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LOAD DETECTOR FOR A DI MVMER TECHNI CAL FI ELD Thi s
invention relates to | oad detection circuits and in

w@aroziogsekar, but not limted to, for use in di POEAU2006/001882

circuits. PRIORITY This specification clains priority
from Australian Provisional Patent Application No.
2005906990 entitled "A Universal Dimer" and filed on
12 Decenber 2005; and Australian Provisional Patent
Application No. 2005906949 entitled "Load detector for
a D mer" aldAD PETECTIQOREOBMIIIMMER The entire
content of each of these applications is hereby

i ncorporated by reference. BACKGROUND Di mrer circuits

control the power provided to a | oad such
TECE@f%ﬂfﬁgﬁ@BQr electric motor froman alternating
This S drftfn fedbtes ROV SQHEES SivelitPondB ParticBlaN bat A t S
often use a technique referred to as phase controll ed
limitdi noj fiog .uséhin slimnhevarcpieer provi ded to the load to be
controll ed by varying the ambunt of tinme that a switch
connecting the load to the power source is conducting

PRICgﬁﬁiaﬂg a given cycle. For exanple, if voltage provided
e power source can be represented by a sine wave,

This%&ﬂ@&fﬁ&ﬁbﬂ‘émlﬂe for!l fRsAyi ded to the load if the
SW t connecting t | oad to the power source is on
at all tinmes. In thls way t he, thetotal energy of the

power source is transferred to the | oad He;,svvltch
Australian Provisional Patent Application No. 2005906990 entltle 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

connecting the load to the power source is on at all times. In this way the, the
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turned off for a portion of each cycle (both positive
and negative), then a proportional anount of the sine
woawe/06®4ef f ectively isolated fromthe | oad, tPCEAU2006/001882
reduci ng the average energy provided to the | oad. For
exanple, if the swtch is turned on and off half way
t hrough each cycle, then gnly hal f of the power wi ||
be transferred to the | oad. Because these types of
circuits are often used wth resistive | oads and not
total iendegyt ofvidrel prader, sauree &f tarsfervéd te featoad! If theiswdtahrig on
and of f power will not be noticeable as the resistive
turnqchad Tema PRRUPRIRS eash CYGHe kiR POt anghBegatETe)l Thepd ect

will ke, for mpte in the f. ayli X th
propfi i graefie i AT gt rorRaTeS st S e R
thus ké&maﬂg itk aPlr %ﬂek?}hf)rovﬂié&té S 1BhEUBoMEXdmPR, Wathe
understood by the person skilled in the art. dern
switdh mrtunged on anidt off helferat throogk eatlecyde dhenafnly helfwd e
- leading edge or trailing edge. In |eading edge

poweiswiHhbe spsfarred & thadload; Becanpe thase fepes et Creuifs asg péten

conduct.ion of electricity b he | @ad. . I
used R0 Yol ool L et o BB Ll epfty
swit@HH8 oh: arldoffi AW bNGi1eH8€bd REHRRALRAYs tHehRsHHE®Sad has an
circurt "chops out "or blocks conduction of
inhesdng ¢heritiai toyit. (Bhe dveerhb @ffectrwilhiee, Hfac&xaqapie iof theaabe b f
.. cycle. Figure | A shows a representation of the
lightf @ sevooglh démnaingeactiongesdgagdn the eontipl pltheilgpaposity of

R

art. F€presenting the applied AC power to the | oad,
indicates the part of the cycle during which the
di mrer

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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circuit allows electricity to reach the | oad. The
bl ank region in front of theshaded regi on indicates

wo b@7joesos1 of the cycle that has been bl ocked bRCT/AB2006/001882

di mmer circuit, preventing power from being applied to
the dimrer circuit. In Figure IB, the reverse
situation, for the traili edge, is illustrated. In
this case, the shaded region at the beginning of the
AC cycle indicates the part of the cycle during which

shadederegiomindigsites thet patit o e efdde thait bias Ppeew blarket hyhihe

di | oad. The bl ank region after .t he sgqged regj on L

I CEEH P IEEN BB POy o1y 22pRaed fathedupmsr sieuit
by the dimrer circuit, preventing power from being
applied to the dimrer circuit. Wiich of the two

In Figeeh 1B) @ireserss edubtbnpfop dhé baildy ediihid ORishARedGAGAMS
upon the type of the load. Inductive |oad types (such

casegtheishaded gegionaw the begigming ghthiendCtayahsihdicatesthernghrt of
snpl | fan tor are best suited to |eading edg
the C&Eﬁer fihuilﬂ% "high Fﬁ%ﬁgp@qrwgcagtaélwssﬂ%ﬁrﬁwfto e%&eﬁwdaad-

The Pié%e%,%idtlﬁaﬁg ﬂi‘?e.% agdwgign%dﬁcﬁpe%ttﬂg ia?’cI (gP/’%mleEc ﬁlge that

us avol di ng undesi rapl e vol tage spl

has k&pdslotkatEby diael diniBRs c@rcaitp?ﬁéveﬁuhg%»wf -6 béiRg a%gi@d

operating nbde, where the start-of-half-cycle applie
to theskichmer ¢izgydt.r anps up from zero at a relatively slow

rate, thus avoiding undesirable current spiking. In

practice, it has been necessary to select the

. ' ' . . l.ate;.load. .This
B0 ARSI c! e 1 ABREREEIbEILEA aTH s e
the )8 of e Ida8k I d\@dtivie1Ball REPES BGEN Hé HFRIcOrS 1&9%@@ to

a given load. An inproved formof dimer circuit,
lightiong) twansfortreds phd setalbfan' motorey el Bestisuitet ®© kadipedge

devel opgd, whi ch can_function in either the |eading
operafigg mpdervnerefgecatblishert haltiysledppd grstead iy teaminatgd
wheh %t Iglfi‘]\alsecarr'{Hlaltlyll Pév?fﬁe\(f)efls, %Q agblrglrl%r; 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
particularly concerned about the load type. Additionally, from the

