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| MBALANCE PROTECTI ON TECHNI CAL FI ELD This invention relates to circuit

ar r angenmewosfosrmezontrol i ng the power provided to 'a | o&dTaxm3i0866
particular, to dimer circuits for controlling, for exanple, the lumnnosity
of a light or the speed of a fan. BACKGROUND TO THE | NVENTI ON Di mrer
circuits are used to control the power provided to a |oad such as a |ight
or electric notor froma power source such as mains. Such circuits often
use a technique referred to as phase gontrolled dinmng. This allows power
provided to the load to be controlled by varying the amount of time that a

aiven cycl e. - For SNSRI MR ROSH P BEMAEDAR. Ce 20 "oe
represented by a sine wave,INIBALARKCE PROPEMEIQONS Pprovided to the l'oad if

the switch connecting the load'. to the power source is on at all "tines.
In this way the, the total energy of the power source is transferred to

t he | oad t ' is turned off for a portion of each cycle (both
positiyeTgkg__nﬂttgpa‘{z&'@@;ﬂ,a then a proportional anount of the sine wave 'i_'lS'
ef f ect | vl inBh:PEISEOM il Dfthgehliif: HF IR Aink B. BYRLASREAG! BY,

provided to the 1load. For .exanple, e s n N and of f hal f
way t hr olgdd @atin partitelar, b eimesl virbaikS fop tofithellipger exdmplepthdltinaadgey ed to
the | oad. Because these types of <circuits are often used with resistive

| oads an@fﬁélﬁhtﬁﬂﬁ'@tspﬁﬁipf\;@ﬁm- the effect of repeatedly switching oen and
off power will not be noticeable as the resistive |load has.. an inherent
inertia to it. The overall effect will be, for exanple in the case of a

i ght, apaAReGROEIT O ILaCHNO JFIF@ ting in the controt of the lumnosity
of the light. This technique w!l e well understood by the person skilled
in the ai¥nuiid GR0OAEI6H-RE oS 1hE Pobrer 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 times, 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 gine wave is
effectively isolated from the load, thus reducing the average energy provided to the
load. For example, if the switch is turned on and off half way through each cycle,

then only half of the power will be transferred to the load. Because these types of
circuits are often used with resistive loads and not inductive loads, the effect of
repeatedly switching on and off power will not be noticeable as the resistive load has.
an inherent inertia to it. The overall effect will be, for example in the case of a light, a
smooth dimnming action resulting in the control of the luminosity of the light. This
technique will be well understood by the person skilled in the art.



2 A power sem conductor in the formof a triac is typically the principa

|l oad controlling device in phase control dinmm ng applications. Such a

devi ce ofweres/osmdyant ages of relatively | ow conduction | opseFsaAtangodss gh
robust ness, but has the disadvantage of operating sensitivity to | oad
type. Wen controlling magnetically saturable inductive | oad types

I ncluding electric fan notors and particularly iron core transforner based
| ow voltage lighting, asymetrical dimrer conduction may result. Wth
these | oad types triac latching into $he conducting state may occur only
in one half cycle polarity due to the presence of magnetic asymetry in

t he | oad. th | £l MeNG rad | w sustai ned as
the asy Wgr #“gomgpcg?falﬁ ﬁ%n Q” ggg’léahyﬂélg %@?‘?g? ie(’g.yl A severe
reduct i Oﬂoﬁﬂi‘oﬂlﬁ @ebﬁ@%‘i?ﬁﬂé\eecoh%l aﬂﬁﬂmg hpsliationf Ohadhi4 devieselids in a
correspondi ng hrgh | evel DC current conponent. This can rapidly lead teo

over heat adgarniﬁgmcpfrra}aylvahyridwn:gmdu{:ﬂmmk)smsamdflnghmbusm,ﬁﬁ&rt&ttIhil?s th#i mer units
spemﬂe% use th inductiye Ionwg qu U|re the use of very sensitive
nmacs so CH V%‘Wég? ePSrAEBE Sesd P4 B operation i s reduced. .
Sensitive triacs axe conparatively | ess robust and therefore not as .
suitable for wuniversal dinmm ng applications. It is therefore.an object of

t he presw&&eﬂéwmm?n{agn nafbRlih@ndiilval fRleh attladide chpet fhus for
addressing | oad i nbal anCe congqﬁl ons SUWARY O % IN\/ENTFO\I Accor.ding to
a first azmie&tawparhelﬂpﬂysmncammﬁoumrbmdéowsrqﬂlagehgbﬁn@ prot ecti on
circuit for prote tlng a dinmer circuit C&Q@ﬂﬁgﬁs E‘?B@fn |nduct|v Ioad th

pr ot ect | GRYIEISECH n?émvaqhwg*wﬂéﬁay FasHlta s dqast typgs tripcla

asymTetrl for cau3| ng
t he di m’réri’%éhggﬁlcgktﬁ%% E'ro% H&% %3%8%}‘%%&&? on J?dttlﬁgsgg%/mtrl cal
oper at i OpreMRHO] BRI ﬁ%ﬁﬁ&ﬂ@@@@a& Onice this condition has commenced, it

is generally sustained as the asymunetric load impedance condition becomes

exacerbated, A severe reduction in load inductance for one half cycle polarity resulis -
in a corresponding high level DC current component. This can rapidly lead to

overheating of primary windings of the transformer.

Generally, dimmer units specified for use with inductive loads require the use of
very sensitive triacs so that the likelihood of asymmetrical operation is reduced.
Sensitive triacs are comparatively less robust and therefore not as suitable for

 universal dimming applications.

It is therefore an object of the present invention to provide an alternative method and

apparatus for addressing load imbalance conditions

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, there is provided a protection
circuit for protecting a dimmer circuit controlling an inductive load, the protection -
direuits indluding: an imbalance detector for detecting an asymmetrical operation in
the load; and circuit shut-off means for causing the dimmer circuit to stop operating

upon detection of the asymmetrical operation.



3 According to a second aspect of the present invention, there is provided
a |load inbalance detector for use in a dimrer circuit controlling an

i nduct i vewbDma®$1962 ncl udi ng: a | oad DC conponent detector PaTHdi0800366 DC
conponent in the load; a conparator for conparing a magnitude of the DC
conponent detected by the |load DC conponent detector with a reference

vol tage; and a signal generating neans for generating a circuit shut-down
signal if the DC conponent exceeds a pre-set DC voltage threshold above
the referenced voltage. Preferably, the |oad DC conponent detector detects
a DC sub- conponent in a positive cycle and detects a DC sub-conponent in a

negati ve ,cyc d V\her t s the
i 71 er e peleBre o apatef e TR b BEnc i nFOPRRE kd By | ™ e
| oad DC ﬁ%ﬂaﬁ@@aet@&bﬁfdr%e kg ey @u&'nf §c§nﬁ?<§l§h§bﬁfin&mdﬁv‘é%a& hain for
detecting said DC sub-conponent in. the positive cycle and a Second

resi st or intiwdidgr a leddDE dosapatentdetenigr sadeteBG Blizoogrpentin theilpad;ahe
negative cycle and wherein a divider junction of the fjrst, .ch
connect e@URFaEtes pogqpa@ngﬁrgagtgggi c‘}ﬁ e tgeompenapt detect eﬁlrjfﬁf"%ﬁﬁ 453]? t he

second c ' . age .
soross whefPelR HEeLS ﬁﬁ%ﬁ?@ﬁ%@ga’@t@iﬁ%&%@%ﬂ RakkAhg papt B T0° 1
conpar at génmaﬁhgde,&cﬁltfshﬁﬁaoﬂﬂ&gﬂaammmc brivght ek@eaga presstCt ed to
said fir side of said capacitor and its emtter connected to said second
si de of saltdge Gapsdwid abo eaefsmﬁﬁvphmﬂranm stor having its base
connected to said second side. of said capacitor and its emtter

connect ed to sald first side of said capaci tor, and each respective

col | ect o,

Al ternatlv glo%%a anc gteigt{:ctl%?& e;&éetgﬁgamg?% ereg’grl ?\?\leen t he
conduct i mmercydd affl detarses DO stb-paspdricne irba degai@ta dmﬂmrher;anrlmd
Preferably, the inbal ance detector w| | ister a | oad inbalance.if the
di f f er enceagiétudedd thPCoompanent izdhe gif maﬂgwsweelh ﬁ%ﬂﬁaﬁc les

exceeds a ereset t hr eshol d.
componexits.

Preferably, the load DC component detector includes a first resistor divider chiain for
detecting said DC sub-component in the positive cycle and a second resistor divider
chain for detecting said DC sub-component in the negative cycle and wherein a
divider junction of the first chain is cormected to a first side of a capacitor and a
divider junction of the second chain is connected to a second side of the capacitor, a

voltage across which provides said magnitude of the DC component. .

Preferably, the comparator includes a first pnp transistor having its base connected to
said first side of said capacitor and its emitter connected to said second side of said
capacitor and a second pnp transistor having its base connected fo said gecond side -
of said capacitor and its emitter connected to said first side of said capacitor and each -

respective collector connected to an input of said signal generating means.

Alternatively, the imbalance detector detects a difference between the conduction
period of consecutive positive and negative half cycles, Preferably, the imbalance

" detector will register a load imbalance if the difference between the consecutive
positive and negative half cycles exceeds a preset threshold.



