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CURRENT ZERO CROSSI NG DETECTOR IN A DIMVER CIRCUI T
TECHNI CAL FI ELD This invention relates to di ner
wepmchesos2 and in particular, to controlling theCT/AU2006/001883
switching of a dinmmer circuit controlling inductive
| oads. PRIORITY This application clains priority from
Australian Provisional Patent Application No. .

2005906950 entitled "Current Zero Crossing Detector in

SO FERD CloRE eI Ry Bl O

hereby incorporated by reference. BACKGROUND Di nmer
circuits are used to control the power provided to a
THERIISHFIELR) 1ight or electric notor froma power

TR 5P Pl Ppe e b breardrn e, i smnieing th
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S SRR T PSRBT nat 2 swi ton

connecting the load to the power source is conducting
during a given cycle. For exanple, if voltage provided

PRQQRfﬁg power source can be represented by a sine wave,
t hen _naxi mum power, i.s Erovided to the load if the

This ghRlicaHgRXAIMSRFiPHE TeapAnsiralian Bmvésilomhl?et@ntsf on_
. al. i i . . t t .en of .t he

ARy D05 SR EGter o BB R T LBl

DihsndruTiredit Ofdnd BledaoPPr De8dinpér Fish cycle (both

positive and negative), then a proportional anount of
the sine wave is effectively isolated fromthe | oad,

The entire content of this provisional application 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 a 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 'ﬁmes. In this way the, the
total energy of the power source is transferred to the load. If the switch is
turned off for a portion of each cycle (both positive and negative), then a
proportional amount of the sine wave is effectively isolated from the load,

thus reducing the average energy provided to the load. For example, if the
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thus reducing the average energy provided to the | oad.
For exanple, if theswitch is turned on and off half
wowrgp7oRoazigh each cycle, then only half of theP@DWER006/001883
will be transferred to the | oad. Because these types
of circuits are often used with resistive | oads and
not inductive |oads, the efbect of repeatedly
switching on and off power will not be noticeable as

. [ Q_ it h
b8t 5T S A8 A HASER Bl Q814 el ol il
pdw@hivill Be StaBofefredi M@goé’&tBé&Buéeeﬂfiébé t}fl:fés'dT chifdfits are often

control of the lumnosity of the Iight.” This technique

usgil|with eesigtive I@ade astaart ihguttive Joads,dhe ekfetl el epBatetty
ar In | eadi edge di nmer topol ogies for controlling

SWiirdiiRg Poe §qur widl @@ﬁ&mﬂcya%@éébamsm@veﬂqad\ms an

| | | f.al
“‘fﬁge“gePP R 1 e ol efeat Rl el edihe bt
llg‘}ftfa §hdbeh dirfi®h ﬁﬁhél‘i’ ré i ﬁ’l(ﬁf‘esc?in\heol'og PC il,llﬁllﬁlOSItK of

vol t age spi king tTevels, mhlc can cause dammge
the light.Thistechnivpenwiil be ofell tued et rooel b}CtHeCp@ﬁsoﬁ BRillel€in the
| oad. Turning off the switch while there is any
argppreci abl e | evel of current causes a sudden rise in
t he vol tage appearing across the |oad. As described by
the well known relationship V =L *dl/dt Were Vis

Intlé'!aﬁiﬁ'{ eHgQ @liﬁﬂf{’&%. f&?%ohﬂgll?{gdlﬁﬁﬁllcﬁg hoRgk 1t(|5ifi/ 3 i

tude of -t ctance o} and

generaﬂ]yenercatsarpfto ahawg@leqfrevm Halfediicld 102r QU B Eall to
| oad over time t as will be underst ood by the person

negrczmce@wh beferepaturmingdhe SWethée the offestafiectt erder ie avoid

te ofd haqg 1n cu entll y h the |oad, the
ex&?séafeéP PRV G BPYE SE%E% cye uW can| gaysg|damags odke
eldcB3tal B HRALLSS % immer circuit and the load. 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
dl/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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current at the tinme of turning off the swtch, which
causes the current to fall tozero in a very short
wGepaceesoi2 ti me, the greater the rate of changeP©f/AU2006/001883
current and therefore the greater the voltage spi ke
i nduced. Accordingly then, it is desirable to turn off
the swtch when the magnitude of current is nearly
zero. Several techniques are commopnly used to achieve
: u | ense
k1 2SR chbfiShalCof (el e Henlls TG L of ShiffoP&lREnt ana
tharefangdirgitbated tikel cltaBdwhikb @it idd. heaskdinslyanbnf Rld S
to sufficiently I ow levels such that the switch can be
desipehlstodizin with the sivitamavher sheé tiaggitudetcd garept ks ngarly zero.
| evel s. However, since the current sense resistor adds
to the total resistance of the dimrer, it results in
' ai ned by, t he,di t. Accordingly,
Sefpl] AR oM An Y bathv s, coconc
techni que, use is made of the MOSFET on-state
resistance. In many dinmrer circuit arrangenents, the
Theviitst s the usernd tai seriee dubynbsdisEhEdistde witea pikdision Oxi de
Sem,conductor Field-Effect Transistor). This MOSFET
opexationalianplitien arrangesenide determing when the lead carrent falls to
L. m | ar,mnner, to.the, above reci sion op-a .
sulli e L IERIC G 0 s e <Beeinme oh e BbmHpinel
e R R e AR oo SRR et L kB8 sistor
adidseo dhevothbrdsistdrade dfthe didintg, RSB BbreZBsWer being
crossing detection dimnishes for snaller |oads. A
drapieddbyafisy dimamer. Aecordingndhisappyoach hamsonMoEEER backs.
turn-off anyway. For |oads that are only marginally
i nductive (for exanple, typical iron core based LV
Inlal BBSAAWetirliqhe dOISERUE dftht MASPET S lEhEIR 8 m
the point In"tirnme corresponding to mains voltage
maky diraies wingit abfthgehirag, theenhdihi 1B cohtithitedsy AVEISFET
| eakage i nductance can then be allowed to transfer to
degicgedﬂ\gqgl-pxide Semiconductor Field-Effect Transistor). This MOSFET

-has an internal resistance when in the on state. In a similar manner to the

above, a precision op-amp arrangement can be employed to determine the
point in time where the MOSFET on-state conduction voltage polarity
reverses. This approach however, suffers from the draw back that the timing

accuracy of zero crossing detection diminishes for smaller loads.