manufacturing standpoint, only one build type of dimmer is required.
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type to cater for different |oads, and the installer
does not have to be particularly concerned about the
wo o@d/ossppe. Additionally, fromthe manufact uriPQI/AU2006/001882
standpoint, only one build type of dimer is
required. Uni versal di nmer designs incorporate a neans
to initially determ ne whigh operating node is
suitable for the connected load, in addition to
non-vol atile nmenory el enents for the purpose of
retai ning the operating node thereafter. In many
exi sting devices, the | oad detection process and
resul tant node changeover (if necessary), often
results in lanp load flickering which can be
undesirable in lighting installations. It is an object
Univdrshlh&inpmes e8sighs iedirboraté 8 més tdanRially’ détbimirtalhich
able to detect the presence of an inducfive | oad.
opegtimgnrydade suitilie farothe donnetted dpadtineid ditien pv sensntolatile

i nventi on here is provided a circuit for defectin
memery eﬂ?%@?&%ﬂ € BHTP L&ﬁnetﬁén%%ﬂe opsEating mpde thereatter.

conprising: a voltage ringing detector for detecting a
vol tage ringing signal across the inductive |oad; and

In mAny! Gigtingdaeeiced, the [Ald GaBEHGH prdteds hdp&duliatd ntédd Ng
the presence of an inductive |oad upon the voltage

changeeyen (if decessany), afetrerssintiy iss dirdplodd Hikeringgivhizh can be
Si, ?Iﬁ gn Qne_forﬂ],the vol tage ringi ng detector

und@ﬂ%ﬁ??§% ghtigg pstallatidnr for detecting a peak val ue
of the voltage ringing signal and for generating a dc
signal corresponding to the detected peak val ue.In one

It is hROBject bb ehe pFe@bihd inkehtiBR o PRHPIde SRSr@1ifitha® SabIE hd Hetect
for accunul ati ng

the presence of an inductive load.

SUMMARY
According to a first aspect of the present invention, there is provided a circuit
for detecting the presence of an inductive load, the circuit comprising:
a voltage ringing detector for detecting a voltage ringing signal across
the
inductive 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.

In one form, 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.
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the dc signal over tine to provide an accunul ated dc
signal. In another form the circuit further conprises
w@2@onpsannt or for conparing the accunul at ed dcPGT/gn2006/001882
with a reference voltage and produci ng an out put when
the accunul ated dc signal exceeds the reference
voltage. In a further for the circuit further
conprises an inductive |load indicator for generating a
signal indicating the presence of the inductive |oad
In onkéormhthentitquit futhdrivengmisea natcoaccundiletdre®r bb@imulating
ccunul at ed dc signal _exceeds the reference voltage.
the aﬁ sighel pEehiime i priovide an aefemelatecbdpsisgnad a vol t age
spi ke detector for detecting the presence of a voltage
spi ke across the |load and for generating a signa
i ndi cating the presence of the voltage spike. In one
form the circuit further includes a signal generator
In ahotlgeferm; thexcisiughfilrtiiear cammibes alngpn@ted fog ¢bmpga@ing the
chaﬂgéa a_node of operation _of a dimrer circuit from

accyrpy cedgraliwith aagfergnededtageeanst prrlugienadeuseet on
whe] EIRPURIRRS &4 fehafktedis aeferbitr st o 1

generate a signal to a node changing circuit for

changi ng a node of operation of a dimer circuit from
In atfnsthkt fgrmedpe dulitcadibeg cesgeisepean ahdactivpaddatratdradr

of the voltage spike. According to another aspect of
geneméing esignal indieatingthe nrrsenseiod the nduitityedoad rwiean the

1 i Si th ' it t fi aspect . of
outriylStihe BB an i tesithe Ghoimlaied s idaksaroade b «
refetéhc@ nggggle[ ng edge dinmmer circuit.

In one form, the circuit further comprises a voltage spike detector for
|
detecting the presence of a voltage spike across the load and for generating a

signal indicating the presence of the voltage spike.

In one form, the circuit further includes a signal generator to generate a signal
to a mode changing circuit for changing a mode of operation of a dimmer
circuit from trailing edge to leading edge operation upon detection of the

voltage ringing signal.

In another form, the circuit further includes a signal generator to generate a
signal to a mode changing circuit for changing a mode of operation of a
dimmer circuit from trailing edge to leading edge operation upon detection of

the voltage spike.
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According to a further aspect of the present
i nvention, there is provided a universal dinmrer
W@ Roogsg04conpri sing the circuit according to tPEI/AUSM06/001882
aspect of the present invention. According to yet
anot her aspect of the present invention, there is
provi ded a net hod for detegting the presence of an
i nductive | oad, the nethod conprising: detecting a
vol tage ringing signal across the |oad; and generating
Accergingrtalaniolrcaspengoft the presesé nmeerdforatheéneds providet @ad
. upon detecting said voltage ringing signal. In one
dimppenfirQUCHBPHE NS gﬁ%ﬁllfdﬁﬂ%? ?%@@SBﬁtéEf?‘ihﬁd’rﬁs%ﬁ ak
inv%ﬁhﬂ? of the voltage ringing signal and generating a
C si'gnal corresponding to the detected peak value. In
one form the nethod further conprises only detecting
t he peak value of the voltage ringing signal during a
In dpeifefmpihe dignmer eactit v fradiigd edgef divhmev eicage si gnal
applied to the load so as to mnimse the effect of
el ectrical noise. In another form the nmethod further

nri.ses cunul at.i the dc, signal ower tine t.
AccsiiedR LI dipR ddnt PRk Eiveogn s P T viged 2
uniPESA0dnt et BREWR RBRIPrESRs ARTARINLRGIrRCHUNE!RE 8sb&€ of

signal with a reference %oltage and produci ng an :
the pu¢sent inmteationhe accunul at ed dc si gnal exceeds the

reference voltage. In one form the nethod further

conprises generating a signal indicating the presence

Accgg'(%i%%:tgi}{]eﬁ é%%) YeF alsi))gcq: of the. p%ehs%n‘cal fven 'lo%t, B % }S)}oqrqgéd a
method for detecting the presence of an inductive load, the method
comprising:

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.