WO 03/ 081962 PCT/ AU03/ 00366 4 Preferably, the circuit control neans causes
the dimrer circuit to shut, down. Optionally, the circuit control neans
causes thwodBs®s2circuit to reduce a conduction angl e ofeCrhaodiooaser
circuit to a point where the DC conponent reduces to below a preset

t hreshol d. The invention therefore elimnates the need for traditional

nmet hods of attenpting to reduce the |ikelihood of |oad inbal ance using .
expensi ve conponents. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows a
first enbodi ment of the dimrer circuitgof the present invention; Figure 2
shows an alternative arrangenent of the triac control circuit portion of

Fi gure- 1 Ei e..3 sh a.current switgh control. circuit Il ch may be used
as an al F]éqfﬁ%ﬁyvgm%&v%gn\i}%h‘% sgwsf:%ﬁ‘eco .lrl(flm(??‘irtéglg%m% lgures 1 and
2; Figure 4 shows a sinplified block diagramof the circuit of Figure 1;

and Figure 5 shows an alternative arrangenent for the inpedance | oad
i mbal anc@ptigealy, tthe cipouit canirad imdtingraeses thBTnpEoroESORedTranN OF THE

PREFERRED QDI VE referred, circuit design of 2-wire, |eading edge
phase coff cfmneﬁg{rw@rﬁﬁﬁmgﬂm%weww& "eﬁ" _§H’6W‘Fﬂ”l”"_ te 1.. The
desi gn sp&w?méﬂeg&rtﬁf%}‘éﬁ( particularly effective in that it is

el ectromagnéti c conpa EM conpliant). This refers to the anount of
el ectromagnetic interference (EM) that is generated by the circuit. The
amount of radiation generated by di nm ngd)ci rcuits due to the high frequency
swi t chi nFheinvenéonithewfdre elintisates the need dvairatitiona veibieds of semptings? not
exceed the, regulated |level of EM. The circuit design of figure 1 controls
t he IeveFe%%Celﬁ%ﬁi’-g’éﬁ‘@Pétcgg" 1 aqlqertgg}&e)%easwggrgwgn%tﬁt rol of the rate

of rise of load voltage at each amain half cycle. A power

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a first emibodiment of the dimumer circuit of the present invention;
Figure 2 shows an alternative arrangement of the triac control circuit portion of
Figure1; |

Figure 3 shows a current switch control circuit which may be used as an alternative |
to the voltage switch control circuit of Figures 1 and 2; |

Figute 4 shows a simplified block diagram of the circuit of Figure 1; and

Figure 5 shows an alternative arrangement for the impedance load imbalance.

detector portion of Figure 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred circuit design of a 2-wire, leading edge phase control light dimmer/fan
speed cortroller is shown in figure 1. The design shown in figure 1 is particularly
effective in that it is electromagnetic compatible (EMI compliant). This refers to the
amoumt of électroma@etic interference (BMY) that is generated by the circuit, The
amount of radiation generated by dimming circuits due to the high frequency
awitching of the cireuit is heavily regulated and such circuits must not exceed the .
regulated level of EMI, ' .
The ciretit design of figure 1 controls the level of EMI generated by the drcuit via
active control of the rate of rise of load voltage at each main half cycle. A power
smﬁconductor in the form of an IGBT is used for this function. The IGBT and



sem conductor in the formof an IGBT is used for this function. The 1G 3T
and WD 03/081962 PCT/ AU03/ 00366 5 associated drive control circuitry is
connect edwD®3k®61 C si de of a diode bridge to allow cont rpall/Axfo3peadéariti es
of mains voltage. A power triac is used to handle the |oad current once
the 1 GBT has perfornmed the required slow swi tching function. This reduces
power dissipation to a mnimum since it has an on-state voltage | ower than
that of the |1 GBT/bridge conduction voltage. The I GBT circuit of figure I

can be separated into the follow ng blgcks: - |ow voltage DC power rail -
mai n vol tage zero cross detector power up drive inhibit control tining -
| GBT gat ggssHcit&1 BRve gu_tya]ﬂ(jﬁT ejurn | mai ns

via the |oad, ai&}ﬁeacﬁo{ﬁu@?l Qo ng&% t | nefdeecffl gﬁ&%&’ﬁ %éfUé‘B -

oper at|omﬂowm&@é&fpolanhwmmaﬁﬁlvﬁtagam tage appears across the dimrer.
Overal |l current consunption is |ong enough to allow the use of a '
relatively |ow dissipation reS|st|ve chain provided by RlL., R2, R4 and R5.

eﬁfﬁmﬁél BRBPBREA B todumsihf frgload Sindentiores fia REFY bi ‘?’F?W&‘ Bod, lvﬂ h
rel ati velyditu sbWRRHR N ARRon EIRESHEHPBL NP BRlioh o by vol tage

regul ati ng zener di ode e resu om na ‘power ..rail of

15 vol t s sirEaiishasrancorgsarntoltage dwalethah kst od the/ IGBBORid¥e deadertisrai | bl ock .
referred to above. The mains voltage zero cross detector resets the control
timng civeoliage. (described in nore detail below) in each, half cycle after
| oad current conmences. Tiwng is allowed to start again mhen mai ns
vol t age reappears across the circuit in the

The IGBT circuit of figure 1 can be separated into the following blocks:
- low voltage DC power rail
- main voltage zero cross detector
- power up drive inhibit
- control timing
- IGBT gate drive

Power for the IGBT confrol circuit is derived from mains via the load, in eachi half
cycle during the time period before IGBT operation commences, ie. while mains | |
voltage appeats across the dimmer. Overall current consumption js long enéugh to
allow the use of a relatively low dissipation resistive chain provided by R1,R2, R4
and R5. A smoothing capacitor, C9 stores enough charge provided at the start of each
half cycle fo provide circuit current for the remaining period, with relatively low
ripple voltage, Excess supply current is shunted by voltage regulating zener diode
DZ1 with the resultant of nominal DC power rail of 15 volté. This arrangement

provides the low voltage DC power rail block referred to above.

The mains voltage zero cross detector resets the control Himing circuit (described in
more detail below) in each half cycle after load current commences. Timing is
allowed to start again when mains voltage reappears across the circuit in the

following half cycle. For resistive loads this will correspond to mains voltage zero



followi ng half cycle. For resistive
vol tage zero WD 03/081962 PCT/ AU0O3/ 00
however, Whios/080962 esponds to | oad cur
| at er than mains voltage zero crossin
connected to the DC rail, has its bas
droppi ng resistor chain described abo
whenever the voltage across the di me
vol tage. Conversely, when mains volta
transistor 2 base emtter junction
col l ector_fr.om.pulling.up. rin
Che Do r orsippatadoeodinelloads M
timng c | ' I

g a%@_ﬁhng,%lﬁﬁ SR Gabp %&iﬂ?r ha

driven by linrting resistor
bypassed resi stor

t
n

has base-en-titter

| i stor Ql2,
3 %ﬁ%&@ bRl

oads this wll correspond to mains
366 6 crossing. For inductive | oads
rent zero crossing, PeRIAIN30CTGHr S
g. Transistor @2 with its emtter
e driven by the power supply voltage
ve. The collector pulls "sync" high
r circuit is belowthe DC rail
exi sts across the dimrer circuit,

i's reverse biased, preventing the
Ls tine s I urrent is delivered

ﬁ?ﬁﬁ@°ﬁﬁﬁ%§é@§Fuﬁ?n #&°control | ed
whi ch i.s
@. Transistor QL2

C6 to reduce off

to

S " out put “of
R22 and capacitor

state | eakage

and t

The, function, of the_ power-up

enhance EFT inpunity. Th C
drive i nhFasisiston (§& pi 'fﬁmﬁﬁﬁicﬁmﬁ‘%&&b@iﬁﬁhh@?ﬁ% ase qivmdy ®¥r cuit for

the first few main_half gycles at. [ U ; 2 ing the
control ¥ P%%%%&gggﬂ?%? S@Péﬁ%ife&sg‘g‘%ﬂ g%#ﬁb%ﬁgﬂeg%éé@?%%ﬁgﬁfenabl e -
correct ORALALiSwAEndRR ROVt Sletcko B @RnDEE civhieh beRiv 8% DO 8
establishéd DC ~voltage reference to function. A small capacitor C1,. .

ef f ect i veblagroQioavemely; whichendiis voltagd exighs avosbdbe dimmer eirbui tsargistoe D3 t o
drive discharge transistor, QL2 durjng, the period IJe the rgil is rising
at povverQ?B’.aS‘BPWdBn‘Eﬂ%H’é TEEETPe %ﬁ%?r@mwgmﬂ%c%ﬂ‘iWPVMYp'once a

her oo« PSP B PR GURAR e SRR |,
timng block 15 use

provi di ngigdeddgscharge path at power off. The control
to provide the dimrer circuit with Imunity to

Reset of the controlled timing capacitor C7 is performed by discharge transistor Q12,
which is driven by limiting resistor R21 from “sync” output of Q2. Transistor Q12
has base-emitter bypassed resistor R22 and capacitor C6 to reduce off-state leakage

and to enhance EFT immunity.

