgeanodg upowi aphirhtiondinclatiol angnge to
the presence of .an inductive | oad upon detecting said

the Jspdingeedgeigrds L@@@H&f@chf@.low iﬁef?%gte s clainmed in
claim 13 further conprising detecting a peak val ue of
the voltage ringing signal and generating a dc signal

13. R @RAARY IRl 8aide ] 2GHRIRORK s YEdetdetind et hod
as claimed in claim214 further conprising only

prasehexof thg ihdectieakoadadarapribest he vol t age ringi ng si gnal
during a brief period at each half cycle of the

vol falgeting grizaltagspingingsisnahaciosathaloadsand ni ni i se

the effect of .electrical ise. 16, t .

ol aPstaThe TR bGPrRaRe PPt PRt S lerrigon
detcRBn8Gasl S5 o ONAR ing,j 410 provide an accunul ated dc

signal . 17. émst%o éggncl aimed in claim216 further

conprising conparing the accunul ated dc signal with a
reference voltage and produci ng an out put when the

14. 54 enpthpd s ¢laimes igriaine 12 fudbern ¢cpmprsiagedniecting a pgak
value of the voltage ringing signal and generating a dc signal corresponding

to the detected peak value.

15. A method as claimed in claim 14 further comprising only detecting the
peak value of the voltage ringing signal during a brief period at each half
cycle of the voltage signal applied to the load so as to minimise the effect of

electrical noise.

16. A method as claimed in claim 14 further comprising accumulating the dc

signal over time to provide an accumulated dc signal.

17. A method as claimed in claim 16 further comprising comparing the
accumulated dc signal with a reference voltage and producing an output

when the accumulated dc signal exceeds the reference voltage.

18. A method as claimed in claim 16 further comprising generating a signal
indicating the presence of the inductive load when the accumulated dc signal

exceeds the reference voltage.
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18. A nethod as clainmed in claim 16 further conprising
generating a signal indicating the presence of the
w0 pabaossowe | oad when the accumul at ed dc si gnal PERAB2S5/001881
the reference voltage.19. A nethod as clainmed in claim
12 further conprising detecting the presence of a
vol tage spi ke across the | oad and generating a signa
i ndicating the presence of24t he vol tage spi ke. 20. A
method as clained in claim13 further conprising
changi ng a node of operation of a dinmer circuit from
trailing edge to | eading edge operation upon detection
19. & nickieod ab thgeediingiaigh Kl frtier cdinprising ideesttig theai med
inclaim19 further conprising changing a node of
presgraefisorolidgespikerneross thelond andoganieraiing agignid éndigating
&wQ%?%%E%c&%ﬁgvgﬁgéggﬁﬁg.upon detection of the voltage

20. A method as claimed in claim 13 further comprising changing a mode of
operation of a dimmer circuit from trailing edge to leading edge operation

upon detection of the voltage ringing signal.

21. A method as claimed in claim 19 further comprising changing a mode of
operation of a dimmer circuit from trailing edge to leading edge operation

upon detection of the voltage spike.