In one form, the method further comprises detecting a peak value of the
voltage ringing signal and generating a dc signal corresponding to the

detected peak value.

In one form, the method further comprises 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.

In another form, the method further comprises accumulating the dc signal

over time to provide an accumulated dc signal.



10

15

20

25

reference voltage. In one form the nethod further
conprises detecting the presence of a voltage spi ke

w@ewesesoshe | oad and generating a signal indi ceCT/AY2G0h/001882

presence of the voltage spike. In one form the nethod
further conprises generating a signal to change a node
of operation of a dimrer gi rcuit fromtrailing edge to
| eadi ng edge operation upbn detection of the voltage
ringing signal. In another form the nethod further

In orgoiopin, sesmgenet Atrither @rsprisss convpatiag tee accunsielatfd dc
operation of a dimmer circuit fromtrailing edge to

signaleuith agetargaceoyrltags Al ppsicies apougpubvheRdhg ol t age
spi.ke., According t et a further aspect of the

accuﬁﬁg*%@ﬂt q%’lglé%ﬁ)%ﬁ?&( ﬁ‘é’?]rghnirgn%er‘é@? 0 a vol tage ringing
detector for detecting a voltage ringing signal across
an inductive |load, the voltage ringing detector

In orOfoRH, Shéfrietitod Gedtheietanprised ginetating hisighad ipdakting ithee
of the voltage ringing signal and for _ generating_a dc

presenqgrefi the dndecparignd gvhen threagunudeted dresignabexseeds the
Accordj ng to yet another aspect of the present

“ﬁmFHQ%H?t@%? there is provided a nethod of detecting a
vol tage ringing signal across an inductive |oad, the
met hod conpri sing: detecting a peak val ue of the

In on@idragehé hieghod feithentorapdisgedereating thaprsencgoba voltage
corresponding to the detected peak val ue. BRI EF

spikoESORS Bt Iondemdrgmeapring Raggr dndiceng ithe prgsence efthse
descrjbed in nore detail with reference to the

voltagq §Rikieng drawi ngs in whi ch:

In one form, the method further comprises generating a signal to change a
mode of operation of a dimmer circuit from trailing edge to leading edge

operation upon detection of the voltage ringing signal.

In another form, the method further comprises genéraﬁng a signal to change a
mode of operation of a dimmer circuit from trailing edge to leading edge

operation upon detection of the voltage spike.

According to a yet a further aspect of the present invention, there is provided
a voltage ringing detector for detecting a voltage ringing signal across an
inductive load, the voltage ringing detector comprising:

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.

According to yet another aspect of the present invention, there is provided a
method of detecting a voltage ringing signal across an inductive load, the

method comprising:
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Figure I A shows a representation of |eading edge
di mrer operation; Figure |IBshows a representation of

wo e@i7lossegl edge di mmer operation; Figure 2 - sShPGBAH2006/001882
uni-versal di mrer according to an aspect of the present
invention in which the load type is detected upon each
activation of the univers dimrer circuit; Figure 3 -
shows a universal dimer circuit according to another
aspect of the_present invention, in which the | oad
t ypetecsng atpesketnlue phtheavoltageuinging sigral and: gartepating a dc

. Hagure 4 -..sh a, hl ock di agram showi ng the use of a

mgnﬂ %Dgflrensé) o@éiflé%?c\gﬁ"q de ﬁﬂeéfﬁ@gg’ ai“f‘e't he present
invention; Figure 5 - shows a voltage waveform across
the dimer controlling a resistive |oad; Figure 6A -

BRIEH DESCRIPATOAYOFVENBOR AVAINGSS a di nmer control |ing

an inductive |load; Figure 6B - shows an expanded
The imsregition will npw b%d@cu%nddn oRpgudesald Ayikh gefererze to s$heows
a.blqﬁk diqgra iggmﬁng the mai n conponents of the

following drg“aBEL It Wi Figure 4, Figure 8 - shows the
waveforms of the input and output of the peak detector

of Figure 7; Figure 9 - shows a bl ock di agram show ng

Figurbe Austeoved a feprebdri@fof RIf k&ddes edEe ditntn @ bReRE6H; Of
the present invention; Figure 10 - shows a circuit

di agram of one form of the present invention. DETAILED

. DE PTI ON . . .
Figure %ﬁ%hows 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;



10

15

20

25

According to an aspect of the present invention, the
uni versal dinmmer of the present invention enploys a
woreaohoaowhni ch sel ects the appropriate di mrer OPET/AURIVG001882
node each tinme the lanp load is activated.
Consequently, at load switch off, the operating node
does not require to be rehained for the next | oad
operation. According to another aspect of the
i nvention, one nethod of |oad type detection involves
FiguidT®- sledws hikdocloflisghemphesdng ¢éhomalh rosrporentsgfthe
ringing in response to a connected inductive | oad.
ringisg aletieatdr ebHiguaedt i on | ow vol tage |ighting
transfornmers exhibit sufficient "|eakage inductance”
to produce the required di mer voltage ringing
louifg tor
Fig s e DN B e e
of FigditeOMs changeover to | eading edge node to occur while
he lanp is at relatively |low brightness |evels -
where any step change in effective applied | oad power

AR A Y P

I I Lyen i.n | eadi ng edge node- for the
ans%:%clfj{)%r cg%l ucjflfglgﬁoﬂé{ngl e setting. This difference
is greater at higher conduction angles). According to
yet another aspect of the present invention, a
Figuset®nahoysmetinadt diagraadftonsdode: efdhe grnesead invation.
tandemto the principal nethod descri bed above, allows
for highly inductive | oads such as fan notors to al so