The function of the power-up drive inhibit block is to inthibit the operation of the -
dimmer cireuit for the first few main half cycles at power-up by temporarily by-
passing the control timing capacitor C7 charging current, This is required to enable .
correct operation of the soft-start mechanism, which relies on an established DC
voltage reference to function. A small capacitor C1, effectively connected to the DC.
rail, provides a current via diode D3 to dxive discharge transistor Q12 during the
period while the rail is rising at power-up. Blocking diode D3 isolates C1 from Q12
drive circuit once C1 has become compleiely charged after the power-up event.
Resistor R8 thereafter serves to hold Cl in the fully charged state, in addition to
providing a discharge path at power off. '

The conirol timing block is used to provide the dimmer circuit with immunity to

mains voltage ripple injection.



mai ns vol tage ripple injection. WO 03/081962 PCT/ AUO3/ 00366 7 At the start
of each mains half cycle, tuning capacitor C7 charges via nuMi | oad

t hrough cworoaf8196t m ting resistors R6 and R7. A referencePCalAtag00366
determ ned by zener diode DZ4, sourced by resistor R39, is used as a
charge threshold level for termnating the timng process. The voltage on
the positive side of C7 nust always reach a |evel of approximately two

di ode drops above this reference level, as determ ned by series connected
di ode 175 and transistor 4, in order o initiate |GBT operation. At the
pre-defined threshold voltage, the timng capacitor charging current is

di verted t | r:rgﬁlia. Fes gL -rol stage.
Adj ust ne%t&oefsl&%gﬁ{?o Il ?1‘8“ ggg?'e 'S ﬁ??@f?g@%%awga“ a {lgé%ont r ol

vol t age @RofiglecirrerddinRiiiredstoss RO and 8FalA reﬁer&hdﬁvcﬂfaééf&témﬁﬂédlgy capaci-tor.
This control”voltage is ‘derived from zener- di ode E)Z4 refereng;d vol t age
usi ng netened dinderDEbsonied bypesieor Rofes used/ma chargrBurshelddevill i up of R28
and C13 provides soft-start eature at .power . up .due t h ero initial
capaci t o W‘M&éﬁﬁgﬁaﬂg PG?EES%J%Fé’P tﬁﬁeB‘Fﬂ%tF%“?Y&lg? gébg%ﬁgfw%y& tage is
perforne | . : ' | npedance
source v%aagai‘%%(&gg%g@%%ﬁ% b"%@%@%% agg%gﬁaé%&g?&egﬁgnsi stor Q15
to reducgetepataddyaddes tonmetled di8daBSiadaRBcAD4 Malordgeto(ihitiate KFEKI num

di mer conduction”angle), the required timng capacitor charging voltage

is at itepdretiestAt theeredafinedthredheld vdltags, thentimispeaprciber d18gHBng vol't age
is equal to one forward volt i ode dro s, de 1.ned Db Lode 175, in
addi t | onCHIBeH g Fiyert 59?’5&@5‘%@%‘5‘ (Fagli @tc&ﬂ%@m@r#@ H}é\%gm %lds’lt%ép'endent

of the absolute value of the zener diode DZ4 reference voltage; _
Consequently, the maxi mum conduction angle is inherently |imted, being
largely Adpgepentsiionabl ffifganghts failaaetdys virubie entrol velfageibdirce ent

current is”always available to supply the DCrajl. Resi stor R11 i s
i ncl udedeonmeting frethenegetiveside péthe timing capacitor. This control voltage is

derived from zener diode DZ4 referenced voltage using main dimmer control
potentiometer VR1. An RC filter made up of R28 and C13 provides a soft-start
feature at power up due to the zero initial capacitor voltage condition. Buffeﬁng of
the filtered control voltage is performed by cascaded transistors Q3 and Q15 to
provide a low impedance source voltage. Resistor R36 bypasses the base-emitter of

transistor Q15 to reduce leakage effects.

At the maximum control voltage (for maxinmum dimimer conduction angle), the
required timing capacitor charging voltage is at jts lowest. The minimum required .
timing capacitor charging voltage is equal to one forward voltage diode drop, as
determined by diode D5, in addition to a small voltage across resistor R11. This level
is independent of the absolute value of the zener diode DZ4 reference voltgge.~
Consequently, the maximum conduction angle is inherently limited, being largely
independent of component pararneters, thus ensuring sufficient current is always
available to supply the DC rail, Resistor R11 is included to further restrict the
maximum dimmer conduction angle.

PTC1 is placed in series (on the reference voltage side) with VR1 to provide
automatic reduction of conduction angle in the event of dimmer over-temperature

due to over loading of the product. Trimpot VR2 is placed in series (cireuit common



ma dnmum di nmer conduction angle. PTCl is placed in series (on the reference
voltage side) with. V1:1 to provide autonmatic reduction of conduction
angl e i n woasesmnt of di mer over-tenperature due to overcrodamsngeef the
product. Trinpot VR2. is placed in series (&cuit comobn WO 03/ 081962

PCT/ AU03/ 00366 8 side) with VRL to allow adjustnment of the m ninmum
conduction angle, by raising the mninmmcontrol voltage. The | GBT gate
drive control circuit is provided by transistors QL6, QL7 and Q The '
circuit behaves as a non-retriggerabl g nonostabl e and provi des controlled
gate drive current to the ZGBT to achieve the desired sl ow sw tching

out cone. _. ' r o &wﬂﬁm d] w3 sS to
source | éﬁ%@b?@u@%ﬁﬁ%ﬁﬁ%ﬁ?ﬁgﬂr esl sl'l(!é}rF cg?ﬂt%tﬂélr??g : irgﬁl@?stor
QL7, com@mh@n@blrm{atgepommn, acts as a swtch for rapid discharge of
| GBT gate charge at turn off.. Base drive current for input transistor QL6
I's sourced by &4 fromthe control timng circuit. The base-emtter is. .

bypassed_b I stoy, R27 and ,capaci tor, tQ redyce of f- .sta kage -and
{5 ennanEe? e e oo PG RANE RSP EB D Fer R s PR Q8 3RS, o or
QL7 is s ' (L ' R t-hat the
col | ect o&%’%ﬁcﬂdegﬁ %’h%a%@?gﬁ%ggﬁ?%ﬁ@g@% a%lg? %ﬁaﬁc‘z‘?‘g‘% e." argé tg f#g , '
condi t i ofurrenttto dnsIGB Do adBieviesthe desisad dlowi ssvitdhinginaisewhet Trappistoxt(dh, Wien
transistor QL6 is driven, resistor R35 provides sufficient bias to operate

transi st emnestedipitbinDbr il adsas @ BeatysoureyiGritl gitp vursaE Wadining f or.

t i stor. i a,.RC R3 hi s ' " ti
(appr ox TR thiee o Rt ot Drter o BaRfE b (RICE R, 1 "
condi ti ofyy rRhiASdib@ak T £08chidBat Al@ofQL7. The conbination of |GBT

series gate turrent Timting resistor R38 and parallel gate capacitor gate
Cl4 provides the required slow turn-on characteristic for EMC control at

| GBBT turn on, The val ues. sel ected ar ecifi |1 uited tq t.he | GBT used,
in this Basedrive current for input transistor Qeiéslgsourcecf gydtllf?om e cox%xolmmmg PR

circuit, The base-emuitter is bypassed by resistor R27 and capacitor C4 to reduce off- .

state leakage and to enhance EFT imumunity. When transistor Q16 isnet driven,
transistor Q17 is sufficiently biased via resistors R3, R13, R35 and R48, so that ﬂ‘u\a |
collector holds the IGBT gate in the discharged (off) state. In this condition, transistor
Q5 is not sufficiently biased to operate. When transistor Q16 is driven, resistor R35
provides sufficient bias to operate transistor Q5, which provides temporary
regenerative base drive for transistor Q16 via RC network R37 and C8. This result in
monostable action (approximately 300 micro seconds output duration). During this

active condition, bias is removed from transistor Q17.

The combination of IGBT series gate current limiting resistor R38 and parallel gate
capacitor gate C14 provides the required slow tun-on characteristic for EMC control.
at IGBT turn on. The values selected are specifically suited to the IGBT used, in this
case IRG4 BC205. '

The triac control cireuit is shown in figure 1 in the cireuit block on the AC side of the
diode bridge. The primary function of this circuit is to trigger the triac Q23 once the
IGBT has completed the slow-switching EMC emission reduction operation, on a per



case | R& BC20S. The triac control circuit is shown in figure 1 in the
circuit block on the AC side of the diode bridge. The primary function of
thi s circwbDtosiogiosn trigger the triac 23 once the ZGBT hasToamphbetsed t he
sl ow swi tchi ng EMC em ssi on reduction operation, on a per WD 03/081962
PCT/ AU03/ 00366 9 half-cycle basis. An essentially symetrical circuit is
used to provide a triac gate drive pulse in quadrants 1 and 3 (gate drive
polarity follows mains polarity), Additional functions perforned by the
triac control circuit include over-curgent protection and di nmer

over-vol tage protection. Either of these conditions result i t imediate

oo RSSO S SRR 00y L DlorEXOUBLE g oandescen:
vol tage &Qﬁ@gﬁ]s@ﬂ??ﬁid%ﬂ%m @(%@é Bsvh gmwmlﬁm ﬁlﬁﬁtsfpoléﬁﬁ. hunti ng
action transfers tthe transient potential to the |load. The tfiac control

circuit derives its power, fromthe nmains via the load, in each half cycle

during the.tjnme period before | GBIl operation conmencges, that is while mains
" vol ta@gdjéi?ﬁ‘é%\ cHepp R fomee tlaﬁmia@@r&m%ﬁ?a% SREFBTS™n is Iong

h | ! | i rt Loher e ot b ohai
ade up Pt 4Pl Vool Sbialfidon, itheh SILORIRRRR MR TR T
provi dedinbediate iR itaESErit) DhitirghoWs RErrehPcARBRER: (e @aisiei tor Cl0 fo a

voltage with polarity determ ned by the mains. The vol tage devel oped

across ciapamdasoent@uishsutient); the triec shpprte riurrentstway2Bowoihe JGBE Deziog
polarity, as defined_hy shunting zener diodes DzZ2 and DZ3. The, sequence of
Dperati SAvavalige adiBoes HET PIaTrgl Foaeh RERFTS) SR ARSI RIREDS PUIGEE 1ol | owe.