A third approach is to use non-zero current MOSFET turn-off anyway. For
loads that are only marginally inductive (for example, typical iron core based
LV lighting) it is possible to turn off the MOSFETs at the point in time
corresponding to mains voltage zero-crossing. The stored energy in the
transformer leakage inductance can then be allowed to transfer to a suitably
sized capacitor in shunt with the dimmer terminals. A decaying ringing

dimmer voltage waveform will result, where the initial stored energy is
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wob@recdoe initi al

sized capacitor in shunt with the dinrer termnals. A
decayi ng ringing di nmer voltage waveformw || result,
stored energy i sdissipat ed, POV/8D2@6/001883
nunber of ringing cycles, in the series resistance
conprising the transforner | oss el enments and secondary
| anp | oad. Since the instanganeous mains voltage is
relatively |ow around the zero crossing region,

. t i+0Qi R ; b | er. o
e L s
cobi@@sifB thie Bra®iBFIriner Q&é@éﬂ@n@%ﬁ&ﬁhda?’ﬂnﬁ?m% ShRe the

used for greater or purely inductive loads. It is

insthntarfeone naainevjptage & reldterely Esearoumy énd za0 drossing region,
ovide an alternative nethod and circuit for reducing

mPieraie pes sreggyokrgessgs begpleratgdwidicaaws thisiappgoash is

i [ I r..a .l oad having. an i.nductive
orl D RSERANE: 18R e e S BRI NE EBimncngp g cammot
befus@atfoﬁg%&&rsﬁpﬁf& RARR®Re IbAYEntion, there is -
provi ded a net hod d¥ controlling the delivery of power

having a current conponent to a | oad having an
i nductive conponent, the nmethod including selectively
It igtherafereppoliert efthe rr@efr%vémwrmonat%momgﬁ anpbewiativehe
swit.ch is caused t.o operate at the threshol d .of
m@fbifahd G fhRis - Re R cbrfrenseterd goKen
. . o
c Rt S g TROR0 ©F 2 So Bl af ERHE Bl tent
substantially zero. In one form the switch is a
MOSFET ( Met al - Oxi de- Sem conduct or Fi el d- Ef fect
SUNYIAHRA Rt OF THEANSHENTEXN, t he MOSFET is caused to
operate at_.the threshold of saturation by controlling
AGBE Defing it ase AN Berore NEN U BRTe rPTBHIAGH m
mdih dkﬂf%ﬁhﬂ%ﬂ\ﬁ% H?eg&eﬁ‘ﬁer? ap bBWelr ?SVBYg §h2ht chmgonent toa

vol tage across
load having an inductive component, the method including selectively

switching power to the load with a switch, wherein the switch is caused to
operate at the threshold of saturation during a conduction state such that the
switch self commutates to its off state when the magnitude of the current

through the load is substantially zero.

In one form, the switch is a MOSFET (Metal-Oxide-Semiconductor Field-
Effect Transistor).

In one form, the MOSFET is caused to operate at the threshold of saturation

by controlling a biasing voltage applied to the switch.

In one form, the biasing voltage is controlled by comparing a voltage across |

the MOSFET with a reference voltage and adjusting the biasing voltage to a
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the MOSFET with a reference voltage and adjusting the

bi asing voltage to al evel to cause the MOSFET to
wopwratse4nt the threshold of saturation when tPEI/AU2006/001883

vol tage across the MOSFET falls below the reference

voltage. In one form the biasing voltage is adjusted

to zero upon the MOSFET sel fcomutating to the

non-conducting state. In one form the value of the

e SRR 6 LIS VSR o

vodiageatrost théBIQSEEEMALlS I6W the Refek bty diagRr OVi ded a
circuit for controlling the delivery of p r having a

current conponent to a |oad having an inductive
t.he circuit conprising a swwtch and a

In G TRHR i HigPngaial@se ds AUmsiEriig Zere Upanitba MOSEBEselfe
. . i duri ducti
cofmbBirE P Ah A ftiilpArl@n T 109 8 CondUC Lo ate

when the nmagni tude of the load current is
substantially zero. In one form the switch is a
In pogkerm,( fetalu@rf the 1Béerencndoitiger is Fhakdsedhp €6 b maximum
Jransistor). In one form the switch control neans is
refgryRyolagsexPeneREdiari ng a vol t age across the MOSFET
wth a reference voltage, to control a biasing voltage
of the MOSFET. In one form the conparator is a

AdchRTIfE $6 Qlsebaiyd Hg}t)éctﬂ of g }gﬁg € BhbeRGoh ht‘ﬁeg%r%ﬂ;v deda

_applied to a fir termn the transi ain
circeit éorruraroltihgabe delipeiyest power adfg befFrdiitcofipdedt to a
transistor. In one form the transistor is an npn
1036{ P5iag anindyrsve compenent thotirejbcompaispig @dwilchamd a
2 t erm nal of the npn bipolar transistor.|n one
s AL E1eBPa Fen s el i SRrrelsp o dnisapald oo
sat@pRHiEH 8drihg Ll Sfate lé?lcltl Y 's%tcﬂ%o'rﬂ%%ccgt%s to its

exponential® rise 1n the reference
off state when the magnitude of the load current is substantially zero.

In one form, the switch is a MOSFET (Metal-Oxide-Semiconductor Field-

Effect Transistor).

In one form, the switch control means is a comparator for comparing a
voltage across the MOSFET with a reference voltage, to control a biasing

voltage of the MOSFET.

In one form, the comparator is a transistor having the voltage across the
MOSFET applied to a first terminal of the transistor, and the reference voltage

applied to a base terminal of the transistor.

In one form, the transistor is an npn bipolar transistor and the voltage is

applied to an emitter terminal of the npn bipolar transistor.
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vol tage up to the maxi mum val ue. According to a third

aspect of the present invention, there is provided a
walreomeesoal rcuit for controlling the delivery ofCPawens/001883

having a current conponent to a | oad having an

i nductive conponent, wherein the dinmer circuit

conprises the circuit arrangenent of the second aspect

of the present invention. According to a fourth aspect

" 0 iy L : o _

el HEmPRSSIL G0k HORL By NSRS ATl o

maxiffirhSiage fapivide an 3 e ekporifiadtige al thdReference
threshol d of saturation during a conduction state such

voltage upHe thaimatimuithivaded.f - commutate to the off state
when the | oad current reaches zero crossing. According
to a fifth aspect of the present invention, there is

ARDRIETE i ebuo M RRG P Rk B SR OB o1
difaNéiEr it PR céﬁﬁfbﬁing?‘&ecﬂéliv%?zgﬁ g@Wér Ra®Rigd @ﬁﬁ%ﬂt

state; and a switch control for causing the
cogvparent tma dgret baeingtanaintluctisé obuhpohent, svisatin el dilhmer

.State dur_inglth_e on state so as to self-comutate into
CICHE coPtRiises ehqpaerif RErangameat pf Bitserenad peRect of ghe present
m&gnq?ﬁ}l.ng. BRI EF DESCRI PTI ON OF THE DRAW NGS The

[ AVention will now be described in nore detail with

reference to the follow ng drawings in which: Figure 1

- shows a bl ock diagram of the conponents of the
Aqosdiagrted fenbibdispeai ofahetgresesit ivwtritiond, thdre ippeswted a

i nvention; Figure 2 - shows the arrangenent of Figure 1
methogf dletretiag)a lorlqyreerd zera pronginghiheane thegeersnprising
callfsligg LSvitdPR c|>peeq‘a SCat the tﬁ%’gshgﬂf Ofbaturation during a conduction
state such that the switch will self-commutate to the off state when the load

current reaches zero crossing.