DETP@%@?ﬁQEE%IﬁF%ﬁngd’ with resul tant changeover to

di ge node. For this nethod of detection, the
Accc%rﬁ%% td18n A9PEt G Th@praseht RFensBhkiRGuiieesal diignder ofithe
e

ighly Tnductive load is clanped to safe _
presancimyeatiba dneplelys a méthodiwhishrsglevtmiteapptopuiate dimmer
operating mode each time the lamp load is activated. Co\nsequently, 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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i nstigate changeover to | eading edge node. In a
simlar fashion to that described above, detection of
wal2oomoesownl t age spiking while initially at | owdT/aURI0AHO1882
edge node conduction angl es all ows changeover to
| eadi ng edge node to occur while the notor is at
relatively IOM/conductionlﬁngles ie. before the notor
even begins to spin. Only the relevant circuit
sections for providing the discussed additiona
- forf thecaiendvhire condtitdon ehgletsetihg Thiodifeataek isndugict ¥e
. loads wi |l be described. G rcuitry pertaining to the
highez conduetion anglesk necessary drive control signals
suitable for inplenmentation of either reverse or
forward phase control node of di mmer operation is
AccOiihg esl ' LhGah ] Yed
B o e PRt s rlion
of logKlitypedetativheacting il tanidenassthegstindipil etbBd6Rebeal
circuit initially operates in reverse phase, or
aboys, aﬁPWﬁéOébwéﬂE dhdudivadeads sueh as fancaypddisdoafisadles regdily

[ ed into, forward e ,control en _necessary.
detelfep ORI o e o B RERERERd e miolin Far Ghp dertbad of
. . t Ji r i
dee O s BARSE b SRS LGB AL S5t
indwtive doat isklamipieditozatidt pablolevtR, ASRBE beRiy thbfitored to
. Invention, detects the type of the |oad 30 upon each
instigatej hangeavesr torlrading edgesnpdeli Imresimiilarifashing te leti f i ¢
for f the inventiqn, |oad,type detector 2.is
descyPstioagofetshion an ctnol? Vokathepdenmigle initiahoaton,
K i S, ' i rh.1,.al sg has
M e T

modeftooatuowhille tho e ¥ ateliiRelyllov BohBitide RRSles ie. before
uni versal dimrer 1 begins its
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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operation in the trailing edge node, and upon
detection of an inductive |oad by inductive |oad

wa@ledgossonl 3, which then generates a signal to POHaU2006/001882

control circuit 4, node control circuit 4 changes the
operating node of universal dimrer 1 fromtrailing
edge to | eadi ng edge, as if known to the person
skilled in the art. Referting now to Figure 4, there
is shown a bl ock di agram of one specific form of

typeldeedees ¥ evhieRdcesiding @b ofle aSpeof theiryension; defenty the
detector 10, which receives as an _input, a neasure of

typetoi¢hd vmd 3olpeyeactppetivation efcheswivarsal Gmmsdl |t | oad
30 is an inductive load, the use of trailing edge

dimmng will result in a voltage ringing signal
| O5tth 19@(5111 e o®P i®hrédided b
In 01{‘/%?3%%% f?:ﬁ?}lgl ng'éls}llq‘élr"}a , ’rll ngiPy g %‘gt@éeﬂg?grlg (r)(t)vvi [ yan

indu@aveIcHded @estiod Bahs biRcivadh iFigureBe Iy Heis espectpfiniarersal

i nductive |oad. When used in a universal dimer, this
dimsieghalsodzes dmaaiepiongtplicirckitdwiricdhanging themeedeshown)

to change the nmode o peration of .the uni versal . .
operafiameR SPRGFRIAIRG Lo RUE SReE TS UmiEen e it

under. 0 n i ' ;
opefPORIERP fiafing A SRl RRT el spgao Grlcofi indutRtoad
by iftEYdtRR 1bARUetdetéC8UVhRY then gehetites d sighaltoamotie cdatrett

a |l oad type, then this signal could be used as,
circuiequinodd coytrohaircuie ¢icheng@othespenpling made pfeugizered | s

_a non-universal di rand can only.operate.in the ..

dimpezil o RIIBERIES, FoRRNE PAge 3R KOGy tophe Rrgon killed
. shu%domn or other warning signal to prevent damage to
m ‘devi ce and surroundi ng equi pnent. In this

particul ar enbodi nent, the indicating signal is

provi ded to the node .
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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control circuitry via a latch 20. To facilitate
under st andi ng of the function of the arrangenent
walracune®etd above and further bel ow, reference MT/AURIWG/001882
be made to Figures 5, 6A and 6B, which show wavef or ns
of signals at various points in the arrangenent.
Figure 5 depicts the volt ge across t he di mrer at
start-up at | ow conduction©angle in trailing edge
node, when connected to a resistive |oad 30. As can be
and 8&ebnlyadpdrate evttheafaiingledgalrhody then dupdigrial amype s
the dimer voltage rises fromnear zero volts to,
as a pingidenrmarother Wwataing pigaghto Praygntdamagedp faprevise and
voléa e across, the dimer at start-up at | ow
SUITQYH Eé%?ﬁﬂpﬁﬁﬁ$e intrailing edge node, when the
dimmer 1 is connected to an inductive load. In this
case, at end of the half-cycle conduction period, the
In tHds paRicit@l drabedirhaes the piiitaiig sighal iv pirdwided to the mode
nmonentarily exceed the instantaneous |ine voltage.
contFplpiranigp vahalaichR@0expanded wavef orm of Figure 6A,
depicting voltage across the dimmer 1 at start-up at
| ow conduction angl e, when connected to an inductive
To f%&ﬁpate Eﬁaefls%ﬁ&gg (ﬁ'stﬁia Ifﬁﬁétid}po%eralrﬂg{%éﬁlé?ﬁ%é&s@éd a
requency signiftPcantly greater than tthe |1 ne voltage
abovd &84 eneher Below, kéfehhddiwitlisswbefmadbes Flagiress, 6 ahd 6B,
ringi ng anplitude Vpk.Turning nowto Figure 7, there
whigls slhrevwiaveferms pf sighelseattvarisfusrpaigisriy the psiengement. At
the input of ringing detector 10 is a filter 11 for
extracting the high frequency conponent descri bed