- reser VQ%f%Qgg%%n%e%?Otaﬁ*ﬁ%Wf%y gngai(:g;s voltage is present. - A

100 m cro secon ay circ Is initiated after the
di mer voltage falls bel ow approximately 20 volts due to | GL3T operation.'

- At the_end of the time delay, the triac Q@3 gate is sugpjied W th current
The triac control cireuit derives its power from the mains via the load, in each half

cycle during the time period before IGBT operation commences, that is while mains -
voltage appears across the ditnmer. Average current consumption is long enough to
allow the use of a relatively low dissipation resistive chain made up of R16, R17, R18
and R19. During each mains half-cycle, current provided by the resistor chain is used
to charge the capacitor C10 to a voltage with polarity determined by the mains, The
voltage developed across capacitor C10 is limited to approximately 20 volts for each
polarity, as defined by shunting zener diodes DZ2 and DZ3. The sequence of
operation of the drive circuit for each half cycle polarity is as follows: -
- reservoir capacitor C10 is charged while mains voltage is present.
- A100 micro second time delay dircuit (R24 and C3) is initiated after the
dimmer voltage falls below approximately 20 volts due to IGBT operation.
- Atthe end of the time delay, the triac Q23 gate is supplied with current
from capacitor C10 via limiting resistor R41.

In the positive mains half cycle, reservoir capacitor C10 is charged to approximately
20 volts from mains through limiting resistors R16, R17, R18 and R19 via the base- |
emiitter function of transistor Q18. When dimmer terminal voltage drops below the 20
volts at threshold, transistor Q6 provides charging current via cutrent limiting

resistor R24 for time-delay capacitor C3, When the voltage across capacitor C3



fromcapacitor C10 via limting resistor R41. J the positive mains half
cycle, reservoir capacitor CIOis charged to approximately 20 volts from
mai ns t hreogh/oBidni ti ng resistors R16, R17, R B and R19 vi CThaiobasise .
emtter j unct i onof transistor QX<S. Wiendi mmer t er mi n al
vol tage drops belowt h e 20 volts at threshold, transistor Q6 provides
charging current via current limting resistor R24 for time-delay
capacitor C3. When the voltage across capacitor C3 WO 03/081962

PCT/ AUW03/ 00366 10 reaches approximatghy 0.6 volts, transistor QL3

oper at es, mhich In turn provides basic.current drive for output transistor

Q via curr lim.ting re en t4vef fromthe
col | ect of*8 estarpgﬁg y&lés‘f‘?sﬁs( ﬁ@nﬁé@ééﬁg‘a OPFET%%I 5“&% %g?‘ga%ém stor R12
speeds Uupadih&uedtichirel o Bu h%sxséﬁa} 10h cAFEAE it @aﬁtc&tmro S3mdr i ves,

the triac gate via steering diode D7 and gate current limting resistor
R41. Theregenaative fiecdback fram théAollectowofi tsmisiter {héo theitmse ghtrensistor (118" dur i.ng
chargi ng of reservoir. _capacitor C O during the negat i ve hal f ins half
cycl e. a§e$1§f0ﬁ8é%§3%ﬁdﬁ uptthg geatching aCBQ&e'H&)‘FqU@éﬁ%P fransistos Qld:rﬁ‘(ﬁﬁt put .

transi st I s, for bi,as s the

addi ti On&}e%}:gat&w% %t%ﬂ&"%qﬁrfﬁﬁﬂa e?&yﬁgiggg %&Rﬁﬁ% e resistor
R26 reduggss @cﬂ{&q ' age of
out put trans?t)fslt%graio$q1j7A m&aﬁﬁ%g#gé a)eé%t it 1%11% 89 tlsr’ﬁrggifperl od.
The oper aipaaitopCl0 Gariag thehdgatioe hialfensiaghalf vpcle:éﬂﬂsmhmbéssagycb@au& thhe sanme
as descrjbed. above but uses the mirrored set qf co ents., Appl.ications
utili si njasesutllscioniimaiins of priput tmsigionlg feravad h‘@’&gp’? R&tiofot h' t he

| GBT (@2) and triac (Q@3) together with associated drive circuitry is
permanently connected to mains. This differs fromthe manually controlled
t wo- Wi r e CapekdtcRIC3 lsThe hdditpnbtailé efenbaacies FFTEnaanitpforsraaiseor @18, ng
switch is always used for load on/off control. Generally in the di mer
circuit uddiegesistor RRAceduaes ignsiptor laakege. Simileny.aesistor Raeduces leakage

of cutput transistor Q1 which would consequently affect the C3 timing period.

The operation of the circuit for the negative mains half cycle is the same as described.

above but uses the mirrored set of componernts.

Applications utilising isolated PWM control for dimming level require that both the
IGBT (QZZ) and triac (Q23) together with associated drive circuitry is permanently
connected to mains. This differs from the manually controlled two-wire modular
dinmer application where a series mains interruipting switch is always used for load

on/ off control.

Generally in the dimmer circuit design, triac firing operation commences as the
dimmer terminal voltage falls below a threshold level as a consequence of IGBT

operation,

A modification to this method of operation is required for the isolated control -
interface dimmer which has permanent mains connection. In this case it is necessary
to disable triac triggering which would otherwige be initiated near the end of every
mains half cydle. Although the load is effectively in the off state, due to the very low



dimer termnal voltage falls below a threshold | evel as a consequence of
JGBT operation. A nodification to this nmethod of operation is required for
t he i sol awedsmsrszol interface di nmer which has per nanentPCraAt03/00366
connection. In this case it is necessary to disable triac triggering which
woul d otherwi se be initiated near the end of every mains half cycle.

Al t hough the load is effectively in the off state, due to the very | ow WO
03/ 081962 PCT/ AU03/ 00366 Xl prevailing triac conduction angle and hence

| oad voltage, the resulting line conducted EMC em ssion | evels would be
quite large due to such triac operation. To address this situation,

addi tion [ G heen | r a | LELerent. b en
the rate 5?ﬁ%%§%g%ﬁ%fbﬁ%?ns 3of@§%e9§§e ggmrgggpéﬁg?%%ﬂéﬁ@ %ﬁﬁ% n§ |§ﬁ1ng,
and that cdnéudted EMTremissenkvisviagdd baajuith Givge dueo theh tridd bpesationot
activated via the isolated control interface. In d mning operation, the
triac drive circuit is nornmally disabled and is only enabled for a short

period after tection of the r tivel st rate of change pf. |

term nal f%cﬁﬁ@% Ei!ﬁlg f’%“ff Ta‘g%@nogﬁ (5#({1%}? ey %85% 8{]’:9”2?’:3%3 cvgl?ii tions,
the triaqjigelehfiates ekvben ife RAE BNARREL P Yndihe vbﬁa@é Hve ey m{,%aoﬁf fall
of main voltage near the end of each “half cycle. 'Sone inportant design
consi der aturingsdifvmirtgh had ablati duscotvatoroial ensiing yolbrge whretfoemiwlign thed@BTi sy to
mains transients and mains ripple control signals is maintained. Figure 2
shows a r%’tﬁﬁﬂil\éﬁiegl"’radh?ﬂﬂi@te@ﬁ%“‘if?]i@?f%éﬁtroI circuit of Figure 1 as -
descri bed above, in which con-anon elenents are identified accordingly. A
description of circuit operation with reference to Figure 2 for one mains
hal f - cyclig dipehiag iobkratidnl BwSriaAdeiRvaRirbgit td wiedSlyUisaIGORnd & stdpdnbisledi sabl e
the triac drive Gitcuit from operating by shunfing the charging current
for the tfof achditmierigdtafies detictign ohfucielasivelyiast fat¢ obehange of load terminal

voltage due to IGBT operation. During load off state conditions, the triac drive circnit

is not enabled by the relatively slow rate of fall of mains voltage near the end of each
half cycle.

Some important design considerations for this additional circuitry are that a high

immunity to mains transients and mains ripple conirol signals is maintained.

Figure 2 shows a modified circuit of the triac control dircuit of Figure 1 as described

above, in which common elements are identified accordingly.

A description of circujt operation with reference to Figure 2 for one mains halfcydle

polarity follows.

A damping transistor, Q300 is used to disable the triac drive circuit from. operahtng
by shunting the charging current for the triac firing time delay capacitor, C3.'A filter
capacitor, C300 is normally charged from the +20V rail via resistive djvider elements, .-
R300 & R301 with such polarity as to maintain the bias to the damping transistor.

During IGBT, Q22 operation, the resulting bridge voltage dv/dt produces sufficient
currerit through a small mains coupling capacitor, €301 to rapidly discharge the filter



capacitor, C300 is normally charged fromthe 20V rail via resistive divider
el ements, R300 & R301 with such polarity as to,maintain. the bias to the
cl anpi ng woaneswsnr. During JABT, (QR2 operation, the reswcriAtm3iboicdge

vol tage dv/dt produces sufficient current through a small mains coupling
capacitor, C301 to rapidly discharge the filter WO 03/081962 PCT/ AU03/ 00366
12 capacitor in order to reverse bias the clanping transistor base-emtter
junction. The, clanping transistor renmains biased off |ong enough to allow
normal charging of the triac firing tyone delay capacitor, due to the
filter capacitor/bias resistors time constant. -Imunity to mains ripple

I njection_is.achiev hr h |.o -0 i ‘ c@paci tor
and bi as PRSHGE o SHEGH PHISTHR A s 3iARPRR st B AR seBncine
associ at @Rm\hihf tiAGisfH rafnated biddRl o SdlighsStol IR hbaheNdhargingasfoke t he
bi as voltage on the filter capacitor. us the clanping transistor
cont i nuesriao firingasisne Wekay napasitor,hdue rtoathef fikien gapieditoy/oiap aesisiors time
preventing possibility of triac operation. A series resistorelenent, R302
for the ﬁﬁ‘l‘ﬂ%ﬂtcoupl ing capacitor provides current limiting protection
under mains surge/transient conditions. A reverse connected di ode, D300A is
required across the collector-emtter junction of the danping transistor,
Q800 in %&%ﬁﬁm@&@&%@!&qm ERGS isSh@hievet Ot dulefHedbvigas i aetioh ot
operation of tHhe associated transistor, @01 in the opposite half cycle. In
opposi t e thatdpacital #nd biae residtdmct or - base junction of (B00 becones forward
bi ased and can source sufficient bias current to operate the associ ated
transi stor, @@B01. The parallel diode, D300A works by limting the
col | ect on |t nk. s | g 14 base
it ve.vort AR Sodiln 08 ry QiR oy Uof piaBued MRUCURL Bl Mgl 712
above Yolwé\gs@oﬂﬁ iweRuiidat 16 9ahbok tikd biawivoltagy cfqhie kilter bepacitph.dited thy a
curren

clamping transistor continues to bypass charging of the triac firing delay capacitor,

prevenfing possibility of triac operation.