According to a fifth aspect of the present invention, there is provided a circuit
for detecting a load current zero crossing, the circuit arrangement comprising:
a switch having an on state, an off state and a saturation state; and
a switch control means for causing the switch to operate at a threshold
of its saturation state during the on state so as to self-commutate into the off-

state when the load current reaches zero crossing.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described in more detail with reference to the

following drawings in which:

Figure 1 - shows a block diagram of the components of the preferred

embodiment of the circuit of the present invention;



10

15

20

25

devices in a dimer circuit; Figure 4 - shows a
waveform of |oad current; Figure 5A - shows a
weororeespendi ng waveform for VDS wit hout regul apCDAULWK/001883
a small |oad; Figure 5B - shows the waveform of Figure
5A wth regulation; Figure 6A - shows a correspondi ng
wavef orm for VDS wi thout regul ation for a medi um | oad;
Figure 6B - shows the waveform of Figure 6A with
regul ation; Figure 7A - shows a correspondi ng wavef orm
for VDS without regulation for a |large |oad; Figure 7B
Figmeivshdwie theaehngetheit &fl ghfe 7t Widrb deggy! at i on;
Fi gure 8A - shows anot her correspondi ng waveform for
VDS with regulation for a nedium|oad; Figure 8B -

.Shows the wgveform of VGS jn conparison to the
Fl&m\gfzﬁ'}m%wﬁ Yrrasmen f figurr 2 applied taive switshing

deg%%gg‘%ﬁ“ig{%%lg@;@ﬁ{_on for the arrangenent of Figure 3;

dws a nodified circuit arrangenent
of the arrangenment of Figure 9. DETAILED DESCRI PTI ON

_Throughout this specification, the terns "linear node"
Figurg 4' s showatiwavefore'of doad osednt;o descri be vari ous
aspects of the present invention . It will be

under_st ood t hat _the term"linear npde", when used in
Fi %e?:f(ﬁ Qthl%gia% éovfdgés%g)gaﬁgh V%%@forgw%ﬁ Fﬁ}—D’s without lte%%&at}or}lefor
a small load;

Figure 5B - shows the waveform of Figure 5A with regulation;

Figure 6A - shows a corresponding waveform for Vps without regulation for

a medium load;
Figure 6B - shows the waveform of Figure 6A with regulation;

Figure 7A - shows a corresponding waveform for Vps without regulation for a

large load;
Figure 7B - shows the waveform of Figure 7A with regulation;

Figure 8A - shows another corresponding waveform for Vps with regulation

for a medium load;

Figure 8B -~ shows the waveform of Vgs in comparison to the waveform of

Figure 8A;
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characteristic, i.e. VDS RDS Xl|1; where VDS is the

Drai n- Source voltage of the switch, RDS is the
woe@irnesBaur ce resi stance and IL is the | oad cup€BAU2006001883

wi Il al so be understood that the term "saturation

node" refers to the state in which the VDS of the

swtch is not a function of 8current (determ ned by VGS

magni tude, where VGS is the Gate-Source voltage).

F e ' . n nt 10
SR s A L P A Ao Lo PR SRR
Fig@re P anéledback signal Vf/b proportional to the voltage

across the switch 20 is provided to one input of

commut ation control block 40 (provided by a

.conpal ator), which, conpares this feedback signal wth
Figitretily %‘R‘)@S 9@9§QEW@WW6%8%H€W%¢ prEgeaTent Ohce
Figl}u%@( 50. Consider the situation when switch 20 is

osed, or in the conducting state, and the | oad
termnal is in the positive half-cycle Vi/b is

proportional to the load current IL flow ng through
DEMIIED IESCRIFEQN is equal to the | oad current

mul tjplied by the resistance of the swtch) and
Tfﬁ%ﬁ#\@% @wegm% the termsf lipganmosies andr tsefiration
v oachi zero.. According t aspect of the .
R e Ta R Eib SR80 R G EnReusifn, Tewill be
urkle@itdbd tRA{ $1eRBHAWIMESE inotiRMPRNh8h Used O FARLERYS aSWilRh
20 to cause it to operate In its saturation node soO
suthas aWI©SFEL, doesis ¢hatthe sndtchswhilsits 2 esitiveriay] cal |y

self-comutates to its non-conducting state to turn
characterssicnt- gV e T Ras xtlhmghese Ypeis theddrain-Spyrceevatagerof the
substantial ly zero, results in m, ni.m_sati on of )
iR BT s ﬁ%‘&oyﬁﬁwgﬁwe ApAITE thgplﬁfl@ EPsiead 1t will also
t i ‘ i | Lt hies.. i ion. |
e PR R, 808 SSRERLOR A M YA i
Vokodtisé switth is howe filiction'sf dutien{d eRrwaiedBy 3RRInhAshitiRle,
any ot her type of switch (currently in existence or

whergVasds atpeSelagevoffege) n the future) that is able
to self commutate into an

Figure 1 shows a block diagram of an arrangement 10 for controlling power
delivered to load 60 by switch 20. A feedback signal V/p proportional to the
voltage across the switch 20 is provided to one input of commutation control
block 40 (provided by a comparator), which compares this feedback signal
with a reference voltage Vret provided by voltage reference block 50. Consider
t‘he situation when switch 20 is closed, or in the conducting state, and the load
terminal is in the positive half-cycle Vi1, is proportional to the load current I,
flowing through switch 20 (in facf, is equal to the load current multiplied by
the resistance of the switch) and provides a good indication of when this
current is approaching zero. According to an aspect of the present invention,
when the value of the feedback signal falls below Vzer, comparator 40 controls

switch 20 to cause it to operate in its saturation mode so that when Ir. does
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off state when the current through the switch becones
substantially zero. This invention is particularly
wa@ppricsant e t o MOSFET based di mmer desi gns as MISAEI®G6/001883
are the only type of power transistor currently
capabl e of conduction in either direction (excluding
conduction of intrinsic antp-parallel diode) - thus
providing the advantages of |ower conduction state

rela&% §§1§) {\]/'ItAg 2@%%81@151%@91{1}5 cak LR uﬁ%‘ﬁ?ﬂq{s c#(?rbc%l?(?ﬁlécrnng

I nventi on can e

st@t@wa Ftuir{ efisTeihg toyp@cschlﬂa aﬂqérﬁﬁﬁzepﬁs o¥stibstRAtially
expl ai ned in m)re detail befow with reference to

zeFp geseltin 4 henimisationiof mndmctﬁ& waltdgespikes. t 0
conpl etely renove control voltage at the switch 20 to
conpletely turn switch 20 off. The latching circuit 30

res onduct.i on of n the
e ER kol Bt SRR B8k ond B8 AL b ffEnBOR s
Mbsme(rMétap@ima@s&rﬁm{%meﬁf.ﬁffE& %&ﬁtbéf %ﬁe‘ﬂﬁxme
required. In Figure 2, there is shown the arfangenment
ingéntioryoarebd applied te adgtothdr. typa of bivstchr(cargatip i existgice or
switch control_ 40 i Srtﬁr ovi ded by a conparator, and
thapinay gjee e deraloped ia ﬂéwttre)aﬁh@t istable mselfrh@mmttatmnz@an

ofhfighM5eh B sUeR| gﬁﬁﬁe gwﬁphi)e%%%% ApEah el e, i

in¢dntidh FS h@ula%lypfﬁﬁ | nput rom Vi o g%ﬁgqlégﬁgélglg&and

as 40 in Figure’l ase

MOSFET sfar @ thewbatytty paiof tp@ﬁ/\feQ trdrisiyedt @iragtly apssé of ct
" gate input voltage of MOSFET 20 whenever VDS tends to

Coadﬁpﬂ@@ mwﬂwredlrquah(%Mg comn mn@ﬁ ingrinsic anti-parallel
[t t In Fi

e s TASIIREBC AN 8 eRB AL Koyersogastion s g Jsopain AC

SVJI&MHHEBQE CILI{) lt‘{glé Ald BRLGPRN tn?svﬁlggnﬁw NPBEGEP1A to

other power transistor types, such as IGBTs.

As will be explained in more detail below with reference to Figure 2, the latch
circuit 30 will serve to completely remove control voltage at the switch 20 to

completely turn switch 20 off.

The latching circuit 30 is reset to allow conduction of the switch in the next
positive cycle by applying a trigger pulse to the trigger input when

conduction of the switch 20 is next required.