. , . c . ; i .
e B3 AESLIGARSRr g PO BBy congucion
anglei@ t7#liAG cgeuAbHag®hen 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 expaﬁded 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.
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(typically 50 Hz - 60 Hz dependi ng upon the country
and application) applied to the load. This extracted

wa@e@nabsoss t hen applied to peak detector 12, wnCT/AU2006/001882

detects the peaks in the ringing signal. The detection
of these peaks then produces a signal which is input
to conparator 13. A refergnce voltage is also applied
to a second input of conparator 13. Wen the | evel of
t he out put signal from peak detector 12 exceeds the
reference voltage, conparator 13 will generate a

signal indicat] the presence of rningi I '
Turnig o O Erey ERe 1 SR agnr e o HEhERs st defector
L ihBe t10MRVE e F1r 3P &ttkd@inglhe high
10. Aghtg\%nﬁpﬁté}gﬁyﬁ%&g dé@‘ﬁ?“@ﬁ 1i()\é,\ﬁ;aﬁzlﬁlgh pass filter gto e
frequeRiebmiponent dbdcaipedidhogeanitl refergrarentFigttess. diliy sighel
ringi ng wavef orm conponent of anplitude Vpk appears at
compoment ipgenarelly nbopb ke tinging sigpal frem frnraies aeveltage

.h fecti r t] |t | :
rpibth e Flh ok LB e Bl g R Al ealen)
a li&?ltb@ﬂgléeﬁi achi eved only after a correspondi ng nunber
PPUEY "onsecuti ve ri ngi ng wavef orm events have occurred.

When the magni tude of the peak detector output exceeds
the associ ated reference voltage, the foll ow ng

This extnpetedisignad és theatapplied tatpaakedatedtpr 12, ovhichrdpieqts ghe
T SRR, e RS R TB EL E
sl g P, L Slomaraipetds asl oo
secoﬂdtgtﬁg?%ﬂgsr'fftoﬁ{?dtﬁﬁﬁ BoWleatitdeeegst thedetpiesigralkfrom peak
detector 12 exceeds the reference voltage, comparator 13 will generate a signal

indicating the presence of ringing, which 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
ringing 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
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output slowy falls to zero, due to relatively slow
decay tine constant. It wll be understood that when

wo bdog/oesorangenent is used in a universal di mm PQI/AU2006/001882

circuit, this output may be used to trigger a known

node control circuitry to change the node of operation
of the universal dinmng gyrcuit fromtrailing edge to
| eadi ng edge as descri bed above. Figure 9 shows Figure
4 with an additional spike detector 40. Spi ke detector

the gutpwofjbe resk defectonrising o Waluh of M. Higerst % elsorshogvs
{ _ephance th f f th {
the gtup BN TELAERORRT Bk PRt reuit and the oo

operation of the preferred enbodi nrent of the present
invention will now be described in detail wth
Wherefher dimumet @ perratiore cidhgeshe leddingiddgefmble the pegldetector
i nventjon_can be divided into several functional
outpittstpelyatalls dpizeve, dupdneelativalysslenodeayi time constant. The
| oad conducting elenents in a typical reverse phase
control dinmer conprise a pair of transistors such as

It wilIRHELd8R O 6@ ShatSWhé RS aﬂ‘lahg?ﬂn%ﬁy %s 1ﬁ§eidvi acﬁﬁﬁz.lé%‘ga'i y is

required to provide contro swtching transition

dimtriing ciragitathi® anspwifmhy e tised t&EMigédd £Rkhd@ABABEE c6ntrol
. Interference) emssion levels (strict Standards apply
circyifryt ieechapgg dhe jads of oparatior of Sveetniverldimominggifonim

devi.ces suc s .di rs). Jransistors @ &QJ O as seen
frony ﬁrag%?(ig%p%%ﬁﬂm%gp %%‘1?35%1%5(3@%9{/'5_ back fashion to

forman ac switch for control of the connected | oad.

In this enbodinent, transistors @@ and Q O are MOSFETs

Figufr&/BtshowFigarSe witle ad udteiorkl eptked dtesior 10 sike detettor
often used in power control
40 may be used in conjunction with ringing detector 10 to further enhance the

performance of the arrangement of the present invention.

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).
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applications. Resistors R23 &R24 assist in preventing
parasitic oscillation that can occur with parall el

w@ omimetoed MOSFETs. Application of drive vol t aper/au2006/001882
resistor Rl 6 results in conduction of transistor @,
whi ch si nul taneously causes transistor B to be cutoff
and transistor Q7 to al sojgonduct and therefore result
in activation of the load controlling ac switch. The
val ues_of istors R18, RLl9 &R20 are selected to

TIMEFF&%’F%Q? ﬁ%\@e%ﬁsé(?ﬁ’a %Ri’i%ﬁe Steanneclip) SeBiRg baretobrelgs,

fash¥¥H & DROS] onduct | s@t .. Q7

as pr 0\?i %??Q%ﬁ“@ﬁﬁ?, ng éufﬁlé F%]ﬁ{le%(??%a ngﬁléw des

embddirh 8N t&IrBisto#41QY a8H.- QIRESe NIOSFEES (MthLOxXidH N- oN
current via Q7 to ac switch gate input, necessary to
Semigonidavtordtiatd Bffeeidliansidiorg), eftge used fic pomgricoaasi t i on

tinmes, particularly _when the dinmer operation is in
apPiEREoNSy gﬁfrlﬁ%fh @é SpR2f aadistiy pagyen g presisitipessillation that