A series resistor element, R302 for the mains coupling capacitor provides current

limiting protection under mains surge/transient conditions.

A teverse connected diode, D300A is required across the collector-emitter junction of
the damping transistor, Q300 in order to prevent the transistor from interfering with
correct operation of the associated transistor, Q301 in the opposite half cycle. In
opposite half cycle, the collector-base junction of Q300 becomes forward biased a,Iid’ :
can. source sufficient bias curvent to operate the associated ’cragsistor, Q301. The
parallel diode, D300A works by limiting the collector voltage to only one forward
diode drop, therefore limiting base drive voltage for associated transistor, Q301 to

approx, Zero volts.

The above voltage driven triac control circuit may equally be replaced by a current
driven triac control circuit as shown in figure 3. Once again, the primary function of
this circuit is to trigger the triac once the IGBT has completed the slow-switching

EMC emission reduction operation, on a per half-cycle basis, The circuit is esgentially



driven triac control circuit as shown in figure 3. Once again., the primary
function of this circuit is to trigger the triac once the | BT has

conpl et edwoDlvg/o819e2- swi t chi ng EMC em ssion reducti on oper CTonjo3oesea per
hal f cycle basis. The circuit is essentially WO 03/081962 PCT/ AU0O3/ 00366

13 symretrical and is used to provide a triac gate drive pulse in quadrants
| and 3 (gate drive polarity follows nmains polarity). In operation, a
current sense resistor, R32, is used to derive drive potential for the
entire triac drive circuit. After a defgned load current threshold is
achieved, sufficient for triac gate requirenents, excess current is

by- passed ' t. lyodes P4, The deyvel ope

vol tage batmekalfuf RINEH D R AUP A e s PR wtoe o BMRUE R B DTS g
capaci tOf&@ep&aﬁWaﬁﬁﬁajﬁé?@ﬁr pr, Ql4, is driven via resistor R35
once the timng circuit output voltage reaches a threshold level. This

| evel is determ ned by the voltage at the junction of voltage divider
resistors, R34 and R37 (sourced _hy initjial ,sense voltage),. in addition
to the balePRSHR{qHsA GUEEERE slee f%%ﬁf%é?gsdﬁ uge F%ﬁi%r?‘mc%@wotﬁﬁealofeé i on. of

transisto . ~ ' el tane. ' ' fy . [ .

t ransi st o“{r‘ns%&g&h%’%%%lﬁ% ?\aﬁ’@r11 &spa T\?#@%ﬂﬁ%&é&@%@ﬁ@dﬁ?%&ﬁ?ﬂeﬁi \ré‘gfﬁcgeﬁ%r s R26
and R28, fof biabi:aé Ssquddmerits eRE@D eRGehids b@)a%&i&slﬁy ¥Rl cb 2B Rnedin@GREAS 10
drive transistor QL5 via' resistor R36. eration of transistor QL5

reduces th8andipathedeveloped sévok doltage begins tharkinger img delagynsitebos v@ié
emtter potenptial. I s posit,ive. feedback process is regeneratiye to speed
up the swift Bﬂfeﬁ’ﬁ't'% ﬁré(ﬁp_doeﬂy@%&é.&gqrggaxg;orttp@sﬁqraglgd?girgr,ep\yéa current
is via o t ' : ap&!i |0t ' r . sistors
R27 andqlggighgrﬁe%@&%% t prevﬁ%{{tﬁg&%l%ge&%%g%@%#@gé%afﬁrgn | eakage
and t r ansles¢lds detefhihedBy thandi@gs at fhedueanpnaifivoltagé dividerciesistors R8dand he,

negati ve ins half cycle is the sane as descri bed above, using the
mi ?r ored g&@gmcgg,b@@ﬁg iitial senge voltage), in addition to the base-emitter junchion

voltage of transistor Q14,

D}

The operation of transistor Q14 results in simultaneous application of base drive for
transistors Q10 and Q11, via respective base current limiting resistors R26 and R28,
Transistor Q11, referenced to the sense voltage, proceeds to drive transistor Q15 via
resistor R36. Operation of transistor Q15 reduces the comparative threshold voltage
by lowering transistor Q14 emitter potential, This positive feedback process is
regenerative to speed up the switching action. The application of the triac 'ga’ce‘drive
current is via output transistor Q10 and current limiting resistor R41. Resistors R27
and R38 are required to prevent possible adverse effects from leakage and transistors |
Q10, Q11 and Q15.

The operation of the circuit for the negative mains half cycle js the sare as describied

above, using the mirrored set of components.

During IGBT over-current conditions, sufficient voltage is developed across current
sense resistor R40.to bias on transistor 18, This in turn provides base current drive

for upward transistor 10, immediately operating the triac, to divert current away . -



During | G3T over-current conditions, sufficient voltage is devel oped
across current sense resistor R40-to bias on transistor Q18, D s in turn
provi des waa/081962z ent drive for upward transistor QLO, i PeEFNEBOOIE6
operating the triac, to divert current away . WO 03/081962 PCT/ AUD3/ 00366
14 fromthe I GL3T circuit. Resistor R39 limts transistor QL8 base current
drive to a safe |evel under these conditions. This provides an inbuilt
circuit protection nmechanism At dinmer over-voltage currents, the triac
gate is directly driven by series connggtor tranzor bs BZl1 and BZ2.
Capacitor CIOis placed across the triac gate-MI1 terminals in order to

enhance t tek L | ni,ty t L triggering.frommins transients.
| nduct or %?n\ltﬂﬁ@@?ﬁ‘%#'a%@mg‘?rd#ﬂﬁﬁtﬁ e ?’ﬁ%gﬁwa?ﬁ? Errent iy e 19 qa@-r .
circuit tievéligder ke cORIPIOAS THIP pARMdn dh?&&t ?élﬁﬁ%('m&{[{hﬁﬁ#{?“
| evel s. The anpbunt of inductance “require or thisfunctionis related to

the difference between the triac on--suite voltage and the voltage across
rcuit current above prior to. triac_ operation. The presence

the | GBT c¢j i t
of ec urr en& dinpogr ?‘é@r@'@‘ﬁe F?Q?eﬂéﬁ? ﬁ'ﬁéﬂﬁ%ﬁiéﬁ dizegtly duiiverchiy seriasiconnentoduces
dditi i . al ce by jnfl i t t .of
et ancsa b o881 fhd B25AE ko feor I ifpiated REGHIRE I SREMIP I aRe o e
ssi on therabst . . \ . \ \ h
T vo. Of anoratto dhhing Mdilhc RARRAIY I AV A WRRAngHdH nidtnEAaMIAES) 07 1L

present circuit is the ability of the triac control circuit (whether it

woul d be gl ta riyen or cyrrent drjven) to be controlled directly by
the | GBT IB&PE@?@S% e lg P TSt of lond ceent Bpmotbe EBTsnitp Sharias | n

Besont Ansost e U 1R EEn b LT MR S50 Ryt atinhbl Bttt

oper at i onatuiré&iBiorithisdutetiorn B relatel tithe dwheBncelieckweenMHAria R Olsthtgccur . The:
necessary charge required for triac gate drive is accunulated fromthe

avai | abl &H#Eaand she weliagaracress thelGRlicieduit feréntlabovy piskptief triwiac

gioggg nce rgj‘)r&at?gn. IT%-I};ré:s%PmdéJ 5 éu?:?ént ggx?setrggis?’cgr k%Z f %r}HE?(J gi%::ufiti ci:?r%‘?@g the
introduces additional voltage differential, thére by influencing the amount of
inductance required. An additional means of controlling line conducted EMI

emission levels is via shunt capacitor C11 which works in conjunction with 1.1 to

form a second, order low-pass-filter.