In Figure 2, there is shown the arrangement of Figure 1 in more detail. In this
arrangement, the switch control 40 is provided by a comparator, and more
specifically, an npn transistor 41. The switch 20 is a MOSFET. MOSFET 20 also

has a reverse parallel diode 21 across its Drain/Source terminals.
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switches 20 and 20" have respective switch contro

bl ocks (i ncorporating respective transistors 41 and
wa00y/068a82 wel | as respective reference vol t ageP@i/atk®e6/001883

50 and 50'. In this arrangenent, latch circuit 30

controls both MOSFETs 20 and 20'. As will be described

in nore detail below, the rgspective feedback circuits

for each MOSFET operate independently, and in fact,

: i ne.. The Kins
THERRSOR P AR PR s AER nlBoreROGLBRIREST 40 ip Figure
1),gvitRinpat frofy Vi at basé baBdaHpubEon Vs af &@BRe&Ld, Yenctioning
MOSFET is in conduction. The arrangenent of Figure 3

to nesjriblegats dajputvel tagerofev OSREALRQ whppévardfjsdandoto drop
gfn oLIing an inductive ] oad such as a fan. Such a

belqw Vit PY F0AMGHRE fRiesPPnding &xbasenenitter\patential ofrransistor
alternating current (AC) power source as will be
understood by the person skilled in the art. To
facilitate understandi ng of the operation of the
arrangenent described herein, reference will now be

In Riglgetdo thdrgis showin thdarraBgemnt 68Figtle 2 EBapEHedmd a8B,
.whi ch show waveforns at various points in the

dingpping saicEHarsmgenegntdaying twp AJOBFESs A0curr i Bach of these

A j f , f | oad
switcfeEad S 20 R SSPRr Binierh Sensiel TSR oReasing.
re Fd HaHERBRE 410k A7), 3?@%5{%@%}2&%@?@&1‘ ce V?Iﬁa&e

i d- conduction settin appr eci at ed
bldekg G0 and FNdntthis fredngushag, hastetiocur B0 gomeslsBth MOSKETSs
hal f-cycles of one polarity. The other polarity is
20 gadJdfodat ed by an identical independent circuit
arrangenent as shown in Figure 3. Figure 5A shows the
waveform representing resulting voltage VDS , across

AN el d&QribASh b e di@A DRy, the JediflcBbL Y& bt ¥ ibuits for

| oad (for exanple about
each MOSFET operate independently, and in fact, need not operate at the

same time. The feedback circuit for the MOSFET that is not conducting in a
given half cycle is disabled until its respective MOSFET is in conduction.

The arrangement of Figure 3 may be used in a dimmer circuit application for
controlling an inductive load such as a fan. Such a circuit uses one MOSFET
for each half cycle of an alternating current (AC) power source as will be

understood by the person skilled in the art.

To facilitate understanding of the operation of the arrangement described
herein, reference will now be made to Figures 4, 5A, 5B, 6A, 6B, 7A, 7B, 8A
and 8B, which show waveforms at various points in the arrangement of

Figure 2.
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150W Figure 5A shows the waveformif no regulation is
applied. Note that VDS does not exceed the target
w0 eabettogzrd val ue of 0.5V (in this exanple), deP€r/AUn®E/0018383
by (Vref - Vbe), where Vref = IV & Vbe = 0.5V in this
particul ar exanple. Figure 5B shows the waveform of
Fi gure 5A, however, in thiglcase, showi ng the effect
of the VDS regul ati on mechani sm descri bed above with
t Lour : ' not. fal |
T Ee (PalioY e Padis BRG] Ty 183 e SPhvgiBim of
loadheurpentnt. passinignibirodigh thdatl®d] afill Heg0é MOBFET @&t Yor a
VDS drops_to zero since at this time the driving
leagling sdgerdispoasiabimid-condunsionusatting. Htawils Hecapereoiated that
?r Jrepresenting resulting

. Fi hpws th
FigghP b gad 8 BB e aF RO il G el P deRlbay sl af one

i,u a f I t OW, for the .
ol T Bt BOIEHETE, foecBRRtigfMRLn (tnichl dndgpendent.
ciréxi¢ apdagbhfent as gR6whalFighe® val ue of 0.5V for a

significant part of the Current conduction period.

Fi gure 6B shows the waveform of Figure 6A, however
. sho%%ﬂt hngfeCt of the VDS regul ation nmechanismi e.
Figare. QWiB e aveigry; yapresenting\resplting veltagay, Vos , across

MO F P8t el OB 25 S0 B, S fcloRl Fscesainle about
1501 Fagiteds A QhoWECtHeSwaleRvheif 4fd b Gs %E&@Eﬁo&%that

representing resulting voltage VI across
Vs delesmet! eaded Othiestaagdtaregaldted dvalfiorof € X3BW| (&n @hieWxample),

2400W4]§r the situation if no regulation is _aggl i ed.
detepmanedh By (Voef e ithedawhere Yeaf 7 dYukaVleei=\bVidn dhisgpagticular

exa;‘gq 1ot he majority of the current conduction peri od.
I'gure 7B shows the waveform of Figure 7A, however

showi ng the effect of the VDS regul ati on nechanismi e.
m ni mum value of VDS |imted to VDS (reg) =
Figure 5B shows the waveform of Figure 5A, however, in this case, showing

the effect of the Vps regulation mechanism described above with reference to
Figure 2. In thid case, Vps does not fall below Vps (reg) = 0.5V whenever Ips is
non-zero.

At the point in time when the load current falls to zero, Vps drops to zero

since at this time the driving voltage responsible for the current falls to zero.

Figure 6A shows the waveform representing resulting voltage Vps across
MOSFET 20, where the load 60 is a medium laod (for example, about 700W),
for the situation if no regulation is applied. Note that Vps exceeds the target

regulated value of 0.5V for a significant part of the current conduction period.

Figure 6B shows the waveform of Figure 6A, however showing the effect of

the Vps regulation mechanism ie. minimum value of Vps limited to Vps(reg) =
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0. 5V whenever IDS is non-zero. Were instantaneous VDS
magni t ude exceeds VDS (reg) due to product IDS X RDS ,
wmoooreegalat i on occurs. Note that for increasi neCAU2106001883
| oads, VDS regul ation begins closer to actual
zero-current crossing. Figure 8A shows a simlar
waveformto that of Figure gB for a nediumload with
regul ati on. MOSFET 20 operates in linear node for | DSX

V s(re = 0. j [ '
0 Gt 60t Ay ot e APty If BlagifldBicecas
\% Ak 96 pIBdacH BE xIIR3 , RoRfPsutativasictes, = 0.5V, due
to gate drive limting at turn-on threshold voltage
region, VGs(th). Figure 8B shows the waveform of VGS
in conparison to VDS of Figure 8A. During ttlwe per.i od
Fighes éAnshopss the glipgeiosm r@raﬁﬁ@fhmgdr,esakmg yQligee Yos apggoss

ML A o ez Lot PR 1aBRlIb A% (oRE-REHIP BB IR R0 T he
sitdERiohN HPiRNatidh8s %gg[i@&.i RO thdtheps bk&déds thiddt régMlated

be described in nore tail with reference to Figure
vud bé 0gin éoratheapejoaity of thof cudentconduictionpeaiogemrent  of
the present invention can be separated into two main

functional blocks. 1. A resetable driver |latch, which
when_Lri ered provjdes te driywve current for the
FigR 17 BOREPa fon eNEISERTCP TaEredml T4t Kogring) the effect of
[ ' 4 | iASnhaht = =
th%o\f D%:ﬂe%%a%%\%ﬁp%ﬂ{?ﬁ%%p F'ollr?ﬂtﬁo r errvt%%ge gﬁy}és dri Jf/egl tgtV?so(ge )
0.B3¢rwhentvieg Ths & ASARIZRE.. Whieke irsstanthheseoVsh ynagsiatidd expreeds

the latch. The driver latch In the jnitial |atch reset
Vet fteg) dug patprodassilss or RQs i 8o egylagiompecwsndNetei Bt for

increasingly large loads, Vps regulation begins closer to actual zero-current

crossing.