.St im (PP current via @B from ac
can %ﬁt&%ﬂg5’%@%6&‘%@%@@%\2@%@?0 achi eve controll ed
trailing edge switching transition tines, particularly
when di mmer operation is in reverse phase control
Apphioation bedeivesiulfagertg resistos R16 oesuls, inwoikd datida of transistor
resi st,orsl R13, 4 &R15 and bl ocking di ode D6, is
Q6, whichRjBulianensly cuiranBrRoAtosiQl tbopwted erd terslster Q7

oI ERLELSE R SR o B! Gt

swit€h.rcuit, which is described in nore detail
bel ow. R ngi ng detector circuit Capacitor C
determ nes, in part, the ringing signal anplitude and

frequency at each mains hal f-clycl e di mer turn-off
The yalygs of resistors B4R &33P arpselected to ensure that Q7

conduction status follows that of Q6, while Q8 assumes the 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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conjunction with intrinsic inverse di odes associ ated
wth @@ &3 O forma diode bridge to provide full-wave
w0 e@vioésognt i on of di mmer vol tage waveform At BPEI/AU2006/001882
mai ns hal f-cycle turn-off transition an initially
rising voltage, followed by a ringing voltage
conponent, centered aroung t he instantaneous nains
vol tage, appears at the dc side of the bridge. At the
rising dimrer voltage transition, input coupling
capaci tor C3 becones charged, via series conponents
Ri riesicﬁe(tsor Rgir d}tode D4 &15V dc rail, to a | evel equal
g8t 6%85& ﬂlngi ng voltage. During the first ringing
Capdeitbl €1 MeHRid3CinVeAt AL rirfihd Sianhbbhipttudeaaderddenc
pbecom&*s reverse bilgied V\hihfge %gigl S forp]vvard bi aseéczla.gf1 y
at eadinirmins halfsypler dinaner hangeff stansiige. Diades Bl & DRirC3,
via resistors R9, R26 &diode D5, into detect ut put
conjunghign; wih infrinsigHTesse diosles agsociared avith g?é?s&ctéﬂ% S%rtm Pe
. Jvol t wi.th. re t rea| . T
aiody riGETa PRyt Ser e gl sk Bitp o IR My o
At ed¥intRa BRUNIIBY A1 th-bfraylsRidi AYididaRy eRing Yblthee,
correspondi g i ncrease in capacitor voltage. Filter
folloiwedy 4 esigihgroRage pompoderst, aertfierdd arcegqubtieyinstaoiawous
_rejection function. Resistor R27 represents | oading on
mainsi®liggesapreass at the d¢ side obithe/gedser cuit, necessary to

ensure the bridge output voltage can fall at a simlar
rate to that of the dimer term nal voltage. Such

At tﬂeq;i‘élhg Qi g@@éﬁaé@tﬁaﬂﬁﬁ@ﬁ,‘%ﬁggg EoPYlikd B4 SAtitoy TB B&omes

el enents for 15V Tall. Detect di scharge resistor RO
charfed abéiied @rhpuaknig resistor R9pdicateeDé & U5 cleamgetood level
detector output capacitor C4 is relatively slow
equad torthe leehls Ynging CiErgs: ng

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, infto detector
output éapacitor 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.
ﬁesistor 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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pul se repetition rate. Di ode D5 prevents discharge of
detector output capacitor C4 during the rising di nmer

wa eloraepd4t ransitions. This is necessary for theCT/AU2006/001882

"detection"” function. Resistor R25 in conjunction with
i nput coupling capacitor C3, provides a highpass-
filter function to prevent; the relatively slow falling
rate of change of mains instantaneous voltage from

contributing to the detector output_ voltage. This
Detegtpp disghargeniesistarck1 bhastuffirisak value thattharage of disgharge

of defiFRaitbik Rt o BobRERel S8hEcbhriihle 5 uhétNe
Pulsgf%gﬁ%h%teg& The emitter termnal of @B forms the
co

arator 1 nput, while the collector termnal forns
the output. The latch circuit 20 conprises transistors
Q_ &X and bias current resistors R4, R5, R6 &R7. The
Diodp d¥epreventsdischyrgelof fdgterton pratpuirapaditoy it durigy the rising
. _driv fromthe c arator 13 out put,, ile,the .
dinift Yaaes TORT P RS TRb i REHa b e deifier, e tian o
transistor 4, is nornmally biased into conduction
t hrough base current supply resistor RI|I. Under such

ResistONED3 hﬁé&&%ﬁ@u@h arigeirgriticoapling Cd?&@f‘dr@fﬁ,@i‘bpides a high-
capaci t or is shunted thus disabling the ringing
pass-didtes fwnetionTigprsivent thegglatively slojw fedting matei afrrheageaof t or

.CH and resistor RIlL is useqd to nmonentarily repove bias
maing P §0E VGl BA S AP RE HITE RyBFCLeier ot BR Pt volags.

. ' h?@f . ' J yngi ng detector. This

Thw%%@@%%é olﬁthﬁﬁggﬁ?ﬁ%iggg%gg{%giIity of the detector
to surrounding electrical noise as previously

described. B is biased by resistors R13, Rl14 &R15 when

The @mparahort cirquit bk (see didgurte A gostraises bias dureer@resistor RS,
ducti t i ode .D6 t
referéﬁ%p;eg‘telr cc)lri]0 e %& %n I’c(r)a;r(lesistor 6(;5 %hte %n{i’?tglp}c/e%rr?ﬁagfofc (35 rfgr%s