A particular advantage of the present circuit is the ability of the tria¢ control circuit
(whether it would be voltage driven or current drivén) to be controlled directly by
the IGBT cireuit rather than via a third centralised control block as in prior systeméL o

In the cage of the voltage driven drive circuit, this essentially monitors the diode
bridge voltage, under control of the opefaﬁonal IGBT in order to determine when
triac fixing should occur. The necessary charge required for triac gate drive is
accumulated from the available mains voltage in the period of the half-cycle before
commencetnent of IGBT conduction. The triac is essentially fired when the diode
bridge voltage is reduced below a minimum set threshold. This minirmun set
threshold is determined by zener diodes DZ2 and IYZ3 which in the present example,
said a minimum threshold of 20 volts (for the positive and negative cycles). 'Ihé
voltage at the diode bridge is sensed by transistor Q6 and resistor network R17, R16,



bridge voltage is reduced bel ow a m ni mrum set threshold. This m ni nrum set
threshold is determ ned by zener diodes DZ2 and DZ3 which in the present
exanpl e, .wogiaiosit9e2 m ni mum t hreshol d of 20 volts (for the peIiAUBLIRAd
negative cycles). The voltage at the diode bridge is sensed by transistor
@ and resistor network R17, R16, WD 03/081962 PCT/ AU03/00366 15 R18 and
R19 as woul d be understood by the person skilled in the art. The). ininmm
voltage threshold is determ ned by the conponents used (in this case the
zener diodes DZ2 and DZ3) and is generlﬁlly set to exceed by a suitable
margin the conduction voltage for the IGBT circuit, In the case of the

current dgi ' i Lt. this senti al | njtors the, diqde bridge
current uﬁgggﬂ%%ﬁ?%gﬁé‘{l&%@n%@#%%f%ﬁ eﬂ%ﬁﬁlsﬁﬁﬁemﬁ% EFUPHPHRE when
triac firvoagthidsHoRlie deterhiife SRS SN AT (B N L.ac gate
drive '"is derived from thgﬂlﬁod]agfcurrg{g resul t fin(g atg%s}ﬁé:%én{ tct ion in
the hal f €éipslee DZRgaidDZ3) 4red tsrgeneraily sbi toaskcadublry 4 beitabilodergin tige current
ri ses aboverg:fa ol mnmt?rgﬁhféd_g which in this case, is set by resistor .
R32: In tff %%’FVP Bee I e {GRbReYtir ation is far sinpler than prior art
designs which require a separate centralised control block nmonitoring -
el ectrical parameters of the |IGBT circuit, determ ning when the triac

shoul d belsf theedsd of the bakreR\ddifer HOSEISQRE Bts egg%framjt ﬁ{&ﬁ@?gtmr@ﬁagl ng -

control signals to the triac control circuit. ternatively, e

cent r al i seadgoerait widee kosooketfithespautivngd EBTpin srdkr & detahairdeaviat h -t he

| GBT and_tri.ac control cirguits independently of each other, based on
geuldpere: The

pre-set tTHReAEM REAFIY Fwges|regrived fagrieins saterdsive igi rcui t

Contron cori SR i -yt VS ooBBORB i g Y SRR e,
(JGBT), etherirint is3Ded evhicesibnidiodderid@cdirbatit MBes Al 4 milthuriRdsndini doe)

and el enment 40 represents the second control circuit (triac control), which
obt ai ns i W&ich in this case, is set by resistor R32,

In this way, the cireuit configuration is far simpler than prior art designs which
require a separate centralised control block monitoring electrical parameters of the
IGBT cireuit, detexmining when the triac should be fired in relation to those sensed
parameters and providing control signals to the triac control cireuit. 'Alternaﬁvely, |
the centralised control block sometimes provides control signals to both the IGBT
and triac control circuits independently of each other, based on pre-set timing

parameters.

A simplified block diagram of this circuit arrangement is shown in Figure 4, in which
element 10 represents the first control cireuit (IGBT control), element 20 represents a
first switch (IGBT), element 30 represents the rectifying circuit (eg. Diode bridge),
and element 40 represents the second control circuit (triac control), which obtains its
control signals from first control cireuit 10, via rectifying circuit 30. Element 50

represents the second switch (triac), which is controlled by second control circuit,

and element 60 represents the load.

In practice, the voltage driven triac driven control circuit is preferred over the current

driven triac drive circuit. However, each has advantages and disadvantages. The



control signals fromfirst control circuit 10, via rectifying circuit 30.

El enent 50 represents the second switch (triac), which is controlled by
second cowoDrosloswsz cuit, and el enent 60 represents the | o@d¢T/Ate3poa6ti ce,
the voltage driven triac driven control circuit is preferred over the
current driven triac drive circuit. However, each has advantages and

di sadvant ages. The WD 03/081962 PCT/ AU03/ 00366 16 voltage driven trim
drive circuit allows mninmal size of MC filter conponents which results in
hi ghest overall, product efficiency. The voltage driven circuit however
requires vol tage dropping elenents to derive a power source from the

mai ns, therefore. i ntr.odycing. | q ower, di.ssi pat.i pbroblens (only, at | ow
conduct i o‘f‘n‘ﬂ%ﬁsfjgw%t fhiEve %ﬁ@#ﬁﬁ%@%ﬁ%éﬁzﬁ @F@&Eﬁtﬁ* EMIPeNgte) . Furt her
more,  adgiichQBallt I eRne TECE:Te T ri.dc..drive when
no | GBT drive ?%hsgﬁes ntp{’%ergjgﬁfé‘%g&o -s%gétghconge%ei%ﬁrsetn(cgﬁw required
for appl ilwarévensequitdsomitage digspingalenadnty toofeivatbw doilide frbh thent r ast ,

t he current, d&i‘v% circuiit does not regiw_r‘e_a power source connection to
t he mai ns” erRépreriphedpeng el ppwresissipation arotdems (elpat love encount er ed.

Furt her : i [ | h ted percent (di.sabl ed when there
is no ITT@??%&?%%%gﬁlﬁggé Vyﬁ%reo?t%gf%?rgﬁ' péaﬁlogt l%ﬁvgdié‘é? TfEBhly for
appl i cat |aﬂaimm@umpanéﬁc@aeéré@maltbﬁis@@ﬁrtﬁé@ﬂa@am@%enmqew drfdigdri ve
circuit however suffers fromthe disadvantage that the presents of current
sense corperente addceseifsttesonditiges (oBlcregliret dor apdivatioanivithoahskrieower |
overall efficigncy is .achieyable. Another circuit block provides circuit
prot ect i dﬂa’?‘?’%ﬁﬁ pted PRy conditions which rmay arise from | GL3T
operation. During such conditions, sufficient voltage is developed noss
current sense resistor R42 to bias on transistor Q4. This in turn

provi des Ihasatrast] fretiur@it Weivbe tiraut Bbés fdt28quisd %’_poﬂer shIREE el ctiyn @per at i ng
the triac, to divert current away fromthe " XGBT circuit- on the DC side of
the di Odéhgmag@g and therefore no local power dissipation issues are encountered. Further

more, the triac drive is one hundred percent disabled when there is no IGBT drive to

)

achieve the of state (this is an advantage only for application without a series
manually-operated switch). The current drive circuit however suffers from the -
disadvantage that the presents of current sense components necessitatés larger EMC

filter components, and lower overall efficiency is achievabile,

Another circuit block provides circuit protection from over current conditions which
may arise from IGBT operation, During such conditions, sufficient voltage is
developed across current sense resistor R42 to bias on transistor Q14. This in turn
provides base current drive for output transistor Q1, immediately operating the triac,
to divert current away from the IGBT circuit on the DC side of the diode bridge.
Resistor R40 limits transistor Q14 base curreﬁt drive to a safe level under these

conditions.

At dimmer over-voltage occurrences the triac gate is directly driven via series
connected tranzorbs D1 and D2 and current limiting resistor R20. Capacitor C11is -
placed across the triac gate MT1 terminals in order to enhance the triac immunity to

dv/dt triggering from mains transients.



Resistor RAO limts transistor Ql4 base current drive to a safe |evel under
these conditions. At di mrer over voltage occurrences the tdac gate is
directly wWpiosms196t a series connected tranzorbs DI and D2Pamd\manesnt
limting resistor R20. Capacitor .01 is placed across.the triac gate MV,
termnals in order to enhance the triac immunity to dv / dt triggering
frommains transients. WO 03/081962 PCT/ AU0O3/00366 17 In this dhnr_ner
design topology, it is not necessary to incorporate an inductor to achieve
the required PF emi ssion level limts. ¢4 relatively small inductor may
however by required to provide sone degree of di/dt protection for the

triac durj -g@}; : : LLi I r.aty) t he
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is a function of the | BT saturation voltg)ge and " di ode bridge forward .

vol tage chawarerdsy zeauissd tppresidesoroedegree af dividtprbteatjen Fenthk sriac dindng r i ac
swi t chi ng (E@,i % i S Pglg?re %r.aduih than, in st,andﬁrd i gh voltadge triac

appl i cat AR oyes airpend cpnditions. Iy nopwal aprralion; dhe veltagranneating agioss the from
| GBT to t ekt fmn?] ' eALSSH ‘ addi t'i on
of the i n{(}ﬁa(‘:ct%?t pI’ﬂo;i"qﬁowe e? bﬂg@gﬁ%ﬁg@% %&‘eﬁggségéﬁﬂ{é:%l)ﬁﬁéséﬁaﬁqg%%ponent'

associ at edametitmagrangiee E[‘hizfvolﬂagé isenfuricfionof #e 1B sab@atiba vblthg€and hi s

corresponais tgJ the small_introduced current wave formdiscontinuity at the
poi nt whefiadg

ridgs fornandernltage sharagterisieso At sudhulow opexatipg valtagdlevelad of
each main Lf_cyecl.e where,the triac tural l C tates off, a burst of
RE ermi ssi O 8%5@&“%&@':&%“%0&1 @'g@ﬁ@ﬂﬁw@s@ﬁd@q@%g&hﬁ% ¥€nt wave
form Al t geiaatiofs. Ohid fbaltSH SSinRBror® sRBHI PR , i3l ace
across the di rmerstermﬂﬁatgmﬁhﬁgn%%gﬁlg%?tﬁ%%f%%a ro gog?kt;ﬁlg)%%paci tor
is in injriazyivith lowessmtiated Ri eiwiegios levels, The andhitichoftee fEidhctoat her circuit
bl ock is an inductive |oad inbal ance detector. The function of the '
owever, slightly increases the RF ernission component associated with transfer of

current from the IGBT to the triac. This corresponds to the small introduced current

wave form discontinuity at the point when the IGBT current drops to zero,

Additionally, at the end of each mains half cycle where the triac naturally
commutates off, a burst of RF emission occurs, due to the disconﬁnuity in the load |
current wave form. Attenuation of this emission is achieved by a capacitor Ci5 plécé‘ | ,
across the dimmer terminals. An important additional role of this capacitoi' is in |

improving the entire dimmer circuit immumity to EFT.