Figure 8A shows a similar waveform to that of Figure 6B for a medium load
with regulation. MOSFET 20 operates in linear mode for Ipsx Rps > Vps(reg) =
0.5V, due to application of maximum gate drive voltage. Conversely,
MOSEFET 20 operates in saturation mode for Ips x Rps < Vps(reg) = 0.5V, due to

gate drive limiting at turn-on threshold voltage region, Vas(th).

Figure 8B shows the waveform of Vgs in comparison to Vps of Figure 8A.
During the period where no Vps regulation is applied, applied Vbs is Vbs
(max) ie. Vgs >> Ves(th). During the period where Vps regulation is applied ,
applied Vs is limited to the Vgs(th) region.

The operation of the circuit will now be described in more detail with

reference to Figure 9.
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via series resistors R3, R4 and R7. Resistor R9 via (B

coll ector holds the latch output at near zero volts,
w@Revceesom2 t hi s state there is insufficient potBCI/AER006/001883

devel oped across R3 in order to operate transistor Q.

The latch is set at application of voltage to input

resistor R, by providing tarrent to cause conducti on

of @ collector. The increased current resulting in

resi r R4 .j i Ci p
T §EhH bR 000 S Bk eld 88 988l OBntin con
be 5dPRHRA i85 Ho6 niasifahetiendbledd, R6, is sufficient to

Intain operation of Q even after input voltage to

R is renoved. Additional current provided by
col l ector can fl wthrough!‘ﬁ resisto

, \ R8 in order. to
1. Spesetabledravardatrl sHFB I hery TRRRSFT FFAREICS FaI drifsurrent
| at ch can be;.re he action of clanping the
forgﬁg@gﬁm*ﬁé;ggﬁ\ﬁ?ﬁﬁé% of less than approx. 1V,
wher eby di ode DI shunts a significant proportion of
the latching feedback current supplied by R5.The )
2. Conmitiatioarcottrol civbuits (anesfek eatlelinermplisge/balf-gyele polarity),

polarity half-cycle, the commutation control .circ jlt
whigpfuregiondigaemay efgase aive atiload 7e19-SHTHET AL

. positive conduyction . voltage drop appearing across the
SIW@FWSH %Eﬁu}%’%ﬁ I‘E‘%h( rol i ng MOSFET. The opposite,
reverse biased MOSFET - where current may flow through

the anti-parallel diode, has an associ ated negative
TheArtvagda@dhop and the feedback nmechani smis accordingly

disabled. At the end of the hal f-cgc_:l e, (\Jrlf\/gere thﬁ | qad
In the matial latcherepetsstats, ewvawiteansister @5 ihBiageh Hypicenduction

vifringebip RSBk A B T 0830l HELEL
ou%lgtt %coﬁéa'r ??g&%hﬁguﬁleqﬂ tﬁﬁ@ﬂﬂa &SR ib hsti®fi@ent potential

sequen e "appli ed feedback nechanismentirely
developed across R3 in order to operate transistor Q2.

The latch is set at application of voltage to input resistor R1, by providing
current to cause conduction of Q1 collector. The increased current resulting in
resistor R4 is then sufficient to allow operation of Q2. Current consequently
provided by Q2 collector, through series resistors R5 and R, is sufficient to
maintain operation of Q1 even after input voltage to R1 is removed.
Additional current provided by Q2 collector can flow through resistor R8 in

order to operate the load controlling power transistors.

The latch can be reset by the action of clamping the output to a voltage level
of less than approx. 1V, whereby diode D1 shunts a significant proportion of
the latching feedback current supplied by R5.
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renmoves gate drive - ceasing further transistor
conduction, whilst sinultaneously reseting the driver

wo 200¢k680The fol |l ow ng description applies in tPer/AHRI06/001883
hal f-cycle polarity where the load termnal is
positive with respect to the line termnal. The
primary function of main component el ements are first
summari sed. ¢ Capacitor O, in conjunction with

TRLG ta e, i.\(/)i r series elenents RO, R, D7, D8, D2 &

- el ops a reference voltage to be

In23PRIdREd h?aiﬁ@%@lthg@?blaﬁfty %ﬁlfﬁlz{cﬁzt, Bie EdrARRItAHON c&Htrob
g

Transi stor 4 act o shunt e drive supply of
cireuitapplissargative feddiByk linfitingeféhe abihimhedp@itive

reference voltage - mnus Q4 base-emtter, Dj .
condydtion velage shep BRPaMEas agkosh Sarsforviard diaseddead sgatrolling

rd conduction.volt . 1* Di od
MERT RIS THE s negr b sseda e R, mhiprebPisEabiny flow
: ( . I . i i
R P In AR ASter B ah ol cagibaiyg drage e bad
the dbddigekbhediangsalieamoi8ingly disdbldd? & b base-emtter
provi de an additional function of tenperature
conpensation for 4 baseenmitter, D6 anode-cat hode &D4

A f?%_%%lf—?s_i%l%“&ﬂ%gﬁtﬁ%ié?cﬁ?ﬂra’sﬁ%i%%%ﬁoﬁé%ﬁ&a&e
B e A e

vckl@elgifaqal@@pddr@@ the fertid bias@hiaslt @ntfAlihg MOBFET rsons
hal'f-cyCle polarity. « Resistor Rl 8 initiall

. . y . .
coponitates te aerce flonsequsrdly, dse appled tredbeck orechanispeentirely
removes gate drive - ceasing further transistor conduction, whilst

simultaneously reseting the driver latch.

The following description applies in the mains half-cycle polarity where the
load terminal is positive with respect to the line terminal. The primary
function of main component elements are first summarised.

¢ Capacitor C1, in conjunction with voltage divider series elements R10,
R11, D7, DS, D2 & Q5 base-emitter develops a reference voltage to be
applied to base input of comparator transistor Q4.

o Transistor Q4 acts to shunt gate drive supply of output transistor (Q8), if
the established C1 reference voltage - minus Q4 base-emitter, D6 anode-
cathode and D4 anode-cathode voltages, exceeds the forward conduction
voltage of Q8.

e Diode D4 serves to block high voltages appearing across the output
switching transistor Q8, from being directed to either D6 cathode or Q10

emitter.
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begi nni ng of the appropriate polarity mains voltage
hal f-cycle. « Resistor Rl 7 maintains bias current for

wW@OR00a068942 out put transi stor B has conmenced PCT/AU2006/001883

conduction. ¢ Resistor R20 is a danping elenent to

prevent parasitic oscillation of @B - resulting from
paral l el gate connection witsh that of (. < Additional
transistor QI is enployed to prevent the possibility

e Of1C 1,0 h ] | +30 .
CCICREHEKEC0 R 1034 Wi g1 90 10! ERSK, 50y et
VipRovigleQal ad @Ridnal Fuldtich dMATSLalire 8 m$EHE88ER for Q4 base-
approxi mately one volt in magnitude, such as may occur
asmitten M¥eauede eatbiodeidy bicanodertathade bpefatingatbltages.
s:R'%r_t -up.. This woul d ot herwi se, in the original