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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for . Over-voltage Detection GCrcuit As described
above, an additional function which may be i npl enent ed

wo ooogfobsamce the function of the circuit is theP@EFaUf06/001882

an over-voltage, or voltage spike, detection circuit.
D mmer operation in reverse phase control node, when
connected to highly inducig ve | oads such as iron core

transforner based neon lighting, will result in
excessi ve vol tal%e spi ki n cross dinmrer ternmn Is at
Q5 ischiesednian rﬁ:slq#axsr ¢ @uﬂ%&@ew @Im@? 1BoPt iR thesgen

tng
MR R

forq?ppearl ng across the | oad. As descrl bed by the well
nown relationship V =L * dl/dt Were Vis the
vol tage appearing across the inductive load; L is the
magni t ude of the inductance of the | oad; and di/dt is
OVEH: tit%BetﬂCﬂ@Waﬂgéuﬁf the current | through the |oad

ove ers t
As dgiFbel aBBxt, it adijoontd AURHEEMERT Ay R R ed ko
enhah@d %eoﬁungﬁéﬂgﬁ th8 et %‘Ehe' usterﬁf%%ér%l{a%l@der {BRage
greater the voltage spi ke occurring. It f [ ows then
spikd, liatection dycedit er the current at the time of turning
off the switch, which causes the current to fall
tozero in a very short space of time, the greater the

i SpBatgar S Hitetm ohal L PRty
induftiv € 1Halds 3LER BE SN Eork YRGHSf dTer Bals8 méoh QighRire, Will rBddlt

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 a{ppearing 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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spi ki ng vol tage anplitude, then activate a |atch
circuit after spiking has been detected for a nunber
wWo@R00s0680eE5Si ve nai ns vol tage hal f-cycles (for BPXEApR@®E/001882

3- 6 half cycles). Once triggered, the |latch output
status is used to signal to the dinmmer control circuit
mechani smthat di mm ng opgration should be changed to
forward phase, or |eading edge, control node. Wth
reference again to Figure 10, di odes g & D2, in

zero gbhVERCERE SRReNOS ey Hg greptey shetataiob ghange ebeyrzeripnd

ith, O & forma di ode, bri,dge to provide
therexﬂqﬂerh;%eeat%eﬁq Y(?l%%ﬁels ﬁk%fn Cﬁ%&r vol t age waveform as
descri bed above in relation to the ringing detector.
The series circuit of varistor M and zener diode Z
The grepmiclage ietagassiacyit divangement firtions dirsty o spfeky Henit
clanmpi ng function. During clanping events, a_voltage

4 . ) / . g
spiking vgdipgr apepliticien sken agtivate p Imchagitrudaiier spiking pas been

apaci tor Is able to be. charged.via resistor R2 an
dereRE HBumes AR ebaen e TR FhE el &
611&1%'%5%1@2_ and R during the relatively long tine interval

tween vol tage spi king events. Filter input resistor

R2 provides high frequency "noi se" rejection function.
Qutput resistor R3, in conjunction with existing |atch

Oncectrigggred, i theuataheeutpud statgs writbettasignral e thop dimer ¢oatrol
. to form.a rudi mentary conpar.ator f tion to determ ne
cireulfo e B o BB SR BAEOD AEAD oo 0RPEes £ phuAc
ch. | RRRr eci ated that the above has

Phas%’[ekgrr}g e@%r%({%\é%é\#ttr 13r ef E'rence to a particular

enbodi nrent however, many variations and nodifications

may be made within the scope of the l|%resent i nventi on.
With reference again to Figure 10, diodes 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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In particular, the circuit may be used as a voltage
ringing detector for use in any suitable application.

wo-mozleesonpr e, while the i nventi on has been despcT/ABe06/001882

the context of a universal dinmer to enable it to
automatically detect the type of load that is
connected to the dinmmer, i4yg Wil be appreciated that
the circuit may be applied to a conventional universal
di mrer which will determ ne its operating node upon

It willl b appeeninteditbat the abavedwshean deseribed wath refereace tya
parfiSifaF SRRPaRaR DB brte v ain S e thay be
o d i
ma(ﬁ%ﬁl?%qﬁ% sal em@%@%&%@#& g?gcalupi gn to shut
down a trailing edge dimer that is accidentally

connected to an inductive load. It will also be
In pantdetlst, dbe cirbait may begisedias avottagp eiriging detestor foniuse in

any b e TR et ol FUURE BT S 1o pas GPmdoggnibed
. 1 H 1 H . t . . .

o B 006 T g
typ€¥£ioagl that Bf conmecRidnerthe iaes:, Rwill @pPlecidté @ dedtthe

The reference to any prior art in this specification
circirf may be applisd dalaccomyentienalakevemss] dammes kvloichedidle ment
or any form of suggestion that such prior art forns
detgrapipe dfs CtH’r’éa%&'ﬁ%‘PfgegléH%? Stk:ﬁaw%%gom%)iiwwtfm fhat

opeféﬁr?(g*h{fﬂﬁﬂﬁﬁgﬁ‘iﬁgﬁérﬂﬁgf fb%.i%rc%%%%sfl%e% thideLve
oad® e Cclrcuit conprising: a vol'tage ringing
detector for detecting a voltage ringing signal across

t he
Alternatively, one or more of the circuits described may even be able to be

used in a non-universal dimmer as a safety precaution to shut down a trailing

edge dimmer that is accidentally connected to an inductive load.