Another circuit block is an inductive load imbalance detector. The function of the
cirettit block is to shut down dimmer control in the case of excessively asymmetrical
operation, which may be the result of connection to an unloaded iron-core LV
lighting transformer. Dimming operation is suspended if the average voltage across
the dimmier terminals for the positive and negative half cycles are not similar.

Alternatively, the divumer circuit is caused to reduce its conduction angle until a DC
component is reduced to below a threshold causing the onset of the DC component
iteelf. Although possible, this technique is not preferred as it would typically result in
oscillation between symmetric and no asymmetric conditions.



circuit block is to shut down dinmer control in the case of excessively
asymetrical operation, which may be the result of connection to an

unl oaded womaagsse LV |ighting transforner. Di nming oper CTvUBAOB6ISpended
if the average voltage across the dinmer termnals for the positive and
negative half cycles are not simlar. Alternatively, the dimrer circuit is
caused to reduce its conduction angle until a DC, conponent is reduced to
bel ow a threshold causing the onset of the DC conponent itself. Although
possible, this technique is not preferygd as it would typically result in
oscillation between symmetric and no asyneneEric conditions. W 03/081962
PCT/ AU03/ 00366 18 Referring back to Figure 1, two resistor divider chains
made up of resistors R43, R44, R29 and R45, R46 and R30 are used to sense
the mai F‘%{%f&lr ¥ P%@:&é MRS reef3for Beidey EnaRshradadiptsfratiatsR43, R44, -
respectively. en referenced to the bridge conmmon Fnegatlve) term nal ;

t hese volRBWgesl RépHRd6 end Ri0pos el focensd theasaivs voliegesaippeariog ebile acr oss
the dimrer. The divjder_ junction of each chain is conpected to opposite
sides ofackupand dond tempinalyregpesdively. YVins sebsrengedde tﬁ%ﬁ’f@&%‘f tional to

Lsed to roRis Serai e ufia bl Uipoktap el StmEhayvilladd O e
exceeds ' @rddinRs Behthep THRRDYRIC: fBlEbY o8 efich chaityBlcbaneded & sppssiteaidds made
up of transistors QL1 and R0 ahd resistors R32 and R34 has input driven

by the i nifabpaderdilett prodone pdiffersntial motiage propeeionalite dee diffesenicgin | eakage
di ode, directs_ latch output fromtransi | | |l ector to. "sync", ie.
to drive b dq Yeltagesdiwe BRngstors ‘?’Eﬁ@?@?@“@%’ P! Oéf‘i’('ﬁr‘?s‘foél?lgﬁ @1 acts
as a bl ocki i - Aty ASRa &Si ng
detector. re&%%%-&éi %@@ag?f t&% ?E"g‘[’s}%‘?@@?"s&t’%&g Qx%%ﬂ%ﬁ&h%%cﬁgpg QE %q uir e{a&): g' '

m ni mi se vdipakagehicrchitenddeRe 6f irn@isto Qi baad Q20 Shdirksistbys Ri%xatR8brs C5
and Cl6 are present to enhance EFT immunity of the |atch cj é‘iu“ I n

y .
addi t i on, hasdpgut divercsy freombidance defestarisip o/ ERFINPHRZL M ERER AT G %%W'g nal
component le];f;ggrg cﬁigge,l PR AR LIS &R R transistor Q11 collector to “sync”, ie. to drive

the timing control bypass transistor Q12,

-

Transistor Q21 acts as a blocking diode to prevent any latch operation by the zero |
crossiﬁg detector. Base-emitter bypass resistors R31 and R33 are required to minimise
leakage in the respective transistors, Similarly, capacitors C5 and C16 are present to
enhance EFT immunity of the latch circuit. In addition, capacitor C5 provides
rejection for any high frequency signal component from the imbalanced detector
output.

When operating inductive loads, the dimmer circuit incorporates a moderately
sensitive triac assist in achieving an acceptable level of performance, particularly in
terms of operating symmetry with worst case load types, ie. low value VA, highly

inductive loads such as exhaust fan motors.

n normal dimming operation, the IGBT initially operates followed by ﬂrmg of the |
triac after a fixed Hme delay. During this pre-triac conduction delay time period, the
inductive load current has an opportunity to develop in magnitude. This delay time



out put. Wien operating inductive |oads, the dimer circuit incorporates a
noderately sensitive triac assist in achieving an acceptable |evel of

per f or marwe,03f08m962 cul arly in terns of operating synmetry PRItAUMOIBE case
| oad types, is. low value VA highly inductive |oads such as exhaust fan
notors. In normal dinmng operation, the 1GBT initially operates foll owed
by firing of the triac after a fixed tine delay. During this pre-triac
conduction delay tinme period, the inductive |oad current has an
opportunity to devel op in magnitude. Thigs delay tinme WO 03/081962

PCT/ AU03/ 00366 19 therefore also increases the ability of the triac to

operate s ] ch...di £ficult |oads, At ve | ow, conducti on
angl e Set%ﬁ%@%@&&%ﬁ%ﬁ%ﬁ%‘#@%@ Ogg‘hﬁ Hagt9 PREEHR SYesera iy WHB SRy ai | abl e
for reli atiifBeileloagsl atching. In this case, a low |l evel load DC conponent
wi || be sustained by the dimer in conbination with the non-linear |oad

I nduct ance. Under these conditions, there is no danger of danage to the
| oad due f ere rrent magnitude. |If |oad DC conponent

t |l atively l.ow rns cu ] |
| evel s becgﬁﬁry Sy endigion 18@5?‘6’1'5‘88&’?‘4‘?@% thsae b essedicsnt gad
aut omat i CalrkdntSRlaIIO W &H%le%m{cggr%% Alis cddd PRRFIR1105AM3C L1 ve | nput

el ectronic LV transftforners are not y suf di ng .edge
phase contoropomtinimal beaubtainedbit the digiehdriia dambiesiohtviie til ﬁ@lﬁlinesﬁ?ﬂﬁ‘d

di ssi pation. The high capacitor charging current pulses increase |ing

conduct edENEa8Rs-diden thespepadisions therads odwesgerngfelanagedotihg boatirdup oncy

I ngi h ' | t f The di [ it of fi
(Thal s Sk 0 B B NGLISGE ANELOT The G elreu o Tl ue
conduct | QokeBRbdberkh B! UL HMEELORokOo Wil ARG SnliPadRg despl L 0

sust ai ned operation of the over-current nechanrsm pr hi gher
dimmer control. . '

In general, capacitive input electronic LV transformers are not generally suitable for
leading edge phase control dimmers owing to the additional resulting dimmer
power dissipation. The high capacitor charging current pulses increasé line ,
conducted EMC emission levels and may produce repetitive high frequency rmgmg :
bursts on the mains voltage waveform. :

The dimmer circuit of figure 1 incorporates load-over current sensing applicable
during the IGBT conduction period, Dimmer connection to such capacitive loads
result in sustained operation of the over-current mechanism, producing even higher
EMC emission levels. In addition, the high frequency and amplitude ringing current
waveform which typically present for the first few hundred micro seconds may
result in commutation of the triac, If this condition prevails, the imbalanced protector
may cause the dimmer control to shut down. For electronic transformers with

maxdmum rated load conmected, this condition is far less likely to occur.

An alternative cireuit configuration for the inductive load imbalance detector of |
Figure 1 as described above is now described with reference to Figure 5, which

shows an alternative circuit arrangement for the IGBT control of Figure 1.



EMC emission levels. In. addition, the high frequency and anplitude ringing
current waveformwhich typically present for the first few hundred mcro
seconds e o3fe®ett in conmutation of the triac. If this @eEMONULBOOBG66
prevails, the inbal anced protector nay cause the dimrer control to shut
down. For electronic transforners with nmaximumrated |oad connected, this
condition is far less likely to occur. An alternative circuit configuration
for the inductive |oad inbal ance detector of Figure 1 as described above
i's now described with reference to Figghe 5 which shows an alternative
circuit arrangenent for the 1 GBT control of Figure 1. WD 03/081962
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in the formof a samtooth, with magnitude deternm ned by fixed paraneters
i e. capacsi r%t@ﬁéﬂm@ ipealkuerndyretion trme canaciter WRIARR WaEENTY FORPHSSquency

(2 x main S I ci ent dlfferenc i i
cycle con oBswsbéﬂe 4 fom it BT Iifly eyt A5 EBRRE LS Kobat®
associ at e Sy é&hdwﬁon@ KdC&T%PACQBm?oﬁ%t eﬁﬁ@ﬁ?ﬂ{e%nm:& ad@uRbEths terhnor mad
arrplltude at only halff the repetitiofi frequency (nmain freq.). Asinple:
anpl i t udentapnitade|diteetined dry, fined (patonéiencid. mgpgmtmevalue,sx;nagmmds@d dm
activate a latching circuit in order_to dis e) di nmer operation when the
condi t i oncyrEentsitcpadirapetifon feguonat Gpamains freq.). :

If sufficient difference in alternate polarity half cycle conduction periods exist, the
resulting AC voltage waveform associated with the “peak conduction time”
capacitor has double the normal amplitude, at only half the repetition frequency
(mains freqg.), A simple amplitude threshold detector, with dc blocking properties, is
used fo activate a latching circuit in order to disable dimmer operation when the

condition is detected as a steady state.