* cikegistar Bllaisgeddnd to dacilitaty) selestignt of magginght@l reference
v Iga e clanping, therefore current limting action of
&O ﬁg‘?'ng these events. + Additional diode D9 is

o PITRSRGstHR @eélbgq %F’EQ" th HisIb1EPelbEE it Egblﬁi%{n, v?epgllﬂﬁﬂgﬁg of C2

conduction o has priority e’con .

desferdrive o oifage ,efroﬁhhbéiﬁgh@&ﬁed it ottt 18hR45toR EFRLO ¥Ris

vol tage appearing across . * Resistor R23 is

r &xping balftqycle polaritbad current conponent magni tude
e-emtter during the condition

° gi?gvﬁ\f?{]oge@{]%ou' 4 ,ll}gvc}’ff@%a T @HEeI s tos s QP dRto pRiydiqtips at the

% ri .o Addi tignal pti.onal)
SO REBRY LS RELRS By el AL niRRy LY

o NRBEBIcH R hi¥iHESSs BRSI durieiit Y6} @gﬁt&no%élt%sti or Q8 has
stray parasitic capacitive coupling. - I't1ona
c apamdraed Gbniductionj unction with existing resistor R
9, delays operation of Q7 followi ng the |oad current

o ¢ BesistostR¥his demping whesment toqwievenepamabitisgescillatisar of Q8 -
ARG o PafAR B ool R BRI BT . "

* Additional transistor Q11 is employed to prevent the possibility of
conduction of transistor Q6 when voltage drop (negative) across reverse
conducting transistor Q9, Via associated intrinsic inverse diode, exceeds
approximately one volt in magnitude, such as may occur as a consequence
of high currents at lamp load start-up. This would otherwise, in the
original circuit arrangement presented, result in Q8 gate voltage
clamping, therefore current limiting action of Q8 during these events.

» Additional diode D9 is placed in series with Q6 emitter terminal, ensuring
conduction of Q11 has priority during the condition described above,
where there is sufficient negative voltage appearing across Q9.

* Resistor R23 is required to limit load current component magnitude
flowing through Q11 base-emitter during the condition described above,

where there is sufficient negative voltage appearing across Q9.
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next mains voltage half-cycle of opposite polarity.
This is of particular inportance for inductive |oad

wo ypesscsowhere the rate of reapplied vol tage i SPCT/AU2006/001883
relatively rapid and i nmedi ate operation of Q7 woul d
prematurely termnate the process of proper gate drive
cutoff of @B. At the start 1gf the nmins voltage
hal f-cycl e having positive polarity, resistor R18

o | Aiddiabhy ( gbﬁ%ﬁgl)%éﬁ%&ﬁﬁrm%%o% ﬂhgig% telrglélﬂa oges of

conauct1 on via res

vmmmgm@mc@w daznv@v@lt@ges&h@ag@ae & atrﬁ% ghmﬁnc

action ectively disabl es the feedback ani sm
fﬂ@pﬁd@i@‘vmgotaﬂpig ed to the reverse biased MOSFET Q@ for
t P rity mains voltage half-cycle, as indicated

. ag&sﬁé 101 C@Hﬁ%lt%%én e@mnlag@olh avith @yémg pesistor R19, delays

| GPE Bl QT R PR e Pe ffEnSimingiie ap Zuptest when a
f)f'}lltllv@ W%@tag eﬁ’l%ra{c&@ésl 9 eBaEYSSH (1\ﬂ1§ t %éf"é@:@ﬁc&ﬁhe

& Wth rlver [atch 1 nithal

shaXtanah@S%EIE%’e Hab-&ffe ghd (vsﬂet}&tgen Tﬂlﬁé it GRpaatibeiak
zero volt | evel. Conse t he base col | ector
i HﬁEPﬁéﬂC%ﬁortméH@m%q %@rpﬁfs Wheradhel rafe of egapplinil voltage is

€ acl oSS 0..6V.

RIS B R e SR e powIR Erﬁgq@tea%lyon
an
ggeﬁgggﬁtg\r??b ﬁ oad S% %rf &)E%pé{c%ﬁ g nggﬁt@ﬁ@on zero gate

voI tage renoves the forward bias condition of 4
se-col | ector junction, so that clanping of C

At ¢ staghelthganeings 0&‘@8@ dalf-qygle hawing positivecpalarityR reyistor
R Rl sk SR er?cﬁﬁeﬁtocvsﬁ%aﬁgfagﬁ&@ﬁ%m to
resﬁef’c@r RYM @fe l@a a?a@ftoxv ﬁﬁ%ﬁs&%‘%&?& k0485 Rason

&O7 ano e cat ['tages. e resu

effea:mteﬂ}a disaBlesithe Iﬁ@dt%xf:k Re¢RANKkeh FREE baRiy a\ﬁﬂlécpt(ﬁfhe%ﬁﬁse
ensures that 4 collector conduction initially
biased MOSFET Q9 for this polarity mains voltage half-cycle, as indicated

above.

In this mains voltage half-cycle polarity, resistor R19 cannot supply current
for biasing Q7 into conduction, thus reference voltage capacitor C1 is allowed
to be partially charged via resistors R10 & R11. With the driver latch initially
in the reset state, MOSFETs” Q8 & Q9 gate voltage is held at a near zero volt
level. Consequently, the base-collector junction of transistor Q4 is forward

biased, and acts to clamp reference voltage across C1 at approx. 0.6V.

Triggering of the driver latch results in application of gate voltage to the
transistors Q8 & Q9 and consequent load current conduction. The non-zero
gate voltage removes the forward bias condition of Q4 base-collector junction,

so that clamping of C1 reference voltage ceases. Current supplied via R10 &
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i ncreases in an exponentially decreasing rate of rise,
that is, the feedback nmechanismis gradually

WO paoroeieeed. The time constant associ ated w t hP€ChaDgiongo1883
of reference voltage across C is selected to be
greater than the turn-on transition tinme of the output
transistor 8. This is necegsary so that the negative
feedback limting process can be applied in a gradual

Rflaﬁiéh%uséé"&@rr@f’err?lﬁ(%h@é’lﬂ o%c%gs(@i'fé J.fn%pea% it h5Rar I11'%1ear

changes 1 n rate-o ang out pu ransi stor voltiage

fashien, toea|leviebdqiialrto h& RO S baQTPRNesH woltdges b&xidd diBdds
functions to maintain base current drive to @, which

D3 dg &SI_)V @nl@dewﬂpldee‘{bltgge&l?h@msnltmglcbmml@d riﬁin@‘eference‘
v fAes AR b bt ie s CHcollgpiaean B Aps Htially
. . f . . on: | . i t.ude,
S e e

médghisihii9 BradldIRdatiodeednegl i gi bl e is countered by
conducti on of - acting tolimt (B gate drive

vol tage. The m ni num conducti on voltage of B is thus
controlled to a | evel of approx. 0.6V, determ ned by
The tipgreepgised assnciated withhehargms of seferency veliage apss & is

t de- cat hode. vqglta . At _load .

seliSlo D Bitali Al ORGSRt WG 8 e Qe Hansistor
Q& UTHiE B nérdBRlry sbWatBeFRbAtib 8 Peddbabld GibtifthD PHr6B&EIEn be

stored in B input capacitance, to the |oWwer potentia
apppiedaniangyadiial¥ashivag int erderrtalavokhirgr@dudtion of step changes in

si mul t aneously renovesgate drive from and resets
ratenel-ghange Qfiqujpnt transisteavotigge apmseq qainimum EMI
Coconduci,'ti on imedi ately follow ng current conmutation.