It 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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i nductive |load; and a signal generator for generating
a signal indicating the presence of an inductive | oad

wa@ip@/o6dee1 vol t age ringi ng detector detecting SBCTIAU2006/001882

voltage ringing signal. 2. Acircuit as clained in

claim1 wherein the voltage ringing detector conprises

a peak detector for detecjjng a peak value of the

vol tage ringing signal and for generating a dc signal

corresponding to the detected peak value. 3. A circuit
13{E5§J§Hé§ned in claim2 further conprising a dc

accumul at or for . accunul ating .the dc si over. tinme
1. A G by e S e igshre Rl Bhe PG ' o
conﬂghﬁhgﬁd in claim3 further conprising a conparator for
conparing the accunul ated dc signal with a reference
val velerearifeipioodktettog fand«sttng a wbitage higigang siguhbi@dss
dc signal exceeds the reference voltage. 5. A circuit
aghel aimed in claim4 further conprising an inductive
. | oad. i ndi cator for generating a signal indicating the
mduﬁ?\é"s]é’r‘i‘geaﬂa the inductive | oad when the output of the
c el B o AL hdPabseRXCEEHS
Rt e i T P A Th e B seRecee

indubfi€e DadchporirthelviRade fitigingatetecopteictiggaaitbohge |
spi ke det'ector for detecting the presence of a voltage
ringingiskgnadcr oss the | oad and for generating a signal
i ndi cating the presence of the voltage spike. 7. A
circuit as clainmed in any one of clainms 1 to 6 further

2 A RS LAR B O BRI ey At el o

com?ﬂ@és_@l p&Ik @étedtodiftoTEEtectifg digeakvaliid bftHd Vigtgioending
eadi ng edge operation
signal and for generating a dc signal corresponding to the detected peak

value.

3. A circuit as claimed in claim 2 further comprising a dc accumulator for

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

4, A circuit as claimed in claim 3 further comprising 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.

5. A circuit as claimed in claim 4 further comprising 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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upon detection of the voltage ringing signal. 8. A
circuit as clained in claim6 further conprising a

W@ e@nabsogener ator to generate a signal to a NnDRET/AU2006/001882

changing circuit for changing a node of operation of a
dimmer circuit fromtrailing edge to | eadi ng edge
operation upon detection #f the voltage spike. 9. A
dimer circuit conprising the circuit as clained in
any one of clainms 1 to 8. 10. A dimrer circuit as

6. A ditaiinasiclaimed &h ang onleef slaimsHeodi furder comprising @ vipltage

. trailing edge di r circurt., 11. A unjversal  di r
spikeAgteeiPT ISR T GRE RESE 0 ¢ valiedh Sk gerars Sy [and
.ai . . 12. j &‘he

for g%éeégéﬁ% gs Séén Jélﬁnla%]c % itﬁgﬁsﬁ%%gl, ¢ E)E{ehéjrrg‘%l% E'ggkn'pr I Si ng:

detecting a voltage ringing signal across the | oad;

and generating a signal indicating the presence of an
7. A tindliitas deitheddn apyrongstfebtiingg o tirthincageprisingiarignal

signal .13. A nethod as clained in clai.m1 further
encEp e Eratiet SRS & TRRCTPREUES BTN A ek o mode
[l | : i .
of ok FALEEF IR A BeRSE R A R S 1R0Bhe e pperyion
upor@éet‘él:t%ﬁ@ﬂth@v@!tﬁ%é&iﬂl ifguigher conprising only
detecting the peak value of the voltage ringing signal

during a brief period at each half cycle of the

5. A ¢hEsioht BB{GH 1BICEUEY b SaHGIEegRpring & sighal gererator 15

generate a signal to a mode changing circuit for changing a mode of operation

of a dimmer circuit from trailing edge to leading edge operation upon

detection of the voltage spike.

9. A dimmer circuit comprising the circuit as claimed in any one of claims 1 to

8.

10. A dimmer circuit as claimed in claim 9 wherein the dimmer circuit is a

trailing edge dimmer circuit.

11. A universal dimmer circuit comprising the circuit as claimed in any one of

claims 1 to 9.

12. A method for detecting the presence of an inductive load, the method
comprising:

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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15. A nmethod as clained in any one of clains 13 or 14
further conprising accunul ating the dc signal over
WO 20ve/06804pr ovi de an accunul at ed dc signal. 16.P@&I/AU2006/001882
nmeti hod as clainmed in claim15 further conprising
conparing the accunul ated dc signal with a reference
vol tage and generating amgout put when the accunul ated
dc signal exceeds the reference voltage. 17. A nethod
as claimed in any one of clains 12 to 16 further
13. Agerihodsasgaimaed it lagmilarihes sempaising detestinggepenk value
across t.he. | oad and generat.in signal indicatin he
of th o Ee inging Henghirdgeaatie & e fortgeoncing t thiq
detedidl BBYi 99, Of claims 12 to 17 further conprising
generating a signal to change a node of operation of a
dimrer circuit fromtrailing edge to | eading edge

operation upon_detection of the voltage ringin
14. Agngjiherd asidaimedin pladmds furthiersemiprisintgprlyldeteong dre
conpri sin nerati.ng a signal to, change d f
peak galife of the il tagedinging AL Sarmeg bRt Brpd gt saceialt
| ' . i i Et,
v AL 094008 ERTABLIET U ARMELE om B
electh@dl @@, r i ngi ng signal across an inductive |oad, the

vol tage ringing detector conprising: a peak detector
for detecting a peak value of the voltage ringing

15 Al Sl R 5o O it SR SRR,
cconlSHAARF 1 A0k RRL Bt S USRI
vol tage ringing signal and generating a dc signha

corresponding to the detected peak val ue.
16. A method as claimed in claim 15 further comprising comparing the

accumulated dc signal with a reference voltage and generating an output

when the accumulated dc signal exceeds the reference voltage.

17. A method as claimed in any one of claims 12 to 16 further comprising
detecting the presence of a voltage spike across the load and generating a

signal indicating the presence of the voltage spike.

18. A method as claimed in any one of claims 12 to 17 further comprising
generating a signal to change a mode of operation of a dimmer circuit from

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

19. A method as claimed in claim 17 further comprising generating a signal to
change a mode of operation of a dimmer circuit from trailing edge to leading

edge operation upon detection of the voltage spike.



10

WO 2007/068041 PCT/AU2006/001882

24

20. A voltage ringing detector for detecting a voltage ringing signal across an
inductive load, the voltage ringing detector comprising;:
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.

21. A method of detecting a voltage ringing signal across an inductive load,
the method comprising;

detecting a peak value of the voltage ringing signal and generating a dc
signal corresponding to the detected peak value.