Amore detailed description with reference to actual components involved follows:
During load conduction period of dimming cycle, transistor Q2 collector can source
cutrent via limiting resistor R203 to “conduction time detection” capacitor C201.
When dimmer reverts to. the non-conducting state, at the end of each half cycle,
diode D200 isolates any current associated with charging of main timing capaci:tor
C7.

Transistor Q200 is used to reset C201 to zero volts at the start of each half cycle
conduction i::eriod. Associated pulsed base drive for Q200 is provided by capacitor
C200 in series with reaié’tor R201. Diode D201 in conjunction with resistor R200
provides the necessary discharge path for C200 in preparation for next mains half



A nore detail ed description wth reference to actual conponents invol ved
follows: During |oad conduction period of dimmng cycle, transistor

col | ect orwoan/osmez ce current via limting resistor R203 PCT/AdmBde8sti on

ti me detection" capacitor 0201. When dinmer reverts to, the non-conducting
state, at the end of each half cycle, diode 1200 isolates any current
associated with charging of amain timng capacitor C7. Transistor Q00 is
used to reset C201 to zero volts at the start of each half cycle
conduction period. Associated pul sed Iiixse drive for Q200 is provided by
capacitor C200 in series wth resistof R201. Diode 17201 in conjunction

with resistor E20Q .proyj t he necessary di.s e th for )0, .|
pr epar at ﬁwntngﬁﬁlstﬁﬁmghﬂ’ﬁs% ?fWA%)?/%@'G%&Vﬁ%%%%@ é;
event. Resi{.stor %%Qy mtter of QR00 to reduce device

of f - st at e%i‘?%"’aﬁé‘ggé‘g uraqﬁ%f)gﬁg&g??éogeriod of C201. Transistor Q01 is
configured as an emtter follower, so that the voltage across. capacitor
C202 nust fol l ow the peak voltage of C201, during brjef period where Q01
base- en- Trarsistori QB0 15 sonfgweaddabisasemitterr folewer,ofo thaothen velRguATOPn with
bias resistors 4, R2 & 06 i,s configpr as..a r | ko f C202.
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vol tage ess@Ros®AMAR2AZQR206 is donfigatedis a@nremaink foy 282r i cal di mmer

operating conditions, where input signal anplitude is normally | ow.
Resi stor R207 reduces 203 device off state | eakage; in addition to

Phe " ovedud TR SpHIE: reibi A Gai s Pdielaf, Ao o rviagla of

condi ti ORRecGBYB thdnHREF ADBIE ivia PibaEs MDEZ/TE03 &nd Qwpeliter A0Be Sefins RC
net wor k conprising R208 and C204 is used to' provide an “

connected diode D203 functions to provide enough signal voltage drop so that Q203 .

i

is not driven under symmetrical dimmer operating conditions, where input signal
amplitude is normally low. Resistor R207 reduces (203 device off-state leakage, in'
addition to providing a reverse charge path for C203. Diode D202 also forms part of: .
the reverse charge path for C203.

Under asymmetric dimmer operating conditions, Q203 is operated in pulse mode, at
a low duty eycle. An RC network comprising R208 and, C204 is used to’ provide an
averaging function for the resulting pulse train. Transistor Q204 forms part of a latch
circuit, which is triggered when the voltage across C204 reaches a crifical level ~ as
defined by voltage divider resistors R209 & R210 in conjunction with Q204 base-
emitter threshold potential. Transistor Q205 in conjunction with resistors R211& R212

forms the remaining part of the latching circuit.

At mains power-up or at initial activation of PWM dimmer control drive, it is
necessary to ensure that the latching dircuit is cleared to the unlatched state for a
number of complete mains cycles. This function is performed by RC network |
comprising R213 and C205, which initially holds the base drive voltage for Q205 at a

level less than the emitter reference level.



averaging function for the resulting pulse train.. Transistor Q04 forns
part' of a latch <circuit, which is triggered when the voltage across 0204
reaches awormmswal | evel - as defined by voltage divi der PCESA@BOIB6 R209 &
R210 in conjunction with Q204 base emtter threshold potential. Transistor
@05 in conjunction with resistors R211& 8212 forns the remaining part of
the latching circuit. At mains power-up or at initial activation of PW/

di mmer control drive, it is necessary to ensure that the latching circuit
is cleared to the unlatched state for & nunber of conplete mains cycles.
This f unction is performed by RC network conprising R213 and C205, which
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23 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A protection
circuit for protecting a dimer circuit controlling an inductive |oad,” the
protection circuit including: an inbal ance detector for detecting an
asymmetri operation in the load; and circuit control means for causing the
dimer circuit to reduce a DC conponent in the | oad upon detection of the
asymetrical operation. 2. A load inbalance detector including: a |oad DC
conponent detector to detect a DC conponent in the |oad; a conparator for
conparing a magnitude of the DC conponent detected by ' '



t he | oad DC conponent detector with a reference voltage; and a signa
generating neans for generating a circuit shut-down signal if the DC
conmponentwexc®ens2 a pre-set DC voltage threshol d above thecrefiwseomse
voltage. 3. A load inbalance detector as clained in claim2 wherein said

| oad DC conponent detector detects a DC sub-conponent in a positive cycle
and detects a DC sub- conponent in a negative cycle and wherein said
magni t ude of the DC conponent is the difference between the respective DC
sub- conponents, 4. A |l oad inbal ance deigector as clainmed in claim.3 wherein
said | oad DC conponent’' detector includes a first resistor divider chain

for detegty i fh gt ] cle, and a second
resi st orWMGW%iWR@%Q%WM in a.negative
cycle and wherein a divider junction of the first chain is connected to.a
first side of a capacitor and a divider junction of the second chajn is
connect edl. tA protegiemdraiitifor protetling-agdininepeircuit carttralling an inductingilead,

provi des sajd magnitude in@}:{]e'm conmponent. WD 03/081962 PCT/ AUO3/ 00366 24
5. A | oad i'H®RreRedoyarant &l aimed in claim4 wherein. said conparator

includes a fir n nsi r A i Elgag RER ld first
side of said a’i%‘ﬂ%@ﬁﬁ%%&%ﬁ%bﬁogde%é%n@% nec e‘éﬁ?’% saloglq?étg%}g%ﬂ'si de of
sai d capaci g4, and a second pnp transistor having its base connected to

sai d second side of said capacitor and its enmtter connected to said first
side of said daprtcéarirol vageehs éerdrusingshe dirhuner eigtwibta redusoah¥et ed to an

i nput of said signal, neratin ans. A inbal ance detector for use in
t he protect F%WPEH?WSE%%E‘ I%O%\C%?ew&”gmew %?Fég%'t ector detects
a difference between a conduction period of consecutive positive and
negative half cycles. 7. An inbal ance detector according to claim 6, .
wher ei n zZheA lodibinalpdd andbaletatiar indulding:r egi ster a | oad i nmbal ance if the
di fference between the consecutive positive_and . '

a load DC component detector to detect a DC component in the Joad;

a comparator for comparing a magnitude of the DC component detected by -

the load DC component detector with a reference voltage; and
a signal generating means for generating a circuit shut-down signal if the DC

component exceeds a pre-set DC voltage threshold above the reference voltage.

3. Aload imbalance detector as claimed in claim 2 wherein said load DC component
detector detects a DC sub-component in a positive cycle and detects a DC sub-
component in a negative cycle and wherein said magnitude of the DC component

is the difference between the respective DC sub-components,

4. A load imbalance detector as claimed in claim 3 wherein said load DC component’
detector includes a first resistor divider chain for detecting said DC sub-
component in the positive cycle, and a second resistor divider chain for detecting
said DC sub-component in a negative cycle and wherein a divider junction of the
first chain is connected to a first side of a capacitor and a divider junci:ion of the
second chain js connected to a second side of the capacitor, a voltage across which

provides said magnitude of the DC component.



negative half cycles exceeds a preset threshold. S. A protection circuit

according to any one of the preceeding clains wherein the'

circuit control

means cauwse3vkweri mer circuit to shut down. 9. A prot ecPCOMWBOCHt

according to any one of clains 1 to 7 wherein the circuit

control neans

causes the dimer circuit to reduce a conduction angle of the dinmer
circuit to a point where the DC conponent reduces to bel ow a preset

t hr eshol d.
24

5. Aload imbalance detector as claimed in claim 4 wherein said comparator

includes a first pnp transistor having its base connected to said first side of said .

capacitor and its emitter connected to said second side of said capacitor, and a

second pup transistor having its base connected to said second side of said

capacitor and its emitter connected to said first side of said capacitor, and each

respective collector connected to an input of said signal generating means.

6. A imbalance detector for use in the protection cireuit of claim 1, wherein the

imbalance detector detects a difference between a conduction period of

consecutive positive and negative half cycles,

7. Animbalance detector according to claim 6, wherein the imbalance detector will

register a load imbalance if the difference between the consecutive positive and

negative half cycles exceeds a preset threshold.

8. A protection circuit according to any one of the preceeding claims wherein the

cirenit control means causes the dimmer circuit to shut down.

9. A protection circuit according to any one of claims 1 to 7 wherein the circuit

control means causes the dimmer cireuit to reduce a conduction angle of the

dimmer cireuit to a point where the DC component reduces to below a preset

threshold.