E}Pg‘{ﬂe& %0 shows a nodification of the circuit of

Figure 9, in which Iike elenments are accordingly

| abel | ed.
Resistor R17 functions to maintain base current drive to Q5, which ceases to

be supplied by R18 upon conduction of Q8.

Q8, being a MOSFET, its associated conduction voltage prior to load half-
cycle current commutation is normally a direct function of load current
magnitude. At smaller loads however, the tendency for Q8 conduction
voltage to be negligible is countered by conduction of Q4 - acting to limit Q8
gate drive voltage. The minimum conduction voltage of Q8 is thus controlled
to a level of approx. 0.6V, determined by C1 reference voltage minus the sum

of Q4 base-emitter voltage and D6 & D4 anode-cathode voltages.

At load half-cycle current commutation, Q4 diverts total current supply for
Q8 gate input, including charge stored in Q8 input capacitance, to the lower

potential appearing at Q8 load terminal. This action simultaneously removes
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The changes between the circuits of Figure 10 and
Figure 9 are sunmari sed bel ow. ¢ R18 connection

we bangest4f rom D4 cat hode to D4 anode. ¢ R18 vaPCBEAU2006/001883
changed fromIMto 180K ¢« C3 connection changed from
(b base to D4 anode. * R26 added from 15V rail to D4
anode. ¢ R24 deleted. « RII18val ue changed fromIMo
OW hence renoved. ¢ R13 val ue changed from 470K to

: 470 Ko BRI
R G e e e
condlittigos hangetafelp falldv g k8@tert cohianaRet | on changed

from Q7 base to D5 anode. ¢ R27 added from 15V rail to
D5 anode. « R25 deleted. ¢« R14 value changed fromIMo

.0 d. <« R al.ue changed from 470K to
FiggBiod LoTREs § O EHiR B GBI 0R T dikpes
eléﬂeﬁs%éabé&ﬁﬁ’s&qgﬁ&‘&? appeari ng across the out put

switchin ran tor “frombeing directed to
conmponents D6, QO R26, C3 and R18. Resistors R26 and
R18 initially provide current to bias @ into
Themhdnges betvetenbtbgiaeisity o6 Figapp 6 pnidefigupoy aré symmgirised
ol tage half-cycle. D ode D5 anode isheld at a
bel\;ﬁl"enti al slightly below zero volts for the mains

« VSR SRR g e pERAL o oS stors
¢ R18 value changed from 1M to 180K

e (3 connection changed from Q5 base to D4 anode.

s R26 added from 15V rail to D4 anode.

o R24 deleted.

e R11 value changed from 1M to 0Q , hence removed.

e R13 value changed from 470K to 680K

e R16 value changed from 470K to 220K

e R19 connection changed from D5 cathode to D5 anode.
¢ R19 value changed from 1M to 180K

e C4 connection changed from Q7 base to D5 anode.

e R27 added from 15V rail to D5 anode.

e R25 deleted.

e R14 value changed from 1M to 0Q , hence removed.

e R10 value changed from 470K to 680K

e R17 value changed from 47 0K to 220K

D4 serves to block high voltages appearing across the output switching
transistor Q8 from being directed to components D6, Q10, R26, C3 and R18.
Resistors R26 and R18 initially provide current to bias Q5 into conduction at

beginning of appropriate polarity mains voltage half-cycle. Diode D5 anode is
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to transistor Q7. Capacitor C4 in conjunction wth
resistor R27, del ays operation of Q7 follow ng the

wo o@d/0esosr ent conmut ati on process, when a posikPCWAU2006/001883

vol t age appears across @ corresponding to the
presence of the next mains voltage half-cycle of
opposite polarity. This is of particular inportance
for inductive |oad types, where the rate of reapplied

é@ %ﬁa&t&uaﬁl ig, ly?lo%p &&o%? sl OBk 3 §inQR% ({l%trggg%\rlfzéycle

rema ermnate process

p@ﬁfrﬁydﬂ‘ldéeﬁ)fe%ﬁﬁﬁ %s%rs A7t hel Rﬂarfiorﬁfsd}ﬁﬁyﬁ@ Bi8s current
a

vol.tage hal f-cycl e havi ng positive polarity, resistors
taR2farsidoR1Y.i Qapacitély (i as donpnetionowitb iresistor R27, delays

coIIector conduction, holding reference voltage
opassion: of QD felipwing &mé@fgﬂe@uéﬁeaf Sommptation papcess, when a

effect] eI di sabl es t hefeedba chani smfromb
PR ol Bt Ao ok DR G PRl e R R et
rﬂ;ﬁhsquR& h&])f—cgglen@f ?}g})dsﬁg?(ﬂé’tjl TY&‘J B of rh@ﬁila? &hfgfdrtance
above. the I ns | tage hal f-cycle p arity,
fore mdiic(lee Rbadcapest wiuppl the crate ef treﬁpphedismi’@g@hsl rdlatively
conduction due to the | ow potential at di ode D5 anode,
rapids andf isnmediato oppergionapa &t growdl psemairely tpaninate the

viar tor R {i,h the driver |atch
PFOERT 8 PP et SEtal al Dt he povier 1 ransi stor G8
& P gate voltage is held at a near zero volt |evel.
Consequently, the base-collector junction of

Atrthestat of K¢t nidnd oolage hhifageld, havidg poisitivieopelagitp resistors
reference voltage across O at approx. 0.6V. The

RQé reich @38 ipftialle bias bnainsistpeat mat,o aollgetor rdopdactian, holding

refeudiedaage ST ER GO o1 Herirird SEitgn hic agHon clfectively
d?s%%?e@t ﬁgeﬁcéea{)aélb hfedABRfnt il '?etul?é’ %p?)fheaef Ot fdiile biased

power tran51stor Q9 for this polarity mains voltage half-cycle, as indicated
above. In the mains voltage half-cycle polarity, resistor R19 cannot supply
current fr biasing Q7 into conduction due to the low potential at diode D5
anode, thus refernece voltage capacitor C1 is free to be charged via resistor

R10.

With the driver latch initially in the reset state, the power transistor Q8 & Q9
gate voltage is held at a near zero volt level. Consequently, the base-collector
junction of transistor Q4 is forward biased, and acts to clamp reference
voltage across C1 at approx. 0.6V. The remainder of the circuit operates as

described in relation to Figure 9.

In two-wire leading edge MOSFET based dimmer applications there are
significant advantages of this precision method of zero current crossing

detection arrangement. A much greater margin of stability, when controlling



10

15

20

25

detection arrangenent. A nuch greater margin of

stability, when controllinginductive loads, in terns
w@boohabdo4zycl e symmetry is achi eved. For exanpP@l/AU2006/001883

hi ghly inductive neon transforner |oads can be di nmed

down to extrenely | ow brightness |evels, wthout any

flickering effects. Operatppn wll remain conpletely

symetrical with typical |ow voltage lighting

indye B8 AT e TR LB ERRREDY i AR A P e

highgf HRIudtRE B! trAEImé RAGS e4iBE HimmdcloWame exereynely
Il ow primary wi nding resistance conbi ned with hi

h

lowpbiightryess teledd, avideowtrahyt fiekefing effectw @pewdiont Wﬂ?remain

magnetising current, only a relative _IOMIn?gnitude
comgpletyly synrasiricabmidnsmicadgwdalegs 6185%@8 HHSIQEREISSYSP
£ becorrea uql{}og:j?ed. tdvvi | I be[ appr eci ated that the
altefiRecanealy 1988 PeERIVEY FHEETRFY R ef erence to a

particul ar enbodi rent however, many vari ations and

nodi fi cati ons may be nade within the scope of the
It Ipfselscnt démvastrated. thht evenh widh $orgbe taroittal aoeer transformers,

t hroughout this specification, unless the caontext i
whichyhaves verhdow serimare windisg' segrnese cogpRined npyithydigh

.and vari ations h as 'conprising;_and '.includng
prigpe B s S b re R R i L6 gy o
relémé;‘lgelémp ha%n‘?’éfﬁleo{)f prt ‘égﬁreﬁ¥ Py JoRknt B@a_f&@{/é‘l% owheh the

any other 'Integer or group of Integers. The reference
seco@dany befdrés @floatledt hi s specification is not, and

shoul'd not be taken as, an acknow edgenent or any form
of suggestion that such prior art fornms part of the

' k . THE, CLALMS 1. ‘A hod of
GRS e el LI S8 T, ALIE b A TELIRIAL o
parcntgctm% déellmn)%ﬁﬁﬁl&%}]ﬂgﬁ@gfz\%@%’%y?hri%%@%ﬂ%@@ﬁﬁ%ﬁ%% mdyBe
made within the scope of the present invention.

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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switching power to the load with a switch, wherein the
swtch is caused to operate at the threshold of

wa@ atoanesoson duri ng a conduction state such thaPCT/AB2006/001883
switch self commutates to its off state when the
magni t ude of the current through the load is
substantially zero. 2. A netXlod as clained in claim1l
wherein the switch is a MOSFET (Metal -

THEX (dexRgei conductor Fiel d-Effect Transistor) . 3. A
method as clained in claim2 wherein the MOSFET is

1. Aanetibd of aptrelting dhe HbkvélIEPrabd 1fvisah\eudidn® GoRponent
controlling a biasing voltage applied to the sw tch.

to 3 logd havingrmindsictivenedmipenehnsithe Snathed éncludive selectivedy
oltage is controlled, conparing a vol tage across
Swzll‘ﬁb Wer {o e I9arl gy éﬁ&\@%}oﬁ}sﬁg@% S&a? g cAgsacht®
i Asl . cause i he. EET t
opYe b B L RS RSB RGRERutR hat e
sw¥ehtsalfeoathatses heitdbBEEke Mérﬁﬂf&%@%ﬁi&@&e bERHRS &t

voltage. 5. A nethod as clained in ctfaim3 whereln the
thrigughi thg load issgydstantmllyusted to zero upon the MOSFET

sel f-commutating to the non-conducting state. 6. A

method as clainmed in claim4 wherein the value of the

2. 52%@1&1%@1%% AL A96 LiSinh 15k %%ﬁfﬁ&%ﬁﬁ@@w&%gmml—

erence vol tage exponen

Oﬁ@élséﬂﬁédﬂ@&@ﬁFi@Ri-Eff@éMﬁBsﬁﬁyiﬁf having a current
conmponent to a | oad having an i1 hductive conponent, the

circuit conprising a swtch anda swtch control neans

éor ausi n% the switch to operate at the threshold of
3. A apethed; asrlzigreda daige R dvlaetednthe MQSHHICIs cahsed tcheperate
i tates.to its off. stafe when the magni.tud
at S FAORITAAERiG by Lo bt £ hRe e thlintepbilied to the
swabhcuit as clainmed in claim7 wherein the switch is a
MOSFET ( Met al -

4. A method as claimed in claim 3 wherein the biasing voltage is controlled by
comparing a voltage across the MOSFET with a reference voltage and
adjusting the biasing voltage to a level to cause the MOSFET to operate at the
threshold of saturation when the voltage across the MOSFET falls below the

reference voltage.

5. A method as claimed in claim 3 wherein the biasing voltage is adjusted to

zero upon the MOSFET self-commutating to the non-conducting state.

6. A method as claimed in claim 4 wherein the value of the reference voltage

is increased up to a maximum reference voltage exponentially.

7. A circuit for controlling the delivery of power having a current component

to a load having an inductive component, the circuit comprising a switch and
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Oxi de- Sem conductor Field-Effect Transistor). 9. A
circuit as clained in claim8 wherein the switch

WwW@omroeio4eans is a conparator for conparing aP@DAU2Y6/001883

across the MOSFET with a reference voltage, to contro
a biasing voltage of the MOSFET. 10. A circuit as
clainmed in claim9 wherein 2he conparator is a

transi stor having the voltage across the MOSFET

BP0 AL ST 5B AL g

satirafish $h@ing 4 tonduétidit state Akhahat RGWiclEtathMdiBtes to its
wherein the transistor is an npn bipolar transistor

ofbstdtet when dhe anpgniigidepyfl the doadoctamerinis stibstahéialty mato. of
the npn bipolar transistor. 12. A circuit as clained
in claim9 wherein the reference voltage is produced

. ' : ' Q. a ' val r.ovi de
8. RciferERE G Bl Pty B PR 15 BFobREEI Bl
OMBelRntiféndBetbFBBId HERt Tishsidhodi Mer circuit for
controlling the delivery of power having a current
conmponent to a | oad having an inductive conponent,
wherein the dimyer circuit conprises the circuit
9. & firvieaedlpinped i elaimdowherein e switch genppbawans is a
' ign, 14. A neth f det ' d. t
col ARl B0 T HIPAFE UK COvp S GO OaT G AelFReh
r : tion during a
e e S T et R
self-commutate to the off state when the | oad current

reaches zero crossing. 15. A circuit for detecting a
10} Herdrcuifrasethainmed & elans 9 wihereiththecgampatater isarigenststor

hac\:f‘i)nrg){t{esxl*oqgc{ge across the MOSFET applied to a first terminal of the
transistor, and the reference voltage applied to a base terminal of the

transistor.

11. A circuit as claimed in claim 10 wherein the transistor is an npn bipolar
transistor and the voltage is applied to an emitter terminal of the npn bipolar

transistor.

12. A circuit as claimed in claim 9 wherein the reference voltage is produced
by a capacitor charging to a maximum value to provide an inverse

exponential rise in the reference voltage up to the maximum value.

13. A dimmer circuit for controlling the delivery of power having a current
component to a load having an inductive component, wherein the dimmer
circuit comprises the circuit arrangement of the second aspect of the present

invention.



a swtch having an on state, an off state and a
saturation state; and a switch control neans for

W@ 2003/068941 he switch to operate at a threshol d BET/AU006/001883
saturation state during the on state so as to
self-comutate into the of fstate when the | oad current
reaches zero crossing. 23

14. A method of detecting a load current zero crossing, the method

comprising causing a switch to operate at the threshold of saturation during a

conduction state such that the switch will self-commutate to the off state

when the load current reaches zero crossing.

15. A circuit for detecting a load current zero crossing, the circuit arrangement
comprising:
a switch having an on state, an off state and a saturation state; and
a switch control means for caqsing the switch to operate at a threshold
10  of its saturation state during the on state so as to self-commutate into the off-

state when the load current reaches zero crossing.



